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Abstract Gastric cardia adenocarcinoma (GCA), which oc-
curs at the gastroesophageal boundary, is one of the most
malignant types of cancer. Over the past 30 years, the inci-
dence of GCA has increased by approximately sevenfold,
which has a more substantial increase than that of many other
malignancies. However, as previous studies mainly focus on
non-cardia gastric cancer, until now, the mechanisms behind
GCA remain largely unknown. MicroRNAs (miRNAs) have
been shown to play pivotal roles in carcinogenesis. To gain
insight into the molecular mechanisms regulated by miRNAs
in GCA development, we investigated miRNA expression

profiles using 81 pairs of primary GCAs and corresponding
non-tumorigenic tissues. First, 21 pairs of samples were used
for microarray analysis, and then another 60 pairs of samples
were used for further analysis. Our results showed that 464
miRNAs (237 upregulated, 227 downregulated, false discov-
ery rate FDR <0.05) were differently expressed between GCA
and non-tumor tissues. Pearson test and pathway analysis re-
vealed that these dysregulated miRNA correlated coding
RNAs may have effects on several cancer-related pathways.
Four miRNAs (miR-1244, miR-135b-5p, miR-3196, and
miR-628-3p) were found to be associated with GCA differen-
tiation. One miRNA, miR-196a-5p, was found to be associat-
ed with age of GCA onset. Further, survival analysis showed
that the expression level of miR-135b-5p was associated with
GCA survival. Taken together, our study first provided the
genome-wide expression profiles of miRNA in GCA and will
be good help for further functional studies.
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Introduction

Gastric cardia cancer (GCC), which occurs in the 1-cm (cm)
proximal and 2-cm distal region of the esophagogastric junc-
tion, is one of the most fetal tumors [1]. The predominant
histological type of GCC is gastric cardia adenocarcinoma
(GCA). In the last 30 years, incidence of GCA has raised
about sevenfold, which has a more substantial increase than
that of several other malignancies [2–5]. There is an urgent
need to understand the mechanisms involved in GCA as well
as to elucidate early diagnosis and prognostic biomarkers as-
sociated with GCA to discover new strategies for controlling
this type of cancer.
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The Henan province of China is an area with the highest
GCA incidence rate in the world, 190/1,000,000, and this rate
is still increasing [6]. Previous studies have identified several
risk factors associated with GCA development, including life-
style factors (smoking, consuming irritating drinks, eating ir-
regularly) and disease conditions (obesity, gastrointestinal in-
flammation, gastroesophageal reflux, Helicobacter pylori in-
fection) [7, 8]. However, as investigations focus predominant-
ly on non-cardia gastric adenocarcinoma (GA) samples, mo-
lecular data for GCA samples remains very limited.

The discovery of non-coding RNAs (ncRNAs) represented
a milestone in molecular biology. Generally, ncRNAs can be
grouped into two major classes: small ncRNAs and long
ncRNAs (lncRNAs) [9, 10]. MicroRNAs (miRNAs) are a
class of single-stranded, small (20–22 nt) ncRNAs that regu-
late a wide range of biological processes, such as develop-
ment, cell growth, signal transduction, and apoptosis [9, 10].
Generally, a singlemiRNA can regulatemultiple mRNAs, and
a single mRNA may be regulated by numerous miRNAs [9,
10]. Recently, miRNA expression has been examined via mi-
croarray or other non-high throughput technologies. These
miRNA studies have indicated that miRNAs might be in-
volved in many known oncogenic pathways, such as the
Wnt, P53, or K-ras pathways [9–11]. In addition, dysregula-
tion of miRNA expression has been frequently observed in
different types of cancer [11–15].

miRNA profiling in non-cardia GA has been previously
reported [16, 17], but few studies have focused on GCA. In
the present study, we used microarray analysis to explore the
genome-wide miRNA expression profile of 21 pairs of GCA
and matched normal cardia tissues and used quantitative RT-
PCR to investigate the relationship between several dysregu-
lated miRNAs and clinicopathological characteristics in an-
other 60 pairs of GCA and matched normal cardia tissues.
This investigation aimed to provide resources for understand-
ing the role of miRNA in GCA.

