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ON HUMAN TALENT AND TOMATOES

When the economy is in difficulties, governments tend to
decrease their spending for support of the Arts and Sciences. That
is probably a fact of life which we will have to accept. It is
also easy to understand that, with the money which is still
available, those who do believe that research is important for a
country, prefer to invest in industrial and agricultural research
rather than in medical research. The ever increasing cost of
health care is a matter of deep concern in all highly developed
societies and medical research is widely but wrongly regarded as
providing us - if successful - with additional expensive medical
technology and drugs. Yet, there is no doubt that the individual
citizens are requesting whatever effective or merely promising
means are available for treating their personal ailments, and
rightly so. The enjoyment of nearly everything our high standards
of living offer - travel, holidays, sports, good food and even
free love - is diminished if not completely spoiled by ill health.
It makes sense that large sums of money are being spent on the
combat of life-threatening conditions, since life has become so
valuable when everything else is being provided.

To give a few examples, coronary heart surgery has become
relatively cheap at $ 15,000 to $ 20,000 for the complete proce-
dure, considering that it may add enjoyable and productive years
to many a life. New agents such as interferon are already in high
demand, merely because they seem promising for the treatment of
dangerous diseases. At present, the rate of interferon production
but not its cost is limited. Each life saved as a result of
screening for cervical cancer costs the community between $ 80,000
and $ 120,000 and if that is acceptable, then there can be no eco-
nomical objection to early detection programs for breast cancer,
as the annual mortality due to this disease is roughly six times
as high as that for cancer of the cervix.

These examples serve to illustrate the fact that if an effec-
tive or promising medical treatment is available, those who need
it will demand it and the medical and pharmacological profession
will provide it whenever they are in a position to do so.

One important function of medical research is the assessment
of new developments, including drugs and treatments. Careful ex-
perimental and clinical research will establish whether and for
which groups of patients the new agents or procedures are really
meaningful and thus, by eliminating the unnecessary application of
these agents, proper research will result in huge savings. How
much is saved by such active and critical medical research has
never been assessed, but, in view of the above considerations,
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this function of medical research is the only real safeguard
against overspending on health care in a society with an affluent
free economy. That function of medical research should be stressed
by all concerned about its decreasing financial support.

But even if the authorities could be convinced that decreasing
their support of medical research programs has far more devas-
tating consequences for society than reducing of subsidies for
professional football or for the organisation of popmusic festi-
vals, it would still be likely that medical research would have to
take an equal share in the general reduction of government expen-
diture. After all, such measures, effective or not, are aimed at
improving the economy and reducing unemployment, which has risen
to alarming proportions. But unemployment is now also affecting a
large number of young university graduates, some of whom have been
trained at great public expense to participate in health care as
well as in medical research. Those who leave university without a
position and remain unemployed for a number of years will find
that their chances of competing for a research or any other posi-
tion are rapidly declining. In our western countries, these poten-
tial researchers are being supported by social security allowances
at a level which does not differ significantly from what most
fellowship agencies would pay their young scientists!

The obvious move therefore is for the medical research agen-
cies to convince their government that the "lost generation" of
VOi;r.r; graduates shor"1 be supported by research fellowships rather
than by unemployment allowances. The funds thus saved on salaries
would be more than sufficient to provide the tools and facilities
required for the extra influx of young researchers. Such a policy
would more than compensate for the current decrease in research
budgets and "bridge the gap" until the output of the universities
has been adjusted to the decreased demands. The proposed fellow-
ship system in lieu of unemployment would not provide an undue
incentive to start a university training because the level of
income provided by the fellowships would not be overly attractive.
Besides, it would also be possible to exercise selection of
fellows to assure that only talented and motivated individuals
enter the research programs. One could object that such a system
might just as well be advocated for all other categories of un-
employed, but that it will be unacceptable for those who are
already employed because of the introduction of competitive "cheap
labour". This is, however, not true for scientific research. Here,
the quantity of work to be carried out is determined by the amount
of money available for the total effort. Thus, as long as the
rights of those who are already employed are safeguarded, there
should be no unfair competition. Clearly, the factor of overpro-
duction does not play a role in this type of research.



Su<-;h a meaningful utilisation of resources which are temporar-
ily in excess, is not a novelty. In many countries of the European
Community, there is overproduction of agricultural products at
times. To protect the market, this surplus is not being sold
through the ordinary channels. The farmers receive a basic amount
of financial compensation. These surplus products are sometimes
made available to institutions which would otherwise not be in a
position to use them. For example, our nonprofit organisation is
allowed to feed surplus tomatoes to monkeys of the Primate Center.
This arrangement is a considerable bonus to the animals as well as
to the budget of this research institute.

Why should the scientific community not explore and adopt
similar mechanisms to cope with the problems arising from an over-
production of university graduates? Is it not far worse to waste
human talent and happiness in unemployment than letting the
surplus of tomatoes rot away?

D.W. van Bekkum
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RADIATION PHYSICS

AN INITIAL STUDY OF THE RADON GENERATOR FOR THE EXPOSURE OF
ANIMALS TO RADON AEROSOLS UNDER INDOOR CONDITIONS

B. Hogeweg

The application of building materials with increased concen-
trations of naturally radioactive nuclides in combination with
energy conserving measures can result in an increased level of the
radon concentration of the indoor air. It is generally recognized
that this increased level can result in a heightened potential
risk for lung tumour induction as a result of the inhalation of
alpha particles attached to aerosols. For the quantification of
this additional risk to the general population, risk factors which
are mainly derived from epidemiological studies on uranium miners
are applied. Since exposure conditions of these miners were great-
ly different from those for residents with respect to such factors
as radon level, aerosol concentrations and radon daughter equilib-
rium, the validity of the application of these risk factors for
the population is questionable.

It is the aim of an experimental and dosimetric study on lung
tumour induction by inhalation of radon under indoor conditions to
secure a better understanding of the various factors which deter-
mine the risk due to this inhalation. In the experimental part of
the study, WAG/Rij rats will be exposed daily to a relatively low
concentration of radon for a period of about 18 months in an
exposure chamber under conditions comparable with the, indoor
situation with regard to aerosol distribution and equilibrium
conditions. In this report, an initial study of the radon
generator will be described.

The radon gas emanating from the building material will decay
to give daughter products on the decay chain; the radon and
daughter products will attach to aerosols of the environmental
air. The possible risk of radon by inhalation results from the
deposition of inhaled aerosols to which one of the potential alpha
particle emitting isotopes (Rn, RaA, RaB or RaC) is attached. The
energy of the alpha particles will be absorbed with high local



energy density and correspondingly, the biological effect will be
produced with relating high efficiency. The epidemiological
studies on uranium miners indicate that the RBE has a value of
about 5, which is much smaller than the quality factor of 20 as
recommended by the ICRP for alpha particles. Generally, the dosage
is expressed in Working _Levels (WL); it is concerned with the
amount of potential alpha particle energy which can be deposited.
The WL is defined as any combination of radon daughters in one
liter of air that will result in the ultimate emission of 1.3xlC)5
MeV of alpha particle energy. Consequently, the amount of poten-
tial alpha particle energy which can be absorbed depends on the
ratio of activities of the isotopes Rn, RaA, RaB and RaC. This
ratio is determined by the ventilation rate of the indoor air.
According to UNSCEAR, for houses, the ratio of the activities
xRn : JRaA ! IRaB : JRaC varies in ranges from 10 : 6 : 3 : 2 to
10 : 9 : 6 : 4.

Applying the set of differential equations for the decay of a
radium source with constant activity, it can be calculated that
this ratio corresponds to a time of residence for the radon (see
Table I) in the range of 40 to 100 min. This time is in good
agreement with measured ventilation rates in houses, which range

Table I

ACTIVITY RATIOS OP SADON AND DAUGHTER PRODUCTS AND WL PER 100 pCi RADON

IRaA/IRn iRaB^Rn iRaC^Rn WL/100 pCi

(%) (%) (%) Rn

5.5 - -

10.6 -

40.3 1.8

60.7 5.7 0.5 0.09

78.4 14.7 2.7 0.17

89.0 31.2 10.5 0.29

92.7 43.7 20.2 0.39

94.1 52.9 29.6 0.48

96.0 60.6 38.4 0.56

98.0 78.9 65.0 0.76

98.8 89.4 82.4 0.88

99.2 93.0 88.4 0.92

99.3 94.8 91.4 0.94

99.5 95.6 93.0 0.95

100 97.6 95.6 0.97

time
(min)

0.5

1

5

10

20

40

60

80

100

200

400

600

800

1000

1440 (1 day)

*Rn
(%)

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100



from 1.5 to 0.5 h~l. Prom the equations/ it can be calculated that
the activity ratio of the isotopes radium to radon, corresponding
to a time of residence of 40 and 100 min, is 200 and 80, respec-
tively. The table also demonstrates the strong dependence of the
potential energy deposition as a function of radon daughter equi-
librium.

Applying this ratio in conjunction with a required radon level
and a required volume for the exposure chamber, it can be calcu-
lated that for the source a total activity of 10~4 Ci (3.7 x 106

Bq) of radium is required. In consideration of a maximum total
body burden of lO"? Ci, it will be evident that the construction
of a radon generator containing an activity of 10"^ Ci radium is
strongly determined by wealth physics aspects.

Since it could t_ expected that from an air flow source the
radon would be yielded with maximum efficiency, the generator con-
struction was developed according to this principle. After careful
considerations, the original plans for a source with the radium in
solution were modified and a construction in which the radium
would be bound to ion exchange resins was chosen. The resins to
which alpha particles are bound may be damaged due to the high
dose delivered. However, calculations showed that the maximum dose
in the track of an alpha particle passing the resin (assuming a
sensitive volume of 5 x 10"^ crn-̂ ) is 2.9 x 10^ Gy. According to
Sisman et al. (1963), this dose will result in a slight increase
in cross-linking density and, accordingly, an increase in impact
stress. This increase in impact stress is unimportant, in partic-
ular, since the resin will not be exposed to mechanical forces.

The resin bound radium will be distributed over a series of
cartridges which will be linked in parallel and exposed to an air
flow. The level of radon in the exposure chamber can be regulated
by closing a number of the cartridges and by the amount of air
passing the source.

Construction of the radon generator according to these prin-
ciples has been started; measurements on characteristics will
start in the early part of 1982,

Sisman, O. et al., p. 127. In: Radiation effects on organic materials (eds.

R.O. Bolt and J.G. Caroll), Academic Press, New York (1963).



HIGH PRESSURE TISSUE-EQUIVALENT IONIZATION CHAMBER FOR
RADIATION PROTECTION APPLICATIONS

J. Zoetelief, A.C. Engels, C.J. Bouts, L.A. Hennen
and J.J. Broerse

The development of detectors with a response proportional to
dose equivalent for a wide range of radiation quality is required
for radiation protection purposes. In neutron dosimetry for
radiobiology, tissue-equivalent (TE) ionization chambers with
sensitive volumes of about 1 cm^ are the most commonly applied
dosimeters. For application in radiation protection, these dosi-
meters have too low a sensitivity and provide no information on
radiation quality. A method for increasing the ionization chamber
reading per unit of absorbed dose can be operation at higher gas
pressures. This method might be advantageous, since the volume of
the chambers can be restricted and measurements at different gas
pressures and/or collecting voltages can provide information on
radiation quality. Zielczynski et al. (1981) have shown that the
dependence of initial recombination on linear energy transfer can
be used to specify radiation quality by introducing the parameter
Recombination Index of radiation Quality (RIQ).

A thimble-type TE ionization chamber with a sensitive volume
of about 1 cm^ which can be operated at gas pressures of up to
100 bar (10 MPa) was constructed by us. The chamber wall is
protected against the high gas pressures by an aluminium envelope
with a wall thickness of 2 mm. The gas pressure inside the chamber
is regulated in a closed system and measured by transducer cells
which are based on the application of strain gages. Measurements
have been performed at pressures of up to 80 bar (8 MPa) of
methane based muscle equivalent (TE) gas for 137cs gamma rays and
0.9 and 14.5 MeV neutrons.

The effects of dose rate on the saturation characteristics
were investigated at several gas pressures for l^'Cs gamma rays.
For approximately the same pressures, the saturation character-
istics are not significantly different. Therefore, only initial
recombination is of importance.

The results of measurements at various values of the col-
lecting potential are given in Table I for TE gas at a pressure of
about 62 bar (6.2 MPa) for different types of radiation. The
values are given with reference to the reading at 500 V. It can be
seen that the influence of initial recombination is dependent on
the type of radiation employed and increases with increasing
quality.



Table I

RATIO OF THE READING AT 500 V TO THE READING AT VOLTAGE V

AT A GAS PRESSURE OF ABOUT 6.2 MPa (62 bar)

14.5 MeV neutrons 0.9 MeV neutronscollecting
potential/V

50

100

200

300

400

500

600

•-"Cs gamma

1.389 _+

1.278 +_

1.169 +

1.099 +_

1.045 +

0.

0.

0.

0.

0.

1.000

0.965 + 0.

ray

006

006

006

006

006

006

1.876 + 0.006 2.36 _+ 0.01

1.606 +_ 0.006 1.97 + 0.01

1.338 + 0.006 1.53 + 0.01

1.185 +_ 0.006 1.29 +_ 0.01

1.080 _+ 0.006 1.12 _+ 0.01

1.000 1.000

0.938 + 0.006 0.91 + 0.01

At a collecting potential of 600 V, the ionization chamber
reading relative to the reading at 1 bar as a function of gas
pressure is given in Fig. 1 for various types of radiation. As a
function of gas pressure an approximately linear increase in the
reading is to be expected due to the increase in the mass of the
gas in the cavity. However, with increasing pressure, initial
recombination also increases and, depending on ion collection
field strength and type of radiation, this causes a decrease in
the reading as a function of pressure. The results indicate that
it is possible to assess radiation quality from the pressure
dependence of the reading. It can be seen from Fig. 1 that in the
investigated pressure region (0.1-8 MPa) the sensitivity of the
ionization chamber operated at 600 V can be increased with refer-
ence to atmospheric pressure (1 bar = 0.1 MPa) by factors of about
32, 15 and 6.3 for 137cs gamma rays, 14.5 and 0.9 MeV neutrons,
respectively. Up to about 5 bar (0.5 MPa), the increase in the
sensitivity is approximately proportional to the pressure for all
types of radiation used. For measurements with TE gas at higher
pressures, the saturation characteristics as well as the pressure
dependence of the reading are dependent on the quality of the
radiation and can be used to assess quality factors.

The response of TE ionization chambers will also be studied as
a function of gas pressure for other types of gases with the aim
of introducing systems with higher sensitivities. In addition, it
is important to analyse the results in terms of Jaff€ and Kara-
Michailova/Lea theories to obtain insight into the relevant
processes, which will facilitate the construction of a practical
system for radiation protection purposes.



40

,© 30

20

•ao

137,Ci y rays

— — — — A - — — * 14.5 MeV neutrons

n 0.9 MeV neutrons

2 4 6 8

gas pressure/M Pa

Figure 1:

Pressure dependence of the reading relative to that at 1 bar (0.1 MPa) at a

collecting potential of 600 V for various types of radiation with a methane

based TE gas ionization chamber.

Zielczynski, M. et al., p. .853, In: Proc Seventh Syinp. on Microdosimetry (eds.

J. Booz, H.G. Ebert and H.D. Hartfiel), Chur, Harwood Academic Publishers

for the Commission of the European Communities, Luxembourg, 1981.



DEPTH DOSE DISTRIBUTION OF 90Sr - 90Y BETA RAYS IN TISSUE
EQUIVALENT PLASTIC FOR CARCINOGENESIS STUDIES

L.A. Hennen, J. Zoetelief, G.H. Hofmeester* and J.J. Broerse

For assessments of the risks of tumour induction by ionizing
radiation in general, total body irradiation has to be envisaged.
To avoid side effects in surrounding tissues, it is essential to
perform partial body irradiations as a model study. For partial
body irradiations of the mammary glands in the rat, beta rays
might be convenient because of their limited penetration. To
investigate the suitability of irradiation with 90Sr - 9 0Y beta
rays, the depth dose characteristics were determined in tissue
equivalent (TE) plastic. This information is required to establish
the dose distribution in the mammary glands and to assess the
doses in the surrounding tissues.

For the experimental determination of absorbed dose as a func-
tion of depth in TE plastic, designated A-150, thermoluminescence
(TL) dosimeters and a TE extrapolation ionization chamber (EIC)
were used. The different detectors were studied to compare their
suitability for measuring skin doses. Two types of thermolumines-
cent material were applied: pure natural LiF (TLD-100) and carbon
doped natural LiF (LiF-C). The dimensions of the chips were ap-
proximately 3.2 x 3,2 x 0.4 mm3 and 3.2 x 3.2 x 1 mm3 for TLD-100
and LiF-C, respectively. Although the LiF-C chips are thicker
than the TLD-100 ones, it was expected that the effective point of
measurement of the LiF-C chips would be located closer to the
surface in comparison with the TLD-100 chips. Depth dose measure-
ments were made in an acrylic plastic rat phantom (outside dimen-
sions, 4 x 4 x 15 cm3) with a cylindrical insert of A-150 plastic.
The TL dosimeters placed in an A-150 plastic disc-shaped container
could be positioned at different depths in the phantom. The
reading of the TL dosimeters was carried out with a Harshaw model
2000 Thermoluminescent Analyser.

The extrapolation ionization chamber constructed by Far West
Technology has an entrance window with a thickness of 0.070 kg.m~2
(0.070 mm in unit density tissue) which allows measurements at
small depths in phantom. The depth dose distribution is obtained
by placing TE discs in front of the chamber.

The relative absorbed dose values derived from the different
detectors are shown in Fig. 1 as a function of depth in A-150

*From National Institute of Public Health, Bilthoven, The Nether-

lands.
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Figure 1:
Depth dose distribution in A-150 TE plastic for 90Sr - 90Y beta rays determined

with TLD-100, LiF-C and an extrapolation ionization chamber.

TE plas t ic . For each dosimeter, corrections were introduced for
displacement of the effective point of dose measurement. With the
exception of the measurement with the TLD-100 chip at 1 kg.m"2,
good agreement is found between the results derived from the
different dosimeters for depths between 0.3 and 4 kg.m~2. For
depths less than 0.3 kg.m"^, measurements can be made only with
the EIC. For depths in excess of 4 kg.rn"2 deviations in the dose
derived from the EIC occur, since too low ionization currents have
to be measured. The advantages of using LiF-C instead of TLD-100
are minor; a difference of only 0.08 kg/m~2 in effective point of
measurement was observed.
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For young adult female rats (about 8 weeks of age), the
mammary glands extend from about 1 to 4 mm depth in tissue. It can
be concluded from Fig. 1 that relative dose variations by a factor
of 4 can occur with:.n the volume of interest. For the derivation
of mean absorbed doses in the mammary glands, accurate determi-
nation of the shape and location of the different glands is re-
quired. A dose reduction by a factor of 100 is reached at a depth
of about 7.5 kg.rn"2.

The application of 90gr - 90y beta rays is particularly useful
for skin irradiations, since the absorbed dose is almost constant
for depths of up to 1 kg.m"^ and the critical layer of the epider-
mis is generally located at depths of less than 0.1 kg.m"2.

11



RADIOBIOLOGY

THE INFLUENCE OF DOSE FRACTIONATION AND DOSE RATE
ON NORMAL TISSUE RESPONSES

G.W. Barendsen

An analysis of responses of a variety of normal tissues in
animals to fractionated irradiations has been made with the aim to
develop a formalism for the prediction of tolerance doses as a
function of the dose per fraction and the overall treatment time.

For the induction of cellular effects, e.g., reproductive
death, a large number of experimental results show that for doses
of less than 5 Gy the influence of the dose per fraction, Dn, can
can be described on the basis of a simple formula:

Fn(Dn) = aiDn + a2o2 (1)

in which Fn is the frequency of induced cellular lesions and a^
and a2 are parameters which represent the effectiveness for induc-
tion of these cellular lesions by single ionizing particles and by
accumulation of subeffective lesions, respectively.

A response of a tissue is assumed to result from the induction
of effects in cells and requires the average number of effects,
F(D), in irradiated cells to attain a particular value, Fr, which
depends on the response considered. If the integrity and function
of a tissue is determined by the capacity of the constituent cells
for unlimited proliferation, this level of injury corresponds to a
specific fraction of surviving cells (Douglas and Fowler, 1976).
If a direct dependence of tissue response on cellular reproductive
capacity is not known, the assumption of a response level of F(D)
= Fr can be used without reference to a survival curve.

The response level, Fr, can be attained as a consequence of a
single dose or of a series of fractionated irradiations, whereby

F(D!) = n.F(Dn) = Fr (2)

in which F(Di) is the frequency of effects per cell after a single
dose, Di; n is the number of fractions and F(Dn) is the frequency

13



of effects per cell after a dose Dn. The additional assumption
required here is that time intervals between the fractions are
long enough to allow complete repair or decay of sublethal and
subeffective lesions. This formula (2) implies that for the induc-
tion of a specified tissue response the average number of cellular
lesions at the end of a treatment is the determining parameter. As
a consequence, the total dose required for a given tissue response
is inversely proportional to the effectiveness with which the
cellular effects are induced.

Fr can also be written as

Fr = n.F(Dn) = n a2Dn
2) = n.Dn a2Dn) (3)

Because n.Dn is the total dose required to attain Fr, the term
(ai + a2Dn) determines the "effectiveness per unit dose", E(Dn),
of the treatment considered. The parameters ai and a2 and, as will
be explained, their ratio ai/a2» are of major importance for the
analysis of the effectiveness of a treatment.

In addition to E(Dn), the relative effectiveness (RE) of a
treatment can be defined by

15-

«°- «H

bone marrow LD50/30 d

O

intest. crypt death

lur.g LD50/180d

skin desquamation

brain LD50/1 y

10 15 20 25 30 35

dose per fraction (Gy)

40

Figure 1;

Specific effectiveness per unit dose derived as the reciprocal of the total

dose, n.Dn, required for the induction of various types of normal tissue

responses as a function of the dose fraction Dn.
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RE = E(D n)/ a i = 1 + Dn/(ai/a2)

From formults (3) and (4) it can be deduced that

l/n.Dn = Dn(ai/a2)]/Fr/ai) = RE/(Fr/ai) (5)

This relation shows that l/n.Dn as a function of Dn yields a
straight line which intercepts the line Dn = 0 at l/(Fr/ai).

Data on a few normal tissue responses illustrating that a
linear relation indeed provides a good approximation to experi-
mental results are shown in Fig. 1 (Barendsen, 1982).

Data on 13 sets of data in the literature are summarized in
Fig. 2 by plotting RE as a function of Dn. The slopes of these
curves are inversely proportional to ai/a2- It can be concluded
that broadly three groups of tissue responses can be distin-
guished, for which fractionation effects can be described by
average values of ai/a2 equal to 10, 5 and 2.5 Gy, respectively.

For the calculation of equivalent total doses to be applied in
clinical treatments, a concept designated as Extrapolated Toler-
ance Dose (ETD) or Extrapolated Response Dose (ERD) can be intro-
duced. This ETD is the tolerance dose for an infinite number of
very small fractions. Specific treatments can be expressed as
fractions of the corresponding ETD. Different fractionated dose

kidney histology

lung LD50/160 d

spinol cord white matter necrosis

kidney LD50/180 d

lung LD50/180 d

spinal cord, s p i n a | cord radiculopathy
bone marrow LD50/30 d
spinal cord myelopathy
skin contraction 250 d

brain LD50/1 y

infest, cryptdepletion

skin desquamation

10 15

dose per fraction (Gy)

20

Figure 2;

Relative effectiveness (RE) per unit dose as a function of the dose per frac-

tion for induction of a variety of normal tissue responses. RE is the effec-

tiveness relative to tne effectiveness of infinitely small doses per fraction.
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schedules and • low dose rate treatments can be added after expres-
sion as fractions of ETD. For a range of fractions, differences
with the NSD formalism are relatively small, but for less than 10
and more than 40 fractions differences are significant. An impor-
tant feature of the described formalism is that it is directly
based on radiobiological insights and it provides a more logical
concept to account for the diversity of tissue responses than the
assumption of different exponents of N and T in the NSD formula.

Douglas, B.C. and Fowler, J.F., Badiat. Res. 6£ (1976) 401.

Barendsen, G.W., Int. J. Radiat. Oncol. Biol. Phys. (1982), in press.



IN VITRO RESPONSES OP R-l AND RUC-2 TUMOUR CELLS TO MULTIPLE DOSE
FRACTIONATION AND LOW DOSE RATE IRRADITION

E. van Rongen and H.B. Kal

Telecobalt beam therapy at a dose rate of about 0.1 to 1.5
Gy.h"-'- has been applied with good results to some patients with
large inoperable tumours who had no chance of local cure with
conventional radiotherapy (Pierquin et al., 1979). Rather large
daily doses can be given with this treatment, since the normal
tissues can tolerate irradiation at this low dose rate quite well.
However, since these patients were irradiated for 5-8 h daily for
6 days, this treatment is not suitable for routine radiotherapy on
a large scale. Multiple daily fractionation, i.e., several small
fractions given daily, may offer the same advantages as continuous
irradiation at low dose rate, since it might be better tolerated
by the normal tissues than large single daily doses.

The experiments to be presented here are part of a program in
which the effectiveness of multiple daily fractionations and con-
tinuous irradiations at low dose rates on two tumour systems and
on normal tissues was investigated. Results of jjri vitro experi-
ments with two tumour cell lines are presented. The efficacy of
administering the total dose in multiple dose fractions or as
continuous irradiation at a low dose rate as compared with acute
single doses was evaluated.

The two cell lines used were derived from a rat rhabdomyo-
sarcoma, designated as R-l, and from a rat ureter carcinoma, coded
as RUC-2. The 'fractions of surviving cells were determined by the
colony formation assay after irradiations performed with 137cs

gamma sources. In all experiments, cell multiplicity determina-
tions were carried out and the appropriate corrections applied.
Only exponentially growing cells were used.

Bijman et al. (1981) treated R-l cells with multiple dose
fractions of 1.73 Gy at intervals of 1, 2 or 3 h. No significant
differences were found between the fractions of surviving cells
for the different time intervals.

In our experiments, fraction doses of 2.56 and 3.39 Gy and
time intervals of 1, 2 or 3 h were used. No significant differ-
ences were observed between the fractions of surviving cells per
unit dose in these regimens, indicating that in R-l cells sub-
lethal damage is repaired within 1 h for fraction doses up to 3.39
Gy.

The results of the fractionation experiments are summarized in
Fig. 1. In this figure are also shown the results of continuous

17
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Figure 1:
The response of R-1 cells JLri vitro to multiple dose fractions, single doses and
low dose rate irradiation of gamma rays.

irradiations at a dose rate of 0.3 Gy.h~l. For each total dose,
the mean value of the data points found with the different time
intervals between subsequent fractions is plotted.

It can be concluded that both fractionation and low dose rate
irradiation are less effective than irradiation given as acute
single doses. The least effective treatments are multiple dose
fractionation with fraction doses of 1.73 Gy and low dose rate
irradiation at 0.3 Gy.h"-'-. These treatments show no significant
difference in effectiveness at total doses in excess of about 6
Gy. The larger shoulder of the low dose rate treatment curve is
caused by the continuous repair of sublethal damage during the
irradiation. Regimens with fraction doses of 2.56 or 3.39 Gy are
somewhat more effective, but s t i l l not as effective as acute
single doses. No significant differences were observed in the
effectiveness of these two treatments.

With RUC-2 cells, fractionation was performed with fraction
doses of 2.56 and 5.06 Gy and at time intervals of 1, 2, 3 or 4 h.

18



10°J

0)

o

o

p

10"3- 1 . • acute single doses
2. a multiple dose fractions of 5.06 Gy

time interval = 2, 3 and 4 h

3. A multiple dose fractions of 2.56 Gy
time interval = 2 h

* low dose rate irradiation (0.30 Gy . h )

12 16 20 24 28

dose of y rays (Gy)

32

Figure 2:

The response of RUC-2 cells ij± vitro to multiple dose fractions,

and low dose rate irradiation of gamma rays.

single doses

Fractionation treatments in which time intervals of 2, 3 or 4 h
were applied were equally effective for fraction doses of 5.06 Gy;
treatments with intervals of 1 h, however, resulted in less effi-
cient cell sterilization. This indicates that sublethal damage in
RUC-2 cells is not fully repaired until after about 2 h. The
results of the fractionation experiments and irradiation treat-
ments applied at a dose rate of 0.3 Gy.h~* with RUC-2 cells are
summarized in Fig. 2. For the fractionation experiments, only the
mean values of the data points found with intervals of 2 h or more
between subsequent fractions are shown. The least effective
treatments are the low dose rate irradiations and multiple dose
fractionation with fraction doses of 2.56 Gy. The fractions of
surviving cells per unit dose obtained with these treatments are
not significantly different from each other. Although multiple
dose fractionation with fraction doses of 5.06 Gy is more effec-
tive than these two treatments, 'it is not as effective as acute
single doses.
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The final conclusions are that it is possible to obtain with
both R-l and RUC-2 cells the same survival level with the same
dose given either with multiple dose fractionation or low dose
rate irradiation. However, the calculated dose rates, i.e., the
ratio of the total dose administered in a treatment with several
dose fractions and the overall treatment time, in the fractiona-
tion experiments are higher than that applied in the continuous
irradiation treatment. Multiple dose fractionation can be more
effective than low dose rate irradiation, depending on the frac-
tion dose used.

Additional experiments will be performed with dose rates of up
to 1.5 Gy.h"-'-, which are comparable to the calculated overall dose
rates of the multiple dose fractionation experiments. Experiments
in which R-l and RUC-2 tumours are treated jji vivo with several
small daily fractions are now being performed. The effectiveness
of the same regimens on normal tissues will also be investigated
to allow conclusions to be made about a possible therapeutic gain.

Bijman, J.Th. et al., J. Eur. Radiother. 2^ (1981) 85.

Pierquin, B. et al., p. 91. In: High-LET Radiations in Clinical Radiotherapy,

Suppl. Eur. J. Cancer, Pergamon Press, Oxford (1979).
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RESPONSES OF FOUR CELL LINES TO CONTINUOUS GAMMA IRRADIATION
APPLIED AT A DOSE RATE OF 0.1 Gy/h.

J. Welleweerd and E. van Rongen

The effectiveness of continuous irradiation applied at an
"ultra" low dose rate, ULDR (Shipley et al., 1981) of 0.1 Gy.h"1

was assessed in four cell lines (R-l, RUC-2, CH(V79) and Tg). This
in vitro study was initiated because of the clinical interest in
treating tumours by implanting 125j seeds (Hilaris et al., 1977).
The dose rates applied to human tumours with this technique are in
the same order of magnitude as those in the experiments to be
described here.

The four cell lines were cultured at 37°C during a period of
150 days (R-l and RUC-2), 70 days (CH) or 20 days (Tg). Cells were
replated at regular time intervals. The following parameters were
monitored: population growth, plating efficiency, radiosensitivity
of cells using the colony forming assay after graded acute doses
of gamma rays and cell phase distribution by flow cytometry.

Fig. 1 shows the doubling times of the R-l, RUC-2 and CH cell
populations. The three cell lines initially show an increase in
doubling time. The R-l population decreases in size for a short
period (doubling time <0). After 40 days (total dose = 1QQ Gy),
no significant change in doubling time for the three cell lines
was observed. The plating efficiency and cell survival showed the
same pattern as the doubling time in the initial adaptation
period. Then, a relatively stable situation was observed (Table
I). In this period, the plating efficiency was 15 to 30% of the
control value, presumably due to the presence of dead cells. The
radiosensitivity of the RUC-2 and CH cell lines was somewhat
higher than the control value. No such statement can be made in
the case of the R-l cell line because no proper control values for
it were available when the experiment was started. It seems that
the radiosensitivity of the continuously irradiated R-l cell line
is decreased as compared with the routinely cultured R-l cell
line. The DNA histograms (data not shown) showed an increase of
cells in the G2+M phase, indicating changes in cell cycle kinetics
and, hence, in the production rate and the radiosensitivity. The
cell parameters returned to control values within 2 weeks after
the ULDR irradiation had been terminated and cells were cultured
under normal conditions.

The viability of a population of cells that is irradiated
continuously for a long time period depends on a competition
between cell production rate and cell killing rate. In an exponen-
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Figure 1:

Population doubling time as a function of irradiation time and total dose

applied at a dose rate of 0.1 Gy.h"1 for three cell populations (R-1, RUC-2 and
CH).

tially growing population, the production rate (Pr) is determined
by the cell cycle time (Tc) (Pr = In2/Tc) and the cell killing
rate (Kr) during low dose rate irradiation by Kr = ai . dD/dt, in
which ai is the initial slope of the dose survival curve and dD/dt
is the dose rate. As a first approximation, the population growth
(Pg) can be described by:

Pg = exp (Gf.t) (1)
in which Gf is the growth factor: Gf = Pr - Kr = In2/Td (Td =
population doubling time).

If Gf >0, the cell population will increase in size. Table II
shows the calculated production and cell killing rates of the four
cell lines. The cell lines RUC-2 and CH have a positive Gf and
therefore are expected to grow under the condition of the contin-
uous ULDR irradiation. The R-1 cell line has a Gf close to zero;
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Table I

EFFECT OF ULDR IRRADIATION AT A DOSE RATE OF 0.1 Gy.h"1 ON POPULATION DOUBLING

TIME, PLATING EFFICIENCY AND CELL SURVIVAL AFTER ADDITIONAL ACUTE DOSES

c e l l

R-1

RUC-2

CH

line

contr.

extr.

stab.

contr.

extr .

stab.

contr.

extr .

stab.

dose
(Gy)

0

50

> 8 0

0

30

>30

0

40

>80

population
doubling time

(h)

i7 + 2

<o
45 + 5

18 + 2
3 5 + 5

35 + 5

12 + 2

55

34 + 3

plating
efficiency

(%)

76 + 10

1.6

1 9 + 2

77 + 10

2 5 + 3

2 5 + 3

80 + 10

3

1 5 + 2

cell survival after
additional acute doses

3 Gy

60+5

40

55+5

6 Gy

64

46+4

46+4

4 Gy

66+5

33+3

33+3

(%)

6 Gy

20 +3

7 . 3

23 +3

12 Gy

16

11 +3

11 +3

8 Gy

20 +3

7.2+3

7.2+3

9 Gy

5 +1

1.3

6.5+1

18 Gy

2 . 6

1.3+0.6

1.3+0.6

12 Gy

4.5+1.0
1.4+0.2

1.4+0.2

contr.: control values.

extr. : extreme values, i.e., values at the time of maximal population doubling

time,

stab. : values at the stable level of population doubling time.

Table II

ESTIMATES OF THE GROWTH FACTOR OF FOUR CELL LINES UNDER IRRADIATION

CONDITIONS AT A DOSE RATE OF 0.1 Gy.h"1.

cell line

R-1

RUC-2

CH (V79)

Tg

production rate (h )

Pr

0.038

0.043

0.057

0.031

killing rate (h~1)

Kr

0.038

0.007

0.012

0.044

growth factor

(Pr - Kr)

~ 0

>o
>o
< 0
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no statement can be made about its viability. The Tg cell line has
a Gf of less than zero. According to the approximation, the Tg
cell line will be eliminated during irradiation applied at a dose
rate of 0.1 Gy.h~^. These statements are in accord with our obser-
vation. Ten days after the start of the experiment/ no clonogenic
cells were found in the Pg cell population. The experiments show
that the R-l cell line can grow at this dose rate. The change from
negative to positive growth rate can be due to a selection of
cells through cell killing or by a change in radiosensitivity
induced by the ULDR irradiation. A similar process occurs in the
CH cell line, although the growth rate does not become negative.
In accordance with the calculated estimates, this cell line (CH)
and the RUC-2 one can grow while continuously exposed to this ULDR
irradiation.

The response of a cell population to irradiation applied at an
ultra low dose rate depends on at least three parameters: cell
cycle time, intrinsic radiosensivity and dose rate. Using rela-
tionship (1), an estimate can be made of the dose rate that is
needed to eliminate a cell population if the cell cycle time and
initial slope of the survival curve are known. In future experi-
ments, several dose rates will be employed to test the preliminary
conclusions.

Hilaris, B.S. et al., Int. J. Radiat. Oncol. Biol. Fhys. £ (1977) 631.

Shipley, W.U. et al., Radiat. Res. §5 (1981) 150.
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EFFECT OF MISONIDAZOLE ON THE TOLERANCE OF THE RAT SPINAL CORD TO
DAILY AND MULTIPLE DAILY FRACTIONS OF X RAYS

A.J. van der Kogel, H.A. Sissingh and J.A.M. Krose

Misonidazole combined with radiation is being used in clinical
trials to overcome the problem of radioresistant hypoxic cells in
tumours, assuming that this is an important factor in failures to
achieve local control. The major limitation in its use is neuro-
toxicity and this might also imply an interference with che radia-
tion tolerance of the nervous system. A preliminary study on the
rat lumbar spinal cord combining misonidazole with single doses of
X rays indicated a reduction by 22% in tolerance dose (Yuhas,
1979). However, a recent study employing single doses of X rays on
the spinal cord of unanaesthetized mice did not show an enhance-
ment of radiation damage by misonidazole (Travis et al., 1982).

Radiation damage in the spinal cord and brain is characterized
by an occurrence in two waves with different time-dose-fractiona-
tion relationships and latent periods (Van der Kogel, 1979).
Different target cells are assumed to be involved in the so-called
early and late delayed damage.

The objectives of the present study are to determine:
1) whether misonidazole changes either the early or late delayed

response of the rat cervical spinal cord after single or
fractionated doses of X rays;

2) whether hypoxia is induced in the spinal cord by anaesthesia;
3) whether multiple daily fracticnation (MDF) reduces the spinal

cord tolerance as compared with daily fractionation and what is
the effect of daily administration of misonidazole.
Male, 3-month-old rats of the WAG/Rij strain were used in

these studies and the animals were anaesthetized with Nembutal
before X-irradiation. To evaluate the possibility of induced
hypoxia in the spinal cord by Nembutal anaesthesia, inhalation
anaesthesia with 'Ethrane and oxygen was used in a second series of
experiments (Ang et al., 1982). In experiments with misonidazole,
the drug was injected i.p. 30 min before irradiation. If two or
three fractions of radiation were given per day, misonidazole was
administered each day at 30 min before the first dose of radia-
tion. Intervals between subsequent radiation doses on one day were
4 hours.

Early delayed radiation damage
A first wave of paralysis was observed 5 to 6 months after

irradiation, with only a small variation in latent period among
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Table I

DELAYED RADIATION DAMAGE IN THE RAT CERVICAL SPINAL CORD

Effec t of misonidazole and anaes thes ia

Fx # (T) anaesthesia MISO E D 5 0 (Gy) E D 5 0 (Gy) DMP

(ing.kg"*) - miso + miso

A. "early type"

1 N 300 19.5 + 0.5 19.6 + 0.4 1
1 N / O2 - 19.3 +_ 1
1 E / O2 600 20.0 + 1 19.6 + 0.5 1.02
2 (4 .5 h) N 300 25.9 +_ 0.5 25.8 + 0.5 1
2 ( 1 d) E / O2 2 x 600 27.6 + 0.5* 27.0 +_ 1 1.02
4 ( 3 d) E / O2 4 x 400 36.5 + 0.9* 35.8 + 1.2 1.02

10 (12 d) N - 56.0 + 2.5
10 ( 5 d) E / O2 5 x 300 50.3 + 0.9 50.3 +_ 1.1 1
15 ( 5 d) E / O2 5 x 300 5 8 . 3 + 2 58.3 + 2 1

B. "late type"

1 N 300 18.7 + 0.5 1 9 . 2 + 0.5 0.97

1 E / O2 600 18.0 + 0.8 16.7 +_ 0.9 1.08

2 ( 4 . 5 h) N 300 2 3 . 2 + 1 2 2 . 5 + 1.6 1.03

2 ( 1 d) E / O2 2 x 600 23.7 +_ 0.9* 24 .8 +_ 1.1 0.96

4 ( 3 d) E / O2 4 x 400 32 .5 + 1* 33 .2 _+ 0 .9 0.98

10 ( 5 d) E / O2 5 x 300 4 3 . 0 + 2 46 0.93

15 ( 5 d) E / O2 5 x 300 4 9 . 5 + 2 54 0.92

*values obtained with Nembutal a n a e s t h e s i a .

N = Nembutal; N/O2 = Nembutal + oxygen breathing;

E/O2 = Ethrane 1%/oxygen 99%.
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animals of the same dose group. No difference in latent period was
seen in animals irradiated with and without administration of
misonidazole. The lesions in the spinal cord were characterized by
demyelination and necrosis of the white matter. By probit
analysis, ED50 values (50% paralysis dose) and 95% confidence
limits were derived from dose-response curves (Table 1 A). The
single dose experiments carried out under three different anaes-
thesia conditions did not show significant differences in ED50
values, nor did the addition of misonidazole. The same absence of
modification of the radiation response was observed in all the
fractionated experiments, indicating that no interference with the
repair of subeffective radiation damage takes place.

Late delayed radiation damage
This damage is observed from 7 months after irradiation on-

wards and consists mainly of vascular lesions. No difference in
cord pathology was seen in animals irradiated with and without
misonidazole. ED50 values for the late type of damage are pre-
sented in Table I B. In some experiments (10 and 15 fractions),
the data did not allow probit analysis and approximate ED50 values
are given. In the single dose groups without misonidazole, the
difference in ED50 for the two types of anaesthesia is not signi-
ficant. Misonidazole (300 mg.kg-1) in the Nembutal anaesthetized
rats did not modify the radiation response, but the decreased ED50
in the Ethrane anaesthetized animals suggests a slight modifica-
tion with a higher misonidazole concentration (DMF = 1.08). How-
ever, this effect was not observed in all of the fractionated
experiments (DMF values from 0.92-1.03).

Conclusions
1. Misonidazole does not modify the early or late delayed radiation

response of the rat cervical spinal cord.
2. Hypoxia is not induced in the spinal cord by Nembutal or Ethrane

anaesthesia.
3. Multiple daily fractionation reduces the spinal cord tolerance,

but the reduction in repair appears to be less with decreasing
doses per fraction.

Ang, K.K. et al., Int. J. Radiat. Oncol. Biol. Phys. (1982) in press.

Kogel, A.J. van der, Thesis, University of Amsterdam (1979).

Travis, E.L. et al., Br. J. Cancer (1982) in press.

Yuhas, J.M., Br. J. Cancer 40 (1979) 161.
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FRACTIONATED TOTAL BODY IRRADIATION; THE GASTROINTESTINAL TOXICITY
VERSUS THE CONDITIONING EFFECT FOR BONE MARROW TRANSPLANTATION

WITH DIFFERENT FRACTIONATION SCHEDULES

E.P. Walma, W.M. Klapwijk and A.M. Miller

In most cases, bone marrow transplantation (BMT) is preceded
by a conditioning regimen employing irradiation and/or cytotoxic
drugs. Total body irradiation (TBI) is thought to be the most
effective single agent for conditioning (Vriesendorp, 1980). The
maximum dose of TBI that can be given is restricted by acute
toxicity to the gastrointestinal (GI) tract and by late toxicity
to several tissues/ e.g., lung and pancreas. The introduction of
stem-cell-enriched bone marrow (aimed at mitigating graft-versus-
host disease) as a substitute for whole bone marrow transplanta-
tion requires a better conditioning regimen than is possible with
maximum single dose TBI. We have previously demonstrated the
beneficial effect of administring fractionated irradiation (two
equal fractions at 24 h or 72 h interval) in rhesus monkeys and
dogs (Vriesendorp, 1980; Wagemaker, 1980; Walma and Klapwijk,
1980). It is still pertinent, however, to search for better
fractionation schedules in order to optimize the conditioning
regimen. This is particularly true for patients with presumed
takeability problems, e.g., those who have been sensitized with
blood transfusions before BMT.

The fractionation schedules that we have tested in dogs were
based in pa.rt on the Ellis-formula (Ellis, 1968). Since the Ellis-
formula is based on skin damage and the target tissues in this
study were the GI tract and the bone marrow, simple application of
this formula was not justified.

We have determined the GI tract damage after TBI in mice
following a number of fractionation schedules. The experimental
schedules were chosen such as to minimize the interval between
irradiation and the BMT and to maximize clinical feasibility.
Prolonged intervals would result in an unacceptably long aplastic
phase.

The effects of three of the tested fractionation schedules on
GI tract toxicity in mice are shown in Fig. 1, All mice received
sufficient asologous BM cells to survive the BM syndrome; there-
fore, their deaths (approximately day 8 after TBI) could be fully
attributed to GI damage. As illustrated, the LD50 radiation doses
were: a) single dose, 12.0 Gy; b) two equal fractions at a 24-h
interval, 14.0 Gy; c) two equal fractions at a 72-h interval, 14.0
Gy; and d) three equal fractions at 24-h intervals, 16.0 Gy. Table
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O 1 dose

A 2 fractions q = 24 h

* 2 fractions q = 72 h

Q 3 fractions q = 24 h

18 20

radiation dose (Gy)
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Figure 1:

CBA/Rij mice, 12-20 weeks of age, were irradiated with X rays (Philips Muller,

300 kV, 10 mA, HVL 3.0 mm Cu; average dose rate, 0.16 Gy.min"1). Isologous bone

marrow (5 x 105 - 2 x 106 cells/mouse) was injected one day after the last

irradiation.

