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Abstract. Protein phosphatase of regenerating liver 3 (PRL-3)
is a metastasis-associated phosphatase. Studies have shown
that its overexpression increases cell motility and invasiveness.
In this study, we aimed to investigate the expression of PRL-3
in hepatocellular carcinoma (HCC) tumor tissues and deter-
mine its correlations with matrix metalloproteinases (MMP-2,
MMP-9) and E-cadherin in HCC. Paired cancerous and non-
cancerous tissues were freshly collected from 42 primary
HCC patients. PRL-3 expression at both mRNA and protein
level was evaluated by real-time PCR, Western blot analysis
and immunohistochemistry. The microvessel density (MVD)
in HCC was detected with immunohistochemistry. The mRNA
expression of MMP-2, MMP-9 and E-cadherin was analyzed
by real-time PCR in search of correlations with PRL-3. We
found that PRL-3 was significantly up-regulated in the HCC
tumor tissues compared with corresponding noncancerous
liver tissues (0.664+0.053 vs. 0.024+0.003, P<0.001). The
mRNA level of PRL-3 in tissues was correlated with serum
a-fetoprotein level, vascular invasion and metastasis (P<0.001).
PRL-3 expression was closely related to MVD. Furthermore,
we found a significant correlation between PRL-3 mRNA
expression and MMP-2, MMP-9 and E-cadherin. Our results
demonstrated that PRL-3 is up-regulated in HCC. It is
strongly suggested that PRL-3 plays a key role in the angio-
genesis and invasion of HCC. MMP-2, MMP-9 and E-cadherin
might be involved in PRL-3 functions in HCC.

Introduction

With over half a million new cases each year, hepatocellular
carcinoma (HCC) is the fifth most common cancer worldwide
and the third leading cause of cancer-related death (1). It is
particularly prevalent in Asia and sub-Saharan Africa, yet
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there has been a rising incidence and a progressive increase
in HCC-related mortality in the United States and Western
Europe (2,3). HCC tends to show early invasion into blood
vessels as well as intrahepatic metastasis (4). Despite advances
in surgical and nonsurgical therapies, the outcome of HCC
is poor. It is therefore crucial to understand the molecular
mechanism of this highly aggressive cancer and to develop
novel therapies for it.

Angiogenesis, which begins with the breakdown of
surrounding basal membrane by activated endothelial cells,
plays an important role in the early stage of multi-step hepato-
carcinogenesis (5-7). Invasion through basement membrane
and interstitial extracellular matrix is another key event for
metastatic progression, which requires the action of a series
of proteolytic enzymes, matrix metalloproteinases (MMPs).
MMPs are a family of enzymes capable of degrading the
constituents of the extracellular matrix and the basement
membrane, thus mediating multiple pathologic processes
including tumor angiogenesis and metastasis (8,9). MMP-2
and MMP-9 are two members of the MMP family that are
closely correlated with metastatic potential; both can degrade
denatured collagens and type IV collagen present in the base-
ment membrane (10). At the same time, the dispersion of
tumor cells relies on the loss of E-cadherin, a cell adhesion
molecule, which is involved in homotypic calcium-dependent
cell-cell adhesion in epithelial tissues (11). Down-regulation
of E-cadherin-mediated intercellular adhesion has increased
tumor differentiation, invasion, metastasis and poor prognosis
in human cancers including HCC (12-14).