Materials and methods

Samples

Cardia carcinoma and normal cardia tissue used for microar-
ray analysis were obtained from 21 patients who underwent
surgical resection at the First Hospital Affiliated to Henan
University of Science and Technology between November
and December in 2012. Twelve pairs of these samples were
also used for mRNA microarray analysis in our previous pub-
lished data [18]. Another 60 paired tissue samples used for
association analysis and survival analysis were from two hos-
pitals: the First Affiliated Hospital of Henan University of
Science and Technology and the AnYang Cancer Hospital
affiliated to Henan University of Science and Technology.

All the patients included in this research had not received
adjuvant chemotherapy before surgery. The tissue samples,
including GCA tissues and non-tumor matches, were flash-
frozen in liquid nitrogen during surgery and then stored at
−80 °C until RNA extraction. The anatomical sites of the
primary GCAs were from the dentate line of the gastroesoph-
ageal junction to 2 cm below that line. Adjacent non-
cancerous tissue matches were collected with a minimum of
1 cm. Both tumor and non-tumor matches were confirmed by
histological examination. Tumor stage was evaluated accord-
ing to the seventh edition of the American Joint Committee on
Cancer TNM staging system. The patient characteristics are
described in Table 1. This study was approved by the institu-
tional review board of the hospital (IRB no. 2013-002). Writ-
ten informed consent was obtained from the patients before
surgery.

MicroRNA microarray analysis

Total RNA from 21 pairs of specimens was extracted using
TRIzol (Life Technologies, Carlsbad, CA) and reverse tran-
scribed using a PrimeScript RT Reagent Kit. The samples
were labeled using a MiRCURYArray Hy3/Hy5 Power La-
beling Kit (Cat no. 208032-A, Exiqon, Vedbaek, Denmark)
and hybridized on a MiRCURY Array (Exiqon, Vedbaek,
Denmark). After the hybridization reaction, the arrays were
scanned using an Axon GenePix 4000B microarray scanner

Table 1 Clinicopathological characteristics of the patients

Characteristics No. of patients
(microarray
analysis)

No. of patients
(qPCR validation
and association
analysis)

Age (years)

≤60 12 24

>60 9 36

Differentiation

Poor 9 31

Moderate 10 20

Well 2 9

Invasion status

Yes 21 60

No 0 0

Lymphatic metastasis

Yes 16 49

No 5 11

TNM stage

I 0 0

II 3 15

III 18 43

IV 0 2
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(Axon Instruments, Foster City, CA). The raw intensity image
was analyzed using GenePix Pro v6.0 software.

Microarray data analysis

The median normalization method was used to obtain
Bnormalized data^ (normalized data = (foreground-back-
ground) /median). The median is 50 % quantile of microRNA
intensity which is larger than 30 in all samples after back-
ground correction. The statistical significance of differentially
expressed miRNAs was analyzed by t test.

Detection of miRNAs by real-time RT-PCR

miRNAswere isolated from 60 paired GCA and adjacent non-
tumor tissue samples using a miRNeasy Mini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instruc-
tions. cDNA synthesis and miRNA amplification were per-
formed using an All-in-One™ miRNA qRT-PCR Detection
Kit (GeneCopoeia, Rockville, MD, USA), and all the miRNA
primers used in this study were purchased from GeneCopoeia
(Rockville, MD, USA). PCR was performed using a Bio-Rad
CFX96 Real-Time PCR instrument (Bio-Rad, CA, USA). The
relative expression of select mature miRNAs in GCA and
adjacent non-tumor tissues was obtained using the compara-
tive CT method (2−ΔΔCT). U6 snRNA expression was used as
the endogenous control to normalize the data.

