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Potential biomarkers Ang II/AT1R and S1P/S1PR1
predict the prognosis of hepatocellular carcinoma
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Abstract. Hepatocellular carcinoma (HCC) is one of the
major causes of cancer-associated morbidity and mortality
worldwide. Sphingosine-1-phosphate (S1P) and S1P receptor
1 (S1PR1) have been associated with the development and
progression of HCC. Angiotensin II (Ang II) and Ang II
receptor type 1 (ATIR) serve key roles in the progression
and metastasis of HCC. However, the association and roles of
Ang II/ATIR and S1P/S1PR1 in HCC have remained elusive.
Therefore, the aim of the present study was to investigate the
potential association between Ang II/AT1R and S1P/S1PRI in
HCC, as well as the association of AT1R and S1PR1 protein
expression levels with the progression and prognosis of HCC.
The results found that the serum levels of Ang II and S1P
were significantly higher in patients with HCC compared with
those in healthy donors. Furthermore, mRNA and protein
levels of ATIR and S1PR1 were highly expressed in human
HCC tissues. In addition, a positive correlation between Ang
II/S1P and ATIR/SI1PR1 in HCC was noted. Upregulation
of ATIR and S1PR1 was associated with the progression of
HCC. Patients with high AT1R and SIPR1 protein expres-
sion levels had unfavorable outcomes with respect to overall
survival and recurrence-free survival compared with patients
with low ATIR and S1PR1 expression levels. The present
results demonstrated an association between AT1R and SIPR1
overexpression and the progression of HCC, indicating that
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Ang II/ATI1R and SI1P/S1PR may serve as valuable prognostic
biomarkers for HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most prevalent
types of malignancy worldwide, with a rich blood supply and
high levels of metastasis and recurrence (1,2). The overall
5-year survival rate for HCC is ~30% (3). HCC has been found
to invade blood vessels, resulting in intra- and extrahepatic
metastases (4). At present, hepatectomy and liver transplanta-
tion are key treatments with curative potential in patients with
HCC (5). However, the overall survival (OS) rate of patients
with HCC remains unsatisfactory due to the high incidence of
tumor recurrence and metastasis (6). Thus, there is a require-
ment to identify novel biomarkers for the progression of HCC
to enhance the OS rate of patients.

Sphingosine-1-phosphate (S1P) is a vital metabolite that
serves a key role in intra- and intercellular signal transduc-
tion (7). SIP regulates multiple cellular functions, such as
cell proliferation, migration, adhesion and inflammation, via
high-affinity G protein-coupled S1P receptors (S1PRs) (8),
which affect cellular activities by inhibiting cell apoptosis
and promoting cell proliferation (9). Furthermore, activa-
tion of S1PRI is involved in the regulation of numerous cell
behaviors associated with aggressiveness and cancer progres-
sion, including tumor growth, invasion and migration (10,11).
Previous studies have also found that S1P and its receptors are
implicated in the progression of HCC (12,13).

The function of the renin-angiotensin system (RAS) in
tumor invasion or metastasis has previously been reported (14).
High protein and mRNA expression levels of RAS compo-
nents in human pancreatic cancer tissues have been associated
with tumor grade and clinical prognosis (15). Angiotensin II
(Ang II), an important peptide of RAS, exerts its effects by
activating Ang II receptor type 1 (AT1R) and AT2R. ATIR
has been found to be involved in the majority of essential
physiological actions, such as blood pressure and sodium
balance, and pathophysiological actions, such as inflammation
and angiogenesis, of Ang II (16,17). Ang II and ATIR have
essential roles in tumor survival, angiogenesis and proliferation
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in all types of cancer (18), and have also been associated with
the progression and metastasis of HCC (19-21).

Ang IT induces proliferation of smooth muscle cells by
the S1P signaling pathway (16). Ang II is also able to augment
S1PR1 protein and mRNA expression levels and migration
of rat aortic smooth muscle cells, which can be inhibited by
treatment with antagonists of AT1R and SIPR1 (22). However,
the association and roles of Ang II/ATIR and S1P/S1PR1 in
HCC have remained largely elusive. Therefore, the aim of the
present study was to investigate the association between AT1R
and SIPR1 mRNA and protein expression levels and the clini-
copathological characteristics of patients with HCC, as well
as the progression of HCC. Additionally, the utility of these
potential biomarkers in the prediction of prognosis in affected
patients was assessed.

