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DEP domain-containing 1 is a prognostic biomarker
associated with the cell cycle in gliomas
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Abstract. Glioma is the most common primary tumor in the
intracranial region, accounting for more than one-half of all
central nervous system tumors. Abnormal expression of key
cancer genes often promotes the occurrence and development
of tumors. DEP domain containing 1 (DEPDCI) is a gene that
encodes a protein containing a DEP domain, which serves
an important role in numerous biological processes. In the
present study, the relationship between the expression level
of DEPDCI and the clinical features of glioma was explored
in datasets from the China Glioma Genome Atlas Project.
Kaplan-Meier survival analysis was performed to evaluate
the value of DEPDCI expression in the prognosis of patients
with glioma. T-test and univariate Cox analysis were used to
identify differential genes, and Gene Ontology and gene set
enrichment analysis (GSEA) were used to explore the function
and related mechanisms of DEPDCI1 in glioma. Univariate cox
and multivariate cox analyses were used to screen variables,
and a nomogram model was used to construct a prediction
model. In glioma U87 and LN229 cell lines, the expression
of DEPDCI1 was decreased using shRNA to assess the effects
of DEPDCI1 on the proliferation, migration and invasion of
glioma cells. The findings revealed that there was a positive
association between the expression level of DEPDCI and the
poor clinical features of glioma, and patients with high expres-
sion of DEPDCI had a significantly shorter overall survival
time. GSEA demonstrated that the differential genes in the
DEPDCI high expression group were mainly enriched in
‘cell cycle’ and ‘mitotic cell cycle’. Cell experiments showed
that silencing DEPDC1 in U87 and LN229 cells significantly

Correspondence to: Professor Xuelian Wang, Department of
Neurosurgery, Tangdu Hospital, Fourth Military Medical University,
569 Xinsi Road, Bagiao, Xi'an, Shaanxi 710038, P.R. China

E-mail: nneurosurgery@163.com

“Contributed equally

Key words: DEP domain containing 1, glioma, bioinformatics, cell
cycle, prognostic biomarkers

attenuated cell proliferation, migration and invasion. To
conclude, the present study demonstrates that DEPDCI is
an independent prognostic indicator for patients with glioma
and is associated with a poor prognosis. The expression of
DEPDCI is closely associated with the cell cycle of glioma
and provides individualized treatment options for tumors.

Introduction

Gliomas are the most common type of primary intracra-
nial tumors in adults, accounting for ~81% of malignant
brain tumors in the United States between 2014-2018 (1).
According to the 2021 World Health Organization (WHO)
classification of central nervous system (CNS) tumors, gliomas
are divided into grades 1-4, with grades 1 and 2 classed as
low-grade gliomas and grades 3 and 4 classed as high-grade
gliomas (2). Currently, treatment methods for gliomas include
maximal safe resection, chemoradiotherapy (3) and emerging
therapies, such as immunotherapy (4) and tumor-treating field
therapy (5). Treatment outcomes for gliomas are influenced
by several factors, including the tumor size, location, type,
pathological grade and genetic characteristics. Some gliomas
are challenging to resect and may respond poorly to radiation
and chemotherapy, often resulting in suboptimal treatment
outcomes (6).

Gliomas account for ~81% of all malignant brain tumors
and 30% of all brain and CNS tumors (7). The global inci-
dence is estimated at 5-6 cases per 100,000 individuals
annually, with glioblastoma (GBM) being the most aggressive
subtype, representing 45-50% of all gliomas (2). Patients typi-
cally present with neurological symptoms such as persistent
headaches, seizures, cognitive impairment and focal deficits,
which vary according to tumor location and progression (8,9).
High-grade gliomas, particularly GBM, are associated with a
poor prognosis, with a median survival of ~15 months despite
standard therapies (10). Diagnosis is primarily based on
MRI, but definitive confirmation requires histopathological
and molecular assessment, including isocitrate dehydroge-
nase (IDH) mutation status and O6-methylguanine DNA
methyltransferase (MGMT) promoter methylation (11,12).
Given the aggressive nature of gliomas and the challenges in
treatment, ongoing research aims to identify novel biomarkers
and therapeutic targets to improve patient outcomes.
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As a newly discovered tumor-related gene, DEP domain
containing 1 (DEPDC1) was first identified in bladder cancer
by Kanehira et al (13) in 2007. More recently, the overexpres-
sion of DEPDC1 has been widely reported in malignant tumors
originating from several organs, including the liver (14),
lung (15), colon (16), breast (17), bone (18) and prostate (19).
Previous research has demonstrated that DEPDC1 serves a
key role in tumorigenesis by contributing to cellular functions,
such as promoting cell proliferation and cell cycle progression,
while suppressing apoptosis (20-22). However, few studies
have investigated the role of DEPDCI in the development and
prognosis of gliomas.

