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Purpose:  To investigate  the  effects  of angiotensin  II (Ang  II)  and tumor  necrosis  factor-�  (TNF-�)  on
the  biological  characteristics  of hepatocellular  carcinoma  (HCC)  cells and  the associated  changes  in  G
protein-coupled  receptor  kinase  2 (GRK2)  expression.
Methods:  The  mean  serum  levels  of Ang  II and TNF-�  in  normal  subjects  and  patients  with  benign  liver
tumors  (BLTs)  and HCC  were  evaluated  by enzyme-linked  immunosorbent  assay  (ELISA),  and  liver  sam-
ples  from  the  patients  with  HCC  and  HCC  mice  were  used  to  assess  the  protein  levels  of  both  cytokines,
their  major  receptors  and GRK2.  In  addition,  the dynamics  of Bel-7402  cells  were  determined  with  cell
counting  kit-8  (CCK-8)  and  Transwell  experiments,  while  the levels  of the primary  cytokine  receptors
Ang  II  type-1  receptor  (AT1R)  and type-2  receptor  (AT2R)  as  well  as  TNF  receptor  1  (TNFR1)  were  detected
by  flow  cytometry  (FCM).  The  effects  of  Ang  II  and TNF-�  on the  GRK2  levels  in  Bel-7402  cells  and  on  the
dynamics  of  GRK2-knockdown  HCC  cells  were  also investigated.
Results:  Both  cytokines  independently  enhanced  Bel-7402  cell  growth,  migration  and  invasion  by  decreas-
ing  the GRK2  level.  In contrast,  down-regulating  the  GRK2  level  in  Bel-7402  cells  suppressed  these
effects.  No synergistic  effects  were discovered  when  Ang  II and  TNF-�  were  administered  together.  Fur-

thermore,  increased  AT1R  and  TNFR1  levels  stimulated  HCC  initiation  and  progression,  whereas  AT2R
overexpression  produced  the opposite  effect.
Conclusions:  The  present  results  suggested  that  Ang  II and  TNF-�  promote  Bel-7402  cell  growth,  migration
and  invasion  by  down-regulating  GRK2  expression,  and  that  the  associated  receptors  AT1R,  AT2R  and
TNFR1  participate  in  HCC  initiation  and  progression.

©  2018  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Hepatocellular carcinoma (HCC) is widely distributed in China,
articularly in the southeast coastal area. Indeed, China has the
ighest number of new HCC cases and HCC-associated deaths
orldwide [1,2]. Additionally, HCC is the world’s third leading

ause of death related to cancer, and its global incidence contin-
es to increase [3–5]. Currently, no specific treatments or effective

djuvant therapies are available for managing HCC because its
athogenesis remains to be elucidated [6,7]. For this reason,
dvanced HCC is primarily treated with surgical resection, and
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patients with HCC have a poor prognosis [8]. Therefore, inves-
tigating the involvement of cytokines in HCC cells is critical for
understanding the initiation and progression of HCC and for devel-
oping new strategies to prevent and treat HCC.

The two cytokines angiotensin II (Ang II) and tumor necrosis
factor-� (TNF-�)  are related to the initiation and development
of multiple tumors [9,10]. Ang II, which is a central element
of the renin–angiotensin–aldosterone system (RAAS), stimulates
the angiogenesis, inflammation and proliferation in HCC  tissues
through its primary receptor Ang II type 1 (AT1R), and Ang II
promotes the opposite effects by activating Ang II type 2 recep-
tor (AT2R) [11–14]. Moreover, TNF-� enhances the proliferation,

metastasis and apoptosis of HCC cells through TNF receptor 1
(TNFR1), while TNF receptor 2 (TNFR2) is expressed in endothe-
lial and immune cells [15]. Thus, TNFR1 is implicated in promoting
both inflammation and apoptosis [16,17].
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G protein-coupled receptor kinase 2 (GRK2) is distributed
hroughout various tissues [18] and induces the phosphorylation
nd subsequent desensitization of activated G protein-coupled
eceptors (GPCRs), thereby switching or terminating the GPCR-
ediated signaling pathways. Several factors can regulate the

ctivity and expression of GRK2 [19–21], which exerts diverse
hysiological and pathological functions and mediates various sig-
aling pathways that are linked to the proliferative and metastatic
otential of cancer cells [22]. Previous studies have verified that
RK2 significantly inhibits the growth and invasion of HCC cells,
hile different levels of reduced differentiation are associated with
ecreased GRK2 expression in HCC tissues [23,24]. Therefore, GRK2
egatively regulates the initiation and progression of HCC.

