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Objective: Hepatocellular carcinoma (HCC) is a common malignancy worldwide. Although
the contradictory role of ADORAI1 has been explored in certain types of cancers, its clinical
significance and function in hepatocellular carcinoma cells are largely unknown.

Materials and Methods: The level of ADORAI in HCC tissues and cells was evaluated by
RT-PCR. The function of ADORAL1 overexpression on HCC cell proliferation and invasion
was assessed by MTS, transwell analysis, and colony formation assay. In addition, a mouse
subcutaneous xenograft model was used to study in vivo effects. The efficacy of knockdown
of ADORAL1 sensitizes to chemotherapy was assessed by staining with Annexin V/propidium
iodide followed with flow cytometry and nuclei fragmentation.

Results: In this study, ADORA1 was identified to be up-regulated in HCC tissues compared
with adjacent normal tissue. High ADORA1 mRNA expression predicted poor survival in
hepatocellular carcinoma patients. Ectopic expression of ADORAI1 increased hepatocellular
carcinoma cell proliferation and invasion. ADORA1 knockdown inhibited HCC cell growth
and sensitized to chemotherapy. Furthermore, ADORAI1 activated PI3K/AKT oncogenic
signaling pathways. Treatment with PI3K inhibitor LY294002 blocked the effects of
ADORAL1 on tumor growth in either ADORA1-overexpressing or -deficiency cells. Finally,
overexpression of ADORA1 stimulates HCC tumor growth in vivo. Treatment of ADORALI
antagonist oppositely suppressed HCC xenograft tumor growth.

Conclusion: ADORAI1 serves as an important oncoprotein and a promoter of cell prolifera-
tion through PI3K/AKT signaling pathway in hepatocellular carcinoma.
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Introduction
Hepatocellular carcinoma (HCC) is the sixth most common malignancy worldwide
and the second frequent cause of cancer-related death in Asia, particularly in
China." Nearly 841,000 new cases are diagnosed every year, mortality reached to
782,000. To date, classical chemotherapy is the main treatment for HCC.? Despite
great improvement in therapeutic strategies past two decades, the overall survival of
HCC patients is still unsatisfactory, with 30% of the 5-year survival rate.’
Therefore, it is of great urgency to clarify the molecular mechanisms underlying
the progression in HCC and thus provide novel therapeutic modalities for cancer
treatment.

Adenosine Al receptor (ADORAL1) is one of G-protein coupled receptor family
members, including Al, A2A, A2B and A3 receptors.4 It binds with extracellular
adenosine accumulating in the tumor microenvironment and subsequently activates

downstream signaling cascades that contribute to diverse cancer progression,
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including renal cancer,” colorectal cancer,’ and breast
cancer.’” However, the role of ADORAI between cancer
types is mutually contradictory. ADORALI is reported to
overexpressed in renal cancer cells and presents an onco-
gene function to promote renal cancer cell progression and

migration.’

Oppositely, up-regulation of ADORAI1 by
Metformin substantially induces the apoptosis and inhibits
the proliferation of human colon cancer cells.® Similar
tumor suppressor role of ADORALI is also found in breast
cancer with ADORAI antagonist.®

However, the expression pattern, tumor-related role
and molecular mechanism of ADORA1 in HCC are cur-
rently unknown. In this work, we aimed to explore the
biological effect and regulatory mechanisms of ADORAI
in HCC.

Materials and Methods

Patients and Tissue Samples

Tumor samples and adjacent normal tissue samples of 23
patients (with written informed consent) who were diag-
nosed as hepatocellular carcinoma from March 2010 to
March 2012 at Guangxi Medical University Cancer
Hospital were analyzed in the current study. The samples
were snap-frozen in liquid nitrogen immediately after
resection.

