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COLLABORATION AT ANY PRICE?

Those who have had the responsibility for a sizable research unit will

agree that collaboration between individual scientists flourishes best when it

develops by way of the "bottom to top" process. In many instances, the

operation of the bottom to top mechanism is facilitated by the very nature of

the research problem, for instance, when it requires the use of complicated

equipment or methods which neccesitates the involvement of a number of

individuals of different skills and disciplines for its successful completion.

Such a necessity may also exist for a number of research groups, as was the

case for the institutes which organised themselves into a system of collabora-

tion resulting in the REP formula. In both cases, the reward of collaboration

is an extension of resources and possibilities. There is, however, also a

price to be paid in terms of a decrease in the state of independence in

decision making and more time being spent on informing one's partners in

advance, when the planning of activities which are part of joint research

programs is concerned. So far, the REP formula has worked satisfactorily .;«

because each participating institute has maintained its own specific objectives

as well as its relatively noncompetitive sources of funding.

In recent years, collaboration among scientists of different laboratories *'

working in the same area of interest and even between research laboratories

has been increasingly stimulated by national and international funding

agencies. In many instances this is successfully done by providing support

for collaborative projects establsihed by the scientists themselves; however,

there is also an increasing tendency for some funding agencies to employ the

"top to down" mechanism. Collaboration is even being made mandatory now

for applicants for grant money. One Dutch funding agency has developed a

system of mutual evaluation of grant applications by the members of such

collaborative working parties, so that obtaining funds requires membership in

a working party.

Government sponsored international agencies are especially putting

pressure on their grantees to collaborate with other grantees working on the

same problem. In such cases, the potential partners in collaborative research

are no longer free in choosing the scientists with whom they are to share

their ideas and their efforts. Apart from the frustrations which are

obviously caused by such procedures, especially when the contributions of

the parties are unequal, the question of whether this is really in the

interest of science arises. Those who have an ample number of good research

I
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proposals but not enough money to carry them out, lose much time in

frequent travel and attending boring meetings from which litt le is gained.

Those who lack good ideas as well as money may benefit from becoming

somewhat more competitive in their grant applications. The result is dilution

of the available funds and mediocrity for all.

It seems that there are a number of more effective ways of stimulating

collaboration. One example is the extensive system of cooperative clinical

research which has been created by the European Organization for Research

on the Treatment of Cancer (EORTC). A substantial portion of the funds

available to this organisation have been put into a data centre which is

performing an essential function for all participants. Nearly all remaining

money has gone into the organisation of meetings geared to the exchange of

expert information and to regular meetings of cooperative groups. The

membership of the latter is restricted to those who are able to significantly

participate in the work of the group.

Another example is the ongoing concerted action of the European

Community (EC) in the area of cellular aging and decreased functional

capacities of organs (EURAGE) coordinated by the Institute for Experimental

Gerontology TNO, in which selected research groups in the various EC

countries participate. In the framework of this action the exchange of

scientists for the performance of collaborative experiments and the

acquisition of new techniques as well as the exchange of rare and valuable

materials are sponsored. Furthermore, the research program is established \

by the participating scientists themselves.

Another highly rewarding collaboration has been operative for the past

five years between the REP institutes, the National Cancer Institute and the

National Institute on Aging of the NIH, Bethesda, Md. , U.S.A. On a

rotating basis, staff members of the REP institutes are given the opportunity

to spend a year with one of the research groups at NIH. The costs of travel

and their salaries are the responsibilities of their home base. The NIH

provides the facilities and the means to provide us with all recent

information that is generated in the areas of cancer and aging at that

establishment. This liaison function has proved to be extremely valuable and

takes relatively little time and money.

Funding agencies should perhaps be encouraged to put mere emphasis

on the fostering of informal exchanges of information and personnel than on

"top to down" mechanisms of organizing scientific collaboration.

D.W. van Bekkum
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RADIATION PHYSICS

COMPARISON OF NEUTRON DOSIMETRY PROCEDURES FOR :

EXTERNAL BEAM THERAPY :

J.J, Broerse, B.J. Mijnheer* and J.R. Williams**

A common basis for neutron dosimetry will be one of the essential

requirements for the comparison of clinical results obtained at different fast

neutron radiotherapy facilities. Cooperation among the physicists involved in : :

fast neutron radiotherapy has been established in a Eu/opean CJinical [\

Neutron Dosimetry Group, abbreviated as ECNEU. ECNEU was established by ••;

the Fast Particle Therapy Project Group under the sponsorship of the \'l

European Organization for Research on the Treatment of Cancer (EORTC). |

In the United States, all groups involved in or planning fast neutron -1
if

therapy have directly or indirectly participated in the Fast Neutron Beam | -

Dosimetry Physics Task Group 18 of the Radiation Therapy Committee of the I

iJK American Association of Physicists in Medicine (AAPM). j£

Standardization of neutron dosimetry procedures has been established 5ř.

by draf t ing protocols for neutron dosimetry for radiotherapy for the :|

European and American groups (ECNEU, 1981; AAPM, 1980). Both protocols f

quote ICRU Report 26 (1977) as the main source for information on metho- i |

dology for neutron dosimetry. However, efforts are being continued to fj;

improve the data base of neutron dosimetry and some values f o r the physical |§

parameters have already been changed ( B r o e r s e , 1980). &;,

T h e dosimetry system used by all of t h e U.S. groups is based on two is?

M
sizes of commercially available ionization chambers. Typically, they employ a ^

1.0 cm3 spherical chamber (IC-17) as the principal instrument for measure- tí

ments of neutron tissue kerma in air and absorbed dose in a phantom and a '&

0.1 cm3 thimble chamber (1C-18) for spatial doss distribution measurements

in the phantom. Both chambers are presently manufactured by Far West

Technology, Goleta, California, U.S.A. (formerly by E.G.& G., Goleta,

California). Only the FWT IC-17 chamber was used for the present study. In

* Antoni van Leeuwenhoek Hospital, Amsterdam, The Netherlands
** Western General Hospital, Edinburgh, Great Britain



Europe, all groups employ the 0.5 cm3 (T-2) thimble-type chamber manufac-

tured by Exradin, Lockport, Illinois, U.S.A. Both the IC-17 and the T-2

chambers are constructed of an electrically conductive tissue equivalent

plastic designated as A-150 and flushed with tissue equivalent (TE) gas

(Rossi and Failla, 1956).

The U.S. groups recommended that the fat-free muscle equivalent liquid

of Frigerio et al. (1972) be used as the standard tissue equivalent liquid

medium for measurements of the absorbed dose in phantom. The European

groups use water as a phantom material. At each centre for these experi-

ments, a container 30 x 30 x 30 cm3 in size with 6 mm thick Perspex walls

was fil led with either water or the muscle equivalent liquid.

To compare the results obtained in following either the U.S. protocol or

the Europe one, measurements were performed under different conditions.

For two neutron beams, d+T and d(15)+Be neutrons employed for radio-

therapy, absorbed dose values have been derived.

The measurements were performed with the isocentric neutron therapy

facilities in Amsterdam (d+T neutrons) and Edinburgh (d(15)+Be neutrons).

The ratio í D N + ^ í c c N E U ^ ^ t T^AAPM h a s b e e n d e t e r m ' n e d a t several
depths in the phantom along the central axis of the beam, where D. _ , DM

and D_ are the total, neutron and gamma-ray absorbed dose in ICRU muscle

tissue, respectively. The physical parameters, TE liquid and TE ionization

chambers as recommended in both protocols were employed. Corrections for

temperature and pressure were applied to all measurements.

The resulting values for the ratio of absorbed doses determined under

different conditions are shown in Fig.1. The differences between the two

protocols result in differences in quoted absorbed doses varying between

about 4.5% at 2 cm depth and 8.5% at 20 cm depth in the phantom (curves 2a

and 2b) . Since we aim for an overall uncertainty of ± 5% in the determination

of the total absorbed dose, this difference is unacceptable. The data for

d(15)+Be and d+T neutrons are only slightly different. Changes in neutron

spectrum with depth cause only minor changes in the physical parameters.

Neutron absorbed dose distributions in water and in TE liquid are

different for incident neutrons with a mean energy of 8 MeV (ICRU, 1977).

Measurements were therefore also performed with both chambers in TE liquid

and in water to determine this difference. The ratio of the reading, RT , of

the TE chamber in water relative to that in TE liquid at the same depth is

also given in Fig.1, curves 1a and 1b. Again, the d(15)+Be and d+T neutron

data show a great similarity. At depths less than about 7 cm, the absorbed

dose in TE liquid is higher, whereas, for depths greater than 7 cm, the

absorbed dose in water is higher. At depths between 2 and 12 cm, which are
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Ratio of tissue absorbed doses determined by the European procedure in a
water phantom relat ive to that with the American protocol in a TE l iqu id
phantom (curves 2a: d+T neutrons and 2b: d(15)+Be neutrons) and tissue
absorbed doses measured in water and in TE l iqu id phantoms with one type of
TE ion chamber-(curves la : d+T neutroni and l b : d(15)+Be neutrons).

of most clinical importance, the difference in absorbed dose in the two

phantom materials is smaller than ± 1 per cent.

To eliminate the influence of the different phantom materials, the ratio

of the total absorbed doses was also determined with both the Exradin and

the FWT chambers in water, (D..+D„) £ x ! l / (D_,+D_) ^ W J , using the ECNEU
IN o M2U IN O H2U

protocol for both chambers (data not shown). The remaining difference of

about 2.3% for d+T neutrons and about 2.8% for d(15)+Be neutrons

(calculated as the average of the results at different depths) should be

attributed to systematic differences in operational characteristics of the two

ionization chambers which should be further investigated.

The measurements indicate that the European and the U.S. dosimetry

physics groups should remain in close contact and should maintain a conti-

nuous exchange of viewpoints for an evaluation of combined clinical trials.
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DISPLACEMENT CORRECTION FACTORS FOR IONIZATION CHAMBERS IN

PHANTOMS IRRADIATED WITH NEUTRONS OF DIFFERENT ENERGIES

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

Absorbed dose and kerma are quantities which are defined at points,

while the ionization chambers used for absorbed dose determinations are of

finite dimensions. For measurements free-in-air, the geometrical centre of the

chamber is the effective point of measurement if the distance to the source is

in excess of five times the diameter of the chamber. For measurements inside

a phantom, the effective point of measurement can be displaced from the geo-

metrical centre of an ionization chamber due to the replacement of phantom

material by the gas filled cavity, A correction has to be applied for changes

in attenuation and scattering of the radiation under these different condi-

tions. This correction should preferably be introduced by multiplying the

absorbed dose with a displacement correction factor, 6, when the geometrical

centre of the chamber is taken as the measurement position (Zoetelief et a l . ,

1980a). Information on effective measuring points of ion chambers in phan-

toms irradiated with neutrons has been given by Shapiro et at. (1976) for

d(35)+Be neutrons and by Zoetelief et al. (1980a) for d+T neutrons. Here,

additional results on the displacement correction factors, 6, in human phan-

toms for fission neutrons and for neutrons produced by the d(2.3)+D and

d(50)+Be reactions will be presented.

Three spherical tissue equivalent (TE) ionization chambers with internal

diameters of 8, 16 and 32 mm and wall thickness of 2.2 mm were used. The

irradiation conditions for the 30 x 30 x 30 cm3 acrylic plastic phantom were

as follows: Louvain-la-Neuve: d(50)+Be neutrons, modal neutron energy 21

MeV, source to surface distance, S3D 137 cm, field sizes 6 x 8 cm2 and 13 x

16 cm2; Rijswijk: d(2.3)+D neutrons, primary neutron energy 5.3 MeV, SSD

42 cm, field size 6 x 8 cm2, and fission neutrons produced in a 2 3 5 u con-

verter plate in the Low Flux Reactor at Petten, mean energy about 1 MeV,

phantom placed close to the converter plate, field size larger than the

phantom. Displacement correction factors, ô, were derived from the measure-

ments with the different chambers at the same depth of measurement. When

the relativ? dose values were plotted against the cavity radius, a linear

relationship resulted. The relative dose values were therefore extrapolated to

zero cavity radius (ô=1) and normalized to the value obtained. The results

for spherical TE chambers are shown in Table I, where r is expressed in

I i
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mm. Also given in this table are the results obtained previously for photons

of different energies and d+T neutrons (Zoetelief et a l . , 1980a,b). It can be

seen that , for both neutrons and photons, the displacement correction fac-

tor, 6, depends on the energy of the radiation. For relatively low energy

neutrons and photons, no displacement was found. For neutrons with ener-

gies in excess of 5.3 WleV, ô shows an almost constant value, although there

seems to be a tendency of an increase in fi for the highest neutron energy,

similar to the situation for X rays with tube voltages in excess of 5 MV

(Johansson et a l . , 1978). Shapiro et al. (1976) determined for d(35)+Be

neutrons (Ě =14.3 Mev) a 6 value of 0.970 for a spherical chamber with a

radius of 6.35 mm. this is smaller than the value of 0.984 ± 0.004 which can

be calculated from the table. However, the value of 0,970 derived by Shapiro

et al. has an uncertainty of 1 per cent, which can be ascertained from their

original data; consequently, their result is probably not significantly differ-

ent from those reported here.

The introduction of a gas-filled cavity into a phantom disturbs the

fluence of primary particles at the position where the secondary particles are

produced. The changes in primary fluence due to the presence of the ioniza-

TABLE I

DISPLACEMENT CORRECTION FACTORS, 6, OF SPHERICAL I0NIZATI0N CHAMBERS

FOR MEASUREMENTS IN PHANTOMS WITH DIFFERENT TYPES OF RADIATION

type of radiation 6

150, 200 and 300 kV X rays 1.000 ± 0.05.10"2.r
1 3 7 Cs gamma rays l-(0.22 ± 0.05).10 . r
6OCo gamma rays l-(0.37 ± 0.04).10" .r
fission neutrons (Ě = 1 MeV) 1.000 ± 0.1.10" .r
d(2.3)+D neutrons (Ep = 5 . 3 MeV) l-(0.25 ± 0.09).10~Z.r
d(0.25)+T neutrons (Ep = 14.2 MeV) l-(0.25 ± 0.06).10"Z.r
d(0.5)+T neutrons (ER = 14.8 MeV) l-(0.25 ± 0.06).10~\r
d(50)+Be neutrons (I = 21 MeV) l-(0.21 + 0.05).10"2.r

tion chamber were studied, simulating the cavity by a Styrofoam sphere

immersed in the water phantom (Zoetelief et a l . , 1980a). The results indicate

that the correction for displacement of the effective point of measurement is

R Vi?
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not a geometrical problem depending on chamber type, but results from the

complex balance between differences in attenuation and scattering of radia-

tions of different qualities in the absence and presence of the ionization

chamber.

Johansson, K-A., Mattsson, L.O., Lindborg, L, et al. In; Proc. National
and International Standardization of Radiation Dosimetry, Vol. I I , IAEA,
Vienna (1978) p.243.

Shapiro, P. et al. Med.Phys, 3 (1976) 87.
Zoetelief, J . et al. Phys.Med.Biol. 25 (1980a) 1121.
Zoetelief, J . et al. Br.J.Radiol. 53 (1980b) 580.
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TRACK LENGTH DISTRIBUTIONS IN SPHERICAL CAVITIES SURROUNDED

BY WALLS OF FINITE THICKNESS

B. Hogeweg

Effects in biological systems (organisms, tissue, cells or cell structures)

on exposure to ionizing radiation are the consequence of discrete energy j ' j

transfers to the biological structures. The energy transferred is deposited ' •

along the tracks of charged particles. These particles are either initially

present in the incident beam or are generated through interaction of the í

incident beam with the medium. The amount of energy deposited per event as "I
'M

well as the spatial distribution of these energy depositions vary greatly for
the different types of radiation. Therefore, the distributions of the energy

deposition depend on the type of radiation and the dimension of the domain

considered.

Differences in the relative biological effectiveness (RBE) and in the

oxygen enhancement ratio as obtained for different types of radiation can be

interpreted in terms of these.energy deposition patterns. Studies for the

interpretation of the dependence of the RBE on type of radiation are of

practical interest, in particular, with regard to the extrapolation of the RBE

at low doses or dose rates and its implications for radiation protection.

Distributions of energy deposition required for these studies have been

measured and calculated by various authors for different types of radiation p

and for different sizes (diameters between 0.3 and 1 pm) of the domain.

Generally, tissue equivalent (TE) proportional counters were employed for

the measurement of these spectra; with these counters, the small volumes of

tissue can be simulated with low gas pressures of the counter. The corre-

sponding distributions of linear energy transfer were derived by deccnvolu-

tion of the measured spectra, applying a track length distribution for the

particles passing the sensitive volume. The track length distributions

employed were of the category of mean free path randomness

(p-randomness). For p-randomness, a chord of a convex body is defined by

a point in the Euclidian space and a direction. Point and direction are from

independent uniform distributions. This kind of randomness results from

exposure of the convex body to a uniform, isotropic field of straight infinite

tracks (Kellerer, 1971). For a spherical volume, this distribution of

p-randomness is of triangular shape (see Fig. 1). Similar distributions of

p-randomness were employed for the path length in the calculations of event

i
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for fi - randomness
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Figure 1

Track length distributions in a sphere having finite wall thickness for
different values of ratio of outer diameter (0) to inner diameter (d). For
comparison the theoretical distributions for |j- and S-randomness are given.
The length group of intercept (n) is normalized to the total number of groups

size distributions (Caswell and Coyne, 1974).

For the experimental determination of energy deposition distributions of

indirectly ionizing radiations, secondary particles are generated in the TE

plastic wall of the counter. The thickness of this wall is determined by the

conditions for particle equilibrium of the secondaries. (To give an illustration

of this wall thickness, the frequently applied half-inch LET counter of

E.G.& G. is supplied with 1.3 mm or 2.5 mm wall thickness). It is evident

that, for such wall thicknesses, the volume for chord defining points is

strongly restricted, namely to the volume of wall of the counter. This in
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contrast to the volume defined for points in the Euchlidian space for j j -ran-

domness. In addition to this geometrical restriction, for a portion of the

secondary charged particles having a low energy and consequently a small

range, the size of the volume is even more restricted, namely to a thin layer

surrounding the sensitive volume of the TE counter. To determine the effect

of volume restriction on the distribution of track length in the sensitive

volume of the TE counter, these distributions were calculated by computer

for various wall thicknesses. Points of origin in the wall volume for the

tracks and direction of the tracks were selected randomly from two indepen-

dent distributions. To limit the computer time, the intersects were sub-

divided into N = 15 length groups. For these calculations of intersects, track

straggling of the charged particles was ignored.

Results of these calculations for a spherical counter volume are

presented in Figure 1 for a ratio of outer diameter, D, to inner diameter, d,

of 1.025, 1.1 and 1.5, respectively. The results are presented on a

normalized scale; therefore, the shape of the curves will be independent of

the number of groups. For comparison, the theoretical distributions for (j-

and S- randomness are presented in the figure (for S-randomness, a chord

of a convex body is defined by a point on its surface and a direction). The

results show that the track length distribution for a finite wall thickness is

not tr iangular, as generally applied, and that the distributions for a small

layer thickness approaches that for S-randomness. As mentioned, these small

layers appear for the low energy secondary particles and it can be demon-

strated that the wall thickness of the half-inch LET counter, corresponding

to the ratio of D/d = 1.025 is equivalent to a mean range of protons having

an energy of about 3.5 MeV. Consequently, for protons having an energy T

less than this limit of 3.5 MeV, the track length distribution approaches the

S type of randomness and is not of triangular shape

The reported calculation of track length distributions are for particles

passing the sensitive volume. Calculations for particles stopping or starting

in the volume are in progress.

Caswell, R.S. and Coyne, J .J . In: Proc. 4th Symp. on Microdosimetry,
Commission of the European Communities, EUR-5122, Luxembourg.
(1974) p.967 .

Kellerer, A.M. Rad.Res. 47 (1971) 359.
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RADIOBIOLOGY

TOTAL LYMPHOID IRRADIATION AS AN IMMUNOSUPPRESSIVE REGIMEN IN

MONKEYS AND DOGS

H,M. Vriesendorp and E.P. Walma

Total lymphoid irradiation (TL!) was initially introduced as a thera-

peutic procedure for patients with Hodgkin disease, TLI induces severe

lymphopenia and long lasting immunosuppression (Fuks et a l . , 1976).

Engraftment of allogeneic bone marrow using TLI as a conditioning regimen

has been demonstrated in rodents. Donor and recipient bone marrow cells

proliferate simultaneously after such a procedure. This state of so-called

haemopoietic split chimaerism is persistent and some kind of immunological

tolerance must be responsible for the phenomenon (Slavin et a l . , 1977).

We considered that TLI combined with bone marrow transplantation

(BMT) might be an effective procedure for inducing organ graft tolerance. It

is claimed that graft-versus-host disease (GvHD) is completely prevented in |

mice after TLI + BMT (Slavin et al., 1977). We have attempted to verify

these rodent observations in a preclinical animal model. The irradiation

method and dosimetry were previously described (Vriesendorp et al . , 1979).

Ten dogs (Beagles) and ten rhesus monkeys were included in the protocols.

Four treatment protocols were evaluated:

1). 13 and 15 x 2.0 Gy (daily in 3 weeks) + BMT (8 animals); ||

2). 2 x 7.0 Gy (24 h interval) + BMT (6 animals); f).

3). 15 x 2.0 Gy (daily in 3 weeks) no BMT (4 animals); If

4). 11 x 1.0 Gy (daily in 3 weeks) no BMT (2 animals). ^

The following results were obtained: Group 1: Severe peripheral lymphocyte

depletion, down to x = 4.3% of the normal value, was observed after this TLI

regimen. Dogs proved to be somewhat more sensitive (x = 2%) than monkeys

(x = 6.6%). Functional in vitro tests could not be performed because of these

HJ low cell numbers. Incompatible bone marrow was transplanted into these

animals (2-4x108 cells.kg-1 body weight). Four of eight animals died with

symptoms of GvHD and two died of other complications (infections,

bleeding). Only two dogs survived and these received kidney transplants

ľ from the bone marrow donor. The kidneys were rejected in both in six days.

13
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ľ For reasons of severe toxicity and the fact that GvHD did occur, we decided /

U. to test a shorter and possibly milder TLI protocol.

5< Group 2: after 2 x 7,0 Gy TLI , peripheral lymphocyte depletions to values

if comparable to those of the above group (x = 5% of normal value) were

j£ observed. So, the irradiation treatment is effective in terms óf lymphocyto- ;

í'.i toxicity. However, incompatible bone marrow transplantation is subsequently

C; followed by a steep peripheral lymphocyte increase about five days after the

f,.\ BMT, In four of four animals (4 /4) , this was indicative for rejection of the

sy BM graf t and, in accord, GvHD was not seen in this group. Kidney t rans-

£|,, plants that were implanted 2-3 months after the TLI + BMT procedure were --

t,! rejected in three of three cases (8, 10, 11 days).

.1 ] We attempted to induce a more thorough immunosuppression by adding ";

j , corticosteroids (10 mg Decarnethason phosphate.kg-1 body weight dur ing «

| r three days) to the immunosuppressive regimen in two dogs. Early death due '

|<i to sepsis and intestinal bleeding was the fate of those animals. We did not •

|H: extend this protocol to other animals. ,|

Group 3: four monkeys receiving 15 x 2.0 Gy TLI ( in three weeks) without f

BMT served as controls for TLI + BMT group (Group 1 ) . The peripheral 1

lymphocyte count was about 4% of the normal value. Kidney transplants were 3'

rejected early (6 , 7 days) , but the evaluation in this group was hampered §

by the fact that the animals were in a poor general condition at the time of |

kidney transplantation. ŠÍ
"ú

Group 4: The TLI protocol that we are currently investigating is character- £

ized by lower radiation doses (15 x _!,.O Gy in three weeks) and the applica- 'q

tion of slightly modified irradiation fields. We maintained the 15 dose j

fractions to avoid the rejection of the BM observed after the two fraction '%

\i\ regimen. The peripheral lymphocyte depletion after 15 x 1.0 Gy TLI is still : |

f> severe (x = 2% of normal value). To decrease the overall toxicity of the TLI §i

!•• regimen, we introduced a recovery interval between the TLI and the BMT ',ft

Si followed by kidney transplantation. This interval is meant to allow the |f

|:i animals to be in a better general physical condition for the BM and kidney

transplantation procedure. A booster radiation dose of 1 x 1.0 Gy TLI is

given once weekly up to the time of transplantation. Transplantations are

carried out only in animals that are in a good general condition.

In summary: The TLI + BMT in group 1 and group 3 was a toxic

procedure with a high lethality. GvHD was not avoided and kidney survival

was not prolonged. Animals in group 2, despite very low peripheral lympho-

cyte counts, were not sufficiently immunodepressed to accept either BM or

kidney grafts. It seems that the number of lymphocytes after TLI is not a

14
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for 3 days during the irradiation
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4 ) Cl in ical symptoms and histology



useful parameter for characterizing the state of immunodepression. A TLI +
BMT protocol with lower irradiation doses is now undsr investigation.

Fuks, Z. et al. J. of Clin. Invest. 58 (1976) 803,
Slavin, S. et al. J. of Exp, Med. 146 (1977) 34.
Vriesendorp, H.M. et al. Annual Report (1979) p.33.
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SINGLE AND FRACTIONATED TOTAL BODY IRRADIATION AS

A CONDITIONING REGIMEN FOR BONE MARROW TRANSPLANTATION

E.P. Walma and W. Klapwijk

s

Clinical bone marrow transplantation (BMT) is being increasingly applied

as a therapeutic tool for the treatment of malignancies, severe aplastic

anaemia and some immune disorders. The major complication is Graft-versus-

Host Disease (GvHD) with a morbidity of 50-60 per cent and a mortality of

20-30 per cent. Removing immunocompetent lymphocytes from the graft is an

effective method for diminishing the incidence of GvKD in experimental

animals (Dicke and van Bekkum, 1971). A drawback in applying bone marrow

(BM) stem cell grafts (depleted of lymphocytes) in man is the somewhat

decreased potential to achieve haemopoietic regeneration in the host. In other

words, there is a reduced "takeability".

We investigated single and fractionated total body irradiation (fractio-

nated TBI) as a conditioning regimen for BMT in dogs. The aim of using

this regimen was to effect a stronger immunosuppression and an enhanced

"takeability" of stem cell grafts. The takeability of stem cell and bone

marrow grafts was studied in two donor-recipient combinations:

1) Siblings with an identical major histocompatibility complex (MHC).

2) Siblings that shared one haplotype of the MHC.

In group 1 , three dogs of f ive that were transplanted with stem cell grafts

rejected their grafts after single dose conditioning (7.5 Gy of X rays one

day before BMT). This single dose conditioning has always been sufficiently

effective in BMT carried out using whole bone marrow grafts. The numbers

of CFU-C transplanted are the same in the "stem cell BMT" group and in the

"whole bone marrow" BMT group. The number of lymphocytes transplanted,

however, is approximately 10 times less in the "stem cell BMT" group a-;

compared to the whole BMT group. We postulated that the graft rejection

after stem cell grafting was due to the fact that the recipient's immuno-

competent cells that survived the irradiation could not be eliminated by the

graft. Whole BM grafts contain enough lymphocytes to do so, but stem cell

grafts contain only small numbers of lymphocytes.

Two fractions of TBI (6.0 Gy X rays each) separated by a 72 hour

interval appeared to be very effective: stem cell engraftment was 100 per

cent in eight of eight (8/8) dogs. The gastrointestinal toxicity that we

observed in animals receiving this high dose fractionated TBI was low. Even

íft
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TABLE I

SINGLE AND FRACTIONATED TOTAL BODY IRRADIATION

Genetic combination BM graft cells/
kg body weight

Radiation
dose (Gy)

Engraftment1
number of takes/
number of dogs

MHC
1 haplotype

4.108 7.5
CFU-C eq .4 .10 8 { 2 ) 7.5
CFU-C eq.4.108 2 x 6.0
CFU-C eq.1,108 2 x 6.0
CFU-C eq.4.108 2 x 4.5
CFU-C eq.1.108 2 x 4.5

4.108
20.108
4.108 2
4.108 2

CFU-C eq.4.108 2
4.108 4 X 3.0

7.5
7,5
x 6.0
x 7.0
x 7.0

10/10
2/5
4/4
4/4
4/4
2/4

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

I:

1 Only animals that were evaluable for engraftment are listed.
2 Stem cell enriched BMT. The number of CFU-C's in the grafts was equivalent

to the normal CFU-C content in the number of BM cells that is expressed in
the Table.

after TBI with two dose fractions of 7.0 Gy at 72 h intervals (as was given

in the "one MHC haplotype different" group), 6/6 dogs survived the gastro-

intestinal (Gl) syndrome. The highest dose of TBI that can be given in one

fraction without losing dogs due to the GI syndrome is 7.5 Gy (Vriesendorp,

H.M. et al . f 1976). Late toxicity of high dose TBI (+BMT), however, is a

risk factor that should be avoided if possible. Therefore the i mm u no-

suppressive potency of a lower dose split TBI regimen (2 x 4.5 Gy; 24 or 72

h interval) has been investigated. With this regimen, the stem cell BMT

resulted in engraftment in 6 out of 8 dogs. The two "take failures" can be

explained by insufficient stem cell doses. This low dose split TBI group will

be extended because of its great value for clinical application.

In humans, clinical BMT is restricted to those patients who have, an

MHC-identical brother or sister. The majority (~ 70%) of patients that could

profit from BMT do not have such a donor. It would be a step forward if

the group of potential donors could be extended to brothers or sisters who

18
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have one haplotype of the MHC in common. We studied the effect of split TBI

on the takeability of whole BM in one MHC haplotype different dog combina-

tions (Group 2). Conditioning with 7.5 Gy is insufficiently immunosuppres-

sive to allow haemopoietic engraftment after BMT across a one haplotype MHC

barrier. Only extra conditioning of the recipient with donor thoracic duct

lymphocytes or silica particles has been proved to be effective, but these

methods are practically useless because of very toxic side-effects (Deeg et

a l . , 1979, Vriesendorp, 1980). Tha split TBI (2 x 3.0 Gy; 72 h interval)

that we report now is an important improvement. It resulted in lasting

engraftment (5/5) without severe toxicity due to the conditioning protocol.

The dogs died, however, with GvHD, Stem cell grafting to mitigate the

GvHD was unsuccessful in those M H C not identical combinations because of

"no engraftment11. We are now attempting to induce engraftment of stem cells

with still more potent conditioning regimens. The effect of four fractions of

3.0 Gy on consecutive days is currently under study.

The general conclusion is that total body irradiation (TBI) given in two

large fractions is a more effective conditioning regimen for BMT in situations \]j.

of reduced takeability than TBI given as a single dose. A larger total dose :r:[

of radiation could be given without acute Gl toxicity if the radiation in two [i-X

large fractions with a 72 h interval was used. Patients who are to be trans- b\'

planted with stem cell grafts from MHC identical donors should, on the basis jA

of these results, be treated with two fractions of TBI instead of a single ,V;

dose.

Dicke, K.A. and Bekkum, D.W. van. Transpl.Proc. 3 (1971) 666. i 'i
Deeg, H.J. et al. Blood, 53 (1979) 552. " Kí
Kolb, H.J. et al. In: Immunobiology of bone marrow transplantation. p.

Thierfelder et a l . , eds. (1980) p.61. B;
Vriesendorp, H.M. et al. Transpl. Proc. (1980) in press. Í;'/'
Vriesendorp, H.M. et al. Int. J. Radiat. Biol. 29 (1976) 581. \£i
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RESPONSES OF RAT R-1 CELLS TO LOW DOSE RATE GAMMA RADIATION

AND MULTIPLE DAILY DOSE FRACTIONS

H.B. Kal and J.Th. Bijman

Telecobalt beam therapy at low dose rates has been used for some time

in a few clinics (Pierquin et a l . , 1979). Patients with large tumours in an

advanced stage have been treated with teleccbalt gamma rays applied at a

dose rate of about 1 G y . h - 1 for up to 8 hours per day for 6 days. This

regimen was selected on the basis of results obtained in brachytherapy.

However, i t is rather diff icult to apply this treatment on a large scale in

routine clinical practice.

Multifraction irradiation may offer the same therapeutic gain as continu-

ous irradiation. Therefore, a comparison of the efficacy i f low dose rate

irradiation and multifraction irradiation was the main objective of the experi-

ments to be described. Both regimens were tested on rat rhabdomyosarcoma

(R-1) cells in vitro and in vivo.

Exponentially growing R-1 ceils were treated in vitro by a multifraction

irradiation procedure with dose fractions of 2 Gy of gamma radiation and time

intervals of 1 to 3 h. The dose rate was 1.3 Gy.min- 1 .

The fractions of clonogenic cells were calculated and results are

presented in Figure 1 as a function of the dose. No significant differences

were observed between survival curves obtained after treatments using

different time intervals. Therefore, only one curve was drawn through the

data points by eye.

R-1 cells were also subjected to continuous irradiation at a dose rate of

0.3 G y . h - 1 . Multiplicity measurements were carried out and the appropriate

correction was applied (Sinclair and Morton, 1965).

In Figure 2, curve 1 represents the results of a protracted irradiation

regimen. Curve 2 represents the survival curve obtained after acute single

doses.

Additional experiments in which cells were pretreated with a dose of 6

Gy administered at 0.3 G y . h - 1 followed by graded doses administered at a

high dose rate ( 1 . 1 . Gy.min-1) were also performed. Curve 3 of Figure 2

represents the fraction of surviving cells after these graded doses, while the

fraction of surviving cells after the pretreatment was normalized to one.

The results shown in Figure 1 indicate ihat repair of sublethal damage

is almost completed in the interval of 1 h. The dose effectiveness ratio,

ISŔ.

L'.j

im
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Figure 1.

The response of R-l cells in vitro to multiple dose fractions of 2 Gy of
gamma radiation using time intervals of 1, 2 or 3 h, respectively. Compared
with the response to graded single acute doses.

DER, defined as the ratio of the acute single dose and the total dose admin-

istered in a certain regimen for a specified survival level, is 0.79 at the 1

per cent survival level. Treatment of R-1 cells with doses of radiation

applied at a dose rate of 0.3 Gy.h- 1 resulted in a survival curve closely

resembling the one obtained after multifractionation (Figure 2) . The DER

value at the 1 per cent survival level is 0.74.

Both multifractionation and low dose rate treatment are less effective in

inactivating cells than is an acute dose of radiation. The main reason is that

cells are able to repair most of their sublethal damage during these treat-

ments. Furthermore, during treatment at low dose rate or with multifraction-

ation, redistribution of cells over the cell cycle phase play a role. This re

distribution results in a larger fraction of cells in the G2+M phases. Cells in

these phases are more radiosensitive than are those in other phases of the

cell cycle. This is illustrated in Figure 2 . where the response of cells
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The response of R-l cells in vitro to low dose rate gamma irradiation.
curve 1: R-l cells treated at a dose rate of 0-3 Gy.h-1.
curve 2: R-l cells treated with single acute doses.
curve 3: R-l cells pretreated with a dose of 6 Gy (0,3 Gy.h-1) followed by

graded single acute doses, the surviving fraction after the
pretreatment is normalized to 1.

fi

redistributed by pretreatment with a dose of 6 Gy applied at a dose rate of
0.3 Gy.h-1 to graded acute doses is shown. The dose-survival curve
obtained has a reduced shoulder.

R-1 tumours were treated with doses of 137Cs gamma rays administered
as whole body doses to the tumour bearing animals without anaesthesia. Dose
fractions of 4, 2 and 1 Gy at 4, 2 and 1 hour intervals, respectively, were
given. The maximum dose per day was 8 Gy. The time interval between the
last fraction on day 1 or 2 and the subsequent dose fraction on day 2 or 3
ranged from 17 to 20 h. Following the last dose fraction, the tumour was
removed from the flank of the rat and, after application of a cell dispersion
technique (Reinhold, 1965), cells of the R-1 tumour were assayed for colony
formation in vitro. These treatments were chosen to simulate a clinical
regimen using telecobalt gamma rays applied at about 1 Gy.h- ' . (Pierquin et
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The response of R-l tumours to multiple daily dose fractions of 1, 2 or 4 Gy
administered at time intervals of 1, 2 or 4 h, respectively. At least two
tumours were assayed per point. The maximum daily dose is 8 Gy. For
comparison the survival curve obtained after graded single acute doses is
included.

i

al. , 1979). Dose-response curves such as shown in Figure 3 are obtained.
These indicate that the treatment with multiple doses of 4 Gy per fraction is
more effective than that with multiple doses of 1 Gy per fraction. The dose-
response curve obtained after doses of 2 Gy per fraction is intermediate.

Two factors may play a role in the differences in the effectiveness
observed. Firstly, repair of sublethal damage may be more efficient in the
treatments with doses of 1 or 2 Gy per fraction because of the longer overall
time (7 h versus 4 h) and the smaller dose per fraction as compared with
the treatment with a dose of 4 Gy per fraction. Secondly, redistribution of
cells over the cell cycle is more pronounced during the treatment with doses
of 4 Gy per fraction as compared to the treatments with doses of 1 or 2 Gy
per fraction, where such a redistribution was not observed (data not shown
here).
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Furthermore, we assume that repopulation does not play an important :

role, since no significant increase in tumour volume was observed and v;

reoxygenation may be equally efficient in the three treatments using multiple

dose fractions. The DER values at the 1 per cent survival level are 0.96,

0.88 and 0.77 for the treatments using dose fractions of 4, 2 and 1 Gy,

respectively.

Treatment of R-1 tumours with doses of 1 Gy per fraction every hour is

almost as effective as a radiation treatment applied at dose rates of 0.75 to

1.5 Gy.h-1 (Kal, 1974). A DER of 0.72 at the 1 per cent level can be

derived.

With the R-1 tumour system, multifractionation of the total dose is more

effective with respect to cell inactivation (even when the total dose is admin- ;

istered within 55 h) than continuous irradiation at a dose rate in the range

of 0,75 to 1.5 Gy.h-1 applied within 1 day. We have at present no available

data on multifraction experiments in normal tissues to compare with data

described here. Such experiments are needed to answer the question of jV;

whether a mul t i f ract ionat ion regimen gives an equal or a la rger therapeut ic l-i

gain as treatments using cont inuous i r rad ia t ion applied at a low dose ra te .

Kal, H.B. Responses of a rat rhabdomyosarcoma and rat skin to irradiation
with gamma rays and 15 MeV neutrons at low dose rates. Thesis,
Amsterdam, (1974).

Pierquin, B. et al. In: High LET Radiation in Clinical Radiotherapy, Suppl.
Eur.J.Cancer, Pergamon Press, Oxford, (1979) p.91

Reinhold, H.S. Eur. J. Cancer I (1965) 67.
Sinclair, W.K., and Morton, R.A. Biophys.J. 5 (1965) 1.
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MODIFICATION OF THE EARLY AND LATE DELAYED RADIATION RESPONSE

OF THE RAT SPINAL CORD BY CHEMOTHERAPEUTIC AGENTS

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

With the increasing effectiveness of therapy for several types of

cancer, the central nervous system has become more involved in metastatic

disease. Prophylactic brain irradiation in combination with chemotherapy has

reduced the incidence of metastases but has also resulted in an increased

occurrence of complications, The best documented example is acute lympho-

blastic leukemia in children, in which recurrences are most frequently

observed in the CNS. A successful treatment for the meningeal leukemia,

also widely used prophylactically, is the combination of total brain irradiation

and tntrathecal chemotherapy with methotrexate (MTX) or cytosine arabino-

side (ara-C). Several types of complications are observed, of which the two

major permanent types of damage are leukoencephalopathy (from 4-5 months

post-treatment) and microangiopathy (from about one year post-treatment).

These so-called "early" and "late" delayed types of damage in the brain show

a remarkable similarity with the different types of lesions observed in the

rat spinal cord after X-irradiation, which are considered to be an expression

of damage in different cell types. The early delayed damage mainly consists

of demyel i nation, while the late delayed damage appears to be primarily of

vascular origin.

A possible effect of MTX and ara-C on the induction of early and late

delayed radiation damage in the CNS was studied in the rat cervical spinal

cord. Male WAG/Rij rats were injected intrathecally ( i . t . ; between lumbar

vertebrae 4 and 5) or intravenously ( i . v . ) with MTX or ara-C, followed 30

min later by X-irradiation. The different reactions observed during the f i rst

six months after treatment are presented in Fig.1. After intrathecal admini-

stration of the drugs, acute neurotoxic reactions, which limit the dose of

MTX to 4 mg.kg-1 are observed. Higher doses lead to convulsions and

death. The neurotoxicity of intrathecally administered ara-C is much less,

even at the highest dose tested (100 mg.kg- 1 ) . When not followed by i r ra-

diation, no long term damage develops. After intravenous administration, no

neurotoxic reactions were ever observed, which demonstrates the poor

penetration into the brain tissue of these drugs. Fig. 1 further shows that

the severity of the acute neurotoxicity is not predictive for the modification

of delayed radiation damage. Administration of MTX prior to irradiation
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Figure 1

Neurotoxic effects of radiation and intrathecal chemotherapy on the rat spinal
cord.
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shows no qualitative difference as compared to radiation alone. Histological
studies on teased nerve fibres show the occurrence of focal demyelination
followed by remyelination at 1-2 months after irradiation. After 5-6 months,
paralysis develops due to extensive white matter necrosis. The latent period
is not different for the rats irradiated with or Without MTX. Rats treated
with ara-C ( i . t . ) before irradiation show a progressive demyelination and a
significanctly reduced latent period for the induction of paralysis.

These qualitative differences in reactions after MTX or ara-C are
reflected in the dose-effect relationships. From dose-response curves
obtained after single dose or fractionated irradiation, the 50% incidence
(ED5 0) for the early and late delayed damage .was determined. Dose-effect
factors (DEF) can be derived from the ED50 values. The DEF is the ratio of
the radiation dose without drug to that with drug required to produce a
similar biological effect. The results are summarized in Table 1, from which
the following conclusions can be drawn.
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TABLE I

radiation

fractions

(time)

EFFECT OF ARA-C AND MTX ON THE INDUCTION OF EARLY AND
LATE DELAYED RADIATION DAMAGE IN THE SPINAL CORD

drug* early delayed response late delayed response

ED50 (Gy) DEF ED 5 0 (Gy) DEF

V

'• *V

1 •-

I
i

1
2

2
2
4

1
2

2
2

1

1
4

1
2

*

(4 h)

(1 d)

(10 wk)

(3 d)

(4 h)

(1 d)
(10 wk)

(12 d)

(4 h)

--
—
—
—

ara-C (i.t.)

ara-C (i.t.)

ara-C (i.t.)

ara-C (i.t.)

ara-C (i.v.)

MTX (i.t.)

MTX (i.t.)

MTX (i.v.)

MTX (i.v.)

drugs administered ± 30

20.2 ±0.5

25.9 ±0.5

27.6 ± 0.5

30 ± 1

36.5 ± 0.9

16.4 ± 0.8

19.7 + 1.3

21.2 + 0.8

22.4 ± 3

20 + 1

20.8 + 0.5

36 ±2

21.5 ± 1

24.8 ± 0.6

min before first

fraction experiment where each radiation

1.
1.
1.
1.

1

0.
1.

0.

1.

dose

dose

23

31
30

34

97

01

94
04

of
is

18.7 + 0.5

23.2+1

23.7 ± 0.9

23.9 ± 3

32.5 ± 1

15.8 ± 1.1

19.4 ±1.1

18.7 ± 0.9

19.4 ±1.2

34 ± 2

17.1 + 1.4

19.3 ± 2.2

radiation, except
preceded by MTX

1
1

1

0
0

1

1

in

18
2

.96

.96

.09

.2

4

Ů

:'!

%
Í7-'

\':>

'•'\

i

!
Ů

(4 mg.kg-1, i.t.) drug doses: ara-C i.t. 40 mg.kg-1

ara-C i.v. 200 mg.kg-1

MTX i.t. and i.v. 4 mg.kg-1

í
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1) ara-C significantly modifies the early delayed radiation response, with a

decrease in EDSO by 20-30%.

