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Abstract Proliferating cell nuclear antigen (PCNA) has
been suggested as a potential diagnostic biomarker for
early hepatocellular carcinoma (HCC). However, its
prognostic significance in HCC remains unclear. In the
present study, we investigated the expression and signif-
icance of PCNA in HCC and then analyzed the role of
PCNA in clinical outcomes. Our findings show that the
expression intensity of PCNA is much higher in HCC
tissues than that in paracarcinoma tissues and associated
with AFP, albumin, tumor number, clinical grade, vas-
cular invasion, and tumor-node-metastasis (TNM) stage
(all p<0.000). Kaplan-Meier analysis indicated that high
PCNA expression was associated with poor disease-free
survival (DFS) (p<0.000) and overall survival (OS)
(»<0.000) in a training cohort of 76 HCC patients.
Multiple Cox regression analysis indicated PCNA acts
as an independent predictor for DFS (p=0.002) and OS
(»=0.004) in HCC patients. Along with pathological
results, our systematic review also identified the expres-
sion of PCNA was closely associated with DFS and OS
(both p<0.000). In conclusion, this study suggested that
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PCNA is increased in HCC patients and is indeed a
novel unfavorable biomarker for prognostic prediction
for patients with this deadly disease.
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Introduction

Hepatocellular carcinoma is the second leading cause of
cancer-related death worldwide [1]. Long-term clinical results
demonstrated by our team suggest that liver resection is still
considered as the first choice and the most effective “curative”
treatment for hepatocellular carcinoma (HCC), especially for
solitary large HCC [2]. However, the overall prognosis of
HCC is still far from satisfactory due to high incidences of
tumor recurrence and metastasis [2, 3], with a 5-year recur-
rence rate of approximately 60 % after hepatic resection in our
and other centers [2, 4]. Therefore, it is important to further
study the molecular mechanisms underlying metastasis of
HCC and to research novel prognostic biomarkers for HCC.
Proliferating cell nuclear antigen, an essential regulator
of the cell cycle, is a 36-kDa molecule, which is highly
conserved among species. Proliferating cell nuclear anti-
gen (PCNA) is an evolutionally well-conserved protein
and found in all eukaryotic species from yeast to humans
[5, 6]. Its functions are related to vital cellular processes
such as DNA replication, chromatin remodeling, DNA re-
pair, sister chromatid cohesion, and cell cycle control [7].
The role and interaction of PCNA are modulated by post-
translational regulation, whose exact mechanisms are con-
troversial and not completely understood [8, 9]. Many re-
ports showed posttranslational regulation of PCNA modi-
fications, including phosphorylation, acetylation, and
methyl esterification. In addition, PCNA is important
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to determine its role in proliferative activity in different
tumors including HCC. However, the diagnostic role of
PCNA in clinical outcome of HCC patients remains con-
troversial. Thereby, it is essential to conduct a complete
in vitro analysis and reviews.

In this study, the expression of PCNA in HCC was exam-
ined. The relationship between PCNA expression and clinico-
pathological features was investigated. The role of PCNA in
HCC prognosis was assessed. Our results reveal that PCNA is
noticeably upregulated in HCC and significantly correlated
with unfavorable prognosis.

