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Impact statement

Despite numerous studies of head and neck squa-
mous cell carcinoma (HNSCC)treatment, the treat-
ment outcome has remained virtually unchanged,
and the 5-year survival rate with current treatment
strategies is only 40%. 4-amino-5-(4-chlorophenyl)-
7-(dimethylethyl)pyrazolo[3,4-d] pyrimidine (PP2)
is a selective inhibitor of proto-oncogene tyrosine-
protein kinase Src (c-Src) which was initially used
to treat myelogenous leukemia. PP2 has recently
been studied as a cancer treatment. In our experi-
ment, cancer cell growth and progression, including
migration and invasion, were inhibited by PP2. In
addition, cell apoptotic activity was increased, and
cleaved caspase-3 expression was upregulated by
PP2. Our findings demonstrated that PP2 inhibited
the cell growth and progression in HNSCC via regu-
lation of epithelial-mesenchymal transition.

Abstract

Head and neck squamous cell carcinoma (HNSCC) is one of the most common
cancer, causing considerable mortality and morbidity worldwide. Although HNSCC
management has been extensively studied, the treatment outcomes have not
improved — the 5-year survival rate of patients with HNSCC is 40%. Recent studies
on the development of a novel HNSCC treatment have highlighted proto-oncogene
tyrosine-protein kinase Src (c-Src) as one of the major therapeutic targets. However,
the clinical efficacy of c-Src inhibitors against HNSCC was not comparable to that
obtained in vitro. Furthermore, the molecular mechanisms underlying the efficacy of
c-Src inhibitors remain elusive. In this study, we assessed the efficacy of 4-amino-
5-(4-chlorophenyl)-7-(dimethylethyl)pyrazolo[3,4-d] pyrimidine (PP2), a selective
c-Src inhibitor on HSNCC. Nine HNSCC cell lines (SNU1041, Fraud, SNU46,
SNU1076, SNU899, SCC1483, YD15, YD9, and YD10-) were screened, and the
effects of PP2 were evaluated using wound healing, apoptosis, and invasion assays.
Western blot analysis of downstream markers was conducted to assess the specific
mechanism of action of PP2 in HNSCC. The therapeutic efficacy of PP2 was further
evaluated in xenograft mice. PP2 reduced tumor cell growth both in vitro and in
vivo. Furthermore, it enhanced tumor cell apoptosis in cell lines and prevented
metastasis in mice. PP2 also regulated the epithelial-mesenchymal transition
pathway downstream of c-Src. More specifically, in SCC1483 and YD15PP2

HNSCC cell lines, PP2 exposure downregulated Erk, Akt/Slug, and Snail but upregulated E-cadherin. These results suggest that

PP2 inhibits cell growth and progression in HNSCC by regulating the epithelial-mesenchymal transition pathway.
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Introduction

The head and neck cancers (HNCs) occurring in the nasal
area, paranasal sinuses, oral cavity, salivary glands, phar-
ynx, and larynx are collectively referred to as head and neck
squamous cell carcinoma (HNSCC). This malignant neo-
plasm is the sixth most common type of cancer with increas-
ing incidence worldwide, affecting ~600,000 new cases each
year.! Unfortunately, the 5-year survival rate of HNSCC is
only 40% despite currently available therapeutic strategies,
including surgery, chemotherapy, radiation, and combi-
nation regimens, such as chemoradiation.? It is, therefore,
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imperative that new drug targets and therapeutics are identi-
fied to treat HNSCC.

The proto-oncogene tyrosine-protein kinase Src (c-Src),
a 60-kDa non-receptor tyrosine kinase regulating various
carcinogenic processes, such as proliferation, survival, motil-
ity, and the function of fully differentiated cells, is one of the
promising molecular targets for HNSCC treatment.? c-Src
was first identified as the cellular form of v-Src, a transgene
product of the avian Rous sarcoma virus.* Src comprises one
NH2-terminal region, two conserved Src homology domains,
and one tyrosine kinase (TK) protein domain. Src is regulated
via a C-terminal TK (Y527, corresponding to human Y530),
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which upon phosphorylation by the C-terminal Src kinase
(Csk), leads to a less active conformation. The mutated and
constitutively active forms of c-Src are associated with vari-
ous human cancers, including HNSCC; however, it is inac-
tive under basal conditions.

