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On 30 July 1979 the REPGO community suffered a tragic loss by the sudden
death of Dr. Ido Betel. He joined the Radiobiological Institute in 1961, after
having graduated in biochemistry at the University of Amsterdam. For a number
of years he carried out research on oxidative phosphorylation in the cell nu-
cleus, which was at that time a rather controversial subject. As a result of
his investigations the presence of oxidative phosphorylation in cell nuclei be-
came well established and this was the subject of his Ph.D. thesis in 1966. He
also showed that the synthesis of ATP in the nucleus of lymphatic tissue cells
is a highly radiosensitive process. Following this period, Ido Betel gradually
shifted his interest to cellular immunology, first by participating in a pro-
gram aimed at defining practical parameters for determining the immune status
in mice, which was carried out in collaboration with a number of other groups
under the auspices of the European Late Effects Project Group. Later he concen-
trated on biochemical events which characterize the mitogenic response of lym-
phocytes and moved from there to the study of thymic humoral factors, this time
in close collaboration with coworkers at the Institute for Experimental Geron-
tology. In the past few years he took up studies on the developmental pathways
of T cells, starting from the pluripotent haemopoietic stem cell. He always
showed great ability to communicate and collaborate with colleagues of various
training and interest, which made him exceptionally appreciated in the setting
of the multidisciplinary research institute which the Radiobiological Institute
is. He was much sought after as an adviser for both the inexperienced and the
more advanced, because he always showed a keen interest in the problems of
others and usually had a lot to offer, not only scientifically but also in the
human sense. We lost in Ido Betel a highly regarded scientist and a loyal
friend.
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HOW TO BE GOOD AND GET FUNDING

When in 1937 Florey and Chain started on their systematic in-
vestigations of antibacterial substances, they found themselves
without the minimal financial resources, as a result of the Medi-
cal Research Council's refusal to fund this type of research. The
applied research proposed by the two future Nobel laureates held
no interest for the scientific funding establishment in the U.K.
at that time. In fact, in the autumn of that same year, the staff
of Florey1s department at Oxford was not allowed to order any
equipment - not even a glass rod - because the group had an over-
draft of 500 at the University {Nature, 281, 1979, p. 715).

Nearly half a century later, similar restrictions are being
felt by many research groups, but for diametrically opposite rea-
sons. Now, the funding agencies have become infatuated with the
attractions of applied research and development which, in addi-
tion, has to meet the needs of society. "Innovation on demand" has
become the magic formula of all western governments to show the
voting public that their tax money is to be spent only on projects
designed to redress the economical mishaps that have befallen us.
Obviously, we are referring to the situation in the 10 richest
countries of the world where more than 70% of all research is
being executed.

As a result, basic research is suffering from severe restric-
tions. The universities, traditionally the centres of basic
science and the cradle of basic scientists, are being told to be
less selfish and to focus more on assisting the less privileged
masses outside their ivory towers. The government in the Nether-
lands is finalizing plans for a new system of financing the re-
search expenditure of the universities, by which part of their
budget will be subjected to outside evaluation, not only to safe-
guard the quality of the proposed investigations as was previously
proposed by the Dutch National Academy of Sciences for medical
research, but also to insert the criteria of meeting the needs of
society. The National Foundation for Medical Research FUNGO has
been instructed to start funding an increasing proportion of ap-
plied research and for that purpose is to receive monies that will
be extracted o.r. the budgets of the universities.

One would think that such changes have opened up golden pros-
pects for the REP-Institutes, which are operated by the Nether-
lands Organization for Applied Scientific Research TNO. Alas, such
logical deductions are not characteristic for the thinking pattern
of the administration. In contrast, they argue that the decreasing
revenues of our industries and the ever rising costs of our health
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care system have occurred in spite of the activities of TNO, which
is therefore to be blamed. The remedy for such inferred failures
is to be found in another magic activity, called reorganization.
So TNO is being reorganized, which means that for some time to
come even less money and time will be available for research. The
reorganization has to result in an increased influence of the var-
ious government departments on the way the money is spent in TNO.
It is in some ways a comforting thought that all these administra-
tive innovations are far from original. By reading the report
"Five Years After, A review of health care research management
after Rothschild" (Ed. McLachlan, G., London, Nuffield Provincial
Hospitals Trust, 1978), one can learn about the outcome of these
exercises, which are unlikely to differ much between one country
and another.

One consequence of these various radical changes, which always
imply less support, is that scientific workers - in particular the
young graduates - find themselves now among the least protected
groups of our society from the point of view of social and job se-
curity. Appointments are being made for a limited period, fre-
quently determined by the duration of a grant. It has also become
difficult for a young investigator with dependants to spend a year
or so in a foreign laboratory, as this means discontinuation of
his employment in the Netherlands, so that upon his return he may
find himself not only unemployed, but even non-eligible for unem-
ployment benefits.

Obviously, it is our task to find other means for continuing
the exchange of scientists from the various countries for extended
working episodes/ as well as for shorter encounters. Many staff
members of the RI and the IvEG, respectively attributed to the or-
ganization of the 8th Annual Conference of the International Soci-
ety for Experimental Haematology which took place in August 1979
in Rotterdam and the Vllth Symposium of the International Commit-
tee on Laboratory Animals on 'Animal quality and models in bio-
medical research1 in August 1979 in Utrecht. Funding obtained from
many private and official sources enabled the travel support of a
large proportion of the younger participants, which made the con-
gress rewarding to all.

Another highlight in 1979 was the completion and dedication of
a number of new buildings designed to house the chimpanzee colony
of the Primate Centre, now consisting of 87 individuals, to pro-
vide modern breeding quarters and to allow experiments with haz-
ardous agents under the most advanced and safe conditions. With
these new additions we have acquired one of the most outstanding
facilities of this kind in Western Europe.

The international position of the Institute for Experimental
Gerontology TNO in developing animal models for aging research em-
ploying laboratory animals of high quality was recognized by the



appointment of its Director as a member of the Steering Committee
on Animal Models for Research on Aging of the Institute of Labora-
tory Animal Resources (ILAR), National Research Council, U.S.A.
Also he was nominated chairman of the Subcommittee on Other Ro-
dents and Lagomorphs of the Committee on Animal Models for Re-
search on Aging of ILAR.
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RADIATION PHYSICS

DOSIMETRY INTERCOMPARISON FOR "ARTIAL BODY X-IRRADIATION OF RATS

J.J. Broerse, J. Zoetelief, M.S. Agrawal* and K.J. Puite**

Cooperative research programs on late somatic effects of radi-
ation in small laboratory animals as carried out by a group of ra-
diobiological and biomedical institutes (the European Late Effects
Project Group, EULEP) require standardization of various experi-
mental methods such as dosimetry and exposure arrangements. Inter-
comparisons of dose and dose distributions in a mouse phantom have
been performed in 1971, 1973 and 1976 for total body irradiations.
These intercomparisons have resulted in improvements with regard
to the accuracy and precision of the X-ray dosimetry, although
further improvements with regard to the homogeneity of the dose
distribution are necessary (Broerse et al., 1978).

Late effect studies caused by the irradiation of specific or-
gans, e.g. lung and liver, are included in the EULEP research
program. For these studies collimated X-ray beams have to be em-
ployed, since it is necessary to restrict the dose to other essen-
tial organs in the animal. In connection with these programs it
was decided to initiate an intercomparison of the X-ray dose and
dose distribution for partial body irradiation. The aim of this
intercomparison was to obtain information about the adequacy of
exposure arrangements/ which will determine the dose distribution
and about the absolute accuracy of the X-ray dosimetry performed
at the different institutes. For this purpose two acrylic plastic
rat phantoms were sent by mail to each of the eight participating
laboratories; the first phantom for the irradiation of only the
lung substitute part, and the second one for the irradiation of
only the liver substitute part. The exposures at the participating
institute had to be performed under conditions similar to those
actually employed for rat partial body irradiations. The dose in
the irradiated organs as well as the scattered doses in the phan-
tom have been measured and compared with the dose values from a
standardization laboratory.

* Centre of Radiotherapy, Banaras Hindu University, Varanasi,
India

**ITAL, Wageningen, The Netherlands



TABLE 1

RESULTS OF THE EULEP PARTIAL BODY DOSIMETRY INTERCOMPARISON.
THE RELATIVE DOSE VALUES AND DOSE GRADIENTS ARE SHOWN. A: FIRST SERIES; B: SECOND SERIES

institute

A

B**

c***

D

E

F

G

H

standardisation
laboratory

focus to
phantom

(FSD)
A

32

24

top
(cm)

B

30

24

43,50 43,50

70

26

60

50

50

48

70

26

60

50

50

50

A

0.87

0.98

1.06

0.94

1.35

0.95

0.98

1.09

1.00

measured
stated

lung
B

0.88

0.98

1.08

0.97

1.37

0.94

0.99

1.08

1.00

dose
dose

liver
A B

0.89

0.98

0.98

1.07

1.27

1.08

0.99

1.05

1.00

0.9]

0.98

0.97

1.07

1.28

1.12

0.98

1.03

1.00

A

33

1

1

13

33

13

22

22

IMM

gradient*

lung liver
B A B

37

2

3

14

24

16

19

18

68

4

1

41

58

47

54

55

66

3

2

40

55

48

57

53

mean

1

0

1

0

1

0

1

1

1

1

control
capsule

A

.02

.99

.01

.97

.02

.99

.01

.00

.00

.00

-

1.

1.

0.

1.

1.

1.

0.

1.

1.

B

00

02

99

01

01

01

96

00

00

* Gradient = [(top dose - bottom dose)/central dose] x 100
** Phantom turned 180 halfway through irradiation
***Irradiation from top and bottom using two X-ray machines



The results of the intercomparison are given in Table 1. The
data of the two series for each institute are consistent. This in-
dicates a good reproducibility of the dosimetry procedures at the
participating institutes and consistency of the thermoluminescent
technique. Large discrepancies (up to 36% from the standard value)
were observed for the doses delivered by the participants. For
some institutes considerable differences were determined between
the doses given to the lung and liver substitute material. For six
of the eight participating institutes the doses in lung and/or
liver material differ more than 5% from the standard dose. In pre-
vious studies a difference smaller than 5% was considered to be
acceptable. For unilateral irradiations dose gradients between 40
and 70% have been observed over the total depth of 3 cm of liver
equivalent material.

On the basis of this partial body X-ray dosimetry study, a num-
ber of conclusions can be drawn:

(1) At an FSD of 50 cm large dose gradients are present in
case of unilateral irradiations and minimal backscatter condi-
tions: e.g. for an HVL of 1.5 mm Cu 23% in the lung substitute ma-
terial and 51% in the liver substitute material. Full backscatter
geometry reduces the dose gradients in the lung to 18%, but hardly
influences the gradient in the liver. One should realize that a
12% dose variation over the lung and liver (3 cm depth) is the re-
sult of the inverse square law.

(2) The scattered doses in the central part of the phantom are
of the order of 1 to 5% of the dose in the primary beam, depending
on the scatter material (lung or liver material) and the presence
of backscatter material. The scattered dose in the distal part of
the phantom amounts to 0.1 to 0.5% of the dose in the directly ir-
radiated part.

(3) The main objective of this study was to obtain information
about accuracy of X-ray dosimetry and adequacy of exposure ar-
rangements for partial body irradiations of rats. The doses deliv-
ered by the participants in the two sessions showed a good repro-
ducibility, however, large discrepancies were observed in the ab-
solute dose values (up to 36% from the standard value). In a num-
ber of cases the sources of error were rather elementary, and it
is to be anticipated that the results of this intercomparison will
inspire the participants to perform better and more careful meas-
urements. Four of the eight institutes generally perform partial
body irradiations of rats by unilateral exposure.. The large dose
gradients ( up to 68% ) are unacceptable for radiobiological
studies. Consequently for these institutes the introduction of a
bilateral exposure arrangement is strongly recommended.

Broerse, J.J., Zoetelief, J. and Puite, K.J., Acta Radiol. Oncol.
17 (1978) 225.



AN ANALYTICAL APPROXIMATION OF THE DEPTH-DOSE DISTRIBUTION
FOR A COLLIMATED NEUTRON BEAM

B. Hogeweg

In a mixed neutron-gamma ray field, the neutron kerma value
can be determined with ionization chambers of different sensitivi-
ty as well as with a neutron recoil spectrometer. For the latter
method, the discrimination between neutrons and gamma rays is
based on the possibility of an electronic discrimination between
neutron and photon induced detector pulses. It is evident that the
derived kerma value will be a mean effective value for the detec-
tor volume. Particularly for large detectors, where the value of
the kerma can vary markedly (depending on various field parame-
ters, such as field size, depth) over the detector volume, correc-
tion factors have to be applied in order to arrive at a kerma val-
ue for the detector centre. From the relation between neutron flu-
ence and number of proton-recoils produced under single scatter
conditions (Swartz and Owen, 1960), it can be demonstrated that
the spectrum related mean kerma value corresponds to the effective
value of the integral of kerma values along the detector front
surface.

For the calculation of this effective value in a study of the
correction factor, the distribution of dose in a phantom irradia-
ted with a collimated beam of neutrons was approximated by an ana-
lytical function. This analytical function was based on the fol-
lowing considerations: (1) a quadratic dependence of dose on dis-
tance to target; (2) an exponential dependence of dose on depth in
phantom; and (3) the relative increase in the depth-dose (due to
build-up) over an increment of depth was assumed to be proportion-
al to the increment of depth. This resulted in a function for the
dose, D(d,r), at a depth, d, and a lateral distance, r, of the
beam axis given by:

f 2 -ud -d/A
D(d,r) = D(0,0).b.(-t—) «e .{1- a.e ).F(d,r) (1)

f+d
where b is a backscatter factor, f is the target to phantom dis-
tance, u is the linear attenuation coefficient and a and A are
build-up parameters.

The relative function, F(d,r), representing the dose profile
in dependence on depth and lateral distance is defined such that,
for values along the axis, F(d,0) = 1. Flat and spherical shaped
isodose profiles, both extreme situations for isodose curves, can



be described by simple analytical functions for F(d,r). For points
in the beam region outside the axis, the function F(d,r) = 1 for
flat shaped isodose curves,, where, for spherical isodose curves,
F(d,r) = { 1 + (r/f+d) } " .

Since isodose curves are neither flat nor spherical under
practical conditions, the function F(d,r) has to be determined
from measured isodose curves.

The good approximation of function (1) for the depth-dose de-
pendence can be demonstrated by the fit to experimental depth dose
results measured by Broers-Challiss et al. (1973) and those mea-
sured by Broerse et al. (Annual Report 1977, p. 9-11). The results
with their corresponding parameters of these fits to the experi-
mental data are presented in Figures 1 and 2, respectively. The
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Figure 1

Fit with an analytical function to experimental depth dose results. „
: experimental data for d(.27) + T neutrons; beam size, 6 x 8 cm ; target
phantom distance, f = 42 cm (J.E. Broers-Challiss et al., 1973);
fit with the analytical function for D(d,r) (see text) with a = 0.47, b =
1.15, X = 0.08 cm and )i = 0.078 cm" .
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Figure 2

Fit with the analytical function for D(d,r) (see text) with a = 0.42, b = 1.04,
X = 0.08 cm and u = 0.051 cm to the experimental curve for d(0.25) + T neu-

trons; beam size, 16 x 20 cm ; target phantom distance, f = 80 cm (J.J. Broerse
et a l . , 1973).

differences in the backscatter parameter, b, and in the build-up
parameter, a, for the two sets are most likely due to a difference
in the normalization of the experimental depth dose results. The
data of Broerse et a l . are normalized to the maximum value, where-
as Broers-Challiss normalized the data to a depth of 1 cm. The
difference in the values for the linear absorption coefficient, ji,
can be attributed to the difference in field size of the colli-
mated beams used. The value of ju = 0.078 cm calculated for the
Broers-Challiss data is in good agreement with a value of ju =
0.0767 cm resulting from a fi t to the mean depth dose data for
15 MeV neutrons obtained by all ENDIP participants at TNO (A Euro-
pean neutron dosimetry intercomparison project, 1978).

It seems justified to conclude therefore that the suggested
function is a good approximation for the depth dose data of coll i-
mated neutron beams.

Broers-Challiss, J.E. et a l . , pp. 201-210. In: Neutron monitoring
for radiation protection purposes, IAEA, Vienna (1973).
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DIFFERENCES IN KERMA FOR X-RAYS AND NEUTRONS IN RELATION
TO TISSUE COMPOSITION

B. Hogeweg and A.J. van der Kogel

The relative biological effectiveness (r.b.e.) of fast neu-
trons for late damage in the central nervous system is reported to
be higher than late damage to other normal tissues (Hainan, 1979).
It has been suggested that a high r.b.e. for brain and spinal cord
is due to an increased absorption of neutrons in hydrogen-rich
fatty tissues. The classification of the tiervous tissue as a fatty
tissue (based on the high content of myelin) is not justified,
since there are large differences between both tissues in chemical
composition. Bewley (1979) in a report on kerma values for neutron
therapy, quotes a hydrogen content of 11.7% for subcutaneous fat
and 11.1% for brain, both values obtained from ICRP data for ref-
erence man. However, due to large differences between organ weight
and the sum of elemental components in the ICRP data, various val-
ues for the hydrogen content can be adapted and the 11.1% hydrogen
for brain can be regarded as the highest possible estimate. More
likely is the lower estimate of 10.7%, which is supported by the
value of 10.4% reported by Kim (1974ab) and 10.6% from an analysis
of rat brain (van der Kogel, 1979). The large differences between
brain and fatty tissue in carbon and oxygen contents have less in-
fluence on fast neutron kerma, but result in a significantly re-
duced absorbed dose per photon of X-rays in fatty tissue as com-
pared to brain.

To analyse the possible relationship between the r.b.e. of
neutrons and differences in tissue composition, kerma values of
various tissues and tissue equivalent materials have been calcu-
lated for X-rays and neutrons. For values calculated with tissue
compositions from ICRP (1975), two methods have been used to cor-
rect for the mentioned discrepancy between total organ weights and
the sum of elemental components. With the first method, all compo-
nents were corrected proportionally for the weight difference, as-
suming equal relative uncertainties in the elemental fractions.
Elemental analysis of the rat spinal cord and brain showed highly
reproducible values for hydrogen within a narrow range of 10.5-
10.6% (Van der Kogel, 1979). Since the neutron kerma is largely
determined by the hydrogen content, the value of 11.1% obtained
with the proportional correction will probably result in an over-
estimation of the total kerma. Therefore, in the other method, the
fractions reported by ICRP for the elements H, C, N and O were not
corrected, attributing the weight discrepancy to all other ele-



TABLE 1

KERMA FACTORS FOR DIFFERENT TISSUES AND TISSUE EQUIVALENT MATERIALS
RELATIVE TO THE KERMA FACTOR FOR ICRU MUSCLE

material

muscle (ICRU)

muscle (ICRU)

brain (Kim)

brain (ICRP)

spinal cord (Kim)

liver (Kim)

liver (ICRP)

water

A-150 plastic

TE-gas (Rossi)

air

200 kV
2 mm Ci

100.0

99.6

99.8

* 100.9
107.4

100.2

102.3

* 99.9
106.2

99.8

97.8

91.8

91.8

X-rays
250 kV
2,4 mm Cu

100.0

99.8

100.1

100.8
103.1

100.4

101.5

100.1
102.3

100.5

99.4

96.4

91.2

400 kV
4 mm Cu

100.0

99.9

100.2

100.8
101.5

100.4

99.8

100.2
100.8

100.8

99.8

98.6

90.9

neutrons

7 MeV

100.

98.

102.

107.
103.

104.

106.

103.
97.

108.

103.

101.

0

6

1

8
1

0

7

1
9

4

0

9

(monoenergetic)

14,5 MeV 29 MeV

100.0

98.9

101.7

105.7
101.1

103.2

104.6

102.3
97.3

105.8

104.3

102.5

100.0

98.8

102.1

104.8
100.2

103.7

102.6

102.4
97.3

102.9

113.3

107.0

*Calculated for two correction methods (see text); upper values: all elements cor-
rected; lower values: all elements excluding H, C, N, O corrected.



merits (for brain, a total of 4.5%). The real kerma values are most
likely in between these calculated extreme values.

For the analysis of kerma variations with neutron energy, ker-
ma factors for 7, 14.5 and 29 MeV monoenergetic neutrons were cal-
culated, using kerma factor tables for the elements published by
Caswell et al. (1977). Kerma factors for X-ray spectra of: (1) 200
kV, h.v.l. 1.8 mm Cu; (2) 250 kV, h.v.l. 2.6 mm Cu and (3) 400 kV,
h.v.l. 4 mm Cu were calculated using photon fluence spectra
(Johns, 1969) and mass energy-absorption coefficients (Storm and
Israel, 1978).

Results of these calculations of the kerma values for the var-
ious tissues relative to the kerma of ICRU muscle are presented in
Table 1. Values for air are presented only for photons, consider-
ing the application of air for photon dosimetry. Rad-rontgen con-
version factors, f, derived from these data for the 200, 250 and
300 kV X-ray spectra are 0.947, 0.953 and 0.956, respectively,
which are in good agreement with ICRU adopted values.

The values for brain and liver derived with the two correction
methods demonstrate very distinctly the expected increase in neu-
tron kerma for the proportional correction of all elements (in
comparison to the other correction method), whereas, for X-ray
spectra with h.v.l. larger than 2 mm Cu, the differences in ab-
sorbed dose are much smaller. From this table, it may be concluded
that it is very unlikely that variations in dose ratios between
photons and neutrons for the tissues presented in Table 1 are
larger than about 3%. Consequently, a high r.b.e. for damage in
the nervous system has to be attributed to an increased biological
effectiveness of neutrons. This is confirmed by experimental data
obtained for the rat spinal cord, which show that the high r.b.e.
of neutrons results from a greatly reduced repair capacity for
subeffective damage as compared to X-rays (van der Kogel, 1979).

The table also shows that deviations for one type of radiation
are such that a dosimetric precision is strongly influenced by un-
certainties in tissue composition.

Bewley, D.K., Workshop on Ion Chambers for Neutron dosimetry,
Rijswijk (1979), in press.

Caswell, R.S., Coyne, J.J. and Randolph, M.L., Erratum to Basic
•Physical Data for Neutron Dosimetry, Commission of the European
Communities, Luxembourg (1977).

Hainan, K.E., pp. 251-256. In: High LET radiations in clinical ra-
diotherapy, Pergamon Press, Oxford (1979).

ICRP, Report 23, Pergamon Press, Oxford (1975).
Johns, H.E., pp. 1-50. In: Radiation Dosimetry, vol. Ill, Academic

Press, New York (1969).
Kim, Y.S., Rad. Res. 57 (1974a) 38-45.
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EFFECTIVE MEASURING POINT OF ION CHAMBERS
FOR PHOTON DOSIMETRY IN PHANTOMS

J. Zoetelief, A.C. Engels and J.J. Broerse

Ionization chambers are commonly used for photon dosimetry in
radiobiology and radiotherapy. For measurements free-in-air, it is
generally accepted that the geometrical centre of the chamber is
the effective point of measurement on the condition that the dis-
tance to the source is in excess of 5 times the diameter of the
chamber. The correction for attenuation in and scatter from the
water displaced by the cavity in a phantom can be stated either in
terms of a displacement correction factor ( §) (ICRU, 1969) or in
terms of the displacement of the effective point of measurement
(d). Information on effective measuring points of cylindrical ion
chambers in phantoms is available for Co gamma-rays and photons
with higher energies (e.g. Johansson et al., 1978), but is limited
for lower energy photons (Massey, 1970). Therefore, it was decided
to determine the effective measuring point for spherical chambers
inside a human phantom for Co and Cs gamma-rays and 300 kV
X-rays.

A set of three spherical tissue equivalent (TE) ion chambers
with internal diameters of 8, 16 and 32 mm and a wall thickness of
2.2 mm flushed with TE gas was used. In addition, measurements
were performed with a 0.6 cm thimble type Baldwin-Farmer chamber.
The irradiation conditions for the phantom were as follows: Co
gamma-rays: source-surface distance (SSD) 80 cm and field size
13 x 16 cm ; Cs gamma-rays: SSD 30.33 cm and a circular field
with a diameter of 20 cm; 300 kV X-rays: HVL 3 mm Cu: focus-
surface distance (FSD) 89.5 cm and field size 6 x 8 cm . The mea-
surements were performed with the geometrical centres of the cham-
bers at 5. 10 and 20 cm depth.

For Co and Cs gamma-rays, differences in dose were ob-
served for the different spherical chambers at the same depth of
measurement in-phantom. The resulting linear relationship between
the displacement of the effective point of measurement, d, and the
chamber radius, r, can be presented as d = (0.58 _+ 0.06).r and d =
(0.23 + 0.5).r for Co and Cs gamma-rays, respectively. On
this basis displacements of (0.75 + 0.09).r and (0.35 + 0.08).r
were derived for the thimble-type Baldwin-Farmer chamber for Co
and Cs gamma-rays, respectively. The displacement for the
Baldwin-Farmer chamber using Co gamma-rays is in agreement with
with earlier values (e.g., Johansson et al., 1978). For 300 kV X-
rays the results obtained at the three depths in the water phantom

13



TABLE 1

DISPLACEMENT CORRECTION FACTOR ( 8 ) AND STANDARD DEVIATIONS OF
DIFFERENT ION CHAMBERS FOR Cs, Co GAMMA RAYS AND 300 kV X-RAYS

ion chamber Co Cs 300 kV X-rays

spherical; r = 4 nun 0.985 + 0.003 0.991 + 0.003 1.000 + 0.007

spherical; r = 8 mm 0.971 + 0.003 0.982 + 0.003 1.000 + 0.005

spherical; r = 16 mm 0.941 + 0.006 0.964 + 0.007 1.000 + 0.007

thimble type; r = 3.15 mm 0.985 + 0.003 0.990 + 0.003 1.000 + 0.008
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Figure 1
137,Central axis depth dose d is t r ibut ion in a water phantom for " ' C s gamma rays

measured in the presence and absence of a 32 mm spherical Styrofoam cavity. The
depth dose curves for the homogeneous phantom (broken line) and in the presence
of the cavity (solid line) are normalized to the dose a t the centre posit ion in
the homogeneous phantom.

with the different chambers with reference to the free-in-air mea-
surements were not significantly different. It is concluded that
the effective measuring point in phantom is located at the geomet-
rical centre of the chambers.

The differences between effective measuring point free-in-air
and in-phantom can also be stated in terms of a displacement cor-
rection factor ( § ) (see, e .g. , ICRU, 1969). The values for S from
our measurements for the different chambers using Co and Cs
gamma-rays and 300 kV X-rays are summarized in Table 1. It can be
seen that , contrary to the displacement of the effective measuring
point, the displacement correction factors 8 for a certain chamber
are not much different for Cs and Co photons.

The derived displacement correction factors, 8 , for in-
phantom measurements increased with decreasing photon energies.
Johansson et a l . (1978) found an increase in 8 for X-ray energies
in excess of 5 MeV. The displacement correction factors for Co



and 5 MeV X-rays are similar. This might indicate that minimum
displacement correction factors for photons will occur in the en-
ergy region between that of Co gamma-rays and 5 MeV x-rays.

The introduction of an ion chamber into a phantom will disturb
the dose distribution in and around the cavity. The increase in
absorbed dose resulting from increased transmission will be partly
compensated for by a decrease in the dose due to a decrease in
scattered radiation. The alterations in the depth-dose distribu-
tions were investigated for Cs gamma-rays by the introduction
of a simulated cavity, as shown in Figure 1. The complex balance
between attenuation and scattering is illustrated by these data,
particularly the sharp dose decrease, A D, at the front interface.
The depth dose curve in the Styrofoam cavity has a reduced slope,
ji , compared to that in water, u . At the rear side interface of
tne cavity (d ), a build-up of the dose occurs.

6 X

ICRU, Radiation dosimetry: X rays and gamma-rays with maximum pho-
ton energies between 0.6 and 50 MeV (ICRU, Washington); Report
14 (1969).

Johansson, K.A. et al., Proc. Nat. and Intern. Standardization of
Rad. Dosimetry, vol. 2, IAEA, Vienna (1978).

Massey, J.B., Techn. Reports series no. 110, IAEA, Vienna (1970).
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PERFORMANCE TESTS OF FOUR DIFFERENT TISSUE-EQUIVALENT IONIZATION
CHAMBERS FOR NEUTRON DOSIMETRY

J. Zoetelief, A.C. Engels, J.J. Broerse, G. Burger*
and H. Schraube*

Since there is an urgent need to increase the knowledge of the
characteristics of a number of ionization chambers actually used
for biological and clinical studies with neutrons, a CENDOS (Col-
lection and Evaluation of Neutron Dosimetry Data) project on ion
chamber testing was initiated. Four chambers were included in the
tests: Exradin (thimble-type), Far West Technology, FWT (spheri-
cal), Fontenay-aux-Roses, CENF (thimble-type) and TNO (spherical).

The study was restricted to irradiations free-in-air with 3
monoenergetic uncollimated neutron fields at GSF with energies of
0.6, 5.3 and 15 MeV and to irradiations with a 15 MeV collimated
beam at TNO free-in-air as well as at two depths inside a water
phantom. The neutron irradiation and monitoring installations were
basically unchanged from those used in the European Neutron Dosi-
metry Intercomparison Project, ENDIP (Schraube et al., 1978;
Zoetelief et al., 1978). The calibrations at the Cs gamma-ray
sources at both institutes served as a common basis for the*expe-
riments and the electrical instrumentation was standardized.

For neutrons, the instrument response, R1, can be related to
the instrument reading, X, and the calibration factor, <x , which

c
is obtained with photons as:

R ' = « . 7 T . f . . X eq<l)
where TT.f. is the product of the correction factors:
f, ( o n 1 ) 1

connectors and stem;
f. (or/5)

cavity;
fo (or e )

correction for incomplete charge collection;
correction for off-set and leakage current;
correction for radiation sensitivity of cables,

correction for wall thickness;
correction for angular dependence of response;
correction for stem scatter;
correction for density and composition of gas in the

correction for position of the effective measuring
"8

point.
It should be realized that similar correction factors must al-

so be applied for the calibration measurements with photons. In
the tests, the correction factors f through f were studied for

*Institut fur Strahlenschutz, GSF, Munich-Neuherberg
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for the different chambers. The results and conclusions were as
follows.
1. Under defined practical conditions of ioni2ing potential and
gas flow rate, the recombination effects for the Cs photons
were negligible. For the investigated neutron energies at dose
rates up to 0.2 Gy.min , corrections of 0.1 per cent (Exradin),
0.5 (CENF and TNO) and 1.0 per cent (FWT) must be applied for sat-
uration. There is no need to perform routine measurements with
both polarities of the ionizing potential.
2. Leakage currents measured immediately after an irradiation are
unpredictable and should not be used.
3. Massive triaxial connectors show a 10 to 100 times larger sen-
sitivity to radiation than small coaxial connectors.
4. The wall thickness corrections are lowest for the CENF cham-
ber, intermediate for the Exradin chamber and highest for FWT and
TNO chambers. The differences between the thimble type and spheri-
cal ion chambers can be attributed to differences in effective
wall thickness, while the differences between the CENF and Exradin
chambers are likely to result from the different central electrode
constructions.

5. The directional dependence of response from 0-120 shows for
all chambers a similar behaviour for Cs photons, 0.6 and 15 MeV
neutrons.
6. The addition of a dummy stem resulted in a 2 per cent higher
reading for the FWT chamber and a 1 per cent higher reading for
the CENF chamber both for 0.6 MeV neutrons and Cs gamma-rays.
For the Exradin and TNO chambers no significant effects were de-
tectable at these radiation qualities.
7. For gas flow of the four chambers without tubes connected to
the outlets, there are no problems with pressure build-up in the
flow rate region of 10-60 cm .min . A preflush with TE-gas at 60
cm .min for 5 minutes is sufficient to obtain a stable reading
for all chambers.

The correction for position of the effective measuring point
(f ) is discussed elsewhere (Zoetelief et al., 1980).

The responses, R1, (relative to the monitor reading) for the
neutron measurements are calculated according to equation 1 by ap-
plying the derived correction factors (see Figures 1 and 2). The
variations do not exceed + 2 per cent from the mean value, which
is considerably lower than those during ENDIP (up to about 10 per
cent). None of the chambers showed a systematic deviating behav-
iour.

Schraube, H. et al., pp., 9-31. In: A European Neutron Dosimetry
Intercomparison Project (ENDIP) - Results and Evaluation. EUR
6004 Commission of the European Communities, Luxembourg (1978).
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RADIOBIOLOGY

LOCAL IRRADIATION OF RAT INTESTINE: A COMPARISON OF TWO TECHNIQUES

L.E.C.M. Blank*, J.F. Gaiser and H.B. Kal

The aim of this study was to develop a technique which would
make it possible to score late intestinal damage after fraction-
ated radiation treatment. After whole body or abdomen irradiation,
several techniques based on such phenomena as intestinal death and
crypt cell death are available to score acute effects. However,
local irradiation of a defined part of the intestine is necessary
to score late damage such as stenosis, perforation and adherences.
Local irradiation of a segment of the intestine can be performed
by exterior irradiation of a part of the gut, but, for fraction-
ated treatments over several days or longer, this technique may
not be applicable.

A technique in which a segment of about 2 cm of the intestine
of the WAG/Rij rat was displaced from the abdominal cavity to be-
neath the skin where it was fixed in an artificial skin fold or
"tunnel" was developed. The passage of food in the intestine was
undisturbed. Thus, single dose and fractionated irradiations of a
localized segment of the gut in "tunnel" position can be perform-
ed. The results of single dose experiments are described here.

Local irradiations with single doses of 15 to 24 Gy were per-
formed with 300 kV X-rays about 2 to 3 months after the tunneling
operation. The survival times and the causes of death are indi-
cated in Figure 1, part A.

In another series of experiments, single dose irradiation of
an exteriorised segment of 2 cm of the intestine, intestine in
"free" position, was performed to compare the effects seen after
this treatment with those observed in the experiments described
before. The causes of death and survival times of the animals af-
ter single dose irradiations of the exteriorised segments of the
intestine are indicated in Figure 1, part B.

Comparison of the two techniques reveals the following:
1. tolerance: acute single doses up to 16 Gy can be tolerated by

the intestine in the "tunnel" position; in the "free" position
this is about 20 Gy;

*Westeinde Hospital, The Hague, The Netherlands.
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Figure 1

Survival times of WAG/Rij rats as a function of dose of 300 kV X-rays to a 2 cm
segment of intestine.
Causes of death are indicated.

2. complications: strictures and perforations were the complica-
tions seen in the intestine in the "tunnel" position; in the
"free" position only strictures were seen;

3. survival time: complications occurred earlier in the intestine
in the "tunnel" position, leading to a mean survival time of
about 17 d for doses in excess of 17 Gy as compared to the
"free" position where the mean survival time was about 70 d
for doses between 19.6 and 21 Gy and about 40 d for doses in
excess of 21 Gy.
The conclusion from these pilot experiments is that local ir-

radiation of a segment of the intestine in a "tunnel" position can
be performed. However, the effects observed after a single acute
dose of radiation may not be comparable with those observed in the
intestine when an exteriorised part of the intestine is irradia-

22



ted. Experiments with fractionated irradiation of a segment of the
intestine in "tunnel" position must be performed to test the vali-
dity of the model described, i.e. to determine whether the effects
induced and the time of occurrence of the effects are comparable
with those observed after a single acute dose of radiation of the
intestine in "free" position.
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LATE RECOVERY OF DAMAGE IN RAT SPINAL CORD AND BONE MARROW
OBSERVED IN SPLIT DOSE IRRADIATION WITH LONG TIME INTERVALS FOR

300 kV X-RAYS AND 15 MeV NEUTRONS

A.J. van der Kogel and H.A. Sissingh

In studies on the radiation tolerance of rat spinal cord, it
was observed that this tissue has a great capacity for repair of
subeffective damage for fractionated irradiation with X-rays (van
der Kogel, 1979). Almost no recovery was observed in fractionated
irradiation with neutrons. This results in high RBE values of fast
neutrons for CNS effects. In addition to the cellular repair of
subeffective damage, a second type of recovery was observed in ex-
periments using split-dose X-irradiation with time intervals of 8
and 16 weeks. This delayed type of tissue recovery, observed as an
increase in the total dose required for a given degree of effect,
appeared to be more evident for the acute white matter necrosis
(latent period about 6 months) than for the late vascular damage
(latent period 7-18 months).

In an extended study on the capacity of the spinal cord for
recovery of damage over long time intervals, split-dose experi-
ments have now been performed on the cervical cord with 300 kV X-
rays and 15 MeV neutrons, with time intervals of up to 30 weeks.
The spinal cord of all rats was examined histologically either af-
ter development of paralysis or other neurological signs or at the
end of the lifespan of about two years. These histological obser-
vations also demonstrated a dose-dependent depletion of the bone
marrow in the cavities of the irradiated vertebrae. The late, per-
manent aplasia of bone marrow after irradiation has been attrib-
uted to a damaged microcirculation (Fishburn et al., 1975). In the
present experiments, the dose-response relationships for long term
bone marrow depletion have been analyzed and compared with those
obtained for acute and late spinal cord damage.

The following grades of bone marrow depletion were distin-
guished: 1) normal; 2) partial depletion and replacement by fat
cells, < 50%; 3) severe depletion, >50%; 4) total absence of bone
marrow cells, combined with a varying degree of fibrosis or bone
form<.i.*on. From each animal, 4-5 sections of the irradiated area
were scored. The various sections generally showed a uniform pic-
ture and average scores of grade 3 or 4 were considered as the
endpoint for late aplasia. ED values* (50% isoeffect doses) for
acute and late spinal cord damage and late bone marrow depletion
(grade 3 or 4) were determined by computer probit analysis (see
Table 1). The recovery as observed in split-dose irradiations is
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TABLE 1

ISOEFFECT DOSES FOR THE INDUCTION OF ACUTE AND LATE DAMAGE IN THE SPINAL CORD
AND LATE BONE MARROW APLASIA

experiment

300 kv
X-rays '

single dose

2f/l d

2f/10 wk

2f/20 wk

2f/30 wk
•

f single dose

15 MeV '
neutrons

2f/l d

2f/10 wk

2f/20 wk

•

ED C *

(Gyl

20.2
(+ 0.4)
27.6

(+ 0.5)
30

(+ 1.0)
33

(+ 1.0)
32.5

(+ 1.0)

12.6
(+ 0.8)
13.7

(+ 0.7)
15.3

(+ 0.9)

(+ 0.7)

acute*
D2
Dl

1.37

1.49

1.63

1.61

1.09

1.21

1.51

spinal

D2/T
D2/ld

-

1.09

1.2

1.18

-

1.12

1.39

cord

BDrn
(Gy?

18.
(+ 0.

23.
(+ 0.

23.
(+ 3.
~26.

(+ 1.
31

(+ 1.

7
5)
7
9)
9
0)
7

1)

0)

late*
D2
Dl

1.27

1.28

1.43

1.66

D2/T
D2/ld

-

1.01

1.13

1.31

late

ED(.n

(GJJ

18.4
(+ 0.6)
24

(+ 0.6)
~25
(+ 1.0)
25.8

(+ 0.7)
27.6

(+ 1.0)

12.4
(+ 0.9)
13.8

(+ 1.3)
18

(+ 1.5)
> 22

bone marrow
aplasia

D2
Dl

1.3

1.36

1.4

1.5

1.11

1.45

>1.77

D2/'T
D2/ld

1

1

1

1

>1

04

08

.15

.30

.59

*Acute: paralysis due to white matter necrosis; latent period _+ 6 months;
Late: paralysis or other neurological signs mainly characterized by vascular damage;
latent period 7-18 months
95% confidence limits in parentheses.



presented as the ratio of the ED for two fractions (D ) and the
With ' ' • "ED for single doses (D ). With an interval of one day between

fractions, the recovery can be attributed to the Elkind-type of
repair of subeffective damage. The amount of additional recovery
observed for longer intervals, which is attributed to tissue re-
population, is presented separately as the ratio of D (T is
time interval) and D .

In previous experiments with 1, 8 and 16 week intervals be-
tween 2 doses of X-rays, additional recovery was observed to start
at about 8 weeks, but only for the paralysis due to the white mat-
ter necrosis syndrome ("acute" spinal cord damage). No difference
in ED was observed for the induction of late vascular damage for
all time intervals up to 16 weeks. The present results with X-rays
show that, for the "acute" damage, additional recovery starts at
10 weeks with a maximum at 20 weeks (D9/9n ./D , = 1.2). Al-
though for intervals of up to 20 weeks the ED values for "acute"
damage show a considerable decrease due to late vascular damage,
additional recovery from this latter type of damage appears to
start at 20 weeks (D U^O/IA ~ 1*13). This recovery proceeds
during the subsequent ten weeks, so that, at 30 weeks, the differ-
ence between ED values due to late vascular damage and acute
white matter necrosis is reduced to 1 or 2 Gy.

With neutrons, the Elkind-type of repair is greatly reduced in
comparison with X-rays and the D?/D, ratio is 1.09. For a 10 week
interval the additional recovery is equivalent to that observed
for X-rays (about 10%), but, at 20 weeks, this type of recovery is
39% for neutrons as compared to the maximum of 20% observed for X-
rays. In the neutron experiments, the mean survival time of those
animals which did not develop the acute white matter necrosis syn-
drome was about one year and only a few cases of late vascular
damage were observed.

The ED values for the late bone marrow aplasia after X-irra-
diation are not significantly different from those for the devel-
opment of late spinal cord damage, except for the interval of 30
weeks. Whether this reflects a common (vascular) mechanism of both
lesions is not known. The time of expression of the late spinal
cord and bone marrow damage differs widely. The bone marrow deple-
tion is permanent after 3-4 months, well before the acute white
matter necrosis (about 6 months) and late vascular damage (7-18
months) to the spinal cord become apparent.

After neutron irradiation, the D
9/D.. ratio for bone marrow de-

pletion (1 d interval) is 1.11, showing a reduction in repair of
subeffective damage similar to that for spinal cord damage. For 10
and 20 week intervals, extensive additional recovery equivalent
to, respectively, 30% and 60% of the D is observed.

It can be concluded that, with long time intervals between two
neutron irradiations, both the spinal cord and the stroma of the
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bone marrow are able to compensate for the reduced repair of sub-
effective damage. The kinetics of this delayed type of recovery
suggest this process to be due to cellular proliferation. Further
experiments will have to be carried out to elucidate the mechanism
of the more extensive additional recovery after neutron irradia-
tion.

Fishburn, R.I. et al., Cancer 3j> (1975) 1685-1691.
Kogel, A.J. van der, Thesis, University of Amsterdam (1979)
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THE LATENCY PERIOD OF FOCAL VASCULAR ABNORMALITIES
IN THE IRRADIATED RAT BRAIN AFTER DIFFERENT DOSES OF RADIATION

H.S. Reinhold and A. van Rijsoort

Radiation given in moderate doses to organs will, among other
things, give rise to the development of vascular abnormalities. A
European Cooperative group* has been investigating various aspeccs
of the mechanisms involved for some years. Initially, a dose of 20
Gy was given to the rat brain and a series of physiological and
anatomical disorders were detected (Gerber et al., 1976; Keyeux,

*The European group is a part of the "EULEP" program and besides
the authors, consists of Drs. Maisin, Gerber and Reyners (Mol),
Keyeux (UCL, Louvain), Calvo (Ulm) and Hopewell (Oxford).

12 15 18 21 24 27

time after irradiation (months)

30

Figure 1

Rate of development of vascular abnormalities for 3 dose levels. Perfusicn-
fixed thick specimen scored for focal changes in the cerebral vasculature. Ab-
cissa; time in months after irradiation. Ordinate; percentage of animals
showing vascular abnormalities.
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1976; Keyeux et al., 1977). Focal vascular abnormalities developed
one year after irradiation, mainly in the white matter and in the
central portions of the brain (Reinhold and Hopewell, in the
press). After considerable deliberation, it was decided to include
the dose levels of 25 and 30 Gy in the investigations. On the ba-
sis of earlier histological investigations (Hopewell and Wright,
1970), it was expected that there would be no acceleration of vas-
cular damage, but that other factors would become limiting. Con-
trary to the expectation, however, analysis of the rat brains
which were perfused with a pigment-fixation mixture and subse-
quently embedded in .5 mm cleared, thick sections clearly showed
the vascular abnormalities that are typical for irradiation dam-
age. This consists of foci with teleangiectasies and irregularly
shaped blood vessels and frequently with a decreased vascularity
in such foci.

The rate at which such abnormalities develop is shown in Fig.
1. Obviously, an increase in dose from 20 Gy to 30 Gy shortens the
latent period for 50% incidence from 18 months (20 Gy) to 8 months
(30 Gy). Although it cannot be excluded that other factors may at-
tribute to the development of focal damage in the rat brain, there
is no doubt that the length of the latent period for the appear-
ance of vascular abnormalities depends on the dose of irradiation.

Gerber, G.B. et al., Strahlentherapie 151̂  (1976) 530-540.
Hopewell, J.W. and Wright, E.A., Brit. J. Radiol. j43_ (1970) 161-

167.
Keyeux, A., Rad. and Environm. Biophys. j ^ (1976) 125-135.
Keyeux, A.J.M.L. et al., pp. 319-325. In: Proc. 9th Europ. Conf.

Microcirculation, Karger, Basel, Antwerp 1976. Bibl. Anat. 15
(1977).

Reinhold, H.S. and Hopewell, J.W., Brit. J. Radiol. (1980), in
press.
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SPERMATOGENESIS IN ADULT RHESUS MONKEYS FOLLOWING IRRADIATION
WITH X-RAYS OR FISSION NEUTRONS

D.G. de Rooij*, P. Sonneveld and D.W. van Bekkum

A group of male rhesus monkeys was exposed to total body irra-
diation followed by autologous bone marrow transplantation. The
animals were irradiated in the period between 1965 and 1976 and
received a dose of 8.5 Gy of X-rays (300 KVP) or 3.6 Gy of 1 MeV
fission neutrons. Of this group, a total of 11 male monkeys proved
to be evaluable for studying the effects of irradiation on sperma-

*Laboratory for Histology and Cell Biology, Medical Faculty, State
University, Utrecht, The Netherlands.

TABLE 1

SPERMATOGENESIS IN ADULT MONKEYS IRRADIATED BEFORE PUBERTY

monkey
number*

942

1757

2093

2652

3400

3515**

3527

3374

3350

568

646

per cent tubular
cross-sections

with
spermatogeneic cells

100

7

23

1

1

1

1

100

16

1

13

most advanced
type of cells

present

spermatozoa

spermatozoa

spermatozoa

spermatogonia

spermatocytes

spermatogonia
(1 section with
spermatocytes)

spermatozoa

spermatozoa

spermatozoa

spermatogonia

spermatogonia

year of
irradiation

1967

1970

1972

1974

1976

1976

1976

1972

1976

1965

1965

* All numbers were exposed to 8.5 Gy of X-rays, except for nrs.
568 and 646, which received 3.6 Gy of fission neutrons.

**Testes cryptorchid
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togenesis. For this purpose, testicular biopsies were taken and
investigated with respect to the percentage of tubular cross-sec-
tions containing spermatogeneic cells and the maturity of these
cells. Preliminary results are presented in Table 1.

These results confirm an earlier observation that there is a
large inter-animal variation in the effect of irradiation on sper-
matogenesis in the rhesus monkey (de Rooij, 1978). The effect var-
ied from less than 1% of the cross-sections of seminiferous tu-
bules with spermatogeneic cells to a normal seminiferous epitheli-
um with all types of cells present.

With regard to fertility, nrs. 942 and 3374 can be expected to
be fertile, 2093 and 3350 and possibly 1757 subfertile and the re-
maining monkeys most likely sterile. A number of monkeys may have
a maturation arrest at the level of spermatogonia or spermato-
cytes. This is understandable for 3515 whose testes were crypt-
orchid. In nrs. 568 and 646, the arrest may be age-related and
probably caused by too low testosterone levels. More sections from
2652 and 3400 will have to be studied, as the number of tubular
cross-sections with spermatogeneic cells is very low.

It will be interesting to follow spermatogenesis in these mon-
keys in the coming years to determine whether spermatogencsis is
still being restored in these animals. There are no data at pres-
ent on the extent of the recovery that can take place after irra-
diation in primates.

Rooij, D.G. de, Int. J. Radiat. Biol. 34 (1978) 565.
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TOTAL LYMPHOID IRRADIATION IN RHESUS MONKEYS

H.M. Vriesendorp, B. Maat and B. Hogeweg

Total lymphoid irradiation (TLI) consists of three contiguous
fields, a mantle, an inverted Y and a spleen field. TL induces a
state of immunosuppression in patients with Hodgkin disease or in
small rodents (Fuks et al., 1976; Slavin et al., 1977). Infusion
of allogeneic bone marrow cells into mice after TLI led to the de-
velopment of split haemopoietic chimerism and indefinite survival
of skin grafts from the bone marrow donor (Slavin et al., 1977). A
protocol for TLI was developed for rhesus monkeys to attempt to
verify these interesting observations in a pre-clinical animal
mode1.

Measures were taken to guarantee a reproducible irradiation
set-up. Lower limb lymphangiograms were performed to assist in the
determination of the shape of the TLI field. Under general anaes-
thesia, a cast was made of the whole animal with plaster of Paris
bandages (Cellona , Lohmann). This cast served to make a "plaster
of paris monkey". A perspex plate was heated and closely fitted to
the plaster monkey by air suction. Holes were sawed in this plate
for head, hands and feet. A holder was made for the plate to allow
treatment in the upright position. The animal was irradiated be-
tween two opposing X-ray machines (300 kV, 10 mA, 3.0 mm Cu HVL);
the focus-to-focus distance was 250 cm.

The efficacy of lead shielding was determined 10 cm behind a
2 cm wide window in a 1 cm thick lead shield by determining the
radiation dose at 1 and 2 cm from the projected window margin.
Seventy-five per cent and twenty per cent of the central dose was
measured respectively. This shielding efficacy is comparable to
that observed with high energy X-ray beams (Page et al., 1970;
Nemec and Walth, 1979) and translated in the design of the TLI
fields by taking close margins around the tissues of interest. Ex-
amples of the selected fields are given in the figures (Figures 1
and 2). Lung, abdominal and rectal shielding was tailor-made for
each animal by cutting the desired shape in thick polystyrene foam
slabs, which were filled with 3 cm thick lead shot in paraffin wax
(see Figure 1 and van Dorssen et al., 1970). Parts of the extremi-
ties and skull that were outside the planned field were shielded
with 6 mm thick lead slabs. TLI was administered to two rhesus
monkeys in daily fractions of 2 Gy, five days a week, to a total
of 30 Gy calculated midplane in 3 consecutive weeks. Radiation
time per fraction was between 17 and 19 minutes with the dose pre-
set on a reference mid-field dosimeter each time. Animals were

33



Figure

X-ray picture of monkey in TLI field with lower limb lymphangiogram
with shielding in TLI field (b).

(a) and



Figure 1

Total Xymphoid irradiation for rhesus monkeys.

given general anaesthesia for each radiation with intramuscularly
administered ketamine hydrochloride 40 mg and 0.2 mg acepromazine.
The following toxicity was observed: diarrhoea, starting in the
second week of irradiation, weight loss (to a maximum of approx.
25% of pre-irradiation body weight), mild erythema and hyperkera-
tosis of the skin overlying the radiation fields and haematologi-
cal toxicity. The nadirs for lymphocytes, granulocytes. throm-
bocytes and haematocrit were respectively 0.1 x 10 .1 , 1.0 x
10 .1 , 140 x 10 .1 and 25%. No transfusions of blood or blood
products or antibiotic treatment were necessary. Body temperature
and biochemical liver and kidney function tests remained normal.
Twenty days after TLI, bone marrow aspirates from marrow within



(sternum) and without (tibia) the field were performed. No in
vitro colony formation was found in the sternum samples. Normal
colony function was observed in the tibia samples. PHA cultures
performed on day 40 after the start of TLI were 1/4 of normal mon-
keys. Granulocyte and lymphocyte levels in the peripheral blood
were 3 x 10 .1 and 0.4 x 10 .1 (the latter value is approxi-
mately 1/10 of the normal value). On this day both animals re-
ceived an allogeneic kidney transplant. One died within 24 hours
from an aspiration pneumonia, the other on day 7 after transplan-
tation from rejection. The absence of an immunosuppressive effect
of TLI in this animal might be due to the relatively long interval
between irradiation and transplantation. TLI experiments will be
continued in monkeys and dogs with shorter intervals between TLI
and kidney transplantation and with the transfusion of kidney
donof bone marrow cells immediately after TLI.

Dorssen, J.G. van, Mellink, J.H. and Thomas, P., Radiol. Clin.
Biol. _39 (1970) 47.

Fuks, Z. et al., J. Clin. Invest. JS8 (1976) 803.
Nemec, H.W. and Walther, E., Strahlentherapie JL55 (1979) 557.
Page, V,, Garder, A. and Karzmark, C.J., Radiology j)6 (1970) 609.
Slavin, S. et al., J. exp. Med. 146 (1977) 34.
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INDUCTION OF CHROMOSOME ABERRATIONS IN TWO LINES OF CULTURED CELLS
USING DIFFERENT TYPES OF RADIATION

J. Zoetelief, E.S. Dingjan-Hirschi, J. Hasper, H.C. Janse
and G.W.Barendsen

The induction of chromosome aberrations has been investigated
in two lines of cultured cells for different types of radiation.
The obtained results are compared with information on induction of
cell reproductive death and malignant transformation.

Similarities in the dose-effect relations for induction of im-
pairment in clonogeneic capacity and chromosome aberrations led
several investigators (e.g. Lloyd et al., 1976) to suggest that
all impairment of clonogenic capacity results directly from gross
chromosome aberrations. However, in the studies of Lloyd et al.
(1976), the cell types used for analysis of cell reproductive
death differed from those used in the studies of chromosome aber-
rations. It is evidently of interest, therefore/ to study both
types of damage in the same type of cell irradiated under identi-
cal conditions with different radiation qualities (Barendsen,
1979).

A second type of effect in cells for which dose-effect rela-
tionships can be compared with the induction of chromosome aberra-
tions is malignant transformation. Dose-effect relationships for
observable asymmetrical interchanges, e.g., dicentrics, can be ex-
pected to have characteristics similar to those for symmetrical
interchanges, e.g., reciprocal translocations. Although cells con-
taining dicentrics are most likely to have lost the capacity for
unlimited proliferation, this is presumably not true for recipro-
cal translocations. This latter type of aberration might yield
cells that cause malignant tumours. A correlation of dose-effect
relationships for transformation in comparison with observable
chromosome aberrations might therefore provide better insight into
the mechanisms of malignant transformation.

Experiments were performed on two lines of cultured rat cells:
R-1,M and RUC-2. Cells were irradiated in plateau phase cultures
to reduce problems associated with the cell cycle stage dependence
of the type of induced chromosome aberrations. DNA content distri-
butions of cells in these cultures were determined and showed that
60-90 per cent of the cells were in the G or prolonged G phase
of the cell cycle. After irradiation, the cells were trypsinized
and transferred to larger culture flasks to induce progression
through the cell cycle. After about 2-4 hours, colcemid was added
to collect the cells in the first mitosis post-irradiation. Micro-
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scope slides were prepared and stained. The studies of chromosome
damage had to be restricted to clearly observable chromosome aber-
rations, i.e., dicentrics and centric rings, since other types of
chromosome aberrations occur spontaneously in these established
cultured cell lines. Different types of radiation were employed,
namely, Cs gamma-rays, 300 kV X-rays and fast neutrons. The
neutrons were produced by the p(1.7 MeV)+T and d(0.27 MeV)+T reac-
tions which provide 0.5 and 15 MeV neutrons, respectively. For the
neutron studies, the culture flasks were mounted on a rotating
wheel to obtain homogeneous irradiation.
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Figure 1

Frequency of chromosome aberrations induced in two different cell lines in cul-
ture irradiated with different radiations. Solid symbols and curves: RUC-2
cells; open symbols and broken lines: R-1,M cells.



* ; In Figure 1, dose-response relationships for dicentrics and
;"- centric rings are presented for the two cell lines R-1,M and RUC-2
;•. and for different types of radiation. From these data, several
; points of interest can be noted:

1. With 300 kV X-rays and Cs gamma-rays, the RUC-2 cells are
considerably less sensitive to induction of chromosome aberra-
tions than are R-1,M cells, although the numbers of chromo-

:, somes of these cell types are comparable: 48 and 44, respec-
,t tively. In the region of doses between 0.75 and 5 Gy of X-rays
I corresponding to frequencies of aberrations between 5 and 20
?, per cent, differences in sensitivity between the two cell
I lines by a factor of up to 3 occur. This difference is similar
'.* to the difference in sensitivity for cell reproductive death
v between these cell lines.

2. For the resistant RUC-2 cells, a significant difference in ef-
fectiveness corresponding to a factor of 1.3-1.4 is observed
between Cs gamma-rays and 300 kV X-rays, while such a large
difference is definitely excluded for R-1,M cells.

3. No large difference in sensitivity to induction of chromosome
aberrations is observed between R-1,M and RUC-2 cells with 15
MeV neutrons, although earlier experiments on cell reproduc-
tive death had shown significant differences.

4. It i-s of interest to note that, although the sensitivity of
R-1,M as compared to RUC-2 cells to 15 MeV neutrons is not
greatly different, the RBE values of 15 MeV neutrons for in-
duction of chromosome aberrations are significantly different
due to the differences in sensitivity to X-rays taken as stan-
dard radiation. It can be concluded that a direct correlation
between cell inactivation and chromosome aberrations is not
consistent with these results. More data on other neutron en-
ergies are required to further investigate the reasons for
these differences.

5. The RBE values of 0.5 and 15 MeV neutrons for induction of di-
centrics obtained thus far are lower than those generally ob-
served for induction of malignant transformation (Broerse,
1978). However, the information on RbE values for neutrons for
induction of dicentrics is limited, while information on both
effects is not available for the same type of cell. Therefore,
more extensive information is needed to draw conclusions in
this respect.

Barendsen, G.W., Int. J. Radiat. Biol. 3j> (1979) 49-63.
Broerse, J.J. et al., pp. 13-27. In: Late Biological effects of

Ionizing Radiation, IAEA, Vol. 2 (1978).
Lloyd, D.C. et al., Int. J. Radiat. Biol. _29_ (1976) 169-182.



HAEMATOLOGY

ENRICHMENT OF CFU-S FROM MOUSE BONE MARROW
BY FREE-FLOW ELECTROPHORESIS

S. Bol and M. van Vliet

Many studies on the mechanism of haemopoietic differentiation
would be greatly facilitated if cells in an early stage of devel-
opment were available in high concentrations and in sufficient
quantities. Since jji vivo colony-forming cells determined by the
spleen colony assay (CFU-S) tentatively represent pluripotent stem
cells, these cells have frequently been subjected to purification
studies. CFU-S are characterized by a low buoyant density, high
electrophoretic mobility (EPM), a great change in EPM after neura-
minidase treatment and high forward- and low perpendicular light
scattering properties (Visser et al., 1977; Bol and van Vliet,
1980; van den Engh et al., 1979). The results of the experiments
described in this report show that combining various cell separa-
tion techniques can be useful in enrichment for CFU-S.

CFU-S can be partly separated from other nucleated bone marrow
cells by free-flow electrophoresis. It has been shown that elec-
trophoresis of non-treated cells results in CFU-S enrichment in
relatively high-EPM fractions. Since the EPM of CFU-S is greatly
reduced by treatment with neuraminidase, electrophoresis of neura-
minidase-treated cells results in CFU-S enrichment in the rela-
tively low-EPM fractions. The CFU-S enrichment obtained by a com-
bination of these two electrophoresis procedures is shown in Table
1A. After electrophoresis of non-treated cells, a pool of high-EPM
cells which contains 96% of all CFU-S and 73% of all nucleated
cells can be collected. The enrichment factor of 1.3 is rather
low, but the selection of high-EPM cells appears to be very useful
in a second separation. When the high-EPM cells are treated with
neuraminidase and subjected to a second electrophoresis, CFU-S en-
richment factors of about 10 to 25 can be obtained if selecting
for 50 to 10% of all CFU-S, respectively. These enrichment factors
are 1.5 to 3 times higher than those obtained by electrophoresis
of neuraminidase-treated cells without preseparation.

A single step density separation can also be successfully ap-
plied as a preseparation for electrophoresis (Table IB). After
centrifugation of bone marrow cells in an albumin solution with a
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TABLE 1

ENRICHMENT OF CFU-S FROM MOUSE BONE MARROW

number of
experiment ce l l separation procedure

- electrophoresis
- select high-EPM cells

I
- neuraminidase treatment
- electrophoresis
- select low-EPH cells

c)

percentage of
all CFU-S

96 (91-99)b) •

50d>
10

percentage of
all nucleated

cells

73 (63-83)

4.5 (3.7-5.6)
0.4 (0.2-0.7)

CFU-S
enrichment

factor

1.

11.
26.

3 ( 1.2- 1.

0 ( 9.0-13.
0 (14.9-41.

4)

4)
2)

percentage
yield of
CFU-S

57

7.5
1.5

"density-cut" at 1.072 g.cm"3

select low-density cells —*• 68 (52-82) 19

I
neuraminidase treatment
electrophoresis _̂ 50 6.4
select low-EPM cells —*- 10 0.3

9-29) 3.6 ( 2.4- 7.4)

7.8
29.3

48

8.9
1.8

a)

b)

The CFU-S enrichment is determined by the ratio of the percentage of CFU-S and the percentage of nucleated cells
selected.

The figures represent mean and limits of range observed.

c)
Neuraminidase treatment reduces the number of CFU-S to about 25% of the number of untreated CFU-S. This reduction
is not due to cell kill, but to a decrease in the spleen seeding efficiency of the CFC. Since CFU-S which are pres-
ent after neuraminidase treatment have been shown to be representative for the total CFU-S population, the CFU-S
numbers were corrected for the reduction (Bol et al., 1978).

d)
On the basis of the electrophoretic mobility distribution of CFU-S various "cut offs" can be made. Calculations are
given for the selection of 50% and 10% of the total CFU-S population.



density of 1.072 g.cm , the fraction of cells with densities
lower than the density of the solution contains 68% of all CFU-S
and 19% of all nucleated cells. When the low-density cells are
treated with neuraminidase and subsequently separated by electro-
phoresis, high CFU-S concentrations are obtained in the low-EPM
fractions. The CFU-S enrichment factors are similar to those ob-
tained after electrophoresis of neuraminidase-treated high-EPM
cells and vary from about 8 to 30 if selecting for 50% to 10% of
all CFU-S, respectively.

Further analysis of the cells in the CFU-S enriched cell sus-
pensions on the basis of forward- and perpendicular light scat-
tering properties (FACS II, Becton and Dickinson) reveals the
presence of various cell populations. One of these populations
contains cells with light scattering properties identical to those
of CFU-S in unfractionated material (van den Engh et al., 1979).
The presence of CFU-S in this cell population was demonstrated in
two preliminary experiments. This indicates that the CFU-S retain
their normal light scattering properties during the enrichment
procedures. Furthermore, since this pattern of light scattering is
shown by only about half of all cells detected, sorting of this
population can be expected to increase the CFU-S enrichment by a
factor of 2.

If the incidence of _iii vivo colony-forming cells (CFC) is es-
timated to be in the range of 0.6 to 0.8% (30 to 40 CFU-S per 10
cells; spleen-seeding efficiency of 5%), the 10- to 30-fold en-
richment of CFU-S after the electrophoresis procedures corresponds
with about 7% to 20% CFC, while the expected enrichment factors of
about 20 to 60 after cell sorting on the basis of light scattering
properties corresponds with about 15 to 40% CFC.

Although these data indicate that purification of jji vivo col-
ony-forming cells up to 40% is possible, the final yield is very
low. This is due to the need for selection of a small proportion
of the total CFU-S population and to cell loss by a strong aggre-
gation of neuraminidase-treated cells in the electrophoresis buf-
fer of low ionic strength. The latter technical difficulty of cell
aggregation can be solved by using buffers of a higher ionic
strength. However, the use of such buffers will require free-flow
electrophoresis devices with a greatly enhanced cooling capacity.

Bol, S., Doekes, G. and Vliet, M. van, Annual Report of the REP-
Institutes 1978, 79.

Bol, S. and Vliet, M. van, In: Experimental Hematology Today,
(Eds. S.J. Baum and G.D. Ledney), Springer Verlag, New York
(1980), in press.
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ANTIGEN EXPRESSION OF CFU-S DETERMINANTS
BY LIGHT ACTIVATED CELL SORTING

B. Trask end G.J. v.d. Engh

Sera from rabbits immunized with mouse brain tissue (RAMBr)
contain antibodies which inactivate the haemopoietic stem cell
(Golub, 1972). CFU-S in bone marrow samples treated with RAMBr and
complement are not able to form colonies. Early progenitor cells
(CFU-C) which are assayed jji vitro, however, retain their abili-
ty to form colonies after this treatment (v.d. Engh and Golub,
1974).

Studies using papain rescue of RAMBr-treated cells showed that
inactivation of CFU-S is not complement-dependent (v.d. Engh and
Platenburg, 1978). Cells were treated first with RAMBr and comple-
ment jji vitro. This would be expected to inactivate all positive
cells if the serum were complement-dependent (as, e.g., anti-
theta). If the Fc chains are then removed with papain before in-
jection, full CFU-S activity is observed. RAMBr appears to inter-
fere with CFU-S activity jji vivo through a non-complement mediated
phenomenon (for example, macrophagocytosis of antibody-carrying
cells).
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Figure 1

Fluorescence distribution of viable bone marrow cells treated with 1/2 RAMBr-
DNP->G and 1/6 anti-DNP-FITC, and with 1/6 anti-DNP-FITC only.
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In order to clarify the RAMBr question, the binding of RAMBr
to cells was quantitatively analyzed on a FACS II cell sorter. An
indirect fluorescent staining technique was used. Cells were first
reacted with a 1/2 dilution of the gammaglobulin fraction ( y G) of
RAMBr serum which had been conjugated with dinitrophenyl (DNP)
groups (subst. ratio 15:1) (RAMBr-DNP- y G). The cells were washed
and then incubated with a 1/6 dilution of the y G fraction of an
anti-DNP serum (gift Dr. J. Padl) labelled with fluorescein iso-
thiocyanate (FITC) (3:1). The fluorescent intensity of the cells
is linearly related to the number of RAMBr molecules bound (Visser
et al., 1978). Figure 1 shows the fluorescent intensity of viable
bone marrow cells after this staining procedure. Control suspen-
sions were treated with anti-DNP-FITC only. All cells stain to a
slight degree with RAMBr serum. There is a small but definitive
positive population. Cells were sorted into six fractions of in-
creasing fluorescent intensity or RAMBr binding, treated with
papain (3 mg/ml at 37 C for 1 h) after sorting and injected i.v.
into irradiated recipients. Colony numbers were counted 9 days la-
ter. In Fig. 2, the bar-histogram indicates the C.?U-S activity in
each of the 6 fractions. The dotted curve gives the fluorescence
distribution of viable bone marrow cells. If CFU-S have a high af-
finity for this serum, as appears from cytotoxicity data, colony

100 200

fluorescence intensity (o .u. )

Figure 2

Fluorescence distribution of CFU-S compared to that of viable bone marrow cells
after treatment with 1/2 RAMBr-DNP-> G followed by 1/6 anti-DNP-FITC. The dots
give the fluorescence distribution of viable bone marrow cells. The histogram
gives the numbers of CFU-S found in the six fractions of increasing fluores-
cence intensity (corrected to 100% peak value).
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forming activity should be found in fractions of high fluorescent
intensity. Instead, the fluorescent distribution of CFU-S is iden-
tical to that of total bone marrow. RAMBr does not bind more spec-
ifically to CFU-S than to the average bone marrow cell. The pres-
ence, however, of those small amounts of the heterogeneous RAMBr
serum is capable of interfering with colony forming ability rn
vivo. Since all other bone marrow cells bind this same low amount
of RAMBr, they too, presumably, would also be sensitive to the in-
activation if assayed for iji vivo. RAMBr is not useful as a speci-
fic anti-stem cell serum.

Engh, G.J. van den and Golub, E.S., J. exp. Med. 139 (1974) 1621.
Engh, G.J. van den and Platenburg, M., Exp. Hemat. £ (1978) 627-

630.
Golub, E.S., J. exp. Med. 136 (1972) 369.
Visser, J.J., Haaijman, J. and Trask, B., In: Immunofluorescence

and related staining techniques (Ed. Knaap, W.), Elsevier North
Holland Biomedical Press, Amsterdam (1978).
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LIGHT SCATTERING PROPERTIES OF THREE SUBPOPULATIONS OF
COMMITTED MYELOID PROGENITOR CELLS OF THE MOUSE

J.W.M. Visser, D. Bramer and G.J. van den Engh

The light activated cell sorter may be employed to determine
size and structural properties of living haemopoietic cells by
measurements of light scattered into several directions. With a
FACS II cell sorter, laser light scattered in a forward direction
is linearly proportional to cell cross sectional area, while per-
pendicularly scattered light is proportional to cell size and to
intracellular and external complexity of structure (Visser et al.,
1980; v.d. Engh and Visser, 1980).

In a study on the regulation of haemopoiesis, we have now de-
termined the light scattering properties of three types of commit-
ted progenitor cells which represent consecutive stages of differ-
entiation along the myeloid pathway (CFU-C1, CFU-C2 and CFU-C3).
The three cell types were distinguished by their capacity to form
in vitro colonies of granulocytes and monocytes in the presence of
different stimuli.

Mouse bone marrow cells were analyzed and sorted on the basis
of differences in forward and perpendicular light scatter intensi-
ties by a FACS II cell sorter. The cells were subsequently cul-
tured in soft agar in the presence of PMUE (colony stimulating ac-
tivity from pregnant mouse uteri), PMUE + PES (PES: 18-h postendo-
toxin serum) or PMUE + Lys (Lys: lysate from rat erythrocytes) to
enumerate in each sorted fraction CFU-C2, CFU-C1 and CFU-C3, re-
spectively. One week later, cultures were stained (Bol et al.,
1977) and macroscopically visible colonies were counted. Each col-
ony was taken to represent one CFU-C. Cells from each sorted frac-
tion were injected into lethally irradiated syngeneic mice to de-
termine the number of CFU-S by the spleen colony method.

Figure 1 shows the frequency distribution of the forward light
scatter intensities of mouse bone marrow cells, CFU-S and the
three CFU-C types. The distributions of the three CFU-C types are
very similar; the forward light scatter intensity of the CFU-S is
somewhat lower. In these experiments, the median of the CFU-S dis-
tribution coincided with channel 117, the medians of CFU-C1, C2
and C3 with 133, 137 and 137, respectively. From the linear rela-
tionship between forward light scatter intensity and cross-sec-
tional area, the size of these cells can be calculated if the in-
tensity scale is calibrated. Taking thymocytes which are con-
sidered as spheres with a diameter of 6.0 jjm as a reference point,
the data from Figure 1 indicate that the majority of CFU-S measure
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Figure 1

Frequency distributions of the forward light scatter intensities of mouse bone
marrow cells, CFU-S and three CFU-C types.

7.3 ,um in diameter. The distributions of the CFU-C, especially
that of CFU-C2, are skew, which can be ascribed to the large pro-
portion of cells in S and G . These cells are larger and therefore
scatter more light into the forward direction than resting and G
cells. Due to the skewness of the distributions, the medians are
higher than those which would have been obtained for G cells
only. The value derived for all three CFU-C is 7.7 jrnn in diameter.
Therefore, the size values are slightly larger than those reported
previously (Bol et al., 1979).

Similar experiments were performed using the perpendicular
light scattering intensity of cells as a separation criterion
(Figure 2). In this case, a clear separation between CFU-S and
CFU-C1, C2 and C3 was obtained. The medians of the four cell popu-
lations were calculated to be at channels 69, 86, 105 and 120, re-
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Figure 2

Frequency distributions of the perpendicular light scatter intensities of mouse
bone marrow cells, CFU-S and three CFU-C types.

spectively. On this scale the almost spherical lymphocytes have a
median intensity of 35 and granulocytes with curved nuclei and
many cytoplasmic granulae one of 120. These data indicate that
gradual morphological changes take place in the pathway from plu-
ripotent CFU-S to the committed CFU-C3 and mature granulocytes and
are in accord with the sequence of stages as proposed by Bol and
Williams (1980) CFU-S— ĈFU-C 1— ĈFU-C2 — CFU-C3 -*• granu-
locytes and monocytes.

Previous conclusions that ^n vitro colony-forming cells repre-
sent a heterogeneous group of cells and that different sources may
stimulate different CFU-C types or mixtures of CFU-C are confirmed
by this study. The three groups of CFU-C which differ in density
are also found to be different in perpendicular light scatter dis-
tribution. Since the forward light scatter signals of three CFU-C

51



do not significantly differ in intensity, our previous conclusion
that the heterogeneity in sedimentation rate is largely due to
cell density and that differences in cell size are of minor impor-
tance is also confirmed (Bol et al., 1979).

Bol, S.J. and Williams, N.T., J. Cell. Physiol. (1980), in press.
Bol, S. et al., Exp. Hematol. £ (1977) 551-553.
Bol, S.J. et al., Exp. Hematol. 1_ (1979) 541-553.
Engh, G.J. van den and Visser, J.W.M., Acta Hematologica (1980),

in press.
Visser, J.W.M. et al., Blood Cells (1980), in press.
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PERMEABILITY CONSTANTS OF MOUSE HAEMOPOIETIC CELLS FOR THE
FLUORESCENT BIS-BENZIMIDAZOLE DERIVATIVES HOECHST 33258 AND 33362

J.W.M. Visser

The binding of the fluorescent benzimidazole derivatives
Hoechst 33258 and 33342 (Latt and Stetten, 1976; Loewe and
Urbanietz, 1974) to deoxyribonucleic acids has been studied in de-
tail by a number of investigators (e.g. Arndt-Jovin and Jovin,
1977; Hilwig and Gropp, 1972; Latt and Stetten, 1976; Loewe and
Urbanietz, 1974). It is well documented that these dyes bind to
double stranded nucleic acids in solution, in chromosomes and also
in living cells. Because of the latter property these dyes could
be of interest in studies on the cell cycle state of colony
forming haemopoietic progenitor cells using a light activated cell
sorter. Therefore, mouse haemopoietic cells were stained with
these dyes, analyzed and sorted by a FACS II flow cytometer.

Figure 1 shows the kinetics of the modal fluorescence intensi-
ty of fresh mature bone marrow granulocytes during staining with
various concentrations of Hoechst 33342 at room temperature (Fig.
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Figure 1

Kinetics of Hoechst 33342 staining of mouse bone marrow granulocytes.
a: room temperature; b: at 37 C. Hoechst concentrations are indicated in the
figure. With 1 ug/ml Hoechst.33342, the fluorescence intensity of dead cells in
this experiment was 2.5 x 10 a.u.
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1A) and at 37 C (Fig. IB). Fixed cells were found to stain with-
in one minute; therefore, the kinetics of the staining of fixed
cells could not be determined. Fresh bone marrow and thymus cells
stained with Hoechst 33342 or 33258 (0.6 to 6 ug.ml" ; 1 h; 37°C)
and subsequently washed were found to fluoresce as brightly for at
least 4 h at 37 C, at room temperature or 0-4 C as cells before
washing. This indicates that most of the dye inside the cell is
bound and that the intracellular concentration of free r^e must
always be relatively low. Therefore, the efflux of the dyes out of
stained cells is negligible and the influx into the cells is the
main determinant of the kinetics.

From the measurements shown in Figure 1, the permeability con-
stant can be calculated if some assumptions are made. Permeabili-
ty can generally be described by a permeability constant, K (e.g.
Loewy and Siekevitz, 1969):

K - V m (Cout ~ cin>
(cout - c-in)

 (1)

where V is the volume of the cell, A is the area of the cell mem-
brane, t is the time, C is the extracellular concentration of

out
the penetrating substance, C. is the intracellular concentration
of the penetrating substance at t = 0 and C . is the intracellu-
lar concentration after time t. When applied to the staining of
spherical cells, for most dyes, including Hoechst 33342 and 33258
where C. = 0 , equation 1 may be rewritten to give:

in

K = ^ ln (1 - p-iS ) (2)
J t cout

where r is the radius of the cell.
The permeability constant, K, can then be determined by mea-

surements of r and of the ratio C . /C in time. The radius can
in out

be calculated from data of the sedimentation rates and equilibrium
densities of the cells using Stoke's law concerning the sedimenta-
tion of spheres or, alternatively, from Coulter volume or electron
microscope measurements. Since the staining of fixed and dead
cells was much more rapid than that of living cells, it may be as-
sumed that within the living cell the DNA staining is continuously
close to chemical equilibrium. Consequently, the ratio C . /C
may be determined by measurement of the ratio between the fluores-
cence intensities of living and dead or fixed cells of equal DNA
content.

