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Abstract: STOML2 (Stomatin-like protein 2) is up-regulated and acts as an oncogenic protein in multiple cancers.
However, the role and regulatory mechanism of STOML2 in head and neck squamous cell carcinoma remain un-
clear. Here, we found that STOML2 is overexpressed and indicates poor outcomes in HNSCC. In addition, the ex-
pression of STOML2 correlates positively with T stage, lymph node metastasis and recurrence. Reduced STOML2
dramatically inhibits cell proliferation, colony formation and motility of HNSCC cells in vitro. Furthermore, the sensi-
tivity of HNSCC cells towards cisplatin is obviously improved in STOML2-silencing cells. Subsequent studies suggest
that STOML2 could regulate the expression of IL6 transcriptionally and then further induce the phosphorylation of
Tyr705 residue of Stat3, whose activation plays a critical role in HNSCC. Taken together, these results for the first
time demonstrate that STOML2 promotes HNSCC progression through activating IL6-Stat3 pathway and provide a

promise for diagnosis and treatment for HNSCC.
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Introduction

Head and neck squamous cell carcinoma
(HNSCC) is among the most common types of
human malignancies, with an annual world-
wide incidence rate of 600,000 [1]. Despite
developed systemic therapies have improved
outcomes, the overall 5-year survival rate
remains only about 50% [2]. Malignant prolifer-
ation, invasion-metastasis and chemo-resis-
tance are the main causes of relapse and poor
prognosis [3], but our understanding about
them still remains poor. Therefore, based on
above, exploring novel molecules and underly-
ing mechanisms involved in HNSCC progres-
sion are urgently needed to improve patient
survival.

As a mitochondrial protein, STOML2 is an
unusual member of the stomatin family, lack-
ing an NH2-terminal hydrophobic domain,
which distinguishes it from other members [4].
Functionally, STOML2 is a regulator of mito-

chondrial membrane potential and ATP produc-
tion [5]. An increasing number of studies have
found that STOML2 is implicated in tumor pro-
gression and development. STOML2 is aber-
rantly expressed and predicted poor prognosis
in multiple cancers, including esophageal squa-
mous cell carcinoma [6], rectal cancer [7], epi-
thelial ovarian cancer [8], cervical cancer [9],
breast cancer [10] and gastric cancer [11].
Moreover, STOML2 overexpression is associat-
ed with cell growth, motility and chemo-sensi-
tivity [6, 12, 13]. Rebecca et al. demonstrated
that in progressing oral premalignant lesions,
DNA copy number is increased at chromosome
9p13, where STOML2 located in [14]. It is sug-
gested that STOML2 is likely to act as an onco-
gene candidate involved in the progression
from normal tissue to oral cancer. However, the
function and molecular mechanism of STOML2
in HNSCC still remains to be explored.

Signal transducer and activator of transcrip-
tion 3 (Stat3) is a critical transcriptional factor,
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implicated in cell proliferation, apoptosis and
metastasis of multiple cancers, including
HNSCC [15]. Once treated with interleukin (IL)-
6, the JAK/Stat3 signaling pathway is activated
[16]. Then, Stat3 undergoes phosphorylation,
homodimerization, nuclear translocation and
induces gene transcription. Furthermore, previ-
ous studies revealed that phosphorylation at
the Tyr705 residue of Stat3 is significantly
increased in HNSCC [17]. On this basis, regula-
tion of the IL-6/Stat3 signaling pathway could
be a promising therapy for HNSCC.

Here, we demonstrated that STOML2 was over-
expressed in HNSCC and correlated positively
with T stage, lymph node metastasis, recur-
rence and unfavorable prognosis. Moreover,
STOML2 knockdown impaired the capacity of
cell proliferation and colony formation, imped-
ed migration and invasion, but increased che-
mo-sensitivity of HNSCC cells. Mechanically,
STOML2 depletion suppressed the activation
of Stat3 in an IL6-dependent manner. Together,
these results indicate that STOML2 acts as a
crucial regulator in HNSCC progression through
activating IL6-Stat3 pathway.

