
ANTILYMPHOCYTE SERUM 207 

Conclusion. The 7SV2, and 71Sy2b globulins 
of mice ,differ in itheir electrophoretic migra- 
tion. The 7Sy2, globulin was seen to be slower 
electrophoretically than 7Sy2,, globulin in the 
four ir,bred strains of mice examined and 
7Sy2, globulin free of 7Sy21, globulin could 
be obtained by Pevikon-block electrophoresis. 
Anbiserums prepred in 'rabbits and sheep by 
inoculation with whole mouse serum fre- 
quently contain antibody specific for the 
7Sy2, and 7Syzb g1o;bulins as well as the 
7Sy1 globulin, and #these specificities can be 
detected on routine immunwlectrophoresis. 

1.  Fahey, J. L., Wunderlich, J., and Mishell, R., 

2. Fahey, J. L., Wunderlich, J., and Mishell, R., 

3. Kelus, A. anld Moor-Jankowski, J.  J., Nature, 

J .  Exptl. Med., 120, 223 (1964). 

J .  Exptl. Med. 120, 243 (1964). 

191, 1405 (1961). 

berg, L. A, J. Expt~l. Med., 121, 415 (1%5). 

148, 640 (1965). 

stein, G., J .  Ex@. Med., 123, 707 (1966). 

Immunol., 94, 410 (1965). 

10, 127 (1966). 

4. Herzenrberg, L. A., Warner, N. L., and Herzen- 

5. Lieberman, R., Dray, S., and Potter, M., Science, 

6. Warner, N. L., Herzenberg, L. A., and Gdd- 

7. Ovary, Z., Barth, W. F., and Fahey, J. L., J.  

S. Coe, J. E., and Feldman, J, D., Imwlwy, 

9. Coe, J.  E., J .  Jmmuml., 96, 744 (1966). 
10. Muller-Ebenhard, H. J., Scand. J. Ch. Lab. 

11. Coe, J. E., Immumhemistry, 3, 427 (1966). 
12. Ovary, Z., Bloch, K. J., and Benacerraf, B., 

Proc. SOC. Exptl. Biol. Med., 116, 840 (1964). 
13. Coe, J. E., Science, 155, 562 (1967). 

Invest., 12, 33 (1%0). 

Received August 28, 1967. P.S.E.BM., 1968, Vul. 127. 

Effects of Antilymphocyte Serum on Virus Oncogenesis (32657) 
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It is generally accepted that virus-induced 
tumors havc antigens demonstrable by trans- 
plantation resistance or other methods ( 1,2). 
Much remains to be learned however, a b u t  
the role of immune reactions in controlling 
tumor growth. Experiments with immunosup- 
pressive procedures are helpful in the analy- 
sis of this problem. In general, chemical im- 
munosuppressive agents have limited appli- 
cation because they may also affect virus 
or tumor cell multiplication, and this can 
make interpretation of results difficult. Com- 
parisons of tumor incidence in neonatally thy- 
mectomized and intact animals exposed to 
viruses or chemical carcinogens have allready 
provided much useful information (3-5). 
Mice or rats infected as newborns or later 
with polyoma virus, simian virus 40 or adeno- 
virus type 1 2  consistently show more tumors 
after neonatal thymectomy than inltact ani- 
mals infected at  the same time. Animals 
treated with chemical carcinogens sometimes 
show increased incidence of tumors after neo- 
natal thymectomy, but usually do n&. Mice 

infected as newborns with the mammary 
tumor agent or Passage A (Gmss) or MLV 
(Moloney) leukemogenic viruses develop 
fewer mammary tumors or leukemias after 
neonatal thymectomy than do inltact animals 
infected with these agenits (3, 6-8). 

