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This work is aimed at investigating the effect of melittin on identified key genes in bladder cancer (BC) and further providing a
theoretical basis for BC treatment. GSE35014 downloaded from the Gene Expression Omnibus (GEO) database was used to
screen differentially expressed genes (DEGs) in BC cells and control. Results showed that a total of 389 upregulated and 169
downregulated genes were identified. Subsequently, GO analysis, KEGG pathway enrichment analysis, and PPI network analysis
were employed to disclose the crucial genes and signaling pathways involved in BC. Fifteen module-related DEGs and their
associated signaling pathways were obtained according to the PPI network and modular analyses. Based on the analysis of
articles retrieved in the PubMed database, we found that melittin could induce apoptosis and constrain the progression of tumor
cells as a result of regulating critical cancer-related signaling pathways, such as PI3K-Akt and TNF signaling pathways.
Furthermore, PI3K-Akt and TNF signaling pathways were also found to be associated with module-related DEGs according to
biological analyses. At last, qRT-PCR analysis demonstrated that melittin could constrain the expression of module-related
DEGs (LPAR1, COL5A1, COL6A2, CXCL1, CXCL2, and CXCL3) associated with PI3K-Akt and TNF signaling pathways in BC
cells. Functional assays revealed that melittin could constrain the proliferative and migrated abilities of BC cells. Conjointly,
these findings provide a theoretical basis for these six genes as drug-sensitive markers of melittin in BC treatment.

1. Introduction

Commonly accepted, bladder cancer (BC) pertains to a
malignant tumor with top incidence in urological diseases
[1]. Overall, bladder tumors are commonly in the pres-
ence of noninvasive urothelial carcinoma and muscle-
invasive disease [2]. The invasive subtype of BC is closely
associated with metastatic spread and poor prognosis of
patients [3]. Despite great advances made in the diagnosis
and treatment of BC, therapeutic options are limited and
prognosis remains unfavorable [4, 5]. Therefore, elucidat-
ing the underlying molecular mechanism of development
and progression is conductive to and even decisive on
BC treatment.

The application of Chinese traditional medicine in tumor
treatment has gained much attention in recent years [6–8].
Melittin with twenty-six amino acids is the essential compo-
nent of honeybee venom [9]. Prior research generally con-
firms that honeybee venom is accepted as Chinese medicine
and applied for treatment of various diseases, exemplified
by arthritis, rheumatism, back pain, cancer, and skin disease
[10]. Intriguingly, discussions regarding melittin associated
with diverse cancers have dominated research in recent years.
In our previous work, we retrieved and analyzed articles from
2010 to now in the PubMed database with the search key-
word of melittin and cancer. We found that melittin could
induce apoptosis and constrain the progression of tumor cells
as a result of regulating critical cancer-related signaling
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pathways. For example, Jo et al. unveiled that melittin could
have an anticancer effect as a result of inducing apoptotic cell
death in ovarian cancer through enhancement of death recep-
tors and suppression of the JAK2/STAT3 signaling pathway
[11]. A similar anticancer effect in prostate cancer cells was evi-
denced and materialized through activation of the caspase
pathway via inactivation of NF-κB [12]. It has also been
reported that melittin could suppress PMA-induced tumor cell
invasion by inhibiting NF-κB- and AP-1-dependent MMP-9
expression [13], probably through JNK/p38- and NF-κB-
dependent mechanisms [14]. Jeong et al. outlined that melittin
suppresses TNF-α-induced HASMC migration through the
selective inhibition of MMP-9 expression [15]. Shin et al. illus-
trated that melittin could hold down HIF-1α/VEGF expression
through inhibition of the ERK and mTOR/p70S6K pathway in
human cervical carcinoma cells [16]. Jeong et al. probed that
melittin could constrain EGF-induced MMP-9 expression via
blocking the NF-κB and PI3K/Akt/mTOR signaling pathway
and repress EGF-induced FAK phosphorylation through
inhibiting the mTOR/p/0S6K/4E-BP1 signaling pathway in
breast cancer cells [17]. Kong et al. proffered the conclusion of
melittin exerting a positive role in gastric cancer cell apoptosis
via activation of the mitochondrial pathway [18]. Furthermore,
the antitumor activity of melittin was reported to be associated
with antiangiogenic actions via inhibiting VEGFR-2 and
inflammatory mediators involved in the MAPK signaling path-
way [19] or to suppress hepatic epithelial-to-mesenchymal
transition via blocking of TGFβ/Smad and MAPK-JNK signal-
ing pathways [20]. As recently reported, it was demonstrated
that melittin could constrain tumor angiogenesis modulated
by endothelial progenitor cells involved in the SDF-1α/CXCR4
signaling pathway in a UMR-106 osteosarcoma xenograft
mouse model [21]. However, little was known about the associ-
ation between melittin and BC, which promoted us to conduct
this study.