Materials and methods
Cell culture and reagents

Human HNSCC cell lines SCC25 and SCC15
were obtained from ATCC (Manassas, VA, USA),
while CAL27, TSCC1 and Tca-8113 were pur-
chased from the Institute of Basic Medical
Sciences, Chinese Academy of Medical Sci-
ences. All HNSCC cells above were authorized
by STR analysis, which were maintained in
DMEM/Ham’'s F12 (1:1), DMEM, MEM or
RPMI1640 (Invitrogen, Camarillo, CA, USA) sup-
plemented with 10% FBS and penicillin (100 U/
ml)/streptomycin (100 mg/ml), respectively.
The cells were cultured under a humidified
atmosphere (37°C, 5% CO,).

IL6 was acquired from R&D Systems (Min-
nesota, USA) for activating Stat3 signaling
pathway.

Database analysis

The online software cBioPortal (www.cbiopor-
tal.org) [18, 19] was applied to analyze TCGA
(The Cancer Genome Atlas) database. HNSCC
GEO datasets GSE25099 and GSE37991 were

684

provided to compare the expression of STOML2
and MMP9 between cancerous tissues and the
adjacent normal tissues as well as determine
the correlation between them.

Immunohistochemistry (IHC)

For immunohistochemical staining, the paraf-
fin-embedded HNSCC tissues were deparaf-
finized in xylene, rehydrated and washed in
PBS. After antigen retrieval, the samples were
blocked and incubated with primary antibody
against STOML2 (1:200, Proteintech, Rose-
mont, USA) at 4°C overnight. Then, the visual-
ization was performed with the PV-9000
Polymer Detection kit and DAB chromagen
(Beijing Golden Bridge Biotechnology Company,
Beijing, China). The Kaplan-Meier estimates
and the log-rank test were done in the OS
(Overall Survival) analysis by using GraphPad
Prism 6.

Real-time reverse transcription PCR

Total RNA was extracted by using TRIzol rea-
gent (Invitrogen) according to manufacturer’s
instruction, and reversely transcribed to cDNA
with Quantscript RT kit produced by Tiangen
(Beijing, China). Then, quantitative PCR was
performed by using SYBR Premix Ex Tag™ Il
(TaKaRa, Japan) on ABI PRISM 7300 sequence
detection system (Applied Biosystems, Foster
City, CA). The primer pairs used were as follows:
STOML2 forward primer, 5-GTGACTCTCGA-
CAATGTAAC-3’; STOML2 reverse primer, 5-TG-
ATCTCATAACGGAGG-CAG-3’; IL6 forward prim-
er, 5-ACTCACCTCTTCAGAACGAATTG-3’; IL6 re-
verse primer, 5-CCATCTTTGGAAGGTTCAGGT-
TG-3'. GAPDH was used as an internal control.

Western blot

Immunoblotting assay was performed accord-
ing to standard procedure. The membranes
were incubated with specific primary anti-
bodies at 4°C overnight: STOML2 (1:1000,
Proteintech), p-Stat3 (Y705, 1:1000), p-Stat3
(8727, 1:1000), Stat3 (1:1000), cleaved Ca-
spase 3 (1:1000, all purchased from Cell
Signaling Technology, Danvers, MA, USA),
MMP9 (1:1000, Abcam, Cambridge, UK), and
GAPDH (1:5000, Sigma-Aldrich, Missouri,
USA). All images were obtained by ImageQuant
LAS-4000 System (GE, Fairfield, Connecticut,
USA).
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Figure 1. STOML2 expression level is increased in HNSCC and indicates poor prognosis. (A) The frequency of
STOML2 somatic alteration across various cancers including HNSCC. (B) The analysis of GEO database (GSE25099
and GSE37991) indicated that the mRNA level of STOML2 was enhanced in HNSCC tissues. N, adjacent normal tis-
sues, C, HNSCC tissues. (C) Representative photographs of IHC results of STOML2 at the invasive margin and the
invasive front of HNSCC tissues. (D) Representative photographs of IHC results of STOML2 in HNSCC with different
stages of differentiation. Scale bar in (C and D), 100 um. (E) Kaplan-Meier survival curve showed that HNSCC pa-
tients (n=91) with high STOML2 expression level had an unfavorable overall survival (P=0.0379).

