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Abstract

Purpose Integrin 5 (ITGBS) is an integrin B subunit member widely expressed in the human bodies, especially in cancer
cells and tissues, which is a key factor in promoting tumor metastasis. In this study we investigated the differential expres-
sion of ITGBS in tongue squamous cell carcinoma (TSCC), especially in those with lymph node metastasis, and revealed
the possible mechanism.

Methods The expression of ITGBS in TSCC was analyzed by database and verified by immunohistochemistry through 135
TSCC patients’ tissue sections from Sun Yat-sen Memorial Hospital and Guangzhou First People’s Hospital. The relation-
ship between ITGBS5 and lymph node metastasis or prognosis was analyzed retrospectively. The effects of ITGB5 on TSCC
cells were examined through knocking down or overexpression and its possible regulator and signal pathway were explored.
Results The expression of ITGBS5 in TSCC was higher than that in adjacent tissue, and the expression in patients with lymph
node metastasis was higher than that in patients without lymph node metastasis. The high expression of ITGBS5 predicted a
worse prognosis. Knock down of ITGBS5 suppressed invasion and migration of TSCC cells, while overexpression of ITGBS
contributed to invasion and migration. Reactive oxygen species (ROS) regulated epithelial mesenchymal transition (EMT),
and we further verified that ROS enhanced the expression of ITGBS5 to promote the metastasis of TSCC. Mechanistically,
ITGBS functions through cell adhesion signal pathway.

Conclusion The increased expression of ITGBS5 in tongue squamous cell carcinoma with lymph node metastasis may be a
potential target for evaluating lymph node metastasis and worse prognosis of tongue squamous cell carcinoma. Scavenge of
ROS or knock down of ITGBS may be the strategies to overcome metastasis of TSCC.

Keywords ITGBS5 - Tongue squamous cell carcinoma - Lymph node metastasis - Reactive oxygen species - Epithelial
mesenchymal transition

Weixiong Chen and Haojie Yang contributed equally to this work.

P< Weixiong Chen 2 Department of Oral and Maxillofacial Surgery,
453797451(@qq.com Stomatological Hospital, Southern Medical University,

5 Tingting Jin Guangzhou 510115, PR China

649853763@qq.com 3 Department of Stomatology, Longgang District Central
Hospital, Chinese University of Hong Kong,
! Department of Stomatology, Guangzhou First People’s Shenzhen 518116, PR China
Hospital, School of Medicine, South China University of 4

Department of Anesthesiology, Sun Yat-Sen Memorial
Hospital, Sun Yat-Sen University, Guangzhou
510120, PR China

Technology, Guangzhou 510180, PR China

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00432-024-05922-z&domain=pdf&date_stamp=2024-8-21

398 Page 2 of 13

Journal of Cancer Research and Clinical Oncology (2024) 150:398

Abbreviations

ITGB5 Integrin B5

TSCC  Tongue squamous cell carcinoma

ROS Reactive oxygen species

EMT Epithelial mesenchymal transition

TGF-f  Transforming growth factor-f§

GEPIA  Gene Expression Profiling Interactive Analysis
RIPA Radioimmunoprecipitation assay

HNSC  Head and neck squamous cell carcinoma

FAK kinase focal adhesion kinase

Introduction

Tongue squamous cell carcinoma (TSCC) is the most com-
mon type of oral cancer, with a five-year survival rate of less
than 50% and a high recurrence and metastasis rate. Due to
the high mechanical activity and abundant blood supply of
the tongue, the risk of metastasis is increased, and mainly
lymph node metastasis occurred (Fang et al. 2019; Liu et al.
2020). Therefore, exploring individualized therapies based
on molecular targets is particularly important for suppress-
ing lymph node metastasis of TSCC. Currently, tumor size,
lymph node metastasis, histopathological grade, and serum
cancer markers can be used as prognostic evaluation factors
for TSCC patients (Al-Jamaei AAH, et al. 2023). Lymph
node metastasis is closely related to the prognosis of tongue
squamous cell carcinoma, and is the most commonly used
clinical prognostic evaluation factor (Zhuge et al. 2023).
However, it cannot be applied in the early stages before
metastasis. In addition, it is too late to make any judgment
and obtain the best treatment after the occurrence of metas-
tasis. Establishing biomarkers that reflect biological func-
tions will enable clinicians to accurately diagnose cancers at
an early stage and optimize treatment.

