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Association between the overexpression of PBOV1 and the
prognosis of patients with hepatocellular carcinoma
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Abstract. Prostate and breast cancer overexpressed 1 (PBOV1)
is a known human protein-coding gene with an uncharacterized
function; it has been demonstrated to be overexpressed in a
variety of human cancer types. The overexpression of PBOV1
has been indicated as significantly associated with the poor
prognosis of these types of cancer. However, the function of
PBOVI in hepatocellular carcinoma (HCC) has not yet been
elucidated. The present study was designed to evaluate the
expression and prognostic significance of PBOV1 in HCC.
Reverse transcription-quantitative polymerase chain reaction
and western blot analyses were conducted to measure the
expression of PBOV1 in HCC cell lines and tissues. The
associations between PBOV 1 expression and clinicopathological
features were statistically analyzed. The association between
PBOVI1 expression and the prognosis of HCC patients was
analyzed by the Kaplan-Meier method. The mRNA and protein
expression levels of PBOV1 were significantly increased in
the HCC cell lines and HCC tissues (all P<0.05) compared
with normal cell lines and tissues. In addition, PBOV1
expression was significantly associated with maximal tumor
size (P=0.032), tumor metastasis (P=0.035) and tumor stage
(P=0.017). The Kaplan-Meier survival curves indicated that
overall survival was significantly poorer in patients with HCC
with PBOV1 overexpression (P<0.05) compared with patients
with low expression levels. The multivariate analysis indicated
that high PBOV1 expression was an independent predictor of
poor overall survival. To the best of our knowledge, the data of
the present study describes the expression pattern of PBOV1 in
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overexpressed 1,

HCC for the first time, and also suggests that PBOV1 may serve
as a valuable prognostic biomarker for HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies globally. In particular, HCC is more frequent in
developing countries like China compared with in developed
countries like the United States of America, as viral hepatitis
infections [hepatitis B virus (HBV) and hepatitis C virus
(HCV)] are more common in developing countries (1).
Concurrently, the frequency of HBV is higher compared
with HCV infection in China (2). Untreated viral hepatitis
infection often leads to chronic liver disease and cirrhosis; in
these conditions, almost one-third of patients will ultimately
develop HCC over a period of several years (3). In addition,
HCC is most common in men; the primary reason for this
may be differences in lifestyle, including alcohol consumption
or smoking habits (4). Each year, ~500,000 incident cases
were diagnosed as HCC globally (4). The treatment options
for early-stage HCC include surgical resection and liver
transplantation (5). Although early diagnostic markers have
been developed in previous decades, the long-term survival of
patients with HCC remains poor (6). Therefore, identification
of valuable diagnostic markers and novel therapeutic strategies
are a major challenge in HCC.

Prostate and breast cancer overexpressed 1 (PBOVI), also
termed UROC28 or UC28, is a human protein-coding gene
with a 2,501-bp single-exon mRNA and an open reading
frame encoding a protein of 135 amino acids (7). The gene
was first characterized by An er al (7) in 2000 as being
overexpressed at the protein and mRNA levels in prostate,
breast and bladder cancer tissues, as well as in the glandular
epithelium (7-10). An additional study confirmed that the
expression of PBOV1 was increased in prostate cancer
compared with adjacent benign epithelium, and PBOV1
overexpression promoted cell proliferation and colony
formation ability, and tumorigenic ability in vitro (11). Notably,
PBOV1 is poorly conserved in mammalian evolution and is
expressed in multiple types of human tumors, but only rarely
in normal tissue samples (12). It was also identified that the
expression of PBOV1 in prostate cancer cells is upregulated
by dihydrotestosterone (12). In addition, PBOV1 transcription
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in breast cancer cells was demonstrated to be downregulated
by estradiol in a dose-dependent manner (13), and the mRNA
and protein expression of PBOV1 was identified to be
upregulated in ovarian cancer cell lines (14). However, there
were negative associations between high PBOV1 expression
and ascending histological grade and late TNM stage (14). It
was also suggested that patients with high PBOV1 expression
experience longer overall survival times; and, therefore, it was
hypothesized that PBOVI may serve as a tumor-suppressor
gene in ovarian cancer, which is different from previous data
regarding prostate, breast and bladder cancer (14). Therefore,
additional studies are required to understand the role of
PBOV1 in the development of cancer.

