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ABSTRACT ARTICLE HISTORY
This study aims to investigate the immunoglobulin superfamily containing leucine-rich Received 2 March 2022
repeat (ISLR) expression in gastric cancer (GC) and ISLR’s underlying mechanisms regulation Revised 12 May 2022
of GC progression. Through The Cancer Genome Atlas (TCGA) cohort datasets, we analyzed Accepted 15 May 2022
the ISLR expression in GC tumor tissues and normal tissues. ISLR expression in GC tissues  yeywoRDs

and cells was determined using quantitative real-time polymerase chain reaction. Cell ISLR; gastric cancer:
viability, proliferation, migration, and invasion assays were performed in GC cells transfected epithelial-mesenchymal
with sh-ISLR, ISLR plasmids, or controls. TCGA results showed that ISLR expression was transition; invasion
higher in GC tumor tissues compared to normal tissues, and its expression levels were

related to lymph node metastasis, tumor size, and clinical stage. ISLR was highly expressed

in tumor cells. ISLR knockdown suppressed cell viability, proliferation, migration, and inva-

sion in HGC-27 cells, whereas ISLR overexpression led to opposite effects in AGS cells. Gene

Set Enrichment Analysis showed that ISLR could activate the epithelial-mesenchymal transi-

tion (EMT) signaling pathway. Silencing of ISLR suppressed EMT in HGC-27 cells and over-

expression of ISLR promoted EMT in AGS cells. ISLR was overexpressed in both GC cell lines

and tumor tissues, and our study first showed that silencing of ISLR inhibited GC cell growth

and metastasis by reversing EMT.
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Introduction

Gastric cancer (GC) is one of the most common
primary malignant tumors, and it is the third
principal cause of cancer death, accounting for
9% of fatality in world-wide [1,2]. The inci-
dence and prevalence rates of GC vary by geo-
graphical location and are highest in Central
and East Asia, Latin America, and Eastern
Europe, where 87% of new cases occur, and
are much lower in Africa and North America
[3,4]. GC is a highly heterogeneous disease with
molecular and phenotypic characteristics, and
endoscopic resection is the most effective treat-
ment for GC [5,6]. In the last 10 years, the
incidence of GC has remarkably decreased, but
the incidence rates are still high in many devel-
oping countries [7]. Although great progress
has been made in the early detection, diagnosis,
and treatment of GC, the overall prognosis of
GC patients remains poor, and the 5-year sur-
vival rate is still about 20.25%, which is mainly
because of postoperative recurrence and metas-
tasis of tumor [8,9]. Tumor metastasis and
invasiveness are complex and multifactorial
process. Therefore, a comprehensive study of
the molecular mechanisms that facilitate the
evolvement of GC may contribute to improve
prevention, diagnosis, and therapy of GC.

The human immunoglobulin superfamily con-
taining leucine-rich repeat (ISLR),
a glycosylphosphatidylinositol (GPI)-anchored
membrane protein, is a newly discovered family
of proteins that covers a leucine-rich repeat
(LRR) sequence and immunoglobulin-like
domain [10,11]. The ISLR gene with 2.4-kb tran-
script situates to human chromosome 15q23-
q24, and multiple genetic disorders involving
this gene have been identified through link ana-
lysis [12]. Genome sequencing showed that there
were two transcripts of ISLR gene, namely ISLR-
1 and ISLR-2, which were stemmed from differ-
ent first exons 1b or 1la, the expression of ISLR-1
in spinal cord was higher than that of ISLR-2
[10]. Some studies have reported ISLR protein
participates in many kinds of biological pro-
cesses [13-15]. Recently, Kobayashi et al. con-
cluded that ISLR expression was increased in the
stroma of patients with colorectal cancer
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involving colorectal carcinogenesis [13]. In addi-
tion, a recent study has reported that ISLR gene
takes part in GC occurrence, in which latent
molecular mechanism may induce epithelial-
mesenchymal transition (EMT) [16]. EMT is
a good embryological process and is considered
to play a key role in tumor development, includ-
ing metastasis and invasiveness; thus, cancer
cells can obtain more aggressive characteristics
[17-19]. However, no study has explored the
potential and detailed functional relevance of
ISLR and EMT in GC.

