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Background: The purpose of the study was to investigate the functional roles of phosphatase in regenerating liver-3 (PRL-3)
in hepatocellular carcinoma (HCC), as well as the related molecular mechanisms.

Material/Methods: HCC tissues and adjacent normal tissues were collected from 124 HCC patients. The mRNA and protein levels
of PRL-3 were detected using quantitative real-time polymerase chain reaction (qRT-PCR) and Western blot as-
says, respectively. The relationship between PRL-3 expression and clinical characteristics of HCC patients was
evaluated by chi-square test. MTT and Transwell assays were performed to estimate cell proliferation and mo-
tility, respectively.

Results: The expression of PRL-3 was significantly increased in HCC tissues and cells at both protein and mRNA levels
(P<0.01 for all). Furthermore, the up-regulation of PRL-3 was positively correlated with hepatic vascular invasion
(P=0.019), lymph node metastasis (P=0.012), and TNM stage (P=0.001). The knockdown of PRL-3 suppressed
HCC cell proliferation, migration, and invasion, and PR3K/AKT pathway activity was also obviously inhibited in
HCC cells with PRL-3 deficiency. The levels of PTEN were negatively associated with PRL-3 expression. PRL-3
might inhibit the protein level of PTEN through enhancing its phosphorylation level. The transfection of si-PTEN
can reverse the anti-tumor action caused by PRL-3 knockdown in HCC cells.
Conclusions: Up-regulation of PRL-3 may activate the PI3K/AKT signaling pathway and enhance malignant progression of
HCC through targeting PTEN.
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Background

Hepatocellular carcinoma (HCC) is a frequently diagnosed ma-
lignant disease, and its mortality and morbidity rates are in-
creasing around the world [1,2]. There are various available
treatments for HCC, including resection, liver transplantation,
ablation, transarterial chemoembolization, and systemic
therapy [3,4]. However, the 5-year survival of HCC patients
is still unsatisfactory and HCC is a leading cause of cancer-
related deaths [5,6]. The high occurrence of metastasis and
postoperative relapse may be responsible for the poor clinical
outcomes [7]. Although a variety of risk factors have been con-
firmed for HCC, such as hepatitis virus infections, alcohol-related
cirrhosis, non-alcoholic steatohepatitis, smoking, and coffee
drinking, the etiology of HCC still remains unclear [8]. It is a
great challenge to identify the key factors driving the develop-
ment and progression of HCC. Growing evidence demonstrates
that genetic mutations play important roles in the pathogenesis
of HCC [9,10]. The genetic mutations contribute to dysregula-
tion of multiple signaling pathways, thus leading to cancers.
These genetic factors may provide new insights into the eti-
ology of HCC and could be employed as therapeutic targets.

Phosphatase of regenerating liver-3 (PRL-3), which is also re-
ferred to as PTP4A3, is a member of the protein tyrosine phos-
phatase superfamily [11]. The protein tyrosine phosphatase
superfamily members are involved in cellular growth, motility,
and apoptosis through serving as switches in multiple onco-
genic signaling pathways [12,13]. The dysregulation of the
PRL-3 gene has been observed in several human cancers,
including myeloma [14], acute myeloid leukemia [15], colon
cancer [16], breast cancer [17], and prostate cancer [18]. Over-
expression of PRL-3 can enhance cancer cell proliferation and
motility through various signaling pathways, thus contributing
to tumorigenesis. The functional roles of PRL-3 have also been
reported in HCC. Zhao et al. reported that the expression of
PRL-3 was significantly higher in HCC tissues and is closely as-
sociated with microvessel density [19]. However, the molecular
mechanisms underlying the function of PRL-3 in HCC have
rarely been reported in published articles.

PTEN (phosphatase and tensin homolog deleted on chromo-
some ten) is a tumor suppressor, and its expression is fre-
quently absent in malignancy [20]. PTEN is a negative switch
of the PI3K/AKT signaling pathway [21]. The PTEN/PI3K/AKT
pathway has been reported to be involved in multiple human
cancers, such as colon cancer [22], gastric cancer [23], and
HCC [24]. Lee et al. reported that PRL-3 activates the PI3K/
AKT pathway in colorectal cancer [25]. Therefore, we specu-
lated that PRL-3 takes part in HCC progression through the
PTEN/PI3K/AKT pathway.
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In the present study, we investigated the expression pattern
of PRL-3in HCC tissues and cell lines, as well as its clinical sig-
nificance for the malignancy. In addition, in vitro experiments
were designed and performed to explore the mechanisms of
PRL-3 in HCC. The present study might provide a new thera-
peutic target for HCC.

