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INTRODUCTION 

Epigenetics studies heritable, reversible gene expression 

patterns resulting from environment-driven changes in 

chromosomal function without altering the nuclear DNA 

sequence.1 Epigenetic modifications exert a critical role in 

various physiological and pathological conditions.2 

Epigenetic modifications alter DNA accessibility through 

various mechanisms and influence the instructions 

encoded in DNA. Hypermethylation or hypomethylation 

of gene-regulatory DNA sequences results in gene 

silencing or active transcription, respectively. DNA 

methylation causes sustained changes in the transcription 

of specific genes.3 Common techniques for profiling DNA 

methylation include whole-genome bisulfite sequencing, 

which has been used to study skin diseases such as 

psoriasis.4 

Histone chemical modifications, including various post-

translational modifications, are epigenetic regulatory 

mechanisms that influence cellular functions by altering 

chromatin packaging and accessibility, thereby shaping 

gene expression.5 Epigenome sequencing technologies, 

such as chromatin immunoprecipitation and assay for 

transposase-accessible chromatin sequencing, are widely 

used to analyze histone-DNA interactions, identify open 

regions within chromatin, and study histone 

modifications.6 Deregulated expression levels of 

microRNAs have been linked to environmental influences 

and complex diseases.7 Long non-coding RNAs 
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ABSTRACT 

 

Epigenetics has recently emerged as a highly innovative and dynamic area of study within dermatology. This field 

concentrates on modifications to gene expression that occur without altering the underlying DNA sequence. These 

altered expressions were initiated by environmental influences and lifestyle choices, and play a fundamental role in both 

the onset and progression of numerous dermatological disorders. This article aims to delineate the essential roles that 

epigenetic modifications play in driving the pathogenesis of diverse dermatological disorders, as well as to highlight 

their clinical applications within current skin research. A comprehensive review of recent literature was conducted to 

elucidate the role of epigenetic perturbations in driving skin disease pathogenesis, illustrate cutaneous responses to 

environmental stimuli, and evaluate therapeutic trials aimed at reversing these epigenetic shifts. This article 

comprehensively outlines the pivotal role of epigenetic modifications; specifically, DNA methylation, histone 

modification, and non-coding RNA pathways, in the pathogenesis of various dermatological disorders. Epigenetics 

offers a promising paradigm shift toward targeted interventions for traditionally imprecise dermatological treatments. 

The sheer multiplicity and redundancy of disease-associated epigenetic modifications frequently bottleneck therapeutic 

innovation. Overcoming this barrier requires a transition from symptomatic management to personalized medicine that 

can precisely reset disease-driving epigenetic switches.  

 

Keywords: DNA methylation, Non-coding RNA, Histone chemical alterations, Skin diseases 

 



Alhetheli G. Int J Res Med Sci. 2026 Sep;14(9):4114-4123 

                               International Journal of Research in Medical Sciences | September 2026 | Vol 14 | Issue 9    Page 4115 

(lncRNAs) are increasingly recognized as vital modulators 

of gene expression, executing fundamental functions 

across diverse biological processes and human 

pathologies.8 

The immune responses of skin cells are largely mediated 

by the expression of recognition receptors that identify 

components of invading microorganisms, initiate immune 

cascades to combat these invaders, and interact with 

immune cells. Additionally, keratinocytes can express 

epigenetic regulators that shape their response to 

environmental cues.9 Altered epigenetic regulators of the 

cutaneous immune response induce an imbalance in skin 

immunity and are fateful for the pathogenic mechanisms 

of chronic cutaneous immune disorders.10 Epigenetic 

mechanisms are increasingly recognized as a key link 

between environmental exposures and the development of 

stable skin disease phenotypes. Notably, these mechanisms 

drive persistent inflammatory states and tissue disease 

memory, which endure even after clinical improvement is 

achieved.11 

Since epigenetic modifications are modifiable and 

reversible, epigenetic modifier drugs that reverse 

epigenetic signatures are a new potential strategy for 

treating skin diseases.12 Therefore, understanding 

epigenetic mechanisms in the skin might open avenues for 

developing novel therapeutic targets. This review aims to 

outline the fundamental roles of epigenetic modifications 

in driving the development of various skin disorders.  

EPIGENETIC CHANGES IN CHRONIC 

INFLAMMATORY AND IMMUNE-RELATED SKIN 

DISEASES 

Epigenetic regulation constitutes a molecular link between 

genetic susceptibility and the exposures to environmental 

cues. Consequently, it played a crucial role in either 

driving the pathogenesis or exacerbating the severity of 

diverse chronic inflammatory and immune related 

dermatoses. 

Psoriasis  

 

The transcriptomic remodeling characteristic of psoriasis 

is driven by a combination of transcription factors and 

epigenetic mechanisms. Together, these elements control 

the expression of disease-associated genes through altered 

DNA methylation, non-coding RNA pathways, shifts in 

chromatin accessibility, and direct transcriptional 

activation or repression.13  

In psoriatic skin, decreased expression of the ten-eleven 

translocation family of enzymes, which regulates DNA 

methylation, dysregulates epithelial barrier molecules, 

particularly filaggrin (FLG).14 Elevated levels of tripartite 

motif 27 and activation of the interleukin (IL)-6/signal 

transducer and activator of transcription 3 (STAT3) 

signaling pathway trigger keratinocyte cytopathy by 

inducing N6-adenosine methylation (m6A) in mRNA.15 

Downregulated phosphoglycerate dehydrogenase in 

psoriatic lesions leads to increased nuclear factor (NF)-κB 

activation and overexpression of IL-6 in keratinocytes by 

inhibiting DNA methylation at the promoter region and 

increased binding of myocyte enhancer factor 2A.16 

Exposure to air pollutants alters CpG site methylation at 

the ZMIZ1 locus to influence psoriasis risk, exhibiting a 

dose-response relationship that depends on specific ZMIZ1 

genotypes. This environmental link to skin psoriasis is 

further driven by an immune cascade, where the ZMIZ1 

genetic variation-associated cytokines IL-15, IL-19, and 

IL-22 act as significant mediators.17 

Acetylation and methylation of histones H3 and H4 may 

be associated with psoriasis severity and serve as 

therapeutic response markers.18 Dysregulated microRNAs 

(miR) in keratocytes and immune cells contribute to the 

onset and progression of psoriasis. Specific microRNAs 

promote inflammatory signaling and Th17 responses, 

while others are anti-inflammatory regulators. Thus, 

estimating levels of circulating and extracellular vesicle-

associated miRNAs can serve as non-invasive biomarkers 

that reflect disease severity and therapeutic response.19 

Overexpression of tumor necrosis factor (TNF)-α in 

human neutrophils induces the release of miR-1290, which 

promotes the proliferation of neutrophil differentiation and 

keratinocyte. Downregulated expression levels of miR-

181a/b-5p negatively regulated keratinocyte proliferation 

by targeting the Maternal Embryonic Leucine Zipper 

Kinase.20 Long non-coding RNA genetic variants play a 

major role in determining psoriasis risk and how different 

populations respond to therapy. For instance, Single- 

nucleotide polymorphisms are associated with psoriasis 

susceptibility and treatment outcomes in a population-

specific manner, making them promising candidates for 

disease biomarkers.21  

The PCR-Restriction fragment length polymorphism 

(RFLP) technique detected a significantly high 

predominance of the A/A genotype of the vitamin-D 

receptor gene polymorphism in psoriasis patients and of 

A/a genotype in healthy subjects, with significant over-

representation of the A allele in psoriatic patients.22 

Integrative therapeutic strategies that combine vitamin D 

supplementation, targeted microbiota interventions, and 

miRNA-based therapies show strong promise for the 

management of concomitant inflammatory skin disorders 

and osteoporosis.23 

Atopic dermatitis 

 

