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ABSTRACT ARTICLE HISTORY
Although some progress has been made in the molecular biological detection of major depres- Received 16 July 2020

sion disorder (MDD), its specificity and accuracy are still insufficient. This study is aimed to find Revised 23 September 2020
hub genes, which could contribute to MDD related suicide and provide potential therapeutic Accepted 23 September 2020
targets for diagnosis and treatment. We downloaded RNA expression and clinical information
from Gene Expression Omnibus (GEO) Dataset. Then, weighted gene co-expression network
- . ) L ; . . KEYWORDS
analysis (WGCNA) was applied to find core modules. Logistic regression was performed to identify Maior d ion disorder:
? X 8 - jor depression disorder;
the independent risk factors, and a scoring system was constructed based on these independent WGCNA; hub genes; suicide
risk factors. As a result, a total of 16487 genes were selected to further conducted WGCNA behavior; logistic regression
analysis. We found that tan and green functional modules were exhibited high correlation with
suicide behavior. 309 genes were identified in tan modules that were the strongest positively
correlated with suicide behavior. Functional analysis in tan module indicated that activation of
enzymes including nitric-oxide synthase and endoribonuclease, estrogen signaling pathway,
glucagon signaling pathway, and legionellosis pathway were most enriched in MDD.
Furthermore, we applied protein—protein interaction (PPI) analysis to select the hub genes and
10 genes were found in the core area of network. Then, we identified three-gene base indepen-
dent risk signature by logistic regression model, including HSPA1A, RASEF, TBC1D8B. In conclu-
sion, our study suggests that the tan module genes are closely related to suicide behaviors, which
is mainly caused by multiple signaling pathway activation. The three-genes-based signature could
provide a better efficacy to predict suicidal behavior in MDD patients.
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Introduction suicide attempt [1]. The pathogenesis of this disease
is relatively complicated. It is generally considered to
be related to genetic, gender, neuroendocrine, psycho-
social environment, immunity, and intestinal
microbes [2,3]. The pre-clinical diagnosis is mainly

Major depression disorder (MDD) is an affective psy-
chiatric syndrome with depression of mood, lack of
interest, which was also accompanied by anxiety, cog-
nitive impairment, psychomotor disorders, or even
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based on the symptom of patients description, mental
state examination, and clinical behavior observation
[4]. For the treatment of MDD, the most commonly
used method was to give selective serotonin reuptake
inhibitors [5]. However, more than one-third of
patients were found resistant to this drug, which
limited the use of the drugs [6].

A recent research demonstrated that the num-
ber of deaths caused by suicide around the world
was about 785000 in 2016, with an incidence of
10.6/100000 population [7]. Despite the personal,
social, and culture factors, depression is consid-
ered the leading cause of suicide behavior, which
contributes to almost half of the individual deaths
in developed countries [8,9]. These results sug-
gested an urgent situation to develop and explore
more efficient therapeutic and diagnosis targets for
prevention of suicidal behavior in MDD patients.

Recently, with the development of microarray and
next-generation sequence (NGS), various of genes
were identified and selected for diagnosis and treat-
ment of many human diseases, including cancer,
immune diseased, and so on. Meanwhile, as an emer-
ging interdisciplinary subject, bioinformatics analysis
was widely used for differential expressed gene
selected, network construction, functional analysis,
which could facilitate the mining of molecular
mechanism of diseases and the development of poten-
tial target for therapy. For example, Zhao et al. [10]
analyzed and compared the data of oral squamous cell
carcinoma and normal tissues through bioinformatics
methods, and screened out the prognosis-related
genes including plasminogen activator urokinase
(PLAU), claudin8 (CLDN8) and cyclin-dependent
kinase inhibitor 2A (CDKN2A), providing important
guidance for the personalized and precise treatment
of oral squamous cell carcinoma. The results of bioin-
formatics analysis by Wang et al. showed that miR-
34a expression was regulated by genes such as serpin
family E member 1(SERPINEL1), Kruppel like factor4
(KLF4), and semaphorin 4B (SEMA4B), which in
turn affected the development of colorectal cancer
and provided diagnostic and therapeutic research for
colorectal cancer [11]. As for mental disorder, it was
also reported the whole genome-wide research on
common variants enhancing our understanding of
many diseases, such as MDD [12]. Pantazatos et al.
applied with RNA-sequence analysis for exploration
of whole-exome gene and exon expression in non-

