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Abstract

Objective: As a member of the SI100 proteins family, the involvement of SIO0AI| has been
suggested in a wide range of biological processes such as cell growth and motility, cell-cycle
progression, transcription, differentiation and smooth muscle cell migration. However, the ex-
pression of SI00AI | and its exact function in laryngeal squamous cell carcinoma (LSCC) have not
been elucidated.

Methods: The protein and mRNA expression levels of SIO0AI | were analyzed in primary tumors
and matched tumor-adjacent tissues of LSCC by western blotting and semi-quantitative reverse
transcription polymerase chain reaction (RT-PCR) or quantitative real time PCR (Q-RT-PCR),
respectively. Cell proliferation, colony formation, migration and wound-healing assays were
performed to assess whether the knockdown of SI00AI | by small interfering RNA (siRNA) could
influence the biological behavior of human laryngeal carcinoma Hep-2 cells in vitro.

Results: We found that both protein and mRNA levels of SI00AI | were overexpressed in lar-
yngeal tumor tissues when compared to the corresponding noncancerous tissues. Further, it was
demonstrated that the expression of SIO0AI| could induce migration but not proliferation of
Hep-2 cells. Additionally, SIO0OAI| altered a series of intracellular events, including the
down-regulation of epidermal growth factor receptor (EGFR), CD44 and MMP2.

Conclusions: These results highlight the significance of SI00AI | in LSCC progression and sug-
gest that the dysregulation of SIO0AI | might contribute to the metastatic progression of LSCC.

Key words: S100A11, migration, Hep-2 cell, LSCC.

Introduction

Head and neck squamous cell carcinoma
(HNSCC), an aggressive malignancy, has a high met-
astatic potential. Worldwide, more than a half-million
patients receive a diagnosis of HNSCC each year [1].
In LSCC, one of the most common types of HNSCC,
the best predictor for poor patient prognosis is the
presence of lymphatic metastases [2-5]. The dis-
ease-specific survival (DSS) for patients of LSCC with

NO disease was reported to be 75.4%, compared with
48.1% for patients with N+ disease, and LSCC NO
patients had significantly better DSS than did patients
with nodal disease [6]. Early laryngeal cancer can
usually be managed successfully with either radio-
therapy or surgery. However, many advanced stage
laryngeal carcinomas are treated with radiotherapy
with or without chemotherapy, and surgery is used as
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a salvage therapy in recurrent cases [7]. Important
goals for cancer research are the identification of mo-
lecular signatures and the understanding of the
mechanisms of tumor progression and metastasis,
which might facilitate the identification of new pre-
dictive and prognostic markers for the early detection,
prognosis, and response to treatment of LSCC.

The S100 proteins, which are small, acidic pro-
teins of 10-12 kDa in size, are found exclusively in
vertebrates, are among the 20 members of the multi-
genic EF-hand calcium-binding family of proteins and
are each coded by separate genes [8]. The 5100 family
members appear to display unique properties and
have distinct roles depending on the tumor type [9].
For example, S100A4, also known as metastasin, cal-
vasculin and mts-1, is overexpressed in breast cancers
and is highly correlated with poor patient prognosis
[10]. S100A6, also known as calcyclin, is overex-
pressed strongly in gastric cancer tissues; this over-
expression is correlated with various clinicopatho-
logical features such as the depth of wall invasion,
positive lymph node involvement, liver metastasis,
vascular invasion, and tumor-node metastasis stage
[11]. However, evidence suggests that S100A2 ex-
pression is downregulated in prostate cancer [12].
Additionally, the loss of SI00A2 expression has been
associated with a poorer prognosis and shorter sur-
vival [13].

