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IntegrinB5 upregulated by HER2 in gastric cancer: a promising
biomarker for liver metastasis
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Background: Liver is the most frequent metastatic site of gastric cancer (GC), especially in patients with
HER?2 positive GC. Exosomal integrin avp5 has been shown to promote liver metastasis (LM), and the cross
talk between integrins and HER2 during breast cancer metastasis has been reported. However, whether
there’s an association between HER2 and integrin avB5 (ITGAvBS5), and whether their association has
predictive value in GC liver metastasis (GCLM) remains unknown.

Methods: The association between ITGB5 and HER2 were accessed by RT-PCR, western blot and ELISA.
We tested the function of ITGB5 on HER2 positive GC cells using Transwell assays and scratch assays.
Besides, we detect ITGBS expression in tumor tissue of GC patients and exosomes derived from advanced
GC to analyze the association between HER2 and LM.

Results: In our study, we found that ITGBS, rather than ITGAV, was highly upregulated by HER2 through
PI3K-AKT pathways in HER2 positive GC. Overexpression of ITGBS promoted the migration and invasion
of HER2 positive GC cells in vitro. ITGB5 was found to be an independent prognostic factor for GC.
Besides, ITGPS level was only associated with LM. Detection of exosomal ITGB5 and HER? in the serum
of GC patients revealed that exosomal ITGB5 and HER2 levels are in accordance with that in tissue, and
exosomal ITGPS5 level was higher in GCLM than other metastasis.

Conclusions: Our study demonstrated ITGP5 is regulated and functions in accordance with HER2 in
promoting GCLM. Exosomal ITGBS5 levels might be a potential liquid biopsy biomarker for GCLM.
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Introduction Even though progress has been made, the prognosis of

Gastric cancer (GC) is one of the most common and lethal GCLM patients is still poor because of delayed diagnosis

cancers worldwide, especially in China (1,2). Like other
cancers, metastasis is the leading cause of patients’ death
in GC, with liver as one of the mostly chosen organ (3).
Patients with GC liver metastasis (GCLM) suffer from a
S-year survival rate around 5% and a median survival less
than 10 months underwent traditional chemotherapy (4).
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and ineffective treatments. Thus, novel prognostic
biomarkers and treatment recipes for GCLM is in urgent
need.

Recently, the roles that exosomes play during the
complex cascades of GC distal metastasis has been noted (5).

Exosomes are extracellular vesicles produced by cells
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with diameters range from 30-150 nm (6). Derived from
cells, exosomes are rounded by lipid bilayers, and contain
biomolecules such as nucleic acids, proteins and lipids,
transducing distal signals and exerting various functions (7).
Exosomes could remain stable not only in blood, urine and
saliva, but also in cell culture medium (8-11). The stability
of exosomes makes them ideal models for clinical diagnosis
and lab examinations. Moreover, tumor exosome integrins
has been found to determine organotropic metastasis (12).
Exosomal integrins a6B4 and a6pl were found to be
associated with lung metastasis, while exosomal integrin
avB5 was linked to liver metastasis (LM) (12). Although
the role of exosomal integrin in organotropic metastasis
was revealed using breast cancer and pancreatic cancer as
models, it’s hypothesized that exosomal integrins may also
facilitate LM in GC.

Integrins are a family composed of 24 transmembrane
heterodimers formed by 18a integrin and 8f integrin
subunits (13). As multidirectional signaling molecules,
integrins have been reported to play controversial yet vital
roles along the distal metastasis cascades (14). In breast
cancer, the cross talk between integrins and HER?2 in the
development of metastasis has been abundantly reported.
Targeting integrin avp6 in addition to trastuzumab
improved the survival in xenograft models (14-16). In GC,
the overexpression of HER? indicates obstinacy (17,18).
As reported, high expression of HER2 in GC is strongly
associated with GCLM (19-21). Congruously, in our
preceding studies, we found that the risk of LM is over
twice higher in HER2 positive advanced GC (AGC) than
that in the negative one, and adding HER2 monoclonal
antibody trastuzumab to chemotherapy is effective and safe
in clinical practice (21,22). However, HER2 status itself was
not an independent prognostic factor in GCLM patients.
The reason remains an enigma.

