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The miR-148/152 family (miR-148a, miR-148b, miR-152) is differentially expressed in gastric cancer tissues and non-
tumor tissues. Our previous studies indicated that miR-148/152 family is important in the tumorigenesis and development
of gastric cancer. We also found several target genes that were regulated by the miR-148/152 family and several factors that
could influence members of this family. However, the molecular mechanisms and function of this family in gastric cancer
remain unclear. Recently, long non-coding RNAs (IncRNAs) have been found to play an important role in the pathogenesis of
many diseases. The aim of the present study was to perform expression profiling to identify IncRNAs that might be associated
with miR-148b in gastric cancer and predict their potential functions. Total RNA was extracted from gastric cancer cell line
SGC-7901 treated with miR-148b mimics and from untreated gastric cancer cells. Microarray analysis was performed using
the Agilent LncRNA + mRNA Human Gene Expression Microarray V3.0 platform, which was designed for the profiling of
human IncRNAs and protein-coding transcripts. A total of 37581 IncRNA and 34303 mRNA transcripts were detected in gastric
cancer cell line SGC-7901 and cell line SGC-7901 treated with miR-148b mimics. Among the differentially expressed IncRNAs,
240 up-regulated and 64 down-regulated IncRNAs were identified. XLOC_000983 was the most up-regulated IncRNA, and
M18204.1 was the most down-regulated IncRNA. Among the differentially expressed mRNAs in different cell lines, 196 were
consistently up-regulated and 320 were consistently down-regulated. POSTN was the most up-regulated mRNA, and HBB
was the most down-regulated mRNA. Gene Ontology (GO) and pathway analyses indicated that the IncRNAs influenced by
miR-148b might play an important role in the immune system and were associated with the development of gastric cancer.
The altered expression of IncRNAs influenced by miR-148b may play a partial role in pathways implicated in gastric cancer
development and progression, such as the immune response pathway.

Key words: long non-coding RNA, microRNA, microarray, gastric cancer, immune system

Gastric cancer affects approximately one million people per
year; it is one of the most commonly diagnosed cancers and
the second most frequent cause of cancer-related mortality
worldwide [1]. A large number of gastric cancer patients are
diagnosed at an advanced stage, and the 5-year survival rate of
gastric cancer is less than 25% [2]. Despite the improvements
in radiotherapy, chemotherapy, targeted therapy, and surgical
techniques in the past few years, the survival rate for gastric
cancer patients remains low [3]. One reason for the low sur-
vival rate is the lack of specific molecular biomarkers for early
diagnosis. Furthermore, only a few target sites are effective for
treatment of gastric cancer, and only a few targeted drugs, such
as Trastuzumab and Apatinib, are effective for some late-stage
gastric cancer patients [4, 5]. Therefore, suitable predictive

biomarkers are urgently needed for the treatment of gastric
cancer patients.

In recent years, noncoding RNAs (ncRNAs) have been
considered as key regulators; theses RNAs participate in
various biological processes and provide a novel view of the
traditional central dogma of molecular biology [6]. NcRNAs
can be grouped into short ncRNAs and long ncRNAs
(IncRNAs) according to their transcript sizes [7]. MicroR-
NAs are the most relevant short ncRNAs, considering that
they play a major role in the regulation of various cellular
processes, including cellular differentiation, proliferation,
and apoptosis by repressing the expression of their target
genes. Of note, a large number of miRNAs have been shown
to be involved in cancer and may regulate the processes of
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tumorigenesis, proliferation, invasion, and metastasis. For
example, miR-122 has been reported to be dysregulated in
many types of cancers, such as gastric cancer, colorectal
cancer, and hepatocellular carcinoma [8-10]. Moreover,
miR-122 has been used as a target therapy site in chronic
hepatitis C virus infection and has provided a novel strategy
for the control of hepatocellular carcinoma [11]. However,
the mechanisms involved in the regulation of miRNAs in
the complex network of cancer development are poorly
understood.

