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Introduction

Carcinoma of the uterine cervix (UCC) is a common
malignant neoplasm in Japanese women and its incidence
in young women is increasing [1]. Endometrial cancer
(EMC) is also increasing in Japan [1]. It is very impor-
tant to find prognostic markers or effective serum tumor
markers, however in both UCC and EMC there are no
effective prognostic or serum tumor markers. In previous
reports we performed gene expression profiles in epithe-
lial ovarian cancer (EOC) using cDNA microarrays and
suggested that the HIG2 gene might be a new biomarker
for EOC [2]. Furthermore, we generated a polyclonal anti-
body for HIG2 protein and further validated the expression
of HIG2 in EOC and clear cell carcinoma of the
endometrium and concluded that HIG2 might be used as a
marker for ovarian and endometrial clear cell adenocarci-
noma or for prediction of chemotherapy response of clear
cell carcinoma of the ovary [3]. In this study we evaluated
HIG2 protein expression in uterine cancer (UTC) and
examined the relationship between HIG2 protein expres-
sion and clinical factors, including prognosis.

Materials and Methods

Clinical samples

A total of 332 UTCs (186 UCCs and 146 EMCs) and 14
normal endometriums (proliferative phase: 7, secretary phase:
7) and seven normal cervical epitheliums were included in the
study. The median age of UCCs was 52 years old (range: 22-
92). Among the UCCs, FIGO Stage was: I: 99, II: 48, III: 21,
IV: 18 and histology: squamous cell carcinoma: 150, adenocar-

cinoma: 23, and adenosquamous carcinoma:13. The median age
of EMCs was 55 years old (range: 25-83). Among the EMCs,
the histologic grade was as follows: FIGO stage: I: 93, II: 5, III:
41, IV: 7 and histologic grade: G1: 66, G2: 64, G3: 16. Of 146
patients, 115 patients had estrogen receptors. All patient-
derived paraffin sections were collected and archived under pro-
tocols approved by the institutional review boards (IRBs) of the
parent institutions based on the Declaration of Helsinki.

Immunohistochemistry

Establishment of a polyclonal anti-HIG2 antibody was
reported previously [3]. 

Immunolocalization of the HIG2 protein was performed
using a polyclonal anti-HIG2 antibody generated by injecting
the purified full-length HIG2 fusion protein into rabbits. In
brief, histological sections (4 µm) were affixed to glass slides,
dewaxed, and rehydrated. The sections were then incubated in
3% hydrogen peroxide for 10 min at room temperature to
quench endogenous peroxidase activity. The sections were
reacted with the HIG2 antibody (× 5000) at 4ºC overnight. Per-
oxidase activity for all proteins was visualized by applying
diaminobenzidine chromogen containing 0.05% hydrogen per-
oxide for 2-10 min at room temperature. The sections were then
counterstained with hematoxylin. The slides were observed by
two independent pathologists who were blinded to the clinical
background of the patients. Judgement was performed based on
the cytoplasmic staining [3]. HIG2 cytoplasmic staining was
divided into positive or negative. Slides of EOC known to be
either positive or negative for HIG2 expression were used as
positive and negative controls.

Statistical analysis

The relationship between HIG2 expression and age, clinical
stage and histologic grade were analyzed the using t-test and
chi-square test. Overall survival (OS) distribution was calcu-
lated by the Kaplan-Meier method. A value of p < 0.05 was con-
sidered statistically significant.

Summary

For both cervical cancer (UCC) and endometrial cancer (EMC) there are no effective prognostic markers. In this study, we evalu-
ated HIG2 protein expression in 332 uterine cancers (186 UCCs and 146 EMCs) and examined the relationship between HIG2 pro-
tein expression and clinical factors, including prognosis. Totally, HIG2 expression was detected in 58% of UCC and 66% of EMC.
However, there was no significant relationship between HIG2 expression and age, clinical stage and histology in either UCC or EMC.
In addition, HIG2 protein expression was not related to prognosis of UCC or EMC. The positivity rate of HIG2 protein was 56% and
61% in early-stage UCC and EMC, respectively and 67% in non-squamous cell carcinoma of UCC. The positivity rate of HIG2 pro-
tein was high even in early-stage UCC and EMC 
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HIG2 protein was weakly expressed in two of seven
cervical intraepitheliums. In all cases, HIG2 protein
expression was detected in 108/186 (58%) UCCs. There
was no significant relationship between age, clinical
stage, histologic type and HIG2 expression. HIG2 protein
was weakly expressed in two of seven proliferative
endometriums and four of seven secretory phase
endometriums. In all cases, HIG2 protein expression was
detected in 96 of 146 (66%) EMCs. There was no signif-
icant relationship between age, clinical stage, histologic
grade, estrogen receptor status and HIG2 expression
(Table 1). There was no significant difference in overall
survival between HIG2 positive and negative cases in
either UCC or EMC.

