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Muc-1 promotes migration and invasion of oral
squamous cell carcinoma cells via PI3K-Akt signaling
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Abstract: Muc-1 is a member of the carbohydrate-binding protein family that contributes to neoplastic transforma-
tion, tumor survival, angiogenesis, and metastasis. The aim of this study is to investigate the role of muc-1 in hu-
man oral squamous cell carcinoma progression. In this study, we tested our hypothesis that muc-1 regulate oral
squamous cell carcinoma cells (SCC-9) malignant biological behaviors, and silencing muc-1 reduced SCC-9 cellular
colony forming ability, migration and invasion. Moreover, silenced cells present defects in phosphatidylinositol 3-ki-
nase (PI3K)-serine/threonine kinase (Akt) signaling, and reduced expression/activity of matrix metallopeptidase
(MMP)-2/9. Furthermore, in muc-1 siRNA-transfected cells, we detected a decrease in signal transducer and activa-
tor of transcription 3 (STAT3) phosphorylation and nuclear translocation. In vivo, muc-1 siRNA cells inoculated sub-
cutaneously in nude mice demonstrated decreased tumor growth and PI3K-Akt signaling inhibition. These results
indicate that muc-1 is a key factor in SCC-9 tumor migration, invasion, and suggesting that muc-1 can be a novel

therapeutic target in oral squamous cell carcinoma.
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Introduction

Oral squamous cell carcinoma (OSCC) is the
most common type of head and neck cancer.
This cancer has a very poor prognosis, and it is
often characterized by aggressive local inva-
sion, early metastasis and poor response to
chemotherapy. In the last few decades, our
understanding of the molecular biology of
OSCC metastasis has increased tremendously.
Future, continue to identify the key molecules
that control tumor deteriorate and develop-
ment of novel treatments than can block or
inhibit invasion and/or metastasis is important
for improving the prognosis of OSCC.

Mucin 1, cell surface associated (Muc-1) or
polymorphic epithelial mucin (PEM) is a mucin
encoded by the muc-1 gene. Mucl is a glyco-
protein with extensive O-linked glycosylation of
its extracellular domain. Recent studies pro-
vide evidence that muc-1 plays a critical role in
human cancer [1, 2]. Mucl has been deter-
mined to be one of the most frequently
expressed surface markers in metastatic

breast cancers [3]. Muc-1 cooperates with
receptor tyrosine kinases and promotes an
invasive phenotype in breast tumorigenesis [4].
In addition to breast tumorigenesis, muc-1 con-
fers an invasive phenotype and drives progres-
sion of primary melanoma cells and enhances
their metastatic capability via activation of the
PI3K-Akt pathway [5]. Activation of PI3K has
been linked to mitogenesis, differentiation, sur-
vival, migration, invasion, and actin cytoskeletal
reorganization. The PI3K-Akt pathway is a major
regulator of STAT3, which can promote onco-
genesis by being constitutively active through
various pathways, and matrix metallopepti-
dase-2/9 (MMP-2/9) activity [6]. Collectively,
these results suggest that endogenous muc-1
regulates cell metastasis in a variety of can-
cers. In contrast, many of the functions of
muc-1 in OSCC progression, invasion, and
metastasis remain unclear.

In the present study, to investigate how muc-1
regulates oral squamous cell carcinoma cells
migration and invasion, we examined effects of
transient muc-1 silencing by RNA interference
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on OSCC cell line SCC-9. We found that silenc-
ing muc-1 decreased the SCC-9 cells migration
and invasion abilities, and reduced the phos-
phorylated PI3K (p-PI3K), phosphorylated Akt
(p-Akt) and STAT3 transcriptional activation.
Furthermore, silencing of muc-1 decreased
MMP-2/9 levels and activity in SCC-9. These
effects are consequence of a down-regulation
of PI3K-Akt signaling pathway, and eventually
lead to an impairment of in vivo tumorigenesis.

