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Abstract

Objective. Clusterin expression has been associated with various malignancies. Endometrial carcinoma is divided into endometrioid and
papillary serous type carcinoma according to the histological characteristics and regarding to the unopposed estrogenic stimulation. In this study,
we investigated the expression profiles of clusterin according to the histological types and the effect of estrogen stimulation on its expression in

endometrial carcinoma.

Method. Clusterin expression in endometrial carcinoma tissues was examined by RT-PCR, Western blot analysis, and immunohistochemistry.
63 endometrioid and 10 papillary serous types of fresh cases and 81 endometrioid and 7 papillary serous types of paraffin-embedded cases were
studied. Regulation of clusterin expression by P-estradiol in HEC-1B and HEC-1A cells was investigated using RT-PCR and Western blot
analysis. Cell proliferative function of clusterin was examined in 293T cells.

Results. We found higher expression of clusterin in endometrioid compared to papillary serous carcinoma using both immunohistochemistry
(»=0.033) and Western blot analysis (»p=0.024). The mRNA and protein expressions of clusterin in endometrioid carcinoma were higher than in
benign endometrium (p=0.002). Forced expression of clusterin promoted 293T cell survival in a concentration-dependent manner, and estradiol
treatment increased clusterin expression in HEC-1B but not in HEC-1A cells.

Conclusions. These data suggest that clusterin expression is related to endometrioid carcinoma of endometrium, in which estrogen is involved

in the regulatory network of clusterin.
© 2008 Elsevier Inc. All rights reserved.
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Clusterin (CLU), also known as apolipoprotein J, testoster-
one-repressed prostate message-2, and sulfated glycolprotein-2,
has been implicated in various cell functions including apoptotic
cell death, cell cycle regulation, cell adhesion, tissue remodel-
ing, and immune system regulation involved in physiologic or
pathologic process such as carcinogenesis and tumor progres-
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sion [1-3]. CLU has two different but related protein isoforms,
the glycosylated secretory CLU (sCLU) and the nuclear CLU
(nCLU) [4]. In response to various types of cell damage, the
~55 kDa-sized nCLU is generated that induces apoptosis [4]. In
contrast, a previous knockdown study indirectly indicated that
the 75—-80 kDa sCLU seems to act as an anti-apoptotic or a
proliferative protein in certain cancer cells [3]. A recent study
suggested that the role of CLU in tumor progression might be
related to a pattern shift in its isoform production such that there
is overexpression of sSCLU and loss of nCLU [5]. However, it is
still unclear what stimuli or molecules regulate the expression of
sCLU and/or nCLU in malignant tumors.
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Table 1
Stage, grades and CLU expression of the cases for Western blot analysis
Endometrioid Papillary serous ~ Normal P value*
carcinoma carcinoma (n=4) endometrium
(n=10) (n=13)
Stage P=0.834
1 8 3 NA
2
3 2 1
Grade NA P=0.001
1 7
2 3
3 4
Mean CLU  2.83+2.23 0.38+£0.24 0.62+0.56 P=0.005
expression
ratio

*Kruskal-Wallis test.

Overexpressed sCLU has been observed in malignant tumors in
various organs, including prostate [6], kidney [7], lung [8], ovary
[9], breast [10] and colon [5], suggesting that the primary function
of sCLU in cancer cells seems to be anti-apoptotic. However,
decreased expression of sCLU has also been reported in ma-
lignancies such as prostate [11], esophageal [12], and pancreatic
carcinomas [13], and neuroblastoma [14]. These contradictory
reports suggest that sSCLU expression is likely to be regulated by
different mechanisms in different histological types of carcinoma.

The two histologically different types of carcinoma of the
endometrium, endometrioid and papillary serous, are differen-
tially regulated by hormones [15]. Most endometrioid adeno-
carcinoma occurs in association with endometrial hyperplasia,
and its clinical characteristics are consistent with unopposed
estrogenic stimulation such as anovulation or estrogen-only
therapy. In contrast, uterine papillary serous carcinoma develops
in atrophic endometria, and there is no evidence that unopposed
hyper estrogenic stimulation is one of its clinical factors. The
serous type responds badly to conventional therapies and has a
higher recurrence rate than endometrioid carcinoma [16]. Thus,
clinicians need to determine different management guidelines
based on the different carcinogenic mechanisms of these two
distinct histological types. This is difficult at present as our
knowledge of these molecular mechanisms is limited.