Considering the poor prognosis of HCC, and that the role
of PBOVI1 in cancer remains incompletely characterized, the
present study aimed to investigate the expression pattern of
PBOVI1 in HCC and its association with clinicopathological
features for the first time. The effectiveness of PBOV1 as an
independent prognostic factor was assessed using multivariate
analysis.

Materials and methods

Patients and frozen tissue samples. A total of 109 patients
(54 females and 55 males; age range, 41-75 years; mean age, 57)
with HCC who received treatment between March 2006 and
February 2010 at Zhongnan Hospital of Wuhan University were
enrolled. Written informed consent was obtained from each
patient. A total of 2 patients exhibited I Va stage disease, and the
maximum tumor size of these patients was <13 cm. The tumor
stages of all the enrolled patients were classified according to
the 7th Tumor-Node-Metastasis (TNM) classification system of
the International Union Against Cancer (15). The patients who
did not receive percutaneous ablation, radiotherapy or chemo-
embolization prior to surgery were selected and enrolled. The
study was approved and monitored by the Ethics Committee of
Zhongnan Hospital of Wuhan University (Hubei, China), and
conformed to the guidelines of the Declaration of Helsinki.

Paired tumor and non-tumor liver tissue samples were
obtained from all patients immediately following liver resec-
tion (16), and snap frozen at -80°C until use. The tissues
were collected from the patients during surgery, and the
normal tissues were obtained from the patients at an ~5-cm
margin from the tumor tissues. The pathological diagnosis
was confirmed in all cases by the Department of Pathology,
Zhongnan Hospital of Wuhan University. Clinicopathological
features of the patients were recorded in the follow-up survey.
In addition, the associations between PBOV1 expression and
clinicopathological features were analyzed using a * test, and
the results are summarized in Table I.

Cell lines and transfection. Two HCC cell lines (HCCLM3 and
HEP3B) and one normal liver cell line (L02) were obtained
from the American Type Culture Collection (Manassas, VA,
USA). These cell lines were cultured in Dulbecco's modi-
fied Eagle's medium (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) supplemented with 10% fetal
bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.).
All cells were maintained at 37°C in a humidified atmosphere
containing 5% CO, and 95% air.
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Table I. Associations between PBOV1 expression with the
clinicopathological features of hepatocellular carcinoma.

PBOV1
expression, n
Characteristic N High Low  P-value
Sex
Male 55 39 16 NS
Female 54 34 20
Age, years
>50 62 38 24 NS
<50 47 35 12
Maximal tumor size, cm
>5 67 50 17 0.032
<5 42 23 19
Serum AFP level, ng/ml
>400 61 44 17 NS
<400 48 29 19
HBsAg
Positive 50 34 16 NS
Negative 59 39 20
Tumor metastasis
No 58 43 15 0.035
Yes 51 30 21
TNM stage
I-1I 49 27 22 0.017
1I-1vV 60 46 14
NS, not significant; PBOVI1, prostate and breast cancer

overexpressed 1; AFP, o-fetoprotein; HBsAg, hepatitis B surface
antigen; TNM, Tumor Node Metastasis.

PBOV1 short hairpin RNAs (shRNAs) were designed
according to a previous study, and synthesized by Shanghai
GeneChem Co., Ltd. (Shanghai, China) (10). The shRNA
sequences were as follows: ShRNA 1, 5-CCAGCCAAGTAA
CTGAACCAT; and shRNA 2, GCAGACACACTTGACCAT
GAA-3'. HCCLM3 and HEP3B cells were transfected with
4 ug PBOV1 shRNA using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) for 24 h, as described
previously (17).

RNA extraction, ¢cDNA synthesis and reverse
transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from all cultured
cell lines and the 109 tissue samples using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to
the manufacturer's protocol. Purified RNA was additionally
treated with RNase-free DNase I (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany).