Using the above considerations, the permeabilitity constants
of bone marrow granulocytes and lymphocytes and of thymocytes for
Hoechst 33342 and 3 3258 at room temperature and at 37 C could be
calculated (Table 1). The data indicate that the permeability con-
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TABLE 1

PERMEABILITY COEFFICIENTS OF HAEMOPOIETIC CELLS FOR HOECHST 33342
AND 333258 AT ROOM TEMPERATURE AND AT 37°C

cell type

bone marrow
granulocytes
lymphocytes

thymus
lymphocytes

diameter
jum

7.0
5.6

5.9

permeability coefficient (cm/s)
Hoechst 33342

20°C 37°C
Hoechst 33258

20°C 37°C

1.0 x 10~g 1.9 x 10~g 1.2 x 1O~** 5.7 x 10_11

1.2 x 10 2.5 x 10 1.1 x 10~ 5.7 x 10

1.1 x 10 9 2.2 x 10~8 1.1 x lo"11 5.9 x 10

Permeability coefficients were calculated from the kinetics of staining as described in
the text. Diameters of cells were calculated using Stokes1 law concerning the sedimenta-
tation of spheres from data on the densities and sedimentation rates of cells (cf.
Visser et al., 1980).



stants are basically similar for these three cell types, that the
permeability constants are higher at 37 C than at room temperature
and that the uptake of Hoechst 33258 is much slower than that of
Hoechst 3334 2. Therefore, different fluorescence intensities ob-
served with living cells of equal DNA content stained with the
Hoechst dyes (Visser et al., 1980) are due to differences in
radius (r in equation 2) and not to other differences between the
cell types.

The dependence of the staining on cell size will be reflected
in measurements of cellular DNA content. Cells in the G /M phase
of the cell cycle have twice the volume and, therefore, a 26%
larger radius than cells in G /G . Consequently (eq. 2), the rate
of penetration is 26% higher in G

n/
G
n than in G /M cells. There-

fore, the staining has to be completed before accurate DNA histo-
grams can be determined from Hoechst fluorescence intensities.
With the haemopoietic progenitor cells described above, the
staining was never found to be complete with concentrations of

Hoechst 33342 and 33258 up to 100 ug/ml and temperatures between 0
o

and 40 C up to 5 h. Therefore, these dyes cannot be used to deter-
mine the DNA content of living haemopoietic cells unless methods
are developed to increase the membrane permeability without affec-
ting the viability.

Arndt-Jovin, D.J. and Jovin, T.M., J. Histochem. Cytochem. 2S_
(1977) 585-589.

Hilwig, I. and Gropp, A., Exp. Cell Res. 15^ (1972) 122-126.
Latt, S.A. and Stetten, G., J. Histochem. Cytochem. ^1 (1976) 24-

33.
Loewe, H. and (Jrbanietz, J., Arzneim. Forsch. 2± (1974) 1927-1933.
Loewy, A.G. and Siekevitz, P., p. 436. In: Cell structure and

function, 2nd ed., Holt, Rinehart and Winston Inc., London
(1969).

Visser, J.W.M. et al., Blood Cells (1980), in press.
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HAEMOPOIETIC STEM CELLS IN W/WV MICE

G. Wagemaker and T.P. Visser

In the homozygous state, the W series of genes produce a triad
of pleiotropic effects: macrocytic hypoplastic anaemia, absence of
coat pigmentation and defective gonadal development. The anaemia
is assumed to be due to a stem cell defect, as it can be corrected
by transplantation of bone marrow from normal donors (Seller,
1970).

Bone marrow of W/W mice fails ho produce normal numbers of
spleen colonies when injected into lethally irradiated recipients
(1 spleen colony per 10 nucleated cells as compared to 20-40 per
10 cells for normal marrow (McCulloch et al., 1964)). However,
small colonies can be detected microscopically in the recipient's
spleen in numbers approximately 10% of those of the macroscopical
colonies from normal bone marrow (Bennett et al., 1968). These
findings have been interpreted as suggesting an extremely de-
creased number of haemopoietic stem cells (HSC) in the bone marrow
of W/W mice.

Harrison (1972) demonstrated that over 10-fold more bone mar-
row cells from W/W mice than from +/+ controls are needed to pro-
tect a lethally irradiated recipient, which is, however, over
1000-fold less than expected on the basis of the number of macro-
scopical spleen colonies. Van Bekkum and Dicke (1972) showed that
the number of putative stem cells estimated on the basis of mor-
phological criteria yielded much higher values than that calculat-
ed on the basis of microcolonies in the spleen. Moreover, bone
marrow granulocyte/macrophage progenitor cells (GM-CFU) were found
to be capable of forming colonies in culture and to be neither de-
creased in incidence nor defective in capacity for proliferation
and differentiation (Bennett et al., 1968). Similarly, in a cul-
ture system employing embryonic fibroblast feeder layers, Van
Bekkum and Dicke (1972) found normal colony formation in vitro.

•The hypothesis that the HSC defect of W/W mice more severely
affects splenic haemopoiesis than that of the bone marrow would
fit all of these findings. We have tested this hypothesis by enu-
merating early (E-BFU) and late (E-CFU) erythroid progenitor cells
and GM-CFU in bone marrow and spleen under steady state and rege-
nerating conditions.

Table 1 shows numbers of progenitor cells assayed as previous-
ly described (Wagemaker and Visser, 1980) for bone marrow and
spleen of W/W mice in comparison with those of +/+ controls.
E-BFU and GM-CFU were lower in W/W bone marrow; E-CFU numbers
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TABLE 1

HAEMOPOIETIC PROGENITOR CELLS IN FEMALE W/WV MICE

cell type number detected + S.D. (x 10 )
per femur per spleen

W/W +/+* W/W +/+

E-BFU 2.6 + 0.3 4.7 + 0.3 1.1 + 0.1 7.0 + 0.7
E-CFU 41.1 + 3.0 43.9 + 3.2 4.1 + 1.1 11.4 + 2.3
GM-CFU 19.1 + 0.8 29.5 + 1.1 0.6 + 0.1 1.2 + 0.2

* Female C57BL/Ka mice of similar age

were found to be equal, despite stimulation in W/W mice by in-
creased erythropoietin levels due to anaemia (Keighley et al.,
1966). In contrast, comparatively much lower numbers were found in
the W/W spleen, in particular for the erythroid progenitor cells.
This observation shows that the stem cell defect in W/W mice more
severely affects the number of erythroid progenitor cells of the
spleen than those of the bone marrow. The observed differences
could not be attributed to a dependence of colony incidence on
cell concentration of the cultures nor to a difference in respon-
siveness to stimulating factors required jji vitro. j

Table 2 shows the greatly impaired capacity of W/W bone mar-
row to repopulate lethally irradiated +/+ mice. Six to seven days
after bone marrow infusion, the numbers of GM-CFU and E-BFU in re- i
cipients of W/WV marrow were approximately 10-15% of control val-
ues in the bone marrow, while those of E-CFU were less than 5%. In
the spleens of these recipients, however, the numbers of GM-CFU
and E-BFU detected were 2- to 3-fold lower than expected on the
basis of the marrow colony counts, while those of E-CFU were 40- ;
fold lower. £ ' •

It is concluded from these results that the lack of a capacity '
of W/W bone marrow to produce macroscopic colonies in the spleen
in lethally irradiated recipients may be largely ascribed to the
altered capacity of the W/W stem cells to give rise to erythroid .,';
progeny in the spleen. On the basis of the number of microcolonies -}'(
in the spleen, the number of bone marrow cells needed to restore a 4'v
lethally irradiated recipient and the number of more mature pro- ,"
genitor cells being produced in the bone marrow of such recipi-

i

58



TABLE 2

REGENERATION* OF HAEMOPOIETIC PROGENITOR CELLS IN THE FEMUR AND

SPLEEN OF LETHALLY IRRADIATED +/+ MICE RECEIVING

10 BONE MARROW CELLS FROM W/WV OR +/+ DONORS

donors

v

w/w

w/wv
x 100%

+/+

E-BFU
femur

0.15
1.1

14%

x 102

spleen

0.75
14.4

5%

E-CFU
femur

0.7
16.7

4%

x 102

spleen

0.6
402.1

0.1%

GM/CFU
femur

4.9
51.5

10%

x 102

spleen

15.2
307.5

5%

*6-7 days after irradiation; 2 experiments.

ents, the number of stem cells is estimated to be in the order of

magnitude of 10% of that of +/+ control mice. By the mere fact

that the W/W stem cells do not produce macroscopic spleen colo-

nies, it can be assumed, however, that their capacity to give rise

to granulocyte/macrophage progeny is also defective; this is sup-

ported by the present observations. In that case, the actual num-

ber of stem cells must be much higher, presumably approaching nor-

mality. This would agree with the morphological counts of van

Bekkum and Dicke and implies that the W/W mice suffer from a dif-

ferentiation rather than a self-replication defect of their stem

cells, which affects erythropoiesis more severely than granulo-

poiesis and which is more clearly expressed in the spleen than in

the bone marrow. It is, however, puzzling to note that the defec-

tive erythropoiesis of W/W mice is not reflected in a gross de-

fect of early erythroid progenitor cells (E-BFU) to produce mature

erythrocytes in vitro.

Bekkum, D.W. van and Dicke, K.A., Abstract 13e Federatieve Ver-

gadering van Medisch-Wetenschappelijke Verenigingen in Neder-

land (1972) 17.

Bennett, M. et al., J. Cell Physiol. _7_! (1968) 211.

Harrison, D.E., Rad. Res. 52^ (1972) 553.

Keighley, G.P. et al., Brit. J. Haemat. _12 (1966) 461.
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ERYTHROPOIETIN-INDEPENDENT REGENERATION OF ERYTHROID PROGENITOR
CELLS AFTER MULTIPLE INJECTION OF HYDROXYUREA

G. Wagemaker and T.P. Visser

We have previously established that colony formation r̂i vitro
by early erythroid progenitor cells (E-BFU) requires sequential
stimulation with a specific glycoprotein termed BFA and with ery-
thropoietin (EP) (Wagemaker et al., 1979). BFA was found to evoke
proliferation of E-BFU, resulting in EP-responsive progeny after
several cell divisions (Wagemaker/ 1980a). As cells with multipo-
tential properties have been found among the cells designated as
E-BFU (Johnson and Metcalf, 1977; Wagemaker, 1980b), the finding
of a specific _in vitro regulator for E-BFU largely closes the con-
ceptual gap that existed between pluripotential stem cells and EP-
responsive progenitor cells.

The detection of BFA agrees with Jji vivo observations on ery-
thropoietic regulation (Wagemaker, 1979), but there is no ija vivo
assay to study its physiological significance. Such an assay is
not envisaged as being developed in the near future, as, except
for EP, endogeneous levels of haemopoietic regulators cannot be
controlled. However, EP-independent regulation of erythropoiesis
can be defined ^n vivo. If such a definition agrees with the
action of BFA Jri vitro, some inferences can be made as to the pos-
sible physiological role of BFA. In this study, it is shown that
regeneration of erythroid progenitor cells after cell kill by
hydroxyurea (HU) occurs independently of EP.

Normal and polycythemic mice received four i.p. injections of
0.5 g.kg body weight HU, separated by intervals of 6 h. The kill
by four injections of HU was found to be related to the percentage
of S phase cells determined by exposure to high specific activity
tritiated thymidine JH vitro or to a single administration of
1 g.kg HU jji vivo (Table 1). Femoral regeneration of haemopoie-
tic stem cells (CFU-S), granulocyte/macrophage progenitor c.11s
(GM-CFU) and erythroid progenitor cells (E-BFU, day 3 E-BFU and
E-CFU) were monitored daily according to methods described previ-
ously (Wagemaker and Visser, 1980). Colony counts in daily femoral
marrow cultures of control mice served as reference values. The
results are shown in Figure 1.

CFU-S, E-BFU and GM-CFU regenerated according to distinct pat-
terns. Hypertransfusion resulted in slight decreases in the num-
bers of all three cell types during the exponential regeneration.
This non-specific effect of hypertransfusion is not understood but
may reflect a reallocation between bone marrow and spleen rather
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Regeneration patterns of haemopoietic stem cells and progenitor cells.
Upper left: CPU-S and E-BFU; upper right: GM-CFU; lower left: day-3 E-BFU;
lower right: E-CFU. Hypertransfused mice compared to non-transfused mice. The*
shaded area represents the mean value (set at 100%) of untreated control mice
+_ the standard error (n = 20). Day-3 E-BFU or E-CFU were not detected at time 0
(i.e., 2 hours after tfr- last injection of HU). From the normal incidence of
these cells and the fraction of the femoral cells cultured,• it was calculated
that this indicates a suppression to less than 0.3% for day-3 E-BFU and to less
than 0.03% for E-CFU.
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TABLE 1

PROLIFERATEVE ACTIVITY OF HAEMOPOIETIC STEM CELLS
AND PROGENITOR CELLS

fraction surviving fraction surviving
H-TdR HU

cell type (% + S.D.) (% + S.D.)

CFU-S 8 5 + 9 ( 4 ) * 8 8 + 8 (4)
E-BFU 8 3 + 9 (4) 8 5 + 4 (4)
day 3 E-BFU 4 7 + 6 (2) 6 5 + 6 (4)
E-CFU 31 + 5 (4) 26 + 6 (8)
GM-CFU** 5 6 + 7 (4) 7 0 + 4 (4)

* Numbers in parentheses indicate the numbers of individual
measurements

**Responding to GM-CSF-pmue

than being the consequence of the suppressed EP level. In this re-
spect, it is of relevance that no such an effect occurred during
exponential regeneration of day-3 E-BFU and E-CFU, though their
population size ^n vivo is partly dependent and their functional
survival iji vitro absolutely dependent on EP. The non-specific ef-
fect of hypertransfusion is also not reflected in a change in
doubling times, which were approximately 15 hours.

It is apparent from Figure 1 that E-BFU and CFU-S regenerate
according to a very similar pattern in comparison with the other
cell populations studied. However, the exponential regeneration
phase is initiated more rapidly in E-BFU and the post-exponential
phase of E-BFU is significantly (p < 0.005) suppressed by hyper-
transfusion down to half the numbers found in non-transfused mice.
The latter effect is specific, since it does not occur in CFU-S
and GM-CFU, and indicates that, in this phase, the population size
of E-BFU is partly controlled by EP.

The HU treatment resulted in elimination of day-3 E-BFU and
E-CFU to such an extent that their numbers had dropped to undetec-
tably low values 2 hours after the last injection of HU. The rege-
neration of both day-3 E-BFU and E-CFU was more rapid (doubling
time < 4 hours) than would be expected on the basis of self-renew-
al alone (Figure 1). This indicates that the regeneration of these
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cell populations must have involved an influx from differentiating
precursor cells. Hypertransfusion did not significantly affect the
rapid initial phase of regeneration, although it later profoundly
suppressed both cell populations. It was noted that the incidence
in both cases approached the reference values prior to suppression
by hypertransfusion. It is concluded therefore that the exponen-
tial regeneration of day-3 E-BFU and E-CFU does not depend on EP.

The regeneration patterns of both day-3 E-BFU and E-CFU are
marked by their incidences exceeding the reference values by over
threefold at, respectively, 2 and 3 days after the last injection
of HU. The similarity of the regeneration patterns of the two cell
populations strongly suggests that E-CFU originate from day-3
E-BFU, which is compatible with jji vitro data.

It is concluded from these results that: firstly, early as
well as late erythroid progenitor cells regenerate independently
of EP after multiple injections of HU; secondly, the cell popula-
tions studied regenerated according to distinct patterns, indica-
ting that they behave as separate functional entities. Such a dis-
tinction has not been established before for CFU-S and E-BFU or
for E-BFU and day-3 E-BFU; thirdly, during post-exponential re-es-
tablishment of the steady state, E-BFU were also found to be sup-
pressed by hypertransfusion. This strongly suggests that, in this
phase, EP exerts a significant, although comparatively minor, in-
fluence on the population size of E-BFU and probably results from
EP-responsiveness of a subpopulation of E-BFU. It is further noted
that, in the exponential phase of haemopoietic regeneration, the
reappearance of more mature cells such as day-3 E-BFU and E-CFU
prevails over that of early cells such as CFU-S and E-BFU. The
short doubling time of day 3-E-BFU (< 4 h) indicates that their
reappearance, which is coincident, with a delay in the regeneration
of CFU-S and E-BFU, is dependent on an influx from proliferating
precursor cells. This influx appeared to be independent of EP and
the action of the mechanism by which it is induced apparently is
extended to regeneration at the level of E-CFU. It is proposed
that this influx originates from differentiating E-BFU.

It was previously shown that BFA induces E-BFU to proliferate
to give rise to EP-responsive progeny which could be identified as
day 3 E-BFU (Wagemaker, 1980a). It was further shown that the
maturation of day-3 E-BFU into E-CFU is enhanced by BFA
(Wagemaker, 1980b). It is therefore concluded that the described
EP-independent regeneration of erythroid progenitor cells jji vivo
agrees with the action of BFA jji vitro.

Johnson, G.R. and Metcalf, D., Proc. Natl. Acad. Sci. USA
(1977) 3879.
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SINGLE DONOR OR MULTIPLE DONOR PLATELET TRANSFUSIONS
IN CANCER PATIENTS WITH BONE MARROW APLASIA

K. Sintnicolaas*, H.M. Vriesendorp, B. Lowenberg, W. Sizoo,
W.F. Stenfert Kroese and W.G. Haye

Thrombopema occurs frequently in cancer patients receiving
high dose radio- or chemotherapy (Gaydos et al., 1962). Haemorr-
hages associated with low platelet values can be stopped by so-
called therapeutic platelet transfusions or prevented by prophy-
lactic platelet transfusions. Both approaches have disadvantages.
With a therapeutic approach, some patients will die from a fatal
bleeding (usually in the central nervous system) before adequate
transfusion measures can be taken. The alternative prophylactic
approach will loose its efficacy as soon as the recipient becomes
sensitized against thrombocyte antigens of subsequent donors. Re-
cently, the logistics of obtaining sufficient platelets for trans-
fusion from a single donor have been improved considerably through
the use of continuous flow cell separation (e.g., Vriesendorp et
al., 1977). Single donor platelet transfusions will decrease the
number of donors required for a thrombopenic period by a factor of
8-10, since, for an equivalent blood bank product the combined
platelet yield of 8-10 donors are required. Comparative studies on
single and multiple donor platelet support have not been reported.
A study was performed in thrombopenic cancer patients in search of
an optimal platelet support protocol, with special reference to
the merits of a therapeutic or prophylactic approach and single or )
multiple donors for each transfusion.

Thrombopenic patients with appreciable haemorrhaging were ran-
domized to receive single or multiple donor platelet support. From
each source, 2 x 10 platelets were irradiated prior to transfu-
sion with 15 Gy. Lymphocyte contamination was similar in the two f
groups (5 x 10 , on the average). Eleven patients were random-
ized to the multiple donor group and fourteen to the single donor
group. The groups were comparable for diagnosis, transfusion his- ,'
tory, sex, pregnancy and age. Platelet donors were different for
each transfusion; they were unrelated to the patient, but compat-
ible for the ABO and Rhesus systems. Effective haemostasis was
achieved in all patients with the first two transfusions. The de- ;

velopment of lymphocytotoxic antibodies was monitored for in both j
groups at regular intervals using cells of 20-30 human volunteers d

*For the project group Integraal Kankercentrum Rotterdam: Inten-
sive supportive care in bone mariow aplasia.
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teers that were selected to represent all of the common Caucasian
HLA antigens. After two transfusions, a single patient in each
group had demonstrable lymphocytotoxic antibodies in a standard
two-stage microlymphocytotoxicity test. It is shown in Figure 1
that the recovery of platelet pools from multiple donors is ini-
tially the same as that of platelets from a single donor. After
a second transfusion, there is a significant difference in re-
covery between the two platelet sources. Multiple donor transfu-
sions loose their efficacy. The recovery following single donor

100-

50-

35

-16

0J

platelet transfusion: 1 2

GROUP I
(10 donors )

j
32-t- :

V .

•37

GROUP II
(1 donor )

Figure 1

Platelet recovery 24 hours after transfusion.

transfusions is not significantly decreased for the first two
transfusions. A regression analysis of the data showed that, after
5-8 transfusions, the great majority of multitiple donor transfu-
sions will give a recovery below 10% and become useless clinical-
ly. Table 1 shows that for 13 out of 14 patients receiving single
donor platelets not more than two transfusions were required.
Since patients were prospectively randomized to one of the two
groups, the lower transfusion frequency in patients receiving
single donor platelets is an indication of the higher efficacy of
this procedure, in comparison to multiple donor platelet support.
For the same reason the 'efficacy of single donor platelet support
cannot yet be evaluated for patients that have received more than
one prior transfusion.

I
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TABLE 1

NUMBER OF PLATELET TRANSFUSIONS PER PATIENT

number number of patients
of platelet
transfusions group I

(10 donors)

11
11
9
6
4
1

group II
(1 donor)

14
10
1
-
-

1
2
3
4
5

15

In the current protocol, no patient died from thrombopenic
haemorrhages before appropriate transfusion care could be given,
indicating that a therapeutic approach can be applied without un-
due lethality. However, there is still considerable morbidity, re-
sulting in prolonged outpatient or inpatient treatment periods. A
prophylactic approach with multiple donor platelets does not ap-
pear to be warranted in view of the rapid loss of efficiency of
these platelets with repeated transfusions. A trial with prophy-
lactic single donor platelets is in the planning phase. This
should also answer the question of the efficacy of more frequent
single donor platelet support. The lymphocytotoxicity test was an
insensitive predictor for platelet recovery. Platelet recoveries
decreased before lymphocytotoxic antibodies could be demonstrated.
A cross-match procedure is of doubtful value with multiple donors.
Such a cross-match will be required for each donor. An analysis of
platelet recovery observed in the patient will be hampered by the
difficulty in determining the donor of the recovered platelets.
For single donors a cross-match procedure does not have these
drawbacks and is of greater importance. If a recipient is sensi-
tized, he or she will rapidly reject all platelets from a single
donor. With multiple donors, chances are that there is no sensiti-
zation against some donors in the mixture. Therefore, the develop-
ment of a reliable prospective cross-match procedure is an impor-
tant prerequisite for the application of prophylactic single donor
platelet support. Attempts to develop such a test have been
started and will be incorporated into the new trial of prophylac-
tic single donor platelet support.
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LEUKAEMIA RESEARCH

DIFFERENCE IN DISTRIBUTION PATTERN OF BROWN NORWAY MYELOID
LEUKAEMIA CELLS AND L4415 LYMPHATIC LEUKAEMIC CELLS IN RAT

FEMORAL BONE MARROW AFTER i.v. INFUSION

M.E.F. Prins and D.W. van Bekkum

The mechanism of myelosuppression observed during the course
of leukaemia is still unknown. In fully developed leukaemia this
suppression is obviously caused by overgrowth of the normal bone
marrow by leukaemlc cells. However, severe myelosuppression is al-
so observed in earlier stages when the bone marrow is only partly
infiltrated by leukaemic cells as is described in the Brown Norway
Myeloid Leukaemia (BNML) rat model (Hagenbeek et al., 1977) and is
known from the clinical situation, in particular in AML.

This early suppression could be due to some kind of "suppres-
sing factor" produced by leukaemic cells but so far we have not
obtained any evidence for this thesis (van Bekkum et al., 1976).

Myelosuppression is much more striking in AML where no haemo-
poietic stem cells can be detected in cultures, in contrast to ALL
bone marrow. We therefore tried to find evidence for the hypothe-
sis that myeloid leukaemia cells infiltrate preferential locations
in the bone marrow which are required for the normal haemopoiesis.

Evidence for such preferential sites for normal haemopoiesis
has been presented in the mouse by Shackney et al. (1975, 1976),
who observed a higher labelling index (L.I.) of the bone marrow
precursor cells near the endosteum as compared to the L.I. of
cells in the centre of the femoral shaft, after pulse injection of
H-TdR. However, Maloney (1978) and Svoboda (1974) could not con-
firm the findings of Shackney. A similar distribution of the L.I.
was observed by us in the normal rat femur bone marrow, at least
during the 24 h of our observation period after pulse labelling
(Table 1).

Lord et al. (1975) presented results indicating a spatial dis-
tribution of CFU-S and CFU-C in the normal mouse femur, in which
the highest concentration of haemopoietic stem cells (HSC) was ob-
served near the endosteum. This was confirmed by Davis et al.
(1979) who found a high number of stem cells near the endosteum
and an even greater number in the compact bone after enzymatic re-
lease of these cells.



TABLE 1

LABELLING INDEX OF NORMAL RAT BONE MARROW AS OBSERVED
IN SQUARES OF 100 ju x 50 JJ IN SUBENDOSTtJAL AND

CENTRAL REGIONS OF THE FEMUR

square

1

2
3

4
5-6

1 2 3 4

distance
from

endosteum

50 p

100 u
150 p

200 JJ
central

region

5 6 6

labelling index

M s.d.

32.7 7.9

27.2 12.1
24.2 5.8

23.5 10.0
18.3 7.9

5 4 3

p value*

D 5-6

p < 0.001

p < 0.01
p < 0.05

p > 0.05

2 1

-

* Schematic sampling band transversing the femur and its widest
diameter L.I. subendeosteal squares (1-4) compared to L.I. central
region (5-6).

Given this optimum microenvironment, our hypothesis is that
leukaemic cells localize near the endosteum and start to divide
there. Their daughter cells would fail to migrate to the centre of
the femur, as normal cells do, probably because they are unable to
differentiate. Instead they form small aggregates in the periph-
ery, occupying more and more of the subendosteal region at the ex-
pense of normal precursor cells, causing a decrease in normal
haemopoiesis by only minimal leukaemic infiltration.

As was reported earlier (Prins and van Bekkum, 1978) H-TdR
labelled BNML cells localize predominantly near the endosteum of
the rat femur after i.v. infusion. In a second experiment we used
the L4415, a lymphatic leukaemia, which is transplantable in the
WAG/Rij rat. Leukaemic WAG/Rij rats received two push injections
of 0.75 jjCi/g.b.w. with an interval of 6 hours. One hour after the
last injection animals were sacrificed and a spleen suspension was
prepared after which 10 leukaemic cells were inoculated i.v. in
normal recipient WAG/Rij rats. After intervals ranging from 4 h to
7 days animals were sacrificed by perfusion fixation. The mid por-
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TABLE 2

NUMBER AND LOCALIZATION OF i.v. INOCULATED
H-TdR LABELLED LEUKAEMIA CELLS IN TRANSVERSE SECTIONS

OF NORMAL RAT FEMUR

time after
inoculation

per cent labelled
BNML cells*

per cent labelled
L4415 cells**

1/2 hour
1
2
3
4***

12
24
48
72
7 days

expected

periphery

86
89
76
88

77 - 84
85
87
87
89

no labelled
observed

27

centre

14
11
24
12

23 - 16
15
13
13
11

cells

73

periphery

68

67
58
50
29
29

centre

32

33
42
50
71
71

no labelled cells
observed

27 73

* Brown Norway Myeloid Leukaemia inoculated in Brown Norway rats.
** L4415 acute lymphoid leukaemia inoculated in WAG/Rij rats.
***Results of two experiments.

tion of the shaft of the femurs was embedded in glycol methacry-
late. Sections of 2 u thickness were produced and processed for
autoradiography. In contrast to the BNML we observed that the lym-
phoblastic L4415 cells distribute randomly in the femur after en-
tering the bone marrow near the endosteum (Table 2).

The square area of the subendosteal region defined as the area
within 100 U from the endosteum can be calculated as to represent
27% of the whole square area of a transverse section of the femur
with a mean diameter of 1400 U. In case of a random distribution
of infused cells one can expect a percentage of 27% in this re-
gion/ which is in accordance with the observed percentage of L4415
cells. From these results we conclude that mechanism of myelosup-
pression in myeloid leukaemia might be different from that of lym-
phatic leukaemia. The severe suppression observed in early mye-
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loid leukaemia may be explained by competition of leukaemic cells
with normal haemopoietic stem cells for an optimum microenviron-
ment. In lymphatic leukaemia myelosuppression occurs later and may
be explained on the basis of diffuse overgrowth of the whole nor-
mal bone marrow by lymphoblasts.

Bekkum, D.W. van et al., Cancer Res. 3± (1976), 941.
Davis, M. et al. Experimental Haematology T_ (1979), 117.
Hagenbeek, A. et al. Leukaemia Research \_ (1977), 149.
Lord, B. et al. Blood £6 (1975), 65.
Maloney, M. et al. Blood 51 (1978), 521.
Prins, M.E.F. and Van Bekkum, D.W., Annual Report of the REP-

Institutes (1978) 93.
Shackney, S.E. et al. Cell Tissue Kinet. £ (1975), 503.
Shackney, S.E. et al. Cell Tissue Kinet. 9_ (1976), 363.
Svoboda, V. Acta haematol. 51 (1974), 113.
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ERADICATION OF LEUKAEMIA BY HIGH-DOSE CYCLOPHOSPHAMIDE IN
COMBINATION WITH SUPRALETHAL TOTAL BODY IRRADIATION

A. Hagenbeek and A.C.M. Martens

From recent clinical studies, it appears that combined modali-
ty treatment using high-dose cyclophosphamide and supralethal to-
tal body irradiation (TBI) is very effective in acute leukaemia
(Thomas et al., 1979). Reinduction of complete remissions in AML
patients in relapse and prolonged disease-free survival (or even
cure?) in patients treated during the phase of complete remission
have been reported. However, this treatment regimen has to be sup-
plemented by autologous or allogeneic bone marrow transplantation
to overcome otherwise lethal bone marrow aplasia.

In this report, data will be presented on the efficacy in
terms of log cell kill of high-dose cyclophosphamide treatment in
combination with various regimens of TBI in a rat model for human
acute myelocytic leukaemia (BNML). Treatment was administered at
either an early stage of disease (i.e., at day 6 after inoculation
with 10 leukaemic cells) or a more advanced stage (day 13). These
stages are comparable to the phase of "complete remission" (5-10 x
10 leukaemic cells present) and to "first admission"/"relapse"
(1-5 x 10 ), respectively. In this context, it should be mentioned
that the average survival time after inoculation with 10 leukae-
mic cells is 22 days. At death, the total tumour load equals 10
cells.

Cyclophosphamide was administered i.p. in a dose of 100 ing.kg
on the first day of treatment. On the second day TBI was started:
either 9 Gy "flash" or: 2 x 2 Gy q 24 h x 3.5 or 4.5 Gy q 24 h x
3. After the last irradiation session, 10 normal isogeneic bone
marrow cells were injected i.v. On the following 3 days, all rats
received 1.5 ml packed erythrocytes and platelets i.v. daily.

Results are given in Table 1. When treatment was started on
day 6, leukaemia was completely eradicated (75-100% cures). In
group III, 25% of the rats died of treatment-induced toxicity (GI
tract, lungs). As the tumour load at this stage equals about 5-10
x 10 cells, the log cell kill was at least 8. If these data may
be extrapolated to the human situation, one might expect "cures"
when a comparable treatment regimen is applied to patients in com-
plete remission, i.e., with an estimated tumour load of less than
10 cells. Whether this is true will become clear when the obser-
vation period in various clinical studies has been long enough
(see, e.g., Thomas et al., 1979).



TABLE 1

THE EFFECT OF CYCLOPHOSPHAMIDE IN COMBINATION WITH TOTAL BODY IRRADIATION
ON THE BN ACUTE MYELOCYTIC LEUKAEMIA IN TWO STAGES OF DISEASE

day 6 day 13
start of treatment
(days after inoculation)

I 100 mg Cy/kg +
9 Gy TBI

II 100 mg Cy/kg +
2 x 2 Gy TBI q 24 h x 3.5

III 100 mg Cy/kg +
4.5 Gy TBI q 24 h x 3

per cent
cures

100

100

75*

prolongation
of lifespan

- median (days) -
(range)

45**
(37-53)

46***
(42-51)

50****

(45-63)

number of
surviving

leukaemic cells

85

55

8

log
cell
kill

8

8

9

Cy: cyclophosphamide; TBI: total body irradiation ( ). Eight rats per group.
* 25%
** 12.5% toxicity-induced deaths
*** 37.5%
****12.5% toxicity-induced deaths; 25% cures



•„';• Almost all rats treated in a more advanced stage (starting at
^ day 13) died from leukaemia. From the prolongation of lifespan af-
':/• ter treatment, the number of leukaemic cells surviving treatment

was deduced, using the linear relationship between the number of
leukaemic cells and the survival time. Between 8 and 85 leukaemic
cells survived treatment. In this low range, these differences are
not significant. Given an initial tumour load of 1-5 x 10 cells
(day 13), the log cell kill must have been somewhere between 8 and

| 9. As cyclophosphamide per se reduces the tumour load by 4-5 de-
| cades (see also page 83.) and the TBI regimens in experiments I,
| II and III by 4, 2 and 3 decades, respectively (Hagenbeek and
I Martens, 1978), cyclophosphamide and TBI given in combination are
|j additive or even synergistic.
'» From this study, it appears that it is most difficult to erad-

icate the last few leukaemic cells. Based on the rule of first or-
der kinetics in chemotherapy, it is conceivable that effective
treatment of the last 1-2 decades requires an increase in cyclo-
phosphamide/TBI dose which is incompatible with life. That bio-

K chemical or kinetic resistance is not the explanation for treat-
ment failure in these experiments is indicated by the positive re-
sults of applying a second course of treatment at day 27 after in-
oculation (i.e., at day 13 and at day 27: 100 mg cyclophosphamide/
kg i.p. followed by 9 Gy TBI). In that situation, 63% of the rats
are cured. However, 37% die of treatment-induced toxicity.

These rat studies show that leukaemia "in remission" can be
cured by applying one course of intensive chemo-radiotherapy. How-
ever, a similar treatment regimen given- "in relapse" requires ad-
ditional therapy.

Hagenbeek, A. and Martens, A.CM., In: Annual Report of the REP-
Institutes 1978, p. 119.

Thomas, E.D. et al., New Eng. J. Med. 301 (1979) 597.
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CELL SEPARATION IN THE BN ACUTE MYELOCYTIC LEUKAEMIA

A.CM. Martens and A. Hagenbeek

Only 3 out of 9 human acute myelocytic leukaemia patients have
an HLA identical sibling bone marrow donor. For these (30% of all
patients), an attempt can be made to treat the disease by alloge-
neic bone marrow transplantation following conditioning treatment
with a combination of high dose chemotherapy and total body irra-
diation. Recent reports on this treatment are encouraging (Thomas
et al., 1979). For the other 70% of the patients their own bone
marrow, though possibly contaminated with leukaemic cells, might
serve as the source of stem cells for repopulation purposes (auto-
logous transplantation). The bone marrow should be collected dur-
ing the remission phase, cleared of contaminating leukaemic cells,
stored temporarily in liquid nitrogen and reinfused after eradica-
tion therapy. Various biophysical separation methods can be ap-
plied in the selective removal of leukaemic cells.

We are studying the efficacy of the various methods in a rat
leukaemia model (BNML) which greatly resembles human acute myelo-
cytic leukaemia (van Bekkum and Hagenbeek, 1977). In the Annual
Report of 1978 (Hagenbeek and Martens, 1978a), we reported that a
critical ratio of leukaemic cells and normal cells of 1 per 2000
to 10,000 could be efficiently separated by using the velocity
sedimentation technique. The "one-step" "bovine serum albumin (BSA)
gradient was much less efficient. The fraction that contained 50%
of the stem cells also contained up to 10% of the leukaemic cells.
It was predicted that a combination of these two methods would
lead to a complete clearance of leukaemic cells from a bone marrow
mixture containing 1 leukaemic cell per 500 normal cells.

Table 1 shows the result of applying velocity sedimentation
and density separation to bone marrow mixtures with 1 leukaemic
cell per 200 normal cells. The final yield of haemopoietic stem
cells (HSC) is much higher if the "density step" is applied first.
The absolute number of HSC per 3 x 10 bone marrow cells (which
should theoretically contain twice the number of HSC which yields
50% radioprotection) varies greatly (1700 - 32,000). This is due
to both a variation in the number of HSC present in the pre-sepa-
ration bone marrow samples and different yields of normal bone
marrows in the various experiments. After injection of the stem
cell fractions into lethally irradiated rats (Table 1; Al, B6-8),
a significant fraction of animals died of aplasia (8/22). It
should be noted that no extra supportive care (blood cell transfu-
sions, bacteriological measures) was given in these experiments.
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o TABLE 1

RESULTS OF TWO-PARAMETER CELL SEPARATION OP MIXTURES CONTAINING
1 CLONOGENEIC LEUKAEMIC CELL (CLC) PER 200 NORMAL BONE MARROW CELLS

yield of HSC bioassays with the stem cell fraction
per 3 x 10

per cent

number of
experiment

1
2
3
4
5

6
7
8

of original
starting number

9.3
5
2
6.1

11

27
13
22

injected deaths from indefinite
HSC CLC aplasia leukaemia survival

17000*
4000
11500
2000
21500

32000*
9500*
28500*

0
0
0
0-1
0

0-1
1-50
0

velocity fraction, s 4.5 - 4.95 mm.h
density fraction, p 1.068 - 1.071 g.cm
•recipients received 8.5 Gy X-rays total body irradiation
A: velocity followed by density; B: density followed by velocity
HSC: haemopoietic stem cells; CLC: clonogeneic leukaemic cells

1/3 0/3 2/3
0/5 5/5
0/3 3/3
1/7 6/7
0/5 5/5

2/4 1/4 1/4
4/7 3/7 0/7
1/8 0/8 7/8



From chemotherapy studies, it is clear that, during the phase of
severe aplasia shortly after bone marrow transplantation, death
can be prevented by ouch additional care (Hagenbeek and Martens,
1978b). Death from leukaemia occurred in 5 out of 42 rats. If the
less effective experiment (no. B7) is disregarded (57% died from
aplasia, 43% from leukaemia), the incidence of death due to leu-
kaemia will be only 6% (aplasia: 25%). Thus, in some experiments,
a few leukaemic cells were present in the inoculum. This again in-
dicates that separation is never absolute. The conclusion is that
the borderline for effective separation of leukaemic cells from
normal cells is 1 per 200. If the ratio is less than 1 per 200
(which is most probable during complete remission), the chances of
achieving complete separation of normal from leukaemic cells
should be even better.

With the cell electrophoresis technique, the distribution pro-
files of normal stem cells and leukaemic cells were determined
earlier (Martens et al., 1978). Only after pre-incubation of the
cell suspension with neuraminidase (an enzyme that splits off
electrically charged groups from the cell surface) were signifi-
cant differences in electrophoretic mobility (EPM) between stem
cells and leukaemic cells observed. For the stem cell fraction

TABLE 2

RESULTS OF THE SEPARATION BY FREE FLOW CELL ELECTROPHORESIS
OF BM MIXTURES CONTAINING 1 CLONOGENEIC LEUKAEMIC CELL

PER 200 NORMAL CELLS: INFLUENCE OF NEURAMINIDASE PRETREATMENT

ratio before
separation ratio after separation

no pretreatment neuraminidase pretreatment
stem cell stem cell leukaemic cell
fraction fraction fraction

1/625
1/200 (range: 1/36000 1/65

1/200-1/2000)

Results are expressed as number of clonogeneic leukaemic cells per
number of total bone marrow cells.
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_4 2 -1 -1
(EPM -1.42 x 10 cm .v cm ), it was calculated that 99% of
the stem cells could be recovered and that t.hey were contaminated
with 3% of the recovered number of leukaemic cells.

To establish a dose-survival relationship for the unseparated
cells, different numbers of cells were injected. By use of this
survival curve, the number of leukaemic cells present in the vari-
ous fractions was determined. The results are listed in Table 2.
Although only one experiment could be performed so far, it is evi-
dent that the original prediction could be fulfilled. The ratio
before and after separation following neuraminidase incubation de-
creased from 1/200 to 1/36000. It was predicted that 3% or less of
the leukaemic cells would be recovered in the stem cell fraction.
The actual value found was 0.6%, which means that separation was
even more effective. More experiments1 will be performed to verify
this finding. The efficacy of similar separation techniques is
being evaluated at present in both normal and leukaemic human bone
marrow.

Bekkum, D.W. van and Hagenbeek, A., Blood Cells 2 (1977) 565.
Hagenbeek, A. and Martens, A.CM.: Annual Report of the REP-Insti-

tutes (1978a), 123.
Hagenbeek, A. and Martens, A.CM.: Annual Report of the REP-Insti-

tutes (1978b), 115.
Martens, A.CM., Bol, S.J.L. and Hagenbeek, A., Annual Report of

the REP-Institutes (1978), 127.
Thomas, E.D. et al., New Engl. J. Med. 301 (1979) 597.
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KINETICS OF MINIMAL RESIDUAL DISEASE IN A RAT MODEL (BNML)
FOR HUMAN ACUTE MYELOCYTIC LEUKAEMIA

A. Hagenbeek and A. CM. Martens

In acute leukaemia, the percentage of patients in whom a com-
plete remission can be induced has been dramatically increased
during the past 15 years, i.e., up to 85% in acute myelocytic leu-
kaemia and even up to 97% in childhood acute lymphocytic leukae-
mia. However, particularly in acute myelocytic leukaemia and in
adult acute lymphocytic leukaemia, long-term survival is still
very difficult to achieve. In the most successful clinical trials
reported, the 5-year survival is about 15%. Despite extensive con-
solidation and maintenance treatment or even "complete eradica-
tion" chemo-radiotherapy followed by bone marrow transplantation,
relapse of leukaemia - due to the outgrowth of residual leukaemic
cells - is still one of the major causes of death. In many cases,
the time interval between the achievement of complete remission
and the occurrence of relapse cannot be explained by knowledge on
the kinetics of proliferation of leukaemic cells which is derived
from patients with clinically overt leukaemia. This is a first in-
dication that the kinetics of minimal residual disease (MRD) might
differ significantly from those of leukaemia at first clinical
presentation or at relapse.

Some possible factors which might influence the kinetics of
proliferation of those relatively few leukaemic cells which sur-
vive treatment are among others: (1) the anatomical localization
of leukaemic cells (CNS, testicles, ovaries); (2) chemotherapy and
radiotherapy induced changes in the microenvironment; (3) the im-
munological status of the host; and (4) the proliferative status
of the normal haemopoietic apparatus. Besides host factors, cer-
tain qualities of the leukaemic cell population might be involved,
e.g., selection of a subpopulation of leukaemic cells ("sleepers")
and sublethal damage to leukaemic cells.

Literature data on kinetics of MRD in leukaemic patients are
lacking. Obviously, from a technical point of view, it is extreme-
ly difficult - if not impossible - to study this "invisible" popu-
lation of cells. Extensive experimental studies performed in the
Southern Research Institute (Birmingham, Alabama, USA) suggested
that the kinetics of repopulation of MRD did not differ essential-
ly from those of exponential growth (Skipper, 1978). However,
these studies were done in the L1210 and the P388 leukaemias.
These are known to proliferate extremely rapidly, with virtually
all cells in cycle. In this respect., they certainly cannot be re-
garded as relevant models for human acute leukaemia.
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TABLE 1

GROWTH OF LEUKAEMIA AFTER INOCULATION OF 102 LEUKAEMIC CELLS
AT DIFFERENT ORGAN SITES

(BN ACUTE MYELOCYTIC LEUKAEMIA)

survival time
site of

inoculation

lung
scrotum
testicle
kidney
liver
spleen
intrathecal
intracerebral**
intravenous

deaths from
leukaemia/total

1/5
0/5
2/5
0/5
0/5
5/5
3/5
2/6
4/5

-if applicable: MST*-
(days)

100
-

62,82
-
-
38
59

64,64
43

range
(days)

-
-
-
-

35-48
42-61
-

40-82

* MST: median survival time
**10 leukaemic cells were injected

Studies on some of the factors mentioned above in a rat leu-
kaemia model (BNML) which shows many similarities with human AML
(Hagenbeek and van Bekkum, 1977) are reported here.

Growth of leukaemia after inoculation of small numbers of leukae-
mic cells at different organ sites.

After injection of 10 -10 leukaemic cells directly into dif-
ferent organs, the fraction of BN rats dying from disseminated
leukaemia - and their survival times - were determined.

Data are presented in Table 1. None of the rats in which 10
leukaemic cells were injected directly into the scrotum, the kid-
ney or the liver died. After injection of leukaemic cells into the
lungs and the testicle or intrathecally and intracerebrally, 20-
60% of the rats died from generalized leukaemia. Their median sur-
vival times were much longer than those of rats injected either
intravenously or into the spleen. In the latter two groups, 80-
100% of the rats died from disseminated leukaemia.



Local tumour growth (solid nodules) was noted raacroscopically
and microscopically after inoculation of leukaemic cells into the

.",' lungs and the spleen and after intrathecal and intracerebral in-
jection (deposits mainly in the epidural space). Unfortunatelyf
the two rats of the testicle group which died were too autolytic
to judge whether or not local tumour growth had taken place.

These data indicate that the microenvironment of various tis-
sues or organs (scrot-im, kidney, liver) apparently does not allow

$ the outgrowth of small numbers of leukaemic cells (Table 1). For
I the liver, it was found in preliminary experiments that inocula-
l tion of greater numbers of cells did result in leukaemia cell
i growth locally followed by disseminated disease. Thus, below a
| certain critical number of leukaemic cells, a defence mechanism
{ (macrophages?) apparently prevents the expansion of MRD. In other

organs (lungs, testicle, meninges, cerebrum), cells in MRD may
show a rather slow growth rate as expressed by the late deaths
of the rats as compared with intravenously inoculated animals
(Table 1). There seems to be a certain initial lag time during
which growth occurs very slowly. A similar phenomenon might take
place in human acute leukaemia as supported by studies which re-
vealed an extremely low titriated thymidine labelling index of
leukaemic cells in liquor of AML and ALL patients (Kuo et al.,
1975). The spleen seems to offer excellent conditions for leukae-
mia cell growth. All rats died from leukaemia after a relatively
short time (Table 1). The fate of small numbers of leukaemic cells
injected directly into the bone marrow cavity is presently under
study.

Indirect information on the proliferative status of residual
leukaemic cells was obtained through studies on the effects of cy-
tostatic agents.

Studies with cytosine arabinoside (ara-C).
Rats were inoculated with 10 BNML cells. Ara-C treatment was

started 48 h later. One group received 200 mg.kg q 12 h x 2
i.v.; another group received 200 mg.kg q 24 h x 2 i.v. Non-
treated rats served as controls. Survival times after ara-C q 12 h
x 2 were significantly longer than from those after ara-C q 24 h x
2 (Table 2). With the first regimen, the prolongation of lifespan
was 3 days as compared with the survival time of the controls. The
latter schedule resulted in a survival time which was 3 days
shorter than that of the non-treated animals.

The S-phase specific drug ara-C recruits leukaemic cells into
cycle, as previously determined in rats with large exponentially
growing tumour loads (Aglietta and Colly, 1979). In those studies,
a maximum increase in leukaemic cells in S-phase was observed at
12 h after ara-C injection. From Table 2 it is clear that, if the
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TABLE 2

EFFECTS OF CYTOSINE ARABINOSIDE (ARA-C) IN
MINIMAL "RESIDUAL" DISEASE

(BN ACUTE MYELOCYTTC LEUKAEMIA)

ara-C MST* xST**
regimen (days) (days) + S.D.

a. q 12 h x 2 39 39.2 + 0.45
b. q 24 h x 2 33 33.8 + 2.22
c. controls 36 36.0 + 0.71

10 BNML cells were injected on day 0; treatment was initiated
48 h later (ara-C: 200 mg/kg i.v. per injection).
Student t-test: a-c: p < 0.001

b-c: p < 0.0 5
a-b: p < 0.001

* MST: median survival time
**xST: average survival time

two injections of ara-C are given at a 12 h interval/ a signifi-
cant prolongation of lifespan occurs. The rats live 3 days longer
than the non-treated controls. As this extra survival time corre-
sponds with about a ten-fold smaller original tumour load, it is
concluded that this ara-C regimen reduces the tumour load by 1 de-
cade. Thus, of 1000 cells, only 100 are left. The assumption is
that the majority of killed leukaemic cells was recruited from the
G compartment. The growth fraction would then be very low (about
0.1). That only a few leukaemic cells are in cell cycle (or in
S-phase) before ara-C treatment is indicated by the results of the
q 24 h x 2 schedule (Table 2). If many cells were initially in
S-phase, prolongation of the lifespan of the animal would be ex-
pected. However, a significant shortening is observed as compared
with controls. With this regimen, the distribution of leukaemic
cells over the cell cycle is normalized after 24 h; i.e., there is
no longer an increase in the S-phase fraction noted fAglietta and
Colly, 1979). Apparently, the two recruitment-inducing injections
at a 24 h interval lead to an increased overall growth rate. So
far, the mechanism responsible for this phenomenon is not well un-
derstood.
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These results show that small tumour loads (less than 1000
cells) have a very low growth fraction. Obviously, this informa-
tion is relevant for the development of effective treatment moda-
lities for MRD.

Aglietta, M. and Colly, L.P., Cancer Research 2£ (1979) 2727.
Kagenbeek, A. and Bekkum, D.W. van, Leukemia Research 1 (1977) 75-

255.
i Kuo, A.H. et al., Cancer 3£ (1975) 232.
| Skipper, H., Southern Research Institute, Birmingham, Alabama, USA
j Booklet 3 (1978).
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TREATMENT OF MINIMAL RESIDUAL DISEASE IN A RAT MODEL (BNML) FOR
HUMAN ACUTE MYELOCYTIC LEUKAEMIA

A. Hagenbeek and A.CM. Martens

The major growth characteristics of the BN acute myelocytic
leukaemia (BNML) are presented in Table 1. Growth fraction and
cell loss rates vary greatly as the tumour load increases, resul-
ting in significant changes in tumour doubling times.

TABLE 1

MAJOR GROWTH CHARACTERISTICS OF THE BN ACUTE MYELOCYTIC LEUKAEMIA

tumour load doubling time growth fraction cell loss rate*
(no. of cells) (days)

< 10 3.0 - 10.0 low (?) low (?)
10 - 10 1.8 - 2.0 high (0.6 - 1.0) moderate (?)
10 - 10 2.0 - 10.0 low (0.4 - 0.6) high (80 -90%)

Duration of the cell cycle (Tc): 14.0 h
Duration of the DNA synthesis phase: 10*0 h
Number of leukaemic cells at death: 10
*Fraction of cell loss relative to cell production
(Van Bekkum and Hagenbeek, 1977).

The effect of the alkylating agent cyclophosphamide will be
discussed in this report, with emphasis on the rate of regrowth of
the fraction of leukaemic cells which survive treatment.

Either one or two courses of cyclophosphamide treatment were
given to rats on day 13 or on days 13 and 27 after inoculation
with 10 BNML cells. Per course, 100 mg cyclophosphamide/kg was
injected i.p. and followed 24 h later by 10 normal isologous bone
marrow cells. Bone marrow transplantation was necessary to prevent
the animals from dying of aplasia.
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9 10
The tumour load on day 13 is about 10 cells. At death, 10

leukaemic cells are present. Cyclophosphamide in the dosage used
reduces the number of leukaemic cells by 4 decades (Hagenbeek and
Martens, to be published). Based on these data and on information
on tumour doubling times during different stages of unhampered
leukaemia growth (Hagenbeek et al., 1977), expected doubling times
were compared with observed doubling times which were deduced from
the prolongation of lifespan after one or two treatment courses.

Figure 1 basically shows that, after every treatment course,
the rate of regrowth of the residual population of leukaemic cells
increases, as judged by shortened tumour doubling times (Td). The
observed doubling times tend to increasingly differ from the ex-
pected Td (derived from unhampered leukaemia growth) when the tu-
mour load left after treatment is smaller. After the first course,
10 ieukaemic cells grow with a Td of 1.6 days (expected Td: 2.0
days); the outgrowth of 5 x 10 BNML cells which survive the
second treatment course is characterized by a Td of 1.1 days (ex-
pected Td: 1.8 days). Thus, after treatment with cyclophosphamide,
tumour doubling times shorten progressively. It should be noted
that the smallest number of surviving leukaemic cells (i.e. after
the second treatment course) is 5 x 10 . The slow growth rate ob-

day 0 : | 1Q BNML cells i.v.

Td = 2.0 days

day 13 :

*cyclo

10'

+ 14

day 27 :

\ ) (

days

5 x

,5

107

*cyclo + BM
/ \

5x10"
3 ,

median survival (days after treatment)

observed
(range)

expected
(range)

28 34
(25-35) _J32-36)

'd = 1.6 doys ~Td = 2.0 days

25 40
(22-34) (38-42)

Td = 1.1 doys Td = 1.8 days

Figure 1 ^'w

Kinetics of regrowth of the BN acute myelocytic leukaemia after treatment with
cyclophosphamide and bone marrow transplantation. 8

100 mg.kg" cyclophosphamide i.p. followed 24 h later by 10 normal isologous
bone marrow cells. ._

Tumour load at depth: 10 cells.
The two groups consisted of 8 rats each.
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served in the previous experiments (see page. 83 ) is not necessar-
ily in contrast with these findings, as the tumour load in those
experiments was below 10 cells (10 -10 ). The critical border be-
tween long and short doubling times seems to be at 10 leukaemic
cells (see also Table 1). Factors involved in the enhanced leukae-
mia growth after cyclophosphamide treatment (recruitment? specific
changes in the microenvironment?) remain to be established.

These chemotherapy studies indicate that treatment of minimal
disease (e.g., maintenance treatment during the phase of complete
remission) is not without risks. Certain treatment protocols might
even enhance regrowth of leukaemia instead of completely eradi-
cating the disease. This is in fact confirmed by clinical studies
in which unexpected early relapses are observed after treatment of
minimal residual disease (MRD) with maintenance chemotherapy. It
is suggested that MRD should be treated aggressively. Short-
lasting intensive treatments are preferable to low exposures to
therapeutic agents during a prolonged period. This strategy is
supported by the results of clinical treatment of acute leukaemia
by high-dose chemotherapy and radiotherapy followed by bone marrow
transplantation during complete remission (Thomas et al., 1979).
It has also been suggested for the treatment of postsurgical MRD
in solid tumours (Norton and Simon/ 1979).

Bekkum, D.W. van and Hagenbeek, A. Blood Cells _3 (1977), 565.
Hagenbeek, A. et al., Leukemia Research 1̂  (1977) 99.
Hagenbeek, A. and Martens, (1980), to be published.
Norton and Simon, Cancer Treatment Reports Sl_ (1979) 1307.
Thomas, E.D.L. et al., New Engl. J. Med. ̂ OI (1979) 597.
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THE EFFECT OF A SINGLE HIGH DOSE ARA-C ON THE KINETIC STATUS
OF LEUKAEMIC BONE MARROW IN PATIENTS WITH ACUTE MYELOID LEUKAEMIA

P. Sonneveld, A. Hagenbeek, L.P. Colly, M. Aglietta
and M.E.F. Prins

Kinetic investigations of human acute myelocytic leukaemia
(AML) have made it clear that the leukaemic cell population is not
homogeneous. It consists of a compartment of actively prolifera-
ting blast cells, a more numerous non-proliferating compartment,
presumably composed of blasts still capable of re-entering the mi-
totic cycle (G compartment), and irreversibly sterile cells. Tem-
porarily out or cycle cells serve as a stem cell compartment in G
and slowly enter the proliferating compartment, which is probably
not self-maintaining. Drastic reduction in the proliferating com-
partment may trigger increased recruitment. This aspect is being
closely studied with respect to therapeutic applicability. Experi-
mental studies in rats affected with the BNML acute myelocytic
leukaemia have shown that a single high dose of the cytostatic
drug Cytosine-Arabinoside (ara-C) kills cells which are in the S-
phase of the cell cycle and also recruits non-proliferating leu-
kaemic cells into cycle (Aglietta and Sonneveld, 1978; Aglietta
and Colly, 1979\. This observation has been used to develop chemo-
therapeutic schedules based on the repetitive administration of
ara-C; these have been documented extensively in the rat.

In collaboration with various hospitals in Rotterdam, The
Hague, Utrecht and Nijmegen, a pilot study was undertaken to in-
vestigate whether the kinetic perturbations caused by ara-C as ob-
served in the rat could be reproduced and monitored in patients
with AML. For this purpose, ara-C was administered intravenously
to 8 AML patients in first relapse at a single dosage of 500
mg.m , which is one-hundred-fold of the most commonly used clini-
cal dose. Before and at regular time intervals following drug ad-
ministration, the kinetic status of the bone marrow was investi-
gated in bone marrow aspirates by means of flow cytometric analy-
sis, autoradiography and determination of DNA, RNA and protein
synthesis rates. Due to the restrictions of the protocol with re-
spect to the number of leukaemic blast cells in bone marrow ( > 90
per cent), only 4 patients could be evaluated. Table 1 shows the
kinetic perturbations resulting from ara-C administration in these
patients with respect to the labelling index (percentage of cells
in the S-phase of the cell cycle) and DNA or RNA synthesis in a
standard number of cells.
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TABLE 1

CHANGES IN CYTOKINETIC PARAMETERS OF LEUKAEMIC BONE MARROW
MYELOBLASTS AFTER A SINGLE DOSE OF ARA-C

(500 mg/m i.v.)

labelling
index
(percentage)

3H-thymidine*
uptake

3H-uridine*
uptake

patient
number

1
2
3
4

3
4

3
4

0

7.9
6.9
9.5

16.0

100
100

100
100

time
10

2.7
-
3.8

10.0

110
102

150
100

after
24

4.4
3.6
1.5
6.0

-

120

_

160

ar
48

3.9
5.2
5.4
5.0

580
95

820
140

144

1.5
6.5 - 11.1

250

400

*Percentage of untreated cells.

In the bone marrow aspirates of all patients, the percentage
of S-phase cells decreases at different intervals following ara-C
administration, as can be observed from the labelling index. Ex-
cept in patient 2, no consequent recovery and overshoot of the
labelling index is observed. However/ the number of aspirates is
probably too small to exclude such a recovery. These data indicate
that the interval between administration of ara-C and the time
when the smallest number of cells is in S varies considerably
among these patients. This is possibly due to the great variation
in cell cycle times of AML cells. When the alteration in H-thymi-
dine uptake (which is a measure for the intensity of the DNA syn-

. thesis) is analyzed, it is evident that, unlike the labelling in-
-: dex, no initial decrease is seen, while an enhancement of H-thy-
!i midine uptake occurs at 48 to 72 hours following ara-C administra-
£; tion. Parallel changes are seen with respect to the uptake of H-
f; uridine into the cells. It remains to be evaluated whether the
£ percentage of proliferating cells or the intensity of the DNA syn-
1 thesis; is more representative for the kinetic status of ara-C

treated leukaemic cells in these patients, in view of the discre-
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pancies between the two observations, which were not previously
observed in the BNML leukaemia. To solve this problem, it is nec-
essary to determine the exact time of appearance of the maximum
number of S-phase cells; this is, in fact, the most optimal time
for the administration of an S-phase-specific drug. It can be con-
cluded that the kinetic status of leukaemic cells can be altered
by treatment with a high dose of ara-C and that this offers a pos-
sibility to apply chemotherapy in a rational way.

Aglietta, M. and Sonneveld, P., Cancer Chemother. Pharmacol. 1
(1978) 225.

Aglietta, M. and Colly, L.P., Cancer Res. 3£ (1979) 2727.
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THE DIFFERENTIAL EFFECT OF ADRIAMYCIN ON NORMAL
AND LEUKAEMIC BONE MARROW CELLS

P. Sonneveld

The therapy of choice in the treatment of Acute Myeloid Leu-
kaemia (AML) presently consists of combination chemotherapy in-
cluding Adriamycin (AD) or Daunomycin (DN). The small difference,
however, between the sensitivity of normal and leukaemic bone mar-
row cells to the cytotoxic action of these drugs often leads to
unwanted toxicity and even premature termination of the treatment.
Therefore, the dose-response relationships between AD and normal
and leukaemic bone marrow cells obtained from the BNML leukaemia
were investigated. The inhibition of DNA and RNA synthesis was
used as a criterion for drug effect. Normal and leukaemic bone
marrow cells were incubated jji vitro in the presence of varying
concentrations of AD and H-thymidine was added. After 60 min,
cells were washed with saline and harvested and their radioactive
content was determined. As shown in Figure 1, low concentrations
of AD (0.01-0.1 ug.10 cells) inhibit DNA synthesis in leukaemic
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Figure 1

Effect of Adriamycin on DNA synthesis of normal bone marrow and BNML cells.
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cells but not in normal bone marrow cells, while high AD concen-
trations (1.0-10.0 ug.10 cells) inhibit these activities in both
cell types. Bearing in mind that AD prohibits DNA replication in
proliferating cells, these data indicate that the therapeutic in-
dex of AD, which represents the relation between the drug effect
and drug toxicity, might be altered by dose manipulation. Also,
RNA synthesis is not equally inhibited by AD in normal and leukae-
mic cells (Figure 2), suggesting that functions of normal bone
marrow cells may also remain unchanged in the presence of doses of
AD which kill leukaemic cells. While the present clinically ap-
plied AD dose is in a range which produces high levels in bone
marrow ( 15 ug.10 cells), its therapeutic index could be ame-
liorated by employing lower AD doses, and thereby avoiding tox-
icity.

30 •

20 -

3
i

I
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0 •>
r - • •

0 10-2
10-1 IOU 10'
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Figure 2

Effect of Adriamycin on RNA synthesis of normal marrow and BNML cells.
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TUMOUR INDUCTION AND TUMOUR BIOLOGY

EXPRESSION OF THE MURINE MAMMARY TUMOUR VIRUS IN THE MILK
OF Fl HYBRIDS OF VIRUS NEGATIVE MOUSE STRAINS

P. Bentvelzen

Each mouse strain tested so far contains multiple copies of
the genome of the murine mammary tumour virus (MuMTV) in its nor-
mal cellular DNA (Cohen and VarmuS/ 1979). In only a limited num-
ber of strains, however, is expression of endogenous MuMTV in the
milk found (Verstraeten et al., 1975). Host genetic factors seem
to control the synthesis of viral polypeptides.

A number of mouse strains kept in the Radiobiological Insti-
tute were tested for the presence of the MuMTV envelope glycopro-
tein gp52 in the milk at the third lactation period by means of a

TABLE 1

DETECTION OF MuMTV-gp52 BY MEANS OF RADIOIMMUNOASSAY
IN THE MILK OF VARIOUS Fl HYBRIDS

female

BALB/c
C57BL
C3Hf
BALB/c
C57BL
C57BL
DBAf
BALB/c
BALB/c
BALB/c
BALB/c
C3Hf

male

GRS
GRS
GRS
C3Hf
C3Hf
BALB/c
C3Hf
AKR
RFM
ND2
CBA
CBA

number of tested
offspring mice

3
2
3
6
9
5
8
8
16
20
12
11

number
positive

3
2
3
6
0
1
8
3
16
15
0
1

per
cent

100
100
100
100
0
20
100
38

100
75
0
9
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TABLE 2

DETECTION OF MuMTV-gp52 BY MEANS OF RADIOIMMUNOASSAY IN THE MILK
OF PROGENY MICE OF SEVERAL BACKCROSSES

female

BALB/c
AKR
BALB/c
RFM
BALB/c
ND2

male

(BALB/c
(BALB/c
(BALB/c
(BALB/c
(BALB/c
(BALB/c

X AKR)F1
x AKR)F1
x RFM)F1
x RFM)F1
x ND2)F1
x ND2)F1

number of tested
offspring mice

61
25
22
31
33
27

number
positive

12
8
10
10
11
12

per
cent

20
32
46
32
33
44

sensitive radioimmunoassay. The C3Hf, DBA/2, GR and SJL strains
were shown to release MuMTV in the milk, while AKR, BALB/c, C57BL,
CBA, ND2 and RFM were negative in this respect. Several Fl hybrids
were also tested for this viral marker in their milk (Table 1).
The results obtained with the hybrids sired by virus positive GRS
or C3Hf males are in agreement with results obtained with the
Sepharose bead immunofluorescence assay (Bentvelzen et al., 1978).
Surprising, however, was the emergence of virus positive animals
in the crosses between BALB/c and AKR, RFM or ND2. The BALB/c
strain, in contrast to C57BL, is known to be permissive for the
expression of endogenous MuMTV from other mouse strains. The low-
er incidences of virus positive milk in the subsequent back-cross
series (Table 2} indicate that different recessive genes in
BALB/c, as compared to AKR, RFM or ND2, inhibit virus synthesis in
the parental strains. In either strain, a single gene is most
likely responsible for the lack of virus production.

Bentvelzen, P. et al., Europ. J. Cancer 4̂_ (1978) 1137.
Cohen, J.C. and Varmus, H.E., Nature 278 (1979) 418.
Verstraeten, A.A. et al., Int. J. Cancer lj> (1975) 270.
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ABSENCE OF PROTEINS RELATED TO MURINE MAMMARY TUMOUR VIRUS
POI.YPEPTIDES IN RAT MAMMARY TUMOURS

P. Bentvelzen, F. Westenbrink, J.J. Broerse and M.J. van Zwieten

Since normal rat DNA contains sequences which hybridize with
the genome of the murine mammary tumour virus (MuMTV) (Drohan and
Schlom, 1978), it is possible that a related virus would play a
role in mammary carcinogenesis in rats. We, therefore, screened a
number of rat mammary tumours for antigens related to the MuMTV
polypeptides gp52 and p28 by means of a radioimmunoassay.

The survey included 19 adenocarcinomas (7 of which were of the
papillary type), 2 adenomas, 22 fibroadenomas, 1 carcinosarcoma
and 4 sarcomas. Four cases had multiple tumours, e.g. fibroadenoma
+ adenocarcinoma; the tumour type assayed could no longer be de-
termined. Of these 52 tumours five arose spontaneously, one ap-
peared after oestrogen administration, 16 after X-ray irradiation
and 30 after neutron irradiation. The tumours were found in the

7 100

o
-O

50

o

7 rat

\ 9o mammary gland
• »v mammary gland + disrupted MuMTV
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Figure 1

Influence of organ extraction. Competition radioimmunoassay for the MuMTV poly-
peptide gp52.
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WAG/Rij (16), Sprague Dawley (20) and BN/Bi (16) rat strains. None
of these tumours gave positive results in the radioimmunoassay for
either viral polypeptide.

The negative results cannot be explained by proteolytic break-
down of native antigens in the cell-free extracts. In performing
this assay under our conditions (for instance/ use of protease
inhibitors), we have never observed this to occur. The mixing
of rat mammary gland material with a known quantity of MuMTV did
not affect the determination of gp52 in the virus preparation
(Figure 1).

It is possible that the nucleotide sequence homology is not
reflected in cross-reactivity of the two murine viral polypeptides
with proteins of a putative rat virus. It is more likely, however,
that the rat proviral genes coding for these proteins are not ex-
pressed. This would imply that the rat MuMTV related provirus does
not play a role in either spontaneous or radiation-induced mammary
carcinogenesis in that species.

Drohan, W. and Schlom, J., J. Nat. Cancer Inst. 62 (1979) 1279.
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CELL FUSION AS A TOOL FOR THE DETECTION OF ONCOVIRUSES
IN CHILDHOOD LEUKAEMIA

J. Jore, R. Dubbes, J. Coolen and K. Nooter

In our studies on a possible role of type-C oncoviruses in hu-
man leukaemia, we applied the technique of cocultivation of human
bone marrow with an animal indicator cell line. Dog thymus A7573
cells were cocultivated with human bone marrow samples from normal
individuals, leukaemic patients and non-leukaemic patients. By
means of the indirect cytoplasmic immunofluorescence assay (IFA),
antigens which cross-reacted with the major internal protein (p30)
of the woolly monkey (simian) sarcoma-leukaemia virus (SiSV) com-
plex could be detected (Nooter et al., 1979). In the case of
childhood leukaemia, 5 out of 9 cocultures showed virus-related
IFA staining.

It was hypothesized that the expression of antigens in the co-
cultivated A7573 cells is the result of an infectious type-C virus
originating from the leukaemic bone marrow cells. In that case, it
may be expected that cell fusion instead of cocultivation would
facilitate the transfer of a putative human virus to the indicator
cells. Bone marrow cells of children with leukaemia were fused
with animal indicator cells (either dog thymus A7573 or rabbit
cornea SIRC cells). The fusion was carried out with polyethylene
glycol 1000 according to Hales (1977). Seven bone marrow samples
were fused with A7573 cells and two, selected at random, with SIRC
cells. The fused cultures were screened periodically for the pres-
ence of viral antigens. One to five weeks after fusion SiSV re-
lated antigens appeared in seven of nine cultures (Table 1) (IFA-
endpoint titres of 40-80). These preliminary results show that the
frequency of antigen positive cultures is comparable with the fre-
quency found in previous experiments (Nooter et al., 1979). How-
ever, it is likely that cell fusion is superior to cocultivation
in that it speeds up the appearance of antigens with cell passage
number (one to five weeks after fusion compared to one to two
months after starting cocultivation). As in previous experiments
(Nooter et al., 1979) the presence of antigens is a transient phe-
nomenon.

The fused cultures have been monitored for several months for
the production of extracellular reverse transcriptase. None gave
positive results.

Finally, three of the fusion experiments were repeated with a
HGPRT~ mutant of A7573 developed in our laboratory. This offered
the possibility of selection for hybrid cells by growing the fused
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cultures

TABLE 1

IMMUNOPLUORESCENCE ENDPOINT TITRES

antisera
RA-SiSV-p30 RA-R-MuLV-p30

2)

Af 91277 40 10
Af 10278
Af 51278
Af 81277 80 20
Af 10179 80 < 10
Af 14879 80 20
Af 24779 40 10
Sf 23779 80 < 10
Sf 14879 40-80 20

virus positive
control cultures
REF + SiSV 320-640 20-40
BALB/3T3 + R-MuLV ' 40-80 160-320

virus negative
control cultures
REF
BALB/3T3, §7573 4 10 ^ 1 0
SIRC, A204 , NC37

Results are expressed as endpoint titres, presenting the recip-
rocal of the highest antiserum dilution with which virus-speci-
fic cytoplasmic fluorescence was still observed.
RA-SiSV-p30: Rabbit anti SiSV-p30; RA-R-MuLV-p30: Rabbit anti
Rauscher-MuLV-p30
Af and Sf cultures are fused cell cultures of A7573 and SIRC
cells and leukaemic bone marrow,
rat embryonic fibroblasts infected with SiSV
mouse cells infected with R-MuLV
human rhabdomyosarcoma cell line
human lymphoblastoid cell line
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cells in so-called HAT medium (Szybalski et al., 1962). This se-
lection did not result in higher IFA titers (they were the same or
slightly lower), nor did it lead to reverse transcriptase produc-
tion.

Although cell fusion seems to be superior to cocultivation for
the detection of putative viral antigens, it does not lead to
overt virus production. This means that the exact nature of this
SiSV-related antigen has still to be determined.

Hales, A., Somat. Cell Genet. 3 (1977) 227-230.
Nooter, K. et al., J. gen. Virol. 45 (1979) 711-721.
Szybalski, W. et al., Nat. Cancer Inst. Monogr. 1_ (1962) 75.
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TRANSFORMATION OF 3T3 CELLS WITH SUBGENOMIC FRAGMENTS
OF ABELSON VIRUS PROVIRAL DNA

V. Krump-Konvalinkova and K.J. van den Berg

The viral gene involved in malignant cell transformation by
'I Abelson leukaemia virus was probably derived by recombination of
I the Moloney murine leukaemia virus (MoMuLV) with a normal cellular
<• BALB/c mouse gene and the gene product may be present on certain
* mouse haemopoietic cells (Risser et al. 1978). We have attempted

to characterize this gene by means of transfection experiments.
The transfection assays were performed using the calcium co-

precipitation technique (Graham and v.d. Eb, 1973) in both NIH/
3T3 and BALB/3T3 fibroblasts with total cellular DNA isolated
from cells (strain A8) chronically infected with Abelson virus
A-MuLV(MuLV). Calf thymus or Escherichia coli DNA (25 jjg.ml ) was
used as carrier. Forty-eight hours after the addition of DNA, the
cells were trypsinized and subcultivated in 60 mm dishes in 3
sets. One day after subcultivation, hydrocortisone (10 M), poly-
brene (2 pg.ml ) and insulin (10 IU.ml ) were added to the
culture medium. One set of dishes was used for continuous passage
at 3-4 day intervals. The dishes of the second set were used for
the detection of replicating virus by XC test (Rowe et al., 1970).
For this purpose the cells were lethally y-irradiated (20 Gy) 5
days after subcultivation and overlaid with 10 XC cells/dish.
The XC plaques were scored 3 days later on May-Griinwald stained
dishes.

The subcultures of the third set (BALB/3T3, 1 x 10 cells/
dish; NIH/3T3, 5 x 10 cells/dish) were used for the detection
of transformed cells. The cells were refed with 3 ml of fresh
growth medium twice a week and the foci of transformed cells were
scored at 12-14 days after the subcultivation.

The foci of transformed cells were generally noted 15-23 days
after the DNA treatment (Figure 1). The number of foci was approx-
imately proportional to the concentration of A8 DNA. Transfection
with proviral DNA of different size classes indicate that subgeno-
mic fragments of 2.5 x 10 daltons are still capable of inducing
transformation, although 10-20 x 10 daltons seems to be optimal
(Figure 2). No reverse transcriptase activity was detected in
growth medium collected from monolayers which developed foci. The
cells of the same passage were negative in the XC test.

Neither foci nor a replicating virus activity was detected in
control 3T3 cells incubated with either carrier DNA or with trans-
fection buffer only. The 3T3 cells which formed foci after the
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Figure 1

Phase contrast photomicrographs of NIH/3T3 (a) and BALB/3T3 (b) cells treated
with fragments of cellular DNA of Abelson virus transformed cells, (c): control
NIH/3T3 cells treated with carrier DNA.

108



8 0 -

60-

40-

20-

10 20 30

m . w . 106

The size of DNA was determined by agarose gel electrophoresis
with EcoRI digested fragments of DNA as molecular weight markers

Figure 2

Effect of molecular weight of A8 DNA on transformation of NIH/3T3 cells.

transfection treatment with fragments of A8-DNA show all the prop-
erties of transformed cells.

We have isolated in soft agar and subsequently purified in
microtitre plates 19 independent clones of A8-DNA transformed
BALB/3T3 cells (ABBA's). Seventeen clones were essentially non-
producers and two clones showed a very weak reverse transcriptase
activity. The cells of one of the non-producer clones, ABBA 5, in-
oculated in newborn BALB/c mice and BALB/c nude mice, induced
large tumours within 16 days in all inoculated mice. The infection
of ABBA 5 with Moloney murine leukaemia virus (MoMuLV) led to•the
rescue of the transforming virus as indicated by the capacity of
culture fluids, collected from MoMULV infected ABBA 5 cells, to
transform both BALB/3T3 and NIH/3T3 fibroblasts. This clone shows
also partial expression of the Abelson provirus as determined by
cytoplasmic staining with a fluorescent antiserum raised against
the Abelson virus in C57BL mice.
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The results suggest that transformation of 3T3 fibroblasts by
Abelson virus proviral DNA is independent of the expression of
helper virus.

Experiments are in progress to further characterize the trans-
forming fragment(s).

Graham, F.L. and Eb, v.d. A., Virology S4 (1973) 536-539.
Risser, R. et al., PNAS Jl (1978) 3918-3922.
Rowe, W.P., Pugh, W.E. and Hartley, J.W., Virology 4j2 (1970) 1136-

1139.
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FURTHER EVIDENCE FOR THE GENE TRANSFER-MISREPAIR HYPOTHESIS

V. Krump-Konvalinkova and K.J. van den Berg

The gene transfer-misrepair hypothesis proposes a mechanism
for radiation carcinogenesis which involves transfer of genes con-
trolling cell proliferation from damaged or killed cells to other
cells and their incorporation at wrong sites in damaged chromo-
somes during repair in such a way that the normal regulation mech-
anisms for these genes become inactive which results in uncontrol-
led proliferation (van Bekkum, 1974). One explicit assumption in
this hypothesis which can be directly tested is that DNA fragments
of non-malignant cells are taken up by other cells in which the
oncogeneic potential of these fragments is expressed. We report
here that we have been able to transform mouse fibroblasts in
vitro with DNA fragments from normal BALB/c mice.

