
Introduction

As one of the most lethal types of cancer, ovarian can-

cer, ranks fifth among the most frequently seen malignan-

cies in developed countries [1, 2]. Herein, the authors

describe the new model which explains ovarian carcino-

genesis [3]. According to this model, ovarian epithelial tu-

mors are divided into two broad categories. Type 1 tumors

originate from precursor lesions, while type 2 tumors may

develop de novo from tubal and/or ovarian surface epithe-

lium [4, 5]. Type 1 tumors include low-grade serous, mu-

cinous, endometrioid, clear cell, and transitional cell

carcinomas, while type 2 tumors consist of high-grade

serous, undifferentiated carcinomas, and carcinosarcomas

[3].

The primary therapeutic regimen for ovarian cancer pa-

tients involves surgical resection of the tumor followed by

platinum-based chemotherapy. Although the majority of the

patients respond to initial treatment, 70% of the advanced-

stage patients will experience relapse, which is typically

seen in patients with more aggressive tumors, in the pres-

ence of massive peritoneal dissemination, and multi-drug

resistance. Still the problem of chemoresistance in ovarian

cancer retains its importance so the investigators are at-

tempting to find novel therapeutic targets [6, 7].

With time, rapidly growing tumors lose their vascular

supply and become hypoxic. Tumor cells with a capacity to

survive in hypoxic environment, will gain increasingly in-

vasive characteristics [8, 9]. Cells adapt themselves to these

hypoxic conditions, generate their own energy, and mini-

mize cellular damage by promoting expression of genes

(including genes involving in angiogenesis, glycolysis, cell

survival, invasion, tumor progression, and pH regulation)

mostly regulated by hypoxia-inducible factors (HIFs) [10-

12]. HIFs are heterodimers which express HIF-beta (β) sub-

unit and an oxygen responsive HIF-alpha (α) subunit

hydroxylated by prolyl hydroxylase (PHD) enzymes in an

oxygen-dependent reaction [10, 13]. This reaction triggers

its ubiquitination by the E3 ubiquitin ligase von Hippel-

Lindau protein (VHL). In turn, it induces HIF-α for 26S

proteasomal degradation [14]. Under hypoxic conditions,

HIF-α evades degradation, migrates to the nucleus, binds to

HIF-1β, and stimulates HIF-1 target gene expression [15].

Nuclear HIF-1α has been suggested as an independent

prognostic biomarker, and its elevated levels have been as-

sociated with poor prognosis in ovarian cancer [16, 17].

Furthermore, expression of HIF-1α protein has been asso-

ciated with chemoresistance, and its expression is increased

in the majority of non-hypoxic metastatic tumors [18-21].

In cases with aggressive metastatic ovarian cancer thera-

peutic regimens targeting HIF-1 activity may be potentially

effective per se or in combination with standard chemother-

apy [1].
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Summary

Aim: The hypoxia- inducible factor (HIF) is an alpha (α) / beta (β) heterodimeric DNA binding complex and directs an extensive tran-

scriptional response involving the induction of genes relevant to tumor progression, such as angiogenesis, glucose/energy metabolism, cel-

lular growth, metastasis, and apoptosis. HIF-1α has also emerged as an attractive target for cancer therapy. The aim of this study is to

investigate the association between tissue HIF-1α expression, prognostic significance, and the clinicopathologic features of ovarian serous

tumors. Materials and Methods: HIF-1α expression was studied by immunohistochemistry (IHC) in a total of 82 formalin-fixed, paraffin-

embedded specimen of ovarian serous tumors. Results: In this series, there were 34 ovarian high grade serous carcinoma, 12 borderline,

and 36 benign serous tumors. Statistically it was determined that the expression of HIF-1α was positive, usually in carcinomas or border-

line serous tumors, while it was negative in benign serous tumors (p = 0.043). The overall survival of patients with tumors that stained

strongly for HIF-1α (mean 22 months) was not significantly different than that of patients with tumors that stained weakly or were nega-

tive (mean 27 months) for HIF-1α (p = 0.812). Conclusion: The results suggest that the role of hypoxia may change according to the ag-

gressive and invasive natures of ovarian tumors. In addition the present findings demonstrated the presence of a correlation between HIF-1α

expression and serous carcinomas. Therefore expression of HIF-1α may also confer chemoresistance in high-grade serous carcinomas. 
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The objective in this study is to examine the correlations

between loss of HIF-1α expression in tissues, and different

clinicopathologic parameters and to investigate the poten-

tial role of HIF-1α as a diagnostic tool or a target marker in

the treatment of ovarian serous tumors. 

