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regulated expression in C
in tissues, and the overall patients was evaluated. Loss-of-function assays
pendent and combined functions of miR-21 and
were injected with miR-21 inhibitor or TIMP3 si for

aymation and liver metastasis. The mechanism among miR-

usion: It is elucidated that miR-21 depletion impedes CSCC cell invasion and
metastasis via enhancing TIMP3 and suppressing PI3K/AKT pathway activation.
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Introduction

Cutaneous squamous cell carcinoma (CSCC) is the second most overwhelming
non-melanoma skin cancer." The incidence of CSCC is rising with high potential
morbidity and mortality, especially in the elderly and immunocompromised
people.? As to CSCC management in different situations, surgery is recommended
for elderly patients with well-differentiated tumors, adjuvant radiation therapy for
incomplete resection, radical dissection for patients with positive lymph nodes,
while PD-1 inhibitor for advanced CSCC.? However, during the period of treat-
ment, recurrence commonly happens in CSCC.* Concerning the severity and com-
plexity of this disease, the need for effective agents is still a major task.
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As a component of microRNA (miRNA), miR-21 has
been discussed to own diagnostic, therapeutic and prog-
nostic effects on cutaneous melanoma and CSCC.’
miRNAs are involved in the initiation, migration, invasion,
and chemoresistance in CSCC, and modulate the cellular
responses by acting as anti-tumor factors.® The signifi-
cance of miR-21 overexpression in CSCC tumorigenesis
has been evaluated in multiple studies. Clinically and
experimentally, the resistant CSCC is characterized by
elevated miR-21 in patients and mice.” Mechanistically,
miR-21 has been revealed to be induced in invasive
CSCC, harboring diagnostic values.® Furthermore, miR-
21 has been identified as a pro-oncogene in CSCC and it is
in CSCC.” The
between miR-21 and tissue inhibitor of metalloprotei-
nases-3 (TIMP3) has been highlighted
cancer.'® TIMP3, an extracellular matrix-bound protein

overexpressed binding relationship

in cervical

has been documented to participate in skin cancers.'' As
documented in a study, it is presented that TIMP3 is down-
regulated in melanoma progression and it is a negative
regulator for cell migration and invasion, as well as anoi-
kis resistance.'” In addition, there is a study specifically
indicating that TIMP3 expression is closely related to
angiogenesis in malignant melanoma.'' miR-21 is clari
to mediate TIMP3, and miR-21 overexpression results i
a reduction in TIMP3 expression, thereafte cing

melanoma cell invasion.'* However, how interftion
functions in CSCC remain undetermined.
the

betwee

iguj

dual-luciferase reporter gene assay
identified the direct binding relafd

and TIMP3. Furthermore,
(PI3K)/protein kinase B

nt study
iR-21
hoositol 3-kinase

serves as cell growth and
developme
On top ined interplay of miR-21,

TIMP3 and
explorations. The

AKT pathway in CSCC is lack of
this work is projected to decode
the functions of miR-21/TIMP3/PI3K/AKT pathway axis

in CSCC.

Materials and Methods

Clinical Data

Tumor tissues and adjacent tissues were collected from 56
CSCC patients (35 male and 21 female) admitted to the
Third Affiliated Hospital of Qiqihar Medical University

from June 2013 to June 2016. This study was explicitly
approved by the Ethics Committee of the Third Affiliated
Hospital of Qiqihar Medical University which followed
principles in the Declaration of Helsinki. Written informed
consents were obtained from all participants. The tissue
specimens were preserved in liquid nitrogen at —80°C.
SCC Borders Pathological Classification had clarified
CSCC into stage I (well-differentiated) with 0—5% undif-
ferentiated cells, stages II-III (moderately differentiated)
with 25-75% undifferentiated cells and stage IV (poorly
differentiated) with 75-100% undiffergismsed cells. In line
ptiated, 15
es were

patients is

were detected by an ultraviolet spec-
formaldehyde denaturation agarose gel.

able | Clinicopathological Data of CSCC (n = 56)

linical Outcome Number

Gender (%)
Male

Female

35 (62.50%)
21 (37.50%)

Age (Years, mean, SE)

> 50 44 (78.57%)

<50 12 (21.43%)
Tumor size (cm)

>3 11 (19.64%)

<3 45 (80.36%)

