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ABSTRACT
In an effort to identify a novel microRNA (miRNA) as a gastric cancer (GC) treatment target and prognostic
biomarker, we surveyed The Cancer Genome Atlas database and found that miR-588 expression is low in GC
tissues. This was confirmed by real-time reverse transcription polymerase chain reaction assays of GC patient
plasma samples and SGC7901 and MNK28 cells. A constructed miRNA-mRNA network showed that CXCL5,
CXCL9, and CXCL10 are target genes of miR-588. Analysis of the miRWalk database revealed that miR-588
directly binds to CXCL5 and CXCL9. Overexpression of miR-588 reduced GC cell proliferation in vitro and in vivo.
High expression of miR-588 inhibited Ki-67 expression in vivo. The FunRich database also showed that CXCL5,
CXCL9, and CXCL10 are involved in immune responses, while the Database of Immune Cell Expression showed
they are differentially expressed in CD8+ T cells. High expression of CXCL9 and CXCL10 correlated positively with
infiltrating levels of CD4+ T and CD8+ T cells in stomach adenocarcinoma. High expression of miR-588, CXCL5,
CXCL9, and CXCL10 was associated with prolonged survival of GC patients. These findings indicate that miR-588
is a biomarker for tumor-associated immune infiltration and a prognostic marker in GC patients.

INTRODUCTION
Gastric cancer (GC) is a worldwide public health issue
and the second leading cause of cancer death. GC is
caused by various factors, including genetic and
environmental factors [1–3]. Although advances have
been made in treatment strategies, the survival rate for
GC patients is still unsatisfactory, with a 5-year survival
rate of only 20% to 40% [4]. There is an urgent need to
find novel biomarkers of GC and elucidate the
molecular mechanisms of GC pathogenesis to improve
patient outcomes.
MicroRNAs (miRNAs) are a class of single-stranded,
noncoding RNAs that consist of 19 to 25 nucleotides
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[5]. Many miRNAs have been reported to affect human
pathologic and physiologic processes through a range of
molecular mechanisms [6, 7]. Furthermore, aberrant
expression of miRNAs leads to a variety of diseases,
including cancer, by interacting with the 3′-untranslated
region of target mRNAs and altering protein translation
[8]. Increasing evidence shows that miRNAs are
involved in many biologic processes, including
proliferation, apoptosis, migration, and differentiation,
which suggests that miRNAs have the potential to be
promising targets for cancer treatment [9, 10].
Recently, miR-588 was reported to be dysregulated in
multiple human cancers, including lung, ovarian, and
prostate cancers. In lung cancer, miR-588 suppressed
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tumor cell migration and invasion and was also
significantly associated with advanced lung squamous
cell carcinoma [11]. In ovarian cancer, miR-588 was
overexpressed and associated with ovarian cancer risk
alleles [12]. However, limited studies have investigated
the function of miR-588 in GC.
In this study, we analyzed three GC miRNA microarray
data sets as well as serum of GC patients and found low
expression of miR-588 in GC. As predicated by
bioinformatics, miR-588 directly targeted CXC
chemokine ligand 5 (CXCL5), CXCL9, and CXCL10,
which are associated with tumor-infiltrating immune
cells in GC.

RESULTS
miR-588 expression was low in patients with GC
Gene Expression Omnibus (GEO) database was
analyzed to determine the expression pattern of

miRNAs in GC patients. As shown in the volcano
map in Figure 1A, 60 upregulated miRNAs and 54
downregulated miRNAs were identified in GC
(Supplementary Tables 1, 2). Analysis of the
TargetScan database identified 54 downregulated
miRNAs; miR-588 was shown to regulate a total of
3,728 genes by axes, including CXCL5, CXCL9, and
CXCL10 (Figure 1B). We next analyzed serum levels
of miR-588 and two GC markers, carcinoembryonic
antigen (CEA) and carbohydrate antigen 19-9 (CA
19-9), in GC patients and healthy individuals. We
found higher serum levels of CEA and CA 19-9 and
lower miR-588 levels in GC patients compared with
healthy individuals (Figure 1C–1E and Table 1). We
further compared the areas under the curve for miR588, CEA, and CA 19-9 and found that miR-588 had
a higher sensitivity and specificity (Figure 1F). We
examined miR-588 expression in several GC cell
lines, including GES-1, MNK28, and SGC7901, and
found miR-588 expression to be highest in GES-1
(Figure 1G).

Figure 1. Expression of miR-588 in TCGA database and serum of GC patients. (A) Volcano map of the differential expression of
miRNAs in gastric cancer. (B) The miRNA-mRNA network; green diamonds are downregulated miRNAs. (C, D) Expression of CEA and CA 19-9
was higher in GC (n = 45) compared to normal samples (n = 37). (E) miR-588 expression was low in serum of GC patients. (F) Receiver
operating characteristic (ROC) curves of miR-588, CEA, and CA 19-9. (G) RT-PCR analysis of miR-588 expression relative to control U6+
expression in GES-1, MNK28, and SGC7901 cells.
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Table 1. Clinical and tumor marker characteristics in gastric cancer patients and controls.
Groups
Age, (years)
Male, n (%)
miR-588, (P25,P75)
Gsatric (n = 45)
58.55±8.86
29 (64.44%)
0.20 (0.05,0.88)**
Controls (n = 37)
42.43±11.27
22 (59.45%)
2.13 (0.85,12.64)
* Compared with controls: p < 0.05. **Compared with controls: p < 0.01.

miR-588 overexpression reduced the viability of GC
cells by increasing CXCL5, CXCL9, and CXCL10
expression
To determine the association between miR-588 and
CXCL5, CXCL9, and CXCL10, levels of CXCL5,
CXCL9, and CXCL10 were measured in GC tumor
tissues and corresponding nontumor adjacent gastric
tissues. Immunohistochemistry staining showed
abundant and uniform expression of CXCL5, CXCL9,
and CXCL10 proteins in nontumor adjacent gastric
tissues (N), but expression of these proteins was
significantly downregulated in all tumor samples (C)
(Figure 2A and Table 2). Analysis using the miRWalk
database showed that miR-588 directly binds to CXCL5
at the 1171-1177 bp site and to CXCL9 at the 344-350
and 914-920 bp sites (Figures 2B, 2C). We next
analyzed the interactions between CXCL5, CXCL9, and
CXCL10 using STRING. As shown in Figure 2C,
CXCL10 was found to interact with CXCL5 and
CXCL9, which indicated that there may be an
interaction between miR-588 and CXCL10. Real-time
reverse transcription polymerase chain reaction (RTPCR) analysis revealed significantly increased
expression of CXCL5, CXCL9, and CXCL10 in
MNK28 and SGC7901 cells after transfection with
miR-588 mimics compared with mimic negative control
(NC)-transfected cells (P < 0.05, Figure 2D). These
results were consistent with changes in protein
expression of CXCL5, CXCL9, and CXCL10 (Figure
2E). Moreover, proliferation of MNK28 and SGC7901
cells was significantly decreased after transfection with
GV268-miR-588/CXCL5/CXCL9/CXCL10
(Figure
2F). In addition, crystal violet staining results were
consistent with those of an MTT assay (Figure 2G;
statistical analysis shown in Supplementary Figure 1).
Overexpression of miR-588 significantly decreased the
metastatic capacity of MNK28 and SGC7901 cells
(Figure 2H). Remarkably, a functional enrichment
analysis using the FunRich database showed that
CXCL5, CXCL9, and CXCL10 function was mainly
related to immune response (Figure 2I).
CXCL5, CXCL9, and CXCL10 expression was high
in CD8+ T cells
We further analyzed the expression of CXCL5, CXCL9,
and CXCL10 in various immune cells. According to an
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CEA, (P25,P75)
1.84 (0.85,4.56)**
1 (0.5,1.41)