S100A11 is a less well-known member of the
5100 proteins family. The gene that codes S100A11,
which is also called S100C or calgizzarin, is located on
chromosome 1q21 with the genes for 15 other 5100
family proteins [8]. SI00A11 was first identified in
1991 in chicken gizzard smooth muscle [14]. Since
then, it has been suggested that different types of
cancer exhibit dramatically different SI00A11 expres-
sion levels. For instance, SI00A11 is overexpressed in
prostate cancer [15], uterine leiomyosarcoma [16],
cholangiocarcinoma [17], colorectal carcinoma [18]
and non-small cell lung cancer [19]. In contrast, recent
studies have shown that low S100A11 expression was
associated with poor survival rates in bladder cancer
patients [20], which suggests a more complex role for
S100A11 in carcinogenesis. However, the exact func-
tion and regulatory mechanism of S100A1l in car-
cinogenesis are not clear. Additionally, it appears that
none of the previous studies of SI00A11 have been
conducted in laryngeal carcinoma.

In the present study, we investigated the differ-
ential expression of S100A11 in LSCC tissues and an-
alyzed changes in human laryngeal carcinoma Hep-2
cells after the expression of S1I00A11 was silenced. The
intent was to explore the biological characteristics of
S100A11 in laryngeal carcinoma.

Materials and methods

Patients and tissue sample

Pairs of primary laryngeal carcinoma tumors
and matched tumor-adjacent tissues were acquired
from 24 patients who had undergone curative sur-
geries at the Department of Otolaryngology- Head
and Neck Surgery, Shanghai Changzheng Hospital,
Second Military Medical University. All of the tissue
specimens were obtained for the present study with
informed patient consent. The collection of these tis-
sue samples was undertaken with the approval of
Second Military Medical University Institutional Re-
view Board. The characteristics of the patients were
obtained from medical records (Table 1). Portions of
the tissue were processed for quantitative real-time
PCR (Q-RT-PCR) and western blotting analyses.
Samples were frozen immediately in liquid nitrogen
and stored at -80°C until used.

Table I. Clinical characteristics of the patients.

Characteristic No. of patients (%)
Number of samples N=24
Gender

Male 22 (91.67)
Female 2(8.33)

Age (years)

Mean 58.049.4
Range 38-74
Clinical stage

I 5/24 (20.83)
I 5/24 (20.83)
I 6/24 (25)

v 8/24 (33.33)
Tumor location

Glottic 13/24 (54.17)
Supraglottic 8/24 (33.33)
Subglottic 1/24 (4.17)
Transglottic 2/24 (8.33)

Cell line and cell culture

The human laryngeal carcinoma Hep-2 cell line
was purchased from the cell bank of the Shanghai
Institutes for Biological Sciences, Chinese Academy of
Sciences. The cells were cultured in RPMI-1640 (Hy-
clone) medium that was supplemented with 10% fetal
bovine serum (FBS) (Biowest) and 1% penicil-
lin/streptomycin at 37° C in a humidified atmosphere
with 5% CO,. Confluent cells were passaged with
trypsin-EDTA (0.05% trypsin and 0.53 mM tetraso-
dium EDTA). Cultures in passages 4 to 8 were used
for experiments and harvested to prepare mRNA and
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protein as described below.

Transfection of small interfering RNA (siRNA)

S100A11 knockdown experiments were per-
formed by the transfection of S100A11 small interfer-
ing RNA (siRNA) in Hep-2 cells. The siRNA to human
S100A11 were chemically synthesized by GenePhar-
ma (Shanghai) according to the sequence published in
a study by Howell et al. [21]. The siRNA sequences
were as follows: 5-CAA CAG UGA UGG UCA GCU
AUU TT-3" (forward) and 5-UAG CUG ACC AUC
ACU GUU GUU TT-3" (reverse). The negative control
siRNA sequences were as follows: 5-UUC UCC GAA
CGU GUC ACG UTT-3" (forward) and 5-ACG UGA
CAC GUU CGG AGA ATT-3" (reverse). S100A11
siRNA transfection was achieved with Lipofectamine
2000 (Invitrogen, Gaithersburg, MD) according to the
manufacturer’s specifications. Upon reaching 30-50%
confluence, the cells were incubated for 1 day in
6-well plates at a density of 2.0x10° cells per well in 2
ml of growth medium without antibiotics. A formu-
lation of 4 pl of 20 pM siRNA and 4 pl of Lipofec-
tamine 2000 was combined for 20 min and was added
to a final volume of 2 ml of serum-free Opti-MEM
medium (Gibco). The medium was refreshed 6 h after
the transfection. RNA and proteins were harvested
from the cells at 48 hours post-transfection for an
evaluation of the S100A11 knockdown. The effects of
S100A11 gene knockdown were confirmed by western
blotting and RT-PCR as described below. The exper-
iments were repeated at least 3 times.

