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Inhalation of insoluble particles of Plutonium dioxide (PuO~) has been exten
sively studied by LAFUMA (1974), SANDERS (1976) the main hazardous action is to 
confer a probability of lung cancer after a variable latent period. This proba
bility increases with the dose delivered to lungs,but not all animals will de-
velopp tumors. So, the modality of the appearance of lung tumors is a fundamental 
question for the strategy of radioprotection. If the induction of tumors is 
distributed at random,the studies of radioprotection are confined to dose-effects 
relationships, but if individual susceptibilities exist it is also necessary to 
research factors of susceptibilities and to define the high risk population. 
This paper discusses the interactions of two possible factors of risk with Pu02 

indu 'd tumors. 
•a first concept tested was this of imuunosurveillance. This hypothesis, 

developped by BURNET (1964)»suggests that, during neoplastic changes cells ac
quire new antigens (tumor specific antigen TSA) which are foreign to the' host. 
Such cells with TSA are rejected as allografts but, if a defect in the immune 
response occurs, the clones of malignant cells are tolerated. This is supported 
by the observation that malignant tumors are more frequent in infancy and old 
age than at others ages (GATTI and GOOD, 1970) and in conditions of acquired 
deficiency during chronic immunosuppression in transplanted patients (PENN, 
1974). ~ 

experimental data are conflicting, in viral carcinogenesis it has been 
shown by MALMGREN, RABSON, and CARNEY, (1964) that immune depression.enhanced 
the development of tumors. A depression of cell-mediated immunity during the 
latent period of chemically induced tumors conducted to inconclusive results, 



in some experiments an enhancing effect was described by NISH1ZUKA, NAKAKUKI, 
USUI (1965) and TRAININ and LINKER-ISRAELI (1967) whereas no effect could be 
shown by LAW (1966), or BALNER and DERSJANT (1966). The purpose of this paper 
is to observe the potential effects of manipulating (and particulary depressing) 
the cell mediated immune functions of rats submitted to plutonium inhalation. 

The second concept tested is the influence of strains of experimental 
animals. Genetic factors can also influence the incidence of cancers, wether 
they occur spontaneously or after the administration of carcinogens. Resistance 
to neoplasia involves many processes affected by specific or no specific immune 
reactions, for example RUCO and MELTZER (1978) reported that development of ac
tivated cytotoxic mouse macrophages is controlled by a gene closely linked or 
identical to the endotoxir rt sponse gene. Strain variation has been shown for 
chronic pulmonary inflammation by ALLEN, MOORE and STEVENS (1977) and develop
ment of activated tumoricidal macrophages by BORASCHI and MELTZER (1979). In 
the other hand, CHADWICK and LEEHOUTS (1978) have proposed the existence of two 
types of individuals in a population, according to they are carriers or not of 
a malignant genotype. So,the same protocol of immunomodulation was tested on 
two strains of Wistar rats oubred or inbred. 

MATERIALS AND METHODS 

ANIMALS 

Inbred Wistar AG strain initially purchased by CNRS Orléans la Source and 
random-bred Wistar (obtained from our own breeding colony) were used. They were 
fed a standard diet (SANDERS AG4 pellets) and given water ad libitum. Three 
months old outbred Wistar and four months old inbred Wistar AG, male and female 
were used for PuÛ2 inhalation. 

MODIFICATION OF THE IMMUNOLOGICAL BALANCE OF THE HOST 

Except thymectomy modifications of immune balance are induced during the 
first 4 months after inhalation. , 

Azathioprine (Imurel-Wellcome) (AZA) was given in suspension by gastric 
intubation 5 mg/kg body weight in 1 ml of saline, three times a month. 

Hydrocortisone (Roussel) (HYD) 100 mg hydrocortisone/kg body weight in 1 ml 
of a saline suspension was injected once a week intraperitoneally. 