CA199, (P25,P75)
14.99 (7.83,99.45)*
9.52 (5.94,14.67)

analysis of the Database of Immune Cell Expression
(DICE), CXCL5 is highly expressed in immune cells,
including CD4+ and CD8+ T cells and monocytes
(Figure 3A). As shown in Figures 3B, 3C, CXCL9 and
CXCL10 were highly expressed in CD8+ and CD4+ T
cells.
CXCL5, CXCL9, and CXCL10 expression was
correlated with immune infiltration in GC
A recent study showed that overexpression of CXCL5,
CXCL9, and CXCL10 improved the immune function
of cancer patients [13]. Therefore, we investigated
whether CXCL5, CXCL9, and CXCL10 expression
was correlated with immune infiltration levels in GC
using the Tumor Immune Estimation Resource
(TIMER) database. As shown in Figure 4A, expression
of CXCL5, CXCL9, and CXCL10 was significantly
negatively correlated with tumor purity. Expression of
CXCL9 and CXCL10 was positively correlated with
infiltrating levels of CD8+ T cells in stomach
adenocarcinoma. Next, we analyzed the infiltration
levels of different somatic copy number alterations for
CXCL5, CXCL9, and CXCL10. We found
diploid/normal levels of CXCL5, CXCL9, and
CXCL10, despite high expression levels in CD8+ T
cells (Figure 4B).
Low miR-588 expression was significantly associated
with increased GC cell proliferation in vivo and
decreased overall survival in GC patients
We investigated whether miR-588 was involved in
proliferation of CG cells. Nude mice were divided into
three groups: a control group, a vector group, and an
miR-588 overexpression group; mice were injected
subcutaneously (n = 5 per group). Tumor size was
measured every 7 days after injection. Whole tumors
were excised on the 35th day. Resected tumors from the
miR-588 overexpression group were significantly
smaller than those from the control and vector groups
(Figure 5A). RT-PCR analysis revealed significantly
decreased expression of Ki-67 in the miR-588
overexpression group (P < 0.05, Figure 5B), which was
consistent with Ki-67 protein expression determined
using immunohistochemistry (Figure 5C). Furthermore,
there was little distinction between the three groups
after staining with hematoxylin-eosin (Figure 5D). To
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Figure 2. miR-588 as a novel regulator of CXCL5, CXCL9, and CXCL10 expression. (A) Immunohistochemistry of CXCL5, CXCL9, and
CXCL10 expression in gastric tumors and corresponding nontumor adjacent gastric tissues. (B, C) Possible binding sites between miR-588 and
CXCL5 and between miR-588 and CXCL9. (D) RT-PCR analysis of CXCL5, CXCL9, and CXCL10 mRNA relative to a control U6+. The relative level
in MNK28 and SGC7901 cells was arbitrarily designated as 1. Each column represents the mean±SD from three biologic repeats. (E)
Expression of CXCL5, CXCL9, and CXCL10 was examined using western blot analysis after overexpression of miR-588. (F) The cell viability
inhibitory rate was determined using an MTT assay. MNK28 and SGC7901 cells were transfected with GV268-miR-588. (G) Crystal violet assay
was performed to test cell growth after 48 hours of increased expression of miR-588, CXCL5, CXCL9, and CXCL10 in gastric cancer cells. (H)
Metastatic capacity of MNK28 and SGC-7901 cells after 24 and 48 hours of increased expression of miR-588. (I) CXCL5, CXCL9, and CXCL10
focus on the immune response.
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Table 2. Expression of CXCL5/9/10 in gastric cancer and normal tissue samples.
Variables (n=30)
Gastric cancer
Normal
P-value

CXCL5 expression
Low
High
26
4
3
27
<0.001

CXCL9 expression
Low
High
25
5
2
28
<0.001

CXCL10 expression
Low
High
24
6
5
25
<0.001

Statistical analysis was performed with a aχ2 test or bFisher’s exact test.

investigate whether miR-588, CXCL5, CXCL9, and
CXCL10 are associated with prognosis in patients with
GC, we mined the largest-scale survival-related clinical
data sets from Kaplan-Meier Plotter (http://kmplot.com/).

We found that high expression of miR-588, CXCL5,
CXCL9, and CXCL10 was significantly associated
with longer overall survival of GC patients (P < 0.05,
Figures 5E–5H).

Figure 3. Expression of CXCL5, CXCL9, and CXCL10 in immune cells. (A) CXCL5 shows significantly high expression in monocytes, CD4+
T cells, and CD8+ T cells. (B, C) CXCL9 and CXCL10 show significantly high expression in CD4+ T cells and CD8+ T cells.
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DISCUSSION
miRNAs are well known to be involved in the
development and progression of many cancers [13, 14].
Recently, miRNAs have been increasingly identified as
important therapeutic targets in GC [15, 16]. In this
study, we explored the expression, prognosis, and
function of miR-588 in human GC. We found that
expression of miR-588 was downregulated in GC
patients when compared with healthy individuals.