Cell lines and plasmids

Two cell lines, OE-19 and SK-GT2, originating from esoph-
ageal gastric junction, were bought from The European Col-
lection of Cell Cultures (ECACC). Both cell lines were cul-
tured in RPMI1640 supplemented with 10 % fetal bovine
serum. miR135b-5p expression and inhibition plasmids were
bought from GeneCopoeia, using pEZX-MR03 vector and
pEZX-AM03 vector respectively.

Colony formation assay and cell proliferation assay

For colony formation assay, cells with 60 % confluency were
transfected with miR-135b-5p expression or inhibition plas-
mids using Lipofectamine 2000 (Invitrogen). Twenty-four
hours later, we observed these cells under fluorescence micro-
scope. If the transfection efficiency among expression plas-
mid, inhibition plasmid, and their control vectors were com-
parable, we then portioned cells into 6-well plate at the density
of 3000/well in triplicate. Puromycin or hygromycin was
added into the medium 24 h later. After about 10-day culture,
colonies were identified by crystal violet staining. For cell
proliferation assay, cells with 60 % confluency were
transfected with miR-135b-5p expression or inhibition plas-
mids using Lipofectamine 2000 (Invitrogen). Twenty-four

hours later, we observed these cells under fluorescence micro-
scope. If the transfection efficiency among expression plas-
mid, inhibition plasmid, and their control vectors were com-
parable, we then portioned cells into 96-well plate at the den-
sity of 2000 each well. Puromycin or hygromycin was added
into the medium. Then, cells were subjected to the CCK-8
assay (Dojindo) during the next 6 days. Cell growth curve
was expressed at the absorbance at 490 nm (n=6), which
was read by a microtiter reader (Bio-Rad).

miRNAs and mRNA correlation analysis and pathway
analysis

We conducted Pearson test to identify miRNA-correlated
mRNAs using microarray data from 12 out of 21 samples.
These 12 samples were used for miRNA microarray analysis
and mRNAmicroarray analysis at the same time. The mRNA
microarray data were published in our previous paper [18].
Significantly differentially expressed miRNAs and mRNAs
were selected for correlation analysis. R software was used
(version 2.15.2). Pathway analysis of miRNA-correlated
mRNAs (absolute value of R2>0.6) was conducted using in-
genuity pathway analysis (IPA; http://www.ingenuity.com/
products).

Statistical analysis

SPSS version 18.0 (SPSS Inc. Chicago, IL, USA) was
used to conduct the statistical analysis, except for micro-
array analysis and Pearson test, where R was used. The
associations between miRNA expression and clinicopath-
ological characteristics, including gender, age, TNM
stage, differentiation status, and lymph node metastasis,
were assessed using t test or ANOVA. Univariate analysis
was used to explore clinicopathologic parameters related
with overall survival (OS, the time from the date of pri-
mary surgery to the date of death). Then Kaplan-Meier
survival analysis was applied to test the correlations be-
tween the miRNA expression level and patients’ overall
survival, and log-rank test was performed to test the sta-
tistical differences between survival curve of patients with
different miRNA expression levels. For all the tests and
comparisons, a value of p< 0.05 (*) was considered sta-
tistically significant.

Results

Identification of altered miRNA expression in GCA

A total of 21 pairs of GCA and matched adjacent non-tumor
tissues measuring a minimum of 1 cm were collected for this
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study. The tissue samples were flash-frozen in liquid nitrogen
during resection and then stored at −80 °C until RNA extrac-
tion. The study population consisted of 17 males and 4 fe-
males, with a median age of 60 years old (range 42–79 years).
All the GCA tissues were histopathologically confirmed. The
details of patient characteristics were listed in Table 1. Micro-
array analysis of 21 pairs of tumor and non-tumor tissue sam-
ples was conducted at the same time. Before calculating the
miRNA expression levels, we analyzed the spike-in probes in
each chip using the raw data. Two pairs of samples were
excluded because the spike-in probe analysis revealed that
the coefficient of variation was greater than 0.2 or the corre-
lation coefficient was less than 0.6.