In our study, we hypothesized that ISLR may be
an important player in GC. Therefore, this work
aimed to investigate the biological impact of ISLR
on GC cells and its potential mechanisms.

Materials and methods
Clinical samples

Tissue samples were collected from 27 GC patients
(12 cases stage I/1I, 15 cases stage I1I/IV) from our
hospital between May 2017 and December 2019.
None of the patients underwent preoperative
radiation or chemotherapy. Tissue samples were
directly frozen and preserved in liquid nitrogen
(—-80°C). The study was approved by the Ethics
and Research Committees of Yantaishan Hospital
(approval number: 201705011), and each patient
completed the written informed consent.

Cell culture

Human GC cell lines (HGC-27, MKN-45, MGC-
803, and AGS), normal gastric mucosa epithelial
cells (GES-1), and embryonic renal epithelial cell
line (293 T) were offered by China Infrastructure
of Cell Line Resources (Beijing, China), and were
hatched using RPMI-1640 medium (Thermo
Fisher Scientific, Waltham, USA) with 10% fetal
bovine serum (FBS) in a 37°C 5% CO, of incuba-
tor (Thermo Fisher Scientific). The medium was
renewed every 2-3 days [20].

Cell transfection

Short hairpin RNA against ISLR (sh-ISLR), nega-
tive control shRNA (shRNA-NC), and ISLR
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plasmids were designed and packaged into lenti-
viral vector by GenePharma (Shanghai, China).
According to the manufacturers’ instructions of
Lipofectamine 2000 (Invitrogen, Thermo, USA),
the 293 T cells were transfected with lentiviral
vector and packaging plasmids. After transfection
for 48 h, HGC-27 and AGS cells were inoculated
and cultivated in 24-well plates for 24 h. Once to
70-80% confluency, 1 x 10° HGC-27 cells were
transfected with lentivirus that carries shISLR-1,
shISLR-2, or shRNA-NC to establish ISLR down-
regulated cell model; meanwhile, 1 x 10° AGS cells
were transfected with lentivirus carrying ISLR
plasmids or vector to construct ISLR-upregulated
cells model. Cells with >80% transfection effi-
ciency were used for the subsequent experi-
ments [21].

Quantitative real-time polymerase chain reaction
(QRT-PCR)

RNA was extracted by an RNA kit (Takara, Japan),
and it reversed into cDNA via a reverse transcrip-
tion kit (Takara, Japan). Afterward, cDNA was
amplified in a reaction mixture (Applied
Biosystems, USA) and 10 puL SYBR-Green qPCR
Mix. RT-PCR was conducted on Applied
Biosystems 7500 Sequence Detection system
(ABI, USA) as follows: predenaturation at 96°C
for 3 min; denaturation at 96°C for 15 s; and
annealing at 58°C for 30 s, 40 cycles. The primer
sequences were as follows: ISLR-forward (F), 5'-
GAAGAGGGCCTATTTCCCAT-3’, ISLR-reverse
(R), 5-GCCTTCCATCTGTTGCTGCG-3’; glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH)-
F, 5-TCCTCTGACTTCAACAGCGACAC-3’;
GAPDH-R, 5-
CACCCTGTTGCTGTAGCCAAATTC-3 [22].

Cell viability

The cell viability was tested by Cell Counting kit-8
(CCK-8) assay (Beyotime Biotechnology Co., Ltd.,
Shanghai, China). Approximately 1 x 10* HGC-27
and AGS cells were inoculated and cultured in 96-
well plates (100 pL medium/well) at 37°C. Next,
the CCK-8 solution (10 pL) was supplemented
into per well. The absorbance (450 nm) was
detected by Thermomax microplate reader

(Thermo Fisher Scientific) at 0, 24, 48, and 72 h
to plot the growth curves [23].

