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Elevated mRNA expression levels of DLGAP5 are
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Abstract. Breast cancer is the most commonly diagnosed type
of cancer and one of the leading causes of cancer‑associated
mortality in women. In addition, the underlying molecular
mechanisms of the occurrence and development of breast
cancer requires further investigation. In the present study,
bioinformatics analysis was performed to identify differentially expressed genes (DEGs) between breast cancer and
normal breast tissues to investigate the underlying molecular
mechanisms. In addition, reverse transcription‑quantitative
PCR and immunohistochemistry (IHC) were performed to
investigate the protein and mRNA expression levels of a
specific DEG, discs large‑associated protein 5 (DLGAP5). A
Cell Counting Kit‑8 assay and flow cytometry analysis were
used to assess the effects of DLGAP5 on cell proliferation. In
total, 85 DEGs were identified in the three Gene Expression
Omnibus datasets, including 40 upregulated and 45 downregulated genes. In addition, 30 hub genes were identified
following the construction of a protein‑protein interaction
network, and 28 of the 30 hub genes were established to be
indicators of breast cancer prognosis. DLGAP5 was highly
expressed in breast cancer specimens, and its expression
levels were correlated with clinical stage and lymph node
status. In addition, downregulation of DLGAP5 repressed
the proliferation of breast cancer MDA‑MB‑231 cells and
induced cell cycle arrest. Additionally, DLGAP5 was identified to be localized in the mitochondria, and the presence
of a conserved microtubule‑associated proteins 1A/1B light
chain 3B‑interacting region motif suggested that DLGAP5
may serve a role in mitophagy. The present results demonstrated an association between DLGAP5 expression levels
and the clinicopathological characteristics of patients with

Correspondence to: Dr Xingrui Li, Department of Thyroid
and Breast Surgery, Tongji Hospital, Tongji Medical College of
Huazhong University of Science and Technology, 1095 Jie Fang
Avenue, Wuhan, Hubei 430030, P.R. China
E‑mail: lixingrui@tjh.tjmu.edu.cn
Key words: breast cancer, bioinformatics analysis, discs
large‑associated protein 5, mitophagy

breast cancer using IHC. In conclusion, DLGAP5 may be
a promising target in the diagnosis and treatment of breast
cancer.
Introduction
Breast cancer (BC) is the most commonly diagnosed cancer
and the leading cause of cancer‑associated mortality in
women; according to data published by the Global Cancer
Statistics in 2018, there were >2.1 million new cases that
year and 0.6 million BC‑associated mortalities worldwide (1).
Despite recent advances in surgery, radiotherapy, chemotherapy, neoadjuvant chemotherapy and endocrine therapy, the
incidence of BC has increased in developed (54.4 per 100,000,
female by age‑standardized in 2018) and developing (31.3 per
100,000, female by age‑standardized in 2018) countries (1,2).
The incidence of BC in China has increased from 75.3 to
127.55 per 100,000 between 2005‑2015, respectively (3).
Therefore, it is important to identify novel specific targets to
improve the currently available therapeutic strategies and to
clarify the underlying molecular mechanisms of BC.
In the past decade, various studies have investigated gene
expression levels in BC. These studies have screened numerous
differentially expressed genes (DEGs) that may be involved
in the development and progression of BC (4,5). However, the
results have been largely inconsistent due to the heterogeneity
of specimens across experiments and the use of different detection platforms and data processing methods (6,7). To identify
novel DEGs associated with BC, the Robust Rank Aggregation
(RRA) package was used to integrate multiple gene expression
profiles in the present study. The RRA package uses P‑values
to compare each ranked gene against a randomly ranked gene
and then re‑ranks the genes (8). Therefore, the RRA package
can be used to improve the current understanding of the
mechanism underlying BC.
The human discs large‑associated protein 5 (DLGAP5)
gene, which is mapped to chromosome 14q22.3, is a cell
cycle regulator involved in carcinogenesis (9). Wang et al (10)
reported that DLGAP5 was upregulated in non‑small cell lung
cancer (NSCLC) and was associated with a shorter survival
time. In cytological experiments, the knockdown of DLGAP5
caused inhibition of proliferation, migration and invasion of
NSCLC cells (10). Previous studies have also shown that the
expression levels of DLGAP5 are upregulated in bladder (11),
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prostate (12) and liver cancer (13), as well as leukemia (14)
were associated with poor prognosis. In the present study,
DLGAP5 was identified to be a hub gene in GEO and
Gene Expression‑Based Outcome for BC Online (GOBO)
databases. Furthermore, DLGAP5 expression levels were
confirmed in 24 paired tumor and normal samples, and in 160
paraffin‑embedded BC specimens. In vitro functional analysis,
a Cell Counting Kit (CCK)‑8 assay and cell cycle analysis were
performed to determine the underlying molecular mechanism
of DLGAP5 in the progression of BC. The present study aimed
to identify potential novel prognosis biomarkers and potential
novel targets, to facilitate the development of novel drugs for
the treatment of BC.
Materials and methods
Identification of DEGs from the GEO database. In total,
three BC datasets, including GSE21422 (15), GSE29431
(Lopez et al, unpublished data, 2011) and GSE61304 (16), were
obtained from the GEO database (http://www.ncbi.nlm.nih.
gov/geo) (Table I). These three datasets were generated using
the GPL570 platform of the (HG‑U133_Plus_2) Affymetrix
Human Genome U133 Plus 2.0 array (http://www.affymetrix.
com/index.affx). GSE21422 contained five healthy breast specimens and 14 BC specimens. GSE29431 contained 12 healthy
breast specimens and 54 primary BC specimens. GSE61304
contained four healthy breast specimens of an epithelial origin
and 58 BC specimens of an epithelial origin. Subsequently, the
platform and matrix files were downloaded from GEO. The
dataset information is presented in Table I. The downloaded
files were processed with R software [version 2.6.2 (17)],
calibrated, standardized and log2‑converted as necessary. To
identify the DEGs in each dataset, the limma package in R
was used with the cutoff criteria of |log2‑fold‑change (FC)|>1
and P<0.05 (18).
Integration of the microarray data. To identify significant
and reliable DEGs, the Robust Rank Aggregation (RRA)
package (19) was used. The RRA package assumes that each
gene is randomly ordered within each dataset (20). A gene
that was ranked high had a low P‑value, following correction
and had a greater probability of being considered a DEG.
This was used to identify DEGs and to rank them consistently
and reliably without the influence of noise using R (8). This
approach allowed an improved understanding of the molecular
mechanisms involved in cancer (21). Meanwhile, the heatmap
package [version 1.0.12 (22)] was used to generate the heatmap
of these DEGs.
GO and KEGG pathway analysis. To define the biological
functions of the DEGs, GO term enrichment and KEGG
pathway analysis were performed using DAVID (23).
P<0.05 was considered to indicate a statistically significant
difference.
Establishment of the protein‑protein interaction (PPI)
network. STRING (https://string‑db.org/) is an online tool
designed to collect and integrate information from known and
predicted PPI in a large number of organisms (24). The DEGs
were analyzed using STRING to construct the PPI network.

