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Abstract: Background: The S100 gene family encodes low molecular weight proteins implicated in cancer progres-
sion. In the present study, we explored the effects and underlying mechanisms of calcium-binding protein A11
(S100A11 protein) in hypopharyngeal squamous cell carcinoma (HSCC). Methods: RT-gPCR and western blot analy-
sis were used to detect the mRNA and protein expression of S100A11, EGFR, MMP2, CD44, and MMP9. CCK-8,
colony formation, wound healing and transwell invasion assays were performed to evaluate the effects of SI00A11
on HSCC cells. Results: In our study, we observed that the level of S1I00A11 expression was significantly upregu-
lated in HSCC tissues and cell lines. S100A11 inhibition increased the effects of 5-Fu on FaDu cells proliferation
in vitro. In addition, S100A11 inhibition decreased the migration ability of FaDu cells. Additionally, the expression
of migration-related proteins including EGFR, MMP2, CD44, and MMP9 were down-regulated when S100A11 was
knocked down. Moreover, the expression of phosphorylated-PI3K (p-PI3K), phosphorylated-Akt (p-Akt), phosphory-
lated-mTOR (p-mTOR) and BCL-2 in FaDu cells were dramatically decreased. Conclusions: Our results suggested that

S100A11 could activate the PI3K/Akt/mTOR signaling pathway in HSCC tumorigenesis.
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Introduction

Hypopharyngeal squamous cell carcinoma
(HSCC) exhibits rapid proliferation and aggres-
sive invasion, but the pathogenesis has not
been thoroughly elucidated. Current manage-
ment of this cancer includes conventional sur-
gery treatment, radiation therapy, and chemo-
therapy, but the treatment efficiency is limit-
ed, and the 5-year survival rate remains unsat-
isfied [1, 2]. The prognosis for patients with
HSCC is among the worst for head and neck
carcinoma [3, 4]. Therefore, the identification
and development of novel strategies for early
detection and early treatment of HSCC are
highlighted.

The S100 protein is a small, acidic protein of
size 10-12 kDa, found only in vertebrates, and
is one of the 20 members of the multigene
EF-hand calcium-binding protein family [5].
S100A11 is a minor known member of the
S100 protein family. The gene encoding S10-

OA11lis also referred to as S100C or Cassegrain
and is located on chromosome 1921 together
with the genes of the other 15 S100 family pro-
teins [6]. In 1991, S100A11 was first identified
in chicken gizzard smooth muscle [7]. Recently,
abnormally expressed S100A11 was found in
tumor progression. For example, S100A11 is
overexpressed in laryngeal cancer [8], prostate
cancer [9], uterine leiomyosarcoma [10], chol-
angiocarcinoma [11], colorectal carcinoma [12]
and non-small cell lung cancer (NSCLC) [13]. In
contrast, S100A11 expression is decreased
and associated with poor survival in bladder
cancer [14], suggesting that the roles of
S100A11 in carcinogenesis are more complex.
However, the expression and underlying mecha-
nism of S100A11 in HSCC progression remain
unclear.

In the present study, we investigated the expr-
ession and underlying mechanism of S100A11
in HSCC. Our data showed that S100A1 overex-
pression might protect the cells from death
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Table 1. Correlation between expression of S100A11 and clinic

pathological features in HSCC patients

mented with 10% fetal bovine
serum (FBS) (Gibco) at 37°C in a

No. of

humidified atmosphere with 5%

) S100A11 i
Parameters patients (%) SHPTESSION p alue CO,.
N=16  Low (%) Knockdown of S100A11 expres-
Gender 0.013 sion were performed upon the
Male 15(93.75) 5(31.25) 10(62.5) transfection of S100A11 small
Female 1(6.25) 0 (0) interfering RNA (siRNA) in FaDu
Age (years) cells. The siRNAs to human
Mean 60.34+8.7 S100A11 were chemically syn-
Range 44-76 thesized. by Bingnd (Aibosi,
Clinical stage 0.001 Shanghai) bacﬁord'ng . tol [ig]e
sequence by Howell et a .
! 1(6.25) 00 S100A11 sequences of selected
. 1(6.25) 1(6.25) regions to be targeted by the siR-
i 1(625 000 NAs were: 5-CUA CUG UAA UAG
I\ 13 (81.25) 4 (25.00) 9 (56.25)