Western blotting analysis

Proteins were extracted from human tissue
specimens and treated cells. The cell lysates were
prepared with RIPA buffer that was supplemented
with PMSF (Beyotime, Shanghai). The supernatants
were collected and protein concentrations were de-
termined with a BCA protein assay (Beyotime,
Shanghai). Equal amounts of protein extract from
each sample (50 pg per lane) were separated by so-
dium dodecyl sulfate-polyacrylamide gel electropho-
resis on a 12% polyacrylamide gel and electrotrans-
ferred onto nitrocellulose membranes. The mem-
branes were incubated overnight at 4°C with poly-
clonal antibodies against anti-S100A11 (1:500 dilution,
Proteintech) and anti-GAPDH (1:5000 dilution, Bio-
world) and were incubated subsequently with a
horseradish peroxidase (HRP)-conjugated secondary
antibody (1:5000 dilution, ABGENT) at room temper-
ature for 1 hour. The blots were treated with an en-
hanced chemiluminescence reagent (Millipore, Biller-
ica, MA, USA) and immunoreactive bands were de-
tected by exposure to x-ray film. For quantification,
the target protein was normalized to the internal

standard protein GAPDH through a comparison of
the gray scale values of S100A11 to those of GAPDH;
this analysis was performed with Gel Pro Analyzer
software, version 4.0 (Media Cybernetics, USA).

RT-PCR and Q-RT-PCR

Total RNA was isolated from frozen tissues and
treated cells with Trizol reagent (Takara, Dalian,
China) according to the manufacturer’s instructions.
The quality (A260/A280 ratio) and quantity of RNA
were evaluated with a standard BioPhotometer.
cDNA was reversibly transcribed using the Re-
vertAidtm First Strand cDNA Synthesis Kit #1622
(Fermentas, Vilnius, Lithuania) according to the
manufacturer’s protocol. The primer sequences for
S100A11 were 5-CCT GGT GTC CTT GAC CGC
ATG-3" (forward) and 5-TGG GAA GGG ACA GCC
TTG AGG-3~ (reverse), which yielded a 137 bp prod-
uct. The primer sequences for the internal control
GAPDH were 5-GGT GGT CTC CTC TGA CIT CAA
CA-3" (forward) and 5"-GTT GCT GTA GCC AAA
TTC GIT GT-3" (reverse), which yielded a 127 bp
product. The cycling conditions used for the amplifi-
cation were as follows: 5 minutes at 94°C followed by
35 cycles of 20 seconds at 94°C, 20 seconds at 59°C,
and 30 seconds at 72° C with a final extension at 72° C
for 10 minutes. The RT-PCR products were analyzed
on a 1% agarose gel and visualized with ethidium
bromide staining.

Quantitative real-time PCR was performed with
the QPK-201 SYBR Green master mix (Toyobo, Osaka,
Japan) and the ABI 7300 system from Applied Bio-
systems. A total of 40 cycles of PCR were performed
with 15 seconds at 95°C and 31 seconds at 60° C per
cycle. The expression value of S100A11 compared
with that of GAPDH was calculated using the 2-24¢t
method. All reactions were conducted in triplicate.

Cell proliferation assay

After the cells were transfected with S100A11
siRNA or negative control siRNA for 24 h, they were
seeded into 96-well culture plates at a density of 1x103
cells in a final volume of 100 pl/well, and the un-
transfected cells were used as an untreated control.
The cell proliferation rate was analyzed at different
time points (24, 48 and 72 h) with a Cell Counting
Kit-8 assay (Dojindo, Kumamoto, Japan). For the as-
say, 10 ul CCK-8 solution was added to each well,
followed by a 2 h incubation at 37° C. The absorbance
at 450 nm was measured with a spectrophotometer
(Thermo). The average absorbance values from six
wells per group were calculated.

