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Background: Given their similar appearance and histology, halo nevi (HN) were considered 
as a type of vitiligo. However, whether HN have stronger immune response than stable 
vitiligo (VL) remains unclear. In addition, the molecular alterations in HN compared with 
normal nevocytic nevi (NN) and primary cutaneous melanoma (MM) must be determined. 
This study aimed to systematically characterize the molecular immunological features of HN.
Methods: Skin samples from patients with HN, VL, NN, and MM were obtained with 
informed consent. Each of the four groups underwent transcriptome sequencing and data 
analysis were for pairwise comparison. Quantitative real-time PCR (RT-qPCR) was con-
ducted to confirm the transcriptional expression of some differentially expressed genes 
(DEGs) that were closely related to immunity.
Results: A total of 441 and 1507 DEGs were found in the HN/NN and HN/MM groups, 
respectively. Compared with those of VL, HN lesions contained 162 up-regulated DEGs and 
12 down-regulated DEGs. Bioinformatics analysis showed that the up-regulated genes in HN 
were substantially enriched in immune response, immune deficiency, and immune rejection; 
biological stimulation (virus, bacteria); and proliferation and activation of immune cells. 
Immune cell composition analysis also confirmed high expression levels of multiple immu-
nocytes in HN.
Conclusion: The molecular immune mechanisms of HN and VL were similar, but the 
immune activity of HN was stronger than that of VL. Innate and adaptive immunity were 
involved in the pathogenesis and progression of HN and VL.
Keywords: vitiligo, halo nevi, transcriptome sequencing, differentially expressed genes

Introduction
Halo nevi (HN), also known as Sutton’s nevi, are clinically characterized by benign 
nevocytic nevi surrounded by round or oval depigmentation plaques and form 
halos.1–3 The occurrence of multiple HN can be regarded as a marker to represent 
cellular autoimmunity to nested melanocytes and could imply an increased risk of 
VL in patients, especially those with family history. Therefore, the occurrence of 
HN is believed to be a strong predictor of the passage to mixed VL.4,5 Although the 
pathogenesis of HN and VL is associated with CD8+ T cells, the specific 
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mechanisms involved are unclear, and the relationship 
between HN and VL remains controversial at this 
time.3,6,7 HN were considered as a type of VL because 
of their similar histology and the high frequency in 
patients with generalized VL.8 Recent studies focusing 
on molecular protein expression and HLA genotyping 
proposed that HN and VL are distinct diseases.3,6,7,9

Patients with melanoma (MM) may also experience epi-
dermal depigmentation.10 Studies reported that patients with 
vitiligo have a reduced risk for MM.11,12 Whether sponta-
neous or caused by new treatment, this condition is a good 
prognostic signal for patients with MM.13,14 The clinical 
manifestation of depigmentation and histopathological fea-
tures are difficult to differentiate from those of VL.15 The 
pathogenesis of depigmentation in patients with MM is simi-
lar to that in patients with VL. MM cells share several anti-
gens with normal melanocytes, including tyrosinase TRP-1, 
TRP-2, gp100, and MART-1.16 Serum antibodies from 
patients with VL can destroy melanocytes and MM cells 
in vitro because of the same autoantibodies against tyrosinase, 
TRP-1, and TRP-2 in MM and VL.17 Besides, autoreactive 
CD8+ T cells can attack melanocytes by recognizing melano-
cyte specific antigens and induce apoptosis of melanocytes.18

Although CD8+ T cells play a vital role in the pathogen-
esis of HN and VL or the immunity of MM (Figure 1), the 

specific molecular characteristics between HN and stable VL 
remain unclear. In addition, the structural or molecular 
abnormalities present in HN but not in NN and MM must 
be determined. In this study, transcriptome analysis was 
performed to compare the gene expression profiles of HN, 
stable VL, NN, and MM. The results may uncover additional 
clues to pathogenesis of HN and provide novel insights into 
the future development of therapies of VL and MM.