Overexpression of miR-588 decreased proliferation of
GC cell lines SGC7901 and MNK28 and increased the
expression of chemokines CXCL5, CXCL9, and
CXCL10. We also demonstrated that miR-588 plays an
important role in the development and progression of
GC. More specifically, our data suggest that low
expression of miR-588 is a poor prognostic factor in GC
patients. Consistent with our findings, miR-588 has
been reported to be expressed at low levels in lung
squamous cell carcinoma and breast cancer, and this

Figure 4. Correlation between CXCL5, CXCL9, and CXCL10 expression and immune infiltration level in stomach adenocarcinoma
(STAD). (A) CXCL5 expression is negatively correlated with tumor purity, and this correlation is significant. CXCL5 expression is not
significantly correlated with infiltrating levels of CD8+ T cells or CD4+ T cells (n = 415). CXCL9 and CXCL10 expression is negatively correlated
with tumor purity, and this correlation is significant. CXCL9 and CXCL10 expression is positively correlated with infiltrating levels of CD8+ T
cells and CD4+ T cells (n = 415), and this correlation is significant. (B) Significant expression of normal CXCL5, CXCL9, and CXCL10 in CD8+ T
cells.
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low expression was associated with unfavorable patient
prognosis [11, 17]. In contrast, in human prostate cancer
and ovarian cancer, miR-588 was shown to be
overexpressed in tumor cells and tissues [14]. Thus,
miR-588 expression level seems to have different
functions in different pathologic conditions, which may
be a result of tissue- or organ-specific differences.
The CXC chemokine family is a unique group of
cytokines that are known for their distinct abilities
in the regulation of angiogenesis [18]. CXCL5, a

proangiogenic CXC-type chemokine, is also an
inflammatory mediator and a powerful attractant for
granulocytic immune cells [19]. Recently, studies have
demonstrated that CXCL5 expression is correlated with
tumor-derived angiogenesis, tumor growth, and
metastasis [20, 21] and is also highly associated with
inflammatory infiltrates [22]. CXCL9 and CXCL10 are
angiostatic members of the CXC chemokine family that
are induced by both type I interferons (IFN-α and IFNβ) and type II interferons (IFN-γ) [23]. CXCL9 and
CXCL10 were reported to promote tumor suppression

Figure 5. Differential expression of miR-588 was significantly associated with GC cell proliferation in vivo and is a prognostic
markers for GC patient survival (n = 876). (A) High expression of miR-588 significantly inhibited GC cell proliferation in vivo. (B) High
expression of miR-588 significantly downregulated Ki-67 expression in nude mice tumors. (C) Immunohistochemistry analysis of Ki-67
expression in control, vector, and miR-588 overexpression nude mice tumors tissues. (D) Hematoxylin and eosin staining was used for
different groups of nude mice tumors. (E–H) High levels of miR-588, CXCL5, CXCL9, and CXCL10 were associated with prolonged survival of GC
patients.
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by increasing immune cell differentiation, migration,
and activation [24]. Our study revealed that high
expression of CXCL5, CXCL9, and CXCL10 prolonged
GC patient survival. Moreover, we found that CXCL5,
CXCL9, and CXCL10 were highly expressed in CD4+
and CD8+ T cells. CXCL9 and CXCL10 were
positively correlated with CD8+ T cells. Previous
studies have shown that CD4+ and CD8+ T cells
provide protective immunity against tumors [25].
Furthermore, CD8+ T cells have been found to fight
against intracellular pathogens and play a particularly
important role in adaptive immunity of the host by
producing effector cytokines, such as IFN-γ and
TNF-α [26, 27]. Future experiments, particularly in
vivo investigations, are required to elucidate the
effects of miR-588 on tumor-associated immune
infiltration in GC.
In conclusion, our study demonstrated for the first time
that miR-588 upregulated CXCL5, CXCL9, and
CXCL10 expression. This may play a critical role in
promoting tumor-associated immune infiltration,
thereby providing a novel potential approach for GC
treatment.

assay (RIPA) buffer (P0013C, Beyotime) and
centrifugated at 10,000 × g for 10 minutes. Extracted
proteins were then resolved by sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS-PAGE).
Protein blots were incubated with appropriate
antibodies, and protein bands were visualized by
enhanced chemiluminescence (ECL) or ECLPLUS
(Amersham, Piscataway, NJ). The antibodies used were
CXCL5 (D263012-0025, BBI), CXCL9 (ab202961,
Abcam), CXCL10 (D220389-0025, BBI), and
antitubulin (#T8203, Sigma-Aldrich, St. Louis, MO).
The GeneGnome HR system (Syngene, Cambridge,
UK) was used to scan blots.
Culture of SGC7901 and MNK28 cells
The SGC7901 and MNK28 GC cell lines were
purchased from the China Center for Type Culture
Collection (Wuhan, China). Cells were cultured in
RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS) and antibiotics (100 U/mL
streptomycin and 100 U/mL penicillin) at 37° C in a
humidified atmosphere containing 5% CO2.
Real-time reverse transcription polymerase chain
reaction (RT-PCR)

MATERIALS AND METHODS
Exploration of the differentially expressed miRNAs
RNA sequencing (RNA-Seq) data were derived from
the GEO database. There were 112 adjacent normal
tissues and 412 gastric tumor tissues with available
miRNA-Seq. We then used the R and Bioconductor
package of edgeR to explore miRNAs that showed
significantly different expression between normal and
cancer tissues. Differentially expressed miRNAs and
mRNAs are listed in Supplementary Tables 1, 2.
Construction of the endogenous miRNA-mRNA
network
The miRDB (http://www.mirdb.org/), TargetScan
(http://www.targetscan.org/vert_71/), and miRanda
(http://www.targetscan.org/vert/) databases were used to
predict interactions between miRNAs and mRNAs. The
Cytoscape software was used to construct a network of
significantly differentially expressed miRNAs and
mRNAs (miRNA-mRNA network), according to
predicted interactions.

All RT-PCR processes were performed as previously
described [28, 29]. The siRNA and specific miRNA,
CXCL5, CXCL9, CXCL10, Ki-67, U6, and GAPDH
primers were synthesized by Sangon Biotech (Shanghai,
China), as listed in Supplementary Table 3.
MTT assay
SGC7901 and MNK28 cells were seeded on 96-well
plates at a density of 1 × 103 cells/well. Cells were
incubated for 24 hours at 37° C and transfected with an
miR-588 inhibitor (GUUCUAACCCAUUGUGGCCAA;
Sangon Biotech, Shanghai Co., Ltd.), miR-588 mimics
(Sense:UUGGCCACAAUGGGUUAGAAC; Antisense:
UCUAACCCAUUGUGGCCAAUU; Sangon Biotech,
Shanghai Co., Ltd.), GV268-CXCL5, GV268-CXCL9, or
GV268-CXCL10 for 24, 48, 72, and 96 hours.
Subsequently, 10 µL of MTT (5 mg/mL) was added to
each well, and the cells were sequentially cultured at
37° C at 5% CO2 for 3 hours. Dimethyl sulfoxide
(DMSO, 150 µL) was added to each well. Optical density
was determined at 490 nm using a microplate reader
(Bio-Rad Laboratories, Inc., Hercules, CA).