Material and methods
Patients, specimens, and follow-up

This study was approved by the Ethics Committee of Shan-
dong Cancer Hospital and Institute and complied with the
Declaration of Helsinki. All of the patients provided written
informed consent. Patient tissue samples, 76 paired primary
HCC tumor and non-tumorous tissue samples, were collected
immediately after surgery resection at Shandong Cancer Hos-
pital and Institute between December 2010 and September
2011. The enrollment criteria were as follows: (a) definitive
HCC diagnosis by pathology based on WHO criteria, (b) no
preoperative trans-hepatic arterial chemoembolization or che-
motherapy or radiotherapy before surgery, (c) surgical resec-
tion, defined as the complete resection of all tumor nodules
with the cut surface being free of cancer by histologic exam-
ination, and (d) complete clinicopathologic and follow-up da-
ta. In this study, non-tumoral liver tissues were defined as
2.0 cm from the tumor margin, which had been described
previously. Hepatitis B history was defined as history with
positive serum hepatitis B surface antigen (HBsAg). Tumor
encapsulation was defined as the presence of a clear fibrous
sheath around the tumor at gross inspection. Tumor differen-
tiation was based on the Edmondson and Steiner classifica-
tion. HCC metastasis was defined as the presence of vascular
invasion in the portal vein or the presence of satellite nodules
surrounding a larger main tumor. Tumor staging was deter-
mined according to the 7th edition tumor-node-metastasis
(TNM) classification of the American Joint Committee on
Cancer.

Western blot

Total proteins were extracted and separated by 10 % SEMS-
PAGE and then transferred onto polyvinylidene difluoride
(PVDF) membrane (Millipore, Bedford, MA) as described
previously [10]. Equal amounts of protein (30 pg) were re-
solved by SDS-PAGE and then electrophoretically transferred
onto PVDF membranes. After being blocked in 5 % non-fat
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milk 1 h at room temperature, the membranes were incubated
with appropriately diluted primary antibodies overnight at
4 °C. After being washed thrice with TBST, the blotted mem-
branes were incubated with anti-PCNA (1:1000, Sigma, Cam-
bridge, England). The membranes were incubated with HRP-
conjugated secondary antibody at 1:20,000 dilutions for 1 h at
room temperature. The membranes were visualized by the
enhanced Phototope TM-HRP Detection Kit and exposed to
Kodak medical X-ray processor (Carestream Health, USA).
Anti-GAPDH (1:1000, Santa Cruz, CA, USA) was used as a
loading control.

Literature search

A literature search was carried out using MEDLINE, PubMed,
WANFANG, and CNKI databases up to August 2015. There
was no restriction of origin and languages. Search terms in-
cluded the following: “PCNA,” “HCC [MeSH],” “prognosis
or prognostic or outcome,” “survival,” etc. All references in
retrieved articles were scanned to identify other potentially
applicable reports. All searched studies were retrieved and
the bibliographies were reviewed for other relevant publica-
tions. Review articles and bibliographies of other relevant
studies identified were searched manually to identify addition-
al eligible studies. We tried to identify potential relevant stud-
ies from the whole reference lists by orderly reviewing title,
abstract, and full text.

Selection criteria and data extraction

Two reviewers independently selected eligible studies. Dis-
agreement between the two reviewers was settled by discus-
sion with the third reviewer. Inclusion criteria were as follows:
(1) the patients were confirmed the diagnosis of HCC, who
underwent surgical resection; (2) the main outcome of interest
focuses on disease-free survival (DFS), overall survival (OS),
and other clinicopathological indicators; (3) PCNA expression
status was detected by immunohistochemistry (IHC),
RT-PCR, and Western blot; (4) the value of hazard ratio
(HR), OR, and 95 % confidence interval (CI) between PCNA
expression and the survival status could be obtained from the
literature directly or recalculated based on the figure and table
in articles; (5) for duplicate articles, only the most complete
and/or recently published one was included.

Statistical analysis

Statistical analyses were performed using the SPSS 16.0 soft-
ware (SPSS, Chicago, IL). Wilcoxon matched pairs test was
used to determine the significant difference. Student 7 test was
performed to analyze the correlation between PCNA expres-
sion and clinicopathological parameters. Kaplan-Meier anal-
ysis (log-rank test) was conducted for survival analysis and
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univariate analysis. Independent analyses were performed ac-
cording to the selected population: overall population and dif-
ferent morphological and pathological subgroups. Cox
proportional hazards regression model was used to identify
the independent prognostic factors. Statistical significance
was set at p<0.05.

As for systematic review, the HR with 95 % CI was esti-
mated for each study. A chi-square-based Q statistic test was
performed to assess heterogeneity across the studies. p<0.10
indicated obvious between-study heterogeneity.

