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Abstract: Objective: To investigate the potential prognostic value of osteopontin (OPN) in hepatocellular carcinoma
(HCC) patients after hepatectomy. Methods: A total of 384 HCC specimens with paired adjacent non-tumorous tissues from liver resections were collected to construct a tissue microarray for immunohistochemistry (IHC) analysis
to detect the expression of OPN. OPN expression was semi-quantified with scores according to IHC staining. The
potential correlations between OPN expression and neoplastic features of HCC were analyzed. The survivals in patients stratified with different OPN expression levels were calculated and compared. Uni- and multi-variate analysis
were conducted to identify the potential prognostic value of OPN in HCC patients received liver resections. Results:
The OPN in HCC tissues was 0.82 ± 0.68, significantly higher than that in matched nontumorous tissue (0.45 ±
0.59; P < 0.001). Higher OPN expression was associated with vascular invasion (P = 0.019). Patients with high
OPN expression had worse overall survival (P < 0.001), disease-free survival (P = 0.045) and higher probability of
recurrence (P = 0.048), compared with the patients of low OPN expression. Multivariate analysis indicated that OPN
expression was an independent risk factor for overall survival (P = 0.045), disease-free survival (P = 0.048), and
HCC recurrence (P = 0.044). Conclusion: OPN expression was elevated in HCC tissues. High OPN expression was
correlated with HCC vascular invasion. High OPN expression in HCC tissues is an independent factor for DFS and OS.
OPN could be a predictor of HCC patients and a potential therapeutic target for the disease.
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Introduction
HCC is a common malignancy in liver ranked as
the third highest mortality among all malignancies [1, 2], especially in Asian-Pacific region,
which is a high prevalence region for hepatitis B
virus infection [3-5]. Although surgical treatment had improved the prognosis of HCC
patients, the overall survival of HCC is still poor
for metastasis. The recurrence rate of HCC
after liver resection is still as high as 60% to
70% [6, 7]. Thus, early diagnosis is critical for
potential curative resections to acquire better
prognosis of HCC.
Osteopontin (OPN) is a secreted calcium-binding phosphorylated glycoprotein [8]. Studies
found that OPN expression increased in various
tumors, includes gastric cancer, rectal cancer,
ovarian cancer, etc. [9-11]. High OPN expression is correlated with tumor metastasis and
recurrence [12, 13]. Several studies indicated

that OPN can be implicated for tumor diagnosis
and prognosis prediction [14, 15]. However, the
OPN expression in HCC and its relationship with
tumor invasion and metastasis remained to be
explored.
In our study, we investigated the role of OPN in
human HCC. We detected OPN expression in
HCC tissues, and analyzed the potential association between OPN expression and prognosis
of HCC patients.
Subjects and methods
Subjects
We collected a total of 384 paraffin-embedded
HCC tissues resected in HCC liver surgeries
from January 2002 to December 2012. None of
the patients received any chemotherapy or
radiotherapy before surgeries. The follow-up
period was defined as the time interval between
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Figure 1. Immunohistochemical staining of osteopontin. OPN was expressed
mainly in the cytoplasm of HCC cells. Representative images of hepatocellular carcinoma (HCC) tissues showing OPN expression (A). Representative
images of OPN expression in a non-tumorous sample (B) (Left panel: magnification 100X; Right panel: magnification 400X).

rated and re-embedded from
the labeled area by using a tissue array (MiniCore; Excilone,
UK). The specimens were fixed
with 4% paraformaldehyde.
The biotin blocking Kit (Dark,
Germany) was closed. After
closure, the tissues were incubated with OPN antibodies
(ab8448, 1:1000; Abcam, Cambridge, MA, USA) in a humid
chamber at 4°C overnight.
The tissues were washed with
PBS three times and incubated with biotinylated goat antirabbit antibodies for one hour.
Finally, the slices were stained
with hematoxylin and observed under a microscope.