Ang II and TNF-� have been reported to control the GRK2 level in
ynoviocytes, endotheliocytes and cardiomyocytes, subsequently
ffecting the growth, inflammation and metastasis of histiocytes
25,26]. However, the links among Ang II, TNF-� and GRK2 have yet
o be elucidated in HCC cells. Thus, we explored the effects of Ang
I and TNF-� on Bel-7402 cells by assessing the associated changes
n cell dynamics and the levels of GRK2, AT1R, AT2R and TNFR1.

. Materials and methods

.1. Patients and clinical samples

We  recruited 24 patients with HCC and 24 patients with
enign liver tumors (BLTs) who underwent hepatectomies between
015 and 2016, without undergoing preoperative chemother-
py or radiotherapy (Hefei, China). Preoperative diagnoses were
erformed using appropriate imaging techniques. The cancerous
nd non-cancerous samples were histologically matched after the
peration, and clinicopathological data were obtained for all the
atients. Similarly, peripheral blood samples were collected from
6 patients with HCC and 28 patients with BLTs from 2014 to 2016.
oreover, peripheral blood samples from 50 normal subjects who

nderwent physical examinations were collected as the normal
ontrol sample. The Institutional Review Board of the First Affili-
ted Hospital of Anhui Medical University approved all aspects of
he study. Ethical standards involving human experimentation and
he Declaration of Helsinki were followed.

.2. Enzyme-linked immunosorbent assay (ELISA)

Human peripheral blood was collected in a pro-coagulation tube
nd centrifuged at 1500 rpm for 15 min, and the collected super-
atant served as the serum required for the experiment. Control
ells and sample wells were preset in the enzyme-linked culture
lates. The tested samples were added to the appropriate wells, and
hen horseradish peroxidase (HRP)-conjugated primary antibodies
BioFront Technologies; Tallahassee, FL, USA) against Ang II and
NF-� were applied for 1 h at 37 ◦C. Subsequently, each well was
ncubated with 100 �l of developing solution for 20 min  in the dark.
inally, the absorbance of the culture supernatants was  recorded at

 wavelength of 450 nm using a spectrophotometer.

.3. Mouse model of HCC

C57BL/6J mice (male, 2 weeks) were obtained from the Ani-
al  Experiment Center of Anhui Medical University (Hefei, China)

nd randomly assigned to a control or HCC model group. A sin-
le intraperitoneal injection of diethylnitrosamine (DEN, 20 mg/kg;
igma; St. Louis, MO,  USA) was applied to induce HCC, and the

ontrol mice received the same volume of saline. The mice were
acrificed at 0, 12, 24 or 36 weeks after injection, and liver samples
ere carefully dissected and weighed. Then, the liver specimens
ere divided for histopathological examinations (fixed with 10%
 Disease 51 (2019) 263–274

formalin) and protein analysis studies (stored at −80 ◦C). All mice
were bred and maintained at ambient temperature (22 ± 2 ◦C)
under a 12-h cycle of daylight and darkness. The ethical commit-
tee of Anhui Medical University approved the studies involving
animals, and the experiments were performed according to the
instructions for laboratory animal experimentation.

2.4. Histopathology

After embedding in paraffin, the formalin-fixed liver specimens
were sectioned (4 �m),  dewaxed in absolute xylene and hydrated
with graded ethanol solutions. Then, the liver sections were stained
with hematoxylin and eosin (H&E) to observe the morphological
changes. Finally, all of the liver samples were visualized using an
Olympus BX53 video microscope (Olympus, Tokyo, Japan).