The first-strand cDNA was synthesized using a RevertAid
First Strand cDNA Synthesis kit (cat. no. K1621; Fermentas;
Thermo Fisher Scientific, Inc., Pittsburgh, PA, USA), including
oligo(dT) primers. The whole experimental procedure
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Figure 1. PBOVI expression in HCC cell lines and tissues. (A) RT-qPCR analysis demonstrated increased PBOV1 mRNA expression levels in HCC cell lines
compared with a normal liver cell line (L02). (B) Western blot analysis demonstrated increased PBOV1 protein expression levels in HCC cell lines compared
with a normal liver cell line. "P<0.05 and “P<0.01 vs. L02 cells. (C) RT-qPCR analysis demonstrated an increased PBOV1 mRNA expression in HCC tissues
compared with normal liver tissues. (D) Western blot analysis demonstrated increased PBOV1 protein expression in HCC tissues compared with normal
liver tissues. “"P<0.01. PBOVI, prostate and breast cancer overexpressed 1; HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription-quantitative

polymerase chain reaction.

was performed following the manufacturer's protocol. The
resulting cDNA was stored at -20°C until use.

RT-qPCR was performed using an ABI Prism 7500
Sequence Detection system (Applied Biosystems; Thermo
Fisher Scientific, Inc.) and SYBR-Green I (Invitrogen;
Thermo Fisher Scientific, Inc.). PCR primers targeting
the PBOV1 coding sequence were designed based on
GenBank ¢cDNA AF189270 (https://www.ncbi.nlm.nih.
gov/gene/?term=AF189270). PBOV1-specific primers used
were as follows: Forward, 5-"AAGGAACCAGAAATA
TGAGG-3' and reverse, S'"TTTGGATAAGTAGAGAAG
AC-3'. The amplification was performed in the following
conditions: 1 min at 95°C, then 35 cycles of 30 sec at 95°C,
30 sec at 58°C and 40 sec at 72°C, and a final elongation
step at 72°C for 5 min. The housekeeping gene GAPDH was
used as an internal control to normalize the gene expression
data. The GAPDH-specific primers used were as follows:
Forward, 5"TGAAGGTCGGAGTCAACGGATTTGGT-3'
and reverse, 5'-CATGTGGGCCATGAGGTCCACCAC-3'.
The same PCR conditions were used. The expression level
of PBOV1 was calculated as 2°1(Caof PBOVD-(Cq of GAPDH)] \yhere
Cq represents the quantification cycle value for each tran-
script (18). Experiments were repeated in triplicate to ensure
accuracy. The levels of PBOVI1 were used to classify these
patients into high or low PBOV1 expression group (threshold
value, 1.05).

Western blot assay. Total proteins were extracted from
109 fresh tissue pairs and the cultured cells using a Total Protein
Extraction kit (cat. no. KGP2100) with protease inhibitor, phos-
phatase inhibitor, and PMSF (Nanjing Keygen Biotech, Co.,
Ltd., Nanjing, China), according to the manufacturer's protocol.
The protein concentration was measured using a Pierce BCA
Protein Assay kit (Thermo Fisher Scientific, Inc.). Equal
amounts (50 pg) of each protein sample were loaded and sepa-
rated via 10% SDS-PAGE. Then, the samples were transferred
onto a PVDF membrane, and the membrane was blocked with
5% fat-free milk at room temperature for 2 h. The membrane
was probed with an anti-PBOV1 antibody (1:1,000 dilution;
cat. no. ab70018) and an anti-GAPDH antibody (1:1,000 dilu-
tion; cat. no. ab181602; both Abcam, Cambridge, MA, USA)
at 4°C overnight. Expression of PBOV1 was determined with
a horseradish peroxidase-conjugated anti-rabbit IgG (1:3,000
dilution; cat. no. ab6721; Abcam) at room temperature for
2 h. The signals were developed using SuperSignal West Pico
PLUS (Pierce; Thermo Fisher Scientific, Inc.) and quantified
using Bio-Rad Gel Doc EZ system with the Image Lab 3.0
software (Bio-Rad Laboratories, Inc., Hercules, CA, USA),
according to the manufacturer's protocol (19). Experiments
were repeated in triplicate to ensure accuracy.

