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Abstract. Gastric signet ring cell carcinoma (GSRCC) 
is a unique pathological type of gastric carcinoma that is 
extremely invasive and has a poor prognosis after diagnosis. 
The expression of microRNAs has been closely linked to 
the carcinogenesis of gastric cancer and has been considered 
as a powerful prognostic marker. Distinctive expression of 
miRNAs in GSRCC was investigated in the present study. 
Samples of GSRCC were compared to that of intestinal 
gastric adenocarcinoma using Agilent microarray technique, 
and two differentially expressed miRNAs were identified, 
hsa-miR-665 and hsa-miR‑95. qRT-PCR verification showed 
downregulation of both miRNAs in signet ring cell carcinoma 
and upregulation in gastric adenocarcinoma, which was not 
consistent with the results obtained by the microarray. Target 
gene prediction using online databases conferred two strong 
candidate genes, GLI2 and PLCG1. GO/KO analysis of these 
two genes showed close correlations with carcinogenesis and 
chemoresistance. It was concluded that hsa-miR-665 and 
hsa-miR-95 were downregulated in GSRCC but upregulated 
in intestinal gastric adenocarcinoma, and the relatively 
differential expression of the miRNAs negatively controlling 
their target genes could be closely related to the high invasive 
metastasis and chemoresistance of GSRCC.

Introduction

Gastric cancer is the second most common cancer in the 
Chinese population and the second leading cause of cancer-

related death worldwide. More than 90% of all gastric cancer 
cases are gastric adenocarcinomas (GCs) (1), which are subdi-
vided into intestinal- and diffuse-type according to the clinical 
and pathological characteristics (2). In recent years, the overall 
incidence of gastric cancer has decreased (3), yet the incidence 
of diffuse-type gastric cancer particularly that of the gastric 
signet ring cell carcinoma (GSRCC) has increased signifi-
cantly, and tends to affect younger population (4). GSRCC is 
also called mucinous cell carcinoma, as cancerous cells are 
filled with large amounts of mucus and the nucleus is squeezed 
to one side and form a ring shape. Compared with the classic 
type of gastric cancer, GSRCC is more invasive and usually 
develops drug resistance; therefore, it is highly malignant and 
the prognosis is poor. Due to its complexity, current studies 
have mainly focused on the pathogenesis study of several 
disease-related genes (5-8).

microRNAs (miRNAs) are non-coding small single-
stranded RNAs with a length of ~20-25 nucleotides, found 
in eukaryotes with functions of transcriptional and post-tran-
scriptional regulation of gene expression. miRNA expression 
has been related to carcinogenesis and has been proposed as 
a potential biomarker in numerous studies (9-11). miRNAs 
promote mRNA degradation by inhibiting translation upon 
binding to the 3'-untranslated region (3'-UTR) of their target 
mRNA  (12). Complementary binding of an miRNA and 
mRNA is not exclusive; a single miRNA can target hundreds 
of mRNAs, which was demonstrated in the present study and 
a single mRNA can be affected by multiple miRNAs (13-17). 
Consequently, miRNAs can act as tumor suppressors or 
possibly oncogenes depending on the target mRNAs (18,19). 
Studies have shown that miRNAs have carcinogenic effects on 
GC and can be used as potential prognostic markers (20-23). 
Some studies show that a number of miRNAs are related to the 
growth and proliferation of GC (24-30), yet reports on GSRCC 
are rare.

We speculated that the invasiveness and resistance of 
GSRCC are likely due to the unique miRNA and mRNA 
regulation. In order to conduct a comparative analysis with 
intestinal-type gastric adenocarcinoma (IGA), we adopted 
microarray technology to identify the unique miRNAs and 
mRNAs that are related to the biological features of GSRCC. 
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This should provide significant understanding of the mecha-
nisms involved in GSRCC metastasis and chemotherapy 
resistance. Using the Agilent miRNA and mRNA microarray 
technology, miRNA/mRNA expression and identification in 
GSRCC and IGA were studied, respectively; bioinformatic 
analysis was utilized for the miRNA-mRNA integration study. 
Differentially expressed miRNAs in GSRCC were thoroughly 
studied to determine the biological function of the targeted 
mRNAs in the occurrence of cancer. miRNAs regulate genes 
that act as prognostic factors for patients with GC (12). The 
present study aimed to compare the miRNA profile of IGA 
and GSRCC tissues and their targeted mRNAs.

