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Background: Hepatocellular carcinoma (HCC) is an aggressive form of human liver cancer
and the fifth most common malignancy worldwide. Novel effective treatment strategies for
HCC are urgently in clinical because of its poor response to conventional therapies.
G protein-coupled receptor kinases (GRKs), including GRK2 and GRK3, are known that
involves in various essential cellular processes and regulates numerous signaling pathways.
However, the role of GRK2/3 in invasion and metastasis of HCC still remains unclear.
Materials and Methods: Immunohistochemistry, Western blot, laser confocal microscopy
and qRT-PCR were used to detect the expression of GRK2/3 and EP2 in liver tissues of HCC
patients and DEN-induced HCC mice. Wound healing and transwell assay were applied to
measure the migration and invasion of HCC cells after transfected with GRK2 siRNA. The
downstream pathway of Akt and ERK was verified by Western blot.

Results: The expression of GRK2 was significantly decreased, while GRK3 was not
significantly changed in HCC tissues compared with noncancerous tissues of HCC patients.
Moreover, GRK2 expression was reduced during liver tumorigenesis in diethylnitrosamine-
induced liver tumor model. In addition, our in vitro study showed that GRK2 expression was
gradually decreased with increasing HCC cell line metastatic potential, and GRK2 knock-
down significantly promoted the migration and invasion of HCC cells. Furthermore, low
GRK2 expression was associated with increased expression of EP2 receptor translocation to
HCC cell membrane, and the activation of Akt pathway.

Conclusion: These data suggest that GRK2 inhibits HCC metastasis and invasion may be through
regulating EP2 receptor translocation, and this effect appears to be mediated by Akt pathway.
Keywords: GRK2, hepatocellular carcinoma, invasion, migration

Introduction
Hepatocellular carcinoma (HCC) is the predominant histological subtype of pri-
mary liver cancer, accounts for the fifth most common malignant tumor and ranking
third among various cancer death rates in the world."* Although surgical liver
cancer resection, radiofrequency ablation, and liver transplantation can improve
survival in patients with early HCC, rapid invasion and metastasis of HCC have
become the main causes of treatment failure.” Therefore, exploring the mechanism
of HCC invasion and metastasis is of profound significance for finding potential
new targets for drug therapy.

G protein-coupled receptor kinases (GRKSs) belong to serine/threonine kinases. Its
classical role is to phosphorylate and rapidly desensitize G protein-coupled receptors
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(GPCRs).*> Among the seven subtypes of GRKs, of which
only GRK2 and GRK3 are abundantly expressed in liver
tissues. Accumulating studies have been demonstrated that
GRKSs are involved in the development of various diseases
such as cardiovascular disease, arthritis and malignant
tumors.®’ Under neuroendocrine prostate cancer, GRK3
acts as a direct target of cyclic adenosine monophosphate
response element binding protein regulation and promotes
neuroendocrine differentiation.® Our previous study found
that GRK2 expression in liver fibrosis model rats is
decreased.” Combined with the above evidence, we speculate
that GRK2 may play an important role in HCC invasion and
metastasis, although how it participates mechanistically has
not been thoroughly studied.

Prostaglandin E receptors (EP1-4) belong to GPCRs. It
has been reported that among these 4 EP receptors, the
expression of EP2 receptor was considerably upregulated
in HCC tissues compared with the expression of EP1, EP3,
and EP4 receptor, and predominately mediated the func-
tion of PGE2 in the progression of HCC.'® EP2 has proven
to be beneficial to stimulate tumor vascular endothelial cell
growth, promote tumor cell invasion and metastasis in the
development of various tumors.'""'* In addition, our pre-
vious studies found that butaprost, a selective EP2 receptor
agonist, can significantly stimulate the proliferation and
invasion of HCC cells."* However, whether the precise
mechanism of GRK2 involving in HCC is related with
EP2 receptor remain to be elucidated.

