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Abstract

Flotillin-1 (FLOTT) is a member of the flotillin family and serves as a hallmark of lipid rafts involved in the
process of signaling transduction and vesicular trafficking. Here, we find FLOT1 promotes gastric cancer
cell progression and metastasis by interacting with BCARI, through ERK signaling. FLOT1 regulates
BCARI phosphorylation and translocation. Overexpression of FLOTI increases, while knockdown of
FLOTI decreases gastric cancer cell proliferation, migration and invasion. BCARI knockdown could
block FLOTI induced gastric cancer cell proliferation, migration and invasion. Re-expression of wildtype
rather than mutant BCARI (Y410F) could partially restore FLOT1 knockdown induced gastric cancer cell
migration and invasion, while the restore could be inhibited by ERK inhibitor. Furthermore, FLOT1 and
BCARI expression is closely related to gastric cancer patients’ poor outcome. Thus, our findings confirm
that BCARI mediates FLOT1 induced gastric cancer progression and metastasis through ERK signaling,
which may provide a novel pathway for gastric cancer treatment.
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Introduction

According to GLOBOCAN 2020 estimated,
gastric cancer was reported to be the fifth most
commonly diagnosed cancer, and the third most
common cause of cancer-related deaths globally, with
1,033,701 new cases of gastric cancer (representing
5.7% of all cancer cases diagnosed) and 769,000 deaths
related to gastric cancer (representing 8.2% of all
deaths from cancer) in the world in 2018[1]. The
clinical symptoms of gastric cancer are dyspepsia,
anorexia, early satiety, regurgitation, abdominal pain
and weight loss[2]. However, the disease is often
progressed into advanced stage even with distant
metastasis once the symptoms are present when

diagnosis, which imposes a huge burden on public
health care. Therefore, further exploration in
molecular mechanisms of gastric cancer progression
and metastasis are urgently needed.

Flotillin-1 (FLOT1), member of the flotillin
family (also known as the reggie family), is a hallmark
of lipid rafts, who helps form a platform on plasma
membrane or intracellular organelles for various
molecules to conduct their functions[3]. FLOT1 plays
roles in numerous biological processes including
cancer-related processions[4]. Santamaria et al.
reported that FLOT1 could induce prostate cancer cell
proliferation by nuclear translocation and mitogenic
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activity[5]. Min Kang et al. showed that FLOT1
knockdown inhibited gastric cancer cell prolife-
ration[6]. However, the molecular mechanism in it
still needs to be investigated.

Breast Cancer Antiestrogen Resistance 1(BCAR1)
also known as pl30Cas, belongs to the Cas
(Crk-associated substrate) family. BCAR1, serving as
adaptor protein, is characterized by several protein-
protein interaction domains that provide substrate
binding sites, and multiple post-translational
modification (mostly tyrosine and serine/threonine
phosphorylation) that drives the process of a diverse
spectrum of biological activities including gene
transcription, immune response, cell adhesion, cell
cycle progression, apoptosis, migration, and
transformation[7, 8]. Recently, BCAR1 was also
reported to be highly expressed and phosphorylated
in many types of tumors, including melanoma, breast
cancer, leukemias[9-11].

In this study, we demonstrated that FLOT1
promotes gastric cancer cell proliferation, migration
and invasion in vitro and in vivo through BCAR1/ERK
signaling, and regulates BCAR1 phosphorylation and
translocation, which may provide a novel therapeutic
target for gastric cancer treatment.

Materials and Methods

Lentivirus construction and infection and
plasmids transfection

The pLV19-FLOT1 Ilentivirus and plasmid
contain the FLOT1 overexpression gene, HA tag and
puromycin resistance gene, pLV19-BCAR1 lentivirus
and plasmid contain the BCAR1 overexpression gene,
Flag tag and puromycin resistance gene, the
pDsRed2-N1-FLOT1  plasmid contains FLOT1
overexpression gene and red fluorescence protein
(DsRed2), p-EGFP-C1-BCAR1 plasmid contains
BCAR1 overexpression gene and enhanced green
fluorescence protein (EGFP), FLOT1 shRNA
(GCAGAGAAGTCCCAACTAATT, ATAGCTGAAG
TTGCCTGAATG) lentivirus particle contains the
puromycin resistance gene, BCAR1 shRNA
(CCCAGGAATCTGTATATATTT, GCTGAAGCAGT
TTGAACGACT) lentivirus particle contains the
puromycin resistance gene. WT-BCAR1 plasmid
contains wild type BCAR1 overexpression gene, and
MT-BCAR1(T410F) plasmid contains a mutant
BCARI overexpression gene, with the tyrosine in 410
site mutating into Phenylalanine. Lentivirus were
infected into cells using polybrene(10pg/mL) and
cultured with RPMI1640 medium containing
puromycin(2pg/mL) for 14 days. Plasmids were
transfected into cells using PEL

Cell culture

Human gastric cancer cell AGS and HGC-27
were purchased from Procell Life Science &
Technology (Wuhan, China) and cultured in fetal
bovine serum (Biological Industries, 04-001-1A)
supplemented RPMI 1640 medium (Biological
Industries, 01-100-1A) in cell incubator (37°C,5%
CO2). All cell lines have been examined to exclude the
mycoplasma contamination.

Cell proliferation assay

Inoculated cells into 96-well plates one night
before. Added 10ul MTT (3-(4,5)-dimethylthiahiazo
(-z-y1)-3,5-di-phenytetrazoliumromide) solution into
each well and incubated in the cell incubator, 4 hours
later added 100pl DMSO into each well after MTT
solution was removed. The absorbance of each well
was measured at 570 and 630 nm with a Spectra Max
M2 Microplate Reader (Molecular Devices, San Jose,
CA, USA).

Colony formation assay

Inoculated cells in six-well plate and incubated
at 37 °C with 5% CO» for 2-3 weeks. After cell colonies
(about 50 cells) formed, washed each well twice using
phosphate buffered saline (PBS). The plate was
stained with 0.1% crystal violet (Beyotime, C0121) at
37 °C for 20 min after fixation with 4%
Paraformaldehyde Fix Solution (Beyotime, P0099) for
20 min, and photographed after drying.