MTT assay. The effect of PBOVI on cell proliferation was
assessed with an MTT assay (Sigma-Aldrich; Merck KGaA),
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Figure 2. Effect of PBOV1 on the cell proliferation of HCC cell lines. (A) shRNA transfection to downregulate the expression of PBOV1 on HCC cell lines.
(B) MTT assay demonstrated that the cell proliferation of HCCLM3 cell lines with PBOV 1-specific sShRNA transfection was significantly decreased compared
with the WT HCCLM3 cell line. (C) MTT assay demonstrated that the cell proliferation of HEP3B cell lines with PBOV1-specific sShRNA transfection was
significantly decreased compared with the WT HEP3B cell line. (D) MTT assay demonstrated that the cell proliferation of HCC cell lines was significantly
decreased compared with the normal liver cell line. "P<0.05, “P<0.01 and “"P<0.001. PBOV1, prostate and breast cancer overexpressed 1; HCC, hepatocellular
carcinoma; sh, short hairpin; WT, wild-type; NS, not significant; OD, optical density.
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Figure 3. Survival rates of patients with high and low PBOV1 expression
levels. Kaplan-Meier analysis revealed a significantly poorer overall survival
rate in patients with high PBOV1 expression compared with those with low
expression. PBOV1, prostate and breast cancer overexpressed 1.

as described previously (20). Cells were seeded into 96-well
culture plates at a density of 1x10*well. At various time
points (12, 24, 36 and 48 h), 10 ul (50 ug) MTT was added
to each well and incubated for 4 h at 37°C. Next, the medium
was removed, and 150 ul dimethyl sulfoxide (Sigma-Aldrich;
Merck KGaA) was added to dissolve the resultant formazan
crystals. Absorbance was measured using a microplate reader
at 450 nm. All experiments were performed in triplicate.

Statistical analysis. All statistical analyses were performed
using the SPSS 10.0 statistical software package (SPSS, Inc.,
Chicago, IL, USA). The data was presented as mean + standard

deviation. The associations between PBOV1 expression and
clinicopathological characteristics were analyzed using a
¥* test. The survival probability was calculated using the
Kaplan-Meier method, and the statistical differences were
examined using a log-rank test. Multivariate analysis was
performed to assess the variables deemed significant in
univariate analyses, each performed using a Cox proportional
hazards regression model. Differences between two groups
were calculated using a Student's t-test. One-way analysis of
variance and Tukey's post-hoc test were performed to analyze
the statistical differences between =3 groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

PBOVI is upregulated in HCC cell lines and tissues. The
mRNA and protein levels of PBOV1 were examined in L02,
HCCLM3 and HEP3B cell lines using RT-qPCR and western
blot analysis, respectively. The data indicated that the PBOV1
expression levels (nNRNA and protein) in the HCC cell lines
were significantly increased compared with in the normal liver
L02 cell line (P<0.05; Fig. 1A and B). Of the HCC cell lines
investigated the HEP3B cell line exhibited the highest mRNA
and protein PBOV1 expression levels. Collectively, these
results suggest that PBOV1 is upregulated in HCC cell lines.
To investigate whether PBOV1 may be involved in the
progression of HCC, the mRNA and protein expression
levels of PBOV1 in all the collected HCC tissues and their
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Table II. Univariate and multivariate analyses of overall survival.
Univariate analysis Multivariate analysis

Variables HR 95% CI P-value HR 95% CI P-value
PBOV1 2416 1.176-4.962 0016 2.142 1.146-4.004 0.010*
Age 1.604 0.869-2.960 0.131 1.714 0.888-3.310 0.108
Sex 1.666 0.897-3.095 0.106 1.613 0.828-3.140 0.160
Maximal tumor size 2.262 1.112-4.599 0.024 2.253 1.165-4.358 0.015*
Serum AFP level 1.950 0.960-3.961 0.065 1.824 0.952-3.494 0.070
HBsAg 1.838 0.975-3.462 0.059 1.746 0.918-3.320 0.089
Tumor metastasis 2.083 1.036-4.188 0.039 2.140 1.097-4.176 0.026*
TNM stage 2.029 1.030-3.996 0.040 1912 1.012-3.612 0.046*

“P<0.05. HR, hazard ratio; CI, confidence interval; PBOV1, prostate and breast cancer overexpressed 1; AFP, a-fetoprotein; HBsAg, hepatitis

