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Purpose: Fibroblast activation protein (FAP) acts as a tumor promoter via epithelial—
mesenchymal transition (EMT) in human oral squamous cell carcinoma (OSCC). The present
study was designed to investigate the FAP targeting proteins and explore the precise
mechanism by which FAP promotes EMT in OSCC.

Patients and Methods: Proteins interacting with FAP were found and filtered by immu-
noprecipitation-mass spectrometry (IP-MS). Both DPP9 protein and mRNA were examined
in 90 paired OSCC samples and matched normal tissue. DPP9 knockdown was conducted to
determine its function in OSCC in vitro and in vivo.

Results: Dipeptidyl peptidase 9 (DPP9) was identified as interacting with FAP intracellularly
by IP-MS. The levels of both DPP9 protein and mRNA were down-regulated in OSCC tissue.
Lower DPP9 expression was correlated with unfavorable survival rates of OSCC patients.
DPP9 knockdown accelerates the proliferation of OSCC cells in vitro and in vivo.
Overexpression of FAP leads to a reduction in DPP9 expression. Likewise, DPP9 overexpres-
sion reverses the proliferation, migration, invasion and EMT induced by FAP during OSCC.
Conclusion: Our study finds that FAP promotes EMT of OSCC by down-regulating DPP9
in a non-enzymatic manner. FAP-DPP9 pathway could be a potential therapeutic target of
OSCC.
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Introduction

OSCC is one of the most common malignant cancers of the oral cavity, as well as
an important cause of morbidity and death.' OSCC can be divided into three major
subtypes: buccal mucosal squamous cell carcinoma (BMSCC), tongue squamous
cell carcinoma (TSCC), and gingival squamous cell carcinoma (GSCC).> OSCC
accounts for more than 90% of all oral cancers with the main risk factors being the
consumption of tobacco and/or alcohol and chewing areca. At a histopathological
level, OSCC is characterized by squamous differentiation, nuclear pleomorphisms,
invasive growth, and metastasis.> Despite major advances in diagnosis and treat-
ment, the prognosis of OSCC is poor due to its invasion, metastasis, and recurrence.
Although it is easily detected, up to 60% of OSCC cases are undiagnosed in early
clinical stages. The biomarkers® for early diagnosis of OSCC are therefore crucial
to improving patient prognosis and survival rates.
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FAP is a member of the dipeptidyl peptidase (DPP)
family.> FAP is highly expressed in cancer-associated
fibroblasts (CAFs). It is also highly expressed in cancer
cells and has been demonstrated to have pro-tumorigenic
activity.>” Some studies®™'®® indicated that FAP can
induce EMT in various human cancers. However, the
exact mechanism of FAP in EMT and OSCC carcinogen-
esis is still unknown. Structurally, FAP consists of a cyto-
plasmic tail, a transmembrane domain, and an extracellular
domain.” FAP has post-proline exopeptidase activity and
gelatinase activity.'' Its dual enzymatic activity gives it a
range of putative substrates.'> Although many studies'”
have suggested that FAP can enhance various carcinogen-
esis processes, it is still not clear whether the observed
carcinogenesis is simply based on enhanced enzymatic
activity. Emerging evidence'>'>'* has suggested that
FAP plays a non-enzymatic role in cancer. We reason
that FAP may play its role in cancer promotion not only
by enzymatic effects but also by non-enzymatic effects.

After immunoprecipitation-mass spectrometry (IP-
MS), we indicated DPP9 is an intracellular target of FAP.
DPP9, the FAP homologous protein, shares the same sub-
cellular localization, protein domain and Gene Ontology
(GO) function. DPP9 belongs to the DPP gene family,'®
localizes in cell cytosol, expresses ubiquitously in human
tissues, and is mainly enriched in lymphocytes and epithe-
lial cells.””'” Emerging evidence also suggests that abnor-
mal expression of DPP9 may play a key role in the
development and progression of cancer. The functional
role of DPP9 in OSCC remains to be elucidated. Thus,
this study was designed to explore the possible molecular
mechanism of FAP through DPP9 in OSCC.