Table I

ALLOGENEIC MHC IDENTICAL BM TRANSPLANTATION IN DOGS WITH LYMPHOCYTE

DEPLETED GM-CFU ENRICHED GRAFTS: THE EFFECT OF TOTAL BODY IRRADIATION

IN TWO EQUAL FRACTIONS ON ENGRAFTMENT

group

no.

1

2

conditioning

7.5 Gy TBI

2 x 4.5 Gy TBI**

graft size*

nucleated cells.kg"^

3-5 x 10 7

3-5 x 107

sustained

engraftment

1/5

13/14

* Bone marro"' "as processed on albumin gradients and GM-CFU's were 10-fold

concentrated.

** Separated by 3 days.
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I shows the conditioning effect of a fractionation schedule that
was tested in dogs. Based on this data, two equal fractions of 4.5
Gy (24 h interval), being an equivalent or possibly a lower
nominal standard dose with respect to GI tract toxicity than the
7.5 Gy single dose, is a significant improvement in the condi-
tioning of a recipient of histocompatible BM stem cell transplan-
tations. The "three-fraction" irradiation schedules have not yet
been tested in dogs but will hopefully further improve condi-
tioning with TBI.

E l l i s , F . , Curr. Top. in Radiat. Res. £ (1968) 357.
Vriesendorp, H.M., p . 153, In: The canine as a biomedical research model:

immunological, hematological and oncological aspects , (eds. M. Shifrine and
F.D. Wilson) (1980), Dept. of Enerqy, Office of Health and Environmental
Research, Washington, D . c , Chapter 9.

Wagemaker, G. e t a l . , p . 175, In Annual Report REP-TNO (1980).
Walma, E.P. and Klapwijk, W., p . 17, In Annual Report REP-TNO (1980).
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FACILITATION OF DLA-IDENTICAL BONE MARROW TRANSPLANTATION
IN DOGS BY CYCLOSPORIN A

A.M. Miller, E.P. Walma, W. Klapwijk and D.W. van Bekkum

Successful bone marrow transplantation in DLA-identical dogs is
regularly possible with fractionated (2 x 4.5 Gy) total body
irradiation (TBI) and engraftment with lymphocyte-depleted stem
cell concentrates (Walma and Klapwijk, 1980). The lymphocyte-de-
pleted grafts reduce the number of immunocompetent cells presumed
to be responsible for mediating Graft-versus-Host disease (GvHD)
transplanted while still providing equal numbers of colony forming
units (GM-CFU) as found in whole bone marrow grafts. However, this
conditioning regimen (2 x 4.5 Gy) still gives rise to morbidity
and occasional mortality. The early complications occurring after
TBI are primarily infectious or haemorrhagic in origin. The late
effects consist of recurrent infections, malabsorption and wasting
due to pancreatic fibrosis and, although not toxic, early greying
of the coat (Vriesendorp et al., 1981). In an attempt to amel-
iorate some of the conditioning regimen toxicity, studies were
carried out using lower dose TBI (1 x 5.0 Gy), previously shown to
be insufficient as a conditioning TBI dose with lymphocyte-
depleted grafts (Vriesendorp et al., 1981), engraftment with stem
cell grafts and concurrent administration of Cyclosporin A (Cy A)
at 15 mg.kg~l.day~l orally from day -1 to day 27. The Cy A was
kindly supplied by Sandoz Ltd., Basel, Switzerland. Serum Cy A
levels were determined by radioimmunoassay 2-3 times per week
trough level, immediately preceding the daily oral Cy A adminis-
tration) . Fig. 1 is a representative curve for the Cy A serum
throughout the period of Cy A administration.

As can be seen in Fig. 1, trough Cy A levels were consistently
above 100 ng.ml"-*-, a level believed to correlate with Cy A inuuuno-
suppressive efficacy (Keown et al., 1981). Each of 5 dogs has been
transplanted successfully. Early morbidity, as assessed by general
clinical observation, number of febrile days and episodes of overt
bleeding were reduced in comparison with 2 x 4.5 Gy TBI. No
significant GI, hepatic or renal toxicity could be attributed to
the Cy A at this dose. Table I provides details of the 5 dogs
transplanted.

In 4 of the 5 dogs transplanted, confirmation of the survival
and development of donor cells was possible by sex chromosome
analysis. Dog T156 received donor cells from a sex identical
donor. However, the leukocyte counts and clinical course of this
animal were similar to findings in the other 4 dogs, providing
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Table I

CONDITIONING WITH 1 X 5.0 GY TBI, DLA-IDENTICAL STHM CELL GRAFTS AND CYCLOSPORIN A

dog sex no. of gradient leukocytes (x 109.l~1) Cy A take

cells transfused 10 15 20 25 (15 mg.kg"1.day"1)

T156

801914

801916

800120

800124

M

M

M

F

F

3.3 x 1O7.kg"1 0.6 1.7 1.9 2.6 + +

4.0 x 1O7.kg"1 1.3 1.3 2.5 2.1 + +

4.0 x 1O7.kg"1 1.1 3.0 4.6 1.8 + +

4.0 x 1O7.kg"1 0.6 2.1 5.6 4.4 + +

4.0 x 1O7.kg~1 2.0 2.5 3.6 3.5 + +
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Figure 1:

Cyclosporin A serum through levels as determined by radioimmunoassay. A repre-

sentative curve of 5 dogs after bone marrow transplantation. Dogs received

daily 15 mg.kg"̂  Cyclosporin A in one dose.

c l i n i c a l evidence of a take.
These experiments c lea r ly show a f a c i l i t a t i o n by Cy A of DLA-

identical bone marrow transplantation in dogs. This is apparent in
terms of both a reduction in the necessary conditioning dose of
TBI and a decrease in the overall early morbidity observed with
bone marrow transplantation in dogs, morbidity which is not
entirely attributable to the TBI dose. Further studies regarding
the late effects after transplantation are currently in progress.

Keown, P.A. et al., Lancet i_ (1981) 686.

Vriesendorp, H.M. et al., Transplant. Proc. _13_ (1981) 643.

Walma, E.P. and Klapwijk, W., p. 17, In: Annual Report REP-TNO (1980).
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QUANTITATION OP T-LYMPHOCYTES IN RHESUS MONKEY BONE MARROW GRAFTS
CORRELATED TO GRAFT-VERSUS-HOST DISEASE AND SURVIVAL TIME

AFTER TRANSPLANTATION

D.W. van Bekkum, G. Wagemaker and S. Merchav

The major factors determining the acceptance of a bone marrow
graft, the severity of the resulting Graft-versus-Host (GvH) reac-
tion and therefore the outcome of a bone marrow transplantation
have been identified in several species. They include the degree
of histoincompatibility, especially with regard to the major
histocompatibility complex (MHC), the cellular composition of the
graft, the number of cells transplanted, preparation ("condi-
tioning") of the recipient, the composition of the recipient's
gastrointestinal microflora and the sex of the donor.

It was previously demonstrated that depleting the bone marrow
graft of lymphocytes by discontinuous density gradient centrifu-
gation (Dicke and Van Bekkum, 1971) suffices to prevent GvHD if an
RhLA-identical sibling donor is used (Wagemaker et al., 1981). If
a related, RhLA-A and -B mismatched, -D and -DR matched sibling or
an unrelated, RhLA-A and -B matched and -D and -DR mismatched
monkey was used as a donor, the lymphocyte depletion had to be
combined with gastrointestinal decontamination of the recipient in
order to prevent GvHD. Although we initially reported a favourable
result in 2 out of 3 monkeys with lymphocyte-depleted grafts in
unrelated, RhLA-mismatched donor / recipient combinations under
gnotobiotic conditions (Wagemaker et al., 1981), an extension of
the series revealed 7 cases of lethal GvHD out of 9 recipients
(Wagemaker et al., in press). Only 1 of the recipients in this
group survived for more than a year with early and transient,
transient, minimal signs of GvHD, limited to the skin.

At this stage, the results could be explained in two ways.
Either the immunogenetic barriers could not be overcome in
unrelated, mismatched donor/recipient combinations in outbred
species or the stem cell concentrates prepared by discontinous
albumin gradient centrifugation were still insufficiently depleted
of T lymphocytes. The latter explanation was the more likely,
since a study in mice grafted with H-2 incompatible bone marrow
had shown that even a small number of T-lymphocytes provided by
adding spleen cells to the bone marrow graft abolished the bene-
ficial effect of bacteriological decontamination of the recipients
(Heidt et al., 1981).

The number of T lymphocytes present in monkey bone marrow
grafts was estimated by enumerating E-rosette forming cells (E-
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RFC), using the 2-aminoethyl-isothiouronium bromide (AET) method
(Kaplan and Clark, 1974). In most of the monkeys transplanted, the
donors were heparinized and exsanguinated and the long bones,
ribs, scapular and pelvic bones and the vertebrae removed. These
bones were cleansed, fractured and subjected to high pressure to
expel the bone marrow. In this way the contamination by peripheral
blood was kept at a minimum. This differs essentially from the
clinical situation of aspirated bone marrow taken from living
donors, where the admixture with blood and consequently with T-
lymphocytes is unavoidably higher.

The number of E-RFC in aspirated bone marrow was found to be
4-fold higher than that in pressed bone marrow (Table I). Prelimi-
nary results in humans gave a similar number in aspirated bone
marrow versus only 3% E-RFC in bone marrow flushed from rib
pieces. The T-lymphocyte content of the average "pressed" unfrac-
tionated monkey graft, is therefore, depending on the cell number

Table I

E-ROSETTE FORMING CELLS IN RHESUS MONKEY BONE MARROW GRAFTS

graft

aspirated bone marrow

- buffy coat

graft size in E-RFC

nucleated cells.kg"''

(x 108)

4.0 22%

E-RFC A g "

(x 108)

0.92

depletion

factor *

- stem cell fraction 0.5 23% 0.12 8x

pressed bone marrow

- buffy coat 4.0 6% 0.24 4x

- stem cell fraction

0.5

0.25

0.1

5% 0.
0.

0.

025
013

005

40x

70x

180x

- E-RFC depleted

stem cell fraction

0.25 0.75% 0.002 480x

•taking aspirated, unfractionated bone marrow given in a dose of 4 x 108.kg~1

as a reference and assigned a value of 1.
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grafted, about 2 to 8-fold lower than that of the average human
graft. In extrapolations of the monkey bone marrow transplantation
data to the human situation, this methodological difference should
be taken into consideration.

Table I further shows that gradient centrifugation does not
result in a significant decrease in the concentration of T lympho-
cytes in the stem cell concentrates as compared to unfractionated
bone marrow. Since, however, stem cell concentration results in an
at least 10-fold lower number of nucleated cells required for
sustained engraftment, the absolute number of T lymphocytes
grafted is correspondingly decreased.

To resolve the question of whether the low number of T lympho-
cytes in stem cell concentrates significantly contributed to GvHD,
grafts were further depleted of T lymphocytes by the E-rosette
sedimentation technique (Madsen et al., 1980). Two recipients were
conditioned with fractionated total body irradiation to ensure
engraftment of low numbers of lymphocyte depleted stem cells
(Wagemaker et al., 1981) and given 2.5 x 10? nucleated cells per
kg body weight of E-RFC depleted stem cell fractions of unrelated,
mismatched donors. The monkeys were kept under conventional
conditions.

The two recipients, which showed sustained engraftment, sur-
vived for 76 and 87 days after transplantation, respectively. This
is significantly (p ^0.03) prolonged as compared to control
groups, which received either a low (1 to 2 x 10? per kg) or a
high (5 x 10? per kg) dose of stem cell concentrates from similar
donors; their survival time ranged from 21 to 39 days (n = 7). The
latter monkeys all died from severe GvHD and it can thus be con-
cluded that a graft containing as few as 5 x 10^ T lymphocytes per
kg body weight (Table I) suffices to elicit a lethal GvH reaction
in conventional recipients of mismatched donor cells. In contrast,
the signs of GvHD observed in the monkeys which received E-RPC
depleted stem cell concentrates were comparatively mild and were
not evident prior to the 40th day after transplantation.

Introducing a gnotobiotic state in similar recipients of E-RFC
depleted stem cell concentrates is expected to further mitigate
the development of GvHD and to promote prolonged survival. This
hypothesis is currently being tested.

Dicke, K.A. and Bekkum, D.w. van, Transplant. Proc. 2 (1971) 666.

Heidt, P.J. et al., Transplantation 32. (1981) 263.

Kaplan, M.E. and Clark, C., J. Immunol, Methods £ (1974) 131.

Madsen, M. et al., J. Immunol. Methods 33_ (1980) 323.

Wagemaker, G. et al., Transplant. Proc. J[3_ (1981) 875.

Wagemaker, G. et al.,In: Exp.Hematology Today (eds. S.J.Baum and G.D.Ledney),

Basel, in press.
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EXPERIMENTAL HAEMATOLOGY

ENRICHMENT OF MURINE HAEMOPOIETIC STEM CELLS

J.W.M. Visser and S.J.L. Bol

A search for methods to purify stem cells yielded a new two-
step procedure for obtaining 60 to 100-fold enriched suspensions
of pluripotent haemopoietic stem cells (CFU-S) from normal murine
bone marrow. The method is based on earlier observations that:
1) CFU-S were among the bone marrow cells with a relatively high
affinity for wheat germ agglutinin (WGA), whereas the majority of
the other WGA-positive bone marrow cells were granulocytes (Visser
et al., 1980); 2) CFU-S can be separated from granulocytes and
from several committed progenitor cells by density gradient cen-
trifugation (Bol et al., 1977) and by light-activated cell sorting
according to differences in perpendicular light scattering (Van
den Engh and Visser, 1979). Therefore, the first step of the new
separation method is a single step bovine serum albumin density
separation to select mouse bone marrow cells with a density of
less than 1.072 g.cnr3 at 4°C. The CFU-S were enriched 4.8-fold
(range 3 to 9-fold) by this density cut. Approximately 85% of all
CFU-S were found in the low density cell fraction. As the second
step, the low density cells were labelled with WGA-FITC and sorted
by a light-activated cell sorter on the basis of differences in
light scatter ano fluorescence intensities (Fig. 1). Analysis by
the cell sorter indicated that 12% of the cells from the low
density cell fraction were fluorescent and 25% of the cells from
this fraction (3% of all low density cells) showed both light
scatter characteristics similar to those of CFU-S (van den Engh et
al.,1979) and bright WGA-FITC fluorescence. Cells sorted according
to the latter criterion (Fig. 1) were tested for the presence of
CFU-S by the spleen colony forming assay (Till and McCulloch,
1961). The enrichment factor for CFU-S in the sorted fraction was
found to be 80 (range 50-100) with respect to normal bone marrow.
The recovery of CFU-S was about 40% for the complete two-step
procedure; the other 60% of the CFU-S were found partly in the
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FACS WINDOWS FOR CFU-S ENRICHMENT

forward l ight scatter intensity ( a . u . )

Figure 1:

Dot plots of forward light scatter versus perpendicular light scatter intensi-

t ies (a, c) and versus fluorescence intensit ies (b, d) of control mouse bone

marrow cells (a, b) and low-density bone marrow cells (c, d) labelled with WGA-

FITC. Windows for sorting highly enriched CFU-S suspensions are indicated in

the lower plots .

a.u.: arbitrary units.

high density fraction of the density separation step, and partly
in the fractions containing cells with medium to dull WGA-FITC
fluorescence.

To determine whether the spleen colony assay could be used to
enumerate pluripotent haemopoietic stem cells in highly enriched
suspensions as done in normal bone marrow suspensions, the seeding
efficiency factor and the 30-day irradiation survival were studied
with grafts of the sorted material. The 2 h and 24 h seeding effi-
ciencies (f-factors) to the spleens of mice which received 8.65 Gy
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total body gamma irradiation shortly before grafting were found to
be similar for CFU-S from unfractionated control bone marrow and
for those from the sorted highly enriched suspension (Table I).
This indicates that the spleen colony assay is not significantly
affected by the separation procedure. In addition, results from
experiments to determine the 30-day survival of mice after lethal
irradiation indicated that a graft of sorted cells containing
3+^1 CFU-S is sufficient to protect 50% of the animals. A similar
result was obtained for unfractionated normal bone marrow. It may
be concluded that the sorted stem cells behave normally with
respect to their irradiation protection capability.

An estimate of the purity of the enriched stem cell prepara-
tion can be obtained from the f-factor determination and the inci-
dence of CFU-S in the enriched suspension, which was 2 per 100
cells. A maximum of 5% of the injected haemopoietic stem cells
lodged in the spleen (Table I). Therefore, the incidence of haemo-
poietic stem cells in the enriched suspension is higher than 40%.
Attempts to further purify the murine pluripotent haemopoietic
stem cells are being continued.

Table I

SPLEEN-SEEDING EFFICIENCY OF SORTED CFU-S

time after

grafting

2 h

24 h

f-factor + SD

unsorted control cells

0.083 +_ 0.010

0.035 + 0.005

sorted cells

0.10 + 0.020

0.054 + 0.014

Bol, S. et al., p. 39, In: Cell Separation Methods, (ed. H. Bloemendal),

Elsevier/North-Holland Biomedical Press, Amsterdam, (1977).

Engh, G. van den and Visser, J., Acta Haematol. 62 (1979) 289.

Till, J.E. and McCulloch, E.A., Radiat. Res. 14 (1961) 213.
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THE EFFECT OF SURFACE ANTIGEN LABELLING ON CFU-S VIABILITY!
COMPARISON OF THE INDIRECT IMMUNOFLUORESCENCE

AND THE BIOTIN-AVIDIN/FITC METHODS

J.G.J. Bauman, A.H. Mulder and G.J. van den Engh

The occurrence of differentiation antigens on mouse haemopo-
ietic stem cells and early progenitors has been investigated using
conventional immunological techniques. Van den Engh and Platenburg
(1978) showed, by jji vitro complement mediated cytotoxicity, that
H-2K antigens were present and Thy-1 antigens were absent on the
pluripotent spleen colony forming cells (CFU-S). However, it is
not possible with this method to determine the amount of antigen
present on the cell surface in a quantitative way. Therefore,
these experiments were repeated by comparing antibody binding to
stem cells using immunofluorescence techniques. The fluorescence
of individual cells was analysed on a fluorescence activated cell
sorter (FACS II). The stained bone marrow cells were sorted into
fractions of different fluorescence intensity and the fractions
were assayed for pluripotent stem cells (CFU-S). In this way,
Trask and van den Engh (1980) confirmed that stem cells contain a
high amount of H-2K antigens on their surface. These studies were
complicated, however, by the suppressive effect of the antibody
treatment on jji vivo colony formation.

In more recent studies, the same rn vivo toxicity effects were
observed with monoclonal antibodies. When bone marrow cells were
incubated with a murine monoclonal anti H-2K antibody (clone 11-
14.1, Oi et al., 1978), a slight decrease in the number of spleen
colonies was found (Table I). When in addition'to the antibody the
cells were incubated with FITC-labelled anti-mouse Ig, GAM/FITC, a
further decrease in the number of CFU-S was found. These effects
were also observed when arsanilate-conjugated antibodies and anti-
arsanilate/FITC conjugate were used (Table I). Incubation with the
conjugate alone led to no decrease in the numbers of CFU-S.

The jji vivo toxicity enhancement by the addition of a second
antibody was also found for several other monoclonal antibodies of
which the antigens are present on the stem cells. One of these is
anti-T200 (clone 13/2; Trowbridge, 1978) (Fig. 1).

It was found that the toxicity is greatly diminished if an-
other labelling technique is used. The antibodies are first
labelled with biotin using N-hydroxy-succinimide biotin as des-
cribed by Bayer and Wilcheck (1980). The biotinylated antibodies
are detected with FITC-labelled avidin. Because many biotin mole-
cules can be attached to antibodies without diminishing the anti-
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Table I

EFFECT OF VARIOUS IMMUNOCYTOCHEMICAL TREATMENTS WITH ANTI-H-2K

ANTIBODIES ON NUMBER OF CFU-S*

antibody unmodified arsanilate biotinylate

FITC conjugate GAM anti-arsanilate avidin

number of CFU-S found (% of conjugate)

cells treated with:

- antibody 88 41 68

- conjugate 100 100 100

- both 50 38 105

*10 6 cells in 50 pi Hanks BSS + 5% heat-inactivated calf serum were

incubated with 1 pg antibody followed by 50 pi conjugate diluted 1:50

(GAM = goat-anti-mouse Ig/FITC). For the CFU-S assay, 5 x 104 cells

were injected per mouse (C3Hf/Lw), 7 mice per group.

body activity (Bayer and Wilcheck, 1980), this indirect method is
very sensitive. It was expected that a high number of avidin
molecules (MW 67,000) would shield the Fc parts of the antibodies
from complement or macrophage recognition. This was indeed
observed. The results in Table I and Fig. 1 show that the CFU-S
from bone marrow cells incubated with biotinylated anti-H-2K
(Table I) or biotinylated anti-T200 (Fig. 1) antibodies and avidin
/FITC are not decreased in number. The biotinylated anti-H-2K
antibody alone is still slightly toxic jLn_ vivo, as was also found
for the unmodified and the arsanilate-conjugated antibody (Table
I) (anti-T200 by itself is not toxic JLJI vivo). This shows that it
is not the biotinylation itself but the shielding by the avidin
molecules which protects the Fc parts from complement or macro-
phage recognition. Avidin/FITC itself is not toxic for stem cells.

The fact that there is no difference in the number of stem
cells after labelling bone marrow cells with biotinylated anti-
bodies and avidin/FITC suggests that this labelling technique does
not influence the homing of the stem cells. Therefore, the biotin-
avidin method can be used to quantitate the amount of antigens on
the pluripotent stem cells by use of the FACS. Moreover, stem
cells purified by sorting after labelling with biotinylated mono-
clonal antibodies can also be used in further experiments such as
on repopulation capacity.
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Effect of biotin labelling of monoclonal antibody 13/2 (anti-T200) on recovery

of CFU-S. Bone marrow cells were stained as described for Table I using rabbit-

anti-rat Ig/FITC (RARa/FITC) conjugate as the second layer. (C57BL/Rij x

C3Hf/Lw)Fi mice were used here.

Bayer, E.A. and Wilchek, M. , Meth. Biochem. Anal. _2j6 (1980) 1.

Engh, G.J. van den and Platenburg, M., Exp. Hemat. 6_ (1978) 627.

Engh, G.J. van den, Russel, J. and Cicco, D. de, p. 9, In: Experimental Hema-

tology Today 1978 (eds. S.J. Baum and G.D. Ledney), Springer Verlag, New

York (1978).

Oi, V. et al., Curr. Top. Microbiol. Immunol. &± (1978) 115.
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COMPARISON OF CFU-S AND PROTHYMOCYTES WITH RESPECT
TO H-2 ANTIGENS

A.H. Mulder, J.G.J. Bauman, G.J. van den Engh
and J.W.M. Visser

Haemopoietic stem cells determined as CFU-S give rise to cells
committed to one of the differentiation lines. Determination of
stem cells committed to the T lymphoid lineage is possible only in
a thymus repopulation assay, since In vitro techniques are not yet
available.

The thymus repopulation assay (Boersma et al., 1981) deter-
mines the progeny of prothymocytes. However, the cell suspension
which is injected into the lethally irradiated recipients also
contains CFU-S which may form additional prothymocytes (vide
infra). For this as well as for other reasons, it is of interest
to separate CFU-S from prothymocytes.

Experiments were performed with monoclonal antibodies in order
to compare membrane proteins on CFU-S and prothymocytes. We used a
monoclonal antibody which detects a previously unknown H-2K'C

determinant (Oi et al., 1978) in an indirect staining procedure
with goat-anti-mouse Ig FITC (GAM-FITC) as a second layer. Posi-
tive cells were identified on the basis of membrane fluorescence
using the fluorescence activated cell sorter (FACS II). It was
found that most BC3F1 (C57BL/Rij x C3Hf/Lw)Fl bone marrow cells
possess H-2K, including CFU-S and prothymocytes (data not shown).
In subsequent experiments, we looked for quantitative differences
between H-2K on CFU-S and prothymocytes. BC3F1 bone marrow cells
were incubated with anti-H-2K'c and GAM-FITC and fractionated on
the basis of fluorescence intensity. Fractions were analysed for
CFU-S and thymus repopulating capacity. Table I shows results of
four experiments. Firstly, it was found that the staining proce-
dure is cytotoxic, i.e. 55-65% of CFU-S are killed (NBM sort
control versus H-2K sort control). Secondly, virtually all CFU-S
are found among the 4% highest fluorescing cells, i.e., the cells
with the highest density of H-2K^ determinants. This results in
a 20-fold enrichment. The 96% remaining bone marrow cells were
almost devoid of CFU-S (2/105 or less).

Fig. 1 shows results for the thymus repopulating capacity of
the fractionated cells in the same experiments. The solid line
depicts thymus repopulation with normal bone marrow (10^ cells/
animal), while the broken line shows thymus regeneration after an
equal amount of cells treated with anti-H-2Kk + GAM-FITC. The
cytotoxic effect of anti-H-2K is again evident, this time as a
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Table I

ENRICHMENT OP CFU-S BY H-2K* AND CELL SORTING (CFU-S/105)

treatment exp. I exp. I I exp. I l l exp. IV

n BM sor t con t r . a 26.8 14.2 23.2 25.8

H-2Kk so r t con t r . b 9.2 4.9 10.5 8.7

% highest fluoresc 3.5 4 4 4

cells sorted

CFU-S/105 in 148.4 163 222 215

sorted fraction0

enrichment 16x 24x 21x 24.7x

a n BM sort contr. is normal bone marrow from which a l l cells were sorted.

b H-2Kk sort contr. is bone marrow treated with H-2Kk + goat-anti-mouse Ig FITC
from which a l l cells were sorted,

c The 96% remaining after the sort contained 2 CFU-S/105 cells or less.

reduction in thymus repopulating capacity. The dotted line shows
repopulation after sorting out the 4% most brightly staining cells
with the monoclonal antibody and GAM-PITC. The number of CFU-S
administered with this fraction was equal to that administered
with the unsorted bone marrow treated with anti-H-2K, but thymus
repopulating capacity is considerably reduced. It is postulated
that this repopulation, which is of late onset, originates from
newly formed prothymocytes (arising in the bone marrow of the host
from the injected CFU-S). These experiments show that CFU-S and
prothymocytes possess different amounts of H-2K on their cell
surface, which is additional evidence for the notion that these
cells are distinct from each other. If the cytotoxic action of
anti-H-2K fluorescent reagent can be minimized, i t will be a
valuable tool for separation of these two subsets.
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H-2K*.
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EFFECT OF GM-CSF DEPRIVATION ON GRANULOCYTE-MACROPHAGE
PRECURSOR CELLS

D. Metcalf and S. Merchav

The glycoprotein known as granulocytic-macrophage colony stim-
ulating factor (GM-CSF) is continuously required for the jji vitro
survival and proliferation of granulocyte-macrophage precursor
cells and the formation of colonies of these cells. Techniques
have been developed for the purification of GM colony forming
cells (GM-CFU) and with the availability of purified GM-CSF it is
now possible to begin analyzing by two-dimensional gel analysis
the earliest biochemical events following interaction of GM-CSF
with target GM-CFU. However, interpretation of the observed
changes is impossible if early death of most control GM cells cul-
tured in the absence of GM-CSF occurs. The present studies were
performed to determine the effects of culture in the absence of
GM-CSF on GM colony forming cells and immature GM cells removed
from developing GM clones by micromanipulation.

Cultures of 75,000 C57BL bone marrow cells were prepared in
agar medium and 400 units of GM-CSF (from mouse lung conditioned
medium) were added to the surface of the cultures at intervals
ranging from 0-48 hours. Colonies were counted and typed 7 days
after addition of GM-CSF. As shown in Fig. 1, exponential death
of GM-CFU occurred when these cells were cultured in the absence
of GM-CSF, the observed half-life of GM-CFU varying in different
experiments from 2 3-25 hours. No changes were observed in the pro-
portions of granulocyte, mixed or macrophage colonies produced by
surviving GM-CFU and the response of those GM-CFU surviving for 24
or 48 hours to GM-CSF was identical to that of GM-CFU in normal
C57BL marrow suspensions. However, a progressive reduction was
observed in the size of colonies formed by cells cultured in the
absence of GM-CSF for 24 and 48 hours.

Studies indicated that, if 15 individual cells were removed by
micromanipulation from 3-day GM clones grown in the presence of
GM-CSF and then washed onto the surface of a recipient agar cul-
ture, growth of these cells in a culture lacking GM-CSF resulted
in a more than 100,000-fold dilution of any GM-CSF present in the
original culture. This was a 100-fold lower concentration of GM-
CSF than could stimulate any cell proliferation in test marrow
cultures. Using t:his technique for CSF deprivation, an analysis of
the survival of immature granulocyte- and macrophage-forming cells
after removal of GM-CSF was made.
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Figure 1:

Survival of mouse marrow granulocyte-macrophage colony forming cells initially

cultured in the absence of GM-CSF.

Each line represents data from a separate experiment.

Unexpectedly, immature macrophages were highly sensitive to
CSF deprivation. No proliferation was observed in transferred
cells and most died within 24 hours. When immature granulocyte-
forming cells were deprived of CSF, one third of the transferred
cells was found to be capable of completing one and sometimes two
divisions after transfer before death occurred. The cell cycle
times for these granulocytic cells dividing in the absence of GM-
CSF were longer than those of control cells from the same clones
grown in the continuing presence of GM-CSF.

The results indicated that GM colony forming cells and imma-
ture GM cells require GM-CSF continuously for survival and proli-
feration iri vitro, although many previously stimulated immature G
cells can slowly complete one or two divisions following with-
drawal Of GM-CSF. Provided that biochemical studies on GM-CSF
activity can be completed within 3-6 hours, studies on control
CSF-free cultures will not be seriously complicated by death of GM
progenitor cells.
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STUDIES ON THE SERUM REQUIREMENT FOR LONG-TERM MAINTENANCE OP
HAEMOPOIETIC PROGENITOR CELLS IN VITRO

J.F. Eliason and B. Blauw

Dexter et al. (1977) described a method for culturing mouse
bone marrow cells which allows the maintenance and proliferation
of haemopoietic progenitor cells for at least 2-3 months. Long-
term haemopoiesis in these cultures is absolutely dependent upon
the presence of a proper bone marrow derived adherent layer,
suggesting that this is a suitable ^n vitro system for studying
the role of bone marrow stromal cells in regulating haemopoietic
cell development. In this respect/ the long-term marrow cultures
(LTMC) have been used by several groups to examine the effects of
factors such as erythropoietin {Eliason et al./ 1979), granulo-
cyte-macrophage colony stimulating factor (Dexter and Shadduck,
1980; Williams and Burgess, 1980) and T-cell growth factor
(Ruscetti and GallO/ 1981) on jji vitro haemopoiesis and lympho-
poiesis.

One of the major disadvantages of the LTMC as originally
described was the fact that selected batches of horse serum were
required. This requirement can be overcome in part by adding
hydrocortisone (10~^ -10~5 M), which permits the use of fetal calf
serum (Greenberger, 1978). However, high serum concentrations are
still used and this limits the usefulness of the system for
studying the effects of purified factors in culture; serum may
contain unknown quantities of the factors under investigation as
well as other substances which may interfere either positively or
negatively with their activities.

To better understand the role of serum in the jji vitro mainte-r
nance of haemopoiesis/ we decided to investigate the minimum level
of fetal calf serum (FCS) required for long-term production of
cells and granulocyte-macrophage progenitors (GM-CFU) in the
presence of 10~6 M hydrocortisone. We also wanted to know if the
addition of hydrocortisone obviated the need to preselect serum
lots for these cultures. Therefore, bone marrow cell cultures were
established with three concentrations (20%, 15% and 10%) of two
commercial lots of FCS (denoted as lot A and lot B). The numbers
of nucleated cells and GM-CFU were determined each week. The
results are shown in Table I and are expressed as the number of
weeks cell numbers remained above 106 per 10 ml culture and GM-CFU
numbers remained above 10^ per culture. These values were arbi-
trarily chosen, but represent high levels of production for both
parameters. After the times shown, the numbers of cells and pro-
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T a b l e I

COMPARISON OF TWO COMMERCIAL LOTS OF FETAL CALF SERUM IN THEIR

CAPACITY TO SUPPORT LONG-TERM HAEMOPOIESIS IN VITRO

lot Of FCS

A

B

concentration

of FCS (%)

20

15
10

20

15

10

no. of weeks

cell production

exceeded 106/culture

15

8

7

10

6

3

no. of weeks

GM-CFU production

exceeded 104/cultur

15

8

5

9

3

2

LTMC were established as described by Dexter et a l . (1977). The contents of a
single ND2 mouse femur were flushed into 10 ml of Fischer's medium supple-
mented with 10~̂ M hydrocortisone and the indicated concentrations of FCS.
After 2 weeks incubation at 33°C with weekly feeding by demidepopulation, the
contents of a second femur were added. This time was considered to be week 0
for the cultures.

genitors recovered from the cultures steadily decreased.
It is readily apparent that the duration of haemopoiesis in

the cultures was dependent on both the concentration and the batch
of serum used. Only in the cultures containing the highest concen-
tration (20%) of FCS-lot A did haemopoiesis continue at high
levels throughout the 15 weeks of the experiment. Cell production
in the cultures established with the lower concentrations of this
lot of serum remained above lO^/culture for shorter periods of
time: 8 weeks with 15% FCS and 7 weeks with 10% FCS. The other
batch of serum tested, FCS-lot B, has a lesser capacity to promote
haemopoiesis in LTMC at each concentration.

The inclusion of hydrocortisone in the medium for LTMC does
not lower the level of serum required for long-term maintenance of
haemopoiesis nor does i t eliminate the need to use selected
batches of serum for these cultures.

The observed direct relationship between serum concentration
and the duration of active haemopoiesis in the cultures might be
useful in future attempts to decrease the serum requirement for
LTMC. We are in the process of testing a number of substances such
as albumin, transferrin and various hormones for their capacity to
prolong haemopoietic cell maintenance in LTMC established with low
concentrations (less than 10%) of serum.
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PROLIFERATION OP HAEMOPOIETIC STEM CELLS IN SERUM FREE
SUSPENSION CULTURES

G. Wagemaker and S. Merchav

Culture media for eukaryotic cells are generally supplemented
with selected fetal calf serum to provide optimal growth condi-
tions. Proliferation and maturation of haemopoietic cells are also
dependent on stimulation with specific effector molecules such as
erythropoietin for erythroid cells and colony stimulating factors
for progenitor cells of granulocytes and macrophages.

The presence of serum in cultures of haemopoietic cells gives
rise to several methodological problems. The composition of serum
is multivariate and this results in poor batch-to-batch reproduci-
bility and time-consuming pretesting. Selected sera have been
demonstrated to contain haemopoietic regulators which sometimes
interfere with experimental aims. Furthermore, the presence of
serum in haemopoietic cultures causes considerable difficulty in
distinguishing between specific growth regulators and nutrients or
hormones which nonspecifically promote growth.

These adverse properties of serum supplemented cultures espe-
cially apply to in vitro prolifaration of haemopoietic stem cells
(CFU-S) induced by SAF (stem cell activating factor; this Annual
Report, p. 63 ). Therefore, a variety of compounds have been tested
for their capacity to reduce the serum requirement of these short-
term cultures.

One million or 3 x 10^ nucleated mouse bone marrow cells were
cultured in suspension in round-bottomed tubes in one ml of the
alpha-modification of Dulbecco's MEM (containing 4.5 g.l"-*- glu-
cose) (Wagemaker and Visser, 1980) supplemented with 0.25% (w/v)
delipidated, deionized bovine serum albumin, 3 x 10~6 M Fe-satu-
rated transferrin, 10"^ M Na2SeO3, 3 x 10"^ M egg lecithin (modi-
fied from Guilbert and Iscove, 1976), 10"^ M 2-mercaptoethanol and
supramaximally stimulated with stage 2 SAF (this Annual Report, p.
63). Under these culture conditions, the fetal calf serum concen-
tration could be reduced to 2% (v/v) without affecting the
results. The cultures were incubated at 37°C in 7.5% CO2 in air of
100% humidity. The cultures were terminated after 3 days by adding
a 5- to 10-fold volume of ice-cold HEPES buffered Hanks' balanced
salt solution and injected into lethally irradiated isogeneic
recipient mice for enumeration of CFU-S.

Table I lists the substances which were titrated over a wide
range of concentrations for their effect on CFU-S numbers both in
the presence and the absence of SAF. Hydrocortisone was found to
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Table I

EFFECT* OF VARIOUS SUBSTANCES ON CFU-S NUMBERS IN SHORT-TERM,

SERUM-FREE SUSPENSION CULTURES

+ hydrocortisone - hydrocortisone

- SAF + SAF - SAF + SAF

corticosteroids - - - ++

androgens +

progesterone

17 beta-oestradiol

insulin +_ - +

glucagon +_**

thyroid hormones -

nucleotides/nucleosides +

lecithin/cholesterol/ - + - +

fatty acids

glutathione - +_ +

ceruloplasmin - - -

albumin - + - +

transferrin Fe2 - + - +

2-mercaptoethanol - +

isoproterenol - +

erythropoietin

M-CSF

GM-CSF

epidermal GF -

fibroblast GF -

platelet derived GF

somatomedin

nerve GF

* ++: more than 2-fold increase compared to control

+ : increase between 1.2- and 2-fold

+_ : increase less than 1 • 2-fold

- : no or toxic effect.

**if insulin was also added to the cultures.
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be outstanding in increasing SAP-stimulated CFU-S numbers 3- to 4-
fold and not promoting the survival of CFU-S in the absence of SAF
(Fig. 1). Furthermore, in cultures supplemented with 10~6 M hydro-
cortisone/ fetal calf serum could be omitted with no effect on the
results. Dexamethasone and aldosterone had identical effects and
were not additive to hydrocortisone.

In hydrocortisone supplemented, serum-free cultures stimulated
with stage 2 SAF, a number of compounds, including androgens, a
mixture of nucleotides and nucleosides, several mixtures of phos-
pholipids, cholesterol and essential fatty acids and the b§ta-
adrenergic agonist isoproterenol, were found to be effective in
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I

U

300-
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+ stage 2 SAF
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-O -SAF
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hydrocortisone ( M )

Figure 1:
Effect of hydrocortisone on SAF-stimulated CFU-S in serum-free suspension cul-

tures. The number of CFU-S in SAF-stimulated cultures without hydrocortisone is

indicated by a dashed line. The cultures contained 106 bone marrow cells per

ml.
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further increasing CFU-S numbers. Insulin, effective in the
absence of hydrocortisone, only marginally increased CFU-S numbers
in its presence, whereas glucagon did so only if insulin was also
added.

Corticosteroids and isoproterenol exerted the greatest single
effects. In SAF stimulated cultures supplemented with nucleosides/
nucleotides and 10~6 M hydrocortisone, a 2- to 3-fold increase in
CFU-S as compared to initial numbers was regularly observed.
Adding isoproterenol resulted in a further increase to more than
4-fold.

Testosterone and isoproterenol have been shown to initiate DNA
synthesis in CFU-S (Byron, 1972; 1973), whereas GM-CSF induced
colony formation by multipotential cells (Metcalf et'al., 1980).
However, neither these nor other substances, which included
several growth factors (Table I), promoted survival of CFU-S in
the absence of SAF.

Thus, this pilot study underscores the specificity of SAF and
demonstrates that haemopoietic stem cells detected by the spleen
colony assay can proliferate and miiltiply within a few days in
serum free suspension cultures. Further improvements can be ex-
pected from synergism between several of the substances found to
be effective.

Byron, J.W., Blood 4£ (1972) 198.
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ISOLATION AND PROPERTIES OF A SPECIFIC HAEMOPOIETIC STEM CELL
ACTIVATING FACTOR (SAF)

H. Burger, S. Merchav and G. Wagemaker

V The mechanism(s) regulating replication and differentiation of
pluripotent haemopoietic stem cells have been largely uninvesti-
gated due to the lack of a specific jji vitro assay. Two indepen-
dent studies have previously provided evidence for a soluble
factor initiating cell cycling jjn vitro of cultured haemopoietic
stem cells as detected by the spleen colony assay (CFU-S).
Lowenberg and Dicke (1976) observed that the supernatant of
cultured embryonic fibroblasts promotes the short-term maintenance
of CFU-S in culture. This phenomenon coincided with an initiation
of cell cycling in CFU-S, in agreement with the observation that
cycling CFU-S exhibit more prolonged maintenance in culture than
non-cycling CFU-S (Testa and Lajtha, 1973). A similar observation
was made by Cerny (1974), using the supernatant of PHA-stimulated
mouse spleen cells. The putative molecule exerting this effect was
termed SAF (stem cell activating factor) by Lowenberg and Dicke
(1977).

SAF was isolated from the supernatant of Concanavalin-A
stimulated mouse spleen cells (Wagemaker, 1980a) by a sequence of
affinity chromatography, gel filtration and ion exchange chroma-
tography. The first two steps increased the specific activity 500
to 1600-fold, with an average yield of about 60% of the SAF
activity present in the original spleen conditioned medium (SCM).
The resulting material was termed stage 2 SAF. Ion exchange
chromatography using DEAE-Sepharose further increased the specific
activity to a factor varying between 10^ to 10^-fold that of the
starting SCM. SAF was eluted from this gel at the low ionic
strength provided by 0.02 - 0.03 M NaCl, just before the three
major protein peaks. The resulting material was termed stage 3 SAF
and contained close to 40% of the original SAF activity.

Stage 2 preparations were subjected to polyacrylamide gel
electrophoresis. This revealed (Fig. 1) that SAF is separable from
molecules that stimulate colony formation by progenitor cells of
granulocytes and macrophages in semisolid or viscous cultures.
These so-called colony-stimulating factors (CSF) were invariably
distributed as two distinct peaks. An analysis of the electro-
phoretic mobility of SAF at different acrylamide concentrations
provided an estimate of its molecular size, translated into a
molecular radius of 1.5 nm and a relative molecular mass of 19-
20,000 dalton .
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Figure 1;
Separation of SAF and CSF by polyacrylamide gel electrophoresis•

The banding pattern of stage 3 preparations showed a thin
protein band corresponding to the electrophoretic mobility of SAF.
The electrophoretic mobilities at different acrylamide concentra-
tions identified the two major protein contaminants as residual
bovine serum albumin and human transferrin; these together_repre-
sented about 93% of the protein present in crude SCM. From gel
scans it was estimated that SAF in stage 3 preparations repre-
sented a maximum of 8% of the protein. Thus, the range in sensiti-
vity of about 1 to 50 ng.ml"1 in the dose-response curve of stage
3 SAF (Fig. 2) is equivalent to concentrations in the order of
magnitude of 10~ 1 2 to 10" 1 0 M.

On basis of these data, SAF was identified as a glycoprotein
by its binding to Concanavalin A and its association with a single
protein band. SAF further appeared to have a relatively high iso-
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Dose response curve for stage 3 SAF in serum-free suspension cultures. The
ini t ia l number of CFU-S in these cultures, which contained 3 x 10' bone marrow
cells, is indicated with an arrow. The cultures were terminated after 3 days of

incubation.

electric point, whereas hydrophobic interaction chroraatography
revealed that hydrophobic sites could not be exposed.

SAF was shown to have the capacity to synchronize _in vitro
within 4 h the normally quiescent CFU-S into S-phase, as was
determined by high specific activity tritiated thymidine k i l l . In
addition, higher concentrations of SAF increased the numbers of
CFU-S 2- to 4-fold within 3 days in specifically designed serum
free cultures (Fig. 2; this Annual Report p. 59 ).

Thus, this study demonstrates the existence of a single glyco-
protein factor, termed SAF, capable of controlling the prolifera-
tion of haemopoietic stem cells and demonstrates that these cells
can proliferate and increase in number under selected, serum-free
culture conditions. The specificity of SAF was previously esta-
blished, in that it did not influence colony formation in viscous
cultures by granulocyte/ macrophage and erythroid progenitor cells
(Wagemaker, 1980a; 1980b). The central question as to whether SAF
also initiates differentiation of haenopoietic stem cells awaits
the availability of sufficient quantities of purified SAF, the
preparation of which is in progress.
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MACROSCOPIC SPLEEN COLONY FORMATION BY HAEMOPOIETIC CELLS
OF W/Wv ANAEMIC MICE INFECTED WITH

RAUSCHER MURINE LEUKAEMIA VIRUS

S. Merchav, G. Wagemaker and D.W. van Bekkum

In the homozygous state/ the pleiotropic W-genes in mice pro-
duce 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 transplanta-
tion of bone marrow from normal donors (Seller, 1970).

Bone marrow of W/Wv mice fails to 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)]. Despite the
virtual absence of CFU-S, Harrison (1972) demonstrated that bone
marrow from W/Wv mice is capable of protecting lethally irradiated
recipients, although about 10-fold more marrow cells are needed as
compared with normal bone marrow. Furthermore, it was found in
this institute (van Bekkum, unpublished observations) that, when
W/Wv bone marrow is separated on a discontinuous albumin gradient,
large numbers of cells with the morphological characteristics of
normal haemopoietic stem cells (HSC) can be detected in electron
microscopical preparations of the upper fractions of the gradient,
which concentrate CFU-S from normal mouse bone marrow. In addi-
tion, bone marrow from W/Wv mice was found to contain a normal
proportion of GM-CFU and the self-replication of these cells in
vitro was also normal. Since the spleen of lethally irradiated
recipients of W/Wv marrow contains numerous microcolonies but no
macroscopically visible ones, it is assumed that the W/Wv defect
is not the absence of HSC, but rather their inability to form
macrocolonies in a splenic environment.