Increasing evidence suggests that phosphatase of regen-
erating liver 3 (PRL-3) plays multiple roles in cancer metas-
tasis. Its role in colorectal cancer metastasis and tumor-related
angiogenesis has been identified (15). PRL-3 belongs to a
subfamily of the protein tyrosine phosphatases (PTPs) with
unique catalytic COOH-terminal prenylation motif domain
(16). This unique feature among PTPs also suggests that they
may have distinct functions compared with other PTPs. In
addition, all PRLs have significant sequence homology to
dual-specific phosphatase PTEN and Cdc14 in regions other
than the conserved PTP signature motif (17,18). Compared to
PRL-1 and PRL-2, the expression of PRL-3 is more distinct
and frequent in cancer (19). PRL-3 was recently reported to
be a molecular marker of tumor endothelial cells (20). It is
found in a subset of endothelial cells in some human colon
samples and expressed predominately in the vasculature
of invasive breast cancer (21,22). PRL-3 has been directly
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implicated in cancer progression. A high level of PRL-3 and
increased invasion has been observed in the Hep3B HCC cell
line (20). It has been suggested that PRL-3 might be a crucial
effector in the MAPK cascade (23). Through this cascade,
PRL-3 can enhance tumorigenesis and angiogenesis. It was
shown that Chinese hamster ovary cells stably expressing
PRL-3 exhibited enhanced motility and invasive activity,
and induced metastatic tumor formation in nude mice (24).
Further studies suggested that both PRL-3-expressing Chinese
hamster ovary cells and PRL-3-expressing human DLD-1
colon cancer cells can redirect the migration of human
umbilical vein endothelial cells (HUVEC) towards them, and
PRL-3-expressing DLD-1 cells can enhance HUVEC vascular
formation (25). These results indicate that PRL-3 contributes
to the angiogenetic potential and invasive or metastatic
properties of cancer cells. PRL-3 may be a driver for tumor
supportive endothelial phenotypes.

However, the expression of PRL-3 in HCC has not been
reported yet. To investigate the role and possible mechanism
of PRL-3 in the carcinogenesis and the angiogenesis of HCC,
the mRNA and protein expression of PRL-3 in tissues from
HCC patients was analyzed. We also investigated the relation
of PRL-3 expression to MMPs and E-cadherin in HCC.

Materials and methods

Patients and specimens. Tumor tissues and surrounding non-
cancerous hepatic parenchyma were freshly collected from 42
primary HCC patients who received resections at Shandong
Provincial hospital during May 2005 to June 2007. The
samples were from 34 males and 8 females with an average
age of 54.5 years. Normal liver tissues from 15 patients with
hepatorrhexis or liver hemangiomas were also obtained as
controls. The clinical data of HCC patients are summarized
in Table I. HCC was histologically diagnosed. The remainder
was fixed in 4% paraformaldehyde, snap frozen in liquid
nitrogen and stored at -80°C for further use. Ethical approval
was gained from the Health Service Ethics Committee of
Shandong Provincial Hospital prior to commencement of
the study. Written informed consent was obtained from the
patients.

RNA extraction and cDNA synthesis. Total RNA was isolated
from the liver tissues with TRIzol reagent (Invitrogen Corp.,
USA). The optical density at A260/280 nm of RNA was
between 1.6 and 2.0. The integrity of RNA was confirmed by
the presence of intact 18S and 28S bands on 1% agarose gel.
The first-strand complementary DNA synthesis reaction was
performed with MBI Fermentas Reverse Transcription Kit
(MBI Fermentas, Vilnius, Lithuania) according to the manu-
facturer's instructions. The reaction was conducted at 42°C
for 60 min and then at 70°C for 10 min.

Real-time PCR. The primer sequences for real-time quanti-
tative PCR analysis were designed and synthesized as follows:
PRL-3 forward 5'-CACGCTCAGCACCTTCATTG-3',
reverse 5'-GGTGAGCTGCTTGCTGTTGA-3"'; MMP-2
forward 5'-CACCTACTGAGTGGCCGTGTT-3', reverse
5'-CAGGGAGCAGAGATTCGGAC-3"; MMP-9 forward
5-TGCCTGCAACGTGAACATCT-3', reverse 5'-CACTT
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GTCGGCGATAAGGAA-3"; E-cadherin forward 5'-CTC
GGCCTGAAGTGACTCGT-3', reverse 5'-GGGTCAGTA
TCAGCCGCTTT-3"; B-actin forward 5'-AATGCTTCTAG
GCGGACTATGA-3', reverse 5'-CAAGAAAGGGTGTAA
CGCAACT-3". For quantification the Quantitative SYBR
Green PCR Kit (Tiangen, Beijing, P.R. China) and ABI
Prism 7000 (ABI, USA) Sequence Detection System were
used in real-time PCR analysis of the gene expression levels
of PRL-3, MMP-2, MMP-9 and E-cadherin under the
following conditions: 1 cycle at 95°C for 5 min, then 30
cycles at 94°C for 30 sec and 60°C for 45 sec; quantitative
RT-PCR was repeated at least 3 times. The expression of
3-actin was quantified to standardize the amount of RNA as
an inner control. The mRNA in each sample was automatically
quantitated with reference to the standard curve conducted
each time using ABI 7000 software.

