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1 A. Scone and Historical Review of Project Accomplishments 
(1967-1975). 

The original project, funded in 1967-68, was established 
to determine whether low-level radiation exposure or exposure 
of normal cells to radiomimetic chemicals could serve to 
potentiate viral oncogenesis. VTe subsequently reported that 
X-irradiation (25 to 150R) markedly enhance SV40 and adenovirus 31 
oncogenesis in vitro(200-400%)1 Adenovirus 31 was a human 
isolate. Additional work detailed the effects of radiation, 
chemicals which interact with DNA, and aging in vitro on 
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cellular growth in vitro. 
Subsequently, we showed that viral oncogenesis could be 

markedly potentiated in vivo by local tissue exposure to 3 
low-level X-irradiation. We then set about to search for 
methods for analyzing the events in virus-host cell interaction 
which lead to the transformed state using a variety of 
approaches involving agar cloning techniques, micro-assays for 
cloning on plastic, immunologic analysis of neoantigens on 
in vitro transformed cells and biochemical studies of 
transformed and normal cell membranes^"® 
1. J. Virology 3,458-462, 1969. 
2. Proc. Soc. Expt'1. Biol. Med., 129,609-620, 1968. 
3. Proc. Soc. Expt'l. Biel. Med., 137,1109-111, 1970. 
4. Adv. Expt * 1. Med. and Biol., 2975F2-490, 1973. 
5. Membranes and Viruses In Immunopathology, 217-230, 1972. 
6. Differentiation, 1,199-204, 1972. 
7. Israel J. Med. Sci., 10,904-912, 1974. 
8. Proc. Soc. Expt'1. BioIT Med., 148,1075-1089, 1975. 
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In 1969-1970 we made extensive observations which 

documented that uaay viral induced tunors of rodents carried 

reexpressed embryonic or fetal constituents(EA) which could 

act as autoantigens in the host eliciting humoral and cellular g 
immunity. This work grew into a major study of retrogenic 
expression in cancer cells and an analysis of EA in fetal 
development, in matamo-fetal immunologic interaction and 
in tumor immunology. Some 46 publications have resulted from 
this work between 1970 and 1975, in part, sponsored by AEC 
and now ERDA. Four international conferences have been held 
under ERDA support on this subject (Conferences I-IV on 
Embryonic and Fetal Antigens in Cancer) and the proceedings 
of each has been published. Some 375 papers on EA expression 
in animal and human tumors were included in these publications 
and the field of embryonic antigen research has burgeoned into 
a large area of interest to many scientist from diverse fields. 

For the past two years we have been attempting to examine 
the early events in radiation stimulated viral oncogenesis. 
Particular emphasis has been given to detecting the first 
appearance of embryonic, cross-reacting antigens in newly 
transformed cells. Additional studies were designed to 
explore specific biochemical changes which were associated 
with the antigenic transitions among new transformant 
cells induced by SV40. 

9. Adv. Cancer Res. 19,105-165, 1974. 
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1 B. Specific Objectives: 

1. To further evaluate the Isotopic Antiglobulin 
Technique(IAT) to monitor tumor associated antigens on SV40 
transformed cells. 

2. To develop immunologic methods for assessing embryonic 
antigen on newly transformed cells induced by SV40. 

3. To search for new assay methods for detecting early 
transformed cells which do not involve subculture nor incubation 
periods in excess of two to four weeks. 

4. To determine whether tumors induced by 3-methylcho-
lanthrene carry cross-reacting antigens or individually 
specific antigens. 
2. Progress. 

2 A. Evaluation of IAT Procedure to detect tumor 
associated antigens. 

One and one-half years of study by. C. Babelay, a 
predoctoral candidate under ERDA support, has resulted in 
a thorough report on the usefulness of the IAT procedure to 
detect tumor associated or specific antigens on SV40 transformed 
cells. The entire project is presented in detail in the 
Appendix to this report, section A, in the form of a Master's 
Thesis. The results show that the IAT procedure is unreliable 
and its usefulness for detecting neoantig.ens in the hamster model 
is nil. This is in opposition to the findings of an N.C.I, 
research group. 

The procedure has been abandoned in our laboratory in lieu 
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of the discovery that the arsti-serun specific for cross-
reacting, embryonic antigens could be prepared by other 
methods employing xeno-immunization and in vivo absorbtions. 
2 B. Development of cytotoxic antibody for embryonic antigen(EA). 

In 1974 and 1975 we began to try to develop highly 
specific antibody against EA on fetal cells which would show 
suitable binding affinity or cytotoxicity for fetal or tumor 
cells which carry EA. Pregnant females (multiparous) had 
natural antibody to EA on hamster fetus during the coui'se 
of pregnancy but the sera had poor cytotoxic properties. 

Young goats -were hyperimmunized against 10 day gestation 
hamster fetal cells suspended in Freund's complete adjuvant. 
These cells are EA. Cells from fetus of 11-14 days gestation 
are EA. Control antisera were prepared against 11-14, EA~ 

4. 
cells or were collected from the goats about to receive EA 
cells prior to the first vaccination. After multiple 
immunizations, test samples of the sera from the various goats 
wore collected and assayed for cytotoxicity against 10 or 14 
day fetal cells or normal hamster fibroblasts. The results, 
shown in Table 1, revealed that unabsorbed serum from goats 
immunized against EA+ fetal cells of the hamster was cytotoxic 
for 10 or 14 day fetal cells or adult hamster cells as might 
be anticipated due to the xeno-immunization. Control sera 
against EA fetal cells were also cytotoxic; however, when 
the sera were absorbed in vivo (see protocol Appendix B), the 
anti-EA serum contained antibody which was specifically cytotoxic 
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Table 1. CYTOTOXICITY OF SERA FOR TEN E&Y (EA4) OR FOURTEEN HAY (EA-) EMBRYO CELLS IN VITRO 

TARGET CELTS 
Percentage Cytotoxicity of Anti - EA Serun a 

10 day fetal cello 14 day fetal cell Adult Fibroblasts 
Sera , , , 

UnabsorHed (1:32) 40 ± 5 97 " 8 90 ± 5 
Absorbed (1:4) 37 - 4 0 2 
Absorbed (1:32) 20 - 5 0 0 

a 
Compared to survival in control serum (absorbed or unabsorbed normal goat 
serun). Similar results were obtained or unabsorbed goat anti-14 day hamster fetal 
cell serun are used as control serun. 
Êvaluations were conducted in plastic microcytotoxicity plates containing a total 
volune of 0.2 ml. 
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for 10 day but not li day hamster fetal cells (Table 1). 
Surprisingly, the degree of cytotoxicity of the anti-EA 
serum was not significantlv diminished by the rigorous 
in vivo absorption and the considerable dilution that occurs 
iii vivo, This was a delightful finding since a single 
absorption removed all antibody directed against hamster 
tissue per se. We attribute the 40 r • cent killing maximum of 10 
day fetal cells by the absorbed serum tc one of two possibilities: 
(A) No histocompatibility antigens were present on 10 day 
fetal cells of the hamster, only EA or (B) only 40-50 percent 
of the fetal target cells in a whole embryo homogenate used to 
test the serum for cytotoxicity carries the appropriate EA. 
We suspect the latter situation to be correct based on preliminary 
data using fluorscein conjugated antibody. 

Next, we asked whether the anti-EA antibody present in the 
serum was cytotoxic for SV40 transformed cells which were 
known to be EA.T The results, shown in Table 2, established 
that Indeed the anti-EA sera were cytotoxic for several SV40 
transformed hamster or human tumor lines even at 1:16 dilution. 
Other sarcoma lines transformed by adenovirus 31 and known to 
carry EA were also observed to be sensitive to anti-EA serum. 
The antiserum contained IgG which was responsible for the 
cytotoxicity since the activity could be removed by passage 
over anti-goat IgG columns. 

We subsequently showed the effectiveness of the anti-EA 
antibody in inhibiting the colony forming potential of new 
SV40 transformed cells in an acrylamide gel assay to be 
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Table 2. OTOTOXICITY OF AOTI - EA SERIM AGAINST 
SV40 TIM®. CELLS 

Target Cells in Hicrocytotaxicity 
SVAO Sarccma SVAO Sarcoma SV40 Timor 

(LSH) (LVG) (WI38) 
Sera 

j 
Percent Cytotoxicity 

Anti-EA1 81 87 34 
Anti-14 day fetus 3 0 7 
Normal 10 ± 5 3 
1A11 sera were absorbed in vivo before use (used at 1:16 dilution). 
2 
Conventional microbytotoxicity testing performed. 24 hours after sedding 
with antisera, cells were counted following washing and staining of plates. 

I 

• 
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described in the next section. This work is proceeding with 
new emphasis, The NCI funded the personnel costs for the 
development of the antiserum against EA. Several liters of 
absorbed seruni are available for future work on thi.j ERDA 
contract and the studies will be conducted as described in the 
renewal proposal. 
2 C. Development of New Selection System for SV40 Transformed 

Cells or Fetal Cells Which Are EA*. 
For some eight years transformation induced by SV40 or 

potentiated by X-irr\diation has been assessed by plating 
infected cells in agar or on plastic surfaces which are 
subsequently overlaid with agar to select for transformed 
clones. The clones which appear are difficult to clone into 
sublines requiring enormous care, patience, considerable time 
and much cell culture expertise. Except for T antigen 
analysis, the colonies of transformed cells must be repeatedly 
subcultured to examine the cells for antigenicity and, 
practically speaking, critical work with the early transformed 
cells which eventually would yield a colony was nearly impossible 
to carry out in a suitable manner. 

For some 14 months we have been evaluating the acrylamide 
culture technique described by Haskill(9-10) in 1973 to test 
tumor bearing or tumor immune animals for lymphocyte mediated 
cytotoxicity against tumor cells. Haskill reported that tumor 

9. J. Nat'1. Cancer Inst., 51, 1581-1587, , 1973. 
10. J. Nat'1. Career Inst., 51, 1575-1580, , 1973. 
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Cells clone v:ith hi^h efficiency on aery 1-rrtide eels in 
tissue culture bur that normal adult fibroblasts do not 
attach to such surfaces. T..7e confirmed these observations under 
a project sponsored by NCI and had been working with the 
acrylamide cell culture system extensively under that project. 

In the sunzner and fall of 1975 we made tvo key observations 
about the acrylamide cell culture technique which greatly 
extended its usefulness for examining the immunologic pro-
perties of the earliest transformed cells carrying EA in their 
plasma membrane. These new findings have stimulated us to 
pursue this most difficult problem area in tumor biology 
with renewed vigor. The methodology for preparing the 
acrylamide castings and for conducting, the plating experiments 
are given in detail in Appendix 3. Suffice it here to say that 
gels like those in Figure 1 were prepared by Haskill's method 
and with his helpful assistance on numerous occasions. Ttfhole 
hamster embryo homogenates, gently prepared by aspiration of 
the entire embryo through a 26 gauge needle in tissue culture 
medium to render a single-cell suspension with greater than 
70-80% viability, were plated at different seeding levels on 
acrylamide culture gels (Figure 1) in 57. CO2 at 37 C. 

Attached cells, firmly adherent to the acrylamide substrate, 
were observed by 10-12 hours post-seeding with 9-10 embryo cell 
suspensions but no cells were attached when 11-14 day gestation 
hamster embryo cells were plated. These observations were 
confirmed when clones were scored at seven days. No selective 
differences were noted when identical batches (Table 3) 
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>' TEXT-FICI 'KE ].—Construction diagram of plastic mold used 
to form ncrylntnidc CI dishes. T h e commercial supplier 
produces a 5X.r» array of the molds, so that 25 can be made 
a t one time (approximately 75/hr). T h e usual ' to polyacryln-
midc mixture with the use of a persulfatc catalvst is em-
ployed. The Rtls sit for 20 minutes before removal to water 
ana then to saline overnight. I.ess th'in 5% of the celts 
settle on the ridges separating adjacent rows of wells. 

FROM Haskill, J.S. J. Natl Cancer Inst. 

51, p 1581, 1973 

P L A N 
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Table 3. FLATKG AID COLONY POiMESG EFFICIENCY OF PRIMARY AND SECONDARY 
HAMSTER EMBRYO CELLS IN ACRYIAMTDE CULTURE GELS** 

Day of Gestation Seeding-- No. Cells Plating (%) 
of Erbryo Cells Level/gel AcrylantLde PlasdLc 

10 80 24 (30) 19 (23) 
40 18 (45) 8 (20) 
20 7 (35) 2 (10) 

11 80 1 (1) 12 (15) 
40 0 (1) 6 (15) 
20 0 0 

12 80 0 13 (16) 
40 0 5 (13) 
20 1 (C) 1 (5) 

13-14 80 0 20 (25) 
40 0 19 (47) 
20 0 8 (40) 

15 Neonate 80 0 . N. .T. 
(Skin removed) 40 0 N, .T. 

20 0 N. .T. 
* Average form four trials. Colonies counted at 7 days post-seeding of gels 
^Initial viability averaged 74% by dye exclusion counting for primary 
explanted cells. 
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of the various fetal cell suspensions were plated in parallel 
on plastic dishes for the different days of gestation with 
the exception that fewer total cells attached and grew on 
plastic. Thus, a marked difference in plating efficiency on 
acrylamide was noted between EA+ 10 day fetal cells and EA~ 
11-14 fetal cells in repeated trials. 

