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Abstract. The present study aimed to determine the differen‑
tial expression profiles of proteins in endometrial carcinoma
and to screen the proteins associated with the occurrence and
development of endometrial cancer (EC). In total, 15 samples
of human EC and paracancerous tissues were selected for
proteomic analysis using a label‑free quantification method
based on liquid chromatography‑tandem mass spectrometry.
The differential proteins were analysed using bioinformatics
and verified using reverse transcription‑quantitative PCR
(RT‑qPCR) and western blotting. Finally, the expression of
differential proteins in 75 endometrial carcinoma samples and
30 normal endometrial tissue samples were detected using
immunohistochemical staining, and the associations between
differential protein expression and clinicopathological
features were analysed. In total, 579 up‑regulated proteins and
346 down‑regulated proteins were identified between the two
groups and seven proteins with the most significant differences
were selected; these proteins included interferon‑induced
protein with tetratricopeptide repeats 3, poly(ADP‑ribose) poly‑
merase family member 9, solute carrier family 34 member 2,
cytochrome b5 reductase 1, protein tyrosine phosphatase
non‑receptor type 1, dermatopontin (DPT) and secretory
leukocyte peptidase inhibitor. RT‑qPCR and western blotting
showed that DPT expression was down‑regulated (P<0.001),
which was consistent with the mass spectrometry results. The
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immunohistochemical staining results showed that the positive
expression of DPT in EC and normal endometrial tissues was
statistically significant (P<0.001). The positive expression of
DPT was significantly decreased in poorly differentiated, late
stage, lymph node metastasis and myometrial invasion depth
≥1/2 samples (P<0.05). DPT expression was significantly
lower in EC, which might play role in the pathogenesis of EC.
Introduction
Endometrial cancer (EC) is a group of endometrial malignant
tumours that often occur in perimenopausal and postmeno‑
pausal women. With >300,000 newly diagnosed tumours
worldwide every year, EC is the third most common gynaeco‑
logical malignant tumour (1). In the last 10 years, the incidence
of EC has been increasing in China, ranking second only to
cervical cancer among female reproductive system malignant
tumours; however, the molecular mechanism of its pathogen‑
esis has not yet been elucidated (2).
Currently, EC lacks specific markers for diagnosis and
treatment and clinical diagnosis depends on endometrial
biopsy, which is obtained using invasive methods. When EC
is in the early stages of the disease the cure rate is as high as
83% but the survival rate decreases sharply to <20% after late
diagnosis (2). Only ~17% of patients with distant metastasis
can be cured (3,4). Previous data have demonstrated a signifi‑
cant increase in the proportion of patients with advanced EC
where survival rate has been minimal despite improved treat‑
ments (5).
Proteomics have been extensively studied in various types
of cancer and potential biomarkers of EC have been studied,
including serum amyloid A and α‑1‑β glycoprotein (1,6,7). In
the present study, proteomics technology was used to detect
the differential protein expression profiles in human EC and
paracancerous tissues.
DPT is a tyrosine‑rich extracellular matrix protein origi‑
nally isolated from bovine dermal extracts that increases the
formation of collagen fibres (8). DPT has a variety of biological
functions in pathophysiological processes, such as regulating
the interaction between decorin and transforming growth
factor‑ β (TGF‑ β) and increasing the biological activity of
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TGF‑β (9). In addition, DPT has an R‑G‑A‑T sequence that can
interact with integrins and is similar to the R‑G‑D sequence
that binds integrins (10). DPT combines with the extracellular
matrix receptor integrin α3β1 and promotes the formation of
abnormal blood vessels in the tumour microenvironment by
regulating TGF‑β and integrin α3β1 (11).
The present study purposed to detect the differential
proteins in EC using a label‑free quantification (LFQ) method
based on liquid chromatography‑tandem mass spectrometry
(LC‑MS/MS) and to investigate the proteins associated with
the development of EC. It was first elucidated the expres‑
sion of DPT in EC by RT‑qPCR, western blotting and IHC.
Furthermore, the current study provided evidence demon‑
strating that the expression level of DPT might be intimately
related to the pathogenesis of EC.
Materials and methods
Tissue specimens. Tissue samples from EC resection opera‑
tions were collected from the Department of Obstetrics and
Gynaecology of Xuzhou Central Hospital (Xuzhou, China)
between January 2017 to June 2020. Postoperative pathology
performed by independent pathologists confirmed endometrial
carcinoma in 15 cases of cancerous tissue and paracancerous
tissue samples. A total of 75 EC tissue wax blocks were
collected from female patients with a mean age of 51.7 years
(range, 42‑76 years), and staged according to the International
Federation of Gynaecology and Obstetrics [International
Federation of Gynaecology and Obstetrics (FIGO) 2009] (12).
Thirty normal endometrial tissue wax blocks were taken
from female patients with an average age of 50.9 years (range,
46‑58 years) who underwent total hysterectomy due to uterine
fibroids or adenomyomas during the same time period. The
postoperative pathological identification of these tissues was
performed by independent pathologists and showed a normal
proliferative phase of the endometrium.
Tissue samples were collected within 30 min after the
removal of the uterine appendages. Paracancerous tissues were
defined as the tissue within 3‑cm outside of the 1‑cm edge of
the cancer tissue. Paracancerous tissues were collected first,
followed by cancer tissues. Then, the samples were cut into
multiple tissue blocks with a diameter of ~0.5‑cm and stored
in a ‑80˚C freezer. All the cancer tissue samples were patho‑
logically diagnosed as endometrioid carcinoma and all the
paracancerous tissue samples were pathologically diagnosed
as non‑tumour tissue invasion in the pathology department
of Xuzhou Central Hospital. All subjects met the following
criteria: i) Pathological diagnosis of endometrioid carcinoma,
ii) complete clinical characteristics, iii) no preoperative
chemoradiotherapy or endocrine therapy and iv) no history
of chronic disease or other malignant tumour. This study
was approved by The Ethics Committee of Xuzhou Central
Hospital (Xuzhou, China) and all patients provided informed
written consent.
Proteomics analysis. A total of three cancer and three para‑
cancerous tissue samples were selected from the 15 tissues
collected from the Department of Obstetrics and Gynaecology.
After weighing and lysis using 8 M urea (Sigma‑Aldrich;
Merck KGaA) and 1% protease inhibitor cocktail (Thermo

