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Abstract

CD26/dipeptidyl peptidase IV (DPP4) is a multifunctional cell-surface glycoprotein
widely found in many cell types, and a soluble form is present in body fluids. There is
longstanding evidence indicating a tumour-promoting or -suppressive role of DPP4 in
different cancer types. However, studies focusing on the impacts of genetic variants
of DPP4 on cancers are very rare. Herein, we conducted a case-control study to eval-
uate whether single-nucleotide polymorphisms (SNPs) of DPP4 were associated with
the risk or clinicopathologic development of prostate cancer (PCa). We genotyped four
loci of DPP4 SNPs, including rs7608798 (A/G), rs3788979 (C/T), rs2268889 (T/C) and
rs6741949 (G/C), using a TagMan allelic discrimination assay in 704 PCa patients and
704 healthy controls. Our results showed that PCa patients with the DPP4 rs7608798
AG+GG genotype or rs2268889 TC+CC genotype had a higher risk of developing an
advanced clinical primary tumour (cT) stage (adjusted odds ratio (AOR): 1.680, 95%
confidence interval (Cl): 1.062-2.659, p=0.025; AOR: 1.693, 95% Cl: 1.092-2.624,
p=0.018). Additionally, in The Cancer Genome Atlas (TCGA) database, we observed
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1 | INTRODUCTION

Prostate cancer (PCa) is the most common non-skin malignancy and
second leading cause of cancer deaths among men in the United
States.! The increasing trend of its incidence is seen more often
in developed countries including Taiwan probably due to more-
advanced medical care facilities and prostate-specific antigen (PSA)
screening at early stages of disease development,2 Although PSA de-
tection and a digital rectal examination (DRE) are common screening
methods of clinicians for detecting PCa, these methods have limited
accuracy. For example, PSA is a prostate gland-specific antigen, but
not a PCa-specific antigen. Therefore, an elevated PSA level is also
observed in benign pathologies such as prostatic hyperplasia and
prostatitis.3 Until now, there are still no specific cancer-associated or
PCa patient-specific biomarkers to distinguish between benign and
malignant tumours. As an early diagnosis of PCa is necessary to pre-
vent metastasis and promote treatment, research into new efficient
predictive biomarkers is essential to detect at-risk patients.

Genetic changes play important roles in the initiation and clini-
copathologic development of PCa.* Thus, there is a need to identify
novel genetic markers which can be used as predictors for the most
susceptible segments of the population to PCa or for genes that
participate in PCa progression. Single-nucleotide polymorphisms
(SNPs) are variations in a genome's base pairs in a DNA sequence,
with a variant frequency that occurs in more than 1% of the pop-
ulation and correlates with disease susceptibility, progression, or
therapy responses.>” Actually, in genome-wide association stud-
ies (GWASs) and PCa case-control surveys, an enormous number
of different SNPs in different genes were found to be correlated
with PCa risk or progression.® For example, SNPs located in genes
such as caspase-3 (CASP3), caspase-9 (CASP9), hepatocyte nuclear
factor 1-beta (HNF1B), cancer susceptibility 8 (CASC8) and cyclin-
dependent kinase inhibitor 1B (CDKN1B) were implicated in regula-
tion of cell apoptosis, the cell cycle, metabolism and cell division and
were shown to be correlated with PCa susceptibility.”*° Moreover,
Y-box binding protein-1 (YB-1) is a critical regulator of androgen re-
ceptor (AR) variants, which are involved in resistance to hormone
therapy for PCa.'* The rs1203072 SNP located in an intron of the
YB-1 gene was reported to affect gene expression and be linked to
PCa metastasis.?

that lower DPP4 expression levels were correlated with higher Gleason scores, ad-
vanced cT and pathological stages, tumour metastasis, and shorter progression-free
survival rates in PCa patients. Furthermore, overexpression of DPP4 suppressed mi-
gration/invasion of metastatic PC3 PCa cells. Our findings suggest that DPP4 levels
may affect the progression of PCa, and the DPP4 rs7608798 and rs2268889 SNPs are

associated with the clinicopathologic development of PCa in a Taiwanese population.

clinicopathologic development, dipeptidyl peptidase IV, prostate cancer, single-nucleotide