Tumor location
Piriform sinus

Posterior hypopharynx 1 (6.25) 0 (0)

11 (68.75) 2(12.5) 9 (56.25)
Postericoid region 4(25.00) 1(6.25) 3(18.75)

UUA GAU AGU TT-3’ (forward) and
0.004 5-UGC CGA AUC AGC AUU GAU
GAU TT-3’ (reverse) for SI00A11;
and 5-UAC US GA CAU GGC AGU
UUT-3’ (forward) and 5’-AUG UUG

induced by 5-FU and increased HSCC cells
migration. In addition, we suggested that the
effects of S100A11 in HSCC tumorigenesis
might regulate by PISK/Akt/mTOR signaling
pathway.

Materials and methods
Patients and tissue samples

Primary HSCC tissues and adjacent non-tumor
tissues were acquired from 16 cases, who had
undergone curative surgeries at Department
of Otolaryngology-Head and Neck Surgery,
Shanghai Changzheng Hospital. No patients
received local or systemic treatment before
the operation. All the samples were collected,
immediately snap frozen in liquid nitrogen, and
stored at -80°C for the following experiments.
Written informed consents were obtained from
every participant in this present study, and all
the manipulates were approved by the ethics
committee of the Second Military Medical
University. The clinical information was shown
in Table 1.

Cell culture and treatment

Human hypopharyngeal squamous carcinoma
cells (FaDu) were bought from American Type
Culture Collection (ATCC, Maryland, USA). Cells
were cultured in high glucose Dulbecco’s modi-
fied Eagle’s medium (DMEM) (Gibco) supple-
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CUG GAU UGA UCA UUC-3
(reverse) for the negative con-
trol siRNA. S100A11 siRNAs were transfected
into FaDu cells using Lipofectamine 2000 (In-
vitrogen) following the manufacturer’s instruc-
tions. The effect of SI00A11 gene knockdown
was confirmed by western blot and gRT-PCR as
described below.

Western blot analysis

The proteins were extracted from the frozen
human tissues and treated cells were lysed
using RIPA protein extraction reagent (Beyo-
time, China) supplemented with PMSF (Roche).
Approximately 25 ug of protein extracts were
separated by 10% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE),
transferred onto nitrocellulose membranes
(Sigma), and were probed with primary antibod-
ies (S100A11, EGFR, CD44, MMP2, MMP9,
PI3K, Akt, mTOR, p-PI3K, p-Akt, p-mTOR, Bcl-2
and GAPDH) (CST) overnight at 4°C. The blots
were then incubated with a horseradish peroxi-
dase (HRP)-conjugated secondary antibody
(Abcam) at room temperature for 1 h. The pro-
tein bands were revealed by ECL method and
imaged using a BioSpectrum Gel Imaging
System (Bio-Rad).

RNA isolation and gRT-PCR analysis

Total RNA was isolated from the human tissu-
es and cells using TRIzol reagent (Invitrogen)
according to the instructions, cDNA was revers-
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Figure 1. S100A11 is upregulated in HSCC. A, C. S100A11 expression in
HSCC tissues and adjacent non-tumor tissues were detected by Western
blot. B. S100A11 mRNA expression levels in HSCC cells was explored by qRT-
PCR. D. S100A11 expression levels in HSCC tissues and adjacent non-tumor

tissues were detected by using gqRT-PCR. *P<0.05.

ibly transcribed from the isolated mRNA using
the RevertAidtm First Strand cDNA Synthesis
Kit (ThermoFisher Scientific, USA). The PCR
reaction contained 2 ul of cDNA, 0.8 ul of each
primer and 10 pl of QPK-201 SYBR Green mas-
ter mix (ThermoFisher Scientific, USA) in a final
volume of 20 pl. Quantitative real-time PCR was
performed with the ABI 7300 system from
Applied Biosystems. A total of 42 cycles of PCR
were performed with 15 seconds at 95°C and
30 seconds at 60°C per cycle. The relative
expression of genes was calculated with 2-42¢t,
Three independent repetitions were carried
out.

Cell proliferation assay

Cell proliferation was measured by the cell
proliferation reagent CCK-8 (Roche). After the
cells (1 x 103/well) were plating in the 96-well
microtiter plates (Corning, NY, USA), 10 pL of
CCK-8 was added to each well at the time of
harvest. 2 h after adding CCK-8, the absor-
bance of the converted were recorded at 450
nm to determine the cell viability.