Therefore, we attempted in this study to establish whether
CLU expression levels are different in the two distinct his-
tological types of carcinomas, and further to determine their
association with unopposed estrogenic stimulation in endome-
trial carcinoma.

Materials and methods
Clinical specimens

Paraffin-embedded tissue sections of endometrial carcinoma were obtained
from 88 patients undergoing hysterectomy at Bundang CHA Hospital,
Gynecologic Cancer Center between 2001 and 2006. The carcinoma cases for
immunohistochemistry consisted of 81 endometrioid and 7 serous types. The
mean age of endometrioid carcinoma group was 47.71+11.90 and that of serous

group was 61.14+4.71. Among these carcinoma cases, 54 samples of fresh
frozen tissue were used for the mRNA expression study. In addition, 36 samples
of RNA extracted from endometrial carcinoma were obtained from patients of
Hokkaido University, who were treated from December 1993 to May 1999. None
of the patients had received preoperative chemotherapy or radiation at the time of
sampling. For the mRNA study, 79 endometrioid, 11 serous types, and 36 cases
of normal endometrial tissues that were obtained from patients with benign
gynecological disease, were used. All clinical specimens were collected under
protocols approved by the institutional review boards (IRBs) of Bundang CHA
hospital and Hokkaido University. Fresh tissues and extracted total RNA were
stored at —70 °C until use. Stages and grades of endometrial carcinoma were
determined according to the International Federation of Gynecology and
Obstetrics standards and summarized in Tables 1, Tables 2, Tables 3.

Western blot analysis

Protein was isolated using PRO-PREP Protein Extraction Solution (C/T)
(Intron Biotechnology, South Korea) from fresh tissues. A protein of about 36 kDa
was detected by Western blot analysis using mouse monoclonal anti-clusterin
antibodies (clusterin 41D, 1:5000; Upstate Biotechnology, USA). 20 pg total
protein were loaded on a 10% SDS-PAGE gel and transferred to nitrocellulose
membranes (Amersham Bioscience, UK). The membranes were blocked in tris-
buffered saline with 0.1% Tween 20 (TBST) containing 5% nonfat milk powder
for 1 h at room temperature. The membranes were incubated overnight at 4 °C with
the primary antibodies and then with secondary antibody (goat anti-mouse IgG-
Horse radish peroxidase, Santa Cruz Biotechnology, USA) for 1 h at room
temperature. The signals were detected using an ECL Western blotting detection
system (Amersham Bioscience, UK) and quantified by Luminescent Image
Analyzer LAS-3000 (Fuji, USA).

Immunohistochemistry

Immunolocalization of the clusterin was performed on 5 pm formalin-fixed and
paraffin-embedded tissue sections of 88 endometrial carcinoma cases and 19 cases
of normal endometrial tissues. Antigen retrieval with Tris—EDTA (pH 9.0) was
performed in a pressure cooker at 95 °C for 3 min. After blocking with 2% normal
horse serum for 30 min, the sections were incubated with the mouse monoclo-
nal anti-clusterin antibodies (clusterin 41D) for 90 min at room temperature. As

Table 2
Stage, grades and CLU expression of the cases for immunohistochemical study

Endometrioid Papillary ~ Normal P value* Correlations
carcinoma serous endometrium with CLU
(n=81) carcinoma (n=19) THC
(n="7) scores™*

Stage NA P=0.132 P=0.254

Unknown 10 0

1 63 5

2 4 0

3 3 0

4 1 2

Grade NA P=0.000 P=0.379

1 46 0

2 35 0

3 0 7

CLU IHC P=0.033

scores

0 38 6 10

1 9 1 6

2 6 0 3

3 28 0 0

*Kruskal-Wallis test.
**Spearman’s correlation test.
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Table 3
Stage, grades and CLU expression of the cases for RT-PCR study

Endometrioid carcinoma Papillary serous carcinoma Normal endometrium P value Correlations with CLU mRNA
(n=63) (n=10) (n=36) expression®**

Stage NA *P=0.485 P=0.812

Unknown 1 1

1 48 6

2 1 0

3 12 3

4 1 0

Grade NA *P=0.007 P=0.670

1 36 3

2 19 0

3 8 7

Mean CLU mRNA 0.96+0.77 0.64+0.41 0.48+0.47 **p=0.41

expression ratio

*Kruskal-Wallis test.