Early visual scanning of the gels confirmed our suspicion 
that attachment was complete for those 10 day gestation cells 
which would attach to acrylamide by 24 hours post-seeding. 
Thus, we can score attachment and predict subsequent clone 
development within 24 hours. We knew that established SV40 
transformed sarcoma lines plated with excellent efficiency on 
acrylamide gels from NCI-sponsored studies. 

Next, we examined the potential for using the acrylamide 
gel culture procedure to test SV40 infected term embryo cell 
suspensions for transformant cells. These normal target cells 
from 14 day gestation fetus do not attach to acrylamide but we 
hoped that they would attach and hopefully initiate growth if 
transformed by SV40. Preliminary results showed that about 1 
or 2 cells per 1000 SV40 infected cells did indeed adhere to 
acrylamide. This reflects the anticipated frequency of SV40 
transformation. Several large experiments were subsequently 
carried out to test the potential of X-irradiation or IUDR 
treatment to enhance the transforming efficiency of SV40 
for 14 day hamster embryo cells. The results, shown in Table 4, 
indicated clearly that pretreatment of target cells with 150 R 
of X-ray prior to infection with SV40 increased the transforming 
(plating on acrylamide) efficiency from 0.2% to 12%. Likewise 
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Table 4. COLONY PRODUCTION BY SV40 TRANSPOKMANTS OH ACRXLAMEDE 

Final 
Transforming , 

Colony Formation At Days After Exposure Efficiency (%) 
( f - • - , 7 14 18 

1 14 Day liribryo Cells 9 

(no Virus, PCF) CT (3223) 0 0 -0-
14 Day Embryo Cells3 SV40 Virus, 107 PFU's 3 (1420) 3 3 0.211 
14 Day Embryo Cells 
150r X-ray 
SV40, 19' PFU's 212 (1735) 216 216 12.2 
14 Day Qribryo Cells 
250r X-ray 
SV40, 107 PFU's 60 (1403) 52 48 3.42 
14 Day Enferyo Cells 
150r X-ray - wait 36 
hours, Infect SV40, (10' 
PFU's) 14 Bay Eabryo 
Cells 3 (600) 3 3 0.50 
30 pg/ml IDUR at 
24 hours pre in-
fection SV40, 107 

PFU's. 72 (700) 65 68 9.71 

1 
Secondary cultures - first explanted m plastic, collected by trypsinization, 

washed and infected. 
2 
Data represent average of two individual trials. 119 Transformants, examined 

to date (14 day enfrryo cells infected with SV40) 3 
M.O.I. = 2.2 
4 
Frequency X100 » Efficiency (Background transformation for hamster atbryo 
cells in zero. 
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IUDR exposure markedly increased tho efficiency cf SV40 
transformation. 

We have subcultured a number of the clones that grew from 
cells which adhered to acrylamide after SV40 infection. None 
carried infectious SV40 when cells were homogenized and placed 
on cells permissive for SV40 replication. Three clones 
selected at random which were derived on the acrylamide were 
subsequently tested and found to yield colonies in agar and 
had transformed cell characteristics in tissue culture including 
loss of organized growth, piling up and atypical chromosome 
numbers. Two other clones were subcultured on acrylamide and 
were later found to produce sarcomas when injected into hamsters. 

This system offers enormous potential for evaluating early 
events in transformation and we are proposing three years 
of additional work to establish the usefulness of the approach. 
2 D. Evaluation of 3-MCA induced sarcomas for TSTA and 

cross-reacting antigens. 
We have successfully completed the evaluation of two, 

different 3-MCA sarcomas for tumor associated antigens in an 
effort to explain why these specific tumor lines were reported 
to carry only individually specific tumor transplantation(11) antigens 
when they were simultaneously reported to be susceptible to 
the cytotoxic action of lymphocytes taken from normal multiparous 
mice(12). The two findings from other laboratories were 
inconsistent. We selected two specific tumor lines (#1315 and 

11. In: Fundamental Aspects of Neoplasia (A.A. Gottlieb, ed.) 
Springer-Verlag, N.Y., 1975. 

12. Int. J. Cancer, 15, 1=16, 1975. 
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1321) to serve as a test case for whether cross-reacting 
a n t i g e n s had boon properly searched for in the work carried 
out to datp because they reflected the general confusion that 
prevails in the literature regarding the character of tumor 
transplantation antigens. Our results, reported in a 
manuscript submitted to The Journal of Immunology, show that 
indeed cross-reacting antigens did exit on 3-MCA tumors. The 
significance of this finding to tumor immunology is discussed 
in the manuscript. The preprint of the paper is given in 
Appendix D. 
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ABSTRACT 

This study was done in order to see if the isotopic 
antiglobulin test (IAT) had potential as a useful assay 
for the detection of Simian Virus 40 (SV40) tumor specific 
antibodies in the hamster. Three immunization protocols, 
selected because of their proven ability to induce turner 
immunity, were used to induce antisera which were then 
tested in the Burdick modification of the IAT using SV40 
tumor target cells. Antisera induced by cultured, irradi-
ated SV40 tumor cells in syngeneic hamsters yielded only 
antibody with specificity to fetal calf serum proteins 
carried on the immunizing cells as detected by the IAT. 
Antibody detected by the IAT during and after two immuniza-
tion protocols using in vivo passaged SV40 tumor cells was 
without useful specificity, followed nc known or expected 
pattern of occurrence and could not be correlated to tumor 
immunity as assayed by tumor transplant, rejection. For 
these reasons, the IAT was not found to be a reliable and 
useful tool for the detection of hamster SY40 tumor 
specific cell surface antigens. 

iii 
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CHAPTER I 

INTRODUCTION 

Neoantigens that appear within or on the surface 
of cells transformed by viruses have been studied in 
animal models with the hope that once these an"igens are 
defined, the intricate interplay that occurs between the 
human immune defense system and the invading cancer cell 
may be less of a mystery. One group of these antigens, 
the tumor specific transplantation antigens (TSTA), are 
of particular interest because it is believed that these 
are the determinants operative in tumor transplant rejec-
tion. The TSTA wus first discovered in 1961 by Habel 
(14) and Sjogren et al. (25) on cells transformed by poly-
oma virus. Subsequent work has shown that the same 
transplantation antigen is present in cells of different 
species transformed by the same virus (28). It is 
present on the surface of these cells (5,31,7), and the 
cell mediated tumor rejection mechanism involving this 
antigen is highly specific (17,14,18,11) . 

Intensive efforts have been made to develop assays 
which will accurately detect ani measure the tumor spe-
cific transplantation antigen. The classical and only 
unequivocal assay for this antigen is that of in vivo 

1 
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tumor transplant rejection. Although this assay stands 
unequalled in reliability and significance, it is costly, 
unquantitative, and more importantly, time consuming. 
Several in vitro assays, most developed originally for 
the detection of other types of antigens, have been 
adapted with varying degrees of succcss for the detection 
of humoral antibody to transplantation antigens. These 
include mixed hemadsorption, indirect fluorescent, tanned 
red cell agglutination and chromium release techniques 
(22,2,29). One method developed specifically for the 
detection of tumor specific surface antigens is a radio-
immune assay. Known as the indirect isotopic antiglobulin 
technique (IAT), it was used first by Felix Harder and 
Charles McKhann to detect antigens on the surface of 
sarcoma cells (15). The technique was adopted by Ting 
et al. who refined it somewhat, increasing its sensitivity 
(30). A further modification of the technique was reported 
in 1973 by Burdick et al. Instead of using target cells 
in suspension, these workers modified the assay to use 
target cells grown as monolayers (3). 

Ting et al. have used the IAT to study the tumor 
specific surface antigens of several types of tumor cells. 
Their initial study vas made of polyoma tumor-specific 
cell-surface antigens in mice. They were able to detect, 
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with the IAT, a humoral antibody response to an antigen 
on the surface of polyoma tumor cells that was specific 
for cells transformed by polyoma virus (32) . Ting et al. 
have also done extensive studies on a murine Simian Virus 
40 (SV40) transformed tumor. For these studies they have 
used the rather unique, doubly transformed A/LN mouse 
embryo cell line, SV-A/LN. This cell line is very 
immunogenic and requires that the immune system of the 
murine host be altered by irradiation or thymectomy be-
fore tumor production can occur. Using carefully 
screened, high titer sera, Ting et al. have demonstrated 
specific humoral antibody reactivitv in mice immunized 
with the SV-A/LN cell line. They reported that the 
reactivity was due to a "tumor specific surface antigen" 
present only in SV40 tumor cells which also expressed 
tumor antigen (T antigen) and TSTA activity, thus implying 
parallel expression of the thTee antigens (33). This and 
further studies on the nature of SV40 tumor specific 
surface antigens published in 1972 (34) and 1974 (35) 
employing the IAT led Ting et al. to postulate that "SV40 
transformed mouse cells possess both tumor-associated 
antigen, which is specific for SV40 tumor cells, and 
common antigen(s), which is shared by non-SV40 tumors 
and fetal tissue" (35). 



Burdick et al. have used theiT modification of the 
IAT primarily in studies of the tumor associated surface 
antigens of a methylcholanthrene (MCA) induced murine 
tumor. They have also studied the specificities of anti-
body produced by immunization with the SV-A/LN tumor cell 
line and have demonstrated a single specificity in this 
antiserum which reacted both with SV40 tumor cells and 
syngeneic embryo cell lines whether they were untrans-
formed, spontaneously transformed, or transformed by 
polyoma virus (4) . 

In 1974, Coggin et al. published a paper in which 
they compared the IAT (as modified by Ting et al.) and a 
cytostatic antibody assay developed in this laboratory 
as indicators and measurers of SV40 tumor transplanta-
tion resistance (9). Fully appreciating the immunogenic 
differences between the SV40 mouse tumor used by Ting 
et al. and the SV40 hamster tumor used in this laboratory 
they were able to produce tumor specific antibody of 
comparatively low titer in hamsters by immunization with 
irradiated SV40 tumor cells. In comparing the two assays 
Coggin et al. demonstrated that while TSTA induced tumor 
immunity was present in the hamster, the IAT was incap-
able of detecting specific antibody in the animal's serum 
that would correlate to this immunity. They also dis-
cussed some of the pitfalls of using humoral antibody 



assays to monitor tumor transplantation antigens. 
Aware of the findings of Ting et al. and Burdick 

et al. and of the warnings set forth by Coggin et al., 
have attempted to answer four questions: 

1. Is it possible to induce antibody that can b 
detected in the IAT (as modified by Burdick) bv either 
multiple injection of irradiated hamster SV40 tumor 
cells or by tumor induction followed by tumor excision? 

2. Is this antibody specific ior SV40 turner 
specific surface antigens and does it correlate with 
TSTA induced tumor immunity? 

3. What are the problems encountered in such an 
attempt? 

4. Based upon these findings, would the IAT 
serve as a convenient and useful tool for detection of 
antibody to tumor specific antigens of the hamster SV40 
fibrosarcoma used in this laboratory? 



CHAPTER II 

MATERIALS AND METHODS 

Experimental Animals 
Male Syrian Golden hamsters strain LVG (Lakeviev; 

Hamster Colony) were used throughout this study. These 
animals are syngeneic, with no detectable histocompati-
bility antigens as determined by second set graft rejec-
tion and other criteria (18,5,17). The animals were 
three to four weeks old at the time of their first 
immunisation. 

Cells 
An SV40 transformed hamster fibroblast cell line 

(WF5-1) was used as the immunizing and target cell. 
This cell line is virion free and expresses SV40 surface, 
intranuclear, phase specific, cytostatic and tumor 
specific transplantation antigens (17,14,18,11). The 
cells were grown in HBMF, supplemented with 10 percent 
calf serum. Antibiotics were used at concentrations of 
100 mg. streptomycin, 100,000 units penicillin and two 
mg. amphotericin B per liter. Cells were used from 
passages fifty to eighty-five and were checked every 
three months for mycoplasma infection. An in vivo 

6 
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I passaged tumor was deriveu from the WF5-1 cell line for 

use in certain vaccine procedures. This tumor was 
passaged subcutaneously in hamsters and was used for 
vaccines between passages two and nine. 

A variety of cells was used for serum absorp-
tions. These are listed as follows: 

VERO: a spontaneously transformed African Green 
Monkey kidney cell line (Flow Laboratories). This cell 
line was free of any SV40 or SV5 viral infection. 

MCA 1313: a BALB/c mouse tumor induced by the 
intramuscular injection of methylcholanthrene in trioc-
tanoin. It was received from K. E. Hellstrom and 
established in vitro in this laboratory. 

SV/LSH-2: an SV40 transformed hamster fibro-
sarcoma established in this laboratory in the LSH strain 
of Syrian Golden hamster. It expresses all of the SV40 
tumor specific surface antigens. 

333-8-9: a Herpes Simplex Virus Type II trans-
formed hamster embryo fibroblast cell line (12). 

Adenovirus 7: an Adenovirus 7 transformed hamster 
cell line (7, 19). 