Colony Formation Assay

The colony-forming assay was performed as
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previously described [22, 23]. Cells transfected with
siRNA or negative control siRNA were seeded into
six-well plates at a density of 500 single cells per well
and cultured for 2 weeks at 37°C in a humidified in-
cubator. The culture medium was refreshed every 3
days. Finally, the cells were washed with PBS, fixed in
1 ml of methanol for 30 minutes and stained with 0.4%
crystal violet for 20 minutes at room temperature. The
numbers of colonies that contained more than 50 cells
were counted and averaged.

Migration assay

The migration of S100A11 siRNA-transfected
Hep-2 cells was evaluated in 24-well transwell
chambers (Corning) as directed by the manufacturer.
Briefly, in the transwell chambers, the upper and
lower culture compartments of each well are sepa-
rated by a polycarbonate membrane (pore size, 8 um).
A total of 1.0x10* cells that had been treated with
S100A11 siRNA or negative control siRNA for 24 h
were placed into the upper chambers with 100 pl of
RPMI-1640 medium supplemented with 1% FBS, and
600 pl of RPMI-1640 medium supplemented with 20%
FBS was added to the lower chambers. After the
transwell chambers were incubated for 20 h at 37° C in
a humidified 5% CO; atmosphere, cells on the upper
surfaces of the wells were removed, and cells that had
invaded to the lower surfaces were fixed in cold
methanol for 10 minutes and stained with 0.4% crystal
violet for 10 minutes at room temperature. Excess
stain was removed with physiological saline and the
chambers were air-dried. For each experiment, five
fields on the undersides of the membranes were ran-
domly selected for photography and the transmi-
grated cells were counted and averaged. The experi-
ment was performed in triplicate.

Wound-healing assay

A wound-healing assay was performed as de-
scribed previously [22, 23]. Briefly, 2x10¢ cells that
had been treated with S1I00A11 siRNA or negative
control siRNA were seeded per well into 6-well plates
and incubated with growth medium as described
above. After 24 h post-transfection, the confluent
monolayer cells were wounded with yellow sterile
pipette tips. The cellular debris was removed with a
PBS wash and the wounded areas of the cell mono-
layers were imaged with an inverted microscope
equipped with a digital camera (Olympus). The cells
were incubated in 5% FBS 1640 medium and the mi-
gration of the cells into the scratch wound was pho-
tographed and assessed at different time points. The
distance migrated by the cells was compared with
that of the untreated control cells by statistical anal-
yses. The experiments were repeated in duplicate

wells at least three times.

Statistical analysis

The data were analyzed using the SPSS 18.0
software. Data were expressed in the form of the
mean * SD. The statistical analyses in the mRNA and
protein levels of laryngeal carcinoma and matched
tumor-adjacent tissues were performed with paired-t
test. Multiple groups comparison in other assays was
performed by one-way ANOVA. A p value of less
than 0.05 was considered to be statistically significant.

Results

SI100AI |l Expression in LSCC

To evaluate the expression of S100A11 in LSSC,
19 pairs of primary LSCC tumors and matched tu-
mor-adjacent tissues were analyzed by western blot-
ting. This analysis revealed that SI00A11 protein lev-
els were significantly increased in the primary tumor
tissues when compared to the tumor-adjacent tissues
(Fig. 1A). The signal intensities of the
5100A11/GAPDH protein ratios are shown in Figure
1B (P<0.05). Moreover, the mRNA levels of S1I00A11
in LSCC were evaluated by RT-PCR analysis in 24
pairs of tumors and matched tumor-adjacent tissues.
Consistent with the western blotting results, RT-PCR
analysis showed that the mRNA expression levels of
S5100A11 were significantly higher in cancerous tis-
sues than in the tumor-adjacent tissues (P<0.05; Fig.
1C). Additionally, Q-RT-PCR was performed for a
further quantitative evaluation of S100A11 mRNA
expression levels; 18 pairs out of the total 24 (75%)
were found to be expressed more highly in cancerous
tissues than in the tumor-adjacent tissues (P<0.05; Fig.
1D). Taken together, these results suggested that
S100A11 was aberrantly expressed in LSCC.