Materials and Methods
Patients and Samples
Skin samples were obtained from four patients with HN, five 
patients with stable VL, five patients with NN, and four 
patients with primary cutaneous MM in the Institute of 
Dermatology, Chinese Academy of Medical Sciences 
(Table 1). All skin samples were obtained from lesional 
skin. The diagnosis of VL and HN was based on acquired 
skin depigmentation with typical symmetrical distribution of 
characteristic locations. Wood’s lamp was used to help estab-
lish the diagnosis. All enrolled patients with VL were diag-
nosed with stable VL, that depigmentation patchy did not 
expand and no new white patchy occurred for at least 6 
months prior to sample collection, while HN patients with 
new lesions were selected. The diagnosis of NN and primary 
cutaneous MM was based on clinical and histopathological 

CD8+ T cell

MAPK, PI3K, 
AKT, Wnt 
pathway

Normal Skin

Melanoma

Vitiligo

Halo NevusMelanocytic Nevus
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Figure 1 The role of CD8+T cells in the pathogenesis of VL-, HN- and MM-associated hypopigmentation.
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features. All participants signed written informed consent 
forms. This study was reviewed and approved by the ethics 
committee of the Institute of Dermatology, Chinese Academy 
of Medical Sciences and Peking Union Medical College.

RNA Extraction and Transcriptome 
Sequencing
After visible adipose tissues were removed, skin samples 
were trimmed into pieces and added to RLT tissue lysis 
buffer containing β-mercaptoethanol (BME). The tissues 
were then crushed by a grinder to break up. Following the 
manufacturer’s instructions, total RNA was extracted from 
skin samples using the RNeasy plus mini kit (Qiagen, 
Hilden, Germany). RNA concentration was calculated by 
the Nanodrop 1000 spectrophotometer (Thermo Scientific, 
Ottawa, ON, CA), and RNA integrity was measured by 
Agilent 2100 bioanalyser (Agilent, USA). Transcriptome 
sequencing of RNA from the skin biopsies of four differ-
ent diseases was performed on Illumina HiSeq X Ten plat-
form (Illumina, USA) to initially screen the DEGs.

Data Analysis
The sequencing results were imported and analyzed with 
the CASAVA for statistical computation and visualization. 
Data normalization was performed within and across the 
arrays using per gene and per chip normalization in accor-
dance with the manufacturer’s recommendation. Raw data 
obtained by high throughput sequencers possibly contain 

low-quality reads and adaptor. For accurate and reliable 
analysis results, background correction was performed on 
the raw data. After low-quality reads were removed, valid 
reads were mapped to a reference genome and genes with 
STAR. Principal component analysis (PCA) was per-
formed for all samples and corresponding gene expression 
levels. Genetic quantitative and differential analysis were 
performed using HTSeq. Fragments per kilobase of tran-
script per million fragments mapped (FPKM) was used to 
calculate the gene expression.

Identification of DEGs in the Samples of 
Four Different Diseases
DEGs were analyzed by comparing the gene expression in 
the samples of four different diseases. The following six pairs 
of comparisons were examined: (1) HN and VL, (2) HN and 
NN, (3) HN and MM, (4) MM and NN, (5) MM and VL, and 
(6) NN and VL. DEGs under various comparison conditions 
were calculated by DESeq2 software on the basis of the 
FPKM values of different transcripts under each condition. 
The DEGs were then filtered by the combined criteria of the 
absolute fold change (log2 FC) and false discovery rate 
(FDR)-adjusted p-values (q values). Genes with log2 FC ≥ 
1 and q value <0.05 were selected as DEGs.