2.5. Immunohistochemistry (IHC)

IHC was  used to detect the expression levels of Ang II, TNF-�,
AT1R, AT2R, TNFR1 and GRK2 in the liver tissues of the HCC model
mice and control mice. The liver tissue slices of the mice were
dewaxed in an oven at 60 ◦C, immersed in a xylene solution, and
hydrated in an ethanol gradient. Next, 3% hydrogen peroxide was
added to the sections to block the activity of the endogenous peroxi-
dases. After that, the sections were incubated with polyclonal rabbit
anti-mouse primary antibodies (1:150; Abcam Plc; Cambridge, UK)
overnight. On the next day, the sections were washed with dis-
tilled water and incubated for 30 min  with an HRP-conjugated
secondary antibody. Subsequently, a fresh 3,3′-diaminobenzidine
solution and hematoxylin were applied to stain the specimens, and
the expression levels of the target proteins were quantitatively ana-
lyzed by using an Olympus optical microscope (Tokyo, Japan) and
Image-Pro Plus software system. At least six random fields (×200)
were observed in each section.

2.6. Cell culture

Human Bel-7402 HCC cells from the Shanghai Cell Bank (Shang-
hai, China) were grown in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with streptomycin (100 �g/ml), penicillin
(100 U/ml) and fetal bovine serum (FBS, 10%; HyClone; Logan, UT,
USA) at 37 ◦C in a 5% CO2 atmosphere. Lipofectamine 3000 (Invit-
rogen; Carlsbad, CA, USA) was used to transfect the HCC cells
with both GRK2 and scrambled siRNAs (Santa Cruz, CA, USA).
The transfected Bel-7402 cells were grown for 48 h before further
experiments to attain maximal GRK2 silencing.

2.7. Cell counting kit-8 (CCK-8) assay

The activities of the HCC cells were evaluated with CCK-8 exper-
iments. Normal or transfected Bel-7402 cells in the exponential
phase were seeded into culture medium containing single Ang II,
single TNF-� or the two reagents combined (Sigma; St. Louis, MO,
USA) at 5000 cells/well with three replicate wells. Administrated
for 12, 24 or 48 h, each well was  supplemented with CCK-8 solu-
tion (10 �l; Dojindo; Kumamoto, Japan) and maintained at 37 ◦C for
1 h. Subsequently, the absorbance of the culture supernatants was
recorded at a wavelength of 450 nm using a spectrophotometer.

2.8. Transwell assay

A total of 1 × 105 normal or transfected Bel-7402 cells were

seeded in the upper well of a Transwell chamber equipped with
an 8-�m pore size membrane (Corning; NY, USA), and suspended
in 100 �l of DMEM containing single Ang II, single TNF-� or the two
reagents combined. Meanwhile, 500 �l of DMEM supplemented
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Fig. 1. Differential protein expression in human sera and liver tissues. (A–B) The mean serum levels of Ang II and TNF-� in the normal subjects and patients with BLT and HCC
were  evaluated using ELISAs. The numbers of normal subjects and patients with BLT and HCC were fifty, twenty-eight and thirty-six respectively. *P < 0.01 compared with
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he  normal subjects. #P < 0.01 compared with the BLT patients. (C–D) Representati
T2R,  TNFR1 and GRK2 levels in the HCC, tumor-adjacent and healthy liver tissues. 

P < 0.05, **P < 0.01 compared with the healthy liver tissue. #P < 0.05 compared with

ith 10% FBS was placed in the bottom well. The HCC cells were
aintained as described above for 24 h, and then the cells in the

pper well were cautiously wiped off, while the cells that had
igrated to the bottom well were stained with crystal violet (0.1%).

inally, the fixed cells were air dried and counted in 6 random fields
or each chamber (×200) under an Olympus optical microscope
Tokyo, Japan).

.9. Flow cytometry (FCM)

Bel-7402 cells were planted into 6-well culture plates at
 × 106 cells/well and incubated with single Ang II, single TNF-� or
he two reagents combined for 48 h. Next, the cells were harvested
nd incubated with primary rabbit anti-human antibodies (Santa
ruz Biotechnology) against AT1R, AT2R and TNFR1 at 37 ◦C for 1 h.
fter 30 min  of incubation with a fluorescein isothiocyanate (FITC)-

abeled goat anti-rabbit secondary antibody (ZSGB-BIO) in the dark,
he ratios of AT1R-, AT2R- and TNFR1-positive Bel-7402 cells were
iscerned using flow cytometry (FC500; Beckman Coulter).