Materials and Methods 

The resection specimens of 82 patients who were diagnosed

and treated at the Izmir Tepecik Education and Research Hospi-

tal between 2002 and 2013 were included in this study. The study

was approved by the Local Ethics Committee of the Hospital. The

staging system developed by the International Federation of Gy-

necology and Obstetrics (FIGO) was used to describe the extent

of spread of these tumors. According to this system, Stage I dis-

eases are confined to one or both ovaries. In Stage II, there is

pelvic extension or implants, but tumor is still limited to the

pelvis. Stage III diseases demonstrate extension to peritoneum or

regional lymph nodes. There are distant metastases to the liver or

outside the peritoneal cavity in Stage IV disease.  

For immunhistochemistry (IHC), hematoxylin and eosin (HE)

staining was used to select appropriate diagnostic paraffin blocks

and to identify viable tumor areas. IHC was performed by the

streptavidin- biotin peroxidase method. Serial 5-µm sections were

obtained and placed on slides which were baked overnight at

60°C, dewaxed in xylene, and hydrated with distilled water

through decreasing concentrations of alcohol. All slides were

treated with heat-induced epitope-retrieval procedure in a mi-

crowave. In this procedure slides were left for 20 minutes in 10

mM/L citrate buffer at a pH 6.0, cooled at room temperature for

20 minutes, and then blocked to retrieve endogenous peroxidase

and biotin. Purified monoclonal mouse antibodies against hypoxia

inducible factor 1, alpha subunit (anti-HIF-1α antibody) were used

at a dilution of 1:300. A pathologist blinded to clinical character-

istics of the patient performed histopathological assessments. In

the evaluation of immune reactivity for HIF-1α, percentage, and

intensity (mild, moderate, strong) of nuclear staining in the tu-

moral area were evaluated. Since most cases demonstrated nega-

tive or focal, weak positive nuclear HIF-1α expression, a scoring

system was not used, and only absence or presence of the expres-

sion was indicated. HIF-1α expression was revealed as a strong

nuclear staining (Figure 1). In this study, the authors also re-eval-

uated the histopathological classification of all tumors according

to current classification system. Chi-square test was performed

using SPSS v. 21.0 package program. P values less than 0.05 were

considered to be statistically significant.

Results

Different treatment schemes were applied to the total of

82 patients according to their individual characteristic fea-

tures. In this series, there were 36 (43.9%) benign, 12

(14.6%) borderline, and 34 (41.5%) malign serous tumors.

All 12 cases with borderline serous tumor had Stage I dis-

eases: eight (66.6%) of them were Stage IA, three (25%)

Stage IB, and one (8.3%) Stage IC. Most cases (n= 25,

73.5%) with serous carcinomas had Stage IIIC diseases.

Other cases with serous carcinomas were distributed as one

(2.9%) in Stage IC , one (2.9%) in Stage IIB, four (11.8%)

in Stage IIIA, one (2.9%) in Stage IIIB,  and two (5.9%) in

Stage IV. Mean age of patients was 43.9±14.4 (ranging

from 17 to 72) years. The cases with serous carcinoma

(52.4 ± 9.5 years, range 30 to 70 years) were older than

cases with both borderline (35.9 ± 13.4 years, range 23 to

72 years) and benign serous tumors (38.5 ± 14.8 years,

range 17 to 62 years). All 12 cases with borderline tumors

and 20 (58.8%)  cases with serous carcinomas were alive,

while 11 (32.4%) carcinoma cases were deceased. Three

carcinoma cases were lost (out of follow-up). Mean over-

all survival time of serous carcinomas was 15.3 ± 11.9 (0-

45) months and event-free survival time was 11.4 ± 9.9

months.