Western blotting
Crystal violet assay
MNK28 cells, SGC7901 cells, MNK28 cells transfected
with GV268-miR-588, and SGC7901 cells transfected
with GV268-miR-588 were harvested. For immunoblotting, cells were lysed by radioimmunoprecipitation
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SGC7901 and MNK28 cells (1 × 105 cells/well) were
transfected with miR-588 mimics, GV268-CXCL5,
GV268-CXCL9, and GV268-CXCL10 and were seeded
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in triplicate on six-well plates. Following 48 hours of
culture at 37° C, culture medium was carefully
removed. After cells were washed gently with 3 mL of
warmed phosphate-buffered saline (PBS; P5368,
Sigma-Aldrich), 750 μL of crystal violet solution
(ECM101, Sigma-Aldrich) were added. Cells were
incubated at room temperature for 10 minutes and then
washed twice with tap water. Finally, the culture plate
was allowed to drain upside down on paper towels
before photographing.
Tissue immunohistochemistry (IHC)
Primary GC tissue samples (n = 30) and corresponding
nontumor adjacent gastric tissue samples (n = 30) were
collected from the Biobank of Zhejiang Cancer
Hospital. Prior to participating, each patient signed an
informed consent sheet. This study was approved by the
Medical Ethics Committee, Zhejiang Medical College.
The immunohistochemical staining kit was purchased
from Beijing Zhongshan Golden Bridge Biotechnology
Co. Ltd. In brief, paraffin sections were successively
deparaffinized, rehydrated, and boiled for antigen
retrieval. Then, a primary CXCL5 (D263012-0025,
BBI), CXCL9 (ab202961, Abcam), or CXCL10
(D220389-0025, BBI) (1:500) was added to each
section for 2 hours at room temperature. After sections
were gently washed three times in PBS, 400 μL of
histochemical polymer enhancer were added for 20
minutes at room temperature. After gently washing
three times in PBS, the secondary antibodies were
added and incubated for 20 minutes, followed by
washing, DAB staining, counterstaining, and mounting.
The nude mice tissue immunohistochemistry was also
performed in this way, and Ki-67 (YM1407,
Immunoway) (1:200) was added to each section.
Hematoxylin-eosin (HE) staining
Nude mice were divided into three groups: a control
group, a vector group, and a miR-588 overexpression
group. The tumor tissue of those groups was used for
HE staining. The HE staining kit was bought from
Beyotime. Procedures were followed according to the
HE staining kit instructions (Beyotime, C0105).
Animal experiments
Six-week-old nude mice (n = 15) were purchased from
SLAC Laboratory Animal Co., Ltd. (Shanghai, China)
and were randomly divided into three groups. SGC7901
cells (1 × 107 cells/mL, control group) infected with
lentivirus vector (1 × 107 cells/mL, vector group) and
SGC7901 cells infected with miR-588 lentivirus (1 ×
107 cells/mL, overexpression group) were injected
subcutaneously on the back of each nude mouse (0.2
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mL). Average tumor volume was measured three times
per week. At the termination of the experiment (on the
35th day), mice were sacrificed and tumors were
excised for volume measurements.
Functional enrichment analysis
Functional enrichment of CXCL5, CXCL9, and
CXCL10
was
analyzed
using
FunRich
(http://www.funrich.org/). FunRich is a stand-alone
software tool for functional enrichment and interaction
network analysis of genes and proteins. The analysis
results can be depicted graphically using Venn, bar,
column, pie, and doughnut charts. The FunRich
database currently supports the enrichment analysis of
the following categories: biologic processes, cellular
components, molecular functions, protein domains,
biologic pathways, transcription factors, and clinical
synopsis phenotypic terms.
Upregulation of miR-588 GC stable strains
The miR-588 upregulation lentivirus was constructed by
GeneChem (Shanghai GeneChem Co., Ltd.). MNK28
and SGC7901 cells were seeded in six-well plates (2 ×
105 cells/well) and were cultured in RPMI-1640
medium supplemented with 10% FBS at 37° C for 16 to
24 hours. Then, 20 µL of miR-588 lentivirus and 3 µL
of polybrene (Solarbio, H8761) were added to each well
and incubated for 16 hours. Culture medium was
carefully removed from wells, and cells were cultured
in RPMI-1640 medium supplemented with 10% FBS.
After 48 hours, MNK28 and SGC7901 cells were
cultured in RPMI-1640 medium containing 10% FBS
and 10 mg/mL of neomycin (Sigma-Aldrich, CAS:
1404-04-2). MNK28 and SGC7901 cells were cultured
in RPMI-1640 medium containing 10% FBS and 2
mg/mL of neomycin. The culture medium was changed,
with neomycin added, every 3 days.
Transwell migration assay
Matrigel was diluted 1:8 (BD Matrigel, 354234) and used
to coat the upper chamber surface of the bottom
membrane of the Transwell chamber (Corning, 3412).
MNK28 and SGC7901 cells were cultured in RPMI-1640
medium without FBS. After 24 hours, MNK28 and
SGC7901 cells were seeded (5 × 105 cells/well) into a
Transwell chamber for 24 and 48 hours, respectively. The
Transwell chamber was removed, and the culture
medium was discarded. The chamber was washed twice
with calcium-free PBS, fixed with methanol for 30
minutes, and allowed to dry. Cells were stained with
0.1% crystal violet for 20 minutes, after which the upper
nonmigrated cells were gently wiped off with a cotton
swab, and remaining cells were washed three times with
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PBS. Cells were immediately observed in three fields
under 100× magnification and then counted.
miRNA-target interactions
miRWalk is an improved version of the previous
database. It stores the predicted data obtained with a
machine learning algorithm, including experimentally
verified miRNA-target interactions [30].
Database of immune cell expression
The Database of Immune Cell Expression (DICE;
https://dice-database.org/landing)
identified
the
expression quantitative trait loci for a total of 12,254
unique genes, which represent 61% of all proteincoding genes that are expressed across different cell
types. Strikingly, a large fraction of these genes (41%)
showed a strong cis-association with genotype only in a
single cell type. DICE also showed that biologic sex is
associated with major differences in immune cell gene
expression in a highly cell-specific manner.

Statistical analysis
The statistical analyses were performed using SPSS
19.0 software (IBM, Armonk, NY). Differences
between groups were compared using student’s t test,
and all data were presented as mean ± SD. P < 0.05 was
considered statistically significant.