In the current research, to assess the importance of
GRKs in HCC, we explored GRK2 and GRK3 expression
in tumor samples from HCC patients and diethylnitrosa-
mine (DEN)-induced liver tumor models in vivo. We
found that GRK2 expression was significantly decreased
in HCC tissues compared with noncancerous tissues of
HCC patients, while GRK3 expression was not signifi-
cantly changed. Moreover, reduced GRK2 expression
in DEN-

induced liver tumor mice. Furthermore, we employed

was associated with hepatocarcinogenesis

HCC cell lines with stepwise metastatic potential demon-
strated that GRK2 expression gradually decreased with
increasing HCC cell line metastatic potential, and
in vitro depletion experiments showed that decreased
GRK2 significantly promoted the migration and invasion
of HCC cells, and elevated EP2 expression in cell mem-
brane, thus upregulating the downstream Akt pathway.
Taken together, these findings suggest that GRK2 is
a potential treatment target in invasion and metastasis

of HCC.

Materials and Methods

Patients and Samples

Patients with primary HCC and intrahepatic biliary
lithiasis were recruited from Anhui Provincial Hospital.
This study protocol was approved by the research ethics
committee of Anhui Medical University, and performed
in accordance with the Declaration of Helsinki. All par-
ticipants provided their written informed consent.
Eighteen paired tumor tissues and adjacent noncancerous
liver tissues used for qRT-PCR assay and Western blot
analysis were acquired from HCC patients who under-
went surgical resection. Fresh tissues were collected
immediately upon tumor resection in the operating
room, and stored at —80°C until required. The paraffin-
embedded tissue specimens used for immunohistochem-
ical staining were collected from 72 HCC patients and
17 patients with intrahepatic biliary lithiasis (control
group) who were diagnosed and underwent surgery
between January 2007 and December 2010.

Animals

Male C57BL/6J mice were purchased from the Animal
Center of Anhui Medical University. All animals were
housed under specific-pathogen-free (SPF) conditions.
All mouse experiments were performed in accordance
with the guidelines of the Animal Care and Use
Committee of Anhui Medical University. And all experi-
ments were subject to approval by the Ethics Review
Committee for Animal Experimentation of the Institute
of Clinical Pharmacology, Anhui Medical University.

The DEN (Sigma-Aldrich, St. Louis, MO)-induced
liver tumor mice model was established as described
previously.'*'> Mice at postnatal day 14 were adminis-
tered single intraperitoneal injections of DEN, which was
dissolved in saline at a dose of 20 mg/kg. Control mice
were injected with equal volumes of saline. For tissue
sampling, mice were fasted overnight and sacrificed at §,
16, 24, 32 and 40 weeks after DEN injection. Immediately
after euthanasia, the mice liver tissues were obtained and
photographed. Part of the liver was rapidly fixed in buf-
fered 10% formalin for 24 h for histological analysis.

Cell Lines

HCC cell lines (MHCC97L, MHCC97H and HCCLM3)
with stepwise metastatic potential were purchased from
Fudan
University, Shanghai, China. The normal liver cell line

Liver Cancer Institute, Zhongshan Hospital,
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L-02 and the HCC cell lines with relatively low metastatic
potential HepG2 and SMMC-7721 were purchased from
the Institute of Biochemistry and Cell Biology, Chinese
Academy of Sciences, Shanghai, China. The present cell
study has been approved by the Research Ethics
Committee of Anhui Medical University. All the cells
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco, USA) supplemented with 10% fetal
bovine serum (FBS, Zhejiang Tianhang Biotechnology

Co., Ltd., Hangzhou, China), and 1% penicillin-
streptomycin  solution ~ (Beyotime  Biotechnology,
Shanghai, China). Butaprost (Peprotech, USA),

a selective EP2 receptor agonist, was used to explore the
potential role of GRK2 and EP2 concerned with tumor cell
migration and invasion.