Histologic cell type
Well differentiated
Moderately differentiated

39 (69.64%)
15 (26.78%)

Poorly differentiated 2 (3.58%)

Lymph node metastasis

Absent 52 (92.86%)

Present 4(7.14%)
Venous invasion

Absent 2 (3.58%)

Present 54 (96.42%)

Abbreviations: CSCC, cutaneous squamous cell carcinoma; SE, standard error.
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Copenhagen, Denmark) was thawed on ice. Total RNA (1
pg) was dissolved in ddH,0 (3 pL), incubated with 0.5 pL
calf intestinal phosphatase (CIP) buffer at 37°C for 30 min
and 0.5 pL CIP and denatured at 95°C for 15 s. Then, the
samples were reacted with 3 pL labeling buffer, 1.5 pL
Hy3 marker, 2 pL dimethyl sulfoxide and 2 puL marker
enzyme on ice in the dark for 1 h at 16°C and incubated at
65°C for 15 min. The labeled RAN (125 pL) was incu-
bated with 90 uL 2 x hybridization buffer and 77.5 pL
nuclease-free buffer at 95°C in the dark for 2 min. After
hybridization with 180 pL hybridization sample, Axon
GenePix 4000B Microarray scanner (Molecular Devices,
CA, USA) and GenePix pro V6.0 software were utilized
for scanning and analysis. Clustering heatmap was drawn
with the ratio of miRNA fluorescence >2 and p < 0.01 in
CSCC and adjacent tissues.

Reverse Transcription Quantitative
Polymerase Chain Reaction (RT-qPCR)

Total RNA extraction from tumor tissues and adjacent tissues
and cells were implemented by Trizol reagent (Thermo
Fisher Scientific). mRNA reverse transcription into comple-
mentary DNA (cDNA) was conducted by a Revert Ajdakirst
Strand ¢cDNA Synthesis kit (Thermo Fisher Scie
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH

were as follows: miR-21: forward:
ACAGCTATCGT-3', reverse: 5'-
ACC-3'. TIMP3: forward: 5'-
CGA-3', reverse: 5-CTA
TT-3'. GAPDH: fo
GACAAG-3', rever
-3'. U6: forwar

JCRB Cell Bank, Osaka, Japan)
C, VA, USA), human immortalized kera-
% (Cell
Germany) and human embryo kidney epithelial cell
HEK293T (ATCC) were cultured in Dulbecco’s modified
Eagle’s medium (DMEM, Thermo Fisher Scientific) sup-
plemented with 10% fetal bovine serum (FBS), 100 pg/mL
streptomycin and 100 wunits/mL penicillin (Sangon,
Shanghai, China). MiR-21 inhibitor, si-TIMP3 and the
corresponding negative controls (NCs) were synthesized
by Genepharma (Shanghai, China). pcDNA 3.1 (Addgene,

tinocytes HaC3 Lines Service, Eppelheim,

Cambridge, MA, USA) was adopted to construct low
expression vectors. Lipofectamine 3000 was mixed with
DNA at 1:1 in Opti-

MEM and added into cells for transfection. At 2 days post-
transfection, the cells were analyzed.

Colony Formation Assay

Cells were transfected with low expression vectors and
incubated to stable growth. Detached by 0.25% trypsin,
cells (5 x 10°) were seeded in a 6-well plate containing

After a 10-day culture, colonj
were fixed with 5 mL
crystal violet solution

dine (EdU) Assay
and seeded at 1 x 10° cells/mL. Cell

following staining by 4'6-diamidino-2-phe-
lindole (Beyotime, Shanghai, China) and observation
EdU-positive cells under a Leica TCS SPE con-
focal laser scanning microscope (Leica, IL, USA).

Scratch Test

Seeded in a 6-well plate, cells (1 x 10°) were supplemen-
ted with medium and cultured to 90%
Scratches were made by a 200-mL pipette, and cell debris

confluence.

were washed with phosphate-buffered saline. Incubated for
5 hours, cells were observed under an inverted microscope
(Eclipse Ti, Nikon, Tokyo, Japan) in 5 fields of view. Cell
migration ability was detected by wound healing distance.

