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MiR-596 down regulates SOX4 expression and is a potential novel
biomarker for gastric cancer
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Background: Gastric cancer (GC) is one of the most commonly diagnosed malignancies of the human
digestive tract, and currently there is a dearth of effective biomarkers for this disease.

Methods: MiR-598 expression levels were analyzed by the cancer genome atlas (TCGA database) mining
and verified in GC patient plasma using real-time reverse transcription polymerase chain reaction (RT-
PCR) assay. We used the GEPIA and UALCAN databases and immunohistochemistry (IHC) to analyze
SOX4 expression. The MTT assay assessed MINK28 and SGC7901 cell proliferation after transfection
with miR-596 plasmids. The analytical tools, Functional Enrichment Analysis Tool (FunRich), Database of
Immune Cell Expression (DICE) and Tumor IMmune Estimation Resource (TIMER) were used to analyze
correlations between SOX4 and immune responses. Furthermore, a Kaplan Meier plotter database explored
correlations between miR-596, SOX4 and overall patient survival.

Results: Data from TCGA and RT-PCR indicated that miR-598 was lowly expressed in GC patients.
The miRWalk database showed that SOX4 was the target genes of miR-596 and also revealed that miR-
596 bound directly to SOX4. MiR-596 over-expression further depressed GC cell proliferation. In addition,
the FunRich database showed that SOX4 was involved in immune responses, and was further shown to
be differentially expressed in CD4+ T cells by DICE. Specifically, TIMER indicated that high expression
of SOX4 was negatively correlated with infiltrating CD4+ T cells in stomach adenocarcinoma (STAD).
Moreover, high expression of miR-596 and low expression of SOX4 prolonged the overall survival (OS) of
GC patients.

Conclusions: Our study reveals a crucial role for miR-596 in tumor-associated immune infiltration and

predicting prognoses in GC patients.
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treatment (2,3). Thus, it is essential to determine novel GC
biomarkers.
MicroRNAs (miRNAs) are a class of single stranded

Introduction

Gastric cancer (GC) is one of the most commonly

diagnosed malignancies of the human digestive tract, with a
poor prognosis and a five-year survival rate of 20-40% (1).
Currently, patients with early-stage GC receive effective
treatments with curative clinical outcomes, whereas patients

with moderate- or late-stage GC lack effective forms of
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noncoding RNAs, consisting of 19-25 nucleotides (4).
These molecules play critical biological roles in human
pathological and physiological processes, through a
range of molecular mechanisms (5,6). Also, aberrant
miRNA expression leads to a variety of diseases such as

Transl Cancer Res 2020;9(2):1294-1302 | http://dx.doi.org/10.21037/tcr.2020.02.02


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2020.02.02

Translational Cancer Research, Vol 9, No 2 February 2020

cancer, by interacting with 3’-untranslated regions of
target mRNAs, and potentially dysregulating protein
translation (7). Increasing evidence shows that miRNAs
are involved in a variety of biological processes, including
proliferation, apoptosis, migration and differentiation,
which suggests miRNAs are potential and promising
targets for cancer therapeutics (8). Recently, miR-596 was
reported as dysregulated in multiple human cancers, such
as hepatocellular, gastric, cervical and oral cancer (9-12).
In oral cancer, high expression of miR-596 suppresses
tumor cell migration and invasion (12). Similarly, the high
expression of this molecule also contributes to survival
benefits of cervical cancer patients (11). Interestingly,
miR-596 also acts as a tumor suppressor in GC and is
upregulated by promoter demethylation (12). However,
little is known about how miR-596 is associated with
immune infiltration in GC (10).

SOX4 is an essential developmental transcription
factor, and plays a key role in mediating immune cells (13).
Moreover, SOX4 regulates progenitor development, multiple
developmental pathways, and is also associated with several
cancers (14). SOX4 overexpression promotes cell proliferation
in rectal cancer, non-small cell lung cancer and breast cancer
(15-17). Recently, studies have indicated that miR-381, miR-
138, miR-30a-5p, miR-211 and miR-30a-5p inhibit cell
migration and invasion in human GC by down regulating
SOX4 (18-21). In this study, we identified low expression of
miR-596 in GC by analyzing three GC miRNA microarray
datasets, and serum from GC patients. As predicted by
bioinformatics, miR-596 directly targets SOX4 that had
connection with tumor infiltrating immune cells in GC.

Methods
SGF-7901 and MINK28 cell culture

SGC-7901 and MNK28 cells were purchased from the
China Center for Type Culture Collection (Wuhan, China),
and cultured in complete RPMI-1640 medium (R0883,
Sigma-Aldrich) (10% fetal bovine serum (FBS) (FND500,
Thermo Fisher Scientific, USA), 100 U/mL streptomycin
(15140122, Thermo Fisher Scientific) at 37 °C in a
humidified atmosphere containing 5% CO,.

