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Profilin 2 (PFN2) was found to be mainly expressed in neurons and involved in the development of thebrain. In
recent years, emerging evidenceindicated that PFN2 is also significantly upregulated in various cancersinclud-
ing head and neck cancer (HNSC) and influences cancer cell proliferation, migration, and invasion. However,
the role of PFN2 in HNSC development and progression remains unclear. The aim of our study was to inves-
tigate the role of PFN2 in the development of HNSC and its possible molecular mechanisms. Bioinformatics
showed that increased expression of PFN2 in tumors correlated highly with poor prognosis of HNSC patients.
Our results indicated that PFN2 was highly expressed in HNSC tissues and in HNSC cell lines. Knockdown
of PFN2 inhibited proliferation, invasion, and migration of HNSC cells, while PFN2 overexpression produced
the opposite effects. Using a nude mouse xenograft model, we substantiated the tumor-promoting effect of
PFN2 on HNSC in vivo. Furthermore, we found that PFN2 downregulation reduced the phosphorylation of Akt
and GSK-3b and reduced the expression of b-catenin in HNSC cells. The opposite was observed when PFN2
was overexpressed. Collectively, these results suggest that PFN2 promotes the proliferation and metastasis
of HNSC by activating the PI3K/Akt/b-catenin signaling pathway. Although further validation is needed, we
speculate that PFN2 plays a crucial role in HNSC and may be a promising therapeutic target and prognostic
biomarker.
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INTRODUCTION advancements in HNSC detection and treatment, the
5-year survival rate of patients has not been significantly
improved®. At present, even the most aggressive treat-

ment yields a mere 30% response rate, and the median

Head and neck cancer (HNSC) arises from the oral
and nasal cavities, pharynx, and larynx. It is the sixth

most common cancer worldwide with more than 650,000
patients diagnosed each year and a mortality rate of
300,000 Unlike many other epithelial cancers, most
HNSCs are locally advanced with some that metastasize
to nearby cervical lymph nodes’. Tobacco and alcohol
consumption and human papillomavirus (HPV) infection
are the major known causes of HNSC*. Despite medical

progression-free survival and median overal surviva are
not significantly extended®’. HNSC patients often have
difficulty in breathing and swallowing after radiotherapy
and chemotherapy, which further reduce their quality of
life’. Therefore, research into the molecular mechanism
behind HNSC tumorigenesis is both necessary and ben-
eficial to the discovery of novel therapeutic strategies.
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Profilins (PFNs) are afamily of actin-binding proteins
that contains four isoforms encoded by PFN1, PFN2,
PFN3, and PFN4°. They are involved in cell motility
and cell shape changes through regulating the dynamics
of actin polymerization and reorganization of the actin
cytoskeleton®. In mammalian cells, PFN1 and PFN2 are
the two most widely expressed isoforms of the PFN fam-
ily™. Recently, the role of PFNsin regulating tumor pro-
gression and modulating Akt signaling pathway has been
proposed™. Originally, PFN2 was thought to be expressed
exclusively in the developing nervous system and par-
ticipate in neurotransmitter exocytosis®. In recent years,
studies have shown that PFN2 dysregulation is correlated
with the occurrence of multiple tumors™™. It was found
that PFN2 promoted tumor cell migration and invasion by
inducing an epithelial-to-mesenchymal transition (EMT)
phenotype in lung cancer, colorectal cancer (CRC), and
esophageal squamous cell carcinoma (ESCC)**™. PFN2
was aso shown to positively correlate with invasion
depth and lymph node metastasis and acts as an inde-
pendent prognostic factor for poor overall surviva in
ESCC™. However, one study found that the expression of
PFN2 was downregulated in metastatic colon cancer, and
low PFN2 expression was correl ated with enhanced EMT
in CRC cells™. While PFN2 expression may be cancer
type and stage specific, how its level changes in tumors
remains controversial. In particular, the general function
of PFN2 in HNSC is poorly understood.