Transwell Assay

Suspended in 100 uL DMEM to reach 1 x 10° cells/mL,
cells were seeded into the apical Transwell chamber with
8-uM pore size and added with Matrigel (Corning, NY,
USA). DMEM (200 pL) containing 15% FBS was added
to the basolateral Transwell chamber. Following a 24-hour
incubation, the cells in the apical chamber were wiped,
and those in the basolateral chamber were fixed in 4%
paraformaldehyde, stained with 0.5% crystal violet solu-
tion and observed under an inverted microscope (Eclipse
Ti, Nikon) in 5 five fields of view. Cell invasion was
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detected by the number of cells infiltrating to the basolat-
eral chamber.

Flow Cytometry

Cells were seeded in 24-well plates at 1 x 10° cells/well
and cultured in 10% FBS-DMEM. For apoptosis analysis,
cells were trypsinized, centrifuged at 120 g, resuspended
in 100 pL 1 x binding buffer and subjected to an Annexin
V-fluorescein isothiocyanate/propidium iodide (PI) apop-
tosis detection kit (Solarbio, Beijing, China). For cell cycle
distribution analysis, cells were detached with trypsin
(Thermo Fisher Scientific), fixed with 80% ethanol and
incubated with 0.25 mg/mL Ribonuclease A (Sigma-
Aldrich, Merck KGaA) and 20 pg/mL PI (Roche
Applied Science, Mannheim, Germany). Subsequently,
a CytoFLEX flow cytometer (Beckman Coulter, Inc.,
Chaska, MN, USA) was utilized for cell detection, and
the cell apoptosis rate and cell cycle distribution were
analyzed by CellQuest software (BD Bioscience, San
Jose, CA, USA).

Tumor Xenografts in Nude Mice
BALB/c mice of 6-8 weeks (Beijing Vital River
Ltd.,
China) were injected with 1 x 107 cells in 0.2 mL ce

Laboratory Animal Technology Co., Beiji

suspension at the flank to establish stable CS

kg). The tumors were weighed.
ment, 1 x 107 cells in 0.2

sodium pentobarbita

analysis. All the ied out as per the

ARRIVE wing the National
Institutes for the care and use of
Laboratory %ga#¥ls (revised 1978), and under the
approval of ti thics Committee of the Third

Affiliated Hospital ® Qiqihar Medical University.

Hematoxylin-Eosin (HE) Staining

The mouse liver tissues were fixed with 4% paraformalde-
embedded,
Dewaxed in xylene, the sections were soaked in gradient

hyde overnight, sectioned and stained.
alcohol, stained with hematoxylin staining solution
(Solarbio) for 5 min and differentiated with 1% hydro-

chloric acid for 3 s. Following that, the sections were

stained by 5% eosin stain (Solarbio) for 3 min, dehydrated
and sealed in neutral gum. The sections were observed and
photographed under an inverted microscope (Eclipse Ti,
Nikon) in five fields of view. The number and area of liver
nodules were calculated to detect cell metastatic ability
in vivo.

Dual-Luciferase Reporter Gene Assay

StarBase (http://starbase.sysu.edu.cn/), TargetScan (http:/
miRDB  (http:/www.mirdb.org),
miRwalk (http://mirwalk.umm.uni-heidgiimms

www.targetscan.org/),

miRBase

odium dodecyl sulfate-polyacrylamide gel electrophor-
is, transferred to a polyvinylidene fluoride (PVDF)
membrane and blocked with 1% skim milk powder. After
being probed with the primary antibody, the PVDF mem-
brane was re-probed with the secondary antibody, fol-
lowed by development with enhanced chemiluminescent
and exposure under the Chemiluminescence Imaging
System (Bio-Rad, Hercules, CA, USA). ImageJ software
was utilized for evaluating the optical density of protein
bands. The primary antibodies included TIMP3
(ab276134, 1:1000, Abcam, Cambridge, UK), PI3K
(#4249, 1:1000, Cell Signaling Technologies, Beverly,
MA, USA), AKT (#9272, 1:1000, Cell Signaling
Technologies), GAPDH (#5174, 1:800, Cell Signaling
Technologies), p-PI3K (1:100, Sigma-Aldrich), p-AKT
(ab38449, 1:800, Abcam), and goat anti-rabbit secondary
antibody (ab205718, 1:5000, Abcam).