Western blotting. Tissues were lysed by RIPA (Biocolor
Biotech, Shanghai, P.R. China) with 10 1 PMSF on ice. The
protein concentration was determined with a BCA Protein
Assay Kit (Biocolor Biotech). Proteins suspended in loading
buffer were heated at 100°C for 5 min for denaturation,
separated in 15% SDS-PAGE and electrophoretically trans-
ferred onto PVDF membrane (Millipore, Bedford, MA) in
transfer buffer at 40 V for 105 min. The membrane was
blocked with 5% defatted milk powder for 2 h, washed with
TBST and incubated with mouse anti-PRL-3 antibody
(dilution 1:1000, R&D Systems, Minneapolis, MN) overnight
at 4°C. This was followed by incubation with an anti-mouse
horseradish peroxidase-conjugated secondary antibody (Dako,
Glostrup, Denmark) at a dilution of 1:200 at room tempera-
ture for 1 h. Protein bands were visualized by SuperSignal
West Pico Chemiluminescent Substrate kit (Pierce, Rockford,
IL) and exposed with Kodak X-Ray film (Kodak, Rochester,
NY). Proteins were re-blotted with anti-B-actin (diluted
1:10000, Zymed Laboratories, Inc., South San Francisco,
CA) as an internal control.

Immunohistochemical staining and microvessel density
(MVD) detection. For immunohistochemical analysis, 4-ym
sections were cut from paraffin blocks and baked at 50-60°C
for at least 2 h before being stained with the following
primary antibodies: rabbit anti-PRL-3 (dilution 1:100, Zymed
Laboratories), mouse anti-CD34 (diluted 1:50; Santa Cruz,
USA). The paraffin sections were dewaxed with xylene and
rehydrated through a graded alcohol series. Endogenous
peroxidase activity was blocked with 3% H,O, in methanol
for 30 min. Tissue sections were then pretreated in citrate
buffer using a water bath for 15 min for antigen retrieval.
One percent goat serum was applied to the sections to prevent
nonspecific binding. For negative controls, primary antibody
was replaced using PBS. Primary antibody was applied at
37°C for 2 h or overnight at 4°C in a humidified chamber.
Anti-rabbit or mouse antibody kit (Jing Mei Biotech, Shanghai,
P.R. China) was applied and ABC reaction was performed.
Histomorphometric analysis was performed with the Image-
Pro Plus image analysis system (Media Cybernetics, Inc.,
USA).

For a count of microvessels, the four most highly vascu-
larized areas were counted in x200 magnification fields and
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opathological parameters in 42 patients with HCC.

Clinicopathological Cases T/N? P-value
parameters (mean + SE)
Age
<60 years 22 6.52+1.040 0.598°
=60 years 20 7.83+1.250
Gender
Male 34 7.03+0.599 0.452°
Female 8 6.55+0.964
Virus
HBV 30 7.28+0.856 0.067¢
HCV 2 4.52+0.794
None 10
AFP
<20 ng/ml 16 345+0.680  <0.001°
=20 ng/ml 26 8.48+0.711
Tumor multiplicity
Solitary 38 7.62+0.655 0.744°
Multiple 4 6.59+0.832
Tumor size
<3.5cm 14 6.52+0.580 0.211°
=3.5cm 28 7.55+0.820
Histological type of tumor
Well differentiated 7 4.89+1.230 0.289¢
Moderately differentiated 33 6.98+0.930
Poorly differentiated 2 4.46+0.850
Liver cirrhosis
Present 25 7.48+0.950 0.478°
Absent 17 6.82+1.030
Vascular invasion
Present 13 7.08+1.260 0.001°
Absent 29 4.97+0.830