The integrin family is a transmembrane glycoprotein
widely present in cell membranes, composed of a and 3. So
far, eight members of the integrinf (ITGB) proteins have
been identified in living organisms (Chen et al. 2022). Pre-
vious studies have unrevealed the carcinogenic effects of
deregulated integrin signaling in several malignant tumors
(Gu et al. 2023; Zhang et al. 2022; Choudhury et al. 2023),
but the prognostic value and potential biological functions
of the ITGB proteins in TSCC are still largely elusive. The
ITGB proteins Integrin B 5 (ITGBS) is an integrin § subfamily
consisting of extracellular binding regions, transmembrane
regions, and intracellular regions, with spatially N-termi-
nal, C-terminal, repetitive sequences, and specific domains
[Setti et al. 2013]. Multiple studies have shown that ITGB5
promotes the migration and invasion of cancer cells, and it
plays a key role in TGF- B induced epithelial-mesenchymal
transformation (EMT) (Hirano et al. 2020; Shi et al. 2021).
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In glioblastoma, elevated ITGBS5 expression was highly cor-
related with glioma progression and was required for migra-
tion and invasion of glioma cells through EMT (Zhang et al.
2019). However, the relationship between ITGB5 and tumor
metastasis and prognosis in TSCC is unclear.

This study examined the expression of ITGB proteins in
TSCC patients. Importantly, ITGBS is the most upregulated
protein in TSCC patients, so we further examined its expres-
sion and analyzed its relationship with lymph node metasta-
sis and prognosis. Furthermore, we revealed the underlying
mechanism that ROS may enhance the expression of ITGBS,
which promoted the metastasis of TSCC through epithelial-
mesenchymal transformation. The in vitro and in vivo effects
of ITGBS proved its prognostic value in TSCC.

Materials and methods
TSCC patient cohort

32 pairs of tumor tissues and adjacent paracancerous tissues
were obtained from the TSCC patients. We employed the
gRT-PCR method for comparing the mRNA expression of
ITGB1-7 in TSCC patients’ samples. RNA was extracted
from TSCC patient’s fresh dissected tissues using the RNA
Quick Purification kit (ES science, Cat#RN001). qRT-PCR
was performed using SYBR Green Real-time PCR Mas-
ter Mix (ReverTra Ace, Toyobo) and a LightCycler 480
(Roche, Basel, Switzerland). Based on the obtained Ct
values, we compared the expression of ITGB1-7 in TSCC
tumor tissue as the relative expression levels in paracancer-
ous tissues were set to 1. A total of 103 cases of TSCC and
its adjacent tissues were collected from the Department of
Oral and Maxillofacial Surgery of Sun Yat-sen University’s
Sun Yat-sen Memorial Hospital (83 cases) and the Depart-
ment of Stomatology of Guangzhou First People Hospital
(20 cases) from June 2008 to October 2015 to perform a
retrospective analysis.

Inclusion criteria is as following: All patients were pri-
mary TSCC patients. Tissues were diagnosed as tongue squa-
mous cell carcinoma by pathological biopsy according to 8th
edition of AJCC Staging System. No distant organ metastasis
was found in all patients. All enrolled patients did not receive
any other anti-tumor treatment before surgery. Exclusion cri-
teria is as following: Patients with recurrent tongue squamous
cell carcinoma. Patient received chemotherapy, radiotherapy
or other non-surgical treatment before surgery.

The removed tissue specimens were fixed in 4% para-
formaldehyde, embedded in paraffin, and 4 pm -thick tis-
sue sections were prepared for following study. All patients
have been informed and signed an accurate informed con-
sent form approved by the Ethics Committee of the two
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hospitals, and all the experiments were performed in accor-
dance with approved guidelines and regulations.

GEPIA database analysis

By analyzing the expression level of ITGB5 gene in head
and neck squamous cell carcinoma through the GEPIA data-
base (http://gepia.cancer-pku.cn/) (Tang et al. 2017). Gene
Expression Profile was used to analyze the expression of
ITGBS in the cancer and adjacent tissues of head and neck
squamous cell carcinoma.