A confidence score >0.4 was set as the cutoff value. Data was
subsequently visualized using Cytoscape software [version
3.7.1 (23)]. Molecular Complex Detection (MCODE) was
performed within Cytoscape to screen significant modules of
PPI network. The criteria default parameters were as follows:
Degree cut‑off=10, node score cut‑off=0.2, k‑core=2 and max.
depth=100 (25).
Online database extraction. Kaplan‑Meier (KM) plots were
used to analyze the overall survival time of patients with BC.
The hazard ratios with 95% confidence interval and log‑rank
P‑values were calculated using the KM plotter (26). GOBO
(co.bmc.lu.se/gobo/), an online tool that contains 1,881 BC
specimens, was used to identify genes that co‑expressed
with DLGAP5, and determine the clinical characteristics of
DLGAP5 in patients with BC (27,28). Furthermore, GOBO also
supports the applications of PAM50 gene expression subtype
analysis, which is recognized as a prognostic gene signature
assay by the National Comprehensive Cancer Network (29).
To analyze the associations between DLGAP5 expression
levels and the clinicopathological characteristics (ER, PR,
Her‑2, basal‑like status, and tumor grade), the GEO datasets
GSE12093, GSE7390, GSE6532 (30), GSE3494, GSE1456,
GSE2603 (31), GSE2034 (32), GSE11121 (33), GSE4922 and
GSE5327 (34) were combined. One‑way ANOVA with Tukey's
post‑hoc test was conducted when making comparisons in
datasets containing multiple groups (27,35). Genes that correlated with DLGAP5 expression, with a Pearson correlation
coefficient >0.4 were also selected from the GOBO database.
Tissue samples. The present study was approved by The
Ethics Committee of Tongji Hospital and written informed
consent was provided by all patients prior to the study start.
A total of 24 BC tissues and matched normal samples were
obtained from patients with BC (median age, 46 years; age
range, 30‑60 years), following surgery at Tongji Hospital,
Tongji Medical College of Huazhong University of Science
and Technology (Wuhan, China) between May 2019 and June
2019. All samples were preserved in RNAlater Stabilization
Solution (Qiagen GmbH) overnight at 4˚C, and subsequently
stored at ‑80˚C.
Reverse transcription‑quantitative (RT‑q)PCR. Total RNA
was extracted from tissues using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.). RT was performed using
HiScript®II RT SuperMix (Vazyme Biotech Co., Ltd.). The
protocol for RT was as follows: 42˚C for 2 min, 50˚C for 15 min
and 85˚C for 5 sec. qPCR was performed using SYBR Green
qPCR Mix (Toyobo Co., Ltd.). The following primer sequences
were used for qPCR: DLGAP5 forward, 5'‑AAGTGGGTC
GTTATAGACCTGA‑3' and reverse, 5'‑TGCTCGA ACATC
ACTC TCGTTAT‑3'; GAPDH forward, 5'‑GGAG CGAGA
TCCC TCCAA A AT‑3' and reverse, 5'‑GGC TGT TGTCAT
ACTTCTCATGG‑3'. The following thermocycling conditions
were used for qPCR: Initial denaturation for 3 min at 95˚C,
45 cycles of 10 sec at 95˚C, 30 sec at 60˚C and 15 sec at 95˚C,
and a final extension at 95˚C for 15 sec and 65˚C for 5 sec. Melt
curve analysis was subsequently performed. Relative mRNA
expression levels were calculated using the 2‑ΔΔCq method (36).
All experiments were performed in triplicate.
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Table I. Details for Gene Expression Omnibus breast cancer datasets.
Author, year
Kretschmer et al, 2011
Lopez et al, 2011
Aswad et al, 2015

GEO

Platform

Normal

Tumor

(Refs.)