As a chronic inflammatory skin condition, atopic 

dermatitis (AD) is fundamentally driven by three 

interconnected factors: a compromised skin barrier, a 

dysregulated immune response, and an imbalance in the 

skin's microbial ecosystem.24 

Epigenetic regulation may play a pivotal role in the 

development of AD. MicroRNA-939 is highly upregulated 

in AD lesions and contributes to cutaneous colonization by 
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S. aureus and to exacerbation of AD-like inflammation by 

inducing matrix metalloproteinases.25 MicroRNA-143, by 

modulating IL-13 signaling, might counteract allergic 

inflammation by adjusting cutaneous immune responses in 

parallel with IgE levels in AD. MicroRNAs-124 and 151a, 

acting through the NF-κB signaling pathway and 

modulation of the IL-12 receptor β2, respectively, have 

anti-inflammatory effects. MicroRNA-10a regulates 

keratinocyte proliferation and differentiation, while miR-

29b regulates apoptosis in these cells.26 microRNA-711 

and miR-203b-3p were upregulated in certain clinical 

models of itching.27 

DNA methylation-based analyses in a pediatric AD cohort 

detected acceleration of the epigenetic and biological age, 

but not telomere length.28 Interferon (IFN)-γ and IL-

5 genes were hypermethylated in breastfed AD infants, 

while they showed decreased methylation in milk formula 

infants. Additionally, higher methylation of IL-4 was 

positively correlated with the number of allergic family 

members and the age of the AD infant, while IL-

10 and Forkhead box P3 (FOXP3) methylation were 

negatively correlated with the AD infant’s age.29 The 

major allele of rs7872806 increases AD risk by 2.64-fold, 

and this is associated with increased methylation at 

cg13920460 site and under-expression of tight junction 

protein-2 with increased trans-epidermal water loss.30 

In AD lesions, caspase-1-upregulated gasdermin D 

(GSDMD) suppresses human keratinocyte differentiation. 

Mechanistically, GSDMD reduces FLG expression by 

decreasing histone acetylation at the FLG promoter via 

histone deacetylase 1 (HDAC1). Furthermore, GSDMD 

prevents the degradation of HDAC1 by disrupting its 

interaction with Potassium Channel Tetramerization 

Domain Containing-6.31 Filaggrin levels tended to 

decrease with increased HDAC-3 and HDAC-6 on IL-4/13 

and particulate matter-10 cotreatment than when each was 

given individually in the AD-like in-vivo model. However, 

treatment with trichostatin A ameliorates these effects on 

FLG expression, indicating its potential as a novel 

therapeutic approach for AD.32 Histone deacetylase 

inhibitors alleviate pruritus in AD.27 

Vitiligo  

 

Vitiligo, an acquired chronic disorder of depigmentation, 

stems from the loss or impaired function of melanocytes. 

The underlying pathogenesis involves a complex interplay 

of four key elements: genetic predisposition, 

environmental influences, epigenetic regulation, and a 

dysregulated autoimmune response.33,34  

Overexpression of miR-21-5p reduces melanin content in 

melanocytes, suppresses tyrosinase activity, and 

downregulates expression of the melanogenesis-related 

gene and its protein in melanocytes by directly targeting 

the special AT-rich sequence-binding protein-1.35 

Upregulation of miR-125b-5p downregulates expression 

of the microphthalmia-associated transcription factor, 

thereby affecting vitiligo melanocyte biological behavior 

and melanogenesis.36 Overexpressed levels of miR-1469 

increased the proliferation and viability of natural killer 

cells and their secretion capacity of IFN-γ.37 Moreover, 

miR-200c, which enhances the expression of 

melanogenesis-related genes by suppressing SRY-Box 

Transcription Factor 1 to activate β-catenin, was 

downregulated.38 

Oxidative stress is a key driver of vitiligo pathogenesis 

through inducing hypermethylation of the ubiquitin-

specific peptidase gene 18 promoter, which increases the 

expression of the interferon-stimulated gene 15 in 

keratinocytes and melanocytes, leading CD8+ T cells to 

produce IFN-γ, the main pathogenic cytokine in vitiligo.39 

Also, Oxidative stress induces hypermethylated-triggered 

downregulation of annexin A2 receptor, a crucial gene in 

cell apoptosis, leading to melanocyte apoptosis, and, 

through inhibiting the secretion of stem-cell factor from 

cutaneous cells, causes impaired survival of 

melanocytes.40 Overexpression of miR-493-3p increases 

dopamine secretion, leading to overproduction of reactive 

oxygen species, which dysregulates melanocyte function, 

induces melanocyte apoptosis, and decreases melanocyte 

proliferation and melanin synthesis by targeting the 

heterogeneous nuclear ribonucleoprotein-U, which binds 

to and regulates catechol-O-methyltransferase.41 

Additionally, hypomethylated perforin promoter induces 

its overexpression, leading to activation of CD8+ T cells, 

which destroy melanocytes.42 

Cutaneous lupus erythematosus  

 

Systemic lupus erythematosus (SLE) is a complex and 

heterogeneous autoimmune disease arising from the 

interplay between genetic predisposition and 

environmental factors, which collectively contribute to its 

pathogenesis. Environmental exposures throughout the 

lifespan are increasingly recognized as potential 

contributors to the pathogenesis of SLE, partly through 

their effects on epigenetic regulation and cellular function. 

Hypomethylation of the miR-17-92 cluster, through 

activating T cells, is an epigenetic locus for lupus. 