Given the above, in this study, the association between
HER?2 and integrins in GCLM was confirmed. The
significance of exosomal integrins in GCLM prognosis was
revealed and hereby we propose the combination of HER?2
antibody and integrins inhibitors in GCLM treatment.

Methods
Exosome isolation

Exosomes were isolated from the serum of patients
using 3D Medicine exosome isolation reagent (#N3525;
3DMed, Shanghai, China). Briefly, serum samples were
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centrifuged at 12,000 xg for 10 min at 4 °C after water bath
incubation at 37 °C for 5 min. Supernatants were Equilib
rated to ambient temperature, sequentially filtered with a
0.45-pm filter and a 0.22-pm filter respectively. One-
fourth volume of exosome isolation reagent (3DMed) was
added to and mixed with the filtered supernatant in a clean
1.5 mL tube. The mixture was incubated overnight at
4 °C and centrifuged at 4,700 xg for 30 min at 4 °C to obtain
extracellular vesicles precipitate. The isolated exosomes
were resuspended in cOmplete Lysis-M EDTA-free
(04719964001; Roche, Basle, Switzerland) with a volume
equal to that of the serum supernatant.

Exosomes’ characterization

To characterize the obtained exosomes, western blotting
and scanning electron microscopy (SEM) detection
were performed. For protein extraction, exosomes were
homogenized in RIPA lysis buffer supplemented with
proteinase inhibitors. Proteins were separated via sodium
dodecyl sulfate polyacrylamide gel electrophoresis in 4-20%
polyacrylamide gels (Bio-Rad, WA, USA), electroblotted
onto a polyvinylidene difluoride (PVDF) membrane
(Millipore, Billerica, MA, USA), and then incubated with
primary anti-CD63 (ab68418; Abcam, Cambridge, UK) and
anti-CD9 (ab92726; Abcam) at ambient temperature for 2 h.
Horseradish peroxidase-conjugated secondary antibodies
(Santa Cruz Biotechnology, CA, USA) were incubated with
the PVDF membrane at ambient temperature for 1 h after
TBST washing for 3 times. Antibody binding was detected
using an enhanced chemiluminescence system in accordance
with the manufacturer’s protocol (Tanon-5200Multi;
Shanghai, China).

Specimens derived from gastric cancer patients

This study was approved by the Research Ethics
Committees of Zhongshan hospital, Fudan University,
and written informed patient consents were obtained. A
total of 132 gastric cancer patients diagnosed with gastric
adenocarcinoma and treated with surgery in Shanghai
Zhongshan Hospital, Fudan University from 2009 to 2014
were enrolled. All the patients were without distal metastasis
and all the tumors of these patients were resectable at
the time of surgery. Clinicopathological information,
including age, gender, tumor location, tumor size, Lauren
classification, differentiation grade and metastasis organs
after surgery (follow-up to July 2018), was collected. Distal
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metastasis sites were confirmed by magnetic resonance

imaging (MRI) or computed tomography (CT).

Cell and reagent

Gastric carcinoma cell lines SGC7901, N87, AGS and
MNK28 were purchased from the Shanghai Cell Bank of
the Chinese Academy of Sciences (Shanghai, China). AKT
activator was purchased from Selleck (57863).

Gastric carcinoma cell lines were maintained in RPMI
1640 (HyClone, Logan, UT, USA) supplemented with
10% FBS (complete medium), and 293T cells were
maintained in Dulbecco’s Modified Eagles Medium
(HyClone). All cells were cultured in a cell incubator
(Thermo Fisher Scientific, Waltham, MA, USA) at 37 °C
and 5% CO.,.

Lentivirus production and stable cell line establishment

Core lentiviral plasmids containing shRNAs targeting
HER2/integrin B5 or scrambled sequence as negative
control were purchased from Shanghai GeneChem
Company Ltd. (Shanghai, China). To generate lentivirus
particles, the core plasmids were co-transfected into 293 T
cells with packaging plasmid psPAX2 and envelope plasmid
pMD2.G at a ratio of 4:3:1 using HighGene Transfection
reagent (Abclonal, Shanghai, China). After 48 h, lentiviral
particles were harvested and added to the medium of target
cells pre-treated with polybrene (2 pg/mL, Merck Sigma-
Aldrich, Burlington, MA, USA). Stable cell lines were
selected by puromycin (2 pg/mL, Merck Sigma-Aldrich)
and the knockdown efficiency was detected by quantitative
real-time PCR and western blot.