We have studied infection of W/Wv mice with Rauscher murine
leukaemia virus (R-MuLV) as part of an investigation directed at
elucidating the role of haemopoietic stem cells in the development
of Rauscher erythroblastosis. In normal mice, the early acute
phase of Rauscher erythroblastosis is characterized by an exponen-
tial increase of both haemopoietic stem cells and all other pro-
genitor cells in the spleen and by splenomegaly which is due
mainly to the accumulation of erythroid progeny.

W/Wv mice of DBA/2 genotype were shown to be susceptible to
infection with R-MuLV by exhibiting characteristic spleen focus
formation (as developed by Pluznik and Sachs, 1966) and spleno-
megaly to the same extent as simultaneously infected DBA/2-+/+
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controls. The aberrant peripheral blood picture characteristic for
Rauscher erythroblastosis was also fully developed in the w/Wv

mice. These findings demonstrate that the genetic defect of W/Wv

mice does not interfere with the development of Rauscher erythro-
blastosis.

This result could be explained by either a lack of primary
involvement of the stem cells in the development of Rauscher
disease or R-MuLV overruling the W/Wv stem cell defect. To test
these alternatives, the macroscopic spleen colony forming capacity
of the stem cells of R-MuLV infected W/Wv mice was investigated.

Bone marrow and spleen cells from R-MuLV infected W/Wv mice
were found to be capable of giving rise to macroscopic spleen
colony formation in lethally irradiated DBA/2-+/+ and DBA/2-W/Wv

mice, although the number of CFU-S is 20-70 times less than that
of normal mice (Fig. 1 and Table I). Controls received injections
of the same cell suspensions irradiated with 10.0 Gy (gamma rays)
or R-MuLV alone. These failed to give rise to macroscopic spleen
colonies. The number of macroscopic spleen colonies was found to
be directly proportional to the number of cells injected. The
colonies appeared to be normal by gross morphological and histo-
logical criteria and were mostly erythropoietic or mixed granulo-
erythropoietic.

« • *• • t -

Figure 1;

Left: macroscopic colony formation in the spleen of a lethally irradiated DBA/2

recipient of 3 x 107 spleen cells of a R-MuLV infected DBA/2-W/Wv mouse.

Right: absence of spleen colonies in control mouse when the same cell suspen-

sion was irradiated with 10.0 Gy gamma rays prior to injection.

68



Table I

CFU-S IN SPLEEN AND BONE MARROW OF R-MuLV INFECTED W/Wv MICE

week after
infection

1
3

W/Wv control

DBA/2-+/+

week after

infection

1

3

W/Wv control

DBA/2-+/+

spleen wt

(g)

0.33

n.d.

0.12

0.1

cells/spleen

6.2 x 108

11.5 x 108

2.25x 108

2.38x 108

cells/femur

4.8 x 106

10.2 x 106

9.25x 106

17.3 x 106

CFU-S/10'*

14

22

0

400

CFU-S/5x105*

2

4

0

160

CFU-S/spleen

870

2530

0

10,000

CFU-S/femur

19

80

0

5,440

•Actual number of R-MuLV infected W/Wv cells injected into lethally

irradiated DBA/2 recipients.

The results indicate that infection of W/Wv mice with R-MuLV
results in a partial restoration of the spleen colony forming
capacity of their HSC. The frequency of CFU-S observed in infected
W/Wv tissues, is still 20-70 times lower than in normal mice as
compared to the 10-fold lower restorative capacity of W/Wv marrow.
It remains to be determined whether this means that only a propor-
tion of W/Wv HSC is "repaired" by the Rauscher infection. Experi-
ments are in progress to extend these data and to further test the
capacity of these R-MuLV infected W/Wv stem cells for sustained
haemopoietic repopulation of lethally irradiated W/Wv recipients.
This seems to be particularly interesting in view of Brommer's
observation- (1972) that spleen cells of R-MuLV infected BALB/c
mice are fully capable of repopulating a lethally irradiated iso-
geneic recipient without causing erythroblastosis or leukaemia.
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TUMOUR INDUCTION AND TUMOUR BIOLOGY

NEOPLASIA IN RHESUS MONKEYS IRRADIATED WITH X RAYS
AND FISSION NEUTRONS

M.J. van Zwieten, J.J. Broerse and C.F. Hollander

In view of the fact that ionizing radiation is being in-
creasingly used in the treatment of patients with solid neoplasms
or for conditioning recipients of bone marrow transplants, data
relating to risks of tumour induction following the administration
of relatively large radiation doses are needed. Human epidemio-
logical data are essential in this regard, but information from
animal studies can be of value in predicting possible risks.

For more than 18 years, a study of the longevity and late
radiation effects in rhesus monkeys (Macaca mulatta) has been in
progress at the REP-Institutes. The monkeys in this study were
irradiated with either X rays or fission neutrons and transplanted
with autologous bone marrow as part of a study on early radiation
effects (Broerse et al., 1978). The lcng-term survivors from that
study included twenty monkeys irradiated with X rays and nine
irradiated with fission neutrons. These animals were closely
observed for evidence of tumour development. An additional group
of twenty-one untreated macaques of comparable ages and housed
under identical conditions was maintained as controls. Up to now,
fourteen X-irradiated, six fission-neutron irradiated and one
control monkey have died. A brief summary of the neoplastic
lesions in these animals will be presented here.

The data on radiation doses, survival times, tumour incidence
and latency periods in the three groups of monkeys are presented
in Table I; a list of the malignant neoplasms observed up to the
present is given in Table II.

Five of the six neutron-irradiated monkeys which died were
found to have malignant neoplasms and a malignant tumour was
surgically removed from one which is currently still alive. The
neoplasms found in this group of animals include three malignant
glomus tumours (glomus tumours are neoplasms of specialized
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Table I

TUMOUR INCIDENCE IN LONG-TERM SURVIVING RHESUS MONKEYS FOLLOWING

IRRADIATION AND BONE MARROW TRANSPLANTATION

type of
radiation

fission

neutrons

mean whole
body dose

(range)

Gy

3.4 (2.3-4.4)

no. dead/
total no.

in group

6/9

age at
death

(range)

yr

10 (7-14)

mean latency
period

(range)

yr

8 (4-14)**

no.with raalig
tumours/total

observation

time, yr*

6/82

X rays 7.2 (3.0-8.6) 14/20 14 (9-19) 12 (7-15)

none - 1/21 18

9/202

0/361

* Total observation time for entire group, both alive and dead.

**Includes one monkey currently alive after removal of malignant neoplasm.

vascular smooth muscle cells, also known as glomangiomas; see
Annual Reports 1970, p. 75 and 1976, p. 103), two osteosarcomas,
two brain tumours and a carcinoma of the kidney. The benign
tumours found in these monkeys are not listed in Table II but
include two dermal fibromas, a subcutaneous hemangioma and an
islet cell adenoma. The mean age of the neutron-irradiated monkeys
at death was 10 years and the mean latency time for tumour
development was 8 years. The ages of the three living animals from
this group are 12, 19 and 19 years.

Fourteen X-irradiated monkeys have died to date, nine of them
with malignant neoplasms. These include five carcinomas of the
kidney, two osteosarcomas, two thyroid carcinomas, an adenocarci-
noma of the colon, a malignant schwannoma and a malignant glomus
tumour. The benign tumours in this group include three renal
adenomas, two subcutaneous neurofibromas, two pituitary adenomas,
a parathyroid adenoma, a dermal fibroma, a uterine fibroleiomyoma
and a lipoma of the peritoneum. The mean age of the X-irradiated
monkeys at death was 14 years and the mean latency period for
tumour development was 12 years. The six monkeys from this group
which are still alive range in age from 11 to 12 years.

To date, only one monkey from the nonirradiated control group
has died. This was a female which died at the age of 18 years with
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Table II

MALIGNANT NEOPLASMS IN IRRADIATED RHESUS MONKEYS

fission-neutron irradiated monkeys X-irradiated monkeys

tumour type

1. malig.glomus tumour,

pelvis

2. malig.glomus tumour,

scrotum

average

whole body

dose (Gy)

2.3

2.6*

3. osteosarcoma, calvarium; 3.5

papillary cystadeno CA,

kidney

4. osteosarcoma, humerus; 3.8

malig.glomus tumour,

subcutis

5. astrocytoma/ cerebrum 4.1

6. glioblastoma, cerebrum 4.4

tumour type

1. papillary adeno CA,

kidney

2. malig.schwannoma,

popliteal space

average

whole body

dose (Gy)

7.65

7.65

3. follicular CA, thyroid 8.1

4. papillary adeno CA, 8.5

kidney

5. papillary adeno CA, 8.5

kidney

6. mucinoud adeno CA, 8.5

colon; papillary

adeno CA, kidney

7. osteosarcoma, calvarium 8.6

8. osteosarcoma, maxilla; 8.6

malig.glomus tumour,

subcutis

9. papillary adeno CA, 8.6

kidney; follicular CA,

thyroid

*currently alive
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severe external endometriosis resulting in extensive abdominal
adhaesions and haemoperitoneum. No malignant tumours were present,
although two discrete lipomas in the submucosa of the stomach were
found at necropsy. The remaining control monkeys range in age from
16 to 23 years (mean age 19 yr.).

A comparison of the tumour data from the irradiated monkeys
indicates that, with a few exceptions, similar types of tumours
occurred in both groups. The continued survival without known
neoplasia of most of the nonirradiated controls makes speculation
on the influence of radiation on induction of specific tumour
types, and their frequencies, premature at the present time.
Unfortunately, little specific data exist on the incidence of
neoplasms in untreated control rhesus monkeys followed for the
duration of their life spans. The final interpretation of the
pathology data will, of necessity, rely greatly on the availabi-
lity of data from nonirradiated controls. The influence of the
irradiation in the present study on reducing the life span and
time to tumour development seems abundantly clear. Moreover, the
average latency period for deaths with malignant neoplasms fol-
lowing X-irradiation is considerably longer (12 years) than that
following neutron irradiation (8 years). These interim data seem
to indicate that studies such as this in nonhuman primates yield
valuable information on tumour induction following whole body
irradiation.

Broerse, J.J. et al., Int. J. Radiat. Biol. 3£ (1978) 253.
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EXPERIMENTAL MAMMARY RADIATION CARCINOGENESIS
AT THE TISSUE LEVEL

V. Di Majo, A.L. Nooteboom, B.M. van Ham,
M.J. van Zwieten and J.J. Broerse

The process of expressing a malignant transformation induced
by total body irradiation and resulting in a neoplasm can be in-
fluenced by endocrinological and immunological factors. An ap-
proach to studying the behaviour of mammary tissue itself is the
transplantation of an irradiated mammary gland into a nonirradi-
ated recipient.

For a small number of grafted animals, a serial sacrifice
experiment was carried out to evaluate the early histological
changes in mammary grafts (Dao et al., 1964) from 10 days to 3
months after transplantation. The grafted mammary tissue appeared
histologically viable at all time intervals (see Fig. 1). There

Figure 1:

Photomicrograph showing mammary tissue graft. Note ducts containing secretory

product and prominent connective tissue capsule surrounding the graft. HPS, x 32
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were signs of good vascularization as early as 10 days after the
transplantation; after 30 days, all blood vessels appeared func-
tional. The grafts were often partially surrounded by a connective
tissue capsule through which blood vessels penetrated.

On the basis of this pilot experiment, a larger study was
started to evaluate the histological changes in a sample of
mammary tissue irradiated jji vivo with radiations of different LET
and grafted to an ectopic site (dorsum) of an isogenic recipient.
Because of interest in developing an animal model to study the
interactions between hormones and ionizing radiation, two types of
recipient animal were utilized: one with an artificially elevated
plasma oestrogen level and a second with a normal hormonal status.
Inguinal mammary glands from whole-body irradiated 6 to 8-week-old
female Sprague-Dawley rats were transplanted into an isogenic
recipient. Donor animals were irradiated with 1 and 2 Gy 15 MeV
neutrons produced by the d+T reaction and 4 and 8 Gy 300 kV X
rays. Subcutaneous implantation of pellets containing 2 mg
17 beta-oestradiol (E2) was performed by means of the technique
described by Blankenstein et al. (1977).

Figure 2:

Papillary

HPS.x 32.

carcinoma in grafted mammary tissue irradiated with 4 Gy X rays.
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Recipient animals were kept under observation and were moni-
tored by weekly inspection until the scheduled time for sacrifice
(4, 7, 10, 13 and 16 months after transplantation). All mammary
gland transplants were prepared as whole mounts (Banerjee et al.,
1976) and examined with a dissecting microscope. The grafts of 73
and 77 animals sacrificed at 4 and 7 months, respectively, after
transplantation showed no neoplasms. At time periods between 10
and 16 months after transplantation, nodules were found in 17 of
the approximately 350 transplants (grafted mammary tissue could
not be identified in about 10% of the cases).

The presence of neoplasms was histologically confirmed in 15
of these transplants (see Table I and Fig. 2). Tumours were
classified as follows: 8 fibroadenomas, 5 papillary carcinomas and
2 adenocarcinomas. One-third of these mammary tumours was found in
animals with pituitary adenomas: this endocrine lesion was mainly
associated with malignant mammary tumours. In addition, nine of
the fifteen neoplasms, including five of the seven histologically
malignant tumours, were found in grafts of E2~treated recipients.
The number of tumours is too low, however, for statistical
analysis.

Table I

INDUCTION OF NEOPLASMS IN MAMMARY TISSUE GRAFTS OF SPRAGUE-DAWLEY RATS

type of

radiation

control

300 kV X rays

15 MeV neutrons

dose

(Gy)

0

0

4

8

4

8

1

2

1

2

E2 time <

implant

no

yes

no

no

yes

yes

no

no

yes

yes

af sacrifice after tran:

10

0/6

0/7

0/8

0/8

0/8

0/8

1/8

0/5

0/6

0/7

(mo)

13

0/8

1(1)/7

0/7

0/7

0/8

0/7

0/8

1/7

0/6

1 (1)/7

splantatio

16

1/8

0/7

K 1 )/6

1/8

1(1)/7

2(1)/7

0/7

KD/7
2/5

2(1)/6

The numbers show tumours scored over the number of grafts seen at sacrifice in

each group. Numbers in parentheses refer to malignant tumours.
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On the whole, this study has shown that the technique of in
vivo irradiation and subsequent transplantation of mammary gland
tissue to an ectopic site is successful and reproducible. The time
of appearance of the first tumours agrees with observations from
our study on mammary carcinogenesis in Sprague-Dawley rats, where
the first tumours appeared between 8 and 10 months after irradia-
tion in animals with and without elevated hormone levels (van
Bekkum et al., 1979).

Banerjee, M.R. et al., p. 457, In: Tissue Culture Association Manual, vol. 2^

no. 4 (1976).

Bekkum, D.W. van et al., p. 743, In: Proc. 6th Int. Congr. Radiat. Research

(1979).

Blankenstein, M.A. et al., Eur. J. Cancer J£ (1977) 1437.

Dao, T.L. et al., J. Nat. Cancer Inst. 32 (1964) 1259.
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ROLE OP PROTHYMOCYTES IN RADIATION INDUCED THYMIC LYMPHOMA

D.W. van Bekkum, W.J.A. Boersma and S. Knaan

Fractionated whole body irradiation with four weekly doses of
1.5-1.8 Gy causes a high incidence of thymic lymphoma in C57BL
mice within 6-12 months after the exposure (Kaplan and Brown,
1952). The initiating leukemogenic events take place in the bone
marrow, but the thymus is required for the expression of the
malignancy (Van Bekkum et al., 1977; Kaplan, 1977; Boniver et al.,
1981). The preleukaemic cells have been demonstrated in the thymus
but not in the bone marrow from day 65 to 90 after the last
irradiation by syngeneic transplantation (Boniver et al., 1981;
Maisin et al., 1980). These preleukaemic cells are Thy-1 negative
and have been called prothymocytes because T cell markers could be
induced on their surfaces (Haran-Ghera et al., 1978).

The induction of thymic leukaemia can be prevented by
shielding the bone marrow in one leg or by injection of normal
isogeneic bone marrow cells after the last irradiation (Kaplan,
1953). We have previously demonstrated that this protection can be
achieved with relatively small numbers of bone marrow cells and
equally well with small numbers of cells from a concentrated stem
cell fraction of bone marrow which is depleted of immune competent
T lymphocytes (van Bekkum et al., 1981). The rescue mechanism is
unknown at present.

It has been shown that the bone marrow of mice contains early
precursor cells that are capable of repopulating the thymus of a
lethally irradiated recipient and that these prothymocytes are
Thy-1 negative and distinct from the pluripotential haemopoietic
stem cell (HSC), although their physical characteristics are very
similar. A quantitative assay for prothymocytes was developed on
the basis of their role in the repopulation of the thymus with
donor cells in lethally irradiated C3Hf mice given graded numbers
of C3AK bone marrow cells (Boersma et al., 1981).

In the regenerating bone marrow collected from mice which are
lethally irradiated and protected with a bone marrow graft, the
prothymocyte/HSC ratio is initially drastically reduced (Boersma
et al., 1981a). It was thought that, after 4 x 1.8 Gy total body
irradiation, the bone marrow cells would also be in a high pro-
1 iterative state in order to compensate for the cell loss. We now
report a marked decrease in the prothymocyte/HSC ratio in the bone
marrow of mice after four weekly fractionated radiation exposures
which is similar to that observed in regenerating bone marrow
following transplantation (Table I).
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Table I

DONOR CELLS IN THYMUS AFTER TRANSPLANTATION OF NORMAL AND

4 x 1 .8 Gy BONE MARROW CELLS

normal bone 4 x 1. 8 Gy bone

marrow c e l l s marrow c e l l s

donor c e l l s / 1 0 5 c e l l s transplanted day 15 950 x 103 1.4 x 103

day 18 2050 x 103 1.9 x 103

donor cells/CFU-S transplanted day 15 49 x 103 2.7 x 103

day 18 102 x 103 3.7 x 103

CFU-S/105 20.1 (100%) 0.52 (2.6 %)

prothymocytes/105 100% 0.06%

prothymocyte s/CFU-S 10 0 % 2.3%

Donor mice: (C3Hf x AKR) F1

Recipient mice: C3Hf, irradiated tota l body with 8.65 Gy.

If the prevention of leukaemogenesis by normal bone marrow
was due to i ts subpopulation of prothymocytes, i t was thought that
such cel ls , being present in high numbers in normal bone marrow,
should be able to colonize the thymus of 4 x 1.8 Gy irradiated
recipients before prothymocytes from their autologous and homo-
logous regenerating marrow would be able to do so. Regenerating
bone marrow would then be expected to provide much less protec-
tion. To test this hypothesis, normal bone marrow cells and cells
from from mice lethally irradiated and bone marrow reconstituted 1
week after transplantation and containing comparable numbers of
CFU-S were injected into C57BL mice following the leukaemogenic
radiation exposure. As can be seen in Pig. 1, regenerating bone
marrow was not effective in the amounts injected. Since the
smallest quantity (104 CFU-S) of normal bone marrow provided
almost complete protection and the greatest quantity of regener-
ating bone marrow (294 CFU-S) resulted in hardly any, the actual
efficiency of regenerating bone marrow in the prevention of leu-
kaemia may quite possibly be much less than one-third of that of
normal bone marrow. Additional experiments with purified precursor
cells of different types will be required to identify the cell
which is responsible for the protection against leukaemogenesis.
The present data seem to rule out such a role for the CFU-S and
support the idea that the prothymocyte is the effective cell type.
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Figure 1;

a. Survival of 4 x 1.8 Gy irradiated C57BL mice after transplantation of bone

marrow cells from normal syngeneic donors.

no bone marrow cells transplanted

2.0 x 106 bone marrow cells (418 CFU-S) transplanted.

0.5 x 106 bone marrow cells (104 CFU-S) transplanted.

b. Survival of 4 x 1.8 Gy irradiated C57BL mice after transplantation of

regenerating syngeneic bone marrow.

17.5 x 106 bone marrow cells (294 CFU-S) transplanted.

8.0 x 106 bone marrow cells (134 CFU-S) transplanted.

2.0 x 106 bone marrow cells (34 CFU-S) transplanted.
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This would also imply that at some time during the initiation the
prothymocyte is the carrier of the information for transformation
in 4 x 1.8 Gy irradiated mice.

Bekkum, D.W. van e t a l . , p . 51. In: Radiation induced leukemogenesis and
rela ted v i ruses . (Ed. J .F . Duplan), Klsevier/North Holland Biomedical
Press , Amsterdam (1977).
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UBIQUITY OF TRANSFORMING GENES IN RODENT DNA

P.A.J. Bentvelzen, M.A. Dubbeld and W.H. Koornstra

DNA fragments isolated from cultured NIH/3T3 mouse fibroblasts
(Cooper et al., 1980) or BALB/c mouse thymocytes (Krump-Konvalin-
kova and Van den Berg, 1980) can morphologically transform esta-
blished mouse cell lines. The altered growth behaviour proved to
be associated with oncogenic potential (Van den Berg et al.,
1981). In an attempt to establish the generality of this pheno-
menon, DNA was isolated from the livers of the genetically
different mouse strains BALB/c, C3Hf, C5 7BL, CBA, DBA and GRS and
rat strains WAG/Rij and SD. When fragmented to an appropriate size
(5-20 kbp) by mechanical shearing through a syringe needle, DNA
from all sources mentioned above was shown to transform either
murine BALB/3T3 or rat WAG/RE fibroblasts when the cultures were
kept for approximately one month. A compilation of the results of
a series of experiments is given in Table I. The modal size of the
DNA fragments strongly influences the rate of transformation.

Table I

MORPHOLOGICAL TRANSFORMATION BY FRAGMENTED RODENT DNA

source of DNA number of foci (+_ SD) of trans-

formed cells per 100 mm dish in

cultures of

BALB/3T3 WAG/RE

mouse strains
37

31

10

41

29

+
+
+
+
+

11

5

2

8

6

BALB/c 3 7 + 1 1 2 8 + 1 0

C3Hf 3 1 + 5 3 4 + 7

C57BL

CBA
DBAf _

GRS 41 +_ 1

rat strains

WAG/Rij 13 _+ 3 45 _+ 13

SD 2 2 + 4 3 2 + 8

no DNA 1 7 + 2
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Mechanical fragmentation of DNA is not yet a completely control-
lable system in our hands. For this reason, not too much value may
be attached to the differences in numbers of foci per plate per
DNA sample. When the modal size of the DNA fragments was smaller
than 5 kbp, no transformation at all was observed. Only a very few
foci were scored when the modal size exceeded 20 kbp.

The C3H10T1/2 cell line, as developed by Reznikoff et al.
(1973), is widely used for chemical and radiation carcinogenesis
studies. These cells require passage only once after the carcino-
genic treatment, in contrast to the 3T3 types of cell lines. It
was investigated whether the C3H10T1/2 line would also be suitable
for DNA transfection studies. One month after incubation with DNA
from different murine sources according to the transfection
technique of Wigler et al. (1979), type III foci of transformed
cells (Fig. 1) were observed; these were not seen in the control
cultures. DNA isolated from BALB/c liver or BALB/3T3 cells trans-
formed these cells only when fragmented to approximately 10 kbp.
However, high molecular weight DNA isolated from various trans-
formed BALB/3T3 cell lines did transform such cells. This observa-
tion supports the view that carcinogenesis involves the transposi-
tion of normal cellular genes involved in th2 control of cell
proliferation.

Figure 1:

Focus of C3H10T1/2 cells

BALB/3T3 cells.

transformed by DNA from spontaneously transformed
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INITIATION OF ISOLATION OF NORMAL BALB/c MOUSE DNA FRAGMENT
HAVING TRANSFORMING ACTIVITY

V. Krump-Konvalinkova, A.G.M. Haaksma/ A. Kukler
and K.J. van den Berg

The hypothesis that neoplasia results from the activation of
some normal cellular genes which escape normal controls is gaining
acceptance (for a review, see Bishop, 1981). We have observed
that, upon transfection, normal BALB/c mouse genomic DNA fragments
can induce or.cogenic transformation of recipient mouse 3T3 fibro-
blasts. These fragments contain information which when placed in
another genetic context manifests its biological activity through
oncogenic transformation of recipient cells. The efficiency of
normal DNA induced transformation is greatly enhanced by leukaemia
virus preinfection of recipient cells. In this case, transforma-
tion of one recipient cell is induced by a single normal DNA
fragment (Krump-Konvalinkova and Van den Berg, 1980).

During the past year, efforts were directed towards better
characterization of the transforming fragment of normal BALB/c
mouse DNA with the focus on experiments prerequisite to its mole-
cular cloning. It was attempted to find a restriction enzyme
compatible with available vectors that would not abolish trans-
forming activity of BALB/c DNA, by testing its sensitivity to
digestion with a battery of restriction endonucleases. The com-
pleteness of digestion was monitored by either incubating a sample
of the reaction mixture with bacteriophage lambda DNA or a lack of
change in the patterns after increasing the enzyme to DNA ratio
several fold. NIH/3T3 cells infected with Moloney murine leukaemia
virus were incubated with the calcium phosphate DNA coprecipitate
for 5 hrs at 37°C and then divided into 10 subcultures. Cells were
renourished at 3 to 4-day intervals. Formation of foci of trans-
formed cells was evaluated 14 days after DNA treatment. The data
presented in Table I are compiled from several experiments, each
of which included control transfection with calf thymus or salmon
sperm DNA. The transforming activity of BALB/c DNA was inactivated
by digestion with the enzymes Aval, Ball, BamHI, Hindlll, Kpnl,
PvuII, Xbal, and Xhol, but not, by digestion with EcoRI, Sail,
Pvul and SphI. The enzymes Sail and Pvul very infrequently cleave
in mouse DNA and are therefore not appropriate for molecular
cloning. After complete digestion of BALB/c DNA, both EcoRI and
SphI generate collections of fragments having a wide molecular
weight range (between 1.5 and 15 kb).

This pattern of sensitivity to restriction endonuclease
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Table I

) THE EFFECT OF RESTRICTION ENZYME CLEAVAGE ON THE TRANSFORMING

ACTIVITY OF NORMAL BALB/c MOUSE DNA

DNA treatment transforming activity

(FFU.jig*1 BALB/c DNA)

unsheared 0.3

(MW ~ 35 kb)

sheared 0.9

(MW ~ 17 kb)

digested with

restriction enzymes

Xhol 0

EcoRI 1.1

Xbal 0

BamHI 0.1

Hindlll 0.1

Kpnl 0

SphI 0.8

Aval 0

Ball 0

Sail 1.2

Pvul 1 •0

PvuII 0.1

digestion of transforming activities of DNA differs from mouse
fibroblasts transformed by normal chicken embryo DNA (Cooper et
al. , 1980), DNA from chemically transformed mouse fibroblasts
(Shilo and Weinberg, 1981), human bladder carcinoma DNA (Krontiris
and Cooper, 1981) and DNAs from mouse and human mammary carcinomas
(Lane et al., 1981).

In gene-enrichment assays with EcoRI digested and sucrose
gradient size fractionated BALB/c DNA, transforming activity
sedimented as a single peak with a molecular weight of between 2
and 7 kb. The transforming activity of BALB/c/EcoRI fragments of
this molecular weight was 4 FFU.jjg"! of BALB/c DNA, representing
a 3 to 4-fold increase in transforming activity as compared with
unfractionated BALB/c/EcoRI fragments. Experiments expected to
allow higher enrichment of the transforming DNA fragment and more
accurate determination of its size are in progress.
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SEARCH FOR RETROVIRAL SEQUENCES IN DNA OF LEUKAEMIC CHILDREN

R.H. Dubbes and J.P.M. Jore

Most RNA viruses that have been isolated from human leukaemic
cells are closely related to the Simian Sarcoma Associated Virus/
Gibbon ape Leukaemia Virus (SiSAV/GaLV) group (Nooter and Bent-
velzen, 1980). The long and laborious tissue culture procedures
involved, however, increase the risk of contamination. This has
been the major criticism of the relatively few cases in which a
virus has been isolated. To exclude the possibility of contamina-
tion, we searched for proviral sequences in fresh tumour material
by use of the so-called Southern blotting technique (Southern,
1975). In this technique, cellular DNA is cut with a restriction
endonuclease into specific fragments, which are then separated
according to size by agarose gel electrophoresis and transferred
to nitrocellulose paper. The DNA fragments are then hybridized to
a radioactive DNA probe. Only those fragments containing sequences
homologous to the probe will be visible on an autoradiogram.

Molecularly cloned SiSAV proviral DNA (a gift of Dr. R.C.
Gallo, National Cancer Institute, U.S.A.) was labelled with 32p by
nick-translation (Rigby et al., 1977) to a specific activity of
~ 1 0 8 cpm.ug~l. With such a probe, the presence of as little as
one provirus per 20-30 cells can be visualized. This lower limit
of detection was determined by mixing decreasing amounts of
digested DNA from a SiSAV-containing human cell clone with carrier
DNA (Fig. 1A). The cell clone used was estimated by restriction
enzyme analysis to contain 3-4 proviral copies per cell. Under
these conditions of hybridization, i.e. conditions that only
permit detection of homologous hybrids, we were unable to show the
presence of (part of) the SiSAV provirus in any of 23 human
leukaemic bone marrow DNAs tested. Thus, if SiSAV is involved,
its provirus in leukaemic DNA must be restricted to a minority of
cells (<5%). For the detection of proviral sequences of distantly
related proviruses, the stringency of hybridization was lowered.
Under these so-called relaxed conditions, one should be able to
detect hybrids with as much as 30% base pair mismatch (Howley et
al., 1979). Thirty-one DNA samples from human leukaemic bone
marrow or pheripheral blood, one leukaemic spleen, three fibro-
blastoid cultures from leukaemic bone marrow and two normal DNA
samples were digested separately with at least two restriction
enzymes (EcoRl, Hindlll, BamHl and/or Kpnl). After electro-
phoretic separation and blot transfer, the filters were hybridized
with 32p_iakene<3 SiSAV proviral DNA. A human osteosarcoma cell
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Figure 1:

Restriction patterns of human DNA obtained by hybridization with 32P-labelled SiSAV proviral DNA. The molecular

weights shown on the left represent the fragments of bacteriophageXDNA generated by Hindlll.

a. DNA of a human cell line containing 3-4 proviral SiSAV copies per cell was digested with Kpnl and either loaded

directly (lane 1) or after dilution with salmon sperm DNA as indicated (lanes 2-6).Each lane contains 20 ug DNA.

b. Human leukaemic DNA was digested with Hindlll. Each of lanes 7-13 contains 20 pg DNA from different patients. Lane

14 contains 20 ug of Hindlll digested DNA from the same human cell line as was used in Fig. 1 .



line which in very early passages was shown to produce retroviral
antigens (Zurcher et al., 1975) was also included. A representa-
tive result is shown in Fig. IB. As can be seen in this figure,
none of the samples tested contained the fragments that are
specific for the presence of proviral SiSAV DNA (compare lanes 7-
13 with 14). Instead, all samples show a faint, diffuse hybridi-
zation pattern indicative of the widespread presence of endogenous
retroviral sequences distantly related to SiSAV (see also this
Annual Report, p. 95).
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SEQUENCES RELATED TO SIMIAN SARCOMA ASSOCIATED VIRUS
IN NORMAL CELLULAR DNA OP SEVERAL MAMMALS

J.P.M. Jore, R.H. Dubbes and P.A.J. Bentvelzen

Simian sarcoma associated virus (SiSAV) was isolated from a
spontaneous fibrosarcoma of a woolly monkey (Wolfe et al., 1972).
It is closely related to gibbon ape leukaemia virus (GaLV), which
is etiologically linked to haemopoietic neoplasias in gibbons
(Deinhardt, 1980). SiSAV is suspected to be a human leukaemia
virus (Nooter and Bentvelzen, 1980). Circumstantial evidence
indicates that it may have evolved from an endogenous virus of a
wild mouse species (Todaro, 1980).

In attempts to trace the origin of the virus, cloned comple-
mentary DNA of SiSAV was tested for reactivity with DNA from
species known to contain endogenous viruses. Likewise, it was
tested with DNA from species in which the existence of endogenous
viruses has not yet been reported. After digestion with the
bacterial restriction enzymes EcoRI, Kpnl, Hindlll or BamHI, the
fragmented DNAs were separated on an agarose gel and blot-
transferred onto nitrocellulose paper (Southern, 1975). Hybridiza-
tion was performed under stringent as well as relaxed conditions.
Stringent conditions permit detection of stable hybrids only,
i.e., hybrids formed between homologous sequences, whereas hybrids
between sequences with up to 30% heterogeneity can be detected
only under conditions favouring their stabilization. This can be
achieved by hybridization at lower temperatures or by adding
formamide to the hybridization solution (Howley et al., 1979).
Results are summarized in Table I. As can be seen in this table,
all species tested, except marmosets, contain endogenous sequences
that react with SiSAV under relaxed conditions. These sequences
probably represent proviral information. It is interesting to note
that the strongest hybridization is observed in rat and mouse DNA,
supporting the proposed Asian rodent origin of SiSAV. Mastomys,
which is an indigenous rodent of Africa and which is thought to
have diverged from rats many million years ago, shows hybridiza-
tion to a lesser extent. Among carnivores, the strong hybridiza-
tion of feline DNA with SiSAV might reflect the presence of
endogenous FeLV thought to originate from germline infection of
one of the cat's ancestors with rodent viruses (Todaro, 1980).
Under stringent conditions, chimpanzee DNA shows hybridization,
while human DNA does not. Yet, both react under relaxed condi-
tions. The endogenous SiSAV-related sequences in man have probably
diverged much more from SiSAV than those in the chimpanzee and
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Table I

PRESENCE OP SiSAV-RELATED SEQUENCES IN CELLULAR DNA OF SEVERAL MAMMALS

relative degree of hybridization*

stringent conditions relaxed conditions

species

mouse

rat

mastomys

rabbit

mink

cat

dog

cow

marmoset

rhesus monkey

chimpanzee

endogenous virus
reported to be

present

+

+

?

+

+

+

-

-

-

+
-

•H--H-

++
+

n-d.

++

+

man

* As estimated visually from autoradiograms: ++++ very strong; + weak hybridi-

zation signals; - no hybridization detectable; n.d.: experiment not done.

have become too distantly related to be detected under stringent
conditions.
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EARLY DECREASE OP RETINOL LEVELS IN MICE AFTER EXPOSURE
TO LOW DOSES OF POLYCHLORINATED BIPHENYLS

K.J. van den Berg and A. Brouwer

Halogenated aromatic hydrocarbons such as polychlorinated
biphenyls (PCBs) are widely distributed in the environment.
Because of properties such as chemical inertness and fat-solubili-
ty/ these compounds tend to accumulate in the environment and in
the human body; as a consequence, they may pose a persistent
threat to health. In acute poisoning of man, monkeys and cattle by
PCBs and related compounds symptoms which resembled a vitamin A
deficiency have been noted (van Putten et al., 1970). It is
possible therefore that a chronic body burden of PCBs may increase
the risk of an individual for cancer via a decreased level of
vitamin A, which is now considered to be a natural inhibitor of
carcinogenesis.

We have started to investigate the influence of PCBs on
natural retinoid levels of mice. We first developed a rapid and
sensitive method for analysing natural retinoids in small amounts
of tissue and body fluids of experimental animals. Liver samples
(0.1-0.2 g) were first dehydrated with anhydrous sodium sulfate
and then extracted with chloroform. Serum (0.1 ml) was extracted
with acetone and ether. The liver and serum extracts were analysed
with a high pressure liquid chromatograph (HPLC) using a UV
detector set at 360 nm. Standard retinoids such as retinol,
retinoic acid, retinyl acetate and retinyl palmitate could be
detected in amounts as low as 1, 3, 3 and 10 nanogram, respec-
tively.

The liver is considered to be the major depot for vitamin A.
In extracts of the livers of mice and rats, about 70-90% of the
natural retinoids was in the form of retinyl palmitate, about 10-
30% as retinol and a few as yet unidentified retinoids as minor
components. The storage of both retinyl palmitate and retinol
clearly increases with age of the animals. Preliminary experiments
on fractionation of liver cells (in collaboration with Ad.Brouwer,
Institute for Experimental Gerontology TNO) indicate that retinyl
palmitate is mainly stored in the small population of fat storing
cells. In serum, retinol is the main vitamin A component.

To investigate the effect of PCBs on retinoid metabolism,
C57BL/Rij mice were exposed to a low dose (5 mg.kg-l i.p. at week-
ly intervals) of Aroclor 1254, a commercially used PCB mixture, or
3, 4, 31, 4' Tetrachlorobiphenyl. The latter is considered to be
one of the most toxic types of PCBs and a potent inducer of aryl

97



hydrocarbon hydroxylase (AHH) activity in responsive strains of
mice, such as C57BL. Control animals were exposed to corn oil,
which was used as a vehicle for PCBs. At weekly intervals, the
retinoid status of the animals was analysed and body weights,
thymus weights, liver weights and liver AHH activity were deter-
mined as general indicators for toxicity. After about 4-5 weeks of
exposure, a decrease in the concentration in the liver and a 50%
decrease in the serum level of retinol were observed with
3,4,3',4' Tetrachlorobiphenyl (Table I). There was no apparent
decrease of retinyl palmitate in the liver. Body weights, thymus
weights, liver weights and AHH activity were not markedly altered.

These preliminary results show that PCBs at a low dose marked-
ly reduce retinol in the liver and serum of C57BL/Rij mice at an
early stage when the usual signs of the toxicity (McConnell,

Table I

EFFECT OF A LOW DOSE OF 3, 4, 3', 41 TETRACHLOROBIPHENYL ON RETINOID LEVELS

AND TOXICITY OF C57BL/Rij MICE

Retinoids

liver retinol (pg.

retinyl palmitate

serum retinol (ng.

Toxicity

body weight (g)

thymus weight (mg.

li/er weight (mg.c

.g~1 liver/g b.w,)

(ug.g~1 liver/g b.w.

ml"1 serum/g b.w.)

,g~1 b.w.)

r1 b.w.)
AHH activity (FU)**

MC induced***

3,4,.3 ,
mean

2.1
) 29.6

10.9

21.0

3.5

62.3

14.0

+

+

+

+

+

+

+

r4

+

0.

4.

3.

0.

0.

4.

5.

TCB
SD

4
6

3

8

7

2

0

control
mean +

2.6 +

26.9 +

SD

0.2

2.1

22.4 jMO.9

20.8 +_

3.3 +_

58.8 _+

16.6 +11

147 +14

2.0

0.8

8.4

.8

.5

difference
%

-20

+10

-50*

+ 1

+ 6

+ 4

-15

C57BL/Rij mice (9, 6 weeks of age)/ 5 animals per group, received a weekly dose

of 5 mg.kg""^ of 3, 4, 31, 41 Tetrachlorobiphenyl dissolved in corn oil or corn

oil only. The animals were sacrified and analysed after 5 weeks.

* differs significantly from control (p <0.05).

** FU, fluorescence units; 1 unit corresponds to 1 nanomole quinine sulfate per

minute per gram liver,

•••activity after priming of mice for 4 consecutive days with 50 nig.kg

methylcholanthrene
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1980), e.g., a decrease in body weight, thymus atrophy and in-
crease in the weight of the liver, are not apparent. Since the
storage of retinyl palmitate, the main depot form of vitamin A, is
not affected at this dose level, this indicates that PCBs inter-
fere at the stage where retinol is transported from liver to the
blood rather than in the biosynthetic route. The decrease of
retinol in mice by PCBs occurs in the absence of increased AHH
activity in the liver, suggesting that the microsomal mixed func-
tion oxidase system in the liver is not involved in this effect.
Results of experiments in progress confirm and extend these
findings by showing that also in the DBAf/2 mouse, a nonresponder
strain with respect to the induction of AHH activity by xenobiotic
substances, serum vitamin A is greatly reduced by PCBs. The
presence of clinical and histopathological signs of a vitamin A
deficiency in the exposed mice is under investigation.

MeConnell. E.E., p. 109, In: Halogenated Biphenyls, Terphenyls, Naphthalenes,

Dibenzodioxins and Related Products (ed. R.D. Kimbrough), Elsevier/North

Holland Biomedical Press, Amsterdam (1980).

Putten, L.M. van et al., p. 155, In: Infections and Immunosuppression in Sub-

human Primates (eds. H. Balner and W.I.B.Beveridge) Munksgaard, Copenhagen

(1970).
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STUDIES ON FACTORS INFLUENCING VARIATIONS IN THE CLONOGENIC
EXPRESSION OF R-1,M TUMOUR CELLS IN VIVO

A.F. Hermens and H.T. Madhuizen

Although there is a large amount of information in the
literature on factors involved in the growth of macroscopically
large tumours (including data on cell kinetic parameters, growth
factors and cell-loss factors), this kind of information is not
sufficient to fully understand the mechanism of the early develop-
ment of tumours when they are still microscopically small. Partic-
ularly during the early stage of growth, the average rate of
volume increase may be influenced by factors associated with
specific host responses and nonrelated host factors such as are
produced by heavily irradiated tumour cells when added to the
inoculum. The changes in the local conditions invoked by these
cells may also change the number of tumour cells required per
inoculum to obtain a 50 per cent tumour take, i.e., the value for
the TD50 (RSvSsz, 1956). For the experimental rhabdomyosarcoma
system of which an R-l cell line is transplantable in the
syngeneic WAG/Rij inbred rat, it has been shown that the TIR-250
interval which is dependent on the average rate of volume increase
after inoculation of tumour cells was reduced by a factor of
about 2 if 10*> heavily irradiated R-l cells were admixed with each
inoculum of viable tumour cells*. Furthermore, the value for the
TD50 was reduced by a factor of 10 (Hermens, 1973).

These observations can be interpreted by assuming that the in
vivo expression of the clonogenic capacity of viable tumour cells
is enhanced and the early development into a tumour is directly or
indirectly stimulated due to the alterations in local conditions
by the heavily irradiated tumour cells.

On the other hand, it was observed that the ^n vitro growth
and clonogenic expression of R-1,M cells which were developed from
the parent R-l line by the use of the cloning technique, could be
temporarily diminished by the presence in mixed cultures of
syngeneic MER-1 cells which have a phagocytic capacity (Hermens
and Madhuizen, 1977). Therefore, it was of interest to investigate
whether the presence of phagocytic normal cells in the inoculum of
R-1,M cells would induce an jLri vivo effect opposite to that of
admixed F(R-1,M) cells.

For that purpose, TD50 assays in which individual animals
received two subcutaneous injections of 0.1 ml (one per flank) of

*For definitions/ see legends to Table I.
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one of a graded concentration of R-1,M cell suspensions which were
mixed with either heavily irradiated F(R-1,M) cells, MER-1 cells
or no other cells were performed. The cell suspensions were
prepared as described earlier and the assays were performed with
female WAG/Rij rats as well as BALB/c.nu mice of both sexes in
order to compare the influence of host factors (Hermens, 1980).
During a period of more than 100 days, the animals were checked
for the occurrence of tumours, which when present were measured
once or twice a week. These data were used to construct growth
curves from which values for TIR-250 intervals and for the
doubling time, T2, could be derived (see Table I). Data on the per
cent tumour takes per number of sites inoculated with a given

Table I

INFLUENCE OF THE HOST AND LOCAL CONDITIONS ON THE CLONOGENIC EXPRESSION AND

SUBSEQUENT TUMOUR GROWTH IN VIVO OF THE R-1,M RHABDOMYOSARCOMA CELL LINE

host animal

WAG/Rij rat

BALB/c.nu mouse

type of

admixed cells

non

105 F(R-1,M)

106 F(R-1,M)

105 MER-1

non
105 F(R-1,M)

105 MER-1

TD 5 0

1.2 x

3.0 x

1.4 x

1.9 x

5.3 x

8.7 x

10

value

104

104

103

103

103

101*
1

TIR

day j+ SE

28 + 2.0

43+4.7

35 + 6.4 -

35+4.3

43 + 5.6

31 _+ 1.1*

44 + 5.4

T2

day +_

3.2 +

3.1 +

2.8 +

3.8 +_

5.8 +

6.5 +

6.4 +

SE

0.20

0.28

0.36

0.37

0.48

0.52

1.02

TD50: represents the number of tumour cells required per injection for a 50 per

cent yield of tumours in a group of animals submitted to the assay.

TIR-250: the time required for tumours to attain a volume of 250 mm3 relative

to the time of injection of the tumour cells.

T2: the time required for a tumour to increase in size by a factor of 7.JL e.g.,

from 250 mm3 to 500 mm3.

F(R-1,M): heavily irradiated (i.e., 40 Gy of 300 kV X rays) R-1,M tumour cells,

also designated as "feeder cells".

MER-1 cells: normal cells with a phagocytic capacity ̂ n vitro originating from

the mesentery of a germfree, female WAG/Rij rat.

* probability for tumour development = ^
TD50

enhancement factor - (1/TO50) derived for R-1,M cells + admixture
(1/TD50) derived for R-1,M cells alone
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"dose" of tumour cells were used for probit analysis in order to
calculate values for the "50 per cent tumour-take dose", TD50.