Thymectomy and sham operation were performed 24 hours after the birth 
of rats according to the technique already described by DISCKLER and RUDALI (1961). 
The sternum was split, about 5 mm in the midline, and the thymic lobes were aspi
rated through a Pasteur pipette connected to a vacuum pump. Care vas taken to 
avoid cannibalism by mothers. The completeness of the thymus removal was verified 
at necropsy and on histological slides after systemic sampling of the tissues in 
the thymic area. 

BCG supplied by Institut Pasteur (Paris) was inoculated subcutaneously 
at dose of 0.4 mg/kg body weight in 0.1 ml of valine two times per month. 

INHALATION DEVICE 

The inhalation device has been previously described by METIVIER (1977). 
The oxide was obtained by double calcination of plutonium peroxide at 1000° C. 
239Pu()2 dust had a Count Median Diameter (CMAD) of 2.06 \m (0 - 1.28), 

CALCULATION OF DELIVERED DOSES 

Initial lung burdens were determined by external chest counting seven 
days after inhalation using a proportional counter described by LANSIART and 
MORUCCI (1964). Lung burdens at death were determined in the same way. Less 
than 0.5% of the initial lung burden was translocated outside the lungs. Lung 
clearance was measured in control and treated rats based on initial and final 
burdens. It could be fitted by single exponential equation, the half time 
of which being 170 days in outbred Wistar and longer (about 200 days) in -inbred 
Wistar AG treated or not. The radiation doses were smeared doses according to 
McCLELLAN (1972) assuming 2 g for fresh lung weights'. The total mean dose deli
vered to lungs in each group was evaluated between 2000 and 2300 rads. 

HISTOPATHOLOGY 

Autopsies of all rats were performed inmediadly after death or sacrifice 
when animals were moribond. A careful examination of all organs was done and 
all tissues with suspected neoplasms were collected for histological examina

tion. 

The lungs en bloc were fixed and embedded. Lung tumors were diagnosed 
on large slices of whole tissues sectionned along the longitudinal axis. Size 
location, extension and metastases of tumors were recorded. Cancer staging 



was performed according to the recomroendationsof PETERS (1977). 

PROTOCOL OF EXPERIMENT 

384 inbred Wistar AG and 168 outbred Wistar of two sexes, sensibly in 
same number,were used. The number of animals in each experimental group is 
given in table I,for controls rats, and in table 2 for rats exposed to PuO» 
inhalation. 

RESULTS 

EFFECT OF IMMUNOMODULATION ON SPONTANEOUS TUMORS 

The results obtained with inbred Wistar AG rats are reported on table 3. 
In 138 controls analyzed (mean life span 744 days) the frequency of mammary 
tumors was 9.3Z, these tumors arose late in the life of animals and aid 
not modified their survival time (mean life span of rats bearing mammary tumors : 
914 days). The incidence of others tumors, all extra pulmonary tumors was 82 with 
a mean life span of tumors bearing animals of 629 days. A significant decrease of 
life span was observed with immunosuppressive drugs respectively 623 days (AZA 
group) and 632 days (HYD group). Despite this effect,tumor incidence of extra 
pulmonary tumors was significantly increased after treatjient by AZA (25Z) but 
these tumors did not appared earlier since the mean life span of animals with 
tumors was longer than in controls. 

The thymectomized group with a mean life span comparable to controls, 
exhibited also a significant increased frequency of extrapulmonary tumors , 
(26Z) and even mammary tumors < 17Z) -

In the group stimulated by injections of BCG,no modification of incidence, 
• in any tumors,was observed in spite increased life span (792 days). 

In outbred strain (table 3), the mean life span (746 days) and spontaneous 
incidence of tumors (6%) were comparable, but the life span of animals with tumors 
was significantly increased (832 days). Mammary tumors were more frequent in this 
strain. 

