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ABSTRACT. Gastric cancer is a disease with a heterogeneous
pathology; its pathological mechanisms remain unclear because there
is a poor understanding of its etiology. In this study, we identified
differentially expressed microRNAs (miRNAs) among various gastric
cancer subtypes. miRNA microarray analysis and bioinformatic analysis
were used to compare miRNA expression between the signet-ring cell
carcinoma and tubular adenocarcinoma subtypes of gastric cancer.
Thirteen dysregulated miRNAs were identified in signet-ring cell
carcinoma compared with tubular adenocarcinoma: miR-30a, miR-26b,
miR-381, let-7i, miR-29c, miR-543, miR-499-3p, miR-628-3p, miR-
524-5p, miR-181b, miR-1914, miR-663b, and miR-676. This is the first
time that miR-499-3p, miR-628-3p, miR-524-5p, and miR-1914 have
been identified in gastric cancer tissues. Bioinformatic analysis using
target prediction algorithms indicated that these miRNAs are directly
involved in gastric cancer pathogenesis and have different pathological
mechanisms in various subtypes of signet-ring cell carcinoma and
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tubular adenocarcinoma. The miRNA expression patterns in different
gastric adenocarcinoma subtypes may help discriminate between
signet-ring cell and tubular gland cancer or other gastric cancer subtypes
that would otherwise be difficult to identify using routine histological
and immunohistochemical analyses. These preliminary data should be
verified in further prospective studies.

Key words: Gastric cancer; MicroRNA; Signet-ring cell carcinoma;
Tubular adenocarcinoma

INTRODUCTION

On a microscopic level, the morphology of gastric cancer shows substantial variations
in its histopathological differentiation. Among the various classification systems that have
been developed, the most widely used definitions were proposed by the World Health Orga-
nization and by Lauren (1965) and Hamilton and Aaltonen (2000). In general, signet-ring cell
carcinomas comprise the main fraction of the diffuse type of gastric cancer, as differentiated
by Lauren (1965); by contrast, tubular carcinomas are the predominant fraction of the intesti-
nal type. The former is characterized by liver metastasis and expansive growth, while the latter
is characterized by peritoneal dissemination and infiltrative growth (Adachi et al., 2000; Arai
et al., 2004). However, the pathological mechanisms leading to differences in their clinical and
pathological features remain unclear.

Accumulating evidence indicates that aberrant microRNA (miRNA) expression
contributes to carcinogenesis by promoting the expression of proto-oncogenes or by inhi-
bition of the expression of tumor suppressor genes (Ambros, 2004; Bartel, 2004). Several
studies have suggested that various miRNAs responsible for dysregulation of gastric cancer,
such as miR-21, miR-27a, and miR-141, cause tumorigenesis and progression of gastric
cancer (Du et al., 2009; Liu et al., 2009; Ueda et al., 2010). Whether the pathogenesis dif-
fers among the various subtypes of gastric cancer remains unclear. Using Lauren’s (1965)
classification of gastric cancer and miRNA microarray analysis, it has been reported that
8 miRNAs are up-regulated in the diffuse type of gastric cancer, whereas 4 miRNAs are
up-regulated in the intestinal type of gastric cancer (Ueda et al., 2010). However, miRNA
expression has not been reported using other classification systems, such as that proposed by
the World Health Organization. miRNA profiling may clarify the differential pathological
mechanisms of gastric cancer subtypes.

In the present study, we profiled the expression of miRNAs involved in tubular
adenocarcinoma and compared these data with those obtained for signet-ring cell carcinoma.
To determine whether the miRNA expression signatures differed, the validation of the
microarray results was carried out for the most highly dysregulated miRNAs using quantitative
reverse transcription-polymerase chain reaction (QRT-PCR). Moreover, we analyzed their
potential differential contribution to the pathogenesis of gastric cancer histological subtypes
followed by bioinformatic analysis. Our findings will increase the understanding of gastric
carcinogenesis and be useful for identifying novel molecular markers that can be used to
improve the individualized treatment of gastric cancer.
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MATERIAL AND METHODS
Patients and specimen collection

All human tissue samples were obtained from surgical specimens of 6 patients with
gastric cancer, who had notundergone chemotherapy orradio-chemotherapy before gastrectomy,
in 2011, at the First Affiliated Hospital of Zhejiang University College of Medicine, China.
These fresh tissues, dissected from both gastric cancer and adjacent normal non-tumor tissues
from the same patient, were collected in cryotubes and stored at -70°C for future use. Non-
tumor tissues were 1.5 cm from the tumor; no obvious tumor cells were present. All diagnoses
were verified by a pathologist. As per the AJCC International Tumor Node Metastasis Staging
System (2010), all tumors were considered to be stages II-111. Histological classification of
gastric cancer was established according to World Health Organization criteria (Hamilton and
Aaltonen, 2000). Information regarding the gastric cancer specimens is presented in Table
1. The present study was approved by the Human Research Ethics Committee of Zhejiang
University College of Medicine, and all the patients provided informed consent.

