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Summary

Serum CA-125 has been used as a biomarker of gynecological tumors. In this study, we investigat-
ed the CA-125 levels in cervical and vaginal secretions from Chinese patients with endometrial pol-
yps, hyperplasia and carcinoma in comparison with those in endometrium and serum.

An electro-chemiluminescent immunoassay was utilized to determine the levels of CA-125 in 51
healthy Chinese women and 97 patients with polyps, hyperplasia or endometrial cancer. An immu-
nohistochemistry method was used to detect endometrial CA-125 expression in 242 subjects.

Our study demonstrated that serum CA-125 levels were much lower than those in cervical and vagi-
nal secretions in healthy and diseased women. The levels of CA-125 in serum, and cervical and vag-
inal secretions were significantly increased in complex hyperplasia and endometrial cancer. The
increase of CA-125 content in serum, cervical and vaginal secretions was lesser significant in grade
3 cancer than that in grade 1 and 2 cancer. Generally, serum CA-125 levels correlated with those
in cervical and vaginal secretions and CA-125 content in cervical secretion correlated with that in
vaginal secretion. There was only a weak CA-125 expression in normal endometrium and simple
endometrial hyperplasia. There was a significant difference in CA-125 expression among patients
with pathological grade 1, 2 and 3 of endometrial carcinoma.

Endometrial CA-125 expression together with its levels in the serum and cervical and vaginal se-
cretions can be used as a potential biomarker in the diagnosis of precancerous diseases and endo-
metrial carcinoma

CA-125 « endometrial cancer ¢ hyperplasia ° clinical diagnosis ¢ Chinese women

CA-125 - cancer antigen 125; EC — endometrial cancer; SD - standard deviation
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BACKGROUND

The cancer antigen 125 (CA-125) is a transmembranaire
glycoprotein with a high molecular weight of >200 kd [1].
CA-125 derives its numeric designation from its monoclo-
nal antibody OC-125, which was generated by immuniza-
tion of BALB/c mice with the OVCA43 cell line isolated
from ascites fluid of a patient with serous papillary cystad-
enocarcinoma of the ovary in 1981 [2]. It is a mucin with
a carbohydrate content estimated to be 24-28%. CA-125 is
encoded by the gene MUCI6 which is rich of tandem re-
peats [3,4]. This glycoprotein is expressed normally in fe-
tal coelomic epithelium, by epithelial ovarian tumors, nor-
mal and pathologic tissues of Millerian duct origin, and
mesothelial cells [5,6].

Although serum CA-125 levels have been used as a valuable
tumor marker for the diagnosis of epithelial ovarian cancer
and the detection of recurrence after primary treatment, its
role is controversial in endometrial cancer (EC) as a use-
ful tumor marker [5,7,8]. A number of studies have report-
ed that serum CA-125 levels were important for preoper-
ative diagnosis and prediction of disease recurrence, and
their elevation correlated with advanced-stage EC [6,9-15].
Nevertheless, the inconsistency between serum CA-125 lev-
els and the extent of disease or prognosis still exists in EC
because most related studies had some limitations such as
a small number of patients and various histological types
[13,16-19]. In several reports, the serum CA-125 levels seem
to be increased in the majority of patients with advanced
disease but only in about 10-20% of patients with stage I
EC [6]. However, no such correlation between CA125 lev-
els and extent of disease has been observed in other reports
[16,20]. There are few studies on the detection of endome-
trial CA-125 expression as a tumor marker of EC [21-24].
Large-scale and long-term studies are required to evaluate
the role of serum CA-125 levels for predicting prognosis in
EC because most of patients have early-stage diseases cured
by surgery alone.

There have been only few studies on the detection of CA-125 in
cervical and vaginal secretions in healthy women and women
with endometrial diseases. de Bruijn et al. [25] first observed
very high levels of CA 125 in cervical mucus from women with
regular menstrual cycles and this was confirmed by Martinez
etal. [26]. We have recently reported that CA125 was detect-
ed in cervical and vaginal secretion of healthy Chinese wom-
en using the automatic electro-chemiluminescent immunoas-
say [27]. In this study, we further investigated the CA-125 levels
in cervical and vaginal secretions from Chinese patients with
endometrial polyps, hyperplasia and carcinoma in compari-
son with those in endometrium and serum.