Transwell assays and scratch assays

To assess the influence of B5-integrin on the metastasis
of gastric carcinoma cells iz vitro, Transwell assays and
scratch assays were conducted. For Transwell assays, 2x10*
cells suspended in RPMI 1640 (without FBS) were seeded
in the upper chamber of a porous Transwell insert (8 pm,
353097, Corning) inserted in a well of a 24 well-plate
that already contains 500 pL. complete medium. After
24 h incubation, the complete medium was substituted
with 4% paraformaldehyde for the fixation of cells for 30
min. Then the fixed cells were stained with 0.5% crystal
violet at room temperature for 30 min, followed with
washing by PBS for three times. Cells did not migrate to
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the lower chamber were erased with a cotton-tipped swap.
Representative images were taken. For scratch assays,
5x10° cells were seeded in a well of a 6 well-plate with
complete medium to form a cell layer. The well was then
scratched with a 200 pL pipette tip, washed with PBS for
twice to remove floating cells and the complete medium
was changed for RPMI 1640 supplemented with 2% FBS
to allow cells to migrate. Images were taken right after
washing and 24 h later.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted using the RNeasy Plus Mini Kit
(Qiagen, Germantown, MD, USA) and then reversely
transcribed in to ¢cDNA using the high-capacity cDNA
Reverse Transcription kit (Thermo Fisher Scientific)
according to the manufacturer’s instruction. qRT-PCR
was performed using TB Green™ Premix Ex Taq™ II
(Tli RNaseH Plus) (Takara, Dalian, China) in a Real-time
System (Bio-Rad, Hercules, CA, USA). Samples were run in
triplicate and the results were normalized against GAPDH
and calibrated to the control.

Western blotting

Cells were lysed using RIPA buffer supplemented with
a phosphatase inhibitor cocktail and a protease inhibitor
cocktail (Beyotime, Shanghai, China), and cell lysates were
quantified using the BCA assay kit (Beyotime, Shanghai,
China). Electrophoresis was performed to separate the
proteins which were then transferred to PVDF membrane.
The membranes were blocked with 5% BSA/TBST
and probed with the following primary antibodies: anti-
phosphorylated HER2 (#2243, Cell Signaling Technology,
Beverly, MA, USA), anti-HER2 (#2165, Cell Signaling
Technology), anti-Akt (#4691, Cell Signaling Technology),
anti-phosphorylated Akt (#4060, Cell Signaling
Technology), anti-ITGBS5 (sc-14010, Santa Cruz), anti-
actin (sc-58673, Santa Cruz). After being washed by TBST
for 3 times, the membranes were then incubated with
secondary antibodies: HRP-conjugated anti-rabbit IgG
(#7074, Cell Signaling Technology) or anti-mouse IgG
(#7076, Cell Signaling Technology). After the unbound
secondary antibodies were washed, the membrane was
developed with Super ECL Detection Reagent (Yeason
Biotechnology, Shanghai, China), and images were
captured using ImageQuant™ LAS 4000 biomolecular
imager (GE Healthcare).
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Immunobistochemistry (IHC)

IHC was performed on Leica Bond III, as previously
described. In brief, tissue samples were paraffin-embedded
and sectioned (4.5 pm). After antigen retrieval, sections
were incubated with the aV (#CY6887, Abways Technology,
Shanghai, China), p5 (#CY1092, Abways Technology)
integrin and HER2 (790-4493, Ventana Medical Systmes,
AZ, USA) primary antibodies at 4 °C overnight in a
humidified chamber. After washing with PBS, the slides
were subsequently incubated with the secondary antibodies
for 30 minutes, developed using GTvision TM III (Gene
Technology, Shanghai, China), and counterstained with
hematoxylin. Substitution of the primary antibody with PBS
was used as a negative control for tissue section.