Popularly accepted, theGeneExpressionOmnibus (GEO)
accessible at www.ncbi.nlm.gov/geo is a public repository that
archives and freely distributes high-throughput gene expres-
sion data submitted by the scientific community. Huge
volumes of data including individual gene expression, multi-
farious organisms, and a wide range of biological issues could
be effectively explored, queried, and visualized by means of
user-friendly web-based tools. In recent years, microarrays
contingent on high-throughput platforms have emerged as a
promising and efficient tool for screening significant genetic
or epigenetic alternations in carcinogenesis and identifying
promising biomarkers for diagnosis and prognosis of cancers
[22]. Plentiful gene expression profiling microarrays have
been employed to identify multifarious differentially
expressed genes (DEGs) in various cancers, and a number of
BC-related DEGs have therefore been documented [23–25].
Nonetheless, various additional critical genes and pathways
associated with BC remain yet to be explored completely.

In the present study, we aimed to disclose the crucial
genes associated with BC and investigate the effect of melittin
on the identified crucial genes in BC. On the one hand,
the transcription profile of GSE35014 was downloaded from

the GEO database (https://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?acc=GSE35014) and data processing was performed
using R software (version 3.3.0, available online: https://
www.r-project.org/) and bioconductor packages (available
online: http://www.bioconductor.org/), together with the
online website Database for Annotation, Visualization, and
Integrated Discovery (DAVID; version 6.8). Differentially
expressed genes (DEGs) were screened in BC cells and con-
trol. Gene ontology (GO) analysis, Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis,
and protein–protein interaction (PPI) network analysis were
employed to evaluate the crucial genes and signaling
pathways involved in BC. On the other hand, we collected
melittin-related articles involved in cancers from the
PubMed database and analyzed the relationship between
melittin and various cancers that have been reported. After
that, we combined the KEGG, PPI network, and module
analyses intersecting with the literature analysis to obtain
our target signaling pathway and crucial DEGs. The data
analysis pipeline for key genes in BC is displayed in
Figure 1. Finally, we investigated the effect of melittin on
the critical DEG expression in BC cells and its functional role
in proliferative and migrated abilities of BC separately by
qRT-PCR and functional assays. By this token, these critical
DEGs and signaling pathways identified in this work would
convey valuable information about the mechanism of BC
carcinogenesis and expose the discovery of key genes that
may act as future targets of anticancer therapy.

2. Materials and Methods

2.1. Dataset Collection and Identification of DEGs in BC.
Microarray technology becomes widely accepted as a high-
throughput tool formeasuring gene expression [26]. As previ-
ously reported, data from DNA microarray analysis plays a
reliable and useful role in identifying novel targets for clinical
diagnostic and therapeutic approaches [27, 28]. The selection
criteria of datasets in our work were described as follows: (1)
associated with BC cells, (2) focus on the invasion and metas-
tasis of BC, (3) sample size no less than 4, and (4) based on the
GPL570 platform. Extracted from the GEO (https://www
.ncbi.nlm.nih.gov/geo/) database, one microarray expression
profile termed GSE35014 was therefore employed to identify
DEGs associated with BC (https://www.ncbi.nlm.nih.gov/
geo/query/acc.cgi?acc=GSE35014). The microarray data of
GSE35014 was contingent on GPL570 platforms (Affymetrix
Human Genome U133 Plus 2.0 Array, Affymetrix Inc., Santa
Clara, CA, USA). It has been reported that UM-UC-3 bladder
carcinoma cells have lost the endogenous expression of Rho
GDP dissociation inhibitor 2 (RhoGDI2), as occurs com-
monly in the progression of BC [29]. In this query, two paired
biological replicates of GFP (control) and GFP-RhoGDI2
(experimental) UM-UC-3 cells were constructed at different
times, isolated during log phase growth, and subjected to gene
expression profiling by means of the Affymetrix HG-U133
Plus 2.0 oligonucleotide microarray platform.