MATERIAL AND METHODS

Subjects

A total of 254 subjects were recruited into this study from
January 2005 to December 2009 and they were classified into
six groups, namely proliferative phase endometrium (n=24),
secretory phase endometrium (n=29), non-functional endo-
metrial polyps (n=24), simple hyperplasia (n=24), complex hy-
perplasia (n=26), and endometrial carcinoma (n=126). Among
148 women from these subjects, their blood and cervical and

vaginal secretions were collected for determination of CA-125.
All subjects had no prior treatment history before sample col-
lection. The diagnosis of these diseases was based on the crite-
ria of International Classification of Diseases (ICD) version 11.
Formalin-fixed hematoxylin & eosin-stained 6-pum slides from
the endometrial tissue of all subjects were performed and re-
vised by two senior pathologists in order to verify the diagnosis.
This study was approved by the Ethics Committee of Xiaolan
Hospital affiliated to Southern Medical University, Zhongshan,
China. All participants had a written consent.

Immuonoassay for CA-125 determination

Electro-chemiluminescent immunoassay was used to de-
termine the CA-125 levels in serum and cervical and vag-
inal secretions using an automatic Elecsys 2010 analyzer
(Roche Diagnostics, Indianapolis, IN). The limit of detec-
tion was determined by analyzing 10 replicates of the zero
calibrator and 4 replicates of the lowest nonzero calibrator
(15 U/ml). The limit of detection for CA-125 in human se-
rum, and cervical and vaginal secretions was determined to
be 0.50 U/ml. The precision and accuracy were within 12%
in terms of coefficients of variation (CVs) for the low and
high controls (35 and 114 U/ml, respectively).

Immunohistochemistry for endometrial CA-125
determination

Endometrial CA-125 was detected by immunohistochemi-
cal technique (EliVision plus) using a commercially avail-
able kit (Maixin Bio, Fuzhou, China). Four-pm unstained
slides were prepared from each case for immunohistochem-
ical staining for anti-CA125 antigens with clone OV 125 di-
luted 1:2. Immunohistochemistry was performed by depa-
raffinization of slides in xylene, absolute ethyl alcohol, and
degradated alcohols 96% and 70%. Immunoperoxidase
stains were performed using a modified labeled streptav-
idin technique and run on an automated system using a
commercially available chromogen. All sections were coun-
terstained with Mayer’s hematoxylin. Sections of ovarian se-
rous carcinoma were used as positive controls.

Two parameters in each case were evaluated. The percent-
age of tissue area stained in 10-12 high power fields and its
intensity scored as 0, 1, 2, and 3. Cancer tissue with staining
of more than 50% of the area examined and an intensity
of 2 and 3 was considered as positive (score 1). Pathologic
grading of the tumor cells was done according to the 1988
FIGO grading system. The tumor was graded based on the
percentage of solid non-squamous growth as follows: grade
1, <5% solid growth; grade 2, 6-50% solid growth; grade
3, >50% solid growth. The overall grade of architecturally
grade 1 or grade 2 tumors was increased by one if there was
notable nuclear atypia. Mixed mesodermal sarcomas were
graded according to the glandular element.

Statistical analysis

Data are presented as the mean + standard deviation (SD).
Differences among groups of subjects were compared by
the x? or Fisher’s exact test. Correlation analysis was per-
formed to determine the relationship between the CA-125
levels measured in different biological matrices. A P value
of <0.05 was considered significant.
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Table 1. CA-125 contents (U/ml) in serum, and cervical and vaginal secretions in healthy women and women with endometrial diseases.

