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Summary

Tumor-associated cell antigens have been identified for
certain squamous carcinomas. One group of tumor antigens
present on these cells is herpesvirus-induced nonvirion
antigens. Another group of tumor cell antigens is also
identified. Both groups of antigens produce cell-mediated
immune reactions. Studies of their possible value as immu-
nogenic and immunodiagnostic agents are indicated.

Introduction

There are previous reports of the presence of group- and
type-specific stable and unstable DNA adenovirus-induced
nonvirion “T” antigens (6, 13, 18-20) and virus-induced
nonvirion cell membrane tumor-specific transplantation
antigens (S5, 10) present in animal tumors. After developing
further techniques, it was of interest to identify the nonspe-
cific and specific normal and tumor-associated factors
present on the cell membranes of fetal and adult normal
human cells and of human cancer cells in order to determine
their role in eliciting cell-mediated immune responses in the
host. At first we chose to work with a direct test of skin
reactions to various types of carefully separated cancer,
fetal, and normal cell membrane antigens and to seek the
very specific delayed hypersensitive reactions, analyzed by
several criteria. Using these techniques we have been able to
identify certain antigens such as those associated with
intestinal cancer (7, 11) and leukemia (2, 8, 14).

Materials and Methods

Materials and methods used for our work with herpes-
virus nonvirion antigens have been described (9, 12, 15-17).
A summary of recent procedures is shown in Table 1.

Results and Discussion

As seen with several other types of cancer, crude cancer
cell membrane sonicates do not produce delayed hypersensi-
tive skin reactions, because of the presence of a blocking

! Presented at the International Symposium on Human Tumors Associ-
ated with Herpesviruses, March 26 to 28, 1973, Bethesda, Md.
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factor (2), but a partially separated fraction may induce a
specific (7, 8) response. The pellet of the insoluble sonically
disrupted membrane material remaining is skin test nega-
tive when stepwise sequential low-frequency sonication at
different intervals is used.

The partially separated skin-reactive cervical cancer cell
membrane Sephadex G-200 fraction reacted in CF® tests for
herpesvirus type 2-related antigens (9, 12). Tests with
separated antigens of normal vaginal tissues and separated
intestinal cancer antigens were negative. After further
separation by gradient polyacrylamide gel electrophoresis
using 4 stacked gels, it was found that gel Region 3-eluted
material (see Chart 1) of these further separated fractions
could be tested accurately with serial dilutions of cervical
cancer sera (9).

Skin tests were conducted on groups of guinea pigs
sensitized to herpesvirus types 1 and 2 or to cell control
preparations (3, 4). Herpesvirus type 1 (KOS strain)
produced a delayed hypersensitive skin reaction both in
guinea pigs sensitized to herpesvirus type 2 (SAV) and in
guinea pigs sensitized to herpesvirus type 1, whereas
herpesvirus type 2 seemed to be more specific, using these
particular strains.

Herpesvirus-induced nonvirion antigens have been de-
scribed (28). Type and strain specificity studies are neces-
sary (25, 26) with many herpesvirus isolates, and we
continue to study the nonvirion antigens associated with
newer strains. In these studies, we note that there appear to
be differences between concentrations of the crude nonvi-
rion preparations required for detection by CF and for
production of antibodies.* In addition, several strains of
herpesviruses types 1 and 2 were used in HEp-2, HEK, and
fetal brain cell cultures, respectively, and the CF-reactive
nonvirion antigens were compared.*

An association of herpesvirus type 2 with cervical cancer
and of herpesvirus type 1 with lip cancer has been suggested
by clinical and laboratory studies (21-24, 30). From
pathologically evaluated lip cancer cells, the structurally
intact components were gently removed from the mem-
branes by sequential low-frequency sonication and the
material was further separated by gel filtration and electro-
phoretic techniques. Again a specific antigen gave positive
skin tests for delayed hypersensitive reactions. The lip and
cervical carcinoma antigens were found to react specifically

* The abbreviation used is: CF, complement fixation.
*G. Tarro and A. Hollinshead, manuscript in preparation.
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Table 1
Separation of CF-reactive components of herpesvirus nonvirion
antigens from crude, early harvests of superinfected
cell cultures

10% cell suspension of crude herpesvirus and
nonvirion antigens sonically disrupted for 1 min

|

100,000 x g/1 hr

\

Supernatants 1

e

Pellets 1

|

Sequential stepwise sonication for 3, 1.5, and 1.5 min of
pellets from 100,000 x g/hr centrifugations after each

sonication

Pellets 2 Supernatants 2
(soluble pool)

|

Separation of gel Region 3 (CF-reactive region)
by special polyacrylamide gel electrophoresis.
Proteins eluted from sliced gel regions and con-
centrated by ultrafiltration.

in CF tests with antibody to herpesvirus nonvirion antigens
(16). Conversely, human cervical cancer sera and matched
controls, selected for lack of detectable antibody for herpes-
viruses by immunofluorescence, CF, and neutralization
tests, were found to react with herpesvirus nonvirion anti-
gens (16, 27) and with cerical carcinoma-separated anti-
gens but not with the separated normal vaginal antigens
(16); controls were nonreactive.

