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Abstract. Gastric cancer (GC) is one of the most common 
malignancies of the digestive system. In diffuse‑type GC, 
differentiation is relatively poor, and the probability of distant 
metastasis and lymph node metastasis is high, resulting in poor 
clinical prognosis. The purpose of this study was to identify 
specific genes that can predict the prognosis of different types 
of GC. Differentially expressed genes (DEGs) were screened 
in the GSE62254 dataset obtained from the Gene Expression 
Omnibus using the ‘limma’ and ‘survival’ R packages. A 
total of 355 survival‑related DEGs were selected according 
to specific screening criteria, of which 293 were associated 
with diffuse‑type GC and 62 with intestinal‑type GC. Gene 
Ontology and Kyoto Encyclopedia of Genes and Genomes 
were used for functional annotation and pathway enrichment 
analysis of DEGs. Using protein‑protein interaction networks 
and Cytoscape software, three hub genes were identified in 
diffuse‑type GC‑associated DEGs, including angiotensinogen 
(AGT), C‑X‑C motif chemokine ligand 12  (CXCL12) and 
adrenoceptor β2 (ADRB2). Immunohistochemical staining 
and reverse transcription‑quantitative PCR revealed that 
the expression levels of the three genes in diffuse‑type GC 
samples were upregulated compared with in intestinal‑type 
GC samples. Kaplan Meier analysis indicated that a higher 
expression levels of these three hub genes were associated 
with a poorer prognosis of diffuse‑type GC. In summary, the 
present findings suggested that AGT, CXCL12 and ADRB2 
might contribute to the progression of diffuse‑type GC, and 
could serve as potential biomarkers or therapeutic targets for 
this disease.

Introduction

Gastric cancer (GC) is one of the most common malignant 
tumors in the digestive system worldwide, accounting for 
~720,000 GC‑related deaths every year  (1). According to 
Globocan 2018 data, the incidence and mortality rates of GC 
among all malignant tumors occupied fifth and third place 
respectively, and >70% of these cases occurred in developing 
countries, with 50% in East Asia (2). Early diagnosis and treat‑
ment of GC can often produce an improved therapeutic effect 
and longer overall survival time. However, most patients are 
diagnosed by endoscopy only when they present with symp‑
toms, at which point the disease is in advanced stage, and the 
optimal opportunity for surgical intervention has been missed. 
Even after complete R0 resection, one‑third of patients expe‑
rience recurrence (3). Most GC cases are adenocarcinomas, 
representing a highly heterogeneous disease with differences 
in epidemiology and histopathology. There has been no evident 
breakthrough for the treatment of patients with advanced GC, 
and surgery is still the primary therapy, with the majority of 
cancer patients dying due to tumor recurrence and metastasis, 
and a median overall survival (OS) <1 year (4).

GC can be categorized using different classification 
systems, such as the Bormann, the Lauren, and the World 
Health Organization classifications (5‑7). In addition, some 
scholars have attempted to classify GC using molecular 
and genetic features, such as The Cancer Genome Atlas (8) 
and Asian Cancer Research Group classifications (9). Since 
the Lauren classification was proposed in 1965, it has been 
widely recognized by both clinicians and pathologists and 
continues to be used. The Lauren classification primarily 
divides GC into intestinal, diffuse and mixed types based 
on cell morphology and histochemistry (6). Histologically, 
intestinal‑type GC cells are large, clear in boundary, variable 
in morphology and closely arranged, exhibiting tubular and 
glandular differentiation. In contrast, diffuse‑type GC cells 
are typically scattered and often appear as solitary cells or in 
small clusters due to lack of adhesion. Thus, gland formation 
is hard to observe in diffuse‑type GC tumor tissue, and is easy 
to disseminate. Mixed‑type GC presents all of the aforemen‑
tioned characteristics (6). Epidemiologically, intestinal GC is 
the most common type, has the highest five‑year survival rate, 
and is more common in men and the elderly. Diffuse‑type GC 
is more likely in women and younger patients and has a lower 
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5‑year survival rate (10‑12). Mix‑type has the highest degree of 
malignancy due to variable biological behavior (13).