Quantitative Real-Time PCR

Real-time PCR was conducted to determine GRK2 and
GRK3 gene expression in tumor and non-tumor liver tissue
samples. Total RNA was extracted using Trizol reagent,
and complementary DNA (cDNA) was synthesized using
a RevertAid First Strand cDNA Synthesis Kit (Fermentas,
Vilnius, Lithuania), according to the manufacturer’s
recommendations. The gene expression analysis was car-
ried out using a Real-time PCR Detection System (ABI
7500) with an SYBR GreenER qPCR SuperMix Universal
Kit (Invitrogen, Carlsbad, CA). The 27**T method was
used to quantify the relative expression of these genes. The
sequences of primers were as follows: GRK2, 5'-
CTTCCAGCCATACATTGAGGAG-3' (forward) and 5'-
TTCGATGCACACTGAAGTCATT-3' (reverse); GRK3,
5'-AGTGCCGACTGGTTCTCCCTG-3" (forward) and 5'-
TCTCGCTGAAGCAAGCCCTC-3" (reverse); GAPDH,
5-AGGTCGGAGTCAACGGATTTG-3' (forward) and 5'-
CCTGGAAGATGGTGATGGGAT-3’ The
mRNA expression of GAPDH was used as an internal

(reverse).
reference.

Histopathological Analyses

Mice liver tissues were obtained and fixed with 10% for-
malin for 24 h, and then embedded in paraffin and serially
cut into 4 pm-thick sections. The sections were stained by
hematoxylin and eosin (H&E) staining. In brief, the pre-
pared liver slices were stained with hematoxylin for 5 min
followed by eosin for 3 min. Pathological changes in liver
tissues were observed in H&E-stained sectioned samples
through a light BX53 microscopic (Olympus Corporation,
Tokyo, Japan).

Immunohistochemical Staining

The paraffin section of the liver tissue was baked at 60°C
for 2 h, then blocked with 5% BSA solution, as well as
dewaxed with xylene and hydrated in a series of graded
ethanol. Sections were heated in 10 mM sodium citrate
buffer for antigen retrieval and incubated with endogenous
peroxidase blocking solution (Zhongshan Goldenbridge
Biotechnology Co., Ltd, Beijing, China). Slides were incu-
bated with primary antibodies against GRK2, GRK3 and
EP2 (Santa Cruz Biotechnology, CA, USA) overnight at 4°
C. Sections were stained with DAB chromogenic kit
(Zhongshan Goldenbridge Ltd,
Beijing, China). Then they were counterstained with

Biotechnology Co.,

hematoxylin, washing, dehydrated and sealed. The sec-
tions were viewed under an Olympus BX53 microscope.
The positive result was based on the appearance of yellow
particles, and semi quantitative analysis of image was
conducted using Image-Pro Plus software. For each slide,
five random fields were analysed.

Immunofluorescence Assay

Cells were seeded on coverslips and treated with butaprost
for 10, 30, and 120 min, then were immersion-fixed in 4%
paraformaldehyde for 40 min. All sections were immersed
and incubated with primary antibody against GRK2 or
EP2 at 4°C overnight in the dark. Negative control sec-
tions were incubated with phosphate-buffered saline (PBS)
instead of primary antibody. To determine proteins expres-
sion and cellular distribution, sections probed with anti-
mouse Alexa Fluor 488 or anti-rabbit Alexa Fluor 555
conjugated antibodies (Thermo Fisher, MA, USA). And
(DAPI,
Biotechnology, Shanghai, China) was used to stain the

4, 6-diamidino-2-phenylindole Beyotime

nuclei. Finally, immunofluorescence staining was assessed

by Leica TCS SP5 confocal microscope (Leica
Microsystems).
siRNA Transfection

For GRK2 knockdown, SMC7721 cells were seeded in six-
well plates 24 h prior to transfection. The Lipofectamine
2000 (Invitrogen, Carlsbad, CA) transfection reagent was
shaken well, equal volumes of GRK2 siRNA and transfec-
tion reagent were mixed and incubated for 20 min before
application to cells. Cells were harvested for Western blot or
migration, invasion assays 48 h after transfection. The
sequences of the designed oligonucleotides against GRK2
were as follows: 5'-GCAUCAUGCAUGGCUACAUTT-3'

OncoTargets and Therapy 2020:13

submit your manuscript

9561

Dove


http://www.dovepress.com
http://www.dovepress.com

Li et al

Dove

(sense) and 5'-AUGUAGCCAUGCAUGAUGCTT-3' (anti-
sense). A scrambled RNA duplex was used as a negative
control. siRNA duplexes were purchased from GenePharma
Company (Shanghai, China).

