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CLOSER TIES BETWEEN TNO AND UNIVERSITIES 

The REP-Institutes of the Division for Health Research TNO have a long 
tradition of cooperation with most universities in The Netherlands. The relation 
with the Dutch Academic community can be best marked by the many formal 
but also informal collaborative programs. 

The formal collaborations are usually embedded in joint grants funded by 
one or more of the Dutch scientific organizations. Often such grants are 
ratified by university professors partly employed by TNO and the universities. 

The informal relations with the universities are characterized by contacts 
on an ad hoc basis often resulting in an exchange of know-how and experience 
from which both parties benefit. In the extensive network of research 
activities among universities and the REP-Institutes, each of the participating 
parties has maintained its scientific profile, i.e., for the TNO-partners applied 
scientific research, mostly of an interdisciplinary character, aimed directly on 
the broad Dutch 'Health Market1. 

Furthermore the TNO health institutes have an independent position as 
advisory bodies for specific health questions and are accessible to both public 
and private organizations or individuals. With regard to this it is necessary 
that the TNO scientists maintain a certain alertness and flexibility if prompt 
action is needed in case of serious threats to public health. 

At the medical faculties the research activities are often characterized by 
a direct input from the clinical disciplines (usually patient-oriented) and by a 
more fundamentally oriented input from the basic sciences (e.g. biochemistry, 
physics, physiology etc.). In the universities research is not necessarily 
oriented on a broad market since the academical responsibility also implies 
'orphan areas' and fundamental (not directly applied) research. 

It is clear that the TNO Health Institutes on the one hand and the 
universities on the other each have a distinct role in the Dutch 'health scene'. 
In general these roles are complementary and do not lead to conflicts. In fact, 
there are numerous examples of fruitful collaborations between universities and 
TNO. When, considering the REP-lnstitutes, it can be stated that in the fields 
of radiobiology, experimental gerontology and 'primatology' - for a substantial 
part - successful studies could be performed thanks to a close collaboration 
with universities. 

Conflicts may arise if there is too much overlap in research activities 
and/or a scarcity of research funding. In fact, such a highly undesirable 
situation will be created by the government when the economizing actions 
imposed on the universities will be further intensified. It is understandable 
that the university investigators will then penetrate health market segments on 
which the Health Organization TNO is dependent. It should be realized that 
these segments are financed - for a great deal - by a mixed company of 
organizations controlling collective and private funds (including industry). 
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In view of the further strengthening of bonds between universities and 
TNO - propogated by several ministeries - this will need serious attention of 
the three parties involved, i.e. TNO. universities and the government. In 
addition, it is questionable whether the reputable status of the Dutch 
universities can be maintained in the future if the universities will become too 
much dependent on the rather limited extramural financial sources. Eventually, 
the biomedical research in the Netherlands (including industry) is dependent 
on the provision of highly qualified scientists trained at the Dutch 
universities. 

A.A. van Es 
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RADIOBIOLOCY AND RADIATION PHYSICS 



ON-SITE NEUTRON DOSIMETRY INTERCOMPARISON END IP-2 

J. Zoetelief and H. Schraube* 

During the past decade several neutron dosimetry intercomparisons have 
been organized. In the International Neutron Dosimetry Intercomparison, INDI 
(ICRU, 1978), and the first European Neutron Dosimetry Intercomparison 
Project. ENDIP-1 (Broerse et a l . . 1978) all participants transported their 
dosimetry systems to central locations namely. Brookhaven National Laboratory 
for INDI; Institut für Strahlenschutz CSF and Radiobiological Institute TNO for 
ENDIP-1. In on-site intercomparions, including those performed under the 
auspices of Task Croup 18 of the American Association of Physicists in 
Medicine (AAPM) - formerly NDPC - (Almond and Smathers, 1977). and of the 
European Clinical Neutron Dosimetry Croup (ECNEU) (Williams et a l . , 1981) the 
dosimetry systems were taken to each participant's institute. 

In view of the recent improvements in neutron dosimetry since ENDIP-1 
and INDI (see. for instance, Broerse, 1980; AAPM, 1980 and ECNEU, 1981) 
the CEC committee CENDOS (Collection and Evaluation of Neutron Dosimetry 
data) decided that a measuring team should visit a number of laboratories -
which have connections with the Radiation Protection Program of the European 
Communities - to intercompare the dosimetry systems directly in the neutron 
fields actually employed for calibration in radiation protection and for 
radiobiology. Several national standardization institutes, including those in the 
USA, UK and FRC and the Bureau International des Poids et Mesures are in 
the process of setting up calibration facilities and are organizing inter¬ 
comparisons. ENDIP-2 provides a connection between various intercomparison 
and standardization projects in Europe. 

Eighteen participating groups in six countries were visited in four 
sessions. The measurements in the neutron fields with the ENDIP-2 transfer 
dosimetry system were restricted to the reference conditions at the partici¬ 
pating institutes, i.e. free-in-air, and/or at depth in phantom (Table I ) . When 
possible the tissue-equivalent ionization chamber systems were calibrated 
against the r-ray sources which are used as reference by the participants 
(Table I ) . 

The ENDIP-2 dosimetry instrumentation included: two Exradin T-2 0.5 cm3 

tissue equivalent' (TE) ionization chambers with a set of TE build-up caps; an 
Exradin Mg-2 0.5 cm3 ionization chamber and a Philips 18529 Geiger-Müller 
(CM) counter; Pychlau triaxial low noise cables; two Keithley 616 digital 
electrometers, timer/sealer devices; high voltage power supplies and two gas 
flow systems. In addition a phantom as well as a calibrated barometer and 
thermometer were available. To check the electrometers and triaxial cables a 
Keithley 216 constant current source was applied. For controlling the stability 
of the complete ionization chamber systems, including appropriateness of gas 
flow two check source arrangements employing 90Sr 8 sources were used. Since 
local methane based TE gases were used, at all institutes the readings of the 
TE ionization chambers in the check source arrangements were measured with 
air filling as well as with TE gas flushing. A maximum difference in the 
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Table I 

PARTICIPANTS AND IRRADIATION CONDITIONS 

country 

Belgium 

France 

Germany 

Italy 

Nether¬ 

lands 

United 

Kingdom 

institute 

UCL 

CEA 

CEA 

CEA 

BIPM 

PTB 

GSF 

TUM 

DKFZ 

KFA 

CSF 

INFN 

ENEA 

ECN 

TNO 

MRC 

CRC 

NPL 

gamma 

calibration 

M C o 

-

" C o 

-
M C o 

1 3 7 C s , '°Co 

'°Co 
-
6 0Co 
M C o 
1 3 7 C s . 60Co 

-
60Co 

-
137Cs 

-
137Cs 
137Cs 

neutron 

source 

p(6S)+Be 

d(0.12)+T 

d(0.15)+T 

reactor 

d(0.1«)+T 

d(U.«)+Be 

d(C.55)+T 

reactor 

d(10.7)+D/d(0. 

d(1«)+Be 

d(2.3)+D 

d(«.S)+Be 

reactor 

reactor 

d(l)+T 

d|»2)+Be 

d(»)+Be 

d(0.1i)+T 

free-in-air (F) 

in-phantom (P) 

P 

F 

F 

F 

F 

F+P 

F 

F+P 

19)+T F+P 

F 

F 

F 

P 

F 

F+P 

F+P 

F+P 

F+P 

reading due to the variation TE gas composition of 2 per cent was found. A 
correction for TE gas composition is made according to the deviation from the 
average. The results of check source measurements of the TE ionization 
chamber systems, corrected for cable length and TE gas composition, showed 
that the variations in sensitivity over the total measurement period are rather 
small (standard deviation about O.S per cent). The ionization chamber readings 
in the neutron and photon fields are corrected for deviations from the average 
check-source readings. Corrections were made for changes in mass of the gas 
in the ionization chambers (including monitors) due to variations in ambient 
pressure and temperature. Leakage (or offset) current? and saturation correc¬ 
tions were in general negligible. For in-phantom measurements, displacement 
correction factors were introduced for the TE ionization chambers according to 
Zoetelief (1981). 

The measurements with the two TE ionization chamber systems at the y-
ray reference sources at the participating institutes - combined with the 
information on dose rate provided by the participants - resulted in local 
calibration factors. It is concluded that the variation in calibration at different 
reference sources is small in ENDIP-2 (maximum variation: 3.1 per cent). A 
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Fig. 1: Comparison of R' j values of participants with ENDIP values. Part A, 
histogram of ratio of R'-r as reported by the participants and meas¬ 
ured by the ENDIP-2 team. Part B, histogram of ratio of R'j per 
monitor unit (N) as measured by each participant in ENDIP-1 to the 
mean value of all participants. 

considerable improvement is obtained compared to ENDIP-1 (maximum variation 
approximately 15 per cent). However, in the ENDIP-1 data, the results of 
neutron insensitive devices are also included which could explain part of the 
discrepancies. 

The presentation of results in the neutron beams should be restricted to 
R'-r (quotient of the reading of a TE ionization chamber by its sensitivity to 
the gamma rays used for calibration), which is a reasonable indication for total 
absorbed dose. The use of two completely independent TE ionization chamber 
systems which are separately calibrated provides the possibility to assess the 
experimental uncertainties when a common procedure is used. It also allows to 
ascertain to some degree the reliability of the local monitoring systems. The 
standard deviation in the ratio of R'T from the two systems is about 1 per 
cent which provides a measure for the significance of differences found 
between participants and ENDIP-2 team. The average of the R'-r ratio is close 
to unity which indicates that systematic differences between the two ENDIP-2 
TE ionization chamber systems are small and can be neglected. 

Fig. 1 shows a histogram of R'T reported by the participants relative to 
R'-r determined by the ENDIP-2 team; in case of more than one measurement 
condition, the mean value is given. The ENDIP-2 values are the average of the 
results from the two TE chamber systems and are derived with ENDIP-2 cali-



bration factors. A maximum deviation of only 3 per cent has been observed 
between R'y reported by the participants and the ENDIP-2 value. The average 
value and standard deviation of R'T (participant)/R'T(ENDIP-2) is 1.00010.014. 
A comparison with the R'-r (ratio from the two ENDIP-2 systems) leads to the 
conclusion that R'j values reported by the participants are probably not 
significantly different from that measured by the ENDIP-2 team. 

Also shown in the figure are comparable results obtained for R'j in 
ENDIP-1 for 15 MeV neutrons free-in-air (at CSF and TNO). In ENDIP-1 the 
results of each parti*.»: vit were presented with reference to the mean of the 
values of all participate... The average value of R'-r for d(2.3)+D neutrons at 
CSF in ENDIP-1 is only 0.6 per cent different from that obtained in ENDIP-2 
with the same target and monitor. This supports the procedure followed in 
ENDIP-1 for expression of the results. It is evident that a considerable 
improvement in determination of R'T is obtained. This can be attributed to the 
appreciable efforts made in neutron dosimetry in the intervening years. 
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RESPONSE OF DIFFERENT SPECIES 
TO HIGH DOSE TOTAL BODY IRRADIATION 

J.J. Broerse, L.A. Hennen and J. Zoetelief 

During the past decade relatively few new studies have been initiated on 
the response of different species to high-dose total body irradiation. The 
experimental data from various laboratories show a considerable variation in 
L^50/30d v a l u e s ( t n e dose which produces 50 per cent lethality within 30 
days) even after total-body irradiation with conventional X rays, ranging from 
4 to 6 Cy in the monkey, 7.1 to 9 Cy in the rat and 6.4 to 9 Cy in the mouse 
(see, e.g. Hall, 1978). Part of the discrepancies in the LD50 values can 
possibly be attributed to inadequacies in the dosimetry procedures and 
exposure arrangements employed. 

Recently the present knowledge on lethality in different species has been 
reviewed (Broerse and MacVittie, 1984) and the need for studies of haemato-
logical endpoints e.g. anaemia, thrombopenia and granulocytopenia, has been 
emphasized (Fliedner et a l . , 1984). For larger animals, lower LD50 values are 
observed for the occurrence of the bone marrow syndrome than for rodents, 
e .g . , 3.7 Cy for dogs, 5.3 Cy for monkeys and 4.5 Cy for men (Vriesendorp 
and van Bekkum, 1984). For the latter case slightly larger LD5Q values might 
be envisaged under conditions of maximal supportive care (Barrett, 1984). 

A summary of LD^Q^Q^ values in rodents (generally irradiated at an age 
of about 12 weeks) employed at the REP institutes is given in Table I. For the 
same species considerable differences in radiosensitivity are observed. The 
L.r)50/3Od vaiues after X irradiation vary from 5.3 to 7.3 Cy for different 
mouse strains and from 4.5 to 8.0 Cy for rats. In contradiction with the 
results obtained by other groups, LDJQ values in excess of- 8 Cy have not 
been observed among the 24 rodent strains at our institute. The differences in 
sensitivity between the two sexes are generally marginal. The gamma rays of 
137Cs have a lower effectiveness than 300 kV X rays. An average relative 
biological effectiveness (RBE) of 0.86 is observed for gamma radiation. The 
radiation syndromes involve a number of clinical disorders including 
haemorrhages and infections. It should be stressed, however, that the primary 
case of the radiation syndrome lies in effects at the cellular level. RBE values 
observed for occurrence of radiation syndromes are in good agreement with 
those based on the slopes of the survival curves of the haemopoietic stem 
cells. 

The above mentioned LD50 values refer to total body irradiation in which 
all possible measures are taken to achieve homogeneous irradiation. For 
irradiations with inhomogeneous distribution of the absorbed dose in the animal 
(e.g. unilateral irradiation or partial body exposure) appreciable variations in 
biological response are to be anticipated. As an example of the biological 
consequences of an inhomogeneous dose distribution, a comparison is made 
between the central doses required to produce the same biological effect in 
inhomogeneous and homogeneous irradiations of block-shaped uniform cell 
distribution. The fraction of surviving cells S(D) at a dose D is given by the 
relation: 

S(D)=e"aD 



Table I 

LD50/30d ( C v ) AFTER 300 kV X- AND 137Cs T - I R R A D I A T I O N FOR BOTH SEXES 
IN VARIOUS MOUSE AND RAT STRAINS AVAILABLE AT REP-TNO 

Female Male 

X rays 

BALB/c 
C3H/LwRij 
C57BL/KaLwRij 
RFM/UnRij 
C57BL/Rij 
CBA/BrARij 
CBA/CaHRij-T6 
(C57BLxC3H)F1 
(C57BLxCBA)F1 
DBA/2LwMblRij 
(BALB/cxDBA/2)F1 

WAG/Rij 
BN/BiRij 
SD/Rii 

5.3 
6.5 
6.2 
6.6 
6.5 
6.7 
6.7 

-
7.1 

-
7.1 

5.5 
5.9 
6.9 

rays X 

mouse strains 

6.4 
7.4 
7.7 

-
7.9 
7.2 
7.5 
8.1 
8.0 
8.4 
8.7 

rat strains 

_ 

-
-

rays 

5.4 
6.2 
6.2 
6.3 
6.4 
6.7 
6.7 

-
6.8 

-
6.9 

6.0 
6.4 
7.4 

y rays 

6.1 
7.3 
7.7 

7.4 
7.5 
7.6 
7.7 
7.9 
8.1 
8.2 

where a is the inverse of the DQ value. For the irhomogeneous irradiation it is 
assumed that the dose decreases exponentially with depth between the entrance 
dose D and the exit dose D: 

Dmid 

- ^ ln(D/D) 
-t/2 t /2 

where Dmjd is the central absorbed dose. 
In consequence the fraction of surviving cells as a function of the central 

dose and the inhomogeneity of the dose distribution 6/D can be formulated as: 

- £ ln(D/D) 
1 t/2 -oD 

The relation 
central dose, 

'inhom,exp 

between the 

I' mid dx 

-t/2 
dose in 

'mid 

an homogeneous irradiation, Dn o m and the 
(in case of an exponential dose decrease with depth) to 

obtain the same amount of cell survival can be derived from 



aDmid " l n 

t/2 - i ln(D/D) 

dx 

-t/2 

This equation can be solved numerically. In Table II the influence of the 
inhomcgeneity of the dose distribution on the survival of haemopoietic stem 
cells is illustrated by using the data of Vriesendorp and Van Bekkum (1984) 
on the Do values and LD50 values for the occurrence of the bone marrow 
syndrome in different species. It is evident that the central dose, D , ^ , 
required in an inhomogeneous irradiation has to be considerably higher 
(dependent on the degree of inhomogeneity) to produce the same biological 
effect as the dose in a uniform irradiation. Consequently, the use of Dm jd 

without knowledge of the distribution of the absorbed dose and of the 
haemopoietic stem cells over the body can lead to a severe underestimation of 
the biological effect in homogeneous irradiations. 

Table II 

EXAMPLE OF THE INFLUENCE OF AN INHOMOCENEOUS DOSE DISTRIBUTION 
ON LD 5 0 / 3 O d IN SEVERAL ANIMALS (IN BODY OF TABLE). INFORMATION 

IS ALSO PROVIDED ON THE FRACTION OF SURVIVING CELLS (S) 
AT THE L D 5 0 / 3 0 d AND THE EXPONENT (oDhom) OF THE 

SURVIVAL CURVE FOR THE HOMOGENEOUS IRRADIATION 

species mouse rat monkey dog 

S<LD5O/3Od> 
LD 50/30d (Cy) 
aDhom a t LD50/30d 

IO-5 

7.0 
11.5 

3.10 
6.75 
10.4 

-5 10-1» 
5.25 
9.2 

6.10 
3.7 
7.4 

-4 

D/D tLD50/30d> m i d i n C y 

05 
10 
30 
50 
70 
00 
50 
00 
00 
00 

8.00 

7.0 
7.03 
7.2 
7.5 
7.7 
8.2 
8.9 
9.6 
10.8 
11.9 
14.7 

6.75 
6.77 
6.9 
7.2 
7.4 
7.8 
8.5 
9.1 
10.3 
11.3 
13.8 

5.25 
5.27 
5.4 
5.5 
5.7 
6.0 
6.5 
7.0 
7.8 
8.5 
10.4 

3.7 
3.71 
3.8 
3.9 
4.0 
4.1 
4.4 
4.7 
5.3 
5.7 
7.0 
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EFFECTIVENESS OF RADIATION TREATMENTS ON 
THE RECTUM OF THE WAG/Rij RAT 

H.B. Kal, I.W.M. Litjens and E. Fieret 

In radiotherapy of the pelvic and abdominal regions the partially 
irradiated intestine is a critical normal tissue at risk; often the large bowel 
has to be included in the treatment fields. To evaluate and/or select treatment 
regimens the tolerance dose of the intestine for acute as well as late effects 
has to be known. Hubman (1981) described an irradiation set up and a method 
to evaluate the response of the rat rectum to radiation doses with rectal 
obstruction as endpoint. In the present study an identical irradiation setup 
was applied and the response of the rectum of the female WAG/Rij rat to single 
and fractionated doses using this endpoint was studied. 

A 22 mm segment of the colon descendens of female WAG/Rij rats. 1 cm 
away from the anus, was irradiated. The anaesthetized rat was kept in a 
plastic mould and hung head down with its back on a lead plate containing a 
window of 10 x 22 mm2. In this vertical position most of the abdominal organs 
were kept away from the irradiation field. Irradiation was performed with 300 
kV X-rays at a dose rate of 2 Gy/min; one. two and five fractions were 
applied. The time intervals in the two-fraction experiment were 1 . 7 and 28 
days, respectively; the time interval in the five fraction experiment was 1 
day. Animals were inspected regularly. When symptoms of obstruction oc¬ 
curred, i.e. diarrhoea and or dilatation of the intestine as observed by 
palpation, the animal was killed. Autopsy was performed and the irradiated 
organs were examined histologically. Most of the obstructions of the rectum 
were observed between 50 to 150 days and the latest one 650 days after treat¬ 
ment. A dose dependency for the latent period was present, i.e. smaller doses 
gave longer latent periods. 

In the two-fraction experiment with 1 or 7 days interval the EDJQ values 
^Q is the effective dose causing obstruction in 50 percent of the animals) 

as determined with probit analysis were not significantly different; therefore, 
one EDJQ value was calculated. 

In agreement with the experiments described by Spiethoff et al. (1983) no 
difference in LDJQ values was observed in the two-fractions experiment with 1 
or 7 days interval. Thus an effect of repopulation is not of importance in the 
first week of treatment; this is consistent with a slow turnover of the cells of 
the rectum. 

The frequency of the obstructions observed within 1 year after treatments 
with a single dose, 2 and 5 fractions as a function of dose, are shown in Fig. 
1 . The ED50 values derived for single doses, two dose fractions with intervals 
of 1 or 7 days, two fractions with an interval of 28 days and 5 fractions with 
1 day interval are 27.0, 34.3, 43.6 and 47.5 Gy, respectively. The absolute 
ED50 values as reported by Spiethoff et al. were larger than those reported 
here. Probably, differences in animal strain, localisation of the irradiation field 
and the choice of the endpoints, i.e. rectal obstruction within one year versus 
whole lifespan, account for the differences observed. 

When a linear-quadratic relationship between a certain effect E and the 
radiation dose D is assumed, E = D+BD2, then the o/B ratio with the dimension 
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Fig. 1: Frequency of rectal obstructions in the WAG/Rij rat within one year 
after treatment as a function of dose. 
Curves 1 to 4: single acute doses, 2 fractions with intervals of 1 
and 7 or 28 days and 5 fractions with 1 day interval, respectively. 

of dose is the dose at which the linear and quadratic components are equally 
effective. 

In general, each tissue has a specific a/B valu^ for a specific reaction to 
a radiation treatment. Two classes of a/0 values can be distinguished. For 
acutely reacting tissues the a/0 values are about 10 Cy, those for late 
responding tissues are in the range of 1 to 4 Cy (Fowler, 1983; Barendsen, 
1982). 

When the ED50 values for rectal obstruction and fraction doses are plotted 
(Fig. 2) as described by Douglas and Fowler (1976), an a/0 dose of about 14 
Cy for rectal obstruction can be calculated. This value is somewhat larger than 
those found for tissues such as skin, testis and callus (Fowler, 1983) and is 
indicative for an acutely reacting tissue. From the data reported by Spiethoff 
et al. (1983) for overall times up to 7 days an a/0 value of 7 Cy can be 
derived. However, when the 5-fractions data point is given a lower weight, a 
larger a/0 dose can be calculated. 

The absolute ED50 values as reported by Spiethoff et al. (1983) and those 
presented here are different. However, from both sets of data points, relative¬ 
ly large alt values for the rectum tissue could be derived. Most of the rectal 
obstructions occurred in the interval of 50 to 1S0 days after treatment. Despite 
this late occurrence the a/0 value derived indicates that the endpoint is more 
characteristic for an acutely than for a late responding tissue. Probably, the 
rectal obstruction should be seen as a "late" result of an early reaction. 
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Fig. 2: Inverse of the total dose to induce SC percent rectal obstructions as 
a function of dose per fraction. The point of intersection of the 
curve 1 with the horizontal axis indicate the a/8 dose. For 
comparison the data points of Spiethoff (1983), obtained with 
fractionation schemes with an overall time up to 7 days, are 
included (open circles). 
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EARLY EFFECTS OF FRACTIONATED THORACIC IRRADIATION 
IN WAG/Rij RATS 

E. van Rongen, C.H.T. Tan and C. Zurcher 

A program was started with the aim to obtain information on the effects of 
fractionated and low dose rate irradiation on the incidence and extent of 
radiation f:brosis in rat lung and to determine the halftime for repair for this 
type of injury. 

The program was started with a number of regimens consisting of single 
and fractionated irradiations of the thorax of 12 week old female WAG/Rij rats 
as listed in Table 1. In case of fractionated irradiation the maximum interval 
between two subsequent fractions was 6 h. This interval was chosen to pre¬ 
clude the occurrence of slow repair (Field et al . . 1976). Irradiation was 
performed using 300 kV X-rays in two opposed lateral fields of 45-50 mm 
width. The head and abdomen were shielded by 5 mm thick lead plates. The 
dose rate was 0.8 Gy/min, which was the highest obtainable in our set up. 
During irradiation the rats were anaesthetized with enflurane (Ethrane**). 

The aim of the experiment was to induce late lung damage, therefore the 
maximum accumulated doses of each regimen were chosen to be in the order of 
the LDJQ for radiation pneumonitis. It was expected that the animals surviving 
pneumonitis and those who were irradiated to a dose just too low to cause 
pneumonitis had the highest risk for developing fibrosis. 

Table I 

SUMMARY OF RADIATION PROTOCOLS FOR THE THORAX OF 
FEMALE WAG/Rij RATS 

number of 
fractions 

1 

2 

interval 
time (h) 

1 
2 
4 
6 

1 
2 
4 
6 

total dose 
range (Gy) 

5.25 - 14.00 

11.00 - 14.50 
11.00 - 14.50 
11.00 - 14.50 
7.52 - 18.00 

16.92 
16.92 
16.92 

11.80 - 22.00 

fraction dose 
range 

5.25 -

5.50 -
5.50 -
5.50 -
3.76 -

4. 
4. 
4. 

2.95 -

(Gy) 

14.00 

7.25 
7.25 
7.25 
9.00 

23 
23 
23 

5.50 
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Almost all available data in the literature on rodent lung damage are 
obtained with mice. The range of LD50 values for single doses for different 
mouse strains varies from 8.8 Cy (CD-I mice, LD50 at 180 days. 1.25 Cy/min; 
Van der Kogel et a l . , 1983) to 16.4 Cy (CjH-HeJ mice, LD S 0 / 1 8 0 d . 0.70 
Cy/min; Sherman et a l . , 1982). Travis and co-workers reported for CBA/Ht 
mice an LD50 at 28 weeks of 14 Cy and a threshold doses for fibrosis of 13 Cy 
(Travis, 1980; Travis et a l . , 1980; Travis and Down, 1981). In our labora¬ 
tory, Lopez Cardozo et al. (1983) obtained an LD 5 0 / 1 8 0 d of 13.3 Cy for 
BN/BiRi) rats irradiated at 0.80 Cy/min. Deaths however occurred in two 
distinct periods (early, from 6-13 weeks and delayed, from 18-28 weeks). 
Histological changes in the lungs of those rats dying early were minimal and 
insufficient to explain death of the animals as due to a decreased gas 
exchange. Animals which died during the second period showed histopatho-
logically severe radiation pneumonitis. 

The rats from the WAG/ Rij strain used in our experiments appeared to be 
more sensitive to lung irradiation than the BN/BiRij rats: the LD50 for early 
damage was approximately 11.2 Cy (Fig. 1). The animals died within 12 weeks 
after irradiation. According to Travis (1980), in mice the phase of pneumonitis 
does not begin until at about 12 weeks post-irradiation. In accordance with 
this, the main histopathological feature in our rats was not radiation pneumo¬ 
nitis, but right ventricular hyperthropy, in some cases associated with 
pericentral liver cell necrosis. Death could have been either due to right 
ventricular failure or to respiratory failure secondary to a massive pleural 
fluid accumulation which was found in the majority of cases. 

Regardless of the primary cause of early deaths there was a clear in¬ 
fluence of fractionation on this early mortality (Fig. 1). The LDJQ was about 
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Fig. 1. Mortality of female WAG/Rij rats up to 12 weeks after X-irra-
diation of the thorax, given in 1 , 2 or 4 fractions at 
intervals. 
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14.4 Gy for a two-fraction regimen and increased to 19.7 Cy for four frac¬ 
tions. From these data an a/6 ratio of 3.78 Cy can be calculated if regression 
analysis on the LD50 data points is applied (Barendsen. 1982). 

In the concept of a linear-quadratic relationship between a certain 
effect E and the radiation dose D as expressed by the equation E = oD + BD2, 
the ratio a/6 is the dose at which the linear and quadratic components an 
equally effective. This ratio is an indication for the sensitivity of a tissue for 
fractionation of the irradiation. It is high (10-12 Cy) in fast and low (2-4 Cy) 
in slowiy proliferating tissues. The a/B ratio is important in the calculation of 
tolerance doses for different irradiation regimens, e .g . , with the iso-effect 
model of Barendsen (1982). 

Travis et al. (1983) demonstrated that the a/6 dose can be calculated with 
the formula a/B = (D-,2 - dD n ) / (D n - D1) in which D1 and Dn are iso-effect 
doses for 1 and n fractions respectively and d is the fraction dose. Calculated 
with this formula the a/B ratio for 2 fractions is 6.80 Gy and for 4 fractions it 
is 3.40 Cy. Travis et al. (1983) listed a/B ratios obtained by different authors 
for the endpoints LD5Q and breathing rate both at 26-28 weeks. The ratios 
ranged from 2.8 to 5.8 Cy. The a/B doses of 3.78 Cy and 3.40 Cy calculated 
from the present data are well within this range. The ratio of 6.80 Cy is 
rather high. 

Travis et al. (1983) also calculated the proportion of the total dose 
recovered (F r e c ) and the proportion of each fraction dose recovered per 
interval (FR) (which both depend on the fraction dose). The values of these 
parameters for the 4 fraction experiment calculated from the present data (F r e c 

= 43.1%, FR = 57.5%) agree with the results of these authors (F r e c = 41%, FR 

- 54%). 
The conclusion from these experimenas is that, although pneumonitis was 

not the primary cause of death in the experiments with WAG/Rij rats described 
here, the parameters which can be derived from the LD50 data, i.e., the a/B 
dose, F r e c and Fp, correspond with the ones observed by other authors for 
LDJQ and breathing rate assay up to 28 weeks in mice, in which pneumonitis 
was found. 
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Travis, E.L. et a l . , Radiat. Res. 84 (1980) 133. 
Travis, E.L. et a l . . Int. J. Radiation Oncology Biol. Phys. 6 (1980) 345. 
Travis, E.L. and Down, J.D. , Radiat. Res. 87 (1981) 166. 
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GROWTH OF PULMONARY 'METASTASES' ORIGINATING FROM I.V. INJECTED 
R-1.M RHABDOMYOSARCOMA CELLS INTO SYNGENEIC INBRED WAG/RIJ RATS 

A.F. Her mens, H.T. Madhuizen, R. Korving and F.W. de Quartel 

An important characteristic property of malignant tumours is their 
potential of disseminating tumour cells from which metastases may develop. The 
clinical and pathological importance of metastases formation can be judged from 
the fact that of those patients who die from cancer within 5 year after 
diagnosis, about 30 to 70 per cent show metastases at obduction depending on 
the type of the primary tumour (Gilbert and Kagan, 1976). These observations 
reflect the fact that treatment is more difficult in case of a disseminated 
malignancy and that patients with overt metastases have a poor prognosis. 
In this respect, a major problem for initiating preventive or therapeutic 
strategies is that the development of metastases is quite unpredictable, both 
with regards to the time of their onset as well as the probability and 
frequency of occurrence in an individual patient. So far, estimates of the time 
of onset of metastases formation require mathematical simulation of growth 
curves from data on time-course variations in the size of lung metastases as 
observed from X-ray chest radiographs, for instance (Tubiana, 1982). How¬ 
ever, such estimates may be error prone because they involve extrapolation 
from these growth curves over a range of 8 decades where no data on the size 
of metastases can be obtained, i.e. from the detection threshold of about 3 mm 
diameter down to that of a single cell. 

In the course of on-going experiments on factors and conditions which 
may influence the probability of metastases formation by R-1,M cells in WAG/Rij 
rats, evidence has been obtained that in this system the time of 'onset' of 
metastases formation cannot be derived from growth curves which describe the 
macroscopic growth of R-1,M metastases in the rat lung. This conclusion can 
be drawn by comparing two sets of data on the growth of lung metastases 
shown in Fig. 1 , namely of metastases observed in animals treated with 4 Gy 
total body irradiation, TBI, and in non-irradiated controls. The development of 
metastases was initiated by introducing in vitro cultured R-1.M cells into the 
circulation of 6 week old female rats via the tail vein. Non-irradiated animals 
received a number of 3 x 10s cells per animal; those treated with TBI received 
a number of 3 x 104 cells per animal 24 hours after irradiation involving 
exposure to a homogeneous field of X-rays, produced by two opposing 300 kV 
X-ray generators. Starting at about 4 weeks «tfter introduction of the tumour 
cells each of the animals was inspected at weekly intervals for the presence of 
overt metastases while X-ray chest radiographs were taken in ante-posterior 
direction for screening for lung metastases. 

Serial radiographs of a given single spherical image of lung metastases 
observed in each individual animal were used for measuring the diameter of 
each of these metastases at timepoints t after introduction of the tumour cells. 

* X-ray chest radiographs were taken by employing a diagnostic Röntgen 
apparatus operating at 55 kVp and using Kodak X-OMAT RP diagnostic 
films. Allowance for magnification was made by comparing the size of a 1 
cm leaden rod taped onto the lateral side of the thorax of the rat and the 
resulting shadow on the radiograph. This magnification factor was meas¬ 
ured once in a separate experiment of five randomly selected animals. 
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Fig. 1 . Variations with tin» in volume, V t , of lung m«Ustas«s originating 
from R-1 .M rhabdomyosarcoma cells introduced into the circulation of 
C week old female WAC/Rij rats. 
o and • represent data obtained for lung metastases originating in 
animals submitted to total body irradiation, TBI , of « Cy of 300 kV 
X-rays one day before introducing R-1.M cells into their circulation 
and those originating in non-irradiated controls, respectively. 
Curve m(1) represents the time course variation in V t when metas-
tases reach volumes larger than Vt=25OmmJ; 
Curves m(2) and m(3) represent upper and tower estimates, respec¬ 
tively, of the time course variations in V t when metastases are still 
smaller than V t = 250 mm*; 
Curve s and • represents the time course variation in V ( for R-1 ,M 
tumours growing in the subcutaneous space (3). 
- A - and - * - relate to the mean time and its standard error 
required for metastases growing in animals treated with or without 
TBI , respectively, to reach volumes of Vt«2S0mm1, assuming that 
each of the metastases observed originate from a single cell. 
Curves m(«) and m(S) represent the average time course variations 
of V{ for metastases originating from single cells in animals treated 
without and with TBI , respectively. 
T2 represents the time required for a given metastases with volume 
V t to reach 2.V t . 
The difference in the positions of A and * can not be predicted by 
the construction of a pair of growth curves, one which would only 
fit the data represented by o, and the other only those represented 
b y » . 



The data were then converted to values for volumes, V t , which were used to 
construct growth curves for each individual metastasis by plotting V t versus 
time t. Subsequently, from every individual growth curve the time T V _25Q was 
determined i.e., the time at which the corresponding metastases had reached a 
volume Vf = 250 mm3. 

To allow comparison of the observed growth of all metastases analysed, 
the data on V^ determined for each individual metastatis are plotted as a 
function of time t =t-Tv_250 shown in Fig. 1. so that Vt=250 for all of the 
metastases if t =0. From the data shown in Fig. 1. The following conclusions 
can be drawn: 
1) The distribution pattern of the data on V t for metastases observed in 

animals treated by TBI cannot be distinghuished from that for metastases 
observed in control animals as shown by curve m (1). This implies that 
for both of the two groups of animals the growth of meUstases which are 
larger than V*t = 250 mm3 can be described by a simple curve corres¬ 
ponding with a time for doubling in volume equal to T2 = 15 day. How¬ 
ever, this curve does not fit to the data on V t obtained at earlier stages 
of metastatic growth. In addition, the data on V^ for metastases smaller 
than V{ = 250 mm3 are too much dispersed so that only limits for the 
slowest and fastest growth in this volume range can be specified. These 
limits are represented by the curves m(2) and m{3). respectively, which 
correspond to values for Tj equal to 12 and 5 day, respectively. 

2) It will be clear from 1) that, whatever model for growth is capable of 
fitting the whole range of data on V t of metastases growing in TBI 
treated animals, it will fit equally well to the data obtained for metastases 
growing in non-irradiated controls. Consequently, if such a model was to 
be used for the estimation of the time of onset of growth of metastases, 
namely by extrapolation of the growth curve to the left, it would be 
expected that in TBI treated and non-irradiated animals metastases 
formation had started at equally long time intervals before the time that 
each of the metastases had attained a volume V t = 250 mm3, i.e. at equal 
Ty _ 250* In contrast to this expectation actual measurements of Ty _ 250 
shown in Fig. 1, demonstrate that it takes less time for R-1.M cells 
introduced in TBI treated animals, to attain this volume of V t - 250 mm3 

than it takes R-1.M cells in non-irradiated controls to do so, namely 
T y _ 250 = 81 ± 1.5 day as compared to T v _ 250 = 114,0 - 6-5 day, 
respectively. This difference cannot be attributed to the difference in the 
number of R-1 ,M cells injected in TBI and control animals. 

3) Calculations show that the average growth rate of R-1,M cells settled in 
the lungs of TBI treated animals is equal to T2 = 2.9 day, which is 
comparable to the early stage of tumour growth of R-1,M cells trans¬ 
planted into the subcutaneous space as is shown by the left part of 
curve s as described earlier (Hermens, 1973). The calculated average 
growth rate of R-1,M cells in lungs of non-irradiated animals is signifi¬ 
cantly slower, i.e. corresponding to a value of T2 - 4.1 day. Presently, 
the underlying mechanism(s) which can explain this difference in T2 for 
metastases growth in TBI treated and non-treated animals is not yet 
clear. 

4) It should be realized that the difference in time between the values of 
Ty _ 250 measured for metastases growing in the two groups of animals, 
wh'ch is equal to about 30 days, represents approximately 1/5 to 1/4 of 
the total life expectancy of these animals which are bound to die within 
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about 120 to 150 days after the introduction of R-1.M cells into their 
circulation. 

Further experiments are required to study the growth of metastases in more 
detail to obtain a better understanding into questions concerning therapeutic 
measures which are necessary to cure or prevent metastases formation. 

Gilbert. H.A. and Kagan. R.. p. 385. In: Fundamental aspects of metastates 
(ed.: L. Weiss). North-Holland Publishing Company (1976). 

Hermens, A .F . , Thesis, Amsterdam (1973). 
Tubiana, M., Int. J . Radiation Oncology Biol. Phys. 8 (1982) 1471. 
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FLOW CYTOMETRIC MEASUREMENTS OF CHROMOSOMAL 
ABERRATIONS IN CULTURED MAMMALIAN CELLS 

TRANSFORMED BY IONIZING RADIATION 

G.W. Barendsen, J.F. Caiscr. M. Wilder1 and J.A. Aten2 

Dose-effect relations of radiation-induced in vitro cell transformation, 
chromosome aberrations and cell lethality, and the dependence of the relative 
biological effectiveness on the distribution of energy deposition by different 
radiations in cells, show similar characteristic parameters. However, the ef¬ 
fectiveness per unit dose for induction of transformation is smaller than for 
cell reproductive death and chromosome aberrations by a factor of approximate¬ 
ly 10 . This observation has led to the hypothesis that non-random structural 
changes or rearrangements, involving a restricted number of chromosomal 
sites, are the primary events in the process of induction of morphological 
malignant transformation of cultured mammalian cells by ionizing radiations 
(Barendsen, 1983, 1984). It is therefore necessary to distinguish primary 
aberrations in irradiated individual cells from changes which develop second¬ 
arily during subsequent proliferation of the transformed cells required for the 
development of malignant clones. The primary aberrations should be present in 
all cells of a transformed colony. When they are structurally large enough, 
they can be detected by flow karyotyping. High resolution cytometers allow 
assessment of changes in DNA content of each individual chromosome by a shift 
in the modal fluorescence value of the peak representing that chromosome. 
Furthermore the frequency of a change in a specific chromosome among a popu¬ 
lation of cells will be expressed in a change of the area of the corresponding 
peak. 

For the study of chromosomal aberrations involved in malignant 
transformation in vitro, the cell lines most frequently used are not suitable, 
because of aneuploidy and heterogeneity. For an analysis of changes in distri¬ 
butions of chromosomal DNA content by flow cytometry, it is important having 
available a cell line with a small number of chromosomes, yielding a small 
number of peaks in the flow kar yog ram. Therefore, a cell culture was started 
from a newborn Chinese hamster. After dissecting the internal organs and the 
skin, the remaining composite of tissues was minced and cultured at a rela¬ 
tively low cell density. From the primary culture a few clones were transferred 
individually to separate flasks. The culture medium consists of MEM and 10 
per cent newborn calf serum, with only penicillin at 100 IU per ml added. 
Clone nr. 3 was subsequently selected for further culture. The resulting cell 
line was designated NBCH-3. From passage nr. 8 on, the cells of this clone 
could be transformed by radiation. Cytogenetic analysis showed that up to 
passage 30 the majority of the untransformed cells contain 22 chromosomes. 

1 Life Sciences Division, Los Alamos National Laboratory, U.S.A. 
2 Laboratory for Radiobiology, University of Amsterdam 
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Fig. 1: A Flow kar yog ram of untransformed NBCH-3 cells in passage nr. 
~ 20. 
B Flow karyogram of a clone of transformed cells of NBCH-3 
~ passage 19. 
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A first series of measurements of flow karyograms of these cells was 
performed with the flow cytometer CHRIS at the Health Research Laboratory of 
Los Alamos National Laboratory in cooperation with Dr. M. Bartoldi. Further 
studies were' carried out with the ORTHO H-SO flow cytometer at the 
Laboratory for Radiobiology at Amsterdam. Chromosome suspensions from the 
cultures were prepared according to Aten et al. (1910). Cells were blocked in 
mitosis with colchicine or vincristine for 4 h and mitotic cells were dislodged 
by shaking of the flask. The mitotic cells were spun down and resuspended at 
room temperature in hypotonic KCI with Propidium Iodide (PI) . After 10 
minutes of swelling KCI + PI + Triton-X100 was added. Five minutes later, the 
cells were disrupted by shearing in suspension through a 21 gauge needle to 
yield a chromosome suspension. PI intercalates in DNA without base specifity. 
The fluorescence is proportional to the DNA content of each individual 
chromosome. 

In Fig. 1A a flow karyogram is presented of the cells in passage nr. 20. 
Nine distinct peaks are obtained, because the smallest chromosomes 9 and 10 
have equal DNA contents and produce peak 9, the X chromosome coincides with 
the peak of chromosome nr. 3 and the Y chromosome coincides with the peak of 
chromosome nr. 5. 

Transformation of cultured NBCH-3 cells was induced by irradiation with 
X rays or 0.5 MeV neutrons. Individual clones with transformed morphology 
observed in irradiated cultures were transferred to separate culture flasks and 
cultured for two passages to obtain sufficient cells for flow karyotyping. In 
Fig. 1B a flow karyogram is presented obtained from a selected clone of 
descendents of a cell transformed by irradiation with 3 Cy of X rays. When 
compared to controls chromosome nr. 4 has undergone a change whereby two 
smaller peaks 4a and 4b are produced, while the other peaks are not signifi¬ 
cantly changed. The significance of a small peak between nr. 3 and nr. 2 is 
uncertain. This example indicates that an aberration is present in most if not 
all cells of the transformed clone and that therefore this change must have 
been induced in the primary transformed cell. 

For an interpretation of the observed changes further analysis is required 
with other methods, e.g. banding techniques. Data obtained with ten clones of 
transformed cells indicate that the changes in flow karyograms do not always 
occur at the same site and on the same chromosome, while in some cases the 
chromosomal changes may be more subtle and difficult to detect with this 
technique. From an analysis of the variation in modal fluorescence values of 
individual chromosomes among different control cultures of various passages, it 
became evident that a shift of about 1 per cent in the modal value is detec¬ 
table. Translocation of a single or a few genes would not be detected by flow 
karyotyping. 

Aten, J.A. et a l . , p. 287. In: (Laerum, O.D. et a l . , eds.) Flow cytometry 
IV, Universitetsforlaget, Oslo (1980). 

Barendsen, C.W., C5-02. In: Proc. of the 7th Int. Congr. of Rad. Res., 
Amsterdam, Martinus Nijhoff, (1983). 

Barendsen, C.W., J. Soc. Radiol. Prot. 4 (1984) 143. 



EFFECT OF IONIZING RADIATION ON THE BIOLOGICAL ACTIVITY OF 
ACTIVATED ONCOGENES AND DORMANT PROTO-ONCOGENES 

G.C. Angenent* and K.J. van den Berg 

DNA may be the crucial target for the induction of tumours by radiation. 
Radiation has been shown to cause a number of alterations in DNA such as 
strand breaks, release of bases from the DNA backbone and modification of the 
bases themselves. These alterations may then lead to secondary events such as 
mutations, translocations and repair errors (gene-transfer- misrepair). 

Proto-oncogenes of which more than twenty have been identified so far 
may play an important role in radiation carcinogenesis. There is ample evidence 
to indicate that point mutations in the dormant ras proto-oncogene are asso¬ 
ciated with several human tumours and cause oncogenic transformation of fibro-
blasts in the NIH/3T3 transfection system (Land et a l . . 19»3). Earlier results 
(Van den Berg and Jonker. 1H3) suggested that ionizing radiation may acti¬ 
vate proto-oncogenes present in normal DNA. The interpretation of these 
results is not clear-cut because transferred sequences could not be demon¬ 
strated in foci of transformed cells by Southern blot hybridization. Further¬ 
more, the DNA sequence in the BALB/c mouse causing transformation in the 
NIH/3T3 system has not yet been identified. 

In order to validate these results we have studied the effect of ionizing 
radiation on the cloned human activated Ha-ras oncogene, on the Ha-ras gene 
in integrated form and on the dormant proto-oncogene murine c-mos using the 
NIH/3T3 transfection system. NIH/3T3 cells were transfected with DNA from 
the plasmid pT2* carrying the cloned Ha-ras oncogene of the T24 bladder 
carcinoma cell line. Various individual foci which developed were injected into 
nude mice. DNA was isolated from tumours, digested with the restriction 
enzyme Bam HI. electrophoresed on agarose and blotted onto nitrocellulose 
filter according to Southern. Hybridization with a pT2* probe showed that all 
the primary foci of transformed cells contained various fragments of the pT24 
plasmid indicating that fibroblast transformation had been induced by intro¬ 
duction of the Ha-ras oncogene. 

The effect of ionizing radiation on the biological activity of the Ha-ras 
oncogene was studied by irradiation of pT24 DNA in solution with gamma rays 
up to a dosis of 3000 Gy. The irradiated DNA was transfected onto NIH/3T3 
cells and foci of transformed cells were scored as a function of the radiation 
dose (Fig. 1). For the inactivation of transforming activity a D ( = 1300 Gy was 
calculated for the pT2* plasmid. This is much higher than was found for 
transforming normal mouse DNA sequences (DQ = 2.5 Gy). 

A major difference with the previous results is thai transforming sequen¬ 
ces in normal DNA are surrounded by genes that may influence their expres¬ 
sion. An experiment was therefore carried out using the transforming potential 
of integrated activated Ha-£as oncogenes. DNA from primary foci, that showed 
the presence of pT24 sequences by Southern hybridization was tested for the 
capacity to induce transformation by secondary transfection. Only three out of 
thirteen primary transformants appeared to be positive on secondary transfec-

•Student at the Agricultural University, Wageningen, The Netherlands. 
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Fig. I : Inactivation of biological activity of human Ha-ras oncogen by 
ionizing radiation. 
The activated jras oncogen in the form of plasmid pT.24 (upper 
curve) or integrated in cellular DNA(pT24) of NIH/3T3 cells (lower 
curve) was irradiated with various doses of gamma rays. NIH/3T3 
cells were transfected with 20 ng pT24 DNA (+ 25 wg carrier DNA) 
or 25 pg cellular DNA(pT24). The average relative number of foci 
(N/No) from duplicate dishes is plotted as a function of the radiation 
dose. 

tion. DNA from one of these positive transformants was irradiated and again 
tested for transformation in the NIH/3T3 system. It seems that the genetic 
surrounding has a certain influence since the integrated pT24 is about 8 times 
more sensitive for inactivation (Do - 1600 Cy) than the isolated oncogene (Fig. 
1). However, the transforming normal mouse DNA sequences proved to be 60 
times more sensitive for radiation-inactivation. 

The possibility of activation of dormant mammalian proto-oncogenes by 
ionizing radiation (Van den Berg and Jonker, 1983) was investigated using a 
cloned plasmid containing the mouse- cellular proto-oncogen c-mos. This 
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oncogen does not transform fibroblasts in a transfection system. Upstream of 
the mos sequences, a control sequence has been identified which is thought to 
inhibit the expression of mos. Removal of these control sequences was found to 
induce fibroblast transformation (Blair et a l . , 1981). 

It was thought that a certain amount of damage by ionizing radiation 
might inactivate these controlling sequences which would lead to the develop¬ 
ment of transforming capacity. However, in our hands irradiation of this 
plasmid with various doses of gamma rays was not effective in the induction of 
transforming activity. To check the transforming potential of this plasmid it 
was digested with the restriction enzymes Xba I and Eco Rl which produce two 
fragments: a 6.0 kb fragment containing c-mos and a 1.6 kb fragment con¬ 
taining the controlling sequences. Transfection of the 6.t» «b fragment alone or 
in combination with a cloned retroviral long terminal repeat did also not result 
in fibroblast transformation. 

Recent literature data indicate that the dormant cellular c-ras may be a 
better model for investigations on the activation of proto-oncogenes by 
radiation. DNA from mouse tumours induced by gamma radiation was found to 
contain an activated ras oncogene. Comparison of base sequences of ras from 
normal and tumour tissues indicates a point mutation in codon 12 as is also 
found in other activated ras genes (Guerrero et a l . , i984). The sites which 
upon mutation lead to an activated ras oncogene are not restricted to codon 12 
but also includes the codons 13, 59 and 63 (Fasano et a l . , 1984). Even at the 
specific codon 12 alteration of the bases coding for all amino acids except 
glycine and proline may result in a transforming oncogene (Seeburg et al . , 
1984). Thus, there appear several possibilities for ionizing radiation to cause 
activation of the c-ras gene. The chances for such an activation will be 
further investigated. 

Van den Berg, K.J. and Jonker, R.R., p. 43. In: Annual Report of REP-TNO 
(1983). 

Blair, D.C. et a l . . Science 2J2 (1981) 941. 
Fasano, 0 . et a l . , Proc. Nat. Acad. Sci. USA SH (1984) 4008. 
Guerrero, I. et a l . . Science 225 (1984) 1162. 
Land, H. et a l . . Science 222 (1983) 771. 
Seeburg, P.H. et a l . . Nature 3U (1984) 71. 
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EXPRESSION OF MAMMARY TUMOUR VIRUS-ASSOCIATED SEQUENCES IN 
NORMAL AND NEOPLASTIC MAMMARY CELLS OF RATS 

P.A.J. Bentvellen. H.A. Solleveld and J.J. Broers* 

Normal cellular DNA of rats contains multiple copies of a sequence related 
to the murine mammary tumour virus (MuMTV). This sequence hybridizes 
under stringent conditions with either the cloned MuMTV long terminal repeat 
(LTR) or the cloned structural proviral genes gap + p_ol (Bentvelzen et a!.. 
19(3). In mice endogenous MuMTV may induce mammary carcinomas, but its 
role in nonviral carcinogenesis has not been unequivocally established. 

