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Introduction

Coexistence of skin diseases is not rare. Based on the latest study, 
patients with two or more skin diseases make up 1.2% of those 
treated at dermatology clinics (1). Common combinations of dis-
eases include psoriasis and vitiligo in 52.8% of cases with con-
current disease, followed by lichen planus and vitiligo (17.0%), 
lichen planus and psoriasis (3.2%), psoriasis and alopecia areata 
(7.6%), vitiligo and alopecia areata (5.7%), and lichen planus and 
alopecia areata (3.8%) (1). An association of lichen planus and 
cutaneous lupus erythematosus to yield lichen planus / lupus 
erythematosus overlap syndrome is well documented (2). In addi-
tion, the association of rosacea and acne is also common, occur-
ring in 25% (3) to 40% of rosacea subjects (4% of acne subjects) 
(4, 5). Patients with acne concurrent with rosacea tend to be fe-
males (over 80%) (3, 4) with a mean age of 23 years (5).

Despite colossal efforts in molecular studies to examine indi-
vidual diseases, the general molecular background for the co-
occurrence of skin diseases is not yet well understood. The focus 
of this study is to identify the upregulated genes and pathways 
shared by different skin diseases.

Materials and methods

This research was exempted from review by the Arabian Gulf 
University’s Research and Ethics Committee (reference nos. E32-

PI-6-22 and E34-PI-6-22) because this study used publicly an-
onymized information on individuals available in trusted sources 
of information such as surveillance databases, registries, and 
health insurance. Microarray data available on Gene Expres-
sion Omnibus (GEO) (Table 1) were analyzed using Transcrip-
tome Analysis Console version 4.0.1.36 (Thermo Fisher Scientific, 
Waltham, Massachusetts, US) to identify the upregulated genes 
in each of the diseases compared to healthy controls with a fold 
change of ≥ 2 and F-test < 0.05. The study then identified overlap-
ping genes between the co-occurring diseases.

For gene sets that have multiple probes, the upregulated dif-
ferentially expressed genes were first identified. Duplicate genes 
were then discarded and probes unannotated for all diseases. 
Common genes were identified between diseases of interest by 
merging data frames using Python 3.12 (Python Software Founda-
tion, Beaverton, OR, US). These genes were then analyzed using 
Reactome (https://reactome.org/; Ontario Institute for Cancer Re-
search, New York University Langone Medical Center, European 
Bioinformatics Institute, and Oregon Health & Science Univer-
sity) and ShinyGO 0.82 (http://bioinformatics.sdstate.edu/go/; 
South Dakota State University). In addition, where relevant, the 
protein–protein interactions were illustrated using STRING 12.0 
(https://string-db.org/; Novo Nordisk Foundation Center for Pro-
tein Research, European Molecular Biology Laboratory, Swiss 
Institute of Bioinformatics, University of Copenhagen, and Uni-
versity of Zurich).
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Results and discussion

Nine data sets were analyzed, and biopsies were collected from 78 
healthy subjects and 209 lesional skin subjects.

SLC44A5, GDA, and RNASE7 are strongly upregulated in 
psoriasis and vitiligo

One hundred sixty-three genes were found to be upregulated in 
psoriasis and vitiligo. These represented the majority of genes in-
volved in signal transduction, the immune response, and the cell 
cycle (Fig. S1a). The most significant enriched pathways pertained 
to TNFR1-mediated processes involving ceramide synthesis and 
proapoptotic signaling (Fig. S2a).

Among these genes, PI3 (a potent antimicrobial peptide 
against bacteria and fungi [6], foldchange 44.71, F-test = 1.19 × 
10−24), GDA (a microtubule assembly protein [7], foldchange 28.63, 
F-test = 2.46 × 10−14), and LCE3D (a keratinization gene [8], fold-
change 25.98, F-test = 8.13 × 10−25) are the top three upregulated 
genes in psoriasis. The three highest upregulated genes in viti-
ligo were found to be YIF1B (involved in endoplasmic reticulum 
to Golgi vesicle–mediated transport [9], foldchange 53.93, F-test 
= 5.59 × 10−9), RNASE7 (has antimicrobial action against bacteria 
and fungi [10], foldchange 13.83, F-test = 2.90 × 10−5), and ACPP (an 
enzyme involved in substrate dephosphorylation [11], foldchange 
11.81, F-test = 7.42 × 10−6).

Based on the findings, SLC44A5, GDA, and RNASE7 are greatly 
upregulated in both conditions. Figure S3a illustrates the protein–
protein interaction network for the upregulated common genes of 
the two diseases.

ARNTL2 is differentially upregulated in lichen planus and 
vitiligo

A single gene, ARNTL2, was found to be overexpressed in lichen 
planus (foldchange 3.47, p = 1.69 × 10−13) and vitiligo (foldchange 
3.27, p = 0.0002).

