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 Background: Advanced-stage serous ovarian carcinoma results in the majority of deaths from ovarian carcinoma. The his-
tone chaperone, Holliday junction-recognizing protein (HJURP), binds with centromere protein-A (CENP-A) and 
its expression has been shown to be a prognostic biomarker in some cancers. The aim of this study was to in-
vestigate the role of HJURP expression in advanced-stage serous ovarian carcinoma.

 Material/Methods: Ninety-eight patients with advanced-stage serous ovarian carcinoma, who had tumor tissue samples available, 
were studied. Expression levels of HJURP were detected using immunohistochemistry (IHC) and were correlat-
ed with HJURP expression and patient clinicopathological factors. Fisher’s correlation coefficient, Kaplan-Meier 
survival curves, the log-rank test, and Cox’s regression proportional hazards model were performed to analyze 
the significance of factors affecting survival rate and independent prognostic factors.

 Results: Increased expression levels of HJURP in advanced-stage serous ovarian carcinoma were found in 33.67% 
(33/98) of cases; low expression levels of HJURP were found in 66.33% (65/98) of cases. High expression lev-
els of HJURP were significantly associated with lymph node metastases (P=0.018), and lower overall surviv-
al (P=0.002). HJURP expression was identified as an independent prognostic biomarker for patients with ad-
vanced serous ovarian cancer in this study group of 98 patients (P=0.013).

 Conclusions: Increased expression of HJURP was identified as an independent negative prognostic biomarker for patients 
with advanced serous ovarian cancer in this study. Further studies are required to determine whether HJURP 
expression in serous ovarian carcinoma may have a role in guiding clinical management by stratifying patients 
according to risk.
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Background

Worldwide, ovarian cancer is the fourth most common cause 
of cancer-related deaths in women and advanced-stage serous 
ovarian carcinoma results in the majority of deaths from ovar-
ian carcinoma [1]. The high mortality rate for ovarian cancer 
is due to the lack of symptoms when the tumor is early-stage, 
and the high recurrence rate following surgical treatment [2]. 
Epithelial ovarian carcinoma accounts for approximately 90% 
of all ovarian cancers and can be further divided histological-
ly into serous, endometrioid, clear cell, and mucinous adeno-
carcinoma. Annually, advanced-stage serous ovarian carcino-
ma leads to the majority of epithelial ovarian cancer deaths 
in the United States [3]. Although recent surgical and che-
motherapy treatment regimens for serous ovarian carcinoma 
have been improved rapidly, the 5-year overall survival (OS) 
for ovarian carcinoma is still unsatisfactory, ranging from be-
tween 25–35% [4]. The validation of diagnostic and prognos-
tic biomarkers for epithelial ovarian carcinoma is still emerg-
ing, and there remains a need for biomarkers that can predict 
prognosis or response to specific therapies, particularly in the 
era of targeted personalized treatment.

The centromere is a particular component of the eukaryotic 
chromosome, which is required for the assembly of the kinet-
ochore during cell division. The maintenance of a normal cen-
tromere is critical for gene stability, and defects of the chromo-
some lead to aneuploidy and tumorigenesis [5]. The structure 
of the centromere has not been previously well investigated, 
but centromere protein-A (CENP-A) has been shown to be re-
sponsible for the assembly and the stability of centromeres [6]. 
CENP-A can be deposited on centromeric DNA by associating 
with chaperone proteins in the form of a CENP-A pre-nucleo-
somal complex [7].

The histone chaperone, Holliday junction-recognizing pro-
tein (HJURP), binds with centromere protein-A (CENP-A), and 
its expression has been shown to be a prognostic biomarker 
in some cancers [8]. HJURP has dual roles in DNA repair and 
chromosome segregation during mitosis, and the ectopic ac-
tivation of HJURP has been shown to be associated with the 
immortality of cancer cells [7]. Overexpression of HJURP has 
now been reported in hepatocellular carcinoma and breast can-
cer [9,10]. However, there remains limited understanding on 
whether HJURP expression is a prognostic biomarker in ovarian 
cancer, despite continuing reports of HJURP in carcinogenesis.

The aim of this study was to investigate the role of HJURP ex-
pression in advanced-stage serous ovarian carcinoma, using 
immunohistochemistry (IHC), and to evaluate its prognostic 
value in this important cancer.