Materials and methods
Cell culture and siRNA transfection

OSCC-derived cell lines (HO-1-u-1, KOSC-2,
SCC-22, HO-1-N-1, and Tca8113) and human
normal oral keratinocyte, hNOK were pur-
chased from Cell Resource Center, Shanghai
Institutes for Biological Sciences. Cells were
cultured in DMEM/F12 or DMEM, respectively,
and supplemented with 10% (v/v) fetal bovine
serum, 100 units/mL penicillin and 100 units/
ml streptomycin. All cells were maintained in a
humidified incubator with 5% CO, at 37°C. Muc-
1-siRNA (siMuc-1) was produced by Gene-
Pharma Co, Ltd (Shanghai, China). Transient
transfection was performed using the Lipofect-
amine RNAi MAX reagent (Invitrogen) and fol-
lowing the manufacturer’s instructions.

Immunohistochemical detections

Atotal of 40 OSCC radical resection tumor sam-
ples were randomly collected at Department of
Stomatology, The Third Affiliated Hospital of
Beijing University of Chinese Medicine. All the
procedures were approved by Ethics Committee
of Beijing University of Chinese Medicine.
Deparaffinized tumor sections were stained
with muc-1 antibody. Detection was done with
avidin-biotin-HRP complex (Thermo scientific)
and diaminobenzidine as chromogen. Nuclei
were counterstained with hematoxylin. Muc-1
positive area was counted in five random high-
power fields per section and was reported as a
percentage of positive area in each tumor
sections.

Cell proliferation assay

Cell proliferation was measured by a methylthi-
azol tetrazolium (MTT) assay. Cancer cells
(2.0x10° cells/well) were seeded in 96-well
microtiter plates in a total volume of 100 pl/
well. Transfection was performed when the
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cells were 30%-50% confluent. Following trans-
fection, 10 pl/well of CCK-8 was added for 4 h.
The absorbance of each well was determined
at 450 nm using a microtiter plate reader
(Molecular Devices). The results are expressed
as the meanzSD of three independent experi-
ments. MTT assays were made in triplicate.

Anchorage-independent cell growth in soft
agar

After transfection, SCC-9 cells (5%x10%) sus-
pended in 2 ml medium, 0.3% agar, and 10%
FBS were plated over the bottom agar pre-
solidified with 3 ml medium containing 0.6%
agar and 10% FBS. Colony formation was then
carried out by photographing through the micro-
scope after 14 days. Five random fields under
microscope were taken and colony formation
unities were counted [7].

Wound healing assay

SCC-9 cells migration was determined using a
scratch assay. The transfected cell lines were
seeded on a 24-well plate and allowed to reach
confluence. After scratching the bottom of the
well with a pipette tip, the monolayer of cells
was washed three times with PBS to remove
the detached cells. The remaining adherent
cells were incubated in medium containing 1%
FBS for 24 h; this medium was then replaced
with medium containing 10% FBS. Space filling
by cell migration was evaluated 48 h later using
bright-field microscopy. The experiments were
performed in triplicate [8].

Cell invasion assay

Cell invasion was tested using a BD BioCoat
Matrigel Invasion Chamber (Becton-Dickinson,).
Cells were harvested 48 h after transfection.
The cells were re-suspended in serum-free
DMEM and then added to the upper chamber
at a density of 2x10° cells/well. Cell invasion
into the Matrigel was determined after 24 h of
culture at 37°C. The membrane containing
invading cells was fixed using methanol and
stained with HE, and invasion was quantified by
light microscopy after removing the non-invad-
ing cells on the upper side of the membrane
with cotton swabs [9].

Western blotting

Cells were harvested following treatment with
siMuc-1 or scrambled siRNA (siCTL) for 48 h.
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Protein was extracted in lysis buffer. Protein
concentrations were measured using a BCA
Protein Assay Kit. Fifty micrograms of protein
was loaded on a 12% SDS-PAGE gel, followed
by protein separation and electroblotting onto a
polyvinylidene difluoride plus membrane. The
membrane was labeled with the following pri-
mary antibodies: anti-muc-1, anti-Akt, anti-
phosphorylated Akt, anti-PI3K, anti-phosphory-
lated PI3K, anti-MMP-2, anti-MMP-9 or
anti-GAPDH. Anti-GAPDH was used to monitor
equal loading in each lane. Anti-mouse HRP-
conjugated secondary antibodies were incubat-
ed in 5% BSA in PBST buffer for 1.5 h at room
temperature. All antibodies were obtained from
Abcam. Immunoreactivity was detected using
an enhanced chemiluminescence detection
system (Amersham). For densitometric analysis
of Western blots, Alpha Image software (Alpha
Innotech) was used.