Transfection

HNSCC cells transfected with siRNAs against
STOML2, Stat3 or negative control oligos
(Ribobio, Guangzhou, China) were labeled as si-
STOML2, si-Stat3 or si-NC, respectively. Lipo-
fectamine 2000 (Invitrogen) was used for
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Oligonucleotide transfection according to the
manufacturers’ recommendations.

Immunofluorescence staining

HNSCC cells were plated on 18-mm cover
glasses after 48 hours transfection. Immu-
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Table 1. STOML2 expression and clinicopathological features of

pipette tip when cells grew near-
ly to 100% confluence. Images

of gap from random fields were

HNSCC
o . PSMD14 expression
Clinicopathological Features -
Low High
Overall 46 (50.5%) 45 (49.5%)
Gender
Male 24 (42.9%) 32 (57.1%)
Female 22 (62.9%) 13 (37.1%)
Age
<45 9 (64.3%) 5 (35.7%)
>45 37 (48.1%) 40 (51.9%)
T stage
T1-T2 31 (66%) 16 (34%)
T3-T4 15 (34.9%) 28 (65.1%)
LN metastasis
NO 29 (64.4%) 16 (35.6%)
N1+N2+N3 17 (37%) 29 (63%)
Recurrence
No 37 (57.8%) 27 (42.2%)
Yes 9(33.3%) 18 (66.7%)

Total Pvalue captured at O hour and 24 hour

o1 of experiment using an inverted
microscope (DMIGO0O0B, Leica,
German).

56 0.063

35 Transwell assay

14 0264 In invasion or migration assay,

77 SCC25 cells (1x10° cells/cham-
ber) or SCC15 (6x10* cells/

47 0.003* chamber) were plated in the

) upper chambers coated with

43 Matrigel (BD) or uncoated. After
24 hours, the penetrated cells

45 0.009* were fixed, stained and count-

46 ed from at least three random
fields.

64 0.033*

27 Flow cytometry

NOTE: The result was analyzed by the Pearson X2 test. P values with significance

were shown with an asterisk. *, P<0.05.

nofluorescence staining was conducted with
primary antibodies against p-Stat3 (1:100, Cell
Signaling Technology) at 4°C overnight. Then,
the cells were incubated with Alexa Fluor 488
secondary antibodies (1:500, Cell Signaling
Technology). All images were obtained by
lamger.Z2 (Zeiss, Oberkochen, Germany).

Cell growth assay

HNSCC cells (2,000 cells/well) were seeded
into 96-well plates and cultured for 4 days. MTT
assay was performed to measure the level of
cell growth at O day, 2 day and 4 day. The absor-
bance of each well was quantified by measur-
ing at 490 nm.

Clonogenic assay

HNSCC cells were added into a 6-well plate
(1000 cells/well) and cultured for nearly two
weeks. Then, colonies (>50 cells) were washed,
fixed, stained (with 0.1% crystal violet) and
counted.

Wound healing assay

The transfected cells and the control group
were added into 6-well dish with equal amount.
The scratches were made by using a 10 pl

686

For detecting cell cycle, the har-
vested cells were washed and
fixed by 75% ethanol at 4°C.
Before detection, cells were incubated with
PBS containing propidium iodide and RNase at
37°C for 30 min in the dark. Apoptosis assay
was performed with Annexin V/Pl Apoptosis
Detection kit (BD, Franklin Lakes, NJ, USA)
according to the manufacturer instruction on
the same FACS Canto Il (BD).

Statistical analysis

All experiments other than IHC assay were
repeated at least three times. The results pre-
sented as mean + SD were analyzed with a
double-sided Student’s t-test using GraphPad
Prism 6. In the graphs, *, **, *** gnd ****
indicated P<0.05, 0.01, 0.001 and 0.0001,
respectively. P<0.05 was regarded as statisti-
cally significant.