Vaccines 
Cells for cultured cell vaccines were harvested 

with trypsin, pelleted and washed three times in Hank's 
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Balanced Salt Solution CHBSS). Viability was determined 
by trypan blue dye exclusion and usually exceeded 95 
percent. The cells received 5000 R X-irradiation in sus-
pension with HBSS. 

Cells for vaccines using SV40 tumors were obtained 
after the tumors were excised, trimmed of extraneous 
tissue, minced, and passed through a fine wire mesh. 
Cells were washed three times in veronal buffered saline 
(VBS). Viability was determined by trypan dye exclusion. 
The cells received 5000 R X-irradiation in suspension and 
were injected in a suspension of VBS. 

X-Irradiation 
Cells in suspension received 5000 R of X-irradiation 

at a rate of 640 R per minute from a General Electric 
Maxitron 300 X-ray unit equipped with a 0.5 mm aluminum 
filter and a 0.42 mm copper filter. The dose was deliv-
ered 22 cm from the X-ray source. 

Immunization Protocols 

Serum pool A. Animals received eleven weekly 
intraperitoneal injections of irradiated SV40 tumor cells 
grown in horse serum supplemented medium. Each animal 
was given 106 to 107 cells per injection. Two months 
later the animals were injected intraperitoneally with 
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SxlO7 irradiated SV40 tumor cells, then bled by cardiac 
puncture ten days after the injection. 

Serum pool B. Each animal received eight injec-
tions alternately intraperitoneally or subcutaneously of 
SxlOG irradiated SV40 tumor cells grown in calf serum 
supplemented media. The animals were bled by cardiac 
puncture ten days after the final injection. 

Serum pool C. Each animal received one subcutan-
eous injection of 5xl06 irradiated SV40 transformed 
fibroblasts in 0.1 ml. complete Freund's adjuvant. The 
cells were grown in calf serum supplemented media. One 
month later, the animals were injected with 5x10® 
irradiated SV40 tumor cells intraperitoneally and again 
two weeks later with lxlO6 irradiated SV40 tumor cells. 
The animals were bled by cardiac puncture seven days 
after the last injection. 

Multiple injections of in vivo passaged SV40 
tumor cells. The animals received SxlO<> irradiated SV40 
tumor cells intraperitoneally in 1 ml. HBS3. At weekly 
intervals thereafter, they received seven injections of 
from lxlO6 to 5xl06 irradiated SV40 tumor cells alternately 
subcutaneously and intraperitoneally. Two weeks after the 
last injection the animals received 2.5xl02 unirradiated 
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viable SV40 tumor cells subcutaneously. Animals were 
chosen at random and bled during the immunization pro-
cedure from the retro-orbital sinus. One r.onth after 
receiving viable cells they were killed and autopsied for 
tumor growth. 

Multiple injections of tumor cells with complete 
Freund's adjuvant. Animals received 3xl06 irradiated 
SV40 tumor cells subcutaneously in 0.1 ml. complete 
Freund's adjuvant. One month later, they received four 
intraperitoneal injections of from lxlO6 to 6xl06 

irradiated SV40 tumor cells at intervals of two weeks. 
Two weeks after the last injection, they received 2.5x102 
unirradiated viable tumor cells subcutaneously. Animals 
were chosen at random and bled from the retro-orbital 
sinus during the immunization procedure. One month after 
receiving viable cells, they were killed and autopsied 
for tumor growth. 

Induction and excision of intradermal tumors. 
Hamsters received intradermally at two sites on the back, 
0.1-0.2 ml. of a suspension of unirradiated, viable SV40 
tumor cells standardized to 107 cells per al. When the 
tumors were S mm. or less in diameter, they were excised 
with surrounding tissue. Twenty days later, the animals 
received 103 viable unirradiated SV40 tumor cells 
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subcutaneously. Animals were selected at random after 
tumor excision and bled from the retro-orbital sinus. 
Five weeks after challenge, they were killed and autopsied 
for tumor growth. 

Induction and excision of intramuscular tumors. 
Hamsters received 0.1 ml. of rn SV40 tumor cell suspension 
standardized to 10? cells per ml. in the muscle of the 
right hind foot. When tumors were 5 mm. or less in 
diameter, the right hind limb was amputated at the knee. 
Sixteen days later all healthy animals showing no re-
currence of tumor were injected subcutaneously ifith 103 
viable SV40 tumor cells. Animals were chosen at random 
after amputation and were bled from the retro-orbital 
sinus. Five weeks after receiving live tumor cells, the 
animals were autopsied for tumor growth. 

The Isotopic Antiglobulin Technique 
The isotopic antiglobulin technique was adapted 

from the procedure of Burdick et al. (3). Target cells 
were plated in Microtest II Plates (Falcon Plastics) at 
a concentration of 5xl04 cells per well, twenty-four 
hours before the test. Target cell monolayers were washed 
twice by the addition and removal of 0.3 ml. of veronal 
buffered saline plus 10 percent heat inactivated goat 
serum. Washes were done by repeated addition of fluid to 
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the wells with a Cornwall syringe. The fluid was 
aspirated from the wells before addition of test serum 
or labeled antiglobulin to prevent dilution of these 
reagents. Twenty-five microliters of heat inactivated 
test serum were added to each well and the plate was 
incubated thirty minuves at 37° C. Serum dilutions 
were made in VBS. Each test serum was run with at 
least four replicates, and two controls were al\%'ays run 
with the test: 1. cells receiving only VBS and 2. cells 
receiving 12Si labeled goat antiglobulin but no serum. 
The plates were then washed nine times by the addition 
of VBS plus goat serum. Twenty-five microliters of 12Sj 
labeled goat antiserum were added to each well, and the 
plates were incubated thirty minutes at 37° C. The 
plates were then washed seven times, air dried, and 
sprayed with plastic fixative. The bottoms, of the wells 
were dispensed into individual containers and counted in 
an Intertechnique Gamma Counter. Usual counting time 
was ten minutes per vial. 

Test results were computed as absorption ratios 
(AR). The absorption ratio equalled the counts per 
minute (cpm) of immune serum divided by the cpm normal 
serum. Reactivity was considered significant if the 
absorption ratio was equal to or greater than 2.0. 
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Hamster Gamma Globulin 

Saturated ammonium sulfate (0.5 volumes) was added 
dropwise to normal hamster serum with vigorous stirring. 
The precipitated fraction was pelleted at 1400 rpm for 
fifteen minutes and resuspended in 0.01 M phosphate 
buffered saline (PBS) at pH 7.2. This proced e was 
repeated twice. The final suspension was dialyzed against 
S00 volumes 0.01 M PBS for 72 hours at four degrees 
centigrade. The dialyzed fraction was put over a reverse 
flow Sephadex G-200 column. Fractions were collected by 
an ISCO model 1000 Pup Fraction Collector and monitored 
at 280 nm. by an ISCO model UA-5 Absorbance Monitor. The 
IgG fractions were pooled and concentrated by filtration 
through an XM-100 membrane (Amicon Corporation). Protein 
concentration was determined by a Lowry protein assay 
(20). Immunoelectrophoresis of the purified IgG against 
normal hamster serum and purified goat (antihanster IgG) 
antiglobulin (Cappell Laboratories) showed reactivity 
only to the goat antiglobulin. 

Goat (Anti-Hamster IgG) Antiglobulin 
A normal goat received 6-8 mg. of purified hamster 

IgG at five subsites subcutaneously in 5 ml. (equal volume 
IgG and complete Freund's adjuvant). Blood was collected 
from the goat weekly, and the sera were titered against 



normal hamster serum in Ouchterlony plates. Only those 
sera having reactivity at a dilution of 1:16 with normal 
hamster serum at a dilution of 1:16 were used. The goat 
IgG was purified exactly as was the hamster IgG (see 
page 13). Immunoelectrophoresis against normal hamster 
serum and purified hamster IgG showed strong reactivity 
to hamster IgG and slight reactivity to hamster IgM. 

125i Labeling of Goat Antiglobulin 
Using the method of Helmkamp et al. (16), 1 mg. 

goat IgG was labeled with 1 microcurie t j j C 125i 

was received in 1 millicurie quantities as sodium lZSj in 
0.1 M sodium hydroxide (New England Nuclear). Specific 
activity varied after each labeling, but optimal specific 
activity was usually 75,000 to 100,000 cpm per microgram 
protein. 

Absorptions 
Tumor cells for absorptions were maintained in 

suspension culture overnight in Spinner flasks at a 
concentration of 2xl06 cells per ml. in HBME with 10 
percent fetal bovine serum and 0.3 percent tryptose 
phosphate broth. Cells were washed three times before 
being used, then after being standardized to the desired 
number, they were suspended in the appropriate volume of 
serum. The actual absorptions were carried out at 37° C 



for sixty minutes with frequent agitation of the veil-

serum suspensions. After this time, the cells were 
pelleted at 2000 rpm for ten minutes. The sera were 
aspirated from the cell pellet and filtered through a 
0.45 micron filter (Jlillipore Corporation). 

Absorptions usxng normal animal tissues were 
carried out as were those using tumor cells with the 
exception that tissues were removed from the animal, 
minced, Washed three times in VBS, and used immediately 
for absorptions. 

Indirect Blocking of Serum 
For indirect blocking of serum, a solution of 

1-5 percent blocking serum in VBS was added to the test 
serum in the appropriate amount to achieve the final 
test serum dilution. This solution was incubated one 
hour at 37° C and then overnight at 4° C. It was then 
centrifuged at 100,000 x gravity for one hour. The 
supernatant was aspirated and filtered through a 0.45 
micron filter. Significant activity was considered to 
have been removed if, following an absorption, the AR 
was reduced by 20 percent or more. 



CHAPTER III 

RESULTS AND DISCUSSION 

Cultured Tumor Cell Vaccines 
The proven method, employed by this laboratory, 

for inducing maximum resistance to challenge >.ith living 
tumor cclls has been through the use of multiple 
immunizations with X-irradiated tumor cells. Three to 
four such injections of irradiated SV40 tumor cells 
will induce (in syngeneic hamsters) the production of 
antibody which is cytostatic to the growth of SV40 tumor 
cells (8). Previous studies using an SV40 transformed 
hamster fibrosarcoma have shown that at least six 
immunizations with irradiated tumor cells are necessary 
before antibody is detected by the IAT (8). In those 
studies, care was taken to use heterologous sera in the 
growth media of the immunizing and target cells to 
avoid antibody cross-reactivity to scrum proteins. 
Immune hamster sera were also tested in Ochterlony 
assays and found to have no cross-reactivity to calf, 
horse, or goat sera (9). 

I attempted to induce sera specific for SV40 tumor 
cell surface antigens by following the protocol of 
multiple immunizations using in vitro grown SV40 tumor 

16 
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cells, subsequently evaluating the sera for antibody 
specific for SV4Q sarcoma cells in the IAT procedure. 
The Burdick modification of the assay was chosen 
primarily because it appeared to be the quicker and more 
easily controlled procedure. The test plate used in 
this technique allowed up to 96 serum samples to be 
assayed simultaneously. The test cells were used as 
monolayers on the bottoms of the wells and cell plating 
from well to well was simple and hiphly reproducible. 
All washes and incubations were done in the wells them-
selves, eliminating fluid transfer and minimizing cell 
loss. There was no need for centrifugation to pellet 
cells and as little as 25 microliters of test serum and 
antiglobulin were all that were necessary 5or each well. 
The bottoms of the wells, containing the fixed cell 
monolayers, were easily punched out into individual 
vials, again eliminating the need for fluid transfer 
and avoiding the loss of any radioactivity. Once all of 
the reagents were assembled, the test itself was very 
easily and quickly performed. 

The results of each test replicate in the assay 
were summarized by a number known as the absorption 
ratio (AR) . This number was computed by dividing the 
counts per minute (cpm) of cells incubated with hamster 
antiserum plus 125j antiglobulin by the counts per minute 
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of cells incubated with normal hamster serum plus lZSj 
antiglobulin. Absorption ratios were considered sig-
nificant if they were equal to or greater than 2.0 (3,30). 

Table I shows that the serum pools from animals 
receiving multiple injections of irradiated tumor cells 
do have significant activity (AR greater than 2.0) when 
tested against homologous 3V40 transformed target cells. 
The variability between tests run on aliquots from the 
same serum pools on different days is striking and 
frankly, disturbing. Since conditions of the tests, 
such as target cell number, incubation time and washes 
were rigorously controlled, a factor in the variability 
of specific binding of the hamster immunoglobulin may 
have been the 125j labeled goat antiglobulin. The import-
ance of the specific activity of this reagent has been 
recognized by others using the IAT (33). 

