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ABSTRACT 

 

Vitiligo is the most common cause of skin, hair, and oral depigmentation which is known as 
an autoimmune disorder. Genetic and environmental factors have important roles in the 
progression of the disease. Dysregulation of gene expression, like microRNAs (miRNA), may 
serve as major relevant factors. Several biological processes are involved in vitiligo disease and 
developing a comprehensive approach helps us to better understand the molecular mechanisms 
of disease.  

In this research, we describe how a weighted gene co-expression network analysis as a 
systems biology approach assists to define the primary gene modules, hub genes, and messenger 
RNA (mRNA)-miRNA regulatory network in vitiligo disease as the novel biomarkers. 

The results demonstrated a module with a high correlation with vitiligo state. Moreover, gene 
enrichment analysis showed that this module's genes were mostly involved in some biological 
activities including G protein-coupled receptors signaling pathway, lymphocyte chemotaxis, 
chemokine activity, neutrophil migration, granulocyte chemotaxis, etc. The co-expression 
network was constructed using top hub genes of the correlated module which are named as 
CXCL10, ARL9, AKR1B10, COX7B, RPL26, SPA17, NDUFAF2, RPF2, DAPL1, RPL34, 

CWC15, NDUFB3, RPL26L1, ACOT13, HSPB11, and NSA2. MicroRNAs prediction tool 
(miRWalk) revealed top miRNAs correlated with the interested module. Finally, a drug-target 
network was constructed which indicated interactions of some food and drug administration 
(FDA) approved drugs with hub genes.  

Our findings specified one important module and main hub genes which can be considered as 
novel biomarkers for vitiligo therapeutic purposes.   
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INTRODUCTION 

 

Vitiligo is an acquired depigmentation skin disorder 

characterized by progressively melanocytes 

dysfunction and follows multifactorial inheritance.1,2 

The prevalence of the disease ranges from 0.4 to 2.0 

and so far, there is no well-known, effective, and safe 

therapy for vitiligo.
3,4 

The exact molecular mechanisms 

underlying vitiligo pathogenesis are not fully clarified 

yet, however, various theories suggest that genetic 

predisposition, as well as environmental and 

immunological factors, could strongly evidence for loss 

of the depigmentation process.5 This lack of appropriate 

treatment shows that proper biomarkers are 

immediately needed not only for differentiating vitiligo 

from other depigmentation disorders, but also for 

predicting vitiligo progression and monitoring 

therapeutic responses. 

In this immune disease, like other ones, the 

dysregulation of genes expression could serve as the 

main cause of the disease progression. It would be due 

to the distributing signaling pathways or alternating the 

microRNA (miRNA) expression level that might lead 

to the further dysregulation in the expression of related 

genes. miRNA are non-coding RNA molecules with a 

short length of ~19-25 nucleotides regulating and 

balancing different gene functions through the post-

transcriptional stage mostly via binding to the 

complementary region in 3’ untranslated region 

(3’UTR) of targeting messenger RNA (mRNA).
6,7

 

These non-coding RNAs are contributing to the 

multiple cellular and physiological processes including 

signal transduction, differentiation, metabolism, and 

immune responses in humans.
8
 The identity of the non-

coding RNA pathways could lead to the development 

of miRNA-based prediction, prognosis, and target 

therapy strategies for vitiligo. Several studies carried 

out to date indicate that miRNAs have a strong 

diagnostic and prognostic potential in several epidermal 

diseases such as psoriasis,
9
 atopic dermatitides

10
, and 

allergic contact dermatitis.11 Nevertheless, only a few 

reports on the predictive potential of miRNA in vitiligo 

are available.12,13 The role of miRNAs in vitiligo is a 

promising area of research for a better understanding of 

the molecular and pathological mechanisms occurring 

in the disease.  

Nowadays, the rapid growth of high-throughput 

technologies (such as microarray and RNA-seq) has 

provided new approaches for gene expression profiling. 

