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Abstract: (1) Background: P-cadherin (CDH3) is a transmembrane protein that plays a crucial role
in maintaining the structural integrity of epithelial tissue and homeostasis. Its role in carcinogenesis
remains a subject of debate, as its behavior can vary depending on the molecular context and the
specific tumor cell model under study. In this study, we explored the role of P-cadherin in head and
neck squamous cell carcinoma (HNSCC) and the mechanism underlying its function. (2) Methods:
We analyzed P-cadherin expression in HNSCC patients using The Cancer Genome Atlas (TCGA)
database. For in vitro functional analysis, we conducted proliferation, migration, invasion, and
western blot assays after either suppressing or overexpressing P-cadherin. For in vivo functional
analysis, we utilized mouse xenograft models. (3) Results: P-cadherin was significantly
overexpressed in tumor samples compared to normal samples in the TCGA-HNSCC cohort. P-
cadherin knockdown resulted in decreased proliferation, migration, and invasion compared to
control cells, while P-cadherin overexpression increased cell proliferation and migration in HNSCC
cells. We discovered that c-Met functioned as an upstream regulator of P-cadherin. Surprisingly, we
found that P-cadherin knockdown increased the phosphorylation of c-Met and STAT3. Combining
P-cadherin siRNA with the c-Met inhibitor SU11274 resulted in a more effective reduction in
HNSCC cell growth, both in vitro and in vivo, compared to either treatment alone. (4) Conclusions:
Our study uncovered a previously unknown aspect of P-cadherin-mediated c-Met regulation. The
enhanced activation of c-Met/STAT3 following P-cadherin inhibition could be responsible for the
survival of resistant tumor cells. Therefore, dual inhibition of P-cadherin and c-Met may be a
potentially effective approach for treating HNSCC.
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1. Introduction

Head and neck carcinoma (HNC) is the sixth most common cancer worldwide and affects >
500,000 people each year [1-5]. Squamous cell carcinoma (SCC), which presents as a highly
heterogeneous disease, accounts for more than 90% of HNC cases [1,4,6,7]. Despite advancements in
traditional therapies such as surgery, chemotherapy, and radiation therapy over the past three
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decades, the average 5-year survival rate post-diagnosis in developed countries remains between 42%
and 64% [8,9]. Head and neck squamous cell carcinoma (HNSCC) is a multifactorial disease, with
primary known risk factors including exposure to tobacco products, alcohol, and infection with high-
risk human papillomavirus (HPV) strains [8,10-12]. The prognosis for HNSCC is generally poor,
particularly when the disease has migrated regionally to cervical lymph nodes or metastasized to
distant organs [13-17]. Therefore, a deeper understanding of this disease’s biological behavior could
improve our ability to predict and guide HNSCC treatment.

Cadherins belong to a family of glycosylated Ca*-dependent adhesion molecules that play a
crucial role in maintaining tissue integrity and cellular localization [18,19]. The classic cadherin family
is primarily divided into CDH1/E-cadherin (found in epithelial cells), CDH2/N-cadherin (found in
neurons), CDH3/P-cadherin (found in the placenta), and CDH4/R-cadherin (found in the retina) [20].
These molecules mediate intercellular adhesion and facilitate the transduction of signals that impact
several vital biological processes, such as proliferative activity, cellular motility, and apoptosis [21,22].
Among these classic cadherins, P-cadherin is a key epithelial molecule that is exclusively expressed
in the basal layer of epithelial cells, similar to E-cadherin [23]. However, our understanding of its role
in tissue integrity and homeostasis remains largely incomplete. Therefore, it is necessary to expand
our understanding of the mechanisms underlying P-cadherin-mediated pathways in HNSCC.

The mesenchymal-epithelial transition factor (Met or c-Met), a receptor tyrosine kinase, is
overexpressed in many cancers, including HNSCC, and plays a pivotal role in tumor development
[4,24]. Numerous studies have reported that high c-Met expression was correlated with poor
prognosis and tumor recurrence [25,26]. Additional research has demonstrated that c-Met promotes
tumor progression through mechanisms such as cell proliferation, invasion, and angiogenesis
[24,27,28]. However, data regarding the association between c-Met and P-cadherin, and the influence
this has on signal transduction, remain scarce. In this study, we identified a correlation between c-
Met and P-cadherin in HNSCC for the first time. We also discovered that suppressing P-cadherin
amplifies the c-Met/STAT3 signaling pathway. Therefore, when P-cadherin is downregulated to
achieve anticancer effects, it is crucial to consider the concurrent use of P-cadherin and c-Met
inhibitors.

