
Journal of Dental Sciences 19 (2024) 70e78
Taiw
an  Association for Denta

l S
ci

en
ce

s

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e-jds.com
Original Article
Serpin peptidase inhibitor, clade E, member
2 is associated with malignant progression
and clinical prognosis in oral squamous cell
carcinoma

Hao-Wen Chuang a,b, Li-Han Lin c, Dar-Der Ji d, Ting-Ying Fu e,
Herng-Sheng Lee a, Yi-Fang Yang f, Hsing-Cheng Tseng a,
Kan-Tai Hsia b*
a Department of Pathology and Laboratory Medicine, Kaohsiung Veterans General Hospital, Kaohsiung,
Taiwan

b Institute of Oral Biology, College of Dentistry, National Yang Ming Chiao Tung University, Taipei,
Taiwan

c Department of Medical Research, MacKay Memorial Hospital, Taipei, Taiwan
d Department of Tropical Medicine, School of Medicine, National Yang Ming Chiao Tung University,
Taipei, Taiwan

e Department of Pathology, Yuan’s General Hospital, Kaohsiung, Taiwan
f Department of Medical Education and Research, Kaohsiung Veterans General Hospital, Kaohsiung,
Taiwan
Received 2 February 2023; Final revision received 19 May 2023
Available online 12 June 2023
KEYWORDS
Oral cancer;
Protein expression;
Serine protease
inhibitor;

SERPINE2
* Corresponding author. Institute of
St., Pei-Tou, Taipei, 11221, Taiwan.

E-mail address: kthsia@nycu.edu.t

https://doi.org/10.1016/j.jds.2023.05.
1991-7902/ª 2023 Association for Denta
the CC BY-NC-ND license (http://creati
Abstract Background/purpose: The serpin peptidase inhibitor, clade E, member 2 (SER-
PINE2), is upregulated in breast cancer, prostate cancer, and urothelial carcinoma; however,
limited information exists regarding its expression in oral cancer. Therefore, this study aimed
to analyze the association between SERPINE2 expression and oral squamous cell carcinoma
(OSCC) outcomes.
Materials and methods: SERPINE2 mRNA and protein expression in patients with head and neck
squamous cell carcinoma and OSCC were investigated using online databases and tissue-array
analysis. Its relationship with clinicopathological characteristics, OSCC prognosis and its bio-
logical function in OSCC cells were explored.
Results: Analysis using online databases revealed higher SERPINE2 expression in tumor tissues
and its role as a prognostic factor. High SERPINE2 protein levels were significantly correlated
with adverse pathological parameters, including advanced clinical stage and tumor status
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(P < 0.001), lymph nodes (P Z 0.014), and distant metastases (P Z 0.013). High SERPINE2
expression was associated with worse overall survival (P < 0.001) and was identified as an in-
dependent prognostic factor for OSCC. In vitro studies revealed that SERPINE2 knockdown
significantly reduced cell proliferation, migration, and invasion in OSCC cell lines.
Conclusion: This study suggests that SERPINE2 may serve as a prognostic biomarker and poten-
tial therapeutic target for oral cancer.
ª 2023 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Oral cancer is a global public health concern associated
with drinking, smoking, and betel quid chewing. Oral
squamous cell carcinoma (OSCC) constitutes most oral
cavity malignancies. Despite advances in diagnosis and
treatment, its overall 5-year survival rate is approximately
65e70%1; therefore, discovering prognostic biomarkers re-
mains essential.

Human serpin peptidase inhibitor clade E, member 2
(SERPINE2), a serine protease inhibitor superfamily mem-
ber, is located on chromosome 2 q36.1, encoding a protein
of 397 amino acids with a molecular weight of 43 kDa.
SERPINE2 exhibits inhibitory activity against thrombin, tis-
sue plasminogen activator, plasmin, urokinase plasminogen
activator (uPA), and other serine proteinases.2 According to
its amino acid sequence, SERPINE2 belongs to the nexin
protease family and is, therefore, commonly known as
protease nexin-1. Various cells, including astrocytes,
chondrocytes, endothelial cells, fibroblasts, macrophages,
and platelets, secrete SERPINE2.3,4 SERPINE2 is pleiotropic,
and is found in various organs, with important roles in
neuroprotection, thrombosis, and hemostasis.5 SERPINE2-
deficient mice exhibit important antithrombotic and anti-
fibrinolytic properties.6 Aberrant SERPINE2 expression also
influences tumorigenesis of various cancers and contributes
to tumor invasion and metastasis.7e13 Furthermore, it pro-
motes cell migration, invasion, and proliferation in esoph-
ageal squamous cell carcinoma.14 However, information
regarding its expression in OSCC remains limited.15 There-
fore, this study aimed to explore the relationship between
SERPINE2 and clinicopathological parameters, OSCC prog-
nosis, and migration and invasion in vitro.
Materials and methods