psychiatric controls and DSM-IV major depressive
disorder suicides. They identified 35 differentially
expressed genes and found that ATPase activity and
astrocytic cell functions contribute to MDD and sui-
cide [13]. However, many of these researches
neglected the high interconnection between genes
that have similar expression patterns and only pay
attention to the identification of differentially
expressed genes. Recently, a systems biology algo-
rithm of weighted gene co-expression network analy-
sis (WGCNA) has been widely used to evaluate the
association between genes sets and clinical traits by
constructing a scale-free gene co-expression network.
Meanwhile, there are still many unexplored genes and
mechanisms underlying it needed to be discovered. In
this study, the WGCNA-based bioinformatics
method was used to deeply mine and analyze the
MDD chip expression profile data, in order to find
candidate genes that are convenient for detection of
MDD and provide new targets for the early diagnosis
and treatment.

Here, the weighted gene co-expression network
analysis (WGCNA) method was used to find hub
genes that are correlated with suicide behavior,
which could provide new therapeutic targets for
the diagnosis and individualized treatment of
the MDD.

Methods and materials
Microarray data download and preprocessing

Two MDD cohorts of GSE101521 and GSE102556
datasets were downloaded from GSE database
(http://www.ncbi.nlm.nih.gov/geo/) including micro-
array RNA expression profiles and clinical data, and
then normalized between different arrays by R ‘sva’
package. The GSE101521 dataset includes 30 MDD
patients and 29 normal control patients. The
GSE102556 datasets contains 263 MDD patients
from six different brain regions. We choose brain
region of prefrontal cortex in both datasets to analyze
the key genes. According to the annotation informa-
tion on the respective platforms, the probes were
converted into corresponding gene symbols. Then,
we normalized the two cohort data by R ‘sva’ package
and intersect the same gene. After intersection pre-
processing, a total of 16487 genes were ready for
further WCGNA analysis.


http://www.ncbi.nlm.nih.gov/geo/

Construction of weighted gene coexpression
networks

WGCNA  package(v1.68) downloaded from
Bioconductor  (http://bioconductor.org/biocLite.R)
was used for co-expression analysis. Firstly, we
used the Pearson correlation analysis to evaluate the
co-expression relationships in all datasets by soft
threshold method, which could facilitate determine
the connection strengths to establish a weighted net-
work. Based on the topological overlapping dissim-
ilarity of network connection strengths, the adjacent
matrix was converted to a topological overlapping
matrix(TOM). Then, each TOM was hierarchically
clustered via the flashClust function in R. To obtain
the correct module number and clarify gene interac-
tion, we set the restricted minimum gene number to
100 for each module and used a threshold of 0.25 to
merge the similar modules. The regression relation-
ship between clinical data and gene expression was
based on the P-value. The statistical significance was
calculated as P values (P < 0.05). Once the modules of
interest were selected, gene significance (GS) and
module membership (MM) were determined for
each important gene, and thresholds of cor. gene
MM > 0.8 and cor. gene GS > 0.5 was established to
screen key genes in each module.

Functional enrichment analysis of genes in key
modules

We further applied function enrichment analysis
including gene ontology (GO) enrichment and
Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway. To evaluate the biological process, molecular
functions, and cellular components associated with
the key module genes, we performed the GO enrich-
ment analysis and visualization by ‘clusterProfiler’ and
‘ggplot2’ package. Also, KEGG pathway enrichment
analysis was carried out by ‘clusterProfiler’ package to
elucidate potential pathway regulated by key module
genes. P-value < 0.05 and adjust P-value < 0.05 were
defined as the cutoff criteria.

Integration of genetics and highly connected
hubs in modules

The STRING database was applied to identify poten-
tial interactions among the key module genes. The
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protein—protein interaction networks (PPIs) with
a confidence score > 0.4 were reserved and further
imported to Cytoscape (v3.7.0) for constructing the
PPI network of key module genes. Moreover, to
detect hub clustering modules in the PPI network,
we performed module analysis utilizing ‘cytoHubba’
app with MCC method in Cytoscape.