The systems biology approach as a holistic method is a 

good choice for biomarker discovery in a pool of genes 

involved in complex diseases. Therefore, co-expression 

network reconstruction from the whole transcriptome 

profile can highlight the critical transcripts and their 

relation through the same network. There are several 

co-expression network inference methods and among 

them, the weighted gene co-expression network 

analysis (WGCNA) algorithm is more appropriate to 

detect key genes related to a sample trait in a network 

of co-expressed genes. The most interconnected genes 

in a module (hub genes) are often functionally 

significant and can, therefore, play the main role, 

particularly in the case of vitiligo, and represent 

candidate diagnostic biomarkers or potential 

therapeutic targets. 

Therefore, the current study aimed to (i) construct 

consensus modules across microarray-based mRNA 

expression profiles from vitiligo patients and healthy 

individual derived tissue samples; (ii) correlate key 

gene modules with the vitiligo; (iii) enrich target genes 

from important modules to explore the possible 

biological processes, pathways, and vitiligo regulatory 

transcriptional factors,(iv) identify miRNA-mRNA 

bipartite networks involved in the vitiligo pathogenesis 

and (v) construct a drug-target network for targeted 

therapy in vitiligo. 

 

MATERIALS AND METHODS 

 

Dataset Identification and Processing 

The vitiligo microarray dataset was downloaded 

from the national center for biotechnology information 

(NCBI) gene expression omnibus (GEO) database by the 

accession number of GSE75819. This dataset contains a 

total of 30 tissue samples mRNA expression profiling of 

lesional (n=15) and non-lesional samples (n=15) based 

on the GPL6884 Platform (Illumina HumanWG-6 v3.0 

expressionBeadChip).14 Quantile normalization of raw 

data and subsequent data processing were performed 

using the R software packages (R version 3.2.0). The 

probe-set annotation file released by Illumina was 

utilized to find the official gene symbol and probe ID. 

Genes with the coefficients of variation<0.1 were 

discarded. Then the average expression info indication 

was performed for every sample. The study protocol  

was approved by the research ethics committee of  

Tabriz University of Medical Sciences 

(no:IR.TBZMED.VCR.REC.1399.151). 



The key Gene Modules in Vitiligo Disease 

Vol. 19, No. 5, October 2020                                                                       Iran J Allergy Asthma Immunol, / 519 

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

WGCNA and Functional Module Extraction 

WGCNA is a well-established method for analysis 

of gene expression data and investigates network 

alterations. In this study, we used mRNA expression 

data from both lesional and non- lesional (control) 

groups and then reconstructed them by standard 

WGCNA procedure. First, Pearson’s correlation matrix 

was computed for all pair-wise mRNAs. Next, the β 

(soft thresholding power beta) parameter is used to 

adjust the scale-free property of the networks. The 

power of β=5 (model fitting index R2=0.95) was chosen 

under the scale-free topology criterion. Afterward, the 

topological overlap matrix (TOM) was calculated from 

the adjacency matrix to assess the interconnectedness 

of the mRNAs. Subsequently, the dynamic tree cut 

algorithm with the “cutreeDynamic” function was used 

to classify similar expression mRNAs into the gene 

modules with a minimum module size value 30 genes. 

Highly similar modules were merged upon the module 

eigengene (ME) distance threshold of 0.1 and each 

module was assigned a conventional color scheme and 

genes which not classified in a correlated module were 

grouped in the grey module. To filter the co-expression 

modules down to those that are significantly relevant to 

the vitiligo, using module-trait relationship analysis of 

WGCNA, we calculated the ME which is the first 

principal component and describes most of the 

variation in each module. A module was chosen for 

further analysis if it presented a module-trait 

relationship>0.9 and a p value <0.05.  