AUTHOR CONTRIBUTIONS
YY C designed and performed the experiments,
analyzed the data and prepared the figures. JZ
and WG G assisted crystal violet assay, tissue
immunohistochemistry (IHC) and hematoxylin-eosin
(HE) staining experiments. WM D assisted with cell
culture, RT-PCR and analyzed the data. XH X assisted
with animal experiments. SX X conceived, directed and
supervised the study. YY C and SX X wrote the
manuscript. All co-authors critically reviewed the
manuscript.

CONFLICTS OF INTEREST

TIMER database analysis

The authors declare no conflicts of interest.

TIMER (https://cistrome.shinyapps.io/timer/) is a
comprehensive resource for systematic analysis of
immune infiltrates across different types of cancer. It
infers the abundance of tumor-infiltrating immune cells
from gene expression profiles. Across 32 cancer types,
there are 10,897 samples in the TIMER database that
are used to estimate immune infiltrates. Gene
expression levels are displayed with log2 RSEM.
Somatic copy number alterations (SCNAs) in the
TIMER database are defined by GISTIC 2.0, including
deep deletion (–2), arm-level deletion (–1),
diploid/normal (0), arm-level gain (1), and high
amplification (2). Box plots are presented to show the
distributions of each immune subset at each copy
number status in selected cancer types. The infiltration
level for each SCNA category is compared with normal,
using the two-sided Wilcoxon rank sum test.

FUNDING
This work was supported by Zhejiang province public
welfare technology application research project
(2019310471) and Zhejiang province public welfare
technology application research project (2020362827).

REFERENCES
1.

Cheng J, Guo JM, Xiao BX, Miao Y, Jiang Z, Zhou H, Li
QN. piRNA, the new non-coding RNA, is aberrantly
expressed in human cancer cells. Clin Chim Acta. 2011;
412:1621–25.
https://doi.org/10.1016/j.cca.2011.05.015
PMID:21616063

2.

Cai W, Chen G, Luo Q, Liu J, Guo X, Zhang T, Ma F, Yuan
L, Li B, Cai J. PMP22 regulates self-renewal and
chemoresistance of gastric cancer cells. Mol Cancer
Ther. 2017; 16:1187–98.
https://doi.org/10.1158/1535-7163.MCT-16-0750
PMID:28336807

3.

Van Cutsem E, Sagaert X, Topal B, Haustermans K,
Prenen H. Gastric cancer. Lancet. 2016; 388:2654–64.
https://doi.org/10.1016/S0140-6736(16)30354-3
PMID:27156933

4.

Allemani C, Matsuda T, Di Carlo V, Harewood R, Matz
M, Nikšić M, Bonaventure A, Valkov M, Johnson CJ,
Estève J, Ogunbiyi OJ, Azevedo E Silva G, Chen WQ,
et al, and CONCORD Working Group. Global

Overall survival
Overall survival (OS) was calculated using the KaplanMeier
Plotter
(http://www.kmplot.com),
which
evaluates the impact of 54,675 genes on survival time of
cancer patients. A total of 10,188 cancer samples were
analyzed using the Kaplan-Meier Plotter, including
1,648 ovarian, 4,142 breast, 1,065 gastric cancer, and
2,437 lung sample microarray expression profiles [5]. In
this study, we analyzed the effect of miR-588, CXCL5,
CXCL9, and CXCL10 (high vs. low expression) on OS
of GC patients using a log-rank P value and a hazard
ratio (HR) with 95% confidence intervals (CIs).

www.aging-us.com

2110

AGING

surveillance of trends in cancer survival 2000-14
(CONCORD-3): analysis of individual records for 37 513
025 patients diagnosed with one of 18 cancers from
322 population-based registries in 71 countries.
Lancet. 2018; 391:1023–75.
https://doi.org/10.1016/S0140-6736(17)33326-3
PMID:29395269
5.

Liu SP, Fu RH, Yu HH, Li KW, Tsai CH, Shyu WC, Lin SZ.
MicroRNAs regulation modulated self-renewal and
lineage differentiation of stem cells. Cell Transplant.
2009; 18:1039–45.
https://doi.org/10.3727/096368909X471224
PMID:19523330

6.

Musilova K, Mraz M. MicroRNAs in B-cell lymphomas:
how a complex biology gets more complex. Leukemia.
2015; 29:1004–17.
https://doi.org/10.1038/leu.2014.351
PMID:25541152

7.

Eyking A, Reis H, Frank M, Gerken G, Schmid KW, Cario
E. MiR-205 and MiR-373 are associated with aggressive
human mucinous colorectal cancer. PLoS One. 2016;
11:e0156871.
https://doi.org/10.1371/journal.pone.0156871
PMID:27271572

8.

9.

Nielsen BS, Jørgensen S, Fog JU, Søkilde R, Christensen
IJ, Hansen U, Brünner N, Baker A, Møller S, Nielsen HJ.
High levels of microRNA-21 in the stroma of colorectal
cancers predict short disease-free survival in stage II
colon cancer patients. Clin Exp Metastasis. 2011;
28:27–38.
https://doi.org/10.1007/s10585-010-9355-7
PMID:21069438
Calin GA, Croce CM. MicroRNA-cancer connection:
the beginning of a new tale. Cancer Res. 2006;
66:7390–94.
https://doi.org/10.1158/0008-5472.CAN-06-0800
PMID:16885332

10. Shrestha S, Hsu SD, Huang WY, Huang HY, Chen W,
Weng SL, Huang HD. A systematic review of microRNA
expression profiling studies in human gastric cancer.
Cancer Med. 2014; 3:878–88.
https://doi.org/10.1002/cam4.246 PMID:24902858
11. Qian L, Lin L, Du Y, Hao X, Zhao Y, Liu X. MicroRNA-588
suppresses tumor cell migration and invasion by
targeting GRN in lung squamous cell carcinoma. Mol
Med Rep. 2016; 14:3021–28.
https://doi.org/10.3892/mmr.2016.5643
PMID:27571908
12. Shen J, Wang D, Gregory SR, Medico L, Hu Q, Yan L,
Odunsi K, Lele SB, Ambrosone CB, Liu S, Zhao H.
Evaluation of microRNA expression profiles and their
associations with risk alleles in lymphoblastoid cell