The highest HIF-1α expression rate (Figure 1) was de-

termined in the serous carcinomas (n=11, 32.3%). Several

borderline serous tumors (n=3, 25%) also presented HIF-1α

expressions (Figure 2). In contrast, negative expressions of

HIF-1α were determined in 33 (91.6 %) benign serous tu-

Figure 1. — Rare nuclear HIF-1α expression in a serous carci-

noma (DAB ×200).

Figure 2. — Positive HIF-1α expression in a borderline serous

tumor (DAB ×100).
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mors (Figure 2). Statistically it was determined if the tumor

became more aggressive and invasive, it gained the tumoral

HIF-1α expression (p = 0.043) (Figure 3). In addition, the

overall survival of patients with tumors that stained weakly

positive or negative (mean 27 months) for HIF-1α was

longer than of patients with tumors that stained strongly for

HIF-1α (mean 22 months). However, there were no statis-

tically significant differences between overall survivals of

cases according to the status of HIF-1α expressions (p =
0.812) in the Kaplan Meier survival analyses. Also, the

most of the HIF-1α positive tumors (n=10, 58.8%) were of

advanced-stage, while half of the HIF-1α negative tumors

(n=32, 50.8%) were benign serous tumors and there was

no statistical significance between stage and HIF-1α ex-

pressions (p = 0.240). 

Discussion

Using IHC methods, the correlations between HIF-1α ex-

pression, prognosis. and response to chemotherapy in ep-

ithelial ovarian tumours have been investigated [18, 19].

HIF-1α expression observed in many different tumor types

has been variably associated with adverse prognosis. De-

spite conflicting findings, HIF-1α has been proposed as an

adverse prognostic factor in ovarian carcinomas [16].

Methodological differences or statistical discrepancies due

to the small size of patient study groups may account for

variable data cited in the literature. The present authors ob-

served that the frequency of nuclear expression of HIF-1α

in benign tumors was lower than in borderline and malig-

nant tumors, which is in agreement with previous findings

[16, 18, 19] and supports the assertion that HIF-1α can be

considered as a hallmark of tumor progression in ovarian

serous tumors. This finding suggests that increasing lev-

els of HIF-1α expression may play a role in tumorigene-

sis of some ovarian tumors, especially in aggressive

ovarian tumors. 

Previous studies demonstrated that tumor hypoxia

could directly lead to the development of chemoresis-

tance induced by the lack of oxygen, and also indirectly

due to the alteration in gene expression and subsequent

changes in angiogenesis and pH [22]. Since HIF-1α is the

key molecule regulated by tumor hypoxia, deregulation

of HIF-1α in tumor cells may lead to development of re-

sistance in these cells [23]. The significantly higher HIF-

1α expression identified in serous carcinoma relative to

borderline serous tumor suggests the possible regulatory

role of tumor hypoxia in the mechanism of intrinsic

chemoresistance seen in cases with ovarian serous carci-

noma [8]. However, based on the results of Western Blot

analysis it has been currently revealed that HIF-1α- ex-

pressing ovarian tumors respond postoperative paclitaxel

(taxol) and carboplatin (TC) chemotherapy and exhibit

significantly better survival rates [24]. 

Recently, the HIF system has been suggested as an im-

portant molecular target in the treatment of ovarian car-

cinoma. Staining the tumor tissue obtained from the

primary laparotomy with HIF-1α antibodies could result

in grouping them in positive or negative as was the case

in the present study, HIF-1α positive patients could enter

clinical trials using a number of agents that inhibit HIF-

1α accumulation including topotecan, 2-methoxyestra-

diol, and the Hsp90 inhibitors [5, 17]. Furthermore, using

the experimental models to test the efficacy of rapamycin

in ovarian cancer treatment, a significant correlation be-

tween HIF-1α inhibition and VEGF down-regulation or

increase of apoptosis has been demonstrated, and it was

mentioned that rapamycin delays the tumor onset and

progression [5]. As has been investigated in clinical tri-

als, additional therapeutic effects were observed when ra-

pamycin was administered in combination with paclitaxel

and tamoxifen. Clearly, additional studies are needed,

however, the present authors strongly support determi-

nation of HIF-1α expression by IHC in ovarian carcino-

mas for devising subgroups for individualized treatment

regimens.