ARNTL2 regulates the circadian rhythm by influencing gene 
transcription in the nucleus (12) and protein translation in the 
cytosol (13). Therefore, ARNTL2 plays roles in various cancers 
(14–17). The role of ARNTL2 in inflammation has not been well 
described. The literature describes ARNTL2 as a potential modu-
lator of inflammation. For instance, TNF is an effective inducer 
of ARNTL2 through the NF-κB pathway, promoting its nuclear lo-
calization (18). Moreover, ARNTL2 has direct interaction with the 
IL21 gene, which it binds to the promoter, inhibiting its expres-

sion (19), suggesting immunosuppressive activity (20). However, 
the specific relation of ARNTL2 with other cytokines remains to 
be elucidated and requires further investigation. The protein–pro-
tein interaction network has also shown that ARNTL2 interacts 
with many circadian rhythm–related genes, such as CRY2, CSNK1, 
CRY1, CLOCK, SERPINE1, NPAS2, ARNTL, CIPC, and PER2.0.

HIST1H2BG, POSTN, and NIPBL were greatly upregulated 
in psoriasis and lichen planus

Seventy-five upregulated genes were found to be common in li-
chen planus and psoriasis and involved in the immune system—
including interferon signaling, signaling by interleukins (IL-2 fam-
ily, IL-3, IL-5, granulocyte-macrophage colony-stimulating factor, 
IL-6 family, IL-7, IL-4 and IL-13, IL-12 family, and IL-37)—chromatin 
organization, DNA replication, cell cycle, reproduction, and RNA 
metabolism (Fig. S1b). The majority of the genes are involved in 
VEGFA/VEGFR2 signaling, transforming growth factor (TGF)-β 
signaling, oncostatin M signaling, leptin signaling, and feedback 
loops of STAT3 signaling (Fig. S2b).

Among them, the three highest upregulated genes in psoriasis 
were ANXA1 (inhibits neutrophil tissue accumulation [21], fold-
change 10.96, p = 1.61 × 10−9), HIST1H2BG (a nuclear protein with 
antimicrobial function [22], foldchange 5.88, p = 2.77 × 10−8), and 
MALAT1 (regulates inflammation through toll-like receptors, fold-
change 5.8. p = 6.48 × 10−9) (23). However, for lichen planus, the 
top three upregulated genes were HIST1H2BG (foldchange 12.86, 
p = 1.48 × 10−8), FGL2 (involved in immunomodulation, where its 
membrane-bound form mediates inflammation and soluble form 
induces immunosuppression [24], foldchange 1.3, p = 1.41 × 10−13), 
and B2M (involved in inflammation [25], foldchange 6.48, p = 1.72 
× 10−17).

The results indicate that HIST1H2BG, POSTN (involved in in-
flammation through the NF-κB pathway) (26), and NIPBL were 
significantly upregulated in both diseases. The protein–protein 
interaction network is shown in Figure S3b.

S100A7A, GDA, and SLC44A5 are significantly upregulated 
in psoriasis and alopecia areata

One hundred sixty-nine genes were found to be upregulated in 
common between psoriasis and alopecia areata, and the majority 
of them involve the immune system, including innate immunity, 
cytokine signaling, neutrophil degranulation, and antimicrobial 
peptides (Fig. S1c). The most enriched pathways are also immune-
related pathways like those involved in alternative complement 
activation, including C3 and C5 activation (Fig. S2c).

The top three genes most upregulated in psoriasis are SER-
PINB4 (a chronic inflammation-inducing autoantigen (27), fold-
change 582.51, F-test = 4.93 × 10−30), DEFB4 (microbicidal and cy-
totoxic neutrophil peptide (28), foldchange 196.82, F-test = 1.49 
× 10−25), and S100A7A (involved in inflammatory responses (29), 
foldchange 160.28, F-test = 8.97 × 10−22). On the other hand, the 
three most upregulated genes in alopecia areata are ACPP (fold-
change 20.53, F-test = 1.16 × 10−5), SLC44A5 (a choline transporter 
(30), foldchange 19.11, F-test = 1.91 × 10−7), and VNN1 (with roles 
in oxidative-stress responses (31), foldchange 14.06, F-test = 1.16 
× 10−7).

S100A7A, GDA, and SLC44A5 are strongly upregulated in both. 
The protein–protein interaction network is shown in Figure S3c.

Table 1 | List of Gene Expression Omnibus (GEO) accession numbers and num-
ber of healthy skin biopsies and lesional skin biopsies for each dataset ana-
lyzed per disease.

Disease GEO accession
Number of samples

Healthy control/
skin Lesional skin

Acne GSE53795 — 12
Alopecia areata GSE45512 5 5

GSE58573 3 2
GSE74761 3 3

Cutaneous lupus GSE184989 4 68
Lichen planus GSE130403 12 38
Psoriasis GSE14905 21 33
Rosacea GSE65914 20 38
Vitiligo GSE65127 10 10
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CXCL9 is strongly upregulated in both alopecia areata and 
vitiligo

Both vitiligo and alopecia areata had nine upregulated genes in 
common. They participate in signal transduction and IL-10 signal-
ing (Fig. S1d). The majority of these genes are chemokine recep-
tors recruiting chemokines (Figs. S2d and S3d). CXCL9 was found 
to be significantly upregulated in both diseases.