Material and Methods

Patients and ethics

Between 2009–2015, 388 patients underwent surgery for ovar-
ian carcinoma at the Affiliated Hospital of Shandong Medical 
College and the Linyi Peoples’ Hospital. Ninety-eight patients 
were diagnosed with advanced-stage serous ovarian carcino-
ma by routine histopathology. Patients were diagnosed with 
TNM Stage IIIB–IV ovarian carcinoma, according to the cur-
rent of the American Joint Committee on Cancer (AJCC) and 
Union for International Cancer Control (UICC) staging system.

Of the total number of 388 patients treated for ovarian cancer, 
98 patients with advanced-stage serous ovarian cancer were 
selected using the following study inclusion criteria: tumor 
tissue was available for histology and immunohistochemistry 
(IHC); patients were available for clinical follow-up following 
treatment; none of the patients had chemotherapy or radio-
therapy before surgery; all patients were treated with system-
ic platinum-based chemotherapy following surgery; and, there 
were no post-operative complications, and no other types of 
tumor were identified. The optimal cytoreductive surgical sta-
tus was defined as the presence of residual tumor of no more 
than 1.0 cm in diameter [11].

Tissue samples of serous ovarian carcinoma were all obtained 
from the Pathology Department of the Affiliated Hospital of 
Shandong Medical College and the Linyi Peoples’ Hospital, with 
the written informed consent of the patients or their families.

Immunohistochemistry (IHC) for Holliday junction-
recognizing protein (HJURP)

The streptavidin-biotin-complex immunoperoxidase immuno-
histochemistry (IHC) method was used to detect the expres-
sion of Holliday junction-recognizing protein (HJURP) in tumor 
tissues, according to the method previously reported [12–14]. 
Briefly, the tumor tissue samples were deparaffinized in xy-
lene and rehydrated in graded alcohols, and then washed in 
citrate buffer to improve antigen retrieval. Endogenous per-
oxidase was blocked by incubation in 3% hydrogen peroxide 
for 10 minutes, and the non-specific antibody binding was 
blocked using phosphate buffered saline (PBS) containing 5% 
bovine serum albumin (BSA). The mouse monoclonal prima-
ry antibody to Holliday junction-recognizing protein (HJURP) 
(1: 200) (Catalog No. ab175577) (Abcam Ltd., Cambridge, UK) 
was incubated on the tissue sections overnight at 4°C. After 
washing three times with PBS, the secondary antibody, labeled 
with streptavidin-biotin peroxidase was added and incubates 
followed by washing with PBS, followed by incubation with 
3,3’-diaminobenzidine (DAB) solution for visual localization of 
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the immunostaining (brown), and the sections were counter-
stained with hematoxylin, and mounted with glass coverslips.

Visual scoring for the IHC localization of HJURP was evaluated 
by two senior pathologists, who were unaware of the clinical 
data of the patients. The IHC score was defined, as previous-
ly described, as the product of staining intensity multiplied by 
the percentage of positive cells [15,16]. The IHC staining inten-
sity was defined as: negative (0), weak (1), moderate (2) and 
strong (3); the positive cell percentage was scored as: 1 (<25% 
positive cells); 2 (25–50% positive cells); 3 (50–75% positive 
cells); 4 (75–100% positive cells). Tumor tissue samples from 
the 98 patients were divided into the group with high HJURP 
expression, and the group with a low HJURP expression The 
cut-off IHC expression level was set as the point with the great-
est combined of sensitivity plus specificity in the receiver op-
erating characteristic (ROC) curve.

Statistical analysis

All the data were analyzed using SPSS 22.0 software (IBM, 
Chicago, IL, USA). Fisher’s correlation coefficient was used to 
evaluate the relationship between the expression of HJURP 
expression and the clinicopathological factors. Kaplan-Meier 
survival curves were constructed, the log-rank test was used 
to analyze the statistical differences. The Cox regression pro-
portional hazards model were performed to analyze the sig-
nificance of factors affecting survival rate and independent 
prognostic factors. A P-value <0.05 was statistically significant.

Results

Expression of Holliday junction-recognizing protein 
(HJURP) in serous ovarian cancer tissues

The findings of this study showed that Holliday junction-rec-
ognizing protein (HJURP) was mainly expressed in the nucle-
us of serous ovarian cancer cells (Figure 1A, 1B). This pattern 
of immunolocalization was consistent with previously report-
ed findings in malignant human cells and was consistent with 
the known binding of centromere protein-A (CENP-A) in cen-
tromeres. Of the 98 cases of advanced-stage serous ovarian 
cancer and the tissue samples studied, increased expression 
levels of HJURP in advanced-stage serous ovarian carcinoma 
were found in 33.67% (33/98) of cases; low expression levels of 
HJURP were found in 66.33% (65/98) of cases. High expression 
levels of HJURP were significantly associated with lymph node 
metastases (P=0.018), and lower overall survival (P=0.002).