ELISA

For the detection of exosomal HER? in gastric cancer
patients’ serum, the total exosomes were isolated by the
ExoQuick (SBI, EXOQS5A-1). Briefly, blood cells and
debris were removed by centrifugation steps at 3,000 rpm
for 10 min and then 13,000 g for 15 min. Next the 250 pL
of serum was incubated with 63 pL ExoQuick exosome
precipitation solution at 4 °C, for 30 min. Following
centrifugation at 1,500 g for 30 min, the exosomes were
precipitated and then resuspended in 50 pL cOmplete
Lysis-M EDTA-free (Roche, 04719964001). Then the
exosomal HER2 expression was assessed by the Human
ErbB2/Her2 Quantikine ELISA Kit was used (R&D,
DHER20) according to the recommendation of the
manufacturer.

Ethics

Patients with advanced gastric cancer who provided blood
sample signed written informed consents in our study. This
study was approved by the Research Ethics Committees of
Zhongshan Hospital, Fudan University.

Statistical analysis

The Student’s z-test was used to compare the gene
expression of integrin subtypes in different gastric cancer
cell lines and any other comparation of numeric data. ’
analysis was used to assess the association between integrin
and metastasis sites. Survival curves were estimated by the
Kaplan-Meier method and a multivariate analysis on survival
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was using the Cox regression method. OS is defined as the
time from a patient diagnosed of gastric cancer according
to the pathology to the death. DFS is defined as the time
from a patient diagnosed of gastric cancer according to the
pathology to the disease recurrence or metastasis. P value
<0.05 was considered statistically significant.

Results

Integrin BS expression is positively correlated with HER2
expression in GC cells

Both integrin avB5 and HER2 were reported to be
associated with cancer LM. To reveal the association
between HER2 and integrin avB5 in GC, we detected the
expression of integrin av (ITGAV) associated subunits,
integrin B3, PS5, P6 and P8 (i.e., ITGP3, ITGPS, ITGB6
and I'TGp8) using qRT-PCR in HER?2 positive (N87)
and HER?2 negative (SGC7901) GC cell lines. As shown
in Figure 14, ITGPS is significantly highly transcribed in
HER?2 positive N87 cells compared with HER2 negative
SGC7901 cells (P<0.01). Western blotting was used to
further detect the protein levels of ITGBS5 in more GC cells.
ITGBS5 showed higher expression in HER2 positive N87
cells compared with HER2 negative SGC7901, MNK28
and AGS cells, regardless of the relative high expression
of ITGAV in MNK28 cells (Figure 1B). To verify the
association between I'TGBS and HER2, we knocked down
HER?2 in N87 cells and overexpressed HER2 in SGC7901
cells. As hypothesized, knocking down of HER2 lead to a
notable decrease of ITGBS in N87 cells, and overexpression
of HER?2 brought about an increase of ITGBS in SGC7901
cells (Figure 1C). To explore how HER2 regulates ITGpS5,
we detected the downstream signals of HER2 and found that
knocking down of HER2 diminished AK'T phosphorylation
(Figure 1D). Besides, AKT activator SC79 increased the
expression of I'TGBS which is reduced by HER2 knockdown,
suggesting that the regulation of ITGBS by HER2 may due
to the regulation of PI3K-AKT pathways (Figure 1D). These
results indicate that HER2 upregulates ITGBS through
PI3K-AKT pathway.

ITGpS promotes HER?2 positive GC metastasis in vitro

Integrins play an important role in the process of cell
adhesion and invasion. According to the above results
in vitro, we found that ITGBS was associated with HER2
expression in gastric cancer, so we knocked down TIGBS in
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Figure 1 ITGPS expression was associated with HER2 expression in GC cell lines. (A) Different mRNA expression of integrin av (ITGAV)
associated subunits in HER2 positive (N87) and HER2 negative (SGC7901) GC cell lines. The data is shown as mean + SD with three
independent experiments; (B) the different protein expression of ITGB5 and ITGAV was detected by Western blot in HER2 positive (N87)
and HER2 negative (SGC7901, MNK28 and AGS) GC cell lines; (C) Western blot was used to evaluate the impact of HER2 knock-down
in N87 and overexpression in SGC7901; (D) Western blot analysis of downstream signal pathway by the knockdown of HER2 and the AKT

activator SC79. **, P value <0.01; **** P value <0.0001.

