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Gastric cancer (GC) is a complex disease influenced by
multiple genetic and epigenetic factors. Chronic inflammation
caused by Helicobacter pylori infection and dietary risk factors
can result in the accumulation of aberrant DNA methylation
in gastric mucosa, which promotes GC development. Tensin 4
(TNS4), a member of the Tensin family of proteins, is localized
to focal adhesion sites, which connect the extracellular matrix
and cytoskeletal network. We identified upregulation of TNS4
in GC using quantitative reverse transcription PCR with 174
paired samples of GC tumors and adjacent normal tissues.
Transcriptional activation of TNS4 occurred even during the
early stage of tumor development, TNS4 depletion in GC cell
lines that expressed high to moderate levels of TNS4, i.e.,
SNU-601, KATO Ill, and MKN74, reduced cell proliferation
and migration, whereas ectopic expression of TNS4 in those
lines that expressed lower levels of TNS4, i.e., SNU-638,
MKN1, and MKN45 increased colony formation and cell
migration. The promoter region of TNS4 was hypomethylated
in GC cell lines that showed upregulation of TNS4. We also
found a significant negative correlation between TNS4
expression and CpG methylation in 250 GC tumors based on

The Cancer Genome Atlas (TCGA) data. This study elucidates
the epigenetic mechanism of TNS4 activation and functional
roles of TNS4 in GC development and progression and
suggests a possible approach for future GC treatments.
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INTRODUCTION

Gastric cancer (GC) is a complex heterogeneous disease
that is influenced by a variety of genetic, epigenetic, and
environmental factors (Lim et al., 2016). The most import-
ant risk factors for GC are Helicobacter pylori infection and
certain diet-related behaviors, such as a high salt intake, both
of which cause a long-term inflammatory response (Crew
and Neugut, 2006). Traditionally, GC is histologically divided
into two types, intestinal- and diffuse-type GC, according
to Lauren’s classification (Lauren, 1965). Intestinal-type GCs
originate from gastric mucosal cells that are characterized by
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well-differentiated glandular structures and develop through
well-characterized sequential pathological stages such as
chronic gastritis, atrophy, intestinal metaplasia, and dysplasia
(Yuasa, 2003). Diffuse-type GCs are characterized by poorly
differentiated growth without clear precancerous stages and
are associated with aggressive tumor growth and poor prog-
nosis (Chiaravalli et al., 2012). Recently, The Cancer Genome
Atlas (TCGA) network investigated the exome sequence,
copy number alterations, gene expression, DNA methylation,
and protein activity in GC tissues. This resulted in classifying
GCs according to four subtypes: Epstein—Barr virus (EBV)-pos-
itive, microsatellite instability (MSI), genomically stable (GS),
and chromosomal instability (CIN) (Cancer Genome Atlas
Research Network, 2014).

DNA methylation at the fifth position of cytosine (5mC)
is a stable epigenetic mark that plays an important role in
mammalian development, differentiation, and maintenance
of cellular identity through the regulation of gene expression
(Kim and Costello, 2017; Yoon et al., 2018). Changes in DNA
methylation are observed in many human cancers, particu-
larly GC (Ebrahimi et al., 2020). Hypermethylation of tumor
suppressor genes is a major abnormality in EBV-positive GCs
(Kaneda et al., 2012), and aberrant DNA methylation accu-
mulates in the gastric mucosa as a result of chronic inflam-
mation caused by H. pylori infection (Maeda et al., 2017). We
previously reported the hypermethylation of tumor suppres-
sor genes such as LIMS2 (Kim et al., 2006), PRKD1 (Kim et
al., 2008a), DCBLD2 (Kim et al., 2008c), LRRC3B (Kim et al.,
2008b), BVES, and POPDC3 (Kim et al., 2010) in GC.

Here we describe the hypomethylation of Tensin 4 (TNS4).
The Tensin family comprises four members, TNS1, TNS2,
TNS3, and TNS4, all of which are localized to focal adhesion
sites and regulate cell adhesion, migration, proliferation,
differentiation, and tissue development (Liao and Lo, 2021).
TNS4 shares sequence homology with other tensins only in
its C-terminal region, which contains the SH2 and PTB do-
mains, but, unlike TNS1-3, it lacks an actin-binding domain at
its N terminus. Thus, it is also known as C terminal tensin like
(CTEN). TNS4 has oncogenic roles during cancer progression
(Lu et al., 2018; Wu and Liao, 2018). We investigated the
expression of TNS4 in GC cell lines and tumors derived from
GC patients and adjacent normal tissues. We also examined
the role of TNS4 in GC progression. Finally, we analysed the
correlation between promoter methylation and expression of
TNS4 in GC.