.10. Western blotting

RIPA buffer (Beyotime, Shanghai, China) was utilized to extract
roteins from the Bel-7402 cells or liver tissues (human and mouse

iver samples), and the Lorry assay was performed to determine
he protein concentrations [27]. The protein extracts were diluted
n 5× sample buffer and boiled for 10 min. Subsequently, the sam-
les were separated by SDS-PAGE and immuno-blotted onto a
olyvinylidene fluoride membrane. After blocking the membranes
ith 5% bovine serum albumin at room temperature for 1 h, poly-

lonal rabbit anti-human primary antibodies (1:1000; Proteintech
roup Inc.) against Ang II, TNF-�, AT1R, AT2R, TNFR1 or GRK2
ere applied overnight. Next, the membranes were incubated with

RP-conjugated secondary antibodies for 2 h. Finally, the proteins
ere imaged using an enhanced chemiluminescence kit (Pierce
iotechnology Inc.) and quantified by an ImageQuant LAS 4000 mini
ystem.
stern blots and semi-quantitative evaluations displaying the Ang II, TNF-�, AT1R,
mbers of HCC, tumor-adjacent and healthy liver tissue samples were twenty-four.
mor-adjacent tissue.

2.11. Reverse transcription PCR (RT-PCR) and real-time PCR

Total RNA was extracted from Bel-7402 cells using TRI-
zol reagent (Invitrogen; Carlsbad, CA, USA) according to
the manufacturer’s instructions, and complementary DNAs
(cDNAs) were synthesized using a reverse transcription
kit (Invitrogen Life Technologies). The primer pairs for
the PCR amplification of GRK2 and �-actin were as fol-
lows: GRK2-forward: 5′-GTCTCCACTCCTGACTCTGAA-3′,
GRK2-reverse: 5′-TAGGGTACAAATGACCTCAGC-3′; �-actin-
forward: 5′-TTCTGTGGCATCCACGAAACT-3′, �-actin-reverse:
GAAGCATTTGCGGTGGACGAT-3′, and the lengths of PCR products
for GRK2 and �-actin were 160 and 312 bp respectively. Finally,
the amplified RT-PCR products were separated on 1.5% agarose gel
and visualized with ethidium bromide staining, and the real-time
PCR data were analyzed using the 2−��CT method.

2.12. Statistical analysis

SPSS version 19.0 (Chicago, IL, USA) was used for the statistical
analyses, and the data were analyzed by applying Student’s t-tests
or one-way ANOVAs. The results are presented as mean ± standard
deviations (SD) and were considered statistically significant at
P < 0.05.

3. Results

3.1. Differential expression of proteins in human sera and liver
tissues

The ELISA results demonstrated that the mean serum levels of
Ang II and TNF-� in the HCC patients were obviously higher than
those in the BLT patients and normal subjects, and there were no
evident differences in the mean serum levels of Ang II and TNF-�
between the BLT patients and normal subjects (Fig. 1A and B). Fur-
thermore, Fig. 1C depicts the results of the western blot analyses

of 24 matched liver samples. Based on a semi-quantitative assess-
ment, the Ang II, AT1R and AT2R expression levels were obviously
higher in the HCC tissue than those in the healthy liver tissue. In
addition, the tumor-adjacent tissue exhibited increased Ang II and
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Fig. 2. The influences of Ang II and TNF-� on Bel-7402 cell growth. (A–B) The CCK-8 absorbance values of Bel-7402 cells that were incubated with varying concentrations of
A cells t
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ng  II and TNF-� for 12, 24 and 48 h. (C) The CCK-8 absorbance values of Bel-7402 

or  12, 24 and 48 h. The data are expressed as the mean ± SD of three independen
ompared with the single TNF-� group.