Semi-quantitative IHC was
used to detect OPN protein
expression levels according to
the following criteria: “0” (negative staining), “1” (weak staining), “2” (moderate staining) and “3” (strong staining). The final
score was calculated as the percentage of positive expression multiplied by the intensity
score. The median IHC score was used as a cutoff value for high and low levels of expression.
Statistical analysis

Figure 2. Expression of OPN in HCC tissues. The OPN
IHC score for HCC tissue was 0.82 ± 0.68, being significantly higher than that for matched nontumorous
tissue (0.45 ± 0.59; P < 0.001).

the date of operation and the date of death or
the last follow-up. The study was approved by
the medical ethics committee of Tianjin First
Central Hospital, First Central Clinical College
of Tianjin Medical University. Since all specimens used were anonymous, the Medical
Ethics Committee exempted patients from the
need for informed consent.
Tissue microarray construction and immunohistochemistry
We constructed the tissue microarray (TMA).
Each tissue core (diameter: 0.6 mm) is perfo-
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Statistical analysis was performed using SPSS
software (version 13; SPSS Inc., Chicago, IL,
USA). Student’s t test and Chi square test were
used to examine the correlation between OPN
expression and clinical and pathological variables. The Kaplan-Meier method (logarithmic
rank test) was used to construct the survival
curve. Multivariate Cox proportional hazards
regression model was used to assess the independence of OPN in prediction results. A P
value < 0.05 was considered significant.
Results
Expression of OPN in the HCC TMA
We used an HCC TMA (n = 384) to detect OPN
expression. OPN was expressed mainly in the
cytoplasm of HCC cells (Figure 1). The OPN IHC
score for HCC tissue was 0.82 ± 0.68, significantly higher than that in matched nontumorous tissue (0.45 ± 0.59; P < 0.001) (Figure 2).
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Table 1. Clinical variables difference in different OPN expression
OPN expression
P value
Low expression High expression
Sample size
254
130
Age, years
0.115
> 50
123 (48.4%)
74 (56.9%)
≤ 50
131 (51.6%)
56 (43.1%)
Gender
0.709
Male
226 (89.0%)
114 (87.7%)
Female
28 (11.0%)
16 (12.3%)
AFP, ng/mL
0.530
< 20
62 (24.4%)
28 (21.5%)
≥ 20
192 (75.6%)
102 (78.5%)
Cirrhosis
0.845
Yes
213 (83.9%)
108 (83.1%)
No
41 (16.1%)
22 (16.9%)
Tumor size, cm
0.268
<5
53 (20.9%)
21 (16.2%)
≥5
201 (79.1%)
109 (83.8%)
Differentiation
0.278
Well-moderate
33 (13.0%)
12 (9.2%)
Poor-undifferentiated 221 (87.0%)
118 (90.8%)
TNM stage
0.790
I-II
115 (45.3%)
57 (43.8%)
III-IV
139 (54.7%)
73 (56.2%)
Vascular invasion
0.019
Yes
41 (16.1%)
34 (26.2%)
No
213 (83.9%)
96 (73.8%)
Variable

Association of cytoplasmic OPN with HCC clinical features
To explore the potential clinical significance of
OPN in HCC, the relationship between OPN and
the clinical features of patients with HCC was
analyzed. Using the OPN median IHC score
(0.8) of the tumorous tissues, patients were
divided into high and low OPN expression
group. Patients with high OPN expression had
more vascular invasion (P = 0.019), as shown in
Table 1.
Association of OPN expression with survival in
patients with HCC
To determine the prognostic effect of OPN
expression on patients with HCC, we conducted
Kaplan-Meier survival analysis to compare both
the DFS and OS between patients with high
OPN expression and low OPN expression. For
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the patients with high OPN expression, Kaplan-Meier analysis revealed that they had worse disease-free
survival (P = 0.045) and overall survival (P < 0.001), in comparison with
those of patients with low OPN
expression. Moreover, the probability of recurrence in patients with
high OPN expression was also higher than that of patients with low
OPN expression (P = 0.048), as
shown in Figure 3.
Univariate and multivariate analyses of prognostic variables in HCC
To evaluate whether OPN expression was an independent risk factor
for outcomes in HCC, both univariate and multivariate analyses were
conducted. Univariate analysis indicated that tumor differentiation,
TNM stage, vascular invasion and
OPN expression were prognostic
factors for overall survival in patients with HCC. In the multivariate
analysis, vascular invasion (P <
0.001) and OPN expression (P =
0.045) were found to be independent prognostic variables for overall
survival (Table 2).