2) The ED5o for the late delayed (vascular) response is not significantly •

different from that for the early response. This indicates that a modification I

of the late response, if occurring, is masked by the strong modification of

the early one,

3) The additional recovery observed when the interval between two fractions

of X-rays is increased from 1 day to 10 weeks does not occur when the first

fraction is preceded by ara-C (40 mg.kg-1, i . t . ) . {

4) MTX does not modify the early delayed response. Surprisingly, the only

modification appears to be that of the late vascular response after i.v. ;

administration. Pharmacokinetic data have shown much lower concentrations -
•i

of MTX in brain and spinal cord after i.v. as compared to i.t. administration j

(Annual Report, 197?, p.225). The significance of this observation has to be )

confirmed in further experiments. ••}

These observations suggest that i.t. administered ara-C greatly :j

enhances the effect of radiation on oligodendroglial cells involved in the ki

production and maintenance of myelin. This is in agreement with the j?<

observation of predominantly white matter lesions in patients after irradiation §

combined with intrathecal chemotherapy. However, in most patients, the drug )|
lij!'

used was methotrexate, f o r which no modif ication of the ear ly delayed

radiat ion response of the ra t spinal cord was observed.

Fur the r experiments wi l l be carr ied out to obtain more ins igh t into the

mechanisms involved in the interaction of radiat ion with MTX and ara-C in

effects on the CNS, combinations which in human patients have resulted in

severe late complications.
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HAEMATOLOGY

SPLEEN COLONY FORMING CELL HETEROGENEITY

IN SELF-RENEWAL CAPACITY?

J.F. Eliason and M.B. Edelstein

It is now possible to culture mouse haemopoietic progenitor cells, includ-

ing pluripotent spleen colony forming cells (CFU-S), for long periods of time

in a liquid culture system (Dexter et a l . , 1977). An important feature of

these cultures is the presence of a bone marrow derived adherent cell popu-

lation which appears to be required for the long-term maintenance of the

progenitor cells. The adherent layer consists of what are purported to be

stromal elements in addition to the progenitor cells and immature granulo-

cytes. The unattached cells in the long-term marrow cell cultures, referred

to here as suspension cells, are primarily mature granulocytes and their

progenitors.

Dexter et al. found that the CFU-S from long-term bone marrow

cultures were normal in that, when transplanted into lethally irradiated mice,

they supported the long-term survival of these animals. Since such cultures

are devoid of recognizable lymphocytes which can cause graft-versus-host
fi-.i

disease, they have been considered as a suitable source of stem cells for

bone marrow transplantation (Dexter and Spooncer, 1978). Recently,

however, Mauch et al. (1980) have reported that the cultured CFU-S have a $

greatly reduced self-renewal capacity as compared to normal bone marrow

(NBM) CFU-S. this would obviously limit the usefulness of the long-term

cultures for transplantation. Furthermore, these workers presented evidence

that the self-renewal capacity of suspension CFU-S was even lower than that

of adherent cell CFU-S. Since these experiments determined the recovery of

CFU-S only in the femurs of transplanted animals and only at one time after

transplantation (14 days), several factors other than inherent differences in

self-renewal capacity could account for the apparently contradictory results.

No consideration was given to possible differences in seeding to the bone

marrow or spleen between CFU-S from the cultures and those from NBM. In

addition, nothing is known about the kinetics of in vivo regeneration of

cultured CFU-S.
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We have therefore initiated a series of experiments to investigate the

regeneration of CFU-S from long-term marrow cultures in bone marrow and

spleen in a more detailed way. Suspension and adherent cells from four-

week-old cultures established with CD2 bone marrow cells were used for

these studies. The concentration of CFU-S in our cultures tends to be lower

than that of NBM, with a mean value of 6.4 ± 0.4 CFU-S per 105 suspension

cells and 4.1 ± 0 . 4 CFU-S per 105 adherent cells from two independent sets

of cultures as compared to 29,1 ± 2.7 (2 experiments) CFU-S per 10s CD2

NBM cells. Recipients for regeneration studies received 2.5 x 106 suspension

or adherent cells or 1 x 106 NBM cells 24 hours after 10 Gy gamma irradia- ;

tion. At various times after transplantation, the animals were sacrificed and

the CFU-S content of their spleens and femurs was determined. :

The results of one such experiment are shown in Table I. There was j

TABLE I

i
THE RECOVERY OF INJECTED CFU-S IN SPLEENS AND FEMURS OF MICE GIVEN ,1

SUSPENSION OR ADHERENT CELLS FROM LONG-TERM MARROW CULTURES OR
NORMAL BONE HARROW CELLS

Time after injection Source of cells Recovery in spleen Recovery in femur
(days) % of injected* % of injected*

* The results are expressed as mean ± S.D. The numbers of CFU-S injected were
180 for Susp., 111 for Adh. and 327 for NBM.

no difference after one day in the recovery of CFU-S from spleens or femurs

of animals injected with cultured cells or NBM cells. The regeneration of

CFU-S from NBM was similar to that reported previously by Lahiri and van

Putten (1969), with an 88-fold increase by day seven of CFU-S in spleen

and a 72-fold increase in bone marrow above the recovery at day one.

Recovery in the groups injected with cultured cells, in contrast, remained at

32

Susp. 1.9 ± 1.3 0.4 ± 0.5
Adh. 2.1 ± 1.8 0.6 ± 0.7
NBM 2.4 ± 1.3 0.8 ± 0.6

Susp. 2.1 ± 1.2 0.8 ± 0.7 1
Adh. 1.1 ± 1.2 0.8 ± 0.7 %
NBM 7.5 ± 2.6 5.3 ±0.9 p

Susp. 32 ± 11 3.4 ± 2.8 «
Adh. 17 ± 6 10 ± 4 l>|
NBM 176 ± 24 58 ± 19 &
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the day one levels through day four in both haemopoietic organs. By day
seven, significant increases were evident in the animals given cells from the
cultures, but there appeared to be a difference in the primary site of
recovery between suspension and adherent CFU-S. The proportion of CFU-S
found on day seven in the spleens of animals treated with suspension cells
was nearly twice that found when adherent cells were given. Bone marrow
recovery, on the other hand, was greater in the adherent cell group.

These results indicate that the regeneration kinetics of cells from long-
term marrow cultures differ considerably from those of NBM CFU-S growth.
The cultured cells appear to have a lag time of at least three days before
beginning exponential growth. This alone could explain the differences
between cultured and NBM cells reported by Mauch et al. Furthermore, the
differences we have found in the organ distribution of suspension and
adherent CFU-S on day seven, if similar on day fourteen, might account for
the observed differences between these two populations.

Our findings show that no firm conclusions can be made with regard to
the self-renewal capacity of CFU-S from long-term marrow cultures without
more detailed knowledge of their growth kinetics in vivo.

Dexter, T.M. et al. J. Cell Physiol. 91 (1977) 335.
Dexter, T.M. and Spooncer, E. Nature 275 (1978) 135.
Lahiri, S.K. and Putten, L.M. van. Cell Tissue Kinet. 2 (1969) 21.
Mauch, P. et al. Proc. Soc. Natl. Acad. Sci. USA 77 (1980) 2927.
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BINDING OF WHEAT GERM LECTIN BY MOUSE HAEMOPOIETIC STEM CELLS

J.W.M. Visser

Bol and Van Vliet (1979) have demonstrated that the electrophoretic

mobility of murine stem cells is reduced more than that of other haemopoietic

cells after neuraminidase treatment. Since neuraminidase splices off

negatively charged N-acetylneuraminic acid (NANA) from membrane

glycoproteins, this indicates that the stem cells have a higher surface NANA

density than the other cells. Therefore, stem cells are likely to have a high

affinity for wheat germ lectin (WGA) which has been demonstrated to bind

NANA (Greenaway and LeVine, 1978; Hood et a l . , 1978; Peters et a l . , 1979).

This can be tested by labelling bone marrow cells with WGA bound to

fluorescein isothiocyanate (FITC), sorting on the basis of fluorescence

intensity differences by a cell sorter* (FACS) and subsequent stem cell

assays using the sorted cells.

Figure 1 shows dot displays of the fluorescence versus the forward

light scatter intensities of mouse bone marrow cells after incubation with

WGA-FITC. By simultaneous measurements of the perpendicular l ight scatter

intensity (Visser et a l . , 1980; Van den Engh and Visser, 1979), it could be

determined that the subpopulations with low fluorescence intensities consisted

of erythrocytes and lymphocytes, while the cluster of cells with relatively

high fluorescence intensities consisted of granulocytes and nonlymphoid blast

cells. After neuraminidase treatment and subsequent incubation with

WGA-FITC, the fluorescence intensity of the cells was found to be decreased

(Fig.1). Incubation of WGA-FITC labelled cells with N-acetyl-D-glucosamine

(0.2 M; 15 min; 37°C), a sugar which competes with membrane NANA for

binding to WGA, reduced the fluorescence intensity to background values

(not shown). These observations indicate that, also with mouse bone marrow

cells, WGA-FITC labelling is specific for heuraminidase sensitive NANA

groups on the cellular membrane.

Bone marrow cells labelled with WGA-FITC were sorted by the FACS

according to fluorescence intensity and, subsequently, subjected to in vitro

assays for committed myeloid progenitor cells (GM-CFU-1,-2 and -3 . ref .6) .

Figure 2 shows averaged fluorescence intensity distributions of all nucleated

bone marrow cells and of the pluripotent and committed stem cells. CFU-S

were clearly more fluorescent than most of the other haemopoietic cells. From

Fig.2, the median fluorescence intensities of nucleated cells and CFU-S were

&

35



O

Control

- After
neurominidase
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Forward light scatter intensity ( arbitrary units )

Figure 1

Dot displays of WGA-FITC fluorescence versus forward l i gh t scatter
intensi t ies of nontreated (upper display) and neuraminidase treated (lower
display) mouse bone marrow cel ls . For label l ing with WGA-FITC, cells
(10'.ml-1) were incubated for 20 min at 0°C in PBS (pH 7.0) containing 0.4
ug.ml-1 WGA-FITC (Polysciences, Warnington, Pa.). For neuraminidase
treatment, cel ls were incubated for 1 hr at 37°C in PBS containing 4 - x lO - 3

IU.ml-1 neuraminidase from Vibrio cholerae (Behringwerke, Marburg/Lahn).

calculated to be 16 and 82 arbitrary units, respectively. The median fluores-

cence intensities of GM-CFU-1, -2 and -3 were higher than those of CFU-S

and varied between 98 and 102. No significant differences in fluorescence

could be detected among the three GM-CFU types.

Since we are interested in surface density of N AN A groups, the mem-

brane surface areas of the various cell types has to be taken into account.

As shown previously (Visser and Van den Engh, 1980. Van den Engh and

Visser, 1979), the forward l ight scatter intensity determined by a FACS-II

sorter is linearly proportional to the square of the radius of a cell and
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Figure 2

Fluorescence intensity distr ibut ions of nucleated mouse bone marrow cells
(TNC), CFU-S and GM-CFU-l, -2 and -3 after label l ing with WGA-FITC. Curves
from three separate experiments are averaged. Each curve is normalized to i t s
own peak value.

therefore also to the membrane surface area. In earlier measurements (Visser

and Van den Engh, 1980. Van den Engh and Visser, 1979), it was

determined that the ratio between the medians of the forward light scatter

intensities of CFU-S and GM-CFU is 0.87. This ratio is similar to that

between the median values of the fluorescence intensities (v i z . , 0.82) which

was calculated from Fig.2. This indicates that the densities of bound

WGA-FITC are similar for CFU-S, GM-CFU-1, -2 and -3 and that the density

of NANA groups on the membranes of these cells is similar. Bol and Van

Vliet (1979), however, concluded from observed differences in the reduction

of the electrophoretic mobility of these cell types by neuraminidase treatment

that GM- CFU-1, -2 , and -3 have different densities of NANA in their

membranes. This indicates that the two methods detect in part different
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subsets of N AN A groups. The observation that neuraminidase treatment
greatly reduced the binding of wheat germ lectin (Fig.1) then suggests that
the labelling of NANA units by WGA-FITC is sensitive to additional binding
regions or sugar sequences.

Bol, S. and Vliet, M van. In: Experimental Hematology Today 1980. Baum,
S., Ledney, D., eds. Karger, Basel (1979) p.327,

Engh, G.J. van den and Visser, J.W.M. Acta Haemat. 62 (1978) 289.
Greenaway, P.J. and LeVine, D. Science 241 (1978) 191.
Hood, L.E. et al. Immunology. Menlo Park. The Benjamin/Cummings

Publishing Company. (1978) p.315.
Peters, B.P. et al. Biochemistry 18 (1979) 5505.
Visser, J.W.M. et al. Blood Cells 6 (1980).
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PURIFICATION AND PROPERTIES OF COLONY STIMULATING FACTORS (CSF)

ISOLATED FROM PREGNANT MOUSE UTERI
y,

A. Brouwer, H. Burger and G. Wagemaker

Haemopoietic cell differentiation and maturation is controlled by humoral

regulators. One class of regulators which is specific for maturation along the

granulocyte/macrophage pathway is designated as CSF. CSF is defined by its .,

capacity to stimulate a subpopulation of bone marrow cells (GM-CFU) to •

produce colonies containing granulocytes and/or macrophages. It was

previously shown that various sources of CSF could be treated in such a ;

way that they showed a similar and characteristic dose-response relationship

and were nonadditive to each other (Van den Engh, 1974). One of these CSF

preparations, a partially purif ied extract from pregnant mouse uteri (PMUE),

was chosen as a standard and shown to stimulate only a single subpopulation ; ň

of GM-CFU with restricted buoyant density and size characteristics (Williams t,|

and Van den Engh, 1975). t?
KM

The purification and characterization of the humoral regulators of %
haemopoiesis is a prerequisite for studies directed at the biochemical ||

mechanism(s) underlying the sequential differentiation and maturation steps |;.

of haemopoiesis. Moreover, pure preparations open the possibility of using !-ô

labelled CSF to identify its target cells and of raising versatile specific anti- |

bodies. In addition, the purification of CSF from PMUE appeared to be a ^

direct necessity, as all PMUE preparations tested completely inhibited colony ;i.

growth from erythrocyte and megakaryocyte progenitors. These preparations ;.f{

could therefore not be used to study differentiation and maturation of multi- ^

potential cells. More highly purified preparations did not exhibit this j " |

property. K|

CSF from PMUE was purified to apparent homogeneity by a sequence of M

affinity chromatography (Sepharose-bound Concanavalin A) , anionic exchange 4|j

chromatography (DEAE-Sepharose), hydrophobic interaction chromatography ^f

(Phenyl-Sepharose) and polyacrylamide gel electrophoresis (PAGE), as

schematically shown in Table I.

Two biologically active preparations were obtained by chromatography

on Con-A-Sepharose: one eluting in the breakthrough fraction and one

eluted by the specific counterligand. The two prpparations showed different

dose-response curves.
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TABLE I

PURIFICATION OF CSF EXTRACTED FROM PREGNANT MOUSE UTERI (PMUE)

Method of purification

Crude extract (PMUE)
Affi nity chromatography
Anionic exchange chromatography
Hydrophobic interaction chromatography
Polycrylamide gel electrophoresis

Protein concentration (ng.ml-1)
required to stimulate 50%
of responding GM-CFU,
CSF I CSF II

50 x 103

3 x 103 30 x 103

800 700
160 10

30 2

Analytical polyacrylamide gel electrophoresis established that the native
forms of the two types of CSF differed slightly in molecular weight. From

i.o-

058
= 1.23

0.01

total acrylomide ( per cent )

Figure 1

Estimation of the molecular radii of the two native molecular forms of CSF
isolated from PMUE by polyacrylamide gel electrophoresis. "Ferguson" plot,
relating relative electrophoretic mobility to total acrylamide concentration.
The retardation coefficient, KR, is the slope of the curve, the relative free
mobility, Y , is the interceptKat the ordinate.

I
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curves relating electrophoretic mobility of the biological activity to acrytamide
gel concentration (Fig.1), the retardation coefficient KR (Ferguson, 1964;
Rodbard and Chrambach, 1971) was calculated for both types. These values
were intrapolated into a calibration curve, relating the KR values of
reference proteins to their reported molecular radii (Fig.2), In this way,

5.0-

4.0-

3,0-

2.0-

1.0

0.1

fibrinogen

bsa-dimer

human transferring
bja-monomer

ovoalbumin
(3-lacfoglobulin

insulin

CSF I 2.5 nm (~49,000)
CSF I! 2.7 nm (-56,000)

0.2 0.3 0 .4 0.5 I
i Figure 2

Calibration curve relating the retardation coefficients, KR, of reference
proteins to their reported molecular radii. Bsa stands fór Bovine Serum
Albumin.

5
1

way, apparent molecular weights were calculated to be 49,000 daltons for
CSF I and 56,000 daltons for CSF I I . By constructing joint 95% confidence
envelopes of KRand the value for free electrophoretfc mobility, Y , it was
shown that the differences between the two types of CSF are significant at
the level of p < 0.0025.

The two types of CSF behaved quite similarly when subjected to anionic
exchange chromatography at varying pH and to hydrophobic interaction
chromatography. Apart from providing an excellent purification method
(Table I ) , the latter technique also showed that neither type of CSF
noticeably exposed hydrophobic sites.

The preparations were subsequently subjected to PAGE on a preparative
scale. This procedure resulted in further purification (Table I) for both
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types of CSF (which comprised at best estimate about 80% of the activity

present in PMUE) The active fractions obtained of CSF II were refractionated \

using analytical PAGE. This demonstrated that the biological activity

migrated as a single molecular species associated with a single band that

stained with Coomassie Brilliant Blue. The molecular weight of the banded ]

protein was determined by sodium-dodecy I -sulphate (SDS) PAGE in 2-mer- .

capto-ethanol to be approximately 61,000 daltons. This value does not differ •

essentially from that obtained for the native CSF I I , making a subunit

structure unlikely. This conclusion is in contrast with data obtained by

Stanley and Heard (1977) for CSF purified from medium conditioned by

• L-cells. Although preparative PAGE resulted also in an increased specific :

activity of CSF I (Table I ) , the purified product appeared to be unstable. ;.

: The purified preparation of CSF II stimulated maximum colony numbers at a ;

concentration of approximately 1O-10 M. The colonies obtained with both !

preparations using methylcellulose cultures of bone marrow cells from ND2 "

mice were composed edominantly of macrophages. >

It is concluded that PMUE contains two probably closely related i|

V molecular forms of CSF. The chemical and biological characteristics of CSF $

V; from PMUE roughly resemble those of CSF isolated from human urine (Stanley if

;V: et a l . , 1975) and from L-cell conditioned medium (Stanley and Heard, 1977; jj|

'|r Waheed and Shadduck, 1979), which in turn were shown to differ from the

j 1 * type of CSF purified from lung conditioned medium (Burgess et a l . , 1977).

Burgess, A.W. et al. J. Biol. Chem. 252 (1977) 1998. g
Engh, G.J. van den. Cell Tissue Kinet. 7 (1974) 537. I
Ferguson, K.A. Metabolism 13 (1964) 985. |
Rodbard, D. and Chrambach, A. Anal. Biochem. 40 (1971) 95. §s

S t a n l e y , E.R. et a l . F e d . P r o c . 34 (1975) 2272. ||
S t a n l e y , E.R. and H e a r d , P . M . J . B i o l . C h e m . 252 (1977) 4305. iff
Van d e n E n g h , G . J . Cel l T i s s u e K i n e t . 7 ( 1 9 7 4 ) 537. $
Waheed, A . and S h a d d u c k , R . K . J . L a b . " C l i n . M e d . 94 ( 1 9 7 9 ) 180. §
Wi l l iams, N . T . and Van d e n E n g h , G . J . J . Cel l P h y s i o l o g y 86 (1975) 237. ||
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ANALYSIS OF THE CELL CYCLE OF LATE ERYTHROID PROGENITOR CELLS

(E-CFU) BY SEDIMENTATION AT UNIT GRAVITY

G. Wagemaker and T,P. Visser

Late erythroid progenitor cells, termed E-CFU, can be detected in ř

viscous culture media by their capacity to give rise to discrete clusters of

maturing erythroid cells. This cell population expands under conditions of Y

erythropoietic stress and declines if demand for erythrocytes is decreased.

These changes are generally held to be mediated by erythropoietin (EP).

The fraction of E-CFU that survives treatment with S-phase-specific agents

(tritiated thymidine in vitro or hydroxyurea in vivo) was found to be around

30% (Wagemaker and Visser, 1980). This value is lower than that of any

other haemopoietic progenitor cell and indicates a high proportion of S phase

cells. The kill by tritiated thymidine does not further increase under rege- ;.£|

nerating conditions nor can it be changed much by prior bleeding or hyper- i{||

transfusion. Apparently, E-CFU are already maximally cycling under steady \S

state conditions and their high proliferative activity is independent of EP. f$

We have further analysed the cell cycle of E-CFU by sedimentation at unit |if

gravity (Miller and Phillips, 1969). This technique separates cells on the if

)- basis of size differences and, if combined with selective elimination of S ^ ;

phase .cells, enables a direct estimate of the proportion of E-CFU in the w

various phases of the cell cycle. The methods used to eliminate S phase cells fij[

were exposure to high specific activity tritiated thymidine (3H-TdR) in vitro hj

and hydroxyurea (HU) in vivo. These methods yield equivalent surviving j |

; fractions for haemopoietic stem cells and their progeny (Wagemaker and ?;|

--"/• Visser, 1980). ,';|

The sedimentation rate distribution of E-CFU frorr. normal ND2 bone $̂f
: marrow had a single modus at 7.4 mm/h and small shoulders at about 6 mm/h

ó and between 9 and 10 mm/h (Fig.1). Exposure of the cells to 20 |jCi/ml

£•;; 3H-TdR eliminated the majority of the cells that sediment at 7.4 mm/h

| | . " (F ig .1) . The surviving fraction has a bimodal distribution with peaks at

| | f sedimentation rates of 6.0 and 9.5 mm/h. Subtraction of this distribution

from that of the cells which were incubated without 3H-TdR yields the

distribution of the cells which are susceptible to 3H-TdR. This distribution

is characterized by a single modal sedimentation rate of 7.4 mm/h.

In a cell population in asynchronous exponential g n w t h , the cells

before and after mitosis (G 2 and Gj cells, respectively) wi l l .d i f fer in volume
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7.4 mm. h-1

lOO-i

8
o,

i
1
I«
o

bone marrow E-CFU

• after 20' incubation
with 3H-TdR

o controls

8 10 11 12

sedimentation rate (mm. h )

Figure 1

Sedimentation rate distributions of E-CFU. The sedimentation rate distribu-
tion of 3H-TdR-incubated and control-incubated E-CFU. Mean distribution of
three independent experiments.

by a factor of 2 (Terasima and Tolmach, 1963; Anderson et al . , 1969) and
therefore in sedimentation rate by a factor of 1.6 (MacOonald and Miller,
1970). The sedimentation rate distribution of E-CFU after exposure to
3H-TdR fits exactly that of a population composed mainly of G1 and G2/M
cells. If it is assumed that the size variation of cells in Gx or in G2/M is
small, the distribution of these cells must be symmetrical. On this basis, the
distributions of Gi and G2/M cells were obtained by construction of a mirror
image of the ascending and descending slopes, respectively. From the sur-
face areas, it was calculated that the Gx phase contributes about 18 per
cent, the S phase about 70% and the G2/M phase about 12 per cent to the
distribution. A small fraction was neither killed by 3H-TdR nor included in
the constructed distribution of Gx and G2/M cells. This fraction, however,
would represent less than 5 per cent of all E-CFU and does not essentially
influence the calculated values.

The sedimentation rate distribution of E-CFU two hours after i.p. admi-
nistration of 1 g/kg HU is shown in Fig.2. The distribution has a single
modus at 6.7 mm/h and a small shoulder between 8 and 9 mm/h. The
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shoulder represents about 4 per cent of the distribution or 1 per cent of all

E-CFU prior to injection of HÚ.

6,7 mm.h
-1

IDO-i

1
"o

I
i

so-

bone marrow E-CFU

2h after 1 g. kg"1 HU

mean of 2 exp.

o-o

10 n

sedimentation rate (mm, h" )

Figure 2

The sedimentation rate distribution of E-CFU two hours after i.p. administra-
tion of 1 g/kg HU. Mean distribution of two independent experiments. This
distribution represents 28% of the number of E-CFU/femur in control mice.

É

If the sedimentation rate and buoyant density of a celt population are

known, the cell diameter and volume can be calculated from Stokes1 law for

the sedimentation of spheres (McDonald and Miller, 1970; Visser et a l . ,

1977). The buoyant density profile of E-CFU was characterized by a single

modal value of 1.077 g/cm3. The 50 per cent band width is 0.005 g/cm3,

which is close to the method's reported resolution of 0.004 g/cm3 (Williams

and Shortman, 1972). The diameter and volume of E-CFU in various stages

of the cell cycle are given in Table I. The values were calculated on the

assumption that the buoyant density does not change during the cell cycle.

If the relative time a cell spends in either phase of the cell cycle is set

equal to the proportion of cells found in each phase, the size increment of

the cells during the cell cycle can be determined. The volume growth pattern

obtained in this way was slightly steeper than exponential, as was also

observed by Anderson et a l . , (1969) for CHO cells. The size of the cells

obtained two hours after i.p. administration of H U appeared to be
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TABLE I

CELL SIZE OF E-CFU DURING THE CELL CYCLE

Modal sedimentation dispersion* diameter** volume
rate S (mm/h) (um) (fl)

ALL E-CFU
Gi

G2
After HU

7.4
6.0
7.4
9.5
6.7

0.22
—
0.18
--
0.16

8.3
9.2
10.5
8.8

300
410
600
360

* Band width at 50% peak height, expressed as a fraction of the modal
sedimentation rate S. For spheres of uniform size and density, the
dispersion is a constant with a value of 0.18 (Miller and Phillips, 1969).

** Calculated by rewriting Stokes1 law for the sedimentation rate of spheres •*
s 1

i n a v iscous medium as r = \f [ ] • \?
k[p-pol I

( M i l l e r , 1973) where r represents the radius o f a sedimenting sphere, k a 4
constant ( 5 . 0 x 10 9 m n ŕ . g - ^ h - 1 ) , p the d e n s i t y of the sphere and p o of ,fe
the surrounding medium. The diameters are c a l c u l a t e d on the bas is of a 5
buoyant dens i ty of 1.077 g/cm3 f o r a l l phases of the c e l l c y c l e . ij-

5

characteristic for early S phase cells. As their sedimentation rate •

distribution was not more dispersed than reported for spheres of uniform ^

size and density, these HU-treated E-CFU appear to mainly represent a j-

synchronous population in early S. Apparently, cells synchronized by HU at ]

the G^S boundary had progressed to earlý S in the two hours that had '[

elapsed after its injection. This phenomenon is not generally appreciated and 1

precludes the use of HU for the purpose of this study. S|

It is concluded from this study that the sedimentation rate distribution -|

of E-CFU is indistinguishable from that of a single cell population in which S I

phase cells predominate and in which only a minority of the cells are in Gi

and G2/M. These characteristics are best explained by comparatively short

durations of the Gj and G2 phases. IS
W,

Anderson, E.C. et al. Biophysical J. 9 (1969) 246.
MacDcnald, H.R. and Miller, R.G. Biophys. J . 10 (1970) 834.
Miller, R.G. and Phillips, R.A. J. Cell Physiol. 73 (1969) 191.
Terasima, T and Tolmach, L.J. J. Exp. Cell Res. 30 (1963) 344.
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LEUKAEMIA RESEARCH

THE EFFICACY OF PIPERAZINEDIONE (NSC-135758) TREATMENT PRIOR TO

BONE MARROW TRANSPLANTATION: STUDIES IN A RAT MODEL

FOR HUMAN ACUTE MYELOCYTIC LEUKAEMIA

A . C M . Martens and A, Hagenbeek

Piperazinedione, a fermentation product of Streptomyces griseoluteus

has been shown to be effective against a variety of animal and human

tumours. The drug seems to act mainly as an alkylating agent. With other

alkylating agents such as cyclophosphamide, BCNU and L-phenylalanine

mustard, there is minimal or no cross-resistance as determined in the L1210

mouse leukaemia model. Haematologic toxicity is the dose-limiting effect.

Severe bone marrow aplasia is rapidly induced. Therefore, the drug is not

generally employed in clinical cancer treatment.

As i t is rather diff icult - i f not impossible - to determine the degree of

tumour load reduction in human patients and time consuming to determine the

optimal treatment regimen in terms of drug dosages and time intervals,

studies were performed in a transplantable rat leukaemia model (BNML). This

disease shares many characteristics with human acute promyelocytic and

myelocytic leukaemia. Treatment was started at a stage which is comparable

with a "ful l blown" relapse in human patients, i .e. , 13-14 days after

inoculation with 107 leukaemic cells. Early toxicity-induced deaths due to the

very strong myelosuppressive effect of the drug could be prevented by boiie

marrow transplantation followed by repeated blood transfusions. However,

with a total dose of 16 mg.kg- 1 (85 mg/m2), deaths resulting from G. I . tract

and lung damage were inevitable.

There is a relationship between survival and tumour load (Hagenbeek,

1977). As judged by prolongation of survival time, nine decades of tumour

load reduction was achieved at the most (Table I ) . No cures were obtained,

as the total tumour load at the start of treatment exceeded 109 cells (about S

x 109). The possible presence of drug resistant cells was not excluded.

No significant differences in efficacy were found between daily "push"

treatment and split daily doses using total doses of 10-12 mg.kg- 1 .

If these data may be extrapolated to man, i t seems that piperazinedione

\' '

49



alone will not completely eradicate leukaemic cells in patients with acute
leukaemia in relapse. Such patients are thought have a load of at least more
than 1Q10 leukaemic cells, whereas piperazinedione induces a reduction by

8

10 at the maximum. Total body irradiation could be added to the treatment,
although the piperazinedione dosages have to be lowered in that case because
of the additive toxicity effects. In this rat leukemia model, TBI alone led to
a four decade reduction in tumour load. Table I shows that effective, non-
toxic, piperazinedione treatment can be applied and, if combined with TBI,

TABLE I

EFFICACY AND TOXICITY OF PIPERAZINEDIONE TREATMENT IN BN MYELOCYTIC
LEUKAEMIA

Regimen

A. daily "push"treatment

5 mg/kg q 24 h x 2
4 mg/kg q 24 h x 3
+ packed cells

B. sp l i t dai ly doses

2 x 2 mg/kg q 24 h x 2
2 x 2 mg/kg q 24 h x 3
2 x 2 mg/kg q 24 h x 3

+ packed ce l ls
2 x 2 mg/kg q 24 h x 4

* as determined by (MdST treated rats) minus (MdST nontreated controls)
minus (duration of treatment).
MdST: median survival time; 50% surviving fraction.
Treatment was started at day 13-14 after inoculation with 107 leukaemic
cells. All rats received 6 x 107-108 normal isologus bone marrow cells
24 hr after the last injection of piperazinedione. The interval between
two injections of piperazinedione per day was 8 hr. "Packed cells": 1.5 ml
packed cells were infused daily for 4 consecutive days, starting 24 hr
after bone marrow transplantation. Each group consisted of 6-12 rats.

early toxicity-
i nduced
deaths

(per cent)

50
15

0
60

0
100

increase in
life span
(days)
MdST*

30
27

24
32

26

reduction in
tumour load

decades
based on MdST

7.5
7

6
8

6.5
?

one can expect that it might increase the chances for patients treated in
relapse being cured. Obviously, patients treated when in complete remission
are far better candidates for this eradication treatment. Hopefully,
forthcoming clinical data will finally substantiate the suggestions emerging
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from this experimental work.

Hagenbeek, A. Thesis, Erasmus University, Rotterdam (1977).
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REAPPEARANCE OF NORMAL HAEMOPOIETIC STEM CELLS IN THE FEMORAL

BONE MARROW AFTER REMISSION-INDUCTION CHEMOTHERAPY OF

THE BN ACUTE MYELOCYTIC LEUKAEMIA

A. Hagenbeek and A , C M . Martens

One of the prominent features of leukaemia development is the severe

suppression of normal haemopoiesis. In the transplantable BN rat leukaemia

(BNML) which has been shown to be a useful model for human acute myelo-

cytic leukaemia, it was demonstrated earlier that the absolute number of

normal haemopoietic stem cells decreased below 10% of the normal value, the

remaining CFU-S were for the most part out of cycle. Recent studies (Prins

et a l . , 1980) have suggested that leukaemic cells selectively lodge at the

peripheral zones of the transverse section of the femur, i .e. , close to the

endosteum. Normal stem cells are thought to migrate to the central areas and

either differentiate without self-replication or simply emigrate from the

marrow. This latter hypothesis is supported by the finding that the number

of normal CFU-S increases dramatically in the blood and in the spleen as the

leukaemia progresses. i

In the study reported here, the redistribution of normal stem cells in

the marrow was investigated after remission-induction chemotherapy with

cyclophosphamide. Figure 1 shows that, after a single high-dose injection of

cyclophosphamide at day 14 after inoculation with 107 BNML cells (simulating

"full blown" leukaemia; total tumour load, 5 x 109 cells), the normal level of

stem cells per total femur is again achieved from day 24 onwards. A modified

spleen colony assay as described by van Bekkum (1977) for rat CFU-S in

mice was used to make this determination. Shortly after day 24, s complete

normalisation of the peripheral blood (total leukocyte and platelet counts;

differential counts) was found.

A complete remission was evidently achieved. After day 36, a decrease

in the number of CFU-S was again noted as a sign of leukaemia relapse. The

rats finally died from leukaemia between days 42 and 47.

The question remains of whether the reappearance of normal stem cells

in the marrow is due to a remigration from the "central areas" in the marrow

cavity back to the subendosteal region or to reentry of CFU-S from other

organs such as the spleen which contain an increased number of stem cells.

This is presently being explored by performing splenectomy shortly after

cyclophosphamide treatment and monitoring for the number of normal marrow
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stem cells at various time intervals thereafter.

, . . . .••* controls

cyclo treated

0 10 18 22 26 30 34 38 42 46

time after 10 B N M l cells i ,v . ( d a y )

Figure 1

Reappearance of normal hemopoietic stem ce l ls in the femoral bone marrow
after remission-induction chemotherapy by cyciophosphamide (BN acute
myelocytic leukemia).

Bekkum, D.W. van. In : Experimental Haematoiogy Today. Baum, S.J. and
Ledney, G.D., eds. Springer Verlag, New York, (1977) p.3.

Prins, M.E.F. and Bekkum, D.W. van. Leukaemia Research (1981) in press.

54



FLOW CYTOMETRIC DETERMINATION OF INTRACELLULAR

ANTHRACYCLINE LEVELS

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

Combination chemotherapy has led to considerable progress in remission

': induction rates and in increasing the duration of remission in acute myeloid

leukaemia (AML). Most protocols include Daunomycin (DM) or Adriamycin y

(AM) for remission induction therapy. Recently, Bviick et al. reported a

higher in vitro cytotoxic activity of DM than of AM for myeloblastic leukaemia

progenitor cells and granulopoietic progenitor cells. Up to now, no explana-

tion has been provided for the discrepancy between ths equal clinical effect-

iveness of AM and DM and their difference in in vitro activity. We report , ;

here on differences in the uptake of the two drugs by different cell types. jvA<

For this purpose, a method was developed to dermine intracelluiar AM and

/ ' DM concentrations in a flow cytometer. Viable and ethanol fixed rat thymo-

.'•'.•! cytes were exposed to varying concentrations (ranging from 1 to 10 pg/ml)

:.'.. !: of DM or AM for 1 hr. The cell suspensions were analysed on a FACS II

.'_'••>:> electronic cell sorter equipped with an Argon ion laser set at 488 nm. The

.. .; fluorescence of AM and DM was measured by using a cut-on 520 nm glass

filter. It appeared that the two drugs could readily enter the fixed cells. At

; i I the same concentration, the fluorescence of AM is two times more intense

j than that of DM, despite the fact that the fluorescence efficiency of the two %i

drugs is similar (Schwartz, 1973). In contrast, viable thymocytes take up ; ;Í

much more DM than AM. The fluorescence of DM in viable cells reaches Ká

: higher levels than that of fixed cells. This suggests that the cells actively £;|

,-/•.' accumulate the drug. They are apparently not capable of doing this with 5||

| \ AM, since the fluorescence intensity of viable cells at all concentrations jjf

i remains far below that of fixed cells. Active membrane transport may be

1 , involved, as the uptake is temperature dependent. Virtually no AM or DM

|. enters the living cells at 0°C. f§§

>3 When fluorescence and scatter measurements are combined, the anthra-

Jí cycline uptake of subpopulations of bone marrow cells can be studied. Using

the forward light scatter (FLS) to measure cell size, subpopulations of bone

marrow cells can be distinguished. Figure 1 shows the relative uptake of

lymphocytes and blasts of marrow. Blast ceils accumulate approximately two

times more DM than the smaller lymphocytes. AM is almost entirely rejected

by lymphocytes, whereas blast cells accumulate the drug. Consequently, we

-i
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Figure 1

Drug related fluorescence in various subpopulations of normal human bone
marrow treated in vitro with Adriainycin or Daunomycin.

have compared the nuclear fluorescence of human AM L and normal blast cells
after in vitro incubation with either AM or DM (Fig.2). The fluorescence of
DM treated marrow blasts exceeds that of those treated with AM. A consider-
able difference can be observed between the uptake of DM by AM L blasts
and normal blasts. In contrast, the uptake of AM by both cell types is the
same (EDS0 DM of AML blasts, 2.4 pg/ml. ED50 AM of AML blasts, 0.5
Mg/ml), Although more DM accumulates in normal blast cells than AM, our
preliminary results show that this does not necessary hold true for leukaemic
blasts. Further study is needed before conclusions can be drawn about the
observed discrepancy between in vitro cytotoxicity and clinical effectiveness.

ft
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Buick, R.N. et al. J.Natf.Cancer Inst. 62, (1979) 249.
Schwartz, H.S. Biochem.Medicine 7 (1973) 386.
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Drug related intracellular fluorescence of human normal myelobiasts and AML
blast cells from 3 patients treated with Adriamycin or Daunomycin in vitro.
DM = Daunomycin; AM = Adriamycin
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TUMOUR INDUCTION AND TUMOUR BIOLOGY

RISKS OF CANCER INDUCTION BY LOW DOSES OF RADIATION AND
ESTIMATES OF EFFECTS OF NATURAL BACKGROUND

G.W. Barendsen

In most evaluations of the risks of cancer induction by small doses of
radiation from environmental and occupational sources, it is assumed that
mathematical expressions which describe the incidence of cancer as a function
of the dose, must be composed at a minimum of a linear and a quadratic
term, multiplied by a factor for cell killing:

I(D) = (ajD + a2D2).S(D) (1)

in which S(D) for doses between 0 and 5 Gy can be represented by:

S(D)/S(O) = exp -(biD + b2D2) (2)

For experimental data on myeloid leukemia in RF mice, it has been shown
that, with aj/a2 values of 0.5 and 1.0 Gy for gamma rays and X rays,
respectively, and with cell survival data obtained from independent studies,
the incidence could be represented adequately over a range of doses for
high as well as low dose-rate irradiation, for different types of radiation and
for fractionated irradiation (Barendsen, 1978).

An important uncertainty with respect to the extrapolation of data on
human exposure for doses in excess of 0.50 Gy, to the low dose range of
0-0.1 Gy relevant to radiation protection, is provided by the ratio ax/az.
For a variety of effects in mammalian cells, e.g. , chromosome aberrations,
mutations and transformation in vitro, values for ai/ag have been obtained
ranging from 0.3 to 15 Gy. This large range implies that there is still
considerable uncertainty with respect to the values of ai/a2 to be applied to
derive estimates of risk of cancer induction from human epidemiological data.
The risk factors which represent the probability of death from different
types of cancer due to low doses of radiation, represented by a± in formula
(1), have been challenged by various authors on the basis of epidemiological
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data for specific groups of workers or patients. In some publications,
authors claim that presently used risk estimates, e.g., in ICRP-26, are too
low by a factor of at least 10 and possibly 100 (Mancuso, 1977). It is
therefore important to search for information which can be used to obtain
upper limits for risk estimates. Such information can be derived from an
analysis of the influence of natural background radiation on cancer
incidence. A number of investigations which indicate that a difference in
background radiation by a factor 2 to 3 does not cause a significant increase
in cancer incidence in human populations have been reported (e.g. , High
Background Radiation Research Group, 1980; Jacobson et al . , 1976). Pochin
has discussed the size of human populations required to establish an increase
in overall cancer incidence due to an increase in background dose rate by a
factor of 5 and concluded that no useful data are available. However, if
individual types of cancer are considered and if the dependence on age is
taken into account, it is possible to show that the available epidemiological
information is not compatible with the assumption that all of the risk factors
derived by the ICRP are at least a factor of 10 too low. In Flg.1, a compari-

I
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Figure 1

Frequency of deaths from bone cancer observed in the Netherlands or
calculated from ICRP risk factors for natural background radiation of 1.0
mGy/year.
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son of observed mortality frequencies for bone cancer and the frequencies
calculated on the basis of the IRCP risk factor is presented, assuming an
average dose rate from natural background radiation of 100 mrad/year, a
latent period of 10 years and a risk period of 40 years. The data on bone
cancer deaths for men and women were taken from the Dutch Central Bureau
for Statistics and pertain to 1976. The calculations of death frequencies for
bone cancer from natural background radiation were based on the total risk
factor of 5 x 10-6 per cGy, i.e., over a forty year risk period, a risk of
1.25 x 10-7 per year per cGy. It can be deduced from Fig.1 that, for the
age range below 20 years, the natural background radiation could on the
basis of these assumptions cause at most 2 per cent of the observed effect.
Between 30 and 50 years of age, however, the background radiation could
account for between 5 and 10 percent of the observed effect, while, for the
ages in excess of 60 years, the ratio calculated/observed death rate de-
creases again to less than 2 percent. An important conclusion which can be
made from this comparison implies that the risk factor of ICRP for mortality
from bone cancer cannot be a factor of 10 too low. If the risk factor is
assumed to be 5 x 10-5 per cGy instead of 5 x 10-6 per cGy, more than half
of the observed mortality for the age range of 30-50 years would be due to
natural background radiation. If this assumption was correct, an increase in
bone cancer could be established without difficulty for jareas with a high
background compared to normal background radiation, efren with relatively
small populations. From published data, it can be concluded that it is highly
unlikely that the average natural background dose rate of about 1 mGy per
year could account for more than 10 percent of the observed deaths from
cancer. This implies that the risk factor for bone cancer adopted by ICRP is
already so high that suggestions for increases by a factor of 10 are incom-
patible with the epidemiological data correlated with the absence of observ-
able effects from background radiation. Similar analyses are in progress for
other types of cancer.

Barendsen, G.W. In: Proc. Symp. on Late Biological Effects of Ionizing
Radiation, Vol. II (1978) 263.

High Background Radiation Research Group, China. Science 209 (1980) 877.
Jacobson, A.P. et al. AJPH 66 (1976) 31.
Mancuso, T. et al. Health Phys. 33 (1977) 369.
Pochin, E.E. Health Phys. 31 (1976) 148.
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MAMMARY CARCINOGENESIS IN RATS: EFFECT OF FRACTIONATED NEUTRON

AND X-IRRADIATION ON MAMMARY TUMOUR DEVELOPMENT

M.J. van Zwieten, A.L. Nootsboom, C.F. Hollander,

S, Knaan-Shanzer and J.J. Broerse

Studies on radiation carcinogenesis are essential for assessing the risks

of ionizing radiation during occupational and accidental exposure. Such >

studies are also important for making risk-benefit analyses of diagnostic pro-

cedures involving small doses of ionizing radiation. With few exceptions, the

available human data for X- and gamma irradiation pertain to relatively large

doses. To extrapolate such data to the range of much smaller doses such as

required for risk estimates of X-ray diagnostic procedures and industrial

radiation exposure, the shapes of the dose-effect curves for tumour induction

and the influence of external factors must be evaluated. 'L;.,

Results obtained in our previous studies on mammary tumour induction '».

in several strains of female rats following single dose irradiations with X rays f^-;

and monoenergetic fast neutrons have been published (Broerse et a l . , 1978; řy-|

van Bekkum et al . , 1979). In this report, we present data from a supple- Ŷ

mental program in which the mammary tumour response following single and ľ

fractionated irradiations with either 300 kV X rays or 0.5 MeV neutrons are ; I

compared. Only female WAG/Rij rats were studied in this program. Data on jí,

the occurrence of ncnneoplastic and neoplastic lesions in a selected number r!| ;

of other tissues are also presented.