With the development of medicine and bioinformatics, 
high‑throughput sequencing has become a common tool for 
medical research (14). For instance, data from gene expression 
profiling studies can be uploaded to public repositories, such 
as, the Gene Expression Omnibus (GEO) within the National 
Center for Biotechnology Information. Reanalyzing and 
reintegrating such datasets often provides some meaningful 
insights for research. A number of microarray datasets of 
GC have been developed in recent years (15‑17) and a large 
number of significant differentially expressed genes (DEGs) 
have already been identified.

In the present study, the GSE62254 dataset was down‑
loaded from the GEO and screened for DEGs using the 
‘limma’ and ‘survival’ R packages. Gene Ontology (GO) and 
the Kyoto Encyclopedia of Genes and Genomes  (KEGG) 
analysis was carried out on selected DEGs, identifying 
key biological features and signaling pathways. Moreover, 
protein‑protein interaction (PPI) network of DEGs associated 
with diffuse‑type was constructed, identifying three hub genes 
using the Cytoscape. Lastly, Kaplan‑Meier analysis was used to 
evaluate overall survival (OS) in patients with different expres‑
sion levels of these newly identified hub genes in GSE62254 
and GSE15459 datasets.

Materials and methods

Data collection. The GSE62254 (9,18) microarray dataset was 
downloaded from the GEO database (http://www.ncbi.nlm.nih.
gov/geo/). GSE62254 was obtained using the GPL570 platform 
with an Affymetrix Human Genome U133 Plus 2.0 Array 
(Thermo Fisher Scientific, Inc.) and contains 300 different 
Lauren subtypes GC samples (128  diffuse‑type samples, 
137 intestinal‑type samples and 35 mixed‑type samples).

Analysis of differentially expressed genes. The Robust 
multi‑array average (RMA) algorithm (19) in the R environ‑
ment (v3.6.1) (20) was used to normalize and transform the raw 
data to expression values. DEGs between diffuse‑ and intes‑
tinal‑type samples were screened using the ‘limma’ package 
in R (v3.6.1) (21), using the cut‑off criteria of adjusted P<0.05 
and |log2FC|>0.585. Accordingly, DEGs with log2FC>0.585 
were considered associated with diffuse‑type GC, whereas 
DEGs with log2FC<‑0.585 were considered associated with 
intestinal‑type GC. To identify genes associated with OS, 
the ‘survival’ package (22) in R (v3.6.1) was used for Cox 
regression analysis. The resuls are presented as hazard ratios 
(HRs) and P‑values for all genes in the GSE62254 dataset. 
Genes with P<0.05 were identified as OS‑related genes. 
Venny's (v2.1) online software (http://bioinfogp.cnb.csic.
es/tools/venny/index.html) was used to draw Venn diagrams 
of OS‑related genes associated with diffuse or intestinal GC.

GO and KEGG enrichment analysis. The Database for 
Annotation, Visualization and Integrated Discovery (DAVID, 
http://david.ncifcrf.gov/) provides a comprehensive set of func‑
tional annotation tools for investigators to examine biological 
meaning behind large lists of genes. DAVID (v6.8) was used 
for GO functional annotation and KEGG pathway analysis of 

DEGs associated with diffuse and intestinal GC. P<0.05 was 
the cut‑off for statistically significant terms.

PPI network construction and screening of hub genes 
in diffuse‑type GC. PPI data of diffuse‑type GC DEGs 
were constructed using the Search  Tool for the Retrieval 
of Interacting Genes (STRING) database (version 10.0; 
http://string‑db.org) (23). Interactions with an interaction score 
of >0.700 were used to construct the PPI network. Cytoscape 
(https://cytoscape.org; v3.7.1) (24) was used to visualize the 
PPI network, and the cytoHubba (v1.6) (25) plug‑in was used 
to identify hub genes of the PPI network via four different 
algorithms. The algorithms used for analysis included degree, 
Edge Percolated component, Closeness and EcCentricity. 
Genes overlapping in the four groups were deemed hub genes.

Patients and tissues samples. A total of 40 GC patients who 
received a gastrectomy in The Third Affiliated Hospital of 
Anhui Medical University between December 2016 to July 
2018 were recruited in this study. This cohort included 27 male 
and 13 female patients aged 41‑83 years (average, 56.35±9.60). 
The inclusion criteria were: i) The postoperative pathological 
diagnosis of diffuse‑ or intestinal‑type GC was consistent 
by two pathologists; ii) patients were newly diagnosed with 
GC; and iii)  patients had not received any radiotherapy, 
chemotherapy or biological therapy. The exclusion criteria 
were: i) Patients were diagnosed with other types of tumor; 
ii) postoperative recurrent patients; and iii) patients had severe 
functional diseases, such as heart, liver, kidney and immuno‑
logical diseases; iv) patients were treated with other therapies 
before surgery; and v) patients were pregnant.