Results
Clinicopathologic characteristics of HCC patients

As shown in Table 1, the study included 63 men and 13
women with an average age of 52.0 years (range, 19-78).
The adjacent non-tumor liver had liver cirrhosis in 63
(82.9 %) cases (Table 1). Solitary tumor was detected in
53 (69.7 %) patients, and multiple tumors in 23 (30.2 %)
patients. Thirty-four (44.7 %) patients had HCC with vas-
cular invasion. The size of the majority of tumor (56.6 %)
was less than 5 cm. Forty-three HCC patients (56.6 %) were
diagnosed with TNM II-III stage. Overall, most of the
HCC patients had positive common markers, including
AFP, TBil, and albumin.

Expression of PCNA in HCC samples

To determine the expression of PCNA in HCC samples,
76 pairs of tumor samples and the corresponding adjacent
non-tumorous samples were collected and subjected to
Western blot assay. Results of Western blotting showed
that the expression intensity of PCNA protein in HCC
carcinoma samples was markedly increased when com-
pared with the paracarcinoma samples (Fig. 1a). The
mean intensity of PCNA in HCC carcinoma tissues was
0.756+0.112, while that in non-tumorous samples was
0.221+0.083 (Fig. 1b). The difference between carcinoma
samples and non-tumorous samples was significant
(»<0.001).

Association of PCNA expression and clinical outcome
in HCC

To disclose the clinical value of PCNA in HCC patients,
the relationship between PCNA expression and the clinical
variables of HCC patients was analyzed. As shown in
Table 1, no significant associations were depicted between
PCNA expression and the clinicopathological parameters,
including age, gender, HBsAg, TBil, tumor size, and cap-
sular formation (all p>0.05). On the other hand, significant
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Table 1  Correlation between PCNA expression and clinicopathologic
features
Variables Number PCNA expression p value
Gender
Female 13 0.78+0.33 0.537
Male 63 0.73+0.25
Age
<60 42 0.77+0.46 0.401
>60 34 0.69+0.34
HBsAg
Positive 66 0.71+0.22 0.203
Negative 10 0.81+0.29
Liver cirrhosis
Yes 63 0.88+0.36 0.035
No 13 0.66+0.17
AFP (ng/L)
<20 22 0.65+0.29 0.000
>20 54 0.87+0.21
TBil (umol/L)
<17.1 45 0.72+0.44 0.337
>17.1 31 0.81+0.33
Albumin (g/L)
<35 38 0.67+£0.21 0.000
>35 38 0.84+0.12
Tumor number
Solitary 53 0.71+0.23 0.000
Multiple 23 1.11+0.32
Grade
Low 45 0.70+0.24 0.000
High 31 0.92+0.29
Vascular invasion
Yes 34 0.88+0.31 0.000
No 42 0.59+0.21
Tumor size
<5cm 43 0.84+0.35 0.799
>5 cm 33 0.86+0.32
TNM stage
1 33 0.63+0.22 0.000
TI-I11 43 0.91+0.31
Capsular formation
Yes 32 0.68+0.31 0.339
No 44 0.73+£0.13
Satellite nodules
Yes 28 0.65+0.33 0.000
No 48 1.01£0.25

associations were found between PCNA expression and
AFP (p<0.000), albumin (»p<0.000), tumor number
(»<0.000), clinical grade (»<0.000), vascular invasion
(»<0.000), and TNM stage (p<0.000), indicating PCNA
expression has some significances in the development of
HCC. Therefore, the prognostic implication of PCNA in
HCC was next determined.
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Fig.1 PCNA expression is increased in HCC samples by Western blot. a
Human HCC carcinoma and normal tissues were detected using Western
blot. Protein levels of PCNA in carcinoma samples (C) and
corresponding adjacent non-tumorous samples (V) were examined in
nine pairs of HCC fresh tissues by Western blot. b PCNA protein
expression normalized to GAPDH was calculated as semi-quantity
analysis. The measurements were performed in triplicate, and data are
presented as means+SD. *p<0.001 vs. control; using Student ¢ test