B surface antigen; TNM, Tumor Node Metastasis.

paired adjacent noncancerous tissues were determined. It
was observed that the expression of PBOV1 (mRNA and
protein) was significantly upregulated in the HCC tissues
when compared with in the matched noncancerous tissues
(P<0.01; Fig. 1C and D). Among the 109 patients, 73 patients
(66.97%) exhibited higher PBOV1 expression levels in tumor
tissues compared with in the matched noncancerous tissues,
and, thus, these 73 patients were assigned to the high PBOV1
expression group. The remaining 36 patients who exhibited
lower PBOV1 expression levels were assigned to the low
PBOV1 expression group. These data demonstrate the upreg-
ulated status of PBOV1 in HCC; and it was hypothesized that
PBOV1 may serve an important role in the progression of
HCC.

PBOVI promotes proliferation of HCC cell lines. In order
to assess the oncogenic activity of PBOV1 in HCC, a stable
PBOVI1-knockdown HCC cell line was established using
specific sShRNA. The PBOV1 mRNA expression level of
these transfected cell lines was assessed by RT-qPCR. As
expected, the transfection of the PBOV1-shRNA into the
HCC cell lines resulted in significantly decreased PBOV1
mRNA expression levels when compared with the cell
lines without shRNA transfection (all P<0.01; Fig. 2A).
Furthermore, the proliferation rates of these cell lines were
measured using an MTT assay. The suppression of PBOV1
expression significantly inhibited the proliferation of the
HCCLM3 cell line in all the time points selected except in
24 h (P<0.05; Fig. 2B). However, the cell proliferation rate
of HEP3B was inhibited by shRNAs in all the time points
selected (all P<0.05; Fig. 2C) The proliferation rates of HCC
and normal liver cell lines were also compared. The results
in Fig. 2D indicated that the cell proliferation rates of the
HEP3B cell line were significant increased compared with
the normal liver cell line in all the time points selected (
P<0.05). Additionally, the cell proliferation rates of HCCLM3
cell line was higher than normal liver cell line in all the
time points selected except in 24 h (P<0.05; Fig. 2D). Taken
together, these results suggest the PBOV1 expression is an
important regulator of HCC cell proliferation.

Association between PBOVI expression and clinicopatho-
logical features. In order to analyze the associations between
PBOVI expression and the clinicopathological characteristics
of patients with HCC, the 109 patients were divided into two
groups according to the PBOV1 expression level. The clinico-
pathological features were collected from all 109 patients and
summarized in Table I. A ¥ test was conducted to evaluate the
association between PBOV1 expression and all the clinicopatho-
logical features. As indicated in Table I, PBOV1 expression was
significantly associated with maximal tumor size (P=0.032),
tumor metastasis (P=0.035), and tumor stage (P=0.017), while
no significant associations between PBOV1 expression and other
variables, such as age, sex, hepatitis B surface antigen (HBsAg)
and serum AFP, were observed (all P>0.05).

Prognostic value of high PBOVI expression in HCC. The
association between PBOV1 expression and the survival of
patients with HCC following surgery was investigated using
the Kaplan-Meier analysis and log-rank test. As demon-
strated in Fig. 3, patients with high PBOV1 expression levels
exhibited a significantly shorter survival time following
surgery compared with patients with low PBOV1 expression
levels (P<0.05). Univariate analysis revealed that among the
collected clinicopathological features, maximal tumor size,
tumor metastasis, tumor stage and PBOV1 expression were
significantly associated with the overall survival of HCC
patients (all P<0.05; Table II), while the other features were not
statistically significant prognosticators (all P>0.05; Table II).
Multivariate analysis using the Cox proportional hazards
model for all variables identified that PBOV1 expression was a
significant independent predictor of poor prognosis in patients
with HCC in addition to maximal tumor size, tumor metastasis
and tumor stage (all P<0.05; Table II).

