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DPP3 expression promotes cell proliferation and migration
in vitro and tumour growth in vivo, which is associated
with poor prognosis of oesophageal carcinoma
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Abstract. Dipeptidyl peptidase III (DPP3), a zinc-dependent
metallopeptidase, is upregulated in a variety of malignancies.
However, little is known about its roles in the pathogenesis of
these malignancies. The present study was designed to inves-
tigate the roles of DPP3 in the pathogenesis and progression
of oesophageal cancer (EC). The expression level of DPP3
in EC tissues and adjacent normal tissues was detected in
93 cases of tissue biopsies collected from patients diagnosed
with oesophageal carcinoma by immunohistochemistry. The
effect of DPP3 expression on cell proliferation, migration or
apoptosis was determined in DPP3-depleted EC cells created
by infection with lentivirus containing short hairpin RNA
specific to the human DPP3 mRNA sequence, followed by
detection at the cellular level using a Celigo cell count assay,
flow cytometry, wound-healing assay and Transwell assay as
well as chip screening with a Human Apoptosis Antibody
Array kit, which enables the quantitative detection of 43
apoptosis-related genes. A xenograft model was applied to
detect the tumour growth and invasion of DPP3-depleted
cancer cells in nude mice. The results revealed that DPP3
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expression was elevated in EC tissues compared with adja-
cent non-tumour tissues, and high DPP3 expression was
significantly associated with poor prognosis. DPP3 depletion
resulted in reduced cell proliferation and migration and
enhanced cell cycle arrest and apoptosis of EC cells and led
to the inhibition of tumour growth and invasion in a xeno-
graft model. In addition, DPP3 depletion was associated with
the upregulation of the proapoptotic proteins SMAC and p53
and the downregulation of the antiapoptotic proteins clAP-2,
IGFBP-2 and TRAILR-4. Finally, DPP3 may promote cell
proliferation, migration and survival of EC cells in vitro
and tumour growth and invasion of oesophageal carcinoma
in vivo, and thus may serve as a molecular target for tumour
therapy.

Introduction

Oesophageal cancer (EC) has a very high prevalence and
mortality worldwide (1). Oesophageal squamous cell carci-
noma (ESCC) is the main histological type of EC in developing
countries and accounts for more than 90% of cancer-related
deaths in China (2,3). Early detection is a prerequisite for
effective cancer treatment, but when patients are diagnosed
with ESCC, most often have tumours at medium or late stages
with high metastatic potential, which leads to poor prognosis
and 5-year survival rates (4). Thus, there is an urgent need to
identify and characterize molecular candidates that can serve
as biomarkers for early diagnosis and monitoring the treatment
of ESCC.

Growth and survival are major events in the initiation
and progression of human cancers. In this process, metal-
lopeptidases may play an important role by promoting cell
proliferation and reducing apoptosis due to their critical
function in protein metabolism (5,6). In fact, the dysregulation
of metallopeptidases is causally associated with the develop-
ment of various diseases ranging from cancer, inflammation,
and microbial infection to neurodegenerative diseases and
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cardiovascular disorders (7). As a metallopeptidase, dipeptidyl
peptidase III (DPP3) is involved in the progression of diseases
such as cancer development, oxidative stress and inflamma-
tion (8,9). A number of studies have demonstrated that DPP3
elevation is associated with carcinogenesis of the breast, lung,
endometrium, ovary and brain and may be a potential target
in tumour therapy (10-15). In a genome-wide expression array
analysis, an elevation of DPP3 in ESCC tissues was also found
(data not shown). However, the role of DPP3 expression in
ESCC is not fully understood. In the present study, the differ-
ential expression of DPP3 between tumour and normal tissues
from ESCC patients was evaluated. Furthermore, the aber-
rant regulation of DPP3 expression associated with cellular
functions and oesophageal carcinogenesis was studied using
DPP3-depleted EC cells and xenograft modelling to under-
stand its role in ESCC progression and analyse its potential
as a molecular target in the early diagnosis and treatment of
ESCC.