Moreover, direct interrelation between cutaneous lupus 

erythematosus (CLE) activity and the expression levels of 

miR-19b1 and 18a was evident.43 

Sustained type I interferon (IFN) upregulation in 

keratinocytes (KCs) is a feature of both lesional and non-

lesional lupus skin. This IFN-rich microenvironment alters 

cellular death responses in the epidermis and heightens 

inflammatory reactions following ultraviolet light 

exposure.44 

Patients with SLE demonstrate high expression of the 

OAS1, IFI27, and IFI44L genes, driven by an epigenetic 

profile of elevated H3K4me3 trimethylation and reduced 

promoter DNA methylation. At the IFI44L locus in 

particular, this active state is further marked by increased 
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H3K27ac modifications, greater chromatin accessibility, 

and heightened chromatin interactions.45 

Epigenetic regulation of macrophage polarization 

dynamics by lncRNA emerging as a critical contributor to 

SLE pathogenesis.46 The lncRNA nuclear paraspeckle 

assembly transcript 1 (NEAT1) influences gene expression 

through epigenetic, transcriptional, and post-

transcriptional mechanisms. It is upregulated in various 

skin disorders, including SLE, AD, and melanoma, and 

functions as a competitive endogenous RNA by targeting 

microRNAs and regulating multiple immune cells.47 

PRECANCEROUS AND CANCEROUS 

DERMATOLOGICAL DISORDERS 

Lichen planus 

 

MicroRNA-27b was significantly downregulated, 

particularly in atrophic-erosive oral LP (OLP), not in 

reticular OLP.48 MicroRNA-562 and 203, which are the 

target miRNAs of IL-22, were significantly downregulated 

and overexpressed, respectively, in OLP patients compared 

with normal controls.49 Overexpression of miR-21 and 

downregulation of miR-125a in the saliva of OLP patients 

indicate poor prognosis, whereas absence of significant 

alterations in the expression levels of miR-31 and miR-

200a may suggest the absence of malignant 

transformation.50 The prevalence of the C>T allele at 

rs16906252, which is associated with methylation of the 

O16-methylguanine-DNA methyltransferase (MGMT) 

promoter, was 10 times higher in OLP than in controls.51 

The expression levels of Yes-Associated Protein were 

significantly upregulated in oral and cutaneous LP and 

showed significantly higher expression levels in poorly 

and moderately differentiated squamous cell carcinoma 

(SCC) than in well-differentiated SCC.52 ZNF582 

methylation was significantly decreased in OLP lesions 

compared to lesions showing dysplastic features and oral 

SCC (OSCC), so it may be a potential biomarker for 

distinguishing OLP from SCC.53 A significant causal 

relationship between intrinsic epigenetic age acceleration 

and oral diseases, especially oral lichen planus (LP), was 

detected.54  

Lichenoid dermatosis 

 

Methylated p16, death-associated protein kinase 1 

(DAPK1), and MGMT genes were observed in 12.7% of 

potentially malignant oral disorders and oral cancer 

lesions. Methylated p16 and DAPK1 were found in 

13.23%, methylated p16 and MGMT in 12.12%, and 

methylated DAPK1 and MGMT were found in 15.27% of 

oral cancer lesions.55 The methylation patterns reveal 

distinct tiers among the tissues: E-cadherin was 

hypermethylated in OLP, SCC, and radicular cysts relative 

to non-inflamed gingiva. However, when comparing these 

conditions directly, DNA hypermethylation was confirmed 

to be significantly higher in OLP and SCC than in either 

the non-inflamed gingiva or radicular cysts. 

Hypermethylation of p16ink4a was observed only in SCC.56 

Multiple aberrantly expressed microRNAs were identified 

in oral LD (OLD), especially miR-146a, which was 

suggested to have a possible role in OLD 

etiopathogenesis.57 

Cutaneous malignant lesions 

 

DNA methylation at regulatory regions between 

undifferentiated and differentiated keratinocytes defined 

AK/cutaneous SCC (CSCC) subtypes with epidermal stem 

cell- or keratinocyte-like features.58 An increased 

percentage of mothers against decapentaplegic homolog-4 

gene methylation, with decreased expression of its mRNA, 

was detected in patients with basal cell carcinoma, CSCC, 

and basosquamous carcinoma compared with healthy 

tissue.59 The upregulated expression of miR-199a-3p in 

CSCC induced decreased phosphorylated focal adhesion 

kinase activity with subsequent downregulation of 

epithelial-to-mesenchymal transition marker genes.60 The 

alleles of the programmed death (PD) gene have 

contradictory effects on the risk of metastatic melanoma 

(MM). PD-1.7 C allele, particularly the C/C genotype, 

exhibits a higher risk of MM in the codominant and allelic 

models, while the PD-1.5 T allele, via the promotion of 

anti-tumor immunity, reduced the risk of MM in both 

codominant and dominant models through increasing the 

activity of the PD1-positive effector T cell.61 In 

undifferentiated CSCC, the histone variant H2A.J is highly 

expressed in the nucleus. This variant promotes cancerous 

transformation and makes the tumor resistant to radiation 

by turning on the WNT16 signaling pathway. Because of 

these distinct mechanics, tracking H2A.J-associated 

signatures offers a promising way to improve risk 

stratification, allowing clinicians to identify aggressive 

CSCCs that could benefit from higher doses of radiation 

therapy.62 Research highlights distinct epigenetic profiles 

for two skin cancers. In CSCC tissues and cell lines, 

epigenetic upregulation leads to the overexpression of 

IDO1, IFI6, and OAS2, which functionally regulate tumor 

cell proliferation, migration, and invasion.63 Meanwhile, a 

global loss of the H3K27me3 histone marker is highly 

specific to Merkel cell carcinoma, where H3K27me3 

labeling is low but still retained indicated significantly 

longer survival outcomes.64 

EPIGENETIC CHANGES IN ALOPECIA 

Alopecia areata 

 

Nineteen miRNAs were significantly downregulated in 

AA, nine of which were validated for both mild and severe 

forms, with potential applications for both diagnosis and 

therapy.65 Upregulation of miR-199a-3p suppressed hair 

growth by upregulating immune-related genes and 

downregulating hair follicle development-related genes, 

primarily via the protein tyrosine phosphatase receptor 

type F/β-catenin axis.66 MiR-101 and nuclear-enriched 

abundant transcript-1 were downregulated in AA 

patients.67 The binding of miR-365-1 to the promoter 
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region of its target gene DAP3 (Death Associated Protein 

3) reduced the expression of the apoptotic protein in the 

hair follicle stem cells (HFSCs); however, 

hypermethylation of miR-365-1 led to its downregulation 

and increased expression of apoptotic proteins and death 

of HFSCs.68 The direct impact of hsa-miR-193a-5p on the 

inositol-pentakisphosphate 2-kinase gene is involved in 

the development of AA.69 MicroRNA-200c-3p also affects 

the epidermal growth factor receptor, and so has a 

remarkable role in AA development.70 The significant 

upregulation of microRNAs 19b-3p, 182-5p, and 155-5p 

in AA patients suggests they could serve as valuable 

clinical tools. Specifically, these microRNAs show strong 

potential for diagnosing AA, tracking its progression, and 

guiding the development of targeted therapies.71 

Expression levels of miR-29a and lncRNA H19 were 

upregulated in AA patients compared to controls.72 

Researchers developed an injectable hydrogel responsive 

to reactive oxygen species to provide targeted, long-term 

delivery of miR-665. In human skin cells, the delivered 

miR-665 blocks STAT3 phosphorylation, reversing the 

inhibitory effects of IFN-γ on the proliferation and 

migration of keratinocytes and dermal papilla cells. When 

compared to controls, this hydrogel platform drastically 

enhances hair regeneration, repairs follicle structures, and 

mitigates T-cell infiltration.73 

The rs11073001 and rs17875491 Silent information 

regulator-1, a type III histone deacetylase, may play a role 

in the pathogenesis of AA by promoting the production of 

IFN-γ, TNF-α, CXCL9, and CXCL10 in hair follicle outer 

root sheath cells.74 Single Nucleotide Polymorphisms 

located in the exon and promoter regions of the IL-16 gene 

were more frequently distributed in AA patients than 

controls.75 

Androgenic alopecia  

 