MATERIALS AND METHODS

Clinical samples

Samples from gastric tumor tissues and paired adjacent nor-
mal tissues were provided by Chungnam National University
Hospital (Korea) with clinicopathological information. Autho-
rization for the use of GC samples for research purposes and
ethical approval were obtained from the Institutional Review
Board of Chungnam National University Hospital (CNUH
2018-01-056).

Immunohistochemistry (IHC) of GC patient tissue samples
IHC was performed as described (Seo et al., 2020). Five cases
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of intestinal-type GC and one case of diffused-type GC were
chosen randomly from among the samples and analysed us-
ing TNS4 monoclonal antibody (1:100; Abnova, Taiwan). All
samples were independently reviewed by a pathologist (K.-S.
S.) in a blinded manner.

Cell lines

HEK293T cells were cultured in DMEM (Welgene, Korea)
supplemented with 1% antibiotics (Thermo Fisher Scientific,
USA) and 10% fetal bovine serum (Welgene). GC cell lines,
SNU-16, SNU-216, SNU-520, SNU-601, SNU-620, SNU-638,
SNU-668, SNU-719, AGS, KATO Illl, MKN1, MKN45, and
MKN74 were cultured in RPMI1640 (Welgene) supplement-
ed with 1% antibiotics and 10% fetal bovine serum. All cell
lines were purchased from the Korean Cell Line Bank and
maintained at 37°C in a humidified atmosphere containing
5% CO,.

Quantitative reverse transcription PCR (qRT-PCR)

Cells were harvested by trypsinization. RNA was isolated by
using the RNeasy Plus Mini Kit (Qiagen, USA). cDNA was
synthesized from 1 pg of RNA for each sample by using the
iScript cDNA Synthesis Kit (Bio-Rad, USA). PCR reactions
were conducted in triplicate for each sample using 200 ng of
cDNA (Bio-Rad). The value for TNS4 was normalized based
on that of g-actin. The primers used for TNS4 gRT-PCR were
5 -AGCAGGGCATCACTCTGACT-3’ (sense) and 5" -CTGAG-
GCTCTGTCTGGCTCT-3" (antisense). The primers used for
B-actin gRT-PCR were 5'- CAAGAGATGGCCACGGCTGCT-3’
(sense) and 5'- TCCTTCTGCATCCTGTCGGCA-3’ (antisense).

Western blotting

Cells were washed three times with cold phosphate-buffered
saline and lysed with RIPA buffer (T&I, Korea) supplemented
with protease inhibitors (Roche, Switzerland). Protein con-
centrations were determined with a Bradford Protein Assay
Kit (Bio-Rad) from boiled cell lysates. Protein samples were
loaded onto a 10% SDS-polyacrylamide gel for electropho-
resis and then were transferred to a polyvinylidene fluoride
membrane (Roche). After being blocked with 5% skim milk
(BD, USA) with Tris-buffered saline with Tween 20 (TBS-T)
(Bio-Rad) for 1 h at room temperature, membranes were
incubated overnight at 4°C with specific primary antibodies.
Antibodies were as follows: anti-TNS4 (1:1,000; Abnova),
anti-GAPDH (1:2,000; AbFrontier, Korea), horseradish per-
oxidase (HRP)-conjugated goat anti-mouse IgG (1:5,000;
Santa Cruz Biotechnology, USA), and HRP-conjugated goat
anti-rabbit 1gG (1:5,000; Santa Cruz Biotechnology). After
being washed with TBS-T, membranes were incubated with
appropriate secondary antibody (Invitrogen, USA). After an-
other washing with TBS-T, immunopositive bands were de-
tected with the ECL Kit (Advansta, USA) and visualized with
Fujifilm LAS-4000 (Fujifilm, Japan).