In both normal as well as neoplastic mammary tissues of mice which are 
not exogenously infected with a MuMTV, the LTR of endogenous virus is often 
transcribed (Graham et a l . . 190«). The LTR-transcript contains an open 
reading frame coding for a polypeptide with a molecular weight of 37,000 dalton 
(Racevskis and Prakash. 190*). It is an attractive hypothesis that expression 
of the endogenous proviral LTR is instrumental in either initiation or 
maintenance of the neoplastic state of mammary tumour cells, presumably 
through transactivation of cellular genes by the open reading frame product. 

No evidence was obtained for the expression of structural MuMTV-related 
proteins in a great number of radiation-induced mammary tumours of rats 
(Bentvelzen et a l . , 1981). In view of the observed expression of the MuMTV-
LTR in several categories of mouse mammary tumours, RNA from IS rat 
mammary proliferative lesions was tested for the presence of MuMTV-LTR-
related molecules. Total RNA was isolated from these lesions according to 
Feramisco et al. (1902) as well as from normal rat mammary glands and 
deposited in different quantities on a nitrocellulose filter. The blots were then 
incubated with MuMTV-LTR DNA, labelled with 3 2P by means of nick 
translation. 

As positive control was used RNA isolated from MuMTV virus particles, 
from a primary BALB/cfC3H mouse mammary tumour and the C3HMT/cl11 cell 
line which is derived from a virally induced mammary tumour. The RNA prepa¬ 
rations were subjected to electrophoresis in an 1.5% agarose gel and then 
stained with bromophenol blue. The RNA isolated from virus particles gave a 
single band, corresponding with a size of approximately 9 kilobase. The 
cellular RNA preparations isolated from mouse mammary tumour lines yielded a 
smear with two distinct bands containing ribosomal RNA. Similar patterns were 
obtained with the RNA preparations obtained from rat mammary glands and 
mammary tumours. For comparison, RNA from lactating mammary glands of 
C57BL/Rij mice as well as RNA isolated from developing mammary tissue of 
C57BL/Rij mice, which were two weeks pregnant, was included. 

In Fig. 1 the dot blot hybridization procedure gives a very strong signal 
with purified viral RNA. With this technique 10 pg of viral RNA could be 
visualized in several experiments. The mouse mammary tumour RNA gives a 
very strong signal. It was calculated that 3% of the cellular messenger RNA 
consists of MuMTV-RNA molecules. The cultured cell line C3HMT/CI11 gave a 
somewhat weaker signal. The mammary glands of mice, which are not 
exogenousfy infected, gave a moderately strong signal particularly when 
lactating. Rat mammary glands were also positive when they were lactating or 
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Fig. 1: Dot blot hybridization with a 32P-labelled proviral long terminal 
repeat of the murine mammary tumour virus tested on RNA from a) 
virions; b) C3HMT/CI11 cell line; c) BALB/cfC3H mamma, y tumour; 
d) C57BL mouse developing mammary gland; e) CS7BL/Rij mouse lac-
tating mammary gland; f) WAG/Rij rat developing mammary gland; g) 
WAG/Rij rat lactating mammary gland; h) WAG/ Rij rat lobular hyper-
plasia; i) WAG/ Rij rat cribriform comedocarcinoma. 
The amount of RNA in the first line of blots is 4000 ng as estimated 
by OD and A260. Subsequent dilutions are fourfold. 

in the growth phase. When rat cellular DNA was dotted in the same way as the 
RNA preparations and tested with the MuMTV-LTR probe, a signal was 
obtained with the same intensity as the dots of rat mammary gland RNA. This 
indicates that the reactions of the latter preparations are not due to conta¬ 
minating rat cellular DNA with its proviral sequences. 

Of the proliferative lesions only a lobular hyperplasia was positive, while 
the carcinomas, which were either of the tubulopapillary or cribriform comedo-
type, were negative. Also RNA isolated from two rat mammary tumour cell 
lines, which ara thought to contain transformed nummary stem cells (Dubbeld 
et al.» 1981), did not react with this probe. The negative reactions were not 
due to degradation of the messenger RNA, since a proper reaction was found 
with a cloned actin cDNA probe tested on all cellular RNA preparations (Fig. 
2) . This probe did not react with RNA from MuMTV preparations. 

The results indicate that the endogenous proviral sequences in rat DNA 
are not involved in the maintenance of the neoplastic state of radiation-induced 
mammary tumours. However, expression of these sequences in normal mammary 
cells of mice and rats suggest that the LTP. promotes mammary gland develop-
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Fig. 2: Dot blot hybridization with a 32P-labelled cloned DNA of the actin 
messenger as a test for the quality of cellular RNA preparations, 
a) lactating BN rat mammary gland; b) developing BN rat mammary 
gland; c) lactating WAC/Rij mammary gland; d) WAG/Rij rat mammary 
tumour (cribriform comedocarcinoma); e) WAG/Rij rat mammary 
tumour (tubulopapillary type). 

ment. This supports the idea that the proviral LTR of exogenous mammary 
tumour virus contributes to carcinogenesis among others by promoting this 
developmental proces. 

Bentvelzen, P. et a l . , Eur. J. Cancer ]T_ (1981) 407. 
Bentvelzen, P. et a l . , p. 55. In: Annual Report of REP-TNO (1983). 
Dubbeld, V..A. et a l . , p. 109 In: Annual Report of REP-TNO (1981). 
Feramisco, J.R. et a l . , J. Biol. Chem 257 (1982) 11024. 
Graham, D.E. et a l . , J. Virol. 49 (1984) 819. 
Racevskis, J. and Prakash, O., J. Virol. 51 (1984) 604. 
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IMMUNIZATION OF MICE WITH SUBUNIT MAMMARY TUMOUR VIRUS VACCINES 

P. van Klaveren, P.A.J. Bentvelzen, A. Osterhaus* and B. Morein** 

The worldwide distribution of human T-cell leukaemia virus (HTLV) as 
well as the recent epidemic of acquired immunodeficiency syndrome (AIDS), 
presumably caused by a retrovirus, prompts the rapid development of retro-
virus vaccines to be used in man. Results with retrovirus vaccines tested in 
animals have been poor. Therefore, new vaccination technology is needed for 
this group of viruses. This has first to be explored in animal models. 

We try to protect mice against the development of mammary tumours after 
infection with the murine mammary tumour virus (MuMTV), a type B retro-
virus. Sarkar and Moore (1978) reported successful vaccination of C57BL mice 
against the oncogenic effect of MuMTV by prior administration of the purified 
viral envelope glycoprotein gp52. However, such a vaccine could not induce 
transplantation resistance to virally induced mammary carcinomas in BALB/c 
mice (Creemers et a l . , 1979). 

Recently, a novel structure was developed for antigenic presentation of 
membrane proteins from enveloped viruses (Morein et a l . , 1984). Mixing of 
viral envelope preparation with a glycoside extracted from the bark of Quillaja 
saponaria leads to formation of an immunostimulating complex (ISCOM) that 
evokes high titers of antiviral antibodies. In such an ISCOM, of which the 
glycoside is the matrix, the viral membrane proteins are complexed in hydro-
phobic interactions with the matrix and are presented in a multimeric form. We 
used an ISCOM preparation containing the MuMTV envelope protein gp52 and 
compared it, with respect to antiviral antibody induction with the isolated 
gP52. 

Croups of 10 two-months old BALB/c mice were injected twice s.c. with 
2.5 ug of the ISCOM preparation dissolved in PBS with an 18-day interval. 
Mice immunized with bovine serum albumin (BSA) or with gp52 in PBS with 
Freunds adjuvant served as controls. Blood samples were collected from the 
tail 18, 32, 46 and 160 days after immunization. Antiviral antibody titers in the 
serum were determined using an Enzyme Linked ImmunoSorbent Assay (ELISA). 
Samples were tested for antibody activity against BSA and MuMTV. Fig. 1 
shows the results from the ELISA. It appears that the ISCOM immunized 
animals yield very high antibody titers to the virus. Positive reactions were 
still found at dilutions 1:10M to 1:10*. The antibody response persisted even 
up to 160 days, although at low levels. Control sera from animals immunized 
with BSA or gp52 tested on MuMTV, gave a reaction in this test till a 1:102 

dilution on average. The mice immunized with BSA had high titers of anti¬ 
bodies to this antigen, while the animals treated with the ISCOM or gp52 
showed reactions up to a hundred-fold dilution with BSA. 

* National Institute of Public Health, Bilthoven, The Netherlands. 
"Department of Virology, Veterinary Faculty and National Veterinary Institute 

Uppsala, Sweden. 
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Fig. 1: Antibody titers as determined by ELISA found in sera from mice im¬ 
munized with BSA (A), gp52 (B; open circles) or ISCOM (B; closed 
circles) tested on BSA (A) or MTV (B) antigen. Vertical bars 
indicate standard deviation. 

In another experiment mice were immunized via the intraperitoneal route. 
They were injected i.p. with 2 yg of ISCOM, with gp52 emulsified i •> Freunds 
adjuvant or BSA with Freunds adjuvant. These animals received a booster 
injection after 24 days and blood was collected after 37-38 days. These mice 
were also tested for antibody activity against the corresponding antigen. From 
Table I it appears that the animals immunized with BSA have high antibody 
titers to this antigen. Reactions at a dilution 1:102 were found with the sera 
of these mice with MuMTV. The mice immunized with the viral preparations 
gave reactions of the same magnitude with both BSA and MuMTV. Reactions at 
these dilutions are regarded as aspecific. 

The immunized mice have been infected with MuMTV and are kept under 
observation for tumour formation. Several tumours have already developed in 
all three groups of intraperitoneally vaccinated mice. Since mice vaccinated 
with the ISCOM preparation by the intraperitoneal route had no substantial 
titers of antiviral antibodies, it is not to be expected that they would be 
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Table 1 

ANTIBODY ACTIVITY IN BLOOD SAMPLES FROM I.P. IMMUNIZED MICE 
DETERMINED BY ELISA 

immunization endpoint dilution against 
BSA MTV 

BSA 1:46800 ± 8400 1:136 ± 36 
gp52 1: 115 ± 28 1: 85 ± 30 
ISCOM 1: 95 ± 29 1: 28 ± 14 

protected against the oncogenic effect of injected MuMTV. No results are yet 
available with regard to tumour formation in the subcutaneously vaccinated 
mice. 

The results obtained so far show that the ISCOM preparation of MuMTV 
metrbrane proteins evokes high titers of antiviral antibodies when administered 
subcutaneously but not intraperitoneally. ISCOM preparations of retroviral 
envelop proteins might provide a useful tool in the vaccination against 
Retroviridae. 

Creemers, P. et a l . . Europ. J . Cancer ^5 (1979) 679. 
Morein, B. et a l . . Nature 308 (1984) 457. 
Sar kar, N.H. and Moore, D.H. , Cancer Res. 38 (1978) 1468. 
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SECONDARY TRANSFECTIONS IN NIH/3T3 FIBROBLASTS 

V. Krump-Konvalinkova, C.C. Angenent and A . C M . Haaksma 

In experiments aimed at developing a reliable test system for our gene 
transfer experiments we were confronted with an unpleasant yet interesting 
phenomenon. 

We examined the capacity of DNA from cells of the NIH/3T3 murine fibro-
blast line, in which we had introduced foreign DNA. to transmit this informa¬ 
tion in secondary transfections. Cells were transformed with the plasmid pKo 
carrying the prokaryotic gene for resistance to neomycine. Eukaryotic cells 
with this gene are selected for resistance to the neomycine-analogue G418 
other NIH/3T3 cells were transformed to the oncogenic phenotype with plasmid 
pT24 which contains an activated ras oncogene of human origin (Capon et a l . , 
1983). All the N/3-pKo and N/3-pT24 transformants contain exogenous plasmid 
DNA sequences. 

We treated NIH/3T3 fibroblasts with high molecular weight DNAs of these 
primary transformants and noticed pronounced differences in the efficiency of 
secondary transfection. Onfy 2 out of 13 N/3-pT24 and 1 out of 3 N/3-pKo 
DNAs transformed NIH/3T3 cells with efficiencies higher than the detection 
limit of 0.03 transformant per pg DNA. These were 0.4-0.2 and 0.1 trans¬ 
formants per vig DNA respectively. There is no correlation between the 
transforming capacity of DNA of the primary transformants and the hybridiza¬ 
tion pattern of these DNA samples with the 3 2P- label led 6.6 Bam HI insert of 
pT24 in Southern blot experitients. It must be mentioned that only the 0.3 kb 
Xma-Xba fragment of this pT24 insert, corresponding to the first exon of 
point-mutation-activated c-Ha-ras gene, is required for transforming activity 
(Capon et a l . , 1983). 

The pT24-transformed NIH/3T3 cells were tumorigenic when subcutane-
ously transplanted in nude mice. One million cells gave a tumour with a dia¬ 
meter of 2 cm within 8 days. We transformed NIH/3T3 cells with DNA of one 
primary tumour (Tu 8-1), in which has been integrated one copy of apparently 
unaltered transforming insert of the plasmid pT24 (Fig. 1A, lane 1). The 
secondary transformants were subcutaneously transplanted in nude mice. We 
examined DNAs of a serie of tumours (Tu 1-1, .... Tu 1-10), established after 
subcutaneous transplantation of secondary transformants, by means of 
Southern blot. We observed that only six out of 10 DNAs of secondary tumours 
contained both expected Kpn I fragments (Fig. 2A). In only 5 tumours the 6.6 
kb pT24-Bam HI fragment appeared to be unaltered (Fig. 2B). 

The differences in signal intensity indicate various levels of amplification 
of exogenous DNA in majority of tumours. After prolonged expositions of the 
filters, we could observe the pT24-related mouse endogenous sequences. 

In third-cycle transfecticns, DNAs of 2 secondary tumours (Tu 1-4, 
Tu 1-6 and Tu 1-9) transformed NIH/3T3 cells at frequencies of 0.2, 0.6 and 
0.4 transformants/yg high molecular weight DNA, respectively. 

From the results we conclude that 
a) Among those primary transformants which have integrated the exogenous 

DNA into a situation permitting its expression, a fraction only is able to 
transmit this information in secondary transfections. This can be 
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Fig. 1: Southern blot analysis of tumour Tu 8-1. Tumour DNA (10 ng) was 
digested with Bam HI and analysed for the presence of vector 
plasmid pBR322 (lane 1) and the 6.6 kb Bam HI insert of plasmid 
pT2« (lane 2} under conditions of high stringency. Numbers at left 
side indicate molecular weight markers in kilobases. 
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Fig. 2: DNAs (10 ug of each) from the indiented tumors (Tti 1 1 , . . . , Tu 
1-10), recipient cells (NIH/3T3) and norm.il BALb/i mouse liver (B) 
were digested either with Kpn I (A) or B.im III (L>) ,md .ituilyzed by 
Southern blot hybridizations for presence »f pLismid pT2i sequences 
under conditions of high stringency. Numbers on both sides are 
molecular weight markers in kilobasrs. 



explained by the integration of exogenous DNAs in situations preventing 
their insertion and/or expression in another cell DNA. 

b) Those primary transformants which do transmit biologically active exo¬ 
genous DNA in secondary transfection do apparently not transmit the 
complete exogenous DNA sequences. 

c) The exogenous DNA sequences are amplified in the majority of secondary 
transformants. 

Capon, D.J. et a l . . Nature 302 (1983) 33. 



PROGRESS IN THE ISOLATION OF THE TNO ONCOCENE 

M.J. Vaessen and P.A.J. Bentvelzen 

During the past few years we have been investigating the transforming 
capacity of BALB/c mouse DNA, thought to be due to a transferable normal 
oncogene (Tno). Major problems in our experiments proved to be the frequent 
occurrence of spontaneous transformants and a relatively low efficiency of 
DNA-mediated transformation. In order to circumvent this problem, we have 
started to work with dominant selectable markers, such as resistance to the 
neomycin analogue G41S. A typical transfection assay includes the following 
DNAs: 

fragmented BALB/c mouse DNA, presumably containing the Tno oncogene. 
cloned long terminal repeat (LTR) of Moloney murine leukaemia virus 
(Mo-MuLV), acting as an enhancer of transformation efficiency (Krump 
and Haaksma, 1982). 
pKo-neo, a bacterial plasmid with a gene conferring resistance to the 
neomycin analogue G418. 

By addition of G418 to the culture medium, only cells that have taken up 
pKo-neo are able to survive. In most cases these cells will also have taken up 
the LTR and BALB/c DNA fragments containing Tno. As a control, a transfec¬ 
tion assay was carried out using only pKQ-neo and calf thymus DNA acting as 
a carrier. This experiment yielded many neomycin resistant cells (3-5 clones 
per ng plasmid DNA) but no foci of morphologically transformed cells. 

By performing a transfection assay as outlined above, we have been able 
to isolate a neomycin resistant cell line that is also morphologically trans¬ 
formed. We assume that this cell line, which we named T-neo 1, contains an 
activated oncogene which is associated with .the LTR of Mo-MuLV. The nucleo-
tide sequence of retroviral LTRs is highly conserved. However, part of the 
LTR, the U3 region, is evolutionary less conserved. It was proven by Muller 
and Muller (19B4) that it is possible to visualize strongly exogenous Mo-MuLV-
LTR-sequences in contrast to endogenous LTRs by using the U3 part of 
Mo-MuLV as a probe in hybridization experiments. 

Southern blot analysis of T-neo 1 using the Mo-MuLV-LTR U3 specific 
probe has revealed that 6 copies of newly inserted LTR are present. Fig. 1 
shows the results of this experiment. We hypothesize that one of these LTRs is 
inserted in the near vicinity of the oncogenic sequences, responsible for 
transgression to the transformed state. This provides us with a tool to isolate 
the transforming sequence. 

Oncogenic transformation of T-neo 1 may have been the result of either 
two events. It may have been accomplished by insertion of MoMuLV-LTR, 
together with the Tno oncogene, originating from the donor BALB/c fragments. 
If so, two copies of the oncogenic sequences must be present in T-neo 1. It is 
also possible that a resident oncogene is activated as a result of the insertion 
of donor DNA, presumably the MoMuLV-LTR. Then, T-neo 1 will contain no 
extra copies of the oncogene concerned. 



Fig. 1: Southern blot analysis showing hybridization of the Mo-MuLV-LTR U3 
specific probe to the following DNA samples: ( 1 , 2, 3, 4) NIH/3T3 x 
EcoRI; (5) T-neo 1 x EcoRI; (6) cloned Mo-MuLV-LTR (linear). 

Krump, V. and Haaksma, A. p. 19. In: Annual Report REP-TNO (1982). 
Muller, R. and Muller, D., EMBO J. 3 (1984) 1121. 



INDUCED METABOLISM OF RETINOL IN LIVERS OF C57BL/Rij MICE 
AFTER EXPOSURE TO POLYCHLORINATED BIPHENYLS 

A. Brouwer. A. Kukler and K.J. van den Berg 

Vitamin A (including both natural and synthetic retinoids) has been 
implicated in growth, maintenance of epithelial differentiation and reproduction. 
In addition, evidence has accumulated for a protective role of vitamin A in 
experimental animal and human carcinogenesis (Moon and Itri , 19M). A number 
of chemicals involved in tumour initiation and/or promotion, such as benzo(a)-
pyrene. methylcholanthrene. polychlorinatcd biphenyls (PCBs) and dioxins 
(TCDD) have been shown to reduce hepatic stores of vitamin A in rodents 
(Thunberg. 19t3; Brouwer and Van den Berg, 1913). The mechanism of this 
chemically induced reduction in hepatic vitamin A levels is still obscure. 
However, there are some indications that drug metabolizing enzymes, such as 
mixed function oxydases (MFO), might be involved. PCBs and related com¬ 
pounds are strong inducers of enzymes of the MFO complex (Poland et a l . , 
1979). In addition, it has been shown that mixed function oxydases can also 
metabolize endogenous liptd soluble compounds, such as steroids, fatty acids 
and also some retinoids (Roberts et a l . . 19*0). 

Investigations have mainly focussed on establishing a correlation between 
PCB-induced hypovitaminosis A and specific, induced types of enzymes, such 
as aryl hydrocarbon hydroxylase, UDPC-transferase and lipid peroxydase. 
Recent results indicate, however, that there is no simple correlation with these 
induced types of enzymes (Innami et a l . , 1982; Thunberg. 1983; Brouwer and 
Van den Berg, 198*). We decided to use another approach to unravel the 
mechanism of the chemically induced hypovitaminosis A: to analyze the overall 
retinol metabolizing capacity of livers from PCB-treated and control mice. 

An attempt was made to detect retinol metabolizing activity in liver 
homogenates of C57BL/Rij mice, treated with 3,*,3',«'-tetrachlorobiphenyl (50 
mg/kg/day for 4 days). Total liver homogenates and postmitochondriaj (S10) 
supernatant*, a subcellular fraction containing the microsomal enzyme systems 
were incubated with retinol (2.5 ug) in a reaction mixture (1 ml) consisting of 
Tris-HCI buffer (0.05 M; pH: 7.4), magnesium chloride (3.0 rr.M) and NADPH 
(1.1 mM). After 20 min incubation at 37°C the reaction was stopped with ice 
cold methanol (1 ml). In the case of blanks, methanol was added prior to 
retinol. The reaction mixtures were extracted with diethyl ether (2 ml) and the 
extracts were evaporated to dryness and redissolved in a small volume of di-
isopropyl ether (50 pi). The final extract* were analysed by HPLC using a 
C-18 reversed phase column. Retinyl acetate was used as an internal standard. 
Recovery of the extraction method was 70-90?. Incubation with both total liver 
homogenates and postmitochondrial supernatants (S10) led to a marked reduc¬ 
tion of the amount of retinol added to the reaction mixture (Table I ) . The most 
pronounced reduction, i.e., a total of 1.28 ng retinol, occurred in the S10 
supernatant fraction. Control incubations with heat inactivated S10 super¬ 
natants revealed that no artificial loss of retinol occurred due to oxydation by 
molecular oxygen. Therefore, for further experiments S10 supernatants were 
used as the source of retinol catabolizing activity. The reduction in retinol 
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Table I 

IDENTIFICATION OF RETINOL METABOLIZING ACTIVITY IN LIVER 
HOMOCENATES OF PCB TREATED C57BL/Rij MICE 

liver 
honogenate 

total 

S10 

heat 
inactivation 

yes 
no 

yes 
no 

retinoi recovery from reaction mixture 
concentration* difference 

initial final 

2.«t ± 0.03 
2.31 ± 0.05 

2.19 ± 0.02 
2.30 ± 0 . 1 * 

2.33 * 0.02 
1.7* • 0.09 

2 . I t ± 0.03 
1.10 * 0.01 

0.13 t 0. 
0.57 4 o. 

0.01 ± 0. 
1.20 t 0. 

05 

05 
15 

Total liver homogenates (0.2 ml 40 mg of wet weight liver tissue) and S10 
supcrnatants (0.2 ml 50 mg of wet weight liver tissue) were in-ubated with 
retinoi (2.5 ttg) for 20 min at 37°C. Heat inactivation was performed by incu¬ 
bation for 5 min in boiling water (n = • ) . 

"expressed as )ig/reaction mixture. 

was shown to be temperature dependent with an apparent temperature optimum 
at *2°C. indicating that enzymes are involved. For convenience this activity is 
called retinoi metabolizing enzyme (RME) activity. 

An extensive experiment was carried out on the possible role of 
PCB-induced RME activity in the reduction of liver vitamin A levels. Female 
C57BL/Rij mice (6 weeks old; 10 per group) were either treated with TCB (50 
mg/kg/day in corn oil) or with corn oil (5 ml/kg/day) for *. days. Liver S10 
supernatants were incubated with retinoi as described before. Incubations were 
performed either in presence or in absence of NADPH, an essential cofactor of 
mixed function oxydases. The metabolism of retinoi in liver S10 supernatants of 
TCB treated mice was strongly induced to about 300% of the activity observed 
in livers of corn oil treated mice (Fig. 1): This induced metabolism of retinoi 
was observed both in presence and in absence of NADPH, indicating that this 
induction was mainly due to an increased activity of the NADPH independent 
type of RME. These results indicate that the reduction in liver vitamin A 
levels might be due to an induced enzymatic metabolism of retinoi in PCB 
treated rodents. The enzyme involved is independent of NADPH, indicating 
that it does not belong to the mixed function oxydase complex, i .e. , a group 
of enzymes generally believed to be involved in the toxicity of PCBs and 
related compounds (Poland et a l . , 1979). Further investigations will be aimed 
at characterization of RME activity and its possible role in the toxicity of PCBs 
and related compounds. 
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Fig. 1: Induction of RME activities in TCB treated C57BL/Rij mouse liver. 
'Values are expressed as ng Retinol catabolized per min per gram of 
liver (wet weight) (n = 10). 

Brouwer, A. and Van den Berg, K.J. , Chemosphere U (1983) 555. 
Brouwer, A. and Van den Berg, K.J., Toxicol. Appl. Pharmacol. 73 (1984) 

204. 
Innami, S. et a l . , Nutr. Rep. Int. 25 (1982) 932. 
Moon, R.C. and Itr i , L.M., p. 327. In: The Retinoids, vol. 2 (Eds. M.B. 

Sporn, A.B. Roberts and D.S. Goodman). Acad. Press, New York 
(1984). 

Poland, A. et a l . , Ann. N.Y. Acad. Sci. 320 (1979) 214. 
Roberts, A.B. et a l . . Arch. Biochem. Biophys. J99 (1980) 374. 
Thunberg, T . , Thesis (1983). 
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TOXICITY OF a.M'.^-TETRACHLOROBIPHENYL IN MARMOSETS 

K.J. van den Berg, C. Zurcher and A. Brouwer 

Polychlorinated biphenyls (PCBs) and related compounds such as chlori¬ 
nated dioxins and furans cause cutaneomucosal lesions in man. rhesus monkey 
and cattle (McConnell. 1980). In man these lesions are manifested as acneform 
eruptions (chloracne), hyperkeratosis, hyperpigmentation and swelling of the 
Meibomian glands. In rhesus monkeys the lesions mimic those seen in man 
including hyperkeratosis and also swelling of the Meibomian glands. In cattle, 
the so-called -v-disease" is mainly characterized by hyperkeratosis. 

The PCB-induced lesions show a remarkable resemblance with those ob¬ 
served in vitamin A deficiency. Studies carried out in rodents (Brouwer and 
Van den Berg, 1984) have clearly demonstrated a strong interference of PCBs 
with vitamin A metabolism in this species. 

There is a need for an animal model which displays high sensitivity vor 
PCB toxicity. Rodents in general do not exhibit skin lesions caused by PCBs 
and are quite insensitive to the toxic effects of PCBs. The animals must be 
less expensive and easier to handle than rhesus monkeys. In this contribution, 
the results are summarized of a study in which marmosets (Callithrix jacchus) 
were chronically fed with 3,4,3',i»'-tetrachlorobiphenyl (TCB), one of the more 
toxic PCB congeners. 

Groups of 3 to 5 female marmosets were administered 0, 0 .1 , 1 or 3 mg 
TCB/kg body weight orally twice weekly for 18 to 22 weeks. They were housed 
under special containment conditions. Every two weeks peripheral blood was 
taken under anaesthesia for haematology and for analysis of vitamin A levels 
while also the body weight was recorded. A complete necropsy was performed 
at 22 weeks in the low and intermediate dose groups. All animals of the high 
dose group had to be sacrificed at 18 weeks due to the extremely bad condi¬ 
tion. Untreated animals were killed and necropsied after corresponding 
observation periods. 

Clinical signs 
Decrease in body weight appears to be an early and easy indicator for 

severe toxicity (Fig. 1). In the highest dose group of 3 mg TCB/kg, body 
weight declined immediately and continuously. After 18 weeks of TCB treatment 
body weight in this group had declined on the average by 33%. Various skin 
lesions were observed and will be described later. After approximately 13 
weeks the general condition deteroriated and after 18 weeks the animals became 
moribund. 

Marmosets that received a dose of 1 mg/kg showed an initial loss of 20% 
body weight but after 10 weeks body weight remained stable for another 12 
weeks. One animal showed some signs of hair loss after 6 weeks. In contrast 
to these observations none of the animals in the 0.1 mg/kg dose group showed 
such clinical symptoms of toxicity. 

Haematological findings 
Prominent effects of TCB on haematological parameters in marmosets were 

observed as mild leukocytosis and anaemia. A significant increase in blood 
leukocyte count was already evident with 0.1 mg TCB/kg and was more than 
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doubled with 3 mg TCB/kg with a shift towards neutrophils. Significant lower 
hematocrit values and red blood cell counts were found in the 1 and 3 mg/kg 
dose groups than in the control group. 

Vitamin A levels 
The levels of vitamin A were measured as retinol and rettnyl palmitate by 

HPLC in livers of animals given doses of doses with 0, 0.1 and 1 mg TCB/kg. 
The concentration of retinyl palmitate. the major vitamin A component in liver 
tissue was reduced by 50% when a dose of 1 mg TCB/kg was administered 
while the level of retinol, the minor component, was reduced by 23%. In the 
0.1 mg/kg dose group no effect on vitamin A levels was noted. The serum 
levels of vitamin A as retinol were not affected up to a dose of 1 mg/kg. 
Other tissue levels of vitamin A as well as liver and serum vitamin A levels in 
the 3 mg/kg dose group are not yet known. 
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Fig. 1: Effect of TCB on body weight of marmosets. 
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Necropsy findings 
Macroscopical lesions were observed in all animals of the highest dose 

group (3 mg TCB/kg). The animals were emaciated, the skin was scaly and 
showed loss of hair. The salivary glands, thyroid glands, adrenal glands «nd 
mesenteric lymph nodes were enlarged. In the 1 mg/kg dose group only 
emaciation (2/5), skin lesions (2/5) and enlarged mesenteric lymph nodes (1/5) 
were observed. None of these lesions were seen in the 0.1 mg/kg dose group 
or in the control group. 

Histopathological lesions 
At microscopical examination the most severe lesions were observed in 

animals of the highest dose groups. However, these animals were in an ex¬ 
tremely poor condition and interpretation of the results is hazardous because 
of secondary effects of metabolic or hormonal disbalance or infectious com¬ 
plications. Therefore, only those changes which occurred also in the lower 
dose groups were considered to be treatment related and only those are 
described below. 

In all three dose groups the most prominent histological changes were 
seen in the skin and in the mucosa of duodenum and stomach. In all TCB-
treated marmosets in the skin sebaceous glands were a trophic. In addition, in 
the 1 and 3 mg/kg dose groups extensive squamous metaplasia and cystic 
dilatation of sebaceous glands were apparent (Fig. 2) . Squamous metaplasia 
without cystic dilatation was prominent in the Meibomian glands. The duodenal 
changes were characterized by cystic hyperplasia of crypt epithelium with an 
increase of PAS positive mucosal cells. This change was also observed in the 
gastric mucosa. These mucous cells which normally occur only at the surface of 
the gastric mucosa were present deep in the crypts in the treated animals. 
This was associated with a decrease of parietal cells. Other histological 
changes associated with the treatment were: hair follicle atrophy, squamous 
metaplasia of sweat glands in the soles, teleangiectasia and glycogen depletion 
in the liver, thyroid follicular cell hyperplasia and ossification of sternal 
cartilage. 

All of the treatment related lesions observed were more severe and more 
frequently observed in animals receiving the highest dose. 

The results presented here indicate that the marmoset Callithrix jacchus 
is a species that is sensitive to the toxic action of PCBs. A dose of 3 mg 
TCB/kg body weight given orally twice a week ( 1 mg/kg/day) causes a very 
severe toxicity in a period of about 20 weeks. A dose of 1 mg/kg ( 0.3 
mg/kg/day) in marmosets, apart from inducing an initial decrease of body 
weight, did not give rise to other clinical signs of toxicity but did cause 
haematological changes as well as a reduction of vitamin A level in liver and 
definite histological lesions compatible with a diagnosis of PCB toxicity. In 
animals receiving 0.1 mg/kg ( 0.3 mg/kg/day) no signs of toxicity were 
registered but not enough animals were examined histologically to draw 
conclusions about a threshold dose level. Still, the marmoset may be less 
sensitive to TCB toxicity when compared to the rhesus monkey. McNulty et al. 
(1980) observed lethality in rhesus monkeys fed a diet containing less than 1 
ppm TCB. An exact dose level was not given in this study but assuming a 
food consumption of 50 g/kg/day would give an estimated lethal dose level of 
SO ng TCB/kg/day for the rhesus monkey. 
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Fig. 2: Severe squamous metaplasia of Meibomian gland of upper eyelid in 
marmoset receiving 1 mg TCB/kg body weight (APS staining, 56 x ). 

Brouwer, A. and Berg, K.J. van den, Toxicol. Appl. Pharmacol. £3 (1984) 
204. 

McConnell, E.E. , p. 109. In: Halogenated biphenyls, terphenyfs, naphtalenes, 
dibenzodioxins and related products (ed. R.D. Kimbrough) Elsevier, 
North-HolUincT Biomedical Press, Amsterdam (1980). 

McNulty, W.P. et a l . , Toxicol. Appl. Pharmacol. 56 (1980) 182. 
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HEAT-INDUCED MICROCIRCULATORY STOPPAGE STRONGLY ENHANCES 
TUMOUR CONTROL BY RADIATION 

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

The effects of hyperthermia on tumour growth may be exerted mainly by 
either a direct inhibitory effect on tumour cells or by blocking the micro-
circulJtion in the tumour. This problem formed the basis of the present 
experiments in which radiation treatment was followed by hyperthermia and the 
observed endpoints included an evaluation of the microcirculation as well as the 
cure rate of the tumours. 

The tumour system used in these experiments was the isologous rhabdo-
myosarcoma BA1112 growing in "sandwich" observation chambers in WAG/Rij 
rats (Reinhold and Van den Berg-Blok, 1981). This system allows continuous 
observation of the microcirculation during the heat treatment. The system was 
extended in a sense that measurements were also made of the tumour surface 
every 10 min as well as determinations of the velocity of erythrocytes in a 
single selected capillary (Reinhold and Van den Berg-Blok, 1983). Moreover, 
the treated tumour was reimplanted at a different site to obtain information on 
the effect of the treatment on the cure rate of the tumour. The sequence of 
treatment was as follows. The tumours were first irradiated with various 
dosages of radiation (0, 10, 20 Gy) in the Hypnorm anaesthetized animals. 
This was followed within 15 minutes by hyperthermia (43°C) or sham treatment 
(33.5°C). When the microcirculation stopped (due to the hyperthermia). the 
temperature was reduced to the control value of 33.5°C. The entire treatment 
always lasted for 180 min. A few tumours stiil showed some circulation at that 
time. Retrospective analysis indicated that, at 180 min at 43°C, this was still 
within the expected range. After the heat (or sham) treatment, the animals 
were returned to their cages. On the following day, the condition of the 
tumour was evaluated and photographically recorded; the entire tumour was 
then carefully removed from the "sandwich" preparation and was reimplanted 
into the flank of another animal. A follow-up time of 100 days was established 
to assess "cures". 

A multivariate logistic analysis was performed against "cure" on the 
following parameters; X-ray dose, time of heat-induced circulation stoppage, 
relative velocity of erythrocytes as an index for flow and the rate of volume 
increase during heat treatment. The effect of radiation was outstanding in the 
heat-treated tumours, but not in the sham treated ones (The latter being due 
to the relatively low dose of X rays). This is demonstrated in Fig. 1. 

Analysis of the data revealed that the TCD50 after the combined treatment 
was about 9.3 Gy. This must be compared with a TCD50 of about 40 Gy for a 
classical TCDJQ experiment. We found to our surprise that the effect of the 
exposure time of the heat treatment was no longer a significant factor (2P = 
0.65), while the effect of the heat treatment as such (Fig. 1: P< 0.01 and 
P < 0.002) was highly significant. This apparent discrepancy originated from 
the fact that the exposure time was prolonged until the desired effect ( i .e . , 
microcirculation stoppage) was achieved. Therefore, all tumours had received 
an individual adjusted biological iso-effect dose, which therefore did not show 
up in the analysis. If the same would hold for the human situation, then it 
would be worthwhile monitoring the tumour microcirculation during treatment. 
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Fig. 1: The effect of a combined treatment (radiation followed by heat or 
sham heating) on the tumour control probability. The duration of the 
heat treatment was variable and was determined by the integrity of 
the tumour microcirculation. 
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Fig. 2: Relative increase in tumour size, expressed as relative area, in the 
rhabdomyosa rcoma BA1112 during a full 180-min hyperthermic treat¬ 
ment, n (33.5°C) = 18, n (43«C) = 15, bars indicate SEM. 
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An additional finding was that the tumour size as evaluated by planimetry 
of the tumour area in the transparent "sandwich" chambers increased during 
treatment (Fig. 2). 

This analysis was performed because of the finding by Herman et al. 
(1981) that the cell volume was increased as a result of heating. Correlation 
studies did not reveal any correlation with circulation parameters such as 
erythrocyte velocity (Reinhold and Van den Berg-Blok, 1983) or circulation 
stoppage, and we have been unable to explain this phenomenon. It may be 
related to the development of edema which was mentioned by Vaupel (1983) or 
to the development of blebs as reported by Bass et al. (1982). At present, no 
significance for the therapeutic effectiveness can be connected with this 
finding. 

Bass, H. et a l . . J. Thermol. Biol. 7 (1982) 231. 
Herman. T.S. et al. Cancer Res. *n (1981) 3519. 
Reinhold. H.S. and Van den Berg-Blok, A.E. , Eur. J. Cancer Clin. Oncol. V7 

(1981) 781. 
Reinhold, H.S. and Van den Berg-Blok, A.E. , Int. J. Microcirc. clin Exp. £ 

(1983) 285. 
Vaupel, P., Strahlentherapie 259 (1983) 73. 
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KINETIC STUDIES OF "MINIMAL RESIDUAL DISEASE" IN ACUTE LEUKAEMIA 
EMPLOYING MONOCLONAL ANTIBODIES 

A. Hagenbeek and A . C M . Martens 

The major problem in the present treatment of human acute leukaemia is 
the maintenance of a complete remission. So far, no information is available on 
the number of residual leukaemic cells in the bone marrow after successful 
remission-induction chemotherapy. Although the minimal efficacy of this initial 
treatment can be expressed as a 2 log leukaemic cell kill (based on classical 
cytological methodology) the actual reduction in tumour load per individual 
patient remains unknown. Starting with 1012 leukaemic cells prior to therapy, 
the number left in the phase of "complete remission" might thus vary between 
0 and 1010. Decreasing the detection level as regards residual leukaemia is 
essential for defining prognostic factors which lead to a more effective 
treatment strategy per individual patient. The changes in tumour load could 
then be quantified more accurately at various treatment stages and relapse 
could be predicted earlier. Furthermore, the total duration of treatment could 
be judged on a rational basis. 

Because of the many factors complicating clinical studies, preclinical 
studies in a rat model for human acute myelocytic leukaemia (AML) are per¬ 
formed. These studies focus on decreasing the detection level of minimal 
residual disease (MRD) using monoclonal antibodies and fluorescence activated 
cell sorting. As described before (Kagenbeek and Martens, 1984), it has been 
possible to detect as low as 1 leukaemic cell per 10,000 normal marrow cells. In 
this report, sequential studie» on the quantification of MRD will be discussed, 
with emphasis on the growth kinetics of "invisible leukaemia" that can be 
deduced subsequently. 

The rat model used (BNML) has been described in detail before (Hagen¬ 
beek and Van Bekkum, 1977; Van Bekkum and Hagenbeek, 1977). The Rm 124 
monoclonal antibody directed against the BNML was produced and provided by 
Drs. H. Kaizer and R.J. Johnson, Johns Hopkins University, Baltimore., Md., 
U.S.A. The usefulness of this antibody for the detection of leukaemic cells has 
been described before (Martens et al . , 1984). 

After intravenous injection of 107 BNML cells, the number of leukaemic 
cells present in various organs was determined at different times. This was 
done in a cell suspension of the given organ by means of labelling with Rm 124 
and FACS analysis. These serial studies provide a relatively cheap method to 
study the kinetics of MRD. In Fig. 1 , data are shown for the liver and the 
femoral bone marrow. From this figure population doubling times can be 
derived. At present, studies are undertaken to characterize the kinetics of 
lower numbers of cells by serial determinations after inoculation with less than 
107 BNML cells. 

Apart from the apparent feasibility of studying the kinetics of the leu¬ 
kaemic cell population, studies were initiated to analyse kinetics at the cellular 
level. Fig. 2 shows how this was done in the leukaemic liver. Three days after 
the injection of 107 BNML cells, a liver suspension was labelled with the 
monoclonal antibody Rm 124 (Fig. 2, left). The fluorescent leukaemic cells were 
sorted and subsequently subjected to a quantitative DNA analysis after 
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Fig. 1: Growth kinetics of the BN acute leukaemia in the bone marrow and 
the liver as monitored with the monoclonal antibody Rm 124 (analysed 
with FACS I I ) . 

staining with propidium iodide. The histogram obtained is given in the right 
lower panel of Fig. 2. From this analysis an estimate can be made of the 
growth fraction of "residual leukaemic cells" in the liver using a currently 
applied computer model (Schuitz et a l . , to be published). Obviously, this is 
impossible when unsorted liver cells are analysed (Fig. 2, right upper panel). 
The low number of leukaemic cells is completely hidden in the DNA histogram 
of the diploid and tetraploid hepatocytes. 

These preclinical animal model studies are meant to provide a base for 
clinical explorations. In this respect, it is recognized that the clinical 
conditions are more complex. First of all, the presently available monoclonal 
antibodies against AML show quite some cross-reactivity with normal marrow 
cells. Secondly, as only a relatively small fraction of the total marrow 
cellularity in man can be aspirated for diagnostic purposes and cell sorting 
technology is still rather "slow", the lower limit of detection of residual 
leukaemia will be at the most in the order of 10ft cells. 

However, from the rat model studies presented several conclusions can be 
drawn. 
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1. As described before (Hagenbeek and Martens, 1984), the detection of 1 
leukaemic cell per 10,000 normal marrow cells is feasible with FACS 
analysis; 

2. Serial measurements using monoclonal antibodies enable to study popula¬ 
tion kinetics in "minimal residual disease" showing a good correlation with 
conventional, expensive bio-assays; 

3. Information on the distribution of leukaemic cells over the cell cycle and 
hence an estimation of the growth fraction can be obtained in "minimal 
residual disease" by establishing DNA histograms of monoclonal antibody 
labelled - FACS sorted leukaemic cells. 
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Fig, 2: DNA histogram analysis of BN acute myelocytic leukaemia cells 

present in a low frequency in the liver after fluorescence activated 
cell sorting using the Rm 124 monoclonal antibody. (This study was 
done at day 3 after i.v. inoculation with 107 BNML cells]. 
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LEUKAEMIA GROWTH KINETICS AND SINGLE DOSE 
CYCLOPHOSPHAMIDE TREATMENT 

F.W. Schultz, A.C.M. Martens and A. Hagenbeek 

To study the growth characteristics of a malignant cell population, and its 
regrowth after chemotherapy, BN/Rij rats were inoculated with 107 viable cells 
of a transplan table myeloid leukaemic line (BNML). Four groups of rats were 
distinguished: In group 1 the tumour load was allowed to develop until it 
caused the death of the animal and the time of death was registered. In group 
2 the tumour load in the bone marrow of the rat was determined at various 
time points after inoculation by means of a clonogenic leukaemic stem cell assay 
(LCFU-S assay; Hagenbeek and Martens. 1981). Groups 3 and 4 were treated 
as groups 1 and 2, but a single i.v. bolus dose of 100 mg/kg cyclophospha-
mide (CY) was given at day 13. In the LCFU-S assay the following assump¬ 
tions were made: a) femoral bone marrow represents 2.5 per cent of the total 
bone marrow; b) the BNML cells are homogeneously distributed in the bone 
marrow; c) the spleen colonies counted in the assay are due to one stem cell 
each, and for each stem cell a constant number (F factor = 500) of non-stem 
cells are present as well. 

A functional relationship between BNML population size, N, and time, t , 
after inoculation was found by fitting a growth curve to the data points of 
group 2, using a nonlinear least squares computer algorithm (Fig. 1, curve 
a-a). This curve consists of an exponential part (constant population doubling 
time, Td) which, at a transition point tg, changes into a Gompertz curve (the 
doubling time increases exponentially with a constant rate. A) to account for a 
steady state plateau phase. 

An exponential curve and contiguous Gompertz curve were fitted in a 
similar way to data points from group 4 (Fig. 1 , curve b-b). The values of 
the growth curve parameters for treated and untreated animals are compared in 
Table I. Regrowth after chemotherapy appears to be slower than the initial 
growth. Though the standard deviations of the data points are rather large, 
the difference in doubling time therefore not being very significant (p = 0.05), 
this observation would agree with greater CY sensitivity of rapidly prolif¬ 
erating cells as reported by DeWys (1972). It would imply that the BNML cells 

Table I 

PARAMETER VALUES OF THE FITTED GROWTH CURVES 

untreated 

after treatment 

Td (d) 

0.7854 

0.9721 

1 

2 

N(tg) 

.8197 x 

.7172 x 

108 

107 

tg 

8 

27 

(d) 

.6 

.4 

A 

0. 

0. 

Id'1) 

4394 

2318 

65 



to' 

CD 

c 

! io8 

" 107 

o 

a 
c 

10* 

10' 

10' 

• LCFU-S 

O LCFU-S,CY treated 

X SVL experiments 

10 20 30 HO 

time after inoculation ( day ) 

Fig. 1: BNML ceil population in rat bone marrow as function of time after 
i.v. inoculation of ten million BNML cells. Observed data and 
standard deviations: 

Fitted curves: a-a LCFU-S; b-b LCFU-S, CY treated (instantaneous 
cell kill model); c-b idem, with time delay; d-d LCFU-S, CY treated 
(gradual cell kill). 

are heterogeneous with respect to their cycle time and the cells with shorter 
cycle times are preferably killed. Inoculation of surviving leukaemic cells into 
fresh hosts, however, gives rise to a growth pattern that does not differ 
significantly from the initial growth pattern for non CY perturbed BNML cells. 
Thus, another hypothesis might be that the properties of the cells themselves 
are not changed by CY treatment, but that greater cell loss occurs in the 
treated animal owing to the fact that some natural defence mechanism has had 
time to build up. 

The level of the plateau phase after treatmer. , seems to be lower than for 
the untreated population. However, more data points in this area must be 
collected to confirm this statement. 

Comparing growth curves a-a and b-b at day 13, a reduction in tumour 
load of about 6 decades is seen, if CY perturbation is assumed to be an 
instantaneous event. Such a 6 log cell kill (Ick) reduction should correspond 
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with an extra median survival time (MdST) of 24 days, as deduced from an 
experimentally established dose-response relationship (Hagenbeek and Martens, 
1982). In that study each tenfold increase in inoculated dose results in a 
decrease of 4 days in survival time; or. every 4 days less survival time 
corresponds with a tenfold higher tumour load. In the present study only 22 
days extra survival time was observed (MdST = 20 and 42 days for groups 1 
and 3, respectively), thus corresponding with 5.5 Ick. If only 5.5 Ick is 
allowed, then a time delay. T = 1.7 d, must be introduced in the exponential 
phase of the regrowth. This does not change the goodness of fit of the growth 
curve (Fig. 1 , curve c-b). 

The occurrence of gradual rather than instantaneous drug influence can 
be modelled as well. A rationale to do so is found in the fact that from in 
vitro experiments with CY it was observed that, though the alkylating activity 
stops after about 3 hours, cells continue to die at augmented rates for 3 days 
(Pohl, personal communication). A function that represents the gradual drug 
influence is therefore subtracted from the initial growth curve. Several shapes 
for such a function were tested: a constant value during some length of time, 
exponential decrease, parabolic increase and decrease, and a constant drug 
influence followed by exponential decrease. This last type of function yielded 
the best fit to the observed data points and shows a maximum of 5 Ick at day 
16 (Fig. 1. curve d-d). However, the fit was as good as the fit obtained with 
the instantaneous cell kill model. For proper model validation the number of 
chla rwints, especially immediately after drug administration, has to be 
extended. 

, few extra data points were obtained in another experiment. Bone 
irorruiv cells from rats at various times after CY treatment were reinoculated 
into fresh recipients, whose survival times were determined. The numbers of 
BNML cells originally present were calculated from the median survival times of 
the recipients, again using the mentioned dose-response relationship in an 
inverse way. These data points (SVL in Fig. 1) indicate a gradual t h e . 
steep descent of the growth curve to a ve y low level (7 Ick) and sub 
quently a very rapid regrowth. In fact, this regrowth ;s too fast; the 
population doubling time (12 h) is less than the cell cycle time (14 h). This 
woukd mean that all the remaining cells £.«vjld be proliferating, which is in 
disagreement with the expected effect of cell loss due to enhanced death. 
Perhaps the possibility of repopulation of the bone marrow by BNML cells 
migrating from other organs like liver and spleen should be considered to 
explain the phenomenon. Therefore, the growth kinetics of BNML in these 
organs must be investigated. For the discrepant; between the LCFU-S and 
SVL results, however, some other explanation must be found. 

DeWys, W.D.. Cancer Res. 32 (1972) 5"*5. 
Hagenbeek, A. and Martens, A . C M . , Leukemia Res. 5 (1961) 141. 
Hagenbeek, A. and Martens, A . C M . , Eur. J. Cancer Clin. One. JjJ 
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IDIOPATHIC INTERSTITIAL PNEUMONITIS AFTER BONE MARROW 
TRANSPLANTATION: THE EFFECT OF HIGH-DOSE CYCLOPHOSPHAMIDE 

IN COMBINATION WITH IRRADIATION IN THE BN/BiRij RAT 

B. Lopes Cardozo, C. Zurcher, J. Zoetelief. A. de Vries 
and A. Hagenbeek 

Interstitial pneumonitis (IP) is a major complication after bone marrow 
transplantation (BMT) in man. It occurs in about 50% of all BMT patients. 
Cytomegalovirus (CMV) is found in half of the cases, but in the other half no 
infectious cause can be detected. The latter condition is called "idiopathic IP" 
(IIP) (Lopes Cardozo and Hagenbeek, 1985). 

As there have been no conclusive clinical studies with regard to the 
etiology of IIP which is often lethal, systematic preclinical studies are required 
to reveal the contribution of the various individual factors to the occurrence of 
IIP. Total body irradiation and high-dose chemotherapy are often associated 
with the induction of IIP. To study the relationship of these factors BN/BiRij 
rats were given a combination of high-dose cyclophosphamide and thoracic irra¬ 
diation. During irradiation the rats were anaesthetized with an enflurane 
(Ethrane ) anesthetic device. The immobilized rats were placed in the supine 
position in sledges in the various irradiation compartments. The shielding 
consisted of 5 mm thick lead plates having openings of 45 mm in width and 
about 50 mm in height to allow for bilateral irradiation of the rat thoracic 
cavities with two X-ray generators. Croups of 8-10 rats were used for each 
experimental condition. They were given cyclophosphamide (100 tng/kg) at day 
0 and irradiated bilaterally with single doses of X rays at dose rates of either 
0.05 Gy/min low riuse rate (LDR) and 0.8 Cy/min high dose rate (HDR) at day 
1. 

