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Abstract. Adrenergic receptor α1 (ADRA1) subfamily 
members, including ADRA1A, ADRA1B and ADRA1D, 
are understood to participate in cardiac disease and benign 
prostatic hyperplasia. In addition, adrenergic signals in cell 
pathways can promote the development of cancer. However, 
little is understood regarding the associations between 
ADRA1 subfamily members and gastric carcinoma (GC). The 
present study investigated the prognostic value of the ADRA1 
subfamily genes in GC. Data from a total of 379 patients with 
GC were obtained from The Cancer Genome Atlas and Gene 
Expression Omnibus databases. Kaplan‑Meier analysis and 
Cox regression analysis were used to determine associations 
with overall survival (OS) and to evaluate the median survival 
time using hazard ratios (HRs) and 95% confidence intervals 
(CIs). Multivariate survival analysis revealed that low expres-
sion levels of ADRA1A (HR, 0.595; 95% CI, 0.426‑0.831; 
adjusted P=0.002) ADRA1B (HR, 0.576; 95% CI, 0.412‑0.805; 
adjusted P=0.001) and ADRA1D (HR, 0.559; 95%  CI, 
0.398‑0.787; adjusted P=0.001) were associated with a favour-
able OS. Joint‑effects analysis demonstrated that combinations 
of low expression levels of ARDA1A, ARDA1B and ARDA1D 
were significantly associated with a favourable OS. Overall, 
the current results suggested that the mRNA expression levels 
of ARDA1 subfamily members may serve as potential prog-
nostic markers for GC.

Introduction

Gastric carcinoma (GC) is one of the most common types of 
malignancy and is the second leading cause of cancer‑related 
mortality worldwide (1). Despite advances in surgical tech-
niques, adjuvant chemotherapy, radiotherapy and immune 
therapy, the morbidity and mortality rates remain high (2). 
Therefore, new strategies to improve the diagnosis and 
prognosis of GC are urgently required.

Tumour metastasis is a complex process that serves a vital 
role in the progression and outcome of the cancer (3). Therefore, 
novel effective strategies that target metastasis are required. 
Previous studies have suggested that adrenergic receptor 
antagonists could be used in novel therapeutic approaches 
in the treatment of various types of cancer, including pros-
tate and breast carcinoma (4,5). Tumour metastasis involves 
the migration of cancer cells from the primary tumour via 
lymphoid/hematopoietic pathways and is regulated by exog-
enous signalling molecules, including G  protein coupled 
receptor (GPCR) ligands, chemokines and neurotransmit-
ters (6,7). A previous study has reported that norepinephrine, 
a stress‑associated neurotransmitter, is a potent inducer of 
migration in cancer cell lines (8).

Adrenergic receptor antagonists include two major 
groups; α receptor and β receptor specific antagonists (9,10). 
Adrenergic receptor α1 (ADRA1) receptor is classified into 
three different subtypes ADRA1A, ADRA1B and ADRA1D, 
that differ in their tissue distribution, cell signalling, phar-
macology and physiological roles  (11). ADRA1 receptors 
are ubiquitous in the majority of human tissues; ADRA1B 
is predominantly expressed on the cell surface, ADRA1A is 
mainly expressed on the cell surface and intracellularly, and 
ADRA1D is primarily localized perinuclear (12).

It is well‑known that ADRA1 is a member of the GPCR 
family, which interacts with a heterotrimeric G protein 
containing the Gαq/11/14/16 subunits (13). The Gαq subunit 
is the main activator of phospholipase CE, which promotes 
the cleavage of phosphatidylinositol‑4,5‑diphosphate into 
diacylglycerol and inositol‑1,4,5‑triphosphate. This subse-
quently promotes the release of Ca2+ from intracellular stores 
to activate protein kinase C (PKC) (14).

Previous studies have suggested that adrenergic signals in 
cells can promote the development of cancer (15,16). However, 
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little is understood regarding the associations between the 
expression levels of ARDA1A, ARDA1B and ARDA1D and 
the risk of GC. Therefore, the aim of the present study was 
to identify the associations between the expression levels of 
individual ADRA1 subtypes and GC prognosis. The current 
study may provide insights into the potential functional roles 
of ADRA1 subtypes in GC.

