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Introduction

Ovarian cancer is one of the most common three gyne-

cological malignancies and is the leading cause of gyne-

cological cancer death [1]. The malignant epithelial tumor

accounts for more than 90% of all ovarian cancers. There

have been major advances in cellular and molecular biol-

ogy referred to ovarian cancer. However, there has been lit-

tle change in the survival of women with epithelial ovarian

cancer since platinum-based anticancer drugs were intro-

duced over three decades ago [2]. Therefore, new thera-

peutic targets are urgently needed for novel approaches to

deal with ovarian cancer. 

Warburg first emphasized that tumor cells exhibit ac-

tive glycolysis even under conditions where oxygen is

sufficient [3]. To date, encouraging evidence indicated

that high glycolytic rate plays an important role in rapidly

proliferating cancers, not only to provide energy but also

to supply with precursors for nucleotide and lipid syn-

thesis [4]. Hexokinase as the first rate-controlling en-

zymes in the glycolysis pathway catalyzes the process of

glucose converting to glucose-6-phosphate (G-6-G).

There are four hexokinase isozymes (I, II, III, IV) to our

knowledge, and with HK2 in particular, the isoform’s ac-

tivity is markedly higher in many tumors cells as com-

pared to normal differentiated cells and it can bind to

mitochondria to inhibit apoptosis [5]. However HK2 ex-

pression in gynecologic malignancies is rarely reported in

the literature. 

Here, for the fist time, to the authors’ knowledge, they

detected HK2 expression in normal ovarian tissue and ovar-

ian epithelial tumors (benign, borderline, and malignant)

by immunohistochemisty and qRT-PCR and analyzed the

correlation of HK2 expression with clinicopathologic pa-

rameters to explore the glycolysis condition in ovarian ep-

ithelial tissues and evaluate whether HK2 is involved in the

development of ovarian cancer.

  Materials and Methods

Clinical samples for immunohistochemistry
Tissue samples were selected from the Department of Pathol-

ogy, Union Hospital, Tongji Medical College, Huazhong Univer-

sity of Science and Technology, Wuhan. The selected cases

received surgical treatment with epithelial ovarian cancer which

was confirmed by pathological examination, from November 2004

to March 2007. The samples included five normal ovarian speci-

mens, five benign ovarian tumors (two serous cystadenomas and

three mucinous cystadenomas), five borderline ovarian tumors

(three borderline serous cystadenomas and two borderline muci-

nous cystadenomas), and 31 malignant epithelial ovarian tumors

(16 serous cystadenocarcinomas, five mucinous cystadenocarci-

nomas, four clear cell carcinomas, three endometrioid carcinomas,

and three undifferentiated adenocarcinomas).The patients were

aged from 17 to 71 years (median 47.6) and underwent no prior

radiotherapy or chemotherapy.

Tissues collection for quantitative reverse transcription poly-
merase chain reaction

Tissue samples from patients who were suspected with ovar-

ian neoplasms were collected at initial surgery, from August

2008 to October 2009. Samples were stored initially in liquid

nitrogen upon collection and then transferred to -80°C refrig-

erator for long-term storage. Clinical and pathological data,Revised manuscript accepted for publication October 21, 2013
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such as histology, FIGO stage (2000), grade, and differentia-

tion state were collected afterwards and recorded for future ref-

erence. 

The present study was approved by the Ethics Committee of

Tongji Medical College.

Immunohistochemistry
Immunohistochemical staining for HK2 was performed using

the SABC kit according to the manufacturer’s instructions. Rab-

bit polyclonal antibody to HK2 (1:200, AB3279) was incubated

overnight at 4°C. Positive cells were defined as having brown-

yellow granules distributed in cytoplasm, with stain intensity

higher than the unspecific background. HK2 expression was eval-

uated by a digital image system. Five images of representative

fields were captured at a magnification of ×400 and saved as

TIFF files. Images were analyzed with Image-Pro Plus 6.0 soft-

ware. The area and the integrated optical density (IOD) of posi-

tive staining of HK2 were measured, and the mean density was

calculated as IOD/area in each image. The average of mean den-

sities of five images from each slide was used to represent an in-

dividual sample [6]. 