From the results summarized in Table I, the following conclu-
sions may be drawn:
1. The TD50 values calculated for the WAG/Rij rat and the BALB/c.

nu mouse in which R-1,M cells alone were assayed are not
significantly different; i.e. (0.6-2.4)x 104 and (0.3-0.8)xlO4,
respectively, which are well within the range of (0.5-1.0)x 104

R-1,M cells. This suggests that the combined influence of local
conditions and general host factors exerted on the mechanism
which determines the probability of tumour development is
similar in the syngeneic and allogeneic host.

2. In the WAG/Rij rat, 106 F(R-1,M) feeder cells per inoculum are
required to obtain a 10-fold reduction in the TD50 value,
while, in the BALB/c.nu mouse, admixture of 105 F(R-1,M) cells
causes a 60-fold reduction in the TD50, as compared with values
for the corresponding controls. This shows that addition of
F(R-1,M) feeder cells reduces the value for the TD50 in the
BALB/c.nu mouse more drastically than in the WAG/Rij rat. Cal-
culations show that in the BALB/c.nu mouse the probability of
a single R-1,M cell producing a tumour is enhanced by a
factor of 60 as compared with only a factor of 10 calculated
for the WAG/Rij rat.

3. In contrast to expectations, the phagocytic MER-1 cells when
admixed with the R-1,M cells increase the probability for
expressing the clonogenic capacity of the tumour cells in both
species of animals. Additionally, this increase is more pro-
nounced in the BALB/c.nu mouse than in the WAG/Rij rat, i.e.,
corresponding to an enhancement factor of more than 500 and
less than 50, respectively.

4. None of the values derived for the doubling time, T2, of
tumours which developed in either the WAG/Rij rat or the
BALB/c.nu mouse from inocula admixed with F(R-1,M) or MER-1
cells show significant differences from those derived for
control tumours in the corresponding animal species. This is
more or less also true for data on TIR-250 intervals. However,
for a more detailed analysis, additional data are required.
Because the MER-1 cells seem to enhance the early development

of R-1,M tumours from inoculated R-1,M cells _in vivo rather than
showing an inhibitory effect similar to that observed _in vitro, a
complementary hypothesis may be proposed to explain the present
data. This hypothesis involves the assumption that jji vivo the
phagocytic MER-1 cells affect the viability of not only R-1,M
cells but also that of immune cells which might otherwise kill
many more tumour cells. Experiments are being presently performed
to investigate this possibility.
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HUMAN LUNG TUMOUR CULTURES

J.C. Klein, J. Hasper and C.K. Kalwij

Human lung carcinoma cultures were started for the purpose of
establishing continuous cell lines and developing a short-term
drug sensitivity test for individual human tumours. Minced tumour
material was deposited on top of a feeder layer of nonmalignant
murine cells which had been irradiated (50 Gy) in order to prevent
overgrowth by nonmalignant fibroblasts and to obtain a high
plating efficiency of the tumour cells. Cultures were started from
13 freshly obtained lung carcinomas as well as from 14 human lung
tumour transplants after various passages in nude mice (Table I).
Within a few hours after plating, single tumour cells and cell
clumps became attached to the feeder layer in all cultures. The
cells then spread and formed clusters on top of the feeder layer
(Fig. 1). The tumour cells showed mitotic activity. Most of the
normal fibroblasts in the human tumour specimens died within a few

Figure 1:

Phase contrast micrograph of a human squamous lung tumour 2 days after transfer

to a new feeder layer (HPS, 270x).
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days, as had been shown earlier for nonmalignant murine cell lines
(Table I).

The quality of the feeder layer is of great importance. It
must be confluent in order to prevent attachment of normal stromal
cells to the surface of the culture flask; otherwise, the normal
cells will overgrow the tumour cells. Moreover, the feeder cells
must be actively metabolizing to sustain growth of the tumour
cells. Somet,tumour samples can seriously damage the feeder layers.
They cause gaps in the layer within a few hours due to cell
killing and detachment of feeder cells. If such damage occurs,
tumour cells can be salvaged by detachment of the feeder layer
with attached tumour cells from the surface of the culture flask
by mechanical means, dispersal of the cells by repeated pipetting
and subsequent transfer to a flask with a fresh feeder layer. Such
cultures can be passaged in a similar way. It requires a period of
at least 3-4 months and a number of passages to establish a con-
tinuous growing line.

The direct take and high viability of the tumour cells can be
exploited for short-term drug sensitivity testing. In such a test,
cells freshly derived from tumours were deposited on feeder layers

Table I

TAKE OF TUMOUR CELLS IN A FEEDER LAYER CULTURE SYSTEM

inoculum

Hu lung tumour (patient)

number

13

take specification

9 squamous,

3 adeno carcinoma,

1 oat cell

Hu lung tumour (nude mouse) 15 10 sguamous/

3 adeno carcinoma,

1 oat cell

Hu ovarian tumour (nude mouse) carcinoma

malignant murine cell lines

nonmalignant murine cell lines

1 fibroblastic,

2 epitheloid

1 fibroblastic,

2 epitheloid

+ cells attached, remain viable and active.

- cells attached, but shrink within 24 hours and subsequently die.
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Table II

SHORT-TERM DRUG SENSITIVITY TESTING ON HUMAN LUNG TUMOURS

tumour type drug drug concentration*
0.1 1 10

adeno carcinoma (patient) adriamycin

squamous cell carcinoma vinblastine
(nude mouse)

oat cell carcinoma P3.2-4**
(nude mouse)

* Drug concentration expressed as fraction of maximum tolerated dose in man.
**A cyclophosphazene derivative received from Prof. Dr. J.C. v.d. Grampel,

University of Groningen.
+ a l l tumour cells killed: no cells stained by INT.
+_ fraction of tumour cells killed: some cells stained by INT.
- no tumour cells killed: most cells stained by INT.

in wells of microtest culture plates (Table I I ) . On the next day,
the cultures were treated with various drug concentrations for
four hours. Following this , INT (2-p-iodophenyl, 3-p-nitrophenyl-
5-phenyl tetrazolium chloride) was added to the cultures. During
overnight incubation under these conditions, the viable cells re-
duce water soluble colourless INT to water insoluble red formozan,
which remains in the cell as a precipitate (Fahmy and Walsh, 1952;
Schaeffer and Friend, 1976). Dead cells remain colourless. Drug
activity is scored as + if all tumour cells are colourless and +
(as found at low drug concentrations) if only a fraction of the
tumour cells is stained. The results obtained with three types of
human tumours (Table II) suggest that this method is suitable for
drug testing on individual tumours.

Fahmy, A.R. and Walsh, E.O.F., Biochem. J. 5_1_ (1952) 55.
Schaeffer, W.I. and Friend, K., Cancer Let ters 1 (1976) 259.
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IN VITRO DIFFERENTIATION PATTERNS OF RAT MAMMARY TUMOUR LINES

M.A. Dubbeld, P.A.J. Bentvelzen, W.H. Koornstra, A.P. Hermens,
A.M. de Leeuw and M.J. van Zwieten

Tumour lines which can differentiate jji vitro are widely used
as models for normal cell differentiation and maturation despite
their neoplastic character (Straus, 1981). Rat mammary tumour
lines in which cuboidal epithelial stem cells show transition to
fusiform fibroblast-like cells have been liised for that purpose
(Bennett et al., 1978; Dulbecco et al., 1981). Similar rat mammary
tumour lines have been developed in the present study on differ-
entiation pathways of mammary gland cells.

A mammary carcinosarcoma (Pig. 1A) arose in a ten month old
female Sprague-Dawley (SD) rat which was neonatally infected with
the murine mammary tumour virus. No evidence for the etiological
involvement of this virus was found by means of radioimmunoassay
and molecular hybridization. The tumour was placed in tissue cul-
ture after treatment with collagenase. After the second passage,
the culture was cloned by means of limiting dilution. Ten clones
representing three different cell types were isolated. Eight
clones produced colonies of mainly cuboidal cells (Fig. IB) but,
as the culture aged, some fusiform cells were also produced. This
property was retained when such a cuboidal line (clone 2) was
subcloned. One noncuboidal clone produced stellate-reticular cells
which grew in multilayers and formed dented colonies (Fig. 1C).
There was little or no contact between the cells when satiration
was reached. The other noncuboidal clone (clone 3) produced mainly
ellipsoidal and fibroblast-like cells (Fig. ID) which grew in
monolayers and formed irregularly shaped colonies with no contact
between the cells.

Immunofluorescence studies were performed on acetone-fixed
cells using a monoclonal antibody to mouse prekeratin, which is
regarded as a marker of epithelial cells (Lazarides, 1980). A
mouse mammary adenocarcinoma cell line, C3HMT/clll, reacted
strongly with this antibody, as did the cuboidal cell clones of
the rat mammary tumour line. Fibroblastic mouse NIH/3T3 cells were
not stained by this antibody nor were the noncuboidal clones 9 and
3 of the rat tumour. Only the cuboidal clones can be regarded as
being truly epithelial.

Dimethylsulfoxide (DMSO) is often used as an inducer of cell
differentiation in tumour cell lines (Friend et al., 1971;
Pallfrey et al., 1977). The addition of D^SO to the culture medium
of cuboidal cell clones induced either the production of domes,
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which are typical for epithelial cell cultures, or elongated cells
as described by Bennett et al. (1978). In clone 9 cultures, this
compound induced a still greater variability in cell shape,
ranging from ellipsoidal to stellate or elongated cells. In clone
3 cultures, only ellipsoidal cells but no fibroblast-like cells
could be detected after treatment with DMSO.

Subcutaneous or intraperitoneal inoculation of cells from all
the cuboidal clones into SD rats resulted in the appearance of
rapidly growing tumours. These tumours contained solid areas of
epithelial cells which tended to form tubules and loose sarco-
matous regions. Clone 9 cells produced rapidly growing sarcomas
characterized by loosely organized tissue and compact cellular
areas in SD rats (Fig. IE). The cells from clone 3 gave rise to
slowly growing sarcomas which were composed of uniformly appearing
vacuolated cells with a moderate degree of pleomorphism (Fig. IF).
No evidence of tubule formation was present in tumours derived
from these clones.

Electron microscopy of ultrathin sections of cultured cells
confirmed the epithelial nature of all the clones of cuboidal
cells by showing the presence of desraosomes and microvilli. Clone
9 cells had no desmosomes and few microfilaments but possessed
many microvilli. Clone 3 cells had few microvilli but lacked
desmosomes. Although no typical desmosomes were identified in
cultures of clones 3 and 9, occasional poorly differentiated
membrane junctions were seen.

Ultrathin sections of DMSO treated cells from clone 2 revealed
the presence of fat droplets and pronounced lysosomal structures
in these cells. The DMSO induced a tubular orientation and
polarisation of the cells jjn vitro.

Figure 1:

A: Section of a SD rat mammary carcinosarcoma (HPS,x 140).

B: Colony of mainly cuboidal cells of clone 2 (Phase contrast, x 170).

C: Colony of stellate-reticular cells of clone 9 (Phase contrast, x 170).

D: Colony of ellipsoidal and fibroblast-like cells of clone 3 (Phase contrast,

x 170).

E: Section of tumour derived by subcutaneous inoculation of clone 9 cells (HPS,

x 330).

F. Section of tumour arising after subcutaneous inoculation of clone 3 cells

(HPS, x 330).

G: Electron micrograph of subcutaneous tumour cells derived from clone 2. Note

presence of desmosomes (single arrows) and basement membrane (double

arrows)•

H. Electron micrograph of subcutaneous tumour cells derived from clone 3.
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Electron microscopic examination of thin sections of tumours
derived from cells of the cuboidal cell clone 2 confirmed the
light microscopic appearance of a mixed tumour with fields of
epithelial cells characterized by desmosomes and microvilli (Fig.
1G) and surrounded by loosely structured areas of nonepithelial
cells. In clone 9 tumours, two types of cells were present: one
with electron dense cytoplasm and long cytoplasmic extensions and
another more rounded cell with electron lucent cytoplasm.

Tumours resulting from inoculation of clone 3 cells showed
large quantities of a fibrillar substance containing occasional
collagen fibers between cells (Fig. 1H). Although ultrastructural
features such as microfilaments and basement membrane-like ma-
terial were occasionally seen, no clear-cut ultrastructural evi-
dence for a myoepithelial cell origin of cultures or tumours
derived from clones 9 and 3 could be obtained. Bennett et al.
(1978), however, considered the elongated cells derived from
cuboidal stem cells in their studies to be myoepithelial in
nature.

When clone 9 was recloned at its 14th passage, one of eleven
isolated subclones closely resembled clone 3 on the basis of cell
morphology, colony growth pattern and ultrastructural character-
istics as well as the histological pattern of tumours induced by
subcutaneous inoculation into SD rats. The other 10 subclones
resembled the parental clone 9.

From the results of this study, the following transitional
pathway is suggested:

Cuboidal Stellate-reticular cell Fibroblast-like cell
epithelial *- with some epithelial »- with few epithelial
stem cell characteristics characteristics

(clone 2) (clone 9) (clone 3)

Bennett, D.C. et al., Cell T5_ (1978) 283.

Dulbecco, R. et al., Proc. Nat. Acad. Sci. USA 7£ (1981) 2345.

Friend, C. et al., Proc. Nat. Acad. Sci. USA 68 (1971) 378.

Lazarides, E., Nature 283_ (1980) 249.

Pallfrey, C. et al., Biochem. Biophys. Res. Commun. 1^_ (1977) 937.

Straus, D.S., J. Nat . Cancer Inst- 67 (1981) 233.
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EXPERIMENTAL TUMOUR THERAPY

RESPONSES OF A RAT RHABDOMYOSARCOMA TO A REGIMEN OF
EXTERNAL HIGH DOSE RATE COMBINED WITH INTERSTITIAL

1251 LOW DOSE RATE RADIOTHERAPY

H.B. Kal and E. van Rongen

For a better dose distribution, Iodine-125 seeds have been
used with good results for implantation in human tumours, in most
cases for inoperable slow growing cancers of the prostate, lung
and pancreas and without additional external radiotherapy (Hilaris
1975). Iodine-125 emits X rays at energies of 27.4 and 35.5 keV
and has a half-life of 60.2 days. Low activity Iodine-125 seeds
(3M-Company) of 0.4 mCi having a length of 4.5 mm and a diameter
of 0.8 mm were used for implantation in the fast growing R-l rat
tumour with the aim of investigating the response of fast growing
tumours to Iodine-125 irradiation with or without external irra-
diation. The dose rate at a distance of 3 mm from the seed is
about 0.05 Gy.h~l at the start of the treatment. Depending on the
size of the R-l tumour, one or two seeds were implanted.

One week after implantation of the Iodine-125 seeds, all
tumours were increased in size, although at a slower growth rate
than control tumours. Tumours implanted with one or two seeds have
volume doubling times of 3.3 and 4.6 days, respectively; control
tumours of comparable volumes have doubling times of 2.9 days.
Hence, there is an effect on tumour growth due to the interstitial
irradiation, but it is small.

External doses of 300 kV X rays were administered to the
tumour about 1 week after implantation of the Iodine-125 seeds to
reduce the tumour volume and, as a consequence, to increase the
dose rate. Tumour volume changes induced by Iodine-125 seeds and
doses of 20 or 30 Gy are shown in Figs.1 and 2, respectively.
Tumours treated with the combined regimens show greatest volume
reductions and longer growth delays as compared with those ob-
served after the same external doses only. The tumour growth
delays induced by Iodine-125 seeds in combination with a dose of
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Figure 1:
Tumour volume changes in the R-1 rat rhabdomyosarcomas as a function of time
after treatment. The data points indicate values for the ratios of the volumes
measured at a given time and that at the time of external radiation treatment.
Curve 1 represents the growth of unirradiated tumours.
Curve 2 was obtained after treatment with a dose of 20 Gy alone and curve 3
after combined treatment with one 125I seed and a dose of 20 Gy. The 12^I seeds
were implanted on day -8.

20 Gy are 32.5 to 51.5 days (5 tumours) and in one case even 97
days. In the combination with an external dose of 30 Gy, the
growth delays are 82 and 100 days (curves 2 and 4 of Pig. 2,
respectively) and for the other tumours at least 100 days". One
tumour had not recurred at 4 months after treatment (curve 6 of
Fig. 2).

Growth delays after a dose of 20 or 3 0 Gy only are 20 and 29
days, respectively (curve 2 of Fig. 1 and curve 1 of Fig. 2).
The dose accumulated due to Iodine-125 X rays during the growth of
the tumour represented in Fig. 1, curve 3, has been calculated for
cel ls at the outer rim of the tumour. The assumption was made that
cells responsible for the regrowth of the tumour had been exposed
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Figure 2;
Tumour volume changes in the R-1 rat rhabdomyosarcomas as a function of time

after treatment. The data points indicate values for the ratios of the volume

measured at a given time and that at the time of external radiation treatment.

Curve 1 was obtained after treatment with a dose of 30 Gy alone*

Curves 2 and 3 were obtained after combined treatments with one "125]; seed and

a dose of 30 Gy, curves 4-6 after treatments with two 125I seeds and a dose of

30 Gy. The 125I seeds were implanted on day -12 (curve 4) or on day -8 (curves

2, 3, 5 and 6).

to the lowest dose and therefore were derived from those located
most remotely from the Iodine-125 seed.

During the period in which the tumour continued to increase in
volume after implantation, the dose rate decreased from about 0.1
to 0.02 Gy.h""1, the dose received was 12.4 Gy. In the shrinkage
period, the dose rate increased to about 0.25 Gy.h"-*- and the dose
to 51 Gy. In the remission phase, the dose increased to 136 Gy and
in the recurrence phase to 151 Gy. Due to the probable decreased
effectiveness of the irradiation at the lower dose rates, only the
dose administered to the cells at the rim of the tumour in the
remission phase might have contributed significantly to the bio-
logical effect. In the above example, the dose was 84 Gy in a 14-
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day period. For the tumour represented in Fig. 2, curve 3, the
dose in the remission period of 42 days was 200 Gy; nevertheless,
a recurrence was observed. It is clear that R-l tumour cells ap-
pear to compensate for the effect of the continuous irradiation
and retain the capability to repopulate the tumour. Only one of
the tumours implanted with two seeds in combination with a dose of
30 Gy was cured (Fig. 2, curve 6). It seems therefore that a
critical number of cells surviving the external dose is necessary
to compensate for the effect of the continuous irradiation and to
repopulate the tumour. Below that number, this compensation is not
possible and, therefore, cells will be eliminated. In a tumour of
1 cm^ and consisting of about 10^ cells, the number of surviving
cells after a dose of 30 Gy will be about 10^. The tumours in the
present experiment were irradiated at volumes of 1.2 to 3.9 c">3;
hence, a maximum of 3.9 x 10^ cells may survive the dose of 30 Gy.
In fact, this number is smaller due to the interstitial treatment.
As a result, that critical number of cells may be about 10^.

The observation in this fast growing tumour system that con-
siderable growth delays and even local control can be obtained
indicates that this type of combined treatment might be of signi-
ficant value in radiotherapy in those cases where tumours are
found to be inoperable and normal surrounding tissues limit the
external dose such that no curative dose can be given. The results
indicate that, in addition to the category of slow growing tumours
being present candidates for interstitial treatments, Iodine-125
seeds may also be applied in fast growing tumours, provided that
supplemental external radiotherapy is administered.

Hilaris, B.S. (ed.). Handbook of Interstitial Brachy Therapy, Publishing

Sciences Group, Acton, Mass. (1975).
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TUMOUR GROWTH DELAY AND CELL SURVIVAL IN RAT R-l TUMOURS AFTER
RADIATION AND METHOTREXATE TREATMENT

J.P. Gaiser, A.H. van Berkel and H.B. Kal

The rat R-l rhabdomyosarcoma which forms colonies jln vitro has
been used to investigate the effectiveness of radiochemotherapy.
Tumour growth delay data were compared with those on survival of
cells derived from tumours treated jin situ. Tumour growth delay is
defined as the time interval (number of days) required by the
tumour to regrow to the same volume as it had at the start of the
treatment.

Methotrexate (MTX) was administered i.p. in three doses of 10
mg per kg body weight at intervals of 4 h. A dose of 10 Gy of 300
kV X rays was given at different time intervals before or after
the MTX treatment.

The observed tumour growth delays for the combined treatment
for intervals of up to 4 d were less than the sum of those fol-
lowing separate treatments. An excess in growth delay was observed
when MTX was given 6 to 8 days after or 5 days before a dose of 10
Gy (Fig. 1).
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Figure 1t

Excess growth delay after combined treatment as a function of the time inter-

val; excess growth delay is the- difference between observed growth delay for

the combined treatment and the sum of growth delays of individual treatments•
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The clonogenic capacity of cells from the R-l tumours treated
in situ was assessed by using an In vitro survival assay. Cell
survival data as a function of time after treatment with either a
dose of 10 Gy, MTX or combined treatments at different time
intervals were collected. The fractions of clonogenic cells were
corrected for the differences in cell yield, i.e., the number of
cells per gram of tumour and volumes of treated tumours in com-
parison with the values at the start of the treatment.

The radiation treatment resulted in fractions of surviving
cells which remained constant for up to 6 days after treatment.
The effectiveness of the MTX treatment could be assessed at 3 d
after administration of the drug. At that time, a minimum in the
fraction of surviving cells was observed. In addition, the effec-
tiveness of the combined treatments was assessed at least 3 days
after the MTX treatment.

The fractions of surviving cells after chemoradiotherapy are
represented as a function of the time interval between the drug
and radiation treatments (Fig. 2). The dotted line indicates the

10"-, MTX (3 x 10 mg. kg"1, 4 h interval)
+ t + 10 Gy

10"t

u
o
c
eno
o

o
o
o

lO"3-

io-5J

t 10 Gy

MTX

0 2 4 6 8 10

time interval between treatments (day)
Figure 2:

Fractions of clonogenic R-1 cells relative to the number of cells present at
the time of treatment of R-1 tumours iji vivo as a function of the time interval
between treatments. Data points represent fractions of surviving cells of
individual tumours.
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expected values of the combined treatment on the basis of simple
multiplication of the fractions surviving individual treatments.
The data suggest that the fractions of surviving cells determined
after the combined treatment were not significantly different from
the ones expected. The data on the two endpoints further suggest
that the negative values in the excess growth delays observed for
the combined treatments at intervals of less than 4 days do not
correlate with those of the fractions of surviving cells. Thus/ in
these experiments as well as in the combination of radiation and
vinblastine (Kal and Barendsen, 1980), results obtained with one
endpoint do not correlate with those of another. Additional data
on cell survival, cell proliferation, cell loss and host/tumour
conditions are required to interpret the differences observed.

Kal, H.B. and Barendsen, G.W., Br. J. Cancer 41 (1980) 275.
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SELECTION OF THE RELEVANT ANIMAL TOXICITY PARAMETER FOR ESTIMATING
THE STARTING DOSE IN CLINICAL STUDIES

L.M. van Putten

The prediction of cytostatic drug toxicity for man on the
basis of animal toxicity data has been the subject of a series of
studies in the United States. Goldsmith et al. (1975) have
demonstrated that on the basis of past experience with 30 drugs in
43 dose schedules a well tolerated dose in man could always be
found higher than 1/10 of the LD10 (ten per cent lethal dose) in
the mouse when expressed as drug dose per square meter of body
surface. Studies in large animals did not contribute significantly
to this study to obtain information on quantitative aspects of
drug toxicity; for this reason, it seems acceptable to base the
selection exclusively on mouse data. However, some more recent
data on the reproducibility of quantitative animal toxicity
studies make it desirable to review the basis for this practice.
Guarino et al. (1979) have drawn attention to the poor reproduci-
bility of mouse toxicity data. Wide variations were often found in
results of toxicity studies between different mouse strains and
even in the same strain on different occasions.

In investigations of the EORTC Screening and Pharmacology
Group, toxicity studies on the same drug are often performed in
different laboratories in Europe and similar wide variations have
been encountered in toxicity data. When data from different
studies were pooled for the calculation of LD50 or LD10, it was
noted that the variation between individual and pooled results
were always much wider for LD10 than for LD50*. This was verified
by studying the results of toxicity tests carried out in our
institute. For cyclophosphamide and for the platinum derivative
TNO-6, LD50 tests had been repeatedly performed in the same mouse
strain, (C57BL/Rij x CBA/Rij)Fl hybrids. However, the age and sex
of the animals differed in different experiments. The results are
presented in Table I as calculated by probit analysis. The
seemingly paradoxical result for the LD10 of the pooled data being
outside the range of LD10 values for the individual data sets is
due to the fact that the slope of the dose probit survival curve
is far less steep for the heterogeneous pooled data than for each
individual set. This is illustrated for cyclophosphamide in Fig.
1. As can be seen, the variability in results is greater for the
LD10 than for the LD50. This might imply that it is better to
express the starting dose as a fraction of LD50 than of LD10.
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Table I

REPEATED AND POOLED RESULTS FOR DETERMINATION OF LD50 AND LD10

OF CYCLOPHOSPHAMIDE AND TNO-6

drug

CY

CY

CY

CY

TNO-6

TNO-6

TNO-6

exp. no.

1

2

3

1 + 2 + 3

range

ratio of

extremes

1

2

1 + 2

range

ratio of

extremes

LD10
(mg.kg"1)

556

249

316

180

180 - 556

3. 1

7.67

4.15

4.33

4.15 - 7.67

1.85

LD50

(mg.kg"1)

582

313

346

387

313 - 582

1.9

8.92

12.96

12. 16

8.92 - 12.96

1.45

The basis for using the LD10 is the implicit assumption that
it takes into account not only the median toxic level but also
expresses the variation in toxicity between individual animals.
This was considered safer in view of the well-known wide variation
in the susceptibility of patients to drug toxicity. This argument
is false, however, since there is obviously much less variation
between inbred mice in a simultaneous test than among mice of
different strains tested on different occasions. The range between
LD10 and LD90 for the 30 drugs of Goldsmith et al. was 2.3 + 0.8.
The empirical conclusion of these authors might also be expressed
in terms of LD90: none of their drugs was toxic in man at a dose
of 1/20 of the LD90, as is evident from their Table 9. This
implies that 1/20 of the LD50 must be a safe dose with which to
start a phase I trial. The advantage of using the LD50 lies in the
lesser variability and more accurate determination as compared to
LD10 and this is especially useful if results from different tests
are pooled or averaged.
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Figure 1;

Survival of mice after injection with different doses of cyclophosphamide in

three separate tests• The lines represent the probit regression curves for the

3 experiments and the pooled data. The variation in LD10 results is much wider

than for LD50.

Goldsmith, M.A. et al., Cancer Res. 25. (1975) 1354.

Guarino, A.M. et al., Cancer Res. 39 (1979) 2204.
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SENSITIVITY OP THE LEWIS LUNG TUMOUR TO CYCLOPHOSPHAMIDE AT
DIFFERENT TUMOUR SIZES

J. de Ruiter, J.H. Mulder and L.M. van Putten

The aim of our study was to compare the cell survival of
microscopic and macroscopic Lewis lung tumours transplanted in
BCBA mice. Since cell survival in microscopic tumours can be
determined only by _in situ methods and that in macroscopic tumours
only by methods in which cell suspensions are applied, we were
forced to use different methods.

The survival of tumour cells in macroscopic palpable flank
tumours was assessed by a lung colony assay. Briefly: 24 hours
after i.p. admininistration of 100 mg.kg""1 cyclophosphamide, a
tumour cell suspension was made according to the method of
Reinhold (1965). Tumour cells of control and cyclophosphamide
treated mice (together with 106 microspheres) were inoculated
intravenously into cortisone acetate pretreated mice. The cell
survival was calculated by comparing the mean number of colonies
on the surface of v.he lung after inoculation of treated cells with
the results after noculation of control cells. For the calcula-
tion of the per cent cell survival, corrections for differences in
cell yield and tumour size after treatment were taken into
account.

The survival of tumour cells in microscopic nonpalpable
tumours was assessed if present either subcutaneously or in the
lung. For the subcutaneous _in situ assay, groups of mice were
inoculated with graded numbers of tumour cells. Two days after
tumour inoculation, mice were treated or not with cyclophospha-
mide. From the number of tumours appearing afterwards, the TD50
value was calculated (tumour cell number at which fifty per cent
of the mice developed a tumour). Survival of tumour cells was
calculated by dividing the TD50 in control mice by that in treated
mice. The second method for determining the survival of tumour
cells in microscopic tumours was with the use of an jji situ assay
from microtumours in the lung. For that purpose, mice were inocu-
lated i.v. with tumour cells. One day later, these mice were
treated or not with cyclophosphamide. Two weeks after treatment,
the survival of tumour cells was calculated by dividing the mean
number of macroscopic colonies on the surface of the lung in
treated mice by that in control mice.

The results in Table I show that the per cent cell survival of
subcutaneous palpable tumours varies from 0.2 to 14. The mean cell
survival is six per cent. The cell survival of the microscopic
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Table I

LEWIS LUNG CELL SURVIVAL AFTER TREATMENT WITH 100 mg.kg"1

CYCLOPHOSPHAMIDE I.P. DETERMINED AT VARIOUS TUMOUR SIZES

tumour site tumour size at time

of treatment

methods of cell

survival

per cent tumour

cell survival

in individual

experiments

s.c flank 0.2 mm3 to 1.2 mm3 lung colony assay 0.3; 9; 3

with suspended

cells

s.c. flank

lung after i.v.

inoculation

microscopic, 2 days

old

microscopic, 1 day

old

in situ assay 9; 12

in situ assay 10

(lung colonies)

tumours in the lung or subcutaneously in the flank is about ten
per cent for both. Comparison of the results obtained with the
three methods show no pronounced differences. Apparently, the
effect of cyclophosphamide on the Lewis lung tumour is dependent
on neither tumour volume, tumour localization nor method used to
assess cell survival. The observed decrease in the number of
clonogenic cells by a factor of ten is hardly an effect which you
would expect of curative potential. Nevertheless, significant
numbers of cures are obtained if mice with microtumours in the
flank or spontaneous metastases in the lung are treated with
cyclophosphamide. The reason for this is probably that the differ-
ence in tumour cell numbers needed to obtain a tumour take or no
take is rather small. As is shown in Fig. 1, a factor of ten dif-
ference in cell number can account for a 70-90 per cent difference
in tumour take if chosen in the appropriate dose range. Fig. 1
also shows that cures cannot be expected if more than 10^ cells
are present in microtumours. For that reason, mice cured of micro-
metastases in the lung may have carried cell numbers of up to 10?
cells. Furthermore, those mice which were not cured of their
microtumours in the flank or micrometastases in the lung showed
only a minimal growth delay or survival delay. This is in agree-
ment with the assessed cell survival, since ten per cent cell sur-
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cells of the Lewis lung tumour*

a) control mice, b) mice treated with

after tumour inoculation.

b) TD 5 0 = 158,000. b) TD 5 0 = 1,778,000.

Cell survival is 9%.

IOJ 10° 10'

number of cells

hybrid mice after s.c. inoculation of

100 mg.kg"' cyclophosphamide one day

vival will be comparable to approximately three doubling times or
about six days delay in tumour growth. This means that the dif-
ference in response of the Lewis lung tumour to 100 mg.kg"*! cyclo-
phosphamide, i.e., some mice are cured and others in the same
group show only a minimal growth delay, is explained by the
results presented here.

Reinhold, H.S., Eur. J. Cancer 1 (1965) 67.
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SENSITIVITY TESTING OF HUMAN TUMOURS IN THE FIRST AND LATER
PASSAGES IN NUDE MICE

M.B. Edelstein, T. Sraink and L.M. van Putten

It might be expected that tumour cells unselected by passage
in nude mice would better display the behaviour of cells in the
primary human tumour and thus provide more trustworthy sensitivity
data. However, tumour material obtained after one or more passages
in nude mice (or culture) may be enriched in malignant cells and
depleted in normal cells, so that the subsequent sensitivity
testing is of tumour material and not normal host tissues.
Further, from a purely practical point of view, since any
determination of sensitivity depends on growth of a control tumour
in comparison with that of a treated tumour, the former is of
prime importance in determining what percentage of tests will
provide interpretable results. Growth of untreated tumours may
also improve with prior passages in the appropriate system.

The subrenal capsule technique has been used to study these
factors in ovarian and testis tumours. On receipt of human tumour
material, specimens were prepared for histology, primary testing
in the subrenal capsule in normal mice and for subcutaneous
implantation in nude mice. The technique for the subrenal capsule
assay has been described earlier (Annual Report REP-TNO, 1980, p.
89). Briefly, 1 mm^ blocks of tumour are prepared by the use of a
dissecting microscope and subsequently placed with a trochar under
the renal capsule of normal mice. The mice are marked and treat-
ment io given on days 1 and 5 after tumour injection. Tumour
measurements are made on day 0 (after implantation) and day 6. A
comparison of tumour size as measured with a grid in the dis-
secting microscope at day 6 is made between the various treated
groups and the untreated controls.

If a tumour "takes" in the nude mice, the same procedure of
implantation under the renal capsule is repeated for the second
passage and eventually for the third or fourth passages.

The surgically obtained human tumours were processed histo-
logically to determine the homogeneity of the material received.
We have noted a correlation between growth in the nude mouse or in
the subrenal capsule assay and the presence of ample tumour in the
specimen, ample being defined as tumour in 50% of the microscopic
fields. Of 21 specimens of "ovarian cancer" received, 12 contained
ample tumour cells. Of these 12 histologically confirmed tumours,
10 could be transplanted in nude mice: 10 subrenal capsule trans-
plantations of the primary tumour were made. These grew in 8
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cases. Pour of 6 testis tumour specimens obtained were histo-
logically confirmed. Three could be transplanted in nude mice. Two
of three renal capsule tests done provided growth in the untreated
control. No histologically "negative" specimen (9 ovarian, 2
testis) provided growth under the renal capsule or subcutaneously
in nude mice. In all occasions where growth occurred in nude mice,
the tumour could also be grown in second or later passage and
remained histologically unchanged.

The stability of response to cytostatics is seen in Table I
for untreated ovary tumours P and S obtained from Rotterdam and
testis tumour D obtained from Amsterdam. In all but one case,
tumour sensitivity (tumour S, cyclophosphamide) to each of the

Table I

RESPONSES IN FIRST AND SUBSEQUENT PASSAGES OF TWO OVARIAN AND

ONE TESTIS TUMOUR TESTED WITH A VARIETY OF CYTOSTATICS

ovarian tumour P

adriamycin

cis-platin

cyclophosphamide

5-fluorouracil

ovarian tumour S

adriamycin

cis-platin

eyelophosphamide

5-fluorouracil

testis tumour D

adriamycin

vinblastine

cis-platin

c yclophosphamide

bleomycin

passage 1

94

82

70

70

128

146

28

62

236

70

140

80

135

passage 2

65

63

31

41

97

54

49

40

n.t.

65

108, 56*

17, 12*

96

passage 3

n.t.

65

39

45

110

79

55

34

The values represent treated tumour volume as a percentage of control

tumour volume.

n.t.: not tested.

•tested in two experiments.
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drugs increases between the first and second passages and remains
stable in the third passage. While it is possible that selection
has taken place, it is also possible that by optimalizing growth
for the test system the result of the second (or subsequent)
passage is more representative of sensitivity than the primary
test. Further correlation of the results with the response of the
donor patients is necessary to evaluate the usefulness of the
subrenal capsule assay and to determine whether there is better
correlation with fresh tumour material or with tumour passaged in
nude mice.
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NORMAL TISSUE PROTECTION BY A SMALL PRIMING DOSE OF
CYCLOPHOSPHAMIDE PRIOR TO HIGH-DOSE CHEMORADIOTHERAPY

IN THE BN ACUTE MYELOCYTIC LEUKAEMIA

A. Hagenbeek and A.CM. Martens

The main determinant in limiting high-dose chemoradiotherapy
in cancer treatment is intolerable toxicity to normal tissues such
as the bone marrow, the gastrointestinal tract and the lungs. In
leukaemia, megadose chemoradiotherapy followed by bone marrow
transplantation is being applied to overcome irreversible aplasia.
This procedure has certainly increased the therapeutic index.
However, toxicity in combination with immunological problems is
still a major cause of death.

The Institute of Career Research (Sutton, Surrey, UK) recently
reported on the protective effect of cyclophosphamide pretreatment
in normal animals treated with chemo- or radiotherapy. Millar and
Hudspith (1976) observ«.'d reduced lethality from gamma-ray whole
body irradiation or busulphan treatment in mice pretreated with a
small dose of cyclophosphamide. A small priming dose of cyclophos-
phamide also seems to protect intestinal epithelium (sheep; Millar
et al., 1978a) and lung tissue (mice; Collis et al., 1980) against
severe damage by subsequent high-dose chemotherapy. Besides its
normal tissue protection activity, there are virtually no data on
the effect of priming cyclophosphamide treatment on tumour growth.
So far, only one experiment using the Lewis lung tumour in the
mouse has been reported; this indicated that tumour tissue was not
spared by cyclophosphamide pretreatment (Millar et al., 1978b).

We have investigated the protection of normal tissues by a
small priming dose of cyclophosphamide. The studies were performed
in a rat leukaemia model (BNML) which has striking similari-
ties with human acute myelocytic leukaemia (Hagenbeek and van
Bekkum, 1977). It shows a reproducible growth pattern upon
intravenous cellular transfer within the Brown Norway rat strain.
The growth rate is relatively slow due to a rather low growth
fraction (40%) and an increased cell loss rate (up to 90%); 10?
BNML cells kill after 20-24 days. As the leukaemia progresses,
there is a severe suppression of normal haemopoiesis due to an
absolute numerical decrease in the number of normal haemopoietic
stem cells.

Cyclophosphamide in the higher dose ranges proves to be an
effective drug in this model. With dosages between 120 and 200
mg.kg~l, a 6-10 log leukaemic cell kill was achieved. However,
subsequent isologous bone marrow transplantation was required. In
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addition, a substantial number of rats died from acute cyclophos-
phamide-induced toxicity. These treatments were started at a
full-blown stage of leukaemia, i.e., at day 13-15 after inocula-
tion (tumour load: 5 x 10^ cells).

The results of priming cyclophosphamide treatment are
presented in Table I. If a small priming dose of cyclophospha-
mide (10 mg.kg-1) was given 48 hours prior to the high dose, no
acute toxicity-induced deaths were observed. Further, after sub-
sequent doses of 120 and 150 mg.kg"1, there was only a transient
phase of aplasia, the majority of rats dying from leukaemia. Even
10-50% cures were obtained after treatment in this far advanced
stage of disease. The priming dose per se had no significant
effect on leukaemia development as measured by survival time.

Table I

NORMAL TISSUE PROTECTION BY A SMALL PRIMING DOSE OF CYCLOPHOSPHAMIDE

PRIOR TO HIGH-DOSE CYCLOPHOSPHAMIDE TREATMENT IN

THE BN ACUTE MYELOCYTIC LEUKAEMIA

eyelophosphamide

(mg.kg"1 i.p.)

day 13

10

10

10

10

-

day 15

120

150

200

120

150

200

-

median survival

time (days)

20

58

45

23

16

16

16

23

range

(days)

19-20

23-?

25-?

21-?

15-20

15-21

15-16

15-23

cause

of death

8L

2A/2L

1A/6L

7A

7T/1A

7T/1A

8T

8L

day 0 : 107 BNML i.v. (8 rats per group)

day 13: +_ priming dose cyclophosphamide

day 15: +_ high-dose cyclophosphamide

Cause of death: L = leukaemia; A = aplasia; T = acute cyclophosphamide-

induced toxicity.
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Without priming treatment, 90-100% of the rats died shortly after
high-dose cyclophosphamide treatment because of acute toxicity.

The mechanism behind normal marrow protection is thought to be
due to an increased proliferation rate of normal haemopoietic stem
cells (HSC). In which way the GI tract, the lungs and the bladder
are protected is still unclear at the present. Alterations in the
proliferative status of the epithelia involved might be respon-
sible too.

In summary/ priming with a small dose of cyclophosphamide
might prove to be an effective means to increase the therapeutic
index in the treatment of leukaemia.

Collis, C.H. et al., Br. J. Cancer 4A_ (1980) 901.

Hagenbeek, A. and Bekkum, D.W. van/ Leuk. Res. _1_ (1977) 75.

Millar, J.L. and Hudspith, B.N., Cancer Treat. Rep. 60_ (1976) 409.

Millar, J.L. et al., Eur. J. Cancer 2± (1978a) 1283.

Millar, J.L. et al., Br. J. Cancer 38 (1978b) 137.
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THE USE OF AN IN VITRO ACTIVE CYCLOPHOSPHAMIDE DERIVATIVE
IN AN AUTOLOGOUS BONE MARROW TRANSPLANTATION PROTOCOL

IN AN ANIMAL LEUKAEMIA MODEL.

A.CM. Martens and A. Hagenbeek

During the past thirty years, cyclophosphamide (CP) has found
wide application in therapy protocols for a great variety of
chronic, nonmalignant diseases as well as a great number of
neoplastic malignancies. Cyclophosphamide is not active j£ vitro;
its use is restricted to ijn vivo application. The metabolic
pathway of CP is fairly well understood (Connors et al., 1974).
The first metabolite formed is 4-hydroxycyclophosphamide (4-hydro-
CP) and via some intermediate forms the final toxic compound
phosphamide mustard is formed. The metabolite 4-hydroCP is active
in vivo as well as jjn vitro; however, it is chemically unstable.
The formation of 4-hydroCP can also take place from the precursor
molecule 4-hydroperoxycyclophosphamide (4-hydroperoxyCP), which is
chemically more stable and also has _in vitro activity. If injected
into tumour bearing mice, it shows antitumour activity (Lelieveld
and van Putten, 1976). Moreover, the fraction of tumour cells
which is killed is higher than that of haemopoietic stem cells.
This differential killing effect might serve as a rationale for
application in autologous bone marrow transplantation in leukaemia
patients. Residual leukaemic cells might be selectively removed
from remission marrow by means of Jji vitro incubation prior to
reinfusion after the patient is cleared of leukaemic cells by
megadose chemoradiotherapy.

Sharkis et al. (1980) introduced the rat BNML leukaemia into
the LBNFl hybrids and performed some studies with 4-hydroperoxyCP.
They showed a dose-dependent cytotoxic capacity after jLri vitro
incubation in a leukaemic and normal cell mixture. At higher
concentrations BNML cells were all killed but some CFU-S survived.
However, they did not quantify the effect on both cell types.

In the BN myelocytic leukaemia (serving as a model for human
AML) (Hagenbeek, 1977), we have determined the relative respon-
siveness of the haemopoietic stem cells and the leukaemic cells to
the action of 4-hydroperoxyCP.

Response of CFU-S and leukaemic cells to in vitro incubation with
4-hydroperoxyCP

Normal rat bone marrow cells and leukaemic bone marrow cells
were incubated with different concentrations of 4-hydroperoxyCP at
37°C for 30 min; they were then centrifjged and resuspended. A
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number of pilot studies were done. After injection of 10?,
or 105 BNML cells, incubated at a concentration of 100 x 10~6 M
4-hydroperoxyCP, no animals died from leukaemia. Incubation of
5 x 10 7 normal rat bone marrow cells per ml at the same concentra-
tion of 4-hydroperoxyCP resulted in a reduction of the CFU-S to
14% of the control value. If this number of cells was injected
into lethally irradiated rats, haemopoiesis was restored in all
animals and they survived indefinitely. The number of haemopoietic
stem cells present in the inoculum was calculated to be 34,000
HSC, which is five times the ED50 value [ED50 is the number of
HSC, for rats 7,000, necessary for 50% radioprotection (van
Bekkum, 1977)].

These pilot studies suggested that the percentage of kill was
much higher for the leukaemic cells than for the normal CFU-3. In
addition, they showed that after lethal irradiation haemopoiesis
can be fully restored by CFU-S that have been exposed to the
cytostatic drug.

Extended studies were subsequently performed to determine the
dose-response relationship for the CFU-S [spleen colony assay
(SCA) in mice] and the LCFU-S (scored in a SCA in normal rats). A
fixed number of leukaemic or normal bone marrow cells were incu-
bated at different concentrations of 4-hydroperoxyCP (from 1.25 to
100 x 10~6 M). The LCFU-S and the CFU-S were expressed as per cent
reduction (kill) as compared with serum incubated controls.

Fig. 1 clearly shows that at a 100% kill level for the LCFU-S,
40% of the normal CFU-S are still surviving. At the 50% kill level
for both cell types, it is obvious that the CFU-S is five times
less sensitive to 4-hydroperoxyCP than the LCFU-S. We then used
various artificial mixtures of leukaemic and normal bone marrow
cells to determine what number of contaminating leukaemic cells
could still be efficiently eliminated by jji vitro incubation with
4-hydroperoxyCP. Two doses of 4-hydroperoxyCP were chosen, 25 x
10~6 M and 50 x 10~6 M, both toxic to 100% of the LCFU-S and
having in the order of 15 to 40% toxicity to CFU-S. Four mixtures
of leukaemic and normal cells were chosen: 1/20, 1/100, 1/200 and
1/500, representing situations ranging from a poorly responding
leukaemia to a remission situation'^ Table I shows the results of
two independent experiments in which the reduction/elimination
extent of leukaemic cells in mixtures was determined. Rats
received the preincubation equivalent of 6 x 10^ cells. The normal
HSC content was also determined. Using the appropriate f-factor
(0.007), it was calculated that, in these experiments, the numbers
of HSC were 69,720 and 68,880, respectively. The reduction in
CFU-S after incubation with 25 x 10~6 M was 6% and 0%; for
50 x 10~6 M, the reduction was 48.6% and 23.2%.

