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Objective: The study aimed to investigate the effect of α2A-adrenergic receptor (ADRA2A) 
on cervical cancer and the potential mechanisms of ADRA2A on phosphatidylinositol 3′- 
kinase/protein kinase B/mammalian target of rapamycin (PI3K/Akt/mTOR) pathway in 
cervical cancer cells.
Methods: In our study, ADRA2A expression was evaluated by analyzing cervical cancer 
RNA sequencing dataset from the GEPIA. The prognostic values of ADRA2A were eval-
uated by Kaplan–Meier method using the Cancer Genome Atlas (TCGA) database data. In 
addition, the expression of ADRA2A in cervical cancer cell lines was detected by qRT-PCR 
and Western blot. Subsequently, the roles of ADRA2A on cell proliferation, apoptosis, 
migration, invasion and senescence in HeLa and SiHa cells were evaluated. Moreover, 
tumorigenesis in nude mice was used to investigate the role of ADRA2A in vivo. We also 
detected the expression changes of key factors in PI3K/Akt/mTOR pathway after over-
expression and silencing of ADRA2A in HeLa and SiHa cells.
Results: ADRA2A expression was significantly downregulated in cervical cancer tissues and 
cell lines. The high expression of ADRA2A was significantly associated with a better prognosis 
in cervical cancer patients. ADRA2A overexpression significantly suppressed cell proliferation, 
migration and invasion, and promoted cell senescence and apoptosis in cervical cancer cells. On 
the contrary, silencing ADRA2A dramatically facilitated cell proliferation, migration and inva-
sion, and inhibited cell senescence and apoptosis in cervical cancer cells. The expressions of 
p-PI3K, p-AKT and p-mTOR in cervical cancer cells were notably decreased by ADRA2A 
overexpression and increased by silencing ADRA2A. In addition, we also confirmed that 
ADRA2A overexpression could suppress the xenograft tumor growth in vivo.
Conclusion: Our study demonstrated that ADRA2A could suppress cell proliferation, 
migration and invasion, as well as promote cell senescence and apoptosis through inhibiting 
PI3K/Akt/mTOR pathway in cervical cancer.
Keywords: cervical cancer, ADRA2A, proliferation, metastasis, senescence, PI3K/Akt/ 
mTOR pathway

Introduction
Cervical cancer is one of the most common malignant tumors in the female 
reproductive system and ranks the second leading cause of cancer-related death 
of women.1,2 Despite great achievements in the diagnostic and therapeutic strate-
gies, the mortality of cervical cancer remains high, accounting for about 50%.3,4 

Therefore, it is urgent to explore novel prognostic markers and therapeutic targets 
for the treatment of cervical cancer.
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The adrenoceptors consist of α1-adrenoceptors (α1A, 
α1B, α1D), α2-adrenoceptors (α2A, α2B, α2C) and β- 
adrenoceptors (β1, β2, β3).5,6 Previous studies have 
reported that different cancer cell lines can express differ-
ent adrenoceptor subtypes affecting the biological beha-
vior of tumor cells.7 α2-adrenoceptors are involved in 
different physiological functions in the human body and 
have been identified as potential regulators of multiple 
tumor cell lines.8,9 In recent years, α2A-adrenergic recep-
tor (ADRA2A) is considered to have a positive effect on 
breast cancer10 and hepatocellular carcinoma.11 However, 
it is not clear whether ADRA2A has a regulatory effect on 
cervical cancer.

Some studies have shown that the phosphatidylinositol 
3′-kinase/protein kinase B/mammalian target of rapamycin 
(PI3K/Akt/mTOR) pathway plays a central role in cell 
growth, survival, apoptosis, and migration.12–14 Moreover, 
increasing studies have indicated that PI3K/Akt/mTOR path-
way plays an important role in various cancers, including 
cervical cancer.15,16 Moreover, ADRA2A is reported to be 
associated with PI3K/AKT/mTOR signaling pathway in 
many diseases. For example, dexmedetomidine attenuates 
acute lung injury caused by renal ischemia-reperfusion via 
ADRA2A/PI3K/Akt pathway.17 Jackson et al18 have sug-
gested that the PI3K pathway contributes importantly to the 
interaction between α2-adrenoceptors and angiotensin II on 
renal vascular resistance. However, whether the PI3K/Akt/ 
mTOR pathway is involved in the effect of ADRA2A on 
cervical cancer remains unclear.