CA-125 (U/ml)
Group Number of subjects
Serum Cervical secretion Vaginal secretion
Normal
Proliferative phase 24 16.80+2.99 483.56+58.21° 114.70+19.86*°
Secretory phase 29 19.16+3.56 500.65+61.05° 124.00+25.63*
Non-functional polyps 24 22.18+5.03 796.03+141.14° 178.90+34.072
Hyperplasia
Simple hyperplasia 24 18.98+2.76 518.12+70.28 122.76+25.48*
Complex hyperplasia 21 36.41+14.34¢ 1220.39+684.88% 497.76+379.15%¢
Endometrial cancer
Grade 1 10 37.12+16.74° 950.56£58.73% 300.78£196.42204¢
Grade 2 9 43.12+13.58¢ 1806.16+927.9724¢ 892.30+365.04°04
Grade 3 7 26.77+3.64 852.73+85.75% 271.90+75.86%b4<
Subtotal 26
Total 148

#P<0.05, serum vs. cervical or vaginal secretion; ® P<0.05, cervical vs. vaginal secretion; ¢ P<0.05, complex vs. simple hyperplasia, normal or polyps;
4P<0.05, cancer vs. normal or simple hyperplasia; ¢ P<0.05, grade Il vs. Ill or grade | vs. Il.

RESULTS

CA-125 levels in serum, cervical and vaginal secretion,
and endometrium in healthy Chinese women

In proliferative and secretory phases of healthy Chinese
women, the CA-125 contents in cervical and vaginal secre-
tions were 483.56, 114.79, and 500.65 and 124.00 U/ml,
respectively (Table 1). The cervical secretion contained
4.0-fold higher CA-125 than vaginal secretion. The content
of CA-125 in the serum was 6.8- and 28.8-fold lower than
those in the vaginal and cervical secretions, respectively.
There was insignificant difference in levels of CA-125 in se-
rum, and cervical and vaginal secretions between the pro-
liferative and secretory phase. In normal proliferative and
secretory phases of menstrual cycle, most Chinese women
expressed endometrial CA-125 (score 1), but none of them
expressed CA-125 at levels of score 2 or 3.

A correlation analysis indicated that there was a significant
correlation between CA-125 levels in the serum and cervical
and vaginal secretions in the proliferative phase (P=0.004 and
0.003, respectively), but there was no correlation between
CA-125 levels in cervical and vaginal secretions. However,
there was a correlation between CA-125 levels in cervical
and vaginal secretions in the secretory phase (P=0.0007),
while the correlation between serum CA-125 levels and cer-
vical and vaginal secretions disappeared.

CA-125 levels in serum, cervical and vaginal secretion,
and endometrium in Chinese women with endometrial

polyps

In Chinese women with non-functional polyps, the levels
of CA-125 in serum, and cervical and vaginal secretions

were slightly higher than those in healthy women, but
did not achieve statistical significance (Table 1). In 24
Chinese women with non-functional polyps, 16 and 6 ex-
pressed CA-125 to score 2 and 3, respectively (Table 2).
There was a significant difference in endometrial CA-125
expression level between non-functional endometrial
polyps and normal endometrium (}?=46.492, P<0.0001,
see Table 3).

In non-functional polyps, there were significant correlations
between serum CA-125 levels and cervical and vaginal se-
cretions (P<0.05). In addition, the levels of CA-125 in cer-
vical secretions correlated with that in vaginal secretion.

CA-125 levels in serum, cervical and vaginal secretion,
and endometrium in Chinese women with endometrial
hyperplasia

The expression profile of CA-125 in serum, and cervical
and vaginal secretions in women with simple hyperplasia
was similar to that in healthy women (Table 1). However,
the contents of CA-125 in serum, and cervical and vaginal
secretions from women with complex hyperplasia were sig-
nificantly higher than the corresponding values in healthy
women or women with simple hyperplasia (P<0.05).

In simple hyperplasia, there were significant correlations
between serum CA-125 levels and cervical and vaginal se-
cretions (P<0.05). In addition, the levels of CA-125 in cer-
vical secretions correlated with that in vaginal secretion. In
complex hyperplasia, there were significant correlations be-
tween serum CA-125 levels and cervical secretion (P=0.016),
but not with vaginal secretion (P=0.169). In addition, the
levels of CA-125 in cervical secretions significantly correlat-
ed with that in vaginal secretion (P=0.0006).
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Table 2. Endometrial expression of CA-125 in 242 subjects.