GSE21422
GSE29431
GSE61304

GPL570
GPL570
GPL570

5
12
4

14
54
58

(15)
Unpublished
(16)

Immunohistochemistry (IHC). A tissue microarray (cat.
no. BR1921c; Alenabio) was used to validate the expression
levels of DLGAP5 in healthy breast and BC specimens. A
total of 192 breast specimens were analyzed, of which 80
samples were invasive ductal carcinoma, 80 samples were
invasive lobular carcinoma, 21 samples were adjacent healthy
tissues, four samples were cancer adjacent breast tissue and
seven samples were healthy tissues. Additionally, 8 samples
were missing estrogen receptor (ER) status and progesterone
receptor (PR) status, while 12 samples were missing human
epidermal growth factor receptor 2 (HER2) status information.
Tumors were staged based on tumor‑node‑metastasis (TNM)
system (7th edition) (37). Antigens were retrieved in citrate
buffer at 95˚C (pH 6) for 15 min, and 3% hydrogen peroxide
was used for endogenous peroxidase blocking at 37˚C for
30 min, followed by incubation with 10% goat serum (Abcam)
at room temperature for 1 h. IHC was performed using a rabbit
polyclonal anti‑human DLGAP5 primary antibody (1:200; cat.
no. A13575; Abclonal), and the slides were incubated overnight
at 4˚C. The sections were subsequently treated with a horseradish peroxidase‑conjugated anti‑rabbit immunoglobulin G
secondary antibody (1:500; cat. no. bs‑0295D‑HRP; BIOSS),
at 37˚C for 30 min and the signal was visualized by staining
with 3,3'‑diaminobenzidine at room temperature for 1 min.
After washing the slides with water, the sections were counterstained with hematoxylin at room temperature for 2 min.
Corresponding negative control samples (cat. no. BR1921c
Trail; Alenabio) were incubated with PBS overnight at 4˚C
instead of the primary antibody, and the subsequent steps
were consistent with the conditions of the DLGAP5 primary
antibody test group. The samples were examined using an
Olympus BX‑51 light microscope (Olympus Corporation;
magnification, x400).
Scoring of the staining results. The staining intensity and the
percentage of positive cells were determined by two experienced pathologists who were blinded to the experimental
groups. The staining intensity was scored as: i) 0, colorless;
ii) 1, light yellow; iii) 2, brown/yellow; and iv) 3, brown. The
percentage of positive cells was scored as: i) 0, no cell staining;
ii) 1, >25% of cells stained; iii) 2, 25‑50% of cells stained;
iv) 3, 51‑75% of cells stained; and v) 4, >75% of cells stained.
The two scores were multiplied to generate values ranging
between 0 and 12. The strong expression group (++/+++) was
defined as a score ≥5. The weak expression group (−/+) was
defined as a score <5.
Cell culture and transfection. The human BC cell line
MDA‑MB‑231 was obtained from The Cell Bank of Type
Culture Collection of Chinese Academy of Sciences. Cells