The variability of the IAT procedure from day to 
day does not present a significant barrier to its use-
fulness, provided the assay detects specificity within a 
given day's trial. In order to test the specificity of 
the antiserum pools for tumor specific antigens, aliquots 
of serum with significant immunoglobulin levels for SV40 
tumor cells were absorbed with tumor cells known to have 
the SV40 tumor specific antigens, with cells having no 
such specificities or with untransformed tissues from 
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TABLE I 

ABSORPTION RATIOS FROM THREE SERUM POOLS OBTAINED 
IN SEPARATE TRIALS 

Serum Pool Sample* CPM2 Afc3 

A NHS4 
HIS 216 

1494 6.9 
NHS 
HI 

97 
227 2.3 

B NHS 
HI 

159 
14,179 89.0 

NHS 
HI 

429 
3672 8.5 

C NHS 
HI 

158 
6838 43.0 

NHS 
HI 

288 
21,963 76.0 

iDilution 1:2. 
2Counts per minute. 
^Absorption ratio. 
^Normal hamster serum. 
^Hyperimmune serum. 
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normal hamsters. If tumor specific antibody existed, 
incubation of the antiserum with cells carrying tumor 
specific determinants should have resulted in binding of 
the antibody to these antigens thus preventing specific 
binding in the actual test. If there were antibodies 
to histocompatibility antigens present, incubation with 
normal muscle cells which carry histocompatibility 
antigens should also have inhibited binding of this anti-
body in the test. Table II shows the results of absorp-
tions to attempt to remove binding antibody using either 
the immunizing/target cell or normal hamster muscle 
tissue (control). Muscle tissue removed no significant 
activity whereas the SV40 transformed cells reduced the 
counts per minute by as much as 60 percent. The activity 
present in this antiserum did not appear to be due to 
histocompatibility differences since tissues expressing 
such antigens had no effect on the cpm of bound anti-
globulin. 

Table III shows the results of absorptions carried 
out with various in vitro grown tumor cells, some of 
which express SV40 tumor specific surface antigens. If 
the antibody detected in serum pool A was directed 
primarily toward tumor specific antigens, absorption by 
those cells expressing the SV40 tumor specific antigens 
should remove the activity; however, absorption by those 
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TABLE XVIII 

RESULTS OF ABSORPTION OF SERUM POOL A WITH NORMAL OR 
TRANSFORMED CELLS 

Sample/ 
Dilution 

Absorbiag 
Tissue CPM1 AR2 

Percent 
Reduction 
in CPM 

NHS 3 1 4 108 
HI4 1 4 795 8.3 
NHS 1 8 90 
HI 1 8 461 5.1 
NHS 1 16 89 
HI 1 16 301 3.4 
NHS 1 4 Muscle^ 8S 
HI 1 4 Muscle 746 8.8 6 
NHS 1 8 Muscle 89 
HI 1 8 Muscle 462 5.3 0 
NHS 1 16 Muscle 91 • 

HI 1 16 Muscle 282 3.1 6 
NHS 1 4 SV40 Tumor6 95 
HI 1 4 SV40 Tumor 315 3.3 60 
NHS 1 8 SV40 Tumor 104 • 

NHS 1 8 SV40 Tumor 214 2.0 54 
NHS 1 16 SV40 Tumor 95 
NHS 1 16 SV40 Tumor 172 1.8 43 

lCounts per minute. 2Absorption ratio. 
^Normal hamster serum. 
^Hyperimmune serum pool B. 
50.5 gram tissue 0.5 ml. serum. 
*>2xlQ7 cells/0.5 ml. serum. 
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TABLE X V I I I 

RESULTS OF ABSORPTION OF SERUM POOL A WITH 
TRANSFORMED CELLS 

Absorbing Reduction 
Sample^ Cell2 CPM^ AR* in AR 
NHS 5 221 
HI& 2527 H.4 
NHS VERO 174 
HI VERO 783 4.5 61 
NHS MCA 112 
HI MCA 785 7.0 39 
NHS SV/LSH-2 117 
HI SV/LSH-2 1066 9.1 20 
NHS WF5-1 192 
HI WF5-1 901 4.7 S9 
NHS WF5-17 137 
NHS WF5-1 653 4.7 59 

ISera used at a 1:2 dilution. 
2l07 cells/0.5 ml. serum. 
^Counts per minute. 
^Absorption ratio. 
^Normal hamster serum. 
^Hyperimmune serum pool A. 
7Serum absorbed with two separate aliquots of 

107 cells each. 



cells not expressing the antigens should not affect anti-
body binding. The results of this absorption clearly 
indicate that antibody activity was removed by both types 
of cells. In fact, absorption by a spontaneously trans-
formed monkey kidney c^ll (VERO) removed more activity 
than did absorption with twice as many homologous 
cells, whereas absorption with another SV40 transformed 
hamster fibrosarcoma (SV/LSH-2) known to carry SV40 
tumor specific antigens, reduced the cpm the least of 
any cell type. 

In another absorption study, serum pool A, which 
contained antibody with high binding capacity for SV40 
tumor cells, was absorbed with three heterologous cell 
lines (Table IV). Following multiple absorption attempts, 
there was no reduction in the AR but rather an enhance-
ment of apparent binding, reflecting a 28 percent in-
crease. The results of these two tests are apparently 
contradictory. In one case, cells antigenically unre-
lated to the immunizing cells absorbed significant 
amounts of antibody while in the other, these cells 
enhanced the binding capacity. This enhancing phenomenon 
has been observed by both Ting et al. and Coggin et al. 
who believe such enhanced binding could be due to the 
release of antigen-antibody complexes into the absorbed 
serum from the absorbing cells, resulting in the increased 
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TABLE XVIII 

ABSORPTION OF SERUM POOL A WITH ANT IGENI CAI.LY 
HETEROLOGOUS TUMOR CELLS 

Percent 
Sample1 

Absorbing 
Cell 2 CPM3 AR4 Reduction 

in AR 

HIISS 
HI & 

566 
1583 2.8 

NHS 
HI 333-8-9 

333-8-9 
358 
1354 2.9 -03 

NHS 
HI 

VERO 
VERO 

310 
1050 3.9 -28 

NHS 
HI 

Adv. 7 
Adv. 7 

401 
1337 3.3 -15 

lAll samples used at 1:2 dilution. 
2l07 cells/0.5 ml. serum. 
^Counts per minute. 
4Absorption ratio. 
^Normal hamster serum. 
^Hyperimmune serum. 
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availability of labeled antiglobulin binding sites (34,8). 
What is clear from a prolonged and careful analysis of 
the IAT procedure as described here is that the major 
antibody specificity(ies) detected was apparently not 
directed toward SV40 tumor specific antigens. If any 
antibody specific for SV40 specific surface a* tigens 
was present, it went undetected because of these un-
related specificities. 

• Since freshly excised muscle tissue did net ab-
sorb any antibody activity and since the test target 
cells were of necessity cultured in vitro, another IAT 
procedure was performed using cultured hamster kidney 
cells as targets. By so doing, transformed cells were 
eliminated as a factor in the test to see if in vitro 
cultivation of normal adult hamster cells would yield 
target cells which could bind or absorb antibody directed 
against hamster SV40 tumor c^lls. The results of this 
IAT assay indicate that there was significant antibody 
reactivity to normal hamster tissue that had been 
cultured in vitro for only a single passage (Table V) . 
Although precautions had been taken to use different 
sera in the growth medium used to culture the cells for 
vaccine purposes (horse) and target kidney cells (fetal 
calf), it was suspected that significant binding might be 
due to cross-reacting serum proteins not detected in the 



TABLE V 

USE OF NORMAL HAMSTER KIDNEY CELLS 
AS TARGET CELLS 

Sample Dilution 
Target 
Cell CPM1 AR2 

NHS 3 Neat HKC4 576 HIS Neat HKC 2077 3.6 
NHS 3:2 HKC 521 
HI 1:2 HKC 913 1.7 
NHS Neat WF5-1 484 
HI Neat WF5-1 2369 4.9 
NHS 1:2 WF5-1 326 
HI 1:2 WF5-1 867 2.6 

^Counts per minute. 
2Absorption ratio. 
3Normal hamster serum. 
4Hamster kidney cells. 
SHyperimmune serum pool A. 



Ouchterlony procedure [see page 16}. If the less avid 
tumor antigen specificities were present and were to be 
detected, it would be necessary to remove the competing 
antibody reactivity from the serum. 

The simplest approach to see if antibody directed 
against serum proteins rather than tumor antigens could 
be eliminated would be to block or complex such anti-
bodies in the antiserum by adding excess competing 
antigen(s) (in this case calf or horse sera) to the 
antiserum. Following incubation, any antibodies 
directed exclusively against serum protein antigens 
present on the cells used to raise the antiserum should 
be bound and be prevented from subsequent binding to tumor 
target cells in the actual test. Table VI shows the re-
sults of indirect blocking of three aliquots of serum 
pool B with calf serum. Up to an 82 percent reduction in 
cpm of the immune serum was seen after blocking. Al-
though the serum aliquots came from the same pool, the 
cpm after blocking varied greatly especially at the 
lower dilution. This might have been due to the kinetics 
of calf serum binding during the blocking procedure 
which would in turn have affected the binding of the 
hamster serum and goat antiglobulin during the test. A 
greater final percentage of calf serum (blocking antigen) 
in the blocking solution resulting in a large antigen 



TABLE VI 

INDIRECT BLOCKINC OF HYPERIMMUNE SERUM 
WITH 'ALF SERUM 

"'«SM» 

Sample Dilution CPM1 
Percent 

Reduction 
in CPM 

NHS2 1:2 159 
1:4 14 7 

Hl3 1:2 14 ,179 
1:4 12,226 

HI (Blocked!4 
i 1:2 3,087 78 

1:4 2,182 82 

2 1:2 4,711 67 
1:4 4,863 60 

3 1:2 6,540 53 
1:4 4,157 66 

^Counts per minute. 
2Normal hamster serum. 
^Hyperimmune pool B. 

percent final solution of calf serum. 



excess night have reduced this variability considerably. 
After noting such great reactivity to calf serum 

proteins, another aliquot of serum was incubated with 
calf serum and then absorbed with SV40 tumor cells 
(Table VII). Incubation of pool B with calf serum 
reduced the AR of the antiserum bound by S8 percent. A 
further reduction of 13 pcrcent was seen after absorption 
with the tumor cells. This final reduction was not 
above 20 percent and was, therefore, not considered to 
be significant. Whether it was due to the removal of 
antibodies to serum proteins or to tumor antigens could 
not be determined. 

It had now been demonstrated that the majoT anti-
body specificity in hamster serum pools A, B, and C was 
directed toward serum proteins. This did not mean that 
tumor specific antibodies were not also present, but that 
perhaps they were not being detected. It would be 
necessary to remove the se-um specific antibodies if 
their detection were to be possible. 

Another method was tried in an attempt to remove 

the antibodies to serum proteins. By coupling calf 

serum to cyanogen bromide-Sepharose and passing the 

antiserum over a column packed with this material, it 

should theoretically f,; possible to rid the antiserum of 

the majority of antibodies that react with the calf 
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TABLE XVIII 

INDIRECT BLOCKING AND TUMOR CELL ABSORPTION 
OF SERUM POOL B 

Blocked Absorbed Percent 
with with 

CPM* ARS Reduction 
Sample1 Calf Serum? WF5-1 Cells3 CPM* ARS in AR 

NHS® m 429 Hl7 - - 3672 8.6 
N11S _ • 332 
HI - 6934 l'J.9 -57 
NHS • _ 379 
111 • - 1381 3.6 58 
NHS • • 
HI • • 888 2.5 71 

1Serum usea at 1:8 dilution. 
2Five percent final solution of calf serum. 
3l07 cells/0.S ml. serum. 
^Counts per minute. 
^Absorption ratio. 
^Normal hamster serum. 
^Hyperimmune scrum pool B. 



serum (21). In order to test the efficiency of this pro-
cedure on the hamster antisera, an aliquot of serum pool 
C was passed once over such a column and was then 
incubated with calf serum, horse serum or goat serum 
and tested on cells grown in calf serum (Table VIII). 
Horse and goat sera *ere chosen because they ^^re 
heterologous sera that were used in some parts of the 
IAT. Even after passage over a column with high binding 
affinity for calf serum, incubation with calf serum 
still resulted in a 33 percent reduction in the cpm of 
the absorbed serum. Incubation with horse and goat sera 
did not cause a further significant reduction in cpm, 
although there was some reduction. In another test, 
an aliquot of serum that had been cycled over the calf 
serum bound affinity column twice was incubated with 
calf serum to block any serum specific antibody still 
present before being tested on calf serum grown cells 
(Table IX). An 87 percent reduction in cpm after this 
incubation indicated that even after two passages over a 
calf serum bound column, antibody activity to serum 
proteins was still retained in the serum. 

When serum pool A and C were passed over cyanogen 
bromide-Sepharose columns coupled to horse serum and 
calf scrum, respectively, and then tested on cells groivn 
in calf serum, pool A had no more reactivity than did 
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TABLE X V I I I 

INDIRECT BLOCKING OF SERUM AFTER PASSAGE OVER 
CALF SERUM AFFINITY COLUMN 

Sample1 Serum2 CPM3 
Percent 

Reduction 
in CPM 

NHS* 288 HIS 21,963 
NHS Calf 446 
HI Calf 14,670 33 
NHS Horse 153 
HI Horse 21,353 03 
NHS Goat 255 
HI Goat 22,109 -01 

ISera used at 1:8 dilution. 
2Five percent final solution of blocking serum. 
'Counts per minute. 
^Normal hamster serum. 
5Serum pool C. 