The DepMap data analysis

To determine whether GC cell lines’ response to TNS4 de-
pletion depends on their basal TNS4 expression levels, we
investigated human cell line transcriptome data and CRISPR
knockout screening data generated by the projects CCLE
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(Cancer Cell Line Encyclopedia) and Achilles. Both data sets
were obtained from the DepMap portal (https://depmap.
org/portal/; CCLE_expression.csv; CRISPR_gene_effect.csv).
A total of 41 GC cell lines with CCLE transcriptome data
were divided into TNS4-high (n = 21) and TNS4-low (n = 20)
groups based on the median TNS4 expression as a cutoff.
Among the cell lines, 30 cell lines that have TNS4 gene effect
scores (TNS4-high, n = 13; TNS4-low, n = 17) were used for
further analysis. The significance of the difference between
the mean TNS4 gene effect scores of the two groups was
assessed by a one-tailed t-test. A negative gene effect score
indicates cell death following TNS4 knockout.

Short hairpin RNA and generation of stable cell lines by
lentiviral transduction

Short hairpin RNAs (shRNAs) against TNS4 were purchased
from Sigma-Aldrich (USA). pLKO.1-puro empty vector (Sig-
ma-Aldrich) was used as the negative control vector. To
construct lentiviruses for shRNA production, 293T cells were
cotransfected with MISSION Lentiviral Packaging Mix (Sig-
ma-Aldrich) and the negative control or TNS4 shRNA vector.
SNU-601, KATO I, and MKN4 cells were infected and se-
lected with puromycin (1 pg/ml; Sigma-Aldrich) for 2 weeks.
TNS4 mRNA reduction was assessed by gRT-PCR, and TNS4
protein reduction was assessed by western blotting.

TNS4 cDNA expression plasmids

TNS4 cDNA expression plasmids were prepared by PCR am-
plification using p GEM-TNS4 (Sino Biological Inc., China). The
primers used for TNS4 amplification were 5" -ATGCGCTAG-
CGCCACCATGTCCCAGGTGATGTCCAG-3’ (sense) and 5'-
GCGGCCGCCTACATCCTTTCTGCGTCCTG-3’ (antisense). The
TNS4 expression vector and negative control vector were con-
structed using pCDH-CMV-MCS-EF1a-Puro (SBI, USA). The
expression vector was digested with restriction enzymes Nhel
and Notl (NEB, USA). All DNA expression constructs were con-
firmed by DNA sequencing.

Colony formation assay

Cells were seeded onto 6-well plates (1 x 10° cells/well) and
incubated at 37°C in 5% CO, for 2 weeks. The resulting
colonies were fixed and stained with 0.5% crystal violet (Sig-
ma-Aldrich), 3.7% formaldehyde (Sigma-Aldrich), and 30%
ethanol (Merck Millipore, USA). This analysis was performed
in triplicate and repeated in at least two independent experi-
ments.

Cell migration assay

Cell migration was measured by using Transwell chambers
(Corning, USA). The lower surface of each chamber was pre-
pared by coating the filter with 0.25 mg/ml fibronectin (Sig-
ma-Aldrich). The filter was air dried for >30 min. Cells that
had been starved for 24 h in serum-free RPMI 1640 were
then seeded into the upper chamber (5 x 10* cells/chamber)
in serum-free medium. The cells were cultured at 37°C in 5%
CO, for 12 h and were then fixed and stained for >2 h with
a solution of 0.5% crystal violet, 3.7% formaldehyde, and
30% ethanol.
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Bisulfite sequencing

Genomic DNA (1 ug) was modified by sodium bisulfite by us-
ing the EZ DNA Methylation-Gold kit (Zymo Research, USA).
Bisulfite-modified DNA was amplified using PCR and purified.
Products were cloned with pGEM-T Easy Vector (Promega,
USA). Multiple plasmid DNA samples were isolated from
randomly picked clones using the HTS Plasmid kit (Core Bio
System, Korea). The primers used for targeting the CpG sites
of TNS4 were 5'-AAAGGGGGATTGTAGAGGGTTTTTT-3’
(sense) and 5'-CCAAACCTACCTTAAAAACAACTTACCC-3’
(antisense). The plasmid DNA samples were sequenced inserts
using the ABI 3700 automated capillary gel electrophoresis
system (Applied Biosystems, USA). The raw data were depos-
ited in the Korea Bio Data Station (K-BDS; https://kbdsc.kisti.
re.kr/) under accession number PRIKA465538.