In conclusion, HIF-1α is emerging as an important fac-

tor in the carcinogenesis of gynecological tumors and,

despite some different results, overall HIF-1α expression

seems to be associated with a shorter progression-free

survival. Furthermore, since hypoxia and thus HIF-1α ex-

pression are associated with treatment failure, targeting

HIF-1α could be an attractive therapeutic strategy. 

Figure 3. — Note the strong HIF-1α expression in most serous

carcinomas and borderline serous tumors, while it was usually

negative in benign serous tumors (p = 0.043).

244



D. S. Kahraman, G. Diniz, S. Sayhan, D. Ayaz, M. Yemen, T. Karadeniz, M. Sanci

References

[1] Gomez-Roman N., Sahasrabudhe N.M., McGregor F.,  Chalmers

A.J., Cassidy J., Plumb J.: “Hypoxia-inducible factor 1 alpha is re-

quired for the tumourigenic and aggressive phenotype associated

with Rab25 expression in ovarian cancer”. Oncotarget, 2016, 7,

22650. 

[2] McEvoy L.M., O’Toole S.A., Spillane C.D., Martin C.M., Gallagher

M.F., Stordal B., et al.: “Identifying novel hypoxia-associated mark-

ers of chemoresistance in ovarian cancer. BMC Cancer, 2015, 15,

547. 

[3] Koshiyama M., Matsumura N., Konishi I.: “Recent concepts of ovar-

ian carcinogenesis: type I and type II”. Biomed. Res. Int., 2014, 2014,

934261. 

[4] Shih IeM., Kurman R.J.: “Ovarian tumorigenesis: a proposed model

based on morphological and molecular genetic analysis”. Am. J.
Pathol., 2004, 164, 1511

[5] Landen C.N., Birrer M.J., Sood A.K.: “Early events in the patho-

genesis of epithelial ovarian cancer”. J. Clin. Oncol., 2008, 26, 995. 

[6] Jemal A., Bray F., Center M.M., Ferlay J., Ward E., Forman D.:

“Global cancer statistics”. CA Cancer J. Clin., 2011, 61, 69.

[7] Matsuo K., Lin Y.G., Roman L.D., Sood A.K.: “Overcoming plat-

inum resistance in ovarian carcinoma”. Expert Opin. Investig.
Drugs, 2010, 19, 1339.

[8] Krtolica A., Ludlow J.W.: “Hypoxia arrests ovarian carcinoma cell

cycle progression, but invasion is unaffected”. Cancer Res., 1996,

56, 1168. 

[9] Yoon S.O., Shin S., Mercurio A.M.: “Hypoxia stimulates carcinoma

invasion by stabilizing microtubules and promoting the Rab11 traf-

ficking of the alpha 6 beta 4 integrin”. Cancer Res., 2005, 65, 2761.

[10] Maxwell P.H., Dachs G.U., Gleadle J.M., Nicholls L.G., Harris A.L.,

Stratford I.J., et al.: “Hypoxia-inducible factor-1 modulates gene ex-

pression in solid tumors and influences both angiogenesis and tumor

growth”. Proc. Natl. Acad. Sci. USA, 1997, 94, 8104. 

[11] Lee S., Garner E.I.O., Welch W.R., Berkowitz R.S., Mok S.C.:

“Over-expression of hypoxia-inducible factor 1 alpha in ovarian

clear cell carcinoma”. Gynecol Oncol., 2007, 106, 311.