Materials and methods

Human tissue specimens. The present study was approved
(approval no. 2210226-138) and monitored by the Ethics
Committee of the First Affiliated Hospital of Xinjiang
Medical University (Urumgqi, China). All procedures were
followed in accordance with the Helsinki Declaration of
1975, as revised in 2000. Informed consent was obtained
from all donors, and the data were analysed anonymously
throughout the study. A total of 93 patients diagnosed with
EC were enrolled in the present study according to the
criteria of the World Health Organization and the Chinese
Medical Association. The average age of the patients was
62 years (age range, 43-78 years). None of the patients
received chemoradiotherapy or radiotherapy prior to surgery.
The patients were followed-up by outpatient, inpatient, and
telephone monitoring. The average follow-up period was
49 months and ended in May 2022. Clinicopathological
characteristics of patients are provided in Table II.

For immunohistochemistry analysis, 186 formalin-fixed
and paraffin-embedded EC and adjacent non-tumour speci-
mens from the tumour periphery were obtained from the
specimen bank in the Pathology department after a case
review by two experienced pathologists at the First Affiliated
Hospital of Xinjiang Medical University. The clinical staging
of the patients was based on the guidelines established by the
American Joint Committee on Cancer using TNM staging,
from the seventh or eighth edition. Tumour specimens were
collected from cancer patients who underwent radical thoracic
surgery for EC at clinical stages I-IV from December 2017 to
June 2018.

Immunohistochemistry (IHC). Paraffin-embedded tissues
were sectioned into 3-um slices. The tissue slices were
conventionally stained by the streptavidin peroxidase-conju-
gated (S-P) method. In brief, the tissue was immersed in
xylene and ethanol in turn dewaxed and rehydrated. The
slices were boiled in 10 mM sodium citrate buffer (pH 6.0)
and maintained for 10 min. After that, the slices were cooled
and soaked in distilled water for cleaning. The primary
antibody against DPP3 (1:50; cat. no. PA5-35038; Thermo

Fisher Scientific Inc.) was incubated at room temperature
for 2 h. The incubation was continued overnight at 4°C in a
humidified chamber and THC kits containing biotin-labelled
secondary antibodies (1:200; cat. no. PV-6000; Zhongshan
Golden Bridge Biotechnology Co., Ltd.) in accordance with
the manufacturer's recommended procedures. All tissue
slices were stained with DAB solution as well as haema-
toxylin.

The staining intensity was scored under a light microscope
by two experienced pathologists. Briefly, the positively stained
area and intensity were scored using the following criteria:
positively stained area (1, <5%; 2, 5-30%; 3, 30-70%; 4, >70%)
and staining intensity (0, no staining; 1, weak; 2, moderate; 3,
strong) were multiplied for each observer and then averaged.
An overall score (0 to 12) was calculated: an overall score
of 0 to 5 indicated total loss or weak expression, and 6 to 12
indicated strong expression of the protein.

Cell culture. The EC9706,KYSE450,EC9706 and TE-1 human
ESCC cell lines were obtained from Shanghai Cell Collection
(Shanghai, China). The cells were cultured in Dulbecco's
modified Eagle's medium (DMEM) supplemented with 10%
foetal bovine serum (FBS) and 1% penicillin/streptomycin (all
from Biological Industries, Inc.) in a 37°C incubator filled with
5% CO,.