33 

TABLE IX 

INDIRECT BLOCKING OF SERUM CYCLED TWICE OVER 
CALF SEHUM AFFINITY COLUMN 

Percent 
CPM2 

Reduction 
Sample^ Serum CPM2 in CPM 

NHS3 None 158 
HI* None 6838 
NHS Calf5 32 
HI Calf 918 87 

3-Serum used at 1:8 dilution. 
2Counts per minute. 
3Normal hamster serum, 
hyperimmune pool C. 
SFive percent final solution of calf serum. 



normal hamster serum, while pool C still reacted signifi-
cantly with the target cells (Table X) . If any cross-
reactivity to heterologous sera was retained in the ham-
ster antiserum after passage over a column coupled to 
the serum used in grovring the tumor cell vaccines, fur-
ther incubation with the heterologous sera should cause 
a reduction in reactivity. The results in Table VIII, 
page 32, indicate that antibodies against calf serum 
proteins that cross-react with goat or horse serun are 
effectively removed by such treatment. While no signifi-
cant reduction in cpm occurred after incubation with 
horse or gtat serum, reactivity still remained to calf 
serum. If this cross-reactivity to serum proteins was 
removed, did there remain any reactivity to the t jmor 
cells themselves? The results shown in Table X ii dicate 
that for serum pool A the answer is no. 

The antisera raised by multiple injections >f in 
vitro grown tumor cells contained a great reactivity to 
the serum proteins used in growing the vaccine and target 
cells. Whenever an IAT was done, this antibody-antigen 
interaction masked any reaction that could have been 
occurring between antigens and antibodies of lower 
affinity. Any test for specificity was useless because 
of these problems. Although it was possible to remove 
some of the reactive antibodies, reactivity to any tumor 
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TABLE X 

DIRECT TESTING OF TWO SERUM POOLS AFTER 
AFFINITY CHROMATOGRAPHY 

Sample* Chromatography2 CPM3 AR4 

NHS5 97 
Pool A - 503 5.1 
Pool A + 95 0.9 
NHS 220 
Pool C - 5543 25.0 
Pool C + 1166 5.3 

^Serum used undiluted. 
2pool A on horse serum coupled column; pool C on 

calf serum coupled column; target cells on calf serum. 
^Counts per minute. 
^Absorption ratio. 
^Normal hamster serum. 
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cell antigens which nay have been present was lost in the 
process. 

In Vivo Passaged SV40 Tumor 
The use of cultured tumor cell lines in the prepara-

tion of vaccines for induction of tumor resistance has 
been an accepted and long-standing practice. In an assay 
for humoral antibody such as the IAT* the antibody pro-
duction to calf serum proteins resulting from the use of 
cultured tumor cells was recognized by Ting et al. to be 
a potential threat to the reliability and sensitivity of 
such a tesv (33). Both Burdick et al. and Ting et al. 
avoided the use of cultured cells in their immunization 
procedures, using instead freshly explanted tumor cells 
(3013). Studies done in this laboratory using cultured 
tumor cells for multiple injections confirmed the un-
desirability of using such cells. 

Another series of immunizations based on the 
aethods used by Ting et al. and Burdick et al. to induce 
tumor specific antisera was attempted in order to define 
the optimal conditions for inducing tumor specific anti-
bodies. Since the avoidance of cultured tumor cells was 
of prime importance, it was necessary to use in vitro 
cultured SV40 hamster tumor cells to produce tumors in 
the animals and to thereafter passage the tumor sub-
cutaneously in vivo. 



The humoral antibody response of animals inocu-
lated with tumor producing doses of tumor cells has been 
studied in several model systems including the hamster 
SV40 fibrosarcoma WF5-1, and although circulating tumor 
specific antibodies can be detected before palpable 
tumor appearance and again after tumor removal, rarely is 
humoral antibody detected during the time the animal bears 
the tumor (1,10,15,22). While testing sera from SV40 
tumor bearing hamsters whose tumors were induced by 
inoculation of cultured tumor cells, it was found that 
several sera had antibody with a large binding capacity 
for SV40 tumor target cells (Table XI). Since cultured, 
irradiated tumor cells used previously for multiple in-
jections carried serum proteins on their surface which 
induced the formation of serum specific antibodies , 
perhaps the antibody detected by the IAT in the sera of 
these tumor bearers was not specific for tumor antigens, 
but was specific for calf serum proteins also.- This 
would be possible if the cultured, viable cells used to 
produce the tumors still had enough calf serum on their 
surfaces to induce antibody formation despite the greatly 
reduced number of viable cells (10*) received by each 
animal. In order to test the antibody specificity, an 
indirect blocking test using calf serum along with an 
SV40 tumor cell absorption was performed on serum from a 



TABLE XI 

ABSORPTION RATIOS OF SERA FROM 
TUMOR BEARERS 

Route of 
Inoculation 

for Tumor Induction CPM1 AR2 

Subcutaneous 621 6.5 
130 2.3 
102 2.0 

Intradermal 554 9.4 
259 5.0 
482 9.3 

iThe counts per minute are taken from several 
tests performed at differsnt times. 

2Absorption ratio. 



subcutaneous cultured cell tumor bearer. Table XII shows 
an 85 percent reduction in the cpm of the tumor bearer 
serum bound to the SV40 target cells in the IAT folloxving 
incubation with calf serum. A lesser but still signifi-
cant reduction (48 percent) followed absorption of the 
serum with cultured SV40 tumor cells. Apparertly, the 
antibody reactivity detected in the tumor bearer serum 
was specific for serum protein determinants. The reduc-
tion in cpm caused by absorption with cultured tumor 
cells could certainly be due to the calf serum determin-
ants carried on the absorbing cell surfaces. 

Having demonstrated that the antibody reactivity 
to SV40 tumor cells detected by the IAT in the serum of 
SV40 tumor bearing hamsters injected with cultured cells 
was primarily specific for serum proteins and wanting to 
avoid such antibody reactivity, I collected sera from 
hamsters bearing tumors that had been passaged in vivo 
one through eight times. If such sera contained anti-
bodies to serum proteins, the use of the tumor cells 
themselves from these tumor bearers should be avoided. 
Table XIII shows the results of the IAT performed on 
these sera. Sera fTom hamsters bearing passage-one 
(P-l) tumors contained antibodies which bound signifi-
cantly to the SV40 tumor target cells, while sera from 
animals bearing tumors of increasing passage did not. 
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TABLE XII 

RESULTS OF INDIRECT BLOCKING OF TUMOR 
BEARER SERUM 

Sample* Treatment CPM2 AR3 
Percent 
Reduction 
in CPM 

NHS* 27 
TBS 145 5.20 
TB S Percent Calf 

Serum6 
21 0.78 85 

TB SV40 Tumor Cells7 75 2.80 48 

lAll samples used at 1:2 dilution. 
^Counts per minute. 
^Absorption ratio. 
^Normal hamster serum. 
^Tumor bearer serum. 
6Serum diluted 1:2 with saline plus 5 percent 

calf serum. 
7Sxl07 cells/0.S ml. serum. 
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TABLE XIII 

ABSORPTION RATIOS OF TUMOR BEARER SERA 

Tumor Passagir* CPM2 AR3 

NHS4 52 
1 182 3.5 
2 62 1.2 
4 34 0.6 
S 25 0.5 
6 52 1.0 
8 40 0.8 

^Tumors passaged in vivo. 
^Counts per minute. 
^Absorption ratio. 
^Normal hamster serum. 
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The reactivity of the sera from P-l tumor bearers could 
possibly have been due to calf serum specificities, while 
tumors of greater passage carried no such specificities. 
In all of the immunizations using in vivo passaged tumor 
cells, therefore, tumors were used between passages two 
and nine and apparentIv carried no calf serum determinants. 

In Vivo Passaged SV40 Tumor Vaccines 

Multiple immunizations. Multiple injection of 
tumor cells has been used successfully by several 
investigators to induce antibody to tumor specific surface 
antigens that can be detected in the IAT. Ting et al. 
used subthreshold levels of viable mouse polyoma tumor 
cells to induce polyoma tumor specific antibody formation 
that could be titered to a 1:144 dilution in the IAT 
(32). Burdick et al. used a combination of irradiated 
and viable methylcholanthrene transformed mouse tumor 
cells and obtained tumor-specific antibody of a somewhat 
lower titer (1:64) (3). By using the highly immunogenic 
SV40 tumor of A/LN mice (SV-A/LN), Ting et al. were able 
to inject large numbers of viable tumor cells into mice 
without producing tumors. The tumor specific antibody 
raised by this method was of an extremely high titer and 
the working dilution of this antisera was commonly as 
high as 1:600 (33). 



In contrast to the SV4Q mouse tunor, the SV40 
fibrosarcoma of hamsters (WFS-1) used in this laboratory 
is extremely tuaorigenic with &s few as S-10 cells pro-
ducing a tumor (8). Tumor cells used for vaccine 
preparations must be irradiated to avoid tumor forma-
tion at the site of injection. In a preliminary study 
by Coggin et al. comparing the IAT and a cytostatic 
antibody assay as indicators and measurers of SV40 
tumor immunity, hamsters received up to ten immuniza-
tions of irradiated SV40 tumor cells (8). Despite this 
aassive antigenic assault, the antisera produced by the 
animals lost any significant reactivity to SV40 tumor 
cells above a dilution factor of 1:64 and the working 
dilution of the antisera was commonly 1:16. The dif-
ference between the hamster and mouse host response to 
these two different SV40 tumors is quite cbvious in view 
of the amount of tumor specific antibody produced by each 
that is detectable by the IAT. 

The purpose in giving multiple injections of 
irradiated tumor cells as a vaccination protocol was 
to see if this regimen would induce specific antibody 
that would react significantly with the SV40 tunor cell 
targets. Because the use of cultured tumor cells was 
not desirable for such vaccines in conjunction with the 
IAT, these multiple immunizations were made with in vivo 
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passaged SV40 tumor cells. Two immunization schedules 
were used: 1) multiple injection of irradiated SV40 
tumor cells alternately intraperitoneally and sub-
cutaneous ly and 2) a single injection of irradiated SV40 
tumor cells in complete FTeund*s adjuvant followed by 
several intraperitoneil injections of irradiated SV40 
tumor cells in saline. Since the purpose of the 
iflBsunizations was to see if tumor specific antibody could 
be produced, sera were collected over the course of 
immunization and tested in an IAT simultaneously. This 
also served to minimize any test variables and allowed 
direct comparison of the test sera. Tables XIV and XV 
show the absorption ratios of the sera obtained from 
these immunizations. The absorption ratios obtained 
with sera from animals receiving in vivo grown cells only 
were very low, but still significant at all times tested 
during the immunization except after the seventh vaccine 
(Table XIV). There was no reason to expect that animals 
would suddenly lose their tumor cell reactive antibody 
during the course of immunization and then suddenly re-
gain it, but this was clearly indicated by the IAT 
results. 

Animals receiving adjuvant with their initial 
tumor cell injection also produced SV40 tumor cell 
reactive antibody (Table XV). The absorption ratios 



TABLE XIV 

ABSORPTION RATIOS OF SERA FROM ANIMALS RECEIVING 
MULTIPLE INJECTIONS OF IN VIVO PASSAGED CELLS 

Sample1 CPM2 A R 3 

7 days post 6th vaccine 112 2.6 
6 days post 7th vaccine 65 1.5 
6 days post 8th vaccine 108 2.5 
9 days post 8th vaccine 90 2.1 
4 days post challenge 111 2.6 
6 days post challenge 100 2.4 
9 days post challenge 95 2.2 
11 days post challenge 10S 2.5 
14 days post challenge 105 2.5 

NHS ̂ 43 

lAll samples assayed undiluted. 
^Counts per minute. 
^Absorption ratio. 
^Normal hamster serum. 
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TABLE XVIII 

ABSORPTION RATIOS OF SERA FROM ANIMALS RECEIVING 
MULTIPLE INJECTIONS WITH COMPLETE FREUND'S 

ADJUVANT 

Sample* CPM2 AR3 

1 month post initial injection 104 2.5 
7 days post first boost 
10 days post first boost 

253 
132 

6.2 
3.2 

8 days post second boost 
IS days post second boost 

449 
140 

10.9 
3.4 

11 days post third boost 
12 days post third boost 
13 days post third boost 

144 
91 
111 

3.5 
2.2 
2.7 

S days post fourth boost 
7 days post fourth boost 
10 days post fourth boost 

83 
89 
113 

2.0 
2.1 
2.7 

4 days post challenge 
6 days post challenge 
9 days post challenge 
11 days post challenge 
14 days post challenge 

136 
72 
31 
65 
77 

3.3 
1.7 
0.8 
l.S 
1.9 

NHS4 41 

lAll samples assayed undiluted. 
^Counts per minute. 
^Absorption ratio. 
^Normal hamster serum. 



were generally higher indicating that the use of 
adjuvant serves to enhance the immune response to the 
turner cell antigens (Table XV) . Care was taken to 
collect sera at lesser intervals throughout the course 
of this immunization and according to the absorption 
ratios, a startling phenomenon occurred. Antibody 
levels fluctuated greatly indicating in one instance 
that animals that had a high level of reactive antibody 
one day (AR 6.2) had little more than half that level 
three days later (AR 3.2). After a third immunization, 
the antibody level rose, decreased greatly and increased 
again, all within three consecutive days. Ting et al. 
also did a time-course survey of several immunization 
protocols that utilized the mouse SV-A/LN tumor cell. 
They noted little or no antibody activity during the 
course of immunization (33). Tables XIV and XV indicate 
that an SV40 tumor cell reactive antibody was indeed 
present during the course of immunization, but in face 
of the absorption ratios one must ask if indeed any 
biological significance can be attached to the measure-
ment of this reactivity. Several points must be con-
sidered. The absorption ratios in Tables XIV and XV 
indicate that reactivity to SV40 tumor cells, presumably 
antibody to SV40 tumor specific antigens, was being 
measured by the IAT, and yet, depending upon which day 
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the serum sample was taken, sntibody activity was either 
relatively high, low, or nonexistent. If indeed the IAT 
was accurately measuring true antibody levels in these 
animals, it would be incredible that this antibody could 
have any biological significance as far as tumor immunity 
is concerned. If antibody, indicative of tumo. immunity 
was present in these antisera and the IAT was in fact a 
poor indicator of its presence from day to day, as these 
data may suggest, then the assay must be considered a 
tool of dubious value in the detection of such antibody. 
A practice used commonly by Ting et al. has relevance to 
this. Before performing any specificity studies with the 
antisera they raised, Ting et al. carefully screened the 
various serum pools for reactivity in the IAT (32), since 
pools of antiserum from animals receiving the same immuniza-
tion regimen differed in their specificities and some 
were completely nonreactive (16) . If this arbitrary type 
of screening is necessary to assure reactive sera and if 
on any given day the IAT may or may not be indicative 
of antibody levels, the assay must be held in question 
as a reliable, sensitive measuring stick of tumor antigen 
specific humoral antibody. 