T1R levels compared with those in the healthy liver tissue. Mean-
ime, the TNF-� and TNFR1 contents were also increased in the
umor-adjacent tissue compared with the levels in the HCC and
ealthy liver tissues. Moreover, compared with that in the healthy

iver tissue, TNF-� expression was elevated in the HCC tissue, but no
ignificant differences in TNFR1 expression were found. Addition-
lly, the GRK2 protein level in the HCC tissue was evidently lower
han that in the tumor-adjacent and healthy liver tissues, whereas
o obvious differences in GRK2 expression were observed between
he tumor-adjacent and healthy liver tissues (Fig. 1D).

.2. Cell growth
To ascertain the influences of Ang II and TNF-� on HCC cell
rowth, Bel-7402 cells underwent treatment for 12, 24 and 48 h
ith varying concentrations of Ang II and TNF-� (Fig. 2A and B).
hat were incubated with single Ang II, single TNF-� or the two reagents combined
riments. *P < 0.05, **P < 0.01 compared with the control group. #P < 0.05, ##P < 0.01

The data suggested the sensitivity of the cells to 1 × 10−7 mol/l Ang
II and 10 ng/ml TNF-�, and these concentrations were used in all
subsequent experiments. The proliferative activity of the Bel-7402
cells in the single Ang II, single TNF-� and two  reagents com-
bined groups was evidently higher than that in the control group,
and these effects were time-dependent (Fig. 2C). In addition, the
proliferation of the Bel-7402 cells in the single TNF-� group was
obviously increased compared with that in the single Ang II and
two reagents combined groups, but no significant differences were
found between the single Ang II and two reagents combined groups.

3.3. Cell migration and invasion
Considering that the motility potential of tumor cells is typ-
ically associated with metastasis, we investigated the effects of
treatments with single Ang II, single TNF-� and the two reagents
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Fig. 3. The influences of Ang II and TNF-� on Bel-7402 cell motility. (A) Representative images of the Transwell assays showing the migration and invasion of Bel-7402 cells
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magnification, ×200). (B–C) Quantitative analysis of the Bel-7402 cell migration a
ombined for 24 h. The data are expressed as the mean ± SD of three independent
ompared with the single TNF-� group.

ombined for 24 h on Bel-7402 cell migration and invasion using
ranswell assays (Fig. 3A). The results demonstrated that the three
ifferent treatments significantly promoted Bel-7402 cell migra-
ion and invasion, and the administration of single TNF-� resulted
n greater migration and invasion abilities of the HCC cells than did
reatment with single Ang II or the two reagents combined. More-
ver, no obvious differences were found between the single Ang II
nd two reagents combined groups (Fig. 3B and C).

.4. Changes in the expression of the relevant receptors on HCC
ells

After treatment of the Bel-7402 cells for 48 h with single Ang
I, single TNF-� or the two reagents combined, the ratios of AT1R-

 AT2R- and TNFR1-positive HCC cells were compared to those of
he control group using FCM assays (Fig. 4A). The data suggested
hat the incubation of the Bel-7402 cells with single Ang II or the
wo reagents combined obviously increased the AT1R level com-
ared with that in the single TNF-� and control groups, and no
ifferences were found between the single Ang II and two reagents
ombined groups or between the single TNF-� and control groups.

eanwhile, a significantly higher AT2R level was  observed in the

wo reagents combined group than in the other treatment groups.
oreover, compared to that in the single TNF-� and control groups,

ncremental AT2R expression was found in the single Ang II group,
vasion induced by treatment with single Ang II, single TNF-� or the two reagents
riments. *P < 0.05, **P < 0.01 compared with the control group. #P < 0.05, ##P < 0.01

while the single TNF-� and control groups showed no difference. On
the other hand, the single TNF-� treatment evidently up-regulated
the TNFR1 level compared with that in the other three groups. Sim-
ilarly, TNFR1 expression was higher in the two reagents combined
group than in the single Ang II and control groups, and the single
Ang II and control groups exhibited no differences (Fig. 4B).

