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Antibody to HSV-2 Induced Tumor Specific Antigens in
Serums from Patients with Cervical Carcinoma

Abstract. Antibody distinct from that involved in neutralization and directed
to an antigen (AG-4) induced in HEp-2 cells by infection with herpesvirus type 2
was identified in serums from patients with cervical carcinoma by means of a
quantitative micro complement fixation test. The presence of antibody to AG-4
correlates well with the extent of the tumor; antibody is virtually absent in matched
control women and in women with therapy and without recurrent neoplasia.
Reactivity is not observed with control antigen consisting of a cell extract prepared
from uninfected HEp-2 cells. The possible prognostic significance of this antibody

and its implications are discussed.

Herpesvirus type 2 (HSV-2), a virus
biologically and antigenically distinct
(I) from that associated with facial
lesions, was isolated from cervical
lesions (2) and male genitourinary sam-
ples (3) and was shown to be venere-
ally transmitted (4). A relation between
HSV-2 and squamous carcinoma of the
human cervix has been suggested on the
basis of seroepidemiologic studies, in-
dicating a significantly higher preva-
lence of HSV-2 antibody in patients
with both invasive (5) and preinvasive
(6, 7) cervical neoplasia as compared
to controls. A similar association was
not noted with other venereal diseases
7).

In addition to the seroepidemiologic
evidence linking HSV-2 and cervical
neoplasia, evidence of virus persistence
in cervical tumor cells is based on
three observations, as follows. (i) Ex-
foliated tumor cells contain viral anti-
gens (8, 9), (ii) a type 2 herpesvirus
was isolated from cervical neoplastic

cells grown in culture (10), and (iii)
DNA sequences corresponding to part
of the HSV-2 genome were found in a
cervical tumor (/). Finally Duff and
Rapp (12) reported the induction of
tumors in hamsters inoculated with
hamster cells transformed by ultraviolet
inactivated HSV-2.

In order to determine whether virus
specific products are expressed in cervi-
cal tumor cells, we attempted to find,
in serums from patients with cervical
carcinoma, antibody to HSV-2 antigens
other than those involved in neutraliza-
tion. Such a finding would be analogous
to the observation that tumors and cells
transformed by SV40 and polyoma
virus contain a specific antigen (T)
which is distinct from that of the virus
particles and which reacts with serums
of tumor-bearing hamsters (13, 14).
As reported here, infection of HEp-2
(human epidermoid carcinoma) cells
with HSV-2 for 4 hours leads to the
production in these cells of antigen

or antigens (AG-4) detected by com-
plement fixation with human serums
from patients with cervical neoplasia
but not with serums from female con-
trol subjects, even though these serums
may have equally high levels of anti-
body to HSV-2, when tested by neu-
tralization.

Serums were obtained from 84 pa-
tients diagnosed as atypia (20 patients),
carcinoma in situ (19 patients), and in-
vasive cervical carcinoma (45 patients),
and from 84 control subjects ‘(from
age 20 to 80 years) admitted to the
Johns Hopkins Hospital for illness un-
related to cervical cancer and having
a negative history of malignancy. These
subjects were matched to the carcinoma
patients for age, race, sex, and socio-
economic class according to economic
deciles of the resident census tracts
for the City of Baltimore. Of the
invasive cancer patients, 22 women
were untreated, and 23 had therapy 2
months to 19 years (mean, 4 years)
prior to blood collection. Only one of
these (No. 60) had histologic evidence
of recurrent neoplastic disease. A third
group consisted of women with malig-
nancies at sites other than the cervix.
At the time of blood collection, all
subjects were free of active genital
herpetic infection as determined by
Papanicolaou smears and pelvic ex-
amination (15).