Materials and methods

Sample preparation. Fifty-two human gastric tissue speci-
mens were collected from the Yantai Yuhuangding Hospital 
specimen bank from 26 subjects diagnosed with gastric 
cancer. The specimens included 13 GSRCC specimens (T1), 
13 GSRCC paracancerous tissues (P1) from the same group 
of subjects, 13 IGA samples (T2) and 13 IGA paracancerous 
tissues (P2). All samples were collected and kept in liquid 
nitrogen within 30 min after the tissue was assembled and 
then transferred for storage at -80˚C. All subjects were fully 
informed and signed consent forms. The present study was 
approved by the Human Research Ethics Committee of Yantai 
Yuhuangding Hospital. Four samples were selected from each 
group for Agilent miRNA and mRNA chip analysis.

Total RNA extraction. According to the manufacturer's instruc-
tions (TRIzol; Invitrogen, Gaithersburg, MD, USA) total RNA 
was extracted from 52 gastric cancer tissue samples individu-
ally. Samples were then chosen for RNA column purification 
using NucleoSpin® RNA Clean-up kit (Macherey-Nagel, 
Germany). Samples were quantified with a spectrophotometer, 
and tested with formaldehyde denaturing gel electrophoresis 
for quality inspection. Four pairs of samples were randomly 
chosen from the GSRCC and IGA groups, and prepared for 
cDNA synthesis using the EasyScript First-Strand cDNA 
Synthesis SuperMix kit (Beijing Gold-Tide Biotechnology 
Co., Ltd.).

Agilent miRNA and mRNA chip (completed by Beijing Boao 
Biochip Co., Ltd., Beijing Biochip National Engineering 
Center). The miRNA and mRNA synthetic products were 
fluorescently-labeled and dissolved in hybridization solution. 
After repeated washing and drying, the Agilent chips (Agilent 
Technologies, Santa  Clara, CA, USA) were scanned with 
Agilent chip scanner (G2565CA), and hybridization images 
were obtained. The images were analyzed and transferred into 
digital signals using the Agilent Feature Extraction (v10.7) 
software. GeneSpring GX software (Agilent Technologies) was 
then used for normalization using the percentile shift method. 
The differences between the four groups were analyzed using 
GeneSpring software. A p<0.05 and absolute fold-change ≥2, 
and the flag marked as detected were used as standards for 
differences in miRNA and mRNA screening.

Quantitative RT-PCR verification of miRNA and mRNA 
expression in GSRCC. All extracted samples from the GSRCC 

and IGA groups were subjected to qRT-PCR. The Platinum® 
RTS SYBR®-Green qPCR SuperMix-UDG kit (Invitrogen) 
was used for miRNA and mRNA differential expression 
qRT-PCR verification with a reaction system of 20 µl, and each 
miRNA and mRNA sample was provided with 3-wells and 
repeated 3 times. Primer designs are listed in Table I. U6 and 
GAPDH correction was used for targeted miRNA and mRNA 
expression, respectively. Analysis was carried out using 
Rotor‑Gene Q Series software. ΔCt was calculated using the 
equation ΔCt = CtmiRNA - CtmiR-U6; the relative miRNA expres-
sion was calculated using the 2-ΔΔCt method.