Materials and methods

Patients and tissue samples. A total of 75 patients with
HCC (51 males and 24 females) who underwent resection
of HCC at the Second Affiliated Hospital of Xi'an Jiaotong
University (Xi'an, China) between January 2013 and January
2017 were included in the present retrospective study. Data
was also collected from the medical files of the patients. Liver
cancer and adjacent normal tissues (=5 cm from the tumor)
were collected from the 75 patients and frozen at -180°C for
further analysis. Serum samples (n=75) were collected from
4 ml peripheral blood and stored at 4°C in a 5-ml tube. After
centrifugation at 3,000 x g for 10 min at 4°C, the obtained
serum (1 ml) was stored at -80°C. Serum samples from the
control group were collected from 66 healthy subjects without
any disease, matched according to sex and age. The patients did
not receive any chemotherapy, radiotherapy or immunotherapy
prior to surgery. The liver cancer and adjacent normal tissues
were collected for immunohistochemical analysis. According
to the Ethics Committee of the Second Affiliated Hospital
of Xi'an Jiaotong University (Xi'an, China), all participants
provided written informed consent. Clinical data (including
age, sex, stage, tumor size, intrahepatic metastasis, portal
vein invasion and Edmondson grade) were collected from the
medical records of each patient (Table I). All the specimens
were graded using the Edmonson method (23). According
to the differentiation degree of tumor cells, HCC tissues
were categorized into grades I-III. Grade I was defined as
low-grade HCC, grade II as medium-grade HCC and grade III
as high-grade HCC. Furthermore, the TNM stage was defined
according to the American Joint Committee on Cancer TNM
Staging for Liver Tumors as follows (24): TX, primary tumor
cannot be assessed; TO, no evidence of primary tumor; T1,
solitary tumor without vascular invasion; T2, solitary tumor
with vascular invasion or multiple tumors <5 cm in size; T3a,
multiple tumors >5 cm in size; T3b, single tumor or multiple
tumors of any size, involving a major branch of the portal
vein or hepatic vein; and T4, tumor(s) with direct invasion of
adjacent organs, other than the gallbladder, or with perforation
of visceral peritoneum.

The patients were followed up from January 2016 to
January 2020, initially every 2 months and at least every
3-6 months following surgery. Furthermore, the liver function
and serum o-fetoprotein (AFP) levels were examined, and

abdominal ultrasonography was performed. If recurrence was
suspected, CT or MRI scan was performed immediately. OS
and recurrence-free survival (RFS) times were defined as the
interval between surgery and death or recurrence, respectively.
If recurrence was not diagnosed, the patient was examined at
the date of death or at the last follow-up evaluation. All of the
aforementioned investigations were performed as previously
described (25,26).

ELISA. Serum samples were collected from the peripheral
blood samples, centrifuged at 4,000 x g for 10 min at -4°C
and then stored at -80°C for further analysis. According to the
manufacturer's instructions, Ang II (cat. no. ADI-900-204;
Enzo Life Sciences, Inc.) and S1P levels (cat. no. abx585002;
Abbexa Ltd.) were assessed using their respective ELISA kits.
Each analysis was performed in triplicate.

Western blot analysis. As previously described (27),
total protein was extracted using RIPA lysis buffer (cat.
no. PP1901; BioTeke Corporation), and protein concentra-
tion was determined using a BCA protein detection kit (cat.
no. P0010; Beyotime Institute of Biotechnology). Protein
samples (25 ug/lane) were separated via 10% SDS-PAGE and
transferred onto PVDF membranes (Bio-Rad Laboratories,
Inc.), then blocked with 5% skimmed milk in TBS buffer
containing 0.1% Tween-20 at 25°C for 2 h, and incubated with
specific antibodies against AT1R (1:500; cat. no. ab124734),
S1PR1 (1:500; cat. no. ab77076) and p-actin (1:1,000; cat.
no. ab200658) at -4°C overnight (all Abcam). -actin was
used as the internal control. Subsequently, membranes were
incubated with an HRP-conjugated goat anti-rabbit IgG H&L
secondary antibody (1:5,000; cat. no. ab7090; Abcam) at
37°C for 1 h. Enhanced chemiluminescence reagents (Pierce;
Thermo Fisher Scientific, Inc.) were used to visualize the
blots, and the optical densities of the bands were scanned and
quantified using Syngene Gene Tools (Syngene Europe; model
G box chem hrl6; serial no. SYDR4/2327). A total of three
independent experiments was performed.