Establishing of scoring system

Firstly, we randomly separated all patients to train
dataset and test dataset by ‘caret’ package in R with
the proportion of train dataset 60%. Independent
risk genes were identified by logistic regression
analysis. A scoring system based on independent
risk genes was established by Least absolute
shrinkage and selection operator(LASSO) regres-
sion. The receiver operating characteristic (ROC)
curve was carried out using the pROC’ package in
R to evaluate the reliability of the scoring system.
Subsequently, the risk score and the clinicopatho-
logical characteristics of MDD patients were ana-
lyzed, and the scoring system was visualized by
forest chart and nomogram through the ‘rms’
package in R.

Results

Identification of intersection genes among two
GEO cohort

After downloaded the row data from GEO website,
we applied annotation and batch normalization by
the ‘sva’ package in R. There were 51123 genes
in GSE101521 and 57774 genes in GSE102566
dataset. Then, we intersected the GSE101521 and
GSE102566 datasets and a total of 16487 same
genes were found exist in both cohorts for further
WGCNA analysis.

Weighted co-expression network construction
and key module identification

To identify the potential mechanisms by which
these genes facilitate the progression of major
depression disorder, the WGCNA analysis we
applied to construct a scale-free co-expression net-
work. After determining the optimal parameter
(B = 19), the WGCNA algorithm was used to
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convert correlation coefficient to adjacent coeffi-
cient (Figure 1(a,b)). Then, we clustered the sam-
ples and delete the discrete samples (Figure 1(d)).
After that, we set the restricted minimum gene
number for each module and used a threshold of
0.25 to merge the similar modules. As is shown in
Figure 1(c), we finally obtained nine gene modules
according to these assumptions. The hierarchical
clustering of module hub genes that summarize
the modules yielded in the clustering analysis,
which combined the similar modules (Figure 1
(e)). The detailed information of these modules is
as follows: there were 526 genes in black module,
1993 genes in blue module, 1398 genes in brown
module, 893 genes in green module, 6394 genes in
gray module, 1602 genes in magenta module, 309
genes in tan module, 2437 genes in turquoise
module, 939 genes in yellow module.

Identification of key modules highly correlated
with suicide behavior

The TOM heatmap (Figure 1(f)) indicated the
interactions between the genes of nine modules.
As shown in Figure 2(a), the tan module exhibited
positive association with suicide behavior with
correlations close to 0.63, while green module
showed negative association with suicide behavior
with 0.45 correlations. In the tan module, we

Figure 1. Determination of soft-threshold power and clustering
of samples and identification of gene expression modules. (a)
Analysis of the scale-free fit index for various soft-threshold
powers(B). (b) Analysis of the mean connectivity for various
soft-threshold powers. (c) Clustering dendrogram of genes
based on a dissimilarity measure. (d) Clustering dendrogram
of genes based on a dissimilarity measure. The sample cluster-
ing was based on the expression data with variances ranked in
top 10,000 in MDD samples. (e) The hierarchical clustering of
module hub genes that summarize the modules yielded in the
clustering analysis. (f) The TOM heatmap indicated the relation-
ship between co-expression genes.

filtered 93 key genes that were consistent with
the criterion of MM > 0.8 and GS > 0.5, which
indicated that these key genes were highly corre-
lated with suicide behavior in MDD patients
(Figure 2(c)). Furthermore, we also demonstrated
the connectivity of eigengenes and suicide beha-
vior by the heatmap plot. The results indicated
that four pairs of modules exhibited highly con-
nection, which were turquoise and yellow, tan and
suicide, magenta and brown, black and turquoise
(Figure 2(b)). Taken together, tan module was
finally selected for further analysis.

Functional enrichment analysis of genes in
modules of interest

GO results indicated that genes in tan module
were mainly enriched in the activation of enzymes
including nitric-oxide synthase and endoribonu-
clease. Besides, response to calcium ion, positive
regulation of mRNA endonucleolytic cleavage
involved in unfolded protein response, transporta-
tion of bile acid and bile salt were also involved in
tan module genes. According to KEGG analysis,
we found that estrogen signaling pathway, gluca-
gon signaling pathway, legionellosis, gluconeogen-
esis, and biosynthesis of amino acids were the top
5 pathways involving in tan module genes. There
are four genes enriched in estrogen signaling path-
way, which were heat shock protein family
A member 1B(HSPA1B), heat shock protein

Figure 2. Identification of modules associated with the clinical
traits of MDD and functional analysis. (a) heatmap of the
association between MES and clinical traits of MDD. Tan module
showed high correlation with suicide trait. (b) The connectivity
of eigengenes and suicide behavior by the heatmap plot. (c)
The GC and MM analysis showed key genes in green and tan
modules. (d) GO and KEGG functional annotation genes in the
purple module. The y-axis shows the GO and KEGG terms, and
x-axis shows the gene counts of each term.



family A member 1A(HSPA1A), GNAS complex
locus(GNAS), estrogen receptor 1(ESR1). These
results suggested that suicide behavior in MDD
might closely relate to hormone regulation and
glucose and amino acid metabolism (Figure 2(d)).