Bioinformatic analysis of the targeted miRNAs and GO/KO 
analysis. The differentially expressed miRNAs were analyzed 
and predicted with 10  online gene databases, including 
DIANAmT, miRanda, miRDB, miRWalk, RNAhybrid, 
PICTAR4, PICTAR5, PITA, RNA22 and Targetscan (the 
differentially expressed miRNAs which were successfully 
assigned to target genes by more than two database were 
selected). Due to the fact that miRNAs negatively regulate 
target genes, miRNAs and mRNAs with differential expression 
were divided into groups of upregulation and downregulation, 
and applied for GO/KO analysis (p<0.05 as the screening 
filter). The selected gene was matched with those detected by 
microarray, and a final target gene of GSRCC that was regu-
lated by miRNA was confirmed and further studied.

Statistical analysis. Statistical analysis was performed using 
SPSS 17.0 software. All data were shown as mean ± SEM. 
The data were analyzed for statistical significance using an 
unpaired Student's t-test. For all the experiments, any p-value 
<0.05 was considered to indicate a statistically significant 
result.

Results

Differentially expressed miRNAs were identified from the 
GSRCC (T1/P1) and IGA (T2/P2) groups using the Agilent 
mRNA chip. Fifteen differentially expressed miRNAs were 
recognized in the T1/P1 group (four pairs of sample) (p<0.05); 
13 were upregulated and 2 were downregulated (Table II). 
In the T2/P2 group, 39 miRNAs were upregulated whereas 
6 were downregulated (p<0.05)  (Table III). By comparing 
the two groups, 10  commonly expressed miRNAs were 
prominent, including 9 that were upregulated and 1 that was 
downregulated.

Differentially expressed mRNAs were identified from the 
GSRCC (T1/P1) and IGA (T2/P2) groups. A total number of 
760 differentially expressed genes were identified between 
T1 and P1, including 364 upregulated genes and 396 down-
regulated genes. Differentially expressed genes (1,745) were 
identified between T2 and P2, including 855 upregulated and 
890 downregulated genes. Overall, 581 genes were mutu-
ally expressed between the two comparative groups, with 
288 upregulated and 293 downregulated genes (Fig. 1).

Target gene prediction of differentially expressed miRNAs in 
T1/P1. Target gene prediction was carried out by comparison 
of the binding site of the 10 T1/P1 specifically expressed 
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miRNAs (Table II) to a series number of gene sequences in the 
databases. hsa-miR-665 was matched to 218 potential target 
genes, among them 134 were upregulated genes and 84 were 
downregulated; hsa-miR-95 was matched to a total number 
of 67 target genes with 47 being upregulated and 20 being 
downregulated.

qRT-PCR verification of hsa-miR-665 and hsa-miR-95 in 
the GSRCC tissue. qRT-PCR showed that the expression 

of hsa-miR‑665 and hsa-miR-95 was relatively reduced by 
0.30±0.04- and 0.36±0.05-fold in the T1/P1 groups. In the 
T2/P2 groups hsa-miR-665 and hsa-miR-95 were relatively 
increased by 1.60±0.01- and 1.49±0.08-fold (Fig. 2).

Target gene screening of miRNAs f rom T1/P1 and 
GO/KO. Twenty-eight upregulated target genes were selected 
for hsa-miR-665 from T1/P1; 7  were also upregulated in 
hsa-miR-95  (Table  IV). Comprehensive networking of the 
functional features related to carcinogenesis were produced 
and the genes with the highest interest in the present study, 
GLI2 and PLCG1, were selected and GO and KO plots were 
constructed (Fig. 4). GO analysis showed that the functions 
of the GLI2 gene related to tumors mainly include: tran-
scription factor activation, ion binding, regulation of RNA 
polymerase  II promoter, axon guidance, cell proliferation 

Table I. Primer design.

