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Abstract
Laryngeal squamous cell cancer (LSCC) is a common carcinoma with high morbidity and

mortality. Metastasis constitutes the major cause of death and poor prognosis among

patients with LSCC. Recent evidence confirms critical function of Wnt1-inducible signaling

protein 1 (WISP1) in several cancers. However, its contribution in LSCCmetastasis remains

unclear. Specimens of tumor tissues and adjacent normal mucosa were collected from

patients with LSCC. The mRNA and protein levels were determined using quantitative

real-time PCR and Western blot, respectively. RNA interference was applied to silence

the expression of WISP1 and TGF-b, and recombinant adenovirus was used to overexpress

WISP1 in human LSCC cell line TU212 cells. Cell invasion and migration were determined

by transwell assay. High expression of WISP1 was observed in LSCC tissues, especially in

those from metastatic groups. Ectopic expression of WISP1 enhanced invasion and migra-

tion of TU212 cells. On the contrary, WISP1 knockdown reduced numbers of invasive and

migrated cells. Additionally, elevation of WISP1 depressed the expression of epithelial marker E-cadherin and increased levels of

mesenchymal marker vimentin in TU212 cells, whereas WISP suppression yielded the opposite effects. Further analysis corrob-

orated that WISP1 overexpression enhanced activation of TGF-b-Smad signaling by increasing expression of TGF-b1, p-Smad2,

and p-Smad3, which was abrogated following WISP1 down-regulation. Moreover, TGF-b1 exposure facilitated LSCC cell

invasion and migration. Notably, blockage of the TGF-b-Smad pathway by si-TGF-b overturned WISP-1-evoked epithelial-to-

mesenchymal transition (EMT), and subsequent cell invasion andmigration. These findings highlight the pro-metastatic function of

WISP1 in LSCC by regulating cell invasion and migration via TGF-b-Smad-mediated EMT, supporting a promising invention target

for LSCC therapy.

Keywords: Laryngeal squamous cell cancer, Wnt1-inducible signaling protein 1, invasion, migration, transforming growth factor-

beta, epithelial-to-mesenchymal transition

Experimental Biology and Medicine 2021; 246: 1244–1252. DOI: 10.1177/1535370221992703

Introduction

Head and neck cancer is an anatomically diverse and
molecularly heterogeneous malignancy that poses a major
health risk, especially for elderly people.1 Laryngeal squa-
mous cell cancer (LSCC) ranks as the most prevalent head
and neck cancer and approximately 40% of patients with

LSCC usually are diagnosed at clinical stage III–IV.
Currently, despite the advance in available and standard

treatments including surgery and chemotherapy, therapeu-

tic efficacy remains poor in advanced stages due to the

uncontrolled invasion and metastasis.2 Therefore, better

understanding the molecular mechanism orchestrating
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the progression of LSCC is an urgent and pivotal goal in

developing more effective strategies for LSCC therapy.
Metastasis usually results in poor prognosis and is a

major obstacle for the treatment of cancer.3 During metas-
tasis, cells transform to a fibroblastic phenotype that exerts
the indispensable role in local invasion and further metas-
tasis. Convincing evidence has identified epithelial to mes-
enchymal transition (EMT) as a major driver in cancer cell
transformation and metastatic progression.4,5 EMT is a pro-
verbial process, whereby epithelial cells can reprogram to a
mesenchymal-like phenotype that will facilitate cancer cells
escape from the primary site and invade distant tissue.6

Additionally, EMT phenotype is typically characterized
by a decrease in epithelial marker E-cadherin and an
increase in mesenchymal markers, such as vimentin.
Canonical transforming growth factor-beta (TGF-b) signal-
ing can act as a driver to induce EMT, and thus has a critical
role in cancer progression by regulating various cellular
processes of cell growth, invasion, and mobility.7,8

Intriguingly, recent evidence supports a new approach for
cancer treatment that targets EMT.9

Wnt1-inducible signaling protein 1 (WISP1), a cysteine-
rich protein located on chromosome 8q24.1–q24.3, belongs
to CCN (CyR61, CTGF, NOV) family. Analogous with other
CCNs, WISP1 possess multiple functions in various physio-
logical and pathogenic processes, including tissue repair.10,11