In silico mRNA profiles of SERPINE2 expression and
patient prognosis

TNMplot (https://www.tnmplot.com), an online analysis
tool using gene array-generated data from the GEO of the
NCBI and RNA-seq of TCGA, GTEx, and TARGET
repositories,16 was used to investigate and compare SER-
PINE2 mRNA expression in cancer and normal tissues. The
KaplaneMeier Plotter (KMplot; http://kmplot.com) was
used to evaluate SERPINE2 prognostic significance in 499
head and neck squamous cell carcinoma (HNSCC) patients
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with 5-year overall survival rates.17 For further analysis in
the Asian population, a human OSCC mRNA expression
microarray dataset [accession number GSE37991] for SER-
PINE2 was selected and downloaded from the GEO (http://
www.ncbi.nlm.nih.gov/geo/) with GEO2R, containing a
pairwise comparison between 40 OSCC and adjacent non-
cancerous epithelial tissues from Taiwan.18

Tissue specimens

Paraffin-embedded samples were obtained from 122 OSCC
patients (107 males and 15 females; mean age, 54 years;
range, 26e87 years) from the Department of Pathology and
Laboratory Medicine of Kaohsiung Veterans General Hospi-
tal between 1996 and 2006. The Institutional Review Board
of Kaohsiung Veterans General Hospital approved the study
protocol (approval code: KSVGH20-CT3-03). The 122 cases
were classified according to the 2017 WHO Classification of
Head and Neck Tumours,19 staged according to the eighth
edition of the American Joint Committee on Cancer Staging
Manual,20 and the hematoxylin-eosin sections were
reviewed by two pathologists (HWC and TYF). None of the
patients had undergone radiation or chemotherapy before
surgery.

Immunohistochemistry

Samples were sliced into 4 mm sections on pre-coated
slides, followed by deparaffinization in xylene, dehydration
in alcohol, and antigen retrieval using a pressure cooker in
10 mM citrate buffer (pH 6.0) for 30 min. The UltraVision
Quanto Detection System (Thermo Fisher Scientific, Fre-
mont, CA, USA) was used for immunohistochemical stain-
ing. In brief, endogenous peroxidase activity and
nonspecific binding were blocked by incubation with 3%
hydrogen peroxide and non-immune goat serum separately.
The sections were sequentially incubated at room tem-
perature with monoclonal mouse anti-human SERPINE2
antibody (1:100; #MA5-25936; Invitrogen, Carlsbad, CA,
USA) for 60 min, biotinylated secondary antibody for
10 min, and peroxidase-conjugated streptavidin for 10 min.
The immunoreaction was visualized using 3,30-dia-
minobenzidine and counterstained with hematoxylin, fol-
lowed by clearing and mounting. Sections processed
without the primary anti-SERPINE2 antibody were used as
negative controls. Normal oral epithelium was used as an
internal positive control. SERPINE2 expression was defined
as membranous and/or cytoplasmic staining. Two

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.tnmplot.com
http://kmplot.com
http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/


H.-W. Chuang, L.-H. Lin, D.-D. Ji et al.
pathologists (HWC and TYF), without knowledge of the
clinical information of the study participants, evaluated
the slides using a semi-quantitative H-score method, as
previously described13; the H-score ranged from 0 to 300. A
consensus was reached regarding controversial cases using
a multiheaded microscope.
Cell culture and lentivirus infection