Cell wound healing assay

Inoculated cells into a 12-well plate. Scratched
the plate using 10pl pipettes after cell adherence,
washed the plate with PBS buffer, and then cultured
cells in RPMI1640 without serum. Observed wound
closure at 0 and 24 or 48 hours (based on cell
migration rate). Image ] (1.4.3.67) was used to
evaluate cell migration ability after the images were
token in microscopic fields three times randomly (*
horizon200) at both time point.

Transwell invasion assay

Inoculated cells into the upper chamber of
8-pm-pore Transwells (BD Biosciences, San Jose, CA,
USA) pre-coated with Matrigel, and the lower
chamber was filled with RPMI1640 with 20% FBS to
attract cells. Culture cells in cell incubator for two
days. The 8-pm-hole was stained with 0.1% crystal
violet for 30 min after fixation (4%
paraformaldehyde), and three microscopic fields (*
horizon 200) were selected randomly under the
microscope, and then count cells.

Colocalization analysis

293T cells or AGS cells were inoculated into a
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24-well plate with a piece of 15mm microscope cover
glass in each well. After cell adherence, transfected
pDsRed2-N1-FLOT1, p-EGFP-C1-BCAR1 and the
corresponding control plasmids into cells. 48 h later,
stained with DAPI (Solarbio, C0065) for 3 min after
fixation (4% paraformaldehyde). Imaging was
observed with confocal laser microscope (Leica,
Germany).

Western blotting

Protein samples mixed with 5 x loading buffer
were boiled at 100°C for 5 minutes. Then cooled down
the samples and subjected them into sodium dodecyl
sulfate polyacrylamide gel, electrophoresed and
transferred the sample to PVDF membrane. Then
blocked the membrane with 5% skimmed milk for 1
hour, and then incubated the membrane with primary
antibodies, at 4°C overnight. Washed the membrane,
incubated it into secondary antibodies, and washed it
again for 3 times. At last, detected the signals with
ChemiDoc (Bio-Rad, CA, USA). The primary
antibodies used in this study were as follow: rabbit
anti-FLOT1(Proteintech, 15571-1-AP, 1:1000), rabbit
anti-ERK1/2 (Proteintech, 51068-1-AP, 1:1000), rabbit
anti-p-ERK1/2 (Thr202/Tyr204) (Proteintech, 28733-
1-AP, 1:1000), rabbit anti-p130 Cas (Cell Signaling
Technology, #13846, 1:1000), rabbit anti-p-p130 Cas
(Tyr410) (Cell Signaling Technology, #4011, 1:800),
HA-Tag Rabbit mAb (Cell Signaling Technology,
#3724, 1:1000), DYKDDDDK Tag Rabbit mAb(Cell
Signaling Technology, #14793, 1:1000) antibodies.

Immunoprecipitation

Proteins were extracted from 10 cm dishes of
AGS or HGC-27 cells with full confluence. The whole
protein lysates were immunoprecipitated with
antibodies targeting against HA tag (CST, #3724 or
Proteintech, 66006-2-Ig), DYKDDDDK tag (CST,
#14793 or Proteintech, 66008-4-Ig) or IgG negative
control (CST) at 4 °C overnight in the rotator, then
added 50pL Protein A/G PLUS Agarose (Santa Cruz,
sc-2003) beads into each tube and rotated for 2h at
4 °C. Subsequently, wash the beads using PBST buffer
Sminutes, 4 times. The immunoprecipitation
complexes were separated from beads and analyzed
using western blotting.

In vivo xenograft mouse model and small
animal PET/CT Imaging

The experiments were approved by the Research
Ethics Committee of Xiangya Hospital, Central South
University and IACUC of Hunan Yuanhe
Biotechnology Co, Ltd for Animal Experiment
(IACUC No.2022007). Male NOD-SCID mice aged
four weeks were randomly divided into groups, five
mice per group. For tumor growth assay, FLOT1 or

BCAR1 knockdown (1x107 cells) or overexpressed
(5x10¢ cells) AGS and HGC-27 cells were injected
subcutaneously into the dorsal flank of mice. All the
mice were monitored, and tumor size were measured
every 3 (FLOT1 or BCAR1 OE and control group) or 6
(FLOT1-KD and control group) days (based on the
rate of tumor growth). We used the formula V =
(Length x Width?)/2 to calculate tumor volume.
About 24 (FLOT1-OE and control group) or 36
(FLOT1-KD and control group) days later (based on
the rate of tumor growth), mice were sacrificed, and
tumor mass was collected and weighed.
Immunohistochemistry and WB was performed on
the mice tumor tissue to confirm the expression of
FLOT1. Immunohistochemistry staining of Ki-67 was
performed to examine cell proliferation rate.

For mice lung metastasis model, treated AGS
cells (5%x10¢cells) or treated HGC-27 cells (5%10¢ cells)
were injected into mice through tail vein. About 30
(FLOT1-OE and control group) or 60 (FLOT1-KD and
control group) days later, mice were scanned using
18F-FDG PET-CT, and the uptake rate (tumor/muscle
ratio) was compared. For imaging, all the mice fasted
for at least 4 hours. PET/CT scan with nanoScan
PET/CT scanner (Mediso, Hungary) was obtained
after 50-60 min post-injection of 3.7-7.4 MBq 18F-FDG
under anesthesia. The images were reconstructed, and
regions of interest (ROIs) were drawn to obtain
tumor-to-muscle ratios. The quantitative data were
indicated as percentage injected dose per gram of
tissue (% ID/g).

Human GC tissue microarray preparation and
Immunohistochemistry

We collected 102 pairs of tumors and the
adjacent normal tissue of gastric cancer patients who
underwent surgery at the department of general
surgery, Xiangya hospital, Central South University.
Based on voluntary principles, all patients were
informed the purpose of this study, they could freely
decide whether they want to participate in the
investigation or not and gave their written informed
consent before inclusion in this study. In the third
year of follow-up survey, 80 out of 102 patients were
followed up, the other 22 patients were lost to
follow-up. The study was approved by the Research
Ethics Committee of Xiangya Hospital, Central South
University.