DPP4, located on chromosome 2g24.3, encodes dipeptidyl pep-
tidase IV (DPP-1V), a 110-kDa cell surface type Il transmembrane
glycoprotein. DPP4 is a multifunctional protein that not only has hy-
perglycemic action, but is also involved in cancer biology processes,
such as migration, invasion, metastasis, apoptosis, and sensitivity to
chemotherapy.®** To the present, the role of DPP4 in PCa is still
controversial. Wilson et al demonstrated an increase of DPP4 ac-
tivity in PCa in comparison to benign prostatic hyperplasia or nor-
mal prostate tissue.’® Lu et al. indicated that DPP4 expression was
higher in PCa tissues than in normal tissues and was correlated with
the PSA level, tumour size, and cancer stage.*® In contrast, Russo
et al. created a PCa murine xenograft model demonstrating that
DPP4 is an androgen receptor-stimulated tumour-suppressor gene
that is downregulated when the cancer progresses to castration-
resistant PCa (CRPC). In CRPC clinical samples, a decrease in the
DPP4 protein was also found compared to untreated primary PCa.'’
Moreover, Wesley et al also indicated that DPP4 inhibits the ma-
lignant phenotype of PCa cells by blocking basic fibroblast growth
factor signalling pathway.'® In addition to the analysis of DPP4 ex-
pression level, decreased DPP4 enzymatic activity was observed in
serum samples of PCa patients with metastatic disease compared to
patients with localized disease.’ Although the clinical significance
and functional role of DPP4 in PCa have been investigated by sev-
eral studies, the impacts of DPP4 genetic variants on PCa remain
poorly investigated. We hypothesized that functional SNPs of DPP4
may have an impact on the occurrence or progression of PCa. In this
study, we intended to explore associations of SNPs within the DPP4
gene with the risk and clinicopathologic development of PCa in a
Taiwanese population.

2 | MATERIALS AND METHODS

2.1 | Study participants

In this case-control study, we retrospectively enrolled 704 PCa
patients who had received a robotic-assisted laparoscopic radical
prostatectomy (RP) at Taichung Veteran General Hospital (Taichung,
Taiwan) during 2012-2018. In addition, 704 anonymized healthy
male controls with the same ethnic background and living in a similar
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geographic area were randomly chosen from the Human Biobank
of Chung Shan Medical University Hospital. Medical information
of PCa patients at diagnosis was all obtained from their medical re-
cords, and included the pathologic Gleason grade, PSA values, clini-
cal and pathologic TN (tumour, node) staging, D'Amico classification,
and cancer cell invasion area (perineural, seminal vesicle and lym-
phovascular). Peripheral blood was collected from each participant
after informed consent was obtained, and the study process was
approved by the Institutional Review Board of Taichung Veterans
General Hospital (IRB no. CE19062A).

2.2 | Genomic DNA extraction from
whole-blood samples

To obtain genomic DNA, peripheral blood collected from all re-
cruited subjects was preserved in EDTA-containing anti-coagulant
tubes and further extracted using a QlAamp DNA Blood Mini Kit
(Qiagen) according to the manufacturer's instructions. Extracted
DNA was dissolved in Tris-EDTA (TE) buffer (10mM Tris and 1mM
EDTA; pH7.8), and the DNA purity was further checked with a
Nanodrop-2000 spectrophotometer (ThermoFisher Scientific) to
detect the ratio of absorbances at 260 and 280 nm. The final prepa-
ration was stored at —20°C before a real-time polymerase chain re-
action (PCR) analysis.

2.3 | Selection and determination of DPP4 SNPs

In total, four SNPs in DPP4 including rs7608798 (A/G), rs3788979
(C/T), rs2268889 (T/C) and rs6741949 (G/C) were selected as these
SNPs were previously reported to affect the risk, severity, or progres-
sion of other diseases and expression of the DPP4 gene.zo’23 Allelic
discrimination of the DPP4 rs7608798 (assay ID: C_27055353_10),
rs3788979 (assay ID: C_2789710_10), rs2268889 (assay ID:
C_15875589_10) and rs6741949 (assay ID: C_11741570_10) SNPs
was assessed using the TagMan SNP Genotyping Assay with an ABI
StepOnePlus™ Real-Time PCR System (ThermoFisher Scientific).
Detailed processes regarding DNA genotyping were published in
our previous study.?

