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The AT1/Raf/ERK1/2 signaling pathway is involved in Angiotensin II-enhanced
proliferation of hepatic carcinoma cells
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Angiotensin II (Ang II) has been strongly associated with biological behavior in human malignant tumors; nevertheless, its function in hepatic carcinoma growth and progression is still not well understood. This study investigates the effect
and mechanism of Ang II on the HepG2 and Hep3B hepatic carcinoma cell lines in vitro. The effect of Ang II on HepG2
and Hep3B cell viability was examined by cell counting kit-8 assay (CCK-8). Quantitative real-time PCR and Western
blot analysis detected the expression of angiotensin type 1 and type 2 receptors (AT1 and AT2), total extra-cellular signalregulated kinases 1/2 (ERK1/2), phospho-ERK1/2 (p-ERK1/2) and Bcl-2 and c-Myc. Ang II significantly promoted HepG2
cell proliferation by affecting AT1 and AT2 expression and induced ERK1/2 pathway activation. This was reversed by
treating HepG2 and Hep3B cells with AT1 blockers; candesartan, Raf inhibitor sorafenib, and ERK1/2 inhibitor PD98059.
Ang II also up-regulated the expression of Bcl-2 and c-Myc in HepG2 cells, and our results suggest that Ang II has a positive
role in HepG2 and Hep3B cell proliferation through the AT1/Raf/ERK1/2 signaling pathway.
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Primary liver malignancy is a leading global cause of
cancer-related deaths [1]. Approximately 90% of hepatocellular carcinomas (HCC) arise from chronic inflammation
associated with continuous hepatic injury and hepatocyte
regeneration [2]. During primary liver cancer development,
the inflammation leads to the production of many cytokines,
chemokines and growth factors which then enhance cell
proliferation, migration and metastasis [3, 4]. Moreover, in
recent years, hepatic carcinoma tumorigenesis and development have been strongly associated with genetic mutations,
epigenetic modifications and alterations to key signaling
pathways [5–7]. Nevertheless, the exact molecular pathogenesis of hepatic carcinoma remains unknown.
Angiogenesis is one of the most critical steps in hepatic
carcinoma progression [8–10]. Recent studies have revealed
that the renin-angiotensin system (RAS), which regulates a
diversity of physiological functions including blood pressure,
fluid balance and placental development [11–13], is involved
in the regulation of angiogenesis and may have an important role in the progression of hepatic carcinoma [14, 15].
Angiotensin (Ang) II is the major biologically active effector
generated by the RAS system in vasculature, and increasing
evidence has shown that Ang II facilitates cancer cell behavior

in various human malignancies through cell proliferation,
migration and metastasis. While these include breast cancer
[16, 17], lung cancer [18], and endometrial cancer [19], Ang
II function in hepatic carcinoma growth and progression
remains poorly understood.
Ang II acts through two different transmembrane receptors in the G protein-coupled receptor family: Ang II type
1 (AT1) and type 2 (AT2) [20]. It has been reported that
Ang II stimulates vasoconstriction, aldosterone production,
angiogenesis and cell proliferation by the AT1 receptor and
produces the opposite effects via the AT2 receptor [12, 21,
22]. It is well known that the AT1 receptor mediates most
of the physiological and pathological functions of Ang II
by interacting with various G proteins, producing second
messengers and also activating multiple intracellular protein
kinases [23].
The Ras/Raf/ERK1/2 pathway is often identified as a basic
regulatory pathway in the RAS system, and previous breast
cancer study has shown that Ang II induces cancer cell
proliferation through AT1 receptor-mediated extracellular
signal-regulated kinase (ERK) 1/2 phosphorylation; thus
suggesting Ang II-AT1-ERK1/2 axis involvement in cancer
progression [24].