HEp-2 cells were infected with 0.2
to 0.4 plaque-forming units of HSV-2
(16) per cell. After adsorption at 37°C,
for 1 hour, the cells were overlaid with
maintenance medium consisting of me-
dium 199 supplemented with 1 percent
fetal calf serum (Grand Island) and re-
incubated at 37°C for 4 hours. At this
time, the cells were collected by scrap-
ing, washed with barbital-buffered sa-
line at pH 7.4 (17), and disrupted by
freezing and thawing. Cell debris was
removed by centrifugation at 1550g for
30 minutes, and the supernatant, des-
ignated AG-4, was used in complement
fixation tests. A crude extract prepared
in the same way from HEp-2 cells
treated only with maintenance medium

Table 1. The occurrence of antibody to AG-4, AG-H, HSV-2, and HSV-1 in patients with untreated and treated invasive carcinoma of the cervix.

Mean Positive for Positive for Positive for Positive for

Group fle{s;esl h';egzn economic anti-AG-4 anti-AG-H anti-HSV-2 anti-HSV-1
decile No. % No. % No. % No. %
Invasive cancer 22 52 4.4 20 91 0 0 22 100 18 82
Matched controls 22 50 4.7 2 9 5 23 15 68 19 86

Invasive cancer with

Radiation 14 53 3.8 0 0 1 7 14 100 13 92
Hysterectomy 9 46 4.7 0 0 ] 0 9 100 [ 67
Total treated 23 50 43 0 0 1 4 23 100 19 82
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Table 2. The occurrence of antibody to AG-4, AG-H, and HSV-2 in patients with preinvasive and invasive carcinoma of the cervix and controls.

Positive for

Positive for Positive for

M
Group {;Is(t’e;i Mean econmic anti-AG-4 anti-AG-H anti-HSV-2
decile No. % No. % No. %
Atypia 20 34 3.0 7 35 0 0 19 95
Matched controls 20 31 32 0 0 0 0 10 50
Carcinoma in situ 19 39 3.4 13 68 0 0 19 100
Matched controls 19 35 34 1 5 0 0 10 53
Invasive cancer 22 52 4.4 20 91 0 0 22 100
Matched controls 22 50 4.7 2 10 5 24 15 68
Total cases 61 42 3.6 39 64 0 0 60 98
Total controls 61 39 3.8 3 5 5 8 35 57
Carcinoma of other sites
Vagina 1 0 0
Vulva 2 0 0
Pancreas 1 0 0
Stomach 1 0 0
Others 14 0 1
Total 19 0 1

and designated AG-H was used as con-
trol antigen.

The quantitative micro complement
fixation test used was originally de-
scribed by Wasserman and Levine (18);
it was adapted to a reaction volume of
0.350 ml, with the use of polyethylene
micropipettes and tubes (19). Also, 1.5 X
10-*M CaCl,, 1 X 10—3M MgCl,,
and gelatin (0.01 percent) were added
to the barbital-buffered saline (gel
BB++). The assay was performed in
duplicate, as described (19). Briefly, a
mixture of antigen or gel BB+4+4 (for
antibody or complement controls), anti-
body (adjusted so that antibody control
gave less than 10 percent complement
fixation), and complement (reconsti-

ixation (%)

Patient serum (10mi/ml)

tuted lyophilized guinea pig comple-
ment, BBL division of Bioquest), was
incubated at 4°C for 18 hours, and
again at 37°C for 20 minutes, At this
time sensitized (20) sheep erythrocytes
(5 X 107 cell/ml) were added and the
mixture was again incubated at 37°C
for 60 minutes. After addition of gel
BB++ and centrifugation for 20 min-
utes at 1550g, the absorbancy (4) at
416 nm of the supernatant was read.
The number of absorbancy units fixed
(AA) was determined by subtracting
the absorbancy of the reaction mixture
from that of the antibody control. The
percentage of complement fixation was
computed by dividing A4 by the ab-
sorbancy of the antibody control. The

800
Antigen protein (ug/ml)

Fig. 1. Micro complement fixation by two serums (No. 64 and No. 23) from patients
with invasive carcinoma of the cervix, and antigen AG-4 (O and @) or antigen AG-H
(A and A). (A) Percentage fixation is plotted as a function of antibody concentration
per unit volume of the reaction mixture. Antigen was 20 ug of protein. (B) Per-
centage fixation plotted as a function of antigen concentration per unit volume of
reaction mixture. Subject’s serum was 2.5 X 10 ml. The diluent was barbital buffer.
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reaction was considered positive if
more than 10 percent of the comple-
ment was fixed.