Quantitative real-time PCR and bioinformatic analysis

The analysis of miR-596 expression in real-time qRT-PCR
assay was performed as previously described (18,19). Total
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RINA was extracted using the RNeasy Mini Kit (Qiagen) and
real-time qRT-PCR was performed as previously reported
(18,19). The primers for miRNAs were synthesized by
Sangon Biotech (Shanghai, China). The primers for SOX4
were: 5'-GAGGAGGAAGAGGGTAGACAG-3' and 5'-CA
ACATCAATAACAACAATCACAGG-3'". The primers
for miR-596 were: 5'-AAGCCTGCCCGGCTC-3" and
5'-CAGTGCAGGGTCCGAGGTAT-3". The primers for
U6 were: 5'-CTCGCTTCGGCAGCACATATACT-3" and
5'-ACGCTTCACGAATTTGCGTGTC-3'". The following
parameters were used: 95 °C for 3 min followed by 39 cycles
of 95 °C for 10 s, and 60 °C for 30 s. The relative expression
levels of miR-596 were normalized to the internal control,
U6 using the 27**“* cycle threshold method.

Cell transfection and cell proliferation assay

PEGFP-N1-miR-596 and an empty PEGFP-N1 (NC) were
purchased from Shanghai Genechem Co. Ltd. SGC-7901
and MNK28 cells were seeded 1x10° in 6-well culture plates
(657160, Corning, NYK, USA) and transfected PEGFP-
N1-miR-596 and Empty PEGFP-N1 with Lipofectamine
2000 Reagent (Invitrogen, Carlsbad, CA, USA) following
manufacturer’s instructions. SGC-7901 and MINK28 cells
were also seeded in 96-well culture plates (3690, Corning,
NYC, USA) at a density of 1x10* cells/ml in complete RPMI.
Following incubation for 24 h at 37 °C, cells were transfected
with PEGFP-N1-miR-596 for 12, 24 and 48 h. After these
periods, 5 mg/mL MTT (10 pL) was added to each well,
and cells were further incubated at 37 °C for 3 hours. Then,
DMSO (150 pL) was added to each well, and the optical
density was determined at 490 nm using a microplate reader
(Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Tissue immunobistochemistry (IHC)

Primary GC tissue and corresponding non-tumor-adjacent
gastric tissue 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 SOX4 antibody (Invitrogen) (1:1,000)
was added to each section for 2 h at room temperature.
After sections were gently washed three times in PBS,
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400 pL histochemical polymer enhancer was added for
20 minutes at room temperature. After gently washing three
times in PBS, the secondary antibodies were added and
incubated for 20 min, followed by washing, DAB staining,
counterstaining, and mounting.

Exploration of differentially expressed miRNASs

RNA sequencing (RNA-Seq) data were derived from gene
expression omnibus (GSE23739). We analyzed 112 adjacent
normal tissues and 412 gastric tumor tissues, with available
miRNASeqs. We explored differentially and significantly
expressed miRNAs between normal and cancer tissue using
R package version 0.10.2.1 for R statistics software. By
analyzing miRNA differential expression, we identified miR-
596. Heatmap is plotted using pheatmap R package (version
0.7.7). The source code of pheatmap package was slightly
modified to improve the layout and to add some features.

Functional enrichment analysis

SOX4 and target gene functional enrichment were analyzed
by FunRich (http://www.funrich.org/). FunRich is a
stand-alone software tool for the functional enrichment
and interaction network analysis of genes and proteins.
Results can be depicted by Venn, bar, column, pie and
doughnut charts. The FunRich database currently supports
enrichment analysis of the following: biological processes,
cellular components, molecular functions, protein domains,
biological pathways, transcription factors and clinical
synopsis phenotypic terms. In this study, we imported the
name of SOX4 into the gene enrichment component of
FunRich software, and analyzed its biological functions.

MiRNA-target interactions

MiRWalk is an improved version of the previous database,
and stores predicted data obtained with a machine learning

algorithm, including experimentally verified miRNA-target
interactions (PMID: 25055920).

Database of immune cell expression

The DICE (https://dice-database.org/landing) (Database
of Immune Cell Expression, Expression quantitative trait
loci (eQTLs) and Epigenomics) identifies the expression
quantitative trait loci for 12,254 unique genes, which
represents 61% of all protein-coding genes expressed in
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different cell types. Strikingly, a large fraction (41%) of
these genes shows strong cis-associations with genotypes
in a single cell type. It also shows that biological sex is
associated with major differences in immune cell gene
expression in a highly cell-specific manner. In this study, we
analyzed SOX4 expression in different immune cells.

