
Europ..7. Cancer Vol. 15, pp. 829~35.  
Pergamon Press Ltd. 1979. Printed in Great Britain 

Cytolytic Antibodies to Methylcholanthrene- 
Induced Sarcomas Elicited by Immunization 
of Syngeneic Mice* 

FERNANDO MERINO,~ C. JOHN ABEYOUNIS and FELIX MILGROM 

Department of Microbiology, School of Medicine, State University of New York at Buffalo, Bt~]h/,,. . \~',' l',,k, l ".,~'.. t. 

Abstract---Cytolytic antibodies were tested in sera of C3H/HeHa mice grafted twice 
with solid syngeneic sarcoma or immunized with an MC-sarcoma converted into an 
ascitic form. These sera reacted with syngeneic tumor as well as with normal and 
malignant allogeneic cells. Absorption experiments suggested that these antisera 
contained two populali,ms of antibodies. One population combined with antigen(s) 
shared by the MC-sarcomas of C3H/HeHa mice, by normal and malignant cells of 
C3H/St mice, and by normal and malignant cells of C57BL/6 mice. The other 
antibody population failed to react with cells of C57BL/6 mke but it reacted with 
C3H/HeHa MC-sarcoma and with normal and malignant cells of C3H/St origin. 

I N T R O D U C T I O N  

CHEMmALLY-induced tumors show individual 
antigenic specificity as determined by rejec- 
tion tests in syngeneic animals [1]. However, 
cross-reactions between various tumors have 
been described [2-3]. 

The search for antibodies in the sera of 
mice bearing chemically induced tumors has 
produced negative results. However, the pre- 
sence of antibodies against the tumor specific 
antigens in sera of animals immunized against 
chemically induced syngeneic tumors has been 
demonstrated by different methods. Studies on 
antigenic specificities detected by such anti- 
sera on the surface of these tumor cells, have 
shown either individual specificity or antigens 
common to different tumors [4-9]. The pre- 
sence of cross-reactive antigens has been wi- 
dely demonstrated in murine leukemias and 
lymphomas [10] and can be explained in 
terms of  viral antigens expressed on the sur- 
face of such cells [11]. 
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The purpose of this study was to analyze 
the specificity of the antibodies produced by 
immunizing syngeneic animals with clwmi- 
cally induced tumors and the reported cross- 
reactivity of these tumors with tumors of 
different histogenetic origin such as 
lymphomas. 

MATERIAL AND M E T H O D S  

Mice used in this study were males and 
females of strains C3H/HeHa, C3H/St and 
C57BL/6, 6-12 weeks old. They were supplied 
by West Seneca Lab. (Buffalo, N.Y.) and 
Jackson Laboratories (Bar Harbor, Maine) 
and were maintained in our animal facililics. 
Food and water were supplied ad libitum. 

Solid sarcomas MC-22, MC-25 and MC-26 
were induced in our laboratory by injecting 
C3H/HeHa mice subcutaneously with 1 mg of 
20-methylcholanthrene (Sigma Chemical 
Company, St. Louis, MO.)  dissolved in olive 
oil. The tumors were transplanted by the 
trocar into the subcutaneous tissue of the back 
of the mice. 

The ascitic MC1M was obtained from Dr. 
Theodore Hauschka (Roswell Park Memorial 
Institute, Buffalo, N.Y.). This tumor was in- 
duced with 3-methylcholanthrene in 
C3H/HeHa mice and was originally classi- 
fied as a rhabdomyosarcoma. A solid 
methylcholan threne-induced sarcoma of 
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C3H/HeHa  mice, which was obtained t)om 
Dr. Richmond Prehn (Institute for Cancer 
Research, Philadelphia, PA), was converted in 
this laboratory into an ascitic form by in- 
traperitoneal passage in syngeneic mice. This 
ascitic tumor is referred to as MAT. The 
lymphosarcoma 6C3HED was supplied by Dr. 
Theodore Hauschka (Roswell Park Memorial 
Institute, Buffalo, N.Y.). This tumor was in- 
duced by estrogen in C3H/St mice. The 
C57BL/6 lymphocytic leukemia, EL-4, was 
obtained from Dr. Robert  Schwartz (New 
England Medical Center, Boston, Mass.). All 
ascites tumors were maintained by weekly 
transfers in the peritoneal cavity of syngeneic 
mice. 

Ascitic tumor' cell suspensions for use as 
target cells in cytolysis tests were obtained by 
aspirating fluid from the peritoneal cavity of 
tumor bearing mice. 