Wound-Healing Assay

After SMC7721 cells transfected with the indicated GRK2
siRNA for 48 h. Cell monolayer was wounded with
a sterile 200 pL pipette tip and washed by PBS to remove
cell debris. The linear wound at O h and 24 h was photo-
graphed using an Olympus IX-71 inverted microscope.
Relative migration of cells under each condition was esti-
mated through taking five representative images including
the scratch areas.

Transwell Invasion Assay

Cells transfected with GRK2 siRNA were trypsinized, re-
suspended, and then 5x10* cells were added to the upper
chamber. However, the lower chamber was supplemented
with medium containing 10% FBS as a chemo-attractant,
then was incubated for 36 h. Migrated cells were fixed
with paraformaldehyde for 5 min, stained with crystal
violet in the lower chamber. Invasion cells were counted
by a light microscope in five randomly selected regions.

Membrane Protein Isolation in Cells

Cells were isolated using lysis buffer (Beyotime Institute
of Biotechnology, Shanghai, China) on the ice for 30 min.
Cell lysates were centrifuged at 12,000xg for 20 min at 4°
C, some of the supernatants were used to detect total
protein expression. The other supernatants were centri-
fuged at 100,000xg for 1 h at 4°C.'"*'7 The supernatant
was collected and added the protein loading buffer (5%) to
measure the cytoplasm protein. The precipitated mem-
brane proteins were re-suspended in cell lysis buffer,
added the protein loading buffer (5x), and boiled for 8
min. Samples were stored at —20°C until immunblotting.

Western Blot Analysis

As usual, proteins from liver tissues or HCC cells were
lysed for 30 min on ice, and centrifuged at 14,000xg for
20 min at 4°C. The supernatant was collected to detect the
expression of proteins. The proteins were resolved by
sodium dodecyl-sulfate-polyacrylamide gel electrophor-
esis (SDS-PAGE) and then transferred to polyvinylidene
fluoride (PVDF) membranes (Millipore, Bedford, MA).
Membranes were blocked with 5% dried skimmed milk
in 0.05% Tween 20-PBS for 2 h and incubated with

primary antibodies overnight at 4 °C. The primary anti-
bodies used were as follows: GRK2, GRK3, EP2 (Santa
Cruz Biotechnology, CA, USA), B-actin (Zhongshan
Goldenbridge Biotechnology Co., Ltd, Beijing, China),
Na'/K" ATPase (Abcam, Cambridge, UK), phospho-Akt
(p-Akt), Akt, phospho-ERK (p-ERK) and ERK (Cell
Signaling, MA, USA). The membranes were treated with
the secondary antibodies followed by further incubation
for 2 h. Proteins were quantitated with Image Quant LAS
4000mini (GE Healthcare Bio-Sciences AB, Uppsala,
Sweden) and analyzed by ImageJ software version 1.4.2b
(NIH, Bethesda, MD, USA). B-actin and Na'/K" ATPase
expressions were used as a loading control for total and
membrane fractions, respectively.

Statistical Analysis

A t-test and one-way analysis of variance (ANOVA) were
applied for statistical analysis with SPSS software version
15.0 (SPSS, Chicago, IL). Values in the figures are given
as means = SD. P< 0.05 was considered to be significant.