HER? positive N87 cells (Figure 24) and performed scratch
wound healing assay and Transwell assay to assess the role
of ITGPBS in HER2? positive GC metastasis. As shown in
Figure 2B, silencing I'TGP5 significantly impeded the wound
healing capacity of N87 cells. Accordingly, the results of
Transwell assay showed that both in vitro cell migration and
invasion were inhibited significantly by ITGB5 knockdown
(Figure 2C). These results indicated the promoting effect of
ITGB5 in GC cells.

ITGPpS is associated with LM and prognosis in GC patients

To verify our above analysis of the association between
ITGBS expression and its clinical significance, we assessed
the expression of ITGAvB5 by IHC in 126 cases of gastric

© Annals of Translational Medicine. All rights reserved.

cancer who underwent gastrectomy from Feb 2009 to Feb
2015. The patients baseline characteristics were shown in
Table 1. TTGAV and I'TGPB5 IHC staining patterns in gastric
cancer patients are shown in Figure 34,B respectively.
Besides ITGAV. The results of IHC data revealed a strong
positive association between the expressions of I'TGBS
and HER2 (P=0.001; Table 1). Until the last follow-up
time of June 2018, all patients have disease recurrence or
metastasis. A significant association also exists between
ITGBS5 expression and GCLM, but not with the other
metastatic organs (P=0.006; 1zble 1). In contrast, significant
association was not observed between I'TGAV and HER?2
or GCLM (Table 2). The 5-year survival rate and 5-year
disease free survival (DFS) rate was 23.9% and 11.9% for all
126 patients. Low I'TGpS5 expression was not associated with
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with three independent experiments (under 40 times microscope). *, P value <0.05; **, P value <0.01.

a superior DFS, 5-year DFS rate was 12.9% vs. 10.5% in
each group based on ITGPS5 expression (Figure 4). However,
overall survival (OS) in patients with high ITGPS5 expression
were poorer than patients with low TGS, 5-year survival
rate was 12.2% in patients with I'TGP5 high expression while
26.7% for ITGPS low expression, while HER2 and ITGAV
were not associated with OS (Figure 4). Furthermore, only
ITGBS and pT stage were independent prognostic factors
indicated poor OS in 126 GC patients (Table 3).

The levels of HER2 and ITGfS in exosomes are in
accordance with that in tissues and bebaviors a biomarker
for LM

As exosomal protein level often reflect that of the cells,
we hypothesized that exosomal HER2 and ITGB5, which

© Annals of Translational Medicine. All rights reserved.

are easily detected in blood, might reveal the levels of
HER2 and ITGpS in tissues. To test this hypothesis, we
first isolated exosomes from the serum of 74 GC patients
(Tuble 4) with distal metastasis (Figure 5A4). Then we
detected the level of HER? in tissues and in exosomes by
IHC and ELISA respectively. As shown in Figure 5B, the
levels of exosomal HER2 in HER2 positive GC patients are
dramatically higher than that in HER2 negative patients
(P<0.0001). Besides, the association between the levels of
exosomal ITGS5 and that of tissue ITGBS showed similar
pattern with HER2 (Figure 5C, P<0.001). Above data
demonstrated that the levels of exosomal protein might be
a substitute with the same clinical significance as what was
expressed in tissue. ITGPBS could reveal the levels of ITGBS
in tissues, making it feasible to detect the levels of ITGBS in
GC patients through liquid biopsy.
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Table 1 TGS expression and baseline characteristics in 126

patients
ITGB5
Characteristics Negative Positive P
(n=95) (n=31)

HER2 0.001
Negative 82 (86.3%) 18 (568.1%)

Positive 13 (13.7%) 13 (41.9%)

ITGav 0.000
Negative 58 (61.1%) 5(16.1%)

Positive 37 (38.9%) 26 (83.9%)

Liver metastasis 0.006
No 76 (80.0%) 17 (54.8%)

Yes 19 (20.0%) 14 (45.2%)

Peritoneal metastasis 0.938
No 59 (55.1%) 14 (56.0%)

Yes 48 (44.9%) 11 (44.0%)

Lung metastasis 0.947
No 98 (91.6%)  23(92.0%)

Yes 23 (8.4%) 2 (8.0%)

LN metastasis 0.530
No 70 (65.4%) 18 (72.0%)

Yes 37 (34.6%) 7 (28.0%)