Quantitative reverse transcription polymerase chain reaction
(qRT-PCR)

Approximately 100 mg of tissue samples were harvested in

one ml Trizol reagent to extract total RNA. Complementary

DNA was synthesized using MMLV transcriptase  according to

the manufacturer’s recommendations. Complementary DNA

was amplified by polymerase chain reaction (PCR). All reac-

tions were performed on an ABI 7700 Real-time PCR system.

HKII primers amplify a fragment of 154bp, sense strand: 5’-TG-

GAGCCACCACTCACCCTAC-3’, antisense strand: 5’-GAGC-

CCATTGTCCGTTACTTTC-3’. GAPDH was applied as the

internal housekeeping gene control. The GAPDH primers am-

plify a fragment of 220 bp, sense strand: 5’-GT-

CACCAGGGCTGCTTTTAACTC-3’, antisense strand:

5’-CAGCATCG- CCCCACTTGATTTTG-3’. The cycling con-

ditions were as follows: initial denaturation at 94°C for three

minutes, followed by 45 cycles of 94°C for 30 seconds, 58°C

for 30 seconds, and 72°C for 30 seconds, with a final incuba-

tion at 72°C for five minutes. Relative gene expression was cal-

culated using the 2–ΔΔCt method. Each measurement was

performed in triplicate.

Figure 1. — Representative immunohistochemistry

staining for HK2 in ovarian tissues (×400). A) Nor-

mal ovary. B) Benign serous cystadenoma. C) Benign

mucinous cystadenoma. D) Borderline serous cys-

tadenoma. E) Borderline mucinous cystadenoma. F)

Serous carcinoma. G) IOD/area of HK2 expression in

normal, benign, borderline, and malignant ovarian tis-

sues are presented. HK2 is specifically expressed

mainly in cytoplasm only in malignant ovarian tis-

sues. HK2 expression in malignant tissues was sig-

nificantly higher than normal ovary (p < 0.001),

benign (p < 0.001) and borderline ovarian neoplasm

tissues (p < 0.001). No significant differences were

observed among the normal, benign and borderline

groups.
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Statistical analysis
Results were expressed as mean ± standard deviation. Non-para-

metric statistical tests (Mann-Whitney Test, Kruskal-Wallis Test) were

carried out for analyzing relationships between variables. All statisti-

cal analyses were performed with SPSS statistical software 13.0, and

p values less than 0.05 were considered statistically significant.

Results

HK2 expression in different epithelial ovarian tissues
The levels of HK2 staining detected by immunohisto-

chemistry were observed in normal, benign, borderline, and

malignant epithelial ovarian tissues. All of the malignant tis-

sues were HK2 positive while the others were negative. So

the conclusion can be made that HK2 is specifically expressed

in malignant ovarian tissues. HK2 was mainly located in the

cytoplasm (Figure 1).

Table 1. — The relationship between HK-2 expression and
clinical pathologic characteristics.
Clinicopathologic No. of IOD/Area p value

Parameters Patients (Mean ± SD)

FIGO stage (2000)

I/II 17 0.1723±0.0346
< 0.001*

III/IV 14 0.2694±0.0537

Histological grade

G1+G2 11 0.1758±0.0462
0.008*

G3 20 0.2383±0.0649

Histotype

Serous 16 0.2485±0.0706

Mucinous 5 0.1679±0.0320
0.065†

Clear cell 4 0.1670±0.0225
0.008§

Endometrioid 3 0.2089±0.0679

Undifferentiated 3 0.1970±0.0083

* Mann-Whitney Test; † Kruskal-Wallis Test;

§ Serous vs. other histotypes together using Mann-Whitney Test.

Figure 2. — IOD/area of HK2 protein expression in malignant epithelial ovarian tissues was presented together with clinicopathologi-

cal feathers. A) HK2 expression levels in Stage I/II and III/IV ovarian epithelial carcinomas. There is a significant difference between

the two groups (p < 0.001). B) HK2 expression levels in grade 1/2 and grade 3 ovarian epithelial carcinomas. The expression levels con-

siderably differed between grade1/2 and grade 3 (p = 0.008). C) HK2 expression levels in histological subtypes of ovarian epithelial

carcinomas. No significant differences were observed among tumors (p = 0.065). D) HK2 expression levels in serous epithelial carci-

nomas was compared with that in other epithelial histologies. Significant difference was observed between the two groups (p = 0.008).
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HK2 expression in malignant epithelial ovarian tissues
According to the World Health Organization (WHO)

grading system, the ovarian cancer groups were divided

into three subgroups: G1 group, well-differentiated (n=2);