Reverse transcription-quantitative (RT-q)PCR. mRNA
levels were detected as previously described (27). Total
RNA was extracted using the TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.). cDNA was synthesized from
total RNA (1 pg) using a PrimeScript™ RT master mix kit
(Takara Bio, Inc.) according to the manufacturer's instruc-
tions. qPCR was performed using a SYBR Premix Ex Taq™
II Perfect Real-Time kit (Takara Bio, Inc.) on an ABI qPCR
System (Applied Biosystems; Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions. Each sample was
run in triplicate. Primers for ATIR, SIPR1 and p-actin were
designed using the Beacon designer 4.0 software (version 4.0;
Premier Biosoft International). The primer sequences were as
follows: ATI1R forward, 5'-AGACTGGCCTTCTCTGGA-3'
and reverse, 5'-CACCGAGGAATACGCTTT-3"; S1PR1
forward, 5'-CACGCTTTCTGTGGCTTGGA-3' and reverse,
5'-CGACGATGGCGCTCCAACA-3"; and fB-actin forward,
5'"TGGCACCCAGCACAATGAA-3' and reverse, 5'-CTA
AGTCATAGTCCGCCTAGAAGCA-3'. The RT-PCR prod-
ucts were observed using electrophoresis and 2% agarose gels
with ethidium bromide. A melting point dissociation curve
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Table I. Association between AT1R and S1PR1 expression levels and pathological characteristics of patients with hepatocellular

carcinoma.
AT1R expression S1PR1 expression

Characteristic Patients,n Low,n (%) High,n(%) P-value Low,n (%) High,n (%) P-value

Sex 0.134 >0.999
Male 51 19 (37.3) 32 (62.7) 23 (45.1) 28 (54.9)
Female 24 14 (58.3) 10 (41.7) 11 (45.8) 13 (54.2)

Age, years 0.337 0.097
=50 49 23 (46.9) 26 (53.1) 20 (40.8) 29 (59.2)
<50 26 9 (34.6) 17 (65.4) 16 (61.5) 10 (38.5)

Tumor size, cm 0.602 0.589
>4 55 25 (45.5) 30 (54.5) 17 (30.9) 38 (69.1)
<4 20 11 (55.0) 9(45.0) 6 (30.0) 14 (70.0)

Hepatitis B surface antigen >0.999 0.759
Positive 61 28 (45.9) 33 (54.1) 22 (36.1) 39 (63.9)
Negative 14 6 (42.9) 8 (57.1) 4 (28.6) 10 (71.4)

Serum a-fetoprotein, ng/ml 0.450 >0.999
=400 53 23 (434) 30 (56.6) 20 (37.7) 33 (62.3)
<400 22 12 (54.5) 10 (45.5) 8 (36.4) 14 (63.6)

Intrahepatic metastasis 0.017 0.008°
Yes 48 16 (33.3) 32 (66.7) 13 (27.1) 35(72.9)
No 27 17 (63.0) 10 (37.0) 16 (59.3) 11 (40.7)

Portal vein invasion 0.033* 0.015°
Yes 46 15 (32.6) 31(674) 12 (26.1) 34 (73.9)
No 29 17 (58.6) 12 (41.4) 16 (55.2) 13 (44.8)

Edmondson grade 0.017* 0.008°
I 13 8 (61.5) 5(38.5) 9(69.2) 4 (30.8)
I 40 15(37.5) 25 (62.5) 13 (32.5) 27 (67.5)
11 22 12 (54.5) 10 (45.5) 15 (68.2) 7(31.8)