Fisher Scientific, Inc.)], the supernatant was collected to
determine the protein concentration of the samples. Equal
amounts of proteins (~50 µg) from samples were reduced
with 10 mM dithiothreitol (Thermo Fisher Scientific, Inc.) and
alkylated with 50 mM iodoacetamide (Bio‑Rad Laboratories,
Inc.). Solution digestion was then performed with sequencing
grade modified trypsin at 37˚C overnight. The peptides were
acidified with a final concentration of 0.5‑1% trifluoroacetic
acid (Thermo Fisher Scientific, Inc.). Sodium deoxycholate
(Sigma‑Aldrich; Merck KGaA) was removed using high‑speed
centrifugation (14,000 x g at 4˚C for 20 min). Tryptic peptides
were desalted and centrifuged in a SpeedVac to dry. Then,
tryptic peptides were redissolved in 0.1% formic acid (Thermo
Fisher Scientific, Inc.).
After the enzymatic hydrolysis and pre‑treatment of the
samples, the LFQ method based on LC‑MS/MS technology was
used for peptide separation and mass spectrometry analysis of
each sample by higher‑energy collisional dissociation (HCD)
(ionization mode, positive). LC‑MS/MS was conducted to
obtain primary mass spectrometry of all ions and the first
20 peptides with the signal strength of the primary spectrum
peak were identified using secondary MS. For LC‑MS/MS
analysis, the peptides were separated using 90 min gradient
elution at a flow rate of 2.2ⅹ10‑7 l/min (nitrogen gas tempera‑
ture, 320˚C; nebulizer pressure, 120 psi) using a Thermo
Scientific™ EASY‑nLC™ 1000 HPLC system (Thermo Fisher
Scientific, Inc.), which was directly interfaced with a Thermo
Scientific Q Exactive™ mass spectrometer. Mobile phase A
consisted of 0.1% formic acid and mobile phase B consisted
of acetonitrile with 0.1% formic acid. The Q Exactive™ mass
spectrometer was operated in the data‑dependent acquisi‑
tion mode using Xcalibur 2.2 SP1 software (Thermo Fisher
Scientific, Inc.) and there was a single full‑scan mass spectrum
in the orbitrap (300‑2,000 m/z; 70,000 resolution) followed by
20 data‑dependent MS/MS scans at 27% normalized colli‑
sion energy (HCD). The mass spectrometry proteomics data
have been deposited to the ProteomeXchange Consortium via
the PRIDE (13) partner repository with the dataset identifier
PXD0242499.
Bioinformatics and statistical analysis. A total of 74,811
sequence entries from the human proteome database, 20,350
entries from Swiss‑Prot and 544,618 entries from TrEMBL were
downloaded from the UniProt Knowledgebase (https://www.
uniprot.org/proteomes/UP000005640) on December 20, 2019
and imported into the MaxQuant‑associated Andromeda
search engine (version 1.6) (14). Following protein identifica‑
tion, the intensity of each identified protein was calculated
using peptide signal intensities. A fold‑change (FC) ≥2 and
P<0.01 were set as the screening benchmark of significantly
enhanced or weakened differential expression. Then, the
LogFC value was drawn on the abscissa and the ‑log10
(P‑value) value was drawn on the ordinate to generate a volcano
map. TopGO software (15) (version 2.3.0) was used to conduct
the Gene Ontology (GO) (http://geneontology.org/) analysis
of the differential proteins from the three levels of biological
process, cell component and molecular function. Then, using
KOBAS software (16) (version 3.0), the gene ID corresponding
to the differential protein was searched using the gene name
via BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Genes
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Table I. Primer sequences for amplification of IFIT3, PARP9, CYB5R1, PTPN1, SLC34A2, DPT, SLPI and GAPDH.
Genes
IFIT3
PARP9
CYB5R1
PTPN1
SLC34A2
DPT
SLPI
GAPDH