5-aza-2’-deoxycytidine and trichostatin A (TSA) treatment
GC cells (SNU-216 and MKN1) were treated with 1 uM of
5-aza-2’-deoxycytidine (5-aza-dC; Sigma-Aldrich) and 0.5
uM of TSA (Sigma-Aldrich) every 24 h for 3 days and then
harvested. Another set of cells was treated with 0.5 M TSA
(Sigma-Aldrich) for 1 day. To characterize the combined ef-
fect of 5-aza-dC and TSA, cells were treated with 1 uM 5-aza-
dC every 24 h for 3 days and then with 0.5 uM TSA for 1 day.
Then, cells were harvested, and gRT-PCR was performed to
detect TNS4 mRNA expression as described above.

Statistical analysis

The number of biological replicates (n) is indicated in the fig-
ure legends. Data are presented as the mean £ SD. A paired
t-test or a Mann-Whitney U-test was used to detect statistical
significance between two groups. A P value of <0.05 was
considered significant. The chi-squared test was performed
to assess statistical significance in the medical records of the
174 patients. The characteristics assessed included gender,
Lauren’s classification, tumor progression, tumor stage, and
H. pylori infection status. Statistical analysis of correlations
between expression and methylation was performed using
Pearson’s correlation coefficient (Prism 5.0; GraphPad Soft-
ware, USA).

RESULTS

TNS4 is upregulated in GC cell lines

Gastric tumor cells that strongly express CD49f, a subunit
of the laminin receptors, retain their sphere-forming and
tumor-initiating activities (Fukamachi et al., 2013). We pre-
viously found that TNS4 is highly expressed in CD49f™" cells
(data not shown). To examine the expression patterns of
TNS4 in GC cell lines, we analyzed the mRNA expression of
TNS4 in 13 GC cell lines with gRT-PCR. Most GC cell lines
showed TNS4 expression. In particular, SNU-601, SNU-620,
AGS, and KATO Il showed very high TNS4 mRNA expression
levels (Fig. 1A). Western blotting also showed consistent ex-
pression of TNS4 protein in these cell lines (Fig. 1B).

To elucidate TNS4 dependency of the GC cell lines, we
analyzed CRISPR Public 22Q2 datasets available through the
DepMap web portal (https://depmap.org/portal/). In such an
analysis, a lower effect score indicates a higher likelihood that
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the gene of interest is essential in a given cell line (Tsherniak
et al, 2017). We divided the GC cell lines into two groups
according to the mRNA expression level of TNS4: TNS4-high
(13 cell lines) and TNS4-low (17 cell lines). TNS4-high cells
such AGS, CCC5, and SNU-601 showed TNS4 dependence,
whereas TNS4-low cells such as SNU-668, HGC27, and SNU-
1 did not show TNS4 dependence (Fig. 1C). There was a
significant negative correlation between TNS4 expression
levels and CRISPR TNS4 effect scores in the 30 GC cell lines (R

=-0.45, P=0.013; Fig. 1D), indicating that TNS4 may play a
pivotal role in the survival of TNS4-overexpressing GC cells.
To characterize differences between the TNS4-high and
-low groups, we next analyzed differentially expressed genes
using CCLE RNA-seq data from GC cell lines (Ghandi et al,,
2019). TNS4-high cells showed upregulation of genes in-
volved in cell adhesion and the inflammatory response but
downregulation of genes involved in cell migration and col-
lagen fibril organization (Fig. 1E), suggesting that TNS4 may
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Fig. 2. TNS4 was upregulated in primary gastric cancer (GC). (A) TNS4 mRNA expression, relative to that of p-actin, in the paired gastric
normal and tumor tissues (n = 174) from the Chungnam National University Hospital (CNUH) cohort. TNS4 expression was measured
by gRT-PCR. Statistical significance between normal and tumor tissues was inferred by using the paired t-test. Each box plot shows the
median and 25th and 75th percentiles, and the dots represent outliers. (B and C) TNS4 expression status was stratified by (B) tumor stage
(I, 11, 1, and 1V) and (C) Lauren classification. *P < 0.05, **P <0.01, ***P <0.001 (Mann-Whitney U-test). (D and E) Expression of TNS4
analyzed using TCGA RNA sequencing data. Comparisons (D) between normal and GC tumor tissue samples and (E) among molecular
subtypes of GC were carried out (Mann-Whitney U-test). *P < 0.05, **P < 0.01. (F) An online database (http://kmplot.com/analysis/)
was used to determine the relevance of TNS4 mRNA expression in tumor tissue to the overall survival of the individual. Kaplan-Meier
survival plots in which the number-at-risk is indicated below the main plot. Hazard ratio (HR) and 95% confidence intervals, as well as the
log rank P were calculated and displayed on the webpage. (G) Representative immunohistochemistry for TNS4 in intestinal- and diffuse-
type GC. Paraffin-embedded sections of normal mucosa, intestinal metaplasia, and gastric tumor samples from individuals with intestinal-
type or diffuse-type GC were examined for TNS4 expression. Black arrowheads indicate representative TNS4 signals in well-differentiated