R software (version 3.3.0; https://www.r-project.org/)
and bioconductor packages (available online: http://www
.bioconductor.org/) were applied for data mining and
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statistical analyses. Concretely, the original annotation file
and CEL files of the Affymetrix platform were firstly down-
loaded. Limma package [30] was applied to identify DEGs
between experimental and control groups with the cut-off
criterion of P < 0 05 and absolute log2 FC > 1.

2.2. GO and KEGG Enrichment Analyses in BC. With regard
to the investigation of potential biological functions of DEGs
in BC, GO [31] functional and KEGG [32] pathway analyses
were conjointly carried out. The DAVID online tool available
at https://david.ncifcrf.gov/ was applied for these analyses.
Significantly enriched GO terms and KEGG pathways were
screened out as a criteria of P < 0 05, finally visualized using
R package ggplot2 [33].

2.3. PPI Network Construction. Search Tool for the Retrieval
of Interacting Genes (STRING) accessible at http://string-
db.org/ is an online database which includes experimental
data and computational prediction methods as well as
public text collections, involved in beyond 1100 completely
sequenced organisms [34]. The protein interactions in the
STRING database were presented as a combined score.
The STRING database system was used to construct the
functional protein association networks. Interacting pairs
with a combined score more than 0.8 were considered to
be significant and employed to construct networks. Cytos-
cape (http://www.cytoscape.org/) [35] was disseminated to
visualize these networks.

2.4. MCODE Analysis.Molecular ComplexDetection (MCODE;
https://omictools.com/molecular-complex-detection-tool)
could be applied to evaluate densely connected regions in large
PPI networks possibly involved in molecular complexes [36].
MCODE was disseminated to mine the core protein complex
in the PPI network constructed in this work.

2.5. Cell Culture and Treatment. The human BC cell lines
T24 and 5637 were purchased from the American Type Cul-
ture Collection (ATCC; Manassas, VA). Cells were cultured
in Dulbecco’s modified Eagle’s medium (DMEM; Gibco
BRL, Grand Island, NY, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco BRL, Grand Island, NY, USA)
and 100U/ml of penicillin/streptomycin. The cultured cells
were maintained at 37°C in a humidified atmosphere with
5% (v/v) CO2. Cells were plated in 24-well plates (5× 104
cells/well), and subconfluent cells were treated with melittin
at a concentration of 0 and 4μg/ml for 24 h, respectively.
Melittin used in this work was purchased from Sigma-
Aldrich (St. Louis, MO, USA).

2.6. Real-Time Quantitative PCR Validation. Total RNA was
extracted from treated cells using the TRIzol reagent (Life
Technologies, California, USA) according to the manufac-
turer’s instructions. 1μg of the total RNA was withdrawn
and used as the template for cDNA synthesis using a Prime-
Script RT Reagent Kit with cDNA Eraser (Takara Biotech,
Dalian, China). Quantitative real-time polymerase chain
reaction (qRT-PCR) was performed by using SYBR Premix

Download GSE35014

DEG identification

GO and KEGG
enrichment analyses

PPI network and
modular analyses

“Melittin and cancer”
searched in the PubMed database

Obtain 98 articles
(no earlier than 2010)

Screen out 19 available
articles

Module-related genes involved in
common signaling pathways (LPAR1,
COL5A1, COL6A2, CXCL1, CXCL2,

and CXCL3)

Figure 1: Data analysis pipeline for key genes in BC. DEGs: differentially expressed genes; GO: gene ontology; KEGG: Kyoto Encyclopedia of
Genes and Genomes; PPI: protein–protein interaction; BC: bladder cancer.
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Ex Taq (Takara Biotech, Japan) on an ABI 7900 system
(Applied Biosystems, Foster City, CA, USA). The primers
used in this work are presented in Table 1. The housekeeping
gene glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
was used as an internal control. The quantification of gene
expression was calculated using a relative quantification
method (2−ΔΔCt).