A gastric cancer tissue microarray containing 102
pairs of gastric cancer tissue and the adjacent normal
tissue from samples of gastric patients was used.
Paraffin sections were dewaxed in xylene for 15
minutes and hydrated using graded ethanol. After
antigen heat repair using boiling water for 30 minutes,
sections were treated with 3% hydrogen peroxide at
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room temperature for 10 minutes. After being blocked
with 10% goat serum for 1 hour, the sections were
incubated with rabbit anti-FLOT1 (Proteintech, 15571-
1-AP, 1:200), rabbit anti-p130 Cas (Cell Signaling
Technology, #13846, 1:200), rabbit anti-Ki67
(Proteintech, 27309-1-AP, 1:200), rabbit anti-p-ERK1/2
(Thr202/Tyr204) (Proteintech, 28733-1-AP, 1:200)
antibodies at 4 °C overnight. Before being incubated
with secondary antibodies for 1 hour, warm the
sections at room temperature for 30 minutes. Staining
the sections with DAB kit and hematoxylin. After
hydrochloric acid differentiation, —dehydration,
transparency and sealing, the sections were examined
and scored independently by three pathologists
following the principle of blindness. The IHC scoring
criterion was according to both the staining intensity
and positive staining area. The staining intensity was
graded as follows: 0, negative; 1, weak; 2, moderate;
and 3, strong. The positive staining area was scored as
follows: 1, 0-25%; 2, 26-50%; 3, 51-75%; and 4, >75%.

Statistical analysis

Data were presented as the mean * SD.
Statistical analysis and visualization was conducted
using SPSS 26.0 and GraphPad Prism V.8. The
Student’s t-test was used to analyze the two groups of
data. Kaplan-Meier method was used to do Survival
analysis, and comparisons were made using log-rank
test. Correlations were analyzed using the Pearson
correlation test based on IHC score. The statistical
significance levels in this study are as follows: *<0.05,
**<0.01, ***<0.001, and****<0.0001. The experiments
were repeated three times.

Results

FLOTI1 promotes gastric cancer cell
proliferation, migration and invasion in vitro

With the knowledge that FLOT1 was involved in
several types of cancer and overexpressed in gastric
cancer, we further investigated the function of FLOT1
in gastric cancer cells. Using western blotting, we
examined the expression level of FLOT1 in a group of
gastric cancer cell lines and normal gastric mucosa
epithelial cell (GES-1) (Figure 1. A). We found that
FLOT1 protein level was relatively high in AGS cell
and low in HGC-27 cell. Then, we chose AGS cell to
establish FLOT1 stable knockdown (FLOT1-KD) cell
line and HGC-27cell was chosen for FLOT1 stable
overexpression (FLOT1-OE) cell line establishment.
The overexpression and knockdown of FLOT1 in
gastric cancer cells were validated by western blotting
(Figure 1. B). Using cell proliferation assay, colony
formation assay, wound-healing assay and transwell
invasion assay, we examined the proliferation,

migration and invasion ability in FLOT1-OE HGC-27
cell, FLOT1-KD AGS cell and their corresponding
control cells. Results showed that FLOT1
overexpression dramatically increased HGC-27 cell
proliferation rate, migration and invasion ability.
However, FLOT1 knockdown significantly decreased
AGS cell proliferation rate, migration and invasion
ability (Figure 1. C-F). With the results above, we
concluded that FLOT1 promotes gastric cancer cell
proliferation, migration and invasion.

FLOTI1 promotes tumorigenesis and
metastasis in mouse model

To further investigate the role of FLOT1 in
gastric cancer growth and development in vivo,
FLOT1-OE HGC-27 cells (FLOT1-OE group) and
FLOT1-KD AGS cells (FLOT1-KD group) and
corresponding control cells were inoculated into
NOD-SCID mice subcutaneously. Tumor size was
measured, and tumor volume calculated (Figure 2. C,
E). Mice were sacrificed when the length of the
biggest tumor reached about 1.5cm, and tumors were
collected and weighted (Figure 2. D, F). The
overexpression and knockdown of FLOT1 in mice
tumors were validated by western blotting (Figure 2.
G, H). We found that, compared to the corresponding
control group, mice inoculated with FLOT1-OE
HGC-27 cells showed larger tumor (Figure 2. B), while
the tumor size in FLOT1-KD group were much
smaller (Figure 2. A). Moreover, the expression of
Ki-67 in mice tumor were determined by
immunohistochemistry (IHC) (Figure 2. 1, ]). Results
also showed that Ki-67 expression level was higher in
FLOT1-OE xenograft tumor and lower in FLOT1-KD
group when compared to the corresponding control.
These results indicated that the overexpression of
FLOT1 increased tumor growth, while knockdown of
FLOT1 decreased tumor growth remarkably in
xenograft mouse model.

To determine the role of FLOT1 in metastasis in
vivo, FLOT1-OE HGC-27 cells (FLOT1-OE group) and
FLOT1-KD AGS cells (FLOT1-KD group) and
corresponding control cells were injected into
NOD-5CID mice intravenously through tail vein. 30
(FLOT1-OE and control group) or 60 (FLOT1-KD and
control group) days later, we performed 18F-FDG
PET-CT scan for mice in each group (Figure 3. A, B),
and the uptake rate (tumor/muscle ratio) was
compared. Then mice were sacrificed, and lungs were
collected. In contrast to the control group, mice
injected with FLOT1-OE HGC-27 cells exhibited more
and larger lung metastatic nodules. Meanwhile, mice
injected with FLOT1-KD AGS cells showed less and
smaller metastatic nodules than the control group.
The lung metastatic tumor nodules were confirmed

https://www.ijbs.com



Int. J. Biol. Sci. 2023, Vol. 19 5108

by HE staining (Figure 3. E, F). Lung metastatic = showed lower tumor/muscle ratio (Figure 3. C, D),
nodules in FLOT1-OE group showed higher  which indicated that FLOT1 increased gastric cancer
tumor/muscle ratio, while the FLOT1-KD group  metastasis in vivo.
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Figure 1. FLOT1 promotes proliferation, migration and invasion in gastric cancer cells. A. Western blotting for FLOT1 expression level in GES-1 and cultured GC
cell lines. B. Western blotting for FLOT 1 expression level in FLOT-OE HGC-27 cell lines or FLOT1-KD AGS cell lines and the control cell lines. C. Cell proliferation assay for
FLOTI1-OE HGC-27 cell lines or FLOT1-KD AGS cell lines and the control cell lines. D. Colony formation assay and quantification data for FLOT1-OE HGC-27 cell lines or
FLOTI1-KD AGS cell lines and the control cell lines. E. Transwell invasion assay and quantification data for for FLOT1-OE HGC-27 cell lines or FLOT1-KD AGS cell lines and the
control cell lines. F. Wound-healing assay and quantification data for FLOT1-OE HGC-27 cell lines or FLOT1-KD AGS cell lines and the control cell lines at 0 and 24h after wound
scratch.
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Figure 2. FLOT1 promotes tumorigenesis in mouse model. A-J. FLOTI-OE HGC-27 cells or FLOT1-KD AGS cells and the control cell lines were inoculated
subcutaneously on the back of male NOD-SCID mice. (C,E) Tumors were measured and tumor volume were calculated on the indicated days. 36 or 24 days after inoculation,
mice were sacrificed and tumors were collected (A,B) and weighted (D,F). The expression of FLOT1 in tumors was examined by western blotting (G,H). Ki-67 in mouse

xenograft tumors were examined by Immunohistochemical staining (1,)).

