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In a previous communication ( l ) ,  we re- 
ported on the demonstration of tumor-asso- 
ciated antigens (TAA) in sarcomas obtained 
after direct inoculation of newborn hamsters 
(2) with herpes simplex virus type 2 (HSV- 
2). The antigens were detected in the sarco- 
mas, as well as in the sera of tumor-bearing 
hamsters, by the immunoadsorption-in-gel 
method. The purpose of this investigation 
was to determine the antigenic interrelation- 
ships between HSV-2, the HSV-2 associ- 
ated sarcomas and human cervical cancer, 
related by other methods to HSV-2 (3). 

Materials and methods. Viruses. The MS 
of HSV-2 and the VR3 strain of HSV-1 were 
propagated in HEp-2 cells grown in Eagle's 
MEM with 2% fetal calf serum (FCS). 

Tumors. The two HSV-2 associated ham- 
ster sarcomas, OT-1 and OT-1 1 , studied 
earlier (1) were employed. For control pur- 
poses, Para (defective SV40)-adenovirus 
(Para 7) hamster tumor (obtained from 
Dr. F. Rapp, Hershey Medical Center) 
were used. Cervical cancer biopsy tissues 
(Ca Cx) and a cervical cancer cell line (C4- 
11) were obtained from Dr. E .  Franklin, 
Emory University School of Medicine, and 
Dr. N. Auersberg, University of British Co- 
lumbia, Vancouver, respectively. 

Antigens and antisera. The methods for 
preparation of tumor or normal tissue anti- 
gens and of rabbit hyperimmune sera (listed 
in Table I) have been reported earlier (1). 

Purification of TAA and anti-TAA of OT- 
I I tumors. The immunoadsorption-in-gel 
technique, described previously (1 ) , was 
used. 

Serological methods. (i) Immunodiffusion 
tests: Antisera to the virus or tumor prepa- 
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rations were reacted, after adsorption with 
appropriate antigens, with homologous and 
heterologous antigen preparations. The ad- 
sorption-in-gel procedure, previously em- 
ployed ( l ) ,  consisted essentially of placing 
the adsorbing antigen preparation in the 
central well, allowing it to diffuse for 2 hr at 
37", then replacing it with the antiserum to 
be adsorbed. The peripheral wells were 
filled with the homologous and heterolo- 
gous test antigens, including the adsorbing 
antigens as controls. (ii) Passive hemaggluti- 
nation (PHA) tests: The micro PHA proce- 
dure was employed, as described earlier (4). 
Each experiment was repeated at least three 
times. 

Results. Table I1 presents the immunodif- 
fusion results obtained when the antisera, 
adsorbed with appropriate antigens, were 
reacted with the homologous and heterolo- 
gous antigens. Positive reactions indicate 
one or more precipitin lines. None of the 
adsorbed antisera reacted with the adsorb- 
ing antigens; neither did preimmunization 
sera react in these assays nor in any other 
serological test used in these studies. 

Antiserum to HSV-2 reacted with HSV- 
2, HSV-1, OT-1 , OT-1 1 , and Ca Cx (Table 
11). A precipitin line of partial identity was 
noted between HSV-2, OT-1, OT-11, and 
Ca Cx (Fig. 1). When the anti-HSV-2 serum 
was adsorbed with HSV-2, no immuno- 
precipitin lines were formed with the previ- 
ously positive homologous or heterologous 
antigens. Anti-HSV-1 serum reacted only 
with the two HSV antigens. No reaction 
appeared with homologous adsorption 
whereas adsorption with the heterologous 
HSV-2 antigen eliminated the reaction with 
HSV-2 only (Fig. 2). 

Antisera to cervical cancer tissues and to 
C4-I1 cervical cancer cell line reacted with 
HSV-2, OT-11, Ca Cx, and C4-I1 with a 
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TABLE I. ANTIGENS AND ANTISERA USED IN IMMUNODIFFUSION AND PASSIVE HEMAGGLUTINATION 
STUDIES. 