Bone metastasis 0.984
No 94 (87.9%) 22 (88.0%)

Yes 13 (12.1%) 3(12.0%)

Age 0.172
<65 68 (72.6%) 26 (83.9%)
>65 27 (28.4%) 5(16.1%)

Gender 0.892
Male 60 (63.2%) 20 (64.5%)

Female 35 (36.8%) 11 (35.5%)

WHO classification 0.305
Well/moderately 32 (33.7%) 9 (29.0%)
Poorly/undifferentiated 63 (66.3%) 22 (71.0%)

Lauren classification 0.657

Intestinal

Diffuse/mixed

33 (34.7%)
62 (65.3%)

11 (35.5%)
20 (64.5%)

Table 1 (continued)
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Table 1 (continued)
ITGB5
Characteristics Negative Positive P
(n=95) (n=31)
pT stage 0.836
T1-3 47 (49.5%) 16 (51.6%)
T4 48 (50.5%) 15 (48.4%)
pN stage 0.938
NO 19 (20.0%) 6 (19.4%)
N1-3 76 (80.0%) 25 (80.6%)
TMN 0.763
-1l 24 (25.3%) 7 (22.6%)
n 71 (74.7%) 24 (77.4%)

In addition, to explore the possibility of detecting
exosomal integrins to predict GCLM, we further assess
the association among exosomal I'TGAvBS5, HER?2 status
and GCLM. In accordance with the above in IHC results,
in the serum of GC patients, the level of exosomal ITGS
was significantly higher in HER2 positive GC patients than
that in HER2 negative GC patients, which again verified
the association between I'TGB5 and HER2. Exosomal
ITGBS is significantly positively correlated to the status
of HER2 (Figure 5D, P=0.0029). Besides, high level of
exosomal I'T'GPS5 in blood is significantly associated with
GCLM (Figure SE, P=0.01). While ITGAV is neither
correlated with HER2 status nor GCLM (Figure SEG).
To verify the specificity of ITGBS5 being correlated with
GCLM, we analyzed the association between the levels of
exosomal IT'GBS and other target organs of GC metastasis.
The results showed that high level of exosomal ITGR5 is
not correlated with GC bone metastasis, lung metastasis,
lymphatic metastasis, or peritoneal implantation metastasis
(Figure SH,1,7,K). Collectively, these data indicate that high
ITGPBS5 expression is more likely to indicate LM than other
organotropic metastases in HER2 positive GC patients.

Discussion

GCLM still remains a challenge in GC treatment despite of
the development of GC research in the recent decade (23).
We and others congruously found that high expression of
HER?2 in GC is strongly correlated with GCLM (19-21),
yet the benefits from targeting HER2 for GCLM treatment
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Figure 3 ITGAV and ITGBS5 expression were detected in the tumor of GC patients by IHC staining.

expression were evaluated by IHC in the tumor of GC patents. GC, gastric cancer.

Table 2 Association between I'T'Gav expression and HER2 or metastasis sites

Metastasis organ TGAY P
Negative (n=63) Positive (n=63)

HER2 0.078
Negative 54 (85.7%) 46 (73.0%)
Positive 9 (14.3%) 17 (27.0%)

Liver metastasis 0.068
No 51 (81.0%) 42 (66.7%)
Yes 12 (19.0%) 21 (33.3%)

Peritoneal metastasis 0.712
No 36 (57.1%) 34 (54.0%)
Yes 27 (42.9%) 29 (46.0%)

Lung metastasis 0.319
No 56 (88.9%) 59 (93.7%)
Yes 7(11.1%) 4 (6.3%)

LN metastasis 0.085
No 46 (73.0%) 38 (60.3%)
Yes 17 (27.0%) 25 (39.1%)

Bone metastasis 0.639
No 56 (88.9%) 55 (87.3%)
Yes 7(11.1%) 8 (12.7%)
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Figure 4 The levels of ITGBS rather than ITGAV or HER2 was an independent prognostic factor for the overall survival of GC patients
(n=132). (A,B) The correlation between OS (A) or DFS (B) with the level of ITGBS expression; (C,D) the association between OS (C) or
DFS (D) with the level of ITGAV expression in gastric cancer patients; (E,F) the association of OS (E) or DES (F) with the level of ITGAV

expression in gastric cancer patients.