Colony formation assay

Colony formation assays were performed as
previously described [16, 17]. Transfected cells
were seeded into 6-well plates at a density of
500 cells/well and incubated at 37°C in a
humidified incubator for 2 weeks. The medium
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is updated every three days.
In the end, the cells were
washed with PBS, fixed in 1
ml of methanol for 45 mins,
and stained with 0.4% crystal
violet for 30 mins at room

7RO T E6 POl
Samples

temperature. The number of
colonies containing more than
50 cells was counted and
averaged.

Wound healing assay

Transfected cells were inocu-
lated into 6-well plates and
incubated with growth medi-
um as described above. 24 h
after transfection, confluent
monolayers were injured with
a yellow sterile pipette tip. The
cell debris was removed by
washing with PBS and the
wound area of the cell monolayer was imaged
using an inverted microscope equipped with a
digital camera (Olympus).

Transwell invasion assay

The invasive ability of treated HSCC cells was
analyzed by transwell assay using 8-um pores
chambers (Corning, USA) with Matrigel matrix
(BD Biosciences, USA). Treated cells were col-
lected and re-suspended in DMEM medium,
making the final concentration 1 x 10° cells/ml.
The upper chamber was filled with 200 pl cells
suspension, and the lower chamber was fill-
ed with 500 pl medium containing 20% FBS.
After cultured for 24 h, the invaded cells were
fixed and stained, and then counted using a
microscope.

Immunofluorescence staining

Treated FaDu cells (1 x 10° cells/well) were
fixed and permeabilized using 4% formalde-
hyde for 15 min at room temperature. Non-
specific sites were blocked by treatment with
1% bovine serum albumin (BSA) in PBS for 1 h
at room temperature. Next, the cells were in-
cubated overnight at 4°C with primary anti-
bodies, and washed 3 times with PBS. Next,
cells were incubated with secondary antibody
for 1 h at room temperature. After washing
twice with PBS, the cells were stained with
4’,6-diamidino-2-phenylindole (DAPI; Sigma) for
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Figure 2. S100A11 influences the sensitivity of FaDu cells to 5-FU. A, B. Relative expression of S100A11 at both
protein and mRNA levels in FaDu cells transfected with siRNA. C. The cell survival rate of siRNA-transfected FaDu
cells was determined by CCK-8 assays. D, E. Colony formation showed that the colony numbers were not significantly
different between the S100A11 siRNA, negative control siRNA and untreated control groups. F. S100A1 inhibition
promoted FaDu cells death induced by 5-FU. **P<0.01, *P<0.05.

30 s at room temperature. Fluorescence imag-
es were obtained using upright fluorescence
microscope (Olympus) equipped with a 40 x
objective lens.

Statistical analysis

Statistical analysis was performed using SPSS
19.0 software from at least three indepen-
dent experiments. All of the data were ex-
pressed as the mean % standard deviation
(SD). Multiple groups comparisons were carri-
ed out using one-way analysis of variance
(ANOVA). Statistical significance was deter-
mined as P<0.05.

Results
S100A11 is increased in HSCC

S100A11 expression levels in 16 pairs of HSCC
tissues and adjacent non-tumor tissues were
detected by using western blot and qRT-PCR.
Western blot showed that S1I00A11 expression
was significantly increased in HSCC tissues
compared with adjacent non-tumor tissues
(Figure 1A and 1C, P<0.05). QRT-PCR showed
that S100A11 mRNA expression levels in 16
pairs of HSCC tissues was also upregulated
compared to non-tumor tissues (Figure 1D, P<
0.05). In addition, we explored S100A11 ex-
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pression in HSCC cells, results showed that
S100A11 mRNA expression was significantly
increased in HSCC cells (Figure 1B, P<0.05).
These data indicate that up-regulation of
S100A11 might contribute to HSCC carcino-
genesis.