Forward primers, 5'-3'

Reverse primers, 5'-3'

GCTGCAAGCAGCCAAATGTT
AGGGAAGAGTGAGCTGGGACAAG
TGGCTGTGGGCTCCTACTTGG
TCAAAGTCCGAGAGTCAGGGTCAC
GATGCCGTCGTCTCCAAGTTCAC
TGGGGCCAGTATGGCGATTA
GCTGTGGAAGGCTCTGGAAAGTC
CAGGAGGCATTGCTGATGAT

CTCTGGGACTGGAGCTGACT
TCTGCCGTCTGCCATTCAATGTG
GGGCAAAGCGGAACCTCTTGG
CATCAGCAAGAGGCAGGTATCAGC
TCCTCCAAGTCCTCGCAGCAC
CTGGTAGCTGAAGCCTTGCC
CAGTCACTCTGGCACTCAGGTTTC
GAAGGCTGGGGCTCATTT

IFIT3, interferon-induced protein with tetratricopeptide repeats 3; PARP9, poly(ADP-ribose) polymerase family member 9; CYB5R1, cyto‑
chrome b5 reductase 1; PTPN1, protein tyrosine phosphatase, nonreceptor type 1; SLC34A2, solute carrier family 34 member 2; DPT, dermatopontin;
SLPI, secretory leukocyte peptidase inhibitor.