Results
GRK2 Was Down-Regulated in HCC

Patients

To verify the role of GRK2/3 in HCC, firstly we detected the
expression of GRK2 and GRK3 in 18 pairs of tumor and
adjacent noncancerous liver tissue samples from HCC
patients. As shown in Figure 1A, GRK2 mRNA was down-
regulated in tumor tissues compared with noncancerous liver
tissues as determined by qRT-PCR. However, GRK3 mRNA
had no significant change between tumor and non-tumor
tissues. The results of Western blot further confirmed that
GRK2 protein expression was lower in HCC tissues than in
noncancerous liver tissues. Similar protein levels of GRK3
expression were detected in tumor and non-tumor tissues
(Figure 1B). These results indicated that GRK2 was fre-
quently down-regulated in HCC patients. We next examined
the association between GRK2 dysregulation and HCC pro-
gression through immunohistochemical staining of paraffin-
embedded HCC tumor samples with different histological
grades (well differentiation, moderate differentiation, or poor
differentiation) from 72 HCC patients and 17 histologically
normal controls. Different HCC histological grades showed
different GRK2 immunoreactivity (Figure 1C). The expres-
sion of GRK2 was significantly lower in HCC livers than in
normal control livers. Furthermore, poorly differentiated
HCC demonstrated lower GRK2 expression than the other
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Figure | GRK2 was down-regulated in HCC patients. (A) Quantitative analysis of mMRNA expression of GRK2 and GRK3 in tumor tissues and non-tumor tissues of HCC
patients. (B) Liver homogenate was immunoblotted for GRK2 and GRK3 expression in HCC and noncancerous liver tissue. Densitometry values in the histograms were
shown as-fold change relative to non-tumor group. (C) The characteristic pictures of GRK2 and GRK3 expression in normal control liver tissues and HCC patients with
different grades of differentiation detected by immunohistochemical analysis (scale bar=100 pm), and the positive optical density values of GRK2 and GRK3 expression. The
data from at least four independent experiments are shown as means£SD. *P<0.05, **P<0.01 compared with the non-tumor group; **P<0.01 compared with the normal

control group; *P<0.01 compared with the well differentiation group.

HCC histological grades, as GRK2 expression increased
from poorly differentiated to well-differentiated HCC.
While there was no significant difference in GRK3 expres-
sion among different histological grade HCC tissues and
normal liver tissues. These data collectively disclosed that
GRK?2 down-regulation may be associated with aggressive
tumor behavior of HCC.

Decreased Expression of GRK2 During
Hepatocarcinogenesis in DEN-Induced
Liver Tumor Model

A DEN-induced liver tumor model was established to

further explore the dynamic expression of GRK2 and
GRK3 in vivo during liver tumorigenesis. As shown in

Figure 2A, at 8 weeks after DEN injection, the liver size
was obviously larger. At 16 weeks, mice liver became dis-
tinctly color changes, and there were displayed several tiny
tumor nodules on the liver surface. From 24 to 40 weeks
after DEN injection, a variable number of tumor nodules
were present compared with 0 week, all of the tumor nodules
were grayish white with an envelope, can be separated from
surrounding tissues. With increasing severity of HCC, the
size of the tumor nodules clearly increased. At 40 weeks
after DEN injection, the tumor nodules occupied most of the
liver surface. Meanwhile, the liver index reflected tumor
burden in Figure 2B, the liver index significantly increased
post DEN injection for 16 weeks. Histological examination
showed the liver pathology of 0 week mice presented
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complete liver tissue structure, normal morphology and neat  lobular inflammation and hepatocyte necrosis exhibited at
arrangement (Figure 2C). Similarly, the liver in 8 weeks had 16 weeks post-DEN injection, and appeared fibrous tissue
almost the same constructions excepted for some disorga-  hyperplasia. At 32 weeks after DEN injection, carcinoma
nized cell arrangement. However, significantly increased cells were microscopically nest-like distributed and
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accumulated irregularly without the normal hepatocytes con-
structions. The above results indicate that the mouse liver
cancer model in this
established.

To investigate GRK2/3 expression in vivo, time-course
expression of GRK2/3 was identified by Western blot. As

shown in Figure 2D, compared with 0 week mice, the expres-

experiment was successfully

sion of GRK2 significantly decreased from 8 to 40 weeks
after DEN injection. Nevertheless, the expression of GRK3
was observed no significant difference, as the severity of liver
tumor increased. These findings revealed that decreased
GRK2 expression is associated with hepatocarcinogenesis.