CA-125 staining score

Group Number of subjects
0 1 2 3
Normal
Proliferative phase 24 0 22 (91.67) 2 (833) 0 (0)
Secretory phase 21 0 19 (90.48) 2 (9.52) 0 (0)
Non-functional polyps 24 0 1 (8.33) 16 (66.67) 6 (25.00)
Hyperplasia
Simple hyperplasia 24 0 20 (83.33) 4 (16.67) 0 (0)
Complex hyperplasia 26 0 0 (0) 16 (61.54) 10 (38.46)
Endometrial cancer
Grade 1 63 0 0 (0 33 (5238) 30 (47.62)
Grade 2 4 0 0 (0 14 (3333) 28 (66.67)
Grade 3 18 0 0 (0 16 (88.89) 2 (1)
Subtotal 123 0 0 (0 63 (51.22) 60 (48.78)
Total 242 0 63 (26.03) 103 (42.56) 76 (31.41)
Data in the brackets are the percentage values.
Table 3. Statistical analysis results ( values) of the difference in endometrial CA-125 staining in different groups of subjects.
Simple Complex Grade 1. Grade 2' Grade 3.
Group Normal Polyps hyperplasia  hyperplasia en(:gl:ceetrrlal en(i(aazlceetrrlal en(:gl:(eetrrlal
Normal
Polyps (xf,gig%z)
Simple 0.4354 <0.0001
hyperplasia (F, 2.050) (*=27.932)
Complex hyperplasia 2<_0'0001 20;2317 2<_0'0001
(x*=57.212) (x*=2.925) (*=37.182)
Grade 1 <0.0001 0.0181 <0.0001 0.4878
endometrial cancer  (x’=93.322) (>=8.029) (*=69.142) (F=0.6875)
Grade 2 <0.0001 0.002 <0.0001 0.0270 0.0717
endometrial cancer  (’=74.542)  (’=12382)  (y’=52.562)  (F=0.3125) (F=2.200)
Grade 3 <0.0001 0.2011 <0.0001 0.0833 0.0058 0.0001
endometrial cancer  (x’=47.322) (x?=3.208) (x*=28.932) (F=5.000) (F=0.1375) (F=0.0625)

F — Fisher's exact test; x2 — chi-square test. For Fisher’s exact test, the value in the brackets is odds ratio, and the value in the brackets is X’ value for y? test.

The endometrial expression of CA-125 in 24 cases of simple
hyperplasia was comparable to that of normal proliferative or
secretory phase endometrium (P=0.4354 by Fisher’s exact test).
However, 16 and 10 out of 26 cases of complex hyperplasia
showed score 2 and 3 endometrial staining of CA-125, respec-
tively. There was a significant difference in endometrial CA-125
expression levels between complex endometrial hyperplasia
and simple hyperplasia or normal endometrium ()*<37.182,
P<0.0001; x2=57.212, P<0.001, respectively). There was a signif-
icant difference in endometrial CA-125 expression levels be-
tween simple endometrial hyperplasia and polyps (x*=27.932,

P<0.0001), but there was no significant difference between in
endometrial CA-125 expression levels between complex endo-
metrial hyperplasia and polyps (3*=2.925, P=0.2317),

CA-125 levels in serum, cervical and vaginal secretion,
and endometrium in Chinese women with endometrial
cancer

In 26 Chinese women with confirmed endometrial can-
cer, grade 1 and 2 cancer had significantly higher CA-125
levels in serum, cervical and vaginal secretions compared
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different grol
secretory phase endometrium; (C) non-functional endometrial polyps; (D) simple hyperplasia.

to healthy women and women with simple hyperplasia
(Table 1). Grade 1 and 2 endometrial cancer demonstrat-
ed an expression profile of CA-125 in serum, and cervical
and vaginal secretions similar to that of complex hyperpla-
sia. Grade 3 endometrial cancer showed slightly higher lev-
els of CA-125 than healthy women and women with simple
hyperplasia, but significantly lower levels of CA-125 com-
pared to grade 1 and 2 cancer.