2.4 | Bioinformatics analysis

The UCSC Xena database (https://xena.ucsc.edu/) provided clini-
cal data and messenger (m)RNA sequencing of prostate adenocar-
cinoma (PRAD) samples from The Cancer Genome Atlas (TCGA).
DPP4 gene expression levels were compared across various clinical
features, such as Gleason scores, clinical stages, pathological tumour
sizes, lymph nodes and distal metastases. The Wilcoxon signed-rank
test was employed for two-group comparisons, while the Kruskal-
Wallis test with post hoc Dunn's test was used for clinical features
with more than two groups. The log-rank test was utilized to assess

the association between DPP4 and patients' progression-free sur-
vival (PFS). High (DPP4"®") and low (DPP4'°%) expression groups

were determined based on the median cut-off point of DPP4.

2.5 | PCacelllines and culture

The human androgen-dependent PCa cell line, LNCaP, and androgen-
independent PCa cell lines, 22RV-1, DU145 and PC3, were ob-
tained from American Type Culture Collection (ATCC). DU145 cells
were cultured in Dulbecco's modified Eagle medium (DMEM, Life
Technologies); PC3 cells were cultured in minimum essential medium
(MEM, Life Technologies); and 22RV-1 and LNCaP cells were main-
tained RPMI-1640 medium (Life Technologies). All culture media
we used in this study were supplemented with 10% foetal bovine
serum (FBS, Gibco-BRL) and 1% penicillin-streptomycin-glutamine.
All PCa cells were maintained in an incubator at 37°C with a 5% CO,
and 95% air atmosphere.

2.6 | Transient transfection of a DNA plasmid

To overexpress DPP4 in PCa cells, 3pg of the pENTER-CD26 plas-
mid (Vigene Biosciences) was transfected into PC3 cells cultured in
a 6-mm? Petri dish using Lipofectamine 3000 Transfection Reagent
(Invitrogen) for 6 h according to the manufacturer's instructions. An
empty vector transfected into PC3 cells was used as the control
group. At 24 h after transfection, cells were analysed for DPP4 ex-
pression and migratory/invasive abilities.

2.7 | Total protein extraction from PCa cells and
Western blot analysis

Extraction of protein lysates was described previously.?®
Concentrations of total proteins were determined using a Bio-Rad
protein assay kit (Bio-Rad). Proteins (20-40pg) were subjected to
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and then electrophoretically transferred to polyvinylidene di-
fluoride (PVDF) membranes (Bio-Rad). The DPP4 primary antibody
and its horseradish peroxidase-conjugated secondary antibody were
sequentially incubated with the membrane. After washing, mem-
branes were incubated with an enhanced chemiluminescence (ECL)
Western blotting reagent, and chemiluminescence was detected

with the MultiGel-21 chemiluminescence imaging system (TOP BIO).

2.8 | Transwell migration and invasion assays

Migration and invasion assays were performed according to our pre-
vious study.?® Briefly, 2x10* PC3/vector or PC3/DPP4 cells were
plated in an uncoated top chamber (24-well insert; pore size, 8 um;
Corning Costar) for the migration assay, or 4 x 10* cells were plated
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in the Matrigel-coated (BD Biosciences) top chamber for the inva-
sion assay. In both assays, the top chambers contained serum-free
medium, and medium with 10% serum used as a chemoattractant
was added to the lower chamber. After allowing cells to migrate or
invade for 48h, they were fixed with methanol and stained with
crystal violet. The number of cells that had migrated or invaded
through the membrane was counted under a light microscope, with

three fields viewed at 100x magnification used for the analysis.

2.9 | Statistical analysis

For the association between DPP4 genotypic frequencies and clin-
icopathologic features, multivariate logistic regression models were
used to estimate the odds ratios (ORs), adjusted ORs (AORs), and
95% confidence intervals (Cls). Statistical analyses of our data were
performed with the SAS software program (vers. 9.1, 2005; SAS
Institute). Statistical significance was set to p<0.05.