Materials and Methods
Cell Culture, Tissue Collection, and

Ethics Statement
OSCC cell lines SCC9, SCC25, SCC15 were purchased
from ATCC and maintained in DMEM/F12 supplemented

with 10% fetal bovine serum (FBS) (Gibco Company,
USA). A total of 118 untreated OSCC tumor specimens
(TUM) and matched normal tissues (MNT) were obtained
from Nanfang Hospital of Southern Medical University,
Guangzhou, from 2015 to 2018. Of the 118 cases, there
were 86 males and 32 females. All patients were informed
with written consents and the Ethics Committees of
Nanfang Hospital approved the collection and use of all
clinical specimens (NO: NFEC-2018-027). All specimens
2009 UICC-TNM

were staged according to the

Classification of Malignant Tumors.

Transient Transfection with siRNAs for
FAP and DPP9

Small interfering RNAs (siRNA) for FAP and DPP9 were
designed and synthesized (GenePharma Inc., Suzhou,
PR China).
Lipofectamine3000 Transfection Reagent (Thermos Fishers

siRNAs were transfected into cells by

Co, Ltd., USA) according to the manufacturer’s protocol.
Cells were collected after 48—72 h for further experiments.
siRNA sequences are listed in Table Al.

RNA Isolation, Reverse Transcription,

and qRT-PCR

Total RNA was extracted from the cells using Trizol (RNA
Isolator (Vazyme Biotech Co., Ltd, Nanjing)). Reverse
transcription (RT) and qPCR were performed in accor-
dance with the manufacturer’s instructions (Vazyme
Biotech Co., Ltd, Nanjing). RT-qPCR for each gene was
repeated three times. Quantification amounts were normal-
ized to GAPDH levels. Primers are listed in Table A2.

Plasmid Construction

PFU enzyme (Thermo Fisher, Inc; USA) was used for the
PCR program. Using cDNA from OSCC samples as a tem-
plate, fragmented wildtype FAP (WFAP) with HIS-tag was
cloned with primer A and primer B (See Table 1 for the list of
primers). Using wFAP as a template for intracellular site

Table | Primer Used in Plasmid Construction (5'-3')

T mQgQNw

A CGCGGATCCATGAAGACTTGGGTAAAAATCGTA
CCGCTCGAGTTAGTGGTGGTGGTGGTGGTGGTCTGACAAAGAGAAACACTGC
CGCGGATCCATGTTACGCCCTTCAAGAGTTCA
CTTATCGTCGTCATCCTTGTAATCCCAGCCCCATATGGCTATTC
GATTACAAGGATGACGACGATAAGGTGCACTTTCAAAACTCAGCACAG
GGGTACCCGCCACCATGGGG AAGGTTAAG
ATCTCTAGAGTCAGAGGTATTCCTGTAG AAAGTGCAG
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deletion (tFAP), we used primers B and C to excise fragment
tFAP. To delete 624-704 (mFAP), we overlapped primers D
and E. After using primers A and D, and primers B and C,
respectively, to excise fragments F1 and F2, both fragments
were added together as templates and used to clone out
mFAP with primer A and primer E. These three
fragments (WFAP, tFAP, mFAP) were cloned into plasmid
pcDNA3.1(+) using restriction enzymes, BamH I and
EcoR I.
Lipofectamine3000 Transfection Reagent. Using the cDNA

Plasmids were transfected into cells with
and primer F/G to clone fragment DPP9 and set it into

plasmid pCMV3-Flag with Kpn I and Xba I .

Western Blotting

Western blotting was performed using an SDS-PAGE
Electrophoresis System with rabbit polyclonal anti-FAP
antibody (1:1000; Santa Cruz Biotechnology Inc., Seattle,
USA), mouse monoclonal anti-DPPR2 antibody (1:2000;
Santa Cruz Biotechnology Inc., Seattle, USA). Other rabbit
polyclonal antibodies against HIS-tag, GAPDH, E-cadherin,
N-cadherin, Vimentin, MMP2, P53, SNAIL, SLUG
(1:2000; Proteintech Inc., USA) and pan-ERK1/2 and phos-
phate-ERK1/2(1:2000; CST, USA) were also utilized.