MiR-148a, miR-148b and miR-152 are members of the
miR-148/152 family and have the same seed sequence, with ap-
proximately 6-7 nucleotides [12]. These members play distinct
roles in many types of tissues, including tumor, non-tumor,
and normal tissues. The miR-148/152 family is involved in the
regulation of their target genes and influences several cellular
processes, including proliferation, differentiation, and apop-
tosis. Our previous studies have found that the miR-148/152
family was dysregulated in gastrointestinal cancers and was
associated with biological characteristics of the tumor. Fur-
thermore, miR-148/152 family members were regulated by
single nucleotide polymorphisms and methylation of their
CpG islands [13, 14]. For example, miR-148b is differentially
expressed in tumor and non-tumor tissues and is associated
with the genesis and development of the disease [15]. We
found that the expression of miR-148b was dysregulated in
gastric cancer and colorectal cancer, and attempted to explain
the mechanisms by which miR-148b regulates tumorigenesis
and tumor progression in gastric and colorectal cancer [16,
17]. However, the mechanisms involved in the regulation of
the miR-148/152 family in gastrointestinal cancers remain
unclear.

LncRNAs are functional RNAs longer than 200 nucleotides
and do not encode proteins. These molecules have a crucial
role in several biological processes. LncRNAs can fold into
complex secondary and higher-order structures to provide
greater versatility and capability for protein and target rec-
ognition [18]. Improvements in high-resolution microarray
analysis and genome sequencing technologies allowed the
elucidation of IncRNAs. The dysregulated expression of
IncRNAs is reported to be associated with several diseases,
including many types of cancer [19]. Moreover, Salmena et al.
[20] presented a unifying theory in which IncRNAs and mi-
croRNAs constitute competing endogenous RNAs (ceRNA),
and played an important role in pathological conditions, such
as cancers, and this theory greatly expanded our understand-
ing of functional genetics.

The aim of the present study was to profile the expression
of IncRNA that might be associated with miR-148b in gastric
cancer and those that could improve the level of diagnosis and
treatment of gastric cancer. Moreover, this study indicates that
dysregulated IncRNAs may participate in the development of
gastric cancer by interacting with miR-148b. These findings
will elucidate the function of IncRNAs in gastric cancer and
the effect of miR-148b on IncRNAs.

Materials and methods

Human gastric cancer cell culture. The human gastric
cancer cell line SGC-7901 was purchased from the Type
Culture Collection of the Chinese Academy of Sciences
(Shanghai, China), and the human gastric cancer cell line
AGS was purchased from The American Type Culture Col-
lection (ATCC, USA). The SGC-7901 and AGS cell lines were
cultured in RPMI 1640 medium (Hyclone) supplied with 10%
fetal bovine serum (Hyclone). The cell lines were cultured at
37 °Cand 5% CO, in a humidified atmosphere.

Cell transfection and of total RNA extraction. MiR-148b
mimics were an RNA duplex purchased from GenePharma
(Shanghai, China). The sequences of these mimics were
described previously [16]. To improve RNA stability, all the
pyrimidines of the mimics used in our study were substituted
with 2-O-methyl analogues.

SGC-7901 cells transfected with miR-148b mimics were
used as a test group and SGC-7901 cells without any treatment
were used as a control group. Transfection was performed
with Lipofectamine 2000 Reagent (Invitrogen) following the
manufacturer’s protocol. The final concentration of the miR-
148b mimics was 50 nM in 2 ml RPMI 1640 medium. After 48
hours of transfection, total RNA of cell samples was isolated
using the TRIzol Reagent (Ambion) according to the manu-
facturer’s protocol. The concentration and purity of total RNA
were detected using a Nano-Photometer spectrophotometer
in the UV and visible spectra (Implen), respectively. Real time
RT-PCR was used to monitor the efficiency of transfection.
All transfections were performed triplicate independently. All
RNA samples were stored at -80°C until further processing.

Microarray analysis. The expression of IncRNAs was
profiled using the Agilent LncRNA + mRNA Human Gene
Expression Microarray V3.0 platform which was designed
for the profiling of human IncRNAs and protein-coding
transcripts (CapitalBio, Beijing, China). The array contained
37581 IncRNAs and 34303 protein-coding transcripts. All
IncRNAs included in the array were correctly chosen from
robust databases such as ENSEMBL, GENCODE, RefSeq,
UCSC, and other related resources. A splice junction probe
or specific exon, which is used to identify individual tran-
scripts accurately, was supplied for each transcript. Positive
probes for house-keeping genes and negative probes were also
printed onto the array for quality control of hybridization.
We processed three samples for each treatment, for a total six
samples. We prepared the samples using a cRNA amplifica-
tion and labeling kit (CapitalbBio). The samples were reverse
transcribed using CbcScript II reverse transcriptase and then
labeled. After that, cDNA was generated by reverse transcrip-
tion of total RNA obtained from cell samples using a reverse
transcription kit (CapitalbBio) and hybridized using a Capi-
talBio BioMixer TM II Hybridization Station. After washing,
slides were scanned using an Agilent DNA microarray scanner
(G2565CA). The Agilent Feature Extraction software version
10.7 was used to analyze and extract the data on hybridization.
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Normalization and analysis of data were performed using the
GeneSpring GX software version 13.0.