3 | RESULTS

31 |
patients

Demographic characteristics of recruited PCa

Table 1 shows demographic and clinicopathological characteristics
of 704 PCa patients who underwent RP. Our study population was
predominantly older (57.8% were over 65years of age). Most pa-
tients had early-stage tumours (clinical T1 or T2 stage, 86.1%) with
perineural invasion (73.6%), but without lymph node metastasis (NO,
91.5%), lymphovascular invasion (84.1%), or seminal vesicle invasion
(78.6%). According to the D'Amico risk classification, more than half
of the PCa patients (50.4%) had a high risk (>~50% chance) of recur-
rence at 5years post-treatment.

3.2 | Associations between DPP4 genetic
polymorphisms and PCa susceptibility

We next investigated possible relationships of four selected SNPs
(rs7608798 (A/G), rs3788979 (C/T), rs2268889 (T/C) and rs6741949
(G/CQ)) of the DPP4 gene with PCa susceptibility. We first analysed
genotype frequencies of these SNPs in the entire population we re-
cruited. As shown in Table 2, the highest distribution frequencies of
the DPP4 rs7608798, rs3788979, rs2268889 and rs6741949 SNPs
in PCa patients were heterozygous A/G and C/T for the rs7608798
and rs3788979 loci, respectively, and homozygous T/T and G/G for
the rs2268889 and rs6741949 loci, respectively. Genotypic distri-
butions of these four DPP4 SNPs in the control group conformed
to Hardy-Weinberg equilibrium (XZ: 0.177, p=0.673 for rs7608798
A>G; %%>=0.708, p=0.400 for rs3788979 C>T: y2=0.682, p=0.409
for rs2268889 T>C, and %*=0.093, p=0.760 for rs6741949
G>C). We used AORs with 95% Cls estimated by multiple logistic

TABLE 1 Distributions of demographic characteristics in 704
patients with prostate cancer.

Patients

Variable (N=704)
Age at diagnosis (years)

<65 297 (42.2%)

>65 407 (57.8%)
PSA at diagnosis (ng/mL)

<10 334 (47.4%)

>10 370 (52.6%)

Pathologic Gleason grade group

1+2+3 584 (83.0%)

445 120 (17.0%)
Clinical T stage

1+2 606 (86.1%)

3+4 98 (13.9%)
Pathologic T stage

2 372 (52.8%)

3+4 332 (47.2%)
Pathologic N stage

NO 644 (91.5%)

N1 60 (8.5%)
Seminal vesicle invasion

No 553 (78.6%)

Yes 151 (21.4%)
Perineural invasion

No 186 (26.4%)

Yes 518 (73.6%)
Lymphovascular invasion

No 592 (84.1%)

Yes 112 (15.9%)

D'Amico classification

Low risk 83(11.8%)
Intermediate risk 266 (37.8%)
High risk 355 (50.4%)

Abbreviations: N, node; PSA, prostate-specific antigen; T, tumour.

regression models after adjusting for age to assess associations be-
tween DPP4 SNPs and PCa susceptibility. Herein, we observed no
significant associations between DPP4 SNPs and PCa susceptibil-
ity in the recruited Taiwanese population, as calculated either by a

dominant model or a codominant model (Table 2).

3.3 | DPP4rs7608798 and rs2268889 SNPs
correlate with advanced clinical T stage of
PCa patients

Next, we assessed connections of these four DPP4 genetic vari-
ants with PCa clinicopathologic features, including PSA levels at
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TABLE 2 Adjusted odds ratio (AOR)
and 95% confidence interval (Cl) of