**Mann—Whitney test; p value indicates the significance of differences between endometrioid vs. serous carcinoma.

***Spearman’s correlation test.

negative controls, the sections were incubated with PBS. After the incubation with
the primary antibodies, 5% hydrogen peroxide was used for 10 min to block the
endogenous peroxidase before incubation with the secondary antibody. The
biotinylated anti-goat IgG and biotin/avidin system of the Vectastain elite ABC kit
(Vector Laboratories, USA) was used for this immunoperoxidase procedure and
diaminobenzidine tetrahydrochloride (DAB) solution (Vector Laboratories) was
used as a substrate, according to the manufacturer’s recommendations. Nuclei were
counterstained with hematoxylin and the sections were dehydrated in ethanol,
cleared in xylene, and mounted in SP15-500 Permount (Fisher Scientific, USA).

The immunohistochemical results for clusterin were scored as follows: 0, no
staining; 1, less than 10% cytoplasmic positive stained cells; 2, 10-50% cytoplasmic
positive stained cells; 3, cytoplasmic positive stained cells in more than 50% of the
population. Two independent observers analyzed the immunohistochemistry and the
mean value of results from both observers was used. When differences of scoring
between observers occurred, both investigators reinvestigated the slides, and the final
decision was made by consensus.

Semi-quantitative RT-PCR

The Easy-spin total RNA Extraction Kit (Intron Biotechnology) was used
according to the manufacturer’s instructions to isolate total RNA from 44
samples of freshly frozen tissues of endometrial carcinoma and 36 samples of
fresh normal endometrium tissues with 29 cases of total RNA obtained from
Hokkaido University were also used. 18S rRNA was used as a loading control.
Reverse transcription reactions were performed on 2 pg of total RNA using
Maxime™ RT PreMix (Intron Biotechnology) as suggested by the manufacturer.
PCR reactions were performed with Tag DNA polymerase (COSMO Gene
Technology, South Korea) together with cDNA, clusterin forward (5'-
GGCGTGCAAAGACTCCAGAA-3’) and reverse primers (5'-ACATCCAG-
CATGTGCGTCTG-3’) or with 18S rRNA forward (5'-TACCTACCTGGTT-
GATCCTG-3’) and reverse primers (5'-GGGTTGGTTTTGATCTGATA-3’).
Thermal cycling conditions were 35 cycles of denaturation at 94 °C for 30 s,
annealing at 55 °C for 30 s, extension at 72 °C for 30 s and dissociation at 72 °C
for 10 min. Electrophoresis of the RT-PCR products was performed on a 2%
agarose gel. The image of the ethidium bromide (0.1 pg/ml) stained gel was
digitalized by a video image analyzer. The software Multi Gauge (Science Lab,
USA) was used for quantification of the PCR products.

Cell viability assay

Cell viability was measured after transfecting increasing concentrations of
pCMV-clusterin (0, 30, 300, and 500 ng) onto 293T cells (2% 10°). The cells
were also electroporated along with 50 ng of pEGFP-N1 to identify transfected
cells. The empty pCMV vector was used as a control. After 24 h of incubation,

GFP-positive cells were counted under fluorescence microscopy, and data were
expressed as % of control.

Cell culture and estrogen treatment

The human endometrial cancer cell lines, estrogen receptor (ER) positive HEC-
1B and ER-negative HEC-1A were obtained from the American Type Culture
Collection (Manassas, USA). Cells were cultured in Dulbecco’s Modified Eagle’s
Medium with essential amino acid solution (GIBCO, USA) without phenol red and
supplemented with 1% charcoal-stripped fetal bovine serum plus 1% penicillin—
streptomycin (Welgene, South Korea) in a humidified 5% CO, atmosphere at
37°C. The cells (2.5 x 10°) were seeded in 10 cm culture dishes with 10”5, 1077, or
107° M p-estradiol (E2758; Sigma, St. Louis, MO) and incubated for 48 h. Control
cells received 1% DMSO (Sigma) as a vehicle control.

Statistics

Statistical analyses were performed using SPSS version 13.0 software. Both
Kruskal-Wallis and Mann—Whitney tests were used to compare expression levels
among different groups. In addition, bivariate correlation analysis was determined
by Spearman coefficients. The level of significance was assigned at p<0.05.

