CLINICAL ONCOLOGY AND RESEARCH | ISSN 2613-4942

Llin'ical
Ongcology and

Available online at www.sciencerepository.org

Research Article

Effects of DSPP and MMP20 Silencing on Key Signaling Pathways in Oral
Squamous Cell Carcinoma Cells
Jaya Aseervatham and Kalu U.E. Ogbureke*

Department of Diagnostic and Biomedical Sciences, School of Dentistry, University of Texas Health Science Center at Houston, Houston, Texas, USA

ARTICLEINFO

Article history:

Received: 13 June, 2023
Accepted: 28 June, 2023
Published: 12 September, 2023

ABSTRACT

Keywords:
DSPP
MMP20
signaling in oral cancer
EFGR
RAS/RAF
MAPK
JNK
CREBP
p300
NF-kB
IKKa

TGF 8
SMAD
GSK3p

p catenin

Introduction: Oral carcinogenesis is a multistage process, featuring genetic and molecular alterations
leading to rapid cell division, invasion, metastasis, and increased cell survival. Many of these alterations are
due to perturbations in the cell signaling networks, which in turn lead to constitutive deregulation of the
proteins involved in the regulatory pathways. Our recent reports show that the silencing of dentin
sialophosphoprotein (DSPP) and its cognate matrix metalloproteinases 20 (MMP20) alters key tumorigenic
hallmarks of oral squamous cell carcinoma (OSCC).

Objective: This study, intended to advance our recent findings, focuses on determining the effects of
silencing DSPP and its cognate MMP20 on the signaling pathways that control cell proliferation,
differentiation, invasion and metastasis.

Materials and Methods: DSPP and MMP20 were silenced individually and in combination, using
adenovirus-mediated short hairpin RNA (shRNA) in OSCC cell line, OSC2, and the effects of silencing on
the following pathways: EFGR; RAS-RAF; MEK; MAPK; ERK; JNK; NF-kB; TGFp; and GSK3f, were
analysed by western blot.

Results: DSPP and MMP20 silencing decreased EGFR, KRAS, MEK1/2, MAPK, ERK, MEEK1, JNK,
CREBP, p300, NF-kB,TGF B, SMAD7, GSK3 B, and B-catenin expressions. In contrast, the expression of
IKKo and SMAD4 were increased in DSPP/MMP20-silenced group, compared with control group.
Furthermore, DSPP-silencing alone was more effective than MMP20, or combined DSPP-MM20 silencing,
in altering the levels of key proteins of each signaling pathway investigated.

Conclusion: Our findings provide the basis for further studies aimed at verifying the effects of these
alterations in the profiles of these proteins on the various hallmarks of oral carcinogenesis, and for
understanding the molecular role of DSPP and MMP20 in OSCC. This is with a view to evaluating their
diagnostic and prognostic utility as well as the values of DSPP/MMP20 as potential targets for design of
chemotherapeutic agents for the treatment of OSCC patients.

© 2023 Kalu U.E. Ogbureke. Hosting by Science Repository.

Introduction

Oral squamous cell carcinoma (OSCC), accounting for over 90% of head
and neck squamous cell carcinomas (HNSCCs), may arise from any
region of the oral mucosa [1]. OSCC is characterized by tumor
aggressiveness and high recurrence rate following surgical treatment of

primary disease [2]. The main etiologic agents remain smoking and other
forms of tobacco use, alcohol and, in recent years, human papillomavirus
(HPV) infection [3]. OSCCs often are preceded by premalignant
precursors in the forms of leukoplakia and erythroplakia [4]. The
multistep progression of oral premalignant lesion (OPL) to invasive
OSCC involves activation of the tumor progression and the inhibition of
tumor suppressor pathways [5]. However, unlike epithelial cancers of
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other regions, our understanding of the molecular mechanism underlying
the progression of OSCC is currently lagging. Notable dysregulated
pathways in OSCCs, include EGFR, RAS/RAF, Wnt/B-catenin, TGF- 3,
and PI3K-AKT-mTO [6]. It is therefore conceivable that blocking
upstream signaling in these pathways may impede the development of
OsCC.

We and others have reported the potential role of dentin sialoprotein
phosphoprotein (DSPP), a member of the small integrin binding ligand
N-linked glycoprotein  (SIBLING) and its cognate matrix
metalloproteinase partner, MMP20, in various cancers [7-12].
Specifically, upregulation of DSPP in dysplastic OPLs and in OSCCs
correlated with tumor aggressiveness [12]. Recently we reported that
silencing DSPP and MMP20 in OSCC cell line downregulated proteins
known to mediate cell adhesion, metastasis, angiogenesis, epithelial
mesenchymal transition (EMT), and cancer stemness [13].