2. Materials and Methods

2.1. Cell lines and reagents

The human HNSCC cell lines SNU1076 (larynx), SNU1066 (larynx), SNU1041 (hypopharynx),
FaDu (hypopharynx), SCC15 (oral), SCC25 (oral), and YDS8 (oral) were obtained from the Korean Cell
Line Bank (Seoul, South Korea). The primary human fibroblasts hFB were utilized as normal
epithelial cells. The cell lines SNU1076, SNU1066, SNU1041, and YD8 were cultured in RPMI 1640
medium (WELGENE Inc., Gyeongsan, Korea). The SCC15 and SCC25 cell lines were maintained in
DMEM/F12 (WELGENE Inc., Gyeongsan, Korea). The hFB and FaDu cell lines were cultured in high-
glucose DMEM (WELGENE Inc., Gyeongsan, Korea). All cell lines were supplemented with 10% fetal
bovine serum and 100 U/mL penicillin-streptomycin (HyClone, Logan, UT, USA). The cells were
incubated at 37°C in a humidified atmosphere containing 5% COs..

2.2. RNA isolation and quantitative real-time PCR (qRT-PCR)

Total cellular RNA was extracted using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA). We
then synthesized cDNA from 1 ug of the total RNA using TOPscriptTMRT DryMIX (Enzynomics Inc.,
Daejeon, Korea), following the manufacturer’s instructions. The amplification process was conducted
using the SYBR Green qPCR Master Mix (Thermo Fisher Scientific, Waltham, MA, USA). The PCR
reactions were executed over 40 cycles, each consisting of 95 °C for 15 seconds, 60 °C for 1 minute,
and 72 °C for 1 minute. The primer sequences used were as follows: P-cadherin-F: 5-ATG TGC CTG
AGA ATG CAG TG-3'/P-cadherin-R: 5- GTT TTT GGC CTC AAA ATC CA-3', and GAPDH-F:5"-
ACC CAG AAG ACT GTG GG-3'/GAPDH-R:5"-TTC TAG ACG GCA GGT CAG CT-3". The Ct values
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provided by the real-time PCR instrument were imported into Excel. We then used the 2-24¢t method
to perform relative quantification of qRT-PCR fold changes.

2.3. Western blot analysis

Cells were lysed using a RIPA lysis buffer that contained 150 mM NaCl, 1.0% Nonidet P-40
(NP40), 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate, 50 mM Tris (pH 8.0), and a protease
inhibitor cocktail (Roche Applied Science, Vienna, Austria, pH 7.4). Electrophoresis was carried out
as previously described [29,30]. For Western blot analysis, the following primary anti-human
antibodies were utilized: anti-P-cadherin, anti-phospho-Met (Tyr1234/1235), anti-Met, anti-phospho-
STAT3 (Tyr705), anti-STATS3, anti-phospho-FAK (Tyr397), anti-phospho-Src (Tyr416), anti-Phospho-
Akt (Ser473), anti-Akt, anti-Phospho-ERK1/2 (Thr202/Tyr204), anti-ERK1/2, anti-ZEB1, anti-Slug,
anti-p-Actin (1:1000; Cell Signaling Technology Inc, Danvers, MA, USA), anti-FAK, anti-Src, anti-E-
cadherin, and anti-N-cadherin (1:1000; Santa Cruz Biotechnology, Dallas, TX, USA). The membranes
were blocked with 5% skim milk for 1 hour at room temperature. After washing with Tris-buffered
saline and 0.1% Tween 20 (TBST), the membranes were incubated with primary anti-human
antibodies (Abs) at 4 °C. The membranes were then incubated with the corresponding horseradish
peroxidase-conjugated secondary antibodies (1:1000; Cell Signaling Technology Inc, Danvers, MA,
USA) for 1 hour at room temperature. Following four washes with TBST, the immunoreactive bands
were visualized using enhanced chemiluminescence (ECL) detection.

2.4. Patients” Samples and Ethics Statement

Samples from four patients diagnosed with HNSCC at CNUH were included in the study.
Paired tumor and normal tissues were obtained from patients with HNSCC. All samples were
gathered from patients after they provided informed consent according to the institutional guidelines
of Chungnam National University Hospital. The protocol for this study was approved by the
Institutional Review Board of CNUH (Reg. No. CNUH IRB No. 2017-07-005). Human tissues were
homogenized in RIPA buffer and processed following the immunoblotting analysis protocol.