TNM stage 0.004° 0.015°
I-II 48 18 (37.5) 30 (62.5) 23 (47.9) 25(52.1)
aI-1v 27 20 (74.1) 7(25.9) 21(77.8) 6(22.2)

1P<0.05; °P<0.01. ATIR, angiotensin II receptor type 1; SIPR1, sphingosine-1-phosphate receptor 1.

was used to indicate that only a single product was shown. For
gPCR, relative mRNA levels were analyzed using the 244
method (28). Data were standardized to f-actin mRNA levels.
A total of three independent experiments were performed.

Immunohistochemistry. Liver cancer tissue samples were
collected from 75 patients with HCC following hepatic
resection at the Second Affiliated Hospital of Xi'an Jiaotong
University between January 2013 and January 2017. During
the same period, adjacent normal liver tissue samples were
also obtained. All specimens (adjacent normal and liver cancer
tissues) were investigated using immunohistochemistry. Tissue
samples were fixed in 10% formalin at room temperature for
48 h and embedded in paraffin. Next, 5-um sections were depa-
raffinized for antigen retrieval in citric acid buffer (pH 6.0;
95°C for 20 min). Sections were washed 3 times with PBS for
3 min each, 3 times with xylene for 5 min each, 2 times with

100% ethanol for 10 min each, 2 times with 95% ethanol for
10 min each and finally 2 times with double-distilled water for
5 min each. Slides were treated with 3% hydrogen peroxide at
room temperature for 10 min to block endogenous peroxidase
activity. After blocking in 1% BSA (Sigma-Aldrich; Merck
KGaA) at room temperature for 20 min, the slides were incu-
bated with rabbit anti-human ATIR (1:50; cat. no. ab124734;
Abcam) and S1PR1 (1:100; cat. no. ab77076; Abcam) antibodies
overnight at 4°C. Subsequently, the slides were incubated
with 2 pg/ml biotinylated anti-rabbit IgG secondary antibody
(XianFeng Bioengineering Institute) at room temperature
for 40 min. Next, the sections were stained using a Standard
Ultra-Sensitive ABC Peroxidase Staining kit (Thermo Fisher
Scientific, Inc.), incubating the tissue sections with the ABC
Reagent (Reagent A, 2 ml; Reagent B, 2 ml) at room tempera-
ture for 30 min. Bright-field images (magnification, x200 and
x400) were captured using an Axio Scan Z1 light microscope
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Figure 1. (A) Ang IT and (B) S1P levels in healthy donors and patients with HCC. "P<0.05 vs. HD using an unpaired Student's t-test. Ang II, angiotensin IT; S1P1,

sphingosinel-phosphate 1; HD, healthy donors; HCC, hepatocellular carcinoma.

(Zeiss GmbH). Immunostaining results were independently
observed and interpreted by two pathologists blinded to the
clinical data. Weak and strong staining were distinguished via
the color of brown-yellow granules. When the brown-yellow
granules were dark in the HCC tissues, this was considered as
strong staining (high expression), while when the brown-yellow
granules were weak in the HCC tissues, this was considered as
weak staining (low expression).

Hepatitis B surface antigen (HBsAg) quantification.
Quantification of HBsAg was performed using an automated
chemiluminescent microparticle immunoassay using the
ARCHITECT i2000 system (Abbott Pharmaceutical Co.,
Ltd.). All procedures were performed according to the manu-
facturer's protocol (29). The sensitivity and the specificity of
this assay are 100 and 99.76%, respectively, according to the
manufacturer's protocol.

Statistical analysis. Data are expressed as the mean + standard
deviation. A Fisher's exact test was performed to determine
whether AT1R and S1PR1 expression levels in HCC were asso-
ciated with clinicopathological characteristics. A two-tailed
paired or unpaired Student's t-test was used to determine
significant differences between groups. The Kaplan-Meier
method was used for survival analysis, and differences in
survival were investigated using the log-rank test. These
statistical analyses were performed using SPSS software
(version 19.0; IBM Corp.). Correlation between Ang II and
S1P, and between AT1R and S1PR1 in patients with HCC were
analyzed using Pearson's correlation coefficient (GraphPad
Prism 8; GraphPad Software, Inc.). P<0.05 was considered to
indicate a statistically significant difference.