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This study treated the HepG2 and Hep3B hepatic carcinoma cell lines with Ang II to further explore its mechanism and effect on cell proliferation in vitro; and our results
demonstrated that Ang II can promote HepG2 and Hep3B
cell proliferation through AT1/Raf/ERK1/2 signaling. This
provides new insight into hepatic carcinoma growth and a
putative therapeutic intervention against primary human
liver malignancy.
Materials and methods
Cell line and cell culture. Human hepatocellular carcinoma cell line Hep3B and human hepatoblastoma cell line
HepG2 were obtained from the Key Laboratory of Cell Transplantation, Ministry of Health, Dalian, Liaoning, China.
Cells were cultured in DMEM (HyClone, South Logan, Utah,
USA) supplemented with 10% fetal calf serum (HyClone),
penicillin (50 IU/ml) and streptomycin (100 μg/ml) in a
humidified atmosphere of 5% CO2 at 37 °C.
Chemical reagents. Ang II was purchased from ApexBio
(Houston, TX, USA) and dissolved in distilled water to
prepare a stock solution of 1M. Candesartan (#240626; J&K
Chemical, Beijing, China), Sorafenib Tosylate (HY-10201A;
MedChemExpress, Monmouth Junction, NJ, USA) and
PD98059 (Cell signaling, Danvers, MA) were dissolved in
DMSO. All stock solutions were stored at –20 °C.
Cell Counting Kit-8 (CCK-8) assay. Five thousand cells/
well were plated in 96-well plates and incubated for 24 hours.
Cells were then exposed to gradually increased concentration of Ang II to examine its effect on the cell growth (1×10–8,
1×10–7, 1×10–6, 1×10–5, and 1×10–4 mol/l – in 8 replicates).
Cells were incubated with CCK-8 solution at 37 °C for an
additional 1.5 hours 24 and 48 hours after treatment, (7sea
biotech, Shanghai, China). The absorbance (optical density,
OD) was measured at 450 nm wavelength by microplate
reader (SpectraMax M4, MolecularDevices, Cal, USA).
Quantitative real-time PCR. Total RNA was isolated
by Trizol reagent (Cwbio, Shanghai, China) and reversely
transcribed to synthesize cDNA using a reverse transcription
kit (TakaRa, Japan). Real-time PCR was performed using
the following primers: AT1: 5’-AGACAGATGACGGCTGCTCG-3’ (forward); 5’-AACAATCTGGAACTCTCATCTCCTG-3’ (reverse); AT2: 5’-CATTGACCTGGCACTTCCTT-3’
(forward); 5’-ACATGCATTTTGCTCTCACG-3’ (reverse);
Bcl-2: 5’-GGATGCCTTTGTGGAACTGT-3’ (forward),
5’-AGCCTGCAGCTTTGTTTCAT-3’ (reverse); c-Myc:
5’-TTCGGGTAGTGGAAAACCCAG-3’ (forward), 5’-CAGCAGCTCGAATTTCTTCC-3’ (reverse); GAPDH: 5’-TGGTATCGTGGAAGGACTCATGAC-3’ (forward), 5’-ATGCCAGTGAGCTTCCCGTTCAGC -3’ (reverse). Data is quantified by the 2–ΔΔCt method.
Western blot assay. Cells were lysed with lysis buffer on
ice. Cell lysates were collected by centrifugation at 16,000 g
for 20 min, followed by heating at 95 °C for 5 min in a loading
buffer. Twenty µg of proteins were separated by 10% sodium
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dodecyl sulfate-polyacrylamide gel electrophoresis and
then transferred to polyvinylidene difluoride membranes,
followed by blocking for 2 hours in 5% non-fat milk in Trisbuffered saline containing Tween 20 (TBST). The membranes
were then incubated with primary antibody against GAPDH
(Abcam, Cambridge, UK), p44/42 MAPK (ERK1/2; Cell
Signaling, Danvers, MA), phospho-MAPK (p-ERK1/2; Cell
Signaling Technology, Danvers, MA, USA), AT1 (Abcam,
Cambridge, UK) or AT2 (Abcam, Cambridge, UK) at 4 °C
overnight. This was followed by TBST rinses and incubation
with HRP-conjugated secondary antibody (Cell Signaling
Technology, Danvers, MA, USA) for 2 hours at room
temperature. The chemiluminescent signals were detected
using ECL substrate (Fermentas, Waltham, MA, USA) and
quantified using ImageJ software.
