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= Abstract = To evaluate the clinical usefulness of tumor antigen TA-4 as a tumor marker in
cervical cancer, serum TA-4 level was measured in 62 normal female subjects, 70 patients
with cervical cancer and 49 patients with various benign or malignant gynecologic diseases.
Mean serum TA-4 level in normal subjects was 0.42+0.22 ng/ml, and postive value was
considered to be greater than 1.5 ng/ml. The pretreatment positive rate of serum TA-4 was
42% in cervical squamous cell carcinoma, none in cervical adenocarcinoma, 33% in ovarian
cancer, 10% in cervical dysplasia and none in other diseases. In cervical squamous cell
carcinoma, the mean value of individual serum TA-4 as well as the percentage of patients
with positive TA-4 were positively related to clinical stage based on the FIGO system and to
the extent of tumor based on the Meigs-Brunschwing surgical staging, and they were signifi-
cantly higher in keratinizing type and large cell non-keratinizing type than those in small cell
type (p<0.05). Elevated serum TA-4 level returned to normal after complete tumor resection
so rapidly that 90% of cases showed normal values on second postoperative day and all
showed normal values on sixth postoperative day. These results indicate that (1) the specificity
of TA-4 is high, (2) there is some sensitivity of this antigen to cervical squamous cell carcino-
ma, (3) it is of limited value to use this antigen for screening the disease. (4) but it would be a
useful tool in the detection of recurrence, in predicting the extent of disease and in monitoring
the response of tumor to therapy in patients with squamous cell carcinoma of the uterine

cervix.
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INTRODUCTION

It is well accepted that recent progress in cytolo-
gic screening system has provided the easy per-
formance of the initial diagnosis of cervical cancer.
However, cervical cancer is often associated with
central recurrence where regression or progression
is difficult to evaluate by conventional diagnostic
methods. So some reliable method is required for
monitoring the disease to determine the effective-
ness of treatment and to predict the prognosis and
to detect the recurrence. Recently, much attention
has been focused on tumor-marker in this disease.
Several investigators reported the isolation of
tumor-antigens of cervical carcinoma (Levi et al.
1971; Hollinshead et al. 1972; Aurelian et al.
1973). However, it had been difficult to develop
conventional method for measuring these antigens.

A large number of tumor related substances have
been studied (van Nagell ef al. 1981; Nadkarn et
al. 1982; Niloff et al. 1984; Sawada et al. 1984,
Inoue et al. 1985). Among them, carcinoembryonic
antigen (CEA) is one of the useful and widely avail-
able tumor markers in cervical cancer (van Nagell
et al. 1978). But the disadvantages of this test are
its long half-life (van Nagell et al. 1978) and prob-
lems with interpretation due to the lack of tumor
cell type specificity. Tumor antigen TA-4 is a pro-
tein with a molecular weight of approximately
48,000 which was originally purified from
squamous cell carcinoma of the uterine cervix and
named by Kato and Torigoe (1977).

Using radioimmunoassay (RIA) method, they re-
ported that TA-4 appeared specifically in the cir-
culation of patients with squamous cell carcinoma
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and the serum TA-4 levels reflected some tumor
behaviors in cervical squamous cell carcinoma
(Kato et al. 1979, 1982, 1983 & 1984). By recent
development of TA-4 RIA KIT (Dainabot Ltd.,
Tokyo, Japan), the practical application of this anti-
gen has become easy. Present study was per-
formed to evaluate the clinical usefulness of TA-4
as a tumor-marker in cervical squamous cell carci-
noma using this RIA kit.

MATERIALS AND METHODS

The patient population for this investigation con-
sisted of 62 normal nonpregnant women, 70 pa-
tients with cervical cancer, 16 patients with other
gynecologic malignancies, 2 patients with hydatidi-
form mole, 10 patients with uterine cervical dyspla-

sia, 10 patients with myoma of the uterus and 11
patients with benign ovarian tumor (Fig. 1).

