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Abstract. Clusterin (CLU), a multifunctional glycoprotein, 
is ubiquitously produced in mammalian tissues. CLU has 
been shown to play significant roles in many of the biological 
behaviours of human tumors, such as cell proliferation, 
apoptosis, chemoresistance and angiogenesis. However, the 
relationship of CLU expression with angiogenesis in ovarian 
cancer has not been studied. A total of 275 epithelial ovarian 
tumors were obtained from archives of paraffin‑embedded 
tissues. Immunohistochemical (IHC) staining for CLU and 
vascular endothelial growth factor (VEGF) was performed 
on a tissue microarray (TMA) including 181 primary ovarian 
epithelial cancer, 40 borderline ovarian tumors and 54 ovarian 
cancer mesenteric metastasis samples. Of the 174 cases, over-
expression of CLU and VEGF were detected in 107 (61.5%) 
and 109 (62.9%) cases of primary ovarian carcinoma, respec-
tively. Of the 107 cases of primary ovarian carcinoma with 
overexpression of CLU, expression of VEGF was increased in 
82 (75.2%) cases. However, in another 67 cases without CLU 
overexpression, overexpression of VEGF was observed in only 
27 (24.8%) cases (P<0.05). Overexpression of CLU in epithe-
lial ovarian cancer appears to be correlated with increased 
tumor angiogenesis, consistent with the established role of 
CLU as an oncogene in the biology of ovarian cancer. In the 
treatment of ovarian cancer, these two markers may be used in 
the selection of patients for targeted therapy.

Introduction

Ovarian cancer is one of the three female genital malignant 
tumors. Its peak incidence is at ≥45 years, and such genital 
malignancies have a high mortality rate. Despite advances 
in the treatment of ovarian cancer, the incidence of ovarian 
cancer is on the increase in Asian countries such as China 
and Singapore. Recent cancer statistics have demonstrated 
the 5‑year survival rate of ovarian cancer to be ~44% (1). If 
the tumor is found when it is localized, the 5‑year survival 
rate is ~92%. However, ~70% of patients diagnosed with 
ovarian cancer at an advanced stage (FIGO III/IV), have 
a 5‑year survival rate of only 27% (1). It is well known that 
epithelial ovarian cancer is the most common pathological 
type of ovarian cancer. Moreover, the progression of ovarian 
cancer is considered to be the complex pathophysiology of a 
number of genes to change the multistep process. Therefore, 
the molecular carcinogenic mechanisms of closely related 
genes in ovarian cancer and their clinical significance, as well 
as early diagnosis using ovarian cancer molecular markers 
and new therapeutic targets, is the key to improving the life of 
patients with ovarian cancer.

In a previous study, clusterin (CLU) was identified as indi-
cator that can be used to determine the prognosis of ovarian 
cancer (2). Human CLU gene is located on chromosome 
8p21, contains a glycoprotein composed of 1,651 bp encoding 
448 amino acids. CLU protein, cleaved from a cytoplasmic 
protein, was originally derived from rat testis fluid. Due to 
its phytohemagglutinin‑like properties, it promotes suspen-
sion cell aggregation known as cluster agglutinin (CLU). 
Subsequently, CLU is widely expressed in human and mamma-
lian tissues and secreted in many human body fluids. CLU has 
numerous biological functions, such as anti‑apoptosis, cell 
cycle regulation, DNA repair, cell adhesion, tissue remodeling, 
lipid reconstruction and transfer, membrane reuse, as well 
as oxidative stress and aging (3). Previous studies confirmed 
that, many physiological functions of CLU are important in 
the development of certain human malignancies, such as hepa-
tocellular carcinoma, ovarian cancer, colon cancer, bladder 
cancer, breast cancer, and non‑small cell lung cancer (4‑9).

In 1983, Senger et al (10) identified a factor in the guinea 
pig tumor cell lines, designated as VPF, and confirmed that 
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this factor was able to promote tumor angiogenesis for the 
first time (10). VPF was demonstrated to have a specific 
promotion angiogenesis effect, termed vascular endothelial 
growth factor (VEGF) (11). VEGF, in normal physiological 
conditions, is crucial in the maintenance of organ func-
tion. As with normal ovarian tissue, VEGF is involved in 
maintaining ovarian cyclical endocrine function (12). In the 
malignant tumors of a variety of solid tissues, VEGF was 
involved in angiogenesis, tumor development and invasion 
(13). In ovarian cancer, it has been previously shown that 
VEGF can produce normal and functional ovarian surface 
epithelial cells into the ascites inducing tumor cells (13). 
Ovarian cancer cells in vitro and in vivo can generate a large 
number of VEGF. VEGF has been considered a serological 
marker for ovarian cancer and for the prognosis thereof (12). 
Expression of VEGF in ovarian cancer is therefore associated 
with a number of growth factors, such as hypoxia‑inducible 
factor 1‑α, placental growth factor, tumor necrosis factor‑α 
(TNF‑α), matrix metalloproteinases and lysophosphatidic 
acid (14‑19). However, the relationship between the expres-
sion of CLU and VEGF in ovarian cancer has not been 
reported.