Controls

Patients

prostate cancer associated with DPP4 Variable WSS OISR olNbeROEl) p-Value
genotypic frequencies. rs7608798
AA 277 (39.3%) 288 (40.9%) 1.000 (reference)
AG 325 (46.2%) 329 (46.7%) 1.124 (0.871-1.452) 0.368
GG 102 (14.5%) 87 (12.4%) 0.927 (0.638-1.347) 0.692
AG+GG 427 (60.7%) 416 (59.1%) 1.077 (0.845-1.371) 0.550
rs3788979
@c 178 (25.3%) 193 (27.4%) 1.000 (reference)
CT 363 (51.6%) 339 (48.2%) 0.905 (0.681-1.203) 0.491
TT 163 (23.2%) 172 (24.4%) 0.890(0.635-1.247)  0.497
CT+TT 526 (74.7%) 511 (72.6%) 0.900 (0.688-1.178) 0.443
rs2268889
TT 315 (44.7%) 344 (48.9%) 1.000 (reference)
TC 319 (45.3%) 296 (42.0%) 0.955 (0.745-1.225) 0.718
cC 70 (10.0%) 4 (9.1%) 0.888(0.583-1.352)  0.579
TC+CC 389 (55.3%) 360 (51.1%) 0.943 (0.744-1.195) 0.626
rs6741949
GG 569 (80.8%) 578 (82.1%) 1.000 (reference)
GC 127 (18.1%) 118 (16.8%) 0.943(0.691-1.287) 0.714
CE 8 (1.1%) 8 (1.1%) 0.665 (0.218-2.032)  0.474
GC+CC 135 (19.2%) 126 (17.9%) 0.924 (0.682-1.251) 0.609

Note: AOR with the 95% confidence interval was estimated by multiple logistic regression models

after controlling for age.

diagnosis, clinical T (cT) stage, pathologic T and N stages, tumour
invasion statuses and D'Amico classification. Among the four
DPP4 loci, we observed that PCa patients who carried at least one
minor allele (AG and GG) of rs7608798 had a significantly higher
risk of developing advanced cT stages (cT3+4) (OR: 1.680-fold;
95% Cl: 1.062-2.659; p=0.025) compared to patients carrying
the wild-type (WT) homozygotes (AA) (Table 3). Moreover, PCa
patients harbouring at least one polymorphic C allele of DPP4
rs2268889 also showed a significantly higher risk of having ad-
vanced cT stages (OR: 1.693-fold; 95% Cl: 1.092-2.624; p=0.018)
than those harbouring the WT gene (Table 4). The other two DPP4
SNPs, rs3788979 and rs6741949, showed no significant associa-
tions with clinicopathologic features mentioned above (data not
shown).

3.4 | Downregulation of DPP4 in PCa tissues
correlates with tumour progression and a
poor prognosis

To further analyse DPP4 expression levels in normal and PCa tis-
sues and examine correlations of DPP4 levels with progression and
prognosis of PCa, we utilized TCGA-PRAD dataset and observed
no significant difference in DPP4 expression levels between tu-
mour and noncancerous tissues (Figure 1A, left panel) or tumour
and corresponding matched normal tissues (Figure 1A, right panel).

However, we observed that relative levels of DPP4 transcripts were
lower in PCa patients with a high Gleason score (Figure 1B), ad-
vanced cT (Figure 1C), pathological T stages (Figure 1D) and lymph
node (Figure 1E, left panel) or distal (Figure 1E, right panel) metasta-
sis. Moreover, a Kaplan-Meier plot revealed that PCa patients from
TCGA-PRAD dataset with DPP4"°" tumours had shorter PFS times
compared to those with DPP4"&" tumours (Figure 1F).

3.5 | Overexpression of DPP4 suppresses
migration and invasion of PCa cells

In in vitro study, we first detected DPP4 expression levels in a set
of PCa cell lines including LNCaP (androgen-dependent), 22RV-1
(non-metastatic, androgen-independent), and PC3 and DU145 (met-
astatic, androgen-independent) cells using Western blotting. We
observed that PC3 and DU145 cells expressed lower DPP4 protein
levels compared to LNCaP or 22RV-1 cells (Figure 2A). Next, to de-
termine whether DPP4 modulates the cell migratory and invasive
abilities, we overexpressed DPP4 in PC3 cells (Figure 2B). We found
that regardless of the migratory or invasive abilities of PC3 cells, all
were significantly attenuated by DPP4 overexpression compared to
control cells (Figure 2C). Taken together, these clinical data and in
vitro cell studies imply that DPP4 may play a tumour-suppressive
role in the progression of PCa, and DPP4 SNPs might affect PCa
progression through influencing DPP4 expression.
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TABLE 3 Odds ratio (OR) and 95%