As a next logical step towards our complete understanding of the roles
of DSPP and MMP20 in the overall biology of OSCC, we investigated
the effects of DSPP and MMP20 silencing in OSCC cell line on the
various signaling pathways implicated in OSCC. The effects of DSPP-
MMP20 silencing on proteins involved in the EFGR, RAS-RAF, MEK,
MAPK, ERK, JNK, NF-kB, TGFB and GSK3[ pathways were analysed
by western blot. The results of the study show that silencing DSPP and
MMP20 downregulated proteins involved in the downstream signaling
in EGFR, RAS-RAF, MAPK, NF-kB, TGFB GSK3f and B catenin
pathways. The results also showed that the levels of inhibitory proteins:
IKKa; SMAD4; and DKKI in these pathways were significantly
upregulated in the groups silenced for DSPP and MMP20.

Materials and Methods

Appropriate Institutional Review Board approval for this study was
obtained from the University of Texas Health Science Center at Houston.

I Cell Line and Culture Conditions

Previously validated OSCC cell line, OSC2, initially obtained from
American Type Culture Collection (ATCC; Manassas, VA, USA) as a
model cell line for investigating SIBLING/MMP interaction in oral
cancer was used for this study [14]. Also, our recently established and
published stable lentiviral-mediated DSPP-, MMP20-, combined DSPP-
MMP20-silenced OSC2 phenotypes, and scrambled (ShC) controls were
similarly validated [14]. ShRNA plasmid A, used as negative control,
was obtained from Santa Cruz Biotechnology (cat. #sc-108060; Santa
Cruz, CA, USA). We routinely validate these stably silenced phenotypes
of OSC2 cell lines (75% silencing) and did so prior to use in this present
study. The stably silenced phenotypes were cultured as a monolayer in
DMEM/F12 medium containing 10% FBS (Invitrogen, Carlsbad, CA,
USA), supplemented with 1% penicillin/streptomycin and 500 ng/mL
hydrocortisone (Sigma Aldrich, St. Louis, MO, USA), and maintained
in the presence of 5% CO? humidified air at 37 °C.

11 Western Blot (WB)

Total cell lysates were prepared from each group (control, shDSPP,
shMMP-20, and shDM) and 50pg of protein was resolved on SDS-
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PAGE gel using the mini-protean tetra cell unit (Biorad, Hercules, CA,
USA), and transferred to a polyvinylidene (PVDF) membrane
(Millipore; Burlington, MA, USA). The membrane was blocked with 5%
milk for an hour before incubating in primary antibodies. Primary
antibodies for EGFR (sc71033), p300 (sc584), NF-kB p50 (sc 53744),
NF-kB p65 (sc 8008) were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA), whereas antibodies to KRAS (PA5-44339), MEK1/
MEK 2 (PA1-10034), p38 MAPK (LF-MA0126), ERK1/ERK2 (13-
6200), MEEK1 (PAS5- 43209), CREBP (PA1-847), IKKa. (kk ma0161),
TGFp (F.888.7), GSK3p (399500) and DKK1 (38-1200) were purchased
from Invitrogen (Carlsbad, CA). Primary antibodies to JNK (51151-1-
AP), SMAD4 (MA5-15682), SMAD (42-0400), and B catenin (mal-
3000) were purchased from Thermo Fisher (Carlsbad, CA), whereas,
antibody to the house-keeping gene B actin (ab4970) was purchased from
Abcam (San Francisco, CA). Following overnight incubation with
primary antibody, the membrane was washed 3X with TBST, incubated
in secondary antibodies, and signal detected using infrared LI-COR
imaging system (LI-COR Biosciences; Lincoln, NE, USA).
Quantification of the proteins was performed using actin as the internal
control. Protein expression is quantified as fold difference relative to the
control. All experiments were performed in triplicates and data were
expressed as mean + SD.

111 Statistical Analysis

Statistical analysis was performed using SigmaStat version 3 (Systat
software, Point Richmond, CA, USA) and SAS 9.1 (SAS Institute, Inc.,
Cary, NC, USA). The Kruskal-Wallis test and Dunn multiple
comparisons were used any time more than two groups were compared.
The criteria for significance were p <0.05, p <0.01, and p <0.001 for
this study.