In this study, we explored the role of ADRA2A on 
cervical cancer progression and its related molecular 
mechanism. Our data demonstrated that ADRA2A could 
suppress cell proliferation, migration and invasion, as well 
as promote cell senescence and apoptosis through inhibit-
ing PI3K/Akt/mTOR pathway in cervical cancer. The 
results of the present study may provide a prospective 
therapeutic target for cervical cancer.

Materials and Methods
Bioinformatics Analysis
The GEPIA is an online dataset pooling from the Cancer 
Genome Atlas (TCGA) projects and the Genotype-Tissue 
Expression (GTEx) data for survival analysis and gene 
correlation assessment. ADRA2A expression data based 
on RNA-Seq were collected from TCGA database for 306 
patients with cervical cancer. We performed survival ana-
lysis available in R package “survival” using the Kaplan– 

Meier curve method. To find critical pathways closely 
related to the initiation and progression of cervical cancer, 
the gene set enrichment analysis (GSEA) was conducted 
using Hallmark gene sets.

Cell Culture and Transfection
Human cervical cancer cell lines (HeLa, Caski, C-33A and 
SiHa) and immortalized epithelial cells of human ectocervix 
Ect1/E6E7 were supplied by American Type Culture 
Collection (ATCC, Manassas, USA). All the cells were 
grown in Dulbecco’s Modified Eagle’s medium (DMEM, 
Invitrogen, USA) supplemented with 10% fetal bovine 
serum (FBS; Hyclone, USA) and 1% antibiotics (HyClone, 
USA) at 37°C in an incubator filled with 5% CO2 

atmosphere.
The pcDNA3.1-ADRA2A (pcDNA-ADRA2A group), 

the empty pcDNA3.1 vector (pcDNA3.1-NC group), 
ADRA2A siRNA (si-ADRA2A group) and ADRA2A 
siRNA negative control (si-NC group) were synthesized 
by GenePharm (Shanghai, China) and then, respectively, 
transfected to HeLa and SiHa cells by using Lipofectamine 
3000 (Invitrogen, USA) following to the manufacturer’s 
protocols. Moreover, HeLa and SiHa cells in pcDNA- 
ADRA2A and si-ADRA2A groups were cultured in 
DMEM supplement with 10 μM LY294002 (a selective 
PI3K inhibitor, #9901, Cell signaling, USA) for 48 h and 
then named pcDNA-ADRA2A + LY294002 and si- 
ADRA2A + LY294002 groups cells.

Colony Formation Assay
The clones ability of HeLa and SiHa cells was detected by 
colony formation assay. Briefly, the transfected were 
planted into 6-well plates. After 14 days’ incubation, the 
cells were fixed with 4% paraformaldehyde and stained 
with 0.1% crystal violet (Sigma, USA). Finally, the stained 
colonies were counted under a light microscopy.

5-Ethynyl-20-Deoxyuridine (EdU) Assay
The proliferation ability of HeLa and SiHa cells was 
measured using a Cell-LightTM EdU assay kit (RiboBio, 
Guangzhou, China). Simply, the transfected HeLa and 
SiHa cells were seeded into each well of the 96-well 
plate and then cultured with 50 μm EdU for 2 
h. Afterwards, we added 4′,6-diamidino-2phenylindole 
(DAPI, Sigma, USA) to each well for staining the cell 
nuclei of HeLa and SiHa cells. The EdU-positive cells 
were observed by using a fluorescence microscope.
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Flow Cytometry Assay
Annexin-V-fluorescein isothiocyanate (FITC) cell apopto-
sis assay kit (Biovision, USA) was used to detect apoptotic 
cells. In brief, the transfected HeLa and SiHa cells were 
resuspended with binding buffer, incubated with Annexin- 
V-FITC for 15min and with propidium iodide (PI) for 
another 15 min. After that, the apoptotic cells were exam-
ined with a flow cytometer (BD Biosciences, USA).