Gene name	 Primer sequence

hsa-miR-665	 Forward primer	 5'-GCGGCGGACCAGGAGGCTGAGG-3'
	 RT primer	 5'-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGGGGC-3'
	 Reverse primer	 5'-ATCCAGTGCAGGGTCCGAGG-3'

hsa-miR-95-3p	 Forward primer	 5'-GCGGCGGTTCAACGGGTATTTA-3'
	 RT primer	 5'-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGCTCA-3'
	 Reverse primer	 5'-ATCCAGTGCAGGGTCCGAGG-3'

U6	 Forward primer	 5'-CTCGCTTCGGCAGCACA-3'
	 RT primer	 5'-AACGCTTCACGAATTTGCGT-3'

GLI2	 Forward primer	 5'-GTAAGCAGGAGGCTGAGGTG-3'
	 Reverse primer	 5'-GCTCGTTGTTGATGTGATGC-3'

PLCG1	 Forward primer	 5'-AGAACATGCTGTCCCAGGTC-3'
	 Reverse primer	 5'-AACTGCCCGTAGGTGATGTC-3'

GAPDH	 Forward primer	 5'-GACCACAGTCCATGCCATCACT-3'
	 Reverse primer	 5'-TCCACCACCCTGTTGCTGTA-3'

Table II. Expression of miRNAs in GSRCC (T1) and paracan-
cerous tissues (P1).

Upregulated	 Fold-	 Downregulated	 Fold-
miRNAs	 change	 miRNAs	 change

hsa-miR-181a-2-3p	 29.86	 hsa-miR-148a-5p	 3.65
hsa-miR-154-3p	 27.05	 hsa-miR-148a-3p	 3.04
hsa-miR-550a-3p	 24.92
hsa-miR-214-5p	 19.55
hsa-miR-10a-3p	 17.78
hsa-miR-3605-5p	 16.21
hsa-miR-6073	 15.49
hsa-miR-224-3p	 14.90
hsa-miR-4260	 14.26
hsa-miR-584-5p	 14.07
hsa-miR-665a	 6.81
hsa-miR-93-3p	 5.76
hsa-miR-95a	 2.07

Fold-change represents the amount of miRNA expression in T1 
compared to that in P1; miRNAs highlighted in bold are the ones 
commonly expressed in both GSRCC and IGA groups. aRepresents 
miRNAs predicted with target genes. GSRCC, gastric signet ring cell 
carcinoma; IGA, intestinal gastric adenocarcinoma.

Figure 1. Venn diagram showing gene expression in the T1/P1 and T2/P2 
groups. The top section of the left Venn diagram (orange and red) represents 
364 upregulated genes in the T1/P1 groups, whereas the bottom (blue and 
green) represents 396 downregulated genes in the T1/P1 groups; the top sec-
tion of the right Venn diagram (pink and red) represents 855 upregulated 
genes in T2/P2, whereas the bottom (purple and green) represents 890 down-
regulated genes in T2/P2; the overlapping red region represents 76 genes 
that are commonly upregulated in both groups whereas green represents 
103 genes commonly downregulated in both groups.
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and DNA replication. KO analysis showed that PLCG1 
was mainly involved in the signaling pathway of tumors 
including the phosphoinositide, ErbB and calcium signaling 
pathways, VEGF pathway, and Fcε RI signaling pathways. As 
for hsa-mir-95, there were only two genes, TNFRSF19 and 
RAB11FIP4, predicted with the criteria, and only RAB11FIP4 
was predicted as a target gene by over four databases, and 
both were comparatively irrelevant. Therefore, they were not 
further validated.

qRT-PCR verification of GLI2 and PLCG1. GLI2 and PLCG1 
were upregulated in the T1/P1 group by 7.79±0.31-  and 
5.09±0.03‑fold, relatively. In the T2/P2 groups, both were 
downregulated by 0.18±0.42-  and 0.38±0.03-fold, respec-
tively (Fig. 3).

Discussion

GSRCC is a unique pathological type of gastric carcinoma. 
The IGA related overexpression of EGF and mutation of the 
anticancer gene P53 have also been detected in GSRCC, 
suggesting a common pathogenesis (31,32). However, as one 
of the most highly malignant tumors, GSRCC also presents 
powerful features of invasion, metastasis and chemoresistance. 
At the early stage, the tumor often fails to present typical 
clinical manifestations, but progresses rapidly with metastasis. 
Therefore, the majority of patients are diagnosed with advanced 
stage and lose the chance for surgical treatment. Patients with 
GSRCC are relatively insensitive to chemotherapy and radio-

therapy; hence, poor prognosis becomes a huge hurdle in the 
clinical treatment for this type of tumor. Previous studies have 
shown that increased expression of PKM2 and E-cadherin, 
and decreased expression of TMEM207 in GSRCC are closely 
related to its characteristics of invasion and metastasis (33-35). 
Another study also showed that inherent chemoresistance of 
GSRCC and a delay in definitive surgery may favor tumor 
progression (36). Although these studies indicate a direction 
for GSRCC research, the occurrence of GSRCC involves 
a variety of abnormally expressed tumor-related genes, in a 