tumor tissue. Scale bars = 100 um (also see Table 2).

have a key role in integrating signaling between the extracel- nificantly upregulated in gastric tumor tissues relative to that
lular microenvironment and cells. in adjacent normal tissues (Fig. 2A). TNS4 expression was

upregulated at least twofold in 64.3% (112 of 174) of the
TNS4 is upregulated in primary gastric tumor tissues gastric tumors as compared with their corresponding normal
We next examined TNS4 expression in tissue samples from tissues. Clinicopathological characteristics of TNS4 expression
GC patients. We used 174 pairs of tumor and adjacent nor- are summarized in Table 1. Increased TNS4 expression was
mal tissue samples provided by Chungnam National Univer- present in early-stage as well as in advanced-stage tumors
sity Hospital. gRT-PCR showed that TNS4 expression was sig- (Fig. 2B). Significant differences in TNS4 expression were not
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Table 1. Clinicopathological characteristics of TNS4 expression in gastric cancer patients

Gastric tumors with increased relative TNS4 expression

Clinicopathological parameter P value
>2-fold increase (n = 112) <2-fold increase (n = 62)
Mean age (y) 60+ 13 57+ 14 0.1075
Sex
Male 79 35 0.0612
Female 33 27
Lauren’s classification
Intestinal 39 11 0.0238
Diffuse 65 44
Mixed 8 6
No information 0 1
Tumor progression
Early gastric cancer 15 2 0.0305
Advanced gastric cancer 97 60
Stage
| 23 9 0.0002
Il 36 6
1l 21 29
I\ 32 18
Helicobacter pylori infection
Positive 63 40 0.5862
Negative 29 15
No information 20 7

Values are presented as mean * SD or number only.

Table 2. Immunohistochemistry assay for TNS4 in gastric tumors and normal tissues

Patient No. Lauren’s classification Normal mucosa Intestinal metaplasia Gastric cancer
S16-7995-A5 Intestinal type - - ++
5$16-8389-A4 Intestinal type - -

S16-10969-A7 Intestinal type - -

S16-12683-A3 Intestinal type - - ++
S16-12705-2 Intestinal type - - ++
S16-11744-A2 Diffuse type - +

++, score for 50%-95% of positive stained tumor cells; +, score for 10%-49% of tumor cells positive; -, score for less than 10% of cells

or no visible staining.

observed in tumors between intestinal and diffuse-type GC
(Fig. 20).

According to TCGA, TNS4 expression was higher in stom-
ach tumor tissue than in normal gastric tissue (Fig. 2D).
Among the four molecular subtypes of GC, the EBV-positive
subtype showed higher expression of TNS4 than MSI and GS
subtypes. There was no significant difference between the
EBV and CIN subtypes (Fig. 2E). According to an analysis with
KM-plotter (https://kmplot.com/) of transcriptomic data from
875 GC patients (Szasz et al., 2016), the overall survival of
GC patients with high TNS4 expression was significantly low-
er than that of patients with low TNS4 expression (Fig. 2F).

To examine whether TNS4 is already upregulated in gastric
intestinal metaplasia, an intermediate lesion in the develop-
ment of intestinal-type GC, we performed immunohisto-

chemistry of paraffin-embedded sections from tumor and
normal gastric tissue samples from five patients with intesti-
nal-type GC and one with diffuse-type GC (Table 2). Despite
low signals only in superficial mucosa, cytoplasmic TNS4
signals were barely detected in normal gastric tissues and in-
testinal metaplasia. In contrast, we noted strong staining for
TNS4 in gastric tumors from both intestinal- and diffuse-type
GCs (Fig. 2G, Table 2). In particular, in more-differentiated
tissues, stronger signals were detected (Fig. 2G). Taken to-
gether, these data suggest that increased expression of TNS4
may have a key role in GC initiation and progression.