Material and Methods

Study subjects

The present study was carried out from October 2015 to January
2018. We enrolled a total of 124 patients who were pathologically
diagnosed with HCC at Huaihe Hospital of Henan University.
Cancerous and adjacent normal tissues were collected from
each patient. None of the patients had received any preopera-
tive treatments, such as chemotherapy, radiotherapy, immune
therapy, or transhepatic arterial chem therapy and embolization
(TACE). The surgical tissue samples were immediately frozen in
liquid nitrogen and stored in —80°C. The clinical characteristics
of the patients were also collected for the subsequent analyses.
The study was approved by the Ethics Committee of the hospital.
Written informed consent was obtained from all patients.

Cell lines and culture

The human HCC cell line SMMC-7721 and normal human he-
patic cell line L-02 were purchased from the Cell Bank of the
Chinese Academic of Sciences (CBP600232; Shanghai, China).
The cells were cultured in RPMI-1640 medium (Gibco, Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented with
10% fetal bovine serum (FBS; Gibco, USA). The cells were cul-
tured in an incubator with 5% CO, at 37°C. The cells were har-
vested at logarithmic phase for subsequent analyses.

RNA extraction and quantitative analysis

Total RNA was extracted from the tissue and cell samples
using TRIzol reagent (Invitrogen, Thermo Fisher Scientific, Inc.)
according to the instructions of the manufacturer. First-strand
cDNA was synthesized through reverse transcription reaction
carried out using the PrimerScript RT reagent kit (Takara, Dalian,
China). Then, real-time polymerase chain reaction (QRT-PCR) was
performed to estimate the relative expression levels of PRL-3
mRNA. The reaction was constructed using the SYBR-Premix
Ex Tag™ kit (Takara Biotechnology Co., Dalian, China) in the
ABI 7900HT Sequence Detection System. GAPDH served as an
internal reference, and the primer sequences were as follows:
GAPDH forward: 5’-TGCACCACCAACTGCTTAGC-3’; reverse:
5’-GGCATGGACTGTGGTCATGAG-3’; PRL-3 forward: 5’-GGGACTTCT
CAGGTCGTGTC-3’; reverse: 5’-AGCCCCGTACTTCTTCAGGT-3".
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The results were analyzed using 224t method. Each test was
repeated 3 times.

Western blot analysis

The protein level of PRL-3 was estimated using Western blot
assay. In brief, the protein was extracted from tissue or cell sam-
ples using T-PER™ Tissue Protein Extraction Reagent (Thermo
Scientific, Waltham, MA, USA) and RIPA Lysis and Extraction
Buffer (Thermo Scientific, Waltham, MA, USA), respectively.
Next, the protein was quantified using the BCA Protein Assay
Kit (Thermo Scientific, Waltham, MA, USA). Then, the same
amounts of protein samples were separated through 10%
SDS-PAGE, and transferred to a polyvinylidene fluoride mem-
brane (0.45 um pore size; EMD Millipore, Billerica, MA, USA).
Subsequently, the membrane was blocked with 5% skimmed
milk for 1.5 h at room temperature. Next, the membrane was
incubated with the specific primary PRL-3 antibody (anti-PT-
P4A3, dilution, 1: 500; cat. no. ab50276; Abcam) overnight
at 4°C. GAPDH served as an internal control, and the primary
GAPDH antibody was bought from Sigma-Aldrich (Germany,
dilution, 1: 500; cat. No. SAB4300645-100UG). After washing
twice with PBS, the membrane was incubated with secondary
anti-rabbit IgG antibody (dilution, 1: 2,000; cat. No. ab6709;
Abcam) at room temperature and maintained for 1 h. Then, the
membrane was treated with an enhanced chemiluminescent
substrate kit (Thermo Fisher Scientific, Inc.) and exposed to
X-rays. The blot results were quantified using Image) software
(version 1.41; National Institutes of Health, Bethesda, MD, USA).