After the incubation, the injected 6 x 10^ cells contained 9
to 10 times (25 x 10~6 M) and 5 to 7 times (50 x 10~6 M) the ED50
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Table I

FRACTION OF SURVIVING ANIMALS AFTER RECEIVING 6 x 106 CELLS FROM VARIOUS MIXTURES OF LEUKAEMIC

AND NORMAL CELLS THAT HAVE BEEN SUBJECTED TO IN VITRO INCUBATION WITH ONE OF TWO CONCENTRATIONS OF

4-HYDROPEROXYCYCLOPHOSPHAMIDE AS COMPARED WITH CONTROLS

treatment/ratio 1/20 1/100 1/200 1/500

leukaemic-

normal cells exp 1 exp 2 exp 1 exp 2 exp 1 exp 2 exp 1 exp 2

controls 0/8 0/8 0/8 0/8 0/8 0/8 0/8 0/8

25 x 10~6 M 0/8 0/8 0/8 0/8 1/8 0/8 1/8 2/8

0/16 0/16 1/16 3/16

50 x 10~6 M 5/8 2/8 7/8 5/8 8/8 4/8 8/8 8/8

7/16 12/16 12/16 16/16
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Figure 1:

Reduction in CFU-S and LCFU-S after in vitro incubation with various concentra-

tions of 4-hydroperoxycyclophosphamide.

value, which would be sufficient for 100% radioprotection. With
respect to the survival of the rats, the concentration of 25 x
10~6 M is only slightly effective in the 1 LC/500 NC mixture,
3/16 are surviving. However, this corresponds with a highly effec-
tive elimination of leukaeraic cells as can be calculated from the
survival time of the rats which died. This calculation indicated
that only a few leukaemic cells ( <100) survived the incubation.
Thus, these survival findings conform the results of the LCFU-S
experiments. The concentration of 50 x 10~6 M was already effec-
tive in the 1 LC/20 NC mixture (7/16 survivors). Using this con-
centration with mixtures of 1 LC/100 NC or 1 LC/200 NC, the
majority of the animals survived (both groups 12/16); all animals
in the 1 LC/500 NC mixture survived. These data lead to the
following conclusions:
1) NHSC exposed to 4-hydroperoxyCP retain their potential to

restore haemopoiesis;
2) at a concentration where most HSC survive (50 x 10~6 M ) , all

leukaemic cells that are present can be eliminated by ̂ n vitro
incubation if the number of contaminating leukaemic cells is
less than 1 per 200 normal cells;
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3) for effective selective removal of residual leukaemic cells in
human remission marrow to be used for autologous bone marrow
transplantation, 4-hydroperoxyCP is a potential promising
agent.

Bekkum, D.W. van, p. 3, In: Experimental Haematology Today (eds. S.J. Baum and

G.D. Ledney), Springer Verlag, New York (1977).

Connors, T.A. et al., Biochem. Pharmacol. S!3_ (1974) 115.

Hagenbeek, A., Leuk. Res. J_ (1977) 85.

Lelieveld, P. and Putten, L.M. van, Cancer Treat. Rep. 6£ (1976) 373.

Sharkis, S.J. et al., Blood 55 (1980) 521.
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PREDICTION OF DRUG EFFECTIVENESS ON LEUKAEMIA L1210 BY IN VITRO
CLONOGENIC AND LABELLED PRECURSOR INCORPORATION ASSAYS

P. Lelieveld, W. Akkerman and J.H. Mulder

Human tumours of similar histological type do not respond in
the same way to cytostatic drug treatment. Consequently, there is
a great need to develop assay systems for predicting the sensiti-
vity of individual tumours in order to assure optimal treatment
with cytostatics. Several assay systems have been developed and
are now being subjected to comparative studies in order to deter-
mine their predictive value. We have used a clonogenic and a
labelled precursor incorporation assay, both jji vitro, and com-
pared the results with drug activity j£ vivo. In order to circum-
vent problems with nonhomogeneous human tumour material, we deter-
mined drug activity against the experimental mouse leukaemia
L1210. The following drugs were tested in all three test systems:
melphalan, cis-platin, BCNU, adriamycin, 5-fluorouracil, metho-
trexate, vinblastine and procarbazine.

For the clonogenic assay, appropriate concentrations of drugs
were added to L1210 cells in 35 mm petri dishes containing 1 ml of
soft agar medium. The test medium consisted of Dulbecco's medium
supplemented with 20% horse serum, 60 umol 2-mercaptoethanol, 20
mg.l"-'- L-asparagine, 75 mg.l"-'- DEAE dextran (molecular weight,
2 x 106) and 0.3% bacto-agar (Difco). The dishes were incubated at
37°C in an atmosphere of 10% CO2 in humidified air. The drug was
present during the entire incubation time. The colonies were
counted after eight days. The dose which caused a 50% decrease
(ID50) in the number colonies was calculated.

The labelled precursor incorporation assay is described in
this Annual Report (p. 147 ). The following precursors were used:
^H-uridine for adriamycin, ^H-desoxyuridine for methotrexate and
5-fluorouracil and ^H-thymidine for the other drugs. As in the
clonogenic assay, the results were expressed in terms of ID50.

In vivo tests were done as follows. Mice were injected i.p.
with 10^ L1210 cells. Twenty-four hours later, they were treated
i.p. with the cytostatic drugs. However, methotrexate and procar-
bazine were administered s.c. for three times at intervals of four
hours. The survival time of the mice was determined. The results
were expressed as increase in life span (ILS %) of treated over
control mice, e.g., an increase in life span of 4 days over .the
mean survival time of 8 days in control mice resulted in an ILS of
100%.

143



The results are shown in Table I. Since the two jji vitro
assays were developed to predict Jji vivo responses, the results of
these assays were compared with the mouse ILS. The leukaemia L1210
was considered sensitive to a drug when, arbitrarily, an ILS of
>50%or>10% cures were observed. With these criteria for activity,
the L1210 is sensitive to all drugs tested. In the clonogenic
assay, the activity of a drug predicts tumour sensitivity when
there is a 50% or more reduction in the number of colonies at an
in vitro dose of 1/10 of the maximal achievable plasma concentra-
tion _in vivo. Using this criterion, L1210 is predicted to be
resistant to procarbazine and predicted to be sensitive to all
other drugs. Except for procarbazine, all of these predictions
prove to be correct. The explanation for the ineffectiveness of
procarbazine _in vitro is simple: the drug must be activated in the
liver to form azoprocarbazine, which will then produce reactive
products.

The labelled precursor incorporation assay is much less
sensitive. Moreover, the results may vary by about a factor of 10
between highest and lowest values. Melphalan, cis-platin and
procarbazine did not inhibit incorporation at the maximum dose
tested. The ineffectiveness of procarbazine has already been
explained. Melphalan and cis-platin predict resistance, which is ma
false negative prediction. Relatively low drug concentrations are
necessary to inhibit precursor incorporation for BCNU, adriamycin,
5-fluorouracil, methotrexate and vinblastine. They predict sensi-
tivity, which is a true positive prediction.

In summary, using the clonogenic assay, all drugs, except for
procarbazine, were predicted to be active _in vivo against the
L1210. This high score of true positive predictions can be ob-
tained with drugs for which the mechanism of action or at least
part of the pharmacology is known. When used for screening new
drugs, the clonogenic assay will miss compounds such as procar-
bazine which must be activated ^n vivo. The labelled precursor
incorporation assay can be performed on a large number of biop-
sies, since it depends only on the cell yield and not on growth jji
vitro. The assay produces results within one day. Despite^ these
advantages, the precursor incorporation assay cannot fully replace
the clonogenic assay, since it predicted resistance for melphalan
and cis-platin, drugs to which the L1210 jji vivo is sensitive.
Further studies with other tumours might elucidate whether the
predictive value of both assays is tumour-specific or is drug-
dependent.
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Table I

COMPARATIVE INVESTIGATIONS IN LEUKAEMIA 1,1210

drug

melphalan

cis-platin

BCNU

adriamycin

5-fluorouracil

methotrexate

vinblastine

procarbazine

clonogenic

ID50
(ng.ml~1)*

515

335

1888

32

34

6

14

3 x 105

assay

S/R**

s
s
s
s
s
s
s
R

labelled precursor
assay

ID50
(ng.ml"1)*

>2 x 104

>105

10*

732

21

30

9000

>105

S/R**

R

R

S

S

S

S

S

R

best results in

dose

{mg.kg-1)

5

5

20

6

240

3 x 20

2.5

3 x167

ILS

<%r
95

110

207

457

100

650

125

86

vivo

cure

<%r
30

33

10

53

0

60

40

0

* median value. On the average the range covered a factor 2.5 in concentration.

**prediction is sensitive (S) or resistant (R)

increase (%) in life span of treated over control mice

"""per cent 60-day survivors.



IN VITRO RADIOACTIVE PRECURSOR INCORPORATION TEST
FOR CHEMOTHERAPY RESISTANCE ("VOLM ASSAY")

J.H. Mulder and P. Lelieveld

Whether a certain chemotherapy regimen will be successful in
an individual patient with cancer is always difficult to predict.
For example, in approximately 75 per cent of the patient popula-
tion with metastatic colo-rectal cancer, the chemotherapy does not
result in a tumour volume reduction and, therefore, has to be
stopped. Consequently, more than half of the patients in our
example will have received chemotherapy during several weeks
without any benefit and generally with considerable morbidity.
Therefore, it would be of great advantage if reliable methods were
available to determine the sensitivity of a tumour to a given
chemotherapeutic agent before treatment of the patient is started.

Since the bacteriologists have successfully applied jjn vitro
tests that could accurately assess the sensitivity of micro-
organisms to antibiotics, both practicing oncologists and cell
biologists have attempted to develop analogous test systems for
anticancer agents. As no such a predictive test is commonly
applied in practice (although several have been developed since
1950), it seems justified to be sceptical about such in vitro
systems. Mulder et al. (1980), stressed the need to establish
the reliability of the clonogenic assay described by Hamburger and
Salmon (1977). In this report, we will focus another technique
designed to assess drug effects, i.e., the short-term test des-
cribed by Volm et al. (1974). In this test system, the inhibition
of incorporation of labelled nucleosides after two hours cyto-
static drug incubation is used as a parameter for drug sensi-
tivity. The results of comparative investigations on transplanted
solid tumours _in vivo and _in vitro with the Volm assay will be
presented.

Solid tumours (C22LR osteosarcoma and Lewis lung carcinoma)
were obtained by subcutaneous injection of cells in (C57BL/Rij x
CBA/Rij)Fl hybrid mice. After intraperitoneal administration of
the drug to be tested, the growth curves of treated and control
tumours were compared. The endpoint of cytostatic treatment in
these ^n vivo experiments is the mean growth delay obtained at the
highest nonlethal drug dosage (^LDIO). For the short term jji vitro
test, tumours were mechanically disrupted, trypsinized and sus-
pended in Hanks1 balanced salt solution supplemented with 5% calf
serum. Cells were incubated with agents for three hours at 37°C.
During the last hour of the incubation, depending on the drug
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tested, ^H-thymidine, 3fj_uri<3ine o r SH-^esoxyuridine (1 mCi .ml"-'-)
was added. Aliquots of cells from each incubation mixture (0.1 ml)
were automatically harvested on a filter and washed with distilled
water. The paper dishes with cells were dried and the activity
incorporated into DNA or RNA was measured by liquid scintillation
counting. Results of triplicate samples were expressed as counts
per minute as a function of the drug concentration. In all experi-
ments, the maximum drug concentration was 100 jug.ml~l. For compar-
ison of the jji vivo and jji vitro responses, we arbitrarily list a
particular drug as effective when it induces a growth delay of 2.5
days or longer (the tumour volume doubling time of both solid
tumour lines is approximately 2.5 days). The criterion of Jji vitro
sensitivity is correlated with the capacity of a drug to inhibit
the incorporation of the radioactive precursors, i.e., a drug is
classified as effective if inhibition of more than 50 per cent of
the incorporation in untreated (control) cells is determined
(ID50). To establish the reliability of the test, we compared the
semiquantitative results obtained from effects of drugs which were
administered at therapeutic doses _in. vivo with those obtained with
roughly the same concentration ^n vitro. This, in fact, concerns

Table I

COMPARATIVE INVESTIGATIONS IN C22LR OSTEOSARCOMA

drug in vivo growth delay at in vitro concentration

^ LD10 dose at which 50 per cent

days (dose admin.) inhibition is obtained

adriamycin

cis-platin

BCNU

melphalan

5-fluorouracil

2.0

9.0

6.7

4.8

4.5

(12.

(12.

(30

(12

(100

5

5

mg.kg"1)

mg.kg"1)

mg.kg" )

mg.kg"')

mg.kg" )

(R)

(S)

(S)

(S)

(S)

20

no

5

50

7

(ng

(0.3

.ml"1)

- 20)

inhibition

(4.5

(32

( 6

- 5.8)

- 52)
- 10)

(S)

(R)
(S)

(S)

(S)

The 3H-nucleoside tracers were UdR for adriamycin, TdR for

cis-platin, BCNU and melphalan and dUdR for 5-fluorouracil.

The maximum drug concentration employed in each of the jLn vitro tests

was 100 ug.ml" -

The maximum standard error calculated for all of the data on the mean

growth delay is 1.2 days.

The median ID50 and the range is presented. The minimum number of

experiments per data point is 3.

R or S indicate resistance or sensitivity of the tumour to the drug.

148



comparison of "all or nothing" effects, thereby assuming an equal
distribution of the drug over all of the mouse tissues. The
results are summarized in Tables I and II.

The growth delay obtained in mice inoculated with osteosarcoma
cells and the ID50 values determined in the ijn vitro experiments
are given in Table I. For adriamycin, the highest nonlethal drug
dose was 12.5 mg.kg~l; at this dose level, a growth delay of only
2 days was observed. Comparison of the effects ^n vivo and _in
vitro demonstrated that the jLri vivo resistance to adriamycin was
in contrast with the measured inhibition of ^H-uridine incorpora-
tion at an jji vitro drug concentration of 20 jug.ml"1. False
positive results of the assay for adriamycin were also obtained in
mice with Lewis lung carcinoma (data not presented). In Table II,
the results for a variety of drugs tested in both solid tumour
lines are summarized. True positive results were obtained for a
limited number of agents only and tests with two frequently
applied drugs, i.e., adriamycin and cis-platin, led to false
positive and false negative predictions, respectively. Therefore,
the reliability of the Volm test seems to be limited.

Table II

THE RELIABILITY OF THE "VOLM ASSAY"

in vitro/in vivo scores for

osteosarcoma Lewis lung carcinoma

adriamycin S/R = FP S/R = FP

cis-platin R/S = FN R/S = FN

BCNU S/S = TP S/S = TP

melphalan S/S = TP R/S = FN

5-fluorouracil S/S = TP S/S = TP

Total score TP 3 2

FP and FN 2 3

Predictions on the basis of jln vitro results as compared with those in

vivo are qualified as: TP and FP, indicating true and false positives;

FN indicates false negative. R or S indicate resistance or sensitivity

of the tumour to the drug.
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FLOW CYTOMETRIC DETERMINATION OF ANTHRACYCLINE CONTENT
OF BONE MARROW CELLS: I. QUANTITATION OF METHOD

K. Nooter and G.J. van den Engh

Daunomycin (daunorubicin) is an anthracycline antibiotic
isolated from a Streptomyces species. It is composed of a four-
ring aglycon structure linked to the amino sugar, daunosamine.
Anthracyclines are broad spectrum chemotherapeutic agents with
activity against a range of tumour types, among which are leukae-
mias, lymphomas and carcinomas (Carter, 1975).

Three modes of action of anthracycline antibiotics have been
postulated (for a review, see Myers, 1981): direct membrane
effects, free radical activation and DNA intercalation.

The fluorescent properties of glycosidic anthracycline anti-
biotics have been used for the study of their uptake jji vivo and
in vitro. Especially when fluorescence microscopy (Egorin et al.,
1974) and flow cytometry (Krishan and Ganapathi, 1980; Sonneveld
and van den Engh, 1981; Garner and Fox, 1981) are used, quantita-
tion via the intensity of the observed fluorescence could be a
questionable procedure, since noncovalent binding to DNA can cause
extensive quenching of fluorescence (Calendi et al., 1965). We
report here that the cellular anthracycline content can be quanti-
tatively determined by laser flow cytometry.

Previous results (Sonneveld and van den Engh, 1981) have shown
that flow cytometry can be used for the detection of anthracycline
in individual cells. When fluorescence measurements are combined
with scatter measurements, the anthracycline content of bone
marrow subpopulations can be studied. Using forward light scatter
(FLS) and perpendicular light scatter (PLS), subpopulations of
bone marrow cells can be distinguished. After exposing viable rat
bone marrow cells to varying doses of daunorubicin for 1 h the
fluorescence intensity > 520 nm wavelength was measured. A repre-
sentative example of such an experiment is shown on Fig. 1. In
this figure, the channel number of the peak of the fluorescence
distribution is plotted against drug concentration. It is con-
cluded from Fig. 1 that: 1) there is an almost linear relationship
between drug concentration and fluorescence intensity over the
concentration measured for lymphocytes, blasts and granulocytes;
2) dead cells contaminating cell suspensions can contain a few
times more daunomycin than viable cells. This means that com-
parable studies on cellular anthracycline content must be regarded
with caution when whole cell suspensions including dead cells are
studied.
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Figure 1:

Flow cytometry analysis of rat bone marrow cells stained with varying concen-

trations of radiolabelled daunomycin. The fluorescence intensity of subpopula-

tions was measured separately on the basis of FLS and PLS-

To obtain more insight into the net drug uptake as determined
by flow cytometry, bone marrow cells were incubated with [-̂ H]-
radiolabelled anthracycline. Cells were exposed to various doses
of [^H]-daunomycin and the radioactivity of the cellular contents
was recorded. Table I shows the amount of drug as calculated on
the basis of the total number of cells sorted, cpm's of the sub-
sequent cell pellets and the specific activity of the radio-
labelled drug. The drug content per cell appeared to be in the
order of magnitude of attomoles (10~18 mole) and, by increasing
the drug concentration in the medium, the cellular drug content
was increased. In the same experiment, the fluorescence intensity
of the sorted bone marrow cells was measured (Table I). Lympho-
cytes contained about twice as much of the drug as granulocytes as
calculated on the basis of radioactivity. However, the fluores-
cence intensity of the two cell types does not differ in the same
proportion. An explanation for this could be based on either a
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Table I

CELLULAR DRUG CONTENT OF SUBPOPULATIONS OF RAT BONE MARROW INCUBATED

WITH VARIOUS DOSES OF [3H]-DAUNOMYCIN

rat bone marrow

incubated with

[3H]-daunomycin

0.3 ug .ml" 1

1 jag. ml" 1

3 j jg .ml" 1

drug content per cell as
estimated by radioactivity,

in attomoles
granulocytes lymphocytes

4

23

58

9

45

134

fluorescence intensity per
cell (in arbitrary units)

granulocytes lymphocytes

13

42

132

7

29

100

physiological phenomenon, e.g. , a greater overall fluorescence
efficiency in granulocytes than in lymphocytes, or a methodo-
logical phenomenon, e.g. , contamination of sorted lymphocytes by
dead ce l l s . Further study is needed in order to discriminate
between these possibi l i t ies .

C a l e n d i , E. e t a l . , Biochim. Biophys. Acta _H)3_ (1965) 25.
C a r t e r , S.K., J . Nat . Cancer I n s t . S5 (1975) 1265.
Egor in , M. e t a l . , Cancer Res. 3£ (1974) 2243.
Garner , A. and Fox, B.W., Chem.-Biol . I n t e r a c t . 2£ (1981) 189.
Kr i shan , A. and Ganapa th i , R., Cancer Res. 40_ (1980) 3895.
Myers, Ch .E . , p . 66, In : Cancer Chemotherapy 1980 (ed.H.M. P inedo) , Excerpta

Excerp ta Medica, Amsterdam (1981).
Sonneveld, P. and Engh, G.J . van den, Leuk. Res. 5 (1981) 251 .
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FLOW CYTOMETRIC DETERMINATION OF THE ANTHRACYCLINE CONTENT OF BONE
MARROW CELLS: II. UPTAKE OF VARIOUS ANTHRACYCLINE DERIVATIVES

G.J. van den Engh, K. Nooter and P. Sonneveld

The uptake of anthracycline antibiotics by haemopoietic cells
can be measured by means of a flow cytometer (Sonneveld and Van
den Engh, 1981). Using this method, it has previously been
observed that the fluorescence of daunomycin and adriamycin (two
anthracyclines which are widely used for their antitumour activi-
ty) is differently distributed over the haemopoietic cell popula-
tion. It was investigated whether other members of the anthra-
cycline family also show a differential staining of lymphocytes
and granulocytes. Bone marrow cells from WAG/Rij rats were
incubated in buffered saline containing the anthracycline at 37°C
for 1 hour. The cells were then cooled to 0°C and washed. The
anthracycline fluorescence was measured in a FACS II flow cyto-
meter. The drugs were excited with the 488 nm line of an Argon-ion
laser. The fluorescence was measured through two 530 nm high pass
glass filters.

The forward and perpendicular light scatter (FLS and PLS) of
the cells can be registered independently from the fluorescence
signals. On the basis of these scatter signals, several types of
cells can be recognized in a bone marrow cell suspension. These
are erythrocytes, lymphocytes, granulocytes and blasts. Thus, the
anthracycline uptake of these types of cells can be determined
separately.

The fluorescence of the anthracycline daunomycin is similar in
intensity for the lymphocytes, blasts and granulocytes in bone
marrow. When bone marrow cells are incubated with adriamycin, the
fluorescence intensity of the granulocytes is about four times
higher than that of the lymphocytes (Fig. 1). The reason for this
difference in fluorescence intensity is not yet clear. The most
likely explanation is that it reflects a difference in the amount
of uptake of the drug by lymphocytes and granulocytes. However, it
is also possible that the fluorescence differences are the results
of differences in the localization of the drug in the cells.

Eleven other anthracycline derivatives were also tested for
t̂ heir capability to stain lymphocytes, blast and granulocytes in
bone marrow (Fig. 2). In this graph, the fluorescence intensities
of lymphocytes and blasts cells are expressed as a fraction of the
fluorescence intensity of granulocytes. Fig. 2 shows that the
fluorescence patterns of the drugs fall into two groups: that of
the daunomycin type and of the adriamycin type. It is of interest
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erythro lympho blasts +
cytes cytes granulocytes

erythro lympho blasts +
cytes cytes granulocytes

Figure 1:

Fluorescence of rat bone marrow cells treated with adriamycin and daunomycin.

Each dot represents a measurement of one cell. The abscissa represents the

forward light scatter intensity. The ordinate measures fluorescence intensity.
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Figure 2;

Anthracycline fluorescence of lymphocytes (ordinate) and blast cells (abscissa)

expressed as a fraction of granulocyte fluorescence intensity. The measurements

for adriamycin and daunomycin are the average of 12 experiments. Each of the

other points is derived from 2 experiments. The solid dots are anthracycline

compounds which strongly bind to DNA.
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to note that both groups contain intercalating (solid dots) and
nonintercalating (open circles) drugs. This suggests that binding
to DNA does not influence the fluorescence distributions of the
anthracyclines and supports the idea that some anthracyclines are
taken up in higher concentrations by blast cells than by lympho-
cytes. This is of interest because anthracycline derivates are
known to differ in their activity against different tumours. These
results suggest that this may be due to a difference in drug
uptake by the tumour cells.

Sonneveld, P. and Engh, G.J. van den, Leuk. Res. 5 (1981) 3.
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PHARMACOKINETICS OF ADRIAMYCIN: ANALYSIS OF HUMAN DATA
WITH A MULTICOMPARTMENT MODEL

F.W. Schultz and J.A. Mulder

Patients suffering from myeloid leukaemia were treated with
the cytostatic agent adriamycin (ADM). Two of them received a
single intravenous bolus dose (1.76 and 1.27 mg.kg~l, resp.). Two
others were given a six hour infusion (0.294 and 0.245 mg.h"^-.
kg"*, resp.). Several times during the first 48 hours after the
start of administration, the concentrations of ADM and its princi-
pal metabolite adriamycinol (ADMol) in plasma were determined. The
accumulation of ADM and ADMol in urine was also determined. A high
performance liquid chromatography (HPLC) method was used. Treat-
ment and data acquisition took place at the Sint Radboud Hospital
in Nijmegen under the supervision of the Department of Clinical
Pharmacology. The data were sent to the Radiobiological Institute
for evaluation of the pharmacokinetic properties of ADM in man.

For this purpose, an adapted version of an existing computer
program developed to identify the system of the distribution of
ADM in rats (Mulder et al., 1978; Schultz et al., 1979; Sonneveld,
1980) was used.

A model of the distribution system consisting of 8 compart-
ments (Fig. 1) was assumed. This model structure allows for an
equilibrium reaction ADM ^ ADMol in plasma, for excretion of ADM
£r>d ADMol into urine, for disappearance of ADM and ADMol by
metabolism and/or excretion other than into urine and for transfer
of ADM via plasma into and out of two tissue compartments (taking
into consideration an apparent triphasic log concentration time
curve for ADM in plasma). Drug input takes place into compartment
1, plasma.

First order linear kinetic relations are assumed. This
implies that the amount of drug transferred from one compartment
to another per unit time is directly proportional to the amount of
drug present in the former. The proportionality factor is an
unknown rate coefficient whose value is to be estimated from the
measurements.

Thus, the model is given by a set of equations that, in
vector notation, can be written as follows:

^ x(t) = A(£) . x(t) + D . u(t)

where
jc(t) = state vector, i.e., concentrations in the compartments at

time t;
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Figure 1:

Eight compartment model for adriamycin distribution.

D

The

= system matrix, containing the parameters from £•
= parameter vector, parameters being combinations of rate

coefficients kij (from compartment i to j) and compartment
volumes Vi.

= input vector, with time dependent input functions, that
perturb the model according to D.

= input allocation matrix,
solution of this set of equations can be calculated, for

arbitrary parameter values, from

x(t) = <l>(trto) . x(to) u ( T) dr

where .x(to) is known and transfer matrix $(t,to) can be obtained
by numerical integration of (e.g., Eijkhoff, 1974)

S^ <J>(t,to) = A(£) . <*>(t,to); $(to,to) = I

This solution is a model prediction of the time courses of the
drug concentrations in the compartments. It may be improved to
fit* the observed data by choosing different parameter values. To
find the optimum parameter values, a numerical iterative method
was used [a maximum likelihood procedure and a modified Gauss-
Newton minimization algorithm].
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TABLE 1

RESULTS OF THE OPTIMIZATION PROCEDURE: MEAN AND SD OF MAXIMUM

LIKELIHOOD ESTIMATES

parameter values (min"1)

P1
P2

P3

p4
p5
p6

P7
p8

p9

p10

p11
p12
p13

p14

(= k12+k13+k15+k16+k17)

(= k21 x v2/v1)

(= k51 x v5/v1)

(= k61 x v6/v1)

(= k12 x v1/v2)

(= k21+k24+k28)

(= k13 x v1/v3)

(= k24 x v2/v4)

(= k15 x v1/v5)

(= k51)

(= k16 x v1/v6)

(= k61)

(= k17 x v1/v7)

(= k28 x v2/v8)

volume compartment 1 (ml)

v1

l.V. bolus
(2 patients)

(pooled

2.553

2.179

0.475

1 x 10-6

0.0008

0.0020

0.0345

0.0215

0.613

0.235

1 x 10-6

0.0066

1 x 10-5

1 x 10"5

3688

! data)

+ 0.389

+ 1.109

+ 0.105

+_ 0.0003

_+ 0.0006

+ 0.0020

+ 0.0092

+_ 0.089

+ 0.122

+ 208

infusion
(2 patients)

(pooled

3.006

1.494

0.535

2x10"6

0.0010

0.0017

0.0361

0.0156

0.633

0.199

1 x 10-6

0.0066

1 x 10"5

1 x 10"5

3611

data)

+_ 0.252

+ 0.139

+_ 0.192

+ 1.3x10-6

+_ 0.0308

+ 0.0001

+_ 0.0006

+ 0.0006

+ 0.120

4- 0.071

+ 424

half-time in plasma (h)

t£ (2-48 h) 19.30 + 1.80 20.79 + 0.59

goodness of fit of model

to observed data, R 0.999376 + 0.000151 0.948660 + 0.030903
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The question is whether the model is a suitable representa-
tion of the real system. In other words, is the distribution of
ADM over the various organs (in the patients) actually in
accordance with the prediction by the model? Table I summarizes a
few results of the present analysis. It should be, of course, kept
in mind that data of only four patients have been analyzed.

The model solution to the infusion input shows a rather poor
fit to the observations. Urine ADM concentration is predicted too
low, urine ADMol concentration too high. Plasma half-time is
probably underestimated. Thus, the present linear model does not
seem very adequate for the infusion input case.

The i.v. bolus dose case is more promising. An excellent fit
to urine measurements for both ADM and ADMol, a reasonably good
fit to plasma ADM data, but a less satisfactory fit to plasma
ADMol data were obtained. The model as a whole accounts rather
well for the observations. A simplified model, however, construc-
ted by fusing tissue compartments 5 and 6 into a single tissue
compartment, appears to explain the observations equally well.

For reasons of toxicity and therapeutic effectiveness, ADM
levels in, for instance, heart and bone marrow are of great
clinical interest. Therefore, the present model, comprising only
two ill-defined tissue compartments, is of limited clinical value.
More information on drug levels in various distinct organs is
desirable. These organs incorporated separately into a model, in
combination with system identification techniques, may lead to a
better insight into the working of the ADM transport mechanisms.
The above-mentioned rat model may prove very useful in this
respect, as with rats, in contrast to human beings, a systematic
series of experiments can be conducted to yield the necessary
observations.

Eijkhoff,P., System Identification; State and Parameter Estimation.

York, 1974.

Mulder, J.A. e t a l . , p . 179. In: Annual Report REP-TNO (1978).
Schultz, F.W. e t a l . , p . 219. In: Annual Report REP-TNO (1979).
Sonneveld, P . , Thesis , University of Leiden (1980).

Wiley, New

*Goodness of fit is expressed by the total correlation coefficient

R = V 1 - I(xobserved "
 Xmodel>2/Z("observed'2

whose value lies between 0 (no fit at all) and 1 (perfect fit).
In practice, for a satisfactory fit: R^0.99
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BLOOD FLOW VELOCITY IN TUMOURS DECREASES
DURING HYPERTHERMIC TREATMENT

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

Hyperthermic treatment of tumours as an additive to radiation
therapy is based on the fact that tumours contain areas with
hypoxic, radiation resistant cells. The milieu in these areas
probably has a low pH and is deficient in oxygen and nutrients.
Cells in such areas will be resistant to radiation, but sensitive
to hyperthermia, as has been extensively shown in jji vitro
systems. Moreover, it has been demonstrated that the tumour
microcirculation in the central areas in tumours may come to a
full stop during hyperthermic exposure and that this is followed
by the development of extensive necrosis in the areas affected
(Reinhold and van den Berg-Blok, 1981). As might be expected, this
is reflected in a substantial reduction in the TCD50 (van den
Boogaard, 1980). Many of the reported investigations on the effect
of hyperthermic treatment on tumour microcirculation have been
performed on a rather qualitative basis, i.e., either on post-
treatment histology or on direct observation of a "sandwich"
tumour preparation during hyperthermic exposure, with photographic
documentation at regular intervals. Such investigations do not
account for the rate of blood flow unless highly sophisticated
video systems are employed (Endrich et al., 1979). We have
therefore developed a very simple device for approximating the
velocity of erythrocytes in a single capillary during treatment.
The tumour preparations used for these investigations were from
the rhabdomyosarcoma BA1112 and growing in a 0.2 mm thick sheet-
like fashion in the subcutis of a skin fold on the back of the
isologous WAG/Rij rat.

The tumour was enclosed with two transparant surfaces: a sheet
of optical grade mica on the back and a glass coverslip on the
front. It was about 3 mm in diameter and 200 microns thick.
Because the tumour tissue itself is rather transparant, the blood
vessels are the most outstanding structures under these conditions
and the blood microcirculation can be easily observed by means of
a stereomicroscope during heat treatment. For the velocity meas-
urements, a "drawing prism" attachment to the microscope was used.
By means of this attachment, a line of external light dots can be
superimposed on the picture of the tumour vasculature. The series
of light dots, which have fixed distances, can be made to move
with adjustable speed. This is done with a motor-driven spiral
shaped diaphragm. By adjusting the velocity of the moving series
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Figure It

The relative velocity of erythrocytes in rhabdomyosarcoma BA1112 during hyper-

thermic treatment as a percentage of the initial value.

Curve A: slow rise observations (n = 14). Temperature rises from 37.5°C at -100

min to 42.5°C at time 0. Then, a continuous exposure takes place at

42.5°C for 180 min.

Curve B: fast rise observations (n = 13). Temperature is kept at 37.5°c from

time -109 min to time -9. Then, a fast increase to the treatment

temperature of 42.5°c is adjusted and the treatment continued at

42.5°C for 180 min.

Error bars indicate SEM. There are no significant differences between

any of the points of the two lines.

164



of light dots in such a way that this velocity equals the velocity
of the erythrocytes in a given capillary, the velocity of the
erythrocytes in that capillary can be derived. This system was
used (in addition to the customary series of observations and
photographic documentation) to assess what temporary changes
occurred when this experimental rhabdomyosarcoma was subjected to
hyperthermic treatment. The relative velocity can be considered to
be an indicator for the relative local tissue blood flow. The
specific question in these experiments was: Is there a development
of "thermal tolerance" when - as in some forms of clinical
hyperthermia - there is a slow rise from body temperature to that
of hyperthermia as compared with a rapid temperature increase?

The results are shown in Fig. 1. Here, the changes in velocity
are expressed as percentages of the velocity at the start of the
treatment at 42.5°C. Only one capillary per tumour (and thus per
treatment) could be analysed this way, because localization or
relocalization of multiple capillaries during treatment was not
feasible. Curve A of Fig. 1 is based on determinations in 14
tumours with a linear slow rise (3°C.h"1) from 37.5 to 42.5°C
between -100 min and time 0. Curve B represents the relative
velocity when a tumour is first kept at 37.5°C and then (at time
0) is changed to the treatment temperature of 42.3°C. While, as
expected on the bases of earlier observations (Reinhold and van
den Berg-Blok, 1981), there is a continuing decrease in micro-
circulation as a result of a hyperthermic treatment of 42.5°C,
there appears to be no significant influence of the way in which
the treatment temperature of 42.5°C is reached. In Fig. 1, there
is never a significant difference between any determinations at
the same time point. The same holds for the development of
necrosis on the next day. Data from a larger number of experiments
show necrosis of 13/21 for the "slow rise" group and 14/21 for a
"fast rise" group. These results indicate that - within the limits
of these investigations - no "thermal tolerance" appears to
develop when the treatment temperature is approached at a rate of
3°C . h"-*-. Development of damage to the microcirculation seems to
occur therefore only when the tumour is subjected to temperatures
of at least 42°C to 42.5°C.

Boogaard, L. van den, Eur. J. Cancer ̂ 6 (1980) 93.

Endrich, B. et al., Int. J. Radiat. Oncol. Biol. Phys. 5_ (1979) 2021.

Reinhold, H.S. and Berg-Blok, A. van den, Eur. J. Cancer Clin. Oncol. _17 (1981)

781.
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GERONTOLOGY

ABSENCE OF HEPATOCELLULAR LESIONS IN FEMALE RATS FOLLOWING
IMPLANTATION OF 17 BETA-OESTRADIOL

A.L. Nooteboom and M.J. van Zwieten

Oestrogenic compounds used in combined hormonal oral contra-
ceptive preparations have been implicated in the etiology of a
number of liver changes in women, including decreased bile flow,
dilatation of bile canaliculi, intrahepatic cholestasis, sinu-
soidal dilatation, nodular transformation, focal nodular hyper-
plasia and hepatocellular adenoma (Ishak, 1981). The evidence for
implicating such compounds in the etiopathogenesis of hepato-
cellular carcinoma is less firm. It has been shown that male rats
fed ethinyl oestradiol for 6 or 12 weeks developed a number of
changes in the liver, including dilatation of sinusoids and
atrophy of hepatocellular microvilli and decreased ATPase activity
(Ruiz et al., 1981). The preparations were also shown to act as
promotors of hepatocarcinogenesis in female Sprague-Dawley rats
(Yager and Yager, 1980). In view of these findings and since large
numbers of rats treated with the natural oestrogen, 17 beta-
oestradiol, were available from a study on mammary carcinogenesis,
it was deemed of interest to score the frequency of occurrence of
hepatocellular lesions at the light microscopic level. The types
of lesions scored in this initial survey included foci and areas
of liepatocellular alteration (these include the putative precursor
lesions of hepatocellular carcinomas, especially foci and areas of
the basophilic type), neoplastic nodules (a presumed benign end-
stage hepatocellular lesion) and hepatocellular carcinomas, using
previously defined diagnostic criteria (Squire and Levitt, 1975).
Other changes, including biliary cysts, sinusoidal dilatation and
nonspecific inflammation, will be incorporated into a later study.
For this survey, 4 groups of female WAG/Rij, BN/BiRij and Sprague-
Dawley rats were examined: 1) untreated controls; 2) oestrogen
(E2) treated; 3) ovariohysterectomized (OVH); and 4) OVH plus E2
treatment. Oestrogen treatment consisted of subcutaneous implanta-
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tion of a pellet containing 2 mg 17 beta-oestradiol in a choles-
terol-paraffin mixture at 6 weeks of age (Blankenstein et al.,
1977; see also Annual Reports REP-TNO 1975, p. 71 and 1976, p.
110). Ovariohysterectomies were done when the rats were 7 weeks of
age. All rats were allowed to live out their natural life spans
and were necropsied when found dead or when humanely killed rn
extremis.

The results of this survey are listed in Table I. In general,
no effect of the oestrogen treatment on the induction of the liver
lesions studied in this survey was evident. Foci and areas of
hepatocellular change and neoplastic nodules were most prevalent
in the female WAG/Rij, relatively infrequent in Sprague-Dawley and
virtually absent in BN/BiRij rats. Hepatocellular carcinomas were

Table I

INCIDENCE OF HEPATOCELLULAR LESIONS IN CONTROL, OVARIOHYSTERECTOMIZED

AND OESTROGEN-TREATED FEMALE RATS OF THREE STRAINS

strain

WAG/Ri j

BN/BiRij

Sprague-

Dawley

experimental

group

control

E 2**

OVH

OVH + E 2

control

E 2

OVH

OVH + E 2

control

E 2

OVH

OVH + E 2

no. of

rats

examined

37

31

36

37

27

25

50

37

30

20

29

17

mean age

(range)

months

28 (21-36)

19 (13-25)

33 (13-43)

20 (11-25)

19 ( 9-31)

14 ( 9-20)

23 ( 6-30)

17 (11-23)

24 (14-31)

18 (14-23)

28 (22-32)

18 (14-24)

foci

and/or

areas

89*

39

53

54

0

0

2

0

13

0

31

0

neoplastic

nodules

11*

0

0

3

0

0

0

0

0

0

3

0

* Per cent of animals in group with at least one lesion in 2-3 sections of

liver.

(Note: rats with more than 1 type of liver lesion counted more than once).

••Abbreviations used: E 2, 17 beta-oestradiol; OVH, ovariohysterectomy.
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not found in any rats of this series. The results support the
findings of Burek (1978), in that the strain with the highest
frequency of foci and areas of hepatocellular alterations and
neoplastic nodules was the WAG/Rij and that the overall incidence
of these lesions clearly appeared to be related to age. The reason
for the decrease in the number of these lesions in ovariohysterec-
tomized WAG/Rij rats, despite their longer mean survival, is not
clear. Overiohysterectomized Sprague-Dawley rats, on the other
hand, showed an apparent age-related increase in incidence. This
indicates that strain-related factors are important in the evolu-
tion of these lesions. The younger mean age of the oestrogen-
treated groups is a reflection of the higher incidence of tumours
of the mammary glands and other organs in those animals, resulting
in their earlier deaths. The failure to find an increased fre-
quency of hepatocellular lesions at the light microscopic level in
these oestrogen-treated rats may be a reflection of an inappro-
priate dose level of E2 (plasma oestrogen levels are elevated
approximately 2-fold at 5 months following E2 implantation). On
the other hand, these results could be interpreted as supporting
the concept that oestrogenic compounds act as promotors and that
carcinogenic initiators must be present for an effect of E2 to be
manifest. Examination of livers from rats treated with E2 fol-
lowing whole body irradiation may provide more relevant informa-
tion in this respect.

Blankenstein, M.fl. et al., Eur. J. Cancer J2 (1977) 1437.

Burek, J.D., Pathology of Aging Rats. CRC Press, West Palm Beach, Florida

(1978).

Ishak, K.G., Semin. Liver Dis. J_ (1981) 116.

Ruiz, F.C. et al., J. Pathol. V3£ (1981) 333.

Squire, R.A. and Levitt, M.H., Cancer Res. ̂  (1975) 3214.

Yager, J.D. and Yager, R., Cancer Res. 40_ (1980) 3680.
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DIGITOXIN BIOTRANSFORMATION BY HEPATOCYTES ISOLATED
FROM YOUNG AND OLD RATS

C.F.A. van Bezooijen, A.N. Sakkee and D.L. Knook

The percentage of patients using drugs and the number of drugs
prescribed per patient increase with age. Moreover, adverse drug
reactions are observed two to three times more frequently in
elderly patients. Consequently, about half of the number of in-
toxications after drug administration occurs in patients older
than 65 years. Intoxications can be caused by age-related changes
in the sensitivity of an organ tissue to the drug, as has been
observed for the brain.' Intoxication may also be attributable to
changes in the absorption of drugs from the gastrointestinal
tract, in the distribution volume, in drug metabolism and in the
kidney and bile excretion. Changes in the absorption by the
gastrointestinal tract are seldom observed. Changes in the distri-
bution volume can be important, since in late age there is a
relative increase in the fat mass with respect to the lean mass.
The excretion of water soluble drugs by the kidney greatly de-
creases with age due to decreases in the glomerular filtration
rate, the renal blood flow and the concentration capacity, which
are important characteristics of the kidney for the excretion of
drugs. The influence of age on the metabolism of lipid soluble
drugs by the liver is not fully known. Subdivision into the dif-
ferent metabolic reactions and determination of the influence of
age on these different metabolic pathways seem to be necessary.
Since digitoxin (DT3) is degraded by hydrolysis and hydroxylation
reactions and conjugated to glycuronic or sulphuric acid after-
wards and adverse drug reactions are frequently observed during
DT3 treatment due to the low therapeutic index, the influence of
age on the metabolism of drugs by the liver has been studied by
use of DT3. DT3 intoxications, especially in elderly patients, are
accompanied by high plasma drug levels. These might be the result
of decreased liver metabolism. A prerequisite for obtaining evi-
dence for this hypothesis is that the mechanism for biotransforma-
tion of DT3 in the animal model is comparable to that in man. In
addition, extrahepatic factors as mentioned above may complicate
the testing of the hypothesis. These factors are excluded when
hepatocytes isolated from rats of different ages are employed and
their capacity to metabolise DT3 is determined.

It was previously observed that the nature of the metabolites
of DT3 as well as their relative amounts in isolated rat hepato-
cytes were similar to those reported to be present in serum and
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urine of patients on DT3 therapy (Van Bezooijen et al., 1980). In
addition, it was observed that isolated hepatocytes metabolised
DT3 linearly for at least 1 hour. The amount of metabolised DT3
was proportional to the number of cells present in the incubation
medium (Van Bezooijen et al., 1980). These data indicate that
hepatocytes isolated from rats represent a suitable model system
for studying age-related changes in the capacity of the liver to
metabolise DT3. Therefore, the capacity of hepatocytes isolated
from male BN/BiRij rats of different ages to metabolise DT3 was
determined.

The pattern of the digitoxin metabolites was determined by
thin layer chromatography after incubating the hepatocytes in the
presence of the drug for 3 hours at concentrations of about 10 x
10^ cells ,ml"^ (vat; Bezooijen et al., 1980). Under these condi-
tions, the types and relative amounts of metabolites can be deter-
mined. A thin layer chromatogram of DT3 and its metabolites
obtained with hepatocytes isolated from a 30-month-old male
BN/BiRij rat is shown in Fig. 1.

The main metabolite of DT3 was digitoxigenin-bis-digitoxoside
(DT2), which represented about 40% of total amount of metabolites.
Digitoxigenin-mono-digitoxoside (DT^) and the hydroxylation pro-
ducts digoxin (DG3), digoxigenin-bis-digitoxoside (DG2) and di-
gitoxoside (DG2) and digoxigenin-mono-digitoxoside (DG^) were also
present. About 5% of the metabolites were found in the conjugated
form.

start

DG DG DG conjugates

were
6

Figure 1:

Thin layer chromatogram of digitoxin and its metabolites. Hepatocytes

isolated from a 30-month-old male BN/BiRij rat. Cell concentration: 9.2 x 10

cells.ml~^. Digitoxin concentration: 50 x 10~°M. Incubation time, 3 h.

DT2 = digitoxin; DT2 = digLtoxigenin-bis-digitoxoside;

DT-j = digitoxigenin-mono-digitoxoside; DG3 = digoxin;

DG2 = digoxigenin-bis-digitoxoside; DG-| = digoxigenin-mono-digitoxoside.