DPP3 depletion by lentiviral short hairpin (sh)RNA expres-
sion. For depletion of DPP3 expression in EC cells, three
different sShARNA fragments targeting the mRNA sequence
coding for the DPP3 protein were designed. The shRNA
target sequences were as follows: DPP3-shRNA-1, CTTCAA
AGAGGTCGATGGAGA; DPP3-shRNA-2, CCGAGGAGA
ATTTGAAGGTTT,; and DPP3-shRNA-3, GCTGGAGAA
AGCCAAGGCCTA. The aforementioned shRNAs were
synthesized (Shanghai GeneChem, Co., Ltd.) and ligated into
the BR-V108 lentiviral vector, which expresses both a ShRNA
fragment and enhanced green fluorescent protein (EGFP) as a
reporter gene. The RNA interference target sequence of nega-
tive control was designed: shCtrl, TTCTCCGAACGTGTC
ACGT. DPP3-depleted EC cells were created by liposomal
transfection of 293T cells (Procell Life Science & Technology
Co., Ltd.,) with the constructs to produce virus for 24 h in
a six-well plate, followed by infection of Eca-109 and TE-1
EC cells with the virus at virus titres of 1x10* TU/ml and
20 ug/ml polybrene (Sigma-Aldrich; Merck KGaA) for 72 h
in accordance with the manufacturer's recommendation. The
efficacy of viral expression was estimated by determining
the EGFP-derived fluorescence with flow cytometry (Guava
easyCyte HT; EMD Millipore). The data were analysed with
FlowlJo software (version 7.6.1; FlowJo LLC).

RNA extraction and quantitative analysis by reverse tran-
scription-quantitative (RT-q) PCR. Total RNA was isolated
from cultured cells using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). cDNA was synthesized from extracted
mRNA by reverse transcription (RT) using the Revert Aid
First Strand cDNA Synthesis kit (Thermo Fisher Scientific,
Inc.) according to the manufacturer using a standard proce-
dure. The cDNA was analysed by qPCR using the QuantiNova
SYBR Green PCR Kit (Qiagen GmbH) and a primer pair
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specific to the mRNA sequence coding for DPP3 (forward,
5'"TGAGTGCCAAGTTTGAGCG-3' and reverse, 5'-AGC
GAAGGTGAGAACATCCAG-3'), setting the mRNA coding
for glyceraldehyde-3-phosphate dehydrogenate (GAPDH;
forward, 5“TGACTTCAACAGCGACACCCA-3' and reverse,
5'-CACCCTGTTGCTGTAGCCAAA-3") as a control. The
thermocycling conditions suitable for DPP3 mRNA were 95°C
for 1 min, followed by 45 cycles of denaturation at 95°C for
10 sec and synthesis at 60°C for 30 sec. All reactions were
performed in triplicate, and the expression level of target genes
was quantified by the 2"22%4 method (16).

Western blotting. Protein extracts were prepared by cell
lysis using radioimmunoprecipitation assay buffer (RIPA,
Beijing Solarbio Science & Technology Co., Ltd.). Protein
concentration was determined using the BCA protein assay
kit (Thermo Fisher Scientific, Inc.), and 20 mg protein
extract was separated by 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) followed by
transfer onto a polyvinylidene fluoride (PVDF) microporous
membrane (MilliporeSigma). The membrane was blocked
by 5% non-fat milk at room temperature for 2 h and incu-
bated with rabbit primary antibodies against DPP3 (1:1,000;
cat. no. PA5-35038; Invitrogen; Thermo Fisher Scientific,
Inc.), and GAPDH (1:3,000; cat. no. AP0063; Bioworld
Technology, Inc.) at 4°C overnight was used as an internal
control. After incubation with goat anti-rabbit secondary
antibody (1:3,000; cat. no. A0208; Beyotime Institute of
Biotechnology) at room temperature for 2 h, the blots were
visualized by Amersham ECL plus TM Western Blot system
(cat. no. AI600; Cytiva) and the density of the protein band
was analyzed by ImagelJ (v1.8.0; National Institutes of
Health).

Cell growth assay. The effect of DPP3 depletion on the prolif-
eration of EC cells was analysed. The cells (2,000 cells/well)
were inoculated in the logarithmic phase into 96-well plates
with a culture volume of 100 pl in each well, and three wells
were set as a group for testing. The cell growth per day was
determined in a 5-day interval by counting cells using Celigo
Imaging Cellometer (Nexcelom).

Wound healing assay. The cells were inoculated into 96-well
plates (~3x10* cells/well) and cultured in DMEM containing
10% FBS at 37°C and 5% CO, for 24 h. After achieving an
appropriate cell attachment, scrape wounds were generated
with a 96 Wounding Replicator (V&P Scientific, Inc.). The
cells were washed and subsequently cultured with low-serum
medium (0.5% FBS). The wound healing process was then
captured by microscopy using an inverted fluorescence
microscope (IX73; Olympus Corporation) at intervals of 0,
24, and 48 h/0, 4, and 8 h. The percentage of cell migration
was calculated utilizing Image-Pro Plus software (version 6.0;
Media Cybernetics, Inc.).