In the present study, the relationship between DEPDC1
expression levels and the clinical characteristics of gliomas was
explored by analyzing online databases and further examining
the functional role of DEPDCI1 through Gene ontology (GO)
and gene set enrichment analysis (GSEA). The present study
aimed to investigate the potential role of DEPDCI in gliomas,
with a focus on its association with tumor progression and
patient prognosis. Understanding the implications of DEPDC1
expression could potentially contribute to the development
of targeted therapeutic strategies for glioma management in
the future.

Materials and methods

Data source. The present study utilized publicly available
datasets from the China Glioma Genome Atlas (CGGA),
including Cohort 1 (accession no. CGGA_325) and Cohort 2
(accession no. CGGA_693), to analyze the expression of
DEPDCI in gliomas. The raw Fastq data for these datasets are
available under the BIGD accession numbers PRICA001746
(Cohort 1) and PRJCA001747 (Cohort 2). Cohort 1 and 2
consist of gene expression data and clinical profiles of patients
with glioma, providing valuable insights into tumor biology
and disease progression. The original studies detailing these
datasets can be obtained from previous CGGA publica-
tions (23,24). Glioma gene expression and clinical data
were downloaded from the CGGA database (https://www.
cgga.org.cn/download.jsp), which includes variables such as
the sex, age, WHO grade (2), IDH mutation status, 1p/19q
co-deletion status, MGMT promoter methylation status and
survival information. Additionally, the Glioma Longitudinal
Analysis (GLASS) dataset (http:/synapse.org/glass) was used
as the validation cohort. To elucidate the relationship between
DEPDCI1 expression and glioma prognosis, the present study
analyzed its association with key clinical features using data
from the CGGA database. Specifically, two RNA sequencing
datasets were used, CGGA Cohort 1 and CGGA Cohort 2,
comprising 325 and 693 glioma samples, respectively.

In the CGGA Cohort 1 dataset, patients were divided into a
high expression level group (=0.56) and a low expression group
(<0.56), using the median DEPDC1 expression as the cut-off value.
Similarly, for CGGA Cohort 2, the median DEPDC1 expression
value of 0.21 was used to stratify patients into high and low expres-
sion groups. These thresholds were applied to assess the prognostic
significance of DEPDCI1 expression in glioma patients.

Relationship between DEPDCI and clinical features.
The association between the expression of DEPDCI1 and

common prognostic features was analyzed. The key features,
including WHO classification (grades 1-4), IDH mutation
status (wild type/mutant), primary vs. recurrent tumor status,
1p/19q deletion status (coding/non-coding deletion), age, sex,
MGMT promoter methylation and DEPDCI expression, were
compared. Patients with glioma were divided into two groups
based on high or low DEPDC1 expression levels, and survival
curves were generated using Kaplan-Meier analysis. The
Kaplan-Meier analysis was performed using overall survival
(OS) as the survival metric, with time measured in months
from the initial diagnosis to either the last follow-up or death.

Gene enrichment analysis. Differentially expressed genes
(DEGs) between high and low DEPDC1 expression groups
was identified using the ‘samr’ package (version 3.0;
https://cran.r-project.org/web/packages/samr/) in R (log2
FC>2 and P<0.05 were the criteria for screening DEGs). GSEA
(https://www.gsea-msigdb.org/gsea/index.jsp) was performed
to identify signaling pathways significantly associated with
the DEPDC1 expression levels. GSEA methods evaluate gene
expression patterns across gene sets rather than focusing on
individual genes, which can provide a more comprehensive
view of enrichment pathways.