Materials and methods

Patient and disease characteristics. Metabolic gEne Rapid 
Visualizer (http://merav.wi.mit.edu/) was used to generate 
boxplots of the expression levels of ADRA1 subtypes in normal 
gastric tissues and primary GC tumours. Subsequently, clinical 
data were obtained for 379 patients with GC, including sex, 
grade (17), age, Tumour‑Node‑Metastasis (TNM) stage (18), 
targeted therapy, events (metastases or deaths), survival time, 
mortality status and mRNA expression levels of ADRA1A, 
ADRA1B and ADRA1D, from OncoLnc (http://www.oncolnc.
org/) and Gene Expression Omnibus (GEO; https://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE14520) data-
bases (19,20). The data presented here are based on studies 
published on The Cancer Genome Atlas (TCGA)  (21,22). 
To analyse the difference in the expression levels in cancer 
compared with the adjacent tissues, three genes (ADRA1A, 
ADRA1B and ADRA1D0 were searched in the GEPIA 
(http://gepia.cancer‑pku.cn/) database separately.

Correlation and functional enrichment analysis of the ADRA1 
subfamily. The online Database for Annotation, Visualization, 
and Integrated Discovery (DAVID; v.6.8; https://david.ncifcrf.
gov/tools.jsp) (23) was used to perform functional enrichment. 
This included gene ontology (GO) functional analysis and 
Kyoto Encyclopaedia of Genes and Genomes (KEGG) pathway 
analysis. In the present study, GO functional analysis consisted 
of molecular function, cellular component, and biological 
process terms. KEGG pathway analysis was performed on the 
ADRA1 gene subfamily. The gene function prediction website 
GeneMANIA (http://genemania.org/) was used to construct 
gene‑gene interaction networks (24).

Survival analysis. Using the TCGA data, 379 patients with GC 
were divided into high‑ and low‑expression groups according 
to the 50% cut‑off values (median values). Overall survival 
(OS) and median survival time (MST) were applied to esti-
mate patient prognosis. Kaplan‑Meier analysis with a log‑rank 
test was used to identify associations between ADRA1A, 
ADRA1B and ADRA1D mRNA expression levels and patient 
survival. Cox regression analysis was then used to evaluate 
statistically significant factors, including age and TNM stage.

Joint‑effects analysis. In the TCGA database, the expression 
levels of ADRA1A, ADRA1B and ADRA1D were significantly 
different between tumour and non‑tumour tissues. Therefore, 
joint‑effects analysis was performed with the following 
combinations: i) ADRA1A and ADRA1B; i) ADRA1A and 
ADRA1D; iii) ADRA1B and ADRA1D; and iv) ADRA1A, 
ADRA1B and ADRA1D (Table I). A Cox regression model 
was adjusted for TNM stage, age and sex in keeping with the 
aforementioned combinations.

Statistical analysis. OS was evaluated by Kaplan‑Meier 
survival analysis followed by a log‑rank test. Cox proportional 
hazards regression model was used for univariate and multi-
variate survival analysis. GraphPad Prism v.7.0 (GraphPad 
Prism, Inc.) was used to construct vertical scatter plots and 
survival curves. All statistical analyses were performed 
using SPSS v.22.0 software and compared using an inde-
pendent‑samples t‑test (IBM, Inc.). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Clinicopathological features of the patient cohort. Detailed 
characteristics of the 379 included patients obtained from the 
TCGA database are presented in Table II. It was identified that 
TNM stage and age were significantly associated with MST 
(P<0.001 and P=0.007, respectively); however, no significant 
associations were revealed for grade, sex or targeted therapy 
(all P>0.05; Table II).

Analysis of ADRA1 subfamily gene expression in GC. 
Expression levels of ADRA1A, ADRA1B and ADRA1D in 
primary GC tissues and normal tissues were analysed using 
the online tool (GEPIA; http://gepia.cancer‑pku.cn/) and 
illustrated by boxplots (Fig. 1A‑C). The expression levels of 
ADRA1A were higher in normal gastric tissues compared 
with primary gastric tumours. However, no marked differ-
ences in the expression levels of ADRA1B and ADRA1D 
were revealed between primary GC tumours and normal 

Table I. Grouping according to the expression levels of two or 
three selected genes.