Homologous anti- 
Test and/or adsorbing antigens sera prepared Comments 

Herpes simplex virus type 2 (HSV-2) 
Herpes simplex virus type 1 (HSV-1) 
OT- 1 tumor 

OT- 1 1 tumor 

OT-1 1 TAA 
Para-7 tumor 

Normal hamster liver, muscle, and serum 

C4-I1 cell culture 

Cervical cancer tissue 
Normal human liver and serum 

Fetal calf serum 

HEp-2 cells 

MS strain 
VR3 strain 
HSV-2 (MS strain)-associated hamster chondro- 

sarcoma 
HSV-2 (Pitts strain)-associated hamster heman- 

giosarcoma 
Purified tumor-associated antigens of OT-1 1 
Para (defective SV40)-adenovirus 7 hamster tu- 

Obtained from normal uninoculated inbred 

Developed from human invasive cervical cancer 

Pooled cervical cancer tissues 
Pools of 9 livers and of 12 human sera from 

Used for propagation of HSV-1, HSV-2, and 

Used for propagation of HSV-1 and HSV-2 

mor 

hamsters 

tissue 

noncancer individuals 

C4-I1 

TABLE 11. IMMUNODIFFUSION RESULTS WHEN VARIOUS ANTISERA, AmER aDSORPnON WITH THE 
APPROPRIATE ANTIGEN(S), WERE REACTED WITH THE HOMOLOGOUS AND HETEROLOGOUS ANTIGENS. 

Test antigens 
Anti- 

sera to: Adsorbing antigens HSV-2 HSV-1 OT-1 OT-11 Para-7 Ca Cx C4-I1 
HSV-2 

HSV- 1 

Ca Cx 

C4-I1 
OT- 1 

OT-1 1 

Para 7 

FCS" + HEp-2 
HSV-2 
HSV- 1 
FCS + HEp-2 
HSV- 1 
HSV-2 
NHuL" + NHuS" 
Ca Cx 
OT- 1 
OT-11 
FCS + NHuL 
NHL" + NHY 

Para 7 
Ca Cx + NHL + NHS 
NHS + NHL 

Para 7 
Ca Cx + NHL + NHS 
NHS + NHL 
Para 7 

OT- 1 

OT-1 1 

OT- 1 
OT-1 1 

+b  

0 
+ 
+ 
0 
0 
+ 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

+ 

+ 
0 
0 
+ 
0 
+ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

+ 
0 
+ 
0 
0 
0 
+ 
0 
0 
0 
0 
+ 
0 
+ 
+ 
+ 
0 
+ 
+ 
+ 
0 
0 
0 

+ 
0 
+ 
0 
0 
0 
+ 
0 
0 
0 
+ 
+ 
0 
+ 
+ 
+ 
0 
+ 
+ 
+ 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
+ 
+ 
0 
0 
+ 
+ 
0 
+ 
+ 

+ 

+ 
0 
0 
0 
0 
0 
+ 
0 
+ 
+ 
+ 
+ 
0 
+ 
0 
+ 
0 
+ 
0 
0 
0 
0 
0 

0 

0 

+ 

+ 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

Fetal calf serum. 
+ = one or more immunoprecipitin lines. 
Normal human liver. 

" Normal human serum. 
I' Normal hamster liver. 

Normal hamster serum. 

pattern of partial identity in one of the pre- 
cipitin lines. Adsorption with Ca Cx re- 
moved homologous, as well as heterologous 

reactions, whereas adsorption of anti-Ca Cx 
serum with OT-1 or OT-11 did not elimi- 
nate reactivity with Ca Cx (Fig. 3). 
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FIG. 1.  Immunodiffusion patterns: central well con- 
tains rabbit anti-HSV-2 serum adsorbed with H E p 2  
cells and FCS. The peripheral wells contain antigen 
preparations of: (1) HSV-2; (2) OT-1; (3) OT-11; (4) 
Ca Cx; ( 5 )  H E p 2  cells with FCS; (6) HSV-1. 

FIG. 2. Immunodiffusion patterns: central wells con- 
tain rabbit anti-HSV-1 serum = (A) adsorbed with 
H E p 2  cells and FCS, and (B) adsorbed with HSV-2. 
The peripheral wells contain antigen preparations of: 
(1) HSV-1; (2) OT-1; (3) OT-11; (4) Ca Cx; ( 5 )  H E p  
2 cells and FCS; (6) HSV-2. 