In the course of our transfection assays with Abelson proviral
DNA, morphological transformation of both BALB/3T3 and NIH/3T3 fi-
broblasts was observed following exposure to DNA fragments (M.W.
about 9 x 10 daltons) isolated from normal and germ-free BALB/c
mice. The data from control assays with pronase and RNA-se treated
DNA preparations allowed us to exclude an effect of possible pro-
tein or RNA contaminants in these DNA preparations. DNA-se diges-
tion abolished the transforming effect.of normal cellular BALB/c
DNA fragments. Neither calf thymus nor E. coli DNA have an effect
on the growth properties of 3T3 cells (Table 1). There was no re-
verse transcriptase activity present in supernatant fluids indi-
cating that retroviruses were not replicated. Attempts to rescue a
defective sarcoma virus with a helper MuLV also have failed so
far. Therefore, RNA tumour viruses probably do not play a major
role in the observed transformation with normal cellular DNA frag-
ments. These results clearly demonstrate the specificity of the
observed morphological transformation. The foci of transformed
cells (Figure 1) were observed after 6 passages (28 days) and are
morphologically similar to the foci induced by Abelson virus pro-
viral DNA that appear a few passages earlier.

The BALB/c DNA transformed cells were isolated in soft agar
and 15 cell lines were obtained after recloning. All of these cell
lines maintained their transformed character ^n vitro by growing
in multilayers. The malignant nature of these cell lines is pres-
ently being investigated. Up to now five cell lines have been
transplanted into BALB/c nude mice and all five gave rise to tu-
mour formation within 20-24 days.
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TABLE 1

TRANSFORMATION OF 3T3 CELLS WITH NORMAL BALB/c DNA

+
+ d)

DNA

BALB/c thymus DNA
(50 jjg.ml x)
+ pronase?'
RNA-se ;
DNA-sec;

- heat denaturated
calf thymus DNA
(50 jag.ml )
E.coli DNA,
(50 jag.ml"1)

BALB/c thymus DNA
(50 jug.ml x>
+ pronasef'
+ RNA-seD(
+ DNA-sec)

+ heat denaturation0

calf thymus DNA
(50 ug.ml"-1)
E. coli ,
(50 jig.ml"1)

fraction
transformed
cultures

A. recipient cells: BALB/3T3
average number reverse transcriptase

activity (fraction

- 1 37°C

16/16
8/8
8/8
0/8
3/8

0/8

0/8

16/16
7/8
8/8
0/8
3/8

0/8

0/8

of
foci/dish positive cultures)

15
4
2
0
0.5

4
1.5
6
0
0.5

0

0

a) 50 jig ml } , I. h,
b)50 ng ml~w 1 h ,
c)50 jag ml" 1 , Mg^+

d ) 5 min a t 100°C, then rap id ly put in ice
1 h, 37°C

0/8
0/8
0/8
0/8
0/8

0 0/8

0 0/8

B. recipient cells: NIH/3T3

0/8
0/8
0/8
0/8
0/8

0/8

0/8



Figure 1

Phase contrast photomicrographs of BALB/3T3 fibroblasts 22 days after exposure
to DNA fragments. The cells were treated with 50 ug.ml BALB/c liver DNA (a)
or with 50 ug.ml calf thymus DNA (b).
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, DNA isolated from various organs such as thymus, spleen and
liver/ transformed fibroblasts equally well, indicating that the
transforming sequences constitute an integral part of the BALB/c
genome.

These results strongly suggest that normal BALB/c mouse cellu-
lar DNA can provide information for oncogeneic transformation
which can, under our experimental conditions, be expressed in 3T3
fibroblasts. This seems to be in agreement with recent biochemical

i and immunological evidence of the presence of DNA sequences close-
! ly related to the transforming gene of RNA tumour viruses in nor-
J mal cellular DNA and of their products in normal cells of several
| species (Anderson et al., 1979; Fraenkel et al., 1979; Oppermann
5 et al., 1979; Risser et al., 1978; Roussel et al., 1979; Scolnick
5 et al., 1976; Spector et al., 1978; Tronick et al., 1979). The

role and the nature of these transforming sequences is completely
unknown. Apparently, under normal conditions, the oncogeneic in-
formation would remain repressed. The separation of this informa-
tion from within the "controlled" cellular context (by shearing or
during the uptake) and/or its integration into the recipient ge-
nome could lead to its expression, for instance, through separa-
tion of the proposed one gene from its cis-acting repressor
(Cooper and Temin, 1976).

The present results are highly relevant to radiation carcino-
genesis and give further support for the gene transfer-misre-

I pair hypothesis. As a result of a certain dose of radiation ad-
{ ministered Jri vivo a particular fraction of cells will be

killed, thereby releasing DNA fragments with transforming se-
quences (genes). If such fragments escape nuclease degradation and
come into close contact with a population of surviving prolifer-
ating cells, a fraction of these cells may take up some of those
fragments containing transforming sequences. The expression of the
transforming sequences in the target cells leading to malignant
transformation is obviously different from that observed iji vitro,
considering the long latency period of radiation induced tumours.
If the present findings can be extended to DNA fragments isolated
from other mouse strains, a reconsideration of the risk estimates
of ionizing radiation as regards carcinogenesis at low doses seems
to be indicated.

; Anderson, G.R. et al., Virology 99. (1979) 31-48.
{ Bekkum, D.W. van, pp. 886-894. In: Proc. 5th Congr. of Rad. Res.,
| Seattle (1974).
f{ Cooper, G.M. and Temin, H.T., J. Virol, j/7 (1976) 422-430.
| Fraenkel, A.E. et al., J. Virol. ̂ £ (1979) 821-827.
'!' Oppermann, H. et al., Proc. Natl. Acad. Sci. U.S.A. JS^ (1979),

1804-1808.
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TRANSFORMATION OF MOUSE BONE MARROW CELLS
BY ABELSON LEUKAEMIA VIRUS IN VITRO

E.P. Walma and H. Burger

An understanding of the induction of lymphosarcoma's and sub-
sequent leukaemia by Abelson murine leukaemia virus (Abelson and
Rabstein, 1970) requires knowledge of the nature of the target
cells for the virus. Which haemopoietic series and what stages in
differentiation are susceptible to viral transformation? Indirect
means have been used by several investigators in attempts to ob-
tain more information on the target cell.
(1) r̂i vivo studies provided evidence that the target cell was a
cell of the B-lymphoid lineage (Potter et al., 1973).
(2) _In vitro studies on transformed "Abelson" cells showed that
a small percentage of the cells did express B cell antigens
(Premkumar et al., 1975). Using differentiation inducing agents
such as DMSO increased the number of "Abelson cells" that express
B cell antigens (Weiman, 1976). Both approaches (1) and (2) are
indirect and not conclusive as to the identity of the target cell.
We decided to try a direct way; i.e., physical separation of bone
marrow cells combined with jji vitro determination of the number of
target cells per fraction.

A target cell assay based on the transformation assay devel-
oped by Rosenberg and Baltimore was developed (Sklar et al., 1974;
Rosenberg and Baltimore, 1976). Bone marrow cells are infected in
vitro with Abelson virus and cultured in agar without growth fac-
tors. Macroscopic colonies (0.4 - 2 mm 0) are scored 12 days after
starting the cultures. Those colonies consist of a uniform popula-
tion of blast cells without membrane markers of either B cells or
T cells. Establishing continuously growing cell lines of those
colonies is successful in about 50% of the cases. These cells are
tumourigenic in syngeneic mice on subcutaneous injection, which
confirms their transformed nature. Titration of virus in the
transformation assay shows that the number of virus particles and
the number of transformed colonies are proportionally related
(Figure 1).

By means of density cut separations, bone marrow cells were
divided into two fractions (Shortman et al., 1972); a fraction of
low density cells (< 1.072 g/cm ) and a second one of high density
cells ( >1.072 g.cm ). Target cells for the virus are fcind almost
exclusively in the low density fraction(Table 1). Most character-
ized blood progenitor cells such as CFU-E or E-BFU are generally
found in this low density fraction, while the majority of nucle-
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Figure 1

Dilution curve of Abelson virus.
Bone marrow cells were incubated with serial dilutions of the virus and plated
in agar medium. Macroscopic colonies were scored 12 days post-infection. Verti-
cal bars show an estimated range of the values, based on the assumption that
colony counts are Poisson distributed.

ated bone marrow ce l l s separate out in the high density fraction.
Obviously, the resolution of this method for cel l separation is
not sufficient to identify the group of progenitor ce l l s that in-
cludes the candidate target c e l l . Analytical cel l separation
methods such as equilibrium density centrifugation and velocity
sedimentation at unit gravity are now being used in attempts to
achieve a more precise characterization of the target c e l l s .

Abelson, H.T. and Rabstein, L.S., Cancer Research ^0. (1970) 2213.
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TABLE 1

DENSITY FRACTIONS IN WHICH TARGET CELLS FOR VIRAL
TRANSFORMATION ARE FOUND

target cells* per
nucleated cells per fraction
fraction x 10 (absolute number)

density fraction exp. I exp. II exp. I exp. II

< 1.072 6.1 11.0 325 + 63** 389 + 33
>1.072 30.3 26.0 47 + 18 120 + 26

unfractionated 50.4 48.0 408 + 73 444 + 59

* Target cells scored as macroscopic colonies in the transforma-
tion assay (see text).

**Estimated range of these values, based on the assumption that
colony counts are Poisson distributed.
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BIOCHEMICAL CHARACTERISTICS OF SOME MuMTV PROTEINS

F. Westenbrink, M. Dubbeld and W. Koornstra

The purified MuMTV proteins gp52, gp36, p28 and pl2 (Westen-
brink et al., 1977; Westenbrink and Koornstra, 1979) were radioio-
dinated and subjected to gel filtration in 6 M guanidine-HCl on
Sephadex-G150. Gp52 and p28 eluted as single homogeneous peaks
from the column with corresponding molecular weights of 44,000 and
28,000 daltons, respectively. This result confirmed the well-known
anomalous behaviour of glycosylated proteins in sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), in which
gp52 migrates as a protein with a molecular weight of 52,000 dal-
tons. The true molecular weight value for gp52 still remains to be
established, as the behaviour of glycoproteins upon gel filtration
in 6 M guanidine-HCl compared to the molecular weight markers is
unknown.

The second envelope protein, gp36, eluted in the void volume
of the Sephadex column, indicating aggregation of the protein un-
der the chosen circumstances, probably as a result of hydrophobic
interactions. The pl2-fraction, which by the criteria of the SDS-
PAGE analysis is a homogeneous protein fraction, eluted as two
different protein fractions from the Sephadex column. The corre-
sponding molecular weights of the respective proteins were 10,500
and 7,500 daltons. Possibly, the two protein fractions were split
as a result of radiation damage.

Maturation of MuMTV is completed after release of the particle
from the virus producing cell. The same holds for other RNA tumour
viruses. In several RNA tumour viruses, the presence of proteolyt-
ic activity within the virion has been demonstrated (see e.g.,
Dittmar and Moelling, 1978), the action of which is thought to be
involved in the maturation process.

The purified MuMTV proteins were tested for the presence of
proteolytic activity. SDS-denatured BSA and ovalbumin were used as
substrates. The "enzyme"-substrate ratio was varied from 1:20 to
1:1 (w/w). Mixtures were incubated at 37 C for 30 min to 16 h.
Samples were then analysed on SDS-PAGE. No proteolytic activity
was detected in any of the purified MuMTV-protein samples. In ad-
dition, purified MuMTV was tested by using radioiodinated BSA and
ovalbumin as substrates. Again, no proteolytic activity was detec-
table (as positive controls in these experiments, the proteolytic
enzymes trypsine and protease were used). Despite the results ob-
tained there is still the possibility that proteolytic activity is
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TABLE 1

AMINO ACID ANALYSIS OF PURIFIED MuMTV PROTEINS

amino acid gp52 gp36 p28 pl2

10.1*
5 .7
8 . 5
5 . 3

11.3
7 . 2
6 .0
5 . 7
0 .6
0 . 2
5.0
9 .4
4 . 5
7 . 3
2 .7
6 . 6
4 .0

9 . 9
6 . 3
6 . 1

10.3
3.4
4 . 7

11.5
8 . 6
0 . 3

-

5.6
14.3

2 . 3
5 . 3
1.8
5 .4
3 . 3

8.0
5 .9
7 .0

11.7
7 . 1
7 . 3
8.2
6 . 7
0 . 2
4 . 5
3 . 2

11.1
3 . 2
1.3
0 . 6
8 . 7
5 .4

8 .2
5 . 2
9 .4
6 . 9
3 . 9
8 .9
6 . 6
7 . 1
0.02
1.0
4 . 8

11.4
4 . 2
3 . 5
0 . 5

12.8
5 .7

asp.
thr.
ser.
glu.
pro.
gly.
alu.
val.
cys.
meth.
ile.
leu.
tyr.
phe.
his.
lys.
arg.

per cent hydrophobic 30.9 35.9 27.6 28.3
amino acid (see text)

present in the virus. Such an activity would be very labile and
destroyed upon isolation of the viral proteins or upon storage of
the purified virus (Dittmar, personal communication).

The results of the amino acid analysis of the purified MuMTV
proteins (performed by Mr. Zwennis of the MBL Institute) are given
in Table 1. When the sum of the percentages of the amino acids
meth., phe., cys., leu., ile., val., and his. is taken as the in-
dex of hydrophobicity (Rackovsky and Scheraga, 1977), the follow-
ing order of hydrophobicity for the MuMTV proteins is calculated:
gp36 gp52 p28 pl2. As expected, the envelope proteins gp52
and gp36 are most hydrophobic as compared to the internal proteins
p28 and pi2, which are not embedded within the lipid bilayer of
the viral envelope.
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CHARACTERIZATION OF MOUSE MAMMARY TUMOUR SPECIFIC CELL SURFACE
ANTIGENS WITH RABBIT ANTISERA RAISED AGAINST SUCH CELLS

F. Westenbrink and D. Luijt

Several categories of newly expressed cell surface antigens
may be detected in RNA tumour virus transformed cells, such as
viral structural proteins, embryonic or fetal antigens and non-
virion, virus-associated tumour specific cell surface antigens
(TCSAs). By characterizing such antigens, knowledge of the mecha-
nism of RNA tumour virus induced transformation may be obtained.
Of special interest are the TCSAs, as they might represent the
viral one-gene product. Antigens of this category have been de-
scribed in the avian, murine, and feline RNA tumour virus systems
(for a recent review, see Kurth et al., 1979).

In the previous Annual Report (Westenbrink et al., 1978) we
described the characterization of mouse antisera raised against
irradiated syngeneic mammary tumour cells. Structural MuMTV pro-
teins were identified as the only newly expressed antigens on
MuMTV-induced mouse mammary tumour cells.

A possibility which remains is that the mammary tumour-bearing
mouse is immunologically tolerant to particular TCSAs. Such anti-
gens would not be detected in the homologous system. To examine •
this possibility we raised sera in rabbits against MuMTV-induced
mouse mammary tumour cells. The sera were tested in a humoral
cytotoxicity assay and in a membrane immunofluorescence assay
against mouse mammary tumour cells and against control cells. Sera
were subsequently subjected to different absorption procedures. j

Table 1 gives the results obtained with a rabbit antiserum
raised against BALB/cfC3H mouse mammary tumour cells when tested
in a humoral Cr-release assay. A strong reaction against differ-
ent cell types was demonstrated. On _in vitro absorption with kid- j
ney and spleen cells, a mammary-tumour-specific reactivity was
left; reaction with normal mammary gland cells was no longer ob-
served. An additional absorption with an MuMTV-preparation removed
all mammary tumour specific reactivity.

Similar results were obtained with a rabbit antiserum raised
against C3HMT/clll cells (the C3HMT/clll cell line was originally
derived from a spontaneous C3H mammary tumour). Mammary tumour
specific reactivity was retained upon absorption; this reactivity
was completely removed upon absorption with MuMTV (Table 2). When
the absorbed antiserum was tested on BALB/3T3 cells chronically /
infected with Rauscher MuLV negative values were obtained. Appar-
ently, a smaller amount of Cr is released as compared to the
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TABLE 1

HUMORAL CYTOTOXICITY ASSAY

target cell test serum absorbed with test serum dilution/per cent cytotoxicity
1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256

C3HMT/C111

BALB/c mammary gland

BALB 3T3/RLV*

C3HMT/C111

BALB/c mammary gland
BALB 3T3/RLV

C3HMT/C111

BALB/c mammary gland
BALB 3T3/RLV

BALB/c - kidney, spleen

BALB/c - kidney, spleen

+ HuMTV

82
21

79

-4

-2

-9

7
3

12

95
23

80

6
-1

-15

-7

0
-4

114
37

102

90
2

-10

4

2
-8

102
38

95

89
3

-10

6
2

-7

104
20

89

87

0
-13

-7
1

-1

58
8

62

24
-2

-11

5
5

-5

19
-1

14

-4
2

-6

3
4
8

— 2
-2

-15

-2

-2
1

-4
-1

8

Rabbit antiserum raised against BALB/cFC3H mammary tumour cells was tested in a Cr-release assay
on different cell types. The effect of different ui vitro absorptions was determined.

*BALB/3T3 cells infected with Rauscher MuLV.



TABLE 2

HUMORAL CYTOTOXICITY ASSAY

target cell test serum absorbed
with 1:2

test serum dilution/per cent cytotoxicity
1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024

C3HMT/clll
BALB 3T3/RLV*

C3HMT/clll
BALB 3T3/RLV

C3HMT/clll
BALB 3T3/RLV

C3Hf - kidney, spleen

C3Hf - kidney, spleen
+ MuMTV

73
95

_

-

_

85
107

3

-25

2
-27

73
93

10

-21

-3
-23

66
100

24

-22

1
-23

61
94

32

-22

-1
-11

46
73

16
-13

1

-13

30
38

11

-4

0
-10

14
5

2

-2

0
-14

10
-12

-1

-5

-1
-6

12
-4

-1
-4

-3
-9

Rabbit antiserum raised against C3HMT/clll cells was tested in the Cr-release assay on different
target cells. The effect of different in vitro absorptions was determined.

*BALB/3T3 cells infected with Rauscher MuLV.
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TABLE 3

HUMORAL CYTOTOXICITY ASSAY

target cell test serum
absorbed with

test serum dilution/per cent cytotoxicity
1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024

C3HMT/clll
BALB 3T3/RLV*

C3HMT/clll
BALB 3T3/RLV

C3HMT/clll
BALB 3T3/RLV

in vivo

in vivo +
with MuMTV

35
47

-2
-4

0
-4

46
56

3
5

-1
3

45
55

14
3

0
0

38
26

8
1

1
-3

28
0

4
0

1
2

15
-4

0
-2

1
1

10
-1

0
0

3
3

6
-1

1
-2

0
1

4
3

1
-2

0
0

3
0

0
-2

0
0

Rabbit antiserum raised against spontaneous GR-mammary tumours was tested in the Cr release as-
say against different target cells. The effect of ii\ vivo absorption and an additional absorption
with MuMTV was determined.

*BALB/3T3 cells infected with Rauscher MuLV.



background level of the assay which is determined by adding cul-
ture medium to the cells. Apparently, in the former case, serum
factors exert a stabilizing influence on the target cells.

In addition to the above described antisera, an antiserum
raised against a spontaneous GR-mouse mammary tumour was tested in
a slightly different way. Alternatively, this antiserum was ab-
sorbed r̂> vivo. For that purpose, GR mice were injected intraperi-
toneally with 1.5 ml of the rabbit antiserum. After 16 h, the ani-
mals were bled from the retro-orbital plexus. The resulting anti-
serum was tested by the same procedure as used for the other two
antisera. The results are given in Table 3. The same picture
emerged: on absorption, a mouse mammary tumour specific reactivi-
ty, which is completely removed upon absorption with MuMTV, is re-
tained.

The results obtained in the humoral cytotoxicity assay were
confirmed by those obtained with the mernbrane-immunofluorescence
assay: absorbed antisera in which only a mouse mammary tumour spe-
cific reactivity was left according to the results obtained in the
humoral cytotoxicity assay also demonstrated a specific reaction
against mouse mammary tumour cells in the membrane immunofluores-
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12-

10-
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0 10 20 30 40 50 60 70
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Figure 1

Immunoprecipitation of a radioiodinated, detergent disrupted MuMTV preparation
with a rabbit antiserum raised against BALB/cfc3H mouse mammary tumour cells.
The precipitate was analyzed by SDS-polyacrylamidegel electrophoresis. After
electrophoresis, the gels were sliced and the resulting fractions counted in a
gamma counter.
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cence assay; on absorption with MuMTV, no reactivity was left.
Testing the three sera in the radioimmunoprecipitation assay a-
gainst radioiodinated, detergent disrupted MuMTV revealed the
anti-MuMTV specific reactivity to be directed mainly to the MuMTV
envelope protein gp52 (see Figure 1).

Kurth, R. et al., Nature 27£ (1979) 197.
Westenbrink, F. et al., Ann. report (1978) 135.
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INFECTION OF RABBITS AND RATS WITH MuMTV

F. Westenbrink and W. Koornstra

The mouse mammary tumour virus (MuMTV) has been reported to
induce only mammary tumours in the homologous host, the mouse. It
is a slowly acting virus, as tumours appear only several months
after infection.

Recently, much progress has been made in elucidating the mech-
anism underlying JJI vivo and jji vitro transformation induced by
the avian sarcoma virus (ASV). With sera of rabbits bearing ASV-
induced tumours, a 60,000 molecular weight protein was identified
in ASV-transformed heterologous and homologous cells. It was dem-
onstrated that this protein was coded for by the viral src-gene,
which is responsible for ASV-induced transformation (Brugge and
Erikson, 1977; Purchio et al., 1978).

Search for the transforming principle in the MuMTV-system is
difficult, especially because of the lack of an Jji vitro transfor-
mation assay. This makes it. impossible to work with transformation
defective mutants. We have infected heterologous animals with
MuMTV expectating that, in analogy with the ASV-system, animals
bearing MuMTV-induced tumours would provide an antiserum with
which we would be able to identify the MuMTV-coded transforming
protein. One-day-did female rabbits and rats were injected intra-
peritoneally with tissue culture medium of an MuMTV producing
mouse mammary tumour cell line. After weaning, the infected ani-
mals were subjected to breeding. Milk samples were tested for the
presence of MuMTV proteins in highly sensitive competition radio-
immunoassays developed for the MuMTV envelope protein gp52 and the
major MuMTV -:ore protein p28. Assays giving positive results were
routinely checked for the presence of contaminating proteolytic
activity (which would give false positive results).

The results obtained are summarized in Table 1. Three rats and
one rabbit showed a transient MuMTV antigen expression. The ex-
pression displayed a differential character; only two out of five
milk samples which were positive for gp52 were also positive for
p28. It is not clear whether this effect stems from a differential
expression of MuMTV-specific genes or whether it can be explained
by partial MuMTV provirus integration. No MuMTV-like particles
were detectable in MuMTV antigen positive milk samples on electron
microscopic examination. Sera of rats positive for MuMTV antigen
expression showed no reactivity with MuMTV-producing mouse mammary
tumour cells when tested in a complement-dependent humoral cyto-
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TABLE 1

TESTING OF MILK SAMPLES IN COMPETITION RADIOIMMUNOASSAYS FOR gp52 AND p28

animal

rat ,
(+ MuMTV)

rat
(control)

rabbit
(+ MuMTV)

rabbit
(control)

number of animals expressing
MuMTV antigens per total
number of animals tested

3/8

0/9

1/10

0/10

Tested in three different assays
^Tested in two different assays
'Milk sample taken at day 5 postpartum
Not tested

litter number at which
MuMTV antigen expression
was detected in milk per
total number of litters

4th of 5
4th and 5th Of 7
5th of 9

1st of i

ng gp52/ml ng p28/ml
milk milk

380

480
3650 ; 17.400° 925; -

iooa

NT

60

NT



toxicity assay. So far, no tumours have developed in either the
infected rats (up to 20 months of age) or the infected rabbits (up
to 18-21 months of age).

Brugge, J.S. and Erikson, R.L., Nature 269 (1977), 346.
Purchio, A.F., Erikson, E. and Erikson, R.L., J. Virol. 26_ (1978)

773.
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LEUKAEMIA IN RATS INDUCED BY THE HELPER VIRUS OF
THE WOOLLY MONKEY SARCOMA VIRUS

K. Nooter, R. Dubbes, J. Jore and C. Zurcher

| Type-C retroviruses either endogenous or exogenous for the
i host of origin have been isolated from a variety of animal spe-
j cies, among which are birds, mice, cats and primates (Tooze,
•! 1973). Two primate type-C viruses, the woolly monkey (simian) sar-
l coma virus (SiSV) and the gibbon ape leukaemia virus (GALV) have

been found to be associated with mesenchymal tumours in their nat-
ural hosts. The gibbon leukaemia virus is the major aetiological
factor in the development of leukaemias and lymphomas in gibbons
in captivity (Kawakami et al., 1972). The woolly monkey virus has
been isolated from a spontaneous fibrosarcoma in a woolly monkey
(Theilen et al., 1971). This virus is transforming jjn vitro and
induces sarcomas on inoculation into young marmosets (Deinhardt et
al., 1972). The isolate appears to consist of a replication-defec-
tive sarcoma virus (SiSV) and a non-transforming replication-com-
petent helper virus, the simian sarcoma-associated virus (SiSAV).
Attempts to induce leukaemias or lymphomas in animals with this
natural helper virus of SiSV have failed so far. We describe here
a leukaemogeneic activity of SiSAV in rats.

Four groups of animals were inoculated (Table 1 ) . In experi-
ment A, newborn WAG/Rij rats were injected subcutaneously (s.c.)
and intraperitoneally (i.p.) with 10 human NC 37 cells produc-
tively infected with the woolly monkey virus isolate. Eleven of 12
animals developed typical sarcomatous lesions. These lesions were
most likely due to spread of sarcoma virus released by the inocu-
lated cells. The other experiments (groups B, C and D) were de-
signed- to detect any biological effect of SiSAV. For that purpose
we had to establish cell cultures producing SiSV and SiSAV in var-
ious ratios. Normal rat kidney (NRK) cells non-productively trans-
formed by the Kirsten strain of the mouse sarcoma virus (K-MSV)
(referred to as K-NRK cells) were superinfected with culture
supernatant of woolly monkey virus producing NC 37 cells. The
woolly monkey virus complex can grow in high titres in the K-NRK
cells. Subsequently, human rhabdomyosarcoma A204 cells were infec-
ted with serial dilutions of supernatant of the so-called Kirsten-
woolly cells. After a few weeks, these cells became good virus
producers as determined by extracellular reverse transcriptase, XC
plaque formation and focus formation. All animals of group B, one-
half of those of group C and none of group D developed sarcomatous
lesions (Table 1 ) . The absence of sarcomatous lesions in group D
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TABLE 1

EFFECT OF SiSV AND SiSAV IN RATS

group

A

B

C

D

inoculated
with

NC37 producing

both SiSV and
and SiSAV

A204 (10~4)

A204 <10~5)

A204 (10~6)

sarcomatous
lesions

11/12

7/7

2/5

0/12

haemopoietic
tumours

0/12

6/7

5/5

9/12

mean
latent

period

115 d

90 d

155 d

175 d

was confirmed ^n vitro by the lack of focus formation in A204
(10 ) culture supernatant.

In groups B and C, a malignant proliferation of erythroid pre-
cursor cells was apparent in 10 of 12 rats. One of the rats in
group B also showed a malignant lymphoma. In group D, 10 of 12
rats died from a malignant neoplasm of the haemopoietic tissues.
Malignant proliferation of myeloid cells was observed in three of
these. In seven other rats of this yroup, the histological picture
was rather complex (although no important differences among those
7 rats were noted). It was characterized by a proliferation of
both lymphoid and poorly differentiated myeloid cells. It was un-
certain whether the neoplastic process involved mainly the myeloid
series with additional lymphoblast proliferation or whether two
malignancies were present, one of the myeloid and the other of the
lymphoid series. The fact emerging from this study is that the
SiSV/SiSAV complex can induce proliferation of different target
cells.

Deinhardt et al., J. med. Primat. _1 (1972) 29-50.
Kawakami et al., Nature New. Biol. 235 (1972) 170-171.
Theilen et al., J. Nat. Cancer Inst. £7 (1971) 881-889.
Tooze, J., The molecular biology of tumour viruses (1973).
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TRANSPLANTABILITY OF RADIATION INDUCED MAMMARY TUMOURS

S. Knaan, R.L. Marquet, A.L. Nooteboom, M.J. van Zwieten

and J.J. Broerse

In the mammary carcinogenesis program which was started five
years ago, the susceptibility of 3 rat strains (WAG/Rij; Sprague
Dawley and BN/Bi) to mammary tumour induction is compared follow-
ing X-irradiation and fast neutron irradiation with and without
oestrogen treatment (Broerse et al., 1978; van Bekkum et al.r

1979). To gain some insight into the immunogenicity of mammary tu-
mours, we investigated the transplantability of these tumours. The
first 200 mammary tumours which appeared in each of the 3 strains
were studied. Three pieces of each tumour 2, 4 and 6 mm were
transplanted subcutaneously into 6 week-old isogeneic females. Our
hypothesis was that in the case of a strongly immunogeneic tumour,
none of the 3 grafts will grow, while in a non-immunogeneic tumour
pieces of different sizes will be equally transplantable. In the
case of weakly immunogeneic tumours, the assumption was that the
smaller grafts had a lower chance to take than the larger ones,
because in the latter case the number of proliferating cells would
more easily outgrow the destruction caused by immunological reac-
tions against the tumour.

All transplanted animals were checked for tumour growth once a
week. The maximal time period for the scoring of tumour takeabili-
ty was fixed in this experiment at 6 months. Animals in which tu-
mours reached a diameter of 4 cm were sacrificed. The various his-
tological types of the transplanted tumours were divided into 2
categories: benign (B) tumours, which included fibroadenomas, ade-
nomas and fibromas and malignant (M) tumours, including adenocar-
cinomas, sarcomas and carcinosarcomas.

The number of transplantable tumours, regardless of the treat-
ment, is listed in Table 1A as a per cent of the total number of
tumours transplanted. From these results it can be seen that there
is a different transplantability pattern in the 3 rat strains. The
highest proportion of transplantable tumours was observed in the
SD rats and the lowest in the BN strain, the WAG/Rij rat occupying
an intermediary position. This order appeared in all subgroups
presented in Table 1.

It is evident from Table IB and 1C, however, that differences
in transplantability are related to the tumour induction regimen.
In all 3 rat strains mammary tumours induced by irradiation alone
are better transplantable than those induced by combined radiation
and oestrogen treatment. Furthermore, in the non-oestrogen groups,
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TABLE 1

TRANSPLANTABILITY OF RADIATION AND RADIATION + OESTROGEN INDUCED
MAMMARY TUMOURS IN 3 RAT STRAINS

SD
WAG
BN

SD
WAG
BN

SD
WAG
BN

T =

* r

93/187
53/190
22/108

69/116
35/ 90
18/ 78

24/ 71
18/100
4/ 30

total; B =

T

**= 49***
= 28
= 20

= 59
= 39
= 23

= 34
= 18
= 13

benign; M =

total (A)

B

78/158 =
27/ 96 =
19/ 98 =

49
28
19

M

15/29 =
26/94 =
3/10 =

radiation (B)

58/102 =
19/ 61 =
6/ 72 =

radiation +

20/ 56 =
8/ 35 =
3/ 26 =

= malignant

57
31
22

11/14 =
16/29 =
2/ 6 =

oestrogen (C)

36
23
12

% transplantable benign tumours

4/15 =
10/65 =
1/ 4 =

52
28
30

79
55
33

27
15
—

ratio*
B/M

0.94
1.00

-

0.80
0.56
-

1.33
1.53
—

% transplantable malignant tumours
** Transplantable tumours/total tumours transplanted
***Per cent transplantability
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malignant tumours are more transplantable than benign ones (p<
0.01 in the 2 x 2 table Q test), while in the group induced by
radiation and oestrogen more benign tumours were transplantable,
but this difference is not statistically significant.

No correlation between size and transplantability was found.
With regard to the immunogenicity of the primary tumours, it was
found that within the group of tumours of which one or two grafts
were rejected, the size of the graft was not correlated to rejec-
tion. In other words the various sizes of tumour pieces were
equally distributed among the rejected once. It is likely that the
differences between the 3 sizes have been too small to reveal dif-
ferences in takeability due to immunogenicity, if it is assumed
that in all cases where all three grafts of the same tumour failed
to take, this was due to strong immunogenicity of that tumour. The
analysis shown in Table 2 would indicate that the BN and WAG
strain present a higher proportion of immunogeneic tumours than
the SD strain. If failure to take of 1 or 2 out of 3 tumour pieces
represents weak immunogenicity, the proportion of all (weak and
strong) immunogeneic tumours shows the same pattern among the
three rat strains.

TABLE 2

INCIDENCE OF IMMUNOGENEIC MAMMARY TUMOURS IN FEMALE RATS

take failure/ immunog*..neic + take
total number failures/total

grafted number grafted

SD 94/187 = 50% 138/187 = 74%
WAG 137/190 = 72% 154/190 = 81%
BN 86/108 =̂  o0% 99/108 = 92%

Clearly the immunogenicity is the resultant of antigenicity of

the graft and reactivity of the recipient. The BN rat is more

reactive in many immunological assays than the WAG rat, but this

difference is not apparent from the data on mammary tumours pre-
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sented in Table 2. Marquet et al. (1977) have measured the immuno-
genicity of radiation induced tumours in the same 3 strains using
established assays, but the numbers of animals are too small to
allow any firm conclusions as to differences in the pattern of
immunogenicity among the three strains. For the present the inter-
pretation of our data must await improved criteria for differen-
tiation between immunogenicity of a tumour and failure of a tumour
graft to grow in an isogeneic host due to non-immunological fac-
tors.

i

i Broerse, J.J. et al., p. 13. In: IAEA: Late biological effects of
; ionizing radiation, 2^ (1978).
x Bekkum, D.W. van et al., p. 743. In: Proc. 6th Int. Congr. Rad.

Res., Tokyo (19 79).
Marquet, R.L. et al., Annual Report of the REP-Institutes (1977)

133.
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TUMOUR DEVELOPMENT IN BN/Bi RATS FOLLOWING
HIGH-DOSE CYCLOPHOSPHAMIDE TREATMENT

A.CM. Martens, M.J. van Zwieten and A. Hagenbeek

A great variety of neoplastic and non-neoplastic diseases is
currently being treated with the alkylating agent cyclophosphamide
(Cy). Besides possessing strong inununosuppressive properties, it
is also an effective chemotherapeutic agent against a number of
malignant neoplasms. Cy treatment is frequently used as a precon-
ditioning agent for allogeneic bone marrow transplantation, some-
times in combination with total body irradiation. In addition to
acute toxic side effects of Cy or. urinary bladder epithelium, bone
marrow, gastrointestinal tract and cardiac muscle, recent studies
have indicated chat Cy administration in man (Perm- 1978) and rats
(Schmahl and Habs, 1979) is associated with an increased incidence
of neoplasms, including urinary bladder carcinomas, leukaemias and
lymphomas.

As part of our research program on myelocytic leukaemia of BN
rats (BNML) (van Bekkum and Hagenbeek, 1977), an accepted animal
model for human acute myelocytic leukaemia, Cy was administered to
leukaemic rats on day 10 of the disease, a stage comparable to
that of first admission or relapse of a leukaemic patient.

Cy was given intraperitoneally (i.p.) in a single dose of 200
mg.kg . This was followed by the intravenous infusion of 1 x 10
autologous bone marrow cells. If daily transfusions of pooled
whole blood were given during the first days after Cy treatment,
the majority of animals survived the critical period of bone mar-
row aplasia. Of an initial group of eight rats treated in this
manner, three died shortly after treatment due to generalized
haemorrhages and two due to recurrence of the BNML. Three long-
term survivors developed leukaemia 5, 6 and 7 months post-treat-
ment. These leukaemias differed cytologically and histologically
from the BNML and were classified as myelomonocytic leukaemia (1
case) and poorly differentiated lymphoblastic lymphoma (2 cases).
Since it was not clear whether the development of haemopoietic
neoplasms in these 3 rats was related to the Cy treatment or to
the possible infusion of leukaemic or "pre-leukaemic" cells in the
transfused blood (derived from BN donors 8-12 months of age) used
for haematological support of Cy-treated rats, an additional 18
BNML recipient rats (group 1) and 21 normal non-leukaemic BN rats
(group 2) were studied. Both groups received 200 mg.kg Cy i.p.
at 14 weeks of age, followed by 1 x 10 autologous bone marrow
cells i.v. Necropsies were performed on all animals which died
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TABLE 1

NECROPSY FINDINGS IN 42 BN/BI RATS TREATED WITH
A SINGLE HIGH DOSE OF CYCLOPHOSPHAMIDE (Cy) (200 mg.kg" )

gross findings

neoplasia

cachexia

respiratory
disease

hydronephrosis

no significant
gross lestions

Group I
(+ BNML, + Cy)

number
of rats (sex)

post-treatment
interval (mo.)
mean (range)

8 (cf) 10.5 ( 3.9-20.1)

5 (3 $,2 cf) 14.7 (12.6-19.5)

5 (cf) 7.4 ( 4.1-10.3)

2

1

21

(cf)

(17 a,A 9)

- (12.7-12.7)

- (17.5)

Group II
(- BNML, + Cy)

number
of rats (sex)

post-treatment
interval (mo.)
mean (range)

7 (6 a, 1 9) 16.6 ( 9.6-23.4)

5 (cf) 12.0 (10.3-14.3)

0

1 (cf) - ( 6.5)

8 (5 cf, 3 9) 16.8 (10.1-21.4)

21 (17 C, 4 9)



spontaneously or which were killed when moribund. Histological
studies were done only on rats which were not severely autolysed
at necropsy.

The gross necropsy findings in the 42 rats receiving Cy are
listed in Table 1 along with their survival times following Cy
treatment. As can be seen from the table, approximately one-third
of the rats in each group died with neoplasia between 3.9 and 23.4
months following treatment (mean 10.5 and 16.6 months for groups 1
and 2, respectively).

The types of tumours found in 14 of the rats treated with Cy
are listed in Table 2 and are compared with the neoplasms found in
a series of 13 untreated male BN rats born during the same period
and kept for aging studies. Malignant schwannomas were found in
almost two-thirds of the Cy-treated rats. These tumours were lo-
cated in the following sites: hind leg (3 cases), abdominal cavity
(2 cases), optic nerve, spinal nerve root, epididymis and subcutis
(1 case each). All nine tumours showed features typical of rat ma-
lignant schwannomas, including cystic and solid growth patterns,
with areas of spindle form cells arranged in fascicles and whorls
alternating with scantly cellular areas marked by cyst formation
and necrosis. All of the tumours showed highly infiltrative
growth. No schwannowas were identified in the 13 untreated control
rats and only one such neoplasm was found in the 310 male and fe-
male untreated aging BN/Bi rats examined by Burek (1978).

Pheochromocytomas were found in 5 Cy-treated rats as compared
to one case in the untreated control rats, while adrenal cortical
adenomas were far more common in the latter group as compared to
the Cy-treated groups. Urothelial carcinomas, predominantly squa-
mous cell carcinomas of the ureter or bladder, were far more com-
mon in the untreated control rats (9 cases) than in Cy-treated
rats (2 cases).

The results of this study, i.e., the finding of neoplasms in
approximately one-third of rats receiving a single dose of Cy, are
in agreement with those of Schmahl and Habs (1979), who reported
the occurrence of neoplasms in 30 to 40% of the rats receiving Cy
daily in the drinking water. These authors concluded that Cy is
clearly carcinogeneic in rats. Our data support this, especially
as regards the development of malignant schwannomas and possibly
pheochromocytomas and haemopoietic tumours. The apparent protec-
tive effect of Cy treatment on the development of urothelal carci-
nomas (and to a lesser extent adrenal cortical adenomas) cannot be
readily explained, except that this may be related to the younger
ages of the Cy-treated rats as compared to those of the untreated
controls (Table 2). In the series of 310 untreated aging BN/Bi
rats studied by Burek (1978), rrothelial carcinomas were found in
44% and 25% of males and females, respectively. It is also pos-
sible that this rat strain is less sensitive to the carcinogeneic
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TABLE 2

TYPES OF TUMOURS IN 14* BN/BI RATS TREATED WITH A SINGLE DOSE OP CYCLOPHOSPHAMIDE (Cy)

tumour

malignant schwannoma

pheochromocytoma

adrenal cortical adenoma

haemopoietic tumour

urothelial carcinoma

glioma (cerebral cortex)

untreated
control rats

(n = 13)

group I
(+ BNML, + Cy)

(n = 7)

0

1 ( 7.6%)

6 (46.1%)

1 ( 7.6%)

9 (69.2%)

1 ( 7.6%)

Cy

(-

7

2

0

0

2

0

treated
group
BNML,
(n =

rats
II
+ Cy)
7)

total
group I + II

9

5

0

3

2

1

(n = 14)

(62.2%)

(35.7%)

(21.4%)

(14.2%)

( 7.1%)

mean age (range), months 25.6 (13.0-30.0) 12.4 (7.1-23.2) 19.8 (12.8-26.5) 16.1 (7.1-26.5)

*0ne rat with a tumour was not studied histologically and is not included in this Table.



effects of Cy on the urinary bladder than other rat strains or
that the drug must be present in the body continuously in order
for this effect to be manifest. It clearly appears, however, that,
even in single - although high-dose - administration, this chemo-
therapeutic agent has carcinogeneic potential in the rat strain
used in this study.

Bekkum, D.W. van and Hagenbeek, A., Blood Cells .3 (1977) 565.
Burek, J.D., Pathology of aging rats. A morphological and experi-

mental study of the age-associated lesions in aging Bt4/Bi» WAG/
Rij and (WAG x BN)F1 rat. CRC Press, West Palm Beach, Florida
(1978).

Penn, I., Surgery £3_, 5 (1978) 492-502.

Schmahl, D. and Habs, M., Int. J. Cancer 23 (1979) 706-712.



POSSIBLE INDUCTION OF SALIVARY GLAND TUMOURS IN BALB/c MICE
BY RADIOIODINE

J.A. van Best, A.L. Nooteboom, M.J. van Zwieten
and L.M. van Putten

In a study on the comparative effect of the iodine isotopes
I, 1 and I on the mouse thyroid gland, we injected groups

of 8-12 female BALB/c mice with one of these isotopes in the fol-
lowing doses,
iodine 123: 53, 18, 5.3, 1.8, 0.53 or 0.18 MBq (1500, 500, 150,

50, 15 or 5 jiCi) contaminated with 0.8% Iodine 124.
iodine 125: 18.5, 5.55, 1.85, 0.555 or 0.185 MBq (500, 150, 50, 15

or 5 ;aCi).
iodine 131: 4, 1.2, 0.4, 0.12 or 0.04 MBq (100, 30, 10, 3 or 1

pCi). In addition, 36 control mice were observed.
Up to 15 months after injection, when 31 of the 213 mice had

died or had been sacrificed in a moribund condition, three of
these animals had developed a salivary gland tumour. These mice
had received 18.5 MDq of ' I, 4 or 0.4 MBq of I and their tu-
mours occurred at the ages of 9, 10 and 10 months. No additional
tumours of this type were seen in mice up to 15 months of age.
Since the appearance of these tumours has not been observed in
animals before 12 months of age and since it is known that some
radioactive iodine is accumulated in the salivary glands, the pos-
sibility was considered that these tumours had been induced by the
radiation from the administered nuclides. A quantitative estimate
of the radiation dose to the salivary gland is not yet available.

The tumours, localized in the ventral neck region in these
mice, were unilateral and poorly encapsulated, firm, nodular and
varied from 1.5 cm in diameter to 2.5 x 1.5 x 1.5 cm. The cut sur-
face showed that the 3 tumours contained a central cavity filled
with thick milky fluid surrounded by a rim of solid white tissue
of variable width (Figure 1).

Microscopically, the three tumours were essentially identical.
They were located within the salivary glands, blending at several

\ places around the periphery with parotid and mandibular salivary
|' gland tissue. Portions of mammary gland ducts and acini were lo-
i; cated around the periphery of the tumours as well as in several
jj; places within the tumours. The pseudocystic central cavity con-
is, tained acidophilic fibrinonecrotic debris. The solid portions of
f the tumours were composed of pleomorphic cells arranged in two

patterns. The predominant pattern consisted of elongated spindle-
shaped cells arranged in fascicles and round or oval cells ar-
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Figure 1

Salivary gland myoepithelioma in a 9-month-old female BALB/c mouse treated with
radioactive iodine. Note central cavity and remnants of normal salivary gland
at left . HPS x 8 .

ranged in nests formed the second pattern. The two patterns were
frequently intermingled. In some areas, the cells assumed a squa-
mous appearance and a few keratinizing epithelial pearls were seen
(Figure 2). Epithelial cells formed well-defined ducts and tubules
in several areas, but whether these represented pre-existing sa l i -
vary gland ducts could not be determined with certainty. The three
tumours were compatible with myoepitheliomas of the salivary gland
as described by Stewart et a l . (1959), Delaney (1977) and Dawe
(1979).

Spontaneous salivary gland myoepitheliomas are reported to oc-
cur in 3-4% of BALB/c mice (Dawe, 1979) allowed to live out their
natural lifespans. Although data regarding sex or age-specific tu-
mour incidence rates in this strain are few, i t has been reported
that salivary gland myoepitheliomas do not occur in mice less than
1 year of age (Dawe, 1979). The elegantly documented case de-
scribed by Stewart et a l . (1959) involved a 12 month-old female
BALB/c mouse, while the 3 cases described by Delaney (1977) occur-
red in ex-breeder female BALB/c mice of unstated age. Necropsies
of 5 untreated control female BALB/c mice which were killed at 12
months to 19 months of age disclosed no similar neoplasms, but 2



Figure 2

Nests and sheets of oval to slightly fuseform cells with indistinct cytoplasmic
borders in BALB/c rayoepithelioma. Note presence of several keratinizing epi-
thelial pearls. HPS x 180.

such tumours were found in 35 female BALB/c mice (6%) ranging in
age from 16 to 30 months which were kept for aging studies. The
question s t i l l remains as to whether the occurrence of the tumour
in the 3 mice described in this report is related to the exposure
to the radioisotopes or whether they represent a "premature" ex-
pression of a naturally occurring neoplasm normally arising at a
la ter age in a small percentage of mice of this s t ra in .

Dawe, C.J., p. 61. In: Pathology of Tumours in Laboratory Animals,
Vol. I I . Tumours of the Mouse (ed. V.S. Turusov), IARC, Lyon
(1979)..

Delaney, W.E., J. Natl. Cancer Inst. 5jJ (1977) 61.
Stewart, H.L. et al., In: Transplantable and Transmissible Tumors

of Animals, Atlas of Tumor Pathology, Section XII, Fascicle 40.
Armed Forces Institute of Pathology (1959).
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OESTROGEN RECEPTORS AND PROLACTIN IN RAT MAMMARY CARCINOGENESIS

M.A. Blankenstein, E. Mulder* and H.J. van der Molen*

The mechanism of the synergistic action of oestrogens and ion-
izing radiation on mammary tumour formation in the rat is still
unknown. From a theoretical point of view, there are several pos-
sibilities. Firstly, the radiation could act as an initiator of
mammary tumour development. Once the malignant transformation took
place, the oestrogen would stimulate the growth of the (microscop-
ic) tumour until it finally became macroscopically manifest. The
second possibility would be that oestrogen treatment causes an in-
crease in plasma prolactin and that prolactin cooperates with oes-
trogen in the stimulation of the growth of the radiation-induced
neoplasm. Both oestrogen and prolactin are capable of increasing
the oestrogen receptor content of the target tissue. An increase
in the oestrogen receptor content of the mammary tissue would then
facilitate the stimulatory action of oestrogen on the mammary epi-
thelium and explain the synergistic action of oestrogens on radia-
tion-induced rat mammary carcinogenesis. The experiments reported
in this contribution were conducted to test this hypothesis.

Female Sprague Dawley rats were used. One group of 72 animals
received a subcutaneous oestrogen implant in the sixth week of
life. A second group was treated with a single dose of 2 Gy X-rays
in the seventh week of age. A third group received both treat-
ments, while a fourth group was not treated. Six rats of each
group were killed at intervals of two months. Prolactin was as-
sayed in the plasma by use of a double antibody radioimmunoassay.
Oestrogen receptors were estimated in the mammary glands by a nu-
clear exchange assay (Blankenstein et al., 1980).

Animals carrying oestradiol pellets lost their oestrus cycle.
The vaginal smears of these animals showed a persistent oestrus.
Mammary glands of these rats contained many dilated ducts and se-
cretory vesicles. From 10 months after oestrogen pellet implanta-
tion, pituitary tumours were found at autopsy. Rats which had been
irradiated developed small nodules in their mammary glands; these
contained 2-3 times the number of oestrogen receptors as the sur-
rounding "normal" mammary tissue. Such nodules were observed in a-
bout 15% of the rats at 2 months after irradiation and disappeared
during the next two months. All mammary glands of irradiated rats
showed pin-point red dots for a period of up to 8 months after ir-
radiation.

*Dept. of Biochemistry II (Division of Chemical Endocrinology),
Medical Faculty, Erasmus University Rotterdam.



Total occupied and unoccupied mammary gland estrogen receptors
during carcinogenesis (estimated by nuclear exchange assay) are
presented in Figure 1 and show a decrease in oestrogen treated
rats over the entire observation period. The high level of oestro-
gen receptors in the irradiated rats observed at two months after
irradiation could be attributed to the receptor-rich nodules
above.

o
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20-

0 J

O • • A means + s.e.m. ( n = 5 )

*P<0.05 vs control

i l radiation
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'^oestrogen +
radiation

5 10 15

time after treatment ( months )

Figure 1

Oestrogen receptors in rat mammary glands during carcinogenesis induced by
oestrogen and/or radiation.

Plasma prolactin levels during carcinogenesis are given in
Figure 2. Oestrogen treatment significantly increased plasma pro-
lactin during the entire observation period. Radiation had no ad-
ditional effect on plasma prolactin.

The results show that mammary gland oestrogen receptor levels
decrease during oestrogen- and radiation-induced rat mammary car-
cinogenesis. Plasma prolactin levels, on the other hand, are in-
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Figure 2

Plasma prolactin during mammary gland carcinogenesis induced by oestrogen and/
or radiation. Results are means Ĥ s.e.m., n = 5.

creased in oestrogen-treated rats. The latter results are in con-
trast to those obtained by Stone et al. (1979) in Sprague Dawley
rats. In ACI rats, however, these authors observed a similar re-
sponse of plasma prolactin to diethylstilboestrol treatment as re-
ported in this contribution for Sprague Dawley rats treated with
oestradiol. These data suggest genetic differences among the vari-
ous substrains of Sprague Dawley rats used.

These results permit no definite conclusions to be drawn con-
cerning the possible role of oestrogens in rat mammary carcinogen-
esis. The evidence suggests, however, that the mammary gland oes-
trogen receptor is not directly involved in carcinogenesis, but
that the promoting action of oestrogens is mediated through pro-
lactin. Therefore, further research on the action of prolactin in
mammary carcinogenesis is required.

Blankenstein, M.A. et al., J. Steroid Biochem. (1980), in press.
Stone, J.P., Holtzman, S. and Shellabarger, C.J., Cancer Res. 3_9

rl979) 773-778.
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EFFECT OF CHRONIC OESTRADIOL TREATMENT ON PLASMA PROLACTIN LEVELS
IN FEMALE RATS OF THREE DIFFERENT STRAINS

M.A. Blankenstein, J.J. Broerse and H.J. van der Molen*

In the study of oestrogen effects on mammary gland carcinogen-
esis, it is of extreme importance to include possible effects of
oestrogen treatment on pituitary prolactin secretion, since pro-
lactin is considered to play a major role in carcinogenesis
(Meites, 1972). Therefore, plasma prolactin levels were estimated
at different intervals after oestrogen treatment in rats of the
Sprague Dawley, Wistar and Brown Norway strains which were includ-
ed in an ongoing program on mammary cancer induction (van Bekkum
et al., 1979). The results are presented in Table 1 and clearly
show a great increase in plasma prolactin after oestradiol treat-
ment in Sprague Dawley and Wistar rats. Brown Norway rats, how-
ever, appeared to be more resistant to oestrogen treatment, but
these data need to be extended.

The susceptibility of rats to chemically induced mammary car-
cinogenesis has been suggested to be correlated to plasma prolac-
tin levels prior to tumour formation (Hawkins et al., 1976). We
have not been able to demonstrate such a correlation for "sponta-
neously" occurring mammary tumours (Table 2). From the data repor-
ted by van Bekkum et ai. (1979) and those in Table 1, it appears
that there may be a correlation between the plasma prolactin re-
sponse to oestrogen treatment and the formation of malignant mam-
mary tumours after oestrogen and radiation treatment.

Since prolactin is influenced by several factors known to in-
crease the risk for mammary cancer (e.g., a high fat diet), fur-
ther research on the role of prolactin in mammary gland carcino-
genesis is indicated. Especially the recent observation that the
incidence of prolactin-secreting pituitary adenomas in human fe-
males is increasing requires further investigation.

Bekkum, D.W. van et al., p. 743. In: Proc. 6th Int. Rad. Res. Con-
gress, Tokyo, (1979).

Hawkins, R.A. et al., Br. J. Cancer, 3± (1976) 546.
Meites, J. , pp. 54-63. In: Prolactin and Carcinogenesis, (Eds.

A.R. Boyns and K. Griffiths), Alpha Omega Publishing Cardiff
(1972).
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TABLE 1

PLASMA PROLACTIN LEVELS (PRL) IN RATS OF DIFFERENT STRAINS AT VARIOUS TIMES

AFTER OESTROGEN PELLET IMPLANTATION AT 7 WEEKS OF AGE.

RESULTS ARE GIVEN AS MEANS + s.e.m. (n)

time after
treatment
(weeks)

1
2
4
8
12
16
24
28
32

52-104

Sprague Dawley

78 +

201 +
339 +
168 +
255 +

313 +
481 +

1852 +
1247 +
7718 +

32 |

22 1
80 1
52 1

73 1
69 1

229 1
521 i

367 1
2714

I 4)
( 6) 1

: 6)
[ 6)

: 6)
( 6)

! 6)

( z)1'2

1 6 ) 3
111) 1' 3

PRL (ng/ml

61

236

155
172
267

472
420

679
5335

WAG/Rij

+ 13

+ 29

+ 50

± 37

+ 62
+ 132

± 117

+ 211
± 1797

)

( 6)
( 6 ) 1

( 6)
( 6)
( 6)
( 6)

( 6)

( 6 ) 3
(13) 1' 3

Brown

177 +
234 +
185 +
162 +

116 +
218 +

179 +

182 +

528

Norway

23 |

34 i

70 |

29 i

29 {

77 i

54 1

19 I

: 6)
[10)

: 7)
( 6)
: 7)

( 9)
[ 8)

( 6)

( 1)

1)

2)

3)

vs previous value: p< 0.05 Wilcoxon test

vs WAG p< 0.05 Wilcoxon test

vs BN p< 0.05 Wilcoxon test



TABLE 2

BASAL PLASMA PROLACTIN CONCENTRATION (PRL) AT DIFFERENT AGES
AND MAMMARY TUMOUR PREVALENCE (P) AT 30 MONTHS OF AGE IN

UNTREATED RATS OF DIFFERENT STRAINS.
RESULTS ARE MEANS + s.e.m. (n)

PRL (ng/ml)
rat strain 3 months 12-24 months P (%)

Sprague Dawley 17.3 + 2.4 (24) 364 + 109 (28) 47

WAG/Rij 14.0 + 1.3 ( 8) 312 + 150 (23) 26

Brown-Norway 18.3 + 4.3 ( 9) 214 +_ 51 (32) 11
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TRANSPLANTABILITY AND METASTATIC CAPACITY OF
ENU INDUCED RAT BRAIN TUMOURS

B. tiaatf M.J. van Zwieten, D.W. van Bekkum and C.J. Vecht

Distant metastases from human primary intracranial malignant
tumours occur very rarely. Only about 200 histologically proven
metastases have been reported in the literature (Pasquier et al.,
1979). Many factors have been postulated to explain this phenome-
non, including the absence of lymphatics, immune mechanisms re-
lated to the blood-brain barrier, the short survival time of pa-
tients with brain tumours and the fact that metastases seem to oc-
cur more frequently after neurosurgery. The present study was un-
dertaken in an attempt to answer the question whether tumour spe-
cific factors or specific local factors play a role in the low
tendency of CNS tumours to metastasize. This study allows an ana-
lysis of the metastatic behaviour of various primary brain tumours
in intracranial sites as compared to transplanted brain tumours at
extracranial sites. As an experimental tumour model for this par-
ticular situation was not available, we induced brain tumours in
rats with a neurocarcinogen according to the method described by
Jones et al. (1973). About 130 male and female newborn WAG/Rij and
Sprague Dawley rats were treated with ethyl-nitroso-urea (ENU) at
a dose of 10 mg.kg body weight within 24 hours after birth. Af-
ter the appearance of signs indicating the presence of a cerebral
neoplasia, the animals were killed with an overdose of ether. At
necropsy, the animals were inspected for metastases. Brains were
carefully removed and 0.2 cm thick slices were kept in 0.9% saline
at 4 C. When an CNS tumour was found macroscopically, part of it
was transplanted subcutaneously into 3-month-old rats of corre-
sponding sex and strain. The other part was fixed for histology.
When no macroscopic tumours were seen, the brain slices were di-
vided randomly for histology and transplantation. Grafted tumours
were allowed to grow to a size which caused serious distress of
the host. The host animal was then sacrificed and subjected to
complete necropsy. Parts of the tumour were fixed for histology
and other parts were transplanted serially. All other tissues were
inspected microscopically for the presence of metastases.

Of the original 131 ENU treated rats 25 died early after
treatment without evidence of tumours. Another 29 were lost to the
study due to autolysis or cannibalism. The remaining 77 rats
formed the basis for the study.

The first animal with neurological signs was seen at 6 months
after treatment, the last at 29 months. The 50% survival rate was
13.5 months. The histology of the primary tumours is given in

159



Table 1. Listed are the diagnoses of 55 tumours found in 47 rats.
Brain slices from 77 rats were transplanted subcutaneously, inclu-
ding 30 cases in which no primary tumour was found grossly or his-
tologically. In 48 of the 77 cases (62.3%) of these transplant re-
cipients, subcutaneous tumours were found. The 48 positive trans-
plant recipients included 37 transplants in which a primary tumour
was diagnosed and 11 transplants in which no primary tumour was
seen.

TABLE 1

DISTRIBUTION OF HISTOLOGIC TYPES
OP 55 ENU INDUCED TUMOURS IN 47 RATS

site histologic type

central
nervous
system

peripheral
nervous
system

mixed glioma
oligodendroglioma
glioblastoma
astrocytoma
ependymoma

malignant Schwannoma
ganglioneuroma

19
13
4
3
1

14
1

—

(34.5%)
(23.6%)
( 7.2%)
( 5.4%)
( 1.8%)

(25.4%)
( 1.8%)

55

This discrepancy may be explained by the fact that small pri-
mary tumours were located in the slices which were transplanted
and absent in the portions examined by histology. The number of
primary tumours outside the central nervous system was 15 of 55;
the sites of extracerebral growth were mainly the cranial or pe-
ripheral nerves. None of the primary tumours showed distant metas-
tases. After subcutaneous transplantation, tumours with varying
growth rates and microscopic appearance were observed. The growth
rate of transplanted tumours was not clearly related to the histo-
logic type.

After serial transplantation hardly any tumours showed changes
in morphological appearance. The majority of them showed the his-
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tological picture of a malignant glioma, regardless of the histo-
logy of the primary.

According to the histological findings in autopsies of animals
bearing transplanted tumours, 25 of 48 (52%) showed one or more
distant metastases. Most of these were found in the lungs (96%);
less frequently were liver (12%), adrenals (8%), lymph nodes
(16%), kidney (8%), heart (32%) and thymus (4%) involved. The met-
astatic potential of transplanted tumours was not related to the
histological type. Of the rapidly proliferating tumours (i.e.,
those killing the host within 6 weeks after transplantation), 15
of 21 (71%) showed metastases. The distribution of different tu-
mour types made in our study were in accord with those found by
others (Jones et al., 1973).

In this study, 52% of the subcutaneous transplanted tumours
investigated showed distant metastases. It should be stressed that
absolutely no metastases were seen in our group of 55 primary tu-
mours; only transplanted tumours showed metastases. This fact sup-
ports the hypothesis that the failure to find metastases from pri-
mary brain tumours is not due to properties specific of the tumour
but most likely to local intracranial factors.

Jones, E.L., Searle, L.E. and Smith, W.T., J. Path. 109 (1973)
123.

Pasquier, D. et al,, Bull. Cancer (Paris) j5j5 (1979) 25.
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METASTASIS PROM THE BRAIN OF TRANSPLANTED N-ETHYL-N-NITROSOUREA
INDUCED CENTRAL NERVOUS SYSTEM TUMOURS IN RATS

C.J. Vecht, M.J. van Zwieten, B. Maat and D.W. van Bekkum

The scarcity of metastases from primary CNS tumours has been
ascribed to immunological properties, the absence of lymphatics in
the brain, cytokinetics, glioma cells, the blood-brain barrier,
and to the short survival of the patients. The occurrence of me-
tastases has been attributed to prior surgical intervention or to
tumour growth into the meninges. To our knowledge, no experimental
studies have been performed to test these various hypotheses. In
general, experimentally induced brain tumours are not known to me-
tastasize from their intracranial site of origin, but dissemina-
tion has been observed following subcutaneous transplantation
(Zimmerman, 1962; Maat et al., 1979; see also this report, p. 159).
In this study transplantable tumours were employed which origin-
ated from ENU-induced primary brain tumours. From a series of 77
ENU-induced central nervous system tumours two metastasizing
transplantable tumour lines were chosen for the present experi-
ments. One tumour line was histologically characterized as a
malignant astrocytoma, originating in a Sprague Dawley rat. The
70th and 71st passage were used. The second tumour line, histolo-
gically appearing initially as an astrocytoma, originating in a
WAG/Rij rat, was subjected to about 10 passages during which time
the histology of this tumour changed into that of a malignant
glioma. The 12th passage was used.

Tumour cell suspensions were prepared by finely mincing frag-
ments of tumour tissue and were injected through a skull burrhole
by means of a 25 g needle into the brain at a depth of 4.5 mm from
the ffik&vaninals were inspected daily. As soon as neurological
signs appeared, animals were killed and necropsied. Complete his-
tologic examination was performed. Bioassays for tumour cells were
performed with parts of lung, liver, cervical lymph nodes and
blood clots.

As can be seen in Table 1, 8 of 21 rats injected intracere-
brally with astrocytoma tumour cells developed extraneuraxial me-
tastases, exclusively in cervical lymph nodes. Of these 8 cases,
50% showed concomitant meningeal metastatic tumour cell foci at
sites distant from the tumour injection site (meninges at the base
of the skull, spinal cord) and 50% showed only involvement of the
leptomeninges overlying the localized tumour growth at the injec-
tion site. Of the 13 cases without extraneuraxial metastases,

163



these values were 15% and 85%, respectively. Similar results were
obtained with the transplantable malignant glioma cell line. Ex-
traneuraxial metastases were identified by bioassay only in 6 of
28 rats. Four of these (67%) had concomitant distant meningeal me-
tastases, and 2 (33%) had localized tumour growth with involvement
of overlying meninges. Of the 22 animals without extraneuraxial
metastases only 41% had distant meningeal metastases.

In this study tumour growth at the base of the skull or in the
spinal leptomeninges was frequently seen in both tumour lines, and
involvement of the leptomeninges overlying the site of localized
tumour growth was seen in all cases.

Although not statistically significant, these results may
point to a relationship between extraneuraxial metastases and me-
tastases within the CNS. The observed incidence of extraneuraxial
metastases in this study is in contrast to the lack of reported
metastases from experimentally induced primary brain tumours. As
mentioned already, no distant metastases were observed in 77 ENU-
induced primary rat brain tumours.

In the light of previous reports in the literature and of re-
search performed in this institute, we may conclude that the scar-
city of distant metastases from primary brain tumours is due to
local conditions and not to specific tumour associated factors.
This study confirms the hypothesis that distant metastases most
frequently occur after surgical intervention, or when tumour cells
invade blood vessels in the extraneural tissues.

Maat, B. et al., Biomedicine (1979) in press.

Zimmerman, H.M., In: W.S. Field and P.C. Sharky (eds.), Thomas,

Springfield (1962) 60-69.
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TABLE 1

FREQUENCY OF DISTANT AND LOCALIZED MENINGEAL TUMOUR GROWTH IN RATS
WITH EXTRANEURAXIAL METASTASES OF TRANSPLANTABLE CNS TUMOUR CELL LINES

distant meningeal
metastases (base of
skull, spinal cord)

anaplastic astrocytoma (n=21)

+ extraneuraxial - extraneuraxial
metastases* metastases

4 ( 50%) 2 ( 15%)

malignant glioma (n=28)

+ extraneuraxial - extraneuraxial
metastases** metastases

4 ( 67%) 9 ( 41%)

localized tumour
growth (at injection
site) with involve-
ment of overlying
leptomeninges only

4 ( 50%) 11 ( 85%) 2 ( 33%) 13 ( 59%)

total 8 (100%) 13 (100%) 6 (100%) 22 (100%)

* As determined by histological examination + bioassay
**As determined by bioassay only.



GROWTH OF HUMAN BRONCHIAL CARCINOMA IN OBSERVATION CHAMBERS

H.S. Reinhold, A. v.d. Berg-Blok, D.W. van Bekkum and S. Knaan

Some human tumours can be transplanted successfully in nude
mice. A nude rat strain, Fl WAG/Rij, has been established in this
laboratory. A "sandwich" observation chamber (Reinhold et al.,
1979) was constructed on the back of such an animal. This chamber
consists of a system based on a thin sheet of subcutis which is
enclosed between two transparent windows. A human bronchial carci-
noma line was established with material from a patient with carci-
noma of the bronchus and was first maintained in nude mice; more
recently, it has been continued subcutaneously in the aforemen-
tioned nude rat strain. Transplantation of the tumour in observa-
tion windows in these rats proved to be very successful. The tu-
mour tissue in the chamber is depicted in Figure 1. The tissue it-

Figure 1

Human bronchial carcinoma growing in the transparent "sandwich" chamber. The
black dots are carbon microspheres, 80 JJ, which are used as "markers". Note the
lobular growth pattern of the tumour with the sinusoids in the clefts between
the lobules.



self is quite transparent and blood vessels are the most outstand-
ing structures. It appears that the tumour grows in a lobular pat-
tern, with wide sinusoids surrounding the tumour lobules. There-
fore, the sinusoids are frequently located between the tumour nod-
ules. Blood supply for the individual nodules comes from one or
two arterioles which penetrate the lobules as rather straight
channels and split up into capillaries near the centre of the lob-
ules. Compared with, e.g., the rhabdomyosarcoma, the blood supply
of this human line of bronchial carcinoma has a more systematic
pattern of microcirculation. The blood flow in the capillaries,
however, is still very non-homogeneous, with many capillaries
along which pass lines of s lowly running erythrocytes with great,
varying distances between the erythrocytes. The microcirculation
in this human bronchial carcinoma appears to have specific charac-
teristics. The patterns of flow and oxygenation will be further
studied.

Reinhold, H.S., Blachiewicz, B. and Berg-Blok, A., Europ. J.
Cancer 15 (1979) 481-489.
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STUDIES ON OXYGENATION OF TUMOURS

H.S. Reinhold and A. van den Berg-Blok

For some years, the "sandwich" tumour system which was devel-
oped in this laboratory has been used for the determination of
physiological parameters in tumours. It was shown that a dose of
20 Gy to the rabdomyosarcoma BA 1112 is required to induce a tran-
sient period of reoxygenation, as indicated by the hypoxic re-

photomultiplier

computer si

programmed
driver

*•— position

Figure 1

Schematic presentation of the scanning microscope and the flow along which the
measured data are handled. The fluorescence signals are processed via digital
conversion and the resulting curve is eventually grafically presented. For
clarity the drawing of the animal is omitted from this picture and only the
"sandwich" with the tumour is depicted.
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sponse of NAD(H) fluorescence (Reinhold et al., 1979). NAD(H) may
be indicative for the redox state of the tissue; however, it does
not represent oxygen itself. Recently, dyes have become available
for which oxygen is a specific fluorescence quencher (Lubbers and
Opitz, 1976). One of such dyes is Pyrene buturyic acid, which has
been used as an oxygen "probe" in the cerebral cortex of the cat
(Mitnick and Jdbsis, 1976). This made it very attractive to inves-
tigate the possibilities of using Pyrene butyric acid (PBA) as an
oxygen probe in our "sandwich" tumours. In the former NAD(H) as-
says, the microfluorometer was used in only 3 different sites per
tumour. These were manually adjusted on the basis of detailed
drawings of the tumour's vasculature on a grid system. For the
present investigations, a motor-driven microscopic stage which ac-
comodated the entire animal was used (Figure 1). The fluorescence

200

A
50 100

100 i

50 i

150 200 250

position in tumour ( microns )

50 100 150 200

relative oxygenation

Figure 2

Example of a "PBA" scan through a tumour. Upper part; cross-scan for the rela-
tive oxygenation through a "sandwich" rhabdomyosarcoma Bfl 1112. Midline scan
through a tumour of about 2.4 mm diameter. The left margin of the tumour is in-
dicated by position "0",- the scan is limited at the right margin of the tu-
mour at position "240". Lower part; histogram on the numerical values encoun-
tered in the upper part.
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signal and the position in the tumour were recorded on paper
punch-tape, which could be later fed into the computer. This set-
up not only allowed us to gather multiple samples in one time pe-
riod, but made it also possible to repeat the same scan over and
over again. Averaging of the multiple scan lines as well as the
determination of the oxygen "concentration" at the various posi-
tions could then be done by computer. The result of such a scan is
shown in Figure 2. It should be stressed that the oxygenation
plotted on the ordinate is a relative value. The use of the con-
version factors published so far (Mitnick and Jobsis, 1976) yield-
ed oxygen concentration values that were unacceptable, i.e.,
higher than the atmospheric oxygen concentration. Nevertheless,
Figure 2 gives a clear picture of the way the oxygen concentration
in a "sandwich" tumour may differ from one place to another. This
is also illustrated in the histogram that is constructed with each
determination.

Investigations on the inhomogeneities in the distribution of
oxygen in tumours are presently in progress; moreover, the speci-
fic conversion factor for this tumour will be determined by means
of fluorescent flow systems.

Reinhold, H.S., Blachiewicz, B., Berg-Blok, A., Europ. J. Cancer,
15_ (1979) 481-489.

Lubbers, D.W. and Opitz, N., In: oxygen transport to tissue II,
(Eds. J. Grote, D. Reneau and G. Thews), Plenum Publishing Cor-
poration, New York (1976).

Mitnick, M.H. and Jobsis, F.F., J. of Applied Physiology, 41, 4_
(1976) 593-597.
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LUNG TUMOUR INDUCTION FOLLOWING IRIDIUM-192 IMPLANTATION

H.B. Kal, S. Knaan-Shanzer, C. Zurcher and D.W. van Bekkum

There is a distinct need for realistic animal models to ex-
plore the biology and treatment of lung cancer in man. In this re-
port, we describe an experiment using the method of implantation
of a radioactive source in the rat lung (Divertie et al., 1967)
with the aim of inducing lung tumours with characteristics resem-
bling those of human bronchical carcinoma.

Ionizing radiation emitted by Ir-192 was used as carcinogenic
agent. The half-life of Ir-192 is 74.5 d. The isotope was kindly
provided by Dr. Wilmering of the Antoni van Leeuwenhoek Hospital,
Amsterdam, in the form of wires of 0.3 mm diameter enclosed in
tissue equivalent plastic tubing. Each rat was implanted with a 5
mm length of wire which contained 0.275 mg Ra equivalent of acti-
vity at the time of implantation. A dose rate of 0.0 84 Gy/h was
calculated at a distance of 5 mm of the wire. The dose adminis-
tered during the first month after implantation varied from about
27 Gy at a distance of 5 mm from the wire to a dose of about 1 Gy
at 3 cm distance.

Forty male WAG/Rij rats were implanted at the age of 4 weeks.
Animals were anaesthetized with ether. The skin of the thorax was
shaved and an incision of about 1 cm was made between two ribs. A
lobe of the lung was brought outside the thoracic cavity and the
Ir-192 wire was implanted using a hollow needle of 10 cm with an
inner diameter of 0.7 mm. After implantation, the lobe was re-
turned into the thoracic cavity and the skin was closed by two or
three cramps. The whole procedure took less than 5 min; the mor-
tality rate was about 7 per cent.

In the observation period, up to 14 months after implantation,
dead animals and the survivors at the end of the period were in-
spected for the presence of lung tumours. Histological examination
of the lungs and other organs suspect for metastases was perfor-
med. In 30 out of 40 animals tumours developed. In 9 animals mul-
tiple lung tumours were detected and in 3 animals metastases were
found. The incidence of various tumour types encountered is shown
in Table 1. Malignant hemangioendotheliomas occurred with the
highest frequency: 50 per cent. In 12 animals a squamous cell car-
cinoma was found in the lung. Twenty pieces of tumours were avail-
able and used for transplantation into the flanks of WAG/Rij re-
cipients to maintain the tumours for further studies.

The observations confirm the findings of Gracey et al. (1979)
that local irradiation is an efficient means of inducing malignant
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TABLE 1

TYPE AND INCIDENCE OF RADIATION INDUCED TUMOURS

malignant hemangioendothelioma 20/40

squamous cell carcinoma 12/40
osteosarcoma 4/40
pleomorphic sarcoma 1/40
malignant schwannoma 1/40
adenosquamous carcinoma 1/40

mesothelioma 3/40

lung tumours yielding a relatively large number of tumours with
characteristics of human squamous cell carcinomas. The transplan-
tability of the squamous cell carcinomas was, however/ adversely
influenced by the high incidence of malignant hemangioendothelio-
mas in the tumour samples used for transplantation. The yield of
transplantable squamous cell carcinomas in this series is 10 per
cent.

Divertie, M.B., Titus, J.L. and Shorter, R.G., Am. Rev. Resp. Dis.

£6 (1967) 820-822.

Gracey, D.R., Fish, J.E. and Divertie, M.B., Cancer 44 (1979) 598-

603.
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EXPERIMENTAL TUMOUR THERAPY

COMPARISON OF CELL SURVIVAL CURVES FOR DIFFERENT CELL LINES
WITH RADIATION INDUCED GROWTH DELAYS FOR TUMOURS

INDUCED BY INOCULATION OF THESE CELLS IN RATS

G.W. Barendsen and J.F. Gaiser

Over the past years, several cell lines derived from different
transplantable tumours in rats have been established in culture
(Barendsen et al., 1977). Cells from these cultures produce tu-
mours when inoculated into syngeneic animals. Studies of cell sur-
vival curves obtained for these cell lines have shown considerable
differences with respect to radiation sensitivity and RBE values
for high-LET radiation (Barendsen and Broerse/ 1977).

Studies of the radiosensitivity with respect to induced growth
delay of the experimental tumours for which the cellular sensitiv-
ity jji vitro had been determined earlier have been continued. Data
on cell survival and growth delay of corresponding tumours are
presented in Figure 1. Growth delay is derived from the time in-
terval between the day of irradiation and the day when the tumour
has regrown to twice the volume determined at irradiation, sub-
tracting the volume doubling time of controls. These data show
that there is no direct correlation between cellular X-ray sensi-
tivity with respect to clonogeneic capacity jji vitro and the sen-
sitivity of corresponding tumours to induction of growth delay af-
ter single doses. The most resistant cell type of this group is
the RUC-2, derived from a squamous cell urether carcinoma; this
tumour also shows the least growth delay per unit dose. However,
the cell line RSC-1 is only slightly less resistant than RUC-2 jji
vitro, while RSC-1 is the most sensitive tumour of this series
with respect to tumour growth delay. It is of further interest to
note that the R-l cell line is the most sensitive of this series
as evidenced bv the survival curve, while the R-l tumour is highly
resistant tc Auction of tumour growth delay.