Plate cloning experiment

After 48 h of transfection, according to the concen-
tration of 200 HGC-27 and AGS cells per well, 5 ml
cell suspension was inoculated into Petri dishes
(diameter 60 mm) and cultured at 37°C and 5%
CO, for 2 weeks. The culture medium was replaced
with a fresh culture medium every 2-3 days. Once
visible colonies appeared in per well, cells were care-
fully washed twice with PBS, fixed with 4% formal-
dehyde for 15 min, and stained with 0.05% crystal
violet (Beyotime Biotechnology Co., Ltd) for
15 min. After the plates were flushed 3 times with
PBS, the colonies with >50 cells were directly photo-
graphed by cameras and counted by Image
J software (Bethesda, MD, USA) [24].

Wound-healing assay

Firstly, we digested the transfected HGC-27 and
AGS cells by trypsin, then 50 pL of cell suspension
(5 x 10> cells/ml) was added into per well of
a 6-well plate. Then, once the fusion degree of
cells achieved 80%, a 200 pL pipette tip was used
to draw a horizontal line in per well. Finally, the
cell movement was observed and photographed by
a microscope (Olympus Corp.) at 48 h after
scratching to evaluate healing rate [25].

Transwell assay

The cell invasiveness and migration capabilities
were assessed by 8 pm porous membranes of trans-
well chambers coated with or without Matrigel (BD
Biosciences, NJ, USA). 5 x 10° cells/mL of HGC-27
or AGS cells cultured in RPMI-1640 medium was
seeded onto the upper chamber of the Transwell
insert. In the lower chamber, RPMI-1640 medium
containing 10% FBS was supplemented. 48 h later,
cells were flushed with PBS for 3 times, fixed with
4% paraformaldehyde, and stained with 0.2% crystal
violet (Beyotime Biotechnology Co., Ltd). Finally,
the images were captured by an inverted microscope
(Nikon, Tokyo, Japan) [26].
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Figure 1. ISLR was up-regulated expression in gastric cancer. (a) The TCGA-STAD datasets indicated ISLR expression in GC tumor
tissues was higher compared with that in normal tissues. (b) The ISLR expression in normal tissues and stage 1/2/3/4 of STAD. (c) As
Kaplan—Meier survival plots shown, the higher ISLR abundance had relation to a poorer overall survival. (d) The mRNA expression of
ISLR in tumor tissues and adjacent normal tissues of 27 patients with gastric cancer was detected using gqRT-PCR. (e) Western
blotting was used to detect the protein expression of ISLR in tumor tissues and adjacent normal tissues from 5 patients with gastric
cancer. **P < 0.01, compared with normal tissues. T, gastric cancer tissue; N, adjacent normal tissues.

Western blotting

Cell and tissue samples were lysed using RIPA lysis
buffer (Beyotime Biotechnology Co., Ltd) for 30 min.
The proteins were separated by 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. The speci-
fic protein was transferred to a polyvinylidene fluoride
membrane. After blocking with 5% nonfat dry milk
for 30 min, specific proteins were incubated with
primary antibodies [ISLR, GAPDH, Snail, Twist,
E-cadherin, Vimentin, N-cadherin, biglycan (BGN),
matrix metalloproteinase (MMP)-2, and secreted
frizzled related protein 4 (SFRP4); 1:1000, Sigma,
USA] overnight at 4°C. After three washes with Tris-
buffered saline with 0.1% Tween 20 detergent, the
membranes were incubated with horseradish perox-
idase conjugated secondary antibodies for 1 h. Finally,
enhanced  chemiluminescence  reagents (GE
Healthcare, WI, USA) were used to visualize the pro-
tein signals [27].

The Cancer Genome Atlas (TCGA) data for human
GC

The relation between ISLR expression and can-
cer stages was retrieved from UALCAN (http://
ualcan.path.uab.edu/) by  analyzing the

clinicopathological data available from the
TCGA project for human GC. The Kaplan-
Meier method was performed to analyze the
underlying function of ISLR on overall survival
(OS) rates of GC patients [28].