In HNSCC, c-Src activation promotes proliferation, inva-
sion, angiogenesis, and cancer metastasis.®® Furthermore,
in patients with HNSCC, c¢-Src activation leads to poor dif-
ferentiation and lymph node metastases.® c-Src inhibition
suppresses HNSCC proliferation, invasion, and migration.
More specifically, c-Src inhibition abrogated the proliferation
and invasion of HNSCC cells in vitro.l® However, clinical
studies of c-Src inhibition in cancer have not been promising.

For instance, the Phase I, but not Phase 1I, testing of sara-
catinib (AZD0530), a potent drug that downregulates acti-
vated Src,!! is complete. However, available Phase II data
suggest AZD0530 is ineffective against HNSCC.12 AZD0530
blocks the Src/Abelson murine leukemia viral oncogene
homolog 1 (Abl)-breakpoint cluster region (Bcr) kinase path-
way.!! Similarly, dasatinib (BMS-354825), an inhibitor of Src
and CD117, suppressed the activity of phosphorylated c-Src
and inhibited both tumor cell proliferation and invasion
in preclinical trials.!> Reportedly, as the activation of Src is
implicated in various solid tumors, it has emerged as a prom-
ising therapeutic target. The elucidation of the mechanisms
underlying its activation has fostered the development of Src
targeting drugs. Drugs, including BMS-354825, AZD0530,
bosutinib (SKI-606), KX2-391, and X1.228, that can inhibit the
Src family kinases, are currently being investigated for their
efficacy against various solid tumors. In human trials, dasat-
inib monotherapy has been shown to inhibit c-Src; however,
it did not affect tumor growth.'* Recent studies reported a
relation between c-Src expression and epidermal growth fac-
tor receptor (EGFR) inhibitor resistance in cancers, including
lung, gastric, colon cancer, and HNSCC.15-18 ¢-Src overex-
pression conferred erlotinib (Tarceva) resistance, an EGFR
TK inhibitor, while ¢-Src knockdown enhanced the sensitiv-
ity to erlotinib both in vitro and in vivo.'8 Likewise, inhibi-
tion of c-Src has anticancer effects against colon and gastric
cancers that are resistant to EGFR-targeting therapeutics. 1617

The proto-oncogene Src and its kinase family play a major
role in cancer cell proliferation, invasion, and chemoresist-
ance. The selective c-Src inhibitor 4-amino-5-(4-chlorophenyl)-
7-(dimethylethyl) pyrazolo[3,4-d] pyrimidine (PP2) was
initially used to treat myeloid leukemia.' Recent studies have
demonstrated that PP2 inhibits the growth and invasion of
cancer cell lines, including those of HNSCC origin.”?0-22 In this
study, we investigated the anticancer effects and underlying
mechanisms of the ¢-Src inhibitor PP2 against HNSCC.

Materials and methods

The rabbit anti-protein kinase B (AKT) (#9272), rabbit anti-
phosphorylated AKT (pAKT) (#9271), rabbit anti-Actin
(#4970), rabbit anti-E-cadherin (#3195), rabbit anti-N-cad-
herin (#4061), rabbit anti-Vimentin (#3932), mouse anti-
extracellular signal-regulated kinase (ERK) (#9107), mouse
anti-phosphorylated ERK (pERK) (#9106), rabbit anti-Slug
(#9585), rabbit anti-Snail (#3879), rabbit anti-PARP (#5625),
and rabbit anti-cleaved caspase-3 (#9661) primary antibod-
ies were purchased from Cell Signaling (Cell Signaling
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Technology, MA, USA). Other antibodies, including mouse
anti-c-Src (#s¢8056), mouse anti-phosphorylated c-Src(p-csrc)
(#sc81521). The secondary antibodies used in this study were
acquired from Santa Cruz Biotechnology (Dallas, TX, USA).
PP2 was purchased from Sigma (#P0042; Sigma, MO, USA)
and suspended in phosphate-buffered saline (PBS)/DMSO
at stock concentrations of 5, 10, and 20 pM.