were cultured in L‑15 medium (HyClone; GE Healthcare
Life Sciences) supplemented with 1% penicillin/streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.) and 10%
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.)
at 37˚C with 5% CO2. Cells were seeded into 6‑well plates
until they reached 50% confluence and Lipofectamine® 3000
(Invitrogen; Thermo Fisher Scientific, Inc.) was subsequently
used to transfect the small interfering RNAs (siRNAs) with
100 nM per well according to the manufacturer's protocol.
Subsequent experimentation was conducted after transfection for 48 h. The DLGAP5 siRNA (si‑DLGAP5‑1 and
si‑DLGAP5‑2) and nontargeting negative control (si‑NC) were
purchased from Guangzhou RiboBio Co., Ltd. The sequences
were as follows: si‑DLGAP5‑1, 5'‑GAATCCAGATGGAGT
CTTA‑3'; si‑DLGAP5‑2, 5'‑GAAGTCCCAT CAC TTGAA
A‑3'; and si‑NC, 5'‑TTCTCCGAACGTGTCACGTdTdT‑3'.
Knockdown efficiency of DLGAP5 siRNA was assessed using
RT‑qPCR.
CCK‑8 and cell cycle assays. For the CCK‑8 assay (cat.
no. CK04, Dojindo Molecular Technologies, Inc.), after transfection for 48 h, ~3x103 MDA‑MB‑231 cells were resuspended
in 100 µl L‑15 medium and plated into 96‑well plates. After
cultured for 24, 48, 72 and 96 h, cells were incubated with
CCK‑8 solution (10 µl/well) for 2 h at 37˚C. The optical
density was measured at 450 nm using a microplate reader
(http://www.moleculardevices.com).
For the cell cycle assay, cells were harvested after transfection for 72 h and fixed with pre‑cooled 70% ethanol at -20˚C
overnight. Cells were washed twice with PBS to remove all
ethanol. RNase A enzyme (Thermo Fisher Scientific, Inc.)
and propidium iodide (0.05 mg/ml) were added and incubated
for 30 min at room temperature in the dark before analyzing
the samples using a FACSCalibur system (Beckman Coulter).
FlowJo software version 7.6 (FlowJo LLC) was used for the
cell cycle analysis. Each experiment was performed >2 times.
Prediction of mitophagy receptors. GeneCards is an integrative database that provides comprehensive information on all
annotated and predicted human genes; it can also provide
information on the localization of the protein of interest (38).
In addition, the iLIR database is an online tool that is used
to identify microtubule‑associated proteins 1A/1B light chain
3B (LC3)‑interacting region (LIR) motifs within eukaryotic
proteins (39,40). These two databases were used to determine
whether DLGAP5 may function in mitophagy as a potential
autophagy receptor.
Statistical analysis. The GSE29431 and GSE61304 datasets
were selected in the following analysis due to a larger sample
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size and unpaired Student's t‑test was used. Paired Student's
t‑test was applied to detect DLGAP5 expression in BC
tissues and matched normal samples. χ2 test were performed
to analyze the IHC results. One‑way analysis of variance
(ANOVA), followed by Tukey's post‑hoc test were performed
when making comparisons in the GOBO datasets containing
multiple groups. One‑way ANOVA and Dunnett's post‑hoc
test were applied when multiple groups were compared with
the si‑NC group. The receiver operating characteristic curves
were plotted to identify the diagnostic value of DLGAP5 in
BC. Statistical analyses were performed using SPSS version
22.0 (IBM Corp.) and GraphPad Prism 8 (GraphPad Software,
Inc.). All data are presented as the mean ± standard deviation
of three independent experiments and P<0.05 was considered
to indicate a statistically significant difference.
Results
Identification of DEGs in BC. The BC expression microarray
datasets GSE21422, GSE29431 and GSE61304 were standardized, and the results are presented in Fig. S1. In the GSE21422
dataset, 946 upregulated and 1,380 downregulated genes were
identified by the limma package using an adjusted P<0.05 and
|logFC|>1 as the cutoff criteria; in the GSE29431 dataset, 497
upregulated and 948 downregulated genes were identified; in
the GSE61304 dataset, 326 upregulated and 511 downregulated genes were identified (Fig. S2).
Identification of DEGs in BC using integrated bioinformatics.
The three datasets were screened using the limma package
and analyzed using the RRA package (P<0.05 after correction; |logFC|>1). Using this approach, 85 DEGs that included
40 upregulated and 45 downregulated genes were identified
(Table SI). The heatmap package was used to generate the
heatmap of the top 25 upregulated and downregulated genes
(Fig. 1).
GO term enrichment and KEGG pathway analysis. GO term
enrichment and KEGG pathway analyses were performed
using DAVID. In the biological function group, the upregulated
DEGs were involved in ‘cell division’, ‘mitotic nuclear division’, ‘cell proliferation’ and ‘mitotic cytokinesis’ (Table SII),
whereas the downregulated DEGs were involved in ‘cellular
response to tumor necrosis factor’ and ‘response to linoleic acid’
(Table SIII). In the cell component group, the upregulated DEGs
were associated with processes that involved the ‘spindle’, the
‘spindle microtubule’ and the ‘midbody’ (Table SII), whereas the
downregulated genes were associated with processes involved
in the ‘cell surface’ and ‘extracellular space’ (Table SIII). In
the molecular function group, the upregulated DEGs were
involved in ‘microtubule binding’ and ‘protein kinase binding’
(Table SII), whereas the downregulated DEGs were involved in
‘heparin binding’ (Table SIII) (Fig. 2A).
A total of 11 KEGG pathways were associated with these
DEGs. The upregulated genes were particularly enriched
in the ‘cell cycle’, ‘p53 signaling pathway’, ‘ECM‑receptor
interaction’ and ‘oocyte meiosis’ (Fig. 2B). The downregulated genes were enriched in the ‘PPAR signaling pathway’,
‘tyrosine metabolism’, ‘drug metabolism‑cytochrome
P450’, ‘adipocytokine signaling pathway’, ‘proximal tubule

Figure 1. Log 2(FC) heatmap of the 50 most significantly differentially
regulated genes in the three microarrays. Red and green represent up‑ and
downregulated genes, respectively. The values in the columns represent the
log2FC value of each gene. FC, fold change.