For the detection of PTEN, phosphorylated PTEN (p-PTEN),
p-AKT, MMP2, and MMP9, the procedures were carried out
according to the above descriptions. The specific primary an-
tibodies were as follows: anti-PTEN antibody (dilution, 1: 1000;
cat. No. ab32199|, Abcam), anti-p-PTEN antibody (dilution,
1: 1000; cat. No. ab109454, Abcam), anti-p-AKT antibody
(dilution, 1: 1000; cat. No. ab38449, Abcam), anti-MMP2 anti-
body (dilution, 1: 1000; cat. No. ab37150, Abcam), anti-MMP9-
antibody (dilution, 1: 1000; cat. No. ab73734, Abcam).

Cell transfection

To investigate the functional roles and molecular mechanisms
of PRL-3 in progression of HCC, si-PRL-3 and si-PTEN lentiviral
vectors, as well as the corresponding negative controls, were
designed and constructed by HANBIO Company (Shanghai,
China). The cultured HCC cells were harvested at logarithmic
phase, and the vectors were transfected to the cells using
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). Then, the cells were cultured in an incubator
at 37°C for 48 h. Subsequently, the relative expressions of the
targeted genes in the transfected cells were detected to eval-
uate the transfection efficacy.
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Cell proliferation

The effects of PRL-3 expression on cell proliferation were de-
tected using MTT assay using the MTT Cell Proliferation and
Cytotoxicity Assay Kit (Sangon Biotech, Shanghai, China). The
cells were cultured in an incubator containing 5% CO, at 37°C.
Then, 20 uL MTT was added to the cell medium at the spec-
ified time points, including culture time 0 h, 24 h, 48 h, and
72 h. After an additional incubation for 4 h, the absorbance at
490 nm was read with a microplate reader (TECAN, Salzburg,
Austria) to estimate cell proliferation.

Transwell assay

Cell motility abilities, including migration and invasion, were
estimated through Transwell chamber assay (8.0-um pore size,
Costar, Shanghai, China). The upper chamber was filled with
500 pL RPMI-1640 medium without FBS, and the lower cham-
ber contained 500 pL RPMI-1640 medium with 10% FBS. For
migration analysis, 200 pL cell suspension solution with a den-
sity of 5x10%/ml was seeded to the upper chamber, then the
chamber was cultured at 37°C with 5% CO, for 48 h. Next, the
cells on the bottom of the chamber were stained with crystal
violet and counted under an inverted microscope (IX31; Olympus
Corporation, Tokyo, Japan). Five random fields were selected
for cell counting. For invasion assay, the upper chamber was
coated with Matrigel (Corning Glass Works, Corning, NY, USA),
and the procedures were in accordance with migration analysis.

Statistical analysis

Continuous data are expressed as mean + standard deviation
(SD) and were compared between 2 groups using the t test.
Categorical variables are shown as case number and percentage,
and analyzed between groups using the chi-square test. All
the tests were 2-tailed, and the results with P values less than
0.05 were accepted as statistical significance. Data analyses
were carried out using SPSS 18.0 statistical software (SPSS,
Inc., Chicago, IL, USA).

Results

The clinical characteristics of the study subjects

A total of 124 HCC patients, including 70 (56.5%) males and
54 (43.5%) females, were included our study, with the average
age of 58.15+10.65 years. Seventy-two (58.1%) patients had
smoking history, and 64 (51.6%) had tumor size more than
3 cm. Hepatic vascular invasion was observed in 48 (38.7%)
patients, and 47 (37.9%) patients exhibited positive lymph
node metastasis. According to tumor node metastasis (TNM)
staging, 74 (59.7%) patients were stages I-Il, while 50 (40.3%)
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Table 1. The functional roles of PRL-3 expression in progression of HCC.