enriched in the corresponding pathways were identified using
the Kyoto Encyclopaedia of Genes and Genomes (KEGG)
database (http://www.genome.jp/kegg/) and differential
proteins were analysed based on KEGG pathway enrichment.
Reverse transcription quantitative PCR (RT‑qPCR). In total,
~50 mg of cancer and paracancerous tissue samples were
weighed and RNAiso Plus (Takara Biotechnology Co., Ltd.)
was added to extract total RNA from the tissue. The concen‑
tration and purity of RNA were determined on a NanoDrop
ND‑1000 Spectrophotometer (Thermo Fisher Scientific, Inc.).
Then, the PrimeScript™ RT kit (Takara Biotechnology Co.,
Ltd.) was used to perform reverse transcription according
to the manufacturer's instructions on an ABI PCR instru‑
ment 2720 (Applied Biosystems; Thermo Fisher Scientific,
Inc.). A LightCycler ® 480 II fluorescence quantitative PCR
instrument (Roche Diagnostics) and TB Green® Premix
Ex Taq™ II (Takara Biotechnology Co., Ltd.) were used for
PCR according to the manufacturers' protocols. The reaction
system comprised a mixture of 2.66 µl cDNA, 0.6 µl upstream
primer, 0.67 µl downstream primer and 5 µl fluorescent dye.
The amplified genes for the PCR reaction and all required
primers synthesized by Sangon Biotech Co., Ltd. were shown
in Table I. The experiment was repeated thrice and the 2‑ΔΔCq
method (17) was used to analyse the data.
Western blotting. The main antibodies used included DPT
(1:500; cat. no. DF12196; Affinity Biosciences), GAPDH
(1:500; cat. no. AP0063; Bioworld Technology, Inc) and
horseradish peroxidase‑conjugated secondary anti‑rabbit
IgG (1:1,000; cat. no. BS13278; Bioworld Technology, Inc).
Total cancer and paracancerous tissues were lysed with RIPA
buffer (Beyotime Institute of Biotechnology), and the total
proteins were extracted and determinated using a BCA protein
assay kit. Then, 10% SDS‑PAGE was performed to separate
proteins, and each lane was loaded with an equal amount of
protein (100 µg). Subsequently, the protiens were transferred
onto the nitrocellulose membrane and blocked with albumin
bovine V (Beijing Solarbio Science & Technology Co., Ltd.)
at room temperature for 1.5 h. The strips were incubated
with DPT and GAPDH antibodies at 4˚C overnight. On the

second day, the strips were removed, washed thrice with TBST
(1ⅹ TBS and 0.1% Tween‑20) and incubated with horseradish
peroxidase‑conjugated secondary antibody at room tempera‑
ture for 1 h. After incubation, the strips were cleaned thrice
and tested and the experiment was repeated thrice for quanti‑
tative analysis. The densities and intensities of the strips were
quantified using Odyssey® SA (LI‑COR; Biosciences).
Immunohistochemical staining. All EC and normal endo‑
metrial tissues were fixed in 10% neutral buffered formalin
solution at room temperature for 24 h, then were routinely
embedded in paraffin and cut into 4‑µm thick sections. The
sections were quenched with 3% hydrogen peroxide at room
temperature for 10 min, then rinsed in phosphate‑buffered
saline. Following antigen retrieval in 10 mM citrate buffer for
95˚C 5 min, 40˚C 15 min, the sections were incubated with
primary polyclonal antibody DPT (1:100; cat. no. DF12196;
Affinity Biosciences) at 4˚C overnight. The negative control
was treated with PBS instead of primary antibody. Then, the
secondary antibody, goat anti‑rabbit IgG (PV‑9001; Beijing
Zhongshan Jinqiao Biotechnology Co., Ltd) was applied
to the sections at 37˚C for 20 min. At room temperature,
the sections were dyed using diaminobenzidine (DAB) for
60 sec, re‑stained with haematoxylin for 20 sec, and sealed
for observation. DPT‑positive cells showed yellow‑brown
granules in the cytoplasm. Images were captured using an
Olympus VS120® digital slice scanning microscope (Olympus
Corporation). Then, linear measurement data were acquired
using Image‑Pro® Plus 6.0 (Media Cybernetics Inc.).
Statistical analysis. All data were presented as the mean ± the
standard error of the mean. The statistical analyses were
performed using SPSS 22.0 (IBM Corp.) and GraphPad Prism
software version 5.0 (GraphPad Software, Inc.). A paired t‑test
was used for comparisons between cancer tissues and para‑
cancerous tissues from the same patient, and an independent
sample t‑test was used for comparisons between normal endo‑
metrial and EC cases. The associations between the expression
of DPT and clinicopathological features were evaluated using
χ2 and Fisher's exact tests. P<0.05 was considered to indicate a
statistically significant difference.
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Table II. Total up-regulated or down-regulated proteins.
Compared
groups
EC/AP

Regulation
type

Fold-changes
≥2 and P<0.01

Up-regulated
Down-regulated

579
346

EC, endometrial cancer; AP, paracancerous tissue.

and its down‑regulation can accelerate tumour invasion and
progression (18).

