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Gastric cancer (GC) is a malignant tumor that affects individuals worldwide, and miRNA and mRNA are closely 
connected to this disease. However, it is still unclear how these molecules affect GC and whether their effects are associ-
ated with circRNA in GC patients. Therefore, we obtained the miRNA, mRNA and circRNA expression profiles of GC 
patients from the GEO database. For comparison, shared miRNAs and mRNAs from the results of microarrays were 
annotated by gene ontology (GO) and pathway analysis. We also identified mRNAs that were targeted by miRNA through 
TargetScan 7.2 and circRNAs that were targeted by miRNA through CircInteractome. A comprehensive analysis of the 
microarray results revealed 72 shared miRNAs, and the expression profiles of 6 miRNAs were significantly different between 
the tumor and control groups (the absolute value of fold change >2, p<0.05). Hsa-miR-1, hsa-miR-142-3p, hsa-miR-95, 
hsa-miR-133a and hsa-miR-181d were upregulated in GC, whereas hsa-miR-375 was downregulated. The analysis results 
also revealed 1201 shared mRNAs and 27 mRNAs by microarray and TargetScan. Pathway analysis demonstrated that the 
Glypican pathway, Proteoglycan syndecan-mediated signaling events, Glypican 1 network and PAR1-mediated thrombin 
signaling events played important roles. GO analysis revealed significant enrichment in the three terms cellular compo-
nent, molecular function and biological process, suggesting that organelles, enzyme binding, RNA-binding and nitrogen 
metabolism may have a strong relationship in GC. The increase in PAX6 in GC may be related to hsa-miR-375. Three 
circRNAs, hsa_circ_0001658, hsa_circ_0004928 and hsa_circ_0000376, were then found to be significantly differentially 
expressed between GC and normal tissues (the absolute value of fold change >2, p<0.05). In conclusion, the circ0001658/
circ0004928/circ0000376-miR-375-PAX6 axis may represent a new regulatory network that should be further investigated, 
and the results of this study provide a better understanding of GC. 
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Gastric cancer (GC) is one of the most serious malignant 
tumors worldwide, with the fifth highest incidence rate and 
third highest mortality rate [1]. Moreover, more than half 
of these cases occur in Eastern Asia, Central and Eastern 
Europe, and Central and South America, especially Japan 
and China [2]. Although there are some steady decreases 
in the incidence rates and mortality of GC with improved 
nutrition and anti-HP antibody use, this disease still 
poses a formidable threat to human health, as GC patients 
typically have a poor prognosis [3]. The five-year survival 
rate of patients with late-stage gastric cancer is still very low, 
which may be because high specificity and high sensitivity 
biomarkers for early detection are still lacking [4]. Clearly, 
the molecular mechanisms of gastric cancer remain unclear. 
Although the tumor markers CA199, CEA, and CA724 can 

be used for the detection of gastric cancer, they have low 
sensitivity and specificity, especially for late-stage gastric 
cancer patients [5]. Thus, there is an urgent need to discover 
novel molecular biomarkers to increase the detection rate of 
gastric cancer.

MiRNAs are short, single-stranded RNA molecules that 
can regulate gene expression [6] and even protein expression 
[7]. miRNAs bind to mRNA at the 3’-untranslated region 
(UTR) and cause the downregulation of protein coding genes 
in the cytoplasm. Alternatively, miRNAs can also reduce the 
expression of mRNA-targeted proteins through increased 
mRNA degradation [8]. It is not surprising that the expres-
sions of certain miRNAs are highly related to cancers [9]. 
For example, miR-21 is related to lung cancer [10] and colon 
cancer [11]; miR-133 is highly related to breast cancer [12]; 
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miR-200c is related to ovarian cancer [13]; and hsa-miR-375 
and hsa-miR-142-5p are related to gastric cancer [14].

CircRNAs are a special class of endogenous noncoding 
RNAs generated from splicing events or back-splicing events 
via exons, introns or exon-intron circularization [15]. The 
special back-splicing structure of circRNAs is different from 
linear RNA, which confers a variety of properties to circRNAs 
that have been validated only recently [16]. Many studies 
have shown that circRNA can act as a molecular sponge of 
miRNA to regulate gene expression, encode some proteins 
and regulate various biological processes, such as prolifera-
tion, migration and invasion [17]. Studies have also found 
that the expression of circRNAs was dysregulated in multiple 
types of cancer cell lines, which correlated with certain 
clinical outcomes, suggesting a potential biomarker role for 
circRNAs in tumor progression. Therefore, circRNAs may 
potentially serve as required novel biomarkers for gastric 
cancer [18].