CXCL9, CXCL10, and LYZ are highly upregulated in alopecia 
areata and lichen planus

Thirty-three genes were found to be upregulated in lichen planus 
and alopecia areata, with the majority playing a role in the im-
mune system such as in the adaptive immune system (T-cell re-
ceptor [TCR] signaling and major histocompatibility complex 
[MHC] class II presentation) and cytokine signaling (interferon 
signaling, IL-10 signaling, and IL-12 family signaling), Figures S1e 
and S2e.

Of these genes, the top three upregulated genes in alopecia 
areata were CXCL9 (involved in immunoregulatory and inflam-
matory processes [32], foldchange 12.16, p = 1.49 × 10−6), CXCL10 
(elicits the migration of monocytes, natural killer cells, and T-cell 
and controls adhesion molecule expression [33], foldchange 7.83, 
p = 3.46 × 10−5), and GZMA (a protease with proinflammatory prop-
erties [34], foldchange 4.61, p = 8.91 × 10−9). However, the three 
top upregulated genes in lichen planus were CXCL9 (foldchange 
157.14, p = 4.68 × 10−26), CXCL10 (foldchange 45.72, p = 1.24 × 10−18), 
and LYZ (amplifies inflammation [35], foldchange 15.05, p = 5.35 
× 10−20).

CXCL9, CXCL10, and LYZ were significantly upregulated in 
both diseases. The protein–protein interaction network is shown 
in Figure S3e.

CXCL9 and S100A9 are significantly upregulated in 
cutaneous lupus erythematosus and lichen planus

A total of 1,697 genes were found to be upregulated in lichen 
planus and cutaneous lupus erythematosus, and the majority of 
them are related to the immune system (innate immune system, 
adaptive immune system, and cytokine signaling), signal trans-
duction, protein metabolism, cell cycle, programmed cell death, 
and DNA replication (Figs. S1f and S2f).

The top three upregulated genes in lichen planus were CXCL9 
(foldchange 138.19, F-test = 2.84 × 10−29), S100A9 (released from 

cells upon inflammation, infection, or cell damage [36], fold-
change 102.03, F-test = 2.72 × 10−29), and PI3 (foldchange 59.97, 
F-test = 1.21 × 10−17), whereas the top three upregulated genes in 
cutaneous lupus erythematosus were CXCL10 (foldchange 80.21, 
F-test = 1.11 × 10−19), S100A9 (foldchange 72.76, F-test = 2.72 × 10−29), 
and CXCL9 (foldchange 65.12, F-test = 2.84 × 10−29).

Based on this observation, CXCL9 and S100A9 are strongly up-
regulated in both conditions.

SERPINB4, S100A7A, and RPS4Y1 are extremely 
upregulated in acne and rosacea

Six hundred thirty-seven genes were differentially upregulated 
in rosacea and acne, with the majority of them being immune 
related such as those involved in cytokine signaling (IL-4 and IL-
13 family, IL-10, and IL-20 family), the adaptive immune system 
(B-cell receptor signaling, MHC class II antigen presentation, 
and TCR signaling), and the innate immune system (neutrophil 
degranulation, Fc-gamma receptor dependent phagocytosis, and 
Fc-epsilon signaling), Figure S1g. The top enriched pathways were 
alpha-linolenic omega-3 and linoleic omega-6 acid metabolism 
and alpha-linolenic acid metabolism (Fig. 2g). Of these genes, the 
most significantly upregulated genes among acne were SERPINB4 
(a serine protease inhibitor involved in inflammation [37], fold-
change 384.53, F-test = 3.39 × 10−30), S100A7A (an antimicrobial 
peptide [38], foldchange 209.48, F-test = 8.36 × 10−25), and CXCL8 
(involved in inflammation through neutrophil recruitment [39], 
foldchange 166.67, F-test = 2.01 × 10−15). In rosacea, the most up-
regulated genes were RPS4Y1 (induces inflammation through p38 
MAPK activation pathway [40], foldchange 99.05, F-test = 3.41 × 
10−05) and SERPINB4 (foldchange 146.24, F-test = 3.39 × 10−30).

SERPINB4, S100A7A, and RPS4Y1 were significantly upregu-
lated in both conditions.

Conclusions

This study has outlined the overexpressed genes and pathways 
shared among eight of the most common concomitant cutaneous 
diseases: psoriasis and vitiligo, lichen planus and vitiligo, lichen 
planus and psoriasis, psoriasis and alopecia areata, vitiligo and alo-
pecia areata, lichen planus and alopecia areata, cutaneous lupus 
erythematosus and lichen planus, and rosacea and acne. This en-
hances the understanding of skin disease concurrence and lays the 
groundwork for studying them at a genomic level. It also helps iden-
tify common therapeutic targets that work for coexisting diseases.
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