Statistical Analysis

SPSS 22.0 (IBM, NY, USA) statistical software was uti-
lized for data analysis. Data were normally distributed
which was detected by Kolmogorov—Smirnov test. Data
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were expressed as mean + standard deviation. The #-test
was applied for statistical significance between the two
groups. One-way or two-way analysis of variance
(ANOVA) was adopted for statistical significance among
multiple groups, followed by Tukey’s multiple compari-
sons test. Kaplan-Meier analysis was applied to calculate

P < 0.05

the survival curve. statistical

suggested
significance.

Results
MiR-21 is Up-Regulated in CSCC Tissues

and Cells

In order to find the miRNA highly expressed in CSCC,
miRNA microarray analysis was performed on tumor tis-
sues and adjacent tissues of three randomly selected CSCC
patients. It was manifested that eight miRNAs were up-
regulated in tumor tissues, among which miR-21 was the
most up-regulated one (Figure 1A). Further detection of
miR-21 expression in all CSCC patients was carried out,
and the results exhibited that miR-21 was up-regulated in
CSCC patients (Figure 1B). Survival analysis revealed that
patients with higher miR-21 had a lower survival rate and

loure

shorter survival time than those with lower miR-21

1C). miR-21 expression in HSC-1, A431 and HaCaT cells
was measured, with the results indicating that miR-21 was
elevated in HSC-1 and A431 cells versus HaCaT cells
(Figure 1D).

Down-Regulating miR-21 Reverts the
Malignant Phenotype of CSCC Cells

Afterwards, miR-21 down-regulation was introduced in
HSC-1 and A431 cells. Three miR-21 inhibitor fragments
were synthesized for transfection. RT-qPCR implied that

which was selected fo

(€]

nt analysis
HSC-1 and
¢ period under
day, the colony

ssay demonstrated that

cells with poor miR-21

leted miR-21 was slower (Figure 2D).
Transwell chamber and cultured for 24
depicted that cells with down-regulated
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o
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Figure | MiR-2| is up-regulated in CSCC tissues and cells. (A) Microarray-based analysis of up-regulated miRNAs in tumor tissues (n =3); (B) RT-qPCR of miR-21
expression in tumor tissues and adjacent tissues (n = 56, *P < 0.05 according to the paired t-test); (C) Overall survival of CSCC patients (cut-off value of 4.37) with miR-21
high expression and low expression (n = 56, according to Kaplan-Meier analysis); (D) RT-qPCR of miR-21 expression in HaCaT, HSC-1 and A43| cells (*P < 0.05 according to
the one-way ANOVA).
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miR-21 suppresses malignant aggressiveness of CSCC cells. (A) RT-qPCR of miR-21 expression in HSC-1 and A431 cells transfected with miR-21
0| according to the two-way ANOVA); (B) Colony formation assay of cell colony-forming ability (*P < 0.05 according to the two-way ANOVA);
jon (*P < 0.05 according to the two-way ANOVA); (D) Scratch test of cell migration ability (*P < 0.05 according to the two-way ANOVA); (E)

(F) Flow cytometry of cell cycle distribution (*P < 0.05 according to the two-way

ANOVA); (G) Flow cytometry of cell apoptosis (*P < 0.05 according to the two-way ANOVA); The results represent the average of three experiments.

miR-21 in the basolateral chamber were decreased, indi-
cating impaired invasion ability (Figure 2E). Flow
cytometry of cell cycle distribution and apoptosis
implied that miR-21 down-regulation arrested most cells

in the GO/G1 phase and reduced cells in the S phase

(Figure 2F), but also increased apoptotic cells and
impaired cell viability (Figure 2G). It could be summar-
ized that miR-21 down-regulation partially prevented
CSCC cells from proliferating, invading and migrating
and advanced apoptosis.
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average of three experiments.

Down-Regulating miR-21 Retards CSCC
Tumor Formation and Liver Metastasis in
Mice

Mice were injected with cells transfected with miR-21 inhi-
bitor or its NC, and tumor volume was measured ¢
days. It was outlined that the tumor grew slowly i
injected with miR-21 inhibitor-transfected cell (Figure

e and miRanda that TIMP3 was targeted
by miR-21 (Figure 4A). Dual-luciferase report gene assay
was adopted to validate the targeting relationship between
TIMP3 and miR-21, and the results elucidated that the
fluorescence intensity of cells co-transfected with miR-21
inhibitor and TIMP3-WT was enhanced (Figure 4B).
Detection of TIMP3 expression in tumor tissues and adja-
cent tissues revealed that TIMP3 was down-regulated in
CSCC patients (Figure 4C). Correlation analysis of miR-21

ection (Figure 4D). In terms of the
3 expression and overall survival of
the results illustrated that TIMP3 expression
contributed to a higher survival rate and
val time than patients with TIMP3 at a low
sion (Figure 4E). TIMP3 down-regulation was admi-
nistrated into cells, and TIMP3 expression was the lowest in
the second fragment (Figure 4F). TIMP3 down-regulation
resulted in enhanced cell invasion and migration abilities in
Transwell assays (Figure 4G). Furthermore, the poor expres-
sion of TIMP3 increased liver nodules number and enlarged
liver nodules area (Figure 4H).