Construction of prediction model. Univariate and multivariate
Cox proportional hazards regression analyses were performed
to assess the relationship between variables and OS in CGGA
and GLASS datasets. Variables with P<0.05 in the multivariate
Cox regression analysis were selected to construct a prognostic
risk model.

Build a nomogram. A nomogram was constructed in the
training cohort using the ‘rms’ package (version 6.7-0;
https://cran.r-project.org/web/packages/rms) in R. The upper
portion of the nomogram represents the scoring system,
whereas the lower portion represents the prediction system.
Based on the scores for each factor and the total score, this
tool accurately predicts the 1-, 3- and 5-year survival rates of
patients with glioma. Calibration curves and C-index values
were used to evaluate the accuracy of the survival predictions.

Cell lines and agents. The human glioma U87 and LN229 cell
lines were obtained from the Chinese Academy of Medical
Science (Beijing, China). The U87 cell line is a glioblastoma of
unknown origin that has been identified as an ATCC type using
short tandem repeat profiling. Cells were cultured in DMEM
supplemented with 10% fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc.) and 1% penicillin-streptomycin
(100 U/ml penicillin and 100 pg/ml streptomycin; Gibco;
Thermo Fisher Scientific, Inc.), and incubated in a humidi-
fied, CO,-rich environment (5% CO,) at 37°C. The [(-actin
antibody (cat. no. 20536-1-AP), MMP-2 (cat. no. 10373-2-AP),
MMP-9 (cat. no. 10375-2-AP) and secondary antibody
(cat. nos. SA00001-1 and SA00001-2) were obtained from
Proteintech Group, Inc., while the DEPDC1 antibody
(cat. no. ab197246) was purchased from Abcam.

Cell transfection. The lentiviral transduction in the present
study was performed using a 2nd generation lentiviral
system. The 293T cell line was used as the packaging cell
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line, obtained from American Type Culture Collection. For
transfection, 10 ug of lentiviral plasmid, 5 ug of packaging
plasmid (psPAX2) and 2.5 ug of envelope plasmid (pMD2.G)
were used in a 4:2:1 ratio. Transfection was carried out at
37°C for 6 h, after which the medium was replaced with fresh
culture medium. Lentiviral particles were collected 48 h
post-transfection by harvesting the supernatant and filtering it
through a 0.45-um filter. The multiplicity of infection used for
infecting target cells was 10. Transduction was carried out by
incubating the target cells with viral particles at 37°C for 24 h,
followed by a medium change. After 72 h, cells were subjected
to subsequent experiments.

To establish stable cell lines, puromycin selection was
performed using a concentration of 2 ug/ml for 7 days. Once
the selection was complete, cells were maintained in 1 pg/ml
puromycin for continued culture. U87 and LN229 cells were
seeded at a density of 2x10° cells per well in 6-well plates
and the DEPDCI1 gene was silenced using pLKO.1 lentiviral
transduction containing DEPDCl-targeting shRNA in both cell
lines. The DEPDC1-shRNA and negative control shRNA were
designed by Suzhou GenePharma Co., Ltd., using the following
sequences: sShDEPDCI1 sense, 5-GAACTATCAAGAGTAGTT
CGT-3'and antisense, 5S-UUGUUCUGA AUACAUCUCGTT-3}
and shCtrl sense, 5-GUACCGCACGUCAUUCGUAUC-3' and
antisense, 5-UACGA AUGACGUGCGGUACGU-3.

Reverse transcription quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from the transfected
cells using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
Reverse transcription was performed using the GoScript
Reverse Transcription System (Promega Corporation) and
RT-qPCR was performed with SYBR Premix Ex Taq II
(Takara Bio, Inc.), following the manufacturers' instructions.
Relative mRNA levels of DEPDCI1 were normalized against
GAPDH using the 2-22% formula (25). The primer sequences
were as follows: DEPDC1 forward, 5'-TTCTAGATCTCC
CTGAACCTCT-3"; and reverse, 5"-TGATGTAGCCACAAA
CAACCAAA-3'; and GAPDH forward, 5-GGAGCGAGA
TCCCTCCAAAAT-3"; and reverse, 5'-GGCTGTTGTCAT
ACTTCTCATGG-3". The thermocycling conditions were as
follows: 95°C for 2 min; 40 cycles of 95°C for 10 sec, 60°C
for 30 sec and 72°C for 30 sec. To ensure consistency and
reliability, each experiment included three technical replicates.