By comparing the miRNA expression levels in a total
of 19 primary GCA and matched non-tumor tissues, we
identified 237 upregulated miRNAs and 227 downregulat-
ed miRNAs (FDR<0.05) (Table 2, Supplementary Table
1). Hsa-miR-196a-5p and hsa-miR-3656 were the most
upregulated and downregulated miRNAs, respectively
(Table 2). Hierarchical clustering analysis was conducted
to group the specimens according to expression level
(Fig. 1a). Among dysregulated miRNAs, certain miRNAs
have been proved dysregulated in tumors by previous
studies, such as hsa-miR-148a-3p [19], hsa-miR-196a-5p
[20], and hsa-miR-20a-5p [21].

Real-time quantitative PCR validation

To confirm the expression levels of the identified
miRNAs by microarray, we randomly selected eight up-
regulated and eight downregulated miRNAs for qPCR
validation. The qPCR results were consistent with micro-
array results. Then, we focused on 6 dysregulated
miRNAs and used another 60 pairs of GCA samples ob-
tained from the First Hospital and the AnYang Cancer
Hospital affiliated to Henan University of Sciences and
Technology. Hsa-miR-135b-5p, hsa-miR-196a-5p, and
has-miR-1244 expression was increased, whereas hsa-
miR-628-3p, hsa-miR-148a-3p, and hsa-miR-3196 ex-
pression was decreased in the GCA samples compared
with the matched normal samples (Fig. 1b). The qPCR
results were consistent with the microarray data.

miRNA and mRNA correlation analysis and pathway
analysis

In order to predict the function of dysregulated miRNAs, we
identified their correlated coding RNAs. As 12 samples used
for miRNA microarray analysis were also used for mRNA
microarray analysis at the same time, we calculated the rela-
tionship between differentially expressed miRNAs and

Table 2 Top 20 significantly
down and upregulated miRNAs Downregulated miRNAs Upregulated miRNAs

miRNA Fold change
(log2)

p value miRNA Fold change
(log2)

p value

hsa-miR-3656 −3.29535 1.89E−16 hsa-miR-196a-5p 4.111534 3.36E−14
hsa-miR-378c −1.80765 8.96E−14 hsa-miR-135b-5p 2.555514 2.67E−13
hsa-miR-628-3p −2.03238 2.23E−13 hsa-miR-2355-3p 1.517697 2.68E−13
hcmv-miR-US33-3p −2.25544 2.67E−13 hsa-miR-4307 2.371521 1.05E−09
hsa-miR-148a-3p −1.63085 2.67E−13 hsa-miR-1244 2.409671 3.68E−09
hsv2-miR-H10 −2.84551 4.43E−13 hsa-miR-892a 1.8554 1.05E−08
hsa-miR-638 −1.55968 8.99E−13 hsa-miR-20a-5p 1.501549 1.15E−08
hsa-miR-483-5p −1.35334 2.20E−12 hsa-miRPlus-

A1087
2.115592 6.38E−08

hsa-miR-675-5p −1.70156 5.11E−12 hsa-miR-93-5p 1.5392 1.06E−07
hsa-miR-1184 −1.00147 2.67E−11 hsa-miR-455-3p 1.568063 1.80E−07
hsa-miR-299-5p −1.66357 3.05E−11 hsa-miR-105-5p 1.755387 1.96E−07
hsa-miR-4285 −1.06365 4.74E−11 hsa-miR-764 1.650002 2.58E−07
hsa-miR-3665 −1.95478 9.57E−11 hsa-miR-130b-5p 1.660447 4.98E−07
hsv2-miR-H25 −1.61128 1.04E−10 hsa-miR-506-3p 1.605885 2.66E−06
hsv1-miR-H17 −1.53334 1.41E−10 hsa-miR-454-3p 1.515466 3.92E−06
hsa-miR-3195 −1.28305 1.41E−10 hsa-miR-142-3p 1.524762 4.35E−06
hsa-miR-518e-5p −0.97021 1.41E−10 hsa-miR-3591-3p 1.452323 1.19E−05
hsa-miR-3196 −2.64801 7.06E−10 hsa-miR-196b-5p 1.682773 1.67E−05
hsa-miR-30d-5p −0.74407 7.06E−10 hsa-miR-3664-5p 1.737875 4.36E−05
hsa-miR-3124-5p −2.60563 2.21E−09 hsa-miR-636 1.557929 9.98E−05
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mRNAs using microarray data from these 12 samples. In all,
1057 and 1249 correlated mRNAs were identified for upreg-
ulated and downregulated miRNAs, respectively.