The main purpose of this study was to examine CLU and 
VEGF expression in epithelial ovarian cancer and to analyze 
their possible relationships in ovarian cancer progression. 
In addition, we aimed to understand the role of CLU in the 
progression of ovarian cancer.

Materials and methods

Patients and tissue specimens. In this study, a total of 
275  epithelial ovarian tumors (including 181  primary 
ovarian epithelial cancer, 40  borderline ovarian tumors 
and 54  ovarian cancer mesenteric metastasis samples) 
were obtained from archives of paraffin‑embedded tissues 
between 1996 and 2008 at the Department of Pathology, 
Cancer Center and the First Affiliated Hospital, Sun 
Yat‑Sen University (Guangzhou, China). These 181 tumors 
consisted of 119 serous carcinoma, 23 mucinous carcinomas 
and 39 other types of carcinoma (endometroid, clear cell 
and undifferentiated). None of the patients underwent any 
chemotherapy prior to the surgery. The cancer cases selected 
were based on availability of resection tissue and follow‑up 
data. The clinical and pathological data are provided in 
Table I. For the use of these clinical materials for research 
purposes, prior patient consent as well as approval from the 
Institute Research Medical Ethics Committee of Sun Yat‑Sen 
University were obtained.

Tissue microarray (TMA). TMAs were constructed as 
described in a previous study (20). Tissue HE staining was 
observed under the microscope slides, and typical lesions 
(cancer‑rich) were identified, according to observations of the 
‘donor’ paraffin‑embedded tissue corresponding to the typical 
marked lesions, while preparing for an unorganized blank 
wax block as a ‘recipient’ paraffin block. Then, using a tissue 
microarray production machine (Beecher Instruments, Silver 
Spring, MD, USA), 0.6 mm diameter cylindrical desired target 
tissue was removed from the ‘donor’ paraffin‑embedded tissue 
specimens, and a preset ‘receptor’ was inserted within the 

hollow wax block. The procedure was repeated, and specimens 
were arranged in a micro‑tissue array, made of paraffin TMA. 
Multiple sections (5 µm) were cut from the TMA block and 
mounted on microscope slides. In order to ensure the validity 
of TMA, three cores of the samples were selected from each 
tumor tissue.

Immunohistochemical staining. Immunohistochemical 
(IHC) staining for CLU and VEGF was performed on an 
ovarian tumor TMA. Mouse anti‑human clusterin mono-
clonal antibody (Clone 41D, in Upstate Biotechnology; 
1/100  dilutions) was used for antigen retrieval. As the 
negative control, 10  cases of normal ovarian tissue were 
immunohistochemically stained using the same antibody 
and staining procedure. A staining index (0‑9) was obtained 
for each sample by multiplying the staining intensity (0‑3: 0, 
negative; 1, weak; 2, moderate and 3, strong) with percent-
ages of positively stained cells (1‑3: 1, ≤10%; 2, 10‑50% and 
3, ≥50%). Protein expression with a scoring index of ≥4 was 
considered to be overexpressed. Use of the staining index of 
4 as the cut‑off to divide between positive and negative CLU 
IHC staining results was based on the CLU IHC staining 
results of 10 normal ovarian samples, the staining indices of 
which ranged from 0 to 4.

For VEGF, assessment of the results was in accordance 
with the staining intensity and percentage of positive cells. 
According to the same scoring methods as CLU, the protein 
expression with a scoring index of ≥4 was considered to be 
overexpressed. Observations were recorded and assessed by 
two independent pathologists, who were blind to the identity 
of the samples.

Statistical analysis. Statistical analysis was performed using 
the SPSS statistical software package (SPSS Standard version 
13.0, SPSS Inc., Chicago, IL, USA). The test was used to 
evaluate differences in CLU and VEGF expression between 
two categories of tissues. The association between variables 
was assessed by the Chi‑square analysis. In all cases, differ-
ences with a P<0.05 were considered to indicate a statistically 
significant difference.