Statistical analysis. All experiments were run in triplicate. Data is expressed as the mean ± standard deviation.
One-way analysis of variance followed by the Least Significant Difference post hoc test compared multiple groups.
Statistical significance was assessed using SPSS 17.0 software
(SPSS, Chicago, IL, USA), and p-value <0.05 was considered
statistically significant.
Results
Ang II promotes HepG2 and Hep3B cells proliferation.
To evaluate the effect of Ang II on cells proliferation, HepG2
and Hep3B cells were treated with Ang II at various concentrations (1×10–8, 1×10–7, 1×10–6, 1×10–5, and 1×10–4 mol/l)
for 24 and 48 h, respectively. HepG2 and Hep3B cells treated
with 1×10–7 mol/l or higher doses of Ang II for 24 h had
significant increase in cell viability compared with the control
(Figures 1A, B). Following 48 h of Ang II treatment, even
at the lowest dose of 1×10–8 mol/l, the viability of the two
cell types was significantly increased compared to controls
(Figure 1C, D). These results indicate that Ang II promotes
HepG2 and Hep3B cell proliferation. These two cell lines had
highest viability with 10–6 mol/l for 48 h, therefore 10–6 mol/l
was chosen in the following experiment.
The effect of Ang II on HepG2 and Hep3B cell proliferation was reversed after treating cells with AT1 receptor
blocker, Raf inhibitor and ERK1/2 signaling inhibitors. To
verify if the AT1/Raf/ERK1/2 pathway is involved in HepG2
and Hep3B cell proliferation regulation, the AT1 receptor,
Raf signaling, and ERK signaling were blocked using the
AT1 receptor blocker candesartan (1×10–7 mol/l, pre-process
1.5 h), Raf inhibitor sorafenib (1×10–7 mol/l, pre-process
1.5 h), and ERK1/2 inhibitor PD98059 (1×10–7 mol/l,
pre-process 1.5 h), respectively. Each inhibitor/blocker
significantly reduced the effects of Ang II on both HepG2
and Hep3B cell growth. In addition, both cell lines showed
similar trends (Figure 2). Due to the high similarity of drug
response between the two cell lines, we believe the related
signaling pathway exists in both cell lines and has the same
function. We therefore selected HepG2 cells for the following
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Figure 1. Ang II promoted cell proliferation in HepG2 and Hep3B cells. HepG2 (A, B) and Hep3B (C, D) cells were treated with increasing concentrations of Ang II for 24 h (A, C) and 48 h (B, D), respectively and then cell viability was measured using CCK-8 assay. Data is expressed as the mean ± SD;
*p<0.05; **p<0.01; ***p<0.001 vs. control; n=8. Ang II, Angiotensin II; CCK-8, cell counting kit-8; SD, standard deviation.

Figure 2. The blocker of AT1 receptor, Raf inhibitor and inhibitors of ERK1/2 signaling reversed the effects of Ang II on HepG2 and Hep3B cell proliferation. HepG2 (A) and Hep3B (B) cells were pre-treated (1.5 h) with 1×10–7 mol/l concentration of AT1 receptor blocker candesartan, Raf inhibitor
sorafenib, and ERK inhibitor PD98059 followed by 1 µmol/l Ang II treatment for 24 h, respectively. The cell viability of both cell lines was measured by
CCK-8 assay (n=8). Data is expressed as the mean ± SD; **p<0.01; ***p<0.001 vs. control. Ang II, Angiotensin II; ERK, extracellular-signal-regulated
kinase; p-ERK, phosphorylated-ERK; SD, standard deviation.