Spleen, thymus, liver, kidney, brain and 
testis cell suspensions were prepared from or- 
gans from mice killed by cervical translocation 
or ether intoxication. The organs were minced 
in medium 199, pressed through a 400-mesh 
stainless steel screen and the cells were washed 
before use. 

Sera of "tumor-bearing" mice were ob- 
tained by grafting C 3 H / H e H a  mice with MC- 
25. To this end the mice were injected sub- 
cutaneously with minced MC-25 tumor using 
a 14-gauge trocar. For the first inoculation a 
10mm long plug of tissue was administered. 
When the tumors reached a size of 1 2cm in 
diameter, they were removed surgically and 
the animals were inoculated a second time 
with 1/2-3/4 of the amount of tumor tissue 
used for the first inoculation. Tumors were 
again surgically removed when they reached a 
size of 1-2 cm, and the mice were bled 4 days 
later. 

C3H/HeHa  anti-MAT serum was produced 
by subcutaneous inoculation of C 3 H / H e H a  
mice with ascitic MAT cells. When the size of 
the tumors reached a diameter of 1-2cm, 
they were surgically removed. The mice were 
then restimulated by injecting intraperi- 
toneally 2 x 10 v living ascitic tumor cells. The 
mice were bled 10-14 days after the injection. 
The sera from these mice were pooled, dispen- 
sed in small aliquots and stored at - 7 0 ° C  
before use. 

The cytolysis in agar gel procedure used 
was that described by Fuji et al. [12]. In brief, 
a 1.5~}; cell suspension in agarose-dextran 
solution was spread on a microscope slide and 
the serum dilutions to be tested were placed 
as 5/~1 ~l~c,l)l~.ls ~,n Ihc aa;ir. 'Fhc slides were 

then incubated for 1½hr at 37°C in a wet 
chamber. At the end of this period the slides 
were rinsed in phosphate buffered saline so- 
lution and then incubated with a commercial 
preparation of rabbit complement (Difco 
Laboratories, Detroit, Mich.) diluted 1/10. 
Controls with similarly prepared slides in- 
cubated with heat-inactivated rabbit comple- 
ment were always included. The slides were 
incubated for 1 hr at 37°C and then they were 
rinsed in saline, air-dried and fixed in 95",, 
ethanol for 30min. Finally, the slides were 
rinsed in tap water and air-dried. The re- 
actions were read and they were graded l q  + 
depending upon the intensity of lyric reaction. 

Dextran hemagglutination was performed 
according to a technique described by Gorer 
and Mikulska [13]. Serial dilutions of the 
antisera to be tested were prepared in 1.5~!i~ 
dextran (mol.wt 115,000, Glaxo Laboratories, 
Ltd., Greenford, England) in phosphate- 
buffered saline (PBS), pH 7.2. 

Absorptions were performed using a packed 
cell sediment prepared by centrifugation of 
cell suspension at 1800 0 for 5min. In most 
experiments 0.1ml of antiserum at 1/10 di- 
lution was absorbed three times; for each 
absorption 0.05ml of packed cells was used. 
The serum-cell mixture was incubated at 
room temperature for 30min and at 4°C for 
30min. The mixture was then centrifuged at 
1800 g for 5 min and the absorbed specimen 
was removed. 

RESULTS 

Sera of C 3 H / H e H a  mice that were grafted 
twice with syngeneic solid sarcoma and surgi- 
cally freed of tumor were tested first for 
antibodies to cells of MC-25. To this end, 
cytolysis in agar gel was performed in which 
dispersed cells of MC-25 were used as target 
cells. Numerous experiments along these lines 
were negative or at the best doubtful. This 
was, however, ascribed to a technical failure. 
Previous experience in this laboratory clearly 
showed that with the exception of the thymus, 
solid tissues cannot be readily used as target 
cells for cytolytic tests. Accordingly, sub- 
sequent experiments were performed with the 
cells of lymphoma 6C3HED which originated 
from C3H/St mice. We expected that the 
substrain difference of the tumor origin would 
not play any significant role in detection of 
tumor antibodies and indeed we found in the 
very first experiments that sera of the mice 
under investigation lysed 6C3HED cells up l~ 



Table 1. 