Cell Culture and Reagents

Three human HCC cell lines (HepG2, SMMC 7721 and
BEL 7402) and normal human liver cells (HL-7702) were
purchased from the Cell Bank of Type Culture Collection
of the Chinese Academy of Sciences (China). All cells
were cultured in RPMI-1640 (DMEM) medium (Gibco,
Life Technologies, California, USA) supplemented with
10% fetal bovine serum (Gibco) and penicillin (100Ul/
mL)/streptomycin (100 mg/mL) (Gibco), and were incu-
bated in an incubator at 37°C with 5% CO,. 1, 3-dipropyl-
8-cyclopentylxanthine (DPCPX) was purchased from
Sigma-Aldrich (USA). DPCPX was dissolved in dimethyl
sulfoxide (DMSO).

Cell Proliferation, Apoptosis and Colony

Formation Assay

In cell proliferation assay, 1x10* cells/well were seeded
into a 96-well plate. At different experimental end time
point, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay
was carried out using the MTS assay kit (Thermofisher,

Shanghai, China) according to the manufacturer’s
protocol.

In 5-Bromo-2'-deoxyuridine (BrdU) assay, the cells
were cultured for three days according to designed experi-
mental condition before labeling with (3 pg/mL) BrdU
(Thermofisher) for 4h. The analysis of BrdU was per-
formed as previously described.’

In colony formation assay, 1 x 10* cells/well were seed
in the 6-well plate after designed experimental treatment.
After 2 weeks, cell colonies were fixed in 10% formalin
and stained with crystal violet (0.1% w/v).

The apoptosis of cell was analyzed by Hoechst-33,258
(Thermofisher) nuclear staining. After treatment, the cells
were stained with Hoechst-33,258 staining medium (0.1%
Hoechst, 0.5% NP-40, 4% formaldehyde in PBS). At least
400 cells in each group were count, and the cells with

fragmented nuclear were considered as apoptosis cells.

Cell Invasion

The 24-well BD BioCoat Matrigel Invasion Chambers
from BD Bioscience were used to perform cell invasion
assay. Briefly, 24 x 10° cells of each experimental group
were seeded onto the upper wells with a thin layer of
matrigel basement membrane matrix. After 2 days, the
membranes where have migrated cells were stained with
crystal violet (Fisher Scientific). Then the cells with crys-
tal violet were counted under a light microscope (Zeiss
Axio Observer) in five random fields (magnification; 40%).
Each assay was performed in triplicate.

Real-Time PCR (RT-PCR)

The real-time PCR assay was performed as in previous
studies.'® The concentration of total RNA was measured
with Nanodrop 2000 micro-volume spectrophotometer
(Thermo Scientific). Real-time PCR (RT-PCR) reactions
were performed on an Mx3000P real-time PCR system
(Stratagene USA). An SYBR Green master mix from
ABI (ABI, USA) which operates on a 7500 Real-Time
PCR System (ABI, USA) was employed to carry out real-
time PCR. Expression levels of the genes to be analyzed
were normalized to the expression of f-actin as a reference

gene, while the 2724

method was employed to calculate
the relative difference or fold change in gene expression.
The primers used to amplify the gene were: 5'- CAA
AGTGACAGTGGGTGTGG-3" and 5'- GCCAGGTCCT
TCACTGTCTC-3' for ADORAL; 5'- TGACGTGGACAT
CCGCAAAG-3' and 5'- CTG GAA GGT GGA CAG

CGA GG-3' for B-actin.
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siRNA Knockdown

Lipofectamine 2000 (Invitrogen) was used to transfect
siRNA into cells according to the manufacturer’s protocol.
200 pmoles of siRNA was used in each knockdown experi-
ments. siRNA against ADORAT1 and negative control were
purchased from Genepharma (Shanghai, China).

Western Blotting

For Western blotting assay, the whole-cell lysates contain-
ing protease inhibitors and prepared in RIPA lysis buffer
(150 mM NaCl, contains 10 mM Tris, pH7.3, 0.1%
sodium dodecyl sulfate (SDS), 1% Triton X-100, 1%
deoxycholate, and 5uM ethylenediaminetetraacetic acid)
were used for Western blotting. Centrifugation of the
lysates was done at 12,000r/min for 5 min at 4°C. The
measurement of protein concentration was made using
a BCA protein assay kit which is a product of Beyotime
Biotechnology. SDS-PAGE (10%) was used to separate 30
pg of protein from each sample and then electrophoreti-
cally transmitted to a nitrocellulose membrane. The excess
binding sites on the membrane were then saturated with
a BSA blocking buffer (5% bovine serum albumin (BSA,
Sigma-Aldrich, USA) in TBST buffer) and kept for over-
night incubation with primary antibodies at 4°C. The blots
were then set up to be incubated with an HRP secondary
antibody for an hour at room temperature after which the
FlourChemE system (Protein Simple) is used to visualize
them according to the instruction elaborated by the
manufacturer.