Characteristics (n=124, %)

N PRL-3 low expression

PRL-3 high expression

(n=56, %) P values

(n=68, %)

Age (years)

=60 64 (51.6)
"""" € 60 @84
Csex
"""" Male 70 (565
"""" Female  s4 @35
CSmoking
e 72 Gsn
"""" N s @)
Tumorsizeem)
s 60 @8y
"""" s e L9
Hepaticvascular invasion
e 8 (87
"""" N 76 613
ymph node metastasis
oY a7 619
"""" N A
TNMstge
"""" e e
"""" v so @3

0.294
””” 8 (59 26 @y
””” 0 @y 30 63
”””””””””””””””””””””””””””””””””””””””””””” 0888
""" 8 (59 %2 61)
""" 0 @y 4 w9
”””””””””””””””””””””””””””””””””””””””””””” 0850
””” w0 88 2 67y
""" 8 @2 4 @9
”””””””””””””””””””””””””””””””””””””””””””” 0263
””” 6 (29 24 @9
""" 2 @y 0 on2 6y
"""""""""""""""""""""""""""""""""""""""""""" 0019
””” 20 @4 28 00
””” 48 @oe 28 (00
”””””””””””””””””””””””””””””””””””””””””””” 0012
””” 19 @79 8 G0
""" w G2 28 (00
"""""""""""""""""""""""""""""""""""""""""""" 0001
""" 0 35 24 @9
””” 18 @65 32 )

TNM — tumor node metastasis.

were stages IlI-IV. The clinical characteristics of the included
patients are summarized in Table 1.

Up-regulation of PRL-3 in HCC

The mRNA levels of PRL-3 were detected using qRT-PCR
methods. The mRNA levels of PRL-3 were obviously higher
in HCC tissues than in the non-cancerous tissues (P<0.01,
Figure 1A). Moreover, compared to the normal hepatic cells,
SMMC-7721 cells exhibited up-regulation of PRL-3 mRNA
(P<0.01, Figure 1B).

The expression profile of PRL-3 protein was detected using
Western blot analysis. As displayed in Figure 2, the levels of
PRL-3 protein were significantly higher in HCC tissues com-
pared to non-cancerous tissues (P<0.01, Figure 2A, 2B). In HCC

cells, the levels of PRL-3 were obviously up-regulated compared
with normal human hepatic L-02 cells (P<0.05, Figure 2C, 2D).

Association of PRL-3 with clinical characteristics of the
patients with HCC

According to the mean expression level of PRL-3 mRNA in
HCC tissues, the patients were divided into a high-expression
group (n=56) and a low-expression group (n=68). Chi-square
testing was performed to estimate the association of PRL-3
with clinical characteristics of HCC patients. The up-regulation
of PRL-3 showed a positive association with hepatic vascular
invasion (P=0.019), lymph node metastasis (P=0.012), and
advanced TNM stage (P=0.001), but the expression levels of
PRL-3 showed no correlation with patient age, sex, smoking
history, or tumor size (P>0.05 for all) (Table 1).
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Relative expresssion of PRL-3
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Figure 1. The expression patterns of PRL-3 mRNA in HCC tissues and

cell line. The mRNA levels of PRL-3 were significantly increased in

HCC tissues (A) and cell line (B), compared with the non-cancerous samples. ** P<0.01.
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Figure 2. The representative Western blot images for the expression of PRL-3 protein in HCC tissues and cell lines. The levels of PRL-
3 protein were significantly increased in HCC tissues (A, B) and cell line (C, D) compared to the non-cancerous specimens.

** P<0.01, * P<0.05.

PRL-3 enhanced the malignant behaviors of HCC cells
in vitro

si-PRL-3 vector was transfected into SMMC-7721 cells in our
study. QRT-PCR analysis results demonstrated that the trans-
fection of si-PRL-3 significantly reduced the expression of PRL-3
in HCC cells, revealing good transfection efficacy (P<0.001,
Figure 3).

The cell proliferation and motility abilities were estimated using
MTT and Transwell assays, respectively. MTT assay showed
that cell proliferation ability was obviously inhibited after the
knockdown of PRL-3 (P<0.05, Figure 4A). Moreover, the inhi-
bition of PRL-3 significantly suppressed cell migration and in-
vasion (P<0.05, Figure 4B, 4C). All the data revealed that the
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up-regulation of PRL-3 contributes to malignant proliferation,
migration, and invasion of HCC cells.