FLOTI1 interacts with BCARI and regulates
BCARI phosphorylation and translocation

To further investigate the molecular mechanism
of FLOT1 in gastric cancer, we transfected plasmids
expressing HA-FLOT1 into AGS cells. 72h later cells
were collected, protein was extracted, and
immunoprecipitation (IP) was conducted by using
anti-HA antibody. The complex of HA-FLOT1-IP
protein was sent to proteomic analysis. The result

suggested that BCAR1 is one of the proteins that
interacts with FLOT1 (Supplementary Table 1). Then
Co-IP was performed and the interaction between
FLOT1 and BCARI1 in AGS and HGC-27 cells was
confirmed (Figure 4. A). To investigate the location of
FLOT1 and BCAR1, we transfected pDsRed2-N1-
FLOT1 and p-EGFP-C1-BCAR1 plasmids alone or
simultaneously into 293T cells and AGS cells.
Confocal fluorescence microscopy imaging analysis
showed that, FLOT1 was mainly localized at cell
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membrane, and BCAR1 was found in cytoplasm when
pDsRed2-N1-FLOT1 and p-EGFP-C1-BCARI1 plasmid
was transfected into cells alone. However, when
pDsRed2-N1-FLOT1 and p-EGFP-C1-BCAR1 were
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co-transfected into 293T and AGS cells, BCAR1
re-localized from cytoplasm to membrane-associated
places (Figure 4. C, Supplementary Figure 1).

HGC-CON FLOT1-OE #1

7.5x%

7.5%

20x

Figure 3. FLOT1 promotes metastasis in mouse model. A-F. FLOT1-OE HGC-27 cells or FLOT1-KD AGS cells and the control cell lines were injected into NOD-SCID
mice through tail vein. 30(FLOT1-OE and control) or 60(FLOT1-KD and control) days later before sacrificed, mice were scanned by 18F-FDG PET-CT to check lung metastatic
nodules (A,B) and the uptake rates of 18F-FDG (tumor/muscle ratio) were collected and compared (C-D). (E-F) Representative images of lungs and hematoxylin and eosin

staining for paraffin-embedded lung sections. Arrows indicate lung metastatic nodules.
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It was reported that BCAR1 promotes cell
migration in a manner dependent on the tyrosine
phosphorylation of YXXP motifs in substrate binding
domain[12], so we examined the Tyr410
phosphorylation level of BCAR1, which was reported
to be associated with cell migration[13], in FLOT1-OE
and FLOT1-KD gastric cancer cells and control cells
using western blotting. The results showed that
phosphorylated BCAR1, also named p-p130Cas
(Tyr410) was significantly increased in FLOT1-OE
cells and decreased in FLOT1-KD cells when
compared with the corresponding control (Figure 4.
B). These results strongly suggested that FLOT1
interacted with BCAR1 and regulated BCARI1
phosphorylation and translocation.

BCARI plays oncogenic role in gastric cancer
To define the role of BCARI in gastric cancer, we
established BCAR1 overexpressed and knockdown
stable HGC-27cell lines and control cells by infecting
BCAR1 OE and KD lentivirus and the corresponding
control (Figure 5. A). We compared the cell

proliferation, migration and invasion ability among
these cells using cell proliferation assay, colony
formation assay, wound-healing assay and transwell
invasion assay in BCAR1 OE and KD HGC-27 cells
and control cells. Results showed that BCARI1
overexpression significantly increased cell prolife-
ration, migration and invasion ability. Meanwhile,
knockdown of BCAR1 remarkably decreased the
ability of cell proliferation, migration and invasion
(Figure 5. B-E).

In vivo, we established xenograft mouse model
by inoculating BCAR1 overexpressing (BCAR1 OE
group), knockdown (BCAR1 KD group) HGC-27cells
and the corresponding control cells into NOD-SCID
mice subcutaneously. Mice were monitored until
being sacrificed. The results showed that tumors in
BCARI1 OE group were larger in size and weight than
that in control group (Figure 5. F-H). While tumors in
BCAR1 KD group were much smaller than control
(Figure 5. I-K). These results indicated that BCAR1
plays an oncogenic role in gastric cancer in vitro and in
vivo.
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Figure 5. BCARI plays oncogenic role in gastric cancer. A. Western blotting for BCAR1 expression level in BCAR1-OE or KD HGC-27 cell lines and the control cell
lines. B. Cell proliferation assay for the BCARI-OE and control HGC cells (left) or BCARI-KD and control HGC-27 cells(right). C. Colony formation assay and quantification
data for BCAR1-OE or KD HGC-27 cell lines and the control cell lines. D. Wound-healing assay for BCAR1-OE or KD HGC-27 cell lines and the control cell lines at 0 and 48h
after wound scratch. E. Transwell invasion assay for BCARI-OE or KD HGC-27 cell lines and the control cell lines. F-K. BCAR1-OE or KD HGC-27 cell lines and the control
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https://www.ijbs.com



Int. J. Biol. Sci. 2023, Vol. 19

5113

BCARI mediates FLOT1 caused gastric cancer
cell proliferation, migration and invasion
through ERK signaling

To investigate whether BCAR1 mediates FLOT1
induced gastric cancer cell proliferation, migration
and invasion, we transfected FLOT1 OE and control
plasmids into BCAR1 KD HGC-27 and the
corresponding control cells. Then colony formation
assay, cell wound healing assay and transwell assay
were performed. Results showed that FLOT1
re-expression had minor effect on BCAR1-KD stable
HGC-27 cells. That is to say, knockdown of BCAR1
blocked FLOT1 induced HGC-27 cell proliferation,
migration and invasion (Figure 6. A-C).