Oral cancer cell lines, SAS, Ca922, and Cal27, were cultured
in Dulbecco’s modified Eagle’s medium (DMEM; Gibco BRL,
Figure 1 mRNA expression with SERPINE2 diagnostic and prognos
tumor, and metastatic head and neck squamous cell carcinoma (HN
than in normal tissues in TNMplot (PZ 2.009e-07). (B) High SERPINE
overall survival in KMPlot (P Z 0.014). (C) Heat map and boxplot of
SERPINE2 is upregulated in human OSCC. Red, upregulated; green,
compared with their adjacent normal tissues; SERPINE2 intensi
mean � standard deviation; ****, P < 0.0001.
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Grand Island, NY, USA), and HSC3 cells were maintained in
DMEM/F-12 (Gibco BRL, Grand Island, NY, USA), both me-
diums supplemented with 10% fetal bovine serum (FBS;
Gibco BRL, Grand Island, NY, USA). OECM-1 cells were
grown in Roswell Park Memorial Institute-1640 medium
(Gibco BRL, Grand Island, NY, USA). All the cells were
incubated in a humidified atmosphere of 5% CO2 at 37 �C.
Lentiviral pLKO.1 plasmid vectors containing shRNAs for
human SERPINE2 [clone ID: TRCN0000290152 (shSERPINE2)]
and a mammalian non-targeting control shRNA for lucif-
erase (shLuc, clone ID: TRCN0000072246) were purchased
from the National RNAi Core Facility, Academia Sinica,
tic values. (A) SERPINE2 mRNA expression levels in 546 normal,
SCC) tissues. SERPINE2 expressions were higher in tumor tissues
2mRNA expression was significantly correlated with poor 5-year
SERPINE2 mRNA expression in 40 OSCC tissue pairs (GSE37991).
downregulated. Array intensity of SERPINE2 in 40 OSCC tumors
ty is expressed as the log2 ratios. Data are represented as
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Taipei, Taiwan. Recombinant lentiviruses and transfection
were conducted as described previously.21 Stable knock-
down cell lines (HSC3 and CAL27) expressing SERPINE2
shRNAs were selected for 10 days with 2.5 mg/ml puromycin
after 24 h of infection.
Western blot analysis

The SERPINE2 monoclonal antibody (Invitrogen) was used at
a different dilution (diluted 1:500 in 12.5 mM Tris/HCl, pH
7.6, 137 mM NaCl, 0.1% Tween 20 with 5% non-fat milk).
Cultured cells were immediately washed with ice-cold
phosphate-buffered saline. Ice-cold lysis buffer containing
protease inhibitor cocktail tablets (Roche Diagnostics,
Mannheim, Germany) and 1% NP-40 (MilliporeSigma,
Figure 2 Representative sections of non-cancer epithelia and OSC
for SERPINE2. (A) Non-cancer epithelia, (B) weak (1þ), (C) modera
bar applies to all panels.
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Burlington, MA, USA) was used to lyse cells for 15 min at
4 �C. Whole-cell lysates were obtained 15 min after
centrifugation at 12,000�g, and the supernatant protein
concentration was determined using the Pierce BCA Protein
Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA).
Western blot analysis was performed as previously
described.21
Proliferation, migration, and invasion assay

Proliferation assay was conducted as described previ-
ously.21 Cell migration and invasion assays were performed
on a 24-well Transwell plate with an 8 mm pore size poly-
carbonate filter membrane (Corning, Acton, MA, USA). The
wells were coated with BioCoat Matrigel (BD Biosciences,
C were stained with hematoxylin and eosin and immunostained
te (2þ) and (D) strong (3þ). Scale bar in (A), 100 mm. The scale



Table 1 Relationships between the immunoscore of SER-
PINE2 and clinicopathological parameters in 122 patients.

Parameters No. Mean � SEM Median P

Agea

�54 73 147.47 � 7.77 160 0.132
>54 49 163.83 � 8.86 165

Gendera

Male 107 152.59 � 6.45 160 0.561
Female 15 164.33 � 13.21 160

Tumor siteb

Buccal 77 152.08 � 7.29 160 0.700
Retromolar 24 148.96 � 13.50 165
Tongue 7 170.36 � 25.33 170
Others 14 165.36 � 19.25 171