The dose ranges investigated were 16 to 24 Cy for LDR and 8 to 18 Cy 
for HDR experiments. The 50% mortality (LD50) at 180 days was chosen as an 
endpoint for LDR and HDR irradiation in order to allow comparison with 
LD5O/18O d v a l u e s f r o m t n e literature. It was recognized that by doing so both 
early and delayed deaths are taken together, although histological changes in 
the lungs observed in both groups of radiation-induced deaths differed appre¬ 
ciably and were suggestive for a different cause of death (Zurcher et a l . , 
1983). The ^sODBO d *or cyc'°phosphamide and HDR irradiation was about 13 
Cy and for cyclophosphamide and LDR irradiation &i.out "*0 Cy (Fig. 1). In 
comparison with irradiation alone, no difference in the LD^g/igo d v a i u e w a s 

seen for the HDR-cyclophosphamide group, but there was a significant dif¬ 
ference of about 2 Cy for the LDR-cyclophosphamide grouo (Fig. 1). Combina¬ 
tion of high-dose cyclophosphamide and thoracic irradiation apparently shifted 
the curve to the left for low dose rate irradiation. In previous experiments it 
was found that the LD 5 0 | 1 8 0 d ratio for the LDR and HDR irradiation alone 
was 1.7 (Lopes Cardozo et a l . , 1983). 

This factor was applied to extrapolate patient data from high to low dose 
rate irradiation. A steep dose-response curve for the actuarial incidence of 
radiation pneumonitis in patients receiving total thoracic irradiation in a large 
single dose was found by Van Dijk et al. (1981). The high dose rate used in 
these studies (range 0.5-4.0 Cy/min) prevents a direct comparison with low 
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Percentage of rats dead within 180 days after treatment with thoracic 
irradiation alone ( ) or in combination with high-dose cyclo¬ 
phosphamide (Cy 100 mg/kg) ( ) . 

dose rate data in experimental animals because of the differences in the 
contribution of repair processes. The incidence of IIP after TBI at low dose 
rates in various centers has been summarized by Keane et al. (1981) (Fig. 2 ) . 
The leukaemia patients mentioned had been treated with remission-induction 
chemotherapy, high dose cyclophosphamide and TBI and some were suffering 
from Craft-versus-Host disease. The factor of 1.7 is applied to the dose of 9.3 
Cy corresponding to the 50% radiation pneumonitis incidence level as found by 
Van Dijk et al. (1981). This extrapolation leads to an estimated dose of about 
15-16 Cy for a 50% radiation pneumonitis incidence at low dose rate irradiation 
without any chemotherapy. Combination of modifying factors (like high dose 
cyclophosphamide in combination with TBI) will again decrease the LDJQ value. 

As the absorbed dose in the lungs in most BMT conditioning regimens 
does not exceed 10 Cy it is unlikely that low dose rate TBI alone is responsi¬ 
ble for the high incidence of II."' in BMT patients. The primary disease and 
remission-induction chemotherapy may also be important. The diffusing capacity 
of the lungs in leukaemic patients is already 25% less than expected prior to 
BMT and decreases further after BUT (Depledge et a l . , 1983). This means 
that the lungs are already compromised prior to BMT. It is known from case 
reports that cyclophosphamide may cause IP in man. A similar observation has 
been made after cyclophosphamide administration in mice. But after administra¬ 
tion ?f cyclophosphamide (dose range 0-250 mg/kg1) no pulmonary toxicity was 
found in BN/BiRij rats. Posttransplant therapy employing methotrexate or 
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cyclosporin A. to prevent or mitigate graft-versus-host disease (CvHD), might 
also compromise the lungs. Further preclinical experiments on this type of 
posttransplant therapy seems warranted. 
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Fig. 2: Incidence of interstitial pneumonitis in man after high dose rate 
irradiation (curve 1). low dose rate irradiation with chemotherapy 
(curve 2) and expected incidence based on animal data (curve 3). 
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EFFECTIVENESS OF P-AMINOBENZOYL-O-PHENYLENEDIAMINE (COE 1734) 
AGAINST MOUSE, RAT AND HUMAN TUMOUR CELLS 

P. Lelieveld, R.J.F. Middeldorp and A. Hagenbeek 

P-aminobenzoyl-o-phenylenediamine (Goe 1734; NSC 328786) is a new 
N-phenylbenzamide derivative. It was originally developed by the Gödecke 
chemical and biological research groups (Freiburg, B.R.D.) as a potentially 
anticonvulsive ar-»nt (Herrmann, unpublished data). In rats, a marked inhibi¬ 
tion of haemopoiesis and of spermatogenesis was observed. Such effects on 
rapidly proliferating cells could indicate a possible cytostatic potential of the 
drug. No effect was shown when tested against mouse leukaemia P388 in the 
standard NCI screen. The compound was offered to us for testing against a 
variety of mouse, rat and human tumours employing different administration 
schedules. Since Goe 1734 is insoluble in water, it was suspended in 0.8% 
methocel (Methocel E4M Prem., Dow Chemical GmbH Schwingewerk, Stade-
Brunshausen) and administered orally (per os; PO) within 1 h after prepara¬ 
tion of the suspension. Fresh suspensions were made daily before treatment. 
The drug was administered daily for 9 or 10 days or until death. 

The effectiveness of Goe 1734 was determined against a variety of mouse, 
rat and human tumour cells. For mouse leukaemia L1210 drug treatment started 
24 hours after i.p. transplantation of 105 L1210 cells. For mouse osteosarcoma 
C22LR and Lewis lung carcinoma 106 tumour cells were transplanted s.c. in 
both flanks of mice. Treatment was started when tumour volumes were 100-200 
mm3. In rats, the Brown Norway myeloid leukaemia (BNML) was used (Hagen¬ 
beek, 1977). For this leukaemia treatment was started 7 days after i.v. 
injection of 10' leukaemic spleen cells. Endpoints were median survival time for 
L1210 and BNML, and tumour growth delay for the solid osteosarcoma and 
Lewis lung carcinoma. 

In vitro studies with Goe 1734 were performed by using a soft agar 
clonogenic assay. The preparation was dissolved in a small volume of DMSO 
and diluted further with saline. Cells of the osteosarcoma C22LR and of human 
tumours (1 ovarian, 1 colon and 2 lung tumours maintained as early passage 
xenografts in nude donor mice) were exposed to different concentrations of the 
drug for either 1 h or continuously. The endpoint for effectiveness was the 
ID70, i.e., the concentration which caused 70% inhibition of colony formation. 

In tumour-bearing mice, a maximum dose of 9 x 60-80 mg/kg PO was 
tolerated depending on the strain. Higher doses, even when administered less 
frequently, were toxic and led to early death. The cause of death was not 
investigated. In rats, 10 daily doses of 40 and 30 nig/kg were not tolerated. 
When low daily dose* were used a total dose of 200 mg/kg caused about 50% 
mortality. 

The results for the leukaemia LI 210 and for the BNML are presented in 
Table I. In the L1210 model, there was modest but just significant activity at 
only one dose level (9x60 mg/kg). Lower doses were inactive, higher doses 
were toxic. Coe 1734 was very effective in prolonging the life span of BNML 
rats. Early toxic death occurred shortly after the last of 10 doses of 20 
mg/kg. Several rats that survived the treatment with 10x20 and 5x30 mg/kg 
died later from recurrent disease as confirmed by histopathology. 
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Table I 

EFFECT OF COE 1734 ON LYMPHOCYTIC LEUKAEMIA L1210 IN MICE 
AND BROWN NORWAY MYELOID LEUKAEMIA IN RATS 

Treated/control (%) 

100 
100 
113 
138 
100 

toxic 
toxic 
toxic 

100 
204 
304 
430 

toxic 
toxic 

Treatment 

LI 210 lymphocytic leukaemia 

control (methocel only) 
20 mg/kg Q1Dx9 
40 » » 
60 " M 

80 " " 
90 " " 

120 " QiDx7 
180 " Q1Dx4 

BN myeloid leukaemia 

control (methocel only) 
10 mg/kg QiDx5 for 2 weeks 
2 Q *• n H ii ii 

30 " " " 1 week 
30 " " " 2 weeks 
HQ II II II II II 

Median survival 
time (day) 

8 
8 
9 

11 
8 
6 
6 
5 

23 
47 
70 
99 
17 
15 

L1210: 5 mice per group; 10 control mice. 
BNML; 4 rats per group. 

The results for osteosarcoma C22LR and for Lewis lung carcinoma are 
presented in Table I I . In the osteosarcoma model, Coe 1734 showed good ac¬ 
tivity, also at doses which caused only a moderate relative weight loss of the 
mice. The observed values for tumour growth delay are similar to those found 
for cisplatin (data not presented). In the Lewis lung model, a modest activity 
which seems to be independent of dose and schedule is observed. A single 
dose of 240 mg/kg resulted in a tumour growth delay similar to that of treat¬ 
ment with 9 doses of 20 or 40 mg/kg. 

In the soft agar clonogenic assay, an exposure for 1 h to Coe 1734 did 
not show any inhibitory effect up to the highest dose tested (20 ug/ml). 
Continuous exposure, however, was effective. Inhibition of colony formation by 
70% was observed at doses of 0.1-1 tig/ml for osteosarcoma and 0.2-2 pg/ml for 
the human tumours tested. 



Table II 

EFFECT OF COE 1734 ON OSTEOSARCOMA C22LR AND „EWIS LUNC 
CARCINOMA IN MICE 

Treatment 

Osteosarcoma C22LR 

20 ing/kg Q1Dx« 
40 " " 
60 " " 
80 " " 
90 " " 

Lewis lung carcinoma 

20 mg/kg Q1Dx9 
w » » 
60 " " 
80 " " 

240 " single dose 

No. of 
tumours 
evaluated 

10 
10 
10 
10 

1 

5 
6 
6 
4 

10 

Tumour growth 
delay (day) 

(mean + S.E.) 

3.9 ± 0.5 
8.5 ± 0.5 
7.8 ± 0.8 

13.3 ± 0.9 
12.3 t 0.4 

4.9 ± 2.6 
3.3 ± 1.6 
5.8 ± 1.8 
5.3 ± 1.8 
3.5 ± 1.1 

Body weight 
change (gram) 

(treated/control) 

-1.8 
-3.2 
-2.5 
-B.I 
-8.8 

NE 
NE 
NE 
NE 
NE 

NE: not evaluated. 

The mechanism of action of Coe 1734 is unknown. It was recently found 
that benzamide, and also 3-aminobenzamide not only inhibited the synthesis of 
poly(adenosine diphosphate-ribose) but also reduced glucose metabolism and 
methionine incorporation into protein and affected cell survival (Milan and 
Cleaver, 1984). 

In contusion: Repeated oral administration of Coe 1734 showed antitumour 
effectiveness against mouse osteosarcoma C22LR and rat BN myeloid leukaemia. 
Coe 1734 showed high antitumour effectiveness in some animal and human 
tumour models after repeated oral administration. In vitro activity was obser¬ 
ved only after continuous drug exposure. Both our in vivo and in vitro re¬ 
sults indicate that the drug must be administered on a continuous basis for 
maximum effectiveness. This makes Goe 1734 an interesting compound which, in 
our opinion, deserves further study. 

Hagenbeek, A. , Leukemia Res. 1 (1977) 149. 
Milan, K.M. and Cleaver, J.E.."Science 223 (1984) 589. 
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COMPARATIVE STUDY OF TUMOUR SENSITIVITY TESTS 
FOR PLATINUM DERIVATIVES 

L.M. van Putten. R.J.F. Middeldorp, P. Lelieveld and M.B. Edelstein 

The effectiveness of four platinum compounds: Cisplatin, CBCCA (Carbo-
platin), CHIP (Iproplatin) and TNO-6 (Spiroplatin) was compared in three 
types of predictive human tumour sensitivity tests. Preclinical comparative 
studie* on these agents have been reported earlier (Lelieveld et a l . , 1984). 
Platinum compounds failed to produce a response (Mulder and Lelieveld, to be 
published) in the precursor incorporation test (Volm et a l . . 1979). Here the 
results obtained with the subrenal capsule assay (Bogden et al . , 1981) and the 
clonogenic assay (Hamburger et a l . . 1977) are summarized. Tests were carried 
out on early passages of human tumours transplanted in nude mice. This 
permitted in many cases the performance of duplicate tests on the same tu¬ 
mour. Data on the clinical response of these tumours to single drug treatment 
with platinum derivatives were not available so the validity of the observed 
responses had to be judged by consistency and reproducibility. 

The subrenal capsule assay consists of measurement of small tumour 
grafts immediately after transplantation under the kidney capsule and six days 
later in groups of drug treated and control mice, all of which are irradiated 
before tumour grafting as described earlier (Edelstein et a l . , 1983). The 
following drug dosages were administered to groups of 4 to 5 mice: Cisplatin 8 
mg/kg, CBDCA 90 tng/kg, CHIP 30 mg/kg and TNO-6 4.5 mg/kg. These doses 
were administered i.v. on days 1 and 5 after tumour grafting. In 29 out of 37 
tests the criteria for adequate control growth were met and from 12 tumours 
duplicate or triplicate test results were obtained. Test results were considered 
positive if there was a significant relative decrease (p< 0.05) in volume of 
graft from day zero to six of treated compared to controls. Positive tests were 
noted in 12 of 29 grafts exposed to Cisplatin, 12 of 28 exposed to CBDCA, 11 
of 28 exposed to CHIP and 8 of 27 exposed to TNO-6. Comparison of the 60 
consecutive duplicate test results revealed poor correlation. Agreement of 
consecutive duplicate tests were noted in 35 of 60 tests. A random distribution 
of the positive responses would have led to agreement in 32 of 60 tests. On 
the basis of these data it must be concluded that the reproducibility of the 
subrenal capsule assay for platinum compounds is too low to be of practical 
use. 

In the clonogenic assay the same compounds were tested on cells derived 
from the same series of tumours. Two types of exposure were studied: one-
hour or continuous exposure. Here only the one hour data are presented in 
detail. The culture technique was that of Hamburger et al. (1977) with minor 
modifications. Drug concentrations used during exposure are listed in Table I, 

In only 21 of 40 tests performed on passages of human tumours maintained 
in nude mice sufficient growth ( > 30 colonies per dish) was observed in the 
control dishes. If the colony number in a treated group of dishes was less 
than 30 per cent of the number counted in the control dishes, tests were 
scored as positive. Correlation between results was acceptable: eleven of the 
duplicate tests gave identical results, nine differed by one dilution step and 
only one test differed by more than one dilution step. The distribution of 
responses is presented in Table I I . 
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TABLE I 

DRUG CONCENTRATION USED FOR IN VITRO EXPOSURE 
(micrograms per ml) 

Peak plasma cone. 

Cisplatin 
CBDCA 
CHIP 
TNO-6 

2 
10 
4 
2 

drug 

0.1 
0.5 
0.2 
0.1 

concentration during 
exposure 

1 
5 
2 
1 

10 
50 
20 
10 

one hour 

100 
500 
200 

TABLE II 

POSITIVE RESPONSES DEPENDENT ON DRUG CONCENTRATION 

Concentration 
relative to 
peak plasma cone. 

1/20 
1/2 
5 

50 

Cisplatin 

0/4 
0/17 
2/15 
7/13 

CBDCA 

0/4 
0/18 
4/15 
8/13 

CHIP 

0/4 
0/17 
0/15 
9/13 

TN( 

1/17 
9/18 

10/15 

These data suggest that TNO-6 is at least tenfold more effective than the 
other agents, which is not in agreement with the clinical data. A difference 
between the effectiveness of the four derivatives was not found in the tests 
performed with continuous exposure. If similar tests are carried out on L1210 
leukaemia (which is sensitive to the four compounds in vivo) the one hour data 
also suggest exclusive sensitivity to TNO-6 and the expected similar effecti¬ 
veness of the four drugs is observed only after continuous exposure. From 
these data the following conclusions may be drawn: 
1. the subrenal capsule assay is not useful for the determination of sensi¬ 

tivity of individual tumours to platinum compounds; 
2. the ctonogenic assay gives reproducible data on the drug sensitivity of 

those tumour cells that grow colonies in vitro; 
3. the critical drug concentration for optimal testing of clinical sensitivity is 

only poorly represented by a uniform relation to peak plasma level and 
should be adapted on the basis of experience with clinical testing. 
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FLOW CYTOMETRIC MEASUREMENT OF MEMBRANE TRANSPORT OF 
ANTHRACYCLINES BY MOUSE BONE MARROW CELLS 

H. van Dekken and C.J. van den Engh 

Anthracyclines are widely used anticaneer agents with a broad spectrum 
of antitumour activity. Adriamycin (Adr) is used in the treatment of a large 
variety of malignancies. Daunomycin (Dau) is used mainly against acute 
leukaemias (Pratt and Ruddon. 1979). The mode of action of these drugs has 
been ascribed to several mechanisms: intercalation into the DNA (Pratt and 
Ruddon, 1979). free radical formation (Bachur et a l . . 1979) and direct 
membrane effects (Tritton and Yee, 1982). Recently, enzyme mediated DNA 
damage (Tewey et a l . . 1984) has been described. 

Although Adr and Dau are very similar in their chemical structure, they 
show important but poorly understood differences in uptake by cells in vitro 
(Noël et a l . , 1978). Since the anthracyclines are fluorescent, the uptake by 
cells can be measured in a flow cytometer as demonstrated in previous studies 
(Sonneveld and Van den Engh, 1981). By combining fluorescence measurement 
with forward and perpendicular light scatter determinations, several sub-
populations of bone marrow cells can be recognised. When incubated with Adr, 
the lymphocytes, blasts and granulocytes in the bone marrow have different 
fluorescence intensities. Dau does not discriminate between different cell types 
and all cells have the same fluorescence. Furthermore, an approximately four 
times higher fluorescence intensity of Dau. compared with the same amount of 
Adr, was seen in these cells (Van den Engh et a l . , 1982). 

In the study reported here, additional experiments with bone marrow cells 
from (C57BL x C3H)F1 mice were done and the effect of various conditions on 
the uptake of anthracyclines was studied. The effect of changes in pH, 
temperature and incubation time were determined in cells of experimental 
groups and cells that were incubated in phosphate buffered saline (pH 7.4), 
containing 3 ug/ml anthracycline at 37°C for 15 min. The main results obtained 
were: a) the uptake of Adr and Dau by bone marrow cells is proportional to 
the concentration of the drug in the incubation medium (ranging from 0.3 to 10 
ng/ml); b) when the cellular fluorescence is plotted against the time of 
incubation, the more rapid and higher uptake of Dau by bone marrow cells 
becomes apparent (Fig. 1); c) when changing the temperature of the incuba-
tion medium (ranging from 4 to 37°C), an increase in fluorescence is seen 
along with the temperature of the medium; d) there is a large positive 
influence of the pH (ranging from 6.0 to 8.0) on the uptake of Dau by bone 
marrow cells; e) the uptake of Adr is not influenced by the pH (Fig, 2). 

In experiments, in which cells containing anthracyclines were suspended 
in drug-free medium, no leakage of the drugs was observed. A considerable 
decrease of the concentration of the drugs was seen in erythrocytes. In order 
to investigate, whether energy dependent transport mechanisms play a role, 
several potent inhibitors of ATP production were used (2,4-dinitrophenol, 
oligomycin, sodium azide, gramicidin A, A23187). None of these influenced the 
uptake or release kinetics of the two drugs by the nucleated cells. 
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Fig. 1: Fluorescence of nucleated bone marrow cells , erythrocytes 
and dead cells as a function of time of incubation. 

These data lead to the following conclusions: The micro-environmental 
conditions are of importance in the rate of anthracyciine uptake by bone 
marrow cells. Dau is more sensitive to these conditions than Adr. In contrast 
to reports by other investigators (Inaba et al . , 1979; McCown et a!., 1983) 
who reported active efflux to be an important factor in drug resistance, no 
evidence was found in this study for active uptake or efflux. 
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Fig. 2: Fluorescence of nucleated bone marrow cells , erythrocytes 
and dead cells as a function of pH. 
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THE FEMORAL MARROW AS A PHARMACOLOGICAL SANCTUARY 
FOR DAUNOMYCIN IN THE LEUKAEMIC RAT 

t 

K. Nooter, P. Sonneveld, J. Deurloo and R. Oostrum 

The anthracycline daunomycin is a major agent in the remission-induction 
and consolidation therapy of acute leukaemia in man. The unpredictable varia¬ 
tions in clinical responsiveness to chemotherapy and the inter-individual dif¬ 
ferences in the ratio of anthracycline dose and area under the plasma con¬ 
centration curve (AUC) (Cill et a l . , 1983) lead to an attractive hypothesis that 
the total number of tumour cells has an effect on the tissue and target cell 
distribution of anthracycline drugs in man. This hypothesis can be tested in 
the case of acute leukaemia, in which large numbers of easily accessible tumour 
cells are present in the body, injected anthracyclines with their high affinity 
for cellular DNA are rapidly taken up and retained by the leukaemic cells. 
This would lead to detectable changes in the pharmacokinetic profiles of the 
anthracyclines. The present studies were undertaken to investigate the com¬ 
parative pharmacokinetics of daunomycin in normal and leukaemic rats using an 
experimental leukaemia model (BNML) which has been proved to resemble acute 
myeloid leukaemia in man as far as growth characteristics and responses to 
chemotherapy are concerned (Colly and Hagenbeek, 1977). 

After a single i.v. bolus injection of daunomycin (7.5 nog/kg) in normal 
Brown Norway (BN) and leukaemic BN (BNML) rats, the plasma daunomycin 
concentration/time relationship could very well be described by a triexponential 
equation for both normal and leukaemic rats (correlation coefficients of 0.99599 
and 0.99883, respectively). The major fluorescent metabolite was daunomycinol. 
The half-life of daunomycin during the a-phase was 0.8 min in the normal rats 
and 0.7 min in the leukaemic animals. A shorter B-phase and a somewhat 
longer y-phase were found in leukaemic rats as compared with normal rats 
(15.7 min and 13.1 h versus 29.6 min and 9.9 h) . Due to increased plasma 
concentrations during the 0- and 7-phases in leukaemic rats the area under 
the total plasma daunomycin elimination curve (AUC) was increased from 3.73 
ug/ml.h in normal rats to 4.92 (ïg/ml.h in leukaemic rats. However, the AUC 
from 0 up to 2 h for daunomycin was much higher in normal rats as compared 
with leukaemic rats (2.74 pg/ml.h) versus 1.25 tig/ml.h). 

In the liver and lungs, infiltrated with leukaemic cells, elevated levels of 
daunomycin were observed as compared to control values. In Fig. 1 the dauno¬ 
mycin and daunomycinol contents expressed as pg/g wet weight of tissue in a 
leukaemic spleen are compared with normal spleen. At 2 and 24 h after drug 
injection the daunomycin concentrations in normal and leukaemic spleens differ 
significantly (Wilcoxon's signed-rank test, a = 0.05). However, the femoral 
bone marrow obtained from leukaemic animals contained less daunomycin 
(expressed as ng/109 nucleated cells) as compared with normal rats (Fig. 2) . 
This difference was statistically significant (a = 0.05} over the whole time 
course studied as determined with the Wilcoxon's signed-rank test. Splenectomy 
of the leukaemic animals prior to drug injection resulted in a partial restoration 
of the daunomycin uptake by the leukaemic bone marrow (Fig. 2). Sham 
operation had no effect on the daunomycin concentrations in the leukaemic bone 
marrow (data not shown). 
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Fig. 1: Time course of concentrations of daunomycin and daunomycinol in 
spleen tissue of rats treated with daunomycin ( 7 . 5 mg/kg) as an i.v. 
bolus injection . 

Bars indicate ± S.D. 

Drug concentrations were determined by high-performance liquid 
chromatography according to the method discribed 
by Baurain et al. (1979). 

In our leukaemia model, the spleen is heavily infiltrated with leukaemic 
cells at day 13 (the increase in weight was a factor of 3.6). This suggests 
that the daunomycin increase per grain wet weight in the leukaemic spleen is 
due to an increased drug uptake by the leukaemic cells. At day 13 after the 
leukaemia transfer, the normal haemopoiesis in the femoral marrow is replaced 
for about 70% by infiltrating leukaemic cells. ]n vitro experiments showed that 
leukaemic cells obtained from either the femoral bone marrow or the spleen can 
take up equal amounts of daunomycin (data not shown). However, in the leu¬ 
kaemic rats, the femoral bone marrow contained significantly less drug than 
was found In normal marrow. Apparently, the lower daunomycin concentrations 
in the femoral marrow of leukaemic rats seems to be due to specific character¬ 
istics of the femur. An explanation might be found if one considers two 
observations: 
a) In normal rats, the femoral bone marrow requires a longer time (at least 

two hours) to reach a maximum in daunomycin accumulation than the 
spleen. 

b) JJ2 vitro, the maximum amount of daunomycin that can be taken up by a 
cell at optimal incubation time is determined by the drug concentration in 
the incubation medium (Nooter et a l . , 1983). 
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Fig. 2: Bone marrow concentration/time course of daunomycin after an i.v. 
bolus injection (7.5 mg daunomycin/kg). Bars indicate t S.D. 
Nucleated bone marrow cells were obtained from normal rats, 
leukaemic rats and leukaemic rats which had been splenectomized 
prior to drug injection. Drug concentrations were determined by 
high-performance liquid chromatography according to the method 
described by Baurain et al. (1979). 

If this last phenomenon is also true ]n vivo, then the reduced femoral drug 
content in the leukaemic rats can be explained by the initially lower plasma 
concentrations in the feukaemic rats. 

In leukaemic rats, the AUCQ .» 2 h I S a b o u t 50* °* t n a t found in normal 
rats indicating a faster initial distribution. An explanation for this could be 
the presence of easily accessible leukaemic cells in the body (e .g . , spleen and 
liver) which rapidly take up the i.v. injected daunomycin. The increase in 
total AUC0 „ „ , in the leukaemic animals as compared with normal ones is 
caused by the higher plasma daunomycin concentrations in the leukaemic rats 
during the drug elimination phase. The latter can most likely be ascribed to an 
increased daunomycin elimination from the leukaemic infiltrated organs into the 
plasma. 

Our observations suggest that some tissue compartments in vivo, among 
which is the femoral marrow, might receive less drug due to the leukaemic cell 
load elsewhere in the body and that leukaemic cells which have infiltrated 
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these compartments might be exposed to ineffective drug concentrations. 
Further study will be required to evaluate the role of drug levels in leukaemia 
infiltrated tissues with regard to leukaemic stem cell kill. 

Baurain. R. et a!.. Cancer Chemother. Pharmacol. 2_ (1979) 11. 
Gill, P. et a l . . Cancer Chemother. Pharmacol. 10 (1983) 120. 
Colly. L.P. and Hagenbeek, T . , p. 211. In: Experimental Hematology Today 

(eds.: S.J. Baum and C D . Ledney), Springer Verlag, New York (1977). 
Nooter. K. et a l . . Cancer Res. 43 (1983) 5126. 
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INTERACTION OF METHOTREXATE AND TRIMETHOPRIM 
AT THE CELLULAR LEVEL 

P. Sonneveld and K. Nooter 

Methotrexate (MTX), an antimetabolite widely used in the maintenance 
treatment of acute childhood leukaemia (ALL) is generally administered by the 
oral route at weekly intervals at a dose of 2.5 mg/kg. The drug is rapidly 
cleared from the plasma, and excretion primarily occurs through the kidneys. 

Last year we reported on the distribution kinetics of MTX in a group of 
children treated with MTX during various stages of maintenance therapy of 
ALL. Since the main objective of this treatment is to eradicate leukaemia cells 
surviving after remission induction, further attention has been paid to the 
pharmacodynamic characteristics of MTX in a major target organ, i.e.. remis¬ 
sion bone marrow. For this purpose the concentrations of MTX and its main 
metabolite 7-OH-MTX were determined in unfractionated bone marrow at 21 
hours after administration of the drug. In addition, the concentrations of 
Trimethoprim (TMP), a bacteriostatic agent administered for prophylaxis of 
infections in "high risk" patients only, were determined in bone marrow 
simultaneously with MTX concentrations. The latter measurements were 
performed since MTX and TMP 1) are bo*h competitors for the energy 
dependent transport across the cell membrane, and 2) both competitively bind 
to dihydrofolate reductase (DHFR). Inhibition of this enzyme is a major 
mechanism of action of the cytostatic action of MTX, 

In order to evaluate if TMP may interfere with MTX at both sites of com¬ 
petitive activity, three groups of children were studied. One group of ALL 
patients received MTX only (n = 12). A second group of patients received MTX 
plus TMP, which was administered orally twice daily at a dose of 75 mg/m for 
at least two weeks (n = 10). In a third group of patients TMP was discon¬ 
tinued 15 hours before bone marrow sampling (n = 7). Concentrations of MTX, 
7-OH-MTX and TMP were analysed in all bone marrow punctures taken at 24 
hours after in vivo treatment using High Pressure Liquid Chroma tog raphy 
(HPLC). For reasons of comparison also the plasma concentrations of MTX, 
expressed as plasma area under the curve (AUC) were also determined by 
HPLC. As indicated in Table I the plasma AUC of MTX is not different between 
the groups. In plasma over 50 per cent of drug is present as the major 
metabolite 7-OH-Methotrexate, at 4 hours after MTX administration and later. 
Apparently, coadministration of TMP does not influence the pharmacokinetics of 
MTX in plasma. However, in bone marrow cells the amount of MTX is lower 
when TMP is also administered (p < 0.05). Discontinuation of TMP eliminates 
this effect. Surprisingly, 80-100 per cent of MTX in bone marrow of all 
patients was in the form of 7-OH-MTX, independent of the fact whether TMP 
was administered or not. The concentrations of TMP in whole bone marrow 
were 350-fold those of MTX. Discontinuation of TMP 15 hours before bone 
marrow puncture significantly reduced these concentrations. 

These results indicate that interference by TMP with MTX can not be 
excluded. Assuming competitive membrane uptake transport between MTX, 
7-OH-MTX and TMP, the presence of large proportion of 7-OH-MTX in bone 
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Table I 

INTRACELLULAR BONE MARROW CONCENTRATIONS OF METHOTREXATE 
(MTX) AND TRIMETHOPRIM (TMP) AT 24 HOURS AFTER MTX TREATMENT 

WITH OR WITHOUT ORAL TMP 

group no. 

no. of observations 

plasma 24 h AUC of 
MTX (vmol/min/l) 

MTX in BM* (x 10~9 M) 

TMP in BM (x 10~6 M) 

ratio TMP/MTX 

calculated TMP-induced 
inhibition of 
MTX/DHFR (%) 

(n -
(mean 

271.5 ± 

219.2 ± 

0 

n. 

n. 

12) 
t SE) 

16.5 

56.5 

d.** 

d. 

(n = 
(mean : 

344.0 ± 

175.5 ± 

61.8 ± 

352.1 

7.3 ± 

10) 
t SE) 

48.6 

12.2 

14.3 

1.7 

(n = 7, 
(mean i SE) 

371.1 ± 63.7 

345.9 * 108 

25.6 ± 6.8 

74.0 

2.4 ± 0.8 

Treatment: group 1: MTX, 30 mg/m2 p.o. 
group 2: MTX, 30 mg/m2 p.o.; TMP, 75 mg/m2 twice daily p.o. 
group 3: MTX, 30 mg/m2 p.o.; TMP, 75 mg/m2, stopped 15 h 

before bone marrow sampling 

* Expressed as total MTX equivalents, i.e., methotrexate + 7-OH-methotrexate. 
* *n .d . : not done 

marrow combined with high concentrations of TMP may lead to low intracellular 
concentrations of MTX itself. Further 'vn vitro studies are needed to determine 
the quantitative implications of this finding. 

In addition, also intracellular competition between these compounds can be 
expected. Although the affinity of DHFR towards MTX (km = 8 x 10~8 M) 
exceeds that of DHFR towards TMP (km = 3 x lO"4 M), the high concentrations 
of TMP may counteract the binding of MTX to DHFR, The inhibitory effect of 
concomitant TMP on the formation of the MTX-DHFR complex can be calculated 
from 

Inhibition = ! x 100% 
I • Kd (1 + | ) 
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where (I) is the concentration of TMP, (S) is the concentration of MTX, Kd is 
the dissociation constant of DHFR/TMP (= Km ) , and Km is the Michaelis-Menten 
constant of mammalian DHFR for MTX binding. For reasons of calculations it 
was assumed that MTX and 7-OH-MTX have equal binding constants for DHFR. 
Preliminary studies in animal systems, however, indicate that the affinity of 
MTX to DHFR is hundredfold that of 7-OH-MTX. As shown in the Table. TMP 
prevents 7.3 per cent of DMFR from binding MTX. Assuming lower affinity of 
7-OH-MTX to DHFR, the inhibitory effect of TMP may even be up to 50 
per cent. Discontinuation of TMP significantly reduces this effect (p < 0.05). 

This study indicates that concomitant administration of TMP may influence 
the uptake of MTX in the cell and also may affect its cytotoxicity by inter¬ 
ference with its binding to DHFR. Further exploration of these effects is 
warranted in order to evaluate if discontinuation of TMP must be advocated in 
order to maintain the cytotoxicity of MTX. 
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DEVELOPMENT OF NEW HISTOCHEMICAL TOOLS FOR AGING RESEARCH 

J.J. Haaijman, Fa-Min Zhong*. B. Pronk**, C.J.M. Kröse and J. Coolen 

The postpubertal involution of the thymus appear the most important 
primary event in the aging processes observed in the immune system. The 
strongly diminished output of new T cells makes the peripheral T cell pool 
especially vulnerable in old age. Most immunogerontological phenomena can be 
explained as a consequence of a changing T cell repertoire. These are re¬ 
flected in the changing behaviour of a number of effector mechanisms, e.g. , B 
cell responses, hypersensitivity reactions and cytotoxic responses. 

Direct measurement of the total T cell repertoire at various ages is 
technically not yet feasible. Most emphasis is therefore still directed at the 
study of essentially secondary phenomena. Available evidence indicates that 
old age is not accompanied by major disturbances (e .g . , the complete lack of a 
given immunoglobulin class) in the plasma cell pool. Highly specific and sensi¬ 
tive methods are therefore needed to properly evaluate the age-related changes 
in lymphoid organs. In this paper a hapten sandwich technique is described 
which allows a detailed study of the reaction of the plasma cells with anti-
immunoglobulin reagents. 

Class and subclass distribution analysis of cytoplasmic immunoglobulin 
containing cells (C-lg cells) is routinely done on cytocentrifuge preparations 
with two-color immunofluorescence microscopy (Hijmans et a l . , 1969; Haaijman 
and Hijmans, 1978). Topographic information is lost on the localization of C-lg 
cells within the various organs. This information may be useful to obtain more 
insight in the antigen handling within the different organs at various ages. We 
have chosen for an immunohistological technique using formalin /acetic acid/ 
mercury chloride fixed material. Sections from lymphoid organs were incubated 
in a first survey with monoclonal antibodies directed against Ig class and 
subclass determinants, followed by a peroxidase labelled anti-mouse Ig reagent. 
Soon it became apparent that a double staining technique would be indispen¬ 
sable. The double immunoperoxidase method reported previously had its draw¬ 
backs with regard to general applicability and was relatively time consuming 
(Coolen et a l . , 1983). 

Direct coupling of enzymes to monoclonal antibodies in our hands resulted 
in a severe loss of antibody titer (Boersma et al . , 1983). In the hapten sand¬ 
wich method antibodies are conjugated with low molecular weight haptens. Bin¬ 
ding of the conjugate is then detected with anti-hapten antibodies. Dinitro-
phenyl, nitroiodophenyl, lactose and arsinylate were employed in the past 
(Wofsy et a l . , 1974) but their use was largely restricted to the detection of 
cell surface antigens. They have been replaced largely by the biotin-avidin 
method (Wilcheck and Bayer, 1981). Two haptens are needed for a two-colour 
approach. Fluorescein and rhodamine appear to be good choices. These two 
labels have been used extensively for their fluorescent properties, however, 
in addition they may be regarded as antigens that have proven their useful¬ 
ness (Voss, 19BQ). 

* On leave of absence from Wu-Han Medical College, Wu-Han, People's Repu¬ 
blic of China 

** Dr. Ir.W. L. Ghijsen Institute, Laboratory School, Utrecht 
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Monoclonal antibodies (MCAs) were raised in mice against fluoresccin (Fl) 
and rhodamine (Rh) conjugated chicken gamma globulin, respectively. The 
anti-FI antibodies have been studied in most detail at present and their 
characterization will be described briefly. MCAs 239-1.1 and 239-3.1 (abbre¬ 
viated from now on as 1.1 and 3.1) both react strongly and specifically with 
Fl. Both are af the IgCi subclass. They differ in the following respects: 
1) the fine specificity spectrum of 1.1. and 3.1 is slightly different: 3.1 does 
react appreciably with fluorescein diacetate whereas the reaction of 1.1. is 
negligible. The specificity was ascertained with a competition assay. 2) 1.1 
quenches the fluorescence of fluorescein and 3.1 does not. 3) 3.1 inhibits the 
enzymatic activity of a Fl-peroxidase conjugate and 1.1 does not. 

The MCAs 1.1 and 3.1 performed satisfactorily as a bridging antibody in 
immunoassays. One binding site was then reacted with a Fl conjugated antibody 
and the other either with Fl-peroxidase or Fl-alkaline phosphatase. The sensi¬ 
tivity of this system (as estimated from the minimal detectable amount of the 
labelled antibody) was roughly similar to that of a conventional anti-lg tech¬ 
nique (Haaijman and Slingerland-Teunissen, 1978). It could be improved by 
either repeating the bridging process with the anti-FI and Fl-enzyme, or by 
interposition of a highly Fl substituted bovine serum albumin molecule. Pre¬ 
liminary experiments indicated that especially the 3.1 MCA can be used to 
amplify the fluorescence signal in immunofluorescence applications. 

Fig. 1: a. Photomicrograph of tonsil (5 year-old person, material obtained 
through the courtesy of Dr. C.J. Brenkman, State University 
of Leiden) incubated with monoclonal anti-lgA (fluorescein con¬ 
jugated) followed by MCA 239-1.1 (anti-fluorescein) and peroxi-
dase-fluorescein. The peroxidase was developed with diamino-
benzidine. ( x 100 ) 

b. Control: treated as in a. but with omission of anti-lgA.( x 100 ) 



The tridging method performed also adequately in the immunohistology of 
C-lg cells: tissue slides were first incubated with Fl-conjugated monoclonal 
anti-human IgA, then with MCA 1.1 followed by Fl conjugated peroxidase (Fig. 
1). The control staining without the anti-lgA reagent was completely negative, 
indicating the absence of natural occurring tissue determinants resembling Fl. 
This is in contrast with the biotin-avidin method applied to tissue sections: 
some cells contain appreciable amounts of vitamin B6 which is revealed in the 
control preparations. The fluorescein hapten sandwich appears to be a valuable 
asset in studying C-lg cells; in the future it will be possible to combine it 
with a rhodamine sandwich and this combination is likely to yield a foolproof 
two-colour method for immunohistology. This will then be used to quantitate 
the C-lg cell compartment in human tissues at various ages. 

Boersma. W.J.A. et a l . , p. 135. In: Annual Report of REP-TNO (1983). 
Coolen» J. et a l . , p. 127. In: Annual Report of REP-TNO (1983). 
Haaijman, J.J. and Hijmans, W., Mech. Age. Dev. 7 (1978) 375. 
Haaijman, J.J. and Slingerland-Teunissen, J. p. 11-29 In: Immunofluorescence 

and related staining techniques (ed. W. Knapp et al.) Elsevier Biomedical 
Press, Amsterdam (1978). 

Hijmans, W. et a l . . Clin. Exp. Immunol. 4 (1969) 457. 
Voss, E.W. Fluorescein hapten: an immunological probe. CRC Press (1984). 
Wi(check. M. and Bayer. E.A., Immunology Today 5 (1984) 39. 
Wofsy, L. et a l . . J. Exp. Med. 140 (1974) 523. 
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ACE-RELATED CHANGES IN DELAYED TYPE HYPERSENSITIVITY 
TO SRBC IN FEMALE C57BL/KaLwRij MICE 

C.S. Vissinga, W.J.A. Boersma, F.A. Steinmeier and R. Benner 

Age-related immune deficiency contributes to the vulnerability of old 
individuals to infection and increased frequencies of lympho-proliferative 
diseases. An age-related decline in T cell-dependent immunological responses 
has been established usually by employing m vitro systems (Kay and Makino-
dan, 1981). Evidence has been presented indicating decreased functioning of 
the T cell subpopulations regulating the B cell responses (Blankwater, 1978) 
and of impaired functioning of cell populations producing immunoregulatory 
factors with increasing age (Thoman and Weigle, 1981). In addition, changes in 
antigen specificity of old cytoiytic T cells with increasing age have been 
described (Kruisbeek and Steinmeier, 19B0). 

Delayed type hypersensitivrty (DTH) responses are 'm vivo immune 
responses of which, for certain antigens, e.g. , sheep red blood cells (SRBC), 
the monocyte/macrophage system forms the non- specific effector part of the 
system, while the T cells form the antigen specific regulating force. The 
expression of a local DTH response is characterized by infiltration of 
inflammatory cells and accumulation of edematous fluid at the site of antigen 
application. The onset of this reaction, which is mediated by vasoactive factors 
produced by activated lymphocytes, is strictly dependent on the activation of 
T lymphocytes by the specific antigen. T cells active in DTH responses may be 
regarded as immunoregulatory T cells (Bianchi, 1984). The functioning of DTH 
reactions in aging individuals has drawn relatively little attention up to now. 
This lead us to investigate the DTH reaction as a parameter for the deteriora¬ 
tion of the T cell-dependent immunological response during the process of 
aging in C57BL/KaLwRij female mice. The capacity of young, middle-aged and 
aged mice to elicit a DTH reaction to SRBC has been measured as a model. 

Mice were immunized by i.v. injection of SRBC. The DTH reaction was 
elicited in 5 naive syngeneic recipients by local application of sensitized spleen 
cells of one individual donor mouse plus a challenge dose of antigen (local 
adoptive transfer). The hind foot was selected as subcutaneous application 
site. The DTH reaction was measured as the relative increase in thickness of 
the injected hind foot of the recipient mice as compared to the thickness of the 
contralateral non-injected hind foot. 

In two dose-response experiments optimal conditions were determined for 
the immunization with SRBC and for transfer of donor T lymp'iocytes. Intra¬ 
venous injection of 2x10* SRBC 5 days prior to transfer was optimal for 
immunization {Fig. 1A). For transfer of DTH activity a local injection of 5.10 
viable nucleated spleen cells challenged with 10 SRBC was sufficient (Fig. 
IB). The swelling due to the DTH reaction in young recipient mice was 
maximal (33%) at 24 hours after transfer and was decreased to 10-15% foot 
swelling at 72 hours after injection. The increase in specific foot thickness of 
the recipient mice in all experiments was corrected for the non-specific 
swelling caused by a challenge dose of 108 SRBC only. Non-specific foot 
swelling caused by transfer of immunized spleen cells was always less than that 
observed after transfer of a challenge dose of SRBC only. 
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Fig. IA: Relationship between DTH response and time after local transfer of 
5x106 viable nucleated spleen cells plus 108 SRBC into recipients, 
varying the priming-doses of SRBC. The incidence in relative foot-
thickness is corrected for the non-specific swelling observed after 
injection of the challenge dose of SRBC only. 

IB: Relationship between DTH response and time after transfer. Varying 
doses of viable nucleated spleen cells and 10s SRBC were locally 
transferred into naive recipients. All mice were immunized with 2x1 (r 
SRBC. Controls as indicated for Fig. 1A. 

Four groups of C57BL/KaLwRij female donor mice of different ages: 3 to 5 
months (n=11), 12 months (n=7), 19 months (n=12) and 29 months (n=16), 
respectively were investigated. The results clearly showed a decreased DTH 
reactivity of spleen cells from old (19 and 29 month of age) donor mice as 
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Fig. 2A: Relationship between DTH response at 24 hours after transfer and 
age of female donor C57BL/KaLwRij mice. The mean DTH responses 
are shown for age groups of mice as indicated in the figure. Bars 
indicate standard deviation. 
The Mann-Whitney test shows that there is a significant difference in 
DTH response between young and aged mice: 
Z-value=3.67, p(2-tailed)=0.00012 (29 mo compared to 19 mo) 
Z-value=3.55, p(2-tailed)=0.00019 (19 mo compared to 12 mo) 
Z-value=2.73, p(2-tailed)=0.00311 (12 mo compared to 3-5 mo) 

2B: Typical time course of relative toot swelling after local adoptive 
transfer of 5x10" viable nucleated spleen cells from individual mice of 
different ages together with 108 SRBC. Controls a-> for Fig. 1A. 
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compared to cells from young mice (3-5 month of age) (Fig. 2A). Differences 
were observed in the magnitude of the DTH reaction in the different age 
groups. After transfer of spleen cells from young mice a steep peak response 
was observed with an optimum at 24 h after transfer. After injection of cells 
from old mice only slight differences in DTH response were observed (Fig. 2B) 
at 18 and 48 h. 

Since it can be assumed that the read-out system of the specific T cell 
activity formed by the macrophage/monocyte system in the young recipient mice 
is similar for all transferred cells tested, the decrease in DTH reactivity has 
to be ascribed to a change in the activity of the donor T cells. This decreased 
DTH reactivity might be explained by a decrease in the proportion of Thy-1 + 

spleen cells or the decrease in proportion of a specific subpopulation (Boersma 
et a l . , this Annual Report, p. ) . This phenomenon might also be explained, 
however, by changes in the functional capacity of remaining T cells. 

Bianchi, A . T . J . , Thesis, Rotterdam (1984). 
Blankwater, M.J., Thesis, Utrecht (1978). 
Kay, M. and Makinodan, T . Prog, in Allergy 29 (1981) 134. 
Kruisbeek. A.M. and Steinmeier, F.A. J. Immunol m . (1980) 858. 
Thoman, M.L. and Weigle, W.O. J. Immunol. VZ7 (1981) 2102. 
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THE CORRELATION BETWEEN T CELL SUBPOPULATIONS. DTH RESPONSE 
AND IL-2 PRODUCTION IN AGING FEMALE C57BL/KaLwRij MICE 

W.J.A. Boersma, C.S. Vissinga, F.A. Steinmeier and R. Benner 

The age related immunodeficiency leads to a decreased response to new 
antigens and an increased frequency of infections. This impairment of the 
immune resDonse most likely has its roots in changes that develop during aging 
in the T cell system. Delayed type hypersensitivity (DTH) responsiveness 
represents the capacity of the immune system to cope with various types of 
infections. This type of T cell response has gained relatively little attention 
with respect to its progression in aging. It has already been shown, however, 
that the DTH response to new antigens is strongly impaired in humans over 70 
years of age. In addition, a lowered DTH responsiveness was shown to be 
correlated to increased mortality (Roberts Thompson et a l . , 1974). 

Investigations were initiated to unravel the sequence of events that leads 
to changes in the quantitative and qualitative aspects of DTH responsiveness 
in the mouse. For this the changes were analyzed in T cell subpopulations 
according to expression of Thy-1 and Lyt-2 surface antigens (Boersma and 
Haaijman, 1981) were monitored in the spleen of individual female 
C57BL/KaLwRij mice of four age groups. The mice were also tested for their 
ability to mount a DTH reaction against SRBC (Vissinga et a l . , this Annual 
Report, p. ) and their ability to produce interleukin-2 ( IL -2 ) . 

The proportion of Thy -1 + cells as reported previously decreases in peri¬ 
pheral blood of C57BL/Ka mice with increasing age. Also for spleen we have 
now observed a decrease in the proportion of T h y - 1 + cells. In Fig. 1A the 
correlation is shown of the proportion of T h y - 1 + spleen cells per individual 
spleen and DTH reactivity, expressed as the per cent increased thickness of 
the injected foot relative to the contralateral foot 2*» h after spleen cell 
transfer and challenge with antigen. The decrease in T h y - 1 + cells as a 
function of age only partly explains the decrease in DTH response capacity 
(Fig. 1A). The proportion Thy -1 + cells decreased from 30.0+4.41 in 3 to 
5-month-old animals to 19.3+5.1% in 29-month-old animals (a relative decrease 
of 36%). In the same animals the DTH responsiveness changed from 35.0+5.7% 
(n=11), in the young mice to 14.6+5.5% (n=16) in mice of the oldest age group, 
which represents a decrease of 59% in DTH activity. This suggests that a 
subpopulation of Thy -1 + cells ^ay be responsible in the age related effects on 
the DTH responsiveness. 

Previous experiments indicated that the major age related change in the 
peripheral T cell compartment consists of a decrease in the proportion of 
Thy-1 + , Lyt-2" cells. In Fig. IB is shown that there is a direct correlation 
between the decrease of DTH responsiveness and the proportion of the 
Thy-1 + , Lyt-2" subpopulation in the spleen of the individual mice from the 
four age groups studied. 

The production of IL-2 in response to antigenic stimulation is one of the 
major functions ascribed to the T h y - 1 + , Lyt-2" cells. The IL-2 serves to 
stimulate the proliferation of effector cells (Wagner et a l . , 1980). T Cells from 
aged mice have been shown to be deficient in the production of IL-2 (Thoman 
and Weigle, 1981). In our experiments the IL-2 production by the same spleen 
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Fig. 1A: Relationship between DTH response and the proportion of Thy-1 + 

and Thy-1+ . Lyt-2~ spleen cells. Donor mice were immunized with 
2x105 SRBC on day zero. On day 5 the DTH activity was measured 
as specific footswelling (per cent) at 24 h after local adoptive 
transfer of 5xlO6 donor mouse spleen cells plus 10* SRBC. The mean 
proportion of Thy-1* spleen cells and the mean DTH responses are 
shown for the four age groups of mice indicated in the figure: 
29 months (n=!6), 19 months (n=12), 12 months (n=7), 3-5 months 
(n=11). Linear regression analysis shows that r=0.97 p=1.3%. Bars 
indicate standard errors. 

B: Relationship between DTH response and the proportion of Thy-1 + , 
Lyt-2" spleen cells. The proportion of T h y - i \ Lyt-2~ cells was 
calculated by subtraction of Thy-14 and Lyt-2* subpopulations. The 
mean proportion of Thy-1+ , Lyt-2" cells and mean DTH responses 
are shown for the same age groups as shown in Fig. 1A. Linear 
regression analysis shows that r=0.92 p=4.0%. Bars indicate standard 
errors. 

cells was measured that were used for phenotype determination and DTH 
reactions. It was found that the impaired DTH response in mice of 29 and 19 
months of age is accompanied by a decreased ability of the spleen cells of the 
immunized animals to produce IL-2 after stimulation with Concanavalin A 
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(Con A) (Fig.2). Spleen cells of immunized mice were incubated with Con A 
and the 24 h supernates were harvested. Their IL-2 content was measured in a 
proliferation assay with cells of an IL-2 dependent CTLL-line. The IL-2 
content of supernatants from aged mouse spleen was markedly lower than 
determined in supernates from young mouse spleen. 