2.7. Cell Proliferation Assays. After treatment with melittin (0
and 4μg/ml), cell proliferation was assessed by the MTS
assay (Promega, Madison, US) according to the manufac-
turer’s protocol. 5637 and T24 cells (2000 cells per well) in
each group were plated in 96-well plates. Twenty microliters
of the MTS reagent was added to each well containing 100μl
of culture medium. The plate was incubated for 2 h at 37°C in
a humidified atmosphere with 5% (v/v) CO2. The plate was
then read at 490nm using a plate reader.

2.8. Cell Migration Assays. The scratch wound-healing assay
was employed to examine cell migration. Uniform wounds
were scraped in 5637 and T24 cells grown on plastic 6-well
plates using a pipette tip before transfection. The initial gap
length (0 h) and the residual gap length (48 h) after wounding
were calculated from photomicrographs.

2.9. Statistical Analysis. Each experiment was repeated three
times, and all values were presented as the means ± standard
deviation (SD). The t-test was employed to analyze the differ-
ence in two groups. GraphPad Prism software version 5.0 was
applied to complete statistical analysis. A value ofP < 0 05was
considered statistically significant in this work.

3. Results

3.1. Identification of DEGs in BC. According to microarray
analysis, a total of 558 DEGs were achieved to be differentially
expressed with a fold change > 2 between the BC cell group
and control, as revealed in Figure 2. Among them, 389
upregulated and 169 downregulated genes were separately

obtained as listed in Table 2. These DEGs were employed
for follow-up analyses.

3.2. GO Enrichment Analysis. Commonly, GO functional
enrichment analysis is involved in biological process, molec-
ular function, and cellular component. In this study, GO
functional enrichment analysis of DEGs was performed by
means of an online biological tool DAVID with a threshold
of P < 0 05. Top thirty significant GO terms according to P
value are visualized and displayed in Figure 3, and corre-
sponding related DEGs are summarized in Table 3. It could
be materialized that a sum of DEG-enriched terms play a
critical role in the biological behavior of tumor cells. Most
of the DEGs were significantly enriched in protein binding,
plasma membrane, extracellular space, and signal transduc-
tion. Concretely, in terms of biological process, DEGs were
principally enriched in signal transduction, cell adhesion,
and positive regulation of cells, while they are concentrated
in the plasma membrane, extracellular space, and cell surface
with respect to cellular component. As for molecular func-
tion, DEGs focused on the relation with protein binding,
actin binding, and heparin binding.

3.3. Signaling Pathway Enrichment Analysis. Pathway analy-
ses were used to identify the significant pathways associated
with the DEGs according to KEGG analysis. As mentioned
in GO analysis, the online biological tool DAVID with a
threshold of P < 0 05 was also applied in this section. Top
fifteen significant pathways were visualized by R package
ggplot2. As depicted in Figure 4 and Table 4, DEGs were
essentially abundant in cancer-related pathways, such as
pathways in cancer (ID: hsa05200), PI3K-Akt signal pathway
(ID: hsa04151), cytokine-cytokine receptor interaction (ID:
hsa04060), focal adhesion (ID: hsa04510), cell adhesion mol-
ecules (ID: hsa04514), transcriptional misregulation in can-
cer (hsa05202), Jak-STAT signal pathway (ID: hsa04630),
and TNF signaling pathway (ID: hsa04668), which all play
a critical and even decisive role in the progression and
development of tumors.

Table 1: The primers for qRT-PCR analysis were applied in this work.

Genes Orientation Sequences (5′–3′)