Matrix metalloprotein (MMP) activity assay

The activity of MMP-9 and MMP-2 were deter-
mined by QuickZyme MMPs activity assay
(QucikZyme BioSciences) according to the
manufacturer’s instructions [10]. Briefly, after
transfection for 48 h, SCC-9 were washed with
fresh medium and replaced with serum-free
medium. After additional 24 h, the medium was
collected and centrifuged at 10000 g for 10
min. Respective supernatant was added to the
96-well strip coated with MMP-9 antibody or
MMP-2 antibody and incubated at 4°C over-
night. After washing with wash buffer for 3
times, 50 ul assay buffer was added into the
well, followed by adding 50 pl detection reagent.
After incubation at 37°C for 1 h, OD405 was
measured with Microplate Reader (Bio-Tek).

RNA isolation and RT-PCR

Total RNA was extracted from cells 48 h after
transfection using Trizol. Template cDNA was
synthesized from 1 pg of total RNA with a
Quantscript RT Kit (TIANGEN, Shanghai, China)
using random primers and a ribonuclease
inhibitor. One microliter of the cDNA sample
was mixed with 19 uL of a master reaction mix.
PCR was performed for 40 cycles (denaturation
at 95°C for 15 s, annealing at 60°C for 1 min
and extension at 60°C for 1 min) using a
RealMasterMix Kit (SYBR Green) and a 7500
Real Time PCR System (America). The RT-PCR
procedure for muc-1 was based on a protocol
described previously. B-actin was used as an
internal reference. The following primer sets
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were used: muc-1, 5-GGCCACTGATTGTGCC-
TTAT-3’ (forward); 5-TGCAACCTTGAAGTGGTC-
AG-3’ (reverse); B-catenin, 5-GCCGGCTATT-
GTAGAAGCTG-3’ (forward); 5-GAGTCCCAA-
GGAGACCTTCC-3’ (reverse). The experiments
were performed in triplicate.

Fluorescent distribution of STAT3

SCC-9 grown on coverslips were transfected
with siMuc-1 and cultured for 48 h. These cells
were fixed with 4% paraformaldehyde for 15
min, incubated with Triton-X-100 for 15 min and
blocked in 1% BSA. The cells were then incu-
bated with a monoclonal mouse anti-STAT3
antibody (Abcam) for 1 h, followed by incuba-
tion with a secondary Alexa Fluor 555-conju-
gated goat anti-mouse 1gG antibody (Invitrogen)
for 1 h. The coverslips were washed and soaked
in ddHQO for 5 s, mounted onto glass micro-
scope slides with Vectashield mounting medi-
um with DAPI, and examined with an Olympus
FluoView FV1000 confocal microscope.
Experiments were performed in duplicate and
repeated at least three independent times.

Subcutaneous xenograft models

After transfected with either scrambled siRNA
or siMuc-1, SCC-9 cells (3x10°8) were subcuta-
neously implanted into female, BALB/c nude
mice to build non-small cell lung cancer xeno-
graft. Tumor volume and mice body weight were
measured every 3 days. Tumor volume was cal-
culated as mm?3=0.5x length (mm) width (mm)?2.
After sacrificing mice on day 25, tumors tissues
will be harvested for western blotting. All ani-
mal experiments were carried out in compli-
ance with the Guidelines for the Institute for
Experimental Animals, Center of Hunan
University Of Chinese Medicine.

Statistical analysis

Statistical analyses were carried out using
SPSS software (Ver 16.0, USA). The results are
presented as the mean + SD, and statistical
significance was determined using an ANOVA
and the SNK-q test. A value of <0.05 was con-
sidered to be statistically significant.