3.5. Modulation of GRK2 expression in HCC cells

The Bel-7402 cells were stimulated with single Ang II, single
TNF-� or the two  reagents combined, and the GRK2 level relative
to that in the control group was  measured by western blotting
(Fig. 5A). The results indicated no obvious differences among the
four experimental groups after treatment for 12 h. However, a sig-
nificant reduction in the GRK2 level was found in the single TNF-�
group versus the two reagents combined and control groups when
the cells were cultured for 24 h, while no differences were found
among the single Ang II, two reagents combined and control groups
or between the single Ang II and single TNF-� groups. Additionally,
the GRK2 level was decreased in all treatment groups compared
with that in the control group after 48 h of administration. More-

over, treatment with single TNF-� led to lower GRK2 expression
than that in the two reagents combined group, and no differences
were observed between the single Ang II and single TNF-� groups
or between the single Ang II and two  reagents combined groups
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Fig. 4. The effects of Ang II and TNF-� on the AT1R, AT2R and TNFR1 expression levels in Bel-7402 cells. (A) Representative FCM plots displaying the expression of AT1R,
A d TNF
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T2R  and TNFR1 on the surface of Bel-7402 cells. (B) The ratios of AT1R-, AT2R- an
NF-�  or the two reagents combined for 48 h. The data are expressed as the mean
roup. #P < 0.05, ##P < 0.01 compared with the single TNF-� group. �P < 0.05 compa

Fig. 5B). The results of the RT-PCR and real-time PCR experiments
urther demonstrated the conclusions obtained from the western
lot analyses (Fig. 5C and D).

.6. GRK2-related modulation in HCC cells

To corroborate the involvement of GRK2 in the modulation
f Bel-7402 cells’ growth, migration and invasion potentials, the
ells underwent transfection with GRK2 siRNA to decrease the
RK2 level (Fig. 6A and B). After incubation for 12, 24 and 48 h,

he proliferative activity of the GRK2 siRNA-transfected HCC cells

as significantly increased compared with that of the scram-

led siRNA-transfected HCC cells, as verified by the CCK-8 assay
Fig. 6C). Furthermore, following another 24 h of incubation in
ranswell chambers, the GRK2 siRNA transfected group exhibited
R1-positive Bel-7402 cells were recorded after treatment with single Ang II, single
 of three independent experiments. *P < 0.05, **P < 0.01 compared with the control
ith the single Ang II group.

stronger migration and invasion potentials than the scrambled
siRNA-transfected group (Fig. 6D–F).

3.7. Related modulatory effects of Ang II and TNF-  ̨ on
GRK2-knockdown HCC cells

The GRK2-knockdown Bel-7402 cells were treated with single
Ang II, single TNF-� or the two  reagents combined for 12 and 24 h.
Subsequent CCK-8 assays revealed no significant differences in the
proliferative activity compared with that of the control group. Addi-
tionally, the administration of single TNF-� for 48 h resulted in a
more prominent effect on cell growth than that observed in the con-
trol group, and no differences were found among the single Ang II,

two reagents combined and control groups or among the single Ang
II, single TNF-� and two reagents combined groups (Fig. 7A). Fur-
thermore, the GRK2-knockdown Bel-7402 cells were planted into
Transwell chambers and then incubated with single Ang II, single
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Fig. 5. The effects of Ang II and TNF-� on the GRK2 expression level in Bel-7402 cells. (A–B) Representative western blots and semi-quantitative evaluations showing the
GRK2  protein level in Bel-7402 cells that were incubated with single Ang II, single TNF-� or the two reagents combined for 12, 24 and 48 h. (C–D) RT-PCR and real-time PCR
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ere  performed to assess the GRK2 mRNA level in Bel-7402 cells that were incub
he  data are expressed as the mean ± SD of three independent experiments. *P < 0.0
roup.

NF-� or the two reagents combined for 24 h (Fig. 7B). Our results
uggested that the migration and invasion potentials of the HCC
ells treated with single TNF-� were evidently higher than those of
he control group. Moreover, the invasion potential of the HCC cells
as enhanced in the single Ang II group compared with that in the

ontrol group, and no differences were observed among the single
ng II, single TNF-� and two reagents combined groups or between

he two reagents combined and control groups (Fig. 7C and D).