The irradiations were started when the rats were 8 weeks of age. All '!,

animals were examined once weekly for mammary tumour development and [ <

general physical condition. They were followed until natural death or when /*•

they became moribund. Some rats were killed when their mammary tumours f •-

became so large as to interfere with their normal daily activities. All rats not h£

severely autolyzed were necropsied. Partial necropsies were done and the !;/£
Í--7?

following tissues were routinely sampled: all mammary tumours or two •..>>

mammary glands in the absence of tumours, liver, lung, spleen, mesenteric !f||

and peripheral lymph nodes and pituitary gland. The uterus, cervix and f/á

vagina were studied histologically only when lesions were found on gross

examination.

As can be seen in Table I, a significant increase (páO.005) in the num-

ber of rats with mammary tumours (all types) was found in all irradiated

groups as compared to controls. Tha number of rats developing benign or

63



.-- jr.-.

TABLE I

MAMMARY TUMOUR (MT) FREQUENCY IN WAG/Rij S*ATS FOLLOWING SINGLE AND
FRACTIONATED DOSE IRRADIATION

Group Treatment No.of rats Mean age Total rats Rats with Rats with Malignant MT Cumulative

necropsied at death with MT benign MT malignant MT per tumour- prevalence1

(mo) no.(%) no.(%) no.(%) bearing rat (% ± SE)

I
II
III

IV

V

VI

None

1x200 rad X-rays

5x80 rad X-rays
1 mo intervals

1x20 rad 0.5 MeV
neutrons

5x6 rad 0.5 MeV
neutrons, 1 mo
intervals

5x6 rad 0.5 MeV
neutrons, 2 wk
i ntervals

43

39

38

40

39

38

28

24

22

23

22

22

9 (21)

21 (54)

26 (68)

26 (65)

26 (67)

22 (58)

6 (14)

20 (51)

21 (55)

20 (50)

13 (33)

18 (47)

3 (7)

6 (15)

10 (26)

10 (25)

16 (41)

12 (32)

1.0

1.7

2.0

1.2

1.3

1.1

6 ±

41 +

53 +

40 ±

52 ±

41 ±

4
8

9

8

9

9

1 Cumulative prevalence for all mammary tumour-bearing rats calculated as 1-P(tk) at 22 mo of age

(Broerse et a!., 1978)



TABLE II

NEOPLASTIC AND NONNEOPLASTIC LESIONS IN SELECTED TISSUES OF WAG/Rij RATS

FOLLOWING SINGLE AND FRACTIONATED DOSE IRRADIATION

Treatment Groups1

Lesion

Pituitary gland adenoma

II III IV VI

26/38 (68)2 18/32 (56) 18/29 (62) 19/30 (63) 11/30 (37) 16/27 (59)

Uterus/cervix/vagina: polyp 4/43 (9) 12/39 (31)

neoplasms3 3/43 (7) 1/39 (3)

11/38 (29) 19/40 (47) 17/39 (44) 13/38 (34)

0/38 (0) 4/40 (10) 6/39 (15) 4/38 (11)

Lymphoreticular neoplasms4

Lung neoplasms5

Liver: foci and/or areas

• neoplastic nodules
hepatocellular CA
hemangioma

2/43 (5) 3/39 (8) 5/38 (13) 0/40 (0) 1/39 (3) 2/38 (5)

0/43 (0) 0/39 (0) 0/38 (0) 1/40 (3) 2/39 (5) 0/38 (0)

19/43 (44) 19/39 (49) 16/36 (44) 24/39 (62) 8/39 (21) 13/38 (34)

12/43 (28)
1/43 (2)
0/43 (0)

12/39 (31)
0/39 (0)
0/39 (0)

8/36 (22)
0/36 (0)
1/36 (3)

4/39 (10)
1/39 (3)
0/39 (0)

6/39 (15)
0/39 (0)
0/39 (0)

10/38 (26)
0/38 (0)
0/38 (0)

en
en

1 For explanation of Treatment Groups, see Table i.
2 No. with lesion/ no. examined histologically (per cent).
3 Includes endometrial carcinomas (4 cases), leiomyomas (4 cases) and leiomyosarcomas (10 cases).
4 Includes malignant lymphoma (6 cases), myelomonocytic sarcomas (3 cases), histiocytic sarcomas (2 cases) and
thymomas (2 cases).

5 Includes bronchioalveolar carcinomas (2 cases) and adenosquamous carcinoma (1 case)



malignant mammary tumours was also significantly increased (pš0.03) for all

groups except for rats developing malignant tumours after single dose irra- '

diation with 200 rad X rays (group I I).

The cumulative prevalence values (Broerse et al., 1978) for the occur-

rence of all types of mammary tumours at 22 months of age in the irradiated

groups are clearly greater than the control value. However, the values for

the various irradiated groups do not differ significantly from each other.

The cumulative prevalence is similar for rats irradiated with single doses of

X rays and 0.5 MeV neutrons, implying that the RBE at this level of preva-

lence approaches 10. The cumulative prevalence values for the fractionated

irradiations are also similar. This indicates the occurrence of repair process-

es following irradiation with X rays as well as with neutrons.

The frequency of mammary tumour development in the control rats and

in those receiving a single dose of X rays (group II) is similar to that found

in a previous study involving single dose irradiations in this rat strain (see

Annual Report 1978, p. 163). Paradoxically, the frequency at which rats

developed mammary tumours following a single dose of 0.5 MeV neutrons in J.

this study (group IV) is approximately twice that found in the previous \\

study. However, the cumulative prevalence values at 22 months of age for H

both studies are in good agreement, indicating that this parameter may be of ů;
ň!

more relevance than incidence figures for evaluation of dose-effect relations. %

In Table II is a listing of the frequencies of some nonneopiastic and :'•;'

neoplastic lesions found in a selected number of other tissues examined in /;

these rats. Notable is the absence of significant differences in pituitary \

tumour development in the six groups. The only lesion found with increased K\

frequency in irradiated rats was the endometrial polyp; the increased fre- l>

quency of neoplasms of the reproductive tract in neutron irradiated rats was 5

not statistically different from that of control rats. Of interest, ia the ,-tis- i í

tively small number of lymphoreticular tumours found in all groups and the {'$

fact that there was no apparent increase in their number after irradiation '(,}i

with X rays and 0.5 MeV neutrons. If this finding is corroborated in other J |

rat experiments presently in progress, it may suggest that alternative models $

for studying radiation induced lymphoreticular and myeloid malignancies £j|

should be sought in species other than the rat or in a rat strain other than

that used in these studies.

Broerse, J.J. et al. In: Proc.Symp. on the Late Biological Effects
of Ionizing Radiation, IAEA, Vienna (1978) p. 13.

Bekkum, D.W. van et al. In: Proc. 6th International Congress of Radiation
Research, Tokyo (1979) p.743.
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THE ROLES OF THYMUS AND BONE MARROW IN RADIATION INDUCED

LEUKAEMOGENESIS

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

The appearance of "early thymus-dependent lymphosarcomas" (van

Bekkum et a l . , 1977) following exposure of C57BL mice to four weekly doses

of 1.8 Gy of X irradiation can bo nearly completely prevented by thymectomy

and is partly restored by implantation of newborn thymus tissue (Kaplan,

1954; Law and Potter, 1956). We found no effect of the subcutaneous or

renal subcapsular implantation of a single newborn thymus in such thymec-

tomized hosts. To restore the incidence of early lymphosarcomas to the level

observed in intact irradiated C57BL mice, four newborn thymus grafts per

mouse are required. In three separate experiments, no significant restoration

of tumour incidence was obtained by implantation of mi II i pore diffusion

chambers containing four newborn. thymuses. Neither did prolonged treatment ;>|?

(14 weeks) of the thymectomized irradiated mice with a crude thymus hor- :a

mone preparation (fraction V of A. Goldstein: Hooper et a l . , 1975) result in

a significant incidence of early thymomas.

These findings seemed to support the hypothesis of Haran-Ghera (1976)

that preleukaemic cells arising in the bone marrow following irradiation

migrate to the thymus, which provides the microenvironment required for

expression of their malignant properties. Since we recorded equal restoration

of the incidence of lymphosarcomas in irradiated thymectomized mice when

four newborn thymuses were implanted at either one week or four weeks

after the last irradiation, assays for the presence of preleukaemic cells in

the bone marrow and in the spleen of intact irradiated mice were performed

with C57BL mice at one week after the completion of a 4 x 1.8 Gy exposure,

according to the technique of Haran-Ghera (1976). For the assays, 107 or 3

x 106 bone marrow and similar numbers of spleen cells derived from 20

individual donor mice were transferred to one C57BL and one Fa(CBA x

C57BL) mouse per treatment group. The recipients had been subjected to

total body irradiation with a dose of 4 Gy of X rays. Of a total of 160

recipient mice, only 13 developed a lymphosarcoma: one at 5 months and the

others at 7 months or later after cell transfer (Fig.1). These results do not

confirm the presence of preleukaemic cells early after fractionated irradiation

of the C57BL donor mice. A similar failure to detect preleukaemic cells in

irradiated C57BL mice was reported by Maisin et al. (1980).
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Each vertical row of squares represents the recipients of the same donor
mouse. Black squares represent recipients which developed lymphosarcoma.
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It became of interest therefore to reinvestigate earlier reports (Cheng,
1970; llbury and Barnes, 1970; Kaplan et a l . , 1953) that the i.v. injection
of normal isogeneic bone marrow immediately after irradiation largely pre-
vents the occurrence of early lymphosarcomas in irradiated C57BL mice. We
confirmed these findings and, in addition, observed that only 105 bone
marrow cells are needed to substantially decrease the incidence of lympho-
mas. Furthermore, stem cell concentrates which contained seven times the
normal concentration of CFU-S were equally effective as normal bone marrow
if expressed per number of CFU-S injected. When the administration of
normal bone marrow is delayed until 10 days after irradiation, there is still a
considerable inhibition of lymphosarcoma development, although the efficacy
seems to be somewhat less than that of bone marrow given immediately after
irradiation. Determinations of the number of CFU-S in bone marrow of mice
during and after fractionated irradiation (4 times 1.8 Gy) showed a decrease
to less than 1 per cent of normal CFU-S values following the third dose of
radiation and a rapid recovery after the last one (Fig.2). Normal CFU-S
values were reached between 10 and 20 days after the last X ray exposure.
It is difficult to understand why the administration of as few as 100-200
CFU-S from unirradiated bone marrow donors influences the development of
chymomas at a time when the recipient's bone marrow contains 2-30 times
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Figure 2

CFU-S in BM after fractionated irradiation (4 x 1.8 Gy X rays)

more CFU-S than the injected number. Apparently, the regenerating autoch-
tonous marrow lacks a certain cell type which is provided with the grafted
bone marrow cells. Attempts are presently being made to identify the cell
type in the bone marrow which is involved in the prevention of lympho-
sarcoma development. Specifically, the hypothesis is being tested that this
cell is identical with the prethymic precursor cell in the bone marrow as
described by Boersma et al. (1981).
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LEUKAEMIA VIRUS PROMOTES FIBROBLAST TRANSFORMATION BY NORMAL
BALB/C MOUSE DNA

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

All vertebrate cells are thought to contain in their normal genome
genetic sequences which on activation to high expression might make them
cancerous (Huebner and Todaro, 1969). These potential oncogenes of cellular
origin are probably present in the form of recombinants with slow oncogenic
viruses in genomes of presently known transforming retroviruses and are
responsible for their transforming activity (Stephenson et al. , 1978).

During 1980, the presence of transforming sequences in normal murine
DNA was demonstrated in vitro by transfection experiments performed
independently in two laboratories, Cooper et al. reported that DNA
fragments from normal tissue culture cells could transform mouse fibroblasts
in vitro with a low efficiency. High efficiency of transformation was observed
in "secondary transfections" when high molecular weight DNA from
transformed recipient cells was used as the transforming agent (Cooper et
al. , 1980). We observed that DNA isolated from different BALB/c mouse
organs can transform both NIH/3T3 and BALB/3T3 cells, although at a low
efficiency. In these experiments, the foci of transformed cells appeared after
six successive passages of the recipient cells about one month after the DNA
treatment (Van den Berg et a l . , in press; Krump-Konvalinkova and Van den
Berg, 1980). j

In attempts to increase the efficiency of transformation, we manipulated
the DNA-treated cells using procedures reported to heighten the expression ^
of newly acquired DNA in recipient cells. This involved adjuvant treatment

ú
with dimethyl sulphoxide (Stow and Wilkie, 1976) or glycerol (Copeland and
Cooper, 1979) or the cultivation of DNA-treated cells in presence of hydroxy-
cortisone, insulin and polybrene (Hsu and Yang, 1977). However, with none
of these procedures did we observe the focus formation directly on DNA-
treated cells or soon after the DNA treatment.

Since the nontransforming murine leukaemia viruses (MuLV) have a
promoting effect* in chemical carcinogenesis in vitro (Freeman et a l . , 1970),
we further studied the influence of MuLV preinfection of recipient cells on
transformation efficiency in our system. While the 3T3 fibroblasts infected
with leukaemia virus were morphologically indistinguishable from uninfected
controls, the transformation efficiency was greatly enhanced by this



procedure (Table I ) , The foci of transformed cells could be observed after a

single subculture of DNA-treated cells two weeks after DNA treatment.

TABLE I

EFFECT OF LEUKAEMIA VIRUS PREINFECTION ON EARLY TRANSFORMATION OF
NIH/3T3 FIBROBLASTS WITH NORMAL BALB/c DNA

Recipient cells

NIH/3T3

NIH/3T3RMuLV .
(Rauscher LV)

MTU /YT^ /MAMHI \ln XTI f O 1 O/ PIU n Ú L V

Treatment

BALB/c DNA
Escherichia col i DNA
Transfection buffer

BALB/c DNA

E. col i DNA
Transfection buffer

BALB/c DNA
E.col i DNA
Transfection buffer

Fraction of
transformed
cultures*

0/33
0/33
0/33

3/3

0/3
0/3

33/33
0/33
0/33

Average no of
foci per dish*

o
o

o

4

0
0

18
0
0

* Average values from one (NIH/3T3/RMuLV) to four (NIH/3T3/MoMuLV)
experiments.

+ NIH/3T3 cells were infected with Rauscher leukaemia virus four days
before the transfection experiment.

++ NIH/3T3/MoMuLV is a clonal isolate of NIH/3T3 cells productively infected
with Moloney leukaemia virus (gi f t of Dr. H.P.J. Bloemers).

The leukaemia virus-infected fibroblasts are transformed by single hit

kinetics (Fig.1) . This indicates that focus formation / leukaemia virus-

infected 3T3 cells is induced by a single fragment of normal BALB/c DNA.

The frequency of transformation is as high as that found for DNA isolated

from Abelson lymphoma cells: 0.5-1 focus forming unit per pg of DNA

(Krump-Konvalinkova and Van den Berg, in press).

The nature of the observed phenomenon is not yet clear. Leukaemia

virus can actually interact with the expression of endogenous transforming

genes at several levels. The most plausible hypothesis is that leukaemia

virus might provide its highly active promotor sequences required for high

expression of cellular transforming gene(s). This hypothesis can equally

explain the high efficiency of transformation observed in cells having incorpo-

rated either cloned murine endogenous sequences homologous to the trans-

forming gene of Moloney sarcoma virus and flanked with viral promoters
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Figure 1

Kinetics of transformation of NIH:3T3 cells productively infected with
Moioney leukaeinia virus by fragments of normal BALB/c DNA. The total amount
of DNA in each DNA inoculum was adjusted to 25 ng.ml-1 by the addition of
calf thymus DNA before calcium precipitation, o and o represent results of
two independent experiments. Three recipient cultures were treated with each
dose of DNA. Foci were scored 12-15 days after the treatment with DNA
fragments.

(Blair et a l . , 1980) or in "secondary transfections", endogenous transforming
sequences Iigated to an endogenous cellular promotor (Cooper et a l . , 1980).

DNA was isolated from liver, spleen and thymus of 5-week-old germfree
BALB/c mice as previously described. DNA solutions were exhaustively
dialysed against 0.1 x SSC (0.015 M NaCI, 0.0015 M trisodium citrate; pH
7.0) before use. The transfection experiments were performed by a
modification of the Graham and van der Eb method (1973). DNA was
dissolved in transfection buffer (pH 6.95) to a concentration of 25 MS- rr\\-1,
sheared by passing the solutions 20 times through an 0.8 mm needle to a
molecular weight of about 10x106 as determined by agarose gel electro-
phoresis and precipitated with 2.5 M CaCI2 to a final concentration cf 125,
mM. 0.5 ml of DNA precipitate was added to 2.5 ml of fresh medium on
dishes of 3T3 cells seeded 20 h earlier at a concentration of 3x105 cells per

I
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60 mm dish. Eighteen hours after the addition of DNA, the cells were tryp-
sinized. Focus formation was evaluated 12-15 days after the DNA treatment.
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SEARCH FOR PROVIRAL SEQUENCES IN CELLULAR DNA OF LEUKAEMIC
CHILDREN BY MEANS OF MOLECULAR HYBRIDIZATION

J.P.M. Jore and R, Dubbes

Viruses belonging to the Simian Sarcoma Associated Virus/Gibbon ape
Leukaemia Virus (SiSAV/GaLV) group might play a role in human leukaemia,
especially in children (Nooter and Bentvelzen, 1980). Attempts to isolate ">
virus from leukaemic patients1 material have either been unsuccesful or, in
those cases where a virus could be isolated, subject to criticism, mainly
because of possible contamination during the often long and laborious tissue
culture procedures involved. In order to preclude this criticism, we used a
different approach: detection of proviral sequences in human leukaemic cells
by molecular hybridization. The method of hybridization used is the so-called
Southern blotting technique (Southern, 1975) because of its being faster and [[\
more sensitive than conventional liquid hybridizat ion. Brief ly, cellular DNA

is cut with a bacterial restrict ion endonuclease into smaller, well defined : ̂

fragments. These fragments are separated by agarose gel electrophoresis £•

according to size and transferred to cellulose ni t rate. The separation pattern )*';

obtained is conserved dur ing this transfer. The cellulose nitrate with the >V

separated DNA fragments bound to it is then hybridized to a radioactive -

DNA probe. Only those fragment', containing sequences homologous to the

probe will be visible on an autoradiogram. *7

Complementary DNA of the viral genome was prepared essentially as ./.

described by Taylor et a l . (1976) using calf thymus ollgodeoxynucleotid^s as

a primer. RNA tumour viruses usually contain a small amount of host ribo- •;';

somal RNA. In v i t ro , this RNA will also be transcribed into DNA. However, i;\i

because of the large number of genes coding for ribosomal RNA and the i;5

considerable homology among various mammalian ribosomal RNA's, strong, i%

potentially misinterpreted hybridization signals can be expected. To avoid .'

this problem, ribosomal RNA, being non-polyadenylated, was removed by '^|

chromatography on oligo(dT)-cellulose columns. Before applying the ME

t e c h n i q u e t o human bone mar row samples, a search was made f o r a

restriction endonuclease that would give a limited number of cuts within the
provirus of either SiSAV or GaLV. By choosing a restriction endonuclease
that cuts at least twice within the provirus, one can avoid problems arising
from a possible provirus insertion site heterogeneity.
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The restriction endonuclease Bam HI makes two cuts in the GaLV pro-
virus present in cellular DNA of a lymph node from a leukaemic gibbon
resulting in a fragment with a molecular weight of two megadalton (md).
However, the considerable nucleic acid homology between SiSAV and GaLV
probably does not include the enzyme recognition sites: contrary to findings
of Wong-Staal et al. (1979), we were not able to find a two md viral specific
fragment in several SiSAV infected cell lines (Fig,1).

14.6 md-fr»

6.1
4.1

2.8 md -»»

1.3 m d - ^

.*. * • ,-~ Ml

I i

•if-

9

Figure 1

Hybridization of 32P-cDNA from SiSAV-RNA to DNA samples digested with Bam HI
(lanes a-c) or Kpn I (lanes d-g). Lanes: a, d, DNA from a leukaemic gibbon;
b,e, DNA from a human ce l l l ine (NC37) infected with SiSAV; c , f , DNA from a
human ce l l l ine (A204) infected with SiSAV; g, DNA from a leukaemic chi ld.
The molecular weights shown on the l e f t represent the fragments of
bacteriophage \ DNA generated by Hind I I I .

The restriction endonuclease Kpn I cuts both the GaLV provirus and

SiSAV provirus four times, resulting in three fragments. So, Kpn I was the

enzyme of choice.

0
I
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In the f i rst of a planned series of experiments, the cellular DNA of a

leukaemic child was cut with Kpn I, blot-transferred to cellulose nitrate and

hybridized to 32P-labelled cDNA made from SiSAV RNA. The autoradiogram

failed to show the presence of (part of) the SiSAV provirus under conditions

that clearly showed the presence of the GaLV provirus in the cellular DNA

of a leukaemic gibbon (Fig.1). However, this absence is not necessarily re-

presentative, because cocultivation experiments (Nooter et a l . , 1979) have

made it clear that, not every leukaemic child has bone marrow cells that give

rise to a positive reaction in the immunofluorescence assay ( IFA) .

If all samples to be tested prove to be negative, including those that

are positive in I FA, fluorescence in I FA might result from a distantly related

retrovirus sharing some homology with the major viral internal polypeptide of

SiSAV/GaLV or from an ubiquitous cellular antigen.

Nooter, K. and Bentvelzen, P. Biochim. Biophys. Acta 605 (1980) 461.
Nooter, K. et al. J . Gen Virol. 45 (1979) 711.
Southern, E.M. J . Mol. Biol. 98T1975) 503.
Taylor, J.WI. et a l . Biochim. Biophys. Acta 442 (1976) 324.
Wong-Staal, F. et a l . Proc. Nat. Acad. Sci. USA 76 (1979) 2032.
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VARIATION IN EXPRESSION OF MAMMARY TUMOUR VIRUS IN THE MILK OF
INFECTED BALB/c MICE

W. Koornstra, F. Westenbrink, M. Dubbeld and P.A.J. Bentvelzen

The well-known route of transmission of the murine mammary tumour
virus (MuMTV) is via the milk. On inoculation of a virus containing prepa-
ration into virus-free mice, MuMTV will appear in the milk after a few par-
turitions (Moore et al., 1979), When graded dilutions of purified MuMTV are
inoculated into female BALB/c mice, a very good correlation is found between
the input dose of virus and the rate of appearance and quantity of viral :
antigens in the milk during consecutive lactation periods (Altrock and ;
Cardiff, 1979). •

In our study in which we have injected female BALB/c mice at the age
of four weeks with virus-containing tissue culture supernatant of a mammary
tumour cell line, we observed a highly variable pattern of expression of

Vj
virus in the milk. The input dose of virus was 300 ng per animal. The mice ;:|
were milked as often as possible during each lactation period, preferably ff|
each day. The milk samples were stored at -30°C and tested within a month
for the presence of the viral envelope glycoprotein gp52 by means of radio- |-i
immunoassay (Westenbrink et al . , 1979).

Three of the fifteen inoculated mice were consistently negative for the
viral antigen in the milk throughout the whole observation period of one 'Jf
year. Only two mice developed into high virus producers: the yield of the . f i
viral protein gp52 was more than 100 ng per mg milk protein. Maximum levels ffi
were 10 \ig. Both mice developed a mammary tumour before one year of age. 0g

All of the o t h e r mice remained tumour-free d u r i n g the observat ion p e r i o d . f ;t

T h r e e mice started t o produce moderate levels of v i ra l p r o t e i n (between <jŕí

10 and 100 n g ) after the t h i r d lactation p e r i o d . The most i n t e r e s t i n g g r o u p Häf

consisted of seven mice w i t h h i g h l y variable expression of the v i r u s . Three $||

of these mice were posit ive f o r gp52 only once. In the other cases, the v i ra l

protein was found only d u r i n g certain days w i t h i n a lactation per iod ( F i g . 1 ) .

As c o n t r o l s , 85 milk samples were collected from 66 uninfected BALB/c

females at d i f f e r e n t days post-partum and at d i f f e r e n t lactation p e r i o d s . All

of these samples were negat ive f o r MuMTV in the radioimmunoassay. The

occasional expression of the v i r u s in the experimental group is t h e r e f o r e not

due to expression of endogenous MuMTV, which is known to be present in

our BALB/c subline ( B e n t v e l z e n , 1975).
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Variable expression of MuMTV-gp52 in the milk of an infected BALB/c mouse
during subsequent lactation periods.

Ir During lactation, different mammary cell populations are sequentially
involved in milk secretion. The occasional expression of MuMTV indicates
that not every mammary cell population is infected, as was found earlier by
St. George et al. (1979) and Cohen et al. (1979) using different techniques.
The fact that no MuMTV is found in the milk during subsequent lactation
periods might be explained by the arrest or even elimination of infected cell
populations.

The discrepancy between the results obtained by Altrock and Cardiff
(1979) and ours cannot be due to a difference in virus dose, since the input
dose in our experiment is about the same as the highest one in their study.
The use of highly purified virus in their investigation probably resulted in a
good correlation between the input dose and the quantity of virus in the
milk. Contaminating cellular debris may evoke host defence mechanisms which
counteract the spread of virus (Moore at a l . , 1979) and therefore lead to
variable expression of virus in the milk.

Altrock, B.W. and Cardiffr R.O. J. Natl. Cancer Inst. 63 (1979) 1975.
Bentvelzen, P.A.J. Cold Spring Harbor Symposium. Quant. Biol. 39 (1975) 1145.
Cohen, J.C. et al. Cell 16 (Í979) 333.
St.George, J.A. et al. J. Natl. Cancer Inst. 63 (1979) 813.
Moore, D.H. et al. Adv. Cancer Res. 29 (19797 347.
Westenbrink, F. et al. Európ. J. Cancer 15 (1979) 109.
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A SEARCH FOR THE ONC-GENE PRODUCTS OF THE MURINE
MAMMARY TUMOUR VIRUS

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

Several retroviruses which rapidly induce fatal tumours have a specific
one-gene for transformation of a given cell type (Baltimore, 1975). Those
retroviruses which induce malignancies with a long latency period lack such
one-genes. Since virally induced mammary tumours in mice do not become
apparent until at least six months after infection, it is widely believed that
the murine mammary tumour virus (MuMTV) has no specific one-gene (Klein,
1980). It has been argued, however, that the MuMTV genome has ample
space to code for a nonstructural protein of approximately 40 kilodalton in
addition to the known structural proteins (Bentvelzen and Hilgers, 1980).

An antiserum was raised in C3Hf mice against a syngeneic continuous
cell line C3HMT/cl11 (Westenbrink et al. , 1979). The mice were immunized
eight times with 107 lethally irradiated cultured cells at 3-day intervals. The
antiserum, which was collected one week after the last inoculation, reacted

;; strongly with radioiodinated MuMTV polypeptides. After absorption with
> purified MuMTV, this reactivity was abolished, but, in immunofluorescence
I tests on acetone-fixed cells, it still reacted specifically at thousand fold

i, dilution with cells infected with MuMTV (Table I) . A C57BL mouse serum
against syngeneic lymphoma cells from the line BALR-1 induced by Abelson

-• murine leukaemia virus was used as a control antiserum. This antiserum was
) absorbed with murine leukaemia virus particles and considered to react
; specifically with the one-gene of Abelson virus (Witte et a l . , 1978). It

reacted not only with the lymphoma cell line but. also with BALB/3T3 cells
transformed by Abelson provira! DNA and some cell lines transformed by
normal mouse DNA. Normal C3Hf mouse serum was also used as a control; it
failed to react with any of the cell lines at a dilution 1:40.

! When C3HMT/cl11 cells were incubated for 6 hr with 14C-labelled amino
T acids, the extracts of these cells in immunoprecipitation tests with the
&, absorbed antiserum yielded four dominant radioactive labelled polypetides

(Fig.1). The largest one with a molecular weight of 53-56 kilodalton is pro-
bably the so-called tau antigen, which is a universal oncofoetal protein (Mora
et al. , 1980). The one of 44 kilodalton s is most likely the cellular protein
actin which is known to be very adhesive and to contaminate immunoprecipi-

| tates. The polypeptides with molecular weights of 37 and 25 kilodaltons are

í
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TABLE I

CYTOPLASHIC IMMUNOFLUORESCENCE PERFORMED WITH A MOUSE ANTISERUM SPECIFIC FOR
VIRALLY INDUCED MAMMARY TUMOURS ON A BATTERY OF CELL LINES

Cell line

BALB/3T3

ABBA 5

BABA 8

BABA 10
S+L

BALB/3T3-RLV

BALR-1

C3HMT/CU1
Mm5nvt/Cl
BMK/A

C3HMK/Rij
CrFK
CrFK-MTV
FRE-3

Description Immunofluorescence with
anti-onc-gene anti mammary
Abel son virus tumour cells

serum serum

Normal mouse embryonic
fibroblast line
BALB/3T3 transformed
by Abel son provirus +
BALB/3T3 transformed by
normal mouse DNA

ditto +
BALB/3T3 transformed
by Moloney sarcoma virus
Infected with Rauscher
leukaemia virus
C57BL lymphoma induced
by Abel son virus +
Mouse mammary tumour line +

ditto - +
Normal mouse mammary cell
line BALB/c strain
ditto, C3Hf strain
Feline kidney cells
Infected with MuMTV - +
Rat embryonic cells
infected with MuMTV - +

k
•i

p

specific for MuMTV-infected cells and are the candidate products of the

one-gene of MuMTV. Isolated genome fragments located at the polyadenalyted

31 end of the viral RNA molecule are capable of protein synthesis in a cell-

free translation system. It is presently being investigated whether these

fragments contain a gene for the synthesis of a nonstructural protein and

whether the two proteins detected by the immunoprecipitation procedure are

the products of that gene.
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Figure 1

length of the gel

One dimensional gel electrophoresis in polyacrylamide of the immunopre-
cipitate of 14C-labelled extract from cultured mammary tumour cells reacted
with a tumour-specific antiserum. The optical density refers to the readings
of the autoradiogram.

Baltimore D. Cold Spring Harbor Symp. Quant. Biol. 39 (1975) 1187.
Bentvelzen, P. and Hilgers, J . In : Viral Oncology. Klein G. ed . , Raven

Press, New York (1980) 311.
Klein, G. Introduction, Viral Oncology. Raven Press, New York (1980)
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ANALYSIS OF VARIATION IN TUMOUR VOLUMES WITH TIME USING THE R-1,

M RHABDOMYOSARCOMA: MICROSCOPIC, SUBMACROSCOPIC

AND MACROSCOPIC STAGES OF GROWTH

A.F. Hermens, J. Coolen, H.T. Madhuizen and G.M. van den Bosch-Zaat

Studies of changes in tumour volume may be of interest for several

reasons. Firstly, if accurate measurements can be made, a practical method

is offered to obtain quantitative information on the effectiveness of a given -y

treatment in cancer therapy. Secondly, with respect to the biology of the

tumour, such measurements may provide some general information on the

relative malignant behaviour of a given tumour and this may eventually be of

prognostic value. Since there is very little information on the early develop- ^

ment and growth of microscopically small tumours, these studies have been

limited to the stage of macroscopically measurable tumour growth. The .

mechanisms of early tumour growth are, therefore, poorly understood despite f

the use of mathematical models for tumour growth. f;

In an attempt to increase the insight into this problem, experiments u|
'-, it

employing the experimental R-1,M tumour system were performed. For this i'í
purpose, in vitro cultured R-1,M cells were transplanted subcutanecusly into ij;;

female WAG'.Rij rats. Each animal was inoculated with 105 tumour cells per f:[

inoculum. Tumour volumes were subsequently measured at different time ";5;
v"* intervals after inoculation of the cells by one or the other of the three 4

following techniques. íi|.

In one group of animals, the tumour dimensions were measured in the t^

:";_' three perpendicular axes by means of vernier callipers-after the tumours had ŕ;jí

•;' become palpable. From these data, volumes for a spheroid were calculated fv|

'£• and the values plotted as a function of time: see curve a, Fig. 1 . Curve â  !;ň

š represents the variation in cell number per tumour and is derived from # |

:!= curve a by employing data on celt density per unit tumour volume. :|§

;•: Accordingly, curve a^ represents the time course variation in cell number for

f tumours larger than 250 mm3.

#, For tumours smaller than 250 mm3, this method was shown to be

I increasingly inaccurate. Therefore, in a second group of animals, the

f|, tumours were excised from randomly selected subgroups of animals between

I|; days 10 and 20 after inoculation of the tumour cells, when the tumours were

barely palpable. After excision, the tumours were weighed on a precision

balance and the data plotted as a function of time: see curve b, Fig.1;

curve b^ represents the variation in cell number.

W>'. o c
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Figure 1

Changes in tumour volume with time after inoculation of 10 5 R-l.M tumour
cells per inoculum into the subcutaneous space of the syngeneic inbred
WAG/Rij rat.

Changes in the total tumour mass comprised of tumour cells plus
stroma are represented by the heavy solid lines. Changes ir, volume
corresponding to the cellular component only of R-l, M tumours are
represented by the dashed lines.
a) Curves a and a^ represent changes in volume of tumours larger
than 250 mni3 based on analysis of about 30 tumours (Hermens, 1973).
Open circles with horizontal bars represent the mean time and its
standard error required to reach a given tumour volume relative to
that required for obtaining a volume of 250 mm3.
b) Curves b and b1 represent changes in volume of tumours ranging
from 1 to lOO mm3~baseď on analysis of about 45 tumours (Hermens,
1973).
c) Curves cl-4 and d illustrate possible changes in volume of
tumours smaller than
text).

1 mm3, present data (for explanation, see
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f

d) VC corresponds to the volume occupied by a total number of 10 s

densely packed tumour cells assumed to be present in an ideal
spherical locus after inoculation.
e) Data points represent volumes of individual tumours measured by
histometric methods.
f) Symbols I, II and III represent three presumably different
phases in the development of a tumour originating from inoculated
tumour cells. These are:
1) phase I, the period of adaptation and subsequent early rapid ľ
growth.
2) phase II, period of tumour growth or regression under the
influence of host reactions.
3) phase III, period during which established tumour growth occurs. '")

In a t h i r d group of rats, the skin plus subcutis containing the micros-

copically small tumour was excised from individual animals randomly selected

between days 3 and 9 after inoculation. The tissue was fixed in Bouin's

solution and, after histological processing, used to make serial sections (3

um t h i c k ) . Samples of sections were examined for the presence of tumour

tissue and subsequent measurement of the surface area of the tumour was Í4

done by use of a microscope. From these data and the number of positive

sections, the tumour volume could be reconstructed. The number of tumour

cells present in each tumour was then calculated by using data on cell

deruity. The results are shown by the individual points in Figure 1. It can

be seen from these data that, between day 3 and day 9, the tumour volumes s;

show large variations and that they cannot be represented by a single

curve: see curves d - 4 . However, the data demonstrate that, between day 0 !^.

of inoculation and day 3 after inoculation, there is a rapid increase in

tumour volume, namely, from volume, VC, represented by the number of

inoculated cells to that of the earliest detectable structured tumour. The ^

corresponding change in tumour cell number is represented by curve d .

Calculations show that the average doubling times (T2) corresponding to

changes in tumour cell number represented by curves d and b^ are 18 h and

60 h, respectively. The latter value is in agreement with the volume

doubling time calculated from curve a for tumours of 250 mm3, i.e.,
T D ( V = 2 5 0 ) = 61 h. These data suggest that, between day 3 and about day 10

to 15, the rate of net increase in cell number is reduced by a factor of 3 on

the average, probably due to an increased rate of loss of tumour cells.

However, from the wide spread in the data between days 3 and 9, it can not

be excluded that some tumours such as those represented by curve c± may

actually show a more rapid increase in net cell number during this time as

compared to that of tumours represented by curve b^. On the other hand,
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some tumours may show a significantly greater reduction than a factor of 3
(see curve c3) before their net cell number increases more rapdily again.
Finally, in some instances, the microtumour may regress completely after day
3 because of a continuous loss of tumour cells which is greater than the cell
production.

On the basis of these data, the increase in the cell number of a tumour
after inoculation may be characterised by three phases. Phase I: after
inoculation, the tumour cells may require a few hours for adaptation to the
environment and then start to proliferate at a maximum rate, i.e., almost all
cells will divide at a cell cycle time of T c = 18 h. This phase will last for
about 3 days. Phase I I : during this phase, a fraction of the tumour
cells may stop dividing and/or die as a result of changes in the local
environment of the microtumour. It may be speculated whether this decrease
in cell production and/or increase in cell loss is mediated by the host
defence mechanisms which require time to become effective. In addition, the
cell production may be less and the cell loss higher in some tumours than in
others. Phase II I: depending on whether the rate of induced cell loss is
slower than that of cell production, the tumour may still become larger and
macroscopicaily detectable.

Although more data on tumour cell kinetics are required to substantiate
this hypothesis, it is clear that the kinetics of tumour growth are quite
complicated and can not be adequately described by either logistic or
Gompert's functions for tumour growth.

I
I

Hermens, A.F. Thesis, Municipal University of Amsterdam (1973).
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MERITS OF TUMOUR XENOGRAFTING UNDER THE RENAL CAPSULE

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

The transplantation of human tumour material under the renal capsule of

experimental animals was f i rst described by Bogden and co-workors (Bogden

et a l . , 1978). Following their description, we began using this technique in

our laboratory primarily to investigate whether it offered advantages over

subcutaneous implantation in the determination of the sensitivity of human

tumours to cytostatic agents. It was also thought that an ongoing study

concerning possible differences in sensitivity between large and small

tumours might benefit from the use of this technique, since \i would allow

repeated measurement of very small tumours in the same controlled location.

On receipt of human tumour tissue, the material is f i rst cut into ± 1 x

1 mm pieces. The blocks of tumour are then transplanted with a trochár

under the renal capsule. This location is known to favour tumour growth,

probably as a result of an abundant blood supply. This factor also ensures

that the distribution of cytostatic agents is as homogeneous as possible, thus

also providing a positive control to subcutaneously implanted small tumours.

While Bogden et r>\., initially used immunodeficient mice in their

subrenal capsule assay, they later showed that, with certain limitations,

tumour growth was indistinguishable between these and norma! mice (Bogden

et a l . , 1979). We f i rs t did a pilot study to investigate the influence of the

degree of T cell immunity on the growth of a human colon tumour designated

as XColG. Groups of nude (Nu/Nu), heterozygous (Nu ) and normal hybrid

mice (BCBA/F1) were implanted as described and the growth of the tumour

measured as a function of time after implantation (F ig.1) . The points of the

curve were obtained by repeated intraoperative measurements of the same

tumour in the same mice. At day seven, tumours in both the Nu/Nu and Nu

mice were larger than in the normal heterozygote.

Tumours in Nu/Nu and Nu did not vary significantly at day 7. After

seven days, the effect of the immune system can be seen, but, before that

time, normal mice give equally acceptable results. Day 7 was also found to

be a critical time for the use of normal mice in experiments of Bogden's

group and, like them, we have done most of our experiments in normal mice

for practical reasons.

The results of treating the XColF tumour bearing mice with a number of

cytostatic agents 24 hours after implantation can be seen in Figure 2. The
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Figure 1

Relative volume changes of human colon tumour XColG in three different hosts.

relative volume represents tumour size at day 7 in comparison to that at day
0. From the graph, it is clear that radiation most, effectively inhibits growth,
while 5-FU and CCNU (alone amoung three nitrosoureas) are also effective.
Adriamycin exerts an apparent growth stimulating effect. Growth stimulation
in some tumours by some cytostatics was also observed by Bogden and co-
workers (Bogden et al . , 1978).

Our results confirm their findings and their method seems to be a sen-
sitive one for the screening of existing and new cytostatic drugs. It is both
more rapid and dependable than the subcutaneous xenograft system in
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Figure 2

Volume changes of human tumour XColF after cytostatic treatment. Drugs are
administered 24 hr after transplantation. Irradiation on days one and five
after transplantation. Open symbols are significantly different from control.

f

athymic mice that we tested earlier. Further studies are necessary to
evaluate its possible usefulness for individual tumour sensitivity prediction.

Bogden, A.E. et al. In: Proc. Symp. on the Use of Athymic (nude) Mice in
Cancer Research. Gustave Fischer, New York, (1978).

Bogden, A.E. et al. Exp. Cell Biol. 47 (1979) 281.
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EXPERIMENTAL TUMOUR THERAPY

THE NEED TO ESTABLISH THE RELIABILITY OF THE SALMON ASSAY

J.H. Mulder, P. Lelieveld, B. van der Vecht and C. Bignell

The soft agar culture system used for years for the growth of haemo-
poietic stem cells (Bradley et a l , , 1966) has recently been applied to the
cloning of cells from solid tumours (Courtenay, et a l . , 1977. Hamburger and
Salmon, 1977), Although not the originators of the soft agar stem cell assay,
Salmon and his co-workers were among the first to systematically apply this
method of cloning in the selection of drugs for the treatment of individual
patients with metastatic disease (Salmon et al. , 1978). In essence, the assay
aims at individualizing cancer chemotherapy in a manner analogous to the |
way in which selection of antibacterial agents is made.

The goal of our experiments is to investigate in a mouse model whether
the Salmon assay leads to results which are reliable for predictions. Single |
tumour cell suspensions in vitro and concomitantly tumour bearing mice were
exposed to a variety of cytostatic agents. The sndpoints used to assay
damage to tumour cells were cell survival (in vitro plating after treatment in
vitro) and tumour growth delay in situ. By analyzing the results, we can
compare in vitro drug exposures to in vivo exposures for the same degree of
cell kill. In vivo drug levels known from the literature can then be compared
with these values and the relevance of the in vitro test assessed.

This report is concerned with adriamycin (Adria) tested In Lewis lung
carcinoma and mouse osteosarcoma (C22LR). In vivo chemotherapeutic
response was assessed by treating tumour bearing mice with single doses of
Adria. The maximum applied dosage of Adria approximated the LD-0 dose.
For the in vitro assay, mice with tumours were killed and a single cell
suspension was prepared from the tumours by trypsinization. To a.liquots of
104 cells in 1 ml Hanks/Hepes, various Adria concentrations in 0.1 ml were
added and incubated for 1 hr at 37°C. Following incubation, the cells were
washed twice and plated in 35 mm Petri dishes with a mixture of Dulbecco's
medium, 15 per cent horse serum and 0.3 per cent agar. The dishes were
incubated at 37°C in a humidified atmosphere of 10 per cent CO2 in air.
After 14 days, colonies consisting of 50 or more cells were counted and the
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number of colonies per 103 plated cells was calculated (plating efficiency).
Normal fibroblasts do not form colonies under these culture conditions. The '
colonies were shown to be tumorigenic by bioassay. The average plating
efficiency of the Lewis lung tumour was 10 per cent and that of the
osteosarcoma 5 per cent, on the assumption that all cells incubated are
tumour stem cells.