From this study we conclude that DTH responses, the proportion of 
Thy-1* , Lyt-2~ cells and the ability to produce IL-2 decrease concerted ly with 
age. The functions studied appear to be mediated by the Lyt-2" T cells (Vadai. 
et al, 1976). Further investigations will be devoted to unravel the cause and 
effect relationship underlying the changes in different T cell functions in 
aging mice. 

to 

60 

20 
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Fig. 2: Relative IL-2 production upon stimulation with Concanavalin A by 
spleen cells of mice of three age groups immunized with SRBC. 
IL-2 content was measured in the 24 h culture supernate of Con-A 
stimulated spleen cells. The capacity of a one in four dilution of the 
supernates of cultures of spleen cells of aged mice to stimulate IL-2 
dependent CTLL to proliferate was expressed as a percentage of this 
capacity as determined in young (3-5 months) mice. 

Boersma, W.J.A. and Haaijman, J . J . , p. 191. In: Annual Report REP-TNO 
(1981). 
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ORDERED APPEARANCE OF AUTOANTIBODIES IN MASTOMY 
DURING ITS LIFESPAN 

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

The increased incidence of antibodies directed against "self" components 
(autoantibody, Aabs) with aging is one of the most readily recognized phe¬ 
nomena in immunogerontology. Walford (1969) created his immunological aging 
theory around Aab: "whereas development and maturation would be characteri¬ 
zed by an increased 'ordering' of the immunoiogical repertoire, the age-related 
decline in biological function would start with a disorganization of the immune 
system resulting in autoaggressive Aab which would hasten the aging process". 
The all important role of the immune system in setting the biological clock has 
been challenged by many authors. Careful analysis of the appearance of Aab in 
relation to clinical signs and pathology revealed that a number of Aab are not 
pathogenic in man. A good example are the Aabs directed to thyroglobulin. Al¬ 
though in sera of more than 20% of female subjects over 70 years of age anti-
thyroglobulin Aab can be detected, only a fifth of those with Aab have 
autoimmune thyroiditis. This means that autoimmune thyroiditis does not 
depend solely on the presence of anti-thyroglobulin Aab. Many hypotheses 
have been proposed to explain the generation of Aab. Most studies in expe¬ 
rimental animals have dealt with strains that develop already autoimmune di¬ 
seases at young age. These diseases are characterized and associated with the 
early appearance of one or a few Aab specificities. This contrasts with the Aab 
observed in aging man, and it is likely that these Aab arise through a diffe¬ 
rent mechanism. 

In this laboratory Praomys (Mastomys) natalensis (abbreviated as Masto-
mys) has been studied for a number of years as a possible animal model for 
age-related Aab. In this paper we report data on the age-related appearance 
of different Aab specificities using a longitudinal approach. Fifty outbred male 
Mastomys were bled from the retro-orbital plexus every three months. When 
the animals became moribund they were bled by heart puncture, necropsied 
and tissues were processed for histology. The mean and maximum survival of 
the experimental group were not significantly different from historical controls. 
Sera were analysed for Aab using the following substrates of rat origin: 
thyroid, liver, stomach, kidney, diaphragm and heart muscle. Methods for de¬ 
monstrating and scoring Aab were described previously (Coolen et a l . , 1981; 
Solleveld, 1981). 

Fig. 1 shows the incidences of 5 different Aab. Aab against nuclear and 
cytoplasmic antigens appear already early in life: more than 50% of the animals 
displayed these Aab at 9 months of age. At 21 months of age all animals had 
anti nuclear factors (ANF) whereas only about 30% remained free of anti-cy-
toplasmic Aab, Anti-colloid Aab (colloid is the secretory product of the thy¬ 
roid) appear much later in life and the incidence curve runs parallel with the 
ANF. A different pattern was observed for two anti-muscle Aab, the intermyo-
fibrillar (IMF) and zebra type, respectively. The incidence increments per unit 
of time is much less than for the other Aab. Moreover only less than half of 
the cohort became positive at 24 months of age. 
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Fig. 1: Age-related incidence of 5 autoanti bodies in the serum of male 
outbred Mastomys. The surviving number of animals is shown in a 
dashed line. 

It should be pointed out that the scoring of Aab in our experiment was 
based on immunofluorescence data. The nature of the antigens recognized by 
the different Aab thus remains largely unknown and depends also on the tissue 
chosen as the substrate for the staining reaction. It is not yet clear, e.g. , 
whether positive cytoplasmic fluorescence of thyroid cells is caused by the 
same Aab as that of liver cells. It is evident that some cytoplasmic antigens 
are shared by a number of organs and others are not. The same is true 
for nuclear antigens (Solleveld, 1981). It may be concluded that the immuno¬ 
fluorescence technique underestimates the variety of Mastomys Aab specifici¬ 
ties. Somatic cell hybridization could be used to isolate individual Aab pro¬ 
ducing cells. This approach awaits further investigation. 

Several options can be discussed to explain the data of Fig. 1. 
1. The pattern could be caused by successive exposure of the immune sys-
ten to autoantigens (Aag). The Aag of thyroid and muscle would enter the 
circulation later in life than those of nuclei and cytoplasm. The different 
slopes of the incidence curves are then not easily explained, however, Crabar 
(1975) has postulated that Aab may play a physiological role in the scavenging 
of Aag. In his view the Aab are not directed to native Aag but to slightly 
denatured ("old") Aag. Our methods do not allow a distinction between "self" 
and "altered self" antigens. Applied to Mastomys this notion points to an 
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age-related pattern of organ lesions (resulting in the increase of the concen¬ 
tration of certain Aag in the circulation) for which there is not yet evidence. 
Also, one has to assume that the immune system is overactive in generating 
antibodies. The Crabar hypothesis predicts that removal of the thymus at 
young age will result in the abrogation of Aab production in later age. Pre¬ 
liminary data from other experiments indicate that this is not true for all Aab 
specificities. 
2. Although Aag are present throughout life, the immune system only pro¬ 
duces Aab as a result of a timed loss of regulating T cell (circuits). This 
idea is favoured by many authors working on autoimmune diseases, since it 
was shown that B cells with specificity for Aag are normally present through¬ 
out life. Consequently, there should be mechanisms which suppress the activi¬ 
ty of these potentially autoaggressive B celts and T (suppressor) cells are 
held responsible. If deletion of regulatory cells was the cause of appearance of 
Aabs extinction of all members of specific T eel! clone would be required. It 
cannot be envisaged what mechanism might cause such a disappearance. As it 
was already shown for a number of Aab specificaties in mice and man that they 
are of polyclonal origin. This would necessitate the deletion of a whole set of 
regulators. 
3. The laboratory bred Mastomys studied in our experiments, may be excep¬ 
tional in such a sense that its thymic maturation has an innate defect. Already 
at young age the T cell repertoire is not balanced with the B cell repertoire, a 
condition believed to be characteristic of the old immune system (Radl, 1979). 

Mastomys offers the possibility of testing <t number of hypotheses which 
will hopefully lead to a better understanding of non-pathogenic autoantibody 
formation. 

Coo'.en, j . et a l . , Clin. Immunol. Immunopathol. _19 (1981) 238. 
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Radl, J . , Clin. Immunol. Immunopathol. 1J» (1979) 251. 
Solleveld, H.A. Thesis (1981). 
Wai ford, R.L. In: The immunologie theory of aging. Munksgaard, Copephagen 
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SURVIVAL AND PATHOLOGY OF CONCENIC STRAINS OF MICE WITH A 
BACKGROUND OF HIGH OR LOW INCIDENCE OF 

IDIOPATHIC PARAPROTEINEMiA 

C. Zurcher, T. v.d Akker* and J. Radl 

In the course of a series of experiments in mice designed to unravel the 
pathogenesis of idiopathic paraproteinemia (IP) it appeared that a variety of 
factors influences its occurrence. It was shown that IP is the direct result of 
an irreversible change within one B cell clone. T cell deficiency and genetic 
factors (illustrated by strain differences in the occurrence of IP) play a major 
role in the development of this B cell proliferative disorder (Radl, 1982). At 
least part of the genetic factors, which govern the immune response and T-B 
cell interactions in several species, have been found to be associated with loci 
at the major histocompatibility complex. Therefore an experiment was started to 
study the effect of 3 different H-2 haplotypes on a background of two inbred 
strains of mice, one with a high incidence of IP (C57BL/10ScSn abbreviated as 
BiOScSn) and one with a low incidence (BALB/c). Female mice of three 
congenic strains with C57BL background (B10ScSn(H-2b), B10D2(H-2d), 
B10BR(H-2k)) and of three congenic strains with BALB/c background 
(BALB.B(H-2b), BALB/c(H-2d), BALB.K(H-2k)) were regularly screened for 
the presence of homogeneous immunoglobulir components (H-lg) in the serum 
using Wieme's agar elect rophoresis, immunoelectrophoresis, double radial 
immunodiffusion technique and immunofixation. After completing their lifespan a 
complete necropsy and histological examination was performed. 

The "SPF" reared mice were bought at the age of 2 months from a 
commercial breeder (Olac, Ltd., England) and kept under conventional 
conditions for the rest of their lifespan in animal facilities of the Department of 
Cell Biology and Genetics of the Erasmus University Rotterdam. 

As this report primarily deals with the survival and preliminary pathology 
data from each congenic strain, only the most important results of the sero-
logical studies will be mentioned. 

The survival curves of the six strains are given in Fig. 1, It appears 
that B10BR mice live significantly longer than B10D2 mice. The survival of the 
other strains take intermediate positions. 

The serological studies revealed that all congenic strains with a C57BL 
background showed a 20-25% incidence of H-lg already at an age of 9 months 
in contrast to a 0-4% incidence in those with a BALB/c background. This 
difference in H-lg incidence remained during the whole life span. The maximum 
incidence varied from 58Ï, (B10D2) to 8ST> (B10BR) for C57BL mice and from 
28% (BALB/c) to 48% (BALB.K) for BALB/c background mice. 

As might be expected when studying rr.ice of this age a wide variety of 
histological lesions was observed. However, mice vf both C57BL and BALB/c 
background showed a different incidence pattern for specific lesions. For 
instance, lesions predominantly found in C57EL mice were brain ventricular 
dilatation and otitis media. The latter lesion also occurs in C57BL mice kept 
under more rigid gnotobiological conditions in the TNO Institute for Experi-

*Dept. of Cell Biology and Genetics, Erasmus University, Rotterdam. 
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Fig. 1: Survival of female mice of congenic strains on C57BL or BALB/c 
background. 

mental Gerontology in Rijswijk. No bacteriological or serological evidence for an 
infectious agent could be found in these cases up to now). Adrenal sub-
capsular spindle cell proliferation and degeneration of lumbar spinal roots were 
characteristic lesions observed mainly in mice on BALB/c background. 

To investigate whether the high incidence of H-lg in C57BL mice could be 
related to morphological changes reflecting a disordered immune system, special 
attention was paid to lesions or changes in the lymphoreticular tissues and to 
lesions with a presumptive immunological basis such as periarteritis nodosa or 
amyloidosis. The incidence of such lesions is presented in table I. It appears 
that lymphoreticular tumours are common in all strains with a slight pre¬ 
ponderance of lymphoblastic malignant lymphoma in BALB/c mice and of 
malignant lymphomas of mixed cell type in C57BL mice. 

An increase of plasma cells in lymphoid tissues including the bone marrow 
was mainly observed in mice with a C57BL background. In a few of these mice, 
sporadic foci of highly pleomorphic plasma cells were observed in the bone 
marrow. From our previous studies it is known that the latter change often is 
associated with the presence of high levels of serum H-lg. Transplantation of 
bone marrow cells from such mice into young syngeneic C57BL/KaLwRij mice 
results in a full blown myeloma with bone destruction and characteristic X-ray 
picture (RadI et a l . , 1985). Amyloidosis was notably absent; this in contrast to 
the high incidence of this lesion in C57BL/KaLwRij mice. 

In conclusion, our data indicate that factors governed by H-2 loci do not 
appreciably influence the incidence of H-lg and that other genetic factors 
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Table I 

INCIDENCE (%) OF SELECTED HISTOLOCICAL LESIONS IN 
CONGENIC STRAINS OF C57BL OR BALB/c BACKGROUND 

Parent strain 

Congenic strain 

H-2 haplotype 

BiOScSn BALB/c 

B10BR B10D2 BiOScSn BALB.K BALB/c BALB.B 

k d b k d b 

HISTOLOCICAL DIAGNOSIS 

Lymphoreticular System 

- lymphoid hyperplasia 

- plasmacellular increase 

- plasmacellular increase 
and slight/moderate 
plasmacellular pleomorphism 

- foci of highly pleomorphic 
plasma cells in bone marrow 

- malignant lymphoma 
lymphoblastic 
mixed cell type * 

- histiocytic sarcoma 

Periarteritis nodosa 

Amyloidosis 

47 

95 

53 

21 

5 
26 
0 

26 

0 

28 

46 

30 

0 

21 
32 
18 

29 

0 

48 

72 

12 

0 

12 
8 

12 

28 

0 

23 
9 

0 

0 

41 
27 
0 

32 

0 

24 

0 

0 

0 

29 
38 
5 

33 

0 

19 

5 

0 

0 

38 
5 
5 

33 

0 

Number investigated 19 28 25 

* Reticular cell sarcoma type B, Dunn's classification. 

22 21 21 

inherent to the C57BL background are more important. The most striking mor¬ 
phological difference between mice of C57BL and BALB/c background relates to 
the high incidence of an increased number of plasma cells in lymphoid tissues 
and bone marrow, and in some cases the presence of highly pleomorphic plasma 
cells compatible with an early stage of myeloma. 
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INCREASED INCIDENCE OF MONOCLONAL GAMMAPATHIES IN PATIENTS UNDER 
IMMUNOSUPPRESSIVE TREATMENT AFTER RENAL TRANSPLANTATION 

IS ACE-RELATED 

J. Radl, R.M. Valentijn*. J.J. Haaijman and L.A. van Es* 

Incidental routine investigations of serum samples from renal transplant 
patients by Wieme's agar electrophoresis often showed the presence of single or 
multiple homogeneous immunoglobulin components (H-lg) at a low concentration. 
These are reminiscent of those in patients and in experimental animals 
suffering from primary and secondary immunodeficiencies characterized by a 
T < B immune system imbalance (Radl. 1981, 1982). Except for monoclonal 
gammapathies of this category, recipients of renal grafts may be expected to 
develop also other paraproteinaemias in a higher frequency, namely those 
caused by malignant and perhaps also benign lymphoproliferative disorders. 
Lymphoproliferative abnormalities and lymphomas are reported to increase in 
frequency after renal transplantation (Penn, 1977; Hanto et a l . , 1981). 

In order to assess the frequency of monoclonal gammapathies (MC) and 
their origin in the immunosuppressed renal graft recipients, a crossectional 
and partly a follow-up study was performed in 232 patients from the Depart¬ 
ment of Nephrology, University Hospital in Leiden. The age of the patients 
varied from 20 to 60 years; the different serum samplings covered a large time 
period, i.e., from 3 months up to 16 years after renal transplantation. All 
patients received a standard immunosuppressive regimen consisting of Predni-
son 10 mg per day and Immuran 1.5 mg/kg body weight per day. 

All sera were investigated by agar electrophoresis and by immunofixation, 
using a goat antiserum to all immunoglobulin isotypes (Radl, 1981). Sera con¬ 
taining H-lg components were further tested by immunoelectrophoresis and im¬ 
munofixation, using rabbit and goat antisera specific for each of the immuno¬ 
globulin class and light chain type. 

Homogeneous immunoglobulin components were detected in 70 of 232 serum 
samples (301). Of these, 48 (69?) sera contained single H-lg. 8 (11%) con¬ 
tained multiple H-lg consisting of the same light chain type and 14 (20%) 
contained multiple H-lg which consisted of different light chain types. The 
classification of in total 101 H-lg showed IgC-kappa 61 times, IgC-lambda 25 
times, IgM-kappa ten times and IgM-lambda four times; in one case the light 
chain type of an IgM H-lg could not be determined with certainty. A semi-
quantitative assessment of the level of the H-lg components from the immu¬ 
nofixation analysis (Radl, 1981) indicated that, except for five samples, all of 
them were below 10 mg/ml and most of them below 4 mg/ml. 

When relating the frequency of H-lg in the patients to the time after 
renal transplantation and the years of immunosuppressive treatment, no cor¬ 
relation was found. However, when the frequency of H-lg was plotted against 
the age of the patients, a conspicuous increase of MC with age was observed 
(Fig. 1). 

•The department of Nephrology, University Hospital in Leiden 
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Fig. 1: Frequency of homogeneous immunoglobulins in sera of patients with 
immunosuppressive treatment after kidney transplantation in relation 
with age (blocks). The full-line curve shows the frequency of H-lg 
in a normal population. 

In 23 patients with H-lg, multiple serum samples were available which 
allowed a further characterization of the MC. In 17 cases (74%) the H-lg were 
shown to be transient (category: immunodeficiency). In 6 cases (25%), the 
H-lg were persistent; of these, one patient with a heavy H-lg component of 
the IgC-kappa isotype was demonstrated to have this H-lg already before renal 
transplantation; the clinical and laboratory examinations indicate a developing 
multiple myeloma. Another patient with a IgC-lambda paraprotein experienced a 
spontaneous fracture of his femur and is being investigated for multiple 
myeloma (category: B cell malignancy). The remaining four patients (3x 
IgC-kappa and lx IgM-kappa) showed a constant level of H-lg and have no 
symptoms of a malignancy (category: benign B cell neoplasia). 

These results demonstrate that renal transplant recipients under immuno-
suppresive treatment develop MC with age in strikingly high frequencies. While 
most of these MC obviously reflect transient B cell monoclonal proliferations 
due to an immunodeficiency, there is an indication that the incidence of benign 
and malignant B cell neoplasias is also increased. Our observation implies that 
the immunosuppressive treatment, which is appliec to the renal graft reci¬ 
pients, enhances and accelerates an immunodeficiency which develops spon¬ 
taneously with aging of the immune system of an individual. If these findings 
will be confirmed in more detailed studies, they should lead to the introduction 
of differential immunosuppressive regimens in young and older patients. 
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STUDIES ON ACE-RELATED B CELL PROLIFERATIVE DISORDERS: 
GENERATION OF A SPECIFIC RESPONSE TO THE 5T2 

MULTIPLE MYELOMA PROTEIN IDIOTYPE IN NORMAL C57BL/KaLwRij MICE 

J.W. Croese, M.H.M. v .d . Enden-Vieveen. R.J. Brondijk, 
W.J.A. Boersma. C.S. Vissinga and J. Radl 

Studies performed in the induced transplantable mouse plasmacytoma MOPC 
315 (Lynch and Milburn, 1984) clearly indicate that the neoplastic cell can be 
influenced by the antigen against which its immunoglobulin product is directed 
as well as by antibodies and cells recognizing the tumour specific marker, i.e. 
the idiotype (Id) of the myeloma protein. These findings offer new prospects 
to look for ways to eliminate or suppress specifically the neoplastic clone in 
multiple myeloma (MM) by manipulating the immunoregulatory network. 

The aging C57BL mouse bred in our institute develops spontaneously MM 
in a frequency of about 0.5% in mice older than 24 months. This neoplasma is 
transplantable and very closely resembles the human MM including the typical 
bone destruction in advanced cases. One of the mouse MM, the 5T2 line, has 
been used for studies on new possibilities for treatment of MM and its com¬ 
plications by APD-bisphosphonate (Radl et a l . , 1982; Croese et a l . , 1983) and 
by immunoregulation. 

In order to see whether the 5T2 MM exhibits a behaviour comparable to 
the locally growing plasmacytoma MOPC 315 with respect to immunoregulatory 
influences, comparative experiments on the humoral and cellular Id specific 
immune response were performed. Two groups of normal C57BL mice were 
(s.c.) immunized weekly for five times with, respectively, 50 yg and 200 jig of 
the 5T2 MM protein, an lgC2a immunoglobulin with kappa light chain. Two 
control groups were included: mice of one group were immunized with 200 jig 
of another myeloma protein of C57BL origine (5T14), mice of the second group 
were not immunized. Small blood samples were taken from each mouse after 
each immunization and the sera were tested for the presence of anti-5T2 MM Id 
antibodies by means of a competitive solid phase enzyme linked immunosorbent 
assay (ELISA). 

No anti-5T2 MM Id activity could be detected in those samples. Sub¬ 
sequently, all mice with the exception of the non immunized controls were 
monthly boosted for three times with the same amounts of the relevant antigen. 
The results of the determination of the anti-5T2 MM Id activity in the sera 
after the prolonged immunization are shown in Fig. 1. 

In the group immunized with 200 yg of 5T2 MM protein, 6 out of 11 mice 
showed antibody activity to the 5T2 MM idiotype. Animals which received 50 ug 
of 5T2 protein and both control groups gave negative results. To study 
whether the same mice developed a delayed type hypersensitivity (DTH) res¬ 
ponse to the 5T2 MM Id, four mice from each of the four groups were chal¬ 
lenged with the 5T2 MM protein in the footpads 7 days after the last immuniza¬ 
tion. No DTH response, measured as the difference in footpad swelling in 
these animals was detected. However, in a transfer experiment, where young 
recipient mice were injected with lymph node cells from mice immunized with 
200 ug of 5T2 MM protein and simultaneously challenged with respectively 10 
and 50 U9 of 5T2 MM protein a DTH response after 24 hours was demonstrated 
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Fig. I : Determination of the anti 5T2 MM Id antibody activity in the sera of 
C57BL mice immunized with 5T2 MM protein. The degree of binding 
(as tested by solid phase competitive ELISA) between the 5T2 MM 
protein on the plate and a biotin-conjugated monoclonal anti 5T2 Id 
antibody (145-8.3) after preincubation with various dilutions of the 
individual mouse sera is expressed in optical density values (O.D.) 
as developed by avidin labeled peroxidase. Only sera of mice 
immunized with 200 yg 5T2 MM showed inhibition of this binding. 
Individual values and mean values ± S.D are indicated. 

in 6 out of 8 mice. Moreover, one out of four recipients injected with lymph 
node cells from a mouse immunized with 50 ug of 5T2 MM protein showed a 
positive response (Fig. 2). In principle one would expect similar res¬ 
ponsiveness in a DTH reaction in the immunized animal when compared to the 
response in a transfer experiment. The discrepancy observed in these 
preliminary results which might be the result of differences in local antigen 
concentrations in the two types of reaction conditions. This deserves further 
investigation. 

The results of the induction of the specific immune response to the 
5T2 MM Id in syngeneic C57BL mice by active immunization are so far com¬ 
parable to those obtained in BALB/c mice immunized with the MOPC 315 protein 
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Fig. 2: Effect of immunization of normal C57BL mice with the 5T2 MM protein 
in two different concentrations on the DTH response to the 5T2 MM 
Id as compared with non immunized controls in a local adoptive 
transfer experiment. The mice were challenged with 10 yg and 50 yg 
of the 5T2 protein, respectively. Maximum foot pad swelling was 
measured 24 hours after the challenge. The reactions are expressed 
as the difference in thickness of the left foot pad (injected) 
compared to the right foot pad (not injected). (Mean ± S.D. are 
indicated). 

(Lynch and Milbum, 1981). The level of the anti-5T2 MM Id antibodies seems 
to be dependent on the dose of antigen. The same may be true for the DTH 
response. Therefore, both humoral and cellular responses to the 5T2 Id will 
further be investigated with a broader range of antigen dose. Optimal condi¬ 
tions will then be used in studies on the protective effect of this anti-5T2 MM 
Id immunity against the challenge with living 5T2 MM cells. 

Croese, J.W. et a l . , p. 119. In: Annual Report REP-TNO (19B3). 
Lynch, R.C. and Milburn, C . L . , p. 299. In: the biology of idiotypes (eds. 

M.I . Greene and A. Nisonoff), Plenum Publishing Corporation (1984). 
Radl, J . et a l . , p. 113. In: Annual Report REP-TNO (19B2). 
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STUDIES ON ACE-RELATED B CELL PROLIFERATIVE DISORDERS: 
CHARACTERIZATION OF THE 5T2 MULTIPLE MYELOMA PROTEIN 

A.J.J. Lock, J.W. Croese. W.F. Riesen*, J. Radl and J.J. Haaijman 

Two distinct markers of a B cell clone are the antigen (Ag), it is 
recognized by. and the idiotype (Id) of the immunoglobulin (Ig) molecule 
produced by such a clone. An Id is a serologically defined antigenic structure 
associated with the variable region of Ig molecules; it consists of a number of 
antigenic determinants (idiotopes}. The hypervariable regions of the antibody 
molecule determine the specificity of the Ag-binding site. At least a part of 
the Id is made up by the Ag-binding site. 

Characterization of these two markers in our 5T2 multiple myeloma (MM) 
mouse model of C57BL/KaLwRij origin (Radl et a l . , 1979) is useful with regard 
to our attempts to treat this myeloma by immunoregulation. The 5T2 MM 
protein, an lgC2a immunoglobulin with kappa light chain, was isolated from 
serum and/or ascitic fluid of ST2 bearing mice by protein A and affinity 
chromatography. This immunoglobulin binds a number of hapten-carrier 
conjugates. The degree of inhibition of the 2,4 dinitrophenol (DNP) bovine 
serum albumin (BSA) binding of the 5T2 MM protein by some hapten-carrier 
conjugates at different dilutions (Riesen antl Morel I, 1972) is shown in Table I. 

The variety of haptens which show inhibition of binding to DNP-BSA indi¬ 
cates that the true antigen binding site is a complex structure. The lack of 
reaction with DNP-bovine gamma globulin (BGC) remains unexplained. Papain 
splitting of the 5T2 molecule;» demonstrated that the binding activity to these 
Ag resided in the Fab fragments. A number of mouse monoclonal antibodies 
(MCAs) was prepared against the idiotype of the mouse 5T2 MM protein. Four 
of these antibodies (145-4.1, 145-18.1, 145-8.3, all three of the lgC1 subclass 
and 145-2.1 of the IgM class) were tested for their binding specificity and 
affinity to the 5T2 MM Id. 

Competitive enzyme linked immunosorbent assay (ELISA) was used to stu¬ 
dy the interrelationship of the epitopes recognized by the four MCAs. In the 
ELISA, plate-bound 5T2 MM protein was reacted with a constant saturating 
concentration of a biotin-labelled MCA in the presence of varying concen¬ 
trations of unlabeled MCAs (Fig. 1). The binding of the biotin conjugate was 
quantitated with avidin-peroxidase. Three biotin conjugates were used: 
145-4.1, 145-8.3 and 145-18.1, respectively. It can be concluded from the 
competition curves, that all four anti-Id MCAs are directed against the same or 
closely related idiotopes: all four compete for binding to 5T2 protein with the 
three probes. However, a distinct difference in avidity was observed: 145-2.1 
and 145-8.3 react with much lower avidity than 145-4.1 and 145-18.1 (much 
higher protein concentrations were needed of the former two than of the latter 
two MCAs, to give equal competition). 

* Institute for Clinical and Experimental Cancer Research, University of Berne, 
Switzerland 
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Fig. I : Inhibition of the binding of biotinylated MCA's 145-4.1 (A) and 
145-8.3 (B) to plate bound 5T2MM immunoglobulin. Inhibition is 
shown for the 145-1.1. 145-18.1. 145-8.3 and 145-2.1 anti-5T2 MM 
immunoglobulin antibodies in dilutions from an initial concentration of 
10 mg/ml. The hapten carrier conjugate DNP-BSA was used in an 
initial concentration of 30 mg/ml. Monoclonal anti-fluorescein iso-
thiocyanate antibody (239-3.1) was used as a control. 

The known hapten specificity of the 5T2 MM protein (Table I) made it 
possible to map the idiotypes recognized by the MCA's with respect to the 
antigen binding site. DNP-BSA and 5-acetyluraciM-BSA (AU-B5A), respec¬ 
tively, were coated to the ELI5A plates. The antigens were then reacted with 
a mixture of various concentrations of the MCA's and a constant sub-saturating 
amount of the 5T2 MM protein. The binding of the 5T2 molecules was quanti-
tated with a peroxidase labelled rabbit anti mouse Ig. The MCA's 145-4.1, 
145-8.3 (Fig. 1) and 145-18.1 (not shown) interfered with the binding of the 
5T2 MM protein to the antigen whereas 145-2.1 did not. 

It follows from the two sets of competition experiments that the binding 
site of the 5T2 MM protein for the haptens tested is smaller than the region 
bearing idiotypic determinants. 

Finally, it was demonstrated that the antibodies 145-4.1, 145-18.1 and 
145-8.3 did not bind to free light chains of the 5T2 Ig molecules present in 
the urine of 5T2 MM bearing mice. This implies that the idiotope recognized by 

124 



Table I 

COMPETITION RADIOIMMUNOASSAY OF 5T2 MM PROTEIN 

starting 

hapten-carrier concentration dilution : 1/50 1/100 1/500 
(mg/ml) % inhibition 

2 ,4-dinitrophenyl-HSA 

5-acetyluracil-l-BSA 

purine-6-oyl-BSA 

2,4-dinitrophenyl-BSA 

cytidin-BSA 

adenosine-5'-monophosphate-BSA 

2,4-dinitrophenyl-BGG 

uridine-5'-monophosphatase-BSA 

guanosine-BSA 

nit roaz idepheny I - BS A 

p-azobenzenearsenate-BSA 

1.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

93* 

88 

79 

70 

46 

37 

11 

7 

6 

1 

89 

84 

68 

55 

34 

28 

10 

8 

3 

— 

64 

54 

39 

27 

14 

21 

3 

5 

13 

6 

3 

* )The binding of the radiolabelled DNP-BSA to., on plastic adsorbed, 5T2 MM 
protein was determined in the presence of several hapten-carrier conjugates. 
The percentage of inhibition relative to a negative control is given for three 
dilutions of the conjugates. 
BSA: bovine serum albumin, BCC: bovine gamma globulin, HSA: human serum 
albumin. 

the MCA's is formed by the heavy chain only or by the combination of both 
heavy and light chains. 

The anti 5T2 MM Id MCA's and the antigens tested will be useful tools for 
tracing the malignant 5T2 clone in in vivo and jn vitro experiments and can 
also be used for separation of different subpopulations of cells. 

Radl, J . et a l . , J . Immunol. U2 {1979} 609. 
Riesen, W.F. and Morell, A . , Immunochemistry 9 (1972) 979. 
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ENDOTOXINS AND AGING: ASSAY, CLEARANCE AND DETOXIFICATION 

Adr* Brouwer, M.A. Horan, R.J. Barelds and D.L. Knook 

Endocytic capacity of the Kupffer cells of the rat liver declines with age. 
The age-related decline in the endocytosis of heat-aggregated colloidal albumin 
was observed both in jn vivo clearance studies and in experiments using 
cultured Kupffer cells isolated from rats of different ages. However, the 
endocytosis of colloidal albumin by Kupffer cells does not necessarily reflect 
the capacity of these cells to protect the body against potentially harmful 
circulating agents, such as gut-derived bacterial endotoxins. The study 
reported here concerns pilot experiments on the endocytosis and detoxification 
of Escherichia coli (EE.coli) endotoxin by Kupffer cells in vivo and in vitro. 

For the determination of endotoxin clearance we have selected the chro-
mogenic Limulus assay (Thomas et a l . , 1981), which offers a reproducible and 
extremely sensitive means to detect endotoxins and does not require any 
labelling or other modification of the endotoxir. This is particularly important 
since the methods for radiolabelling of endotoxin with 51Cr or 1 2 5 I may cause 
serious alterations in the way endotoxin is handled by cells and organisms. 
The limit of detection in our assay is approximately 10 pg/ml and there is a 
linear relationship with the A A at 105 nm over the range 0-125 pg/ml. Fig. 1 
displays the elimination of intravenously injected endotoxin (E.coli 026:B6) 
from the circulation of C57BL/Ka mice. Results for the second phase of removal 
give values for half-life of approximately 46 minutes. This compares favourably 
with results using radio-label led endotoxin in a variety of laboratory animal 
species (12-55 min) (e .g . , Maihison and Ulevitch, 1979). 

Table I 

UPTAKE AND DETOXIFICATION OF E.COLI ENDOTOXIN BY CULTURED 
KUPFFER CELLS 

Postincubation time (hour) 
1 6 21 

Endotoxin detected 
with Limulus assay 
(g/petri dish) 

Cells 3.1 x 10~8 8.5 x 10~9 2.9 x 10"9 7.8 x 10~10 

Supernatant 1.8 x 10~11 6.0 x 10"11 5.3 x 10~11 5.0 x 10~11 

Lethality induced 
in actinomycin D 
treated mice 6/8 0/8 0/8 0/8 
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Since the Kupffer cells of the liver are primarily responsible for the in 
vivo clearance of endotoxin (Praaning-van Dalen et a l . . 1981), experiments 
were carried out with purified cultured Kupffer cells. Cultured Kupffer cells 
obtained from 12-month-old female BN/BiRij rats (1.S x 10* cells/petri dish) 
were incubated with endotoxin (50 pg/ml) for 30 min. Then, all extracellular 
endotoxin was removed by repeated washing. The cells were either extracted 
immediately (0 hours) or postincubated for different lengths of time. Extraction 
was done in 0.5 N NaOH. After neutralization, the samples were analysed by 
the chromogenic Limulus assay and a portion (0.5 ml of 5 ml diluted extract) 
was injected intraperitoneally into C57BL/Ka mice (weight c 20 g ) . together 
with 25 ug actinomycin D. The survival was assessed at 48 hours. 

Table I shows that Kupffer cells incubated with endotoxin take up con¬ 
siderable quantities of the substance which can be easily detected with the 
Limulus assay. 

Post-incubation at 37°C. the amount of endotoxin detected in the Kupffer 
cells decreased markedly with time. This is most probably the result of lyso-
somal degradation of the endotoxin, since the activity detected in the culture 
supernatants did not increase. Extracts of endotoxin-incubated Kupffer cells 
were tested for toxicity in mice sensitized to endotoxin with actinomycin D. 

E 

§ 

! 

10 

100 200 300 

time ( minutt ) 

Fig. 1: Plasma clearance of endotoxin in mice. 
C57BL/Ka mice were injected intravenously (tail vein) with 7.5 ug 
endotoxin. The animals were sacrified and bled by heart puncture at 
various time intervals after injection. Serum samples were analysed 
for the presence of endotoxin by the chromogenic Limulus assay. 
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Freshly incubated Kupffer cell extracts (0 hour) caused «0-90% lethality (Table 
I ) , which was to be expected on the basis of the endotoxin content determined 
with the Limuius test (3 x 10~' g endotoxin was injected) and the reported 
sensitivity of actinomycin D-treated mice (Trejo and DiLuzio. 1971). Postin-
cubation of endotoxin-incubated cells proved to abort the toxicity of the 
ingested endotoxin within 60 min. These results provide direct evidence for 
the important role of Kupffer cells in the uptake and detoxification of 
endotoxin. 

It can be concluded that the chromogenic Limuius test is a very sensitive 
tool that can be successfully applied to study the uptake and detoxification of 
endotoxin by Kupffer cells 'm vivo and in vitro. This now opens the possibility 
to determine whether, and to what extent, the protection of the body against 
these important harmful agents is affected during aging. 

Mathison, J.C. and Ulevitch, R.J., Journal of Immunology JI23 (1979) 2133. 
Praaning-van Dalen, D.P. et a l . , Castroenterology 8J (1981) 1036. 
Thomas. L.L.M, et a l . , Clin. Chim. Acta 116 (1981) 63. 
Trejo. R.A. and DiLuzio. N.R., PSEBM 136 (1971) 889. 
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ELECTRON MICROSCOPIC AUTORADIOCRAPHY USED AS A METHOD TO STUDY 
UPTAKE AND STORAGE OF SUBSTANCES IN LIVER 

A.M. de Leeuw, E. Elhanany, H.F.J. Hendriks, A. Brouwer and D.L. Knook 

The uptake and intracellular processing of various compounds by different 
liver cell types from animals of different ages has been a major subject of 
investigation in our laboratory (Knook et a l . , 1982). For example, colloidal 
albumin was jsed as a test compound to determine the clearance capacity as a 
function of age of Kupffer cells both 'm vivo and in vitro (Brouwer et a l . , in 
press). The uptake capacity of the liver for heat-denatured colloidal albumin 
was shown to reside in both Kupffer and endothelial cells and revealed a 
decrease with age for Kupffer cells, whereas no change of this function in 
endothelial cells was observed. Other substances such as vitamin A, are not 
degraded after uptake in the liver but they are stored (Wake, 1980). It was 
shown that in the uptake and storage of vitamin A both the parenchymal and 
the fat-storing cells are involved (Wake, 1980). A better understanding of the 
uptake and intracellular processing of compounds such as albumin and 
vitamin A can be obtained with special electron microscopic methods. 

Electron microscopic autoradiography (EMA) is one of the methods 
employed to localize endocytosed exogenous compounds in organs and/or 
tissues, by which both the cell type and the intracellular distribution can be 
determined. Other methods include immunocytochemistry, enzyme cytochemistry 
or detection of compounds previously labelled with a clearly defined electron 
microscopic marker such as ferritin or gold particles. However, for certain 
compounds, EMA is the only ultrastructural detection method because of 
absence of appropriate antibodies, lack of enzyme activity or of procedures to 
label a compound with electron microscopic markers. 

Application of EMA requires the adaptation of various experimental 
variables to the compounds under study to obtain a reliable procedure. 
The most important variables are: 
1) The radioactive source. Compounds should be labelled with a low energetic 
radioactive isotope (with high specific activity and a long half-life) to obtain 
good resolution, but also sufficient activity to give sufficient signal during the 
exposure time. 
2) Extraction during the fixation and embedding procedure. Ethanol extraction 
specifically of lipids and lipid-soluble substances, such as vitamin A, may 
result in loss of radioactivity from the specimen. 

For the investigation of the uptake and the inter- and intracellular 
transport of colloidal albumin and vitamin A, EMA procedures were adapted to 
meet the specific demands of these substances in relation to their processing 
by the liver. For colloidal albumin the isotope I was chosen to allow com¬ 
parison of the morphological localization with biochemical determinations in 
various liver cell types after isolation and in culture (Brouwer et a l . , in 
press). For vitamin A, 3H was chosen. Tissues were fixed by a procedure, 
involving the combined use of glutaraldehyde and OsOj, (see below) which 
satisfied the demands described above. 

Female BN/BiRij rats were cither injected intravenously with ' " I -colloidal 
albumin or were given 3H-retinol, intragastrically. After different time 
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intervals (6 min for colloidal albumin and 3 h for retinol) the liver was first 
perfused with buffered saline for 2 min to remove blood, followed by perfusion 
for 6 min at 4°C with 2% glutaraldehyde in 0.15 M sodium cacodylate buffer for 
studies with colloidal albumin or with a mixture of 2% glutaraldehyde and 1.5% 
OsOq (1:2) in the same buffer for studies of retinol. OsOq was added to the 
primary fixative to reduce extraction of the lipid-soluble retinoids. The 
surplus of fixative was then removed by postperfusion for 6 min with the same 
buffer. From pieces of 5x5x1 mm3 of the liver, 150 ym thick sections were cut 
by using a vibratome. These were postfixed in a solution containing 1% OsOj, 
and 1.5% potassium ferrocyanide. After washing in cacodylate buffer at low pH 
(pH 5 .5 ) , the sections were stained "en bloc" in a lead aspartate solution as 
described by Walton (1979). After washing in cacodylate buffer (pH 5.5) the 
sections were dehydrated and embedded in LX 112. For EM A. tissue blocks 
were handtrimnted and sections of ~ 1000 A were cut with a Reichert ultra-
microtome and floated on deioni2ed water. Specimens were transferred to 
formvar-coated microscope slides by using a platina loop; excess water was 
immediately removed. After drying overnight, slides were covered by a thin 
(thickness approximately 40-60 A) carbon layer. 

Microscope slides were covered with a L4 llford emulsion by dipping and 
subsequently dried for 15 min at room temperature. The optimal exposure time 
was determined by developing at different time intervals. 

The slides were developed by using a physical developing procedure, 
preceeded by the gold latensification method (Salpeter and Bachmann, 1964) 
which improves the sensitivity of the emulsion. After development, the total 
"sandwich" was floated from the microscope slides by immersion in water. While 
floating, grids were placed on the sections. The total film was removed from 
the water surface by parafilm and left to dry. Control sections of liver were 
always included on the same microscope slide. Specimens were then ready for 
observation. 

Grains were scored in liver in specific cells and cell organelles by 
applying transmission electron microscopy at a magnification of 10,000 times. 
Results indicate that colloidal albumin was present exclusively in sinusoidal 
endothelial and Kupffer cells and was found in lysosome-like structures. These 
results confirm earlier data of determinations of radioactive labeled colloidal 
albumin in purified liver cell populations after its administration in vivo 
(Brouwer et a l . , in press). In addition, the presence of grains in lysosome-
like structures indicates that colloidal albumin is degraded in both cell types. 
Vitamin A was detected in both parenchyma) cells and fat-storing ceils. In 
parenchymal cells which are the primary uptake sites for vitamin A in liver, 
grains were found mainly at such sites where mitochondria and cisternae of the 
rough endoplasmic reticulum are closely associated with each other (Fig. 1A). 
In fat-storing cells which are the main storage site of vitamin A in liver, 
grains were detected mainly in lipid droplets (Fig. 1B). These results are in 
agreement with earlier observations that newly administered vitamin A first 
accumulates in liver parenchymal cells and is then transferred to the liver 
fat-storing cells for storage (Blomhoff et a l . , 1982). 

Further investigations will include detailed study of the route of transport 
within the liver of newly administered vitamin A by varying the time interval 
between its administration and psrfusion-fixation of the liver. Grain counting 
procedures will allow the quantification of the contributions by different cells 
and organelles involved in the inter- and intracellular transport of vitamin A 
within the liver. 
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Fig. 1: Electron microscopic autoradiographs demonstrating the uptake and 
storage of ^H-retinol in liver. 
A. In parenchyrnal cells grains (t) are detected mainly at such sites 
where mitochondria and rough endoplasmatic reticulum are closely 
associated (magnification: 18.100 x ) . 
B. In fat-storing cells, grains ( t ) are found mainly on lipid droplets 
(8.850 x ) . 
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THE DISTRIBUTION OF SOME VITAMIN A BINDING PROTEINS AND 
RETINYL PALMITATE HYDROLASE ACTIVITY IN THE LIVER 

H.F.J. Hendriks. W.S. Blaner*. A. Brouwer, A .M. de Leeuw 
D.S. Goodman* and D.L. Knook 

It has been shown that the vitamin A content of rat liver increases with 
age (Hendriks et a l . , 1984). We therefore investigated the feasibility of a 
detailed study on vitamin A and its metabolites together with the retinol 
binding protein (RBP), cellular retinol binding protein (CRBP), cellular 
retinoic acid binding protein (CRABP) and retinyl palmitate hydrolase (RPH) 
activity in aging rats. Vitamin A is taken up in the small intestine as chylo-
micron retinyl esters, mainly as retinyl palmitate. and transported to the liver 
by lymph and blood. After uptake by liver parenchymal cells (Blomhoff et a l . , 
1982). the retinyl esters are hydrolized to retinol by the enzyme retinyl 
palmitate hydrolase (RPH). Retinol is subsequently distributed bound to spe¬ 
cific binding proteins in blood and in tissue or stored as retinyl esters, main¬ 
ly, again, as retinyl palmitate. In blood, retinol is bound to RBP, which is 
synthesized in liver parenchymal cells. In tissues and organs, retinol and also 
retinoic acid are bound to their specific proteins CRBP and CRABP, respec¬ 
tively. 

In this study, the role of different rat liver cell types was investigated 
in vitamin A storage and metabolism the content of vitamin A metabolites, RBP, 
CRBP and CRABP and RPH activity were determined in parenchymal, Kupffer, 
endothelial and perisinusoidal fat-storing cells and in liver homogenates. 

Liver homogenates and isolated liver cells were obtained from 12-month-old 
female BN/BiRij rats. Fat-storing cells were isolated using a discontinuous 
two-layer Nycodenz" gradient with concentrations of 11.5% (w/v) and 17.2% 
(w/v) in Gey's balanced salt solution. Kupffer and endothelial cells were 
isolated as described previously (Knook et a l . , 1982). Parenchymal cells were 
isolated and perfused at 8°C to prevent metabolism and secretion during the 
isolation procedure. Separately isolations were performed at 37°C to obtain 
intact and viable cells (Brouwer et a l . , 1984). Sinusoidal cell preparations and 
parenchymal cell preparations had a purity of at least 80% and 99%, respective¬ 
ly, as determined by electron microscopy. Vitamin A metabolites were separated 
by reverse phase HPLC using a Radial pack 8C18 analytical column developed 
at 2 ml per minute using methanol:water (95:5) containing 10 mM ammonium 
acetate for 6.3 minutes and rrsthanol:ethyl acetate (70:30) for 19.3 minutes. 
Absorbance of vitamin A metabolites was monitored at 313 nm. RBP, CRBP and 
CRABP were determined by a radioimmunoassay using specific antibodies. RPH 
activity was measured by the release of free C-palmitic acid from retinyl-
UC- palmitate (Blaner et a l . , 1981). 

HPLC analysis showed that at least eight vitamin A metabolites (retinol 
and seven retinyl esters) could be detected in total liver homogenate. The 
three main retinyl esters, which accounted for 95% of the total amount de¬ 
tected, cochromatographed with retinyl oleate (7%), retinyl palmitate (74%) and 
retinyl stearate (14%). The same retinyl esters were also detected in fat-
storing cell preparations in about the same ratio. The vitamin A metabolites 
present in the various cell types are shown in Table I. 

Dept, of Medicine, Columbia University, New York, U.S.A. 
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Table I 

RETINOL. RETINYL OLEATE. RETINYL PALMITATE AND RETINYL STEARATE 
CONTENTS OF ISOLATED FAT-STORINC CELLS. ENDOTHELIAL CELLS. 

KUPFFER CELLS AND PARENCHYMAL CELLS 

Cell types Retinol* Retinyl* Retjnyl* Retinyl* 
oleate pa Imitate stearate 

Fat-storing cells 

Endothelial cells 

Kupffer cells 

Parenchymal cells 
isolated at 8°C 
isolated at 37°C* 

Liver homogenate 

n.d.** 

n.d. 

n.d. 

n.d. 
n.d. 

44.6 ± 18.5 

3.2 ± 0.6 
(3.6 ± 0.5) 

n.d. 

0.1 + 0.0 

0.1 ± 0.1 
n.d. 

329.7 ± 44.2 

79.2 ± 9.7 
(90.0 + 7.5) 

2.9 * 1.6 

3.2 ± 1.4 

4.2 + 1.4 
3.1 + 0.5 

3274.9 ± 385.6 

12.0 ± 1.9 
(13.6 ± 1.5) 

0.2 ± 0.1 

0.2 ± 0.1 

0.4 ± 0.2 
0.5 ± 0.1 

612.6 * 11.1 

* Contents are expressed as jig vitamin A metabolite per 10 cells for the va¬ 
rious cell types and per g wet weight for the liver homogenate. 
Values represent the mean ± S.E.M. of four separate experiments (except 
those indicated by (n=2)) Values in parentheses represent the vitamin A 
content calculated after correction for the presence of minor contaminations 
by other cell types. 

** n.d.: not detectable. Concentration $ 0.05 ug/106 cells. 

Fat-storing cells appear to contain about 20-30 times the amount of retinyl 
esters found in parenchymal cells (Table 1). On basis of the number of cells 
present in the intact liver as determined by electron microscopy, it could be 
calculated that almost 60% of the total retinyl esters could be recovered and 
that more than 70% of these esters was present in fat-storing cells. 

The contents of RBP, CRBP and CRABP and RPH activity in the various 
cell types are shown in Table I I . 

Fat-storing cells and parenchymal cells contained high concentrations of 
CRBP and CRABP. RPH activity was also high in both fat-storing cells and 
parenchymal cells, indicating that retinyl esters are actively metabolized in 
both cell types. These data suggest that the metabolite retinol plays an 
important role in the intercellular exchange of vitamin A. 

RBP is present in high concentrations in isolated parenchymal cells only. 
Parenchymal cells isolated at 8°C appeared to contain more RBP but less CRBP 
than those isolated at 37°C. RBP levels might be lowered in parenchymal cells 
isolated at 37°C because metabolism and excretion are continued during the 
isolation procedure. The endothelial and Kupffer cell fractions contained very 
low levels of RBP, CRBP, CRABP and RPH. Electron microscopical observation 
showed that parenchymal cells isolated at 8°C have a damaged cell membrane, 
which allows the leakage of cytoplasm. These observations suggest that RBP is 
compartimentalized or membrane-bound and that CRBP is a cytoplasmic protein. 
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Table II 

RBP. CRBP. CRABP CONTENTS AND RPH ACTIVITY OF ISOLATED 
FAT-STORING CELLS. ENDOTHELIAL CELLS. KUPFFER CELLS AND 

PARENCHYMAL CELLS 

Cell type RBP CRBP CRABP 
ng/106 cells ng/106 cells ng/106 cells 

RPH 
pml/hr/ 
106 cells 

Fat-storing cells 

Endothelial cells 

Kupffer cells 

Parenchymal cells 
isolated at 8°C 

7.1 + 0.4 236.2 ± 36.3 8.7 • 2.3 1152.2 + 144.4 
(8 .6+2 .2 ) (298.8 144.0) (11.2 1 3.5) (1532.0 ± 282.7) 

3 . 2 + 0 . 6 6 . 6 + 1 . 0 1 .8+0 .6 78.3+9.2 
(3 .4+0 .7 ) (2 .0+0 .9 ) (1 .7+0 .6 ) (48.6+16.9) 

5.7 ± 0.8 13.0 + 2.0 3.8 + 0.9 140.7 + 14.5 
(6.3 + 0.9) (12.3 ± 2.1) (4.4 • 1.1) (136.2 + 20.2) 

209.2 + 40.4 22.3 .+ 5.0 11.2 • 3.8 855.8 + 49.7 
825.8 • 47.0 isolated at 37°C*** 138.0 + 33.9 470 ± 119.3 5.6 • 1.9 

Liver homogenate 25.0 + 3.0* 71.1 1 5.8* 1.8 + 0.1* 77.8 • 10.8** 

Values represent the mean + S.E.M. of six separate experiments (except those 
indicated by *** (n=4)). Values in parentheses represent the values calculated 
after correction for the presence of minor contaminations by other cell types. 
* Values expressed as yg/g 
** Values expressed as pmol/min/mg wet weight 

It is concluded that fat-storing cells of the liver are the main vitamin A 
storage site. Moreover, fat-storing cells are able to mobilize retinol from these 
stores by RPH and transport retinol subsequently by CRBP. 

Age-related changes in the contents of the binding proteins RBP, CRBP 
and CRABP and RPH activity are currently studied. Preliminary results on the 
contents of CRBP and CRABP in fat-storing cells, endothelial cells and Kupffer 
cells suggest that contents of CRBP may decrease with age in fat-storing cells 
and that contents at CRABP may increase with age in Kupffer cells. 

Blaner, W.S. et al . , Biochim. Biophys. Acta 794 (1984) 428. 
Blomhoff, R. et a l . , Proc. Natl. Acad. Sci. 79 (1982) 7326. 
Brouwer, A. et a l . , p. 183. In: Centrifugation, a practical approach (ed. D. 