Nine target miRNAs and two target lncRNAs were 

differentially expressed in hair follicle cycling, and 

downregulation of GSPT1 expression is possibly 

associated with AGA progression.76 Overexpression of the 

lncRNA AC010789.1 promoted the proliferation and 

differentiation of HFSCs through downregulating miR-21-

5p and tissue growth factor-β1 expression but upregulating 

the Wnt/β-catenin signaling pathway.77 Downregulation of 

lncRNA RP11-818O24.3 in HFSCs affects its proliferation 

and differentiation through downregulation of 

phosphatidylinositol 3-kinase-Akt (PI3K/AKT) pathway 

and the fibroblast growth factor-2 in HFSCs.78 Retinoic 

acid promotes hair growth by stimulating stem cells via 

Wnt/β-catenin signaling and accelerating the transition 

from a dormant to an activated state.79 Exosome therapy 

shows great potential as a minimally invasive treatment for 

hair loss by shifting hair follicles out of the resting 

(telogen) phase and into the active growth (anagen) phase. 

Preclinical studies show this is achieved because 

exosomes boost dermal papilla cell proliferation and 

activate critical molecular pathways, namely Wnt/β-

catenin, VEGF, and PI3K/AKT.80 Hair follicle vitality is 

closely tied to systemic signaling: the gut microbiota 

shapes host immunity, metabolism, and the cutaneous 

microbiome, which collectively boost the activity of 

follicular stem cells. Working alongside this system, 

exosome-transported miRNAs target specific suppressor 

molecules to reverse follicular miniaturization and manage 

the hair growth cycle. Harnessing these dual pathways by 

targeting the "microbiota-miRNA axis" offers an 

innovative approach to treating AGA.81 

EPIGENETIC CHANGES IN ACNE 

Significantly higher serum levels of histone deacetylase 1, 

a zinc-dependent enzyme that removes acetyl groups from 

histones and provides epigenetic regulation of gene 

expression, were found in blood samples from AA and 

acne vulgaris (AV) patients compared with control 

samples, with higher levels in AA patients’ samples.82 Trait 

loci analysis identified 7 unique CpGs and 22 unique SNP-

CpG pairs that reached the expression threshold in patients 

with acne, especially severe acne.83 Gene-set enrichment 

analysis revealed negative enrichment of keratinization in 

acne-prone non-lesional (NL) skin. Mammalian target of 

rapamycin inhibitors was able to restore NL acne skin to a 

healthier state.84 Genome-wide DNA methylation and gene 

expression analysis identified DNA methylation at 23 

differentially methylated sites in severe acne and detected 

higher expression of the differentially methylated poly 

(ADP-Ribose) polymerase family member 8 and mitogen-

activated protein kinase-activated protein kinase 2 genes 

in severe acne than in healthy controls.85 A genome-wide 

association study detected four novel loci among the 23 

mapped risk loci, with the strongest associations on 

chromosomes 11, 17, and 22. Gene prioritization ascribed 

these loci to fatty acid synthase, desaturase-2, zinc, and 

ring finger-3 genes.85 Epigenetic profiling highlights two 

distinct mechanisms in skin pathology and homeostasis. 

First, hypermethylation at the cg18095732 CpG site 

induces the upregulation of ZDHHC20 (a 

palmitoyltransferase gene), which is strongly associated 

with a reduced risk of developing acne.86 Second, spatial 

mapping shows that the loss of UTX (KDM6A), an X-

linked histone demethylase and master enhancer regulator, 

dysregulates differentiation within the hair follicles, 

sebaceous glands, and epidermis. Because this loss 

triggers genome-wide depletion of H3K27ac but leaves 

H3K27me3 largely unaltered, it reveals that UTX acts in a 

mostly non-catalytic manner to preserve skin 

homeostasis.87 

EPIGENETIC CHANGES IN MISCELLANEOUS 

DERMATOLOGICAL DISORDERS 

Intracellular signaling plays a critical role in sheet 

integrity; specifically, the histone deacetylase 1/lysine 

demethylase 1A axis signals downstream to activate the 

extracellular signal-regulated kinase pathway. This 

activation ultimately drives the loss of cellular cohesion 

and promotes the apoptosis characteristic of pemphigus 

vulgaris.88 In patients with hidradenitis suppurativa, there 
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is a significant overexpression of three specific long non-

coding RNAs: lncRNA-TINCR, lncRNA-RBM5-AS1, 

and lncRNA-MRPL23-AS1.89 Mutations in the FLG gene 

(FLG R501X and 2282del4) were detected in AD and 

Ichthyosis Vulgaris (IV) patients with a heterozygous (AT) 

genotype, respectively, and combined mutations were 

detected in the AD and IV groups with a heterozygous 

(AT) genotype.90 Whole-exome sequencing identified two 

novel FLG gene variants, c.3320del and c.4909del, so nine 

variants of the FLG gene were associated with the 

symmetrical acral keratoderma.91 Deposition of 

extracellular matrix in the keloid lesions was modulated by 

upregulated expression levels of the lymphocyte-specific 

protein-1 pseudogene 5, through repressing the expression 

levels of CCAAT enhancer binding protein-α, which is an 

antifibrotic gene.92 Chronic arsenic exposure accelerated 

the skin and blood epigenetic, biological, and mitotic ages 

in arsenic-exposed adults with skin lesions compared to 

individuals who were arsenic-exposed but lesion-free and 

healthy arsenic-naïve individuals.93  

CONCLUSION 

Epigenetics examines how genes and environmental cues 

interact, with particular attention to conditions where 

treatment can be frustratingly imprecise. This field offers 

more promising, targeted therapeutic strategies. However, 

this review illustrated the multiplicity of epigenetic 

modifications underlying a specific dermatological 

disease. This redundancy limits the development of novel 

therapeutics. To overcome this, we must move beyond 

merely managing symptoms and instead deepen our 

research into personalized treatments capable of 

modifying the specific epigenetic switches that dictate 

disease progression. Achieving this objective requires 

active, interdisciplinary collaboration among molecular 

biologists, dermatologists, and pharmaceutical 

researchers. Furthermore, recognizing how heavily the 

environment influences our epigenetic machinery 

underscores the vital role of lifestyle medicine. This 

includes patient education focused on maintaining a 

balanced diet, implementing proper skincare routines to 

prevent secondary bacterial infections, and consciously 

avoiding exposure to substances that trigger these adverse 

epigenetic cascades. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: Not required 

REFERENCES  

1. Chen C, Zeng J, Lu J. Critical role of epigenetic 

modification in the pathogenesis of atopic dermatitis. 