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experiments. Figure 3 shows that compared with the Ang
II-only treated group, the protein expression of p-ERK1/2
was significantly suppressed following the addition of each
inhibitor/blocker, thus suggesting that the AT1/Raf/ERK1/2
axis is critically important for Ang II-induced HepG2 and
Hep3B cell growth.
Ang II induces phosphorylation of ERK1/2 in HepG2
cells. ERK1/2 has an important role in the regulation of cancer
cell survival and proliferation [25–27]. To further investigate
the signaling pathway contributing to Ang II-induced HepG2
cell proliferation, we examined the time-course expression of
phospho-ERK1/2 in response to Ang II. As shown in Figure 4,
after treatment with 1×10–6 mol/l Ang II, the protein expression of p-ERK1/2 markedly increased 5 minutes after the

R. QI, C. G. LEI, Y. X. BAI, N. TANG, X. XING

treatment, and then gradually decreased. The expression of
total ERK remained unchanged. The combined data suggests
that p-ERK1/2 activation is most likely responsible for Ang
II-induced HepG2 cell proliferation.
Ang II induces the expression of the Ang II receptors
AT1 and AT2 in HepG2 cells. Since both HepG2 and Hep3B
cell lines obtained the same result in previous experiments, we
selected HepG2 cells treated with Ang II to examine the AT1
and AT2 receptors expression and investigate the signaling
mechanism responsible for their Ang II-induced proliferation. As shown in Figure 5, both mRNA and protein expression of the AT1 receptor were significantly increased after
24-hour treatment with Ang II, thus suggesting that the AT1
receptor has a potential role in mediating Ang II-induced

Figure 3. PD98059, sorafenib and the blocker of AT1 receptor reversed the effects of Ang II induced phosphorylation of ERK1/2 in HepG2 cells.
HepG2 cells were pre-treated for 1.5 h with AT1 receptor blocker candesartan (1×10–7 mol/l), Raf inhibitor sorafenib (1×10–7 mol/l), and ERK inhibitor
PD98059 (1×10–7 mol/l) prior to 1 µmol/l Ang II 24 h treatment, respectively. Western blot analysis detected GAPDH, total ERK1/2 and p-ERK1/2 in
HepG2 cells. Data is expressed as the mean ± SD; **p<0.01; ***p<0.001 vs. control. Ang II, Angiotensin II; ERK, extracellular-signal-regulated kinase;
p-ERK, phosphorylated-ERK; SD, standard deviation.

Figure 4. Ang II induced phosphorylation of ERK1/2 in HepG2 cells. Western blot analysis detected GAPDH, total ERK1/2 and p-ERK1/2 in HepG2
cells at 0, 5, 10, 20, and 30 min after treatment with 1 µmol/l Ang II. Data of quantification (right panel) is expressed as the mean ± SD; **p<0.01;
***p<0.001 vs. control; n=3. Ang II, Angiotensin II; ERK, extracellular-signal-regulated kinase; p-ERK, phosphorylated-ERK; SD, standard deviation.
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Figure 5. Ang II induced the expression of Ang II receptors (AT1 and AT2) in HepG2 cells. Cells were treated with 1 µmol/l Ang II for 24 h. The mRNA
expression of AT1 (A) and AT2 (B) was detected by qPCR and Western blot analysis and quantification for the protein expression of AT1 and AT2 (C,
D) were performed. Data is expressed as the mean ± SD; **p<0.01; ***p<0.001 vs. control; n=3. Ang II, Angiotensin II; AT1, angiotensin receptor type 1;
AT2, angiotensin receptor type 2; SD, standard deviation.

HepG2 cell proliferation. The coincidently elevated AT2
receptor expression is possibly an instinctive response to Ang
II stimulation, because AT2 activation participates in cancer
cell apoptosis [28–30].