Transwell Assay
The invasion and migration abilities of HeLa and SiHa 
cells were determined by using the transwell boyden 
chamber (Corning, USA). For invasion assay, each well 
of the transwell chamber was pre-coated with Matrigel 
(Millipore, USA). Simply, the transfected HeLa and SiHa 
cells were harvested and resuspended in serum-free med-
ium. Subsequently, cell suspension was added into the 
upper chamber, and the medium (500 μL) was added into 
the lower chamber. After incubation for 24 h, the migra-
tory or invasive cells on the lower surface of the mem-
brane were fixed with 4% paraformaldehyde at room 
temperature and stained with 0.5% crystal violet at room 
temperature. The numbers of migratory or invasive cells 
were counted in 10 randomly selected fields under an 
inverted microscope.

Senescence-Associated β-Galactosidase 
(SA-β-Gal) Staining
Senescence β-Galactosidase staining kit (Beyotime, 
Jiangsu, China) was used to detect the cell senescence of 
HeLa and SiHa cells. In brief, the transfected HeLa and 
SiHa cells were fixed with 4% paraformaldehyde for 10 
min at room temperature and stained with β-gal staining 
solution overnight at 37°C. In the end, the senescent cells 
were observed and counted under a light microscope.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was extracted with the use of TRIZOL reagent 
(Invitrogen, USA). The synthesis of cDNA was performed 
with the Revert aid first-strand cDNA synthesis kit 
(Thermo Fisher, USA). The qRT-PCR was carried out 
using SYBR Green One-Step RT-PCR Master Mixes 
(Thermo Fisher) on a Bio-Rad CFX96 Touch qPCR sys-
tem (Bio-Rad, USA). Primers were supplied by 
GenePharma (Shanghai, China). The sequences were as 
follows: ADRA2A (sense): 5′-AGCTCGCTGAACCCTG 
TTAT-3′ (anti-sense): 5′-CTGACCAGGGTCTGTAAGCA 

-3′; GAPDH (sense): 5′-GCACCGTCAAGGCTGAGA 
AC-3′ (anti-sense): 5′-GCCTTCTCCATGGTGGTGAA 
-3′. The relative gene expression levels were calculated 
using the 2−ΔΔCt method.

Western Blot Analysis
For protein preparation, cells were homogenized with cell 
lysis buffer (Cell Signaling, USA), and then the protein con-
centrations were measured by using the bicinchoninic acid 
assay (BCA) kit (Thermo, USA). Protein samples were sepa-
rated by SDS-polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene fluoride membranes. Next, the 
membranes were incubated in the primary antibodies 
(ADRA2A, 1:500, ab85570; Bax, 1:1000, ab77566; Bcl-2, 
1:1000, ab32124; MMP-2, 1:1000, ab97779; MMP-9, 
1:1000, ab38898; p16, 1:1000, ab220800; p21, 1:1000, 
ab109199; p53, 1:1000, ab131442, Abcam, UK; phospho- 
PI3K, 1:300, #9655; PI3K, 1:1000, #4257; phospho-AKT, 
1:500, #13,038; AKT, 1:1000, #4685; phospho-mTOR, 
1:500, #2971; mTOR, 1:1000, #2983, GAPDH, 1:1000, 
#2118, Cell signaling, USA) overnight at 4°C. Subsequently, 
the membranes were incubated with the corresponding horse-
radish peroxidase-conjugated secondary antibodies 
(Proteintech, USA) for 2 h at room temperature. The protein 
bands were visualized with ECL system (Thermo, USA) and 
then recorded by the LAS 3000 Image Reader (Fujifilm, 
Tokyo, Japan).