Two points emerged from the re-
sults of typical complement fixation
curves (Fig. 1). First, serums from pa-
tients with invasive carcinoma fix com-
plement with AG-4 but not with AG-
H. Of the serums tested 87 percent did
not fix complement with AG-H; how-
ever, to increase specificity further, all
serums reacting with both antigens were
considered negative for AG-4. Second,
maximum fixation usually occurs at a
concentration of 200 ug of AG-4 pro-
tein as determined by the method of
Lowry (21). Accordingly, serums were
screened against 100 and 200 pg of
AG-4 and AG-H proteins, and antibody
titer was defined as the reciprocal of
the highest dilution of serum fixing at
least 10 percent of complement with
200 pg of AG-4 protein.

The occurrence of antibody to AG-4
in patients with invasive carcinoma as
compared to a matched control popu-
lation was determined on a series of
coded serum samples, the origin of
which was unknown to the person per-
forming the tests. The prevalence of
antibody to AG-4 was significantly
greater among women with invasive
carcinoma of the cervix (91 percent)
than among matched controls (chi
square: P <.01) (Table 1). Of 22
women with neoplasia, 20 had anti-
body to AG-4, as compared to 2 of
the 22 matched controls. On the other
hand, as many as 15 (68 percent) of
these control serums contained neu-
tralizing HSV-2 antibody. Serums from
patients treated prior to blood collec-
tion did not have antibody to AG-4.
Thus, of 23 women with a history of
treated invasive carcinoma, 22, who
had radiation or hysterectomy and
showed no evidence of recurrent neo-
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plasia at the time of blood collection,
did not have antibody to AG-4; anti-
body to HSV-2 was present in 100
percent of treated patients.

The occurrence of antibody to AG-4
in patients with various stages of the
disease (Table 2) shows the gradation
expected of the development of cervical
neoplasia (22). Of 20 women with cer-
vical atypia, 7 (35 percent) had anti-
body to AG-4, as compared to 13 (68
percent) of the 19 women with carci-
noma in situ and 20 (91 percent) of
the 22 women with invasive carcinoma.
On the other hand, antibody to AG-4
was virtually absent in matched con-
trols and in a small number of patients
with carcinoma at sites other than the
cervix, These included patients with
carcinoma of the lung, breast, pan-
creas, or stomach as well as patients
with carcinoma of the vagina, vulva,
ovaries, or endometrium, or with
adenoepidermoid carcinoma of the cer-
vix. Comparison of the titer of anti-
body to AG-4 in patients with prein-
vasive (atypia and carcinoma in situ)
and invasive cervical carcinoma indi-
cates that titers cannot be correlated
with the stage of the disease (Fig. 2).

Since antibody to AG-4 could not
be found in serums from patients
treated prior to blood collection, we
considered the possibility that antibody
to AG-4 might be of prognostic sig-
nificance. Serums were collected from
four patients prior to and at intervals
after onset of radiation therapy and
were tested for antibody to AG-4 and
HSV-2. The results indicated that pres-
ence of antibody to AG-4 was asso-
ciated with tumor recurrence (in two
patients); two other patients with no
evidence of recurrent neoplasia did not
have antibody to AG-4. Therapy did
not affect the presence of antibody to
HSV-2 (23). Unfortunately, serums
were not collected at close enough in-
tervals to determine the time that must
elapse between therapy and the dis-
appearance of AG-4 antibody.