PPI network construction and analysis of selected
modules

The protein-protein interaction networks (PPIs) of
whole module genes in tan module were constructed,
respectively, by STRING database (Figure 3(a)). Then
the downloaded data were visualized by Cytoscape
software and analyzed by ‘cytoHubba’ application
(Figure 3(b)). We intersected the 30 hub genes with
93 key genes sorted by GS and MM. Ten hub genes
were found including mab-21 like 3(MAB21L3),
transmembrane protein 212(TMEM212), TBCl1
domain family member 8B (TBC1D8B), transmem-
brane protein 45A(TMEM45A), RAS and EF-hand
domain-containing (RASEF), NEDD4 E3 ubiquitin
protein ligase(NEDD4), fibrous sheath interacting
protein 2(FSIP2), CYSLTR1, HSPA1B, and HSPAIA

(Figure 3(c)).

Scoring system construction

After ten hub genes were identified, we applied
logistic regression and LASSO analysis to establish
prediction model. After deleted highly irrelevant
genes, a total of three suicide-related genes in train
dataset were selected in LASSO model, including
HSPA1A, RASEF, and TBC1D8B (Figure 4(a)).

Figure 3. PPl networks of hub genes in tan module. (a) All
genes in tan module were analyzed in PPl network. (b) Hub
genes in tan module were identified via ‘cytohubba’ method.
(c) Overlap between hub genes and key genes in tan module.
Group 1 represented key genes in tan module selected by GS
and MM. Group 2 represented hub genes selected by
‘cytohubba’.
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Figure 4. Establish the scoring system to predict suicide beha-
vior in MDD patients. (a) Optimal candidate key genes selected
by AUC measurement. (b) ROC curve of train and test dataset.
(c) forest plot showed risk-score was independent risk factor for
prediction (upper panel). Nomogram of a scoring system was
showed in lower panel.

The riskscore = -2.648 (Intercept) + HSPAIA-
expression*0.0273 +  RASEF-expression*0.531
+ TBC1D8B-expression*0.310. The area under
the curve (AUC) of this scoring system in train
dataset and test dataset were 0.929 and 0.702,
respectively (Figure 4(b)). Then, we combined
the risk-score and clinical features of each patient
and found that risk-score is an independent factor
to predict the probability of suicide behavior
(Figure 4(c) upper panel). Moreover, we then con-
structed a risk factor-based nomogram to further
generate a more accurate evaluation system
(Figure 4(c) lower panel).

Discussion

Depression, a serious and common mental illness,
has now aroused widespread concern and has
become a widespread public health problem.
Although some progress has been made in the
treatment of depression, there are still many
MDD unique pathophysiological characteristics
that need to be further studied [14,15].

The mechanisms of depression are complicated.
The currently recognized mechanisms include:
neurotransmitter hypothesis, neurotrophic factor
hypothesis, and inflammatory immune hypothesis.
The research on MDD biomarkers is also mainly
carried out around these hypotheses, involving
research in neurochemistry, neuroimaging, genet-
ics, epigenetics, and genomics [16,17]. For exam-
ple, the neurotransmitter hypothesis theory
believes that depression is mainly due to intersy-
naptic monoamine transmitters (such as seroto-
nin, norepinephrine, dopamine, etc.) [18] and
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receptors (such as NMDA receptors, Glutamate
receptors, etc.) [19,20]. Meanwhile, the ‘neuro-
trophic factor hypothesis’ focuses on the aberrant
expression level of brain-derived neurotrophic fac-
tor (BDNF) and vascular endothelial growth factor
(VEGF) [21].