When all cases of endometrial cancer were pooled, there
were significant correlations between serum CA-125 levels
and cervical and vaginal secretions (P<0.05). In addition,
the levels of CA-125 in cervical secretions correlated with
that in vaginal secretion. However, when the patients were
grouped based on pathological grade, such correlations
disappeared. In addition, there was no significant corre-
lation between serum CA-125 levels and endometrial ex-
pression of CA-125.

In 123 cases of endometrial cancer, 63, 42 and 18 were path-
ological grade 1, 2, and 3, respectively (Table 2). Overall, In
63 cases of grade 1 endometrial cancer, 33 and 30 showed
score 2 and 3 staining of CA-125, respectively (Figure 1).
This figure was 14 and 28 in 42 cases of grade 2 endome-
trial cancer. In 18 cases of grade 3 endometrial carcinoma,
16 and 2 displayed score 2 and 3 staining of CA-125, respec-
tively. Overall, 63 (51.22%) and 60 (48.78%) subjects of 123
cases showed score 2 and 3 staining of endometrial CA-125,

respectively. There was a significant difference in endome-
trial CA-125 expression among patients with pathologi-
cal grade 1, 2 and 3 of endometrial carcinoma (x*=15.632,
P=0.0004). The endometrial expression of CA-125 in each
grade of cancer was significantly different from that of
normal endometrium. There was a significant difference
in CA-125 expression between grade 1 and 3 endometrial
carcinoma (P=0.0058 by Fisher’s exact test) whereas there
was no significant difference in CA-125 expression between
grade 1 and 2 endometrial carcinoma (P=0.0717 by Fisher’s
exact test). In addition, there was a significant difference
in CA-125 expression between grade 2 and 3 endometrial
carcinoma (P=0.0001 by Fisher’s exact test).

We further compared the difference in endometrial expres-
sion of CA-125 between endometrial cancer, polyps and hy-
perplasia and the results are listed in Table 3. There was a
significant difference in endometrial CA-125 expression be-
tween cancer and polyps (¥?=29.646; P<0.0001). There was
a significant difference in endometrial CA-125 expression
levels between grade 1 and 2 cancer and polyps (x?*=8.029,
P=0.0181; x*=12.382, P=0.002, respectively), but the differ-
ence between grade 2 cancer and polyps was insignificant
(%*=3.208; P=0.2011).

There was a significant difference in endometrial CA-125 ex-
pression between cancer and simple hyperplasia ()*<137.66;
P<0.0001). There was a significant difference in endometrial
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Figure 1E-H. Endometrial staining o CA-125in diffrent groups of subjects (magnification x 400). () complex hyperlsia; (F), grade 1

endometrial carcinoma; (G), grade 2 endometrial carcinoma; and (H), grade 3 endometrial carcinoma.

CA-125 expression levels between grade 1, 2, or 3 cancer
and simple hyperplasia (x*=69.142, P<0.0001; %*<52.562,
P<0.0001; x*=28.932, P<0.001, respectively).

There was a significant difference in endometrial CA-125
expression between cancer and complex hyperplasia
(x*=16.603; P=0.0009). There was a significant difference
in endometrial CA-125 expression levels between grade 2
cancer and complex hyperplasia (P=0.027 by Fisher’s exact
test). However, there was no significant difference in en-
dometrial CA-125 expression levels between grade 1 or 3
cancer and complex hyperplasia (P=0.4878 and 0.0833 by
Fisher’s exact test, respectively).

DiscussIoN

A sensitive immunoradiometric assay for CA-125 was devel-
oped in 1983 [28], and several second-generation immu-
nochemical methods are now available for accurate deter-
mination of this important tumor marker. To improve on
the sensitivity and specificity of the first-generation assays,
a double-determinant monoclonal antibody-based format
was developed using 2 monoclonal antibodies with speci-
ficities against the antigenic domains OC125 and M11 in
the large CA-125 protein. Presently, serum CA-125 is wide-
ly used as a biochemical marker for the diagnosis of ep-
ithelial ovarian cancer, which is the fifth most common
cancer of women in the United States. However, the assay

for serum CA-125 is not useful for screening for ovarian
cancer in asymptomatic women. Serum CA-125 concen-
trations exceed 35 U/ml in 80% of patients with nonmu-
cinous epithelial ovarian cancer, and the concentrations
correlate well with the progression or regression of ovar-
ian cancer [6,9-15].