Table IV. Target gene prediction of hsa-miR-665 in the GSRCC 
tissue.

hsa-miR-665 upregulation (no.)

PPAPDC1A (4)	 CHSY3 (3)	 CHN1 (2)	 VWA1 (3)
LPP (2)	 FSTL1 (5)	 SEMA5B (2)	 ODZ4 (2)
CRABP2 (2)	 AQP1 (2)	 SEMA6B (2)	 GLI2 (5)a

AQP1 (2)	 APLN (3)	 LINGO1 (5)	 FSTL3 (2)
TRPM5 (4)	 SGCD (4)	 PXDN (3)	 NUMBL (2)
MRAS (2)	 IGFBP4 (4)	 NUMBL (2)	 CYP26B1 (5)
CHIT1 (5)	 PTGIR (3)	 CLCF1 (3)	 SIPA1L2 (5)
DOK5 (2)	 PLCG1 (4)a

aIndicates genes that were highlighted in GO and KO analysis. Genes 
in bold were also upregulated in hsa-miR-95.

Table III. Expression of miRNAs in classic gastric adenocarcinoma tissue (T2) and its paracancerous tissue (P2).

Upregulated miRNAs	 Fold-change	 Upregulated miRNAs	 Fold-change	 Downregulated miRNAs	 Fold-change

hsa-miR-196a-5p	 133.31	 hsa-miR-224-3p	 13.38	 hsa-miR-375	 3.20
hsa-miR-499a-5p	 94.57	 hsa-miR-378b	 13.38	 hsa-miR-31-5p	 3.00
hsa-miR-196b-5p	 66.42	 hsa-miR-378b	 12.25	 hsa-miR-148a-3p	 2.62
hsa-miR-1180	 41.50	 hsa-miR-4685-5p	 10.90	 hsa-miR-551b-3p	 2.40
hsa-miR-1290	 38.29	 hsa-miR-19b-1-5p	 10.07	 hsa-miR-4687-3p	 2.35
hsa-miR-550a-3-5p	 34.48	 hsa-miR-301b	 9.98	 hsa-miR-572	 2.04
hsa-miR-592	 30.09	 hsa-miR-149-3p	 6.45
hsa-miR-4535	 27.54	 hsa-miR-335-5p	 2.75
hsa-miR-584-5p	 26.68	 hsa-miR-93-5p	 2.54
hsa-miR-4710	 25.39	 hsa-miR-301a-3p	 2.40
hsa-miR-4776-5p	 22.52	 hsa-miR-361-5p	 2.35
hsa-miR-550a-3p	 22.35	 hsa-miR-181d	 2.34
hsa-miR-4419b	 20.33	 hsa-miR-221-3p	 2.23
hsa-miR-374b-3p	 19.68	 hsa-miR-181c-5p	 2.18
hsa-miR-652-5p	 17.84	 hsa-miR-21-5p	 2.13
hsa-miR-670	 17.78	 hsa-miR-19a-3p	 2.09
hsa-miR-10a-3p	 15.27	 hsa-miR-10a-5p	 2.07
hsa-miR-3154	 14.98	 hsa-miR-622	 2.02
hsa-miR-1273g-5p	 14.13	 hsa-miR-3911	 2.01
hsa-miR-5196-5p	 13.96

Fold-change represents the amount of miRNA expression in T2 compares to that in P2. miRNAs highlighted in bold are the ones commonly 
expressed in both the GSRCC and IGA groups. GSRCC, gastric signet ring cell carcinoma; IGA, intestinal gastric adenocarcinoma.
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multi-stage process. Therefore, it is imperative to screen for 
novel biomarkers that are differentially expressed in GSRCC, 
and investigate drugs that target chemoresistance in GSRCC. 
With a very limited number of studies in this area, the present 
study aimed to identify specifically expressed biomarkers 
between GSRCC and IGA, and identify unique biological 
features of this malignancy.