Rick wood) IRL Press, Oxford and Washington DC (1984). 
Hendriks, H.F.J. et a l . , p. 163. In: Pharmacological, morphological and 

physiological aspects of liver aging (ed. C.F.A. van Bezooijen) EURACE, 
Rijswijk, (1984). 

Knook, D.L. et a l . , Exp. Cell Res. 139 (1982) 468. 
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PHARMACOKINETICS OF THEOPHYLLINE IN YOUNG AND OLD MALE 
BN/BIRIJ RATS 

C.F.A. van Bezooijen and L.J. van Rijn 

In the drug metabolizing capacity of the liver many cytochrome P-450 iso¬ 
enzymes play an important role. These isoenzymes can be subdivided into at 
least two groups. One group consists of cytochrome P-450 isoenzymes which 
are inducible by phenobarbital. The other group consists of cytochrome P-450 
isoenzymes which can be induced by 3-methylcholantrene or 6-naftoflavone. 
The last group of isoenzymes is also called cytochrome P-448. 

Theophylline was chosen as a model substrate because it is probably 
metabolized by one form of cytochrome P-448 (Theunissen, 1984). In the rat 
two metabolites of theophylline are found: 1,3-dimethyluric acid and 1-methyl-
uric acid. The ratio of amounts of both metabolites formed is constant under 
different circumstances as e.g. different dosages of theophylline, indicating 
that both metabolites probably are formed by one isoenzyme (Theunissen, 
1984). The pharmacokinetic characteristic clearance (Cl) is regarded as a 
measure for the metabolic activity of the cytochrome P-148 isoenzyme and was 
used to determine the effect of aging on the activity of cytochrome P-448 in 
young and old male BN/BiRij rats. 

Theophylline was infected into the vena dorsalis penis of the rat under 
light ether anaesthesia. Blood samples were taken via an incision in the tail. 
For the extraction of theophylline 50 yl of plasma was added to 5 yl of a 
saturated ammoniumsulphate solution in distilled water (Danhof et a l . , 1978). 
Five yl of a solution containing 400 mg chloramphenicol per liter distilled water 
was added as an internal standard in the chromatographil analysis. The solu¬ 
tion was extracted with 1 ml of a mixture of ether and dichloromethane (7:4) 
for 15 sec on a whirlmix. After 5 min centrifugation at 1200 g the organic 
layer was removed and the extraction procedure was repeated. The combined 
organic fractions were evaporated. To the residue 100 yl eluent was added of 
which 25 yl was used in High Pressure Liquid Chromatography (HPLC). As 
eluent was used dichloromethane to which 1.5% of a solution containing 0.017% 
formic acid and 0.020% ammoniumphosphate in methanol was added (Danhof et 
a l . , 1978). A CP tm Sper Si column of Chrompack was used. Theophylline was 
measured by means of UV detection at 254 nm. The recovery of theophylline 
from serum was 65% and that of chloramphenicol was 86%. 

Theophylline (in the rat) is cleared by first order kinetics (Theunissen, 
1984). Not the whole body theophylline pool is available for elimination pro¬ 
cesses if saturation occurs. Elimination kinetics in that situation is apparently 
slower. This phenomenon is reflected for theophyliine by a biphasic appearance 
in the plasma disappearance curves. The last phase has a slope comparable 
with the slope obtained when no saturation occurs (elimination phase) while the 
first phase has a less steep slope which proves to be dosage dependent. 
Three-month-old male BN/BiRij rats were used to determine the theophylline 
dosage, at which no enzyme saturation occured. Four different dosages of 
theophylline were administered (see Fig. 1). After administration of 2 and 5 
mg theophylline, the plasma disappearance curves revealed one phase indi¬ 
cating first order kinetics indicating half-lives of 3.15 and 2.97 h, respectively 
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Fig. 1. Theophyliine plasma disappearance curves in 3-month-old male 
BN/BiRij rats after different dosages. 

(Fig. 1 ) . After administration of 10 and 20 mg theophyliine biphasic kinetics 
were observed. The first linear part of the plasma disappearance curves 
probably represented blood concentrations of theophyliine at which enzyme 
saturation occurred, since the "apparent" half-lives increased to 5.75 and 
10.40 h, respectively. The second linear part of the biphasic disappearance 
curve, observed 20 to 24 h after administration of 20 mg, had the same slope 
as was observed at the dosages 2 and 5 mg, the half-life of this part was 2.87 
h (Fig. 1}. From these data it was concluded that no enzym saturation occurs 
with dosages of 5 mg and lower. 

Plasma disappearance curves were determined in 3- and 30-month-old male 
BN/BiRij rats after a single dose of 4 mg per rat. Elimination half-life ( t j 
e l . ) , clearance (Cl) and distribution volume (Vd) were calculated (Table I ) . 

The elimination half-life showed a significant increase in the old rats. As 
has been observed for many lipophilic drugs, the distribution volume is 
increased in old age. The decrease in clearance indicates that the activity of 
one cytochrome P-448 isoenzyme decreases with age. Analysis of age groups 
between 3 and 30 month old may indicate whether these changes are develop¬ 
mental or aging phenomenena. 
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Table I 

PHARMACOKINETIC CHARACTERISTICS OF THEOPHYLLINE IN YOUNG AND OLD 
MALE BN/BIRIJ RATS 

Age N t* el. Vd Cl 
(month) (hour) (ml) (ml. h"1) 

3 

30 

4 

4 

3. 

6. 

29 ± 0. 

21 ± 0. 

54* 

68a 

99 ± 

138.8 ± 

13 

3.6a 

21 

15 

.2 ± 

.7 ± 

3.2 

1.9a 

Value differs significantly from the 3-month value (P O 0.05) 
*mean ± S.D. 

Danhof, M. et a l . . Pharmaceutisch Weekblad U± (1978) 6 7 2-
Theunissen, M.W.E., Thesis, University of Leiden (1984). 
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POLY(A)-TAIL LENGTH OF RAT LIVER mRNA IN RELATION TO ACE 

C.J.ft'.J. Horbach, J. van Haarlem. J . van der Boom 
C.F.A. van Bezooijen and S.H. Yap* 

Age-related changes in the expression of certain proteins may be caused 
by changes in gene structure, in trenscriptional and translational efficiency 
and in degradation processes. As far as albumin is concerned an age-related 
increase in de mRNA-content in rat liver was observed, accompanied by a 
decrease in the translational capacity of this mRNA. The observation that in 
older rats the amount of albumin mRNA present in the void volume after 
oligo(dT)-cellulose chromatography increased about 4-fold, indicated a decrease 
or even total absence of the poly(A)-tail of this mRNA (Horbach et a l . , 19I«). 
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Fig. 1. Polyacrylamide gel electrophoresis of poly(A)-markers. The markers 
were subjected to electrophoresis on 2.5% polyacrylamide gels con¬ 
taining 0.5% agarose. Hybridization is expressed as percentage of the 
top value. 

•Laboratory of Gastrointestinal and Liver Diseases, University of Nijmegen, 
The Netherlands 
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The physiological significance of the poly(A)-sequence at the 3'-terminus 
of eukaryotic mRNAs is not yet completely understood. Apart from a function 
in translation processes most of the published data indicate that the poly 
(A)-segment is necessary for mRNA transport and that it has an important 
function in mRNA stability because the poly (A)-segment undergoes a progres¬ 
sive shortening as the "age" of the mRNA increases. Therefore, determination 
of changes in the length of poly(A)-segments with age, caused by changes in 
RNA processing or by changes in the activity of exoribonucleases, could give 
important information about mRNA turnover with age. 

A method will be discussed to determine the poly(A)-tail length distri¬ 
bution of total rat liver mRNA with age. 

Undegraded total cytoplasmic RNA was isolated according to the guanidine 
hydrochloride-method as modified by Lamers et al. (1982). The digestion of the 
isolated RNA (1 mg) was carried out with 1 ug of RNase A and 625 units of 
RNase T1 for 30 minutes at 30°C. The reaction was stopped by adding 15 \i\ of 
diethylpyrocarbonate and the resulting poly (A)-segments were precipitated with 
ethanol at -20°C. This treatment did not alter the electrophoretic mobility of a 
synthetic poly(A)-homopolymer (A^j-marker). The size distribution of the 
poly (A)-segments was determined in cylindrical 2.5% polyacrylamide gels con¬ 
taining 0.5% agarose. Electrophoresis took place for 2 hours at 5 mA per gel. 
After electrophoresis the gels were frozen and sliced in 1 mm slices. Three 
adjacent slices were collected and placed in 1 ml of 0.3 M NaCI/30 mM trisodium 
citrate, pH 6.8, and the poly(A)-segments were eluted at room temperature 
overnight. Poly(A) content was determined by molecular hybridization with 3H-

100-1 

c a u 

a 

§ ° 
5 100 
10 

paa-gel 

pattern 

corrected 
gel pattern 

10 15 20 

fraction number 

25 

Fig. 2. Polyacrylamide gel electrophoresis of poly(A)-segments from total 
liver mRNA of a 3-month-old female WAG/Rij rat. The polyacrylamide 
pattern was corrected for poly(A)-length by expressing hybridization 
per A-residue (lovvr panel). Hybridization is expressed as percen¬ 
tage of the top value. 
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poly(U). Synthetic poly(A)-homopolymers of known length were run at the 
same time as the poly(A)-tails isolated from total rat liver mRNAs to calibrate the 
gels. A kers is shown in Fig. 1. Accurate size determination of poly(A)-tails from 
total mRNAs is possible, since a plot of the log of the average number of 
residues per chain versus the relative mobilities gives a linear relationship. 

Fig. 2 shows the size distribution of poly(A)-tails of liver mRNAs isolated 
from a 3-month-old female WAG/Rij rat. The upper part shows the rate of 
3H-poly(U)-hybridization per fraction. Since the rate of hybridization is not 
only dependent on the amount of poly(A)-tails but also on the length of this 
tail, a correction has been carried out by expressing the amount of hybridiza¬ 
tion per A-residue. The corrected gel pattern, in this way obtained, gives a 
direct view on the size distribution of the poly(A)-tails. (Fig. 2. Lower 
panel). 

Our results show no age-related change in the poly(A)-tail size distribu¬ 
tion of total rat liver mRNAs. This is in accordance with the unchanged 
translational activities of these polyadenylated mRNAs with age (Horbach et 
al. , 1984). In this experimental set up no conclusions can be made as far as 
specific mRNAs are concerned. In the near future studies will be performed 
with regard to poly(A)-tail length measurement of the albumin-mRNA with age. 

Horbach, C.J.M.J. et a l . , Biochim. Biophys. A eta 783 (1984) 60. 
Lamers, W.H. et a l . , Proc. Natl. Acad. Sci. USA 79 (1982) 5137. 
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ENZYME-LINKED IMMUNOSORBENT ASSAY FOR DETECTION OF DNA 
IN ALKALINE SUCROSE GRADIENTS: POTENTIAL APPLICATIONS 

IN MOLECULAR GERONTOLOGY 

J. Vijg, J .N . Warnaar, E. MuHaart. P.H.M. Lohman and D.L. Knook 

The constituent cells of organisms are continuously subjected to a variety 
of DNA damaging agents. Such agents, for instance radiation, various environ¬ 
mental components and metabolic products of the cells themselves, form a 
continuous threat to the organism because of their potential mutagenic and 
carcinogenic effects. It has been suggested that the continuous action of 
mutagens and carcinogens on cellular DNA may be the primary cause of aging 
(GensIer and Bernstein, 1961). In this view DNA lesions would accumulate in 
the aging genome and, by interference with transcription and replication, lead 
to loss of cell function, pathological alteration and death. Evidence has been 
obtained for the accumulation with age of DNA strand breaks (Proce et a l . , 
1971). 

DNA strand breaks and those types of lesions that can experimentally be 
transformed into DNA strand breaks can be detected and quantified by sucrose 
gradient centrifugation. Fig. 1 illustrates the role of alkaline sucrose gradient 

labeled 
DNA 

incubate with 
UV endonuclease 

repair in medium 
containinq BrdU 

Fig. 1. Scheme of the assays for pyrimidine dimer sites and repair 
patches in the DNA of UV damaged mammalian cells. 

*Medical Biological Laboratory TNO, Rijswijk, The Netherlands 
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centrifugation (ASGC) in two frequently used DNA repair assays. A specific 
lesion, the pyrimidine dimer, induced in cultured cells by ultraviolet light, can 
be detected by Micrococcus luteus UV-endonuclease. This enzyme generates 
single-strand breaks which can be quantified by ASCC. In this way the 
presence as well as the removal (by DNA excision repair) of a specific type of 
lesion can be studied. Another step in this repair pathway, DNA synthesis, 
can be monitored simultaneously by allowing the cells to incorporate bromo-
deoxyuridine (BrdU) in the gaps created by excision. The BrdU containing 
patches can be turned into single strand breaks by 313 noi irradiation. 

Both methods rely on ASGC as their experimental endpoint. However, a 
serious disadvantage of ASGC is its dependence on radioactively labelled DNA 
for the detection of the gradient profile. This excludes the possibility to 
apply ASCC in DNA repair determinations on freshly isolated and/or postmitotic 
cells and severely hampers efforts to obtain reliable information on age-
dependent accumulation of DNA damage and its removal by various cell types 
in vivo. 

Recently a method to circumvent the use of radioactivity has been re¬ 
ported in which the fractionated DNA was detected by fluorescent staining 
(Brash and Hart, 1982). Unfortunately, the sensitivity of this method is rather 
low and it therefore requires rather large numbers of cells. Furthermore, the 
method is time consuming since the DNA in each gradient fraction has to be 
precipitated, stained and measured. 

Recently a procedure for in situ hybridization has been presented in 
which DNA probes were made immunogenic by the covalent attachment of 
2-acetylaminofluorenyl (AAF) groups to the guanine residues (Landegent et 
al. , 1984). It occurred to us that this might provide a sensitive way to detect 
small amounts of DNA in alkaline sucrose gradient fractions. A quantity of 
DNA corresponding to that of approximately 3000 cells was loaded on top of 
alkaline sucrose gradients and centrifuged. Rotor speeds and centrifugation 
times depended on the type of assay (UV endonuclease or BrdU photolysis). 
Details of these proceduces are provided elsewhere (Vijg et a l . , 1984). After 
centrifugation the gradients were fractionated in 96-wel I microtiter plates 
(12 fractions of 8 droplets). Following neutralization by 1 M KHjPO^, pH 6.5, 
DNA was allowed to attach to the bottom of the wells overnight at 4°C. After 
several washes with phosphate buffered saline the attached DNA was treated 
with N-acetoxy-2-acetylaminofluorene (N-AcO-AAF), dissolved in 20% ethanol in 
2 mM Na-citrate, pH 7, for 1 h at 37°C in the dark. After 2 washes with 20% 
ethanol, 2 mM Na-citrate, pH 7 and 2 washes with PBS the gradient profile 
was visualized by a noncompetitive ELISA (Enghvall, 1980), using specific 
antibodies against AAF. The data obtained with a Titertek automatic multiscan 
apparatus were processed by computer analysis. 

Fig. 2 shows the gradient profiles of 30000 radioactively labelled human 
fibroblasts which were, after centrifugation, fractionated in a microtiter plate, 
after which half of the contents of each fraction was used for radioactivity 
counting and the other half allowed to attach to the wells for the AAF 
procedure. This demonstrates that there are no substantial differences between 
the two profiles. Currently we are applying this method for the determination 
of UV-induced DNA repair synthesis and dimer removal in various cell types of 
aging rats. 
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Fig. 2. Alkaline sucrose gradient profiles of DNA corresponding to about 
30000 human .skin fibroblasts as obtained after AAF treatment and 
ELISA (open symbols) and radioactivity counting (closed symbols). 
Since these (cultured) cells were not treated with DNA damaging 
agents their DNA only contains background breaks. 
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DNA MET HY LAT I ON DURING ACINC AND TUMOURIGENESIS IN INBRED 
WAG/RIJ RATS 

A . G . Uitterlinden, J. Vijg and D.L. Knook 

About 3% of the cytosines in mammalian DNA is modified to 5-methyl-
cytosine by the enzymatic transfer of a methyl group from S-adenosylme-
thionine. This natural modification occurs shortly after replication and has 
been suggested to be an important component of mammalian gene regulation. 
Experimental support for this has been provided by a positive correlation be¬ 
tween hypomethylation of sites within and around specific genes and their 
expression (Riggs and Jones, 1983). 

An important observation in this field is the demonstration that 
carcinogens affect the methylation process. Since patterns of DNA methylation 
are inherited in the progeny cells, the interference of carcinogens with 
methylation is a potential mechanism by which stable changes in the program of 
genetic expression can be induced. In view of this the induction of changes in 
methylation pattern may be a causal factor in aging and age-related disorders 
such as cancer. In order to describe how genotoxic agents may induce methyl¬ 
ation modifications a model has been proposed which emphasizes the potential 
role of repair mechanisms (Boehm and Drahovsky, 1983). After treatment of 
confluent non-dividing cells with UV, N-methyl-N-nitrosourea or N-acetoxy-
2-acetylaminofluorene methylation in the induced repair patches is slow and 
incomplete (Kastan et a l . , 1982). These authors suggested that DNA damage 
and repair may lead to heritable loss of methylation at some sites. 

Although recent data from our laboratory on UV induced unscheduled 
DNA synthesis (UDS) suggest that the activity of DNA excision repair is not 
considerably lower in cells from old as compared with those from young rats 
(Vijg et a l . , in press), the type of event described above may well result in 
an age-related loss of methylated sites. Consequently, this may result in 
altered gene expression. 

To address the question of whether methylation patterns of specific genes 
were altered at old age we have digested gcnomic DNA from inbred rats 
(WAG/Rij 9) of different ages with the restriction enzymes Msp I and Hpa II 
and analysed the fragments for age-related differences in size distribution. 
Msp I and Hpa II both recognize the sequence V CCCC-3' but Hpa II will not 
cut this sequence when the internal cy'osine residue is methylated. In this 
system age-related changes in methylation pattern .ire indicated by differences 
in the size distribution of Hpa II digest». Provided there are no DNA re¬ 
arrangements, the corresponding Msp I patterns should I lien be identical. The 
gene systems analysed by Southern blot hybridization were the major histo-
compatibility complex (MHC), a multigene cluster involved in the immune 
response and implicated in aging, and the ras proto-oncocuMics which have 
been suggested to play a role in proliferation, dcvelopiiicnt .mri carcinogenesis. 

Fig. 1A shows the hybridization pattern of the cDNA probe pDPOOl, 
which is specific for MHC class I genes, with to K'isp I and Hp«i II digests of 
liver and spleen DNA from a young rat. Differences .it 2.3 kb and in the 
region between 9.7 and 23 kb between the Hpa II digests of liver and spleen 
were observed, while the Msp f patterns, were icnsplctely identical. This 
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Fig. 1: (A) Southern blot analysis of MHC class I genes in Msp I (m) or 
Hpa II (h) digested high molecular weight DNA isolated from liver 
(L) and spleen (S) of a 6-month-old WAC/Rij 9 rat. Numbers 
indicate the position of phage DNA and Hae III fragments of 0 x 
phage DNA (length in kilobase pairs). 
(B) Southern blot analysis of MHC class I (left) and ras cellular 
oncogenes (right) in Msp I or Hpa II digested DNA from a pituitary 
gland tumour (T) and adjacent normal pituitary tissue (N) of a 
32-month-old WAC/Rij 9 rat. Details as in 1A. 

indicates a difference in the methyfation pattern of this gene system between 
the two organs. Identical hybridization patterns (including the presence of the 
interorgan differences) were obtained when assaying older rats (24 and 45 
months of age). Furthermore, there appears to be no general age-related 
demethylation as indicated by the ethidium bromide stained total digests. 
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We have also analysed the methylation pattern of ras proto-oncogenes in 
liver hyperplastic nodules, a lesion of which the incidence increases with age. 
No differences were found between the pathologically changed tissue and the 
normal adjacent tissue or that of a young rat (Vijg et a l . , 1984). On the other 
hand, as is shown in Fig. IB , a clear demethylation of both MHC and ras 
genes has occurred in a pituitary gland tumour (which occurs in 95% of the 
animals that are allowed to live out their lifespan), as compared to normal 
adjacent tissue from the same 32-mpnth-old animal. It appears that the "old" 
tumourigenic tissue is hypomethylated as compared with the normal "old" 
tissue. The Msp I/Hpa II pattern of the latter is not different from that of a 
young rat. 

These results are not contradictory to the idea that methylation changes 
may be involved in carcinogenesis. They do not support the hypothesis that 
the same type of changes are also associated with normal aging. However, 
since we have only analysed two gene systems, a limited number of methylated 
sites and a limited number of animals it cannot be ruled out that some major 
age-related changes have been missed. 

Riggs. A.D. and Jones, P.A., Advances in Cancer Research, 40 (1983) 1. 
Boehm, T.L.J . and Drahovsky, D., J. Natl. Cancer Inst. 71̂  (1983) 429. 
Kastan, M.B. et a l . . Cell 30 (1982) 509. 
Vijg, J. et a l . , p. 49. In: Pharmacological, morphological and physiological 

aspects of liver aging (ed.: Van Bezooyen, C ) , Eurage, Rijswijk, The 
Netherlands (1984). 
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S-100 PROTEIN IN PROLIFERATIVE ENDOMYOCARD1AL DISEASE OF 
AGED RATS 

H.A. Solleveld, M.J. van Zwieten, E.H Offerman, G.A. Boorman* 
and C.F. Hollander 

The most common spontaneously occurring proliferative lesion in the heart 
of the rat is endomyocardial disease. Incidences of spontaneous lesions 0 upto 
9 per cent have been reported and were clearly age-associated {Boorman et 
a l . , 1973; Burek, 1978). The lesion has also been induced experimentally by a 
variety of carcinogens (summarized by Hoch-Ligeti et a l . , 1983). For a histo-
pathological description of the lesion one is referred to the above mentioned 
reports. 

Endomyocardial disease in the rat has some similarity with endocardial 
fibrosis without elastosis in the human (Boorman et a l . , 1973; Hoch-Ligeti et 
a l . . 1983). In addition, the lesion in the rat and in the human has in common 
that its origin is still obscure. 

With regard to the rat lesion, there is disagreement about the cellular 
origin of the lesion and whether it is reactive or neoplastic in nature. 
Regarding the latter aspect, the results of a recent study were suggestive of 
a stepwise progression from small lesions toward large neoplastic growth 
(Hoch-Ligeti et a l . , 1983). The authors concluded that the nature of all 
endomyocardial lesions appears to be identical, suggesting that even minimal 
lesions should be regarded as neoplasms. An opinion which will probably be 
not universally accepted. 

The present report is focused on the first aspect, i .e . , the cellular 
origin of the lesion. A literature search revealed the following different 
diagnoses for this type of lesion: (sub-)endocardial fibrosis, endomyocardial 
disease or fibrosis, endocardial tumor, fibroma, fibrosarcoma, Anitschkow cell 
sarcoma, schwannoma (neurinoma) and neurosarcoma. It appears from this 
enumeration as well as from electron microscopical investigations (Holzhausen 
and Schreiber, 1977; Lewis, 1980) that the two most likely candidates as cell 
of origin are the Schwann cell and the fibroblast. We attempted to differentiate 
between these two cell types by applying the peroxidase-antiperoxidase (PAP) 
method using S-100 antiserum as marker. S-100 protein was so named because 
of its solubility in 100% ammonium sulfate solution. The protein is species-
nonspecific and exhibits a high degree of evolutionary conservation. S-100 is a 
protein consisting of two nearly identical subunits a and 0. The protein was 
first regarded as a nervous system specific protein localized mainly in glial and 
Schwann cells. However, recent studies have shown that it is also present in 
other neuroectodermal tissue as well as in mesodermal tissue that develops in 
close proximity to neuroectoderm (Nakamura et a l . , 1983). Although the S-100 
protein is certainly not specific for Schwann cells we still regard it as a useful 
marker fur the endomyocardial lesions, since normal and neoplastic fibrous 
tissues do not react with S-100 antiserum. 

In total 23 endomyocardial lesions involving 1 rat strains, viz. WAG/Rij, 
BN/BiRij, LOU/M and F3UH/N were screened with the PAP method of Stern-

* National Toxicology Program, NIEHS, P.O. Box 606 12233, Research Triangle 
Park, North Carolina 27709, U.S.A. 
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berger et al. (1970), The severity of the lesions varied from minimal to severe 
(large neoplastic growth) (Fig.1). A commercial S-100 antiserum containing 
antibodies directed against both subunits (Dakopatts, Denmark) was used. 

Fig. 1 Endomyocardial disease in a 164 week old male LOU/M rat. Exophytic 
growing tumour mass covers the entire endocardial surface of the 
left ventricle (HPS, x 7) 

Of the 23 lesions, 19 showed a positive reaction (Fig. 2) and U were 
negative. The staining intensity and the percentage of positively stained tissue 
varied from case to case. Both nuclei and cytoplasm showed a positive immuno-
reaction. The reaction was often more intense in the nucleus than in the 
cytoplasm and also more intense in the superficial cell layers of the lesion than 
in the deeper ones. The cause of the negative reaction in the four cases is not 
known yet. Histologically, the lesion did not differ appreciably from those 
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Fig. 2 Immunohistochemistry for S-100 protein in endomyocardial lesion 35 
shown in Fig. 1. Positive reaction of nuclei (a ) is evident when 
compared to the control ( b ) . Slightly counterstained by hematoxylin 
l x 300). 
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reacting positively. It cannot be excluded that the negative reaction is the 
result of loss of antigenicity due to a considerable time-lag between death and 
necropsy or non optimal fixation. Our findings favour the Schwann cell as cell 
of origin over the fibroblast. However, since S-100 protein is not a exclusive 
marker for Schwann cells, additional studies are needed. We intend to apply 
the PAP method using subunit monospecific S-100 antiserum, since studies on 
human material have shown that the Schwann cell contains only 8 subunits 
(Takahashi et a l . . 1984). 
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UTERINE YOLK SAC CARCINOMA OBSERVED IN A LONG-TERM RAT STUDY 

M.J. van Zwieten, H.A. Solleveld, A.M. de Leeuw and C.F. Hollander 

Yolk sac carcinoma (endodermal sinus tumour) in man is a rare malignant 
neoplasm, usually arising in the ovary or testis (Teilum, 1959). Occasionally, 
yolk sac carcinomas occur in extragonadal midline structures. These tumors are 
considered to be of germ cell origin and histologically they contain 
extraembryonic tissues which resemble structures in the normal human yolk sac 
and the endodermal sinuses of the rat placenta (Nogales-Fernandez, et a l , 
1977). Yolk sac carcinomas have been induced experimentally in rats by 
several different procedures, all of which involve manipulation of either the 
entire fetus or the fetal membranes (D^fpjanov, 1980). The occurrence of this 
neoplasm in several groups of virgin fcr> YM rats in lifespan studies prompted 
this investigation. 

Yolk sac carcinomas were found in 11 female BN/BiRij rats which were 
part of ongoing longterm studies on mammary radiation carcinogenesis and 
the effect of whole body irradiation and hormone administration on the 
expression of a variety of age-related neoplastic and nonneoplastic lesions. 
These rats had been treated with a subcutaneously implanted pellet 
containing 2 mg estradiol-17B at 7 weeks of age. In addition, 5 of the 11 
rats received single whole body doses of X rays or 0.5 MeV neutrons in 
the range of 0.05 to H Cy one week later. All rats were killed when 
moribund or died spontaneously, and they ranged in aye from 8 to 16 
months at the time of death (mean, 13 months). 

At necropsy, the 11 rats had enlarged nodular uteri, the horns 
exceeding 7 cm in length and 3 cm in diameter in some cases. The uterine 
cavity was dilated and filled with thick brown fluid. Multiple irregular firm 
white masses in the uterine wall were present in one or both horns, 
sometimes filling the uterine cavity. In most cases, the genital omentum, 
mesentery, and adjacent abdominal organs were tightly adhered to the 
uterus. Enlarged mesenteric and paraaortic lymph nodes were found in 
most cases; small pulmonary nodules and/or enlarged mediastinal lymph 
nodes were present in three cases. 

Microscopically, the primary uterine neoplasms as well as the 
abdominal implants and metastases were similar in all cases. The most 
striking feature which characterizes this neoplasm was the arrangement of 
tumour cells in clusters or short rows, surrounded by an abundant amount 
of acidophilic hyaline PAS-positive material (Fig. 1) . This pattern predominated 
in all cases, and some tumour nodules were composed almost entirely of the 
hyaline substance containing only a few scattered tumour cells. A second 
pattern invariably present in all cases was one in which the tumour cells were 
arranged in tubules and gland-like structures, with small papillary formations 
projecting into the lumens. In such areas, the tumour cells were cuboidal to 
columnar, and rested upon a prominent basement membrane. Finally, in some 
areas, the tumour cells formed diffuse compact sheets without discernible 
intercellular material. 

159 



Fig. 1: Characteristic features of a rat uterine yolk sac carcinoma. Neo-
plastic cells are arranged in clusters and short rows, surrounded by 
an abundant amount of hyaline material. (HPS, x 125} 

In order to further characterize these neoplasms, small pieces of tumour 
tissue were removed from the paraffin blocks and processpd for electron micros¬ 
copy. Ultrastructurally, the hyaline intercellular substance was composed of 
laminated basement membrane-like material {Fig. 2). The tumour cells in these 
areas had dilated cisterns of rough endoplasmic reticulum filled 
with flocculent material closely resembling that which surrounded the tumour 
cells. Detailed ultrastructural characterization of the cells in the tubular and 
papillary structures is in progress. 

The tumours in these rats closely resemble those previously reported in 
rats following experimental manipulation of the fetus or fetal membranes 
(Damjanov, 1980). In the present series, all rats developing yolk sac car¬ 
cinomas were not previously bred, and the only common denominator in their 
treatment history was the administration of estradiol-176. This apparent 
treatment-related effect of estrogen has not been recognized before. The cell 
of origin of these tumors arising in nonpregnant animals is presently a matter 
of speculation. Based on the examination of small, localized neoplasms, the 
possibility is considered that the tumours may arise from cells in, or imme¬ 
diately subjacent to, the endometrial lining. 
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Fig. 2 : Transmission electron micrograph of rat uterine yolk sac carcinoma. 
Clusters of epithelial cells are surrounded by laminated basement 
membrane material (x 2300). Inset: Higher magnification of basement 
membrane material i x 18.500). 

Damjanov, I . , Am. J . Pathol. 98 (1980) 569. 
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QUANTIFICATION OF CELL MEDIATED CYTOTOXICITY: 
ASSESSMENT OF INDEPENDENT MEASURES OF RELATIVE FREQUENCY AND 

EFFECTIVENESS OF CYTOTOXIC CELLS BY USE OF 
THE 51CHROMIUM RELEASE ASSAY 

S.J.L. Bol, H.J.M. Rosdorff and C.P.M. Ron tel tap 

The 51Cr-release assay is widely used to determine cell mediated cyto-
toxicity. The quantity of " c r released from labelled target cells in a certain 
period of time can be taken as a measure of the number of target cells lysed 
by cytotoxic cells. This simple measurement can thus be used to obtain qualita¬ 
tive information on whether cytotoxic cells are present and whether target cells 
are susceptible to lysis. To obtain quantitative information, several investiga¬ 
tors have analysed dose-effect relationships between either the number of lym-
phoid cells and the number of lysed target cells (tested with a fixed number of 
target cells) (H^.iney, 1971; Miller and Dunkley, 1974; Pross et a l . , 1981) or 
between the number of target cells and lysed target cells (tested with a fixed 
number of lymphoid cells) (Thorn and Henney, 1976; Zeijlemaker et a l . , 1977; 
Callewaert et a l . , 1983), the latter relationship being based on the analogy 
with enzyme substrate reactions. However, a standard interpretation of the 
dose-effect curves has not been generally accepted. This is due in part to the 
fact that the number of target cells killed depends on two parameters: a) the 
number of cytotoxic cells present; and b) the frequency of lysable target ce'ls 
within the target cell population as well as the efficiency of the cytotoxic 
cell/target cell interaction. On many occasions, it is difficult to consider these 
parameters separately, which causes confusion. In this study, the dose-effect 
relationship between increasing numbers of lymphoid cells and the percentage 
(of a fixed number) of target cells killed has been analysed. It is shown thet 
this dose-effect relationship can supply independent measures for the cytotoxic 
cell frequency and the efficiency of the cytotoxic cell/target cell interaction. 
This is of importance for the quantitative and more objective interpretation of 
cytotoxicity data. 

The dose-effect relationship between the number of fymphoid cells and the 
percentage of killed target cells can be described on the basis of the Poisson 
probability distribution for "collisions" between cytotoxic cells and target cells 
(Henney, 1971; Miller and Dunkley, 1971). However, of main importance is the 
introduction of a plateau value of target cell kill (obtained in the presence of 
an excess of lymphoid cells), because in many experiments it is observed that 
not all cells in the target cell population can be lysed |Pross et a l . , 1981). 
This maximum percentage of target cells killed can re taken as a measi.re of 
the frequency of cells which are susceptible to lysis, but will also depend on 
the efficiency of the interaction between cytotoxic cells and tnrget cells. Thus, 
the maximum percentage of target cells that can be killed supplies information 
on the functional properties of target cells as well us cytotoxic cells. When this 
maximum is used to describe cytotoxic cell function, it can be used as a 
measure of activity ( i . e . , lytic efficiency). Taking into account a maximum 
percentage of target cells susceptible to lysis, the dose-effect curve can be 
described by: Y = Af = A ( 1 - e " k x ) , where: 
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x = number of lymphoid cells tested (varied) 
f = fraction of target ceils iysed (maximum = 1) 
A = maximum percentage (or absolute number) of target cells susceptible to 

lysis, observed in the presence of an excess of lymphoid cells 
k = a constant which is a relative measure of the frequency of cytotoxic cells 

in the lymphoid cell population. According to Poisson statistics, the 
number of lymphoid cells (x j ) among which there will be 1 cytotoxic cell 
on the average can be read at 63% kill (63% of A ) . This x1 is equal to 
1/k (Miller and Dunkley. 1974). 

Although the parameters k and A have been applied by several authors, they 
were not considered to be independent or not explicitly indicated as such. 

It is clear that the description of the maximum kill value. A, as an 
independently defined biological property (target cell heterogeneity in sus¬ 
ceptibility to lysis; efficiency of cytotoxic cell/target cell interaction) will be 
helpful in comparing cytotoxicity data in a quantitative way. The purpose of 
the study was to test the validity of the proposed independency of the effi¬ 
ciency (A) and the frequency (k) of cytotoxic ceils. 

The cytotoxic effects of rat spleen cells were studied. Since the cytotoxic 
cells in the spleen can be detected without specific stimulation, they have been 
indicated as natural killer (NK) cells. Varying numbers of spleen cells were 
plated in 96-well microtiter plates, after which 10* 51Cr-labelled target cells 
were added. After incubation at 37°C, a portion of the supernatant was har¬ 
vested and the amount of 5 1Cr released from lysi i target cells was determined 
by use of a gamma counter. 

In a number of experiments, evidence that k and A are independent para¬ 
meters was obtained. Fig. 1 shows the cytotoxicity of rat spleen cells against 
the NK susceptible W/Fu-Gj lymphoma cells. Fresh spleen cells tested imme¬ 
diately after the preparation of the cell suspension and spleen cells of which 
the NK cells were activated by 18 h incubation at 37°C (Reynolds and Herber-
man, 1981) were compared. It is observed that the A values are significantly 
different, but that the k values are similar. This indicates that the frequency 
of NK cells is similar in fre*h and activated spleen cell suspensions (similar 
k ) , but that the efficiency of the NK cell/target cell interaction (activity) is 
increased after activation (increased A ) . This phenomenon can be explained by 
the presence of heterogeneity in the target cell population with respect to 
susceptibility to lysis due to, e . g . , heterogeneity in density of membrane 
structures co be recognized by NK cells or in membrane repair capacity. 
Consequently, a certain proportion of the target cells, e . g . , those with a low 
expression of recognition sites, can only be killed by activated NK cells m 
addition to target cells already killed by "fresh" NK cells recognizing, e . g . , 
only target cells with a high expression of recognition sites. 

The increase in the maximum percentage of target cells killed (A) after 
activation can be easily misinterpreted. Seemingly, after activation, the same 
number of cytotoxic cells lyse more target cells, which could lead to the con¬ 
clusion that activation results in recycling of cytotoxic cells. But, in fact, the 
dose-effect curve represents the chance process of the interaction between 
increasing numbers of cytotoxic cells and non lyse- (residual) target cells. The 
absolute number (or frequency) of lysis-susceptible target cells present ( i . e . , 
the height of the plateau. A) does not affect the shape of the probability 
distribution. In other words, the determination of the frequency of cytotoxic 
cells (k) is not dependent on the frequency of lysable cells in the target cell 
population. 
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Fig. 1: Cytetoxic effects of rat spleen cells before ("fresh") and after 18 h 
incubation at 37°C ("activated"). Figures a and b represent results 
of '*.o typical experiments which differ with respect to k and A 
values. The curves and the A and k values were obtained by 
computer titting of Y = A(1-e ) . (Computer programming by L.A. 
Hen.ton, IRS, Leiden). 

Fig. 2 shows the results of an experiment in which the frequency of NK 
cells was deliberately varied. For this purpose, spleen cells from F.344 rats 
bearing the NK cell leukaemia RNK16 were used (Reynolds et a l . , 1984} to 
assure a high starting frequency of NK cells. To obtain cell suspensions with 
different NK cell frequencies, RNK16 spleen cells were diluted with spleen cells 
from BN rats which contain very low frequencies of NK cells. From these 
starting cell suspensions, normal serial dilutions in medium were prepared 
which were tested in the '1Cr-release assay using YAC-1 as target cells. When 
the starting NK cell freanency is changed to Ml, 1/4 and 1/8 in comparison 
with the original freqnvvcv, it is observed that the k-values change accord¬ 
ingly, but that the A values do not. This again indicates that the k values 
can be used as a measure of cytotoxic cell frequency, independently of the 
A value. 

Further analysis of cytotoxicity data showed that there was no correlation 
between k and A values determined in 19 independent experiments (correlation 
coefficient, r = 0.1) and that k and A show independent changes as a function 
of assay time. These observations supply additional evidence for the indepen¬ 
dency of k and A. 

The main conclusion from the data is that k and A are independent para¬ 
meters. The value of k represents a relative measure for the frequency of 
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Fig. 2: Maximum target cell kill (A) and NK cell frequency (k) in cell sus¬ 
pensions from spleens of F344 rats bearing the NK cell leukemia 
RNK16. The frequency of NK cells in the starting suspension was 
experimentally changed by dilution with spleen cells from BN rats in 
which NK cells occur in only low frequencies. A and k values were 
obtained by computer fitting of the dose-effect curves by 
Y = A ( 1 - e " k x ) . (Computer programming by L.A. Hennen, IRS, 
Leiden). 

cytotoxic cells and is not dependent on the frequency or properties of target 
cells used. The maximum target cell kil l , A, represents a complex measure of 
target cell as well as cytotoxic cell properties. It depends on the frequency of 
cells susceptible to lysis within the target cell population, which, in turn, can 
be dependent on the type and activity (efficiency) of the cytotoxic cells. 

The independency of k and A has practical significance for the visual com¬ 
parison of different dose-effect curves. When A is regarded as a separate 
biological parameter, it is permissable to normalise the curves with respect to 
A. This will allow an easy comparison of the shapes of curves and if shapes 
are similar, then differences in position of dose-effect curves are directly 
correlated with differences in the frequency (k) of cytotoxic cells. 
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IN VITRO EXPANSION OF A 
RAT NATURAL KILLER CELL LEUKAEMIA 

H.J.M. Rosdorff, S.J.L. Bol and R.L.H. Bolhuis 

Natural killer cell leukaemias (RNK) occur spontaneously in Fisher (F344) 
rats and are transplantable in syngeneic rats (Stromberg et at . , 1983; 
Reynolds et a l - , 1984). RNK cells show great similarities to normal NK cells 
with respect to their morphology and cytotoxic function. Therefore, RNK cells 
are used to study NK cell properties in detail. The RNK leukaemias can play 
an important role in studies requiring large quantities of relatively pure NK 
cells such as biochemical analysis of membrane structures, lymphokine produc¬ 
tion, the generation of monoclonal antibodies against NK cells and cellular 
immunotherapy experiments. For these studies it would be an advantage to 
have in vitro cultures of RNK cells. Furthermore, investigating the culture 
requirements of RNK leukaemias can be of importance for the development of a 
culture system for normal NK cells. 

The purpose of this study was to establish a continuous in vitro cell line 
with NK cell properties. Cytotoxic RNK cells in spleens of rats in the terminal 
stage of leukaemia were used to set up an jn vitro culture. 

RNK leukaemia lines were provided by Dr. C. Reynolds (NCI, Frederick, 
Md. . U .S .A. ) . One cell line, RNK16, was selected on the basis of hiyh cyto¬ 
toxic activity, stable cytotoxic properties in subsequent m vivo passages and 
relatively rapid m vivo growth (median survival time of rats inoculated with 
106 RNK16 cells, i.p. was between 25 and 30 days). 

Initial cultures of RNK16 cells were set up with spleen cells depleted of 
erythrocytes and dead cells by density separation on metrizamide (1.085 
g.cnT 3 ) . As culture medium RPMI-1640, supplemented with Hepes, Clutamine, 
non-essential amino acids, 2-mercaptoethanol, 10% IL-2 (culture supernatant) 
and 10% human serum (HUS) was used. In previous experiments the use of 
HUS was found to be superior to fetal calf serum (FCS) for the induction of 
proliferation in spleen cell cultures. IL-2 was used to induce a proliferative 
response as described for the cloning of mouse NK cells (Dennert, 1980; 
Suzuki et a l . , 1983). The RNK16 cells were cultured at an initial concentration 
of 2 x I05 cells/ml in small culture flasks placed in an upright position (total 
volume of 10 ml). 

During the first 8 weeks, only a small percentage of cells survived. 
Thereafter, the proliferation rate increased and 12 weeks after initiation of the 
culture about 6 x 10" cells/flask were harvested. This proliferation has been 
extended up to 9 (weekly) m vitro passages after which the proliferation 
rate decreased. This decrease was presumably caused by the presence of large 
numbers of fibroblasts that outnumbered the RNK16 after prolonged culture. 

The in vitro RNK16 cell line resembled the original RNK16 cell line with 
respect to cytotoxic activity and, most importantly, with respect to leukaemic 
properties. Injection of 106 cultured RNK16 cells i.p. resulted in the 
development of leukaemia, with a survival time of the leukaemic rats of about 
30 days, which is similar to the survival time obtained with the original RNK16 
cell line. These data also indicate that the in vitro proliferating cells were 
derived from the original RNK16 leukaemia cells and not from residual normal 
spleen cells. 
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After one m vivo passage of the m vitro cultured RNK16 cells, the leu-
kaemic cells immediately started proliferating jn vitro. Before onset of the 
secondary cultures spleen ceils were separated on ficoll (1.077 g/cm3) to 
remove fibroblasts, erytrocytes and dead cells. The resulting cell line was 
called RNK16-H1 and has been maintained in culture for more than 9 weeks. It 
retained leukaemic properties as was tested by a second in vivo passage With 
respect to culture properties, RNK16-H1 cells were weakly adherent and 
showed a doubling time of 2 days. In order to optimalize culture conditions, 
the effects of HUS, FCS, Con A and IL-2 were investigated. The highest pro¬ 
liferation rate of RNK16-H1 was obtained when culture medium was supple¬ 
mented with 5% HUS and 5% FCS. Surprisingly, Con A and IL-2 showed in¬ 
hibitory effects. Thus, although initial cell cultures were established in the 
presence of IL-2. the RNK16-H1 appeared to be IL-2 independent. 

The cytotoxic properties of RNK16-H1 are shown in Fig. 1 and are com¬ 
pared with those of the original in vivo RNK16. Both cell types lysed the NK 
susceptible YAC-1 lymphoma cells in a similar manner, whereas both failed to 
lyse W/Fu-Cl lymphoma cells. Both RNK16 and RNK16-H1 exerted antibody 
dependent cellular cytotoxicity (ADCC) as was tested by the use of antibody 
coated P815 mastocytoma cells. However, in contrast to the original RNK16, 
RNK16-H1 lysed noncoated P815 cells. This may indicate a possible difference 
in the recognition and lytic mechanism. 

100-

Ï 

so. 

I 

RNK 1$ ORIGINAL IN VIVO LINE 

P8 15-lgG 

B 
RNK16-H1 IN VITRO LINE 

10 10" 10' 10" 

RNK 16-HI cells / well 

107 103 10' I03 10° 10' 

RNK 16- HI cells / well 

Fig. 1: Cytotoxic activity of rat Natural Killer cell leukaemia lines. 
A: original jn vivo RNK16; B: m vitro RNK16-H1. 
Cytotoxicity was tested against YAC-1, P815 and P815 coated with 
IgG (ADCC) in a 3 h 5iCr~rclease assay. The dose-effect curves 
were obtained by computer fitting using the formula (see Bol et a l . , 
this Annual Report) Y = A ( l - e ~ k x ) . see page 165. 
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Table I shows a comparison between RNK16-H1 and the original RNK16 
cells with respect to the expression of surface antigens as determined by using 
a panel of monoclonal antibodies (MCAs) and analysis on the fluorescence acti¬ 
vated cell sorter. Although both cell lines show a number of similarities, some 
differences were observed. RNK16-H1 showed a low expression of antigens 
recognized by MCA OXB, expressed la antigens (which may have been induced 
by in vitro activation) and was Thy 1.1 negative, whereas the original RNK16 
cell line showed a high OX8 antigen expression, was la negative and Thy 1.1 
positive. 

Our data showed that leukaemic NK cells (RNK16) can be grown in 
culture. Although the in vitro growth was initiated in the presence of IL-2, 
the final cell line, RNK16-H1. appeared to be IL-2 independent. The observa¬ 
tion that the first in vitro cell line originated from a small cell population but 
that after the first in vivo passage cells could be cultured directly from spleen 
without a lag phase suggested that a selection for cells capable of growing ]n 
vitro had taken place. This was supported by the differences between the 
original in vivo and the in vitro RNK16 line with respect to target cell 
specificity and surface antigen expression. However, some of these differences 
(e .g . , la and Thy 1.1 expression) may have been caused by in vitro manipu¬ 
lation. 

Table I 

CELL SURFACE ANTIGEN EXPRESSION OF THE IN VIVO AND 
THE IN VITRO RNK16 CELL LINES 

% positive cells and degree of 
fluorescence intensity 

MCA 

W3/13 

W3/25 

0X8 

0X6 

aCMI 

Thy 1.1 

specificity 

T 

TH 

TS/CTL 

la 

asialo CM1 

Thy 1.1 

original in vivo 
RNK16 

100, low 

0 

100. high 

0 

100, high 

100, low + 
moderate 

in vitro 
RNK16-H1 

100, low 

0 

100, moderate 

30, moderate 
70, high 

100. high 

0 
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IN VITRO EXPANSION AND ANALYSIS OF CLONED CYTOTOXIC T CELLS 
DERIVED FROM PATIENTS WITH 

CHRONIC TT LYMPHOPROLIFERATIVE DISORDERS 

C.P.M. Ronteltap, F. Smekens, R.J. van de Griend and R.L.H. Bolhuis 

Chronic lymphocytosis with an increased number of T? cells, has been 
described by several investigators (Bom van Noorloos et at.. 1980; Pandolfi et 
a l . , 1980; Aisenberg et a l . , 1981; Rumke et a l . , 1982; Van de Griend et a l . , 
1983) and called " T T lymphocytosis". In contrast to chronic Tnont malignan¬ 
cies, these abnormalities are often nonprogressive, even without therapy 
(Rumke et a l . , 1982). In healthy individuals, the T T cell population includes 
most of the natural killer (NK) cells (Bolhuis et a l . . 1978; Timonen et a l . , 
1981; Van de Griend et a l . , 1982). These cells have the morphological charac¬ 
teristics of large granular lymphocytes (LGL). Therefore, patients with T? 
lymphocytosis are of interest in studies on the heterogeneity, lytic function 
and origin of NK cells. Since 1980, about thirty patients with a lymphocytosis 
involving T cells with Fc receptors for IgG ( T T cells) have been reported. 
These are reviewed by Reynolds and Foon (1984). Lymphocytes in this group 
of patients are remarkably heterogeneous with respect to cell surface markers 
and functional activities. We previously distinguished three categories of T? 
patients ( " T T - S " , " T T - K " and " T T - K / N K " (Rumke et a l . , 1982)), with sup¬ 
pressor cell function, killer cell function or both killer and natural killer cell 
function. One patient of the " T T - K " and two of "Ty-K/NK" type are discussed 
here. 

Expansion and cloning of human lymphocytes with NK activity has been 
attempted by several investigators with varying success. Thé major problem 
encountered was the poor proliferation and the limited jn vitro life span of 
lymphocytes with killer and/or natural killer cell activity. Although lympho¬ 
cytes of patients with TT lymphocytosis show almost no proliferative response 
after stimulation with mitogens, they do have the capacity to proliferate after 
stimulation with Epstein - Barr virus (EBV) transformed lymphoblastoid B 
(B-LCL) cells. In general, these patients were clinically asymptomatic, except 
for decreased erythropoiesis (patient 1) or skin lesions and splenomegaly 
(patient 2) . Patient 3 was originally admitted with vague complaints of fatigue 
but had no complaints at the time of blood sampling. 

To investigate whether stable clones could be established from lympho¬ 
cytes from these patients, peripheral blood lymphocytes (PBL) were isolated 
and plated at 1000, 300, 100, 10, 3 and 1 cell/well with 2 x 104 autologous 
irradiated (40 Cy) peripheral blood lymphocytes and 104 allogeneic irradiated 
(20 Cy) EBV transformed B-LCL (APD/BSM) cells as feeder cells, as previous¬ 
ly described (Van de Griend et a l . , 1984). Further expansion of clones was 
done by distribution of proliferating clones in new wells with fresh medium and 
allogeneic PBL and B-LCL (APD and BSM) feeder cells as described above. 
Cultures were harvested and replated weekly in fresh medium with new feeder 
cells as previously described. 

A high percentage of lymphocytes (30-80%) in the three patients with Ty 
lymphocytosis had the morphological characteristics of LCL (Table I ) . Lympho¬ 
cytes from these patients consisted of 81-95% E-rosette forming cells (E-RFC) 
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and about 80% EAr-RFC. Analysis of the surface marker profile with a panel of 
MCA specific for T ceils and;or NK cells (e .g. , B73.1. OKM1 and HNK-1) has 
shown that the phenotype of the lymphocytes of these patients markedly dif¬ 
fered from that of lymphocytes of normal donors (Van de Griend et a l . , 1983). 
Lymphocytes of patient 1 showed normal NK cell and antibody dependent cellu¬ 
lar cytotoxicity (ADCC) activities, whereas those of patient 2 showed a normal 
ADCC activity but no NK cell activity against K562. However, K562 cells were 
lysed by lymphocytes from this patient when they were pretreated with PHA. 
i.e., the lymphocytes showed lectin dependent cellular cytolysis (LDCC). 
Lymphocytes of patient 3 exerted both a strong ADCC and NK cytotoxicity. 

