
Abstract. – OBJECTIVES: Gastric cancer is
the second leading cause of cancer-related
death worldwide. Gene expression profile facili-
tates the identification of molecular mechanism
of gastric cancer. Previous studies mainly fo-
cused on differentially expressed genes (DEGs)
without considering MicroRNAs (miRNAs) and
transcription factors (TFs). Here we aim to elab-
orate the mechanism of gastric cancer on tran-
scription level with microarray data from the
gene expression omnibus (GEO) database.

MATERIALS AND METHODS: We firstly iden-
tified DEGs between gastric cancer and normal
tissues. Then the DEGs were mapped in KEGG
pathway and gene ontology database to con-
duct functional categories enrichment analysis.
MiRNAs and TFs enriched with target DEGs
were also identified.

RESULTS: A total of 977 DEGs were selected,
including 492 down regulated and 485 overex-
pressed genes in gastric cancer tissue. Function-
al analysis revealed cell cycle, metabolism and
ECM related biological processes as the signifi-
cant items. Eight miRNAs and 20 TFs enriched
with target DEGs were detected, including one
novel miRNA (miR-557) and four novel TFs (SPI1,
NFIC, SPIB and THAP1), which have not been re-
ported to be related to gastric cancer before. All
of them might contribute to the pathogenesis
since they are all related to other cancers and
their target genes have been reported to play im-
portant roles in gastric tumorigenesis.

CONCLUSIONS: Our results may facilitate
further therapeutic studies of gastric cancer.
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Introduction

Gastric cancer, which is the second leading
cause of cancer-related death worldwide, affects
about one million people per year1,2. Although its
incidence is decreasing (especially in the West), it
is still a major health problem by frequency, ag-
gressiveness and low rate of cure in symptomatic
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stage. Therefore, improving gastric cancer thera-
peutic strategies has become a research hotspot.
Gene expression profiles combined with bioin-

formatics analysis have shown great application
Prospects in explore diagnosis and prognosis

markers for complex diseases. Previous gene ex-
pression profile studies of gastric cancer have of-
fered great help for understanding the pathogene-
sis of this disease3-5. Most of them mainly fo-
cused on the differentially expressed genes
(DEGs), without considering MicroRNAs (miR-
NAs) and transcription factors (TFs) enriched
target DEGs. MiRNAs and TFs are the most two
important types of regulatory factors that deter-
mine gene expression. MiRNAs are 18-22 nu-
cleotide small non-coding RNAs that control var-
ious biological processes through binding to the
3’ untranslated region of mRNAs and affecting
the stability and translation of target mRNAs.
MiRNAs have recently been identified as crucial
factors in not only tumorigenesis but also tumor
aggressiveness6,7. It is believed that miRNAs are
widely dysregulated in cancer and may be served
as potential markers for cancer diagnosis, prog-
nosis and treatment8. Previous studies have pro-
posed several miRNAs that play important roles
in gastric cancer tumorigenesis and might be po-
tential diagnostic or prognosis biomarkers, such
as miR-148a9, miR-23a10 and miR-20511. TFs are
protein molecules which regulate gene expres-
sion through binding the cis-elements in target
genes’ promoter regions. Studies have shown that
TFs, such ETS1, is a valuable marker of malig-
nant potential in terms of gastric cancer invasive-
ness and metastasis12. Since both miRNAs and
TFs are gene expression regulators, identification
of miRNAs and TFs that enriched with target
DEGs may provide new targets from further di-
agnosis and treatment.
In the current study, using microarray data

from the gene expression omnibus (GEO) data-
base, we aim to acquire functional categories
(pathway and Gene Ontology items), TFs and
miRNAs that enriched with DEGs so that to elab-
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orate the mechanism of gastric cancer. Our find-
ings may reveal the possible mechanism of gas-
tric cancer and provide potential therapeutic tar-
gets for further studies.

Materials and Methods

Microarray data
In this study, the gene expression profile

GSE29272 from the GEO database was used for
subsequent analysis. This series represents tran-
scription profile of 268 samples: 134 gastric tu-
mor tissues and 134 adjacent normal glands. The
dataset was obtained by using the [HG-U133A]
Affymetrix Human Genome U133AArray.

Identification of differentially
expressed genes (DEGs)
Normalization of the raw data was performed

in R (version 3.0.0) with the Robust Multi-array
Analysis (RMA)13. The limma package in R was
used to identify DEGs. Altered expression of
probes was determined using t-tests, and the
Benjamini-Hochberg method14 was used for mul-
tiple test corrections. Probes with expression
changes of p < 0.05 and corresponding False Dis-
covery Rate (FDR) < 0.01 were considered to be
statistically significant.

Functional enrichment analysis
To explore the functions and pathways of DEGs,

we carried out enrichment analysis. DEGs were
firstly mapped into the Kyoto Encyclopedia of
Genes and Genomes (KEGG) and Gene Ontology
(GO) databases for annotation. Then hyper geomet-
ric distribution test was then used to identify biolog-
ical processes significantly enriched with DEGs.