Therefore, our goal is to identify miRNA and mRNA 
expression profiles in gastric cancer patients and examine the 
relationship with circRNA in order to provide basic informa-
tion about gastric cancer and a foundation for further study.

Materials and methods

Sample collection. For this study, we obtained the expres-
sion profiles of miRNAs, mRNAs and circRNAs of gastric 
cancer patients in GEO, all through microarray in Homo 
sapiens. The patients were from domestic and foreign hospi-
tals. Finally, we obtained data from 4 miRNA microarrays 
(GSE93415, GSE23739, GSE28700, GSE26645), 4 mRNA 
microarrays (GSE2685, GSE103236, GSE54129, GSE79973) 
and 1 circRNA microarray (GSE78092).

Differentially expressed RNAs. GEO2R (http://www.
ncbi.nlm.nih.gov/geo/geo2r), an  online analysis  tool, was 
used to compare the differentially expressed RNAs of selected 
GEO microarrays in our study. The adjusted P values were 
used to correct for the occurrence of false positive results via 
the Benjamini and Hochberg false discovery rate method. 
Aiming to determine the differential expression of RNAs, we 
used the following criterion: the absolute value of fold change 
more than 2 and P value less than 0.05.

GO and pathway analysis. The Gene Ontology (GO) 
project, which is the most comprehensive resource, was used 
to acquire the functions of genes and gene products [19], 
which included the three categories cellular component, 
molecular function and biological process by FunRich v3 
[20]. We also performed miRNA pathway analysis, which is 
an effective method, to determine the underlying biological 
functions of the differentially expressed miRNAs between 
gastric cancer and normal tissues using FunRich v3. The 
gene numbers and corrected P values, which are the result 
of the hypergeometric test to correct for the occurrence 
of  false positive results  via the Benjamini and Hochberg 
false discovery rate method, were used in the analysis of GO 

terms and the biological pathway. A p-value less than 0.05 
was considered significant.

The relationship between miRNA-mRNA and miRNA-
circRNA. After examining the miRNA expression in gastric 
cancer and normal tissues (the absolute value of fold change 
>2, p<0.05), which has also been studied by some investiga-
tors, we identified the mRNAs targeted by miRNA through 
TargetScan 7.2. Then, we identified the mRNAs that corre-
lated with miRNA expression in gastric cancer through 
Vann. We also performed pathway analysis of the differential 
expression of mRNAs using DAVID Bioinformatics.

Similarly, we acquired the circRNA targeted by miRNA 
through CircInteractome. The 3 expressing obvious differ-
ently circRNAs were also annotated through circBase.

Results

Differential expression profiles of miRNAs in gastric 
cancer. The results of 4 miRNA microarrays are shown in 
Table S1.0. GSE93415 has 20 pairs of samples; GSE23739 
has 40 pairs of samples; GSE28700 has 22 pairs of samples; 
and GSE26645 has 4 pairs of samples. There were 939, 795, 
534 and 939 miRNAs differentially expressed between GC 
and normal tissues, respectively. A Venn plot was then used 
to identify microarray the shared miRNAs, and 72 shared 
miRNAs were found (Figure 1A, Table S1.1). Because the first 
detection time (2017) was relatively recent, there were many 
more tumor and adjacent tumor tissue samples available. 
Therefore, we performed further analysis of shared miRNAs 
with the first microarray dataset (Tables S1.2 and S1.3).

In terms of miRNA expression data in the hierar-
chical clustering map, we can separate the GC patients 
from controls (Figure 1B). Volcano plot analysis was then 
applied to examine the differentially expressed miRNAs 
between the two groups in the first microarray dataset. 
With an absolute value of fold change of more than 2 and 
a p-value of less than  0.05 as the cut off, we found that 
hsa-miR-1 (logFC=1.6699, p=2.69E-03), hsa-miR-142-3p 
(logFC=1.5088, p=2.66E-03), hsa-miR-95 (logFC=1.42215, 
p=1.06E-04), hsa-miR-133a (logFC=1.0509, p=3.44E-03) 
and hsa-miR-181d (logFC=1.02855, p=1.45E-08) were 
upregulated in GC, and hsa-miR-375 (logFC=–1.06525, 
p=3.30E-03) was downregulated in GC patients compared 
with controls (Figure 1C).