Functional Annotation of DEGs
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analyses were 

Table 1 Sequencing Samples and Grouping Information

Patient Diseases Gender Age (years) Location Subtype

1 NN F 17 Chest Junctional nevus
2 NN F 11 Scalp Junctional nevus

3 NN M 9 Face Junctional nevus

4 NN M 2 Face Junctional nevus
5 NN M 20 Neck Junctional nevus

6 MM F 72 Foot Acral lentiginous

7 MM F 69 Foot Acral lentiginous
8 MM M 77 Foot Acral lentiginous

9 MM F 68 Chest Nodular
10 HN F 8 Face Progressive

11 HN M 25 Face Progressive

12 HN M 12 Shoulder Progressive
13 HN M 11 Upper limb Progressive

14 VL M 18 Back Stable stage

15 VL M 25 Face Stable stage
16 VL M 10 Face Stable stage

17 VL F 9 Face Stable stage

18 VL F 33 Hand Stable stage
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performed to investigate the relevant biological functions 
and pathways associated with DEGs.19 GO enrichment ana-
lysis using clusterProfiler R package was conducted to 
annotate and classify the DEGs from biological pathways 
based on the three categories of molecular functions (MFs), 
cellular components (CCs), and biological processes (BPs). 
Pathway analysis can be used to further understand the 
metabolic pathways and specific biological functions of 
genes. Therefore, the pathways of DEGs were also analyzed 
and annotated according to the KEGG database (http://www. 
genome.jp/kegg/). The corresponding p values and q values 
in GO and KEGG analyses were calculated. Q value ≤0.01 
was considered as significant enrichment.

Modular Transcriptional Repertoire 
Analyses
Transcriptional profiles were obtained for the six groups. 
R package Limma was used to conduct group-level analy-
sis at the probe-level to identify the statistically significant 
probes (FDR <0.05). According to the number of statisti-
cally significant probes assigned to each module, the posi-
tive percentages for up-regulation and negative 
percentages for down-regulation were calculated.

The percentage difference of each module was mapped 
on a grid where each position corresponded to one of the 
28 main modules.20 The relationship between the module 
and the sample phenotype was analyzed, the regulatory 
network between genes in the module was drawn, and the 
key regulatory genes were identified.

Immune Cell Component Analysis
Immune cell composition was predicted using ImuUCC 
and GSVA. Immune score was calculated by studying the 
specific gene expression characteristics of immune cells to 
predict immune cell infiltration. Charts were drawn by 
R package heatmap and ggplot.

Confirmation of Gene Expression 
Changes by RT-qPCR
Total RNA was extracted from the lesions of additional 
patients with HN, VL, and NN and from the skin tissues of 
healthy volunteers by using the RNeasy plus mini kit 
(Qiagen, Hilden, Germany). mRNA was reverse tran-
scribed using the HiScript™ II Q RT SuperMix for 
qPCR ((Vazyme, China). RT-qPCR was conducted with 
ChamQ™ Universal SYBR® qPCR Master mix (Vazyme, 
China). The relative gene expression levels were 

calculated by 2−ΔΔCt method with the housekeeping gene 
β-actin as the internal reference. The designed primers are 
listed in Supplemental Table 4.

Results
Comparison of Gene Expression
Principal component analysis (PCA) was performed on all 
samples and the corresponding gene expression levels to 
observe the clustering relationship based on the gene 
expression levels (Figure 2A). The results showed that 
VL, HN, and NN samples were relatively close but could 
still be divided into different types. The gene expression 
profiles of MM were remarkably different from those of 
the other three diseases.

The gene expression levels of four different samples were 
analyzed by DESeq2. The up- and down-regulated genes 
were compared between (1) HN and VL, (2) HN and NN, 
(3) HN and MM, (4) MM and NN, (5) MM and VL, and (6) 
NN and VL (Figure 2B). The number of DEGs among NN, 
HN, and VL was small, suggesting the similarity of these 
three diseases. The number of DEGs was high in all the 
comparative groups involving MM, indicating that MM 
gene expression was significantly different.