Knockdown of TNS4 suppresses GC cell proliferation and

migration
To examine the functions of TNS4 in GC progression, we
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depleted TNS4 in three GC cell lines with high to moderate
TNS4 expression levels, SNU-601, KATO Ill, and MKN74 cells,
using TNS4 shRNA (Fig. 3A). Although TNS4 expression was
high in the SNU-620 cell line, these cells grow only in suspen-
sion culture, which is not appropriate for further study such
as with colony formation assays. In addition, although MKN1
had a high level of TNS4 mRNA, it expressed TNS4 protein
at a low level (Figs. 1A and 1B). As aggressive cancer re-
quires rapid growth and metastasis (Hanahan and Weinberg,
2000), we performed cell proliferation and migration assays.
TNS4 knockdown was associated with a significant decrease
in colony formation (Fig. 3B) and cell migration (Fig. 3C) in all
three cell lines, suggesting that TNS4 may promote cell prolif-
eration and migration during GC progression.

Ectopic expression of TNS4 enhances GC cell proliferation
and migration

We next examined whether ectopic expression of TNS4
promotes GC cell proliferation and migration by using sta-
ble cell lines that ectopically expressed TNS4. As SNU-638,
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shCtrl  shTNS4 0.001 (Mann-Whitney U-test).

MKN1, and MKN45 cells expressed endogenous TNS4 at
low levels, these cell lines were transfected with lentiviral
pCDH-TNS4 vectors for stable ectopic expression of TNS4.
Increased expression of TNS4 was confirmed with mRNA and
protein levels (Fig. 4A). Overexpression of TNS4 significantly
increased colony formation (Fig. 4B) and cell migration (Fig.
40), suggesting that TNS4 promotes the oncogenicity of GC
cells. Taken together, these results suggest that TNS4 may be
involved in GC cell proliferation and metastasis.

TNS4 promoter is hypomethylated in GC cell lines and tu-
mor tissues

Epigenetic modification such as DNA demethylation can
cause aberrant activation of oncogenes and promotes can-
cer development (Das and Singal, 2004). To examine TNS4
promoter methylation differences between cells that express
high or low levels of TNS4, we performed bisulfite sequenc-
ing of the TNS4 promoter. Intriguingly, the promoter region
in GC cells with high TNS4 expression was mostly unmeth-
ylated, whereas GC cells with low TNS4 expression showed
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heavy methylation in this same region (Fig. 5A). In addition,
these CpG sites were hypermethylated in the normal tissue
samples and moderately methylated in the tumor samples
from four paired tissue samples (Fig. 5A). Consistently,
treatment with 5-aza-2’-deoxycytidine (5-aza-dC), a DNA
methylation inhibitor Jones and Taylor, 1980), and/or TSA, a
histone deacetylase inhibitor (Yoshida et al., 1990), enhanced
TNS4 expression in cell lines that expressed low amounts of
TNS4 before treatment (Fig. 5B), suggesting that TNS4 ex-
pression is regulated via epigenetic mechanisms such as DNA
methylation and histone modification.

To investigate whether DNA methylation affects TNS4 ex-
pression in GC patients, we analysed DNA methylation data
from TCGA. Most CpG probes within the promoter region of
TNS4 were hypomethylated in GC tumor samples (n = 250)
as compared with normal tissue samples (n = 11) (Fig. 5C).
Moreover, we found a significant correlation between CpG
methylation and TNS4 expression (Fig. 5D). These data sug-
gest that increased expression of TNS4 in GC may be at least
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£ 80 ok with lentivirus containing the
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ctrl TNS4
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partially due to DNA demethylation.

DISCUSSION

Upregulation of TNS4 expression has been reported in many
cancers such as colon (Raposo et al., 2020b), lung (Misono
et al.,, 2019), breast (Albasri et al., 2011), skin (Sjoestroem
et al., 2013), and pancreatic (Al-Ghamdi et al., 2013) cancer
and GC (Sakashita et al., 2008), but transcriptional activation
mechanisms of TNS4 during tumorigenesis are not well un-
derstood. Here we describe the hypomethylation of the TNS4
promoter in GC as a possible mechanism for its increased
expression.