Indian J Dermatol Venereol Leprol. 2023;89(5):700-

9. 

2. Kim J, Detmar M: Stromal cells and epigenetics: 

emerging key players of chronic inflammatory skin 

diseases. BMB Rep. 2024;57(11):465-71. 

3. Wang H, Dang T, Feng J, Wu W, He L, Yang J. 

Identification of differentially methylated genes for 

severe acne by genome-wide DNA methylation and 

gene expression analysis. 

Epigenetics. 2023;18(1):2199373. 

4. Olejnik-Wojciechowska J, Dominika B, Aleksandra 

WB, Klaudia R, Piotr O, Magdalena B, et al. The 

Role of Epigenetic Factors in the Pathogenesis of 

Psoriasis. Int J Mol Sci. 2024;25(7):3831. 

5. Liu R, Zhang L, Zhang K. Histone modification in 

psoriasis: Molecular mechanisms and potential 

therapeutic targets. Exp 

Dermatol. 2024;33(8):e15151. 

6. Ma S, Zhang Y. Profiling chromatin regulatory 

landscape: insights into the development of ChIP-seq 

and ATAC-seq. Mol Biomed. 2020;1:9. 

7. Zhou L, Jin Y, Li Z, Dong H, Jin Y. Targeting lncRNA 

DSCAM-AS1 for disease diagnosis and therapy. 

Noncoding RNA Res. 2026:19:18-27. 

8. Franzago M, Cavallo P, Borrelli P, D'Adamo E, Di 

Tizio L, Gazzolo D, et al. Placental microRNAs as 

molecular links between maternal metabolic health 

and neonatal outcomes. Nutr Metab Cardiovasc 

Dis. 2026;36(7):104619. 

9. Juárez-Vicuña Y, Ruiz-Ojeda D, González-Ramírez 

J, Flores-Balderas X, Springall R, Sánchez-Muñoz 

F, et al. LncRNA MALAT1 in Keratinocyte function: 

A review of recent advances. Noncoding RNA 

Res. 2024;9(2):594-601. 

10. Sahoo K, Sundararajan V. Methods in DNA 

methylation array dataset analysis: A review. Comput 

Struct Biotechnol J. 2024;23:2304-25.  

11. Makridou A, Elemes DI, Liakou ME, Theotokis 

P, Gargani S, Vakirlis E, et al. Epigenetic Therapies 

for Inflammatory and Immune-Mediated Skin 

Diseases. Biomedicines. 2026;14(2):373. 

12. Kim J, He Y, Tormen S, Kleindienst P, Luca 

L, Restivo G, et al. The p300/CBP inhibitor A485 

normalizes psoriatic fibroblast gene expression in 

vitro and reduces psoriasis-like skin inflammation in 

vivo. J Invest Dermatol. 2022;143:431-43. 

13. Zhang H, Li D, Zhu L, Yan H, Yang L, Yang X, et al. 

Multi-omics and their integration in psoriasis research 

(Review). Mol Med Rep. 2026;33(5):142.  

14. Zhang H, Jia T, Che D, Peng B, Chu Z, Song X, et al. 

Decreased TET2/5-hmC reduces the integrity of the 

epidermal barrier via epigenetic dysregulation of 

filaggrin in psoriatic lesions. J Dermatol 

Sci. 2024;113(3):103-12.  

15. Chen Y, Xiang Y, Miao X, Kuai L, Ding X, Ma T, et al. 

METTL14 promotes IL-6-induced viability, 

glycolysis and inflammation in HaCaT cells via the 

m6A modification of TRIM27. J Cell Mol 

Med. 2024;28(3):e18085.  

16. Meng Q, Liu Y, Yao L, Ma Z, Guo L, Hu T, et al. 

Serine deficiency exacerbates psoriatic skin 

inflammation by regulating S-adenosyl methionine-

dependent DNA methylation and NF-κB signalling 

activation in keratinocytes. J Eur Acad Dermatol 

Venereol. 2024;38(1):145-56. 



Alhetheli G. Int J Res Med Sci. 2026 Sep;14(9):4114-4123 

                               International Journal of Research in Medical Sciences | September 2026 | Vol 14 | Issue 9    Page 4120 

17. Leng R, Zhang J, Du C, Ye J, Zhao Y, Hu W, et al. 

Unraveling the Link between Air Pollution and 

Psoriasis Subtypes: Genetic Architecture of 

Epigenetic Insights and Mediating Cytokines. 

Environ Sci Technol. 2025;59(30):15637-48. 

18. Reolid A, Muñoz-Aceituno E, Abad-Santos 

F, Ovejero-Benito M, Daudén E. Epigenetics in Non-

tumor Immune-Mediated Skin Diseases. Mol Diagn 

Ther. 2021;25(2):137-61. 

19. Singh H, Jha H, Taliyan R. Regulatory roles of 

microRNAs in epigenetic and immune gene networks 

in psoriasis. Gene. 2026:990:150081. 

20. Higashi Y, Yamakuchi M, Ibusuki A, Okubo 

A, Fukushige T, Hashiguchi T, et al. Neutrophil-

Derived MicroRNA-1290 Promotes Keratinocyte 

Proliferation in Psoriasis. J Invest 

Dermatol. 2024;144(7):1471-8.e6.  

21. Danis J, Széll M. Long Non-Coding RNAs in 

Psoriasis: A Comprehensive Review of Expression 

Profiles, Mechanistic Insights, Genetic Associations, 

and Their Clinical Implications. Noncoding 

RNA. 2025;11(5):69. 

22. Alhetheli G, Al-Dhubaibi M, Bahaj S, AbdElneam A. 

Vitamin D Receptor Gene Polymorphism ApaI as a 

Predisposing Factor for Psoriasis and Its Relation with 

Serum Vitamin D Levels and Psoriasis Severity. 

Cureus. 2022;14(12):e32715. 

23. Papa V, Pomi FL, Minciullo PL, Borgia F, Gangemi 

S. Skin Disorders and Osteoporosis: Unraveling the 

Interplay Between Vitamin D, Microbiota, and 

Epigenetics Within the Skin-Bone Axis. Int J Mol Sci. 

2024;26(1):179. 

24. Liu P, Cui L, Peng G, Han X. Molecular insights into 

the role of vitamin D in atopic dermatitis: 

pathogenesis, diagnosis, and emerging therapies. 

Front Immunol. 2026:17:1739412.  

25. Wang J, Huang Y, Wu X, Li D. MicroRNA-939 

amplifies Staphylococcus aureus- induced matrix 

metalloproteinase expression in atopic dermatitis. 

Front Immunol. 2024;15:1354154.  