The treatment of Lewis lung tumour or osteosarcoma bearing mice with
Adria at 12.5 mg.kg-1 i.p. (LD l 0 = 15 mg.kg-1 i.p.) resulted in a mean •
growth delay of 2.2 and 2.6 days, respectively. These results indicate a
marginal effectiveness of Adria in both tumour cell lines in vivo. The in 7
vitro concentration at which 90 per cent inhibition of colony growth was .;
observed (ID90) was 1 pg.ml-1 for the Lewis lung tumour and 5 ijg.ml-1 for ;
the osteosarcoma. These drug concentrations are much lower than the maxi-
mum plasma level obtained in mice after LD10 dose administration, which is
roughly 10 jig.ml-1 (Trouet et al. , 1975). Accordingly, if the LD10 and the
ID9o in vitro drug levels are compared, there is a discrepancy between the v

sensitivity to Adria in vivo and in vitro: a cytostatic in vitro concentration Jr'
(ID90) proves to be ineffective in situ. These results show that, when the
sensitivity of Lewis lung tumour and osteosarcoma to Adria is tested with the
Salmon assay, false positive results are obtained. If

In addition to Adria, other agents will be tested in a similar way. %
Obviously, data on in vivo drug levels must be at hand in order to interpret
the in vitro/in vivo results. Consequently, pharmacokinetically oriented
studies will be performed. We hope ultimately to select those agents for
which the stem cell assay is suitable. For drugs unsuited for this assay,
alternative predictive tests should be developed.

Bradley, T.R. et al. Aust. J. Exp. Biol. Med. Sci 44 (1966) 287.
Courtenay, V.D. et al. Brit. J. Cancer 38 (1977) 77.
Hamburger, A.W. and Salmon, S.E. Science 197 (1977) 461.
Salmon, S.E. et al. N. Engl. J. Med. 298 (19^8) 1321.
Trouet, A. et al. Adriamycine Rev. Part 1 (1975) 62.
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ADRIAMYCIN DISTRIBUTION IN SOLID TUMOURS

M.B. Edelstein

When a tumour proves to be resistant to a given cytostatic agent, one

of the first questions that arises is whether the resistance is based on .'•;•

failure of the drug to reach effective concentrations within the tumour cells. .,/

Once this question has been answered, further studies can proceed along Vk

one of two possible lines: to determine either how cells have become resistant

to the action of the drug or why adequate drug concentrations are not

reached in the tumour cells. ;

The technique used to measure drug concentrations in solid tumours } ,

may be crucial. For instance, the drug concentration is probably non- [,,;•/,

uniform over the tumour mass, a factor which is lost when a cell suspension

is made. In addition, normal tissue cells as well as dead cells may have the

capacity to take up considerable concentrations of some drugs. Again, these

distinctions may be lost in a cell suspension based assay.

Three experimental tumour lines were used to investigate these con-

cerns: the Lewis lung carcinoma, the 2661 mammary tumour and the mouse

osteosarcoma. Adriamycin (Adria) was the drug chosen for these studies

because fluorescent techniques were available for its measurement

(Sonneveld, 1980; Krishan and Ganapathi, 1980), the tumours were known to

vary in sensitivity to it and resistance to Adria is known to exist at the

drug uptake/membrane level, although this is not always the mechanism

(Chervinsky and Wang, 1976). Furthermore, the drug distribution in the

cells is not rapidly modified by the use of a cell suspension technique. An

intercomparison was made of both several methods of drug delivery and

fluorescent measurement. Thus Adria at 15 mg.kg-1 was injected intravenous-

ly into mice bearing the various tumours. Two hours later, the mice were

killed, the tumour removed "en bloc" and treated in one of two ways. Either

a cell suspension was made directly using the Reinhold method and intra-

cellular Adria measured with a flow microfluorimeter (Sonneveld, 1980) or the

tumour was frozen in liquid nitrogen. After freezing, frozen sections of 3 or

5 [i thickness were then cut and mounted and Adria fluorescence sought by

using a fluorescence microscope. Wavelengths of from 400-500 nanometers

were used for excitation. Alternatively, cell suspensions prepared by using

the standard Reinhold method were incubated in Hanks' balanced salt solution

(BBS) without serum at a concentration of 106 cells.ml-1 with 10 ng.ml-1

95



Adria in v i t r o for 1 hour, af ter which fluorescence was measured by use of

the flow microfluorimeter.

The sensit ivi ty of the tumours to Adria as measured by growth delay in

vivo is known. The clear rank oiuer is: Lewis lung > 2661 > osteosarcoma.

In Table I , the relative intracellular Adria concentrations reached represent

some unexpected f indings.

TABLE I

ADRIA CONCENTRATION REACHED UNDER VARIOUS TREATMENT
AND ASSAY CONDITIONS

Lewis lung 2661 Osteo

In vivo treatment, Adria
15 mg.kg-1
Flow microfluorimeter assay
(arbitrary units) ± range 87 ± 8 121 ± 1 8 81 ± 7

Fluorescence microscope
assay (frozen sections) + ++ (-)

PIn vitro Adria 10 ug.ml-1 ||
flow microfluorimeter assay 175 ± 22 180 ± 20 150 ± 24
(arbitrary units) ± range

Using growth delay as an endpoint and using the in vivo treatment I;
conditions indicated, the ratio of sensitivity of the tumours is
approximately LL(3): 2661(2): osteo(l.O).

Firs t , i t appears that the relative in v ivo insensitivity of the 2661 can

not be explained by poor d rug uptake. Both in vivo and in v i t ro in each

assay tested, this tumour showed the highest intracellular d rug concen-

t ra t ion . No explanation has been found for this discrepancy. Second, the

osteosarcoma appears to be resistant in vivo because of relatively poor Adria

penetrat ion. Because of the discrepancy between Adria uptake by the osteo-

sarcoma cells treated in v ivo and in v i t r o , wi th the absolute lack of f luores-

cence seen in the frozen sections providing the strongest evidence, an

additional experiment comparing two methods of preparation of cell suspen-

sions was done. The Reinhold method was compared with an alternative non-

trypsinizat ion mechanical method, after which 1 ml of cell suspensions con-

taining 106 cel ls.ml-1 were incubated with from 100 to 0.001 ug .m l - 1 Adria in

v i t ro . The cells were then spun onto glass slides and checked for f luores-

96 3
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cence under the microscope. While intracellular Adria could be detected after
incubation with an Adria concentration as low as 0.01 ug.mi-1 in cells pre-
pared in the standard manner, it was impossible to clearly detect the drug
below a concentration of 0.1 ng.ml-1 in the cells not exposed to trypsin. The
use of trypsin thus increases the intraceiluiar concentration of Adria by a
factor of 10, suggesting that the cell membrane is the source of resistance
and that the use of standard cell suspension methods led to a marked over-
estimation of this tumour's sensitivity. It should also be pointed out that
trypsin used to make a cell suspension after in vivo treatment might also
affect uptake. This enzyme has been indicated previously as causing this
artifact, but has not been proved to do so (Donelli, 1979).

In addition, preliminary results indicate that considerable inhomogeneity
in uptake occurs in tumours and that, in general, normal tissues such as
liver or lung have higher concentrations of Adria than, particularly, large
tumours.

In conclusion, in vitro incubation with anticancer agents using standard
| cell suspension techniques may produce artifacts when solid tumours are
j studied. This makes urgent the use of techniques, now under development
1 here, for "en bloc" measurement to complement single cell studies.

Chervinsky, D.S. and Wang, J.J. J. Med. 7 (1976) 63.
Donelli, M.G. ét al. Eur. J. Cancer 15 (1979) 1121.
Krishnan, A. and Ganapathi, R. Cancer Res. 40 (1980) 3895.
Sonneveld, P. Ph.D. Thesis, Leyden, 1980.
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5-FLUOROURACIL AND CELL SURVIVAL ASSAYS

P, Lelieveld, W. Akkerman and L,M. van Putten

A comparison was made between two assay methods for determining the
effectiveness of cytostatic drugs against leukaemia L1210. These methods
were:
1. the prolongation of the life span of treated leukaemic mice from which

an estimate of the tumor cell survival can be made (Skipper et a l . ,
1964)

2. tumor cell survival as calculated directly from colony formation in vitro
after in vivo treatment of ieukaemic nice (Lelieveld and Van Putten,
1S76).

TABLE I l |

EFFECT OF 5-FU IN THE IN VITRO SURVIVAL ASSAY OF LEUKAEMIA
L1210 CELLS

Plated per Petri dish Number of colonies
Observed Expected

treated s.c. with 100 mg/kg 5-FU 1

C. 1/4000 femur A + 1/10 femur B 2 328

* Presumably, 20% L1210 cells among the femur bone marrow cells.

For many drugs, dose-survival curves were obtained which showed no
difference between the two assay methods. However, for 5-fluorouracil
(5-FU), a much steeper curve was obtained with the second method. The
most likely explanation is reutilisation of the drug in the Petri dish. When
L1210 cells from mice treated with 5-FU are plated together with untreated
L1210 cells, the latter will also form a smaller number of colonies (Table I).
Apparently, cells treated with 5-FU release a substance (5-FU or an activa-
tion product) in the Petri dish which is toxic to the leukaemic cells. Because

A. 1/4000 femur content of untreated M
leukaemic mice* 327

B. 1/10 femur content of leukaemic mice

I
m
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of this reutilisation, the actual exposure to 5-FU in vitro is higher or longer
than it is in vivo. It is assumed that reutilization also occurs in vivo;
however, this is much more difficult to prove, since the in vivo situation is
not a closed system like a Petri dish.

The difference in actual exposure to 5-FU between the two assays may
have important implications for other in vitro methods such as the Salmon
(human tumour stem cell) assay (Hamburger and Salmon, 1977). In this
assay, tumor cells are exposed to certain drugs and subsequently washed to
remove all extracellular drug before being transferred into Petri dishes
containing semisolid medium to allow the cells to grow into colonies. 5-FU
reutilisation might occur in this system, thereby seemingly increasing its
effectiveness. Studies are in progress to investigate whether this
phenomenon results in a false positive classification of 5-FU and other
drugs.

Hamburger, A.W. and Salmon, S.E. Science 197 (1977) 461.
Lelieveld, P. and Van Putten, L.M. Cancer Treat. Rep. 60 (1976) 373.
Skipper, H.E. et al. Cancer Chemother. Rep. 35 (1964) 1.
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IN PURSUIT OF CELL SURVIVAL ASSAYS FOR NONADAPTED

SOLID TUMOURS OF EARLY PASSAGE

E.A. Sluijter and L.M. van Putten

Before a comparison can be made among different methods for measuring

therapeutic responses of tumours, a reliable assay for cell survival is

essential. In a well established experimental tumour system such as the Rx /

rhabdomyosarcoma or the widely used EMT6 tumour, this poses few problems.

Experimental tumours more likely to resemble human tumours are those that

are less uniformly rapid in growth rate and have not been serially trans-

planted over many passages. These are also more likely to be inhomogeneous

with regard to cell populations. From a range of six tumours of which early

passages were available from frozen stock, two were selected for their .,

consistent "take", absence of ulceration after cytotoxic treatment and their |

difference in growth rates. This report concerns the attempt to obtain "i

satisfactory assays for cells from these tumours without changing their £);

properties by a process of selection. jjl:

Both tumours selected are mouse mammary carcinomas of spontaneous \'j

origin. The MA originated in a CBA/Rij female and has a doubling time (Td) ';i

of two days when transplanted into CBA/Rij or (C57BL x CBA)F! hybrid : ;]

(BCBA) mice. The passages used were 7-10 and no change in growth pattern ::

was observed during this time. The same was true for the MC, which origin- ££•

ated in a C3H female, has a Td of approximately six days and was trans- : |

planted into C3H or (C57BL x C3H)F1 hybr id (BC 3 ) mice over passages 4-9. | ;

Tumours were transplanted by s.c. injections of 105-106 cells obtained by i|l

the Reinhold method of preparing a single cell suspension in the case of the ?•&

MA. The MC was transplanted by implantation of small tumour pieces s.c., [if

since the Reinhold method yielded very few cells.

Growth curves and regrowth delay data were obtained after treatment

with 10 Gy local gamma irradiation, Cyciophosphamide at 240 mg.kg-1 i .p.,

Vinblastine at 3 x 3 mg.kg-1 s.c. and 5-FU at 150 mg.kg-1 i.p. The chemo-

| therapy doses represent 2/3 LD10 closes.

W, An assay for cell survival presented some problems. The possibility of

using end-point dilution was rejected because of the amount of time and

number of mice involved. Attempts to grow lung colonies from both tumours

produced the results shown in Table I.
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TABLE I

THE LUNG COLONY YIELD FROM MA AND MC CELLS INJECTED I.V. INTO
THE TAIL VEIN OF MICE

MA MC

max. tolerated inoculum
size

no. of colonies generated
per 2xlO4 cells injected

time required to grow colonies
of countable size

5xl05-106

50

20 days

5xlO4

5

28 days

The major difficulty with the MC tumour was the amount of debris and
dead cells produced by the Reinhold method of making single cell suspen-
sions and also by other methods tried, using protease, collagenase or
trypsin and gentle stirring at 37°C. This made it impossible to inject more
than 5x104 cells i.v. without the majority of the mice dying within 5 minutes
of injecting the cells.

The MA also proved easy to grow in vitro, and a plating efficiency
(P.E.) of 2-3 per cent was obtained using Fisher medium containing 10 per
cent horse serum incubated in 10 per cent CO2 in monolayer culture. An
increased P.E. through the addition of heavily irradiated (HR) cells (up to
105/dish) remains to be confirmed.

The MC was again more difficult, but, since the object of the exercise
was to investigate the properties of cell populations more likely to be inhomo-
geneous, it was decided to t ry a wide variety of culture conditions and
methods for obtaining a single cell suspension. Variations were made in:

1)

2)
3)

4)
5)

the methods of preparing single cell suspensions using a) rapid
spinning with trypsin (Reinhold); b) trypsin and stirring; c) protease
and stirring; d) collagenase and stirring; e) trypsin, heat and
stirring.
the tissue culture medium used: a) Dulbecco's; b) Fisher's;
the concentration of horse serum in the medium: a) 10 per cent; b) 15
per cent; c) 20 per cent;
the plating technique: a) monolayer; b) agar; c) double layer agar;
the gas phase: a) 5 per cent CO2;. b) 10 per cent CO2. All combina-
tions of permutations were tested and colony formation was observed an
shown in Table I I . Colony formation was seen after 21 days in
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Dulbecco's agar and double-layer agar but not in monolayer under all

culture conditions (10%, 15%, 20% horse serum; 5%-10% CO2) using the

"protease" suspension, while the other methods for preparing cell sus-

pensions produced colony formation in only isolated instances. In all

dishes showing any colony formation, two distinct types of colonies were

seen: compact colonies of smaller cells, some of which appeared to have

centres consisting of a mucus-like substance and dispersed colonies of

slightly larger cells resembling the host cell colonies reported by

Stephens and Peacock (1978).

TABLE I I

CONDITIONS UNDER WHICH COLONY FORMATION BY MC WAS OBSERVED

Medium Technique

Dulbecco agar

double layer
agar

Fisher double layer
agar

Gas phase

5% C02

10% C02

5% C02

10% C02

Per cent
H.S.

10
15
20
10
15
20
10
15
20
10
15
20
10

Suspension
method

3,
3
3

1, 2,
2,
2,
2,
3
3

1, 2,
3
3
1
3

4

3, 4
3
3
3

3, 4

Colony
formation

±
+
+
++
+
+
+
+
++
++
+
+
+

Suspension methods: 1, after Reinhold;
2, using trypsin and st irr ing;
3, using protease and st irr ing;
4, using collagenase and st irr ing;
5, using trypsin, heat and stirr ing.

In using method (5), very few viable cells were obtained.
Combinations not l isted produced no colonies.

In summary, it has proved to be possible to grow two unadapted
tumours in vitro from early passages in vivo by relatively simple means,
although a large number of variants was involved. It is probable that the
plating efficiency can be increased substantially through further search for
optimal growth conditions.

Stephens, T.C. and Peacock, J.H. Brit.J.Cancer 38 (1978) 573.

I
i;

103



HYPERTHERMIA INDUCED STOPPAGE OF MICROCIRCULATION IN

MAMMARY CARCINOMA AS COMPARED WITH RHABDOMYOSARCOMA

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

In earlier experiments (Reinhold et al . , 1978; Reinhold and Van den

Berg-Blok, in press), the response of tumour microcirculation to heat

treatment was investigated. It was found that, for the rhabdomyosarcoma

BA1112 growing in "sandwich" chambers, exposure to 42.5°C resulted in a

circulatory shutdown after an average exposure tisne of 152 minutes. The

microcirculatory stoppage was invariably followed by necrosis of the parts

affected. In the present experiments, the effects of such a treatment on the

microcirculation of a transplantable mammary carcinoma were investigated.

This tumour has the histological properties of a poorly differentiated carci-

noma and is isologous with the WAG/Rij strain of rats. It was originally

isolated in this institute by Drs. Broerse and Barendsen from a female

WAG/Rij rat 12 months after a total body irradiation of 400 rad. The RMA II

line used in these experiments is a subline derived from a single cell clone

in tissue culture. The effect of a heat treatment of 42.5°C on this tumour is

shown in Figure 1. There is a remarkable similarity in response between the

rhabdomyosarcoma and the mammary carcinoma. However, it appears that the

mammary carcinoma requires a slightly longer exposure before the tumour

microcirculation stops. As with the Rhabdomyosarcoma, stoppage of the

microcirculation due to heat treatment is invariably followed by the develop-

ment of necrosis in the central parts of the tumour. These results indicate

that a heat treatment of 42.5°C for approximately three hours results in a

stoppage of the microcirculation in 50% of both tumour types.

Campos, J.L. Brit.J.Radiol. 48 (1975) 913.
Reinhold, H.S. et al. In: Cancer Therapy by Hyperthermia and Radiation.

C. Streffer, ed. (1978) p.231.
Reinhold, H.S. and Berg-Blok, A. van den. Eur.J.Cancer, In press.
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RMA tumour

20

exposure time ( min ) at 42.5 C

Figure 1

Effect of heat treatment (42.5°C) on the microcirculation of two tumour types
(nx = n2 = 15). Continuous heat treatment for 180 minutes with observations
on the microcirculation every 15 minutes.
Ordinate: percentage of tumours with intact microcirculation. Abscissa:
exposure time. The curves through the observed data were calculated according
to the Weibull probability curve (Campos, 1975).
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GERONTOLOGY

AGING CHANGES IN CHARACTERISTICS OF RAT LIVER PARENCHYMAL,
KUPFFER AND ENDOTHELIAL CELLS

E.Ch. Sleyster, M.H.M. Vieveen, I.H.J. Boonstra-Nieveld
and D.L. Knook

The presence of both long-lived and short-lived cells within one organ
makes the liver a suitable model for studies on the mechanisms of cellular
aging. The possibility to separately isolate long-lived parenchymal cells and
relatively short-lived sinusoidal cells has facilitated studies on the compa-
rison of aging changes in cells with different lifespans. Since Kupffer and
endothelial cells, representing the main types of sinusoidal cells, can be
purified by centrifugal eiutriation, a comparison can also be made between
aging changes in short-lived cells with different functions (Annual Report
1977, p.186).

Functional and biochemical characteristics of isolated liver cells are most
often expressed on a per cell basis and per mg of cellular protein. However,
in aging studies, both parameters should be considered not as constant enti-
ties. They can give rise to individual aging patterns due to changes in size
or protein composition of the cells. A shift in the ploidy state of paren-
chymal cells with age has already been described (Annual Report 1973,
p.205), but general information is lacking on cell size and DNA and protein
content of parenchymal, endothelial and Kupffer cells isolated from rats of
various ages.

Female BN/BiRij rats of different ages were used for the isolation of
liver cells. Parenchymal cells were isolated by perfusion and incubation of
the liver with collagenase and hyaluronidase (Van Bezooijen et a l . , 1977).
Sinusoidal cells were isolated using the enzyme complex pronase E. Kupffer
cells and endothelial cells, which rounded up during isolation, could be puri-
fied by submitting the sinusoidal cell suspension to centrifugal eiutriation
(Knook and Sleyster, 1980). Protein and DNA contents of the isolated cells
were determined by standard procedures (Knook and Sleyster, 1980). Cell
diameters were measured from light microscopical photographs of purified cell
suspensions with the Zeiss TGZ-3 particle size analyzer. Cell volumes could
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be calculated, considering that all isolated cells had a spherical form.

Parenchyma! cells from female BN/BiRij rats show a shift in ploidy

state with age (Table I ) . A comparable shift from mononuciear diploid cells

TABLE I

PLOIDY STATE, VOLUME, PROTEIN AND DNA CONTENTS OF PARENCHYMAL CELLS
ISOLATED FROM FEMALE BN/BIRIJ RATS OF DIFFERENT AGES

Age
(months)

1
3
12
24
33

Age
(months)

1
3
12
24
33

E

pioidy state

iO
4
1
4
1

MD

1 9*
± 2
+ 1
± 2
± 1

Volume
(103 Mm3)

3.
5
8
12
14

.3

.9

.3

.7

.8

± 0.5*
± 0.5
+ 0.6*
+ 0.8*
± 2.0*

44
40
10
2
4

(*
BD
+

±
±
±
±

)

9
1
5*
1*
1*

6
50
73
63
63

Ml

±
±
+
±
±

0*
1
3*
5*
3*

protein
(ug/io(

997
1503
2193
2425
2880

5 (

±

±
±
±
J.

:ells:

54*
84
161*
53*

230*

6
16
28
24

>

BT

+
±
±
±

1
3*
3*
2*

MO

2 ±
6 ±

DNA
(ug/106

22.
40.
44.
69.
71.

.9 ±
,7 +
,5 ±
,4 ±
.1 +

1
2

BO

1 ± 0
2 ± 1

cells)

1.
0.
3.
2.
1.

2*
8
9
2*
0*

The values represent the mean ± S.E. of 3 or 4 different animals.
For the determination of cell volume at least 200 cells per
age group were measured.

MD = mononuciear diploid, BD = binuclear diploid,
MT = mononuciear tetrapioid, BT = binuclear tetrapioid,
M0 = mononuciear octaploid, BO = binuclear octaploid.

* Value differs significantly (p < 0.05) from 3-month value.

to polyploid cells was determined for parenchymal cells isolated from female

WAG/Rij rats (Annual Report 1973, p.205). From the contribution of the

different ploidy classes, the average ploidy state (n) of the parenchymal

cells can be calculated for each age group. An increase from 3.0 n at 1

month of age to 4.2 n at 3 months and 4.7 n at 12 months is mainly caused

by the shift to polyploidy from 50% mononuciear diploid cells at 1 month of

age to 73% mononuciear tetrapioid cells at 12 months. The parenchymal cells

show a comparable increase in their average volume and their DNA and

protein contents (Table I ) . Between 12 and 33 months of age only a small

increase in average ploidy state from 4.7 n to 5.4 n is observed, which is
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caused by the appearence of relatively very large cells. However, the

relative increase in cell volume and protein and DNA content is greater than

would be expected from the increase in average ploidy state. A discrepancy

between cell volume and protein content on one hand and ploidy state on the

other was also described by James et al. (1979) for parenchymal cells

isolated from male Wistar rats between 1 and 12 months of age. This phenom-

enon cannot yet be explained.

Rat liver Kupffer cells and endothelial cells are relatively short-lived

cells which are always found as mononuclear diploid cells throughout the life-

span of the rat. In a study with animals of various age groups we observed

that the average size of isolated endothelial cells increase slightly with age

but that there was no correlation with an increase in the protein content of

the cells (Table I I) .

TABLE I I

VOLUME, PROTEIN AND DNA CONTENTS OF ENDOTHELIAL AND KUPFFER CELLS
ISOLATED FROM FEMALE BN/BIRIJ RATS OF DIFFERENT AGES

Age volume prote in DNA

(months) (um3) (ug/106 c e l l s ) (ug/106 c e l l s )

endothe l ia l c e l l s

3 179 ± 1 49 ± 2 2.9 ± 0.9
24 258 ± 15* 48 ± 5 1.5 ± 0 . 2

33 240 + 9 * 52 ± 2 5.8 + 0.4*

Kupffer cells

3 472 + 1 8 118 ± 7 2.3 ± 0.4 fet
24 862 ± 15* 144 ± 5 * 3.2 ± 0.2 ! l
33 842 ± 20* 177 + 3 * 6.0 ± 0.4* > |

The values represent the mean ± S.E. of 3 or 4 different cell j-tf
preparations. For the determination of cell volume at least i | |
200 cells per age group were measured. fM
* Value differs significantly (p < 0.05) from 3-month value

The large variation in DNA content cannot be explained at present. In con-

trast to endothelial cells.. Kupffer cell characteristics alter greatly with age

(Table I I ) . Between 3 and 33 months of age, there is a doubling of the cell

volume and in the amount of DNA per 106 cells. The protein content

increases by 50%. The amount of protein and DNA in isolated Kupffer cells

can be influenced by the presence of extracellular material which is

endocytosed by the cells during the isolation procedure. A possible increase
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in extracellular material accumulated in Kupffer cells isolated from old rats
could be due to a decreased capacity to break down these substances.
However, the lysosomal proteolytic enzyme activities (Knook and Sleyster,
1978) and the DNAse activity (unpublished results) are much higher in
Kupffer cells from old rats as compared to those from young animals. For
this reason it is not likely that an accumulation of extracellular material
accounts for the higher protein and DNA contents of cells from old rats.
Therefore, it is assumed that the alterations found for isolated cells reflect
the characteristics of Kupffer cells in vivo.

The changes in characteristics of parenchymal and Kupffer cells should
be taken into account when enzymatic or functional activities in cells isolated
from old rats are interpreted and compared with activities of cells from
young animals.

Bezooijen, C.F.A. van et al. Mech. Age. Dev. 6 (1977) 393.
James, J. et al. Eur. J, Cell Biol. 19 (1979) 2227
Knook, D.L., and Sleyster, E.Ch. In: Liver and Aging-1978 K. Kitani,

ed., Elsevier/North Holland Biomedical Press, Amsterdam, (1978) 241.
Knook, D.L. and Sleyster, E.Ch. Biochem. Biophys. Res. Comm. 96 (1980)
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FAT-STORING CELLS OF RAT LIVER:

I. ULTRASTRUCTURAL CHARACTERISTICS IN RELATION TO

POSSIBLE FUNCTIONS

A.M. de Leeuw, A.M. Seffelaar and D.L. Knook

As early as 1876, Kupffer described a cell type in mammalian liver

which could be detected as a separate population by staining with gold

chloride. He thought these cells to be the liver macrophages and they were

later named after him as Kupffer cells. Around 1960, it was found that the

cells originally described by Kupffer were not the liver macrophages but

were cells filled with fat droplets lying under the sinusoidal lining and often

in recesses between parenchymal cells (Wake, 1974). Vitamin A stored in

these fat droplets may give rise to the reduction of gold chloride, resulting

in the staining of these cells. The cells are now known as fat-storing cells

(FSC) and also as Ito cells, lipocytes, stellate cells, perisinusoidal cells and

adventitious connective tissue cells.

In this report, a description of the ultrastructure of fat-storing cells in

the liver of female BN/BiRij rats, of control and vitamin A treated animals,

is given. Some possible functions in relation to the ultrastructural charac-

teristics are discussed.

The FSC are located in the Space of Disse and show as their main

characteristic fat droplets in their cytoplasm. The number of fat droplets per

cell varies. Cells containing no fat droplets can also be seen. Long cyto-

plasmic extensions protrude under the sinusoidal lining. The cytoplasm of

the FSC contains the following cell organelles: a well developed Golgi system

associated with vesicles and multivesicular bodies, strands of rough endo-

plasmic reticulum which are slightly dilated and filled with an electron dense

flocculent material, mitochondria, microfilaments and microtubules (Fig.1).

Micropinocytosis is sometimes observed (Fig. 1, inset). As shown in Fig.2,

collagen fibrils are often located along the cell membrane or even in between

short pseudopodia of the FSC (see also Ito, I973). Since some of these cha-

racteristics closely resemble those of fibroblasts, it has been suggested that

FSC are altered fibroblasts which have achieved the property to store fat.

In experimental hypervitaminosis A, an increase in the fat content of

the FSC and the filling of empty cells with fat droplets was noted (Fig.2).

The vitamin A solubilized in a peanut oil emulsion was administered to the

animals by a stomach tube (doses ranging from TO4 IU/rat to 6 x 10s

• I
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Figure 1

Fat-storing cell of control rat.
n = nucleus; fd = fat droplets; g = Golgi system; rer = rough endoplasmic
reticulum; mvb = multi vesicular body; m = mitochondrion; mt = microtubule.
inset : mi:ropinocytosis (t) in a FSC of a control rat.

IU/rat) . Control animals given only the peanut oil emulsion showed no

alternation in the fat content of the FSC. Therefore, the increase in the

number of fat droplets must be the result of the overload of vitamin A. We

could f ind no evidence for an increase in the number of FSC, as suggested

in the literature. This increase described by several authors was based on

cell counts in light microscopic slides rather than on the presence of mitotic

figures. In our opinion, the increase in the volume of the FSC which

accompanies the higher fat content results in an easier and better identif i-

cation of the FSC at the light microscopical level; this may have given the

impression of an increase in the number of cells.

The following roles have been proposed for the FSC :

1
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Figuře 2

Fat-storing cell of Vitamin A treated rat.
Note the increase in the number of fat droplets indenting the nucleus, s =
sinusoid; e = endothelial lining ; p = parenchymal cells; c = collagen
fibrils.

a) Vitamin A storage - possible antidotic function

As in hypervitaminosis A, an overdose of hexachlorobenzene or metho-

trexate, also used in the treatment of psoriasis, results in an increase

in the number of fat droplets in the FSC. Therefore, the FSC may act

as a storage site for toxic lipophilic agents.

b) Fibrogenesis - intralobular fibrosis

Several techniques have been applied to study collagen formation by the

FSC in vivo, but the results did not prove unequivocally that collagen

is produced in these cells (McGee, 1972). Kent (1978) described transi-

•"!>.
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tional stages between FSC and fibroblasts after CC!4 injury to the liver
and these observations together with the ultrastructural characteristics
of the FSC indicate that these cells may play a role in intralobular f
fibrosis. In this respect, it should be mentioned however that several
epithelial liver cell lines and clones and even Kupffer cells in mainte-
nance culture can produce collagens. It is not clear whether this is a
characteristic acquired in culture or represents the in vivo situation,

c) Strengthening of the endothelial lining ;.'
The subendothelial extensions of the FSC have no clear function. A :.;
strengthening of the endothelial lining (Wisse, 1978) or a possible
mechanism to regulate the diameter of the sinusoids (Tanuma, 1978)
have been suggested.
Because it is difficult to study FSC in situ, the isolation and purifica-

tion of these cells from normal and diseased animals may be a good approach
to obtain a better insight into the functions of these cells.

Ito, T. Gunna Rep. Med. Sci. 6 (1973) 111.
Kent, G. et al. In: Kupffer cells and other liver sinusoidal cells, E. Wisse

and D.L. Knook, eds., Elsevier/North - Holland Biomedical Press,
Amsterdam, (1977) p.69.

McGee, J.O.D. et al. Lab. Invest. 26 (1972) 429. _ ,
Tanuma, Y. Arch. Hist. Jap. 4± (1978) 1. J
Wake, K., J. Cell Biol. 63 (1974) 63Ô. '<
Wisse, E. In: Kupffer cells and other liver sinusoidal cells, E. Wisse and

D.L. Knook, eds., Elsevier/North-Holland Biomedical Press, Amsterdam,
(1978) p.33
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FAT-STORING CELLS OF RAT LIVER:

I I . ISOLATION AND PURIFICATION

A.M. Seffelaar, A.M. de Leeuw and D.L. Knook

The mammalian liver contains two main cell classes: parenchymal and

sinusoidal cells. The latter cell class consists of Kupffer, endothelial and

factor ing cells.

Fat-storing cells (FSC) play a role in vitamin A storage and are possi-

bly involved in intralobular liver fibrosis, as described in the first Dart of

this contribution. Up to now, all indications for functions of FSC have been

based on observations of the characteristics of these cells in vivo under va-

rious experimental conditions. Studies on the functions of FSC and their bio-

chemical characterization have been hampered by the lack of an isolation

procedure for this cell type. ,,

Because of the possible role of FSC in the clinically important process *

of liver fibrosis, we thought it necessary to develop procedures for the

isolation and purification of these cells.

The experiments were carried out with female BN/BiRij rats, 3-6 months

of age. In a comparison of a whole series of digestive enzyme preparations,

the best results were obtained with a procedure in which the enzymes pro-

nase E (which selectively destroys parenchymal cells) and collagenase were

applied. During perfusion with Gey's balanced salt solution (GBSS), the

liver was carefully removed from the animal and then connected to a circu-

lating system including the above mentioned enzymes dissolved in GBSS.

After this recirculation stage, the liver was cut into pieces and incubated

with a collagenase/pronase E mixture in GBSS. The enzyme digest was sieved

through nylon gauze. Cells and cell remnants were collected by centrifu-

gation. To separate the sinusoidal cells from remnants of parenchymal cells,

a metrizamide density cushion was applied. The sinusoidal cell suspension

was then submitted to a centrifugal elutriation procedure (Knook, 1980) in

order to separate the FSC from the other sinusoidal cell types.

An electron microscopical analysis of the fraction containing FSC showed

a purification of about 70%. At least 90% of the isolated FSC excluded trypan

blue indicating the integrity of the membranes of the isolated cells. The

electron microscopical description of FSC in vivo has been described in the

first part of this presentation. The appearance of a FSC in vitro is almost

similar to the in vivo situation (see Fig.2, f irst part, and Fig.1).
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Figure 1

Electron micrograph of an isolated rat liver fat-storing cel l ; note the multi-
vesicular bodies ( t ) . Inset: vitamin A fluorescence in the fat droplets of
isolated fat storing cells.

I

The isolated cells have a very irregular shape because of their long
cytoplasmic extensions. The fat droplets around the, sometimes indented,
nucleus are clearly visible. All of the cell organelles mentioned in part I of
this report can be clearly observed in the isolated cells, including a well
developed Golgi system, a slightly dilated rough endoplasmic reticulum and
multivesicular bodies.

In addition to the ultrastructural characteristics, one of the main FSC
characteristics of the isolated cells could be confirmed by biochemical
methods. Vitamin A, a normal constituent of the fat droplets, shows a cha-
racteristic green autofluorescence when irradiated with light of 328 nm. When
examined under the fluorescence microscope, the isolated cells clearly showed
this fluorescence in the fat-droplets as illustrated in Fig. 1, inset.
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The availability of an isolation procedure now enables the performance
of functional studies with isolated FSC and a biochemical analysis of the
various cell characteristics.

Knook, D.L. et al. Biochem. Biophys. Res, Commun. 96 (1980) 250.
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ACTIVITY OF a-L-IDURONIDASE IN VARIOUS RAT LIVER CELL TYPES AND

THE EFFECT OF AGING ON THE ACTIVITY IN ENDOTHELIAL CELLS

D,P. Praaning-van Dalen, N. O'Neill* and D.L, Knook

Most extracellular substances endocytosed by a cell will be degraded by

the lysosomal system. The pattern of lysosomal enzyme activities in different

cell types probably reflects the types of substrates offered to the lysosomal

digestion apparatus. This relationship can be illustrated by the finding that

rat liver Kupffer cells, which play an important role in the clearance of

effete erythrocytes from the circulation, contain very high levels of the lyso-

somal proteolytic enzyme cathepsin D (Knook and Sleyster, 1980), which

degrades haemoglobin very efficiently.

Endothelial liver cells, on the other hand, contain very high levels of

arylsulphatase B (Knook and Sleystar, 1980), a lysosomal enzyme which is

involved in the degradation of the mucopolysaccharides chondroitin-4-sulphate

and dermatan sulphate which are constituents of cell membranes. It was also

shown that endothelial cells participate in the clearance of the mucopoly-

saccharide heparin (Annual Report 1979, p.239).

The presence of the lysosomal enzyme a-L-iduronidase, which is specifi-

cally needed for the breakdown of dermatan sulphate, heparan sulphate as

well as heparin, has not been demonstrated in endothelial cells until now.

This enzyme has a key function in the degradation of mucopolysaccharides,

since autosomal recessive disorders of a-L-iduronidase are known to lead to

clinical disorders classified as mucopolysaccharidosis I (Hurler and Scheie

syndromes).

The possible presence of a-L-iduronidase in purified endothelial cells

was investigated and compared with the enzyme activity in isolated Kupffer

and parenchymal cells. The various cell types were isolated from 3-month-old

female BN/BiRij rats. Isolated Kupffer and endothelial cells were fur ther

purified by centrifugal elutriation (Knook and Sleyster, 1980).

After modifications of a protocol originally designed for the assay of

a-L-iduronidase in skin fibroblasts (Hall and Neufeld, 1973), the optimal

reaction conditions for the assay of the enzyme in liver endothelial cells were

established. Using phenyl-a-L-iduronide as a synthetic substrate, an optimal

pH of 4.0 for the endothelial cells was found, whereas, in skin fibroblasts,

* Student from Lanchester Polytechnics, Coventry, U.K.
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the enzyme exhibits optimal activity at pH 3,5, The KM value for the endo-

thelial enzyme was 0.82 mM.

TABLE I

a-L-IDURONIDASE ACTIVITY IN VARIOUS LIVER CELL TYPES ISOLATED
FROM 3-M0NTH-0LD RATS

a-L-iduronidase ac t iv i ty *

cel l type nmoies/18 h/106 cel ls nmoles/18 h/mg protein

endothelial 54 ± 6.3 (5) 1260 ± 120 (5)

Kupffer 110 ± 7.8 (5) 1236 ± 88 (2)

parenchyma1 95 ± 13.1 (5) 57 ± 9 (5)

* The ac t i v i t y is expressed in nmoles phenol l iberated at 20°C.
Values represent the mean ± S.E., with the number of di f ferent
ce l l preparations used for the enzyme assay in parentheses. \'\

The enzyme activity in endothelial cells was compared with that in
Kupffer and parenchyma! cells, as shown in Table I. The activities per 106

cells in Kupffer and parenchymal cells were found to be about the same,
while endothelial cells exhibit about half of the activity. When expressed per
mg protein however, the specific activities in endothelial and Kupffer cells
are similar. Parenchymal cells show an approximately twenty times lower spe-
cific activity. These results indicate that, dndothelial liver cells as well as
Kupffer and - to a smaller extent - parenchymal cells are capable of
degrading mucopolysaccharides which they remove from the circulation.

After the demonstration of a-L-iduronidase in endothelial cells from
3-month-old rats, the activity of the enzyme was determined in endothelial
cells isolated from 6, 12, 24 and 30-month-old female BN/BiRij rats. The
results given in Table II show that there is a significant decrease in enzyme
activity in cells of 24 and 30-month-old rats when compared to 3-month-old
rats. Results obtained for a number of other lysosomal enzymes in endothelial
cells showed no significant age-related decline in activity for any enzyme
(unpublished results). Therefore, ot-L-iduronidase is the first lysosomal
enzyme in endothelial cells for which a clear decrease with age was
observed.

In general, a decline in lysosomal enzyme activity may reflect a
functional decrease in the degradative capacity of the lysosomes or may
represent a reaction to changes in the amount of substrates taken up by the
lysosomes. The first possibility seems unlikely in view of the observation of
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1260

1178

1125
yL 900**
í 777**

±

±

+

±

±

120

1.78

163
96
96

(5)
(4)

"(5)
(5)
(5)

TABLE I I

RELATIONSHIP BETWEEN AGE OF RAT ANO ACTIVITY OF crL-IDURONIDASE
IN ENDOTHELIAL LIVER CELLS~

Age __: _ a-L-iduronidase activity*
(months) nmoles phenol/18 h/mg protein

':.- 6 -.. .. .

24

3 0 ;'"-- "•------. -- ---":- -,- "-::--

* The activity is expressed in nmoles phenol liberated at 20°C.
Values represent the mean ± S.E., with the number of different ',".'.
cell preparations used for the enzyme assay in parentheses. ň

** Significant difference (p < 0.05) as compared with the activity tf
at three months. t l

no age-related changes for other lysosomal enzymes in endothelial cells. ffi
Therefore, the decrease in a-L-iduronidase activity may reflect an v|

age-related decline in the amount of mucopolysaccharides endocytosed from '0-
the blood. !|

Hall, C.W. and Neufeld, E. Arch. Bioch. Biophys. 158 (1973) 817.
Knook, D.L. and Sleyster, E.Ch. Bioch. Biophys. Res. Comm. 96 (1980)
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AGE-RELATED CHANGES IN THE ENDOCYTOSIS OF HEAT-DENATURED

COLLOIDAL ALBUMIN BY RAT KUPFFER CELLS IN VITRO

A. Brouwer, R.J. Barelds and D.L. K nook

Kupffer cells, the tissue macrophages of the mammalian l iver, form a

major part of the reticuloendothelial system (RES), A number of reports have

described an age-related decrease in the function of the RES as determined

from the reported clearance rate of colloidal substances from the blood

stream. Age-related changes were observed in both man and experimental

animals, but most studies were performed with age-groups between bi r th and

adulthood, while little is known about the functional capacity of the RES in

senescent individuals. The possible causes of the observed changes are still

obscure.

In this study, two major functions of rat liver Kupffer cells, v iz . ,

endocytosis and catabolism, were determined in relation to age to investigate

the cellular basis of the age-related changes in the functional capacity of the

RES.

Rat liver Kupffer cells were isolated, purified and placed into

maintenance culture for 24 hours. The cells were then incubated with
125l-labelled heat-denatured colloidal albumin (CA 1 2 5 I ) , a clinically used RES

test substance (Annual Report 1977, p.189).

The kinetics of endocytosis and the catabolism of CA125I by Kupffer

cells obtained from female BN/BiRij rats of various ages were compared.

After incubation of cultured Kupffer cells with various concentrations of

CA 1 2 5 I , no differences were observed in the uptake of CA125I by cells from

rats of different ages. Calculation of the theoretical maximum rate of uptake

(V ) and of the concentration at which half the maximum rate of uptake

occurred ( K ^ ) showed that there were no significant differences in either

the maximum endocytic capacity or the affinity for CA125I as expressed by

the KM among cells from rats of different ages (Table I ) .

The capacities of Kupffer cells from young and old rats to degrade and

excrete ingested CA125I are compared in Table I I . Although Kupffer cells

from old rats appear to be slightly more effective in the degradation and

excretion of CA125I during the first half hour of postincubation, no

significant differences between the two age groups were observed.
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TABLE I

KINETICS OF ENDOCYTOSIS OF COLLOIDAL ALBUMIN (CA1 2 5 I ) BY KUPFFER
CELLS FROM RATS OF VARIOUS AGES*

Age Maximum rate of uptake Km
(months) (ug C A ^ I m g . m l - 1 ce l l u l a r (mg C A ^ I

prote in/30 min)

3 17.7 ± 3.4 0.283 ± 0.096
6 17.6 + 1.4 0.318 ± 0.037

12 20.2 + 4.9 0.405 + 0.060
24 i 15.5 ± 2.5 0.358 ± 0.076
30 23.3 ± 7 . 9 0.510 ± 0.176

__ ^

* Maintenance cultures of Kupffer cel ls were incubated with various
concentrations of CA125I (78 - 1420 ug.ml-1). The values presented
were calculated from Michaelis-Menten plots of the rate of uptake
vs. the concentration of CA125I. Values are the mean ± S.E.M. (n=5).
A l l differences between age groups: p > 0.2 (Student t - tes t )

These results suggest that Kupffer cells do not undergo functional im-

pairment with increasing age in rats. This may seem surprising in view of

the observed age-related decline in RES function. The discrepancy between

data from in vivo and in v i t ro experiments might be due to a deficiency

inherent in the process of Kupffer cell isolation and maintenance culture

( e . g . , selective advantage of the nonviable Kupffer cells). However, data

from recovery experiments in old and young rats are not compatible with

such a selective loss of Kupffer cells in aged rats. The reduction of RES

function as measured in vivo might also be due to other factors. With un-

changed cellular functions of Kupffer cells, changes in RES function might

result from age-related changes in several other parameters including: 1) the

number of Kupffer cells; 2) competing activity of other endocytic cells; 3)

liver blood flow; 4) opsonic activity in the plasma. No evidence is available

at present, to discriminate among these possibilities. The apparently un-

changed Kupffer cell function in aging rats is of particular interest in

relation to the age-related functional impairment observed in isolated rat

liver parenchymal cells (Van Bezooijen, 1978). One might tentatively conclude

that short-l ived liver Kupffer cells do not undergo an age-related impair-

ment in functional capacity in contrast to long-lived parenchymal cells.
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TABLE II

DEGRADATION AND EXCRETION OF INGESTED COLLOIDAL ALBUMIN (CA125I)
BY CULTURED KUPFFER CELLS FROM YOUNG AND OLD RATS

Postincubation
time

0

15

30

60

24

min
min

min
min
hours

Degradation
3 months

10.3

27.9

42.2

55.7

94.6

±1.3

+ 2.7

± 3.4

± 3,3

+ 1.9(4)

24 months

11.0

33.1

44.1

58.2

91.2

±

±

±

±

±

1.2

1.6

1.6

2.3

1.1(3)

Excretion
3 months

25.6

38.9

55.4

91.7

-

± 2.0*

± 3.1

+ 3.3

± 1.6(4)

24 months

31.3

43.6

58.7

91.9

-

±

+

±

±

2.0*

2.8
3.3

1.9(3)

Values are expressed as the percentage of the amount of CA125I present
in the cells at 0 min and given as the means ± S.E.M. (n=5, unless
stated otherwise (in parentheses)).
Cultured Kupffer cells were incubated with CA125I (880 ug.ml-1) for 30
min, washed thoroughly and postincubated for different periods of time.
Degradation was estimated from the appearance of trichloroacetic acid-
soluble radioactivity. Excretion of CA125I was estimated from the
appearance of radioactivity in the extracellular medium.

