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Globally, the tenth most common cancer is the oral
squamous cell carcinoma (OSCC) and the treatment
strategy for improving of OSCC patients survival rate still
remains a challenging one. Aberrant regulation of cell to
extracellular matrix protein interactions leads to progres-
sion of human cancers. The focal adhesion kinase (FAK)
and its downstream target paxillin have been implicated
in cancer growth, migration, invasion and metastasis of
different cancers. However, the clinical significance of
FAK and paxillin in OSCC is not well characterized so far.
In the present work, we showed that relative mRNA and
protein expressions of FAK and paxillin are significantly
higher in side population (SP) cells of OSCC cell line
SCC-55. Concomitantly, the matrix metalloproteinase-11
(MMP-11) level is also significantly elevated in SP cells.
The enhanced expression of paxillin is strongly corre-
lated with increased chemoresistance, proliferation rate,
migration and invasion potential of SP cells. In addition,
inhibition of paxillin expression by RNAi makes SP cells
more sensitive to chemotherapy drugs. Therefore, our
results suggest that paxillin over expression might play
a significant role in cancer progression, invasion and
chemoresistance of OSCC.
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INTRODUCTION

In worldwide, the tenth most common cancer is the
oral squamous cell carcinoma (OSCC). Treatment in-
cludes standard surgeries, conventional chemotherapy
and adjuvant radiotherapy for the patients at advanced
metastatic stage (Bernier ez a/, 2004). Inspite of advanced
early diagnosis and progressive treatment approaches, the
average life span of OSCC patients are under 5 years at
metastasis stage (Zini e/ al., 2010; Lin ez al., 2016). There-
fore, identification and development of new biomarkers
are essential, which can be used as a prognostic factors
for cancer progression, invasion and for the improve-
ment of cancer treatment.

Focal adhesions are complex, large dynamic pro-
teins, which links cytoskeleton of the cells to the ex-
tracellular matrix (ECM). Different proteins localize
at focal adhesion site includes focal adhesion kinase

(FAK), paxillin, alpha-v beta-3 integrin and vinculin
which controls cell adhesion and migration (Wolff ez
al., 1998). Loss of adhesion to the ECM is the major
cause for cancer cell migration, invasion and metas-
tasis. Paxillin is a signal transduction adapter protein,
links actin filaments to the integrins at cell adhesion
sites. Paxillin actively performs cytoskeletal remod-
elling and integrating multiple signals from ECM,
which are crucial for maintaining cell morphology, cell
spreading, motility, proliferation, apoptosis and angio-
genesis (Du ef al., 2016; Shekhar ez al., 2017). Paxillin
can acts as both docking site and substrate for vari-
ous growth factors and oncogenic proteins (v-srz, v-
¢crk, BCR/ABL) in order to interfere the regulation of
normal cell adhesion process in cancer cells (Turner,
2000). Several studies in solid tumors proved that pax-
illin over expression are often associated with carcino-
genesis and decreased patients survival rate (Tremblay
et al., 1996; Vadlamudi e /., 1999; Rosano e al., 2003;
Jagadeeswaran e al., 2008; Chen ef al., 2013). Particu-
larly, increased expression of paxillin and its phospho-
rylated form are considered as one of the reasons for
the poor curative effect of cetuximab due to apopto-
sis inhibition and accelerated cell survival rate (Jun ef
al., 1995; Chen e al., 2013; Du et al., 2010).

The second key factor involved in the regulation of
ECM interactions (Schallet ¢# al., 1995) are Focal ad-
hesion kinase (FAK), a tyrosine kinase protein. FAK
localized at focal contact sites and severs as a recep-
tor for signalling pathways triggered by growth factors
such as EGF, PDGF and others (Siege e# a/, 2000).
Emerging evidences in cancer studies shown that ac-
tivation of FAK potentially contributed for cell mo-
tility, proliferation and invasion in different cancers
(Frisch ez al., 1996; Aguirre et al., 2002). The cancer
invasion and poor prognosis are correlated with over
expression of FAK protein and fzk gene copy num-
ber in cancer cells (Owens ez al., 1995; Agochiya ef al.,
1999).