S100A11 influences the sensitivity of FaDu
cells to 5-FU

To understand the potential roles of S1I00A11
in HSCC, FaDu cells were first transfected with
siRNA to specifically target S100A11 or a nega-
tive control siRNA. The transfection efficiency
was confirmed by western blotting and qRT-
PCR (Figure 2A and 2B, P<0.05). Then, the
effects of SI00A11 on FaDu cells was deter-
mined by CCK-8 and colony formation assays.
CCK-8 results showed that there is no signifi-
cant difference among the S100A11 siRNA
group, the negative control siRNA group and
the untreated control group at the three time
points (24, 48 and 72 h) (Figure 2C, P>0.05).
Furthermore, similar results were obtained in
colony formation assays (Figure 2D and 2E,
P>0.05). Moreover, FaDu cells were treated
with a combination of 5-FU and S100A11 siRNA
or with a combination of 5-FU and negative con-
trol siRNA. Results showed that S100A1 inhibi-
tion might promote FaDu cells death induced
by 5-FU (Figure 2F, P<0.05).

Am J Transl Res 2019;11(6):3472-3480
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Figure 3. S100A11 inhibition reduced FaDu cells migration. A, B. Effects of S100A11 inhibition on FaDu cells inva-
sion were detected by transwell assay. C, D. Effects of S1I00A11 suppression on FaDu cells migration were detected

by wound healing assay. **P<0.01.

S100A11 inhibition reduces FaDu cells migra-
tion ability

Transwell assay showed that the number of
cells penetrating the polycarbonate membrane
in the S100A11 siRNA group, the negative con-
trol siRNA group and the untreated control
group was 20.4+2.88/5 fields, 47.245.72/5
fields, and 47+3.81/5 fields, respectively,
which showed a significant difference among
groups (Figure 3A and 3B, P<0.05). Wound
healing assay showed a similar result as tran-
swell assay. The relative migratory distance of
the cells in the S100A11 siRNA, negative con-
trol siRNA and untreated control groups was
9.25+0.5, 14+1.41, and 15.5+1.29, respec-
tively (Figure 3C and 3D, P<0.05). These results
showed that S100A11 inhibition does not
affect proliferation but decreases the ability of
FaDu cells to migrate. Thus, we demonstrated
that S100A11 expression is correlate with
HSCC cells migration ability.

Down-regulation of SI00A11 influences the
migration-related proteins expression

In order to more accurately locate the S100A11

protein expression, we performed immunofluo-
rescence staining on FaDu cells. The results
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showed that S100A11 protein was highest in
the untreated group, and reached the lowest
level in the siRNA group, suggesting that the
knockdown effects of the siRNA-S100A11 in
FaDu cells. Moreover, we found that the protein
of S100A11 is localization in cytoplasm of
HSCC cells (Figure 4). Previous studies showed
that EGFR, CD44, MMP2 and MMP9 proteins
play important roles in the invasion and metas-
tasis of cancer cells [18-20]. Hence, we ana-
lyzed the EGFR, CD44, MMP2 and MMP9 pro-
tein expression in FaDu cells. Results showed
that the relative protein expression levels of
EGFR, CD44, MMP2 and MMP9 was signifi-
cantly decreased in the S100A11 siRNA group
(Figure 5A-E, P<0.05). Overall, S100A11 inhibi-
tion could reduce these migration-related pro-
teins expression in HSCC cells.

S100A11 activates PISBK/Akt/mTOR signaling
pathway of FaDu cells

Furthermore, RT-qPCR and western blot assays
were used to detect the effect of SI00A11 on
PIBK/Akt/mTOR signaling pathway. we found
that the mRNA expressions of PI3K, Akt, mTOR
and bcl-2 were significantly decreased in the
S100A11 siRNA group (Figure 6A, P<0.05).
Western blot assay showed that the protein

Am J Transl Res 2019;11(6):3472-3480
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Figure 4. Immunofluorescence staining for marker S100A11. S100A11 protein was highest in the untreated group,
and reached the lowest level in the siRNA group. The arrow showed the expression aggregation area of S1I00A11
protein. (Blue: DAPI, green: Phalloidin, red: S100A11).
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Figure 5. S100A11 inhibition influences migration-related gene expression. (A) Migration-related proteins expres-
sion was determined by Western blot. (B-E) The relative protein expression of EGFR (B), CD44 (C), MMP2 (D) and
MMP9 (E) in FaDu cells transfected with S100A11 siRNA and negative control siRNA group. **P<0.01, *P<0.05.

expressions of p-PI3K, p-Akt, p-mTOR and Bcl-2
in the S100A11 siRNA group were dramatically
decreased (Figure 6B and 6C, P<0.05). How-
ever, the total-PI3K (t-PI3K), total-Akt (t-Akt)
and total-mTOR (t-mTOR) protein expression
was not changed (Figure 6B and 6C, P>0.05).
These results indicated that S100A11 is posi-
tively correlated with PI3K/Akt/mTOR signaling
pathway in HSCC carcinogenesis. However,
whether S100A11 promotes migration in HSCC
carcinogenesis is directly by activating PI3K/
Akt/mTOR signaling pathway remain to be
explored.