 

Identifying Hub Genes and Target miRNAs 

A hub is a node with numerous edges in a network 

and might be important to the phenotype of interest. To 

find hub genes, gene significance (GS, the association 

between individual genes with traits of interest), and 

quantitative module membership (MM, eigengene-

based intra-modular connectivity), were calculated for 

the selected modules. Regarding these assumptions, the 

similarities of all genes were quantified in every 

module. Specifically, genes with both GS and MM≥0.9 

are considered to be hub genes. Hub genes had a 

tendency to define as essential gene on the network and 

extremely linked with other genes in the same module. 

Furthermore, a co-expression network consists of 

hub genes of the selected module, and their co-

expressed neighbor genes were constructed by 

GeneMANIA (https://genemania.org). Finally, 

miRWalk database (http://mirwalk.umm.uni-

heidelberg.de/search_genes/) was used to detect 

miRNAs that experimentally validated as the upstream 

regulators of hub genes. 

 

Functional Annotation of the Vitiligo Correlated 

Co-expression Modules 

To further clarification of the underlying mechanism 

of module genes' impact on the correlative clinical 

feature, the clueGO (version 2.2.5) and cluepedia Plug-in 

tools on Cytoscape (version 3.6.0) was used to identify 

and visualize the module enrichment. p value< 0.05 was 

considered statistically significant. 

 

Identification of Candidate Regulatory Drugs 

Drug repositioning is an advanced method for 

identifying new indications of therapy for existing 

drugs. The well-firmly established Drug-Gene 

Interaction Database (DGIDB) (http://www.dgidb.org/) 

was used to predict functional drugs for the hub-genes. 

Drugs in this database are used clinically or they are 

presently used in clinical trials.15 

 

RESULTS 

 

Construction and Analysis of Modules Network 

In this study, the GSE75819 dataset that contained 

mRNA expression data of lesional and non- lesional 

skin samples of 30 vitiligo patients was used. Quintile 

normalization (Figure 1A), genes conversion, and 

probes annotations were performed. Outlier samples 

were excluded from this study (Figure 1B). A β=5 was 

selected as a soft-thresholding power and weighted co-

expression network from lesional and control samples 

reconstructed (Figure 1C). The hierarchical clustering 

dendrogram distinguished16modules after the dynamic 

tree cut. The Grey module contained genes, which were 

not fit for any groups, and it was ignored in the 

following steps. Figure 1D and Table 1 demonstrated 

module characterization. 

 

WGCNA Modules and Module Traits Connection 

The precise relation of modules with the vitiligo 

disorder was determined based on the module-module 

association and eigengene. It was shown that four 

modules significantly correlated with the vitiligo trait 

(p value<0.05) and 4 of them are positively related 

(Figure 2A). Among these modules, turquoise 

(correlation=0.92, p value=2e-07) was considered for 

further evaluations (Table 1). 
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Figure 1. A. Quantile-normalization of samples. B. Sample clustering to detect outliers. C. Selection of the soft-thresholding 

powers. D. Cluster dendrogram and module assignment from the weighted gene co-expression network analysis (WGCNA). 

The branches correspond to highly interconnected groups of genes. Colors in the horizontal bar represent the modules.  
 

Table 1. Module colors characterization 

Module color # Genes correlation p value 

turquoise 773 0.92 2.00E-07 

brown 398 0.82 5.00E-05 

pink 179 0.67 0.003 

black 186 0.38 0.1 

midnight blue 84 0.38 0.1 

purple 169 0.38 0.1 

cyan 100 0.24 0.4 

red 261 0.2 0.4 

magenta 177 0.17 0.5 

tan 156 0.11 0.7 

yellow 374 -0.0013 1 

grey 39 -0.15 0.6 

green 361 -0.22 0.4 

green yellow 162 -0.29 0.3 

salmon 155 -0.43 0.08 

blue 426 -0.71 0.001 

A B 

C D 
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Figure 2. A. Module-trait relationship. Each row corresponds to a module eigengene and the column corresponds to vitiligo 

status. The numbers in each cell represent the corresponding correlation and p-value. B: Functional enrichment analysis of 

the turquoise module. 
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Gene Set Enrichment Analysis 