All specimens were handled and made anonymous 
according to ethical and legal standards. Tissue samples were 
collected during the surgery for GC and were confirmed by 
tissue pathology examination. The patients were divided into 
diffuse‑type and intestinal‑type GC groups (n=20 in each 
group) according to the postoperative pathology results. All 
tumor tissues specimens were collected from formalin‑fixed 
paraffin‑embedded tissues of resection surgical procedures.

Immunohistochemical analysis. Immunohistochemistry was 
performed to determine the expressions of angiotensinogen 
(AGT), C‑X‑C motif chemokine ligand 12  (CXCL12) and 
adrenoceptor β2 (ADRB2) in diffuse‑type intestinal‑type GC 
tissue samples. GC tissues were fixed in 10% neutral buffered 
formalin at room temperature for 48 h and embedded in paraffin 
at 62˚C for 45 min. The sections were then cut into 4‑µm thick 
sections and dried overnight at 56˚C. Paraffin‑embedded 
tissue were passed through dimethylbenzene and gradient 
ethanol solution to deparaffinize and rehydrate the sections. 
Antigen retrieval was performed by heating the sections in a 
microwave oven in 10 mM sodium citrate‑hydrochloric acid 
buffer (pH 6.0) for ~15 min at 95˚C. To block endogenous 
peroxidase activity, 0.3% peroxidase quenching solution 
was used at 37˚C for 10 min. After blocking for 30 min with 
10% skim milk at 37˚C, each section was incubated with a 
rabbit anti‑human AGT antibody (1:50; cat. no. ab108334; 
Abcam), rabbit anti‑human CXCL12 antibody (1:200; cat. 
no. ab9797; Abcam) or rabbit anti‑human ADRB2 antibody 
(1:100; cat. no. ab182136; Abcam) overnight at 4˚C. The slides 



MOLECULAR MEDICINE REPORTS  23:  193,  2021 3

were then incubated with HRP‑secondary antibodies (Abcam; 
cat. no. ab6721; 1:1,000) at room temperature for 30 min. The 
sections then were incubated with 3,3'‑diaminobenzidine 
(DAB) solution at room temperature for 5 min, and every slide 
were counterstained with hematoxylin at room temperature for 
1 min, dehydrated, and sealed with cover slips. The stained 
sections were examined under an optical microscope.

For quantitative analysis, images from each sample 
were analyzed using Image‑Pro Plus 6.0 software (Media 
Cybernetics). For each slide, three randomly selected regions 
were examined under the same exposure time and white 
balance setting. The blank area of the images was selected for 
optical density correction. Positive expression was defined as 
brown‑yellow granules in the cytoplasm. The expression inten‑
sity was calculated as MD=IOD/area of target region, where 
MD is the mean density and IOD is the accumulated value of 
integrated optical density. The MD of the three fields of view 
was used to quantify the expression levels of the hub genes.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). RT‑qPCR was used to examine the expression 
levels of AGT, CXCL12 and ADRB2 between diffuse‑ and 
intestinal‑type GC tissue samples. Total RNA was extracted 
with the TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
RNA purity was detected using a microplate reader (Infinite 
M1000 PRO; Tecan Group, Ltd.). A PrimeScript™ RT reagent 
kit (Takara Bio, Inc.) was used for cDNA synthesis, according 
to the manufacturer's protocol, at 37˚C for 15 min and 85˚C 
for 5 sec. RT‑qPCR was carried out using SYBR® Premix 
ExTaq™ (Takara Bio, Inc.) on an ABI Prism 7500 Sequence 
Detection System (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). GAPDH was used as reference gene. The 
relative mRNA expression levels were quantified using the 
2‑ΔΔCq method (26). The following thermocycling conditions 
were used: Initial denaturation at 95˚C for 7 min; followed 
by 40 cycles of 95˚C for 15 sec and 60˚C for 30 sec; and a 
final extension at 72˚C for 30 sec. Primers were as follows: 
i) AGT forward, 5'‑CCCTGGCTTTCAACACCTAC‑3' and 
reverse, 5'‑CTG​TGG​GCT​CTC​TCT​CAT​CC‑3'; ii) CXCL12 
forward, 5'‑GAT​TGT​AGC​CCG​GCT​GAA​GA‑3' and reverse, 
5'‑TTC​GGG​TCA​ATG​CAC​ACT​TGT‑3'; iii) ADRB2 forward, 
5'‑AAC​TGG​TTG​GGC​TAT​GTC​AA‑3' and reverse, 5'‑GTT​
AGT​GTC​CTG​TCA​GGG​AG‑3'; and iv)  GAPDH forward, 
5'‑TGT​GGG​CAT​CAA​TGG​ATT​TGG‑3' and reverse 5'‑ACA​
CCA​TGT​ATT​CCG​GGT​CAA​T‑3'.