Immunohistochemistry

The 4 pum tissue sections of tongue squamous cell carcinoma
were dewaxed with xylene, hydrated with gradient ethanol
(95%, 90%, 85%, 75%), and then repaired with antigen by
microwave oven. After that, tissue sections were incubated
at room temperature with 3% hydrogen peroxide for 10 min
to remove endogenous peroxidase. Next, tissue sections
were permeated with PBS solution containing 0.1% Triton
X-100 for 5 min, washed with PBS, added 5% goat serum,
and sealed at room temperature for 1 h. Excess liquid was
tossed off from the tissue sections, ITGBS5 antibody (abcepta,
Cat#AP14000a) were added and incubated in a refrigerator
at 4 °C overnight. On the second day, the first antibody solu-
tion of the tissue sections was removed, washed with PBS,
and then the pika universal second antibody was added
dropwise to incubate at room temperature for 30 min. DAB
was colored under microscope for 3—5 min, and hematox-
ylin was re-stained for 1-2 min. Dehydrated, transparent,
neutral resin seal, observed under a microscope. Read 1000
cells per tissue section, and if the number of positive cells is
greater than 350, it indicates high expression.

Cell culture

Cal27 and Scc9 were purchased from the American Type
Culture Collection. cisplatin (Sigma, St. Louis, MO, USA)
at concentrations of 107" M to 107> M were used to treat
Cal27 or Scc9 to establish the stable cisplatin-resistant lines
Cal27-re and Scc9-re. Dulbecco’s modified Eagle’s medium
(Gibco, Rockville, MD, USA) supplemented with 10% fetal
bovine serum (ABW) were supplied to cultivate Cal27 and
Cal27-re cells. Dulbecco’s modified Eagle’s medium-F12
(Gibco) supplemented with 10% fetal bovine serum (ABW)
were supplied to cultivate Scc9 and Scc9-re cells.

Transfections

The shRNA was purchased from TranSheep Bio. The vari-
ous targeting sequences were as follows: sh-ITGBS5, 5-CC

CGCTATGAAATGGCTTCAA-3. ITGBS ¢cDNA was pur-
chased from TranSheep Bio. To generate lentivirus express-
ing sh-ITGBS or ITGBS, HEK 293T cells grown on a T75
dish were transfected with 15 pg pCDH-sh-ITGBS5 or
pCDH-ITGBS or control vector (pCDH), 10 pg psPAX2,
and 5 ug pMD2G. 6 h after the transfection, cells were cul-
tured with DMEM containing 10% FBS. Virus supernatant
was collected twice at 48 and 72 h after transfection with a
0.45 pum Filter and centrifuged in a 40 mL ultracentrifuga-
tion tube at 4 °C for 120 min at 72,000 g/min. Resuspended
lentivirus using PBS. Then lentivirus along with polybrene
were used to transfect TSCC cells. Puromycin (1 ug/mL)
was used as a selection marker for the infected cells. The
expression efficiency was evaluated by qRT-PCR and West-
ern blot.

RNA and protein extraction

For RNA extraction, total RNA was extracted by the RNA
Quick Purification kit (ES science, Cat#RN001), according
to the instructions of the manufacturer. For protein extrac-
tion, the cells were rinsed three times with PBS for 5 min
each, followed by the addition of radioimmunoprecipita-
tion assay (RIPA) Buffer (Kangweishiji, Cat# CW2333S)
containing a protease inhibitor cocktail (APExBIO, Cat#
K1007). The cells were lysed for 0.5 h at 4 °C. Then, the
samples were scraped down and centrifuged at a speed of
12,000 rpm for 20 min at 4 °C. The supernatants were col-
lected as the total protein.

qRT-PCR

qRT-PCR was performed using SYBR Green Real-time
PCR Master Mix (ReverTra Ace, Toyobo) and a Light-
Cycler 480 (Roche, Basel, Switzerland) according to the
manufacturer’s instructions. Reactions were performed in
triplicate in three independent experiments. The sequences
of all primers were listed in sup Table 1. The relative expres-
sion levels in the control were set to 1.