Ang II induces the mRNA expression of c-Myc and
Bcl-2 in HepG2 cells. Bcl-2 and c-Myc are two important
proteins commonly over-expressed in hepatic carcinoma
and they participate in regulating cell growth, differentiation
and apoptosis [31, 32]. ERK1/2 is an up-stream regulator
of both Bcl-2 and c-Myc [33, 34]. To further confirm the
involvement of ERK1/2 signaling in Ang II-mediated HepG2
cell proliferation, we examined the mRNA expression of
down-stream Bcl-2 and c-Myc. Both c-Myc and Bcl-2 were
up-regulated 6 hours post-Ang II treatment, suggesting that
the Ang II-induced HepG2 cell proliferation is due to Bcl-2
and c-Myc up-regulation via ERK activation (Figure 6).
Discussion
Herein, we investigated Ang II effect on human
hepatic carcinoma cell proliferation. We identified the
signaling pathway and down-stream genes contributing

to Ang II-induced cell proliferation and results elucidated
potential novel therapeutic targets for primary liver cancer
treatment.
Hep3B and HepG2 cells were treated with Ang II ranging
from 10 nmol/l to 100 µmol/l and both cell lines had the
same drug response. These amounts were the lowest effective doses of Ang II that significantly increased the cell
viability at 24 and 48 hours, respectively (Figure 1). There
was a dose-dependent response with doses ≤10 µmol/l in
24-hour treatment and ≤1 µmol/l in 48-hour treatment.
The loss of dose-response effect above 10 µmol/l or 1 µmol/l
of Ang II occurred because of the wide range in dosage
(10-fold).
Ang II exerts its biological functions through the AT1
and AT2 receptors. Although the AT1 receptor is considered more important [23], the AT2 receptor role is not
negligible. In contrast to AT1, the AT2 receptor activation
exerts an inhibitory effect on cell proliferation and a stimulatory effect on apoptosis in various cell lines. These include
cardiomyocytes, endothelial cells, vascular smooth muscle
cells, fibroblasts and prostate and lung cancer cells [29, 30,
35–37].
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Figure 6. Ang II upregulated the mRNA expression of Bcl-2 and c-Myc in HepG2 cells. Cells were treated with 1 µmol/l Ang II for 24 h. The mRNA
expression of Bcl-2 (right panel) and c-Myc (left panel) was detected by qPCR. Data is expressed as the mean ± SD; **p<0.01; ***p<0.001 vs. control;
n=3. Ang II, Angiotensin II; SD, standard deviation.

Additional research included;
Wang et al. found that Ang II increased the expression of
AT2 but not AT1 at both the transcriptional and translational
levels in vascular smooth muscle cells [38].
Miura et al. suggested that stimulation of the AT2 receptor
by Ang II is not required for induction of apoptosis; but the
receptor protein expression-level is critical [39].
Du et al. suggest that Ang II promotes cell proliferation
in HepG2 cells by high expression of AT1 and AT2 proteins
[40].
Herein, we established that in addition to the AT1 receptor,
AT2 receptor expression was dramatically enhanced by Ang
II in a dose-dependent manner (Figure 5). But our results
show that candesartan significantly inhibited Ang II-induced
cell proliferation, and this demonstrates that high AT2
receptor expression is not essential in promoting HepG2
proliferation (Figure 2). In view of the suppressive effect
of AT2 on cell proliferation, highly expressed AT2 receptors may be associated with decreased proliferation as Ang
II concentration increases. In addition, Du et al. reported
that moderately enhanced AT2 expression increases HCC
cell proliferation in vitro and the growth of HCC tumors in
vivo, whereas a high dose of ectopic over-expression of AT2
in hepatic carcinoma cell lines induces apoptosis and inhibits
cell proliferation [41].