Results

ATIR and SIPRI expression levels in HCC tissue are asso-
ciated with clinicopathological characteristics. The clinical
characteristics and laboratory parameters of patients with
HCC are summarized in Table I. The results indicated that
ATIR and S1PR1 expression levels were not significantly asso-
ciated with patient sex, age, levels of HBsAg or serum AFP, or
tumor size. However, ATIR and S1PR1 expression levels in
HCC were associated with intrahepatic metastasis (P=0.017
and P=0.008, respectively), portal vein invasion (P=0.033
and P=0.015, respectively), Edmondson grade (P=0.017 and

P=0.008, respectively) and TNM stage (P=0.004 and P=0.015,
respectively).

Ang Il and SIP levels are elevated in the serum of patients
with HCC. The Ang II and S1P levels in the serum collected
from the 66 healthy donors and 75 patients with HCC were
determined, and the results revealed that both the serum levels
were significantly higher in patients with HCC compared with
those in healthy donors (Fig. 1).

ATIR and SIPRI are upregulated in HCC tissue. Next, ATIR
and S1PRI1 protein expression levels were investigated in HCC
tissues from 75 patients using immunohistochemistry. Positive
staining for AT1R and S1PR1 was displayed as brown-yellow
granules, which were primarily located in the cell membrane
or cytoplasm. The cells with positive staining exhibited a clear
tissue cell structure, where uniform brown-yellow granules
were present in the cell membrane or cytoplasm and staining
was markedly higher compared with that in the background.
In human normal liver tissue, AT1R and S1PR1 were weakly
expressed, whereas they were strongly expressed in human
HCC tissue (Fig. 2).

Protein and mRNA expression levels of ATIR and SIPRI are
elevated in HCC tissues. To further assess ATIR and S1PR1
protein and mRNA expression levels in HCC, liver cancer and
adjacent normal tissue obtained from 3 representative samples
(according to THC staining) among the 75 HCC samples
were subjected to western blot and RT-qPCR analyses. ATIR
and S1PR1 protein expression levels in HCC tissue were
significantly higher compared with those in normal liver
tissue (P<0.05; Fig. 3A and B). In addition, RT-qPCR was
performed to quantify ATIR and SIPR1 mRNA expression
levels in HCC tissues. AT1R and SIPR1 mRNA expression
levels in HCC tissue were significantly higher compared with
those in normal liver tissue (P<0.05; Fig. 3C and D), which
was consistent with western blot analysis results. In summary,
western blot, RT-qPCR and immunohistochemical analyses
demonstrated that AT1R and S1PR1 expression was increased
in HCC tissue.

Significant positive correlation between Ang Il and SIP and
between ATIR and SIPRI in patients with HCC. The serum
levels of Ang II and S1P in 66 healthy donors and 75 patients
with HCC were determined using ELISA. A positive
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Figure 2. Differential protein expression levels of AT1R and SIPR1 in adjacent normal liver and human HCC tissues. (A) Weak AT1R staining in normal liver
and (B) strong AT1R staining in HCC tissue (magnification, x200). (C) Weak ATIR staining in normal liver and (D) strong AT1R staining in HCC tissue
(magnification, x400). (E) Weak SI1PR1 staining in normal liver and (F) strong SIPR1 staining in HCC (magnification, x200). (G) Weak SIPR1 staining in
normal liver and (H) strong S1PR1 staining in HCC tissue (magnification, x400). ATIR, angiotensin II receptor type 1; SIPR1, sphingosine-1-phosphate

receptor 1; HCC, hepatocellular carcinoma.

correlation was identified between Ang II and S1P in patients
with HCC (P=0.002), but not in healthy donors (P=0.228;
Fig. 4A and B). Furthermore, the correlation between ATIR
and S1PR1 protein expression levels in the 75 HCC and normal
adjacent tissues was also investigated and there was no corre-
lation between ATIR and S1PRI1 levels in the normal liver
samples (P=0.081); however, there was a correlation in HCC
tissue samples (P=0.001; Fig. 4C and D).