Results

Evaluation of muc-1 expression in OSCC-de-
rived cell lines

We performed gRT-PCR and immunoblotting
using OSCC-derived cell lines (Sa3, HO-1-u-1,
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Figure 1. Evaluation of muc-1 expression in OSCC-derived cell lines. A. Immunoblotting analysis of muc-1 protein
in the OSCC-derived cell lines and HNOK. Muc-1 protein expressions are up-regulated in all OSCC-derived cell lines
examined compared with that in the HNOK. B. Quantification of muc-1 mRNA levels in OSCC-derived cell lines by
gRT-PCR analysis. All OSCC-derived cell lines have significant up-regulation of muc-1 mRNA compared with that in
the HNOK (*P<0.05 and **P<0.01 versus HNOK). C. Evaluation of muc-1 protein expression in primary OSCCs.
Representative IHC results for muc-1 protein in normal tissue and primary OSCCs. Strong muc-1 immunoreactivity
is detected in primary OSCCs. Normal oral tissues show almost weak immunostaining. Scale bars, 50 uM. Bars are
represented as the mean + SD, n=3, *P<0.001 versus normal tissue).

KOSC-2, Ca9-22, HO-1-N-1, HSC-2, and HSC-3)
and HNOK. Expression analyses indicated that
both transcription and translation products of
muc-1 were highly expressed in OSCC-derived
cell lines compared with the HNOK (Figure 1A
and 1B). We also analyzed the muc-1 protein
expression in primary OSCCs and paired nor-
mal oral tissues from 40 patients using the
IHC. As shown in Figure 1C, strong muc-1 immu-
noreactions were detected in the tumor tissue
in the OSCCs.

Silencing muc-1 reduced mobility of human
oral squamous cell carcinoma cells

A number of previous studies have indicated
that muc-1 is associated with proliferation,
migration, and invasion in several cancers. To
elucidate the role of muc-1 in these processes
of OSCC-derived cell lines, we used siRNA to
silence muc-1 in SCC-9 cells (RT-PCR and west-
ern blotting showed SCC-9 cells expressed high
levels of muc-1) and subsequently examined its
behaviors. Significant inhibition of muc-1 at
protein expression level was detected 48 h fol-
lowing transient gene silencing of muc-1,
whereas there was no significant difference
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between control cells and siCTL transfected
cells (Figure 2A).

We observed cell proliferation of the cell lines
for 72 h, and detected no differences between
siMuc-1 and siCTL transfected cells for SCC-9
cell lines (Figure 2B). In anchorage-indepen-
dent cell growth assay, only control and siCTL
transfected SCC-9 cells could form more colo-
nies in soft agar, an in vitro hallmark of cell
transformation. Strikingly, however, the ability
of SCC-9 to form colonies was completely abro-
gated by muc-1 silencing (Figure 2C). In addi-
tion, the migration capacity was reduced in
siMuc-1 transfected cells compared to the con-
trol groups (Figure 2D). Moreover, Transwell
assay confirmed the inhibitory effect of muc-1
silencing on invasion. Furthermore, we deter-
mined that muc-1 silencing affected cell inva-
sion similarly to migration of the SCC-9.
Specifically, we found that the number of inva-
sion cells on the Matrigel membrane was mark-
edly decreased in siMuc-1 treated cells com-
pared with control cells (Figure 2E). Collectively,
these results indicate that muc-1 modulates
OSCC-derived cell lines SCC-9 migration and
invasion but not cell proliferation in vitro.

Int J Clin Exp Pathol 2015;8(9):10365-10374
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Figure 2. Effects of muc-1 silencing on SCC-9 cell clone formation motility. A. Immunoblotting analysis shows that
the muc-1 protein levels in siMuc-1 cells have decreased markedly compared with that in mock cells. B. Proliferation
assays indicated that muc-1-siRNA exerted no inhibition on SCC-9 cells proliferation in vitro. C. Clone formation as-
say indicated that muc-1 siRNA inhibited SCC-9 cell colony-forming effectively. Scale bars: 1 mm. D. Representative
examples of wound healing experiment results from control and siRNA-muc-1 SCC-9 cells. Representative pictures
of the wound distance were taken at each time point as indicated. Scale bars: 50 ym. E. SCC-9 motility was also
estimated by Transwell assay. Representative pictures were taken after staining with crystal violet. Scale bars: 50
pm. Invaded cells transfected with scrambled siRNA or muc-1-siRNA were evaluated on the basis of the mean val-
ues from five fields for each group (Bars are represented as the mean + SD, n=3, **P<0.01 versus control cells).