Results

CLU expression in ovarian tissues and metastasis tissues. 
CLU expression could be evaluated informatively in 174/181 
of ovarian carcinomas, 37/40 of borderline tumors and 53/54 
of metastasis tissues in TMA tissues. The non‑informative 
TMA samples included unrepresentative samples, samples 
with insufficient tumor cells (<300 cells per case) and lost 
samples. According to the abovementioned definition, the 
overexpression of CLU was detected in 107/174 (61%) primary 
ovarian carcinomas. The decreasing frequencies of CLU 
expression in primary ovarian carcinomas (61%), in borderline 
tumors (62%) and in metastasis (37%) indicated a significant 
difference (P<0.05, Table II). IHC staining of CLU protein is 
shown in Fig. 1A‑D.

Association of CLU expression with ovarian carcinoma and 
patient clinicopathological characteristics. The association 
between CLU expression in ovarian carcinomas and several 
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known clinicopathological characteristics was investigated. 
CLU expression was positively correlated with histological 
grade and type (P<0.05, Table III). No significant correla-
tion was obtained between CLU expression and FIGO stage, 
pT/pN/pM status, patient age (P>0.05, Table III).

VEGF expression in ovarian tissues and metastasis tissues. 
VEGF expression could be evaluated informatively in TMA 
tissues of 174/181 of ovarian carcinomas, 36/40 of borderline 
tumors and 53/54 of metastasis tissues. Overexpression of 
VEGF was detected in 109/174 (63%) of primary ovarian carci-

Table I. Clinicopathological parameters for the prognosis of 174 patients with invasive ovarian carcinoma by univariate survival 
analysis (log‑rank test).

		  Mean survival	 Median survival
Variable	 All cases	 (months)	 (months)	 P‑value

Age at surgery (years)				    0.889
  ≤50a	 89	 80.4	 66.0
  >50	 85	 81.4	 62.0
Histological type				    0.757
  Serous	 115	 76.1	 62.0
  Mucinous	 22	 79.8	 NRb

  Othersc	 37	 97.1	 NR
Histological grade (Silveberg)				    0.015
  G1	 31	 108.0	 136.0
  G2	 102	 74.9	 64.0
  G3	 41	 49.1	 29.0
pT status				    0.001
  pT1	 48	 114.2	 NR
  pT2	 34	 80.4	 NR
  pT3	 92	 63. 7	 35.0
  pN status				    <0.001
  pN0	 86	 92.8	 136.0
  pN1	 88	 55.9	 39.0
pM status				    <0.001
  pMX	 150	 89.6	 136.0
  pM1	 24	 23.0	 13.0
FIGO stage				    <0.001
  I	 33	 130.4	 NR
  II	 20	 113.7	 NR
  III	 97	 69.0	 39.0
  IV	 24	 23.0	 13.0

aMean age. bNot reached. cEndometrioid, clear cell and undifferentiated types.

Table II. The expression of CLU in epithelial ovarian carcinomas, borderline ovarian tumors and metastasis.

	 CLU protein expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Item	 All cases	 (‑), n (%)	 (+), n (%)	 P‑valuea

Tissue				    0.015
Epithelial ovarian carcinomas	 174	 67 (39)	 107 (61)
Borderline ovarian tumors	 37	 14 (38)	 23 (62)
Metastasis	 53	 32 (60)	 21 (40)

aChi‑square test. CLU, clusterin.
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nomas. In borderline ovarian tumors and metastasis tissues, 
the VEGF expression rate was 19% (7/37) and 94% (50/53), 
respectively. The difference of expression levels was statisti-
cally significant (P<0.05, Table IV). Immunohistochemical 
staining of VEGF is shown in Fig. 1E‑F.

Association of VEGF expression with ovarian carcinoma 
patient clinicopathological characteristics. The association 
between VEGF expression in ovarian carcinomas and several 
known clinicopathological characteristics was examined. 
VEGF expression was positively correlated with histological 
type and grade (P<0.05, Table V). No significant correlation 
was observed between VEGF expression and pT/pN/pM status, 
FIGO stage and patient age (P>0.05, Table V).

Association between the expression of CLU and VEGF in 
ovarian cancer tissues. Protein overexpression of CLU and 
VEGF was detected in 107 (61%) and 109 (63%) cases, respec-
tively. However, in 107 cases of CLU protein overexpression, 
the rate of overexpression and negative expression of VEGF 
were 82 (77%) and 25 (23%) cases, respectively, reflecting a 
significant increase of CLU protein expression and an increase 
in VEGF expression in ovarian cacinoma. The Chi‑square 
test revealed a positive correlation between VEGF and CLU 
expression (r=0.343, P<0.05, Table VI).