Kyoto Encyclopedia of Genes and Genomes 

(KEGG) pathway databases preserve higher-level 

functional information for the systematic analysis of 

gene functions. In the current study, KEGG enrichment 

was performed for the above turquoise module to 

explore potential biological processes associated with 

the vitiligo disease. The result of KEGG pathway 

enrichment was showed in Figures 2B, G protein-

coupled receptors signaling pathway, positive 

regulation of ion transport, lymphocyte chemotaxis, 

chemokine activity, neutrophil migration, neutrophil 

chemotaxis, granulocyte chemotaxis, and eosinophil 

chemotaxis are the top biological activities which are 

significantly related to the turquoise module genes and 

likely contribute in the vitiligo disease progression. 

 

 

Figure 3. Hub genes detection. A. Turquoise module features of GS and MM which significantly correlated with vitiligo 

status (control vs. patient). Each point represents an individual gene within each module, which is plotted by GS on the y-axis 

and MM on the x-axis. B. Evaluation of similarity between differentially expressed genes (DEGs) and Hub genes lists; using a 

Venn diagram. Sixteen genes which were similar in both lists were then imported to Gene MANIA to construct a co-

expression network. 
 

A 

Normal Lesional 
LogFC 
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Differentially Expressed Genes (DEGs) Analysis 

and Hub Genes Detection 

With p value<0.05 and logFC≥ 2, a total of 55 

DEGs including 50 upregulated DEGs and 5 

downregulated DEGs were identified between the 

lesional and non-lesional groups. The heatmap and 

volcano plot are shown in Figures 3A and 3B 

respectively. The results of the heatmap showed that 

these DEGs could be used to well distinguish in both 

lesional and non-lesional samples. Studying the 

correlation between features (MM and GS) (Figure 4A) 

of the turquoise module was led to detecting hub genes 

of this module that are highly associated with the 

vitiligo pathogenesis. They included CXCL10, ARL9, 

AKR1B10, COX7B, RPL26, SPA17, NDUFAF2, RPF2, 

DAPL1, RPL34, CWC15, NDUFB3, RPL26L1, 

ACOT13, HSPB11, and NSA2 (Figure 4B). 

 

Figure 4. The heat map and volcano plot between lesional and non-lesional samples. (A) The heat map for differentially 

expressed genes (DEGs). (B) The volcano plot for DEGs. 

A 

B 
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Co-expression Network Construction 

The co-expression network of the turquoise module 

has been reconstructed using GeneMANIA and 

Cytoscape software (Figure 5 and 6). To this end, first, 

we construct a co-expression network of turquoise hub 

genes with 4 neighbors; using GeneMANIA, and then 

reconstruct this network in Cytoscape. 

 

 

 
 

Figure 5. Drug-target network of turquoise module hub-genes: FDA approved drugs were downloaded from the drug gene 

interaction database (DGIdb) for each gene 

 

 

 

Figure 6. A miRNA-mRNA bipartite network analysis of turquoise module hub-genes: Experimentally validated miRNAs 

were downloaded from the miRWalk database for each gene. 
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Drug-target Network Construction 

We also searched the module for drug targets that 

are presently not approved for vitiligo therapy. The 

proposed targets in the module are shown in Figure 5. 

The targets’ presence in the module of interest suggests 

these drugs to potentially impact vitiligo and serve as 

the possible candidates for further research in this 

respect. 

 

mRNA-miRNA Target Prediction 

As co-expressed genes may be co-regulated by the 

common up-stream regulators like miRNAs, in the next 

step of our study we did gene-set enrichment analysis; 

using miRWalk database. The most important of 

miRNAs that are experimentally validated by 

miRTarBase filtering, as regulators of turquoise genes 

are visualized in Figure 6. 