A decrease of life span (676 days) was induced by AZA as in inbred rats, 
but the number of animals was insufficient in this group and the weak increase 
in frequency of mammary tumors and others (with a bronchiolo alveolar carcinoma) 
was not significant. 

t? * 



The life spar, vas also reduced in the thyroectomized group, despite tî»is 
observation,tumor frequency vas tremendously increased in this group (50Z). 
Thymectomy seemed to accelerate the out-growth of tumors (650 days). If a 
continuous increase of tumor frequency could be observed in senescent controls» 
in the thymectomized group tumor frequency was found maximal between 575-750 
days and then decreasing. This was in contradiction with results obtained in 
AG strain. 

In BCG treated rats the mean life span (723 days) was not modified, 
and results in tumor frequency were not significant. 

EFFECT OF IMMUNOMODULATION ON INCIDENCE OF LUNG TUMORS INDUCED BY 
INHALED PLUTONIUM DIOXIDE. 

The incidence of lung tumors was expressed as the number of animals with 
tumors versus the total number of animals dying after the first cancer diagnosed, 
i.e. animals "at risk". The survival time was counted from day of inhalation. 

The results for inbred rats were reported on table 4. The control value 
of lung tumor frequency (56.5 X) was not modified by immunosuppressive drugs 
(AZA or HYD treatment). Increase of extrapulmonary tumors was confirmed only 
in AZA treated rats. 

Immunostimulation by BCC did not protect against induced lung cancer or 
spontaneous tumors but mean life span of tumors bearers was a little increased. 

In outbred rats the results seemed confirmed although the number of rats 
was restricted. 

From comparison of results after neonatal thymectomy in the two strains 
(table 5) we can conclude that : 

- No difference was detected in lung tumor incidences in oubred rats 
thymectomized or not, but a weak increasing effect was observed in 
inbred strain. 

- An augmentation of spontaneous extrapulmonary tumors was confirmed 
in the two strains. Nevertheless after PuOj inhalation an important 
decrease in frequency of these tumors was observed in outbred rats 
(50 % to 24 Z) but not no change was observed in inbred rats (26 
to 23 Z). 



EFFECT OF IMMUNOMODULATION ON TYrE AND SIZE OF TUMORS INDUCED BY Pu0 2 

INHALATION 

Lung tumors <iie grouped according to the classification of W.H.O. in 
accordance with MASSE (1979). Bronchogenic adenocarcinomas, squamous cell, 
adenosquamous, large cell, giant cell are grouped in the first class, in 
the second papillary and compact bronchiolo alveolar carcinomas 90Z of tumors 
are represented in these two groups. In the third group are figured mesenchymal 
tumors : lymphoreticular sarcomas and angiosarcomas. 

Bronchioloalveolar carcinoma and bronchogenic tumors are equally repre
sented in controls but in all treated groups a shift towards the bronchogenic 
type i s observed particular y after thymectomy or BCGin inbred rats (table 6). 

Lung tumor invasiveness is recorded according to the staging described 
in a previous studie NOLIBE, MASSE and LAFUMA (1979b). Size is classified 1 
to A, pleural and lymph node invasion was the ratio between the number of ex
tending tumors versus the total number of tumors within the group. 

It is observed in controls (table 6) that size of bronchogenic tumors 
is greater than size of bronchiolo alveolar carcinomas, local invasion is 
inferior to 20Z and metastasis outside the dust is unfrequent (10Z). The signi
ficant increase of size and invasiveness is observed after thymectmoy or BCG in 
bronchogenic and in bronchiolo alveolar type, but no increase of metastasis 
outside the chest was observed. These results have been also described at dif
ferent doses in Wistar outbred rat3 (NOLIBE, 1977) 

DISCUSSION 

Our observations an the extension of earlier studies (NOLIBE, 1977a) 
(NOLIBE, MASSE, LAFUMA, 1979 b). Although these results are subject to various 
interpretations several conclusions can be drawn. 