Tumor IMmune Estimation Resource (TIMER) analysis

TIMER (https://cistrome.shinyapps.io/timer/) is a
comprehensive resource for the systematic analysis of
immune infiltrates across different cancer types. 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 estimate immune
infiltrates. SOX4 expression levels in GC patients (n=415)
were displayed using log2 RSEM.

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 show the distribution of each
immune subset at each copy number status, in selected
cancer types. The infiltration level for each SCNA category
is compared with the normal, using two-sided Wilcoxon
rank sum tests. In this study, we analyzed various SOX4
mutations in different immune cells.

Survival analysis

Overall survival (OS) was calculated using the Kaplan-
Meier (KM) Plotter (http://www.kmplot.com) database,
which evaluates the impact of 54,675 genes on survival time
of cancer patients. Approximately 10,188 cancer samples
were analyzed in this program, including 1,648 ovarian,
4,142 breast, 1,065 GC and 2,437 lung sample microarray
expression profiles. We also analyzed the effects of miR-596
[high (n=299) vs. low (n=132) expression] on the OS of GC
patients, using a log-rank P-value and a hazard ratio (HR),
with 95% confidence intervals (CI).

The Biomedical Informatics Institute (http://bioinfo.
henu.edu.cn/Index.html) studies human cancers, genetic
diseases and the development of biomedical databases/
software using high-throughput and high dimension data.
The goal of this database is to molecularly subtype diseases,
and prognostic markers, and evaluates the impact of 54,675
genes on survival time of cancer patients. In this study,
we analyzed the effects of SOX4 differential expression
[high (n=826) vs. low (n=277) expression] on the OS of GC
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Figure 1 Low expression of miR-596 in GC. (A) Heatmap of miRNA differential expression in GC; ascending normalized expression levels

are colored from green to red. (B) RT-PCR analysis of miR-596 levels in serum from GC patients (n=20), when compared with healthy
individuals (n=18). Expression levels were normalized to U6. ROC curve of miR-596. (P<0.05). (C) High CEA and CA19-9 expression levels
in serum samples from GC patients. ROC curve analysis of CEA and CA19-9 (P<0.05). GC, gastric cancer; CEA, carcinoembryonic antigen;

CA19-9, carbohydrate antigen 199.

patients, with a log-rank P value and hazard ratio (HR).

Statistical analysis

Statistical analyses were performed using SPSS 19.0
software (IBM, Armonk, NY, USA). Differences between
groups were compared using median analysis, and all
data were presented as the median. P values <0.05 were
considered statistically significant.

Results
MiR-596 is under expressed in GC patients

We performed a genome-wide screen in blood samples from
GC patients and identified a series of abnormally expressed
miRNAs (over-expressed or under-expressed) (Figure 1A).
We then analyzed miR-596 serum expression levels and two
gastrointestinal cancer markers carcinoembryonic antigen
(CEA) and carbohydrate antigen 199 (CA19-9) in GC
patients and healthy individuals. We observed that CEA
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and CA19-9 serum expression was higher, while miR-596
expression was lower in GC patients when compared to
healthy individuals (Figure 1B,C). We also compared the area
under curve of miR-596 with CEA and CA19-9 and found
that miR-596 generated higher sensitivity and specificity.

SOX4 is bighly expressed in GC

We analyzed the UALCAN and GEPIA databases and found
that SOX4 expression was higher in primary gastric tumor
samples, when compared to normal samples (Figure 2A4,B).
After this, we analyzed 10 pairs of gastric tumor tissues and
corresponding adjacent non-tumor gastric tissues to verify
SOX4 expression levels. IHC staining showed that SOX4
was abundantly and uniformly expressed in tumor samples,
but was significantly down-regulated in all adjacent non-
tumor gastric tissues (Figure 2C).

MiR-596 negatively regulates SOX4 expression

The interaction between miR-596 and SOX4 was also
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(n) =415; normal (n) =34] and GEPIA databases [tumor (n) =408; normal (n) =211]. (C) SOX4 immunohistochemistry in gastric tumor and

adjacent non-tumor gastric tissue. ¥, P<0.05. GC, gastric cancer.

investigated. From the miRWalk database, miR-596 bound
directly to the 1881-1887 base pair site of SOX4 (Figure 34).
RT-PCR analysis revealed that SOX4 expression was
significantly decreased in PEGFP-N1-miR-596 transfected
MNK28 and SGC7901 cells, when compared with NC
transfected cells (P<0.05, Figure 3B). And then, MTT assay
showed that the proliferation ability of over-expression of
miR-596 in MNK28 and SGC-7901 cells was significantly
reduced on 12, 24 and 48 h compared with that of the
control cells (Figure 3C).

