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Abstract

Objective—Unlike other histological types of epithelial ovarian carcinoma, ovarian clear cell
carcinoma is known to have very poor response to therapy even when discovered in its early stages.
Since tumor hypoxia has been shown to be strongly associated with poor prognosis, deregulation of
the representative factor of tissue hypoxia; hypoxia-inducible factor 1 alpha (HIF-1a) and related
protein; Von Hippel-Lindau (VHL) may be associated with poor prognosis of ovarian clear cell
carcinoma.

Methods—Immunolocalization of both HIF-1a and VHL was performed on 56 cases of paraffin-
embedded tissue sections of four different histological types of epithelial ovarian carcinoma and 5
cases of benign ovarian tumors as a control. Quantitative RT-PCR analysis of both HIF1A and
VHL was performed on RNA isolated from 61 micro dissected frozen tissues of four different
histological types of epithelial ovarian carcinoma and 6 cases of normal ovarian epithelial cells.
Expression levels of HIF-1a and VHL in different histological types and correlation between
HIF-1a and VHL were determined by nonparametric analysis by Kruskal-Wallis and Spearman’s
test.

Results—HIF-1a expression levels were significantly higher in ovarian clear cell carcinoma than
in other histological types (p=0.001). We found no correlation between mRNA and protein
expression level in any type of carcinoma specimens. Among endometrioid, serous, and mucinous
carcinoma, there were no differences in HIF-1a expression (p=0.643). There was a negative
correlation between HIF-1a and VHL in serous (r =—0.661, p=0.027) and in endometrioid carcinoma
(r =—-0.657 p=0.039), but no correlation was found between HIF-1a and VHL expression levels in
ovarian clear cell carcinoma (p=0.60).

Conclusions—The results suggest that the role of hypoxia may change according to the
histological type of ovarian carcinoma. High expression of HIF-1a and its independence from VHL
in ovarian clear cell carcinoma may confer chemoresistance in this histological type.
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Introduction

The American Cancer Society estimates that 20,180 women will be diagnosed with and 15,310
women will die of cancer of the ovary in 2006 in US [1]. Ovarian cancer still has a very high
mortality rate in spite of significant advances in therapeutic strategies. Early diagnosis is
considered the most effective means of reducing the high mortality rate associated with almost
all histological type of ovarian epithelial carcinoma [2]. But unlike other histological types of
epithelial carcinoma of the ovary, ovarian clear cell carcinoma, which has been given a strict
histological definition by WHO [3], has very poor outcomes even when detected at an early
stage [4,5]. Many authors have reported that the aggressiveness of this histological type of
carcinoma is related to the poor response to the conventional platinum-based chemotherapy
[6-8]. Therefore, it is necessary to find out the mechanisms underlying its aggressive
phenotype, such as intrinsic resistance to chemotherapy.

Most measurable sized solid tumors, which need great consumption of oxygen, have inefficient
vascular supplied regions. Such low-oxygen region has a poorer prognosis and worse response
to treatment than better-oxygenated tumors, so the tumor hypoxia has known to be an important
factor associated with chemo resistance [9-11]. In general, malignant tumor tissue can be
survived under the harmful hypoxic condition with certain oxygen compensation mechanism
and even can acquire a more aggressive phenotype. Hypoxia-inducible factor 1 (HIF-1) is a
key molecule which can help the hypoxic cells to compensate the hypoxia at the molecular
level by increasing the activity of a variety of host genes related to angiogenesis, erythropoiesis,
glycolysis and apoptosis, etc. which are the common phenomenon of solid tumor [12]. HIF-1
is a heterodimeric basic helix-loop-helix-Pas domain (bHLH-PAS) transcriptional factor. It
consists of oxygen-sensitive HIF-o subunit and HIF-1 subunit that was expressed
constitutively independent of oxygen status and identified as the aryl hydrocarbon receptor
nuclear translocator (ARNT) [13]. A family of prolyl hydroxylases that covalently modify
HIF-1a senses the partial pressure of cellular oxygen. Under normoxic conditions, HIF-1a is
hydroxylated, and this hydroxylation promotes rapid degradation of it by the ubiquitin-
proteosome pathway mediated by VVon Hippel-Lindau tumor suppressor protein (pVVHL)
known as master regulator of HIF-1a. Von Hippel-Lindau disease, a hereditary human cancer
syndrome show the highly angiogenic tumors in which HIF-1a subunits are constitutively
stabilized and HIF-1 is activated [14,15]. Under hypoxic conditions, however, HIF-1a can be
stabilized and accumulated by decreasing prolyl hydroxylases activity and hydroxylation of
HIF-1a. Stabilized HIF-1a protein heterodimerizes with HIF-1f to form the HIF-1 and binds
to target DNA at the hypoxic response element. More than 70 target genes are increased by
HIF-1 [16,17]. Previous studies showed that HIF-1a is associated with tumor growth,
metastasis and survival of cancer patients [18-20]. Here we examined the expression pattern
of HIF-1a and correlated it with that of VHL in ovarian clear cell carcinoma. In addition, the
expression patterns of HIF-1a and VHL were compared among different histological types of
ovarian malignant epithelium.