Results

Our previous report shows that silencing DSPP and MMP20 in OSCC
cell line (OSC2) altered various tumorigenic hallmarks of OSCC [13].
Our next step was to elucidate the signaling pathways implicated in these
alterations following DSPP-MMP20 silencing. To this end, EGFR,
MAPK, RAS/RAF, NFkB, TGFp and B catenin pathways were analysed
by western blot following DSPP and MMP20 silencing OSCC cell lines,
osc2.

| EGFR is Downregulated Following DSPP/MMP20 Silencing

EGFR plays an important role in regulation of cell proliferation, survival
and differentiation, is aberrantly activated in tumors and associated with
tumor progression [15]. As shown in (Figure 1A), EGFR levels were
significantly reduced in OSC2 cells following DSPP and MMP20
silencing. In DSPP silenced cells, EGFR decreased by 96% (p<0.001),
by 46% (p<0.05) in MMP20 silenced cells, and by 67% in combined
DSPP-MMP20 silenced cells (p<0.01). The greater singular effect of
DSPP silencing, compared with MMP20 and combined DSPP-MMP20
silencing, indicates that the effect of DSPP and MMP20 silencing is not
synergistic, and DSPP may exert more oncogenic role than MMP20 in
OSCC.

Volume 6(2): 2-13
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Figure 1: Westen blots of EGFR, KRAS, MEK 1/2, »38 MAPK and ERK % in OSCC cells.
A) The protien expression of EGFR decreased by 96% in shDSPP cells, 46% in shMMP20 cells (p<0.05), and 67% in shDM cells (p< 0.01), compared with
control. B) KRAS decreased significantly by 52%, 59 and 49% in shDSPP, shMMP20 and shDM cells, respectively (p<0.001), compared with shC. C) The
expression of MEK1/MEK2 decreased by 33%, 34% and 30% in shDSPP, shMMP20 and shDM cells, respectively (p<0.05 and p<0.01), compared with
shC. D) MAPK levels decreased by 37% in shDSPP (p<0.05), 48% in shMMP20 (p<0.01) and 62% in shDM cells (p<0.01) compared with shC. E)
ERK1/ERK2 levels decreased by 76% in shDSPP, 73% in shMMP20, and by 64% in shDM (p< 0.001) compared with shC. Beta actin was used as the
internal control. Values are given as mean + SE for 3 independent experiments.
shC: Scrambled Control; shDSPP: DSPP Silenced OSC2 cells; shMMP20: MMP20 Silenced OSC2 cells; DM: Combined DSPP-MMP20 Silenced OSC2
cells.
*p <0.05; **p <0.01; *** p <0.001.
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Il MEEK1, JNK, CREBP, p300 of Ras/Raf Signaling are
Downregulated Following DSPP/MMP20 Silencing

The Ras signaling pathway is deregulated in oral cancers. As shown in
(Figure 1B), KRAS is significantly decreased by 52%, 59%, 49%
following DSPP, MMP20, and combined DSPP-MMP20 silencing,
respectively (p<0.001), with the effects of individual silencing more
profound than the effect of DSPP-MMP20. The expression of
MEK1/MEK2 decreased by 33%, 34% and 30% in DSPP, MMP20 and
combined DSPP-MMP20 silenced cells, respectively (Figure 1C;
p<0.05; p<0.01), whereas the MAPK levels (Figure 1D) decreased by
37%, 48%, and 62% in DSPP, MMP20, and combined DSPP-MMP20
silenced cells, respectively (p<0.01), compared with ShC control.
Notably, decreased levels of MAPK was much more in combined DSPP-

a
ShC ShDSPP

ShMMP20 ShDM

MMP20 silenced cells than in DSPP, or MMP20 silenced cells. As
shown in (Figure 1E), ERK1/ERK2 levels decreased by 76%, 73%, and
64% in DSPP, MMP20, and combined DSPP-MMP20 silenced cells,
respectively (p<0.001) compared with shC control. MEEK1 and JNK
receive signals from the RAS pathway. Western blot showed MEEK1
level decreased by 72%, 50%, and 48% in DSPP, MMP20, and DSPP-
MMP20 silenced cells, respectively (p<0.001), compared with shC
control (Figure 2a). This suggests that the effects of DSPP silencing on
MEEK1 was more profound compared with MMP20 or combined
DSPP-MMP20 silencing. Similarly, INK levels were decreased by 47%,
(p<0.01), 33% (p<0.05), and 42% (p<0.05) in DSPP, MMP20, and
combined DSPP-MMP20 silenced cells, respectively, compared with
shC control (Figure 2b).
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Figure 2: Western blot of MEEK1, JNK, CREBP and p300 in OSCC cells.