Discussion

Previous data have demonstrated that one prominent feature
of various tumor types is the abundant upregulation of various
transcripts, a number of which have an uncharacterized
function (21-23). The PBOVI is gene encoding a protein of
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135 amino acids in length, located at chromosome 6q23-24
region (7). PBOVI has been identified to be overexpressed in
a number of types of human cancer, including ovarian (14),
breast (13), endometrial and prostate cancer (11). Previous
studies have demonstrated that overexpression of PBOV1
promoted cell proliferation, cell cycle progression and tumori-
genicity in vitro, whereas the knockdown of PBOV1 reduced
these effects (11,14). However, whether or not PBOV1 has
similar expression pattern in HCC as these aforementioned
cancer types remains unknown.

Therefore, it is required to examine the expression level of
PBOVI in HCC, in order to additionally investigate whether
or not PBOVI1 participates in the progression of HCC. The
expression of PBOV1 in one normal liver cell line and two HCC
cell lines were examined, and the results demonstrated that
PBOVI1 was significantly upregulated in the HCC cell lines,
compared with in the normal cell line. Considering this, a total
of 109 paired HCC tumor tissues and adjacent noncancerous
tissues were collected. It was identified that, in comparison
with the adjacent noncancerous in tissues, PBOV1 mRNA and
protein levels were upregulated in HCC tumor tissues. These
data in HCC were the same as the results from the analyses in
ovarian, breast, endometrial and prostate cancer, and suggest
that PBOV1 may serve a role in the tumorigenesis of HCC.
However, how PBOV1 regulates HCC progression requires
additional exploration.

Using PBOV 1-specific shRNA, a stable PBOV1-knockdown
HCC cell line was created. The PBOV1 mRNA expression data
revealed the successful PBOV1 knockdown in the selected
HCC cell lines. Then, the cell proliferation rate analysis results
indicated that the introduction of PBOV1 shRNA significantly
downregulated the cell proliferation rates. Concurrently, the
normal liver cell line, with the lowest PBOV1 expression
among all the cell lines used, also exhibited the lowest cell
proliferation rate. Therefore, the results of the present study
suggested that PBOV1 overexpression may promote HCC
cancer cell proliferation and described a potential mechanism
of how PBOV1 promotes tumorigenesis in HCC; however, the
detailed mechanism requires additional study. A previous study
investigating the effect of PBOV1 on prostate cells revealed
that the overexpression of PBOV1 suppressed cell cycle inhibi-
tors cyclin-dependent kinase inhibitor 1 and cyclin-dependent
kinase inhibitor 1B, increased retinoblastoma protein phos-
phorylation levels and cyclin D1 expression and suggested that
PBOV1 contributed to G,/S transition (11), which may also be a
mechanism for the proliferation-stimulatory effect of PBOVI.

The 109 archived paraffin-embedded HCC tumor tissues
were additionally divided into two groups according to the
PBOV1 expression level, and the association of PBOV1
expression with the clinicopathological features was analyzed.
Notably, it was identified that the expression of PBOV1 in
HCC was closely associated with well-known tumor malig-
nancy indicators, including tumor size, tumor metastasis and
tumor stage. Concurrently, whether or not the HBV infection
was associated with PBOV1 expression, as HBV infection is a
major cause of HCC, was analyzed. However, it was demon-
strated that the PBOV1 expression was not associated with
HBsAg, and therefore it was hypothesized that there was no
association between HBV infection and PBOV1 expression
level. Then, the association between PBOV1 expression and
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survival duration was assessed using a Kaplan-Meier analysis.
The log-rank test indicated that PBOV1 expression level was
inversely associated with overall survival of the patients with
HCC. Next, the multivariate Cox proportional hazards model
suggested that PBOV 1 expression was an independent predictor
for the overall survival duration of patients with HCC.

In conclusion, PBOV1 overexpression is a common
feature in patients with HCC. Additionally, the present study
provides the clinical evidence that PBOV1 is an independent
prognostic factor for the outcome of patients with HCC.
However, the present study had certain limitations, including
the fact that the associations between HCV infection, degree
of hepatitis, liver cirrhosis and the expression of PBOV1 were
not analyzed. Independent validation of these clinical data and
additional investigation of the detailed effects of PBOV1 on
cell behaviors are required. Nevertheless, the present study
provides a basis for the development of a novel diagnostic and
prognostic biomarker for HCC.
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