Figure 1. Volcanic map of DEPs based on FC ≥2 and P<0.01. Red dots
represent 579 up‑regulated proteins and green dots represent 346 down‑reg‑
ulated proteins. DEPs, differentially expressed proteins; up, up‑regulated;
down, down‑regulated; FC, fold‑change.

Results
Proteomic analysis of EC. After the cancer and paracan‑
cerous tissue samples were hydrolysed and pre‑treated, the
total differential proteins were determined by LC‑MS/MS
and analysed by bioinformatics and statistical analysis.
A majority of the identified peptides were distributed in
7‑25 amino acids, which was consistent with the general
laws of enzymatic hydrolysis and HCD fragmentation.
Through quantitative screening using MaxQuant a total
of 3,401 proteome samples were retrieved from the two
groups, among which the quantifiable number of proteins
were 3,245 (Table SI). Student's t‑tests were conducted
after the two groups were classified and screened. In total,
579 proteins were significantly up‑regulated and 346 proteins
were significantly down‑regulated (Tables II and SII).
Eventually, 925 differential proteins were screened as differ‑
entially expressed proteins (DEPs) as shown in a volcano
map (Fig. 1). The red dots represent 579 significantly
up‑regulated proteins, whereas the green dots represent
346 significantly down‑regulated proteins.
To analyse the molecular functions of the identified
proteins, DEPs were clustered into GO categories, including
biological process, cellular components and molecular func‑
tions. The up‑regulated DEPs were primarily distributed
in the ‘membrane‘ and ‘extracellular exosome’, while the
down‑regulated DEPs were mainly located in ‘extracellular
exosome’ and ‘extracellular matrix’, as shown in Fig. 2A and B,
respectively. The functional enrichment of DEPs was also
analysed using the KEGG database. Up‑regulated DEPs are
mainly involved in ‘protein processing in the endoplasmic
reticulum' and 'phagosome’, while down‑regulated DEPs
played a crucial role in ‘ribosome’ and ‘focal adhesion’, as
seen in Fig. 2C and D, respectively. This finding is consis‑
tent with the data described in the subsequent paragraphs.
As aforementioned, DPT is an extracellular matrix protein,
which principally takes a significant role in focal adhesion,

Identification of diagnostic and prognostic biomarkers. The
seven potential predictors of EC were chosen according to the
difference ratio of proteins (>5; P<0.01) protein function and
literatures and classified into two groups: Paracancerous (AP)
or EC. The up‑regulated proteins included interferon‑induced
protei n wit h tet rat r icopeptide repeats 3 ( I F I T3),
poly(ADP‑ribose) polymerase family member 9 (PARP9),
solute carrier family 34 member 2 (SLC34A2), cytochrome
b5 reductase 1 (CYB5R1) and protein tyrosine phosphatase
non‑receptor type 1 (PTPN1), while down‑regulated proteins
contained DPT and secretory leukocyte peptidase inhibitor
(SLPI) (Table III). The RT‑qPCR results of differential
proteins are presented in Fig. 3. IFIT3, PARP9, CYB5R1,
PTPN1 and SLPI expressions were not conspicuously
up‑regulated or down‑regulated, whereas SLC34A2 and
DPT expressions in EC were significantly decreased (P<0.05
and P<0.001, respectively; Fig. 3E and F). Western blotting
results showed that the DPT in endometrial carcinoma was
significantly lower compared with that in paracancerous
tissues (P<0.001; Fig. 4). In summary, the DPT results were
consistent in LC‑MS/MS, RT‑qPCR and western blotting DPT
was shown to be significantly down‑regulated in EC. These
findings indicated that the expression of DPT was markedly
decreased in EC, which might be closely associated with the
pathogenesis of EC.
Association between DPT and clinicopathological character‑
istics. A total of 75 EC tissue wax blocks included 54 patients
with stage I‑II EC and 21 patients with stage III‑IV. There
were 49 patients with high and medium differentiation and
26 patients with low differentiation. The aforementioned results
indicated that DPT might play a role in inhibiting progression
in EC and that its reduction promotes cancer migration and
progression. The immunohistochemical staining results of
the wax blocks of 30 normal endometrial (normal group) and
75 EC tissues (EC group) are provided in Fig. 5. In 30 cases
of normal endometrial tissues, 25 cases were positive and the
rest were absent. Among the 75 EC tissues, 58 cases showed
low expression and only 17 cases showed high‑expression.
Compared with normal endometrium, DPT was markedly
down‑regulated in EC tissues. Afterwards, the χ2 and Fisher's
exact tests were applied to evaluate the association between
DPT and clinicopathological features (Table IV). Staging,
differentiation, depth of myometrial invasion and lymph node
metastasis were found to be associated with DPT expression.
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Figure 2. Bioinformatics analysis of differential proteins. (A and B) Gene Ontology enrichment analysis of differential proteins was analysed at three levels:
Biological process, cell composition and molecular function. (C and D) KEGG pathway enrichment analysis of differentially expressed proteins. KEGG, Kyoto
Encyclopaedia of Genes and Genomes.