Silencing muc-1 reduced the level of STAT3
and inhibited PI3K-Akt signaling

It has been reported that muc-1 plays a role in
PI3K-Akt signaling in breast, colon, and gastric
cancer cells by interacting with STAT3.
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Accordingly, we analyzed the PI3K-Akt signaling
pathway that was mediated by muc-1 and that
was associated with cell motility. We found that
silencing the muc-1 gene significantly reduced
the protein levels of PI3K and Akt in SCC-9 cells
(Figure 3A).

Int J Clin Exp Pathol 2015;8(9):10365-10374
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Figure 3. Effects of muc-1 silencing on the PI3K/Akt pathway. A. Expression of PI3K and Akt in muc-1-silenced cells.
After transfection of cells with either scrambled siRNA or muc-1-siRNA, the total cells were isolated and PI3K/Akt
expression levels were detected by western blotting. GAPDH was used as a loading control. B. SCC-9 cells trans-
fected using the same conditions as described above and total protein was extracted, the total and phosphorylated
(p) STAT3 were detected. C. SCC-9 cells were transfected, and then cells were fixed and incubated with primary
antibody against STAT3. SCC-9 cells were immunostained with anti-rabbit FITC-conjugated secondary antibody and
then stained with DAPI. The specimens were visualized and photographed using a fluorescence microscope. Scale
bars: 20 um. Blue depicts the nucleus and green depicts localization of STAT3 (Bars are represented as the mean

+ SD, n=3, **P<0.01 versus control cells).

To further investigate the PI3K-Akt signaling
pathway that mediated STAT3 expression, we
assessed the expression of total and phos-
phorylated STAT3 in SCC-9 cells transfected
with either siCTL or siMuc-1 by western blot-
ting. Phosphorylated form of STAT3 is impor-
tant requisite for cancer cell migration and
invasion. We found that the expression level of
STAT3 remained unchanged after silencing
muc-1, whereas the phosphorylated form of the
STAT3 was strongly reduced by this transfec-
tion (Figure 3B). We also examined the subcel-
lular distribution of STAT3 in both control- and
siMuc-1 transfected SCC-9 cells by immunoflu-
orescence staining and confocal microscopy.
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These experiments showed that STAT3 was dis-
tributed in the cytoplasm and nuclei of siCTL
transfected cell, and in the cytoplasm and
membranes of siMuc-1 transfected cells
(Figure 3C). These results indicate that phos-
phorylation of PISK and Akt occurs before the
downregulation of STAT3 during muc-1 silenc-
ing in SCC-9 cells.

Silencing muc-1 decreased MMP-2 and MMP-
9 expression

MMP-2/9 is involved in the breakdown of the
extracellular matrix, which is crucial for cell
migration and invasion. MMP-2 and MMP-9

Int J Clin Exp Pathol 2015;8(9):10365-10374
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Figure 4. Effects of muc-1 silencing on MMPs activity. A. Total cell lysates were isolated after control- or siMuc-1
transfection and MMP-2/9 expression levels were detected by western blotting. B. Quantification of MMP-2/9 activ-
ity. Bars are represented as the mean + SD, n=3, **P<0.01 versus control cells.

have been suggested to be an important down-
stream target of the PI3K-Akt signaling pathway
in tumor. To test if MMP-2/9 might be a media-
tor of PI3K-Akt signaling induced migration and
invasion in SCC-9 cells, we analyzed MMP-2/9
levels by Western blotting. MMP-2 and MMP-9
protein levels were significantly lower in siMuc-
1 treated cells than in the corresponding con-
trols (Figure 4A). Quantification of MMP-2 and
MMP-9 activities using a fluorogenic assay
showed a significantly decrease in extracellular
MMP-2 and MMP-9 activity in SCC-9 cells after
silencing muc-1 (Figure 4B).

Muc-1 siRNA impaired the growth of OSCC-
derived cell in vivo

To further investigate the role of muc-1 in
tumoral growth in vivo, siMuc-1 and control
SCC-9 cells were injected subcutaneously into
the backs of female nude mice, respectively (6
mice in each group), and tumor growth was
monitored for 25 days (Figure 5A). According to
our in vitro findings, the mean tumoral volume
(Figure 5B) and tumor weight (Figure 5C) of the
siMuc-1 group was significantly smaller com-
pared to the control. Furthermore, there was no
significant difference in weight between control
group and siMuc-1 treated groups (Figure 5D).
Phosphorylation of PI3K, Akt, and STAT3
expression was checked on tumor tissue after
SCC-9 cells injection into nude mice to confirm
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those results in vitro (Figure 5E). In addition,
siMuc-1 also resulted in down-regulation of
PI3K-Akt downstream molecules including
MMP-2 and MMP-9 (Figure 5E). At the same
time, we observed a significant decrease in the
phosphorylation of STAT3 in the mice injected
siMuc-1 cells (Figure 5E), which was consistent
with the results of SCC-9 cell lines in vitro.