26. Khosrojerdi M, Azad F, Yadegari Y, Ahanchian 

H, Azimian A. The role of microRNAs in atopic 

dermatitis. Noncoding RNA Res. 2024;9(4):1033-9. 

27. Fujishiro A, Vecchio SL, Giordano R, Yosipovitch 

G, Arendt-Nielsen L. Epigenetic Modification in 

Preclinical and Clinical Dermatological Itch 

Conditions. Eur J Pain. 2026;30(2):e70214. 

28. Jeremian R, Malinowski A, Oh E, Gooderham 

M, Sibbald C, Yeung J, et al. Epigenetic and 

biological age acceleration in children with atopic 

dermatitis. J Allergy Clin Immunol 

Glob. 2024;3(3):100275. 

29. Gorzkiewicz M, Łoś-Rycharska E, Gawryjołek 

J, Gołębiewski M, Krogulska A, Grzybowski T. The 

methylation profile 

of IL4, IL5, IL10, IFNG and FOXP3 associated with 

environmental exposures differed between Polish 

infants with the food allergy and/or atopic dermatitis 

and without the disease. Front 

Immunol. 2023;14:1209190. 

30. Eliza Lim YY, Sio Y, Say Y, Reginald K, Chew F. 

Deep intronic 9q21.11 polymorphism contributes to 

atopic dermatitis risk through methylation regulated 

expression of tight junction protein 2. J Investig 

Allergol Clin Immunol. 2023;NA.  

31. Zhong Y, Huang T, Li X, Luo P, Zhang B. GSDMD 

suppresses keratinocyte differentiation by inhibiting 

FLG expression and attenuating KCTD6-mediated 

HDAC1 degradation in atopic dermatitis. 

PeerJ. 2024;12:e16768.  

32. Roh YJ, Park KY, Koo NY, Choi YH, Song HW, Sung 

SW, et al. Effect of Particulate Matter in Atopic 

Dermatitis through HDACs and Filaggrin Alteration. 

J Microbiol Biotechnol. 2025;35:e2502047. 

33. He H, Wang T. Vitiligo and Epigenetics: From 

Pathogenesis to Clinical Applications. Exp 

Dermatol. 2025;34(11):e70178. 

34. Wang Y, Zheng X. Epigenetic downregulation of 

MAPKAPK2 exacerbates oxidative stress-induced 

damage in vitiligo melanocyte cell line model. Front 

Med (Lausanne). 2026;13:1698091. 

35. Zhang C, Guo W, Wang S, Di Y, Wu D. Peripheral 

Blood of Vitiligo Patients-Derived Exosomal MiR-

21-5p Inhibits Melanocytes Melanogenesis via 

Targeting SATB1. Iran J Public 

Health. 2022;51(12):2706-16. 

36. Wang X, Wu Y, Du P, Xu L, Chen Y, Li J, et al. Study 

on the Mechanism of miR-125b-5p Affecting 

Melanocyte Biological Behavior and Melanogenesis 

in Vitiligo through Regulation of MITF. Dis 

Markers. 2022;2022:6832680. 

37. Wei Y, Zhou T, Pan R, Nie X, Liu Z, Shi Z, et al. 

Exosomes containing miR-1469 regulate natural killer 

cells by targeting CD122 in non-segmental vitiligo. J 

Dermatol Sci. 2024;113(2):42-50. 

38. Zhao C, Wang D, Wang X, Mao Y, Xu Z, Sun Y, et al. 

Down-regulation of exosomal miR-200c derived from 

keratinocytes in vitiligo lesions suppresses 

melanogenesis. J Cell Mol 

Med.    2020;24(20):12164-75. 

39. Lee EJ, Kim J, Yeo J, Park S, Bae Y, Kwon I, et al. 

ISG15-USP18 Dysregulation by Oxidative Stress 

Promotes IFN-γ Secretion from CD8+ T Cells in 

Vitiligo. J Invest Dermatol. 2024;144(2):273-83.e11.  

40. Chen J, Wang Y, Dai W, Xu X, Ni Q, Yi X, et al. 

Oxidative stress-induced hypermethylation and low 

expression of ANXA2R: Novel insights into the 

dysfunction of melanocytes in vitiligo. J Dermatol 

Sci. 2024;114(3):115-23. 

41. Li Q, Yang M, Chen K, Zhou S, Zhou S, Wu H. Tight 

correlation of 5-hydroxymethylcytosine expression 

with the scarring damage of discoid lupus 

erythematosus. Lupus. 2022;31(11):1306-16.  

42. Deng Q, Zou P, Du P, Shi Y, Pi Z, Xiao Y, et al. 

Overexpressed perforin contributes to the melanocyte 

destruction via epigenetic regulation in patients with 

vitiligo. Int Immunopharmacol. 2023;114:109574.  

43. Coit P, Roopnarinesingh X, Ortiz-Fernández 

L, McKinnon-Maksimowicz K, Lewis E, McCune 

M, et al. Hypomethylation of miR-17-92 cluster in 



Alhetheli G. Int J Res Med Sci. 2026 Sep;14(9):4114-4123 

                               International Journal of Research in Medical Sciences | September 2026 | Vol 14 | Issue 9    Page 4121 

lupus T cells and no significant role for genetic factors 

in the lupus-associated DNA methylation signature. 

Ann Rheum Dis. 2022;81(10):1428-37. 

44. Klein B, Nguyen NTK, Moallemian R, Kahlenberg 

M. Keratinocytes-Amplifiers of Immune Responses 

in Systemic Lupus Erythematosus Curr Rheumatol 

Rep. 2024;27(1):1. 

45. Feng D, Zhao H, Wang Q, Wu J, Ouyang L, Jia S, et 

al. Aberrant H3K4me3 modification of immune 

response genes in CD4+ T cells of patients with 

systemic lupus erythematosus. Int 

Immunopharmacol. 2024;130:111748. 

46. Zhao C, Zhang Y, -

Guo J, Wang J, Wang C, Song Z, et al. Long non-

coding RNA H19 contributes to M1 macrophage 

polarization mediated inflammation via miR-145-5p-

PAI-1 axis in systemic lupus erythematosus 

Autoimmunity. 2026;59(1):2649582. 

47. Cao N, Wang L, Wang Y, Jiang X. LncRNA NEAT1 

in skin disorders: Pathophysiological insights and 

emerging therapeutic strategies Chin Med J 

(Engl). 2026;139(2):200-10. 

48. Zhang W, Liu W, Zhou Y, Shen X, Wang Y, Tang G. 

Altered microRNA expression profile with miR-27b 

down-regulation correlated with disease activity of 

oral lichen planus. Oral Dis. 2012;18(3):265-70. 

49. Shen Z, Du G, Zhou Z, Liu W, Shi L, Xu H. Aberrant 

expression of interleukin-22 and its targeting 

microRNAs in oral lichen planus: a preliminary study. 

J Oral Pathol Med. 2016;45(7):523-7. 