We have found that cervical secretion contained 4.0-fold
higher CA-125 than vaginal secretion in healthy women
and the content of CA-125 in the serum was 6.8- to 28.8-
fold lower than those in the vaginal and cervical secre-
tions. It appears that cervical and vaginal secretions are
better matrix than the serum for the monitoring of CA-125
content. Epithelial cells in the cervix may produce more
CA-125 than those in the vagina. Since CA-125 is synthe-
sized in epithelial cells of Miillerian duct origin and then
leaked into the circulation and secretions in the genital
duct, it is not a surprise that the levels of CA-125 in the se-
rum and cervical and vaginal secretions correlate, as ob-
served in this study.

Positive staining for CA-125 is known to be present in nor-
mal endometrial tissue and especially during the secretory
phase [29]. Consistent with this is our observation of weak
staining of CA-125 in normal proliferative and secretory
phase endometrium. Slightly more cells in secretory phase
endometrium were stained positively compared to prolif-
erative phase endometrium.
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Non-functional endometrial polyps are not considered to
be precancerous lesions but a recent meta-analysis indicates
that both symptomatic vaginal bleeding and postmenopausal
status in women with endometrial polyps are associated with
an increased risk of endometrial malignancy [30]. Multiple
molecular mechanisms have been proposed to play a role
in the development of endometrial polyps. These include
monoclonal endometrial hyperplasia, overexpression of en-
dometrial aromatase, and gene mutations [31,32]. In this
study, we cannot find significantly increased CA-125 levels
in the serum and cervical and vaginal secretions, but found
that 66.67% and 25.00% of the subjects with polyps showed
score 2 and 3 endometrial staining of CA-125. This reflects
that the MUCI6 gene has been significantly up-regulated in
endometrial polyps. The mechanism for this is unknown.

The widely used World Health Organization system classifies
endometrial hyperplasia into four levels according to glan-
dular crowing and nuclear appearance: simple, complex,
simple atypical, and complex atypical hyperplasia. Simple
hyperplasia refers to diffuse and variably sized glands with
a normal ratio of glands to stroma; complex hyperplasia
consists of architecturally irregular glands and an increased
gland-to-stroma ratio. When there is nuclear enlargement
with chromatin evenly dispersed or clumped, it is called
simple or complex atypical hyperplasia. In this study, sim-
ple hyperplasia did not show significantly elevated CA-125
in the serum and cervical and vaginal secretions and endo-
metrial expression of CA-125, while complex hyperplasia dis-
played significantly increased CA-125 in the serum and cer-
vical and vaginal secretions and endometrial expression of
CA-125. As such, CA-125 in the serum, cervical and vaginal
secretions, and endometrium may be used to monitor the
progression of hyperplasia. Long-term risk among women
with simple or complex hyperplasia is less than 5%, but the
risk among women with atypical hyperplasia is about 30%
[33]. The results showed that there was a significant differ-
ence in endometrial CA-125 levels between normal subjects
and patients with complex hyperplasia. This implicates that
endometrial CA-125 expression determination may be used
as a screening approach to identifying high-risk subpopula-
tion with a potential to progress to carcinoma.