.8. Ang II, TNF-˛, AT1R, AT2R, TNFR1 and GRK2 expression levels
n a DEN-induced HCC mouse model

In the HCC model mice, the livers exhibited mild swelling and
artial proliferation of the fibrous tissue at 12 weeks after DEN

njection. When tumor growth was induced for 24 weeks, the liv-
rs became markedly hardened, and tumor nodules of different
izes on the surface and damage to the liver lobules were observed.
hirty-six weeks later, the livers and tumor nodules were fur-
her enlarged, with the hepatocytes showing different sizes and
hapes, and the liver lobules were obviously damaged and pre-
ented with necrosis (Fig. 8A and B). Compared with that of the
ontrol group, the liver index of the HCC model group was clearly
ncreased (Fig. 8C).

We  further investigated the Ang II, TNF-�, AT1R, AT2R, TNFR1
nd GRK2 expression levels in the liver tissues of the HCC mice at
ifferent stages (0, 12, 24 or 36 weeks) of HCC formation. West-
rn blot analyses suggested that the Ang II, TNF-�, AT1R, TNFR1
nd GRK2 levels in the control group did not evidently change over
ime, whereas the AT2R level obviously decreased over time (Fig. 8D
nd E). Meantime, the Ang II, TNF-�, AT1R and TNFR1 levels in the
CC model group gradually increased over time, while the AT2R

evel exhibited no significant change over time, and the GRK2 level
radually decreased over time (Fig. 8F and G). Furthermore, the
HC results indicated that the expression levels of Ang II, TNF-�,
T1R and TNFR1 in the HCC model group were clearly increased
ompared with those in the control group after 36 weeks of HCC for-

ation, and there was no significant difference in AT2R expression

etween the HCC model and control groups. In addition, the HCC
odel group exhibited lower expression of GRK2 than the control

roup (Fig. 8H and I).
ith single Ang II, single TNF-� or the two reagents combined for 12, 24 and 48 h.
< 0.01 compared with the control group. #P < 0.05 compared with the single TNF-�

4. Discussion

The HCC syndrome influences the digestive system and causes
serious physical and mental impairments, but the relevant etiol-
ogy of HCC has yet to be confirmed [28–30]. As a central player
in the RAAS, Ang II promotes the initiation and growth of tumor
vessels in HCC tissues by regulating platelet-derived growth factor,
vascular endothelial growth factor and other associated molecules
[31]. Currently, it is believed that the effects of TNF-� on the
bioactivities of HCC cells are dose-dependent, i.e., high TNF-� con-
centrations can inhibit proliferation and induce apoptosis, but low
TNF-� concentrations mainly promote growth and invasion [32].
In this study, the expression levels of Ang II and TNF-� in the sera
and liver tissues from the HCC patients and HCC mice were sig-
nificantly increased, and 1 × 10−7 mol/l Ang II and 10 ng/ml TNF-�
obviously enhanced Bel-7402 cell growth, migration and invasion.
These findings revealed the involvement of these two  cytokines in
the induction and development of HCC.

Ang II and TNF-� have been confirmed to interact to influence
the inflammation, proliferation and metastasis of multiple histio-
cytes [33,34]. Accordingly, we  aimed to unravel the nature of the
interaction between Ang II and TNF-� in the initiation and devel-
opment of HCC. Based on the results, Ang II and TNF-� potentiated
Bel-7402 cell growth, migration and invasion, but did not have
synergistic effects when combined. Additionally, the AT1R, AT2R
and TNFR1 levels were obviously different in the diverse liver sam-
ples from the HCC patients and HCC mice. Similarly, the expression
of the abovementioned proteins on the surfaces of the Bel-7402
cells were clearly changed after administration of single Ang II, sin-
gle TNF-� or the two reagents combined. These results indicated
that the over-expression of AT1R and TNFR1 may  promote HCC cell
growth, migration and invasion, whereas a high AT2R level elicited
the opposite effects.