172



Table I

DIGITOXIN METABOLITES IN PERCENTAGE*

mate r i a l n conjugates DG3 DG2 £&•[ D T 2 DT-|

hepatocytes

f rom 3-month-

old rats 4 3.5+2.6 21 +14 23.5+9.8 9.1+2.7 40.5+ 6.0 1.7+2.0

hepatocytes

from 30-month-

old rats 4 3.5 + 2.4 15.8 + 4.6 29.8 + 4.2 8.6 + 8.3 41 + 11 1.9 + 2.0

* mean +_ S.D.

**results from young and old rats were not significantly different.

For the experimental conditions and the explanations of the abbreviations

see Fig. 1. n is the number of rats used.



The pattern of metabolites was determined with hepatocytes
isolated from 3- and 30-month old rats. The data are shown in
Table I. No qualitative differences in the pattern of digitoxin
metabolites between the two age groups were observed.

Hepatocytes from the same rats used for determining the meta-
bolic pattern were incubated for 1 hour at cell concentrations
ranging from 0.1 to 1.3 x 10*> cells.ml"-'-. Under these conditions,
the amount of metabolised DT3 was proportional to the number of
cells present in the incubation medium. Hepatocyte suspensions
were incubated with 6 varying digitoxin concentrations. The appar-
ent kinetic constants Km and V m a x could be calculated from the
Lineweaver-Burk plots. The apparent Km, which is an indication
for the efficiency of the metabolising system and for its affinity
for the substrate, did not change with age, while the V m a x, which
provides a measure of the capacity of the metabolising system,
decreased by about 50% (Table II). Consequently, there is a ten-
dency that the hepatic intrinsic clearance (Cli = Vmax/Km) de-
creases with age.

It can be concluded that the way digitoxin is metabolised did
not change with age. However, the capacity to metabolise digitoxin
decreased with age.

Table II

APPARENT KJJ,, V m a x AND Cli*

material

hepatocytes

3-month-old

hepatocytes

30-month-old

from

rats

from

rats

n

4

3

max
(pmol.min.10°

cells)

82 + 14

51 + 14**

apparent l^
uM

41 + 18

39 + 30

(

2.

1.

(
vm;

25

70

:ii

iX'

+

+

0.88

0.89

* mean +_ S.D.

**p < 0.05 (young versus old).

Cell concentration: + 1̂ 0 x 10^ cells.ml~^. Hepatocyte suspensions were

incubated with the digitoxin concentrations: 20, 25, 30, 40, 60 and

100 x 1O"^ M; incubation time: 1 h.

Bezooijen, C.F.A. van et al., Biochem. Pharmacol. 29 (1980) 3023.
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THE RETICULOENDOTHELIAL SYSTEM AND AGING

A. Brouwer and D.L. Knook

The sinusoidal cells of the mammalian liver make up an impor-
tant part of the reticuloendothelial system (RES). The RES is a
heterogeneous system of scattered macrophages and other phagocytic
cells which make an important contribution to natural resistance
to disease agents. The functions of the RES include the clearance
of a large variety of potentially harmful substances from the
plasma, catabolism of macromolecules, participation in the immune
response and the synthesis and secretion of various effector sub-
stances. The cells of the RES are found throughout the body, but a
major proportion is located in the liver. This is especially true
for those RES cells that participate in the clearance of foreign
or endogenous substances from the blood stream. The function of
the RES is generally assessed both clinically and experimentally
by the plasma clearance rates of intravenously injected colloidal
test substances.

There is a limited number of publications on the age-related
changes in this clearance function of the RES in various species,
including man. In man, independent studies with different col-
loidal substances such as colloidal gold, technetium sulphur
colloid and aggregated albumin lead to the same conclusions. The
clearance capacity of the RES in humans shows a progressive age-
related decrease of about 15% between 30 and 80 years of age.

For experimental animals, the available data mostly concern
the changes in RES function between birth and adulthood and little
is known about aging animals. Rats and mice generally show a
decline in the clearance capacity of the RES during development,
although one study has reported an unchanged clearance of col-
loidal carbon in developing mice. In senescent mice, only the
clearance of homologous and heterologous untreated erythrocytes
has been studied. No age-related changes in the clearance rate of
non mouse erythrocytes was found and, for mouse erythrocytes, a
decrease was observed between 14 and 150 days and no change there-
after.

These data on the clearance function of the RES give no infor-
mation on changes in RES cells themselves during development and
aging. Most of the available data on age-related changes in the
cellular functional capacities of macrophages and other RES cells
were obtained with phagocytic cells from sources other than the
liver. In humans, blood monocytes and polymorphonuclear leukocytes
from aged donors were unaffected in their capacity for in vitro
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phagocytosis and the killing of bacteria and fungi. Macrophage
functions in relation to aging have been studied more extensively
in mice and rats. Most studies indicate that no age-related de-
crease occurs in the capacity of peritoneal macrophages to phago-
cytose and degrade bacteria or opsonized sheep erythrocytes. These
studies included rats and mice of up to the age of 30 months. In
addition, several studies showed that peritoneal and splenic
macrophages from aged mice participate as effectively in the
generation of an vn vitro immune response as cells from young
donors. The immunological functions tested included antigen pre-
sentation, participation in mitogen activation and the mixed lym-
phocyte reaction of spleen lymphocytes. No indications were
obtained for a decrease in the effect of stimulation or activation
of macrophage cytotoxicity against tumour cells or Toxoplasma
during development in mice. In one study, the results suggested a
decrease in the rate of activation of peritoneal macrophages from
25-month-old mice by Toxoplasma.

Age-related phenomena in the liver macrophages, the Kupffer
cells, have been described only by our laboratory. Kinetic studies
on several lysosomal enzymes revealed that no consistent change in
overall lysosomal enzyme activity occurs during aging (this Annual
Report, p. 179 ). A study of different age groups of rats has shown
that rat liver Kupffer cells show a decreased capacity to endo-
cytose heat-denatured albumin (CA125J) during aging (Table I).
Over a wide range of concentrations of CA-*-25jf Kupffer cells from
30- and 36-month-old rats take up smaller amounts of the substrate
than cells from 3-month-old ones. For 12-month-old animals,
intermediate values were found. This is the first report to show
that age-related changes in the clearance capacity of the RES may
at least partly be due to a decrease in the endocytotic capacity
of individual hepatic macrophages. The intracellular degradation
of denatured albumin by Kupffer cells appears to be unaffected
between 3 and 24 months of age (Brouwer and Knook, 1980).

Most of the cellular functions of macrophages other than
Kupffer cells that were studied jLri vitro showed no apparent
changes during aging; however, some specific responses sucn as
cytotoxicity after activation may decrease during aging. The
latter observation correlates well with results of various experi-
ments in which mice were challenged jin vivo with tumour cells or
different microorganisms. Several studies have shown that 18 to
20-month-old mice are more susceptible than young ones to the
development of metastases from intravenously injected Ehrlich
ascites tumour cells and to proliferation of intravenously injec-
ted Toxoplasma, Listeria and Salmonella. A more direct indication
of the failing protection by RES cells is the increased toxicity
of bacterial endotoxin in 2-year-old mice. Since Kupffer cells are
primarily responsible for the removal of endotoxin from the circu-
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Table I

ENDOCYTOSIS OF COLLOIDAL ALBUMIN (CA 1 2 5I) BY CULTURED KUPFFER

CELLS FROM FEMALE BN/BiRij RATS OF VARIOUS AGES

(expressed as ug CA'^^I.mg"' cellular protein)

concentration age (months)

of CA 125-,

(jig.ml-1)

14.•'

29.2

57.8

114

219

463

908

2146

3933

1.06

1.59

2.55

4.27

5.27

8.54

11.24

15.33

i6.58

3

+ 0.15

+ 0.21

+ 0.42

+ 0.69

+ 0.80

± 0.96

+ 1.57

+_ 2.35

+ 2.37

(5)

(5)

(5)

(3)

(5)

(5)

(4)

(5)

(5)

12

0.93 +_ 0.13 (4)

1.38 + 0.20 (4)

2.06 +_ 0.29 (4)

2.85 + 0.42 (4)

3.68 +_ 0.46 (4)

5.24 _+ 0.62 (4)

6.60 ^ 0.69 (4)

8.90 _+ 0.67 (4)

11.60 + 1.54 (4)

30

0.65 + 0.24 (3)

1.10 +_ 0.25 (3)

1.60 +_ 0.35 (3)

2. 13 +_ 0.47 (3)

3.01 +_ 0.68 (3)

4.35 +• 0.78 (3)

5.84 + 1.0' (3)

7.42 _+ 0.64 (3)

8.18 + 0.65 (3)

36

0.65 +_ 0.09 (4)

1.00 Jh 0.17 (4)

1.42 + 0.19 (4)

1.82 +_ 0.18 (4)

2.68 +_ 0.25 (4)

3.68 + 0.40 (4)

4.76 +_ 0.56 (4)

6.74 _+ 0.83 (4)

9.33 + 0.91 (4)

Values are given as means + S.E.M. (in parentheses: n).



lation, it would be interesting to investigate whether these liver
macrophages show an age-related decline in this specific protec-
tive function. No data are available on changes in secretory
functions of RES cells with age.

In various animal species and humans, the overal susceptibi-
lity to infectious agents increases significantly with age. This
is largely due to age-associated disorders in either the immune
system or the RES or in the cooperation between these two systems.
Our current knowledge suggests that the clearance capacity of the
RES shows a moderate age-related decrease which probably corre-
lates with a decreased endocytotic capacity of Kupffer cells with
age. Whether the changes in these rather nonspecific phenomena are
related to the increased susceptibility to infections during aging
remains to be established.

The macrophages of the RES do not appear to fail in their
contribution to the generation of a specific immune response. How-
ever, the data do not implicate the immune system as being solely
responsible. Probably, more specific and subtle changes in the
functions of macrophages and other RES cells may also be respon-
sible for the increased proliferation of microorganisms and the
lodging and proliferation of tumour vcells and the increased sus-
ceptibility to endotoxins in aged animals.

Brouwer, A. ar.d Knook, D.L., j. 123, In: Annual Report REP-TNO (1980).
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AGE CHANGES IN LYSOSOMAL FUNCTIONS STUDIED IN PARENCHYMAL, KUPFFER
AND ENDOTHELIAL CELLS ISOLATED FROM RAT LIVER

D.L. Knook and E.Ch. Sleyster

The availability of methods in our institute for isolating
various types of liver cells offers the possibility of comparing
alterations that are intrinsic to aging in the short-lived sinus-
oidal cells and the long-lived parenchymal cells. In nearly all
cells and especially in long-lived parenchymal cells, most intra-
cellular constituents are continuously renewed. Lysosomes play the
key role in the controlled breakdown and turnover of cellular com-
ponents. This degradation process is called autophagy. Lysosomes
are also involved in heterophagy, the digestion of extracellular
material taken up by endocytosis. The key function of lysosomes in
the maintenance of cellular homeostasis and the hydrolysis of
endocytosed material made it of interest to evaluate their role in
cellular aging. For this purpose, several aspects of the function
of lysosomes in parenchymal cells which are mainly involved in
autophagy were compared with lysosomes in Kupffer cells mainly
involved in heterophagy.

In previous morphometric studies on parenchymal cells of 3-
month-old and 35-month-old female WAG/Rij rats, clear alterations
in the lysosomal system were observed (Meihuizen and Blansjaar,
1980). The cytoplasmic volume occupied by lysosomal structures
increased with age in all areas of the liver lobule and the lyso-
somes became progressively loaded with indigestible material.
These studies were extended by comparing lysosomal enzyme activi-
ties in parenchymal cells with those in Kupffer and endothelial
cells all isolated from rats of various ages.

For cell isolations, female BN/BiRij rats of 3-, 24- and 32-
months of age were used. Parenchymal cells were isolated py
perfusion and incubation of the liver with collagenase. Sinusoidal
cells were obtained by perfusion and incubation with Gey's
balanced salt solution containing pronase E. The Kupffer and endo-
thelial cells in the sinusoidal cell preparation were separated
and purified by centrifugal elutriation. The final preparations
consisted of viable ^ells with purities of at least 85% for sinus-
oidal cells and 98% for parenchymal cells.

The activities of nine key lysosomal enzymes were determined
in the purified parenchymal, Kupffer and endothelial cell prepara-
tions. Compared with parenchymal cells, all specific lysosomal
enzyme activities were much higher in Kupffer and endothelial
cells (Table I). The distribution of the lysosomal enzyme activi-
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Table I

AGE DEPENDENCY OF KEY LYSOSOMAL ENZYME ACTIVITIES IN PARENCHYMAL,
KUPFFER AND ENDOTHELIAL CELLS ISOLATED FROM LIVERS

OF FEMALE BN/BiRij RATS

enzyme

acid
phosphatase

acid lipase

acid DNAse

cathepsin D

aminopeptidase B

($ -galactosidase

5-glucuronidase

(5 -acetylglucos-
aminidase

arylsulphatase B

age
(months)

3
24
32

3
24
32

3
24
32

3
24
32

3
24
32

3
24
32

3
24
32

3
24
32

3
24
32

parenchymal

36
45
37

12
27
16

13
36
24,

0,
1.
1,

7.
8.
6.

2.
2.
2.

6.
5.
4.

88.
50.
46.

9.
11.
9.

cells

.3 +

.9 +

. 1 +

.4 +

.1 +

.7 +_

.9 +

.6 +

.3 +

.52+

. 18+

.01 +

,7 +
,3 +
,2 +

,5 +
8 +
5 +

4 +
8 +
7 +

8 +
8 +
6 +

7 +
0 +
9 +

2
2
3

2
3
2

3
8
5,

0
0,
0,

1,
0.
0.

0.
0.
0.

0.
0.
0.

3.
2.
3.

0.
0.
0.

.1

.0*

.0

.0

.4*

.4

.6

.2

.0

.03

. 12*

.08*

,0
.3
.3

,1

1
2

4
1
3*

3
2*
6*

7
3
4

Kupffer

115
186
172

53
82
82

235
374
286,

17,
42,
35,

11.
11.
12.

20.
36.
29.

28.
23.
20.

151.
171.
143.

48.
45.
41.

.3 +

.1 +

.9 +

.1 +

.8 +

.3 +

.6 +

.6 +

.9 +

.0 +

.6 +

.8 +

.3 +
,5 +
,4 +

,7 -s-

0 +
,3 +

0 +
5 +
1 +

6 +
o +~
3 +

1 +
0 +
0 +

cells

14
16
13

5
9
8

43
52
42

2
4,
6

1.
0,
0.

2,
2.
3.

3.
1.
2.

8.
14.
12.

10.
0.
5.

.6

.7*

. 0*

.3

.1

.7

.4

.1

.6

.6

.5*

.4*

,7
.8
,8

.3

,7*
,7

3
. J
1

3
0
6

4
9
5

endothelial

165
192
171

27
35
36

376
482
322

6
6
8

9
12
13

24
7

26

19
18
17,

299,
234.
226.

149.
143.
163.

cells

.3

.4

.1

.1

.0

.8

.9

.2

.0

.4

.8

.1

.2

.4

.5

.1

.8

.5

.6

.7

.9

.7

.7

.3

,4
,3
1

+ 21
+ 17
+ 10

+ 1
+ 2

± 6

+ 40
+ 117
+ 22

+ 0
+ 1
+ 0

+ 1,
+ 1,
+ 0.

+ 1.
+ 2.
+ 2.

+ 1.
+ 1.

l +
 l

+ 33.
+ 28.
+_ 24.

+ 18.
+ 18.
+ 14.

.6

.0

.8

.5

.2*

.8

.8

.0

.8

.4

.1

.9

.2

.7

.3

.2
,6
.8

,2

3

,0
6
0

0
2
9

Enzyme activities are expressed as nanomoles of 4-methylumbelliferone. (acid
phosphatase, acid lipase, §-galactosidase, [} -acetylglucosaminidase),
nucleotide equivalents (acid DNAse), tryptophan (cathepsin D ) , (J-naphthyl-
amine (aminopeptidase B ) , phenolphthalein (3-glucuronidase) or nitrocate-
chol (arylsulphatase B) released per minute per mg of protein at 37°c. Data
are mean +_ S.E. for four separate cell preparations.
* p <( 0.05 versus values at 3 months.
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ties appeared to reflect the important role of Kupffer and endo-
thelial cells in the clearance and degradation of serum lipo-
proteins and glycoproteins (Knook and Sleyster, 1980).

It was found that the patterns of aging changes differed con-
siderably for the three types of liver cells. In parenchymal
cells, a strong increase was observed for cathepsin D and there
was a tendency to an increase for acid DNAse (Table I). Most other
specific enzyme activities remained constant or showed slight
fluctuations with aging, with the exception of /? -glucuronidase and
/8-acetyl-glucosaminidase, which declined. Although we did not
observe a real deficiency in any lysosomal enzyme, the finding
that most lysosomal enzyme activities remained constant or de-
clined combined with the increased lysosomal volume observed in
the morphometric studies may lead to a kind of "dilution" of the
amount of enzymes available in each lysosome. This and the
observed increase in undigestible material (lipofuscin) with aging
are indications for an impairment in the autophagic degradation
process in parenchymal cells of old animals.

The activities of lysosomal enzymes in isolated Kupffer and
endothelial cells either remained constant or increased with aging
(Table I). The age-related changes in lysosomal enzyme activities
in Kupffer and endothelial cells are related to alterations in the
endocytosis and hydrolysis of certain substrates from the circula-
tion. More information on this relation can be obtained in studies
on endocytosis by isolated Kupffer cells.

The capacities of Kupffer cells isolated from young and old
rats to degrade and excrete ingested 125I-labelled heat-denatured
colloidal albumin (CA125I) were studied previously (Annual Report
REP-TNO 1980, p. 123). Kupffer cells from old rats appeared not to
be less efficient in the degradation and excretion of CA^25-£.
under some conditions, they are even more efficient than cells
from young rats. Studies on the effect of aging on uptake and de-
gradation processes in endothelial cells have not yet been per-
formed.

The apparently nondiminished functional capacity of the lyso-
somal degradation process in Kupffer cells from old rats together
with the absence of a decline in lysosomal enzyme activities
suggest that the heterophagic capacity and the lysosomal system of
short-lived Kupffer cells do not decline with aging, in contrast
to long-lived parenchymal cells.

Knook, D.L. and Sleyster, E.Ch., Biochem. Biophys. Res. Commun. 9^_ (1980) 250.

Meihuizen, S.P. and Blansjaar, N., Mech. Age. Dev. 13 (1980) 111.
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A NEW METHOD TO ISOLATE RAT LIVER KUPFFER AND ENDOTHELIAL CELLS
WITH RETENTION OF RECEPTORS FOR MANNOSE

TERMINATED GLYCOPROTEINS

D.P. Praaning-van Dalen and D.L. Knook

Much attention has been given in the past few years to the
receptor mediated endocytosis of various ligands by sinusoidal
cells of the rat liver (Schlesinger et al., 1978; Hubbard et al.,
1979). Freshly isolated and purified cell preparations are the
most suitable experimental materials for detailed studies on
receptor mediated endocytosis. A highly purified sinusoidal cell
preparation consisting mainly of Kupffer and endothelial cells can
be obtained by perfusion and incubation of the rat liver with the
proteolytic enzyme pronase E (Knook and Sleyster, 1976). This
method, however, proved to be unsuitable for studies on receptor
mediated endocytosis, probably because destruction of the membrane
bound receptors occurs. Collagenase, another enzyme which can be
used for the isolation of sinusoidal cells (Nilsson and Berg,
1977), also affects the endocytic capacity of the cells, although
to a lesser extent.

We succeeded in developing a new method for isolation of
Kupffer and endothelial cells which is more suitable for studies
on receptor mediated endocytosis than usually employed ones. The
main difference in this isolation method as compared with the
previously employed pronase E technique is a lower temperature
during the entire isolation procedure. This was made possible by
the fact that pronase still possesses some proteolytic activity at
10°C. Isolated sinusoidal cells were further separated into
Kupffer and endothelial cells by centrifugal elutriation (Knook
and Sleyster, 1976). The viability and purity of the cell prepa-
rations obtained by the new procedure were comparable to those
obtained by the method previously employed (pronase E) and
slightly higher than those obtained by the collagenase isolation
method.

Freshly isolated sinusoidal cells were incubated at 37°C with
the ligand ahexosaminoorosomucoid, a mannose-terminated glyco-
protein. Sinusoidal cells which were isolated by the new method
and incubated with 125j labelled ahexosaminoorosomucoid for only
10 min had already endocytosed a considerable amount of the
ligand. The endocytic capacity of cells isolated by the pronase E
or the collagenase method was only 4% and 10%, respectively, of
that of cells isolated by the new method. Using this new method,
we started to characterise endocytosis in purified Kupffer and
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endothelial cells. As is shown in Table I, both cell types were
capable of endocytosing ahexosaminoorosomucoid. However, the endo-
cytic capacity of the endothelial cells proved to be three times
higher than of the Kupffer cells, as can be seen in the ratio
between the endocytosis of endothelial and Kupffer cells.

The endocytic capacity of Kupffer and endothelial cells iso-
lated by the new method was also demonstrated on ultrastructural
level. Cells were incubated with the mannose terminated glyco-
protein horseradish peroxidase, an enzyme which can be easily
visualized by cytochemical staining. Endothelial and Kupffer cells
contained a considerable amount of endocytosed ligand after only a
10 min incubation period. Peroxidase positive material was found
in bristle coated micropinocytotic vesicles as well as in much
larger ones in both cell types (see Fig. 1).

To investigate whether the endocytosis of ahexosaminoorosomu-
coid and horseradish peroxidase was mediated by specific recogni-
tion of the terminal mannose groups present on both ligands, the
cells were incubated with the ligands along with an excess of
mannan, a polysaccharide which consists mainly of mannose units.
Under these conditions, no endocytosis of the ligands occurred.

Table I

AMOUNT OF CELL ASSOCIATED AHEXOSAMINOOROSOMUCOID AFTER INCUBATION OF

PURIFIED ENDOTHELIAL AND KUPFFER CELLS ISOLATED BY THE NEW METHOD

cell type 0 min 10 min 1 0 - 0 min

endothelial cells 0.4 _+ 0.3 7.4 +• 0.7 7.0 _+ 0.6

Kupffer cells 1.1 +_ 0.6 3.2 +_ 1.2 2.1 + 1.1

ratio endothelial/ 0.3 2.3 3.3

Kupffer cells

Values represent the mean number +• S.D. in ng ligand per 10° cells

(n = 3). Concentration of the ligand was 1.35 pg.ml"1 incubation

medium (37°C). Endocytosis by each cell type was calculated and

corrected for the contributions of contaminating other cells, if

necessary. The amount of ligand found at 0 min incubation time re-

presents a summation of ligand present in the medium trapped between

the cells and that already bound to the cell membrane.
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Endocytosis of horseradish peroxidase by isolated Kupffer and endothelial

cells.

a) Endothelial cell; b) Kupffer cell.

Arrow: bristle coated micropinocytic vesicle filled with horseradish peroxi-
dase.

Arrowhead: large vesicle filled with horseradish peroxidase.

It was therefore concluded that both ligands are endocytosed
by the cells as a result of specific recognition of mannose
groups. It is striking that both Kupffer and endothelial cells
possess the same recognition system, whereas liver parenchymal
cells do not endocytose mannose terminated glycoproteins (Hubbard
et al., 1979) .

The exact reason for the high endocytic capacity of the cells
isolated by the new method is not known. However, the following
explanation seems plausible. Under physiological circumstances,
only a fraction of the total number of receptors of a cell is
exposed on the outside of the cell membrane (Steer and Ashwell,
1980), the remainder being inside the cell and gradually replacing
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the receptors on the outside during the endocytotic event. This
"recycling" of the receptors is inhibited at a temperature of
10°C. When cells are isolated with pronase at 37°C, the proteo-
lytic enzyme will eventually degrade the complete cellular supply
of receptors which are transported to the outside of the cell
membrane. At 10°C, however, only the fraction of receptors present
at the cell membrane at that very moment can be digested by
pronase. When the pronase containing medium is washed away and the
cells are again placed at 37°C, the receptor recycling starts
again and the cells are again able to endocytose ligands due to
recognition of these receptors.

Isolation of Kupffer and endothelial cells by the method
described in this paper will be very helpful in more detailed
studies on the characteristics of endocytosis in the two cell
types.

Hubbard, A.L. et al., J. Cell Biol. £3̂  (1979) 47.

Knook, D.L. and Sleyster, E.Ch., Exp. Cell Res. 99_ (1976) 444.

Nilsson, M. and Berg, T., Biochim. Biophys. Acta 497 (1977) 171.

Schlesinger, P.H. et al., Biochem. J. 176 (1978) 103.

Steer, J.C. and Ashwell, G., J. Biol. Chem. 255 (1980) 3008.
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PRIMARY CULTURES OF RAT LIVER ENDOTHELIAL CELLS:
ULTRASTRUCTURE AND FUNCTIONAL ASPECTS

A.M. de Leeuw, R.J. Barelds, R. de Zanger* and D.L. Knook

The sinusoidal endothelial cells of the rat liver form the
continuous lining of the liver sinusoids and constitute a barrier
between the sinusoidal blood and the liver parenchymal cells. The
endothelial cells influence the filtration of particles from the
blood to the parenchymal cells and vice versa through pores having
a diameter of about 0.1 ym (Wisse, 1977).

Morphometrical and biochemical data indicate the existence of
a considerable lysosomal system in sinusoidal endothelial cells of
the liver. Together with investigations which showed that endo-
thelial cells have a great role in the clearance of compounds from
the blood, these data suggest that liver endothelial cells make an
important contribution to the RES function of the liver along with
the liver macrophages, the Kupffer cells (Praaning-Van Dalen et
al., 1981).

Experimental work with purified liver cell suspensions or
liver cell cultures can provide important additional iaformation
on the functions of the different liver cell types, i.e., the
parenchymal, Kupffer, endothelial and fat-storing cells.

For studying uptake processes jji vitro, cell culturing is
necessary because of the loss of specific membrane receptors
during the isolation procedure. During culture, these receptors
might be reconstituted, as has been shown for Kupffer cells. In
addition, maintenance culture offers the possibility of long term
studies on cellular processes (Wisse and Knook, 1979).

In this report, the conditions for maintenance culture of
purified rat liver endothelial cells are described and the appli-
cability of this JJI vitro model is discussed.

Rat liver endothelial cells were isolated by a modified enzy-
matic procedure using both pronase and collagenase and farther
purified by centrifugal elutriation. Purified endothelial cells
were established in culture in plastic petri dishes coated with
collagen obtained from rat tails and in a Dulbecco's modification
of Eagles medium supplemented with penicillin, streptomycin and
30% homologous rat serum.

After three hours of culture, the first endothelial cells had
already attached to the collagen-coated culture dish and started

*Laboratory for Cell Biology and Histology, Free University of
Brussels, Brussels, Belgium.
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to spread. This process continued and most of the endothelial
cells had settled after 24 hours.

In freshly isolated endothelial cells, the long cell processes
which jji situ cover the liver sinusoids and which contain the
endothelial pores are retracted and lie clustered close to the
nucleus (Fig. la).The most striking observation during culture was
the respreading of these endothelial cell processes within three
hours in a way which was reminiscent of the situation _in_ situ
(Figs, lb and lc). After 24 h in culture, the cells still showed
most of the organelles described _iri situ, i.e., a Golgi system,
mitochondria and many pinocytotic vesicles (Fig. lb). Striking was
the presence of vacuoles not observed L̂n situ containing floc-
culent material. No explanation can yet be given for the origin of
these vacuoles.

Horseradish peroxidase, an enzyme which is cleared from the
circulation by liver endothelial cells through a specific membrane
receptor for mannose-terminating compounds, was also taken up by
endothelial cells cultured for 24 h. These data indicate a re-
appearance of specific membrane receptors on the liver endothelial
cells during culturing, as freshly isolated endothelial cells did
not take up horseradish peroxidase.

From the results obtained in this study, maintenance culture
of liver endothelial cells seems to be a promising procedure for
studying the regulation of pore size by several factors, including
alcohol and certain hormones, the interactions of endothelial
cells with other liver cells and circulating tumour cells which
eventually metastasize in the liver and the mechanisms of ad-
sorptive endocytosis in liver endothelial cells.

Praaning-Van Dalen, D.P. et al., Gastroenterology £1_ (1981) 1036.

Wisse, E., p. 33, In: Kupffer Cells and other Liver Sinusoidal Cells, (eds.

E. Wisse and D.L. Knook), Elsevier/North-Kolland Biomedical Press, Amster-

dam (1977).

Wisse, E. and Knook, D.L., p. 153, In: Progress in Liver Diseases, Vol. VI,

(eds. H. Popper and F. Schaffner), Grune and Stratton, New York (1979).

Figure 1:

a) Freshly isolated endothelial cells. The pores (/) in the retracted cell pro-

cesses appear to be well preserved, n = nucleus; c = broad cytoplasmic rim

surrounding the retracted cell processes.

b) Endothelial cell cultured for 24 hours. Cell process containing pores ar-

ranged in so-called sieve plates (s); pinocytotic vesicles (p) and vacuoles

(v) filled with flocculent material.

c) Scanning electron micrograph of endothelial cells cultured for three hours.

One cell has already respread its cell processes, which contain the sieve

plates, c = cell body containing the nucleus; s = sieve plates.
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LYT-2 CELLS IN MOUSE PERIPHERAL BLOOD AS A FUNCTION OF AGE

W.J.A. Boersma and J.J. Haaijraan

The impairment of immune responses of the B cell compartment
with age can be ascribed to intrinsic factors only to a limited
extent (for a review/ see Blankwater, 1978). Primary immune
responses have been shown to be regulated, at least in part, by a
complex combination of T helper cell and T suppressor cell activ-
ity (Eardly et al., 1978; Cantor et al., 1978). Therefore, the
changes in B cell responsiveness with age can be mainly attributed
to an imbalance between help and suppression. A new model in which
these regulating forces can be explained has been recently
proposed by Herzenberg et al. (1980). The regulatory functions of
T cells have been ascribed to T cell subsets which can be charac-
terized on the basis of different distributions of Lyt surface
markers on the T cell membrane. Negative regulating forces have
been associated with cell populations bearing Lyt-2 antigens,
while inductive and positive regulating actions have beer, ascribed
to cell populations which lack Lyt-2 markers but do have Lyt-1
alloantigens (for a brief introduction, see Swain and Dutton,
1980).

Since virtually all T cells in neonatal and adult mice have
Thy-1 markers as well as Lyt-1 antigens, the balance between the
regulating T cell populations can be expressed as the ratio of
Lyt-2+ cells over Thy-1+ cells. In a previous study, it was shown
that the changes in the Thy-1+ and the Lyt-2+ cell populations in
mouse peripheral blood cells with age reflect the changes in these
subpopulations in the spleen and lymph nodes (Haaijman et al.,
1979).

For longitudinal analysis of age-related changes in immune
phenomena, the peripheral blood cells are the only cells readily
available. We have investigated the feasibility of a longitudinal
analysis of changes in subsets of regulating T cells with age.
Male C57BL/Ka and CBA/Rij mice of different age groups were bled
at irregular intervals for a period of time. The volume of each
blood sample was determined. The nucleated cells of samples of
individual mice were separated on a one-step ficoll-hypaque
gradient according to van der Ham et al. (1977). Separate aliquots
of these cells were used for cell counting and for staining with
anti-Thy-1 (clone 59-AD2.2) and anti-Lyt-2 (clone 53-6.7) mono-
clonal antibodies directly labelled with FITC (Ledbetter and
Herzenberg, 1979). These reagents were obtained through the
courtesy of Dr. Ledbetter, Stanford University, Stanford, CA, USA.
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The stained ce.lls were analyzed according to standard flow cyto-
fluorometric methods in a fluorescence activated cell sorter (FACS
II) equipped with logarithmic amplifiers.

Analysis of Thy-1+ cells in peripheral blood showed that the
mean number of peripheral T cells per ul blood declined during the
first two years of life and then remained rather constant. The
mean number of cells that were stained with anti-Lyt-2 was rela-
tively constant for the age groups tested, but individual values
varied considerably (Table I).

Table I

PERIPHERAL BLOOD CELLS IN AGEING MALE CBA/Rij MICE

age

(months)

8

16
32

Thy-1+ cells

mean

1.24

0.58

0.59

x 10 .pl-1

+_ SD*

+ 0.41

+ 0.36

+ 0.98

Lyt-2+ cells x 1O3.jil"1

mean + SD*

0.30 + 0.14

0.16 +_ 0.10

0.23 + 0.10

The Lyt-2+ cells increased during ageing when expressed as a
proportion of all T cells. In peripheral blood of individual
CBA/Rij mice, the mean proportion increased from 20 +_ 2.5% Lyt-2+

cells in 2.5-month-old mice to 65.5 + 10.5% Lyt-2+ cells in 27-
month-old mice, when a plateau was reached (Fig. 1). The same
trend of T subset development in peripheral blood was generally
observed with increasing age in C57BL/KaLwRij mice as in CBA/Rij
mice. The population of Lyt-2+ cells in young C57BL/KaLwRij mice,
however, was considerably higher than was determined in CBA/Rij
mice. In 4-month-old C57BL/KaLwRij mice, Lyt-2+ cells already
constituted 36.0 9.5% of all Thy-1+ cells, which increased to
69.0 + 18.0% at 32 months of age.

In Figs. 2 and 3 the changes in the Lyt-2+/Thy-l+ ratios are
shown for individual C57BL/KaLwRij mice which were analyzed in a
short-term longitudinal experiment. The life spans of individual
mice studied are also indicated. In Fig. 2, also the survival
curve for a cohort of male C57BL/KaLwRij mice in our colony as re-
ported by Blankwater (1978) is shown. With increasing age, there
is a trend to a higher proportion of Lyt-2+ cells.

For the limited number of mice we have studied so far (Figs. 2
and 3), there appears to be a positive correlation between life
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Figure 1:

Age dependent changes in the relative distribution of Lyt-2+ and Thy-1+ cell

populations in peripheral blood of CBA/Rij mice.
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Figure 2;

Age dependent cha-.ges in the relative distribution of Lyt-2+ and Thy-1+ cell

populations in peripheral blood of C57BL/KaLwRij mice which were successively

bled for a number of times. Indicated is the age at which individual mice died.

In addition, the figure shows the survival curve for C57BL/Ka mice as deter-

mined by Blankwater (1978).
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Figure 3;

Age dependent changes in the relative distribution of Lyt-2+ and Thy-1+ cell
populations in peripheral blood of C57BL/KaLwRij mice which were successively
bled for a number of times. Indicated is the age at which individual mice died.

expectancy and a low Lyt-2+/Thy-l+ ratio for mice up to about
30 months of age. For mice in the last part of the survival curve,
no relation was observed between the Lyt-2+/Thy-l+ ratio and the
pending deaths. Some evidence has been obtained that there is pos-
sibly a Lyt-2+, Thy-1~ population of cells. This, however, remains
to be confirmed in double staining experiments.

Prom our observations, we concluded that longitudinals lym-
phocyte marker studies in mice are feasible. However, to unravel
the role of the regulator cells of the immune system in the health
status of the animal, we have to establish the relation between
functional T cells and the surface marker subsets. This is a
subject of further study.
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EARLY APPEARANCE OF AUTOANTIBODIES IN PRAOMYS (MASTOMYS)
NATALENSIS: A LONGITUDINAL APPROACH

J. Coolen, J.J. Haaijman and H.A. Solleveld

The functional capacity of the immunological system declines
with advancing age. This phenomenon is characterized by a number
of aspects. Not only does the amount of antibody produced on anti-
genic challenge diminish but also the heterogeneity of the anti-
body repertoire becomes more restricted. Perhaps the most striking
effect of aging on the immunological apparatus, however, is the
apparent loss of the capacity to discriminate between "self" and
"nonself" antigens. The result is that autoantibody production is
a frequently occurring phenomenon in aged animals and man.

We have earlier advocated the use of Mastomys as a model for
studying age-related autoimmunity in man (Coolen et al., 1981;
Solleveld, 1981). A question of considerable importance in man is
whether autoantibodies in apparently healthy individuals reflect
subclinical disease in all cases or whether they should be con-
sidered as harmless epiphenomena of a disordered immune function.
Another question is whether most of the autoantibodies are present
only transiently or persist and accumulate progressively with age
(Hawkins et al., 1979). To answer these questions, autoantibody
determinations at regular intervals coupled with serial killing
are necessary. Such a combination of experiments can be performed
only in experimental animals. Therefore, we initiated such a study
in Mastomys. In addition, serial killing experiments would elimi-
nate the difficulty which we had in interpreting some of the
results obtained in our previous study (Coolen et al., 1981;
Solleveld, 1981). The major part of that study was performed in
moribund animals. Since a large number of neoplastic and nonneo-
plastic lesions and a wide variety of autoantibodies with a rela-
tively high frequency were found in these animals, interpretations
as to whether autoantibodies and lesions were associated with each
other was difficult. Further, the longitudinal approach could
exclude the possibility that some autoantibodies were not detected
in our previous study because they were neutralized by antigens
shedded from affected organs.

The present investigation is not limited to intact Mastomys;
it also includes thymectomized and castrated animals. Since thymic
hyperplasia and thymomas are found in a high incidence in Mastomys
(reviewed by Solleveld, 1981) and thymic lesions have been shown
to occur in certain autoimmune diseases in man (Goldstein and
Mackay, 1969), it seemed relevant to study the effect of thymec-
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tomy on autoantibody formation. Castrated animals were included
because sex hormones, particularly androgens, are capable of modu-
lating certain immune responses. A suppressive effect of androgens
on autoimmune phenomena was found in some autoimmune prone mouse
strains (Steinberg et al., 1980).

At present, the autoantibody status of intact and castrated
random bred male and female Mastomys is known mostly up to the age
of 15 months. Autoantibodies were determined by an indirect immu-
nofluorescence technique using rat organs as substrates (Coolen et
al., 1981). The data for intact male Mastomys are shown in Fig. 1
as an example of the results obtained so far. Clear cut differ-
ences were observed in the time of appearance and incidence of the
various autoantibodies. Antinuclear factor (ANF) was already
present in 70% of the intact males and 50% of the intact females
at 4 months of age and in nearly all animals of either sex at the
age of 15 months. Antibodies against cytoplasmic antigens and
erythrocytes were much less frequent. Substantial percentages were
found only in intact males at 15 months of age. The incidence of
antierythrocyte antibodies in castrated animals appeared to be
lower than in intact animals, while no effect of castration was
seen for ANF and antibodies to cytoplasmic antigens. The incidence
of the latter type of autoantibodies was higher with thyroid as
substrate than with liver (Figs. la,b). This difference in results
using the two substrates was not found in our previous study
(Coolen et al., 1981). Whether the present finding is the result
of involvement of different antigenic structures remains to be
investigated.

Antibodies to muscle antigens are distinguished on the basis
of their staining pattern into striated, myasthenia gravis and
zebra types. All three types were found to be infrequent in intact
females during the observation period. In intact males, the number
of animals with striated and zebra type antibodies increased with
time and was approximately 40% at 15 months of age (Figs, lc, d).
Castration lowered the incidence of these two types of autoanti-
bodies.

Although these data are preliminary, it is possible to make
the following provisional conclusions:
1. There are differences in the time of appearance and overall

incidence of the various autoantibodies in Mastomys. This
finding confirms earlier observations starting at 7 months of
age in a small group of animals (Solleveld, 1981).

2. Castration of male and female Mastomys has no consistent effect
on various autoantibody specificities within the first 15
months of life. Our data contrast with those obtained with
(NZBxNZW)Fl hybrid male mice in which the frequency of ANF
increases after castration (Roubinian et al., 1978; Steinberg
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Figure 1:

Incidence (in percent) of a number of autoantibodies in 50 intact male Mastomys

at different ages: a) ANF and autoantibodies against cytoplasmic antigens and

erythrocytes using rat liver as substrate; b) autoantibodies against thyroid

colloid and against cytoplasmic antigens of thyroid foilicular cells; c) three

types of autoantibodies to skeletal muscle; and d) two types of autoantibodies

to cardiac muscle.
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et al., 1980) but are in agreement with findings in male BxSB
mice (Eisenberg and Dixon, 1980; Murphy and Roths, 1979).

3. The incidence of ANF and autoantibodies against cytoplasmic
antigens is significantly higher than found in a previous study
in which terminal sera were examined (Coolen et al., 1981).

4. Autoantibodies against cytoplasmic antigens are more frequent-
ly observed with thyroid than with liver as substrate. This may
indicate a heterogeneity in the detected antigens.

Definite conclusions can be drawn only after completing the
present experiment. Most importantly, data will then become avail-
able on the predictive value of autoantibodies for survival and
for the development of various lesions as well as on the persis-
tence of the various autoantibodies in the animals.

Coolen, J. et al., Clin. Immunol. Immunopathol. J£ (1981) 238.

Eisenberg, R.A. and Dixon, F.J., J. Immunol. 125 (1980) 1959.

Goldstein, G. and Mackay, I.R., The Human Thymus, W.H. Green Inc., St. Louis

(1969) 194.
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AUTOIMMUNE THYROIDITIS AND SERUM T4 CONCENTRATION
IN PRAOMYS (MASTOMYS) NATALENSIS

H.A. Solleveld and J. Coolen

Praomys (Mastomys) natalensiS/ commonly called Mastomys, de-
velops a wide variety of autoantibodies with age, including those
to thyroid colloid and cytoplasmic antigens of thyroid follicular
cells (Coolen et al., 1981; Solleveld et al., 1981). Of these two
autoantibody specificities, only those to thyroid colloid were
associated with lymphoplasmacellular thyroiditis (Solleveld et
al., 1981). They were of the IgG class and found in titers up to
and including 1280. Thyroiditis in Mastomys is not accompanied by
obvious clinical signs of hypothyroidism such as a more docile
behaviour, abundant subcutaneous and abdominal fat or alopecia.
This does not mean, however, that hypothyroidism does not occur in
Mastomys with thyroiditis. Serum thyroxine (T4) measurement can be
useful in establishing the diagnosis of hypothyroidism, although
it should not be regarded as a definitive test (Sawin et al.,
1979), since the level of T4 is often not below the normal range
in mild hypothyroidism (Gordin et al., 1974). Despite the limited
value of determining serum T4 levels, it seemed appropriate to us
to assess these levels in a number of Mastomys with and without
thyroiditis and to compare them with the degree of severity of
thyroiditis and with the autoantibody titer to thyroid colloid. In
addition, this study offered the possibility to explore whether a
decrease in the levels of serum T4 occurred with age in Mastomys
not having thyroiditis, since animals of various ages were
involved.

Huang et al. (1980) recently demonstrated that the serum T4
levels in old rats were significantly lower than in young ones,
while contradictory results have been reported in man (Sawin et
al., 1979). The latter is not surprising, since several nonthy-
roidal factors, including certain drugs and chronic illness, are
known to influence T4 levels (Belshaw and Rijnberk, 1979; Sawin et
al., 1979).

A standard grading system for the assessment of the degree of
severity of thyroiditis was used (Kite et al., 1969). Autoantibody
titers were determined by the immunofluorescence test (Coolen et
al., 1981) and the serum T4 concentration was assessed by radio-
immunoassay (Belshaw and Rijnberk, 1979)*.

* kindly performed by Dr. B.E. Belshaw, Small Animal Clinic,
University of Utrecht, The Netherlands.
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The relationships between the severity of thyroiditis and
serum T4 concentration and between autoantibody titer and serum T4
concentration are given in Pig. 1. As can be seen from this fig-
ure, no relationship was found in either of these two cases.
Animals with severely affected thyroid glands or with a high
autoantibody titer had serum T4 concentrations within the range
of those of animals not having thyroid disease. These findings
mean that additional testing is necessary to give a definitive
answer to the question of whether hypothyroidism occurs in
Mastomys with autoimmune thyroiditis. Measurement of the serum
thyrotropin (TSH) level or the plasma T4 response to TSH stimula-
tion possibly provide better indicators for the diagnosis of hypo-
thyroidism. The serum T4 concentration as related to the age of
the animals is shown in Fig. 2. Although the few available data do
not permit a positive conclusion, it is possible that an age-
dependency for serum T4 will be found after sampling more animals.

40

30-

o

c 20 T

10-
B

0 1 2 3 4

severity of thyroiditis

D male
• female

160 320 640

autoantibody titer

Figure 1:

a) Relationship between severity of thyroiditis and serum T 4 concentration in

male and female Mastomys•

b) Relationship between autoantibody titer and serum T4 concentration in male

and female Mastomys.
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Figure 2;
Serum T 4 concentration determined in male and female Mastomys at various ages.

The pooled serum sample is derived from male and female Mastomys of less than

3 months of age.
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EFFECTS OF NEONATAL THYMECTOMY AND PREPUBERTAL CASTRATION ON THE
SURVIVAL OF PRAOMYS (MASTOMYS) NATALENSIS

C.F. Hollander, J. Coolen, J.J. Haaijman and H.A. Solleveld

It is well known that in the so-called autoimmune-prone mouse
strains thymectomy and castration can alter the expression of
autoimmunity and affect the life span. Neonatal thymectomy of
MRL/lpr mice led to a significant reduction in antibodies to DNA
and prolonged survival. In contrast, neonatal thymectomy of (NZB x
NZW)F1 mice led to acceleration of the autoimmune process and
shortened life spans (Steinberg et al., 1980). Prepubertal castra-
tion of (NZB x NZW)Fl males resulted in accelerated formation of
antibodies to DNA and increased mortality, whereas prepubertal
castration of females of this hybrid did not influence formation
of antibodies to DNA or survival (Roubinian et al., 1979). No
significant change in longevity has been observed in male BxSB
mice castrated at 10 days of age or after weaning (Murphy and
Roths, 1979).