For invasion and metastasis, the cancer cells should
get detached from the extracellular matrix (ECM)
and enter in to blood and lymphatic systems (Su et
al, 2017). Matrix metalloproteinases (MMPs) are
zinc based endopeptidases whose major function is
the degradation of components and basement mem-
branes of ECM. Enhanced expression of MMPs are
often associated with different types of cancers and
particularly MMP-11 is the most commonly observed
in invasive human carcinomas such as breast, oral and
ovarian carcinomas (Porte e al, 1995; Fiorentino et
al., 2009; Hsin et al, 2017). Recently, MMP-11 was
shown to be involved in promoting cell migration
through the activation of FAK and Src pathway (Hsin
et al., 2017).
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From these findings it is obvious that molecular ab-
normalities in turnover of focal adhesion components
(paxillin, FAK) ultimately reflected to cancer invasion
and metastasis. Therefore, these components should be
subjected to intensive investigation to address the signal-
ing pathways and other key molecular players involved
in aggressive phenotypes and poor clinical outcomes.
The purpose of our study is to evaluate the PXIN and
FAK expression and its impact oral cancer progressions
in established human oral cancer cell line SCC-55. We
also investigated the possible relationship between paxil-
lin expression and oral cancer cell progression.

MATERIALS AND METHODS

Cell line and cell culture

The oral squamous cell line SCC-55 (Grade-3; Man-
dibular region and recurrence tumor type) was cultured
in T-125 Flasks or cell culture dishes with DMEM pro-
vided with 10% FBS and antibiotics such as Pencillin
and Streptomycin. Cells were incubated in a humidified
5% CO, at 37°C with a supply of 95% air atmosphere.
Upon confluency, cells were washed with 1X PBS and
treated with 1mlL of Trypsin-EDTA (0.25% — 53 mM
EDTA) and suspended in 10% FBS containing. From
this suspension, cells were collected for corresponding
experiments or ImL of cells were transferred to a new
flask with fresh medium for further passages.

Hoechst labeling and FACs sorting

Experimental groups were assigned as a) Hoechst
33342 dye labeled (n=3) and b) Drug treated group:
Hoechst 33342 dye and verapamil treated (n=3). Cells
were grown on DMEM for 24 hours labeled with either
Hoechst 33342 dye (5 pL./mL) or in combination with
verapamil drug (0.8 uL/mL). Subsequently, cells were
counterstained with propidium iodide (PI) of 2 pg/mL.
Finally, cells were resuspended in 1mL of HBSS with
10 mM HEPES and subjected to FACs sorting.

Reverse transcriptase-polymerase chain reaction (RT-
PCR)

Total cellular RNA was extracted by using Qiagen RNA
Kit. Biorad iCycler machine and the given protocol were
used to perform RT-PCR. The primer sequences for GAP-
DH, FAK and PXN were used as mentioned previously
(Hong et al., 2012; Chen et al., 2013). The PCR parameters
used are: Initial denaturation was set to 95°C for 60 s fol-
lowed by denaturation at 95°C for 6 min. Annealing was
done at 58°C for 20 s, extension at 70°C for 15s and fi-
nal extension at 70°C for 10 min. This was tepeated for
35 cycles. The quantified mRNA expression levels were ad-
justed with the GAPDH, used as a houseckeeping gene. The
values obtained from the average of the three independent
experiments. Pearsons and Spearmans correlation were used
to represent the values as a quantification graph.

Cell transfections

Cells were grown on 6 well plates with a range of
2X%10¢ cells/well. For knockdown PXN expression, the
small interfering RNA (siRNA) of 100nM concentra-
tion are incubated in Opti-MEM (InVitrogen) together
with the 6 pl of transfection reagent Lipofectamine®
RNAIMAX (Thermofishers) for 20 min at RT. The re-
action mix were added to the cells and incubated for

24-48 hours and cells were further analyzed for the
phenotypes.

Immunocytochemistry

Cells grown on 12 well culture plates were fixed in
4% PFA (Paraformaldehyde) followed by blocking in 1%
BSA-TBS with RNase (10 pL/mL) for 1 hr. Primary an-
tibody (Rabbit Polyclonal MMP-11 from AbCam; 1:100)
incubation was given for overnight at 4°C. After exten-
sive washwith 1X PBS, icubated with FITC conjugated
secondary antibody (1:100) for 1 hr. Finally, propidium
iodide (1 uL./300 ul. of PBS) was added after PBS wash
and cells were analyzed by fluorescence microscope.

Western blot analysis

Cellular protein extraction and SDS gel electrophoresis
separation was performed as per (Teng e al., 2008). Pri-
mary antibodies: Rabbit-Paxillin of 1:500 (Cell signaling),
mouse IgG anti-FAK antibody (AbCam) of 1:100 dilu-
tion and mouse-GAPDH of 1:1000 (ProteinTech) was
used. Enhanced chemiluminescence detection was used
to detect the protein signal by Western blot detection
system (Biorad).