Real-time reverse-transcription PCR. Total RNA
was isolated using Trizol reagent (Invitrogen) and reverse
transcribed using PrimeScript RT Master Mix (Takara).
Real-time reverse-transcription PCR (RT-PCR) was per-
formed using the SYBR Premix Ex TaqTMII Kit (Takara)
according to the manufacturer’s instructions. The reactions
were performed in a LightCycler 480II Real-Time PCR
System (Roche) for 40 cycles at 95 °C for 10 s, 60 °C for 30
s. The primers used for real-time RT-PCR were designed
and synthesized by Sangon Biotech (Shanghai, China).
The primer sequences used were: M18204.1, forward: 5'
GAGGAAGAAGGGACACTCCA 3/, reverse: 5' TCGGT-
GAATAGGCAGACAGA 3'; ENST00000548900.1, forward:
5' TGGGTTATTTCTTTGATAAGAACTG 3', reverse: 5'
GGCTCACTGCAACCTCCACCTC 3'; XLOC_006324,
forward: 5' AGGAAGACGGAGCAGCACA 3/, reverse: 5'
TGTAATCCCAGCACTTTGG 3'; ENST00000420902.1,
forward: 5' TTACCTCCCATCCATCATCC 3/, reverse:
5' CAAGAAGCATAGCCACACAGG 3’; AK027145, for-
ward: 5> TGCTGGCTGAATCCTTTCTT 3/, reverse:5'
GATGGTATGGCACTTTGGTG 3'; HIX0023999, for-
ward: 5' CAGGGTGTTGTAAGCAGTGG 3, reverse:
5" GGTTGGGTGGTAGTCAGAGC 3'; XLOC_000983,
forward: 5' AAGGAAGACGGAGCAGCA 3/, reverse: 5'
TGTAATCCCAGCACTTTGG 3'; P22857, forward: 5'
GGATTTATTTCTGTGCCTGGA 3, reverse: 5' CCAC-
CACTGTCTGCCTTCTT 3'. GAPDH was used as an internal
control. Each sample was assayed in triplicate. The expression
levels were determined by the 244" method.

Gene Ontology (GO) and pathway analyses. The GO
project (http://geneontology.org/) provides a controlled vo-
cabulary for describing genes and gene products using three
structured networks. The p value indicates the significance
of the GO term enrichment of different mRNAs. P values of
less than 0.05 were considered statistically significant. Path-
way analysis was also performed for differentially expressed
mRNAs using the KEGG database; this analysis was used to
determine the biological pathways in KEGG of differentially
expressed mRNAs. The p value indicated the significance of
the pathway correlated with the conditions. Lower p values
indicated higher significance.

Coding-non-coding gene co-expression network. The
co-expression network of coding-non-coding genes (CNC net-
work) was constructed for the differentially expressed IncRNAs
and their targeted coding genes. Pearson correlation coefficient
was calculated for each pair of genes and coeflicients equal to
or greater than 0.995 were chosen to draw the network using
Cytoscape. In the network analysis, a degree was defined as
the number of directly linked neighbors. The degree was con-
sidered the most important measure of the centrality of a gene
within a network and indicated its relative importance.

Statistical analysis. The data were analyzed using SPSS
software version 19.0 (SPSS, Chicago, IL, USA). All assays

were repeated at least three times. The expression levels of
mRNAs and IncRNAs were compared between two groups us-
ing Student’s t-test. GO and pathway analyses were performed
using Fisher’s exact test. All quantitative data were expressed
as mean * standard deviation (SD). A p-value of less than 0.05
was considered statistically significant.