Lymphocytes from the three patients were expanded by limiting dilution 
with allogeneic feeder/stimulator cells. The proliferative response was relatively 
low in patients 1 and 2 as compared with patient 3, which showed a much 
higher response, resulting in 5-, 10- and 100-fold cell yields for patients 1, 2 
and 3, respectively, after 12 days of culture. Proliferating clones from the 
three patients (probability of > 89% of being derived from a single cell) were 
further expanded and tested for cytolytic activity. Only one clone of eighteen 
derived from patient 1 exerted cytolytic activity against three target cells: 
K562, P815-lgC and Daudi (Table I ) . However, this clone ceased to proliferate 
after four weeks. Addition of IL2 or lectins to the cultures did not result in a 
higher frequency of cytotoxic clones. One of 3 clones derived from patient 2 
exerted cytolytic activity. These three clones were also short-lived. On the 
other hand, all of the twelve clones derived from the third patient showed 
strong cytolytic activity against K562, P815-lgC and Daudi cells and could be 
maintained in culture for up to 70 generations with full retention of cytolytic 
activity. 

Table I 

FRACTION OF CLONES WITH CYTOLYTIC ACTIVITY OBTAINED 
AFTER CULTURE UNDER VARIOUS CONDITIONS 

patient additions 
IL2 Lectin 

-

_ 

target cells 
K562 P815- Daudi 

IgC 

1/5** 
0/5 
0/8 

1/3 

12/12 

1/5 
0/5 
0/8 

1/3 

12/12 

1/5 
0/5 
nt 

1/3 

12/12 

probability 
of clone* 

95% 
93% 
89% 

89% 

89% 

cytotoxic 
clone 

one 
none 
none 

one 

all 

* The probability of being derived from a single proliferating cell. 
**Results expressed as no. of cytotoxic clones/total no, of clones. 
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The surface marker profiles of clones derived from these patients are 
presented in Table I I . All twelve clones derived from patient 1 were T3 + and 
T4+T8~ or T * ~ T I + . However, in contrast to PBL from patient 1 , these cells did 
not express the antigens recognized by OKM1. HNK1 and B73.1 and lacked the 
capacity to form E A T - R F C . NO difference in surface marker profile was found 
between clones that were cultured in the presence or absence of IL2 or 
lectins. Most clones from patient 2 did not expand to numbers high enough to 
allow membrane phenotyping. Unexpectedly, the one clone that could be 
studied consisted mainly of B73.1* T3~ cells, although cells with this pheno-
type were not detectable among fresh PBL of patient 2. All clones derived from 

Table II 

SURFACE PHENOTYPINC OF CLONES DERIVED FROM PATIENTS 
WITH T T LYMPHOCYTOSIS 

monoclonal antibodies (% positive cells) 
patient IL2 Lectin clone B73.1 T3 T« TS Lyt3 WT1 aTac %EA> 

RFC 

0 
0 
2 
nt 
0 
1 
0 
nt 
0 
0 
0 
0 

2 RC100 46 11 2 11 nt nt 8 

3 bulk 50 5 5 5 nt 95 27 
26 
11 
61 
32 
62 
20 

TO-3 
RC90 
RC91 
RC92 
RC93 
RC95 
RC96 
RC97 
RC98 
TO+6 
TO+7 
TO+8 

RC100 

bulk 
RC71 
RC73 
RC75 
RC76 
RC77 
RC79 

5 
5 
5 
5 
5 

5 

5 
5 
5 

46 

50 
22 
22 
81 
60 
92 

0 

95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 

11 

5 
5 
5 
5 
5 
5 
5 

95 
95 

5 

5 
5 

95 

95 

5 
95 

2 

5 
5 
5 
5 
5 
5 
5 

5 
5 

95 

95 
95 

5 

5 

95 
5 

11 

5 
5 

38 
5 
5 
5 
5 

95 

95 

nt 

nt 
95 
95 
95 
95 
95 
95 

nt 

20 
10 
17 
28 
32 

95 

95 
95 
95 
95 

Phenotyping of cultured cells was carried out as previously described (Van de 
Criend et a l . , 1983) using the MAbs OKT3,4,8 (obtained from Ortho Pharma¬ 
ceutical, Raritan, N .J . , U . S . A . ) . B73.1, reactive with all IgC-Fc receptor 
bearing NK cells, Lyt 3 (NEI-016) which recognizes the sheep erythrocytc-
rosette receptor (WT1 directed against all T cells) and anti-Tac MAb, which 
recognizes the IL2 receptor. 
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the third patient were T3~ and were often B73.Ï1". Furthermore, these clones 
did not react with 0KT4. 0KT8. HNK1 and 0KM1 but expressed the E rosette 
receptor (Lyt 3) and reacted with WT1 and Tac antibody. One clone contained 
38% T3~T8* cells. These clones showed a marked heterogeneity in reacting with 
B73.1 as well as in IgC-Fc receptors as determined by rosette formation: in 
the twelve T3~ clones tested, the percentage of cells that bound B73.1 varied 
from 0 to 95%. 

The cytolytic activity of six of twelve clones derived from patient 3 was 
also determined. One clone. RC77, consisted almost entirely of B73 .1 + T3~EAY + 

cells (Table II) and showed the highest cytolytic activity (up to 50% lysis at 
an E/T ratio of 1:1) against a number of target cells: K562. P815-lgC. Daudi, 
melanoma and bladder tumour cells. The variation in binding capacity with 
B72.1 did not correlate with ADCC activity of these clones (data not shown). 

Thus, we were able to induce expression of IL2 receptors and prolifera¬ 
tion of lymphocytes in all patients by using the appropriate B-LCL stimulus 
both in bulk cultures and directly at the single cell level. The absence of a 
proliferative response to polyctonal mitogens in PBL from these patients does 
therefore not imply that their lymphocytes cannot be expanded m vitro. The 
frequency of proliferating cells varied greatly from patient to patient. All 
twelve clones obtained from patient 1 were T3+B73.1~ and eleven of these did 
not exert cytolytic activity, in spite of the fact that the majority of fresh PBL 
of this patient were T3+B73.1+. This observation suggests that lymphocytes 
which expressed both markers were not expanded. On the other hand, all 
twelve clones derived from patient 3 were T3~, similar to the phenotype of PBL 
in this patient. All clones from patient 3 exerted NK and ADCC activity as well 
as cytolytic activity against melanoma tumour cells. This confirms our earlier 
observation that ADCC+ NK clones are mainly derived from T3~ lymphocytes. 
The T3~ clones from patient 3 proliferated rapidly (doubling time, about 20 
hours) and were maintained in culture with feeder cells for more than 70 
generations, which is mort than observed for T3" clones derived from normal 
donors (about 40 generations (Van de Criend et a l . , 1984). 

However, since all of the types of clones derived fron these patients can 
also be obtained from normal individuals, it cannot be excluded that these 
clones are derived from normal T or TY cells present among PBL of patients 
with TY lymphocytosis. Because patient 3 was completely asymptomatic, an 
expansion of normal TY cells may have been accomplished suggesting a defect 
in the immune regulation allowing clonal expansion m vivo of TY cells. The 
study of patients with expansion of various types of NK cells thus provides 
information on the heterogeneity of NK cells and their capacity to proliferate jn 
vitro and additional data on the characteristics and origin of lymphocytes in 
patients with TY lymphocytosis. 
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THE EFFECT OF DIFFERENT INTERFERON PREPARATIONS ON THE 
CYTOLYTIC ACTIVITY OF CLONED T3~ AND T3+ KILLER CELLS 

R.J. van de Griend, C.P.M. Ronteltap and R.L.H. Bolhuis 

Nonspecific lytic activity as exerted by natural killer (NK) cells and by 
lymphocytes activated in mixed lymphocyte culture (MLC) can be affected by 
various biological response modifiers (BRM). Among agents that can block NK 
cell activity are "NK cell specific" monoclonal antibodies (MCA) such as the 
Fc-receptor specific B73.1 (Perussia et a l . . 1983) and the anti-T200 and 13.3 
MCAs (Newman et al . , 1983). Other agents, e .g . , the lectin PHA, can induce 
nonspecific cytolysis (Bolhuis et a l . , 1982). Furthermore, levels of nonspecific 
lytic activity are modulated by interferon (IFN) (Herberman et a l . . 1979). IL2 
(Handa et a!., 1983) or anti-T3 MCA (Bolhuis and Van de Griend, submitted 
for publication). However, the interpretation of some of these results is 
difficult due to the heterogeneity of the "NK cell population" and also the lack 
of pure IFN and IL2 preparations. We have studied the enhancement of cyto-
lytic activity in T3" natural killer cell derived and T3+ mature T cell derived 
killer clones and fresh NK cells from peripheral blood lymphocytes (PBL) by 
various natural and recombinant DNA derived interferon preparations. 

T3" clones were generated from either «he lymphocyte fraction of healthy 
donors enriched for B73.1* T3~ cells by depletion of mononuclear cells (MNC) 
after high affinity sheep red blood cell rosette formation (e .g . , clone RG63) or 
from lymphocytes from an individual with a T3~ T-r lymphocytosis (clones RG75 
and RG77; Van de Griend and Bolhuis, 1985). These clones exerted strong 
cytotoxicity as well as antibody dependent cellular cytolysis (ADCC) against a 
variety of NK susceptible and nonsusceptible target cells (Bolhuis et a l . , 
1984). The phenotype of these clones was T3" T4~ T8" B73.1* T11+ Tac+. 

T3+ clones were obtained by limiting dilution of PBL after stimulation with 
Epstein-Barr virus (EBV) transformed lymphoblastoid B cell lines (B-LCL). 
T3+ as well as T3~ clones were expanded by using both PBL and B-LCL feeder 
cells as previously described. The following T3+ clones were used as'effector 
cells (Van de Griend et a l . , 1984): 

1. Clone D11. T3+, T T , T84 , B73.1", T11"1. primed against the B-LCL BSM 
and cytotoxic for BSM, B cell leukaemia line LICR-LON, melanoma fine 
O-Mel and K562 but not for other B-LCLs, Daudi or P815. No ADCC was 
found. The lytic activity of this clone was inhibited by anti-HLA class I 
but not by anti-T3 or anti-T8 MCAs. 

2. Clone G9. T3+, T T , T8+ , B73.1", T11+ , also primed against BSM, was 
cytotoxic for the same target cells as clone D11 plus all HLA-Cw3 positive 
lymphocytes and B-LCLs. Lytic activity against K562 was lower than that 
of clone D11. Clone G9 was sensitive to anti-HLA class I, anti-T3 and 
anti-T8 MCA. 

3. Clone R1. T3+, TH+, T8~, B73.T, TJ1 + , primed against B-LCL APD, 
exerted cytolytic activity against APD, K562, but not against BSM, 
Daudi, P815 and had no ADCC. The cytolytic activity was inhibited by 

t anti-HLA class I I , anti-T3 and anti-T*» MCAs. Clone Ri nlso expressed 
F cytolytic activity against HLA-DRw6 positive lymphocytes and B-LCLs. 
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The following tumour cells were used as target cells: K562, an erythro-
myeloid cell line, commonly used as the target cell for the determination of NK 
cell activity; a Burkitt's lymphoma derived B-cell line (Daudi); P815, a mouse 
mastocytoma cell line frequently used as target cell for the determination of 
ADCC after pretreatment with rabbit-anti-mouse IgC; SK-mel-25, a cell line 
from a human melanoma which had been maintained in continuous culture for 
several years; CLC3, a continuously growing cell line derived from a small cell 
lung carcinoma (obtained from Dr . de Ley. Groningen, The Netherlands). 

The cytotoxicity assay was performed in round bottom microtiter plates. 
For enhancement of cytolytic activity by IFN, effector cells were preincubated 
with various concentrations of IFN preparations (1000 units/ml) for 3-18 hours 
before addition of target cells (5 x 103/well). 

Enhancement of cytolytic activity in fresh and cloned T3" effector cells. 
As shown in Table I , the IFN preparations varied in their capacity to 

augment cytolytic activity in the T3~ clones. Fibroblast IFN (IFN-B) showed 
the highest stimulating capacity. Cantell IFN (85% IFN-a) and recombinant 
IFN-a7 also had a strong augmenting effect on the cytolytic activity. On the 
other hand, recombinant IFN—y only had a minor effect on the cytolytic 
activity. A similar variation in the stimulating capacity of various IFN 
preparations was found with fresh PBL. 

To test whether IFN can enhance the cytolytic activity of cloned NK cell 
derived clones against tumour cells, we used K562. Daudi, SK-rrtel, CLC3 and 
IgC coated P81S (for the ADCC) as targets. From the results shown in Table 
I , it appears that IFN can enhance the lytic activity (except the ADCC) 
against all tumour target cells tested. However, it also appears that the effect 

Table I 

ENHANCEMENT OF CYTOLYTIC ACTIVITY OF CLONED T3" CELLS AND 
FRESH NK CELLS BY VARIOUS IFN PREPARATIONS 

IFN prep¬ 
aration 

none 
Cantell 
Rec-a7 
fibroblast 1 
Rec-T 

clone 
K562 

26 
52 
«7 
54 
28 

RC63 
Daudi 

8 
53 
34 
78 
15 

clone 
K562 

21 
53 
51 
47 
24 

C1 

RC75 
Daudi 

28 
69 
59 
57 
40 

I 

clone 
K562 

36 
33 
40 
46 
38 

RC77 
Daudi 

37 
42 
50 
63 
40 

fresh PBL 
K562 

25±3 
38+4 

-
41+4 
33+3 

Daudi 

71 3 
40+13 

-
49+14 
19+ 5 

and 9:1 for PBL for which mean • SE for 5 tests are given). 
IFN Cantell (Sendai virus stimulated leukocyte interferon; Cantell et a l . , 1981) 
was obtained from Dr. Cantell (Helsinki, Finland). Recombinant IFN-o7 (E^ 
coli) was obtained from Biogen (Switzerland). Natural fibroblast IFN ( IFN-B), 
a viral induced glycoprotein was obtained from Dr. Billiau (Leuven, Belgium) 
(batch 22667). Recombinant I F N - T (JL coli) was kindly provided by Biogen 
(Switzerland). 
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on Daudi and melanoma tumour cell derived SK-mel-25 and small cell lung car¬ 
cinoma derived GLC3 is greater than that on K562 cells. Thus, K562 cells are 
not the most sensitive target cells for determining the effects of IFN on the 
lytic capacity of cytotoxic effector cells. 

Enhancement of cytolytic activity in T3* cytotoxic clones. 
Three allospecific T3"1" cytotoxic clones (D11. G9 and Rl) and two non-

cytotoxic ones were also tested for enhancement or induction of cytotoxicity by 
IFN (Table I I ) . IFN-B had some effect on the cytolytic activity of clones D11, 
C9 and Rl, but did not induce cytolysis in the noncytotoxic clones (data not 
shown). In contrast to T3~ clones, no induction of cytolysis of Daudi cells was 
observed in any of five T3+ clones. However, the lytic activities of clones D11 
and C9 against the stimulator cell BSM and clone Rl against APD stimulator 
cells were enhanced by IFN-a and IFN-B. but not by IFN-r. 

Thus striking differences were between T3* and T3" clones with regard 
to the sensitivity of their nonspecific lytic activity against Daudi cells for IFN. 
T3~ clones have a broader target cell spectrum and are more sensitive to IFNs 
than T34 clones. Another particular observation was the high sensitivity of 
solid tumour derived cell lines from melanoma (SK-mel) or small cell lung 
carcinoma (GLC3) to IFN-induced cytotoxicity. This makes these cell lines even 
more suitable for studying the effects of IFN than K562. T3" clones, like fresh 
NK-cells, also exert ADCC activity; however, the ADCC was affected only 
marginally or not at all by IFN. 

Different types of IFN also differed in their potential to induce cytolytic 
activity: IFN-B is superior to other IFN preparations, whereas Rec-IFN-f had 
only a minor stimulating effect on the cytolytic activity. Branca and Baglioni 
(1982) have demonstrated that IFN-a and IFN-B bind to the same mebrane re¬ 
ceptor, but IFN-y has a receptor different from that for IFN-o and IFN-B. Fur¬ 
thermore, IFN-T induces a unique set of polypeptides which are not induced 

Table II 

EFFECT OF IFN ON THE CYTOLYTIC ACTIVITY OF CLONED TJ* 
ALLOSPECIFIC CYTOTOXIC EFFECTOR CELLS 

E/T ratio 

IFN prep¬ 
aration 

none 
Cantell 
fibroblast 1 
Rec.-T 

Cvtolvtic activ 

clone D11 
K562 Daudi 

81:1 

24 
30 
36 
22 

itv ex 

81:1 

0 
0 
0 
0 

Dressed 

BSM 

3:1 

26 
40 
43 
27 

as I 

< 
K562 

27:1 

13 
14 
13 
12 

:lone C9 
Daudi 

81:1 

0 
1 
4 
1 

' x r release. 

BSM 

1:1 

35 
42 
44 
37 

K562 

81:1 

13 
13 
15 
15 

clone Rl 
Daudi 

81:1 

3 
7 
7 
4 

APD 

3:1 

20 
33 
36 
21 
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by IFN-a or IFN-B (Weil et a l . , 1983) and IFN-r but not IFN-a or IFN-B is 
able to induce MHC surface determinants on melanoma tumour ceils (Houghton 
et a l . , 1984). Therefore, a different effect of these IFNs on cytolytic activity 
is not surprising. 

Bolhuis, R.L.H, et a l . . Molecular Immunology 21 (1982) 1347. 
Bolhuis, R.L.H. . Van de Griend, R.J. and Ronteltap, C.P.M. Natural 

Immunity Cell Growth Regulation 3 (1984) 61. 
Branca. A.A. and Baglioni, C , J. Cell. Biochem. 6 (1982) 95. 
Cantell, K., Hirvonen, S. and Koistinen, V . , Methods Enzymol. 78 (1981) 499. 
Handa. K. et a l . . J . Immunol. 130 (1983) 988. 
Herberman, R.B., Ortaldo. J.R. and Bonnard, G.D.. Nature 277 (1979) 221. 
Houghton, A.N. et a l . . J. Exp. Med. 160 (1984) 255. 
Newman, W., Fast, L.D. and Rose, L.M., J. Immunol. 131̂  (1983) 1742. 
Perussia, B. et a l . , J. Immunol. 130 (1983) 2133. 
Van de Griend, R.J. et a l . , J . Immunol. 133 (1984) 1222. 
Van de Griend, R.J. and Bolhuis, R.L.H. Blood 65 (1985) (in press). 
Weil, J . e t a l . . Nature 301 (1983) 437. 
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PHA INDUCED PROLIFERATION AND CYTOLYTIC ACTIVITY IN T3+ 

LYMPHOCYTES REQUIRES THE INVOLVEMENT 
OF THE T3 ANTIGEN FOR SIGNAL TRANSMISSION 

R.L.H. Bolhuis, B.A. van Krimpen and R.J. van de Griend 

Phytohaetnagglutinin (PHA) is involved in the enhancement and induction 
of nonspecific cytolytic activity at the effector cell and target cell level in 
addition to its mitogenic activity (Bolhuis et a l . , 1982; Van de Griend et a l . , 
1984). Shortly after its discovery in 1979, the T3 antigen was thought to be 
present on all human peripheral T cells (Reinherz et a l . , 1980), mature thymo-
cytes, spleen cells (30%) and lymph node cells (90%). It was later established 
that a small portion of E- rosette forming peripheral blood lymphocytes (the 
original definition of T lymphocyte) does not bind with anti-T3 monoclonal 
antibodies (MCA). These T3~ lymphocytes are found among T T cells and EAT 
rosette forming cells (EAr-RFC), null cells and natural killer (NK) cells 
(Ortaldo et a l . , 1981). Both T3~ and T3+ cytotoxic T cells can be cloned and 
maintained in continuous culture (Van de Griend et a l . , 1984). 

Anti-T3 MCAs are mitogenic for resting T cells and induce IL2 receptors. 
These anti-T3 MCA can block allospecific lytic activity of most cytotoxic 
effector cells. We show here that PHA and anti-T3 MCAs can also induce or 
enhance cytolytic activity in some T3+ cytotoxic T cell clones. In particular, 
we have studied the effects of PHA and anti-T3 MCAs on the cytolytic activity 
(and cell proliferation) of cloned human T3~ T cells and fresh (T3~) NK cells. 

The specific cytolytic activity of the allospecific T3+ clone G9 against the 
B-LCL stimulator cell BSM was reduced by pretreatment of the effector cells 
with the anti-T3 MCA SPV-T3c (Fig. 1). Cytolytic activity against K562 was 
enhanced by either PHA or anti-T3. Untreated G9 cells completely failed to 
lyse Daudi cells, but a remarkable cytolytic activity against this target cell 
was induced when G9 cells were preincubated for 30 min at room temperature 
with PHA or anti-T3 MCA. As shown in Table I both anti-T3 MCAs (and PHA) 
are able to induce cytolytic activity in several T3+ clones. The induction of 
cytolytic activity against K562 and Daudi cells and the inhibitory effect of 
anti-T3 against BSM cells depended on the concentration of anti-T3 during the 
incubation. 

Other MCAs directed against the T3 antigen were also tested, e .g . , OKT3 
and WT32, two anti-T3 MCAs that have the same subclass specificity as 
SPV-T3c (lgC2a). The effect of OKT3 and WT32 on cytolytic activity was 
similar to that of SPV-T3C. On the other hand, OKT8 did not induce cyto-
toxicity against K562 or Daudi cells. In clone G9 but not in clone D11 cyto-
toxiclty against BSM was inhibited by anti-T8, as previously described (Van 
de Griend et a l . , 1984). 

PHA and anti-T3 MCA do not induce cytolytic activity in T3" NK clones 
and fresh NK cells. As shown in Table I , T3~ clones as well as fresh NK cells 
were studied. No enhancement of cytolytic activity (against K562, Daudi or 
solid tumour derived target cells) and antibody dependent cellular cytotoxicity 
(ADCC) in these T3~ clones nor in fresh NK cells was observed after preincu-
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bation of the effector cells with PHA or anti-T3. Because recent reports 
suggest that the T ceii receptor antigen T3 is involved in T cell triggering 
(Reinherz el al . , 1983), it is possible that T3 can also serve as the activation 
site for other T cell activators. 

In addition, Cumpton (personal communication j observed that PHA 
triggers proliferation through binding to the Ti part of the T3 antigen-
receptor complex. As we show here, PHA as well as anti-T3 MCA can 
1) induce or enhance nonspecific cytoiytic activity against some tumour target 
cells like Daudi cells; and 2) simultaneously block the specific lysis of their 
relevant target cells, such «:» lysis of BSM cells by clone G9. The nonspecific 
nature of the induction of cytoiytic activity by anti-T3 is further demonstrated 

60 

EFFECT OF PHA 

K5S2 (enhancement) Daudi (induction) 

o control 
• PHA 

,-••• 

EFFECT OF ANTI-T3 

K562 (enhancement) Daudi (induction) 

a control 
• anti-T3 

I-**'' 

0.3 1 3 9 3 9 27 81 3 9 27 81 

effector/target cell ratio 

Fig. 1: Both PHA and anti-T3 MCAs are able to inhibit or to induce cytoiytic 
activity, depending on the target cell. Effector cells were pre-
incubated with PHA (10 ug/ml) or anti-T3 MCA SPV-T3C (10 vl super¬ 
natant/ 106 cells), washed and tested. Cytoiytic activity against the 
allospecific stimulator cells (BSM) and unrelated tumour target cell 
lines (K562, Daudi) was determined using a 1 h 51Cr-release assay. 
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Table I 

PHA AND ANTI-T3 MCA INDUCE NON-SPECIFIC CYTOLYTIC ACTIVITY 

IN T3+ CLONES 

clone 

D11 

G9 

P+33 

R1 

RC75 

total 
(n=6) 

E29° 
(n=4) 

phenotype 

T3+TB+ 

T3+T8+ 

T3+T8+ 

T3+T4+ 

T3"T11+ 

PBL 

depleted 

additions 

none 
anti-T3 
PHA 

none 
anti-T3 
PHA 

none 
anthT3 
PHA 

none 
anti-T3 
PHA 

none 
anti-T3 
PHA 

none 
anti-T3 
PHA 

none 
anti-T3 

K562 

17 
20 
37 

30 
41 
58 

39 
35 
43 

8 
6 

19 

17 
17 
19 

35±4 
36±4 
40+3 

47+2 
40+10 

Daudi 

0 
23 
21 

4 
41 
24 

9 
41 
44 

4 
4 

13 

34 
37 
36 

9±3 
812 

17+3 

29±6 
25+7 

target 
BSM/ 
APD* 

32 
29 
32 

55 
34 
46 

nt 
nt 
nt 

33 
25 
35 

nt 
nt 
nt 

5+1 
5+1 
8+2 

14+5 
14+4 

cells 
P815 

- 1 
50 

2 

0 
62 
27 

15 
88 
61 

nt 
nt 
nt 

0 
0 
4 

5+2 
9+4 
6+2 

10+4 
13+3 

ADCCCLC3 T24 

42 15 3 
35 9 2 
39 11 9 

38+14 
36± 7 
41+16 

50+5 
39+4 

Effector to target coll ratio 27:1, 81:1, 3 :1 , 27:1 for T3+ clones against K562, 
Daudi, BSM and P815, respectively, and 9:1 for T3~ clone RC75 against K562, 
CLC3 and T24 and 3:1 against Daudi, P815 and ADCC, respectively and 81:1 
for fresh PBL cells. 
* Target cell is APD for clone R1 and BSM for all other clones. 

by the fact that xenogeneic target cells (P815) are lysed also. Our data demon¬ 
strate that the involvement of the T3 antigen is not a prerequisite for cytolytic 
mechanisms in general, and that inhibition of the cytolytic activity with anti-T3 
MCA is restricted to part of the cytolytic T3+ population against particular 
target cells. MCAs directed against other surface determinants present on T3+ 

cytotoxic effector cells such as the T4 or the T8 antigen do not induce cyto¬ 
lytic activity. This corresponds with the lack of mi togen ic capacity of these 
MCAs. On the other hand, PHA can induce IL2 receptors in fresh and 
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activated lymphocytes (Cantrell et a l . . 1983). We have also found that IL2 
receptors can be induced by PHA as well as anti-T3 MCAs but not by anti-T<t 
and anti-T8 MCAs. 

The lack of augmentation of cytolytic activity of T3" cells by either PHA 
or anti-T3 MCA is not an intrinsic property since the cytolytic activity of 
T3~ cells is very sensitive to enhancement by interferons a and 6. 

In conclusion the effects of PHA and anti-T3 MCA on T3+ and T3" T cells 
parallel each other in many aspects. This is in agreement with the view that 
the T3 antigen serves for the transmission of T cell activation signals. 

Bolhuis. R.L.H, et al . . Molecular Immunology 19 (1982) 1347. 
Cantrell, D.A. and Smith, K.A.. J . Exp. Med. U>8 (1983) 1895. 
Ortaldo. J.R. et a l . . J. Immunol. 127 (1981) 2401. 
Reinherz, E.L. and Schlossmann, S.F. , Cell | 9 (1980) 821. 
Reinherz, E.L. et a l . , Immunol. Rev. 74 (1983) 83. 
Van de Griend. R.J. et a l . , J. Immunol. 133 (1984) 1222. 
Van de Griend, R.J. and Bolhuis, R.L.H., Transplantation 38 (1984) 401. 

184 



GENERATION OF HUMAN CYTOTOXIC T CELL HYBRIDOMAS 

C. Gravekamp, R. Vreugdenhil and R.L.H. Bolhuis 

I Different types of cytotoxic lymphoid cells may be involved in antitumour 
I responses. These include the allospecific, MHC-restricted cytotoxic T lympho-
É. cytes (CTL), the non-MHC-restricted natural killer (NK) cells, the lymphoid 
% cells that exert antibody-dependent cellular cytotoxicity (ADCC) and the cells 
I that lyse a wide variety of target cells after in vitro stimulation, i.e., 
| activated killer (AK) cells. To study antigen/receptor structures involved in 
f tumour cell recognition and lysis, large numbers of functionally stable CTL are 
I required. The aim of this project is to produce continuously proliferating 
! human cytotoxic T-cell hybridomas. 
! Until now, no human/human cell hybrids with cytolytic activity have been 

generated by other investigators. The production of these hybrids is hampered 
; by several problems. Initial growth of fused cells is difficult to achieve. It 

often requires more than one month before proliferation of fused cells is 

r *' observed (Greene et a l . , 1982). Moreover, human/human hybridomas frequently 
show chromosomal instability (Foung et al . , 1982). Failures to establish cyto-

| toxic T cell hybridomas were generally attributed to nonspecific lysis of the 
i tumour cells by the CTL during the fusion procedure (Kaufmann et a l . . 1981). 
f It also appeared that not every tumour cell line can be fused by the use of 
| polyethylene glycol (PEG) (Roos et a l . , 1983). 

Therefore, we applied two strategies. We first developed a PEG-fusion 
procedure for human T-T-cell fusions (Cravekamp et al . , in press). To avoid 
lysis during the fusion procedure, CTL were pretreated with trypsin or 
heat- i nacti vated. 

Secondly, we adapted the electric field induced cell fusion technique of 
Zimmermann (1982) for human T-T cell fusions (Gravekamp et a l . , in press). 
With this technique, cells were collected in an electrical field and fused by 
a pulse of high field intensity (4000 Volt/cm). No lysis of the tumour cells was 
observed during this fusion procedure. For the production of human cytotoxic 
T-cell hybridomas, different HAT-sensitive T-lymphoma cell lines (HSB-2, 
CEM, Jurkat and HPB) were fused with fresh peripheral blood lymphocytes 
(PBL), phytohaemagglutinin (PHA) stimulated lymphocytes and cloned cytotoxic 
T cells (clone 1 and clone 4, produced in our laboratory; Van de Griend and 
Bolhuis, 1984). Hybrid cells were selected in HAT-medium 4-6 weeks after 
fusion. 

Both fusion procedures yielded stable growing hybridomas. From all the 
fusions performed with Jurkat or HPB no hybrids were recovered. From those 
performed with HSB-2 and CEM, stable growing hybridomas were obtained after 
electrofusion or PEG fusion. With an exception for PHA-stimulated lymphocytes, 
all types of human cytotoxic lymphoid cells were obtained after fusion with 
HSB-2. The number of wells with proliferating cells was 11, 17 and 29% for 
respectively PBL x HSB-2 after heat shock, MLC x HSB-2 after trypsin treat¬ 
ment and clone 4 x HSB-2 PEG fusions. After electrofusion, tht number of 
wells with proliferating cells was 69 and 99? for respectively PBL x HSB-2 and 
clone 4 x HSB-2. Using CEM as tumour fusion partner only 2-3% of the wells 
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showed proliferating hybrid cells after PEC- and electrofusion of all types of 
cytotoxic lymphocytes with CEM. Problems were encountered in the character¬ 
ization of the fusion products. The hybrids did not express the lymphocyte 
membrane markers T3, T4 and T8 nor IL2 receptors and no specific marker 
chromosomes of the lymphocytes could be identified. Most of the fusion 
products showed a few more chromosomes (44-105) than the parental tumour 
cell line (45-46 or 90-92) and newly formed markers, which were absent in 
parental cell lines were found. In a few cases, temporally cytolytic activity 
(about 10% lysis) against the original stimulator cell was detected in the 
hybrids between clone 4 and HSB-2 after electrofusion. These results 
suggested that failures to establish stable human cytotoxic T-cell hybridomas 
may be due to either a loss of one or more chromosomes carrying information 
for cytolytic activity or the repression of relevant genes by gene products 
derived from the tumour cell line. 

Mukherji and Cieplinski (1983) were able to produce functionally stable 
xenogeneic hybrids between a mouse myeloma cell line, NS1/X63, and human 
CTL using PEC. On the basis of this, mouse myeloma cell lines (NS1/X63 and 
SP20) were also *ested for suitability as fusion partners in PEC fusion 
experiments with clone 1 and clone 4. 

PEC fusions between SP20 mouse cells and the human clones 1 and 4, 
resulted in stable growing hybrid cells in 19-28% of the wells. With the 
NS1/X63 myeloma as fusion partner growth was observed in 1-2% of the wells 
(Table I ) . 

Table I 

YIELD OF XENOCENEIC HYBRIDOMAS AFTER PEC FUSION 

fusion 
number 

109 
125 
115 

121 
122 
124 

119 
120 
123 
130 

human CTL 

clone 1 
clone 1 
clone 4 

clone 1 
clone 1 
clone 1 

clone 4 
clone 4 
clone 4 
clone 4 

mouse B myeloma 
cells 

SP20 
SP20 
SP20 

NS1/X63 
NS1/X63 
NS1/X63 

NS1/X63 
NS1/X63 
NS1/X63 
NS1/X63 

% wells 
growing 

19 
28 
20 

2 
1 
2 

1 
1 
2 
2 

50 x 10* human CTL were fused with 10 x 106 mouse myeloma cells and resus-
pended in 250 ml HAT selection medium containing thymocytes obtained from 
one thymus of a BALB/c mouse. Fused cells were cultured in cluster wells with 
one ml medium per well. Positive wells (growth) were scored at one week after 
fusion. 
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One culture with SP2O x clone 1 fusion products showed 49% lysis against 
LICR-LON (a plasma cell leukaemia derived cell line). However, no cytolytic 
activity could be obtained again two days later, possibly because of loss of 
human chromosomes. The lytic activity was lost before chromosome preparations 
could be made. Nevertheless, the hybrid character of the SP20 x CTL fusion 
products was established by the presence of human as well as mouse chromo¬ 
somes (Fig. 1). The number of human chromosomes varied between 1-14. There 
we e no indications of selective loss of specific human chromosomes. Chromo¬ 
some analysis of NS1/X63 x CTL fusion products are in progress. No lympho¬ 
cyte membrane antigens (OKT3.4.8) or IL-2 receptors were expressed on xeno-
geneic hybrid cells. 

Fig. 1: R-banded chromosomes from a xenogeneic hybrid cell. The hybrid 
cell contains human (see arrows) and mouse chromosomes. 

In summary, both fusion techniques (electrofusion and PEC fusion) 
yielded stable proliferating hybrid cells. Electrofusion offers the advantage 
over PEC fusion when low cell numbers are available. In contrast to the PEC 
fusion, the electrofusion procedure can be examined by microscope so that the 
efficiency of the fusion can be monitored. None of the fusion products showed 
stable cytolytic activity. Our results suggest that the absence of cytolytic 
activity may be due to chromosomal instability of the hybrid cells or repression 
of relevant genes by gene products derived from the tumour cell line. Much 
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effort and time have been spent to produce human cytotoxic T-cell hybridomas. 
Although somatic cell hybridization is successfully applied to immortalize 
various types of immunological functions, it appears not to be suitable for im¬ 
mortalization of functional human CTL. Therefor, other approaches must be 
sought and one such approach could be transfection of DNA sequences 
involving growth regulation into human CTL. 

Foung. S.H.K. e ta ! . . Proc. Natl. Acad. Sci. U.S.A. 79 (1982) 7484. 
Gravekamp, C. et a l . , (198S). In: Human hybridomas and monoclonal 

antibodies. Ed. Dr. E.G. Engleman. In press. 
Greene, W.C. et a l . , J. Immunol. 129 (5) (1982) 1986. 
Kaufmann, Y. et a l . . Transplant. Proc. 8 (1) (1981) 1170. 
Mukherji, B. and Cieplinski, W. Hybridoma 2 (4) (1983) 383. 
Roos. S.D. et a l . , J. Cell Biol. 97 (1983). ~ 
Van de Griend. R.J. and Bolhuis. R.L.H. Transplantation 34 (1984) 301. 
Zimmermann, U. , Biochem. Biophys. Acta 694 (1982) 227. 
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DETERMINATION OF CYTOTOXIC ANTI-LYMPHOCYTE SUBSET 
SPECIFIC ANTIBODIES IN SERA 

R. van Lambalgen 

Cytotoxic antibodies can kill lymphocytes in the presence of activated 
complement. The complement dependent cytotoxicity assay (CDC) has its main 
fields of application in tissue typing and lymphocyte subset elimination. How¬ 
ever, visual estimation of percentage cell death for the CDC using a dye 
exclusion method is time consuming and subjected to observer error and it 
gives at best semi-quantitative but mostly qualitative data. This is not 
accurate enough for intermediate reactions as may be obtained with cytotoxic 
monoclonal antibody preparations (MCAs) or sera with lymphocyte subset 
restricted specificity. Recently, an automated quantitative technique for the 
reading of CDC reactions was developed (Bruning et a l . , 1982; Van Lambalgen 
et a l . . 1983). 

The technique relies on the use of fluorescent dyes. Viable lymphocytes 
are prelabeled with carboxy-fluorescein-diacetate (C-FDA) . The CDC assay is 
then carried out according to the standard protocol (lymphocytes are incubated 
with antiserum and complement) on Terasaki 60 well microtiter plates. Lysed 
lymphocytes release their intracellular carboxy-fluorescein (the green 
fluorescing split product of C-FDA). At the end of the assay an ink solution 
containing the red fluorescing propidium iodide (PI) is added. PI labels the 
DNA of the lysed cells. Background fluorescence is effectively quenched by 
the ink. The plates are read on an inverted fluorescence microscope with a 
halogen light source for fluorescence excitation. The microscope is equipped 
with an automated scanning stage and filter changer. Fluorescence intensity of 
viable (green) and dead (red) lymphocytes in each well is measured in 
arbitrary units by a photomultiplier system. A HP87 computer controls the 
scanning stage and filter changer and collects the data from the photomulti-

Table I 

COMPARISON OF THE AUTOMATED CDC AND THE FACS 

Experiment 1 Experiment 2 
monoclonal CDC FACS CDC FACS 
antibody % lysis % pos % lysis % pos 

OKT4 40 45 38 41 
OKT8F 36 30 27 27 
OKT11 80 76 68 66 
B8.12.2 28 12 27 10 
OKT4+OKT8 71 73 49 60 
OKT11+B8.12.2 95 84 94 85 
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plier. A htathematical procedure has been developed for the calculation of per¬ 
centage celi death in each well. This procedure is independent of variations in 
cell concentration from well to well (Van Lambalgen and Bradley, in press). 

Experiments with a panel of lymphocyte subset specific MCAs showed that 
percentages of cell lysis obtained with this technique correlated very well with 
percentages of stained cells as determined by FACS analysis (Table I ] . 

The automated technique proved to be particularly useful in the analysis 
of patients' sera. For this, forty-two sera from multiple sclerosis patients were 
screened on a panel of human peripheral blood lymphocytes. Thirteen sera 
showed cytotoxicity ranging from 10 to 30% cell lysis. By mixing these sera 
with a panel of reference MCAs (e.g. , OKT4 and 0KT8) it was possible to 
delineate their lymphocyte subset specificity. Most activity was directed against 
the OKT8+ subset and this was found to be associated with an increased 
OKT4/8 ratio in these patients. 

Bruning. J.W. et a l . . Human Immunology £ (1982) 225. 
Van Lambalgen, R. et a l . . Transplant. Pröc. 1^ (1983) 69. 
Van Lambalgen, R. and Bradley. B.A.. Tissue Antigens (1985) in press. 
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THE PHYLOGENY OF T-CELL ANTIGENS IN PRIMATES 

M. Jonker and F.J.M. Nooij 

Human T cells express surface markers which car. be identified by means 
of monoclonal antibodies (MCAs). It is possible to subdivide the T cells into 
functionally distinct subsets. Moreover, for some of these markers it is now 
known what role they play in the immune'response.' Thus, the CO4 and CD8 
marker are presumably involved in binding to the MHC class II and I antigens, 
respectively, of the target cells in the CML assay. The CD3 marker is involved 
in the lytic event of the CML after specific binding has taken place. The CD2 
marker is also involved in the CML reaction, although its precise function is as 
yet unknown. Not all MCAs identifying these markers are able to block the 
above mentioned function, most likely because the epitopes the non-blocking 
antibodies recognize are not involved in the immunological function of the mole¬ 
cule. 

It is of interest to study these MCAs in subhuman primates for two 
reasons. First, it is possible to determine how conservative certain T cell 
antigens are, and more specific how conservative certain epitopes of T cell 
antigens are. The conservatism of the antigens and their epitopes can then be 
correlated to their function. Secondly, a selected number of antihuman T cell 
MCAs can be tested |n vivo in rubhuman primates so that in vitro blocking 
experiments can be correlated to 'm vivo immunosuppression. 

A panel of 159 T-cell specific anti-human MCAs was tested on human 
lymphocytes and on lymphocytes of eight subhuman primate species: the homi-
noids: chimpanzee (Pan troglodytes), the Gorilla (Gorilla gorilla) and the 
Orang utan (Pongo pygmaeus); the Old World monkeys: the rhesus monkey 
(Macaca mulatto), the stumptail monkey (Macaca arctoides). the cynolmolgus 
monkey (Macaca fascicularis) and the african green monkey (Cercopithecus 
aethiops); and the New World monkey: the common marmoset (Callithrix 
jacchus). 

An indirect immunofluorescence technique and flowcytometric analysis were 
used. The antibodies were classified into cluster of differentiation (CD) groups 
by an international workshop on human leukocyte differentiation antigens 
(Reinherz and Schlossman, 1984, Table I ) . When two or more MCAs of the 
same CD group had identical reaction patterns in all nine primate species, 
these were considered to react with the same epitope of the CD molecule 
defined by these MCAs. Thus, for each epitope an indication of its 
conservatism can be obtained: when all species react with the MCAs, the 
epitope is considered to be conservative. Some of the CD antigens proved to 
be conserved with most of the epitopes present in all the species tested. These 
were CD8, CD2 and CD4, while other CD antigens were less conserved with 
most of the epitopes only present in hominoids. The data are summarized in 
Fig. 1, where the percentages epitope sharing with man are depicted in 
histograms for each CD group in the nine primate species. The assumed 
phylogenetic relationships of the species are indicated at the top of the figure 
and are based on aminoacid homologies of several proteins. When all CD groups 
are considered together, the percent sharing with man is correlated with the 
phylogenetic distances of the species from man. This indicates that T-cell 
surface markers are subject to the same evolutionary mechanisms as are other 
proteins in general. 
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Table I 

T CELL ANTIGENS (HUMAN) 

CO group cell distribution 

CD1 cortical thymocytes 
CD2 all T cells. E-rosette receptors 
CD3 mature T cells, antigen receptor complex 

CD4 class II specific T cells (helper/inducer) 
CDS all T cells 
CD6 mature T cells 
CD7 all T cells 
CD8 class I specific T cells (cytotoxic/suppressor) 

The more conservative CD8 epitopes were generally identified by anti¬ 
bodies which blocked the CML reaction while less conservative CD8 epitopes 
were not blocked (F. Koning, personal communication). This indicated that, at 
least for CD8, evolutionary conservatism may be related to the function of the 
molecule. However, it should be tested whether the same antibodies block the 
CML in lower primates as they do in man to confirm this. No such relationship 
between function and epitope conservatism was seen for CD2, CD3 or CD4. 

The reaction patterns of the antibodies tested in subhuman primates were 
usually similar to those observed in man, indicating that the same structures 
were identified. 

As was observed in another study (Clark et a l . , 1983), it was found that 
epitopes which appear to be monomorphic in man are polymorphic in subhuman 
primate species. These findings may indicate that, although polymorphic epi¬ 
topes are rarely found in man (Fuller et a l . , 1984), they do exist. It is per¬ 
haps due to the manner in which the MCAs are selected that not many poly¬ 
morphic epitopes are found. 

In conclusion, it can be stated that testing anti human MCAs in subhuman 
primates can help to further analyse the molecular structures they identify. 
Also, the knowledge that antigens are expressed on subhuman primates in a 
similar fashion as in man may be useful when these antibodies are considered 
as immunosuppressive agents as has already been done in the past (Jonker et 
a l . , in press). 
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Fig. 1: Percent epitope sharing with man of T cell antigens among primate 
species. The phylogenetic relationships are indicated at the top of 
the figure. The bars represent the percentage of monoclonal anti¬ 
bodies reacting with the various species (man. Homo sapiens, is 100% 
for all CD groups). The percent sharing of all epitopes of these six 
CO antigens is given at the bottom of the figure. 

Clark, E.A. et a l . , Immunogenetics 18 (1983) 599. 
Fuller, T .C. et a l . . Human Immunology 9 (1984) 89. 
Jonker, M. et a l . . Transplantation (1985) in press. 
Reinherz, E.L. and Schlossman, S .F . , eds.. Leucocyte typing 1984, in press. 
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CHARACTERIZATION OF FN18, A MONOCLONAL ANTIBODY SPECIFIC 
FOR RHESUS MONKEY T CELLS 

F.J.M. Nooij and A.F. Kok 

As a result of a fusion between mouse myeloma cells (SP2/0) and spleen 
cells of a mouse, previously immunized with rhesus monkey T lymphocytes, an 
antigen specific monoclonal antibody (MCA) called FN18, has been produced. 
Immunoelectrophoresis showed this MCA to be of the IgCi isotype with kappa-
light chains. FN18 does not bind complement, and therefore is not cytotoxic. 

FN18 was further characterized by means of a simultaneous staining 
technique based on indirect immunofluorescence (Jonker and van Meurs. 1984). 
After isolation peripheral blood lymphocytes (PBLs) were stained simultaneously 
with FN18 and one of the well-defined MCAs specific for T l , T8, B, mature T , 
or a subset of T8 lymphocytes. FITC-labelled goat-anti-mouse antiserum 
was used as a second step. Cells were analyzed by a FACS I I . If FN18 and 
the well-defined MCA identified the same subset of PBLs, the percentage of 
cells stained should be the same, regardless of whether the cells were 
incubated with the separate antibodies or with the mixture. FACS analysis 
showed FN18 to be specific for mature T lymphocytes of rhesus monkeys and 
closely related macaque species, but not for those of man, chimpanzee, 
orang-utan and gorilla. 

Specificity for mature T cells was further confirmed by immunoprecipi-
tations. It was determined that the target antigen of FN18 was a molecular 
complex of 2 cell surface glycoproteins of approximately 23 and 28 kD. This 
shows strong resemblence with the human T3 cell surface antigen, which is 
present on mature T lymphocytes (Borst et a l . , 1982). 

Furthermore, the effect of FN18 on the proliferation of mitogen stimulated 
PBLs was investigated. It was shown that FN18 could inhibit PWM, and Con A 
induced (but not PHA induced) cell proliferation. Inhibition by FN18, however, 
appeared to be absent in 15 out of the 78 animals tested. FACS analysis 
showed that PBLs of these monkeys did not express the FN18 target antigen, 
neither in a fresh, nor in an activated state. Thus, apparently limited 
polymorphism existed for the FN18 target antigen. FACS analysis of PBLs, 
which had been cultured for 4 days in the presence of PWM and FN18 showed 
that the FN18 target antigen could be modulated off the cell surface by the 
FN18 antibody. 

The timing of addition of the FN18 antibody to a mitogen stimulated cul¬ 
ture was of importance for the inhibitory effect. No inhibition of the cell pro¬ 
liferation could be demonstrated when FN18 was added to the culture 1 or 2 
days after the onset of the culture. When FN18 and the stimulating mitogen 
were simultaneously added to the culture, good inhibition of the cell pro¬ 
liferation was found. Also, preincubation of the cells with FN18 and sub¬ 
sequent washing to remove excess antibody before starting the mitogen cul¬ 
ture, gave good inhibitory effects. This suggests that FN18 did not remove or 
inhibit proliferation inducing factors in the solution. Furthermore, it can be 
concluded, that the inhibitory effect was caused by cell bound antibody in an 
early phase (within 1 day) of the proliferation process. 

195 



FACS analysis of PWM stimulated PBLs. cocultured with the FN18 antibody 
or an antibody specific for the IL-2 receptor, showed that the kinetics of the 
FN18 target antigen was independent of the kinetics of the IL-2 receptor. In 
addition, it was shown that blocking of the FN18 target antigen or the IL-2 
receptor by their specific MCAs did not influence staining of the IL-2 receptor 
nor the FN18 target antigen. This suggests that the FN18 antibody does not 
influence the proliferation pathway via the IL-2 receptor. 

For those monkeys, which expressed the FN18 target antigen, a quantita¬ 
tive relationship was fcu~»4 between the fluorescence intensity of PBLs labelled 
with the FN18 antibody and the inhibition of PWM and Con A induced cell 
proliferation. The fluorescence intensity which is a measure for the density of 
the target antigen showed considerable variation between the monkeys. It 
appeared that the percentage of inhibition of the PWM and Con A induced cell 
proliferation by FN18, was significantly correlated with the fluorescence 
intensity of the FN18 target antigen on the cell surface: the higher the 
fluorescence intensity (i.e. molecular density), the higher the inhibition of cell 
proliferation (Table I ) . The inhibition tests suggests that PHA induced 
proliferation of PBLs uses another pathway than Con A and PWM induced 
proliferation. Proliferation of Con A and PWM stimulated PBLs may be inhibited 

TABLE I 

RELATION BETWEEN FLUORESCENCE INTENSITY 
AND INHIBITION OF PWM-INDUCED CELL PROLIFERATION 

BY THE FN18 MONOCLONAL ANTIBODY 

proliferation proliferation inhibition fluorescence 
rhesus PWM PWM+FN18 ( p e r c e n t ] intensity* 
monkey (c.p,m.) (c.p.m.) 

1IT 12946 975 97 149 
2 AT 7117 859 95 146 
1KQ 7344 «57 96 144 
2AE 9595 2137 80 143 
1BL 15378 591 99 143 
1RL 1101 118 92 141 
2BD 9370 3310 68 140 
1H 22668 2127 92 138 
1PL 3739 835 81 137 
1DN 20402 7005 66 137 
NC 17539 5875 67 136 
1KJ 11642 3837 68 134 

'Fluorescence intensity is expressed as the peak channel of fluorescence (log 
scale) as measured by the FACS. A difference of 17 channels equals a 
doubling of the antigenic densi ty , 
corr .coef f * 0.747 with 10 degrees of freedom 
p-value = 0.026. 
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by cell bound FN18 via an intracellular suppression mechanism, depending on 
the density of the FN18 target antigen on the cell surface. A correlation 
between the variation in staining or percentage of inhibition and MHC 
specificity, sex or age could not be demonstrated. 

In conclusion, a quantitative relation was demonstrated between a 
morphological aspect (molecular density of the FN18 target antigen) and a 
functional aspect (inhibition by the FN18 antibody of cell proliferation). A 
similar relation may exist for other target antigens and cell functions (e .g . , 
helper and suppressor function of T cells and Ig synthesis of B cells). This 
is currently under study. 

Borst. J . et a l . . J.Immunol. V28 (1982) 1560. 
Jonker, M. and van Meurs, C.J.E. , Leucocyte Typing, Springer Verlag, 

Berlin (1984) 328. 
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SOLUBLE SUPPRESSOR FACTOR OF CvHR INTERFERES WITH 
IL-2 DEPENDENT CELL PROLIFERATION 

S. Knaan-Shanzer and D.W. van Bekkum 

Suppressor cells which regulate the cellular and humoral immune 
response, have been intensively studied in recent years. It has been demon¬ 
strated in m vitro experiments that certain suppressor cells exert their 
activity by releasing a soluble mediator rather than by cell to cell contact 
(Argyris, 1981). The exact mechanism of suppression is. however, not yet 
known. There are also different views concerning the biochemical character¬ 
istics of the soluble mediator. 