ATIR and SIPRI protein levels are associated with prognosis
of patients with HCC. Kaplan-Meier survival curves were
used to determine the effects of AT1R and SIPR1 protein
expression levels via immunohistochemical analyses on the

prognosis of patients with HCC. The results revealed that
OS and RFS rates were significantly lower in patients with
high ATIR expression levels compared with those in patients
with low ATIR levels (P=0.0250 and P=0.0366, respectively;
Fig. 5A and B). The results also revealed that OS and RFS rates
were significantly lower in patients with high SIPR1 expres-
sion levels compared with those in patients with low S1PR1
levels (P=0.0401 and P=0.0359, respectively; Fig. 5C and D).
The present results indicated that the 50-month survival rate
of patients with HCC with high ATIR and S1PR1 expression
was low. These results demonstrated that ATIR and S1PR1
upregulation was significantly associated with patient death
and HCC recurrence.
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Figure 3. Protein and mRNA expression levels of ATIR and S1PR1 in adjacent normal liver and HCC tissues. Representative western blots showing protein
expression levels of (A) ATIR and (B) SIPR1 in adjacent normal liver and HCC tissues. mRNA expression levels of (C) ATIR and (D) SIPRI in adjacent
normal liver and HCC tissues were determined using reverse transcription-quantitative PCR. Representative adjacent normal liver and HCC tissue samples
were obtained from three different individuals. The means of the 3 samples for NC and HCC, respectively, were calculated and compared using a paired
Student's t-test. "P<0.05 vs. NC. AT1R, angiotensin II receptor type 1; SIPR1, sphingosine-1-phosphate receptor 1; HCC, hepatocellular carcinoma; NC, normal
control.

Discussion cancer development (30). Elevated serum levels of SIP in

patients with different types of cancer, including HCC, have
Evidence indicates that S1P and its receptors are associated  been associated with a poor clinical prognosis (12,13). SIP is
with the pathophysiology of cancer and have a key role in  a metabolite that serves a vital role in intra- and intercellular
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receptor 1; HD, healthy donors; HCC, hepatocellular carcinoma; ANLT, adjacent normal liver tissues.

signal transduction (7). Previous studies have found that S1P and
its receptors are involved in the development of HCC (12,13).
Consistent with the results from a previous study, the present
study indicated that the serum SIP levels were significantly
higher in patients with HCC compared with those in healthy
donors (13). The present study inferred that the increased
serum S1P levels may be due to changes in sphingolipid
metabolism in liver cancer cells. Ang II, a central component
of RAS, induces angiogenesis, proliferation and inflamma-
tion in HCC tissues via its primary receptor, ATIR (31).
Furthermore, Ang II and ATIR are reported to be associated
with tumor grade and clinical outcome in HCC (32). In addi-
tion its roles in cardiovascular disease and renal injury, Ang II
has been associated with cell proliferation and inflammation,
and may offer a potential target for the prevention and treat-
ment of HCC (19). Consistent with previous studies (32,33),
the present study demonstrated that serum Ang II levels were
significantly higher in patients with HCC compared with those
in healthy donors. A previous study found that inflammation is
associated with liver cancer (34). The present study speculated
that Ang II stimulates angiogenesis, inflammation and prolif-
eration in HCC tissue, which may increase the levels of active
peptide Ang II. In the present study, Ang IT and AT1R levels in
the serum and liver tissue of patients with HCC, respectively,
were significantly elevated. The present results suggested that
Ang II and SIP levels may be associated with cell growth,

migration and invasion, and with the prognosis of patients with
HCC (Table I). However, it is not clear whether the increase of
Ang IT and S1P levels in the serum was consistent with that in
HCC tissues.