Western blot

Protein extracts were resolved via 8% SDS-polyacrylamide
gel electrophoresis, transferred to polyvinylidene difluoride
membranes (BioRad, Berkeley, CA, USA), probed with
antibodies against human ITGBS5 (abcepta, Cat#AP14000a),
GAPDH (HUABIO, Cat#HA1031), E-cadherin (Immuno-
way, Cat#YT1454), Vimentin (Immunoway, Cat#YT4880)
and then with a peroxidase-conjugated secondary antibody
(Beijing Ruikang); the bands were visualized via chemilu-
minescence (BIO-RAD, ChemiDoc ™Imaging System).
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Table 1 Correlation between ITGBS5 and clinicopathological status in

TSCC patients
Characteristics Num- ITGB5 expression (%) ¥ P
ber of No. of low No. of high
Cases expression expression
Sex
Male 55 31(56.36) 24(43.67) 1.631 0.202
Female 48 21(43.75) 27 (56.25)
Age
<50% 37 15(40.54) 22(59.46) 2.285 0.131
>50 66 37 (56.06) 29 (43.94)
T stage
T1-2 58 28 (48.28) 30(51.72) 0.259 0.611
T3-4 45 24 (53.33) 21 (46.67)
Node metastasis
NO 61 40 (65.57) 21(34.43) 13.624 <0.001
N+ 42 12 (28.57) 30(71.43)
Clinical stages
I~11 55 29(52.73) 26(47.27) 0.237 0.626
HI~1v 48 23 (47.92) 25(52.08)
Status
Survival 60 40 (66.67) 20(33.33) 15.054 <0.001
Death 43 12 (27.91) 31(72.09)

Modified boyden chamber assay

In all, 1x10° TSCC cells were plated into the upper cham-
ber of a polycarbonate transwell filter chamber (Corning,
NewYork, NY, USA) and incubated for 22 h. For invasion
assay, the upper chamber was coated with Basement Mem-
brane (R&D, Minneapolis, MN, USA). Cells on the lower
membrane surface were fixed in 4% paraformaldehyde,
stained with crystal violet and counted (5 random 100X
fields per well). Three independent experiments were per-
formed and the data are presented as the average +s.d.

ROS production assay

The intracellular ROS levels were measured by detecting the
conversion of cell-permeable 2,7-dichlorofluorescein diace-
tate (DCFH-DA) to fluorescent dichlorofluorescein (DCF)
(Beyotime Biotechnology, S0033). The cells were seeded in
6-well plates and treated under different conditions. Then,
all wells were washed with PBS three times, and the cells
were incubated with DCFH-DA at 37 °C for 25 min. The
cells were washed with serum-free culture medium. Then
the cells were fixed with 4% paraformaldehyde and DAPI
staining. Finally, the DCF fluorescence distribution was
detected by a confocal microscopy (ZEISS, LSM900).

mRNA array and KEGG

mRNA array analyses were compared between Cal27
with or without ITGB overexpression. The differentially
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expressed mRNAs and KEGG enrichment were calculated,
identified, and visualized (KangchengBio Corporation,
Shanghai, China).

Xenografts

The animal experiments were approved by the Sun Yat-sen
University Laboratory Animal Care and Use Committee. Male
BALB/c-nu mice (4-6 weeks old) were randomly divided into
4 groups (n=06) and applied to evaluate the effects of ITGB5
in TSCC cells in vivo. TSCC cells with ITGBS5 knock down or
overexpressed were transfected with luciferase reporter plas-
mid (OBiO Technology, Shanghai). 1x 10° cells

in 200 mL of PBS were injected into the mice via the tail
vein. The mice were imaged 1.5 months later with lucifer-
ase-based IVIS Lumina Imaging System (Xenogen, Alam-
eda, CA, USA) after injection of 100 mL of D-luciferin
(15 mg/mL) (Yeasen, Shanghai) 10 min before imaging.
After imaging, lungs were harvested from euthanized mice
and fixed in paraformaldehyde for immunohistochemistry.

Statistical analysis

SPSS 25.0 statistical software was used to analyze and pro-
cess the data. Chi-square test was used to compare the inter
group rates. Student’s t test was used to compare the mean
between the two groups to analyze the correlation between
the expression of ITGBS5 and the clinical status of patients.
The Kaplan Meier was used to analyze the survival of
patients. P <0.05 indicates statistical significance.