G2 group, moderately differentiated (n=9); G3 group,

poorly differentiated (n=20). Surgical pathology staging

was carried out for all the cancer patients according to

FIGO 2000 criteria. There were nine cases in Stage I, eight

cases in Stage II, 13 cases in Stage III, and one case in

Stage IV. The correlation between HK2 expression by im-

munohistochemistry and clinicopathologic parameters in

epithelial ovarian cancer patients is analyzed (Table 1).

HK2 overexpression was significantly related with ad-

vanced FIGO stage and poorly differentiated state. In more

detail, the HK2 level was higher in serous epithelial carci-

nomas compared with that in other histotype carcinomas

together (Figure 2).

HK2 mRNA expression in different ovarian tissues
The authors detected HK2 mRNA expression in normal

(n=4), benign (n=6), borderline (n=3), and malignant (n=15)

ovarian tissues by using quantitative Real-time PCR. HK2

mRNA expression was significantly higher in malignant

ovarian tissues than in normal, benign, and borderline ovar-

ian tissues. There was no significant difference among the

normal, benign, and borderline ovarian tissues in the HK2

mRNA level. HK2 mRNA level was considerably higher in

Stage III/IV than that in Stage I/II of the ovarian epithelial

carcinomas. They then compared the HK2 mRNA expres-

sion in serous epithelial carcinomas with that in other ep-

ithelial histotypes. There was considerably difference

between the two groups (p < 0.05). It was concordant with

the immunohistochemical expression profiles (Figure 3).

Discussion

This study reports an HK2 expression in both protein and

mRNA levels in ovarian tissues. We found that the expres-

sion of HK2 was cytoplasmic. Previous studies indicated

that HK2 is bound to mitochondria, consistent with our

findings. The authors have analyzed for the first time that

HK2 expression among different histological types of ovar-

ian epithelial tissues. An interesting finding was that ma-

lignant epithelial ovarian tissues were specifically HK2

over expression compared with normal, benign and bor-

derline epithelial ovarian tissues. Further more, malignant

serous epithelial ovarian tissues were characterized by an

abnormally high HK2 expression both in protein and

mRNA level in all the malignant epithelial ovarian tissues.

We concluded that HK2 over expression may participate in

the development of ovarian cancer, especially in serous ep-

ithelial ovarian cancer. Further in vitro studies should be

carried out to confirm it.

Warburg pointed out that even under aerobic conditions

cancer cells can also provide energy largely dependent on

the glycolytic pathway [3]. Active glycolysis is a specific

metabolic characteristic in malignant cells. In clinic, based

on the difference in glucose metabolism between malignant

Figure 3. — Real-time PCR analysis revealed the HK2 mRNA

expression in ovarian tissues. A) HK2 mRNA expression in ma-

lignant ovarian tissues was significantly higher than that in nor-

mal, benign, and borderline ovarian tissues. B) HK2 mRNA level

was considerably differed between Stages I/II and III/IV in ovar-

ian epithelial carcinomas. C) HK2 mRNA expression was con-

siderably higher in serous epithelial carcinomas compared with

that in other epithelial histotypes (**p < 0.05).



Expression of hexokinase 2 in epithelial ovarian tumors and its clinical significance in serous ovarian cancer 523

and normal cells, [18F]-fluorodeoxyglucose positron emis-

sion tomography (FDG-PET) was applied to diagnose and

monitor malignant tumors. FDG-PET has a large advantage

in the detection of early stage, recurrence, and metastasis in

malignant ovarian epithelial tumors [7]. It conversely con-

firmed a high glycolytic rate in ovarian cancer. 