 

DISCUSSION 

 

Vitiligo is an autoimmune disease proceeds by the 

damage of melanocytes and clinically distinguished by 

the onset of white macules and patches.
16-18 

While the 

precise molecular mechanisms underlying vitiligo 

pathogenesis are not fully understood, various theories 

suggested that genetic predisposition, as well as 

environmental and immunological factors, could 

strongly evidence for loss of depigmentation process.
5
 

WGCNA is a technique of systems biology to 

reveal higher-order gene interactions which can 

promote our understanding of the pathogenesis of 

vitiligo. In this study, we used this algorithm to 

systematically recognized the co-expressed gene 

modules associated with the vitiligo progression. After 

dataset preprocessing, module identification, gene co-

expression network construction, relating modules to 

traits, and functional enrichment, we found that 

turquoise modules with 773 hub genes were associated 

with the occurrence of vitiligo. Module enrichment 

analysis demonstrated that these genes are mainly 

involved in some biological pathways such as G 

protein-coupled receptors signaling pathway, 

lymphocyte chemotaxis, chemokine activity, neutrophil 

migration, granulocyte chemotaxis. Previous studies 

confirmed the key roles of the chemokines and the 

recruitment of immune cells into tissues in autoimmune 

patients.
19-21

 

Hub genes were including CXCL10, ARL9, 

AKR1B10, COX7B, RPL26, SPA17, NDUFAF2, RPF2, 

DAPL1, RPL34, CWC15, NDUFB3, RPL26L1, 

ACOT13, HSPB11, and NSA2. Some of them could 

have a potential role in vitiligo.  

CXCL10 as a hub gene showed a higher expression 

level in lesional skin in comparison with non-lesional 

in vitiligo patients. CXCL10 has been recognized as a 

chemokine that is induced by IFN-γ in several cell 

types, including lymphocytes, neutrophils, endothelial 

cells, and the other epithelial cells.
22 

CXCL10 binds to 

its particular receptor, CXCR3, and controls immune 

responses by recruiting and activating T cells, natural 

killer (NK) cells, and monocytes.
22 

In leukocyte 

homing, CXCL10 plays a significant role in inflamed 

tissues, exacerbates inflammation, and causes 

significant tissue damage.
23 

Due to the high expression 

level of CXCR3 on auto-reactive T cells in both human 

vitiligo patients and animal models, as well as the 

requirement of CXCR3 for auto-reactive T cell 

accumulation in the skin and subsequent 

depigmentation, it is suggested that this chemokine is 

involved in vitiligo pathogenesis. Besides, it has been 

recognized that cytotoxic T lymphocytes (CTLs) are 

the main factor attacking melanocytes in vitiligo. Both 

in peripheral blood and skin lesions, the number of 

CTLs is significantly increased.
17 

Therefore, using 

small molecule inhibitors of CXCR3 which are 

currently under development by multiple sources,
24

 

may be effective therapies. In a mouse model of 

vitiligo, the clear dominance of CXCL10 over CXCL9 

is also intriguing, providing an opportunity to target 

CXCL10 alone for new treatments.
25,26 

Accordingly, 

the result of the drug-target network (Figure 5) suggests 

that some food and drug administration (FDA) 

approved drugs including Atropine, Stavudine, 

Atorvastatin, Oxaliplatin, Ritonavir, Zidovudine, 

Gonadotropin, Testosterone, and Methylprednisolone 

can affect vitiligo disease status through regulation of 

CXCL10. For example, Testosterone as a sex hormone 

has marked immune-modulatory properties and may 

play important roles in the etiology of various 

autoimmune diseases.
27

 Researchers found that 

Testosterone induces the suppression of Sjögren's 

syndrome.
28 

Muto et al showed that vitiligo patients 

were successfully treated by oral administration of a 

sex steroid-thyroid hormone. The re-pigmented skin 

showed increased numbers of melanocytes and melanin 

granules in the keratinocytes.
29

 Based on the drug-

target network (Figure 5) which shows an interaction 

between Testosterone and CXCL10 gene, Testosterone 
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can be suggested as a potential drug for vitiligo. 