GRK2 Down-Regulation Was Associated
with HCC Metastasis

Based on the results of GRK2/3 expression in vivo, we
examined the expression of GRK2/3 in human normal
liver cell L-02 and five different HCC cell lines with step-
wise metastatic potential (HepG2, SMC7721, MHCC97L,
MHCC97H, HCCLM3) in vitro. According to the results of
Western blot, compared with normal L-02 liver cells, the
expression of GRK2 was gradually decreased in HCC cell
lines with the increase of cell metastatic potential. Moreover,
there was no evident change in GRK3 expression in each
cell line (Figure 3A). Next, immunofluorescence staining
was used to confirm GRK2 expression and subcellular

GRK2

GRK3

B-actin -

I GRK2

The expression of
GRK2 and GRK3 total protein

HepG2

HCCLM3

localization. HCC cells with low metastatic potential
(HepG2) and high metastatic potential (HCCLM3) were
selected.'™'” As shown in Figure 3B, we found that the
fluorescence intensity of GRK2 in normal hepatocytes
L-02 was stronger than that in HCC cells, which were
consistent with Western blot results. GRK2 was expressed
predominantly in the cytoplasm and partially the cytoplas-
mic membrane. Therefore, combining the aforementioned
data in vivo and vitro, we confirm that down-regulation of
GRK2 rather than GRK3 is involved in HCC development.

Gene Silencing of GRK2 Enhanced
Migration and Invasion of HCC Cells

in vitro

To investigate whether GRK2 is involved in the migration
and invasion of HCC cells, siRNA targeting GRK2 mRNA
was used to detect the effects of endogenous GRK2 expres-
sion on the migration and invasion of HCC cells. GRK2
siRNA was transfected into SMC7721 cells, which displayed
relatively high endogenous expression of GRK2. The results
of qRT-PCR and Western blot confirmed that GRK2 mRNA
and protein expression was decreased in cells transfected
with GRK2 siRNA compared with controls (Figure 4A and
B). These data indicate that the transfection was succeeded.
As shown in Figure 4C, wound-healing assay presented that
the wound closure of SMC7721 cells was significantly

DAPI GRK2

Merged

L02

Figure 3 GRK2 down-regulation was associated with HCC metastasis. (A) Relative GRK2 and GRK3 protein levels analysis in the immortalized normal liver cell line (L-02)
and five HCC cell lines determined by Western blot. The quantitative analysis of GRK2 and GRK3 were shown. The data from at least three independent experiments are
shown as means£SD. *P<0.01 compared with the L-02 group; **P<0.01 compared with the MHCC97L group. (B) The subcellular localization of GRK2 was shown by
immunofluorescence in L-02, HepG2 and HCCLM3 cells. Nuclei were stained with DAPI (scale bar =25 pum).
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increased after transfected with GRK2 siRNA compared
with the control tumor cells. In addition, the results of trans-
well assay showed that when the GRK2 expression was
reduced by GRK2 siRNA, the number of migrated cells
was obviously increased (Figure 4D). The above results
indicate that GRK2 silencing in HCC cells could promote
the migration and invasion ability of cells. In brief, GRK2
was negatively correlated with the migration and invasion of
HCC cells.
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GRK2 Regulated HCC Cell Migration and
Invasion via Modulation of EP2 Receptor

and Downstream Akt Pathway

Considering that EP2, which is classified as GRCRs, plays
an important role in cancer invasion.”’ And our previous
studies showed that butaprost, a selective EP2 receptor
agonist, can significantly stimulate the proliferation and
invasion of HCC cells."* We next postulated that whether
GRK2 regulated HCC cell migration and invasion through
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Figure 4 Gene silencing of GRK2 enhanced migration and invasion of HCC cells in vitro. (A) GRK2 mRNA expression in SMMC-7721 cells transfected with GRK2 siRNA.
(B) GRK2 knockdown in SMMC-7721 cells was confirmed by Western blot analysis. The densitometry values in the histogram are expressed as-fold changes relative to the
control group, which was assigned a value of |. (C) Representative images and a bar graph of the wound-healing assay are shown. (D) Effect of GRK2 siRNA on invasion of
SMMC-7721 cells detected by transwell matrigel invasion assays (scale bar=100 pum). At least three independent experiments were performed. **P<0.01 compared with the