Kaplan‑Meier analysis of hub genes. Kaplan‑Meier Plotter 
(https://kmplot.com/analysis/) was used to examine the 
effect of hub genes on OS of patients with diffuse‑type GC. 
In order to improve the reliability of the results, the GEO 
GSE62254 (9,18) and GSE15459 (27,28) datasets were used 
as the research target. The three genes (AGT, CXCL12 and 
ADRB2) were uploaded into the database to obtain the 
Kaplan‑Meier survival plots. Log rank P‑value and hazard 
ratio (HR) with 95% confidence intervals were calculated. 
Patients with expression above the median (high expression) 
are indicated in the red line, and patients with expressions 
below the median (low expression) are indicated in the black 
line. P<0.05 was the cut‑off criterion.

Statistical analysis. The differences between the groups 
were compared using an unpaired Student's t‑test on Graph 
Prism 7.0 (GraphPad Software, Inc.). P<0.05 was considered 
to indicate a statistically significant difference.

Results

DEG identification. A flowchart of the bioinformatics 
analytical methods is presented in Fig. 1. The GSE62254 
database includes 300 different Lauren‑subtype GC samples. 
Of these, 265  genes with definite Lauren subtypes and 
survival data were singled out, including 128 diffuse‑type 
and 137  intestinal‑type GC samples. Detailed information 
regarding these samples is presented in Table SI. According to 
the screening criteria of |log2FC|>0.585 and adjusted P<0.05, 
584 DEGs, including 458 genes associated with diffuse‑type 
and 122 genes associates with intestinal‑type GC, were iden‑
tified (Fig. 2A). To identify genes with prognostic value, Cox 
regression analysis was carried out on the GSE62254 dataset. 
A total of 7,389 genes were identified as significantly associated 
with OS. Of these OS‑related DEGs, 293 genes were identified in 
diffuse‑type GC samples and 62 in intestinal‑type GC (Fig. 2B).

GO enrichment and KEGG pathway analyses of DEGs. DEGs 
associated with diffuse‑type and intestinal‑type GC were 
functionally annotated using GO and analyzed using KEGG 
pathway analysis. GO analysis suggested that diffuse‑type 
DEGs were primarily enriched in the ‘cell adhesion’ BP, the 
‘extracellular exosome’ CC and the ‘calcium ion’ binding MF. 
By contrast, intestinal‑type DEGs were primarily enriched in 
the ‘cell division’ BP, the ‘nucleus’ CC and the ‘protein binding’ 
MF (Figs. 3 and S1A and B). The top 5 BP, CC and MF results 
from the GO enrichment analysis of the subtype‑specific DEGs 
are listed in Table I.

In the KEGG pathway analysis, diffuse‑type GC was 
primarily enriched in DEGs associated with ‘cGMP‑PKG 
signaling pathway’. Intestinal‑type DEGs were primarily 
enriched in ‘cell cycle’ (Fig. 4 and Table II).

Construction of the PPI network. To further examine 
subtype‑specific genes in diffuse‑type GC, a PPI network of the 
293 DEGs associated with diffuse‑type GC was constructed. 
A total of 112 nodes and 182 interactions were involved in the 
PPI network (Fig. S1C). The results were analyzed in Cytoscape 
software, and the top 15 hub genes were ranked using four 
different algorithms of the CytoHubba plugin according to 
predicted scores. Only those genes that overlapped in the results 
of all four ranking methods were used for further study, and 
three overlapping hub genes were identified for further analysis, 
namely, AGT, CXCL12 and ADRB2 (Table III).