Results

Differentially expressed IncRNAs. The results of the high
throughput IncRNA microarray data indicated that 37581
IncRNAs were expressed in the gastric cancer cell line SGC-
7901 and in cell line SGC-7901 treated with miR-148b mimics.
We used hierarchical clustering analysis to arrange cell lines
into groups according to the expression levels, which could
indicate distinct expression modes between these cell lines
(Figure 1). Scatter plots were used to determine the expression
levels of IncRNAs between these cell lines. We found that 304
IncRNAs (log fold-change > 2) were differentially expressed
in these two cell lines. Among the differentially expressed
IncRNAs, 240 were up-regulated and 64 were down-regulated
IncRNA. The top ten differentially expressed IncRNAs in
the up-regulated and down-regulated groups are shown in
Table 1. XLOC_000983 (fold change: 25.3583) was the most
up-regulated IncRNA, and M18204.1 (fold change: 33.9060)
was the most down-regulated IncRNA. Furthermore, up-
regulated IncRNAs were more common than down-regulated
IncRNAs in our analysis.

Differentially expressed mRNAs. The microarray results
allowed the identification of 34303 mRNAs in the SGC-7901
cell lines. The mRNA expression modes, which were present
in the SGC-7901 line treated with miR-148b mimics and the
normal SGC-7901 cell line, were analyzed using the hierar-
chical clustering analysis. Among the differentially expressed
mRNAs, 196 were consistently up-regulated, and 320 were
consistently down-regulated. POSTN (fold change: 26.9686)
was the most up-regulated mRNA, and HBB (fold change:
64.0279) was the most down-regulated mRNA.

Real-time PCR analysis. To confirm the microarray
results, we randomly selected two up-regulated IncRNAs
(XLOC_000983, XLOC_005104) and six down-regulated
IncRNAs (M18204.1, ENST00000548900.1, XLOC_006324,
ENST00000420902.1, AK027145, HIX0023999) with log fold-
changes > 2 to perform real-time PCR. The results of real-time
PCR indicated a consistency of 87.5% between the real-time
PCR results and the microarray results in SGC-7901 cells,
these also showed a same result between PCR and microarray
in AGS cells (Figure 2).

GO analysis. We performed the Gene Ontology (GO)
analysis to caculate the enrichment of genes and gene products
involved in molecular functions, cellular components, and
biological processes. We used Fisher’s exact test to determine
the presence of overlaps between GO annotation list and the
list of differentially expressed mRNAs. The p value indicates
the significance of GO annotation enrichment in the differ-
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Figure 1. Microarray analysis of miR-148b-related IncRNA of gastric cancer lines. A. Heat map and hierarchical clustering dendrogram of IncRNA
chips. B. Heat map and hierarchical clustering dendrogram of mRNA chips (greater than 2.0-fold; P < 0.05). In (A) and (B), samples 1-3 correspond
to gastric cancer cells treated with miR-148b mimics, and samples 4-6 correspond to negative control cells. C. Scatter plot of the IncRNA expression
profile. D. Scatter plot of the mRNA expression profile. In (C) and (D), samples in the case group correspond to gastric cancer cells treated with miR-
148b mimics, and samples in the control group correspond to negative control cells.
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Table 1. Top 10 differentially expressed IncRNAs.

ProbeName p-value Regulation Probe Sequence LncRNA ID Chromosome Class Database

3268 2630557 down CATCAGATGCCTTCATCAGCTGGTATTTT- ENST00000548900.1 12 Antisense ENSEMBL
GCCTAAGATCTATTTAAGATAACCTTTTCTT

p11060 15.19172 down GTCATCATGTAGCTAGCAATGGCCACATCAAA- ENST00000420902.1 22 Intergenic ENSEMBL
GATACTATGAACAATTTTAAACAACACC

p1510 7.019455 down CGCTGTACTGTTTTTTAGCCCTTTGACTCAT- ~ ENST00000379256.3 10 Intronic ~ ENSEMBL
TAATGTATCAGGGAATAAAAAGGATATCA

p15930 5.646037 down GCTTTTGCAAGCTTCAGGAAAACCTTTACT- ENST00000522865.1 8 Intergenic ENSEMBL
CACAGGTGAGTTCCACCTGAGGTTAATTTG

p9355 4.531518 down AACTCTCTTACAAACTTTGAGCCCTGAG- ENST00000442794.1 2 Antisense ENSEMBL
CAAATCCTGTGGGATAATGTGCTTCTGCACGT

p3554 4.482015 down AGGGAGGAATTTTCAGATTGACCAAAGAG- ENST00000544591.1 12 Intergenic ENSEMBL
TATTGGTCTACATCATTAGTACTTTCAGTGA