Materials and methods

Clinical specimens

Fresh or formalin-fixed, paraffin-embedded ovarian cancer tissues, consisting of 14 ovarian
endometrioid carcinoma, 28 ovarian clear cell carcinoma, 21 ovarian serous carcinoma and 22
ovarian mucinous carcinoma were obtained from ovarian cancer patients undergoing primary
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surgical procedures in the Brigham and Women’s Hospital (BWH) between 1990 and 2005.
Five cases of benign ovarian tumor including mucinous and serous cystadenoma tissue were
also included in this study. A set of 6 normal ovarian surface cyto-brushed specimens was also
obtained form the normal ovaries of donors during surgery for other gynecologic diseases.

All clinical specimens were collected under protocols approved by the institutional review
boards (IRBs) of BWH, and fresh tissues were stored at —80°C until used. The
clinicopathological data on the specimens is summarized in Table 1. Stage and grade were
determined according to the International Federation of Gynecology and Obstetrics standards.

Immunohistochemistry

Immunolocalization of the HIF-1a was performed on 5um formalin-fixed, paraffin-embedded
tissue sections. Antigen retrieval with Tris EDTA (pH9.0) in a pressure cooker was performed
at 95°C for 3min. After blocking with 2% normal horse serum for 30 minutes, sections were
incubated with mouse anti-HIF-1o. monoclonal antibody (clone ESEE122; 1:800 dilution;
Novus Biologicals, Inc., CO) for 90minutes at room temperature. For VHL
immunohistochemistry, antigen retrieval was performed with a pressure cooker using 0.01M
sodium citrate at 120°C for 10min. Sections were incubated with a mouse anti-VHL
monoclonal antibody (clone 1933, 1:200 dilutions; Lab vision corporation, CA) overnight at
4°C. As negative controls for both proteins, PBS was used instead of the primary antibodies.
After incubation with the primary antibody, 5% hydrogen peroxide was used for 10 minutes
to block the endogenous peroxidase before incubation with the secondary antibody in both
experiments. The biotinylated anti-mouse 1gG and biotin/avidin system using the Vectastain
elite ABC kit (Vector Laboratories, CA.) 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 then the sections were dehydrated in ethanol, cleared in xylene, and mounted
in SP15-500 Permount (Fisher Scientific).

The immunohistochemical results for HIF-10. and VHL were scored as follows: 0, no staining;
1, nuclear positive cells were in less than 10% population and/or with weak cytoplasm staining;
2, nuclear positive cells in 10-50% and/or with moderate cytoplasm staining; 3, nuclear
positive cells in more than 50% and/or with strong cytoplasm staining.

Two independent observers analyzed the immunohistochemistry. The mean value of results
from both observers was used. When differences of scoring between observers occurred, both
investigators reinvestigated these slides, and the final decision was made by consensus.

Microdissection and total RNA extraction

Frozen sections (7 um) were cut with a microtome, mounted onto the PET-membrane frame
slide (Leica, Germany), fixed in 70% alcohol for 30 seconds, stained with 1% methyl green,
washed in water and air-dried. Malignant epithelial cells were microdissected using the
DMLMD laser dissection microscope (Leica, Germany). Total RNA was extracted
immediately with 65uL of RLT lysis buffer and purified using the RNeasy Mini Kit (Qiagen
Inc., Valencia, CA) according to the manufacturer’s instructions. The quantity and quality of
extracted RNA was determined by ribogreen and the Bioanalyzer 2100 system (Agilent, Palo
Alto, CA).