4T/N ratio: PRL-3/B-actin in tumor (T) divided by PRL-3/B-actin in
noncancerous tissue (N); PP-value determined by the Mann-Whitney
U test. ‘P-value determined by the Kruskal-Wallis test. HBV,
hepatitis B virus; HCV, hepatitis C virus; AFP, a-fetoprotein; SE,
standard error.

the average counts were then recorded. The intensity of cyto-
plasmic staining for PRL-3 was graded as follows: no staining
or staining observed in <10% of tumor cells, 0; faint/barely
perceptible staining detected in =10% of tumor cells, 1+; a
moderate or strong complete staining observed in =10% of
tumor cells, 2+ or 3+, respectively. A score of 0 or 1+ was
considered negative, whereas scores of 2+ or 3+ were con-
sidered positive. The result was graded independently by two
pathologists at different times. The grading results were
further verified using the automated Chromavision Cellular
Imaging System (Chromavision Medical Systems, Inc., San
Juan Capistrano, CA).

Statistical analysis. The unpaired Student's t-test was used to
analyze the differences of PRL-3 mRNA expression in HCC
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Figure 1. Real-time PCR of PRL-3 in HCC tissues. Expression levels were
normalized to that of B-actin. The relative PRL-3 mRNA expression of
PRL-3 in HCC tissues was significantly higher than in noncancerous
counterparts (0.664+0.053 vs. 0.024+0.003, P<0.001).
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Figure 2. Western blot analysis of PRL-3 expression in HCC cancerous
tissues and noncancerous liver tissues. A significantly higher expression of
PRL-3 at protein level is visible. N, noncancerous liver tissues; C, HCC
cancerous tissues.

tissues compared to noncancerous liver tissues. To analyze
the correlation of mRNA expression of PRL-3 with
clinicopathological parameters, the Mann-Whitney U and
Kruskal-Wallis tests were used. Correlations of mRNA
expression levels were analyzed with Pearson's test. P<0.05
was considered statistically significant. Data were analyzed
using SPSS 11.5 (SPSS, Inc., IL).

Results

Quantitative mRNA expression of PRL-3 in HCC. We
examined 42 HCC samples and corresponding noncancerous
hepatic tissues for PRL-3 mRNA expression using real-time
quantitative RT-PCR. The expression of PRL-3 in HCC
cancerous tissues showed a noticeable up-regulation in
comparison with noncancerous liver tissues, as shown in
Fig. 1. The average PRL-3/B-actin level in HCC tissues is
significantly higher than in noncancerous liver (0.664+0.053
vs. 0.127+£0.015, P<0.001) (Fig. 1).

Correlation of PRL-3 mRNA expression and clinical para-
meters of HCC patients. The correlation between PRL-3
mRNA expression and clinicopathological parameters of the
42 HCC patients, was statistically analyzed and is listed in
Table I. There was a significant correlation between the high
expression of PRL-3 and high serum a-fetoprotein (AFP)
levels and vascular invasion (P<0.05). PRL-3 expression was
increased in HCC with liver cirrhosis. However, the difference
was not statistically significant. No significant correlation
was found between PRL-3 expression and age, gender, tumor
size, tumor multiplicity and differentiaion.
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Figure 3. Immunohistochemical staining of PRL-3 in HCC tumor tissues using anti-PRL-3 antibodies. Positive staining was diffused in the cytoplasm of the

cancer cells. Original magnification x200 (A); x400 (B).