Cell lines and cell culture

The following human HNSCC cell lines were obtained from
the Korea Cell Line Bank (Seoul, Korea): YD9, YD15, YD10-B,
SNU1076, SNU46, SNU899, and SNU1041. FaDu cells were
purchased from the American Type Culture Collection
(ATCC, Manassas, VA, USA), and SCC1483 cells were pro-
vided by Prof. Se-Heon Kim (Yonsei University, Korea). Cell
lines were routinely cultured in RPMI 1640 (#11875-093;
Gibco/Invitrogen, Carlsbad, CA, USA), except for SCC1483s
cells, which were maintained in Dulbecco’s Modified Eagle’s
Medium/Nutrient Mixture F-12 (DMEM/F12; #12634-010;
GIBCO/Invitrogen), and FaDu cells, which were maintained
in Minimum Essential Medium (MEM; #11095-080; GIBCO/
Invitrogen). All growth media were supplemented with 10%
fetal bovine serum (FBS; #16000-044; GIBCO/Invitrogen)
and antibiotic-antimycotic solutions (#15240-062; GIBCO).
Cells were incubated at 37 °C and 5% CO, under humidified
conditions.

Cell viability assay

Cells were seeded into 96-well plates at a density of 5X 10°
cells/well and allowed to reach confluence. Cells were then
exposed to PP2 at the indicated concentrations for 24, 48, or
72h. After exposure, cell viability was assessed using a cell
counting kit-8 (CCKS; #96992; Sigma) following the protocol
provided with the kit. Briefly, CCK8 solution was added to the
wells containing the cell suspension, and the plates were incu-
bated for 1h. Subsequently, the optical density was measured
using the Bio-Tek microplate reader (Winooski, VT, USA).
Data are presented as a percentage relative to the control cells.

Wound-healing assay

Cells were seeded into 12-well plates at a density of ~5 X 10*
cells/well, grown to confluence, and then deprived of serum
for 24h. The wounds were generated using sterile 200-uL
pipette tips and washed with PBS, followed by exposure
to PP2 or vehicle control (PBS/DMSO) for 24 h. Cells were
stained with crystal violet (#V5265; Sigma), and the wound-
healing area was examined via light microscopy. Each exper-
iment was completed in triplicate.

Invasion assay

Cell invasion capacity was evaluated using Matrigel-coated
Transwell invasion chambers (8 um pore; #354480; Corning,
MA, USA) as previously described.?> SCC1483 or YD-15 cells
were treated with PP2 or vehicle control (DMSO/PBS) for
24 h. After incubation, cells were fixed with formalin and
stained with crystal violet. The number of invading cells was
counted in three randomly selected representative fields per
insert. Each assay was performed in triplicate.
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Apoptosis analysis

Apoptotic cell death was detected using the Annexin V-FITC
Apoptosis Staining/Detection Kit (#ab14085; Abcam, MA,
USA) with propidium iodide (PI) staining, as previously
described.?* Cells were seeded in 10 cm-dish plates, allowed
to reach confluence, and then exposed to PP2 for 24 h. Cells
were harvested, washed with cold PBS, and stained with
annexin V-FITC and PI at room temperature for 15min in the
dark. Early and late apoptosis was then quantified according
to manufacturer instructions using a FACS system (Beckman
Coulter, CA, USA)

Western blot analysis

Western blot analysis was performed following a previously
described method® using the anti-actin, anti-p-c-Src, anti-c-
Src, anti-cleaved caspase 3, anti-cleaved anti-PARP, anti-Slug,
anti-Snaill, anti-E-cadherin, anti-N-cadherin, anti-Vimentin,
anti-p-Erk, Erk, anti-p-Akt, and anti-Akt primary antibodies
and peroxidase-conjugated secondary antibodies. f-Actin
was employed as a housekeeping control, and the bands were
quantified using Image ] software normalized to f-actin.

Tumor xenograft mouse model

The protocol for animal studies was approved by the Ethics
Committee for Animal Care and Use (P-20-34-A-01), Konyang
University, Daejeon, Republic of Korea. The tumor xenograft
mouse model was established as previously described.? Six-
week-old male BALB/cnude mice were acquired from Orient
Bio (Seongnam, Republic of Korea). After acclimatization for
7days, the mice were subcutaneously injected with SCC1483
cells (1 X10* cells/well). Seven days post-injection when the
SCC1483 grafts developed into palpable tumors, mice in each
group were randomly divided into treatment and control
groups (n=>5 in each group). The control group received 1%
DMSO. The mice in the treatment group were intraperito-
neally injected with a single dose of 10mg/kg PP2 daily. Mice
in both groups were treated for 2 weeks, and body weight and
tumor size were monitored daily. Finally, mice were sacrificed
after 2 weeks, and the tumor tissues were excised.