Quantitative Real-Time PCR

Fifteen nanograms of total RNA were amplified using the NUGEN Ovation Biotin RNA
Amplification system (NUGEN, San Carlos, CA) according to the manufacturer’s
recommendations (http://www.nugeninc.com). For HIF1A mRNA quantitation, a total of 20
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pL of reaction solution was prepared for all samples using 10 uL of 10X SYBR green PCR
master mix (Applied Biosystem, Foster City, CA), 16.6 pmol of HIF-1a forward primer (5'-
TGCTCATCAGTTGCCACTTC-3"), and 16.5 pmol of HIF-1a reverse primer (5'-
TCCTCACACGCAAATAGCTG-3') and 2 pL of 1:10 diluted cDNA. The thermal cycling
conditions included 50°C/2min of UNG activation, 95°C/10min of enzyme activation, and 40
cycles of 95°C/15sec of denaturation and 60°C/1min of anneal/extension and 95°C/15 sec and
60°C/30sec and 95°C/15sec as a dissociation step in a 7300 Real Time PCR system (Applied
Biosystems, Foster City, CA). Beta actin (forward primer: 5'-
CTCTTCCAGCCTTCCTTCCT-3, reverse primer: 5-~AGCACTGTGTTGGCGTACAG-3)
was used as an endogenous control. VHL was quantified using the Tagman VHL primer set
(Applied Biosystem, Foster City, CA), using Cyclophillin (Applied Biosystem) as an
endogenous control. The relative quantitation of both HIF-10 and VHL was determined by the
comparative CT (thermal cycle) method [21].

Statistical analyses

Results

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.

Immunolocalization of HIF-1a and VHL in different types of epithelial ovarian carcinoma

Immunolocalization of both HIF-1a and VHL protein was performed in different histological
types of ovarian tumors (Fig. 1,2). Positive HIF-1a signal was detected in 37 of 49 cases of
ovarian cancer cases but not in any of the 5 benign ovarian tumor cases. The IHC scores of
malignant epithelium were significantly higher than that of the benign epithelium (P=0.015)
(Fig. 3A). Among different histological types of ovarian carcinoma, IHC scores of HIF-1a
were significantly higher in the clear cell carcinoma than in the other histological types
(p<0.001) (Fig. 1,2&3 C).

The HIF-1a staining location in the cell was both nucleus and cytoplasm. In the clear cell
carcinoma, we could see both nuclear and cytoplasmic expression very similarly (Fig. 1, 2),
but in the endometrioid and serous carcinoma, cytoplasmic staining was significantly stronger
than nuclear staining (p=0.001). In addition, the epithelial component HIF-1o expression was
also detected in the stromal cells near malignant epithelium.

VHL expression was noted in the cytoplasm of all 5 samples of benign epithelium of ovary
and 51 of 59 cases of malignant epithelium and there were no significant differences in IHC
staining densities between benign and malignant samples (Fig. 3B) (p=0.182). But, among the
malignant epithelium samples, VHL expression was significantly higher in the serous and
endometrioid carcinomathan in the clear cell and mucinous carcinoma (Fig. 1 & 3D) (p=0.001).

The correlation between HIF-1a and VHL expression in different histological types of ovarian
cancer was also examined. In endometrioid and serous carcinoma, HIF-1a expression was
negatively correlated with VHL (P=0.039, r=—0.657 and P=0.027, r=—0.66, respectively).
However, in clear cell and mucinous carcinoma, a significant correlation between HIF-1a and
VHL expression was not observed (P=0.61 and 0.84, respectively).

Further correlation studies showed that HIF-1a expression levels correlated with tumor grades
of different kinds of malignant ovarian epithelia (p=0.001, r=0.44). However, the correlation
between HIF-1a expression levels and tumor stage was not significant (p=0.51).
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HIF-1a mRNA expression in different subtypes of ovarian carcinoma

RT-PCR analysis was also used to evaluate differential HIF-1o. mRNA expression in different
histological types of ovarian tumors. There was significant difference between malignant and
benign epithelium. (Fig. 4A) (p=0.01). Among malignant, endometrioid carcinoma
demonstrated significantly higher levels of HIF-1o. mRNA compared to other histological types
of ovarian carcinoma (p=0.013) (Fig. 4 B) unlike the IHC results.

The correlation between HIF-1a protein and mRNA expression levels was also examined. In
all malignant epithelia of the ovary, HIF-1a expression was not correlated with mMRNA
expression (p=0.205) (Fig. 4C), even among individual subtypes.

Discussion

Our immunohistochemistry findings demonstrate for the first time that ovarian clear cell
carcinoma shows significantly higher HIF-1a expression than other histological types,
independent of their grades and stages.