WISP1 is originally implicated as a downstream target of
Wnt/b-catenin, and its aberrant expression has been recently
observed in several cancers, including LSCC.12–14 Currently,
WISP1 has moved into the limelight within cancer research
where it exerts the prominent roles in cancer cell prolifera-
tion, invasion, chemoresistance, and radioresistance.
Notably, high expression of WISP1 can serve as a potential
marker for poor prognosis of patients with colon cancer.12 In
glioblastoma, WISP1 acts as an oncogenic gene to control cell
proliferation, apoptosis, and invasion, supporting a promis-
ing therapeutic target for glioblastoma.13 Our previous study
confirmed high levels of WISP1 in LSCC patients and its
positive roles in LSCC cell growth.14 Up to now, the role
and underlying mechanism of WISP1 in LSCC metastasis
remain poorly understand.

In the present study, the expression of WISP1 in LSCC
patients was investigated. Furthermore, we conducted the
gain- and loss-of-function tests of WISP1 in cell invasion,
migration, and EMT in LSCC cells. The mechanisms lying
beneath these processes were also elucidated.

Materials and methods

Specimen collection and ethics statement

Pair specimens of tumor tissues and adjacent normal
mucosa (ANM) were collected from 35 patients with
LSCC (20 cases without metastasis, 15 cases with metasta-
sis). All patients were diagnosed and underwent partial or
total laryngectomy from 2012 to 2017 at the Department of
Otolaryngology–Head and Neck Surgery, the First
Affiliated Hospital of Zhengzhou University. Patients
involved in this research did not receive any systemic
anti-carcinoma therapy before sample collection.

The clinical characteristics of patients are shown in Table
1. Samples isolated from surgical excision were preserved
in liquid nitrogen and stored at �80�C until processed. All
experimental protocols were conducted according to the
Declaration of Helsinki and approved by the Research
Ethics Committee of the First Affiliated Hospital of
Zhengzhou University. All participants gave written
informed consent before specimen collection.

Antibodies

Rabbit polyclonal antibodies against human WISP1
(ab155654), E-cadherin (ab15148), TGF-b (ab92486), rabbit
monoclonal antibody against human vimentin (ab92547),
and mouse monoclonal antibody against b-actin (ab8226)
were obtained from Abcam (Cambridge, MA, USA). Rabbit
monoclonal antibodies against human Smad2 (#5339),
phospho-Smad2 (p-Smad2, #18338), Smad3 (#9523), p-
Smad3 (#9520) were purchased from Cell Signaling
(Danvers, MA, USA). HRP-conjugated goat anti-rabbit
IgG (ab6721) and HRP-conjugated rabbit anti-mouse IgG
(ab97046) were purchased from Abcam.

Cell culture and treatment

Human LSCC cell line TU212 was obtained from ATCC
(Manassas, VA, USA). For culture, cells were grown in
Dulbecco’s Modified Eagle medium (DMEM) containing
10% fetal bovine serum (Hyclone, Loan, UT, USA), 100U/
mL of penicillin, and 100lg/mL of streptomycin. Cells
were stimulated with recombinant human TGF-b1 (5 ng/
mL; Abcam) for 24 h. All cells were maintained in a humid-
ified incubator with 5% CO2 at 37

�C.

Knockdown of WISP1 and TGF-b expression by
siRNA transfection

RNA interference was applied to silence the expression of
WISP1 and TGF-b in TU212 cells. The specific siRNA tar-
geting WISP1 (sc-39335), TGF-b (sc-270322) and the control
scramble siRNA (si-NC) were obtained from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA). To perform
the siRNA transfection, cells were seeded into 6-well

Table 1. Clinical characteristics of patients with LSCC (n¼ 35).

Clinical parameter Number (%)

Gender

Male 22 (62.8)

Female 13 (37.2)

Age

�60 19 (54.3)

>60 16 (45.7)

Cancer differentiation

Well 17 (48.6)

Moderate or poor 18 (51.3)

Stage

I–II 21 (60.0)

III–IV 14 (40.4)

LSCC metastasis

Without metastasis 20 (57.1)

With metastasis 15 (42.9)
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plates and grown to 60%–80% confluence. Then, cells were
transfected with 100 nmol/L si-WISP1 or si-TGF-b by
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
according to the recommended protocols of manufacture.
Approximately 48 h later, Western blotting was carried out
to evaluate transfection efficiency.