Then, we input the miRNA-correlated mRNAs into the
IPA system for pathway analysis. the top three pathways
corresponding to the upregulated miRNA-correlated

Fig. 1 Hierarchical clustering dendrogram and validation results. a
Analysis of 19 pairs of miRNA chips using a heat map. The
hierarchical clustering analysis was performed by all the miRNAs in the
microarray to show the difference of miRNA expression profiles between
tumor and normal tissues. b Microarray validation experiments using

quantitative RT-PCR. The different expression of six miRNAs in GCA
compared to normal tissue was validated. Each value represents the
relative expression calculated using the comparative CT method with
U6 snRNA as the endogenous control
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mRNAs were EIF2 signaling (p= 4.85E−8), antigen pre-
sentation pathway (p= 6.44E−4), and phagosome matura-
tion (p= 6.59E−4) (Fig. 2). The top three pathways corre-
sponding to downregulated miRNA-correlated mRNAs

were mTOR signaling (p = 3.24E−5), regulation of elf4
and p70S6K signaling (p= 4.86E−5), and mitochondrial
dysfunction (p= 1.14E−3) (Fig. 2). Then, we carried out
real-time PCR to validate two of the aforementioned

Fig. 2 Pathway analysis of dysregulated miRNA-correlated mRNAs. a
Pathways corresponding to up (in red color) and down (in green color)-
regulated miRNA-related mRNAs; b, c schematic diagram of pathway

EIF2 and mTOR, respectively. The word in red represents the
dysregulated miRNA-correlated mRNAs
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pathways, EIF2 and mTOR, using 20 pairs of primary
GCA and non-tumor matches. As shown in Supplementa-
ry Fig. S1, in most of GCA tissues, four important genes
in the EIF2 pathway were upregulated and four important
genes in the mTOR pathway were upregulated, indicating
activation of these pathways in GCA.

Relationships between clinicopathological parameters
and miRNA expression

To evaluate the clinical significance of the dysregulated
miRNAs in GCA, we analyzed the relationships between
six aforementioned miRNA expression levels in tumor

tissues and clinicopathological parameters of the patients.
These analyses revealed that the upregulation of miR-
1244 was significantly correlated with better differentia-
tion (p= 0.007), while upregulation of miR-135b-5p was
correlated with poorer differentiation (p= 0.009). Down-
regulation of miR-3196 and miR-628-3p correlated with
poor differentiation (p= 0.018 and p= 0.044, respectively)
(Table 3, Supplementary Fig. S2). Higher miR-196a-5p
expression levels were found in patients (36/60) older
than 60 years of age, suggesting that miR-196a-5p could
be associated with age of GCA onset (Table 3). However,
miR-148a showed no correlation with differentiation sta-
tus or age of GCA onset. In addition, analysis of other

Table 3 Associations between expression levels of miRNAs and clinicopathological features

miR-196a-5p miR-148a-3p miR-1244

Total (n= 60) Mean ± SD p value Total (n = 50) Mean ± SD p value Total (n = 59) Mean ± SD p value