Some recent studies have demonstrated that miRNA 
expression is linked to carcinogenesis by regulating its target 
genes. These miRNAs also play a part as tumor-suppressor 
genes, such as miRNA‑370, miRNA-520d-3p and miR-
181a-5p (37-39); or as oncogenes, such as miRNA-21, miR-18a 
and miR‑544a  (40-42). We randomly selected 4  pairs of 
GSRCC samples and 4 pairs of IGA samples, and conducted a 
comparative analysis of the differentially expressed miRNAs 
using microarray analysis. As a result, two miRNAs, hsa-miR-
665 and hsa-miR‑95, were selected for further verification.

hsa-miR-665 is located at 14q32.2, with a length of 
20 amino acids. Its expression has been reported to inhibit the 
expression of B7-H3 in breast cancer (17), yet its mechanism 
remains unknown. In the present study, qRT-PCR results 
showed that hsa-miR-665 was downregulated in GSRCC, 
whereas microarray analysis showed contradictory results. 
Repeated qRT-PCR verification of hsa-miR-665 also showed 
a decreased expression of hsa-miR-665, which is consistent 
with our previous results and that reported in breast cancer. 
Thus, it was speculated that hsa-miR-665 may play a role as 
a tumor‑suppressor gene. In order to predict its mechanism 
of action, a number of potential target genes were evaluated. 
Some studies have reported upregulation of hsa-miR-665 
expression in a series of cancers, for example in esophageal 
squamous cell carcinoma (43) and bladder urothelial carci-
noma (BUC) (44). hsa-miR-95 is located at 4p16.1, with a 
length of 22 amino acids. hsa-miR-95 plays a role as a proto-
oncogene in the occurrence and development of a number of 
tumors, such as colon, cervical and pancreatic cancer, in which 

upregulation of hsa-miR-95 was observed  (45-47). Recent 
studies found that hsa-miR-95 is a target for the treatment of 
liver cancer with Brucein D, and it is also closely related to 
radiotherapy and chemotherapy tolerance (48-50). In addi-
tion, downregulation of hsa-miR-95 expression was detected 
in human glioblastoma (51). Therefore, hsa-miR-95 may have 
different functions in different types of tumors. qRT-PCR 
verification showed downregulation of hsa-miR-665 and 
hsa-miR-95 in the GSRCC samples, and upregulation in IGA 
samples, which was different from the results obtained by the 
microarray analysis. Repeated qRT-PCR showed a similar 
pattern of expression, which may be explained by different 
functional features of these two miRNAs in different types 
of gastric cancer. In order to establish possible functions of 
hsa-miR-665 and hsa-miR-95 in GSRCC, target genes were 
predicted by filtering potential genes from a number of data-
bases and GO/KO analysis. Preliminary results revealed two 
genes, GLI2 and PLCG1, with the greatest connections in 
terms of tumorigenesis.

GLI2 is located in 2q14, a member of the zinc finger 
transcription factor GLI family. Studies found that there was 
increased GLI2 activity in gastric cancer, lung squamous 
cell, pancreatic and basal cell carcinoma, and melanoma 
and other tumors, possibly by the activation of Hedgehog 
signaling pathway to promote tumor invasion and induce 
chemoresistance (52-56). PLCG1, also called PLCγ1, is located 
in 20q12-q13.1. PLC-γ1 is a subtype of phospholipase (PLC). 
Many cytokines reply on PLC to regulate cell metabolism. 
Studies have found that PLC-γ1 was upregulated in breast and 
oral cancer and other tumors (57,58), and mutations in PLC-γ1 
are associated with the incidence of many types of cancers. It 
also promotes tumor growth and migration (58-62). The acti-
vation of PLC-γ1 promotes tumor cell metastasis by triggering 
a series of signaling pathways including the PKC signaling 
pathway, calcium signaling pathway, Ras/ERK, VEGF 
signaling and MAPK pathways; it also promotes upregulation 
of the MDR1 gene and induces resistance of tumor cells to 
chemotherapeutic drugs (63-67).