2.5. Small-interfering RNA (siRNA) and overexpression vector transfection

Cells were seeded at 2x10°%/well in six-well plates and subsequently cultured overnight to
achieve a confluence of 60%-70%. The cells were then transfected with 50 nM of either P-cadherin
siRNA-1 (sense: 5'-CUCUCUGGAAUGGAACCUU (dTdT)-3"; antisense: 5'-
AAGGUUCCAUUCCAGAGAG (dTdT)-3"), P-cadherin siRNA-2 (sense: 5'-
GACUGACCUACAGUGGACU (dTdT)-3"; antisense: AGUCCACUGUAGGUCAGUC (dTdT)-3"), or
negative control siRNAs (#SN-1003, Bioneer, Daejeon, South Korea). These were dissolved in Opti-
MEM medium (Gibco, Waltham, MA, USA) and transfected using Lipofectamine RNAIMAX
(Thermo-Fisher Scientific, Waltham, MA, USA) in accordance with the manufacturer’s protocol.

2.6. Cell proliferation assay

Cells were seeded at 1 x 104/well in 96-well plates. After 24 hours, these cells were treated with
either a control or P-cadherin siRNA for a duration of 48 hours. The viabilities of SNU1076 and
SNU1041 cells were then assessed using the WST-1 cell proliferation reagent (Roche Diagnostics
Corporation, Indianapolis, IN, USA), as previously described. The formazan product was
quantitatively measured at 450 nm using an enzyme-linked immunosorbent assay reader.

2.7. Colony formation assay

Cells were seeded in 6-well plates at 1 x 10° cells/well in 2 mL of medium. The medium was
replaced with new medium every three days, and the cells were allowed to grow for 12 days. The
colonies were fixed in 4% formaldehyde, stained with crystal violet, and then imaged and counted.
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2.8. Cell migration and invasion (Transwell) assay

Transwell chambers (24-well; Costar, Cambridge, MA, USA) with 6.5-mm diameter
polycarbonate filters (8-pum pore size) were used to examine cell migration and invasion, as described
previously. In brief, we coated the Transwell membranes with Matrigel (BD Biosciences) for 6 hours
at 37 °C for the invasion assay, while we left the membranes uncoated for the migration assay. We
then added 2 x 105 cells in 100 pL of serum-free medium to the upper chamber, and 700 puL of medium
containing 10% fetal bovine serum to the lower chamber. We incubated the chamber for 48 hours in
a 5% CO: environment at 37 °C. After incubation, we removed non-migrated or non-invaded cells
using a cotton swab. We stained the cells that had attached to the lower chamber (either migrating or
invading cells) with crystal violet and counted them in four representative fields under a light
microscope at x200 magnification.

2.9. Bioinformatic Transcriptome Analysis

All genomic data for HNSCC (n=522) were sourced from The Cancer Genome Atlas (TCGA) via
a specific portal (https://tcga-data.nci.nih.gov) and the UCSC Cancer Browser (https://genome-
cancer.ucsc.edu). Ingenuity Pathways Analysis (IPA) was conducted to explore relevant pathways.
To measure the dependence between gene expression signals, Spearman correlation coefficients were
used.

2.10. Xenograft in vivo tumor model

Mice were maintained under specific pathogen-free conditions and utilized in accordance with
the guidelines set by the Institutional Animal Care and Use Committee of Chungnam National
University. This committee approved the animal research protocol (No. CNUH-020-A0036-1). We
obtained 20 BALB/c-nude mice, each 6 weeks old, from Orient Bio Inc. (Seongnam, Republic of Korea).
These mice were randomly divided into four groups: control, P-cadherin (100mg/kg) and SU11274
(20mg/kg), and P-cadherin siRNA+5U11274, with each group containing 5 mice. We inoculated
luciferase-expressing FaDu (FaDu-luc) cells (1x10¢) subcutaneously into the lower right flanks of the
BALB/c-nude mice. After 7 days, when the tumors had reached approximately 50 mm in diameter,
we injected the tumors once every two days with 100 uL of each group’s respective treatment for 25
days. Following the final injection, we excised the tumors from the euthanized mice for subsequent
western blot and histological analysis.