Table 3 Multivariable analysis of OS

oS
Variables
HR (95% CI) P

HER2

Negative vs. positive 1.052 (0.543-2.041) 0.880
ITGp5

Negative vs. positive 0.583 (0.342-0.994) 0.047
ITGAV

Negative vs. positive 0.965 (0.614-1.518) 0.879
Liver metastasis

No vs. yes 0.677 (0.372-1.232) 0.201
Tumor location

GEJvs. G 0.576 (0.267-1.246) 0.161
pT stage

T1-3vs. T4 0.475 (0.306-0.738) 0.001
pN stage

NO vs. N1-3 0.732 (0.324-1.654) 0.453
TMN

I-llvs. 1l 1.169 (0.531-2.571) 0.698

© Annals of Translational Medicine. All rights reserved.

is rather limited. The lack of an ideal model for the
prediction and treatment for GCLM results in delayed
diagnosis and poor prognosis for GCLM.

In this study, focusing on GCLM, we found the
association between HER2 and I'TGS5, a subunit of
ITGAvBS. Exosomal ITGAvBS was reported to be associated
with LM in breast cancer and pancreatic cancer (12). In our
study, I'TGBS5 is highly expressed in HER2 positive GC
cell line compared with HER2 negative cell lines. Forced
knockdown or overexpression of HER2 changed the levels
of I'TGBS5 accordingly in GC cells, indicating a positive
correlation between HER2 and IT'GpS5 expressions, which
was found to be possibly linked by AKT pathways. PI3K
pathway is one of the main downstream pathways of HER?2
and integrin (24,25). The activity of the crosstalk may
increase the migration of cell, and promotes resistance in
HER? positive breast cancer (25-27). A consistent result was
also confirmed in our study. However, it remains unclear
how the expression of ITGBS was regulated by activating
PI3K pathway with HER2. ITGBS5 plays an essential
role in promoting HER2 positive GC cell metastasis
in vitro, implying that I'TGBS5 would enhance the metastatic
potential in HER2 positive GC. However, by contrast to
ITGBS, which only binds to ITGAV, ITGAV was associated

Ann Transl Med 2020;8(7):451 | http://dx.doi.org/10.21037/atm.2020.03.184
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Table 4 Exosomal I'TGB5 and baseline characteristics in

74 patients
Characteristic n %
Total 74 100
HER2 status

Positive 28 37.83

Negative 56 62.17
ITGB5

Positive 18 24.34

Negative 56 75.66
Sex

Male 42 56.76

Female 32 43.24
Age

<65 years 47 63.51

>65 years 27 36.49
Tumor location

GEJ 8 10.81

Other stomach 66 89.19
Lauren classification

Intestinal 16 21.62

Non-intestinal 58 78.38
WHO classification

Well/moderately 20 27.03

Poorly/undifferentiated 54 72.97
Number of metastasis organs

<2 56 75.68

>2 18 24.32
Liver metastasis

No 45 60.81

Yes 29 39.19
Peritoneal metastasis

No 54 72.97

Yes 20 27.03
Lung metastasis

No 70 94.59

Yes 4 5.41
LN metastasis

No 34 45.95

Yes 40 54.05
Bone metastasis

No 68 91.89

Yes 6 8.11

© Annals of Translational Medicine. All rights reserved.
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with several I'TG subtype, including ITGAvB3, ITGAvBS,
ITGAvVBS and etc. (28). Our results showed a negative
relationship between I'TGAV alone and HER?2 in vitro.

Although cellular expression of HER2 and ITGpS5
might predict GCLM, it takes complicated steps and long
time to acquire IHC results of GC tissues derived from
patients. Moreover, liquid biopsy is getting more attention
for its advantages as a convenient tool for the diagnosis and
prognosis of cancers, including GC (29). The stability of
exosome in blood makes it an ideal model for the detection
of HER2 and ITGBS. To assess the feasibility of exosomal
HER2 and ITGBS as liquid biopsy biomarkers in gastric
cancer, we detected the levels of tissue HER2/ITGPS
and exosomal HER2/ITGS5 and found a concordance,
indicating that the exosomal HER2/ITGBS levels would
reflect the levels of HER2/ITGS in tissues. Besides, we
found that the levels of exosomal ITGBS5 detected by ELISA
is positively correlated with that of HER2.