shC shDSPP shMMP20 shDM

a) MEEKT1 protein expression decreaed by 72% in shDSPP cells (p<0.001), 50% in shMMP20 cells (p<0.01), and 48% in shDM cells (p< 0.01), compared
with ShC. b) JNK decreased significantly by 47% (p<0.01), 33%, (p<0.05), and 42% (p<0.05) in shDSPP, shMMP20 and shDM cells, respectively,
compared with shC. c) The expression of CREBP decreased by 72% (p<0.01), 76% (p<0.01), and 48% (p<0.05) in shDSPP, shMMP20 and shDM cells,
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respectively, compared with shC. d) p300 levels decreased by 58% in shDSPP (p<0.01), 45% in shMMP20 (p<0.05) and 62% in shDM cells (p<0.01)
compared with shC. Beta actin was used as the internal control. Values are given as mean + SE for 3 independent experiments.
shC: Scrambled Control; shDSPP: DSPP Silenced OSC2 cells; shMMP20: MMP20 Silenced OSC2 cells; DM: Combined DSPP-MMP20 Silenced OSC2

cells.
*p <0.05; **p <0.01; *** p <0.001.

Il CREBP and p300 Levels are Decreased Following
DSPP/MMP20 Silencing

Upregulation of CREBP and p300 are associated with oral cancer
progression and decreased patient survival. Western blot showed the
protein expression of CREBP decreased by 72% (p<0.01), 76%
(p<0.01), and 48% (p<0.05) in DSPP, MMP20, and combined DSPP-
MMP20 silenced cells, compared with scrambled controls (Figure 2c).
Similarly, p300 levels significantly decreased by 58% (p<0.01), 45%
(p<0.05), and 62% (p<0.01) in DSPP, MMP20, and combined DSPP-
MMP20 silenced cells, respectively, compared with scrambled controls
(Figure 2d).

IV DSPP/MMP20 Silencing Downregulates NF-kB and
Upregulates IKKa

Figure 3 shows analysis of western blot of p50 and p65 subunits of NF-
kB, and their inhibitor IKKa in DSPP and MMP20 silenced cells. With
respect to p5S0 subunit of NFkB, there was a decrease in 46% (p<0.05),
39% (p<0.05), and 41% (0.01) in the levels of DSPP, MMP20, and
combined DSPP-MMP20 silenced cells, respectively (Figure 3A). The
p65 subunit decreased by 74%, 56%, and 55% in DSPP, MMP20, and
DSPP-MMP20 silenced cells, respectively (p<0.01), compared with
controls. In contrast, IKKa levels increased significantly following
DSPP, MMP20, and combined DSPP-MMP20 silencing: 2-fold in
DSPP, 1.7-fold in MMP20, and 2.1-fold in combined DSPP-MMP20
silenced cells, compared with controls (Figure 3C).

2 15
Q
")
¥
w
A Z 1.0+
-
-}
ShC  ShDSPP  ShMMP20 ShDM 8
c
e e b e E“-s'
£
B
2 0.0-
ShDSPP shMMP20 shDM
§1.5-
B (1]
I
U
ShC  ShDSPP ShMMP20 ShDM ,26“"
5 — 2
oY e - - g : ‘
- - %o,s- = )
=
T
3
8 0.0 . .
shC  shDSPP shMMP20 shDM
2.5+
¢
(o ¥ 2.0
= —_ [
[+
ShC  ShDSPP ShMMP20 ShDM §1-5‘
£ 1.0
T N— N e P
°
o 0.5
2
0.0 — .
shC  shDSPP shMMP20 shDM
ShC  ShDSPP  ShMMP20 ShDM
beta actin

Nt et —— ——

Figure 3: Western blot of NFkBp50, NFkB p65 and IKKa.
A) Protein expression of NFkB p50 subunit decreased by 46% in shDSPP cells (p<0.05), 39% in shMMP20 cells (p<0.01), and 41% in shDM cells (p<
0.05), compared to control. B) p65 subunit of NFkB decreased significantly by 74% (p<0.05), 56%, (p<0.05), and 55% (p<0.01) in shDSPP, shMMP20 and
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shDM cells, respectively, compared with shC. C) The expression of IKKa increased by 2-fold (p<0.01), 1.7-fold (p<0.01), and 2.1-fold (p<0.01) in shDSPP,
shMMP20 and shDM cells respectively, compared with shC. Beta actin was used as the internal control. VValues are given as mean + SE for 3 independent

experiments.

shC: Scrambled Control; shDSPP: DSPP Silenced OSC2 cells; shMMP20: MMP20 Silenced OSC2 cells; DM: Combined DSPP-MMP20 Silenced OSC2

cells.
*p <0.05; **p <0.01; *** p <0.001.