In vitro cell culture assays

In witro cell proliferation and chemoresistance assays
were performed as mentioned previously (Liu e al,
2012). For proliferation assay, cells were seeded in 96-
well plates (5000 cells/well) and incubated at 37°C for
24, 48 and 72 hours. Cell Counting Kit-8 (CCK-8) was
used to measure cell viability at 450 nm. In chemore-
sistance assay, cells wete treated with 5-FU (10 pg/mL)
and Cisplatin (20 pmol/L) and incubated for 48 hours.
Subsequently, each well was supplemented with 10 uL. of
Cell Counting Kit-8 (CCK-8) solution was added, incu-
bated for 3 hours and OD,,  was measured. For cell
migration assessment, Transwell chamber assay (Boyden
chambers) was used. Briefly, cells were seed in up-
pet chamber (5x10* cells/well) in serum free medium,
whereas the lower chamber was supplemented with
10% FBS. After 48 hours, the migrated cells adhered
to basement membrane was counted by microscope at
200% magnification. Similarly, the matrigel invasion as-
say was carried out by matrigel invasion chambers (BD
Biosciences, Shanghai). Cells were seed in serum free
medium (2X10%) and incubated for 48 hours. The non-
invading cells are washed away whereas, the invaded
cells are resided in the membrane which then subjected
to microscopy for counting at 40X.

Statistical analysis

The values represented in the quantification graph are
mean*S.D. We have performed student’s #test to com-
pare the significant differences between two groups. All
P-values indicated are 2 sided and the P-value less than
0.05 were considered as statistically significant.

RESULTS

Fluorescence activated cell sorting (FACs) analysis of
side population cells in SCC-55 cell line.

It has been previously reported that presence of side
population (SP) cells in several solid cancers, which are
responsible for the tumor relapse. In order to perform
functional characterization of SP cells, we have used
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Figure 1. Side population cells in Oral Squamous Cell Carcinoma SCC-55 cell line.

(A) Dot plot analysis from FACs showing live cell population (P1gated region) by propidium iodide staining to exclude dead cells. (B)
SCC-55 cells showing presence of 3.7% of side population (gated population) cells by Hoechst 33342 dye exclusion method. (C) Hoechst
effluxing 3.7% cells in the P2 gated region was reduced to 0.5% on Verapamil treatment.
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Figure 2. FAK and PXN upregulation in SCC-55 SP cells.

D7

Quantification graph of RT-PCR analysis (A) and Western blot (B) showing the relative mRNA and protein expression are significantly ac-
celerated in SP cells. C. In vitro cell proliferation assay revealed that SP cells are grows much faster than main population (MP) cells. The

error bar is the standard deviation. *P<0.03; **P<0.01.

oral squamous cell carcinoma (OSCC) cell line SCC-55.
Previously, Liu et al showed the existence of SP cells in
SCC-55 and they were phenotypically characterized for
the expression pattern of cancer stem cell markers (Liu
et al., 2005). In the present study, we have also employed
FACs based Hoechst 33342 dye exclusion method to
differentiate the SCC-55 SP and main population (MP)
cells. By propidium iodide staining, we selected live cell
population in the P1 gated region (Fig. 1A) by excluding
the dead cells. From the gated P1 live cell population,

we have identified and sorted 3.7% of SP cells (P2 gat-
ed in Fig. 1B), which can efficiently efflux the Hoechst
33342 dye on the side of the dot plot analysis. Several
studies have been demonstrated that presence of multi-
drug resistance transporter-1 (MDR1), which belongs to
the ABC transporter transmembrane proteins are actively
involved in the drug expulsion process. However, the
population of SP cells was significantly reduced to 0.5%
being treated with verapamil (Fig. 1C), which can profi-
ciently inhibit the function of ABC transporter proteins.
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Figure 3. Silencing of PXN gene in SP cells of OSCC.

Western blot (A, B) and RT-PCR data showing that paxillin pro-
tein and its rate of mRNA transcription was significantly reduced
in RNAi cells, when compared to control (non-transfected) and
scramble RNAi transfected SP cells. The error bar is the standard
deviation. **P<0.01.