AGT, CXCL12 and ADRB2 expression is increased in 
diffuse‑type GC tissues. Immunohistochemical analysis indi‑
cated that the staining intensity of AGT, CXCL12 and ADRB2 
was associated with GC Lauren subtypes. Indeed, MD values 
for AGT, CXCL12 and ADRB2 proteins in the diffuse‑type 
GC samples were significantly increased, compared with 
intestinal‑type GC samples (P=0.023 for AGT, P=0.011 for 
CXCL12 and P=0.007 for ADRB2, respectively; Table IV). 
Thus, compared with intestinal‑type GC tissue samples, AGT, 
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CXCL12 and ADRB2 stained more strongly in diffuse‑type GC 
tissues (Fig. 5).

RT‑qPCR results were consistent with immunohistochem‑
istry analysis, showing that expression levels of AGT, CXCL12 
and ADRB2 were significantly higher in diffuse‑type GC than 

in intestinal‑type GC tissues (P=0.0067 for AGT, P=0.00018 
for CXCL12 and P=0.0043 for ADRB2, respectively; Fig. 6).

Association between hub genes and OS in patients with 
diffuse‑type GC. To evaluate the prognostic value of the 

Figure 1. Flowchart of the bioinformatics analysis. GC, gastric cancer; OS, overall survival; DEG, differentially expressed gene; GO, Gene Ontology; KEGG, 
Kyoto Encyclopedia of Genes and Genomes; DAVID, Database for Annotation, Visualization and Integrated Discovery; FDR, false discovery rate; BP, 
biological process; CC, cellular component; MF, molecular function.

Figure 2. Analysis of DEGs. (A) Volcano plot of DEGs identified in the GSE62254 dataset. Red symbols represent genes highly associated with diffuse‑type 
GC, whereas blue symbols represent genes upregulated in intestinal‑type GC. DEGs were screened according to |logFC|>0.585. (B) Venn diagrams of 
subtype‑specific DEGs screened through the intersection of OS‑related genes with intestinal‑ and diffuse‑type GC genes. GC, gastric cancer; DEG, differ‑
entially expressed gene; OS, overall survival.
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three identified hub genes in diffuse‑type GC, Kaplan‑Meier 
analysis was carried out. To improve the reliability of results, 
two datasets, GSE62254 and GSE15459, were used. In the 
GSE62254, high expression of AGT (P=0.0048), CXCL12 
(P=0.0027) and ADRB2 (P=0.014) was associated with 
reduced overall survival rates in patients with diffuse‑type GC 
patients. In GSE15459, high expression of AGT (P=0.00056) 
and ARDB2 (P=0.0012) presented similar results, indicating a 
poor prognosis for diffuse‑type GC patients. However, expres‑
sion of CXCL12 (P=0.093) was not associated with overall 
survival in this dataset (Fig. 7).

Discussion

GC is a highly heterogeneous disease. Since the Lauren 
classification was first proposed in 1965, it has been widely 
recognized by clinicians and pathologists and is still currently 
used. For many years, the value of histopathological clas‑
sification for evaluating the prognosis of GC has been very 
limited, and Lauren classification is considered the most 
valuable clinicopathological classification. There are signifi‑
cant differences between different Lauren subtypes (29‑31), 
suggesting that some specific biomarkers might play an 

Table I. Top 5 enriched GO terms associated with GC subtype‑specific differentially expressed genes.