The correlation between HJURP expression and patient 
clinicopathological factors

Table 1 summarizes the clinicopathological features in the 98 
patients studied, including the age of patients, the histolog-
ical grade of the serous ovarian carcinomas, tumor size, the 
presence of lymph node metastasis, the TNM stage, response 
to chemotherapy, and the surgical cytoreduction status. The 
correlation between HJURP expression and the patient clin-
icopathologic factors was analyzed with Fisher’s correlation 
coefficient (Table 1).

High expression levels of HJURP in tissue samples of serous 
ovarian carcinoma was shown to be significantly associated 

Low expression of HJURP High expression of HJURP

A B

Figure 1.  Representative photomicrographs of the immunostaining for Holliday junction-recognizing protein (HJURP) shows low 
expression and high expression in serous ovarian carcinoma tissue samples. (A) Immunohistochemical staining shows low 
expression levels of Holliday junction-recognizing protein (HJURP). Scale bar: 50 μM. (B) Immunohistochemical staining 
shows high expression levels of Holliday junction-recognizing protein (HJURP). Scale bar: 50 μM.
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with lymph node metastasis. High expression levels of HJURP 
were significantly associated with positive lymph node me-
tastases (P=0.018), indicating that HJURP may promote the 
lymphatic invasion in serous ovarian carcinoma. High HJURP 
expression was correlated with advanced TNM tumor stage 
(P=0.053), but this association did not reach statistical signif-
icance; this finding may reflect the association between high 
HJURP expression that was associated with lymph node me-
tastasis, which is a factor in TNM tumor staging.

Correlation between HJURP expression and patient overall 
survival

Univariate analysis using Kaplan-Meier survival curves that 
compared patients with high HJURP expression and low HJURP 
expression, and the log-rank test showed that high HJURP 

expression was significantly correlated with a lower patient 
survival rate (P=0.002) (Figure 2). Also, positive lymph node 
metastasis (P=0.018), advanced TNM stage (P=0.014), and 
poor response to chemotherapy (P=0.020) were all correlated 
with poor prognosis for patients with advanced serous ovar-
ian cancer (Table 2).

Independent prognostic factors in patients with advanced-
stage serous ovarian carcinoma

Independent prognostic factors were identified and verified 
using the Cox regression proportional hazards model for pa-
tients with advanced-stage serous ovarian carcinoma. The iden-
tified prognostic factors that underwent multivariate analysis, 
including lymph node status, response to chemotherapy, and 
tumor tissue HJURP expression (Table 3). The TNM stage was 

Characters Number
HJURP

P
Low High

Age

 <50 19 14 5
0.591

 ³50 79 51 28

Histological grade

 I 14 11 3
0.277

 II 38 27 11

 III 46 27 19

Tumor size

 ³5 cm 37 23 14
0.497

 <5 cm 61 42 19

Lymph node metastasis

 No 49 38 11
0.018

 Yes 49 27 22

TNM stage

 III 49 37 12
0.053

 IV 49 28 21

Response to chemotherapy

 No 21 12 9
0.435

 Yes 77 53 24

Cytoreduction status

 Optimal 53 35 18
0.948

 Suboptimal 45 30 15

Table 1. Correlation between HJURP and clinicopatholgic factors.

* Means calculated by Fisher test; HJURP – holliday junction-recognizing protein.
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excluded because of its direct association with the lymph node 
status, which was one parameter of the TNM staging system.

Using the Cox regression hazard model, a high HJURP expres-
sion level was shown to be an independent prognostic fac-
tor for patients with advanced-stage serous ovarian carcino-
ma (P=0.013) (HR=2.18, 95% CI=1.18–4.04), indicating that 
HJURP expression was a negative prognostic biomarker of ad-
vanced-stage serous ovarian carcinoma. Also, a reduced pa-
tient response to chemotherapy was an independent prog-
nostic factor for patients with advanced-stage serous ovarian 
carcinoma (P=0.011) (HR=2.75, 95% CI=1.27–5.97). The pres-
ence of lymph node metastases resulted in a poor patient 
prognosis (P=0.059), but this association did not reach sta-
tistical significance.