Several factors are known to influence the effectiveness of
single radiation doses for induction of growth delay, e.g., oxyge-
nation conditions, cell proliferation and repair of potentially
lethal damage. In many experiments on proliferation kinetics using
the R-l sarcoma it has been demonstrated that, when these tumours
are irradiated with doses of 10 and 20 Gy of X-rays, there is an
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Figure 1

Comparison of cellular sensitivity (A) and volume growth delay of tumours (B).
R-l : rat rhabdomyosarcotna;
ROS-1 : r a t osteosarcoma;
RUC-1 : ra t ureter carcinoma;
RSR-1 : ra t skin carcinoma;
RUC-2 : ra t ureter carcinoma.

increase in proliferation (Hermens and Barendsen, 1969). As a
consequence, growth delay induced by a given dose is relatively
short, i.e.with the endpoint growth delay this tumour is relative-
ly unresponsive, although the corresponding _iri vitro survival
curve indicates a relatively high cellular sensitivity. Further-
more, a fraction of 0.15 of the cells in R-l tumours is known to
be radiobiologically hypoxic. Studies on these factors in other
types of tumours of this series are in progress.

Barendsen, G.W. et a l . , Cell Tissue Kinet. _10̂  (1977) 469-475.
Barendsen, G.W. and Broerse, J . J . , Int. J. Rad. Oncol. Biol. Phys.

2 (1977) 211-214.
Hermens, A.F. and Barendsen, G.W., Eur. J. Cancer _5_ (1969) 173-

189.
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COMPARISON OF CELL SURVIVAL BY EMPLOYING U[ VITRO AND IN VIVO
ASSAYS FOR R-1,M RAT TUMOUR CELLS IRRADIATED IN VITRO

WITH DIFFERENT DOSES OF X-RAYS

A.F. Hermens and H.T. Madhuizen

Studies of dose survival characteristics of mammalian cells
irradiated _ir> vitro or _iri vivo can be performed by employing
either the quantitative Ln vitro plating technique described by
Puck and Marcus (1955) or the _iri vivo TD assay method as devel-
oped by Hewitt and Wilson (1959). For obtaining reproducible and
interpretable results with either of these or similar methods it
is required that the experimental system is stable and provides
conditions for the optimal expression of the clonogenic capacity
of surviving cells. With some types of tumour lines described in
the literature, the TD assay results in a 50% tumour incidence
at about 10 cells with fluctuations in TD between 8 to 10 cells.
However, in other tumours, the TD is in the order of 1000 cells
with fluctuations ranging from 500 to 2000 cells. Furthermore, the
TD may be expected to differ significantly when comparing re-
sults of assays performed with syngeneic and heterogeneic host
systems. This possibility may be of particular interest when
studying properties of human tumours that are xenografted into im-
mune deficient mice.

To investigate the variation in dose-response relationships as
a consequence of differences in experimental systei.is or test con-
ditions, experiments were performed with R-1,M tumour cells which
were irradiated ^n vitro and then assayed _in vitro and _in vivo in
syngeneic or allogeneic animals.

Since dose-response relationships are correlated with the clo-
nogenic expression of the tumour cells, the latter property was
investigated in relation to changes of the assay conditions, in-
volving assays of R-1,M tumour cells alone or in combination with
heavily irradiated* R-1,M "feeder cells", F(R-1,M), or with syn-
geneic normal MER-1 cells. The latter type of cells originated
from the rat mesentery and shows a phagocytic capacity. Both the
normal MER-1 and R-1,M tumour cell lines are maintained ^n vitro
as a permanent cell line.

For determining dose-response relationships according to the
method of Puck and Marcus (1955), the R-1,M tumour cells were
grown in single cultures or cocultured with phagocytic MER-1 cells
for 3 and 4 days, respectively, as described by Hermens and

*involving an acute dose of 40 Gy of 300 kV X-rays.
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TABLE 1

INFLUENCE OF THE HOST AND LOCAL CONDITIONS*

ON THE CLONOGENIC EXPRESSION OF R-1,M TUMOUR CELLS

AS DETERMINED BY THE TD 5 Q ASSAY METHOD (HEWITT AND WILSON, 1959)

host
animal

WAG/Rij
rat

type of
admixed
cells**

no cells
admixed

(controls)

F(R-1,M)

MER-1

TDJ-Q values (number of cells)

95% confidence limits
mean value lower value upper value

6945 3586

1428 1091

1893*** 960

13452

1868

3732

BALB/c.nu

no cells
admired

(controls)

F(R-1,M)

MER-1

5267

87***

10

3362

23

5

8250

331

19

* To modify the local conditions at the site of subcutaneously
injected R-1,M tumour cells, the suspensions of tumour cells
used for the assay were admixed with either of two different
types of cells.

** R-1,M cells: line of tumour cells developed from a rhabdo-
myosarcoma in the WAG/Rij rat.

F(R-1,M) cells: ''feeder cells" prepared by irradiating R-1,M
cells with 40 Gy of 300 kV X-rays

MER-1 cells: line of normal phagocytic cells developed from
the mesentery of WAG/Rij rat

***Preliminary results.
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Madhuizen (1978a,b). The cells were then harvested and prepared
for replicate plating into Falcon plastic culture flasks. After
plating, these cells were irradiated with doses of 0 up to 10 Gy
of 300 kV of X-rays, incubated for 8 days at 37 C and finally
fixed for counting colonies of R-1,M cell origin.

R-1,M tumour cells intended for ir\ vivo assay of radiation re-
sponses were harvested from 3-day-old single cell cultures. For
each individual experiment, cell suspensions were transferred into
a plastic culture bottle and then irradiated with either 0, 4 or 8
Gy of 300 kV of X-rays. Subsequently, series of suspensions with 6
different concentrations of tumour cells were prepared for subcu-
taneous injection of animals. In a number of experiments, each of
the 6 suspensions was admixed with normal MER-1 cells or F(R-1,M)
"feeder cells" to a final concentration of 10 admixed cells.ml
The assays were performed with syngeneic female WAG/Rij rats of an
inbred strain in one series of experiments and, in another series,
with BALB/c.nu mice* of both sexes. At the start of each of these
TD assays, the fraction of clonogenic cells present in the sus-
pension before and after irradiation were also assessed by the in
vitro plating technique.

Values for TD obtained for non-irradiated R-1,M tumour cells
which were assayed in the two strains of animals are given in

} Table 1. These data show that the numbers of R-1,M cells required
f' for obtaining 50% tumour incidence in the WAG/Rij rat and in the
f BALB/c.nu mouse are not significantly different. This may imply

that in both of these host systems, the combined influence exerted
by local and general factors provide similar suitable conditions
for tumour cell take. Accordingly, the clonogenic expression of
the R-1,M cells in the two animal systems corresponds to less than
1 cell in 10 R-1,M cells injected? this value is a factor of
about 1000 smaller than the probability of forming colonies in
vitro, i.e., 90 to 100 colonies formed per 100 cells plated.

However, on admixing F(R-1,M) feeder cells or normal MER-1
cells with R-1,M tumour cells, the values for TD were shown to
decrease. From values for TD given in Table 1, it can be calcu-
lated that a maximum reduction in TD by a factor of 600 was
achieved for R-1,M tumour cells admixed with normal MER-1 cells
which were assayed in the BALB/c.nu mouse. A tentative explanation
for these observations involves the assumption that the phagocytic
MER-1 cells may act not only against the tumour cells but also,
and perhaps more efficiently, against allogeneic host immune cells
which otherwise would have killed a large number of tumour cells.

i-
rf' *The nude mice were of CBA genetic stock and had been back-crossed
I.-- with BALB/c for 4 generations. They were produced under strict

reverse barrier conditions in an SPF rodent colony and were kept
in conventional mouse quarters after inoculation of the tumour
cells (van Bekkum et al., 1978).
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Dose-response curves determined for the R-1,M tumour cells
from data on fractional surviving cells obtained by the _in vitro
and _ir» vivo assays are shown in Figure 1. Curves 1 and I1 compare
data obtained for R-1,M cells that were assayed after growth of
the tumour cells in single cultures or in cultures mixed with nor-
mal MER-1 cells, respectively. The two curves can fit both sets of
data equally well and demonstrates that the intrinsic radiosensi-
tivity of the R-1,M cells JJI vitro is not significantly influenced
by the presence of MER-1 cells during the 4-day period of cocul-
turing. The average values for Dq and Do derived from these curves
are 2.5 and 1.3 Gy, respectively.

IO-'-I

N.
\.

- BALB/c.nu
y ' C (R- 1,M cells)

(R-1,M cells)

WAG/Rij ••• <S.
( R - I . M + ".yx
1ER- 1 c e l l s ) I \ !MER

\

R - 1,M cells ( in vitro )

O and curve 1 single culture
• and curve 1' mixed culture

0 2 4 6 8 10

dose in Gy ( 300 kV X-rays )

Figure 1

Comparison of dose-response relationships for R-l.M tumour cells assayed in
vitro and iji vivo.

In vitro assays performed with R-1,M cells grown in single culture and grown
for 4 days in mixed cultures. The cells were plated in vitro and then irradia-
ted with 300 kV X-rays.
In vivo experiments were performed by transplanting only R-1,M cells into the
WflG/Rij rat and in the BALB/c.nu mouse. In addition, R-1,M cells admixed with
10 MER-1 cells per inoculum were transplanted into the WflG/Rij rat.
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The data on cell survival obtained with the _in vivo assay dif-
fer from those determined by the j ^ vitro assay in two respects.
Firstly, the fractions of surviving clonogenic cells differ sig-
nificantly at one or both of the dose levels studied, i.e., 4 and
8 Gy. In this respect, the results obtained by assay in the
BALB/c.nu mouse are neither better nor worse than those obtained
by assay in the WAG/Rij rat. Secondly, the slope of each of the
dotted curves for all three ^n vivo assays is less steep than that

i for the vn vitro assay.

J It may be concluded from these observations that, especially
f when R-1,M cells are irradiated with doses smaller than about 10
t Gy of X-rays, the in vivo assay for survival of these cells may
•• yield results on Dq and Do which are different from those obtained
1 by the _in vitro plating technique. The question of whether these

observations have any bearing on the interpretation of results
from experiments on cure rates of irradiated tumours is under in-
vestigation.

Bekkum, D.W. van, Knaan, S. and Zurcher, C., Annual Report of the

REP-Institutes (1978) 157.
Hermens, A.F. and Madhuizen, H.T., Annual Report of the REP-

Institutes (1978) 39.
Hermens, A.F. and Madhuizen, H.T., Int. J. Rad. Biol. 14 (1978)

560.
Hewitt, H.B. and Wilson, C., Br. J. Cancer _12 (1959) 69.
Puck, T.T. and Marcus, P. I., p. 432. In: Proc. Nat. Acad. Sci. 41

(1955).

181



RESPONSE OF TUMOUR CELLS TO HYPERFRACTIONATED GAMMA-RAYS

H.B. Kal, A.S.M. van Rijsoort, C. Verkoelen and J.Th. Bijraan

In previous investigations (Kal, 1974) results obtained with
continuous irradiation at low dose rates (protracted irradiation)
on rat rhabdomyosarcoma cells and rat skin were compared with re-
sults obtained after single dose irradiation; a therapeutic gain
of 1.2 was derived. For treatments of certain types of malignan-
cies in the clinical situation, external protracted irradiation
might also be beneficial (Pierquin et al., 1978). However, practi-
cal, psychological and economical consequences are limiting fac-
tors in the applicability of external protracted irradiation.

An alternative to treatment with protracted irradiation may be
one consisting of the administration of a number of fractions sep-
arated by relatively short time intervals (hyperfractionation) and
with the same overall time as for treatment with protracted irra-
diation.

Responses of rat rhabdomyosarcoma cells, R-l cells, to hyper-
fractionation and single dose irradiation are reported here. R-l
cells were exposed to Cs gamma-rays irt vitro and Ĵ n vivo.

The results from the jji vitro experiments are summarized in
Figure 1. Curve 1 represents the cell survival curve after high
dose rate irradiation with single doses. Curve 2 is a survival
curve drawn by eye through the data points obtained after hyper-
fractionation with dose fractions of 2 Gy at intervals of 1 to
3 h. Only one survival curve was drawn, because those correspon-
ding to treatments with a specific time interval were not signifi-
cantly different from each other.

No significant differences between the two curves can be ob-
served up to a dose of 6 Gy; at larger doses, hyperfractionation
is less effective than single dose irradiation. At the 10 sur-
vival level, a dose effectiveness ratio DER, i.e. the ratio of the
dose applied as a single acute dose and the dose applied in a cer-
tain regimen at a specific cell survival level, of 0.8 was de-
rived. Experiments performed earlier using continuous irradiation
at dose rates of 0.40 and 0.75 Gy/h yielded DER values of 0.5 and
0.8, respectively (Kal, 1974). If the hyperfractionation regimens
were considered as continuous irradiations with the same overall
time, the corresponding dose rates were 0.83 to 2.5 Gy/h; hence,
the observed DER value of 0.8 is a realistic number.

WAG/Rij rats with R-l tumours located in their flanks were ir-
radiated with whole body doses without anaesthesia (Figure 2). Af-
ter irradiation, tumours were excised, a cell suspension prepared
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time interval
D 1 hour
* 2 , ,
O 3 , ,

10 15

dose of Cs gamma rays ( Gy )

Figure 1

Radiation response of R-l tumour cells treated iin vitro.
Curve 1: survival curve obtained after single dose irradiation.
Curve 2: survival curve obtained after hyperfractionation with dose fractions

of 2 Gy and different time intervals.

and single cells were plated in Falcon flasks for colony forma-
tion. Hyperfractionation, i . e . , fractionation of the dose to dos-
ages of 1 Gy with a one hour interval and a daily maximum of 8 Gy,
as well as single dose irradiation was applied. The results indi-
cate no significant differences between the two regimens, i . e . ,
the treatment with several fractions of 1 Gy applied over a few
days was as effective as single dose treatment. However, in ear-
lier experiments where the effectiveness of doses administered at
dose rates of 0.75 to 1.50 Gy/h was compared with single doses ad-
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Figure 2

Radiation response of R-l tumour cells treated iii vivo.
Triangles represent surviving fractions after single dose irradiation.
Circles represent surviving fractions after hyperfractionation with dose frac-
tions of 1 Gy and time intervals of 1 h; the maximum daily dose was 8 Gy.

_2
ministered at a high dose rate, a DER of about 0.7 at the 10
level was derived (Kal, 1974). In the protracted irradiated tu-
mour, repair of sublethal damage during treatment was influenced
by reoxygenation and redistribution of cells over the cell cycle.
Repair of sublethal damage also plays a role in hyperfractionation
applied in a few days, but the reoxygenation and redistribution
processes might be more efficient here, yielding surviving frac-
tions close to those observed after acute irradiation. Additional
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experiments on the rhabdomyosarcoma and skin are in progress to
evaluate the effectiveness of hyperfractionation with larger dose
fractions and to derive therapeutic gain factors for the regimen
with hyperfractionation of the dose.

Kal, H.B., Ph.D. Thesis, University of Amsterdam (1974).
Pierquin, B., Mueller, W.K. and Baillet, F., Int. J. Rad. Oncol.

Biol. Phys. ± (1978) 565.
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COMBINED MODALITY TREATMENT IN FRACTIONATED SCHEDULES

ON THE RIF-1 TUMOUR

P. Lelieveld, M.A. Scoles*, J.M. Brown* and R.F. Kallman*

For combined modality treatment of malignant tumours, X-irra-
diation can be combined with chemotherapeutic agents. In a first
approach, such combinations were systematically tested using fixed
time intervals between single doses of X-rays and cytostatic
drugs. Those studies did not reveal a combination that always pro-
duced supra-additive results in tumour models (Lelieveld et al.,
1978) or one that always showed less effectiveness on normal tis-
sues (Phillips and Fu, 1976).

A second approach was to test a few of the most promising
drugs to determine whether any specific time interval between ra-
diotherapy and chemotherapy would consistently show supra-additive
results when tested on several tumours. Studies of Twentyman et
al. (1979a,b,c) failed to identify any specific favourable time
interval. Most of the experimental studies have been carried out

! by using single doses of both radiation and drugs. Such an experi-
! mental design, however, is likely to mask effects on repair and/or
] repopulation. For that reason, a series of experiments was started

to test several fractionation schedules of combined radiation and
drug treatment. In combination with X-irradiation the following
drugs were tested: actinomycin-D, adriamycin, l,3-bis(2-chloro-
ethyl)-l-nitrosourea (BCNU), bleomycin, Cis-diamminedichloro Plat-
inum II (Cis-Pt) and cyclophosphamide. The endpoint was tumour
growth delay, i.e., the number of days required for each tumour in
the treated group to grow to 4x its volume on the day of treat-
ment, diminished by the mean value for the untreated control
group. The expected value for the combination was calculated by
simple addition of the values for each modality alone, since both
showed a linear dose-effect relationship. The observed minus ex-
pected values for tumour growth delay after treatment with the
combination of X-irradiation and cyclophosphamide and X-irradia-
tioh and Cis-Pt are shown in Table 1. When combined with X-irradi-
ation, no significant supra-additive results were observed for
actinomycin-D, adriamycin, BCNU and bleomycin. Neither did these
drugs produce a significant tumour growth delay when used alone
at maximum tolerated doses. Similar results were obtained by
Twentyman et al. (1979c) using single doses. These results lead to

*Dept. of Radiology, Stanford University School of Medicine,
Stanford, California, U.S.A.
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TABLE 1

OBSERVED MINUS EXPECTED VALUES FOR GROWTH DELAY
OF THE RIF-1 TUMOUR AFTER TREATMENT WITH X-IRRADIATION AND DRUGS

IN DIFFERENT FRACTIONATION SCHEDULES

observed-expected tumour

growth delay (days) for

X-irradiation and drugs

schedule cyclophospharaide Cis-Pt

fractionated
single drug

fractionated
fractionated
fractionated
fractionated

fractionated

x-ray
—~
^drug
(drug
(X-ray
X-ray
drug

24 h . .
—»- single

fractionated

si x~ray)
T h x~ray)o n , .
^ h drug)

72 h f r a c t-/z n
—*• fract.

drug
X-ray

drug

X-ray

- 0.8
11.2

10.4*

3.7
- 0.9

7.2
2.5

5.3*
11.6
10.7*

15.8*
10.5*

- 2.-1
2.8

Each group consisted of 8-10 mice.

*p< 0.05

the suggestion that drugs which are not effective on the tumour
when used alone will not produce supra-additive results in combi-
nation with X-irradiation.

For cyclophosphamide, only the fractionated administration of
the drug" 2 hours before X-ray showed a significant supra-additive
effect. In the single dose studies of Twentyman et al. (1979c),
all of the combined modality groups produced, in the RIF-1 tumour,
longer tumour growth delays than expected, although only 4 sched-
ules (excluding drug 2 hours before X-ray) were significant.

Several combination schedules with Cis-Pt showed supra-addi-
tive effects. The best schedule was drug immediately before X-ray,
given daily for 5 consecutive days. In the single dose experiments
of Twentyman et al. (1979b), this schedule was the only one that
produced a just significant tumour growth delay. In a repeat expe-
riment, however, the same single dose combination failed to pro-
duce a significant growth delay, while the fractionation schedule
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confirmed the supra-additive results. For the combination of X-
irradiation and cyclophosphamide, the results indicate that frac-
tionation studies may be unnecessary for the discovery of poten-
tially useful combination schedules. For the combination of X-
irradiation and Cis-Pt, however, fractionation studies provide in-
formation that cannot be obtained from single dose studies.

Lelieveld, P. et al.. Int. J. Rad. Oncol. Biol. Phys. 4_ (1978) 37.

Phillips, T.L. and Fu, K.K., Cancer 37_ (1976) 1186.
Twentyman, P.R. et al., Int. J. Rad. Oncol. Biol. Phys. _5 (1979a)

1255.
Twentyman, P.R. et al., Int. J. Rad. Oncol. Biol. Phys. j> (1979b)

1365.
Twentyman, P.R. et al., Int. J. Rad. Oncol. Biol. Phys. 5 (1979c)

pp. 1425, 1499, 1549, 1601.
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INCIDENCE OF METASTATIC DISEASE AFTER LOCAL TUMOUR TREATMENT

WITH RADIOTHERAPY OR SURGERY IN VARIOUS TUMOUR MODELS

J. de Ruiter ar.J L.M. van Putten

There is some controversy concerning the role of radiation
treatment of mammary carcinoma in the expression of metastatic
disease. In previous Annual Reports (1977, p. 166; 1978, p. 211),
we reported that a larger number of mice died with evidence of
metastatic disease when a tumour transplanted in the foot pad was
treated with radiotherapy than was found following surgical treat-
ment. These results were obtained in an experimental metastases
model, the 2661 carcinoma.

In an attempt to determine whether the discrepancies in expe-
rimental results (Stjernsward, 1977) are due to differences in ex-
perimental procedures or endpoints used by various investigators,
we compared the effects of radiotherapy and surgery on other me-
tastasizing tumours employing similar procedures as were used for
th'- 2661 carcinoma. The well-known Lewis lung carcinoma was one of
the tumours used. In addition, the metastasizing capacity of an-
other mouse tumour, the C22LR osteosarcoma (van Putten, 1968), and
one rat tumour, the R-l (Barendsen, et al., 1977), was investi-
gated. These tumours had never given evidence of a metastasizing
capacity if irradiated as flank tumours. However, metastases de-
veloped if they were transplanted in the foot pad and removed at a
suitable time afterwards. For the animals dying of metastatic dis-
ease Table 1 shows the distribution of metastases in either lymph
nodes, lung or both observed grossly at necropsy for each of the
investigated tumours.

It is evident that differences in localization of metastases
occur for the various tumours. No macroscopic metastases were ob-
served in other organs.

The local treatment of the foot pad tumours by either amputa-
tion or X-ray irradiation included the left hind leg up to the
knee joint. For both treatments, mice were anaesthesized with pen-
tobarbital. Irradiations were carried out with 300 kV X-rays ap-
plied at a doserate of 3.5 Gy.min for the mouse irradiations
and 2.6 Gy.min for the rat irradiations. During irradiation of
the hind foot, the remainder of the body was protected by lead
shields.

The results in Table 2 show the fraction of animals dying with
evidence of metastatic disease after treatment of the foot tumours
by amputation or by irradiation. The time of death is expressed
for each group as the median survival time in days after the
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tumour

TABLE 1

DISTRIBUTION OF METASTASES IN ANIMALS AUTOPSIED

per cent of animals with metastases in:
number of

lymph nodes lymph nodes lung animals
+ lung only only autopsied

Lewis lung ca.
C22LR osteosarcoma
R-l rhabdomyosarcoma
2661 carcinoma

12
43
87
66

13
27

88
57

7

17
30
16
15

treatment along with the range of survival times. The animals
which were alive at 120 days after treatment were assumed to be
cured. In each group of mice transplanted with either the Lewis
lung carcinoma or the osteosarcoma, almost half of the mice died
with metastases and no significant difference in incidence was ob-
served after amputation or irradiation. Almost one-third of rats
transplanted with the R-l tumour died with metastases and also no
significant difference by log-rank test (Peto et al., 1977) in in-
cidence and time of death was observed after amputation or irra-
diation. For comparison the results with the mouse 2661 carcinoma
are presented.

It can be concluded from these results that the higher inci-
dence of metastatic disease after radiotherapy than after surgery
as observed with the 2661 carcinoma is not found for three other
tumours. Since the experimental set-up is as similar as possible
for the various tumours in our study, it seems likely that the
differences in the results are due to some unknown property of the
2661 carcinoma which is not present in the other tumours tested.
It is clear, however, that neither tumour growth rate nor immuno-
genicity is involved, since the 2661 carcinoma is not different in
growth rate from the other mouse tumours and the non-immunogeneic
osteosarcoma responds quite similarly to the immunogeneic Lewis
lung carcinoma but differs from the non-immunogeneic 2661 carci-
noma.
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TABLE 2

FRACTION* OF MICE OR RATS DYING WITH METASTASES
AFTER LOCAL TREATMENT OF TUMOURS TRANSPLANTED IN THE FOOT PAD

treatment
of tumour
bearing leg

amputation

70 Gy X-rays

90 Gy X-rays

RAT

R-l

rhabdomyosarcoma

11/31;
89 (21-105)

13/35;

75 (50-113)

MOUSE

Lewis C22LR for comparison

lung carcinoma osteosarcoma 2611 carcinoma

17/40;

46 (24-73)

22/40;
39 (27-87)

22/39; 23/79;
54 (20-111) 69 (23-111)

20/4 0; 59/74;
56 (35-94) 47 (26-102)

*animals with metastases/total number of animals observed; median survival time in
days after treatment (range)
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CRITICAL ANALYSIS OF EXPERIMENTAL MODELS
FOR THE ANTIMETASTATIC EFFECT OF ANTICOAGULANTS

B. Maat and P. Hilgard*

It is well established that anticoagulant drugs have an impor-
tant antimetastatic action in experimental tumour models. Many re-
ports show a clear-cut reduction in the number of secondary tumour
deposits in anticoagulated animals (Hilgard and Thornes, 1976).
Most evidence came from experiments which were performed by the
use of intravenous injection of tumour cells and monitoring the
amount of tumour present in the lungs. Reviewing the available
literature, it appears that lung colonies are reduced by a variety
of different anticoagulant drugs such as heparin, ancrod, coumarin
derivatives and many others. One might question whether this kind
of growth in the lungs should be regarded as a true representation
of spontaneous metastasis. Actually, the intravenous injection of
tumour cells into the tail vein of an experimental animal does not
differ substantially from an intrapulmonary transplantation and
has little in common with the pathophysiological phenomenon of
blood-borne metastases derived from a solid primary tumour. A more
realistic approach to screening for the antimetastatic effect of
anticoagulant drugs seems to be provided by studying the "sponta-
neous" occurrence of lung metastases from transplanted solid tu-
mours.

The current literature on this topic shows that only coumarins
consistently produce a reduction in this type of metastasis; all
other anticoagulant techniques give variable results. In an at-
tempt to clarify this rather confusing situation, experiments were
performed with both coumarin and non-coumarin anticoagulants to
investigate whether drugs, which have a colony reducing effect in
i.v. tumour systems are capable of similarly reducing spontaneous
metastases.

Two tumour models were used throughout the study: the Lewis
lung carcinoma and the B16 melanoma. For studies using intrave-
nously introduced tumour cells, suspensions were prepared accor-
ding to the method described earlier (Maat, 1978) and injected in-
to 12-week-old male C57BL/Rij mice weighing 22-25 grams at a dose
of 10 viable cells per animal.

To produce subcutaneously growing tumours, concentrated cell
suspensions containing one million viable cells were injected into
the foot pads of 12-week-old male C57BL/Rij mice.

*Dept. of Haematology, Royal Post-graduate Medical School, London,
Great Britain.
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Ancrod (Arvirro Knoll, A.G.) was administered subcutaneously
in a dose of 200 U.kg body weight every 24 hours during the
course of the experiment. This resulted in a stable state of anti-
coagulation, the degree of which was monitored by determining fi-
brinogen levels and whole blood clotting times.

Heparin was administered subcutaneously in a dose of 1000 USP-
units per kg body weight every 12 hours. The dose was corrected
daily according to the clotting time records, which were attempted
to be held at above two times normal.

Phenprocoumon (Marcoumar , Hoffman-La Roche, Basle) was admin-
istered intraperitoneally in an initial dose of 2.5 ml.kg body
weight; a steady state of anticoagulation was then achieved by ad-
ding the drug to the drinking water in concentrations ranging
from 2-5 mg.l . The degree of anticoagulation was adjusted daily
according to the Thrombotest method (Nyegaard, Oslo), as described
earlier (Hilgard and Maat, 1979) (aimed at a therapeutic range
which was considered to be a Thrombotest clotting time of 250-400
sec).

The total number of macroscopically visible nodules on the
surface of all lung lobes were recorded and their sizes were de-
termined by callipers.

In experiments using intravenously introduced tumour cells,
ancrod was given as a pre-treatment on days -1 and 0. Tumour cells
were injected on day 0 at 4 hours .£ter the ancrod administration.
The animals were killed on day 22.

In experiments with subcutaneously transplanted tumours, an-
crod or heparin was given as a continuous treatment starting on
day 0. Experiments were terminated on day 22-24 (Lewis lung) or
day 28-30 (B16 melanoma). In the experiments with heparin, the tu-
mour bearing leg was amputated on day 12. The heparin administra-
tion was discontinued on the same day. In the ancrod treated ani-
mals, the drug was given daily up to the end of the experiment.
Results are presented in Table 1.

After i.v. injection of tumour cells, a significant decrease
in the number of lung colonies was found in animals pre-treated
with ancrod as compared to control animals.

In neither of the two investigated "spontaneous" metastasis
systems did continuous treatment with ancrod cause a reduction in
the number of lung metastases as compared to controls. The mean
blood coagulation times of 11 Ancrod treated animals were 10.4 min
{+ 2.0 s.d.m.).

Continued heparin treatment similarly failed to diminish the
numbers of metastases in animals bearing subcutaneously trans-
planted tumours. The number of metastases was the same in treated
and control groups of both tumour systems.

The size of the respective lung colonies or metastases did not
differ significantly in the various experimental groups as com-
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TABLE 1

EFFECT OF DIFFERENT ANTICOAGULANTS
ON LUNG TUMOUR COLONIES OR METASTASES

tumour

Lewis lung
(i.v.)

B16 <i.v.)

Lewis lung
(s.c.)

B16 (s.c.)

Lewis lung
(s.c.)

B16 (s.c.)

Lewis lung
(s.c.)

B16 (s.c.)

treatment

contr.
ancrod

contr.
ancrod

contr.
ancrod

contr.
ancrod

contr.
heparin

contr.
heparin

contr.
phenprocoumon
contr.
phenprocoumon

number
of

animals

11
19

14
16

14
15

15
14

15
18

15
13

30
30
15
17

number of
lung

colonies/
metastases

41.7
9.4

23.6
5.6

7.1
6.6

4.1
4.4

22.7
20.8

12.2
10.9

7.3
1.1
6.9
1.2

+ 1+1

1 +
 1 

+
1+

1 +
1 +

 1 +
1+

1 +
1 +

 1 +

?

1.5
1.1

1.8
0.9

1.2
0.1

0.8
1.1

7.7
5.5

1.3
1.4

0.5
0.2
0.6
0.3

significance
(Students
T test)

P

P

P.

P

< 0.

< 0.

N.S.

N.S.

N.S.

N.S.

.< 0.

< o.

.05

,05

.005

005

i.v. = intravenously introduced tumour cells;
s.c. = subcutaneously transplanted tumour

I

pared to controls. The amputated tumour bearing legs also did not
differ significantly in weight.

In contrast, the number of spontaneous metastases in phenpro-
coumon treated animals was significantly reduced in both tumour
systems as compared to untreated control animals.

This study shows that the capacity of circulating cells to
form metastases is not influenced by drugs which have strong anti-
coagulant properties, except for the coumarin derivatives. It also
implies that tne results from studies where intravenously intro-
duced tumour cells are used cannot be extrapolated to those with
spontaneously metastasizing solid tumours.
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It is clear that the coumarin derivatives occupy an exception-
al position. In i.v. studies, they act independently of their ef-
fect on the clotting mechanism (Hllgard and Maat, 1979) and in

: spontaneous systems, they are the only active ones among diverse
anticoagulant drugs.

Considering these facts, the question arises as to whether the
antimetastatic effect of coumarin derivatives is actually mediated
by their anticoagulative properties. It seems more likely that

I other mechanisms are responsible. Among them are the production of
) vitamin K dependent surface active proteins and the non-specific
r stimulation of macrophages (Maat, 1980; Melchner and Hilgard, sub-
f mitted for publication). Both possibilities are presently being
; studied.

Hilgard, P. and Thorries, R.D., Eur. J. Cancer 1J2 (1976) 755.

Hilgard, P. and Maat, B., Eur. J. Cancer Jj> (1979) 183.

Maat, B., Br. J. Cancer 22 (1978) 369.
Maat, B-, Br. J. Cancer 4J. (1980) 313.
Melchner, H.von and Hilgard, P. (1980), submitted for publication.



CARCINOMA 2661, A MODEL FOR STUDYING FAILURES
IN ADJUVANT CHEMOTHERAPY

A.F.C. Gerritsen and L.M. van Putten

'• In many animal models drugs have been shown to be quite effec-
) tive against small amounts of residual disease (metastases) if
s they were active against primary tumours (Schabel, 1977; Corbett,
f 1978). In addition, Mulder et al. (see p. 207 ) have demonstrated
< that in Lewis lung tumour activity against residual disease is
' also high for certain drugs that are inactive against an advanced

primary tumour. This report describes a tumour in which the re-
verse situation was noted: therapy that was effective in inducing
growth delay in large flank tumours failed to be effective against
metastatic disease.

The chemotherapeutic effect was measured in subcutaneous flank
tumours and in foot pad tumours since the latter is used for ob-
taining metastases (flank tumours do not give rise to metastases).

Metastases are found in lungs and lymph nodes after amputation
of the tumour-bearing hindleg. These will be referred to as "resi-
dual disease". The residual disease was treated with the same drug
and drug dose as the primary tumours. Cyclophosphamide (Cyclo) at
a single (maximal tolerated) dose of 200 mg/kg was injected i.p.
Therapy was given for primary tumour volumes ranging from < 1 mm
to >250 mm . The results are presented in Table 1. When small,
small, ( <1 mm ) the flank tumour can be cured; the foot pad tu-
mour, however, at the same stage cannot be cured. The growth delay
in the foot pad tumour decreases with increasing tumour volume. In
contrast, the growth delay in flank tumours does not differ sig-
nificantly for small and large tumour volumes.

From these data it may be concluded that localization does
represent an important variable in the efficacy of chemotherapy
and furthermore that in the flank location growth delays of more
than 20 days are associated with the possibility of cure in tu-
mours too small to be measured.

In "residual disease" chemotherapy may result in a modest
, (statistically not significant) increase in lifespan, but this is

{•' not accompanied by an increase in the fraction of surviving mice

|, (Table 2). The evaluation of both aspects simultaneously by the
f- life table method confirms that the treatment is not effective.
p; The same is true for the combination treatment with CMF of which
\'- it was reported earlier (v.d. Velde, 1977) that methotrexate and

5-Fluorouaci.l show significant activity when given alone to mice
carrying flank tumours. This observation is in contrast to many



TABLE 1

CARCINOMA 2661. PRIMARY TUMOURS. EFFICACY OF CHEMOTHERAPY*

tumour volume
at time

of treatment

control

< 1 mm3

50-200 mm3

> 250 mm3

160 mm3

380 mm3

700 mm3

flank tumour

growth delay**

-

24 + 6

27 + 9

23 + 4

29

26 + 4

(11)

( 6)

(12)

( 1)

(13)

local cure
rate

0/14

11/23

2/12

0/13

11/14

2/15

footpad

growth delay

-

16 + 2

5 + 1

4 + 1

5 + 2

( 9)

(10)

( 9)

tumour
local cu

rate

0/15

0/10

0/10

0/10

0/10

* Chemotherapy: A. Cyclo: single dose cyclophosphamide 200 mg/kg
B. CMF : 4 weekly dose: cyclophosphamide 75 mg/kg

Methotrexate 5 mg/kg
5-Fluorouracil 75 mg/kg

**Growth delay: mean in days +_ standard error (number of observations)



TABLE 2

CARCINOMA 2661. RESIDUAL DISEASE. EFFICACY OF CHEMOTHERAPY

treatment*

Cy 200
Cy 200
Cy 200
CMF (6 x 75)
CMF (4 x 75)
CMF (2 x 75)
pooled data

* Cy 200
CMF 6 x 75

surgery only surgery

cure rate** cure rate

10/15
3/15
1/15
3/15
3/15
3/15

9/15
4/15
2/15
1/15
1/15
1/15

23/90 18/90

: cyclophosphamide
: cyclophosphamide
during six weeks
Methotrexate
during six weeks
5-Fluorouracil

200
75

5

75

mg/kg
mg/kg

mg/kg

mg/kg

+ chemotherapy
increase
in mean

log-ran
test***

survival time p-value

11
27
10
17
8
6

13

i
i

s

-r-t

+ 7 ( 6 )
+ 6 (11)
+ 8 (13)
+ 5 (14)
+ 5 (14)
+ 4 (14)
+ 4 (72)

.p. single

.p. weekly

.c. weekly

•p. weekly

0.
0,
0.
0.
0.
0.
0.

dose
dose,

dose.

dose.

,86
.07
,21
,5
,9
.6
,9

** The number of
during six weeks
primary tumours that start seeding metastases,

increases when surgery is delayed. Also the mean number of me-
tastatic tumour cells per individual will rise by this delay
(v.d. Velde, 1977). So the cure rates, by surgery alone, as
given above, roughly indicate a relative metastatic tumour load
in the animals that had already metastases at time of surgery.

***The log-rank test evaluates both the increase of lifespan and
the cure rate (the surgery only group acts as a control).

observations made in other tumour systems (Schabel, 1977; Corbett,
1978; Mulder, this report) and it is not obvious that it has va-
lidity for comparison to the situation in man. Even though this
type of response is such as an exception among the many tumour
models, it appears that elucidation of the mechanisms involved may
be helpful in verifying if similar factors are also operating in
limiting the usefulness of adjuvant chemotherapy in man. For that
reason further studies on this system will be performed.

Corbett, T.H. et al.. Cancer Treatm. Rep. 62^ (1978) 1471.
Schabel, F.M., Cancer 40̂  (1977) 558.
Velde, C.J.H. v.d., Thesis, Leiden (1977).
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TUMOUR LOAD DEPENDENT EFFECTIVENESS OF CYCLOPHOSPHAMIDE
IN LEWIS LUNG CARCINOMA

J.H. Mulder, C. Bignell and L.M. van Putten

The concept of adjuvant chemotherapy is attractive: when the
residual tumour load is minimal, a given treatment will be more
effective than in the advanced stage of the disease. In the design
of a treatment protocol, the chemotherapist must take at least two
basic problems into account: 1) which drugs should be applied in
the adjuvant format? and 2) which group of patients should be
selected for the adjuvant treatment?

The choice of drugs in the adjuvant format generally depends
on results obtained in advanced disease. As 5-Fluorouacil is the
most effective drug in advanced colorectal tumours, the same agent
is applied in almost all adjuvant protocols for this type of dis-
ease. Although this policy of extrapolation of results obtained in
the late stage of the disease to the early stages seems very sen-
sible, it was decided to investigate whether this policy was in-
deed valio, For this purpose, the effect of cyclophosphamide (Cy)
was evaluated in the metastasizing Lewis lung tumour model. A com-
parison was made between the volume response of the "primary" tu-
mour and the response in small lung metastasis determined by the
increase in lifespan of the animals.

The results of pre-operative Cy treatment are given in Table
1. The effect of Cy treatment on the volume of the foot pad tumour
was negligible. Seven days after drug administration, control and
Cy treated mice were amputated and their survival time was deter-
mined. Although Cy resulted in no tumour volume reduction in the
"primary" tumour, its effect on the micrometastases in the lungs
was clearly measurable. The percentage of animals without evidence
of disease on day 120 increased from 41 to 79% as a result of Cy
treatment.

From "primary" tumour characteristics such as tumour volume
(T-classification), the risk of dying from metastatic disease can
be calculated. As a rule, the more advanced locally (T3), the
larger the residual metastatic tumour load. In experiments de-
scribed in this report, Cy adjuvant chemotherapy was applied in
carefully staged groups of Lewis lung diseased mice with low, me-
dium and high risks of lung metastasis. The aim was to establish a
correlation between "primary" tumour volume at the time of surgi-
cal intervention (T-classification) and the increase in lifespan
after adjuvant therapy.
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TABLE 1

PRE-OPERATIVE CYCLOPHOSPHAMIDE TREATMENT: THE DISCREPANCY BETWEEN
"PRIMARY" TUMOUR RESPONSE AND THE EFFECT ON LUNG METASTASES

"primary
tumour response"

growth delay (days)
mean + S.E.

non-Cy-treated,

amputated
(n = 27)

Cy-treated,
amputated
(n = 28)

0 + 0.6

inicrometastases
response

MdST (rang^) cure rate

33 (24 - 61)

41 (18 - 63)

41%

79%

Lewis lung tumour cells (10 .0.01 ml )
foot pad of C5"7BL/Ka mice on day 0. Cy

were implanted into the
(100 mg.kg i.p.J was

given on day 29; tumour volume at that time was approximately 120
mm . After the volume of the "primary" tumour was determined to
establish the growh delay, the tumour bearing leg was amputated on
day 36. Death was caused by the outgrowth of lung metastases. Mice
with no evidence of disease on day 120 were assumed to be cured.
The median survival time (MdST) of the non-survivors was calcula-
ted from the day of amputation.

In Figure 1, survival curves for mice amputated after staging
according "to the volume of their foot pad tumour are presented.
All amputated control animals with originally large tumours (T3)
died of lung metastases, in contrast to 50% of control mice with
small "primary" tumours (Tl). Adjuvant chemotherapy with Cy in T3-
staged mice resulted in death delay (delay curve). However, an in-
crease in cure rate was observed in T2 and Tl staged animals (cure
curves). When the data of all stages are grouped together, a com-
bined delay and cure curve can be constructed. What is clear from
the various survival curves is a tumour stage dependent effective-
ness of the adjuvant chemotherapy. If the aim of adjuvant therapy
is to increase the cure rate, then low stage tumours (T1-T2)
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100

50

T 1 = 16 mm0

: p = 0.196

T 3 - 176 mm3

p = 0.022

f.

« 100

50

T 2 = 87 mm3 S

p = 0.001

T 1 + T 2 + T 3

p = 0.028

20 40 60 80 100 120 20 40 60 80 100 120

time post implantation ( days )

Figure 1

Tumour stage dependent effectiveness of cyclophorphamide adjuvant chemotherapy.
Lewis lung tumour cells (10 .0.01 ml ) were implanted into the foot pad of
C57BL/Ka mice on day 0. On day 29, immediately before amputation, mice were
separated on the basis of their tumour volume into 3 groups of at least 8 ani-
mals each. The mean tumour volume per tumour stage group is presented. Three
days after amputation, Cy (100 mg.kg i.p.) was administered. Mice wifh no
evidence of disease on day 120 were assumed to be cured. The Chi square test
was used to compare the survival curves of treated (solid lines) to that of
control mice (dashed lines).

should preferably be submitted to adjuvant chemotherapy post-oper-
atively. In more advanced stages (T3), only a delay in time of tu-
mour related death can be anticipated. The appreciation of death
delay versus curability depends on a cost-benefit analysis which
is beyond the scope of this report.

In the third type of experiment, mice were submitted to adju-
vant therapy either immediately after amputation of the tumour
bearing leg or at a later time in the post-operative course of the
disease. This so-called early versus late treatment of micrometas-
tasis presumably corresponds to a small and a large tumour load of
residual lung disease at the time of drug administration. Data for
groups of mioe amputated on day 29 and treated with Cy 2, 7, 12 or
17 days later (early versus late adjuvant chemotherapy) are pre-
sented in Figure 2. An increase in the time interval between pri-
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Figure 2

Adjuvant chemotherapy applied at various time intervals after amputation: the
residual tumour load dependent effectiveness of cyclophosphamide treatment.
Lewis lung tumour cells (10 .0.01 ml ) were implanted into the foot pad of
C57BL/Ka mice on day 0. After amputation on day 29, each group of a minimum of
20 mice was treated with Cy (100 mg.kg i.p.) at the time interval indicated
in the figure. The animals died of lung metastasis.

mary operation and adjuvant chemotherapy resulted in a dramatic
decline in efficacy of Cy treatment. Presumably, the efficacy of
chemotherapy depends on the residual tumour load in the lungs at
the time of Cy administration.

Negative results of cytostatic treatment derived from volume
measurements in advanced disease do not necessarily indicate ^ e f -
fectiveness of treatment in early, microscopic disease. If the aim
of a study of adjuvant therapy is to achieve an increase in cure
rate, it may be preferable to treat individuals with a low risk of
tumour relapse. Although a non-tumour bearing subpopulation in the
low risk group will be overtreated in this way, the chance of
being cured as a result of the chemotherapy in the low staged tu-
mour group is considerably greater than in a high staged or high
risk population. Adjuvant chemotherapy should start as soon as
possible after local treatment of a metastasizing tumour.

206



ANTAGONISM AND SCHEDULE DEPENDENT TOXICITY
OP 5-FLUOROURACIL AND METHOTREXATE

J.H. Mulder, T. Smink, C. Bignell and L.M. van Putten

Based on experimental data, the application of 5-Fluorouracil
(5-FU) and Methotrexate (MTX) in combination could result in an
additive, a synergistic or even an antagonistic effect (Bertino,
1979; Bowen et al., 1978). Since both drugs are frequently used
simultaneously in the clinical treatment of metastatic disease, it
was decided to reinvestigate, firstly, whether the observed anti-
tumour effect of simultaneously administered 5-FU + MTX treatment
was as effective as the expected additive effect calculated from
the effects of the two agents separately (the question of additiv-
ity). Secondly, the experiments were designed to find out whether
an increase in the antitumour effect and a decrease in drug in-
duced toxicity could be obtained by drug scheduling.

The investigations were carried out with 3 tumour lines: the
L1210 leukaemia, the Lewis lung carcinoma and the C22LR osteosar-
coma. The reason for using this panel of tumour lines is that con-
clusions based on results obtained in a variety of tumours may be
more relevant clinically than those derived from results from one
single tumour system, e.g., L1210. In general, antitumour effects
should be compared with the effects of treatments on critical nor-
mal tissues. For this purpose, concurrently with the tumour inves-
tigations, bone marrow stem cell assays as well as whole animal
toxicity studies were performed. This strategy of experimental re-
search has been developed and applied to a variety of two-drug
combinations, results of which have been published previously
(Mulder et al., 1979; Mulder and Van Putten, 1979 a;b).

Table 1 presents the per cent increase in lifespan of L1210
bearing mice (%ILS) treated with either 5-FU and MTX as single
drug therapy or with a combination of 5-FU and MTX. The observed
effects of the combination were always significantly lower than
the calculated effects. The antitumour effect was independent of
the sequence in which the two drugs were given. Some animals lost
weight following the treatment and this phenomenon was highly
schedule dependent: MTX —•* 5-FU administration resulted in a
mean weight loss of 28% in control mice. To substantiate the im-
pression that this drug induced toxic effect was a likely result
of gastrointestinal mucosal damage and not a consequence of bone
marrow failure, haemopoietic stem cell assays were performed. From
the data in Table 1, it can be concluded that the effects of
combination therapy were additive and, secondly, no signifi-
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TABLE 1

5-FU/MTX COMBINATION CHEMOTHERAPY ON L1210 LEUKAEMIC MICE
AND NORMAL HAEMOPOIETIC BONE MARROW STEM CELLS

drugs and
treatment schedules

dosages (mg.kg )

5-FU

MTX

5-FU ?i-h MTX
5-FU + MTX

MTX 2 U 1 5-FU

calculated effect of
5-FU + MTX

5-FU (i.p.)

MTX (s.C.)

L1210 leukaemia
percentage increase
in lifespan (%ILS)

exp. I

100

40

32

14

22

21

36

exp. I

100

40

40

52

36

64

67

haemopoietic stem cells
(per cent surviving cells)
resting proliferating
cells cells

46 92

50

3x10

56

87

33

47

44

48

25

3x10

54

57

28

29

26

31

On days 3 and 4 after the i.p. inoculation Of 10 L1210 cells, groups of 10 CD2 mice were
treated. Antagonism in L1210 leukaemia is suggestive when the %ILS corresponding to the
effect observed after combined treatment is smaller than the algebraic sum of the values
for %ILS determined for the two agents separately. An additive effect on bone marrow
cells is evident when the observed percentage is equal to the expected percentage of sur-
viving cells calculated by multiplying the values of percentage surviving cells deter-
mined for the two drugs separately (based on dose-response curves for the individual
drugs).



cant indication of an increased haeraopoietic cytotoxicity after
MTX — • 5-FU was observed.

The results of drug scheduling with 5-FU and MTX in solid tu-
mours are shown in Table 2. The Lewis lung carcinoma was resistant
to MTX treatment; therefore/ conclusions on drug interaction could
not be drawn. The side effects of the treatment were considerable.
The sequence MTX —•- 5-FU was highly toxic to the animals in
marked contrast to the other two schedules investigated (5-FU +
MTX and 5-FU —*• MTX). The osteosarcoma was sensitive to MTX
treatment. The result of 5-FU in combination with MTX was not sig-
nificantly different from the calculated effect of each drug indi-
vidually.

From our data, we conclude that 5-FU and MTX combination che-
motherapy can result in an additive and sometimes in an antagonis-
tic antitumour effect. Concomitantly, we found a significant in-

TABLE 2

THE EFFECT OF SEQUENTIAL TREATMENT WITH 5-FU AND
MTX COMBINATION CHEMOTHERAPY IN SOLID TUMOUR BEARING ANIMALS

dosages and
treatment
schedules

9 4 h

5-FU *-Ur
5-FU + MTX

MTX

MTX 2U1 5-FU

mean growth delay (days)

Lewis lung
carcinoma

0.9

1.8

*

C22LR osteo-
sarcoma

4.7

4.2

5.7

per cent early
toxic deaths

in Lewis lung
diseased mice

1.5

7.7

50.7

calculated effect
of 5-FU + MTX 0.3 5.8

Groups of at least 5 mice were inoculated with tumour cells and
were treated on two subsequent days during the early stage of tu-
mour growth. A dose of 100 mg.kg 5-FU was given i.p. in combina-
tion with a doseof MTX which, in the Lewis lung experiment, was 4
times 2.5 mg.kg s.c. every 3 h and, in the osteosarcoma experi-
ment, 3 times 7.5 mg.kg" s.c. every 3 h. The asterisk indicates
that 3 out of 5 mice died of drug toxicity. The differences be-
tween the observed and the calculated effects of 5-FU + MTX treat-
ment are not statistically significant. The data of early toxic
deaths were collected from a total of 13 Lewis lung experiments.
The total number of mice at risk per treatment group was 65.
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crease in toxicity after MTX —*• 5-FU administration. Other in-
vestigators have also demonstrated ths effect of drug scheduling
and the pattern described in the literature and presented in our
study are in agreement: the sequence in which MTX preceeds 5-FU
administration is the most cytotoxic schedule. The point to be
stressed here, however, is that the most cytotoxic treatment
schedule should result in a differential cytotoxic effect on tu-
mours and on normal tissues. This, unfortunately, seems not to be
the case.

J Bertino, J.R., Cancer Res. 2?_ (1979) 293.
I Bo wen, D., White, J.C. and Goldman, I.D., Cancer Res. 3Q_ (1978)

jj 219.
Mulder, J.H. and Putten, L.M. van, Cancer Chemother. Pharmacol. 3

(1979a) 111.
Mulder, J.H. and Putten, L.M. van, Eur. J. Cancer JL5 (1979b),

1503.
Mulder, J.H., Lelieveld, P. and Putten, L.M. van, Eur. J> Cancer

15 (1979) 499.
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CYTOSTATIC EFFECTIVENESS OF TWO ALKYLATING STEROIDS
AND THEIR COMPONENTS

L.M. van Putten, P. Lelieveld, T. Smink, J. de Ruiter

and E.A. Sluijter

At an earlier occasion (Evenaar et al., 1973) studies have
been performed on the relative effectiveness of Prednimustine (Leo
1031) in killing normal bone marrow stem cells and L1210 leukae-
mia cells. This study has now been expanded to include another
alkylating prednisolone ester as well as the constituting alkyla-
ting moieties of these esters and their mixtures with predniso-
lone. The study was aimed at elucidating whether all alkylating
drugs gain in the relative tumour cell killing effectiveness when
linked chemically to a corticosteroid. The following drugs were
tested:
Chlorambucil;

Chlorambucil + prednisolone in equimolar mixture;
the ester of chlorambucil and prednisolone: Leo 1031 or Prednimus-
tine;
Bischloroethylaminomethylbenzoate (Leo 1196);
Leo 1196 and prednisolone in equimolar mixtures;
the ester of Leo 1196 and prednisolone: Leo 1131.

All drugs were administered i.p. Survival of resting and rapidly
proliferating haemopoietic stem cells by the spleen colony tech-
nique was carried out as described earlier (van Putten et al.,
1972). L1210 cell survival was estimated as follows: mice were in-
oculated i.v. with 10 L1210 cells; six days later mice were
treated with the drugs and the number of surviving L1210 cells per
femur was assayed ^n vitro 16 h after treatment as described in
Annual Report 1973, p. 36. The resulting cell survival curves for
the alkylating agents and the esters are presented in Figure 1.
The slopes of the cell survival curves have been calculated on a
molar basis and the results are presented in Table 1. It is evi-
dent that only prednimustine is more effective against L1210 than
against rapidly proliferating stem cells; both esters are rela-
tively ineffective in killing resting stem cells. The effect on
L1210 is markedly less than was observed by Evenaar et al. (1973)
as studied by determining increase of lifespan of prednimustine
treated mice carrying L1210 leukaemia. Since prednimustine is in-
soluble in water and crystalline deposits were noted in the peri-
toneal cavity of mice as late as ten days after i.p. injection of
prednimustine or Leo 1131, it is possible that a slow release of
drug from an i.p. deposit might influence the increase of lifespan
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Figure 1

Survival curves of resting and rapidly proliferating bone marrow stem cells
(CFU) and of L1210 leukaemia cells after exposure to cytostatic agents in_ vivo.
Alkylating agents (left) are compared with their prednisolone esters (right).
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TABLE 1

Do (RECIPROKE OP SLOPE FOR CELL SURVIVAL), EXPRESSED IN mMol/kg
FOR DIFFERENT CYTOSTATIC AGENTS ON THREE CELL POPULATIONS

EXPOSED IN VIVO

Chlorambucil
Chlorambucil
+ Prednisolone

Prednimustine

Leo 1196
Leo 1196
+ Prednisolone

Leo 1131

resting normal
haemopoietic
stem cells

0.06
0.02

0.80

0.04
0.05

1.15

Prednisolone is not effective in

proliferating
normal haemo-
poietic stem

cells

0.03
0.01

0.19

0.03
0.06

0.19

decreasing survival
L1210 cells or stem cells in the dosages used in these

L1210 cells
in femur

bone marrow

0.03
0.02 {

0.11 '-.

0.04
0.03

0.37

of either
studies.

by a delayed action which would not be observed in the presently
used tissue culture assay for which the surviving L1210 cells are
taken 'out of the mice at 16 hrs after drug injection. This will be
investigated in more detail. Apart from this, the tentative con-
clusion may be drawn that corticosteroid esters of alkylating
agents as exemplified by Leo 1131 are not necessarily more effec-
tive in killing of L1210 cells than of rapidly proliferating nor-
mal haemopoietic stem cells.

Evenaar, A.H. et al., Europ. J. Cancer 9_ (1973) 773.
Putten, L.M. van et al., Cancer Chemother. Rep. _56 (1972) 691.
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NEPHROTOXICITY OF SOME RECENTLY DEVELOPED PLATINUM DERIVATIVES

P. Lelieveld, G. Atassi*, W. Akkerman and L.M. van Putten

Nephrotoxicity in man is a serious side effect of treatment
v with platinum complexes. Efforts to develop an experimental model
i in mice to predict clinical nephrotoxicity were in our hands not
| successful due to wide variations in blood urea nitrogen (BUN)
I values in untreated animals. Recently, an experimental model in
j rats was developed (Atassi, to be published) which seems to be
; predictive for the clinical situation. Briefly, rats were injected

intraperitoneally with LD and LD doses of certain drugs. Con-
trol animals were injected with saline. Rats from each group were
sacrificed on days 2, 4, 6 and 8. Blood was taken from the abdomi-
nal aorta and serum was prepared for determination of BUN. Kidneys
of animals sacrificed on day 6 were fixed for histological exami-
nation. The results showed a good correlation between high BUN
values and renal lesions. Peak BUN values were observed 4 days af-
ter treatment.

Cis-diamminedichloro Platinum II (Cis-Pt) is an effective an-
tineoplastic drug which has found wide clinical application. Renal
toxicity is one of the most serious side effects, though no longer
dose-limiting, since this can be avoided by hydration and mannitol
diuresis. Yet, this cumbersome prophylactic treatment would no
longer be necessary if non-nephrotoxic derivatives of Cis-Pt were
available. In a program of the EORTC Screening and Pharmacology
Group the following derivatives were studied:

Genera-1 structure

NSC 311054**
NSC 311055**
NSC 311056**
NSC 311058**

Rl
Rl
Rl
Rl

R3

R4

= R2
= R2
+ R2
= R2

CH2

^CH2

= Cl
= Cl
= SO4
= Cl

- NH2

I
- NH2 "

R5
^ 1
" 1

R6

R3
R3
R3
R3

Rl

R2

= CH3
= R4 =
+ R4 =
+ R4 =

R4 = C2H5
C2H5
C5H10
C4H8

* Director Laboratory for Experimental Chemotherapy and Screening,
Institut Jules Bordet, Brussels, Belgium

**Prepared by Dr. E.J. Bulten, Institute for Organic Chemistry
TNO, Utrecht
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TABLE 1

BUN AND CREATININE VALUES IN SERUM OF RATS 4 DAYS AFTER I.P.
WITH PLATINUM DERIVATIVES

TREATMENT

treatment

experiment 1
no treatment
Cis-Pt

NSC 311054
NSC 311055

NSC 311056

NSC 311058

experiment 2
no treatment
Cis-Pt

Pt(DMDAP)C12

Pt(DMDAP)
malonate
Pt(DMDAP)C14

LD50/30 inL'l,mice (mg.kg~x)

<25

< 50

13

< 50

6

28

9

dose,
(mg.kg" )

10
6.

11.
40
26.
40
26.
26.
17.8

10
6.7
4.5
7.5
5
33
22
10
6.7
4.5

number of
serum

samples

10
3
4
3
2
2
1
3
1
2

8
4
4
4
4
4
4
4
4
4
4

BUN
(mmol.l + 3.D.)

8.6
71.8
55.2
14.5
8.1
7.3
7.0
7.2
6.9
23.6

10.0
58.9
37
20
23

5 +
3 +
7 +

12.3 +
12.2 +
11.1 +

0.4
22.6
29.4
7.3
0.2

0.6

0.3

22.8

0.9
44.1
20.0
7.0

11.6
2.3
5.0
1.5

49.2 + 21.3

creatinine
(pmol.l +_ S.D.)

15.4 +
13.3 +

3.3
3.1

58.5 +
281.7 +
281.3 +

65.7 +
37.5 +
45.0 +
45.0
50.3 +
42.0
56.0 +

44.6 +
297.8 +
218.8 +
105.5 +
128.5 +

79.8 +
71.8 +
36.8 +

257.3 +
114.8 +

88.0 +

2 . 0
96.0

176.1
6.0
9 . 2
1.4

7 . 8

19.8

3 .0
237.2
117.7

39.5
91.8
21.6
40.3

3.6
104.4

13.6
29.5



Pt (DMDAP)C12* Rl = R2 = Cl R3 = R4 = CH3
Pt (DMDAP) Rl + R2 = OOC - CH2 - COO R3 = R4 = CH3

malonate*
Pt (DMDAP)C14* Rl = R2 = R5 = R6 = Cl R3 = R4 = CH3

Four days after treatment of rats with single doses of these deri-
vatives serum BUN and creatinine values were determined. The re-
sults are presented in Table 1. The LD in mice is also listed as
an indication of the probable range of the LD in rats, which is
usually about two-fold lower. Cis-Pt showed a 4 to 8-fold increase
in BUN and creatinine values, indicating the drug's renal toxici-
ty. All of the derivatives tested showed lower values. Only the
highest dose of Pt(DMDAP)C14 resulted in values comparable to
those after Cis-Pt. NSC 311055 and NSC 311056 produced no increase
in BUN and creatinine values, even at supralethal dose levels. NSC
311055 is insoluble and was administered as a suspension in 2%
carboxymethylcellulose. NSC 311056 is soluble in 5% glucose and is
stable in solution (Bulten, personal communication). Preliminary
experiments showed the antitumour activity of this agent in mice
to be comparable to that of its insoluble chloride analogue, NSC
269608, which has a high and wide spectrum antitumour activity.
Its water solubility, its antitumour activity and the absence of
nephrotoxicity make NSC 311056 a potential alternative for Cis-Pt.

* Prepared by Dr. Ir. C.G. van Kralingen, Dept. of General Chemis-
try, Delft University of Technology, Delft.
DMDAP = 2,2-dimethyl-l,3-diamino propane
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ESTIMATION OF TRANSFER RATE CONSTANTS IN A COMPARTMENTAL MODEL
FOR ADRIAMYCIN PHARMACOKINETICS

F.W. Schultz, P. Sonneveld and J.A. Mulder

For the treatment of cancer, adriamycin (ADR) is an important
drug, although it exhibits serious side effects, e.g., to the
heart. Before the administration efficiency can be augmented, and
a better balance between curative power and toxicity can be
achieved, more accurate knowledge about the pharmacokinetics of
ADR is required. Hence a series of experiments has been conducted:
at various times during the first eight hours after instantaneous
intravenous administration of a single drug dose to the (healthy)
rat, the ADR concentrations in several organs have been measured.

For a better understanding of their relation to one another,
system identification theory has been applied to the observed data
points. To identify the parameters that govern the way the ADR
distributes in the body, a ten-compartment model has been postu-
lated (Figure 1). In this model the rate of change of the ADR con-
centration in a compartment is described by an ordinary first or-
der differential equation. Let x.(t) denote the ADR concentration
at time t in the ith compartment (jjg.ml ). V. its volume (ml) and
p. a rate constant for drug transfer (min ) between compartments
(1 = 1,2, ...,10; j = 1,2,...,16). Then, e.g. for the kidney com-
partment:

o7 X 5 ( t ) = P4 • Ji * X l ( t ) " (P9 + P14} ' X 5 ( t )

Similar equations can be set up for the other compartments. To-

gether they form the vector equation:

The elements of matrix A are either zero or functions of the known
volumes V. and/or the still unknown transfer rate constants p..
The initial condition can be approximated very well by:

x (o) = drug dose/V and x (o) = 0 (k = 2,3,...,10).

If arbitrary values are assumed for the rate constants, the solu-
tion of equation (1), or the model response, is given by:

x(t) = 0(t) . x (o) (2)

219



instantaneous dose
1237.5 H9 ADR

P1 p- »•] 08 bile

04 heart H -

P,4 +\ 09 urin~

lung \*

M s s u e

'16
10 bone marrow

'15

Figure 1

Multi-compartment model for adriamycin distribution in the rat.

where the transition matrix ji(t) can be obtained by numerical in-
tegration of:

!"£ jzJ(t) = A . jzf(t) and

The purpose of the system identification approach is to accomplish
the "best match" of the calculated model response (Muider and
Sonneveld, 1978) to the experimental data points. The so-called
maximum likelihood criterion has been chosen to define the "best
match".

A likelihood function of the measurements, L, could be derived
that expresses for the particular, calculated model response, the
likelihood of finding just those data points that actually have
been observed, taking into account a gaussian distribution of mea-
surement errors. Evidently, the higher is this likelihood, the
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TABLE 1

COMPARTMENT VOLUMES AND TRANSFER RATE CONSTANTS

compartment volumes (ml) rate constants (min ); sd (%)

vl

V2

V3

V4

V5

5.

4.

•

•

1.

70

94

32

56

04

V6

V7

V8

V9

vio

1.

106

1

1

1.

38

08

Pl

P2

P3

P4

P5

P6

P7

.2816

.0073

.0114

.0533

.0343

.0064

.0294

.1

3.8

3.3

8.0

5.8

10.3

3.6

pQ .0106 9.0
8

p .0074 27.8

p .0104 12.4

p .0023 42.5

P12 1.1960 < .1

p .0066 9.2

p .0076 11.4

P15 .1327 .2

p ^ .00001 >100
16

better the match. By proper adjustment of the values of the rate
constants, thus adapting the model response, the likelihood func-
tion can be maximized.

A standard numerical procedure has been used that step by step
minimizes the function U = -In (L) with respect to the rate con-
stants, which is equivalent to maximizing L. The resulting esti-
mates of the optimum values for the sixteen rate constants are
listed in Table 1.

Not all rate constants could be determined with the same good
accuracy. However, the final model response, corresponding to
these rate constants, generally demonstrates that the postulated
model describes the ADR pharmacokinetics adequately. For example,
Figure 2 shows the theoretical time course of the ADR concentra-
tion in the kidneys. The one standard deviation deviations and the
experimental data points are shown as well. Similar pictures were
drawn for the other compartments. The ADR ooncentration in the
bile, a compartment for which no observations had been available,
has been predicted well by the model, as compared to a posteriori
measurement data (Sonneveld and Mulder, 1980).
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Figure 2

Time history of ADR concentration in kidney compartment and one sd deviations
and measured data points.

At the moment models that contain fewer compartments are being
evaluated. Influence of varying doses of ADR and/or other drugs,
influence of multiple dosage, non-linearities caused by metabolism
are subject to further investigations.

Mulder, J.A. and Sonneveld, P., Annual Report of the REP-Ins>:i-
tutes 1978, pp. 179-181.

Sonneveld, P. and Mulder, J.A., (1980), submitted for publicition.
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GERONTOLOGY

THE EFFECT OF AGING ON BROMSULFOPHTHALEIN (BSP) METABOLISM
BY RAT LIVER

K. Kitani*, A.N. Sakkee and C.F.A. van Bezooijen

The effect of aging on bromsulfophthalein (BSP) metabolism was
studied in BN/Bi female and female and male WAG/Rij rats. The age
groups used were 3, 12, 24 and 30 months. Under Nembutal anaesthe-
sia, BSP biliary transport maximum (Tm) and relative storage capa-
city (S) (Wheeler et al., 1960) were determined by a single infu-
sion rate method (Klaassen and Plaa, 1967; Kitani et al.r 1978).
By directly determining Tm from bile samples collected through a
common bile duct cannula, S was calculated according to the formu-
la, HR = Tm + (dp/dt).S = I - (dp/dt).PV, where HR is the hepatic
removal rate for BSP from plasma, I is the infusion rate of BSP,
dp/dt is the rate of increase in plasma BSP concentration during
the period of Tin. PV, which is the circulating plasma volume, was
determined after Tm determination was completed using Evans Blue
dilution method.

Figure 1 shows changes in BSP Tm value found for BN/Bi female
rats of different age groups (the number of rats studied in each
age group is given in Table 1). Table 1 gives a summary of results
obtained in three rat groups. As is shown in Table 1, Tm values
expressed as mg/min/gram liver weight were highest in the youngest
age group (3-month-old) as compared with the respective older age
groups for all the three rat groups. As illustrated in Figure 1,
BN/Bi females showed a gradual decrease in BSP Tm with age. For
WAG/Rij females as well as males, this tendency was similar, ex-
cept that the 30-month-old groups showed somewhat higher Tm values
than did the 24-month-old groups. As is seen in Table 1, S expres-
sed as mg/mg/ml/gram liver weight did not show the tendency to de-

(. crease with age. Rather, for WAG/Rij females and males, it tended
I to increase with age. As a consequence, S values expressed per rat
{• (or per whole liver) were higher in older age groups than in the
| youngest for all three rat groups.

*Present address: Tokyo Metropolitan Institute of Gerontology,
35-2 Sakaecho, Itabashiku, Tokyo, 173, Japan.
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Changes in BSP Tin
to age.

(expressed per gram liver) of female BN/Bi rats in relation

The results shown here indicate that, at least for rats of the
strains and sexes studied, BSP Tm decreases with age, but that S
does not. This finding is in agreement with the previous observa-
tion of Kitani et al. (1978) on Wistar male rats. However, the re-
sults are at variance with reports by Skaunic et al. (1970) and
Thompson and Williams (1965) for man, which independently conclu-
ded that S decreases with age to one-third to one-fourth of the
young adult value, while Tm is unchanged with age. De Leeuw-Israel
(1971) from this institute also reported that S per rat decreased
to one-fifth of the 3-month-old value at 24 months of age in fe-
male RU rats.

As one possible explanation for the discrepancy between the
previous reports and the present one, a difference in the methodo-
logy can be taken into account. In those studies reporting the de-
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TABLE 1

BSP Tm AND S IN BN/Bi FEMALE, WAG/Rij FEMALE AND MALE RATS
OF DIFFERENT AGE GROUPS

BM ?
3 m (17)*

BN 9.
12 m ( 8)

BN ?
24 m ( 8)

BN $
30 i> { 81

HR ?
3 m ( 9)

WR ?
12 m ( 6)

WR ?
24 m (15)

WR 9
30 m (11)

HR a
3 m (18)

WR a
12 m (14)

WR a
24 m ( 8)

WR a
30 m ( 6)

body
weight
(9)

154.5
+ 11.9

197.1**
+ 8.2

211.4**
+ 13.8

216.0**
+ 12.9

142.1
+ 4.1

207.7**
+ 15.3

195.6**
+ 5.4

205.0**
+ 18.4

237.8
+ 18.7 ,

369.1**
+ 17.3

381.9**
+ 11.6

364.8**
+ 27.9

liver
weight
<>

4.40
+ 0.47

4.64
+ 0.34

5.71**
+ 0.97

5.82**
+ 0.65

4.61
+ 0.53

5.55**
+ 0.49

5.23
+ 0.92

5.60**
+ 1.00

7.57
+ 0.92

8.02
+ 0.96

8.17
+ 0.28

8.90**
+ 0.39

Tin
mg/min per
g liver

0.0349
+ 0.0022

0.0314**
+ 0.0055

0.0279**
+ 0.0030

0.0230**
+ 0.0037

0.0346
*_ 0.0038

0.0285**
+ 0.0040

0.0240**
+ 0.0071

0.0254**
+ 0.0056

0.0473
+ 0.0058

0.0428**
+ 0.0058

0.0328**
+ 0.0044

0.0371**
+ 0.0064

Tm
mg/min
per rat

0.1517
+ 0.0199

0.1462
+ 0.0305

0.1564
+ 0.0463

0.1324**
+ 0.0211

0.1622
+ 0.0252

0.1580
+ 0.0256

0.1328**
+ 0.0322

0.1406
+ 0.0288

0.3570
+ 0.0560

0.3448
+ 0.0736

0.2666**
+ 0.0326

0.3306
+ 0.0608

s
mg/rag/ml

per g liver

S
mg/mg/ml
per rat

4.16
+ 0.89

3.91
+ 0.83

3.63
+ 0.46

3.93
+ 0.56

3.37
+ 0.79

4.20**
+ 0.54

3.85
+ 0.72

4.16**
+ 0.55

4.57
+ 1.00

6.40**
+ 1.29

5.14
+ 1.12

5.46
+ 0.67

18. 44
63

20.
+ 2.

22.
+ 2,

14,
+ 4.

87
98

49
46

77**
74

05
50

23.
2.

15**
45

19
5

23
+ 4

34.

50.
+ 9.

41
+ 8

48
5

04**
,44

56**
30

60
97

47**
88

,72
,35

,51**
,81

* Number of rats studied
**Significantly different from values of 3-month-old rats (p< 0.05)

Mean + S.D.



creased S and unchanged Tm (Skaunic et al., 1970; Thompson and
Williams, 1965 and De Leeuw-Israel, 1971), two or three different
infusion rates for BSP were used to obtain correspondingly differ-
ent dp/dt values, thus allowing the indirect determination of both
Tm and S values without bile duct cannulation, while, in the pres-
ent study and in the study of Kitani et al. (1978) only one infu-
sion rate was used and the Tm value was determined directly from
the bile samples obtained by a bile duct cannula. Although the
principle of the calculation of S value is the same for all stud-
ies, Mclntyre et al. (1972) recently reported that this conven-
tional indirect method gives S value erroneously influenced by he-
patic blood flow, although S should be theoretically independent
of blood flow. Since it is known that hepatic blood flow is con-
siderably decreased with age, the authors believe that the dis-
crepancy between the present results and past reports stems from
this methodological difference and that the age actually reduces
the BSP Tm, at least in rats, regardless of the sex and strain,
and probably also in man; however, the human case remains to be
reinvestigated.

Kitani, K. et al., p. 145. In: Liver and aging 1978, (Ed. K.

Kitani), Elsevier/North-Holland Biomedical Press, Amsterdam/New

York/ Oxford (1978).
Klaassen, C D . and Plaa, G.L., J. Appl. Physiol. 22 (1967) 1151.
Leeuw-Israel, F.R. de, Aging changes in the rat liver, Thesis,

Leiden, 1971.
Mclntyre, N. et al., p. 147r In: The liver, Quantitative aspects

of structure and function (Ed. G. Paumgartner and R. Preisig),
Karger, Basel (1972).

Skaunic et al., Cs. Gastroenterology 24 (1970) 206.
Tompson, E.N. and Williams, R., Gut £ (1965) 266.
Wheeler, H.O. et al., J. Clin. Invest. 39 (1960) 1131.
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INFLUENCE OF MECLOFENOXATE ON FUNCTIONAL CAPACITIES OF HEPATOCYTES

ISOLATED FROM RATS OF DIFFERENT AGES

C.F.A. van Bezooijen, A.N. Sakkee and D.L. Knook

Meclofenoxate (dimethylami.no - ethyl p-chlorophenoxyacetate,
Helfergirr^ Lucidril , centrophenoxine) is already being used in
the clinic in some European countries. Meclofenoxate is used, a-
mong others, for the treatment of patients with psychological dis-
turbances due to the aging process. For example, patients with de-
pression, disorientation, amnesia and aphasia are treated with
meclofenoxate. The drug increases the transport of glucose..across
the blood-brain barrier, stimulates the oxygen consumption of the
brain and prevents the deposition of an age pigment (lipofuscin).
It may even diminish already accumulated lipofuscin. A postulate
is that accumulation of lipofuscin may lead to cellular dysfunc-
tion and thus contribute to aging processes (Strehler et al.,
1959). Lipofuscin accumulates primarily in post-mitotic cells, in-
cluding neurons and striated heart muscle cells. Although it is of
interest that meclofenoxate prevents lipofuscin accumulation, it
is of far more importance to know whether meclofenoxate improves
the function of the individual brain and heart cells in old indi-
viduals. However, both the isolation of cells from brain or heart
in a viable state and the determination of the functional capaci-
ties of these isolated cells are experimentally difficult to
achieve. There are good reasons for preferring isolated hepato-
cytes instead of neurons or muscle cells in studies on the effect
of meclofenoxate treatment. Hepatocytes are reverting post-mitotic
cells which normally do ^ot divide or divide rarely, but can de-
velop mitotic activity if an appropriate stimulus is given. Under
normal conditions, hepatocytes can be isolated from rats of vari-
ous age groups and several functional capacities of the cells can
be quantified. In addition, lipofuscin accumulates in hepatocytes
with age.

The objective of this study was to investigate the possible
action of •meclofenoxate on cellular functions by comparing some
functions of hepatocytes isolated from rats of various age groups
after drug treatment and hepatocytes isolated from control rats of
the same age group. The treated rats were injected intraperito-
neally with 80 mg meclofenoxate/kg body weight daily for 2 weeks.
The functional capacity of the isolated hepatocytes was determined
by their competence to synthesize albumin and protein (van
Bezooijen and Knook, 1978) and to store bromsulfophthalein (BSP)
(van Bezooijen and Knook, 1978).
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TABLE 1

INFLUENCE OF MECLOFENOXATE ON THE FUNCTION OF HEPATOCYTES
ISOLATED FROM RATS OF DIFFERENT AGES

characteristic

albumin synthesis
(pg alb./
h.10 cells)

protein synthesis
(nmoles leucine/
h.10 cells)

BSP storage
(nmoles/

10 cells)

age
(months)

3
12
24

3
12

24

3
12
24

control group*

5.8
3.7
2.3

14.4

9.8
8.4

11.9
8.3
7.4

+ 2.7

+ 1.0
+ 0.8

+ 2.7
+ 3.5
+ 2.7

+ 4.9
+ 1.4
+ 3.0

(12)

( 8)
( 7)

(10)

( 6)
( 5)

(ID
( 8)
( 7)

meclofenoxate*
treated group

5.1

4.4
3.7

12.6
7.3
3.7

7.8
9.3
6.3

+

+
+

+

+
+

+
+
+

2.3
2.2
1.1

6.7
2.1

1.0

2.4
1.2
1.7

(7)
(6)
(6)

(7)
(7)

(6)

(6)

(7)
(6)

* mean f̂ S.E.
**p < 0.05

Number of different cell preparations in parentheses.

The results are presented in Table 1. It can be seen that me-
clofenoxate influenced albumin and protein synthesis only in hepa-
tocytes isolated from 24-month-old rats. The albumin synthesis was
increased, while the protein synthesis was decreased. The mecha-
nisms responsible for those changes after drug treatment are un-
known. An increase in albumin synthesis without a concomitant in-
crease in protein synthesis is possible, because about 10% of the
synthesized proteins consists of albumin. The BSP storage capacity
of the isolated hepatocytes is not influenced by meclofenoxate

|V treatment. This result may indicate that the metabolism of drugs
handled by the liver in the same way as is the organic anion BSP
is not influenced by meclofenoxate treatment.