In our study, we surveyed the expression of PFN2 in
HNSC tissues from online database and further verified
the results in multiple HNSC cell lines. PFN2 was then
overexpressed and knocked down in vitro, and changes
in HNSC cell proliferation, migration, and invasion were
examined. Results indicated that PFN2 was significantly
upregulated in HNSC tissues and cell lines. Knockdown
of PFN2 strikingly restrained proliferation, migration,
and invasion of HNSC cells. In the nude mouse xeno-
graft model, we found that PFN2 knockdown inhibited
the proliferation of HNSC cells, while overexpression
of PFN2 did the opposite. Furthermore, we discovered
that PFN2 facilitated the oncogenic ability of HNSC cells
by activating the phosphatidylinositol-4,5-bisphosphate
3-kinase (PI3K)/AKT serine/threonine kinase (Akt)/b-
catenin pathway.

MATERIALSAND METHODS
Cell Lines and Cell Culture

The human HNSC cell lines Fadu, SSC-9, SSC-25,
OSC-19, and Cal-27, and normal oral mucosal epithelia
cells, HOK, were purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA) and cultured in
DMEM/F12 (Gibco, Thermo Fisher Scientific, Waltham,
MA, USA) supplemented with 10% fetal bovine serum
(Gibco, Thermo Fisher Scientific), 100 U/ml penicillin,
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and 100 pg/ml streptomycin (Gibco, Thermo Fisher
Scientific). The cellswereincubated at 37°C in ahumidi-
fied atmosphere of 5% CO,.

Lentivirus Construction and Cell Transduction

The cDNA and short hairpin RNA for PFN2 were gen-
erated (Synbio Technologies, Suzhou, Jiangsu, PR. China)
and confirmed by sequencing, followed by insertion into
the overexpression vector pLVX-IRES-ZsGreenl and
knockdown vector PLKO.1, respectively. Recombinant
plasmids were transfected into 293T cells together with
packaging plasmid psPAX2 and G protein of the vesicu-
lar stomatitis virus (VSV-G) envelope plasmid pMD2.G
to generate the lentivirus.

Fadu and Cal-27 cells were infected with lentivirus
containing pLVX-PFN2-IRES-ZsGreenl to establish
stable PFN2 high-expression cell lines. OSC-19 cells
were infected with lentivirus containing short hair-
pin RNA for PFN2 to establish a stable PFN2 low-
expression cell line. Cells with either empty pLVX-
IRES-ZsGreenl (Vector) or empty pLKO.1 (Sh-Citrl)
were used as transduction control. In addition, unin-
fected cells were used as the overall baseline control.
Lentivirus-infected cells were screened by puromy-
cin (2 pg/ml). The efficiencies of overexpression and
knockdown were determined by Western blot.

Western Blot Analysis

Cells were lysed in radioimmunoprecipitation assay
buffer (Beyotime Biotechnology, Shanghai, PR. China).
Protein concentration was quantified by bicinchoninic
acid protein assay kit (Beyotime Biotechnology). Equal
amounts of protein were separated with 8-12% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred onto polyvinylidene fluoride
membrane (Millipore, Boston, MA, USA). The mem-
branes were incubated with primary antibodies: PFN2
(Abcam, San Francisco, CA, USA), tubulin (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), p-Akt (Ser473;
Cell Signaling Technology, Beverly, MA, USA), p-Akt
(Thr308; Cell Signaling Technology), Akt (Cell Signaling
Technology), pGSK 3b (Ser9; Cell Signaling Technology),
GSK3b (Cell Signaling Technology), and b-catenin (Cell
Signaling Technology). After sufficient incubation and
wash, the corresponding secondary antibody was added,
and bands were detected with ECL chemiluminescence
kit (Beyotime Biotechnology).

Cell Viability Assay

HNSC cells with PFN2 overexpression and knock-
down were seeded into 96-well plates at 1,000 cells per
well. The Cell Counting Kit-8 (CCK-8) reagent was
added on 0, 1, 2, 3, and 4 days. The absorbance was mea-
sured with amicroplate reader at 450 nm.
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Colony Formation Assay

HNSC cellswith PFN2 overexpression or knockdown
were seeded into six-well plates at a density of 400 cells
per well and cultured in DMEM/F12 containing 10%
fetal bovine serum for 2 weeks. The colonies were then
fixed with methanol for 15 min and stained with crystal
violet for 10 min.