Mouse Xenograft Models
Five-week-old nude female mice weighing 18–20 g were 
obtained from the Laboratory Animal Centre of Chinese 
Academy of Sciences. The mice were kept on a 12 h light- 
dark cycle with access to food and water ad libitum. The 
mice were divided into two groups (n =6), and then the SiHa 
cells (1 × 107 cells/mouse) transfected with pcDNA3.1-NC 
and pcDNA-ADRA2A were injected subcutaneously into 
the right flank of mice. The tumor volume was determined 
weekly by the formula: tumor volume = length × width2 × 1/ 
2. Four weeks later, the mice were sacrificed, and then the 
xenograft tumors were dissected out and weighed. The ani-
mal experiments were performed in compliance with the 
guidelines of the Animal Use Committee of our hospital.

Statistical Analysis
The data were presented as mean ± SEM. All statistical 
analysis was performed using GraphPad Prism 8.0 soft-
ware. Statistical analysis was performed using Student’s 
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Figure 1 ADRA2A expression is low in cervical cancer and is associated with the progression of cervical cancer. (A) Kaplan–Meier curve of the cervical cancer clinical 
outcome for ADRA2A from TCGA. (B) The expression of ADRA2A in cervical cancer tissues from GEPIA. (C) The mRNA expression of ADRA2A in cervical cancer cells 
was detected by qRT-PCR. (D) The protein expression of ADRA2A in cervical cancer cells was determined by Western blot. *P < 0.05, vs normal tissues group (B); **P < 
0.01, vs Ect1/E6E7 cells group (C and D).
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t-test or one-way ANOVA test. P < 0.05 expresses that the 
differences were statistically significant.

Results
ADRA2A Expression is Low in Cervical 
Cancer and is Associated with the 
Progression of Cervical Cancer
The analysis of TCGA dataset on cervical cancer indicated 
that patients with high ADRA2A expression had longer 
survival time than patients with low ADRA2A expression 
(Figure 1A). Moreover, GEPIA suggested that the expres-
sion of ADRA2A was significantly decreased in cervical 
cancer tissues compared with normal tissue (Figure 1B). 
Similarly, we also demonstrated that the mRNA and protein 
expressions of ADRA2A were markedly decreased in Caski 
cells (P < 0.01) and C-33A cells (P < 0.01), especially in 
HeLa cells (P < 0.01) and SiHa cells (P < 0.01) relative to 

Ect1/E6E7 cells (Figure 1C and D). The data indicated that 
ADRA2A was lowly expressed in cervical cancer and was 
a good prognostic factor for patients with cervical cancer.

ADRA2A Inhibits the Proliferation Ability 
of HeLa and SiHa Cells
As Figure 2A showed, ADRA2A expression of HeLa and 
SiHa cells was significantly increased in pcDNA-ADRA2A 
group compared with pcDNA3.1-NC group (P < 0.01). 
When compared with si-NC group, ADRA2A expression 
was significantly decreased in si-ADRA2A group (P < 
0.01), suggesting that the transfection was successful. The 
cell clones and cell proliferation of HeLa and SiHa cells 
were detected by colony formation assay (Figure 2B) and 
EdU assay (Figure 2C). The results showed that ADRA2A 
overexpression significantly reduced clones and proliferation 
of HeLa and SiHa cells (P < 0.01). On the contrary, silencing 
ADRA2A markedly increased cell clones and cell 

Figure 2 ADRA2A inhibited the proliferation ability of HeLa and SiHa cells. (A) The expression of ADRA2A in transfected HeLa and SiHa cells was detected by qRT-PCR. 
(B) The colony numbers of HeLa and SiHa cells were analyzed by colony formation assay. (C) The proliferation of HeLa and SiHa cells was measured by EdU assay. **P < 
0.01, vs pcDNA3.1-NC group; ##P < 0.01, vs si-NC group.
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proliferation (P < 0.01). All the results indicated that 
ADRA2A could inhibit the proliferation ability of HeLa 
and SiHa cells.