1° These results give a good evidence that AZA treated rats and particu
larly thymectomized rats have a greater incidence of spontaneous tumors. 

« 
2* According to strain used, immunodepression have no or weak enhancing 

effect on Pu02 tumor induction. 

3* A significant effect on size, local invasiveness of pleura and lymph 
nodeswas observed after immunodepression for lung tumors induced by PuC>2. This obser
vation was not correlated with an increase of metastasis (outside the chest) or 
a reduction of life span. 



4° A shift of lung tumors towards bronchogenic type was observed in T 
cells depleted rats. 

5" BCG treatment had similar effects on type, size and local invasiveness 
than T cell depletion. No protective effect on spontaneous tumors or induced 
tumors was observed. 

6* These modifications induced by our treatments are observed in outbred 
rats and in inbred rats but at différents levels. 

We must discuss these différents points. In our hands, complete neonatal 
thymectomy increase unequivocally the incidence of spontaneous tumors. Data 
collected in man are contradictory, PIFER (1963) reported an increase of neo
plasms in children treated by X rays for thymic enlargment but VESSEY (1979) 
mentionned no effect on tumor incidence after thymectomy on a group of 381 
patients. 

Our results are not correlated with observations in athymic mice 
(STUTMAN, 1978) or in thymectomized mice (SANFORD, 1973). Also recent studies 
of HERBERMAN (1978) have demonstrated that an immune resprnse against tumor 
antigens can occur by various pathways in nude mice. The negative results 
observed in thymectomized mice by SANFORD (1Ç73) were perhaps correlated 
with the high tumor incidence in the strain of mice used. 

Further,ROUBÎNIAN (1976) showed that the character of the changes in 
immune responses is dependant of experimental parameters, and an important 
point was to ascertain the degree of immune depression of each animals thy
mectomized. 

An important difference in spontaneous tumor frequency vas observed 
between outbred (50Z) and inbred rat (26Z). Mean life span of thymectomized 
outbred rats was significantly lower than chat of control outbred. This fact 
suggested that higher tumor incidence was for a part correlated with non 
specific factors affecting the general health of animals. However the in
crease of spontaneous tumors frequency without life span modification 
in outbred rats could be related to thymectomy with a good evidence. 

The second point of discussion was the frequency of lung cancers in
duced by plutonium dioxide in the immunodeprimed animals. The results obtained 
in such animals, with chemical carcinogens are contradictory, TRAININ and 
LINKER-ISRAELI (1967) showed an increased susceptibility of mice thymecto-



mized at birth to the carcinogenic effect of certain hydrocarbons. No diffe
rence in the percentage of tumor bearing animals was observed by GRANT and 
MILLER (1965) or LAW (1966) after subcutaneous injection of aythylcholan-
threne. 

In our experiment results on radiation induced carcinogenesis, T 
cells depletion had no effect : on frequency of tumors (of different types) 
per animal and on metastasis to others organs ; the tumor incidence in the 
group,expressed as the ratio of cancer bearing animals versus animals 
"at risk" was not found statistically different in outbred rats, immunode-
primed or not, but a weak increase vas observed in thymectomized Wistar 
outbred. This is an important point that effects could be different in 
different strains. 

The exact time of appearance of lung tumors (latency) could not be 
determined and it is difficult to say if tumors appeared earlier in immu-
nosupressed animals. However, the mean life span of animals bearing tumors 
was not shorter than in control group, strongly suggesting that these tu
mors did not kill the animals as observed in first tansplants (NOLIBE to 
be published). 