Gene set enrichment analysis (GSEA)

GSEA was performed to analyze the gene set
associated with ISLR in GC. According to the
median expression value, the expression of ISLR
was set to high and low. The related genes and
pathways of ISLR were researched in c2.cp.kegg.
v7.0.symbols.gmt dataset through GSEA v3 soft-
ware. Falseovery rate less than 0.25 was used to
identify significantly enriched genes [29].

Statistical analysis

All data were analyzed using GraphPad Prism 7
(USA). All tests were made in triplicate. Data are
presented as the mean + standard deviation.
Differences between the two groups and among multi-
ple groups were assessed using Student’s t-test and
analysis of variance, respectively. The relationship
between the ISLR expression and the clinicopatholo-
gical characteristics of GC patients was estimated by
chi-square test. Statistical significance was set at
P <0.05.
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Table 1. Correlations between ISLR expression and clinico-
pathological characteristics of gastric cancer.

ISLR expression

Characteristics Number low high P value
Age (years)

<60 10 4 6 0.516
>60 17 9 8

Gender

Male 19 9 10 0.901
Female 8 4 4

Tumor size (cm)

<3 7 6 1 0.021*
>3 20 7 13

Clinical stage

I/ 12 9 3 0.013*
/v 15 4 1

Lymph node metastasis

Absent 9 7 2 0.029*
Present 18 6 12
Results

In this study, we investigated the influence of
ISLR on the biological behavior of GC cells and
its potential mechanisms. Our findings showed

that ISLR promoted GC cell proliferation,
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migration, and invasion by regulating the EMT
pathway.

ISLR is upregulated in GC patients

To evaluate the ISLR expression in GC, we
analyzed the TCGA stomach adenocarcinoma
(STAD) cohort datasets. Our results indicated
that the ISLR expression in GC tumor tissues
was higher compared with that in normal tis-
sues (Figure la). In addition, ISLR expression
in patients with stage 1 was decreased when
confronted with that in normal tissues, while
ISLR expression in patients with stage 2/3/4
significantly increased (Figure 1b).
Additionally, according to the expression level
of the ISLR in GC cases in the TCGA-STAD
cohort, OS analysis was performed using the
Kaplan-Meier method. A group cutoff of ‘quar-
tile’ was used to divide samples as high- or low-

expression  group. Low-expression  group
includes 39 stage I patients, 64 stage II patients,
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Figure 2. ISLR silencing suppressed gastric cancer cell proliferation. (a) The mRNA expression of ISLR in human gastric cancer cell
lines (HGC-27, MKN-45, MGC-803, and AGS) and normal human gastric mucosa epithelial cells (GES-1) was tested using gRT-PCR. (b)
HGC-27 cells were transfected with ShISLR-1, ShISLR-2, or ShRNA-NC and AGS cells were transfected with ISLR plasmids or vector,
then the mRNA expression of ISLR was examined in HGC-27 and AGS cells using qRT-PCR. (c) Cell viability of HGC-27 and AGS cells
was evaluated using CKK8 assay. (d) Cell proliferation of HGC-27 and AGS cells was evaluated using colony formation assay.

**P < 0.01, compared with GES-1, shRNA-NC, or Vector group.



92 stage III patients, 25 stage IV patients, and 6
unknown stage. High-expression group includes
8 stage I patients, 42 stage II patients, 46 stage
IIT patients, 10 stage IV patients, and 9
unknown stage. As shown in Figure 1c, GC
patients with high ISLR expression had poorer
OS than that of GC patients with low ISLR
expression (hazard ratio = 1.1, 95% CI: 1-1.2,
p = 0.027). Then, we detected ISLR expression
in 27 GC patients through qRT-PCR and found
that GC tissues showed significantly higher
ISLR expression than that in normal tissues
(Figure 1d). The protein level of ISLR was
higher in tumor tissues than in normal tissues
of five GC patients, as detected by western
blotting (Figure le). To explore the clinical
value of ISLR expression in GC, we analyzed
the correlations between the mRNA expression
of ISLR and the clinicopathological characteris-
tics of GC patients. Based on the median value
of ISLR expression, we divided GC patients into
high ISLR expression group (n = 13) and low
ISLR expression group (n = 14). As shown in
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Table 1, ISLR expression was correlated with
tumor size, lymph node metastasis, and clinical
stage, while ISLR expression had no relation to
age or gender.