2.11. Immunohistochemistry

Tissue samples were preserved in a 4% formalin solution before being embedded in paraffin.
The tissue sections were then deparaffinized in xylene, hydrated using graded alcohol solutions, and
stained with hematoxylin and eosin (H&E). Following mounting, the samples were examined with
an automatic digital slide scanner (Pannoramic MIDI; 3DHISTECH, Budapest, Hungary). For
immunohistochemistry, the tissue sections underwent a similar process of deparaffinization in xylene
and hydration in graded alcohol solutions. They were then heated at 100 °C for 15 minutes in Antigen
Retrieval Citra Solution (pH 6.0) to retrieve antigens. In single immunostaining, endogenous
peroxidase activity was inhibited using a 1% hydrogen peroxide solution (Sigma-Aldrich, St. Louis,
MO, USA) in phosphate-buffered saline (PBS) with 0.3% Triton X-100. This process was carried out
for 30 minutes at room temperature. The sections were then incubated with the specified antibodies
at 4 °C overnight, followed by incubation with the corresponding horseradish peroxidase-conjugated
secondary antibody. To detect these labeled antibodies, 3,3’ -diaminobenzidine (DAB; Dako, Agilent,
Santa Clara, CA, USA) was used, and the nucleus was stained with hematoxylin. After being rinsed
with PBS, the samples were mounted and analyzed using the same automatic digital slide scanner
(Pannoramic MIDI; 3DHISTECH, Budapest, Hungary).
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2.12. Statistical analysis

All statistical analyses were conducted using SPSS for Windows version 20.0 (IBM Corp.,
Armonk, NY, USA). We employed the Pearson chi-square or Fisher exact test to examine the
relationships between P-cadherin expression and clinicopathologic parameters. Survival curves were
generated using the Kaplan-Meier method and compared with the log-rank test. All in vitro
experiments were performed three times, and statistical significance was determined using the
unpaired Student t-test. The data are represented as means + standard deviation. A P-value of less
than 0.05 was considered to indicate statistical significance (*P <0.05; **P <0.01; ***P <0.001).

3. Results

3.1. P-cadherin is overexpressed in head and neck cancer

In a preliminary study, we identified significant differentially expressed genes (DEGs) from the
RNA-seq data of the Chungnam National University Hospital (CNUH) HNSC cohort, which
consisted of 9 tumors and 9 matched normal tissues [31]. P-cadherin was among the genes that
exhibited high expression in tumor tissues compared to normal tissues. We first evaluated whether
there was a disparity in P-cadherin expression between normal and tumor tissues from patients,
using the TCGA-HNSCC database as a reference. We found that P-cadherin expression was elevated
in tumor tissues compared to normal tissue (Figure 1A). We then examined the expression levels of
P-cadherin in a normal cell line (hFB) and in seven HNSCC cell lines (FaDu, SNU1041, SNU1076,
SNU1066, YD8, SCC15, SCC25). All HNSCC cell lines displayed significantly higher P-cadherin
expression than the normal cell line, at both mRNA and protein levels (Figure 1B, C). We also
investigated P-cadherin expression in four pairs of HNSCC patient tissues from CNUH. We found
that P-cadherin expression levels were elevated in tumor tissues compared to their corresponding
normal tissues (Figure 1D). In summary, these findings suggest that P-cadherin overexpression is
associated with tumorigenesis, indicating that P-cadherin could potentially have an oncogenic role
in HNSCC.
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Figure 1. P-cadherin expression in HNSCC patient tissues and cell lines. (A) P-cadherin was
expressed significantly more highly in tumor tissues than in normal tissues of HNC in The Cancer
Genome Atlas (TCGA) database. Cell lysates were prepared from normal cell line (hFB) and seven
HNSCC cell lines (FaDu, SNU1041, SNU1076, SNU1066, SCC15, SCC25, YD8) and examined the levels
of P-cadherin by gRT-PCR (B) and western blot analysis (C). (D) P-cadherin expression was examined
by western blot analysis using tissue samples obtained from head and neck cancer patients. Data were
presented as mean + SD of three independent experiments. Differences were considered relevant at p
<0.05 (* p<0.05, ** p<0.01, ** p < 0.001).
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3.2. P-cadherin promotes cell proliferation, migration and invasion of HNSCC cells through EMT and FAK-
Src signaling