The effects of neonatal thymectomy and prepubertal castration
on autoantibody formation and pathological changes in random bred
and inbred Mastomys of both sexes are presently under study. The
survival curves of intact, thymectornized and castrated random bred
male and female Mastomys have now been largely completed. There-
fore, it was of interest to determine whether thymectomy and
castration had any effect on survival as compared with control
animals. The survival curves of the various groups of animals are
shown in Figs.1 and 2. All animals were housed individually and
water and food were provided ad_ 1 ibitum.

As can be seen from these two figures, only small differences
are found in the shapes of the survival curves for the various
groups of either sex. This may be explained by our previous obser-
vations, that of the wide variety of autoantibodies occurring in
Mastomys, only those to thyroid colloid appear to be associated
with a lesion - namely, thyroiditis (Solleveld et al., in press).
It is unlikely that changes in the incidence of these autoanti-
bodies by experimental manipulations has any effect on survival,
as most of the lesions are histologically mild in character.

A surprising finding was that thymectomy hardly influenced
survival, since thymomas, occurring in 40% of the animals, were
expected to be the major cause of death in animals bearing such a
tumour (reviewed by Solleveld, 1981).

The effect of thymectomy and castration in the autoimmune-
prone mouse strains can be ascribed to a positive or negative
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Figure 1;

Survival curves of control, castrated and thymectomized random bred male

Mastomys

influence on anti-DNA antibody formation. DNA-anti-DNA immune
complexes are formed and deposited in the kidneys and this results
in renal insufficiency and death. Thus, manipulations increasing
or decreasing anti-DNA antibody formation result in altered
survival times.

Whether autoantibody formation in Mastomys is influenced by
thymectomy and castration as compared with control animals cannot
yet be stated. For preliminary data, see page 197 of this Annual
Report.
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Survival curves of control, castrated and thymectomized random bred female

Mastomys
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THE IMMUNE SYSTEM DURING AGEING. XIII. EXPRESSION OF IgHl AND IgH5
ALLOTYPES IN IDIOPATHIC PARAPROTEINAEMIA IN THE AGING

(C57BL/KaLwRij x CBA/Rij)Fl MOUSE

M.H.M. Vieveen, J. Radl, T. van de Akker* and R. Benner*

Studies performed in a mouse model system indicate that idio-
pathic paraproteinaemia (IP) or benign monoclonal gammapathy is
the result of an irreversible intrinsic defect within one B cell
clone (Radl, 1981). Some extrinsic factors, however, may contri-
bute to the development of IP in its early stages. A deficiency in
the T immune system which developes with aging plays a crucial
role in this respect. Moreover, chronic and excessive antigenic
stimulation increases the frequency of IP in aging athymic nude
mice (Radl et al., 1980).

A strong indication for genetic influences in the development
of IP has already been obtained by the finding of varying frequen-
cies of homogeneous immunoglobulins (H-Ig) in aging mice among
different strains; later, this view was further supported by the
results of transplantation experiments in which B cells from mice
of a strain with a high IP frequency led to the development of IP
in radiation chimeras of a strain with a low IP frequency but not
vice versa (Radl et al., Annual Report REP-TNO 1979, p. 261). The
present study extends this observation and shows that, within the
Fl generations of the low IP frequency strain CBA and the high IP
frequency strain C57BL, the paraproteins of the IgG2a and IgD
classes which develop with aging carry predominantly the b allo-
type of the C57BL strain.

Serum samples of a total of 160 (C57BL x CBA)F1 mice were
investigated for the presence of H-Ig at 3-month intervals during
their entire life-span. The techniques applied were agar electro-
phoresis according to Wieme, immunoelectrophoresis, double radial
immunodiffusion and immunofixation. Samples containing an IgG2a or
IgD paraprotein were further investigated with antisera specific
for IgHla, IgHl13 or IgH5b allotypes. The antisera recognizing the
different Ig isotypes and IgH allotypes were prepared as described
previously (Radl, 1981). The antibodies specific for the IgH5b
allotype were monoclonal antibodies (H6/31-HLK 021 from Sera-Lab,
Ltd., Crowley Down, Sussex, England).

The 90, 50 and 10 per cent survivals of the mice studied were
21, 29 and 35 months, respectively. An IgG2a paraprotein was

*Dept. Cell Biology and Genetics, Erasmus University, Rotterdam,
The Netherlands.
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detected in 16 mice (10%) and an IgD one in 6 others (4%). In all
mice with the IgG2a paraprotein, its allotype was demonstrated to
be that of the IgHlb (C57BL). A similar situation was found for
the IgD paraproteinaemia, that is, paraproteins from all six mice
belonged to the IgH5b allotype; however, the serum of one of the
6 mice contained in addition a second IgD paraprotein which was of
the other IgH5 (CBA) allotype (Fig. 1). In most of the cases, the
paraproteinaemias were persistent and fulfilled the criteria for
IP. Further studies are concerned with the transplantability of
these IPs and with the expression of the IgHl and IgH5 allotypes
within the normal heterogenous Ig in the Fl mouse.

Immunofixotion

Double Immunodiff usion

Figure 1;

Demonstration of IgD paraproteins (arrows) in the sera of three (1, 2, 3) 27

months old (C57BL/KaLwRij x CBA/Rij)Fi mice by immunofixation. From the two

antisera used for precipitation, the antiserum R is specific for the IgD class

regardless of its allotype; the antiserum M is a monoclonal reagent which pre-

cipitates only the IgH5b allotype. The sera of all three mice contain an IgD

paraprotein of the IgH5^ allotype; however, serum nr. 2 contains a second IgD

component which reacts only with the antisserum R (extra arrow) but not with M.

This antigenic difference given by the second IgD component is also indicated

by a spur formation (arrow) in the Ouchterlony double diffusion technique.
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SPONTANEOUS MULTIPLE MYELOMA WITH OSTEOLYTIC BONE LESIONS IN THE
AGING C57BL/KaLwRij MOUSE

J. Radl, C. Zurcher, P. van den Berg, R.J. Brondijk, A.M. de
Leeuw, H.R.E. Schuit and W. Riesen*

Spontaneous and especially induced plasmocytomas in some
inbred strains of mice have proved to be very useful models for
studies on neoplastic development (Potter, 1973). However, these
neoplasms mostly grow only locally, without involvement of the
bone marrow; therefore, they can hardly be compared with the most
frequent plasma cell malignancy in man - the multiple myeloma
(MM). During our studies on benign proliferative disorders in the
aging C57BL/KaLwRij mouse (Radl, 1981), an old mouse with an
excessive homogeneous immunoglobulin (H-Ig) component in its serum
was occasionally found. When investigating the bone marrow cells
from such an animal, typical myeloma cells showing a monoclonal
expansion were found by morphological and immunofluorescence exa-
minations. More detailed studies demonstrated that the mice
suffered from multiple myeloma which resembled human MM very
closely, including the typical bone lesions.

The frequency in which this spontaneous MM appears in the
C57BL mice above 24 months of age can be estimated as about 0.5%.
The pattern of this mouse MM will be described on our first obser-
vation (5T-2) which was investigated in more detail. An exces-
sive H-Ig component of the IgG2a-k isotype was found in the serum
of a 24-month-old, untreated male mouse. The animal was sacri-
ficed and submitted to a complete necropsy and laboratory and
histological investigation. In addition, bone marrow cells (2xlO*>
per recipient) were transplanted i.v. into young mice of the same
strain. A "take" of the neoplasm approaching 100% was achieved in
this as well as in all subsequent cell transfers. Since the first
transplantation in 1976, the number of transplanted 5T-2 MM gen-
erations has increased to nine. Apart from the bone marrow cells,
spleen cells (5xlO*>) could also be used for the transplantation
and with a similar take frequency. The clinical course of the MM
propagated over the 9 generations remained essentially unchanged.
In about 2 to 3 months after transplantation, the IgG2a-k para-
protein could be detected in the serum of the recipients. Its
amount progressively increased up to values exceeding 1 g.dl"-'-. At
that stage, the urine of some of the mice contained Bence Jones

*Institute for Clinical and Experimental Cancer Research, Tiefenau
Hospital, Berne, Switzerland.
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protein of the kappa type. In close correlation with the para-
protein concentration, the numbers of myeloma cells in the bone
marrow increased and eventually spread to other organs as well. Of
these, the red pulp of the spleen was affected most frequently.
Lymph nodes, gut associated and bronchus associated tissues were
involved only to a minor extent and not very frequently. One
subline was characterized by an extensive growth in the liver in
addition to involvement of bone marrow, spleen and lymph nodes.
The myeloma cells were generally moderately to poorly differenti-
ated, with the exception of a few cases showing a greater extent
of differentiation mainly in the early generations. Ultrastruc-
tural studies performed on several samples from different genera-
tions showed a more or less homogeneous population of myeloma
cells; these were characterized by the presence of dumped chro-
matin, sometimes in a cartwheel pattern, an appreciable amount of
rough endoplasmatic reticulum, a high nuclear/cytoplasmatic ratio
and a discongruity between nuclear and cytoplasmatic differenti-
ation, the degree of which appeared to be higher in the earlier
generations.

On X-ray examination of the skeleton, the fully developed
myeloma showed osteoporesis with occasional osteolytic lesions.
However, some sublines of the 5T-2 MM developed severe bone
lesions (Fig. 1). These mice often presented neurological compli-
cations such as paraparesis or paraplegia due to damage of the
spinal cord or central symptomatology due to neoplastic growth
into the meninges from the skull. Spontaneous fracture of one of
the long bones was observed only exceptionally. Most of the mice
died because of a generalized massive MM growth after 3 to 10
months following transplantation. The survival time of mice with
5T-2 MM was markedly shorter than that of normal C57BL mice (50%
survival time, 24 months). The form and progression of the disease
seems to be dependent on the amount of transplanted cells and the
route of their administration. By repeatedly propagating spleen
cells subcutaneously or intraperitoneally, it was possible to
develop sublines which grew mainly as a local tumour or in an
ascitic form, respectively.

The 5T-2 myeloma protein was demonstrated to have antibody
activity against DNP- and nucleotide conjugates (5-Acetyluracil-l-
BSA; Purine-6-BSA; Cytosine-BSA; Adenosine-5-monophosphate-BSA"and
Guanosine-BSA, with a decreasing affinity in this order). In addi-
tion, the paraprotein was demonstrated to interact with a yet
unidentified component from agar, which, however, does not seem to
be agaropectin. Antisera raised to the 5T-2 myeloma protein in
guinea pigs, rabbits and a goat show a distinct antiidiotype
activity after proper absorption; these antisera proved to be very
useful in monitoring the take and the growth of the MM by detec-
tion the paraprotein in the serum and in the cells in the dif-
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Figure 1:

X-ray pictures of the lower part of the skeleton of a normal (above) and a 5T-2

MM bearing (below) C57BL mouse, both seven months of age. Note the pronounced

osteolytic lesions in the long bones, the pelvis and the vertebrae of the mouse

suffering from the muLtiple myeloma.
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ferent organs. In addition to the 5T-2 MM, five similar cases of
MM were detected more recently. The myeloma proteins produced by
these MM lines were classified as IgG2a-k (2 times), IgG2b-k (2
times) and IgGl-k (once). It seems that these mouse MM lines offer
a suitable possibility for studies on the many problems of human
MM which could not be approached before - namely, the mechanisms
of the development and the possibili t ies of the treatment of the
osteolytic lesions.

Pot ter , M., Semin. Hematol. J £ (1973) 1.
Radl, J . , p . 121, In: Iitimunological Techniques Applied t o Aging Research (eds .

W.H. Adler and A.A. Nordin), CRC Press I n c . , Boca Raton, Florida (1981).
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MYELOMA KIDNEY AND RENAL AMYLOIDOSIS IN THE TRANSPLANTABLE
5T2 MOUSE MYELOMA

C. Zurcher, R.J. Brondijk and J. Radl

An animal model for human multiple myeloma (MM) was lacking
until recently. Transplantable mouse plasmacytomas share some cha-
racteristics (such as monoclonal gammapathy, Bence Jones protein-
uria and myeloma kidney) with human MM but differ with respect to
the site of origin and pattern of growth. In the mouse plasma-
cytoma model, tumours originate outside the bone marrow space and
growth remains mainly localized. A better model for human MM was
developed in our laboratory by transplanting bone marrow cells
from C57BL mice with spontaneous MM into syngeneic mice (Radl et
al., 1979; this Annual Report, p. 213).

Neoplasms of plasma cells are generally characterized by an
excessive production of monoclonal immunoglobu1ins and often also
immunoglobulin fragments such as free light chains or immunoglobu-
lin related proteins including one of the types of amyloid. In
human myeloma patients, severe renal damage due to the presence of
such substances occurred in 30-50% of the cases (Heptinstall,
1966). The most important lesion is the so-called myeloma kidney
associated with Bence Jones proteinuria. With improved treatment,
the incidence of renal complications has considerably decreased
(Azar and Potter, 1973; Franklin, 1980).

To investigate whether myeloma related renal damage also
occurred in our mouse myeloma model, we screened necropsy material
from several passages of a transplantable 5T2 IgG2ak producing
myeloma in male C57BL mice for the occurrence of myeloma kidney
and renal amyloidosis.

Renal lesions appeared to be relatively uncommon: glomerular
amyloidosis was present in three and myeloma kidney in two of
seventy-five cases.

In the cases with renal amyloidosis, amyloid was also present
in the ileum, cecura and spleen, which are the usual sites of spon-
taneous amyloid deposition in normal aging male C57BL mice. The
deposition of amyloid in the glomeruli in these three cases can
most likely be ascribed to the normal high background of severe
amyloidosis in this strain (35% in aged male C57BL mice).

The two cases of myeloma kidney showed the characteristic pic-
ture of severe renal damage as described for human MM and trans- I
plantable mouse plasmacytomas (Azar and Potter, 1973). Grossly, i
both kidneys were pale, the left more so than the right. Micro-
scopically, "hard" appearing homogeneous or laminated hyaline casts
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were found in distended distal convoluted and collecting tubules,
with syncytial epithelial cells lying in close apposition to the
casts (Fig. 1). Focal granulocytic infiltration was seen in some
tubules and in the adjacent interstitial tissue. Interstitial
fibrosis and tubular atrophy were severe in some areas. No glome-
rular lesions were apparent. In both cases, the left kidney was
much more severely affected than the right one. An inhomogeneous
distribution of renal damage over both kidneys has also been
described in human MM and mouse plasmacytomas (Azar and Potter,
1973).

In the case with the most severe renal lesions, the bladder
wall epithelium showed a diffuse hyperplasia with focal cell
necrosis and atypia in relation to protein cast material (Fig. 2).
The mucosa was edematous. The two cases occurred during the 7th
and 8th transplantation generations at 5 and 4 months, respective-
ly, after intraperitoneal injection of myeloma cells.

vmx.

Figure 1;

Area of renal cortex of a 7-month-old male C57BL mouse with a IgG2ak myeloma

showing partly laminated casts, atypical tubular epithelium with giant cell

formation and focal necrosis. PAS, x 330.
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Both cases showed involvement of bone marrow in varying
degrees and extensive nodular plasma cellular tumour growth in the
peritoneal cavity. The case with the most severe renal lesions
also showed a 2 cm diameter subcutaneous plasma cell tumour in the
inguinal region, apparently resulting from tumour cell spillage
during i.p. injection. The other showed additional involvement of
liver, spleen and lymph nodes. Other mice showing primarily
intraperitoneal localization of myeloma cells did not have myeloma
kidney lesions.

The myeloma kidney lesions observed in our mice are suggestive
for the presence of Bence Jones proteins in the urine; however,
proof is lacking, as the urine was not investigated in these
cases. In incidental cases during this series of transplantations,
Bence Jones proteins could be demonstrated but regular tests for
Bence Jones proteinuria were not performed. Investigations on
whether the concentration of free light chains in the serum of the

Figure 2;

Urinary bladder of same mouse as in Fig. 1 showing hyperplastic transitional

epithelium and mucosal edema. Note atypia and individual cell necrosis of

epithelial cells in relation to protein cast material. HPS, x 210.
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two cases with myeloma kidney was greater '-han in those without
such lesions are in progress. It must be noted here that no cases
of "myeloma" kidney have been observed in about 200 C57BL mice
with the much more common benign monoclonal gammapathy.

Our preliminary data suggest that myeloma kidney is infrequent
in this series involving one mouse myeloma lineage. However,
whether this is typical for mouse myeloma in general or is due to
a less common incidence of Bence Jones proteinuria in this partic-
ular 5T2 mouse myeloma or to a lesser susceptibility of our mouse
strain to develop such renal lesions needs further investigation.

Azar , H.A. and P o t t e r , M., M u l t i p l e Myeloma and R e l a t e d D i s o r d e r s , Vo l . I ,

Harper and Row, New York ( 1 9 7 3 ) .

F r a n k l i n , E . C - , p . 520 , Plasma C e l l D y s c r a s i a s . I n : C l i n i c a l Immunology, V o l . I

( e d . C.W. P a r k e r ) , W.B. Saunders , P h i l a d e l p h i a ( 1 9 8 0 ) .

H e p t i n s t a l l , R . H . , P a t h o l o g y o f t h e Kidney, J . & A. C h u r c h i l l , London ( 1 9 6 6 ) .

Radl , J . e t a l . , J . Immunol. 122 (1979) 6 0 9 .
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IMMUNOLOGY

CYCLOSPORIN A AND KIDNEY TRANSPLANTATION IN RHESUS MONKEYS

J.C.C. Borleffs, Z. de By-Aghai, A.F.Kok,
C. Zurcher and H. Balner

Clinical (Calne et al., 1981) and experimental (Homan et al.,
1981) data have clearly demonstrated a positive influence of
cyclosporin A (Cy A) on graft prognosis. However, although there
is no doubt about the strong immunosuppressive properties of Cy A,
nephrotoxic, hepatotoxic and other adverse effects of the drug
have been described, particularly when given in combination with
standard immunosuppressive therapy such as azathioprine and pred-
nisolone (Calne et al., 1979). In addition, it was unknown whether
treatment with Cy A might negate the beneficial effect of blood
transfusions, a procedure which has become an established one in
clinical kidney transplantation. In view of these unanswered
questions, it was thought to be important to investigate the
effect of Cy A in a prospective preclinical study in rhesus
monkeys with the following aims: 1) to determine the effect of
short-term treatment with a high versus a low dosage of Cy A on
kidney graft survival; 2) to investigate whether a combination of
Cy A and standard immunosuppression (i.s.) would lead to better
results and/or toxic complications; and 3) to explore whether the
administration of Cy A would abolish the positive blood trans-
fusion effect. It also seemed important to study the effect of
long-term treatment with Cy A alone or in combination with the
initial administration of standard i.s. on graft outcome and the
incidence of side-effects.

Kidney transplantations were performed in young, unrelated
rhesus monkeys which were matched with their Jonors for one DR and
for two or three SD antigens (A and B locus antigens of the rhesus
monkey's major histocompatibility complex, RhLA). Animals which
were transfused received three transfusates each consisting of 20
ml of fresh, unpooled, whole citrated blood at biweekly intervals,
the last at 2 to 3 weeks prior to transplantation. Immunosuppres-
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sive drugs were administered i.m. daily, starting at the day of
transplantation. Death attributable to graft failure was con-
sidered as the endpoint of graft survival. After transplantation,
kidney and liver function parameters were monitored at weekly
intervals. Autopsies and histopathological examinations of the
recipients were done routinely.

Some preliminary results are presented in Table 1. Nontrans-
fused recipients given standard i.s. (group I) had a median sur-
vival time (MST) of 12 days, with a range of 9 to 22 days. Hence,
animals surviving >22 days, were considered to show "prolonged"
graft survival. The administration of three pretransplant blood
transfusions had a clearly positive influence on graft survival in
standard i.s. treated animals (group II). A MST of 32 days was
found, with 14 of 23 animals (61%) showing a prolonged survival
time (p < 0.0015 by the Mann-Whitney U test).

In nontransfused recipients, treatment with Cy A and standard
i.s. for a period of 3 weeks (group III) after grafting led to
significantly longer survival times than those achieved with
standard i.s. only. The MST of this group was 42 days (p <0.001).
Interestingly, these results were also clearly improved as com-
pared with treatment with blood transfusions and standard i.s.
(group II).

The beneficial influence of Cy A was also convincingly demon-
strated in transfused monkeys. A 3-week immunosuppressive regimen
consisting of 10 or 25 mg.kg"! Cy A either alone (group IV) or in
combination with standard i.s. (group V) led to MSTs of 39 and 51
days, respectively. Although these MSTs were not significant-
ly different from that of transfused animals with standard i.s.
(group II), it was found that the degree of bimodality* of surviv-
al times was clearly reduced if Cy A was given. Therefore, as
regards the question of whether Cy A would diminish the positive
blood transfusion effect, it was found not to do so.

Concerning the effect of the supplementary administration of
standard i.s. to Cy A treated monkeys (group V), it appeared that
transfused recipients so treated had a slightly better MST and a
normal kidney function for a longer period after termination of
treatment than did animals given transfusions and Cy A only (group
IV).

As regards the possible dose effect of Cy A studied in groups
IV and V, there appeared to be no clear difference in survival
time and kidney function between monkeys receiving 10 or 25
mg.kg-1 Cy A.

Continuous administration of Cy A (groups VI and VII) had a

*The phenomenon where survival times can be divided into two sub-
groups: those which are in the same range as those of nontrans-
fused controls and those which are prolonged.
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Table 1

EFFECT OF PRETRANSPLANT BLOOD TRANSFUSIONS, CYCLOSPORIN A AND STANDARD IMMUNOSUPPRESSION
ON KIDNEY GRAFT SURVIVAL IN UNRELATED RHESUS MONKEYS

immunosuppressive treatment

group*

I

II

III

IV

V

VI

VII

trans-
fusions

no

yes

no

yes

yes

yes

yes

Cy K,_1
mg.kg
. daily

-

-

10

10-25

10-25

10

10

standard
i.s-**
daily

+

+

+

-

+

-

+

duration of
treatment

45 days

45 days

3 weeks

3 weeks

3 weeks

^ 6 months

^ 6 months,
Standard i.s.
for only
3 weeks

survival times (days)***

9 9 10 10 11 12 13 14 14 17 22

9 10 11 12 12 13 13 19 22 29 32 32
34 41 43 43 44 53 53 56 56 61 75

34 34 38 46 92 147

14 31 32 36 36 42 46 j>1_ 61 174

33 42̂  46 46 48 53 5j> 8± 95_ 118

24 50 > 300^ > 300 > 300

42 200 214 250^ 252^ >300^

MST****

12

32

42

39

51

* Host/donor combinations were mismatched for one or two DR and two or three SD antigens. .
** Standard immunosuppression consisted of azathioprine (2 mg.kg ) and prednisolone (1 mg.kg ).
*** Underlined data are survival times achieved with 25 mg.kg Cy A.
****Median survival time (days).

Survival times achieved after termination of treatment at 6 months after transplantation.



remarkable effect. Most of the grafts were still functioning
normally six months after transplantation. The initial treatment
with standard i.s. in recipients of group VII did not lead to
different results as compared with those given Cy A only. To
investigate whether treatment with Cy A for such a long-term
period would induce a state of nonresponsiveness, the administra-
tion of the drug was stopped in a number of animals at day 180;
treatment was continued in the other recipients. It was found that
kidney grafts continued to function without treatment for periods
varying between two and four months after termination of treat-
ment.

As concerns the histopathology of rejected kidneys, it ap-
peared that, in general, the histological patterns observed in the
experimental and control groups were more related to the "survival
age" of the graft than to the type of immunosuppressive treatment,
i.e., long-term survivors (animals surviving for more than 22
days) showed more chronic rejection and short-term ones more acute
rejection histologically. No clear-cut lesions which could be
related to Cy A toxicitiy or carcinogenicity were observed.

It may be too early to make confident speculations about the
future utilization of Cy A, but the experience gained in man and
several animal species suggests that it is one of the most power-
ful immunosuppressive agents used so far in the management of
recipients with renal allografts.

Calne, R.Y. et al., Lancet ii (1979) 1033.

Calne, R.Y. et al., Transplant. Proc. 13 (1981) 349.

Homan, W.P. et al., Transplant. Proc. 13 (1981) 397.
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THE PRODUCTION OF MONOCLONAL ANTI-HUMAN IgA2 AND ITS APPLICATION
TO THE DIAGNOSIS OF PLASMA CELL MALIGNANCIES IN BONE MARROW

J.J. Haaijman, C. Deen, C.J.M. Krbse, J. Zijlstra,
H.R.E. Schuit and J. Radl

IgA is the major immunoglobulin responsible for removing
antigens entering the body at mucosal sites. Notably, IgA pro-
ducing cells are found in the digestive and respiratory tract
associated lymphoid tissues and in lymphoid tissue of the mammary
glands. Consequently, an appreciable amount of secretory IgA is
found in external secretions such as, e.g., bile, tears, saliva
and milk. In these secretions, the IgA is present largely in the
form of dimers, i.e., two IgA molecules connected via their Fc
portions. In addition, the secretory IgA molecule contains two
extra polypeptides: a smaller one, the so-called J-chain and a
larger one, the so-called secretory component, which is added to
the IgA dimer during its passage through the secretory epithelium.
Two subclasses of IgA are known in humans, viz., IgAj and IgA2-
Although both are present in secretions and in serum, the quanti-
tative relation between the two subclasses varies considerably.
The major part of the serum IgA is of the IgA^ subclass, as is
that in most of the IgA containing plasma cells in bone marrow. It
is likely that the bone marrow is the major site of serum IgA^
production. In contrast, IgA2 concentration in serum is very low
and it is best represented in saliva and milk. It is logical to
assume local synthesis of IgA2.

Not only would it be of interest to quantitate the age-related
changes in the concentration of both subclasses of IgA in a
variety of secretions but also the disjunction between the produc-
tion sites of IgAi and IgA2 makes the IgA system to a promising
target for immunogerontological research. In mice, we have ob-
served an age-related shift ; in the site of major immunoglobulin
synthesis from the spleen in the young to the bone marrow in the
old. This shift is connected with the different roles of these two
organs in antibody formation: the spleen provides fast and short-
lasting (primary) immune responses, whereas the bone marrow is
responsible for the long-lasting late (secondary) responses. Our
observations further indicate that the decreased immune respon-
siveness in old age can be attributed largely to a change in the
splenic response. Using the IgA system, we hope to obtain a better
insight into the relative roles of local (peripheral) and systemic
(central) immunoglobulin synthesis in aging man.
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Up to now? unequivocal distinction between IgAi and IgA2 has
been hampered by the lack of directly conjugated monospecific
reagents. In this report, we describe the production of a mouse
monoclonal antibody directed against human IgA2 which was applied
in the direct immunofluorescence test on human bone marrow and
tonsil preparations.

Mice were immunized twice intraperitoneally with a purified
Ig^2 paraprotein precipitated on alum. They received a third
injection 4 months later and their spleen cells were fused with
hypoxanthine-aminopterin-thymidine (HAT) sensitive mouse myeloma
cells Sp 2/0 (Kearney et al., 1979). Fusion was facilitated by use
of polyethylene glycol. The fusion mixture was plated directly
into HAT medium. Clones were screened for antibody activity after
about two weeks of culture with a solid phase radioimmunoassay
using the immunogen as the target antigen. Two wells with antibody
activity were found. The supernatants jf these wells were tested
on a large array of different human paraprotein preparations. One
of the supernatants appeared to contain antibodies specific for
the IgA2 isotype and thus showed similar reactions with IgA2 X and
IgA2«- No reaction was observed with either IgA^, IgM and IgG (4
subclasses) isotypes nor with free K and \ light chains. The other
positive well from this fusion appeared to contain antibodies
directed against surface determinants of the X light chain.

The cells were subcloned from the well showing anti-IgA2
activity by limiting dilution. All subclones were again tested for
antibody activity and the most vigorously growing and antibody
producing subclone was injected intraperitoneally into BALB/c
mice. Immunoelectrophoresis performed with the ascitic fluid of
these hybridoma-bearing mice showed the monoclonal antibody to be
of the IgGjK subclass. Monoclonal anti-IgA2 was purified from the
ascites by ion exchange chromatography (DEAE-Sephacel) and la-
belled with either rhodamine or fluorescein. The conjugates were
tested in different dilutions on normal human bone marrow prepara-
tions (Hijmans et al., 1969) to find the working dilution (Table
I). If the anti-IgA2 reagent is used in too high a concentration,
a large, number of the IgA containing cells show a weak staining,
clearly above background. This staining disappears upon dilution
of the conjugate. Also the number of brightly fluorescent cells is
dependent on the dilution of the fluorescent conjugate. It is as
yet unclear as to whether this staining pattern represents a true
expression of some IgA2 determinants or whether it is a staining
artifact. We chose 1:1000 as the working dilution for this partic-
ular batch of conjugate. This dilution was then used with a set
of bone marrow preparations from patients suspected of suffering
from monoclonal gammapathies.
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T a b l e I

THE TITRATION OF MONOCLONAL A N T I - I g A 2 ON POLYCLONAL

NORMAL BONE MARROW CELLS

dilution

1:20

1:40

1:80

1:160

1:400

1:800

1:1600

strongly

positive

14*

8

6

2

2

2

4

weakly

positive

70

64

50

60

8

0

0

negative

16

28

44
38

90

98

96

Cytospin slides of normal bone marrow were fixed, washed and
incubated with monoclonal anti-IgA2 labelled with rhodamine and
subsequently with a fluorescein labelled conventional goat
antiserum directed against IgA (Nordic Immunological Labora-
tories, Tilburg, The Netherlands).

*Per cent IgA containing cells staining with anti-IgA2«

A summary of the results is shown in Table I I . Slides were
stained not only for IgA and IgA2 but also for kappa and lambda
and J-chains.

Three bone marrow preparations of which al l immunoglobulin
containing cells were of the IgA class were chosen. By use of the
anti-IgA2» one of these could be unequivocally classified as an
IgA2 myeloma (BM number 3), and one (by elimination) as an IgAj
myeloma (BM number 1; this conclusion was supported by the pre-
sence of an IgAj paraprotein in the serum of this patient). Bone
marrow number 2 was different in that the majority of the cells
showed weak staining with anti-IgA2« The presence also of the J-
chain in these cells led to the question of whether the anti-IgA2
might recognize a determinant on the J-chain molecule. This possi-
bi l i ty was ruled out by testing bone marrow preparations from
patients with IgG myeloma and those with Waldenstroms disease. In
these preparations, a varying percentage of the cells contained J-
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Table II

APPLICATION OF THE MONOCLONAL ANTI-IgA2 TO A

VARIETY OF BONE MARROW PREPARATIONS

preparation

BM 1.

2.

3.

4.

5.

6.

7.

8.

IgA

100*

100

100

70

58

83

65

62

kappa

100

100

100

20

96

13

nd

nd

lambda

0

0

0

84

4
87

nd

nd

J-cham

4

74

0

4

nd

nd

nd

nd

IgA
weak

0

75
0

56

2

0

4

0

2
stro

0

0

100

8

4

6

10

14

*Per cent of immunoglobulin containing cells•

The figures for kappa, lambda, J-chain and IgA2 are expressed in per

cent of IgA containing cells-

chain determinants but none of these cells reacted with the anti-
IgA2« It has to be further investigated whether the weak reaction
of the anti-IgA2 reagent with some cells represents an experimen-
tal artifact or the true presence of IgA2 determinants within
these cells.

The anti-IgA2 was also used on tissues other than bone marrow.
It was found that about 11 % of IgA containing cells in the
tonsils belonged to the IgA2 subclass. These cells all stained
very brightly with our reagent. Also significant numbers of IgA2
cells were observed in the lamina propria of the gut.

It appears that this monoclonal reagent can be used to full
advantage in a number of studies such as the detection of partial
IgA deficiences, the determination of the nature of IgA nephro-
pathies, disturbances in the systemic and the secretory IgA
systems and the classification of paraprotein containing cells in
benign and malignant plasma cell dyscrasias.

Kearny, J.F. et al., J. Immunol. JT23 (1979) 1548.

Hijmans, W. et al., Clin. Exp. Immunol. 4 (1969) 457.
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THE IN VIVO EFFECTS OF MONOCLONAL ANTIBODIES SPECIFIC FOR HUMAN
EFFECTOR T CELLS IN RHESUS MONKEYS

M. Jonker, B. Malissen*, G. Mawas* and H. Balner

During the past few years, a large number of monoclonal anti-
bodies (MCA) directed against antigens expressed on subpopulations
of human lymphocytes has become available. Some of these cross-
react with rhesus monkey lymphocytes, including those defining the
helper/inducer T cell subset (0KT4 and Leu3) and the cytotoxic/
suppressor T cell subset (OKT8 and Leu2). These antibodies may be
useful in monitoring immunological processes in a variety of
diseases and may be important in the manipulation of the immune
response in organ transplantation and certain immunological dis-
orders.

The MCAs used in this study (designated as B9) were mouse
antibodies raised against human cytotoxic T cell (CTL) clones.
They react with 20% of T cells harvested at day 6 of an MLC and
with 100% of CTL clones. Immunoprecipitation of membrane proteins
under reducing conditions indicated that these MCAs reacted with
a protein doublet (molecular weight of 30/31 k, 72 k nonreducing
conditions). Cross inhibition experiments showed that the seven
available batches of B9 MCAs reacted with at least 4 different
epitopes of the same membrane molecule. When added to the priming
phase or the effector phase of a cell mediated lympholysis (CML)
test, cytolysis is inhibited by these MCAs. This indicates that
the B9 antibodies react with human cytotoxic T cells. Six B9 MCA's
were tested on rhesus monkey cells using an indirect fluorescence
technique and flow cytometry. They all reacted with around 30% of
the peripheral blood lymphocytes, around 60% of MLC blasts and 50%
of Con A stimulated cells. Double staining experiments with OKT4
or Leu3 and OKT8 or Leu2 MCAs showed that B9 MCAs identified
the same subpopulation as did OKT8 and Leu2 MCAs in peripheral
blood. Thus, it is quite likely that the B9 MCAs identify the T
cell subset in the rhesus monkey which contains the cytotoxic and
suppressor cells.

The following experiments were carried out to investigate the
in vivo effects of the B9 MCAs. First, a pool was made of six of
the seven B9 antibodies. This pool contained different IgG sub-
classes (IgGl, 15%; IgG2a, 24%; IgG3, 61%) and different amounts
of individual B9 MCAs. Two monkeys were injected intravenously
with this material. Blood samples were taken daily and the levels

Centre d1Immunologie, Marseille, France.
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of T cell subsets determined by flow cytometry with the B9 pool as
well as with the 0KT8 and 0KT4 monoclonal antibodies. One monkey
(Fig. 1) received daily doses of 0.5 mg.kg"1 body weight for 10
days. The numbers of OKT4+ T cells in peripheral blood lymphocytes
remained at the same level as before treatment. The numbers of
OKT8+ and B9+ T cells fell to very low numbers shortly (24 h)
after the beginning of treatment and remained so for as long as
antibody was given. Shortly after the last injection, the numbers
of OKT8 and B9 positive cells returned to pretreatment values. A
second monkey (not shown in the figure) received the same dose of
B9 antibody on alternate days. At 24 h after the injections, the
OKT8/ B9 positive population was nearly completely removed from
the circulation, but, at 48 h, the numbers had almost returned
to pretreatment levels. Levels of OKT4 positive lymphocytes were
also unchanged throughout the treatment period in this animal.

-1 .

80

"S 60

u
o
a. 40-

20

I M I I I I I M pool B 9 0.5 mg.kg-1 i.v.

\ / \ •
A \i

- " \t

v

r - ^

P v OKT4

,• B 9 pool

OKT8

/ '
/ / a fluorescent

-2 0 2 4 6 8 10 12 14 16 18

time after first injection (day)

Figure 1

Levels of T cell subclasses in the peripheral blood of a rhesus monkey as de-

termined with various reagents using an indirect immunofluorescent technique

and flow cytometry.

The vertical arrows indicate the times of injection of the B9 pool of MCAs-

230



Other parameters such as the numbers of DR positive, Ig bearing
cells, the total number of leukocytes, erythrocytes, reticulocytes
and platelets, the haematocrit values and the kidney and liver
functions also remained normal throughout the experiment for both
animals.

In a second experiment, two monkeys were treated with a single
B9 MCA designated as B9.8 of the IgG2a immunoglobulin subclass,
both with a daily dose of 0.5 mg.kg"! body weight. Two days after
the first injection both monkeys were grafted with skin from a
half sibling (sharing one RhLA haplotype and mismatched for a
single A or B locus antigen). These monkeys were monitored for T
cell subsets in the peripheral blood with Leu2 and Leu3 MCAs. The
results for one animal are shown in Fig. 2. This time, the B9/Leu2
subpopulation was not eliminated from the circulation, in contrast

80

V
Q.
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o
o
Q.
E

40-
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0 J

-8 MCA O.Smg.kg"1 i.v.

skin graft survival

B9.8

fluorescent
/ goot-anti-mouse Ig

-2 6 8 10 12 14 16

time after skin grafting (day)

18

Figure 2

Levels of T cell subclasses in the peripheral blood of a rhesus monkey as de-

termined with various reagents using an indirect immunofluorescent technique

and flow cytometry.

The vertical arrows indicate the times of injection of the B9.8 MCA.
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to the experiments using pooled material. A significant rise in
cell numbers stained with the second step antibody (fluorescein
labelled goat-anti-mouse Ig) was observed during the first few
days of treatment. This suggested that B9.8 binding cells were not
eliminated from the circulation. After about one week of treat-
ment, the numbers of cells stained with goat-anti-mouse Ig alone
returned to normal levels. At that time, the numbers of Leu2
positive cells were decreased, but returned to normal levels in
the second week despite continued MCA treatment. During the first
week, B9.8 MCA could be demonstrated in the serum of the animals
(by indirect immunofluorescence), but not at a later stage. Anti-
bodies against mouse Ig were present in the circulation after the
first week. The skin graft survival of the two treated monkeys was
11 and 12.5 days, which is well within the normal range of skin
graft survival times in such RhLA haplo-identical combinations
(range 8 to 14 days). Thus, treatment with a single MCA directed
against the cytotoxic/suppressor T cell subset of lymphocytes did
not seem to alter the immune response to an allogeneic skin graft.
A control monkey treated with saline injections and also given a
skin graft from a RhLA haplo-identical half-sib showed no altera-
tions in the levels of B9/Leu2 or Leu3 positive lymphocytes at any
time during the experiment. As expected, the graft was also
rejected within the normal time range. Other parameters such as
total leukocytes, erythrocytes, reticulocytes, platelets, hemato-
crit values and kidney and liver functions were the same for both
the MCA and the saline treated animals.

These results show that the monkey can be used as a model for
in vivo application for antihuman MCAs. Apparently, the pool of
B9 MCAs was much more effective in eliminating the cytotoxic/
suppressor T cell subset from the circulation than was the single
B9 MCA used in the second experiment (B9.8). This difference could
be due to the class of Ig antibodies injected, since the B9 pool
contained primarily IgG3 antibodies, whereas the B9.8 MCA was
IgG2a. Alternatively, the B9 pool could have been more effective
in eliminating the cytotoxic/suppressor T cells because more
antibodies per cell were able to bind to the different epitopes of
the molecule against which the B9 antibodies were directed and
that could lead to a more efficient elimination of the lymphocytes
by the lymphoreticuloendothelial system. Another observation was
the rapid production of antibodies to mouse Ig by the B9.8 treated
monkeys. This was most likely the cause of the ineffective
elimination of cytotoxic/suppressor T cells during the second week
of treatment. In any case, it appears that the immune response of
the animals treated with B9.8 MCA was normal, with respect to both
antibody formation and allograft rejection.

With regard to the jji vivo effect of treatment with the B9
pool of MCAs, there was indeed a prompt elimination of the cyto-
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toxic/suppressor T cells from the peripheral blood. However, at
the time of this writing, data on skin graft survival and antibody
production to mouse Ig in monkeys treated with the B9 pool are not
available.
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NK CELLS CAN EXERT LECTIN DEPENDENT CYTOTOXICITY

R.L.H. Bolhuis and B. van Krimpen

We and others have reported the lysis of target cells which
are resistant to so-called natural killer (NK) cells by effector
cells which are activated in a mixed lymphocyte tumour culture
(MLC). These MLC-AK cells are generated <te novo and can also be
generated in percoll fractionated lymphoid cells depleted of large
granular lymphocytes (LGL) (Fig. 1, fractions 6 and 7; closed
bars). LGL have been shown to exert NK activity. These effector
cells were operationally defined as MLC-activated killer (AK)
cells (Bolhuis and Ronteltap, 1980; Bolhuis and Schellekens,
1981). A particular observation was the "anomalous" lysis of
autologous PHA stimulated lymphoblasts by MLC-AK cells. K-562
cells, which are widely used as targets for NK cells, were capable
of inhibiting this anomalous kill of autologous PHA lymphoblasts
but they did not inhibit the immune specific lysis of lymphoid
target cells by alloreactive cytotoxic T cells (CTL). Thus, the
inhibition of lysis of autologous PHA lymphoblasts by K-562 cells
was not due to nonspecific events such as steric hindrance by the
large K-562 cells or other crowding effects. Moreover, the lysis
of PHA lymphoblasts by autologous MLC-AK cells always coincided
with high lytic activity against the highly NK sensitive K-562
target cells. Blast transformation was not a prerequisite for
autologous lysis, since pretreatment of the target cells with PHA
for 1 hour and washing the cells to remove excess unbound PHA
rendered them susceptible to lysis.

We therefore investigated whether the NK cells lyses the PHA-
pretreated NK resistant (autologous) lymphoid and homologous as
well as xenogeneic tumour cells. NK resistant target cells such as
P-815 mouse mastocytoma cells were lysed by freshly isolated,
unstimulated lymphoid cells following pretreatment with PHA. LGL
cells were enriched on discontinuous percoll gradients. The
results obtained showed that PHA pretreated target cells were
lysed only by the LGL containing cell fractions (Fig. 1).

Interferon is known to be the key mediator in the enhancement
of NK cell cytotoxic activity. Therefore, we expected that lysis
of PHA-pretreated target cells would be increased when the effec-
tor cells were pretreated with interferon. This was indeed the
case. We also used an NK cell specific monoclonal antibody, HNK-1,
kindly provided by Dr. T. Abo, University of Alabama, Birmingham,
Ala., USA, to deplete "fresh" lymphocytes of NK cells using a
fluorescence activated cell sorter. The NK depleted fraction
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Figure 1;

Analysis of the cytotoxicity of percoll density gradient separated lymphoid

cells against K-562 and P-815-PHA target cells.

unexpectedly lysed K-562 cells, although the activity against
these cells was lower. We conclude that PHA pretreated, NK resis-
tant (autologous) lymphoid and (xenogeneic) tumour target cells
are lysed by NK cells that have the morphological appearance of
LGL and express an antigen recognized by NK specific HNK-1 mono-
clonal antibodies. This does not imply that the lytic mechanisms
of NK and LDCC activities are identical. A search for more facts
bearing on these questions and studies on whether non-LGL cells
which are HNK-1 negative can lyse K-562 and PHA-treated target
cells are still in progress. Some data are reported in the accom-
panying paper (this Annual Report, p. 237) and these are still
under further investigation.

Bolhuis, R.L.H. and Ronteltap, C.P.M., Immunol. Lett.J^ (1980) 191.

Bolhuis, R.L.H. and Schellekens, H., Scand. J. Immunol. 13 (1981) 401.
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THE MECHANISM OF LYSIS OF PHA TREATED LYMPHOID AND TUMOUR CELLS IS
NOT THE SAME AS ALLOCYTOLYSIS BY SPECIFIC CYTOTOXIC T LYMPHOCYTES

C.P.M. Ronteltap, M.A.W. de Rooy-Braam and R.L.H. Bolhuis

In the previous report (this Annual Report, p. 235), we ob-
served that PHA pretreated, NK resistant lymphoid and tumour tar-
get cells are lysed by NK and MLC-AK cells. We decided to further
study the role of PHA in this "NK-like" cytotoxicity, since carbo-
hydrates are the characteristic molecules on cell surfaces. The
main characteristic of plant lectins is their capacity to bind to
specific sugars, to agglutinate cells and to stimulate lym-
phocytes, although some are nonmitogenic. Interactions between
lectin-like structures and simple sugars cr sugar moieties of
complex glycoproteins or glycolipids present on cell surfaces play
a role in cell adhesion, aggregation and agglutination, cell dif-
ferentiation, platelet activation and the binding of bacteria and
viruses to cell surfaces. The cytolytic T cells have well defined
target specificities, but the recognition structures to which NK
and MLC-AK cells are directed are ill-defined. Several investiga-
tors have obtained evidence that some of these NK structures may
be unique glycoproteins, viral antigens or monosaccharide deter-
minants. Detailed information on the exact nature of the NK and AK
cell receptors and the recognition structures on their target
cells is, however, not yet available.