Figure 3. mRNA expression of differential proteins in EC and AP tissues. (A) IFIT3. (B) PARP9. (C) CYB5R1. (D) PTPN1. (E) SLC34A2. (F) DPT. (G) SLPI.
SLC34A2 and DPT expressions were significantly down‑regulated in cancer tissues. *P<0.05 and ***P<0.001 compared with the AP group. EC, endometrial
cancer; AP, paracancerous; IFIT3, interferon‑induced protein with tetratricopeptide repeats 3; PARP9, poly(ADP‑ribose) polymerase family member 9;
CYB5R1, cytochrome b5 reductase 1; PTPN1, protein tyrosine phosphatase nonreceptor type 1; SLC34A2, solute carrier family 34 member 2; DPT, dermato‑
pontin; SLPI, secretory leukocyte peptidase inhibitor.

As shown in Table IV, the positive expression of DPT was
markedly decreased in tissues with late stage, poor differ‑
entiation, myometrial invasion depth ≥1/2 and lymph node

metastasis (P<0.05). The above results demonstrated that the
positive expression of DPT decreased with increasing tumour
malignancy.
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Figure 4. DPT protein expression in EC and AP tissues. (A) Representative western blotting results of DPT. (B) Quantified DPT expression.
compared with the AP group. DPT, dermatopontin; EC, endometrial cancer; AP, paracancerous.

P<0.001

***

Figure 5. Expression of DPT in normal endometrial tissues and EC tissues. (A and B) Representative images of DPT immunohistochemical staining in
normal endometrial tissues (n=30) and EC tissues (n=75) (original magnification, x400). (A) Normal endometrial tissues; (B) EC tissues. (C) Quantified DPT
immunohistochemical staining. Values are expressed as the mean + the standard error of the mean. **P<0.05 compared with the normal endometrial tissues.
DPT, dermatopontin; EC, endometrial cancer; IOD, integrated optical density.

Discussion
The proteome of EC was detected based on LC‑MS/MS and
DEPs were analysed using bioinformatics. In total, seven
DEPs were identified, including IFIT3, PARP9, SLC34A2,
CYB5R1, PTPN1, DPT and SLPI. RT‑qPCR and western blot‑
ting showed that DPT expression was significantly decreased
in EC. DPT expression in 75 cases of endometrial carcinoma
and 30 cases of normal non‑cancerous endometrium was
detected using immunohistochemical staining, and the
association between the expression and clinicopathological
factors was analysed. Compared with normal endometrium,
DPT expression in cancer tissues was decreased, and DPT
was significantly associated with differentiation, FIGO stage,
muscle infiltration depth and lymph node metastasis.
The extracellular matrix is a macromolecular dynamic
reticular structure composed of collagen, proteoglycans
and other glycoproteins (19). The migration of cancer cells
depends on the biochemical characteristics of the ECM,
while integrin α3β1 can promote cancer cell migration and
invasion (20). After destroying the basement membrane, the
tumour cells move along the track of collagen fibres, invade
the vascular endothelial basement membrane and finally
reach distant organs through the circulation (21). Tumour
cells can also migrate through the network around the extra‑
cellular matrix. Even in primary tumours, the extracellular
matrix is constantly altered under the influence of the tumour