Experiments are planned to study the influence of meclofe-
noxate on the hepatocyte'function in the older age groups of 30-
and 36 months, since it was found that the control values for the
amount of albumin and protein synthesized by the isolated hepato-
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cytes increased sharply between 24 and 36 months of age. In addi-
tion, larger amounts of lipofuscin are expected to accumulate in
the hepatocytes of such rats.

Bezooijen, C.F.A. van and Knook, D.L., p. 227. In: Liver and Aging
(D. Platt, ed.), Schattauer Verlag, Stuttgart (1978a).

Bezooijen, C.P.A. van and Knook, D.L., p. 131. In: Liver and
ageing 1978, (K. Kitani, ed.), Elsevier/North-Holland Biomedi-
cal Press, Amsterdam (1978b).

Strehler, B.L. et al., J. Gerontol. 14 (1959) 430.
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COMPARISON OF LYSOSOMAL HYDROLASES IN KUPFFER AND ENDOTHELIAL
CELLS OBTAINED FROM GERM-FREE AND CLEAN CONVENTIONAL RATS

D.L. Knook, Chr. Barkway* and E.Ch. Sleyster

Evidence has been presented for a decline in the clearance
function of the reticuloendothelial system (RES) with age in which
the sinusoidal cells of the liver may be involved. The main sinus-
oidal cells are Kupffer and endothelial cells. Kupffer cells lie
singly upon or embedded within the endothelial lining and are
mainly involved in the uptake of foreign material by phagocytosis.
For this purpose, they are well equipped with a great variety of
lysosomes and lysosomal enzymes. The endothelial cells, which line
the sinusoids, filter the blood and allow the passage of particles
including small chylomicrons measuring upto 0.1 jam via their sieve
plates. In addition, the endothelial cells are involved in the up-
take of molecules as complexes or solutions by pinocytosis. They
contain several lysosomal hydrolases in relatively large quanti-
ties.

In our studies on a possible age-related decline in the clear-
ance capacity of Kupffer and endothelial cells as a result of
changes in lysosomal enzyme activities, it was of interest to in-
vestigate a possible relationship between bacterial load and ac-
tivities of some lysosomal enzymes in the cells. This investiga-
tion may also provide insight into the way bacteria and bacteria-
derived materials such as endotoxins are handled by the sinusoidal
cells.

Purified suspensions of Kupffer and endothelial cells were
prepared from the livers of 3-month-old female germ-free and clean
conventional BN/BiRij rats. The activities of five selected key
lysosomal enzymes in these cells , viz., acid phosphatase, fl-ace-
tylglucosaminidase, cathepsin D, aminopeptidase B and arylsulpha-
tase B were determined.

The enzyme activities are expressed per mg cellular protein in
Table 1. The protein content per 10 endothelial cells was almost
identical for conventional and germ-free rats. Kupffer cell? from
germ-free rats had a protein content of 86 +_ 11 ;jg (average +
S.E.; n = 4) per 10 cells, which is slightly lower than the pro-
tein content of 111 + 5 jjg (n = 5) found for Kupffer cells from
conventional rats. The results show that there is a lower specific
activity of lysosomal enzymes in endothelial cells from germ-free
rats as compared with those obtained from conventional animals.

*Student from Lanchester Polytechnics, Coventry, U.K.
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TABLE 1

SPECIFIC LYSOSOMAL ENZYME ACTIVITIES IN ISOLATED ENDOTHELIAL AND KUPFFER CELLS FROM BN/Bi RATS
KEPT UNDER DIFFERENT ENVIRONMENTAL CONDITIONS

endothelial cells Kupffer cells
clean clean

enzyme investigated* conventional germ-free conventional germ-free

acid phosphatase 165.3 + 21.6 60.9 + 25.0** 115.3 + 14.6 113.3 + 44.1
/J-acetylglucosaminidase 299.0 + 33.0 127.7 +_ 21.9** 151.6 + 8.3 144.7 + 28.6
Cathepsin D 6.4 + 0.4 3.9 + 0.7** 17.0 + 2.6 21.2 + 2.6
aminopeptidase B 9.2 +_ 1.2 6.4 + 0.4 11.3 + 1.7 9.4 + 0.4
arylsulphatase B 149.4 + 18.0 99.7 + 16.1 48.1 + 10.4 52.8 + 12.8

* Enzyme activities are expressed as nmoles 4-methylumbelliferone (acid phosphatase, ̂-acetyl-
glucosaminidase) , nmoles tryptophan (cathepsin D), nmoles ̂ -naphthylamine (aminopeptidase
B) and nmoles nitrocatechol (arylsulphatase B) released per min per mg protein. The values
represent the mean + S.E. of four different cell preparations.

**Value differs significantly (p< 0.05) from clean conventional value.



The specific activity of lysosomal enzymes in Kupffer cells did
not change significantly. When expressed per cell, the enzyme ac-
tivities are somewhat lower in Kupffer cells from germ-free rats
(results not shown) due to their lower protein content.

One report in the literature suggests that the levels of some
lysosomal enzymes in non-parenchymal cell suspensions from germ-
free rats are lower than those in conventional animals (Berg et
al., 1976). The results are made confusing, however, by the use of
the terms "Kupffer cells" and non-parenchymal cells interchangeab-
ly and by the use of an isolation technique which has been proved
to yield almost exclusively endothelial cells (Knook and Sleyster,
1978). Therefore, their findings can be explained on the basis of
our observations that differences in activities of lysosomal en-
zymes determined in non-purified non-parenchymal cells are due
mainly to lower enzyme activities in endothelial cells from germ-
free rats.

There is not yet a simple answer to the question of why lyso-
somal enzyme activities are decreased in endothelial cells and
not changed in Kupffer cells from germ-free rats. For germ-free
mice, it has been found that the capacity to breakdown E*_ coli is
not changed as compared with that in conventional mice and also
carbon uptake which, depending on the size of the particles is
mainly a Kupffer cell function, is not decreased in germ-free mice
(Anderson et al., 1977). Bacterial endotoxins present in food,
even after sterilisation, are removed mainly by Kupffer cells from
the venous blood (this Annual Report, p.243). Kupffer cells also
play a role in erythrophagocytosis and iron metabolism, which are
mostly independent of the environment. The active role of Kupffer
cells in all of these functions in germ-free animals might explain
an unchanged lysosomal enzyme level. Endothelial cells are probab-
ly involved in the uptake and breakdown of small immuno-complexes.
In germ-free rats, the reduced number of immuno-complexes in the
blood (Wostman, 1968) may lead to a lower lysosomal enzyme activ-
ity in the endothelial cells.

Anderson, R.E. et al., p. 151. In: Immunology and Aging (Eds. T.
Makinodan and E.J. Yunis), Comprehensive Immunology, vol. 1
(Eds. R.A. Good and S.B. Day), Plenum Press, New York (1977).

Berg, T. et al., Acta Path. Microbiol. Scand. Sect. A, 8£ (1976),
415.

Knook, D.L. and Sleyster, E.Ch., p. 273. In: Kupffer cells and
other liver sinusoidal cells (Eds. D.L. Knook and E. Wisse),
Elsevier/ North-Holland Biomedical Press, Amsterdam (1978).

Wostmann, B.S., p. 197. In: The germ-free animal in research (Eds.
M.E. Coates), Academic Press, London and New York (1968).
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ENDOCYTOSIS OF DENATURED ALBUMIN BY RAT KUPFFER CELLS IN VITRO

A. Brouwer and D.L. Knook

The endocytosis of monomeric formaldehyde treated albumin by
cultured rat liver Kupffer cells was investigated. The results are
compared with the endocytosis of another preparation of denatured
albumin: heat-aggregated colloidal albumin.

Rat liver non-parenchymal cells were isolated by pronase
treatment of the liver. Purified Kupffer cells were obtained by
centrifugal elutriation of non-parenchymal cells. Maintenance cul-
tures of purified Kupffer cells were used for the study of endocy-
tosis of I labelled heat-aggregated colloidal albumin (C.A.)
and monomeric formaldehyde-treated albumin (F.A.).

The uptake of F.A. at different substrate concentrations is
presented in Figure 1. The curve with the open circles represents
the classical way ofexpressing uptake in ng.mg cellular protein.

o
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I n c u b a t i o n t i m e : 3 0 m i n

Figure 1

Uptake of formaldehyde-treated albumin (F.A.) by cultured Kupffer cells at
various concentrations of F.A.
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The uptake increases with increasing concentrations of the sub-
strate, but a saturation effect can be observed. This saturation
effect indicates that binding sites are necessary for this uptake.
The curve with the closed circles represents the uptake as deter-
mined by means of the so-called endocytic index, expressed in ml
substrate solution per g cell protein per day. This is a theoreti-
cal value that gives an indication of the affinity of the cells
for a certain substrate. A substance, for instance, for which the
cells have no affinity at all will be taken up by fluid endocyto-
sis only. In this case, the endocytic index will be low - not ex-
ceeding 20 ml per gram per day - and will be independent of the
substrate concentration, because the substrate is taken up in the
same concentration as in the surrounding medium. However, when we
are dealing with adsorptive endocytosis mediated by prior binding
to a binding site at the cell membrane, the endocytic index will
be high and will decrease at higher substrate concentrations due
to a saturation effect. As shown in Figure 1, the endocytic index
for F.A. does decrease from 600 to 300 ml per gram protein per day
at increasing substrate concentration.

The maximum rate of uptake that can be calculated from this
graph is about 0.7 ug monomeric albumin per mg cell protein per
half hour and the substrate concentration at which half the maxi-
mum uptake occurs (the Km) is about 53 jig monomeric albumin per
ml. The shape of the curve for colloidal albumin is almost identi-
cal (unpublished results); however, the values for the maximum
rate of uptake and the Km are about 20-fold higher. So, the amount
of colloidal albumin taken up by the Kupffer cells is found to be
manifold higher than the amount of the monomeric albumin. However,
this is due only to the fact that colloidal albumin is a much
larger particle than is monomeric albumin, since we observe only
minor differences if we compare the endocytic indexes for the two
substrates. This indicates that the affinities of the Kupffer
cells for both substrates are in the same order of magnitude.

To study the involvement of microfilaments in the mechanism of
uptake, the effect of treatment of the cells with various concen-
trations of cytochalasin B was investigated. The results prese' 3
in Table 1 allow only the conclusion of a partial involvemen >f
microfilaments in the endocytosis of F.A. by Kupffer cells. At
high concentration (40 pg.ml ) , a strong inhibition of about 75%
is observed, but, at this concentration, gross morphological
changes in the cultured cells had already occurred during the 2 h
preincubation period (i.e., rounding up of the cells). Moreover,
Allison, who reviewed the significance of this substance in the
study of endocytosis (Allison, 1971), emphasizes the fact that the
specificity of cytochalasin B is doubtful at a concentration of 40
pg.ml .
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TABLE 1

INFLUENCE OF CYTOCHOLASIN B ON THE UPTAKE OF FORMALDEHYDE-
DENATURED ALBUMIN (F.A.) BY CULTURED KUPFFER CELLS

concentration
cytochalasin

(jig/ml)

m

1
10
40

of
B

uptake
ng F.A./

106 cells

32.7

24.0
12.7
5.3

of F.
ng

mg

500
417
221
119

A.
F.A./

protein

(100%)

{ 83%)
( 44%)
( 24%)

endocytic inde»
ml/g protein.da

667
556
295
159

Concentration of formaldehyde-denatured albumin: 36 pg/ml medium.

Cells were preincubated with cytochalasin B for 2 h.

Endocytosis of F.A. was further characterized by the use of
metabolic inhibitors (not shown). In the presence of inhibitors of
both mitochondrial respiration and glycolysis (antimycin A and
fluoride, resp.), the uptake is reduced to about 15% of control
values. The uptake of C.A. by Kupffer cells is also sensitive to
cytochalasin B and to the metabolic inhibitors with only minor
differences in sensitivity as compared to F.A. (Annual Report
1978, p. 235).

From these results, it can be concluded that there is a great
similarity between the mechanisms of endocytosis of F.A. and C.A.
Only the maximum amount of C.A. that can be ingested by Kupffer
cells is much greater than that of F.A. Both substances are taken
up after prior binding to the cell membrane, as can be deduced
from the saturation at higher concentrations of the substrates and
from the high endocytic index.

Allison, A.C., p. 109. In: CIBA Symposium on the locomotion.of
tissue cells (Eds. R. Porter and D.W. Fitszimmons), ASP,
Rotterdam (1971).
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ENDOCYTOSIS IN RAT LIVER KUPFFER AND ENDOTHELIAL CELLS IIJ VIVO
I. ORGAN AND INTRAHEPATIC DISTRIBUTION OF VARIOUS

INJECTED SUBSTANCES

D.P. Praaning, A. Brouwer, R.J. Barelds and D.L. Knook

To investigate the participation of sinusoidal (i.e., Kupffer
and endothelial) rat liver cells in the clearance of materials
from the blood, the uptake of five substances by these cells was
determined.

Two of the substances were chosen because they are clinically
used as test substances for reticuloendothelial function. These
were I-labelled heat aggregated colloidal albumin (C.A) and

Tc-labelled antimony sulfide colloid (A.S.), which is an inert
colloid used for radioactive liver scanning. As an analogue of a
normal constituent of the blood, the mucopolysaccharide heparin
( S-labelled), which is also known to be cleared by the reticulo-
endothelial system, was injected. Another normal constituent of
the blood is a bacterial endotoxin { Cr-labelled J\_ coli lipo-
polysaccharide) originating from the gut. It was chosen because
the liver is known to be primarily responsible for the protection
of the body against this toxin. I-labelled polyvinylpyrrolidone
(PVP) was selected because it can be considered as a suitable mar-
ker for one specific mechanism of endocy.tosis, i.e., fluid phase
pinocytosis.

Data on the plasma clearances along with the organ and intra-
hepatic distribution of the substances are presented in this re-
port. The continuation of the study on the uptake capacity of the
sinusoidal cells is discussed in the accompanying paper (Annual
Report 1979; p. 243). The clearance of the materials from the
blood was determined by taking blood samples from the tail vein at
different time intervals. The results are summarized in Table 1.
The half-life of the substances in the plasma varied considerably.
The materials exhibiting the shortest half-life were found to be
C.A. and heparin. PVP, on the other hand, proved to have a half-
life at least 360 times longer.

To estimate the organ distribution of the injected substances,
various organs were removed from the animal at given times after
injection (designated as incubation time in Table 1). The amount
of material that remains in the plasma is dependent on both the
incubation time and the half-life of the substance. As shown in
the table, each substance exhibited a different distribution over
the various organs, in most cases, however, the uptake by the
liver was high compared to the other organs. The only exception
was heparin, which also accumulated in the kidneys.
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TABLE 1
ORGAN AND INTRAHEPATIC DISTRIBUTION OF VARIOUS INTRAVENOUSLY INJECTED SUBSTANCES

substance

dose/100 g rat
site of injection

incubation time
half-life in plasma

% of injected dose in:
plasma
spleen
kidney
lungs
liver***

parenchymal
Kupffer
endothelial

ratio
Kupffer/endothelial

endotoxin

1.06 mg
v.mesenteria

30 min
2.5 h

60-81
<0.6
< 1.2
< 1
10.3

< 1
5.6
1.3

4.3

125.5 ug
v.mesenteria

30 min
25 min

43
n.d.**
n.d.
n.d.
28.2

< 5
10.7
4

2.7

antimony-sulfide colloid

6.4 x 106 cpm
penile vein

30 min
+5 min

n.d.
n.d.
n.d.
n.d.
n.d.
62.3

25.2
12
16.3

0.74

1.1 x .106 cpm
penile vein

30 min
+5 min

n.d •
n.d.
n.d.
n.d.
n.d.
57.4

31.6
10.6
16.1

0.66

heparin

150 ug
v. jugularis

30 min
3 min

18
0.37
17.2
0.68
10

n.d.
0.44
2.41

0.18

polyvinyl
pyrrolidone

150 ug
v.feraoralis

24 h
18 h

13
0.4
0.47
0.31
3.2

n.d.
0.67
0.6

1.12

colloidal
albumin*

405 ug
v.femoralis

15 min
1.5 min

0.7
1.85
0.1

n.d.
78.5

9
8
16.4

0.49

Estimated total cell protein/100 g rat
Kupffer cells : 4.57 mg
Endothelial cells: 6.05 mg
Parenchymal cells: 518.4 mg

* The proteolytic inhibitor chloroquin was injected 30 min before injection of CA.
** nd » not determined
***Radioactivity in the liver was determined after removal of the blood by perfusion.



The intrahepatic cellular distributions of the substances were
calculated on the basis of the values obtained for the uptake in
purified isolated parenchymal, Kupffer and endothelial cells and
expressed per mg cell protein. These values are given in the ac-
companying paper (Annual Report 1979, p. 243). Some assumptions
had to be made with regard to the protein contribution of each
cell type to the whole liver (see Table 1). Therefore, the values
can only give an indication of the percentage of substance taken
up by the total number of each of the different cell types.

On calculating the uptake of A.S. in the total number of pa-
renchymal, Kupffer and endothelial cells, the result agrees very
well with the value found for the total uptake in the liver. This
is not the case with endotoxin and C.A., due to degradation within
the cells and loss of the degraded material during cell isolation.
When no proteolytic inhibitor was added, the degradation of C.A.
was so rapid that almost no material could be discovered in the
cells after isolation (Results not shown). Nevertheless, some gen-
eral conclusions can be drawn from the results.

All of the materials are taken up by the total number of both
Kupffer and endothelial cells to a substantial degree, in spite of
their very small contribution to the total volume of the liver.
When the uptake in the two cell types is compared, we note that
endotoxin is taken up preferentially by Kupffer cells, whereas he-
parin is found to a greater extent in the endothelial cells. With
regard to the parenchymal cell, the most striking observation is
that the two colloids considered to be RES test substances are
taken up by this cell type in considerable amounts. These results
suggest that great caution is necessary in the explanation of ex-
perimental data obtained with RES test substances in general.

The results presented in this study were obtained in close
collaboration with Drs. J.M.W. Bouma and T. Kooistra of the Bio-
chemical Laboratory, University of Groningen, Dr. D.J. Ruiter of
the Department of Pathology, University Medical Centre, Leiden,
and Dr. E. Wisse of the Laboratory for Cell Biology and Histology,
Free University in Brussels.

241



ENDOCYTOSIS IN RAT LIVER KUPFPER AND ENDOTHELIAL CELLS JW VIVO
II. DETLRMINATION OF ENDOCYTIC CAPACITY

D.P. Praaning/ A. Brouwer, R. Barelds and D.L. Knbok

As a continuation of the study described elsewhere in this An-
nual Report (p. 239), the endocytic capacity of the different
types of sinusoidal liver cells (Kupffer and endothelial cells)
was investigated by use of various intravenously injected sub-
stances. The five radioactive substances used are described in the
adjoining report (this report, p. 239 ). At a certain time after
injection of the materials, the liver was perfused and incubated
with the proteolytic enzyme pronase. The cells were isolated and
purified by differential centrifugation and centrifugal elutria-
tion. The amount of radioactivity in the original sinusoidal frac-
tion and in the purified Kupffer and endothelial cell fractions
was determined. The amount of material ingested by each cell type,
expressed both per 10 cells and per ing cellular protein, is given
in Table 1. Since Kupffer cells are larger than endothelial cells,
the ratio between the uptake in Kupffer cells and endothelial
cells is higher when expressed per 10 cells instead of per mg
protein. The uptake in each cell type and the calculated ratios
were found to be different for each substance.

The uptake of endotoxin by Kupffer cells is 3.22-9.37 times
higher than by endothelial cells, while the uptake of heparin by
the endothelial cells is 2.2-4.1 times higher than that found for
the Kupffer cells. To make a useful comparison between the uptake
of the different substances, two important variables (the sub-
strate concentration in the surrounding plasma of the cell and the
incubation time) must be taken into account.

The substrate concentration in the plasma will be dependent on
the velocity of clearance. The clearance rates for the various
substances are given in the accompanying report (this report, p.
240, Table 1, half-life of the substance).

To include these variables in our calculations, the uptake is
:,' also expressed by the so-called endocytic index in ml substrate
•f- solution per g cell protein per day. This value is calculated from
: the average concentration of the substance in the plasma during

the incubation period. The endocytic index is a theoretical value
that gives some information about the affinity of the cells for a
certain substrate. A substrate that is taken up by fluid endocyto-
sis only will have a low endocytic index that will be independent
of the substrate concentration. When a substrate is taken up by
adsorptive endocytosis (i.e.r receptor mediated), the endocytic
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TABLE 1

ENDOCYTOSIS OF VARIOUS SUBSTRATES BY DIFFERENT TYPES OF LIVER CELLS IN VIVO

uptake*
per
10° cells

uptake
per mg
cellular
protein

endocytic
index in
ml/q cell.
prGi.ain/day

substance
dose/100 g rat

sinusoidal
Kupffer
endothelial
ratio: Kupffer/
endothelial

sinusoidal
Kupffer
endothelial
ratio: Kupffer/
endothelial

sinusoidal
Kupffer
endothelial

endotoxin

1.06 mg

250
1300
140

9.37

4300
13000
2300

5.62

810
2400
430

125.5 pg

82
160
46
3.43

1560
2900
830

3.53

2660
5020
1420

antimony sulfide colloid

6.4x10 cpm

11100
16000
8700

1.84

157x10*
167x10,
171X10-*

0.98

14800
15700
16100

1.1x10° cpm

1650
2800
1600

1.73

24x10*
26x10,
29xlOJ

0.89

13100
14200
15800

heparin

150 ug

20.5
12.9
28.3
0.45

353
145
599,

0.24

980
400
1670

polyvinyl
pyrrolidone

150 ug

6.8
17.7
5.5
3.22

147
220
150

1.47

12.8
19.1
13

colloidal
albumin

405 ug

540
430
620

0.69

6400
7200
11000

0.65

34500
35900
58700

*Uptake is expressed as ng substrate per 10 cells or per mg protein except for antimony sulfide colloid, which is
expressed as cpm per 10 cells or per mg protein.



index will be high and will decrease at higher substrate concen-
trations due to a saturation effect. Polyvinylpyrollidone (PVP) is
known to be a substrate that is taken up by the liver cells by
fluid endocytosis only. Compared to the endocytic index of PVP
(Table 1), it is obvious that all other substrates are taken up by
another mechanism. The highest endocytic index is found for the
two colloids colloidal albumin (C.A.) and antimony sulfide (A.S.).

From the results given, several conclusions can be drawn.
Firstly, both Kupffer and endothelial cells prove to be very ac-
tive in endocytosis. This is a very important finding, showing
that the reticuloendothelial function, which mainly takes place in
the sinusoidal cells of the liver, cannot be attributed to the
liver macrophages (Kupffer cells) only. Apparently, liver endo-
thelial cells also contribute to a large extent to the clearance
of clinically used test substances (C.A. and A.S. in this paper)
for reticuloendothelial function.

Another important finding is that the rate of uptake seems to
be very dependent on the nature of the material itself. It seems
that the cells are capable of discriminating among the substances
and that they can exhibit more than one mechanism of endocytosis.

One sort of endocytosis, so-called fluid phase pinocytosis,
which is observed during the uptake of PVP, occurs without prior
binding of the material to the cell membrane.

By what mechanism of endocytosis the other materials are taken
up cannot yet be concluded. However, an indication that membrane
receptors, either recognizing the substrate itself or special
plasma factors (opsonins) that are bound to the substrate, are in-
volved is given by the rapid plasma clearance of the substrates,
the saturation effect found in the case of endotoxin and the high
endocytic index as compared to PVP.

The occurrence of special receptors for certain glycoproteins
on parenchymal liver cells was first shown by Ashwell and Morell
(1974). Receptors for other types of glycoproteins were later
found on sinusoidal liver cells (Steer and Clarenburg, 1979).
There are indications that the endothelial cells take up 4 times
more of these materials than do Kupffer cells (Hubbard et al.,
1979).

We found a difference in plasma clearance, percentage of up-
take by the liver (this report, p. 240, Table 1) and endocytic in-
dexes for each injected material. Also there were differences be-
tween the uptake by Kupffer and endothelial cells which varied for
each substance.

These are all indications that the two cell types either have
receptors of different affinity or that the number of receptors
varies for each substance.



Ashwell, G. and Morell, A., p. 99. In: Advances in Enzymology,
(Ed. A. Meister), £1, John Wiley and Sons, New York (1974).

Hubbard, A.L. et al., J. Cell. Biol. 83_ (1979) 47.
Steer, C.J. and Clarenburg, R.: J. of Biol. Chem. 254 (1979) 4457.
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THE FILTRATION OF CHYLOMICRONS IN THE LIVER OF THE RAT*

R.B. de Zanger**, E. Wisse*** and D.L. Knook

Diet-derived triglycerides and cholesterol are transported as
lipoproteins called chylomicrons. After synthesis in the intes-
tine , the chylomicrons are transported through the main lymph duct
to the blood circulation. Lipoprotein lipase present on the sur-
face of extrahepatic endothelial cells hydrolyses the triglyceride
component of the chylomicrons. As a consequence of the loss of a
substantial part of their triglyceride content, the particles be-
come smaller and enriched in cholesterol. The end products of this
process/ the remnant chylomicrons, are selectively taken up by the
liver (Sherill and Dietschy, 1978; Fraser et al., 1978).

The selectivity of the uptake might, in part at least, be at-
tributed to the sieve-like fenestrated endothelial lining of the
liver sinusoids. Because of the fenestrations, only the smaller
particles enter the space of Disse, where uptake by parenchymal
cells takes place. In neonatal suckling rats, Naito and Wisse
(1978) obtained evidence to support this filtration hypothesis.

To investigate whether the filtration mechanism also functions
in adult rats, the following experiment was performed. Male Wistar
rats (3-4 months of age) were given a single intragastric dose of
cornoil (0.6 ml per 100 g body weight). After 4-5 hours, blood was
collected and the liver was fixed by perfusion with 1.5% giutaral-
dehyde in 0.1 M phosphate buffer, pH 7.3, for 5 minutes at 37 C.
The flow rate was about 10 ml per min. The fixative was preceded
by a small volume of saline. Small pieces of tissue were post-
fixed with osmium tetroxide, dehydrated and embedded in Epon. Os-
mium tetroxide (1% final concentration) was added to the blood
plasma. After overnight fixation, the plasma chylomicrons were
collected by centrifugation, washed, embedded in giutaraldehyde
fixed BSA and finally dehydrated and embedded in Epon. Thin
sections of the embedded specimens were cut and stained with
Reynold's lead citrate. Measurements were performed on electron
micrographs taken at a calibrated magnification.

* This study was carried out in a program of the Foundation for

Medical Research FUNGO-ZWO.
** FUNGO, stationed at IvEG.
***Laboratory for Cell biology and Histology, Free University, 101

Laarbeek, 1090 Brussel-Jette, Belgium.
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The size distributions observed for the chylomicrons are shown
in Figure 1. The diameters of the fenestrae ranged from 40 to a-
bout 300 nm (mean diameter +_ S.E.M.: 146 +_ 2 nm). Chylomicrons
present in the space of Disse had diameters in the same range
(mean 100 +_ 1 nm), while those in the blood showed diameters up to
700 nm (mean 257 +_ 5 nm). These results clearly indicate the pres-
ence of a filtering mechanism in the liver of the adult rat.

10-

u 8 •

6

4 -

2 -

oJ

Size distribution of

9 • Fenestrae
&.....A chylomicrons space of Disse
D ——D chylomicrons blood plasma

0.1 0.2 0.3 0.4 0.5

diameter ( Hm )

Figure 1

Size distributions of fenestrae, of chylomicrons in the space of Disse and of
chylomicrons in the blood (the bar at the right indicates the total frequency
of particles in the blood with diameters over 0.5 um).

Since the diameter of the fenestrae observed in neonates by
Naito (mean +_ S.E.M. = 162 jH 2 nm) is greater than the value found
in this study (mean 146 +_ 2 nm), i t will be of interest to compare
the properties of the fenestrations in rats at different ages.
Further research also includes an investigation of the fenestra-
tion under a less hyperlipemic condition. Chylomicrons synthesized
in the presence of a lower fat load are smaller and, in this si tu-
ation/ recognition by a specific receptor (Carella and Cooper,
1979) may, besides filtering, be of importance for discrimination
between chylomicrons and remnants.

Carella, M. and Cooper, A.D., Proc. Natl. Acad. Sci. USA 76_ (1979)
338-342.

Fraser, R., Bosanguet, A. and Day, W.A., Atherosclerosis _29 (1978)
113-123.

Naito, M. and Wisse, E., Cell Tiss. Res. 190 (1978) 371-382.
Sherill, B.C. and Dietschy, J.M., J. Biol. Chem. 253^ (1978) 1859-

1867.
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DOES MYASTHENIA GRAVIS OCCUR IN MASTOMYS NATALENSIS?

H.A. Solleveld, J. Coolen and A. Vincent*

Myasthenia gravis (MG) is a spontaneously occurring autoim-
mune neuromuscular disorder in man (reviewed, among others, by
Drachman, 1978a,b), which is characterised by weakness and rapidly
fatigued voluntary muscles. These symptoms result from a defect in
neuromuscular transmission, namely, a reduction in the number of
acetylcholine receptors (AChR), for which antiacetylcholine recep-
tor (AChR) antibodies are thought to be responsible. The anti-AChR
antibodies accelerate receptor degradation and fix complement
(Engel et al., 1977), resulting in fewer functional folds and
wider synaptic clefts in the postsynaptic membrane. They may also
block the AChR function. In addition, it has been shown that MG
sera contain antibodies which react with myoid cells of the thymus
and that thymic changes can be observed in 90% of patients with
MG. These findings indicate that the thymus might be involved in
the pathogenesis of this disease.

MG can be induced in animals by immunisation with AChR. These
models have contributed greatly to the current knowledge of MG in
man, but a disadvantage of these models is that the animals do not
develop thymic changes. Therefore, it would be ideal if one could
have at one's disposal an animal species which spontaneously de-
velops MG with a relatively high frequency, so as to be able to
gain insight into such questions as what triggers the autoimmune
response to AChR and whether factors other than antibodies to AChR
are involved in the pathogenesis of MG. Such an animal model might
be Mastomys natalensis. This animal species develops lesions with
age which may have some relationship to MG, although the typical
clinical signs of MG have not been observed. These lesions include
thymomas in a relatively high percentage of cases (32%) and lym-
phoplasmacellular myositis (8%) (Solleveld, 1978). In addition,
antistriational antibodies of a type which can be found in ap-
proximately 40% of human patients with MG were detected in Masto-
mys (Figure 1). The antibodies in Mastomys have been demonstrated
to be reactive with cardiac (26%) and skeletal (13%) muscle by
using an indirect double-sandwich immunqfluorescence (IF) tech-
nique (see Annual Report, 1978, p. 253).

*Royal Free Hospital School of Medicine, University of London,
Deptartment of Neurological Science, London, NW3 2UG, Great
Britain.
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Figure 1

Indirect immunofluorescence staining of rat muscle with Mastomys serum (x 340 ) .
Higher magnification (x 780 ) . Note the typical myasthenia gravis-like staining
pattern characterized by broad bands with an unstained narrow central zone

These findings prompted us to search for antibodies to AChR in
Mastomys. In the f irst experiment, serum samples of 4 animals
followed sequentially were screened by the IF technique for anti-
bodies to striated muscle and by an immunoprecipitation assay for
antibodies to Mastomys AChR. The results of these two studies are
given in Figure 2.

Despite the fact that sera from animals both with and without
antibodies to striated muscle were screened, no significant dif-
ferences were observed among those animals in the immunoprecipita-
tion assay, although the amount of precipitable radioactive AChR
was greater than that found with human negative control sera.

Another attempt to demonstrate autoantibodies to AChR was un-
dertaken with sera from 12 animals, 7 of which were positive and 5
negative for antibodies to striated muscle. The mean anti-AChR an-
tibody concentration of the 7 positive animals was equivalent to
2.19 x 10 mol.L AChR sites and, for the 5 negative animals,
1.91 x 10 mol.L AChR si tes . These values are similar to
found with human negative control sera (2.50 +1.78 x 10 mol.L )
tested with the same Mastomys preparation and far below a positive
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Figure 2

Anti-AChR antibody concentration and anti-striated muscle antibodies (Myas-
thenic -type) in 4 Mastomys followed sequentially.

-10 -1
human MG serum (23.00 x 10 mol.L ) . From these r e s u l t s , one
may conclude that i t i s unlikely that Mastomys have appreciable
amounts Of antibodies to AChR, which suggests that MG probably
does not occur in Mastomys, not even in a sub-cl inical form.

Drachman, D.B., N. Engl. J . Med. 29f3 (1978a) 136.
Drachman, D.B., N. Engl. J. Med. 298 (1978b) 186.
Engel, A.G., Lambert, E.H. and Howard, F.M. J r . , Mayo Clin. Proc.

52 (1977) 267.
Solleveld, H.A., Acta Zool. Path. Antverp T2 (1978) 5.
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TITRES AND IMMUNOGLOBULIN CLASSES OF
NATURALLY OCCURRING AUTOANTIBODIES IN AGING MASTOMYS NATALENSIS

J. Coolen, H.A. Solleveld and C. Zurcher

As described previously (Solleveld, 1978; Annual Report 1978,
p. 253), a wide variety of naturally occurring autoantibodies has
been found in a series of 135 aging Mastoroys; 84 females and 51
males. This report presents additional data from this study and
includes the number of autoantibodies present per animal and the
titres and immunoglobulin (Ig) classes of the various autoantibod-
ies found.

For the autoantibody determinations, the indirect immunofluor-
escence technique employing frozen sections of different normal
rat organs as substrates was used. For the determination of
titres, sera were diluted serially and conjugated antisera speci-
fic for mouse IgA, IgM and IgG were used for the determination of
the Ig classeso Van Pelt and Blankwater (1972) have demonstrated
that there is a distinct cross-reactivity between antisera raised
against mouse immunoglobulins and Mastomys immunoglobulins.

The multiplicity of autoantibodies in individual animals was
investigated by screening for the following 10 autoantibodies: an-

^ tibodies to nuclear antigens, to cytoplasmic antigens (of liver
| parenchymal cells, thyroid follicular cells, epithelial lining

cells of the renal proximal tubules and "other" cells of the stom-
ach), to erythrocytes, to colloid, to cytoplasmic antigens of the
epithelial lining cells of the renal distal tubules, to 3 types of
striated muscle (intermyofibrillar, zebra and myasthenic type), to
cytoplasmic antigens of parietal cells of the stomach and to
smooth muscle. The distribution pattern of the number of autoanti-
bodies in individual male and female Mastomys is given in Figure
1. In males and in females, the number of autoantibodies per ani-
mal varies from 0 to 6 or 7; however, animals developing 3 differ-
ent types of autoantibodies are most common.

The finding of such a variety of autoantibodies in individual
animals is unique when compared to the animal models currently
used for studying autoimmunity. For instance, the NZB mouse, which
can be regarded as the prime animal model for this type of re-
search develops at most 3 different types of autoantibodies per
animal.

To gain an impression of the titres and Ig classes of the var-
ious autoantibodies, a selection of the 135 serum samples avail-
able was made. The titres showed a rather wide range, but were
generally high (Table 1). This holds true particularly for autoan-
tibodies to erythrocytes, colloid and striated muscle of the in-
termyof ibrillar and myasthenic types. When comparing the titre of
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TABLE 1

TITRES AND Ig-CLASSES OF AUTOANTIBODIES IN AGING MASTOMYS

auto-
antibodies to:

liver:
nucleus
cytoplasm
erythrocytes
thyroid:
cytoplasm
colloid
kidney:
prox. tubules
dist. tubules
diaphragm:
intermyofibrillar
zebra
myasthenic type
heart:
intermyofibrillar
myasthenic type
stomach:
parietal cells
"other" cells
smooth muscle

number
tested

12
12
3

11
14

18
5

2
2
5

2
8

19
8
20

mean titre

151
305
480

144
545

) 158
34

>1600
340

> 645

^1440
) 650

) 170
90
45

10
10
320

20
160

10
10

640
40
10

320
40

20
10
10

range

640
- 1280

640

640
- 1280

- >640
80

- )2560
640

- )2560

- )2560
- )2560

- ) 640
160
160

Ig
classes

IgM
IgM

IgG + IgM

IgM
IgG

IgM
IgM

IgG + IgM
IgM
IgG

IgG + IgM
IgG

IgM
IgM
IgM
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Figure 1

Multiplicity of autoantibodies in individual male and female Mastomys.
total auto Abs screened for = 10.

autoantibodies to colloid in Mastomys with those found in the BUF
rat, a model for autoimmune thyroiditis, a difference is evident,
viz., a range of 160 to 1280 for Mastomys and 3 to 7 for the BUF
rat (Noble et al., 1976).

With regard to the Ig classes of the various autoantibodies
(Table 1), it is obvious that most of them were of the IgM class.
Only the autoantibodies to colloid and to striated muscle of the
myasthenic type were of the IgG class. The autoantibodies to ery-
throcytes and to striated muscle of the intermyofibrillar type be-
longed to both the IgG and the IgM classes. In general, the Ig
classes found in Mastomys correspond with those observed in man
and animals, with the exception of the autoantibodies to nuclear
components, which are of the IgM class in Mastomys; those in man,
the mouse and the rat are mainly of the IgG class.

Mastomys natalensis, which develops a wide variety of autoan-
tibodies per animal in rather high titres and of comparable Ig
classes as those of man and other animals, must be regarded as an
excellent model for studying autoimmunity and particularly for the
relationship between aging and autoimmunity.

Noble, B. et al., J. Immunol. 117, 5 (1976) 1447.
Pelt, F.C. van and Blankwater, M.J., Gerontologica ]J3 (1972) 200.
Solleveld, H.A., p. 461. In: Proc. of The laboratory animal in the

service of mankind, Lyon, France (1978).
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THE IMMUNE SYSTEM DURING AGING.

IX. IDIOPATHIC PARAPROTEINAEMIA OF IgD CLASS
IN THE AGING C57BL/KaLwRij MICE

J. Radl, P. van den Berg and C M . Jol-van der Zijde

' Five classes within the immunoglobulin (IgS family were dis-
tinguished in man on the basis of structural differences in the
constant part of their heavy chains. These differences are respon-
sible for the different biological functions of individual classes
of Ig: IgM and IgG . are well-known as the major antibodies in the
systemic response to a great variety of antigens; IgA is the major
Ig of the external secretions and IgE has been demonstrated to be
associated with reagin or homocytotropic antibody activity. For a
long time, the biological function of the fifth class, IgD, re-
mained unknown; its low serum concentration, rapid catabolism and
negative results on testing for antibody activity to bacterial an-
tigens suggested no important function. Only after the discovery
that IgD is a major membrane Ig on B lymphocytes many immunolo-
gists began to realize that IgD might play an important role in
the differentiation pathway of the B cells and in the initiation
of antibody synthesis.

An analogue of the human IgD was found on the membrane of the
B lymphocytes but not in the serum of mice (Immunological Reviews,
1977). ' During our studies on idiopathic paraproteinaemia (IP) in
an animal model, the aging C57BL mouse (Radl et al., 1978), sera
from two old mice showed a precipitin line in Ouchterlony immuno-
diffusion with antimouse IgD Ig5 monoclonal antibodies (obtained
by hybridization of a B cell responding to the Ig5 allotype of
membrane IgD and a mouse plasma cell tumour) from Sera-Lab, Sus-
sex, England. Using the same antiserum in immunoelectrophoresis,
sera of both mice gave a symmetrical precipitin line in the gamma
region, while a weak homogeneous component was found by agar elec-
trophoresis. This component had not been previously recognized by
any other class or subclass specific antiserum. These findings in-
dicated that the two small paraproteins represent a serum counter-
part of the mouse membrane IgD; therefore, more detailed studies
were initiated.

Sera from a total of 1542 mice were tested by the Ouchterlony
double immunodiffusion technique using the monoclonal antisera
(Sera-Lab, nrs. 009 and 021) to the Ig5 allotype of the IgD. A
markedly increased level of IgD was found in 95 cases (6%). On im-
munoelectrophroesis, most of the positive sera showed a similar
pattern, i.e., a symmetric line with a mobility in the beta -
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Figure 1

Immunoelectrophoresis of sera from seven aged C57BL/KaLwRij mice (1-7) with IgD
paraproteins. Antisera: monoclonal antibodies to the Ig5 allotype of mouse
membrane IgD (Sera-Lab, England) (D) and rabbit antiserum specific for mouse
IgM, IgA and IgG classes ( I ) . NMS = pooled sera from normal adult C57BL mice.

gamma region (Figure 1 ) . The frequency d i s t r ibu t ion of these IgD
components showed an age-dependent increase (Figure 2) . Sera for a
follow-up (6 months or longer) of the development of these homoge-
neous IgD components were avai lable from 20 mice. In a l l cases,
a f t e r i t s appearance, the IgD pers is ted at about the same concen-
t r a t i o n u n t i l the animal 's death. The longest period of observa-
t ion of the presence of a homogeneous IgD component was 17 months.
Only one of these presumably IgD IP appeared before the animals
were one year of age.
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Frequency of homogeneous Ig of the IgD class in the sera of male C57BL mice
during aging (the last value at 35 months represents the results from two ani-
mals only). A frequency curve for homogeneous Ig of al l other classes combined
in the jing mice of the same strain is shown for comparison; symbols.

Sera from two IgD positive mice were pooled (1.5 ml) and the
IgD was isolated by chromatography on ultrogel AcA 22 (LKB,
Sweden) followed by affinity chromatography using antibody columns
consisting of Sepharose 4B bound antibodies; these were specific
for determinants of IgA and IgM classes and of all IgG subclasses.
A small contaminant representing some alpha globulins was removed
by an antibody column specific for these non-Ig proteins. The f i -
nal yield consisted of 750 jag of protein; i t did not react with
any antisera specific for Ig classes or subclasses, except for the
monoclonal anti IgD Ig5 and an antiserum specific for kappa light
chains.

Analysis of the reduced and alkylated IgD by SDS polyacryla-
mide electrophoresis demonstrated only two bands of 24000 and
69000 daltons, corresponding to the light and heavy chains, re-
spectively. The value for the heavy chain corresponds closely to
that determined for the IgD isolated from the membranes of the B
lymphocytes.

In a search for normal serum IgD, a large pool (80 ml) of sera
from adult female C5 7BL mice was applied to an immunoadsorbent
column consisting of Sepharose 4B bound monoclonal antibodies to
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IgD Ig5 . The proteins bound to the immunoadsorbent were eluted by
2M KSCN. A minute amount of IgD was detected in the eluate from
this column; this IgD gave a reaction of identity with a prepara-
tion of homogeneous IgD from pooled sera of different mice.

Results from these investigations demonstrated that, as in hu-
mans, C57BL mice also possess Ig of the IgD class in their serum.
The occurrence of persistent homogeneous IgD components in the
sera of aging C57BL mice indicates that B cells committed to the
production of IgD may also give rise to the "benign" proliferative
disorder known as IP.

Immunological Revies, Ed. G. Moller, Vol-. 37 (1977).

Radl, J. et al., Clin. exp. Immunol. 33 (1978) 395.
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THE IMMUNE SYSTEM DURING AGING

X. FURTHER EVIDENCE THAT GENETICALLY DETERMINED
INTRINSIC CELLULAR FACTORS ARE RESPONSIBLE FOR THE DEVELOPMENT

OF IDIOPATHIC PARAPROTEINAEMIA IN AGING C57BL MICE

J. Radlf P. van den Bergf P.J. Heidt and S. Knaan-Shanzer

Previous investigations (Radl et al., 1978} demonstrated that
the C57BL mouse can serve as a useful model for studies on an age-
related immune system disorder, the so-called idiopathic parapro-
teinaemia (IP) or benign monoclonal gammapathy. Results of experi-
ments with successful transplantation of bone marrow or spleen
cells from old C57BL mice with IP into young healthy recipients
(Radl et al., 1979) indicated that this monoclonal proliferative
disorder is eventually the result of a regulatory defect within a
single affected B cell clone and not due to some specific age-
related extrinsic factors. Further support for this view was ob-
tained in transplantation experiments where lethally irradiated
mice with a low frequency of IP (the CBA/Rij strain) were recon-
stituted by bone marrow cells from mice with a high frequency of
IP (the C57BL/KaLwRij strain) and vice versa. The differences in
the incidence of IP developing during the later life of these
radiation chimeras should clearly indicate the role of intrinsic
versus extrinsic factors in the development of IP.

Radiation chimeras (CBA mice grafted with bone marrow cells
from C57BL and C57BL mice grafted with CBA bone marrow) were ob-
tained by irradiation of germ-free recipient (6 to 8 weeks of age)
C57BL and CBA mice with 7.5 and 8.5 Gy rontgen irradiation, re-
spectively and by transplantation after 24 hours with 10 x 10
bone marrow cells of donor origin. Germ-free animals were used be-
cause of the observation of van Bekkum et al. (1974) that, in the
absence of a microflora, the recipients do not develop secondary
disease. This disease occurs in all conventional animals in this
donor-recipient combination and results in the death of about 90%
of the recipients within 60 days after transplantation.

A total of 18 CBA recipients were successfully reconstituted
by bone marrow cells from 6-week-old C57BL donors. No reconstitu-
tion was achieved in recipients which received bone marrow from 9
individual old C57BL mice with IP. In a combination of a C57BL re-
cipient and CBA donor, 23 reconstituted recipients were available
for further follow-up study. The recipients of both experimental
groups were conventionalized 80 days after transplantation without
any adverse reactions and they were allowed to live out their
lifespans. Serum samples were obtained from the animals at the age
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of 12, 15 and/or 18 months and from some animals on the day of
their death (between 18 and 23 months); they were investigated for
the presence of an IgG2a paraprotein by agar electrophoresis ac-
cording to Wieme, by immunofixation and by immunoelectrophoresis
using antisera specific for the (CBA) Igl and (C57BL) Igl allo-
types of the IgG2a subclass.

Of the 18 CBA recipients transplanted with C57BL bone marrow
cells, four (22%) developed a paraprotein of the IgG2a subclass
during their life, which was of the Igl (C57BL) allotype in all
cases. None of the mice showed IgG2a of the Igl allotype by immu-
noelectrophoresis. While untreated normal C57BL mice show a para-
proteinaemia in about 40% of the cases at the age of 18 months
(most frequently paraproteins of the IgG2a subclass), normal un-
treated CBA mice show no paraproteins before the age of 24 months.
In the group of 23 C57BL mice transplanted with the bone marrow
from CBA donors, three mice developed IgG2a paraproteinaemia when
aging. In each of the three animals, this paraprotein was of the
Igl (C57BL) allotype. Testing for the allotype at the age of 12
months showed that two of the mice were already reversals at that
time. The third mouse contained IgG2a of both allotypes; IgG2a of
the Igl allotype later disappeared and IgG2a of the Igl devel-
oped into a paraprotein. At this age of 12 months, all the other
C57BL recipients contained the Igl allotype in their serum; some
of them, however, also exhibited a small amount of the Igl allo-
type. Later, the Igl allotype could not be detected.

In conclusion, only mice containing B cells of C57BL origin
showed susceptibility to the cellular defect leading to the devel-
opment of IP of the IgG2a subclass with aging. These results
stress the fact that intrinsic genetic factors play a major role
in the development of IP.

Bekkum, D.W. van et al., J. Natl. Cancer Inst. 5>2 (1974) 401.
Radl, J. et al., Clin. exp. Immunol. 3_3_ (1978) 395.
Radl, J. et al., J. Immunol. 122 (1979) 609.
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THE IMMUNE SYSTEM DURING AGING.
XI. INCREASE WITH AGE OF HOMOGENEOUS IMMUNOGLOBULINS

IN THE SERA OF NUDE ATHYMIC MICE

J. Radl, J.G. Mink*, P. van den Berg, R. Benner*
and J.J. Haaijman

Changes occurring during aging in the spectrum of serum imrau-
noglobulins (Ig) are characterized by the appearance of Ig of re-
stricted heterogeneity, transient homogeneous immunoglobulins (H-
Ig) and persistent H-Ig, the so-called idiopathic paraproteinaemia
(IP). According to the working hypothesis (Radl, 1979), these
changes appear as a consequence of an age-related deficiency in
the T-immune system. The resulting imbalance in the T-B immune
system network leads to restricted (as far as the numbers of
clones are concerned) but overshooting responses to antigenic
stimulation (i.e., antibodies of restricted heterogeneity and
transient H-Ig) and eventually to a defect in cell regulation
within one B cell clone which continues at its high rate of proli-
feration and H-Ig production even after the antigenic stimulus
has disappeared (IP). The crucial role of a defect in the T immune
system in the development of these age-related changes is indi-
cated by the previous studies performed on thymectomized C57BL and
CBA mice (Annual Report 1977, p. 200 and 1978, p. 247) and further
supported by the present investigation in the congenitally athymic
nude mice.

Serum samples of a total of 359 nude mice and 59 mice hetero-
zygous for the nu-gene were investigated for the presence of H-Ig
by agar electrophoresis according to Wieme, immunoelectrophoresis
and immunofixation. The young and adult nude mice and their hete-
rozygous littermates were the second and third generations after
cross-breeding of male nude mice on a CBA background and female
BALB/c mice. The old animals had a CBA background. All animals
were initially specific pathogen free and barrier maintained. Some
of the animals were transferred to conventional conditions at ages
of 3, 10 and 12 months. In addition to cross-sectional studies on
animals of different ages, two groups of barrier maintained nude
mice were followed-up monthly for a period of over 6 months in or-
der to determine the numbers of transient and persistent (probably
IP) paraproteinaemias. Prolonged follow-up of the conventionalized
nude mice was not possible because of short survival times (2 to 3
months) of the animals under conventional conditions.

* Dept. Cell Biology and Genetics, Erasmus University, Rotterdam,
The Netherlands.

263



The increasing frequency of H-Ig in the sera of heterozygous
(nu/+) and both the barrier maintained and conventional nude mice
with age is demonstrated in Figure 1. For comparison, data on the
frequency of H-Ig in the sera of the CBA and BALB/c mice are also
shown. While both latter mouse strains show only a very low fre-
quency and a late onset of H-Ig, the barrier maintained and, even
more so, the conventionalized nude mice developed a very high in-
cidence of H-Ig in their sera with aging. The incidence curve for
H-Ig in the heterozygous mice has an intermediate position between
the nude mice and mice of their background strains.

The serum Ig in the nude mice generally showed a distinctly
abnormal pattern. A decrease or deficiency of Ig within some of
the individual classes or subclasses (most often of the IgA and
IgG2b isotypes} was often accompanied by the appearance of Ig of
restricted heterogeneity and/or of clear-cut H-Ig components.
These H-Ig were rather low in concentration and, in contrast to
the heterozygous mice, multiple H-Ig were often found in a single
mouse. The percentage distribution of individual Ig classes and
subclasses among 320 H-Ig components was 1, 17, 43, 19, 8 and 12

75-

50-

25-
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0 12 15 !6 21 24 27

age (months )

30 33

• Nu/Nu (SPF—» conventionalized )
A Nu/Nu (SPF —•• bairier maintained )
• Nu/+ (SPF—»• barrier maintained )
x BALB/c (conventional)
• CBA ( conventional )

Figure I

Frequency of homogeneous immunoglobulins in the sera of nude athymic mice and
their heterozygous littermates during aging.
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per cent for IgA, IgM, IgGl, IgG2a, IgG2b and IgG3, respectively.
The sequence of the distribution of H-Ig roughly correlates with
that of the individual Ig isotypes according to their serum con-
centration. Typing of the light chains of the H-Ig revealed that
15% belonged to the lambda and 85% to the kappa type. Follow-up
studies of 50 nude mice demonstrated that 46% had persistent para-
proteinaemia (probably IP) and 20% showed only a transient appear-
ance of H-Ig. However, about 50% of the mice with the persistent
IP also exhibited transient H-Ig in their sera during the observa-
tion period.

The results of this study demonstrated that mice with a severe
impairment in the T-immune system are able to produce Ig, but
these are often of restricted heterogeneity or homogeneous, re-
flecting deficiencies in some and excess proliferation in other B
cell clones. These abnormalities increase with age and appear ear-
lier in animals with a greater antigenic load. A relatively large
number of the B cell clones which proliferate in excess seem to
become targets for an - up to now unknown - event leading to the
development of IP, most probably a benign tumour involving a B
cell line.

f Radl, J., Clin. Immunol. Immunopathol. 1± (1979) 251.
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DEVELOPMENT OF T CELL SUBPOPULATIONS IN MICE

J.J. Haaijman and J. Dangl*

Surface markers constitute an important tool in distinguishing
various lymphocyte subpopulations. Peripheral T lymphocytes/ that
is lymphocytes dependent on the thymus for their development, were
originally divided into Lyt 1 , 2 , Lyt 1 and Lyt 2 T cells, re-
spectively. The anti Lyt antisera were raised allogenically and
their activity was tested by cytotoxicity (Boyse et al., 1968).
The anti Lyt 1 antisera eliminated helper T cells and the anti
Lyt 2 the suppressor and cytotoxic T cells. The Lyt 1 ,2 T lym-
phocyte was considered to be the precursor both of the Lyt 1 and
Lyt 2 cells (Huber et al., 1976). Cantor and Boyse (1975) found
that the Lyt 1 ,2 cell is present in neonatal spleen in large
numbers and disappears later, to be replaced by the more mature
helper and suppressor populations. Recently, monoclonal antibodies
have been made against the Lyt antigens by hybridization of a mye-

• loma cell line with spleen cells of rats immunized with murine
thymocyte membranes (Ledbetter and Herzenberg, 1980). With these
monoclonal antibodies it has become apparent that all peripheral T
cells bear the Lyt 1 marker thus confirming the results of
Mathieson et al. (unpublished observation), employing conven-
tional reagents. This leaves a distinction between Lyt 1 ,2 and
Lyt 1 ,2 peripheral T lymphocytes. In this report we describe
experiments aimed at the questions: 1) whether indeed neonatal
spleen contains a large population of post-thymic Lyt 1 ,2 pre-
cursor cells, and 2) at which age mice have their full complement
of various Lyt subpopulations.

Spleen cell suspensions were prepared from SJL/JHz mice of
ages ranging between 1 and 140 days. The cells were washed twice
in RPMI 1640 medium supplemented with 5% fetal calf serum, 10 mM
HEPES and 0.1% sodium azide, counted and adjusted to 4 x 10
cells/ml. Twentyfive pi of cell suspension was incubated with 50

pi of hybridoma supernatant in flexible 96 well microtitration
plates. After 30 min of incubation at 4 C the cells were washed

; twice and 40 pi was added of 1:10 diluted SJL anti rat IgG conju-
',. gated with fluorescein. After 30 min of incubation tne cells were
% again washed and analysed flowfluorometrically (FACS II, Becton
\% Dickinson and Co., Mountain View, Cal., USA) using logarithmic am-
•i!| plification of the photomultiplier output. The FACS was calibrated
*? using glutaraldehyde fixed chicken erythrocytes. The logarithmic

•Stanford University, Stanford, Ca., USA
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transformation has the advantages that a broad range of fluores-
cence intensities can be accomodated at the same time and that the
distinction between positive and negative populations generally is
enhanced. An example is shown in Figure 1 of the fluorescence his-
tograms obtained with monoclonal anti Thy 1 (59-AD2.2), anti Lyt 1
(53-7.3) and anti Lyt 2 (53-6.7) using 8-week-old SJL/J animals.
The percentage of positive cells was determined by calculating the
fraction of cells exhibiting fluorescence intensities above a cer-
tain threshold. Using the same threshold the fraction of cells
having over-threshold fluorescence values was determined in a
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Figure 1
Staining patterns of spleen cells with monoclonal anti Thy 1, anti Lyt 1 and
anti Lyt 2. Spleen cells of SJL/J mice were incubated with hybridoma superna-
tants followed by fluorescent mouse anti rat conjugate. Fluorescence histograms
were obtained with a flowfluorometer equipped with a logarithmic amplifier.
Dashed lines represent the negative control: cells incubated with fluorescent
conjugate alone.
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sample treated with fluorescent mouse anti rat only. The value
found for the negative control was subtracted from the percentage
in the experimental preparation. Thresholds were chosen for the
different antibodies with those preparations (mostly from adult
animals) from which the fluorescence histograms showed a clear
minimum. The same threshold was then used for all preparations in-
cubated with the respective antibodies.

Figure 2 shows the development of Thy 1, Lyt 1 and Lyt 2 posi-
tive cells in spleens of SJL mice as a function of age. At birth
very little staining was observed. Over a period of about 30 days
the numbers of positive cells increase to reach a plateau at about
8 weeks of age. Consistently a slightly larger number of Lyt 1
than Thy 1 positive cells was found. The existence of Lyt 1 ,
Thy 1 negative or very dull cells was noted also using fluores-
cence microscopy and proven by experiments involving cytotoxic
treatment with anti Thy 1 and staining of the remaining (live)
cells (Ledbetter, submitted for publication). Also it was found
that a lymphoid tumour arisen spontaneously in a 9-month-old fe-
male SJL mouse contained a large number of cells with this partic-
ular phenotype. The malignant nature of the cells was not yet es-
tablished.

Another way of plotting the data of Figure 2 is shown in Fig-
ure 3. All data have been recalculated taking the 140 day value as
100% (adult level). Moreover/ the percentage of cells carrying on-
ly Lyt 1 and no Lyt 2 has been included by subtracting the percen-

50

age ( days)

Figure 2

Development of Thy 1, Lyt 1 and Lyt 2 positive cells as a function of age in
SJL/J mice. The percentages are based on the total of nucleated cells.
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Figure 3

Rate of development of Lyt 1 ,2 , Lyt 1 ,2 and total Lyt 1 cells in spleen of
SJL/J mice. The percentages were calculated using the 140 day values as 100%
(adult leve£). The percentage of Lyt 1 ,2 was found by subtracting the number
of Lyt 1 ,2 cells from that of the Lyt J cells.

tage of Lyt 2 cells from those bearing Lyt 1. Evidently there
is very little difference between the rate of development of Lyt
1 ,2 and Lyt 1 ,2 cells. From our deta we conclude that in the
spleen there is not an initial influi; of Lyt 1 ,2 cells which
then later give rise to the Lyt-1 ,2 and Lyt-1 ,2 cells. Rather
it looks as " there are two separate lineages of T cells origin-
ating in the yinus, thus in agreement with the results of Scollay
et al. (1978) studying the phenotype of thymus migrants.

Boyse, E.A. et al., Proc. R. Soc. London, Ser. B. 170 (1968) 175.
Cantor, H. and Boyse, E.A., J. exp. Med. 141 (1975) 1376.
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Huber, B. et al., J. exp. Med. IA± (1976) 1128.
Ledbetter, J.A. and Herzenberg, L.A., Immunol. Rev. 4J7 (1980) 63

Scollay, R. et al., Nature 275 (1978) 79.
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THY 1 AND LYT 2 POSITIVE CELLS AS A FUNCTION OF AGE IN MICE

J.J. Haaijman, J. Dangl* and J. Slingerland-Teunissen

The decline of immune responsiveness as a function of age has
been extensively documented (for a review see Blankwater, 1978).
By inference from a number of experiments it may be concluded that
the age-related immunological dysfunction has to be sought in the
T cell rather than the B cell compartment. Gerbase-DeLima et al.
(1975) reported an increased number of suppressor T cells in old
mice from long living strains. Using functional assays Segre and
Segre (1976) showed tiiat some old animals have a decreased number
of T suppressor cells and other an increased number. This varia-
tion makes it very difficult and expensive to experiment with
older animals. It was of interest therefore to check: 1) whether
an increase or decrease of Lyt 2 positive cells occurs as a func-
tion of age, and 2) whether a possible change was reflected also
in the peripheral blood lymphocytes.

In our experiments we used BALB/c, CBA/Ca, CBA/Rij and (BALB/c
x SJL/J)F1 mice. With exception of the studies on the CBA/Rij, the
results were obtained by analysing spleen, lymph node and periph-
eral blood cells flowfluorometrically using a fluorescence acti-
vated cell sorter (see p. 267). For the detection of the total
number of T cells a monoclonal rat anti mouse Thy 1 (59-AD2.2)
labelled with fluorescein was used. A fluorescein conjugated rat
anti mouse Lyt 2 (Ledbetter and Herzenberg, 1980) served to detect
the Lyt 2 positive T cells. Two wavelength immunofluorescence
microscopy was employed in case of the CBA/Rij experiments. Figure
1 summarizes the results obtained for spleen of BALB/c and spleen
and lymph nodes of CBA/Ca mice. Indicated is the percentage of Thy
1 positive cells which bear Lyt 2. This percentage increased in
BALB/c spleen from about 35% around 8 weeks of age up to 45% in 1-
year-old animals. A slight increase of Lyt 2 positive T cells can
be seen for the spleen of CBA/Ca mice also. This increase was much
more pronounced for the lymph nodes, some of the animals showing
as high as 70% of the T cells being Lyt 2 .

Data for CBA/Rij mice are given in Table 1. No significant
change in the total number of Thy 1 positive cells was found. The
number of Thy 1 , Lyt 2 cells increase slightly and that of
Thy 1 , Lyt 1 cells decrease. Calculated in per cent of Thy 1
cells the number of the Lyt 2 cells almost doubles between 6 and
12 months of age.

•Stanford University, Stanford, Ca., USA
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TABLE 1

T LYMPHOCYTE SUBPOPULATIONS AS A FUNCTION OF AGE
IN THE SPLEEN OF MALE CBA/Rij MICE

age
(months)

3
6
12
24

number of small lymphocytes (x 10 )

Thy

32
33
27
28

4**
3
4
11

Thy 1**
Lyt 1

2 8 + 9
2 1 + 6
2 1 + 7
22 + 10

Thy
Lyt

8 + 3
4 + 1
2 + 1
l + l

Thy IT
Lyt 2

5 + 0.5
3 + 0.5
8 + 1
8 + 4

Thy 1
Lyt 2

1.2 + 0.5
0.6 + 0.5
0.8 + 0.5
1.8 + 1.2

3
6
12
24

29 +
33 +
30 +
30 +

3
6
7
4

per cent of small lymphocytes

2 4 + 5
31 + 10
2 3 + 7
2 6 + 3

7 + 1
5 + 2
2 + 1
2 + 1

5 + 1
4 + 1
9 + 2
9 + 2

1 + 1
1 + 1
1 + 1
2 + 1

Lyt I/Thy 1
x 100%

7 9 + 6
8 1 + 4
76 + 12
8 8 + 2

Lyt 2/Thy 1
x 100%

1 7 + 3
12 + 2
3 0 + 6
30 + 3

* A fluorescein conjugated monoclonal anti-Thy 1 (30-H12) was combined with biotin labelled
anti Lyt 1 or Lyt 2, followed by rhodaminated avidin (Heitzmann and Richards, 1974). The
reagents were generously supplied by Dr. J.A. Ledbetter, Standford University, Stanford,
Cal., USA.

**Average + standard deviation of 4 individual mice.
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Figure 1

Lyt 2 positive T cells as a function of age.
The percentage of Thy 1 cells bearing also Lyt 2 was determined by staining
separately BALB/c spleen, CBA/Ca spleen and CBA/Ca lymph nodes with monoclonal
rat anti mouse Thy 1 and rat anti Lyt 2, both conjugated with fluoresceir. The
cells were analysed flowfluorometrically. BALB/c values are based on pooled
spleen cell suspensions of at least 3 animals. Triangles indicate individual
CBA/Ca animals unless standard error bars are givan, in which case 4 individual
animals were tested. Individual values are given for lymph nodes.

In Figure 2 the results are shown regarding the peripheral
blood of female and male (BALB/c x SJL/J)Fl mice. The percentage
of Lyt 2 positive T cells remains constant up to 1.5 years of age.
Beyond that age the variation did increase so much that individual
values have been plotted. The majority of animals shows a tendency
of a slightly increased number of Lyt 2 cells relative to the num-
ber of Thy 1 cells . Comparing this figure with the development of
Lyt 2 and Thy 1 cells , respectively, i t becomes clear that gen-
erally the number of Lyt 2 cells stays very much constant and that
in the same animals the number of T cells decreases (data not
shown). The results imply that in the Fl studied, rather the Lyt
1 ,2 cells decrease in number with aging, than the Lyt 1 ,2 in-
crease. In Figure 2 also the data for male Fl mice are indicated.
The lifespan of the males is very much reduced (estimated 50% sur-
vival: 20 months) on the average compared to the females due to
fighting in this hybrid. In the animals of the age range we tested
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Figure 2

Lyt 2 positive T cells in peripheral blood of (SJL x BALB/c)Fl mice. Peripheral
blood lymphocytes were isolated with lympholyte-M. They were stained separately
with anti Thy 1 and anti Lyt 2, both conjugated with fluoresceir. Values indi-
cate the mean of 6-10 animals. Bars indicate standard deviation. Crosses stand
for individual female mice.

there was no increase of the Lyt 2/Thy-l ratio indicating that the
increase of this ratio in the females was age- rather than survi-
val-related.

The correlation between increased relative numbers of Lyt 2
cells and decreased immune responsiveness has yet to be es-
tablished but then the screening of peripheral blood lymphocytes
with monoclonal antibodies might be a tool to select animals of
comparable biological age (instead of calendar age) and reduce the
variation inherent to cross-sectional aging research.

Blankwater, M.J., Ageing and the humoral immune response. Thesis,
Utrecht, The Netherlands, 1978.

Gerbase-DeLima, M., Meredith, P. and Walford, R.L., Fed. Proc. Am.
Soc. Exp. Biol. 3_4 (1975) 159.

Heitzmann, H. and Richards, F.M., Proc. Natl. Acad. Sci. Jl. (1974)
3537.

Ledbetter, J.A. and Herzenberg, L.A., Immunol. Rev. (1979), in the
press.

Segre, O. and Segre, M., J. Immunol. 116 (1976) 735.
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DECREASE IN SPECIFICITY OF CYTOLYTIC T LYMPHOCYTE ACTIVITY
WITH INCREASING AGE

Ada M. Kruisbeek and Fred A. Steinmeier

The inordinately high percentage of T cells responding to a
foreign H-2 haplotype (Teh et al., 1977; Ryser and MacDonald,
1979) has been puzzling to immunologists because of the apparent
biological irrelevance of immunity to foreign MHC products. One
way to get around this problem would be to suggest that alloreac-
tivity reflects a high degree of cross-reactivity between modified
self-MHC products and foreign MHC products (alloantigens). Indeed,
alloreactive cytotoxic T lymphocytes (CTL) also specifically lyse
autologous cells coupled with trinitrophenyl (TNP) molecules
(Lemonnier et al., 1977; Teh et al., 1978). In the reverse situa-
tion, it was found that CTL induced by Sendai virus modified auto-
logous H-2 antigens could also kill allogeneic target cells
(Burakoff et al., 1978; Finberg et al., 1978). These findings are
consistent with the above hypothesis. Thus, alloreactive T memory
cells may be continuously generated ^n vivo due to stimulation
by self-MHC products associated with antigens such as viruses
(Burakoff et al., 1978). A prediction which can be directly de-
rived from this view is that, with advancing age (i.e., prolonged
natural exposure to e.g. viruses), CTL reactivity to allogeneic
cells would be enhanced, as is the extent of the cross-reactivity
between alloantigens and modified self-MHC products. We therefore
started to compare the capacity of spleen cells from young and
aged mice to generate CTL after stimulation with allogeneic cells
in vitro and also measured cross-reactivity patterns expressed by
these CTL.

Spleen cells from either CBA/Rij or C57BL/Rij mice of differ-
ent age groups were stimulated in mixed lymphocyte cultures (MLC)
with allogeneic spleen cells from young BALB/c mice under condi-
tions previously described (Kruisbeek and Astaldi, 1979). After 5
days in culture, effector cells were harvested and their CTL ac-
tivity determined on Cr-labelled target cells (ConA-stimulated
blasts) of the original stimulator cell type, TNP-modified respon-

' der cell type, unmodified resgonder ceil type and "third party"
\' allogeneic cell type. Specific ''Cr-release values were determined
•:| as described earlier (Kruisbeek and Astaldi, 1979). Figure 1 gives
rf a typical example of the CTL-specificity pattern from either
$$ C57BL/Rij anti BALB/c or CBA/Rij anti BALB/c or DBA/2 MLC's:
f a. there is no striking change in CTL activity on target cells
'••' syngeneic with the original stimulator cell type with increasing
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Figure 1

Specificity of cytotoxicity raised in H-2 anti H-2 MLC with responder spleen
cells of mice from different age groups. Data are representative for 6 separate
experiments in which six 12-month-old and six 24-month-old C57BL/Rij mice were
studied individually for their capacity to respond in MLC to BALB/c stimulator
spleen cells from young mice. The rise in "third party target cell kill" and of
syngeneic target cell kill was observed in all 12 out of 12 aged mice. 5^11 de-
terminations were performed in triplicate and standard deviations in Cr-re-
lease values varied from 0.1 to 5%. Spontaneous release (in the presence of me-
dium) was 14% for BALB/c, 20% for CBA and 32% for C57BL target cells in this
particular experiment and in general varied from 10 to 30% for all experiments.

age, although a marginal decline was observed in some mice. This
point is further illustrated by the data shown in Table 1 and sug-
gests that, at least for the age groups studied, no obvious de-
cline in alloreactivity occurs. This is in contrast to findings
reported by others (Hirano and Nordin, 1976; Bach, 1979; Shigemoto
et al., 1975);

b. both 12- and 24-month-old mice display enhanced CTL activi-
ty on "third party" allogeneic target cells (different from the
type used as stimulator cells)/ albeit that young C57BL/Rij mice
also display this cross-reactivity. In the other strain combina-
tion tested (i.e., CBA anti-BALB/c), old mice also show cross-
reactive killing of third party targets, while young mice do not
(Table 1). Others (Simpson et al., 1978) have reported (for young
mice) a variable degree of cross-reactivity between different H-2
haplotypes;
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TABLE 1

EFFECT OF AGE ON THE SPECIFICITY OF ALLOREACTIVE CTL

effector

C5 7BL/Rij

C57BL/Rij

C57BL/Rij

C57BL/Rij

CBA/Rij

CBA/Rij

CBA/Rij

CBA/Rij

( 3
(12
(24

( 3
(12
(24

( 3
(12
(24

( 3
(12
(24

( 3
(24

( 3
(24

( 3
(24

( 3
(24

mo)
mo)
mo)

mo)
mo)
mo)

mo)
mo)
mo)

mo)
mo)
mo)

mo)
mo)

mo)
mo)

mo)
mo)

mo)
mo)

stimulator

BALB/c

BALB/c

BALB/c '

BALB/c

BALB/c

BALB/c

BALB/c

BALB/c

target release*

BALB/c

CBA/Rij

TNP-C57BL

C57BL

BALB/c

C57BL/Rij

TNP-CBA

CBA

69
68
66

25
44
57

24
35
46

3
16
26

75
75

7
29

20
38

2
24

±

+
+
+

±

±

1 +
 1 

+
1 +

 1 
+

1 +
 1 

+

+
+

5
5

13

4
6
7

4
4
5

3
4
5

13
20

5
6

2
6

2
5

(6)
(6)

(6)
(6)

(3)
(3)

(6)
(6)

(10)

(8)**

(10)

(8)**

* Specific Cr-release at a 30:1 effector to target cell ratio
(mean of the number of individually tested mice which is indi-
cated between brackets).

**Eight out of 10 aged mice displayed enhanced kill of these tar-
get cells and were used to calculate this mean; two other aged
mice (not the same for both targets) exhibited no kill above
background levels and were omitted from this calculation.
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c. surprisingly, all aged C57BL/Rij mice tested (six 12-month-
old and six 24-month-old) showed enhanced CTL activity on unmodi-
fied autologous targets after stimulation with allogeneic stimula-
tor cells, as did 8 out of 10 aged CBA/Rij mice (Table 1). The in-
crease in cross-reactive killing of TNP-modified self target cells
(Table 1) might thus be due to the enhanced killing of unmodified
self targets. Young mice of the C57BL/Rij and the CBA/Rij strains
display no significant kill of unmodified targets syngeneic with
the responder cell, although both do kill TNP-modified self target
cells (Table 1), as was reported by others (Lemonnier et al.,
1977; Burakoff et al., 1978).

The above data suggest an age-related change in the recogni-
tion of both third party alloantigens and self antigens by allore-
active spleen cells. Stimulation with syngeneic stimulator cells
does not lead to CTL recognizing syngeneic target cells in old or
young mice (data not shown).

Alloantigeneic stimulation of spleen cells from old mice ap-
parently leads to autoreactive killer cells which, on the basis of
their susceptibility to anti-Thy 1-serum plus complement, could be
identified as T cells (data not shown). Certain viruses have been
implicated in the initiation of humoral (i.e., antibody-mediated)
autoimmune reactivity (Kay, 1979); the above findings might be
useful for further studying CTL autoreactivity. One of the ques-
tions to be approached is whether aged mice have an absolute in-
crease in autoreactive CTL or rather display an increased expres-
sion of those present due to some form of deregulation (e.g., by a
decrease in suppressor cells). The latter phenomenon was shown to
be responsible for the age-related increase in autoantibody secre-
tion by LPS-stimulated B cells Meredith et al., 1979).

Bach, M.-A., Clin. Immunol. Immunopathol. 13_ (1979) 220.
Burakoff, S. et al., J. exp. Med. _148 (1978) 1414.
Finberg, R. et al., p. 5145. In: Proc. Natl. Acad. Sci. 7ji (1978)
Hirano, T. and Nordin, A.A., J. Immunol. 117 (1976) 1093.
Kay, M.M.B., Clin. Immunol. Immunopathol. 1̂2 (1979) 301.
Kruisbeek, A.M. and Astaldi, G.C.B., J. Immunol. L23_ (1979) 984.
Lemonnier, F. et al., p. 1229. In: Proc. Natl. Acad. Sci. 7£

(1978).
Meredith, P.J. et al., J. Immunol. 1J23 (1979) 87.
Ryser, J.-E. and Robson MacDonald, H., J. Immunol, 123 (1979) 128.
Shigemoto, S. et al., J. Immunol. 115 (1975) 307.
Simpson, E. et al., J. exp. Med. 148 (1978) 1478.
Teh, H.-S et al., J. Immunol. 1JJB (1977) 1049.
Teh, H.-S et al., J. Immunol. 121 (1978) 1711.
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T CELL DERIVED HELPER FACTORS AND T-T CELL INTERACTIONS:
AN INTRODUCTION

Ada M. Kruisbeek and Tonny J.M. Krose

The _in vitro generation of a cytotoxic T lymphocyte (CTL) re-
sponse against allogeneic cells requires the collaboration of two
T cell types: a CTL precursor expressing Lyt 23 antigens and a
helper T cell bearing only Lyt 1-antigen (Cantor and Boyse, 1975).
More recently, H-2 restricted antiviral (Ashman and Miillbacher,
1979), anti-H-Y (Von Boehmer and Haas, 1979) and anti-TNP-raodified
self (Pinberg et al., 1979) CTL responses were also found to be
dependent on the presence of antigen-specific helper T cells. Thy-
mocytes are apparently poor in helper T cell precursors, as judged
by the observations that their low or absent CTL response to allo-
antigens and TNP-raodified-self antigens can be enhanced by the ad-
dition of radioresistant, antigen-specific splenic or lymph node
helper T cells (Baum and Pilarski, 1978; Cooley and Schmitt-
Verhulst, 1979).

It was recently shown that alloantigen-stimulated helper T
cells most likely act through production of a soluble product,
which in turn triggers proliferation and CTL responses of allo-
antigen-activated Lyt 23 T cells (Wagner and Rollinghoff, 1978).
Alternatively, polyclonal (ConA-induced) stimulation of murine T
cells results in release of a product with similar properties
(Wagner and Rollinghoff, 1978; Baker et al., 1978). Such factor(s)
are tentatively designated as T cell growth factors (TCGF) because
they also support the continuous growth of either alloantigen-
specific CTL (Gillis et al., 1978) or mitogen-activated T cells
(Andersson et al., 1979). The level of TCGF production after anti-
geneic or polyclonal activation and the capacity of activated T
cells to respond to TCGF will dictate the magnitude of the re-
sponse (Baker et al., 1978; Andersson et al., 1979). Thus, TCGF
serves an important regulatory function for the T cell immune re-
sponse and conditions diminishing or amplifying a T cell response
may be due to modifications in TCGF production or responsiveness.
It follows that, for both our thymocyte-differentiation project
(Kruisbeek and Zijlstra, this volume, p. 285) and our program on
the effect of aging on CTL responses (Kruisbeek and Steinmeier,
this volume, p.277), introduction of techniques for measuring TCGF
production and responsiveness was required. This is the subject of
the present paper; some applications of TCGF are presented in the
accompanying paper (Kruisbeek and Zijlstra, this volume, p. 285).
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TABLE 1

EFFECT OF TCGF ON PROLIFERATION OF ConA-ACTIVATED T CELLS

cpm/culture*

addition to
test cultures

medium
TCGF (1)***

TCGF (2)

TCGF (3)

TCGF (4)

medium + ConA

TCGF (l)****
absorbed on
ConA blasts

TCGF (1) absorbed
on normal spleen
cells

0.1 M
a-methyl-
mannoside

_

-
+
-
+
-
+
-
+
-
+

+

+

ConA-activated

B10.D2

198
6764
11574
7794
15232
3659
6650
3106
7619
250
201

2036

12847

splenic

C57BL/10

193
10319
15584
13793
17157
8641
9626
3903
6856
391
176

3143

19476

T blasts** from

BALB/c

147
11490
22630
4566
9644
3482
8992
2960
4050
199
287

2849

21765

unstimulated
C57BL/10
spleen

164
8500
230
9351
299

N.T.
N.T.
N.T.
N.T.
8856
307

N.T.