SI100AI | suppresses the migration but not the
proliferation of LSCC cells

To understand the potential function of S100A11
in LSCC, Hep-2 cells were transfected with siRNA to
specifically target SI00A11 or negative control siRNA.
The transfection efficiency was confirmed by western
blotting and RT-PCR. The results showed that
S5100A11 expression in the SI00A11 siRNA group was
reduced significantly at both the protein and mRNA
levels when compared to the levels in the negative
control siRNA and untreated control groups (Fig. 2A
and 2B).

Next, the proliferation of siRNA-transfected
Hep-2 cells was determined by cck-8 and colo-
ny-forming assays. We observed that the percentages
of viable cells at the three time points (24, 48 and 72 h)
were not significantly different in the SI00A11 siRNA
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group when compared to the negative control siRNA
and untreated control groups (P>0.05; Fig. 3A). Addi-
tionally, similar results were obtained in the colo-
ny-forming assay. After the 500 siRNA-transfected
cells per well were incubated for 2 weeks, an analysis
of colony formation showed that the colony numbers
were not significantly different between the SI00A11
siRNA, negative control siRNA and untreated control
groups (P>0.05; Fig. 3B and 3C). No alterations to the
growth properties or proliferative capacities were
recognized, which implied that S100A11 was not a
key mediator of proliferation in Hep-2 cells.
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Transwell and scratch migration assays were
performed to further determine whether the down-
regulation of S1I00A11 could influence the migration
ability of Hep-2 cells. Interestingly, as shown in Fig-
ure 4A, the numbers of cells in the SI00A11 siRNA
group that migrated to the lower surfaces of the
transwells were reduced in comparison to those in the
negative control siRNA and untreated control groups.
The numbers of migrated cells were 38.13£5.11/5
fields, 80.75+5.13/5 fields and 83.25+5.23/5 fields in
the S100A11 siRNA, negative control siRNA and un-
treated control groups, respectively (P<0.01; Fig. 4B).
A scratch migration assay was further used to exam-
ine the influence of S100A11 silencing on the migra-
tion of Hep-2 cells. The results showed that the cells in
the S100A11 siRNA group migrated more slowly than
those in the negative control siRNA and untreated
control groups (Fig. 4C). The relative migrated dis-
tance of the cells in the S100A11 siRNA, negative
control siRNA and untreated control groups, respec-
tively were 19.4 =1.14, 27.8 +3.033 and 29 +1.581
(P<0.05; Fig. 4D). These results indicated that SI00A11
downregulation did not affect proliferation but re-
duced the migration ability of Hep-2 cells. Converse-
ly, S100A11 expression levels correlated with Hep-2
cell line migration levels.

Down-regulation of SI00AI | regulated the
expression of migration related proteins

The epidermal growth factor receptor (EGFR),
CD44 and MMP2 proteins play important roles in
cancer cell invasion and metastasis [24-26]. Therefore,
we tested the EGFR, CD44 and MMP2 protein ex-
pression levels in Hep-2 cells that had been treated
with S100A11 or negative control siRNA. The relative
protein expression levels of EGFR, CD44 and MMP2
decreased 2.17-fold, 3.93-fold and 3.90-fold, respec-
tively in the S100A11 siRNA group when compared to
the levels in the negative control siRNA group
(P<0.05; Figure 5). The conclusion was that S100A11

induced the downregulation of these migra-
tion-related proteins.
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Discussion

In LSCC, metastasis is the major reason for poor
patient prognosis. Metastasis is a multi-step process,
of which the initial step is the invasion of the sur-
rounding tissues by cancer cells [27]. Thus, the inhibi-
tion of invasion and metastasis might provide new
treatment alternatives for cancer patients. Addition-
ally, the identification of a characteristic metastasis
protein might provide an early diagnostic marker and
a treatment target to suppress the invasion and me-
tastasis of laryngocarcinoma. In the present study, we
analyzed the differences in SI00A11 expression levels
between LSCC tumors and matched tumor-adjacent
tissues and observed significantly higher expression
levels of S100A11 in the primary LSCC tissues versus
the matched tumor-adjacent tissues.