To investigate the functional role of P-cadherin in HNSCC, we initially performed proliferation
assays, cell counting, and colony formation assays after the knockdown and overexpression of P-
cadherin in SNU1041 and SNU1076 cells. The cells were transiently transfected with either P-
cadherin-specific siRNA or negative control siRNA. The knockdown of P-cadherin resulted in a
decrease in both proliferative activity and colony formation capacity in both cell lines (Figure 2A-H).
Conversely, to assess the impact of P-cadherin overexpression, we transiently transfected a P-
cadherin overexpression vector into SNU1041 and SNU1076 cells. This overexpression of P-cadherin
significantly increased cell proliferation and colony formation compared to the control (Figure 2I-N).
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Figure 2. P-cadherin promotes proliferation of HNSCC cells. SNU1041 and SNU1076 cells were
transfected with P-cadherin siRNAs or negative control siRNA for 48h. (A, B) P-cadherin protein
levels were assessed by western blot analysis. (C, D) The proliferation of SNU1041 and SNU1076 cells
was analyzed by WST-1 assay. (E, F) Cell counting assessed using a hemocytometer. (G, H) Colony
formation assays were conducted. (I, J) P-cadherin protein levels were assessed by western blot
analysis after P-cadherin overexpression vector was transiently transfected into SNU1041 and
SNU1076 cells. After P-cadherin overexpression, the proliferation of SNU1041 and SNU1076 cells
analyzed by WST-1 assay (K, L) and colony formation assays were conducted (M, N). Data were
presented as mean + SD of three independent experiments. Differences were considered relevant at p
<0.05 (* p<0.05, ** p <0.01, *** p < 0.001).

Next, we investigated the role of P-cadherin in HNSCC migration and invasion, which are
recognized as critical steps in tumor metastasis. Cells transfected with either P-cadherin or negative
control siRNA were allowed to migrate in Transwell chambers (cell migration) or chambers coated
with Matrigel (cell invasion). The knockdown of P-cadherin significantly suppressed the migration
and invasion of SNU1041 and SNU1076 cells (Figure 3A-D). In contrast, overexpression of P-cadherin
resulted in an increase in migration and invasion of HNSCC cells (Figure 3G-]). These findings
suggest that P-cadherin positively influences the proliferation, migration, and invasion of HNSCC
cells.
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Figure 3. P-cadherin promotes migration and invasion of HNSCC cells.SNU1041 and SNU1076
cells were transfected with P-cadherin siRNAs or negative control siRNA for 48h. Cells were allowed
to migrate for 48h in transwell chambers (Cell Migration) (A, B) or for 72 h in chambers coated with
Matrigel (Cell invasion) (C, D). (E, F) The expression levels of FAK, Src, Akt, ERK, and the EMT-
related proteins were evaluated by western blot analysis. After P-cadherin overexpression, Cells were
allowed to migrate for 48h in transwell chambers (Cell Migration) (G, H) or for 72 h in chambers
coated with Matrigel (Cell invasion) (I, J). (K, L) After P-cadherin overexpression, the expression levels
of FAK, Src, Akt, ERK, and the EMT-related proteins were evaluated by western blot analysis. Data
were presented as mean + SD of three independent experiments. Differences were considered relevant
atp<0.05 (* p<0.05, ** p<0.01).

To understand how P-cadherin regulates cell migration and invasion in HNSCC cells, we
examined the epithelial-mesenchymal transition (EMT), as its activation is associated with cancer
metastasis during cancer progression [32]. To determine whether P-cadherin regulates the EMT, we
analyzed the epithelial marker (E-cadherin), mesenchymal marker (N-cadherin), and transcription
factors (ZEB1, Slug, Snail) using western blot analysis. The knockdown of P-cadherin resulted in a
significant decrease in N-cadherin, ZEB1, Slug, and Snail levels. Conversely, overexpression of P-
cadherin had the opposite effect in SNU1041 and SNU1076 cells (Figure 3E, F, K, L).

Previous data have shown cross-talk between P-cadherin and integrin in breast cancer [33].
Moreover, numerous studies have found that the activated FAK-Src generates signals leading to
tumor metastasis [34]. In our studies, we also examined whether P-cadherin affects the integrin-
related FAK-Src signaling. The knockdown of P-cadherin resulted in a reduction of p-FAK and p-Src
levels (Figure 3E, F, K, L). These findings suggest that P-cadherin promotes cancer progression by
inducing EMT and the FAK-Src signaling pathway.