ISLR silencing suppresses the proliferation of GC
cells

The mRNA expression of ISLR in different GC
cell lines was determined by qRT-PCR. The
results suggested that ISLR was highly
expressed in tumor cell lines (HGC-27, MKN-
45, MGC-803, and AGC cells), with the expres-
sion in HGC-27 cells being the most pro-
nounced and that in AGS cells being the
lowest (Figure 2a). Afterward, ISLR was
silenced in HGC-27 cells and overexpressed in
AGS cells, which was certified by qRT-PCR
(Figure 2b). The CKK-8 and colony formation
assays clearly manifested that ISLR silencing
prohibited the viability and proliferation of
HGC-27 cells, nevertheless ISLR overexpression
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Figure 3. ISLR silencing suppressed migration and invasion in gastric cancer cells. (a) Wound healing was used to detect cell
migration in HGC-27 and AGS cells. (b) Transwell assay was used to detect cell migration in HGC-27 and AGS cells. (c) Transwell assay
was performed to detect cell invasion in HGC-27 and AGS cells. **P < 0.01, compared with shRNA-NC or Vector group.
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facilitated the viability and proliferation of AGS
cells (Figure 2(c-d)).

ISLR silencing suppresses the migration and
invasion of GC cells

Wound healing and transwell assay was carried
out to determine the role of ISLR in GC cell
metastasis and invasiveness. ISLR silencing evi-
dently weakened the adhesion ability of HGC-
27 cells, whereas ISLR overexpression had the
opposite effect on AGS cells (Figure 3a). ISLR
downregulation obviously restrained cell migra-
tion and invasion in HGC-27 cells, while the
opposite effect was confirmed in AGS cells
with ISLR overexpression (Figure 3(b-c)).

ISLR promotes EMT activation

To probe the latent mechanisms of ISLR in GC
progression, the KEGG downstream pathway of
ISLR was evaluated by GSEA. The findings showed
that ISLR expression could activate the EMT signal-
ing pathway (Figure 4a). Furthermore, many EMT
downstream enrichment genes were obtained
(Figure 4b). Based on TCGA database, the expres-
sion correlation between ISLR gene and EMT mar-
kers was analyzed. We found that the ISLR
expression was positively correlated with the expres-
sion of Snail, Twist, Vimentin, and N-cadherin (also
known as CDH2) (Figure 4(c-f)), while ISLR expres-
sion was inversely correlated with E-cadherin (also
known as CDH1) expression (Figure 4g).
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Figure 4. ISLR promotes EMT
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Figure 5. ISLR silencing suppressed EMT signaling pathway. (a) Western blot assay was applied to detect the expression of EMT-
related proteins (Snail, Twist, Vimentin, N-cadherin, and E-cadherin) in HGC-27 and AGS cells. (b) Western blot assay was used to
detect the protein expression of EMT pathway downstream enrichment genes (BGN, MMP-2, and SFRP4) in HGC-27 cells and AGS

cells. **P < 0.01, compared with shRNA-NC or Vector group.

ISLR silencing suppresses EMT

The changes of expression level of proteins related
to EMT signaling pathway and some EMT down-
stream enrichment genes were evaluated by wes-
tern blotting. Just as expected, ISLR silencing led
to a statistically remarkable increase in E-cadherin
protein expression and resulted in a dramatic
decrease in the expression of Snail, Twist,
Vimentin, and N-cadherin, and BGN, MMP-2,
and SFRP4 in HGC-27 cells. Rather, the overex-
pressed ISLR had a counter influence on the
expression of those proteins in AGS cells
(Figure 5(a-b)). Thus, ISLR silencing suppresses
EMT in GC.