By consulting references, we found that BCAR1
network could mediate biological signature through
ERK, PAK and Hippo pathways[14]. Interestingly,
FLOT1 also has been reported to be a very important
regulator of classical MAP kinase signaling. Monia
Amaddii and colleague[15] demonstrated that, FLOT1
binds with three tiers of MAPK signaling
simultaneously and could modulates the activation of
ERK. Therefore, we tested p-ERK1/2 (Thr202/Tyr204)
and ERK1/2 expression in BCARI-OE and
BCAR1-KD AGS and HGC-27cells, and
corresponding control cells. Results showed that
BCAR1 overexpression increased, while knockdown
of BCAR1 decreased p-ERK1/2 (Thr202/Tyr204)
expression significantly, compared with the control
cells (Figure 6. D). Additionally, BCAR1 knockdown
blocked FLOT1 induced ERK activation (Figure 6. E).
These results suggested that BACR1 mediates FLOT1
induced gastric cancer cell proliferation, migration
and invasion through ERK signaling.

Phosphorylation of BCARI on Tyr410 is
essential for FLOT1 induced GC cell migration
and invasion

To investigate the effect of BCAR1 Tyr410
phosphorylation on FLOT1 induced gastric cancer cell
proliferation, migration and invasion, we transfected
WT-BCAR1 and MT-BCAR1 (Y410F) overexpression
plasmids into FLOT1-KD stable AGS cell, and the
abilities of cell proliferation, migration and invasion
were examined. We found that overexpression of
WT-BCAR1 could vpartially restore FLOT1
knockdown induced inhibition of gastric cancer cell
proliferation, migration and invasion. However,
MT-BCAR1(Y410F) could partially restored FLOT1
knockdown induced cell proliferation, not migration
and invasion (Figure 7. A-C). Based on these results, it
appears that phosphorylation of BCAR1 Tyr410 site is
very important in FLOT1 induced gastric cancer cell
migration and invasion.

Furthermore, we also used ERK inhibitor
SCH772984 to treat WT-BCAR1 and MT-BCAR1
(Y410F) overexpressed FLOT1-KD AGS cells, and
examined the ability of cell proliferation, migration
and invasion. We observed that the restore of cell
proliferation, migration and invasion because of
WT-BCAR1 or MT-BCAR1 overexpression, was
totally inhibited after ERK inhibitor administration
(Supplementary Figure 3. A-F). These results further
confirmed  that ERK  signaling  mediated
FLOT1/BACR1 induced gastric cancer cell
proliferation, migration and invasion.

FLOTI1/BCARI/ERK signaling is closely
correlated with human gastric cancer

To determine the oncogenic role of FLOT1 and
BCART1 in gastric cancer patients, we analyzed the
expression of FLOT1, BCAR1, p-ERK1/2 and Ki67 in
80 gastric cancer samples and the paired adjacent
normal gastric mucosa using IHC staining. Results
showed that the expression levels of FLOT1 and
BCAR1 were significantly higher in gastric cancer
tissue than the adjacent normal mucosa (Figure 8.
A,G), and they were positively correlated with Ki67
and p-ERK1/2 expression (Figure 8. B-F). The
association between the expression levels of FLOT1
and BCAR1 with clinical characteristics was analyzed
and summarized. The expression levels of FLOT1 and
BCAR1 were both significantly associated with tumor
stage, depth of tumor invasion and regional lymph
node (Table 1). Additionally, we found that FLOT1
and BCAR1 expression levels were negatively and
significantly correlated with overall survival of gastric
cancer patients during 3-year follow-up period
(Figure 8. H,I). Data from TCGA also showed that
FLOT1 and BCAR1 expression level was higher in
gastric cancer tissue than the adjacent normal mucosa
(Figure 8. ]), which was highly coincide with our
results, and the expression of FLOT1 and BCAR1 was
significantly associated with progression free survival
in gastric cancer patients in III-IV stages
(Supplementary Figure 4. A,B). Additionally, FLOT1
expression was negatively correlated with overall
survival in gastric cancer patients (Supplementary
Figure 4. C). Collectively, all the results above
indicated that FLOT1 and BCAR1 were overexpressed
in gastric cancer tissue and was closely correlated
with poor prognosis in gastric cancer patients.

Discussion

With 1,033,701 new cases and 769,000 deaths
according to data from GLOBOCAN 2020, gastric
cancer was ranked the 5t most diagnosed malignancy
and the third most common cause of cancer related
death worldwide[1]. Since there is no effective
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therapeutic option for gastric cancer patients in
advanced stage, metastasis has been a major threat for
gastric cancer patients. Therefore, a better knowledge
of the molecular mechanism of gastric cancer
progression and metastasis is in urgent need. In this

study, we find FLOT1 promotes gastric cancer cell
proliferation, migration and invasion through
FLOT1/BCAR1/ERK pathway. FLOT1 interacts with
BCAR1 and regulates the phosphorylation and
translocation of BCARI.
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Figure 6. BCARI mediates FLOTI1 caused gastric cancer cell proliferation, migration and invasion through ERK signaling. A. Colony formation assay and
quantification data for BCARI- KD and control HGC-27 cells transfected with FLOT1 overexpression or control plasmid. B. Wound-healing assay for BCAR1- KD and control
HGC-27 cells transfected with FLOT | overexpression or control plasmids at 0 and 48h after scratching. C. Trans-well invasion assay for BCAR1- KD and control HGC-27 cells
transfected with FLOT 1 overexpression or control plasmids. D. Western blotting for the expression of indicated proteins in BCAR1-OE or KD and the control cell lines in AGS
(left) and HGC-27 (right) cell. E. Western blotting for the expression of indicated proteins in BCARI- KD and control HGC-27 cells transfected with FLOT 1 overexpression or

control plasmid.
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Figure 7. Phosphorylation of BCARI on Tyr410 is essential for FLOT1 induced GC cell migration and invasion. A. Colony formation assay and quantification
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Table 1. Correlation between the expression of FLOT1, BCARI
and clinicopathological characteristics in 80 cases of human gastric
cancer tissue