The general usulfulness of our model depends of induction and mainte
nance of immunodeficiency and on full documentation on the suppression state. 
HYD treatment is know to reduce the number of small unreactive thymocytes 
and/or the activity of killer cells (FERNANDES, 1975) but no 
increased incidence of neoplastic disease was observed, indicating that 
drug damaged cells of the immune system were replaced after cessation of 
treatment. The selectivity of AZA was yet a subject of controversy, but 
in vivo OTTERNESS and CHANG (1976) have reported an equivalent depression 
of both the humoral and cellular responses (K cell). The validity of immuno-
depressiôn was confirmed by increase in frequency of spontaneous tumors. 
Neonatal thymectomy has been shown to prevent seeding of peripheral lymphoid 
tissue with T cells ; when thymectomized rats were tested in adult life they 
conserveJ significantly depressed inununity. However the wasting disease that 
follows neonatal thymectomy in mice was not observed in inbred strain and 
seldom in oucbred rats. 

It was known that immunosurveillance was less effective against non 
immunogenic tumors : we have tested immunogenicity of several Pu(>2 induced 
lung tumors in inbred rats by challenging animals preably surgically cured 
of a first graft (NOLIBE to be published). In fact all radiation induced 
tumors tested were weakly antigenic even if they originate from thymecto-



raized rats. This observation could explain, the lack of any effects upon lung 
tumor frequency. In fact the more efficient cellular reaction was expected 
in the early stages of tumor growth, when the antigenicity of newly trans
formed cells may be fully expressed, oppositely to late stages (tested here) 
when the least antigenic clones of tumor cells may have been selected. In a 
next experiment the evolution of antigenicity must be carefully tested. Unfort
unately we have not tested immunogenicity of spontaneous tumors. 

Unequivocally AZA treatment and thymectomy have a stimulant action on 
tumor development : significant increase in stage and lecal invasiveness to 
mediastinal lymph nodes was observed in the two strains. The reasons were 
not entirely clear. Increase of survival time could explain these differen
ces only in few cases. It is also possible that tumors, occuring earlier in 
immunodepressed rats, were more developped and invasive. It should be neces
sary to measure the real latency and doubling time of the tumors. 

However an immunologic hypothesis can be also envisaged by an overhelming 
of local defense mechanisms in the stroma surrounding tumors. It was sugges
ting by ZINZAR, SVET-MOLDAVSKY and KARMANOVA, 1978, that some kinds of stromal 
cells are natural killers. The destruction of these cells may be the cause 
of tumor growing. 

Associated to these results in AZA and thymectomy treated groups a shift 
was observed to bronchogenic carcinomas. An increase of squamous carcinoma 
was also described by NORBURY and KRIPKE (1978) in T depleted mice. It is 
possible that immunosuppresives drugs may affect the controls cells in the 
stroma, bronchic epithelium being rapidly proliferating tissue, this loss 
of control permitted expressitn of spontaneous neoplastic cells. 

In fact squamous carcinomas presents some particularities we have obser
ved that the habitual infiltration of lymphocytes associated to proliferating 
tumor cells "stroma reaction" was greatest in bronchogenic carcinomas and al
ways more effective with bronchiolo alveolar carcinomas. It was also observed 
that these tumors have an original comportment after grafting in syngeneic 
rats, they have a good growth rate but very seldom killed animals or metas-
tased. 
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We have found that BCG have a beneficent effect on growth of tumoral 
cell lines established from différents PuO- induced lung tumors and inocula
ted to syngeneic rats (NOLIBE, (d) to be published) but the finding that 
rats treated during latency period of inducted tumor» have a enhancement of 
tumor development without modification of tumor frequency if of particular 
interest. This is in good agreement with result on established grafted tumors. 
In these models several investigators have found that immunotherapy is po
tentially growth enhancing. The BCG tumor enhancement could be explained 
by two possibilities MITCHELL, MOKYR and DAVIS (1974) described an increase 
in serum blocking factors in patients receiving BCG and FLORENTIN (I978) 
reported the BCG induction of suppressor cells activity in rats. In the 
other hand, it was mentionned by BALDWIN and PIMH (1973) that grafted 
weakly immunogenic tumors were enhanced rather than suppressed. From a 
theoretical and pratical point of view, we have to say at least that fur
ther studies on mechanism of enhancement of tumor growth is necessary for 
design of clinical use of BCG. 