Discussion

GC is usually diagnosed at advanced stage, and
recurrence and metastasis are the greatest chal-
lenges in the treatment process [30]. Although
environmental factors, such as Helicobacter
pylori infection, smoking, and diet, have been
proven to be risk factors, host genetics also

play a key role in GC occurrence [31,32]. The
multiformity and role of host genetics in the
transcriptional active part of the genome and
abnormalities in a number of cancers, includ-
ing GC, have been confirmed in many studies,
prompting research to identify molecular can-
didates for diagnosis and treatment [33]. In
this research, we found that ISLR expression
in GC tissues was higher than that in normal
tissues. In addition, ISLR expression was corre-
lated with tumor size, lymph node metastasis,
and clinical stage. Collectively, these findings
suggest the potential impact of ISLR on the
etiology of GC.

ISLR is detected in muscle tissues and satel-
lite cells, and regulates the muscle regeneration
and muscle atrophy [34,35]. Cui et al. have
reported that ISLR plays a significant role in
the differentiation of myoblasts, alleviating ske-
letal muscle atrophy and preventing myocyte
apoptosis through IGF/PI3K/AKT-FOXO sig-
naling pathway [34]. Xu et al. and Kobayashi
et al. have verified that ISLR is crucial for
regulating the growth of epithelial cells during
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intestinal tumourigenesis, particularly in color-
ectal carcinoma [36,37]. In our study, the
results showed that ISLR silencing inhibited
cell proliferation, migration, and invasion in
HGC-27 cells, whereas ISLR overexpression in
AGS cells had the opposite effects.

In recent years, numerous molecular markers,
including miRNAs, long noncoding RNAs, and
oncogenic ncRNAs, involved in EMT have been
shown to manage most cellular processes, leading
to the development of many cancers, including GC
[3,38-42]. In clinical practice, EMT is associated
with a poor prognosis in cancer patients [43].
Invasion and metastasis of tumor cells are the
primary causes of death in patients with GC.
Accumulating evidences indicates that EMT plays
an important role in intercellular adhesion, metas-
tasis, and invasiveness, and is closely related to the
adverse clinical outcomes of GC patients [44]. In
2020, Shu et al. reported that ISLR expression was
relevant to the activation of the EMT pathway,
according to GSCAlite pathway score analysis
[16]. In our study, GSEA showed that ISLR could
activate the EMT signaling pathway. The expres-
sion of collagen, vimentin, fibronectin, and
N-cadherin was increased, and expression of
E-cadherin was reduced in EMT, leading to cell
metastasis and invasiveness [44]. The transcription
regulators such as Slug, B-catenin, Snail, and Twist
were up-regulated in EMT [45]. MMPs are a class
of zinc containing enzymes that can decrease
extracellular matrix and promote cell invasion.
BGN, as a constituent of ECM, is considered
a new mesenchymal marker for the EMT, and is
overexpressed in GC tissues and expedited metas-
tasis [46]. SFRP4 can drive GC invasion and is an
early predictor of GC recrudescence [47]. Our
findings indicated that ISLR silencing led to
a remarkable upregulation of E-cadherin and
downregulation of Snail, Twist, Vimentin, and
N-cadherin, as well as EMT downstream enrich-
ment genes (BGN, MMP-2, and SFRP4). However,
the overexpressed ISLR had contrary influence on
the expression of those proteins.

Conclusion

We observed that ISLR expression was increased
in both GC cells and tumor tissues, and our study,

for the first time, indicated that ISLR silencing
inhibited cell growth and metastasis by regulating
the EMT pathway. Thus, SLR silencing expression
may have important implications in GC therapy.
Our results provided evidence that ISLR
induces EMT and promotes invasion and metas-
tasis in GC cells.
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