IP Assay and MS Assay

The total protein was extracted from SCC9-FAP" cells and IP
was performed using a Protein A/G Magnetic Beads
(Bimake, USA). Briefly, 6.0x10°> SCC9-FAP" cells per reac-
tion were washed with phosphate-buffered saline (PBS),
lysed in cold IP lysate buffer, and then centrifuged. Next,
the cell lysates were immunoprecipitated with the monoclo-
nal anti-HIS-tag antibody (Cell Signaling Technology, Inc.;
USA) and incubated overnight at 4°C. SDS-PAGE was then
conducted to examine the protein levels. The lysate including
HIS-FAP-interacting peptides were collected and submit to
an MS facility (Thermo Fisher, Inc.; USA) for analysis. The
experiments were repeated three times and the detected pep-
tides were intersected.

Immunohistochemistry (IHC) Assay
Examination of DPP9 expression in tumor (TUM) and
matched normal tissue (MNT) by IHC was processed
with the DPP9 antibody (1:50, Abcam Inc., USA). For
statistical analysis of DPP9 expression in MNT against
TUM, staining scores of 0-5 and 6—10 were, respectively,
grouped into low and high levels of expression. IHC score
is equal to the percentage positive for each slide x100. (No
digits after decimal point).

CCK-8 Assay

Cell Counting Kit-8 assay was used to assess the rate of
cell proliferation. Cells were seeded in 96-well plates at a
density of 1000 cells/well and, respectively, incubated for
12, 24, 48, 70 hrs. 10 pL of CCK-8 (DOJINDO
LABORATORIES Ltd., China) was added to each well
(with 90 pL medium without FBS) and incubated for 2 h.
The absorbance value (OD) was measured at 450 nm.
Experiments were carried out three times.

Colony Formation Assay

We placed 1x10° treated cells per well in 6-well plates, and
after their attachment, there was no contact between cells.
The cells were incubated in a CO, incubator at 37°C for
10-15 days until the cells formed substantially large colonies
(50 cells per colony). Media was removed and cells were
rinsed twice with 1X PBS. 1 mL of methanol was added per
well and incubated at room temperature (RT) for 5 min.
Methanol was removed and 0.5% crystal violet was added
carefully then incubated at RT for 2 hrs. Crystal violet was
removed and the plates were rinsed in tap water followed by
drying at RT for 1 day. Plates were scanned and the number
of colonies was counted. Plating efficiency (PE) was calcu-
lated by the following equation:

PE = no. of colonies formed/no. of cells seeded x 100%.

Invasion and Migration Assays

For the invasion assay, cells were seeded in 100 mL
DMEM/F12 media on top of polyethylene terephthalate
(PET) membranes coated with Matrigel TM (1.5 mg/mL,
BD Biosciences Inc.) within transwell cell culture inserts
(24-well inserts, 8 mm pore size; Corning Life Sciences,
Corning, NY, USA). The bottom chamber was filled with
600 mL of DMEM/F12 media containing 20% FBS. The
cells were incubated for 12 h at 37°C with 5% CO2.
Subsequently, the cells were fixed in 2.5% (v/v) glutaral-
dehyde and stained with 0.1% crystal violet. For the
migration assay, the same conditions were followed as
the invasion assay without the addition of Matrigel TM.
Both groups of cells on the membranes bottom were
visualized under a microscope (Zeiss Ltd., China) and
quantified by counting the number of cells in three ran-
domly chosen fields at 200-fold magnification.