Discussion

Surgical removal of tumors is the most straight-
forward and effective treatment for cancer,
however, surgical resection, including laryngec-
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tomy, results in the deterioration of commu-
nication skills and quality of life due to trache-
ostoma [1]. Though a number of novel treat-
ments, including targeted molecular therapy,
gene therapy, and immunological therapy, have
been investigated to inhibit the growth and
metastasis of hypopharyngeal carcinoma, no
significant progress has been made [4]. In this
study, we observed that a reduction in S100A11
might inhibit the migration of FaDu cells and
increase the effect of 5-Fu on the growth inhibi-
tion of FaDu cells. These findings provide a
basis for the development of novel strategies
for the early detection and treatment of hypo-
pharyngeal carcinoma.

5-FU is widely used to treat squamous cell car-
cinoma, however, cancer cells frequently evade
drug-induced death signals [21]. As a result,

Am J Transl Res 2019;11(6):3472-3480
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Figure 6. S100A11 inhibition inactivate PI3K/Akt/mTOR signaling pathway. A. Relative PI3K/Akt/mTOR g pathway
related gene expression in FaDu cells was determined by qRT-PCR. B, C. Western blot was used to detect the effect
of S100A11 on PI3K/Akt/mTOR pathway related gene expression. *P<0.05.

chemoresistance is the major impediment of
5-FU-based therapies. Therefore, the identifica-
tion of new molecular targets of 5-FU treatment
will provide new approaches to increase 5-FU
efficacy for HSCC. Recent studies showed that
Wnt pathway play important roles in chemo-
therapy resistance of various malignancies
[22]. In the present study, we observed that
S100A11 inhibition increases the chemosensi-
tivity of FaDu cells to 5-Fu in vitro. Thus, concur-
rently treating patients with 5-FU and S100A11
inhibitors may be a viable option for HSCC che-
motherapies in the future.

At present, no insight exists concerning the role
of S100A11 in HSCC, and the exact mechanism
of S100A11 in promoting metastasis is poorly
understood. In this study, the analysis of the
relationship between S100A11 expression and
migration ability in FaDu cells implies that the
overexpression of SI00A11 might play a role in
the metastasis of HSCC. The abnormal expres-
sion of S100A11 has been found in many types
of cancers. However, the molecular mechanism
responsible for the regulation of SI00A11 gene
expression is still unknown. Previous research
showed that DNA methylation might have a role
in the control of S100A11 expression, in cer-
tain cancer systems, methylation at critical
CpG sites within the first intron of the gene reg-
ulates transcription [23, 24]. Recent study
reported that S100A11 promoted the viability
and proliferation of human pancreatic cancer
PANC-1 cells through the upregulation of the
PI3K/AKT signaling pathway [25].

PI3K/Akt/mTOR signaling pathway is involved
in growth, differentiation, proliferation, survival
of cancer cells [17]. AKT as a key protein in the
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pathway play an important role in regulating
cell viability, growth and proliferation, while
PI3K as an upstream effector of the PIBK/AKT
signaling pathway, may induce the activation of
AKT through phosphorylating threonine and/or
serine residues [26-28]. However, the role of
PI3K/Akt/mTOR signaling pathway in HSCC pro-
gression remains unclear. In the present study,
we found that the S100A11 could activate the
PIBK/Akt/mTOR signaling pathway, suggesting
inactivation of S100A11 or PI3K/Akt/mTOR sig-
naling pathway might inhibit HSCC processes.

Although our experimental data are significant-
ly different, S100A11 must be further tested as
a marker associated with metastasis of hypo-
pharyngeal cancer in more patient samples.

In conclusion, our study suggested that
S100A11 might play important regulatory roles
in the promotion of HSCC migration and the
protection of cancer cell death induced by 5-Fu.
Additionally, we revealed that S100A11 might
regulate PI3K/Akt/mTOR signaling pathway in
HSCC tumorigenesis. It was suggested that
S100A11 might act as an effective therapeutic
candidate for HSCC treatment.
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