Cell migration. Chambers were put in a 24-well plate. The cells
at a density of 5x10° cells per well were seeded in serum-free
DMEM in the upper chamber of the Transwell chambers
(Corning, Inc.) and incubated for 24 to 48 h at 37°C, while
600 pl medium containing 30% FBS was added to the lower

chamber. After 24 h, cells remaining on the upper surface of
the chamber were removed by cotton swabs. The penetrated
cells were fixed with 4% paraformaldehyde and stained with
0.1% crystal violet for 30 min at room temperature. The
number of penetrating cells was counted under a light micro-
scope (Olympus Corporation) within the scope of 5 random
fields.

Detection of the cell cycle and apoptosis. For cell cycle
analysis, the DPP3-depleted cells and controls were collected
in precooled phosphate buffered saline (PBS) solution, immo-
bilized in 75% precooled ethanol for at least 1 h and stained
with propidium iodide (PI, 2 mg/ml; MilliporeSigma) for
15 min at room temperature without light, followed by flow
cytometric analysis (Guava easyCyte HT; EMD Millipore) in
accordance with the manufacturer's protocols. Cellular apop-
tosis was detected using the Annexin V Apoptosis Detection
Kit APC (cat. no. 88-8007, Thermo Fisher Scientific, Inc.)
on flow cytometry, and the data were analysed with FlowJo
software (version 7.6.1; FlowJo LLC).

Animal model. The animal experiment was approved
(approval no. 20210301-194) and monitored by the Animal
Ethics Committee of the First Affiliated Hospital of Xinjiang
Medical University (Urumgqi, China). A total of 20 female,
4- to 6-week-old BALB/c nude mice weighing 13-15 g were
purchased from Charles River Laboratories (Beijing, China)
and raised in a specific pathogen-free (SPF) environment for
the xenograft model. The mice were raised in animal indi-
vidually ventilated cage (IVC cages) with room temperature of
24°C and relative humidity of 70%. Mice could drink filtered
tap water and commercial feed ad libitum under a strict 12-h
light/dark cycle. The animal laboratory was cleaned twice one
day and sterilized with ultraviolet light for 1 h every week.
The experimental animals were provided with humane care in
accordance with the institutional animal care guidelines (17).
Humane endpoints were in place where animals would be
sacrificed if they had lost 20% weight or exhibited 10% weight
loss alongside hypotrichosis, anorexia or decreased vitality
decreases.

Antibody array analysis. The expression of apoptosis-related
proteins was detected in cell lysates from DPP3-depleted cells
and controls using a Human Apoptosis Antibody Array kit
(cat.no. ab134001; Abcam) that can detect 43 apoptosis-related
proteins of human origin. The pixel densities of each protein
spot were determined by using ImageJ software (v1.8.0;
National Institutes of Health).

Statistical analysis. Statistical analyses were performed using
SPSS (version 21.0; IBM Corp.) and GraphPad Prism (version
8.0.1; GraphPad Software Inc.) software. Data were presented
as the mean =+ standard deviation (SD). Chi-squared test and
the Mann-Whitney U test was used to analyse the differences
between the two groups and multiple groups. Patient survival
was analysed using Kaplan-Meier survival analysis and the
log-rank test. The Spearman correlation method was used
to calculate the correlation between DPP3 and lymph node
metastasis. P<0.05 was considered to indicate a statistically
significant difference.
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Figure 1. DPP3 expression in EC tissues and controls. (A) IHC staining in EC tissues and adjacent normal controls of the tumour periphery (para-carcinoma).
(B) The association of DPP3 expression with the overall survival of patients with oesophageal squamous cell carcinoma displayed by Kaplan-Meier survival
analysis. (Log-rank test, P=0.003; “P<0.01). DPP3, dipeptidyl peptidase III; EC, oesophageal cancer.