Gender 0.948 0.733 0.212

Male 44 7.67 ± 0.96 39 8.07± 0.37 43 7.59± 1.12

Female 16 7.65 ± 1.21 11 8.11 ± 0.32 16 8.05± 1.48

Age (year) 0.001 0.389 0.627

≤60 24 7.15 ± 0.86 21 8.13± 0.38 24 7.62± 1.21

>60 36 8.01 ± 0.99 29 8.04± 0.33 35 7.78± 1.27

TNM stage 0.636 0.313 0.467

II 15 7.54 ± 1.26 12 7.99± 0.28 15 7.92± 1.33

III 45 7.71 ± 0.95 38 8.11 ± 0.37 44 7.65± 1.21

Differentiation 0.27 0.634 0.007

Well 14 7.95 ± 1.53 5 8.04± 0.35 9 8.81± 0.98

Moderate 20 7.25 ± 0.80 16 8.11 ± 0.37 19 7.67± 1.24

Poor 26 7.67 ± 1.06 25 7.84± 0.67 26 7.41± 1.01

Lymph node metastasis 0.79 0.746 0.901

Negative 11 7.56 ± 1.58 10 8.04± 0.29 11 7.67± 1.30

Positive 49 7.69 ± 0.88 40 8.09± 0.37 48 7.73± 1.23

miR-3196 miR-135b-5p miR-628-3p

Total (n= 58) Mean ± SD p value Total (n = 58) Mean ± SD p value Total (n = 50) Mean ± SD p value

Gender 0.232 0.865 0.493

Male 46 7.84 ± 0.91 46 7.59± 0.87 39 7.89± 0.70

Female 12 7.48 ± 0.95 12 7.62± 0.63 11 7.72± 0.81

Age (year) 0.653 0.107 0.478

≤60 23 7.83 ± 0.85 23 7.77± 0.68 21 7.94± 0.67

>60 35 7.72 ± 0.98 35 7.48± 0.63 29 7.80± 0.76

TNM stage 0.524 0.201 0.721

II 13 7.91 ± 0.98 13 7.80± 0.56 12 7.92± 0.83

III 45 7.72 ± 0.92 45 7.54± 0.68 38 7.84± 0.69

Differentiation 0.018 0.009 0.044

Well 7 8.51 ± 0.56 7 7.40± 0.53 5 8.61± 0.39

Moderate 19 7.89 ± 0.93 19 7.46± 0.47 16 7.72± 0.68

Poor 27 7.48 ± 0.86 27 7.96± 0.70 25 7.82± 0.73

Lymph node metastasis 0.72 0.387 0.748

Negative 10 7.66 ± 1.02 10 7.76± 0.70 10 7.92± 0.95

Positive 48 7.78 ± 0.91 48 7.56± 0.65 40 7.84± 0.66
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parameters revealed that these six miRNAs were not as-
sociated with gender, tumor stage, or lymph node
metastasis.

Association between miRNA expression and patients’
survival

To explore factors responsible for patients’ survival, uni-
variate analysis was conducted. Differentiation status was
associated with GCA risk, while gender, age, TNM stage,
and lymph node metastasis were not associated with GCA
survival. Among the four differentiation-related miRNAs,
miR135b-5p expression level is related to GCA survival.
Furthermore, results of Kaplan-Meier plots and Log rank
test showed that patients with low miR-135b-5p expres-
sion had a significantly better prognosis than those with

high miR-135b-5p expression (p= 0.043). Maybe, because
of the small sample size, expression level of miR-3196,
miR-628, and miR-1244 exhibited no significant relation-
ship with survival (Fig. 3).

miR-135b-5p prompting cell growth

As expression level of miR-135b-5p is related to patients’
survival, we further examined the possible role of miR-
135b-5p in cancer cell lines. First, we carried out colony
formation assay. As shown in Fig. 4a, b, miR-135b-5p
inhibition plasmid-transfected cells displayed a reduced
number of colonies compared to control plasmid-
transfected cells, while miR-135b-5p expression
plasmid-transfected cells displayed an increased number
of colonies compared to control plasmid-transfected cells.