Based on the mean intensity of PCNA in normal samples,
patients were divided into two groups defined as low PCNA
expression (less than the mean intensity of PCNA in normal
samples) and high PCNA expression (more than the mean
intensity of PCNA in normal samples). Randomly, 76 patients
with HCC were separated into two cohorts. The DFS and OS
rates for 76 HCC patients were 26.3 and 34.2 % at 5 years.
The 5-year DFS rate of the high PCNA expression group was
significantly lower than that of the low PCNA expression
group (16.0 vs. 46.2 %) (p<0.000) (Fig. 2a). The mean DFS
was 24.2 months for the high PCNA expression group and
39.5 months for the low PCNA expression group. The 5-year
OS rate of the high PCNA expression group was significantly
lower than that of the low PCNA expression group (24.0 vs.
53.8 %) (p<0.000) (Fig. 2b). The mean OS was 24.9 months
for the high PCNA expression group and 43.3 months for the
low PCNA expression group.

a
10— group

_ [ PeNa-

© ] PcNAs
.2 08— -+ PCNA+-censored
a - PCNA--censored
>

» 0.6~

3
-

1 04—

(]

(2]

3

B 02+ L
o L
T | p<0.000

0.0
T T T T T T T
0.00 10.00 20.00 30.00 40.00 50.00 60.00

month

Fig. 2 High PCNA expression is correlated with unfavorable prognosis
in HCC patients. Kaplan-Meier analysis disclosed the significant
differences in disease-free survival (a) and overall survival (b) between
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Prediction factors of disease-free survival in HCC patients

As shown in Table 2, in univariate analysis, in addition to
identified PCNA association with DFS, DFS also showed
significant correlations with tumor number (p=0.002), clinical
grade (p=0.031), vascular invasion (p=0.008), TNM stage
(»=0.002), capsular formation (»p=0.035), and satellite nod-
ules (p=0.028). To seek independent factors, we conducted
the multivariate analysis and found that tumor number
(p=0.008), clinical grade (»p=0.033), vascular invasion
(»=0.005), TNM stage (p=0.003), and satellite nodules
(p=0.048) were independent predictors of DFS. Importantly,
we validated that high PCNA expression also acts as an inde-
pendent predictors of DFS (p=0.002).

Prediction factors of overall survival in HCC patients

According to univariate analysis, tumor number (p=0.0006),
clinical grade (p=0.029), vascular invasion (p=0.022), tumor
size (p=0.042), TNM stage (p=0.001), capsular formation
(»=0.031), and satellite nodules (»=0.019) showed unfavor-
able effects on OS (Table 3). In multivariate analysis, tumor
number (p=0.009), clinical grade (p=0.009), vascular inva-
sion (p=0.006), TNM stage (p=0.002), capsular formation
(p=0.018), and satellite nodules (p=0.009) were independent
predictors of shorter OS (Table 3). Also, high PCNA expres-
sion was an independent predictor of shorter OS (p=0.004),
indicating patients with high PCNA expression were more
likely to suffer from death than those with low PCNA
expression.

Systematic review about PCNA expression

In previous studies, we found that the significance of
PCNA in DFS or OS of HCC patients was controversial.
In the present study, to determine the role of
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postoperative patients with high and low PCNA expression in overall (n=
76) cohort. *p<0.000 vs. control; using log-rank test
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Table 2 Univariable and
multivariable analysis of DFS and
clinicopathologic variables of
HCC

PCNA expression in pathological diagnosis, we investi-
gated the association of PCNA expression with