In vivo Tumor Growth Assay
BALB/c-nude mice (4 weeks old, 18-20 g) were pur-
chased from The Laboratory Animal Centre, Southern
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Medical University. The Institutional Animal Care and
Use Committee of Southern Medical University approved
all experimental procedures. Cells were dispersedly sus-
pended, washed twice with cold serum-free medium, and
resuspended with serum-free medium. 2 x 10° treated cells
were injected subcutaneously into the left axilla in 5 nude
mice each group. Every 5 days, the length (L) and
width (W) of tumors were measured and their volumes
were calculated using the equation (L xW?)/2. The ani-
mals were euthanized on the 20th day after injection, and
the tumors were excised, weighed, serially sectioned and
stained with hematoxylin and eosin (H&E). Animal stu-
dies were conducted in accordance with the guidelines as
published in the Guide for the Care and Use of Laboratory
Animals."®

Statistical Analysis

SPSS 22.0 software (SPSS Inc., Chicago, IL, USA) and
GraphPad software (GraphPad Software, Inc., La Jolla,
CA, USA) were used to analyze all data for statistical
significance. Student's ¢-test was used for comparisons of
two independent groups. One-way ANOVA was used to
determine differences between groups for all in vitro ana-
lyses. Spearman correlation analysis and Cox-regression
analysis were used to determine the prognostic role of
DPP9 in clinical data. A p-value < 0.05 was considered
statistically significant.

Results
FAP Negatively Regulates DPP9 in Its

Upstream

Current research has been focused primarily on the enzy-
matic activity of FAP and its substrates. Clinical studies
involving Talabostat, which inhibits the enzymatic functions
of FAP showed less than promising results in patients, neces-
sitating the exploration of the non-enzymatic activities of
FAP. We overexpressed FAP with a HIS-tag in the SCC9
tumor cell line and conducted IP using anti-HIS antibody to
find possible interaction proteins with FAP. The lysates from
the HIS-tag antibody group and IgG antibody group were
analyzed by MS, and 13 proteins showed significant differ-
ence compared with the IgG group. We focused on DPP9
with three filter conditions: subcellular localization, GO
function and protein domain (Figure 1A). We verified the
association between FAP and DPP9 in the antibody group
lysates by Western blotting (Figure 1B). In SCC15 cell line
transiently silence FAP showed higher DPP9 expression. In

both SCC9/SCC25 FAP" cell lines, DPP9 was downregu-
lated (Figure 1C. p<0.05). We next asked which site on FAP
may relate with DPP9. To answer this question, wild type
FAP, intracellular segment deletion type FAP (tFAP) and
extracellular segment mutation type FAP (mFAP) were
each cloned into the pcDNA3.1+ plasmid (Fig. S1A) and
were transiently transfected into SCC9 cell lines. DPP9 anti-
body was used to execute conditioned-IP, and no FAP stain-
ing in tFAP group. We compared the DPP9 expression in
SCC9 cells which were transfected by wFAP or tFAP and
found that losing the extracellular segment of FAP will not
affect the expression of DPP9 (Figure 1D). This suggested
that the intracellular part of FAP may be the cooperating site
with DPP9. These results show that FAP can reduce DPP9
and the functional site may be inside the cell.

DPP9 Is Downregulated in OSCC

Through analysis of DPP9 expression from TCGA head and
neck cancer patients in Oncomine, the log2 copy number unit
of DPP9 was downregulated in head and neck carcinoma
samples (290 cases) compared with head and neck part (74
cases) and blood samples (264 cases) (Fig. SIB). DPP9
mRNA in TUM is relatively lower in MNT (p< 0.0001,
n=90, Figure 2A). Three randomized-picked paired OSCC
tumor tissues (TUM) and the matched normal tissues (MNT)
were analyzed, and immunoblotting showed that DPP9 pro-
tein exhibited markedly lower expression levels in the TUM
tissues compared to the MNT. (Figure 2B). Also, protein
levels of DPP9 were measured in samples of 118 pairs
TUM and MNT using IHC (p< 0.005, n=45) (Figure 2C).
Also, the FAP mRNA level in 90 pairs of specimens were
tested and the regression analysis showed that DPP9 is nega-
tively associated with FAP (R*=0.121, p=0.001, Figure 2D
and E). Taken together, these results strongly indicate that
DPP9 is downregulated in human OSCC.

