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Tumor-associated antigens (TAA) have
been demonstrated in several animal and
human cancers by a variety of in vitro and
in vivo techniques (1, 2). In animals, TAA
have been detected in tumors induced by
physical and chemical agents, as well as by
various viruses. It was therefore of interest
to attempt the detection of TAA in sarcomas
produced after inoculation of newborn ham-
sters with herpes simplex virus type 2 (3), a
virus related to human urogenital cancers
(4, 5). The immunoadsorption in-gel method,
employed earlier for the demonstration of
virus-specific antigens and antibodies (6),
was used to demonstrate, purify and isolate
TAA and anti-TAA in hamsters with herpes-
virus-associated sarcomas.

Materials and Methods. Tumors. Two
herpes simplex virus type 2 (HSV-2) asso-
ciated hamster tumors were used: (1) OT-1,
a chondrosarcoma first noted at the site of
inoculation 5 mo after intrathoracic injection
of the MS strain of HSV-2 into newborn
hamsters, and (2) OT-11, a hemangiosar-
coma, first observed after 16 mo at the site of
inoculation of the Pitts strain of HSV-2 into
newborn hamsters (3). The tumors were
transplanted into inbred golden Syrian ham-
sters, strain LSH (Lakeview). Subcutaneous
injection of 0.5 ml containing 10° tumor cells
into 3- to 4-wk old weanling hamsters in-
duced tumors within 30 days. Tumors were
harvested aseptically and used for further
transplants or for antigen preparation.
Tumor-bearing hamster sera (TBHS) were
also obtained within 2—-4 wk after appearance
of the tumors.
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Antigens. Antigens were prepared from the
OT-1 and OT-11 tumors, and from liver and
muscle tissues of uninoculated hamsters.
Pooled normal hamster sera (NHS) and
pooled TBHS were also used as antigens.
Tumors or normal tissues were removed
aseptically, rinsed thoroughly and washed
3X in Earle’s basic salt solution containing
penicillin and streptomycin (EBSS). A 20%
tissue suspension in EBSS, homogenized in a
chilled Lourdes blender by intermittent runs
of 1 min for several cycles, was centrifuged
at 10,000 rpm for 30 min at 4° to yield super-
nate 1 and pellet 1. Pellet 1 was resuspended
in EBSS to one tenth of the original volume
and the suspension was rapidly frozen and
thawed 3X in acetone-dry ice bath. This mix-
ture was centrifuged at 5000 rpm for 30 min
at 4° to yield supernate 2 and pellet 2. Super-
nates 1 and 2 were pooled and concentrated
tenfold by dialysis against carbowax. The
retentate was dialyzed against phosphate
buffered saline (PBS) pH 7.2 for 24 hr in the
cold. The supernate pool was added to pellet
2 and the mixture was sonicated (Branson
sonifier) for 2 min in the cold.

Antisera. Antisera were prepared in albino
rabbits against each of the aforementioned
antigens. At least two rabbits were used for
each immunogen. The inoculum consisted of
2 ml of immunogen emulsified in an equal
volume of complete Freund adjuvant. Each
rabbit received 4-5 im inoculations at 10
day intervals. Serum samples were obtained
before immunization and 10 days after the
last injection.

Serological methods. Immunodiffusion
(ID) and immunoelectrophoresis (IE) were
used to demonstrate TAA and anti-TAA.
The immunoadsorption-in-gel method de-
tailed by Ibrahim (6), was employed to
eliminate cross-reactivity between tumor and
normal tissue antigens. In brief, the appro-
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priate adsorbing antigen preparation (nor-
mal liver, normal muscle or NHS) was
placed in the central well, allowed to diffuse
for 2 hr at 37°, then replaced with the anti-
serum to be adsorbed (antiserum to tumor
antigens or to TBHS). Unadsorbed and
adsorbed antisera were also tested by im-
munoelectrophoresis (7), the adsorption
being performed in the trough of the agar-
coated slide.

Purification of anti-TAA and TAA. Im-
munoadsorption-in-gel was adapted for this
purpose. Control slides were always used
with unadsorbed serum and with adsorbed
serum, as described above, for the demon-
stration of the site of the precipitin line(s)
representing the TAA. For the purification
of anti-TAA, the central well of several
agar-coated slides was filled with the adsorb-
ing antigens (normal tissue antigen prepara-
tion). After diffusion of the adsorbing anti-
gens for 2 hr at 37°, the residual was replaced
with rabbit anti-tumor serum and incubated
at 37° for 24 hr without filling the peripheral
wells with any antigen preparations. When
the precipitin line(s) representing the TAA
appeared in the control slides, the gel in
similar areas of the test slides was cut off. To
elute the anti-TAA, the gels were homog-
enized in PBS pH 7.2, incubated overnight
at 4°, centrifuged at 10,000 rpm for 30 min
and the supernate concentrated 10X.

Essentially the same techniques were ap-
plied to purify the tumor-associated antigens
with minor modifications. Adequate adsorp-
tion-in-gel was possible only after performing
two successive adsorptions in tubes by mix-
ing the tumor antigen preparations with
rabbit anti-normal tissue sera, incubating
the mixtures overnight at 4°, and sediment-
ing the antigen-antibody complexes by cen-
trifugation. The supernate, containing the
partially purified TAA, was further purified
by the adsorption-in-gel technique, similar to
that described above for the purification of
the anti TAA.