Variables

Univariate analysis

p value

Multivariate analysis

p value

Gender
Female
Male

Age
<60
>60

HBsAg
Positive
Negative

Liver cirrhosis
Yes
No

AFP (ng/L)
<20
>20

TBil (umol/L)
<17.1
>17.1

Albumin (g/L)
<35
>35

Tumor number
Solitary
Multiple

Grade
Low
High

Vascular invasion
Yes
No

Tumor size
<S5cm
>5 cm

TNM stage
I
[T

Capsular formation
Yes
No

Satellite nodules
Yes
No

PCNA expression
Positive
Negative

1.011 (0.958-1.067)

1.213 (0.825-1.783)

0.912 (0.666-1.249)

1.454 (0.916-2.307)

1.119 (0.896-1.398)

1.039 (0.968-1.115)

1.229 (0.917-1.647)

2.344 (1.366-4.023)

1.658 (1.047-2.625)

1.562 (1.123-2.172)

1.114 (0.975-1.273)

2.112 (1.315-3.393)

1.332 (1.020-1.739)

1.255 (1.025-1.537)

2.756 (1.644-4.620)

0.689

0.326

0.566

0.112

0.322

0.289

0.167

0.002

0.031

0.008

0.112

0.002

0.035

0.028

0.000

4.565 (1.486-14.021)

1.412 (1.028-1.939)

1.818 (1.198-2.759)

1.886 (1.240-2.868)

1.227 (0.995-1.513)

1.355 (1.003-1.831)

3.443 (1.572-7.542)

NA

NA

NA

NA

NA

NA

NA

0.008

0.033

0.005

NA

0.003

0.056

0.048

0.002

NA not available

prognosis. Table 4 shows the eight included studies on
PCNA and DFS/OS. We used systematic review to
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Table 3 Univariable and
multivariable analysis of OS and
clinicopathologic variables of
HCC

assess the HR and 95 % CI of DFS and OS. Our results
revealed that high PCNA expression was associated with
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Variables

Univariate analysis

p value

Multivariate analysis

p value

Gender
Female
Male

Age
<60
>60

HBsAg
Positive
Negative

Liver cirrhosis
Yes
No

AFP (ng/L)
<20
>20

TBil (umol/L)
<17.1
>17.1

Albumin (g/L)
<35
>35

Tumor number
Solitary
Multiple

Grade
Low
High

Vascular invasion
Yes
No

Tumor size
<S5cm
>5 cm

TNM stage
I
THIIT

Capsular formation
Yes
No

Satellite nodules
Yes
No

PCNA expression
Positive
Negative

1.051 (0.886—1.246)

1.126 (0.905-1.401)

1.109 (0.815-1.510)

1.385 (0.894-2.146)

1.054 (0.984-1.129)

1.118 (0.958-1.304)

1.009 (0.993-1.025)

1.564 (1.137-2.152)

1.368 (1.033-1.812)

1.433 (1.053-1.950)

1.126 (1.004-1.262)

1.832 (1.277-2.627)

1.422 (1.033-1.958)

1.322 (1.047-1.669)

1.655 (1.280-2.139)

0.567

0.287

0.511

0.145

0.135

0.156

0.267

0.006

0.029

0.022

0.042

0.001

0.031

0.019

0.000

2.534 (1.261-5.091)

1.292 (1.066-1.566)

1.299 (1.078-1.566)

1.099 (0.986-1.225)

1.921 (1.269-2.906)

1.885 (1.115-3.187)

1.299 (1.068-1.581)

1.289 (1.084-1.532)

NA

NA

NA

NA

NA

NA

NA

0.009

0.009

0.006

0.087

0.002

0.018

0.009

0.004

NA not available

DFS (HR=2.779, p<0.000) and OS (HR=3.266,
»<0.000) in HCC patients (Table 5).
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Table 4 Characteristics of nine
studies on PCNA and HCC Study ID Source Number Age Men Detection ~ Positive ~ Expression
prognosis
Ng 10 1994 [11] Hong Kong 72 524 64/72 IHC 50 % 36/72
Cao J 1998 [12] China 52 49.0  38/52 IHC Count 46/52
Zhang Z 2000 [13] China 118 49.0 90/118 HC 5% 103/118
Claudio PP 2004 [14]  Italy 21 670 NA HC 5% 18/21
Qin HX 2005 [15] China 57 45.0  38/57 IHC 5% 41/76
Zhao Z 2007 [16] China 46 513 37/46 HC 10 % 31/46
Hu TH 2007 [17] China 124 NA 100/124  THC 10 % NA
Gao F 2013 [18] China 96 48.0  60/96 IHC 25 % 80/96
NA not available
Discussion grades oral squamous cell carcinoma [21]. Lan et al.