MiRNA analysis
For miRNA enrichment analysis, we first use

Targetscan15, miRanda16 and Pita for miRNA tar-
get gene prediction for the DEGs. To avoid false
positive results, target gene prediction were se-
lected with the following criterion: 1) for tar-
getscan analysis, float (context score) ≤ 0.3 and
int (context score percentile) ≥ 85; 2) for miRan-
da analysis, prediction score over 500; 3) for Pita
analysis, float (score) ≤ –10. In short, miRNA-
DEG prediction results supported by all three
prediction methods were considered to be confi-
dential. MiRNAs with more than 10 target DEGs
were used in further enrichment analysis with the
hypergeometric distribution test.

TF analysis
For TF analysis, we first obtained TFs from

the JASPAR database (http://jaspar.genereg.net/,
version 5.0)17, which is a collection of transcrip-
tion factor DNA-binding preferences, modeled as
matrices. Then we search TF binding motifs in
2kb upstream of DEGs. For each TF, a pseudo-
count was used to calculate the position-specific
scoring matrix (PSSM). The pseudocount here is
defined as sqrt(N)* background[nucleotide],
where N represents the total number of se-
quences used to construct the matrix and a uni-
form background model over the four bases
[0.25, 0.25, 0.25, 0.25] was used. Those with a
relative score > 0.9 and FDR < 0.01 were used in
further analysis to explore TFs that DEGs signifi-
cantly enriched.

Results

DEGs between gastric cancer
and normal glands
All 268 samples were put into the calculation

of DEGs. Compared with normal tissues, a total
of 977 DEGs were selected, including 492 down
regulated genes and 485 overexpressed genes in
gastric cancer tissue.

Results of functional enrichment
In order to explore the disturbed biological

functions of DEGs, we conducted KEGG and
GO enrichment analysis. All the pathways with
corrected p < 0.05 and at least 10 DEGs were re-
garded as significant pathways (Table I). Among
the 11 pathways, seven of them are involved in
metabolism. In addition, the cell cycle pathway
and a pathway in the translation process (ribo-
some biogenesis in eukaryotes) were included.
The ECM-receptor interaction pathway was also
indentified to be overrepresented with DEGs.
GO item enrichment analysis results are listed

in Table II. All items enriched DEGs mainly in-
volved in the process of metabolism (with the di-
gestive item as the most significant one), cell cy-
cle, ECM and translational process. DEGs en-
riched biological process items are shown in Fig-
ure 1. DEGs enriched cellular component and
molecular function items are shown in Figure 2.

MiRNA analysis
MiRNAs can regulate gene expression and

control various biological processes18 through af-
fecting the stability and translation of target mR-
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NAs. Therefore, it is significant to identify the
miRNAs that regulate DEGs. The result of en-
richment analysis for miRNAs is listed in Table
3. A total of eight miRNAs were identified with
hsa-miR-486 as the most significant miRNA that
enriched with target DEGs.

TF analysis
Transcription factors are important regulatory

elements for downstream genes. With the identi-
fied DEGs, exploring the targets of transcription
factor may help disclosure the pathogenesis of
gastric cancer. Here we analyzed the upstream
sequences of DEGs and presented the TFs en-
riched with target DEGs. The results of TF
analysis is listed in Table IV. A total of 20 TFs
were identified, with ETS1 as the most signifi-
cant one.

Discussion

In this study, based on the GSE29272 from the
GEO database, a total of 977 DEGs were identi-
fied between gastric cancer tissues and adjacent
normal tissues.
DEGs were then used in enrichment analysis

and 11 pathways were screened out (Table I).
Seven pathways were involved in the metabolism
process. Changes in metabolism pathways indi-
cated alteration occurred in metabolites, which
make it possible to diagnose gastric cancer. Other
pathways included cell cycle, ribosome biogene-
sis in eukaryotes and the ECM-receptor interac-
tion pathway. Changes in cell cycle pathway con-
firmed the strong proliferation of gastric cancer
cells. Dysregulation of the translation process in-
dicated that routine genetic information process-
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KEGG_id KEGG_description KEGG_class p value

hsa0071 Fatty acid degradation Lipid metabolism 6.56E-05
hsa4974 Protein digestion and absorption Digestive system 6.82E-04
hsa4512 ECM-receptor interaction Signaling molecules and interaction 2.35E-03
hsa0280 Valine, leucine and isoleucine degradation Amino acid metabolism 2.36E-03
hsa0980 Metabolism of xenobiotics by cytochrome P450 Xenobiotics biodegradation and metabolism 4.57E-03
hsa4110 Cell cycle Cell growth and death 8.49E-03
hsa3008 Ribosome biogenesis in eukaryotes Translation 1.01E-02
hsa5204 Chemical carcinogenesis Cancers 1.02E-02
hsa4971 Gastric acid secretion Digestive system 1.47E-02
hsa0982 Drug metabolism - cytochrome P450 Xenobiotics biodegradation and metabolism 1.77E-02
hsa1200 Carbon metabolism Overview 2.13E-02

Table I. Significant pathways enriched with DEGs.