Group	 Composition

I	 Low ARDA1A + low ARDA1B
II	 Low ARDA1A + high ARDA1B
	 High ARDA1A + low ARDA1B
III	 High ARDA1A + high ARDA1B
IV	 Low ARDA1A + low ARDA1D
V	 Low ARDA1A + high ARDA1D
	 High ARDA1A + low ARDA1D
VI	 High ARDA1A + high ARDA1D
VII	 Low ARDA1B + low ARDA1D
VIII	 Low ARDA1B + high ARDA1D 
	 High ARDA1B + low ARDA1D
IX	 High ARDA1B + high ARDA1D
X	 Low ARDA1A + low ARDA1B + low ARDA1D
XI	 High ARDA1A + low ARDA1B + high ARDA1D
	 Low ARDA1A+ high ARDA1B + high ARDA1D
	 Low ARDA1A + low ARDA1B + low ARDA1D
	 High ARDA1A + high ARDA1B + high ARDA1D
	 High ARDA1A + low ARDA1B + low ARDA1D 
	 Low ARDA1A + high ARDA1B + low ARDA1D
XII	 High ARDA1A + high ARDA1B + high ARDA1D

ADRA1, adrenergic receptor α1.
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Table II. Clinical data for the 379 patients with gastric carcinoma.

Variable	 Patients (n=379)	 No. of events (%)	 MST, days	 HR (95% CI)	 Log‑rank P‑value

Grade
  1 + 2	 146	 52 (35.6)	 1,294	 Ref.	 0.07
  3	 233	 99 (42.5)	 801	 1.333 (0.977‑1.818)
Sex
  Male	 247	 104 (42.1)	 2,030	 Ref.	 0.229
  Female	 132	 47 (35.6)	 874	 1.236 (0.875‑1.745)
Age, years
  ≥60	 124	 38 (30.6)	 475	 Ref.	 0.007
  <60	 255	 113 (44.3)	 792	 0.604 (0.418‑0.874)
TNM stage
  I	 50	 12 (24.0)	 2,197	 0.270 (0.133‑0.550)	 <0.001
  II	 119	 33 (27.7)	 1,686	 0.372 (0.214‑0.645)
  III	 164	 78 (47.6)	 766	 0.649 (0.400‑1.053)
  IV	 34	 21 (61.8)	 476	 Ref.
  NA	 12
Targeted therapy
  No	 188	 79 (42.0)	 805	 Ref.	 0.063
  Yes	 162	 59 (38.4)	 1,294	 0.726 (0.518‑1.018)
  NA	 29

MST, median survival time; HR, hazard ratio; CI, confidence interval; Ref, reference group; NA, not available; TNM, Tumor‑Node‑Metastasis.

Figure 1. Boxplots for ADRA1 gene expression in normal gastric tissue and primary gastric cancer tissue. (A) ADRA1A expression. (B) ADRA1B expression. 
(C) ADRA1D expression. (D) Scatter plots for ADRA1A, ADRA1B and ADRA1D gene expression levels from data obtained from The Cancer Genome Atlas. 
ADRA1, adrenergic receptor α1.
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tissues. The low expression groups and high expression groups 
for these genes obtained from the GEO and TCGA databases 
were analysed by Scatter diagrams and compared using an 
independent‑samples t‑test (Fig. 1D).

GO and KEGG pathway analysis of the ADRA1 subfamily. 
The results of GO analysis of ADRA1A, ADRA1B and 
ADRA1D including molecular function, cellular component 
and biological process terms, are presented in Fig. 2B. KEGG 

Figure 2. Prognostic value, interaction network and the function of the ADRA1 subfamily of genes. (A) Protein‑interaction network among selected genes 
generated by GeneMANIA. (B) Analysis of enriched gene ontology terms and KEGG pathways for ADRA1 genes using Database for Annotation, Visualization, 
and Integrated Discovery. The prognostic value of (C) ADRA1A, (D) ADRA1B and (E) ADRA1D expression was analysed by Kaplan‑Meier survival curves 
for 379 patients with gastric cancer. ADRA1, adrenergic receptor α1; KEGG, Kyoto Encyclopaedia of Genes and Genomes; HR, hazard ratio; cGMP‑PKG, 
MAPK, mitogen‑activated protein kinase.
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enrichment analysis identified certain signalling pathways 
associated with ADRA1 subfamily members, such as ‘Calcium 
signalling pathway’, ‘cGMP‑PKG signalling pathway’ and 
mitogen‑activated protein kinase (MAPK) signalling (Fig. 2B). 
Furthermore, the GeneMANIA website (http://genemania.
org/) was used to analyse interaction networks of ADRA1A, 
ADRA1B and ADRA1D. The interaction network between the 
ADRA1 subfamily and other genes presented in Fig. 2A.