Table 1. Characteristics of patients and tissues.

Samples Gender  Age (years) Location of tumor Histological types Grade Cancer
Lauren (1965)  WHO stage (TMN)
GC-1-1 F 86 Antrum Intestinal Tubular Moderate differentiation ITc
GC-1-2 M 59 Body Intestinal Tubular Moderate differentiation IMa
GC-1-3 F 72 Angle Intestinal Tubular Low-moderate differentiation e
GC-2-1 M 68 Body Diffuse Signet-ring cell Low-moderate differentiation ITa
GC-2-2 F 66 Body Diffuse Signet-ring cell Low differentiation b
GC-2-3 M 42 Antrum Diffuse Signet-ring cell Low differentiation b

F, female; M, male; GC-1, gastric cancer set 1; GC-2, gastric cancer set 2.
miR-enriched and total RNA extraction procedures

Total RNA was extracted from the frozen tissues of 6 gastric cancer and normal gas-
tric mucosa specimens using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to
manufacturer instructions, and miR-enriched RNA for low-density array analysis was iso-
lated using the mirNeasy mini Kit (QIAGEN, Hilden, Germany). The quality and quantity of
extracted RNA were measured using a NanoDrop spectrophotometer (ND-1000; NanoDrop
Technologies, Wilmington, DE, USA) and RNA integrity was assessed by electropherogram
and gel analysis.

miRNA microarray assay

After RNA isolation, miRNA was labeled using the miRCURY™ Hy3T™/Hy5™
Power labeling kit (Exiqon, Vedbaek, Denmark) according to manufacturer instructions.
Next, the Hy3™-labeled samples were hybridized onto miRCURY™ LNA Array slides
(v.14.0) (Exiqon) following the array manual instructions. Following hybridization, the
slides were processed and scanned using an Axon GenePix 4000B microarray scanner (Axon
Instruments, Foster City, CA, USA). Scanned images were then imported into the GenePix
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Pro v. 6.0 software (Axon Instruments) for grid alignment and data extraction. Replicated
miRNAs were averaged and miRNAs with intensities >50 were used for the calculation of
the normalization factor. Expressed data were then normalized using median normalization.
To identify significantly differently expressed miRNAs, we performed Volcano Plot filtering
between the 2 groups. As thresholds to screen for up- or down-regulated miRNAs, those with
fold-change >2.0 and P value <0.05 were determined. Hierarchical clustering was performed
using the MEV software v. 4.6 (Institute for Genomic Research).

qRT-PCR

Quantitative miRNA RT-PCR was performed using the TagMan microRNA Assay® kit
according to manufacturer instructions (Applied Biosystems). The miRNA transcripts of 4 of
the most highly dysregulated miRNAs (Hsa-miR-181b, Hsa-let-7i, Hsa-miR-663b, and Hsa-
miR-676) were reverse-transcribed into cDNA using gene-specific miRNA qRT-PCR primer
sets. Two sets of gastric signet-ring cell carcinoma and tubular adenocarcinoma samples were
subjected to real-time PCR amplification for 40 cycles using an ABI7500 Standard system and
miRNA-specific probes (Applied Biosystems), and were used for qRT-PCR analysis. Expression
values were normalized to those of a small nucleolar RNA, RNU44 (Applied Biosystems). Fold-
change is reported as a log, value consistent with the miRNA microarray output format.

Bioinformatic analysis

A total of 4 software tools were employed to perform bioinformatic-based target pre-
diction analysis: miRBAse Targets V4 (http://microrna.sanger.ac.uk/targets/v4/), PicTar pre-
dictions (http://pictar.bio.nyu.edu/), miRanda (http: //www. microrna.org/), and TargetScan
6.2 (http://www.targetscan.org/). A prediction was considered to be positive only if it was
detected by at least 2 of the programs. miRNAs with the same mature sequences were treated
as 1 miRNA. The chromosomal localization of aberrant regulation of miRNAs was assigned
using the miRBAse database (miRBAse 18, http://microrna.sanger.ac.uk/sequences/). Some
miRNAs, including miR-499-3p, miR-543, miR-628-3p, and miR-524-5p, were excluded
from the present analysis because they have not been identified in other studies.