bicarbonate reclamation’, ‘AMPK signaling pathway’ and
‘glycolysis/gluconeogenesis’ (Fig. 2B).
Analysis of the DEGs in BC using the PPI network. The
STRING database was used to construct the PPI network of
85 DEGs that included 40 upregulated and 45 downregulated
genes, and the results were analyzed using the Cytoscape
software (Fig. 3A). A total of 30 hub genes were identified,
including ubiquitin‑conjugating enzyme E2 C (UBE2C),
nucleolar and spindle‑associated protein 1 (NUSAP1), baculoviral IAP repeat‑containing protein 5 (BIRC5), mitotic
checkpoint serine/threonine‑protein kinase BUB1 beta
(BUB1B), G2/mitotic‑specific cyclin‑B1 (CCNB1), centrosomal protein of 55 kDa (CEP55), disks large‑associated
protein 5 (DLGAP5), denticleless protein homolog (DTL),
kinesin‑like protein KIF11 (KIF11) and kinesin‑like protein
KIF20A (KIF20A), which were the top 10 DEGs with the
highest degrees of protein‑protein connectivity.
Using MCODE, the two most significant functional
modules were investigated (Fig. S3). KEGG pathway analysis
was performed using DAVID software. The genes in module
1 were mainly involved in the ‘cell cycle control’, ‘p53
signaling’ and ‘oocyte meiosis’, whereas the genes in module
2 were mainly involved in ‘PPAR signaling’, ‘adipocytokine
signaling’, ‘AMPK signaling’ and ‘ECM‑receptor interaction’
(Table II).
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Figure 2. GO and KEGG enrichment analysis of DEGs in patients with breast cancer. (A) GO terms of the DEGs. (B) KEGG pathway enrichment of the DEGs.
GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, differentially expressed genes.

Survival analysis. Information of the 30 hub genes was available in the KM plotter database. Among these, 28 genes were
identified as indicators of BC prognosis. The random survival
forest map comparing the genes is presented in Fig. 3B.
Analysis of DLGAP5 expression levels using RT‑qPCR and
online databases. To investigate the role of DLGAP5 in BC,
the expression levels of DLGAP5 were examined in BC tissues.
The results of the RT‑qPCR analysis suggested that DLGAP5
was upregulated in BC tissues compared with normal tissues
(P<0.001; Fig. 4A). Due to a relative larger sample size compared
with GSE21422, two datasets, GSE29431 and GSE61304 were
used in the following analysis. The mRNA expression levels of
DLGAP5 in patients with BC were analyzed in the GSE29431
and GSE61304 datasets in order to expand the sample size;
the results in these datasets also suggested that DLGAP5 was
significantly upregulated in tumor specimens compared with
normal breast tissues (P<0.001; Fig. 4B). Furthermore, the
receiver operating characteristic (ROC) curves were plotted
to identify the diagnostic value of DLGAP5 in BC. DLGAP5
expression levels were associated with tumor classification as
assessed by an area under the curve (AUC) >0.8 (GSE29431,
AUC=0.821; GSE61304, AUC=0.974; Fig. 4C and D). In detail,
the cut‑off point for the expression of DLGAP5 to distinguish
BC and non‑malignant groups using the ROC curve was

5.572, with a sensitivity of 83.3% and a specificity of 75.0% in
GSE29431. The cut‑off point was 4.573, with a sensitivity of
94.8% and a specificity of 100% in GSE61304. Therefore, high
expression of DLGAP5 was associated with a less favorable
progression‑free (Fig. 4E) and overall survival time (Fig. 4F)
using the Kaplan‑Meier Plotter online database.
Association between DLGAP5 expression levels and the
clinicopathological features of BC. To further investigate the
association between DLGAP5 expression and the clinicopathological characteristics of the patients with BC, the GOBO
online database was used. DLGAP5 expression levels were
higher in the basal subtype (n=357) and lower in the normal‑like
(n=257) and luminal A subtypes (n=482) (Fig. 5A). Similar
results were obtained following PAM50 subtype analysis (29)
(Fig. 5B). A negative association was observed between the
expression levels of DLGAP5 and the ER (Fig. 5C). In addition, DLGAP5 expression levels increased with increasing
tumor grade (Fig. 5D).
IHC was performed to verified the results of online datasets. DLGAP5 staining was brown/yellow in invasive ductal
and lobular carcinoma specimens, with expression rate
of 98.8% and strong expression rate of 34.4%, which were
significantly higher compared with healthy breast tissues
(59.4 and 12.5%, respectively; with both comparison P<0.05;
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Figure 3. PPI network of the DEGs and the forest plot of 28 hub genes associated with breast cancer prognosis in the PPI network. (A) PPI network of the
DEGs. Nodes represent proteins, and edges represent connections between proteins. Red and blue circles represent upregulated and downregulated genes,
respectively. (B) HRs of the hub genes. Each line in the graph represents a 95% CI, and the middle bar represents the HR. PPI, protein‑protein interaction;
DEGs, differentially expressed genes; HR, hazard ratio; CI, confidence interval.