Variable Genotypic frequency confidence interval (Cl) of the clinical
AG +GG status and DPP4 rs7608798 genotypic
rs7608798 AA(N=288)  (N=416) OR (95% CI) p value frequencies in 704 patients with prostate
PSA at diagnosis (ng/mL) cancer.
<10 131 (45.5%) 203 (48.8%)  1.00 0.387
>10 157 (54.5%) 213 (51.2%) 0.875(0.648-1.183)
Pathologic Gleason grade group
1+2+3 240 (83.3%) 344 (82.7%)  1.00 0.824
4+5 48 (16.7%) 72 (17.3%) 1.047 (0.701-1.562)
Clinical T stage
142 258 (89.6%) 348(83.7%)  1.00 0.025*
3+4 30 (10.4%) 68(16.3%)  1.680(1.062-2.659)
Pathologic T stage
2 150 (52.1%) 222 (53.4%) 1.00 0.738
3+4 138 (47.9%) 194 (46.6%)  0.950 (0.703-1.283)
Pathologic N stage
NO 266 (92.4%) 378(90.9%) 1.00 0.485
N1 22 (7.6%) 38 (9.1%) 1.215(0.703-2.103)
Seminal vesicle invasion
No 233 (80.9%) 320(76.9%)  1.00 0.206
Yes 55 (19.1%) 96(23.1%)  1.271(0.876-1.844)
Perineural invasion
No 72 (25.0%) 114 (27.4%)  1.00 0.477
Yes 216 (75.0%) 302(72.6%)  0.883(0.627-1.244)
Lymphovascular invasion
No 241 (83.7%) 351(84.4%)  1.00 0.804
Yes 47 (16.3%) 65(15.6%)  0.950 (0.630-1.430)
D'Amico classification
Low risk/ 151 (52.4%) 198 (47.6%) 1.00 0.207
Intermediate risk
High risk 137 (47.6%) 218(52.4%)  1.214(0.898-1.639)

Note: The ORs with their 95% Cls were estimated by logistic regression models.

Abbreviations: N, node; PSA, prostate-specific antigen; T, tumour.
*Bold values indicate p <0.05 as statistically significant.

4 | DISCUSSION

Previous studies indicated the impact of DPP4 genetic variants on
several diseases. For example, the DPP4 rs3788979 SNP may have
a cardioprotective effect and prove to be a useful predictor for
evaluating the severity of coronary stenosis in Chinese patients with
cardiovascular disease and type 2 diabetes mellitus (T2DM).2° The
rs3788979 SNP was also reported to be correlated with a high risk
of coronavirus disease 2019 (COVID-19) disease, and carriers of the
TT genotype had the lowest DPP4 levels.?! Both of the rs3788979
and rs7608798 SNPs were significantly related to a risk of T2DM in
an Indian population.?? Compared to T2DM, very few studies have
addressed impacts of DPP4 genetic variants on cancer risk or pro-
gression.?® Higashibata et al. indicated that the DPP4 rs3788979 or
rs7608798 SNP influenced baseline PSA levels in healthy Japanese

men aged 60-69 years, implying that DPP4 SNPs might affect pros-
tate carcinogenesis in elderly Japanese men.?” However, knowledge
of the clinical relevance of DPP4 SNPs in PCa, which probably result
in expression and functional changes of DPP4, is still lacking. Herein,
we found for the first time that DPP4 genetic variants play critical
roles in influencing the clinicopathological characteristics of PCa in
a Taiwanese population.

Our present data indicated that patients with a mutant base G
of rs7608798 or base C of rs2268889 had a significantly higher risk
of developing an advanced cT stage (3+4) under a dominant model
(AG+GG and TC+CC). cT stages of T3 and T4 indicate that the tu-
mour has grown outside the prostate and may spread to seminal
vesicles (T3) and other distant organs such as the rectum and blad-
der (T4). These results were similar to observations of our previous
study, which indicated that oral cancer patients without a history of
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TABLE 4 Odds ratio (OR) and 95%

confidence interval (Cl) of the clinical Variable
status and DPP4 rs2268889 genotypic
frequencies in 704 patients with prostate rs2268889

cancer.