FLOT1 BCAR1
Characteristic n Low High P Low High P
Age (years)
<60 40 15 25 02637 11 29 0.6197
> 60 40 11 29 8 32
Gender
Male 51 15 36 0.5656 12 39 0.6914
Female 29 12 17 7 22
Tumor stage
I-1I 24 8 16 0.0124 8 16 0.0487
-1V 56 19 37 1 45
Depth of tumor invasion
T1-T2 10 8 2 0.0000 8 2 0.0002
T3-T4 70 19 51 1 5

Regional lymph node invasion

FLOT1 BCAR1
Characteristic n Low High P Low High P
Yes 63 18 45 0.0051 12 51 0.0152
No 17 9 8 7 10
Regional nerve invasion
Yes 47 11 36 0.0105 8 39 0.0932
No 33 16 17 11 22
Regional vascular invasion
Yes 45 11 34 0.0362 7 38 0.0810
No 35 16 19 12 23
Differential degree
Well and moderate 29 12 17 0.6721 10 19 0.2455
Poor and undifferentiated 51 15 36 9 42

P < 0.05 was considered to be statistically significant

FLOT1, a member of the flotillin/reggie family,
compartments
predominantly[16]. Flotillins assemble into large

is located

membrane
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oligomers to form the micro domains called lipid
rafts, on which small molecules interact with each
other and through which signaling was
transduced[17-19]. FLOT1 was also reported to be
implicated in several types of cancer[6, 20-22] and the
expression level of FLOT1 affects its cellular
distribution. When upregulated, FLOT1 accumulates
in late endosomes in cancer[23]. In this work, we find
overexpression of FLOT1 promotes proliferation,

A FLOT1

migration and invasion of gastric cancer cells and
tumor growth, while knockdown of FLOT1 inhibits
gastric cancer proliferation, migration and invasion in
vitro and in vivo. Additionally, FLOT1 overexpressed
in gastric cancer tissue when compared with the
adjacent normal mucosal, and FLOT1 expression level
is positively correlated with tumor stage, invasion,
metastasis and patients” poor outcome.

BCAR1 p-ERK1/2
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Figure 8. FLOT1/BCARI/ERK signaling is closely correlated with human gastric cancer. A. Representative images of the IHC staining for FLOTI and BCARI
expression level in human gastric cancer tissues and paired adjacent normal gastric mucosa. B. The correlation between FLOT1 and BCARI expression in human gastric cancer
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tissues. C. The correlation between FLOT1 and Kié7 expression in human gastric cancer tissues. D. The correlation between BCARI and Ki67 expression in human gastric
cancer tissues. E. The correlation between FLOT1 and p-ERK1/2 expression in human gastric cancer tissues. F. The correlation between BCARI and p-ERK1/2 expression in
human gastric cancer tissues. Kaplan-Meier survival analysis showed the correlation between overall survival rate and FLOT1 expression. G. IHC staining score of FLOT 1 (left
panel) and BCARI (right panel) in gastric cancer tissues and adjacent normal mucosa (P < 0.0001). H. Kaplan-Meier survival analysis for the correlation of overall survival rate and
FLOT]1 expression. I. Kaplan-Meier survival analysis for the correlation of overall survival rate and BCAR1 expression. J. Comparison of FLOT1 mRNA expression in gastric
cancer tissues (n = 414) and normal tissues (n = 210). Data from the TCGA (The Cancer Genome Atlas) (portal.gdc.cancer.gov/) database.

FLOT1 implicated in signaling transduction,
vesicle trafficking and cytoskeleton rearrangement by
interacting with a variety of proteins, such as
GPl-anchored proteins[22, 24], several large trans-
membrane proteins[25] and Src family kinases[26-28].
Accordingly, Jun Liu et al reported the interaction
among adaptor protein CAP, Src family kinase fyn
and FLOTI, suggesting the function of FLOT1 as a
molecular link between complicated signaling
complex and membrane lipid rafts[26]. In this study,
we find a direct interaction between FLOT1 and
BCAR1, another adaptor protein in Cas family.
Furthermore, we found the expression level of FLOT1
was closely associated with phosphorylation of
BCAR1 at Tyr 410, which plays crucial role in
migration and chemoresistance of cancer therapy[13].

BCAR1, also called p130Cas(Crk-associated
substrate), was originally known for its closely
association with Crk and crucial role in cell
transformation by v-Src and v-Crk[29]. Structurally,
BCAR1 is characterized by a substrate binding
domain containing 15 repeats of YxxP sequence, in
which the tyrosine residues can be phosphorylated by
PTK and provide a binding site for SH2 or PTB, and a
proline-rich region (RPLPSPP) and a tyrosine-
containing sequence (YDYV) in the C-terminal
domain, which binds to the Src SH3 and SH2
domain[30]. Due to these conserved motifs, BCARI is
highly phosphorylated and promotes protein-protein
interaction[7, 31-34]. And once phosphorylated,
BCAR1 may relocalized from cytoplasm to
membrane-associated  cell  fraction[35], which
coincides well with our observation from confocal.
We also identified the oncogenic role of BCAR1 in
gastric cancer in vitro and in vivo. Overexpression of
BCAR1 promotes gastric cancer cell proliferation,
migration, invasion and tumor growth. While
knockdown of BCARI inhibits the ability of cell
proliferation, migration, invasion and tumor growth
in gastric cancer. Additionally, the phosphorylation of
BCAR1 at Tyr 410 is specifically associated with
FLOT1 induced gastric cancer invasion and
migration.

ERK signaling, as a classical oncogenic pathway,
has been reported to transduce both FLOT1 and
BCAR1 induced tumorigenesis[15, 36, 37]. In our
study, we also observed the activation of ERK
increased in both FLOT1 or BCAR1 overexpressed
HGC-27cells. However, when we knockdown BCAR1
in FLOT1 overexpressed HGC-27cell, we observed the

inhibition of ERK activation, and so was the ability of
cell proliferation, migration and invasion. Moreover,
BCAR1 overexpression can partially restore FLOT1
knockdown induced gastric cancer cell proliferation,
migration and invasion. But the recovery can be
inhibited by ERK inhibitor. All these results from
rescue experiments suggested that BCAR1 mediate
FLOT1 induced gastric cancer proliferation, migration
and invasion through ERK signaling.