microenvironment, thus promoting tumour migration and
disease progression (21,22).
DPT is an extracellular matrix protein that plays an impor‑
tant role in matrix remodelling and metastasis of cancer tissues.
DPT is expressed at a low level in oral squamous cell carcinoma,
hepatocellular carcinoma and thyroid papillary carcinoma and
can promote the proliferation of prostate cancer cells (18,23).
DPT not only increases the biological activity of transforming
growth factor‑β but also combines with integrin α3β1 to promote
the germination of tumour neovascularization and ducts by
enhancing the movement ability of tumour cells and inducing
the formation of endothelial cell adhesion (9,11). Fu et al (24)
found that low DPT expression in hepatocellular carcinoma is
mainly mediated by DNA methylation and also demonstrated
that DPT enhances the stability of focal adhesion through
α3β1 integrin‑Rho GTPase signalling, thus inhibiting the
metastasis of hepatocellular carcinoma. In thyroid carcinoma,
ectopic expression of DPT hinders thyroid cancer cell prolifera‑
tion (25). DPT also down‑regulates the expression of c‑Myc and
regulates the expression of cell cycle‑dependent kinases (CDK4
and CDK6) and cyclin‑dependent kinase inhibitors (P21)
through the MEK‑ERK‑MYC signalling pathway (25).
Despite a low expression pattern of DPT in numerous
types of cancer, no related studies have been reported in
endometrial carcinoma, to the best of our knowledge. In the
present study, DPT expression in endometrial carcinoma was
studied and its association with clinicopathological factors was
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Table III. Seven differential proteins enriched in bioinformatics analysis.
Registration number
in UniProt database
O14879
Q8IXQ6
Q9UHQ9
P18031
O95436
Q07507
P03973

Name of differential proteins

Gene

Regulation

P-value

Interferon-induced protein with tetratricopeptide repeats 3
Poly(ADP-ribose) polymerase family member 9
Cytochrome b5 reductase 1
Protein tyrosine phosphatase, nonreceptor type 1
Solute carrier family 34 member 2
Dermatopontin
Secretory leukocyte peptidase inhibitor

IFIT3
PARP9
CYB5R1
PTPN1
SLC34A2
DPT
SLPI

Up
Up
Up
Up
Up
Down
Down

0.00474
0.00178
0.00460
0.00239
0.00630
0.00001
0.00390

Table IV. Association between DPT expression and clinicopathological features of patients with endometrial cancer.
DPT
	--------------------------------------------Clinical features
Cases, n
High
Low

χ2

FIGO stage				-	
I-II
54
16
38
III-IV
21
1
20
Differentiation				
5.091
High and medium
49
15
34
Poor
26
2
24
Depth of muscular invasion				
6.799
<1/2
41
14
27
≥1/2
34
3
31
Lymph node metastasis				-	
No
55
16
39
Yes
20
1
19

P-value
0.029
0.024
0.009
0.031

DPT, dermatopontin; FIGO, International Federation of Gynaecology and Obstetrics.

analysed. LC‑MS/MS, RT‑qPCR and western blotting results
all confirmed a low level of DPT expression in endometrial
carcinoma. The expression of DPT was decreased in poorly
differentiated tumours, more advanced clinicopathological
stages, deeper myometrial invasion and in cases of lymph node
metastasis. Integrins are a type of cell adhesion molecule that
depend on Ca2+ or Mg2+ to mediate recognition and adhesion
between cells and the extracellular matrix and DPT mediates
cell adhesion by binding to integrin α3β1, thus inhibiting the
proliferation and migration of tumour cells (24). Therefore, it
was hypothesised that DPT might be involved in the patho‑
genesis of endometrial carcinoma and that its exact molecular
mechanism needs to be further studied.
However, the present study only contained the most common
pathological types of endometrial carcinoma and not rare patho‑
logical types, such as serous carcinoma, mucinous carcinoma,
clear cell carcinoma and carcinosarcoma. Due to the limitation
of the sample size and single pathological type, further research
should be conducted to reveal more prevalent phenomena. Notably,
the current study confirmed for the first time that decreased DPT
levels were associated with EC, so identifying the expression of

DPT in EC might contribute to identifying novel biomarkers and
providing future prognostic guidance. In‑depth exploration of
DPT may reveal the molecular mechanism of EC and provide
new ideas for targeted therapy to increase the success of treatment
and survival rate of patients with advanced EC.
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