Apoptosis Assays

Apoptosis of HNSC cells after PFN2 transduction was
assessed by Annexin-V—phycoerythrin (PE) and 7-amino-
actinomycin D (7-AAD) apoptosis detection kit (BD,
Franklin Lakes, NJ, USA) according to manufacturer’'s
instructions. Briefly, cellswere treated with 10 uM cispla-
tin for 24 h, and then the cells were collected and washed
twice with cold PBS. After that, the cells were stained
with 5yl of annexin V and 5 Wl of 7-AAD for 15 minin
the dark. Cell apoptosis was analyzed by CytoFLEX flow
cytometer.

Scratch Wound Assay and Transwell Invasion Assay

For the scratch wound assay, confluent HNSC cells
were scratched with a plastic tip across the center. Five
images were randomly taken at 0 h and 24 h after scratch-
ing, and the distances of migrated cells were measured
under alight microscope.

For the Transwell invasion assay, HNSC cells were
seeded in the upper chamber of the Matrigel-coated
Transwell insert. Cells that did not invade were removed
using acotton swab, stained by crystal violet, and counted
under an inverted microscope in five randomly selected
views.

Nude Mouse Xenograft Model

HNSC cellswith PFN2 overexpression or knockdown
and the appropriate control cells were digested and sus-
pended in cold PBS at a concentration of 5x 10" cells/
ml. Subsequently, the cells were subcutaneously inocu-
lated into the back right forearm of 6-week-old nude mice
(100 Wl per mouse). Two weeks after inoculation, tumors
were observed. The length and width of the tumor were
measured every 3 days. The tumor volume was calcul ated
as follows: V=lengthxwidth?2. Tumors were harvested
33 daysafter inoculation, weighed, and imaged. All appli-
cable international, national, and/or institutional guide-
lines for the care and use of animals were followed.

Satistical Analysis

Significance was determined using two-tailed unpaired
Student’ st-test or one-way ANOVA. Differencesin tumor
growth were analyzed by two-way ANOVA. Resultswere
expressed asmean+ SEM. A value of p<0.05 was consid-
ered to be statistically significant. All statistical analyses
were performed with Graph Pad Prism 6.0 software.
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RESULTS

PFN2 Expression |s Upregulated and Associated
With Poor Outcomesin HNSC

We analyzed 530 sequenced HNSC samples from
The Cancer Genome Atlas (TCGA) by cBioPortal, and
MRNA alterations in the four PFN isoforms were evalu-
ated. Alteration frequencies of PFN1, PFN2, PFN3, and
PFN4 were found to be 4%, 28%, 2.3%, and 6%, respec-
tively (Fig. 1A). In particular, PFN2 displayed the highest
alteration frequency in HNSC, in which the most common
alterations were gene amplification and mRNA upregu-
lation. We further searched the PFN2 expression in the
Gene Expression Profiling Interactive Analysis (GEPIA)
database and found the expression of PFN2in 519 HNSC
samplesto be much higher than the 44 noncancerous head
and neck tissues (Fig. 1B). Further analysis on GEPIA
revealed a highly positive correlation between increased
PFN2 expression and shorter overal survival (Fig. 1C).
Next, we investigated the expression of PFN2 in HNSC
cell lines and found that PFN2 was significantly upregu-
lated in HNSC cell lines compared to control human oral
keratinocytes (HOK) (Fig. 1D and E). The above results
indicate that PFN2 may play a vital role in the develop-
ment and progression of HNSC.

PFN2 Regulates Cell Proliferation and Apoptosis
in HNSC Cells

To investigate the function of PFN2 in HNSC, PFN2
was knocked down in HNSC cell lines, Fadu, and Cal27.
Knockdown efficiency was validated by Western blot
(Fig. 2A and G). CCK-8 assay revealed that PFN2 knock-
down significantly slowed cell proliferation (Fig. 2B and
H). This result was complemented by the clonal forma-
tion experiment, which showed significantly lower col-
ony formation in the PFN2 knockdown cells (Fig. 2C and
). We next examined whether PFN2 is involved in the
process of apoptosis. Annexin V/7-AAD staining dem-
onstrated that the percentage of apoptotic cells was sig-
nificantly increased in the PFN2 knockdown of Fadu and
Ca-27 cells (Fig. 2E, F, K, and L).