Fig. 6). The representative IHC images for DLGAP5 expression levels in BC are presented in Fig. 6, and the information
of tissue samples included in the microarray is presented
in Table SIV. The 160 cancer specimens were divided into
strong (++/+++) or weak (−/+) expression groups, and the
association between IHC scores and patient clinicopathological characteristics was investigated. The results revealed

that high DLGAP5 expression levels in BC were associated
with clinical stage ( χ2 =4.002; P=0.045) and lymph node
status (χ2=5.806; P=0.016) (Table III). No significant associations were present between DLGAP5 expression levels
and age, tumor stage, ER, progesterone receptor (PR) or
human epidermal growth factor receptor‑2 (Her‑2) expression (Table III).
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Table II. Kyoto Encyclopedia of Genes and Genomes pathway analysis of two key modules selected from the protein‑protein
interaction network.
A, Module 1
Term
hsa04110
hsa04115
hsa04114

Description

Count

P‑value

4
3
3

3.00x10‑04
2.52x10‑03
6.78x10‑03

Description

Count

P‑value

PPAR signaling pathway
Adipocytokine signaling pathway
AMPK signaling pathway
ECM‑receptor interaction

6
4
4
3

1.83x10‑08
1.15x10‑04
6.11x10‑04
6.66x10‑03

Cell cycle
p53 signaling pathway
Oocyte meiosis

B, Module 2
Term
hsa03320
hsa04920
hsa04152
hsa04512

Figure 4. DLGAP5 expression levels in breast tissues of patients with BC. (A) mRNA expression levels of DLGAP5 in BC tissues compared with normal breast
samples. (B) mRNA expression levels of DLGAP5 in an expanded sample size following analysis of the GSE29431 and GSE61304 datasets. (C and D) ROC
curve based on DLGAP5 expression levels in (C) GSE29431 and (D) GSE61304 datasets for predicting breast cancer tissue classification. (E) PFS and (F) OS
analysis of patients with BC with low and high DLGAP5 expression levels. ***P<0.001. DLGAP5, discs large‑associated protein 5; PFS, progression‑free
survival; OS, overall survival; BC, breast cancer; ROC, receiver operating characteristic; HR, hazard ratio.

Biological functions of DLGAP5‑associated genes. To further
investigate the clinical relevance of DLGAP5 in BC, genes
that correlated with DLGAP5 expression, with a Pearson

correlation coefficient >0.4 were selected from the GOBO
database. A total of 292 genes were identified with functions
in ‘cell division’, ‘DNA replication’, ‘G1/S transition of mitotic
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Figure 5. Parameters associated with DLGAP5 expression in the GOBO database in patients with breast cancer. (A) Boxplot of DLGAP5 mRNA expression
levels stratified based on the molecular subtypes. Boxplot of DLGAP5 mRNA expression levels stratified by (B) PAM50 classification, (C) estrogen receptor
status and (D) tumor grade. The expression levels of DLGAP5 were compared among subtypes of breast cancer. P<0.00001 vs. basal, ER‑neg and grade 1.
DLGAP5, discs large‑associated protein 5. HER2, human epidermal growth factor receptor‑2; LumA, luminal A subtype; LumB, luminal B subtype; ER,
estrogen receptor; ‑neg, negative; ‑pos, positive.

cell cycle’, ‘DNA replication initiation’ and ‘mitotic nuclear
division’ (Fig. 7A). KEGG pathways analysis demonstrated
that DLGAP5‑associated genes were involved in the ‘cell
cycle’, ‘DNA replication’, ‘oocyte meiosis’, ‘p53 signaling’ and
‘pyrimidine metabolism’ (Fig. 7B).
Mitophagy receptor prediction. The predicted subcellular
location of DLGAP5 was identified in the GeneCards database.
DLGAP5 is primarily localized in the cytosol, cytoskeleton,
nuclei and mitochondria (Fig. 7C). Using the iLIR online
tool, DLGAP5 was identified to possess a LIR motif, which is
conserved in several mammalian species (41) (Fig. 7D).
Effects of DLGAP5 on the proliferation of MDA‑MB‑231 cells.
To further determine the biological functions of DLGAP5 in BC,

the MDA‑MB‑231 cell line was used. siRNA was transfected into
BC cells to establish DLGAP5‑knockdown cells. RT‑qPCR was
used to verify the expression levels of DLGAP5 in the transfected
cells. Compared with the si‑NC‑transfected cells, DLGAP5 was
significantly downregulated in si‑DLGAP5‑transfected cells
(P<0.001; Fig. 8A). CCK‑8 and flow cytometry assays were
performed to determine the effects of DLGAP5 knockdown in
cell proliferation. The CCK‑8 assay demonstrated that knockdown
of DLGAP5 repressed the proliferation of MDA‑MB‑231 cells
compared with the si‑NC group (P<0.01 at 96 h si‑DLGAP5‑1
vs. si‑NC; P<0.001 at 96 h si‑DLGAP5‑2 vs. si‑NC; Fig. 8B). Cell
cycle analysis demonstrated that the cells were predominantly
distributed in the G2/M stage in the DLGAP5 knockdown group
(si‑DLGAP5‑1 and si‑DLGAP5‑2 group, 24.8 and 24.0%, respectively; negative control group, 13.7%; P<0.05; Fig. 8C and D).
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Figure 6. Representative immunohistochemistry images of DLGAP5 expression levels in breast cancer tissue samples. (A and B) Strong, weak and null expression levels of DLGAP5 in (A) breast tumor tissue (n=160) and (B) normal breast tissue (n=32). Magnification, x400. DLGAP5, discs large‑associated protein 5.