Decreased Expression of DPP9 Is
Unfavorable for OSCC Prognosis

Kaplan—Meier survival analysis revealed a correlation
between DPP9 expression level and overall survival dura-
tion (p=0.02, Figure 2F). To explore the prognostic value
of DPP9 expression for OSCC, 118 OSCC patients for up
to 40 months were stained by IHC assay, scored, and
divided into low or high expression groups (summarized
in Table 2). We analyzed the association between DPP9
and the clinicopathological features of OSCC. As showed
in Table 2, strong associations were observed between
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Figure | Negative correlation between FAP and DPP9. (A) Coomassie blue staining shows IP lysate with His-antibody. Venn diagram shows the filter condition of 13
peptides from IP-MS. (B) Verify DPP9 in IP lysate using DPP9 antibody. (C) In FAP-low-expression SCC9 and SCC25, overexpressing FAP and reduced DPP9 can be
detected. And in FAP-high-expression SCCI5, knockdown FAP shows higher DPP9. All data are represented as mean * SD; *p < 0.05. (D) SCC9 cells transfected with either
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with wFAP or mFAP groups. Transfecting wFAP and tFAP plasmid showed different DPP9 expression.

DPP9 expression and clinical stage (p=0.036), T classifi-
cation (p=0.017), N classification (p=0.041). However, the
expression of DPP9 was not associated with age, gender
and lymphatic metastasis. Cox-regression analysis was
used to determine whether DPP9 could serve as a risk
factor. As shown in Table 3, low expression of DPP9

was associated with a significantly increased risk of
death in OSCC patients (P =0.045) compared to those
with high DPP9 expression by univariate Cox-regression
analyses. Multivariate Cox-regression analysis found that
DPP9 could be a biomarker of OSCC which predicting
unfavorable survival rate (Table 3). These results indicate
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a significant correlation of the expression of DPP9 with
the prognosis of OSCC.

DPP9 Modulates Cell Growth of OSCC
Cells

To evaluate the function of DPP9 on cancer cell prolifera-
tion, siRNA was transfected into SCC9 and SCC25 cell
lines to specifically salience DPP9 expression and observed
no change of FAP (Figure 3A, **p<0.01). Depleted DPP9
promoted cell growth by Colony formation assay and
CCK-8 assay (Figure 3B and C). Taken together, these
results suggested that DPP9 significantly attenuated cell
growth in vitro.

DPP9 Depletion Promoted Cell Migration/

Invasion and Induced EMT in vitro

To determine the effects of DPP9 on cancer cell metastatic
ability, DPP9 repression in SCC9 and SCC25 cells was
conducted to examine the cellular function of invasion and
migration. Matrigel invasion assays showed SCC9 and
SCC25 cells with downregulated DPP9 were much more
invasive than controls and exhibited a similar tendency
in migration assays (Figure 4A, *p<0.05, **p<0.01,
**%p<0.005). Immunoblotting showed DPP9-depletion can
reduce E-cadherin, P53, phosphorylated-ERK 1/2, with
increasing N-cadherin, MMP2, SAIL1 and SLUG, compared
with no change of Vimentin and pan-ERK1/2 (Figure 4B).
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Table 2 Clinicopathological Characteristics of Patient Samples
and Expression of DPP9 in OSCC