PRL-3 activated the PI3K/AKT signaling pathway in HCC

A published study reported that PRL-3 can activate the PI3K/
AKT signaling pathway [25] in cancer cells. In our study, we in-
vestigated activity of the PI3K/AKT signaling pathway in the
HCC cells transfected by si-PRL-3 vector. The proteins of p-AKT,
MMP2, and MMP9 were significantly decreased in HCC cells
transfected by si-PRL-3 vector (P<0.05, Figure 5).
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Relative expresssion of PRL-3

si-PRL-3 NC

Figure 3. The transfection of si-PRL-3 significantly suppressed
the expression of PRL-3 in HCC cells. *** P<0.001.

PRL- 3 targeted PTEN in HCC

Wang et al. reported that PRL-3 targets PTEN in
tumorigenesis [26]. In our study, we verified the targeted re-
lationship between PRL-3 and PTEN. Western blot analysis
demonstrated that the protein level of PTEN was significantly
decreased in SMMC-7721 cells (P<0.01) compared to L-02
cells. Moreover, the level of p-PTEN was higher in SMMC-7721
cells than in L-02 cells (P<0.01) (Figure 6A). However, in the
SMMC-7721 cells transfected by si-PRL-3 vector, the levels of
PTEN was significantly increased and p-PTEN level was obviously
decreased (P<0.05) (Figure 6B). PRL-3 may reduce the protein
levels of PTEN through enhancing its phosphorylation level.
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PRL-3 might activate the PI3K/AKT pathway through
targeting PTEN, thus contributing to HCC progression

To investigate the molecular mechanisms underlying the func-
tional roles of PRL-3 in progression of HCC, SMMC-7721 cells
were co-transfected by si-PRL-3 and si-PTEN vectors, and the
cells only transfected by si-PRL-3 vector served as an internal
reference. Western blot analysis demonstrated that the trans-
fection of si-PTEN restored the expression of p-AKT, MMP2,
and MMP9 in HCC cells transfected by si-PRL-3 vector (P<0.05,
Figure 7). Furthermore, compared to the cells transfected by si-
PRL-3 only, the cell proliferation, migration, and invasion abili-
ties were significantly enhanced after the co-transfection of si-
PRL-3 and si-PTEN vectors (P<0.05, Figure 8). Our results show
that transfection of si-PTEN reverses the anti-tumor action
caused by the knockdown of PRL-3. In HCC, PRL-3 can active
the PI3K/AKT signaling pathway and contributes to malignant
tumor progression through inhibiting the expression of PTEN.

Discussion

HCC is a complex disease regulated by multiple environmental
and genetic factors [27,28]. Exploring the genetic alterations
and molecular pathways involved in development and pro-
gression of HCC may provide novel diagnostic approaches and
therapeutic targets [29,30]. Various molecular biomarkers have
been confirmed for HCC. For example, alpha-fetoprotein (AFP)

A 151
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—o— NC
104
g
=Y
=
S 05- *
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0.0 -L— T T T
0 24 48 72
Time (h)
B 500

Number of migrated cells

si-PRL-3 NC
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Figure 4. The knockdown of PRL-3 inhibited HCC cell proliferation (A), migration (B), and invasion (C). * P<0.05, ** P<0.01.
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Figure 5. Western blot analysis for the proteins
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is abundant in HCC cells, but its expression is rarely observed of HCC. GP3 is identified as a satisfactory biomarker for HCC
in normal human hepatic cells. Serum AFP is widely used for diagnosis, and its function in targeted therapy of HCC has also
early detection of HCC [31]. Glypican-3 (GP3) is a heat-shock been established [32,33]. Although various genetic alterations
protein that plays important roles in initiation and progression have been confirmed for HCC, clinical outcomes of patients are

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




LAB/IN VITRO RESEARCH

Li B-H. et al.:
Up-regulation of PRL-3 contributes to malignant progression...
© Med Sci Monit, 2018; 24: 8105-8114

—m si-PRL-3+4si-PTEN
—e— (Control *

0D 490 (nm)

0.0

600

400 A

200 4

Number of migrated cells

T
Control

si-PRL-3+si-PTEN

C

400
= 300 1
£ 200
E
= 100
0- T
si-PRL-3-+si-PTEN Control

Figure 8. The co-transfection of si-PRL-3 and si-PTEN enhanced cell proliferation (A), migration (B), and invasion (C) compared to the
cells transfected with si-PRL-3 only. The transfection of si-PTEN reversed the anti-tumor action caused by the transfection of

si-PRL-3. * P<0.05, ** P<0.01.

still poor. It is crucial to explore novel genetic factors that will
help understand the etiology of HCC and improve the prog-
nosis of patients.