Results

Clinical significance of DPP3 expression in oesophageal
carcinogenesis. To evaluate the role of DPP3 expression during
the development of oesophageal carcinoma, tumour tissues
and their adjacent normal tissues from the tumour periphery
were analysed by IHC. The data showed strong DPP3 staining
in the cytoplasm and nucleus of EC cells and weak expression
in most of the controls (Fig. 1A). Statistical analysis confirmed
a significantly higher DPP3 expression level in tumour tissues
than in normal control tissues (Table I; P<0.05). In addition,
DPP3 expression was positively correlated with lymph node
metastasis and decreased overall survival (Tables II and III
and Fig. 1B; P<0.05), but no difference was found for age, sex,
tumour size, T infiltrate, differential stage, lymphoid positive
number or grade (P>0.05).

Depletion of DPP3 in EC cells by lentiviral expression of shRNA
targeting DPP3 mRNA. DPP3 had a relatively higher expression
level in Eca-109 and TE-1 cells compared with the other four
EC cell lines, KYSE450, Eca-109, TE-1 and EC9706, among
which Eca-109 and TE-1 were chosen for subsequent investiga-
tions (Fig. 2A). A total of 3 shRNA fragments targeting DPP3
mRNA were then screened for the efficiency of DPP3 depletion,
and an almost identical pattern and level of DPP3 depletion was
confirmed by RT-qPCR, among which DPP3-shRNA-3 was
used in the follow-up experiments (Fig. 2B). The transfection
efficiency was confirmed by detection of the GFP simultane-
ously expressed by the shDPP3 construct that contains SiIRNA
targeting DPP3 mRNA and the shCtrl as normal control
(Fig. 2C). RT-qPCR and western blot analyses demonstrated a
significant decrease in DPP3 expression after shRNA transfec-
tion in Eca-109 and TE-1 cells (Fig. 2D and E).

Impact of DPP3 depletion on the cellular function of EC.
Fluorescence microscopy, flow cytometry, wound healing
assays and Transwell assays were applied to detect changes
in cellular function after expression of the shRNA targeting
DPP3 mRNA in Ecal09 and TE-1 EC cells (Fig. 3). The data
showed a remarkable decrease in cell proliferation and cell
cycle retention in the S and G2 phases and increased apoptosis

as well as the inhibition of cell migration after depletion of
DPP3 in EC cells.

Changes in the protein expression profile related to apoptosis
after DPP3 depletion. As aforementioned, cellular apoptosis
was significantly increased in EC cells after depletion of
DPP3 expression. Accordingly, the protein expression profile
associated with apoptosis was detected using an antibody
array recognizing 43 human proteins functionally related to
apoptosis signalling. The data demonstrated an increase in the
expression of p53 and SMAC, which are proapoptotic proteins,
and a decrease in clAP-2, IGFBP-2 and TRAILR-4, which are
antiapoptotic proteins (Fig. 4A).

Impact of DPP3 depletion on the growth of tumour xenografts
from EC cells. The role of DPP3 expression in tumorigenesis
in vivo was studied by analyses of tumour xenografts gener-
ated by intracutaneous injection of nude mice with Ecal09
EC cells before and after DPP3 depletion (shCtrl vs. shDPP3).
DPP3 depletion resulted in a rapid decrease in tumour weight,
tumour growth, tumour size and fluorescent expression in
animals injected with DPP3-depleted EC cells compared with
controls (Fig. 4B and C). IHC analysis confirmed a reduced
expression of Ki-67 protein in tumour xenografts from
DPP3-depleted EC cells compared with controls (Fig. 4D).
These results suggested that DPP3 depletion in EC cells
may not only inhibit cell proliferation and promote apoptosis
in vitro but also inhibit tumour growth in vivo.