Several differences between the two strains used were observed : life 
span expectancy, incidence of spontaneous tumors, incidence of induced lung 
tumors. It is known since a long time than spontaneous or induced tumors 
are influenced by genetic factors. Genetic influences can be exerted through 
variation in probability of mutations or in capacity to initiate specific 
immune responses or to express the consequences of specific immunity. These 
possibilities were important in the research of the best model for radiobio-
logists. 

The comparison in the Wistar strain, outbred or inbred, have shown no 
difference in spontaneous tumors incidence except for mammary tumors. But 
after AZA treatment or thymectomy a significant difference was observed 
Thus, within the same strain subclasses of individual susceptibility may 
be selected. Here, in breeding tented to eliminate potentially high risk 
individuals for unknown agents leading to the so called "spontaneous 
tumors". This high risk group was only revealed by T cell immunodepression. 
This result emphasizes the potential complex role of genetic factors on 
individual response. 



ABSTRACT 

After inhalation of radioactive particles only some rats developped lung 
tumors. It was interesting to see vheter this vas a random effect or the 
result of different individual susceptibilities. Amount the possible indivi
dual differences, cell mediated mechanisms and genetic factors have been 
reported. The relationships between cancarogenesis and host immune status 
are tested on rats submitted to an inhalation of plutonium dioxide particles 
after depression by azathioprine, hydrocortisone or thymectomy. The effects 
of immuno stimulation by BCG are also studied. 

The influence of genetic factors is studied vith the same protocol on 
two strain of Wistar rats outbred or inbred. 

The incidence, nature, size, extension and metastases of tumors are 
compared between the groups. 

Results give a good evidence that AZA treated rats and thymectomized rats 
have a greater incidence of sponceneous tumors. This effect is observed at 
different levels in the two strains of rats. 

According to strain used, immunodepression have no or weak enhancing 
effect on P11O2 tumor induction, but significant effect of development of tu
mors is always observed. 

A shift towards bronchogenic type is also observed. 

BCG have also an enhancing effect on development of tumors and no protec
tive effect on their incidence. 
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TABLE 1 

Number and sex of animals in the different groups of controls 

Treatment 
Animals at beginning 
of the experiment 

Total Male Female 

Number of animals 
analyzed* 

Total Male Female 

No treatment 
or 

sham thymectomy 

Inbred Wistar AG rats 

145 70 75 138 63 75 

Azathioprine 

Hydrocortisone 

16 

16 

16 

16 

8 

8 

Neonatal 
thymectomy 48 24 24 46 23 23 

BCG 16 

Outbred Wistar Rats 

15 

Sham thymectomy 

Azathioprine 

32 

16 

18 14 31 

16 

18 13 

Neonatal 
thymectomy 

BCG 

24 

24 

12 

12 

12 

12 

18 

24 

12 

12 12 

Number of animals on which complete pathologic examination is conducted 
(loss by intercurrent death followed by cannibalism or autolysis ; presence 
of thymic remnants in thymectomized group). 



TABLE 2 

Number, and sex of different groups of animals submitted to an inhalation 
of plutonium dioxide particles. 

Treatment before 
or after 

PuO„ inhalation 

Animals at beginning 
of the experiment 

Total Hale Female 

Number of animals 
analyzed 

Total Male Female 

Inbred Vistar AG Rats 

No treatment 24 12 12 23 12 II 

Azathioprine 

Hydrocor ti sone 

24 

24 

16 

16 

21 

18 

14 

12 

Neonatal 
thymectomy 

BCG 

40 

32 

15 

24 

25 

8 

No treatment 

outbred Wistar Rats 

24 24 

35 

25 

20 

10 25 

19 

20 

Azathioprine 

Hydrocortisone 

12 12 10 10 

Neonatal 
thymectomy 24 16 21 13 

BCG 12 12 



TABLE 3 

Effect of immunoroodulation on spontaneous tumor incidence 

Treatment Mean* 
l i f e span 

(days) 