After reviewing the relevant literature, we found many 
studies on hsa-miR-375 in GC [14] and other diseases 
[21–25]. Therefore, we selected the downregulated miRNA 
hsa-miR-375 as our study subject. To evaluate the enrich-
ment of hsa-miR-375 in the categories as cellular component, 
molecular function and biological process, GO analysis was 
performed (Figures S1A–C). Cellular component analysis 
revealed that hsa-miR-375 mainly existed in the nucleus 
and cytoplasm (Figure S1A). Molecular function analysis 
showed that hsa-mir-375 was active in transcription factor 
activity, transporter activity and RNA binding (Figure S1B). 
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Regulation of nucleobase, nucleoside, nucleotide and nucleic 
acid metabolism and transport were the two main biological 
processes (Figure S1C). Subsequent pathway analysis showed 
that hsa-miR-375 was involved in the glypican pathway, 
regulation of CDC42 activity, CDC42 signaling, develop-
mental biology, Wnt signaling pathway, glypican 3 network, 
etc. (Figure S1D), which are highly correlated with immune 
processes [26] and tumor formation mechanisms [27, 28], as 
well as other diseases [29, 30].

Differential expression profiles of mRNAs in gastric 
cancer. The 4 mRNA microarray results are shown in 
Table S2.0. GSE2685 contains 15 pairs of samples; GSE103236 
consists of 19 samples; GSE54129 contains 66 pairs of 
samples, and GSE79973 contains 10 pairs of samples. There 
were 5601, 6039, 12964 and 22187 mRNAs between GC and 
normal tissues, respectively, including 1201 shared mRNAs 
(Figure 2A). We selected the fourth microarray dataset as our 
study subject because the first and third microarray datasets 
could not be obtained from the GC and the adjacent tissues of 

GC, and the second microarray dataset was missing a sample. 
To obtain genes associated with both miRNA and gastric 
cancer, we utilized hsa-miR-375, which was confirmed by 
TargetScan, to search for targeted mRNAs. The results are 
shown in Figure 2B and we ultimately obtained 27 mRNAs 
(Table S2.1).

Similarly, we performed hierarchical clustering map and 
volcano plot analysis for the 27 mRNAs according to the data 
from the fourth microarray (Figures 2C, 2D, Table  S2.2). 
Additionally, 3 mRNAs were differentially expressed 
between GC patients and controls with the same cut-off 
value. PAX6 (logFC=1.4956081, p=3.59E-03) was upregu-
lated, KLF4 (logFC=–1.995832, p=1.46E-04) and ASCL1 
(logFC=–3.375971, p=1.05E-03) were downregulated. 
Because miRNAs usually acts by suppressing gene expres-
sion [8, 31], we thought that PAX6 was related to hsa-miR-
375. Meanwhile, some studies have reported that PAX6 can 
suppress the tumorigenicity of glioblastoma multiforme cells 
[32]; more importantly, the hypermethylation of PAX6 was 

Figure 1. Expression profiles of miRNAs in gastric cancer. A) The number of miRNAs expressed between gastric cancer and normal tissues in the 4 
microarray datasets, with 72 shared miRNAs. B) Hierarchical clustering analysis revealed 72 miRNAs with different expression profiles between GC 
(C1–C20) and adjacent tissues (N1–N20). The red and green shades represent expression levels above and below the relationship expression among all 
samples, respectively (row min is 0, row max is 1). C) The differentially expressed miRNAs between gastric cancer and normal tissues in the volcano 
plot. The vertical lines correspond to 2-fold upregulation or downregulation, and the horizontal lines represent p=0.05. The red points highlight the 
upregulated miRNAs and the green points reflect the downregulated miRNAs. 
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Figure 2. Expression profiles of mRNAs in gastric cancer. A) The number of mRNAs expressed between gastric cancer and normal tissues in 4 mi-
croarray results data with 1201 shared miRNAs. B) The number of shared mRNAs in the 4 microarrays that were targeted by hsa-miR-375 was 27. C) 
Hierarchical clustering analysis indicated 27 mRNAs with differential expression profiles between GC (C1–C10) and adjacent tissues (N1–N10). The 
red and green shades represent expression levels above and below the expression among all samples, respectively (row min is 0, row max is 1). D) The 
differentially expressed mRNAs between gastric cancer and normal tissues in a volcano plot. The vertical lines correspond to a 2-fold upregulation or 
downregulation, and the horizontal lines represent p=0.05. The red points indicate the upregulated mRNAs and the green points indicate the down-
regulated mRNAs. E) The interaction of the 27 shared mRNAs with other genes. YWHAZ, EP300, TBP and RB1 were related to PAX6. F) The interac-
tion of YWHAZ, EP300, TBP, RB1 and PAX6 with other genes.
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significantly associated with worse survival in GC patients 
[33], which confirmed our suspicions.