All cases were dignosed and/or treated at Seoul
National University Hospital from March to July,
1985 and the diagnosis was verified by histologic
examination of biopsy specimens. The clinical
stage of each case was determined according to
the International Federation of Gynecology and Ob-
stetrics (FIGO) staging system. Blood samples were
collected before treatment. In whom complete
tumor resection was performed, blood samples
were collected on postoperative 2nd and 6th day to
evaluate the change of serum TA-4 level. All serum
samples were stored at —20°C until assayed. De-
terminations of serum TA-4 level were performed
quantitatively by double antibody radioimmunoas-
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Fig. 1. Pretreatment serum TA-4 level.
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Fig. 2. Histogram of serum TA-4 levels of 62 healthy female subjects.

say using TA-4 RIA kit (Dainabot Ltd., Tokyo,
Japan). The sensitivity of this kit was from 1.5 ng/
ml to 150 ng/ml. In cases whose values were below
1.5 ng/mi, TA-4 level was determined by extrapola-
tion of standard curve and in cases over 150 ng/
ml, it was determined by dilution with normal
saline.

The intraassay and interassay coefficients of
variation were 5.1% and 7.8%, respectively.

RESULTS

1. Serum TA-4 values in normal healthy
female subjects:

Mean value of the serum TA-4 of 62 normal
healthy subjects was 0.424+0.22 ng/mi and the
value showed the feature of normal distribution ex-
cept 1 case who showed the value of 2.70 ng/ml
(Fig. 2). There was no significant difference be-
tween each age group. Based on the mean value
plus three standard deviations (SD), normal range
of the serum TA-4 level was arbitrarily taken to be
less than 1.5 ng/ml (the minimal sensitivity of this
kit) and values above 1.5 ng/ml were considered to
be “positive”. Only 1 case (1.6%) among 62 nor-
mal subjects studied showed a positive TA-4 value.

2. Pretreatment serum TA-4 values:

Individual pretreatment serum TA-4 values in
cases stuided are shown in Fig. 1. All cases of
benign gynecologic tumors showed normal level.
But 10% (1/10) of patients with uterine cervical
dysplasia showed a positive value. The proportion
of positive cases in patients with squamous cell
carcinoma was 37% (23/62), which was signifi-
cantly higher than that (0%, 0/2) with adenocarci-
noma (p<0.001). And 87% (5/6) of the patients
with recurrent cervical cancer showed a positive
TA-4 value. In 9 patients with carcinoma of the
ovary, 3 had a slightly elevated TA-4 value, but
there was no significant difference in mean value
compared with that of normal subjects. All patients
with other gynecologic malignancies had serum
TA-4 values below 1.5 ng/ml.

3. Pretreatment serum TA-4 values in pa-
tients with cervical squamous cell carcinoma
by clinical stage:

The relationship of the stage of disease based on
the FIGO system to serum TA-4 value is summa-
rized in Fig. 3. The values were elevated in a
greater percentage of patients with advanced dis-
ease than with early disease. The positive values
were observed in none of the patients with stage O
and stage la, 20% with stage Ib, 56% with stage
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Fig. 3. Pretreatment serum TA-4 values in squamous
on the FIGO system.

lla and stage Ilb, 100% with stage llla and stage
IVa, 88% with stage lllb, respectively. Mean value
before therapy was 0.94+0.25 ng/ml in stage O,
0.80+0.24 ng/ml in stage la, 1.11+0.83 ng/ml in
stage Ib, 4.37+6.61 ng/ml in stage lla, 6.96+
13.26 ng/ml in stage IIb, 1.90 ng/ml in stage llla,
15.344+21.25 ng/ml in stage lllb, 24.30+22.70
ng/ml in stage IVa, respectively. In addition, the
patients with recurrent cancer showed high percen-
tage (83%) of positive value and highest mean
TA-4 value (38.12+43.47 ng/ml).

4. Pretreatment serum TA-4 values in pa-
tients with cervical squamous cell carcinoma
by the histologic type:

The relationship of the histologic type of disease
to serum TA-4 value before therapy is shown in
Fig. 4. In keratinizing type and large cell non-
keratinizing type, the proportion of positive cases
were 67% and 41% respectively, and mean value
was 14.604+28.54 ng/ml and 7.90+15.20 ng/ml,
respectively, which were significantly higher than
those of small cell type (25% and 1.10+0.60 ng/
ml) (p<0.05). But there was no significant differ-
ence between keratinizing type and large cell non-
keratinizing type.