PSA at diagnosis (ng/mL)

<10
>10

Genotypic frequency

Pathologic Gleason grade group

1+2+3
445

Clinical T stage
1+2
3+4

Pathologic T stage
2
3+4

Pathologic N stage
NO
N1

Seminal vesicle invasion

No
Yes
Perineural invasion
No
Yes

Lymphovascular invasion

No
Yes
D'Amico classification

Low risk/

Intermediate risk

High risk

TC+CC
TT(N=389) (N=360) OR (95% Cl) p-Value
155 (45.1%) 179 (49.7%) 1.00 0.215
189 (54.9%) 181 (50.3%)  0.829 (0.617-1.115)
282 (82.0%) 302 (83.9%) 1.00 0.500
62 (18.0%) 58 (16.1%) 0.874 (0.590-1.294)
307 (89.2%) 299 (83.1%) 1.00 0.018*
37 (10.8%) 61 (16.9%) 1.693 (1.092-2.624)
182 (52.9%) 190 (52.8%) 1.00 0.973
162 (47.1%) 170 (47.2%) 1.005 (0.748-1.352)
314 (91.3%) 330 (91.7%) 1.00 0.854
30 (8.7%) 30(8.3%) 0.952 (0.561-1.615)
277 (80.5%) 276 (76.7%) 1.00 0.213
67 (19.5%) 84 (23.3%) 1.258 (0.876-1.807)
86 (25.0%) 100 (27.8%) 1.00 0.403
258 (75.0%) 260(72.2%)  0.867(0.619-1.212)
285 (82.8%) 307 (85.3%) 1.00 0.378
59 (17.2%) 53 (14.7%) 0.834 (0.557-1.250)
175 (50.9%) 174 (48.3%) 1.00 0.501
169 (49.1%) 186 (51.7%) 1.107 (0.824-1.488)

Note: The ORs with their 95% Cls were estimated by logistic regression models.

Abbreviations: N, node; PSA, prostate-specific antigen; T, tumour.

*Bold values indicate p <0.05 as statistically significant.

cigarette smoking and who had at least one mutant C allele of DPP4
rs2268889 had a significantly higher frequency of developing an ad-
vanced T stage.?® To the best of our knowledge, the roles of DPP4
in cancers are diverse, as its function in tumour development varies
depending on the tumour type. DPP4 can be either up- or down-
regulated in various cancer types.13 For example, DPP4 transcripts
from hepatocellular carcinoma (HCC) were significantly increased
and were associated with a significantly larger tumour size. DPP4-
knockdown by small interfering (si)RNA in vitro led to suppression
of tumour growth through cell cycle arrest in HCC cell lines, sug-
gesting that DPP4 has a pro-oncogenic role in HCC.%® In contrast,
DPP4 was downregulated during the malignant transformation to
melanoma cells, and DPP4 overexpression decreased the invasive
ability of melanoma cells, implying an anti-oncogenic role of DPP4
in melanoma.?? In PCa, we observed that DPP4 transcript levels

were comparable in normal and PCa tissues, but inversely correlated
with the Gleason score, cT stage, pathological T stage and metasta-
sis. Moreover, DPP4 expression was correlated with a longer PFS in
PCa patients. In PCa cell lines, we found that DPP4 was highly ex-
pressed in androgen-sensitive LNCaP PCa cells but barely expressed
in androgen-insensitive and metastatic DU145 and PC3 PCa cells.
DPP4 overexpression significantly suppressed the migratory and
invasive abilities of PC3 cells. Our clinical and in vitro studies all in-
dicated that DPP4 has an anti-oncogenic role in PCa. In addition to
PCa, the tumour-suppressive role of DPP4 was also demonstrated
in oral cancer, as evidenced by the fact of a reduction in migration
of DPP4-overexpressing SCC9 oral cancer cells (Figure S1). Taken
together, we suggest that the DPP4 rs7608798 or rs2268889 SNP
might result in decreased DPP4 expression and subsequently cause
progression of PCa and oral cancer.
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FIGURE 1 Clinical relevance of dipeptidyl peptidase IV (DPP4) levels in prostate cancer (PCa) patients obtained from TCGA database.
(A) DPP4 gene expression in paired adjacent (right panel) and unpaired (left panel) normal and tumour tissues derived from patients with
PCa (database source: TCGA-prostate adenocarcinoma (PRAD)). (B-E) DPP4 gene expression levels in PCa from TCGA were compared
according to the Gleason score (B), clinical T stage (C), pathological T stage (D), and lymph node and distal metastasis (E). (F) Kaplan-Meier
curves for progression-free survival of patients with PCa, as categorized according to high or low expression of DPP4. The p value indicates
a comparison between patients with DPP4"8" and DPP4"°" (database source: TCGA-PRAD).