LPAR1
Forward GGCTGCCATCTCTACTTCCATCC

Reverse ACAAACAGTGATTCCAAGTCCCA

COL5A1
Forward ATCTTCGGCTCTCTCAACTCTC

Reverse GTCCACATAGGAGAGCAGTTTC

COL6A2
Forward AGCCTACGGAGAGTGCTACAAG

Reverse TGTCCATCGGTCCCGTTCTTGC

CXCL1
Forward AACCGAAGTCATAGCCACA

Reverse TCCTAAGCGATGCTCAAA

CXCL2
Forward CAAACCGAAGTCATAGCC

Reverse GAACAGCCACCAATAAGC

CXCL3
Forward CAAACCGAAGTCATAGCC

Reverse ACCCTCGTAAGAAATAGTCA

GAPDH
Forward TCCTCACAGTTGCCATGTAGACCC

Reverse TGCGGGCTCAATTTATAGAAACCGGG

4 Journal of Immunology Research



3.4. Identification of Key Candidate Genes and Signaling
Pathways Based on PPI Network and Modular Analyses.
With the purpose of systemically analyzing the functions of
DEGs in BC, these DEGs were mapped to PPI data depen-
dent on the STRING online database (available online:
http://string-db.org) and Cytoscape software (version 3.4.0,
available online: http://www.cytoscape.org/). Interacting
pairs with a combined score more than 0.8 were considered
to be significant and employed to construct networks. The
PPI network with 309 interacting pairs was thus obtained
(Figure 5(a)), which also was provided as Supplementary
Material (available here) for zooming in and out as needed.
Based on the PPI network, we subsequently analyzed the net-
work clusters by MCODE, and twelve module networks were
therefore generated as described in Table 5. The module net-
works with a score no less than 4 were selected for the next
analysis and are depicted in Figure 5(b). Fifteen module-
related DEGs marked as bold in Table 4 were thus obtained,
including CXCL2, CXCL1, BDKRB1, LPAR1, CXCL3, FYN,

COL6A2, COL18A1, COL13A1, COL5A1, TUBA1A, FDFT1,
SQLE, LSS, and CDK9. Combined with Tables 4 and 5, it
could be found that the signaling pathways associated with
these module-related DEGs were described as follows:
pathways in cancer (ID: hsa05200), PI3K-Akt signaling
pathway (ID: hsa04151), focal adhesion (ID: hsa04510),
transcriptional misregulation in cancer (ID: hsa05202),
TNF signaling pathway (ID: hsa04668), Gap junction
(ID: hsa04540), protein digestion and absorption (ID:
hsa04974), and steroid biosynthesis (ID: hsa00100).

3.5. Melittin Constrained the Expression of the Module-
Related DEGs Associated with PI3K-Akt and TNF Signaling
Pathways in BC Cells. According to literature analysis, we
found that the signaling pathways associated with melittin
in cancers mainly include JAK2/STAT3, NF-κB, JNK/p38/
NF-κB, TNF-α, mTOR/p70S6K or mTOR/p/0S6K/4E-BP1,
PI3K/Akt/mTOR, mitochondrial pathway, MAPK signal-
ing pathway, TGFβ/Smad and MAPK-JNK signaling
pathways, and SDF-1α/CXCR4 signaling pathway so far
[11–21]. JAK2/STAT3, TNF-α, mTOR/p70S6K or mTOR/
p/0S6K/4E-BP1, and PI3K/Akt/mTOR signaling pathways
represented above were in accordance with the signaling
pathway IDs of hsa04630, hsa04668, hsa04150, and
hsa04151 as shown in Table 4. The module-related DEGs
in the PI3K/Akt (namely, LPAR1, COL5A1, and COL6A2)
and TNF signaling pathway (termly CXCL1, CXCL2, and
CXCL3) were selected to investigate the effect of melittin
on them in BC cells. As revealed in Figure 6, it was clear
that the expressions of LPAR1, COL5A1, and COL6A2
associated with the PI3K/Akt signaling pathway were sig-
nificantly decreased in cells treated with melittin compared
to the control. So was the case in the expressions of
CXCL1, CXCL2, and CXCL3 involved in the TNF signal-
ing pathway. Collectively, our findings demonstrated that
melittin could constrain the expression of the module-
related DEGs associated with PI3K-Akt and TNF signaling
pathways in BC cells.

3.6. Melittin Suppressed Cell Proliferation and Migration in
BC Cell Lines. As previously reported, melittin could have
an inhibitory effect on cell motility and migration through
PI3K/Akt and TNF signaling pathways in diseases [15, 17].
We therefore investigated the effect of melittin on cell prolif-
eration and migration in 5637 and T24 cell lines by MTS and
scratch wound-healing assays. Results obtained showed that
cell viabilities were significantly inhibited in the melittin-
treated group (4μg/ml) in comparison with the control
group (0μg/ml) according to the MTS assay (Figures 7(a)
and 7(b), P < 0 05). Similar results were also obtained in the
effect of melittin on cell migration as analyzed by the scratch
wound-healing assay (Figures 7(c) and 7(d), P < 0 05). Taken
together, melittin could induce a significant reduction in
proliferation and migration of BC cells.