Results

High expression of ITGB5 predicted a worse survival
outcome in TSCC patients

Firstly, we examined the ITGB proteins in fresh dissected
TSCC tissues by qRT- PCR. Among eight proteins, ITGB1,
ITGBS, ITGB7 and ITGB8 showed higher expression in
tumors than that in the normal adjacent tissues, and ITGBS
showed the highest one, so we focused on the function of
ITGBS in the following study. GEPIA database organi-
cally integrates TCGA cancer data and GTEx normal tis-
sue data, which is conducive to mining new cancer targets
and markers. Through searching, we found that the expres-
sion of ITGBS was higher in head and neck squamous
cell carcinoma (HNSC) than in adjacent tissues (Fig. 1A,
B). In order to further clarify the expression of ITGB5
in TSCC, we performed immunohistochemistry on tis-
sue samples from TSCC patients. Compared to the nega-
tive control (Fig. 1C1), we found that ITGB5 was mainly
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expressed in the cytoplasm, and its expression level was
extremely low in normal tissues (Fig. 1C2), while it was
weakly expressed in adjacent tissue (Fig. 1C3). In TSCC,
the expression of ITGBS in the cancerous lesions signifi-
cantly higher than those in the adjacent tissues (Fig. 1C4,
D), and in patients with lymph node metastasis, the expres-
sion was higher than in patients without lymph node metas-
tasis (Fig. 1C5, E). The above results suggested that ITGB5
was closely related to the malignant degree of TSCC, and
was significantly related to lymph node metastasis. We
analyzed the expression of ITGBS in 61 TSCC patients
without lymph node metastasis and 42 TSCC patients
with lymph node metastasis. Clinical retrospective analy-
sis indicated that high expression of ITGB5 was closely
correlated with lymph node metastasis in TSCC patients
(P<0.001), while the expression level of ITGBS was not
significantly correlated with sex, age, tumor size, clinical
stage of the patient (P> 0.05). Moreover, high expression
of ITGBS predicted a worse prognosis for the patient. The
results were shown in Table 1. We analyzed the relation-
ship between the expression of ITGBS5 and the prognosis of
TSCC patients by Kaplan Meier, and found that the median
survival time of TSCC patients in the low expression group
of ITGBS5 was 72 months, while the median survival time
of TSCC patients in the high expression group of ITGBS5
was 47 months, with a statistically significant difference
(P<0.001) (Fig. 1F).

ITGB5 contributed to the invasion and migration of
TSCC cells through EMT

Our previous study showed that chemo-resistant TSCC
cells had more invasive ability (Lin et al. 2018). We
hypothesized that ITGB5 may also involve in the inva-
sive behavior in chemotherapy induced metastasis. qRT-
PCR indicated that ITGB5 showed up-regulation in
two pairs chemo-resistant TSCC cells relative to paren-
tal TSCC cells, and Western blots further proved this
expression (Fig. 2A, B). We used shRNA to attenuate the
expression of ITGBS (Fig. SI1A and Fig. 2C), and found
that down-regulation of ITGBS5 could inhibit the invasion
and migration of chemo-resistant TSCC cells (Fig. 2D).
Chemo-resistant TSCC cells had experienced EMT, and
down-regulation of ITGBS could reverse EMT (Fig. 2E).
We used lentivirus to overexpress ITGBS5 in parental
TSCC cells Cal27 and Scc9 (Fig. S1B and Fig. 2F). Over-
expression of ITGBS5 enhanced the invasion and migra-
tion of parental TSCC cells and promoted EMT (Fig. 2G,
H). Taken together, these results suggested that ITGB5
promoted the invasion and migration of TSCC cells
through EMT.
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ROS enhanced the expression of ITGB5 to promote
the metastasis of TSCC through EMT

We previously showed that chemo-resistant TSCC cells had
more reactive oxygen species (ROS) (Fan et al. 2019). The
effects of ROS on cellular responses including signaling and
transcription have been attributed to the oxidative modifica-
tion of proteins, nucleic acids and lipids, so we supposed
that ROS may regulate the expression of ITGBS5 to affect
EMT. We used NAC, a ROS scavenger to decrease the cel-
lular level of ROS in chemo-resistant TSCC cells (Fig. 3A).
Decrease of ROS attenuated the invasion and migration
of chemo-resistant TSCC cells (Fig. 3B). Intriguingly,
scavenge of ROS decreased the expression of ITGB5 and
reversed EMT of TSCC cells (Fig. 3C, D). When we sup-
plied parental TSCC cells with H,O, (Fig. 3E), the activi-
ties of invasion and migration were enhanced (Fig. 3F),
similar to previous report (Lu et al. 2019). ITGB5 were up
regulated with H,0, supplement, and EMT was induced
in parental TSCC cells (Fig. 3G, H). Furthermore, we per-
formed rescue assay to confirmed the relationship between
ROS and ITGBS. In ITGB5 knockdown TSCC cells, H,0,
supplement could enhance the expression of ITGBS, while
NAC can decrease the expression of ITGB5-over expressed
TSCC cells, which confirmed that ROS was the regulator of
ITGBS (Fig. 31). In summary, ROS up-regulated the expres-
sion of ITGBS to promote metastasis of TSCC through
EMT.