Western blotting. After transfection, cells were harvested for
western blot analysis. Total cellular protein was extracted using
RIPA buffer (Beyotime Institute of Biotechnology), quantified
using a BCA assay (Beyotime Institute of Biotechnology).
Subsequently, 20 ug of each protein sample was loaded per
lane and separated on a 10% SDS-PAGE gel. Following elec-
trophoresis, proteins were transferred onto PVDF membranes
(Sigma-Aldrich; Merck KGaA) for further analysis.
Membranes were blocked with 5% bovine serum albumin
for 1 h at room temperature and incubated with the primary
antibodies anti-DEPDCI1 (cat. no. ab197246; 1:1,000; Abcam),
anti-MMP-2 (cat. no. 10373-2-AP; 1:1,000; Proteintech Group,
Inc.), anti-MMP-9 (cat. no. 10375-2-AP; 1:1,000; Proteintech
Group, Inc.) and anti-B-actin (cat. no. 66009-1-Ig; 1:2,000;
Proteintech Group, Inc.) overnight at 4°C. After washing,
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the membranes were incubated with HRP-conjugated goat
anti-rabbit IgG (cat. no. SA00001-2; Proteintech Group, Inc.)
and HRP-conjugated goat anti-mouse IgG (cat. no. SAO0001-1;
Proteintech Group, Inc.) antibodies at a dilution of 1:5,000
at room temperature for 1.5 h, followed by three 15-min
washes with TBST (Tris-buffered saline with 0.1% Tween-20;
cat. no. P9416; Sigma-Aldrich). Protein expression levels were
detected using Image Lab software (version 6.1; Bio-Rad
Laboratories, Inc.) and visualized using the ECL Prime
Western Blotting Detection Reagent (cat. no. GERPN2232;
MilliporeSigma). The optical density of each strip was analyzed
using ImageJ software (version 1.53t; National Institutes of
Health). All the experiments were performed in triplicate.

Cell Counting Kit-8 (CCK-8) experiment. The CCK-8 assay
was performed to evaluate the proliferation of U87 and LN229
cells following transfection. Briefly, 1x10° normal and trans-
fected cells were seeded into 96-well plates and cultured for 24,
48 or 72 h. Cell proliferation was assessed using a CCK-8 kit
(GLPBIO Technology LLC) according to the manufacturer's
protocol, and the absorbance was measured at a wavelength of
450 nm after incubation with the CCK-8 reagent for 2 h at 37°C.

Wound healing assay. A wound healing assay was performed
to evaluate the migration capacity of U87 and LN229 cells
following transfection. Briefly, 1x10° cells were seeded in
6-well plates and cultured for 24 h. A cross-shaped scratch
was made on the monolayer of cells using a sterile 10-ul
pipette tip. The scratched area was washed three times with
PBS to remove the cell debris. The cells were then cultured in
a serum-free medium for an additional 24 h and images of the
wound area were captured. The wound area, distance between
wound edges and cell confluence were measured using
Imagel] software (version 1.53t; National Institutes of Health).
Scratch closed rate=(initial scratch width-scratch width after
24 h)/initial scratch width x100%. The assay was repeated
three times, and images were captured using an Olympus IX73
inverted fluorescence microscope (Olympus Corporation).

Transwell experiment. The invasive potential of U87 and
LN229 cells after transfection was assessed using a Transwell
assay. Prior to seeding, Matrigel was thawed on ice overnight
at 4°C, diluted to a final concentration of 2 mg/ml with cold
serum-free medium and 50-100 ul was added to the upper
chamber of each Transwell insert. The plate was incubated
at 37°C for 30-60 minto allow the Matrigel to polymerize.
Serum-free cells (1x10° cells/well) were seeded in the upper
chambers, whereas the lower chambers contained 10% FBS,
which served as a chemoattractant. The cells were cultured at
37°C for 12 h and subsequently washed three times with PBS.
Cells on the lower surface of the membrane were fixed with
4% paraformaldehyde at room temperature for 20 min and
subsequently stained with crystal violet at room temperature
for 30 min. Subsequently, the stained cells were imaged using
an Olympus IX73 inverted microscope (Olympus Corporation)
and counted using ImagelJ software (version 1.53t; National
Institutes of Health). This assay was performed in triplicate.