www.aging-us.com

2111

lines of familial ovarian cancer. Carcinogenesis. 2012;
33:604–12.
https://doi.org/10.1093/carcin/bgs008
PMID:22235027
13. Liu Z, Dou C, Yao B, Xu M, Ding L, Wang Y, Jia Y, Li Q,
Zhang H, Tu K, Song T, Liu Q. Ftx non coding RNAderived miR-545 promotes cell proliferation by
targeting RIG-I in hepatocellular carcinoma.
Oncotarget. 2016; 7:25350–65.
https://doi.org/10.18632/oncotarget.8129
PMID:26992218
14. Liu Z, Dou C, Yao B, Xu M, Ding L, Wang Y, Jia Y, Li Q,
Zhang H, Tu K, Song T, Liu Q. Methylation-mediated
repression of microRNA-129-2 suppresses cell
aggressiveness by inhibiting high mobility group box 1
in human hepatocellular carcinoma. Oncotarget. 2016;
7:36909–23.
https://doi.org/10.18632/oncotarget.9377
PMID:27191994
15. Rao M, Zhu Y, Zhou Y, Cong X, Feng L. MicroRNA-122
inhibits proliferation and invasion in gastric cancer by
targeting CREB1. Am J Cancer Res. 2017; 7:323–33.
PMID:28337380
16. Tian SB, Yu JC, Liu YQ, Kang WM, Ma ZQ, Ye X, Yan C.
MiR-30b suppresses tumor migration and invasion by
targeting EIF5A2 in gastric cancer. World J
Gastroenterol. 2015; 21:9337–47.
https://doi.org/10.3748/wjg.v21.i31.9337
PMID:26309359
17. Yu M, Zhang X, Li H, Zhang P, Dong W. MicroRNA-588 is
downregulated and may have prognostic and
functional roles in human breast cancer. Med Sci
Monit. 2017; 23:5690–96.
https://doi.org/10.12659/msm.905126
PMID:29187727
18. Strieter RM, Burdick MD, Mestas J, Gomperts B, Keane
MP, Belperio JA. Cancer CXC chemokine networks and
tumour angiogenesis. Eur J Cancer. 2006; 42:768–78.
https://doi.org/10.1016/j.ejca.2006.01.006
PMID:16510280
19. Begley LA, Kasina S, Mehra R, Adsule S, Admon AJ,
Lonigro RJ, Chinnaiyan AM, Macoska JA. CXCL5
promotes prostate cancer progression. Neoplasia.
2008; 10:244–54.
https://doi.org/10.1593/neo.07976 PMID:18320069
20. Arenberg DA, Keane MP, DiGiovine B, Kunkel SL,
Morris SB, Xue YY, Burdick MD, Glass MC, Iannettoni
MD, Strieter RM. Epithelial-neutrophil activating
peptide (ENA-78) is an important angiogenic factor in
non-small cell lung cancer. J Clin Invest. 1998;
102:465–72.
https://doi.org/10.1172/JCI3145 PMID:9691082

AGING

21. Roca H, Jones JD, Purica MC, Weidner S, Koh AJ, Kuo R,
Wilkinson JE, Wang Y, Daignault-Newton S, Pienta KJ,
Morgan TM, Keller ET, Nör JE, et al. Apoptosis-induced
CXCL5 accelerates inflammation and growth of
prostate tumor metastases in bone. J Clin Invest. 2018;
128:248–66.
https://doi.org/10.1172/JCI92466
PMID:29202471
22. Higurashi M, Ohya Y, Joh K, Muraguchi M, Nishimura
M, Terawaki H, Yagui K, Hashimoto N, Saito Y, Yamada
K. Increased urinary levels of CXCL5, CXCL8 and CXCL9
in patients with type 2 diabetic nephropathy. J
Diabetes Complications. 2009; 23:178–84.
https://doi.org/10.1016/j.jdiacomp.2007.12.001
PMID:18413205
23. Belperio JA, Keane MP, Arenberg DA, Addison CL,
Ehlert JE, Burdick MD, Strieter RM. CXC chemokines in
angiogenesis. J Leukoc Biol. 2000; 68:1–8.
PMID:10914483
24. Tokunaga R, Zhang W, Naseem M, Puccini A, Berger
MD, Soni S, McSkane M, Baba H, Lenz HJ. CXCL9,
CXCL10, CXCL11/CXCR3 axis for immune activation - a
target for novel cancer therapy. Cancer Treat Rev.
2018; 63:40–47.
https://doi.org/10.1016/j.ctrv.2017.11.007
PMID:29207310
25. Martin-Orozco N, Muranski P, Chung Y, Yang XO,
Yamazaki T, Lu S, Hwu P, Restifo NP, Overwijk WW,
Dong C. T helper 17 cells promote cytotoxic T cell
activation in tumor immunity. Immunity. 2009;
31:787–98.

www.aging-us.com

2112

https://doi.org/10.1016/j.immuni.2009.09.014
PMID:19879162
26. Zhang N, Bevan MJ. CD8(+) T cells: foot soldiers of the
immune system. Immunity. 2011; 35:161–68.
https://doi.org/10.1016/j.immuni.2011.07.010
PMID:21867926
27. Yang J, Huck SP, McHugh RS, Hermans IF, Ronchese F.
Perforin-dependent elimination of dendritic cells
regulates the expansion of antigen-specific CD8+ T cells
in vivo. Proc Natl Acad Sci USA. 2006; 103:147–52.
https://doi.org/10.1073/pnas.0509054103
PMID:16373503
28. Zhong Z, Lv M, Chen J. Screening differential circular
RNA expression profiles reveals the regulatory role of
circTCF25-miR-103a-3p/miR-107-CDK6 pathway in
bladder carcinoma. Sci Rep. 2016; 6:30919.
https://doi.org/10.1038/srep30919 PMID:27484176
29. Chen JJ, Cai WY, Liu XW, Luo QC, Chen G, Huang WF, Li
N, Cai JC. Reverse correlation between MicroRNA-145
and FSCN1 affecting gastric cancer migration and
invasion. PLoS One. 2015; 10:e0126890.
https://doi.org/10.1371/journal.pone.0126890
PMID:26010149
30. Dweep H, Gretz N, Sticht C. miRWalk database for
miRNA-target interactions. Methods Mol Biol. 2014;
1182:289–305.
https://doi.org/10.1007/978-1-4939-1062-5_25
PMID:25055920

AGING

SUPPLEMENTARY MATERIALS
Supplementary Figure

Supplementary Figure 1. Colony number statistics. (A, B) Cell number statistics of increased expression of miR-588, CXCL5, CXCL9, and
CXCL10 in SGC-7901 and MNK28 cells. Each column represents the mean ± SD from three repeats. *P<0.05
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Supplementary Tables
Supplementary Table 1. Down expression.
logFC