Discussion

Mammalian dipeptidyl peptidases (DPPs) consist of 8
members, DPP1 (cathepsin-C), DPP2 (DPP7), DPP3, DPP4
(CD26), DPP6, DPPS, DPP9, and DPP10, and play a role in
oligopeptide N-terminal processing and degradation of bioac-
tive peptides (18). However, the roles of most DPPs family
members in physiological functions and pathological condi-
tions remain largely unclear (19). The present study, to the
best of our knowledge, is the first to clarify the role of DPP3
in EC. Knockdown of DPP3 gene expression inhibited cell
proliferation, and an increase in the number of floating cells
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Table 1. Analysis of DPP3 expression in oesophageal cancer
by immunohistochemistry.

Tumor Normal
specimens (%) controls (%) P-value

Expression level of
DPP3 expression

Table III. Relationship between expression of dipeptidyl pepti-
dase III and lymph node metastasis in patients with oesophagus
cancer analyzed by spearman rank correlation analysis.

Weak
Strong

51 (54.8)
42 (45.2)

83 (89.2)
10 (10.8)

<0.001

DPP3, dipeptidyl peptidase III.

Table II. DPP3 expression associated with lymph node metas-
tasis of oesophageal cancer.

Expression
level
of DPP3
Clinicopathological Total
characteristics of number Low  High
all patients (93) (&2)) 42) P-value
Age, years 0.925
<65 46 25 21
=65 47 26 21
Sex 0.324
Male 75 43 32
Female 18 8 10
Tumor size 0.989
(long diameter)
<5cm 51 28 23
>5 cm 42 23 19
T Infiltrate 0.738
T1 4
T2 18 11 7
T3 66 36 30
T4 3 2 1
Lymph node 0.039
metastasis (N)
NO 42 26 16
N1 22 14 8
N2 18 9 9
N3 11 2 9
Stage 0.681
I 13 6 7
I 33 22 11
I 44 20 24
v 3 3 0
Lymphatic 0214
metastasis
Lymph node- 51 25 26
positive
Lymph node- 42 26 16
negative
Grade 0.448
I 11 6 5
I 53 27 26
I 29 18 11

DPP3, dipeptidyl peptidase III.

Tumour characteristics Index

Lymph node Spearman correlation 0.215

metastasis (N) Significance (double-tail)  0.038
N 93

was observed in the culture medium of EC cells. Subsequent
studies showed that the decreased expression of DPP3 played
a key role in cell apoptosis. The present results are consistent
with existing studies. Recent studies have reported that DPP3
is associated with apoptosis in colon cancer cells and hippo-
campal neurons (20,21). DPP3 belongs to the DPPs family,
among which DPP4 has been the most reported. A recent study
reported that silencing DPP4 can inhibit cell proliferation and
enhance cell apoptosis (22). Therefore, considering the present
study, the effect of apoptosis may be most important after
DPP reduction. Nevertheless, certain studies have reported
that DPP8/9 inhibitors can induce pyroptosis in cell experi-
ments (23-25). Ferroptosis can be inhibited by blocking DPP4
activity (26). However, as derived from the present study and
previous studies, the effect of apoptosis after DPPs reduction
may be the most important (19).

DPP3 is a zinc-dependent metallopeptidase. Unlike other
metallopeptidases, DPP3 harbours a similar but unique cata-
lytic motif, HEXXGH. The two His residues of this motif
contribute to coordinate Zn** ion binding (27). Multiple
studies have confirmed the role of Zn** in the catalytic activity
of DPP III, where it binds in a 1:1 stoichiometry (DPPIII:
Zn*"). A marked increase in its activity with sexual matu-
rity (28), histological aggressiveness of the tumour (13), and an
increase (11.6-fold) in human retroplacental serum compared
with control serum (29) have been observed. The significant
upregulation of DPP3 in EC and its association with malignant
behaviours such as lymph node metastasis were demonstrated.
This is consistent with previous reports on the elevation of
DPP3 in several human cancers, particularly in aggressive
ovarian and endometrial cancers (12,13). Similarly, as a matrix
metallopeptidase (MMPs) in the metallopeptidase family,
they are characterized by their ability to degrade the extra-
cellular matrix and their dependence upon Zn** binding for
proteolytic activity. The imbalance between MMPs, particu-
larly MMP-2 and MMP-9, as well as their inhibitors, TIMP-1
and TIMP-2, may facilitate tumour progression (30). Most of
these peptidases require Zn** for their catalytic activity and,
with increasing activity (within certain limits), may increase
tumour aggressiveness.