A, Diffuse‑type GC

Category	 Term	 GO ID	 Count	 P‑value

BP	 Cell adhesion	 GO:0007155	 17	 6x10‑4

BP	 Nervous system development	 GO:0007399	 14	 1x10‑4

BP	 Negative regulation of cell proliferation	 GO:0008285	 14	 3x10‑3

BP	 Multicellular organism development	 GO:0007275	 14	 2x10‑2

BP	 Inflammatory response	 GO:0006954	 13	 6x10‑3

CC	 Extracellular exosome	 GO:0070062	 54	 1x10‑2

CC	 Extracellular space	 GO:0005615	 52	 5x10‑11

CC	 Extracellular region	 GO:0005576	 52	 2x10‑8

CC	 Extracellular matrix	 GO:0031012	 22	 1x10‑9

CC	 Proteinaceous extracellular matrix	 GO:0005578	 21	 1x10‑9

MF	 Calcium ion binding	 GO:0005509	 20	 2x10‑3

MF	 Heparin binding	 GO:0008201	 16	 2x10‑9

MF	 Receptor binding	 GO:0005102	 12	 6x10‑3

MF	 Growth factor activity	 GO:0008083	 8	 5x10‑3

MF	 Collagen binding	 GO:0005518	 6	 1x10‑3

B, Intestinal‑type GC

Category	 Term	 GO ID	 Count	 P‑value

BP	 Cell division	 GO:0051301	 14	 7x10‑11

BP	 Mitotic nuclear division	 GO:0007067	 12	 3x10‑10

BP	 Positive regulation of cell proliferation 	 GO:0008284	 8	 7x10‑4

BP	 Chromosome segregation	 GO:0007059	 7	 8x10‑8

BP	 Sister chromatid cohesion	 GO:0007062	 6	 2x10‑5

CC	 Nucleus	 GO:0005634	 35	 2x10‑6

CC	 Cytoplasm	 GO:0005737	 25	 2x10‑2

CC	 Cytosol	 GO:0005829	 20	 4x10‑3

CC	 Nucleoplasm	 GO:0005654	 16	 2x10‑2

CC	 Condensed chromosome kinetochore	 GO:0000777	 6	 7x10‑6

MF	 Protein binding	 GO:0005515	 39	 2x10‑3

MF	 ATP binding	 GO:0005524	 11	 1x10‑2

MF	 Protein kinase binding	 GO:0019901	 5	 3x10‑2

MF	 Chemokine activity	 GO:0008009	 4	 4x10‑4

MF	 Microtubule binding	 GO:0008017	 4	 2x10‑2

GO, Gene Ontology; GC, gastric cancer; BP, biological process; CC, cellular component; MF, molecular function.
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important role during the pathogenesis and development of 
GC. Although several studies have examined the mechanism 
of the occurrence and development of GC, few have evaluated 
specific GC subtypes.

To identify genes specifically associated with Lauren GC 
subtypes, the GSE62254 dataset was used, which contains 
265 samples of diffuse or intestinal GC with survival data. 

A total of 598 DEGs identified, including 293 diffuse‑type 
DEGs and 62 intestinal‑type DEGs. To predict the biological 
pathways and functions involving these DEGs, GO and 
KEGG analyses were performed. To identify key genes for 
diffuse‑type GC progression among the numerous DEGs, 
the top 15 hub genes in a PPI network were identified and 
screened using four different algorithms. Genes overlapping 

Table II. KEGG pathway analysis of GC subtype‑specific differentially expressed genes.

A, Diffuse‑type GC

Term	 KEGG ID	 Count	 P‑value

cGMP‑PKG signaling pathway	 hsa04022	 11	 2.19E‑05
Renin secretion	 hsa04924	 7	 1.26E‑04
Tyrosine metabolism	 hsa00350	 4	 0.00896
Complement and coagulation cascades	 hsa04610	 5	 0.01021
Vascular smooth muscle contraction	 hsa04270	 6	 0.01456
Dilated cardiomyopathy	 hsa05414	 5	 0.01983
Axon guidance	 hsa04360	 6	 0.02008
Salivary secretion	 hsa04970	 5	 0.02142
Adrenergic signaling in cardiomyocytes	  hsa04261	 6	 0.02758

B, Intestinal‑type GC

Term	 KEGG ID 	 Count	 P‑value

Cell cycle	 hsa04110	 4	 0.00449
Legionellosis	 hsa05134	 3	 0.0095
Chemokine signaling pathway	 hsa04062	 4	 0.0137
Salmonella infection	 hsa05132	 3	 0.02153
Cytokine‑cytokine receptor interaction	 hsa04060	 4	 0.02776
TNF signaling pathway	 hsa04668	 3	 0.03451

KEGG, Kyoto Encyclopedia of Genes and Genomes; GC, gastric cancer.

Figure 3. Top 5 enriched GO terms. (A) Top 5 BPs, CCs and MFs in DEGs associated with diffuse‑type GC. (B) Top 5 BPs, CCs and MFs in DEGs associated 
with intestinal‑type GC. GC, gastric cancer; DEG, differentially expressed gene; GO, Gene Ontology; BP, biological process; CC, cellular component; 
MF, molecular function.
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in the results of all four algorithms were then identified as hub 
genes and selected for further study, namely, AGT, CXCL12 
and ADRB2. All three hub genes were associated with OS 
in patients with diffuse‑type GC. Thus, these hub genes may 
represent novel diagnostic and prognostic biomarkers for 
diffuse‑type GC.