Results

STOML2 is aberrantly expressed and indicates
poor prognosis of HNSCC patients

Abundant evidence shows that STOML2 is
upregulated in various cancerous specimens,
which suggests poor prognosis. Therefore, we
firstly verified the frequency of STOML2 gene
alteration across multiple cancers by using
cBioPortal. The graph suggested that copy
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Figure 2. STOML2 expression in HNSCC cell lines. A. The mRNA level of STOML2 was measured in a panel of HNSCC
cells by real-time PCR. B. The protein expression of STOML2 was detected in a panel of HNSCC cells by immunob-
lots. C. Three distinct siRNAs were introduced into both SCC25 and SCC15 cells, respectively. The STOML2 expres-

sions in these cells were measured via real-time PCR and western blotting. Data, mean £ SD, **P<0.01.

number of STOML2 gene was significantly
amplified, which based on TCGA database in
various cancers including HNSCC (Figure 1A).
Then, mining two accessible datasets of gene
expression profiling (GSE25099, GSE37991) in
Gene Expression Omnibus (GEO) confirmed
that the mRNA expression of STOML2 was
obviously increased in HNSCC (Figure 1B).
Moreover, the result of IHC staining showed
that in the majority of HNSCC specimens,
STOML2 protein was overexpressed at the
invasive margin (Figure 1C, Case 1) and the
invasive front (Figure 1C, Case 2) of cancer
nests. In the meanwhile, we found that the level
of STOML2 in poorly differentiated tumors
was higher than that in moderately and well
differentiated tumors (Figure 1D). Analysis of
the relationship between STOML2 expression
and clinicopathological features of HNSCC
indicated that enhanced STOML2 correlat-
ed positively with T stage, lymph node meta-
stasis as well as recurrence (Table 1, P<
0.05). Kaplan-Meier survival curve revealed
that higher STOML2 expression indicated
worse outcome of HNSCC patients (Figure 1D,
P=0.0379).
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STOML2 knockdown suppresses cell growth of
HNSCC in vitro

Since STOML2 expression correlated positively
with T stage in HNSCC, we explored whether
STOML2 played a role in cell growth of HNSCC.
Real-time PCR and immunoblotting assay were
performed to detect the level of STOML2 in a
panel of HNSCC cell lines. The results showed
that the mRNA and protein expression of
STOML2 in SCC25 and SCC15 were higher than
other cell lines (Figure 2A, 2B). Therefore,
STOML2 was antagonized by siRNAs in vitro in
these two cell lines. The inhibitory effect of
three specific siRNAs towards STOML2 were
evaluated (Figure 2C). Then, reduced STOML2
impaired the cell proliferation of SCC25 and
SCC15 cells in vitro by using a pool of three siR-
NAs above against STOML2 (Figure 3A, 3B). In
comparison to the negative control, both the
size and number of colonies were decreased in
the STOML2-silenced cells (Figure 3C). As
shown in Figure 3D, STOML2 knockdown
resulted in a cell cycle arrest at S phase, which
may be the main cause of decreased STOML2-
mediated inhibition of cell growth.

Am J Transl Res 2019;11(2):683-695



STOML2 modulates tumor malignancy via IL6-Stat3 pathway in HNSCC

A B scc25 scc15
4 \“0 1~ sine %51« sinc
& f;‘o & «° - siSTOML2 044 -~ si-sTOML2
E 1.0- os
STOML2 s s WP W -39KD 3 ] : ]
v -
GAPDH WS s s wws -37KD S 05 0.2
SCC25 SCC15 0.1
0.0 0.0

0 Day 2 Day 4 Day 0 Day 2 Day 4 Day

C si-NC si-STOML2

300+ b
@8 si-NC
@ si-STOML2

SCC25
n
S

Clones per well
-
(=3
o
r

wn
=
Q
O
(] 0
(:t, 0\‘)
‘9(1 (90
D " .
si-NC si-STOML2 SCC25 — e
oo Woson iIG1
P4 e - s
100 - G2M
g —_
’ 8
2
w0 8 o
S g =
? s 3
- o4
© Vg
, . & &
pa &2
e Scc1s - Go/G1
8o - s
g 100 = G2Mm
0 ) o
- o o
5 E? 39 6 50
o I %
(7] = " o
$ g 0
i R @0
o > - - ) 9«0
rannets G120 e Coacents PHY &