Results. Preimmunization rabbit sera
failed to react with any of the test antigens.
The ID reactions of anti-OT-11 serum un-
adsorbed (A) and adsorbed with normal
tissue antigens (B) are shown in Fig. 1. Al-
though the unadsorbed antiserum demon-
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strated extensive cross-reactivity with normal
tissue preparations, additional precipitin
line(s) could be observed with the tumor
preparations. The adsorbed anti-OT-11
serum was found to react only with the
homologous tumor antigen. This reactivity
was eliminated by adsorption of the anti-
serum with the homologous tumor antigen
preparations (not shown).

Figure 2 is a schematic representation of
several experiments showing that the anti-
OT-11 serum, when purified by the immuno-
adsorption in-gel method reacted with OT-1
and OT-11 antigens, as well as with the
tumor-bearing hamster serum; no reaction
was noted with normal hamster tissues or
serum. These findings indicate the successful
purification of anti-TAA, the antigenic iden-
tity of the OT-1 and OT-11 tumors and the
demonstration of circulating TAA in sera of
tumor-bearing hamsters.

Figure 3 demonstrates a line of identity
between the purified TAA of OT-11 and
antisera to OT-11, OT-1 and to TBHS; no

Fic. 1. Immunodiffusion patterns: Central wells
contain rabbit anti-OT-11 serum: (A) unadsorbed and
(B) adsorbed with normal liver antigen preparation.
The peripheral wells contain antigen preparations of:
(1) OT-11 tumor; (2) normal muscle (NM); (6)
normal liver (NL).

oT-t @ @ oT-1

b

NL @ O @ OT-11 TBHS

NM@ @NHS

Fic. 2. Immunodiffusion patterns: Central well
contains the purified anti-OT-11 serum. The periph-
eral wall contain antigen preparations of: (1) OT-11
tumor; (2) OT-11 tumor-bearing hamster serum
(TBHS); (3) normal hamster serum (NHS); (4)
normal muscle (NM); (5) normal liver (NL); (6) OT-1
tumor.
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reaction was observed with antisera to nor-
mal liver, normal muscle, or normal hamster
serum. These results indicate the successful
isolation and purification of OT-11 TAA and
confirm the presence of circulating TAA in
sera of tumor-bearing hamsters. Further
evidence for the specificity of this reaction
was obtained when anti-TBHS, adsorbed
with normal hamster serum, was found to
react with OT-11 and TBHS, but not with
normal hamster serum or normal tissues
(Fig. 4).

Some of the above-mentioned experiments
were repeated using immunoelectrophoresis
with essentially similar results.

Discussion. Various physicochemical meth-
ods have been applied for the preparation
and purification of tumor-associated antigens
and specific antisera. The immunoadsorp-
tion-in-gel technique was found to be a
simple method for the demonstration of
TAA in HSV-2 associated hamster sarcomas
(Fig. 1). In addition, this method was found
useful in the purification of anti-TAA of the
hamster tumors (Fig. 2). Purification of the

Anti-TBHS @ @ Anfi-OT-11

Anti-NL @ O @ Anti-OT-|

Anti-NM @ @ Anti-NHS

Fic. 3. Immunodiffusion patterns: Central well
contains purified TAA of the OT-11 tumor. The
peripheral wells contain antisera to: (1) OT-11; (2)
OT-1; (3) NHS; (4) NM; (5) NL, (6) TBNS.

o

O
NHS @ O @ oT-1l

NL@ @NM

FiG. 4. Immunodiffusion patterns: Central well
contains rabbit anti-TBHS adsorbed with NHS. The
peripheral wells contain antigen preparations of: (1)
TBHS; (2) OT-11; (3) NM; (4) NL; (5) NHS.
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TAA, however, required tube adsorptions in
addition to in-gel adsorption.

The demonstration of circulating TAA in
sera from tumor-bearing hamsters was
achieved by three procedures. The purified
anti-TAA reacted with TBHS showing a
pattern of identity with the TAA of OT-1
and OT-11 (Fig. 2). The unadsorbed anti-
serum to TBHS reacted with the purified
TAA of OT-11 (Fig. 3). Furthermore, the
same antiserum adsorbed with NHS reacted
with TBHS as well as with the crude OT-11
tumor antigen preparation but not with NHS
(Fig. 4). Circulating tumor-associated anti-
gens have been detected in sera of individuals
with various human cancers (1, 2). Many of
these antigens are also expressed in fetal
tissue—‘‘embryonic antigens” (2, 8). Investi-
gations are in progress to determine if the
circulating TAA in the serum of tumor-bear-
ing hamsters share common antigens with
fetal hamster tissues. The possible relation-
ship of the TAA of the hamster sarcomas
obtained after inoculation of HSV-2 to the
viral antigens is also being actively pursued.

The present studies with HSV-2 associated
hamster tumors have provided a model in
which the immunoadsorption in-gel method
has been developed and evaluated for the
demonstration, purification and isolation of
TAA and anti-TAA and the detection of
circulating TAA. The adsorption in-gel tech-
nique may prove of value in the detection of
circulating TAA in human cancers and be of
potential diagnostic or prognostic use.

Summary. Tumor-associated antigens
(TAA) were demonstrated in preparations of
hamster sarcomas associated with Herpes
simplex virus type 2, as well as in the sera of
tumor-bearing hamsters. An immunoadsorp-
tion-in-gel method was employed to demon-
strate and purify the TAA and anti-TAA.
These results suggest the potential use of this
technique for the demonstration of TAA or
of anti-TAA in humans or animals with
cancer.
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