Expression profile of FAK and paxillin in oral cancer SP
cells

It has been proved that overexpression of paxillin
and FAK are associated with enhanced tumor invasion,
migration potential, metastasis and resistance to cancer
therapies (Owens e al., 1995; Sieg et al., 2000; Chen e¢f al.,
2013). Therefore, we made an assessment for PXN and
FAK expression in oral cancer SP cells by RT-PCR. We
found that relative mRNA expression level of FAK and
PXN are significantly stronger in SP cells (Fig. 2A). The
oral cancer SP cells showed two-fold increase of PXIN
and FAK mRNA expression than MP cells. This result
was further confirmed by western blot analysis, which
showed again significantly higher expression profile of
focal adhesion kinase and paxillin in SP cells (Fig. 2B).
Therefore, the transcriptional upregulation of FAK and
paxillin are consistent with the enhanced level of pro-
teins synthesized in SP cells. Next, we have evaluated the
growth rate between SP and MP cells. Figure 2C show-
ing that SP cells can able to grow faster from D3 (day 3)
onwards and have significantly higher growth rate till day
7 than MP cells, which grows very slowly. Therefore, we
speculate that the enrichment of FAK and paxillin might
be involved in faster proliferative potential of SP cells.

Impact of paxillin knockdown on oral cancer invasion
and migration

As previously mentioned, over expression of paxillin
and FAK are suggested to be involved increased inva-
sion and migration potential. Therefore, we made an
attempt to knock down the PXN expression in sorted
SP cells by RNA interference (RNAi) method in order
to determine their impact on cancer invasion and mi-
gration. By western blot (Fig. 3A and 3B) and RT-PCR
analysis (Fig. 3C), we confirmed that paxillin expression
is significantly downregulated in PXN depleted SP cells.
However, there is no significant change in paxillin ex-
pression was observed in SP cells treated with scramble
RNAI. In vitro matrigel assay revealed that SCC-55 SP
cells have higher invasion potential than MP cells. None-

Time in hours

Figure 4. RNAi of Paxillin showed significant impact on cell inva-
sion and migration.

Paxillin level in SP cells are depleted by using siRNA approach
and cells were examined for invasion and migration potential.
Down regulation of PXN in SP cells slow down the rate of cell in-
vasion (A) and motility (B). The error bar is the standard deviation.
*P<0.04; **P<0.01.

theless, when the paxillin expression in depleted in SP
cells, the efficiency of invasion property is significantly
reduced to four-fold times (Fig. 4A). In addition, paxillin
overexpressing SP cells possess increased rate of cell mi-
gration on soft agar assay. Upon siRNA transfection, cell
migration efficiency was significantly reduced in siPAX
SP cells (Fig. 4B). Therefore, these findings suggest that
over expression of focal adhesion kinase and paxillin in
SP cells promotes cancer cell invasion and migration.

Attenuation of PXN expression restores sensitivity to
cancer therapeutic drugs

It has been documented that SP cells are highly re-
sistance to chemotherapeutic drugs and that’s the ma-
jor cause for treatment failure and tumor recurrence.
Therefore, we have performed chemoresistance assay
between SP, SP+ sPAX and MP cells in order to de-
termine whether the paxillin knock down influences
the sensitivity of SP cells towards the anti-cancer drugs
such as 5-FU and Cisplatin. Interestingly, after siRNA
transfection the SP cells showed increased sensitivity
towards the 5-FU and Cisplatin (Fig. 5A) when com-
pared to SP cells. Consequently, the cell viability and
proliferation rate were significantly declined in PXN
RNAI cells (Fig. 5B). Hence, treatment of anti-cancer
drugs in combination with silencing of PXN showed
more susceptibility towards the drug and thus may
leads to activation of apoptosis so that the cell growth
is declined.

Elevated expression of MMP-11 in SCC-55 SP cells

MMP-11 over expression was found to be associated
with aggressive tumor phenotypes and poor survival of
cancer patients (Porte ez al., 1999; Fiorentino ez al., 2009;
Hsin et al., 2017). Hence, we have evaluated the expres-
sion of MMP-11 expression between SP and MP cells.
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Figure 5. Downregulation of paxillin by siRNA increases the sen-
sitivity to 5-FU and Cisplatin in SP cells.

(A) SP cells were transfected with PXN-siRNA and chemoresistance
assay was performed. The siPAX SP cells showed increased sensi-
tivity to 5-FU and Cisplatin and therefore the cell growth rate (B)
was significantly reduced in siPAX cells. The error bar is the stand-
ard deviation. *P<0.02; **P<0.01.

Western blot analysis (Fig. 6A) showing that SP cells
have eclevated expression of MMP-11 than MP cells.
Consistently, SP cells displayed transcriptional upregula-
tion for MMP-77 in SP cells of OSCC (Fig. 6B). Taken
together, higher expression profile of MMP-11, FAK
and paxillin might collectively promote oral cancer inva-
sion and migration.

DISCUSSION

Cytoskeletal organization is important for cell motility.
The formation of actin cytoskeleton in the well-formed
lamellipodia and filopodia structures direct the cells to
move along the basement membrane (Lauffenburger,
1996). In cancerous cells, the cytoskeletal organization
is disrupted so they have increased cell motility, whereas
the normal cells are firmly attached. It has been shown
that changes in the level of F-actin leads to disruption
of cytoskeleton integrity in metastatic cancers (Bernal ef
al., 1983).