DPP3 is mainly localized in the cytosol, but a few studies
have found its membranous activity, which is consistent with
our IHC results (31,32). The present results suggested that
high DPP3 expression is significantly associated with poor
prognosis, and it has been reported that DPP3 is overex-
pressed in ER-positive breast cancer and associated with poor
survival (33). DPP3 has substrate specificity for several bioac-
tive peptides (19). Degradation by DPP3 may prevent peptide
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Figure 2. Effect of DPP3 depletion by lentiviral expression of shRNA targeting DPP3 mRNA in Ecal09 and TE-1 EC cells. (A) Baseline expression of DPP3
in Eca-109, KYSE450, EC9706 and TE-1 EC cells measured by RT-qPCR. (B) RT-qPCR detection of DPP3 depletion by lentiviral expression of shRNAs,
shDPP3-1, shDPP3-2 and shDPP3-3, targeting DPP3 mRNA. (C) Assessment of lentiviral infection by microscopic detection of green fluorescent protein
simultaneously expressed with sShRNA in Eca-109 and TE-1 cells. (D and E) Detection of DPP3 mRNA and protein expression by (D) RT-qPCR analyses
and (E) western blotting, respectively, after DPP3 depletion in Eca-109 and TE-1 cells. Data are presented as the mean + SD of 3 independent experiments
performed in triplicate. "P<0.05, “P<0.01 and ““P<0.01. DPP3, dipeptidyl peptidase III; shRNA, short hairpin RNA; EC, oesophageal cancer; RT-qPCR,

reverse transcription-quantitative PCR.

leakage from necrotic cells and block antigen presentation to
the immune system, which can be utilized by tumour cells
for immune evasion (34). Thus, this may provide evidence for
the role of DPP3 expression in the survival and metastasis of
oesophageal carcinoma.

Using analyses of DPP3-depleted EC cells and tumour
xenografts, it was showed that DPP3 elevation had an impact
on cell functions during oesophageal carcinogenesis, including
the inhibition of cell cycle arrest and apoptosis, the increase in
cell proliferation and migration in vitro, and the promotion of
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Figure 3. Change in cellular functions after DPP3 depletion in Eca-109 and TE-1 cells. (A) Detection of cell proliferation by Celigo Cell Counting Assay.
(B) Flow cytometric detection of cell cycle checkpoints by propidium iodide staining. (C) Flow cytometric analysis based on Annexin V-APC staining was
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assays. Data are presented as the mean + SD of 3 independent experiments performed in triplicate. “P<0.001. DPP3, dipeptidyl peptidase III; sh-, short hairpin.
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Figure 4. Analysis of the protein expression profile related to apoptosis and altered after DPP3 depletion and in vivo analyses of DPP3-depleted EC cells in a
tumour xenograft model in nude mice. (A) A protein expression profile related to apoptosis was analysed before and after DPP3 depletion using an antibody
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tumour growth and survival in vivo. This may further explain  expression is positively correlated with increased expression
why DPP3 is involved in the progression and development of  of NRF2 in lung cancer, indicating a possible link between
EC and has oncogene-like features. The upregulation of DPP3 ~ DPP3 and NRF2 in malignant tumours (11). A few studies
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have demonstrated oxidative stress-induced binding of DPP3
to Keapl that prevents Keapl-mediated degradation of NRF2,
leading to increased NRF2 nuclear translocation (10,11,35).
DPP3 elevation may result in increased NRF2 downstream
expression of cytoprotective genes associated with aggressive
cancer phenotypes (11,35). This may contribute to increased
cell proliferation and migration and decreased cell cycle
control and apoptosis of EC cells in vitro, leading to tumour
growth and progression in vivo.