ITGB5 functions in cancer and cell adhesion related
pathways in TSCC

To study the mechanism by which ROS -ITGB5 promoted
metastasis, we used mRNA microarray to study Cal27
cells with or without ITGBS overexpression (Sup Table 2).
mRNA microarray indicated that the DEGs were enriched in
signal pathway associated with tissue invasion and metasta-
sis, such as cell adhesion molecules, focal adhesion (Fig. 4A
and B, Sup Table 3). qRT-PCR verified that the expression
of several cell adhesion molecules were increased with
ITGBS overexpression, such as CDH2, CDH4, CDHS5,
CLDN23,ICAMI1, OCLN (Fig. 4C). These results indicated
that ITGBS functions through cell adhesion signal pathway.

ITGB5 contributed to TSCC metastasis in vivo

To explore the effect of ITGBS5 on TSCC cells in vivo, We
performed xenograft in a nude mice model. ITGB5 over-
expressed Cal27 or ITGBS5 knockdown Cal27-re were
injected into nude mice via tail vein. The ITGB5 overex-
pression group had more and larger liver lung metastases,
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{ Fig. 2 ITGB5 enhanced the invasion and migration of TSCC cells
through EMT. A qRT-PCR showed the RNA level of ITGBS in
two pair of TSCC cells, Cal27 and Cal27-re, Scc9 and Scc9-re.
***P<0.001. B Representative Western blots and quantitative data
showed the protein level of ITGBS5 in two pair of TSCC cells, Cal27
and Cal27-re, Scc9 and Scc9-re. ¥**¥*P<0.01. ***P<0.001. C Repre-
sentative Western blots and quantitative data showed the protein level
of after knocking down ITGB5 with shRNA in chemo-resistant TSCC
cells. ¥***P<0.001. D The representative images of Transwell assays
(D1) and the data analysis results (D2—-D3) showed that knockdown
of ITGBS attenuated the migration and invasion of chemo-resistant
TSCC cells. The invaded or migrated cells were detected 22 h after
cells were seeded. Scale bars=200 um. ***P <0.001. E Representa-
tive Western blots and quantitative data showed the expression of EMT
markers, Ecadherin (Ecad) and Vimentin (Vim) after knocking down
ITGBS in chemo-resistant TSCC cells. ***P < 0.001. F Representative
Western blots and quantitative data showed the protein level of ITGB5
after overexpressing ITGBS in parental TSCC cells. ***P<0.001. G
The representative images of Transwell assays (G1) and the data anal-
ysis results (G2—-G3) showed that overexpressing ITGBS contributed
to the migration and invasion of parental TSCC cells. The invaded
or migrated cells were detected 22 h after cells were seeded. Scale
bars=200 um. ***P<0.001.H Representative Western blots and
quantitative data showed the expression of EMT markers, Ecadherin
(Ecad) and Vimentin (Vim) after overexpressing ITGB5

while knocking down ITGBS resulted in a reduction in lung
metastasis (Fig. 5A), which was further confirmed by HE
staining of lung tissue tissue sections (Fig. 5B). We detected
ITGBS in each group through immunohistochemistry to
verify the expression of ITGBS (Fig. 5C). These results fur-
ther proved that ITGBS contributed to TSCC metastasis in
vivo.