GO_id GO_description GO_class p value

GO:0007586 Digestion Process 2.48E-04
GO:0030199 Collagen fibril organization Process 9.79E-04
GO:0071294 Cellular response to zinc ion Process 9.83E-03
GO:0044281 Small molecule metabolic process Process 9.83E-03
GO:0022617 Extracellular matrix disassembly Process 9.83E-03
GO:0030198 Extracellular matrix organization Process 1.06E-02
GO:0030574 Collagen catabolic process Process 1.15E-02
GO:0048407 Platelet-derived growth factor binding Function 1.18E-02
GO:0005615 Extracellular space Component 1.21E-02
GO:0005201 Extracellular matrix structural constituent Function 1.21E-02
GO:0045926 Negative regulation of growth Process 1.30E-02
GO:0051084 'De novo' posttranslational protein folding Process 1.32E-02
GO:0031012 Extracellular matrix Component 1.44E-02
GO:0005604 Basement membrane Component 2.13E-02
GO:0031145 Anaphase-promoting complex-dependent proteasomal Process 2.25E-02

ubiquitin-dependent protein catabolic process
GO:0000278 Mitotic cell cycle Process 3.90E-02
GO:0007179 Transforming growth factor beta receptor Process 4.27E-02

signaling pathway

Table II. Significant GO items enriched with DEGs.
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ing process may be interrupted in gastric cancer.
The ECM-receptor interaction pathway has been
identified in multiple cancers, suggesting its es-
sential role in cancer biology19.
GO enrichment analysis results are listed in

Table II, including 11 biological process items
(Figure 1), three cellular component items and 2
molecular function items (Figure 2). All items in-
volve in metabolism, cell cycle, translation
process and ECM, which further confirmed the
speculation of pathway enrichment analysis.
MiRNA analysis showed that DEGs signifi-

cantly share target sites of miRNAs. A total of
eight miRNA enriched target DEGs were identi-
fied (Table III). Among them, miR-557 has not
been reported to be related to gastric cancer be-
fore. It has been reported to be deregulated in
other cancers, such as hepatocellular carcinoma20

and breast cancer21. In addition, its target DEGs
has been reported to be involved in the pathogen-
esis of gastric cancer. For example, RUNX is a
well known tumor suppressors in gastric cancer22

and up regulated expression of ADAM17 is a
prognostic marker in gastric cancer patients23.
Further studies should be carried out to confirm
the potential roles of miR-557 in the disease.

The DEGs were also share targets sites of TFs.
Among the 20 TFs that enriched with target
DEGs, four TFs including SPI1, NFIC, SPIB and
THAP1 have not been reported to be related to
gastric cancer before. Both SPI1 and SPIB en-
code ETS-domain transcription factors that acti-
vate gene expression during myelopoiesis. De-
crease of SPI1 expression by 80% would lead to
acute myeloid leukemia (AML) in mice24 and
this TF has also been reported as potent tumor
suppressor in classical Hodgkin lymphoma
cells25. Although the relationship between SPI1
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Figure 2. Enriched cellular components and molecular function items. Significantly enriched terms are shown in yellow
(FDR < 0.05). The deeper the color is, the more significant the term is.

Seed miRNAs pvalue
sequence

CTGCCCC hsa-miR-486 8.07E-03
AAACCAG hsa-miR-29b-1 3.38E-02
TGCACTG hsa-miR-152 4.05E-02
GTGCAAA hsa-miR-557 4.22E-02
AATGTGA hsa-miR-23a, 4.28E-02

hsa-miR-23b
TGCACTG hsa-miR-148a, 4.99E-02

hsa-miR-148b

Table III.MiRNAs enriched with target DEGs.
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or SPIB and gastric cancer is still unknown,
myelograms did show a reduced percentage of
cells of the myeloid in gastric patients26. More-
over, target DEGs of them, such as CDC25B, has
been linked to progression of gastric cancers and
associated with a poor prognosis27, indicating the
implication of SPI1 and SPIB in gastric tumori-
genesis. NFIC encodes a putative tumor suppres-
sor capable of directly repressing the transcrip-
tion of cyclin D1 (CCND1) oncogene28, which
has been well recognized as a gastric cancer risk
gene29, implicating the potential involvement of
NFIC in gastric cancer through its regulation of
CCND1. THAP1 encodes a sequence-specific
DNA-binding factor which can modulate G1/S
cell-cycle progression and cellular proliferation30.
THAP1 could induce apoptosis in T-cell acute
lymphoblastic leukemia though its regulation of
the cell cycle and apoptosis regulator 1 (CCAR1)
gene expression31. In addition, overexpression of
one of its target DEGs, SRI, would result in mul-
tidrug resistance in gastric cancer cells32. Further
investigations on the involvement of these TFs in
gastric cancer pathogenesis are warranted.

Conclusions

With a microarray data set from the GEO data-
base, we identified DEGs in gastric cancer tis-
sues and normal tissues. Functional analysis re-
vealed cell cycle, metabolism and ECM related

biological processes as the significant items for
gastric cancer. MiRNA and TF analysis identified
a novel miRNA and four TFs enriched with
DEGs that may play vital roles in the tumorigen-
esis. Our results may facilitate further therapeutic
studies of gastric cancer.
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