The AGT gene encodes pre‑angiotensinogen, also known 
as the angiotensinogen precursor protein, which is primarily 
expressed in the liver and cleaved by the renin enzyme in 
response to reduced blood pressure. The resulting product, 
angiotensin  1  (Ang  I), is cleaved by the AGT‑converting 
enzyme (ACE) to produce angiotensin  2  (Ang  II). Thus, 
the product of AGT constitutes a key component of the 
renin‑angiotensin system (RAS) (32). RAS has been impli‑
cated in arterial hypertension, kidney disease, and other 
cardiovascular conditions (33‑35), as well as cancer growth 
and dissemination (36). RAS components are expressed in 
tumor microenvironments and directly or indirectly affect 

cell proliferation, invasion, migration, metastasis, apoptosis, 
angiogenesis, and cancer‑associated inflammation and 
immunomodulation  (36,37). RAS can also promote tumor 
growth indirectly, for instance, by regulating cancer‑asso‑
ciated fibroblasts  (38) and promoting VEGF‑mediated 
angiogenesis (39,40) in solid tumors. Based on the results of the 
present study, it was hypothesized that AGT might be a potential 
indicator for the diagnosis and prognosis of diffuse‑type GC.

The CXCL12 gene, also known as stromal cell‑derived 
factor 1 (SDF1), encodes a chemokine of the intercrine family. 
The CXCL12 chemokine binds primarily to the CXC receptor 4 
(CXCR4) receptor, playing an essential role in diverse cellular 
functions (41‑43). CXCR4 is widely expressed on hematopoi‑
etic cells, embryonic pluripotent stem cells and several types 
of tissue‑committed stem cells  (44), which have direct or 
indirect proangiogenic properties. The CXCL12/CXCR4 axis 
is associated with tumor progression, angiogenesis, metastasis, 
and survival. For example, CXCL12 overexpression enhances 

Figure 4. KEGG pathway enrichment analysis of GC subtype‑specific DEGs. (A) DEGs in diffuse‑type GC. (B) DEGs in intestinal‑type GC. GC, gastric 
cancer; DEG, differentially expressed gene; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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the proliferation and invasion of colon cancer cells through 
the MAPK/PI3K/AP‑1 signaling pathway (45). High CXCR4 
expression may represent a biomarker indicating poor prognosis 
for hepatocellular carcinoma patients  (46). However, in the 
present study, the survival curves from two datasets of patients 
with diffuse‑type GC divided according to CXCL12 expres‑
sion exhibited opposite trends. This discrepancy could stem 
from differential patient characteristics, such as ethnicity, sex 
and Helicobacter pylori infection. CXCL12 has been reported 
as a prognostic marker in a variety of cancers according to the 
literature, including GC (47). According to the present results, 
the relationship between the expression of CXCL12 and its 
prognosis in human diffuse type GC between GSE62254 and 
GSE15459 presented different results. To explain differences 
between the two datasets, more comprehensive and precise 
analysis is needed.

The ADRB2 gene encodes the β2‑adrenergic  receptor, 
which belongs to the G protein‑coupled receptor superfamily. 
The ADRB2 protein increases cAMP, and downstream L‑type 

calcium channel interaction via adenylate cyclase stimulation 
through trimeric G‑proteins, thereby mediating physiological 

Table III. Hub genes for diffuse type DEGs ranked in cytoHubba plugin of Cytoscape.

	 Rank methods in cytoHubba
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Rank	 Degree	 EPC	 Closeness	 EcCentricity

  1	 AGTa	 AGTa	 AGTa	 PRKAR2B
  2	 CXCL12a	 CXCL12a	 CXCL12a	 ITGA1
  3	 IGF1	 S1PR1	 PRKAR2B	 GRP
  4	 EDNRB	 EDNRB	 EDNRB	 ACTG2
  5	 FBN1	 CXCL13	 IGF1	 MYH11
  6	 IGFBP5	 ARHGEF25	 ADRB2a	 AGTa

  7	 CCL19	 GRP	 ITGA1	 CXCL12a

  8	 MYH11	 CX3CR1	 FGF2	 LMOD1
  9	 TAC1	 TAC1	 CCL19	 ADRB2a

10	 GRP	 EDNRA	 CXCL13	 ITGA8
11	 ADRB2a	 CCL19	 CX3CR1	 CAV1
12	 ITGA1	 P2RY12	 S1PR1	 THBS4
13	 SCG2	 HTR2B	 P2RY12	 EDNRA
14	 EDNRA	 ADRB2a	 FGF13	 SLIT2
15	 CXCL13	 PRKAR2B	 TAC1	 ROBO1

aOverlapping genes in the top 15 hub genes identified using four ranking methods in cytoHubba. EPC, edge percolated component.