pl1733 4.449931 down GATGAGACAGATGCTTTCTAAGTCCGA- ENST00000598149.1 3 Intergenic ENSEMBL
TATATCTACCCACTTTCTGCTGTCACCTCTGTA

p7630 4.287467 down AAGGGGCTCAAAACCTAGACTTTATAAAACT-  ENST00000561598.1 18 Intergenic ENSEMBL
GACTTTTCTTTGTCACTTTTCGGTGTTTA

p1842 4271108 down AACTAGTCAGTCCAAGTATTTCTAAAGATC- ENST00000414894.1 10 Intergenic ENSEMBL
CACAGACACAGTTCTCCTGGATTTGGGAAG

p15932 4.12965 down CAAATGCAAGGATAATCTTACACGAGTCCAG-  ENST00000517869.1 8 Intergenic ENSEMBL
GAGGAAGGCTCATTCCACACTAAGTGTTC

p1568 6.546019 up ACATTTGTGGAAGACGGAGTGTGTTTCCAT- ENST00000456722.1 10 Intergenic ENSEMBL
TATCCTTTCAGAGTTTGCAAACGAGGCGGT

pl6743 6.528198 up TAAACACATACCATGAGAAAGGGATTCCAT- ENST00000436360.1 9 Antisense  ENSEMBL
GTCTTCCAATCCTGCCCAGAGATGCAGAGA

p7949 6.031635 up ACTTTTCCAGGATCCTGGAATTTGTTCTGTT-  ENST00000584547.1 18 Intergenic ENSEMBL
GCTTTAACTTGCTTTCCTGTGGCTGAGCT

p2216 4.872983 up TCCCTTTAAAGAAAGCTACGTAGAAGCAG- ENST00000526935.1 11 Antisense ENSEMBL
GATGAGTAAAAATTTACAAACTGAAACAGGA

p8866 4.641507 up ATTCCCGGATAAGGAAGAAGAGAGTGTCAC- ENST00000594783.1 19 Divergent ENSEMBL
CTACTTCAGTGTGGTTTCAACCCTACTTCT

p8867 4.307474 up TTCAGTGTGGTTTCAACCCTACTTCTGCATCT- ENST00000299997.4 19 Divergent ENSEMBL
TAAAGACACTGTGTACAACGTTGGACAC

p12847 3.962276 up AGCACACACTTAAAGCACACAACTT- ENST00000437514.1 4 Intergenic ENSEMBL
GCTAAGTTGTTGAAATTCTCAACACAATCAA-
GATT

p13168 3.852412 up GCCAAAGCTTTCTGTAATTGATTTTTCCTGCT- ENST00000601500.1 5 Intergenic ENSEMBL
TCTTTACCCATTTGTACCATTATGAAGA

p3813 3.815256 up TCAGTGACCCAAAAAGGAACTAAACGGTAC- ENST00000552584.1 12 Intergenic ENSEMBL
CCAGACTAGAAATCAATGTCAAATTATTCA

p13509 3.309407 up GTGTCAGAAAGTTAACAACAGCTAACTGTTT- ENST00000506431.2 5 Intergenic ENSEMBL

GTTGTGGTGTTCTGAGTAACTTGTATTAT

entially expressed mRNAs. Smaller p value indicated a higher
significance of the GO terms (p < 0.05). The results indicated
that the highest enriched GOs targeted by up-regulated tran-
scripts were metabolic processes involving L-arabinose (GO:
0046373; ontology: biological process; p = 2.02E-09), extra-
cellular matrix (GO: 0031012; ontology: cellular component;
p = 7.37E-07), and alpha-N-arabinofuranosidase activity
(GO: 0046556; molecular function; p = 1.6E-09). The highest
enriched GOs targeted by the down-regulated transcripts were
cell periphery (GO: 0071944; ontology: cellular component;
p = 3.47E-10) and antigen binding (GO: 0003823; molecular
function; p = 4.17E-13). In the biological process domain,

the highest enriched GOs targeted by the down-regulated
transcripts were associated with the immune system, includ-
ing immune system processes (GO: 0002376), regulation
of immune system processes (GO: 0002682), and immune
response-regulating signaling pathways (GO: 0002764) (Sup-
plemental Figure 1).