Results

Immunolocalization of HIG2 protein

Previously we reported that immunohistochemical
analysis demonstrated strong cytoplasmic HIG2 staining
as well as weak nuclear staining, and that the anti-HIG2
antibody is specific to the HIG2 protein, which is pre-
dominantly located in the cytoplasm of the cells. Typical
images of HIG2 immunohistochemical staining are
shown in Figure 1.

HIG2 expression in normal cervical intraepithelum,
normal endometrium, UCC and EMC

Figure 1. — Typical images of HIG2 immunohistochemical staining. (a) cervical intraepithelium, (b) proliferative phase
endometrium, (c) secretory phase endometrium, (d) cervical cancer, (e) endometrial cancer. Weak nuclear staining and cytoplasmic
staining were observed.
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Discussion

We previously reported that HIG2 might be used as a
marker for ovarian and endometrial clear cell adenocarci-
noma and for prediction of chemotherapy response of
clear cell carcinoma of the ovary [3]. Togashi et al.
reported that HIG2 plays an essential role in proliferation
of renal CCC cells in an autocrine manner and HIG2
protein is highly expressed in renal clear cell carcinoma
[4]. In this study we evaluated HIG2 protein expression
in UCC and EMC and examined the relationship between
HIG2 expression and clinical factors including prognosis.
HIG2 protein expression was detected in cervical intraep-
ithelium, (2/7) proliferative endometrium (2/7) and in
secretary phase endometrium (4/7). Totally, HIG2 expres-
sion was detected in 58% of UCC and 66% of EMC.
However, there was no significant relationship between
HIG2 expression and age, clinical stage and histology in
either UCC or EMC. In addition, HIG2 protein expres-
sion was not related with prognosis of UCC and EMC.
However, the positivity rate of HIG2 protein was 56%
and 61% in early stage of UCC and EMC and 67% in
non-squamous cell carcinoma of UCC. 

In both UCC and EMC, there are no effective tumor
markers. For example, elevated serum levels of SCC are
found in 57% and 65% of women with primary squamous
cell carcinoma of the UCC [5, 6]. Especially the inci-
dence of elevated serum levels of SCC is low in poorly
differentiated squamous cell tumor or early stage tumor
[7]. In addition, the incidence of elevated serum levels of
CA125, CA19-9 and CEA are low in adenocarcinoma of
the UCC [8]. A low incidence of patients with early-stage
EMC also have elevated serum CA125 or CEA levels [9-
11]. A previous immunohistochemical study reported that
CEA was detected in 64% of adenocarcinoma of UCC
[12] and, the positivity rate of CA125, CEA and CA19-9

was 65%, 58% and 60%, respectively, in EMC [13-15]
and the positivity rate of CA125 was 88% in benign
endometrium [16]. In our study, the positivity rate of
HIG2 was similar with previous reports, however, posi-
tivity rates of HIG2 were slightly high in early-stage
UCC and EMC, and low in benign cervical intraepithe-
lium and endometrium, compared with previous reports
[12-16]. HIG2 is a secretory molecule and an ELISA
system using polyclonal antibody for HIG2 protein has
been developed [4]. In the future, HIG2 may be used as
a serum marker.

Conclusions

The positivity rate of HIG2 protein was high even in
early stages of UCC and EMC. We are planning to
measure serum HIG2 protein by using the new ELISA
system by monoclonal antibody for HIG2 protein in
gynecologic malignancies in future studies.

Acknowledgements

The authors are grateful to Dr. Naoki Kawamura of Osaka
City General Hospital for his critical review of the manuscript
and to Ms. Asami Nagata and Ms. Nozomi Tsuji for their tech-
nical assistance. This study was supported in part by a Grant-
in-Aid for Scientific Research on Priority Areas from the Min-
istry of Education, Science and Culture, Japan (20014024, Keio
University) and a Grant from Osaka City General Hospital.

References
[1] Ioka A., Tsukuma H., Ajiki W., Oshima A.: “Trends in uterine

cancer incidence in Japan 1975-98”. Jpn. J. Clin. Oncol., 2003, 33,
645.

[2] Tsuda H., Ito Y.M., Ohashi Y., Wong K.K., Hashiguchi Y., Welch
W.R. et al.: “Identification of overexpression and amplification of
ABCF2 in clear cell ovarian adenocarcinomas by cDNA microar-
ray analyses”. Clin. Cancer Res., 2005, 11 (19 Pt 1), 6880.

[3] Nishimura S., Tsuda H., Ito K., Takano M., Terai Y., Jobo T. et al.:
“Differential expression of hypoxia-inducible protein 2 among dif-
ferent histological types of epithelial ovarian cancer and in clear
cell adenocarcinomas”. Int. J. Gynecol. Cancer, 20, 220.