C_?tol_rtic Antibodies to Mel/9'lcholanth~ene-h~duced Sarcomas 

Cytolysis in gel. Serum from a C3H/HeHa mouse grafted with MC-25 sarcoma 
tested against normal and malignant cells of C3H/St and C57BL/6 mice 

(J~l  
t ~ , ) l  

Antiserum Lysis of: 
dilution 6C3HED EL-4 C57BL/6 C3H/St C3H/HeHa 
1 to: cells c e l l s  thymocytes thymocytes thymocytes 

5 + + +  + + +  + +  + +  
10 + + +  + + +  + + 
20 + + +  + +  + + 
40 + + + + + + 
80 + +  + +  ± -- 

160 + + -- -- 
320 . . . .  

m 

Table 2. Cytolysis in gel. reactions of pooled C3H/HeHa anti-MAT s,'rmp~ with .1LIT. 
6C3HED and EL-4 cells as well as with C3H/St and C3H/HeHa ll9'moc.)'les 

Antiserum Lysis of: 
dilution MAT 6C3HED El--4 C3H/St C3H/HeHa 
1 to: cells cells c e l l s  thymocytes thymocytes 

l0 + + + +  + + + +  + + +  + +  
20 + + + +  + + +  + + +  + +  
40 + + +  + + +  + +  + 
80 + + +  + +  + +  + 

160 + +  + +  + -- 
320 + +  + + -- 
640 + + -- -- 

1280 + -- -- -- 
2 5 6 0  . . . .  

i 

m 

m 

a titer of  160. However ,  to our  surprise, we 
noted that  normal  thymocytes  of  C3H/S t  ori- 
gin were also lysed by these sera. T h e  results 
obta ined with sera of  C 3 H / H e H a  mice graf- 
ted with a syngeneic MC-sa rcoma  are exem- 
plified in Tab le  1. As seen in this table, the 
sera under  investigation reacted also with EL-  
4 l y m p h o m a  cells of  C57BL/6 origin but,  
significantly, they did not  lyse normal  sy- 
ngeneic thymocytes  of  C 3 H / H e H a  origin. 

Subsequently,  an ascitic form of  MC-  
sarcoma of  C 3 H / H e H a  mice was obtained.  
This tumor,  designated M A T ,  was used as a 
target  ant igen and it was lysed by sera of  
tumor-graf ted  C 3 H / H e H a  mice;  it was also 
used as an immuniz ing  antigen. 

Pooled serum from C 3 H / H e H a  mice immu-  
nized with the ascitic tumor,  M A T ,  were then 
tested for cytolytic activity against M A T ,  
6 C 3 H E D  and EL-4 cells. T h e  reactions of  one 
such pool are presented in Tab le  2. The  
pooled ant iserum exhibited strong reactions 
with M A T  and 6 C 3 H E D  cells showing titers 
of  1280 and 640, respectively. T h e  ant iserum 
also .~av(" modera te ly  stron~ reactions with 

EL-4 cells. As expected,  no reactions were 
obta ined with C 3 H / H e H a  thymocytes,  but  
the ant iserum did react  with C3H/S t  thymo-  
cytes. W h en  this ant iserum was tested for 
agglut inat ing activity against C3H/S t  and 
C57BL erythrocytes,  no reactions were 
observed. 

Absorpt ion experiments  presented in Tab le  
3 showed that  lytic activity of  the C 3 H / H e H a  
a n t i - M A T  serum against all three target  cells 
was removed by M A T  and 6 C 3 H E D  cells. 
Significantly, it was also removed by normal  
C3H/S t  tissue, but  not by normal  C 3 H / H e H a  
tissue. Absorptions with EL-4 cells and nor- 
mal C57BL/6 tissue removed all lytic activity 
against EL-4 cells and reduced but  did not 
complete ly  remove activity against either 
M A T  or 6 C 3 H E D  cells. 

In order  to s tudy fur ther  the cross-reactions 
of  the C 3 H / H e H a  a n t i - M A T  serum with 
C57BL/6 tissues, experiments  were performed,  
the results of  which are summar ized  in Tab le  
4. As can be seen, three absorptions with 
ei ther 6 C 3 H E D  cells or C3H/S t  kidney com- 
pletely removed  lytic activity against 6 C 3 H E D  
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Table 3. Cytolysis in gel. Reactions of C3H/HeHa anti-MA T serum with 
murine tumor cells after absorption with neoplastic and normal murine tissues 

Titer with: 
MAT 6C3HED EL-4. 