Discussion

In recent years, there has been a marked improvement in the 
treatment of ovarian cancer, although the mortality rate of 
ovarian cancer remains high. Recent statistics show that the 
5‑year survival rate of ovarian cancer is 44%, whereas for 
advanced stage, the 5‑year survival rate is <30% (1). The lack 
of available biological markers for accurate prediction of clini-
copathological parameters and prognosis largely contribute to 
the high mortality rate of ovarian cancer. Early cancer detec-
tion and the lack of novel therapeutic targets may yield new 
strategies for the treatment of ovarian cancer. The incidence 
of occult ovarian tumors is difficult to be diagnosed at an 
early stage as no symptoms are evident at this stage. Thus, the 
prognosis for the majority of patients diagnosed with ovarian 
cancer at an advanced stage, is poor. Therefore, the identifica-
tion of novel genetic biomarkers is crucial as this would allow 
the early detection of cancer, provide new therapeutic targets 
for cancer treatments and ultimately improve survival for 
patients with ovarian carcinoma.

CLU has numerous biological functions, such as anti‑apop-
tosis, cell cycle regulation, DNA repair, cell adhesion, tissue 
remodeling, lipid reconstruction and transfer, the membrane 
reuse, as well as oxidative stress and aging (3). In a recent 
study, it was concluded that CLU is a potential molecular 

Figure 1. Immunohistochemical (IHC) staining of clusterin (CLU) and vascular endothelial growth factor (VEGF) in human ovarian tissues. Examples of 
negative clusterin expression [(B) staining index of 0], moderate clusterin expression [(C) staining index of 6] and high clusterin expression [(D) staining index 
of 9] are shown. Magnifications: (A) x40; (B‑D) x200. (E) Negative expression of VEGF was observed in a normal surface epithelium of ovary (magnification, 
x400). (F) Overexpression of VEGF was detected in an ovarian carcinoma (magnification, x400). 

  A   B

  C   D

  E   F
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target for predicting survival, while the targeting of this 
s‑CLU may improve survival of patients with ovarian cancer 
(21). We previously reported that the overexpression of CLU 
protein was correlated with more aggressive clinical behavior 
in ovarian cancer (2). However, no studies have confirmed the 

carcinogenic mechanism of the CLU gene in ovarian cancer. 
This study aimed to dectect CLU gene and VEGF expression 
in ovarian cancer and to analyze the association and possible 
carcinogenic mechanism of CLU in ovarian cancer. In our 
study, CLU expression could be evaluated informatively in 

Table III. Association of CLU expression with patient clinicopathological characteristics in epithelial ovarian carcinomas.

	 CLU protein expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 All cases	 (‑), n (%)	 (+), n (%)	 P valuea

Age at surgery (years)				    0.692
  ≤50.7	 89	 33 (37)	 56 (63)
  >50.7	 85	 34 (40)	 51 (60)
Histological type				    0.002
  Serous	 115	 35 (30)	 80 (70)
  Mucinous	 22	 15 (68)	 7 (32)
  Others	 37	 17 (46)	 20 (54)
Histological grade (Silverberg)				    0.004
  G1	 31	 20 (65)	 11 (35)
  G2	 102	 34 (33)	 68 (67)
  G3	 41	 13 (32)	 28 (68)
pT status				    0.471
  pT1	 48	 20 (42)	 28 (58)
  pT2	 34	 10 (29)	 24 (71)
  pT3	 92	 37 (40)	 55 (60)
pN status				    0.557
  pN0	 86	 35 (41)	 51 (59)
  pN1	 88	 32 (36)	 56 (64)
pM status				    0.575
  pMX	 150	 59 (39)	 91 (61)
  pM1	 24	 8 (33)	 16 (67)
FIGO stage				    0.243
  I	 33	 17 (52)	 16 (48)
  II	 20	 5 (25)	 15 (75)
  III	 97	 37 (38)	 60 (62)
  IV	 24	 8 (33)	 16 (67)

aChi‑square test. CLU, clusterin.

Table IV. VEGF expression in epithelial ovarian carcinomas, borderline ovarian tumors and metastasis.

	 VEGF
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Item	 All cases	 (‑), n (%)	 (+), n (%)	 P‑valuea

Tissue				    <0.001
Epithelial ovarian carcinomas 	 174	 65 (37)	 109 (63)
Borderline ovarian tumors	 36	 28 (78)	 8 (22)
Metastasis	 53	 2 (4)	 51 (96)

aChi‑square test. VEGF, vascular endothelial growth factor.
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174/181 of ovarian carcinomas, 37/40 of borderline tumors and 
53/54 of metastasis tissues in TMA tissues. The decreasing 
frequencies of CLU expression in primary ovarian carcinomas 
(61%), in borderline tumors (57%) and in metastasis (37%) 
exhibited a significant difference (P<0.05).