4. Discussion

As we know, melittin with twenty-six amino acids is the
essential component of honeybee venom [9]. Current
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Heparin binding

Extracellular matrix

Protein binding
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Collagen binding
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Response to mechanical stimulus

Signal transduction

Cytokine−mediated signaling pathway

Cell surface

Plasma membrane
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Cellular response to interleukin−1

Positive regulation of cell proliferation
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Basement membrane

Cell adhesion

Angiogenesis
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Extracellular matrix organization
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Cellular response to hypoxia

Cellular response to tumor necrosis factor

Heterophilic cell−cell adhesion via plasma membrane cell

Extracellular space
G

O
 te

rm

2 40
−log10 (P)

Figure 3: Top thirty significant enriched GO terms of DEGs in BC according to their functions. GO: gene ontology; BP: biological process;
MF: molecular function; CC: cellular component; DEGs: differentially expressed genes; BC: bladder cancer.
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available literature including in vitro and in vivo studies sug-
gests that melittin governs signal transduction and regulatory
pathways associated with multiple cancer death mechanisms,

including inhibition of proliferation, induction of apoptosis,
inhibition of angiogenesis, cell cycle arrest, and inhibition
of cancer motility, migration, metastasis, and invasion [37].
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Figure 4: Top fifteen significant pathways associated with the DEGs according to P value in KEGG analysis. KEGG: Kyoto Encyclopedia of
Genes and Genomes; DEGs: differentially expressed genes.
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The melittin-related cancers reported consist of leukemia
[38], lung carcinoma mouse model [39], pancreatic ductal
adenocarcinoma [40], hepatocellular carcinoma cells [41],
ovarian cancer cells [11], and so forth. However, little was
known about the association between melittin and BC. Melit-
tin and bladder cancer were set as search keywords in the
PubMed database, and only three related articles were
obtained [42–44]. It was worth noting that the associated sig-
naling pathways involved in melittin regulating BC also
remained yet to be completely elucidated.

In the present work, a genome-wide survey and literature
search were therefore conjunctively employed to identify the
potential key genes and signaling pathways associated with
melittin in BC. 389 upregulated and 169 downregulated
DEG genes were obtained according to dataset analysis con-
tingent on high-throughput platforms, enriching the docu-
ment of BC-related DEGs now available. GO [31] functional
enrichment analysis evidenced that most of the DEGs were
significantly enriched in protein binding, plasma membrane,
extracellular space, and signal transduction. KEGG [32]
analysis surfaced that DEGs were essentially abundant in
pathways in cancer, PI3K-Akt signal pathway, Jak-STAT sig-
nal pathway, TNF signaling pathway, and mTOR signaling
pathway. We noted that JAK2/STAT3 [11], TNF-α [15],
mTOR/p70S6K or mTOR/p/0S6K/4E-BP1 [16], and PI3K/
Akt/mTOR [17] signaling pathways associated with melittin
in cancers were in accordance with the signaling pathway

IDs of hsa04630, hsa04668, hsa04150, and hsa04151. Ulteri-
orly, fifteen module-related DEGs were obtained according
to PPI network andmodular analyses with a score no less than
4, namely, CXCL2, CXCL1, BDKRB1, LPAR1, CXCL3, FYN,
COL6A2, COL18A1, COL13A1, COL5A1, TUBA1A, FDFT1,
SQLE, LSS, and CDK9. Combining KEGG with module anal-
ysis, the module-related DEGs corresponding to signaling
pathways were described as follows: SQLE, LSS, and FDFT1
for steroid biosynthesis (ID: hsa00100); LPAR1 and TUBA1A
for gap junction (ID: hsa04540); CDK9 for transcriptional
misregulation in cancer (ID: hsa05202); CXCL1, CXCL3,
and CXCL2 for the TNF signaling pathway (ID: hsa04668);
COL18A1, COL13A1, COL6A2, and COL5A1 for protein
digestion and absorption (ID: hsa04974); LPAR1, COL5A1,
and COL6A2 for the PI3K-Akt signaling pathway (ID:
hsa04151); COL5A1, FYN, and COL6A2 for focal adhesion
(hsa04510); and BDKRB1 and LPAR1 for pathways in cancer
(ID: hsa05200). It was clear that the PI3K-Akt (ID: hsa04151)
and TNF signaling pathways (ID: hsa04668) associated with
melittin contained the module-related DEGs in combination
of literature and bioinformatic analyses. The module-related
DEGs contained in these two signaling pathways were thus
selected for further work. The effect of melittin on their con-
tained module-related DEGs, LPAR1, COL5A1, COL6A2,
CXCL1, CXCL2, and CXCL3, was subsequently analyzed in
BC cells. In fact, some of these module-related DEGs have
been reported to be significantly correlated with the

Table 4: Top fifteen significant signaling pathways associated with DEGs in BC according to P value.