cell carcinoma of the uterine cervix by clinical stage based

5. Pretreatment serum TA-4 values in pa-
tients with cervical cancer by postoperative
surgical staging:

Fig. 5 illustrates the relationship between the
serum TA-4 values in patients with cervical cancer
and the extent of the tumor based on the classi-
fication of the Meigs-Brunschwing surgical staging
(Meigs and Brunschwing 1952) in whom radical
operation was performed. The proportion of positive
cases and the mean value of serum TA-4 in-
creased significantly with extending disease class.
Serum TA-4 values above 1.5 ng/ml were observed

in none of patients with Class O and Class Ao, 7%
in Class A, 56% in Class B, 33% in Class C, and
100% in Class D, respectively. Mean value of
serum TA-4 before therapy was 0.90+0.37 ng/ml
in Class 0, 1.00+0.62 ng/ml in Class A, 1.10 ng/
ml in Class Ao, 5.70+5.48 ng/ml in Class B, 3.30
+3.20 ng/ml in Class C, and 13.70+11.29 ng/ml
in Class D, respectively. The mean values in Class
B (p<0.0b) and Class D (p<0.01) were signifi-
cantly higher than those in Class O, Class A and
Class Ao.

6. Post-treatment serum TA-4 values:

Fig. 6 illustrates the post-treatment serum
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Fig. 4. Pretreatment serum TA-4 values in squamous cell carcinoma of the uterine cervix by the histologic type
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Fig. 5. Pretreatment serum TA-4 values in cancer of the uterine cervix by the extent of tumor based on the
classification of the Meigs-Brunschwing surgical staging.

TA-4 values of 9 patients who received complete
tumor resection among 28 patients with cervical
cancer whose pretreatment serum values showed
“positive” and also illustrates that of 1 patient with
cervical dysplasia who received total abdominal
hysterectomy and whose pretreatment serum TA-4
value showed “positive.”” The fall of the serum
TA-4 value was so rapid that 90% of the cases
showed normal serum values on postoperative

second day and all cases showed normal serum
values on postoperative sixth day.

DISCUSSION

TA-4 is a protein with a molecular weight of
approximately 48,000, which was originally purified
from human squamous cell carcinoma of the uter-
ine cervix by Kato and Torigoe (1977). As this anti-
gen has been found not only in cervical squamous
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Fig. 6. Changes in serum TA-4 values after complete
removal of cervical cancer tissue or dysplasia
tissue.

cell carcinoma but also in a variety of malignant or
benign disease and normal squamous cellular tis-
sue (Morioka 1980; Aramaki et al. 1981), it would
not be a specific antigen to cervical squamous cell
carcinoma. It was reported that determination of
serum TA-4 level reflected the extent of the
diesase (Kato et al. 1982), had some prognostic
significance (kato et al. 1983), and would be a
useful aid for the detection of cervical squamous
cell carcinoma (Kato et al. 1984). But there has
been some difficulty in practical application of this
antigen because primary tumor tissue of cervical
cancer is too small to extract large amount of
TA-4. TA-4 RIA kit used in this study was de-
veloped with the use of TA-4 preparation extracted
and purified from liver metastasis of cervical
squamous cell carcinoma and anti-TA-4 serum
prepared by immunizing rabbits with the purified
TA-4.

Clinically useful tumor marker should have high
sensitivity and specificity, so it is important to
establish precise normal range. In this study, mean
TA-4 value in 62 normal women was 0.42+0.22
ng/ mi. Based on the mean value plus three stan-

dard deviation(SD), the normal limit of serum TA-4
level in our study was considered to be less than
1.5 ng/ml (the minimal sensitivity of this kit). Pre-
vious investigators in Japan with this kit defined the
upper limit of normal level of serum TA-4 as 2.0
ng/ml (Hirohashi et al. 1984; Torigoe et al. 1984;
Mochizuki and Maruo 1985), and 4.0 ng/ml
(Kuzuya et al. 1984), somewhat higher than that of
our study. This slight discrepancy may be contri-
buted to the differences in the race and/or popula-
tion studied. And in their studies, the proportion of
positive cases in normal subjects was less than
5.5%. Our result showed that 1 case among 62
normal women (1.6%) and no case among 21 pa-
tients with benign gynecologic tumors have a posi-
tive TA-4 value, indicating that the specificity of
this antigen is high.