Inhibition of leulkemogenesis cannot be 
attributed merely to the removal of thymic 
cells sensitive to neoplastic conversion. Law 
and Potter (9) and Carnes et d. (10) found 
that in thymectomized animals restored by 
genetically identifiable thymus grafts the leu- 
kemias which developed were often of host 
origin and did not originate from the cells 
or donor thymic tissue. These findings sug- 
gest that nonlymphoid elements of the thy- 
mus (epithelial and reticular cells) facilitate 
the conversion of n m r d  to leukemic cells 
within the thymus. Nevertheless the effect 
of thymectomy is clearly something other 
than immunosuppression, and analysis of the 
role of immunity in virus leukemolgds  calls 
for the application of a different immuno- 
suppressive procedure. 
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Interest has been aroused recently by the 
use of antisera against lymphoid cells (ALS) 
for diminishing cell-mediated immune re- 
sponses. Such sera have been shown to pro- 
long the survival of skin grafts across an H-2 
barrier in adult mice (11-13). Rabbit anti- 
sera against rat thymus were reported by 
Anigstein et d. (14, 15) to increase the size 
of sarcoma 180 implants or growth of a trans- 
plantable mammary adenocarcinoma in mice. 
The incidence of adenovirus type 1 2  tumors 
in two strains of mice was increased by 
injections of ALS to an extent comparable 
with the increase following neonatal thymec- 
tomy (5). This system is known to have 
a virus-specific antigen eliciting a cell-medi- 
ated immune response. It was therefore of 
interest to compare the effects of ALS and 
neonatal thymectomy in other systems such 
as the induction of tumors by polyoma virus 
in different strains of mice and the induction 
of virus leukemia. The results of such ex- 
periments are reported in this paper. 

MatPrials and Methods. Mice. Newborn 
mice of strains C57BL/Ka, BALB/c and 
C3Hf/He were obtained from the breeding 
colonies in the Carcinogenesis Section, Na- 
tional Cancer Institute, or the general breeding 
colony of the National Institutes of Health, 
Bethescia. Some experiments on leukemogene- 
sis in BALB/c mice were carried out with 
mice from an inbred colony at the National 
Institute for Medical Research, London, 
England. 

Virus strains. The LIDl strain of polyoma 
virus (16), propagated and titrated in mouse 
embryo cell cultures, was received from Dr. 
R. C. Ting. Newborn mice of several strains 
were inoculated subcutaneously with 0.05 ml 
virus containing 6 X 1 P  pfu polyoma virus. 
Plasma from MLV infected mice (MLV, 
Melpsr batch MVPC 28) was obtained from 
Dr. J. B. Moloney; 0.1 ml of a 1 : l O  dilution 
of stock virus was used as inoculum. The 
original unldiluted MLV and sonicates of some 
induced reticulum cell sarcomas were ,tested 
for the presence of murine sarcoma viruses 
(MSV) by intramuscular inoculation into 
newborn BALB/c and C57BL mice; no tu- 
mors were observed, although generalized 

lymphmytic leukemias appeared after about 
3 months. 

Antilymphocyte sera. These were prepared 
in rabbits of the New Zealand strain by two 
intravenous injections of 1Og thymus cells 
from CBA mice at an interval of 14 days 
and bleeding 7 days after the second injection. 
Before use sera were decomplemented by heat- 
ing at 56°C for 20 min and absorbed with 
washed erythrocytes from the same strain 
of mice as used for subsequent injection. Ab- 
sorption was repeated until the erythrocytes 
were no longer agglutinated. In some experi- 
ments the IgG fraction of ALS (ALS-IgG) 
prepared by chromatography was used in 
place of whole ALS. Before using ALS- 
IgG newborn mice were made tolerant to 
rabbit IgG (RGG) by two injections of 5 
mg on day 1 and day 10 after birth. The RGG 
and ALS-IgG were centrifuged at 12,OOOg for 
2 0  mi3 before injection to remove aggregates 
of deiia tured protein. Subsequently mice were 
given 0.2 ml ALS-IgG, containing 5 mg of 
protein as described in the text. Controls 
received comparable injections of RGG. 

Examination for tumors. Animals were 
examined twice weekly for appearance of 
tumors. These were allowed to grow to a p  
proximately 3 cm diameter before the animals 
were killed: all tumors were fixed in Tellyes- 
niczlry’s solution and sections stained with 
hemztoxylin and eosin for histological exam- 
ination. 

Re:sults. Polyoma virus oncogenesis in 
C57BL/Ka mice. Twenty-two newborn mice 
of this strain were infec,ted with polyoma 
virus within 24 hours of )birth and given 0.1 
ml of ALS subcutaneously on the following 
day and twice weekly for 3-4 weeks. The 
majority of treated mice were smaller than 
Controls, five showing severe runting a m -  
p&-able to that previously seen in neonatally 
thymcctomized mice of the same strain in 
this laboratmy (3). Only 15 mice survived 
longer than 1 month, and 10 longer than 2 
months; all of these developed bilateral par- 
otid gland tuinors at 2-2.5 months of age. 
None of 28 controls infected with polyoma 
virus under the same conditions develorped 
tumors, even though kept under observation 
for 9 months. 
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Polyoma virus oncogenesis in C3Hf/He 
mke. Twenty-three newborn mice of this 
strain were infected with polyoma Vilrus with- 
in 24 hours of birth and given ALS on the 
second day and twice weekly thereafter for 
3-4 weeks. Treated animals showed retarded 
growth, 5 of them with severe runtinlg. Only 
7 animals survived longer than 2 months and 
all developed parotid gland tumors between 
2 months and 4.5 months of age. In addition, 
mammary gland and multiple hair follicle 
tumors were abserved. None of 9 control 
animals infected with polyoma virus and kept 
under dbservatioln for 9 months developed 
a tumor. 