ID Term Count P value Genes

hsa00100 Steroid biosynthesis 6 0.000342 MSMO1, SQLE, DHCR7, LSS, FDFT1, DHCR24

hsa04514
Cell adhesion molecules

(CAMs)
12 0.005828

VCAM1, NCAM2, CADM1, CLDN1, NLGN1, CNTN1, CD99, VCAN,
NECTIN3, ITGA4, CDH2, SDC2

hsa04540 Gap junction 9 0.007066
ADRB1, TUBB2A, GUCY1A2, TUBAL3, GJA1, PDGFC, LPAR1, TUBA1A,

ITPR2

hsa04060
Cytokine-cytokine receptor

interaction
15 0.015894

IL1R1, CCL2, IL18, LIFR, CXCL8, KIT, IL11RA, CCL7, VEGFC, IL4R, VEGFA,
IL15RA, PDGFC, IL13RA1, GHR

hsa00910 Nitrogen metabolism 4 0.015944 CA9, CA8, CA12, CA2

hsa05202
Transcriptional

misregulation in cancer
12 0.019138

EYA1, FLI1, ID2, LMO2, PPARG, CXCL8, CDK9, ETV1, PBX1, RUNX2,
PLAU, MLF1

hsa04668 TNF signaling pathway 9 0.020338 CXCL1, VCAM1, CCL2, CXCL3, EDN1, CXCL2, MLKL, MAP3K14, PIK3R3

hsa04974
Protein digestion and

absorption
8 0.022588 COL18A1, KCNN4, SLC8A1, COL13A1, COL6A2, MME, SLC1A1, COL5A1

hsa05412
Arrhythmogenic right

ventricular cardiomyopathy
7 0.025957 PKP2, GJA1, DSP, ITGA2, ITGA4, CDH2, TCF7L1

hsa04151 PI3K-Akt signaling pathway 19 0.028358
TNC, ITGA2, LPAR1, KIT, ITGA4, IRS1, COL5A1, DDIT4, LAMA1, VEGFC,

IL4R, VEGFA, GYS1, COL6A2, EFNA5, PDGFC, PIK3R3, GHR, F2R

hsa04510 Focal adhesion 13 0.033173
CAV1, TNC, ITGA2, ITGA4, COL5A1, VEGFC, LAMA1, FYN, VEGFA,

COL6A2, PDGFC, PIK3R3, MYLK

hsa04150 mTOR signaling pathway 6 0.037778 RPS6KA6, RRAGA, RRAGD, PIK3R3, IRS1, DDIT4

hsa05219 Bladder cancer 5 0.041527 VEGFA, CXCL8, HBEGF, MMP2, DAPK1

hsa05200 Pathways in cancer 20 0.047909
WNT5A, EPAS1, PTGER4, PPARG, CXCL8, ITGA2, BDKRB1, LPAR1, KIT,
MMP2, TCF7L1, DAPK1, LAMA1, VEGFC, VEGFA, TGFA, NKX3-1, HHIP,

PIK3R3, F2R

hsa04630 Jak-STAT signaling pathway 9 0.048544 IRF9, SOCS2, IL4R, LIFR, IL15RA, PIK3R3, IL13RA1, IL11RA, GHR