ADRA2A Promotes the Apoptosis Ability 
of HeLa and SiHa Cells
The results of flow cytometry showed that the apoptosis of 
HeLa and SiHa cells was significantly increased by 
ADRA2A overexpression (P < 0.01) and decreased by 
silencing ADRA2A (P < 0.01) (Figure 3A). In addition, 
the results of Western blot showed that ADRA2A over-
expression significantly promoted the expression of Bax in 
HeLa and SiHa cells (P < 0.01), and inhibited the expres-
sion of Bcl-2 (P < 0.01) (Figure 3B). On the contrary, 
silencing ADRA2A markedly suppressed Bax expression 
(P < 0.01) and facilitated Bcl-2 expression in HeLa and 

SiHa cells (P < 0.01) (Figure 3B). These results suggested 
that ADRA2A could promote the apoptosis ability of 
HeLa and SiHa cells.

ADRA2A Inhibits the Ability of Migration 
and Invasion in HeLa and SiHa Cells
The results of transwell assay revealed that ADRA2A 
overexpression dramatically decreased the migration and 
invasion in HeLa and SiHa cells (P < 0.01), while silen-
cing ADRA2A notably increased cell migration and inva-
sion (P < 0.01) (Figure 4A and B). In addition, to further 
investigate the effect of ADRA2A on the migration and 
invasion, Western blot was performed. Figure 4C results 
showed that the expressions of MMP-2 and MMP-9 in 
HeLa and SiHa cells were significantly inhibited by 
ADRA2A overexpression (P < 0.01) and promoted by 

Figure 3 ADRA2A promoted the apoptosis ability of HeLa and SiHa cells. (A) The apoptosis of HeLa and SiHa cells was tested by flow cytometry. (B) The expressions of 
Bax and Bcl-2 in HeLa and SiHa cells were determined by Western blot. **P < 0.01, vs pcDNA3.1-NC group; ##P < 0.01, vs si-NC group.
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silencing ADRA2A (P < 0.01). Altogether, these results 
demonstrated that ADRA2A could inhibit the ability of 
migration and invasion in HeLa and SiHa cells.

ADRA2A Promotes the Senescence of 
HeLa and SiHa Cells
As shown in Figure 5A, ADRA2A overexpression signifi-
cantly promoted the senescence of HeLa and SiHa cells 
(P < 0.01), and silencing ADRA2A notably inhibited cell 
senescence (P < 0.01). Additionally, the results of Western 
blot also confirmed that the expressions of p16, p21 and 
p53 in HeLa and SiHa cells were dramatically elevated by 
ADRA2A overexpression (P < 0.01) and reduced by silen-
cing ADRA2A (P < 0.01) (Figure 5B). All the results 
indicated that ADRA2A could promote the senescence of 
HeLa and SiHa cells.

ADRA2A Blocks PI3K/AKT/mTOR 
Pathway in HeLa and SiHa Cells
The GSEA showed that the expression of ADRA2A was 
associated with the “PI3K/AKT/mTOR signaling pathway” 
(Figure 6A). To further confirm this hypothesis, we detected 
the related proteins of PI3K/AKT/mTOR pathway by 
Western blot. And the results revealed that the expressions 
of p-PI3K, p-AKT and p-mTOR in HeLa and SiHa cells 
were significantly reduced by ADRA2A overexpression 
(P < 0.01) and dramatically elevated by silencing 
ADRA2A (P < 0.01) (Figure 6B and C), suggesting that 
ADRA2A could regulate PI3K/AKT/mTOR signaling path-
way. Then, to further verify this hypothesis, LY294002 was 
performed in the subsequent experiment. As Figure 6D 
showed, the treatment of LY294002 could significantly 
enhance the inhibitory effect of ADRA2A overexpression 

Figure 4 ADRA2A inhibited the abilities of migration and invasion in HeLa and SiHa cells. (A) The migration of HeLa and SiHa cells was measured by transwell assay. (B) 
The invasion of HeLa and SiHa cells was measured by transwell assay. (C) The expressions of MMP-2 and MMP-9 in HeLa and SiHa cells were determined by Western blot. 
**P < 0.01, vs pcDNA3.1-NC group; ##P < 0.01, vs si-NC group.
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on the expressions of p-PI3K, p-AKT and p-mTOR in HeLa 
and SiHa cells (P < 0.01). On the contrary, the treatment of 
LY294002 markedly reversed the promoting effect of 
ADRA2A silencing on the expressions of p-PI3K, p-AKT 
and p-mTOR (P < 0.01) (Figure 6D). All these results 
demonstrated that ADRA2A could block PI3K/AKT/ 
mTOR signaling pathway in HeLa and SiHa cells.