Immunohistochemical analysis revealed that AT1R and
S1PR1 were strongly expressed in human HCC tissue. In
addition, AT1R and S1PRI1 expression levels in patient tissue
were assessed at the mRNA and protein levels using RT-qPCR
and western blot analysis, respectively, which demonstrated
that AT1R and SIPR1 mRNA and protein expression levels
were increased in HCC tissue compared with those in normal
adjacent liver tissue. Xu et al (33) found that Ang II protein
expression levels were notably higher in human liver cancer
tissue compared with those in normal adjacent tissues. Further
investigations are required to assess protein and mRNA
expression levels of Ang IT and SIP in liver cancer tissue, as
this was not performed in the present study. Notably, upregu-
lation of ATIR and S1PR1 was associated with well-known
cancer progression-associated clinicopathological parameters,
including intrahepatic metastasis, portal vein invasion, histo-
logical differentiation and TNM stage in the present study,
which indicates that upregulation of AT1R and SIPR1 may
be a significant contributing factor in the progression of HCC.

HCC is one of the major causes of cancer-associated
morbidity and mortality. HCC is the sixth most common
cancer worldwide, being the fifth in men and the eighth in
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Figure 5. Kaplan-Meier survival analysis of patients with HCC stratified by AT1R and S1PR1 protein expression levels. (A) Overall and (B) recurrence-free
survival rates of patients with high ATIR expression levels were significantly lower compared with those in patients with low AT1R expression levels.
(C) Overall and (D) recurrence-free survival rates of patients with high SIPR1 expression levels were significantly lower compared with those in patients with
low S1PR1 expression levels. HCC, hepatocellular carcinoma; ATIR, angiotensin II receptor type 1; SIPR1, sphingosine-1-phosphate receptor 1.

women, and accounting for ~5.7% of all new cancer cases (35).
Annually, around 1% of all deaths in the world are associated
with HCC (35). Despite the development of novel diagnostic
biomarkers, the OS rate of patients with HCC remains unsat-
isfactory. Thus, in the present study, the potential association
between Ang II/SIP and AT1R/S1PR1 in HCC was investi-
gated, and the roles of AT1R and SIPR1 protein expression
levels in the progression and prognosis of HCC were exam-
ined. The results indicated that a higher serum Ang II level
was correlated with a higher serum S1P level, and that higher
ATIR expression levels were correlated with higher expression
levels of SIPR1 in HCC tissue. Therefore, a positive correla-
tion exists between Ang I and S1P, as well as between AT1R
and S1PR1 in HCC.

Consistent with previous studies (16,20), the present study
demonstrated that Ang II and AT1R were associated with
intrahepatic metastasis, portal vein invasion, tumor grade and
clinical outcome. SIP serves a key role in the tumor by regu-
lating cell survival, growth and invasion (36). In addition, S1P
and S1PR1 overexpression in HCC have been associated with
a poor prognosis (37,38). The prognosis of patients with HCC
remains unfavorable due to high recurrence and metastasis
rates, and the 5-year OS rate of patients with HCC has been
reported to be 16% (39,40).In the present study, the associa-
tion between ATIR and S1PRI protein expression levels and
OS and RFS in patients with HCC was further investigated.
ATIR and S1PRI1 high expression was significantly associated
with patient mortality and the recurrence of HCC. Notably,
the 50-month survival rate of patients with high ATIR and

S1PR1 expression was low. Patients with high ATIR and
S1PR1 protein expression levels exhibited poor outcomes with
regard to OS and RFS compared with patients with low AT1R
and S1PR1 expression levels, suggesting that AT1R and SIPR1
may serve as valuable prognostic biomarkers for patients with
HCC.

In conclusion, the present study demonstrated that Ang II
and S1P levels were elevated in the serum of patients with
HCC, and that AT1R and SIPR1 mRNA and protein expres-
sion levels were also upregulated in HCC tumor tissue.
Furthermore, the results demonstrated an association between
ATIR and SIPR upregulation and HCC progression and
pathological characteristics, including intrahepatic metastasis,
portal vein invasion, TNM stage and histological differentia-
tion via Edmondson grade analysis. In addition, a correlation
between Ang II/S1P and AT1R/SIPRI1 in HCC was also
identified. The present study indicated that Ang II/ATIR and
S1P/S1PR1 may be valuable indicators of a poor prognosis for
patients with HCC.
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