*0.05 < p < 0.10; all other differences between young and old :
p > 0.10 (Student t-test)

Bezooijen, C.F.A. van, Thesis, University of Utrecht, (1978).
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INFLUENCE OF MECLOFENOXATE ON PROTEIN SYNTHESIS IN LATE AGE

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

The drug meclofenoxate is already being used in the clinic in some

European countries. It is used, among others, for the treatment of elderly

patients with depression, disorientation, annemia and aphasia. The drug

increases the transport of glucose across the blood-brain barrier, stimulates

oxygen consumption and prevents deposition of lipofuscin. Whether meclofe-

noxate improves the function of individual cells is still unknown. To study

the possible action of meclofenoxate on the functional capacity of individual

cells from old animals, isolated hepatocytes were chosen as a model system

(Annual Report 1979, p.227). Some functions of hepatocytes isolated from

rats of various age groups after meclofenoxate treatment were compared with

those of hepatocytes isolated from control rats of the same age group.

The experimental animals of different ages were injected intraperi-

toneally with 80 mg meclofenoxate/kg body weight daily for 2 weeks or, in

the case of an additional group of 30-month-old rats, daily for 2 months.

The functional capacity of the hepatocytes isolated from treated and un-

treated female WAG/Rij rats was determined by their competence to synthe-

size albumin and protein (Van Bezooijen et a!., 1977) and to store bromsul-

fophthalein (BSP) (Van Bezooijen et a l . , 1976).

By comparing the albumin synthesis of hepatocytes isolated from treated

rats with that of the control rats, it was revealed that the albumin synthe-

sizing capacity of hepatocytes isolated from 30- and 36-month-old rats was

drastically decreased by meclofenoxate treatment (Table I ) . The usual de-

crease with age up to 24 months was also observed in the treated group.

However, in the treated group, the decrease was prolonged to the age of 30

months, while control rats already showed some increased synthesis at that

age. In the 36-month-old treated rats, albumin synthesis increased somewhat

but did not reach the value observed in the untreated contols (Table I ) .

Consequently, the Increase in albumin synthesis in late age in the treated

group occurred later than in the control group.

To some extent, the protein synthesizing capacity of the treated rats

changed in a similar way with age as did the albumin synthesizing capacity.

A decrease in protein synthesis in isolated hepatocytes was observed between

3 and 24 months of age. Thereafter, no significant change was observed up

to 30 months. An increase in protein synthesis was noted between 30 and 36

1



months of age but did not reach the control value (Table I ) .

TABLE I

INFLUENCE OF MECLOFENOXATE ON THE FUNCTION OF HEPATOCYTES ISOLATED
FROM RATS OF DIFFERENT AGES

age
characteristic (months)

albumin synthesis 3
(ug alb./h.lO6 cells) 12

24
30

36

protein synthesis 3
(nmoles leucine/h.106 12

i cells) 24
'; 3 0

j

! 3 6

BSP storage 3
(nmoles/106 cells) 12

24
30

36

* mean ± S.D.

5
3
2
6

9

14
9
8
12

14

11
8
7

6

. Value differs significantly
Value differs significantly

. Value differs significantly
Value differs significantly
Value differs significantly

Number of different cell

8
7
3
4

.8

.4

.8

.4

.9

.7

.9

.3

.4

.4

(P
(P
(P
(P
(P

control
group*

± 2.
± 1.
+ 0.
+ 1.

± 4.

± 2.
± 3.
± 2
± 5

± 4

± 4
± 1
± 3

+ 3

š 0
š 0
š 0
S 0
S 0

7 (12)a

0 ( 8) b

8 ( 7)u>b

4 ( 3 ) Ď ' C

6 ( 7 ) a ' b

7 (10).
5 ( 6)*
7 ( 5) a

6 ( 4)

7 ( 7 ) b l C

9 (H) a
4 ( 8 ) 3

0 ( 7 ) a

1 ( 6 ) a

.05) from

.05) from

.05) from

.05) from

.05) from

meclofenoxate*
treated

5.
4.
3.
1.

12
7
3
3
4
9

7
9
6
6
6
6

1
4
7
02
21
6

6
3
7
8
1
2

8
.3
.3
.5
.9
.2

± 2.
± 2.
± 1.
± 0.
± 0.
± 1.

± 6.
+ 2.
± 1
+ 1
± 1
± 4

± 2
± 1
± 1
± 3
± 1
+ 2

3-month value
12-month
24-month
30-month

group

3
2
1
80
48
0

7
1
0
3
2
4

4
2
7
5
5
4

of

(7)
(6)

(5) a

(5) a

(9) a

(7)
( 7>a
(6) a

(5) a

(4) a

(10) C

(6)
(7) b

(6) b

(4).
(5) b

(9) b

the
value of the
value of the
values

k ŕ-
.D,C
k r.,D,C

,M

h o
,o,e
K a,D,e
k Ä,o,e

-2w
-2m

same

P -2w ',

e "2in i
f
1

-2w
-2m

group. i
same group. r
same group. f

of the same group. r
the control value of

reparations in parentheses.
2w and 2m means the 30-month-old WAG/Rij rats are
meclofenoxate for 2 weeks (2w) and 2 months (2m).

treated with

the same age. i

j

',

.s

i
1

\
í;

1
h
-i

i

As was found with albumin, the increase in protein synthesis in late age

occurred later in the treated group than in thá control group. Consequently,

the protein synthesis of hepatocytes from meclofenoxate treated 30-month-old

rats is considerably lower than that of 30-month-old control rats.

The BSP storage capacity of the isolated hepatocytes is not influenced

by meclofenoxate treatment.

For the control group, the increase in albumin and protein synthesis by

I
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the hepatocytes in late age might be explained as a compensation by the

liver for an increased turnover of albumin and protein in this period.

From the factors which might cause this increased turnover rates an in-

creased excretion of protein via the urine has already been excluded. Up to

now, no cause for increased albumin and protein turnover rate in late age

have been demonstrated. Hepatocytes from rats younger than 24 months do

not have to function maximally with respect to their protein synthesizing

capacity, since they do not have to compensate for an increased turnover

rate. However, those in rats older than 24 months are forced to draw upon

their reserve capacity. The observed influence of meclofenoxate treatment on

the albumin and protein synthesis might be explained in the following ways.

Firstly, meclofenoxate might improve the general status of the body

especially the protein handling in late age. Consequently, the hepatocytes

from old rats (in this study, those of 30 months) still do not have to

compensate. The need for making use of the reserve capacity is shifted to p

an older age, e .g . , 36 months, although still at a relatively low level.

Secondly, although the need for a compensation by the liver for protein loss

might be already there at the age of 30 months, meclofenoxate might inhibit

this compensation capacity of the hepatocytes. Only when the need for this

compensation becomes stranger, which might be the case in 36-month-old

rats, might compensation occur, although at a relatively lower level.

Bezooije' C.F.A. van et al. Bio^-hem. Biophys. Res. Comm. 69 (1976) 254.
Bezooijen, C.F.A. van et al. Mech. Age. Dev. 6 (1977) 293.
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THE ONTOGENY OF B CELLS

J .J . Haaijman, J . Rad I and W.J.A. Boersma

IgM and IgD are the major immunoglobulin isotypes represented an the

surface of B cells. The sequential appearance of these two Ig's on individual

B cells is still poorly understood, although it is known that IgD appears

later than IgM during development on a population basis (Vitetta et a l . ,

1975). This phenomenon may be relevant to the generation of self-tolerance

and thus of interest for the theories on autoimmunity, a major "derailment"

of the immune system during aging. To study the kinetics of the appearance

of IgM and IgD on idividual cells, we used a double sandwich technique and

fluorescence cell sorter analysis. For our experiments, we felt it necessary

to obtain a monoclonal anti-IgM to avoid ambiguity due to unwanted anti-Fab

activity potentially present in conventional anti-IgM preparations. Moreover,

the existence of surface forms of immunoglobulins distinct from those found

in serum (Williams et a l . , 1978; Oi et a l . , 1980) makes i t difficult to assess

the specificity of a given antiserum wi th, for instance, radioimmunoassay. A

monoclonal rat anti-mouse/IgM antibody was generated by somatic cell fusion

as described previously (Annual Report 1979, p.289). Using this anti-

mouse/IgM and a monoclonal anti-lgD (Oi et a l . , 1978), we confirmed by

fluorescence activated cell sorter (FACS II) analysis the observations of

others (Goding et a l . , 1977) that, during ontogeny, the f i rs t IgM positive

cells in the spleen carry a large amount of IgM and are negative for, or

very dully stained with anti- lgD. These cells will be called IgM /IgD . In

the course of 3 to 6 weeks the gradual appearance of a population of cells

with a low density of IgM is seen and this correlates with an increase in the

mean staining intensity of the IgD positive cells. From single color analyses,

however, no conclusions can be drawn with regard to the behaviour of IgM

and IgD on individual cells.

Figure 1 shows the results obtained with a double sandwich technique:

surface IgM was demonstrated with monoclonal rat anti-mouse/IgM followed by

fluorescein conjugated mouse ant i - ra t / lg , and IgD by biotin conjugated mono-

clonal anti-lgD followed by rhodaminated avidin. Spleen of 28-day-old female

BALB/c mice was chosen for the example in Figure 1. Three populations of

positive cells can be recognized: cells which are bright with anti-IgM and

negative for IgD, the already mentioned IgM /IgD cells; cells bright with

IgM and dully stained with anti- lgD: lgM+ + / lgD+ cells; and cells which stain
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BA I B/c spleen

green Fluorescence ( log)

Figure 1

Representation of IgM and IgD on young spleen cells
A. Spleen cells of 28 dayrold BALB/c mice were incubated first with a mix-

ture of monoclonal rat anti-mouse/IgM (code 151-119) and biotin conju-
gated monoclonal anti-IgD and then with a mixture of FITC conjugated
mouse anti-rat/IgG and TRITC conjugated avidin. Those cells giving a
low-angle scatter sigdal characteristic of a small lymphocyte were pro-
cessed with the FACS only. Vertical axis: logarithm of the red fluores-
cence (anti-IgD); horizontal axis: logarithm of the green fluorescence
(anti-IgM).

B. Cells incubated for IgM only.
C. Cells incubated for IgD only.
D. Unstained cells.

The FACS was calibrated with microspheres (Parks et a l . , 1979) using the
compensation network reported by Loken et a l . (1977).

I
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dull for IgM and dull to bright for IgD: lgM+/)gD+ cells. These populations

are depicted schematically in Figure 2. In adult spleen and lymph node the

great majority of the B-cells belong to the IgM /IgD class. Within this class

the densities of IgM and IgD on individual cells are positively correlated. In

animals younger than 14 days of age the proportion of the IgM /IgD cells

in the spleen is clearly increased. i
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Figure 2

Schematic representation of the three B-cell populations in young spleen
characterized by d i f ferent ia l surface Ig density.

s!,

I

The most logical maturationai sequence for B lymphocytes would thus

be: IgM / IgD" •» IgM /IgD •* IgM /IgD . Taking into account the positive

correlation between IgM and IgD density on "mature" B cells, one might ask

the question of what cells within this population are the most fully dif feren-

tiated, i .e. , those with low IgM and low IgD or those which are slightly

brighter for IgM and significantly brighter for IgD (populations A and B in

Fig.2). The implied question would be whether A is derived from B or vice

versa. The only clue available at the moment is the observation that lymph

node B cells are enriched for population B. Lymph nodes allegedly contain

proportionally more mature B and T cells than does the spleen. If this

proves to be t rue, then A is most likely the precursor of B. It follows then

that most IgM is f i rst lost from a B cell (precursor) before it aquires IgD.

IgM and IgD would thereafter increase simultaneously. This model would be

in accord with the hypothesis suggesting a common m-RNA transcript of the

u and ô genes (for a review, see Adams, 1980). Consequently, it is neces-

sary to postulate a different transcription process for the IgM / IgD" cells.

A strong argument against a loss of IgM before the aquisition of IgD is the

existence of the IgM /IgD cell. The proportion of these cells is always

small and it may be that they do not belong to the main B cell differentiation

pathway. Common in all models of B cell differentiation up to now is the

assumption that the IgM / IgD cells are indeed precursor cells. This hypo-

thesis is based only on development type of data. To prove or disprove the
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hypothesis, we have sorted IgM /IgD and IgM /lgD~ cells from 4-day-old
BALB/c spleen and transferred them into two groups of mildly irradiated
BAB/14 mice ("b" allotype congenic of BALB/c).

Seven, 14 and 21 days later, the peripheral blood lymphocytes were
analysed for the presence of cells of BALB/c origin bearing IgD of the "a"
allotype. Only in those animals which received the IgM fraction were
BALB/c B cells found. Although this result may indicate that the lgM++/lgD~
cells are not the precursors of lgM+/lgD cells, it is quite possible that neo-
natal B cells are more readily irreversibly blocked by anti-IgM treatment
than are adult B cells (Raff et at., 1975). Further analysis of the role of ->

the IgM / IgD cells will be possible only if a B cell marker which changes
in density together with IgM and whose occupation by an antibody will not
block cellular differentiation is found. Such a marker has not been described
to date.

Adams, J,M. Immunology Today 1 (1980) 10. •
Coding, J.W. et al. Immunol. Rev. 37 (1977) 152. ;
Loken, M.R. et al. J. Histochem. Cytochem. 25 (1977) 899. \i
Oi, V.T. et al. Curr. Topics Microbiol. Immunol. 81 (1978) 115. t
Oi, V.T. et al. J. Exp. Med. 151 (1980) 1260. 4
Parks, D.R. et al. Proc. Natl. Acad. Sci. 76 (1979) 1962. í
Raff, M.C. et al . J. Exp. Med. 142 (1975) 1052. £

á Vitetta, E.S. et al. J . Exp. Med. 141 (1975) 206. H
I Williams, P.B. et al. J . Immunol. 12J[ (1978) 2435. ;
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SERUM IMMUNOGLOBULIN ABNORMALITIES IN AGED PRAOMYS

(MASTOMYS) NATALENSIS

J , Coolen, J , Radl, M. Vieveen, H.A. Solleveld and J.J. Haaijman

The senescent immune system is characterized by several phenomena:

1) the immune response against experimentally introduced antigens is

decreased (Blankwater, 1977)? 2) the number of immunoglobulin-containing

plasma cells increases in old age (Haaijman and Hijmans, 1978), notably in

the bone marrow; 3) the levels of IgM, l g G 2 b , ' 9 G 3 a n d * 9 A r e m a i n constant ľ

but those of IgG., and IgG,^ rise, as determined in CBA mice (Haaijman et

a l . , 1977); 4) specific deregulation of B cell clones occurs more frequently i

in old mice as evidenced by the appearance of idiopathic paraproteins (Radl ,

et a l . , 1978); and 5) the distinction between immunological self and nonself ! ; i ,

becomes "blurred" for certain antigens, resulting in the formation of auto-

antibodies .

This list of phenomena can be divided into two main categories: on one

hand, the aged immunological system is less able to cope with new challenges

and, on the other, the regulation mechanisms seem to fai l , with as a

frequent result the seemingly overactivity of the B immune system. It is of

interest to search for a basis for the dysregulation within the senescent

immune system to be able to perhaps later cure or ameliorate the age-related

immunodeficiencies.

Mastomys seems to be a suitable animal model for such an investigation.

This rodent species develops a high incidence of neoplastic and nonneoplastic

lesions (Solleveld, 1978) and shows a high frequency of autoantibodies

(Coolen et a l . , 1981). In this investigation, the sera of 40 moribund animals

between 27 and 39 months of age were screened fur the presence of serum

immunoglobulin abnormalities, including paraproteins. The results are correl-

ated with the autoantibody status of the animals and with some pathological

V, lesions found after necropsy.

to Figure 1 shows the d i f f e r e n t serum immunoglobulin ( I g ) pat terns reveal-

|i,i ed by immunoelectrophoresis and agar electrophoresis according t o Wieme

|f|j followed b y immunoťixation (Radl et a l . , 1981) w i t h a r a b b i t ant i-Mastomys/lg

|: serum. The f i r s t obvious abnormal i ty is the imbalance between the c o n c e n t r a -

p t ions of lgG.j and IgG,,. Whereas in young animals the IgG subclasses are of

about equal concentrat ion, in 12 out of the 40 sera of the old animals, at

least one of t h e isotypes was severely d iminished. T h i s condit ion has been
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Figure 1

Immunoglobulin abnormalities in the sera of five aged Hastomys as revealed by
immunofixation (IFIX) and immunoelectrophoresis (IEP) with a rabbit antiserum
to Hastomys immunoglobulins. The normal Ig pattern of a young Mastomys (NMAS)
is shown for comparison. Note the presence of a paraprotein (arrows) in the
sera nos.1,2, and 4; the selective deficiency in IgA and IgGi in nos.2 and 5,
in IgA and IgG2 isotypes in no.3; and a quantitative Ig disbalance in all of
the five sera.

(•;,

tentatively called a selective immunodeficiency (SID). Homogeneous Ig

components (H- lg) or paraproteins were detected in 10 sera out of the 40

sera examined; they were not as clearly delineated, however, as the para-

proteins observed in C57BL mice. Finally, with 10 sera, a clear precipitation

was seen around the starting slit of the electrophoresis. This phenomenon

could be explained by the presence of a relatively insoluble IgM paraprotein
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for only 3 sera. I t is assumed that immune complexes were responsible for

the precipitation in the remaining 7 sera.

In Table I , the Mastomys sera are grouped according to the serum Ig

TABLE I

Ig SERUM PATTERN AND AUTOANTIBODY FORMATION IN AGED MASTOMYS

Autoantibodies

ANF

Cytoplasm

Parietal cells,
stomach

Thyroid colloid

Gromerular
mesangiurn

Gastric smooth
muscle

Zebra type3

Striated type3

myasthenia gravis
type3

Normal
(n=18)

332

56

39

6

22

28

22

0

39

Serum pattern

SID1

(n=12)

8

75

50

17

0

17

8

8

8

H-Ig
(n=10)

20

50

50

10

10

10

0

30

20

1 SID = selective immunodeficiency;
2 per cent posit ive
3 ant i -s t r iated muscle antibodies.

pattern ( v i z . , normal, without clear-cut abnormalities, SID and H-lg) and

the frequency of autoantibodies of the indicated specificities is given. Evi-

dently, there is no straightforward correlation between either of the 3 serum

Ig patterns and the presence or absence of a given autoantibody.

Differences were seen among the three groups for the incidence of

anti-nuclear factor (ANF), which was less frequent in the SID sera, and

autoantibodies against cytoplasmic antigens which occurred in a high

frequency in these sera. Antibodies directed against glomerular mesangium

and those giving a zebra and myasthenia gravis type of fluorescence pattern

were more frequent in normal sera than in SID sera. We have also tested

whether the serum Ig patterns might correlate with a specific pathology. No

I
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such correlation was found, except that animals with malignant lymphoma and

|; those with a thymic lesion (thymoma or hyperplasia) showed a higher fre- í

:. quency of H-lg's. Such was not found for animals suffering from other neo-

p, plasms. The data should, of course be regarded with caution, since the

r,; number of animals per group of lesions was quite small.

•; In addition to the investigation of autoantibodies by immunofluorescence,

k the sera of our series were screened for precipitating antibodies directed

i|.: against dinitrophenol (DNP) and cytosine conjugated bovine serum albumin

j.: :' by immunodiffusion techniques. Ten sera reacted with DNP and one of those

l|; also with the other antigen. There was no correlation between the presence y

- ' of anti-DNP activity and one of the autoantibodies shown in Table I.

I Several conclusions may be drawn from our observations: About 50% of

.. Mastomys show clear-cut signs of age-related serum Ig abnormalities. The »

&; frequency of H-lg in aged Mastomys is roughly comparable to that in man. It ,:

ii is low, however, compared to paraprotein-prone mouse strains like C57BL

•- and SJL. In addition to these serum Ig abnormalities, autoantibodies are ,;:

produced by Mastomys. There is no specific autoantibody pattern connected j :

with either of the three serum Ig abnormalities. Whether autoantibodies in r|
m

Mastomys are of mono- or polyclonal origin is not yet established. It is un- jS
likely, however, that the majority of the autoantibodies detected are f]t

products of excess monoclonal B cell proliferation. Firstly, the titers are

mostly not high enough; secondly, the number of animals with autoantibodies ,.,c

by far exceeds that of those with serum H-lg's. %

The high frequency of antibodies directed against or at least reacting :ľl

with dinitrophenol in aged Mastomys is surprising. DNP is known to anti- s|

genically resemble some bacterial antigens and nuclear antigens. The fact ;||

that we did not find a relationship between the presence of antinuclear %

factor and that of anti-DNP may indicate a cross-reaction of antibodies l̂ i

against enteric antigens. Alternatively, it may be an indication of a (set of) i*J

clone(s) which is likely to become deregulated in old age. Additional ;fi

experiments are required to distinguish between these possibilities. t||

The extremely diverse and multiple pathology characteristic of aged

Mastoroys makes it unlikely that a single pathological manifestations would be

correlated with the deviant serum Ig patterns.

The immune system is overwhelmingly complex. During ontogeny, "self"

recognition is generated and the forbidden clones are deleted or masked by

suppressor mechanisms. The organism requires much energy to maintain its

own immunological integrity. In the aging process, in which the reserve ca-

pacity is gradually used up, the integrity breaks down, resulting in pheno-
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mena such as autoagression and disintegration of the immune system net-

work. Starting from this phenomenology, the vulnerability of various cell

populations for the aging process will have to be defined together with the

influence of these populations on the functional capabilities of the organism

as a whole. Mastomys appears to be an animal model showing similar immuno-

deficiencies as observed in aging man and thus may become important in

immunogerontology.

BI an k water, M.J. Ageing and the humoral immune immune response in mice.
Thesis, Utrecht, (1978),

Coolen, J . , et al, Clin. Immunol, Immunopathol. ( in press).
Haaijman, J . J . , et al. Immunology, 32 (1977) 923.
Haaijman, J .J . and Hijmans, w. Mech. Age. Dev. 7 (1978) 735.
Radl, J , , et a l . Clin. Exp. Immunol. 33 (1978) 395.
Radl, J. et a l . In : Immunological Techniques applied to aging research

w.H. Adler and A.A. Nordin, eds., CRC Press, W. Palm Beach, Fla,
in press.

Solleveld, H.A., Acta Zool. Antverpiensia 72 (1978) 5.
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ASSOCIATION OF LESIONS INVOLVING THE LYMPHORETICULAR TISSUES

AND AUTOANTI BODIES IN AGED PRAOMYS (MASTOMYS) NATALENSIS

H.A. Solleveld, J. Coolen, C.F. Hollander and C. Zurcher

There is now extensive evidence from human and animal studies tq

suggest that autoimmunity and lymphoproliferative lesions may be related *

events ( T a l a l , 1977). Evidence f o r such a relation is t h e f r e q u e n t appearance

of autoantibodies in patients w i t h lymphoma or c h r o n i c lymphocytic leukemia '

and the occurrence of lymphoadenopathy in pat ients w i t h Sjogren's syndrome 7

(Ta la l , 1977). On the other h a n d , i t was also observed t h a t some pat ients -

wi th Sjogren's syndrome developed u n d i f f e r e n t i a t e d malignant lymphomas A

which may be associated wi th loss of autoantibodies ( T a l a l , 1977). Similar

f i n d i n g s were made in mice. A n t i n u c l e a r antibodies disappeared or were less

common in S J L / J , (NZBxNZw)F., h y b r i d , C57BL/6 and AKR/Cu mice fo l lowing f

spontaneous o r induced tumor development (Haran-Ghera et a l . , 1973; Peled p,

et a l . , 1979; Walker and Bole, 1976). Based on these f i n d i n g s i t was of i n t e - £%

rest to examine whether such a relat ionship existed in Mastomys. Th is animal F|i

species develops a wide va r ie ty of autoantibodies wi th age (see Annual ftp

Report 1978, p.255) as well as lesions which invo lve the lymphoret icu lar

t issues. The re fo re , i t was examined whether the mean number of au toant i -

body specif ic i t ies was inf luenced by the presence of such lesions. The mean

number of autoant ibody speci f ic i t ies was based on the occurrence of the

fol lowing 12 types of autoant ibodies: autoantibodies to nuclear an t igens ,

cytoplasmic ant igens, gastr ic par ietal cel ls, e r y th rocy tes , t hy ro id co l lo id , fej

renal distal t ubu la r cel ls, glomerular mesangium, mitochondria, gast r ic ig

smooth muscle and to three different specificities of striated muscle (zebra !"j|

and two striational types). The lesions evaluated were: lymphoid hyper- j,í|

plašia, atypical lymphoid hyperplasia (i.e. presumably a precursor stage of jijf

malignant lymphoma), different types of malignant lymphoma, histiocytic If

sarcoma and granulocytic leukemia. The mean number of autoantibody specifi-

cities for the various lesions is listed in Table I.

The mean number of autoantibody specificities in animals with lymphoid

hyperplasia and with atypical lymphoid hyperplasia was higher in males and

lower in females when compared to males and females without such lesions.

The differences, however, were not statistically significant. The situation

seems to be clearer in animals bearing a tumour. Since only two males had a

lymphoreticular tumour and tumours involving the lymphoreticular tissues

141



were found in 19 females only the females were chosen for investigating such

TABLE I

'•&

I

Sh

I
m

LESIONS INVOLVING THE LYMPHORETICUUR TISSUES AND MEAN NUMBER OF
AUTOANTIBODY SPECIFICITIES IN AGED MALE AND FEMALE MASTOMYS

Lesions

Lymphoid hyperplasia

Atypical lymphoid
hyperplasia

Malignant lymphoma,
different types

Histiocytic sarcoma

Granulocytic leukemia

Controls

Mean number of autoantibody specificities (range)

Males

2,9 (1-5)

3.0 (2;4)

Number of
animals

8

2

Females

2.3 (1-4)

2.3 (0-4)

Number of
animals

12

8

3.0 (2;4)

2.5 (0-6) 48

1.7 (0-5)

2.0 (0-4)

0.0

2.6 (0-6)

15

3

1

46

a relationship. The females with a tumour had. a significantly lower mean

number of autoantibody specificities (p<0.05, with the Mann-Whitney test)

than the control animals. It appeared that the severity of the lesion was

correlated with the number of autoantibody specificities. Eight of the 19

females in which the lymphoreticular tissues were entirely replaced by

tumour cells did not have autoantibodies. Six of these eight females had a

malignant lymphoma, one female a histiocytic sarcoma and one female had

gra.uilocytic leukemia. On the other hand, eleven females in which only a

part of the lymphoreticular tissues was replaced by tumour cells had at least

an equal number of autoantibody specificities as did the controls. Several

hypotheses, have been advanced to explain the disappearance of autoanti-

bodies following spontaneous or induced tumour occurrence (reviewed by

Peled et a l . , 1979). For example, it has been hypothesized that the

proliferating neoplastic cells may absorb certain types of autoantibodies

thereby accounting for the absence of autoantibodies. Another hypothesis is

that the impairment of the immune system of tumour-bearing individuals,

which may result by various mechanisms, is responsible for the absence of

autoantibodies. The findings in Mastomys indicate that: destruction of the
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normal architecture of the lymphoreticular tissues and replacement of the

normal cell populations by tumour cells per se may explain the absence of

autoantibodies.

Haran-Ghera, N. et al. J. Natl. Cancer:Instr50 (1973) 1227.
Peled et at. J . Clin, Lab. Immunol. 2 (1979) 255.
Talal, N. in: Autoimmunity. Genetic, imrounologic, virológie and clinical

aspects. N. Talal, ed . , Academic Press Inc. , New York (1977) 183.
Walker, S.E. and Bole Jr . , G.G. Clin. exp. Immunol. 24 (1976) 210.
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THE IMMUNE SYSTEM DURING AGING

XI I . INFLUENCE OF ANTIGENIC STIMULATION ON THE APPEARANCE OF

IDIOPATHIC PARAPROTEINEMIA IN THE AGING C57BL/KaLwRij MOUSE

J. Radi, R.J. Brondijk and P. van den Berg

Previous studies demonstrated that intrinsic genetic factors (Annual Re-

port 1979, p.261) and an age-related deficiency in the T-immune system ľ

(Radi et al., 1980) play major roles in the development of idiopathic parapro- X.

teinemia (IP), a benign monoclonal B cell proliferative disorder. According to

the working hypothesis (Radl, 1979), the impairment in the T immune system

results in dysregulation of the B immune system, which is manifested by an jvi

immune response of restricted heterogeneity with mono-or oligoclonal expans- |'

ions. Eventually, some susceptible B cell clones may undergo an intrinsic i i

change resulting in such a clone proliferating and refractory to the normal

control mechanisms. That an antigenic stimulation plays a role in the devel-

opment of IP may be indicated by the observation of a higher frequency of

homogeneous immunoglobulins (H-lg) in conventionalized versus barrier

maintained athymic nude mice (Radl et a l . , 1980). This raises the question of

whether any given specific antigenic stimulation could directly expose the

relevant responding clones under favourable conditions to the influences

leading to the development of this proliferative disorder.

In the present study, the influence of antigenic stimulation at an early

age on the appearance of H-lg during aging was investigated. A total of 120

conventionally kept young male C57BL/KaLwRij mice were divided into 7 ex-

perimental groups. Eighty mice divided into five groups were immunized with

DNP-mouse albumin, IgA-A. MOPC 315 mouse paraprotein, lgG2a-A HOPC-1

mouse paraprotein, lgA1-\ human paraprotein and streptococcal (group A)

polysaccharide, respectively. The protein antigens were administered mixed

with Freund's adjuvant in the amount of 75 |jg per dose (a total of 600 pg

per animal) and given subcutaneously in two immunization periods at 3 and 6

months of age (Fig.1). The streptococcal vaccine was given intraperitoneally

in a similar way. Mice of the sixth group received saline in Freund's adju-

vant and those in the seventh group were untreated. Small blood samples

were taken from the animals at regular intervals during the .entire life-span

and the serum was investigated for the presence of H-lg by, agar electro-

phoresis according to Wieme. The serum samples were also tested for specific

antibody activity to the antigens used for immunization by the double
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Figure 1

Frequency of homogeneous immunogiobulins in the sera of control untreated
(group 7) and experimental (groups 1,2,3) immunized C57BL/KaLwRij mice during
aging. The two immunization periods are indicated by arrows.

diffusion technique in Ouchterlony PEG platas.

The life-spans of mice from different experimental groups did not differ

substantially (50% survival times of groups 1 through 7 were 102, 103, 116,

97, 116, 109 and 113 weeks, respectively). The frequency of occurrence of

H-lg in the sera of the mice subjected to immunization was higher than in

the untreated control group (Fig.1 and 2). However, this was true only for

a few months following the immunization. The H-lg were frequently transient

in this time period. Later, the frequency of H-lg gradually increased in all

groups and the majority of those were found to represent persistent parapro-

teinemia (probably IP). Antibody activity to the given immunogen could not

be demonstrated within the H-lg which appeared in the old mice. Sera from

old individual animals were also tested for reactivity to their own sera

obtained at the tenth month of age (the peak of the specific response), in

order to test the possibility, that IP might have developed from regulatory

B-cell clones recognizing the idiotype of specific antibodies of the B cells

which had responded to the immunization. Again, no positive reaction was

found.
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Frequency of homogeneous immunoglobulins in the sera of control untreated
(group 7),'control treated with saline and complete Freunďs adjuvant (group
6) and experimental immunized (groups 4 and 5) C57BL/KaLwiRij mice during
aging.
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In summary, this study demonstrated that stimulation with B antigens

which wes performed at young age in conventionally kept mice did not lead

to the development of IP in aged mice from B cell clones which originally

responded to the stimulation. These results may be explained in the following

way. If the development of IP is antigen driven, either the nature of the

antigen or intensity of the antigenic load would be of prime importance. With

regard to the former possibility, this experiment showed that none of the

antigens used so far in a relatively mild immunization procedure specifically

caused the appearance of an abnormal process leading to the development of

IP. Another study testing the second possibility of the influence of a heavy

chronic stimulation by multiple antigens with or without adjuvant on the

development of IP is in progress.

Radl, J. et al. J . Immunol. 125 (1980) 31.
Radl, J. Clin. Immunol. Immunopathol. 14(1979) 251.
Radl, J. et al. Clin. Immunol. Immunopathol. 17 (1980) 469.
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LIGHT MICROSCOPIC, ELECTRON MICROSCOPIC, IMMUNOLOGICAL AND

SEROLOGICAL STUDIES OF MOUSE LYMPHORETICULAR TUMOURS

C Zurcher, A.M. de Leeuw, H.R.E. Schuit*, M.J. van Zwieten

and J. Radi

Lymphoreticular neoplasms occur frequently in mice and, in certain l\

s t r a i n s , t h e y c o n s t i t u t e the most common spontaneously ar is ing t u m o u r s . ! v

These tumours are also readi ly induced by ioniz ing radiat ion and many o t h e r ť

means. T h e y p r e s e n t a considerable number of d iagnost ic d i f f i c u l t i e s . The , J
most commonly used classif ication f o r lymphoret icular tumours in mice is t h a t : i |

of Dunn (1954). T h i s c lass i f icat ion, however, rel ies mainly on l i g h t micros- ft•••
pi

copic criteria. In man, the use of additional immunological, histochemical and ľ;j

electron microscopic techniques has been essential in demonstrating that

different tumours which appear identical at the light microscopic level may

originate from different cell types and may show a different biological

behaviour. Methods other than light microscopy have been applied only

sporadically to mouse lymphoreticular tumours (Taylor, 1976; Krueger 1979).

We wish to report here on some of the results of an integrated study of

the histological, electron microscopic, histochemical, immunological and sero-

iogical aspects of mouse lymphoreticular tumours. The data are derived from

mice of several inbred strains (C57BL/Ka, BALB/c, BALB/c nu/nu and AKR)

and from (CBAxC57BL)F! hybrid mice kept in our colony. The majority of

mice studied were untreated but, in some cases,, tumours induced by Abelson ?3

virus or transplantable lymphoreticular tumours were . invest igated. When |*|

moribund, the mice were bled b y orbita l puncture and a complete necropsy ř§

was performed. When a lymphoreticular tumour appeared to be present on if

gross examination, tumour material .was prepared for light microscopy, elec- j j|

tron microscopy, histochemistry and immunofluorescence studies. A touch

preparation was made from the cut surface for cytological detail. The various

immunoglobulin classes and subclasses in the serum were assessed by agar

electrophoresis, immunoelectrophoresis, immunofixation and a semiquantitative

immunodiffusion technique. In addition, total and differential white cell

counts and the haematocrit were determined. For the determination of T and

B lymphocyte membrane markers, a cell suspension of tumour material fixed
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in 0.04 % formaldehyde was incubated with a TRITC labelled anti-T-cell anti- i

serum and subsequently with a FITC labelled antiserum against the Fab part ;,

of IgG. All cells were viewed in one slide, which enabled accurate judgement ••

of the number of cells positive for one or the other reagent and for cell;; ';

which had reacted with both reagents or with neither.The presence of cyto-

plasmic immunoglobulins was determined by incubating fixed cytocentrifuge •>

slides prepared from washed suspensions with conjugated antisera specific

for Ig heavy or light chains.

We used the classification of Dunn (1954) to divide the lymphoreticular ;

tumours into light microscopically distinct categories. This classification is

one of the most widely used and allows a diagnosis to be made in most <

instances. The electron microscopic, immunological and serological aspects '•/)

within the several categories are given in Table I. In the results of the ' ":i

immunofluorescent studies, only clearly dominating lymphocytes (B , T , \'§

B /T ) or plasma cells synthesizing Ig of one heavy chain class were con- tfjjj

sidered. The B lymphocyte origin of a tumour is revealed by a proliferation

of either B lymphocytes or mature plasma cells or by both.

It appears that lymphoreticular tumours classsified as belonging to one

| histologically recognizable category, e.g., lymphosarcomas, may have differ-

ent cells of origin (B, T or non-B/non-T). Our notation of non-B/non-T,

however, does not exclude the possibility that the tumour originated from a

B or T lymphocyte precursor; e.g., one of the lymphosarcomas in out-

survey classified as being of non-B/non-T origin was induced by Abelson

virus inoculation. Tumours induced by this virus are known to represent B

cell precursors and can produce immunoglobulins under certain conditions

] (Risser, 1978). As many tumours of B cell origin actively produce monoclonal

; immunoglobulins, serological screening may serve as a useful tool to detect

;• tumours of B lymphocyte lineage. It appears that the so-called reticulum cell

r sarcoma type B (RCS-B) is not derived from reticulum cells but from

i lymphoid cells, according to electron microscopical criteria. The admixture of

>?• a variety of nontumour cells gives this tumour its typical histological appear-

g ance characterized by a heterogeneous cell population. In only one of the 4

p! cases of RCS-B could a B lymphocyte origin be proved. Several lymphoreti-

| cular tumours showing areas characteristic for RCS-B adjacent to areas con-

sisting of a more homogeneous lymphoid cell population were observed. Such

tumours were classified in Table I under the heading of "miscellaneous".

Histologically, these tumours appeared to be more aggressive and may reflect

a progression to a more rapidly growing type. Reticulum cell sarcoma type A
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TABLE I

HISTOLOGICAL, ELECTRON MICROSCOPIC, IMMUNOLOGICAL AND SEROLOGICAL
INVESTIGATIONS IN 18 MOUSE LYMPHORETICULAR TUMOURS

K.

I:

Histologicál
diagnosis
(Dunn's
classification)

Lymphosarcoma

Myeloma/plasmacyt.

Reticulum cell

sarc. type B

Reticulum cell
sarc. type A

Miscellaneous

Electron microscopy Immunof1uorescence Serology
(predominant cell type) "malignant"1

surface cyto- paraprot-
markers plasmic einemia
B T Ig

lymphoblastic
immunoblastic
lymphoblastic
ND
lymphoblastic
immunobl./piasmabl.
lymphoblastic

piasmablasti c/-cyti c

lymphoblastic/-cytic
lymphoblastic/-cytic
lymphoblasti c/-cytic
ND

histiocytic
histiocytic

immunobl./piasmabl.
lymphobl./ret.eel 1 s
immunoblastic

5 piasmablastic/-cytic

ND +IgMK

+MK +IgMK

+UK ND

+IgG2a«

?2IgG2aK
+IgMK

?3IgMK,IgG2bK

it-

1 High concentration of paraprotein; severe depression of other
immunoglobul ins

2 Not clear if the paraprotein is due to myeloma or idiopathic
paraproteinaemia (IP)

3 probably IP
4 The IgM cells were immature blasts, most likely not capable of Ig

secretion.
5 Histologicálly, two types of tumour were found: a lymphoblastic type in the

liver with T lymphocyte surface markers and a plasmablastic/plasmacytic type
in a variety of tissues (BM, spleen, liver, lymph nodes). Immunological and
serological data are suggestive for a polyclonal plasma cell
proliferation. Probably due to sampling error, material available for
electron microscopy showed only the plasmacellular proliferation.

it
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appears to originate from the mononuclear phagocyte system and, more speci-
fically in our series, from Kupffer cells. Such an interpretation is based on
the combined electron microscopic and histochemical findings.

From this study and from other combined morphological and immunolo-
gical studies, it appears that a new classification of mouse lymphoreticular
tumours is necessary. When the current knowledge of the origins of various
types of lymphoreticular cells is applied, such a new classification may be
more useful in comparing murine to human tumours and may aid in the inter-
pretation of immunological studies in mice.

Dunn, T.B. J, Natl. Cancer Inst. 14 (1954) 1281.
Krueger, G.R.F. Z, Krebsforsch, 89 (1979) 353.
Risser, R., Potter, M and Rowe, P.W. J. Exp. Med. 148 (1978) 714.
Taylor, C.R. J. Pathol. 119 (1976) 201.
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A CASE OF MEDULLARY T H Y R O I D CARCINOMA IN A BALB/c MOUSE

A . L . Nooteboom, J . van Best , C . F . Hollander and M.J. van Zwieten

Medullary thyroid carcinoma ( M T C ) , a tumour of thyroid parafoll icular,

or C, cell origin is a relatively common neoplasm in certain strains of rats.

For example this tumour was found in approximately 47% of untreated female

WAG/Rij rats kept for studies on longevity and age-associated pathological

changes ( B u r e k , 1978). In contrast to the situation in the rat , this neoplasm

is extremely rare in mice, and has to our knowledge only been reported once

before (Ward et a l . , 1979). It is therefore the purpose of this brief communi-

cation to document the occurrence of an additional case of medullary thyroid

carcinoma in a mouse.

This mouse was part of a study in female BALB/c mice on the effects of

iodine isotopes on the thyroid (see Annual Report 1979, p.147) . It had been

treated with 0.56x106 B q 1 2 5 l at 4 weeks of age and was presented for

necropsy when found moribund at 20 months of age. The only significant

gross finding was a 0.5 cm diameter firm nodule involving the entire thyroid KJ

gland on one side. On cut surface the nodule was homogeneous and white . A

•jf portion of the tumor was fixed for light microscopic examination and the

remainder was transplanted subcutaneously into the flanks of 2 thyroidec-

tomized 8-month-old female BALB/c mice. These mice were killed between 4

and 5 months of age following transplantation. The transplanted tumours had

grown to considerable size and tumour metastases were found in liver, lungs

and axillary lymph nodes. Portions of the transplanted tumours were fixed

for light and electron microscopy. Portions were transplanted further in

BALB/c mice, and the remainder was snap-frozen in liquid nitrogen. The

histological appearance of the primary and transplanted tumours was identical

; to, and closely resembled that described for the rat MTC (Boorman et a l . ,

1972). Briefly, the tumor was characterized by a solid growth of uniformly

;:- appearing cells (Fig.1). The cells were arranged in large nests or packets

| which sometimes contained a remnant of a colloid-filled thyroid follicle. The

;, cell nests were separated from each other by thin septae of fibrous

\ connective tissue. In some areas these septae were broad and hyalinized but

| amyloid could not be demonstrated by special stains in these regions. The

|: tumour cells were polygonal or slightly fusiform, had pale acidophilic cyto-

| plasm and eccentrically placed round to oval nuclei.

| Electron microscopic examination of the transplanted tumour revealed the
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Figure 1

Medullary thyroid carcinoma in a 20 month-old female BALB/c mouse. The tumour
cells are arranged in large nests. Several compressed thyroid f o l l i c l e s can
be seen in the upper left-hand corner of the photomicrograph. HPS (Bar=50 pm)
Inset: Portion of tumour cel l cytoplasm showing ultrastructural detai l of
secretory granules. (Bar=0.5

presence of a small number of typical cytoplasmic neurosecretory granules

(Fig. 1, inset). Two types of g/anules were found, in one type, which

ranged in size from 240 to 700 nm the limiting membrane was often indistinct,

v.!iareas in the other type, which was also smaller than the f i rs t , ranging

ivom 90 to 240 nm in size, the well-defined limiting membrane was separated

from the dense core by a clear space. Two types of secretory granules,

similar to those found in our1 material, have been thoroughly described by

DeLellis et al. (1977) in human C cell tumours.

nn additional interesting finding in this murine tumour was the

presence of large numbers of oncornavirus particles in tumour cells both free

in the cytoplasm and closely associated with rough endoplasmic reticulum.
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Whether the previous treatment of this mouse with radioactive iodine is
of etiologic significance in the development of this tumour is unknown but
this is considered unlikely since no other thyroid tumours, either follicular
or parafollicular, were found in over 170 mice from this study examined (see
Annual Report 1979, p.147) to date. Likewise, the relation of the oncorna-
virus to the tumour, if any, is unknown.