The other hub gene which could have a potential 

role in vitiligo is RPL26 (Ribosomal Protein L26). 

Researchers proposed that the silencing of ribosomal 

protein L26 and L29 markedly decreased the 

intracellular ROS generation.
30

 In our study, we found 

that RPL26 expression was highly increased in the 

lesional compared to non-lesional skin.  

NDUFB3 (NADH:Ubiquinone Oxidoreductase 

Subunit B3) has proved many different roles in several 

diseases such as Alzheimer's disease, Parkinson's 

disease, Huntington's disease, and in oxidative 

phosphorylation process.31 Some reports implicated 

that, oxidative stress process and some genetic 

variations in oxidant/antioxidant genes are strongly 

correlated to vitiligo.
32

 In addition, toxic components 

enhancement including catecholamine, 7-BH4 with 

antioxidant enzymes reduction is involved in the 

pathology of the patient’s skin.33 The DNA damage 

through an abnormality in melanocyte homeostasis is 

due to several reactive oxygen species and hydrogen 

peroxide.
34 

Oxidative stress and autoimmune reactions 

have been suggested as significant mechanisms for 

initiating and controlling vitiligo.
35,36 

Reactive oxygen 

species (ROS) can cause productions of chemokine to 

stimulate the infiltration of T-cells into inflammatory 

areas,26 which may be a key factor in the pathogenesis 

of vitiligo. ROS accumulation can also induce lipid 

peroxidation, DNA damage, increased production of 

pro-inflammatory and anti-melanogenic cytokines, and 

loss of enzyme functionality in melanogenesis.37 

miRNAs play a critical role in regulating the 

pathophysiology of autoimmune diseases such as 

vitiligo. miRNAs and their targets may play important 

roles in vitiligo’s oxidative phosphorylation and 

mitochondrial energy metabolism and have therapeutic 

and biomarker potential.38 In our study, we evaluated 

the miRNAs which can target hub genes. For example, 

the result of the miRNA-mRNA bipartite network 

(Figure 6) indicated hsa-mir-939-3p and hsa-mir-612 

targeted CXCL10. The previous studies have pointed 

out the role of hsa-mir-612 in autoimmune diseases, 

such as rheumatoid arthritis (RA). They proved 

significantly changes in the hsa-mir-612 expression 

level of peripheral blood mononuclear cells in healthy 

people compared with RA patients.
38 

Also, researchers 

indicated miR-939 as a regulator in the multiple 

diseases and also it’s predicted to target some pro-

inflammatory genes, such as IL-6, TNF-α, NFκB2, and 

nitric oxide synthase 2.39 These miRNAs may have a 

critical role in vitiligo disease. 

In summary, CXCL10, ARL9, AKR1B10, COX7B, 

RPL26, SPA17, NDUFAF2, RPF2, DAPL1, RPL34, 

CWC15, NDUFB3, RPL26L1, ACOT13, HSPB11, and 

NSA2, as candidate genes in vitiligo, were from the 

Turquoise module and the expression levels of them 

involved in pathologic stage of patients. All of these 

hub genes as cell cycle regulators, regulate and 

participate in the development and progression of 

vitiligo. Among them, many studies reported that 

CXCL10, RPL26, and NDUFB3 played main and 

important roles in the progression vitiligo, and others 

were showed an unclear mechanism of vitiligo 

pathogenesis. Thus, the remaining 13 candidate genes 

which we examined can be considered as novel 

biomarkers or vitiligo therapeutic purposes. The 

outcomes of this study will provide new insight into the 

pathogenesis of vitiligo. Generally, based on the 

evidence and theories mentioned above, the immune 

system and oxidative stress have a complicated 

pathogenesis role in vitiligo. Indeed, evidence 

demonstrates that autoimmunity and oxidative stress 

work together to create a pathway that can finally 

determine melanocyte loss. 
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