V TGFp, SMAD4, and SMAD7 are Downregulated Following
DSPP/MMP20 Silencing

The levels of TGFp, SMAD4, and SMAD7, implicated in the TGFB
signaling pathway, were analysed by western blot following
DSPP/MMP20 silencing in OSC2 cells. As shown in (Figure 4), TGFp
level significantly decreased by 55% (p<0.01), 30% (p<0.05), and 53%
(p<0.01) in DSPP, MMP20, and combined DSPP-MMP20 silenced
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cells, respectively, compared with controls (Figure 4A). The expression
of SMAD7 decreased by 47% (p<0.01), 74% (p<0.05), and 63%
(p<0.05) following DSPP, MMP20, and combined DSPP-MMP20
silencing, respectively, compared to controls (Figure 4B). In contrast,
SMADA4 levels increased by 1.5-fold (p<0.01), 1.7-fold (p<0.01), and 2-
fold (p<0.001) in DSPP, MMP20, and combined DSPP-MMP20
silenced cells, respectively, indicating that a combined DSPP-MMP20
silencing was most effective in suppressing SMAD4 levels (Figure 4C).
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Figure 4: Western blot of TGFf, SMAD4 and SMAD7 in OSCC cells.
A) Protein expression of TGFf decreased by 55% in shDSPP cells (p<0.01), 30% in shMMP20 cells (p<0.05), and 53% in shDM cells (p< 0.01), compared
with ShC. B) SMAD?7 levels decreased significantly by 47% (p<0.01), 74%, (p<0.05), and 63% (p<0.05) in shDSPP, shMMP20 and shDM cells,
respectively, compared with shC. C) The levels of SMAD4 increased by 1.5-fold (p<0.01), 1.7-fold (p<0.01), and 2.0-fold (p<0.001) in shDSPP, shMMP20
and shDM cells, respectively, compared with shC. Beta actin was used as the internal control. Values are given as mean + SE for 3 independent experiments.
shC: Scrambled Control; shDSPP: DSPP Silenced OSC2 cells; shMMP20: MMP20 Silenced OSC2 cells; DM: Combined DSPP-MMP20 Silenced OSC2

cells.
*p <0.05; **p <0.01; *** p <0.001.
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VI GSK3p and B-catenin are Downregulated, whereas Levels of levels of B-catenin were almost undetectable following DSPP (97%
DDK1 is Upregulated Following DSPP/MMP20 Silencing reduction; p<0.001), MMP20 (99% reduction; p<0.001), and combined
DSPP-MMP20 (92% reduction; p<0.001) silencing (Figure 5B). In
Published reports indicate that the Wnt/B-catenin signaling pathway is contrast, levels of the GSK3f inhibitor, DDKI, was significantly
upregulated in several cancers, including oral squamous cell carcinoma increased 1.7-fold (p<0.05), 1.8-fold (p<0.05), and 1.8-fold (p<0.05) in
[16]. Western blot analysis of three key proteins of the Wnt/B-catenin DSPP, MMP20, and DSPP-MMP20 silenced cells (Figure 5C). This
signaling pathway: GSK3p; B-catenin; and DDK1, showed that levels of suggests that the primary effects of DSPP/MMP20 silencing on Wnt/j-
GSK3p decreased significantly by 65% (p<0.01), 64% (p<0.01), and catenin signaling may be to upregulate DDK1, which in turn suppresses
41% (p<0.05) for DSPP, MMP20, and combined DSPP-MMP20 GSK3p and B-catenin expression.
silenced cells, respectively, compared with controls (Figure 5A). The
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Figure 5: Western Blot of GSK3p, B-catenin, and DKK1 in OSCC cells.
A) Protein expression of GSK3p decreased by 65% and 64% and 41% respectively in the DSPP, MMP20 and DM group (p<0.01) (p<0.05). B) The
expression of B catenin was almost nil in all the groups under investigation (97%, 99% and 92% in the DSPP, MMP20 and DM group (p<0.001). C) The
expression of DKK1 increased by 1.7-fold in the DSPP silenced group and 1.6- fold in the MMP20 and DM group (p<0.05). Beta actin was used as the
internal control. Values are given as mean + SE for 3 independent experiments.
shC: Scrambled Control; shDSPP: DSPP Silenced OSC2 cells; shMMP20: MMP20 silenced OSC2 cells; DM: Combined DSPP-MMP20 Silenced OSC2
cells.
*p <0.05; **p <0.01; *** p <0.001.
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Discussion