RESULTS
miRNA microarray

Using miRNA microarrays, 13 miRNAs that were differentially expressed between
signet-ring cell carcinoma and tubular adenocarcinoma tissues were identified. The Volcano
Plot filtering application was used to identify the 10 most important miRNAs that were up-reg-
ulated in signet-ring cell carcinomas and 3 miRNAs that were down-regulated compared with
those in tubular adenocarcinoma. Table 2 shows differentially expressed miRNAs with at least
2-fold-change in expression as suggested by the significance analysis of microarrays. Novel
miRNA genes in tumor tissue include miR-499-3p, miR-499-3p, miR-524-5p, and miR-1914.
Subsequently, hierarchy clustering was performed based on the normalized miRNA data, and
those with foreground-background intensities <50 in all samples were excluded. Figure 1
shows the results of hierarchical clustering of miRNA expression profiles.
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Table2.miRNAsdifferentially expressed insignet-ring cell carcinomas compared with tubularadenocarcinoma®.

has-miRNA Fold-change (signet-ring cell vs tubular) Differential expression P value

has-miR-30a 3.739647 Up 0.015339
has-miR-26b 3.227654 Up 0.03609

has-miR-381 3.765302 Up 0.018524
has-let-7i 2.445987 Up 0.035362
has-miR-29¢ 4.290275 Up 0.016269
has-miR-543 3.182887 Up 0.000392
has-miR-499-3p 2.275241 Up 0.020798
has-miR-628-3p 2.143933 Up 0.045112
has-miR-524-5p 2.278742 Up 0.04342

has-miR-181b 2.427085 Up 0.022303
has-miR-1914 0.496235 Down 0.043822
has-miR-663b 0.39109 Down 0.03667

has-miR-676 0.200097 Down 0.003237

“Only microRNAs with high signals are shown here.
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Figure 1. Hierarchical clustering of normalized miRNA data. Red indicates high relative expression, while green
indicates low expression.

Experimental validation

To confirm the microarray findings, the expression levels of the 4 most dysregulated
miRNAs, miR-181b, let-7i, miR-676, and miR-663b, in the 2 groups of signet-ring cell carci-
nomas were evaluated for tubular adenocarcinomas by qRT-PCR. The log, fold-change values
for the 4 miRNAs (Figure 2) were consistent with the microarray data (Table 2).
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Figure 2. qRT-PCR validation of the expression of miR-181b, let-7i, miR-676, and miR-663b in signet-ring cell
carcinomas vs tubular adenocarcinomas. A positive value denotes an increase in cancer while a negative value
denotes a decrease.

Target prediction analysis

To understand the involvement of miRNAs in the pathogenesis of different histologi-
cal subtypes of gastric cancer, we identified potential targets of the 4 dysregulated miRNAs
(Table 3) using 4 software tools. As shown previously, let-7i, whose chromosomal locus is
chromosome 12q14.1, could be used to identify the more vulnerable vascular invasion and
liver metastasis nature of signet-ring cell carcinomas compared to tubular adenocarcinomas
because of CCND2 (G1/S-specific cyclin-D2), which is one of its predicted target genes. It
was observed that the dysregulation of let-7i may be involved in this induction. These results
showed that at least some miRNA differential expression could be attributed to the differential
clinical and pathological behavior. However, this is not the only mechanism of regulation of
miRNA expression in cancer.

Table 3. Expression profiles of miRNA in signet-ring cell carcinoma vs tubular adenocarcinoma tissues and
the chromosomal loci and predicted targets of these miRNAs.

miRNA Chromosomal locus Predicted target genes

Up-regulated
miR-181b 1932.1,9q33.3 TCLIA, VSNLI, GRIA2, KAT2B (PCAF), AICDA (AID), CDX2, GATAG,
NLK, NFAT5, ARHGEF3, CPOX, ACVR2B, RAP1B, TCERG1, TBLI1X,
ATM, ACVR2A, and TNF.
let-7i 12q14.1 BTBD3, SOX13, SLC2544, SEMA4F, RPUSD2, PLEKHG6, CCND2,
and TRIM41.
Down-regulated
miR-676 Xql3.1 OPHNI, PLEKHG1, EHMTI, FRMPD4, KIF3C, MECP2, BPTF,
CHMPS, CREBI, ATL2, SYT9, B3GALT?2, PRRC2C, PSMA4, RNF111,
RSBN1, RORB, SLC16A46, SLC24A42, SMURF2, SRSF10, TMED?7,
ZC3H10, ZFAND3, ZFP161, and ZNF197
miR-663b 2q21.2 ZNF436, HMGN3, MAP2K7, and TNFSF11.
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DISCUSSION