3.3. P-cadherin is involved in the c-Met signaling pathway

To identify the upstream regulators of P-cadherin, we performed IPA using the TCGA-HNSCC
database. Among the various potential upstream regulators of P-cadherin, HGFR (c-Met) has not yet
been studied in relation to P-cadherin (Figure 4A). The HGF/c-Met signaling pathway is known to
play a crucial role in tumorigenesis and tumor metastasis [35]. Based on our IPA results, we
hypothesized that c-Met could be the primary upstream regulator of P-cadherin. To test this
hypothesis, we evaluated the relationship between c-Met and P-cadherin using Spearman correlation
analysis. In the TCGA-HNSCC database, we observed a significant positive correlation between the
expression of c-Met and P-cadherin (Spearman coefficient=0.354, P=0.000) (Figure 4B). Next, we
investigated whether the knockdown of c-Met would lead to a decrease in P-cadherin expression in
HNSCC cells. We found that siRNA silencing of c-Met did indeed reduce P-cadherin expression,
along with the phosphorylation of Akt, a well-known downstream target of c-Met in HNSCC cells
(Figure 4C). In contrast, overexpression of c-Met led to an increase in both P-cadherin expression and
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Akt phosphorylation (Figure 4D). To determine whether the induction of P-cadherin was mediated
by direct binding with c-Met, we evaluated the interaction between c-Met and P-cadherin using Co-
IP. Our results showed that c-Met and P-cadherin did not bind directly, suggesting that c-Met
modulates P-cadherin indirectly through some mechanisms (Supplementary Figure 1). Taken

together, these data suggest that P-cadherin is involved in the c-Met signaling pathway.
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Figure 4. P-cadherin was involved in the c-Met signaling pathway. (A) Upstream regulators of P-
cadherin by IPA analysis. (B) Scatter plots showing the relationship between the expression of P-
cadherin and c-Met using the Spearman’s correlation co-efficient. (C, D) SNU1041 and SNU1076 cells
were transfected with c-Met siRNAs and c-Met overexpression vector or negative control for 48h. p-
c-Met, total c-Met, P-cadherin, p-Akt, total Akt levels were examined by western blot analysis. Data
were presented as mean + SD of three independent experiments.

3.4. P-cadherin blockade activates c-Met/STAT3 pathway

To elucidate the relationship between P-cadherin and c-Met, we examined the activation of c-
Met following P-cadherin knockdown. Intriguingly, we discovered that the suppression of P-
cadherin activates c-Met by enhancing the phosphorylation of c-Met and STAT3, a downstream
component of c-Met, while Akt signaling was diminished in SNU1041 and SNU1076 cells (Figure 5A,
B). To further investigate this novel mechanism, we studied the activation of c-Met after a time-
dependent inhibition of P-cadherin. As depicted in figures 5C and D, no increase in c-Met
phosphorylation was detected during the early hours of P-cadherin suppression. However, after 24
hours, P-cadherin suppression resulted in a significant increase in c-Met phosphorylation, while
concurrently inducing Akt inhibition. Our findings suggest that although P-cadherin inhibition
enhances the sensitivity of HNSCC, a subset of cells may survive, potentially due to the activation of
other molecular pathways, including at least c-Met signaling.
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Figure 5. P-cadherin blockade activates c-Met/STAT3 pathway. (A, B) SNU1041 and SNU1076 cells
were transfected with P-cadherin siRNAs or negative control siRNA for 48h. The levels of phospho-
c-Met, total c-Met, P-cadherin, phospho-STAT3, total STAT3, phospho-Akt, total Akt, phospho-ERK
were examined by Western blot analysis. (C, D) SNU1041 and SNU1076 cells were transfected with
P-cadherin siRNAs or negative control siRNA in time-dependent manner. To examine the levels of
various proteins, western blot analysis was conducted. Data were presented as mean * SD of three
independent experiments. .