AveExpr

t

P.Value

adj.P.Val

B

hsa-miR-623

-1.09057

6.549142

-8.80011

1.67E-13

1.20E-10

20.38652

hsa-miR-508-3p

-1.96046

5.468348

-8.08192

4.53E-12

1.09E-09

17.18135

hsa-miR-588

-1.51453

4.875423

-7.85186

1.30E-11

2.33E-09

16.15907

hsa-miR-455-5p

-1.77742

3.987827

-7.64756

3.30E-11

3.39E-09

15.25431

hsa-miR-506

-2.1418

7.50375

-7.61231

3.87E-11

3.48E-09

15.09856

hsa-miR-127-3p

-1.57303

7.387447

-7.58293

4.43E-11

3.54E-09

14.96879

hsa-miR-26b*

-2.92071

4.143697

-7.5732

4.92E-11

3.54E-09

14.87005

hsa-miR-503

-2.16901

10.67893

-7.45041

8.08E-11

4.47E-09

14.38464

hsa-miR-30a*

-2.13099

10.9922

-7.38044

1.11E-10

5.32E-09

14.07696

hsa-miR-453

-1.71565

4.260195

-7.34927

1.28E-10

5.74E-09

13.94007

hsa-miR-601

-1.03993

6.687393

-7.31241

1.51E-10

6.39E-09

13.77831

hsa-miR-409-3p

-2.65592

5.426687

-7.28234

1.73E-10

6.60E-09

13.64648

hsa-miR-892b

-1.82718

10.63111

-7.26912

1.84E-10

6.60E-09

13.58856

hsa-miR-513a-3p

-2.46485

5.500691

-7.22644

2.23E-10

7.62E-09

13.4017

hsa-miR-186

-1.33433

4.564366

-7.14262

3.25E-10

1.06E-08

13.03538

hsa-miR-650

-1.07283

6.568176

-7.03796

5.20E-10

1.56E-08

12.57935

hsa-miR-216a

-2.58564

5.69957

-6.94177

8.00E-10

2.13E-08

12.16157

hsa-miR-30d

-1.59585

5.345926

-6.92725

8.54E-10

2.19E-08

12.09863

hsa-miR-325

-2.0648

4.616157

-6.82388

1.35E-09

3.04E-08

11.65153

hsa-miR-553

-1.53257

7.672097

-6.7866

1.60E-09

3.48E-08

11.49073

hsa-miR-551a

-1.12015

5.156939

-6.77253

1.70E-09

3.60E-08

11.43008

hsa-miR-675

-1.74128

10.80502

-6.65579

2.86E-09

5.14E-08

10.92835

hsa-miR-604

-2.03553

5.681132

-6.54177

4.73E-09

7.61E-08

10.44075

hsa-miR-221*

-3.09165

2.258321

-6.60084

5.73E-09

8.76E-08

10.30633

hsa-miR-222*

-1.15572

4.151699

-6.35285

1.08E-08

1.58E-07

9.638564

hsa-miR-1228*

-1.21224

6.563631

-6.34919

1.10E-08

1.58E-07

9.623115

hsa-miR-196b

-1.82046

11.12268

-6.33258

1.18E-08

1.67E-07

9.552928

hsa-miR-517a

-1.23927

6.780687

-6.28023

1.49E-08

1.94E-07

9.332261

hsa-miR-542-5p

-1.05102

5.969439

-6.18557

2.24E-08

2.74E-07

8.934774

hsa-miR-769-5p

-1.30587

6.19839

-6.15676

2.54E-08

3.05E-07

8.814213

hsa-miR-21

-1.31064

5.477165

-6.11344

3.07E-08

3.44E-07

8.633332

hsa-miR-491-5p

-1.32198

5.069569

-5.99578

5.09E-08

5.30E-07

8.144448

hsa-miR-517*

-1.10105

5.229021

-5.96219

5.87E-08

6.03E-07

8.005535

hsa-miR-509-3p

-1.17908

6.749489

-5.95705

6.01E-08

6.08E-07

7.984289

hsa-miR-144*

-1.31969

3.173495

-5.89589

7.80E-08

7.48E-07

7.732229

hsa-miR-452*

-1.09049

4.566291

-5.86796

8.78E-08

7.99E-07

7.617484

hsa-miR-31*

-1.00541

7.504884

-5.85594

9.24E-08

8.31E-07

7.568151

hsa-miR-17*

-2.28738

5.324781

-5.82977

1.06E-07

9.10E-07

7.438949

hsa-miR-889

-1.27726

6.011166

-5.78654

1.24E-07

1.00E-06

7.284147

hsa-miR-641

-1.17182

4.597678

-5.56242

3.18E-07

2.27E-06

6.37683

hsa-miR-136

-1.07475

5.742556

-5.54811

3.38E-07

2.36E-06

6.319435
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hsa-miR-626

-1.66122

3.141684

-5.48325

4.42E-07

2.97E-06

6.060112

hsa-miR-616*

-1.10678

3.661107

-5.32404

8.53E-07

5.07E-06

5.42954

hsa-miR-568

-1.01959

4.705985

-5.27816

1.03E-06

6.01E-06

5.249448

hsa-miR-328

-1.16737

4.191332

-5.16799

1.61E-06

8.63E-06

4.820174

hsa-miR-627

-1.08764

6.456891

-5.13898

1.81E-06

9.49E-06

4.7079

hsa-miR-30c-1*

-1.07413

3.824865

-4.9727

3.52E-06

1.67E-05

4.070582

hsa-miR-422a

-1.05932

11.97417

-4.69587

1.04E-05

4.45E-05

3.034844

hsa-let-7b*

-1.35315

6.756759

-4.66151

1.19E-05

5.02E-05

2.908596

hsa-miR-577

-1.01248

6.601072

-4.50947

2.12E-05

8.07E-05

2.356545

hsa-miR-595

-1.0686

6.970834

-4.34129

3.98E-05

0.000137

1.758789

hsa-miR-888

-1.03496

3.918741

-4.25547

5.46E-05

0.00018

1.459191

hsa-miR-548d-5p

-1.21374

-0.2145

-2.5778

0.012949

0.02357

-3.32941
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Supplementary Table 2. Up expression.
logFC