Terminal deoxynucleotidyl transferase (TdT)
dUTP Nick-End Labeling (TUNEL) assay

The TUNEL assay was performed following the protocols
described in a previous study.?” In situ Cell Death Detection
Kit (Roche, Mannheim, Germany) was used for TUNEL
assay on the cryo-preserved tissues following the manufac-
turer’s instructions. The green-stained apoptotic cells were
detected using a fluorescence microscope (Zen imaging soft-
ware, Carl Zeiss, Microscopy GmbH, Jena, Germany).

Immunofluorescence

For immunofluorescence staining, tumor sections were
washed three times in PBS (5min per wash) and incubated
for 1h in blocking buffer (3% BSA #A7030, Sigma; 0.2% Triton
X100 in PBS), followed by overnight (at 4 °C) incubation with
primary antibodies. Afterward, the sections were washed
three times with PBS and incubated for 1h with Alexa 488
(#150113, Abcam) or Alexa 647 (#150079, Abcam) conjugated

secondary antibodies. The sections were washed twice with
PBS and stained with DAPI (2 ng/mL) for 5min. Prior to use,
the primary antibodies were diluted to 1:50 in the blocking
buffer, and the secondary antibodies were diluted to 1:400
in PBS. Afterward, they were rinsed in water, the coverslips
were mounted onto glass slides using mounting media
(#TA-030-FM, Thermo), the slides were observed using a
Zeiss Confocal microscope, and the images were captured.
Zen imaging software (Carl Zeiss, microscopy GmbH, Jena,
Germany) was used to analyze the images.

Statistical analysis

The data are presented as the mean = standard error of the
mean, as indicated. The data were analyzed using analy-
sis of variance with Tukey’s multiple comparisons test and
Student’s t-tests. The threshold for statistical significance
was set at p <0.05. The statistical analyses were performed
using GraphPad Prism 5.0 software (GraphPad Software,
CA, USA).

Results
c-Src phosphorylation in HNSCC

The phosphorylated and total c-Src levels were assessed in
nine HNSCC cell lines (SNU1041, Fraud, SNU46, SNU1076,
SNU899, SCC1483, YD15, YD9, and YD10-B). The results
demonstrated that the c-Src level was increased in all
HNSCC cell lines, and the highest c-Src phosphorylation
was observed in SCC1483 and YD15 cell lines (Figure 1(a)
and (b)). PP2 caused cell death in most cell lines.

PP2 suppresses growth and induces apoptosis in
HNSCC cell lines

To determine whether c-Src inhibition via PP2 had antican-
cer effects, we assessed its effects on tumor cell growth. PP2
suppressed c-Src phosphorylation in SCC1483 and YD15
cell lines that exhibited the highest c-Src phosphorylation.
The inhibitory effect of PP2 on c-Src phosphorylation in cell
lines was confirmed using western blot analysis (Figure
2(a)). Furthermore, PP2-induced c-Src inhibition effectively
suppressed tumor cell growth. The evaluation of apoptosis
using annexin V-FITC and PI staining and flow cytometry
revealed that PP2 exposure significantly increased the num-
ber of early and late apoptotic cells, with a 4.36- and 10.34-
fold increase in apoptotic SCC1483 and YD15 cells relative
to controls (Figure 2(b)). Caspase-3 and PARP show a pivotal
role in the intrinsic apoptosis pathway. Western blot analysis
demonstrated a significant increase in caspase-3 (17.19 kDa)
and cleaved PARP (89 kDa) levels in PP2-treated SCC1483
and YD15 cell lines compared with controls (Figure 2(c)).
Taken together, these findings indicated that PP2 suppressed
HNSCC cell growth and induced cancer cell apoptosis via
the upregulation of caspase-3 and PARP.

PP2 suppresses HNSCC invasion and metastasis
in vitro

The cell migration and invasion assays demonstrated that
¢-Src inhibition via PP2 (5 uM) suppressed the migration
and invasion capacity of SCC1483 and YD15 cell lines across
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Figure 1. c-Src phosphorylation in head and neck squamous cell carcinoma (HNSCC) cell lines and c-Src inhibition via PP2. (A) Immunoblotting of phosphorylated
and total c-Src expression in nine HNSCC cell lines. (B) Cell proliferation assay. SNU1041, FaDu, SNU46, SNU1076, SNU899, SCC1483, YD15, YD9, and YD10-B

were incubated with vehicle, 5, 10, or 20 uM PP2 for 24, 48, or 72h. A cell viability assay was then performed. Different letters indicate a significant difference

(p <0.05) based on one-way ANOVA and Turkey’s honestly significant difference (HSD) test. Each assay was performed in triplicate, and data are presented as the
mean = standard error of the mean. NS: not significant.