It is widely known that allospecific cytotoxic T cells (CTL)
are generated in allogeneic MLC. Therefore, we asked ourselves the
question whether major histocompatibility antigens are involved in
lectin dependent cytotoxicity (LDCC) and whether CTL cells can
exert nonspecific LDCC. We investigated whether monoclonal anti-
beta-2 microglobulin and anti-CTL antibodies caused inhibition at
the target and effector cell level, respectively, during the
cytotoxicity assays. The results showed that allospecific CTL
activity was strongly diminished whereas NK and MLC-AK cell lysis
of K-562 and PHA pretreated autologous lymphoid cells (LDCC) was
not affected (Table I).

These results clearly demonstrate that HLA-A, B and C antigens
are not involved in the lysis of PHA pretreated NK resistant
target cells by NK and MLC-AK cells. This impression is further
substantiated by the observation that Daudi cells, which do not
express beta-2 microglobulin due to the lack of genetic informa-
tion for this product, are lysed by MLC-AK cells. The experiments
described do not exclude the possibility that CTL are capable of
LDCC, but they do provide evidence that the recognition and/or
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Table I

THE LYSIS OF PHA TREATED TARGET CELLS AND TUMOUR CELLS IS NOT INHIBITED

BY MONOCLONAL ANTI-CTL ANTISERA

per cent 51Cr release of target cells

effector treatment

cell* K-652 Ly-B Ly-A-PHA T24 P-815

A.Bx none 57 52 48

B9 pool 200 ng/106 cells** 61 33 49

100 ng/106 cells 60 35 53

B9.8 10 ng/106 cells** 61 51 49

100 ng/106 cells 60 49 51

Ly-A Ly-B-PHA

B.Ax none 74 45 46 59 47

B9 pool 200 ng /10 6 c e l l s 75 10 40 58 46

* e f f e c t o r : t a r g e t c e l l r a t i o t e s t e d was 40:1
**B9 pool : a pool of monoclonal anti-CTL ant i s era .

B9.8 : an anti-CTL monoclonal antiserum.

target cell structures involved are distinct from the allospecific
CTL recognition and target cell structures.

We thank Drs. C. Mawas and M. Malissen, Marseille, France, for
supplying us with the monoclonal antibodies.
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PHA TREATMENT OF EFFECTOR CELLS AND/OR TARGET CELLS ON THE LYTIC
CAPACITY AND SUSCEPTIBILITY TO LYSIS

M.A.W. de Rooy-Braam and R.L.H. Bolhuis

PHA treatment of effector cells reduces or abolishes NK, MLC-
AK and CTL lysis. On the other hand, PHA induces susceptibility to
lysis in NK and MLC-AK resistant target cells. A possible explana-
tion is that PHA merely acts as a bridge between the effector and
target cells but it may also trigger the lysis. To investigate
this possibility, we performed experiments in which we used the
effector cells (EC) as both EC and target cells (TC) after treat-
ment of the EC with PHA (PHA-EC) in 51c r_ r ei e a s e cytotoxicity
assays. We also pretreated the EC with PHA and tested them against
a panel of TC: K-562 (NK target cells), T24 (NK resistant) bladder
cancer cells, P-815 (human NK-resistant) mouse mastocytoma cells
and autologous lymphoid cells (NK and MLC-AK resistant) with and
without pretreatment with PHA. The results can be described as
follows:
1) PHA pretreatment of all NK resistant homologous and xenogeneic

in vitro grown tumour target cells renders them susceptible to
lysis by NK cells (Fig. 1);

2) PHA pretreatment of autologous lymphoid cells makes them sus-
ceptible to lysis by NK and MLC-AK cells (Fig. 2; target A-Ly,
A-PHA-Ly, A.Bx and H.Bx-PHA);

3) pretreatment of the EC (fresh NK and MLC-AK) with PHA a) has a
minor effect on the lysis of K-562 cells by NK cells and
b) completely abolishes cytotoxicity against PHA pretreated NK
resistant lymphoid and tumour cells.

Three main conclusions can be drawn from these experiments.
1) Lysis is unidirectional, i.e., only the PHA pretreated cell is

lysed, even in the experiments with autologous effector and
target cells, thus with the same glycoproteins and glycolipids
on their surfaces and in equal proximity. This excludes the
possibility that PHA is just bridging the effector cells and
target cells.

2) The unidirectional lysis of only PHA pretreated cells allows
the conclusion that PHA does not activate the lytic machinery,
since the PHA pretreated effector cell is not activated.

3) The target cells are the primary sites of action of PHA.
The fact that PHA did not induce LDCC when the effector cells

were pretreated can also be explained by assuming that PHA does
inhibit the lytic machinery rather than activating it., This is
suggested by our observations that NK cell lytic activity against
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Figure 1;

The target cell specificity range of NK cells and MLC-AK cells.

K-562 and allospecific cytotoxicity by CTL is significantly re-
duced by PHA pretreatment of the EC. This may be due to reduced
cell mobility or to cross linking of receptors involved in the
lytic machinery. The extent of reduction of the lytic capacity may
depend either on the relative difference in susceptibility of the
different target cells to lysis or on the different receptor anti-
gen affinities. Therefore, we have treated EC and NK-resistant
lymphoid TC with PHA on day 0 and tested them for cytotoxicity. No
TC lysis was observed. Aliquots of the PHA pretreated EC and TC
were incubated overnight at 37°C and the EC tested thereafter for
lytic activity and the TC for susceptibility to lysis. K-562 were
included in cytotoxicity assays at days 0 and 1 as the target
reference. The results obtained can be summarized as follows:
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A-PHA blast**
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Figure 2:

PHA pretreatment of EC lowers cytotoxic activity and of TC induces suscepti-

bility to lysis.

PHA pretreatment of EC inhibits or abrogates cytotoxic acti-
vity of PHA treated, NK resistant lymphoid and tumour target
cel ls . PHA-TC lose their susceptibility to lysis after overnight
incubation. Thus, i t seems that the PHA needs to be present on the
surface of the NK resistant targets in order for them to be lysed.
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NATURAL KILLER AND KILLER ACTIVITY IN PATIENTS WITH CANCER
OF THE UTERINE CERVIX

E.R. te Velde*, R.L.H. Bolhuis, W. Hop** and B.J.M. Zeegers***

Several studies have indicated an inverse relation between
natural killer (NK) activity and tumour load, i.e., depressed
activity was associated with a large tumour load. We therefore
tested the peripheral blood lymphocytes of patients with invasive
carcinoma of the uterine cervix for NK cell cytotoxicity and anti-
body dependent cellular cytolysis (ADCC). With this study, we
wished to ascertain whether the NK and/or ADCC activity of these
lymphocytes assessed before treatment could be useful as a predic-
tor and/or marker for tumour recurrence after the initial success-
ful treatment of the primary tumour. Since it is widely known that
cytotoxicity assays show considerable day to day variations, we
tested large numbers of cryopreserved lymphocytes of patients in
three experiments to minimize this. The isolated mononuclear cells
of the patients were placed into small sterilized polystyrene
tubes and stored in polystyrene iceboxes 12 mm of thickness. The
temperature in these boxes gradually decreased when they were
placed in a refrigerator of -90°C. The course of the temperature
drop is close to that obtained by using an automatic biological
freezing unit: 1°C per minute. The tubes were stored at -90°C
until use. The following questions were subjects of investigation:
1) whether the NK and ADCC lytic capacities had a predictive value

with respect to tumour recurrence. NK activity was determined
using K-562 myeloid leukemia cells as target cells; ADCC activ-
ity was determined using IgG-coated P-815 mouse mastocytoma
target cells;

2) does the time of cryopreservation influence the NK cytolytic
capacities.
The results can be summarized as follows:

1) The lytic capacity of effector cells is dependent on the
storage time; i.e., it decreases significantly as a function of
time. This, however, became statistically apparent only after
long storage times (over 24 months) (Fig. 1). Trivial explana-
tions such as due to technical failures could be excluded,
since the refrigerators were equipped with an electronic alarm
system which had shown no malfunctioning over the test period.

* Dept. of Gynaecology, Academic Hospital Utrecht.
** Rotterdam Radiotherapeutic Institute, Rotterdam.
***Dept. of Immunology, Wilhelmina Children Hospital, Utrecht.
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Percentage lysis (ADCC) of 51Cr P-815 IgG-coated target cells according to

storage time and tumour recurrence.

2) The NK and ADCC lytic capacities have no prognostic value con-
cerning tumour recurrence, as can be concluded from Fig. 1.
These findings do not mean that assessments of various cyto-

lytic capacities are of no value. Several subsets of NK cells with
different specificities seem to exist. Hence/ it may be that the
target cell type used, i.e., K-562 myeloid leukaemia cells, is
not relevant in this respect or that various subsets of NK-like
cells are involved and, thus, the assessment of the overall NK
activity using K-562 target cells obscures differences in the
relevant subsets of NK-like cells.
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MICROBIOLOGY AND GNOTOBIOLOGY

ELIMINATION OF CANDIDA ALBICANS FROM THE GASTROINTESTINAL
TRACT OF MONOASSOCIATED GERMFREE MICE WITH

ORALLY ADMINISTERED KETOCONAZOLE*

P.J. Heidt, C.P.J. Timmermans and J. de Vast

Infection is one of the major problems in patients undergoing
remission induction therapy for the treatment of leukaemia (Hersh
et al., 1965) and in those subjected to bone marrow transplanta-
tion for the treatment of acute leukaemia, aplastic anaemia or
severe combined immune deficiency (Clift et al., 1974).

To prevent infections, these patients are often decontam-
inated. This means that their microflora is completely removed by
the use of orally administered nonabsorbable antibiotics. Since
these patients are easily colonized by bacteria from the environ-
ment which are resistant to the antibiotics used for decontamina-
tion, nursing should be performed under conditions of strict
reverse isolation. Another approach is the selective decontamina-
tion of the gastrointestinal tract, the aim of which is to
eliminate the potentially pathogenic microorganisms while leaving
the anaerobic microflora which is responsible for the so-called
colonization-resistance unaffected (Van der Waaij et al., 1971).
During both treatments, the elimination of Candida species is very
difficult, especially in the oropharynx (De Vries-Hospers and Van
der Waaij, 1978). This is mainly due to the fact that it is
difficult to maintain high levels of the antimycotic drugs at that
site. Even when lozenges containing amphothericin B are used,
failures in eliminating Candida species from the oropharynx still
occur.

We therefore studied the effect of orally administered keto-
conazole in germfree mice which were monocontaminated with Candida
albicans. Ketoconazole is an absorbable antimycotic drug which

*Ketoconazole (NizoralR) was kindly provided by Janssen Pharma-
ceutica Beerse, Belgium.
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gives therapeutic tissue concentrations after oral administration
(Michiels et al., 1979).

Germfree mice were monoassociated with a sensitive strain of
Candida albicans and, after this strain was established, oral
treatment with ketoconazole was started. It was given in the
drinking water in a concentration of 100 mg.l~l, resulting in a
daily dose of 40 mg.kg"1 body weight. The results of this treat-
ment are given in Fig. 1. Each value in the figure is the mean of
the log of the concentration of Candida albicans per gram faeces
of a sample of 19 of 48 treated animals.

After the initiation of treatment, the concentration of
Candida in the faeces of the mice decreased rapidly and in most of
the animals no Candida could be cultured from the faeces after 2
weeks of treatment. After another treatment period of 2 weeks, the
animals were sacrificed and the oesophagus, the duodenum and the
cecum were cultured for the presence of Candida albicans. Of the
total of 48 animals, Candida albicans could be cultured from the
cecum in one animal only; all other cultures were negative. The
results so far indicate that ketoconazole can be a very useful
antimycotic drug for complete and selective decontamination of the
gastrointestinal tract.
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Figure 1;
Mean faecal concentration of Candida albicans in monoassociated mice (n= 19).
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ACUTE TOXICITY OF BACTERIAL DERIVED HuIFNa 2 IN RHESUS MONKEYS

H. Schellekens, A. de Reus and P.J.C.M. van Eerd

Interferons are proteins capable of inducing a virus resistant
state in target cells. They can modulate the immune response,
activate nonspecific defence mechanisms and inhibit cell division.
These effects may be responsible for the antitumour effect of
interferon. The observed therapeutic effects of crude interferon
preparations used in patients with virus diseases and cancer are
encouraging. The majority of clinical trials are anecdotal,
uncontrolled and composed of small numbers of patients. The reason
for this is the very limited supply of interferon produced by cell
culture methods. The successful cloning and expression of human
interferon genes in bacteria have dramatically altered the future
therapeutic possibilities. We have shown in vaccinia infected
rhesus monkeys that the product of a human IFN alpha-2 producing
clone retains its jri vivo antiviral activity, while producing
clearly fewer side effects than the natural leukocyte product
(Schellekens et al., 1981). The purpose of the present investiga-
tions was the testing of the toxicity of very high dosages of
bacterial-derived HuIFNa 2 in rhesus monkeys.

The animals employed in this study were laboratory bred. They
weighed about 3 kg and were 2-3 years of age. The interferon prep-
aration HuIFN alpha-2 (Schering # 30500, batch mf 266) was pro-
duced as previously described (Nagata et al., 1980). The activity
was 240 x 10^ IU.ml""-'-. The interferon was received frozen on dry
ice and only thawed once a few minutes before injection. The
control animals received the diluent which was stored at + 4°C.

Twenty-four animals were selected from stock and checked for
overt signs of abnormalities and then allocated at random, males
and females separately, into three groups consisting of four males
and four females. Two males and two females of each group were
treated with interferon, the others with diluent.
The four monkeys of the first group received i.m. 130x 106 IU.kg"!

body weight.
The second group of four received i.m. 260 x 10^ IU.kg"^- body

weight.
The four animals of the third group received i.v. 260x 10*> IU.kg"!

body weight.
On one day before and at one and fourteen days after administra-
tion of the test substance, 5 ml blood were collected for haemato-
logy and clinical chemistry. The rectal temperatures of the
animals were recorded electronically for eight hours after treat-
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Table I

RECTAL TEMPERATURE IN RHESUS MONKEYS INJECTED

WITH BACTERIAL DERIVED HuIFN a 2

dose

130 x 106 IU.kg"1 i.m.

controls

260 x 106 IU.kg"1 i.m.

controls

260 x 106 IU.kg"1 i.v.

controls

hours after injection

0 3 6

38.4

38.7

38.6

38.6

39.0

39.1

38.5

38.3

38.6

38.5

38.9

38.4

38.3

38.2

38.6

38.5

38.7

38.5

Table II

LEUKOCYTE COUNT (1O9.l~1) IN RHESUS MONKEYS TREATED

WITH BACTERIAL DERIVED HuIFN « 2

dose

130 x 106 IU.kg"1 i.m.

controls

-1

day after injection

+1 +14

5.8 (1.0)

7.0 (2.5)

6.7 (2.0)

8.2 (2.8)

8.7 (1.3)

7.3 (1.6)

260 x 106 IU.kg"1 i.m.

controls

4.3 (0.9)

5.0 (2.4)

3.7 (1.7)

5.4 (2.2)

4.2 (1.0)

6.1 (2.8)

260 x 106 IU.kg"1 i.v.

controls

5.5 (1.0)

4.4 (0.7)

5.6 (1.3)

6.6 (2.4)

6.0 (0.6)

5.3 (3.3)

The mean of four animals with standard deviation is given.
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ment. They were observed continuously for 8 hours after treatment
and then twice a day weekly to record possible adverse reactions.
The weight of the animals was recorded on the day before and at
days 7 and 14 after drug administration. The quantity of food
consumed by each animal was recorded daily for 14 days after
injection. No fever was induced by HuIFN a 2 in any of the groups
(Table I). There was no reduction in leukocyte counts after
treatment as compared with pretreatment counts or counts of the
control animals (Table II). The blood chemistry showed no abnor-
malities, except for a rise in transaminase levels on the day
after injection in both the interferon treated group and in the
controls. There were no clinical signs of toxicity and the food
consumption was normal. Prom these data, we conclude that a single
dose of bacterial derived HuIFN a-2 of 130 x 106 IU.kg-1 or
260 x 106 IU.kg"1 intramusculary or 260 x 106 IU.kg"1 intra-
venously is not toxic for rhesus monkeys.

Nagata, S. et al., Nature 284 (1980) 316.

Schellekens, H. et al., Nature 292 (1981) 775.

251



ETHOLOGY

A STUDY ON ANTIDEPRESSANT MEDICATION EFFECTS IN RHESUS MONKEYS

C. Goosen, L.G. Ribbens and H.M.G. Westenberg*

Rhesus monkeys reared under laboratory conditions often dis-
play a variety of abnormal activities. This behaviour can be
interpreted as distorted, self-directed communication of various
types. The diversity in these abnormal activities as well as the
interpretation given indicates similarity between the abnormal
behaviour in monkeys and that in humans with mental disorders
(Goosen, 1981). This similarity leads to the supposition that
rhesus monkeys could be profitably used in the preclinical deter-
mination of the efficacy of newly developed psychopharmaceutic
drugs for the treatment of affective and schizoaffective disorders
in humans. This hypothesis can be tested by determining whether
psychopharmaceutic drugs with a clinically established efficacy
exert a similar effect in rhesus monkeys as in humans.

As a first step in testing the above hypothesis, we initiated
a study on the behavioural effects of clomipramine. This drug is
known to be antidepressant in human patients 'and only marginally
sedative. Investigations on therapeutic effects of clomipramine in
rhesus monkeys have not been reported in the literature. There-
fore, there are a number of uncertainties with respect to the
necessary experimental protocol. The aim of the reported study was
to determine the most appropriate dose and observation scheme.

The dose given to the monkeys in the present study, 5 mg.kg"!
s.c. twice daily, was chosen so that the minimum blood level was
around 100 ng.ml"-'-, which is mostly effective in human patients.
This dose was determined by s.c. injecting two adult female
monkeys with 10 mg-kg"-*-. This was the probable daily dose, con-
sidering that the body weight of the animals was about 5 kg. Blood
samples taken at hourly intervals indicated that a peak value of
about 210 ng.ml"! w a s reached within about an hour and that there
was then a steady decline of about 3 % per hour.

Dept. of Psychiatry, University of Utrecht, The Netherlands.
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During the behavioural study after 10 days of s.c. administra-
tion, unexpected complications became apparent - namely, local
necrosis and abscess formation at the injection sites. Later, a
protein denaturing effect of the drug was found in vivo in rats
after i.m. as well as s.c. administration; in vitro, there was a
precipitation of bovine serum albumin. These findings led us to
change to oral administration, which is the common route of appli-
cation in man, three times daily. As the monkeys refused to ingest
the compound voluntarily, capsules had to be placed at the base of
the tongue under restraint. Blood levels were determined biweekly
throughout the study.

In humans, it is known that a therapeutic effect of the drug
may not become apparent until after one or two weeks of continuous
administration. Therefore, the length of the various experimental
periods in this study was similar to that used in clinical
studies: four weeks. The arrangement of the various experimental
periods was "double-blind crossover".

Clinical experience shows that about 60% of affectively dis-
ordered human patients respond favourably to the drug; therefore,
it was not expected that all of the monkeys would do so. Further-
more, behaviour measurements in monkeys as well as in humans are
notorious for an enormous variation, even in repeated observations
of a single individual under standardized conditions. Therefore,
when available manpower is limited, one must choose between
studying a large number of individuals by means of a few or short
observations and studying a few individuals intensively. In this
study, we chose the second option; we made one hour observations
once a day, 4-5 times a week, on each of four adult rhesus
monkeys. In this way, we could study how various activities
changed with the experimental condition and then determine in what
way the number of observations could be reduced.

The behavioural repertoire of the monkey subjects used in the
present study included self-aggression and crouching (sitting in a
hunched posture). Although it is not known precisely how human
affective disorders must be translated into monkey behaviour, it
seems reasonable to interpret the mentioned activities in monkeys
as depression-like.

The monkey subjects were housed in the same room, each in a
separate cage (dimensions, 1.6 x 0.8 x 0.8 m). This solitary
housing condition was chosen so that effects of the drug were
unlikely to be confounded by interaction with a social partner.

Tentative results concern only the percentage of the observa-
tion time that the respective subjects spent in the various acti-
vities. Graphical representations of the data showed great varia-
tion among successive observations, indicating a great day-to-day
variation; illustrations are given in Fig. 1. A few activities
significantly differed between experimental periods (Kolmogorov-
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Per cent observation time spent in various activities by different individuals

GG, GO, AA.

Bl, B2: pre- and post-treatment baseline.

T1, T2: treatment with drug and placebo or vice versa.

•: clomipramine treatment.

Smirnov two-sample tests at a 5% level of significance). Investi-
gation of these behavioural changes showed some regularities. Some
activities changed during Bl; Fig. 1 shows an example of a decline
in stereotyped locomotion and an increase in autoaggression and
possibly also in crouching. These changes suggest a two to three
week period of gradual habituation to being housed in the observa-
tion room. During the drug treatment period of two of the subjects
(AA, GO), decreases were found for crouching and autoaggression
and increases in selfgrooming; examples are given in Fig. 1. In
these three activities, the highest level is reached at only one
to two weeks after start of the clomipramine administration. A
similar delay also occurs in the response of human patients to the
drug.
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The above patterns in behavioural change provide an empirical
basis for devising a less extensive and hence more economical
observation regimen for determining the antidepressant effects in
a larger number of monkeys. The reduction can be achieved by
omitting the two to three week habituation period during Bl, which
is not relevant for the question of whether or not most treatment
behavioural parameters return to pretreatment levels. The first
two weeks after initiation of treatment are also of little impor-
tance for finding a difference between drug and placebo treatment.
Because of the great day-to-day variations, it is necessary to
make frequent observations in order to reliably detect behavioural
effects of the drug. The behavioural differences between drug and
placebo found so far, however, indicate that observation duration
and frequency can be reduced without seriously affecting the
resolution power of the testing.

Goosen, C., Biol. Psychiat. 16 (1981) 697.
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APPETENCE FOR SOCIAL PLAY IN RHESUS INFANTS
AS A DEVELOPMENTAL REQUIREMENT

H. Dienske, P.J.C.M. van Luxemburg and G. de Jonge

During the social development of primates, the initially
almost exclusive relationship with the mother is supplemented by
increasing amounts of play with peers. It is often believed that
social play is an exercise for social skills, but the evidence is
indirect. The importance of play for normal social development
would be evident if it could be shown that infants actively seek
and maintain the opportunity to play with a peer, i.e., show
appetence for play. To study play appetence, experiments were
designed such that two infants could play only if one of them left
its mother's proximity and protection by entering cage sections
inaccessible to her. Play appetence would be indicated if infants
remained shorter times within their mothers' reach when the peer
was present than during experimental removal of the peer. An
infant may show play appetence by remaining for a longer time in a
section when a peer is also there than when the latter is in a
different cage section.

We studied 14 monther-infant pairs of rhesus monkeys. The
pairs were brought together to form 7 tetrads. The two young of
each tetrad were of the same sex, 8 of the 14 infants being
females. Infants of a tetrad differed by less than two weeks in
age.

After the age of about 3 weeks, pairs were weekly separated
for 3 days and remained together without restriction for 2 days.
During the other 2 days of the week, the two mother-infant pairs
of one tetrad were housed while the experimental cage was arranged
as depicted in Fig. 1. This cage was subdivided into three sec-
tions by two opaque screens. Narrow openings in the screens per-
mitted the infants to visit the other sections; the two mothers
were restricted to each of the two outermost sections (see Dienske
et al., 1981, for further details).

Three classes of observations were made:
Baseline 1 (Bl): Leaving the mother's section did not happen
before the age of 60 days. Between 60 and 90 days, the time spent
beyond the mother's protection increased; thereafter, a fairly
constant mean level of 35 per cent of the awake time was main-
tained. To avoid age effects, we use data of between 3 and 6
months as a first baseline (4 to 6 observation periods per
tetrad).
Experiment. After 6 months of age, a new experimental situation
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Figure 1:

Mean per cent of awake time infants spent out of their mother's cage section.

B1,B2: baseline observations•

was applied to 6 pairs. One mother-infant pair was temporarily
removed from the observation room. The remaining pair was allowed
to become accustomed to this situation for a few days. After this,
observations were made on two days within two subsequent weeks.
For the third week, the temporarily removed pair was placed back
and the just observed pair was removed from the experimental room.
After a few days of becoming accustomed, the second pair was also
observed on two days.
Baseline 2 (B2): Finally, the two pairs were reunited. A single
observation was made after another few days of adjustment to
detect possible aftereffects.

During the experiment where no peer was available, all infants
considerably reduced the time they spent in the two empty compart-
ments (Fig. 1; U test, p < 0.05). It clearly follows from Fig.l
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that the temporary separation of the two mother-infant pairs in a
tetrad had no aftereffect (data for Bl and B2 very similar).

Infants may also enhance play opportunity by a synchronization
of being together in the middle section. We use the synchroniza-
tion coefficient £ described by De Jonge et al. (1981), which is
+1 if an act of two individuals is fully synchronized (perfect
overlap in time), zero if their acts occur independently and -1 if
their acts perfectly alternate. All tetrads had a positive degree
of together synchronization. The mean of the synchronization
coefficients was +0.24 for Bl and +0.37 for B2.

It was also investigated how an infant reacts directly to the
presence or absence of its peer. It is hypothesized that a cage
section is left sooner if the peer is absent than when it is
present (and thus is available for play). We will restrict our
analysis to bouts of remaining in the middle section; the presence
of a mother in the end sections complicates the situation.

During the experiment (peer removed), the bout length of
visits to the middle cage is determined by the infant itself. The
presence of two infants in the baseline observations complicates
the analysis. Termination of a bout spent simultaneously (to-
gether) in the middle section may be due to either the infant
considered or its peer leaving it. The infant leaving a section
first shortens the time together its peer would have if the latter
had acted on its own. Remaining alone in a section is also deter-
mined by two infants: either the infant may leave or its peer may
enter. Consequently, the comparison between together and alone
bouts cannot be based exclusively on mean bout durations. We have
to estimate how much of these durations is due to each infant. For
this purpose, we will determine the individual termination tenden-
cy of residence, i.e., the probability that one infant terminates
a bout of residence as a function of the time elapsed since its
entrance. The termination tendency of infant 1 for a type of bout
i:5 equal to the proportion of bouts terminated by infant 1 multi-
pi.ied by the termination rate, or ai = PiA, where pi = n^(ni + n2)
and X is equal to the inverse of the mean bout length. This im-
plies that the inverse of ai gives the mean time infant 1 would
remain in a section if its peer would never leave it (see Dienske
et al., 1980).

The termination tendencies are given in Fig. 2. It can be seen
that the termination tendency of being together is in the mean
half as large as that of being alone. This implies that an infant
would stay twice as long in a section with the partner if the
latter would never leave (48 s versus 21 s, see Fig. 2). This dif-
ference is significant. So it can be concluded that the presence
of a peer considerably postpones leaving the middle section. The
difference with the termination tendency after prolonged removal
of the peer is even greater; however, the difference between
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of stay
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no influence
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Figure 2:
Mean tendencies of infants to leave the middle section if the peer is present
(top), with i t s mother in a different section (middle) or during experimental
removal of the other mother-infant pair (bottom).

alone, peer elsewhere in the cage (mean 47 ks~l) and alone, peer
removed (mean 82 ks"*) is not significant (U tes t ) . The difference
between the termination tendencies of alone, peer removed, and
together is of course significant. So, removal of a peer leads to
a high tendency to leave the unpromising middle cage; the absence
of a peer which is elsewhere in the cage has a similar, slightly
smaller, effect.

In summary, comparisons between infantile behaviour during the
presence and absence of a peer have shown that (1) infants sacri-
fice a considerable amount of proximity to their mothers in favour
of social play opoortunity and (2) that infants prolong and
synchronize their staying out of the two mothers1 reach if they
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are together. These results are supplementary to those of De Jonge
et al. (1981), who showed that the same infants (3) synchronized
their activity phases and (4) decreased body contact with their
mothers if a playmate was available. These four largely independ-
ent mechanisms for increasing social play opportunity unequivo-
cally demonstrate appetence for social play. This conclusion
stresses not only the importance of social play. The degree of
appetence can also be used for the quantification of play quality:
the more an infant enhances its play opportunity, the more its
exercise may be. This will be the topic of future studies.

Dienske, H. et al., Biol. Behaviour 5_ (1980) 61.

Dienske, H. et al., p. 75, In: Primate Behavior and Sociobiology (eds. A.B.

Chiarelli and R.S. Corruccini), Springer Verlag, Berlin (1981).

Jonge, G. de, et al., Anim. Behaviour 29 (1981) 598.

261



BEHAVIOUR ASSESSMENT IN CHILD PSYCHIATRIC PATIENTS BY MEANS OF
ETHOLOGICAL MEASUREMENTS

G. de Jonger H. Dienske and J.A.R. Sanders-Woudstra*

Assessment of the behaviour of psychiatric patients is neces-
sary for making a choice of the most appropriate therapy and the
evaluation of therapeutic effects. Formal methods of behaviour
assessment almost always involve rating scales. A rater does not
measure, but has to decide on pseudoquantitative values to be
attributed to a number of judgement items. These values are, e.g.,
1 (low), 2 (average) and 3 (high). Raters are not informed of how
much of what kind of behaviour they must have observed to make a
certain rating. They are usually instructed to follow their
impressions.

The aim of our study is to develop a system of real measure-
ments as a basis for judgement. For this purpose, the behaviour of
children and the interviewing psychiatrist (the last author) was
divided into a number of directly observable activities. For each
item, when it started and terminated was recorded. From the
record, the frequency per hour, the mean duration, the duration as
a percentage of the observation time and the time interval between
two acts (latency) can be computed.

Recordings were made during a one hour lasting psychiatric
screening session which consisted of a number of tasks and exten-
sive conversation.

Data of 150 problem children of various diagnostic categories
and 32 controls were collected. Ages ranged from 2-17 years.

Behaviour judgement was essentially comparison with other
individuals. There were two major complications, viz., age depend-
ency of behaviour and the diverse nature of the values of dif-
ferent parameters.

To solve the age dependency problem, it was determined for all
measurements whether and how they changed with age. Comparisons
were made only with children over an age range in which changes
were negligible. If values of a parameter changed considerably
with age, comparisons were made with children that were 18 months
younger or older at the most. IE a parameter remained constant
over a wider age range, all children in that range were involved
in a comparison.

*Department of Child Psychiatry, Erasmus University, Rotterdam,
The Netherlands.
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The real parameter values were quite different in range/ fre-
quency distribution and unit of measurement (e.g., number per
hour, seconds, percentage). To make ranges similar for all para-
meters, the percentage of children that scored lower than the
child considered was used for comparison. So, zero % means that
the score was lower than that of all comparable children, 50%
means average and 100% means a very high score. If controls are
compared with other controls, values of these transformed para-
meters are homogeneously distributed between 0 and 100 (i.e., all
values occur with equal chances). This enables the testing of the
scoring profile of a child or testing parameter values in a
certain diagnostic class with the Kolmogorov-Smirnov one-sample
test, witn an homogeneous distribution as null hypothesis.

The use of such data for testing and diagnosis will be exem-
plified by considering depression. There is concensus that inac-
tivity, slowness, sadness and poor perspectives are among the
essential "ingredients" of depression. It is not a priori known,
however, what parameters and their values would make up depres-
sion. A "prototype" approach is probably suitable in this case, as
for many parameters it can be indicated in which direction they
must deviate to indicate inactivity or sadness.

The data of the example are of 6 children of 8 or 9 years of
age, who were regarded to be severely depressed on the basis of
information other than given here. Results are given in Table I.
For all variables, it is obvious that low scores indicate inactiv-
ity or sadness, except for answer and talking latencies which
should be long and sighs which would be expected to be many.
Percentages of the latter three parameters are subtracted from
100, so that high values are transformed into low ones and vice
versa; as a consequence, the percentages indicate the number of
control children which score higher and low values for all para-
meters would characterize the prototype of depression.

It can be seen from Table I that the depressed children
especially scored low on parameters which can be interpreted as
active and rich of initiative; a sad mood was indicated by scar-
city of laughing. Questions are slightly less often answered than
in controls; it takes a very long time before answers are given
and many answers are nonverbal (i.e. nod, shake or shrug). Time
durations of answers are normal. Gazes a n also normal which, like
answering, indicates a sufficient orientation towards the psychia-
trist. It is remarkable that smiling also showed normal frequen-
cies. However, smiles vary in appearance and not all of these
shades are cheerful. That gestures were not rare is not so remark-
able, as these were few or not made in many children. In contrast,
the normal score of sighing was unexpected.

The example given illustrates how on the basis of measurements
one can determine to which degree a parameter is characteristic
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Table I

COMPARISON OF CHARACTERISTICS OF 6 SEVERELY DEPRESSIVE

CHILDREN WITH CONTROLS

interpretation

activity

initiative

parameter

rise up from chair (n/h)

pick up object (n/h)

point at + give + show (n/h)

conversation gestures (n/h)

answer latency (s)**

% of answers that is verbal

talking latency (s)**

questions (n/h)

spontaneous speech

(% of answers + speech)

mean
value

6

46

4

3

2

81

6

20

34

comparison*
with controls

28

2**

27**

37

0**

16**

17**

29

8**

responsivity answer duration (s)

% of questions answered

% of requests complied with

2

87

82

61

29

20**

social orientation gaze (n/h) 129 46

mood smile (n/h)

laugh (n/h)

sigh (n/h)***

35

2

11

40

15**

54

* Mean percentage of control children with lower value.

**The six scores on which this mean is based differ significantly from a homo-

geneous distribution between 0 and 100 (Kolmogorov-Smirnov one-sample test,

p < 0.05).

•••Percentage subtracted from 100, as high values may indicate depression.
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for a certain diagnostic category, such as depression. These
characteristics can be used to quantify whether and to what extent
a child can be considered to behave depressively by averaging the
percentages such as those given in Table I.

In contrast to rating scales, the methods described explicitly
specify what is to be observed to arrive at a conclusion and make
use of the more realistic feature of continuous variation of
personal characteristics. The application of the ethological as-
sessment method in that way contributes to the effectiveness of
psychiatric treatment.
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TECHNIQUES AND ANIMALS

GENETIC PROFILES OF 12 MOUSE STRAINS MAINTAINED
AT THE REP-INSTITUTES

J.I.M. van Hooft and H.A. Solleveld

Since inbred strains of mice are major tools in research areas
such as immunology and tumour biology, it is of importance to
ensure the genetic homogeneity of such strains. Control on the
authenticity and uniformity of an inbred strain is possible only
if one is knowledgeable about the so-called genetic profile of the
strain. The genetic profile is composed of a specific set of ge-
netic markers located on many different chromosomes. These markers
can be divided into five main groups: a) morphological markers,
b) cell surface alloantigens, c) enzyme markers, d) protein
markers and e) regulatory markers (Hilgers et al., 1981). The
group or groups of markers which one selects is dependent on
factors such as the size and composition of the animal colony/
type of research and costs. Once the genetic profile is deter-
mined, monitoring and certification of inbred strains and sub-
strains can be accomplished by checking specific markers (Hoffman
et al., 1980) .

In our quality control program, genetic profiles of 12 strains
of mice were constructed by using coat colour genes, cell surface
alloantigens* (H-2 and Thy-1) and proteins and enzymes** as
markers. The findings are presented in Table I. They give an im-
pression of the differences between inbred strains of different
origins and of the similarities between substrains having common
ancestry.

If profiles of our strains are compared with those of similar
strains maintained by others, then two strains, the CBA/BrARij and

* kindly performed by Dr. P. Demant, the Netherlands Cancer Insti-
tute, Amsterdam, The Netherlands.

**kindly performed by Mr.A. Groen, Faculty of Veterinary Medicine,
University of Utrecht, Utrecht, The Netherlands.
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Table I

GENETIC PROFILES OF 12 INBRED STRAINS OF MICE MAINTAINED
AT THE REP-INSTITUTES

chromosome

locus

AKR/FuRdARij
BALB/cAnCrlRij
CBA/BrARij
CBA/N
CBA/T6Rij
C57BL/LiARij
C57BL/KaLwRij
C3Hf/LwRij
DBAf/2LwMb1
ND2/Rij
RFM/UnRij
SJL/J

chromosome

locus

AKR/FuRdARij
BALB/cAnCrlRij
CBA/BrARij
CBA/N
CBA/T6Rij
C57BL/LiARij
C57BL/KaLwRij
C3Hf/LwRij
DBAf/2LwMb1
ND2/Rij
RFM/UnRij
SJL/J

1

Idh-1

a
a
b
-
-
a
-
-
-
-
-

8

Es-1

b
b
b
b
b
a
a
b
b
b
b
b

2

a

a
A
A
A
A
a
a
A

a
A
A
A

8

Es-2

b
b
b
b
b
b
b
b
b
b
b
b

4

Mup-1

a
a
a
a
a
b
b
a
a
a
a
a

8

Es-5

b
b
b
b
b
b
b
b
b
b
b
b

4

b

B
b
B
B
B
B
B
B
b
B
B
B

9

Mpi-1

b
b
b
b
b
a
a
b
b
b
b
b

5

Pgm-1

a
a
b
b
b
a
a
b
b
b
a
b

9

d

D
D
D
D
D
D
D
D

d
D
D

D

6

Ldr-1

a
a
b
b
b
a
a
a
a
b
a
a

9

Thy-1

1
2
2
2
2
2
2
2
-
-
-

7

Gpi-1

a
a
b
b
b
b
b
b
a
b
a
a

9

T r f

b
b
a
a
a
b
b
b
b
b
b
b

7

c

c
c
C
C
C

c
c
c
c
c
c
c

11

Es-3

c
a
c
c
c
a
a
c
c
c
b
a

7

Hb

d
d
d
d
d
s
s
d
d
d
d

s

17

H-.

k
d

q
k
k
b
b
k
d

q
f
s

Abbreviations: Idh-1/ isocitrate dehydrogenase; a, non-agouti coat colour;
Mup-1/ major urinary protein; b, brown coat colour; Pgm-1,
phosphoglucomutase; Ldr-1, lactate dehydrogenase regulator;
Gpi-1, glucose phosphate isomerase; c, albino; Hbb, hemoglobin
beta-chain; Es-1, -2, -3, -5, esterase; Mpi-1, mannose phos-
phate isomerase; d, dilute; Thy-1, thymus cell antigen; Trf,
transferrin; H-2, histocompatibility.
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the SJL/J, show differences. The CBA/BrARij differs from other CBA
strains in i ts H-2 locus, having H-2^ instead of H-2^. Contamina-
tion must have occurred long ago, since the CBA/BrA maintained at
the Netherlands Cancer Institute and from which our strain was
derived in 1953 also has the allotype H-2<3 (Hilgers et a l . , 1981).

Our SJL/J strain has Trfb instead of Trfa and Es-3a instead of
Es-3C as compared with other SJL strains. Since our SJL did not
exhibit gene segregation, changes in these allotypes must have
occurred before introduction into our laboratories. A switch in
the allotypic expression of IgG2a (IgH 1) of the SJL strain from
IgH lb to IgH l a was recently observed. Whether this switch is the
result of a mutation or contamination remains to be investigated.

Hilgers, J . e t a l . , p . 11, In: Mammary Tumors in the Mouse (eds. J. Hilgers and

M. Sluyser), Elsevier/North-Holland Biomedical Press, Amsterdam (1981).

Hoffman, H.A. et a l . , p . 307, In: Animal Quality and Models in Eiomedical

Research (eds. A. Spiegel, S. Erichsen and H.A. Solleveld), Gustav Fischer

Verlag, S tu t tgar t (1980).
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THE HEALTH STATUS OF RODENTS AT THE REP-INSTITUTES

J.M.A. Snell, J.I.M. van Hooft, C.P.J. Timmermans,
P.J. Heidt and H.A. Solleveld

A program for regular monitoring of the health of laboratory
animals has been in operation in our institutes for four years. It
is the aim of such a quality assurance program to provide an early
warning system in detecting any changes in the health status of
breeding, stock and experimental animals before it is too late to
prevent spread of the disease throughout the rest of the colony or
to other colonies (Wood and Seamer, 1980).

Murine pathogens may cause subclinical infections which fre-
quently complicate research results and invalidate scientific data
or their interpretation; consequently, they may result in an
immeasurable loss of money, time and other research resources (Hsu
et al., 1980). Moreover, the subclinical infections nay result in
high morbidity and/or mortality when the animals are under stress
due to experimental procedures. The quality assurance program in
our institutes is devised in such a way that detection of at least
one or more infected cases with an adequate confidence limit is
possible. Twenty animals are examined every two weeks. This means
that each animal subpopulation is sampled and tested twice a year.
The animals are anaesthetized and blood samples are taken. Serum
is separated and the individual serum samples are tested for
antibodies to all common rodent viruses and Mycoplasma pulmonis.
In addition to blood sampling, a bacteriological examination of
three tissue sites, the nasopharynx, liver and cecum, is carried
out on each test animal and is followed by a careful screening for
gross lesions and ectoparasites. Tissues are then fixed and
processed histologically by routine procedures. A thorough micro-
scopic examination of all major organ systems is essential to
detect possible disease producing agents. A complete necropsy and,
when indicated, bacteriological cultures and serology are per-
formed in cases of unexpected illness or death among breeding,
stock and experimental animals. The latter group is of particular
importance, since it consists mainly of immunocompromised animals.
Examination of these animals eliminates to some extent the defi-
ciencies inherent in each surveillance program, as immunosuppres-
sion may activate several latent pathogens.

The bacteriological characterization of our rodents maintained
under different conditions is given in Table I.

The SPF mouse and rat breeding colonies were established from
hysterectomy derived animals fostered by germfree mothers har-
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Table I

BACTERIOLOGICAL CHARACTERIZATION OF RODENTS AT THE REP-INSTITUTES TNO

clean conventional

germfree SPF conv.

bacteria breeding aging stock stock exper.

cohorts rats mice rodents

CRF flora + + + + +

Citrobacter sp. + -

Enterobacter cloacae + + + + +

Escherichia coli - -i- + +

Non-fermenters (gram-rods) - - - + +

Pasteurella sp. - + +

Pseudomonas aeruginosa - - +

Proteus mir:;.bilis - - - +

Staphylococcus albus - + + + + +

S. aureus + nd nd nd

S. saprophyticus - + + + + +

Streptococcus faecalis + + + + +

Mycoplasrna pulmonis - +/- - +/-

bouring a colonization resistance flora (Van der Waaij et al.,
1971). During the last four years, the SPF animals were colonized
by a few normally nonpathogenic bacteria such as Streptococcus
faecalis, Enterobacter cloacae, Staphylococcus albus, Staphylo-
coccus saprophyticus and Citrobacter sp. The clean conventional
colony is comprised of animals obtained from the SPF colony and
kept under a less rigid barrier system. Besides the presence of
Staphylococcus aureus and the absence of Citrobacter sp., these
animals have the same flora as the SPF animals. Different hus-
bandry conditions are applied to two groups of conventional
animals: stock and experimental animals. The rooms housing stock
animals are accessible only to the biotechnical staff, which is
required to take certain precautions before entering the rooms.
Those housing experimental animals can be freely entered by any
members of the biotechnical and scientific staffs; therefore, more
microorganisms are present in these animals. A problem in the
experimental rooms, particularly for the nude mi<-e, is the
presence of mouse hepatitis virus. This viral agent has profound
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Table II

VIROLOGICAL AND PARASITOLOGICAL CHARACTERIZATION OF RODENTS

AT THE REP-INSTITUTES TNO

clean conventional

germfree SPF

viruses breeding aging stock stock exper.

cohorts rats mice rodents

Pneumonia virus of mice

Reovirus 3

GD VII*

Minute virus of mice

Mouse hepatitis virus

Rat corona virus

Parasites

Endoparasites: pinworms

flagellates

*Theiler's encephalomyelitis

effects on biological responses and life spans. Special pre-
cautions are necessary to prevent contamination with this agent
and those will be introduced in 1982.

Pseudomonas aeruginosa was recently detected in the experi-
mental rat rooms. This microorganism is highly undesirable due to
its pathogenic effect on immunocompromised animals. Attempts are
being made to locate the source of contamination and to eliminate
it.

Concerning the serological tests (Table II), it is question-
able as to whether they are reliable enough in all cases. Pneumo-
nia virus of mice was sometimes detected in stock and not in ex-
perimental animals which are of the same origin. The same applies
to minute virus of mice. Another example is the recent finding of
antibodies to Sendai virus and Mycoplasma pulmonis in sera of some
of the SPF and stock rets. Mice housed in the same building were
negative, even though they are much more susceptible to Sendai
virus infection than are rats. Moreover, no clinical signs or
lesions typical of a Sendai virus infection were observed in the
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mice and rats. These findings made it unlikely that the animals
were infected. The same serum samples were retested by a second
laboratory. All samples previously found to be positive now ap-
peared to be negative. A third test laboratory was engaged and the
results were again negative. Based on these findings, it was con-
cluded that the animals are negative for Sendai virus. The situa-
tion concerning the presence or absence of Mycoplasnta pulmonis is
still unclear. The test results varied from one test laboratory to
another. Further investigations are needed before a definitive
answer can be given. Regardless of what the results of these
investigations are/ a new SPF rat breeding colony will be estab-
lished in 1982.

Hsu, C.K. et al», p. 17, In: Animal Quality and Models in Biomedical Research

(eds. A. Spiegel, S. Erichsen and H.A. Solleveld), Gustav Fischer Verlag,

Stuttgart (1980).

Waaij, D. van der et al., J. Hyg. Camb. ̂ 9 (1971) 405.

Wood, M. and Seamer, J., p. 287, In: Animal Quality and Models in Biomedical

Research (eds. A. Spiegel, S. Erichsen and H.A. Solleveld), Gustav Fischer

Verlag, Stuttgart (1980).
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