Identification of DEGs
A total of 441 DEGs were found between HN and NN, 
among which 346 genes were up-regulated and 95 genes 
were down-regulated. The top 40 most significantly up- 
regulated and down-regulated genes are listed in 
Supplementary Table 1. Most of the up-regulated genes 
encoded chemokines or cytokines, including CXCL9, 
CXCL13, CXCR3, CD8A, CD7, and CD38. Several 
genes were related to the activation of immunocytes, 
such as GBP4, GBP5, TNFRSF9, and LAG3. In the com-
parison with VL, 174 genes were differentially expressed; 
among which 162 were up-regulated and 12 were down- 
regulated (Supplementary Table 2). In the comparison 
between HN with MM, 1507 genes were differentially 
expressed; among which, 687 were up-regulated and 820 
were down-regulated (Supplementary Table 3).

Functional Enrichment Analysis
The identified DEGs were annotated by GO classification, 
and GO functional enrichment analysis was performed to 
detect their biological functions. In Figure 3, GO analysis 
showed the enrichment of DEGs in the MF, CC, and BP 
categories. Several GO terms in the HN and NN comparison 
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group were noted, including immune response, immune sys-
tem process, and immune cell proliferation and activation. 
The biological pathways of up-regulated genes enrichment in 
the HN/VL group were similar to those in the HN/NN group. 
Down-regulated DEGs were significantly enriched in muscle 
development and contraction. In the HN/MM group, the up- 
regulated DEGs were enriched in epidermal development 
and keratinization, and the down-regulated DEGs were 
enriched in extracellular matrix, neutrophil differentiation, 
and neutrophil mediated immune response.

KEGG enrichment pathways were also analyzed 
(Figure 4). Antigen processing and presentation, cytokine– 
cytokine receptor interaction, chemokine signaling pathway, 
and primary immunodeficiency were potentially related to 
the strong immune response of HN. For the comparison 
between HN and NN, the DEGs were associated with 
measles, HTLV-1 infection, viral myocarditis, graft-versus- 
host disease, allograft rejection, primary immunodeficiency, 
type I diabetes mellitus, and autoimmune thyroid disease. 
KEGG functional enrichment analysis for the comparison 
between HN and MM revealed three pathways related to 
the immune response, namely, chemokine signaling pathway, 
natural killer cell mediated cytotoxicity, and chemokine sig-
naling pathway. Among which, the up- and down-regulated 
DEGs accounted for half, suggesting that the development of 
these two diseases is regulated differently.

Modular Transcriptional Repertoire 
Analyses
At the group level, modular repertoire analysis revealed 
a similar strong up-regulation of module B3, B4, and C1 in 

the HN/NN, HN/VL, HN/MM, MM/VL, and MM/NN 
groups (Figure 5A). Modules B3, B4, and C1 were anno-
tated immune signals. The genes of B3, B4, and C1 
modules were analyzed by module annotation network 
(Figure 5B). Consistent with the previous GO and KEGG 
analyses, the results showed that the B3, B4, and C1 
modules were involved in immune response.

Immune Cell Component Analysis
Immune cell component analysis was conducted on the 
samples of the four diseases (Figure 6A). The propor-
tion of DC and T cells was high in almost all samples, 
and that of macrophages in HN and MM samples was 
higher than that in the other two samples. In addition, 
the up-regulated immune cell types in the HN group 
included iTreg, NK, Th1, CD8+T, and gamma-delta 
T cells (Figure 6B).

Changes in molecules regarding immune cells were 
also analyzed (Figure 7). The most up-regulated molecules 
were found in the HN samples. In addition, the HN/NN 
comparison group had many specifically up-regulated 
immune cell molecules (158), of which 60 were also up- 
regulated in the HN/VL group. The specific up-regulated 
pathways of the HN/NN group included T cell receptor 
signaling, NF-kB (TNFRSF13B, BIRC3, TRAF1, CCL4, 
PRKCQ, CARD11), and JAK-STAT signaling (IL7R, 
PTPN6).