The focal point of our study is the
identification of antibody to HSV-2 in-
duced antigens distinct from neutraliz-
ing antibodies in serums from patients
with cervical neoplasia and the demon-
stration that the presence of this anti-
body correlates with the extent of the
tumor. Serums from control subjects
and patients with successful therapy
were negative. These observations sug-
gest that cervical tumor cells contain
antigen or antigens similar or identical
to those made early in the productive
infection of HEp-2 cells with HSV-2.
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Fig. 2. Distribution of the antibody titers
in 122 serums from carcinoma and con-
trol groups.

It should be pointed out that AG-4 is
made early in infection, is released into
the culture fluid 1 hour after synthesis,
and does not block the neutralizing
ability of antiserums to HSV-2 (24).
No correlation is observed between
antibody to AG-4 and neutralizing anti-
body to HSV-2 in the serums tested in
this study (Table 2).

Although the precise identity of AG-
4 must await future studies, the obser-
vation that AG-4 does not react with
serums from patients with carcinoma
of the colon, stomach, or pancreas
suggests that it differs from the carcin-
oembryonic antigen associated with
colon cancer (25). A nonviron anti-
gen was reported by Tarro and Sabin
(26) for guinea pig cells infected with
HSV-1. Furthermore, Hollinshead and
Tarro (27) described cross-reactivity
between such antigens and an antigen
extracted from one case of carcinoma
of the lip and one of cervical carci-
noma. However the relation between
AG-4 and these nonvirion antigens is
not clear at present. Thus, unlike the
nonvirion antigen, AG-4 is made in
HEp-2 cells early in infection and is
soluble; and also unlike the nonvirion
antigen (28), AG-4 is speciﬁcg.lly as-
sociated with squamous carcinoma of
the human cervix (Table 2).

HSV-2 normally kills productively
infected cells (29). Thus, if a cell is to
survive, some of the viral functions
must somehow be suppressed. In fact,
viral antigens and complete or incom-
plete virus particles are absent in bi-
opsied (unstressed) cervical tumor cells,
and, although exfoliated tumor cells
from these patients contain viral anti-

gens, virus particles are not observed
(8). On the other hand, if HSV-2 has
oncogenic potential for human cervical
cells, some of its functions must be ex-
pressed, particularly those bearing on
the transformation of the cells from
normal to neoplastic (I/4). A small
amount of virus-specific RNA was re-
ported in a cervical tumor (II); how-
ever, the functions represented are still
unknown. If AG-4 is virus coded, the
presence of a similar or identical anti-
gen in cervical tumor cells which do
not contain structural HSV-2 antigens
and virus particles (8), would suggest
that this represents the rare virus func-
tion expressed in these cells. Whatever
the ultimate interpretation of the origin
of AG-4, the observation (24) that
serums positive for AG-4 do not react
with HEp-2 cells infected with HSV-2
for less than 4 hours, a time at which
many of the viral functions are already
expressed (30), suggests that expression
of a rather specific early viral function
is associated with cervical carcinoma.
The prognostic significance of the

AG-4 antibody must be considered
when interpreting these data. Unlike
HSV-2 antibody AG-4 antibody was
absent in all 22 cases with successful
therapy. Furthermore in four cases
studied prior to therapy and for 2
years thereafter, presence of AG-4 anti-
body was always associated with re-
current tumor and in one case with
death. These observations, if confirmed
in a large number of patients, would
suggest that antibody to early HSV-2
antigens may reflect active tumor
growth and that separate antibody de-
terminations for “early” and viral anti-
gens might be of diagnostic and possi-
bly prognostic significance.
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Abstract. Nitrogen fixation, measured by the reduction of acetylene to ethylene,
was found in workers of the dry-wood termite Kalotermes minor. The soldiers
and reproductive castes fixed little or no nitrogen. The fixation rates ranged
between 24 and 566 micrograms of nitrogen fixed per month per gram (wet
weight) of termite. Nitrogen fixation can be a significant source of nitrogen for

these termites.