Hexokinase catalyzes the first step of the glycolytic path-

way. Previous studies have shown that the overexpression of

HK2 in malignant tumors, including liver [8], brain [9],

stomach [10], and pancreas [11] cancers, plays a pivotal role

in glucose metabolism and was correlated with malignancy

and prognosis. In this study, the authors found that HK2 ex-

pression was significantly higher in malignant ovarian tis-

sues than in normal ovary, benign, and borderline ovarian

neoplasm tissues. It provides the evidence that malignant

ovarian tumors is in an active glycolysis state and the mo-

lecular elucidation for the FDG-PET application in ovarian

cancer patients. However, studies in malignant melanoma

[12] and breast cancer [13] reported that HK2 played no role

in FDG uptake. They suggested that tumor heterogenicity

may contribute to the different relationships between HK2

expression and FDG uptake and that other rate-limiting step

of cellular FDG uptake like GLUT-1 may dedicate to it [12].

In ovarian tumors no research has been done in the rela-

tionship between the HK2 activity and FDG uptake. 

Bustamante and Pedersen  [14] first found that HK2 was

one of the fundamental protein components which en-

hanced the malignant liver cells glycolysis. Later studies

confirmed that HK2 is strategically harbored on the outer

mitochondrial membrane protein voltage-dependent anion

channel (VDAC) [5]. In this way, HK2 gains preferential

access to mitochondrial generated ATP and escapes from

inhibition by its product G-6-P. Overproduced HK2 in liver

cancers brings about glycolysis and biosynthetic metabolic

pathways providing optimal support for uncontrolled tumor

proliferation. In addition, HK2-VDAC appeared to help

cancer cells survival from apoptosis. One elucidation is that

HK2 binding to VDAC suppresses the release of mito-

chondrial intermembrane space proteins and inhibits apop-

tosis, but the precise mechanism remains unknown. On the

other hand, the lactic acid produced by the tumors con-

tributes tumor acidic microenvironment, which helps tumor

progression either by suppressing attacks by the immune

system, facilitating tumor local invasion and metastasis, or

both [15]. 

In current study, the association between HK2 expres-

sion, cancer stage, differentiation grade, and histological

type might therefore suggest that abnormal glycolysis was

an outstanding feature in ovarian epithelial cancers, espe-

cially in serous cancers. HK2 expression differed signifi-

cantly in advanced and poorly differentiated when

compared with early and well/moderate differentiated ovar-

ian epithelial cancers. These results may indicate that the

advanced and poorly differentiated cancer cells lead higher

glycolysis rate.

The important role of HK2 in both glycolysis and apop-

tosis makes HK2 an attractive therapeutic target. In-

hibitors of HK2, such as 2-deoxy-D-glucose (2-DG) and

3-bromopyruvate (3-BrPA), have already appeared in pre-

clinical trials. Two previous studies have already indicated

that the HK2 expression condition was not well known in

ovarian caners. 2-DG, a glucose analog that is phospho-

rylated by hexokinase and its phosphorylated molecule

(2-DG-6P) cannot be metabolized, appeared as a new

therapeutic agent against ovarian caner cell lines in vitro

[16]. To date, no in vivo clinical trials for 2-DG were

found in ovarian cancers. In another recent study, cisplatin

induced ovarian tumor-initiating cells (TICs) which were

resistance to chemotherapy were sensitive to combination

treatment with cisplatin and 3-BrPA, which dissociates

HK2 from mitochondria binding site [17]. The present

study provides the HK2 expression evidence in ovarian

epithelial cancers to further elucidate the molecular basis.

However, more studies are needed to explore HK2 tar-

geted therapies in ovarian cancers. Studies in other tumors

indicated that agents that could detach HK2 from mito-

chondria would have a very small impact on normal cells

but would sensitize malignant cells to a second hit from

conventional chemotherapeutic agents, thus placing ma-

lignant cells on the verge of death [18-20].

Conclusion

This study confirmed that HK2 is specifically overex-

pressed in epithelial ovarian caners, especially in pro-

gressive serous ovarian cancers. Therefore targeting

mitochondrial-HK2 to induce tumor cells apoptosis may

represent a promising strategy to overcome chemo-insen-

sitivity and chemo-resistance in ovarian epithelial can-

cers. HK2 targeted drug may enhance therapeutic efficacy

or combat drug resistance when combined with current

conventional chemotherapy drugs in serous epithelial

ovarian cancer. Further studies would focus on the possi-

bility that HK2 expression as a specific molecular marker

for the HK2 inhibitor combined chemotherapy regimen in

serous epithelial ovarian cancer.
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