Eflects of ALS and of thymectomy on 
MLV leukemogenesis in BALB/c mice. 
Thirty-three newborn BALB/c mice were in- 
jected with 0.1 ml ALS subcutaneously on 
the day od birth and twice weekly for 3-4 
weeks. Three weeks after birth they were 
inoculated with MLV intraperitoneally. Sev- 
eral mice receiving ALS died and others were 
smaller than controls; the weights of 10 
survivors at 6 weeks were 14.7 gm (8.5-22 
gm) as c m p x e d  with 21.0 gm (18.5-24.5 
gm) in controls. White blood cell counts of 
treated animals were low (approximately 
5,000/mm3) , the deficiency affecting princi- 
pally lymphocytes; 5-10% of the circulating 
leukocytes were large blast-like mononuclear 
cells. 

Thirteen of the 19 mice surviving treat- 
ment with ALS developed subcutaneous nod- 
ules, beginning 21 days after infection with 
MLV. These animals were submitted to au- 
topsy 46-52 days after infection. At necropsy 
the prominent finding was a localized soft 
whitish growth in the subcutaneous connec- 
tive tissue, measuring m the average 32 X 
13 X 13 mm. Usually the liver was enlarged 
and friable and the spleen was enlarged and 
nodular. When the tissues were examined 
microscopically, extensions of the lesions were 
usudly seen into liver, spleen, and some 
lymph nodes, principally mesenteric nodes. 
There was slight to moderate hemapoiesis in 
the spleens and livers of some treated mice. 
The thymus was usually atrophic. All but 
one of the localized neoplastic growths could 
be classified as reticulum cell sarcomas, type 

A of Dunn (17)  (Fig. 1). One was thought 
to be either a type B reticulum cell sarcoma 
or a nixed monmytic-myeloid leukemia. Two 
of the creticululm cell sarcomas were found to 
grow progressively following transplantakion 
inlto syngenic BALB/c mice. Of the 6 animals 
treated with ALS and infected with MLV 
not showing reticulum cell sarcomas, 5 de- 
veloped generalized lpphoid  leukemia 3-3.5 
monlths after infection (Fig. 2 ) .  

None of 35 controls intected with the same 
stock of MLV at 2 1  days developed a reticu- 
lum cell sarcoma. Seventeen olf 35 suMvol.s 
kept under observation for 8 months developed 
generalized lymphwytic leukemia beginning 
3 months after inftxtion. 

In order to check that the early appear- 
ance of localized subcutanecrus lreticulum cell 
SiliTcuinas was not due to a peculiarity of the 
particular batch of antiserum used, or was 
influenced by an immune reaction to some 
component of rabbit serum, further experi- 
ments were carried out in BALBJc mice made 
tolerant to rabbit IgG given subcutaneous in- 
jections of ALS-IgG (prepared from mother 
ALS pool) on day 14, 22, and 29, after birth, 
and infected with MLV by intraperitoneal 
injmtion 011 day 21 after birth. Four of 14 
mice developed s u b x t a n m s  reticulum cell 
sarcomas between 4 and 6 weeks after infec- 
tion with MLV. Six of the remaining 10 
mice developed generalized leukemia between 
3.5 and 4.5 months of abmat ion .  

Discussion. Comparison of ALS and early 
thymectomy on polyoma virus oncogenesis. 
Previous studies in this laboratory have s h m  
that C57BL/Ka mice are very resistant to 
polyoma virus oncogenesis ( 3 ) .  Of 52 mice 
infected with the LIDl strain of polyoma virus 
between 4 and 7 days after birth one de- 
veloped a tumor. In contrast, 33 out of 45 
(73%) of mice thymectomized at 3 days 
and infected with 2 x 106 pfu of polyoma 
virus at the same age develolped tumors. In 
the present study, all of 10 survivors infected 
with 6 X 105 pfu of LIDl polyoma Virus and 
treated with ALS developed bilateral potrotid 
tumors whereas none of 28 ccmttrols infected 
at the same time developed tumors. 