In view of the paucity of reports dealing with MTC in this species it
was deemed of interest to briefly describe the light and electron microscopic
features of this unique tumour in a BALB/c mouse. Furthermore, the demon-
strated transplantability of this tumour facilitates further study by those
interested in comparative endocrinological features of MTC.

Boorman, G,A. et al. Arch. Pathol. 94 (1972) 35.
Burek, J.D. Pathology of Aging Rats. CRC Press, Inc., West Palm Beach,

Florida (1978)
DeLellis, R.A. et al. Lab. Invest. 36 (1977) 237.
Ward, J.M. et al. J. Natl. Cancer Inst. 63 (1979) 849.
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PROLIFERATIVE PARATHYROID GLAND LESIONS IN AGED

PRAOMYS (MASTOMYS) NATALENSIS

C.F. Hollander, M.J. van Zwieten, C Zurcher and H.A. Solleveld

Parathyroid hyperplasia secondary to chronic renal disease is commonly

observed in old rats (Altman and Goodman, 1979), but tumours of the para-

thyroid gland are exceedingly rare (Altman and Goodman, 1979; Dunn,,

1979). Recently, we found that parathyroid gland hyperplasia and adenoma

are not uncommon in aged Mastomys as is shown in Table I.

TABLE I

PROLIFERATIVE PARATHYROID LESIONS* IN AGED MALE AND FEMALE MASTOMYS

Males (n=38) Females (n=46)

Age groups (months) 18-23 24-29 30-35 36-41 18-23 24-29 30-35 36-41

Number of Mastomys 13 16 8 1 5 15 22 4

Hyperplasia 2(29)** 1(6) 2(25) - - 1(7) 3(14) - ;•

Adenoma - 2(13) 3(38) - - 1(7) 2(9) - :4

' : I
* Bilateral lesions áre tabulated only once and the most severe one is listed. tj$
** Number of animals jyith lesion (percentage) >]

:•., Eighty-nine parathyroid glands' from 84 Mastomys, which included 38

:f males and 46 females varying in age from 18 to 39 months, were evaluated

Í,. histopathologically. ' Nineteen of these glands showed lesions (21%).

U- Hyperplasia of the parathyroid gland was observed in five males and four

females and adenoma in f ive males and three females. Two animals had

bilateral' lesions. One male showed hyperplasia in one gland and an adenoma

in the opposite one and one female showed bilateral hyperplasia. Of the nine

animals with hy.perplastic glands, three were .enlarged. One of these three

m
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caused compression of the adjacent thyroid tissue and the other two bulged
into the surrounding loose areolar connective tissue. The other hyperplasLic
glands were not significantly enlarged. In the seven cases of adenoma, all
glands were larger than normal and were sometimes two to three times normal
size. Parathyroid hyperplasia was either diffuse or focal and in cases of
adenoma, a portion of the gland or the entire gland was involved. Generally,
the hyperplastic and adenomatous chief cells were slightly enlarged showing
an acidophilic. finely granular cytoplasm and less densely stained nuclei than
normal. In one hyperplastic and adenomatous parathyroid gland, acinar
structures were an obvious feature. The acini ware filled with a pink-
staining material that resembled the colloid of thyroid tissue. These acinar
structures were also occasionally seen in normal parathyroid gland of aged
Mastomys. m two cases of parathyroid gland adenomas, multiple nodules
consisting of serpentine cords were present (Fig.1). The cells were clearly
enlarged showing acidophilic cytoplasm and vesicular nuclei. Pleomorphic cells

Figure 1

Parathyroid gland adenoma in a 32-month old male. The thyroid gland shows
multifocal hyperplasia of the thyroid foliicular epithelium. HPS, x 80.
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and multinucleated cells as well as mitoses were present in one of these two

r .ses. Cystic changes were found in a hyperplastic and an adenomatous

gland and three hyperplastic glands were composed of spindle-shaped cells

with elongated nuclei.

Moderate and severe renal lesions are common in Mastomys (98% in males

and 84% in females) and fibrous osteodystrophy less common (19% in males

and 2% in females). Therefore, it was of interest to determine whether these

parathyroid gland lesions were associated with moderate and severe renal

lesionb ind with fibrous osteodystrophy. Fibrous osteodystrophy was corre-

lated significantly (p<Q,Q01) with the presence of parathyroid hyperplasia

and adenoma. However, the parathyroid lesions were not correlated with the

severity of the renal lesions. Inasmuch as it is unlikely thai nutritional

imbalances play a role thereby leading to nutritional secondary hyperpara-

thyroidism, it is attractive to consider that primary hyperparathyroidism can

occur in Mastomys. Further investigations are necessary to definitely

establish the pathogenesis.

Altman, N.H. and Goodman, D.G. In: The Laboratory Rat, Vol. I.
Academic Press Inc. , New York. (1979) p.333.

Dunn, T .B. In: Pathology of tumours in laboratory animals, Vol - I I .
IARC, Lyon. (1979) p.469.
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IMMUNOLOGY

Í:
MLC GENERATED NATURAL KILLERS (NK) AND CYTOTOXIC

T LYMPHOCYTES (CTL); DISCRIMINATION BETWEEN THE TWO TYPES

OF EFFECTOR CELLS AND DETERMINATION OF THEIR

TARGET CELL SPECIFICITIES

C.P.W1. Ronteltap, R.L.H. Bolhuis, R. de Rooy, B. van Krimpen

and G, Scheer

Many tumour and virus infected cells can be lysed by natural killer

(NK) cells which m / be isolated from the peripheral blood of humans.

Hence, the role of NK cells as an alternative immune surveillance mechanism

has drawn considerable attention.

It has been hypothesized that tumour cells express antigens on their

membrane which are cross-reactive with the histocompatibility target cell

antigens of foreign haplotypes, i .e . , the cytotoxic determinants. Thus, it

can be expected that human lymphocytes would kill any tumour target cell

after these lymphocytes have been stimulated in a mixed lymphocyte culture

(MLC) with a pool of stimulator lymphoid cells obtained from 20 randomly

chosen donors which together present all cytotoxic determinants to the

responder lymphocytes. It is well-known that immune specific cytotoxic T

lymphocytes (CTL) are generated in a MLC. Thus, - stimulation of rnono-

nuciear cells with lymphoid cells obtained from any single donor can not be

expected to generate effector cells against a particular tumour target cell or

an array of different tumour target cells. The lytic activity against in vi t ro

grown tumour target cells of MLC activated effector cells (operationally

defined as MLC activated NK cells) after stimulation with lymphoid cells

obtained from a single donor in a MLC appears to be equal to that after

stimulation of the same responder cell population with a pool of (20 donors)

lymphoid cells. Moreover, these so-called MLC activated NK cells, stimulated

with lymphocytes of either one or a pool of 20 donors, lyse a wide variety of

species-related and cross-species derived tumour target cells. K-562, a

human derived myeloid leukaemia cell line which is HLA and la-negative and

T24 bladder cancer cells are lysed equally well.

In cold target cell inhibition assays for the cytotoxicity of 51Cr-labelled
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target cells, the inhibitor cells which are identical to the 51Cr-labelled target
cells always give strongest inhibition of lysis of the radioactive labelled
target cells as compared to unrelated tumour cells, although cross-reactivi-
ties of inhibitor and target cells are readily detected. Lymphoid target cells
did not inhibit the lysis of tumour target cells and, vice versa, tumour cells
do not inhibit the lysis of lymphoid target cells. It was concluded therefore
that the MLC activated effector cells reactive against the allogeneic stimulator
lymphoid target cells, i.e., cytotoxic T lymphocytes (CTL), are not identical
to the MLC activated NK cells reactive against in vitro grown tumour cells, ;

This conclusion was confirmed by experiments which showed that the ;
MLC-induced CTL can be absorbed out only on a monolayer of lymphoid cells •:".'
which are either identical or cross-reactive with the stimulator cell and not
on monolayers of tumour cells. Vice versa, MLC activated NK cells can be J
absorbed out only on monolayers of (cross-reactive) tumour cells and not on
monolayers of lymphoid cells. These results suggest that the histocompatibili- '
ty target cell antigens involved in the lysis of these lymphoid target cells by j1 v
CTL are not identical to the target cell structure(s) on the tumour cell |
which are recognized by MLC activated NK cells. is

B
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TARGET CELL SPECTRUM OF MLC ACTIVATED NATURAL KILLER CELLS r)

AND INDUCTION OF NK TARGET CELL STRUCTURES BY PHA

R.L.H. Bolhuis, C.P.M, Ronteltap and R. de Rooy

Human natural killer (NK) cells are known to be capable of lysing a •,'•;

wide variety of in vitro grown tumour target cells, such as K562, a human

myeloid leukaemia cell line, T24, a bladder cancer cell line, Mel-1, a mela- :;v-

noma cell line, etc. Tumour cells growing as a monolayer, e .g. , T24 and ";<.

Mel-1, are lysed only after prolonged incubation (16-20 hours) of the ! .

effector cells with the target cells, whereas lysis of K-562 can be observed \-.-,.

in a short time (4 hours) cytotoxicity assays. Xenogeneic tumour target cells

such as P-815 mouse mastocytoma cells and GRSL mouse leukaemia ceils are

not lysed by NK cells directly isolated from freshly drawn peripheral blood

("fresh" NK cells). We compared the specificity spectrum of MLC activated

NK cells with that of "fresh" N K cells. The results showed that MLC

activated NK cells lyse both human (homologous) and mice (xenogeneic) in

vitro grown tumour target cells. Anchorage dependent tumour target cells

such as T-24, Mel-1, NK 4, etc. , are now lysed in a 2 to 4-hour Cr-release

assay by MLC activated NK cells, indicating that the kinetics of lysis have

increased. Preliminary experiments indicate that the MLC activated NK cells

do not lyse fresh autologous tumour target cells to a significant extent. Our

future experiments will centre on this issue, since induction of cytolysis

against autologous tumour cells would open new possibilities for immuno-

therapy.

We have shown that MLC activated NK cells are distinct from the

immunospecific cytotoxic T cells (CTL) which are known to be generated

during MLC (this issue 161). When lymphoid cells were stimulated by phyto-

haemagglutinin (PHA) to serve as target cells for activated NK cells after a

MLC with stimulator cells of individual or a pool of donors in cell mediated

lympholysis (CML), lysis of cultured autologous PHA lymphoblasts was

observed. K562 can inhibit the lysis of these autologous PHA lymphoblasts.

The lysis of the allogeneic stimulator PHA lymphoblasts was only partly

inhibited, suggesting that the total lysis observed after CIVIL was due to the

sum of the lysis of these allogeneic lymphoblasts caused by both the CTL

and the MLC activated N K cells.

We conclude from the results of these experiments that PHA induces

these cells to express membrane structures that serve as target structures
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for the MLC activated N K cells.
Blast transformation of autologous lymphoid target cells is not a prere-

quisite, since autologous lymphocytes which have been treated with PHA for
only one hour and subsequently washed to remove unbound PHA are lysed
equally well. PHA treatment of the effector cells has either no effect or an
inhibitory one on the lytic capacity of the effector cells, indicating that the
lysis observed is not a lectin induced cytotoxicity. "Fresh" NK cells are also
capable of lysing the PHA treated autologous lymphoid cells. Xenogeneic N K
cell insensitive tumour target cells such as P-815 mouse mastocytoma cells
and GRSL mouse leukaemia cells treated with PHA for one hour are lysed by
"fresh" NK cells as well.

Again, these results indicate that PHA induces the expression of N K
recognition structures on the membrane of these cells.
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THE DIFFERENTIATION OF THY 1 SUBPOPULATION IN RADIATION CHIMERAS

W.J.ik, Boersma, E. Kokenberg, G. van der Westen and J.J. Haaijman

^ In the thymus the cells with low and high Thy 1-surface-antigen

•V density generally correspond to the anatomical categories of medullary and

I cortical cells, respectively. Cell separation and labelling studies indicated

'"; that both subpopulations contain relatively large cycling cells (Weissman, -,

;, 1967; Shortman and Jackson, 1974; Boersma et a l . , 1979). A major point of

interest in T cell differentiation studies is formed by the question of whether

: \ there is a possible precursor product relationship between the two subpopu-

,(. lations mentioned which would indicate that they have a common bone marrow

'." progenitor cell or that a separate precursor exists for both. In this communi-

. cation we present evidence in support of simultaneous independent develop-

ment of low and high Thy 1 subpopulations. \l

We measured the number of low Thy 1 and high Thy 1 donor type \.H

thymocytes in regenerating thymus of lethally irradiated and bone marrow «j!

| transplanted mice. Male 8-week-old C3H mice were irradiated with 10.25 Gy f-:

of gamma rays and received the bone marrow aequivalent of one femur of a ^

6-week-old (C3HxAKR)F1 donor. Donor type thymocytes bear both Thy 1.1 ;{.

and Thy 1.2 alloantigens. Host (C3H)-mice derived thymocytes only have the ';

Thy 1.2 surface antigen. Donor and host cells were discriminated with mono- ' ;i

clonal antisera. The anti Thy 1 is a rat antibody (59AD2.2) which detects all *,:

Thy 1 positive cells and was used directly labelled with FITC. The Thy 1.1 i§

alloantigen only present on donor cells was detected with a 129 anti AKR/j iuj

leukemia antibody. In this case a rabbit-anti mouse Ig serum labelled with p

FITC was used as a second layer. Analysis of fluorescence distribution was \A

performed with a fluorescence activated cell sorter (FACS I I , Becton and j|f

Dickinson Co) . ^

From a fluorescence distribution of thymocytes of normal 6-week-old

C 3 HxAKR/F! mice (labelled with Thy 1.1 or Thy 1.2. antisera) we chose tha j§§'

channel for discrimination of negative, low and high Thy 1 + ce'-s. A cording

to this way cf discrimination we found 15 ± 2 percent of low i n y . 1 + and

85 ± 2 percent of high Thy 1 + cells (4 experiments). The same channel

number was then used to evaluate numbers of low and high Thy 1 donor

cells in the regenerating thymus of bone marrow chimeras. The size of the

| subpopulation was expressed as a percentage of the normal total cell number

| in the thymus of age matched untreated C3H control mice.

S 1
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Thy 1 donor cells could be detected in the thymus on any day after

transplantation, which is an improvement when compared to the results

obtained with cytotoxic depletion work which permits donor cell detection

after transplantation of high doses of bone marrow only from day 10 after

transplantation (Boersma et a l . , 1981a and b ) . Both methods used for donor

derived cell characterization generally lead to the same results.

The relative proportion of low Thy 1 donor cells exceeds th.it of high

Thy 1 cells from day one to four (F ig. ľ ) . In both subpopulations there is

100-1

I

Ij
HI

0-

o negative
low Thy 1,1 +
high Thy 1,1

10 15 20

time after transplantation ( day )

Figure 1

Relative distribution of cells in regenerative thymus after transplantation
of 107 bone marrow cells. Donor cells are labelled with anti-Thy 1.1
antibody. Host derived thymocytes are negative.

an initial decrease in the size which after two days is followed by a phase of

rapid growth (Fig.2). The high Thy 1 subpopulation shows the highest rate

of development with a doubling time of 26 h. The low Thy 1 subpopulation

shows a considerably slower rate of growth and has a doubling time of 40 h.

When the regeneration of the thymus is completed according to the cell

number per organ, the low Thy l subpopulation constitutes a far lower pro-

portion (6%) of the total cell number than observed in normal F t mice (15%).

The reason for this defective development is not known. This observation on

the other hand is in agreement with the regeneration pattern of immuno-

competent cells in the thymus as measured with ConA, PHA, MLC responses.

These responses do not reach control values after bone marrow transplan-

•*, y,

i
'M

| 166



i .
j 10
o

J 10°
5
o.
o
o.
o

IQ"1 4

o.

8.

10
-3

A low Thy 1 * cells Jý 40 h
• high Thy 1 cells Td 26 h

10 15 20

time after transplantation ( day )

Figure 2

Regeneration of low and high Thy 1 donor cells only after bone marrow trans-
plantation as a proportion of thymus cellularity of age matched C3H control
mice.

tation for PHA and MLC (Boersmd et a l . , 1981a) up to 60 days after trans-

plantation. The fust cells of both high and low Thy 1 subpopulations

belong to the relatively large cells only. This was concluded from size

distributions derived from low angle forward light scatter analysis for donor

type cells only. From day six onwards a subpopulation ot small cells, the

typicfal small thymocyte develops rapidly. This indicates that early after-

transplantation almost all cHls ot both subpopulations belong lo the cycling

compartment of their respective subpopulations. These observations could

.•:v
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indicate that the small high Thy 1 cell does not develop from the low
Thy 1 cell. If that was the case one would expect to find the small
thymocytes developing from the first moment after transplantation. In
addition to this, we know (Shortman and Jackson, 1974) that both high and
low Thy 1 and high Thy 1 subpopulations comprise a cycling and a non-
cycling compartment. The proportion of dividing cells in normal mice is the
same for both subpopulations. The data presented suggest that at least in
the thymus the low and high Thy 1 cells develop independently, which
could be due to the presence of two types of progenitor cells. This,
however, still gives no real clue that leads to the direct connection between
the first donor cells in the thymus and their immediate bone marrow precur-
sors. It still cannot be excluded that the bone marrow thymocyte precursor
(Boersma et a l . , 1981a and b). which shows very homogeneous physical
characteristics is the common progenitor of both low and high Thy 1 cells in
the thymus. An asymetrie cell division pattern could explain such a pheno-
menon .

Boersma, W.J.A. et al. Eur. J. Immunol. 9 (1979) 45.
Boersma, W.J.A. et al. Cell and Tissue Kinet. 14 (1981a, in press).
Boersma, W.J.A. et al. Cell and Tissue Kinet. 14 (1981b, in press).
Shortman, K. and Jackson, H. Cellular Immunology 12 (1974) 230
Weissman, P.L. J. Exp. Med. 126 (1967) 291.
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CHARACTERIZATION OF THE THYMOCYTE INVOLVED IN THE SUPPRESSION

OF GRAFT-VERSUS-HOST DISEASE IN MICE

S. Knaan-Shanzer and D.W. van Bekkum

The graft-versus-host (GvH) disease which occurs after allogeneic bone

marrow transplantation is caused by donor T lymphocytes reacting against

recipient tissue. Thymus cells of newborn mice are able to suppress a GvH ^

reaction. The suppression of the GvH reaction may therefore be used as a

test for T cells interfering with T-cell-mediated immune reactions (T-T

suppression).

We previously postulated (Annual Report, 1979, p.315) that the T cell

involved in T-T suppression is different from the one involved in

suppression of antibody production (B cell suppression). In this study, we

attempted to separate and characterize this functionally distinct T-T ;

suppressor subpopulation. ]'•.•

The GvH model used in this study consists of (CBA/Rij x C57BL/Rij)F1 b'

mice total body irradiated (TBI) with a dose of 8.8 Gy X rays and grafted :j&

with 106 CBA/Rij (P) bone marrow cells and 106 CBA/Rij spleen cells (GvH |§

producing graft). This graft induces acute GvH disease with 100 per cent

mortality within 12 days.

A study of the ontogeny of the suppressor cells in the thymus of

CBA/Rij mice showed that inoculation of 6 x 106 thymocytes from mice ^i

ranging in age from 1 to 10 days along with the GvH producing graft ^

reduces the mortality by 80 per cent. When thymus cells of mice older than r|

two weeks were tested in the same system, even 12 x 106 cells were not pi

sufficient to cause suppression. Accordingly, in all subsequent experiments, c/í

thymus cells of 4 to 6-day-old mice were used as the source of suppressor i*$

cells. $jtIf
1. PNA separation te

t;

Mouse thymocytes can be divided into two subpopulations on the basis

:; of agglutination by peanut aggluíinin (PNA), a lectin with specificity for

»: D-galactosyl determinants (Reisner et a!., 1976; Lotan et a l . , 1975).

g When thymocytes of newborn CBA/Rij mice were incubated with PNA,

I 80-90 per cent of the recovered thymocytes were in the agglutinated fraction

t (PNA ). The bioassay (GvH suppression) showed a 3 to 10-fold concentration

I of cells with suppressor activity in the nonagglutinated (PNA~) fraction. The

1 agglutinated fraction (PNA+) was not completely depleted of suppressor

t \
I- 1 6 9 i



ceils. Analysis of the two separated subpopulations on a light activated cell
sorter (FACS II) after staining the cells with fluorescent PNA (FITC-PNA)
showed (Fig,1) that indeed most of the cells (70%) in the nonaggregated

1001

x

.o
o

50-

Figure 1

negofive
' controls

agglutinated celil

unseparatad celil

50 100 150 200

fluorescence intensify ( arbitrary units >

Thymocytes were incubated with PNA. The agglutinated and non-agglutinated
cells were separated on 30% foetal calf serum. Cells were desaggregated with
D-galactose and relabelled with FITC-PNA. Negative controls were cells f i r s t
treated with FITC-PNA and subsequently with D-galactose to remove the
FITC-PNA. The higher fluorescence in the unseparated cells as compared to the
agglutinated cells may indicate an incomplete removal of the PNA from the
latter with D-galactose.

fraction were PNA~ (low fluorescence). It also showed that the aggregated
fraction was contaminated with roughly 30 per cent PNA cells (low fluores-
cence).

i
* • •

I

i
t?-. 2. EPM separation

Thymocyt , of newborn mice were separated according to their electro-
phoretic mobility (EPM) on an Elphor VaP5 as described by Bol (1980).
Thirty fractions were collected and the total number of nucleated cells in
each fraction was determined and plotted as per cent of peak values (Fig.2).

In two separate experiments, we divided the total nucleated cell profile
into four areas. The fractions of each area were pooled and various concen-
trations of cells were injected into Fi mice for in vivo suppressor cell titra-
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Figure 2

Electfophoretic mobility d is t r ibut ion of thymocytes from new-born mice. The
lines represent results of two experiments. In each experiment the tota l
nucleated ce l l p ro f i le was divided in four areas. The fractions of each area
were pooled and the cel ls were tested for in vivo suppression of GvH. The
lat ter ac t i v i t y was compared to normal new-born thymocytes. The figures are
reciproques of the rat io of the number of test cel ls required to cause 80%
GvH suppression, and the number of normal new-born thymocytes which cause a
similar ef fect .

&,•,',

t ion. The results indicate that the suppressor cells were concentrated in the

fractions below fraction 38, that is, those containing cells with high electro-

phoretic mobility.

3. Surface phenotype characterization

Many data in the literature indicate that functionally distinct subclasses

of T cells express different ly phenotypes. Helper cells are ly 1 23 , while

suppressor and killer cells are considered to be ly 123 (Vadas, 1976).

When newborn thymus cells were exposed to monoclonal cytotoxic ly 1.2

and ly 2.2 antisera and complement, a complete abolishment of the suppres-

sor activity was found after incubation with ly 1. After treatment with ly 2,

their effect on mortality from GvH was not significantly different from that

of the untreated cells. Newborn thymocytes treated with anti-Thy 1 and

complement lost their suppressive activity.

m

i

I
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These findings indicate that the surface phenotype of the cell suppress- j
ing the GvH reaction in vivo (T-T suppressor) is Thy 1 , ly 1 2 , which is ;
certainty different from the ly 1~23 phenotype described in the literature
for T-B suppressor cells. On the other hand, lymphocytes suppressing the
delayed-type hypersensitivity reaction have also been found by Ramshaw et ;
al. (1977) to carry the ly 1 + antigen. •_,•

The cells from the thymus of adult mice do not possess GvH suppress-
ive activity. They have a similar proportion of PNA~ cells as newborn :;
thymus, but, in the adult thymus, this fraction seems to be enriched for
GvH effector cells (Betel et ai . , 1980). It remains to be established, there-
fore, whether the combined use of PNA nonbinding and ly 1 fluorescence
will permit the specific identification of T-T suppressor cells in lymphocyte !
populations or whether additional markers are required. ;,!

Betel, I. et al. J. Immunol. 124 (1980) 2209,
Bol, S. Thesis, Rotterdam, 1980.
Lotan, R. et al. J. Biol. Chem. 250 (1975) 8518.
Ramshaw, I.A. et al. Cell. Immunol. 31 (1977) 364.
Reisner, Y. et al. Cell. Immunol. 25 ff976) 129.
Vadas, M.A. et al. J. Exp. Med. 144 (1976) 10.
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SEPARATION OF SUBPOPULATIONS OF LYMPHOID CELLS ON THE BASIS OF

THEIR AFFINITY FOR HISTAMÍNE

C. Castagnola, S. Knaan-Shanžer and A. Brouwer

The immune system consists of a number of interacting cell types.

Melmon et al. (1972) has described a method for discriminating among

different subpopulations of lymphoid cells on the basis of their capacity to

bind histamíne conjugated with rabbit serum albumin and immobilized on

sepharose beads (sepharose RSA-H).

Using this method to examine human peripheral blood lymphocytes,

Tartakosky et al . (1979) have shown the nonadherent cell population to be

less responsive to mitogen stimulation than are unfractionated cells. Since

the mitogen responsive lymphocytes might be those responsible for

Graft-versus-Host (GvH) disease in bone marrow transplantation, we

investigated the possiblity of sepharose RSA-H column fractionation as a

means of modifying GvH.

We used a mouse model for GvH in these studies. Bone marrow cells

from CBA/Rij (P) mice were transplanted into BCBA (F i ) mice previously

conditioned with 8.8 Gy of 300 kV X-rays. To induce GvH, unseparated or

sepharose RSA-H nonadherent spleen cells from CBA/Rij were transplanted at

the same time. The mean recovery of nonadherent cells from the sepharose

RSA-H column was 50 ± 5%. The results showed no difference in survival of

the transplanted animals when either unseparated or nonadherent cells were

used.

We therefore decided to investigate the binding of histamíne to mouse

spleen cells using the cell sorter. Fluorescein isothiocyanate labelled Bovine

Serum Albumin (FBSA) was conjugated with histamíne to form FBSA-H.

Spleen cells were incubated with FBSA-H or FBSA and analysed with the cell

sorter. The results are shown in Figure 1. The solid line shows the profile

of cells after incubation with FBSA-H. The population of cells having the

highest fluorescence is considered to be positive; the percentage of positive

cells is about 19%. With the FBSA control (dashed l ine), only 5% positive

cells were found, probably due to nonspecific binding.

We have also investigated the binding of FBSA-H to lymphocytes of

human peripheral blood. We found only 2% histamíne positive cells and the

sex of the donor made no difference in the proportion of cells binding

histamine. These results are in contrast to those of Tartakosky et a l . , who
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Figure

Fluorescence intensity profile of mouse spleen cells labelled with FBSA and
FBSA-H. The spleen cells were incubated for 30 minutes at room temperature
with FBSA (dashed line) or FBSA-H (solid line). The cells were analyzed with
FACS II cell sorter; the profiles show the relative number of histamíne
positive cells in relation to fluorescence intensity.

•V-

found that about 60% lymphocytes from males and 45% from females were
bound to a sepharose RSA-H column.

In summary, we have found that the proportion of histamíne positive
lymphocytes from mouse spleen and human peripheral blood as determinined
by flow cytometry is much lower than the proportion bound to a sepharcse
RSA-H column. This suggests that factors other than specific binding to
histamíne are involved in the separation of lymphocytes by such a column.

Melmon, K.L. et al. Science 177 (1972) p.707.
Tartakosky B. et al. Clin. Exp. Immunol. 38 (1979) p. 155.
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TRANSPLANTATION AND IMMUNOGENETICS

THE USE OF LYMPHOCYTE-DEPLETED STEW CELL CONCENTRATES FOR

BONE MARROW TRANSPLANTATION PREVENTS GRAFT-VERSUS-HOST

DISEASE BUT REQUIRES IMPROVED CONDITIONING REGIMENS

G. Wagemaker, H.M. Vriesendorp and D.W. van Bekkum

Graft-versus-Host Disease (GvHD) is a severe and life-threatening C>

immunological complication of allogeneic bone marrow t ransp lan ta t ion . To j:.v'í

minimize the r i s k of GvHD, cl in ical bone marrow t ransplantat ion is res t r i c ted • » ' ;

to those patients who have an available brother or sister who is identical | |
with regard to the major histocompatibility complex (MHC). Even with this •*
most favourable allogeneic donor, a recent survey showed GvHD to be the
primary or contributory cause of death in almost 30% of the patients with
sustained engraftment after transplantation for severe aplastic anaemia

i
(Bortin and Rimm, in press). >

Several factors which determine the acceptance of a bone marrow graft
and the type and severity of the resulting GvH-reactions have been identi-
fied. These include the degree of immunogenetic disparity between donor and
host, the cell number and cellular composition of the graft, the conditioning
regimen, the sex of the donor and the recipient's gastrointestinal microflora.
Among these, the number of immunocompetent lymphocytes present in the
graft is of critical importance in the development of GvHD (Van Bekkum,
1972).

A bone marrow graft can be selectively depleted of immunocompetent
lymphocytes. In all mammalian species investigated, such lymphocytes have a
higher buoyant density than haemopoietic stem cells. Using a suitable density
gradient, the top fractions" (of low density) will after centrifugation contain
the majority of the haemopoietic stem cells and the lower fractions (of higher
density) the majority of the other nucleated cells, including lymphocytes. A
discontinuous albumin density gradient (Van Bekkum and Dicke, 1972) has
been used in this study with rhesus monkeys to prepare stem-cell-enriched
lymphocyte-depieted bone marrow fractions.

Tables I and II show that the use of these fractions, which were on the
average 13-fold concentrated for stem cells as determined by GM-CFU assay,
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results in complete prevention of GvHD in monkeys which receive grafts from
RhLA-identical sibling donors. Apparently, minor histocompatibility disparity
between donor and recipient results in GvHD only if sufficient numbers of
lymphocytes are grafted. This is in agreement with data obtained in mice
(Halle-Panenko et al . , 1980) and dogs (vriesendorp, in press). The finding
provides a strong argument to apply lymphocyte-depletion of the grafts to
clinical bone marrow transplantation.

TABLE I

TAKE FREQUENCY IN RHESUS MONKEYS TRANSPLANTED WITH LYMPHOCYTE-DEPLETED
STEM-CELL-ENRICHED BONE MARROW FRACTION, AS COMPARED TO RECIPIENTS OF

UNFRACTIONATED BONE MARROW

Donor:recipient combination

RhLA1

A/B loci D/DR loci
family

relationship

Graft Conditioning Take

TBI (Gy X rays)

siblings

none

bone marrow2

stem cells3

bone marrow2

stem cells3

stem cells4

8.5 6/6
8.5 5/5

8.5 7/7
8.5 5/14

2 x 7.0s 7/7

1 major histocompatibility complex of the rhesus monkey.
2 4 x 10s.kg-1.
3 stem cell equivalent of 4.0 - 13.4 x lO'.kg-1.
4 stem cell equivalent of 1.3 - 10.5 x lO'.kg-1
5 separated by three days.

Tables I and II further show that the use of stem cell concentrates
delays mortality due to GvHD in monkeys receiving grafts from unrelated,
RhLA-mismatched donors, in agreement with previous observations (Van
Bekkum and Dicke, 1972). However, it also seriously decreases the take
frequency in this donor/recipient combination. No relationship was found
between take and the number of stem cells administered as calculated from
the concentration factor of the stem cell fractions. Unfractionated bone
marrow with an equivalent (or mostly lower) number of stem cells showed
unifprmly sustained engraftment. Both observations indicate that the high
proportion of take failures is not primarily due to insufficient numbers of
stem cells. Apparently, cells other than stem cells in unfractionated grafts
promote acceptance in the host.
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It is hypothesized that the immunocompetent lymphocytes thai, are
present in the unfractipnated bone marrow graft overcome host immune
reactivity that escapes the conditioning regimen (8.5 Gy X rays)(Vriesendorp
et al . , in press; Wagemaker et a l , , in press). If these lymphocytes are
removed, more effective conditioning regimens than single-dose TBI are
required for engraftment. When TBI was given in two large fractions of 7.0
Gy X rays separated by 3 three days, take failures were not seen in
recipients of unrelated histocompatible donor stem cells at a dose of
lO'.kg-1 , equivalent to 1,3 x K^.kg-1 unfractionated bone marrow cells
(Table I). This value is considerably lower than the number of unfractio-
nated allogeneic bone marrow cells required for take (4 x 108.kg-1) at a
conditioning regimen of single dose TBI (8.0 Gy X rays)(Crouch et al . ,
1961). Minimum celí numbers required for acceptance of a histoincompatible
bone marrow graft, estimated in the past with a single-dose lethal TBi con-
ditioning regimen, may therefore not primarily reflect the minimum number of
stem cells required for sustained engraftment, but rather the number of
lymphocytes required to eliminate residual host immune reactivity.

TABLE I I

¥

1
Vlil

OCCURRENCE OF GvHD IN RHESUS MONKEYS TRANSPLANTED WITH LYMPHOCYTE-
DEPLETED STEM-CELL-ENRICHED BONE MARROW FRACTIONS, AS COMPARED

TO RECIPIENTS OF UNFRACTIONTED BONE MARROW
f

ft
i
S:

Donor/recipient combination
RhLA family

A/B loci D/DR loci relationship

siblings

none

Graft

bone marrow1

stem cells2

bone marrow1

stem cells2

stem cells3'4

Mortality
due to GvH

5/6
0/5

7/7
5/5
7/7

1 4 x 10*.kg-1.
2 stem cell equivalent of 4.0 - 13.4 x lO^kg-1.
3 stem cell equivalent of 1.3 - 10.5 x 108.kg-1.
4 recipients conditioned with TBI given in two frac-
tions of 7.0 Gy X rays separated by three days.

Median
survival

22
>3 years

12
29
25

R*

These experiments have shown that grafting stem-cell-enriched, lympho-
cyte-depleted bone marrow fractions mitigates GvHD in mismatched donor/
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recipient combinations and even completely prevents it if, as in current

clinical practice, MHC-identical siblings are used as donors. This benefical

effect on GvHD, however, is achieved at the expense of an increased take

failure risk. Unlike in this study, a decreased take frequency was also

found to occur in dogs which received stem cell fractions from DLA-identical

litter mates (see page 17 of this issue). Our results show that this problem

can be circumvented by improved conditioning. The development of more safe

conditioning regimens than the one used here is in progress in dogs (p 17

-p 20 of this issue).

Bekkum, D.W. van. Transpl. Dev. 9 (1972) 3.
Bekkum, D.W. van and Dicke, K.Ä. In: Ontogeny of Acquired Immunity.

Amsterdam, Elsevier, (1972) p. 223.
Bortin, M.M. and Rimm, A. A. For the Advisory Committee of the

International Bone Marrow Transplant Registry, JAMA, (in press).
Crouch, B.J. et al. J. Natl. Cancer Inst. 37 (1961) 53.
Halle-Panenko, O. et al. In: Recent Trends in the Immunology of Bone

Marrow Transplantation. Blut, Supp. 25, (1980) p.75.
Vriesendorp, H.M. et al. Trannsplantation (in press).
Wagemaker, G. et al. Transpl. Proc. (in press).
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PREVENTION OF MORTALITY DUE TO GRAFT-VERSUS-HOST DISEASE BY
GASTROINTESTINAL DECONTAMINATION IN RHESUS MONKEYS

G. Wagemaker, P.J. Heidt and D.W. van Bekkum

Infusion of 107 H2-incompatible bone marrow cells into lethally irradiated
mice results in a type of Graft-versus-Host Disease (GvHD) that gives rise
to symptoms after about one month following transplantation. This type of
GvHD has been termed "delayed "to distinghuish it from the "acute" type
which occurs when the bone marrow cells are supplemented with 107 spleen
cells to provide a graft composition which, similar to primate bone marrow,
has a high proportion of immunocompetent T lymphocytes. Recipients of such
grafts die from GvHD within three weeks after transplantation. It was shown
soon after the recognition of GvHD that antibiotic treatment of the recipients
had a beneficial influence in the mitigation of delayed-type GvHD, reducing
mortality by More than 50 per cent (Van Bekkum and Vos, 1965). Germfree
and decontaminated mice were found not to develop delayed-type GvHD when
grafted with allogeneic bone marrow (Heit et at., 1973; Van Bekkum et a l . ,
1974). Similar results were obtained with recipients which were selectively
decontaminated so as to eliminate Enterobacteriaceae species (Van Bekkum et
at., 1974). If the animals were reconventionalized as early as 40 days after
grafting, the symptoms of GvHD did not occur. This indicates that the
presence of certain Enterobacteriaceae species during an early period after
transplantation interferes with the development of a properly functioning
immune system- from donor precursor cells. A gnotobiotic state only post-
poned but did not reduce the mortality due to acute GvHD provoked by
grafting spleen cells (Van Bekkum et a l . , 1974). A recent study showed
that even low numbers of spleen cells added to the bone marrow graft will
lessen the beneficial effect of gastrointestinal decontamination (this issue, p.
215).

The mouse data have since been extended to outbred large animal
models such as rhesus monkeys and dogs. The series of rhesus monkeys re-
ported here deals with eight animals (out of 19 irradiated) in which sus-
tained engraftment could be established (Tables I and II) after transplanta-
tion of lymphocyte-depleted stem cell grafts (this issue, p. 175). All reci-
pients were partially or completely mismatched with their donors for RhLA.
The take failure frequency was not significantly different from that in con-
ventional control animals. Depending on their clinical condition, the monkeys
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TABLE I

PREVENTION OF MORTALITY DUE TO GvHD BY TOTAL GASTROINTESTINAL
DECONTAMINATION IN RHESUS MONKEYS* RECEIVING STEM CELL CONCENTRATES2

FROM PARTIALLY OR COMPLETELY MISMATCHED DONORS

Oonor/recipient combination Mortality due to GvHD/all takes
RhLA family decontaminated conventional

A/B loci D/DR loci relationship monkeys controls

siblings 0/2 4/5
none 0/3 5/9
none 1/3 5/5

1 Conditioning regimenf 8.5 Gy X rays.
2 Stem-cell-enriched, lymphocyte depleted fractions obtained

by discontinuous albumin density gradient centrifugation.

úl
••S

were reconventionalized at between 60 and 100 days after transplantation.

i Mild, transient GvH reactions were apparent in five recipients. The

GvH lesions, however, healed without sequelae. The lethal GvHD that

occurred in one monkey was attributed to an accidental colonization with

Enterobacteriaceae species early after transplantation. No such colonizations

occurred in the other monkeys. Two of the animals showed no signs of

GvHD.

(: Table II shows that the mild nature of the GvH reaction in decontami-
VI

* nated monkeys resulted in a significant prolongation of survival. Two

j? monkeys died from infectious complications not associated with GvHD. One of

%• these died from a cytomegalovirus infection one month after transplantation

; without showing signs of GvHD. No attempt has yet been made to prevent

; such early virus infections. Another monkey died late after transplantation

- from a pneumonia, suggesting immune deficiency. Monitoring the immune

: functions of lethally irradiated monkeys after both autologous and allogeneic

i bone marrow transplantation demonstrated that all reconstituted animals are

| severally immune suppressed for at least three months after transplantation.

| . Immunological reconstitution approached normal control values only after six

I- months to one year following transplantation. All reconstituted monkeys

| ; should, therefore, be carefully inspected for infections during the first post-
s-

transplant year. Another monkey died from uncorrected electrolyte
imbalances due to the long-standing diarrhoea which is one of the major

drawbacks of gastrointestinal decontaminations. Neither by clinical signs nor

by histology could any association be made with GvHD. Three monkeys are
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TABLE II

PROLONGED SURVIVAL IN DECONTAMINATED RHESUS MONKEYS RECEIVING
STEM CELL CONCENTRATES FROM PARTIALLY OR COMPLETELY

MISMATCHED DONORS

Donor/recipient combination Survival time in days
RhLA family decontaminated conventional

A/B loci D/DR loci relationship monkeys controls
(range)

i = siblings 95, 253* 19-66
= t none 612; >2 and >3 years 23-269
* 4 none 22; 313; >1 year 19-31

1 Causes of death in these two monkeys: bloat syndrome; bacterial pneumonia.
2 Cause of death: electrolyte imbalances, not associated with GvHD.
3 Causes of death in these two monkeys: GvHD; cytomegalovirus infection,

not associated with GvHD.

still alive at one to three years after transplantation, notably including a
monkey which was transplanted with a stem cell concentrate from a ' "
mismatched, unrelated donor. These results confirm the data obtained in mice ^
in a large outbred animal model and are encouraging with regard to the ^
prospect of using donors other than HLA-identical siblings in man. \"i

Our current efforts are directed at improving the conditioning regimen \
(this issue, p. 175) to prevent take failures, which occurred, on the ^j
average, in 50 per cent of the recipients of partially or completely mismatch- , \
ed stem cell concentrates. ',,'fl

Bekkum, D.W. van and Vos O. Int. J. Radiat. Biol. 3 (1961) 173. :V;
Bekkum, D.W. van et al. J. Natl. Cancer Inst. 52 (1974) 401. $}
Heit, H., et al. In: Germfree Research: Biological Effect of Gnotobiotic \£i

Treatment. Heneghan, J.B. , ed., Acad. Press Inc., New York and 3
London, (1973) p.477 . t§
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CURRENT KNOWLEDGE OF DR AND OTHER RhLA-LINKED

CELL MEMBRANE ANTIGENS OF RHESUS MONKEYS

W. van Vreeswijk, J.H. Roger*, M.C. Noort, J.A.K. Bart and

H. Balner

The rhesus monkey's major histocompatibility complex, RhLA, has been

elaborately studied, Its relevance to histocompatibility, the existence of two

closely linked "SD" loci A and B, a major MLC or D locus, several Ir genes

and a locus for the complement factor Bf were established in the early

seventies. The first B-cell specific or la antigens were demonstrated in 1974

(Balner and van Vreeswijk, 1975), Six of the la antigens were subsequently

shown to be alleles of a locus within RhLA,. called l a l f while the other la

antigens could not be placed in that series. In view of the close association

between la! and D locus antigens, the lax series is now designated as the

D-Related or DR locus.