Confirmation of DEGs by RT-qPCR
Basically consistent with the results of transcriptome sequen-
cing, the mRNA expression of 9 out of 10 selected genes 
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Figure 3 GO classification and GO functional enrichment analysis. (A) Up-regulated statistical map of GO functional classification of DEGs. (B) Down-regulated statistical 
map of GO functional classification of DEGs. Different groups are represented on the horizontal axis and different gene functions are shown on the vertical axis. Red 
represents the GO functional clustering of up-regulated genes. Blue represents the GO functional clustering of down-regulated genes. The color on the coordinate axis 
represents FDR. In the coordinate axis, the size of the point represents the number of DEG.
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(CD8A, GBP5, CXCL9, CXCL13, CXCR3, TNFRSF9, 
KLRC1, LILRB1, IL2RB, and TRPM1) in the HN group 
was significantly higher than that in the VL, NN, and MM 
groups (p<0.01) (Figure 8).

Discussion
HN and VL are autoimmune disorders of the skin. VL is 
characterized by the formation of depigmentation spots 
due to the destruction of melanocytes,21 and HN is 

Figure 4 KEGG pathway enrichment analysis. (A) KEGG pathways of up-regulated DEGs. (B) KEGG pathways of down-regulated DEGs. Different groups are represented 
on the horizontal axis and different pathways are shown on the vertical axis. The color on the coordinate axis represents FDR. In the coordinate axis, the size of the point 
represents the number of DEG.
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a benign melanocytic nevi with surrounding well-defined 
decolorization halo and frequently appears in adolescence 
or youth. The central nevi may partially or completely 

recede, and the surrounding white halo may persist or 
continue to expand. The typical histopathological feature 
of HN is the infiltration of band lymphoid tissue cells in 
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the dermis.22,23 CD8+T cells account for the majority of 
the infiltrated lymphocytes.2,22 Yang et al found that 
autoimmune phenotype of HN and VL was associated 
with H2O2. It was characterized by the substantial up- 
regulation of the CXCL10-CXCR3 axis of the chemokine 
induced by IFN-γ and the detected dense infiltration of 
CD8+T. The findings indicated that the pathogenesis of 
both diseases is similar.24 Trauma can easily cause the 
Koebner reaction of progressive VL and thus lead to new 

decolorization lesions; therefore, resection is not recom-
mended for patients with progressive VL in clinical prac-
tice. However, HN has remarkable autoimmune response 
against melanocytes in the skin, and surgical resection is 
a common treatment for HN. Studying autoimmune sig-
nals in the skin samples of HN may be a strategy for VL 
research.24 In this study, skin samples of progressive HN, 
stable vitiligo, NN, and MM were collected to analyze 
the differences in the expression profiles of progressive 
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Figure 7 Immune molecules change in samples of four diseases. (A) Up-regulated immune molecular profiles in the HN/VL, NN/VL, and HN/NN groups. (B) Down- 
regulated immune molecular profiles in the HN/VL, NN/VL, and HN/NN groups. (C) Up-regulated immune molecules, immune cells and pathways regulatory networks of 
HN/NN. (D) The shared up-regulated immune molecules, immune cells and pathways regulatory networks of the HN/NN and HN/VL groups.
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HN. The results revealed similar immune molecules and 
pathways in the development of HN and VL. CD8 was 
highly expressed in HN, suggesting the role of cytotoxic 
CD8+ T cells in the destruction of melanocytes in HN. 
The genes associated with CXCL10-CXCR3 axis were 
also notably expressed, which induced the activation of 
CD8+T cells.25

Previous transcriptome sequencing on the differences 
in gene expression in VL lesions, surrounding skin, and 
normal skin tissues showed that the up-regulated genes 

point to abnormal activity in the innate immune system, 
particularly NK cells in VL lesions.26 Markers of an 
enhanced innate immune response were also up-regulated 
in non-invasive skin surrounding the lesions in patients 
with VL. The potential importance of innate immunity was 
further emphasized.26 In the present study, molecules 
related to NK cells were highly expressed, and the innate 
immune pathway was activated in HN. These findings 
indicated that innate immunity plays a role in the patho-
genesis of HN and VL.