Paxillin is a 68 KDa protein localizes to focal adhesion
and it has been shown to interact with integrins, growth
factors and few oncoproteins as well. It has N-terminus
interaction sites for proteins have SH2/SH3 domains
and a C-terminus LIM domain (Turner ¢ al, 1994). In
response to many stimuli, paxillin can be phosphoryl-
ated at tyrosine residue, which facilitates the interaction
of paxillin with several other proteins at focal adhesions
site (Schaller ef al., 1995). It has been demonstrated that
strong and enhanced paxillin expression in different can-
cers such as lung, prostrate, bone and colorectal cancers,
ultimately cause accelerated cell proliferation, invasion
and migration (Schaller ez al, 1995; Chen et al, 2013).
In contrast, neither over nor under expression of paxil-

lin was observed in squamous and large cell lung cancer
(Salgia e al., 1999) when compared to control ones.

Studies in colon cancer demonstrated that over expres-
sion of paxillin cause cetuximab resistance and silencing
of PXIN makes cancer cells more sensitive towards ce-
tuximab. The improvement in chemo sensitivity was ex-
ecuted by the inactivation of p-Erk pathway (Du e al,
2016). Similarly, we also observed that chemotherapeutic
drugs (5-FU and cisplatin) in combination with knock
down of PXN improve sensitivity of oral cancer SP cells
to the drugs. Several studies focussed on the possible re-
lationship between chemo resistance, apoptosis and au-
tophagy induction in tumor cells. Apoptosis downregula-
tion and chemoresistance are consistent with increased
autophagy induction (Coker-Gilirkan ez al, 2015). Treat-
ment of drugs in combination with autophagy inhibitors
would definitely improve the efficacy of chemotherapy
in cancer patients (Li ez a/, 2009). Altogether, chemore-
sistance of oral cancer SP cells are possibly mediated by
elevated level of paxillin whose downregulation signifi-
cantly overcome the drug resistance.

Members of MMPs such as MMP-1, MMP-2, MMP-
9 and MMP-11 are over expressed in tumor tissues/
cells and they have been implicated in cancer progres-
sion (Rosenthal e# a/, 2006). OSCC tissues were showed
intense positive staining and over expressed MMP-11
which are correlated with metastatic stage (Soni ez al.,
2003) but not with the patients survival rate. But the
recent study by Hsin e/ a/, showed that tumor aggres-
siveness and modest survival rate of OSCC patients are
coupled with MMP-11 strong expression (Hsin et al,
2017). Thus, MMP-11 over expression is considered as
an indicator for the progression from neoplasm to ma-
lignancy. Further, MMP-11 activates FAK and Src path-
ways which are highly capable of regulating cancer cell
migration and invasion (Lee e al, 2015; Cheng ¢t al.,
2016). Similar to paxillin, MMP-11 over expressed cells
showed increased phosphorylation rate of FAK and src,
crucial for promoting cancer cell migration, metastasis
and angiogenesis (Hsin e/ al, 2017).

In summary, we observed that focal adhesion proteins
such as paxillin and FAK are highly expressed in SP
cells of oral cancer cell line SCC-55. Similarly, the MMP-
11 protein levels are upregulated in the SP cells, which
may be the ultimate cause for the activation of FAK
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and paxillin mediated signalling pathways to promote
cell migration and metastasis. Further, the knockdown of
PXN by RNA interference significantly reduces the rate
of chemoresistance, cell proliferation, invasion and mi-
gration potential. In line with the previous findings, our
data suggest that strong expression of FAK, paxillin and
MMP-11 are combinedly associated with increased inci-
dence of oral cancer metastasis. However, the limitations
of our investigation are the lack of 7z vivo examinations,
which needs to study further in detail.

Therefore, in addition to conventional clinical (tumor
side, shape and differentiation pattern) and pathological
biomarkers (oncogene expression, tumor suppressors,
proliferative and metastatic markers), paxillin expres-
sion could be used as a potential prognostic factor to
determine the aggressiveness of tumor types. In future,
it is worth to investigate the specific region of FAK and
paxillin, which are promoting dynamics of invasion and
migration. This could be achieved by site/point based
mutation and/or protein truncation to functionally char-
acterize them. Further detailed study of these factors and
underlying mechanisms in oral cancer will paves a way
to improve the patients susceptibility towards the devel-
oped novel therapeutic agents.
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