In the process of evaluating any biological assay 
or procedure, one must judge its relevance by recognizing 
its ultimate implications. In the case of the IAT assay 
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and the procedure of multiple immunization the relevance 
they have to tumor immunity is of prime importance. The 
effectiveness of multiple injections of SV40 tumor cells 
as a means of conferring specific tumor immunity has 
been well documented (33,32,5). In the SV40 hamster 
fibrosarcoma model, animals receiving but a single 
immunization \*ith 107 irradiated tumor cells show 
strong protection against SV40 tumor cell challenge. 
Coggin et al. have found that hamsters which are tumor 
immune after one injection of irradiated SV40 tumor 
cells do not have antibody detectable by the IAT (8). 

In order to see if the multiply immunized hamsters 
in this study were immune to tumor challenge and if this 
immunity was reflected in antibody that was detectable 
by the IAT, the hyperimmunized animals and a control 
group of unimmunized animals received a subcutaneous in-
jection of 2.5xl03 viable tumor cells. One hundred 
percent of the control animals had palpable tumors at 
the site of injection twenty days after challenge. The 
hyperimmune animals were bled periodically for two weeks 
after challenge. Absorption ratios of these sera can be 
seen in Tables XIV and XV, pages 45 and 46, respectively. 
Although both groups of these animals were kept forty days 
after challenge and never developed tumors, the absorption 
ratios of their sera indicate the presence of tumor 
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specific humoral antibody after challenge in the group 
receiving injections of SV40 tumor cells without 
adjuvant (Table XIV, page 45) and the absence of the same 
in the other group (Table XV, page 46), within the time 
span of serum sampling. Again the reliability or useful-
ness of an assay which gives such equivocal results must 
be questioned. Both groups of animals were tumor immune 
and yet according to the IAT, the presence or absence of 
antibody that would bind to the tumor producing cells is 
of no consequence. 

SV40 tumor induction and removal. Tumor induction 
and subsequent removal has been found to be an effective 
immunization procedure in several systems offering 
excellent protection against tumor challenge (24,23,10). 
The humoral response of tumor bearers prior to and after 
tumor excision has been monitored by several investigators 
employing various model systems utilizing SV40 tumors. 
Ambrose et al., monitoring cytostatic antibody in SV40 
tumor bearing hamsters, found no trace of this antibody 
at the time of tumor appearance, but the occurrence of 
high levels of antibody within ten days after tumor 
removal (1). Collins et al. using autologous SV40 trans-
formed hamster kidney cells found little or no humoral 
activity detectable by immunofluorescence in tunor 
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bearers. Humoral antibody activity appeared within two 
weeks following tumor excision and reached its peak three 
to four weeks post excision (10). Ting et al. measured 
humoral antibody with the IAT in the murine SV40 tumor 
model SV-A/LN. They found little or no antibody activity 
two to five weeks after tumor regression (33) . 

Hamsters were challenged with in vivo passaged SV40 
tumors by two routes in order to see if tumor removal 
would produce SV40 tumor antigen specific antibody detect-
able in the IAT. Animals were bled before and after tumor 
excision and all sera were tested simultaneously in order 
to minimize test variables and to allow direct comparison 
of results. The results of these tests are shown in 
Tables XVI and XVII. It is immediately apparent that 
sera from animals bearing either intradermal tumors 
(Table XVI) or intramuscular tumors (Table XVII) contained 
antibody which bound significantly to SV40 tumor cells. 
This is in direct contradiction to the findings of others 
cited above. After excision of the intradermal tumors 
(Table XVI), the serum antibody levels as indicated by 
binding to SV40 tumor cells, disappeared and did not 
return, even up to twelve days after tumor removal. This 
pattern of antibody occurrence is directly opposite that 
seen by others whether using the IAT or different antibody 
assays. On the other hand, animals having had 



TABLE XVI 

ABSORPTION RATIOS OF SER* AFTER INTRADERMAL 
TUMOR EXCISION 

Sample1 CPM2 AR3 

Pre-excision Tumor Bearer 122 2.4 
2 days post excision 89 1.7 
4 days post excision S9 1.1 
8 days post excision 78 1.5 
9 days post excision 73 1.4 
11 days post excision 70 1.3 
12 days post excision SO 1.0 
4 days post challenge 117 2.3 
6 days post challenge 77 1.5 
9 days post challenge 56 1.1 

NHS4 50 

ISera used undiluted. 
2Counts per minute. 
'Absorption ratio. 
^Normal hamster serum. 
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TABLE XYII 

ABSORPTION RATIOS OF SERA AFTER INTRAMUSCULAR 
TUMOR EXCISION 

Sample1 CPM2 AR3 

Preamputation 91 2.1 
6 days post amputation 
8 days post amputation 
9 days post amputation 
12 days post amputation 

115 
316 
130 
336 

2.7 
7.5 
3.0 
7.9 

4 days post challenge 
6 days post challenge 
9 days post challenge 
11 days post challenge 

125 
336 
418 
122 

2.9 
7.9 
9.9 
2.9 

NHS4 43 

lAll samples used undiluted. 
^Counts per minute. 
3Absorption ratio. 
^Normal hamster serum. 
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intramuscular tumors removed maintained antibody levels 
that were significant, but that appeared to fluctuate 
markedly from one day to the next. While in the case of 
the intradermal tumor bearers it may be that there was 
simply no circulating antibody present to be detected 
after tumor removal, antibody was present that did bind 
to SV40 tumor cells after excision of intramuscular 
tumors. The bizarre pattern of antibody appearance and 
disappearance is similar to that seen during multiple 
immunization (Table XV, page 46), but is even more pro-
nounced. One must again question the biological signifi-
cance to tumor immunity of an antibody that is present 
concomitant with the tumor and that either disappears 
altogether after tumor removal or plays "hide and seek" 
from day to day. 

In order to see if animals after tumor excision 
were immune to tumor challenge, both groups of animals 
received subcutaneous injections of 10^ viable SV40 
tumor cells two weeks after tumor removal. Normal control 
animals receiving the same challenge dose all had tumors 
at the site of injection within twenty days. Neither 
group of former tumor bearers showed any evidence of 
tumors up to forty days after challenge. The sera of 
the intradermal tumor bearers showed a brief rise in titer 
after challenge that quickly disappeared again (Table 



XVI, page 52). The sera of the intramuscular tumor 
bearers continued to fluctuate as before. In one case 
(Table XVI), there was no humoral indication of tumor 
immunity and in the other (Table XVII, page 53), one 
must ask if the antibody being detected has anything at 
all to do with tumor immunity since it was also present 
in tumor bearers. 

Specificity of Reactive Sera 
Ting et al. and Burdick et al. routinely used 

absorptions to confirm the specificity of the sera they 
used in their antibody assays. These sera were diluted 
to a preselected endpoint prior to absorption with 
various cell types, but this practice may have precluded 
detection of some specificities. Coggin et al. have 
pointed out that the use of sera greatly diluted to a 
preset endpoint prior to absorption might eliminate any 
antibody specificities in the sera present at lower titers 
and thus reflect antibody concentration rather than anti-
body specificity (8). 

Although the sera listed in Tables XIV, XV, and 
XVII, pages 45, 46, and 53, respectively, varied greatly 
in their binding capacity for the SV40 tumor cell targets, 
absorptions were performed on those sera having the 
greatest binding capacities in an attempt to characterize 
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then further. All sera were used undiluted. Absorp-
tions were done either with SV4G tumor cells or with 
normal muscle tissue. Table XVIII shows the results of 
this absorption. Neither the unabsorbed nor t^e tumor 
absorbed serum from animals receiving multiple injec-
tions of irradiated SY10 tumor cells only bound to the 
SV40 target cells significantly. There was a 34 percent 
reduction in AR after tumor cell absorption of the serum 
from animals receiving multiple irradiated SV40 tumor 
cell injections plus adjuvant. The cpm of the serum from 
animals having had intramuscular tumors excised or 
multiple injections of irradiated S«*40 tumor cells without 
adjuvant were not reduced significantly by absorption 
with SV40 tumor cells. 

Absorption with normal muscle tissue caused an 
unexplainable enhancement in cpm of the normal hamster 
serum, the multiple vaccine serum, and the tumor excision 
serum. There was a 32 percent reduction in the cpm of 
the animals receiving adjuvant. It is obvious that the 
results of this absorption did nothing to clarify the 
specificity of the sera. Serum that previously had a 
significant capacity for binding to SV40 tumor cells 
suddenly did not bind to the target cells. Muscle tissue 
that should not affect the binding capacity of normal 
hamster serum enhanced its binding capacity seven times, 
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TABLE XVIII 

RESULTS OF ABSORPTIONS OX SERA FROM THRE5 
IMMUNIZATION SCHEDULES 

Sample1 
Absorbing 

Cell2 CPM3 AR4 

NHS 5 43 
CFA® - 242 5.6 

A? - 77 1.8 
B8 • - 142 3.3 

NHS Tumor5 33 
CFA Tumor 122 3.7 
A Tumor 63 1.9 
B Tumor 115 3.5 

NHS Muscle1^ 272 
CFA Muscle 163 0.6 
A Muscle 253 0.9 
B Muscle 158 0.6 

lAll samples used undiluted. 
20.5 gram packed SV40 tumor brei or muscle brei/ 

0.4 ml. serum. 
^Counts per minute. 
^Absorption ratio. 
^Normal hamster serum. 
^Animals received adjuvant with multiple 

immunization. 
7Animals received multiple immunization. 
^Animals had intramuscular tumor removed. 
9SV40 tumor tissue. 

10Normal hamster muscle. 



while it also enhanced the binding capacity of two out 
of three of the tumor iismune sera. The difficulties 
with the specificity test only served to confirm that 
there were problems with this assay as it was used for 
these studies. Discounting even the problems that were 
encountered with cultured cell vaccines, the IVT when 
used to assay sera from several immunization protocols 
did not appear to measure antibody of any significance 
to tumor immunity. The results of the various time-
course studies, the erratic appearance and disappearance 
of antibody, the lack of correlation to in vivo tumor 
immunity and the confusing results of the specificity 
absorptions made it impossible to reach any conclusion 
other than that the IAT did not serve as a reliable tool 
in detecting tumor specific antibody in this hamster SV40 
tumor model. 



CHAPTER IV 

CONCLUSIONS 

The intent in undertaking this study was to answer 
four questions about the IAT and its usefulness us an 
assay for humoral ant5body. The conclusions are as 
follows: 

1. It was possible to induce antibody in syn-
geneic hamsters by either multiple immunizations with 
irradiated SV40 tumor cells passaged in vivo or in vitro 
or by Inducing tumor formation with SV40 tumor cells in 
the hamsters and excising the tumors. This antibody 
reacted significantly with hamster SV40 tumor cells. 

2. Antibody induced by injection of irradiated 
cultured tumor cells had a primary specificity for calf 
serum proteins carried on the surfaces of the immunizing 
cells that prevented detection of any tumor antigen 
specificities. The specificites of sera obtained after 
multiple injection of fresh irradiated SV40 tumor 
cells or following SV40 tumor removal were indetermin-
able. In no way did the levels of antibody from any 
immunization schedule reflect the presence of tumor 
immunity as measured by tumor transplant rejection. 