Fig. 3 Associations of four miRNA (a miR-1244, b miR-3196, c miR-628-3p, d miR-135b-5p) expression level with the overall survival of 60 GCA
patients. RNA expression was grouped into low and high categories using the median as cutoff

9418 Tumor Biol. (2016) 37:9411–9422



Then, we conducted cell proliferation assay. As shown in
Fig. 4c–f, the growth rate of miR-135b-5p inhibition
plasmid-transfected cells was significantly lower than that
of control plasmid-transfected cells, while the growth rate
of miR-135b-5p expression plasmid-transfected cells was
significantly higher than that of control plasmid-
transfected cells. Thus, these data suggest that miR-
135b-5p could prompt cell growth.

Discussion

GCA morbidity and mortality rates have increased in re-
cent years. There is an urgent need to understand the
mechanisms involved in GCA as well as to elucidate di-
agnose and prognostic biomarkers associated with GCA
to discover new strategies for controlling this type of can-
cer. miRNA profiling in cancer has received substantial
at tention because numerous miRNAs have been

recognized to play critical roles in cancer progression
and development. However, little is known regarding the
miRNA profile of GCA. In the present study, we used
microarray analysis to explore the genome-wide miRNA
expression profiles in 21 primary GCA samples. It is the
first time genome-wide miRNA expression profile in
GCA is reported.

The results of microarray analysis revealed that there
were 464 miRNAs that were significantly differentially
expressed between the GCA tissue and paired non-
cancerous matches (FDA<0.05). In order to predict the
function of dysregulated miRNAs, we identified the
miRNA-correlated coding RNAs and conducted pathway
analysis. For upregulated miRNA-correlated mRNAs, the
most enriched pathway was EIF2 signaling. The transla-
tion initiation factor EIF2, composed of α, β, and γ, acts
as an essential factor in global translation initiation of
eukaryotic cells. The α subunit regulates the level of ac-
tive EIF2 complex, the β subunit interacts with eukaryotic

Fig. 4 miR-135b-5p prompting tumor cell malignancy. a knocking
down miR-135b-5p in OE-19 inhibits colony formation; b
overexpression of miR-135b-5p in OE-19 prompts colony formation; c,

e knocking down miR-135b-5p inhibits cell growth; d, f overexpression
of miR-135b-5p prompts cell growth. *p< 0.01
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translation initiation factors and mRNAs, and the γ-
subunit binds to GTP or GDP [22, 23]. In translation
initiation, EIF2 binds to methionyl-tRNA, 40S small ribo-
somal subunit, and recruited other initiation factors,
forming initiation factor complex [22, 23]. Over the last
decade, the function of the EIF2 pathway has been found
to be of critical importance for promoting cellular adapta-
tion and tolerance to stresses. As tumor grows in size,
cancer cells have to respond to stress, such as hypoxia,
low nutrient concentrations, and low pH in microenviron-
ment, through the EIF2 pathway [24, 25]. Changes of
expression level and phosphorylation status of EIF2 fac-
tors in tumor samples compared to matched normal tis-
sues have been observed in different types of cancer [22,
24, 25]. These days, a number of small molecular weight
compounds targeting the EIF2 pathway have been devel-
oped and may be potential therapy strategy in the future
[22, 26]. Future studies should pay more attention on the
role of EIF2 in the GCA. For downregulated miRNA-
correlated mRNAs, the most enriched pathway was the
mTOR pathway, which regulates a complex array of cel-
lular functions in cancer, involving gene transcription, cell
growth, proliferation, and survival [27, 28]. The mTOR
pathway is restrained in normal cell, but is constitutively
activated in cancers. mTOR functions to regulate the cel-
lular signaling processes in two cellular complexes:
mTOR complex 1 (mTORC1) and mTOR complex 2
(mTORC2). The two complexes differ in terms of subcel-
lular localization, function, and regulation, and mTOR1 is
more clearly understood [27, 28]. mTOR1 signaling can
not only be activated by growth factor receptor signaling
through the PI3K-AKT pathway but also by nutrient and
energy status [28, 29]. Recently, mTORC1 inhibitors,
such as everolimus, have been developed, investigated in
patients with metastatic breast cancer [30], bladder cancer
[31], and renal cell cancer [32], and has demonstrated
improved patient outcomes. Our results indicated the im-
portant role of mTOR in GCA. If further studies validated
the activation of mTOR in GCA, it would be good news
for advanced GCA patients.