Association of ADRA1 subfamily members with survival. Cox 
proportional hazards regression analysis of the ADRA1 members 
revealed that the mRNA expression levels of all three genes were 
significantly associated with MST in patients with GC (Table III). 
As aforementioned in Table I, TNM stage and age were also 
identified as prognostic factors in TCGA GC cohort. Therefore, 
a multivariate Cox regression model was employed next, in order 
to explore whether the expression levels of the ADRA1 subfamily 
genes were independent prognostic factors following adjustment 
for age and TNM stage. The results revealed that the lower 
expression levels of ADRA1A [hazard ratio (HR), 0.595; 95% CI, 
0.426‑0.831; adjusted P=0.002], ADRA1B (HR, 0.576; 95% CI, 
0.412‑0.805; adjusted P=0.001) and ADRA1D (HR,  0.559; 
95%  CI, 0.398‑0.787; adjusted P=0.001) were significantly 
associated with favourable MST in patients with GC, following 
adjustment for age and TNM stage (Table III). The survival 
curves of ADRA1A, ADRA1B and ADRA1D are presented in 
Fig. 2C‑E; these revealed that low expression levels of these genes 
were significantly associated with a favourable OS in patients 
with GC (P=0.002, P=0.006 and P=0.002, respectively).

Joint‑effects analysis of the ADRA1 subfamily. Based on the 
influence of ADRA1A, ADRA1B and ADRA1D on patient 
survival identified by multivariate analysis, a joint‑effects 
model was employed to evaluate the combined effects of these 
genes on the OS of patients with GC. According to the different 
expression levels of ADRA1A, ADRA1B and ADRA1D, 12 

groups were generated, as presented in Table I. Group XII, with 
high expression levels of ARDA1A, ARDA1B and ARDA1D, 
exhibited the shortest MST of 552 days (adjusted P=0.001). 
Group X, with low expression levels of ARDA1A, ARDA1B 
and ARDA1D, exhibited the highest MST of 2,100  days 
(adjusted P=0.002). The detailed joint‑effects analysis results 
are presented in Table IV.

Associated survival curves, presented in Fig.  3, were 
evaluated by Kaplan‑Meier analysis with a log‑rank test. 
Low expression levels of ADRA1A, ADRA1B and ADRA1D 
(group  X) were identified to be significantly associated 
with favourable OS. By contrast, high expression levels of 
ADRA1A, ADRA1B and ADRA1D (group XII) were revealed 
to be significantly associated with poor OS (all P<0.05; Fig. 3).

Discussion

Cancer metastasis can be influenced by numerous factors, 
including intracellular signalling molecules and extracellular 
components, including cytokines, the extracellular matrix and 
neurotransmitters (25). It has previously been suggested that 
the nervous system serves an important role in the progression 
of cancer. It has been reported that the sympathetic and para-
sympathetic nervous systems participate in the development 
and distribution of cancer (26).

Adrenergic neurotransmitters, including norepinephrine 
(NE) and epinephrine (E), have been reported to promote 
cell migration and invasion in various types of cancer (6,27). 
Previous studies have demonstrated that NE/E may promote 
tumour progression by promoting angiogenesis  (27). 
Furthermore, the tumour stromal cells in the microenviron-
ment of cancer may be affected by the nervous system (28). 
A number of neurotransmitter receptor‑associated genes have 
been identified to be closely associated with the proliferation 
and survival of tumour cells by a large‑scale complementary 
DNA transfection screening (29).

Table III. Survival analysis according to the expression levels of ADRA1 subfamily genes.

	 Patients	 No. of 	 MST, 	 Crude HR	 Crude	 Adjusted HR	 Adjusted
Gene	 (n=379)	 events (%)	 days	 (95% CI)	 P‑value	 (95% CI)a	 P‑valuea

ADRA1A
  Low	 189	 61 (32.1)	 1,686	 Ref.	 0.001	 Ref.	 0.002
  High	 189	 90 (47.6)	 669	 0.601 (0.434‑0.834)		  0.595 (0.426‑0.831)
  NA	 1
ADRA1B
  Low	 189	 62 (32.9)	 1,407	 Ref.	 0.006	 Ref.	 0.001
  High	 189	 89 (47.1)	 712	 0.637 (0.460‑0.881)		  0.0576 (0.412‑0.805)
  NA	 1
ADRA1D
  Low	 189	 58 (30.7)	 1,407	 Ref.	 0.002	 Ref.	 0.001
  High	 189	 93 (49.2)	 675	 0.601 (0.433‑0.835)		  0.559 (0.398‑0.787)
  NA	 1

aAdjusted for age and Tumour‑Node‑Metastasis stage. ADRA1, adrenergic receptor α1; MST, median survival time; HR, hazard ratio; 
CI, confidence interval; Ref, reference group; NA, not available.