Oral carcinogenesis is amultistep process, in which the balance between
oncogenes and tumor suppressor genes are altered. Our current data
show, for the first time, that DSPP and/MMP20 silencing deregulates
major signaling pathways (RAS/RAF, MAPK, NFkB, TGFB and B
Catenin) implicated in OSCC progression. EGFR activates RAS,
MAPK, Src, STAT 3/5, PLC, PKC, and PI3 kinase signaling pathways
leading to tumor progression [17]. Furthermore, EGFR activates MMPs
and STAT3, and facilitates cell invasion by inducing
epithelial-mesenchymal transition (EMT) [18-20]. Upregulation of
EGFR has been reported in several epithelial cancers, including breast,
bladder, ovary, renal, colon, and HNSCCs, including OSCCs [21].
Indeed, EGFR overexpression remains an early event in HNSCC, and
increased expression has been demonstrated in cultured human HNSCC
cells and in corresponding tumor samples [22]. Published reports
indicate that more than 90% of patients with HNSCC overexpressing
EGFR show accelerated clinical progression, increased resistance to
chemotherapy, and an overall low survival rates [23]. Increased EGFR
expression also has been suggested as a predictor of neoplastic potential
in oral premalignant lesions (OPLs) [24]. Consistent with these reports,
the present study showed increased EGFR expression in OSCC cells,
(0SC2). Significantly, DSPP/MMP20 silencing in OSC2 cells
downregulated EGFR expression, most notably in DSPP-silenced OSC2
cells and less so in MMP20 and combined DSPP-MMP20 -silenced
OSC2 cells, suggesting that DSPP silencing alone results in profound
downregulation of EGFR in OSC2 cells (Figure 1a).

As indicated above, activation of the EGFR pathway, in turn, leads to
activation of three other major pathways: RAF-MEK-ERK, RalGEF-
Ral, and PISK-AKT [25]. KRAS, a member of the RAS family of
proteins, is mutated in various cancers, including OSCC, where it is
mutated in 40-90% of cases [26, 27]. Mutation of KRAS leads to its
amplification, which in turn, leads to increased cell proliferation and
other progression signals in HNSCC [26]. By extension, the decreased
expressions of KRAS, MEK, MAPK, ERK1, and ERK?2 observed in our
present study, following DSPP/MMP20 silencing (Figure 1), show that
silencing effectively prevents downstream signaling from KRAS.
Dysregulation of each of these pathways result in upregulation of
associated proteins lead to the promotion of one or more hallmarks of
tumorigenesis [28]. For example, upregulation of the MEK pathway lead
to tumor progression, whereas upregulation of ERK results in activation
of several nuclear and cytoplasmic proteins, including transcription
factors, that encode for proteins that promote proliferation, survival, and
angiogenesis [29, 30]. Indeed, the activation of the RAS and ERK
pathways have been reported to enhance tumor progression and
angiogenesis [31]. The MAPK pathway is constitutively activated in
several cancers, where it promotes tumor progression and metastasis [32,
33]. Furthermore, the p38/MAPK activation has been associated with
EMT and subsequent invasion at primary tumors sites [34].

MEEK proteins (MEEK 1, 2, 3 and 4) are regulators of MAPK kinase
kinases (MKKSs), and their upregulation results in activation of MAPK
pathway [35]. MEEK 1 activates and regulates INK and ERK1/2, MEEK
2 activates INK and ERK5, MEEK 3 activates ERK5 and p38, and
MEEK4 regulates the activation of JINK and p38 [36]. Like MEK,
MEEK1 is upregulated in almost all cancers where it controls cell
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migration by regulating the formation of focal adhesion kinase [37].
Downregulation or inhibition of MEEK1 has been reported to result in
decreased invasion and metastasis and increased apoptosis of cancer
cells [37, 38]. Our current findings of the downregulatory effects of
DSPP, MMP20, or combined DSPP-MMP20 silencing on MEEK1
(Figure 2a) and JNK (Figure 2b) mirror these previously published
results. As shown in (Figure 2), CREB binding protein (CREBP) and its
paralog p300 were significantly downregulated following
DSPP/MMP20 silencing in OSC2 cells (Figures 2a, 2d). CREBP, an
oncogenic transcription factor, regulates a range of biological process
from cell growth to differentiation [39]. It is overexpressed in several
cancers, including acute lymphoblastic leukemia, osteosarcoma,
non-small cell lung cancers, cholangiocarcinoma, breast cancer, renal
cancer, esophageal cancer, and HNSCC [40-42]. Furthermore, increased
expression of CREBBP, EP300, and MMP9 has been reported in OSCC,
and upregulation in esophageal squamous cell carcinomas has been
associated with lymph node metastasis [43, 44]. CREBP upregulation
increased cell migration, invasion, and metastasis via upregulation of
MMP2 and MMP9 [45]. With signals originating from pathways such as
MAPK and PKA, phosphorylated CREBP binds to histone acetyl
transferase, CREB-binding protein (CBP) and p300, to initiate CREB-
dependent transcription of genes that aid in cell survival and
tumorigenesis [46]. On the other hand, downregulation of CREBP has
been reported to trigger apoptosis and cell cycle arrests and decrease
metastasis [47].