Statistical analysis. All statistical analyses were performed
using the R software (version 3.6.2; Institute for Statistical
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Computing, Vienna, Austria), GraphPad Prism 9.0 (Dotmatics)
or SPSS 18.0 (SPSS, Inc.). Kaplan-Meier analyses were
performed using log-rank tests to assess survival differences
between the groups, and the analyses were conducted using
the ‘survival’ and ‘survminer’ R software packages. c* tests
were used to evaluate the differences in clinical and molecular
characteristics between the different DEPDC1 expression
groups. Univariate and multivariate Cox regression analyses
were performed to identify the prognostic factors. Unpaired
t-tests were performed to test the significance of differences
between the two groups. P<0.05 was considered to indicate a
statistically significant difference.

Results

Expression of DEPDCI and its association with clinical char-
acteristics and prognosis of gliomas. With advancing research
on gliomas, several molecular markers have been identified as
pivotal for understanding the pathogenesis and diagnosis of
gliomas, including IDH and 1p19q status (26,27). To elucidate
the relationship between DEPDCI1 expression and glioma
prognosis, the association between DEPDCI1 expression and
key clinical features of glioma was examined in the present
study using data from the CGGA Cohort 1 and 2 datasets.
As shown in Fig. 1A and B, the expression of DEPDCI1 was
significantly elevated in older patients (=42 years), patients
with a high histological grade (CNS WHO grades 3 and 4),
those with IDH wild-type gliomas, patients with 1p19q
non-codel gliomas and those with recurrent tumors. Although
similar trends were observed in the GLASS dataset (Fig. S1A),
the association between DEPDC1 and tumor recurrence was
not statistically significant. These findings suggest that expres-
sion of DEPDCI is enriched in patients with glioma with high
malignancy.

To further investigate the prognostic implications of
DEPDCI expression differences, a Kaplan-Meier survival
analysis was performed. As illustrated in Fig. 1C and D,
patients from both the CGGA Cohort 1 and 2 datasets were
stratified into high and low DEPDCI1 expression groups. The
analysis revealed that patients with low DEPDCI expression
had a significantly improved prognosis compared with those
patients with high DEPDCI expression (P<0.0001). These
results were validated using a GLASS cohort (Fig. S1B)
(P<0.0001), with outcomes consistent with those observed in
CGGA cohort 325 (Cohort 1) and CGGA cohort 693 (Cohort 2).
Collectively, these findings indicate that high expression of
DEPDCI is associated with shorter survival times, suggesting
it has potential as a prognostic marker in gliomas.

GO analysis of DEGs and GSEA enrichment analysis.
To further investigate the potential mechanisms by which
DEPDCI contributes to the deterioration of prognosis in
patients with glioma, the pathways that DEPDC1 modulates
were examined. Patients were divided into two groups based
on the median expression of DEPDC1, with the low expression
group serving as the control. In CGGA Cohort 1, 957 genes
were upregulated (log2 FC >2; P<0.05). GO analysis was
performed on the DEGs. GO analysis revealed the top
enriched pathways associated with DEPDCI1 expression, with
the top five pathways including ‘cell cycle’, ‘mitotic cell cycle’,

‘extracellular matrix organization’, ‘vasculature development’
and ‘NABA core matrisome’ (Fig. 2A). In CGGA Cohort 2,
324 genes were upregulated in the high expression group (Log2
FC >2; P<0.05). GO analysis identified DEPDCl-related path-
ways among the significantly enriched terms, with the top five
being ‘mitotic cell cycle’, ‘tube morphogenesis’, ‘embryonic
morphogenesis’, ‘regulation of cell cycle process’ and ‘extra-
cellular matrix organization’ (Fig. 2C). These findings were
consistent with the data shown in Fig. 2A. While ‘inflammatory
response’ and ‘cytokine signaling in the immune system’ were
not the highest-ranked pathways by statistical significance,
they were highlighted due to their potential involvement in the
glioma microenvironment and immune regulation. Therefore,
both datasets predominantly showed enrichment in the cell
cycle, vascular development and immune-related pathways.
GSEA was performed to confirm these findings. As shown in
Fig. 2B and D, the main enriched pathways identified using
GSEA included ‘cell cycle’, ‘DNA replication’, ‘spliceosome’
and ‘nucleotide excision repair’. These results confirmed that
DEPDCI is closely associated with the glioma cell cycle,
immune response and vascular development. Similar results
were obtained for the GLASS dataset (Fig. S2).