TNS4 is located in focal adhesions, which regulate cell
architecture during cell movement and are involved in cell
signaling such as epidermal growth factor receptor (EGFR)
signaling. EGF downregulates TNS3 expression, whereas it
upregulates TNS4 expression. TNS4 displaces TNS3 from the
cytoplasmic tail of integrin g1, triggering actin fibre disassem-
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bly and cell migration (Katz et al., 2007). TNS4 expression
is also correlated with high EGFR and HER2 levels as well
as with metastasis to lymph nodes in invasive breast can-
cer (Katz et al., 2007). TNS4 reduces ligand-induced EGFR
degradation by binding to the E3 ubiquitin ligase c-Cbl and
decreasing the ubiquitination of EGFR (Hong et al., 2013).
TNS4 also increases MET protein stability through a direct in-
teraction with phosphorylated MET via the SH2 domain and
positively regulates cell survival, proliferation, and migration
(Muharram et al., 2014).

TNS4 has been suggested to play a pivotal role in prolifera-
tion and metastasis of GC. TNS4 promotes the epithelial-mes-
enchymal transition via AKT/GSK-3p signaling in GC cells (Qi
et al., 2020). Clinical analysis showed that GC patients with
high TNS4 expression exhibited significantly reduced 5-year

306 Mol. Cells 2023; 46(5): 298-308

5 10 15

TNS4 expression
(log, RPKM)

and TNS4 expression levels for the

TNS4 expression oo
indicated probes from TCGA data.

(log, RPKM)

overall survival relative to those individuals with lower expres-
sion (Sawazaki et al., 2017). Consistent with previous studies
(Sakashita et al., 2008), we found that TNS4 was upregulat-
ed in GC tissue samples.

Epigenetic modification comprising DNA methylation,
histone modifications, and noncoding RNAs plays a critical
role in cancer development (Kim et al., 2020; Sharma et al.,
2010). CpG island hypomethylation promotes tumorigenesis
via aberrantly activating oncogenes (Das and Singal, 2004).
Using TCGA data, we found that the promoter region of
TNS4 was hypomethylated in GC tumor tissues, and there
was a significant negative correlation between TNS4 expres-
sion and DNA methylation in these tissues. We also found
that treatment with 5-aza-dC enhanced TNS4 expression in
GC cell lines. However, 5-aza-dC is incorporated into DNA,



inhibits DNMT1 activity, and causes proteolysis of DNMT1
that results in genome-wide DNA demethylation. A recent
CRISPR-based epigenome editing technology may overcome
this technical limitation and could demonstrate a direct effect
of DNA methylation on TNS4 expression (Nunez et al., 2021).

TNS4 is upregulated by Wnt signaling during intestinal
tumorigenesis (Raposo et al., 2020a). SWI/SNF related ma-
trix-associated actin-dependent regulator of chromatin sub-
family A member 4 (SMARCA4) acts as a positive regulator
of Wnt signaling in the small intestinal epithelium (Holik et
al., 2014). A recent study showed that PRMT1-mediated
modification of histone H4 on arginine 3 (H4R3me2a) re-
cruits SMARCA4 to activate TNS4 and EGFR expression in
colorectal cancer (Yao et al., 2021). Intriguingly, activation of
Wnt signaling is involved in the development and progression
of GC (Chiurillo, 2015). Wnt signaling is associated with the
development and progression of gastric adenoma, which is
considered a premalignant lesion of gastric adenocarcinoma,
and this process appears to be accelerated by H. pylori infec-
tion (Wang et al., 2012). It would be interesting to elucidate
the relationship between Wnt signaling and epigenetic acti-
vation of TNS4 during GC development and progression.

In summary, TNS4 was upregulated during GC progres-
sion. Knockdown of TNS4 suppressed GC cell proliferation
and migration, whereas overexpression of TNS4 enhanced
GC cell proliferation and migration. TNS4 expression was cor-
related with promoter hypomethylation in GC cell lines and
tissues. Within this molecular mechanism, it is not clear how
GC risk factors such as H. pylori infection may lead to epigen-
etic changes and activation of TNS4 transcription. In addition,
the feasibility of activation of TNS4 by EGFR or Wnt signaling
as a technique for controlling GC development and progres-
sion will be further validated in the future.
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