the scratched area relative to the control conditions (Figure  (Figure 3(a)). The invasion capacity decreased 2.5-fold in
3(a) and (b)). PP2 inhibited tumor cell migration by 15%  SCC1483 and 2.0-fold in YD15 cells compared with controls
in SCC1483 and 35.83% in YD15 cells after incubating 24h  (Figure 3(b)). Therefore, it can be inferred that c-Src inhibition
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Figure 2. Cell proliferation of SCC1483 and YD15 cells. (A) Immunoblotting of phosphorylated and total c-Src in SCC1483 and YD15 cells treated with 5 or 10 uM
PP2 for 24 h. (B) Apoptotic cells in SCC1483 and YD15 cells treated with PP2. The cells were treated with PP2 (10 uM) for 24 h. Afterward, annexin V/PI staining
and flow cytometry were performed to assess apoptosis. Values show the percentage of cells in the annexin (early apoptotic; lower right) and annexin/PI (late
apoptotic; upper right) quadrants (left panel). The graph shows a significant increase in apoptotic cells among PP2-treated SCC1483 and YD15 cells (right panel).
(C) Immunoblotting of cleaved caspase-3 in SCC1483 and YD15 cells treated with 5 or 10 uM PP2 for 24 h. *p <0.05; ** p <0.01; *** p <0.001; Scale bar=250 pym.
B-Actin was used as a loading control in all western blots.

by PP2 effectively suppressed not only tumor cell growthbut ~ YD15 cell lines. The results showed that the EMT-related
also HNSCC invasion and metastasis. proteins such as N-cadherin, vimentin, Slug, Snail, Erk,
and Akt were downregulated, and E-cadherin was sig-
PP2 downregulates the epithelial-mesenchymal nificantly upregul'ated in PPZ—tr?ated SCC1483 and YD15
transition (EMT) in HNSCC cells compared with controls (Figure 3(c) and (d)). Th.ese
results suggest that PP2 suppresses HNSCC progression

As PP2 suppressed tumor cell invasion and migration, we by regulating EMT signaling, including Erk, Akt/Slug, and
assessed EMT-associated protein expression in SCC1483 and ~ Snail/E-cadherin.
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Figure 3. PP2 suppresses cell migration and invasion and downregulated EMT pathway proteins in SCC1483 and YD15 cells. (A) Wound-healing assay.

The effects of PP2 on wound healing were evaluated via crystal violet staining after 24 h under X100 magnification (left panel). Quantitative analyses of
wound-healing ratios are shown in the right panel. (B) Invasion assay. Cell lines were seeded on a filter (pore size, 8 um) coated with Matrigel in the upper
chamber of a Transwell plate and exposed to 5 uM PP2. After 24 h, cells attached to the lower section were stained with crystal violet (left panel) and examined
at X200 magnification. (C) Immunoblotting of Slug, Snail, E-cadherin, N-cadherin, and vimentin in SCC1483 and YD15 cells treated with 10 pM PP2 for 24 h.
(D) Immunoblotting of pERK, ERK, pAKT, and AKT in SCC1483 and YD15 cells treated with 10 uM PP2 for 24 h. (A, B) Each assay was performed in triplicate
independently. Data represent the mean * standard error of the mean. *p <0.05, ** p <0.01, *** p <0.001; Scale bar=250 pym. -Actin was used as a loading
control in all western blots.
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Figure 4. Therapeutic effects of PP2 in the SCC1483 xenograft mouse model. (A) Tumor growth. The tumor volumes were 100-200 mm3 at the start of treatment.
Tumor size was measured after PP2 treatment once every 2 days for 15days. (B) Tumor weight (C). Hematoxylin-eosin staining of tumor tissues of control and PP2-
treated tumor-bearing mouse. (D) Tumor tissue sections from PP2-treated mice were subjected to TUNEL assays for apoptosis detection. (E) Immunofluorescence of
p-c-Src (red), slug (red), N-cadherin (red), and E-cadherin (green) in representative tumor tissue sections from PP2-treated mice. *p <0.05, ** p <0.01, *** p <0.001;

Scale bar=250 pm.