ADRA2A Inhibits Xenograft Tumor 
Growth
To confirm the function of ADRA2A on cervical cancer cell 
growth in vivo, the xenograft assay was performed 
(Figure 7A). As Figure 7B showed, tumor volume was sig-
nificantly reduced in pcDNA-ADRA2A group at 14 days 
(P < 0.01), 21 days (P < 0.01) and 28 days (P < 0.01) post- 
injection when compared with pcDNA3.1-NC group. 

Moreover, tumor weight was also notably decreased at 28 
days post-injection in pcDNA-ADRA2A group relative to 
pcDNA3.1-NC group (P < 0.01) (Figure 7C). Altogether, 
these results demonstrated that ADRA2A overexpression 
could inhibit tumor growth in vivo.

Discussion
Despite the morbidity and mortality of cervical cancer 
have declined over the past thirty years, the 5-year survival 
rate of advanced patients is still low.19,20 Thus, there is an 
urgent need to find a new molecular approach to better 
understand this disease and identify a novel therapeutic 
target. In our study, we demonstrated that ADRA2A could 
suppress cell proliferation, migration and invasion, and 
also promote cell senescence and apoptosis through inhi-
biting PI3K/Akt/mTOR pathway in cervical cancer.

Figure 5 ADRA2A promoted the senescence of HeLa and SiHa cells. (A) The senescence of HeLa and SiHa cells were tested by SA-β-gal staining. (B) The expressions of 
p16, p21 and p53 in HeLa and SiHa cells were measured by Western blot. **P < 0.01, vs pcDNA3.1-NC group; ##P < 0.01, vs si-NC group.
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Figure 6 ADRA2A blocked PI3K/AKT/mTOR pathway in HeLa and SiHa cells. (A) GSEA suggested that ADRA2A expression was correlated with PI3K/AKT/mTOR 
pathway. (B) The expressions of p-PI3K, PI3K, p-AKT, AKT, p-mTOR and mTOR in HeLa cells were measured by Western blot. (C) The expressions of p-PI3K, PI3K, p-AKT, 
AKT, p-mTOR and mTOR in C-33A cells were measured by Western blot. (D) After treatment of LY294002, the expressions of p-PI3K, PI3K, p-AKT, AKT, p-mTOR and 
mTOR in HeLa and C-33A cells were measured by Western blot. **P < 0.01, vs pcDNA3.1-NC group; ##P < 0.01, vs si-NC group (B and C); **P < 0.01, vs pcDNA- 
ADRA2A group, ##P < 0.01, vs si-ADRA2A group (D).
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More and more studies have indicated that ADRA2A 
can play an important role in central nervous system, car-
diovascular system, platelet aggregation, blood pressure, 
insulin secretion and lipolysis.10 In addition to these func-
tions, ADRA2A is thought to be involved in the progression 
of multiple cancers.10,11 Previous studies have confirmed 
that ADRA2A is abnormally expressed in human colon 
carcinoma cell line HT29.21 A study by Yoo et al22 has 
suggested that KG-135 could repress the progression of 
prostate cancer through inhibiting cyclin and regulating 
the expression of ADRA2A and TNFRSF25. In our study, 
we confirmed that ADRA2A expression was downregu-
lated in cervical cancer cells. Moreover, the analysis of 
GEPIA indicated that ADRA2A expression was signifi-
cantly decreased in cervical cancer tissues and the TCGA 
analysis showed that the high expression of ADRA2A was 
significantly associated with a better prognosis in cervical 
cancer patients, suggesting that ADRA2A might be 
a tumor-suppressed gene in cervical cancer. To confirm 
this hypothesis, we detected the effect of ADRA2A on 
biological behaviors of cervical cancer cells and found 
that ADRA2A significantly suppressed cell proliferation, 
migration and invasion, as well as promoted cell senescence 
and apoptosis in HeLa and SiHa cells. Then, we further 
investigate the mechanism of ADRA2A on cervical cancer 