The bold represented the key genes in the modules.
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Figure 5: PPI network constructed by Cytoscape and top seven module networks by MCODE. (a) The PPI network was constructed
dependent on the STRING online database (available online: http://string-db.org) and Cytoscape software (version 3.4.0, available online:
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and the more significant the node is. PPI: protein–protein interaction; MCODE: Molecular Complex Detection; STRING: Search Tool for
the Retrieval of Interacting Genes.
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occurrence and development of BC, which were exemplified
as follows. Zhang et al. reported that the CXCL2-associated
signaling pathway, CXCL2/MIF-CXCR2, could advance the
recruitment of myeloid-derived suppressor cells and be iden-
tified as predictors and potential therapeutic targets in BC
patients [45]. CXCL1 as a potential mediator and marker of
the tumor invasion of BC was elevated in the urine of BC
patients [46, 47]. CXCL1 and CXCL3 related to the nuclear
factor kappa B and nuclear factor (erythroid-derived 2)-like
2 signaling pathways were measured in human urothelial car-
cinoma cell lines [48]. Expression changes of COL3A1 and
COL5A1 as the fibrillar collagen proteins were associatedwith
muscle-invasive bladder transition cell carcinoma [49]. Our
results showed that these module-related genes were

downregulated in cells treated with melittin compared to the
control, indicating that melittin could constrain the expres-
sion of the module-related DEGs associated with PI3K-Akt
and TNF signaling pathways in BC. This further highlights
that these genes might be drug-sensitive markers for melittin
in BC treatment. As previously reported, melittin exerts an
antitumor effect on non-small-cell lung cancer cells [50] and
suppresses EGF-induced cell motility and invasion in breast
cancer cells [17]. In our work, the functional assays conveyed
the prohibitive role of melittin in proliferative and migrated
abilities of BC cell lines. This may be the first evidence regard-
ing the initiatory role of melittin in BC metastasis.

To conclude, our findings conveyed valuable information
about the mechanism of BC carcinogenesis and expose the

Table 5: Twelve module networks analyzed by MCODE.

Cluster Score Nodes Edges Node IDs

1 8 8 28 CXCL2, CXCL1, IL8, GABBR2, FPR1, BDKRB1, LPAR1, CXCL3

2 6 6 15 SEMA3A, DPYSL4, DPYSL5, DPYSL2, FYN, NRP1

3 5.6 6 14 COL6A2, P4HA2, COL18A1, COL13A1, COL5A1, LEPREL1

4 5 5 10 TUBA1A, OPTN, AKAP9, CEP290, PRKAR2B

5 4 4 6 FDFT1, SREBF2, SQLE, LSS

6 4 4 6 SNAPC3, INTS6, CDK9, ELL2

7 4 4 6 FBXL7, RBBP6, RNF182, KBTBD8

8 3.5 5 7 TRIM6, IRF9, MID1, TRIM2, GBP3

9 3.143 8 11 WNT5A, SH3GL3, KIT, CLU, VEGFC, TMSB4X, DNAJC6, AMPH

10 3 3 3 TUBB2A, TUBAL3, GJA1

11 3 3 3 NEURL1B, DLL1, JAG1

12 3 3 3 GSTM4, MGST3, EPHX1

The bold represented the key genes in the modules.
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Figure 6: The expressions of the module-related DEGs associated with PI3K-Akt and TNF signaling pathways were detected in T24 cells
treated with melittin by qRT-PCR. DEGs: differentially expressed genes. ∗P < 0 05 and ∗∗P < 0 01.
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discovery of key genes thatmay act as future targets of antican-
cer therapy. However, only preliminary verification was con-
ducted regarding the effect of melittin on the expression of
the key genes inBC cells in thiswork, and further investigation
remains yet to be elucidated. Therefore, the functional role and
concrete mechanism of melittin on the crucial genes in BC
wouldmove forward in our next plan on the basis of this work.

5. Conclusions

In this work, we identified 558 candidate DEGs and most of
them were significantly enriched in protein binding, plasma
membrane, extracellular space, and signal transduction. Fif-
teen module-related DEGs were obtained, and melittin could
constrain the expressions of LPAR1, COL5A1, and COL6A2
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Figure 7: Melittin suppressed cell proliferation and migration in 5637 and T24 cell lines. (a) 5637 and (b) T24 cell viabilities were significantly
inhibited in the melittin-treated group (4 μg/ml) in comparison with the control group (0 μg/ml) as determined by the MTS assay. (c) 5637
and (d) T24 cell migration was remarkably constrained in the melittin-treated group (4 μg/ml) in comparison with the control group
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associated with the PI3K-Akt signaling pathway and CXCL1,
CXCL2, and CXCL3 involved in the TNF signal pathway in
BC cells. We also found that melittin could induce a signifi-
cant reduction in proliferation and migration of BC cells.
These findings provide a theoretical basis for these six genes
as drug-sensitive markers of melittin in BC treatment.
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