Antiserum cells cells cells 

Unabsorbed 640 640 32(I 
Absorbed with: 

MAT < 10 < 10 < 10 
6C3HED < 10 < 10 < 10 
EL-4 160 160 < 10 
C3H/HeHa kidney 320 320 l lil~ 
C3H/St spleen, 

thymus, or kidne~ < 10 < 10 < 10 
C57BL/6 kidney 160 160 < 10 

Table 4. Uytolysis in gel. Reactions o j the C3H/HeHa anti-MA T serum with 
6C3HED cells'. EJfect of stepwise absorptions with neoplastic and normal 

murine tissues 

Titer with 
Antiserum 6C3HED cells 

Unabsorbed 640 
Absorbed : 

3 x with 6C3HED or 
C3H/St kidney < 20 
3 x with EL-4 or 
C57BL/6 kidney 160 
3 x wilh EL-4 or C57BL/6 kidney and 
1 x with : 

6C3HED or 
C3H/St kidney < 20 
EL-4 or 
C57BL/6 kidney 160 

cells. However,  moderate  cytolytic activity 
remained after the same number  of absorp- 
tions with either EL-4 cells or C57BL/6 
kidney. This residual activity could be relnoved 
by all additional absorption with 6 C 3 H E D  
cells or C3H/St  kidney, but  not by an ad- 
ditional absorption with EL-4 cells or 
C57BL/6 kidney. Similar results were ob- 
tained in experiments using M A T  cells instead 
of  6 C 3 H E D  cells. 

The  results of these experiments indicate 
that the serum under  investigation contains 
two populations of  antibodies. One  populat ion 
was directed against an antigen which is 
shared by C3H/St  and C57BL/6 mice and is 
present in both normal  and mal ignant  tissues. 
The  other populat ion of  antibodies was direc- 
ted against an antigen which is present in 
normal  and mal ignant  C3H/St  tissues but not 
in C57BL/6 tissues. 

The  specificity of these antisera for other 
MC- induced  sarcomas was studied by absor- 

ption experiments using solid MC-sarcomas  
induced in C 3 H / H e H a  mice. As can be seen 
in Table  5, absorption with sarcomas MC-22,  
MC-25 and MC-26 considerably reduced cy- 
tolytic activity of  the C 3 H / H e H a  a n t i - M A T  
serum against M A T  and 6 C 3 H E D  cells. 
Absorption with M C 1 M  cells, the ascitic form 

Table 5. C~ytolysis in gel. Reactions of C3H/HeHa 
anti-MA T serum with M A T  and 6C3HED cells qfier 

absorption with solid MC-sarcomas 

Titer with: 
MAT 6C3HED 

Antiserum cells cells 

Unabsorbed 1280 1280 
Absorbed with: 

MC-22 160 160 
MC-25 160 80 
MC-26 160 160 
MC1M 640 640 
C3H/HeHa thymocytes 640 640 
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of a MC-rhabdomyosarcoma of C3H/HeHa 
mice and C3H/HeHa thymocytes, had no 
significant effect on cytolytic activity of this 
antiserum. These experiments indicate that an 
antigen present in C3H St tissue is also found 
in MC-sarcomas induced in C3H/HeHa mice, 
but is not present in normal C3H/HeHa tissue 
or MC-rhabdomyosarcoma. 

Further studies were performed to learn 
whether the original solid MC-sarcoma, from 
which MAT was obtained, is capable of con- 
veying resistance to MAT, which could be 
anticipated on the basis of results of serologi- 
cal studies. To this end, the solid tumor was 
grafted into C3H/HeHa mice and was extir- 
pated after it attained a size of 1-2cm in 
diameter. The mice were then challenged 
with living ascitic MAT. In this experiment 
we were able to demonstrate that mice which 
had been grafted with MC-sarcoma, and sub- 
sequently challenged with MAT tumor, sur- 
vived for more than 90 days. Similarly pre- 
pared mice that were challenged with MC1M 
cells died within 20 days and untreated 
C3H/HeHa mice inoculated with MAT or 
MC1M cells died within 21 days. 

DISCUSSION 

The purpose of this study was to establish in 
vitro reactions between tumor-specific antigens 
of MC-induced murine sarcomas and their 
corresponding antibodies. The method used 
for this purpose was cytolysis in agar gel. 