Microorganisms living in symbiosis
with insects are known to furnish
essential vitamins and amino acids
required for insect growth and devel-
opment (7). Although their diet can
be low in protein, the evidence for
nitrogen fixation by herbivorous insects
such as termites is not conclusive and
has been discounted (2-4). The acety-
lene assay for nitrogen fixation has

provided a method for reinvestigating
this problem. This assay depends on
the ability of nitrogenase to reduce
acetylene to ethylene through a reac-
tion which gives a reliable and sen-
sitive measure of nitrogen fixation [see
(5) for reviews]. Acetylene reduction
has been used to detect nitrogen fixa-
tion in the guts of ruminants and
mammals, including man (6). The

Table 1. Acetylene reduction by Kalotermes minor. The termites were removed on.29 Septgm-
ber 1972 from a pine post collected in southeast San Diego the previous day. Live termites
were incubated at room temperature (24°C) in stoppered 7-ml serum flasks under the
atmospheres indicated below, and the reaction was started by introducing 16.5 percent
acetylene. After 150 minutes ethylene was determined by gas chromatography. (The termites
in assay 4 died during the experiment.) No ethylene was detected in the absence of acetylene.
A factor of 0.25 was used to convert acetylene reduction to nitrogen fixation (6). Ethylene
determinations were accurate within 3 percent. Acetylene reduction was reproducible for. at
least three successive days as long as the termites were fed wood; N, number of termites

per flask.
Est. N
fixed per
1 th per
. Ethylene mon
Weight h gram
Assay Type (2 N Atmosphere 1Zln (:;igga)d termite
(wet
weight)
(ug)
1 Workers 0.692 66 Air 46 139
2 Workers 1.027 101 Air 108 212
3 ‘Workers 1.155 120 Oxygen (20%)- 141 246
argon (80%)
4 Workers 0.819 79 Argon 12 30
5 Reproductives 0.050 5 Air <0.5 <20
6 Soldiers 0.525 30 Air 2.5 10
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results indicated that nitrogen fixation
is nutritionally insignificant, at least
under the conditions of the tests.

Table 1 shows results obtained with
Kalotermes minor. Since all known
nitrogen-fixing organisms are pro-
karyotic [see (7) for a review], it is
likely that the nitrogen-fixing agent
is the intestinal bacterial flora of the
termites. Although the inhibitory effect
of anaerobic conditions observed in
one experiment (Table 1, assay 4)
might suggest aerobic nitrogen-fixing
bacteria, the death of the termites in
this experiment could also account for
the low activities if the bacteria
stopped functioning as soon as the
termites died. Also notable is the low
rate of nitrogen fixation in the soldier
and reproductive castes. The different
feeding habits of these types might
account for the low nitrogen-fixing
activity of their intestinal flora. Varia-
tions in nitrogenase activity were
observed between different batches
(Table 1, assays 1 and 2). The cause
of these variations remains to be
established; the age of the workers
might be a contributing factor.

Kalotermes minor, collected from
May to October 1972 in San Diego
County, California, exhibited a wide
range of nitrogen fixation rates under
air—from 24 to 566 ug of N fixed
per month per gram (wet weight) of
termite. Other termites collected during
this time, Cryptotermes brevis and
Zootermopsis angusticollis, were able
to fix nitrogen; however, only low
rates [about 10 ug of N fixed per
month per gram (wet weight)] were
recorded. If these organisms exhibit
variations in nitrogenase activity similar
to those observed with K. minor, then
further collecting might turn up cases
of nutritionally significant amounts of
nitrogen fixed even in these species.
Since fungi play an important role in
the nutrition and nitrogen economy
of termites (2), a symbiotic relation
between nitrogen-fixing bacteria and
fungi might exist in some termite nests.
The cockroach Periplaneta americana
did not reduce acetylene even follow-
ing 3 months on a starch or sucrose
diet.

It is difficult to ascertain the nitrogen
requirements of termites and quan-
titate the importance of nitrogen
fixation. This is due to cannibalism
and the fact that the nitrogen content
of wood is not directly related to
its nutritional value to termites (2).
From Hungate’s data (2) on the
nitrogen content of termites [an
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