In vivo Xenograft Mouse Model

The animal experiments in the current study were
approved by Guangxi Medical University Animal Care
and Use Committee and followed by the guidance of
Animal Welfare Regulations (USDA 1985; US Code, 42
USC § 289d). ADORAI1 overexpression and vector
HepG2 cell lines (1 x 10° cells) were injected subcuta-
neously into a 6-week-old BALB/c athymic nude mouse.
(n=6 or each group). Similarly, SMMC 7721 cells (1 x 10°
cells) were injected subcutaneously into the right flank of
a 6-week-old BALB/c athymic nude mouse. Ten days after
tumor inoculation, two groups of mice were treated with
PBS (Control) or DPCPX (1 mg/kg) by IP injection (once/
2 days for 15 days). (n=6 or each group). The tumor
progress was monitored every 2 days and euthanized all
mice at 20 days after injection. Tumor volumes were
calculated (width?xlengthx0.5), and the final tumor weight

was measured at the day when the animal was euthanized.
Once xenograft tumors for the study of Mice were eutha-
nized, and tumors were dissected for Western-blot

analysis.

Statistical Analysis

Statistical significance is analyzed by Student’s #-test
(paired) for bar graphs and growth curves with GraphPad
Prism (v.5). The chi-square test was used to evaluate the
associations between ADORAI1 expression and clinico-
pathological factors in HCC. P < 0.05 is considered to
statistical difference.

Results
ADORAI is Up-Regulated in HCC

Tissues and Cell Lines

To explore the roles of ADORA1 in HCC progression, we
first measured the expression levels of all four Al, A2A,
A2B and A3 receptors in three HCC cell lines (HepG2,
SMMC 7721 and BEL 7402). As shown in Figure 1A, the
mRNA expression of ADORA1 was significantly higher
than the other three family members in all the three cell
lines. Second, ADORA1 expression was increased in all
three HCC cell lines (HepG2, SMMC 7721 and BEL
7402) at both mRNA and protein level, compared with
normal human liver cells (HL-7702) (Figure 1B). Third,
the expression of ADORA1 was analyzed in tissue sam-
ples obtained from 23 pairs of human liver tumor and
adjacent normal tissue (Table 1). As shown in Figure 1C,
the mRNA expression of ADORA1 was higher in the
tumor tissues compared with the adjacent normal mucosa
tissues. Moreover, the data analysis with poor overall
survival (OS) in the patients also suggested being corre-
lated with high ADORAI expression (Figure 1D). These
results suggest that ADORAI1 is up-regulated in HCC
tissues and cell lines, a finding that might be relevant to
HCC progression.

ADORAI| Promotes HCC Cell

Proliferation and Invasion

Since ADORAI1 expression is relatively lower in HepG2
cells, we first established stable overexpressed ADORAI1
HepG2 (HepG2-ADORA1) with pcDNA-3.1-
ADORA lvector transfection and G418 screening (Figure
2A). The cell growth in HepG2-ADORA1 was signifi-
cantly faster compared with HepG2 cells transfected with
control pcDNA-3.1 vector (Figure 2B). The result from

cells
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Figure I ADORAI is up-regulated in HCC tissues and cell lines. (A) The mRNA levels of all four Al, A2A, A2B and A3 receptors in three HCC cell lines (HepG2, SMMC
7721 and BEL 7402) were measured by RT-PCR. (B) The mRNA and protein level of ADORAI in HCC cell lines (HepG2, SMMC 7721 and BEL 7402) and normal human
liver cells (HL-7702) were measured by RT-PCR and Western-blotting. (C) The mRNA level of ADORAI in 23 pairs of adjacent tissues and primary tumors in HCC patients
were measured by RT-PCR. (D) The overall survival of HCC patients with high and low ADORAI expression was analyzed by Kaplan—Meier estimator. **, p<0.0l.
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Table 1 The Association Between ADORAI Expression and
Clinicopathological Features of HCC Patients