control group.
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down-regulation of EP2. Firstly, we examined expression
of EP2 in DEN-induced liver tumor model in vivo by
immunohistochemical staining and Western blot. As
shown in Figure 5A, EP2 staining intensity showed
a clearly increasing trend in liver tissues with the progres-
sion of liver cancer after DEN injection. Moreover, the
results of Western blot were consistent with immunohisto-
chemical staining, which presented significantly increased
EP2 protein expression in DEN-induced liver tumor mice
(Figure 5B). These data indicated that EP2 expression was
positively associated with the severity of disease.

Finally, we decided to study the putative role of the
GRK2/EP2 in HCC cell migration and invasion. Butaprost,
a selective EP2 agonist was used to stimulate HepG2 cells at
107® mol/L lasted for 2 h. The expression and subcellular
localization of GRK2 and EP2 were confirmed by double-
staining immunofiuorescence. Immunofiuorescent analysis
showed that GRK2 protein was diffusely expressed predo-
minantly in the cytoplasm of untreated HepG2 cells and co-
expressed with EP2. However, expression of GRK2 was
distributed in the cytoplasmic membrane of HepG2 cells
after butaprost stimulation for up to 30 min (Figure 5C).
These results suggest that co-expression of GRK2 and EP2
resulted in their co-localization in the cytoplasm of HCC
cells. To determine whether GRK2 has a role in regulating
EP2, we separated cytoplasmic and membrane proteins of
HCC cells with different metastatic potential by
ultracentrifugation.”’ Western blot results showed that EP2
expression in cell membrane was significantly increased after
butaprost stimulation in HCC cells (Figure 6A), which was in
consistent with the results of immunofiuorescent analysis.
And upon butaprost stimulation, HCCLM3, the HCC cell
line with the highest metastatic potential, exhibited signifi-
cantly lower GRK2 expression and higher EP2 expression in
cell membrane than HepG2 cells (the HCC cell line with
relatively low metastatic potential). These findings indicate
that low GRK2 expression may promote HCC cell invasion
and metastasis by inhibiting EP2 desensitization. Next, we
attempted to explore the signaling pathways involved in the
GRK2 regulated migration and invasion of HCC cells. Since
Akt and ERK signaling pathways have been demonstrated to
participate in EP2-mediated signal cascades and tumor cell
migration and invasion,”” we detected the expression of
phosphorylated forms of ERK and Akt. As shown in
Figure 6B, the Akt phosphorylation (p-Akt) was significantly
increased in SMC7721 cells transfected with GRK2 siRNA
compared with control cells. By contrast, the levels of ERK
phosphorylation were not significantly changed in SMC7721

cells. These results suggest that interfering with expression of
GRK2 may activate EP2-mediated Akt pathway, thus pro-
mote HCC cell migration and invasion.

Discussion
Worldwide, more than 90% of primary liver cancer cases
are due to HCC.?® Its malignancy is high, easy to relapse
and metastasis. The incidence and mortality of HCC in
recent years are still rising, especially occurs in Eastern
and South-Eastern Asia and Western Africa.”* However,
HCC is highly resistant to traditional anticancer therapies
such as radiotherapy and chemotherapy. Hence, it is still
very urgent to explore the new pathological mechanism of
HCC and drug target for HCC treatment.