3.5. Dual blockade of P-cadherin and c-Met inhibits HNSCC cell progression in vitro and in vivo

Since c-Met reactivation invariably follows P-cadherin inhibition, we assessed whether
simultaneous inhibition of both P-cadherin and c-Met could yield a more potent anti-cancer effect in
HNSCC. We treated SNU1041 and SNU1076 cells with the c-Met inhibitor SU11274 in conjunction
with siRNA targeting P-cadherin, and compared the results to those of monotherapy, a c-Met
inhibitor, or siRNA targeting P-cadherin alone. Intriguingly, the combined treatment of SU11274 and
P-cadherin siRNA significantly diminished cell proliferation, migration, and invasion compared to
cells treated solely with P-cadherin inhibition in both SNU1041 and SNU1076 cells (Figure 6A-]).
Furthermore, to determine whether combined inhibition of P-cadherin and c-Met signaling could
sensitize HNSCC in vivo, we established a xenograft mouse model from HNSCC. FaDu-Luc cells
were subcutaneously injected into nude mice. Once tumors reached a volume of 300 mm? post-
inoculation, we administered P-cadherin siRNA and SU11274 either individually or in combination
directly into the tumors. The region of interest and tumor volume of the groups that received the
combined administration of P-cadherin and c-Met inhibitors were significantly reduced compared to
the control or individually injected groups (Figure 7A-D). The expression levels of P-cadherin were
notably lower in the group treated with the combination compared to the control group or those
treated individually (Figure 7E, F). These results suggest that a combination treatment targeting P-
cadherin and c-Met is more effective in curtailing the growth of head and neck cancer cells.
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Figure 6. Combination treatment of P-cadherin siRNA and c-Met inhibitor reduces head and neck
cancer cell growth and migration. SNU1041 and SNU1076 cells were treated with siRNA targeting P-
cadherin, SU11274 (5uM) or a combination of siRNA targeting P-cadherin and SU11274. (A, B) The
expression levels of P-cadherin, phospho-c-Met, and c-Met were evaluated by western blot analysis.
Cell proliferation assays (WST-1 assay) (C, D) and colony formation assays (E, F) were conducted.
Cell migration (G, H) and invasion (I, ]) assays were conducted. Data were presented as mean + SD
of three independent experiments. Differences were considered relevant at p < 0.05 (* p <0.05, ** p <
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Figure 7. Dual blockade of P-cadherin and c-Met inhibits cancer growth in a head and neck cancer
xenograft model in vivo.Luciferase-expressing FaDu (FaDu-Luc) HNSCC cells were injected
subcutaneously into BALB/c-nude mice and treated with siRNA targeting P-cadherin (100mg/kg),
SU11274 (20mg/kg) or a combination of siRNA targeting P-cadherin and SU11274. (A) Final tumor
images of cancer cells tracked with the IVIS imaging system following the injection of mice with FaDu-
Luc cells. (B) The luminescence radiance of the ROI of the tumor was determined. (C) Final tumor
images (D) Tumor volume was measured every 3 days for 18 days. (E) Representative images of H&E
and immunohistochemical staining of P-cadherin. (F) The protein expression levels of P-cadherin, p-
c-Met, and, c-Met in the xenograft tissues of each group were evaluated by western blot analysis.
Differences were considered relevant at p <0.05 (* p < 0.05, ** p < 0.01, *** p <0.001).
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4. Discussion

In most cancers, recurrent or metastatic disease is typically associated with a dismal prognosis.
There is a pressing need for the early detection of these diseases, precise prognosis prediction, and
the development of biomarkers to guide appropriate treatment decisions. For HNSCC, several
promising biomarkers have been identified. These have shown potential in the diagnosis, early
detection, and prognosis of HNSCC. However, there are still limitations when it comes to treatment
[36].

To identify genes involved in HNSCC carcinogenesis and to explore the mechanisms of
progression, we utilized NGS technology to examine the transcriptomic profiles of non-tumor and
tumor tissues from HNSCC patients. One of the validated findings was P-cadherin (CDH3), a protein
previously associated with cancer progression and metastasis. However, the role of P-cadherin in
cancer cells remains a topic of ongoing debate. P-cadherin has been observed to induce aggressive
behavior in several types of cancer, including prostate, colon, breast, ovarian, gastric, pancreatic
cancer, and glioblastoma [20,37-39]. In contrast, some reports suggest that P-cadherin functions as a
tumor suppressor in other tumor models, such as melanoma, cholangiocarcinoma, hepatocarcinoma,
and oral squamous cell carcinoma (OSCC) [37,40-42]. Notably, several studies have highlighted its
potential tumor inhibitory effect in OSCC, a subtype of HNSCC. However, a recent study found no
significant correlation between clinical parameters and P-cadherin expression in tongue squamous
cell carcinoma [43]. P-cadherin has been reported to be associated with poor prognosis by promoting
malignancy and chemoresistance in OSCC [44]. Our study discovered that high levels of P-cadherin
enhance the proliferation, migration, and invasion of HNSCC cells, suggesting that P-cadherin may
act as a key mediator of the aggressive tumor phenotype in all HNSCC cells, including OSCC
(Supplementary Figure S2). Additionally, our research found that P-cadherin leads to increased
activation of FAK and Src, as well as the EMT pathway, thereby promoting migration and invasion.