Recombinant adenovirus vector construction and
transduction

To construct WISP1-overexpressed cells, the full-length of
WISP1 cDNA was inserted into an adenoviral shuttle
plasmid of pAdTrack-CMV (Agilent, Santa Clara, CA,
USA) containing green fluorescent protein (GFP).
Subsequently, the recombinant Ad-WISP1 vectors were
homologously recombinated in E. coli strain BJ5183, fol-
lowed by the transfection into 293 T cells to generate
recombinant adenovirus. After propagation into 293T
cells, the virus was purified via CsCl2 gradient centrifuga-
tion, and the titer of virus was identified by the Adeno-X
Rapid Titer kit (BD Biosciences, San Jose, CA, USA). Then,
the culture medium containing virus of Ad-WISP1 (1� 109

TU/mL) was supplemented into TU212 cells for transduc-
tion. At 48h after adenovirus infection, the effects on
WISP1 expression were measured.

RNA extraction and quantitative real-time PCR

Cells were transfected with si-WISP1 or Ad-WISP1 plas-
mids, and the total RNA was extracted using RNAiso
Plus (TaKaRa Bio Inc., Dalian, China). Afterwards, RNA
was reverse transcribed to synthesize cDNA according to
the directions provided by the PrimeScript RT Reagent Kit
(TaKaRa). Real-time PCR was then carried out in a 20 mL
reaction system to detect the transcript of WISP1 using the
SYBR Premix Ex TaqTM II Kit (Takara). The specific primer
sequences for WISP1 were 50-CTACAACAACGGCCAG
TCCT-30, reverse 50-ACATACCCACTGCTCACAGC-30,
and synthesized by Sangon Biotech (Shanghai, China).
For reactions, all specimens were subjected to the ABI
PRISM 7000 system (Applied Biosystems; Foster City, CA,
USA), and data were analyzed by the 2�DDCt equation.
b-actin was applied as an endogenous control to normalize
the transcriptional levels of WISP1.

Western blotting

Cells were rinsed with PBS before treatment with RIPA
lysis buffer (Beyotime, Nantong, China), and the protein
concentrations extracted from cells were measured using
a BCA protein assay kit (Beyotime). Equal amounts of pro-
tein were loaded in each lane and separated by 12% SDS–
PAGE, followed by the transfer to PVDF membrane. To
interdict the non-specific binding, the membrane was incu-
bated with 5% nonfat milk. Then, the primary antibodies
against WISP1 (1:1500), E-cadherin (1:500), vimentin
(1:700), TGF-b (1:1000), Smad2 (1:1000), p-Smad2 (1:1000),
Smad3 (1:1000), p-Smad3 (1:1000) were added for further
incubation at 4�C overnight. After treatment with HRP-
conjugated secondary antibody (1:4000) for 2 h at room
temperature, the binding signal was revealed by an ECL

reagent (Beyotime). The intensities of the immunoreactive
bands were analyzed by Image J software (National
Institutes of Health, Bethesda, MD, USA).

Transwell assay for cell invasion and migration

Cell invasion ability was evaluated using a Transwell
system (Corning, Corning, NY, USA) in accordance with
the manufacturer’s instructions. Briefly, cells were treated
with si-WISP1, Ad-WISP1, or TGF-b (10 ng/mL). Then,
cells resuspended in serum-free medium were seeded
into upper chamber where the membrane had been
coated with 0.5-mm thickness of Matrigel (50 mg/chamber,
BD Biosciences). Then, the lower chamber was filled with
500mL of culture medium containing 10% fetal bovine
serum as a chemoattractant. Following incubation for
48 h, the upper surface of chamber was scrapped to
remove the residual cells. After fixating with 4% parafor-
maldehyde, 0.1% crystal violet was used to stain cells that
passed through the upper chamber to the lower surface.
Cell migration assay was also conducted as the above pro-
tocols except for the absence of Matrigel in upper chamber
membrane. The invasive and migrated cells were photo-
graphed under a light microscope (�200), and the
number of cells was counted on each membrane in five
random microscopic fields.

Statistical analysis

All data from at least three independent experiments were
analyzed by SPSS 16.0 software (SPSS Inc., Chicago, IL,
USA), and are presented as the mean� SD. Comparisons
between groups were evaluated using the Student’s t-test
(two groups) or one-way ANOVA (three or more groups),
followed by the Student–Newman–Keuls (SNK) post hoc
tests. A value of P <0.05 was considered statistically
significant.