Variables DPP9(%)
n High Low p-value
Expression | Expression

Age(y) 0.128
260 31 13 18
<60 87 22 65

Gender 0.115
Male 86 29 57
Female 32 6 26

Clinical stage 0.036
-1l 60 23 37
-1v 58 12 46

T classification 0.017
| 15 8 7
2 6l 19 42
3 7 2 5
4 35 6 29

N classification 0.041
NO-N1 82 29 53
N2-N3 36 6 30

Lymphatic invasion 0.358
No 84 27 57
Yes 34 8 26

Vital states 0.388
Alive 33 10 23
Dead 65 16 49
Censored 20 9 Il

DPP9 Modulates Cell Growth of OSCC

Cells in vivo

To confirm whether DPP9 repression effects the OSCC
growth, DPP9-depleted SCC9 cells, or control cells were
injected into nude mice subcutaneously, and tumor size
was observed. Tumor generation speed of si-DPP9 cells
was significantly faster than in control cells, and final
volume/weight (20 days) of si-DPP9 group is significantly

larger (Figure 5A). The EMT-associated protein in si-
DPP9 group change similarly with treated cells in vitro
compared with the untreated group by WB (Figure 5B).
All tumors were stained with H&E and IHC stained using
DPP9, CD44, and Ki67 antibodies (Figure 5C).

FAP/DPP9 Regulated EMT to Regulate
Migration and EMT in OSCC Cells

To further delineate the role of DPP9 in the proliferation
and migration/invasive regulated by FAP, DPP9 was
restored by transfecting pCMV-DPP9 plasmid in FAP-
overexpressing SCC9 cells (Figure 6A). CCK8 assay and
colony formation assay demonstrated that the DPP9 plas-
mid decreased the cell proliferation and tumorigenesis
(Figure 6B and D). Consistently, cells numbers of DPP9
plasmid treated cells of migration and invasion was
reduced (Figure 6C). The increased vimentin, E-cadherin
and N-cadherin expression levels were reversed to wild-
type levels (Figure 6E). And Adhesion assay showed
DPP9 transfection can furtherly reduce the adhesion abil-
ity of cells. (Fig. SIC) These findings suggest that prolif-
eration, tumorigenesis by overexpressing FAP can be
reversed by restoring DPP9 in OSCC cells.

Discussion

FAP has been considered as a potential immunotherapeutic
target,'” and it plays a key role in cancer promotion both
by enzymatic effects and non-enzymatic effects. Its enzy-
matic effects have attracted more attention so far. FAP
shares substrates with DPP4.2%?! However, Talabostat,
the first inhibitor of enzymatic activity of FAP, showed
no significant response, or improvement in patient out-
comes, in clinical trials.?****** Emerging evidence support
the idea that FAP might affect tumorigenicity independent
of its enzymatic activity. Overexpression of FAP and
expression of mutant FAP, both displayed enhanced cancer
phenotypes with no significant differences between the
groups.”” Chung suggested FAP leads cellular migration

Table 3 Multivariate Analyses of Various Prognostic Parameters in Patients with OSCC Cox-Regression Analysis

Univariate Analysis Multivariate Analysis
P Regression Coefficient (SE) P Relative Risk 95% Confidence Interval
DPP9 expression 0.045 0.551(0.297) 0.075 0.569 0.306 1.059
T classification 0.931 0.977(0.265) 0.993 0.997 0.479 2.074
N classification 0.256 0.299(0.263) 0.393 1.272 0.733 2.208
Clinical stage 0.264 0.751 (0.257) 0.277 0.684 0.345 1.357
OncoTargets and Therapy 2020:13 submit your manuscript 2605
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Figure 3 Knockdown of DPP9 causes an anti-tumor effect on OSCC cells. (A) Western blot analysis of DPP9 following DPP9 knockdown for 72 hrs. GAPDH was used as
an internal control. (B) Colony formation assay after knockdown of DPP9 in SCC9 and SCC25 cells for 10 days (Top). The mean number of colonies for each well was
determined from three independent assays (Bottom). (C) Growth rates of SCC9 and SCC25 cells measured by CCK-8 assay after DPP9 knockdown. All data are presented

as mean + SD; *p <0.05; **p <0.01; **p <0.001 versus control group.