[12] Semenza G.L.: “Targeting HIF-1 for cancer therapy”. Nat. Rev. Can-
cer, 2003, 3, 721.

[13] Wang G.L., Jiang B.H., Rue E.A., Semenza G.L.: “Hypoxia-in-

ducible factor 1 is a basic-helix-loop-helix-PAS heterodimer regu-

lated by cellular O2 tension”. Proc. Natl. Acad. Sci. U S A, 1995, 92,

5510. 

[14] Epstein A.C., Gleadle J.M., McNeill L.A., Hewitson K.S., O’Rourke

J., Mole D.R., et al.: “C. elegans EGL-9 and mammalian homologs

define a family of dioxygenases that regulate HIF by prolyl hydrox-

ylation”. Cell, 2001, 107, 43. 

[15] Klimova T., Chandel N.S.: “Mitochondrial complex III regulates hy-

poxic activation of HIF”. Cell Death Differ., 2008, 15, 660.

[16] Osada R., Horiuchi A., Kikuchi N., Yoshida J., Hayashi A., Ota M.,

et al.: “Expression of hypoxia-inducible factor 1alpha, hypoxia-in-

ducible factor 2alpha, and von Hippel-Lindau protein in epithelial

ovarian neoplasms and allelic loss of von Hippel-Lindau gene: nu-

clear expression of hypoxia-inducible factor 1alpha is an independ-

ent prognostic factor in ovarian carcinoma”. Hum. Pathol., 2007, 38,

1310.

[17] Daponte A., Ioannou M., Mylonis I., Simos G., Minas M., Messinis

I.E., Koukoulis G.: “Prognostic significance of Hypoxia-Inducible

Factor I alpha (HIF-1 alpha) expression in serous ovarian cancer: an

immunohistochemical study”. BMC Cancer, 2008, 8, 335.

[18] Zhong H., De Marzo A.M., Laughner E., Lim M., Hilton D.A., Za-

gzag D., et al.: “Overexpression of Hypoxia-inducible Factor 1a in

Common Human Cancers and Their Metastases”. Cancer Res., 1999,

59, 5830.

[19] Wu K.C., Liu L.L., Sun L., Zhang H.B., Li Z.C., Ning X.X., et al.:
“Hypoxia-mediated up-regulation of MGr1-Ag/37LRP in gastric

cancers occurs via hypoxia-inducible-factor 1-dependent mechanism

and contributes to drug resistance”. Int. J. Cancer, 2009, 124, 1707.

[20] Ma D., Huang L., Ao Q.L., Zhang Q.H., Yang X.K., Xing H., et al.:
“Hypoxia induced paclitaxel resistance in human ovarian cancers via

hypoxia-inducible factor 1 alpha”. J. Cancer Res. Clin., 2010, 136,

447. 

[21] Cramer T., Rohwer N., Welzel M., Daskalow K., Pfander D.,

Wiedenmann B., Detjen K.: “Hypoxia-inducible Factor 1 alpha Me-

diates Anoikis Resistance via Suppression of alpha 5 Integrin”. Can-
cer Res., 2008, 68, 10113. 

[22] Shannon A.M., Bouchier-Hayes D.J., Condron C.M., Toomey D.:

“Tumour hypoxia, chemotherapeutic resistance and hypoxia-related

therapies”. Cancer Treat. Rev., 2003, 29, 297. 

[23] Wenger R.H., Stiehl D.P., Camenisch G.: “Integration of oxygen sig-

naling at the consensus HRE”. Sci STKE, 2005, 2005, re12. 

[24] Nakai H., Watanabe Y., Ueda H., Hoshiai H.: “Hypoxia inducible

factor 1-alpha expression as a factor predictive of efficacy of tax-

ane/platinum chemotherapy in advanced primary epithelial ovarian

cancer”. Cancer Lett., 2007, 251, 164.

Corresponding Author:

G. DINIZ, M.D.

Kibris Sehitleri Cad. 51/11 Alsancak 

Izmir 35220 (Turkey)

e-mail: agdiniz@gmail.com

245