The soluble suppressor factor (SUF) that we have studied is produced by 
suppressor cells found in the thy mus and spleen of neonatal rodents. We have 
previously shown that pretreatment of donor cells with SUF can prevent the jn 
vivo Craft versus Host Reaction (CvHR) without toxicity for the haemopoietic 
stem cells. In the in vitro mixed lymphocyte cultures (MLC) SUF inhibited T 
cell proliferation to alloantigenic stimuli. The inhibition in vitro occurred at an 
early stage of lymphocyte stimulation and was not due to a non-specific cyto-
toxic effect or to a nonspecific inhibition of DNA synthesis (Knaan-Shanzer 
and Van Bekkum, 1983). 

Studies on lymphocyte stimulation in vitro by Bonnard et al. (1979) sug¬ 
gested that the proliferation depends on two successive signals. The first 
signal comes from an antigen or lectin and induces in at least one T cell sub-
population the expression of receptors for IL-2 and stimulates another T cell 
subpopulation (in the presence of IL-1) to synthesize IL-2. The second signal 
occurs through an interaction of IL-2 with the IL-2 receptor and thus allows 
proliferation initiated by the first signal. According to this, the SUF mediated 
inhibition of lymphocyte proliferation in response to an antigenic stimulus might 
therefore occur either at the level of production of IL-2 (a mechanism ascribed 
to Cyclosporin A (Krönke et a l . , 1984)) or at the level of the binding of IL-2 
with its receptor. 

If SUF is involved in the inhibition of the MLC at the level of IL-2 syn¬ 
thesis, the supplementation of the HI vitro cultures with IL-2 should restore 
proliferation. Our results (Fig. }), however, show that lymphocyte prolifera¬ 
tion in cultures supplemented with IL-2 and SUF is inhibited to the same 
extent as the cell proliferation in cultures supplemented with SUF only, 
suggesting that the SUF-mediated suppression of the MLC cannot be due to a 
shortage of IL-2 alone. 

Studies concerning the possible inhibition of SUF at the level of the utili¬ 
zation of IL-2, which have been carried out with an IL-2 dependent cytotoxic 
T cell line (the CTLL-2 cells) showed that SUF inhibits the IL-2 dependent 
proliferation of these cells. This inhibition was found to be inversely 
correlated with the concentration of IL-2 in the culture medium but it was not 
affected by the time interval between addition of SUF and IL-2 (Table I ) . The 
proliferation in the cultures where SUF was added 60 min after the addition of 
IL-2 was similar to that observed in the cultures where SUF and IL-2 were 
added at the same time. 
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Fig. 1: Effect of exogenous IL-2 on the SUF mediated MLR suppression. 
In the MLC 5 x 10s CBA/Rij spleen cells were stimulated with 
5 x 10s DBA/2 irradiated (34 Cy) spleen cells. The SUF used in this 
study was the crude supernatant of the 1-36 hybridoma cell line 
(Knaan-Shanzer and van Bekkur.., 1983) and was added undiluted as 
501 of culture medium. The source of IL-2 was the supernatant of 
Con A stimulated WAG/Rij rat spleen cells (Spiess and Rosenberg, 
1981). 

Because most IL-2 is absorbed by CTLL-2 cells within 30 minutes (Smith, 
1980) we may conclude that SUF does not interfere directly with the process of 
absorption, although it specifically inhibits the proliferation of IL-2 dependent 
lymphocytes. Furthermore, it was demonstrated (Watson and Machizuki, 1980) 
that the receptors for IL-2 are only present on the surface of stimulated 
lymphocytes whereas our results obtained from m v » v o CvH experiments 
suggested that SUF binds to the surface of unstimulated (freshly prepared) 
cells. More evidence in support of this last assumption comes from a series in 
vivo experiments performed in rhesus monkeys where healthy monkeys were 
infused with equal volumes of SUF (n = 3) , control culture medium (Dulbecco + 
10% newborn calf serum) (n = 1) or saline (n = 1). Blood samples were taken 
before treatment and at several time points after termination of the 15 min 
infusion. Peripheral blood lymphocytes (PBL) were isolated, washed twice and 
then stimulated with mitogens. The proliferation for each time point was 
compared to the responsiveness of PBL from the same monkey taken 10 min 
before treatment. A strong reduction of responsiveness to all 3 mitogens tested 
(PWM, Con A, PHA) was observed in the monkeys treated with SUF as early 
as 10 min after termination of treatment, while the response of the two control 
monkeys was almost unchanged at that time point. In FACS analysis of PBL 
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Table I 

EFFECT OF ADDITION OF SUF ON IL-2 DEPENDENT 
PROLIFERATION OF CTLL-2 CELLS 

time interval 
between addition 
of IL-2 and SUF 

(minutes) 

0 

30 

60 

no SUF 

1 'C-thymidme 

1:16 

6441 (24)* 

5517 (35) 

5617 (33) 

8367 

incorporation in cpm (per 

IL-2 dilutions 
1:32 1:64 

5092 

3847 

4009 

6269 

(19) 

(39) 

(37) 

2015 (49) 

1642 (59) 

1519 (62) 

3925 

cent inh 

1: 

655 

502 

587 

3079 

ibitioi 

128 

(79) 

(84) 

(81) 

For sources of SUF and IL-2, see Fig. 1. 
SD < 10 per cent. 
IL-2 supplemented CTLL-2 cells (5 x 104/well) were incubated in the presence 
or absence of SUF for 24 h, followed by a 4 h pulse labelling with 1 4 C -
thymidine. 

taken before or after treatment no more than 1 to 2% of all cells stained with a 
fluorescein conjugated monoclonal antibody directed against the IL-2 receptor. 

So far, our results suggest that SUF specifically inhibits T cell responses 
by binding to a molecular structure already present on the surface of 
unstimulated T lymphocytes. Although this structure is distinct from the IL-2 
receptor, it obviously plays a regulatory role in the IL-2 dependent prolifera¬ 
tion. 

Argyris, B.F., Cell Immunol. 62 (1981) 412. 
Bonnard. C D . et a l . . J. Immunol. U3 (1979) 2704. 
Knaan-Shanzer, S. and van Bekkum, D.W., p. 211. In: Annual Report of 

REP-TNO (1983). 
Krönke, M. et a l . , Proc. Natl. Acad. Sci. U.S.A. (H (1984) 5214. 
Smith, K.A., Immunol. Rev. 51 (1980) 337. 
Spiess, P.J. and Rosenberg, S.A., J. Immunol. Meth. 42 (1981) 213. 
Watson, J. and Machizuki, D., Immunol. Rev. 51 (1980) 257. 
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PREVENTION OF CRAFT-VERSUS-HOST DISEASE 
BY ANTI-T-CELL MONOCLONAL ANTIBODIES IN RHESUS MONKEYS 

W.R. Gerritsen, C.M. van Meurs, M. Jonker, C. Wagemaker 

Removal of T ceils from the bone marrow graft prevents Graft-versus-
Host Disease (GvHD) (Dicke et a l . , 1968). Recent clinical studies demonstrate 
that GvHD in humans can be prevented by T cell elimination in vitro with 
monoclonal antibodies (MCA) in the presence of complement (Prentice et a l . , 
1984; Waldmann et a l . , 1984). In these studies HLA-identical donors were 
used. On basis of these promising results it is now attempted to extend the 
possibilities of allogeneic bone marrow transplantation (BMT) to HLA-mis-
matched donor-recipient combinations. 

In rhesus monkeys, which were fully mismatched for the antigens of the 
rhesus monkey major histocompatibility complex (RhLA). GvHD could success¬ 
fully be mitigated when T cells were efficiently removed by a discontinuous 
albumin density gradient for stem cell concentration followed by an E-rosette 
sedimentation (Wagemaker et a l . , 1982). We now studied in the rhesus monkey 
model whether the elimination of T lymphocytes or T lymphocyte subpopulations 
by MCAs and complement can be used for the prevention of GvHD in mis¬ 
matched BMTs. The MCAs used in this study cross-react with both human and 
rhesus monkey lymphocytes. 

A prerequisite for this study is that the MCAs are not toxic to the 
repopulating stem cells. There is no in vitro assay available to measure 
toxicity to repopulating stem cells. In mice, toxicity to stem cells is assessed 
jn vivo by determining the cell dose required for protection against irradiation 
death due to bone marrow failure. This assay, however, would require unaccep-
tably large numbers of animals if tested in rhesus monkeys. Therefore another 
approach was sought. It was found that the regeneration of leukocytes and 
reticulocytes in peripheral blood after autologous BMT was correlated with the 
cell dose grafted per kg body weight (b .w.) : a total of 7 rhesus monkeys 
received total body irradiation at a dose of 8.5 Gy X rays and they were given 
graded doses of autologous bone marrow cells. There was a log/linear correla¬ 
tion between the number of transplanted bone marrow cells and the reappear¬ 
ance of leukocytes and reticulocytes in blood (Fig. 1). 

We used this autologous regeneration assay to assess the potential toxicitv 
of MCAs and complement to repopulating stem cells. Therefore, 108 and 10' 
cells/kg b.w. were incubated with MCAs and complement. The autologous cells 
left after this in vitro treatment were injected in the rhesus monkey. The 
regeneration of the leukocytes and reticulocytes was compared with the rege¬ 
neration of untreated bone marrow cells. The results showed that the removal 
of T cell populations by MCAs and complement did not influence the regenera¬ 
tion capacity (Table I ) . This indicates that the anti-T-cell MCAs and com¬ 
plement are not toxic to stem cells. In contrast, toxicity to repopulating stem 
cells could be demonstrated by incubating the graft with a cocktail of anti-
RHLA-DR7 antibodies and complement. This resulted in a 90% depletion of 
GM-CFUs. Instead of the reappearance of leukocytes and reticulocytes within 
10 days, the regeneration was delayed until day 21 in one monkey and the 
other monkey died after 20 days due to bone marrow failure. These data indi-
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Fig. 1: Regeneration time of leukocytes and reticulocytes after autologous 
bone marrow transplantation as a function of the cell dose. 

cate that the RhLA-DR antigen is present on the haemopoietic stem cell of the 
rhesus monkey. 

As the anti-T-cell MCAs were found to be not toxic for stem cells the 
efficacy of T cell depletion in mismatched BMT was studied. Therefore, 
monkeys received total body irradiation at a dose of 2 x 6.0 Cy with 24 hours 
interval. This is the minimal dose required to get engraftment with T cell 
depleted grafts. The initial cell dose before incubation with a MCA against T 
cells was 4 x 108 cells/kg b.w. The 7 animals which received untreated bone 
marrow died within 17 days (range: 8-17 days; median 12 days) due to severe 
CvHD (histology: grade l l - l i l ) . Removal of B9 positive cells (cytotoxic/sup¬ 
pressor T cells) resulted in the death of two animals after 14 and 16 days with 
severe signs of CvHD (histology: grade M-lll). Two monkeys died after 9 and 
14 days due to CvHD (histology: grade 11-111) when the hel per/induce r T cells 
(OKT4+4A) were eliminated. Depletion of all lymphocytes by CAMPATH-1 was 
more successful. One animal survived for 22 days with signs of CvHD 
(histology: grade II) and two monkeys lived for 27 and 40 days with only mild 
signs of CvHD (histology: grade I ) . These monkeys died because of sepsis and 
pneumonitis. 

In conclusion, mature lymphocytes are not essential for the regeneration 
of bone marrow grafts as has been demonstrated with our autologous regenera¬ 
tion assay. Removal of all RhLA-DR positive cells resulted in bone marrow 
failure, indicating that this antigen is present on the haemopoietic stem cells. 
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Table I 

TOXICITY OF MONOCLONAL ANTIBODIES AGAINST T CELLS TO 
REPOPULATINC CAPACITY OF AUTOLOGOUS STEM CELLS 

monoclonal 
antibody 

none 

CAMPATH-1 

B9-pool 

none 

CAMPATH-1 

B9-pool 

OKT4+4A 

WT-1 

initial cell 
dose/kg b.w. 

1x108 

1x10* 

1x108 

1x107 

lxlO7 

lxlO7 

1x107 

1x107 

regeneration 
time of 

leukocytes 
(in days) 

11 

8 

9 

17 ± 3 

19 

21 

18 

21 

regeneration 
time of 

reticulocytes 
(in days) 

10 

10 

10 

20 ± 1 

19 

20 

19 

22 

number of 
animals 

1 

1 

1 

4 

1 

1 

1 

1 

CAMPATH-1 is directed against T and B cells. B9-pool against suppressor/ 
cytotoxic T cells, OKT4+4A against helper/inducer T cells and WT-1 against 
early T cells. 

The prevention of CvHD in mismatched BMT was not successful if only subsets 
of mature T cells were eliminated. The removal of all lymphocytes by 
CAMPATH-1 looks promising but the experiments indicate that CvHD might not 
be completely prevented by this antibody. 

Dicke, K.A. et a l . . Transplantation 6 (1968) 562. 
Prentice, H.C. et a l . . Lancet (1984) 472. 
Wagemaker, C. et a l . , p. 111 In: Experimental Hematology Today (Eds. S.J. 

Baum et a l . ) , S. Karger, Basel (1982). 
Waldmann, H. et a l . . Lancet (1984) 483. 
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BONE MARROW TRANSPLANTATION IN BETA-CLUCURONIDASE 
DEFICIENT C3H MICE 

P.M. Hoogerbrugge, B.J.H.M. Poorthuis*. C. Wagemaker 
and D.W. van Bekkum 

Lysosomal storage of macromolecules (e .g . . glycogen, sphingolipids. etc.) 
occurs in a group of hereditary diseases which are due to enzyme deficiencies. 
In the most severe among these diseases, the storage product accumulates in 
the lysosomes of most tissues, resulting in severe disabilities, mental retar¬ 
dation and ultimately death. Attempts to cure patients suffering from these 
diseases by administration of the missing enzyme have failed (Desnick et al . . 
1976). Apart from the major problems to produce enough enzyme, it has been 
shown that the injected enzyme did not reach the target tissues due to both 
uptake by liver and spleen and the production of antibodies against the 
injected enzyme (Oesnick et a l . . 1976). 

Recently, it has been shown that after bone marrow transplantation 
(BMT) the level of the missing enzyme increases in serum, blood leukocytes 
and liver tissue (Hobbs et a l . . 1981; Krivit et a l . . 1984). After BMT, the 
blood cells and the tissue macrophages will be replaced by donor cells which 
contain the missing enzyme. By these cells, enzyme is released to the blood 
and the tissues. In the first patients treated for lysosomal storage diseases 
with BMT, good results are reported regarding the storage of macromolecules 
in the liver and spleen and cornea (Hobbs et a l . , 1981). Until now, little is 
known about the distribution pattern of the donor enzyme after BMT in the 
different tissues. One of the major problems in the treatment of lysosomal 
storage diseases are the neurological complications. Normal brain tissue is 
segregated from the circulation by the blood-brain barrier. Under physiological 
conditions, bone marrow derived cells do not seem to cross the blood-brain 
barrier. It is thought that lysosomal enzymes, even if present in the circu¬ 
lation cannot cross the blood- brain barrier either and therefore will not reach 
the cells of the central nervous system (CNS). In animal models, approaches to 
increase the enzyme level in the CNS can be studied. In these models, the 
mechanisms of enzyme delivery by bone marrow derived cells and the uptake of 
the donor derived enzyme by the cells of the different tissues can be studied 
as well. 

To obtain baseline data, the distribution pattern of donor derived enzyme 
after BMT was determined in an animal model for lysosomal storage disease. 
The beta-glucoronidase deficient C3H mouse strain is used. In these mice the 
disease is subclinical throughout their life-span. Slavin described an increase 
in enzyme level in the blood and the liver after BMT in this model (Slavin and 
Yatziv, 1980). No data on other organs were reported. In the studies 
presented here, lethally irradiated (9.0 Cy gamma radiation) female C3H 
recipients were used. Female C57BL/Rij mice, which are normal with respect to 
6-glucuronidase levels, were used as bone marrow donors. All animals were 
10-13 weeks old. One day after irradiation, 107 bone marrow cells were 
injected intravenously in the tail vein. 

•Central Clinical Genetic Center, Academic Hospital, Leiden, The Netherlands. 
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At 35, 50, 80 and 100 days after BMT. the chimaeras were heparinized 
and perfused with saline, using a portex canula (0.8 mm diameter) inserted in 
the left ventricle. The perfusion was performed under lethal nembutal anaes¬ 
thesia. The organs were stored at -70°C until the organ homogenates were 
assayed for beta-glucuronidase, using 4-methylumbelliferyl as substrate in a 
fluorimetric assay. C3H to C3H and C57BL to C57BL transplantations were done 
as controls. Chimaerism of bone marrow cells was assayed with an ir\ vitro 
labelling using a monoclonal antibody (anti GM-1.2. NEI-031, New England 
Nuclear). The bone marrow cells of all chimaeras were of donor origin. Enzyme 
levels were measured until 100 days after transplantation; the data are shown 
in Table I. So far, no significant differences were seen between the enzyme 
levels at day 35, 50, 80 and 100. 

Table I 

6-CLUCURONIDASE LEVELS IN PERFUSED ORGANS 
100 DAYS AFTER BONE MARROW TRANSPLANTATION 

(nmol.mg protein"''.h"1) 

treatment 

C57BL C3H 
C3H C3H 
C57BL C57BL 
untreated C3H 
untreated C57BL 

liver spleen bone lung kidney skeletal central peri-
marrow muscle ner- pheral* 

vous nervous 
systerr. system 

32.9 136.2 181.3 85.3 16.2 0.45 
17.2 38.8 57.3 20.8 8.83 0.39 

135.3 139.2 162.9 128.0 36.8 1.77 
12.8 54.8 46.3 29.0 8.74 0.18 
96.3 140.4 176.2 75.8 40.3 1.76 

1.84 
0.98 
7.2 
0.91 
3.31 

6.96 
1.69 
7.66 
ND 
ND 

'peripheral nerves of 3 mice pooled. 
ND - not determined 

In the haemopoietic organs, e .g . , the spleen and the bone marrow, the 
enzyme levels increased to values identical to those in C57BL to C57BL 
chimaeras. In organs which are rich in haemopoietic cells, e .g . , the liver 
(Kupfer cells) and the lungs (alveolar macrophages) also an increase in enzyme 
level was seen. Also in kidney and peripheral nervous system, an increase in 
enzyme level was seen. In skeletal muscle tissue and brain tissue, so far no 
significant increases have been observed. The fact that increased B-glucuroni-
dase levels were observed in the peripheral nerves of transplanted mice, 
corroborates the findings of Yeager et al. (1984), who studied the effect of 
BMT in galactosyl-ceramidase deficient "Twitcher" mice. 

The results obtained demonstrate that bone marrow transplantation may 
result in significant increases in enzyme level throughout the body. However, 

208 



no evidence has been obtained to suggest that sufficient increases in enzyme 
level may also be reached in skeletal muscle and CNS to ameliorate the symp¬ 
toms originating from these organs. One possibility is that these organs 
normally do not contain bone marrow derived cells. Another possibility is that 
bone marrow derived cells are present in these tissues, but that replacement 
by donor derived cells occurs later than 100 days after BMT. Finally, it is 
possible that the cells of these tissues cannot take up the circulating enzyme. 
These alternative possibilities will be further studied. 

Desnick, R.J. et a l . , Physiol. Rev. 56 (1976) 57. 
Hobbs, J.R. et a l . . Lancet » (1981) 709. 
Krivit, W. et a l . . New Engl. J. Med. TM (1981) 1606. 
Slavin. S. and Yatziv, S. . Science 210 (1980) 1150. 
Yeager, A.M. et a l . . Science 225 (1984) 1052. 
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CLONING AND EXPRESSION OF 
THE CHROMOSOMAL IMMUNE INTERFERON GENE OF THE RAT 

P.H. van der Meide, R. Dijkema. P.H. Pouwels, M. Caspers, 
M. Dubbeld and H. Schellekens 

In order to obtain large quantities of purified rat immune interferon 
(IFN—r) it was necessary to clone the I F N - T gene. The chromosomal I F N - T 
gene of the rat was identified by screening a recombinant rat phage library 
with a human I F N - T cDNA probe. In contrast to the genes of other rat IFNs. 
this rat I F N - T chromosomal gene contains three intervening sequences 
(introns). Each intron interrupts the reading frame exactly between the four 
coding regions (exons) of which the structural organization closely resembles 
that of the human and murine I F N - T genes. The four exons have a homology 
of 60% with the exons of the human IFN-Y gene ?nd a 90% homology with the 
murine I F N - T gene. 

A comparison of the amino acid sequences of the mature human, murine 
and rat I F N - T proteins revealed a homology of rat I F N - T of 39% as compared 
with human I F N - T and 87% in comparison with mouse IFN-T (see Fig. 1). The 
rat I F N - T gene encodes a signal sequence of 19 amino acids followed by the 
mature I FN-T protein of 137 amino acids. This gene was inserted into a SV40 
early promoter-based expression vector (pSVRIFN-T; Dijkema et a l . , in 
press). Cotransformation of Chinese hamster ovary (CHO) cells (deficient in 
dihydrofolate reductase (DHFR)) with both pSVRIFN-T and the murine DHFR-
gene, which contained the vector pAdD26SVpA-3 (Scahill et a l . . 1983), 
resulted in cells secreting interferon activity into their culture medium. Initial 
transformants with a DHFR+ phenotype produced I FN-T titers ranging from 
20-1600 antiviral units/ml. 

The number of rat I F N - T genes integrated into the chromosomal DNA of 
the host cell can be amplified by drugs like methotrexate (MTX), which may 
lead to increasing yields of I F N - T . After stepwise increases in the concen¬ 
tration of MTX in the growth medium of an initial transformant (producing 1600 
units/ml), MTX resistant clones producing about 100,000 units per ml were 
isolated. Protein analysis of supernatants of these clones by polyacrylamide gel 
electrophoresis revealed a product with an apparent molecular weight of 18,000 
dalton which was absent in the growth medium of DHFR+ transformants that 
did not produce IFN. The product constituted approximately 10% of the 
proteins excreted by these cells. To characterize the substance produced as 
rat I F N - T , the antiviral and anticellular activities of the preparation were 
determined in human, hamster, mouse and rat cells. The preparation exhibited 
activity only in rat and mouse cells and was inactive in human and hamster 
cells. Additional evidence for the identification of the antiviral activity as 
being the result of rat I F N - T was obtained by experiments that showed a 
synergistic enhancement of the antiviral activity of natural and recombinant 
DNA derived rat IFNa/8. The potentiat.on factors (determined by dividing the 
observed with the expected titers) were 11 and 4, respectively. As reported 
for the murine system (Fleischmann et a l . , 1980), such a demonstration of 
synergism is only found between combinations of IFNa/8 with I F N - T and not in 
mixtures of IFNa and IFN6. 
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Fig. 1: Comparison of human (upper), rat (middle) and murine (lower) 
I FN-T mature protein sequences. Identical residues are indicated 
with an asterisk. Potential N-glycosylation sequences (asn-X-thr and 
asn-X-ser) are underlined. 

Another major characteristic of I FN-Y is its susceptibility to low pH. 
Treatment at pH 3 for 20 h at 4°C resulted in a more than 90% loss of activity. 
All of these biological and physicochemical characteristics are in good 
agreement with the properties reported for I F N - T in general. 

Our results show that we have successfully prepared a CHO cell line in 
which the rat IFN-T gene is constitutively expressed at a rate of 10 pg 
interferon protein per ml per 107 cells per 24 hours. For the production of 10 
yg of naturally derived IFN-Y usually 10 rat spleens are necessary. Recombi¬ 
nant DNA technology has provided a simple and inexpensive way to produce 
large quantities of rat 

Dijkema, R. et a l . , EMBO Journal (1985) in press. 
Fleischmann, W.R. e t a l . , J . Natl. Cancer Inst. 65 (1980) 963. 
Scahill, S.J. et a l . , Proc. natl. Acad. Sci. U.S.A. 80 (19B3) 4654. 
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MONOCLONAL ANTIBODIES TO HUMAN GAMMA INTERFERON 
AND THEIR USE IN A SENSITIVE SOLID-PHASE ELISA 

M. Dubbeld. H. Schellekens and P.H. van der Meide 

Interferons (IFNs) represent a family of proteins with numerous biological 
activities. On the basis of different biochemical and immunological properties, 
IFNs can be divided into three major classes: IFN-a, -6 and -7 (Stewart I I , 
1980). Whereas the synthesis of IFN-a and -6 is usually triggered by viruses 
and is not cell-specific, IFN-T is produced only by T-lymphocytes in response 
to mi togen ic or antigenic stimuli (Stewart I I , 1979). In addition to I F N - T , 
these T-lymphocyte preparations contain a number of other lymphokines, which 
may influence its biological effect. The development of recombinant DNA 
technology has made it possible to produce IFN-T in large amounts free of 
other lymphokines (Cray et a l . , 1982). This method of production made I FN-T 
more generally available for biological characterization and clinical evaluation. 
For the preclinical and clinical evaluation, a rapid, sensitive and accurate 
assay to quantitate human IFN-T in serum samples and other biological fluids is 
essential. The antiviral assay, the classical test for detecting I F N - T , has 
serious disadvantages. It is influenced by contaminating amounts of IFN-a 
and/or -B, which may lead to synergy and give too high values (Fleischmann 
and Fleischmann, 1984). Also, factors present in serum samples inhibiting 
I FN-T activity (Fleischmann et aU, 1981; Ikossi-O'Connor et a l . , 1984) prevent 
a broader applicability of this bioassay. 

A more reliable assay for human IFN-T therefore would be of great value. 
For that purpose we developed a sandwich immunoassay based on two mono¬ 
clonal antibodies (MCAs) directed against human I F N - T . Different MCAs were 
prepared in our laboratory, two of which .(MD-1 and MD-2) have character¬ 
istics highly suitable for such an assay: 
a. they are directed against different epitopes on the human I FN-T molecule 

and do not interfere with each other in binding to I F N - T , as was shown 
by competition experiments; 

b. both MCAs recognize naturally and recombinant DNA derived human 
I F N - T ; 

c. both MCAs do not cross react with human IFN-a and -(}. 
The sandwich enzyme immunoassay makes use of microtiter plates coated with 
unlabelled MD-2. Samples containing human IFN-T are placed into the wells, 
after which biotinylated MD-1 is used as the second antibody. Sandwiched 
I F N - T is detected by an avidin/alkaline phosphatase enzyme reaction. The 
assay can detect I F N - T , either produced by lymphocytes or E.coli, at a limit 
of 0.05 ng/ml (<1 unit/ml), which is similar to the detection limit of the 

itiviral assay. When we compared the enzyme immunoassay with a radio-
•mmunoassay using the same two MCAs, the latter technique revealed no 
striking improvement in the sensitivity (see Fig. 1). The high sensitivity of 
the enzyme immunoassay can be explained in part by the fact that avidin can 
react with up to four molecules of biotin, resulting in magnification at the level 
of avidin/biotin interactions. 
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Fig. I : Titration curves of human I F N - T obtained by the sandwich enzyme 
immunoassay (A) and the sandwich radioimmunoassay (Bj with mono¬ 
clonal antibodies MD-1 and MD-2. Serial dilutions of naturally 
derived human I F N - T (nHulFN—r) were made in fetal calf serum. 

In conclusion, the applied enzyme immunoassay has the advantage of 
sensitivity and accuracy without the use of unstable radioactive reagents. 
Compared with the routinely used bioassay, the enzyme immunoassay is faster, 
far more specific, more easy to perform and offers the same sensitivity. 

Fleischmann, W.R. Jr and Fleischmann, C M . , Antiviral Research 4 (1984) 221. 
Fleischmann, W.R. et a l . , J. Interferon Res. 4 (1984) 103. 
Cray, P.W. et a l . , Nature 295 (1982) 503. 
Ikossi-O'Connor, M.G. et a l . . Res. Comm. Chem. Path. Phar. 45 (1984) 271. 
Stewart I I , W.E., Nature 286 (1980) 110. 
Stewart I I , W.E., p. 145. In: The Interferon System, Wien and N.Y.. 

Springer Verlag, (1979). 
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MURINE HAEMOPOIETIC STEM CELL ACTIVATING FACTOR 
AND INTERLEUKIN-3 ARE IDENTICAL 

C. Wagemaker. L. Dorssers and H. Burger 

The stem cell activating factor (SAF) has been described as a soluble 
factor essential for the m vitro proliferation of haemopoietic stem cells 
(Löwenberg and Dicke, 1977; Wagemaker et a l . , 1982). Whereas in its absence 
stem cells rapidly disappear from the culture, the presence of SAF results in 
an approximately four-fold increase of the number of pluripotent stem cells 
(CFU-S), as measured by the spleen colony technique. Biochemical properties 
of this factor following partial purification have previously been described 
(Wagemaker et a l . . 1982). 

In the course of our efforts to further characterize this factor, we have 
tested various growth factors for their ability to support the growth of stem 
cells. All factors tested sofar. including CM-CSF. M-CSF, erythropoietin. 
epidermal growth factor, platelet derived growth factor, nerve growth factor 
and a variety of other substances (Wagemaker et a l . , 1982) were found to be 
negative in the SAF assay. We have also tested a sample of purified inter-
leukin-3 (IL-3) for its biological activity. IL-3 was originally described as a 
factor produced by stimulated lymphocytes and capable of inducing the enzyme 
20-a-hydroxysteroid dehydrogenase in cultures of splenic lymphocytes from 
athymic nude mice. In addition. IL-3 has been shown to promote the growth of 
various haemopoietic progenitor cells (Ihie et a l . , 1983). IL-3 is routinely 
assayed by measuring DNA synthesis of IL-3 dependent cells. 

As is clear from Fig. 1 , IL-3 does support the m vitro proliferation of 
stem cells efficiently. Similar to SAF, numbers of CFU-S increase approximately 
four-fold during a four day culture in the presence of IL-3. To determine 
whether a single protein is essential for the proliferation of stem cells as well 
as IL-3 dependent DA-1 cells, we applied antibodies directed against partially 
purified IL-3. The antibodies inhibited IL-3 activity as well as SAF activity 
with similar efficiency (Fig. 2). Control serum did not affect either activity. 
Similar results were obtained when the antibodies were applied to partially 
purified SAF preparations from Concanavalin A-stimulated mouse spleen cells. 
These results strongly indicate that the same antigenic determinants are 
involved in both activities. Furthermore, IL-3 and SAF activity were found to 
copurify on high resolution reverse phase chromatography using a u Bondapak 
C18 column. In addition, the mRNAs for IL-3 and SAF co-sedimented upon 
sucrose gradient centrifugation as determined by m vivo translation in 
Xenopus laevis oocytes. Taken together the results from these experiments, 
which involve multiple parameters, provide strong evidence that SAF and IL-3 
are identical. 

Using a purified preparation of IL-3 we tried to establish its biological 
effect in our 'm vitro assay systems. IL-3 was applied in various concentra¬ 
tions as the sole stimulating factor in serum-free cultures designed for growth 
of spleen colony forming cells, for growth of erythroid bursts (BFU-e) in 
methyl cellulose containing hemin and erythropoietin, for growth of acetyl-
cholinesterase positive cells (megakaryocytes, CFU-MK) in agar cultures (Chen 
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Fig. 1: IL-3 acting as stem cell activating factor. Homogeneous IL-3 (a gift 
of J.N. Ihle) was tested in our standard SAF assay. The multiplica¬ 
tion factor was calculated by comparing CFU-S numbers on day 10 
before and after culture in the presence of IL-3. Units of IL-3 
applied in the assay were calculated from the dose-response curve 
provided with the IL-3 preparation. 

and Wagemaker, 1964), and for colony forming cells (CM-CFU) in methyl cellu¬ 
lose (Merchav and Wagemaker, 1984) and compared to the dose-response curve 
obtained with IL-3 dependent cells. Since our in vitro assays last at least four 
days it was considered not advisable to measure DNA synthesis between 24 and 
30 h after initiation of the culture as a reference, but instead enumerate the 
DA-1 cells following a four day proliferation assay. We observed that IL-3 is 
similarly effective in supporting the growth of pluripotent stem cells and DA-1 
cells. However, the formation of colonies containing erythroid cells, mega-
karyocytes or macrophages requires much higher concentrations of IL-3. It 
should be noted that a considerable portion of the colonies scored as bursts or 
megakaryocyte colonies contained in fact other haemopoietic cell types and were 
most likely derived from muItipotent progenitors. 

These results lead to the conclusion that pluripotent stem cells are the 
primary target for SAF/IL-3 stimulation of proliferation. In general, numbers 
of various progenitors increase in suspension cultures of bone marrow cells 
stimulated with SAF, indicating that proliferation and differentiation occur 
simultaneously. Furthermore, it is clear from the data shown, that terminal 
maturation requires much higher concentrations of SAF. This suggests that 
early progenitors lose their responsiveness to SAF and require stimulation by 
other haemopoietic regulators during terminal differentiation. The residual 
maturation observed in cultures with SAF as the sole inducer, may also be 
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Fig. 2: Antibody neutralization of SAF and IL-3 activity. Ten units of IL-3 
were incubated with various dilutions of antibodies (a gift of J.N. 
I hie) for 2.5 h at 37°C. Subsequently, the mixture was added to 
cultures of pluripotent stem cells and IL-3 dependent cells. Numbers 
of CFU-S and DA-1 cells were enumerated four days later. Results 
are expressed as percentages of control incubations without anti¬ 
bodies. 

caused by the non-physiological concentrations of SAF used or by differentia¬ 
tion factors produced by other cells in the population. Purified factors 
obtained by recombinant DNA technology and single cell cultures may resolve 
the role of SAF in early haemopoietic differentiation, in addition to its effect 
on pluripotent stem cell proliferation. 

Chen, M. and Wagemaker, C , Exp. Hematology U (1984) 445. 
Ihle, J.N. et a l . , J. Immun. YS± (1983) 282. 
Löwenberg, B. and Dicke, K A., Exp. Hematology 5 (1977) 319. 
Merchav, S. and Wagemaker, C , Int. J. Cell Cloning 2 (1984) 356. 
Wagemaker, G. et a l . , Exp. Hematology 10 (suppl. 11)~(1982) 162. 
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MOLECULAR CLONING OF A HAEMOPOIETIC STEM CELL ACTIVATING FACTOR 

L. Dorssers, H. Pannekoek1, A. Kos2, P.H. Pouwels2 and G. Wagemaker 

In order to have available large quantities of purified stem cell activating 
factor (SAF), we initiated the molecular cloning of the gene which produces 
this factor. This factor has been shown to be essential for the m vitro 
proliferation of haemopoietic stem cells (Wagemaker et a l . , this Annual Report, 
p. 217). Two different approaches were initiated for the coning of SAF. First, 
we attempted the complete purification of SAF which coufd then be subjected to 
protein sequencing. From the ami no acid sequence nucleotide sequences can be 
deduced. A mixture of oligonucleotide sequences can be chosen, which may 
serve as hybridisation probes to identify SAF cDNA clones. The alternative 
approach allows identification of SAF cDNA clones by hybridisation selection of 
mRNA and subsequent jn vivo translation in Xenopus laevis oocytes. The proto¬ 
col was revised as we meanwhile had established that SAF is identical to a 
lymphokine termed interleukin-3 (IL-3; Dorssers et a l . , 1984). The nucleotide 
sequence of the IL-3 gene has been determined (Fung et a l . , 1984; Yokata et 
a l . , 1984). which allowed us to select synthetic oligonucleotides as hybridi¬ 
zation probes for screening a cDNA library. 

WEHI-3B cells were chosen as source for mRNA since they produce SAF 
constitutively. Cytoplasmic RNA was prepared by lysis of the cells using 
Nonidet-P40 and vanadyl-ribonucleoside complexes. The mRNAs were selected 
by oligo(dT)-cellulose chromatography and fractionated on a linear sucrose 
gradient. Fractions containing SAF mRNA were identified by translation in 
Xenopus laevis oocytes (Dorssers and Wagemaker, 1983) and comprised RNA 
molecules of about 800-1100 nucleotides (nt) length. Approximately 3 pg of 
size-selected mRNA was applied in the oligo(dT)-primed cDNA synthesis 
reactions, essentially according to Gubler and Hoffman (1983). Single stranded 
cDNA was converted into double stranded (ds) cDNA by E^ coH RNase H for 
digestion of the RNA chain in the RNA-DNA hybrid, E^ coh DNA polymerase I 
and T4-DNA ligase. The ds cDNA (approximately 1 yg) was tailed with dC 
residues without prior size selection and annealed to dG-tailed pUC-9 vector 
DNA. Plasmid inserts of more than 500 base pairs (bp) were present in more 
than 50% of random picked colonies of transformed DH-1 bacteria, thus indi¬ 
cating the efficiency of the procedure. 

Screening of approximately 30,000 colonies with the two oligonucleotide 
probes resulted in the identification of two positive clones. Restriction enzyme 
analysis of these clones was performed and revealed unique cleavage sites for 
Bam H I , Hind I I I , Bgl II and Xba I at the expected positions (Fig. 1). 
Preliminary plasmid sequencing (according to Wallace et a l . , 1981) experiments 
showed these clones to be identical to IL-3. The insert of clone pL711 (500 bp) 
starts at nucleotide (nt) 15 and ends at nt 519, thus containing the initiation 

1 Central Lab. of the Blood Transfusion Service, Amsterdam, The Netherlands. 
3 Medical Biological Laboratory TNO, Rijswijk, The Netherlands. 
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Fig. I : Restriction maps of SAF cDNA clones. SAF inserts (without tails) are 
positioned on a schematic representation of the mRNA. The positions 
of the oligonucleotide probes (supplied by Dr. J.H. van Boom, 
Leiden; A: nt 30-48, B: nt 177-498), the initiation and termination 
codons are based on published sequence data (Fung et a l . , 1984). 

codon (nt 28-30) but lacking two amino acids and the termination codon at the 
carboxy terminus of the protein. Clone pLIOl (9S0 bp) contains the complete 3' 
terminus of the mRNA, since a stretch of dA residues is present. The exact 5' 
terminus has not yet been mapped, but most likely extends beyond the initia¬ 
tion codon since the clone hybridises to the 5' oligonucleotide probe. The 
availability of these clones allows for large scale expression of the mouse SAF 
protein in eukaryotic cells. Furthermore, we may use these mouse cDNA clones 
as probes for the human homologue. 

Dorssers. L. and Wagemaker, C , p. 241. In: Annual Report of REP-TNO 
(1983}. 

Dorssers, L. et a l . , Exp. Hematology 12 (1984) 357. 
Fung, M.C. et a l . . Nature 307 (1984) 233. 
Cubler, U. and Hoffman, B.J., Gene 25 (1983) 263. 
Wallace, R.B. et a l . . Gene 16 (1981) 21. 
Yokata, T. et a l . , Proc. Natl. Acad. Sci. U.S.A. 81 (1984) 1070. 
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CULTURE OF MOUSE PLU RI POTENT HEMOPOIETIC CELLS IN THE PRESENCE OF 
STEM CELL ACTIVATING FACTOR 

J.W.M. Visser. A.R. Migliaccio. H. Burger and C. Wagemaker 

The haemopoietic stem cell (HSC) of the mouse can be cultured in vitro in 
media containing stem cell activating factor (SAF) (Lowenberg and Dicke, 
1977). Recently, purified stem cells as well as purified SAF have become 
available (Visser et a l . , 1984; Dorssers et a l . , 1984), so that the action of 
SAF on HSC can be studied by direct microscopical examination in combination 
with culture assays. 

Stem cells from bone marrow of (C57BL x C3H)F1 mice were isolated as 
described earlier (Visser et a l . , 1984). The sorted cells were transplanted into 
lethally irradiated (10 Cy. total body, gamma), syngeneic mice and spleen 
colonies were counted 8 and 12 days later iCFU-S-8 and CFU-S-12, respective¬ 
ly) . Sorted cells were also cultured in semisolid (methyl cellulose) media in the 
presence of spleen conditioned medium (SCM) and erythropoietin (Ep) to detect 
colony formation by committed progenitor cells of the erythroid differentiation 
pathway (BFU-E), and in the presence of colony stimulating factor (CSF) with 
and without SCM to detect the granulocyte/monocyte progenitors CFU-C1 and 
CFU-C2, respectively. These culture assays indicated that the isolation 
procedure yields highly enriched CFU-S-12 and CFU-C1 and - in comparison 
with these two cell types - a depletion of CFU-S-8, BFU-E and CFU-C2 (Table 
I ) . The sorted cells were suspended in liquid culture medium in the presence 
of SAF either in batch culture or as single cells deposited by the cell sorter in 
the wells of Terasaki trays. The batch culture was tested after four days for 
the presence of CFU-S-8, -12, BFU-E and CFU-C1 and -C2 as described 
above. Table II presents the multiplication of these cell types after four days 

Table I 

ENRICHMENT FOR CFU-S, BFU-E AND CFU-C. 

Mouse bone marrow cells were sorted as described by Visser et al. (1984); the 
sorted suspension was tested for the presence of CFU-S, BFU-E and CFU-C as 
described in the text. 

number of colony forming cells 
per 10 bone marrow cells enrichment 

unfractionated sorted factor 
bone marrow bone marrow 

CFU-S-8 35 1800 51 
CFU-S-12 40 4900 123 
BFU-E 50 660 13 
CFU-C1 40 9400 235 
CFU-C2 100 1200 12 
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Table II 

MULTIPLICATION FACTORS OF CFÜ-S. BFU-E AND CFU-C IN SAF CULTURE 

multiplication factor 
with with 

60 units SAF 20 units SAF 

all nucleated cells 3.1 2.8 
CFU-S-8 3.2 2.5 
CFU-S-12 0.9 0.* 
BFU-E 13 9.4 
CFU-C1 1.4 1.1 
CFU-C2 14 7.9 

Sorted cells were cultured in the presence of two concentrations of purified 
SAF. After 4 days the cultures were assayed for the presence of CFU-S, 
BFU-E and CFU-C. The multiplication factor is the ratio of the number of CFU 
or BFU per culture at day 4 compared to that at day 0. One unit SAF is the 
amount required to induce 50% of maximal proliferation in the IL-3 dependent 
cell line DA-1. 

for two concentrations of purified SAF. The numbers of BFU-E and CFU-C2 
increased more than ten-fold, whereas those of CFU-S-12 and CFU-C] remained 
constant. The number of CFU-S-8 increased 2.5 to 3.2-fold. The total number 
of cells in the batch cultures also increased about 3-fold. No CFU-S were 
found in cultures without SAF. ONA-histograms of the sorted cells before and 
after four days of culture indicate that the majority of the cells at day 4 is 
proliferating, whereas all sorted cells were quiescent or in the C1 phase of the 
cell cycle before incubation. These data indicate that SAF induces predomi¬ 
nantly either the self renewal of BFU-E and CFU-C2, or differentiation of 
CFU-S-12 and CFU-C1 into CFU-S-8, BFU-E and CFU-C2. 

The cultures of single sorted cells in Terasaki wells with purified SAF (1 
unit) yielded 60 to 80% positive wells after 4 to 7 days. The number of cells in 
most wells was low (1 to 6 at day 4), only 5% of the wells contained more than 
10 cells at day 4. These latter wells contained several thousands of cells at 
day 8. The sum of the cell numbers in all wells at day 4 was three times that 
deposited in the wells at clay 0. Therefore, the growth of single cells in 
Terasaki wells resulted in a similar multiplication factor as the batch culture 

' (cfr. Table I I ) . Analysis of the single cell cultures indicates that the increase 
• in nucleated cell numbers due to SAF is largely caused by only 5% of the 
• sorted cells. No serum, spleen cell conditioned medium, erythropoietin or 
i colony stimulating factor were added to the single cell cultures. Therefore, it 
jr may be argued that the low cell number in most wells indicates differentiation 
| of CFU-S-12 and CFU-C1 into BFU-E and CFU-C2 which are progenitor cells 
I requiring additional growth factors (Ep and CSF, respectively) for further 
I divisions. On the other hand the occurrence of few wells with extensive 

proliferation may be takan to indicate that the predominant effect of SAF is the 
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selfrenewal of the few BFU-E and CFU-C2 in the sorted suspension. A 
secondary effect of SAF would then be the maintenance of CFU-S-12 and 
CFU-C1. dependent on the SAF concentration (Table I I ) . These hypotheses are 
presently tested by subjecting the contents of the different wells to the above 
described BFU and CFU assays. 

The increase in CFU-S-8 numbers (Table II) can be explained by 
assuming a production of early spleen colonies by committed progenitor cells, 
either BFU-E or CFU-C2 or both. The discrepancy in multiplication factors for 
these cell types in SAF must then be due to a decrease in the seeding effi¬ 
ciency of CFU-S-8 by SAF culture. 

Dorssers, L. et a l . , Exp. Hematol. 6 (1984) abstract 3. 
Löwenberg, B. and Dicke, K.A., Exp. Hematol. 5 (1977) 319. 
Visser, J.W.M, et a l . , J. exp. Med. 59 (1984) 1576. 
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ENRICHMENT OF PROGENITORS AND STEM CELLS USING THE LECTIN 
WGA AND ANTI-GM-1.2 MONOCLONAL ANTIBODY 

J.G.J. Bauman and M.C.C. Platenburg 

Purification of stem cells and committed haemopoietic progenitor cells will 
aid in the study of early haemopoietic differentiation. The mechanism of action 
of haemopoietic factors and the in vitro study of cell differentiation starting 
from individual cells can be studied efficiently using purified cells. 

Haemopoietic cells can be easily fractionated by fluorescence activated cell 
sorting after indirect immunofluorescence staining of the cell membrane differ¬ 
entiation antigens. In the past we have characterized the cell surface pheno-
type of pluripotent haemopoietic stem cells and committed progenitors of mouse 
bone marrow. We used several monoclonal antibodies (MCA) to stain the cells 
and fractionated them by flow sorting using a FACS-II on the basis of fluores¬ 
cence intensity and light scatter (Van den Engh et a l . . 1983). 

Visser et al. (1981) described a procedure to purify pluripotent haemo¬ 
poietic stem cells to near homogeneity. The procedure consisted of a density 
gradient separation to obtain light density cells. The next step involved cell 
sorting employing the FITC-labeled wheat germ agglutinin (WGA-FITC) 
binding. The sorted cells were restained with anti-H2K-biotin and avidin-FITC 
and the cells with the brighest staining were collected. These cells consisted 
mainly of spleen colony forming cells (CFU-S) of the late type (d12-CFU-S, 
Magli et a l . . 1982) which were 135-fold enriched. 

The last step in this purification procedure consists of a positive selection 
of anti-H2K stained cells. The use of biotinylated antibodies and avidin-FITC 
is essential to prevent m vivo toxic effects for CFU-S (Bauman et a l . , sub¬ 
mitted). This toxic effect can also be avoided when a negative selection is 
used as last step. For this reason, we used a two step separation procedure 
designed to co-purify stem cells and committed progenitor cells of the myeloid 
(GM-CFU-C) and erythroid (BFU-E) lineage. The procedure consisted of 
sorting WGA-FITC stained bone marrow cells as the first step. The top-5% WGA 
positive cells, having high forward light scatter (FLS) and low perpendicular 
light scatter (PLS), were sorted. Sorting with this light scatter window 
eliminated all erythrocytes, most lymphocytes and most mature myeloid cells. 
Pluripotent stem cells and committed progenitor tells are found in this light 
scatter area (Visser et a l . , 1980). The lectin WCA recognises sialic acid 
groups which are present in high densities on the cell surface of stem cells, 
early progenitors and the cells of the myeloid series lBol et a l . , 1981). 

In the second step the remaining mature myeloicf cells were removed by 
restaining with anti-GM-1.2 after eluting the lectin with the competing sugar. 
Anti-GM-1.2 (NEl-031, New England Nuclear) is a mouse MCA directed against 
an antigen on mouse granulocytes. It was determined by us that the antigen is 
not expressed on haemopoietic stem cells or GM-CFU-C. In mouse bone marrow 
oniy the more mature neutrophils were positive. Either biotinylated anti-GM-1.2 
plus avidin-FITC, direct-FITC labelled antibody or antibody plus FITC-labelled 
goat-anti- mouse Ig were used. When the GM-1.2 negative cells were selected 
the following enrichment factors were obtained. The myeloid progenitors 

f cultured in semi-solid agar in Dulbecco's MEM containing 13% horse serum and 
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7% fetal calf serum and stimulated with pregnant mouse uterus extract (PMUE) 
or with PMUE plus mouse post-endotoxin serum (PES) (the GM-CFU C2 and 
GM-CFU-C1+2. respectively; Bol et a l . , 1979) were enriched approximately 
100-fold (Table I ) . Similar enrichment factors were obtained when GM-CFU-C 
were cultured in serum-free media, although absolute colony numbers in sorted 
fractions and controls were 3-fold lower (results not shown). 

Table I 

ENRICHMENT OF PROGENITORS AND STEM CELLS BY 
WGA-FITC AND ANTI-GM-1.2 SORTING 

Exp. 1 GM-CFU-C 

cell number (%) 
colonies per 105 cells 

all 
cells 

100 

WGA 
positive 

anti-GM-1.2 fraction** 
1 2 3 4 

cell number (%) 100 5 
colonies per 105 cells 36 315 

0.61 0.75 

0.21 
2621 

0.93 
2430 

0.98 

0.99 
87 

0.59 

with 
with 

Exp. 2 

PMUE + 
PMUE 

BFU-E 

PES* 264 
193 

3733 
2330 

29396 
19566 

12800 
8422 

1707 
875 

0 
0 

1.01 
0 

Exp. 3 CFU-S 

cell number (%) 
colonies per 105 cells 
number of stem cells 

(f=0.05) per 105 cells 

100 
42 

840 

5 
535 

10700 

0.46 
4052 

81040 

0.83 
2528 

50560 

1.28 
209 

4180 

0.71 
54 

1080 

* For explanation, see text. 
"Negat ive, dull , intermediate and bright cells were sorted as indicated in 
legend of Figure 1 . 

The erythroid progenitor BFU-E, cultured in serum-free methyl-cellulose 
medium (Merchav and Wagemaker, 1984) and stimulated with partly purified 
BPA from mouse spleen conditioned medium and erythropoietine from anemic 
mice blood was 70-fold enriched. The pluripotent stem cells, assayed as 
d10-CFU-S were enriched about 100-fold. 
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In Fig. 1, the fluorescence profile of the WCA-positive cells after 
restaining with anti-CM-1.2-biotin and avidin-FITC is shown. The stained cells 
falling within the same light scatter window as in the first sort were separated 
into four fractions of increasing fluorescence intensity. The content of stem 
cells and progenitors was determined in each fraction. Quantitative results of 
single representative experiments are given in Table I and the distribution of 
the CM-CFU-C2 is indicated in Fig. 1. 