Histological gradeb

Well-
differentiated

45 149.00 � 8.18 165 0.720

Moderately-
differentiated

71 156.13 � 8.35 160

Poorly-
differentiated

6 167.08 � 30.81 183

Stagea

IeII 66 133.60 � 7.41 153 <0.001*
IIIeIV 56 178.13 � 8.34 184

Tumor statusa

T1e2 78 139.20 � 7.18 160 <0.001*
T3e4 44 180.34 � 8.98 186

Nodal metastasisa

Absent 91 145.36 � 6.39 160 0.011*
Present 31 179.52 � 12.64 180

Distant metastasisa

Absent 107 148.69 � 6.36 160 0.010*
Present 15 192.17 � 11.12 188

*Significance at P < 0.05.
a P-value by ManneWhitney U test.
b P-value by KruskaleWallis test.
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San Jose, CA, USA) for invasion assay. Cancer cell suspen-
sions, at a cell density of 1 � 105 in 200 ml of serum-free
medium, were seeded into the upper compartment for cell
migration and invasion assays, and the lower chamber was
filled with 10% FBS medium (Gibco BRL). After incubation
for 24 h, the cells remaining in the upper chamber were
removed. The filter membrane was fixed with 4% formal-
dehyde and stained with 5% Giemsa stain solution. The
migrated and invaded cells were counted under an inverted
microscope (200� magnification) in five different fields.

Statistical analysis

Statistical analyses were performed using the SPSS software
version 20.0 (SPSS Inc., Chicago, IL, USA). The Man-
neWhitney U test or KruskaleWallis test was used to
analyze the statistical significance of the associations be-
tween SERPINE2 scores and clinicopathological parameters.
Overall survival was analyzed using the KaplaneMeier
method, and the log-rank test was used for comparison
based on a median cutoff immunoscore value of 160. Cox
proportional hazards analyses were used to establish uni-
variate and multivariate comparisons of survival distribu-
tions. The in-vitro data were expressed as mean � standard
deviation and analyzed using Student’s t-test. All P-values
< 0.05 were regarded as statistically significant.

Results

In silico profiles of SERPINE2 in HNSCC and OSCC
patients

SERPINE2 mRNA expression in HNSCC and OSCC patients was
evaluated using the TNMplot database and GSE datasets. In
the TNMplot database, SERPINE2 mRNA expression was
significantly upregulated in tumor and metastatic HNSCC
tissues compared to normal tissues (P Z 2.009e�07)
(Fig. 1A). Survival analysis using KMplot revealed that high
SERPINE2 mRNA expression conferred a significantly poor 5-
year overall survival rate compared to low SERPINE2
expression in HNSCC (Fig. 1B). In the GSE37991 dataset,
using microarray data generated from 40 pairs of OSCC
cohorts with a betel quid-chewing habit, SERPINE2 levels
were significantly higher in tumors than in their corre-
sponding normal samples (P < 0.001, Fig. 1C).

SERPINE2 protein expression is associated with
poor clinical outcomes in OSCC patients

SERPINE2 was found in the cytoplasm and cell membranes
of normal oral epithelial and OSCC cells, with weak positive
immunoexpression in the parabasal layer of normal oral
squamous epithelium (positive control; Fig. 2A). The
staining distribution and intensity levels varied (Fig. 2BeD).
SERPINE2 expression immunoscore was significantly associ-
ated with an advanced clinical stage (P < 0.001), tumor
status (P < 0.001), lymph node (P Z 0.014), and distant
metastases (P Z 0.013); its association with age, sex,
tumor location, and histological grade was not statistically
significant (Table 1). The Kaplan-Meier curve for overall
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survival is shown in Fig. 3. High SERPINE2 expression was
significantly associated with shorter survival time
(P < 0.001, log-rank test). Univariate analysis revealed that
the decrease in overall patient survival was significantly
related to advanced clinical stage, high histological grade,
lymph node and distant metastasis, and high SERPINE2
expression immunoscore. Multivariate analysis indicated
that high SERPINE2 expression, poorly differentiated tu-
mors, and distant metastasis were independent prognostic
factors correlated with poor overall survival in OSCC pa-
tients (Table 2).