WANG et al:  Prognostic value of ADRA1 subfamily genes 3155

It is understood that NE/E exert their physiological func-
tions predominantly by the α and β adrenergic receptors (30). 
The ability of NE/E to induce invasion and anoikis resistance 
of cancer cells can be mediated by both ADRA1A and ADRB2 
receptors  (31). ADRA1 mediates the role of endogenous 
adrenaline and NE in multiple target cells. NE induces proton 
release and calcium flux, and activates phospholipase C, PKC 
and extracellular signal‑regulated kinase  1/2 pathways to 

promote cell proliferation (32). In addition, ADRs transacti-
vate epidermal growth factor receptor (EGFR) signalling via 
specific matrix metalloproteinases (MMPs) or a disintegrin 
and metalloproteinase hydrolysis of latent ligands, including 
heparin‑binding EGF‑like growth factor (HB‑EGF) (33). For 
the first time, Li et al (30) demonstrated that the ADRA1A 
and ADRB2 can inhibit EGFR signalling in cancer. EGFR 
is overexpressed in the majority of adenocarcinoma and 

Figure 3. Survival curves for the joint‑effects analysis of the combination of ADRA1 subfamily genes expression. Groups are listed in  Table  I. 
ADRA1, adrenergic receptor α1.

Table IV. Joint‑effects analysis of the prognostic value of combinations of ADRA1A, ADRA1B and ADRA1D expression levels 
in gastric carcinoma.

	 Patients	 MST, 	 Crude	 Crude HR	 Adjusted	 Adjusted HR
Group	 (n=379)	 days	 P‑value	 (95% CI)	 P‑valuea	 (95% CI)a

I	 148	 1,407	 <0.001	 0.480 (0.327‑0.705)	 <0.001	 0.444 (0.297‑0.664)
II	 114	 2,100	 0.005	 0.552 (0.364‑0.838)	 0.004	 0.531 (0.347‑0.813)
III	 113	 560	 <0.001	 Ref.	 <0.001	 Ref.
IV	 115	 1,686	 <0.001	 0.420 (0.271‑0.651)	 <0.001	 0.406 (0.260‑0.633)
V	 147	 1,294	 0.083	 0.729 (0.510‑1.043)	 0.031	 0.665 (0.458‑0.963)
VI	 114	 633	 0.001	 Ref.	 <0.001	 Ref.
VII	 121	 1,407	 <0.001	 0.481 (0.319‑0.725)	 <0.001	 0.433 (0.285‑0.659)
VIII	 134	 940	 0.066	 0.708 (0.490‑1.023)	 0.003	 0.563 (0.385‑0.825)
IX	 121	 562	 0.002	 Ref.	 <0.001	 Ref.
X	 83	 2,100	 0.005	 0.490 (0.300‑0.802)	 0.002	 0.457 (0.279‑0.749)
XI	 215	 1,294	 0.010	 0.625 (0.438‑0.893)	 0.001	 0.541 (0.376‑0.780)
XII	 78	 552	 0.006	 Ref.	 0.001	 Ref.

aAdjusted for age and Tumour‑Node‑Metastasis stage. MST, median survival time; HR, hazard ratio; CI, confidence interval; ADRA1, adrenergic 
receptor α1; Ref, reference group.
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squamous cell carcinoma cases and can be selectively targeted 
by pharmacological inhibitors currently used in the clinic (34).

It has been reported that ADRA1 can promote the metas-
tasis of cancer, and continuously activated ADRA induces 
cell apoptosis via p53 (35). The tumour suppressor protein 
p53 serves an important role in cellular regulation and 
acts as an important mediator of apoptotic cell death (36). 
Evidence suggests that p53 not only induces transcription of 
pro‑apoptotic proteins but also activates the mitochondrial 
cell death pathway (37). Previous studies have demonstrated 
that ADRA1A is also associated with reactive oxygen species 
(ROS) production via the EGFR and the nicotinamide adenine 
dinucleotide phosphate oxidase signalling pathways (38).