Figure 5. Immunohistochemical detection of AGT, CXCL12 and ADRB2 
expression in intestinal and diffuse‑type GC tissue samples. Magnification, 
x400. Scale bar, 50 µm. GC, gastric cancer; AGT, angiotensinogen; CXCL12, 
C‑X‑C motif chemokine ligand 12; ADRB2, adrenoceptor β2.

Table IV. Immunohistochemical staining intensity results for 
AGT, CXCL12 and ADRB2.

Gene	 Intestinal‑type GC	 Diffuse‑type GC	 P‑value

AGT	 2.36±1.29	 6.87±4.37a	 0.023
CXCL12	 1.92±1.38	 6.51±4.83a	 0.011
ADRB2	 2.32±0.95	 7.68±5.13a	 0.007

aP<0.05, vs. intestinal‑type GC. GC, gastric cancer; AGT, angio‑
tensinogen; CXCL12, C‑X‑C motif chemokine ligand 12; ADRB2, 
adrenoceptor β2.
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Figure 6. Reverse transcription‑quantitative PCR validation of AGT, CXCL12 and ADRB2 expression levels. **P<0.01, ***P<0.001. GC, gastric cancer; AGT, 
angiotensinogen; CXCL12, C‑X‑C motif chemokine ligand 12; ADRB2, adrenoceptor β2.

Figure 7. Overall survival curves of hub genes in diffuse‑type GC. The x‑axis represents overall survival time and the y‑axis represents survival rate. Patients 
with expression above the median are indicated in red line, and patients with expressions below the median in black line (A‑C) Survival analysis evaluating 
the effects (A) AGT, (B) CXCL12 and (C) ADRB2 expression on survival in the GSE62254 dataset. (D‑F) Survival analysis evaluating the effects of (D) AGT, 
(E) CXCL12 and (F) ADRB2 expression on survival in the GSE15459 dataset. GC, gastric cancer; AGT, angiotensinogen; CXCL12, C‑X‑C motif chemokine 
ligand 12; ADRB2, adrenoceptor β2, HR, hazard ratio.
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responses, such as bronchodilation and smooth muscle relax‑
ation (48). Previous studies have indicated that ARDB2 also 
plays an important role in several cancer types. For instance, 
ADRB2 signaling negatively regulates autophagy, leading to 
hypoxia‑inducible factor‑1α stabilization and inducing sorafenib 
resistance in hepatocellular carcinoma (HCC) (49). Moreover, 
ADRB2 expression is associated with prognosis of patients 
with HCC (50). In prostate cancer, high ADRB2 expression 
levels activated an angiogenic switch, regulated angiogenesis 
and affected the phenotype of prostate cells and promoted their 
ability to migrate and invade (51). In GC, chronic stress caused 
by stress hormone‑induced activation of the ADRB2 signaling 
pathway plays a crucial role in progression and metastasis (52). 
Additionally, ADRB2 signaling regulates GC progression (53). In 
the present study, ARDB2 was highly expressed in diffuse‑type 
GC and was associated with OS.

There are certain limitations to the present study. Only using 
immunohistochemical and RT‑qPCR methods to study the 
qualitative and semiquantitative expression of AGT, CXCL12 
and ADRB2 in diffuse‑type GC may yield results that are 
not sufficiently rigorous. These data should be supplemented 
with further experiments to validate expression levels of AGT, 
CXCL12 and ADRB2 in GC tissue. Furthermore, key signaling 
pathways related to the identified hub genes should also be 
examined in in vitro experiments.

In summary, the present study demonstrated that expression 
of AGT, CXCL12 and ADRB2 was increased in diffuse‑type 
GC, relative to intestinal‑type GC, and that expression levels of 
these proteins negatively correlated with disease prognosis.
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