cell apoptosis, migration, invasion and senescence. 
Increasing evidence show that cancer cells may acquire 
resistance to apoptosis via the upregulation of antiapoptotic 
proteins such as Bcl-2 or via the downregulation of proa-
poptotic proteins such as Bax.23 Our data demonstrated that 
ADRA2A significantly increased Bax expression and 
decreased Bcl-2 expression in cervical cancer cells, which 
further confirmed that ADRA2A could facilitate cell apop-
tosis in cervical cancer. MMP-2 and MMP-9 degrade extra-
cellular matrix as a prerequisite for cellular invasion and 
have been reported to play an important role in cancer 
metastasis.24–26 In this study, we found that ADRA2A 
could inhibit the expressions of MMP-2 and MMP-9, thus 
repressing the migration and invasion of cervical cancer 
cells. At present, cell senescence is considered as the third 
mechanism of the intracellular cancer prevention and serves 
as a potent barrier to malignant transformation.27,28 More 
and more researches have demonstrated that cellular senes-
cence is associated with the activation of p53-p21KIP1/CIP1 

and p16INK4A tumor suppressor pathways.29 Our results 
revealed that ADRA2A notably increased the expressions 
of p16, p21 and p53, further suggesting that ADRA2A 
could promote cervical cancer cell senescence. In addition, 
we also confirmed that ADRA2A could suppress the xeno-
graft tumor growth in vivo.

Figure 7 ADRA2A inhibited xenograft tumor growth. (A) Representative images of xenograft tumors. (B) The xenograft tumor volume in pcDNA3.1-NC and pcDNA- 
ADRA2A groups. (C) The xenograft tumor weight in pcDNA3.1-NC and pcDNA-ADRA2A groups. **P < 0.01, vs pcDNA3.1-NC group.
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Previous researches have shown that PI3K/Akt/mTOR 
pathway affects a variety of biological processes, such as 
cell survival, proliferation, invasion, autophagy, apoptosis, 
senescence and cell cycle, and is closely associated with 
many types of malignant tumors.12,30–32 Moreover, the 
activated PI3K/AKT/mTOR pathway frequently occurs in 
metastatic or recurrent cervical cancer, suggesting that it 
may be a potential therapeutic target in cervical cancer 
treatment.33,34 For example, ARHGAP17 could inhibit 
tumor progression through upregulating P21 and P27 
expression and inhibiting PI3K/AKT pathway in cervical 
cancer.35 BMX/Etk could promote cell proliferation of 
cervical cancer cells via the regulation of PI3K/AKT/ 
mTOR signal transduction pathway.36 Che et al37 have 
suggested that TRIP4 can facilitate tumor growth and 
metastasis and modulate radiosensitivity of cervical cancer 
via activating PI3K/AKT pathway. Li et al38 have indi-
cated that fibulin-3 could promote cervical cancer cell 
growth and metastasis by activating PI3K/AKT/mTOR 
pathway. In addition, the GSEA demonstrated that the 
inhibitory role of ADRA2A in cervical cancer was closely 
related to the PI3K/AKT/mTOR pathway. To further con-
firm this hypothesis, we evaluated the function of 
ADRA2A on the PI3K/Akt/mTOR pathway-related pro-
teins p-PI3K, PI3K, p-AKT, AKT, p-mTOR and mTOR, 
and found that ADRA2A could inhibit the activation of 
PI3K/Akt/mTOR pathway in cervical cancer cells, which 
was consistent with previous researches.

As a conclusion, in this research, we found that ADRA2A 
was lowly expressed in both cervical cancer tissues and cells. 
In addition, we also demonstrated that ADRA2A could sup-
press cell proliferation, migration and invasion, and also 
promote cell senescence and apoptosis through inhibiting 
PI3K/Akt/mTOR pathway in cervical cancer. These findings 
suggested that ADRA2A may be used as a potential thera-
peutic strategy for cervical cancer in future.
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