The interaction network of the shared 27 mRNAs and 
other genes revealed that YWHAZ, EP300, TBP and RB1 
were related to PAX6 (Figure 2E). Interestingly, all of them 
directly correlated with GC, except TBP [34–37]. Therefore, 
we performed an interaction network plot (Figure 2F), which 
may have contributed to the exploration of new gene union 
pathways associated with gastric cancer that are different 
from those of the past.

Further analysis of PAX6 revealed that it mainly exists in 
signaling pathways regulating the pluripotency of stem cells 
and primarily affects the development of ectoderm according 
to DAVID Bioinformatics (Figure S2), which further extends 
our understanding of the mechanism of GC development.

Differential expression profiles of circRNAs in gastric 
cancer. Finally, we explored circRNAs and hsa-miR-375 in 
GC patients based on the above analysis. We obtained only 1 
microarray dataset for circRNAs in GEO, as some studies did 
not submit their microarray results, and some samples were 
not obtained from patients (Table S3.0). Fifty-seven shared 
circRNAs were acquired from the microarray results (2902 
circRNAs) and circRNAs targeted by hsa-miR-375 (622 
circRNAs) through CircInteractome (Figure 3). The details 
of 57 circRNAs are shown in Table S3.1. We found that 3 
circRNAs exhibited differential expression between GC 
and controls, with an absolute value of fold change (FC) of 
more than 2 and a p-value of less than 0.05; these circRNAs 
were hsa_circ_0001658 (FC=–3.63578, p=2.54E-05), 
hsa_circ_0004928 (FC=–3.00375, p=1.63E-02) and hsa_
circ_0000376 (FC=2.17915, p=1.64E-03). It is obvious that 
hsa_circ_0001658 and hsa_circ_0004928 were downregu-
lated and that hsa_circ_0000376 was upregulated between 
the two groups. Given that circRNAs usually act as miRNA 
sponges to regulate gene expression and disease [38–42], we 
can obtain a preliminary conclusion that hsa_circ_0001658, 
hsa_circ_0004928 and hsa_circ_0000376 were significantly 
differentially expressed in GC patients, possibly resulting 
from hsa-miR-375.

We found that human PAX6 was targeted by hsa-miR-
375 through interactive analysis and TargetScan, hsa-miR-
375 mainly position 250–256 of PAX6 3’ UTR and in many 
species, both have the sequence conserved -GAACAAA- 
(Figure S3); similarly, hsa_circ_0001658 (FC=–3.63578, 

p=2.54E-05), hsa_circ_0004928 (FC=–3.00375, p=1.63E-02) 
and hsa_circ_0000376 (FC=2.17915, p=1.64E-03) were 
found to have a close relationship with hsa-miR-375 by the 
biological information analysis software CircInteractome 
(Figure 3, Table  S3.1). Combined with current reports, we 
can speculate that the circ0001658/circ0004928/circ0000376-
miR-375-PAX6 axis exists in GC and is worth further inves-
tigation.

According to the existing research, we cannot ignore the 
fact that circRNAs can also regulate cancers by encoding 
proteins [43, 44], so we analyzed protein binding by hsa_
circ_0001658, hsa_circ_0004928 and hsa_circ_0000376, 
respectively, through circBase and CircInteractome (Table 1).

Discussion

The roles of miRNAs and circRNAs in carcinogen-
esis and cancer progression have attracted much attention 
because their expression, function and relationship in GC 
development are still largely elusive. In our present study, 
we obtained differentially expressed miRNAs, mRNAs and 
circRNAs between GC and matched non-tumor tissues from 
GEO and focused on the role of downregulated hsa-miR-375, 
upregulated PAX6 and circRNAs related to hsa-miR-375, as 
well as their underlying mechanism, in GC progression.