Figure 3. STOML2 knockdown suppresses proliferation of HNSCC cells. A. The expression of STOML2 in SCC25 and
SCC15 cells transfected with a pool of siRNAs against STOML2. B. Growth curve suggested that reduced STOML2
significantly inhibited cell proliferation. Data, mean + SD, *P<0.05. C. Reduction of colony formation capacity in
STOML2-silenced SCC25 and SCC15 cells. Data, mean + SD, *P<0.05. D. STOML2 knockdown arrested cell cycle
at S phase in SCC25 and SCC15 cells.

Depletion of STOMLZ2 inhibits migration and whether STOML2 could regulate motility of
invasion of HNSCC cells in vitro HNSCC cells in vitro. Upon delivery of STOML2

siRNAs into SCC25 and SCC15 cells, the heal-
Owing to the overexpression of STOML2 at the ing velocity of these recipient cells was dramat-
invasion front of HNSCC sample, we supposed ically retarded within 24 hours (Figure 4A).
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Figure 4. STOML2 knockdown inhibits motility of HNSCC cells in vitro. A. Representative photographs of gap at O hr
and 24 hr of wound healing assay performed in HNSCC cells transfected with siRNAs against STOML2 or negative
control. B. Transwell assay showed that depletion of STOML2 dramatically attenuated the abilities of migration and
invasion of SCC25 and SCC15 cells. Scale bar, 100 um. Data, mean + SD, *P<0.05, **P<0.01. C. GEO database
revealed that MMP9 correlated positively with STOML2. D. Western blotting results showed that STOML2 depletion

reduced expression of MMP9.

Additionally, STOML2 depletion impeded migra-
tion and invasion of HNSCC cells in vitro (Figure
4B). As an important member of matrix metal-
loproteinase family, MMP9 plays a crucial role
in cell invasion. Therefore, we analyzed GEO
data and found that the expression of MMP9
was positively correlated with that of STOML2
in HNSCC (Figure 4C). The result of western
blot reconfirmed that STOML2 could regulate
the expression of MMP9 (Figure 4D), which was
in line with the conclusion in glioma [20]. Taken
together, the above results demonstrated that
STOML2 could modulate cell motility in vitro,
which may be partially MMP9-dependent.

STOML2 knockdown enhances chemo-sensi-
tivity of HNSCC in vitro

Besides the malignant proliferation and inva-
sion, chemo-resistance is another vital cause
of poor prognosis in HNSCC. Hence, we also
explored the role of STOML2 in it. As shown,
Knockdown of STOML2 dramatically reduced
the cisplatin IC50 in SCC25 and SCC15 cells
(Figure 5A). With the treatment of CDDP (cispla-
tin), the apoptosis rate of STOML2 silencing
cells was obviously increased and the number
of survival decreased significantly (Figure 5B,
5C). In addition, the expression of cleaved
Caspase 3 was elevated once STOML2 was
antagonized (Figure 5D), which indicated that
STOML2 weakened CDDP-mediated apoptosis
in vitro.