Discussion

Metastasis is still a major difficulty in curing cancer in clini-
cal practice even though surgical and non-surgical treat-
ments are fully utilized (Lambert et al. 2017). TSCC, as the
most common type of oral cancer, is prone to metastasis to
lymph nodes, which predicts a worse prognosis (Fang et
al. 2019; Liu et al. 2020). Therefore, excavating molecular
targets is particularly important for inhibiting lymph node
metastasis in TSCC. The first step in tumor metastasis is to
break through various cellular barriers, and integrins play an
important role in this process (Shen et al. 2019). Integrins are
composed of 18 a- Subunits and 8- Heterodimeric cell sur-
face receptors, which regulate a variety of biological func-
tions in cancer, including proliferation, adhesion, migration
and invasion. More importantly, integrins’ interaction with
oncogenes makes them potential targets for tumor therapy
(Cooper et al. 2019). In our study, we examined 8 ITGB
protein in TSCC patients and found ITGBS5 was the mostly
up-regulated one, and the database analysis and retrospec-
tive analysis from two hospitals further proved ITGBS may
predict the TSCC metastasis and a worse survival outcome.
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ITGBS is only related with ITGaV, and accumulating
evidence have shown that it is related to various tumor
pathological conditions (Slack et al. 2022). The critical role
of some integrin has been suggested in TSCC (Bianchi et
al. 2010; Lv et al. 2020; Stojanovic et al. 2016). Increas-
ing evidence supported the role of ITGB5 in promoting
cancer cell migration, invasion, and transforming growth
factors B (TGF-B) key roles in induced EMT (Zhang et al.
2019; Bianchi et al. 2010). Wei Shi et al. found that ITGBS5
expression was increased in colorectal cancer (CRC) and
was significantly correlated with the progression of CRC
and poor overall survival in CRC patients. Silencing ITGBS5
significantly inhibited the invasion of human CRC cells, and
inhibited the metastasis of CRC tumors in vivo (Shi et al.
2021). ITGBS was enriched in the exosomes of liver meta-
static pancreatic cancer, which indicated its potential role
in tumor progression and metastasis (Wortzel et al. 2019).
Multiple studies have revealed that ITGBS was overex-
pressed in gliomas, especially in mesenchymal subtypes,
and that high ITGBS levels are independently associated
with a shorter survival time of patients (Zhang et al. 2019;
Denadai et al. 2013). Research has showed that ITGBS
had a significant role in promoting lymph node metastasis
in colorectal adenocarcinoma (Denadai et al. 2013). There
are few studies on the function of ITGBS5 in oral cancer,
especially on the role of ITGBS in TSCC metastasis. Akira
Kurokawa et al. found that the expression levels of ITGA3,
ITGB4, and ITGBS5 could be chosen as candidate biomark-
ers for cervical lymph node metastasis or TSCC death
outcomes, but they only used real-time polymerase chain
reaction to detect ITGB5 (Kurokawa et al. 2008). Differ-
ently, our in virto and in vivo results revealed that ITGBS
had powerful function in promoting TSCC metastasis. We
used siRNA or Lentivirus high expression vector to regulate
the expression of ITGB5 in TSCC and showed that ITGB5
could enhance TSCC metastasis. Further animal results con-
firmed the effect of ITGBS5 in promoting TSCC metastasis.
In summary, we provided solid evidence that ITGBS5 may
contribute to TSCC metastasis.

EMT is a classical theory for revealing cancer metas-
tasis. Cancer cells that develop EMT are characterized by
increased motility and aggressiveness, favoring their distant
spread and metastasis (Pastushenko et al. 2019). Previous
studies have demonstrated aberrant expression of ITGBS5
regulated metastasis through EMT (Hirano et al. 2020; Shi
et al. 2021). Similarily, we showed that ITGB5 promoted
the invasion and migration of TSCC cells through EMT.
Our previous study showed that chemo-resistant TSCC
cells had more invasive ability, namely underwent epithe-
lial-mesenchymal transition (Lin et al. 2018). Intriguingly,
ITGBS promoted TSCC metastasis through EMT. Upregu-
lation of ITGBS can increased EMT, while downregulation
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{ Fig. 3 ROS regulated the expression of ITGBS5 to promote the metas-
tasis of TSCC through EMT. A DCFH-DA probe indicated the ROS
generation by NAC treatment (100 um, 24 h) in chemo-resistant TSCC
cells, Scale bars=10 um. B The representative images of Transwell
assays (B1) and the data analysis results (B2—B3) showed that NAC
attenuated the migration and invasion of chemo-resistant TSCC cells.
The invaded or migrated cells were detected 22 h after cells were
seeded. Scale bars =200 pm. ***P <0.001.C Representative Western
blots and quantitative data showed the expression of ITGBS5 after NAC
treatment in chemo-resistant TSCC cells. **P<0.01. ***P<0.001.
D Representative Western blots and quantitative data showed the
expression of EMT markers, Ecadherin (Ecad) and Vimentin (Vim)
after NAC treatment in chemo-resistant TSCC cells. ***P < 0.001. E