Expression of DEPDCI is closely associated with the cell
cycle. To further explore the mechanism through which
DEPDCI regulates glioma cell proliferation, its relation-
ship with established cell cycle checkpoints was examined.
The analysis revealed that checkpoint kinase 1 (CHEKI),
cyclin-dependent kinase 7 (CDK7) and tumor protein 53
(TP53) were positively associated with the expression of
DEPDCI in both CGGA Cohorts 1 and 2 (Fig. 3A and B). A
similar trend was observed in the GLASS cohort (Fig. S3B),
although the correlation between DEPDC1 and CDK7 appears
less pronounced compared with other cell cycle-related genes.
These results indicate that the expression of DEPDCI may
serve a role in the regulation of glioma cell cycle progression.

DEPDCI is an independent prognostic factor in patients with
glioma. To further evaluate the role of DEPDCI in the prog-
nosis of patients with glioma, receiver operating characteristic
analysis was used to assess the ability of DEPDCI1 expression
to predict patient outcomes. As shown in Fig. 4A, in CGGA
Cohort 1, the area under the curve (AUC) was 0.78 at 1 year,
0.85 at 3 years and 0.85 at 5 years. As shown in Fig. 4B, in
CGGA Cohort 2,the AUC reached 0.67 at 1 year,0.76 at 3 years
and 0.79 at 5 years, respectively. Similarly, in the GLASS
dataset (Fig. S3A), the AUC values were 0.61 at 1 year, 0.75 at
3 years, and 0.85 at 5 years. In CGGA Cohort 1 (CGGA_325),
the AUC values were 0.78 at 1 year, 0.85 at 3 years and
0.85 at 5 years (Fig. 4A), while in the CGGA Cohort 2, the
AUC values were 0.67 at 1 year, 0.76 at 3 years and 0.79 at
5 years (Fig. 4B). Univariate and multivariate Cox regression
analyses of CGGA Cohorts 1 and 2 indicated that DEPDC1
is an independent prognostic factor for patients with glioma
(Fig. 4C-F). Similar results were observed for the GLASS
dataset (Fig. S3C and D). These results suggested that expres-
sion of DEPDCI is an independent prognostic factor for OS.

Individualized prediction model shows high accuracy.
Independent prognostic indicators of OS were selected and
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Figure 1. Relationship between DEPDCI, clinicopathological features and prognosis of glioma. (A) Association between DEPDC1 expression and clinico-
pathological features of patients with glioma in the CGGA Project Cohort 1 database. (B) Association between DEPDC1 and clinicopathological features of
gliomas in the CGGA Cohort 2 database. Kaplan-Meier analysis illustrating the prognostic significance of DEPDCI expression in (C) CGGA Cohort 1 and
(D) CGGA Cohort 2. DEPDC1, DEP domain containing 1; CGGA, China Glioma Genome Atlas; IDH, isocitrate dehydrogenase; CNS, central nervous system;
WHO, World Health Organization; PRS, polygenic risk score.

integrated into multivariate regression analysis to construct  low expression group (<0.56), with the median DEPDC1
a prediction model. In the CGGA Cohort 1 dataset, patients  expression as the cut-off value. High and low expression of
were divided into a high expression group (=0.56) and DEPDCI contributed to risk scores from 0 to 100 (Fig. 5A).
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Figure 2. GO analysis and GSEA of DEGs associated with DEPDCI expression. (A) Upregulated DEGs were analyzed using GO in CGGA database Cohort 1.
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Figure 3. DEPDCI is closely associated with the regulation of cell cycle processes. Association analysis of DEPDC1 expression and cell cycle checkpoints
in CGGA (A) Cohort 1 and (B) Cohort 2 datasets. DEPDCI1, DEP domain containing 1; CGGA, China Glioma Genome Atlas; RB1, RB transcriptional
corepressor 1; TP53, tumor protein 53; ATM, ATM serine/threonine kinase; CDK?7, cyclin-dependent kinase 7; CDKNIA, cyclin-dependent kinase inhibitor 1A;
CHEK, checkpoint kinase.
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dehydrogenase; AUC, area under the curve; PRS, polygenic risk score.