N.T.

* 10 cells were cultured in 0.2 ml in flat-bottom wells of microtitre plates at 50% final TCGF
concentration and labelled at day 3 with 1 uCi H-TdR (s.a. 2 Ci/mmol) for 6 hr; mean values
triplicate cultures (SD below 5%).

** ConA-activated T cell blasts from spleen cells from 3 different mouse strains which have been
kept in TCGF-dependent culture for 3 months.

*** Values for different TCGF batches are given; (1) and (2) were prepared from BALB/c spleen
cells; (3) and (4) from C57BL/10 spleen cells.

****Absorption was carried out for 2 hr at 37°C with 108 cells.ml"1.



TCGF is routinely produced by,stimulating mouse spleen cells
at a density of 10 x 10 cells.ml with 2.5 pg ConA.ml for 24 h
at 37 C, removing the cells and filtering the supernatant through
0.45 y Millipore filters. Storage for several months at -20 C does
not affect TCGP activity. Screening TCGF samples for activity is
done by determining their capacity to maintain proliferation of
either alloantigen-activated CTL or ConA-activated splenic T
cells, as measured by TdR incorporation.

•[ Table 1 illustrates the effect of various TCGF batches on
J. growth of ConA-T-cell blasts from different mouse strains and on
{ resting T cells. It should be noted that:
I a) the ConA still present in TCGF is not responsible for the
I growth of ConA-activated T cells, as controls consisting of fresh
•; medium containing the same concentration of ConA as present in

TCGF had no effect;
b) the TCGF activity on unstimulated spleen cells can be com-

pletely abolished by incorporating 0.1 M a -methyl-D-mannoside, a
concentration which abolishes the ConA response of T cells (Trow-
bridge, 1973). Thus, the TCGF effect on resting T cells is due to
the presence of ConA in TCGF. The TCGF activity on ConA-activated
T cells is not abolished by a-methyl-D-mannoside;

c) TCGF activity can be absorbed by ConA-activated T cells
through incubation for 2 hr at 37 C, whereas incubation with un-
stimulated spleen cells had no such effect. This confirms reports
of others (Smith et al., 1979) and further supports the notion
that TCGF acts only on activated T cells.
Thus, a simple and sensitive microassay for TCGF activity is a-
vailable and this will be used to determine possible modifications
of TCGF production due to aging or maturation of thymocytes.
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Ashman, R.B. and Miillbacher, A., J . exp. Med. 150 (1979) 1277.
Baker, P.E. et al., J. Immunol. 121. (1978) 2168.
Baum, L.L. and Pilarski, L.M., J. exp. Med. 148 (1978) 1579.
Cantor, H. and Boyse, E.A., J. exp. Med. 141 (1975) 1390.
Cooley, M.A. and Schmitt-Verhulst, A.M., J. Immunol. 123 (1979)

2328.
Finberg, R. et al., J. Immunol. 123 (1979) 1205.
Gillis, S. et al., J. Immunol. 12£ (1978) 2027.
Smith, K.A. et al., In: Proc. N.Y. Acad. Sci., 1979, in press.
Trowbridge, I.S., p. 3650. In: Proc. Nat. Acad. Sci. USA T§_ (1973)
Von Boehmer, H. and Haas, W., J. exp. Med. 150 (1979) 1134.
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COMPARISON OF THE EFFECTS OF T CELL GROWTH FACTORS (TCGF)
AND THYMIC EPITHELIAL CULTURE SUPERNATANT (TES) ON CTL RESPONSES
TO ALLOANTIGEN AND TNP-MODIFIED SELF STIMULATION OF THYMOCYTES

Ada M. Kruisbeek and Jelly J. Zijlstra

As pointed out in the preceding paper (p. 281), the extent of
TCGF production after antigeneic or polyclonal T cell activation
determines the magnitude of a T cell response. Thymocytes# mainly
consisting of "immunoincompetent" T cells, display very poor
CTL responses after activation with alloantigen (Kruisbeek and
Astaldi, 1979) or TNP-modified syngeneic cells (Cooley and Schmitt
Verhulst, 1979; see also Figure 1), presumably due to the fact
that they lack helper T cell precursors (Baum and Pilarsky, 1978;
Cooley and Schmitt-Verhulst, 1979). As helper T cells seem to act
via production of TCGF-like factors (Wagner and Rollinghoff,
1978), it follows that if TCGF is added exogenously, it might en-
hance thymocyte CTL responses. Indeed, this was shown to be the
case for alloantigen-activated thymocytes (Shaw et al., 1978). The
capacity of TCGF to promote H-2-restricted anti-TNP modified self
CTL-responses of thymocytes is described in this paper. Also a
partially purified fraction of TES is shown to exhibit the same
effect, in addition to its earlier reported capacity to induce
alloantigen-reactive CTL responses ir thymocytes (Kruisbeek and
Astaldi, 1979).

Thymocytes from 6-week-old CBA mice were treated with peanut
agglutinin (PNA) and divided into two subpopulatuons as described
(Kruisbeek and Astaldi, 1979). The minor fraction not agglutinated
with PNA (PNA ) represents the immunocompetent subpopulation of
cells (see also Figures 1 and 2), whereas the PNA-agglutinated
(PNA ) fraction is regarded as being immunoincompetent by all
classical tests for T cell function. The latter fraction is con-
sidered to represent the major precursor T cell pool for either
intrathymic or extrathymic "mature" T cells. Both fractions as
well as unfractionated thymocytes were then cultured with either
allogeneic BALB/c stimulator cells or TNP-modified syngeneio sti-
mulator cells and CTL responses were assayed on day 5 by tech-
niques described earlier (Kruisbeek and Astaldi, 1979). 'i'CGF was
prepared and screened for activity as described in the preceding
paper (p. 281) and supplemented with 0.1 M a-methyl-D-mannoside to
prevent ConA from exerting mitogeneic effects. The TES used was
subjected to Sephacryl 200 filtration, resulting in a semipurified
batch with a 30-50 fold enriched activity on the basis of its ca-
pacity to induce PHA-responses in thymocytes, the assay used rou-
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Figure 1

Unfractionated or PNA-fractionated thymocytes from CBA mice were cultured for 5
days with TNBS-modified syngeneic spleen cells in the presence of TES (2.5%) or

"•"-' and, on day 5, CTL responses to ~~ '-'--"-- .— ****.* .~ ^TCGF (50%) and, on day 5, _CTL responses to " Cr-labelled TNBS-modified 48-h
ConA blasts was determined. Cr-release of unmodified ConA blasts was similar
to spontaneous release (lower than 20%) and therefore not indicated. All
methods were previously described (Kruisbeek and Astaldi, 1979).

tinely to monitor TES purification procedures (Jelly J. Zijlstra
and G. Wagemaketr, unpublished observations).

Figures 1 and 2 show the effects of TES and TCGF on anti-TNP-
modified self reactivity and antialloreactivity of thymocytes, re-
spectively. The results support the following broad conclusions.

a) the poor response of thymocytes to both allo- and TNP-self
stimulation can be efficiently enhanced by both TCGF and TES to a
similar extent. Even in PNA thymocytes, the subpopulation which
displays absolutely no response, a CTL response can be generated,
provided TES or TCGF is present;
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As in Figure 1, but with allogeneic BALB/c stimulator spleen cells and Cr-
labelled BALB/c target cells.

b) the activity of TCGP is not due to polyclonal stimulation
by the ConA present in TCGF, since (1) we found that medium con-
taining ConA had no effect; (2) the CTL activity generated in the
presence of TCGF is specific for target cells identical to the
type used for stimulation; (3) no antigen specific CTL are genera-
ted in unstimulated TCGF-containing cultures (data not shown). Si-
milar results were obtained with thymocytes from other strains
(C57BL/10, B10.BR and B10.A) (data not shown).

The effects observed with TCGF challenge the prevalent view
that PNA thymocytes represent "immature", immunoincompetent T
cells: rather, they represent a population of competent precursor
CTL, which, due to the absence of helper T cell precursors, cannot

-si
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develop into effector CTL. This situation can be modified by ad-
ding the putative activated helper T cell product, i.e., TCGF,
exogenously.

How does TES fit into this scheme? TES and TCGF are derived
from totally different sources and yet their effects on thymocytes
are quite similar: induction of CTL responses and of mitogen- and
alloantigen induced proliferation of thymocytes (Kruisbeek et al.,
1977). There is, however, an important difference in their mode of
action: TCGP exerts its effect only on activated T cells; mere
pre-incubation of PNA thymocytes in TCGP in the absence of anti-
gen or mitogen does not increase a subsequent response to T cell
mitogens or alloantigens (Irl§ et al., 1978 and our observations).
In contrast, a 24-h preincubation with TES at 37 C does (Kruisbeek
et al., 1977; Kruisbeek and Astaldi, 1979); apparently TES changes
the reactivity pattern of unstimulated cells.

Our present working hypothesis is that TES exerts its effect
on CTL responses of PNA thymocytes by inducing helper T cell pre-
cursors, which in turn (after antigen activation) stimulates the
response of already present CTL precursors. This hypothesis is
presently tested by studying the effect of TES on TCGP production
by thymocytes, which have already been shown to be poor TCGF pro-
ducers (Shaw et al., 1978). TCGF, on the other hand, acts on anti-
gen-activated CTL precursors, bypassing their helper T cell re-
quirement.

Baum, L.M. and Pilarsky, L.L., J. exp. Med. 148 (1978) 1579.
Cooley, M.A. and Schmitt-Verhulst, A.M., J. Immunol. 123 (1979)
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Irle, C. et al., J. exp. Med. 14_8 (1978) 32.
Kruisbeek, A.M. et al., Eur. J. Immunol. 1_ (1977) 375.
Kruisbeek, A.M. and Astaldi, G.C.B., J. Immunol. 123 (1979) 984.
Shaw, J. et al., J. Immunol. 12£ (1978) 1974.
Wagner, H. and Rollinghoff, M., J. exp. Med. 148 (1978) 1523.
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PRODUCTION AND CHARACTERIZATION OF
A MONOCLONAL RAT ANTI-MOUSE-IgG ANTIBODY

J.J. Haaijman

Monoclonal antibodies represent an important new tool. Not on-
ly do they show exquisite specificity but also their quality and
characteristics are, in principle, constant. In this report, the
preparation of a xenogeneic anti-mouse-IgG is described. A Lou/
Wsl/M rat was primed with Bordetella pertussies coated with a
BALB/c anti-B pertussis serum. The rat was boosted twice with the
same preparation. Three days after the second boost, the spleen
cells were hybridized to the non-secretor myeloma line NS-1
(Kohler et al., 1976) as described in detail by Oi and Herzenberg
(1980). In brief, the washed spleen and myeloma cells are centri-
fuged together in serum-free medium. Polyethylene glycol (PEG) is
then added slowly and after 1 minute of incubation the PEG is di-
luted very gradually by adding small amounts of serum-free medium.
The fusion mixture is finally taken up in fetal calf serum con-
taining medium.

In this particular experiment, the cells were divided into
thirty 1 ml cultures in Leighton tubes. The NS-1 myeloma cells
lack the enzyme hypoxanthine - guanine - phosphoribosyltransferase
which makes them sensitive to aminopterin. To select hybrid cells
from the myeloma parent the medium of the cultures is changed to
contain hypoxanthine-aminopterin-thymidine (HAT-medium, Little-
field, 1964). After about 3 weeks of culture, growth of hybrid
cells was apparent in all 30 cultures. Anti-mouse-immunoglobulin
(Ig) activity was determined by radioimmunoassay using purified
myeloma proteins passively adhered to flexible polyvinyl 96-well
microtitration plates (Tsu and Herzenberg, 1980). An iodinated
rabbit anti-rat-Ig was used to detect bound antibodies. Of the 30
supernates, 6 showed clear activity against one or more myeloma
proteins. It was necessary to clone the cells as soon as possible
because the size of the cultures made it very likely that more
than one hybrid clone was present per tube. Cloning was performed
with the 6 cultures using the fluorescence-activated cell sorter
to deposit single live cells into wells of 96-well microtitration
plates (Stovel and Sweet, 1979). The supernates of the wells with
definite cell growth were tested after 14 days. Positive clones
were derived from only one culture. These clones reacted very
strongly with MOPC-21 (IgG , a allotype) and MOPC-300 (IgG , b
allotype). The purified myeloma proteins were kindly provided by
Vernon T. Oi, Stanford University, Stanford, California.
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The clones were expanded into 1 ml cultures a'.id finally grown

in flasks. To determine the Ig class of the antibodies and their

their chain composition, 5 x 10 cells of two clones were grown

for 12 hrs in the presence of S-methionine. Supernates from

these cultures were tested in double immunodiffusion plates with

antisera against rat immunoglobulins. On autoradiography of the

plates both antibodies proved to be of the IgG class. Two-dimen-

sional gel electrophoresis was employed to determine the chain

composition of the antibodies using the S-labelled supernates.

The NS-1 cell line is capable of synthesizing the MOPC-21 light
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Figure 1

A. Competition of various monoclonal antibodies. Flexible 96-well polyvinyl
microtitration plates were coated with MOPC-21 (1.5 ug in 30 ul per well).
Non-occupied adsorption sites were saturated with 1% bovine serum albumin in
phosphate buffered saline. The wells were incubated with different dilutions
of unlabelled 73.28.E3b (rat anti-mouse-IgG ; HL), 73.28.D4a (rat anti-
mouse- IgG.;?HLK) and 73.23.D4 (irrelevant rat monoclonal) for 30 min and 20
ul of E3b- I (20 kcpm) was added to each well. The mixture was incubated
for an additional 60 min at room temperature and the radioactivity bound to
each well was determined by y -counting. The percentage of maximum binding
(no competitor) is plotted.

B. Quantification of mouse IgG in mouse serum. Monoclonal rat anti-mouse-IgG,
(code: 73.28.E3b) was coated onto wells of a plate. The wells were incubated
with 20 jil of various dilutions of different mouse sera for 30 min. Twenty
jil of MOPC-300 labelled with I containing 30 kcpm was then added to each
well and the plate was incubated for an additional 60 min. After washing the
non-bound radioactivity away the wells were separated from each other by
cutting the plate with a hot wire. Plotted is the percentage of binding of
the control (no serum).
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chain. On hybridization with an antibody-producing spleen cell,
three kinds of products with varying light chain composition can
be made: a) antibodies having a light chain of the spleen cell (HL
antibodies, H standing for the heavy chain and L for the light
chain of the spleen parent), b) antibodies with one light chain of
the spleen parent and one of the MOPC-21 (HLK antibodies), and
c) HK antibodies.

For the two-dimensional gel electrophoresis (first dimension:
non-equilibrium isoelectric focusing and, second dimension, 10%
polyacrylamide; Jones, 1980) 2-mercaptoethanol was used for reduc-
tion and MOPC-21 protein was run as a marker. One of the antibod-
ies had no light chain in common with MOPC-21 and thus was an HL
antibody. The rat antibodies were purified by passage of the su-
pernate over a Sepharose-goat anti-rat-Ig column. They were elu-
ted with 0.2 M glycine-HCl, pH 3.2, We generally obtained 10 mg of
antibody per litre of supernate. With the purified antibodies, it
was shown that the HLK antibodies had a lower activity than the HL
antibodies (Figure 1A).

The rat anti-mouse-IgG has been successfully iodinated and
fluoresceinated. In combination with iodinated protein A, it
proved to be a good screening reagent for the detection of mouse x
mouse hybridomas. Fluorescent rat anti-mouse-IgG gave very low
background staining with normal mouse spleen cells. It could be
used therefore as a second step reagent in experiments involving
alloantisera directed against lymphocyte surface determinants. Ad-
sorbed to a plastic plate, it could serve to measure IgG levels
in sera of various mouse strains (Figure IB).

Jones, P.P., Chapter 19. In: Selected methods in cellular immuno-
logy (Ed. B.B. Mishell and S.M. Shiigi), W.H. Freeman Pub., San
Francisco (1980).

Kdhler, G., Howe, C.S. and Milstein, C., Eur. J. Immunol. j6 (1976)
292.

Littlefield, J.W., Science L45 (1964) 709.
Oi, V.T. and Herzenberg, L.A., Chapter 17. In: Selected methods in

cellular immunology (Ed. B.B. Mishell and S.M. Shiigi), W.H.
Freeman Pub., San Francisco (1980).

Stovel, R.T.. and Sweet, R.G., J. Histochem. Cytochem. Tl_ (1979)
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Tsu, T.T. and Herzenberg, L.A., Chapter 18. In: Selected methods
in cellular immunology (Ed. B.B. Mishell and S.M. Shiigi), W.H.
Freeman Pub., San Francisco (1980).

291



EFFECTS OF INTERCURRENT DISEASE ON AGE-RELATED PATHOLOGY

C. Zurcher, M.J. van Zwieten, H.A. Solleveld, A.L. Nooteboom

and C.F. Hollander

The use of healthy animals in research is essential, particu-
larly for long-term experiments. It is not difficult to realize
that animals which die prematurely because of intercurrent disease
are less liable to develop relatively late appearing neoplastic
and non-neoplastic lesions in the same number and degree as ani-
mals undisturbed by such intercurrent disease. Despite elaborate
barrier systems every rodent colony is besieged now and then by an
(often unexplained) devastating infectious disease hampering on-
going long-term experiments.

This report deals with the effects of a severe chronic respi-
ratory disease (CRD) which developed in rats after an acute Sen-
dai virus infection in our rodent colonies (Burek et al., 1977).
During the course of this disease the condition of the rats dete-
riorated gradually and survival ages decreased markedly. The
effects on median survival values have been reported earlier
(Nooteboom et al., 1977). During the period of full-blown CRD 50%
survival values for some cohorts were decreased to about half the
normal (pre-Sendai period) value.

To investigate in what measure the occurrence of age-asso-
ciated lesions was influenced by decreased survival we compared
the prevalence of some common age-related lesions in cohorts of
rats living during two different periods after CRD became apparent
in the colony, with data obtained previously during a disease-free
period (Burek, 1978). To this end data from pre-CRD, early CRD and
late CRD periods were obtained in female rats of two different
strains: one (WAG/Eij) moderately and the other (BN/Bi) severely
affected by the disease.

The animals were maintained as described previously (Burek,
1978) and were allowed to live out their lifespan. A complete
gross and histological examination was performed on those that
died. Prevalence data for the most common lesions observed in each
strain are given in Table 1.

It is clear that the data obtained during the three periods
differ considerably with respect to each other and that the occur-
rence of lesions is related to the decrease in median survival.
Furthermore, it appears that the prevalence of some lesions de-
creased more than that of others. Because these lesions are age-
associated, lower values are not unexpected in rats dying at a
younger age. We therefore tried to correct for differences in age
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TABLE 1

PREVALENCE OF AGE-RELATED LESIONS IN FEMALE WAG/Rij AND BN/Bi RATS
DURING THE PRE-, EARLY AND LATE CRD PERIOD

• H

W
A

G
/R

pituitary tumour

liver foci/areas

ovarian cyst

adrenocortical
adenoma/carcinoma

medullary thyroid
carcinoma

endometrial polyp

number
median age/months

pre-CRD
per

number cent

93/98

79/97

58/97

41/93

47/94

20/94

98
31

95

81

60

44

50

21

period
early CRD

per
number cent

30/36

33/37

24/35

14/36

16/37

6/34

37
28

83

89

69

39

43

18

late

number

6/27

5/27

13/27

3/27

7/27

3/28

28
21

CRD
per
cent

22

19

48

11

26

11

• H

B
N

/B

pituitary tumour

biliary cysts

cervicovaginal
tumour

adrenocortical
adenoma/carcinoma

ureter carcinoma

number
median age/months

60/171

133/214

45/199

68/210

55/204

221
31

35

62

23

32

27

5/26

3/26

0/23

7/24

2/24

27
17

19

12

0

29

8

0/32

0/37

0/34

6/3 7

3/34

37
13

0

0

0

16

9
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TABLE 2

AGE ADJUSTED PREVALENCE OF AGE RELATED LESIONS IN FEMALE WAG/Rij AND BN/Bi RATS DYING DURING THE
PRE- (P), EARLY (E) OR LATE (L) CRD PERIOD

age period (months)

•1-1

•H

B
N

/B
i

pituitary
tumour

liver
foci/areas

ovarian
cyst

pituitary
tumour

biliary
cysts

cervico
vaginal
tumour

P
E
L

P
E
L

P
E
L

P
E
L

P
E
L

P
E
L

median
age (m)

31
28
21

31
28
21

31
28
21

31
17
13

31
17
13

31
17
13

7 - 1 2

0/7
0/11

0/7
0/13

0/7
0/10

13 - 18
per
cent

2/2

1/6

1/2

1/6

1/2

3/6

2/5
1/7
0/19

2/6
0/7
0/22

1/6
0/6
0/22

40
14
0

33
0
0

17
0
0

19 - 24
per
cent

6/73
6/12
3/13

4/7
11/13
1/13

3/7
8/12
6/13

7/21
2/4
0/2

10/24
0/4
0/2

8/20
0/3
0/2

86
50
23

57
85
8

43
67
46

33
50
0

42
0
0

40
0
0

25 -

21/24
15/15
2/8

21/24
13/15
3/8

17/24
11/14
4/8

15/50
2/6

34/66
2/6

16/63
0/5

30
per
cent

88
100
25

88
87
38

71
79
50

30
33

52
33

21
0

31 -

58/59
9/9

48/58
9/9

31/58
5/9

27/77
1/2

65/91
1/2

19/86
0/2

36
per
cent

98
100

83
100

53
56

>37

6/6

5/6

6/6

9/18

22/27

4/24



and arranged our data in the form of age-specific prevalence. From
these age-adjusted data it appears that at least for pituitary tu-
mours (WAG/Rij and BN/Bi), liver foci and areas (WAG/Rij), biliary
cysts (BN/Bi) and cervicovaginal tumours (BN/Bi) late CRD rats
show much lower frequencies than do pre-CRD rats (Table 2). Thus,
despite the correction for age differences data from the three
groups remain incomparable.

Why the decreased longevity caused by CRD leads to a severe
reduction in the prevalence of some lesions while that of other
lesions (e.g. ovarian cysts) is only scarcely or moderately affec-
ted remains unsettled. Most of these effects however, can be ex-
plained by the premature death of the animals by CRD. In fact, da-
ta obtained from 30 female WAG/Rij and BN/Bi rats killed during
the pre-CRD period at the age of 14 or 21 months (Burek, 1978)
show equally low figures for pituitary tumours, liver foci and
areas and biliary cysts as those from the late CRD groups (with a
median age of 21 months for WAG/ Rij rats and 13 months for BN/Bi
rats). Prom these killing experiments it also appeared that the
occurrence of lesions which develop slowly and relatively early
(e.g. medullary thyroid carcinoma) can be expected to be less af-
fected than the occurrence of lesions which develop rapidly and
relatively late during life (e.g. pituitary tumours and liver foci
and areas) (Burek, 1978). However, an effect of the severe lung
disease itself on the development of the various lesions cannot be
excluded without additional data obtained from serial killing
studies.

Burek, J.D., Pathology of aging rats, CRC Press, West Palm Beach,
Florida, 1978.

Burek, J.D. et al., Lab. Anim. Sci. 27 (1977) 963. ;
Nooteboom, A.L. et al., Annual Report of the REP-Institutes 1977,

224.
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TRICHOFOLLICULOMAS IN RATS

H.A. Solleveld, A.CM. Martens, C. Zurcher and M.J. van Zwieten

Trichofolliculoraas are benign, highly structured neoplasms
considered by some to be hamartomas of the pilosebaceous unit
(Headington, 1976). These tumours are uncommon in laboratory ani-
mals. To our knowledge, the only report describing this type of
cutaneous neoplasm in laboratory animals is that of Ediger et al.
(1971), who found 21 trichofolliculomas in a series of 7,670 ne-
cropsied guinea pigs.

We describe here the finding of 10 trichofolliculomas, inclu-
ding 2 cases described previously (Annual Report 1978, p. 130), in
untreated as well as treated rats. The tumours were found in both
sexes of two rat strains (WAG/Rij and BN/BiRij) and in male (WAG x
BN)F1 hybrids. A survey is given in Table 1.

The tumours appeared clinically as roughly circular crateri-
form nodules varying from 7 mm to 16 mm in diameter. They were si-
tuated in the dermis and keratinaceous debris was visible through

TABLE 1

TRICHOPOLLICULOMAS IN TWO RAT STRAINS (WAG/Rij AND BN/BiRij

AND THEIR (WAG x BN)F1 HYBRID

strain

WAG/Rij

WAG/Ri j
BN/BiRij

BN/BiRij

BN/BiRij

BN/BiRij

(WAG x BN)F1

sex

female
female
female

male

male

male

male

age
(months)

19
22
26

15
17

17

26

number
of animals

1
1
1

1
3

1

2

treatment

none
X-irradiation
neutron
irradiation
none

BCG + leukaemic
cells i.v.
leukaemic cells
i.v.

urinary bladder
transplantation
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a central pore in the overlying epidermis. All were located in the
flank and could be easily removed surgically. On cut section, the
nodules were seen to be sharply demarcated from the subcutaneous
tissue. Histologically, most trichofolliculomas appeared as par-
tially or completely closed cysts located within the dermis. The
lining of the cyst was composed of keratinizing stratified squa-
mous epithelium which was organized into numerous abortive hair
follicle-like structures in various stages of development (Figure
1) . The epithelial cells, which had become flattened to give rise
to the hair-shaft-like material, contained keratohyaline and tri-
chohyaline granules. Birefringent fragments compatible with hair-
shaft-like substance was produced by most of the follicle-like
structures (Figure 2).

The incidence of this neoplasm in our rats cannot be readily
estimated from this study, since these cases are derived from sev-
eral different sources, of which it is difficult to determine the
populations at risk. The two cases derived from a carcinogenesis
study which were described previously (Annual Report 1978, p. 130)
were estimated to represent an approximate 0.1% incidence. This
relatively low incidence would appear to be corroborated by the
work of Burek (1978), who described not a single case of this neo-
plasm in a series of 670 necropsied aging rats of the same
strains.

• * ~ < i * - ^

Figure 1

Trichofolliculoma in the skin of male (WAG x BN)P1 hybrid. The tumour is lined
by keratinizing stratified squamous epithelium which is organized into numerous
abortive hair-follicle-like structures (HPS x 13).
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Figure 2

High power view of an abortive hair - fol l ic le- l ike structure producing squames
of soft keratin and hair-shaft-like substance (arrow) (HPS x 360).

The mean age of the rats in which trichofolliculomas were ob-
served was 20.2 months (range 15 to 26 months). It is not known
whether the lack of reports describing this tumour in rats re-
flects the relative paucity of experimental rats of this age or
whether other factors are involved. It is interesting to note
that, although the youngest animal in our series was 15-months of
age, these tumours have been found in guinea pigs as young as 6
weeks of age (Ediger et a l . , 1971).

Burek, J.D., CRC Press, Inc., West Palm Beach, Florida (1978).
Ediger, R.D. et a l . , J. Natl. Cancer Inst. 4£ (1971) 517.
Headington, J .T. , Am. J. Pathol. J35_ (1976) 480.
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ULTRASTRUCTURAL STUDIES ON RETICULUM CELL SARCOMA TYPE A
IN C57BL/KaLwRij MICE

A.M. de Leeuw, N. Blansjaar and C. Zurcher

Tumours in the liver and female genital tract compatible with
a diagnosis of reticulum cell sarcoma type A (RCS-A) (Dunn, 1954)
are not uncommon in our strain of C57BL mice. Serious doubt about
the existence of RCS-A as a separate entity was expressed by
Stewart et al. (1974), who demonstrated that uterine sarcomas
originally diagnosed as RCS-A appeared to be malignant Schwanno-
mas. The tumour often metastasized to the liver. However, the idea
that all tumours originally diagnosed as RCS-A are in fact malig-
nant Schwannomas, thus excluding the possibility of RCS-A being a
separate entity, is not generally accepted (Benirschke et al.,
1978). From our own experience with this type of tumour in C57BL
mice, we concluded that, at least in our mouse strain, they were
most probably of mononuclear phagocytic origin (Zurcher et al.,
1978). This hypothesis was based on primary localization (mainly
diffuse growth in liver sinusoids), histological and cellular
characteristics (e.g., extensive erythrophagocytosis) and charac-
teristic localization in the liver sinusoids when tumour cells
were injected intravenously into syngeneic hosts (an identical
transplantation behaviour was described by Ralph et al. (1975),
for a proven histiocytic cell line in mice). Furthermore, no
clear-cut features of Schwannoma were observed in our mice. To
provide further clarification of the possible cell of origin of
these sarcomas, ultrastructural investigations were started inclu-
ding an enzyme cytochemical study. Two primary RCS-A's originating
in the liver sinusoids and two transplanted RCS-A tumours, also
localized in the liver were investigated. The tumour tissue of all
four cases showed comparable ultrastructural characteristics.

Throughout the tumour, the cells lie closely apposed to each
other; many cell processes resembling pseudopodia show extensive
intermingling (Figure 1), which results in an organelle free zone
at the periphery of each cell. The nuclei are round to bean-shaped
with patches of condensed chromatin attached to the nuclear enve-
lope. Nucleoli are conspicuous. The cytoplasm contains many mito-
chondria, many strands of rough endoplasmic reticulum (RER), some-
times in parallel arrangement, and elongated lysosome-like struc-
tures. In addition, polyribosoines and pinocytotic vesicles are
present (Figure 1). Erythrophagocytosis and intracytoplasmic fat
droplets were regularly observed.

301



Figure 1

Ultrastructural aspects of a reticulum cell sarcoma type A cell. N = nucleus;
M = mitochondria. RER = rough endoplasmic reticulum; L = lysosome-like struc-
tures; C = cell membrane; P = pinocytotic vesicles. Extensive intermingling of
cell processes of adjacent cells, f

The main ultrastructural characteristics of the three cell
types, of which one may be considered as the cell of origin for
this tumour - Kupffer cells, liver endothelial cells and Schwann
cells - are summarized in Table 1. The resemblance between tumour
cells and endothelial cells is not very great. At first sight, the
same can be said for the resemblance to normal Schwann cells. How-
ever, Schwann cell tumours are characterized histologically by the
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Figure 2

Reticulum cell sarcoma type A in C57BL mice after incubation for endogenous
peroxidase. Cells show extensive erythrophagocytosis. Note the presence of en-
dogenous peroxidase in the nuclear envelope |f and the RER.| The'interdigitating
cell processes result in an organelle free zone (P).

presence of Antoni type A and B tissue. In type A tissue, the typ-
ical Schwann cell origin is apparent, but, in type B, the tumour
cells may show erythrophagocytosis, numerous lysosome-like struc-
tures and intracytoplasmic fat droplets. Furthermore, a basal lam-
ina is often absent (Weller and Cervos-Navarro, 1977). These char-
acteristics can also be found in the RCS-A in C57BL mice. However,
other features of RCS-A, such as chromatin clumping at the nuclear
envelope, the low nuclear-cytoplasmic ratio and the cellular appo-
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TABLE 1

COMPARISON OF THE ULTRASTRUCTURAL CHARACTERISTICS OF
LIVER ENDOTHELIAL CELLS, KUPFFER CELLS, SCHWANN CELLS

AND CELLS FROM A RETICULUM CELL SARCOMA TYPE A IN C57BL MICE

nuclear/cytoplasmic
ratio

nuclear chromatin
nucleoli

RER
polyribosomes
lysosomes
microtubules

microfilaments
basal lamina
pinocytotic vesicles
erythrophagocytos is
fat "storing"

fenestrations
worm-like structures

Kupffer
cells

low

clumped
++
++
++
+
+
+
-
+
+
+
-
+

endothelial
cells

high

clumped
+
+
++
-
+
-
-
+
-
+
+
—

Schwann
cells

high

dispersed
-
+
-
+
+
+
+
+
-
-
-
_

tumour
cells

low

clumpe
++
++
++
++
-
+
-
+
+
+
-
_

sition with hardly any intercellular space, makes a diagnosis at
the ultrastructural level more compatible with a tunour derived
from mononuclear phagocytes than from Schwann cells.

Additional evidence for this hypothesis comes from the enzyme
cytochemical study. The localization of endogenous peroxidase in
the nuclear envelope and RER of resident tissue raacrophages to
which Kupffer cells belong is used as a cellular marker (Wisse,
1974). Incubation of 75 ji thick vibratome slices of glutaraldehyde
fixed RCS-A tissue in a medium containing 0.05% diaminobenzidine,
0.02% H O 2 in a 0.05 M Tris/HCl buffer with 7% sucrose (pH 7.4,
osmolality 310 mOsm/1) for 30 minutes (according to Wisse, 1974)
resulted in the demonstration of endogenous peroxidase activity in
the nuclear envelope and the RER of the tumour cells (Figure 2).

Thus, the results of both the morphological and the enzyme cy-
tochemical study support the hypothesis that RCS-A of the liver in
C57BL mice is derived from the mononuclear phagocyte system.

304



Benirschke, K., Garner, F.M. and Jones, T.C. (eds.)» Springer Ver-
lag, New York/Heidelberg/Berlin (1978).

Dunn, T.B., J. Natl. Cancer Inst. l± (1954) 1281.
Ralph, P., Prichard, J. and Cohn, M., J. Immunol. 114 (1975) 898.
Stewart, H.C. et al., J. Natl. Cancer Inst. ̂ 3_ (1974) 1749.
Weller, R.O. and Cervos-Navarro, J., In: Pathology of peripheral

nerves. Butterworths, London, Boston (1977).
Wisse, E., J. Ultrastructural Res. 4£ (1974) 393.
Zurcher, C. et al.. Annual Report (1978) 261.

305



IMMUNOLOGY

PROTHYMOCYTES IN MOUSE FETAL LIVER

; W. Boersma

j
< Transplants of mouse fetal liver cells can be used to restore
11 lethally irradiated recipients. In transplantation systems where

fetal liver cells were used as a stem cell source, relatively slow
immunological reconstitution was observed (van Putten et al.,
1967). The biological basis for these observations has not been
determined as yet.

Our studies with the prothymocyte quantification model (Boers-
ma, 1978) were designed to measure the concentration of prothymo-
cytes relative to the concentration of CFU-S. Differences in the
relative concentrations of these two cell types when compared to
their concentration in bone marrow might provide a clue to the in-
terpretation of the slow immune reconstitution as well as to the
identification of the thymocyte precursor cells.

Bone marrow and fetal liver cells of (C3H x AKR)F1 mice were
used for transplantation into lethally irradiated C3H recipient
mice. In the recipient mice, the development of donor type thymo-
cytes was investigated to determine the relative concentration of
prothymocytes and this was compared with the concentration of
CFU-S.

The concentration of CFU-S in bone marrow of (C3H x AKR)F1
mice was 36 +_ 4.4 per 10 cells, while in fetal liver of animals
16 days from gestation, only 8.7 + 1.8 CFU-S per 10 cells were
found, which is 24%. This is in agreement with observations of
Lowenberg (1975), who found that in fetal liver the concentrations
of CFU-S and CFU-C were reduced to 20% and 21%, respectively, when
compared to bone marrow. When the development of donor type thymo-
cytes after transplantation was studied, we found that fetal liver
cells had a reduced capacity to produce donor thymocytes when com-
pared to bone marrow cells. The rate of development of donor thy-
mocytes after transplantation of fetal liver or bone marrow cells
was the same (Figure 1). The delay in development of donor thymo-
cytes after fetal liver cell transplantation is 1.2-1.4 days,
which is in the order of one doubling time of the population. This
means that the relative concentration of prothymocytes when com-
pared to CFU-S in fetal liver cells is 50% of that observed in
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Figure 1

Donor thymocyte development after transplantation of fetal liver progenitor
cells.
In irradiated C3H mice, 4 x 10 fetal liver cells (348 CFU-S) or 1 x 10 bone
marrow cells (360 CFU-S) were transplanted.

bone marrow. From this, it can be calculated that the absolute
concentration of prothymocytes in fetal liver cells is 12% of the
concentration of these progenitor cells in bone marrow. This low
concentration of prothymocytes could explain the lower incidence
of death following allotransplantation of fetal liver cells when
compared to bone marrow cells (LSwenberg, 1975).

Boersma, W.J., Annual Report of the REP-Institutes (1978) 291,
293.
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PROTHYMOCYTES IN REGENERATING BONE MARROW

W. Boersma

Previous studies showed that there is a strong quantitative
relation between the regeneration of donor thymocytes and the num-
ber of CFU-S inoculated after transplantation of normal bone mar-
row (Boersma, 1978). It is known that the concentration of CFU-S
in regenerating bone marrow is decreased when compared to normal
marrow concentrations (Lahiri and van Putten, 1969). We investi-
gated whether or not changes in the concentration of CFU-S are ac-
companied by simultaneous changes in the concentration of prothy-
mocytes.

Irradiated C3H mice received 3 x 10 (C3H x AKR)F1 bone marrow
cells. In the regenerating bone marrow, the concentration of CFU-S
one week after transplantation was reduced to 25% of the normal
value. The CFU-S concentration increased slowly and reached the
60% level (compared to normal) 3 weeks after transplantation (Fig-
ure 1). The changes in the proportion of prothymocytes in regener-
ating marrow were determined by monitoring the regeneration of
donor type thymocytes in a second recipient into which regenera-
ting marrow cells were transplanted. Donor type thymus cells which
are (C3H x AKR)F1 derived have both the Thy 1.1 and the Thy 1.2
allelic surface markers. Host thymocytes (C3H) only have Thy 1.2
on their surface. Donor and host cells were determined in a cyto-
toxic assay with anti Thy 1.1 and anti Thy 1.2 sera. The develop-
ment of thymocytes of donor and host origin was measured during
the regeneration period after irradiation and transplantation of
bone marrow cells. The number of donor cells was used as a measure
to quantify prothymocytes in the bone marrow inoculum {Boersma et
al., submitted for publication). The rate of growth of thymocytes

- after transplantation of regenerating marrow was independent of
the dose of bone marrow transplanted. The differences between the
points of intersection of the parallel regeneration curves and the
time axis were used as a measure for the difference in the capaci-
ty of the cells in the inoculum to restore the thymus. A delay of
one doubling time was considered to be caused by a 50% decrease in

•-• the number of progenitor cells transplanted.

b. When the production of donor cells was expressed per 10 bone
IV marrow cells transplanted, the delay in regeneration of thymocytes
(••:; after transplantation of 1, 3 and 8-week regenerating bone marrow
K: was 6.7, 5.3 and 2.7 doubling times, respectively, when compared
;•'•• to normal marrow (Figure 2a). When the donor cell production was
'"'. expressed per CFU-S transplanted, the observed delay was 3.9 dou-
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Figure 1

Regeneration of CFU-S and prothymocytes in bone marrow after transplantation of
nucleated bone marrow cel ls .
Into irradiated C3H recipients 3 x 10 (C3H x AKR)F1 bone marrow cells were
transplanted.
CFU-S: the number of CFU-S per 10 nucleated bone marrow cells were transplan-
ted.
Prothymocytes: the delay of one doubling time in thymocyte regeneration when
compared to normal was expressed as a reduction in prothymocyte concentration
of 50%.

blings for one-week as well as three-week regenerating marrow. For
eight-week regenerating marrow, a delay of 2.1 doublings was found
(Figure 2b). This means that while CFU-S reach 25% of the normal
value as early as one week after transplantation, prothymocytes at
the same time have reached only 1% of the concentration present in
normal marrow. Eight weeks after transplantation CFU-S reach 90%
and prothymocytes reach 16% of control values. This makes i t like-
ly that the rapid phase of thymocyte regeneration is directly re-
lated to the availability of precursor cells in the bone marrow
inoculum and that during the f i rs t three weeks after transplanta-
tion, the regenerating marrow does not produce enough precursor
cells to influence thymocyte development.

Boersma, W., Annual Report of the REP-Institutes (1978) 291, 293.
Boersma, W. et a l . , submitted for publication.
Lahiri, S.K. and Putten, L.M. van, Cell Tissue Kinet. 2 (1969) 21.
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Figure 2
2A. Growth of thymus cell population of donor origin after transplantation of regenerating bone marrow expressed per

10 cells transplanted. Normal bone marrow: 5 x 10 nucleated cells transplanted (176 CFU-S). Regenerating bone
marrow after initial transplantation of 30 x 10 nucleated bone marrow cells. 5

Eight weeks regeneration: 7.5 x 10 nucleated cells transplanted (200 CFU-S); three weeks regeneration: 10 x 10
nucleated cells transplanted (204 CFU-S); one week regeneration: 20 x 10 nucleated cells transplanted (104 CFU-S).

2B. Growth of thymus cell population of donor origin after transplantation of regenerating marrow expressed per CFU-S
transplanted. For legends, see 2A.



RELATIONSHIP BETWEEN MIXED LYMPHOCYTE CULTURE (MLC)-GENERATED
CYTOTOXIC T CELLS (CTL) AND NATURAL KILLER (NK)-CELLS AND
BETWEEN PHA LYMPHOCYTE BLASTS AND TUMOUR TARGET CELLS

R.L.H. Bolhuis

Zarling and Bach (1978) demonstrated that sensitization of
lymphocytes with a pool of normal mononuclear cells from 20 allo-
geneic donors in which all cytotoxic determinants (CD) are present
gives rise to effector cells cytotoxic against autologous Epstein-
Barr virus transformed lymphoblastoid cell lines (LCL) but not
against autologous normal lymphocytes or PHA-induced blasts. Stim-
ulation with cells from 1 donor has no such effect. Hence, the
tumour target cell structures for the MLC generated cytotoxic
cells may be cross-reactive with alloantigens (Zarling and Bach,
1978). On the basis of this hypothesis one would expect that stim- I
ulation with a pool of irradiated (*) normal allogeneic mononucle- • ,
ar cells obtained from 20 individuals would induce effector cells
cytotoxic to a variety of tumour target cells and that the stimu-
lation with cells derived from an individual donor would not gen-
erally induce such cytotoxic cells. Natural killer cells are cyto-
toxic cells present in e.g. human peripheral blood and these cells j
are known to lyse K562 erythroleukaemic cells and a variety of " (
tissue cultured tumour target cells. Effector cells that will lyse
tumour target cells can be generated after MLC and the lytic acti-
vity resembles that of "fresh" NK cells. Hence we operationally
define these effector cells as MLC-NK cells.

To investigate whether the high level of MLC-NK reactivity
against all tumour cells tested was due to the presence of all CD
determinants in the mixture of stimulator cells, as is the case in
a stimulator cell population of twenty randomly chosen donors
(C* ) (Bach et al., 1978), we also tested MLC-NK cells using
stimulator cells obtained from a single donor (A.B*). The de-
creased level of NK cytotoxicity might be partly due to soluble
factors produced by the mixture of allogeneic stimulator cells
themselves. Therefore, we also tested MLC-NK cells using a mixture
of autologous and allogeneic mononuclear cells as stimulators
[A.(A+B)*].

As can be seen from Table 1, there is no consistent difference
in the NK cell lytic capacity induced after an A.B*, A.(A+B)* or
A.C* type of MLC. On the average, the lytic capacity of
A.C*P°°:: 20 beingcoAB* )A.(A+B)* A.A* > A cultured alone. This V
result excludes the possibility that putative soluble factors pro- '.«
duced by the allogeneic stimulator cells play a major role in the
induction of MLC NK cells during the MLC.
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TABLE 1

CELL MEDIATED LYMPHOLYSIS:
EFFECT OF DIFFERENT RESPONDER/STIMULATOR CELL

COMBINATIONS ON THE INDUCTION OF CTL AND NK-CELL ACTIVITY

effector
cells
from MLC

AA*b
A(A+B)*
AB*
AC*

pool 20

DD*b
D(D+E)*
DE*
DC* . c

pool 5

A-PHA

- 5
18f
17
18

D-PHA

0
9
10
2

B-PHA

- 3
15
14
18

E-PHA

0
38
31
7

percent ^'Cr—release

targets
C „ -PHA
pool 20

-12
18
19
19

C , , -PHA
pool 15

1
29
27
17

K-562

1
60
66
67

10
65
65
46

4 h

1
49
54
64

2
50
43
18

T24
20 h**

8
100
95
107

Effector cellrtarget cell ratio, 50:1.
2 x 10 responders + 5 x 10 stimulators of each donor. Target
cells plus medium served as control for spontaneous release of

Cr.

A.A*

A(A,B)*

AC*
pool 20

MLC of donor A mononuclear cells with autologous ir-
radiated (*) cells.
MLC of donor A mononuclear cells with a mixture of
autologous (A*) and allogeneic B* irradiated cells,
idem with a mixture of mononuclear cells of 20 indi-
viduals.
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Several conclusions can be drawn from these results: the A.B*
MLC generated NK cell activity more or less equals to that of
A.C* generated effector cells; thus the number of different

POpX 2 0
MHC antigens (HLA-D) expressed by the stimulator cell population
seems to be of minor importance for the induction of MLC-NK cells.

In general, A.B* induced CTL will specifically lyse mononucle-
ar cells from donor B only and not, for instance, those of a donor
C who is allogeneic to donor B. The A.C* , „„ MLC induced CTL

pool 20
will kill lymphocytes of any individual, since the CTL are sensi-

tized against all possible CD determinants (Martin et al., 1976),
i.e., more cytotoxlc clones are proliferating and thus more CTL's
are produced. Our results indicate that the rate of cell prolifer-
ation is not a crucial factor for the induction of MLC-NK cells as
is the case for the development of CTL and thus suggests that MLC
generated CTL are not identical with the MLC generated NK cells.
Moreover, there is no antigeneic relationship between the CD anti-
gens on the mononuclear lymphoid target cells recognized by the
CTL and the (antigeneic) structures on the tumour cells recognized
by the MLC generated NK cells.

Bach, M.L., Bach, F.H. and Zarling, J.M., Lancet _1 (1978) 20.
Martin, W.J. et al., Science 19_4 (1976) 532.
Zarling, J.M. and Bach, F.H., J. exp. Med. 147 (1978) 1334.
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ANALYSIS OF THE ANTIGENS INVOLVED IN RECOGNITION
BY MLC GENERATED CTL AND NK CELLS

R.L.H. Bolhuis

i.

To investigate further the structural relationship between the
MHC antigens and tumour associated antigens (TAA), we studied the
inhibition of cytotoxic T-lymphocytes (CTL) and mixed lymphocyte
induced natural killer cell (MLC-NK) reactivity using a cold tar-
get cell inhibition Cr-release assay. When, as a result of the
addition of cold target cells, inhibition of Cr-release from the
labelled target cells is observed, one can conclude that these
types of target cells share antigepeic determinants. As can be
seen from Table 1, the inhibition of Cr-release by A.B*-CTL is
most evident when the relevant stimulator (or C , data not
shown) cells are added as competitor cells to the Iytic assay but
not when autologous competitor cells are added. Cells completely
allogeneic to the labelled target cells do not inhibit (data not
shown).

K-562 erythroleukaemic cells as well as T24 bladder cancer
cells inhibit the Cr-release by MLC-NK from both K-562 and T24
labelled target cells. K-562 cells are always the most efficient
inhibitors in cross-competition assays; i.e., they generally in-
hibit as efficiently as the relevant target cell. This is not the
case in the reciprocal cross competition assays. In these, the ly-
sis of K-562 cells is inhibited by other tumour cells but to a
lesser extent than by the K-562 cells themselves.

It can be seen from Table 1, A-C that heat inactivated mononu-
clear lymphoid cells do not inhibit the MLC induced NK cell lysis
of K-562 target cells. Both K-562 and T24 tumour cells sometimes
inhibit the specific lysis of A.B* and A.C* . „„ CTL against B

pool 20
lymphoid target cells (Table 1, A and B) (Bolnuis, submitted for
publication; Bolhuis and Ronteltap, 1980). We have data to sug-
gest that this inhibition is due to the PHA induced susceptibility
of lymphoblasts to lysis by MLC-NK cells. The frequency of such
anomalous kill depended on the PHA batch used to induce blast for-

'•-. mation (unpublished observations). Control experiments using irra-
|; diated A*.B* or A*.(A+B)* yielded no cytotoxic effector cells, in-
ĵi dicating that the lysis of autologous target cells was not caused
|t by surviving irradiated (*) stimulator cells (data not shown).
bj Addition of cold lymphoblasts or tumour cells as inhibitors to

A*B*: One way mixed lymphocyte culture (MLC) of A responder
cells and B* irradiated stimulator cells.
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TABLE 1

COLD TARGET CELL CROSS-INHIBITION ASSAYS

effector
cell

A.C*pool 20

B.A*

A.B*

B.A*

inhibitor
cell

A-PHA

B-PHA

K-562

T24

none
A-PHA
B-PHA
K-562

P815

none
A-PHA
B-PHA
K-562

P815

none
A-PHA

B-PHA

K-562

A-PHA

B-PHA

K-562

inhibition
target
cell ratio

50
10
50
10
50
10
50
10

: 1
: 1
: 1
: 1
: 1
: 1
: 1
: 1

50
50
50
25
12
50
25
12

: 1
: 1
1

50
50
50
25 : 1
12 : 1
50 : 1
25 : 1
12 : 1

30 :
10 :
30 :
10
10

1
1
1

: 1
: 1

30
10
30
10
30
10

: 1
: 1
: 1
: 1
: 1
: 1

percent 5lCr-release of target cells

P815
target cell

A-PHA B-PHA K-562 T24

35

14

35
10*
21
10*
13*
15*
22
23
25

54
21*
42
54
56
49
53

58
38
49
27*
42
24*
41
27*
38

47
38
15*
38
37
42
44
45
45

21

50
40
50
18*
34*
40

75
72
65
69
69
17*
59
41*
62

61
62
60
59
60
43

35
34
34
32
32
2*
8*

68
77
74
73
79
11*
40*
9*
20*

34
60
57
2*
3*
5*
4*
6*

10*

48
64
66
1*
2*
5*
5*
9*
16*

Effector:target cell ratio 50 : 1.
Spontaneous ''Cr-release from PHA-lymphoblasts ranged from 9 - 1 9 per cent.
5>Cr-release from target cells in the presence of inhibition cells only was equal
to medium control values.
A-PHA inhibitor cells were heat-inactivated.
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labelled lymphoid target cells did not influence the per cent Cr
release from the target cells, excluding non-immunologic factors

•r such as physical crowding or changes in culture conditions from
:. being the cause of inhibition.

If however, one subtracts the percentages "anomalous" kill
; (A.B* on target A; B.A* on target B) from the percentages kill on

the relevant target cell (A.B* on target B: B.A on target A), then
it appears that these differences in percentage lysis are equal to

; the percentage lysis of the lymphoblasts in the presence of the K-
| 562 and T24 inhibitor cells (Table 1, A and B). When no anomalous
i kill of autologous target cells is encountered, no inhibition of
'f immune specific lysis by K 562 and T24 inhibitor cells is observed
i (Table 1, C). Hence, the per cent lysis of target cells by the
v relevant effector cells as measured in the CML (for instance, A.B*

on B-PHA) may represent the sum of the immune specific lysis (by
CTL) and the anomalous kill (by MLC-NK). This only occurs when PHA
transformation of the lymphoid target cells renders these cells
susceptible to lysis by MLC-NK cells. In that case both PHA lym-
phoblasts (even syngeneic to the CTL effectors) and MLC-NK tumour
target cells inhibit the lysis of the lymphoblasts.

Table 1 also demonstrates that MLC-NK cells can lyse P-185
mouse mastocytoma cells in a 4 h- Cr-release assay. One has to
bear in mind that these P-815 mouse tumour cells (like GRSL mouse
leukaemia tumour cells, see below) are not lysed by "fresh" human
NK cells.

| Occasionally, we found unlabelled lymphoblasts to significant-
f ly enhance the lysis of Cr-labelled P-815 target cells (Table 1,

B), whereas addition of the unlabelled lymphoblasts to labelled
tumour target cells did not influence the spontaneous Cr-release
compared to medium controls. Recently, Callewaert et al. (1979)
have reported enhancement of "fresh" NK cell lysis after addition
of cold SB lymphoblast cells or "fresh" NK insensitive RPMI-7666
cells doing similar inhibition studies. This may explain why auto-
logous or allogeneic PHA blasts, which (occasionally) are sus-
ceptible to MLC-NK lysis, do not inhibit labelled K-562 on T24
target cells: the net zero effect of addition of unlabelled PHA-
lymphoblasts may be the result of the enhancement of Cr-release
by the target cells, an effect which is compensated for by its in-
hibition of lysis. We have no explanation for this "enhancement
of cytotoxicity" phenomenon.

The nature of the data obtained in cross cold target cell in-
hibition assays of cell-mediated lysis are complex and need care-
ful analysis to avoid erroneous conclusions. The experimental re-
sults, however, do clearly show that the target cell structures
on tumour cells for lysis by MLC-NK cells are different from the
CD determinants on lymphocytes for lysis by CTL cells.
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Bolhuis, R.L.H., (1980) submitted for publication.
Bolhuis, R.L.H. and Ronteltap, C.P.M., Immunol. Letters 1̂  (1980)

191.
Callewaert, D.M. et al., Cell. Immunother. 42 (1979) 103.
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ABSORPTION OF MLC-INDUCED CTL AND NK CELLS ON MONOLAYERS OF
LYMPHOCYTES AND TUMOUR CELLS

R.L.H. Bolhuis

To substantiate further the hypothesis that the target cell
structures for lysis of tumour by MLC-NK cells are different from
the cytotoxic determinant (CD) for cytotoxic T lymphocytes (CTL)
on lymphocytes, we have chosen a different approach for the inves-
tigation of the CTI< and mixed lymphocyte induced natural killer
cell (MLC-NK) effector cell-target cell interactions and specifi-
cities. For this purpose we used the absorption to cell monolayer
technique originally developed to study CTL: cells with a specifi-
city for a particular target cell will only adhere on a monolayer
of that particular target cell or of cells with cross-reacting
structures en their surface. We have studied the adherence proper-
ties of CTL and MLC-NK cells on monolayers of lymphoid cells,
K-562 and T24 tumour target cells. This technique permits the in-
vestigation of the relationship between the recognition structures
on lymphoid cells for CTL and on tumour target cells for MLC-NK on
the one hand and the selectivity of MLC-NK cells for K-562 and T24
target cells on the other. Cells cytotoxic to a particular target
cell will adhere to a monolayer of these target cells. Unseparated
effector cells and effector cells incubated on control monolayers
were tested simultaneously. Recoveries of effector cells from the
monolayers varied from 60 to 90 per cent. A representative example
cf the effector cell depletion experiments is presented in Fig-
ure 1.

For the CTL, it can be seen that CTL induced in an A.B* {*:
irradiated) one-way MLC can only be absorbed out on a donor B-

;..' lymphocyte monolayer and not on monolayers of control A lympho-
cytes, K-562 or T24 tumour cells. Similarly, in the reciprocal
stimulation B.A*, effective depletion of effector cells is only
seen when donor-A-lymphocyte monolayers are used to absorb the ef-
fector cells (data not shown). The MLC-induced NK-cytolytic activ-
ity against both K-562 and T24 can be effectively absorbed out on

••J- either K-562 or T24 monolayers but not on lymphocyte monolayers.
:| The NK activity against K-562 can be more effectively reduced by
if, absorption on K-562 monolayers than on T24 monolayers but both K-

562 and T24 monolayers are equally efficient in absorbing out the
NK cells reactive against T24 (Figure 1). These results confirm
our cold target cell inhibition studies described in an accompany-
ing paper (p. 315), where it was demonstrated that K-562 cells can
inhibit the lysis of T24 targets as efficiently as T24, while T24
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Monolayer of donor : A • ; B • ; K-562 A ; T24 • .
The non-adherent fraction was tested on various eff.: t .c . ratios.

On the axis D a B; A A A ; <><>• represent the per cent Cr-release
before absorption of the effector cells A and B on targets A, B, K-562
and T24, respectively.

Figure 1

Absorption of CTL and NK cells on monolayers of mononuclear cells on tumour
cells.



is a less effective inhibitor of the lysis of K-562 target cells
than the K-562 cells themselves. The efficacy of the absorption on
monolayers becomes more clear at higher effector to target cell
ratios in the Cr-release test and this indicates the specificity
of the absorption procedure. The tumour cell monolayer absorption
experiments also revealed a slight reduction in cytotoxicity
against PHA blasts, i.e., which is probably due to depletion of
non-specific NK-like effector cells against PHA blasts on the
tumour cell monolayers, while the specific CTL cells are re-
covered (this report, p. 315).

I
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SOME IMMUNOLOGICAL AND HAEMATOLOGICAL CHARACTERISTICS OF
THE CBA/N.nu/nu MOUSE

G.A. van der Westen, R. Schuit, C. Zurcher and w. Boersma

CBA/N mice have an X-linked mutant gene which results in a se-
vere B cell deficiency. This is apparent in CBA/N male and female
mice and male Fl hybrids derived from CBA/N females (Seher et al.,
1975a). CBA/N.nu/nu mice were bred from CBA/N female and athymic T
cell deficient BALb/c.nu mice according to Figure 1.

CBA/N 9 x BALB/c.nu a

CBA/N 9 x F| d

F2 9 x F2 rf

F, CBA / N . nu / + ( 93, 75 % )
CBA/N . nu/nu ( 6,25 % )

breeding results 4 .9 per cent hairless F3 ( CBA / N nu/nu )

Figure J.

Breeding schedule of CBA/N.nu/nu mouse.

.1

These mutant mice can provide models to study combined immuno-
deficiency (SCID) and the mechanism of interaction among lympho-
cyte subpopulations. We have investigated some of the alter-
ations in the haematological and immunological characteristics of
CBA/N.nu/nu mice in comparison to normal CBA/T6 mice, BALB/c.nu
mice, CBA/N mice and CBA/N.nu/+ littermates. Mice of 6-22 weeks of
age were used in all experiments.

The number of B and T lymphocytes was determined according to
the method described by Asma et al. (1977). Numbers of leukocytes
in the blood of CBA/N.nu/nu mice were decreased because of the de-
pletion of lymphocytes only. The number and concentration of T
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cells in blood and spleen of the CBA/N.nu/nu was reduced to nude
mouse levels (Figure 2). B cell numbers were of the same magnitude
in the blood of all mice in the panel. Due to the extremely low
total number of lymphocytes, the relative number of B cells in
blood of CBA/N.nu/nu mice was even higher than observed in blood
of CBA/T6 mice.

In the spleen of CBA/N.nu/nu mice, in absolute numbers, there
is a quantitative B cell deficiency of the same order as observed
in the CBA/N and BALB/c.nu strains. Due to the low numbers of T
cells, the relative number of B cells in the spleen is of the same
order of magnitude as found in CBA/T6 mice. The number of spleen
cells containing cytoplasmic immunoglobulins in CBA/N.nu/nu is
less than 2% of the number observed in normal CBA/T6 mice.

Histological examination of the lymphoid tissues from eight
CBA/N.nu/nu mice revealed only minor differences from those from
BALB/c.nu/nu mice. In addition to characteristics common to nude
mice in general such as cystic thymic remnants and lymphocytic de-
pletion of T cell dependent areas in the spleen (PALS) and lymph
nodes (PCA), lymphoid follicles were somewhat smaller and germinal
centres less frequent in the spleen and lymph nodes of CBA/N.nu/nu

T-ce l l s B-ce l ls

blood spleen

1 2 3 4 5 1 2 3 4 5

blood

o 2

1

0 J

J! 40.
Q.

20

1 2 3 4 5
0 J

spleen

1 2 3 4 5

• 5<H

s o J
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Figure 2

T and B cells in blood and spleen. Total cellularity and relative numbers are
shown.
1: CBA/T6; 2: CBA/N; 3: CBA/N.nu/+; 4: BALB/c/nu; 5: CBA/N.nu/nu. Mice were 5
to 12 weeks of age.
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mice than in those of BALB/c.nu/nu mice. Germinal centres were on-
ly sporadically found in CBA/N mice. In all of these types of
mice, plasma cells were inconspicuous. Thus, the decrease in abso-
lute and relative numbers of T cells in the spleen of CBA/N.nu/nu
and BALB/c.nu/nu mice as compared with those in CBA/N mice (Fig-
ure 2) correlates with the histological findings. The absence of
striking histological differences among CBA/N.nu/nu, CBA/N and
BALB/c.nu mice in the B cell compartment parallels the absence of
important differences among the three types with regard to the ab-
solute number of B cells in the spleen. However, the distinctly
higher proportion of B cells among the nucleated spleen cells of
CBA/N.nu/nu mice as compared to CBA/N and BALB/c.nu/nu mice could
not be recognized on histological examination. For a further char-
acterization of the lymphoid cells of CBA/N.nu/nu mice, mitogen
induced B and T cell stimulation was estimated jji vitro.

j[n vitro stimulation of spleen cells of B cell deficient mice
{CBA/N, CBA/N.nu/+ and CBA/N.nu/nu) with the B cell mitogen lipo-
polysaccharide (LPS) as determined by C-thymidine incorporation

T cells/ spleen

100 -

i 2 50

o-1 1 2 3 4 5

T cells / spleen

100

* 2 5 0 H

0-1

50-
> m•z o-

1 2 3 4 5
0 J

LPS

1 2 3 4 5

Con A PHA
mixed

lymphocyte
reaction

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Figure 3
In_ vitro response of spleen cells to stimulation with ConA, PHA and allogeneic
cells. B cells were stimulated with E^ coli lipopolysaccharide.
1: CBA/T6; 2: CBA/N; 3: CBA/N.nu/+; 4: BALB/c/nu; 5: CBA/N.nu/nu.
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did not exceed 10% of the levels of B cell stimulation observed
with spleen cells of normal and BALB/c.nu mice (Figure 2). Thus, B

' cells of mice with the "N" configuration (columns B, C and E, Fig-
ure 3) were clearly less reactive than BALB/c.nu and normal CBA/T6
mice. Furthermore, the response observed was even lower than could
be expected on the basis of the concentration of B cells in the
spleen cell suspensions. This discrepancy could be explained by a
genetic defect causing a blocking of the development from B cell
to plasma cell (Seher et al., 1975b). ^n vitro antigeneic stimula-

j tion of spleen cells of CBA/N.nu/nu and BALB/c.nu mice with Conca-
[ navalin A, Phytohaemagglutin or allogeneic cells only led to back-
{ ground levels of C-thymidine incorporation when compared to the
I other mice in the panel (Figure 2). This response was even lower
; than could be accounted for by the quantitative T cell deficiency.

This discrepancy is in agreement with observations of Wortis
(1975). CBA/N.nu/nu mice have a quantitative B and T cell defi-
ciency when compared to normal CBA/T6 mice. When compared to CBA/N
and BALB/c.nu mice, the absolute and relative numbers of T cells
was decreased as much as "'n BALB/c.nu mice. Furthermore, absolute
B cell numbers were decreased as in CBA/N and BALB/c.nu mice, but
the proportion of B cells in the spleen cell suspension was not
different from that of normal CBA/T6 mice. On mitogeneic stimula-
tion _iti vitro, spleen cells of CBA/N.nu/nu mice appeared to be

| qualitatively deficient in both T and B cells. This suggests that
these mice are suitable for the study of the effects of allogeneic
transplantation and the mechanisms of T and B cell cooperation.

Asma, G.E.M. et al., Clin. exp. Immunol. J2£ (1977) 278-285.
Seher, I. et al., J. exp. Med. 1£2 (1975a) 637.
Seher, I. et al., J. exp. Med. 141 (1975b) 788.
Wortis, H.H., Clin. Exp. Immunol. £ (1971) 305-317.
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TRANSPLANTATION AND IMMUNOGENETICS

CURRENT STATE OP SEROLOGY AND GENETICS OF DR AND OTHER la ANTIGENS
IN RHESUS MONKEYS

H. Balner, W. van Vreeswijk, M. Jonker and J.H. Roger*

The D-Related or DR locus of rhesus monkeys has been thorough-
ly investigated. It appears that its genetic organization and the
biological significance of its products are very similar to those
of the human DR system. Eight antigens can now be serologically
defined and correspond closely to D locus antigens determined by
cellular methods. The remaining "blanks" amount to about 10% of
the total gene frequency of DR and are likely to be associated
with 2 or 3 D locus antigens identified by groups of typing cells
known to be homozygous for "blank" DR antigens. As in man, the
monkey's DR locus is linked to the MHC (in the vicinity of the B

| locus) and its antigens can be subdivided into several groups of
I cross-reacting specificities. With regard to the biological sig-

nificance, DR antigens are of major importance in transplantation
biology: matching unrelated host/donor combinations for DR anti-
gens (rather than for A/B antigens) significantly improves kidney
graft survival in the monkey and, as it now appears, also in man.

There are eight or nine B-cell specific antigens rio_t £on-
_trol̂ ed_ ,by_the_DR lo£us. Pour of five of these seem to be defined
by another MHC-linked genetic system. Of those antigens, several
are highly associated with some of the cross-reacting antigens of
the DR locus, a situation reminiscent of that proposed for the an-
tigens of the second la locus of man. The mapping position of the
second MHC-linked la locus of the monkey is not yet known. Like-
wise, it is not known whether its gene products are associated
with those of the second (or non-D) MLC locus described for the
rhesus monkey. Finally, there are several B-cell specific antigens
which are nojt £ontrq^led_by_ I)R_, rio£ ̂ y_the_second _Ia_locus. Provi-
sional family analyses suggest that those antigens are not con-
trolled by genes located in the MHC region.

*Reading University, Reading, Great Britain
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VARIABLE "PREDICTIVE VALUE" OF DR MATCHING FOR
MLC NONRESPONSIVENESS IN RHESUS MONKEYS

J.C.C. Borleffs and H. Bailor

Recent clinical and experimental data suggest that host/donor
matching for D/DR antigens has a more pronounced positive influ-
ence on graft prognosis than matching for SD (A or B locus) anti-
gens alone. Therefore, serological typing and matching for DR an-
tigens has become increasingly important because of the high "pre-
dictive value" (PV) of DR-matching for MLC nonresponsiveness. In
unrelated rhesus monkeys, we were able to demonstrate PV's of up
to 40%; it was 40-60% in related animals and even higher in unre-
lated SD- and DR-matched combinations. While it is not known
whether the serologically defined DR antigens are identical with D
locus antigens, there is clearly a very close association. Thus,
it seemed of interest to investigate whether some combinations of
DR antigens have a higher PV for MLC nonresponsiveness than others
and, if so, why.

I MLC tests were performed for all possible combinations of un-
related SD mismatched rhesus monkeys sharing two known DR anti-
gens. Cells from all of the animals were used as responders and
stimulators. Some extra DR non-identical monkeys were used as con-
trols in each test. All experiments were performed at least twice.
The results were analysed by the "stabilized relative response"
method (SRR). This approach attempts to normalize the variability
of all experimental values, which is a consequence of the differ-
ent levels of responding and stimulating capacity of the cells and
the variability between the different experiments. As shown in
Table 1 the frequency of MLC nonresponsiveness in monkey pairs
with DR 1/2, 1/3, 1/4 and 2/8 was 20-40%; those with other combi-
nations showed frequencies ranging from 10-20%. For comparison,
MLC nonreactivity in unrelated unmatched controls was previously
found to be + 1%; in SD matched combinations it was + 10%. Identi-
cal siblings are always mutually nonresponsive (except in cases of
intra-RhLA recombinations, which have a frequency of < 1%).

: The fact that DR matching predicts MLC nonresponsiveness in
i about 40% of the combinations (at best) strongly suggests influ-
"v?\ ences on MLR also by genetic systems other than D/DR. In man as
•& well as the monkey, there is experimental evidence for the exis-
|l tence of one or more loci other than D coding for "minor" MLC an-
% tigens. Yet, the relatively high PV of DR matching for MLC non-
!• responsiveness suggests that the non-D MLC loci are not very poly-
i morphic. Whether the products of these loci are identical or asso-
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TABLE 1

MLC NONRESPONSIVENESS IN UNRELATED RHESUS MONKEYS MATCHED
FOR DIFFERENT COMBINATIONS OF DR ANTIGENS

DR antigens
shared

1/2
1/3
1/4
1/5
1/6
2/3
2/4
2/6
2/8
3/6

number of
animals tested

152
22
24
20
98
154
28
110
12
108

MLC nonresp
number

32
6

10
2
15
18
3
18
5
3

onsivenes:
per cen

21
27
42
10
15
12
11
16
42
3

ciated with the recently described non-DR la antigens of monkeys
is not yet known.

Why is the PV for some of the DR combinations higher than that
for others? Firstly, some of the DR antigens are not yet optimally
defined serologically. Further, so-called splits of antigens have
been reported in SD and DR serology; this may happen again to some
DR antigens, so that, in those cases, apparent DR-identical combi-
nations may subsequently be found to be disparate. Finally, the
relatively high PV for several of the DR combinations could be due
to a particularly strong linkage disequilibrium between certain DR
antigens and some of the non-D MLC antigens. The latter cannot yet
be serologically identified.
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CURRENT STATE OF CELLULAR TYPING FOR D LOCUS ANTIGENS
IN RHESUS MONKEYS

M. Jonker, W. van Vreeswijk and H. Balner

Like other mammalian species, the rhesus monkey has a major
histocompatibility complex designated as RhLA. This region in-
cludes the D locus, the products of which have an overriding in-
fluence on responsiveness (cell proliferation) in mixed lymphocyte
cultures or MLC. The RhLA~D locus products can be identified with
homozygous typing cells (HTC's) in the mixed leukocyte culture
(MLC) test. It was previously shown that the antigens defined by

TABLE 1

CORRELATIONS OBSERVED BETWEEN D AND DR ANTIGENS
WHEN TESTING A RANDOM PANEL OF RHESUS MONKEYS WITH THE

AVAILABLE GROUPS OF "TYPING CELLS"

D antigen
defined by
typing cell

1
2
3
4*
5
6
7*
8
9

10

DR antigen
defined

serologically

1
2
3
4
5
6
7
8
_**
_**

correlation

D +
DR +

14
12
16
3
4
5
0
4

+
—

5
3
1
3
0
0
4
3

16
2

between

-
+

0
4
3
2
3
13
2
3

-
—

33
36
35
22
51
33
21
45

45
30

D and DR
9

(x2)

(33)
(26)
(39)
( 6)
(31)
(10)

(0.4)
(14)

R-value

0.80
0.69
0.85
0.45
0.73
0.44
0.12
0.50

* Only one HTC available
** No corresponding alloantisera available, therefore no correla-

tion with a DR antigen could be determined.
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HTC's were indeed coded for by the RhLA region and closely asso-
ciated with the serologically defined RhLA-DR antigens. In family
studies, no indication was found that D and DR are coded for by
separate loci (no recombination between D and DR products). To
study the groups of HTC's in detail, a random panel of rhesus mon-
keys was tested against forty HTC's that define ten different spe-
cificities.

Most of these panel cells showed typing cell reactions (i.e.,
were MLC negative or low with HTC's) against not more than two
groups of HTC's. For each specificity, the correlation between D
as defined by HTC's and DR as defined by specific alloantisera
could be determined. The results are shown in Table 1. A good cor-
relation between most of the D and DR specificities was found. In
two cases, D4/DR4 and D7/DR7, a poor correlation between the anti-
gens defined by the two techniques was observed. For both D anti-
gens, only one HTC was available; this made the assignment of
those D specificities difficult.

cells as
responders

2D
2F

3997
KU
3363
HT
2725
3633

TABLE 2

MLC RESULTS OF HTC's OF THE Dl GROUP

2D

3
3
2
3
3
3

2F
cells as stimulators
3997 KU 3363 HT 2725 J633

1
4

_

2
4
2
5
0

1
1

2
-
2
3
3
0

0
1

2
4
-
4
5
4

0
2

3
4
2
-

4
2

0
2

3
4
4
5
-
5

0
0

2
1
4
2
5
_

i-
MLC results expressed as a score:
0 and 1 - MLC positive;
2 - MLC weakly positive;
3 - MLC very low;
4 and 5 - MLC negative
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Two interesting observations were made. Firstly, as reported
earlier by van Es and Balner (1979b), the Dl group (previously
group 70) of HTC's showed an "inclusion" phenomenon. When this
group is examined in more detail, it is possible to identify at
least two groups. All typing cells carried the DR1 antigen (and no
other DR antigen), but, when tested in MLC among each other, they
could be subdivided . into two groups that were both MLC negative
within the subgroup, but (weakly) positive against the HTC's of
the other subgroup (Table 2). This subdivision was also reflected
in the reactions of the panel cells: some cells were negative with
one group of Dl HTC's and others negative with the other group. It
could well be that serological equivalents of both groups will be
found in the future by means of planned immunization.

The second observation was that there was a correlation be-
tween D6 and DR6, but there was a large number of exceptions. When
the D/DR6 typing cell group was analysed in more detail, the fol-
lowing was found. The three D6 HTC's were mutually negative or low
in the MLC test. They were all three tested against the other
groups of typing cells. Two of these D6 typing cells were found to
have another D specificity, TC3081 was D6 and Dl, TC3396 was D 6
and D8 (see Table 3). No corresponding DR antigen could be demon-
strated on these cells, but all were DR6 positive. This could have
influenced the reactions of panel cells against these HTC's. As
can be seen in Table 1, only one-third of the DR6 positive panel
cells showed a typing cell response with the D6 HTC's. Of 'the

TABLE 3

D6 HTC'S TESTED IN MLC AGAINST ALL HTC's

D6 HTC'S
responder Dl D2 D3 D4 D5 D6 D7 D8 D9 D10
cells •

2733 0 0 0 n .d . 0 4 0 0 0 0
3081 3 0 0 0 0 4 1 1 0 0
3396 1 0 0 n .d . 0 3 0 3 0 n.d.

MLC results expressed as scores (see Table 2).
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13 DR6 positive panel cells that could not be typed with D6 HTC's,
six had two other D antigens by HTC typing. This could indicate
that D6/DR6 belongs to a separate locus also coding for B cell
antigens and MLC stimulator determinants and closely linked to the
D/DR complex. There is also additional evidence that other MLC
loci and other la loci are coded for by the RhLA region (van Es
and Balner, 1979a; Roger et al., 1980).

Es, A.A. van and Balner, H., Tissue Antigens 13 (1979a) 239-254.
Es, A.A. van and Balner, H., Tissue Antigens JL3 (1979b) 255-272.

Roger, J.H., Vreeswijk, W. and Balner, H>, J. of Imrounogen.

(1980), in press.

338



THE USE OF THE PLT TEST TO INVESTIGATE THE "COMPLEXITY"
OF D ANTIGENS IN RHESUS MONKEYS

M. Jonker and S. Saltzman*

The cell membrane determinants which are responsible for sti-
mulation in mixed leukocyte cultures (MLC) are coded for by the
major histocompatibility complex. In various mammalian species,
the products of one locus, the D locus, are responsible for the
major stimulus in the MLC test. In man and the rhesus monkey, the
D locus antigens are highly associated with or identical to the
serologically defined DR locus antigens. The D locus determinants

*University of Rochester, Rochester, New York, U.S.A.