To validate the tumor-promoting ability of PFN2 in
HNSC, we overexpressed PFN2 in OSC-19 cellsand con-
firmed the overexpression by Western blot (Fig. 3A). As
expected, overexpression of PFN2 accelerated OSC-19
cell proliferation as evidenced by CCK-8 and colony for-
mation assays (Fig. 3B-D). Moreover, PFN2 overexpres-
sion significantly inhibited cisplatin-induced apoptosis,
which is consistent with its ability to regulate cell prolif-
eration in HNSC cells (Fig. 3E and F).

PFN2 Regulates Migration and Invasion of HNSC Cells

We further investigated the role of PFN2 in tumor
migration and invasion using the scratch wound healing
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Figure 1. Profilin 2 (PFN2) ishighly expressed in head and neck cancer (HNSC) and correlates with poor prognosis. (A) Gene altera-
tions and mRNA dysregulations of the PFN gene family in HNSC. Data were obtained from the cBioPortal online database. (B) Data
from the Gene Expression Profiling Interactive Analysis (GEPIA) database showed a significant upregulation of PFN2 mRNA in
HNSC tissues when compared with noncancerous tissues. (C) Survival analysis using the GEPIA database showed high PFN2 expres-
sion was correlated with shorter overall survival. HR, hazard ratio. (D) The expression of PFN2 in five different HNSC cell lines
and control oral epithelial cells were detected by Western blot. (E) Quantitative analysis of the Western blot resultsin (D). Data were
expressed as mean+ SEM from five independent experiments, n=5. *p<0.05, **p<0.01.

and Transwell invasion assays. PFN2 knockdown reduced
Fadu and Cal27 cell migration toward the scratch wound
as well as reduced invasive cell number (Fig. 4A-D).
On the other hand, PFN2 overexpression generated the
opposite effect where cell migration and invasion were
enhanced in PFN2 overexpressed OCS-19 cells (Fig. 5A
and B). Our findingsreveal acritical role of PFN2 in pro-
moting cell migration and invasion in HNSC.

PFN2 Promotes Tumor Growth Through the
Upregulation of PI3K/Akt/B-Catenin Sgnaling Pathway

PI3K/Akt signaling pathway, the most frequently
altered pathway in human tumors, regulates the cell
cycle and plays a critical role in inhibiting apoptosis
and promoting cell growth and proliferation®. One
study based on 151 cases of head and neck cancer found
that PI3K/Akt pathway is the most frequently mutated
oncogenic pathway®. To understand the function of

PFN2 in HNSC growth, we first examined the phos-
phorylation state of Akt and its downstream effector,
glycogen synthase kinase 3 b (GSK3b), in HNSC cells
upon PFN2 alteration. As shown in Figure 6A, phospho-
rylation of Akt at Ser473 and Thr308 were dramatically
inhibited in PFN2 knockdown Fadu cells. On the other
hand, overexpression of PFN2 in OSC-19 cells substan-
tially increased the phosphorylation of Akt at Ser473
and Thr308 (Fig. 7A and B). Further, we searched for
the effectors downstream of PI3K/Akt, and the results
showed that the levels of glycogen synthase kinase-3 b
phosphorylated at serine9 (pGSK3b Ser9) and b-catenin
were also decreased in the PFN2 knockdown Fadu cells,
but were increased in the OSC-19 cellswith PFN2 over-
expression (Figs. 6A and 7A). Collectively, our results
indicate that PFN2 may potentially regulate HNSC pro-
liferation and migration through the PI3K/Akt/b-catenin
signaling pathway.
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Figure 2. PFN2 knockdown suppressed tumor cell proliferation and promoted cell apoptosis. (A, G) Stable knockdown of PFN2 in
Fadu and Cal-27 cells was verified by Western blot. (B, H) Cell viability under PFN2 knockdown was examined by CCK-8 assay in
Fadu and Cal-27 cells. (C, 1) Colony formation of HNSC cells was significantly inhibited by PFN2 knockdown in Fadu and Cal-27
cells. (D, J) The number of coloniesin PFN2 knockdown group and control group in Fadu and Cal-27 cells. (E, K) The proportion of
apoptotic cells increased after PFN2 knockdown, as assayed by annexin V/7-AAD staining. (F, L) The percentage of apoptotic cells
in PFN2 knockdown group and control group in Fadu and Cal-27 cells. Data were expressed as mean+ SEM from five independent
experiments, n=5. *p<0.05, **p<0.01.
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Figure 3. PFN2 overexpression promoted tumor cell proliferation and inhibited cell apoptosis. (A) Stable overexpression of
PFN2 in OSC-19 cellswas verified by Western blot. (B) Cell viahility under PFN2 overexpression was examined by CCK -8 assay.
(C, D) Colony formation of HNSC cells was significantly enhanced by PFN2 overexpression. (E, F) The proportion of apoptotic
cells decreased after PFN2 overexpression, as assayed by annexin V/7-AAD staining. Data were expressed as mean+ SEM from
five independent experiments, n=5. *p<0.05, **p<0.01.
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Figure 4. PFN2 knockdown suppressed cell migration and invasion. (A, B) Cell migration was inhibited under PFN2 knockdown in
Fadu and Cal-27 cells. (C, D) Therelative cell invasion ratio was reduced in Fadu and Cal-27 cells with PFN2 knockdown. Data were
expressed as mean+ SEM from five independent experiments, n=5. **p<0.01.