3. Certain IAT assay variables such as the 
59 



specific activity of the labeled antiglobulin caused 
great variation in results from test to test making 
monitoring of sera difficult and comparison of dif-
ferent tests useless. The use of cultured tumor cells 
as a means of inducing antibody to tumor antigens was 
impossible due to an overwhelming antibody response to 
serum proteins. The results of various IAT assays on 
tumor immune sera were confusing and did not appear to 
reliably indicate the presence of antibody of any 
significance to tumor immunity. 

4. In view of the above considerations, the IAT 
as modified by Burdick et al. and used for this study, 
was found to be neither a convenient nor useful tool for 
detecting humoral antibody to hamster SV40 tumor 
specific antigens. 
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APPENDIX B 

SZhVA ABSORPTIONS 

I. In vitro 

1. Harvest inginual, axilliary, cervical and mesenteric lymph nodes 

from normal hamsters. Tease out lymphocytes in media without 

serum and centrifuge cells at 2000 rpm for 20 minutes. 

2. Resuspend the pelleted lymphocytes in the heat-inactivated serum 

to be absorbed. The desired concentration of cells for in vitro 

absorption is 4 - 6 X 10^ lymphocytes per ml sera. (Usually 

lymph nodes from one animal give enough lymphocytes for 2 ml sera.) 

3. Incubate lymphocytes and serum at 4° c for 2 hours with shaking 

every 30 minutes. 

4. Centrifuge mixture at 2000 rpm for 20 minutes, harvest and filter-

sterilize serum. 

II. In vivo 

1. Use filter-sterlized serum absorbed in vitro as described above. 

2. Inject 2 ml i.p. into six week old normal hamsters 

3. Bleed out animals after 18 hours. 

4. After harvesting the serum, filter-sterilize and heat-inactivate 

the in vitro absorbed sera. 



APPENDIX C 

CULTURE OF SV40 TUMOR CELLS ON POLYACRYLAMIDE GELS 

A method for establishing a cloned SV40 tumor lire using a poly-

acrylamide dish (gel). 

METHOD: 
SV40 tumor cells are trypsinized and washed once in tissue culture 

medium with fetal bovine serum. The cells are counted- and appropriate dilutions 

are made to obtain 600 cells per ml. Individual polyacrylamide gels (3 - 5) 

are placed in a 60 X 15 sm petri dish. The excess medium is removed from 

inside and from outside of each gel with a Pasteur pipette. Air bubbles 

forming under the gels should be removed, for they will hamper counting the 

colls at a later time. 

Next, a seeding level is predetermined to araieve delivery of approxi-

mately one cell per well (49 per gel) in each polyacrylamide dish. A test gel 

is seeded to determine the plating efficiency of the SV40 tumor cells by 

putting 37 lambda from the dilution of 600 cells per ml on each individual gel 

in order to obtain 20 colonies per gel. Incubate the test gels for 30 minutes in 

C02 at 37° C. The number of SV40 tumor cells that plate down determine the 

accurate count. 

After counting the test gels, a dilution of SV40 tumor cells is made to 

Obtain a concentration of 150 cells per ml. 150 lambda of this final dilution 

are then added to individual gels (10-20 gels or as many as are necessary). 

The gelB are put in C02 for 2 hours at 37° C. They are scanned with an 

inverted microscope to make sure that there is a single cell per well on the 

average. Sterile tissue culture medium with fetal bovine serum is added to the 

petri dishes to keep the gels moist and to give the cells the necessary nutrients 



2 

for crcvth. The petri dishes arc put back in CO^ for 1 0 - 1 4 days keeping 

the level of the medium constant. 

Cloning cay be attenpted wnen the colonies growing from the single 

cells plated are large enough to be seen with the naked eye. A tuberculin 

syringe with a 26 gauge needle is used to transfer the visible colony from 

the gel to a sterile tissue culture flask. The colony will eventually 

grow out to give a cloned SV40 tumor line. 



PREPARATION OF FCLVACKVLA-"-T. 2 E GELS FCR PERFORMING 

Trr: CCIX::.-Y ix.-iisrriox ASS A* 

Prepared solution according to Haskill, J.N.C.I. 

Solution A: 36.6g Trisma base in 48 ml IK HCL made up to 100 nUL with 
distilled H20. 0.3 xnl N, N, N", N' ,-tetramethyl-
ethylenediamire then added. 

Solution B: pyrogen-free distilled H20 in equal volume of Solution A. .. 
I.e. approximately 100 ml. 

Solution C; 28g Acrylamide in 1-0 ml distilled H20 plus 1.47g N, N* 
methylenebisacrylamide. 

Solution D: u.l4g Ammonium persulphate in 100 ml distilled H20. This 
catalyst is light sensitive, and is kept in the dark when 
gels are not being made. 

Solution A s B; should be combined to a total volume of 200 ml. 

Final solutions consist of 12 parts A + B, 9 parts C, and IS parts D. 

Solutions are mixed well. Add enough solution with a Pasteur pipette 

to just overfill each mold. Slide glass plate (projector slide cover 

glass large enough to cover the molds) tightly over the molds in order 

that air bubbles do not form. 

The first batch of gels is partially unsuitable because the molds are 

too dry. When the first batch of gels is being made, air pockets in the 

molds will take up some of the solution resulting in air pockets under 

the gels. Preparation of subsequent batches of gels will not experience 

similiar problems. Caution; Xf water is used to wet the wolds and fill 

the air pockets underneath, the gels will not harden. 

The molds are put on a light box fo 25 - 30 minutes for polymerization. 

If the molds are not put on a light box, the gels will take much longer 

to polymerize (if at all). The glass slide is lifted off carefully and 

the gels removed from the glass or from the mold with a small spatula. 



Thfe gla..; rl idi is var r.-.'i off vith distilled «ter to remove acry2arude 

residue ar.JI drain. .-ir.5 a spatula with water will facilitate 

getting the gels out of the molds. In which c&se, the molds should be 

vacvamed out to remove any excess water. 

As tfca gel castings are conpleted they are put in a e»lass bottle 

filled with distilled water and refrigerated for one day. The entire 

volume of distilled water is changed once daily for 2 - 3 days. The 

gels are then placed in physiologic saline, autociaved, and two core 

changes of sterile saline are used to complete the washing procedure. 

The gels are equilibrated with sterile tissue culture medium at least 

24 hours before use. 



Appendix D 

TITLE: 
DETECTION OF COMMON TRANSPLANTATION REJECTION ANTIGENS 

ON METHYLCHOLANTHRENE INDUCED SARCOMAS OF MICE. 



ABSTRACT 

Substantial cross reaction was demonstrated in Balb/c 
mice between two methylcholanthrene (>:CA) induced sarcomas 
which were previous1 y thought to display only lnoividually 
unique transplantation antigens. In a transplantation study, 
immunization of mice with irradiated cell suspensions 
prepared from disaggregated tumors of either the 1315 MCA 
sarcoma or 1321 MCA sarcoma gave no protection against a 
subsequent challenge with syngeneic, SV40 induced sarcoma 
cells. Immunization with irradiated 1321 cells gave complete 
(100%) protection against both the homologous and 1315 
challenges. Immunization with 1315 sarcoma cells gave 
absolute self-protection and 55.5% protection against the 
subsequent 1321 challenge. The results obtained by direct 
challenge were confirmed by passively transferring peritoneal 
exudate cells from immunized tumor which subsequently showed 
the same pattern of immunity observed in the exudaue donors. 
The asymmetric pattern of protection was seen at two challenge 
cell doses in the adoptive transfer assay and established that 
the resistance observed is truly immunologic. A discussion 
of variant results and assays used to monitor transplantation 
antigens is presented. 



It has been generally concluded that tumors induced by 
the sane chemical carcinogen have individually specific tumor 
transplantation, antigens which do not show significant cross 
reaction with other syngeneic tumor lines when tested by 
transplantation tests in vivo(1,2). To be sure, the reasoning 
behind this conclusion seems valid based on a general survey 
of the available data. However, recent reports have shown 
that appropriately sensitized lymphocytes can detect certain 
common or shared antigens among syngeneic tumors employing 
in vitro assays(3,4). Forbes, et al., have further demons-
trated that solubilized antigen preparations from different 
methylcholanthrene (MCA) - induced murine tumors show different 
patterns of cross reactivity when used as either immunogens 
for sensitizing lymphocytes or as antigens for evoking 
responses in an in vitro lymphocyte proliferation assay(5). 

In a more recent study using two histologically similar 
fibrosarcomas induced by different carcinogens, Fritze, et al.. 
were able to show specificity between the tumor antigens by 
in vivo transplantation experiments, whereas sera from animals 
bearing these tumors contained complement-dependent cytotoxic 
antibodies specific for both tumors which were detected in 
vitro(6). By various means, then, cross reactivity can be 
demonstrated between histologically similar, chemically induced 
tumors in vitro. but these same reactivities have not been 
clearly shown in vivo. The reasons for this paradox are not 
clear, although the Hellstroms' have suggested that common 
antigens, detected by in vitro tests, are less efficient in 
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imnunizin^. in vivo than are so-called tunor specific 
transplantation antigens or TSTA's(7). 

By using stringent immunization regimens and challenge 
tumor cells maintained in low passage in vitro, significant 
cross protection has been consistently obtained in our 
laboratory between syngeneic adenovirus 7 and SV40-induced 
hamster tumor lines(8). We now report antigenic cross reactivity 
for MCA-induced murine sarcomas previously believed to share 
no common transplantation antigens(9) using the direct tumor 
challenge assay. Moreover, the cross reactivity observed can 
be demonstrated by adoptively transferring immune lymphoid 
cells to unimmunized, recipient mice. The cross protection 
appears to be somewhat asymmetric in that, one MCA sarcoma 
cell line immunizes most effectively against itself, whereas 
the other line immunizes uniformly against both. 
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MATERIAL AMD I-TETHODS 

yi?.-: The male Ealb/c mice used for these experiments were 

obtained from Cumberland View Farms, Clinton, Tennessee. 
Mice were 4-5 weeks old when they were started on immunization 
schedules. Recipient mice for adoptive transfer experiments 
were eight to ten weeks in age. 
Tumor cell lines: Two male Balb/c mice with different MCA-induced 
fibrosarcomas were generously donated to us by Dr. I. Hellstrom, 
University of Washington Medical School, Seattle, Washington. 
The isolation and characterization of these lines has been 
described(9). Sarcoma line 1315 was in its fifth transplant 
generation and sarcoma 1321 was in its eight generation when 
we obtained them. Both sarcomas were maintained by subcuta-
neous transplantation into recipient mice every two to three 
weeks. Explants of fresh tumor tissue were used to establish 
in vitro tissue culture lines of each tumor. Cell culture 
lines of each sarcoma were derived and both lines produced 
tumors (80-100% palpable tumors in 20-30 days) following the 
subcutaneous injection of 5 X 10^ viable cells per mouse. 

For specificity studies, the heterologous SV40 VLM 
sarcoma line was used (kindly provided by Dr. S.S. Tevethia, 
Tufts University, School of Medicine, Boston, Massachusetts). 
This sarcoma was originally induced by SV40 transformation 
of Balb/c mouse embryo, in vitro. These tumor cells carry 
SV40 T antigen and TSTA and did not shed infectious SV40 
virions. In addition to the in vitro line, a tumor line 
was maintained by regular passage in recipient mice. 
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Cell culture lines vere maitained in basal caediim 

of Eagle in Hank's salts containing ten percent calf serum 
plus antibiotics. They were passaged routinely each week 
in glass prescription bottles following brief trypsinization 
and were free of mycoplasma. Passage levels between 9 and 
15 were used for these experiments. 
Direct challenge assay of tumor immunity: Groups of ten mice 

received four weekly intraperitoneal injections of irradiated 
cell suspensions prepared from freshly excised 1315, 1321, 
and VLM sarcomas. Tumors were aseptically removed from donors 
and were finely minced. Single cell suspensions were prepared 
by filtering the minced tumor through fine wire mesh. The 
cells were then washed three times in tissue culture medium 
without serum and were givevi 8C00 r of X-ray. Cell suspensions 
were standardized by wet weight so that all animals received 
equal doses of tumor tissue. Weekly intraperitoneal injections 
were between 7.5 - 10 mg per mouse. Ten days after the last 
immunization, all animals were challenged with 5 X 10^ viable 
tumor cells per mouse from either the 1315, 1321, or VLM 
in vitro grown cultures. The challenges were palpated for 
tumor appearance twice weekly. 
Adoptive imvunity test: The procedure for the adoptive transfer 

of immunity was modified only slightly from that normally 
used in our laboratory with hamsters(10). Mice to be used 
as donors for immune peritoneal exudate ceils (PEC) received 
four weekly injections of 3-5 X 106 irradiated (5000 R) 
1315 or 1321 cells cultured in vitro. Age matched control 
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mice were used as donors of normal PEC. PEC were harvested 
one week after the last immunization and five days after 
intraperitoneal stimulation wifh one milliliter of three 
percent thioglycollate per mouse. 