We acquired a larger tumor specimen and were able to
have enough primary cancer cells for absorption of 2 of
these cancer sera with the cancer cells. We also prepared
herpesvirus type 2-infected HEp-2 cells, stored at 4° for 2
weeks so that the preparation would have virion antigens
but be free of nonvirion antigens. We absorbed aliquots of 2
other cancer sera with this material, just in case we had not
detected all of the structural virion components in these
sera. The 2 sera absorbed with the cancer cells did not react
with the nonvirion antigens and did not react with the can-
cer antigen. There was not enough sera for absorption with
normal cells for control purposes. One of the sera absorbed
with the 2-week-old crude virion preparation proved to be
anticomplementary, but the other serum again reacted with
the cervical cancer antigen.

Although the soluble portions of the herpesvirus nonvi-
rion antigens and the cervical cancer antigens were quite
different in composition, they did have components of
identity (polyacrylamide gel electrophoresis Region 3)
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which were necessary for CF reactivity (16). The gels are
divided into 3 regions (1, 2, and 3; see Chart 1) for further
analysis of these components. Many gels were electro-
phoresed, monitored by Coomassie brilliant blue staining of
1 gel for every 6 separated, carefully sliced, eluted, dialyzed,
and tested according to our standard procedures.

Initially, 3 age- and sex-matched patients were selected
for skin testing prior to radiation therapy. A patient with
Stage 2A epidermoid carcinoma of the cervix, a patient with
Stage | endometrial adenocarcinoma, and a patient with
Stage 1 breast cancer were not anergic to skin tests with
mumps and streptokinase-streptodornase. These patients
were further skin tested with material eluted from Regions
1, 2, and 3 of the separated cervical cancer antigens and
normal vaginal antigens. Positive tests of >5 mm indura-
tion at 48 hr were seen in the cervical cancer patient to
Region 2 and Region 3 but not to Region 1 cervical cancer
antigens. Tests of the 3 regions in the other 2 patients were
negative. All tests to vaginal Regions 1, 2, and 3 were
negative. Subsequent autologous and allogeneic skin tests of
15 randomly selected patients with squamous cervical
carcinomas and 8 control patients with ductal breast
carcinomas have verified these original observations.

As shown in Chart 1, periodic acid-Schiff staining for
carbohydrates revealed the presence of glycoproteins in
Region 1. Glycoproteins are absent from Regions 2 and 3.
Since it would be difficult to test fetal counterpart cervical
tissues, we cannot say whether these glycoproteins might
indicate the presence of carcinoembryonic antigens, seen in
a similar area in gel separations of fetal intestines and adult

(-)
region 1 E
region 2 -
region 3
-=I04--f ---- 70
(+)
Protein Carbohydrate

Chart 1. Separation by gradient polyacrylamide gel electrophoresis
using layered gel solutions of 10, 7, 4.75, and 3.5%. Tracking dye (TD) was
bromphenol blue. Eighty-ug protein aliquots of cervical cancer cell
membrane sonicate Sephadex Fraction II were separated on each stacked
gel preparation and stained with Coomassie brilliant blue for protein bands
and with periodic acid-Schiff stain for carbohydrates. Unstained gels were
sliced into 3 regions, as shown, for other tests (see text).
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intestinal cancer antigens (11). Such studies are being
conducted using fetal lip tissues.

The gel regions were routinely CF tested in order to
determine which regions from these same preparations
would react with herpesvirus nonvirion antisera. Cervical
cancer gel Regions 3 were positive at 24 and 48 hr for CF
reactivity with the antisera specific for herpesvirus nonvi-
rion antigens. In earlier tests, crude fetal intestinal prepara-
tions occasionally gave a 24-hr positive CF test but were
negative at 48 hr. However, purified gel regions of fetal and
adult intestinal and breast cancer and normal vaginal,
breast, and intestinal tissues were negative. Many tumors
and cancer sera have now been analyzed for presence or
absence of nonvirion antigens and antibodies, respectively.*

Therefore, cancer antigens share a common component
with the nonvirion antigens, and this component is neces-
sary for CF reactivity. It may be that this is a genetic
marker for the presence of the virus genome within the cell
(1). However, we also show that the activated virus gene
expressions are accompanied by other new expressions in
the cancer cell; namely, that there are other components
involved in producing specific cell-mediated reactions in the
cancer patient. This activation of other expressions occur-
ring during oncogenesis must be studied in detail. If entire
chromosome segments are activated, it is possible that some
expressions may be incidental. The use of such markers will
permit a further understanding of the role of the several
herpesviruses in human cancer.

With this in mind, we are studying the immunogenicity of
many tumor- and viral-associated antigens. We are also
conducting many tests of the crude and purified nonvirion
antigens for reactivity with a series of carefully chosen
cancer and control sera.

One group of studies with herpes simplex virus-induced
nonvirion antigens included 2 large-scale coded tests with
National Cancer Institute sera and 1 large-scale test with
Baylor Medical Center sera (15, 17). The persistent immune
defects seen in squamous cell carcinomas of the cervix and
the head and neck (29) may be explained by the role of
herpesvirus in direct immunosuppression (17).
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