Results

High expression of WISP1 observes in metastatic
LSCC tissues

To investigate the function of WISP1 in LSCC progression,
we analyzed the expression of WISP1 in clinical specimens
from patients with LSCC. As shown in Figure 1(a), higher
transcriptional levels of WISP1 were observed in LSCC tis-
sues relative to adjacent normal mucosa tissues.
Simultaneously, WISP1 protein expression was higher in
tissues from LSCC groups than those from the control
groups (Figure 1(b)). More importantly, higher expression
of WISP1 mRNA (Figure 1(c)) and protein (Figure 1(d)) was
validated in LSCC tissues with metastasis than in LSCC
tissues without metastasis.

Elevation of WISP1 expression facilitates cell
metastatic potential of LSCC cells in vitro

To further elucidate a potential role of WISP1 in the pro-
gression of LSCC metastasis in vitro, the expression of
WISP1 protein was enhanced in LSCC cell line TU212
by infection with Ad-WISP (Figure 2(a)). Transwell assay
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substantiated that overexpression of WISP1 increased the
invasiveness of TU212 cells (Figure 2(b)). Moreover, cells
with elevated WISP1 expression exhibited stronger
ability to facilitate cell migration relative to control
groups (Figure 2(c)). These findings suggest that WISP1
may exert the positive role in LSCC metastasis.

Knockdown of WISP1 reversely restrains the
metastatic potential of LSCC cells

We next clarified the effects of WISP1 inhibition on LSCC
cell invasion and migration. After transfection with siRNA
targeting WISP1, the protein levels of WISP1 were notably
suppressed (Figure 2(d)). Furthermore, compared with
control groups, the number of invasive cells was decreased
to 40� 11 after WISP1 knockdown in TU212 cells (Figure 2
(e)). In striking contrast, cessation of WISP1 also restrained
the ability of migration in LSCC cells (Figure 2(f)).

WISP1 regulates EMT in LSCC cells

Accumulating evidence has emphasized the critical role of
EMT in metastatic propensity of cancers including LSCC.
Accordingly, we explored the effects of WISP1 on EMT of
LSCC cells. As present in Figure 3(a), overexpression of
WISP1 inhibited the protein expression of mesenchymal
marker E-cadherin in LSCC cells. Concomitantly, the
expression of epithelial marker vimentin was elevated fol-
lowing WISP1 up-regulation (Figure 3(a)). Additionally,
further Western blotting analysis corroborated that depres-
sion of WISP1 induced E-cadherin expression and
decreased vimentin protein levels. Thus, these data indicate
that WISP1 may facilitate EMT in LSCC cells (Figure 3(b)).

Enhancement of WISP1 activates the TGF-b-Smad2/3
signaling

TGF-b/Smad pathway has been identified as an oncogenic
signaling pathway to drive tumor cell invasion and metas-
tasis.15,16 Mechanism analysis confirmed that elevation of

Figure 1. Expression of WISP1 in LSCC tissues. The mRNA (a) and protein (b) levels of WISP1 in normal mucosa and LSCC tissues were determined by qRT-PCR and

Western blotting. The transcription (c) and protein (d) expression of WISP1 in LSCC with metastasis and without metastasis groups. *P< 0.05.
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WISP1 enhanced the protein levels of TGF-b1 in LSCC cells
(Figure 4(a) and (b)). Simultaneously, expression of down-
stream p-Smad2 (Figure 4(c)) and p-Smad3 (Figure 4(d))
was also activated following WISP1 overexpression, indi-
cating that WISP1 enhances the activation of TGF-
b-Smad2/3 signaling. Conversely, knockdown of WISP1
suppressed the activation of TGF-b-Smad2/3 signaling by
inhibiting TGF-b1, p-Smad2 and p-Smad3 expression
(Figure 4(a) to (d)).

TGF-b acts as a potent factor to promote cell
invasion and migration in LSCC cells

Next, we corroborated the function of TGF-b in metastatic
potential of LSCC cells. As shown in Figure 5(a), exposure to
TGF-b1 dramatically increased cell invasion, in contrast to
control groups. Moreover, TGF-b1 stimulation also enhanced
the ability of cell migration in LSCC cells relative to control
groups (Figure 5(b)). These data suggest the oncogenic poten-
tial of TGF-b in cell invasion and migration in LSCC cells.