Clinicopathological Features | ADORAI P value
Expression
Low High
Age 0.671
<55 years 5
255 years 6 6
Gender 0.652
Male 3
Female 7
Differentiation 0.428
Well and moderate
Poor 8
TNM stage 0.051
-l 4 6
-v 3 10

BrdU assay and colony formation assay further suggested
that the proliferation of HCC cells was enhanced by
ADORALI (Figure 2C and D).
Furthermore, overexpression resulted in

overexpression

ADORAI
enhanced invasion in transwell assays (Figure 2E). In
normal human liver cells (HL-7702), overexpression of
ADORALI also enhanced cell growth efficacy (Figure 2F
and G). These results suggest that ADORA1 stimulating
the proliferation and invasion of HCC cells.

ADORAI| Knockdown Inhibits HCC Cell

Growth and Sensitizes to Chemotherapy
In order to confirm the oncogene function of ADORALI in
HCC progression, we knocked down ADORAI1 with
siRNA in SMMC 7721 cells, where the relatively highest
expression level was observed among all the three HCC
cell lines. As shown in Figure 3A, ADORA siRNA greatly
slowed down the cell growth in SMMC 7721 cells, com-
pared with control siRNA transfection (Figure 3B). BrdU
assay and colony formation assay further confirmed the
attenuated cell growth in SMMC 7721 cells transfected
with ADORA siRNA (Figure 3C and D). In the meantime,
the invasion of SMMC 7721 cells was also suppressed by
ADORA knockdown (Figure 3E). Moreover, ADORA
siRNA transfection significantly suppressed the cell survi-
val and enhanced apoptosis with cisplatin treatment
together, compared with single cisplatin treatment in
SMMC 7721 cells (Figure 3F-H). Collectively, these

results confirmed the potential oncogenic role of
ADORAI in HCC, also indicated that the promised
cotreatment strategy by ADORA1 knockdown with com-
mon chemotherapy.

Overexpression of ADORAI Activates
PI3K/AKT Signaling Pathway in HCC

To explore the mechanism underlying the oncogenic role
of ADORA1 in HCC, we analyzed classical cell survival
signaling pathway, including PI3K/AKT and MAPK path-
way. As shown in Figure 4A, phosphorylation of ERK and
MEK remained unchanged in HepG2-ADORAI1 and
HepG2 cells transfected with control pcDNA-3.1 vector.
The activation of several key components in PI3K/AKT
signaling was significantly increased, including phosphor-
ylation of AKT and mTOR. Oppositely, phosphorylation
of AKT and mTOR was decreased after ADORA1 siRNA
transfection in SMMC 7721 cells, compared with control
siRNA transfection. MAPK pathway still was unchanged
under the same experimental condition (Figure 4B).
LY294002, PI3K inhibitor abrogated the activation of
AKT and increased cell proliferation due to overexpres-
sion of ADORAI, but did not change ADORA1 expres-
sion (Figure 4C). In the meantime, knockdown of
ADORAI1 with siRNA inhibited activation of AKT and
cell proliferation, LY294002 further slowed down the cell
growth in SMMC 7721 cells (Figure 4D). These results
suggest that ADORAI1 stimulating the proliferation of
HCC cells via activation of PI3K/AKT signaling pathway.

Overexpression of ADORAI Stimulates
HCC Tumor Growth in vivo and DPCPX
Suppressed HCC Xenograft Tumor

Growth in vivo

To determine the oncogenic role of ADORA1 in HCC
in vivo, we first established xenograft mice model using
HepG2-ADORAT1 and HepG2-vector cell lines. As shown
in Figure 5A and B, the tumor burden was distinctly
greater in HepG2-ADORA1 group compared with vector
group. The phosphorylation of AKT was also increased in
HepG2-ADORA1 tumor compared with vector tumor
(Figure 5C). Furthermore, 1,3-dipropyl-8-cyclopentyl-
xanthine (DPCPX), an ADORAI antagonist, was found
that significantly suppressed the tumor growth in SMMC
7721 xenograft mice (Figure 5D and E). The phosphoryla-
tion of AKT was shown decreased after DPCPX treatment
(Figure 5F), but a significant reduction in activated
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caspase-3 (Figure 5G). These results indicate that
ADORAL stimulates HCC tumor growth in vivo.