STOML2 promotes malignant progression of
HNSCC by activating IL6-Stat3 pathway

Since MMP9 can be transcriptionally up-regu-
lated by the transcription factor Stat3 [21],
which is implicated in malignant progression
of multiple cancers, we asked if STOML2 regu-
lated the transcriptional activity of Stat3.
STOML2 silencing by siRNAs led to the attenua-
tion of phosphorylated Stat3 (Y705) in SCC25
and SCC15 cells, but no difference in total
expression of STAT3 was found (Figure 6A).
Additionally, as shown in Figure 6A, STOML2
knockdown did not affect p-STAT3 (S727) levels
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in SCC25 and SCC15 cells. Through immuno-
fluorescence staining, we found that STOML2
depletion suppressed the nuclear translocation
of p-Stat3 (Figure 6B). On the contrary, Stat3
inhibition influenced little on the expression of
STOML2 (Figure 6C). In glioma, knockdown of
STOML2 transcriptionally down-regulated IL6
[20], which could activate Stat3. Therefore, we
supposed whether STOML2 modulated IL6-
Stat3 pathway. Real-time PCR results showed
that IL6 mRNA level was reduced in STOML2-
siRNA-transfected cells (Figure 6D). With the
stimuli of IL6, Stat3 was activated and phos-
phorylated at Tyr705 (Figure 6E). Moreover,
re-treatment of IL6 could rescue Stat3 activa-
tion in SCC25 and SCC15 cells pre-transfected
STOML2 siRNAs (Figure 6F). Finally, we intend-
ed to verify the effect of Stat3 on HNSCC. Not
only the capacities of cell proliferation and col-
ony formation (Figure 7A, 7B), but the cell
migration and invasion abilities (Figure 7C) of
HNSCC cells were impaired with the inhibition
of Stat3 by siRNAs. Besides, Stat3 knockdown
sensitized HNSCC cells to cisplatin dramatically
through Flow cytometry and colony formation
assay (Figure 7D, 7E). Together, STOML2 could
activate Stat3 in an IL6-dependent manner and
then promote HNSCC progression.

Discussion

Stomatin, firstly identified in human erythro-
cytes [22], is a plasma membrane protein
found in various organisms ranging from mam-
mals to bacteria. In mammals, Stomatin pro-
tein family consists of three members including
STOMLZ2, which is the only one lacking an NH,_-
terminal hydrophobic domain. Abundant evi-
dence demonstrated that STOML2 is up-regu-
lated in a variety of malignancies and predicts
poor prognosis. Especially, previous study
revealed that there is significant copy number
amplification of STOML2 in progressing oral
premalignant lesions [14]. We supposed that
STOML2 may be fundamentally crucial in
HNSCC tumorigenesis and be of great help for
early detection of HNSCC. In addition, our find-
ing showed that STOML2 expression was ele-
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Figure 5. Reduced STOML2 enhances sensitivity of HNSCC cells to cisplatin in vitro. (A) STOML2 deletion decreased
cisplatin IC50 in SCC25 (from 17.08 to 4.161 uM) and SCC15 cells (from 15.12 to 3.847 uM). (B and C) Silenced
STOML2 sensitized HNSCC cells to cisplatin treatment and increased apoptosis using flow cytometry (B) and colony
formation assay (C). CDDP, cisplatin. Data, mean + SD, *P<0.05, **P<0.01. (D) Depletion of STOML2 enhanced the
level of cleaved Caspase 3 in the case of cisplatin dosing.
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Figure 6. STOML2 regulates IL6-Stat3 pathway in HNSCC cells. (A) WB results showed that knockdown of STOML2
obviously reduced p-Stat3 (Y705), but affected little on the level of p-Stat3 (S727). (B) Immunofluorescence staining
indicated that STOML2 knockdown impeded the accumulation of nuclear p-Stat3. (C) The expression of STOML2
was assessed by western blotting after blocking Stat3 expression. (D) Real-time PCR analysis indicated that STOML2
depletion decreased IL6 mRNA expression. Data, mean + SD, *P<0.05. (E and F) Western blotting assay revealed
that IL6 induced the phosphorylation of Stat3 at Y705 residue (E) and STOML2 regulated the activation of Stat3 in
an IL-6 dependent manner (F).
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Figure 7. Stat3 blocking attenuates proliferation, motility and chemo-resistance of HNSCC cells. (A and B) Transfec-
tion with si-Stat3 significantly impaired the capacities of cell proliferation (A) and colony formation (B) of SCC25 and
SCC15 cells. (C) Stat3 depletion inhibited migration and invasion of HNSCC cells in vitro compared with negative
control. Scale bar, 100 um. (D and E) Stat3 knockdown increased the sensitivity of HNSCC cells to cisplatin and
promoted apoptosis using flow cytometry (D) and colony formation assay (E). CDDP, cisplatin.

vated in HNSCC tissues and correlated with T
stage, lymph node metastasis and unfavorable
outcome, which is consistent with previous
studies. Therefore, STOML2 may serve as a
novel prognostic biomarker in HNSCC, which
provides a new promise to the strategy of diag-
nosis and therapy for HNSCC.