Antibody array analysis revealed that DPP3 depletion may
cause the downregulation of antiapoptotic proteins such as
clAP-2, IGFBP-2, and TRAILR-4 and the upregulation of the
proapoptotic proteins P53 and SMAC. Apoptosis is a tightly
regulated cellular process, and faulty regulation of apoptosis is
a hallmark of human cancers. TNF-related apoptosis-inducing
ligand (TRAIL) is a type II transmembrane protein that
binds its receptors TRAIL-R1 and TRAIL-R2, which in
turn recruit downstream adaptor proteins via their intracel-
lular death domain (DD) and activate the intrinsic apoptotic
pathway, triggering selective neoplastic cell apoptosis. This
is regulated by non-functional TRAIL receptors, TRAIL-R3
and TRAIL-R4, which are devoid of a cytoplasmic tail or
carry a truncated intracellular DD, respectively, and block
TRAIL-mediated apoptosis (36). TRAILR4 can also induce
non-apoptotic signalling mediated by the NF-kB and AKT
pathways that is correlated with its overexpression in malig-
nant tumour phenotypes (37,38). In human cancer cells, the
TRAIL-R4 expression level is also positively correlated with
TRAIL resistance, and its downregulation leads to reduced
tumorigenic potential or apoptosis (39,40). Cellular inhibitor
of apoptosis (cIAP2) plays a role in degrading caspases by
linking them to ubiquitin molecules and supports cell survival
by preventing cellular apoptosis of cancer cells (41). cIAP-2 is
upregulated in malignant tumours and promotes the prolifera-
tion and invasion of tumour cells through the activation of the
NF-«B signalling pathway (42). Second mitochondria-derived
activator of caspases (SMAC) is an endogenous antagonist
of cIAP1, cAIP2 and XIAP and promotes apoptosis by
binding IAPs and preventing the inhibition of caspases
3,7 and 9 (43). SMAC is normally sequestered within the
mitochondria and is released into the cytoplasm upon cell
death stimuli, thereby overcoming anti-apoptotic actions
caused by the IAPs (44). In line with the pro-apoptotic role
of SMAC, its expression is downregulated in EC cells and
tumour specimens from patients with EC (45). Insulin-like
growth factor binding protein 2 (IGFBP-2) is a member of
the IGF system and apoptosis suppressor (46). IGFBP-2 is
elevated in tumour specimens from patients and plays a role
in tumour cell proliferation, migration, invasion, angiogen-
esis, and epithelial to mesenchymal transition by integrating
a series of signalling pathways (47). Nuclear IGFBP-2 itself
functions as a tumour enhancer by directly targeting multiple
oncogene promoters (48). P53 is a well-known tumour
suppressor that negatively regulates cell proliferation and
promotes cell differentiation by inducing cell cycle arrest
and apoptosis (49). These studies provided evidence for the
role of DPP3 in the upregulation of the antiapoptotic proteins
clAP-2, IGFBP-2 and TRAILR-4 and the downregulation of
the proapoptotic proteins SMAC and p53, which contribute to
tumour initiation and progression.

There are certain limitations to the present study that
should be taken into consideration when interpreting the
results. The population included in the clinical study was
recruited from a single centre, and there may be more effective
genes to prevent EC. The present study focused on apoptosis
and did not explore other cell death modes. In addition, the
effect of DPP3 as an enzyme on tumour cell activity was not
further verified. Therefore, further basic studies are needed to
verify the function of DPP3 in EC.

In conclusion, DPP3 expression was significantly upregulated
in EC tissues compared with adjacent non-tumour tissues. In
addition, high DPP3 expression was significantly correlated with
poor prognosis. In cultured cells with DPP3 depletion, fewer cells
showed cellular proliferation and migration. By contrast, more
cells underwent cell cycle arrest and apoptosis. Consistently,
tumour growth and invasion were inhibited in a xenograft
model of DPP3 depletion. Mechanistically, DPP3 depletion was
associated with the upregulation of proapoptotic proteins and the
downregulation of antiapoptotic proteins. In conclusion, DPP3
is involved in the progression and development of EC and is a
potential prognostic and therapeutic target for EC.
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