Despite the combined efforts of surgeons and scientists world-
wide, there is a constant increase in the incidence of hepato-
cellular carcinoma during the last two decades [19]. Success-
ful HCC treatment requires an adequate therapeutic index
reflecting the specific treatment effects on target cells. Cellular
proliferation is one of the important indexes for the biologic
aggressiveness of a malignant lesion. The dysregulated prolif-
eration may be a significant change to determine the potential
prognosis of various malignant tumors. PCNA is a 36-kDa
protein involved in several cellular mechanisms, including
DNA synthesis and repair, cell cycle regulation, and apoptosis
[5, 7]. An alteration in PCNA structure might contribute to
DNA damage accumulation in cancer cells [10]. The present
study was aimed at evaluating the PCNA expression pattern in
HCC patients.

In the present study, results of Western blotting showed that
the expression intensity of PCNA protein in HCC carcinoma
samples was markedly increased when compared with the
paracarcinoma samples. Similar to our study, the highly valu-
able tumor molecular markers PCNA had higher expression
levels in NSCLC samples, which may be important for the
early diagnosis of lung cancer and individualized therapy,
having also an important role in predicting tumor prognosis
[20]. Our result was also important for the early diagnosis of
HCC. Besides, we observed significant associations were
found between PCNA expression and AFP, albumin, tumor
number, clinical grade, vascular invasion, and TNM stage,
indicating PCNA expression has some significance in the de-
velopment of HCC.

As reported, PCNA index can be used to assess the pro-
liferation and aggressiveness in dysplasia and different

assessed the intensity of immunoreactivity of PCNA and
correlated it with tumor differentiation, nuclear atypia,
and the patterns of invasive margins in the underlying con-
nective tissue. Increased expression of PCNA was indica-
tive of poor differentiation, higher nuclear atypia, and more
invasive growth of tumor cells [22]. Using systematic re-
view, Lv et al. suggested PCNA expression is significantly
associated with poor 5-year survival, advanced stage, or
higher grade, which might be suggested as a useful prog-
nostic and diagnostic biomarker or an effective therapy tar-
get in cervical cancer, gliomas, or even more cancers [23].
Thus, we further analyzed the role of PCNA in the progno-
sis of HCC and found that high PCNA expression also acts
as an independent predictor of DFS and OS.

However, recent reports showed different results about
PCNA and HCC, which have some conflicts, so we con-
ducted the systematic review to determine the significance
of PCNA in HCC. Our results revealed that high PCNA
expression was associated with DFS and OS in HCC pa-
tients. Our findings determined that PCNA expression pre-
dicted a poor prognosis in HCC patients. Mechanically,
PCNA was originally recognized as an antigen characteris-
tic of proliferating cells that is expressed in cell nuclei dur-
ing S phase of the cell cycle. PCNA is a widely recognized
cell proliferation marker serving also as a prognostic indi-
cator for a variety of tumors [24, 25].

In conclusion, our findings demonstrated that PCNA is
increased in HCC patients and is a novel unfavorable bio-
marker for prognostic prediction for patients with this deadly
disease. It can be concluded that PCNA index along with
clinical features can be used for predicting aggressiveness
and recurrence rate in more cancers.

Table 5 Pooled HR and 95 % CI

about DFS and OS Variables Number HR HR p value Heterogeneity p value
DFS 2.779 (1.988-3.886) 0.000 p=0.293
(ON 3.266 (2.430-4.388) 0.000 p=0.546
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