Cells were obtained by rinsing the peritoneal cavity 
twice with medium without serum and withdrawing the fluid via 
a syringe fitted with a 20 gauge needle. Subconfluent, 
in vitro cultures of 1315 and 1321 sarcoma cells were harvested 
by brief exposure to 0.0257o trypsin in EDTA. After washing, 
PEC and tumor cells were mixed at a ratio of 10C PEC.-l tumor 
cell and were incubated for 30 minutes at 37 C. Tumor cell 
challenges of 5 X 10^ per mouse and 5 X 10^ per mouse were 
used. The tumor cell:PEC mixtures were injected subcutaneously 
in the subcapular region of normal adult recipients and all 
mice were palpated twice weekly for tumor appearance at the 
injection site. For comparison, the percentage of protection 
was calculated from the following formula: 

% tumors in non-inrunized - tutors in immunized 
% Protection X 100 

% tunors in non- irmunized controls 
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RESULTS 

Crocs woteotirn r-'-*-_-t r. t . c t ' t : * by cliveat ohaltcrine 

lie first observed cross reactivity between the two MCA 
tumor lines when animals were immunized and cross challenged 
with in vitro grown cells. Using the vigorous immunization 
schedule of five weekly injections of 10® irradiated cells 
alternately given ir.craperitoneally and subcutaneously we 
obtained almost complete protection ( 90%) against both the 
homologous and reciprocal challenge (data not shown). To 
rule out any possibility of residual tissue culture proteins 
(e.g. calf serum) providing a "helper" effect when tumor cells 
used for vaccination were grown in vitro or of possible 
antigenic modulation of our lines by tissue culture passage, 
we decided to immunize groups of mice with freshly hai*vested 
in vivo grown tumor cell suspensions and then to challenge 
with standardized tumor cell suspensions from the in vitro 
lines. As an added control for specificity, the SV40 induced 
sarcoma, VLM was included. 

The results given in Figure 1, showed that challenges 
with in vitro propagated tumor cells from any of the three 
sarcoma lines produced tumors in 70% or more of the uniinmunized 
control animals within 20 days. Immunization with either 
1321 or 1315 sarcoma cells taken from fresh tumor appeared to 
give no substantial protection against the SV40 induced VLM 
sarcoma cell line challenge (Fig. 1-C). Immunization with 
irradiated 1321 cells gave complete and absolute protection 
against both the 1321 and 1315 challenges. 1315 immunization 
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gave absolute self protection, and 55.5 percent protection 

against the 1321 challenge(1A,IB). 

Interestingly, when irradiated VLM cells were used for 
immunization, not only was complete self protection obtained, 
but also some reduction in the final percentage of tumors in 
animals challenged with the two MCA sarcoma lines (Fig.lA.lB). 
This protection amounted to 57.1% for the 1351 challenge and 
a 31.0% reduction for 1321. 
Cross vrotection detested by adovtive transfer of immune cells 

Since it appeared in the direct challenge experiments 
that immunization with 1321 cells offered more protection 
against subsequent homologous or cross challenge than did 
the reciprocal immunization, we decided to see if this pattern 
of immunity could be adoptively transferred to establish 
that it was truly an immunologic reaction. PEC from mice 
immunized against 1315 or 1321 tumor cells grown in vitro, 
were harvested and mixed with live tumor cell challenges. 
In case there could be a quantitative difference in antigen 
expression, both large and small tumor cell challenges were 
used. 

Figure 2 shows the results from the large challenge 
experiment. In the absence of PEC, the tumor cell challenges 
ultimately produced tumors in 70% of the mice receiving the 
1315 challenge and 80% in those receiving 1321 cells. The 
results should be considered, however, with regard to the 
tumors obtained in the presence of normal PEC. Thus, when 
pre-incubated with normal PEC, the 1315 challenge produced 
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50T4 tumors, and 1321 challenge produced 90"̂  tumors. PEC 
taken from mice immunized against 1321 cells were able to 
completely protect the recipient mice against both the 1315 
and 1321 challenges. Conversely, PEC from 1315 immunized 
mice, while completely protecting against the homologous 
challenge, only gave partial protection of 55.5 percent 
against the 1321 challenge. 

With the lower dose challenges, shown in Figure 3, 
less overall protection was seen with PEC's from either type 
of donor than with the larger challenge level. The reason 
less protection was seen is not clear, but the pattern of 
protection was similar to that seen with the larger challenge 
dose, and all these results were reproducible. In the 
presence of normal PEC the 1315 challenge resulted in a final 
tumor incidence of 70%, while the 1321 challenge gave 90% tumors. 
1321 immune PEC affected a final 44.4 percent reduction in 
tumor incidence against the homologous challenge and gave 
even better protection (85.77.) against the 1315 challenge. 
Conversely, 1315 immune PEC reduced tumor incidence by 
71.4% against the homologous challenge, but only gave 33.3% 
protection against the 1321 cells. 
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DISCUSSION 

Substantial cross reactivity to two >!CA induced s.-rcomas 
was demonstrated by both direct challenge and adoptive transfer 
of immunity in syngeneic animals. These findings have been 
reproducibly repeated by both test methods in our laboratory. 
This report of cross protection between these two sarcooias 
seemingly stands in opposition to previous work that supports 
the concept that these chemically-' jced tumors have only 
unique TSTA's and that they carry no common antigens capable 
of eliciting tumor rejection in vivo(1,2,9). Indeed, the 
Hellstroms, who generously supplied us with in vivo transplants 
of these tumor lines, found no transplantation cross reactivity 
between them in vivo(9). fhey had actually shown cross 
reactivity between the tumor lines in vitro in another research 
report, observing that both these tumor lines were mutually 
sensitive to the cytotoxic action of multiparous lymphocytes(7). 

It is very important to note that in the Hellstrom studies(9), 
the tumor cells used to induce immunity and the challenge tumor 
cells were likewise derived from in vivo explants. In our 
studies, we have used sarcoma cells from both in vivo and 
in vitro sources, but we routinely used stringent immunization 
regimens with irradiated tumor cells and in all cases used 
in vitro propagated challenge cells. In the Hellstrom studies(9) 
immunization was achieved by transplantation of living tumors 
to a limb followed by excision of the resultant tumor and 
subsequent challenge with small tumor cell doses(9). These 
differences in achieving immunization alone could conceivably 
account for the apparent disparity in our findings. 
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It seens necessary, at this point to stress that careful 
consideration must be given to the criteria used for deter-
mining whether or not tumors possv?ss unique transplantation 
rejection antigens. Classically, if prior immunization 
results in specific rejection of only homologous and not 
heterologous tumor cell challenge, the tumor is said to 
possess specific rejection antigens. Obviously, the key 
to determining this specificity lies in whether or not both 
immunizing and challenge tumor cells effectively display all 
their possible antigenic specificities. 

In two reports where chemically-induced tumors of mice 
were found to display only individually unique transplantation 
antigens, immunization was achieved by inducing progressive, 
potentially lethal tumor growth. Immunity was tested following 
limb amputation to remove the tumor and subsequently re-challenging 
with tumor cells grown in vivo(6,9). The question can be raised 
as to whether or not these conditions of sinecomitant immunity 
comprise a suitable method for properly detecting all possible 
antigenic determinants actually present on tumor cells. Clearly 
had the tumors not been removed, the purported rejection antigens 
present and detected only after excision would have been 
essentially ineffective in stimulating rejection. Available 
data suggest that antigens detected on tumors in vivo may not 
be comparable to those expressed on in vitro cultured tumor 
cells. Recent work has shown that tumors growing ivi vivo 
are coated with immunoglobulin, but corresponding tumor cells 
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cultured in vitro are not(ll). Other work sur^ests that 
surface antigens from many progressive tumors are actually 
shed into the circulation(12), and circulating antigen-antibody 
complexes may, in fact, block the capacity of sensitized 
lymphocytes to react with tumor cells(13,14). Detection of 
these antigens would be impaired then because the sensitized 
effector cells would not be reactive with tumor target cells 
even though the tumor cells carried the transplantation 
antigens. It seems, therefore, that assays which are dependent 
upon the establishment and subsequent excision of a potentially 
lethal tumor, followed by challenge with tumor cells from 
similar in vivo sources may be unsuitable for detecting all 
tumor antigens present. Common transplantation antigens 
shared between histologically similar tumors could be masked 
by immunoglobulin and/or shed from the tumor as antigen-antibody 
complexes serving as poor target antigens and inactivating 
effector cells at sites distant from the tumor focus. 

We were interested in establishing the actual presence 
or absence of common, cross reacting transplantation antigens 
on two histologically similar, carcinogen-induced sarcomas of 
mice, therefore, we chose an immunization regimen to maximize 
our chance of detecting these antigens. The validity of the 
above argument regarding methods for antigen detection is 
supported, not only by our findings that indeed the cross 
reacting transplantation antigens were present, but also by 
reports from other laboratories where at least partial cross 
reactivity has been occasionally detected among chemically 
induced tumors(15-19). 
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An ir--.cciate speculation about the cordon antigenic 

determinants which are shared by KCA-induced mouse sarcomas 
is that they may be embryoric in nature. Existing reports 
concerning the relationship of transplantation antigens 
on MCA-induced sarcomas to syngeneic embryonic antigens are 
conflicting. With in vivo transplantation assays, some, 
but not all attempts to demonstrate the presence of embryonic 
antigens on such sarcomas by, either prior immunization with 
syngenic fetal tissue(20, 21,22), or adoptive transfer of 
multiparous lymphocytes(10,23,24) have been successful. 
However, embryonic antigens on chemically-induced sarcomas 
have been reproducibly detected by showing that lymphocytes 
from pregnant animals are cytotoxic to tumor cells in 
vitro(10,24,25). Since it has been established that certain 
conditions are necessary to achieve sensitization to embryonic 
antigens(8), and moreover, since the effectiveness of fetal 
tissue immunization appears to also depend on host responsive-
ness (26), variations in the techniques employed may readily 
explain these conflicts. 

It may well be that the common antigen we have detected 
between these two MCA-induced sarcomas is an embryonic antigen 
that is only measurable after stringent immunization. It is 
noteworthy that the SV40 induced VLM tumor line cross reacted 
in a unilateral fashion with the sarcomas induced by MCA. 
This cross reactivity may be an additonal reflection of the 
embryonal antigens detected in vitro by multiparous effector 
cells which are capable of destroying a variety of virally 
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and chemically induced tur.or cells. We are presentlv seeking 
to determine whether the cross reactivity reported here 
involves embryonic antigens. 

An interesting observation resulting from these studies 
was that the cross reactivity between the 1315 and 1321 lines 
was somewhat asymmetric. By both direct immunization and 
adoptive transfer of immune cells, the 1321 tumor line 
effectively immunized against subsequent challenge by either 
line; whereas the 1315 tumor cells only effectively immunized 
against themselves. This result implies that, while 1315 
tumor cells share common antigenic determinants with the 
syngeneic 1321 line, these antigens are either expressed in 
greater quantity or in a more immunogenic form on the 1321 
sarcoma cells. Furthermore, R.T. Prehn, recently communicated 
to us that he observed significant cross reactivity among 
36 chemically induced mouse sarcomas(27). Taken together, 
these data support the recent suggestion by Forbes, et al,. 
that chemically-induced tumors probably have multiple antigenic 
surface determinants and that some, but not necessarily all, 
of these antigens are shared between syngeneic tumors(5). 
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Figure 1. Cro5>-react i vi ty aro;-,.; tur.or lines induccd by 

inmun i rat ion v. it'i _l_n vi vo grov.n, i ri'adiatcd tumor 
cclls. Figure la, lb and lc represent control and 
immunised animals challenged xvith 5 x 10^ live 
in vitro grown tumors cells of MCA 1215, MCA 1321, 
and SV40-VLM lines respectively. For all three 
example? the starred lines (*-•*') represent the 
respective % tumor incidence in normal, unimmunized 
mice. Immunization before challenge are shown by 
(•-©) for MCA 1315, (£;-•) for MCA 1321, and 
(o-o) for YLM. 



Figure 2. Adoptive transfer of tumor immunity at challenge 
level of 5 x 104 live cells per mouse. Figure la 
represents control and immunized animals challenged 
with MCA 1515 cells, while Figure lb represents 
challenges with MCA 1321 cells. The starred lines 
( * — i n d i c a t e % tumor incidence in animals 
which receive only MCA 1315 challenge(la) or MCA 1321 
challenge(lb) respectively. Tumor incidence 
obtained with tumor cell-PEC mixtures are indicated 
as follows: Normal PEC (•-•), PEC from donors 
immunized against MCA 1315, (o-o), and PEC from 
donors immunized against MCA 1321 (•—•). 



Figure 5. Adoptive transfer of tumor immunity at challenge 
level of 5 x 10"5 live cells per mouse. Figure la 
represents control and immunized animals challenged 
with MCA 1315 cells, \chile Figure lb represents 
challenges with MCA 1521 cells. The starred lines 

*) indicate i tumor incidence in animals which 
receive only MCA 1315 challenge(la) or MCA 1521 
challenge(lb) respectively. Tumor incidence obtained 
with tumor cell-PEC mixtures are indicated as follows: 
Normal PEC (•-•), PKC from donors immunized against 
MCA 1315, (o-oj, and PEC from donors immunized against 
MCA 1321 (•-•). 
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