50. Mehdipour M, Shahidi M, Manifar S, Jafari S, Abbas 

F, Barati M, et al. Diagnostic and prognostic 

relevance of salivary microRNA-21, -125a, -31 and -

200a levels in patients with oral lichen planus-a short 

report. Cell Oncol (Dordr). 2018;41(3):329-34. 

51. Sánchez-Siles M, Aliaga-

Sánchez A, Medina S, Adoamnei E, Fernández-

Ruiz JA, Pelegrín-Hernández JP, et al. Genotyping of 

the C>T allele of rs16906252, predictor of O16-

methylguanine-DNA methyltransferase (MGMT) 

promoter methylation status, in erosive atrophic 

lesions of oral lichen planus. Int J 

Dermatol. 2019;58(9):1078-82. 

52. Neinaa YME, Mohamed D, Ali S, Gaballah H, El-

Tatawy R. YAP1 Expression in Lichen Planus and 

Squamous Cell Carcinoma: Role in Disease 

Pathogenesis and Potential Therapeutic Target. Am J 

Dermatopathol. 2022;44(5):348-54. 

53. Chiu Y, Su Y, Yang C, Liu C, Chen Y, Cheng H, et al. 

Is OLP potentially malignant? A clue from ZNF582 

methylation. Oral Dis. 2023;29(3):1282-90. 

54. Peng L, Nie S, Sun Y, Wang S, Wang Y, Liu Z. 

Unraveling the causal association of epigenetic age 

acceleration with common oral diseases and its 

underlying mechanisms: findings from Mendelian 

randomization and integrative genetic analysis. Clin 

Epigenetics. 2025;17(1):189. 

55. Setién-Olarra A, Marichalar-Mendia X, Fernández-

Pacheco J, Fernández-Barriales-López M, Gainza-

Cirauqui M, Aguirre-Urizar J. Validation of 

microRNA expression profile in Oral Lichenoid 

Disease through cytological samples. Med Oral Patol 

Oral Cir Bucal. 2019;24(5):e610-e4. 

56. Chujo T, Yoshida K, Takai R, Uehara O, Matsuoka H

, Morikawa T, et al. Analysis of DNA methylation of 

E-cadherin and p16ink4a in oral lichen planus/oral 

lichenoid lesions. Clin Exp Dent 

Res.    2021;7(2):205-10. 

57. Solé-Boldo L, Raddatz G, Gutekunst J, Gilliam 

O, Bormann F, Liberio M, et al. Differentiation-

related epigenomic changes define clinically distinct 

keratinocyte cancer subclasses. Mol Syst 

Biol. 2022;18(9):e11073. 

58. Masalha M, Meningher T, Mizrahi A, Barzilai 

A, Tabibian-Keissar H, Gur-Wahnon D, et al. MiR-

199a-3p Induces Mesenchymal to Epithelial 

Transition of Keratinocytes by Targeting RAP2B. Int 

J Mol Sci. 2022;23(23):15401. 

59. Ürün YG, Budak M, Keskin E: Methylation status, 

mRNA and protein expression of the SMAD4 gene in 

patients with non-melanocytic skin cancers. Mol Biol 

Rep. 2023;50(9):7295-304. 

60. Boutros A, Carosio R, Campanella D, Banelli 

B, Morabito A, Pistillo M, et al. Association between 

PD-1 single nucleotide gene variants and the risk of 

metastatic melanoma. Arch Dermatol 

Res. 2024;316(7):414. 

61. Folpe A, Tetzlaff M, Billings S, Torres-Mora 

J, Borowsky A, Santiago T, et al. Superficial 

Neurocristic EWSR1:FLI1 Fusion Tumor: A 

Distinctive, Clinically Indolent, S100 

Protein/SOX10-Positive Neoplasm. Mod 

Pathol. 2024;37(8):100537. 

62. Freyter BM, Mutaz A Abd Al-Razaq 1, Markus 

Hecht 1, Christian Rübe 1, Claudia E Rübe 1. Studies 

on Human Cultured Fibroblasts and Cutaneous 

Squamous Cell Carcinomas Suggest That 

Overexpression of Histone Variant H2A.J Promotes 

Radioresistance and Oncogenic Transformation. 

Genes (Basel). 2024;15(7):851. 

63. Sun Y, Zou D, Li X, Wang X, Feng J, Liu J, et al. 

Multi-omics analysis reveals the crosstalk of 

epigenetic regulatory networks in cutaneous 

squamous cell carcinoma progression. J Transl 

Med. 2025;23(1):1281. 

64. Hrycaj S, Chan MP, Venneti S, Harms KL, Harms PW. 

Diagnostic Utility and Clinicopathologic Associations 

of Histone H3 Lysine 27 Trimethylation (H3K27me3) 

Immunohistochemistry for Merkel Cell Carcinoma. 

Mod Pathol. 2026;39(1):100945.  

65. Gay-Mimbrera J, Aguilar-Luque M, Gómez-

Arias PJ, Rivera-Ruiz I, Gómez-García F, Juan-

Cencerrado M, et al. Circulating MicroRNA 

Signatures in Severe Alopecia Areata: Diagnostic 

Discrimination, Pathway Analysis, and Therapeutic 

Implications. Dermatol Ther (Heidelb); 2026.  

66. Alhetheli G, Al-Dhubaibi M, Bahaj S, AbdElneam A. 

Vitamin D Receptor Gene Polymorphism ApaI as a 

Predisposing Factor for Psoriasis and Its Relation with 



Alhetheli G. Int J Res Med Sci. 2026 Sep;14(9):4114-4123 

                               International Journal of Research in Medical Sciences | September 2026 | Vol 14 | Issue 9    Page 4122 

Serum Vitamin D Levels and Psoriasis Severity. 

Cureus. 2022;14(12):e32715.  

67. Wang J, Ma Y, Li T, Li J, Yang X, Hua G, et al. MiR-

199a-3p Regulates the PTPRF/β-Catenin Axis in Hair 

Follicle Development: Insights into the Pathogenic 

Mechanism of Alopecia Areata. Int J Mol 

Sci. 2023;24(24):17632. 

68. Erfan R, Shaker O, Khalil M, Hassan A, Abu-El-

Azayem A, Samy A, et al. LncRNA NEAT1 and 

miRNA 101 as potential diagnostic biomarkers in 

patients with alopecia areata. Noncoding RNA 

Res. 2024;10:35-40. 

69. Liu X, Xi R, Du X, Wang Y, Cheng L, Yan G, et al. 

DNA methylation of microRNA-365-1 induces 

apoptosis of hair follicle stem cells by 

targeting DAP3. Noncoding RNA 

Res. 2024;9(3):901-12. 

70. AbdElneam AI, Al-Dhubaibi M, Bahaj 

S, Mohammed G, Atef L. The role of hsa-miR-193a-

5p as an important factor for control of inositol in 

alopecia areata. Skin Res 

Technol. 2024;30(7):e13800.  