GPCRs are 7-transmembrane helical proteins that function as
signal transducers, and the signal pathways mediated by GPCRs
can be phosphorylated and terminated by GRK2, which impacts
the growth, metastasis and apoptosis of ovarian carcinoma cells,

pancreatic carcinoma cells and other tumor cells [35–37]. Indeed,
GRK2 is an important signaling molecule that can influence mul-
tiple biological activities in HCC cells. For example, GRK2 inhibits
the proliferative and migratory abilities of HCC cells by suppressing
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Fig. 6. The influences of GRK2 on Bel-7402 cell growth, migration and invasion. (A–B) Representative western blots and semi-quantitative evaluations showing the GRK2 level
in  the siRNAs-transfected Bel-7402 cells. (C) The CCK-8 absorbance values of siRNAs-transfected Bel-7402 cells that were incubated for 12, 24 and 48 h. (D) Representative
i sfecte
t a are 

c

t
e
t
H
o
r
t

a
t

mages  of the Transwell assays showing the migration and invasion of siRNAs-tran
ransfected Bel-7402 cell migration and invasion after incubation for 24 h. The dat
ompared with the scrambled control group.

he expression levels of insulin-like growth factor 1 receptor and
arly growth response-1 [38]. Based on our experimental results,
he GRK2 levels in the liver tissues from the HCC patients and
CC mice were significantly decreased, and the down-regulation
f GRK2 expression in the Bel-7402 cells promoted the growth-
elated characteristics of the HCC cells. These findings suggested

hat GRK2 suppresses the initiation and progression of HCC.

In HCC cells, the Ang II, TNF-� and GRK2 levels are associ-
ted with cell growth, migration and invasion, and thus influence
he prognosis of HCC patients [39,40]. To further explore the
d Bel-7402 cells (magnification, ×200). (E–F) Quantitative analysis of the siRNAs-
expressed as the mean ± SD of three independent experiments. *P < 0.05, **P < 0.01

mechanisms of action of different cytokines on the initiation and
progression of HCC, investigation of the relationships among Ang
II, TNF-� and GRK2 in HCC cells is important. The present results
confirmed that treatment with single Ang II, single TNF-� or the
two reagents combined significantly reduced GRK2 expression in
the Bel-7402 cells in a time-dependent manner. Moreover, the

inhibitory effects of each experimental treatment on the GRK2 lev-
els in HCC cells were consistent with their potential to stimulate
cell growth and invasion. Meanwhile, the down-regulation of GRK2
expression in the Bel-7402 cells obviously inhibited the effects of all
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Fig. 7. The influences of Ang II and TNF-� on the growth, migration and invasion of GRK2-knockdown Bel-7402 cells. (A) The CCK-8 absorbance values of GRK2-knockdown
Bel-7402 cells that were incubated with single Ang II, single TNF-� or the two  reagents combined for 12, 24 and 48 h. (B) Representative images of the Transwell assays
showing  the migration and invasion of GRK2-knockdown Bel-7402 cells (magnification, ×200). (C–D) Quantitative analysis of the GRK2-knockdown Bel-7402 cell migration
and  invasion induced by treatment with single Ang II, single TNF-� or the two  reagents combined for 24 h. The data are expressed as the mean ± SD of three independent
experiments. *P < 0.05 compared with the control group.
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Fig. 8. The expression levels of Ang II, TNF-�, AT1R, AT2R, TNFR1 and GRK2 in the DEN-induced HCC mouse model. (A–B) Morphological changes in the livers of the DEN-
induced HCC model mice (H&E staining; magnification, ×100). (C) The changes of the liver index in the DEN-induced HCC mouse model. Liver index = liver weight (mg)/body
weight  (g). (D–G) The Ang II, TNF-�, AT1R, AT2R, TNFR1 and GRK2 expression levels in the liver tissues of mice were evaluated by western blot analysis. *P < 0.05, **P < 0.01
compared with the 0 wk group. (H–I) The levels of Ang II, TNF-�, AT1R, AT2R, TNFR1 and GRK2 proteins in mouse liver tissues were estimated by IHC analysis (magnification,
×200). *P < 0.05, **P < 0.01 compared with the control group. The number of mice in each experimental group was  six.
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Fig. 8. (Continued)
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he experimental treatments on the growth- and invasion-related
iological activities of HCC cells. These data indicated that Ang II and
NF-� promoted HCC initiation and progression by suppressing the
RK2 level.

In conclusion, Ang II and TNF-� can affect the growth and inva-
ion of HCC cells by modulating the levels of related receptors and
RK2. Therefore, through exploration of the latent mechanisms and
orrelations among different cytokines in HCC initiation and pro-
ression, this paper provides novel ideas and potential therapeutic
pproaches for HCC.
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