We also explored the risk factors
associated with disease-free survival (Table 3) and HCC recurrence (Table 4).
Univariate analysis showed that age, serum
AFP level, vascular invasion, and OPN expression were risk factors associated with diseasefree survival. In the multivariate analysis, vascular invasion (P = 0.045) and OPN expression
(P = 0.048) were independent risk factors associated with disease-free survival. For HCC
recurrence, serum AFP (P = 0.031) and OPN
expression (P = 0.044) were independent risk
factors.
Subgroup analyses of the prognostic value of
OPN expression in the cytoplasm in HCC
A stratified survival analysis with the clinical
characteristics of patients was conducted to
further reveal the prognostic significance of
OPN expression among patients with HCC.
Kaplan-Meier survival analysis showed that
OPN expression was associated with overall
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Figure 3. The overall survival, disease-free survival, and recurrence between groups with high and low OPN expression. Kaplan-Meier analysis revealed significantly worse outcomes in terms of overall survival (P < 0.001). In addition, compared toHCC patients with low OPN expression, those with high OPN expression had a significantly worse
disease-free survival (P = 0.045) and a higher probability of recurrence (P = 0.048).

Table 2. Univariate and multivariate analyses of variables for overall
survival
Univariate analysis
Multivariate analysis
HR
95% CI
P
HR
95% CI
P
Age, years
1.004 0.812-1.242 0.970
Sex
0.821 0.578-1.165 0.268
AFP
1.247 0.973-1.598 0.081
Cirrhosis
0.873 0.655-1.163 0.352
Tumor size, cm
1.252 0.955-1.642 0.104
Differentiation
1.596 1.146-2.222 0.001
TNM stage
1.466 1.182-1.820 0.001
Vascular invasion 2.514 1.925-3.282 < 0.001 1.939 1.437-2.616 < 0.001
OPN expression 1.460 1.167-1.827 0.001 1.272 1.006-1.609 0.045
Variables

HCCs: P = 0.042), as
shown in Figure 4.
Discussion

HCC is the most common
malignant tumor that
occurs in the liver [7, 16,
17]. The pathogenesis of
HCC is complex with heterogeneity due to the
various etiologies including chronic virus infection, alcohol abuse, and
metabolic abnormalities
Abbreviations: OPN: Osteopontin; AFP: alpha-fetoprotein.
[18-21]. In vitro studies
showed that OPN was
associated with the proTable 3. Univariate and multivariate analyses for disease-free survival
liferation, invasion, and
Univariate analysis
Multivariate analysis
Variables
metastasis of HCC [22].
HR
95% CI
P
HR
95% CI
P
According to our results,
Age, years
0.931 0.698-1.241 0.625
we confirm that the exSex
0.732 0.450-1.192 0.210
pression of OPN is eleAFP
1.413 1.001-1.995 0.049
vated in HCC tissues. In
Cirrhosis
0.907 0.619-1.328 0.616
addition, we found that
Tumor size, cm
0.940 0.668-1.322 0.722
the OPN expression is
significantly associated
Differentiation
1.187 0.788-1.789 0.411
with vascular invasion.
TNM stage
0.863 0.647-1.151 0.315
Moreover, high OPN exVascular invasion 1.384 1.063-1.910 0.027 1.365 1.076-2.219 0.045
pression in HCC tissues
OPN expression
1.349 1.095-1.830 0.034 1.317 1.006-1.609 0.048
is an independent risk
Abbreviations: OPN: Osteopontin; AFP: alpha-fetoprotein.
factor for both DFS and
OS. Our studies indicate
survival in both younger and older HCCs (youngthat OPN can be a potential therapeutic target
er HCCs: P = 0.023; older HCCs: P = 0.014), in
and a promising biomarker for prognosis of
serum AFP-positive and -negative HCCs (AFPHCC.
negative HCCs: P = 0.005; AFP-positive HCCs:
According to previous studies, OPN is involved
P = 0.044), TNM stage I-II HCCs and stage III–IV
in the infiltration, distant metastasis, and recurHCCs (stage I-II HCCs: P = 0.010; stage III-IV
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Table 4. Univariate and multivariate analyses of variables for recurrence
Variables
Age, years
Sex
AFP
Cirrhosis
Tumor size, cm
Differentiation
TNM stage
Vascular invasion
OPN expression