Many in vitro and in vivo studies have evaluated
the silencing of genes involved in pathways that drive
cancer, such as oncogenesis, apoptosis, cell cycle reg-
ulation, cell senescence, tumor-host interactions, and
resistance to conventional therapies [28, 29]. To in-
vestigate the biological effects of S100A11 on the
characteristics of laryngocarcinoma, we used siRNA
to silence S100A11 expression in Hep-2 cells. The re-
sults showed that the SI00A11 protein and mRNA
expression levels were reduced significantly in the
S100A11 siRNA-transfected group. Next, we per-
formed cell proliferation assays to evaluate the rela-
tionship between the elevated S100A11 expression
levels and Hep-2 cell proliferation. The results from
both the cck-8 and colony formation assays revealed
that S100A11 silencing did not alter Hep-2 cell prolif-
eration, which suggests that S100A11 is not a tumor
growth related gene or does not affect tumor prolif-
eration, at least in LSCC.

The gene for S100A11 is located in the chromo-
somal region 1q21 with 15 other 5100 family proteins
in which chromosomal rearrangements have been
reported in various human tumors [30]. The chromo-
somal region 1q21-q22 contains a high density of CpG
islands [31]. The hypermethylation of CpG islands is
reported to be a common mechanism for the inactiva-
tion of tumor suppressor genes and has been found in
a wide range of tumor types [32]. Additionally, a
number of studies have demonstrated that SI00A11
expression is associated with the development of tu-
mor metastases. For example, SI00A11 gene expres-
sion was upregulated in gastric cancer specimens
from patients with lymph node metastases relative to
those from patients without lymph node metastases,
and elevated levels of this protein were found recently
in HCC cell lines that have a high metastatic potential
[33]. Xiao et al. suggested that SI00A11 expression
was associated significantly with lymph node metas-

tasis and histological differentiation and demon-
strated that a high expression level of SI00A11 was an
independent unfavorable prognostic factor in patients
with pancreatic adenocarcinoma [34]. In our study,
migratory characteristics were explored in Hep-2 cells
after S100A11 silencing, and it was found that the
migration of Hep-2 cells was significantly reduced
when S100A11 expression was inhibited by siRNA.
Thus, findings in our experiments together with oth-
ers hinted at the answer: a correlation between
S5100A11 expression and Hep-2 cell migration.

Moreover, EGFR is a Type I receptor tyrosine
kinase that is overexpressed in many solid tumors,
including squamous cell carcinomas of the head and
neck, and is linked to a poor prognosis after treatment
[35]. CD44 is a cell surface molecule that has been
implicated in diverse cell-cell and cell-matrix interac-
tions. CD44 was reported to be associated with
HNSCC lymph node metastases and advanced T sta-
tus [24]. Matrix metalloproteinases (MMPs), a family
of zinc-binding endopeptidases, have long been asso-
ciated with cancer-cell invasion and metastasis [36].
MMP2, a member of gelatinase subfamily of the
MMPs, has been demonstrated to associate with the
malignant phenotype of many neoplasms including
laryngeal cancer [26]. In this study, the expression
levels of EGFR and CD44 were decreased significantly
when S100A11 was silenced, which suggested further
that SI00A11 was related to migration in LSCC.

Furthermore, we used case-matched clinical
samples of primary laryngeal carcinoma tumors and
matched tumor-adjacent tissues from the same pa-
tients to minimize the effects of interindividual vari-
ance. A clear limitation of our study is the relatively
small number of clinical samples. Thus, although the
data were significantly different in our experiments,
S100A11 must be further examined as a marker re-
lated to the metastasis of laryngeal carcinoma in a
larger number of patient samples.

In conclusion, our results implied that S100A11,
a protein that is expressed differentially between lar-
yngeal tumors and tumor-adjacent tissues, might be
an important regulatory protein in the promotion of
LSCC migration. Additionally, our study provided
useful information toward an elucidation of the mo-
lecular mechanisms of tumor metastasis and the de-
velopment of clinically relevant biomarkers for me-
tastasis prevention.
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