The nuclear factor-kB (NF-kB) comprises five family members: p65
(RelA), RelB, c-Rel, p50, and p52. They exist as homo and hetero dimers
bound to their inhibitory proteins, IxB and IxBa in the cytoplasm [48].
Activation of NF-kB has been reported in melanoma, pancreatic,
bladder, breast, and head and neck cancers, including OSCC [49, 50].
Furthermore, reports indicate that upregulation of NF-kB in OSCC
increased stemness and was associated with poorly differentiated tumors
and worse prognosis [51]. Upregulation of the p50 and p65 subunits in
squamous cell carcinoma of the tongue were associated with tumor
aggressiveness [52]. NF-kB regulates angiogenesis through the
production of VEGF, activates adhesion molecules like ICAM-1,
ELAM-1, and VCAM-1, induces cell invasion by the production of
MMP’s and inhibits apoptosis [53]. In HNSCC, increased expression of
NF-kB induced the expression of MMP 9 and VEGF [50]. While signals
that activate NF-kB led to increased levels of p50 and p65 subunits, it
also decreased the levels of regulatory (IKKy) and catalytic (IKKa and
IKKf) subunits of IKK. Inhibiting NF-kB pathway has been reported
slow the process of tumorigenesis [54]. Our present data indicates that,
while DSPP/MMP20 silencing results in decreased levels of the p50 and
p65 subunits, the levels of the catalytic subunit, IKKa, is significantly
increased (Figure 3b). It is therefore reasonable to infer that increased
levels of IKKa following DSPP/MMP20 silencing in OSC2 cells serves
to impede such activities as angiogenesis and other hallmarks of
tumorigenesis via downregulation of the p50 and p65 subunits of NF-kB
[13]. Furthermore, we speculate that a potential mechanism accounting
for increased IKKa levels and decreased pS0 and p65 levels following
DSPP/MMP20 silencing involves inhibition of NF-kB translocation
from cytosol to the nucleus by IKKo, which in turn inhibits the
expression of genes involved in proliferation, invasion, and apoptosis.
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Dysregulated TGF-B signaling has been reported in many cancers
including HNSCC [55]. Mutations in TGFBRII occurs in 21% of OSCC
patients, and is associated with increased cell proliferation and decreased
apoptosis [56, 57]. The role of TGFB in tumorigenesis is less
straightforward than that of other signaling pathways because of its dual
but contradictory roles as a tumor suppressor in the early stages and as
an “oncogene” at later stages [58]. Through a series of preceding
interactions, TGFp activates cytosolic Smad proteins (Smad 2 and 3) via
phosphorylation of the serine at the C terminal [59]. Phosphorylated
Smad 2 and 3 then provide a docking site for Smad 4 [60]. As
heteromeric complex, SMADs translocate to nucleus where it binds to
SMAD-response element (SRES), to bring about the transcription of
genes that facilitate EMT and metastasis [61]. Signaling pathways such
as SMAD, PI3K, Rho and MAPK synergize with TGFf to promote
proliferation and invasion of cancer cells [62]. The significantly
decreased TGF-p levels, notably with silencing of DSPP or MMP20
singly, compared with combined DSPP-MMP20 silencing, seen in our
current data suggests that DSPP/MMP20 interference may abrogate the
tumorigenic activities of TGF-B signaling. Complete absence or
decreased SMAD4 levels have been reported in various cancers,
including HNSCC. Hernandez et al. reported heterozygous loss of
SMAD4 in 35% of primary HNSCCs and 41.3% of patient derived
xenografts [63].

Loss of SMAD4 in HNSCC patients correlated with pathological stage,
regional metastasis, and survival [64]. Significantly, SMAD 4 depletion
in HNSCC cell line induced cetuximab resistance through JNK and
MAPK activation, and in an orthotopic mouse model resulted in poor
survival rate [65]. Given its anti-tumor role, our current data showing
that DSPP/MMP20 silencing, individually or in combination, resulted in
upregulation of SMAD4 in OSC2 cells, suggests that SMADA4 antitumor
effects is enhanced through DSPP/MMP20 silencing. Recent reports
show that SMAD7 can mediate TGFp independent signaling [66].
Increased SMAD7 expression was associated with anchorage-
independent cell growth, decreased apoptosis, distant metastasis, and
poor survival rates in esophageal squamous cell carcinoma patients [67].
In pancreatic cancer, high expression of SMAD?7 induced premalignant
ductal lesions, and in gastric cancer patients, increased expression was
associated with increased tumor size, depth of invasion, regional lymph
node metastasis, and poor prognosis [68]. Increased expression of
SMADY in HNSCC cell line, correlated with tumor invasion [69]. Thus,
we anticipate that decreased levels of SMAD?7 seen in our present study,
following DSPP/MMP20 silencing, inhibits the various hallmarks of oral
carcinogenesis and overall tumor progression.