and its peptidase activity is not essential for such
migration.”® Yang et al'* inhibited FAP with Talabostat
does not reduce levels of its downstream CCL-2 secretion.
Knopf et al*> suggested that FAP directly binds to erlin-2,
stomatin, and caveolin-1. However, it is not clear whether
this binding is due to FAP enzyme activity pattern or non-
enzyme activity pattern. FAP may bind to erlin-2 through a
non-enzymatic pattern for erlin-2 is located on the endo-
plasmic reticulum. Therefore, we are committed to explor-
ing the closest downstream effectors on/inside the cell that
may mediate the regulation of proliferation and metastasis
of FAP, and in the 13 proteins isolated by our IP-MS

experiment. Two of the 13 proteins are located on the
cell membrane and the other 11 are distributed separately
on the nucleus, cytoplasm, mitochondrion, cytosol, and
cytoskeleton. We finally focused on DPP9 because of its
similar location, likely interaction domain, and analogous
GO function compared to FAP.

In our study, we verified that DPP9 expresses in lower
than normal levels in OSCC samples both from TCGA
database and in our sample base and the lower expression
is associated with worse prognosis, including clinical
stage, T, N classification and lymph node status. Survival
analysis showed that downregulated DPP9 was an
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independent prognostic factor for poor 3-year overall sur-
vival in OSCC patients. DPP9 knockdown fostered the cell
proliferation speed, migration, and EMT of OSCC cells.
All these results showed that DPP9 could play an onco-
genic role in OSCC and be a petanial. To the best of our
knowledge, this is the first study to explore the role of

DPP9 in OSCC carcinogenesis. DPP9 has two distinct
biological effects on various types of cancer. On the one
hand, Lu et al*® found DPP9 may act as a survival factor
for cells from the Ewing’s sarcoma family of tumors cells.
Yao et al*’ reported that DPP9 overexpression can inhibit
PI3K/AKT signaling, attenuate cell proliferation, and
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versus control).

promote apoptosis in human hepatoma cells.”® On the
other hand, DPP9 expression is significantly increased in
testicular cancer.'” Thence the pro- or anti-tumor activity
of DPP9 may depend on the cell type and the molecular
context within the tumor microenvironment.

EMT has been confirmed to play a significant role in
promoting metastasis in epithelium-derived carcinoma.
Accumulating evidence has shown that EMT confers adhe-

sion, migration, invasion and metastasis capacity, stemness,

and multidrug resistance in tumor cells.****'**' There are
many existing studies on how DPP4*? and FAP* affect
EMT. Our data and results indicate that the underlying
mechanism of OSCC tumorigenesis may be dysregulation
of EMT properties through the DPP9 pathway that requires
further experimentation to elucidate. Currently, there is not
much research on whether DPP9 affects EMT, while Tang**
found upregulated DPP9 promotes tumorgenicity and EMT
in non-small cell lung cancer (NSCLC). This difference may
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be because NSCLC samples in Tang’s study included ade-
nocarcinoma and squamous cell carcinoma, which may have
a certain impact on the study. At present, the relationship
between FAP and histones such as DPP4 is limited. Augoff*”
found FAP and DPP4 mRNA expression were upregulated in
patients with esophageal squamous cell carcinoma while
only DPP4 protein was increased. Further studies are needed
to clarify the relationship between FAP and histones.

It can be observed that enforcing DPP9 expression in
SCCY-FAP" cells can reverse tumor growth, migration,
invasion and EMT-biomarkers. The intracellular part of
FAP is the possible site interaction with DPP9 observed
by conditioned IP assay. We reach the conclusion that FAP
facilitates carcinogenesis and EMT by down-regulating
DPP9 inside OSCC cells. Results innovatively indicate
that FAP may induce pro-tumorigenic effects in a non-
enzymatic manner. The intracellular part of FAP consists
of only 7 amino; currently, we infer that the intracellular
FAP may repress DPP9 by ubiquitination. The specific
mechanism still needs to be further explored.

Conclusion

Overall, our study finds that FAP promotes EMT of OSCC
by down-regulating DPP9 in a non-enzymatic manner.
FAP-DPP9 pathway could be a potential therapeutic target
of OSCC.
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