-
(=]

P<0.001
r=0.695

MMP-2 mRNA expression [Pz
~J

0 2 4 8 8 10 12 1

B -
*
8 104
% 90 d P
2 94 .
. 80 - .
1 *
< g
® 7
= = g0
R 6 £<0.001
= o 1=0.554 50 1 P<0.001
s % 0 | 2 r=0.583
MR
o 2 4 & 8 10 12 14
PRL-3 mRNA expression PRL-3 mRNA expression
05
'Y Figure 5. (A) Intensive staining of microvessels by anti-CD34 immuno-
5 0.5 1 staining in HCC (original magnification x200). (B) The PRL-3 mRNA
T 04l . P<0.001 expression and intratumoral MVD showed a highly significant positive
e -0 . correlation (r=0.583, P<0.001).
5 r=0.-0.731
X 03
(]
£ 04
g - Protein expression of PRL-3. Western blot analysis was
-} .
g 014 conducted on the HCC tumor and corresponding noncancerous
oo liver tissues. PRL-3 expression was up-regulated in HCC
o tissues HCC, but there was only a low expression in non-

PRL-3 mRNA expression

Figure 4. Correlations of PRL-3 mRNA expression and MMP-2, MMP-9, and
E-cadherin. (A) A significant correlation between the mRNA expression of
PRL-3 and that of MMP-2 was observed (r=0.695, P<0.001). (B) The PRL-3
and MMP-9 mRNA expression showed a significant positive correlation
(r=0.554, P<0.001). (C) The PRL-3 and E-cadherin mRNA expression
demonstrated a significant negative correlation (r=-0.-0.731, P<0.001).

cancerous hepatic tissues (see Fig. 2).

Immunohistochemical staining with a rabbit anti-PRL-3
antibody was performed. PRL-3 was expressed 57.27 and
28.73% in HCC and noncancerous tissue specimen respec-
tively, on average. PRL-3 was localized mainly in the cyto-
plasm and was significantly elevated in HCC tissues. Notably,
PRL-3 staining was found in the microvessels of HCC tissues
(Fig. 3).
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with the carcinogenesis, angiogenesis and invasion of
hepatocellular carcinoma (10). The degradation of matrix

expression in HCC tissues was also investigated for mRNA
expression. Compared with noncancerous liver tissues,
significantly increased expression of MMP-2 and MMP-9,
and decreased expression of E-cadherin were found in HCC
tissues. We found significant positive correlations between
PRL-3 and MMP-2 (r=0.695, P<0.001) or MMP-9 (r=0.554,
P<0.001). Furthermore, a significant negative correlation was
also found between the mRNA expression of PRL-3 and
E-cadherin (r=-0.-0.731, P<0.001) (Fig. 4).

Correlation between PRL-3 mRNA expression and micro-
vessel density (MVD) in HCC patients. Specific staining of
microvessels by anti-CD34 antibodies was observed in the
vessels and MVD was evaluated. Any brown-stained
endothelial cell cluster distinct from adjacent microvessels,
tumor cells, or other stromal cells was considered as a single
countable microvessel. The most vascular areas of tumors
were identified on a low-power field (x200), and vessels
were counted in five high-power fields (x200). The median
MVD in HCC was 66.7+11.2/field and 11.6+5.2/field in
noncancerous liver tissues. Significant correlations between
the mRNA level of PRL-3 and MVD were observed (r=0.583,
P<0.001, Fig. 5).

Discussion

Hepatocellular carcinoma is multifactoral and complex in
pathogenesis. Tumor angiogenesis and invasion play an
important role in HCC progression and are predictors for
poor prognosis (26). Anti-angiogenesis strategies are mainly
focused on endothelial cell proliferation, angiogenic factors,
and the degradation of extracellular matrix and basement
membrane. Our study demonstrates a significantly high PRL-3
expression level in HCC tumor tissues, which is in close
correlation with that of MMP-2, MMP-9 and E-cadherin in
HCC. These results suggest that PRL-3 is involved in the
angiogenic and invasive procession of HCC, and therefore
may be associated with the pathogenesis of HCC.