Figure 3. A bar chart showing the expression levels of GLI2 and PLCG1 in 
the T1/P1 and T2/P2 groups in qRT-PCR verification. Error bars represent 
average expression of four samples.

Figure 2. A bar chart showing the expression levels of hsa-miR-665 and 
hsa‑miR-95 in the T1/P1 and T2/P2 groups in the qRT-PCR verification. 
Error bars represent the average expression of the four samples.
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qRT-PCR verification of GLI2 and PLCG1 showed 
upregulation in GSRCC but downregulation in IGA samples. 
The relative expression of GLI2 was inversely regulated 
by hsa-miR-665 and hsa-miR-95; PLCG1 expression was 

inversely regulated by hsa-miR-665. Together with the results 
of the GO/KO analysis, it was speculated that hsa-miR-665 
and hsa-miR-95 promote metastasis and chemoresistance in 
GSRCC by upregulating its target genes, in this case GLI2 

  A

  B

Figure 4. Go and KO network of genes predicted for hsa-miR-665 using CapitalBio Molecule Annotation System (MAS). (A) A bar chart shows that the 
variety of functions predicted for the targeted genes are mainly related to three main functions including molecular function, biological process and cellular 
component. The x-axis represents 28 genes and the y-axis represents the number of functions. (B) The GO functional network analysis of GLI2, when the 28 
targeted genes were opt for GO and KO analysis. 
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and PLCG1. And the distinct expression of these miRNAs 
could be the key to the different molecular pathogenesis of 
GSRCC and IGA. Moreover, it was observed that the results 
of the qRT-PCR verification was not consistent with that of 
the microarray analysis. This could be due to relatively a 
high false-positive rate of the array analysis, or the 4 pairs 
of samples chosen from each GC type did not represent all 
samples in this study.

In addition, miRNA verification showed differential 
expression of hsa-miR-665 and hsa-miR-95 in both the 
GSRCC and intestinal IGA, yet the difference was more 
apparent in GSRCC. Retrospective analysis of the miRNA 
results of the target genes showed that genes differentially 
expressed in GSRCC were also present in the intestinal type, 
which is distinctive from the results from the array analysis. 
This is possibly due to different sensitivity between the detec-
tion methods.

In summary, invasion and metastasis are the main 
characteristics of GSRCC, which also explains its poor 
prognosis and high mortality rate. Chemoresistance is a major 
hurdle in clinical treatment of most cancers. For the first time, 
the present study showed that hsa-miR-665 and hsa-miR-95 
are downregualted in the GSRCC type of gastric cancer, 
but upregulated in IGA, and the target genes present with 
the opposite pattern of expression. Therefore, the relatively 
differential expression of miRNAs negatively controlling 
their target genes could be closely related to the high invasive 
metastasis and chemoresistance of GSRCC. The mechanism 
of its molecular pathogenesis requires further study. Using 
microarray technology, the present study identified for the first 
time that hsa-miR-665 and hsa-miR-95 exhibit a significant 
differential expression pattern in GSRCC compare to intestinal 
IGA. Target gene screening by bioinformatic analysis of 
corresponding miRNAs showed that differentially expressed 
miRNAs and mRNAs are likely to have a significant correlation 
with invasion and metastasis and multidrug resistance of 
gastric signet ring cell, but its mechanism of action remains 
to be further evaluated. Overall, these two markers identified 
in the present study should provide information concerning 
the unique biological characteristics of GSRCC, which could 
provide the theoretical basis for therapeutic development for 
this type of cancer.
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