Figure 7. Underlying molecular mechanisms of DLGAP5 activity in breast cancer. (A) Different GO enriched terms associated with genes co‑expressed with
DLGAP5 in breast cancer. (B) KEGG pathway enrichment of the co‑expressed genes. (C) Subcellular localization of DLGAP5. The green intensity represents
the localization probability. (D) Domain demonstration of DLGAP5 and its LIR motif (in red) exhibiting conservation across species. GO, Gene Ontology;
KEGG, Kyoto Encyclopedia of Genes and Genomes; DLGAP5, discs large‑associated protein 5.
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Table III. Association of DLGAP5 expression levels with
clinical characteristics of patients with breast cancer.
DLGAP5
expression levels
Clinical	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
characteristics
Strong, n
Weak, n

χ2

Age, years			
0.639
≤50
34
58		
>50
21
47		
T stage			
0.420
1‑2
41
83		
3‑4
14
22		
Lymph node			
5.806
‑	
27
72		
+
28
33		
Clinical stage 			
4.002
I‑IIB
38
87		
IIIA‑IIIB
17
18		
ER status			
0.347
+
43
84		
‑	
10
15		
PR status			
0.022
+
32
61		
‑	
21
38		
Her‑2 status			
3.061
3+
8
6		
0‑1
45
89		

P‑value
0.420
0.520
0.016a
0.045a
0.556
0.882
0.080

P<0.05. DLGAP5, discs large‑associated protein 5; T, tumor;
ER, estrogen receptor; PR, progesterone receptor; Her‑2, human
epidermal growth factor receptor‑2.

a

Discussion
In the present study, bioinformatics analyses were used to
integrate and analyze three BC datasets containing gene
expression profiles, GSE21422, GSE29431 and GSE61304.
Using the RRA package, 85 DEGs were identified, including
40 upregulated and 45 downregulated genes, which were used
to investigate the regulatory mechanisms underlying BC and to
generate a PPI network. Using MCODE, two highly connected
networks were identified. The first network comprised 27
DEGs that were primarily enriched in ‘cell cycle control’ and
‘p53 signaling and oocyte meiosis’, whereas the second network
comprised 13 DEGs that were mainly enriched in ‘PPAR
signaling’, ‘adipocytokine signaling’, ‘AMPK signaling’ and
‘ECM‑receptor interaction’. Using PPI and KEGG pathway
enrichment analysis, various key signaling pathways and hub
genes that may serve important roles in the development of BC
were identified. The identified pathways and hub genes may
represent novel targets to be used in therapy.
In the present study, the STRING database was used to
construct the PPI network, in order to detect the hub genes. The
genes associated with breast cancer prognosis were selected for