[4] Togashi A., Katagiri T., Ashida S., Fujioka T., Maruyama O.,
Wakumoto Y. et al.: “Hypoxia-inducible protein 2 (HIG2), a novel
diagnostic marker for renal cell carcinoma and potential target for
molecular therapy”. Cancer Res., 2005, 65, 4817.

[5] Lozza L., Merola M., Fontanelli R., Stefanon B., Seregni E., Bom-
bardieri E. et al.: “Cancer of the uterine cervix: clinical value of
squamous cell carcinoma antigen (SCC) measurements”. Anti-
cancer Res., 1997, 17 (1B), 525.

[6] Ngan H.Y., Cheung A.N., Lauder I.J., Wong L.C., Ma H.K.:
“Prognostic significance of serum tumour markers in carcinoma of
the cervix”. Eur. J. Gynaecol. Oncol., 1996, 17, 512.

[7] Massuger L.F., Koper N.P., Thomas C.M., Dom K.E., Schijf C.P.:
“Improvement of clinical staging in cervical cancer with serum
squamous cell carcinoma antigen and CA 125 determinations”.
Gynecol. Oncol., 1997, 64, 473.

[8] Ihara Y., Shimizu T., Kawaguchi K., Yomura W., Fujiwara T.,
Inoue K.: “Serum CA125 and CA19-9 levels in adenocarcinoma
of the uterine cervix and endometrial carcinoma”. Nippon Sanka
Fujinka Gakkai Zasshi, 1988, 40, 1711.

[9] Duk J.M., Aalders J.G., Fleuren G.J., de Bruijn H.W.: “CA 125: a
useful marker in endometrial carcinoma”. Am. J. Obstet. Gynecol.,
1986, 155, 1097.

Table 1. — HIG2 expression and clinical factors.

Parameter HIG2 expression

Cervical cancer
Age

< median 51% (47/93)
> median 66% (61/93)

FIGO stage
I+II 56% (83/147)
III+IV 64% (25/39)

Histology
squamous cell 56% (84/150)
non-squamous cell 67% (24/36)

Endometrial cancer
Age

< median 64% (47/73)
> median 67% (49/73)

FIGO stage
I+II 61% (61/100)
III+IV 76% (35/46)

Histologic grade
G1+G2 66% (85/129)
G3 65% (11/17)

05 1926-30 - Expression of hypoxia:1894-30  15/03/11  08:58  Pagina 148



Expression of hypoxia-inducible 2 (HIG2) protein in uterine cancer  149

[10] Panici P.B., Scambia G., Baiocchi G., Perrone L., Greggi S.,
Battaglia F. et al.: “Multiple serum markers in patients with
endometrial cancer”. Gynecol. Obstet. Invest., 1989, 27, 208.

[11] Soper J.T., Berchuck A., Olt G.J., Soisson A.P., Clarke-Pearson
D.L., Bast R.C. Jr.: “Preoperative evaluation of serum CA 125,
TAG 72, and CA 15-3 in patients with endometrial carcinoma”.
Am. J. Obstet. Gynecol., 1990, 163 (4 Pt 1), 1204.

[12] Speers W.C., Picaso L.G., Silverberg S.G.: “Immunohistochemical
localization of carcinoembryonic antigen in microglandular hyper-
plasia and adenocarcinoma of the endocervix”. Am. J. Clin.
Pathol., 1983, 79, 105.

[13] Neunteufel W., Bieglmayer C., Breitenecker G.: “CA19-9, CA125
and CEA in endometrial carcinoma tissue and its relation to
hormone receptor content and histological grading”. Arch.
Gynecol. Obstet., 1988, 244, 47.

[14] Podczaski E., Kaminski P.F., Zaino R.: “CA125 and CA 19-9
immunolocalization in normal, hyperplastic, and carcinomatous
endometrium”. Cancer, 1993, 71, 2551.

[15] Yamazawa K., Hirashiki K., Usui H., Mitsuhashi A., Matsui H.,
Sekiya S.: “Discordance between serum level and tissue immuno-
histochemical staining of CA125 in endometrioid adenocarcinoma
of the uterine corpus”. Int. J. Gynecol. Pathol., 2005, 24, 254.

[16] Berchuck A., Soisson A.P., Clarke-Pearson D.L., Soper J.T., Boyer
C.M., Kinney R.B. et al.: “Immunohistochemical expression of
CA 125 in endometrial adenocarcinoma: correlation of antigen
expression with metastatic potential”. Cancer Res., 1989, 49,
2091.

Address reprint requests to:
H. TSUDA, M.D., Ph.D.
Department of Obstetrics and Gynecology
School of Medicine, Keio University 
35 Shinanomachi, Shinjyuku-ku
160-8582 Tokyo (Japan)
e-mail: htsud@sc.itc.keio.ac.jp

05 1926-30 - Expression of hypoxia:1894-30  15/03/11  08:58  Pagina 149