Figure 8 Validation of DEGs by RT-qPCR. Comparing to normal control (n = 4), VL (n = 4) and NN (n = 4), the mRNA expression levels of 9 identified genes were elevated 
in HN (n = 4). ****P < 0.0001, ***P < 0.001, **P < 0.01.
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In this study, transcriptome sequencing was performed 
on the skin lesions of patients with HN, stable VL, NN, 
and primary cutaneous MM to explore the gene expression 
profiles in skin tissues of different disease samples. 
Comparison of the gene expression among the samples 
revealed that the four diseases had their respective gene 
expression characteristics, reflecting their different patho-
logical or physiological states. According to the principal 
component analysis of gene expression level and sample 
stratification clustering, the gene expression profiles of 
HN, stable VL, and NN had a large range of overlap, 
with extremely high similarity in the expression profiles 
of HN and stale VL. Comparison of gene expression 
between HN and stable VL only showed a small number 
of differently expressed genes; this finding implied that 
HN and VL have similar gene expression profiles and was 
consistent with previous studies suggesting their similar 
pathogenesis.24 Comparative analysis showed that most of 
the up-regulated and differentially expressed genes in the 
HN/VL group could also be found in the HN/NN group 
and were in relation to immunity. Therefore, the immune 
function of HN was activated or enhanced compared with 
stable VL or NN.

VL is often clinically in conjunction with other auto-
immune diseases, including autoimmune thyroid disease, 
alopecia areata, type I diabetes, Addison’s disease, rheu-
matoid arthritis, inflammatory bowel disease, and systemic 
lupus erythematosus.27 Genome-wide association studies 
found approximately 50 genetic loci contributing to the 
risk of VL, many of which were found in other autoim-
mune diseases.28 In this study, functional enrichment ana-
lysis also indicated that the DEGs obtained from HN were 
substantially enriched in the biological pathway of auto-
immune diseases. These results suggested that HN and VL 
are at a genetic risk of developing multiple autoimmune 
diseases, and their genetic risks are similar.

VL has been linked to graft-versus-host disease 
(GVHD). GVHD is one of the most common and devas-
tating complications after allogeneic hematopoietic stem 
cell transplantation (HSCT) and is a major cause of death 
in long-term survivors and advanced non-recurrent- 
associated disease.29 Several hypotheses have been pre-
sented about the mechanism by which HSCT may cause 
VL, including chemotherapy/radiation, transferation from 
donor auto-antibodies, or destruction of receptor melano-
cytes by GVHD-like processes.30 Therefore, GVHD is 
believed to be a trigger for the occurrence of auto- 
antibodies and some autoimmune complications. Sanli 

et al proposed that chronic GVHD may trigger an 
immune response leading to the destruction of 
melanocytes,31 and this hypothesis was verified by the 
current study. The DEGs in HN were remarkably 
enriched in immunodeficiency and immune rejection 
pathways, including GVHD and allograft rejection. 
Therefore, GVHD may cause an imbalance of immune 
system and result in HN and VL.

In our study, the DEGs in HN lesions may be involved 
in responses to infectious stimuli (bacterial and viral), and 
this finding was consistent with previous studies on VL and 
its association with infection. As an important environmen-
tal factor, viruses are involved in the pathogenesis of many 
autoimmune diseases. Viral infections such as herpes, hepa-
titis, cytomegalovirus, and HIV could trigger autoimmunity 
and result in the onset of VL.32–34 The frequency of these 
autoimmune diseases is also increased in patients with 
VL.27 Further research on the specific mechanism by 
which viruses trigger the onset of HN and VL is needed.

In conclusion, the genetic risk and immune mechanism 
of HN were similar to those of VL. Compared with stable 
VL, progressive HN had enhanced immunoactivity. The 
adaptive immunity represented by CD8+T cells and the 
innate immunity represented by NK cells are involved in 
the occurrence and development of HN. The immune 
response of HN may be related to autoimmune diseases 
and GVHD. Virus and bacterial infection may be an 
important factor in triggering these autoimmune diseases.
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