further experimentation. Among these 30 hub genes, 28 genes
were indicators of BC prognosis, including DLGAP5. The
genes with a high degree of protein‑protein connectivity in the
PPI network play a key role in the network (42). DLGAP5 was
one of the top 10 genes with highest degree of protein‑protein
connectivity. DLGAP5, a microtubule‑associated protein, is
phosphorylated by Aurora kinase A (AURKA) (43). In addition,
DLGAP5 upregulation is associated with poor prognosis of
patients with colorectal cancer (44), lung cancer (10), bladder
cancer (11) and prostate cancer (12), indicating that DLGAP5
plays an important role in cancer prognosis. Branchi et al (44)
reported that DLGAP5 was associated with the nodal status,
and high DLGAP5 expression levels were associated with a less
favorable overall survival rate in distinct molecular colorectal
cancer subtypes. Schneider et al (45) and Shi et al (46) demonstrated that DLGAP5 was a promising diagnostic and prognostic
biomarker for lung cancer; high expression levels of DLGAP5
were significantly associated with age, sex, clinical stage,
pathological T stage, new tumor event and therapeutic outcome.
Tagal et al (47) reported that DLGAP5 was AURKA‑dependent
and essential for the survival and proliferation of transcription
activator BRG1 (SMARCA4/BRG1) mutant NSCLC cells.
Furthermore, targeting mitosis‑associated genes, including
DLGAP5, TPX2 and RAN, has been reported to induce
apoptosis of the BRG1 mutant NSCLC cells, both in vitro and
in vivo (47). Espinoza et al (12) demonstrated that DLGAP5
was a predictive biomarker for the prognosis of high‑risk
prostate cancer in addition to functioning as a resistance factor.
Furthermore, hypoxia‑inducible factor 1‑alpha (HIF‑1α) binding
sites were revealed on the promoter of DLGAP5, indicating that
hypoxia plays a modulatory role on DLGAP5 expression (11).
These results were further confirmed by Yamamoto et al (48).
Eissa et al (11) demonstrated that DLGAP5 was a reliable and
promising biomarker for the detection of bladder cancer, and
sensitivity of urine cytology was improved when combined with
the mRNA expression of DLGAP5. Kim and Cho (49) reported
that DLGAP5 was a stem‑cell proliferation biomarker.
The age of the patient, size of the tumor and molecular
biological factors such as ER, PR or Her‑2 expression are
notable factors affecting the prognosis of breast cancer (50,51).
In addition, whether the tumor was associated with lymph
nodes and distant metastases also had an important impact
on the patient's prognosis (52). According to the Surveillance,
Epidemiology and End Results Program, patients with BC
with regional lymph node metastasis exhibit a 5‑year survival
rate of 85.5%, which is lower compared with the 5‑year
survival rate in patients with a localized tumor (98.8%) (53).
In addition, late‑stage breast cancer was also associated with
a less favorable prognosis (54). To investigate the association
between DLGAP5 expression and the clinicopathological
characteristics, the GOBO database was investigated and
IHC analysis was performed in the present study. The results
demonstrated that high DLGAP5 expression levels in BC were
associated with the clinical stage and the lymph node status.
These results were consistent with the online survival analysis
and suggested that high DLGAP5 expression levels were associated with a poor prognosis in patients with breast cancer.
In the present study, to confirm the biological function of DLGAP5 in BC, 282 DLGAP5‑associated genes
were selected from the GOBO database. KEGG pathway
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Figure 8. Effects of DLGAP5 on MDA‑MB‑231 cell proliferation. (A) Expression levels of DLGAP5 in MDA‑MB‑231 cells transfected with si‑NC,
si‑DLGAP5‑1 and si‑DLGAP5‑2 was determined by reverse transcription‑quantitative PCR after transfection for 48 h. (B) Cell Counting Kit‑8 assay was
used to detect the effects of DLGAP5 on MDA‑MB‑231 cell proliferation. (C and D) Flow cytometry was used to detect the effects of DLGAP5 on cell cycle
regulation in MDA‑MB‑231 cells. *P<0.05 and ***P<0.001 vs. si‑NC; **P<0.01 si‑DLGAP5‑1 vs. si‑NC; ###P<0.001 si‑DLGAP5‑2 vs. si‑NC. si, small interfering;
NC, negative control; DLGAP5, discs large‑associated protein 5.

analysis demonstrated that these genes were mainly involved
in ‘cell cycle control’, ‘DNA replication’, ‘oocyte meiosis’, ‘p53
signaling’ and ‘pyrimidine metabolism’. A number of these
biological processes have been reported in previous studies.
For example, Kuo et al (55) reported that DLGAP5 knockdown inhibited the proliferation of hepatocellular carcinoma
cells due to the accumulation of p53 and the downregulation
of gankyrin. Zhang et al (56) reported that DLGAP5 was a
downstream molecule of NUSAP1 and regulated the cell cycle;
in addition, si‑NUSAP1 suppressed invasive BC cell proliferation and invasion and enhanced susceptibility to epirubicin by
affecting the cell cycle progression. In the present study, a
CCK‑8 assay and cell cycle analysis were used, and the results
demonstrated that knockdown of DLGAP5 induced cell cycle
arrest at the G2/M phase and inhibited cell proliferation. The
aforementioned processes are important for the functions of
normal and tumorigenic cells, suggesting that further studies
are required to confirm the role of DLGAP5 in carcinogenesis.
Previously, the clinical significance of autophagy in cancer
has been investigated (57,58). Mitochondrial autophagy, or
mitophagy, is defined as selective mitochondrial degradation
through autophagy (59). Increasing evidence has demonstrated
that abnormal mitophagy is associated with cancer development and progression and may be associated with an altered
response to cancer therapy (60,61). Meanwhile, mitophagy

receptors contain two key features, the mitochondrial localization and the LIR motif, which is required to bind the LC3
ligand (41). Given these characteristics, DLGAP5 may be
considered a mitophagy receptor. Of note, DLGAP5 has been
reported to be localized in the cytosol, cytoskeleton, nuclei
and mitochondria (13). In the present study, DLGAP5 was
identified to contain a LIR motif. Although the present results
suggested that DLGAP5 may be involved in mitophagy, further
studies are required to define the precise role and molecular
mechanism of DLGAP5 in BC.
The present study was not without limitations. First,
only one cell line was used to detect the role of DLGAP5 in
BC. Secondly, the role of DLGAP5 in mitophagy was only
predicted using online data instead of validation via patient
samples. Thus, further experiments using more cancer cell
lines and xenograft models are required, in order to determine
the underlying molecular mechanisms of DLGAP5 and other
hub genes in the prognosis of BC.
In conclusion, the present study provided evidence to
suggest that DLGAP5 acts as a potential oncogene in breast
cancer. Knockdown of DLGAP5 largely repressed the proliferation of breast cancer MDA‑MB‑231 cells and induced cell
cycle arrest. Furthermore, the present results provided novel
insight into the clinical relevance of DLGAP5 as a biomarker
for prognosis and its underlying molecular mechanisms in BC.
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