6000

4000

2000

0 1 2 3 4

time of culture ( days )

Figure 1

PLT test of monkey 3829 (DR 2,6) primed by monkey LD (DR 2,2). Stimulators were
3829 (closed circles) and LD (open circles, solid line). The dotted lines show
the MLC of 3829 stimulated by 3829 (solid circles) and LD (open circles) for
comparison. A
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; are usually defined by homozygous typing cells (HTC's). In spite
of the close association between D and DR locus products, identity
for D and/or DR antigens does not always imply MLC nonresponsive-
ness. A positive MLC test between D and DR identical individuals
could be the result of minor differences between the two presumab-
ly D/DR identical cells. On the other hand, it is possible that
other loci coding for MLC stimulating determinants cause prolife-
ration of lymphocytes when cultured together with D/DR identical

,t cells in the MLC test.
To investigate the cause of the MLC reactivity between D/DR

identical cells, the primed lymphocyte test (PLT) was introduced.
Cells from two DR identical rhesus monkeys are cultured for 10
days (10 x 10 responder cells and 5 x 10 stimulator cells in 10
ml RPMI 1640 supplemented with 20% normal monkey serum (in Falcon
tissue culture flasks no. 3012). These primed cells are collected
and cultured together with fresh stimulating cells for 3 days and

C-thymidine incorporation is measured as for MLC tests. It is
presumed that the stimulator cells that share determinants with
the stimulator cell used for the primary culture and which caused
proliferation in this primary culture will cause proliferation in
the secondary culture. The cells not sharing these determinants
will not stimulate in the secondary culture. Thus, it is possible
to perform a genetic analysis of the antigens that restimulate in
the PLT. Figure 1 gives an example of a PLT test. The PLT reaches
its peak response one or two days earlier than does the MLC test.

Thirteen DR identical rhesus monkey combinations were tested
in PLT and MLC tests. Of these, six were negative in the MLC test
and two of these six were positive in the PLT test (see Figure 2).
Of the 7 MLC positive combinations, 5 were positive in the PLT and
2 did not show a reaction in the PLT test. For comparison, six DR
non-identical combinations were tested. These were all MLC posi-
tive and 5 were also positive in the PLT test. This indicates that
it is certainly possible to use the PLT test for further analysis
of MLC (and PLT) stimulating determinants.

DR = DR *

MLC MLC

PLT
5 2

2 4
PLT

5 0

1 0

Figure 2

Correlation of PLT and MLC in DR identical and non-identical combinations.
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The results of one DR identical PLT test are given in Table 1.
The positive PLT response evoked by several stimulator cells was
not restricted to one particular DR specificity. A number of ani-
mals of one family was included, but it cannot yet be concluded
from these results whether restimulation segregated with one par-
ticular RhLA haplotype. Two monkeys did not stimulate in the PLT.
One of these strongly stimulated the same responder cells in the
MLC. These data suggest that the determinants recognized in this
PLT test are indeed different from those recognized in the MLC
test.

TABLE 1

PLT TEST OF A D/DR IDENTICAL COMBINATION

primary culture

3224 (DR 3,6) resp.

3030 (DR 3,6) stim.

MLC positive

restimulating cells
RhLA

monkey haplotype DR

3244

3030

(.<? 599

9 498

AQ

ED

GU

$ 926

DC

3247

2548

2360

(a/b)

(c/d)

(a/c)

(a/d)

(b/d)

(c/d)

(b/c)

3,6

3,6

1/3

3/6

1/3

1/6

3/6

6/-

3/6

5,1

1,4

-

PLT
response MLC*

_

n.d.)

+ +

+ + + + + +

+ + + + +

+ + + + +

-

+ + + + +

*MLC using 3224 as responder cells.
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THE D LOCUS OF CHIMPANZEES

M. Jonker/ A.A. van Es and H. Balner

The major histocompatibility complex of the chimpanzee (ChLA)
strongly resembles that of the human (HLA). Cross-reactivity be-
tween the SD antigens of the chimpanzee and man has been clearly
demonstrated (Balner, 1977).

The relevance of the serologically defined ChLA system to his-
tocompatibility has been proved by data for skin grafting among
chimpanzee siblings (Balner, 1977). An earlier report suggested
that the major MLC or D locus is also coded for by the ChLA region
(Seigler et al., 1974). Typing of chimp lymphocytes with human
typing cells (Balner, 1977) suggested a certain similarity between
the chimp and the human D locus antigens. A further indication for
"homologies" in the D region of the MHC came from the provisional
demonstration of the human DR7 antigen on chimpanzee lymphocytes
by use of human anti-DR7 sera (Balner et al., 1977). In view of
these findings, we decided to make a systematic investigation of
the D locus in the chimpanzee.

One-way MLC tests were performed among the members of 5 chim-
panzee harems in all possible combinations: parents, parent-child,
siblings and half-siblings. The technical aspects of MLC testing
in chimpanzees appeared to be very similar to those observed for
human and rhesus monkey MLC's. Two unexpected observations for
which no satisfactory explanation can as yet be given were made:
firstly, the occurrence of animals with consistently high autolo-
gous values and, secondly, the existence of chimpanzees displaying
low MLC responsiveness. The high autologous values occurred mostly
in older imported animals (25% with high autologous values), while
only one of 45 laboratory-born animals showed this phenomenon. Low
responsiveness occurred in a few offspring belonging to a single
harem only and is therefore likely to be genetically controlled
but, as it appeared, not by genes linked to ChLA. Data suggesting
the existence of an MHC-1inked "major MLC" or D locus were con-
firmed by the negative MLC tests between six pairs of ChLA-identi-
cal siblings. A gene-dose effect for D locus antigens was demon-
strable, i.e., combinations of related animals differing for one
showed lower MLC responses than combinations differing for two
ChLA haplotypes. The number of D locus alleles was estimated to be
ten.

The mutual MLC testing of the available animals of all harems
revealed similarities among the D locus products of several unre-
lated animals. In addition, a number of animals were found to be
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D/DR

ChLA

| C 2

I Bf

Figure 1

A tentative model of the ChLA region. The D/DR locus is placed outside the A
and B loci in analogy with the HLA and RhLA systems. D is certainly left of A,
as was shown by the same recombinant that places C2 left of A.

homozygous for the D locus antigens. The availability of those D-
homozygous "typing cells" permitted the identification of a few D
locus specificities of the chimpanzee-

Two complement factors, C2 and Bf, coded for by the HLA region
in man (Jersild et al., 1976; Alper et al., 1972) have recently
been shown to be linked to the MHC also in the chimpanzee (Raum et
al., 1980). The occurrence of a recombinant offspring in one of
the investigated chimp families in those studies permitted tenta-
tive mapping of some of the loci of the ChLA region as given in
Figure 1.

Alper, C.A., Boenisch, T. and Watson, L., J. exp. Med. 135 (1972)

68.

Balner, H., pp. 79-127. In: (Ed.) D. Gotze, Springer Verlag,
Berlin, Heidelberg, Germany (1977).

Balner, H. et al., Poster, Oxford meeting (1977), 9.
Jersild, C , Rubinstein, P. and Day, N.K., Transplant. Rev. 3_2

(1976) 43.
Seigler et al., Transplant. Proc. 6 (1974) 135-139.
Raum et al., 1980, Immunogenetics, in press.
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EFFECTS OF CYCLOSPORIN A ON EXPERIMENTAL GRAFT VERSUS HOST DISEASE

IN RODENTS

D.w. van Bekkum, S. Knaan and C. Zurcher

Reports on the imraunosuppressive properties of Cyclosporin A
(CsA) suggest a selective action of the compound on T cells {Borel
et al./ 1977). Graft versus Host disease (GvHD) following alloge-
neic bone marrow transplantation has been shown to be caused by T
cells of donor origin which react against certain epithelial tis-
sues of the recipient (van Bekkum, 1974). Acute GvHD can be effec-
tively prevented by removing T lymphocytes from the bone marrow
graft prior to transplantation (Dicke et al., 1968) and by treat-
ment with ALG (van Bekkum et al., 1967). Therefore, any compound
with a selective action on T lymphocytes is of interest as a po-
tential agent for the prevention and treatment of GvHD.

Borel et al. (1976) have reported inhibition of GvHD in mice
and rats by oral administration of CsA. The recipients were condi-
tioned with a sublethal dose of cyclophosphamide and the number of

j bone marrow or spleen cells grafted was not mentioned. Tutschka et
al. (1980) could prevent GvHD in rats, which received allogeneic
bone marrow following irradiation with a total body dose of 10 Gy,
by daily treatment with a subcutaneous dose of 25 ing.kg of CsA
for 18 days.

We have investigated the effect of oral and s.c. administra-
tion of CsA in a mouse screening system for agents which counter-
act acute GvHD and of s.c. administered CsA in rat models of acute
and delayed GvHD. Oral treatment of mice was accompanied by severe
toxicity, manifested by specific lesions in the kidneys, liver and
lungs. Subcutaneous treatment with CsA was effective in counterac-
ting GvHD in both animal species within a certain dose range.

The mouse screening system consists of (CBA/Rij x C57BL/Rij)Fl
recipients conditioned with a total body irradiation dose of 8.8

Gy (300 kV X-rays, HVL 2.0 mmCu, dose rate 0.6 Gy/min), followed
by grafting 10 CBA bone marrow cells and 10 CBA spleen cells.
This graft induces acute GvHD with a 100% mortality within 20
days. In the original assay only spleen cells were grafted, the

spleen cell suspension containing just enough haemopoietic stem
);. cells to permit survival if the GvHD was effectively suppressed.
?]'. The present system involves the addition of a small amount of bone
!; marrow cells, which puts more emphasis on the anti-GvHD effect of
j?" test compounds, and makes the system somewhat less sensitive to
' myelosuppressive side effects.
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(WAG/Rij x BN/Rij)Fl recipient rats were conditioned with 8.5
Gy (300 kV X-rays, HVL 2.0 mmCu, dose rate 0.35 Gy/min) and graf-
ted with 5 x 10 bone marrow cells and 5 x 10 spleen cells of
BN/Rij donors. This regimen produces 100% mortality within 30 days
from acute GvHD. Delayed GvHD was induced in the same Fl hybrid
rats by grafting 5 x 10 BN spleen cells following conditioning
with 4.5 Gy total body irradiation. These rats develop clinical
GvHD with about 50% mortality between days 20 and 50 following
transplantation.

For oral administration by stomach tube, CsA was suspended
either in olive oil or in a small amount of ethyl alcohol (0.3 ml)
+ Tween 80 (0.15 ml) mixture which was diluted to 6 ml with medium
(Hanks + Hepes), according to the instructions received from the
manufacturer. For s.c. administration the Tween/alcohol/aqueous
medium suspension was employed. CsA was a gift from Sandoz Ltd,
Basle, Switzerland. The mortality of the animals was recorded
daily, as were the clinical signs of GvHD: diarrhoea, skin lesions
and wasting. Autopsies were performed on the majority of the dead
animals and histological sections were prepared in a number of ex-
periments. In one experiment the rats were serially sacrificed for
the specific purpose of obtaining fresh tissues for histological
studies.

The initial studies in mice were carried out with orally ad-
ministered CsA in a variety of doses and schedules. In most exper-
iments no beneficial effect on GvHD was noticed. Only at the 60
mg.kg and 30 mg.kg dose levels was a slight prolongation of
median survival time (MST) observed. In many groups, especially at
the higher dose levels, the mice showed signs of toxicity:
in these groups as well as in the mice treated with 30-60 mg
CsA.kg .day , severe pathological changes were observed in the
kidneys, the lungs and the liver. They consisted of a vacuoliza-
tion of cells and nuclear pycnosis in the tubular epithelial cells
in the outer medulla of the kidney (pars recta of proximal convo-
luted tubule), and similar changes in the bronchial epithelium and
the hepatic parenchyma cells.

These results were in contrast with those of Tutschka in rats
treated with s.c. injections of CsA and therefore it was attempted
to reproduce these experiments. Accordingly, daily s.c. injections
of CsA in doses from 10-30 mg.kg were given to groups of rat'
conditioned and grafted with the GvHD inducing regimen. As is sum-
marized in Table 1, the lowest daily dose produced a striking pre-

V vention of GvHD, as did a schedule of 30 mg.kg .day given on
li alternating days from day 5-19. Protection was not seen with the
V — J. — 1

h: higher dose levels of 20 and 30 mg.kg .day , suggesting that
•;; these dose levels produced either a fatal organ toxicity or a fa-
f tal myelosuppression. In the delayed type GvHD rat model a dose of
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TABLE 1

EFFECT OF CYLOSPORIN A ON ACUTE GvH DISEASE IN RATS*

-1
dose.day

nig. kg s.c.

30
20
10

medium control
untreated

30

medium control
untreated

frequency

days

days
days

days

1-21

1-21
1-21

5,7,9,11

13,15,17,19

median
survival time

(days)

15
18

> 50
16
17

> 50
24
22

per cent
survival
50 days

0
20
90
0
0

100
0
0

*(WAG x BN)F1, 8.5 Gy TBI + 5 x 10 BN bone marrow
+ 5 x 10 BN spleen

Groups of 10 animals/experiment

30 mg.kg .day of CsA prevented clinical GvHD completely and
permitted prolonged survival (MST 150 days).

To investigate whether the difference between the results seen
in rats and mice is due to the difference in the route of admini-
stration or to a species difference, groups of mice were then
treated with s.c. injections of CsA on alternating days between 5-
15 days following bone marrow and spleen cell grafting. The pro-
tective effect of CsA is quite significant (Figure 1). Apparently
the nephro- and hepatotoxic effects of s.c. administered CsA are
much less than after oral administration.

Fl rats were given the lethal dose of total body irradiation
followed by BN bone marrow and spleen cells. One group was treated
daily with 30 mg.kg of CsA subcutaneously. Animals from both
groups were sacrificed on days 6, 10, 14 and 20, autopsied and re-
presentative tissues were studied histologically. In the control
animals histological signs of GvHD were observed in the skin, the
intestinal tract and the liver. In the CsA treated rats such le-
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100

— ioo

100

CY-A 15 mg . kg
MST >60 doys

-1

CY-A -30 mg . kg
-1

MST > 60 days

CY-A 60 mg . kg
-1

MST > 60 days

100
Medium control

MST - 9 days

G v H control

MST - 8 doys

15 20 25 30

time after irradiation ( days )

Figure 1

Effect of subcutaneous cyclosporin A treatment on acute GvHD in mice.
(CBA x C57BL)F1 recipients received 10 CBA bone marrow and 10 CBA spleen
cells following 8.8 Gy TBI. CsA was injected in the dose indicated on days 5,
7, 9, 11, 13 and 15 following transplantation.

sions were generally absent, in only a few animals minimal or du-
bious histological changes characteristic for GvHD were observed.
All animals treated with CsA showed excellent thymus regeneration
at 16 and 20 days after grafting, in contrast to the non-treated
rats which showed the characteristic thymus atrophy of severe
GvHD. In only one out of 10 of these animals a slight vacuolar
change was seen in the tubular epithelium of the kidney. The mor-
tality of the rats receiving 30 mg CsA.day (Table 1) can there-
fore not be attributed to specific CsA organ toxicity.

These results indicate that CsA has an interesting capacity of
preventing and counteracting GvHD. Even when the treatment was
started at day 5 after transplantation, that is well past the
stage of sensitization of the donor lymphocytes, a beneficial ef-
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. . feet was obtained. There is a contradiction between our experi-
; ences in mice with oral administration and those of Borel et al.
;• (1976a). In our system oral CsA has hardly any anti-GvHD effect an

is toxic even in relatively low doses. One possible explanation is

that in our mice there was more residual damage of the intestinal
epithelium following the whole body irradiation than in Borel's
experiments where conditioning was carried out with a sublethal
dose of cyclophosphamide. A similar excessive penetration with the

\ risk of toxic effects would be anticipated in severe GvHD, which
J is accompanied by extensive epithelial lesions in the intestinal
| tract. Therefore, much additional information is required on the
| pharmacokinetic and toxic effects in a variety of conditions, be-

J fore clinical application of CsA in bone marrow transplants is
! justified.

Bekkum, D.W. van, Seminars in Hematology 11 (1974) 325.
Bekkum, D.W. van et al., p. 97. In: Antilymphocytic serum, CIBA

Foundation Study Group, no. 29, London, Churchill (1967).
Borel, J.F. et al., Agents and Actions 6/4 (1976) 468.

Borel, J.F., Immunology 11 (1976a) 631.
Borel, J.F. et al., Immunology 3_2 (1977) 1017.
Dicke, K.A., Hooft, J.I.M. van and Bekkum, D.W. van, Transplanta-

tion J5 (1963) 562.

Tutschka, P.J., Beschorner, W.E. and Hess, A.D. In: Thierfelder,
S., Rodt, H. and Kolb, H.J. (Eds.). Immunobiology of Bone Mar-
row Transplantation, Haematology and Blood Transfusion, vol.
25; suppl. to Blut, Berlin, Springer 1980, pp. 241-253.
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SUPPRESSOR T CELLS IN THE GRAFT VERSUS HOST DISEASE IN MICE

S. Knaan and D.W. van Bekkum

Suppressor T cells are a subpopulation of T lymphocytes, de-
•- scribed in the literature as cells interfering with T or B cell-
•j mediated immune reactions (Waksman, 1976). It is also evident that
I suppressor T lymphocytes are involved in transplantation tolerance
I (Dorsch and Roser, 1977). In this study, we attempted to demon-
J strate a suppressing activity of lymphoid cells in the acute Graft
i versus Host Disease (GvHD). The GvHD occurs after allogeneic bone

marrow transplantation and is caused by donor T lymphocytes which
react against certain epithelial tissues of the recipients (van
Bekkum, 1974). The GvHD animal model used in this study consisted
of (CBA/Rij x C57BL/Rij)Fl recipients total body irradiated (TBI)
with a dose of 8.8 Gay and grafted with 10 CBA/Rij bone marrow
cells and 10 • CBA/Rij spleen cells (GvHD graft). This graft in-
duces acute GvHD with 100% mortality within 12 days. In the liter-
ature, we find many reports describing how to increase suppressor
cell activity. In most cases, the function of the suppressor T
cell is demonstrated it\ vitro (MLC; PFC assays; ConA stimulation,
etc.). We tested several of these methods in our jjn vivo GvHD
model as summarized in Table 1. When methods 1 to 6 were applied,
there was no prolongation of survival except when large numbers of
spleen cells (20 x 10 ) of radiation chimeras were employed. In
this case as in previous experiments with our rat radiation chime-
'•ras, a slight prolongation was achieved. A definite effect was ob-
served when syngeneic neonatal thymus cells (from 1 to 3-day-old
CBA/Rij mice) were added.

Table 2 shows that 8 x 10 neonatal thymus cell are sufficient
to prevent mortality completely and more than 50% survival is
achieved when 3 x 10 cells are added to the GvHD graft. From this
study we infer that suppressor cells involved in the prevention
of the GvHD are different from the cells which suppress lymphocyte
activity jji vitro.

Ballet, J.J. and Merler, E., Cell Immunol. 2£ (1976) 250-269.
Bekkum, D.W. van, Seminar in Hematology 1^ (1974) 325.
Basten, A. et al., Eur. J. Immunol. £ (1978) 360-370.
Dorsch, S. and Roser, B., J. exp. Med. 145 (1977) 1144.
Gengozian, N. and Urso, P., Transplant. Proc. £ (1976) 631.
L'Age-Stehr, J.L. and Diamontstein, T., Eur- J. Immunol. 8̂  (1978)

620-624.
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TABLE 1

METHODS FOR INDUCTION OF SUPPRESSOR T CELLS

method tested cells .used
HST
(days)

survival
at day 60

immunized animal
(A.Basten et al., 78)

animals undergoing a
GvH reaction
(K.Pickel et al., 77;
Shand, 1975)

radiation chimeras
(Tutschka et al., 77;
Gengozian and Urso,
'76)

animals treated with
cyclophosphamide
(Tagart et al.; L'Age-
Stehr et al., ?78)

spleen cells incubated
with Histamin
(Ray Wang et al.;
Ballet and Merler, "76)

adult thymus cells.

neonatal thymus cells

immunization with C57BL/Rij
spleen cells -
I. a single inoculation
II. 4-weekly inoculations

(C57BL/Rij x CBA/Rij)El mice,
8.8 Gay TBI* + 5 x 10e spleen
cells and 1 x 10b BM cells
from CBA/Rij; sacrificed on
day 5

(C57BL/Rij x CBA/RijlFl mice
8.8 Gay TBI + 2 x 106 BM
cells from CBA/Rij;
sacrificed 3 weeks after
inoculation

CBA/Rij - received a single
dose of 200 mg/kg i.p. and
sacrificed 8 days later

2 x 10 spleen cells/ml .
incubated with 10 , 10 or
10" M Histomium dihydro-
chloride for 30 min at 3'7°C

)
thymus cells of 6-week-old
CBA/Rij mice

thymus cells of 1 to 3-day-old
CBA/Rij mice

spleen -
thymus -

5 and 20 x 10
5 and 20 x 10

spleen - 5 x 10

spleen - 5 x 10°
20 x 10g

thymus - 5 x 10°
20 x 10

spleen - 5 x 10?
20 x 10°

thymus - 5 x 10?
20 x 1020 x 10

20 x 10° with 10 2 M
20 x 10bwith 10"* M
20 x 10b with 10"5 M

5 and 20 x

10 x 10° cells
for titration see table 2

0/20
0/20

0/10

8
19
8

8

8.

8
11
8

8

60

0/10
2/8
0/20

0/20

0/20

0/10
0/10
0/10

0/20

10/10

Induced suppressor T cells were inoculated together with the GvHD inducing cells.
*TBI = total body irradiation



TABLE 2

SUPPRESSION OF GvHD REACTION WITH SYNGENEIC NEONATAL THYMUS CELLS

number of
thymus cells
inoculated

0
5 x 105
1 x 106
2 x 106
3 x 106
4 x 106
5 x 106
6 x 106
8 x 106
10 x 106
20 x 106

number of
mice per

group

41
10
20
10
9
10
10
10
10
10
12

MST
(days)

8
8
9
9

> 60
>60
>60
>60
>60
>60
>60

per cent
survival
at day 60

7
10
45
40
89
70
80
80
100
100
100

Pickel, K. and Hoffman, M.K., j. Immunol. 118, 2 (1977) 653.
S. Ray-Wang and Zweimann, B., Cell. Immunol. 3_6 (1978) 28-36.
Shand, I.L., Immunology 2jJ (1975) 953.
Tagart, V.B. et al., Immunology ^i (1978) 1109.
Tutschka, P. et al., p. 191. In: Experimental Haematology Today

1977 (Eds. D. Siegmund, J. Braun and G.D. Ledney), Springer
Verlag, Berlin (1977).

Waksman, B.H., Clin. exp. Immunol. (1976).
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FACTORS INFLUENCING SKIN ALLOGRAFT SURVIVAL IN RHESUS MONKEYS

W. van Vreeswijk and H. Balner

Skin allografting was performed in rhesus n.onkeys to study the
influence of matching for products of the RhLA region and of vari-
ous other parameters. As expected, the longest mean survival times
(MST) were observed when donors were RhLA-identical siblings; the
MST seemed a bit shorter when grafts from at least two RhLA non-
identical siblings were simultaneously present.

g r a f t s u r v i v a l t i m e s

10

n u m b e r o f
ma I*

recipients

mole
donors

MST±SD

14.1

MST+SD

11.5

* n

+ I . E ± 1 .4

total per
category
MST±SD

12.3

number of
f«mal«
recipients

(virginal) n

12.3
+ 0.8

11 .6
+ 2.1

n

+ 2.0

n = 19

11.9

number of
famal*
recipients

[potential
breeders )

5-

0 •
I

8

3
•jy • •

10 12 14

graft survival

n
16

time

18 20

( days )

12.5
+ 1.3

11.5
+ 1.7

1 .5

n = 14

11.8
+ 1.6

n = 19

• = graft from a male donor
• = graft from a female donor

MST = mean graft survival rime
SD = standard deviation

Figure 1

Skin grafting among unrelated rhesus monkeys identical for the A and B antigens
of RhLA (influence of host and donor sex on graft survival).
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GROWTH OF HUMAN BRONCHIAL CARCINOMA IN OBSERVATION CHAMBERS

H.S. Reinhold, A. v.d. Berg-Blok, D.W. van Bekkum and S. Knaan

Some human tumours can be transplanted successfully in nude
mice. A nude rat strain, Fl WAG/Rij, has been established in this
laboratory. A "sandwich" observation chamber {Reinhold et al.,
1979) was constructed on the back of such an animal. This chamber
consists of a system based on a thin sheet of subcutis which is
enclosed between two transparent windows. A human bronchial carci-
noma line was established with material from a patient with carci-
noma of the bronchus and was first maintained in nude mice; more
recently, it has been continued subcutaneously in the aforemen-
tioned nude rat strain. Transplantation of the tumour in observa-
tion windows in these rats proved to be very successful. The tu-
mour tissue in the chamber is depicted in Figure 1. The tissue it-

f

Figure 1

Human bronchial carcinoma growing in the transparent "sandwich" chamber. The
black dots are carbon microspheres, 80 }i, which are used as "markers". Note the
lobular growth pattern of the tumour with the sinusoids in the clefts between
the lobules.
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self is quite transparent and blood vessels are the most outstand-
ing structures. It appears that the tumour grows in a lobular pat-
tern, with wide sinusoids surrounding the tumour lobules. There-
fore, the sinusoids are frequently located between the tumour nod-
ules. Blood supply for the individual nodules comes from one or
two arterioles which penetrate the lobules as rather straight
channels and split up into capillaries near the centre of the lob-
ules. Compared with, e.g., the rhabdomyosarcoma, the blood supply
of this human line of bronchial carcinoma has a more systematic
pattern of microcirculation. The blood flow in the capillaries,
however, is still very non-homogeneous, with many capillaries
along which pass lines of s lowly running erythrocytes with great,
varying distances between the erythrocytes. The microcirculation
in this human bronchial carcinoma appears to have specific charac-
teristics. The patterns of flow and oxygenation will be further
studied.

Reinhold, H.S., Blachiewicz, B. and Berg-Blok, A., Europ. J.
Cancer 15 (1979) 431-489.
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STUDIES ON OXYGENATION OF TUMOURS

H.S. Reinhold and A. van den Berg-Blok

For some years, the "sandwich" tumour system which was devel-
oped in this laboratory has been used for the determination of
physiological parameters in tumours. It was shown that a dose of
20 Gy to the rabdomyosarcoma BA 1112 is required to induce a tran-
sient period of reoxygenation, as indicated by the hypoxic re-

photomulh'plier digital meter

signal

position

L
computer _

programmed
driver

••— position

Figure 1

Schematic presentation of the scanning microscope and the flow along which the
measured data are handled. The fluorescence signals are processed via digital
conversion and the resulting curve is eventually grafically presented. For
clarity the drawing of the animal is omitted from this picture and only the
"sandwich" with the tumour is depicted.
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sponse of NAD(H) fluorescence (Reinhold et al., 1979). NAD(H) may
be indicative for the redox state of the tissue; however, it does
not represent oxygen itself. Recently, dyes have become available
for which oxygen is a specific fluorescence quencher (Lubbers and
Opitz, 1976). One of such dyes is Pyrene buturyic acid, which has
been used as an oxygen "probe" in the cerebral cortex of the cat
(Mitnick and Jobsis, 1976). This made it very attractive to inves-
tigate the possibilities of using Pyrene butyric acid (PBA) as an
oxygen probe in our "sandwich" tumours. In the former NAD(H) as-
says, the microfluorometer was used in only 3 different sites per
tumour. These were manually adjusted on the basis of detailed
drawings of the tumour's vasculature on a grid system. For the
present investigations/ a motor-driven microscopic stage which ac-
comodated the entire animal was used (Figure 1). The fluorescence

200,

~ 100

50

100

50. -I

100 150 200 250

position in tumour ( microns )

50 100 150 200

relative oxygenation

Figure 2

Example of a "PBA" scan through a tumour. Upper part; cross-scan for the rela-
tive oxygenation through a "sandwich" rhabdomyosarcoma BA 1112. Midline scan
through a tumour of about 2.4 mm diameter. The left margin of the tumour is in-
dicated by position "0"; the scan is limited at the right margin of the tu-
mour at position "240". Lower part; histogram on the numerical values encoun-
tered in the upper part.
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signal and the position in the tumour were recorded on paper
punch-tape, which could be later fed into the computer. This set-
up not only allowed us to gather multiple samples in one time pe-
riod, but made it also possible to repeat the same scan over and
over again. Averaging of the multiple scan lines as well as the
determination of the oxygen "concentration" at the various posi-
tions could then be done by computer. The result of such a scan is
shown in Figure 2. It should be stressed that the oxygenation
plotted on the ordinate is a relative value. The use of the con-
version factors published so far (Mitnick and Jobsis, 1976) yield-
ed oxygen concentration values that were unacceptable, i.e.,
higher than the atmospheric oxygen concentration. Nevertheless,
Figure 2 gives a clear picture of the way the oxygen concentration
in a "sandwich" tumour may differ from one place to another. This
is also illustrated in the histogram that is constructed with each
determination.

Investigations on the inhomogeneities in the distribution of
oxygen in tumours are presently in progress; moreover, the speci-
fic conversion factor for this tumour will be determined by means
of fluorescent flow systems.

Reinhold, H.S., Blachiewicz, B., Berg-Blok, A., Europ. J. Cancer,
15 (1979) 481-489.

Lubbers, D.W. and Opitz, N., In: oxygen transport to tissue II,
(Eds. J. Grote, D. Reneau and G. Thews), Plenum Publishing Cor-
poration, New York (1976).

Mitnick, M.H. and Jobsis, F.F., J. of Applied Physiology, 41, £
(1976) 593-597.
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LUNG TUMOUR INDUCTION FOLLOWING IRIDIUM-192 IMPLANTATION

H.B. Kal, S. Knaan-Shanzer, C. Zurcher and D.W. van Bekkum

There is a distinct need for realistic animal models to ex-
plore the biology and treatment of lung cancer in man. In this re-
port, we describe an experiment using the method of implantation
of a radioactive source in the rat lung (Divertie et al., 1967)
with the aim of inducing lung tumours with characteristics resem-
bling those of human bronchical carcinoma.

Ionizing radiation emitted by Ir-192 was used as carcinogenic
agent. The half-life of Ir-192 is 74.5 d. The isotope was kindly
provided by Dr. Wilmering of the Antoni van Leeuwenhoek Hospital,
Amsterdam, in the form of wires of 0.3 mm diameter enclosed in
tissue equivalent plastic tubing. Each rat was implanted with a 5
mm length of wire which contained 0.275 mg Ra equivalent of acti-
vity at the time of implantation. A dose rate of 0.084 Gy/h was
calculated at a distance of 5 mm of the wire. The dose adminis-
tered during the first month after implantation varied from about
27 Gy at a distance of 5 mm from the wire to a dose of about 1 Gy
at 3 cm distance.

Forty male WAG/Rij rats were implanted at the age of 4 weeks.
Animals were anaesthetized with ether. The skin of the thorax was
shaved and an incision of about 1 cm was made between two ribs. A
lobe of the lung was brought outside the thoracic cavity and the
Ir-192 wire was implanted using a hollow needle of 10 cm with an
inner diameter of 0.7 mm. After implantation, the lobe was re-
turned into the thoracic cavity and the skin was closed by two or
three cramps. The whole procedure took less than 5 min; the mor-
tality rate was about 7 per cent.

In the observation period, up to 14 months after implantation,
dead animals and the survivors at the end of the period were in-
spected for the presence of lung tumours. Histological examination
of the lungs and other organs suspect for metastases was perfor-
med. In 30 out of 40 animals tumours developed. In 9 animals mul-
tiple lung tumours were detected and in 3 animals metastases were
found. The incidence of various tumour types encountered is shown
in TabLe 1. Malignant hemangioendotheliomas occurred with the
highest frequency: 50 per cent. In 12 animals a squamous cell car-
cinoma was found in the lung. Twenty pieces of tumours were avail-
able and used for transplantation into the flanks of WAG/Rij re-
cipients to maintain the tumours for further studies.

The observations confirm the findings of Gracey et al. (1979)
that local irradiation is an efficient means of inducing malignant
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TABLE 1

TYPE AND INCIDENCE OF RADIATION INDUCED TUMOURS

malignant heraangioendothelioma
squamous cell carcinoma
osteosarcoma
pleomorphic sarcoma
malignant schwannoma
adenosquamous carcinoma
mesothelioma

20/40
12/40
4/40
1/10
1/4 0
1/40
3/40

lung tumours yielding a relatively large number of tumours with
characteristics of human squamous cell carcinomas. The transplan-
tability of the squamous cell carcinomas was, however, adversely
influenced by the high incidence of malignant hemangioendothelio-
mas in the tumour samples used for transplantation. The yield of
transplantable squamous cell carcinomas in this series is 10 per
cent.

Divertie, M.B., Titus, J.L. and Shorter, R.G., Am. Rev. Resp. Dis.

9_6 (1967) 820-822.
Gracey, D.R., Fish, J.E. and Divertie, M.B., Cancer £4 (1979) 598-

603.
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EXPERIMENTAL TUMOUR THERAPY

COMPARISON OF CELL SURVIVAL CURVES FOR DIFFERENT CELL LINES
WITH RADIATION INDUCED GROWTH DELAYS FOR TUMOURS

INDUCED BY INOCULATION OF THESE CELLS IN RATS

G.W. Barendsen and J.F. Gaiser

Over the past years, several cell lines derived from different
transplantable tumours in rats have been established in culture
(Barendsen et al./ 1977). Cells from these cultures produce tu-
mours when inoculated into syngeneic animals. Studies of cell sur-
vival curves obtained for these cell lines have shown considerable
differences with respect to radiation sensitivity and RBE values
for high-LET radiation (Barendsen and Broerse, 1977).

Studies of the radiosensitivity with respect to induced growth
delay of the experimental tumours for which the cellular sensitiv-
ity JJI vitro had been determined earlier have been continued. Data
on cell survival and growth delay of corresponding tumours are
presented in Figure 1. Growth delay is derived from the time in-
terval between the day of irradiation and the day when the tumour
has regrown to twice the volume determined at irradiation, sub-
tracting the volume doubling time of controls. These data show
that there is no direct correlation between cellular X-ray sensi-
tivity with respect to clonogeneic capacity ^n vitro and the sen-
sitivity of corresponding tumours to induction of growth delay af-
ter single doses. The most resistant cell type of this group is
the RUC-2, derived from a squamous cell urether carcinoma; this
tumour also shows the least growth delay per unit dose. However,
the cell line RSC-1 is only slightly less resistant than RUC-2 jln
vitro, while RSC-1 is the most sensitive tumour of this series
with respect to tumour growth delay. It is of further interest to
note that the R-l cell line is the most sensitive of this series
as evident-" by the survival curve, while the R-l tumour is highly
resistant Induction of tumour growth delay.

Several factors are known to influence the effectiveness of
single radiation doses for induction of growth delay, e.g., oxyge-
nation conditions, cell proliferation and repair of potentially
lethal damage. In many experiments on proliferation kinetics using
the R-l sarcoma it has been demonstrated that, when these tumours
are irradiated with doses of 10 and 20 Gy of X-rays/ there is an
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Figure 1

Comparison of cellular sensitivity (A) and volume growth delay of tumours (B).
R-l : ra t rhabdomyosarcoma;
ROS-1 : ra t osteosarcoma;
RUC-1 : rat ureter carcinoma;
RSR-1 : rat skin carcinoma;
RUC-2 : rat ureter carcinoma.

increase in proliferation (Hermens and Barendsen, 1969). As a
consequence, growth delay induced by a given dose is relatively
short, i.e.with the endpoint growth delay this tumour is relative-
ly unresponsive, although the corresponding JJI vitro survival
curve indicates a relatively high cellular sensitivity. Further-
more, a fraction of 0.15 of the cells in R-l tumours is known to
be radiobiologically hypoxic. Studies on these factors in other
types of tumours of this series are in progress.

Barendsen, G.W. et a l . , Cell Tissue Kinet. _1£ (1977) 469-475.
Barendsen, C.W. and Broerse, J . J . , Int. J. Rad. Oncol. Biol. Phys.

3 (1977) 211-214.
Hermens, A.F. and Barendsen, G.W., Eur. J. Cancer 5_ (1969) 173-

189.
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COMPARISON OF CELL SURVIVAL BY EMPLOYING JM VITRO AND H4 VIVO
ASSAYS FOR R-1,M RAT TUMOUR CELLS IRRADIATED IN VITRO

WITH DIFFERENT DOSES OF X-RAYS

A.F. Hermens and H.T. Madhuizen

Studies of dose survival characteristics of mammalian cells
irradiated _i_n vitro or _iri vivo can be performed by employing
either the quantitative JJI vitro plating technique described by
Puck and Marcus (1955) or the _in vivo TD assay method as devel-
oped by Hewitt and Wilson (1959). For obtaining reproducible and
interpretable results with either of these or similar methods it
is required that the experimental system is stable and provides
conditions for the optimal expression of the clonogenic capacity
of surviving cells. With some types of tumour lines described in
the literature, the TD assay results in a 50% tumour incidence
at about 10 cells with fluctuations in TD between 8 to 10 cells.
However, in other tumours, the TD is in the order of 1000 cells
with fluctuations ranging from 500 to 2000 cells. Furthermore, the
TD may be expected to differ significantly when comparing re-
sults of assays performed with syngeneic and heterogeneic host
systems. This possibility may be of particular interest when
studying properties of human tumours that are xenografted into im-
mune deficient mice.

To investigate the variation in dose-response relationships as
a consequence of differences in experimental systei.is or test con-
ditions, experiments were performed with R-1,M tumour cells which
were irradiated în vitro and then assayed ijn vitro and In vivo in
syngeneio or allogeneic animals.

Since dose-response relationships are correlated with the clo-
nogenic expression of the tumour cells, the latter property was
investigated in relation to changes of the assay conditions, in-
volving assays of R-1,M tumour cells alone or in combination with
heavily irradiated* R-1,M "feeder cells", F(R-1,M), or with syn-
geneic normal MER-1 cells. The latter type of cells originated
from the rat mesentery and shows a phagocytic capacity. Both the
normal MER-1 and R-1,M tumour cell lines are maintained rn vitro
as a permanent cell line.

For determining dose-response relationships according to the
method of Puck and Marcus (1955), the R-1,M tumour cells were
grown in single cultures or cocultured with phagocytic MER-1 cells
for 3 and 4 days, respectively, as described by Hermens and

*involving an acute dose of 40 Gy of 300 kV X-rays,
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TABLE 1

INFLUENCE OF THE HOST AND LOCAL CONDITIONS*

ON THE CLONOGENIC EXPRESSION OF R-1,M TUMOUR CELLS

AS DETERMINED BY THE TD 5 Q ASSAY METHOD (HEWITT AND WILSON, 1959)

host
animal

WAG/Rij
rat

type of
admixed
cells**

no cells
admixed

(controls)

F(R-1,M)

MER-1

TD_. values (number of cells)

95% confidence limits
mean value lower value upper value

6945

1428

1893***

3586

1091

960

13452

1868

3732

BALB/c.nu

no cells
admixed

(controls)

F(R-1,M)

MER-1

5267

87***

10

3362

23

5

8250

331

19

* To modify the local conditions at the site of subcutaneously
injected R-1,M tumour cells, the suspensions of tumour cells
used for the assay were admixed with either of two different
types of cells.

line of tumour cells developed from a rhabdo-
myosarcoma in the WAG/Rij rat.
"feeder cells" prepared by irradiating R-1,M
cells with 40 Gy of 300 kV X-rays
line of normal phagocytic cells developed from
the mesentery of WAG/Rij rat

***Preliminary results.

** R-1,M cells:

F(R-1,M) cells

MER-1 cells:
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Madhuizen (1978a,b). The cells were then harvested and prepared
for replicate plating into Falcon plastic culture flasks. After
plating, these cells were irradiated with doses of 0 up to 10 Gy
of 300 kV of X-rays, incubated for 8 days at 37°C and finally
fixed for counting colonies of R-1,M cell origin.

R-1,M tumour cells intended for j ^ vivo assay of radiation re-
sponses were harvested from 3-day-old single cell cultures. For
each individual experiment, cell suspensions were transferred into
a plastic culture bottle and then irradiated with either 0, 4 or 8
Gy of 300 kV of X-rays. Subsequently, series of suspensions with 6
different concentrations of tumour cells were prepared for subcu-
taneous injection of animals. In a number of experiments, each of
the 6 suspensions was admixed with normal MER-1 cells or F(R-1,M)
"feeder cells" to a final concentration of 10 admixed cells.ml
The assays were performed with syngeneic female WAG/Rij rats of an
inbred strain in one series of experiments and, in another series,
with BALB/c.nu mice* of both sexes. At the start of each of these
TD assays, the fraction of clonogenic cells present in the sus-
pension before and after irradiation were also assessed by the in
vitro plating technique.

Values for TD obtained for non-irradiated R-1,M tumour cells
which were assayed in the two strains of animals are given in
Table 1. These data show that the numbers of R-1,M cells required
for obtaining 50% tumour incidence in the WAG/Rij rat and in the
BALB/c.nu mouse are not significantly different. This may imply
that in both of these host systems, the combined influence exerted
by local and general factors provide similar suitable conditions
for tumour cell take. Accordingly, the clonogenic expression of
the R-1,M cells in the two animal systems corresponds to less than
1 cell in 10 R-1,M cells injected; this value is a factor of
about 1000 smaller than the probability of forming colonies in
vitro, i.e., 90 to 100 colonies formed per 100 cells plated.

However, on admixing F(R-1,M) feeder cells or normal MER-1
cells with R-1,M tumour cells, the values for TD were shown to
decrease. From values for TD given in Table 1, it can be calcu-
lated that a maximum reduction in TD by a factor of 600 was
achieved for R-1,M tumour cells admixed with normal MER-1 cells
which were assayed in the BALB/c.nu mouse. A tentative explanation
for these observations involves the assumption that the phagocytic
MEP-1 cells may act not only against the tumour cells but also,
and perhaps more efficiently, against allogeneic host immune cells
which otherwise would have killed a large number of tumour cells.

*The nude mice were of CBA genetic stock and had been back-crossed
with BALB/c for 4 generations. They were produced under strict
reverse barrier conditions in an SPF rodent colony and were kept
in conventional mouse quarters after inoculation of the tumour
cells (van Bekkum et al., 1978).
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Dose-response curves determined for the R-1,M tumour cells
from data on fractional surviving cells obtained by the jji vitro
and _in vivo assays are shown in Figure 1. Curves 1 and I1 compare
data obtained for R-1,M cells that were assayed after growth of
the tumour cells in single cultures or in cultures mixed with nor-
mal MER-1 cells, respectively. The two curves can fit both sets of
data equally well and demonstrates that the intrinsic radiosensi-
tivity of the R-1,M cells rn vitro is not significantly influenced
by the presence of MER-1 cells during the 4-day period of cocul-
turing. The average values for Dq and Do derived from these curves
are 2.5 and 1.3 Gy, respectively.

BALB/c.nu
'*<". (R - 1,M cells)

- WAG/Rij
( R - 1 , M cells)

O and curve 1 single culture
• and curve V mixed culture

0 2 4 6 8 10

dose in G y ( 300 kV X - rays )

Figure 1

Comparison of dose-response relationships for R-1,M tumour cells assayed in
vitro and r̂i vivo.

Jji vitro assays performed with R-1,M cells grown in single culture and grown
for 4 days in mixed cultures. The cells were plated iii vitro and then irradia-
ted with 300 kV X-rays.
In vivo experiments were performed by transplanting only R-1,M cells into the
WAG/Rij rat and in the BALB/c.nu mouse. In addition, R-l ,M cells admixed with
10 MER-1 cells per inoculum were transplanted into the WAG/Rij rat.
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The data on cell survival obtained with the _in vivo assay dif-
fer from those determined by the ir\ vitro assay in two respects.
Firstly, the fractions of surviving clonogenic cells differ sig-
nificantly at one or both of the dose levels studied, i.e., 4 and
8 Gy. In this respect, the results obtained by assay in the
BALB/c.nu mouse are neither better nor worse than those obtained
by assay in the WAG/Rij rat. Secondly, the slope of each of the
dotted curves for all three j£ vivo assays is less steep than that
for the _iri vitro assay.

It may be concluded from these observations that, especially
when R-1,M cells are irradiated with doses smaller than about 10
Gy of X-rays, the _i_n vivo assay for survival of these cells may
yield results on Dq and Do which are different from those obtained
by the _i_n vitro plating technique. The question of whether these
observations have any bearing on the interpretation of results
from experiments on cure rates of irradiated tumours is under in-
vestigation.

Bekkum, D.W. van, Knaan, S. and Zurcher, C., Annual Report of the
REP-Institutes (1978) 157.

Hermens, A.F. and Madhuizen, H.T., Annual Report of the REP-
| Institutes (1978) 39.

Hermens, A.F. and Madhuizen, H.T., Int. J. Rad. Biol. J34. (1978)
'i 560.

Hewitt, H.B. and Wilson, C , Br. J. Cancer L3 (1959) 69.
Puck, T.T. and Marcus, P.I., p. 432. In: Proc. Nat. Acad. Sci. 4_1

(1955).
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RESPONSE OP TUMOUR CELLS TO HYPERFRACTIONATED GAMMA-RAYS

H.B. Kal, A.S.M. van Rijsoort, C. Verkoelen and J.Th. Bijman

In previous investigations (Kal, 1974) results obtained with
continuous irradiation at low dose rates (protracted irradiation)
on rat rhabdomyosarcoma cells and rat skin were compared with re-
sults obtained after single dose irradiation; a therapeutic gain
of 1.2 was derived. For treatments of certain types of malignan-
cies in the clinical situation, external protracted irradiation
might also be beneficial (Pierquin et al., 1978). However, practi-
cal, psychological and economical consequences are limiting fac-
tors in the applicability of external protracted irradiation.

An alternative to treatment with protracted irradiation may be
one consisting of the administration of a number of fractions sep-
arated by relatively short time intervals (hyperfractionation) and
with the same overall time as for treatment with protracted irra-
diation.

Responses of rat rhabdomyosarcoma cells, R-l cells, to hyper-
fractionation and single dose irradiation are reported here. R-l
cells were exposed to Cs gamma-rays ii\ vitro and jji vivo.

The results from the In vitro experiments are summarized in
Figure 1. Curve 1 represents the cell survival curve after high
dose rate irradiation with single doses. Curve 2 is a survival
curve drawn by eye through the data points obtained after hyper-
fractionation with dose fractions of 2 Gy at intervals of 1 to
3 h. Only one survival curve was drawn, because those correspon-
ding to treatments with a specific time interval were not signifi-
cantly different from each other.

No significant differences between the two curves can be ob-
served up to a dose of 6 Gy; at larger doses, hyperfractionation
is less effective than single dose irradiation. At the 10 sur-
vival level, a dose effectiveness ratio DER, i.e. the ratio of the
dose applied as a single acute dose and the dose applied in a cer-
tain regimen at a specific cell survival level, of 0.8 was de-
rived. Experiments performed earlier using continuous irradiation
at dose rates of 0.40 and 0.75 Gy/h yielded DER values of 0.5 and
0.8, respectively (Kal, 1974). If the hyperfractionation regimens
were considered as continuous irradiations with the same overall
time, the corresponding dose rates were 0.83 to 2.5 Gy/h; hence,
the observed DER value of 0.8 is a realistic number.

WAG/Rij rats with R-l tumours located in their flanks were ir-
radiated with whole body doses without anaesthesia (Figure 2). Af-
ter irradiation, tumours were excised, a cell suspension prepared
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Figure 1

Radiation response of R-l tumour cells treated in vitro.
Curve 1: survival curve obtained after single dose irradiation.
Curve 2: survival curve obtained after hyperfractionation with dose fractions

of 2 Gy and different time intervals.

and single cells were plated in Falcon flasks for colony forma-
tion. Hyperfractionation/ i.e., fractionation of the dose to dos-
ages of 1 Gy with a one hour interval and a daily maximum of 8 Gy,
as well as single dose irradiation was applied. The results indi-
cate no significant differences between the two regimens, i.e.,
the treatment with several fractions of 1 Gy applied over a few
days was as effective as single dose treatment. However, in ear-
lier experiments where the effectiveness of doses administered at
dose rates of 0.75 to 1.50 Gy/h was compared with single doses ad-
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Figure 2

Radiation response of R-l tumour cells treated in vivo.
Triangles represent surviving fractions after single dose irradiation.
Circles represent surviving fractions after hyperfractionation with dose frac-
tions of 1 Gy and time intervals of 1 hi the maximum daily dose was 8 Gy.

-2
ministered at a high dose rate, a DER of about 0.7 at the 10
level was derived (Kal, 1974). In the protracted irradiated tu-
mour, repair of sublethal damage during treatment was influenced
by reoxygenation and redistribution of cells over the cell cycle.
Repair of sublethal damage also plays a role in hyperfractionation
applied in a few days, but the reoxygenation and redistribution
processes might be more efficient here, yielding surviving frac-
tions close to those observed after acute irradiation. Additional
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experiments on the rhabdomyosarcoma and skin are in progress to
evaluate the effectiveness of hyperfractionation with larger dose
fractions and to derive therapeutic gain factors for the regimen
with hyperfractionation of the dose.

Kal, H.B., Ph.D. Thesis, University of Amsterdam (1974).
Pierquin, B., Mueller, W.K. and Baillet, P., Int. J. Rad. Oncol.

Biol. Phys. 4 (1978) 565.
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COMBINED MODALITY TREATMENT IN FRACTIONATED SCHEDULES
ON THE RIF-1 TUMOUR

P. Lelieveld, M.A. Scoles*, J.M. Brown* and R.F. Kallman*

For combined modality treatment of malignant tumours, X-irra-
diation can be combined with chemotherapeutic agents. In a first
approach, such combinations were systematically tested using fixed
time intervals between single doses of X-rays and cytostatic
drugs. Those studies did not reveal a combination that always pro-
duced supra-additive results in tumour models (Lelieveld et al.,
1978) or one that always showed less effectiveness on normal tis-
sues (Phillips and Fu, 1976).

A second approach was to test a few of the most promising
drugs to determine whether any specific time interval between ra-
diotherapy and chemotherapy would consistently show supra-additive
results when tested on several tumours. Studies of Twentyman et
al. (1979a,b,c) failed to identify any specific favourable time
interval. Most of the experimental studies have been carried out
by using single doses of both radiation and drugs. Such an experi-
mental design, however, is likely to mask effects on repair and/or
repopulation. For that reason, a series of experiments was started
to test several fractionation schedules of combined radiation and
drug treatment. In combination with X-irradiation the following
drugs were tested: actinomycin-D, adriamycin, l,3-bis(2-chloro-
ethyl)-l-nitrosourea (BCNU), bleomycin, Cis-diamminedichloro Plat-
inum II (Cis-Pt) and cyclophosphamide. The endpoint was tumour
growth delay, i.e., the number of days required for each tumour in
the treated group to grow to 4x its volume on the day of treat-
ment, diminished by ' the mean value for the untreated control
group. The expected value for the combination was calculated by
simple addition of the values for each modality alone, since both
showed a linear dose-effect relationship. The observed minus ex-
pected values for tumour growth delay after treatment with the
combination of X-irradiation and cyclophosphamide and X-irradia-
tioh and Cis-Pt are shown in Table 1. When combined with X-irradi-
ation, no significant supra-additive results were observed for
actinomycin-D, adriamycin, BCNU and bleomycin. Neither did these
drugs produce a significant tumour growth delay when used alone
at maximum tolerated doses. Similar results were obtained by
Twentyman et al. (1979c) using single doses. These results lead to

*Dept. of Radiology, Stanford University School of Medicine,
Stanford, California, U.S.A.
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TABLE 1

OBSERVED MINUS EXPECTED VALUES FOR GROWTH DELAY
OP THE RIP-1 TUMOUR AFTER TREATMENT WITH X-IRRADIATION AND DRUGS

IN DIFFERENT FRACTIONATION SCHEDULES

observed-expected tumour
growth delay (days) for
X-irradiation and drugs

schedule eyelophosphamide Cis-Pt

24 h
fractionated Xj^ay —»• single drug - 0.8 5.3*
single drug —•- fractionated X-ray 11.2 11.6
fractionated ^drug —• X-ray) 10.4* 10.7*
fractionated (drug -» X-ray) 3.7 15.8*
fractionated (X-ray -+ drug) - 0.9 10.5*
fractionated X-ray fract. drug 7.2 - 2.1
fractionated drug —•- fract. X-ray 2,5 2.8

Each group consisted of 8-10 mice.

*p< 0.05

the suggestion that drugs which are not effective on the tumour
when used alone will not produce supra-additive results in combi-
nation with X-irradiation.

For cyclophospharaide, only the fractionated administration of
the drug' 2 hours before X-ray showed a significant supra-additive
effect. In the single dose studies of Twentyman et al. (1979c),
all of the combined modality groups produced, in the RIF-1 tumour,
longer tumour growth delays than expected, although only 4 sched-
ules (excluding drug 2 hours before X-ray) were significant.

Several combination schedules with Cis-Pt showed supra-addi-
tive effects. The best schedule was drug immediately before X-ray,
given daily for 5 consecutive days. In the single dose experiments
of Twentyman et al. (1979b), this schedule was the only one that
produced a just significant tumour growth delay. In a repeat expe-
riment, however, the same single dose combination failed to pro-
duce a significant growth delay, while the fractionation schedule
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confirmed the supra-additive results. For the combination of X-
irradiation and cyclophosphamide, the results indicate that frac-
tionation studies may be unnecessary for the discovery of poten-
tially useful combination schedules. For the combination of X-
irradiation and Cis-Pt, however/ fractionation studies provide in-
formation that cannot be obtained from single dose studies.

Lelieveld, P. et al., Int. J. Rad. Oncol. Biol. Phys. 4̂  (1978) 37.
Phillips, T.L. and Fu, K.K., Cancer 3_7 (1976) 1186.
Twentymanf P.R. et al., Int. J. Rad. Oncol. Biol. Phys. 5 (1979a)

1255.
Twentyman, P.R. et al., Int. J. Rad. Oncol. Biol. Phys. J5 (1979b)

1365.
Twentyman, P.R. et al., Int. J. Rad. Oncol. Biol. Phys. _5 (1979c)

pp. 1425, 1499, 1549, 1601.
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INCIDENCE OF METASTATIC DISEASE AFTER LOCAL TUMOUR TREATMENT
WITH RADIOTHERAPY OR SURGERY IN VARIOUS TUMOUR MODELS

J. de Ruiter arH L.M. van Putten

There is some controversy concerning the role of radiation
treatment of mammary carcinoma in the expression of metastatic
disease. In previous Annual Reports (1977, p. 166; 1978, p. 211),
we reported that a larger number of mice died with evidence of
metastatic disease when a tumour transplanted in the foot pad was
treated with radiotherapy than was found following surgical treat-
ment. These results were obtained in an experimental metastases
model, the 2661 carcinoma.

In an attempt to determine whether the discrepancies in expe-
rimental results (Stjernsward, 1977) are due to differences in ex-
perimental procedures or endpoints used by various investigators,
we compared the effects of radiotherapy and surgery on other me-
tastasizing tumours employing similar procedures as were used for
the 2661 carcinoma. The well-known Lewis lung carcinoma was one of
the tumours used. In addition, the metastasizing capacity of an-
other mouse tumour, the C22LR osteosarcoma (van Putten, 1968), and
one rat tumour, the R-l (Barendsen, et al., 1977), was investi-
gated. These tumours had never given evidence of a metastasizing
capacity if irradiated as flank tumours. However, metastases de-
veloped if they were transplanted in the foot pad and removed at a
suitable time afterwards. For the animals dying of metastatic dis-
ease Table 1 shows the distribution of metastases in either lymph
nodes, lung or both observed grossly at necropsy for each of the
investigated tumours.

It is evident that differences in localization of metastases
occur for the various tumours. No macroscopic metastases were ob-
served in other organs.

The local treatment of the foot pad tumours by either amputa-
tion or X-ray irradiation included the left hind leg up to the
knee joint. For both treatments, mice were anaesthesized with pen-
tobarbital. Irradiations were carried out with 300 kV X-rays ap-
plied at a dose rate of 3.5 Gy.min for the mouse irradiations
and 2.6 Gy.min for the rat irradiations. During irradiation of
the hind foot, the remainder of the body was protected by lead
shields.

The results in Table 2 show the fraction of animals dying with
evidence of metastatic disease after treatment of the foot tumours
by amputation or by irradiation. The time of death is expressed
for each group as the median survival time in days after the
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tumour

TABLE 1

DISTRIBUTION OF METASTASES IN ANIMALS AUTOPSIED

per cent of animals with metastases in:

number of
lymph nodes lymph nodes lung animals

+ lung only only autopsied

Lewis lung ca.
C22LR osteosarcoma

R-l rhabdomyosarcoma
2661 carcinoma

12
43
87
66

13
27

88
57

7

17
30
16
15

treatment along with the range of survival times. The animals
which were alive at 120 days after treatment were assumed to be
cured. In each group of mice transplanted with either the Lewis
lung carcinoma or the osteosarcoma, almost half of the mice died
with metastases and no significant difference in incidence was ob-
served after amputation or irradiation. Almost one-third of rats
transplanted with the R-l tumour died with metastases and also no
significant difference by log-rank test (Peto et al., 1977) in in-
cidence and time of death was observed after amputation or irra-
diation. For comparison the results with the mouse 2661 carcinoma
are presented.

It can be concluded from these results that the higher inci-
dence of metastatic disease after radiotherapy than after surgery
as observed with the 2661 carcinoma is not found for three other
tumours. Since the experimental set-up is as similar as possible
for the various tumours in our study, it seems likely that the
differences in the results are due to some unknown property of the
2661 carcinoma which is not present in the other tumours tested.
It is clear, however, that neither tumour growth rate nor immuno-
genicity is involved, since the 2661 carcinoma is not different in
growth rate from the other mouse tumours and the non-immunogeneic
osteosarcoma responds quite similarly to the immunogeneic Lewis
lung carcinoma but differs from the non-immunogeneic 2661 carci-
noma.
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TABLE 2

FRACTION* OF MICE OR RATS DYING WITH METASTASES
AFTER LOCAL TREATMENT OF TUMOURS TRANSPLANTED IN THE FOOT PAD

treatment
of tumour
bearing leg

amputation

70 Gy X-rays

90 Gy X-rays

RAT

R-l

rhabdomyosarcoma

11/31;
89 (21-105)

13/35;
75 (50-113)

Lewis

lung carcinoma

17/4 0;

46 (24-73)

22/4 0;
39 (27-87)

MOUSE

C22LR for comparison
osteosarcoma 2611 carcinoma

22/39;
54 (20-111)

20/40;
56 (35-94)

23/79;
69 (23-111)

59/74;
47 (26-102)

*animals with metastases/total number of animals observed; median survival time in
days after treatment (range)
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CRITICAL ANALYSIS OF EXPERIMENTAL MODELS

FOR THE ANTIMETASTATIC EFFECT OF ANTICOAGULANTS

B. Maat and P. Hilgard*

It is well established that anticoagulant drugs have an impor-
tant antiraetastatic action in experimental tumour models. Many re-
ports show a clear-cut reduction in the number of secondary tumour
deposits in anticoagulated animals (Hilgard and Thornes, 1976).
Most evidence came from experiments which were performed by the
use of intravenous injection of tumour cells and monitoring the
amount of tumour present in the lungs. Reviewing the available
literature, it appears that lung colonies are reduced by a variety
of different anticoagulant drugs such as heparin, ancrod, coumarin
derivatives and many others. One might question whether this kind
of growth in the lungs should be regarded as a true representation
of spontaneous metastasis. Actually, the intravenous injection of
tumour cells into the tail vein of an experimental animal does not
differ substantially from an intrapulmonary transplantation and
has little in common with the pathophysiological phenomenon of
blood-borne metastases derived from a solid primary tumour. A more
realistic approach to screening for the antimetastatic effect of
anticoagulant drugs seems to be provided by studying the "sponta-
neous" occurrence of lung metastases from transplanted solid tu-
mours.

The current literature on this topic shows that only coumarins
consistently produce a reduction in this type of metastasis; all
other anticoagulant techniques give variable results. In an at-
tempt to clarify this rather confusing situation, experiments were
performed with both coumarin and non-coumarin anticoagulants to
investigate whether drugs, which have a colony reducing effect in
i.v. tumour systems are capable of similarly reducing spontaneous
metastases.

Two tumour models were used throughout the study: the Lewis
lung carcinoma and the B16 melanoma. For studies using intrave-
nously introduced tumour cells, suspensions were prepared accor-
ding to the method described earlier (Maat, 1978) and injected in-
to 12-week-old male C57BL/Rij mice weighing 22-25 grains at a dose
of 10 viable cells per animal.

To produce subcutaneously growing tumours, concentrated cell
suspensions containing one million viable cells were injected into
the foot pads of 12-week-old male C57BL/Rij mice.

*Dept. of Haematology, Royal Post-graduate Medical School, London,
Great Britain.
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Ancrod (Arvirr^, Knoll, A.G.) was administered subcutaneously
in a dose of 200 U.kg body weight every 24 hours during the
course of the experiment. This resulted in a stable state of anti-
coagulation, the degree of which was monitored by determining fi-
brinogen levels and whole blood clotting times.

Heparin was administered subcutaneously in a dose of 1000 USP-
units per kg body weight every 12 hours. The dose was corrected
daily according to the clotting time records, which were attempted
to be held at above two times normal.

Phenprocoumon (Marcoumair^ Hoffman-La Roche, Basle) was admin-
istered intraperitoneally in an initial dose of 2.5 ml.kg body
weight; a steady state of anticoagulation was then achieved by ad-
ding the drug to the drinking water in concentrations ranging
from 2-5 mg.l . The degree of anticoagulation was adjusted daily
according to the Thrombotest method (Nyegaard, Oslo), as described
earlier (Hilgard and Maat, 1979) (aimed at a therapeutic range
which was considered to be a Thrombotest clotting time of 250-400
sec).

The total number of macroscopically visible nodules on the
surface of all lung lobes were recorded and their sizes were de-
termined by callipers.

In experiments using intravenously introduced tumour cells,
I ancrod was given as a pre-treatment on days -1 and 0. Tumour cells

were injected on day 0 at 4 hours ,£ter the ancrod administration.
The animals were killed on day 2 2.

In experiments with subcutaneously transplanted tumours, an-
crod or heparin was given as a continuous treatment starting on
day 0. Experiments were terminated on day 22-24 (Lewis lung) or
day 28-30 (B16 melanoma). In the experiments with heparin, the tu-
mour bearing leg was amputated on day 12. The heparin administra-
tion was discontinued on the same day. In the ancrod treated ani-
mals, the drug was given daily up to the end of the experiment.
Results are presented in Table 1.

After i.v. injection of tumour cells, a significant decrease
in the number of lung colonies was found in animals pre-treated
with ancrod as compared to control animals.

In neither of the two investigated "spontaneous" metastasis
systems did continuous treatment with ancrod cause a reduction in
the number of lung metastases as compared to controls. The mean
blood coagulation times of 11 Ancrod treated animals were 10.4 min
(+ 2.0 s.d.m.).

Continued heparin treatment similarly failed to diminish the
numbers of metastases in animals bearing subcutaneously trans-
planted tumours. The number of metastases was the same in treated
and control groups of both tumour systems.

The size of the respective lung colonies or metastases did not
differ significantly in the various experimental groups as com-
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TABLE 1

EFFECT OF DIFFERENT ANTICOAGULANTS
ON LUNG TUMOUR COLONIES OR METASTASES

•I

tumour

Lewis lung
(i.v.)

B16 (i.v.)

Lewis lung
(s.c.)

B16 (s.c.)

Lewis lung
(s.c.)

B16 (s.c.)

Lewis lung
(s.c.)

B16 (s.c.)

treatment

contr.
ancrod

contr.
ancrod

contr.
ancrod

contr.
ancrod

contr.
heparin

contr.
heparin

contr.
phenprocoumon
contr.
phenprocoumon

number
of

animals

11
19

14
16

14
15

15
14

15
18

15
13

30
30
15
17

number of
lung

colonies/
metastases

41.7
9.4

23.6
5.6

7.1
6.6

4.1
4.4

22.7
20.8

12.2
10.9

7.3
1.1
6.9
1.2

+ 1+1
+ 1+1

1+
1 

+
1+

1 +
1+

1 
+

+ 1+1

+
+
+
+"

1.5
1.1

1.8
0.9

1.2
0.1

0.8
1.1

7.7
5.5

1.3
1.4

0.5
0.2
0.6
0.3

significance
(Students
T test)

P

P

P<

P

< 0.

< o,

N.S.

N.S.

N.S.

N.S.

.< 0.

< 0.

.05

.05

.005

005

i.v. = intravenously introduced tumour cells;
s.c. = subcutaneously transplanted tumour

I-

pared to controls. The amputated tumour bearing legs also did not
differ significantly in weight.

In contrast/ the number of spontaneous metastases in phenpro-
coumon treated animals was significantly reduced in both tumour
systems as compared to untreated control animals.

This study shows that the capacity of circulating cells to
form metastases is not influenced by drugs which have strong anti-
coagulant properties, except for the coumarin derivatives. It also
implies that the results from studies where intravenously intro-
duced tumour cells are used cannot be extrapolated to those with
spontaneously metastasizing solid tumours.
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It is clear that the coumarin derivatives occupy an exception-
al position. In i.v. studies, they act independently of their ef-
fect on the clotting mechanism (Hilgard and Maat, 1979) and in
spontaneous systems, they are the only active ones among diverse
anticoagulant drugs.

Considering these facts, the question arises as to whether the
antimetastatic effect of coumarin derivatives is actually mediated
by their anticoagulative properties. It seems more likely that
other mechanisms are responsible. Among them are the production of
vitamin K dependent surface active proteins and the non-specific
stimulation of macrophages (Maat, 1980; Melchner and Hilgard, sub-
mitted for publication). Both possibilities are presently being
studied.

Hilgard, P. and Thorries, R.D., Eur. J. Cancer 1_2 (1976) 755.

Hilgard, P. and Maat, B., Eur. J. Cancer 3̂5 (1979) 183.
Maat, B., Br. J. Cancer _37 (1978) 369.
Maat, B., Br. J. Cancer 41 (1980) 313.
Melchner, H.von and Hilgard, P. (1980), submitted for publication.



CARCINOMA 2661, A MODEL FOR STUDYING FAILURES
IN ADJUVANT CHEMOTHERAPY

A.F.C. Gerritsen and L.M. van Putten

J In many animal models drugs have been shown to be quite effec-
j tive against small amounts of residual disease (metastases) if
s they were active against primary tumours (Schabel, 1977; Corbett,
i 1978). In addition, Mulder et al. (see p. 207 ) have demonstrated
* that in Lewis lung tumour activity against residual disease is
x also high, for certain drugs that are inactive against an advanced

primary tumour. This report describes a tumour in which the re-
verse situation was noted: therapy that was effective in inducing
growth delay in large flank tumours failed to be effective against
metastatic disease.

The chemotherapeutic effect was measured in subcutaneous flank
tumours and in foot pad tumours since the latter is used for ob-
taining metastases (flank tumours do not give rise to metastases).

Metastases are found in lungs and lymph nodes after amputation
of the tumour-bearing hindleg. These will be referred to as "resi-

|' dual disease". The residual disease was treated with the same drug
and drug dose as the primary tumours. Cyclophosphamide (Cyclo) at
a single (maximal tolerated) dose of 200 mg/kg was injected i.p»
Therapy was given for primary tumour volumes ranging from < 1 mm
to >250 mm . The results are presented in Table 1. When small/
small, ( <1 mm ) the flank tumour can be cured; the foot pad tu-
mour, however, at the same stage cannot be cured. The growth delay
in the foot pad tumour decreases with increasing tumour volume. In
contrast, the growth delay in flank tumours does not differ sig-
nificantly for small and large tumour volumes.

From these data it may be concluded that localization does
represent an important variable in the efficacy of chemotherapy
and furthermore that in the flank location growth delays of more
than 20 days are associated with the possibility of cure in tu-
mours too small to be measured.

In "residual disease" chemotherapy may result in a modest

; (statistically not significant) increase in lifespan, but this is
j.- not accompanied by an increase in the fraction of surviving mice
t, (Table 2). The evaluation of both aspects simultaneously by the
| life table method confirms that the treatment is not effective.
);. The same is true for the combination treatment with CMF of which
|- it was reported earlier (v.d. Velde, 1977) that methotrexate and
; 5-Fluorouacil show significant activity when given alone to mice

carrying flank tumours. This observation is in contrast to many
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TABLE 1

CARCINOMA 2661. PRIMARY TUMOURS. EFFICACY OF CHEMOTHERAPY*

tumour volume
at time

of treatment

control

< 1 mm3

50-200 mm3

> 250 mm3

160 mm3

380 mm3

700 mm3

flank tumour

growth delay**

-

24 + 6

27 + 9

23 + 4

29

26 + 4

(ID

( 6)

(12)

( 1)

(13)

local cure
rate

0/14

11/23

2/12

0/13

11/14

2/15

footpad

growth delay

-

16 + 2

5 + 1

4 + 1

5 + 2

( 9)

(10)

( 9)

tumour
local cure

rate

0/15

0/10

0/10

0/10

0/10

* Chemotherapy: A. Cyclo: single dose cyclophosphamide 200 mg/kg
B. CMF : 4 weekly dose: cyclophospharaide 75 mg/kg

Methotrexate 5 mg/kg
5-Fluorouracil 75 mg/kg

**Growth delay: mean in days + standard error (number of observations)



TABLE 2

CARCINOMA 2661. RESIDUAL DISEASE. EFFICACY OF CHEMOTHERAPY

treatment*

Cy 200
Cy 200
Cy 200
CMF (6 x 75)
CMF (4 x 75)
CMF (2 x 75)
pooled data

surgery only

cure rate**

surgery + chemotherapy
increase log-rank
in mean test***

cure rate survival time p-value

10/15
3/15
1/15
3/15
3/15
3/15

23/90

9/15
4/15
2/15
1/15
1/15
1/15

18/90

11
27
10
17
8
6
13

( 6)
(11)
(13)
(14)
(14)
(14)
(72)

0.86
0.07
0.21
0.5
0.9
0.6
0.9

Cy 200
CMF 6 x 75

** The number of

cyclophosphamide 200 mg/kg i
cyclophosphamide 75 mg/kg i
during six weeks
Methotrexate
during six weeks
5-Fluorouracil
during six weeks

primary tumours

,p. single dose
,p. weekly dose,

5 mg/kg s.c. weekly dose,

75 mg/kg i.p. weekly dose,

seeding metastases.that start
increases when surgery is delayed. Also the mean number of me-
tastatic tumour cells per individual will rise by this delay
(v.d. Velde, 1977). So the cure rates, by surgery alone, as
given above, roughly indicate a relative metastatic tumour load
in the animals that had already metastases at time of surgery.

***The log—rank test evaluates both the increase of lifespan and
the cure rate (the surgery only group acts as a control).

observations made in other tumour systems (Schabel, 1977; Corbett,
1978; Mulder, this report) and it is not obvious that it has va-
lidity for comparison to the situation in man. Even though this
type of response is such as an exception among the many tumour
models, it appears that elucidation of the mechanisms involved may
be helpful in verifying if similar factors are also operating in
limiting the usefulness of adjuvant chemotherapy in man. For that
reason further studies on this system will be performed.

Corbett, T.H. et al., Cancer Treatm. Rep. 62^ (1978) 1471.
Schabel, F.M., Cancer 4£ (1977) 558.
Velde, C.J.H. v.d., Thesis, Leiden (1977).
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TUMOUR LOAD DEPENDENT EFFECTIVENESS OF CYCLOPHOSPHAMIDE
IN LEWIS LUNG CARCINOMA

J.H. Mulder, C. Bignell and L.M. van Putten

The concept of adjuvant chemotherapy is attractive: when the
residual tumour load is minimal, a given treatment will be more
effective than in the advanced stage of the disease. In the design
of a treatment protocol, the chemotherapist must take at least two
basic problems into account: 1) which drugs should be applied in
the adjuvant format? and 2) which group of patients should be
selected for the adjuvant treatment?

The choice of drugs in the adjuvant format generally depends
on results obtained in advanced disease. As 5-Fluorouacil is the
most effective drug in advanced colorectal tumours, the same agent
is applied in almost all adjuvant protocols for this type of dis-
ease. Although this policy of extrapolation of results obtained in
the late stage of the disease to the early stages seems very sen-
sible, it was decided to investigate whether this policy was in-
deed valid. For this purpose, the effect of eyelophosphamide (Cy)
was evaluated in the metastasizing Lewis lung tumour model. A com-
parison was made between the volume response of the "primary" tu-
mour and the response in small lung metastasis determined by the
increase in lifespan of the animals.

The results of pre-operative Cy treatment are given in Table
1. The effect of Cy treatment on the volume of the foot pad tumour
was negligible. Seven days after drug administration, control and
Cy treated mice were amputated and their survival time was deter-
mined. Although Cy resulted in no tumour volume reduction in the
"primary" trmour, its effect on the micrometastases in the lungs
was clearly measurable. The percentage of animals without evidence
of disease on day 120 increased from 41 to 79% as a result of Cy
treatment.

From "primary" tumour characteristics such as tumour volume
(T-classification), the risk of dying from metastatic disease can
be calculated. As a rule, the more advanced locally (T3), the
larger the residual metastatic tumour load. In experiments de-
scribed in this report, Cy adjuvant chemotherapy was applied in
carefully staged groups of Lewis lung diseased mice with low, me-
dium and high risks of lung metastasis. The aim was to establish a
correlation between "primary" tumour volume at the time of surgi-
cal intervention (T-classification) and the increase in lifespan
after adjuvant therapy.
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TABLE 1

PRE-OPERATIVE CYCLOPHOSPHAMIDE TREATMENT: THE DISCREPANCY BETWEEN

"PRIMARY" TUMOUR RESPONSE AND THE EFFECT ON LUNG METASTASES

"primary
tumour response"

growth delay (days)
mean + S.E.

non-Cy-treated,
amputated
(n = 27)

Cy-treated,
amputated
(n = 28)

0 + 0.6

micrometastases

response

MdST (ranye) cure rate

33 {24 - 61)

41 (18 - 63)

41%

79%

Lewis lung tumour cells (10 .0.01 ml ) were implanted into the
foot pad of C57BL/Ka mice on day 0. Cy (100 mg.kg i.p.) was
given on day 29; tumour volume at that time was approximately 120
mm . After the volume of the "primary" tumour was determined to
establish the growh delay, the tumour bearing leg was amputated on
day 36. Death was caused by the outgrowth of lung metastases. Mice
with no evidence of disease on day 120 were assumed to be cured.
The median survival time (MdST) of the non-survivors was calcula-
ted from the day of amputation.

In Figure 1, survival curves for mice amputated after staging
according 'to the volume of their foot pad tumour are presented.
All amputated control animals with originally large tumours (T3)
died of lung metastases, in contrast to 50% of control mice with
small "primary" tumours (Tl). Adjuvant chemotherapy with Cy in T3-
staged mice resulted in death delay (delay curve). However, an in-
crease in cure rate was observed in T2 and Tl staged animals (cure
curves). When the data of all stages are grouped together, a com-
bined delay and cure curve can be constructed. What is clear from
the various survival curves is a tumour stage dependent effective-
ness of the adjuvant chemotherapy. If the aim of adjuvant therapy
is to increase the cure rate, then low stage tumours (T1-T2)
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Figure 1

Tumour stage dependent effectiveness of cyclophosphamide adjuvant chemotherapy.
Lewis lung tumour cells (10 .0.01 ml ) were implanted into the foot pad of
C57BL/Ka mice on day 0. On day 29, immediately before amputation, mice were
separated on the basis of their tumour volume into 3 groups of at least 8 ani-
mals each. The mean tumour volume
days after amputation, Cy
evidence of disease on day 120 were assumed to be cured. The Chi square test
was used to compare the survival curves of treated (solid lines) to that of
control mice (dashed lines).

per tumour stage group is presented. Three
(100 mg.kg i.p.) was administered. Mice with no

should preferably be submitted to adjuvant chemotherapy post-oper-
atively. In more advanced stages (T3), only a delay in time of tu-
mour related death can be anticipated. The appreciation of death
delay versus curability depends on a cost-benefit analysis which
is beyond the scope of this report.

In the third type of experiment, mice were submitted to adju-
vant therapy either immediately after amputation of the tumour
bearing leg or at a later time in the post-operative course of the
disease. This so-called early versus late treatment of micrometas-
tasis presumably corresponds to a small and a large tumour load' of
residual lung disease at the time of drug administration. Data for
groups of mJce amputated on day 29 and treated with Cy 2, 1, 12 or
17 days later (early versus late adjuvant chemotherapy) are pre-
sented in Figure 2. An increase in the time interval between pri-
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Figure 2

Adjuvant chemotherapy applied at various time intervals after amputation: t h e
residual tumour load dependent effectiveness of cyclophosphamide treatment.
Lewis lung tumour cells (10 .0.01 ml ) were implanted into the foot pad of
C57BL/Ka mice on day 0. After amputation on day 29, each group of a minimum of
20 mice was treated with Cy (100 mg.kg" i.p.) at the time interval indicated
in the figure. The animals died of lung metastasis.

mary operation and adjuvant chemotherapy resulted in a dramatic
decline in efficacy of Cy treatment. Presumably, the efficacy of
chemotherapy depends on the residual tumour load in the lungs at
the time of Cy administration.