AveExpr

t

P.Value

adj.P.Val

B

hsa-miR-99a

1.152462

5.258632

8.153983

3.25E-12

1.09E-09

17.5022

hsa-miR-944

1.406563

5.652367

7.773946

1.85E-11

2.57E-09

15.81363

hsa-miR-142-3p

1.283312

6.458629

7.741617

2.15E-11

2.57E-09

15.67043

hsa-miR-628-3p

1.526372

4.249315

7.500179

6.84E-11

4.47E-09

14.54973

hsa-miR-199a-3p

1.952701

9.107736

7.450222

8.09E-11

4.47E-09

14.38383

hsa-miR-550

1.005675

6.915845

7.117143

3.64E-10

1.14E-08

12.92424

hsa-miR-132

1.356283

6.808491

6.999866

6.17E-10

1.77E-08

12.41373

hsa-miR-129-5p

1.30892

7.086793

6.968717

7.09E-10

1.96E-08

12.27848

hsa-miR-455-3p

1.767636

8.84766

6.90826

9.29E-10

2.30E-08

12.01638

hsa-miR-768-3p_v11.0

1.673263

8.871763

6.887743

1.02E-09

2.44E-08

11.92757

hsa-miR-187

1.835561

5.045098

6.863398

1.19E-09

2.76E-08

11.78192

hsa-miR-205

1.018429

5.259305

6.738202

1.98E-09

3.95E-08

11.28231

hsa-miR-760

1.063167

4.859941

6.737875

1.99E-09

3.95E-08

11.2809

hsa-miR-1234

1.947934

9.551287

6.732652

2.03E-09

3.95E-08

11.25843

hsa-miR-372

1.1028

6.158762

6.699907

2.35E-09

4.33E-08

11.11769

hsa-miR-129*

1.761261

9.501502

6.540045

4.76E-09

7.61E-08

10.43339

hsa-miR-219-1-3p

1.009744

5.691691

6.535262

4.87E-09

7.61E-08

10.41299

hsa-miR-10a*

1.866967

9.511416

6.459305

6.80E-09

1.02E-07

10.08968

hsa-miR-218-2*

1.043867

4.052268

6.297851

1.38E-08

1.87E-07

9.406468

hsa-let-7d*

1.30925

5.41073

6.124393

2.92E-08

3.34E-07

8.679042

hsa-miR-296-5p

1.077886

6.445517

5.875889

8.49E-08

7.99E-07

7.650031

hsa-miR-549

1.424454

7.587812

5.832339

1.02E-07

8.96E-07

7.471418

hsa-miR-383

1.014069

5.731851

5.814298

1.10E-07

9.33E-07

7.397583

hsa-miR-377

1.293892

5.21971

5.787812

1.23E-07

1.00E-06

7.289353

hsa-miR-504

1.008071

7.159726

5.761861

1.38E-07

1.10E-06

7.183509

hsa-miR-542-3p

1.692321

4.628916

5.756239

1.41E-07

1.10E-06

7.160603

hsa-miR-767-5p

1.224601

6.425277

5.728546

1.59E-07

1.21E-06

7.04792

hsa-miR-493

1.294646

5.647842

5.707468

1.73E-07

1.31E-06

6.962302

hsa-miR-629*

1.151874

7.739722

5.694919

1.83E-07

1.37E-06

6.911395

hsa-miR-369-5p

1.440635

3.504745

5.65163

2.19E-07

1.61E-06

6.736149

hsa-miR-130b*

1.160195

7.012859

5.626336

2.44E-07

1.75E-06

6.634021

hsa-miR-106a*

1.539118

7.654099

5.419566

5.76E-07

3.69E-06

5.806832

hsa-miR-326

1.319038

6.914494

5.417691

5.80E-07

3.69E-06

5.799397

hsa-miR-24-1*

1.016383

6.166835

5.410885

5.97E-07

3.70E-06

5.772413

hsa-miR-31

1.255649

2.166106

5.355559

7.66E-07

4.67E-06

5.538449

hsa-miR-323-3p

1.063336

4.667848

5.241296

1.20E-06

6.82E-06

5.105311

hsa-miR-758

1.299205

8.159182

5.227575

1.26E-06

7.04E-06

5.051789

hsa-miR-523

1.006537

4.841865

5.224428

1.28E-06

7.08E-06

5.039526

hsa-miR-7-2*

1.467803

3.238004

5.152703

1.74E-06

9.29E-06

4.748298

hsa-miR-22*

1.311184

7.680631

4.934871

4.09E-06

1.88E-05

3.927151

hsa-miR-541

1.072879

2.5879

4.645014

1.28E-05

5.33E-05

2.841068

hsa-miR-550*

1.048043

7.126609

4.58089

1.62E-05

6.46E-05

2.61454

hsa-miR-448

1.19898

6.074344

4.563634

1.73E-05

6.82E-05

2.551986
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hsa-miR-384

1.02845

3.17483

4.500897

2.19E-05

8.29E-05

2.325754

hsa-miR-610

1.201362

6.763803

4.467241

2.49E-05

9.32E-05

2.205161

hsa-miR-27b*

1.119525

1.796291

4.457214

2.72E-05

9.91E-05

2.147479

hsa-miR-145*

1.008986

7.176582

4.378614

3.47E-05

0.000122

1.890239

hsa-miR-374a*

1.042186

3.579827

4.305475

4.59E-05

0.000155

1.629225

hsa-miR-567

1.202223

4.261043

4.293175

4.76E-05

0.000159

1.590344

hsa-miR-195

1.182474

5.967

4.291625

4.78E-05

0.000159

1.584941

hsa-miR-877

1.178657

7.247811

3.875256

0.000212

0.000618

0.179076

hsa-miR-940

1.370201

6.917529

3.799314

0.000276

0.000778

-0.06687

hsa-miR-941

1.329929

4.235937

3.775977

0.000299

0.000833

-0.14177

hsa-miR-494

1.111857

6.198712

3.674789

0.000421

0.001147

-0.46275

hsa-miR-218-1*

1.08959

5.10152

3.626263

0.000496

0.00133

-0.61447

hsa-miR-220c

1.440638

2.012449

3.453163

0.000875

0.002201

-1.14369

hsa-miR-1226*

1.029277

6.380164

3.420158

0.000974

0.002415

-1.24242

hsa-miR-100

1.054828

7.212845

3.386523

0.001085

0.002662

-1.34231

hsa-miR-484

1.142778

6.841757

3.338582

0.001264

0.00298

-1.48339

Supplementary Table 3. Up expression.
miR-588 UP
miR-588 DOWN
CXCL5 UP
CXCL5 DOWN
CXCL9 UP
CXCL9 DOWN
CXCL10 UP
CXCL10 DOWN
U6 UP
U6 DOWN
GAPDH UP
GAPDH DOWN
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5-TTGGCCACAATGGGTTAGAAC-3
5-CAGTGCAGGGTCCGAGGTAT-3
5-TGTAAGTTCTGTGCTGCTGTG-3
5-CTGCGGGATTTCTCTCTTGC-3
5-ATGAGGATGAAAGTGGTGATTGG-3
5-GGTGTTGGTGTTGAATAGAAAGC-3
5-ATGAGGATGAAAGTGGTGATTGG-3
5-GGTGTTGGTGTTGAATAGAAAGC-3
5-CTCGCTTCGGCAGCACATATACT-3
5-ACGCTTCACGAATTTGCGTGTC-3
5-GCGGGGCTCTCCAGAACATC-3
5-TCCACCACTGACACGTTGGC-3
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