GSK-3p functions either as a tumor suppressor or promoter, depending
on the nature of signal it receives from the mammalian target of
rapamycin (mTOR), a protein that plays a crucial role in cell
proliferation [70]. GSK-3p is a multifunctional serine/threonine kinase,
that regulates several physiological responses. It plays an essential role
in WNT signaling pathway by phosphorylating B catenin on key residues
[71]. GSK-3B is phosphorylated by PKA, AKT, PKC and MAPK, all of
which are activated in OSCC [72]. GSK-3 is overexpressed in various
cancers such as colon, liver, ovary, and pancreas. It is also upregulated
in OSCCs with its upregulation associated with late stage (Stages |11 and
1V) disease and poor patients survival rates [73]. On the other hand,
inhibition of GSK3a/ by SB 216763 in HNSCC cell line, not only led
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to significant growth inhibition and tumor cell migration, but also
reversed changes in EMT [74]. Its downregulation inhibits growth,
angiogenesis, and vascular endothelial growth factor expression in
pancreatic cancers [75]. p-Catenin upregulation in OSCC has been
correlated with increased tumor invasiveness [76].

In patients with oropharyngeal cancers, increased levels of cytoplasmic
f3-Catenin correlated with poor histologic grade, advanced stage disease,
and poor prognosis [77]. Activation of Wnt/B-catenin pathway has been
reported to play an important role in maintaining stemness evidenced by
increased expression of cancer stem cells (CSC) surface markers, such
as LGR5/GPR49, CD44, CD24, and Epcam [78]. Furthermore, it
regulates EMT by inducing loss of E-Cadherin, while promoting
expression of other EMT genes. It also aids in tumor invasion, by
increasing the expression of MMPs [79]. In oral epithelial dysplasia,
expression of B-catenin increased with epithelial dysplasia and can be
used as a marker when normal oral mucosa turns to oral epithelial
dysplasia in oral leukoplakia [80]. Activation of Wnt pathway also leads
to the expression of Dickkopf 1 (DKK1), a negative feedback regulator,
which in turn suppresses Wnt pathway signaling by interfering with the
LRP5/6 co-receptors [81]. HNSCC patients with DKK1 mutations had
lower distant metastasis rate and longer disease-free survival rate [81].
Our current data show increased expression of DKK1 following
DSPP/MMP20 silencing. Overall, our data showing that DSPP/MMP20
silencing, singly or in combinations, resulted in near complete
abrogation of B-catenin suggest that the various tumorigenic activities of
f3-catenin may be reversed following DSPP/MMP20 silencing.

Our results/data above include instances where either DSPP or MMP20
silencing had more impact on the levels (downregulation versus
upregulation) of certain proteins. These data suggest that, although
DSPP and MMP20 are cognate partners, they may not necessarily act
synergistically in all settings [82]. Indeed, we anticipate that in some
settings one may act to compensate for the other, whereas in other
settings their actions may be complementary. Furthermore, our results
indicating a greater singular effect of DSPP silencing compared with
MMP20 and combined MMP20-DSPP silencing suggests that MMP20
silencing may obstruct the effect of DSPP single silencing. These
possibilities are design subjects of our next study beyond the scope of
our present study. Although the use of a single cell line and the data,
based on western blot analyses alone, presents inherent limitations, the
overall conclusions are significantand provide solid and logical basis for
further studies as indicated above.

Conclusion

While our published reports show that DSPP and its cognate MMP20 are
upregulated in OSCCs, our current report shows that DSPP/MMP20
silencing affects key signaling pathways widely implicated in notable
hallmarks of oral malignancy: cell growth, increased invasiveness and
migration, and metastasis. Based on our current data, we propose a
network and action points on the various pathways affected by the
abrogation of DSPP and MMP20 that may account for the results in this
study. This is summarized in (Figure 6) schematic illustration. Ongoing
studies beyond the scope of the present report will aim to verify that
DSPP/MMP20 silencing results in decreased cell growth and
proliferation, decreased invasion and migration in OSCC cells, and other
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clinical indicia of oral malignancy. Significantly, our findings that
DSPP/MMP20 silencing in OSC2 cells resulted in the downregulation
of genes known to promote oral tumorigenesis and the upregulation of
genes known to suppress oral tumorigenesis via a “global” effect on

Growth factor

multiple signaling pathways provides promise for potential therapeutic
interventions.  Such intervention will target DSPP/MMP20
downregulation to abrogate multiple tumorigenic pathways rather than a
single or few of the pathways.
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