Negative results of cytostatic treatment derived from volume
measurements in advanced disease do not necessarily indicate inef-
fectiveness of treatment in early, microscopic disease. If the aim
of a study of adjuvant therapy is to achieve an increase in cure
rate, i t may be preferable to treat individuals with a low risk of
tumour relapse. Although a non-tumour bearing subpopulation in the
low risk group will be overtreated in this way, the chance of
being cured as a result of the chemotherapy in the low staged tu-
mour group is considerably greater than in a high staged or high
risk population. Adjuvant chemotherapy should start as soon as
possible after local treatment of a metastasizing tumour.
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ANTAGONISM AND SCHEDULE DEPENDENT TOXICITY
OF 5-FLUOROURACIL AND METHOTREXATE

J.H. Mulder, T. Smink, C. Bignell and L.M. van Putten

Based on experimental data, the application of 5-Fluorouracil
(5-FU) and Methotrexate (MTX) in combination could result in an
additive, a synergistic or even an antagonistic effect (Bertino,
1979; Bowen et al., 1978). Since both drugs are frequently used
simultaneously in the clinical treatment of metastatic disease, it
was decided to reinvestigate, firstly, whether the observed anti-
tumour effect of simultaneously administered 5-FU + MTX treatment
was as effective as the expected additive effect calculated from
the effects of the two agents separately (the question of additiv-
ity). Secondly, the experiments were designed to find out whether
an increase in the antitumour effect and a decrease in drug in-
duced toxicity could be obtained by drug scheduling.

The investigations were carried out with 3 tumour lines: the
LI210 leukaemia, the Lewis lung carcinoma and the C22LR osteosar-
coma. The reason for using this panel of tumour lines is that con-
clusions based on results obtained in a variety of tumours may be
more relevant clinically than those derived from results from one
single tumour system, e.g., L1210. In general, antitumour effects
should be compared with the effects of treatments on critical nor-
mal tissues. For this purpose, concurrently with the tumour inves-
tigations, bone marrow stem cell assays as well as whole animal
toxicity studies were performed. This strategy of experimental re-
search has been developed and applied to a variety of two-drug
combinations, results of which have been published previously
(Mulder et al., 1979; Mulder and Van Putten, 1979 a;b).

Table 1 presents the per cent increase in lifespan of L1210
bearing mice (%ILS) treated with either 5-FU and MTX as single
drug therapy or with a combination of 5-FU and MTX. The observed
effects of the combination were always significantly lower than
the calculated effects. The antitumour effect was independent of
the sequence in which the two drugs were given. Some animals lost
weight following the treatment and this phenomenon was highly
schedule dependent: MTX —*• 5-FU administration resulted in a
mean weight loss of 28% in control mice. To substantiate the im-
pression that this drug induced toxic effect was a likely result
of gastrointestinal mucosal damage and not a consequence of bone
marrow failure, haemopoietic stem cell assays were performed. From
the data in Table 1, it can be concluded that the effects of
combination therapy were additive and, secondly, no signifi-
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TABLE 1

5-FU/MTX COMBINATION CHEMOTHERAPY ON L1210 LEUKAEMIC MICE
AND NORMAL HAEMOPOIETIC BONE MARROW STEM CELLS

drugs and
treatment schedules

dosages (mg.kg )

5-FU

MTX

5-FU ?^Lh MTX
5-FU + MTX

MTX 2 U ? 5-FU

calculated effect of
5-FU + MTX

L1210 leukaemia
percentage increase
in lifespan (%ILS)

exp. exp. II

5-FU

MTX
(l.p.)
(s.c.)

100
40

32

14

22

21

36

100
40

40

52

36

64

67

haemopoietic stem cells
(per cent surviving cells)
resting proliferating
cells cells

50

3x10

56

87

33

47

44

25

3x10

54

57

28

29

26

46 92 48 31

On days 3 and 4 after the i.p. inoculation of 10 L1210 cells, groups of 10 CD2 mice were
treated. Antagonism in L1210 leukaemia is suggestive when the %ILS corresponding to the
effect observed after combined treatment is smaller than the algebraic sum of the values
for %ILS determined for the two agents separately. An additive effect on bone marrow
cells is evident when the observed percentage is equal to the expected percentage of sur-
viving cells calculated by multiplying the values of percentage surviving cells deter-
mined for the two drugs separately (based on dose-response curves for the individual
drugs).



cant indication of an increased haemopoietic cytotoxicity after
MTX -* 5-FU was observed.

The results of drug scheduling with 5-FU and MTX in solid tu-
mours are shown in Table 2. The Lewis lung carcinoma was resistant
to MTX treatment; therefore, conclusions on drug interaction could
not be drawn. The side effects of the treatment were considerable.
The sequence MTX —*• 5-FU was highly toxic to the animals in
marked contrast to the other two schedules investigated (5-FU +
MTX and 5-FU —»- MTX). The osteosarcoma was sensitive to MTX
treatment. The result of 5-FU in combination with MTX was not sig-
nificantly different from the calculated effect of each drug indi-
vidually.

From our data, we conclude that 5-FU and MTX combination che-
motherapy can result in an additive and sometimes in an antagonis-
tic antitumour effect. Concomitantly, we found a significant in-

TABLE 2

THE EFFECT OF SEQUENTIAL TREATMENT WITH 5-FU AND
MTX COMBINATION CHEMOTHERAPY IN SOLID TUMOUR BEARING ANIMALS

mean growth delay (days)

dosages and
treatment
schedules

5-FU 2-!*-h MTX

5-FU + MTX

MTX 2 i * h 5-FU

Lewis lung
carcinoma

0.9

1.8

*

C22LR osteo-
sarcoma

4.7

4.2

5.7

per cent early
toxic deaths
in Lewis lung
diseased mice

1.5

7.7

50.7

calculated effect
of 5-FU + MTX 0.3 5.8

Groups of at least 5 mice were inoculated with tumour cells and
were treated on two subsequent days during the early stage of tu-
mour growth. A dose of 100 mg.kg" 5-FU was given i.p. in combina-
tion with a dose of MTX which, in the Lewis lung experiment, was 4
times 2.5 mg.kg" s.c. every 3 h and, in the osteosarcoma experi-
ment, 3 times 7.5 mg.kg" s.c. every 3 h. The asterisk indicates
that 3 out of 5 mice died of drug toxicity* The differences be-
tween the observed and the calculated effects of 5-FU + MTX treat-
ment are not statistically significant. The data of early toxic
deaths were collected from a total of 13 Lewis lung experiments.
The total number of mice at risk per treatment group was 65.
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24 h
crease in toxicity after MTX —- 5-FU administration. Other in-
vestigators have also demonstrated tha effect of drug scheduling
and the pattern described in the literature and presented in our
study are in agreement: the sequence in which MTX preceeds 5-FU
administration is the most cytotoxic schedule. The point to be
stressed here, however, is that the most cytotoxic treatment
schedule should result in a differential cytotoxic effect on tu-
mours and on normal tissues. This, unfortunately, seems not to be
the case.

Bertino, J.R., Cancer Res. _39 (1979) 293.
Bowen, D., White, J.C. and Goldman, I.D., Cancer Res. 39_ (1978)

219.
Mulder, J.H. and Putten, L.M. van, Cancer Chemother. Pharmacol. ^

(1979a) 111.
Mulder, J.H. and Putten, L.M. van, Eur. J. Cancer _15 (1979b),

1503.
Mulder, J.H., Lelieveld, P. and Putten, L.M. van, Eur. J* Cancer

15 (1979) 499.
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CYTOSTATIC EFFECTIVENESS OF TWO ALKYLATING STEROIDS
AND THEIR COMPONENTS

L.M. van Putten, P. Lelieveld, T. Smink, J. de Ruiter
and E.A. Sluijter

) At an earlier occasion (Evenaar et al., 1973} studies have
t been performed on the relative effectiveness of Prednimustine (Leo
| 1031) in killing normal bone marrow stem cells and L1210 leukae-

i mia cells. This study has now been expanded to include another
* alkylating prednisolone ester as well as the constituting alkyla-

ting moieties of these esters and their mixtures with predniso-
lone. The study was aimed at elucidating whether all alkylating
drugs gain in the relative tumour cell killing effectiveness when
linked chemically to a corticosteroid. The following drugs were
tested:
Chlorambucil;
Chlorambucil + prednisolone in equimolar mixture;
the ester of chlorambucil and prednisolone: Leo 1031 or Prednimus-

| tine;
I' Bischloroethylaminomethylbenzoate (Leo 1196);
*> Leo 1196 and prednisolone in equimolar mixtures;
I. the ester of Leo 1196 and prednisolone: Leo 1131.
| All drugs were administered i.p. Survival of resting and rapidly
• proliferating haemopoietic stem cells by the spleen colony tech-
' nique was carried out as described earlier (van Putten et al.,

1972). L1210 cell survival was estimated as follows: mice were in-
4

oculated i.v. with 10 L1210 cells; six days later mice were
treated with the drugs and the number of surviving L1210 cells per
femur was assayed ^n vitro 16 h after treatment as described in
Annual Report 1973, p. 36. The resulting cell survival curves for
the alkylating agents and the esters are presented in Figure 1.
The slopes of the cell survival curves have been calculated on a
molar basis and the results are presented in Table 1. It is evi-
dent that only prednimustine is more effective against L1210 than
against rapidly proliferating stem cells; both esters are rela-
tively ineffective in killing resting stem cells. The effect on

: L1210 is markedly less than was observed by Evenaar et al. (1973)
as studied by determining increase of lifespan of prednimustine
treated mice carrying L1210 leukaemia. Since prednimustine is in-

{:' soluble in water and crystalline deposits were noted in the peri-
';- toneal cavity of mice as late as ten days after i.p. injection of
' prednimustine or Leo 1131, it is possible that a slow release of

drug from an i.p. deposit might influence the increase of lifespan
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Figure 1

Survival curves of resting and rapidly proliferating bone marrow stem cells
(CFU) and of L1210 leukaemia cells after exposure to cytostatic agents iii vivo.
Alkylating agents (left) are compared with their prednisolone esters (right).
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TABLE 1

Do (RECIPROKE OP SLOPE FOR CELL SURVIVAL), EXPRESSED IN raMol/kg
FOR DIFFERENT CYTOSTATIC AGENTS ON THREE CELL POPULATIONS

EXPOSED IN VIVO

Chlorambucil
Chlorarabucil
+ Prednisolone

Prednimustine

Leo 1196
Leo 1196
+ Prednisolone

Leo 1131

proliferating
resting normal normal haemo-
haemopoietic
stem cells

0.06
0.02

0.80

0.04
0.05

1.15

Prednisolone is not effective
L1210 cells or stem cells in the

poietic stem
cells

0.03
0.01

0.19

0.03
0.06

0,19

m decreasing survival
dosages used in these

L1210 cells
in femur

bone marrow

0.03 j
0.02 !

0.11 '.

0.04
0.03

0.37

of either
studies.

by a delayed action which would not be observed in the presently
used tissue culture assay for which the surviving L1210 cells are
taken 'out of the mice at 16 hrs after drug injection. This will be
investigated in more detail. Apart from this, the tentative con-
clusion may be drawn that corticosteroid esters of alkylating
agents as exemplified by Leo 1131 are not necessarily more effec-
tive in killing of L1210 cells than of rapidly proliferating nor-
mal haemopoietic stem cells.

Evenaar, A.H. et al., Europ. J. Cancer £ (1973) 773.
Putten, L.M. van et al., Cancer Chemother. Rep. 56 (1972) 691.
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NEPHROTOXICITY OF SOME RECENTLY DEVELOPED PLATINUM DERIVATIVES

P. Lelieveld, G. Atassi*, W. Akkerman and L.M. van Putten

Nephrotoxicity in man is a serious side effect of treatment
with platinum complexes. Efforts to develop an experimental model
in mice to predict clinical nephrotoxicity were in our hands not
successful due to wide variations in blood urea nitrogen (BUN)
values in untreated animals. Recently, an experimental model in
rats was developed (Atassi, to be published) which seems to be
predictive for the clinical situation. Briefly, rats were injected
intraperitoneally with LD and LD doses of certain drugs. Con-
trol animals were injected with saline. Rats from each group were
sacrificed on days 2, 4, 6 and 8. Blood was taken from the abdomi-
nal aorta and serum was prepared for determination of BUN. Kidneys
of animals sacrificed on day 6 were fixed for histological exami-
nation. The results showed a good correlation between high BUN
values and renal lesions. Peak BUN values were observed 4 days af-
ter treatment.

Cis-diamminedichloro Platinum II (Cis-Pt) is an effective an-
tineoplastic drug which has found wide clinical application. Renal
toxicity is one of the most serious side effects, though no longer
dose-limiting, since this can be avoided by hydration and mannitol
diuresis. Yet, this cumbersome prophylactic treatment would no
longer be necessary if non-nephrotoxic derivatives of Cis-Pt were
available. In a program of the EORTC Screening and Pharmacology
Group the following derivatives were studied:

R5
R3 v .CH2 - NH2^

Genera-1 structure

NSC 311054** Rl = R2
NSC 311055** Rl = R2
NSC 311056** Rl + R2
NSC 311058** Rl = R2

/CH2

CH2

= Cl
= Cl
= SO4
= Cl

- NH2^

- NH2 "''
- p ' t ^

' 1 ̂ ^
R6

R3
R3
R3
R3

Rl

R2

= CH3
= R4 =
+ R4 =
+ R4 =

R4 = C2H5
C2H5
C5H10
C4H8

* Director Laboratory for Experimental Chemotherapy and Screening,
Institut Jules Bordet, Brussels, Belgium

**Prepared by Dr. E.J. Bulten, Institute for Organic Chemistry
TNO, Utrecht
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TABLE 1

BUN AND CREATININE VALUES IN SERUM OF RATS 4 DAYS AFTER I.P.
WITH PLATINUM DERIVATIVES

TREATMENT

treatment

experiment 1
no treatment
Cis-Pt

NSC 311054
NSC 311055

NSC 311056

NSC 311058

experiment 2
no treatment
Cis-Pt

Pt(DMDAP)C12

Pt(DMDAP)
malonate
Pt(DMDAP)C14

LD50/30 in.
mice (mg.kg )

—
9

< 25
< 50

13

< 50

-
9

6

28

9

dose.
(mg.kg )

—
10
6.7
11.1
40
26.7
40
26.7
26.7
17.8

-
10
6.7
4.5
7.5
5
33
22
10
6.7
4.5

number of
serum

samples

10
3
4
3
2
2
1
3
1
2

8
4
4
4
4
4
4
4
4
4
4

BUN
(mmol.1

8.6 +
71.8 +
55.2 +
14.5 +
8.1 +
7.3 +
7.0
7.2 +
6.9
23.6 +

10.0 +
58.9 +
37.5 +
20.3 +
23.7 +
12.3 +
12.2 +
11.1 +
49.2 +
15.4 +
13.3 +

+ S.I

0.4
22.6
29.4
7.3
0.2
0.6

0.3

22.8

0.9
44.1
20.0
7.0
11.6
2.3
5.0
1.5
21.3
3.3
3.1

creatinine
(umol.l + S.D.)

58.
281.
281.
65.
37.
45.
45.
50.
42.
56.

44.
297.
218.
105.
128.
79.
71.
36.

257.
114.
88.

5
7
3
7
5
0
0
3
0
0

6
8
8
5
5
8
8
8
3
8
0

+ 2.0
+ 96.0
+ 176.1
+ 6.0
+ 9.2
+ 1.4

+ 7.8

+ 19.8

+ 3.0
+ 237.2
+ 117.7
+ 39.5
+ 91.8
+ 21.6
+ 40.3
+ 3.6
+ 104.4
+ 13.6
+ 29.5



Pt (DMDAP)C12* Rl = R2 = Cl R3 = R4 = CH3
Pt (DMDAP) Rl + R2 = OOC - CH2 - COO R3 = R4 = CH3
malonate*
Pt (DMDAP)C14* Rl = R2 = R5 = R6 = Cl R3 = R4 = CH3

Four days after treatment of rats with single doses of these deri-
vatives serum BUN and creatinine values were determined. The re-
sults are presented in Table 1. The LE> in mice is also listed as
an indication of the probable range of the LD in rats, which is
usually about two-fold lower. Cis-Pt showed a 4 to 8-fold increase
in BUN and creatinine values, indicating the drug's renal toxici-
ty. All of the derivatives tested showed lower values. Only the
highest dose of Pt(DMDAP)C14 resulted in values comparable to
those after Cis-Pt. NSC 311055 and NSC 311056 produced no increase
in BUN and creatinine values, even at supralethal dose levels. NSC
311055 is insoluble and was administered as a suspension in 2%
carboxymethylcellulose. NSC 311056 is soluble in 5% glucose and is
stable in solution (Bulten, personal communication). Preliminary
experiments showed the antitumour activity of this agent in mice
to be comparable to that of its insoluble chloride analogue, NSC
269608, which has a high and wide spectrum antitumour activity.
Its water solubility, its antitumour activity and the absence of
nephrotoxicity make NSC 311056 a potential alternative for Cis-Pt.

* Prepared by Dr. Ir. C.G. van Kralingen, Dept. of General Chemis-
try, Delft University of Technology, Delft.
DMDAP = 2,2-dimethyl-l,3-diamino propane
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ESTIMATION OF TRANSFER RATE CONSTANTS IN A COMPARTMENTAL MODEL
FOR ADRIAMYCIN PHARMACOKINETICS

F.W. Schultz, P. Sonneveld and J.A. Mulder

For the treatment of cancer, adriamycin (ADR) is an important
drug, although it exhibits serious side effects, e.g., to the
heart. Before the administration efficiency can be augmented, and
a better balance between curative power and toxicity can be
achieved, more accurate knowledge about the pharmacokinetics of
ADR is required. Hence a series of experiments has been conducted:
at various times during the first eight hours after instantaneous
intravenous administration of a single drug dose to the (healthy)
rat, the ADR concentrations in several organs have been measured.

For a better understanding of their relation to one another,
system identification theory has been applied to the observed data
points. To identify the parameters that govern the way the ADR
distributes in the body, a ten-compartment model has been postu-
lated (Figure 1). In this model the rate of change of the ADR con-
centration in a compartment is described by an ordinary first or-
der differential equation. Let x.(t) denote the ADR concentration
at time t in the ith compartment (pg.ml ). V. its volume (ml) and
p. a rate constant for drug transfer (min ) between compartments
(1 = 1,2, ...,10; j = 1,2,...,16). Then, e.g. for the kidney com-
partment:

d VI
dT X 5 ( t ) = P4 • VT * X l ( t ) " (P9 + P14 ) ' X 5 ( t )

Similar equations can be set up for the other compartments. To-
gether they form the vector equation:

f^x(t) - A . x ( t ) (1)

The elements of matrix A are either zero or functions of the knov/n
volumes V. and/or the still unknown transfer rate constants p..
The initial condition can be approximated very well by:

x (o) = drug dose/V and x (o) = 0 (k = 2,3,...,10).

If arbitrary values are assumed for the rate constants, the solu-
tion of equation (1), or the model response, is given by:

x(t) = 0(t) . x (o) (2)
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Figure 1

Multi-compartment model for adriamycin distribution in the rat.

where the transition matrix 0(t) can be obtained by numerical in-
tegration of:

|^ 0(t) = A . jrf(t) and jrf(o) = I

The purpose of the system identification approach is to accomplish
the "best match" of the calculated model response (Mulder and
Sonneveld, 1978) to the experimental data points. The so-called
maximum likelihood criterion has been chosen to define the "best
match".

A likelihood function of the measurements, L, could be derived
that expresses for the particular, calculated model response, the
likelihood of finding just those data points that actually have
been observed, taking into account a gaussian distribution of mea-
surement errors. Evidently, the higher is this likelihood, the
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TABLE 1

COMPARTMENT VOLUMES AND TRANSFER RATE CONSTANTS

compartment volumes (ml) rate constants (min ); sd (%)

I
f

I

vl

V
2

V3

V4

V5

5

4

1

.70

.94

.32

.56

.04

V6

V
7

V8

V9

vio

1

106

1

1

1

.38

.08

Pl

P2

P3

P4

P5

P6

P7

.2816

.0073

.0114

.0533

.0343

.0064

.0294

.1

3.8

3.3

8.0

5.8

10.3

3.6

p .0106 9.0
8

P9 .0074 27.8

p .0104 12.4

p .0023 42.5

p 1.1960 < .1

p .0066 9.2

p .0076 11.4

p .1327 .2

p. . .00001 M O O
16

better the match. By proper adjustment of the values of the rate
constants, thus adapting the model response, the likelihood func-
tion can be maximized.

A standard numerical procedure has been used that step by step
minimizes the function U = -In (L) with respect to the rate con-
stants, which is equivalent to maximizing L. The resulting esti-
mates of the optimum values for the sixteen rate constants are
listed in Table 1.

Not all rate constants could be determined with the same good
accuracy. However, the final model response, corresponding to
these rate constants, generally demonstrates that the postulated
model describes the ADR pharmacokinetics adequately. For example,
Figure 2 shows the theoretical time course of the ADR concentra-
tion in the kidneys. The one standard deviation deviations and the
experimental data points are shown as well. Similar pictures were
drawn for the other compartments. The ADR concentration in the
bile, a compartment for which no observations had been available,
has been predicted well by the model, as compared to a posteriori
measurement data (Sonneveld and Mulder, 1980).
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Figure 2

Time history of ADR concentration in kidney compartment and one sd deviations
and measured data points.

At the moment models that contain fewer compartments are being
evaluated. Influence of varying doses of ADR and/or other drugs,
influence of multiple dosage, non-linearities caused by metabolism
are subject to further investigations.

Mulder, J.A. and Sonneveld, P., Annual Report of the REP-Insti-
tutes 1978, pp. 179-181.

Sonneveld, P. and Mulder, J.A., (1980), submitted for publication.
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GERONTOLOGY

THE EFFECT OF AGING ON BROMSULFOPHTHALEIN (BSP) METABOLISM
BY RAT LIVER

K. Kitani*, A.N. Sakkee and C.F.A. van Bezooijen

The effect of aging on bromsulfophthalein (BSP) metabolism was
studied in BN/Bi female and female and male WAG/Rij rats. The age
groups used were 3, 12, 24 and 30 months. Under Nembutal anaesthe-
sia, BSP biliary transport maximum (Tm) and relative storage capa-
city (S) (Wheeler et al., 1960) were determined by a single infu-
sion rate method (Klaassen and Plaa, 1967; Kitani et al., 1978).
By directly determining Tm from bile samples collected through a
common bile duct cannula, S was calculated according to the formu-
la, HR = Tm + (dp/dt).S = I - (dp/dt).PV, where HR is the hepatic
removal rate for BSP from plasma, I is the infusion rate of BSP,
dp/dt is the rate of increase in plasma BSP concentration during
the period of Tm. PV, which is the circulating plasma volume, was
determined after Tm determination was completed using Evans Blue
dilution method.

Figure 1 shows changes in BSP Tm value found for EN/Bi female
rats of different age groups (the number of rats studied in each
age group is given in Table 1). Table 1 gives a summary of results
obtained in three rat groups. As is shown in Table 1, Tm values
expressed as mg/min/gram liver weight were highest in the youngest
age group (3-month-old) as compared with the respective older age
groups for all the three rat groups. As illustrated in Figure 1,
BN/Bi females showed a gradual decrease in BSP Tm with age. For
WAG/Rij females as well as males/ this tendency was similar, ex-
cept that the 30-month-old groups showed somewhat higher Tm values
than did the 24-month-old groups. As is seen in Table 1, S expres-
sed as mg/mg/ml/gram liver weight did not show the tendency to de-

\ crease with age. Rather, for WAG/Rij females and males, it tended
X to increase with age. As a consequence, S values expressed per rat
(• (or per whole liver) were higher in older age groups than in the
j;* youngest for all three rat groups.

*Present address: Tokyo Metropolitan Institute of Gerontology,
35-2 Sakaecho, Itabashiku, Tokyo, 173, Japan.
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Changes in BSP Tin
to age.

(expressed per gram liver) of female BN/Bi rats in relation

The results shown here indicate that, at least for rats of the
strains and sexes studied, BSP Tin decreases with age, but that S
does not. This finding is in agreement with the previous observa-
tion of Kitani et al. (1978) on Wistar male rats. However, the re-
sults are at variance with reports by Skaunic et al. (1970) and
Thompson and Williams (1965) for man, which independently conclu-
ded that S decreases with age to one-third to one-fourth of the
young adult value, while Tm is unchanged with age. De Leeuw-Israel
(1971) from this institute also reported that S per rat decreased
to one-fifth of the 3-month-old value at 24 months of age in fe-
male RU rats.

As one possible explanation for the discrepancy between the
previous reports and the present one, a difference in the methodo-
logy can be taken into account. In those studies reporting the de-
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TABLE 1

BSP Tm AND S IN BN/Bi FEMALE, WAG/Rij FEMALE AND MALE RATS
OF DIFFERENT AGE GROUPS

BM
3

BN
12

BN
24

BN
30

WR
3

WR
12

WR
24

WR
30

WR
3

WR
12

WR
24

WR
30

9
m

m

9
m

9
m

9
m

9
m

9
m

9
m

a
m

a
m

a
m

rf
m

(17)*

( 8)

( 8)

( 8)

( 9)

( 6)

(15)

(11)

(18)

(14)

( 8)

( 6)

body
weight
(g)

154.5
+ 11.9

197.1**
+ 8.2

211.4**
+ 13.8

216.0**
+ 12.9

142.1
+ 4.1

207.7**
+ 15.3

195.6**
+ 5.4

205.0**
+ 18.4

237.8
+ 18.7 ,

369.1**
+ 17.3

381.9**
+ 11.6

364.8**
+ 27.9

liver
weight
(g)

4.40
+ 0.47

4.64
+ 0.34

5.71**
+ 0.97

5.82**
+ 0.65

4.61
+ 0.53

5.55**
+ 0.49

5.23
+ 0.92

5.60**
+ 1.00

7.57
+ 0.92

8.02
+ 0.96

8.17
+ 0.28

8.90**
+ 0.39

Tm
mg/min per
g liver

0.0349
+ 0.0022

0.0314**
+ 0.0055

0.0279**
+ 0.0030

0.0230**
+ 0.0037

0.0346
+_ 0.0038

0.0285**
+ 0.0040

0.0240**
+ 0.0071

0.0254**
+ 0.0056

0.0473
+ 0.0058

0.0428**
+ 0.0058

0.0328**
+ 0.0044

0.0371**
+ 0.0064

Tm
mg/min
per rat

0.1517
+ 0.0199

0.1462
+ 0.0305

0.1564
+ 0.0463

0.1324**
+ 0.0211

0.1622
+ 0.0252

0.1580
+ 0.0256

0.1328**
+ 0.0322

0.1406
+ 0.0288

0.3570
+ 0.0560

0.3448
+ 0.0736

0.2666**
+ 0.0326

0.3306
+ 0.0608

S
mg/mg/ml

per g liver

4.16
+ 0.89

3.91
+ 0.83

3.63
+ 0.46

3.93
+ 0.56

3.37
+ 0.79

4.20**
+ 0.54

3.85
+ 0.72

4.16**
+ 0.55

4.57
+ 1.00

6.40**
+ 1.29

5.14
+ 1.12

5.46
+ 0.67

S
rag/rag/ml
per rat

18.44
*_ 4.63

17.87
+ 2.98

20.49
+ 2.46

22.77**
+ 2.74

14.05
+ 4.50

23.15"
+ 2.45

19.04**
+ 5.44

23.56**
+ 4.30

34.60
+ 8.97

50.47**
+ 9.88

41.72
+ 8.35

'.8.51**
+ 5.81

* Number of rats studied
•'Significantly different from values of 3-month-old rats (p< 0.05)
Mean + S.D.



creased S and unchanged Tm (Skaunic et al., 1970; Thompson and
Williams, 1965 and De Leeuw-Israel, 1971), two or three different
infusion rates for BSP were used to obtain correspondingly differ-
ent dp/dt values, thus allowing the indirect determination of both
Tm and S values without bile duct cannulation, while, in the pres-
ent study and in the study of Kitani et al. (1978) only one infu-
sion rate was used and the Tm value was determined directly from
the bile samples obtained by a bile duct cannula. Although the
principle of the calculation of S value is the same for all stud-
ies, Mclntyre et al. (1972) recently reported that this conven-
tional indirect method gives S value erroneously influenced by he-
patic blood flow, although S should be theoretically independent
of blood flow. Since it is known that hepatic blood flow is con-
siderably decreased with age, the authors believe that the dis-
crepancy between the present results and past reports stems from
this methodological difference and that the age actually reduces
the BSP Tm, at least in rats, regardless of the sex and strain,
and probably also in man; however, the human case remains to be
re investigated.

Kitani, K. et al., p. 145. In: Liver and aging 1978, (Ed. K.
Kitani), Elsevier/North-Holland Biomedical Press, Amsterdam/New
York/ Oxford (1978).

| Klaassen, C D . and Plaa, G.L., J. Appl. Physiol. 22^ (1967) 1151.
Leeuw-Israel, F.R. de, Aging chanyes in the rat liver. Thesis,

Leiden, 1971.
Mclntyre, N. et al., p. 14 ?r In: The liver, Quantitative aspects

of structure and function (Ed. G. Paumgartner and R. Preisig),

Karger, Basel (1972).
Skaunic et al., Cs. Gastroenterology jM (1970) 206.
Tompson, E.N. and Williams, R., Gut £ (1965) 266.
Wheeler, H.O. et al., J. Clin. Invest. 39 (1960) 1131.
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INFLUENCE OF MECLOFENOXATE ON FUNCTIONAL CAPACITIES OF HEPATOCYTES
ISOLATED FROM RATS OF DIFFERENT AGES

C.F.A. van Bezooijen, A.N. Sakkee and D.L. Knook

Meclofenoxate (dimethylamino - ethyl p-chlorophenoxyacetate,
Helfergin , Lucidril , centrophenoxine) is already being used in
the clinic in some European countries. Meclofenoxate is used, a-
mong others, for the treatment of patients with psychological dis-
turbances due to the aging process. For example, patients with de-
pression, disorientation, amnesia and aphasia are treated with
meclofenoxate. The drug increases the transport of glucose..across
the blood-brain barrier, stimulates the oxygen consumption of the
brain and prevents the deposition of an age pigment (lipofuscin).
It may even diminish already accumulated lipofuscin. A postulate
is that accumulation of lipofuscin may lead to cellular dysfunc-
tion and thus contribute to aging processes (Strehler et al.,
1959). Lipofuscin accumulates primarily in post-mitotic cells, in-
cluding neurons and striated heart muscle cells. Although it is of

! interest that meclofenoxate prevents lipofuscin accumulation, it
is of far more importance to know whether meclofenoxate improves
the function of the individual brain and heart cells in old indi-
viduals. However, both the isolation of cells from brain or heart
in a viable state and the determination of the functional capaci-
ties of these isolated cells are experimentally difficult to
achieve. There are good reasons for preferring isolated hepato-
cytes instead of neurons or muscle cells in studies on the effect
of meclofenoxate treatment. Hepatocytes are reverting post-mitotic
cells which normally dc ~>ot divide or divide rarely, but can de-
velop mitotic activity if an appropriate stimulus is given. Under
normal conditions, hepatocytes can be isolated from rats of vari-
ous age groups and several functional capacities of the cells can
be quantified. In addition, lipofuscin accumulates in hepatocytes
with age.

The objective of this study was to investigate the possible
action of meclofenoxate on cellular functions by comparing some
functions of hepatocytes isolated from rats of various age groups
after drug treatment and hepatocytes isolated from control rats of
the same age group. The treated rats were injected intraperito-
neally with 80 mg meclofenoxate/kg body weight daily for 2 weeks.
The functional capacity of the isolated hepatocytes was determined
by their competence to synthesize albumin and protein (van
Bezooijen and Knook, 1978) and to store bromsulfophthalein (BSP)
(van Bezooijen and Knook, 1978).
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TABLE 1

INFLUENCE OF MECLOFENOXATE ON THE FUNCTION OF HEPATOCYTES
ISOLATED FROM RATS OF DIFFERENT AGES

meclofenoxate*
characteristic (months) control group* treated group

I albumin synthesis 3 5.8 + 2.7 (12) 5.1 + 2.3 (7)
I (Jjg alg./ 12 3.7 + 1.0 ( 8) 4.4 + 2.2 (6)
I h.10 cells) 24 2.3 + 0.8 ( 7) 3.7 + 1.1 (6)**

I
protein synthesis 3 14.4 + 2.7 (10) 12.6 + 6.7 (7)
(nmoles leucine/ 12 9.8 + 3.5 ( 6) 7.3 + 2.1 (7)
h.10 cells) 24 8.4 + 2.7 ( 5) 3.7 + 1.0 (6)**

BSP storage 3 11.9 +_ 4.9 (11) 7.8 + 2.4 (6)
(nmoles/ 12 8.3 + 1.4 ( 8) 9.3 + 1.2 (7)

10 cells) 24 7.4 + 3.0 ( 7) 6.3 + 1.7 (6)

* mean ^ S.E.
**p < 0.05
Number of different cell preparations in parentheses.

The results are presented in Table 1. It can be seen that me-
clofenoxate influenced albumin and protein synthesis only in hepa-
tocytes isolated from 24-month-old rats. The albumin synthesis was
increased, while the protein synthesis was decreased. The mecha-
nisms responsible for those changes after drug treatment are un-
known. An increase in albumin synthesis without a concomitant in-
crease in protein synthesis is possible, because about 10% of the
synthesized proteins consists of albumin. The BSP storage capacity
of the isolated hepatocytes is not influenced by meclofenoxate
treatment. This result may indicate that the metabolism of drugs
handled by the liver in the same way as is the organic anion BSP
is not influenced by meclofenoxate treatment.

Experiments are planned to study the influence of meclofe-
noxate on the hepatocyte'function in the older age groups of 30-
and 36 months, since it was found that the control values for the
amount of albumin and protein synthesized by the isolated hepato-
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cytes increased sharply between 24 and 36 months of age. In addi-
tion, larger amounts of lipofuscin are expected to accumulate in
the hepatocytes of such rats.

Bezooijen, C.F.A. van and Knook, D.L., p. 227. In: Liver and Aging
(D. Platt, ed.), Schattauer Verlag, Stuttgart (1978a).

Bezooijen, C.F.A. van and Knook, D.L., p. 131. In: Liver and
ageing 1978, (K. Kitani, ed.), Elsevier/North-Holland Biomedi-
cal Press, Amsterdam (1978b).

Strehler, B.L. et al., J. Gerontol. 14. (1959) 430.
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COMPARISON OF LYSOSOMAL HYDROLASES IN KUPFFER AND ENDOTHELIAL
CELLS OBTAINED FROM GERM-FREE AND CLEAN CONVENTIONAL RATS

D.L. Knook, Chr. Barkway* and E.Ch. Sleyster

•*. Evidence has been presented for a decline in the clearance
{ function of the reticuloendothelial system (RES) with age in which
I the sinusoidal cells of the liver may be involved. The main sinus-
i oidal cells are Kupffer and endothelial cells. Kupffer cells lie
j singly upon or embedded within the endothelial lining and are
5 mainly involved in the uptake of foreign material by phagocytosis.

For this purpose, they are well equipped with a great variety of
lysosomes and lysosomal enzymes. The endothelial cells, which line
the sinusoids, filter the blood and allow the passage of. particles
including small chylomicrons measuring upto 0.1 pm via their sieve
plates. In addition, the endothelial cells are involved in the up-
take of molecules as complexes or solutions by pinocytosis. They
contain several lysosomal hydrolases in relatively large quanti-
ties.

In our studies on a possible age-related decline in the clear-
ance capacity of Kupffer and endothelial cells as a result of
changes in lysosomal enzyme activities, it was of interest to in-
vestigate a possible relationship between bacterial load and ac-
tivities of some lysosomal enzymes in the cells. This investiga-
tion may also provide insight into the way bacteria and bacteria-
derived materials such as endotoxins are handled by the sinusoidal
cells.

Purified suspensions of Kupffer and endothelial cells were
prepared from the livers of 3-month-old female germ-free and clean
conventional BN/BiRij rats. The activities of five selected key
lysosomal enzymes in these cells , viz., acid phosphatase, ft-ace-

" tylglucosaminidase, cathepsin D, aminopeptidase B and arylsulpha-
• tase B were determined.

The enzyme activities are expressed per mg cellular protein in
Table 1. The protein content per 10 endothelial cells was almost
identical for conventional and germ-free rats. Kupffer cells from

' germ-free rats had a protein content of 86 +_ 11 jig (average ±
S.E.; n = 4) per 10 cells, which is slightly lower than the pro-

| tein content of 111 +_ 5 pq (n = 5) found for Kupffer cells from
!;: conventional rats. The results show that there is a lower specific
|: activity of lysosomal enzymes in endothelial cells from germ-free
5? rats as compared with those obtained from conventional animals.

t
*Student from Lanchester Polytechnics, Coventry, U.K.
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TABLE 1

SPECIFIC LYSOSOMAL ENZYME ACTIVITIES IN ISOLATED ENDOTHELIAL AND KUPFFER CELLS FROM BN/Bi RATS
KEPT UNDER DIFFERENT ENVIRONMENTAL CONDITIONS

endothelial cells Kupffer cells
clean clean

enzyme investigated* conventional germ-free conventional germ-free

acid phosphatase 165.3 + 21.6 60.9 + 25.0** 115.3 + 14.6 113.3 + 44.1
/J -acetylglucosaminidase 299.0+33.0 127.7+21.9** 151.6+ 8.3 144.7+28.6
Cathepsin D 6.4 + 0.4 3.9 + 0.7** 17.0 + 2.6 21.2 + 2.6
aminopeptidase B 9.2 + 1.2 6.4 + 0.4 11.3 + 1.7 9.4 +_ 0.4
arylsulphatase B 149.4 + 18.0 99.7 + 16.1 48.1 + 10.4 52.8 + 12.8

* Enzyme activities are expressed as nmoles 4-methylumbelliferone (acid phosphatase, fh -acetyl-
glucosaminidase) , nmoles tryptophan (cathepsin D), nmoles fi -naphthylamine (aminopeptidase
B) and nmoles nitrocatechol (arylsulphatase B) released per min per mg protein. The values
represent the mean + S.E. of four different cell preparations.

**Value differs significantly (p< 0.05) from clean conventional value.



The specific activity of lysosomal enzymes in Kupffer cells did
not change significantly. When expressed per cell, the enzyme ac-
tivities are somewhat lower in Kupffer cells from germ-free rats
(results not shown) due to their lower protein content.

One report in the literature suggests that the levels of some
lysosomal enzymes in non-parenchymal cell suspensions from germ-
free rats are lower than those in conventional animals (Berg et
al., 1976). The results are made confusing, however, by the use of
the terms "Kupffer cells" and non-parenchymal cells interchangeab-
ly and by the use of an isolation technique which has been proved
to yield almost exclusively endothelial cells (Knook and Sleyster,
1978). Therefore, their findings can be explained on the basis of
our observations that differences in activities of lysosomal en-
zymes determined in non-purified non-parenchymal cells are due
mainly to lower enzyme activities in endothelial cells from germ-
free rats.

There is not yet a simple answer to the question of why lyso-
somal enzyme activities are decreased in endothelial cells and
not changed in Kupffer cells from germ-free rats. For germ-free
mice, it has been found that the capacity to breakdown E_;_ coli is
not changed as compared with that in conventional mice and also
carbon uptake which, depending on the size of the particles is
mainly a Kupffer cell function, is not decreased in germ-free mice
(Anderson et al., 1977). Bacterial endotoxins present in food,
even after sterilisation, are removed mainly by Kupffer cells from
the venous blood (this Annual Report, p.243). Kupffer cells also
play a role in erythrophagocytosis and iron metabolism, which are
mostly independent of the environment. The active role of Kupffer
cells in all of these functions in germ-free animals might explain
an unchanged lysosomal enzyme level. Endothelial cells are probab-
ly involved in the uptake and breakdown of small immuno-complexes.
In germ-free rats, the reduced number of immuno-complexes in the
blood (Wostman, 1968) may lead to a lower lysosomal enzyme activ-
ity in the endothelial cells.

Anderson, R.E. et al., p. 151. In: Immunology and Aging (Eds. T.
Makinodan and E.J. Yunis), Comprehensive Immunology, vol. 1
(Eds. R.A. Good and S.B. Day), Plenum Press, New York (1977).

Berg, T. et al., Acta Path. Microbiol. Scand. Sect. A, {3£ (1976),
415.

Knook, D.L. and Sleyster, E.Ch., p. 273. In: Kupffer cells and
other liver sinusoidal cells (Eds. D.L. Knook and E. Wisse),
Elsevier/ North-Holland Biomedical Press, Amsterdam (1978).

Wostmann, B.S., p. 197. In: The germ-free animal in research (Eds.
M.E. Coates), Academic Press, London and New York (1968).
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ENDOCYTOSIS OF DENATURED ALBUMIN BY RAT KUPFFER CELLS IN VITRO

A. Brouwer and D.L. Knook

The endocytosis of monomeric formaldehyde treated albumin by
cultured rat liver Kupffer cells was investigated. The results are
compared with the endocytosis of another preparation of denatured
albumin: heat-aggregated colloidal albumin.

Rat liver non-parenchymal cells were isolated by pronase
treatment of the liver. Purified Kupffer cells were obtained by
centrifugal elutriation of non-parenchymal cells. Maintenance cul-
tures of purified Kupffer cells were used for the study of endocy-
tosis of I labelled heat-aggregated colloidal albumin (C.A.)
and monomeric formaldehyde-treated albumin (F.A.).

The uptake of F.A. at different substrate concentrations is
presented in Figure 1. The curve with the open circles represents
the classical way ofexpressing uptake in ng.mg cellular protein.
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Figure 1

Uptake of formaldehyde-treated albumin (F.A.) by cultured Kupffer cells at
various concentrations of F.A.
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The uptake increases with increasing concentrations of the sub-
strate, but a saturation effect can be observed. This saturation
effect indicates that binding sites are necessary for this uptake.
The curve with the closed circles represents the uptake as deter-
mined by means of the so-called endocytic index, expressed in ml
substrate solution per g cell protein per day. This is a theoreti-
cal value that gives an indication of the affinity of the cells
for a certain substrate. /•- substance, for instance, for which the
cells have no affinity at all will be taken up by fluid endocyto-
sis only. In this case, the endocytic index will be low - not ex-
ceeding 20 ml per gram per day - and will be independent of the
substrate concentration, because the substrate is taken up in the
same concentration as in the surrounding medium. However, when we
are dealing with adsorptive endocytosis mediated by prior binding
to a binding site at the cell membrane, the endocytic index will
be high and will decrease at higher substrate concentrations due
to a saturation effect. As shown in Figure 1, the endocytic index
for F.A.. does decrease from 600 to 300 ml per gram protein per day
at increasing substrate concentration.

The maximum rate of uptake that can be calculated from this
graph is about 0.7 ug monomeric albumin per mg cell protein per
half hour and the substrate concentration at which half the maxi-
mum uptake occurs (the Km) is about 53 jig monomeric albumin per
ml. The shape of the curve for colloidal albumin is almost identi-
cal (unpublished results); however, the values for the maximum
rate of uptake and the Km are about 20-fold higher. So, the amount
of colloidal albumin taken up by the Kupffer cells is found to be
manifold higher than the amount of the monomeric albumin. However,
this is due only to the fact that colloidal albumin is a much
larger particle than is monomeric albumin, since we observe only
minor differences if we compare the endocytic indexes for the two
substrates. This indicates that the affinities of the Kupffer
cells for both substrates are in the same order of magnitude.

To study the involvement of microfilaments in the mechanism of
uptake, the effect of treatment of the cells with various concen-
trations of cytochalasin B was investigated. The results pres ad
in Table 1 allow only the conclusion of a partial involvemei of
microfilaments in the endocytosis of F.A. by Kupffer cells. At
high concentration (40 pg.ml ), a strong inhibition of about 75%
is observed, but, at this concentration, gross morphological
changes in the cultured cells had already occurred during the 2 h
preincubation period (i.e., rounding up of the cells). Moreover,
Allison, who reviewed the significance of this substance in the
study of endocytosis (Allison, 1971), emphasizes the fact that the
specificity of cytochalasin B is doubtful at a concentration of 40
jig.ml .
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TABLE 1

INFLUENCE OF CYTOCHOLASIN B ON THE UPTAKE OF FORMALDEHYDE-
DENATURED ALBUMIN (F.A.) BY CULTURED KUPFFER CELLS

concentration
cytochalasin

(jig/ml)

_

1
10
40

of
B

uptake
ng F.A./
106 cells

32.7
24.0
12.7

5.3

Of F.
ng
mg

500
417
221
119

A.
F.A./

protein

(100%)
( 83%)
( 44%)

( 24%)

endocytic inde*
ml/g protein.da

667
556
295
159

Concentration of formaldehyde-denatured albumin: 36 pg/ml medium.

Cells were preincubated with cytochalasin B for 2 h.

Endocytosis of F.A. was further characterized by the use of
metabolic inhibitors (not shown). In the presence of inhibitors of
both mitochondrial respiration and glycolysis (antimycin A and
fluoride, resp.), the uptake is reduced to about 15% of control
values. The uptake of C.A. by Kupffer cells is also sensitive to
cytochalasin B and to the metabolic inhibitors with only minor
differences in sensitivity as compared to F.A. (Annual Report
1978, p. 235).

From these results, it can be concluded that there is a great
similarity between the mechanisms of endocytosis of F.A. and C.A.
Only the maximum amount of C.A. that can be ingested by Kupffer
cells is much greater than that of F.A. Both substances are taken
up after prior binding to the cell membrane, as can be deduced
from the saturation at higher concentrations of the substrates and
from the high endocytic index.

Allison, A.C., p. 109. In: CIBA Symposium on the locomotion.of
tissue cells (Eds. R. Porter and D.W. Fitszimmons), ASP,
Rotterdam (1971).
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ENDOCYTOSIS IN RAT LIVER KUPFFER AND ENDOTHELIAL CELLS JEN VIVO
I. ORGAN AND INTRAHEPATIC DISTRIBUTION OF VARIOUS

INJECTED SUBSTANCES

D.P. Praaning, A. Brouwer, R.J. Barelds and D.L. Knook

To investigate the participation of sinusoidal (i.e.f Kupffer
and endothelial) rat liver cells in the clearance of materials
from the blood, the uptake of five substances by these cells was
determined.

Two of the substances were chosen because they are clinically
used as test substances for reticuloendothelial function. These
were I-labelled heat aggregated colloidal albumin (C.A) and

Tc-labelled antimony sulfide colloid (A.S.), which is an inert
colloid used for radioactive liver scanning. As an analogue of a
normal constituent of the blood, the mucopolysaccharide heparin
( S-labelled), which is also known to be cleared by the reticulo-
endothelial system, was injected. Another normal constituent of
the blood is a bacterial endotoxin ( Cr-labelled E^ coli lipo-
polysaccharide) originating from the gut. It was chosen because
the liver is known to be primarily responsible for the protection
of the body against this toxin. I-labelled polyvinylpyrrolidone
(PVP) was selected because it can be considered as a suitable mar-
ker for one specific mechanism of endocytosis, i.e., fluid phase
pinocytosis.

Data on the plasma clearances along with the organ and intra-
hepatic distribution of the substances are presented in this re-
port. The continuation of the study on the uptake capacity of the
sinusoidal cells is discussed in the accompanying paper (Annual
Report 1979; p. 243). The clearance of the materials from the
blood was determined by taking blood samples from the tail vein at
different time intervals. The results are summarized in Table 1.
The half-life of the substances in the plasma varied considerably.
The materials exhibiting the shortest half-life were found to be
C.A. and heparin. PVP, on the other hand, proved to have a half-
life at least 360 times longer.

To estimate the organ distribution of the injected substances,
various organs were removed from the animal at given times after
injection (designated as incubation time in Table 1). The amount
of material that remains in the plasma is dependent on both the
incubation time and the half-life of the substance. As shown in
the table, each substance exhibited a different distribution over
the various organs. In most cases, however, the uptake by the
liver was high compared to the other organs. The only exception
was heparin, which also accumulated in the kidneys.
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TABLE 1
ORGAN AND INTRAHEPATIC DISTRIBUTION OF VARIOUS INTRAVENOUSLY INJECTED SUBSTANCES

substance

dose/100 g rat
site of injection

incubation time
half-life in plasma

% of injected dose in:
plasma
spleen
kidney
lungs
liver***

parenchymal
Kupffer
endothelial

ratio
Kupffer/endothelial

endotoxin

1.06 rag 125.5 ug
v.mesenteria v.mesenteria

30 min
2.5 h

60-81
<0.6
< 1.2
< 1
10.3

< 1
5.6
1.3

4.3

30 min
25 min

43
n.d.**
n.d.
n.d.
28.2

< 5
10.7
4

2.7

antimony-sulfide colloid

6.4 x 106 cpm
penile vein

30 min
+5 min

n.d.
n.d.
n.d.
n.d.
n.d.
62.3

25.2
12
16.3

0.74

1.1 x 106 cpm
penile vein

30 min
+5 min

n.d.
n.d.
n.d.
n.d.
n.d.
57.4

31.6
10.6
16.1

0.66

heparin

150 ng
v. jugularis

30 min
3 min

18
0.37
17.2
0.68
10

n.d.
0.44
2.41

0.18

polyvinyl
pyrrolidone

150 pg
v.femoralis

24 h
IS h

13
0.4
0.47
0.31
3.2

n.d.
0.67
0.6

1.12

colloidal
albumin*

405 pg
v.femoralis

15 min
1.5 min

0.7
1.85
0.1

n.d.
78.5

9
8
16.4

0.49

Estimated total cell protein/100 g rat
Kupffer cells : 4.57 mg
Endothelial cells: 6.05 mg
Parenchymal cells: 518.4 mg

* The proteolytic inhibitor chloroquin was injected 30 min before injection of CA.
** nd * not determined
"•Radioactivity in the liver was determined after removal of the blood by perfusion.



The intrahepatic cellular distributions of the substances were
calculated on the basis of the values obtained for the uptake in
purified isolated parenchymal, Kupffer and endothelial cells and
expressed per mg cell protein. These values are given in the ac-
companying paper (Annual Report 1979, p. 243). Some assumptions
had to be made with regard to the protein contribution of each
cell type to the whole liver (see Table 1). Therefore, the values
can only give an indication of the percentage of substance taken
up by the total number of each of the different cell types.

On calculating the uptake of A.S. in the total number of pa-
renchymal, Kupffer and endothelial cells, the result agrees very
well with the value found for the total uptake in the liver. This
is not the case with endotoxin and C.A., due to degradation within
the cells and loss of the degraded material during cell isolation.
When no proteolytic inhibitor was added, the degradation of C.A.
was so rapid that almost no material could be discovered in the
cells after isolation (Results not shown). Nevertheless, some gen-
eral conclusions can be drawn from the results.

All of the materials are taken up by the total number of both
Kupffer and endothelial cells to a substantial degree, in spite of
their very small contribution to the total volume of the liver.
When the uptake in the two cell types is compared, we note that
endotoxin is taken up preferentially by Kupffer cells, whereas he-
parin is found to a greater extent in the endothelial cells. With
regard to the parenchymal cell, the most striking observation is
that the two colloids considered to be RES test substances are
taken up by this cell type in considerable amounts. These results
suggest that great caution is necessary in the explanation of ex-
perimental data obtained with RES test substances in general.

The results presented in this study were obtained in close
collaboration with Drs. J.M.W. Bouma and T. Kooistra of the Bio-
chemical Laboratory, University of Groningen, Dr. D.J. Ruiter of
the Department of Pathology, University Medical Centre, Leiden,
and Dr. E. Wisse of the Laboratory for Cell Biology and Histology,
Free University in Brussels.
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ENDOCYTOSIS IN RAT LIVER KUPFFER AND ENDOTHELIAL CELLS JIN VIVO
II. DETERMINATION OF ENDOCYTIC CAPACITY

D.P. Praaning, A. Brouwer, R. Barelds and D.L. Knook

r
(\
''A. As a continuation of the study described elsewhere in this An-
:| nual Report (p. 239), the endocytic capacity of the different
I types of sinusoidal liver cells (Kupffer and endothelial cells)
I was investigated by use of various intravenously injected sub-

-i stances. The five radioactive substances used are described in the
' adjoining report (this report, p. 239 ). At a certain time after

injection of the materials, the liver was perfused and incubated
with the proteolytic enzyme pronase. The cells were isolated and
purified by differential centrifugation and centrifugal elutria-
tion. The amount of radioactivity in the original sinusoidal frac-
tion and in the purified Kupffer and endothelial cell fractions
was determined. The amount of material ingested by each cell type,
expressed both per 10 cells and per mg cellular protein, is given
in Table 1. Since Kupffer cells are larger than endothelial cells,
the ratio between the uptake in Kupffer cells and endothelial
cells is higher when expressed per 10 cells instead of per mg
protein. The uptake in each cell type and the calculated ratios
were found to be different for each substance.

The uptake of endotoxin by Kupffer cells is 3.22-9.37 times
higher than by endothelial cells, while the uptake of heparin by
the endothelial cells is 2.2-4.1 times higher than that found for
the Kupffer cells. To make a useful comparison between the uptake
of the different substances, two important variables (the sub-
strate concentration in the surrounding plasma of the cell and the
incubation time) must be taken into account.

The substrate concentration in the plasma will be dependent on
the velocity of clearance. The clearance rates for the various
substances are given in the accompanying report (this report, p.
240, Table 1, half-life of the substance).

To include these variables in our calculations, the uptake is
also expressed by the so-called endocytic index in ml substrate
solution per g cell protein per day. This value is calculated from

; the average concentration of the substance in the plasma during
the incubation period. The endocytic index is a theoretical value
that gives some information about the affinity of the cells for a
certain substrate. A substrate that is taken up by fluid endocyto-
sis only will have a low endocytic index that will be independent
of the substrate concentration. When a substrate is taken up by
adsorptive endocytosis (i.e., receptor mediated), the endocytic
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TABLE 1

ENDOCYTOSIS OF VARIOUS SUBSTRATES BY DIFFERENT TXPES OF LIVER CELLS IN VIVO

uptake*
pec
10° cells

uptake
per rag
cellular
protein

endocytic
index in
ml/q cell.
pro-ein/day

substance
dose/100 g rat

sinusoidal
Kuptfer
endothelial
ratio: Kupffer/
endothelial

sinusoidal
Kupffer
endothelial
ratio: Kupffer/
endothelial

sinusoidal
Kupffer
endothelial

endotoxin

1.06 mg

250
1300
140

9.37

4300
13000
2300

5.62

810
2400
430

125.5 ug

82
160
46
3.43

1560
2900
830

3.53

2660
5020
1420

antimony sulfide colloid

6.4x10° cpm

11100
16000
8700

1.84

157x10:?
167x10:;
17ixlOJ

0.98

14800
15700
16100

1.1x10° cpm

1650
2800
1600

1.73

24x10^
26x10::
29x10
0.89

13100
14200
15800

heparin

150 ug

20.5
12.9
28.3
0.45

353
145
599.

0.24

980
400
1670

polyvinyl
pyrrolidone

150 pg

6.8
17.7
5.5
3.22

147
220
150

1.47

12.8
19.1
13

colloidal
albumin

405 ug

540
430
620
0.69

6400
7200

11000
0.65

34500
35900
58700

*Uptake is expressed as pg substrate per 10 cells or per mg protein except for antimony sulfide colloid, which is
expressed as cpm per 10 cells or per mg protein.



index will be high and will decrease at higher substrate concen-
trations due to a saturation effect. Polyvinylpyrollidone (PVP) is
known to be a substrate that is taken up by the liver cells by
fluid endocytosis only. Compared to the endocytic index of PVP
(Table 1), it is obvious that all other substrates are taken up by
another mechanism. The highest endocytic index is found for the
two colloids colloidal albumin (C.A.) and antimony sulfide (A.S.)•

From the results given, several conclusions can be drawn.
Firstly, both Kupffer and endothelial cells prove to be very ac-
tive in endocytosis. This is a very important finding, showing
that the reticuloendothelial function, which mainly takes place in
the sinusoidal cells of the liver, cannot be attributed to the
liver macrophages (Kupffer cells) only. Apparently, liver endo-
thelial cells also contribute to a large extent to the clearance
of clinically used test substances (C.A. and A.S. in this paper)
for reticuloendothelial function.

Another important finding is that the rate of uptake seems to
be very dependent on the nature of the material itself. It seems
that the cells are capable of discriminating among the substances
and that they can exhibit more than one mechanism of endocytosis.

One sort of endocytosis, so-called fluid phase pinocytosis,
which is observed during the uptake of PVP, occurs without prior
binding of the material to the cell membrane.

By what mechanism of endocytosis the other materials are taken
up cannot yet be concluded. However, an indication that membrane
receptors, either recognizing the substrate itself or special
plasma factors (opsonins) that are bound to the substrate, are in-
volved is given by the rapid plasma clearance of the substrates,
the saturation effect found in the case of endotoxin and the high
endocytic index as compared to PVP.

The occurrence of special receptors for certain glycoproteins
on parenchymal liver cells was first shown by Ashwell and Morell
(1974). Receptors for other types of glycoproteins were later
found on sinusoidal liver cells (Steer and Clarenburg, 1979).
There are indications that the endothelial cells take up 4 times
more of these materials than do Kupffer cells (Hubbard et al.,
1979).

We found a difference in plasma clearance, percentage of up-
take by the liver (this report, p. 240, Table 1) and endocytic in-
dexes for each injected material. Also there were differences be-
tween the uptake by Kupffer and endothelial cells which varied for
each substance.

These are all indications that the two cell types either have
receptors of different affinity or that the number of receptors
varies for each substance.
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Ashwell, G. and Morell, A., p. 99. In: Advances in Enzymology,
(Ed. A. Meister), £1, John Wiley and Sons, New York (1974).

Habbard, A.L. et al., J. Cell. Biol. JU (1979) 47.
Steer, C.J. and Clarenburg, R., J. of Biol. Chem. 254 (1979) 4457.
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THE FILTRATION OF CHYLOMICRONS IN THE LIVER OP THE RAT*

R.B. de Zanger**, E. Wisse*** and D.L. Knook

Diet-derived triglycerides and cholesterol are transported as
lipoproteins called chylomicrons. After synthesis in the intes-
tine, the chylomicrons are transported through the main lymph duct
to the blood circulation. Lipoprotein lipase present on the sur-
face of extrahepatic endothelial cells hydrolyses the triglyceride
component of the chylomicrons. As a consequence of the loss of a
substantial part of their triglyceride content, the particles be-
come smaller and enriched in cholesterol. The end products of this
process, the remnant chylomicrons, are selectively taken up by the
liver (Sherill and Dietschy, 1978; Fraser et al., 1978).

The selectivity of the uptake might, in part at least, be at-
tributed to the sieve-like fenestrated endothelial lining of the
liver sinusoids. Because of the fenestrations, only the smaller
particles enter the space of Disse, where uptake by parenchymal
cells takes place. In neonatal suckling rats, Naito and Wisse
(1978) obtained evidence to support this filtration hypothesis.

To investigate whether the filtration mechanism also functions
in adult rats, the following experiment was performed. Male Wistar
rats (3-4 months of age) were given a single intragastric dose of
cornoil (0.6 ml per 100 g body weight). After 4-5 hours, blood was
collected and the liver was fixed by perfusion with 1.5% glutaral-
dehyde in 0.1 M phosphate buffer, pH 7.3, for 5 minutes at 37 C.
The flow rate was about 10 ml per min. The fixative was preceded
by a small volume of saline. Small pieces of tissue were post-
fixed with osmium tetroxide, dehydrated and embedded in Epon. Os-
mium tetroxide (1% final concentration) was added to the blood
plasma. After overnight fixation, the plasma chylomicrons were
collected by centrifugation, washed, embedded in glutaraldehyde
fixed BSA and finally dehydrated and embedded in Epon. Thin
sections of the embedded specimens were cut and stained with
Reynold's lead citrate. Measurements were performed on electron
micrographs taken at a calibrated magnification.

* This study was carried out in a program of the Foundation for
Medical Research FUNGO-ZWO.

** FUNGO, stationed at IvEG.
***Laboratory for Cell biology and Histology, Free University, 101

Laarbeek, 1090 Brussel-Jette, Belgium.
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The size distributions observed for the chylomicrons are shown
in Figure 1. The diameters of the fenestrae ranged from 40 to a-
bout 300 nm (mean diameter ± S.E.M.: 146 +_ 2 nm). Chylomicrons
present in the space of Disse had diameters in the same range
(mean 100 jf 1 nm), while those in the blood showed diamettrs up to
700 nm (mean 257 ĵ  5 nm). These results clearly indicate the pres-
ence of a filtering mechanism in the liver of the adult rat.

10 Size distribution of

• • Fenestrae
A a chylomicrons space of Disse
a — • • chylomicrons blood plasma

0.1 0.2 0.3 0.4 0.5

diameter ( \>m )

Figure 1

Size distributions of fenestrae, of chylomicrons in the space of Disse and of
chylomicrons in the blood (the bar at the right indicates the total frequency
of particles in the blood with diameters over 0.5 um).

Since the diameter of the fenestrae observed in neonates by
Naito (mean + S.E.M. = 162 _+ 2 nm) is greater thc.n the value found
in this study (mean 146 +_ 2 nm), it will b^ of interest to compare
the properties of the fenestrations in rats at different ages.
Further research also includes an investigation of the fenestra-
tion under a less hyperlipemic condition. Chylomicrons synthesized
in the presence of a lower fat load are smaller and, in this situ-
ation, recognition by a specific receptor (Carella and Cooper,
1979) may, besides filtering, be of importance for discrimination
between chylomicrons and remnants.

Carella, M. and Cooper, A.D., Proc. Natl. Acad. Sci. USA 76̂  (1979)
338-342.

Fraser, R., Bosanguet, A. and Day, W.A., Atherosclerosis 2j) (1978)

113-123.
Naito, M. and Wisse, E., Cell Tiss. Res. 190 (1978) 371-382.
Sherill, B.C. and Dietschy, J.M., J. Biol. Chem. 253 (1978) 1859-

1867.

248



DOES MYASTHENIA GRAVIS OCCUR IN MASTOMYS NATALENSIS?

H.A. Solleveld, J. Coolen and A. Vincent*

Myasthen.ia gravis (MG) is a spontaneously occurring autoim-
mune neuromuscular disorder in man (reviewed, among others, by
Drachman, 1978a,b), which is characterised by weakness and rapidly
fatigued voluntary muscles. These symptoms result from a defect in
neuromuscular transmission, namely, a reduction in the number of
acetylcholine receptors (AChR), for which antiacetylcholine recep-
tor (AChR) antibodies are thought to be responsible. The anti-AChR
antibodies accelerate receptor degradation and fix complement
(Engel et al., 1977), resulting in fewer functional folds and
wider synaptic clefts in the postsynaptic membrane. They may also
block the AChR function. In addition, it has been shown that MG
sera contain antibodies which react with myoid cells of the thymus
and that thymic changes can be observed in 90% of patients with
MG. These findings indicate that the thymus might be involved in
the pathogenesis of this disease.

MG can be induced in animals by immunisation with AChR. These
models have contributed greatly to the current knowledge of MG in
man, but a disadvantage of these models is that the animals do not
develop thymic changes. Therefore, it would be ideal if one could
have at one's disposal an animal species which spontaneously de-
velops MG with a relatively high frequency, so as to be able to
gain insight into such questions as what triggers the autoimmune
response to AChR and whether factors other than antibodies to AChR
are involved in the pathogenesis of MG. Such an animal model might
be Mastomys natalensis. This animal species develops lesions with
age which may have some relationship to MG, although the typical
clinical signs of MG have not been observed. These lesions include
thymomas in a relatively high percentage of cases (32%) and lym-
phoplasmacellular myositis (8%) (Solleveld, 1978). In addition,
antistriational antibodies of a type which can be found in ap-
proximately 40% of human patients with MG were detected in Masto-
mys (Figure 1). The antibodies in Mastomys have been demonstrated
to be reactive with cardiac (26%) and skeletal (13%) muscle by
using an indirect double-sandwich immunqfluorescence (IF) tech-
nique (see Annual Report, 1978, p. 253).

*Royal Free Hospital School of Medicine, University of London,
Deptartment of Neurological Science, London, NW3 2yG, Great
Britain.
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Figure 1

Indirect immunofluorescence staining of rat muscle with Mastomys serum (x 340 ) .
Higher magnification (x 780 ) . Note the typical myasthenia gravis-like staining
pattern characterized by broad bands with an unstained narrow central zone

These findings prompted us to search for antibodies to AChR in
Mastomys. In the f irst experiment, serum samples of 4 animals
followed sequentially were screened by the IF technique for anti-
bodies to striated muscle and by an immunoprecipitation assay for
antibodies to Mastomys AChR. The results of these two studies are
given in Figure 2.

Despite the fact that sera from animals both with and without
antibodies to striated muscle were screened, no significant dif-
ferences were observed among those animals in the immunoprecipita-
tion assay, although the amount of precipitable radioactive AChR
was greater than that found with human negative control sera.

Another attempt to demonstrate autoantibodies to AChR was un-
dertaken with sera from 12 animals, 7 of which were positive and 5
negative for antibodies to striated muscle. The mean anti-AChR an-
tibody concentration of the 7 positive animals was equivalent to
2.19 x 10 mol.L AChR sites and, for the 5 negative animals,
1.91 x 10 mol.L AChR si tes . These values are similar to
found with human negative control sera (2.50 ^1.78 x 10 mol.L )
tested with the same Mastomys preparation and far below a positive
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Figure 2

Anti-AChR antibody concentration and anti-striated muscle antibodies (Myas-
thenic type) in 4 Mastomys followed sequentially.

-10 -1
human MG serum (23.00 x 10 mol.L ) . From these r e su l t s , one
may conclude that i t i s unlikely that Mastomys have appreciable
amounts of antibodies to AChR, which suggests that MG probably
does not occur in Mastomys, not even in a sub-cl inical form.

Drachman, D.B., N. Engl. J . Med. 298 (1978a) 136.
Drachman, D.B., N. Engl. J . Med. 29£ (1978b) 186.
Engel, A.G., Lambert, E.H. and Howard, F.M. J r . , Mayo Clin.

52̂  (1977) 267.
Solleveld, H.A., Acta Zool. Path. Antverp 7£ (1978) 5.

Proc.
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TITRES AND IMMUNOGLOBULIN CLASSES OF
NATURALLY OCCURRING AUTOANTIBODIES IN AGING MASTOMYS NATALENSIS

J. Coolen, H.A. Solleveld and C. Zurcher

As described previously (Solleveld, 1978; Annual Report 1978,
p. 253), a wide variety of naturally occurring autoantibodies has
been found in a series of 135 aging Mastomys: 84 females and 51
males. This report presents additional data from this study and
includes the number of autoantibodies present per animal and the
titres and immunoglobulin (Ig) classes of the various autoantibod-
ies found.

For the autoantibody determinations, the indirect immunofluor-
escence technique employing frozen sections of different normal
rat organs as substrates was used. For the determination of
titres, sera were diluted serially and conjugated antisera speci-
fic for mouse IgA, IgM and IgG were used for the determination of
the Ig classes<• Van Pelt and Blankwater (1972) have demonstrated
that there is a distinct cross-reactivity between antisera raised
against mouse immunoglobulins and Mastomys immunoglobulins.

The multiplicity of autoantibodies in individual animals was
| investigated by screening for the following 10 autoantibodies: an-

tibodies to nuclear antigens, to cytoplasmic antigens (of liver
K parenchymal cells, thyroid follicular cells, epithelial lining

cells of the renal proximal tubules and "other" cells of the stom-
ach), to erythrocytes, to colloid, to cytoplasmic antigens of the
epithelial lining cells of the renal distal tubules, to 3 types of
striated muscle (intermyofibrillar, zebra and myasthenic type), to
cytoplasmic antigens of parietal cells of the stomach and to
smooth muscle. The distribution pattern of the number of autoanti-
bodies in individual male and female Mastomys is given in Figure
1. In males and in femaler., the number of autoantibodies per ani-
mal varies from 0 to 6 or 7; however, animals developing 3 differ-
ent types of autoantibodies; are most common.

The finding of such a variety of autoantibodies in individual
animals is unique when compared to the animal models currently
used for studying autoimmunity. For instance, the N2B mouse, which
can be regarded as the prime animal model for this type of re-
search develops at most 3 different types of autoantibodies per
animal.

To gain an impression of the titres and Ig classes of the var-
ious autoantibodies, a selection of the 135 serum samples avail-
able was made. The titres showed a rather wide range, but were
generally high (Table 1). This holds true particularly for autoan-
tibodies to erythrocytes, colloid and striated muscle of the in-
termyof ibrillar and myasthenic types. When comparing the titre of
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TABLE 1

TITRES AND Ig-CLASSES OF AUTOANTIBODIES IN AGING MASTOMYS

auto-
antibodies to:

liver:
nucleus
cytoplasm
erythrocytes
thyroid:
cytoplasm
colloid
kidney:
prox. tubules
dist. tubules
diaphragm:
intermyofibrillar
zebra
myasthenic type
heart:
intermyofibrillar
myasthenic type
stomach:
parietal cells
"other" cells
smooth muscle

number
tested

12
12
3

11
14

18
5

2
2

2
8

19
8
20

mean titre

151
305
480

144
545

) 158
34

>1600
340

) 645

^1440
) 650

) 170
90
45

10
10
320

20
160

10
10

640
40
10

320
40

20
10
10

range

640
- 1280

640

640
- 1280

- >640
80

- )2560
640

- )2560

- )2560
- )2560

- ) 640
160
160

classes

IgM
IgM

IgG + IgM

IgM
IgG

IgM
IgM

IgG + IgM
IgM
IgG

IgG + IgM
IgG

IgM
IgM
IgM
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Figure 1

Multiplicity of autoantibodies in individual male and female Mastomys.
total auto Abs screened for = 10.

autoantibodies to colloid in Mastomys with those found in the BUF
rat, a model for autoimmune thyroiditis, a difference is evident,
viz., a range of 160 to 1280 for Mastomys and 3 to 7 for the BUF
rat (Noble et al., 1976).

With regard to the Ig classes of the various autoantibodies
(Table 1), it is obvious that most of them were of the IgM class.
Only the autoantibodies to colloid and to striated muscle of the
myasthenic type were of the IgG class. The autoantibodies to ery-
throcytes and to striated muscle of the intermyofibrillar type be-
longed to both the IgG and the IgM classes. In general, the Ig
classes found in Mastomys correspond with those observed in man
and animals, with the exception of the autoantibodies to nuclear
components, which are of the IgM class in Mastomys; those in man,
the mouse and the rat are mainly of the IgG class.

Mastomys natalensis, which develops a wide variety of autoan-
tibodies per animal in rather high titres and of comparable Ig
classes as those of man and other animals, must be regarded as an
excellent model for studying autoimmunity and particularly for the
relationship between aging and autoimmunity.

Noble, B. et al., J. Immunol. 1T7, 5 (1976) 1447.
Pelt, F.C. van and Blankwater, M.J., Gerontologica JJ3 (1972) 200.
Solleveld, H.A., p. 461. In: Proc. of The laboratory animal in the

service of mankind, Lyon, France (1978).
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THE IMMUNE SYSTEM DURING AGING.
IX. IDIOPATHIC PARAPROTEINAEMIA OF IgD CLASS

IN THE AGING C57BL/KaLwRij MICE

J. Radl, P. van den Berg and C M . Jol-van der Zijde

Five classes within the iramunoglobulin (Ig) family were dis-
tinguished in man on the basis of structural differences in the
constant part of their heavy chains. These differences are respon-
sible for the different biological functions of individual classes
of Ig: IgM and IgG . are well-known as the major antibodies in the
systemic response to a great variety of antigens; IgA is the major
Ig of the external secretions and IgE has been demonstrated to be
associated with reagin or homocytotropic antibody activity. For a
long time, the biological function of the fifth class, IgD, re-
mained unknown; its low serum concentration, rapid catabolism and
negative results on testing for antibody activity to bacterial an-
tigens suggested no important function. Only after the discovery
that IgD is a major membrane Ig on B lymphocytes many immunolo-
gists began to realize that IgD might play an important role in
the differentiation pathway of the B cells and in the initiation
of antibody synthesis.

An analogue of the human IgD was found on the membrane of the
B lymphocytes but not in the serum of mice (Immunological Reviews,
1977). During our studies on idiopathic paraproteinaemia (IP) in
an animal model, the aging C57BL mouse (Radl et al., 1978), sera
from two old mice showed a precipitin line in Ouchterlony immuno-
diffusion with antimouse IgD Ig5 monoclonal antibodies (obtained
by hybridization of a B cell responding to the Ig5 allotype of
membrane IgD and a mouse plasma cell tumour) from Sera-Lab, Sus-
sex, England. Using the same antiserum in immunoelectrophoresis,
sera of both mice gave a symmetrical precipitin line in the gamma
region, while a weak homogeneous component was found by agar elec-
trophoresis. This component had not been previously recognized by
any other class or subclass specific antiserum. These findings in-
dicated that the two small paraproteins represent a serum counter-
part of the mouse membrane IgD; therefore, more detailed studies
were initiated.

Sera from a total of 1542 mice were tested by the Ouchterlony
double immunodiffusion technique using the monoclonal antisera
(Sera-Lab, nrs. 009 and 021) to the Ig5 allotype of the IgD. A
markedly increased level of IgD was found in 95 cases (6%). On im-
munoelectrophroesis, most of the positive sera showed a similar
pattern, i.e., a symmetric line with a mobility in the beta -
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Figure 1

Immunoelectrophoresis of sera from seven aged C57BL/KaLwRij mice (1-7) with IgD
Antisera: monoclonal antibodies to the Ig5paraproteins.

membrane IgD (Sera-Lab, England)
IgM, IgA and IgG classes ( I ) . NMS

allotype of mouse
(D) and rabbit antiserum specific for mouse

= pooled sera from normal adult C57BL mice.

gamma region (Figure 1) . The frequency d i s t r ibu t ion of these IgD
components showed an age-dependent increase (Figure 2 ) . Sera for a
follow-up (6 months or longer) of the development of these homoge-
neous IgD components were avai lable from 20 mice. In a l l cases ,
a f t e r i t s appearance, the IgD pers is ted at about the same concen-
t r a t i on u n t i l the animal 's death. The longest period of observa-
t ion of the presence of a homogeneous IgD component was 17 months.
Only one of these presumably IgD IP appeared before the animals
were one year of age.
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Figure 2

Frequency of homogeneous Ig of the IgD class in the sera of male C57BL mice
during aging (the last value at 35 months represents the results from two ani-
mals only). A frequency curve for homogeneous Ig of al l other classes combined
in the ~ging mice of the same strain is shown for comparison; symbols.

Sera from two IgD positive mice were pooled (1.5 ml) and the
IgD was isolated by chromatography on ultrogel AcA 22 (LKB,
Sweden) followed by affinity chromatography using antibody columns
consisting of Sepharose 4B bound antibodies; these were specific
for determinants of IgA and IgM classes and of all IgG subclasses.
A small contaminant representing some alpha globulins was removed
by an antibody column specific for these non-Ig proteins. The f i -
nal yield consisted of 750 ug of protein; i t did not react with
any antisera specific for Ig classes or subclasses, except for the
monoclonal anti IgD Ig5 and an antiserum specific for kappa light
chains.

Analysis of the reduced and alkylated IgD by SDS polyacryla-
mide electrophoresis demonstrated only two bands of 24000 and
69000 daltons, corresponding to the light and heavy chains, re-
spectively. The value for the heavy chain corresponds closely to
that determined for the IgD isolated from the membranes of the B
lymphocytes.

In a search for normal serum IgD, a large pool (80 ml) of sera
from adult female C57BL mice was applied to an immunoadsorbent
column consisting of Sepharose 4B bound monoclonal antibodies to
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IgD Ig5 . The proteins bound to the immunoadsorbent were eluted by
2M KSCN. A minute amount of IgD was detected in the eluate from
this column; this IgD gave a reaction of identity with a prepara-
tion of homogeneous IgD from pooled sera of different mice.

Results from these investigations demonstrated that, as in hu-
mans, C57BL mice also possess Ig of the IgD class in their serum.
The occurrence of persistent homogeneous IgD components in the
sera of aging C57BL mice indicates that B cells committed to the
production of IgD may also give rise to the "benign" proliferative

I disorder known as IP.
t

\

\ Immunological Revies, Ed. G. Moller, Vol-. 37 (1977).
Radl, J. et al., Clin. exp. Immunol. 33 (1978) 395.
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