Some investigators reported that the proportion
of positive cases in patients with ovarian cancer
and endometrial cancer was 0% (Hirohashi et al.
1984; Shibata et al. 1984; Kujuy et al. 1984), but
Torigoe et al. (1984) reported that it was 26% in
ovarian cancer and 14% in endometrial cancer. In
our study, positive value of TA-4 was found in 33%
of 9 patients with ovarian cancer, similar to that of
Torigoe et al. (1984) (26%), but it was not found in
all patients with endometrial cancer, vaginal can-
cer, choriocarcinoma, and hydatidiform-mole. In
addition, in spite of high proportion of positive
cases (33%) in patients with ovarian cancer, mean
TA-4 value was not significantly different from that
of normal subjects.

Accordingly, further determinations of TA-4 in a
large number of patients with other gynecologic
malignancies will be necessary to confirm the prop-
ortion of positive cases.

The proportion of positive cases in patients with
cervical squamous cell carcinoma was 42% and it
increased progressively as stage advanced, but the
proportion in patients with cervical adenocarcinoma
was 0%. This finding is similar to that of other
investigators (Hirchashi et al. 1984; Torigoe et al,
1984; Kuzuya et al. 1984; Mochizuki and Maruo
1985). This result suggests that serum TA-4 level
is mainly elevated in patients with squamous cell
carcinoma of the uterine cervix and this test has
some sensitivity for this disease.

However, among patients with stage O and
stage la, no positive TA-4 value was obtained.
These findings indicate that, aithough the detection
of TA-4 in the circulation is highly indicative of the
presence of cervical squamous cell carcinoma, the



low positive rate particularly in the early stage of
disease limits the use of this method for screening
this disease. But the finding that high percentage
(83%) of positive value of TA-4 was observed in
patients with recurrent cervical cancer suggests
that serum TA-4 level may increase when the dis-
ease recurs in spite of undetectable level at pre-
treatment period and, for that reason, serial deter-
mination of this tumor antigen will be useful for the
early diagnosis of recurrent disease in cervical can-
cer. In this study, one patient with recurrent dis-
ease showed undetectable TA-4 level. This finding
indicates that some patient might show undetect-
able serum TA-4 level throughout the course of
their disease. It is unlikely that some tumor tissues
do no produce TA-4 at all, because Morioka
(1980) studied the tissue distribution of TA-4 in 13
patients with cervical squamous. cell carcinoma
and found that all tumor tissues tested contained
TA-4 activity. So further extensive efforts should be
undertaken to develop a more sensitive method for
the detection of TA-4.

Previous studies on the serum TA-4 levels in
patients with cervical squamous cell carcinoma
according to the histologic type showed conflicting
results (Torigoe et al. 1984; Shibata et al. 1984;
Inoue et al. 1985). Our result shows significantly
higher TA-4 concentration in keratinizing type and
large cell non-keratinizing type than that in small
cell type, which is consistent with the observation
of Shibata et al. (1984) who tested TA-4 concen-
tration in cancer tissue by immunohistochemical
method.

Kato et al. (1982) reported that serum TA-4
levels reflected the extent of disease, and that high
pretreatment TA-4 levels indicated the presence of
the widespread tumor and high possibiiity of re-
currence after surgery, although they had been un-
able to find any direct relationship between serum
TA-4 levels and pretreatment clinical stages (Kato
et al. 1979). In this study, similar result was
obtained by comparing the pretreatment serum
TA-4 value with the extent of tumor based on the
classification of the Meigs-Brunschwing surgical
staging.

Shibata et al. (1984) reported that the plasma
half-life of TA-4 in circulation was about 20 mi-
nutes. In this study, elevated serum TA-4 levels fell
rapidly to normal levels within 6 days after com-
plete tumor resection. The rapid disappearance of
TA-4 in the circulation after complete tumor resec-
tion indicates the usefulness of this antigen as a
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iumor marker for the determination of efficacy of
therapy particularly in patients whose pretreatment
serum values were positive.

From these findings, although the determination
of serum TA-4 is of limited value for screening
cervical cancer, it would be a useful aid in the
detection of recurrence, in predicting the extent of
disease and in monitoring the response of tumor to
therapy in patients with cervical squamous cell car-
cinoma.
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