In CGGA Cohort 1, the C-index of the nomogram was 0.810.
The calibration plot demonstrated a good agreement between
the predicted and observed 1-, 3- and 5-year OS probabilities
(Fig. 5B). Similar results were validated in the CGGA Cohort 2
(Fig. 6) and GLASS datasets (Fig. S4), with C-indices of 0.771
and 0.763, respectively, indicating the high accuracy of the
DEPDCI1 score.

Expression of DEPDCI is associated with the proliferation
and invasion of gliomas. To investigate the expression levels of
DEPDCI in U87 and LN229 cells, shRNA was used to inter-
fere with DEPDCI1 expression in both cell lines. As shown in
Fig. 7A, RT-qPCR analysis indicated that DEPDC1 mRNA
levels decreased significantly after silencing with shiDEPDC1
compared with the control shRNA. Correspondingly, western
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Figure 6. Construction of a personalized prediction model in the CGGA Cohort 2 dataset. (A) Nomogram constructed based on CGGA Cohort 2. (B) Calibration
plot of the prognostic model showing the predicted OS for 1-, 3- and 5-year survival probabilities in CGGA Cohort 2 compared with actual OS. OS, overall
survival; CGGA, China Glioma Genome Atlas; DEPDC1, DEP domain containing 1; WHO, World Health Organization; PRS, polygenic risk score.

blot analysis demonstrated that the protein expression levels
also showed qualitative and semi-quantitative reductions, as
shown in Fig. 7B and C. To further examine the impact of
DEPDCI expression on glioma cell proliferation and inva-
sion, CCK-8, wound healing and Transwell invasion assays
were performed. As shown in Fig. 8A, the proliferation rate
of glioma cells was significantly reduced over the first 5 days
following DEPDCI silencing compared with the control
shRNA. In addition, Fig. 8B shows wound healing assay results
for U87 and LN229 cells, comparing cell migration over a 24 h
period. At O h, the wound areas were similar in all groups.
After 24 h, the shCtrl cells migrated more compared with
the shDEPDCI1 cells, indicating that DEPDCI1 knockdown
reduced migration. Furthermore, Fig. 8C shows the invasion
assay results for U87 and LN229 cells. At 0 h, the number of
invading cells was similar between groups. After 24 h, fewer

cells had invaded in the sShDEPDC1 group compared with the
shCtrl group, indicating that DEPDCI1 knockdown reduces
invasion. Additionally, migration-related proteins MMP-2 and
MMP-9 were markedly decreased after DEPDCI silencing, as
shown in Fig 8D. Fig. 8E demonstrates that the invasive ability
of glioma cells in both cell lines was significantly impaired
by DEPDCI silencing compared with the control shRNA, as
observed in the Transwell assay.

Discussion

Previous studies have indicated that DEPDCI upregulation is
closely associated with a poor prognosis in several malignant
tumors, including hepatocellular carcinoma (28-31), lung adeno-
carcinoma (15,32), colorectal cancer (33,34), breast cancer (35)
and osteosarcoma (36). A notable study further demonstrated
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that DEPDC1 is markedly upregulated in 29 out of 33 human
cancer types and is associated with OS, disease-specific survival
and progression-free survival in multiple tumor types (37). In
the present study, expression levels of DEPDCI1 were assessed
in gliomas with several typical prognostic characteristics by
performing association analysis based on data from patients
with glioma from the CGGA and GLASS databases. The
results demonstrated that DEPDCI is highly expressed in
more aggressive gliomas, particularly in patients of older age

(=42 years), those with high histological grades (CNS WHO
3.4), those with IDH wild-type gliomas, patients with 1p/19q
codeletion and cases with tumor recurrence. Kaplan-Meier
analysis was performed to examine the relationship between
the expression of DEPDCI and patient prognosis, further
confirming that high DEPDCI expression significantly affects
survival time. Furthermore, DEPDCI1 expression was observed
in human glioma U87 and LN229 cell lines. Additionally,
DEPDCI1 knockdown inhibited the proliferation, migration
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and invasion of glioma cells. This suggested that DEPDC1
serves a role in promoting glioma progression. The reduced
cell motility and invasion observed after DEPDC1 knockdown
were consistent with previous studies on DEPDCl-related
tumor genes (17,38,39). These findings indicate that DEPDC1
may contribute to glioma malignancy and could be a potential
target for further investigation.