SOX4 is bighly expressed in CD4+ T cells

Next, we analyzed SOX4 target genes using string
(Figure 44). Functional enrichment analysis in the FunRich

© Translational Cancer Research. All rights reserved.

database showed that SOX4 function and target genes were
mainly focused on interleukin 5 (IL5) mediated signaling (Figure
4B). We also analyzed SOX4 expression in several immune cells;
according to the DICE database, SOX4 was highly expressed in
CD8+ T and CD4+ T cells (P=0.005, Figure 4C,D).

SOX4 expression is corvelated with immune infiltration in GC

We investigated whether SOX4 expression was correlated
with immune infiltration levels in GC, using the TIMER
database. As shown (Figure 5A4), SOX4 expression was
significantly positively correlated with tumor purity in
STAD, and negatively correlated with CD8+ T and CD4+
cells. We also investigated infiltration levels of different

somatic copy number alterations for SOX4, and found

Transl Cancer Res 2020;9(2):1294-1302 | http://dx.doi.org/10.21037/tcr.2020.02.02



Translational Cancer Research, Vol 9, No 2 February 2020

A miR-596

SOX4

Position

B = Control
=2 miR-596

_L _k
Q o
*

Amount of miR-596 and SOX4
relative to U6" RNA in MKN28
o
o

miR-596 SOXx4

0
&

—NC
miR-596

*x

-
o
1

Relative MNK-28 proliferation
o
C

0 T T T T
Time() O 12 24 48

1881-1887 bp

1299

3'UTR of SOX4 5'..UUUACACUUCAAUCUGCAGGCUU...

miR-596 3 GGGCUCCUCGGCCCGUCCGAA
= Control
B miR-596
2.07
< é .
3% ——
(f) —T
-3 1.5
S0
© £ »
D —
85 10
oo
=
%3
b= o 05
>0
=
<g o : .
miR-596 SOX4
< 207
Ke] -
® .
Q
5 15
o
5 *
'0‘7. 1.0
Q
O] .
@
2 o059
®
[0}
o
0 T T T T
Time() O 12 24 48
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diploid/normal SOX4 was significantly highly expressed in
CD8+ T and CD4+ T cells (Figure 5B).

MiR-596 and SOX4 are connected with GC patient survival

Based on the Kaplan-Meier Plotter database, miR-596
and SOX4 were assessed for associations with GC patient
prognoses. We observed that high levels of miR-596 expression
and low SOX4 expression levels were significantly associated

with a longer OS in GC patients (Figure 6A,B).

Discussion

MiRNAs are accepted as important noncoding RNAs, and
are involved in the development and progression of several
cancers (22). Recently, increasing numbers of miRNAs have

© Translational Cancer Research. All rights reserved.

been identified as important GC therapeutic targets (23).
In this study, we explored the expression, prognosis, and
function of miR-596 in GC patients, and found that miR-
596 was down-regulated in these patients, when compared
to healthy individuals. MiR-596 overexpression decreased
SOX4 expression. In addition, miR-596 was confirmed
as playing an important role in GC development and
progression, such that low expression could lead to poor
prognoses in GC patients. In agreement with our data/
results, miR-596 was under-expressed in hepatocellular,
cervical and oral cancer, and was associated with an
unfavorable prognosis in hepatocellular, cervical and oral
patient groups (12). A recent study reported that miR-596
also acts as a tumor suppressor in GC and is upregulated by
promoter demethylation. However, the precise mechanism
whereby miR-596 is implicated in GC requires further
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Figure 4 SOX4 expression in immune cells. (A) Target genes of SOX4. (B) SOX4 and target genes focus on the immune response. (C,D)

SOX4 is highly expressed in CD4+ T and CD8+ T cells.

exploration.

Recently studies have indicated that SOX4 overexpression
plays important roles in multiple cancers (14). SOX4
activation contributes to prostate cancer prognosis and
progression (15). The miR-138/SOX4 axis is involved
in sorafenib mediated reverse sorafenib induced changes
in cholangiocarcinoma cell apoptosis and viability (24).
Moreover, high expression of SOX4 is associated with poor
clinical outcomes in colon cancer and acute lymphoblastic
leukemia (ALL) patients (25). In this study, miR-596
appeared to downregulate SOX4 expression, with significant
negative correlations for SOX4 with CD8+ T and CD4+
cells in GC patients. Thus, miR-596 high expression and

© Translational Cancer Research. All rights reserved.

SOX4 low expression were significantly associated with a
longer OS in GC patients. Our preliminary results have
uncovered negative regulatory correlations between miR-
596 and SOX4 in GC, however the precise mechanisms
whereby miR-596 mediates SOX4 expression requires
further exploration.

Conclusions

We show that miR-596 is a negative regulator of SOX4.
As predicted by bioinformatics, miR-596 directly targets
SOX#4 that had connection with tumor infiltrating immune
cells in GC.
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