PFN2 Manipulation Affects HNSC Growth In Vivo

In line of the tumor-promoting effect of PFN2 in vitro,
we next examined the role of PFN2 in HNSC in vivo.
Fadu cells with PFN2 knockdown or OSC-19 cells with
PFN2 overexpression were subcutaneously inoculated
into the back right forelimb of nude mice, respectively.
Fadu xenografts with PFN2 knockdown showed signifi-
cantly slower tumor growth than controls. In contrast,
xenografts from PFN2-overexpressed OSC-19 cells
grew much faster than the control group (Fig. 8A and
D). Furthermore, the tumor weight of PFN2 knockdown
group was lighter than that of the control group (Fig. 8C).
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Figure 5. PFN2 overexpression promoted cell migration and
invasion. (A) Cell migration was promoted under PFN2 over-
expression in OSC-19 cells. (B) Therelative cell invasion ratio
was improved under PFN2 overexpression in OSC-19 cells.
Data were expressed as mean+SEM from five independent
experiments, n=5. *p<0.05, **p<0.01.

The opposite was true for tumor weight after PFN2 over-
expression (Fig. 8F). These results support our in vitro
findings that PFN2 promotes tumor cell proliferation.

DISCUSSION

Profilins are a family of actin-binding proteins that
are known for regulating the dynamics of actin polymer-
ization?. PFN1 and PFN2 are the two major isoforms of
PFN. PFN1iswidely expressed in many tissues, whereas
PFN2 is mainly expressed in the brain®. In recent years,
increasing evidence has revealed the important functions
of PFN2 in various cancers. For example in lung cancer,
PFN2 epigenetically promotes the transcription of Smad?2
and Smad3 and thereby accelerates cancer growth and
metastasis”. In addition, increased expression of PFN2
is associated with poor survival of lung cancer patients’.
Downregulation of PFN2 hinders cell invasion and
migration in ESCC via promoting expression of epithe-
lial markers and decreasing expression of mesenchymal
markers'®. Furthermore, regression analysis revealed that
high PFN2 expression was related to lymph node metas-
tases and shorter overall survival of ESCC patients™. A
recent bioinformatic study showed that PFN2 was dra-
matically upregulated in HNSC tissues, and its overex-
pression was significantly associated with poor prognosis
of HNSC patients*. However, the biological function of
PFN2 specifically in HNSC has not been reported. In this
study, genetic alterations of the PFN genefamily in HNSC
were evaluated using the cBioPorta online database. We
found that dysregulation in the PFN2 isoform (28%) was
the most common, which was mainly made up of gene
amplification and mRNA upregulation. Furthermore,
we observed that HNSC was remarkably upregulated
in HNSC tissues and cell lines. The overall survival of
patients with high PFN2 expression is significantly lower
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Figure 6. PFN2 knockdown inhibited the PI3K/Akt/b-catenin signaling pathway activation. (A) Phosphorylation of Akt at Ser473
and Thr308, phosphorylation of GSK3b at Ser9, and the expression of b-catenin were significantly suppressed in PFN2 knockdown
Fadu cells. (B) Statistical analysis of each protein expression. Datawere expressed as mean+ SEM from five independent experiments,

n=5.*p<0.05, **p<0.01.

than patients with low PFN2 expression, demonstrating
that PFN2 is closely related to the prognosis of HNSC
patients.