Nearly all colony-forming cells were found in the first two anti-CM-1.2 
negative fractions. Although the results are from different experiments (Table 
I) it can be inferred that the stem cells plus progenitors content of the 
anti-CM-1.2 negative fractions was very high. In a separate experiment (not 
shown) the sum of stem cells and CM-CFU-C in fraction one was over 95% indi¬ 
cating that this fraction was nearly exclusively composed of stem cells and 
committed progenitors. Calculated recoveries of stem cells and progenitors after 
the WCA sort were 60-70% (for BFU-E in general 10-20% lower) and after the 
anti-CM-1.2 sort better than 90%. Overall yields were low due to cell losses in 
washings and handling. 

It is expected that the fractions highly enriched for stem cells and 
progenitor cells are a good source for colony forming cells to be used in in 
vitro differentiation studies. 

CFU-C 

. - 1 10"' 10" 10' 10* 

fluorescence intensity (log scale) 

Fig. 1: Fluorescence and CM-CFU-C2 profiles of WCA-positive bone marrow 
cells after restaining with biotinylated anti-CM-1.2 and avidin-FITC 
(fat line). Control was WCA-positive bone marrow cells incubated 
with avidin-FITC only (thin line). Four fractions were analysed for 
CM-CFU-C2 content. The first two fractions (fluorescence intensity 
Kr ' - IO 1 and 1o'-1.7x1o') contained the indicated amount of 
CM-CFU-C2 (expressed as percentage of peak value). The other 
fractions (1.7x101-l02 and 102-103) contained very low CM-CFU-C2 
numbers (compare with Table I ) , 
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ANTICENIC DIFFERENCE BETWEEN EARLY AND LATE APPEARING 
SPLEEN COLONIES 

P. de Vries and A.H. Mulder 

Injection of bone marrow cells into lethally irradiated recipient mice leads 
to the formation of macroscopic spleen nodules (Till and McCulloch. 1961). 
There are at least two types of colony forming cells (CFU-S) in the spleen: 
early appearing CFU-S, detectable 8 days after transplantation and late 
appearing CFU-S, detectable 12 days after transplantation (Magli et a l . . 1982; 
Wolf and Priestley, 1984). 

The relationship between day 8 and day 12 CFU-S is not yet clear, 
though there are some indications that the day 12 CFU-S is less mature than 
the day 8 CFU-S. Hodgson and Bradley (1979) described the day 12 CFU-S as 
pre-CFU-S cells that can generate day 8 CFU-S as well as progenitors of 
granulocytes, macrophages and megakaryocytes. Because both types of CFU-S 
cannot be measured in the same recipient animal, it is impossible to determine 
this relationship directly. There is a need for other criteria to distinguish 
between these two cell types. 

ii 

200 

fluorescence ( a .u. ) 

Fig. 1: Fluorescence distribution (logarithmic; arbitrary units) of nucleated 
bone marrow cells of C3H mice. 
Left curve: fluorescence distribution of cells incubated with avidin/ 
FITC alone (negative control). Right curve: fluorescence distribution 
of cells incubated with anti-H-2K/biotin and avidin/FITC. 
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Van den Engh et al . (1978) showed that CFU-S contain H-2K molecules in 
high density on their membranes. H-2K molecules are encoded for by the major 
histocompatibility complex (MHC) of the mouse. This complex encodes for two 
classes of antigens: class I and class II antigens (Klein. 197S). The H-2K 
molecules are class I antigens and are present on all nucleated cells in the 
body. 

A monoclonal antibody against H-2K molecules can be used to enrich for 
day 12 CFU-S in cell suspensions already selected using equilibrium density 
centrifugation and cell sorting with FITC-labelled wheat germ agglutinin 
(Mulder et a l . , 1984; Visser et a l . , 1984). 

In the present study, the amount of H-2K antigens on day 8 and day 12 
CFU-S was compared. For this, normal C3H bone marrow was incubated with a 
biotinylated anti-H-2K monoclonal antibody and avidin/FITC. The fluorescence 
distribution of the nucleated bone marrow cells is presented in Fig. 1 . Vir¬ 
tually all nucleated cells incubated with the anti-H-2K monoclonal antibody 
bound the antibody, while the control cells (incubation with avidin/FITC only} 
did not fluoresce. The anti-H-2K treated cells were separated according to 
fluorescence intensity in the fractions shown in Fig. 1 using a fluorescence 
activated cell sorter. 

The distribution of the day 8 and day 12 CFU-S among the various frac¬ 
tions is shown in Fig. 1 and Table I . These data demonstrate that there is a 
difference in the number of H-2K molecules present on day 8 and day 12 

Table I 

DISTRIBUTION OF DAY 8 AND DAY 12 CFU-S IN BONE MARROW FRACTIONS 
DIFFERING IN THE AMOUNT OF H-2K ANTICENS 

treatment % of all number of recovered number of recovered 
nucl. cells day 8 (%) day 12 (%) 

sorted CFU-S/105 CFU-S/105 

none 

incubated 

incubated 
fraction 1 

incubated 
fraction 2 

incubated 
fraction 3 

incubated 
fraction 4 

93 

95 

39 

30 

19 

8 

29 

28 

1.3 

7.4 

17.2 

4.4 

3.6 

21 

4B.2 

27.4 

100.2 

17.7 

20.8 

1.4 

4.4 

9.8 

6,6 

9.5 

21 

63 

100.1 
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CFU-S: 63% of the day 12 CFU-S were recovered from the most fluorescent 
fraction, while this fraction contained 27% of the day 8 CFU-S. In contrast, 
fraction III (moderate fluorescence intensity) contained 48% of the day 8 CFU-S 
and 21% of the day 12 CFU-S. 

Day 12 CFU-S express more H-2K antigens than day 8 CFU-S on their 
membranes. Harris et al. (1984) showed that day 12 CFU-S contain more Qa-2 
antigens on their membranes than day 8 CFU-S. The Qa-2 molecules also 
belong to the class I antigens. Such type of surface antigens seem to be 
present in decreasing density on more mature haemopoietic progenitor cells. 

Harris. R.A. et a l . . Nature 307 (1984) 638. 
Hodgson, G.S. and Bradley, T.R. , Nature 24H (1979) 381. 
Klein. J . , Biology of the mouse histocompatibility-2 complex. Springer-Verlag. 

New York (1975). 
Magli. M.C. et a l . . Nature 295 (1982) 527. 
Mulder, A.H. et a l . , Cell. Immunology 88 (1984) 401. 
Till, J.E. and McCulloch, E.A., Radiation Res. 14 (1961) 213. 
Van den Engh, C.J. et a l . , p. 9. In. Experimental Hematology Today (Eds. 

S.J. Baum and C D . Ledney), Springer Verlag, New York (1978). 
Visser. J.W.M, et a l . . J. Exp. Med. 59 (1984) 1576. 
Wolf. N.S. and Priestley, C V . , Exp. Hematology U. (1984) 361. 
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THE HAEMOPOIETIC STEM CELL IN THE RAT: DAY 8 VERSUS DAY 12 CFU-S 

A . C M . Martens and A. Hagenbeek 

Evidence accumulates that in the mouse exists a heterogeneity in the cell 
population with a clonogenic potential determined by means of the well-known 
spleen colony assay (SCA) (Magli et a l . , 1982; Baines and Visser, 1983; Harris 
et al . . 1984). 

One subtype is defined by its ability to form a colony on the surface of 
the spleen of an irradiated recipient on day 8 after bone marrow transfer (day 
8 CFU-S}; the other subpopulation is characterized by its ability to form 
colonies that are clearly visible on day 12. A SCA in the mouse can also be 
employed to detect and quantitate the colony forming cells of rat bone marrow 
as has been reported by Van Bekkum (1977). In analogy to the conventional 
mouse system, the spleen colonies in the xenogeneic system are routinely 
scored on days 8, 9 or 10. The CFU-S of the rat can also be determined by 
injection of bone marrow cells into lethally irradiated isologous rats. However, 
the colonies that develop are not detectable before day 12 after injection. 

The reports on the heterogeneity among the CFU-S in the mouse prompted 
us to investigate to what extent a similar heterogeneity could be demonstrated 
for the rat haemopoietic system. For this reason mice as well as rats were 
lethal ly irradiated and injected with equal numbers of normal rat bone marrow 
cells. The SCAs were performed on days 6 through I t in mice and from day 10 
through 14 in rats. The results are shown in Fig. 1. Early appearing spleen 
colonies as have been described for the mouse-to-mouse SCA are also observed 
in the rat-to-mouse SCA. Their number is constant during day 7 and 8 but is 

w 80 

ö 60 

40 

20 

o o rat-to-mouse SCA 

«. . . . . . * rat-to-rat SCA 

10 11 12 13 14 

time of SCA (day) 

Fig. 1: The number of colonies (per 10" injected cells) appearing on the 
spleens of lethally irradiated rats (BN) and mice (C57BL x C3H)F1 
on various days after injection (mean values of 3 experiments; bars 
represent the standard error of the means). 
SCA: Spleen Colony Assay. 
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decreasing thereafter and they seem to plateau from day 11 to 14. The ratio 
day 8/day 12 CFU-S is 2.4 in contrast to a ratio of 1 in the mouse-to-mouse 
SCA. 

The early appearing spleen colonies are not observed on the spleens in 
the rat-to-rat SCA. The first colonies on the rat spleens appear on day 11 and 
pleateau from day 12 to 14. The number is almost similar to that obtained in 
the rat-to-mouse SCA on those days. 

Pilot experiments were performed using the rat-to-mouse system, to try to 
influence the ratio between day 8 and day 12 CFU-S. This would support the 
assumption that we are dealing with two distinct subpopulations. 

Therefore, rats were injected with cyclophosphamide (100 mg.kg"1 i .p.) . 
The kinetics of CFU-S regeneration in the femoral bone marrow was monitored 
in the rat-to-mouse SCA. The results are shown in Table I. The reduction in 
the day 8 CFU-S numbers is much more pronounced than in the day 12 CFU-S 
numbers. For precise analysis of the regrowth kinetics curve, more data have 
to be collected. However, there is a clear discrepancy between the response of 
the day 8 and the day 12 CFU-S. 

Table I 

REGROWTH KINETICS OF DAY 8 AND DAY 12 CFU-S AFTER TREATMENT 
WITH CYCLOPHOSPHAMIDE (CY) 

(normal BN rats) 

day after 
CY i.p. 

100 mg.kg"1 

2 

7 

16 

28 

day 8* 
CFU-S 
percent 

of control 

2.8 

99 

77 

103 

day 12* 
CFU-S 
percent 

of control 

20 

125 

113 

106 

ratio 
day 8/day 12 

0.33 

1.86 

1.59 

2.28 

*Lethally irradiated mice (C57BL x C3H)F1 were injected with a fixed number 
of rat femoral bone marrow cells. Spleen colonies were scored on day 8 and 
day 12, respectively and calculated as total femur content. 
The data are expressed as a percentage of untreated control values. 
The day 8/day 12 ratio in control bone marrow is 2.36. 
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Another group of rats were injected with an in vitro active precursor-
molecule of cyclophosphamide (ASTA-Z-7557; provided by Drs. P. Hilgard and 
J. Pohl, ASTA-Werke. Bielefeld, FRC) and 2% hours later the rats were killed 
and their bone marrow cells were injected into lethally irradiated mice. The 
day 12 CFU-S number decreased to a level of 10% while the day 8 CFU-S 
number decreased below a level of 0.1%. Again this suggests that two distinct 
populations are detected, at least in the rat-to-mouse SCA. 

If one assumes an equal growth rate for colonies on mouse spleens as well 
as on rat spleens, the day 12 CFU-S in the rat-to-mouse SCA may correspond 
with the day 12 CFU-S in the rat-to-rat SCA. It remains to be explained why 
the early colony forming CFU-S is only detected in the mouse spleen. 

In this respect it might be of major importance to realize that the spleen 
of the mouse is an integral part of the mouse haemopoietic system. The rat 
spleen has under normal conditions only a function as a lymphatic organ. 
However, under stress conditions, when there is a strong demand for haemopo-
ietic activity it does support the growth of haemopoietic cells. It may well be 
that the microenvironment of the rat spleen is not allowing the day 8 CFU-S to 
lodge and that therefore early appearing colonies are not produced. For the 
mouse system it has been suggested that the day 12 CFU-S is a subtype of 
CFU-S that first needs a "bone marrow passage" before it enters the spleen to 
form a colony which is therefore only appearing on later days. In the rat 
system a similar phenomenon could take place. In the meantime, the spleen is 
affected in such a way that it can support growth of both types of precur¬ 
sors. 

Baines, P. and Visser, J.W.M., Exp. Hematol. _M (1983) 701. 
Harris, R.A. et a l . . Nature 307 (1984) 638. 
Magli, M.C. et a l . . Nature 295 (1982) 527. 
Van Bekkum, D.W., p. 3. In: Exp. Hemat. Today (eds. S.J. Baum and C D . 

Ledney), Springer Verlag, New York (1977). 
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FAILURE TO DEMONSTRATE PLURIPOTENTIAL HAEMOPOIETIC STEM CELLS 
IN MOUSE BRAINS 

D.W. van Bekkum, P.M. Hoogerbrugge and C. Wagemaker 

The presence of high numbers of haemopoietic stem cells (HSC) in the 
brains of mice has been suggested in a study by Bartlett (1982). Similar 
numbers of HSC, determined as colony forming units in the spleen (CFU-S), 
were reported by this author in the brains of W*/Wf mice, the bone marrow of 
which lacks detectable spleen colony forming cells due to a genetical defect of 
their haemopoietic stem cells. These findings have significant implications for 
the current attempts to treat patients suffering from neurological complications 
of lysosomal enzyme deficiencies. It is suggested that haemopoietic stem cells, 
if transplanted within the brain parenchyma, could secrete the missing enzyme 
(Rappeport and Ginns, 1984). In the present study, it was tried to confirm 
the results published by Bartlett (1982). 

Brains of 8 to 13-day-old mice of different strains and both sexes were 
used. In each experiment, 8-16 mice were used. The brains were removed from 
the skull, finely chopped in balanced salt solution and incubated in the 
presence of DNAse and trypsin (1% w/v) for 30 min at 37°C. Fetal calf serum 
was added to stop trypsinization. The resulting suspension was fractionated by 
Percoll density gradient centrifugation in order to remove the my el in. Care was 
taken to follow exactly the procedure recommended by Bartlett. 

The cell suspensions were injected i.v. in 12 to 14-week-old isogeneic 
female recipients that were lethally irradiated with a dose of 9.0 Cy gamma 
rays. CFU-S were determined at day 9 after injection. 

About 2 to 13 (mean 4.4) CFU-S per brain were determined. The number 
of viable cells per brain varied between 1 x 106 and 3 x 106; 2 to 10 CFU-S/ 
10 viable nucleated cells were collected from each brain. Brain cell suspen¬ 
sions irradiated 'm vitro with a dose of 20 Cy gamma rays prior to injection 
produced no spleen colonies. This indicates that the spleen colonies observed 
after injection of the unirradiated brain cells in other experiments were of 
donor origin. Experiments performed with different mouse strains yielded 
similar numbers of spleen colonies (Table I ) . In W/Wv mice with a (C57BL x 
DBA/2)F1 background of which the HSC fail to produce macroscopic spleen col¬ 
onies, no CFU-S could be derived from bone marrow or brain cells (Table I ) . 

In another set of experiments, the isolated brains were carefully washed 
in balanced Hanks' solution following dissection and the results were compared 
with the procedure used by Bartlett (which did not include washing). These 
experiments were designed to determine whether the observed CFU-S were due 
to contamination with the bone marrow from the bones of the skull, which have 
to be cleft to collect the brains. Washing the brains reduced the number of 
CFU-S by 85-95% to 0.1-0.4 CFU-S per brain (Table I I ) . The total number of 
cells recovered from the Percoll gradient decreased by 50% (range: 43-57%) as 
a result of the washings and the number of CFU-S fell to 0.1-0.8 per 10" 
viable cells. This low number can be explained from contaminating blood. From 
the wash fluid, 0.6-1.5 CFU-S per washed brain were recovered. 
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Table I 

CFU-S DETECTED IN BRAINS OF DIFFERENT MOUSE STRAINS 

donor 
mouse 

(C57BLxCBA)F1 
(C57BLxDBA/2)F1 
CBA/T6 
BD2W/Wv-Fl 

irradiated 
recipient 

mouse 

BCBA-F1 
BD2-F1 
CBA/Rij 
BD2W/Wf-F1 

number of 
brains 
used 

48 
23 
16 
32 

total number 
of CFU-S 
detected 

213 
132 
42 

0 

CFU-S detected 

4. 
5. 
2, 
0 

per brain 
(range) 

.4 (2.5- 8. 

.7 (1.7-13. 

.6 

2) 
2) 

number 
of 

experi¬ 
ments 

3 
2 
1 
2 

Table II 

EFFECT OF WASHING THE INTACT, ISOLATED BRAINS OF BCBA-F1 MICE 
ON THE NUMBER OF CFU-S DETECTED PER BRAIN 

prior to washing 
e>:per- no. of total no. no. of 

after washing loss 
no. of total no. no. of (%) 

iment 
no. 

1 

2 

3 

brains 
used 

8 

10 

9 

of CFU-S 
detected 

1 5 + 4 

24 + 5 

3 5 + 6 

CFU-S 
detected 
per brain 

1.9 

2.4 

3.9 

brains 
used 

16 

10 

10 

of CFU-S 
detected 

1 + 1 

4 + 2 

4 + 2 

CFU-S 
detected 
per brain 

0.1 

0.4 

0.4 

95 

83 

90 

In order to test the toxicity of the procedure to bone marrow CFU-S, 
mixtures of bone marrow and brain tissue were processed and analyzed. The 
results of these experiments do not reveal significant losses of bone marrow 
CFU-S attributed to the isolation procedure. 

It is obvious from our data that normal mouse brain tissue does not 
contain CFU-S. We suggest that Bartlett's findings can be explained by the 
fact that his isolation procedure fails to remove contaminating bone marrow 
cells, probably originating from skull bones, from the brain tissue. In the 
report of Bartlett, all results are expressed per 10' viable brain cells without 
accounting for the number of brains used to obtain the cells and the CFU-S. 
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As the number of cells recovered from the brain tissue per se is very small 
according to our counts, most of the cells in Bartlett's preparations must have 
been derived from contaminating bone marrow and blood. This explains the 
high proportion of CFU-S, which in fact is not much lower in the Bartlett 
report than normally observed in the bone marrow of mice. 

Bartlett. P.F.. Proc. Natl. Acad. Sci. U.S.A. 79 (1982) 2722. 
Rappeport, J.M. and Cinns, E. I . . New Engl. J. Med. jTU (1984) 84. 
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THE APPEARANCE OF PROTHYMOCYTES IN THE THYMUS AFTER 
BONE MARROW TRANSPLANTATION 

A.H. Mulder 

After lethal irradiation and bone marrow transplantation, the murine 
thymus regenerates from precursor cells that ar" present in the transplant. It 
has been assumed that these precursor cells, prothymocytes, arrive in the 
thymus soon after transplantation. About ten days later donor type thymocytes 
can be found in the thymus, whereafter rapid growth can be observed. For 
the study of the earliest steps of T cell differentiation it is useful to know at 
which time the prothymocyte arrives in the thymus. 

We tried to determine that using the following procedure, C3H mice were 
lethally irradiated and transplanted with bone marrow cells from (C3HxAKR)F1 
mice, further indicated as C3AK mice. Four days later the mice were again 
irradiated with or without shielding of the thymic area. For this purpose, a 
leaden rod (10 cm, 0 = 12 mm), mounted in a perspex plate was placed above 
the anaesthetized mouse. After the second irradiation (SI ) , the mice 
received 5 x 10 C3H bone marrow cells. 

Fig. 1A shows the dose-response relationship of various second dosages 
of total body irradiation (TBI) and thymus regeneration, twenty-two days after 
bone marrow transplantation (BMT). Without a SI the thymus is fully 
regenerated at that time. A dose of 5 Cy was selected for the SI. 

Fig. 1B shows the thymus regeneration after lethal irradiation, BMT, a SI 
of 5.0 Cy followed by BMT. After the SI there are still C3AK precursor cells 
left as indicated by the start of thymus regeneration at 25 days. 

By varying the interval of the first BMT and the SI with or without 
thymus shielding, and determination of the number of donor cells 3 weeks 
later, one can determine the time of entry of the prothymocytes. This is shown 
in Fig. 2A-C. With a difference of one day between the first BMT and the SI 
there was no difference in the thynuis regeneration curve between mice that 
received 5 Cy TBI or mice that received 5 Gy with thymus shielding. A two-
and four-day difference between the first BMT ond the SI shows a clear dif¬ 
ference in thymus regeneration of shielded and non-shielded mice. There is a 
tendency for earlier regeneration when the interv.il between first BMT and SI 
is increased (Fig. 2B and C) suggesting that there is i continuous influx of 
prothymocytes. The low numbers of mice thiit can be irradiated per day 
prevents an accurate determination of the effect of various intervals on thymus 
regeneration. It is concluded that prothymocytes enter the thyinus not earlier 
than 24 hours after transplantation. At later time points there may also be an 
influx of progenitor cells. Since it is unlikely that a prothymocyte rccirculates 
for prolonged periods, the bone marrow is probably involved. Prothymocytes 
are then likely to be cells newly differentiated from more primitive precursors 
( i .e . , the pluripotent haemopoietic stem cell). 
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B: 

Effect of a second dose of irradiation on thymus regeneration. 
C3H mice were lethally irradiated (9.0 Cy), transplanted with 
106 bone marrow cells from (C3M x AKR)F1 mice. Four days 
later they were re-irradiated, after which they received 5 x 1011 

C3H bone marrow cells. Mice were killed at 22 days after the 
bone marrow transplantation for the determination of the number 
of donor cells in the thymus. 
Thymus regeneration of lethal ly irradiated C3H mice, trans¬ 
planted with 106 (C3HxAKR)F1 bone marrow cells, re-irradiated 
with 5.0 Cy TBI for days later and retransplanted with 5 x 101* 
C3H bone marrow cells. Mice were killed at the times indicated 
and the number of donor type cells from the first transplant 
was determined. 
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Fig. 2: A: Thymus regeneration of lethally irradiated C3H mice, trans¬ 
planted after three days with 10f' (C3H x AKR)F1 bone marrow 
cells, re-irradiated at the fourth day after first irradiation with 
5.0 Cy with (•) or without (•) thy mus shielding. Immediately 
thereafter the mice received 5 x 10 C3H bone marrow cells. 

B: See 2A. Mice received (C3H x AKR)F1 bone marrow cells two 
days after first irradiation. 

C: See 2A. Mice received (C3H x AKR)F1 bone marrow cells imme¬ 
diately after first irradiation. 
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THE USE OF A RAT-DERIVED ANAEROBIC MICROFLORA FOR PROVIDING 
COLONIZATION RESISTANCE TO SPF RATS 

P.J. Heidt, C.P.J . Timmermans, J .P. Koopman* and H.M. Kennis* 

When germfree animals are used to start a new SPF (specified pathogen 
free) colony they should be given a microflora which will make them resistant 
against colonization with potentially pathogenic microorganisms. In the past, we 
colonized mice and rats with a mouse-derived anaerobic flora, the so-called 
Colonization Resistance Factor (CRF) flora. This flora is obtained by selective 
gastrointestinal decontamination of conventional mice (Van der Waaij et a l . , 
1971). Observations in the Rijswijk SPF colony indicated that this CRF flora 
provided rats with a poor Colonization Resistance (CR) since colonizations with 
new bacteria occurred in rats at regular intervals while this was not observed 
in mice with the same CRF flora, which were housed under identical circum¬ 
stances. The fact that the CR provided by the CRF flora in rats is not optimal 
was also found under experimental conditions (Koopman et a l . , 1984). 

In an attempt to establish a good CR in rats we contaminated germfree 
WAG/rij rats with a cultured rat derived flora, as described before (Koopman 
et a l . , 1984). The flora was derived from WU (Wistar) rats of which the 
Enterobacteriaceae were eliminated from the gastrointestinal tract by oral treat¬ 
ment during 10 days with trimethoprim solution (8 g per l i ter) . Parts of the 
gastrointestinal tract of these rats were homogenized under strict anaerobic 
conditions and 0.1 ml of a 1:10 dilution (resulting in a final dilution of 1:100) 
was plated and harvested after 7 days of anaerobic incubation (Koopman et 
a l . , 1983). The germfree WAG/Rij rats were contaminated with this flora, 
which, in addition to the strict anaerobic bacteria, also contained Strepto¬ 
coccus faecal is. Streptococcus bovis, Lactobacillus lactis and Lactobacillus 
jensenii. Antibodies to common rodent viruses could not be detected in these 
rats by serological methods. The procedure followed is schematically given in 
Fig. 1 . 

The CR of these rats was determined by orally challenging 8 animals, 
which were housed individually under strict isolation in a laminar flow isolator, 
with 108 cells of an E^ coli strain (code 1881). The concentration of this E^ 
coli strain in the faeces was compared with the concentration of the same E^ 
coli strain in the faeces of 8 challenged rats which carried the mouse derived 
CRF-flora. The results are given in Fig. 2. During an observation period of 
43 days, the mean 10 log" of this concentration was 1.42 ( S . D . : 1.64) in the 
group with the rat derived flora against 5.05 ( S . D . : 1.33) in the group with 
the mouse derived (CRF) flora (p 0.05; 112 determinations were performed 
per group). These results indicate that the CR provided by the rat-derived 
cultured flora is better in these rats than the CR provided by the mouse-
derived flora. Since the relative caecum (wet) weight (% of body weight) is 
also a parameter for normalization of rodents (Koopman et a l . , 1977) this 
parameter was also determined in both groups of rats and turned out to be 

•Central Animal Laboratory, Catholic University, Nijmegen, The Netherlands 
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Fig. 1: Method to obtain an anaerobic donor flora from conventional rats. 

2.01% (S .D . : 0.33) for the group with the rat-derived flora and 3.76% ( S . D . : 
0.38) for the group with the mouse-derived flora (p 0.001). These findings 
show that contamination with the rat-derived cultured flora results in a better 
normalization of the rats. 

From these observations it can be concluded that it is possible to provide 
rats with good colonization resistance by giving them cultures of a 1:100 
dilution of gastrointestinal contents obtained from conventional rats. This 
finding, and the fact that this flora reduces the caecal size of ex-gerr-rree 
rats, indicates that by using these types of cultured flora, "normalization" of 
germfree animals can be achieved. It is recommended to start new SPF units 
by contaminating germfree animals with a microflora which is derived from 
donors of the same species by using the described techniques. 
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Fig. 2: Concentration of B^ coli (code 1881) in the faeces of WAG/Rij rats 
with the rat-derived cultured flora and with the mouse-derived CRF-
flora after oral challenge with 10 bacteria (mean ± S .E . ) . 

Koopman, J.P. e t a l . # Z. Versuchstierk. | 9 (1977) 54. 
Koopman, J.P. et a l . , Z. Versuchstierk. 25 (1983) 57. 
Koopman, J.P. et a l . , Z. Versuchstierk, 26 (1984) 49. 
Van der Waaij, D. et a l . , J . Hyg. 69 (1971) 405. 
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SPONTANEOUS PNEUMOCYSTOSIS IN THE ATHYMIC NUDE RAT 

J. I .M. van Hooft, H.A. Solleveld and M.J. van Zwieten 

The athymic nude rat is characterized by an inherited T-cell deficiency. 
It was first described at the Rowett Research Institute» Bucksburn, Aberdeen 
in 19S3 (Festing, 1977). The nude gene mutation was lost in the fifties. A new 
mutation was found in 1975 when a randomly-bred pair produced a litter con¬ 
taining two nude females. Rats carrying this nude gene mutation were imported 
to Rijswijk in 1978 from the University of Louvain, Belgium and was introduced 
into the BN/BiRij strain. Because of this inherited immune deficiency, the 
nude rat may develop diseases caused by microorganisms not pathogenic in 
normal rats. In this report we describe such a disease, pneumocystosis caused 
by Pneumocystis carinii, which occurred spontaneously in 6 BN/BiRij-rnu/rnu 
rats. 

Pneumocystis carinii is an organism with an uncertain taxonomie status. 
Although Pneumocystis has some properties of fungi or yeasts, it is generally 
recognized as belonging to the protozoa and more specifically, to the class of 
sporozoa. It is a common saprophyte in the lungs of man and other animals, 
including laboratory rodents, and, under normal circumstances, produces no 
noticeable effects. However, the organism causes significant morbidity in 
immunocompromised human patients, such as those with an immunodeficiency 
syndrome, malnutrition, debilitation, and patients receiving immunosjppressive 
agents. Similar effects were noticed in laboratory rats which were immuno-
suppressed by the administration of corticost_>roids. 

Recently, Pneumocystis pneumonia wus found in a breeding colony of 
BN/BiRij-rnu/rnu rats. The affected animals showed weight loss, general 
unthriftiness and, in some cases, respiratory distress. Crossly, the lungs 
were gray-red, firm and failed to collapse when the thoracic cavity was 
opened. Multiple round, flat or slightly elevated gray-white foci, 0.1 to 0.3 cm 
in diameter, were present on the surface of the lung lobes. Microscopically, 
the pulmonary lesions were characterized by the accumulation of foamy pink 
exudate in the alveoli (Fig. 1). The extent of involvement of individual lung 
lobes ranged from focal and patchy to diffuse. Areas of calcification were often 
present within the foci of foamy exudates. In methenamine silver-stained 
sections, numerous cysts of Pneumocystis carinii were seen lining the alveolar 
septa or within alveolar spaces (Fig. 1). 

The 6 affected BN/BiRij nude rats were from a breeding colony, and 
included animals of different ages from newly born up to one year. The colony 
was located in a barrier maintained SPF facility. Regular serological, bacter¬ 
iological and histopathological monitoring, as a part of an health surveillance 
programme of rodents in this facility (Snell et a l . , 1982), showed the absence 
of pathogenic viruses, bacteria, endo- and ectoparasites. However, immunosup-
pression is not an integral part of the health programme, which explains the 
fact that the organism was only detected after the introduction of immunodefi-
cient animals. Therefore, it is most likely that the other rodent strains in that 
particular breeding facility harbour the organism without showing signs of 
diseases, since the organism spreads via the airborne route (Hughes, 1982). 
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Fig. 1: Pneumocystis carinii in rat lung. The lesion is characterized by the 
accumulation of foamy pink exudate in the alveoli. An area of calci¬ 
fication is present in the center of the lesion (HPS, x 50). Insert: 
Silver stain from the same lesion demonstrating the organism 
(Grocott, x 500). 

These data show that immunosuppression needs to be an integral part of 
an health surveillance programme. Furthermore, it also appears from these data 
that it is advisable to breed and maintain nude animals in separate facilities. 

Festing, M.F.W., Rat News Letter 2 (1977) 14. 
Hughes, W.T., J. Infect. Dis. US (1982) 812. 
Snell, J.M.A. et a l . , 1. Versuchstierk. 24 (1982) 61. 
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BIOASSAY IN NONHUMAN PRIMATES OF A RETROVIRUS ASSOCIATED 
WITH THE ACQUIRED IMMUNO DEFICIENCY SYNDROME 

A.A. van Es, W. van Vreeswijk and P.A.J. Bentvelzen 

The epidemiology of the acquired immuno deficiency syndrome (AIDS) 
suggests the involvement of a virus, which is transmitted by sexual contact or 
injection of blood and blood products. Blood from one of the first AIDS 
patients in the Netherlands has been injected into an eight year old male 
chimpanzee in October 1982. So far no sign of disease has been noted in this 
ape. Also ten rhesus monkeys were inoculated with this material. They were 
immunosuppressed by total body irradiation (2 Cy) or administration with an 
anti lymphocyte globulin preparation before injection with blood. No morbidity 
has been noted in these animals, except for a cebaceous gland tumour, which 
probably has no association with the treatment described above. 

Barré-Sinoussi et al. (1983) isolated a hitherto unknown retrovirus from a 
patient with lymphadenopathy who belonged to a high-risk group for AIDS. 
This so-called Lymphadenopathy Associated Virus (LAV) has been repeatedly 
isolated from various patients with lymphadenopathy or AIDS and from several 
healthy individuals belonging to a high isk group for AIDS. Popov ie et al. 
(1984) isolated from several AIDS patients as well as from individuals of high 
risk groups a retrovirus named human T cell lymphotropic virus type III 
(HTLV-III). Levy et al. (1984) named their retrovirus isolates from AIDS 
patients AIDS-associated retrovirus (ARV). The comparison of the nucleotide 
sequences of LAV (Wain-Hobson, 1985) and HTLV-III (Ratner et a l . , 1985) 
indicate both virus isolates to be almost identical. The AIDS associated 
retrovirus shows some heterogeneity (Ratner et a l . , 1985). 

In a collaborative experiment with L. Montagnier (Institut Pasteur, Paris, 
France), peripheral blood lymphocytes from ten chimpanzees and ten rhesus 
monkeys were stimulated in vitro with T cell growth factor and then infected 
with LAV. Virus replication was monitored regularly by estimating reverse 
transcriptase activity in the culture supernatant. The lymphocytes of all ten 
chimpanzees replicated the virus very well (reverse transcriptase activity 
60,000-150,000 cpm), while cells from only three rhesus monkeys replicated 
LAV although at a low level (10,000-20,000 cpm). 

Infected lymphocytes from two chimpanzees and five rhesus monkeys were 
injected back into donor animals. Thereafter, the animal? received several 
injections with purified LAV. These animals proved to be healthy so far. 

Sera were taken every two weeks from all the animals mentioned in this 
communication. Sera were tested by means of a solid phase radioimmunoassay 
for reaction with purified LAV/HTLV-III. The sera were also tested by means 
of an enzyme linked immunosorbens assay (Elisa) for antibodies reacting with 
HTLV-III by Dr. J.A. Hellings (Organon Scientific Development Croup, Oss, 
The Netherlands). The chimpanzee infected with blood from an AIDS patient 
became antibody positive two months after inoculation and remained this for 
more than two years. One chimpanzee inoculated with his own lymphocytes, 
which were infected in vitro, developed antibodies within three weeks and 
remained positive throughout 1984. The other chimpanzee infected in this way 
became clearly positive after seven weeks and alsc remained positive for the 
rest of the year;. 
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A survey of sera from hundred chimpanzees in our colony revealed four 
more positives. It is unlikely that these animals have been infected with 
LAV/HTLV-III by contact with the intentionally infected chimpanzees. These 
four apes have been used in studies on non A-non B hepatitis or on vaccina¬ 
tion against hepatitis B. It remains to be investigated whether there is a 
cross-reaction between hepatitis viruses and LAV/HTLV-III. More likely is that 
human samples used in these studies as a challenge material were contaminated 
with this AIDS associated retrovirus. 

The rhesus monkey sera were also tested by Elisa and radioimmunoassay 
for antibodies to LAV/HTLV-III, using a rabbit antiserum to rhesus monkey 
immunoglobulins. This latter antiserum proved to be very useful for detecting 
various kinds of antibodies in rhesus monkey sera. However, none of the 
monkeys mentioned in this communication had antibodies to LAV/HTLVIII. This 
finding suggests that the virus replicates poorly in rhesus monkeys, although 
it is not excluded that it persists in these animals. 

Chimpanzees in contrast to rhesus monkeys, seem to be suitable animals 
for studying LAV/HTLV-III replication in vivo. They provide the best animal 
model for testing vaccines with regard to the induction of resistance to virus 
replication. 

Barré-Sinoussi, F. et a l . , Science 220 (1983) 868. 
Levy, J.A. et a l . . Science 225 (1984) 840. 
Popovic, M. et a l . , Science 224 (1984) 497. 
Ratner, L. et a l . . Nature 3B (1985) 277. 
Wain-Hobson, S. et a l . . Cell 40 (1985) 9. 
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A COMPARATIVE APPROACH TO THE QUESTION OF WHY 
HUMAN INFANTS DEVELOP SO SLOWLY 

H. Dienske 

Human infants develop very slowly. No other mammal species is helpless 
for such a long period of time. Rhesus monkey infants, e . g . , are already 
capable of locomotion after one week of age. In apes this takes a few months; 
this is relatively long but still much less than the 9-month-long incapability of 
locomotion in humans. This helplessness, that concerns perception, cognition 
and motor capacities, offers several problems to the human caregiver. Young 
babies give little response to talking and smiling, which is often felt to be un¬ 
rewarding. As long as the infant is incapable of locomotion, it must be carried 
or transported, and active exploration of the environment is limited. So, the 
helplessness requires much initiative by caregivers. This makes the human 
infant vulnerable to social deprivation, which is a well-known risk factor for 
developmental retardation and psychiatric deviations. 

The reasons for the slow development of humans are poorly understood. 
One way to improve our insight is making detailed comparisons among the de¬ 
velopmental histories of humans, apes and monkeys. Such comparisons are also 
important for the application of nonhuman primates as models for human 
development. 

A reason for the longer helplesness of human babies might be that a 
larger, more advanced neonate cannot pass the pelvic passage because the 
human passage closely matches the head size cf the newborn. It seems possible 
that this constraint has resulted in a shorter pregnancy. However, this turns 
out to be unlikely, Gestation time of mammals in general is primarily a function 
of female body weight. It also slightly depends on neonatal brain weight 
IHu!.-'an, 1983). According to Hofman's equation, human gestation time closely 
matches the prediction for mammalian species ranging from mouse to elephant. 

The possible explanation that prolonged helplessness results from a limi¬ 
ting pelvic passage is also weakened by the fact that in apes this passage is 
much larger than the newborn's head (Leutenegger, 1982) but that their 
development still is considerably delayed in comparison with monkeys. 

It could be that the motor behaviour of the human neonate is relatively 
immature because the brain is disproportionately sma" in sire. Again, this is 
not supported by the data: human neonatal brain weight '. similar to 'hat of 
other primates (Leutenegyer, 1982), namely about 12% of the body weight 
(Sacher, 1982). This applies not only to the newborn but is also true for the 
entire period of fetal growth (Hofman. 1983). So during lurnan evolution, the 
fetal and neonatal brain-to-body ratio seemed to remain at approximately >2%. 
However, qualitative observations suggest that the human baby has 
considerably more subcutaneous fat than nonhuman primates. If this extra fat 
amounts to 10%, the human neonatal brain is 14?, of the body weight. 

In humans, the adult brain is three tines as large as expected for a non-
human primate of that body weight. It is possible that the long human help¬ 
lessness can be understood from the way such a large brain develops. It has 
been shown that this is not primarily due to a proportionately larger fetal 
brain, but there are two other possible mechanisms. 
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Firstly, the rapid fetal brain growth rate can be extended beyond birth 
(see Fig. 1 ) . This is not the case in rhesus monkeys, as the fast fetal brain 
growth rate slows down around birth (Hofman. 1983). In chimpanzees, this 
change seems to occur at roughly half a year of age. In humans, the rapid 
fetal brain growth is continued for more than a year after birth (see Fig. 1 ) . 

1,000-

500-

oJr-
-1 

man, if fetal growth rate would be 
as in nonhuman primates 

chimp 

rhesus 

age (year) 

birth 

Fig. 1: brain growth as a function of age. After data given by Passingham 
(1982) and Hofman (1983). The hypothetical human brain growth is 
based on a neonatal body weight of 2200 g predicted from nonhuman 
primates, of which 10% is brain weight. 

Alternatively, the fetal growth rate can be accelerated. This manner of 
achieving a larger adult brain probably took place during human evolution. On 
a double log scale, maternal and neonatal body weights of monkeys and apes 
fit the same straight line. This graph predicts a human neonatal weight of 2200 
g (Leutenegger, '982). In Western countries, the actual value is more than 
one kilogram heavier. Fig. 1 gives a hypothetical human brain growth based on 
nonhuman fetal growth, which would result in a birth weight of 2200 g of 
which 10% is brain weight. The gain due to acceleration is considerable. 

Prolongation beyond birth (apes, humans) and acceleration (humans; of 
fetal brain growth rate result in a heavier adult brain. This implies that the 
neonatal and infantile brain is a smaller portion of its final adult weight. In 
rhesus monkeys, chimpanzees and man, these portions are about two-thirds, 
one-half and one-quarter, respectively (Passingham, 1982; Hofman, 1983). A 
lower value implies a greater immaturity if many parts of the neonatal brain 
are still in a vestigial stage of functioning. This would explain why the early 
helplessness increases in the order of rhesus monkey, chimpanzee and man. 

260 



This raises the question whether there is a connection between the percentage 
of the adult brain weight that has developed and the first appearances of 
behavioural capacities? 

A schematic, preliminary representation of the ages at which various 
characteristics appear is given in Fig. 2. Developments in the rhesus monkey 
are much earlier and faster (steeper line) than the other two species. Chim¬ 
panzees are 3 to 7 month» earlier than humans, depending on the trait. 

These graphs can be used to address the question whether the delays in 
the developments of apes and humans are connected with the percentage of the 
adult brain infants have attained at various ages, as given in Fig. 1. From 
Fig. 2. it can be derived that the development of motor capacities, off-mother 
and social play are roughly comparable for the three species at the ages of 1, 
9 and 12 months. At these ages, the percentages of adult brain weights are 
about 80, 75 and 60, which are more equal to each other than the values at 
birth (67. 50, 25). At ages of 2, 16 and 24 months for the respective species, 
the differences are even less: 90, 85 and 80 per cent. So, behavioural 
maturation seems to a certain extent to be related with the nfantile brain 
weight expressed as a percentage of adult brain weight. This supposition 
makes it understandable that in the species considered a larger adult brain is 
accompanied by a slower development. 

© play-face or smile 

\ 7 end of pha;e with fetal rate of brain growth 

leveling off 
play 

leveling off 
off-mother 

walk free 

stand free 

quick increase 
play with infant 

quick increase 
off-mother 

creep 

sit 

lift head 

Fig. 2: Approximate ages at which certain behaviour patterns are first 
shown. See Dienske (1984) for references. 
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Another question is whether the age at which the change from a rapid 
"fetal" to a slower "infantile" brain growth occurs is in keeping with the 
development of the motor capacities given in Fig. 2. These approximate ages 
are represented by triangles in Fig. 2. The data suggest that the decrease in 
brain growth rate has taken place at a progressively later stage of behavioural 
maturation during phytogeny. At this point, brain growth rate and motor be¬ 
haviour development do not match. 

In Fig. 2, a behaviour is given that also does not correspond with the 
developmental sequences of motor capacities, off-mother and social play. The 
play-face (or smile) in the rhesus monkey appears at about the same time as 
social play does. It is shown mainly during the wrestling-type play between 
infants. A play-face during interactions with the mother is at least unusual in 
rhesus monkeys. In chimpanzees, however, smiling develops at a much earlier 
stage, long before playful interactions with other infants are common. Unlike 
in the rhesus monkey, the smile is first shown during tactual interactions with 
the mother (Plooij, 1984). In humans, the smile develops at about the same 
(chronological) age as in chimpanzees, i .e. , again at an earlier stage of 
development. So the slower the development, the sooner the smile appears. 

Moreover, the richness of the behavioural repertoire of acts that are 
specifically shown between mothers and infants in the species considered in¬ 
creases with the duration of helplessness (see Dienske, 1984). Rhesus mothers 
carry, reject, retrieve and groom their infants. Chimpanzees do the same, but 
tickling, smile, gaze and kissing are common maternal acts not characteristic of 
monkeys. Human parent-infant interactions are enriched with talking, offering 
objects and special time devoted to teaching. A slower development apparently 
is accompanied by a larger repertoire of mother-infant interactions. 

If this were nol the case, the early postnatal life would be spent in an 
inertia that may be regarded as an unavoidable "by-product" of a larger adult 
brain. At least in humans, inertia and lack of stimulation due to hospitalization 
or parental neglect is disadvantageous for behavioural development. During 
human evolution, the selection pressure favouring a larger adult brain might 
have been counteracted by negative effects of inertia. Consequently, selection 
favoured infants which were earlier capable of giving positive communicatory 
f-edbacK. This would explain the shift of smiling to an earlier phase of the 
development of motor capacities. 

The implication of this reconstruction is that the long helplessness of the 
human infant is primarily due to the evolution of a bigger brain. Social 
stimulations shifted back to earlier stages of the development of motor 
capacities. The vulnerability of the human baby to social deprivation, i.e. lack 
of stimuli, seems to be the price to be paid for a bigger brain and the 
concomittant high degree of intelligence. 

The comparative approach also indicates that the quickly developing 
monkeys are less appropriate animal models for research on the effects of 
social deprivation than are apes. 
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VOLUNTARY ALCOHOL CONSUMPTION BY RHESUS MONKEYS 

M. Kornet, C. Goosen, L.C. Ribbens 

Addiction to alcohol constitutes a major health problem in the contem¬ 
porary Western society. Numerous studies both in man and experimental 
animals have been concerned with the various effects of alcohol. Nevertheless, 
little is known about the ontogenesis of the addiction, i.e., the transition from 
voluntary drinking to an addiction syndrome. This transition normally escapes 
the attention of the practitioner because problems come to his attention when 
the addiction problem has established itself already. It has not been studied in 
experimental animals because the normally used species, rats and mice do not 
readily consume alcohol voluntarily. Occasional reports suggest that non-human 
primates might be more willing to drink alcohol, therefore we decided to in¬ 
vestigate to what extent rhesus monkeys would voluntarily drink alcohol. 

The subjects were four male rhesus monkeys (VJ, LH, 2U and TS; body 
weights between 7 and to kg) which were housed in separate cages in a 
monkey room inhabited also by four other individuals. Each of the subjects had 
continous access to two 500 (or 250) ml drinking bottles, one containing an 
alcohol solution in water and the other pure water. Spoiling of liquid from the 
bottle by leakage or manipulation was negligeable. The amount of liquid drunk 
from each bottle was measured at 9.00, 10.30, 12.00, 12.30. 15.00 and 16.30 
hours daily on working days and at 9.00, 12.00, 16.30 hours during the 
weekends. After measurement the bottles were refilled so that the liquids were 
available almost ad lib. Location of the bottles was changed daily so that any 
preference for the subject to drink at a certain location could not be mistaken 
for a preference for a liquid of a certain alcohol concentration. 

in the first experiment, the subjects were presented with a 2 percent 
alcohol-water solution during 27 days and after a 19 day period of abstinence, 
again for 14 days. 

Fig. 1 gives the volume of pure alcohol consumed daily by the various 
subjects. The figure illustrates that all four subjects showed a steep rise 
within the first three days from about 15 ml or less during day 1 to about 40 
ml during day i. This level may then be more or less stable (LH), show a 
more gradual slight increase (2U), or decrease (VJ, TS) and then after day 10 
do not change significantly. During this period, three subjects (VJ excepted) 
drank significantly more from the alcohol solution than pure water 
(Mann-Whitney U test). These results show that rhesus monkeys voluntarily 
drink alcohol within a few days after gaining access to the substance. 

After abstinence, 3 of the 4 subjects drank initially relative large amounts 
of alcohol as compared to that drunk before abstinence (the probability of 
drinking this volume or more was for VJ, p=4/31, TS, p=2/31, 2U, p=1/31). 
Then the volume of alcohol consumed tended to gradually decrease. LH, 
however, had on day 1 after abstinence a relatively low alcohol consumption 
(p=30/31), which then rose. In all subjects, the mean daily alcohol consumption 
after abstinence was significantly less than before (compare mean consumption 
before and after abstinence. VJ: 15.3-9.2 ml, Mann Whitney U test p< .01; 
LH: 32.9-11.9 ml, p<.0001; 2U: 42.8-19.2 ml, p<.0001; TS: 26.4-13.4 ml, 
p < .0001). During this period only subject TS still showed a significant pre-
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Fig. 1: Daily consumed volume of alcohol consumed as a 2 % v/v alcohol 
solution by four subjects, VJ, LH, 2V and TS during their first 
contact with alcohol (from day 0) and after a 19-day period of 
abstinence. 

ference for the 2 percent alcohol solut'on over water. These results suggest 
that experience with drinking alcohol has different effects on the indiviuals 
drinking behaviour at a later period of access to alcohol in different ways: a 
shortlasting stimulation of alcohol intake and a longer lasting suppression. 

A second experiment was performed to investigate to what extent the 
subjects preferred more concentrated alcohol solutions and whether such 
preference influenced the daily volume consumed. In this experiment the 
subjects had, besides pure water, access to two different alcohol solutions. 
The concentrations presented simultaneously during four successive 
experimental periods were: 2 and 4 ( I ) , 4 and 8 ( I I ) , 8 and 16 ( I I I ) , and 16 
and 32 ( IV) percent, respectively; presentations lasted 2-4 weeks. 

The results showed that the subjects drank from all solutions. The mean 
volume of alcohol drunk increased with the concentration upto 8 or 16 per 
cent. LH had a somewhat different pattern because he drank less alcohol from 
the 16 per cent solution than from the 8 and 32 per cent solution in the 
simultaneous presentation. VJ initially drank comparatively large amounts of 
alcohol from each new, more concentrated solution after which the less con¬ 
centrated alternative was preferred. In all four subjects the daily amount of 
alcohol drunk from one concentration showed a weak, but consistently negative 
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correlation with the amount drunk from the alternative solution. This suggests 
that each animal sought to drink a certain amount of alcohol by ingesting the 
different solutions rather than that it sought to drink from a specific 
concentration. 

The total daily amount of alcohol consumed during the subsequent periods 
is illustrated in Fig. 2. It shows that the mean consumption tended to increase 
after period I and after that it may further increase (2U), level off (LH) or 
decrease (VJ, TS), but few differences were statistically significant. ~ig. 2 
also illustrates that daily variation in alcohol consumption increased 
understandably with the mean volume consumed. But in later periods the 
variation could remain large when the mean consumption decreased. In other 
words, when the alcohol concentration was high, the consumed volume varied 
greatly also. Further analysis showed that the variation in consumed volumes 
was erratic, but not fully random, i.e., days with a relatively large (or small) 
consumption as compared to the previous day were significantly more often 
followed by days with a relatively small {or large) consumption (Chi square 
tests VJ, p<0 05, LH, p<0.02, 2U, p<0.0001, TS, p<.001). In other words 
days of moderate drinking were alternated with days of relatively heavy 
drinking. 
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Fig. 2: Daily volumes of alcohol consumed during experimental periods 1—IV. 
Mean = horizontal line mean, median = broken horizontal line , range 
= vertical line, 68 percent confidence range between 16th and 84th 
percentile = vertical bar. Alcohol concentrations in simultaneously 
presented solutions during periods I to IV were 2 and 4, 4 and 8, 8 
and 16, 16 and 32 percent, respectively. 
*Mann-Whitney U test, p<0.05 
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Whether or not differences in alcohol consumption between the four 
experimental periods ar^ caused by differences in concentration of the alcohol 
solutions or, for instance, just the duration of the experience with alcohol 
drinking remains to be determined. Nevertheless, the present results clearly 
demonstrate that, in a free choice situation, rhesus monkeys are quite willing 
to drink alcohol. The amount of alcohol consumed is appreciable: a daily 
consumption of 25-100 ml alcohol by a rhesus monkey would be comparable to 
e.g. 3-12 bottles of wine by an adult human male on the basis of body weight 
or about 40% percent of this on the basis of body surface. It seems likely 
therefore, that alcohol drinking in rhesus monkeys might provide a suitable 
model for studying how addiction to alcohol develops and what steps could be 
taken to prevent such a course of events. 
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