Figure 5 shows that 1 µmol/l of Ang II strongly enhanced
cell proliferation, but the AT1 protein level was not as high
when other concentrations were used. We believe that,
although the AT1 receptors are constantly over-expressed,
AT2 receptor over-expression inhibits cell proliferation in
the high-concentration angiotensin-treated group. Therefore,

AT2 function in cell proliferation regulation may depend on
the environmental contexts that control AT2 expression.
However, the precise mechanism underlying the dual role of
AT2 in hepatic carcinoma cell growth is still not fully understood, so our investigation of the mechanisms involved in
AT2 hepatocyte proliferation inhibition could well provide
a novel target for the treatment of hepatocellular carcinoma.
It is generally accepted that the ERK1/2 signaling pathway
is activated in tumor cells, and that inhibiting this signaling
is a therapeutic strategy in tumor treatment [42]. Hence,
ERK1/2 activity was examined in Ang II-treated HepG2 cells,
and results establish that AT1/Raf/ERK1/2 signaling activity
is significantly enhanced by Ang II. This is supported by Cell
Counting Kit-8 (Figures 1, 2) and the markedly elevated
levels of p-ERK1/2 (Figure 4).
Similar results were also observed in other cancer cells
[24]; and it is noteworthy that although we used candesartan,
sorafenib and PD98059 to suppress the level of p-ERK1/2,
cell viability did not correspond with protein levels.
The regulation of cell proliferation is a complex and multipathway process, and we suggest involving the AT1 receptor
and Raf protein in other signal pathways that regulate cell
proliferation. In support, Yuanyuan et al. demonstrated
that angiotensin II enhanced HepG2 cell line proliferation
through the AT1/PKC/NF-kB signaling pathway [43]. While
AT1 receptors promote cell proliferation through at least
the Raf/ERK1/2 and PAC/NF/kB pathways, the duration
of each drug’s efficacy is different and this may be another
important reason for this phenomenon. In contrast, the
candesartan AT1 blocker, Raf inhibitor sorafenib and ERK
inhibitor PD98059 all reverse Ang II-mediated effects, thus
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indicating that Ang II regulates HepG2 cell growth at least
partly through AT1/Raf/ERK1/2 signaling (Figure 2). In
addition, Hep3B is derived from hepatocellular carcinoma
and its biological behavior is similar to HepG2 (Figures 1, 2).
Further, our experiments determined similar drug response
in both cells and therefore we believe that the AT1/Raf/
ERK1/2 signaling pathway is present in both cell lines and
has the same biological function.
Activated ERK phosphorylates hundreds of down-stream
target molecules, including c-Jun, c-Myc, Bcl-2 and Bax, and
it exerts diverse effects on cell proliferation, differentiation,
and apoptosis [44]. Herein, we identified Bcl-2 and c-Myc
as two down-stream targets of AT1/Raf/ERK1/2 signaling
(Figure 6), and this suggests that these genes are potential
therapeutic targets in hepatic carcinoma. However, extensive in vivo studies are required to develop these agents into
anti-Ang II drugs or vaccines against proteins. Moreover,
although the biological functions of the Bcl-2 family remain
controversial, agents targeting the Bcl-2 family are already
being used in clinical trials [32] and a small molecule
compound targeting c-Myc is also in phase II clinical trials to
fight neuro-endocrine carcinoma. [45].
In conclusion, our data demonstrated that Ang II promoted
HepG2 and Hep3B cell proliferation in vitro. Mechanically,
the expression of AT1, AT2, and p-ERK1/2 was significantly
up-regulated by Ang II, thus suggesting that ERK signaling
is responsible for Ang II-induced cell proliferation. Furthermore, we established that AT1 receptor blocking and ERK1/2
signaling inhibition reversed the effects of Ang II on HepG2
and Hep3B cell proliferation, thus indicating Ang II mediation of hepatic carcinoma cell proliferation via the AT1/Raf/
ERK1/2 pathway. Finally, we identified Bcl-2 and c-Myc as
two down-stream targets of the AT1/Raf/ERK1/2 pathway.
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