PRL-3 is a tyrosine phosphatases protein, and its abnormal
expression has been reported in several human cancers,
including HCC [14-19]. In our study, we found that the ex-
pression of PRL-3 was significantly enhanced at both protein
and mRNA levels. Moreover, the elevated levels of PRL-3 were
closely correlated with malignant disease progression of HCC
patients. Knockdown of PRL-3 can inhibit HCC cell proliferation,
migration, and invasion. PRL-3 acts as an oncogene in HCC, and
its elevated expression could contribute to malignant HCC pro-
gression. Our conclusions are consistent with those of previ-
ously published articles. Zhao et al. reported that the expres-
sion of PRL-3 was significantly higher in HCC tissues than in
adjacent normal tissues. Moreover, its expression showed a
positive association with vascular invasion and metastasis [19].
Mayinuer et al. demonstrated that the up-regulation of PRL-3
predicted poor prognosis for patients with HCC [34]. However,
due to the relatively small sample size in these studies, the
clinical significance of PRL-3 for HCC requires further research.

The molecular mechanisms underlying the oncogenic function
of PRL-3 in HCC were explored in our study. We found that the
knockdown of PRL-3 inhibited the expression of p-AKT, MMP2,

and MMP9 proteins. PRL-3 might promote HCC progression
through activating the PI3K/AKT signaling pathway. The as-
sociation of PRL-3 with the PI3K/AKT pathway has also been
reported in other malignancies. Lee et al. indicated that PRL-3
enhanced the expression of MMP7 and promoted colorectal
cancer cell migration and invasion through the PI3K/AKT path-
way [25]. Zhang et al. reported that the elevated expression
of PRL-3 contributed to peritoneal metastasis and invasion
of gastric cancer via activating the PI3K/AKT pathway [35].
Therefore, it appears that PRL-3 takes part in development and
progression of HCC via regulating the activity of the PI3K/AKT
signaling pathway. In the future, animal models should be de-
signed to verify these conclusions.

PRL-3 can mediate cell proliferation, migration, invasion, and
apoptosis through regulating multiple genes. For instance, in
colorectal cancer, PRL-3 was significantly associated with gly-
colysis metabolism through regulating IL-8 expression, thus
promoting cancer metastasis [36]. PRL-3 has an oncogenic
function in acute myelogenous leukemia progression through
targeting LEO1 [37]. Jian et al. found that PRL-3 activated RhoA
and enhanced mDial expression, thus contributing to cell mi-
gration and invasion in lung cancer [38]. The potential target
of PRL-3 in HCC was also explored in the present study. We
observed that the expression of PTEN was obviously down-
regulated, while p-PTEN exhibited up-regulation in HCC cells.
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Furthermore, the knockdown of PRL-3 leaded to up-regulation
of PTEN, but the level of p-PTEN exhibited decreasing trend.
In addition, the si-PTEN transfection reversed the anti-tumor
action caused by the knockdown of PRL-3. Therefore, we con-
firmed that PTEN is a potential target of PRL-3 in HCC. PRL-3
can enhance the phosphorylation level of PTEN, thus reducing
its level. PTEN was identified as a negative switch of the AKT
pathway, and its down-regulation can activate the AKT pathway,
thus contributing to aggressive progression of HCC [39]. The
targeted relationship between PRL-3 and PTEN was also re-
ported by Xiong et al. in gastric cancer [40]. PRL-3 appears to
activate the PI3K/AKT signaling pathway and promote HCC
progression via targeting PTEN.

Although we obtained statistically significant results, several
limitations in the present study should be noted. Firstly, only 1
HCC cell line was explored in this study, and our results need to
be verified in other HCC cell lines. Secondly, in vivo experiments
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