Multiple studies have shown that HIF-1a expression is regulated by VHL. Inactivation
mutations in VHL cause up-regulation of hypoxia-inducible genes including HIF-1a, in renal
clear cell carcinoma [22,23]. We show here a significant negative correlation between VHL
and HIF-1a in serous and endometrioid carcinoma, suggesting that HIF-1a expression is
regulated by VHL in these cancers. Since VHL has been shown to regulate HIF-1a expression
only in oxygenated cells [14], the significant correlation between VHL and HIF-1o expression
suggest that serous and endometrioid carcinoma may have a relatively oxygenated
microenvironment. In contrast, a significant correlation between VHL and HIF-1a was not
identified in clear cell cancer (data not shown) Furthermore, we could not find an inactivation
mutation of VHL gene in this histological type (data not shown), suggesting that ovarian clear
cell carcinoma tissues may have a more hypoxic or only a partially oxygenated
microenvironment, which does not allows VHL to regulate HIF-1a.

The hypoxic or only partially oxygenated microenvironment in clear cell cancer may confer
chemoresistance. Previous studies showed that tumor hypoxia could lead to chemoresistance,
directly due to the lack of oxygen availability, and indirectly due to the alteration in the
proteome and genome, angiogenesis and pH changes [24]. Since HIF-1a is the key molecule
regulated by tumor hypoxia, HIF-1a deregulation in tumor cells may confer resistance in these
cells [16,17]. The significantly higher HIF-1o expression identified in clear cell carcinoma
compared with other histological types suggests that the mechanism of intrinsic chemo
resistance in ovarian clear cell carcinoma may be mediated by tumor hypoxia.

In addition, we also showed that the cellular localization patterns of HIF-1a differed among
different histological types. Cytoplasmic HIF-1o expression is more prominent in serous and
endometrioid carcinoma but nuclear HIF-1a is more prominent in clear cell carcinoma. The
prominent cytoplasmic staining pattern of this type of carcinoma was unexpected, since
HIF-1a should translocate from the cytoplasm to the nucleus to transactivate the down stream
genes within a short period of time and accumulation of cytoplasmic HIF-1a should not be
detected [25]. However, one study showed that there is a HIF-1a variant that is stable even in
normoxia and does not translocate to the nucleus under a hypoxic conditions [26]. Actually
other authors also found that in other organ cancer, immunolocalization of HIF-1a was not
limited to the nucleus [27-29]. These findings suggest that cytoplasmic HIF-1a identified in
the malignant ovarian epithelium may be a variant, or cytoplasmic retentions may also have
the role for regulation of the function of the HIF-1a in tumorigenesis and there may be specific
mechanisms that prevent the translocation of HIF-1o from the cytoplasm to the nucleus in
ovarian carcinoma cells.
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Our QRT-PCR results indicate no correlation between HIF-1o protein and mRNA expression

in

any histological type of ovarian carcinoma, suggesting that HIF-1a may be regulated at the

post-mRNA level. Similar results have also been described in other experiments [30].

In
ce
su

conclusion, we show that HIF-1a. is expressed at significantly higher levels in ovarian clear
Il carcinoma than in other histological types and it’s expression is independent from VHL,
ggesting that tumor hypoxia may play a role in conferring chemoresistance in this

histological type.
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Figure 1.
Immunolocalization of HIF-1a (A to D) and VHL (E to F) protein in endometrioid (A& E);
clear cell (B& F); serous (C& G); and mucinous (D& H) ovarian carcinomas. Bar=10um.
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Figure 2.
Immunolocalization of HIF-1a in ovarian clear cell carcinoma with higher magnification.
Bar=10um.
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Figure 3.

Histograms showing A. differential immunohistochemical (IHC) score of HIF-1a between
malignant and benign ovarian epithelia; B. differential IHC score of VHL between malignant
and benign ovarian epithelia; C. differential IHC score of HIF-1a in different histological types
of ovarian malignant epithelia; and D. differential IHC score of VHL in different histological
types of ovarian malignant epithelia.

Gynecol Oncol. Author manuscript; available in PMC 2008 August 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Leeetal.

miINA osxprossion lovel of 11 - 1alohs

Page 11

- -
p0.091 £ nany £
L] £*0,013 =
. £ oo 2
3 *
3 3
- H 3. c o
z H :,
o 3" g o
- -1 =
8 3 » 5 H o
. 8 g 8
- o
— -l % wl 8 .
R S v T T r H T T
¢ . Coderationd - i Mudate
Baaign v, Mabgnan! ovarien cancer Hstologi cal subtypes of avarian cancer BRI score of HF

Figure 4.

Histograms showing A. differential HIF-1a. mRNA expression between malignant and benign
ovarian epithelia; B, differential HIF-1o. mMRNA expression in differential histological types
of ovarian malignant epithelia; and C. correlation between HIF-1o. mMRNA and HIF-1a protein
expression in ovarian malignant epithelia.
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