71. AbdElneam AI, Al-Dhubaibi MS, Bahaj SS, 

Mohammed GF, Atef LM. Assessment of miR-19b-

3p, miR-182-5p, and miR-155-5p expression and its 

relation. Arch Dermatol Res. 2025;317(1):619. 

72. Abd Elghany AA, Eyada MMK, Maher SA, Abd El-

Fadeal NM, Atef LM. Molecular crosstalk between 

lncRNA H19, miR-29a, and JAK2/STAT3 signaling in 

alopecia areata: a preliminary study. 

Cytokine. 2026;199:157121. 

73. Luo W, Tantai W, Gui Q, Zhu X, Hu Z, Jie X, et al. 

ROS-responsive hydrogel-delivered miR-665 targets 

STAT3 to alleviate inflammation and promote hair 

follicle regeneration in alopecia areata. J 

Nanobiotechnol. 2026;24(1):285.  

74. Al Eitan LN, Alghamdi M, Al Momani R, Aljamal 

H, Elsy B, Mohammed H, et al. Genetic Association 

between Interleukin Genes and Alopecia Areata in 

Jordanian Patients. Oman Med J. 2022;37(5):e421. 

75. AbdElneam A, Al-Dhubaibi M, Bahaj S, Alhetheli G. 

MiR-200c-3p as a novel genetic marker and 

therapeutic tool for alopecia areata. Skin Res 

Technol. 2024;30(3):e13639. 

76. Ding Y, Chen Y, Yang X, Xu P, Jing J, Miao Y, et al. 

An integrative analysis of the lncRNA-miRNA-

mRNA competitive endogenous RNA network reveals 

potential mechanisms in the murine hair follicle cycle. 

Front Genet. 2022:13:931797. 

77. Xiong J, Wu B, Hou Q, Huang X, Jia L, Li Y, et al. 

Comprehensive Analysis of LncRNA AC010789.1 

Delays Androgenic Alopecia Progression by 

Targeting MicroRNA-21 and the Wnt/ β-Catenin 

Signaling Pathway in Hair Follicle Stem Cells. Front 

Genet. 2022;13:782750. 

78. Bao L, Sun Z, Dang L, Zhang Q, Zheng L, Yang F, et 

al. LncRNA RP11-818O24.3 promotes hair-follicle 

recovery via FGF2-PI3K/Akt signal pathway. 

Cytotechnology. 2024;76(4):425-39.  

79. Wen L, Fan Z, Huang W, Miao Y, Zhang J, Liu B, et 

al. Retinoic acid drives hair follicle stem cell 

activation via Wnt/beta-catenin signalling in 

androgenetic alopecia. J Eur Acad Dermatol Venereol. 

2024;39(1):189-201 

80. Lee KWA, Sydorchuk O, Song JK, Lee SR, Yu E, Ki

m SH, et al. Exosomes in trichology: A literature 

review. JPRAS Open. 2025 Nov 19:48:567-84.  

81. Yuhan W, Zhiru C, Yu D, Ruiqing Z, Guangtao P, Jie 

X. Research Progress on the Synergistic Role of Gut 

Microbiota and Exosomal miRNAs in the Treatment 

of Androgenetic Alopecia. Curr Top Med 

Chem; 2026. 

82. Abdelkader HA, Amin I, Rashed L, Samir M, Ezzat 

M. Histone deacetylase 1 in patients with alopecia 

areata and acne vulgaris: An epigenetic alteration. 

Australas J Dermatol. 2022;63(2):e138-41. 

83. Hao L, Nam K, Lee G, Kim D, Shin J, Lee Y, et al. 

SIRT1 downregulation provokes immune-

inflammatory responses in hair follicle outer root 

sheath cells and may contribute to development of 

alopecia areata. J Dermatol Sci. 2023;111(1):2-9. 

84. Sennett ML, Agak G, Thiboutot D, Nelson A: 

Transcriptomic Analyses Predict Enhanced Metabolic 

Activity and Therapeutic Potential of mTOR 

Inhibitors in Acne-Prone Skin. JID 

Innov. 2024;4(6):100306. 

85. Teder-Laving M, Kals M, Reigo A, Ehin R, Objärtel 

T, Vaht M, et al. Genome-wide meta-analysis 

identifies novel loci conferring risk of acne vulgaris. 

Eur J Hum Genet. 2024;32(9):1136-43. 

86. Gong K, Ji X, Wu S, Zhao DD, Zhu M. DNA 

Methylation at cg18095732 Modulates ZDHHC20 

Expression and Decreases Acne Vulgaris Risk. Clin 

Cosmet Investig Dermatol. 2025;18:2579-90. 

87. Pacella GN, Kuprasertkul N, Bao L, Huang S, D'souza 

C, Prouty SM, et al. UTX (KDM6A) promotes 

differentiation noncatalytically in somatic self-

renewing epithelia. Proc Natl Acad Sci U S 

A. 2025;122(20):e2422971122. 

88. Jiang J, Zhu H, Yang M, Yang B, Wu H, Lu Q. 

Topical administration of a BCL-2 inhibitor alleviates 

cutaneous lupus erythematosus. Int 

Immunopharmacol. 2024;142(Pt B):113132. 

89. De Felice B, De Luca P, Montanino C, Mallardo 

M, Babino G, Mattera E, et al. LncRNA microarray 

profiling identifies novel circulating lncRNAs in 

hidradenitis suppurativa. Mol Med 

Rep. 2024;30(1):112. 

90. Chawla H, Kosta S, Namdeo C, Kataria R, Bhatia 

K, Sahu R, et al. Genotype Study of Filaggrin Gene 

Loss-of-Function Mutations in Central India 

Population with Atopic Dermatitis and Ichthyosis 

Vulgaris. Indian Dermatol Online 

J.     2023;14(5):611-5. 

91. Luo W, Lu Q, Jiang Y, Dong W, Lin Z, Wang H, et al. 

Symmetrical acral keratoderma associated with new 

variants in the filaggrin gene. Eur J 

Dermatol. 2024;34(4):425-9. 



Alhetheli G. Int J Res Med Sci. 2026 Sep;14(9):4114-4123 

                               International Journal of Research in Medical Sciences | September 2026 | Vol 14 | Issue 9    Page 4123 

92. Gu S, Huang X, Luo S, Liu Y, Khoong Y, Liang H, et 

al. Targeting the nuclear long noncoding transcript 

LSP1P5 abrogates extracellular matrix deposition by 

trans-upregulating CEBPA in keloids. Mol 

Ther. 2024;32(6):1984-99. 

93. Jeremian R, Lytvyn Y, Fotovati R, Li K, Sachdeva 

M, Tarafda N, et al. Signatures of epigenetic, 

biological and mitotic age acceleration and telomere 

shortening are associated with arsenic-induced skin 

lesions. Arch Dermatol Res. 2024;316(5):195. 

 

 

 

 

 

 

 

 

 

Cite this article as: Alhetheli G. The role of 

epigenetics in the pathogenesis of cutaneous 

diseases: a comprehensive review. Int J Res Med 

Sci 2026;14:4114-23. 