However, FLOT1 has not been reported to have
protein kinases activity. Then how was BCARI1
phosphorylated in gastric cancer cells in which FLOT1
was upregulated? By consulting references, we find
that BCAR1 was an important substrate of Src, and Src
phosphorylates at least ten tyrosine residues located
at SH2-and-PTB-binding domain of BCAR1 between
Tyr238 and Tyr 414, which are closely associated with
cell migration[12, 38]. Therefore, Src may have vital
role in the regulation of FLOT1 on BCAR1
phosphorylation, which needs to be further verified
and offers a good instruction for our further research.
Furthermore, the mechanism in metastatic tumor is
never limited to tumor cells due to the existence of
intratumoral heterogeneity, complex tumor microen-
vironment, and immunosuppressive tumor ecosystem
in metastatic cancer[39]. To completely unveil the
mechanism of FLOT1 in gastric cancer progression
and metastasis, we should not only focus on tumor
cell itself and the function of FLOT1, but also other
cell types, small molecular and the whole tumor
ecosystem comprehensively and multifacetedly[40,
41].

Taken together, our study indicates that, BCAR1
mediates FLOT1 induced gastric cancer progression
and metastasis through ERK signaling, which may
present a novel therapeutic approach for gastric
cancer treatment.

Supplementary Material

Supplementary figures and table.
https:/ /www.ijbs.com/v19p5104s1.pdf

Acknowledgements

This work was supported by financial support
from Changsha Municipal Natural Science
Foundation (no. kq2202384), the National Natural
Science Foundation of China [81573012], Beijing
Xisike Clinical Oncology Research Foundation
(Y-NESTLE2022ZD--0369), Natural Science Founda-
tion of Hunan Province (2022]]30920).

https://www.ijbs.com



Int. J. Biol. Sci. 2023, Vol. 19

5118

Author Contributions

Conceived/designed study (RW, WH, CL, ZC,

ZC, WY). Acquired/analyzed/interpreted data (WZ,
WH, XH, SX, JG, LM). Experimental study (RW, KC,
YX). Drafted manuscript (RW, KC, WH, CL, ZC, ZC,
WY). Reviewed manuscript (RW, WH, KC, ZC, CL,
SX, WZ, XH, ]G, LM, WY, ZC). All authors read and
approved the final manuscript.

Competing Interests

The authors have declared that no competing

interest exists.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Sung H, Ferlay ], Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et
al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer ]
Clin. 2021; 71: 209-49.

Smyth EC, Nilsson M, Grabsch HI, van Grieken NC, Lordick F. Gastric
cancer. Lancet. 2020; 396: 635-48.

Lingwood D, Simons K. Lipid rafts as a membrane-organizing principle.
Science. 2010; 327: 46-50.

Sezgin E, Levental I, Mayor S, Eggeling C. The mystery of membrane
organization: composition, regulation and roles of lipid rafts. Nat Rev
Mol Cell Biol. 2017; 18: 361-74.

Santamaria A, Castellanos E, Gomez V, Benedit P, Renau-Piqueras J,
Morote J, et al. PTOV1 enables the nuclear translocation and mitogenic
activity of flotillin-1, a major protein of lipid rafts. Mol Cell Biol. 2005; 25:
1900-11.

Kang M, Ren MP, Zhao L, Li CP, Deng MM. miR-485-5p acts as a
negative regulator in gastric cancer progression by targeting flotillin-1.
Am ] Transl Res. 2015; 7: 2212-22.

Bouton AH, Riggins RB, Bruce-Staskal PJ. Functions of the adapter
protein Cas: signal convergence and the determination of cellular
responses. Oncogene. 2001; 20: 6448-58.

Defilippi P, Di Stefano P, Cabodi S. p130Cas: a versatile scaffold in
signaling networks. Trends Cell Biol. 2006; 16: 257-63.

van der Flier S, Brinkman A, Look MP, Kok EM, Meijer-van Gelder ME,
Klijn JG, et al. Bcarl/p130Cas protein and primary breast cancer:
prognosis and response to tamoxifen treatment. ] Natl Cancer Inst. 2000;
92:120-7.

Eisenmann KM, McCarthy JB, Simpson MA, Keely PJ, Guan JL,
Tachibana K, et al. Melanoma chondroitin sulphate proteoglycan
regulates cell spreading through Cdc42, Ack-1 and p130cas. Nat Cell
Biol. 1999; 1: 507-13.

Salgia R, Pisick E, Sattler M, Li JL, Uemura N, Wong WK, et al. p130CAS
forms a signaling complex with the adapter protein CRKL in
hematopoietic cells transformed by the BCR/ABL oncogene. J Biol
Chem. 1996; 271: 25198-203.

Shin NY, Dise RS, Schneider-Mergener J, Ritchie MD, Kilkenny DM,
Hanks SK. Subsets of the major tyrosine phosphorylation sites in
Crk-associated substrate (CAS) are sufficient to promote cell migration. J
Biol Chem. 2004; 279: 38331-7.

Ward JD, Dhanasekaran DN. LPA Stimulates the Phosphorylation of
p130Cas via Gai2 in Ovarian Cancer Cells. Genes Cancer. 2012; 3: 578-91.
Chen L, Long X, Duan S, Liu X, Chen J, Lan J, et al. CSRP2 suppresses
colorectal cancer progression via p130Cas/Racl axis-meditated ERK,
PAK, and HIPPO signaling pathways. Theranostics. 2020; 10: 11063-79.
Amaddii M, Meister M, Banning A, Tomasovic A, Mooz J, Rajalingam K,
et al. Flotillin-1/reggie-2 protein plays dual role in activation of
receptor-tyrosine kinase/mitogen-activated protein kinase signaling. J
Biol Chem. 2012; 287: 7265-78.

Solomon S, Masilamani M, Rajendran L, Bastmeyer M, Stuermer CA,
Iliges H. The Ilipid raft microdomain-associated protein
reggie-1/flotillin-2 is expressed in human B cells and localized at the
plasma membrane and centrosome in PBMCs. Immunobiology. 2002;
205: 108-19.

Morrow IC, Rea S, Martin S, Prior IA, Prohaska R, Hancock JF, et al.
Flotillin-1/reggie-2 traffics to surface raft domains via a novel
golgi-independent pathway. Identification of a novel membrane
targeting domain and a role for palmitoylation. J Biol Chem. 2002; 277:
48834-41.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Solis GP, Hoegg M, Munderloh C, Schrock Y, Malaga-Trillo E,
Rivera-Milla E, et al. Reggie/flotillin proteins are organized into stable
tetramers in membrane microdomains. Biochem J. 2007; 403: 313-22.
Dermine JF, Duclos S, Garin J, St-Louis F, Rea S, Parton RG, et al.
Flotillin-1-enriched lipid raft domains accumulate on maturing
phagosomes. J Biol Chem. 2001; 276: 18507-12.