MiRNAs are short, single-stranded RNA molecules that 
regulate gene expression and are widely implicated in the 
pathogenesis of human diseases [7] Here, we found that 

Table 1. Detailed information on the 3 differentially expressed circRNAs.

organism position  
(genome browser link) strand circRNA ID genomic 

length
spliced 
length

best  
transcript gene symbol

RNA-binding protein sites
junction flanking regions

hsa chr6:157357968-157406039 + hsa_circ_0001658 48071 48071 NM_017519 ARID1B EIF4A3
EIF4A3, FUS, PTB, 

SFRS1, TIAL1   
hsa chr9:113703700-113773970 – hsa_circ_0004928 70270 39106 NM_057159 LPAR1 _ EIF4A3
hsa chr12:11199618-11248400 – hsa_circ_0000376 48782 48782 NR_037918 PRH1-PRR4 _ AUF1, EIF4A3, FUS, 

HuR, QKI, U2AF65    

Figure 3. The number of circRNAs targeted by hsa-miR-375 in the micro-
array; there are 57 shared circRNAs among them.
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6 miRNAs were dysregulated between GC patients and 
controls. Hsa-miR-1, hsa-miR-142-3p, hsa-miR-95, hsa-miR-
133a and hsa-miR-181d were increased but hsa-miR-375 was 
decreased in GC. We selected hsa-miR-375 as our further 
study subject because related reports have already been 
published on this miRNA. Hsa-miR-375 was mainly involved 
in the Glypican pathway and Wnt signaling pathway, both 
of which are correlated with cancer. However, we cannot 
exclude the possibility that the 5 upregulated miRNAs, or 
other deregulated miRNAs, also participate in the develop-
ment of GC, even though there is limited microarray data. 
Therefore, dysregulated miRNAs in GC need further investi-
gation, which is an issue for future studies.

Considering the relationship between miRNAs and 
mRNA, PAX6 was thought to interact with hsa-miR-375 in 
GC. A previously published study reported that the hyper-
methylation of PAX6 could lead to worse survival in GC 
[33]. In addition, genes associated with PAX6 are relevant to 
GC. Therefore, we speculate that hsa-miR-375 affects GC by 
contributing to PAX6 hypermethylation. There is no doubt 
that we need to perform additional experiments to verify 
these conclusions, which is a limitation of our present study 
that will be addressed in future work.

Next, we explored circRNAs, which have attracted the 
most attention recently. However, whether the formation 
mechanism or function pattern remains unclear. Based 
on the current evidence, circRNAs affect cancer cells by 
regulating the expression of oncogenic or tumor suppressive 
genes, depending on the type of cancer or even the stage [45]. 
However, miRNA sponges, circRNA-miRNA-mRNA axes 
and circRNA-miRNA-protein axes are the most frequently 
reported functional patterns for circRNAs [46, 47]. As 
circRNA HRCR-miR-223-ARC provided an attractive thera-
peutic target for the treatment of cardiac hypertrophy and 
heart failure [38], the circMTO1-miR-9-p21 axis is suggested 
as a potential target in hepatocellular carcinoma (HCC) treat-
ment [39], cSMARCA5-miR-17-3p/miR-181b-5p-TIMP3 
in HCC [40], circLARP4-miR-424-LATS1 interactions in 
GC [42], etc. With the most advanced analysis technology, 
we confirmed that the presence of hsa_circ_0001658, hsa_
circ_0004928 and hsa_circ_0000376 in GC was related to 
hsa-miR-375. Interestingly, PAX6 was inversely related to 
hsa-miR-375 in GC. Therefore, we speculate that circ0001658/
circ0004928/circ0000376-miR-375-PAX6 axis can modulate 
GC and that these 3 circRNAs may be potential biomarkers 
in GC, which is an interesting topic for further study.

In summary, we identified that hsa-miR-375 was decreased 
in GC and was related to increased PAX6, both of which were 
associated with GC. The regulatory network involving the 
circ0001658/circ0004928/circ0000376-miR-375-PAX6 axis 
may provide a new topic of investigation and a better under-
standing of GC.

Supplementary information is available in the online version 
of the paper.
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