Sera from C3H/HeHa mice grafted with 
syngeneic solid MC-sarcoma as well as sera of 
C3H/HeHa mice immunized with MAT cells 
produced reactions with MAT and 6C3HED 
cells. The antibodies responsible for these re- 
actions could be removed by absorption with 
cells of either tumor and, significantly, with 
normal C3H/St tissue. Results of the absorp- 
tion studies showed that these antibodies 
behaved like antibodies directed against anti- 
gens present in C3H/St but absent from nor- 
mal C3H/HeHa tissues. The possibility that 
MAT, though induced in C3H/HeHa mice, 
acquired C3H/St ("St")  antigens as a result of 
malignant transformation was considered. 

In order to obtain further data concerning 
the possible appearance of normal "St" anti- 
gens in C3H/HeHa tumors, we performed 
absorptions of the C3H/HeHa anti-MAT se- 
rum with solid MC-sarcomas of C3H/HeHa  
origin. All three MC-sarcomas showed absorb- 
ing activity towards the antiserum under 
study even though they did not remove anti- 

bodies completely. Considering that normal 
C3H/HeHa tissues were incapable of absorb- 
ing these antisera, the conclusion that MC- 
sarcomas of C3H/HeHa mice acquire "St" 
antigens in the course of neoplastic conversion 
appeared justified. Since it has been suggested 
that the tumor-specific antigens expressed on 
the surface of tumor cells represent modified 
histocompatibility antigens [14-17] it is poss- 
ible that "St" antigens .represent an alloan- 
tigen present in some normal mice and ac- 
quired as a result of malignant transformation 
by other mice. 

Furthermore, sera of C3H/HeHa mice graf- 
ted with MC-salcoma and C3H/HeHa anti 
MAT sera contained antibodies lytic for EL-4 
leukemia cells of C57BL mice. In some in- 
stances, reactions with EL-4 were stronger 
and more frequently observed than reaction 
with either MAT or 6C3HED. This feature 
most likely depended on the better lysability 
of EL-4 ceils. Absorption experiments showed 
that reactions with El-4 should be considered 
a cross-reaction in that MAT or 6C3HED 
removed all antibodies reacting with EL-4, 
but EL-4 only removed a portion of anti- 
bodies combining with MAT or 6C3HED. 
Furthermore antibodies for EL-4 could be 
completely removed by normal C57BL tissue. 

The presence of cross-reactive antigens, as 
detected by antibodies, in cells of chemically 
induced sarcomas, has been described pre- 
viously [9, i4, 18]. Likewise, the fact that 
antisera against sarcoma cells cross-react with 
cells of different histogenetic origin, such as 
leukemia and lymphoma, has also been re- 
ported [19]. This common reactivity of cells 
from different tumors has been interpreted as 
being due to tumor antigens or to associated 
antigens, such as viral antigens, (i.e. MuLV, 
FeLV) or fetal antigens [11, 20]. Cross- 
reacting antigens have not only been de- 
termined through reactivity with antisera, but 
also by means of blastogenic stimulation of 
lymphocytes by tumor cell extracts, cyto- 
toxicity and differential absorption tests 
[20, 21]. 

Experimental results obtained suggested 
that C3H/HcHa mice immunized with syn- 
~encic .XlC-sarcomas formed two antibody 
populations. One population reacted with 
antigen shared by the MC-sarcomas of 
C3H/HeHa mice, by normal and malignant 
cells of C3H/St mice, and by normal and 
malignant cells of C57BL/6 mice. It is con- 
ceivable that these antibodies might have 
been directed against antigenic determinants 
of virus (~1" the murine leukemia-sarcoma 
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complex (MuLV) .  This content ion is sup- 
ported by studies in which it was shown that  
chemical  induct ion of tumors (methylchol-  
an threne  induced sarcomas or lymphomas)  is 
accompanied  by the expression of  antigenic 
determinants  of  the murine leukemia viruses. 
M u L V  antigens have also been detected on 
EL-4 cells [18, 22, 24]. The  other  ant ibody 
populat ion failed to react  with cells of 
C57BL/6 mice but  it reacted with C 3 H / H e H a  
MC-sarcoma and normal  and mal ignant  cells 

of  C3H/S t  origin. These antibodies were ap- 
parent ly  directed against an alloantigens "S t "  
which appear  in the C3H/S t  mice as normal  
tissue alloantigens, but  in C 3 H / H e H a  appear  
only as a result of  mal ignant  cell transfor- 
mation.  T h e  possibility that  "S t "  antigens are 
tumor-specific antigens and represent histo- 
compatibi l i ty  antigens, other  than H-2,  pro- 
duced by genetic derepression or are modified 
torms of  the products  of  any of  the loci of  the 
histocompatibil i ty system, is being studied. 
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