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HJURP overexpression indicates unfavorable  
prognosis in osteosarcoma
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Abstract: Aim: To elucidate the expression and prognostic significance of HJURP in osteosarcoma (OS). Materials 
and methods: A total of 61 samples of OS were collected and used for the detection of HJURP by immunohisto-
chemistry (IHC). The cohort was divided into HJURP negative expression and positive expression according to the 
IHC score. We analyzed the correlation between HJURP expression and clinicopathologic factors with Chi-square 
test, and further evaluated the prognostic value of HJURP with univariate and multivariate analysis. Results: The 
positive staining of HJURP was mainly observed in cell nucleus. The percentage of HJURP positive expression was 
32.7% (20/61). Positive HJURP expression (P=0.006), advanced Enneking stage (P=0.026), tumor histopathology 
(P=0.002), positive metastasis (P=0.041) and poor response to chemotherapy (P=0.033) were proved to be signifi-
cantly associated with unfavourable prognosis with univariate analysis. Moreover, positive HJURP expression was 
identified as an independent prognostic factor of OS (HR=34.1, P=0.005) with multivariate analysis. Conclusions: 
In our study, positive HJURP expression was identified as an independent prognostic biomarker and could predict 
poorer prognosis in patients with OS, indicating HJURP as a potential therapeutic drug target of OS treatment.
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Introduction

Osteosarcoma (OS) is the most frequent solid 
malignancy of bone [1]. The morbidity of OS is 
0.2-3/100,000 in the general population world-
wide [2], but the number increased to 0.8-
11/100,000 in adolescence. OS is the third 
leading cause of cancer-related death in chil-
dren and adolescents, and about 53% OS 
occurs in ages 0 to 24 years old [3]. OS is char-
acterized by early metastasis and poor progno-
sis without treatment. It is reported that approx-
imately 80% patients with OS have metastatic 
or micro-metastatic disease at diagnosis [4], 
making chemotherapy an important approach 
of OS treatment. The survival rate of OS patients 
improved remarkably along with the develop-
ment of adjuvant therapy and surgical method. 
Identifying new biomarker and chemo-target 
for OS is still a promising way to find the effec-
tive drug target and improve prognosis of OS 
patients.  

Holliday junction recognition protein (HJURP) is 
a kind of centromeric protein that plays a cen-
tral role in the maintenance, assembling and 
recycling of histone H3-like centromeric protein 
A (CENPA) at centromeres [5], by which regulat-
ing cell mitosis and proliferation. Dysfunction of 
chromatin regulators is demonstrated to be 
involved in tumorigenesis and progression, 
including histone, histone chaperones and his-
tone-modifying enzymes [6, 7]. Among the chro-
matin regulators, HJURP overexpression was 
observed in several kinds of cancers, including 
lung cancer, gliomas and breast cancer, etc [8, 
9]. As the regulated protein of HJURP, CENP-A 
was proved to be unregulated in OS [10], but 
the clinical significance of HJURP is not eluci-
dated in OS.

In our study, we investigated the expression of 
HJURP in OS samples and divided the cohort 
into HJURP positive expression and negative 
expression group. With univariate and multivari-
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ate analysis, we further analyzed the prognos-
tic value of HJURP expression in OS. 

Materials and methods

Patients and tissue samples

Osteosarcoma specimens were collected from 
the Affiliated Hospital of Shandong Medical 
College and Linyi People’s Hospital from 2003 
to 2010. The primary cohort consisted of 174 
patients of osteosarcoma who underwent cura-
tive tumor resection in above hospitals. The 
validation cohort was selected from primary 
cohort according to the following criteria: (1) 
patients received neoadjuvant chemotherapy 
with high-dose methotrexate, adriamycin and 

cisplatin; (2) available biopsy tissue specimen 
before chemotherapy for IHC; (3) follow ups 
more than 5 months. The experiment was 
approved by the Ethics Broad of involved hospi-
tals, and the samples were obtained with the 
prior consent of the patients. Tumor response 
to the neoadjuvant chemotherapy was judged 
according to the system of Salzer-Kuntschik 
(S-K) histologic 6-graded scale [11, 12]. Clinical 
stage of OS was referred to the criteria made by 
Enneking et al [13].