Results

Quantitative analysis and immune localization of clusterin in
two subtypes of endometrial carcinoma

Western blot analysis of sCLU was performed on 10 rep-
resentative samples of endometrioid carcinoma and 4 of serous
carcinoma tissues and 13 normal controls. As previously described
[4], two protein bands were observed on the SDS-PAGE gel,
representing the non-glycosylated full-length uncleaved 60 kDa
protein and the ~36 kDa cleaved alpha and beta peptide bands from
the 75—80 kDa glycosylated protein. In this study, the predominant
form of expressed CLU in endometrium tissue was the 36 kDa
smeared band, identified as SCLU by Western blot analysis (Fig. 1).
Semi-quantification with GAPDH expression showed that sSCLU
expression ratios were significantly higher in the endometrioid
type than in the serous type (p=0.024) and in normal control
endometrium (p=0.002) (Fig. 3A).
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Fig. 1. CLU expression in endometrial carcinoma using Western blot analysis.

Fig. 2. Immunohistochemical staining shows cytoplasmic CLU expression in adenocarcinoma and normal endometrium; (A) Endometrioid carcinoma; (B) Papillary
serous carcinoma; (C) Normal proliferative and (D) Normal secretory endometrium. Scale bar=10 pm.
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Fig. 3. Box plot graph showing differential expression of CLU protein in
two subtypes of endometrial carcinoma and normal endometrium. (A) Result
from Western blot analysis. (B) Result from immunohistochemical staining.
p values indicate the significance of differences between endometrioid vs. serous
carcinoma.

We examined 81 cases of endometrioid carcinoma, 7 cases of
serous carcinoma and 19 cases of normal control endometrium
by immunohistochemical staining (IHC). CLU was localized
only in the cytoplasm with moderate to strong staining intensity
in 53% of endometrioid carcinoma samples (Fig. 2A). Of the 7
cases of serous carcinoma, we could find only one case of
weakly stained carcinoma (Fig. 2B). CLU staining was of weak
intensity in 47% of 19 normal endometrium tissues, and the
scores were not significantly different when secretory and
proliferative phases of the endometrium were compared
(p=0.44) (Figs. 2C and D). The IHC scores of cytoplasmic
CLU were significantly higher in endometrioid than in serous
carcinoma (p=0.033) (Fig. 3B). However, the correlation
between IHC scores and histological grade and stage was not
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Fig. 4. Box plot graph showing differential expression of CLU mRNA in two
subtypes of endometrial carcinoma and normal endometrium. p value indicates
the significance of differences between endometrioid vs. serous carcinoma.

significant among the endometrioid carcinoma cases (p=0.79,
p=0.50).

Clusterin mRNA expression in endometrial carcinoma

Semi-quantitative RT-PCR analysis was also used to evaluate
CLU mRNA in the different histological types of endometrial
carcinoma. 63 samples of endometrioid type, 10 samples of
serous type and 36 samples of normal endometrium were
examined. The mRNA expression ratio of CLU in endometrioid
carcinoma was significantly higher than in benign endometrium
(»=0.002). The mean mRNA expression ratio of CLU in en-
dometrioid carcinoma was higher than that of serous type,
though this did not reach statistical significance (0.96+0.77 vs.
0.64+0.41, p=0.41) (Fig. 4).
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Fig. 5. Clusterin promotes the survival of 293T cells. Control cells were
transfected with 500 ng of the empty vector. Cell viability was normalized with
control and expressed as % of control. Asterisks indicate significant values
compared to the control (p=0.01).
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of CLU precursor in HEC-1A cells.

Functiontional analysis of CLU in human cells

To examine the functional output of clusterin expression in vivo,
we over-expressed clusterin in human cells, and the cell viability
was determined. Ectopic expression of clusterin significantly in-
creased 293T cell survival (»=0.01) in a concentration-dependent
manner (Fig. 5).

Estrogenic regulation of CLU in HEC-1B and HEC-1A4 cells

Although both HEC-1A and -B cells had a low basal level of
CLU mRNA expression, B-estradiol treatment dose-dependently
increased CLU mRNA levels only in ER-positive HEC-1B cells
(Fig. 6A), while no change of CLU mRNA levels in ER-negative
HEC-1A cells after 3-estradiol treatment was observed (Fig. 6C).
In contrast to the findings of the carcinoma tissue experiment, the
predominant form of CLU expressed in the cells was the 62 kDa,
uncleaved, full-length, and non-glycosylated precursor form of
CLU. The glycosylated 36 kDa CLU peptide bands were very
indistinctly observed in the cells. The expression levels of the
precursor CLU was increased by -estradiol treatment in a dose-
dependent manner in HEC-1B (Fig. 6B), but not in HEC-1A cells
(Fig. 6D).