Incidence of tumors Mean* * 1 
l i f e span , Mean* 

l i f e span 
(days) pulmonary extra 

pulmonary 
mammary of animals with j 

tumors (days) \ 

No or sham 

thymectomy 
A*** 71** 

(168-1126) 
0 8 9 629 

+ 219 

< B****746 
(286-1083) 

0 6 23 832 
+_ 225 

Azathioprine A 623 
i (67-944) 

0 25 6 720 
+ 156 

|B 676 
[ (208-1127) 

6 6 12 497 

Hydrocortisone [A 632 
| (343-928) 

0 12 0 758 
+ 179 

Neonatal 
thymectomy 

[A 727 
1 (386-1106) 

0 26 17 777 
+ 110 

B 638 
(245-953) 

0 50 17 650 
+ 142 

BCG A 792 
(418-944) 

0 6 6 754 

B 723 
(247-913) 

0 12 0 860 
+. 39 

* Calculated from day of inhalâtion;for teal life span add 120 days (inbred 
Wistar AG) or 90 days (outbred Wistar) 

** Except animals with mammary tumors 

***A s inbred Wistar AG rats 
****B : oubred Wistar rats 
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TABLE 4 

Effect of immunomodulation on lung tumors induced by inhaled plutonium dioxide 
(in inbred Wistar AG rats) 

Treatment after Mean Number of Incidence of animals Mean 
life span 

of animals with PuO. inhalation life span 
t (days) 

animals 
at risk 

with tumors (Z) 
Mean 

life span 
of animals with life span 

t (days) 
animals 
at risk extra tumors (days) 

pulmonary pulmonary 

No treatment 610 
(301-891) 

23 4 57 589 
• 123 

Azathioprine 610 
(333-860) 

20 25 55 643 
+ 136 

Hydrocortisone 529 
(96-668) . 

15 0 47 577 
• 66 

BCG 591 
(424-848) 

21 1 54 631 
+ 92 



TABLE S 

Effect of thymectomy on lung tumors induced by inhaled plutonium dioxide 

Treatment before Mean Number of Incidence of animals Mean life span 
Pu0 2 inhalation life span animals with tumors (Z) .of animals 

(days) at risk bearing 
tumors 
(days) 

(days) at risk extra 
pulmonary pulmonary 

bearing 
tumors 
(days) 

Inbred rats 
No or sham 
Thymectomyzed 

610 
(301-891) 

23 4 57 589 
^123 

Outbred rats 
sham thymectomized (405-894) 

19 5 63 679 
+ 157 

Inbred rats 
thymectomized 

690 
(469-944) 

35 23 69 707 
i n 5 

Outbred rats 
thymectomized 

628 
(426-848) 

21 24 62 663 
+ 144 



TABLE 6 

Effect of immunomodulation on type, size and invasiveness of PuO_ induced lung tumors 
(in inbred rats) 

Treatment 
Histologic 

type Z 
Mean survival 
of animals 

bearing tumors 
Size 

Invasiveness (Z) 
Treatment 

Histologic 
type Z 

Mean survival 
of animals 

bearing tumors 
Size 

Pleura lymph nodes 

No fb.a* 46 562 1,3 32 16 
\ B»* 46 561 1,6 16 16 

Azathioprine 
I b.a. 

1 B 

36 

45 

539 

664 

1,25 

2,2 

0 

20 

0 

20 

Neonatal I b.a. 16 776 1.3 0 25 
thymectomy { . 75 702 2,4 65 59 

BCG 
[b.a. 
1 B 

31 

62 

628 

622 

2,25 

2,6 

50 

75 

25 

62 

* Bronchiolo alveolar carcinoma 
**Bronchogenic carcinoma 