Recently, numerous new ailosntisera defining B-cell antigens have been

produced and a further study of the genetic control of the monkey's la

antigens seemed indicated. Hence, a population study using all available

reagents was carried out. it appeared that eight la antigens now fitted the

l J DR series as alleles, but the genetic control of the non-DR la antigens iyi

|. remained unclear (Roger et a l . , 1980). Subsequently, a family study was

f;" performed to further elucidate the genetic control of the DR and non-DR

if. antigens and to improve the knowledge of the respective mapping positions of r;

the loci within the RhLA complex. This studv revealed that the 8 previously

established DR determinants segregate as alleles of a single locus within the

RhLA complex. The only irregularity observed was the inheritance of anti-,

gens DR6 and DR8 in unison on the same parental RhLA haplotype in 3

instances. This implies that there is either a complex new antigen DR "6+8" g

for which there are no monospecific reagents or, alternatively, that DR6 is

an allele of a separate but closely linked series of la antigens. This latter

possibility has been considered in the past and DR6 has remained an uncer-

tain member of the DR series. Interestingly, two other la specificities con- m

tinue to be candidates for inclusion in the DR series. Although antigen 101 ^ l

(formerly 4 ; Roger et al . , 1978) has created "triplets" in several population

studies, it has always been associated with the "blank" part of DR and

seemed to be cross-reacting with several DR antigens. Besides, in the

* University of Reading, Reading, England,
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current family study, 101 did not occur together with one of the established
DR antigens on any of the parental haplotypes. la antigen 109 is also
associated with the "blank" part of DR, but for reasons detailed elsewhere,
it remains a doubtful candidate of the DR series.

RhLA

code for
recombinant

animal

A 48-49

— la-othsr . 48-49--».

KP

TF

RX

LD

RY

AX

MA

DS

108

TbT

TÔ2

108

Bf

Bf | 103

DR

DR

DR

DR

DR

DR

DR

DR

•
T

B

B

B

•
B

B

B

B

t

A f 49

A 49

A 48

A

A 49

A :

A

A

Figure 1

Graphic display of the proposed mapping positions of RhLA-1inked genes.
Detailed data for the recombinant animals KP, TF, RX, RY and MA are to be
published shortly, data for animals LD, AX and DS were reported previously.
In the main part of the figure, symbols for RhLA-controlled loci or antigens
are given only when relevant information is provided by a particular recom-
binant animal. Bold vertical arrows indicate the proposed site of recombi-
nation. A horizontal dash above the numerical designation of an antigen means
that this antigen was not expressed while the parent (from which the recom-
binant haplotype stems) did carry at least one antigen of the proposed
series. In the schematic model of RhLA at the top of the figure, distances
between loci and antigens are not based on estimated recombination frequen-
cies. Further, the mapping positions of several RhLA-1inked Ir genes are
still uncertain and therefore not depicted in this figure.

With regard to the non-DR la antigens 102 and 108 (Roger et al.,
1980), the current family data confirm that these may be alleles of another la
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locus closely associated with DR. Further, antigen 103 is a potential but less :

likely member of that series. Since 102, 108 and 103 are antigens with a

rather low frequency, they are not considered as the analogues of the ant i -

gens of the proposed "second series" of human la antigens designated as the

MT-, MB- or LB-series (Histocompatibility Testing, 1980). However, previous

population studies showed that rhesus monkeys also have "broad" la-antigens

which are associated with different sets of DR antigens and might thus be

the analogues of the human MT, MB or LB antigens, \

A new development in 1980 was the discovery of an antigen called 49

which seems to share serological characteristics with the previously described ;

antigen 48 (Roger et a l . , 1978). According to segregation in the families, 49

is likely to map in the same region of RhLA as 48 (Fig. 1) and could be ':

allelic to i t . Although the chemical characteristics of those two antigens are

still under investigation, there are no known obvious analogues for 48 and

49 in the human HLA system. .'•;

An interesting result of analyzing 162 parental RhLA haplotypes in the '}.'_',

current family study was the discovery of several haplotypes in which the ' '""

specific products of four different loci of RhLA were frequently inherited

"en bloc". Such "supergenes" may have a certain biological significance and

are being further investigated.

Figure 1 depicts the proposed mapping positions of the identifiable

RhLA loci and' genes based on data provided by 8 recombinant offspr ing.

This information provides rather f irm evidence for the relative positions of

the A, B and DR loci, positions which are identical to those known for the

analogous loci of the human HLA system. Further, the number of recombi-

nations found among some 230 offspring investigated, confirm the previous

estimates of recombination frequencies between the A and B loci and between

the B and DR loci to be approximately one per cent.

Balner, H. and van Vreeswijk, W. Transplant. Proc. 7 (1975) 13.
Histocompatibility Testing 1980. P. I . Terasaki, ed . , UCLA Tissue Typing

Lab., Los Angeles, California (1980).
Roger, J .H. et al . Tissue Antigens 11. (1978) 163.
Roger, J .H. et a l . J.lmmunogenetics 7 (1980) 333.
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THE INFLUENCE OF D LOCUS ANTIGENS AND OTHER FACTORS ON

MLC REACTIVITY IN RHESUS MONKEYS

M. Jon ker, G. J. E. van Meurs and W. van Vreeswijk

The products of the D locus, which is located in the major histocompa-

tibility complex (designated as RhLA in rhesus monkeys), have an overriding

influence on responsiveness in mixed lymphocyte cultures (MLC). These D

locus antigens can be identified with homozygous typing cells (TC's) in the

MLC test. They have been found to be closely associated with or identical to

the serologically defined antigens of the OR locus in both family studies and

a random population (van Es and Balner, 1979a; Jonker and Balner, 1980).

Figure 1 gives the results of testing a panel of unrelated rhesus

monkeys typed with 38 typing cells identifying 10 different D antigens. The

finding that only a few of these monkeys show TC responses with more than

two groups of TC's strongly suggests lhat the identified antigens are

controlled by a single locus, the products of which are expressed

codominantly. In addition, a comparison of the observed . phenotypes and

those expected showed a reasonable fit to Hardy Weinberg equilibrium (p >

0.1). The finding that in more than 50% of the panel cells only one or no D

antigen could be identified by the TC technique may have several reasons:

1) The animals could be homozygous for the D antigen in question. 2) TC

responses might have been lost due to prior alloimmunization of the animal,

such conversion of negative MLC reactions into positive reactions is

attributed to influences of products of non-D MLC loci, known as D1 and D"

(van Es and Balner, 1979b). 3) There are still "blank" D antigens for which

no TC's have as yet been found. 4) Various technical problems involved in

the MLC test can lead to either false positives (negative MLC's) or false

negatives (positive IVILC's) when testing lymphocytes against TC's.

Experiments were also performed to study the non-D antigens which

have an influence on MLC reactivity in the monkey. Firstly, 14 monkeys

were alloimmunized with skin and whole blood injections from RhLA-A, B,

D/DR identical unrelated donors to which they were MLC negative prior to

immunization. In 9 of the 14 cases, conversion to MLC reactivity was

observed, while all the immunized animals produced cytotoxic antibodies

which were predominantly expressed on B lymphocytes. This conversion is

attributed to the previously described products of the RhLA linked D' locus

(or loci). It will be investigated whether the antigens which are detected by

tys
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Figure 1

Schematic representation of typing results of 83 rhesus monkey lymphocyte
samples tested with 38 typing cells in one-way MLC tests. There are different
numbers (1 to 7) of typing cells in each group. $$$$ indicates strong
(negative MLC) typing responses with typing cells of a particular group, ++++
indicates weak (low MLC) typing responses and open spaces indicate no typing
response (positive MLC) with typing cells of a particular group.

the sera produced by these monkeys could be the products of the D' locus.

Secondly, 10 pairs of RhLA identical MLC-negative siblings were
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mutually immunized with skin grafts and whole blood injections given i.e.
Unlike the previous group of unrelated combinations, clear-cut conversion to
MLC responsiveness among identicai siblings did not occur, although a
temporary MLC reactivity against an identical sib was observed in some
cases. This confirms that the postulated D1 antigens are controlled by the
RhLA region. Interestingly, the majority of the monkeys immunized with
tissue from an identical sibling produced antibodies. A provisional analysis of
these sera revealed that the markers are predominantly expressed on B
lymphocytes and are (as expected) not controlled by the RhLA region which
was shown in family studies. It can also be concluded that these
determinants do not influence MLC responsiveness.

Es, A.A. van and Balner, H. Tissue Antigens 1^ (1979a) 255.
Es, A.A. van and Balner, H. Tissue Antigens 13 (1979b) 239.
Jonker, Wl. and Balner, H. Human Immunology 4*"(1980) 305.
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INFLUENCE OF D LOCUS ANTIGENS AND OTHER FACTORS ON
MLC REACTIVITY IN CHIMPANZEES

H. Balner, G.J.E. van Meurs and M. Jon ker

The study of the chimpanzee's D locus has been continued through
1980. Early data of Seigler et al. (1974) suggested a major MLC locus
possibly linked to the chimpanzee's postulated major histocompatibility com-
plex (MHC). Subsequent studies by our group provided evidence that the
chimpanzee has two linked "SD" loci analogous to the human H LA-A and B
systems and that this region indeed represents the chimpanzee's MMC
(Balner, 1977). More recently, firm evidence was obtained for a ChLA-linked
D or major MLC locus which probably has 10 alleles (Jcnker and Balner,
1980). In the past year, the D locus antigens and possible other
determinants influencing MLC reactivity in chimpanzees were further
investigated.

Firstly, a systematic study of MLC reactivity was carried out among the
members of all existing chimpanzee "harems" at the center (Jonker and
Balner, 1981). Figure 1 schematically presents results of MLC testing of one
of the harems studied in matrix-fashion (symbols are explained in the legend
to the figure). Briefly, the data obtained from testing this particular harem
revealed: a) mutual non-reactivity among ChLA-identical siblings (The and
Jac); b) mutual nonreactivity among parent and offspring (female 7 and
Dol); c) mutual nonreactivity among half-sibs Peg and Dol; and d)
"asymmetric reactions" of Peg and Dol with several other members of this
harem. The latter finding led to the conclusion that cells of Peg and Dol
must be "homozygous typing cells" of identical specificity (they are
homozygous for the same D locus antigen). Somewhat similar data were
obtained when the other four chimpanzee harems were investigated in this
manner (Jonker and Balner, 1981). The results led to the conclusion that
there are numerous similarities among the D locus products of chimpanzees
also if defined Hv different ChLA haplotypes. In addition, six animals were
found to be homozygous for D locus antigens, two of them (Dol and Peg)
carrying the same D specificity (see above). While the six typing cells
showed fairly good TC responses within their own harems, surprisingly few
such reactions were found when totally unrelated animals were tested.
Hence, it is assumed that factors other than D antigens also play a role in
MLC responsiveness, possibly more distinctly than they do in man or in
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Figure 1

MLC data obtained with members of the harem of the male chimpanzee Frits
(<* 5).

Arabic numerals or dots indicate the degree of MLC responsiveness, 5
standing for a negative MLC, 4, 3 and 2 for MLC responses of increasing
strength and 1 and a dot for distinctly positive MLC responses. To facilitate
interpretation of the data, low or negative responses are emphasized by solid
black circles, mutual nonresponsiveness between ChLA-identical siblings by
solid black squares. Further combinations which are mutually low or negative
in MLC are connected by solid arched.lines, while (asymmetrical) typing cell
responses are emphasized by broken lines. Responses which are "unexpectedly"
high are indicated by a symbol in an open circle.

Symbols Im or H in the column for remarks stand for "immunized" or "high
autologous" responders, respectively. The Im status may influence MLC
reactivity and cause positive MLC1s where a negative MLC is expected, the H
status makes interpretation of the MLC data impossible. For further details,
see Jonker and Balner (1981).

rhesus monkeys.
To further investigate such "other factors", twelve chimpanzees ware

immunized with whole blood (given s.c.) from chimpanzees differing for one
ChLA haplotype but nevertheless mutually MLC-negative with the immunized
animal (identity for D locus antigens). Of these animals, 11 became MLC-
positive against their 0-identical immunizing donors. Figure 2 shows that
chimp R, which was repeatedly MLC negative with cells from chimp S (the

i i
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MLC reactivity before and after alloimmunization of chimpanzee R. Chimp S is
the immunizing donor, chimp T is a ChLA-identical sibling of the immunizing
donor S and chimp U is a haploidentical sibling of chimp R. Solid dots are
unilateral MLC values (R •* S , R
gous control values.

Tx, R -> Uy); open circles are the autolo-

immunizing donor) became positive against cells from S shortly after
immunization. The figure also shows that the MLC response of the same animal
(R) became positive against chimp T (a ChLA-identical sibling of S) but not
against chimp U (not ChLA-identical with R or S). This suggests that the
antigen(s) responsible for the conversion of MLC nonresponsiveness into
responsiveness is coded for by a locus in the ChLA region, provisionally
designated as D'. Experiments are in progress to further elucidate the cha-
racteristics of these non-D MLC antigens, which are highly reminiscent of
similar determinants found in the rhesus monkey (van Es and Balner, 1979).

I
1

I

I

Balner, H. In: The major histocompatibility system in man and animals. D.
Gôtze, ed. (1977) 79.

Es, A.A. van and Balner, H. Tissue Antigens 13 (1979) 239.
Jonker, M. and Balner, H. Tissue Antigens, 16 (1980) 226.
Jonker, M. and Balner, H., Tissue Antigens, (1981) 17, (1981) 179.
Seigler, H.F. et al. Transplant. Proc, V\_ (1974) 135.
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PRETRANSPLANT BLOOD TRANSFUSIONS HAVE AN ADDITIVE
POSITIVE EFFECT ON KIDNEY GRAFT PROGNOSIS IN D/DR MATCHED

RHESUS MONKEYS

J.C;C, Borleffs, Z. de By-Aghai; R.L. Marquet and H. Balner

Reports based on clinical and experimental data for rhesus monkeys
have clearly demonstrated a positive influence of host/donor matching for
D/DR antigens on kidney graft prognosis. In the monkey model, the favour-
able influence of DR matching was seen mainly in combinations in which there
was MLC nonreaetlvity between cells from recipients and donor; this requires
identity for the two DR antigens. It has also been shown that, if host/donor
combinations are mismatched for D/DR determinants, pretransplant blood
transfusions have a strong positive influence on kidney graft survival in the
monkey model and in the clinical situation. However, in both the monkey and
man, the impression was gained that transfusions had no extra beneficial
effect in D/DR matched combinations. As matching for D/DR antigens and
pretransplant blood transfusions are both established procedures in clinical
transplantation, it seemed important to determine in a prospective animal
study whether or not the two procedures would show an additive effect.

A , Kidney transplantations were performed in young, unrelated rhesus
monkeys either mismatched with their donors for 1 or 2 D/DR antigens
(controls) or matched for 2 D/DR determinants and MLC negative with their
donors. Of the latter group of recipients, 50% received three transfusions
each consisting of 20 ml of fresh unpooled, whole citrated blood given at bi-
weekly intervals before transplantation. All recipients were treated with 2
mg.kg-1 azathioprine and 1 mg.kg-1 prednisolone administered i.m. daily,
starting at the day of transplantation, for a maximum period of 45 days.
Death attributable to graft failure was considered as the endpoint of graft
survival. After transplantation, blood urea, potassium and ereatinine levels
were regularly determined.

The survival times observed in the different experimental groups are
| shown in Table I. Nontransfused recipients which were D/DR mismatched
! | with their donors (group 1) had survival times ranging from 9 to 22 days.
-j| Hence, animals surviving >22 days, were considered to show "prolonged"

graft survival. Recipients of the D/DR matched (MLC negative) combinations
had a prolonged survival time in 5 out of 8 cases (62%) if not transfused
(group 2) and in 9 out of 10 (90%) if the animals had been transfused
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TABLE I

INFLUENCE OF MATCHING FOR D/DR ANTIGENS AND THREE PRETRANSPLANT BLOOD TRANSFUSIONS
ON KIDNEY GRAFT SURVIVAL IN UNRELATED RHESUS MONKEYS

number of
shared DR
antigens

group host/donor

MLC
reactivity1

R - D x

trans-
fusions

individual survival times
(days)

recipients with
prolonged

survival time2

O or 1 positive no 9 10 10 11 12 12 14 17 22

negative no 13 13 13
31 43 44 45 66 5 of 8 (62%)

negative yes 19
27 27 32 34 41 43 54 73 >393 9 of 10 (90%)

1 MLC results (recipient cells versus irradiated donor cells:
R -> 0 ) were analyzed by the "stabilized relative response" i.,
method (SRR). SRR scores of < 50% were considered to be "negative".

2 Survival times are designated as "prolonged" when > 22 days|'
the longest survival time in the control group 1.

3 Recipient died of pericarditis with a norma1 kidney function.
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Mean serum creatinine levels of rhesus monkeys with prolonged graft survival
after kidney transplantation.
Group 2: D/DR matched, nontransfused.
Group 3: D/DR matched, transfused.
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(group 3). Figure 1 shows mean serum crsatinine levels of recipients in
experimental groups 2 and 3. Only values for animals that survived for mora
than 22 days ( i .e . , prolonged) are shown. It can be seen that the kidney
function of animals of group 3 was significantly better than that of group 2.

The data show that there is a beneficial influence of three pretransplant
blood transfusions on kidney graft survival, also in D/DR matched combi-
nations. Earlier preliminary experiments in rhesus monkeys had not shown
•such an additive effect of D/DR matching and pretransplant transfusions
(ván Es and Balner, 1979); however, in those experiments, the kidney
donors had also been p retreated with blood transfusions, so that those
results are not comparable"with the data reported here.

In man, host/donor matching for DR antigens as well as the admini-
stration of pretransplant transfusions are both procedures with a positive
influence on kidney graft prognosis. Somewhat surprisingly, as evident from
virtually all clinical studies, a combination of these procedures did not result
in an additive effect (Opelz and Terasaki, in press; Ting and Morris, 1S80;
van Rood et a!., in press). This seems to be in disagreement with the
additive effect found in the current monkey study. In the monkey experi-

i
p
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ments, however, matching for DR as well as for D antigens was done;
therefore, MLC nonresponsive combinations could be analyzed for a possible
additional effect of the transfusions. In the clinical situation, on the other
hand, prospective matching for D antigens (and thus for MLC nonresponsi-
veness) is usually not possible because of the time required for the test (4-5
days). Additional monkey experiments (now in progress) suggest that reci-
pients given blood transfusions followed by kidneys from donors matched for
DR but not for D (MLC responsive) have a less favourable prognosis than
when matching for both D and DR has been done. Thus, at the present,
matching for D and DR combined with pretransplant transfusions seems to be
the optimal protocol for kidney transplantation in the monkey and presumably
also in man.

Es, A.A. van and Balner, H. Transplantation 28 (1979) 135.
Opelz, G. and Terasaki, P.I. Histocompatibility Testing (1980) 592.
Rood, J.J. van, et al. Transplant. Proc. (in press).
Ting, A. and Morris, P.J. Lancet, }± (1980) 282.
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CYCLOSPORIN A CAN ABROGATE THE SENSITIZING EFFECT OF BLOOD

TRANSFUSIONS IN RATS WITHOUT INTERFERING WITH ITS

BENEFICIAL INFLUENCE

R.L. Marquet and G.A. Heystek

In preceding reports, we presented data showing the effect of donor :

blood pretreatment on renal and heart allograft survival in two rat donor- V_

host combinations (Marquet et al,, 1971; Marquet and Van Bekkum, 1375>. In

the BN/Rij to WAG/Rij model, prolonged survival of organ allografts can be •'-.;

readily obtained by pretreatment with a single transfusion of donor-type •' j

blood. After optimal conditioning (more than 7 days before transplantation), [.:;

BN/Rij heart transplants survive indefinitely and kidney grafts show a ;}';••

markedly prolonged survival time. However, in the WAG/Rij to BN/Rij donor-

host combination, pretreatment with donor blood always results in accelerated

graft rejection, even if the interval between transfusion and grafting is

short (2-3 days). The present study was undertaken to investigate the

influence of Cyclosporin A (Cy-A) on the blood transfusion effect in both

animal models. Cyclosporin A is a drug with potent immunosuppressive

properties (Brent, 1980; Calne, 1980).

Male rats of the inbred WAG/Rij (RTIV) and BN/Rij (RTIn) strains were

used. Recipients were injected i.v. with 2 ml of citrated whole donor blood 7

days before heart transplantation. Heterotopic heart transplantation was done

as described earlier (Van Bekkum et al. , 1969). Functioning of the grafts

? was evaluated by palpation; the time at which regular .heart beats could no

longer be felt was taken as the end point of graft survival. Cy-A was dis-

-' solved in olive oil and administered by i.m. injection. Recipients were given

|- 15 mg.kg.day-1 Cy-A (in 0.5 ml olive oil) for 7 days, starting on the day of

ť transplantation. Control rats were given 0.5 ml olive oil for the same period

| of time. The results are summarized in Table I. It was found that admini-

íj: stration of Cy-A did not interfere with the beneficial effect of a donor-

|: specific blood transfusion in the BN/Rij to WAG/Rij combination. Indefinite

U graft survival was obtained whether Cy-A was given or not. In the reverse

donor-host combination, Cy-A was able to prevent the sensitizing effect of

transfusion. A donor-specific transfusion given 7 days before transplantation

led to accelerated rejection of heart allografts in the WAG/Rij to BN/Rij com-

bination. However, if Cy-A was given in addition from the day of transplan-

tation, indefinite graft survival was achieved.
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TABLE I

EFFECT OF CYCLQSPORIN A ON HEART ALLOGRAFT SURVIVAL IN
TRANSFUSED RECIPIENTS

treatment

none
olive oil
Cy-A

none
olive oil
Cy-A

survival time

BN/Rij to WAG/Rij combination
indefinite
indefinite
indefinite

WAG/Rij to BN/Rij combination
5 days
5 days
indefinite

number of animals

10
5
7

10
6
7

All recipients were transfused with 2 ml of donor-type blood,
7 days before heart transplantation (heart transplants in non-
transfused controls survive for 8-9 days in both donor-host
combinations).
Cy-A was dissolved in olive oil and administered i.m. for
7 days in a dosage of 15 ing.kg.day-1 in 0.5 ml o i l .

The remarkable immunosuppressive properties of Cy-A have been exten-

sively reported (Brent, 1980; Calne, 1980). Although the prolonging effect

of Cy-A in nonconditioned recipients is well established, there are conflicting

data on its effect in primed hosts (Lindsey et a l . , 1980; Van Bekkum et

a l . , 1980). Our results for the WAG/Rij to BN/Rij combination favour the

opinion that Cy-A can be very effective in abrogating sensitization. Previous

results from our laboratory have indicated that neither cyclophosphamide nor

antilymphocyte serum given at the time of transplantation was able to abro-

gate the sensitizing effect of blood transfusions in the WAG/Rij to BN/Rij

combination (Marqust and Heystek, 1975 and unpublished results). In the

reverse combination, neither immunosuppressive agent interfered with the

beneficial effect of transfusions, provided that the dosage was sufficiently

high (Marquet and Heystek, 1975). In the present study, the relatively high

dose of 15 mg.kg-1 Cy-A was used. It remains to be investigated whether a

lower dose of Cy-A will produce the same favorable results.

Bekkum, D.W. van et al. Transplantation 8 (1969) 678.
Bekkum, D.W. van et al. Transplant. Proc. 12 (1980) 278
Brent, L. Transplant. Proc. 12 (198Ô) 234. ~
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Calne, R.Y. Transplant. Proc. 12 (1980) 239
Lindsey, N.J. at al. Transplant. Proc. 12 (1980) 252.
Marquet, R.L. et al. Transplant.:Proc. 3 (1971) 708. _......
Marquet, R.L. and Bekkum, D.W. van. Transpl. Proc. 5 (1973) 631,
Warquet, R.L. and Heystek, G. J. Immunol. 115 (1975) 405. : j
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MICROBIOLOGY AND GNOTOBIOLOGY

IN VIVO IMMUNE STIMULATION BY INTERFERON DURING
VIRAL INFECTION

H. Schellekens, W. Weimar, A. de Reus, R.L.H, Bolhuis and K. Cantell

Interferon can be an efficient antiviral agent in vivo, especially when
applied prophylactically. The exact mechanism of this in vivo antiviral activi-
ty is not yet known. Apart from direct interactions with cells which results
in resistance to viral infection, this substance exerts other biological effects
which may contribute to its in vivo activity (Gresser, 1977). The relative
importance of the different effects of its antiviral activity in vivo is poorly
understood. Some of the reported effects, e.g., immunosuppression (Stewart
I!, 1979), are even in contrast with an efficient antiviral activity in vivo>
However, immunosuppression by interferon has established by studying its
effect on transplant survival and delayed type hypersensitivity to red blood
cells and other artificial systems instead of investigating its effect on the
immune system during viral infections where it plays a more physiological
role.

We present here for the first time evidence that interferon efficiently
stimulates the immune system in vivo during viral infection.

We reported earlier that human leucocyte interferon protected rhesus
monkeys against intradermal vaccinia infection (Schellekens et a l . , 1979;
Weimar et a l . , 1980), although it did not protect monkey cells against
vaccinia infection in vitro. Thus, the in vivo effect appeared to be mediated
by the host. To investigate the role of the immune system in this host
mediated effect, we studied the development of humoral antibodies and
protection against vaccinia virus in interferon treated rhesus monkeys and in
controls.

Tabel I shows that 500,000 U.kg-1 human leucocyte interferon at day -1
and day 0 completely protects rhesus monkeys against skin lesions after
intradermal infection with vaccinia virus. However, the development of
immunity against vaccination as determined by the antibody reaction and
protection against a reinfection with vaccinia four weeks later was the same
as in the untreated animals which developed skin lesions after the first

203



-1: r-"V - '•-.~-'i-'\

vaccination. In man, intracutaneous virus growth with subsequent
development of skin lesions is essential for the development of immunity to
vaccinia virus after primary vaccination. To determine whether this is also
true for rhesus monkeys, we injected such animals with inactivated vaccinia

TABLE I

THE EFFECT OF INTERFERON ON THE DEVELOPMENT OF IMMUNITY AFTER
INTRADERMAL VACCINIA INFECTION IN RHESUS MONKEYS

8

Group A
interferon treated

Group B
untreated

Group C
control for
2nd vaccination

lesion score
7 days after

1st vaccination

0.8

3.8

antivaccinia serum
titer before and after

1st vaccination

lesion score
.7 days after

2nd vaccination

<20

<20

93

80

0.5

0.0

3.6

The six monkeys in group A were treated with 500,000 U.kg-1 human leucocyte
interferon (specific activity 10 6* 2 U.kg-1 protein) intramuscularly at day
-1 and day 0.
At day 0, the animals of group A and the six ur. treated animals of group B
were infected intradermally with 0.05 ml vaccinia virus (Elstree strain 10s

PFU.ml-1) at 9 sites.
At day 28, the monkeys of group A and B were revaccinated in the same way.
The three monkeys of group C served as controls for the revaccination
procedure.
Seven days after the first and second vaccinations, the skin lesions were
scored by two independent observers according an arbitrary scale from 0 to 4.
Mean lesion score is shown. At days -1 and 28, blood was taken and the
antibody titer to vaccinia virus determined in a haemagglutinin inhibition
test.

it,.-

f'ii

and infected them with live vaccinia virus four weeks later. The results in
Table II show that inactivated vaccinia does not induce immunity. This shows
that in rhesus monkeys under normal conditions the vaccinia virus also has
to replicate with subsequent skin lesions to secure immunity. The group in-
jected with inactivated vaccinia while being treated with interferon shows
some protection, indicating that interferon also stimulates the immune
reaction to inactivated virus.
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The immune enhancing effect of interferon may be an important
component of its antiviral activity in vivo. This effect makes it possible that,
while the antigenic stimulus is diminished by inhibition of virus replication,
immunity to the virus can still be acquired. Interferon seems capable
therefore of not merely retarding the virus infection and keeping it localized
until the other host defences are activated but also of promoting the activity
of these host mechanisms.

TABLE I I

THE EFFECT OF INTERFERON ON THE DEVELOPMENT OF IMMUNITY AFTER
INTRADERMAL INJECTION OF INACTIVATED VACCINIA VIRUS

Group A
interferon treated

Group B
untreated

Group C
control for 2nd vaccination

lesion score 7 days
after injection of
inactivated vaccinia

0.3

0.0

-

lesion score 7 days
after revaccination
with live vaccinia

1.1

3.0

4.0

1

The six monkeys of group A were treated with 500,000 U.kg-1 human leucocyte
interferon (specific activity 10 6- 2 U.kg-1 protein) intramuscularly at day -1

;-, and day 0. The five untreated monkeys of group B and the monkeys of group A
f were injected intradermally with 0.05 ml heat and UV-inactivated vaccinia
;.:; virus (Elstree strain, titer 10 8 PFU.ml-1 before inactivation) at 9 different
?;.; sites. At day 28, the monkeys of group A and B were revaccinated in the same
: way with live vaccinia virus. The three animals of group C served as controls
Í. for the vaccination with the live vaccinia. The skin lesions were scored 7
K: days after the vaccinations according to an arbitrary scale from 1 to 4 by
iS two independent observers. The mean lesion score is shown.
í
ľ1 *.f

\ľ
!'.' Gresser, I. Cell Immunol. 34 (1977) 406.
|, Schellekens, H. et al. Nature 278 (1979) 742.
§fe Stewart I I , W.E. The Interferon System, Springer-Verlag, Wien, New York

(1979).
Weimar, W. et al. J . Gen. Virology 48 (1980) 25.
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TOXICITY OF INTERFERON IN NEWBORN RATS AND RHESUS MONKEYS

H, Schellekens, A. de Reus and K. Canted

The efficacy of interferon is now being evaluated in a variety of

diseases, mainly in adults. Tha reported side effects of interferon treatment ' i

are relatively minor (Schellekens and Weimar, 1980). It is quite possible, i

however, that in children, especially newborns, interferon is more harmful. \:.'

In newborn rats and mice, it has been reported to induce glomerulonephritis,

retarded growth and to even lead to death (Gresser et a l . , 1975, 1976, r!?

1979). j£.
The aim of this study was to confirm these results (which all come from Kj

the same group) and to determine the factors influencing these toxic effects ,<

in rats. To assess the implications for the use of interferon in neonatal Nř

human beings, we studied the toxicity of human leucocyte interferon in

newborn rhesus monkeys.

WAG/Rij rats

Only litters of at least 8 newborn WAG/Rij rats were employed in the

study. Four newborns in each litter were injected i .p. with interferon or

control preparations. The other l ittermates. were injected with PBS and

served as controls. The interferon was prepared as previously described

(Schellekens et a l . , 1980). In the f i r s t series of experiments, newborn rats

were treated with different dosages of interferon injected daily for 8 days

and starting within 24 h after birth (Table I ) - Only newborns injected with

16,000 units daily (about 2000 U . g - 1 ) showed growth retardation that

reached statistical significance at day 8. The therapeutic dose of interferon

in newborn rats infected with Vesicular Stomatitis Virus is 500 U . g - 1 . So,

the therapeutic index ( t h e r a p e u t 1 c S d o s e ) i n n e w b o r n r a t s i s 4 -
Human and mouse interferon in a dose of 1 0 4 U . g - 1 did not lead to

growth retardation in rats, indicating that the effect was species specific.

Mock rat interferon was also not toxic and the toxicity of different rat inter-

feron preparations was dependent on interferon activity rather than on

protein content. This and the species specificity incidate that the factor

inducing the growth inhibition is interferon.

Interferon retarded not only growth but also maturation ( F i g . 1 ) . T h e

interferon treated rat is smaller and also less well developed. It was not ne-

cessary to inject interferon daily for the growth retardation to be evident.
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TABLE I

EFFECT OF INTERFERGN ON THE GROWTH OF NEWBORN RATS

Litter A

Interferon
Controls

Litter B

Interferon
Control s

Litter C

Interferon
Control s

days after start of Interferon injections
2 4 6 8 10

6.3(0.8)* 7.0(1.3) 7.8(1.7) 8.6(2.2)** 9.6(2.7)** 12.3(3.4)**
5.7(1.1) 7.6(1.9) 9.8(2.7) 12.8(4.2) 16.3(5.0) 20.1(6.6)

6.5(0.7) 7.6(0.5) 9.0(1.2) 9.9(1.5) 11.8(2.0) 12.9(2.7)
6,0(0.6) 7.2(0.8) 8.9(0.9) 10.2(1.0) 12.4(1.3) 13.4(1.5)

6.2(0.3) 6.7(0.3) 8.0(0.5) 9.3(0.6) 10.7(0.8) 12.5(1.1)
6.4(0.4) 7.1(0.3) 8.6(0.4) 9.9(0.5) 11.3(0.5) 13.1(0.6)

Animals in the interferon group were injected daily for seven days
from the day of birth. The untreated littermates served as controls
and were injected daily with mock interferon for the same time period.
Litter A, 16,000 units daily; Litter B, 4,000 units daily.
Litter C, 1000 units daily.

*
weight in grams with standard deviation

** significant weight difference (p < 0.05) between interferon treated
newborn rats and mock interferon treated littermates (Mann-Whitney U test,
two-tailed).

Injection on alternate days or every third day induced the same effect
(results not shown). The sensitivity to this toxic effect of interferon is
dependent on age. When interferon injections are started after the age of 21
days, no toxic effects are observed (results not shown).

Rhesus monkeys (Macaca mulatta)
To determine whether these results in rats had any possible implications

for man, we tested the toxicity of human leukocyte interferon in newborn
rhesus monkeys (Macaca mulatta). The effects of human interferon in adult
rhesus monkeys are comparable to those in man (Schellekens and Weimar,
1980). For practical reasons, only newborn animals that had to be hand-
raised because of rejection by the mother or delivery by caesarian section
were employed, in this study. The antiviral dose of human leucocyte inter-

i

t
tí
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Figure 1

Two rats from the same l i t t e r 12 days after b i r th . The rat on the l e f t was
treated i.p. with rat interferon at 2000 u.g-1 dai ly for 7 days, s tar t ing on
the day of birth. The control l i t termate received phosphate buffered saline.

feron in rhesus monkeys is 500,000 U.kg1 . Extrapolating from the results in

rats, the f i rs t two rhesus babies were treated with 2x10-6 U.kg-1 daily for

28 days, starting the day after b i r th . No adverse effects on growth, haema-

tological parameters or routine blood chemistry were noted. A third newborn

rhesus monkey was treated for 28 days with 107 U.kg- 1 with no adverse

effects. A fourth one treated with the same schedule died on day 25 of

causes not related to interferon treatment.

The studies in newborn monkeys are still in progress, with special

attention being given to the late effect interferon might have on the kidney.

Our tentative conclusion, however,, is that detrimental effects of interferon

on growth in humans is unlikely.

i ^

Gresser, I. et al. Nature 258 (1975) 76.
Gresser, I. et a l . Nature 263 (1976) 420.
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INFLUENCE OF ORALLY ADMINISTERED CEPHADRIN ON THE ANAEROBIC
FLORA AND THE COLONIZATION RESISTANCE OF SELECTIVELY

DECONTAMINATED RHESUS MONKEYS

C.P.J. Timmermans, P.J. Heidt, C.W. de Groot and J. de Vast

Selective decontamination (SD) of the digestive tract as a method for
preventing infections is applied in experimental animals undergoing bone
marrow transplantation (Van Bekkum et al., 1974; Heidt et al., 1980) and
also in leukaemic patients undergoing remission induction therapy (Sleyfer et
a l . , 1980).

The aim of SD is the selective elimination of potential pathogenic micro-
organisms (e.g. , Enterobacteriaceae, Pseudomonas specks and yeasts) with
drugs which are active only against those organisms while leaving the anae-
robic bacteria unaffected. This is important, since the anaerobic part of the
microflora is responsible for the so-called colonization resistance (CR) which
prevents exogenous microorganisms from colonizing the gastrointestinal tract
(Van dar Waaij et al . , 1974). When Staphylococcus a ureu s is present,
Cephadrin is sometimes added to the SD regimen. This drug, which is
readily absorbed from the intestines, is capable of eliminating staphylococci
from the digestive tract. This drug is sometimes applied in human patients
undergoing SD, since it is stated that it does not affect the CR (Van der
Waaij, 1979). Observations in rhesus monkeys which were selectively decon-
taminated and after some time given Cephadrin for the elimination of
Staphylococcus aureus from the faeces showed that these animals developed
severe diarrhoea after the initiation of treatment with this drug. Since it has
been shown that this type of diarrhoea is related to the absence of some
constituents of the anaerobic flora (Hendriks, 1980), we concluded that the
Cephadrin-induced diarrhoea might have been caused by a suppression of
some species of the anaerobic microflora. Therefore, we decided to study the
effect of orally administered Cephadrin on the anaerobic flora and the C R of
selectively decontaminated rhesus monkeys.

For this purpose, we selectively decontaminated five male and one
female rhesus monkeys varying in age between one and two years and
weighing between 2250 and 3300 grams. SD was performed with Nalidixic acid
(80 mg.kg-1), Polymyxin B (10 mg. kg-1) and Nystatin (130 mg.kg-1). After
a treatment period of two weeks with this drug regimen, Cephadrin
(90 mg.kg-1) was added for two weeks, after which the administration of
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this drug was discontinued. Treatment with the other drugs was continued
for another two weeks. During the entire treatment period, we followed the
concentration of the anaerobic bacteria in the faeces of these six monkeys by
serially diluting one gram of faeces (1:10) in thioglycollate broth (DIFCO)
for 14 steps. The different dilutions were incubated at 37°C in an anaerobic
jar (B.B.L.) and checked for growth after 48 hours of incubation. The CR
was monitored in four monkeys by determining the relative faecal
concentration of p-aspartylglycine* , since the absence of this dipeptide can
be used as a parameter for CR (Welling, 1979). The results are given in the
figure. During treatment with Nalidixic acid, Polymyxin B and Nystatin, the
concentration of the anaerobic bacteria remains at a stable level of about
1O10 per gram of faeces, while only minimal amounts or no p-aspartylglycine
can be detected during this period. After the start of treatment with
Cephadrin, the concentration of the anaerobes drops to about 108 per gram
of faeces, while p-aspartylglycine is detectable in an appreciable amount.
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Figure 1

Mean faecal concentration of the anaerobic flora and p-aspartylglycine before,
during and after treatment of selectively decontaminated rhesus monkeys with
Cephadrin.

* p-aspartylglycine was determined by Dr. W.L Manson and Dr.G.W. Welling,
. Biochemical Laboratory, University of Groningen, The Netherlands.

212



The concentration of the anaerobes in the periods before and during treat-
ment with Cephadrin are significantly different (p < 0.001). After the admi-
nistration of Cephadrin is discontinued, it is about two weeks before the
concentration of the anaerobes is normalized and no p-aspartylglycine is
detectable, in the faeces.

These experiments show that Cephadrin has an important influence on
the anaerobic flora of rhesus monkeys. In so doing, it decreases the colo-
nization resistance. Clinical application of this drug for the elimination of
Staphylococcus aureus from the GI tract of selectively decontaminated
patients can increase the risk of colonization with microorganisms from the
environment which are resistant to the drugs used for SD.

Bekkum, D.VV. van et al. J. Natl. Cancer Inst. 52 (1974) 401.
Heidt, P.J. et al. In: Animal quality and models in Biomedical Research A.

Spiegel et a l . , eds., Gustav Fischer Verlag, Stuttgart, New York.
(1980) 209.

Hendriks, W.D.H. Thesis, University of Groningen, (1980).
Sleyfer, D.Th. et al. Europ. J. Cancer 1j> (1980) 859)
Waaij, D. van der and Berghuis-de Vries, J.M. J. Hyg. (Camb.) 72 (1974)
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Welling, G.W. In: New Criteria for Antimicrobial Therapy: Maintenance of
Digestive. Tract Colonization Resistance. D. van der Waaij and J.
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TWO DISTINCT TYPES OF LATE ONSET GRAFT-VERSUS-HOST DISEASE

AFTER BONE MARROW TRANSPLANTATION

IN LETHALLY IRRADIATED MICE

P.J.Heidt, G. Wagemaker, S. Knaan-Shanzer and D.W, van Bekkum -:

''<•',

One of the major risks of allogeneic bone marrow transplantation as a

treatment for severe combined immunodeficiency, aplastic anaemia and acute

leukaemia is the development of Graft-versus-Host Disease (GvHD). Factors ' ;
influencing the severity of this immunologic reaction of donor-type cells :\:

against host tissues are the degree of immunogenetic disparity (Uphoff and , l
:,

Law, 1958), the number of cells grafted (Van Bekkum, 1964), the cellular ;

composition of the graft (Van Bekkum, 1972) and the recipients' gastrointes-

tinal microflora (Heit et a l . , 1973; Van Bekkum et a l . , 1974). ^

In contrast to the bone marrow of primates, rodent bone marrow has a í||

low percentage of immunocompetent T lymphocytes. As a consequence, its 0

GvH-inducing potential is comparatively low. Infusion of 107 H2-incompatible M

bone marrow cells into lethally irradiated mice results in a late onset GvHD | |

which does not give rise to symptoms until about one month after transplan- jp

tat ion. The disease kills the majority of the recipients during the next two | f

months (Van Bekkum et a l . , 1974). Mortality due to this type of GvHD can ff!

be prevented if the recipients are germfree or have been subjected to com- 0

plete or selective gastrointestinal decontamination prior to transplantation £§

(Heit et a l . , 1973; Van Bekkum et a l . , 1974). If, however, the bone marrow f |

graft is supplemented with 107 spleen cells so as to provide a graft compo- i,!p

sition which is, like primate marrow, rich in immunocompetent T lympho-

cytes, the recipient mice suffer from an early onset GvHD which is fatal

within three weeks after transplantation. The absence of a gastrointestinal

microflora delays this mortality by another two weeks but does not prevent it

(Van Bekkum et a l . , 1974). There is evidence that the effector cells for the

late onset or "delayed" 3vHD originate from donor precursor cells which

If mature in the recipients thymus, while those for the early onset or "acute"

| | l GvHD are immunocompeteiit cells which are present in the graft (Van Putten,
1 1964). In our experiments, H2-incompatible bone marrow (C57BL/Rij; H2-b))

was supplemented with graded numbers of spleen cells and injected into

lethally irradiated (9 Gy) recipients (CBA/Rij; H2-q). The recipient mice

were either conventional, germfree (GF) or harbouring a so-called CRF

flora. This CRF flora is a mouse-derived anaerobic flora which
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I
gives a protective effect against colonization with exogenous microorganisms

(Van der Waaij, 1971) which might play a role in the development of GvHD.

Introduction of this flora into GF or decontaminated mice does not change

their protection from developing delayed GvHD (Van Bekkum et al . , 1974).

The GP and CRF recipients were housed in a laminar cross-flow isolator

and irradiation and transplantation were performed under conditions of strict

reverse isolation. The animals were conventionalized at day 60 after trans-

plantation, as no further beneficial effect of a more prolonged maintenance of | i

the gnotobiotic state would be expected (Van Bekkum et a l . , 1974). Except p
- -^ -- ~~'' f ry

for the CRF group transplanted with only bone marrow cells, all animals [,

developed clinical signs of GvHD (diarrhoea, typical skin lesions, etc.)-

These symptoms started to appear during the third and fourth weeks after

transplantation. Chimaerism of the recipients was determined by haemoglobin

typing.

The results which are given in the figure show that, if the number of

spleen cells added to the bone marrow graft is increased, the resulting mor-

tality due to GvHD occurs correspondingly earlier. If only 106 spleen cells

are added, the mortality rate is indistinguishable from that published pre-

viously for bone marrow cells alone (Van Bekkum, 1974). However, even

with this small number of added spleen cells, the mortality is only delayed

by a germfree state of the recipients and not prevented. Also in this series

of experiments mortality due to GvHD does not occur if gnotobiotic recipients

receive bone marrow alone.

From the results of our experiments, we can conclude that contamination

of bone marrow with immunocompetent T lymphocytes has an upper limit

beyond which a gnotobiotic state of the recipients does not prevent mortality

due to GvHD. Despite the use of bone marrow of a sibling who is identical

with regard to the major histocompatibility complex, GvHD is frequently

encountered in current clinical bone marrow transplantation, even in the

presence of a well established gnotobiotic state (Nowrousian et a l . , 1979).

Our data indicate that the undesirably high incidence and mortality due to

GvHD or its complications are attributable only to contamination of the graft

with immunocompetent T lymphocytes which are indeed present in dispropor-

tionate numbers in human aspiration bone marrow.