Univariate analysis

Multivariate analysis

HR

95% CI

P

0.992
0.590
1.484
0.861
0.818
0.988
0.707
1.463
1.310

0.979-1.006
0.339-1.026
1.062-1.990
0.566-1.312
0.565-1.184
0.629-1.554
0.498-1.523
0.906-2.363
1.040-1.825

0.260
0.061
0.020
0.487
0.287
0.959
0.152
0.120
0.031

HR

95% CI

P

1.416

1.070-2.067

0.031

1.349

1.059-1.830

0.044

Abbreviations: OPN: Osteopontin; AFP: alpha-fetoprotein.

Figure 4. Subgroup analysis of OPN prognostic value in HCC. OPN expression was associated with overall survival
in both younger and older age HCCs (younger HCCs: P = 0.023; older HCCs: P = 0.014), in serum AFP-positive and
-negative HCCs (AFP-negative HCCs: P = 0.005; AFP-positive HCCs: P = 0.044), TNM stage I-II HCCs and stage III-IV
HCCs (stage I-II HCCs: P = 0.010; stage III-IV HCCs: P = 0.042).

rence of several malignant tumors [8, 10, 13].
There are two important types of receptors for
OPN [23, 24]. One is the integrin receptor,
which recognizes the RGD sequence binding
site, thereby promoting the formation of cell-tocell adhesion and enhancing the invasiveness
of tumor cells. The other one is hyaluronic acid
receptor (CD44), which is one of the chemokines that help tumor cell adhesion and is
closely related to tumor invasion and metastasis. Bandiera et al found that the ovarian can-
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cer cell lines with high expression of OPN by
transfections would acquire higher invasion
ability [25]. OPN can induce local neovascularization and inhibit the apoptosis of tumor cells
induced by modifying the extracellular microenvironment, thus playing a critical role in tumor
invasion and metastasis [10, 23]. In one study
of breast cancer, OPN induced the expression
of intercellular adhesion molecule-1, thereby
activating the NF-κB pathway, enhancing the
transcription of MMP-9, and promoting the
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growth and metastasis of tumor cells [26].
Kumar et al [27] also proved that OPN can activate the ERK2 pathway to enhance the proliferation and metastasis ability of tumor cells,
change the composition of extracellular matrix
and weaken the adhesion to tumor cells. In our
study, we found that highly expression of OPN in
HCC is associated with vascular invasion, which
indicated that OPN might be involved in the
metastasis of HCC. However, further study is
needed.
High serum OPN level is also correlated with
the prognosis of HCC. El-Din et al [28] showed
that OPN in serum of patients with HCC is related to tumor differentiation, TNM stage and
tumor size. According our results, we found that
OPN expression in HCC tissue had prognostic
value. Although AFP is a widely used prognostic
factor for HCC, AFP in some HCC patients is
negative [29, 30]. According to our results, OPN
can be used as a prognostic indicator regardless of AFP status. Therefore, OPN alone or in
combination with AFP can be a better predictor
for prognosis of HCC, which will be our next
study.
There are some limitations to this study. First,
the sample size is relatively small, which
restricted our further analysis. The data collected in this study came from a single center
and may lead to some enrollment bias. A multicenter prospective study is needed for further
validation of the role of OPN in HCC and its
potential prognosis prediction value.
In summary, our study results demonstrate that
OPN plays a critical role in the development of
HCC. Our data revealed that OPN expression
was increased in HCC samples, and such elevation was significantly correlated with vascular
invasion. High OPN expression was significantly
correlated with poor prognosis of HCC patients
after liver resection. Our data suggests that
OPN is a promising biomarker for the prognosis
of patients with HCC and a potential target in
HCC treatment.
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