It has been shown that STOML2 knockdown
could obviously reduce cell growth in endome-
trial adenocarcinoma [23] and lead to S phase
arrest of ESCC cells [6]. In HNSCC, we recon-
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firmed that depletion of STOML2 resulted in
cell cycle arrest at S phase and cell growth inhi-
bition. For another, IHC analysis indicated that
STOML2 expression was relative to lymph node
metastasis in HNSCC, thereby we supposed
whether STOML2 could play a role in motility of
HNSCC cells. Subsequent experiments con-
firmed that reduced STOML2 hindered cell
migration and invasion in HNSCC. It is worth
noting that STOML2 level was significantly
increased at the invasive front, which suggests
that STOML2 may promote the survival of inva-
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sive cells and extracellular matrix (ECM) de-
gradation. It is well known that Matrix Me-
talloproteinases (MMPs) play a critical role in
ECM degradation and facilitate invasion-metas-
tasis cascade. As one crucial member of MMPs
family, MMP9 is up-regulated or super-activat-
ed in various cancer types [24, 25]. According
to database analysis and western blot results,
we suggested that STOML2 silencing sup-
pressed invasion of HNSCC cells through down-
regulating the expression of MMP9. Besides,
STOML2 correlated with high recurrence rate in
HNSCC patients and a platinum-based regi-
men is the standard treatment for HNSCC [26].
So the influence of STOML2 on chemo-resis-
tance of HNSCC cells was detected. Con-
sequently, STOML2 deficiency increased sensi-
tivity to cisplatin in HNSCC, in line with the con-
clusion reported in ESCC and cervical cancer.
In our view, it is likely that silencing STOML2
reduced HNSCC malignancy through impairing
not only mitochondrial function and ATP pro-
duction, but activation of specific signaling
pathway.

Recent studies has verified that abnormal acti-
vation of the Stat3 signaling pathway results in
tumor growth, invasion, chemo-resistance, and
recurrence [27, 28]. In the CDDP-resistant
HNSCC tissues and cells, Stat3 expression is
dramatically elevated. While treated with spe-
cific inhibitor against Stat3, resistance to cispl-
atin is eliminated [29]. Moreover, Stat3 could
be activated by IL6 and promote gene tran-
scription including MMP9 [21, 30]. In glioma,
suppression of STOML2 reduces IL6 expres-
sion through inhibiting NF-kB transcription
activity. Therefore, we assumed whether
STOML2 could modulate Stat3 activation to
regulate gene transcription and cancer pro-
gression. In this study, we confirmed that
STOML2 depletion inhibited the activation and
nuclear translocation of Stat3 in an IL6-
dependent manner to attenuate tumor malig-
nancy of HNSCC. On the contrary, there was no
change in the expression of STOML2 under
Stat3 inhibition, which suggested that STOML2
acted as an upstream regulator of Stat3. In the
tumor microenvironment, IL6/Stat3 signaling
also contributes to suppress the antitumor
immune response [31]. Thus, targeting the
STOML2-IL6-Stat3 pathway may provide thera-
peutic benefit by directly inhibiting tumor malig-
nancy and by stimulating antitumor immunity.
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In conclusion, our results for the first time dem-
onstrate that STOML2 is up-regulated in HNSCC
and modulate cell proliferation, migration, inva-
sion and chemo-resistance via IL6-Stat3 sig-
naling pathway. Furthermore, overexpression of
STOML2 correlates positively with clinicopatho-
logic characters, such as T stage, lymph node
metastasis as well as recurrence, and indicates
poor prognosis. These findings suggest the crit-
ical role of STOML2 in HNSCC malignant pro-
gression and provide STOML2 as an oncogene
candidate for diagnosis and therapy of HNSCC.
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