Pathway analysis. We performed pathway analysis, which
is a functional analysis, to map genes to KEGG pathways. In
the present study, four pathways corresponded to up-regulated
transcripts and the most enriched network was “ECM-re-
ceptor interaction” (Fisher’s p-value of 9.10E-07), composed
of five targeted genes, and 33 pathways corresponded to
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Figure 2. Differential expression of IncRNAs in gastric cancer cells treated
with miR-148b mimics and normal gastric cancer cells by real-time PCR.
A. Differential expression of IncRNAs in SGC-7901 cells. B. Differential
expression of IncRNAs in AGS cells. *p < 0.05; **p < 0.01.

down-regulated transcripts, and the most enriched network
was “Staphylococcus aureus infection” (Fisher’s p-value of
3.89E-15) composed of 23 targeted genes. Among the above
pathways, the enriched up-regulated IncRNAs present in the
category “focal adhesion” have been associated with gastric
cancer (21). Furthermore, most pathways of the enriched
down-regulated IncRNAs were associated with the immune
system, including T cell receptor signaling pathway, intestinal

immune network for IgA production, autoimmune thyroid
disease, primary immunodeficiency, systemic lupus ery-
thematosus, and rheumatoid arthritis. These results indicate
that the IncRNAs that are influenced by miR-148b may play
an important role in the immune system and are involved in
the development of gastric cancer (Figure 3).

Co-expression network. Microarray-based CNC net-
works were constructed to cluster mRNAs and IncRNAs
into a phenotypically correlated co-expression model. These
networks were constructed on the basis of the correlation
between differentially expressed mRNAs and IncRNAs in
the gastric cancer cell lines SGC-7901 with and without
treatment with miR-148b mimics. In these networks, the
node included 272 IncRNAs and 463 mRNAs were positive.
The network indicated that one IncRNA could correlate
with more than one mRNA and one mRNA could correlate
with more than one IncRNA. These results also indicated
the potential internal adjustment correlation between the
mRNAs and IncRNAs that are influenced by miR-148b in
gastric cancer (Figure 4).

Bioinformatics analysis. Our results indicated that up-
regulated IncRNAs may influence the development of gastric
cancer, and down-regulated IncRNAs may be associated
with immune regulation. Therefore, we chose up-regulated
IncRNAs which log fold-change > 2 in treated and untreated
gastric cancer cells and their associated genes with a func-
tion in focal adhesion. Moreover, we chose down-regulated
IncRNAs which log fold-change > 2 in treated and untreated
gastric cancer cells and their associated genes with a func-
tion in immune regulation. We found that the up-regulated
IncRNA RP11-99J16_A.2 was a natural antisense IncRNA
located upstream of the CAPNY gene. Previous studies
reported that CAPN9 was associated with the prognosis of
breast and colorectal cancer [22, 23]. However, the importance
of RP11-99J16_A.2 in gastric cancer needs to be determined.
In addition, we found that a down-regulated IncRNA RP11-
1143G9.4, which was located downstream of LYZ gene. LYZ
is an important gene in the immunosuppressive PD-1/PD-
L1 pathway and is involved in antigen presentation process
[24]. Several studies have reported that LYZ might play an
important role in breast cancer, colorectal cancer, and gastric
cancer [25-27].

Discussion

Gastric cancer is one of the most common cancers and
the second leading cause of cancer death in China [28]. The
molecular mechanisms involved in gastric cancer have not
been fully elucidated. Several studies have highlighted the
importance of non-coding segments of the human genome
in tumorigenesis and tumor progression. Among the non-
coding RNAs, the role of miRNAs in gastric cancer has been
elucidated. Our previous studies indicated that miR-148b
plays a major role in the development of gastric cancer via
regulation of CCKBR [16]. However, other potential targets of
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Figure 3. Pathway analysis. The top ten pathways of coding genes associated with up-regulated (A) and down-regulated (B) IncRNAs are listed.

miR-148b and its role in gastric cancer needed to be clarified.
Furthermore, several studies have indicated that the dysregu-
lated IncRNAs might be associated with tumorigenesis, as well
as with development, metastasis, and prognosis of gastric
cancer [29]. For example, the IncRNA H19, located on human
chromosome 11, is dysregulated in gastric cancer [30]. H19
may stimulate cell proliferation, apoptosis, and metastasis as
an oncogenic RNA in gastric cancer via regulation of p53,
miR-675, and miR-141 [31-33].