Exosomal ITGAvBS was reported as a pioneer to liver
and created pre-metastasis microenvironment in liver, which
indicated exosomal integrin itself played an important role
in LM (12). The specificity of ITGBS5 as a liquid biopsy
biomarker was also examined in our study. We analyzed
the association between exosomal ITGB5 and GCLM,
bone metastasis, lung metastasis, lymphatic metastasis,
and peritoneal implantation metastasis. Moreover, another
subunit of integrin avp5, ITGAYV, displays no significant
correlation between neither HER2 status or GCLM. The
results demonstrated that the level of exosomal ITGpS
is significantly and exclusively correlated with GCLM,
bringing rudiment possibility for ITGBS as a specific liquid
biopsy biomarker for GCLM. However, determining the
cut-off level of ITGB5 for GCLM prediction awaits a long
way to go.

HER2 was reported to be significantly associated with
GCLM (19,21). However, previous study found that
although adding monoclonal antibody trastuzumab which
targets HER2 into therapeutic regimen significantly
improved the OS and PFS of HER2 positive advanced
GC, the prolonged median OS and PFS were only 3.5 and
1.4 months respectively (22). Thus, to achieve better
outcome for HER2 positive GCLM patients, the therapeutic
regimen needs to be reasonably reorganized. Our study
found I'TGP5 could be a poor predict factor in gastric
cancer and had a positive correlation with HER2 and LM.
The prognostic value of HER2 was controversial (30,31)
and high I'TGBS5 expression was reported with poor survival
in GC (32). Consistent with previous studies, ITGP5 was

Ann Transl Med 2020;8(7):451 | http://dx.doi.org/10.21037/atm.2020.03.184
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Figure 5 The expression of HER2 and ITGB5 in exosome revealed their expression in gastric tumor tissue and the level of ITGBS5 in
exosome was a biomarker for liver metastasis. (A) The isolated exosome image detected by scanning electron microscopy (SEM); (B) the
correlation between tumoral HER2 expression and exosomal HER2 expression in gastric cancer patients; (C) the correlation between
tumoral ITGPS expression and exosomal ITGP5 expression in gastric cancer patients; (D) the correlation between tumoral HER2 expression
and exosomal ITGPS5 expression in gastric cancer patients; (E) the correlation between exosomal ITGPS expression with liver metastasis in
gastric cancer patients; (F) the association between tumoral HER2 expression and exosomal ITGAV expression in gastric cancer patients; (G)
the association between exosomal ITGAV expression with liver metastasis in gastric cancer patients; (H-K) the different correlation between
exosomal ITGPS5 expression with bone metastasis (H), lung metastasis (I), lymphatic metastasis (J), and peritoneal implantation metastasis (K)

in gastric cancer patients.

an independent prognostic factor in our study, while HER2 studies, addition of ITGAVBG to trastuzumab was effective
and I'TGVA did not show significant correlation with in HER2 positive breast cancer mouse model and patients
the OS. Integrins are the most predominant cell surface (35,36), suggesting combination of trastuzumab and I'TG5
receptors of extracellular matrix proteins, mediating tumor suppressor/inhibitor for GCLM patients’ therapy may
cell adhesion, invasion and proliferation (33,34). Combined provide a better treatment especially in HER2 positive
with our results in vitro, we hypothesized that I'TGB5 might GCLM. Although integrin inhibitor cilengitide failed to
be associated with the tumor local invasiveness. In previous improve glioblastoma patients’ outcome, integrins remain a

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2020;8(7):451 | http://dx.doi.org/10.21037/atm.2020.03.184



Page 12 of 13

potential treatment target for cancers (29).

In summary, our study demonstrated that ITGBS is
expressed and functions in accordance with HER2 in
promoting GC metastasis. Exosomal HER2 and I'TGB5
levels reflect the tissue expression levels of HER2 and
ITGPS, and might be a potential specific liquid biopsy
biomarker for GCLM. What’s more, we also proposed a
combination of HER2 monoclonal antibody trastuzumab
and I'TGBS suppressor/inhibitor for the treatment of
GCLM.
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