Therapeutic effects of PP2 on the SCC1483
xenograft mouse model

To determine whether PP2 treatment would suppress
HNSCC in vivo, we established the SCC1483 human HNSCC
xenograft mouse model. Evaluation of the efficacy of PP2
treatment to suppress HNSCC in vivo in xenograft mice
model demonstrated reduced tumor growth in PP2-treated
mice than in control mice (p =0.0005; Figure 4). Furthermore,
a significant change in tumor size and weight was observed
(Figure 4(a) and (b)). Hematoxylin and eosin staining of the
excised tumors highlighted tumor heterogeneity between
PP2-treated mice (Figure 4(c)). In addition, the number of
TUNEL-positive cells was significantly increased in the
tumors of PP2-treated mice (Figure 4(d)). These results indi-
cated that PP2-mediated apoptosis plays a significant role
in HNSCC. The assessment of the p-c-Src and EMT marker
expression levels using immunofluorescence staining

revealed significantly reduced levels of p-c-Src and mesen-
chymal markers, slug and N-cadherin, in a dose-depend-
ent manner, and increased levels of the epithelial marker
E-cadherin in the tumors of PP2-treated mice than those in
control mice (Figure 4(e)).

Discussion

Management of HNSCC includes single treatment or com-
bination regimens incorporating surgery, chemotherapy,
radiation, targeted therapy, and immunotherapy. However,
these regimes have respective limitations, necessitating fur-
ther research to optimize cancer treatment. There has been
considerable research into targeted therapy approaches for
HNC. This study demonstrated that PP2-mediated inhibi-
tion of c-Src impeded tumor cell growth and progression by
regulating EMT signaling in HNSCC.



PP2 is a c-Src selective inhibitor whose effect on HNSCC
has not been extensively studied due to the poor clinical
efficacy of other well-studied tyrosine kinase inhibitors!1415
PP2 is a pan-Src kinase inhibitor, which acts less selectively
and is structurally different from selective Src inhibitors such
as dasatinib. The lack of selectivity of PP2 has intricated the
interpretation of the results of several studies evaluating
PP2, as the inhibitory effects could also be attributed to the
inhibition of many other kinases.?®?° Nevertheless, the inhi-
bition of c-Src activity with PP2 demonstrated the therapeu-
tic anticancer effect by restoring cetuximab sensitivity in
gastric and colorectal cancers.!”30 Therefore, we decided to
investigate the effects of PP2 on HNSCC.

First, we determined the phosphorylated and total c-Src
levels in nine HNSCC cell lines to screen for c-Src-hyper-
active HNSCC. c-Src phosphorylation was prominent in
SCC1483, YD15, and SNU899 cells.?! Furthermore, our find-
ings demonstrated that PP2 suppressed the growth, migra-
tion, and invasion capacity of SCC1483 and YD15 cell lines.
PP2 treatment increased the cleaved caspase-3 and cleaved
PARP levels in SCC1483 and YD15 cells.

Several studies have reported the relation between
EMT and drug resistance in multiple cancers, including
HNSCC.32-% Reportedly, in cells undergoing EMT, epithe-
lial factors, such as tight junction protein 1 and E-cadherin,
are downregulated. In contrast, the mesenchymal factors,
such as vimentin and N-cadherin, are upregulated. In this
study, we analyzed the factors related to the EMT pathway
to clarify the mechanism of the observed effects of PP2. Of
the EMT markers, slug, a transcription factor that induces
EMT, has been shown to related caspase-9 activity in can-
cer cells.” Restoring E-cadherin expression in lung cancer
cell lines increased the sensitivity to EGFR inhibitors.38
Maseki et al. reported the acquisition of the EMT pheno-
type in EGFR-resistant HNSCC cell lines through Akt/Snail
signaling.®

c-Src has also been linked to EMT in lung carcinomas,
wherein c¢-Src is overexpressed or hyper-activated.*? c-Src
has been demonstrated to play a key role in the regulation
of EMT via acting through the Erk, Akt/Slug, and Snail/E-
cadherin cascades.442 Therefore, PP2 was expected to inhibit
EMT-related factors downstream of c-Src, suppressing the
transition. Here, we showed that Erk and Akt were downreg-
ulated in PP2-treated cells, as were Slug and Snail, whereas
the expression of E-cadherin was upregulated. These results
suggest PP2 regulates EMT signaling, downregulating inva-
sive and metastatic potential of HNSCC cell lines.

In conclusion, this study indicates that PP2 is a potential
therapeutic candidate for HNSCC, which acts via regula-
tion of the EMT signaling pathway and c-Src. These findings
highlight the efficiency of c-Src as a potential therapeutic
target for treating HNSCC.
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