In previous stEdies with C3H strain ( 3 ) ,  
2 of 20 control mice infected with LID1 
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strain of polyoma virus between 4 and 16 
days after birth developed tumors, whereas 
25  out of 34 mice thymectomized at  3 days 
(74%) developed tumors. In the present 
study, none of 9 control C3H mice infected 
with LIDl strain of polyoma virus neonatally 
show:. tumors whereas all of 7 animals sur- 
viving infection and ALS treatment developed 
tumors. Tumors in controls were confined 
to one salivary gland, whereas some of these 
in th-vmectomized animals or animals treated 
with ALS were multiple, involving mammary 
glands, subcutaneous connective tissues, and 
hair follicles. I t  is therefore clear that either 
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FIG. 2 .  Frequency and time to necropsy 04 lym- 
phoid neoplasms in Bt!LB/c mice. -411 were in- 
jected a t  2 1  days of age intraperitoneally with MLV. 
The ALS-treated group developed early reticulum 
cell sarcomas (RCS) locally a t  the site of ALS 
injections. Those mice remaining free of RCS de- 
veloped a generalized lymphocytic leukemia. Non 
ALS-treated (controls) developed generalized lym- 
phocytic leukomia while the 3-day thymeatomized 
group resisted the leukemogenic effects of MLV. 

early thymectomy or treatment with ALS 
is highly effective in increasing polyoma virus 
oncogenesis in relatively resistant strains of 
mice. The results suggest that ALS treatment 
may be even more efficient than 3-day thy- 
mectomy in increasing tumor yield, although 
further experiments carried out under exactly 

back of BALB’c 36 l4 l4 be sure that this is so. In any case, ALS has 
some advantages over thymectomy in studies mm at necropsy ( 2 5  days after injection oaf MLV 

intraperitoneally). Mouse received ALS X 7 begin- 
of oncogenesis. The dosage and timing of the ning a t  24 hours of age. See text. Upper photo, 

X 19 ; lolwer photo, X 340. Hematoxylin and eosin. 

FIG. 1. Subcutaneous r0t.iCUlUm Cell sarcoma on comparable conditions would be requi,red to 

immunosuppressant effect a n  be better con- 



ANTILYhlPHOCYTE SERUM 211 

trolled with antiserum, and simple injections 
are easier to perform than surgery, especially 
in animals such as hamsters and rabbits. 

The doses of ALS used in the present ex- 
periments also produced depletion of lymphoid 
cells, runting, and death of many experimental 
animals. However, other results suggest that 
much smaller doses of antisera which do not 
produce runting can be effective in increasing 
virus oncogenesis. Thus, Allison et al. ( 5 )  
found that thiree doses of ALS were sufficient 
to increase adenovirus type 12 oncogenesis 
in mice. Joostel observed that injections of 
ALS in CBA mice on the day of birth and 
day 11 prolonged the survival of skin grafts 
across an H-2 barrier made on day 21. R u s e  
and Crowle (18) have also found that delayed 
hypersensistivity to protein antigens is abd- 
ished or depressed by injections of ALS into 
newborn mice. The efficacy of ALS in very 
young animals is presumably due to two 
factors: the ease with which it is possible to 
neutralize the relatively small number of 
lymphoid cells which can normally be mobil- 
ized in cell-mediated immune responses, and 
the fact that in very young animals tolerance 
to rabbit IgG is readily induced, thereby pro- 
longing the survival and efect of ALS-IgG. 
The ALS circulating throughout the body 
is presumably able to reach any thymus- 
dependent cells that have already seeded out 
from that organ. 

In general, these and other results ( 5 )  
support the generalization made (15) that 
in animals infected immediately after birth 
with plyonla virus, adenovirus type 12 and 
simian virus 40, tumor yields can be con- 
sistently increased by immunosuppressive pro- 
cedures. Hence oncogenesis by these viruses 
is normally limited by host immune responses, 
from which it can be concluded that neonatal 
infection with these viruses does not result 
in tolerance. 