To further investigate the potential mechanisms by which
DEPDCI contributes to glioma progression, its relationship
with cell cycle regulation, immune response and vascular
development was examined through GO and GSEA enrich-
ment analyses of DEGs from two CGGA database cohorts,
with results corroborated in the GLASS dataset. The findings
suggest that DEPDC1 influences glioma cell proliferation and
apoptosis through the expression of several specific RNAs
or proteins, such as cyclin dependent kinase 1, CHEK1 and
RB transcriptional corepressor 1, were affected by DEPDCI1
knockdown. These findings suggest that DEPDCI1 may
regulate glioma progression through pathways involving cell
cycle control and DNA damage response (40). Additionally,
DEPDCI may induce generation of specific T lymphocytes,
potentially affecting immune system function (41) and
promoting the overexpression of angiogenic factors, leading
to increased glioma proliferation and blood vessel density (42).

In view of the relationship between DEPDCI expression
and the cell cycle, its association with several recognized cell
cycle checkpoints was investigated. The results demonstrate
expression of DEPDC1 was positively associated with CHEK1,
CDK7 and TP53 expression. CHEKI is a key signal transduc-
tion factor in the genome integrity checkpoint, and its mutations
have been implicated in various cancer types, including
colon, stomach and endometrial carcinomas (43). Similarly,
abnormal CDK7 expression or function (44) and TP53 muta-
tions (45) are associated with the occurrence and progression
of multiple cancer types, including breast, colorectal, ovarian,
head and neck and lung cancers. Thus, DEPDCI1 may influ-
ence glioma progression by modulating the expression of
these genes, contributing to cell cycle regulation and affecting
tumor proliferation, malignancy and potential prognosis. As
demonstrated in previous studies, DEPDCI serves an impor-
tant role in regulating the cell cycle and tumor progression
across different cancer types via various signaling pathways.
For instance, Huang et al (19) showed that in prostate cancer,
DEPDCI enhances E2F1 transcriptional activity, thereby
upregulating cyclin D1 and CDK2, leading to a more frequent
G,-S phase cell cycle transition. Similarly, Wang et al (16)
reported that DEPDCI promotes SUZ12 polycomb repressive
complex 2 subunit expression to drive proliferation, invasion
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and epithelial-mesenchymal transition of colorectal cancer.
These findings suggest a potential mechanism through which
DEPDCI regulates cell cycle progression. However, further
investigations are needed to elucidate the specific mechanism
of action of DEPDCI in glioma cell cycle regulation.

In the present study, univariate and multivariate Cox regres-
sion analyses were performed and demonstrated that DEPDC1
serves as an independent prognostic factor in patients with
glioma. To evaluate the accuracy of DEPDCI as a prognostic
marker, a prediction model was constructed based on 1-,3- and
5-year survival rates using a nomogram calibrated against the
CGGA database observations. These results indicate that high
DEPDCI1 expression adversely affects patient prognosis. If this
prediction model is highly accurate, it may support clinical
decision making, potentially improving patient outcomes.

The present study has certain limitations. The results demon-
strated that DEPDCI1 is closely associated with key genes in
multiple cell cycle signaling pathways. However, the molecular
interaction mechanisms have not been further elucidated
in animal experiments and patient-derived glioma samples.
Additionally, as patients with high-grade glioma generally have a
worse prognosis, the functional role of DEPDC1 was only evalu-
ated in two high-grade glioma cell lines. Therefore, the functions
of DEPDCI1 observed in the present study may not apply to
low-grade gliomas. These limitations should be addressed in
animal models and glioma cell lines of various grades.

In summary, the expression of DEPDCI1 is closely
associated with glioma cell cycle regulation and serves as
an independent prognostic indicator, with higher expres-
sion levels linked to worse outcomes. DEPDC1 knockdown
reduces glioma cell proliferation and migration, suggesting it
has potential as a target for individualized tumor treatment.
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