Antisera to OT-1 and OT-11 reacted with 
Ca Cx and with the three hamster tumor 
preparations, including Para-7. When these 
antisera were adsorbed with Para-7, two im- 
munoprecipitin lines were noted with the 
homologous antigens, one of which showed 
partial identity with Ca Cx (Fig. 4). Adsorp- 
tion of the anti-OT-1 and OT-11 sera with 
Ca Cx removed the reactivity with Ca Cx 
only. Anti-Para-7 serum showed a common 
precipitin line with all three hamster tumor 
antigens, which was abolished after adsorp- 
tion with either OT-1 or OT-11 (Fig. 5 ) .  

The TAA of OT-11 and antiserum to the 
TAA had been purified earlier (1) and these 
preparations were tested by passive hemag- 
glutination assays. As noted in Table 111, 
1:8 to 1:32 titers were obtained when anti- 
sera to OT-1 1 , HSV-2, and C4-I1 were re- 
acted with the purified TAA of OT-11, 
whereas antisera to HSV-1, HEp-2 cells, 
and fetal calf serum were nonreactive. 
When purified antiserum to TAA of OT-1 1 
was tested with various antigen prepara- 
tions, positive reactions of 1 :2 to 1 :64 were 
obtained with HSV-2, OT-1 1 , and C4-11, 
whereas no reaction was demonstrated with 
antigen preparations of HSV-1, HEp-2 

cells, FCS, and normal hamster liver (Table 

Discussion. Following the demonstration 
of tumor-associated antigens in sarcomas 
obtained after inoculation of HSV-2 in new- 
born hamsters (2), it was of interest to as- 
certain whether HSV-related antigens could 
be detected in these tumors. As noted in 
Table 11, cross-reactivity was found between 
anti-HSV-2 sera and the HSV-2 associated 
hamster tumors (OT-1 and OT-11). Anti- 
HSV-2 serum also reacted by passive he- 
magglutination with the purified TAA of 
OT-11. Anti-HSV-1 serum did not react by 
either assay with any of the hamster tumors. 
The antisera to either OT-1 or OT-11 failed 

IV) . 
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FIG. 3. Immunodiffusion patterns: central wells con- 

tain rabbit anti-Ca Cx serum = (A) adsorbed with 
NH,,L + N K S ,  and (B) adsorbed with OT-1 or OT-11. 
The peripheral wells contain antigen preparations of: 
(1) Ca Cx; (2) OT-11; (3) C4-11; (4) Para-7; ( 5 )  N K L  
+ NH,,S; (6) HSV-2. 

@ @  
FIG. 4. Immunodiffusion patterns: central wells con- 

tain rabbit anti-OT-1 serum = (A) adsorbed with NHL 
+ NHS, and (B) adsorbed with Para-7. The peripheral 
wells contain antigen preparations of: (1) OT-1; (2) 
OT-11; (3) Ca Cx; (4) C4-11; ( 5 )  NHL + NHS; (6) 
Para-7. 

@ @  @ @  
FIG. 5 .  Immunodiffusion patterns: central wells con- 

tain rabbit anti-Para-7 serum = (A) adsorbed with 
NHL + NHS, and (B) adsorbed with OT-1 or OT-11. 
The peripheral wells contain antigen preparations of: 
(1)  Para-7; (2) OT-1; (3) Ca Cx; (4) C4-11; ( 5 )  NHL + 
NHS; (6) OT-11. 
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TABLE 111. PASSIVE HEMAGGLUTINATION TITERS 
OBTAINED WITH PURIFIED TAA OF OT-1 1 . 

OT-1 or OT-11 Sera adsorbed with Ca Cx 
still retained their reactivity with the ham- 

Reciprocal titers obtained ster tumor preparations, suggesting that 
both common and specific antigens are pres- 
ent in the human and hamster tumors. It is 
likely that these common and specific anti- 

C4-I1 8 gens are different from those found between 
HSV-1 <2 the HSV-2-associated hamster tumors and 

with purified TAA Of 

16 
Antisera to: OT-1 1 

OT-1 1 
HSV-2 32 

HEp2  
FCS 

<2 
<2 

TABLE IV. PASSIVE HEMAGGLUTINATION TITERS 
OBTAINED WITH PURIFIED ANTISERUM TO TAA OF 

OT-11. 