SERPINE2 knockdown inhibits cell proliferation,
migration, and invasion in OSCC cell lines

The Western blot analysis performed to evaluate SERPINE2
function in OSCC cells revealed that OECM-1, HCS3, and
Cal27 cells had higher SERPINE2 expression (Fig. 4A). To
examine the effect of SERPINE2 inhibition on cell prolifera-
tion and invasiveness, HSC3 and Cal27 cells were transfected
with shSERPINE2 or shLuc as a control. SERPINE2 shRNA
markedly reduced SERPINE2 protein expression in stable



Table 2 Univariate and multivariate analysis of SERPINE2 in 12

Univariate

Parameters No. Hazard ratio (95% C

Age

�54 73 Reference
>54 49 1.180 (0.769e1.809

Gender

Male 107 Reference
Female 15 1.508 (0.693e3.277

Histological grade

Well-differentiated 45 Reference
Moderately-differentiated 71 1.741 (1.092e2.775
Poorly-differentiated 6 9.988 (3.930e25.38

Stage

IeII 66 Reference
IIIeIV 56 2.979 (1.926e4.608

Tumor status

T1e2 78 Reference
T3e4 44 2.782 (1.790e4.324

Nodal metastasis

Absent 91 Reference
Present 31 2.513 (1.576e4.006

Distant metastasis

Absent 107 Reference
Present 15 4.737 (2.609e8.599

SERPINE2 expression

Low 50 Reference
High 72 2.334 (1.467e3.715

CI: confidence interval.
*Significance at P < 0.05.

Figure 3 High SERPINE2 expression was correlated with
worse overall survival rates. KaplaneMeier survival curve in 122
OSCC patients.
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clones compared to the control (Fig. 4B). SERPINE2 knock-
down inhibited the growth rate, cell migration, and invasion
of both HCS3 and Cal27 cells (Fig. 4C and D).

Discussion

Using the online tools TNMPlot and KMplot, SERPINE2 was
demonstrated to be significantly upregulated in tumor
samples, and its high expression was associated with poor
HNSCC prognosis. SERPINE2 mRNA level was significantly
higher in OSCC tissues than in the corresponding normal
epithelia in GSE37991, from areca nut-chewing patients.
Areca nut components have been associated with oral
submucosal fibrosis (OSF) through TGF-b pathway activa-
tion, and SERPINE2 is upregulated in areca nut-treated
cells.22 OSF contributes to the epithelial-mesenchymal
transition (EMT) and OSCC tumor infiltration,23 suggesting
that SERPINE2 may be correlated with oral carcinogenesis
through the EMT activation pathway in OSCC and thus re-
quires further investigation.

SERPINE2 levels were significantly increased in OSCC,
highly associated with clinical stage, tumor status, lymph
node metastasis, and distant metastasis, and significantly
correlated with patient survival. Overall survival results
were consistent with those of breast cancers,8 gastric
2 oral squamous cell carcinoma patients.

Multivariate

I) P Hazard ratio (95% CI) P

) 0.449

) 0.300

Reference
) 0.020* 1.420 (0.873e2.309) 0.157
7) <0.001* 5.711 (2.096e15.561) 0.001*

Reference
) <0.001* 1.370 (0.526e3.566) 0.519

Reference
) <0.001* 1.417 (0.618e3.248) 0.410

Reference
) <0.001* 1.477 (0.789e2.765) 0.223

Reference
) <0.001* 2.537 (1.355e4.824) 0.005*

Reference
) <0.001* 1.737 (1.053e2.864) 0.030*



Figure 4 SERPINE2 knockdown reduced cell proliferation and invasion in HSC3 and Cal27 cells. (A) SERPINE2 expression levels in
OSCC cell lines were evaluated using western blotting. (B) Immunoblotting analysis of SERPINE2 in HSC3 and Cal27 cells transduced
with SERPINE2 shRNA and control shRNA (shLuc). (C) Growth curves of HSC3 cells with SERPINE2 knockdown. The migration and
invasion of HSC3 cells transduced with SERPINE2 shRNA or control vector were assessed using Transwell assays. (D) Growth curves of
Cal27 cells with SERPINE2 knockdown. Transwell assays were performed to analyze the migration and invasion of Cal27 cells
transduced with SERPINE2 shRNA or a control vector. bar: SEM; *P < 0.05; **P < 0.001.