These studies, therefore, support the routine use of procedures that

eliminate such lymphocytes from human grafts. The present experiments with

mice and similar experiments with rhesus monkeys (Wagemaker et a l . , in

press) indicate that such procedures when combined with gastrointestinal

decontamination will also lead to successful bone marrow transplantation



across major histocompatibility barriers in human patients.
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Figure 1

Survival curves of the different conventional and gnotobiotic recipients:
A: 10 7 C57BL/RÍJ bone marrow cells •> k (9 Gy) CBA/Rij recipients.
B: 10' C57BL/Rij bone marrow cells + 10 6 C57BL/Rij spleen cells

-» 7 (9 Gy) CBA/Rij recipients.
C: 10' C57BL/RÍJ bone marrow cells + 2 x 10 6 C57BL/Rij spleen cells

•• k (9Gy) CBA/Rij recipients.
D: 10' C57/BL/Rij bone marrow cells + 3 x 10 6 C57BL/Rij spleen cells

•* 7 (9 Gy) ČBA/Rij recipients.
For explanation of the abbreviations, see the text.
The difference between the two survival curves in A, B and C is statiscally
significant: p < 0.01, p < 0.05 and p < 0.005, resp.
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ETHOLOGY

MATERNAL INTERFERENCE WITH SLEEPING DURING THE DAY

IN RHESUS MONKEY INFANTS

P.J.C.M. van Luxemburg, H. Dienske, G, de Jonge and L.G. Ribbens

One aim of our study of rhesus monkeys is to detect relationships

between various aspects of early mother-infant interactions and social play of

the infant with peers. This paper concerns only one aspect of the maternal

influence: interference with the infant's sleeping at daytime.

The sample of 16 mothers showed a large behavioral variation varying

from no interference with the infant's sleeping to strong interference, in

some cases due to behavioral abnormalities such as stereotyped locomotion.

Each mother-infant pair was observed during 6 months after the birth

of the infants. Infant pairs had the opportunity to play with each other in

presence of their mothers on 4 days per week. Mother-infant interactions

without direct influences of other monkeys were observed during the remain-

ing 3 days of each week (de Jonge et a l . , .1981). Babies were exchanged

within 2 weeks after birth (under mild anesthetization of the mother) to

avoid genetic similarity between mother and infant as an alternative expla-

nation for seemingly educational effects.

Rhesus infants spend a substantial time in sleeping during the daytime.

This sleep occurs in a rather regular sleep-wake cycle with a mean duration

of 1 to 2 hours. As criterion for sleep, we used the bouts of "eyes closed'1

by the infant while it sat immobile on its mother. For a sleeping phase to

take place, a mother has to sit still and permit the infant to cling to her

while it has her nipple in its mouth. The mean duration of sleep, which is

partially used by the infant to nurse, lasts between 5 and 30 minutes. The

remainder of the cycle, the awake phase, consists of three subphases:

1) Fully awake, during which the infant is very active. If a mother rejects

contact when her infant is fully awake, vocal protests are rare and very

brief.

2) Drowsy, during which the infant is more mother-directed than during

fully awake, usually prior to sleep. Maternal rejections of contact in this

phase often lead to protest vocalization by the infant.
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3) Sleep conflicts, mother interferes with sleep by preventing or terminating j
it and the infant protests vocally. Protest vocalizations usually start with i
"whoo" calls. If interference with sleeping continues, more geckering screams
are emitted, escalating into shudders and jerks while screaming at a higher
pitch ("temper tantrums"), These vocal protests were often long. As crite-
rion, only at least 5 vocalizations in a series with a maximum of 10 seconds <
between consecutive calls were considered as vocalization bursts. Most vocal- ;
ization bursts were associated with drowsiness and sleeping. This was the
main reason why we considered the bursts as sleeping conflicts between
mother and infant. '

Mothers who often terminated sleep also tended to delay many of the ,
subsequent sleeping phases. We ranked the 16 mothers according to their J
total number of sleep interferences accompanied by vocalization bursts. The *Tj
interference of the mothers ranged from 1 to 75 per cent of all onsets and fa

I'Iterminations of sleeping. u
If infants spend much time in sleep conflicts they have less time to

spend in other phases. Do infants whose mothers often interfere with their
attempts to rest sleep less than infants who can often sleep undisturbed? To
investigate this the amount of maternal interference with sleep was compared
with the average amount of time infants spent sleeping after the age of 30
days. Figure 1 shows that the variation among the infants in sleeping time is
relatively small, whereas the variation in sleep interferences among mothers
is large. Besides, there is no correlation between sleep interferences and
sleeping time. So, although mothers may or may not strongly interfere with
sleep, all infants succeeded in achieving about the same average amount of
sleep.

In most cases of sleep interference by delaying sleep, the drowsy sub-
phase was prolonged by the conflicts, indicating that the infant was already
sleepy and the mother succeeded only in increasing the sleep latency. If
sleep was terminated by the mother, the duration of subsequent drowsy sub-
phases was not affected.

As the duration of sleep is not changed by conflicts and the duration of
drowsy only is prolonged, if changed at all, then the greatest difference
between mother-infant pairs which spent much time in conflicts and pairs
which had only few conflicts must be found in the duration of fully awake.
Such individual differences in mean duration in fully awake among three
infants with different average amounts of maternal interference with sleep
are shown in Figure 2 for different ages.
1) The infant with a tolerant, i.e., seldom sleep-interfering, mother showed
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Figure 1.

Per cent of onsets + terminations of sleeping by infants accompanied by
vocalization bursts (= maternal interference). Data for 16 mother-infant pairs
arranged according to the per cent of sleeping interferences. The sleeping
time during the day after the age of 30 days is also given.
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Figure 2.

Changes with age in the per cent of time the infant is fully awake in three
mother-infant pairs which represent examples of different types of sleep
interference. Only data of mother-infant pairs in the experimental situtation
without direct influences of other monkeys are used. Social play between
infants occurs only if they are fully awake.
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a development with age in duration of futly awake that characterized most

mother-infant pairs: a gradual increase during the first month of life followed

by a period without conspicuous changes.

2) The infant with the most rejective, i.e., often sleep interfering, mother

at all ages spent less time in fully awake than most other pairs.

3) The overprotective mother considerably prevented off-mother and thus

fully awake during 5 weeks. Thereafter, the duration of fully awake gradual-

ly approached normal values. There were no effects of overprotection on the

time spent in fully awake after the age of 120 days.

A large amount of sleep interference is probably of grave consequences

for the behavioral development of the infant. Most play occurs in the fully

awake subphases. Many interferences by the mother with sleep therefore re-

sulted in decreased play opportunities for the infant. Play opportunity is

positively correlated with the amount of time infants do play with each other.

Apparently, infants of mothers who strongly interfere with sleeping play

less. As it is plausible that play contributes to the development of social

skills in adulthood, it seems likely that sleep interference is a mechanism by

which a rhesus monkey mother can hamper the social development of her

infant.

Jonge, G. de et al. Anim.Behav. (1981), in press.
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SOCIAL DEPRIVATION SYNDROME IN BEHAVIORAL PATHOLOGIES

OF RHESUS MONKEYS AND MAN?

C. Goosen

Various authors have noted that rhesus monkeys which experience isola-

tion from physical contact with other individuals develop abnormal behaviour

patterns, i .e . , postures and movements not seen in feral animals. These

abnormal activities are often strange in appearance and highly idiosyncratic.

Some authors have also remarked that the abnormal activities in rhesus

monkeys were reminiscent of those seen in humans with mental diseases such

as depression and psychosis. This comparison raises two questions:

1) What sensible interpretation can be offered for the strange abnormal act i-

vities observed in rhesus monkeys?

2) How much does the abnormal behaviour of monkeys resemble that of

human psychiatric patients; i .e . , do the similarities involve merely a few

isolated symptoms or is there a whole pattern of symptoms involved?

As a f i rst step in obtaining an answer to these questions, the behav-

iour of 19 female rhesus monkeys which had undergone prolonged periods of

single cage housing was studied. Observations of each monkey were made

when they were alone as well as when they were together with another

individual. The study of the behavioural morphology was aimed at f inding a

preferably simple interpretation of the abnormal behaviour in terms of dis-

tortions of normal behaviour.

Analysis of the abnormal behaviour of solitary subjects indicated that all

of the various abnormal activities shown by them could be interpreted as

partially modified forms of social behaviour displayed in the absence of a

partner. Figure 1 depicts various abnormal activities arranged according to

the social context they seem to represent. These various solitary activities

deviate from the normal social activities in different aspects as indicated

below.

1) A number of activities resemble in vacuo movements of postures which are

normally oriented towards a partner ( e . g . , ward off, prone, present and

snout, leg or arm raised).

2) Other activities can clearly be recognized as social motor coordinations

which are redirected towards the animal's own body ( e . g . , self agression.

hip grasp, self-groom, hug, face press and suck). The fact that the sub-

jects directed activities towards themselves suggests that, by executing the
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f o r m of s o c i a l o r i g i n

aggression word off prone

groom snout, leg, arm raised

face press suck crouch

s t i m u l a t i o n a n a l o g o u s
to s o c i a l s t i m u l a t i o n

genltol stimulation

hold

Figure 1.

Social contexts and social activit ies as performed in the absence of a
partner. A: agonistic; S: sexual; G: groom; and I : infant care context.

activities, stimuli normally received from a partner are mimicked.
3) The remaining activities can be interpreted as mimicking social stimulation
by motor coordinations which are not characteristic Vor a certain social situa-
tion. These include: a) tail-wagging and manual exploration mimicking genital
stimulation; b) "caress", a slowed down scratching mimicking the stimulation
of being groomed; c) different ways of stimulating the palms of the hand as
if holding on to another individual.

Because the subjects apparently combined social motor coordinations with the
mimicking of social stimuli, one might say that they interacted with a self-
invoked "ghost" partner.

The interpretation of the various abnormal activities as distorted social
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behaviour was further supported by the relative frequency at which the

monkeys combined the activities depicted in Figure 1. These combinations

involved social motor coordination and mimicking of stimuli belonging to the

same context, examples are: a) self aggression combined with ward offj b)

genital stimulation combined with hip grasp; and c) caress combined with

various postures which are normally adopted by a groomee.

The average amount of time spent in self-aggression and self-oriented

sexual behaviour in 16 out of 19 animals was less than 1 percent of the ob-

servation time, while far more time was spent in activities belonging to the v;

groom and infant care context. A similar difference holds also for partner-

oriented behaviour in feral animals (although, in feral animals, infantile '

activities such as suck and face press are shown by infants rather than

adults). ; ,

In addition to the activities illustrated in Figure 1, the subjects also

showed stereotypic locomotion patterns with or without covering a certain

distance. Behaviour components which accompanied the locomotion such as

changing direction and head toss were suggestive of avoiding social contact V

by evasion and looking away, respectively. The various locomotion stereo- \:},

typies could, therefore, be tentatively interpreted as idiosyncratic ways of (A

act ively seeking ( c e r t a i n forms o f ) social contact. Because all of the o b - ií*

served abnormal act iv i t ies can be i n t e r p r e t e d as d i s t o r t e d social behaviour "A

and because the subjects had been socially d e p r i v e d , one could say t h a t the ;';

abnormal act iv i t ies represented d i f f e r e n t , often i d i o s y n c r a t i c , symptoms of ,\

one social d e p r i v a t i o n syndrome.

When the subjects were housed together with a p a r t n e r , they cont inued ^t

to show the i r abnormal act iv i t ies; t h i s is in accord w i t h our experience w i t h f%

i o ther ind iv iduals. In terms of the above hypothesis, cont inuat ion of abnormal ,=

^, behaviour in social situations suggests a fa i lure to r e v e r t from abnormal to 'Js

I normal p a r t n e r - o r i e n t e d behaviour. In t h a t case, social depr ivat ion led t o not '•

: on ly a redirect ion of the behaviour b u t also a " h y p o t r o p h y " of the behav- »|

\] ioural responsiveness to normally effective social stimuli. t |

\., Comparison between abnormal activities of monkeys and humans involves r|
' I . ~ V p

ť. various difficulties. One is that, since monkeys and men belong to different c|

t; species, they show many differences in their behavioural repertoire. In

|r addition, abnormal behaviour in monkeys has been studied by methods

Ip different from those applied to humans. In monkeys, information was obtain-

j|:- ed through descriptive behaviour studies. Information on humans has been

h obtained mainly through conversation: a mode of communication which is

rather unilateral and uninformative if applied to monkeys. Valid species
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comparison obviously requires identical methods of data collection.

The results reported here i l lustrate that abnormal behaviour in monkeys

can be considered at different levels of complexity and interpretation. These

include: 1) description of motor coordinations ať the lowest level; 2) an

intermediate level grouping in pseudosocial contexts; 3) the social

deprivation syndrome as a whole at the highest level. On each level, one can

f i n d differences as well as similarities between monkeys and humans, as

indicated in Table I.

TABLE I

ABNORMAL BEHAVIOUR IN MONKEYS AND MENTAL DISEASES IN HUMANS

Levels of interpretat ion S i m i l a r i t i e s

1. Descriptions of motor
coordinations.

A wide var iety of ab-
normal idiosyncrat ic
activit ies.

2. Categories of motor coor- Categories common to
dinations and interpreta- both species:
tion as distortions of self aggression, etc.
normal behaviour. extensive self-

directed communica-
tion.

3. Social deprivation
syndrome

Social communication
is severely limited
and altered.

Differences

Variations and complexi-
ty in humans even greater
than in monkeys.

Verbal behaviour only
in humans; grooming
behaviour only in
monkeys.
Studied by different
methods; verbal commu-
nication in man.
behaviour description
in monkeys.

Variation in types of
self-directed communi-
cation in humans
greater than in
monkeys.

Variation in causal fac-
tors in humans probably
greater than in monkey
subjects.

It is noteworthy that data on human mental disease, although obtained
by use of a different method, permit interpretations quite similar to those
given here for abnormal behaviour in monkeys, namely, altered partner
directed behaviour together with extensive self-oriented social communication
(e.g. , self-accusations and self-aggression shown by depressed patients;
delusions, and hallucinations in schizophrenic patients). These results
indicate that the resemblence of the abnormal behaviour in monkeys to that
of psychiatric patients extends considerably beyond similarities between a

'M
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few isolated symptoms. Both monkeys and humans seem to display a social
deprivation syndrome in their abnormal behaviour. Therefore, it seems likely:
that rhesúsí monkeys can provide models for experimental study of mental
diseases that comprise deprivation symptoms." The proposition that some form
of social deprivation is involved in various human mental diseases might seem
odd, since most human patients do not experience the rigorous categorical
deprivation which the monkey subjects experienced. But, one should realize
that various other, e.g., physiological, conditions can probably also effect-
ively deprive an individual of certain social stimuli.
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AN ETHOLOGICAL ANALYSIS OF PARTICIPATION IN CONVERSATION

BY DEVIANT AND NORMAL CHILDREN

G. de Jonge, H. Dienske, A,P.M. Schalken and

J.A.R. Sanders-Woudstra

'.U

P
1

Participation in conversation by problem children during a structured
interview has various characteristics. Some children are inattentive, others
passive, still others overdemand attention and, in a number of cases, the \
participation in conversation is as adequate as in normal children. In our 'J
ethological study, we attempt to detect the phenomena that describe parti- w,
cipation in conversation. We observed 133 children aged from 2 to 17 years.
This group includes a hitherto small sample of 13 control children. Subjects
were examined for about 55 minutes by a psychiatrist who was previously
unknown to the child. The screening sessions included tasks, free play and
interspersed conversation. The sample of problem children includes some who
show many of the known child psychiatric syndromes.

We distinguished questions, answers, requests (to do something) and
other "spontaneous" speech. These types of speech were recorded separately
for the psychiatrist who investigated the child and for the child itself. In
addition, gazes, smiles and laughter by the child were recorded. All record-
ings were made with an event recorder. Frequencies and durations of acts
and the time intervals between them could easily be computed from our
records.

It was also noted how many times the child spoke about important
subjects such as persons, school, home, anxiety and aggression.

Many parameter values changed with age, as follows from the Kendall
rank correlations given in Table I. For this reason, data are evaluated per
age class. Most age changes involve an improvement in conversation perform-
ance. For some parameters, the development of conversation in problem
children clearly lagged behind that of controls (e.g. , duration of answers
and per cent of verbal answers).

On the basis of their nature, parameters are arbitrarily grouped under
the headings "responsiveness" and "spontaneity" (see Table I) .

Responsiveness refers to long answers, short answer latencies or a high
percentage of questions answered verbally by the child rather than by
gestures (such as nodding, shaking the head or shrugging) or by ignoring
the questions. Little responsiveness of the child evoked a small number of
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questions asked by the invest igator .

TABLE I

CONVERSATION CHARACTERISTICS OF PROBLEM CHILDREN (P) AND CONTROL CHILDREN (C) .
DATA ARE MEANS PER AGE CLASS

Age class (yrs)

Number of subjects

Responsiveness

Mean duration of verbal
answers (sec)

Time between questions
and answers (sec)

% of questions answered
verbally

% of questions answered
by a gesture only

Questions asked by the
psychiatrist (N/hr)

Spontaneity

Spontaneous speaking
(% of observation time)

Spontaneous talking
about persons (N/hr)

Gaze (look at face)
(N/hr)

Smile
(N/hr)

Laugh
(N/hr)

Questions by child
(N/hr)

P
C

P
C

P
C

P
C

P
C

P
C

P
C

P
C

P
C

P
C

P
C

P
C

2+3

12

1.1
1.0

2.0
1.7

41
75

8
2

80
135

6
11

2
3

56
101

32
51

9
9

20
52

4+5

21
2

1.2
1.4
2.1
1.5

66
89

8
3

129
146

11
13

2
9

76
100

28
68

8
26

49
32

6+7

21
1

1.4
1.5

2.5
1.7

70
96

10
2

179
223

11
13

3
17

90
182

34
117

8
36

44
105

8+9

31
3

1.9
2.4

3.1
2.1

80
90

8
4

196
218

11
11

2
17

89
141

35
62

8
18

30
24

10+11

18
3

1.8
2.2

2.9
2.7

76
86

7
8

217
218

9
14

6
21

80
114

48
35

10
5

33
28

correlation
with age

(Kendall's
Tau)

+ 0.40*
+ 0.68*

+ 0.29*
+ 0.53*

+ 0.35*
+ 0.37

- 0.03
+ 0.37

+ 0.48*
+ 0.60*

+ 0.02
+ 0.32

+ 0.41*
+ 0.43*

+ 0.12*
+ 0.25

+ 0.14*
+ 0.04

+ 0.09
- 0.04

(1)
(D

(1) change with age has the shape of an inverted U.
* p < 0.05

Spontaneity includes spontaneous speaking by the child ( i .e. , without
being asked), spontaneous talking about absent persons and the nonverbal
acts gaze, smile and laugh. The number of questions asked by the child is
placed at the bottom of the table because of its remarkable change with, age,
which is that of an inverted U.
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Nearly all parameter values per age class indicate that problem children

in the mean were less responsive and less spontaneous than were controls.

However, there is a considerable overlap between patients and controls for

all parameters, A small number of patients was clearly even more spon-

taneous than controls; these children gave the impression that they behaved

very freely. The differences between patients and controls in Table I

actually account for the fact that a relatively large proportion of problem

children showed reduced responsiveness and spontaneity.

The results given so far pertain to separate parameters and not their

possible coherence. The provisional distinction between responsiveness and

spontaneity proved not to be corroborated by factor analyses per age class

applied to the parameters in Table I. Correlations among parameters appear-

ed to depend on age. To illustrate age effects, we give factor analysis

results for only three parameters, v i z . , the percentage of questions

answered verbally, spontaneous speaking ( i . e . , not in response to.ques-

tions) and the number of questions asked by a child. Results are given in

Table I I . In children of 2 or, 3 years, these three types of speech are weli

A . TABLE-II

FACTOR ANALYSES OF THREE IMPORTANT SPEECH PARAMETERS OF THE CHILDREN,
PERFORMED SEPARATELY FOR FIVE AGE CLASSES

Age
class
(yrs)

Axis I

Total
variance

2+3
4+5
6+7
8+9
10+11

II

2+3
4+5
6+7
8+9
10+11

III
2+3
4+5
6+7
8+9
10+11

78
73
60
54
44

17
17
29
28
33

5
9
11
18
23

Leadings on the axes

Answers Spontaneous Questions
(% of speaking (N/hr)
questions) (% of time)

- .9 - .8 - .9
- .9 - .9 - .8
- .9 - .7 - .7
- .8 - .8 - .5
- .8 - .7 - .4

.0 .5 - .5

.1 .4 - .6

.0 .6 - .7

.3 .3 - .8

.1 .4 - .9

.3 .1 .2

.4 .3 .1

.4 .3 .3

.5 .5 - .0

.6 .6 .2



correlated with each other, as can be judged from their high loadings on axis
I and the large percentage of the total specified by this axis (viz. 78%). The
older the children are, the more important the other two axis become: the
variance specified by axis I gradually decreases, whereas a continuous in-
crease is shown for the other two axes. The loadings on axis I for answers
and spontaneous speaking remain high, but an increasing portion of residual
variance can be traced at either of the two other axes. The number of ques-
tions asked by children gradually becomes independent of the other two
parameters for older subjects and ends up with the high absolute loading of
-.91 at ages of 10 and 11 years on axis I I .

Although this analysis concerns only a few types of verbal communi-
cation, it has important implications. For very young children, the three con-
versation measures are coherent: taciturnity or talkativeness are about
equally indicated by each of these parameters. In older children, a progress-
ive diversification of their participation in conversation can be noticed. Some
children answered a few questions but did or did not speak much or ask
many questions: these problem children may be regarded as inattentive.
Some children answered most questions, but had low levels of asking ques-
tions and other forms of speech; they were passive or depressed. Some
children spent excessive portions of time in spontaneous speech; most of
them responded to most questions and themselves asked questions rather
frequently; these children overdemanded attention. Controls answered most
questions and had moderate amounts of spontaneous speech and questions; a
substantial number of problem children also meets these criteria. Although it
has not yet been explored how other parameters f i t into these qualifications,
it is probable that they will enhance diversification with age.

It is concluded that the directly observable phenomena which we quan-
tified are suitable for descriptions of the various types of participation in
conversation found in problem children and controls.
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ti THE BEHAVIOURAL DEVELOPMENT OF CAPTIVE CHIMPANZEES

| DURING THE FIRST SIX MONTHS OF LIFE

I
f;, H. Dienske, W. van Vreeswijk and L.G. Ribbens
I;

I
I The f i r s t s ix months of l i fe in chimpanzees is a period of d r a s t i c

!;• changes from n e a r l y absolute helplesness via a g r a d u a l development of loco-

% motion to a cont inuous ly increasing degree of involvement wi th chimpanzees

|: other than the mother. In this report, we quantitatively describe the

!' changes in a number of basic behaviour patterns with age.

• Data are from 10 mother-infant pairs. The mothers were obtained from

ij- the wild at ages of a few years. Mother-infant pairs were observed when

? singly caged. Observation periods lasted about 1 h 30 min. The observer

W- was seated at a distance of about 2 m from the animals and was in full view

of them.

Infants had a sleep-wake cycle with a duration of about one hour. The

portion of time spent in sleeping gradually decreased from 50% of the obser-

vation period in the first week to 16-17% at the end of the six month period

(see Table I). Sleeping was almost entirely restricted to on-mother: it was

observed during only 27 of the 730 off-mother boĽts 1.5%). Individual per-

centages ranged from 0 to 15. Although the infants could be immobile when

they had their eyes closed during off-mother, movements and frequent

opening of the eyes were much more likely than during body contact. This

:Tt indicates that infants slept only lightly when out of body contact.

The percentage of time the infants nursed was highest between 9 and

30 days. Thereafter, a gradual decrease was noted (see Table I). The mean

bout length of nursing followed the same course with age. Mothers never put

their infants to the breast. If an infant was unable to reach a nipple, it

might vocalize; as a rule, its mother responded with a change in body

posture which increased the chance that her infant had access. During

nursing, the infants usually had their eyes open. If infants had mouthed the

*-*• nipple, they always sucked on it. Nursing was almost randomly spread over

waking phases.

Locomotion was not observed before the age of 50 days. During the

next few weeks, locomotion consisted only of creeping, while the infant was

unable to lift its abdomen from the floor. Subsequently, the infants were

able to walk on all fours with the body lifted. Agile walking -.id climbing the

cage bars did not develop before the age of about 3 months; from this age
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onwards, the infants walked much more than previously (see Table I).

TABLE I

CHANGES IN A NUMBER OF INFANTILE AND MATERNAL BEHAVIOURS
OF CHIMPANZEES WITH AGE

age class
(days)
I eyes closed
(% observation time}

I nurses (% observa-
tion time)

I locomotion
(% awake)

off-mother (% awake)

OFF-MOTHER:

termination rate
M termination tendency
I termination tendency

ON-MOTHER:

termination rate
M termination tendency
I termination tendency

0-9 10-29 30-49 50-74 75-99 100-149 150-220

50 41 26 25 30 16 17

10 8

0

1

-

-

0

3

14
14
0

2
2
0

0

5

14
14
0

7
7
0

3

19

16
16
0.3

4
4
0.5

9

22

22
1
21

4
4
0.3

38

20

27
18
9

9
6
3

42

25

46
31
15

7
3
4

••-.?

- : no data

M (I) termination tendency: termination tendency
of Mother (Infant) in inverse kiloseconds.

Off-mother mostly took place when an infant had its eyes open. At ages
that infants were incapable of locomotion, they spent very small percentages
of the waking time out of body contact (Table I ) . As soon as a little
creeping had developed (between 49 and 75 days), off-mother time quickly
increased to about 20% of the wake time and remained at that level until at
least 6 months.

It is remarkable that a high level of off-mother had already been
reached a few weeks before the infants were able to move about well. Was
this due to the mothers or to infants? To answer this question, we explored
the timing of making and breaking body contact by each pair member. As a
first step, we studied the termination of on- and off-mother as a function of
the time that bouts of these acts had already lasted. The simplest result is
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that bout termination is constant, i.e., independent of the time that a bout , 1
had already lasted. This is the case if sets of time intervals are exponent- i r |
ially distributed. Only a few significant differences from exponentiality were !, ;
found for on- and off-mother (L-test; see Dienske et a l . , 1980). So, the ,4
termination rate of these acts can be estimated as constants which are equal ,V:
to the inverse of the mean bout length. Termination rates are given in ;,'S
Table I. 'f-

The termination rate of off-mother could not be determined for ages \ •;;
under 10 days due to the rarity of this behaviour. At ages of over 9 days, ^ ;

the termination rate gradually increased from 14 to 46 ks-1 (inverse kilo- ;',"
seconds or rate per 1000 seconds), corresponding to mean bout lengths of 71 ,;-
and 22 seconds, respectively. This termination rate was determined by the \j'
mother as well as the infant. To estimate the contribution of each pair $h
member to the duration of off-mother, we define their termination tendencies r,;:
as the probability that either of them terminates a bout that has already U:.
lasted t seconds between t and t+dt. If the termination rates of mother- as
well as infant-terminated bouts are both constant and equal to each other, it
can be proved that the termination tendencies of each pair member are also
constant (see Dienske and Metz, 1977). This usually proved to be the case.
Termination tendencies can be estimated by multiplication of the termination
rate by the proportion of bouts terminated by the pair member under consi-
deration. It can be easily seen that the sum of the termination tendencies is
equal to the termination rate.

Termination tendencies of mother and of infant for off-mother are given
in Table I. Infants did not terminate off-mother ( i .e . , establish body
contact) during the ages at which they were unable to creep; they rarely
did so at ages between 49 and 75 days, when creeping was still quite slow
and rather ineffective. At ages between 74 and 100 days, the infants were
able to establish body contact; they nearly always did so earlier than their
mothers, with a mean termination tendency that was similar to that of their
mothers before day 75. After 100 days the mothers became more restrictive:
their termination tendencies were on the average greater than previously
(viz. 18 and 31 ks-1). This seems a cautious reaction to the greater, potent-
ially risky mobility of the infants.

A similar account can be given for on-mother, as the requirements for
the estimations of constant termination tendencies were also met for this
behaviour. At ages between 9 and 30 days, the termination rate of body
contact was very low (2 ks-1, which corresponds to a mean bout length of 8
minutes). After this age, the termination rate of on-mother increased to and

235



. i . íí- -s.. >.-..-_t -- ň *>Í*:^-'-r'A í'. v—Vn

continued to vary around a mean level of about 6 ks-1 ( i .e., a bout length
of 3 min). The termination tendency of the mother was low before ages of 30
days, after which it remained rather constant. So, maternal termination of
body contact was already high at ages where the infant was incapable of
locomotion. The termination tendency of the infant, however, did not reach
substantial values before the age of 100 days. After this age, locomotion is
agile; it is not before that age that infants frequently leave their mothers.
From the termination tendencies of off- and on-mother, it can be concluded
that the rather high percentages of off-mother at ages between 49 and 75
days are nearly entirely due to the mothers. It may be speculated that this
maternal initiative to reduce body contact at ages where infantile locomotion
is not possible or poorly developed stimulates the infants1 exploration when
out of contact.

This early start of off-mother has not been observed in natural
environments (Van Lawick-Goodall, 1967; Plooij, 1980). Chimpanzee mothers
may put their babies down only if they are strictly out of reach of others.
Our singly cages mothers seemed well aware that they would not be touched
through the cage wall. When mothers are caged together with other
chimpanzees, they never break contact with their infants as feral mothers
do.

The development of captive chimpanzees during their first six months of
life can be summarized as follows. During the f irst 10 days, the infant
sleeps half of the daytime and is in nearly continuous body contact with its
mother. During the following 40 days, sleeping time during the day quickly
decreases; only the mother establishes the small amount of off-mother.
Creeping does not develop before 50 days and is initially infrequent and
rather ineffective. Creeping when off-mother is possible because the mother
(not the infant) breaks contact. Agile creeping develops after 100 days;
from that age onwards, the infant has a substantial role in both making and
breaking contact.

We did not go into details about individual differences. Although data
per pair for different observation periods were quite variable, substantial
differences among pairs were noted. In future studies, individual differences
can be exploited in order to study diversifying influences of early develop-
ment on later social abilities.

i

Dienske, H. and Metz, J.A.J. Biol. Behav. 3 (1977) 3.
Dienske, H. et al. Biol. Behav. 5 (1980) 61."
Lawick-Goodall, J. van. in: Primate Ethology. D. Morris, ed. (1967) 287.
Plooij, F.X. The behavioural development of free-living chimpanzee babies

and infants. Thesis, Groningen (1980).
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TECHNIQUES AND ANIMALS

THE USE OF "SOLID WATER" AS A SUBSTITUTE FOR DRINKING WATER
FOR LABORATORY RODENTS

G. van der Westen, A, Brouwer and D.W. van Bekkum

The supply of laboratory rodents with drinking water by means of
drinking bottles requires extensive unpleasant labour and microbiological
control. In an attempt to circumvent these drawbacks, an alternative method
of water supply by the use of a synthetic hydrogel ("Solid water") was
tested.

"Solid water" can be prepared from a physical blend of styrene maleic
anhydride (70%) and polyvinyl acetate (30%). When this blend (SMA
copolymer) is soaked in an ammonia or sodium bicarbonate solution (2%; pH
>9) for 90 hours, it expands to three times its dry weight. When the
ammonia or sodium bicarbonate is washed out in distilled water, the blend
further expands to thirty times its original dry weight. The expanded blend
(a solid piece of water) is given to the rodents to provide them with water.

Two hundred male and female rats and mice were kept on "solid water".
As controls, f ifty animals provided with tap water were used. The overall
condition of the animals did not appear to be affected by the use of "solid

t water". There were no significant differences in weight between animals kept
|V on "solid water" or on tap water during a 6-month experimental period.
í': Histological exminations indicated not significant effect on the digestive tract
| or other organs of the use of "solid water" during a period of three months.
ť Special attention was given to the bacteriological status of "solid water"
^ mice: the species and the number of intestinal bacteria from eight animals on
\
|i "solid water" were compared with those of four control animals. No
£'•'

fi, significant differences were observed.
^ The change from this small scale use of "solid water" to a large scale

use will present some problems: application of "solid water" for breeding and
stock SPF rodents requires that it be sterile. It will have to be distributed
in containers and, at present, it is not clear whether this procedure offers
advantages over the use of water bottles. Our results suggest that "solid
water" might be useful as á substitute for drinking water for laboratory
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I rodents. The possible effect of long-term supplying of "solid water" on the

i- incidence of neoplastic and non-neoplastic lesions is currently under inves-

5 tigation.

I Since the SMA copolymer is capable of binding ammonia, we have

:• attempted to lower ammonia concentrations in the cages of rodents by addi-

|: tions of SMA copolymer to the Woody 8/15 bedding which is normally used.

|? For this purpose, the SMA copolymer was made in different shapes. The

i:;; results are presented in Table I, It appeared that the SMA copolymer was

IS
TABLE I

THE RELATIVE AMMONIA CONCENTRATION IN A CAGE CONTAINING TWO RATS

HUNDRED GRAMS OF SAWDUST BEDDING (WOO

WHICH WAS KEPT CLOSED FOR FOUR DAYS

AND TWO HUNDRED GRAMS OF SAWDUST BEDDING (WOODY 8/15R)

l
|i Additional bedding: quantity and shape ammonia concentration

(per cent control)!
i None B 100

50 g Woody 8/15* 72
100 g Woody 8/15K 61
10 g SMA copolymer th in f ibers (0 0.2 mm) 58
30 g SMA copolymer th in f ibers 26
10 g pe l le ts small (tf 3 mm) 29
30 g pe l le ts small 4
10 g pe l le ts large (0 4 mm) 84
30 g pe l le ts large 69
1 sheet (4.5 g) 22

|) * Ammonia concentration was measured with a "Dräger MultiGas-detector"

S capable of diminishing the ammonia concentration. The lowest ammonia concen-

| tration (the greatest effect) is obtained with small particles that can be

I mixed best with the sawdust. The effectiveness of the binding of ammonia by

§.] the SMA copolymer can probably even be increased and this offers a promis-

||j ing possibility to reduce the rate of ventilation in animal rooms and, con-
ffi sequently, to reduce the costs of keeping laboratory rodents.
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DETERMINATION OF ALGAE BY MEANS OF FLOW CYTOMETRY

B.J. Trask and G.J. van den Engh

Studies on the species diversity or the presence of various indicator
species in the plankton community can be used as a measure of water quality
(Sladacek, 1973). Conventional microscopic methods are limited by the time
and expertise required to identify the more than 100 species of algae found
in the average water sample. The advantage of flow cytometry over light
microscopy is that large numbers of cells can be analyzed in a very short
time. The development of objective optical criteria by which plankton popu-
lations can be characterized and distinguished using the flow cytometer
would make an automated analysis of water quality possible.

In this study, a series of optical parameters was established to enable
the distinction among 7-8 aigae species using flow cytometry. Two of these
parameters, chlorophyll fluorescence intensity and fluorescence excitation
spectra, will be discussed here. In addition to chlorophyll, algae contain
various pipments for photosynthesis. The presence and relative amounts of
these accessory pigments are used taxohomically to differentiate among the
algae classes. Light absorbed by these pigments is often reemitted as chloro-
phyll fluorescence. By varying the excitation wavelength produced by the
laser and measuring the intensity of the chlorophyll fluorescence emitted by
each cell, a relative fluorescence excitation spectrum can be constructed for
each species.

Homogeneous cultures of eight species of one-tb-several celled algae
representing five algae classes served as study material. Cultures were
grown at room temperature in flasks bubbled with clean air. A 14 hr !ight/10
hr dark cycle was maintained with a light intensity of 1100 lux.
Measurements were made on a FACS II cell sorter using untreated live cells
after dilution in growth medium to approximately 106 cells.ml-1. A detector
placed orthogonally to the light beam and buffer stream was used to measure
chlorophyll fluorescence by placing a filter before it which allowed light with
wavelengths > 620 nm to pass through. Laser power and pnotornultiplier
voltage were kept constant to allow comparison of chlorophyll fluorescence
intensity among the various species. The argon laser was variously adjusted
to produce light with wavelengths of 458, 476, 488, 49S or 514 nm.
Fluorescence intensities were corrected to constant laser power where
necessary. Measurements were made on a logarithmic amplifier.

I
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The intensity of red chlorophyll fluorescence (A. > 620 nm) after excita-
tion with the 488 nm laser line was measured for seven algae species. The
fluorescence intensity distributions are plotted logarithmically in Figure 1.

lOC-i

50-

Ac

101 102 103

chlorophyll fluorescence intensify (A>620nm) ( orbitrory uni»» )

Figure 1

Chlorophyll fluorescence intensity distributions of seven algae species.
Excitation wavelength: 488 nm. Distributions measured on a logarithmic
amplifier at constant laser power and photomultipiier voltage.

The intensity of the chlorophyll fluorescence differs widely among the
species and encompasses a range of four decades. The average peak width at
50% peak height is 0.39 decade or 9.75% of the total range of the 7 aigae. In
addition, the sequence of the peak intensities of the seven species (denoted
here with initials) is reproducible. Other measurements indicate that the
differences in the chlorophyll intensities of these 7 species are not merely
due to differences in the sizes of the individual algae species.

To measure the fluorescence excitation spectra of these species, the
chlorophyll fluorescence intensity was determined for each algae after excita-
tion with light of varying wavelength. In Figure 2, the average peak values
(2-4 experiments) of chlorophyll fluorescence intensities at five excitation
wavelengths have been normalized to a per cent of the fluorescence intensity
of each species at 458 nm. By plotting the fluorescence intensity against the
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Figure 2

Chlorophyll fluorescence intensity (A. > 620 nm) as a function of excitation
wavelength. Intensity plotted as average peak value of 2-4 experiments
normalized for each species to per cent of fluorescence intensity at 458 nm.
Blue-green algae are indicated with dashed lines.

excitation wavelength, one obtains a fluorescence excitation spectrum over
this wavelength range. The fluorescence intensities of both blue-green algae
Anacystis and Anabaena, increase with increasing wavelength over this
range, whereas the spectra of the other species studied are of a constant or
decreasing nature. These spectra are similar to those obtained spectrophoto-
metrically (French, 1961). The increasing nature of the spectra of Anaeystis
and Anabaena may be due to the presence in blue-greens of phycobilins
which are known to absorb in the wavelength range of 475-575 nm. Diatoms
such as Phaeodactylum contain carotenoids and fucoxanthins which may con-
tribute to an unchanging spectrum here. Green algae, in contrast, contain
relatively few pigments which absorb at wavelengths from 500-600 nm and,
for that reason, may have slightly decreasing fluorescence excitation spectra
over this range.

These results show that optical properties of algae cells can be
measured on a flow cytcmeter. The intensity of chlorophyll fluorescence
varies over four decades, while the variability within each of the species is
low. This parameter can be used to distinguish the seven algae species. The
ability to measure the fluorescence excitation spectra on the flow cytometer

-A
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I
gives insight into a parameter of biological and taxonomical importance: the
relative abundance of various chloroplastic pigments. The combination of the
parameters discussed here and others measured on the flow cytometer
enables the distinction of each species. These findings show that plankton
samples can be analyzed on a flow cytometer on the basis of their optical
properties. Automation of algae analysis on the flow cytometer may lead to
the rapid and objective assessment of water quality.

French, C.S. In: Light and Lift? W.D. McElroy and B. Glass, eds. (1961)
p.447.

Sladacek, V. Arch Hydrobiol. Beiheft 7 (1973) 1.
.• II
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DNA HISTOGRAM ANALYSIS USING A KERNEL FUNCTION BASED

ON A FOURIER SERIES

F.W. Schultz, J.A. Mulder and P. Sonneveld

Most chemotherapeutic agents that are used for cancer treatment inter-

fere with a cell population's proliferative activity. Therefore, by studying [ ;:

changes in cell kinetics, the mode of action of a cytostatic drug can be p,s

evaluated. This implies monitoring of the time courses of cell fractions in the

G i , S and G2+M phases of the cell cycle. = .$

By means of a flow cytometer (FCM), a DNA histogram can be quickly

determined. All cells with a specific DNA content are recognized and

counted. This information is stored into one of 260 specified channels. The

histogram derived in this way will yield information on the population's com-

position at one sampling time.

In theory, all Gj cells having a 2C DNA content will be separated into

one channel and so will the G2+M cells (4C DNA). The S cells will be found

in the channels in between. Thus, the t rue DNA histogram directly reflects

the percentages G l f S and G2+M cells.

In practice, however, due to different kinds of disturbances, the

channeS allocation by the FCM is not perfect. Consequently, cells with a DNA

content corresponding to channel j are placed not only into channel j but

also into the neighbouring channels j ±1 , j±2, etc. To construct the true DNA

histogram, data reduction is necessary. Several methods of analysis ranging

from relatively simple graphical methods (Baisch et a l . , 1975) to more com-

plicated deconvolution methods that require computer processing have been

designed (Dean et a l . , 1974. Fried, 1976; Bagwell, 1979). Neither of the

methods appears to be completely satisfactory under all circumstances.

At the Radiobiological Institute TNO, a method which is based on

principle- originating from the field of general system theory (Eijkhoff, 1974)

is being developed. A mathematical model simulates (F ig .1 ) :

a) the theoretical DNA distribution (kernel funct ion).

b) the physical process of dispersion in the FCM (dispersion function).

The G! fraction of the population is represented by ZTE(m1) cells in 2C

DNA channel ml, the G2+M fraction by ZTE(m2) cells in 4C DNA channel m2

= 2 * ml. The distribution of the remaining S fraction is approximated with a

fourier series1). If the distribution does not fluctuate too much, a small

number (n) of fourier coefficients will suffice. By discretizing, the contents
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allocates cell* to M channels
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NC cells
ZP ; predicted

histogram

Figure 1

Diagram of the DNA histogram analysis process

ZTE(j) = f(aQ, a.,b.), i = 1,2,..,n for mKj<m2 is obtained. When values are
chosen for the model parameters, i.e., ml, n, ZTE(m1), ZTE(2 * ml), a., b.
(i = 1,2,,.,n), the kernel function or estimated theoretical distribution is
known.

The process of dispersion is described by a gaussian broadening of the
kernel function. When a value is assigned to the additional model parameter,
the constant coefficient of variation, CV, the model output or the prediction
ZP of the measured histogram ZM is determined. Care must be taken that the
population size remains the same in all histograms.

The predicted and measured distributions are then compared. If the
model output was correct, the discrepancies between prediction and measure-
ment can be considered to be caused by random measurement errors.
Assuming independent and normally distributed errors with zero mean and
some constant standard deviation, an expression for the likelihood of the
measured histogram can be easily derived. By numerical, iterative adjustment
of the parameter values, thus varying the model output, the likelihood
function can be maximized. This will result in the "best" parameter values in
the maximum likelihood sense and in the "best" estimation of the true theore-
tical DNA distribution. To test the described method, an algorithm has been
written in ALGOL. The expected advantages are:
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1) automatic and objective analysis of raw data.
2) good flexibility; the method should also be applicable for populations

that do not exhibit a distinct Ga and/or G?/?M peak.
3) a reasonably small number of parameters.
4) estimated accuracies of the resulting parameter values and kernel

function can be calculated.
5) feasible extension to simultaneous analysis of sequential histograms.

*) Any periodical function x(t) with period T can be written as a fourier
series (Tuma, 1979):

'oil

&

x(t) = { aR * cos(nwt) + bn * sin(nwt)} w = 2n/T

For the fourier coefficients a and b the following expressions are valid:

1 T fan = Y *0Jx(t) * cos(nwt)dt
bn = I *0Jx(t) * sin(nwt)dt
n = 0, ±1,12,....

4
tec

I Bagwell, C.B. Thesis, University of Miami (1979)
Baisch, H. et al. Rad. Environm. Biophys. 12 (1975) 31.
Dean, P.N. and Jett, J.H. J. Cell. Biol. 60 (1974) 523.
Eijkhoff, P. System Identification. Wiley, London (1974).
Fried, J. Comp. Biomed. Res. 9 (1976) 263. •
Tuma, J.J. Engineering Mathematics Handbook, McGraw Hill Book Company,

New York (1979).
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