Sig pathway of DE gene

Cell adhesion molecules(CAMs) I
Adherens junction |GG
Viral myocarditis | INNEREEEEN
Focal adhesion | IIIEIGININININIGIGEG

Rheumatoid arthritis [ N | R NN

Tight junction NG
Pathway in cancer | NN
Ras signaling pathway [ INIEIIIN
Rap1 signaling pathway | IIEIIN
Asthma [N

0 2 4 6 8

EnrichmenScore(-log10(Pvalue))

DCFH-DA probe indicated the ROS generation by H,O, treatment
(100 mM, 48 h) in parental TSCC cells, Scale bars=10 pm. F The
representative images of Transwell assays (F1) and the data analysis
results (F2-F3) H,0, enhanced the migration and invasion of parental
TSCC cells. The invaded or migrated cells were detected 22 h after
cells were seeded. Scale bars=200 um. ***P<0.001. G Represen-
tative Western blots and quantitative data showed the expression of
ITGBS after H,O, treatment in parental TSCC cells. ***P <0.001. H
Representative Western blots and quantitative data showed the expres-
sion of EMT markers, Ecadherin (Ecad) and Vimentin (Vim) after
H,O0, treatment in parental TSCC cells. ***P <0.001.1 Representative
Western blots and quantitative data showed the expression of ITGB5
in rescue assay
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CDH4, CDH5, CLDN23, ICAM1, OCLN in parental TSCC cells without or with ITGBS5 overexpression. ¥*¥*P<0.01. ***P <(.001
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of ITGBS may reverse EMT. But the underlaying mecha-
nism of ITGBS function through is unclear in TSCC metas-
tasis. In terms of mechanism, Huang et al. found that c-Met
binded to KRT16 through ITGBS to form a complex that
mediates c-Met/ITGBS related signal transduction in oral
squamous cell carcinoma cells (Huang et al. 2019). This
study revealed that KRT16 is associated with ITGB5 and
c-Met to promote metastasis in OSCC cells, but didn’t
emphasize the clinical role of ITGBS in the regulation of
TSCC metastasis (Huang et al. 2019). Different to former
reports, we revealed that ROS-mediated ITGBS expression
to affect EMT and the invasion and migration of TSCC cells.
Our study shielded light that anti-ROS may be a supplemen-
tary method to overcome TSCC metastasis, and some small
molecule compounds such as ROS scavenger NAC may
have clinical prospect in treating metastatic TSCC.

Signal pathway dysregulation can also provide insights
for treatment. In breast cancer, ITGB5 promoted matrix
adhesion and signal transduction through Src FAK and
MEK-ERK pathways that operate independently in tumor
cells, thereby promoting tumor growth and angiogenesis
(Bianchi et al. 2013). Cho et al. confirmed that FN III-1c
region can activate integrin through PI3K-AKT signaling
pathway a v B 5 to enhance cancer cell adhesion[ Cho et al.
2016]. Our results indicated that ITGBS5 functions through
cell adhesion signal pathway, which was similar to other
previous studies. Manipulation of the cell adhesion signal
pathway with some small molecule drugs may be a poten-
tial direction to overcome TSCC metastasis. In our study,
we examined ITGBS5 in TSCC tissue sections and found
that it was overexpressed in cancerous lesions, especially in
patients with lymph node metastasis. We firstly revealed the
possible role of ITGBS by tracing its upstream regulatory
factors and downstream regulatory pathways in promoting
metastasis in TSCC.

In the near future, we may examine more TSCC tissues
to further confirm critic role of ITGBS5 in promoting metas-
tasis. If possible, we may also perform some clinical trials
to further excavate the role of ITGBS in the TSCC patients.
Assessment of ITGBS5 in the future clinical practice may
make early diagnosis of TSCC possible or even provide
therapeutic targets to suppress TSCC metastasis.

Conclusion

ITGBS was overexpressed in TSCC patients with lymph
node metastasis, which indicated a worse prognosis. ROS
enhanced the expression of ITGBS to promote to metasta-
sis of TSCC through EMT, thus scavenge of ROS or knock
down of ITGBS5 may be the strategies to overcome metasta-
sis of TSCC. In view of the role of ITGBS in adhesion signal

@ Springer

pathway, screening for some small molecule drugs target-
ing ITGBS5-relative pathway may be a potential direction to
overcome TSCC metastasis.
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