H.-W. Chuang, L.-H. Lin, D.-D. Ji et al.
cancers,2 osteosarcomas,11 and urothelial carcinoma.13

Furthermore, most of the commonly used patient vari-
ables were included in the regression model, and only high
SERPINE2 immunoexpression, poorly differentiated tumors,
and distant metastases remained significant predictors for
worse overall survival rates (P < 0.05). The study results
suggest possible roles for SERPINE2 overexpression in
tumorigenesis and OSCC outcomes.

SERPINE2 affects cell proliferation, migration, and
invasiveness in various cancers, including pancreatic can-
cer,2 osteosarcomas,11 ESCC,14 and lung adenocarcinoma.24

The association between high SERPINE2 expression and
enhanced cell migration may differ from the expected
function of a protease inhibitor, which should reduce ECM
degradation and facilitate tumor cell invasion. Whether
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SERPINE2 is oncogenic or tumor-suppressing and its ability
to regulate the development of a favorable microenviron-
ment in tumors remain controversial. Xu et al.25 showed
that MMP-9 upregulates uPA and promotes tumor cell in-
vasion via SERPINE2 cleavage. SERPINE2 in C6 glioma cells
also play an anti-invasion role by regulating uPA, which
induces extracellular MMP-9/2 activation.26 A feedback
model exists between SERPINE2 and matrix metal-
loproteinase (MMP)-9, which exerts opposite regulatory
mechanisms and results in metastasis depending on their
relative abundance.2 In this study, SERPINE2 knockdown
inhibited HSC3 and Cal27 OSCC cell proliferation. A recent
study on hepatocellular carcinoma suggested that BAP31
promoted cell proliferation by direct SERPINE2 regulation
and MAPK pathway activation.12 Our results also indicated
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that SERPINE2 plays an important role in cell migration and
invasion in OSCC. Several studies have demonstrated that
high SERPINE2 expression contributes to tumor invasion and
metastasis.7e10,14 These results suggest that SERPINE2 may
have diverse biological functions in different tumor types.

Regarding the possible invasion mechanism, SERPINE2
induces cell detachment of multiple extracellular matrix
proteins through a uPAR-dependent mechanism.27 Bergeron
et al.9 confirmed that SERPINE2 expression could reduce
adhesion and promote detachment in colorectal carcinoma.
Furthermore, SERPINE2 can regulate breast cancer cell in-
vasion and metastasis by stimulating extracellular signal-
regulated kinase signaling and MMP-9 expressions.7

Recently, Zhang et al.14 showed that SERPINE2 promotes
ESCC metastasis by regulating bone morphogenetic protein 4
to activate the EMT process. Additionally, Liu et al. revealed
that LIM-homeodomain gene 2 promotes ESCC tumor growth
and metastasis by regulating SERPINE2 expression.28

Consistent with our findings, a study suggested that SER-
PINE2 may induce angiogenesis and lymphangiogenesis in
OSCC.29 SERPINE2 promoted metastasis through the
glycogen synthase kinase 3b (GSK3b) signaling pathway in
melanoma.10 Fujii et al. demonstrated that transient re-
ceptor potential vanilloid 4, a Ca2þ channel, enhances OSCC
cell proliferation via CaMKII-AKT activation.30 The AKT/
GSK3b signaling regulated EMT and metastasis in various
cancers.31 Exploring the relationship between SERPINE2 and
the AKT/GSK3b signaling pathway may elucidate OSCC
tumorigenesis and invasiveness. These results support that
SERPINE2 could increase OSCC cell aggressiveness by pro-
moting tumor cell growth and proliferation; however, the
detailed mechanism requires further investigation.

Arroyo-Solera et al.32 found that SERPINE1 over-
expression, the phylogenetically closest relative of SER-
PINE2, promotes tumor aggressiveness and metastatic
dissemination in HNSCC. Moreover, SERPINE1 blockade may
enhance the efficacy of anti-PD-L1 therapy in melanoma
patients.33 Considering the similar function of SERPINE1, an
effective therapeutic target for SERPINE2 as a promising
cancer treatment strategy requires further investigation.

Overall, SERPINE2 is a valuable prognostic marker for
OSCC progression, as confirmed using public databases and
clinical samples. SERPINE2 may also play an active role in
OSCC tumorigenesis and influence oral cancer progression
by enhancing tumor cell invasiveness. Finally, the study
results revealed that SERPINE2 might be a potential ther-
apeutic target for OSCC patients.
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