Discussion

We have demonstrated here for the first time that sSCLU is over-
expressed in adenocarcinoma of the endometrium. Furthermore,
sCLU expression was histological type-specific; it was highly
expressed in endometrioid type but not in papillary serous type
compared to normal endometrium.

The biological role of over expression of sCLU in the en-
dometrioid carcinoma might be anti-apoptotic or pro-survival,
similar to the situation in other carcinomas [30—33]. Humphreys

et al. suggested that SCLU has chaperone-like activity similar to
that of small heat shock protein, and that this activity may con-
tribute to cytoprotection [30]. Miyake et al. demonstrated that
paclitaxel-induced apoptotic cell death was inhibited by sCLU
[33]. In addition, Xie et al. reported that SCLU expression levels
were associated with tumor metastasis of ovarian carcinoma [34].
Although, we were unable to find any significant relationship
between sCLU expression and tumor stage or grade in the current
study, we demonstrated that the forced expression of clusterin
promoted cell survival. Therefore, it is possible that SCLU helps at
the initiation step of endometrioid carcinoma development rather
than its progression or metastasis.

Eighty percent of endometrial carcinoma is the endometrioid
type. In contrast, uterine papillary serous carcinomas account for
only 3% of cases. This type usually recurs and metastasizes
distantly even after the surgical treatment of carcinoma at an early
stage [17,18]. Information about the molecular factors that re-
gulate the development of different phenotypes of endometrial
carcinoma would help successful management of the two distinct
carcinomas. Even though several molecules have been shown to
be associated with endometrial carcinogenesis, including PTEN,
K-RAS2, CTTNBI, DNA mismatch repair genes, p53, Her-2/
neu, 3-catenin, and TGF-beta [19], the molecular factors that are
differentially expressed in the two phenotypes of endometrial
carcinomas have not been identified. Our results suggest that
sCLU is an important factor that can distinguish the two different
types of carcinogenesis.

A previous study showed that sCLU in endometrium is as-
sociated with tissue remodeling by mediating clearance or neu-
tralizing the tissue debris at the late secretory phase when the
endometrium undergoes dynamic growth and involution [20].
However, in our study, the expression level of sCLU in en-
dometrioid carcinoma tissue was higher than in normal secretory
phase endometrium. Therefore, our data suggest that the regulatory
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mechanism and role of sSCLU are likely to be different in carcinoma
and normal endometrium.

We also demonstrated in this study that SCLU expression
was related to estrogen treatment in HEC-1B cells. Usually,
estrogenic effects are mediated by the estrogen receptor (ER).
Estrogen binds to the ligand-binding domain (LBD) of ER,
which leads to its dimerization and subsequent binding to an
estrogen response element (ERE) located in the promoters of
target genes. This triggers activation or repression of many
downstream target genes [21,22]. Estrogen also acts indirectly
through the activation of early response genes such as jun and
fos which contain the ERE [23,24]. So far, however, no ERE
has been identified in the promoter region of clusterin [25],
although there are several sites of androgen/glucocorticoid res-
ponsive elements within the first intron and two functional AP-1
sites located in the proximal promoter of the clusterin gene [26].
According to our current data regarding the comparison of ER-
positive and -negative cell lines, estrogen seems to affect clus-
terin via ER. But, we still need to investigate whether an un-
identified ERE is present in the promoter region of clusterin.
The clusterin promoter region also has heat shock element
consensus sequences that can bind to heat shock transcription
factors [27]. Estrogen up-regulates these heat shock transcrip-
tion factors in the endometrium [28], and some of the heat shock
proteins are differentially expressed among the various histolo-
gical types of endometrial carcinoma [29], suggesting that es-
trogen-induced up-regulation of clusterin could be also mediated
by heat shock transcription factors. Although further mechan-
istic studies are required, the present study shows that estrogen
can stimulate the clusterin expression of endometrial cells and
suggests that the over-expressed sCLU can affect the tumor-
igenesis of endometrial epithelium retaining ERs.

Our data suggest that the expression of sCLU can be re-
gulated by different factors in the histologically different types
of endometrial carcinomas, and one of the important regulatory
factors of sSCLU could be estrogenic stimulation.
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