To identify a novel upstream regulator of P-cadherin, we explored various pathways implicated
in tumorigenesis and/or metastasis. This was done using IPA to analyze a list of genes from the
TCGA-HNSCC database. We discovered that HGFR (c-Met) acts as an upstream regulator of P-
cadherin. Interestingly, no previous studies have reported a relationship between P-cadherin and c-
Met. It is known that c-Met promotes cancer cell survival, proliferation, migration, and invasion, all
of which are crucial for tumor progression [45,46]. Furthermore, HGF/c-Met signaling is involved in
both cellular dissociation within the primary tumor and cellular re-association within the metastatic
niche [47]. However, the mechanisms by which c-Met contributes to cell-to-cell dissociation remain
unclear. Our analysis revealed a significant positive correlation between c-Met and P-cadherin
expression, based on the TCGA-HNSCC database (Spearman coefficient=0.354, P=0.000). We then
investigated whether c-Met could regulate P-cadherin in HNSCC cells. Our findings showed that c-
Met knockdown by specific siRNA decreased P-cadherin expression, while overexpression of c-Met
increased P-cadherin expression. However, this regulation did not result from direct binding
between c-Met and P-cadherin.

Some reports have indicated that the inhibition of either MEK or ERK alone yields limited
success due to its transient suppression of the MAPK pathway, insufficient pathway suppression,
and probable pathway reactivation [48,49]. Furthermore, it has been proposed that targeting both
MEK and ERK nodes simultaneously results in a deeper and longer-lasting suppression of MAPK
signaling, which cannot be achieved with any dosage of a single agent, particularly in tumors where
feedback reactivation occurs [49]. Unexpectedly, we found that the inhibition of P-cadherin induces
c-Met activation through phosphorylation, suggesting a complementary enhancement of c-Met
activation due to P-cadherin inhibition. We further explored whether a combination treatment
targeting both P-cadherin and c-Met would be more effective in reducing HNSCC cell growth and
migration. Our findings revealed that combination therapy using the c-Met inhibitor SU11274 and P-
cadherin siRNA significantly reduced cell proliferation and migration more than each monotherapy
in HNSCC cells and the HNSCC-xenograft mouse model.

P-cadherin is currently viewed as a promising target for solid-tumor treatment due to its
overexpression in a variety of tumors. The humanized monoclonal antibody against P-cadherin, Y-
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FF-21101, has demonstrated high therapeutic efficacy for solid tumor treatment and is currently
under evaluation in a first-in-human phase 1 study (NCT02454010) [50]. PCA062, another P-cadherin-
specific antibody-drug conjugate, employs a clinically validated method to induce potent cytotoxicity
in cell lines expressing high levels of P-cadherin. This includes breast, esophageal, and head and neck
cell lines, and it is also being evaluated in a phase I trial (NCT02375958) [51]. Based on our finding,
the complementary enhancement effect of c-Met activation due to P-cadherin inhibition should be
considered when evaluating the therapeutic value of specific P-cadherin inhibitors such as 90Y-FF-
21101 and PCA062 for HNSCC treatment.

In this study, we have, for the first time, demonstrated the association between c-Met and P-
cadherin, highlighting the ability of c-Met to regulate P-cadherin expression. Furthermore, our
findings suggest a potentially effective strategy involving the combined use of P-cadherin inhibitors
and c-Met inhibitors. This approach could help overcome the issue of c-Met reactivation caused by
P-cadherin inhibition. Considering c-Met inhibition in conjunction with P-cadherin suppression
could serve as a crucial complementary strategy for therapy, potentially enhancing the sensitivity of
HNSCC cells to therapeutics.

5. Conclusions

In this study, we identified a novel correlation between c-Met and P-cadherin in HNSCC. We
also found that the suppression of P-cadherin enhances the c-Met/STAT3 signaling pathway.
Therefore, when P-cadherin is downregulated in order to achieve anticancer effects, the combination
of P-cadherin and c-Met inhibitors should be considered.
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