Discussion

Currently, the standard first-line therapy for ovarian cancer 
is the cytoreductive surgery followed by the platinum-based 
chemotherapy combined with paclitaxel [17]. Recent develop-
ments and modifications in chemotherapy are some of the rea-
sons for improved patient survival in ovarian cancer. However, 

the development of patient treatments, including chemothera-
py, is dependent on the discovery of new prognostic biomark-
ers. The findings of this study, in 98 patients, showed that in-
creased expression of Holliday junction-recognizing protein 
(HJURP) was an independent negative prognostic biomarker 
of advanced-stage serous ovarian carcinoma. Further studies 
are required to determine whether HJURP expression in serous 
ovarian carcinoma may have a role in guiding clinical manage-
ment by stratifying patients according to risk.

The findings of this study are supported by previous in vitro 
and in vivo studies on the function and significance of HJURP 
expression in the progression of malignancy [7,18]. The biolog-
ical function of HJURP involves its interaction with centromere 
protein-A (CENP-A) and with the deposition of CENP-A in the 
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Figure 2.  Kaplan-Meier survival curves showing the correlation 
between the expression of Holliday junction-
recognizing protein (HJURP) and survival rates 
in patients with advanced-stage serous ovarian 
carcinoma. Kaplan-Meier curves show the survival 
rates of the groups of patients with advanced-stage 
serous ovarian carcinoma with high expression and 
low expression of Holliday junction-recognizing protein 
(HJURP), analyzed using the log-rank test. Patients 
with high expression of HJURP had lower survival rates 
when compared with patients with low expression of 
HJURP (P=0.002).

Characters
Univariate analysis

5-year survival rate % P

Age

 <50 41.7
0.661

 ³50 24.5

Histological grade

 I 30.3

0.339 II 36.9

 III 17.4

Tumor size 

 ³5 cm 27.8
0.863

 <5 cm 26.6

Lymph node metastasis

 No 44.4
0.018

 Yes 5.6

TNM stage

 III 34.5
0.014

 IV 19.0

Response to chemotherapy

 Yes 37.8
0.02

 No 28.2

Cytoreduction status

 Optimal 34.8
0.838

  Suboptimal 7.5

HJURP

 Low 35.0
0.002

 High 11.7

Table 2. Correlation between HJURP and survival rates.

* Means calculated by log-rank test; HJURP – holliday junction-
recognizing protein.
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centromere [19,20]. However, activation of HJURP is required 
for chromosomal stability and is also involved in immortaliz-
ing cancer cells [7]. The aberrant upregulation of HJURP has 
been reported in several human cancers, including breast can-
cer [9,10]. These findings support the role of HJURP as both a 
prognostic biomarker and also as a potential novel therapeu-
tic target for the development of anticancer drugs.

The findings of this study showed that high expression of HJURP 
was significantly associated with positive lymph node status 
(lymph node metastasis) in patients with advanced-stage se-
rous ovarian carcinoma, indicating that HJURP expression may 
promote lymphatic invasion in ovarian cancer. However, the 
role of HJURP expression in lymphatic invasion and lymph node 
metastasis requires support from future studies.

Also, the findings of this study showed that the correlation be-
tween HJURP expression and lymphatic invasion could contrib-
ute to the poorer prognosis of patients with high HJURP ex-
pression. Previous studies have shown that increased levels 
of HJURP mRNA was a prognostic factor for disease-free sur-
vival and overall survival in patients with breast cancer and 
that HJURP mRNA expression was a predictive biomarker for 
sensitivity and response to radiotherapy [10]. However, the 
role of HJURP expression as a predictive biomarker for sensi-
tivity to chemotherapy and radiotherapy require support from 
future studies.

This study has shown that the detection of HJURP expression 
levels in tumor tissue samples from patients with advanced-
stage serous ovarian carcinoma may not only be used to strat-
ify high-risk patients but also select suitable patients for ra-
diotherapy. Until now, little has been known about the role 
of HJURP expression in human cancer, and there is still no 
specific HJURP inhibitor or treatment that may block HJURP 
function in cancer cells. However, inhibitors of HJURP, or its 
downstream proteins, may be developed in future, but require 
further studies on the mechanisms of HJURP expression in hu-
man cancer progression.

Conclusions

The findings of this study have shown that increased expres-
sion of Holliday junction-recognizing protein (HJURP) was an 
independent negative prognostic biomarker in 98 patients di-
agnosed with advanced serous ovarian for patients with ad-
vanced serous ovarian carcinoma. Further studies are required 
to determine whether HJURP expression in serous ovarian car-
cinoma may have a role in guiding clinical management by 
stratifying patients according to risk.
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