Silencing of TIMP3 Reverses the Effects of
miR-21 Down-Regulation on CSCC

CSCC cells were transfected with miR-21 inhibitor alone or
with TIMP3 si. To verify the transfection efficiency of
TIMP3 si and its correlation with miR-21, we examined the
protein expression of TIMP3 in cells after transfection. The
results of Western blot revealed that miR-21 inhibitor sig-
nificantly increased TIMP3 protein expression in cells, while
co-transfection of TIMP3 si effectively suppressed its expres-
sion (Figure 5A). TIMP3 down-regulation antagonized the
inhibitory effects of miR-21 down-regulation on colony-
forming ability, migration distance and invasion and the
promoting effect on cell apoptosis (Figure 5SB-E). TIMP3
down-regulation followed by miR-21 depletion increased
liver nodules and promoted metastasis in mice (Figure 5F).
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Down-Regulating miR-21 Impairs the
PI3K/AKT Signaling Pathway Activation in
CSCC

The PI3K/AKT pathway has been evidenced to be
involved in the pathogenesis of CSCC.'* Notably, another
study has proved that the PI3K/AKT pathway serves as
a mediator in CSCC cell growth and development.'

*

Invasive cell per field

A431
B TIMP3 NC
m TIMP3 si

*

Node Number

am to screen MRNA targeted by miR-21; (B) Dual-luciferase reporter gene assay of the targeting relationship between
o-way ANOVA); (C) RT-gPCR of TIMP3 expression in tumor tissues and adjacent tissues of CSCC patients (*P < 0.05

n = 56, *P < 0.05 according to Kaplan-Meier analysis); (F) RT-qPCR of TIMP3 expression in cells transfected with TIMP3 si (P <
Wto the two-way ANOVA); (G) Transwell assay of cell invasion ability (*P < 0.05 according to the two-way ANOVA); (H) HE staining of area and
mice (*P < 0.05 according to the two-way ANOVA); The results represent the average of three experiments.

Therefore, the phosphorylation levels of PI3K and AKT
in CSCC cells were examined, and the results suggested
that PI3K/AKT pathway was activated (Figure 6A). Due
to the higher activation of PI3K/AKT pathway in HSC-1
cells, HSC-1 cells transfected with miR-21 inhibitor were
utilized for subsequent Western blot for PI3K/AKT path-

way activity assessment. It was demonstrated that miR-21
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Figure 5 Silencing of TIMP3 reverses the effects of miR-21 down-regulation on CSCC. (A) TIMP3 expression in cells after co-transfection determined by Western blot
(*P < 0.05 according to the two-way ANOVA); (B) Colony formation assay of cell colony-forming ability (*P < 0.05 according to the two-way ANOVA); (C) Scratch test of
cell invasion ability (*P < 0.05 according to the two-way ANOVA); (D) Transwell assay of cell migration ability (*P < 0.05 according to the two-way ANOVA); (E) Flow
cytometry of cell apoptosis (*P < 0.05 according to the two-way ANOVA); (F) HE staining of area and number of liver nodules in mice (*P < 0.05 according to the two-way
ANOVA); The results represent the average of three experiments.
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Figure 6 Down-regulating miR-21 inhibits PI3K/AKT signaling pathway activation via media
and AKT in CSCC cells; (B) Expression levels and phosphorylation levels of PI3K and AK
phosphorylation levels of PI3K and AKT in CSCC cells upon TIMP3 si treatment; (D) Expr
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that miR-21 med
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. The above results indicated
d PI3K/AKT pathway by regulating

Discussion

Ranked as the most prevalent cancers among the white
populations, CSCC imposes threatens on human health
with metastatic potentials.'® Furthermore, miRNAs are
participated in modulating the expression of cancer-
related genes by enhancing the initiation, development,
invasiveness, and aggressiveness of CSCC, making them