Li L, Luo J, Wang B, Wang D, Xie X, Yuan L, et al. Microrna-124 targets
flotillin-1 to regulate proliferation and migration in breast cancer. Mol
Cancer. 2013; 12: 163.

Yang FQ, Zhang HM, Chen SJ, Yan Y, Zheng JH. MiR-506 is
down-regulated in clear cell renal cell carcinoma and inhibits cell growth
and metastasis via targeting FLOT1. PLoS One. 2015; 10: e0120258.

Li Y, Shan F, Chen ]. Lipid raft-mediated miR-3908 inhibition of
migration of breast cancer cell line MCF-7 by regulating the interactions
between AdipoR1 and Flotillin-1. World ] Surg Oncol. 2017; 15: 69.
Planchon D, Rios Morris E, Genest M, Comunale F, Vacher S, Bieche I, et
al. MT1-MMP targeting to endolysosomes is mediated by upregulation
of flotillins. J Cell Sci. 2018; 131.

Stuermer CA, Langhorst MF, Wiechers MF, Legler DF, Von Hanwehr
SH, Guse AH, et al. PrPc capping in T cells promotes its association with
the lipid raft proteins reggie-1 and reggie-2 and leads to signal
transduction. Faseb j. 2004; 18: 1731-3.

Bared SM, Buechler C, Boettcher A, Dayoub R, Sigruener A, Grandl M, et
al. Association of ABCA1 with syntaxin 13 and flotillin-1 and enhanced
phagocytosis in tangier cells. Mol Biol Cell. 2004; 15: 5399-407.

Liu J, Deyoung SM, Zhang M, Dold LH, Saltiel AR. The
stomatin/ prohibitin/flotillin/HfIK/C domain of flotillin-1 contains
distinct sequences that direct plasma membrane localization and protein
interactions in 3T3-L1 adipocytes. ] Biol Chem. 2005; 280: 16125-34.
Slaughter N, Laux I, Tu X, Whitelegge J, Zhu X, Effros R, et al. The
flotillins are integral membrane proteins in lipid rafts that contain
TCR-associated signaling components: implications for T-cell activation.
Clin Immunol. 2003; 108: 138-51.

Stuermer CA, Lang DM, Kirsch F, Wiechers M, Deininger SO, Plattner H.
Glycosylphosphatidyl inositol-anchored proteins and fyn kinase
assemble in noncaveolar plasma membrane microdomains defined by
reggie-1 and -2. Mol Biol Cell. 2001; 12: 3031-45.

Matsuda M, Mayer BJ, Fukui Y, Hanafusa H. Binding of transforming
protein, P47gag-crk, to a broad range of phosphotyrosine-containing
proteins. Science. 1990; 248: 1537-9.

Songyang Z, Liu D. Peptide library screening for determination of SH2
or phosphotyrosine-binding domain sequences. Methods Enzymol. 2001;
332: 183-95.

Korah R, Choi L, Barrios J, Wieder R. Expression of FGF-2 alters focal
adhesion dynamics in migration-restricted MDA-MB-231 breast cancer
cells. Breast Cancer Res Treat. 2004; 88: 17-28.

Avraham HK, Lee TH, Koh Y, Kim TA, Jiang S, Sussman M, et al.
Vascular endothelial growth factor regulates focal adhesion assembly in
human brain microvascular endothelial cells through activation of the
focal adhesion kinase and related adhesion focal tyrosine kinase. J Biol
Chem. 2003; 278: 36661-8.

Kodama H, Fukuda K, Takahashi E, Tahara S, Tomita Y, Ieda M, et al.
Selective involvement of p130Cas/Crk/Pyk2/c-Src in
endothelin-1-induced JNK activation. Hypertension. 2003; 41: 1372-9.
Kyaw M, Yoshizumi M, Tsuchiya K, Kagami S, Izawa Y, Fujita Y, et al.
Src and Cas are essentially but differentially involved in angiotensin
II-stimulated migration of vascular smooth muscle cells via extracellular
signal-regulated kinase 1/2 and c-Jun NH2-terminal kinase activation.
Mol Pharmacol. 2004; 65: 832-41.

Sakai R, Iwamatsu A, Hirano N, Ogawa S, Tanaka T, Mano H, et al. A
novel signaling molecule, p130, forms stable complexes in vivo with
v-Crk and v-Src in a tyrosine phosphorylation-dependent manner. Embo
j- 1994; 13: 3748-56.

Giancotti FG, Tarone G. Positional control of cell fate through joint
integrin/receptor protein kinase signaling. Annu Rev Cell Dev Biol.
2003; 19: 173-206.

Kurrle N, Ockenga W, Meister M, Véllner F, Kiihne S, John BA, et al.
Phosphatidylinositol 3-Kinase dependent upregulation of the epidermal
growth factor receptor upon Flotillin-1 depletion in breast cancer cells.
BMC Cancer. 2013; 13: 575.

Goldberg GS, Alexander DB, Pellicena P, Zhang ZY, Tsuda H, Miller
WT. Src phosphorylates Cas on tyrosine 253 to promote migration of
transformed cells. ] Biol Chem. 2003; 278: 46533-40.

Zou Y, Ye F, Kong Y, Hu X, Deng X, Xie ], et al. The Single-Cell
Landscape of Intratumoral Heterogeneity and The Immunosuppressive
Microenvironment in Liver and Brain Metastases of Breast Cancer. Adv
Sci (Weinh). 2023; 10: €2203699.

. Liu P, Wang Z, Ou X, Wu P, Zhang Y, Wu S, et al. The

FUS/circEZH2/KLF5/ feedback loop contributes to CXCR4-induced

https://www.ijbs.com



Int. J. Biol. Sci. 2023, Vol. 19

5119

41.

liver metastasis of breast cancer by enhancing epithelial-mesenchymal
transition. Mol Cancer. 2022; 21: 198.

Xing S, Tian Z, Zheng W, Yang W, Du N, Gu Y, et al. Hypoxia
downregulated miR-4521 suppresses gastric carcinoma progression
through regulation of IGF2 and FOXM1. Mol Cancer. 2021; 20: 9.

https://www.ijbs.com