With a lifetime risk of 2-3% among women, EC is the
most common gynecologic tumors in developed countries.
Approximately 75-80% of EC cases have the International
Federation of Gynecology and Obstetrics (FIGO) stages
I-II disease confined to the uterine corpus due to early
symptoms including vaginal bleeding [34]. The most com-
mon basis for determining the risk of recurrent disease has
been classification of endometrial cancers into two subtypes
based on light microscopic appearance, clinical behavior,
and epidemiology [35]. Type I EC accounts for the major-
ity (70-80%) of cases and is associated with unopposed es-
trogen exposure and are often preceded by premalignant
disease (e.g. endometrial hyperplasia). Type I is associated
with a low-stage, low-grade, endometrioid histology, while
type Il is characterized by a high-stage, high-grade and non-
endometrioid histology (usually papillary serous or clear
cell) [35]. Hormonal risk factors have not been identified
and there is no observed premalignant phase for type II EC.
Type I occurs predominantly in pre- and perimenopausal
women but type II usually occurs 5-10 years later than type
I cancer. Type I often has a good prognosis whereas type 11

is associated with a poor prognosis due to a high frequency
of distinct spread to pelvic lymph nodes. The morphologi-
cal and clinical differences are paralleled by remarkable dis-
tinct genetic mutations in that type I and type II carry mu-
tations of independent sets of genes [36,37]. Type I EC has
defects in DNA-mismatch repair with microsatellite instabil-
ity observed in 20-45% patients, and mutations in PTEN,
K-ras, PIK3CA, and B-catenin encoded by CTNNBI genes,
and type II shows aneuploidy and p53, HER2/neu, p16 and
E-cadherin mutations [36,37]. Although most EC patients
are cured by surgery alone, about 15-20% with no signs
of locally advanced or metastatic disease at primary treat-
ment recurs, with limited responsiveness to systemic ther-
apy. Our study has demonstrated that endometrial cancer
had a significantly increased CA-125 in the serum and cer-
vical and vaginal secretions. The increase of CA-125 content
in serum, cervical and vaginal secretions was lesser signifi-
cantin grade 3 cancer than that in grade 1 and 2 cancer. It
appears that CA-125 synthesized by tumor cells is prevent-
ed from entry into the blood circulation in grade 3 cancer
due to the presence of a membrane barrier.

Our study showed that endometrial CA-125 expression was
significantly elevated in endometrial cancer compared to
normal endometrium or endometrium with simple hyper-
plasia, with the tissue from all EC cases expressing CA-125.
47.62% and 66.67% of pathological grade 1 and 2 endome-
trial cancer expressed a score 3 staining of CA-125, but only
11.11% grade 3 endometrial cancer showed a score 3 stain-
ing of CA-125. Grade 3 endometrial cancer may express less
CA-125 due to reduced production of this tumor antigen
and/or increased degradation. Compared to low-grade ECs
(grade 1 and 2), grade 3 ECs show a lower frequency of ex-
pression of estrogen receptor and progesterone receptor,
with a higher frequency of expression of p16, p53 and in-
sulin-like growth factor 2 mRNA-binding protein 3 (IMP3)
[37]. CA-125 may be used in combination with these immu-
nomarkers to distinguish between low grade (grade 1 and
2) and high grade (grade 3) ECs.

Notably, when all cases of endometrial cancer were pooled,
there were significant correlations between serum CA-125
levels and cervical and vaginal secretions. However, there was
no significant correlation between serum CA-125 contents
and endometrial expression levels of CA-125 in our study,
probably due to the presence of a barrier that blocks the
entry of CA-125 from tumor cells into the circulation. This
is in agreement with the results from previous studies [21].

CONCLUSIONS

In summary, there was a relatively high content of CA-125
in cervical and vaginal secretion but only a weak CA-125 ex-
pression in normal endometrium and simple endometrium
hyperplasia. The levels of CA-125 in serum, and cervical and
vaginal secretions were significantly increased in complex
hyperplasia and endometrial cancer, but not in polyps and
simple hyperplasia. There were significantly increased en-
dometrial CA-125 expression in endometrial polyps, com-
plex hyperplasia, and endometrial carcinoma. These find-
ings indicate that endometrial CA-125 expression together
with its levels in the serum and cervical and vaginal secre-
tions can be used as a potential biomarker in the diagno-
sis of precancerous diseases and endometrial carcinoma in
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Chinese women. Further large-scale and long-term studies
are required to evaluate the role of serum, cervical and vag-
inal secretions and tissue CA-125 levels in the diagnosis and
prognosis prediction of endometrial cancer.
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