Discussion

Muc-1, a member of the family of mucins, is fre-
quently over-expression in human primary
tumors and transmits, amplifies the signals
from receptor tyrosine kinases. Great deals of
research demonstrate that muc-1 is over-
expressed in ovarian, non-small cell lung can-
cer, gastric cancer and acute myeloid leukemia,
and Muc-1 is an oncogenic protein [11, 12]. The
muc-1 is increasingly implicated in PI3K/Akt
signaling and muc-1 can stimulate Akt signaling
through its interactions with p85 subunit of
PI3K. Through stimulate PI3K signaling, muc-1
contribute to the initiation of several signaling
pathways promoting tumor cellular growth,
migration, invasion, and metastasis [13].
However, the role of muc-1 in oral squamous
cell carcinoma has not been reported.

In this work, we firstly reported a novel role for
muc-1 in the migration and invasion of oral
squamous cell carcinoma cells. We found that

Int J Clin Exp Pathol 2015;8(9):10365-10374
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Figure 5. In vivo tumorigenicity of muc-1-siRNA SCC-9 cells. A. Representative pictures of tumor masses from mice
were taken after 25 days of implanted with SCC-9 cells or with siMuc-1 CC-9 cells. Scale bars: 1 cm. B and C. Muc-1
silencing resulted in significantly SCC-9 tumor growth inhibition versus mice injected untreated CSS-9 cells. D. There
was no significant difference in body weight in the three groups. E. Total tumor tissue lysates were isolated and muc-
1 expression levels were detected by western blotting. #, representatives mice number. Scale bars: 50 mm. Bars are
represented as the mean + SD, n=6, ** P<0.01 versus mice injected control SCC-9 cells.

the tumor colony forming units of SCC-9 was migration and invasion of SCC-9 was signifi-
significantly inhibited, when the muc-1 gene cantly decreased as revealed by the wound
was disrupted by siRNA. Further investigation healing assay and Transell assay. Here, we also
with gene silencing of muc-1 showed that the examined the key factors and signaling path-

10372 Int J Clin Exp Pathol 2015;8(9):10365-10374
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ways that are mediated by muc-1 and that are
associated with SCC-9 cancer cell motility. In
this study we examined whether muc-1 silenc-
ing affected MMP-2/9 expression in SCC-9. We
found that muc-1-siRNA-transfected cells from
SCC-9 had drastically reduced MMP-2/9 levels
and activity compared with corresponding con-
trol cells.

Muc-1 undergoes tyrosine phosphorylation,
creating a number of docking sites to mediate
interactions with the p85 subunit of PI3K. The
interaction of muc-1 with p85 subunit of PI3K is
crucial in mediating the PI3K-Akt signaling [14,
15]. In this study, using western blotting experi-
ment, we determined that the levels of p-Akt
and p-PI3K decreased in siMuc-1 SCC-9 cells. It
has been demonstrated that phosphorylated
Akt activates its transcription factor STAT3,
which acts as transcription activator, is report-
ed plays a role in cell, proliferation, invasion,
angiogenesis, and survival. Therefore, we per-
formed immunofluorescence and western blot
from control- and siMuc-1 transfected SCC-9
cells, and found that STAT3 phosphorylation
was significantly decreased in muc-1-silenced
cells.

More convincingly, muc-1 silencing markedly
impaired the growth of SSC-9 cells in vivo.
Meanwhile, western blot results show that
muc-1 silencing could obviously attenuate
expressions of PI3K, Akt and MMP-2/9 expres-
sion in tumor tissue. All these data presented
that muc-1 is involved in the growth of oral
squamous cell carcinoma cells SCC-9. Due to
the important roles of muc-1 in the growth and
migration of oral squamous cell carcinoma
cells, it may serve as an attractive target for
molecular targeting cancer therapy.
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