It is clear that PFN2 plays a role in HNSC. We then
established stable PFN2 overexpression and PFN2 knock-
down cell lines to investigate the functional significance
of PFN2 on tumor progression. We found that PFN2
depletion significantly inhibited HNSC cell prolifera-
tion, migration, and invasion, and induced cell apopto-
sis. Conversely, the opposite effects were observed when
PFN2 was overexpressed in HNSC cells. Moreover, these
observations were confirmed in the in vivo tumor model.

as an oncogene by promoting tumor cell proliferation and
metastasisin HNSC.

The PI3K/Akt signaling pathway is involved in the
regulation of various cellular biological processes such
as proliferation, cell cycle, differentiation, metabolism,
migration, and angiogenesis, and is often overactivated in
many cancers”™. Previous research indicates that the PI3K
pathway is the most frequently overactivated pathway
in HNSC?. In the present study, we explored the poten-
tia regulatory role of PFN2 on the PI3K/Akt pathway
in HNSC and found that PFN2 knockdown reduced the
phosphorylation of Akt at Ser473 and Thr308. Studies

Our study, for the first time, reveas that PFN2 functions have shown that the PI3K/Akt pathway is regulated by
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Figure 7. PFN2 overexpression activated the PI3K/Akt/b-catenin signaling pathway. (A) Phosphorylation of Akt at Ser473 and
Thr308, phosphorylation of GSK3b at Ser9, and the expression of b-catenin were significantly upregulated in OSC-19 cells with
PFN2 overexpression. (B) Statistical analysis of each protein expression. Data were expressed as mean+ SEM from five independent
experiments, n=5. **p<0.01.
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multiple interconnecting pathways in tumors. For exam-
ple, the epidermal growth factor receptor (EGFR) can
directly activate PI3K through recruiting p85 and pro-
moting its binding with the activated receptor®®. Upon
EGFR dimerization, the complex can also stimulate Ras,
which leads to a phosphorylation cascade that eventually
activates the PI3K/Akt signaling pathway?. G-protein-
coupled receptors (GPCRs) promote the production of
phosphatidylinositol 3,4,5-triphosphate (PIP3) and can
activate a unique PI3K isoform®. In addition, PI3K is
negatively regulated by many other proteins such as the
phosphatase and tensin homolog (PTEN), which turn
off the activation of the PI3K/Akt signaling pathway®.
Therefore, PFN2 may likely promote the activation of
PI3K/Akt indirectly through both positive and negative
meansin HNSC.

As one of the downstream effectors, GSK-3b is
directly phosphorylated by Akt, which leads to stabiliza-
tion of b-catenin in the canonical Wnt signaling path-
way®. The stability of b-catenin is controlled by the
adenomatous polyposis coli (APC)/Axin destruction
complex, which consists of adenomatous polyposis coli,
Axin, and two kinases, GSK3 and casein kinase a/b®.
GSK-3b has three mgjor phosphorylation sites, among
which phosphorylation at Ser9 leads to the inhibition
of GSK-3b and APC/Axin destruction complex®. The
phosphorylation and degradation of b-catenin is inhib-
ited as aresult of the inactivation of the destruction com-
plex®. Therefore, we also examined the phosphorylation
of GSK-3b and found that phosphorylation of GSK-3b
at Ser9 decreased after PFN2 knockdown, and as a
result, the expression of b-catenin was also inhibited.
Opposite results were obtained in PFN2-overexpressed
OSC-19 cells. The accumulation of b-catenin in the

cytoplasm promotes transcription of downstream target
genes that are vital in cell proliferation, migration, and
invasion®. Multiple studies have revealed that the PI3K/
Akt/GSK-3b signaling pathway is involved in many
aspects of cancer pathophysiology in various tissues* .
Our results also indicated that PFN2 takes advantage of
this pathway by enhancing phosphorylation of Akt and
GSK-3b and promoting the stability and intracellular
levels of b-catenin in HNSC, which leads to tumor cell
proliferation and metastasis.

In summary, our results indicate that PFN2 is highly
expressed in HNSC tumor tissues and correlates with
poor prognosis in patients. PFN2 promotes tumor cell
proliferation and metastasis by activating the PI3K/
Akt/b-catenin signaling pathway in HNSC. These results
support PFN2 as an important oncogenic protein and
potential therapeutic target in HNSC.
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