We detected PRL-3 mRNA expression in HCC tissues by
quantitative PCR and found that PRL-3 mRNA was signifi-
cantly up-regulated in human HCC tissues in comparison to
corresponding noncancerous liver tissues. We also investigated
the correlations between PRL-3 expression and clinico-
pathological parameters in HCC. A close relation was found
between the mRNA expression of PRL-3 and serum AFP
level and the metastasis of tumors. Serum AFP level was
previously confirmed as a significant prognostic factor for
HCC (27). Vascular invasion indicated as invasive pheno-
types in HCC (28), and tends to be more frequent in patients
with higher PRL-3 mRNA expression than those with a low
level of PRL-3 expression. However, no significance was
found in relation to gender, age, tumor multiplicity, and TNM
stage. Further examination by Western blot analysis and
immunohistochemical staining confirmed the high level of
PRL-3 in HCC.

In this study, the mRNA expression of MMP-2, MMP-9
and E-cadherin in HCC tissues was assayed with quantitative
real-time PCR. MMP levels were found to directly associate

protein allows cancer cells to invade the surrounding tissue.
In experimental animal models, MMP-2 and MMP-9 activity
have been directly associated with tumor angiogenic
potential (29,30). The close correlation of PRL-3 and either
MMP-2 or MMP-9 implicated that PRL-3 might be involved
in the secretion of MMPs.

E-cadherin is a cell-cell adhesion molecule and tumor
invasion suppressor gene that is frequently altered in human
cancers. The loss of E-cadherin results in the disassembly
of cell-cell adhesion junctions and increases tumor cell
invasiveness in vitro. Studies have revealed that the loss of
E-cadherin expression is closely related to hepatocellular
carcinoma progression from low to high histological grade
and further correlate it with vascular invasion and metastasis
(31). Our study revealed a decreased expression of E-cadherin
in HCC tissues and a close relation of PRL-3 and E-cadherin.
Therefore, it can be inferred that PRL-3 might be involved in
triggering angiogenesis and establishing microvasculature in
HCC, and also involved in the spread of the tumor.

It has been reported that PRL-3 can stimulate Rho family
GTPase signaling pathways which are critical regulators of
actin organization to promote cell motility and invasion (32).
PRL-3 promoted the activation of the Rho family GTPases
RhoA and RhoC, and reduced the activity of Rac (33). How-
ever, Rac activity has been reported to promote E-cadherin
mediated cell-cell adherence and therefore antagonize cell
invasiveness (34). This suggests that PRL-3 might contribute
to the decrease of E-cadherin expression in HCC. Further-
more, the up-regulation of PRL-3 activates Src kinase, which
initiates a number of signal pathways culminating in the
phosphorylation of ERK1/2, STAT3, and p130 (Cas) through
down-regulation of Csk, a negative regulator of Src (35).
Additionally, induction of MMP-2 and MMP-9 expression
can be mediated by ERK1/2 and PI3K/Akt pathways, in
spite of the differences of the expression style (36,37). We
hypothesize that cancer cells are activated with a higher
expression level of PRL-3, resulting in higher migration and
invasion ability. Simultaneously, a series of signaling path-
ways in tumor cells may be activated and involved in the
progression of HCC, through the up-regulation of MMPs or
down-regulation of E-cadherin.

In conclusion, PRL-3 was up-regulated in HCC tissues
and PRL-3 mRNA expression was significantly correlated to
the CD34-MVD and closely associated with the expression
of MMP-2, MMP-9 and E-cadherin in tumor tissues. Detection
of high PRL-3 expression in HCC tissues might assist in
identifying high-risk patients in need of further therapy.
Dephosphorylation events due to PRL-3 activity are closely
associated with HCC, suggesting that selective PRL-3
inhibitors might have therapeutic value and effectively block
the angiogenesis and invasion procession of HCC.
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