Although the research on IncRNAs has increased quickly,
only a few IncRNAs have been well studied. The functions
and mechanisms of IncRNAs in gastric cancer are not fully
understood. Along with this research, many theories have
been proposed to explain the mechanisms of action of
IncRNAs, including ceRNA hypothesis [20]. MiRNAs and
IncRNAs are a critical part of ceRNAs and are involved
in several biological processes, including the onset and
development of tumors. The present study focused on the
influence of miR-148b on IncRNAs and mRNAs in gastric
cancer. The results of the microarray analysis indicated that
the expression levels of IncRNAs were altered compared with
the untreated gastric cancer cells. Subsequently, we validated
the microarray results using real-time PCR and the results
corroborated the microarray results. Furthermore, the GO
analysis revealed that the enriched GOs targeted by down-
regulated transcripts were associated with the immune
system. Similarly, the pathway analysis indicated that most

pathways of enriched down-regulated IncRNAs were related
to the immune system. Then, we randomly chose the down-
regulated IncRNA RP11-1143G9.4, located downstream of
the LYZ gene, to perform bioinformatics analysis. We found
that LYZ was an important gene in the immunosuppressive
PD-1/PD-L1 pathway and was involved in antigen presen-
tation, and RP11-1143G9.4 might participate in immune
regulation as an antisense IncRNA of LYZ. These results
indicate that IncRNAs controlled by miR-148b may be key
regulators of the immune network and are related with the
immune microenvironment of gastric cancer.

Although chemotherapy and radiotherapy may be effective
in some cases to consolidate treatment and prolong survival
of gastric cancer, more attention should be paid to accurate
and effective therapeutic measures such as immunotherapy
[34]. Recently, the Cancer Genome Atlas (TCGA) proposed
the classification of gastric cancer into four subgroups: tumors
positive for Epstein-Barr virus (EBV), microsatellite-unstable
tumors (MSI), genomically stable tumors, and unstable chro-
mosomal unstable tumors [35]. The EBV and MSI subgroups
may be involved in the immune response to gastric cancer.
Different mechanisms used to prevent immune escape have
been characterized, and PD-1/PD-L1 inhibitors such as
pembrolizumab, avelumab, durvalumab, and atezolizumab
have been effective for treatment of gastric cancer [36]. In
addition, ncRNAs including miRNAs and IncRNAs may play
a key role in immune regulation. Song et al [37] found that
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Figure 4. Coding-non-coding gene co-expression network between the differentially expressed IncRNAs and mRNAs in gastric cancer cell lines
treated with miR-148b mimics and normal gastric cancer cells. Genes colored in yellow are protein-coding RNAs associated with gastric cancer.

Genes colored in green are IncRNAs associated with gastric cancer.

the overexpression of IncRNA HOTAIR might be involved in
tumor escape mechanisms, associated with the upregulation
of HLA-G via inhibition of miR-152. Their results indicated
the potential application of HOTAIR in gastric cancer im-
munotherapy for better prognosis and improved survival.
Moreover, Liu et al [38] reported that the miR-148/152 family
could act as fine-tuner in the regulation of the innate immune
response and Ag-presenting capacity of dendritic cells by
targeting CaMKIIaq, leading to immune homeostasis and im-
mune regulation. Our results indicated that miR-148b might
regulate immune processes in gastric cancer by regulating the
expression of IncRNAs, which were consistent with those of the
genome-wide analysis of IncRNA expression [39]. However,
the interactions between miR-148b and the immune system
during gastric cancer progression are not well understood.
To the best of our knowledge, our study is the first to report
that miR-148b can regulate several IncRNAs and that these
molecules are closely associated with the immune system and
therefore can influence gastric cancer progression.

In conclusion, this study demonstrated that miR-148b was
involved in the dysregulation of IncRNAs in gastric cancer cell
lines. The IncRNAs regulated by miR-148b may participate in

several biological processes, including the regulation of the
immune system. Our results may help improve diagnosis, and
identify therapeutic targets, and facilitate the development
of novel, personalized treatment strategies. However, more
studies are necessary to determine the molecular mechanisms
and biological functions of IncRNAs regulated by miR-148b
in gastric cancer.

Supplementary information is available in the online version
of the paper.
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Supplemental Figure 1. Gene Ontology analysis. The top 10 GO terms for the biological process of the coding genes associated with up-regulated (A)
and down-regulated (B) IncRNAs are listed. The top 10 GO terms for the molecular function of the coding genes associated with up-regulated (C) and
down-regulated (D) IncRNAs are listed. The top 10 GO terms for the cellular component of the coding genes associated with up-regulated (E) and
down-regulated (F) IncRNAs are listed.