Egects on MLV virus leukemogenesis. The 
experiments reported in this paper colnfirm 
previous evidence (8) that early thymectomy 
decreases the incidence of the typical lymphoe 
cytic leukemias following infection with MLV. 
In  contrast, treatment with ALS increases 
the yield of tumors after infection of 3-week- 

Jooste, S., unpublished data. 

old animals with MLV. Moreover, the pathol- 
ogy gf the 'tumors is strikingly altered, with 
the early appearance of subcutaneous reticu- 
lum cell sarcomas at the site of injection of 
ALS. I t  seems that three factors may con- 
tribute to this remarkable and unexpectd 
finding. First, the nonlymphoid cells of the 
thymus which facilitate neoplastic conversion 
by MLV survive treatment with ALS, w h a m  
they are eliminated by thymectsmy. Second, 
the immunosuppressive effect of the ALS may 
allow the survivd of cells soon converted to 
neoplasia by the virus but so highly antigenic 
that they would be eliminated in 'the intact 
animal. The MLV is known to induce resis- 
tance against transplantation of lymphoma 
cells carrying the corresponding antigen in 
BALB/c mice (19).  Third, ALS stimulates 
the Proliferation of primitive lymphoid cells 
as shown by increased incorporation of labeled 
thymidine into their DNA, and the appear- 
ance of blast cells in peripheral blood.2 The 
combined effects of blast-cell proliferation and 
MLV may have led to the induction of 
reticulum cell sarcomas. The fact that these 
were observed subcutaneously suggests that 
circulating cells, localizing at  the sites of 
injection od ALS, were involved. Reticulum 
cell sarcomas are usually a relatively rare and 
late consequence of exposuire to MLV (20) 
or in spontaneous occurrence. 

It should be possible to determine the 
relative importance of the immunosuppres- 
sive and blast-cell-inducing actions of ALS 
by observing the effects of the serum on mice 
neonatally infected with MLV and tolerant 
to the infection, in which the former effect 
would presumably be negligible. Experiments 
are in progress to test this point. Theoreti- 
cally, it might have been expected that ALS, 
acting as it does on lymphoid cells, would 
delay or reduce the incidence of generalized 
leukemia. No such effect was observed, but in 
our experiments administration of ALS was 
discontinued 1 week after administration of 
MLV; other regimens might delay or impair 
leukemogenesis. In general, the leukemias 
provide a situation in which the effect of 
ALS treatment and thymectomy are clearly 

?Gillman, T. anld Allison, A. C., unpublislhed ob- 
servations. 
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different, and each experimental manipulation 
helps to throw light on the underlying bio- 
logical processes. 

Summary. Repeated injections of rzbbit 
antiserum against the lymphoid cells of mouse 
thymus (ALS) were found to increase mark- 
edly the evidence of tumors in resistant strains 
of mice neonstally infected with polyoma 
virus. I n  this system the effects of A L S  are 
similar to those of early thymectomy. The 
BALB/c mice receiving (repeated injections of 
ALS and infected intraperitoneally with 
Moloney leukemogenic virus (MLV) when 
2 1  days old showed an increased incidence 
of lymphoid neoplasms as compared to that 
in untreated controls infected at the same 
age. The majority of tumors in the treated 
aninials were reticulum cell sarcomas, type 
A, developing subcutaneously at  the site of 
injection of the ALS 3-6 weeks after infection 
with MLV. Esrly thymectmy markedly de- 
creased the incidence of leukemias in BALB/c 
mice infected with MLV when 3 weeks dd .  
In  this system the effects of ALS are the 
opposite of those produced by thymectomy. 
It is concluded that the thymic elements 
required for nmplastic conversion by MLV 
are not eliminated by ALS, which may alter 
the pathology of the induced tumors by a 
combination of immunosuppression and capa- 
city to stimulate the proliferation of primi- 
tive lymphoid cells. 

Gmteful acknowledgement Is made to Dr. Mearl 
Stanton, National Cancer Institute, for help in diag- 
nosis of the reticular neoplasms and to Mr. Brltton 
Smith for technical help. 
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Effect of Plasma Cell Tumor on Antibody Production by 
Mouse Spleen Cells (32658) 

PATRICIA J. CARLSON AND FALCONER S M I ~  
Department of Biology, The American University, Washington, D .  C .  20016 

Circulating antibody was shown to be quan- cells synthesizing antilbdy; to a competitive 
titatively reduced in C3H mice bearing the mechanism depleting the protein precursors 
transmissibIe plasma cell tumor, X5563, fol- of the antibody; to an abnormal utilization 
lowing a primary inoculation with sheep eryth- of the globulin molecules after theilr syn- 
rocytes ( 1 ) .  This effect mighst be due in part thesis; or to some combination of these con- 
to a reduction in the numbers of lymphoid d i t i m .  The present experiments were ca.r- 