Both rs7608798 or rs2268889 SNPs are located in the intron
regions of DPP4. Intronic SNPs influence genetic susceptibility to
cancer through both genetic and epigenetic mechanisms. For in-
stance, intronic sequences contain many cis-acting regulatory ele-
ments, such as transcription factors, enhancers, and silencers that
can positively or negatively regulate gene expression.3o For ex-
ample, three SNPs, rs2981578, rs45631563 and rs35054928, of
fibroblast growth factor receptor 2 (FGFR2) are mapped to tran-
scriptional silencer elements and enhance silencer activity, resulting
in lower FGFR2 expression and increased risk of breast cancer.!
The rs12343867 T>C SNP in intron 14 of Janus-activated kinase 2

(JAK?2) is associated with myeloproliferative neoplasms by acting as

a transcriptional repressor.>? In addition, many non-coding RNA mo-
tifs genes, such as long noncoding (Inc)RNA are located in intronic
sequences, and intronic IncRNAs have been extensively identified to
be functional in regulating expressions of their corresponding host
genes.33 Whether the rs7608798 or rs2268889 SNPs are located
in any intronic IncRNA region remains unknown. The transcriptional
potential of SNP rs7608798 A>G and rs2268889 T>C in the DPP4
intron will be further investigated in our future work.

Nevertheless, this study still has some limitations that need to be
discussed. First, acknowledging that the current study had a relatively
small sample size is essential, as it may limit the statistical power and

precision of the results. Conducting larger independent cohorts from



WEN ET AL.

(A)

<
A
W

NN WO

’\
v

PC-3/DPP4

PC- 3/Vector

Migration

Invasion

Relative mobility

\S B
(B) S Ned\o ,b\o??
g 97
e @ s ]—DPP 4

@ PC3/Vector

150+
— @ PC3/DPP4
9
+ 100
=
e}
(S
G 501 -
"
X ‘ W
~— *k%k
0- . - .
Migration Invasion

FIGURE 2 Overexpression of dipeptidyl peptidase IV (DPP4) suppresses migratory and invasive abilities of prostate cancer (PCa) cells.
(A) Protein levels of DPP4 were determined by Western blotting in a set of PCa cell lines including LNCaP (androgen-dependent), 22RV-1
(non-metastatic, androgen-independent), and PC3 and DU145 (metastatic, androgen-independent). (B and C) PC3 cells overexpressed DPP4
by transiently transfection with the pENTER-DPP4 plasmid or a control vector (B) and subjected to migration and invasion assays (C). DPP4
overexpression suppressed both the migratory and invasive abilities of PC3 cells. Quantitative results by counting invaded cells in a 100x

field. Multiples of differences are presented as the mean +SD of three independent experiments. ***

control group.

different medical centres can provide more robust and reliable find-
ings regarding the impact of DPP4 SNPs on the risk and development
of PCa. Second, recognizing that the study was conducted in the
Taiwanese population, it is crucial to explore whether the observed
results can be generalized to other ethnic groups. Including other eth-
nic populations in future studies will allow for comparisons and vali-
dation of the findings across different races. Third, our study cannot
determine the influences of DPP4 SNPs on DPP4 expression, so the
mRNA and DNA should be collected simultaneously from the same
samples to further validate this issue in future work. Last, acknowl-
edging that the study focused solely on the association of DPP4 SNPs
with PCa, the impacts of genetic variations in its closely related genes,
such as DPP8 and DPP9, should be further investigated.

In conclusion, we identified diverse allelic effects of DPP4 SNPs
(rs7608798 and rs2268889) in a Taiwanese population, which af-
fected the clinicopathologic development of PCa. We also confirmed
the tumour-suppressive role and prognostic effect of DPP4 in PCa
using PCa clinical samples and PCa cell lines. Our results suggested
that the DPP4 rs7608798 and rs2268889 SNPs might influence
DPP4 gene expression and subsequently promote PCa progression.
The DPP4 rs7608798 and rs2268889 polymorphisms may be pivotal
markers to predict PCa tumour aggressiveness and prognosis.
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