Figure 2. WISP1 regulated cell invasion and migration in LSCC cells. (a) The LSCC cell line TU212 was infected with Ad-WISP1, and the protein levels of WISP1 were

measured. (b) After overexpression of WISP1 in LSCC cells, the effects on cell invasion were evaluated by transwell assay. (c) Effects of WISP1 elevation on cell

migration. (d) Cells were transfected with si-WISP1, then the expression of WISP1 was assessed. (e) Effects of WISP1 knockdown on cell invasion. (f) Transwell assay

was performed to detect cell migration. *P< 0.05. (A color version of this figure is available in the online journal.)

Figure 3. Elevation of WISP1 facilitated EMT, whereas WISP1 depression yielded the opposite effects. (a) LSCC cells were infected with Ad-WISP1, and the

expression of EMT markers E-cadherin and vimentin was analyzed. (b) Following knockdown of WISP1 by si-WISP1 transfection, the expression of E-cadherin and

vimentin was measured. *P< 0.05.
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Blocking the TGF-b-Smad pathway overturns the EMT
and pro-metastatic effects of WISP1 on LSCC cells

To further elucidate the relationship between TGF-b-Smad
pathway and WISP1 in the progression of LSCC metastatic
potential, cells were transfected with si-TGF-b. As
expected, treatment with si-TGF-b1 engendered not only
the decrease in the expression of TGF-b (Figure 6(a)) but
also abrogated the expression of p-Smad2 and p-Smad3
(Figure 6(b)), implying the inhibition of TGF-b knockdown
on the activation of TGF-b-Smad signaling. Intriguingly,
blockage of TGF-b-Smad pathway by si-TGF-b reversed

the suppressive effects of WISP1 on E-cadherin expression,
and antagonized WISP1-induced vimentin expression
(Figure 6(c)). Additionally, abrogating this pathway also
afforded the effective intervention in response to WISP1
elevation-induced cancer cell invasion (Figure 6(d)) and
migration (Figure 6(e)).

Discussion

WISP1, also known as CCN4, is a cysteine-rich protein with
pleiotropic functions that has been implicated in tissue
repair, inflammation, and insulin resistance.10,17

Figure 4. Effects of WISP1 expression on TGF-b-Smad signaling in LSCC cells. (a) TU212 cells were transfected with WISP1 vectors or si-WISP1, then the protein

levels of TGF-b, p-Smad2, Smad2, p-Smad3, and Smad3 were analyzed byWestern blotting. (b–d) The quantified analysis on binding bands was evaluated by Image J

software. *P< 0.05.

Figure 5. TGF-b enhanced LSCC cell invasion and migration. Cells were exposed to TGF-b for 48 h. Then, the effects on cell invasion (a) and migration (b) were

assessed by Transwell assay. *P< 0.05. (A color version of this figure is available in the online journal.)

Song et al. WISP1 aggravates metastasis of LSCC 1249
...............................................................................................................................................................



Numerous studies corroborate the aberrant expression of
WISP1 in various cancers that has been identified as a clin-
ical marker for poor prognosis in patients with oral squa-
mous cell carcinoma and colon cancer.12,18 Until now, the
function of WISP1 in LSCC remains exclusive. Intriguingly,
the current study confirmed the high expression of WISP1 in
LSCC tissues. Notably, LSCC tissues from patients with
metastasis revealed higher expression of WISP1 than those
from non-metastatic groups. Analogously, previous research
also verified a positive correlation between WISP1 high
expression and lymph node metastasis in patients with
esophageal squamous cell carcinoma.19 Contradictorily,

lower levels of WISP1 were observed in metastatic breast
cancer in contrast to non-metastatic groups.20 Undoubtedly,
an in-depth investigation is essential to elucidate the roles of
WISP1 in metastatic progression of LSCC.