Reciprocal titers obtained 
with antiserum to TAA of 

Antigens OT-1 1 

OT-1 1 
C4-I1 
HSV-2 
HSV- 1 
HEp2  
FCS 
NHL 

8 
64 

2 
<2 
<2 
<2 
<2 

to react in immunodiffusion tests with HSV- 
2, but a very weak reaction was obtained 
between the purified anti-TAA of OT-11 
and HSV-2 in the PHA test (Table IV). The 
anti-HSV-2 serum failed to react with the 
Para-7 hamster tumor. Adsorption of the 
anti-HSV-2 serum with HSV-2 removed ho- 
mologous reactivity, as well as heterologous 
reactivity with the HSV-2 associated tu- 
mors, implying the presence of common an- 
tigens between HSV-2, OT-1, and OT-11. 

The hyperimmune rabbit anti-HSV-2, but 
not the anti-HSV-1, serum also reacted with 
cervical cancer tissue antigens (Ca Cs). The 
converse was also observed, i.e., that anti- 
Ca Cx serum reacted with HSV-2, but not 
with HSV-1. Adsorption of the anti-HSV-2 
serum with HSV-2 eliminated the reaction 
with Ca Cx, suggesting that the common 
antigen may be specific to HSV-2. Antise- 
rum to Ca Cx reacted with the HSV-2 asso- 
ciated hamster tumors and C4-I1 cervical 
cancer cell line, but not with the Para-7 
hamster tumor. Absorption of anti-Ca Cx 
serum with the homologous antigens re- 
moved both homologous and heterologous 
reactivity. On the other hand, adsorption of 
the anti-Ca Cx serum with OT-1 or OT-11 
did not abolish reactivity with Ca Cx. Anti- 

the non-HSV-2 related Para-7 tumor. Com- 
mon reactivity between other HSV-related 
hamster tumors and Para-7 have also been 
found by other workers using other sero- 
logic tests (5). The antigen shared by the 
HSV-2 and the Para-7 associated hamster 
tumors may be explained by the possible 
existence of a fetal antigen. Such antigen 
may appear in the neoplasms as result of 
derepression of the gene in the malignant 
cell with reappearance of the embryonic an- 
tigen. Indeed, the presence of such antigen 
in SV,,-induced tumors in hamsters has 
been previously reported (6, 7). Attempts 
to elucidate the nature of the common anti- 
gen will be investigated in the near future. 

Reactivity of anti-TAA of OT-11 with the 
C4-I1 cervical cancer cell line was only dem- 
onstrated by passive hemagglutination. The 
anti-OT-11 serum failed to react by immu- 
noprecipitation with C4-11. Unfortunately, 
further tests were not possible with C4-I1 as 
the cell line was lost. 

The above results indicate antigenic rela- 
tionships between HSV-2, the HSV-2 asso- 
ciated hamster sarcomas and cervical can- 
cer. Antigenic relationships between HSV-2 
and the HSV-2 associated hamster tumors 
were suggested earlier by anticomplement 
immunofluorescent (ACIF) tests (8) which 
also pointed to a relation between HSV-2 
and cervical cancer. Using different serolog- 
ical tests, other workers have also found 
antigenic relationships between this virus 
and human cancer (9, 10). Further work is 
in progress to characterize the antigens com- 
mon to the virus and the hamster or human 
tumors. 

Summary. Using the immunodiffusion- 
adsorption-in-gel and/or the passive hemag- 
glutination techniques, an antigenic rela- 
tionship has been found between Herpes 
simplex virus type 2 (HSV-2), cervical can- 
cer tissue antigen preparations, a cell cul- 
ture derived from cervical cancer, and two 
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HSV-2 associated hamster sarcomas. No 5.  Laux, D.,  and Lausch, R., J .  Immunol. 112,1900 
cross-reactive antigens were detected be- 
tween HSV-1, and the HSV-2 related ham- 
ster sarcomas or with human cervical can- 
cer. 
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