However, little is understood regarding the association 
between ADRA1 mRNA expression and the prognosis of GC. 
Using data from TCGA and GEO databases that included 
mRNA expression profiles of the ADRA1 genes and the 
associated clinical information from patients with GC, the 
present study investigated the associations between ADRA1 
family members expression and patient prognosis. In addition, 
the current study assessed whether any ADRA1 genes, alone 
or in combination, could be used as biomarkers for predicting 
the prognosis of GC. The results suggested that the expression 
levels of ADRA1A in normal tissue were higher compared 
with that in primary tumour tissue. In addition, survival 
analysis demonstrated that low expression levels of ADRA1A, 
ADRA1B or ADRA1D were associated with a favourable 
OS in patients with GC. Furthermore, joint‑effects analysis 
demonstrated that the combination of low levels of all three 
ADRA1A, ADRA1B and ADRA1D was significantly associ-
ated with a favourable OS. By contrast, the combination of 
high expression levels of ADRA1A, ADRA1B and ADRA1D 
was associated with a poor OS.

Furthermore, functional analysis and KEGG enrichment 
identified specific signalling pathways associated with ADRA1 
genes including ‘Calcium signalling pathway’, ‘cGMP‑PKG 
signalling pathway’ and mitogen‑activated protein kinase 
(MAPK) signalling. These pathways serve important roles in 
cancer. For example, studies have demonstrated that numerous 
biological functions are regulated by MAPK signalling, 
including cell proliferation, apoptosis and metastasis (39,40). 
In addition, cGMP/PKGIβ regulates breast cancer cell migra-
tion and invasion through the actin/myosin‑associated protein, 
caldesmon (CaD)  (41). Analysis of gene‑gene interactions 
showed that certain genes were associated with members of 
the ADRA1 subfamily [G protein‑coupled receptor kinases 
(GRK)1, GRK4, GRK5, GRK6, GRK7, ARRB1, DRD4, 
GNAQ, ADRBK2] and some of these genes serve impor-
tant roles in the regulation of tumour biology. For example, 
GRKs can modulate GPCR signalling by interacting with 
the ligand‑activated GPCR and phosphorylating its intracel-
lular domain  (42). It has been demonstrated that GPCRs 
affect multiple aspects of cancer biology, such as vascular 
remodelling, invasion and migration (42).

Peng et al (43) reported that ADRA1A was highly expressed 
in the peripheral serum of patients with hysterocarcinoma 
and associated with tumour stage and lymph node metastasis 
status. Powe et al (44) demonstrated that ADRA1B expression 
was associated with breast cancer progression and prognosis. 
Notably, the expression levels of ADRA1A were higher in 

normal gastric tissues compared with primary gastric tumour 
tissues in the current study. However, the present study also 
revealed that low levels of ADRA1 were favourable for patient 
outcome. There may be a number of reasons for these contra-
dictory results. Firstly, it is understood that certain genes act 
as tumour suppressors during the early stage of tumorigenesis, 
while they serve as tumour promoters in later stages. For 
example, transforming growth factor‑β (TGF‑β) is a cytokine 
that exhibits dual activities in numerous types of cancer (45). 
TGF‑β is an important mediator of cancer invasion, metastasis 
and angiogenesis; however, it also exhibits antitumor func-
tions (46). Another possible explanation may be that ADRA1 
serves different roles in gastric tumour tissue and in normal 
tissue. Despite the low expression of ADRA1 in gastric cancer 
tumour tissues, it also serves a role in promoting cancer cell 
proliferation and metastasis (47). Therefore, the present results 
require further experimental validation in order to fully 
elucidate the role of ADRA1 in GC.

In conclusion, the results of the present study demon-
strated that the expression levels of ADRA1A, ADRA1B and 
ADRA1D were associated with the prognosis of gastric cancer. 
High expression levels of the ADRA1 family were associated 
with a poor prognosis and a significant reduction in survival 
rate. These results suggested that an increased expression of 
the ADRA1 family may somehow promote tumour metastasis. 
Accordingly, the levels of ADRA1 genes may serve as potential 
markers for prognosis evaluation.

The present study has certain limitations. Firstly, clinical 
information and gene expression data used in the study were 
obtained from a public database and the data were limited. 
Second, the low expression of ADRA1 in gastric tumour tissues 
and its role in predicting prognosis is difficult to understand. 
Due to insufficient funds, the present study did not perform 
verification experiments. Therefore, the specific mechanism 
of ADRA1 in gastric cancer tissues requires further experi-
mental validation. Despite these limitations, to the best of 
our knowledge, the current study is the first to systematically 
investigate the diagnostic and prognostic values of ADRA1 
genes in GC. In summary, ADRA1 genes may serve as 
potential novel indicators for the prediction of the prognosis 
of patients with GC.
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