In recent years, microarray and high-throughput
sequencing technology has become a widely used
technology to identify special targets for the treat-
ment of many diseases [22]. In our previous study,
we used the RNA-Seq analysis identified a serious of
differently expressed genes that could contribute to
cancer stem cell properties in esophageal squamous
cell carcinoma [23]. In the treatment of MDD, this
method is also widely used. Through the original
data of GSE98793, a recent study found that genes
of MDD were extensively enriched in the immune
response against infection, suggesting that the target
of immune system regulation should be used to treat
MDD [24].

In this study, we first applied the WGCNA
method to identify MDD signatures related to
suicidal behavior. First, we downloaded two data-
sets of GSE101521 and GSE102566 in the GEO
database. After deleting the data with not available
(NA), we found 16487 genes after taking the inter-
section and batch normalization. We then per-
formed WGCNA analysis on these co-expressed
genes and identified 9 modules. We correlated
these modules with clinical traits and found that
tan module genes are highly related to suicide
behavior. Subsequently, we conducted GO enrich-
ment and KEGG pathway analysis for tan module
genes and found that the function of tan module is
mainly related to activation of enzymes including
nitric-oxide synthase and endoribonuclease, estro-
gen signaling pathway, glucagon signaling path-
way, and legionellosis pathway. Through PPI
network analysis, we identified 10 hub genes in
the tan module. Through GO enrichment and
Pathway analysis, these hub genes are mainly
enriched in positive regulation of protein catabolic
process, interspecies interaction between organ-
isms, regulation of protein catabolic process, posi-
tive regulation of catabolic process.

Although in the past few decades, bio-amine
drugs including serotonin and norepinephrine have
become widely used in the treatment of depression.
Recently, there is an increasing evidence that other

biological systems may also contribute to the patho-
physiology and treatment of MDD, such as the role
of nitric oxide (NO). At present, some studies have
shown that NO levels in patients with MDD have
significantly altered, and NO signaling pathway reg-
ulators have antidepressant effects in MDD patients
or animals [25]. In addition, the NO signaling path-
way may potentially regulate the inflammatory path-
ways of various mental disorders such as MDD.
Exploring the key molecules of the NO pathway
can provide an important target for the treatment
of MDD [26]. In our study, we identified core tan
module highly related to suicide behavior of MDD
patients by WGCNA. Genes in tan module were
mainly enriched in activation of nitric-oxide
synthase, which suggesting the tan module genes
could play an important role in MDD treatment.

Recently, it was reported that the incidence of
MDD in female was higher than that of male,
indicating the role of estrogen in regulation of
MDD [27]. Both human and animal models con-
firm this theory that block estrogen signaling path-
way might be a potential therapeutic target for the
treatment of MDD [28,29]. In our study, we iden-
tified that estrogen signaling pathway was also
enriched in tan module genes, which showed
strong correlation with suicide behavior.

According to the PPI network analysis from the
tan module, we identified ten hub genes including
MAB21L3, TMEM212, TBC1D8B, TMEMA45A,
RASEF, NEDD4, FSIP2, CYSLTRI1, HSPA1B, and
HSPA1A. Among these genes, HSPA1A and
HSPA1B were clustered to estrogen signaling path-
way. HSPAIA, HSPA1B, NEDD4 was also
enriched to the biological process of positive reg-
ulation of protein catabolic process, interspecies
interaction between organisms, regulation of pro-
tein catabolic process, and positive regulation of
catabolic process via GO analysis. For example, it
was reported that NEDD4, an E3 ubiquitin-protein
ligase, was suppressed in depression patients and
impedes offspring dendrite development and
maternal immune activation [30]. Having a deep
insight into these hub genes would provide with
novel therapeutic target for the treatment of MDD
and prevent suicidal behavior.

After ten hub gene were identified, we further
applied logistic regression analysis to construct
a three-gene-based prediction model in facilitating



suicide behavior prediction of MDD patients. The
results indicated that this model has an excellent
prediction probability in both train and test data-
sets. Moreover, the risk predictor could serve as an
independent risk factor compared with other clin-
ical characteristics. To conclusion, this study is
a first attempt to explore the suicide-related
genes in MDD patients by WGCNA and subse-
quently construction of a prediction model and
using key genes as potential biomarker.

There were also some shortcomings and limita-
tions in our study. First of all, the results in this
study were based on WGCNA data mining and
haven’t further proved on experiments. Secondly,
the number of samples used in this study needs to
be further increased. We believed experiments for
validation of our results and exploration of the
deep mechanisms in vivo and in vitro will be
further applied in future.
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