LSCC constitutes a major health threaten due to its high
metastasis potential that involves multiple procedures,
including cell invasion and migration. Increasing evidence
supports the critical roles of WISP1 in tumorigenesis, radio-
resistance, and chemoresistance of several carcinomas.12,21

For instance, WISP1 may act as a oncoprotein in colon
cancer as the evidence that WISP1 overexpression confers
cancer cell growth and invasion, whereas its inhibition

Figure 6. Abrogating the TGF-b-Smad pathway reversed the effects of WISP1 on EMT and pro-metastatic potential of LSCC cells. (a) TU212 cells were transfected

with si-TGF-b, then the expression of TGF-b protein was detected. The corresponding quantified analysis was carried out based onWestern blot. (b) The expression of

p-Smad2, Smad2, p-Smad3, Smad3 was determined after TGF-b knockdown by Western blotting. The corresponding quantified analysis was carried out based on

Western blot. (c) After blockage of TGF-b signaling by si-TGF-b transfection, the effects on EMT markers E-cadherin and vimentin were measured using Western blot.

The consequents on cell invasion (d) and migration (e) were analyzed. *P< 0.05 vs. control groups; #P< 0.05 vs. WISP1-overexpressed groups. (A color version of this

figure is available in the online journal.)
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slows the progression of tumor formation and metastasis.12

Our previous finding corroborated that targeting WISP1 by
miR-384 suppressed laryngeal cancer cell proliferation.14

The present research emphasized the potential roles of
WISP1 in LSCC metastasis, and confirmed that elevation
of WISP1 enhanced cancer cell invasion and migration,
whereas knockdown of WISP yielded the opposite effects.
These data indicate that WISP1 present within tumor
microenvironment may facilitate metastasis of LSCC.
Similarly, WISP1 enhancement by PTEN knockdown
increased breast cancer cell metastasis.22 Intriguingly,
there is a contradictory finding that low levels of WISP1
were validated in breast cancer patients with metastasis
and poor prognosis, implying that WISP1 may act as a pos-
sible anti-oncogene in breast cancer progression.20,23

EMT is a critical step for the process of orchestrating
cancer metastasis.4,24 Cancer cells undergoing EMT switch
from the epithelial phenotype into an invasive mesenchy-
mal phenotype, contributing to the migration from primary
site and disseminate to distant sites. Here, we observed that
WISP1 elevation suppressed the expression of epithelial
marker E-cadherin and increased the levels of mesenchy-
mal marker vimentin. Analogous with observations for
glioma, knockdown of WISP1 enhanced E-cadherin expres-
sion and reduced vimentin levels, suggesting that WISP1
may function as an EMT induced in glioblastoma.13 EMT
that can endow cancer cells with increased aggressiveness,
is recently proved to be involved in therapy resistance and
recurrence of carcinomas.24 Increasing evidence has sup-
port a potential of targeting EMT for cancer therapy.4

Intriguingly, up-regulation of WISP1 also induces the
occurrence of EMT in alveolar type II cells, supporting a
new target for pulmonary fibrosis treatment.25

Further mechanism analysis elucidated that WISP1 ele-
vation evoked the activation of TGF-b-Smad signaling. In
LSCC, expression of TGF-b is validated to be associated
with clinical stages and lymph node metastasis.26 TGF-b
can regulate the expression of matrix metalloproteinases
(MMPs) and downstream Smad signaling to degrade the
extracellular matrix, an essential step for EMT occur-
rence.15,27 Currently, TGF-b is widely accepted as a key
inducer of EMT. Initiation of TGF-b pathway will facilitate
cell invasion and migration by inducing EMT, thus
aggravating cancer metastasis.15,28 To further decipher the
correlation between TGF-b-Smad signal activation and
WISP1-mediated metastatic potential in LSCC cells, we
firstly corroborated that TGF-b exposure promoted cell
invasion and migration in LSCC. More importantly, block-
ing the TGF-b pathway by employing si-TGF-b antago-
nized WISP1-enhanced EMT, invasion, and migration.
Intriguingly, targeting TGF-b signaling has been identified
as a novel strategy to fight carcinoma based on its ability to
mediate EMT and metastasis.29,30

Conclusions

This work identified high expression of WISP1 in LSCC
tissues, especially metastatic tissues. Notably, gain and
loss of WISP1 confirmed that WISP1 may afford a pro-
metastatic potential in LSCC by enhancing cell invasion

and migration through activating TGF-b-Smad signaling-
mediated EMT. Together, these findings may highlight a
new opinion about how WISP1 aggravates the progression
of LSCC. Accordingly, this research may offer a new and
promising therapeutic strategy against LSCC. Of note, the
further study involving the function of WISP1 in LSCC
metastasis in vivo will be investigated in our next plan.
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