Our microarray analysis identified more than 400 dysreg-
ulated miRNAs; we focus six of them for further study and
found that five miRNAs may represent a potential biomarker
for clinicopathological parameters. miR-196a-5p expression
level is observed to be associated with age of GCA onset,
while four dysregulated miRNAs, miR-3196 miR-628-3p,
miR-1244, and miR-135b-5p, were found to be related to
GCA differentiation status. Previous studies have not only
observed different expression levels of several of these
miRNAs in cancer tissues compared with normal matches
but also found the relationship between these miRNA expres-
sion level and clinicopathologic features. For example, miR-
196 plays critical roles in normal development and in the

pathogenesis of human disease processes such as cancer [33,
34]. Functionally, miR-196 performed their function by
inhibiting NME4 expression and further activating p-JNK,
suppressing TIMP1, augmenting MMP1/9, interacting with
HOXB, HOXB targeting, and Sonic hedgehog (Shh) promot-
ing proliferation of and suppressing apoptosis both in vitro
and in vivo [35, 36]. miR-3196 is dysregulated in breast can-
cer and skin basal cell carcinoma, expression level of which
was related to metastasis and other clinicopathological fea-
tures [37–39].

Results of univariate analysis showed that differentiation
status is related to patient survival. Log-rank analysis revealed
that low expression level of miR-135b-5p is associated with
better prognosis. miR-135-5p has been reported to be upreg-
ulated in different tumors, such as osteosarcoma and non-
cardia GA. Only one functional validated target of it, DISC1,
has been reported [40]. By Pearson test, miR-135-5p-related
miRNAs have been identified, and several of them are in
cancer-related pathways. For example, PARD3, TUBA1C,
and TUBB2A are in the adherens junction signaling pathway;
RPL1, RPL27, and RPs10 are in the EIF2 signaling pathway;
and DUSP2, ELF4, and PPP2R2B are in the ERK/MAPK
pathway. Further functional studies are needed to explain the
mechanism behind miR-135-5p. Maybe because of small
sample size, survival analysis showed no significant associa-
tion of miR-3196, miR-628-3p, miR-1244, and patients with
survival time; it is noteworthy for further studies with larger
sample size to explore their role in GCA or in a certain GCA
subtype.

To compare miRNA expression profile among esophageal,
gastric, and cardiac cancer, we conducted a comparative anal-
ysis and found that GCA exhibited closer relationship with
non-cardia gastric and esophageal adenocarcinoma but farther
relationship with esophageal squamous cell carcinoma
(ESCC) (data not shown). Similarly, Song et al. compared
the genetic alteration characters among ESCC, esophageal
adenocarcinoma (EAC), and head and neck squamous cell
carcinoma (HNSCC) and found that ESCC genetic alteration
was more similar to that in HNSCC than to that in EAC [41].
These studies indicated that molecular profile may be more
closely related to histological type than to tumor-originating
organs. As the public datasets for non-cardia gastric cancer or
esophageal cancer were limited, it is a pity that we could not
calculate whether gastric cardia adenocarcinoma is closer to
non-cardia GA or EAC.

In conclusion, we explored miRNA expression profiles in
81 pairs of primary GCA samples. Our results showed that
more than 400miRNAswere differentially expressed between
primary GCA and matched non-tumor tissues. These dysreg-
ulated miRNAs may have effects on several important cancer-
related pathways. Furthermore, four miRNAs (miR-1244,
miR-135b-5p, miR-3196, and miR-628-3p) were found to
be associated with GCA differentiation. Expression level of
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miR-135b-5p was associated with cancer survival. Our study
first provided the genome-wide expression profiles of miRNA
in GCA and will be of good help for further functional studies.
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