There is mounting evidence suggests that GRKs are closely
related to the occurrence and development of malignant
tumors, including breast, prostate, and central nervous system
cancer.”>?® GRK2 and GRK3 have recently been shown play-
ing an important role in liver diseases. However, their clinical
relevance in regard to HCC progression and metastasis has not
been clarified. In combination with the current study, we found
that GRK2 may play a more vital negative regulatory molecule
in hepatocarcinogenesis, but not GRK3. In the present study, it
is found that GRK2 was almost negative staining in patients
with high malignancy, while in the well-differentiated tissues
and normal control tissues, GRK2 showed obvious positive
staining. The positive staining of GRK3 was not significantly
changed in the tissues of HCC patients with different degrees
of differentiation. Similar results were obtained from gRT-PCR
and Western blot, GRK2 expression in liver tissues of HCC
patients was lower than in non-tumor tissues. In addition,
DEN-induced C57BL/6J mice liver cancer model was used
to simulate the development of human HCC in vivo.”” We
found that the expression of GRK2 gradually decreased when
the degree of malignancy increased, while there was no sig-
nificant change in GRK3 expression. In vitro, GRK2 expres-
sion was obviously decreased in HCCLM3 and MHCC97H
cell lines with high metastatic potential than in SMC7721 and
HepG?2 cell lines with low metastatic potential. Taken together
with clinical observations, these findings suggest that the
expression of GRK2 in HCC is decreased, which may be
related to the occurrence and development of liver cancer. In
addition, it was confirmed that GRK2 knockdown can promote
the migration and invasion of HCC cells by cell scratch assay
and transwell assay.

EPs are usually coupled with G proteins to produce
a second messenger, allowing extracellular signals to be
into cells,

introduced thereby causing a series of
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physiological or pathological effects.”® Low expression of
EP2 is thought to significantly inhibit LN229 human
glioma cell growth and migration.?’ Activation of EP2
receptor can significantly encourage the invasion and
migration of Huh7 cells.>® As expected, the results of our
present study showed that the expression of EP2 receptor
was obviously increased in DEN-induced HCC mice
model, which suggested that EP2 expression was posi-
tively associated with the severity of disease. GRK2 with
different subcellular localization acts different roles of
intracellular signaling,®' and membranous fraction of

EP2 leading to activation of its downstream signals and
inducing laryngeal carcinomas progression.’” We detected
the distribution changes of GRK2 and EP2 in HCC cells,
and the membrane proteins were isolated from three HCC
cell lines with stepwise metastatic potential through ultra-
centrifugation. The results of Western blot showed that
membrane expression of EP2 was increased in HCC cells
after stimulation with butaprost. Furthermore, HCC cell
line with the highest metastatic potential exhibited signifi-
cantly lower GRK2 expression and higher EP2 expression
in cell membrane than HCC cell line with low metastatic
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potential. Since GRK2 has been discovered to be respon-
sible for GPCRs desensitization and down-regulation of
GPCRs signaling.*> Therefore, we speculate that low
expression of GRK2 may promote HCC invasion and
metastasis by inhibiting EP2 desensitization thus increas-
ing its expression in the cell membranes.

Tumor metastasis constitutes one of the most signifi-
cant biological characteristics of malignant tumors and the
leading cause of death in clinical cancer patients.** It has
been reported that inhibition of the phosphoinositide
3-kinase (PI3K)-Akt signaling pathway may reduce the
aggressiveness ability of gastric cancer cells.”” The
PI3K/Akt signaling pathway also induces the expression
of the epithelial-mesenchymal transition-related markers
in breast cancer cells, promoting its metastasis.’® ERK
signals can serve as a medium for tumor invasion and
metastasis, and function by amplifying the signal.*’>° In
PGE,-related malignancy, it has been reported that PGE,
stimulates SN12C renal cancer cells to promote EP2-
mediated Akt signaling activation, thereby promoting the
invasion of renal cancer cells.* EP2 has been demon-
strated to promote the activation of ERK signal and pro-
mote the formation of pancreatic cancer in mice.*' More
interestingly, our results of Western blot showed that the
Akt pathway was significantly activated, not ERK pathway
after interfering with the expression of GRK2 in HCC
cells by siRNA. The above results suggest that GRK2
may inhibit the invasion and metastasis of HCC by inhi-
biting the EP2 receptor-mediated Akt signaling pathway.

Conclusion

In summary, our data suggest that low GRK2 expression is
indispensable for promoting HCC invasion and metastasis.
We provide evidence that GRK2 may regulate Akt signaling
mediated by EP2 receptor. Future research on the relationship
between GRK2 dysregulation and liver cancer may provide
a potential treatment target in invasion and metastasis of HCC.
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