Immunohistochemical staining and score

Formalin-fixed, paraffin-embedded OS tissues 
were used for immunohistochemistry. Samples 
were first incubated in xylene and graded alco-

Figure 1. Representative images of HJURP negative and positive staining with immunohistochemistry. A: Represen-
tative HJURP negative immunohistochemistry staining and its magnified image. B: Representative HJURP positive 
immunohistochemistry staining and its magnified image. Scale bar: 50 μm.
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hol for deparaffinization and rehydration, and 
then soaked in 3% hydrogen peroxide for 
endogenous peroxidase inactivation. Citrate 
buffer (pH=6.0) was used to achieve better 
antigen retrieval of OS. After blockage with 5% 
bovine serum albumin for 1 hour, slides were 
incubated in primary antibody of HJURP (Abcam 
Ltd., Cambridge, UK) overnight at 4°C. Samples 
were then rinsed with phosphate buffer saline 
and incubated in secondary antibody for 2 
hours at 37°C. Then secondary antibodies and 
streptavidin peroxidase complex reagent were 
added. Finally, 3,3’-diaminobenzidine solution 

Results

Expression of HJURP in OS

The expression and location of HJURP were 
investigated by IHC in samples of OS (Figure 1). 
As a centromeric protein, HJURP was mainly 
observed in nucleus. The cohort was divided 
into HJURP positive and HJURP negative group 
according to the IHC score detailed explained in 
Patients and Materials. HJURP positive group 
accounted for 32.7% (20/61), while HJURP neg-
ative group took up about 67.3% (41/61).

Table 1. Correlation between HJURP and clinicopathologic 
factors

HJURP
Characters Number Low High P*
Gender
    Female 15 10 5 0.959
    Male 46 31 15
Age
    <20 47 34 13 0.126
    ≥20 14 7 7
Tumor size (cm)
    <8 37 27 10 0.273
    ≥8 24 14 10
Enneking stage
    I 6 6 0 0.180
    II 35 23 12
    III 20 12 8
Site
    Femur 29 21 8 0.499
    Tibia 13 10 3
    Humerus 10 6 4
    Fibula 5 2 3
    Others 4 2 2
Histopathology
    Osteoblastic 23 15 8 0.817
    Fibroblastic 14 11 3
    Chondroblastic 8 5 3
    Telangiectatic 7 5 2
    Others 9 5 4
Metastasis
    No 41 29 12 0.562
    Yes 20 12 8
Response to chemotherapy
    Good 32 19 13 0.187
    Poor 29 22 7
*means calculated by Chi-square test. Abbreviation: HJURP for holliday 
junction recognition protein.

was applied for visual staining and 
hematoxylin was used for counter- 
staining.

Each slide was evaluated by two 
pathologists blindly who were unaware 
of the clinical data of patients. Sect- 
ions without consensus were re-evalu-
ated by a third doctor. The IHC score 
was defined as the multiplied product 
of staining intensity and positive cells 
percentage. Scores of staining inten-
sity included: 0, negative staining; 1, 
weak staining; 2, median staining; 3, 
strong staining. The scores of positive 
cells percentage included: 1, 0-25% 
positive cells; 2, 25%-50% positive 
cells; 3, above 50% positive cells. So 
the final score of IHC ranged from 0 to 
9. The cut-off of IHC score was gener-
ated from ROC curve and it was set as 
the point with the highest specificity 
and sensitivity. 

Statistical analysis

All statistical analyses were carried 
out with SPSS17.0 software (IBM Cor- 
poration). The relationship between 
the HJURP expression and clinicopath-
ologic parameters was analyzed by 
Chi-square test without special instr- 
uction. Overall patient survival curves 
were analyzed by the Kaplan-Meier 
method, and the difference of survival 
rate of HURP negative or positive 
group was calculated with log-rank 
test. Independent prognostic riskers 
were defined with multivariate analy-
sis by Cox proportional hazards. P 
value less than 0.05 was considered 
as statistically significant.
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Correlation between HJURP expression and 
clinicopathologic factors

The correlation between HJURP expression and 
clinicopathologic factors including patients’ 
age, gender, Enneking stage, tumor size was 
analyzed by Chi-square test to select the rele-
vant factors with HJURP (Table 1). In our study, 
all the enrolled clinicopathologic factors had no 
significant correlation with HJURP expression.

Prognostic value of HJURP

In previous study, CENPA, the target protein of 
HJURP, was demonstrated to be associated 
with unfavorable prognosis in OS, but the prog-
nostic significance of HJURP in OS is still blank. 
In our experiment, we evaluated the prognostic 
significance of HJURP with univariate analysis 
and multivariate analysis.

Prognostic factors were first screened out with 
Kaplan-Meier method by univariate analysis 
(Table 2). All the investigated factors were 
enrolled. In our study, HJURP positive expres-
sion was identified as a significant factor indi-
cating poorer prognosis (P=0.006) (Figure 2). 
Additionally, advanced Enneking stage (P= 
0.026), tumor histopathology (P=0.002), posi-
tive metastasis (P=0.041) and poor response 
to chemotherapy (P=0.033) were significantly 
associated with unfavourable prognosis of OS. 