(A) Expression levels and phosphorylation levels of PI3K
miR-21 inhibitor treatment; (C) Expression levels and
horylation levels of PI3K and AKT in CSCC cells with
the average of three experiments.

tential prognostic biomarkers and therapeutic candidates
CSCC target therapy.'” Enlightened by the previous
dies, which have validated the potent roles of miR-21
in CSCC, this work is launched with the results concluding
that miR-21 overexpression facilitated the development of
CSCC through down-regulating TIMP3 and potentiating
PI3K/AKT pathway activation.

Initially, determinations of miR-21 in clinical CSCC
tissues were implemented with the results stratifying that
miR-21 expression was elevated in CSCC tissues and
cells, and miR-21 expression was negatively associated
with the overall survival of CSCC patients. Then, miR-
21 down-regulation assays were performed on CSCC cells,
and it was manifested that miR-21 depletion reverted the
malignant phenotype of CSCC cells. For further valida-
tion, cell transfected with miR-21 inhibitor was injected
into mice, and the treated mice were featured by sup-
pressed tumor growth and liver metastasis. As depicted
in former studies, it is supportive that miR-21 expression
is up-regulated in CSCC.*%'® Actually, miR-21 up-
regulation is documented to promote cell migration
in vitro and metastasis in vivo in melanoma.'’ Moreover,
it is surveyed that miR-21 reaches a high level in primary
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Figure 7 Mechanism diagram suggests that miR-21 targets TIMP3 to activate PI3K/AKT p;

liver metastases in mice.

reporter gene ass
ed with TIMP3. Also,
clinical CSCC tissues,

21 targeted gad

e, and the results demonstrated that TIMP3
8ted CSCC cell invasion and liver metas-

in cells and
knockdown pro
tasis in mice. Exactly, there are studies identifying the
targeting connection between miR-21 and TIMP3****
which are supportive to our finding. Mechanistically,
TIMP3 elevation by down-regulating miR-21 accredits to
decreased colon cancer cell invasion and metastasis
in vitro and in vivo.”> A reduction can be seen in TIMP3
expression in melanoma which is related to overall and

disease-free survival, and its restoration sets obstructions

Tumor formation

Metastasis

TIMP3

| activities of CSCC cells and tumor formation and

Csults in increments in the invasiveness of melanoma
cells.”® Briefly, the listed studies have confirmed the
results concluded in this work.

Subsequently, for a thorough comprehension of the
involvement of miR-21/TIMP3 axis in CSCC, the extent
of PI3K and AKT phosphorylation were detected. The
findings elucidated that miR-21 inhibition disrupted the
PI3K/AKT pathway activation, as evidenced by the
reduced extent of PI3K and AKT phosphorylation, which
was antagonized by down-regulating TIMP3, indicating
that miR-21 targeted TIMP3 to mediate the PI3K/AKT
pathway activation. The activated PI3K/AKT pathway
has been mentioned in skin cancer carcinogenesis,”® and
the PI3K/AKT pathway deficit can partially attenuate mel-
anoma progression.”” Moreover, the PI3K/AKT/mTOR
pathway was displayed by Nardo et al to play an indis-
pensable role in the pathogenesis of CSCC.'"* A recent
study indicated that miR-21 directly targets and inhibits
the expression of PTEN (a negative modulator of the
PI3K/AKT pathway), and miR-21 inhibition upregulated
PTEN expression but impaired the PI3K/AKT pathway,

28

thereby elevating liver cell apoptosis.

miR-21

cancer

Furthermore, down-regulation causes an
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impairment in PI3K/AKT pathway activation in Burkitt’s 1
lymphoma.>® Also, PI3K/AKT pathway activation is in
part suppressed by up-regulating TIMP3 in oral squamous
cell carcinoma.’® Anyway, the aforementioned research
presentations are echoed with the discoveries in this work.

Conclusion

In summary, this work has elaborated that restoring of miR-
21 or silencing of TIMP3 deteriorates CSCC by activating
the PI3K/AKT pathway (Figure 7), which replenishes the
exited knowledge about CSCC-oriented mechanism.
However, limited by the relatively small experimental
scale, a large cohort of researches are in need of further
confirmation of the results concluded in this study.
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