This is the first report to compare signet-ring cell carcinomas and tubular
adenocarcinomas using an miRNA microarray assay and to identify miRNAs whose
expression was significantly down- or up-regulated using qRT-PCR validation. The results
of this study will increase understanding of the involvement of miRNAs in different gastric
cancer subtypes and reveal new biomarkers and targeted therapy options. For miRNAs
identified by microarray analysis (Table 2), ~77% were significantly up-regulated (>2-fold),
while the remaining miRNAs were down-regulated (<1/2) in signet-ring cell carcinoma
compared with tubular adenocarcinoma tissues. miR-181b, miR-29¢c, miR-381, and miR-26b
showed the highest up-regulation, whereas miR-663b and miR-676 were the most down-
regulated. Among the miRNAs significantly differentially expressed, some are reportedly
associated with other diseases, while miR-524-5p, miR-628-3p, miR-499-3p, and miR-1914
are not. Compared to other studies of gastric cancer, such as those comparing intestinal
and diffuse types, differentiated and undifferentiated types, and gastric cancer and normal
tissue, the miRNA differential expression profile of signet-ring cell carcinomas vs tubular
adenocarcinomas differed. These data suggest that the pathology of gastric cancer is complex,
and the subtypes analyzed using the various classification methods differed significantly; thus,
additional studies are needed to refine our results.

The miR-181 family participates in cell cycle progression and cell survival. In addi-
tion, patients with higher levels of miR-181 were more likely to show lymph node metastasis,
vascular invasion by tumor cells, and poor prognosis (Yang et al., 2011). As a member of
the miR-181 family, miR-181b also may play a role in the variation in tumorigenesis among
different cancers, and its decreased expression is inversely correlated with increased protein
levels of the myeloid cell leukemia sequence 1- and B-cell lymphoma 2-targeted genes (Ji et
al., 2009; Chen et al., 2010). miR-181b may also contribute to drug resistance of tamoxifen in
breast cancer and tumor progression of gastric carcinomas (Jiang et al., 2011; Lu et al., 2011;
Visone et al., 2012). In our study, the higher expression of miR-181b in signet-ring cell car-
cinoma compared with that in tubular adenocarcinoma suggests a correlation with the more
malignant clinical behavior of signet-ring cell carcinoma. Thus, future studies should assess
the mechanisms underlying the effects of miR-181b in gastric cancer subtypes. In the present
study, one of the most highly expressed miRNAs in signet-ring cell carcinoma was hsa-let-7i,
which was further validated by qRT-PCR in gastric cancer tissues. Hsa-let-71 is a new member
of the let-7 miRNA family. Although little is known regarding its function, recent data have
suggested that let-7i is a novel biomarker and therapeutic target in human epithelial ovarian
cancer and colorectal cancer (Lui et al., 2007; Zhang et al., 2012). In the present study, the
targets of hsa-let-7i were predicted using 2 programs, TargetScan and PicTar. Eight genes,
TRIM41, SOX13, SLC2544, SEMA4F, RPUSD2, PLEKHG6, CCND2, and BTBD3, were
identified as hsa-let-7i targets. It has been reported that CCND2 (G1/S-specific cyclin-D2) is
correlated with cancer invasion, lymph node metastasis, liver metastasis, and poor prognosis
(Mermelshtein et al., 2005; Sarkar et al., 2010). Our data suggest that hsa-let-7i has a sub-
stantial clinical impact on different subtypes of gastric cancer. Further studies are necessary
to shed mechanistic insight into the function of hsa-let-7i, as well as to establish its possible
clinical application. In particular, continued investigation into the role of hsa-let-7i in gastric
cancer is likely to yield important information on novel targets that can be used for individual-
ized therapy, diagnosis, and prognosis. Thus, our findings may assist in the identification of
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miRNAs as novel biomarkers in gastric cancer metastasis and the translation of experimental
findings into clinical applications.

Some of the miRNAs identified to be down-regulated in signet-ring cell carcinomas
compared with tubular carcinomas are consistent with other reports, such as hsa-miR-676 and
hsa-miR-663b. Interestingly, miR-676 has been identified as a target of p53 and is directly or
indirectly regulated by the level of functional p53 in human neuroblastoma and mouse models
(Terrile et al., 2011). These results indicate that down-regulation of this miRNA contributes
to a more aggressive phenotype of the neuroblastoma tumor phenotype. In the present study,
lower expression of miR-676 in signet-ring cell carcinomas correlates with more malignant
clinical behavior. This is an interesting possibility requiring further studies. In addition, the level
of miR-663b was also found to be significantly lower in signet-ring cell carcinoma. However,
some studies reported that miR-663b may also be up-regulated in cutaneous T-cell lymphoma
(Ralfkiaer et al., 2011). These results indicate that the functions of miRNAs are complex.

CONCLUSIONS

The miRNA expression patterns differed in various gastric adenocarcinoma subtypes;
these results contribute to our understanding of the role of miRNAs in the pathogenesis of
human gastric cancer. Such patterns may help to discriminate between signet-ring cell and
tubular gland cancer or other gastric cancer subtypes that would otherwise be difficult to dis-
tinguish B-cell lymphoma 2 using routine histological and immunohistochemical analyses.
More importantly, our data may facilitate personalized treatment of patients with dissimilar
gastric cancer subtypes. However, these preliminary data should be verified in further prospec-
tive studies.
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