In ovarian cancer, it was previously shown that VEGF is 
capable of producing normal and functional ovarian surface 

epithelial cells into ascites inducing tumor cells (13). Ovarian 
cancer cells in vitro and in vivo can generate a large number 
of VEGF. VEGF has been considered to be used as a sero-
logical marker for ovarian cancer as well as for the prognosis 
of ovarian cancer (12). It has been confirmed that a high 
expression of VEGF in ovarian cancer occurs due to lack of 
oxygen and a variety of growth factors including insulin‑like 
growth factor‑1 and EGF and platelet-derived growth factor, 
transforming growth factor‑β and TNF‑α in ovarian cancer 
have been proven to promote VEGF expression (18). In ovarian 
cancer, the association of VEGF with CLU expression has not 
been reported. In the present study, in the 107 cases of CLU 
protein overexpression, the rate of overexpression and nega-
tive expression of VEGF were 82 (77%) and 25 (23%) cases, 
respectively, reflecting a significant increase of CLU protein 
expression and an increase in VEGF expression in ovarian 
carcinoma. Further analysis confirmed that a positive correla-
tion was observed between VEGF and CLU expression. CLU 
overexpression may promote the expression of VEGF leading 
to angiogenesis in ovarian cancer. The above findings provide 
further evidence for CLU as an oncogene in the biology of 
ovarian cancer.

Table V. Association of VEGF expression with patient clinicopathological characteristics in epithelial ovarian carcinomas.

	 VEGF
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 All cases	 (‑), n (%)	 (+), n (%)	 P‑valuea

Age at surgery (years)				    0.696
  ≤50.7	 89	 32 (36)	 57 (64)
  >50.7	 85	 33 (39)	 52 (61)
Histological type 				    0.146
  Serous	 115	 38 (33)	 77 (67)
  Mucinous	 22	 12 (55)	 10 (45)
  Others	 37	 15 (41)	 22 (59)
Histological grade (Silveberg)				    0.031
  G1	 31	 18 (58)	 13 (42)
  G2	 102	 34 (33)	 68 (67)
  G3	 41	 13 (32)	 28 (68)
pT status				    0.112
  pT1	 48	 23 (48)	 25 (52)
  pT2	 34	 14 (41)	 20 (59)
  pT3	 92	 28 (30)	 64 (70)
pN status				    0.066
  pN0	 86	 38 (44)	 48 (56)
  pN1	 88	 27 (31)	 61 (69)
pM status				    0.372
  pMX	 150	 58 (39)	 92 (61)
  pM1	 24	 7 (29)	 17 (71)
FIGO stage				    0.087
  I	 33	 18 (55)	 15 (45)
  II	 20	 9 (45)	 11 (55)
  III	 97	 31 (32)	 65 (68)
  IV	 24	 7 (29)	 17 (71)

aChi‑square test. VEGF, vascular endothelial growth factor.

Table VI. Association between the expression of clusterin 
(CLU) and VEGF in ovarian cancer tissues.

	 CLU protein expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
VEGF protein expression	 (‑)	 (+)	 P‑value

(‑)	 40	 25	 <0.001
(+)	 27	 82

Chi‑square test, 23.247. r=0.343. VEGF, vascular endothelial growth 
factor.
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VEGF is involved in the progression of a variety of 
malignant tumors, leading to a poor prognosis. The use of 
bevacizumab in clinical practice for drug‑resistant ovarian 
cancer patients has been beneficial (22). However, due to its 
high cost, bevacizumab is used only as a second‑line treatment 
for malignant tumors. Treatments often fail to achieve satis-
factory results when tumor cells are multi‑drug resistant. The 
present study has demonstrated the close correlation between 
CLU and VEGF expression in primary ovarian cancer. In clin-
ical practice, in order to obtain higher efficiency and to reduce 
adverse drug reactions and treatment costs, the combined use 
of CLU and VEGF may be applied to the selection of patients 
for bevacizumab treatment.

In conclusion, overexpression of CLU in epithelial ovarian 
cancer appears to be correlated with increased tumor angio-
genesis, which is consistent with the established role of CLU 
as an oncogene in the biology of ovarian cancer. In the treat-
ment of ovarian cancer, these two markers may be useful in the 
selection of patients for targeted therapy.
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