Discussion

Adenosine, also named purine nucleoside base, is distributed
throughout the entire body and participates in multiple phy-
siological behaviors and diseases.'' "> Mostly, the extracel-
lular adenosine activates downstream signaling cascades as
a ligand that binds to adenosine receptors. Among the four
direct G-protein coupled receptor family members of
Adenosine, ADORA1 is the most sensitive to adenosine and
has most extensive actions. Early studies elucidated the neu-
roprotective function of ADORA1 as an endogenous neuro-
protective substance. The activation of ADORA1 on sensory
nerve ending actually presents analgesic effect by suppres-
sing adenylyl cyclase (AC) and cyclic adenosine monopho-
sphate (¢CAMP) concentration.'* ADORAI deficiency mice
show severe anxiety behavior. ADORAI antagonist also
brings anxiety-causing side effect.'””> More recently, the
wider functions of ADORA1 were explored beyond neuro-
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protection, including pulmonary hypertension,’

In the current study, we for the first time revealed the
up-regulated expression pattern of ADORA1 in HCC pro-
gression, as well as the correlation with poor clinical
consequences. Consistent with previous studies, our result
suggested that among the G-protein coupled receptor
family members of Adenosine, ADORA1 seems to be
the highly promising anti-cancer target due to its unique
dysregulation pattern in diverse cancers, including colon
cancer, astrocytoma and melanoma.'”'® Combined with
the direct anti-tumor efficacy of ADORAI1 antagonist
DPCPX in HCC xenograft mice model, our finding sup-
ports the oncogenic role of ADORALI in certain types of
cancer progression and tumor-related function of
ADORAL is cancer classification dependent.

Although both of the pro- or anti-cancer cell prolifera-
tion was tight with ADORA1 expression, the underlying
mechanism is still related with PI3K/AKT and MARK-
ERK pathway, which are the two most important cell
survival signaling.'® In previous study, ERK/INK signal-
ing was suggested to mediate the oncogenic role of
ADORALI in Renal cell carcinoma (RCC).” By checking
the activation of core genes in above two signaling, we
excluded the possibility of MARK-ERK mediates over-
expression of ADORAI1 promotes HCC progression.
Oppositely, phosphorylation of AKT and downstream acti-
vation of mTOR seem quite essential for pro-cancer pro-

gression function of ADORAT1 in HCC from both in vitro

and in vivo data of the current study. PI3K inhibitor not
only suppressed the overexpression of ADORA1 induced
cell proliferation, but also further inhibited cell prolifera-
tion in ADORAI1 deficiency cells.

Besides cell proliferation-related oncogenic function of
ADORAL, using ADORA1 antagonist also has been sug-
gested to trigger cell apoptosis and help potential clinical
outcome in RCC® and melanoma.° Although not to direct
check if apoptosis happens after inhibition of ADORAI,
we observed that ADORAI1 knockdown sensitized the
common chemotherapy drug in clinical treatment, by not
only further attenuating cisplatin resulted in cell growth
inhibition, but also enhancing cisplatin triggered cell apop-
tosis. More recently, ADORA1 has been shown to partici-
pate in the PD-1 based checkpoint anti-cancer strategy in
non-small cell lung cancer (NSCLC).?! Given the com-
plexity and etiology of viral hepatitis with HCC in
China,”* plus the success exploration on anti—-PD-1/PD-
L1 blockade immunotherapy in treating Hepatitis B Virus
infection-related advanced hepatocellular carcinoma,”
development of FDA-approved ADORAI1 antagonists
could light up a bright light in HCC, as well as cancer
patient outcome, especially with current PD-1-based mul-
tiple immune therapies.**
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