To further confirm the results of univariate anal-
ysis and identify independent prognostic fac-
tors, we performed multivariate analysis with 
Cox-regression model (Table 3). All the prog-
nostic factors demonstrated in univariate anal-
ysis were enrolled into the Cox-regression 
model except Enneking stage because of its 
interaction with metastasis. In the metastasis, 
HJURP positive expression was identified as an 
high-risk factor of poor prognosis in OS (HR= 
34.1, P=0.005), which indicated that HJURP 
positive expression could predict unfavorable 
prognosis of OS. Moreover, positive metastasis 
(HR=47.9, P=0.004) and poor response 
(HR=6.6, P=0.019) to chemotherapy were also 
defined as independent prognostic factors of 
OS.

Discussion 

Lots of evidence indicated that CENP-A is over-
expressed in more aggressive carcinomas [8, 
14-16], such as hepatocellular carcinoma, 
ovarian cancer, lung cancer, which are featured 
with early lymphatic invasion or metastasis. 
Primary study identified CENP-A as an indepen-
dent poor prognostic factor for osteosarcoma 
with 123 cases of osteosarcoma. Additionally, 
CENP-A overexpression was significantly corre-
lated with tumor size, poor response to neoad-
juvant chemotherapy, local recurrence/lung 
metastasis, high Ki-67 index, and P53 positivi-

Table 2. Univariate analysis of clinicopatho-
logic factors

Characters 5-year  
survival rate P*

Gender
    Female 77.1 0.513
    Male 51.5
Age
    <20 67.9 0.388
    ≥20 43.2
Tumor size (cm)
    <8 66.6 0.821
    ≥8 47.4
Enneking stage
    I+II 58.3 0.026
    III 56.1
Site
    Femur 69.5 0.087
    Tibia 90
    Humerus 33.8
    Fibula 0
    Others 0
Histopathology
    Osteoblastic 54.2 0.002
    Fibroblastic 50
    Chondroblastic 0
    Telangiectatic 85.7
    Others 87.5
Metastasis
    No 56.8 0.041
    Yes 56.1
Response to chemotherapy
    Good 73.9 0.033
    Poor 37.6
HJURP
    Low 80.4 0.006
    High 21.1
*means calculated by Log-rank test. Abbreviation: 
HJURP for holliday junction recognition protein.
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ty [10]. However, there is no hypothesis or dem-
onstration for the underlying mechanisms. As 
the most important regulator of CENP-A, HJURP 
should be considered as a candidate biomark-
er for OS.
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Figure 2. The overall survival curves of HJURP negative group and HJURP 
positive group are displayed by Kaplan-Meier analysis. The statistical differ-
ence is analyzed by log-rank test.

Table 3. Multivariate analysis of OS
Characters HR 95% CI P
Enneking stage
    I+II -
    III - - -
Site
    Femur 1
    Tibia 1.18 0.13-10.9 0.880
    Humerus - - 0.959
    Fibula 0.924 0.78-109 0.078
    Others 0.758 0.047-12.2 0.845
Histopathology
    Osteoblastic 1
    Fibroblastic 0.075 0.003-01.89 0.115
    Chondroblastic 0.105 0.004-3.05 0.190
    Telangiectatic 2.74 0.21-36.5 0.446
    Others 0.026 0.001-1.62 0.083
Metastasis
    No 1
    Yes 47.9 3.48-660 0.004
Response to chemotherapy
    Good 1
    Poor 6.6 1.36-32.2 0.019
HJURP
    Low 1
    High 34.1 2.81-409 0.005

As a relatively recognized new 
protein, the function of HJURP 
for depositing and assembling 
CENP-A was just acknowl-
edged in recent years [5, 17]. 
The study of other HJURP is 
still in mist although it is att- 
racting the focus of scientists 
more and more. In our study, 
we demonstrated HJURP over-
expression as a biomarker of 
poorer prognosis in OS with 
very remarkable significance 
(P=0.006). However, our exper- 
iments did not involve the un- 
derlying mechanism of HJURP 
affecting OS prognosis. In con-
sideration of that HJURP may 
be a potential drug target of 
OS treatment; new fundamen-
tal experiments should be per-
formed in vitro and in vivo to 
reveal the function of HJURP 
in OS oncogenesis and progre- 
ssion. 

Overall, we detected the ex- 
pression of HJURP with IHC in 
61 cases of OS and demon-
strated that HJURP overex-
pression was significantly cor-
related with shorter survival 
time and poorer prognosis 
with univariate analysis. With 
multivariate analysis, we fur-
ther identified HJURP overex-
pression as an independent 
prognostic factor, predicting 
unfavorable prognosis of OS 
patient. We hope our finding 
could trigger more interest on 
HJURP and CENP-A function 
on OS progression, and help 
find a new target for OS 
treatment. 
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