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Abstract

Chronic skin diseases like psoriasis, atopic dermatitis, and vitiligo, characterized by long-term courses, frequent relapses, and complex
management, severely affect patients’ lives. This review summarizes their epidemiology, pathogenesis, and therapeutic strategies, focus-
ing on elucidating the core synergistic roles of cytokines including interleukin (IL)-17, tumor necrosis factor-o (TNF-«), and interferon-
gamma (IFN-v). Comparative analysis reveals overlapping genetic, immune, and environmental factors. Current therapeutic approaches
have limitations, whereas targeted biologics, especially novel biologics developed using gene editing and cell therapy technologies to
achieve precise immune modulation, demonstrate tremendous potential. Cross-disease immune investigations hold substantial value:
(1) The identification of common targets to uncover shared immunoregulatory features, cross-regulatory patterns of key signaling path-
ways, and common disease targets amenable to drug repurposing. (2) The advancement of precision medicine through mechanism-based
treatment approaches, such as broad-spectrum inhibitors and optimized combination therapies. (3) To guide drug development of in-
dividualized treatments using novel therapeutics by providing crucial insights into skin immunology. This research facilitates the shift
from “disease-classification-based management” to “immune phenotype-directed therapeutics,” supporting the development of novel
biologics and individualized strategies.
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1. Background frequently accompanied by pruritus, pain, or burning sen-
sations.

The relapsing nature of CSDs necessitates stepwise
therapeutic regimens involving acute-phase control, main-
tenance therapy, and preventive management. Interven-
tions span pharmacotherapy (e.g., biologics, immunosup-
pressants), physical modalities (e.g., phototherapy), and
surgical approaches. Patient education on skin care and
lifestyle modifications is critical for disease control.

Major CSDs include Psoriasis, Atopic Dermatitis, Se-
borrheic Dermatitis, Vitiligo, Contact Dermatitis, Acne,
etc. [2-5]. These disorders share progressive epidermal
barrier failure that disrupts cutaneous immune homeosta-

. . o ' sis, often leading to psychosocial burdens (e.g., anxiety and
(2) Pathological accumulation: Chronic inflammation  gqcja] withdrawal) and substantial socioeconomic costs.
induces cumulative damage, including epidermal barrier

disruption, aberrant keratinocyte differentiation, and der- 2. Disease Epidemiology
mal matrix remodeling.

Chronic skin diseases (CSDs) are defined as persistent
cutaneous disorders characterized by prolonged duration
(>6 weeks), progressive evolution, treatment resistance,
and relapsing-remitting courses. These diseases exhibit dy-
namic clinical patterns of sustained activity or intermittent
exacerbation, driven by multi-system interactions involving
immune dysregulation, barrier dysfunction, and neurogenic
inflammation [1].

Core features:

(1) Stubborn disease course: Alternating active and re-
mission phases with limited curative potential through con-
ventional therapies.

CSDs affect diverse populations globally, with dis-
tinct demographic predispositions and risk factors across
subtypes. Notably, atopic dermatitis (AD), psoriasis, and
vitiligo exhibit epidemiological burdens, respectively, as

CSDs arise from multifactorial interactions involving  summarized in Table 1 (Ref. [6—18]), imposing signifi-
genetic predisposition, immune dysfunction, infections, en-  cant health and socioeconomic impacts, warranting urgent

vironmental triggers (e.g., pollutants), and lifestyle factors. mechanistic and therapeutic investigations [1].
Common clinical presentations include erythema, papules,

blisters, scales, lichenification, and pigmentary changes,

(3) Systemic manifestations:  Associations with
metabolic dysregulation, psychological comorbidities (e.g.,
anxiety disorders), and multi-organ involvement.
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Table 1. Chronic skin diseases and related factors.

Category Psoriasis AD Vitiligo

Population Adolescents & adults (15.30  Children & adolescents Children & adolescents
years)

Gender Males slightly > females Males slightly > females No significant difference

Incidence 2%-3% ~10% 0.5%-2%

Temporal trend

Genetic contribution

Environmental triggers

Earlier age of onset

71.60%

1. Infections triggering inflam-
mation

2. Psychological stress disrupting
immune regulation

3. Unbhealthy lifestyles impairing

1. Earlier age of onset

2. Rising incidence

3. Gradual symptom worsening
70%—-80%

1. Climate/seasonal changes af-
fecting skin barrier

2. Allergen exposure inducing
immune activation

3. Unhealthy lifestyles

Earlier age of onset

30%—40%

1. UV-induced melanocyte dam-
age

2. Chemical exposure via

immune-mediated pathways
3. Chronic stress & poor lifestyle

immune homeostasis

HLA-B, HLA-C IL-23, IL-17,
TNF-qa, IL-31

[11,12]

Candidate genes

References

[6,13,16,17]

habits
FLG, STAT®6, IL-4, IL-13, IL-31 HLA-A, HLA-B, HLA-DR,
CTLA-4, TYR

[7-10,14,15,18]

AD, atopic dermatitis; UV, ultraviolet; IL, interleukin; HLA-B, Human Leukocyte Antigen B locus; HLA-C, Human Leukocyte Antigen
C locus; HLA-A, Human Leukocyte Antigen A locus; TNF-a, Tumor Necrosis Factor-o; FLG gene, Filaggrin gene; STAT6 gene, Signal

Transducer and Activator of Transcription 6 gene; CTLA-4, Cytotoxic T Lymphocyte-Associated Antigen 4; TYR gene, Tyrosinase gene.

This table lists three chronic skin diseases affected by multiple factors. It can be seen from the table that they have some similarities to a

certain extent, such as a gradually increasing trend of occurrence and an earlier age of onset.

2.1 Incidence

Psoriasis: Global prevalence of 2%-3%, peaking in
young adults (15-30 years), with rising pediatric cases.
Males show marginally higher susceptibility (Table 1) [19].
AD: Affects ~10% globally, with marked age disparity:
15%-30% in children vs. 2%-10% in adults. Increasing
prevalence in low-income countries and early childhood
populations (Table 1) [6]. Vitiligo: Prevalence of 0.5%—
2%, age- and sex-independent, though lower in colder cli-
mates (Table 1) [7-9].

2.2 Geographical Distribution

Psoriasis/Vitiligo: Higher incidence in cold/dry re-
gions (e.g., Northern Europe, Russia) versus lower rates in
warm/humid areas (e.g., Southeast Asia).

AD: Elevated prevalence in Africa/Oceania versus
Northern/Eastern Europe. Urban areas in China report
higher AD rates than rural regions, potentially linked to ur-
ban allergen exposure [3].

2.3 Disease Trends

Psoriasis: Psoriasis can manifest at any age, with most
patients exhibiting winter exacerbations or recurrences and
summer remission. This seasonality is likely attributed to
dry winter conditions that accelerate transepidermal water
loss and compromise barrier integrity. The overall inci-
dence has an upward trend, and the incidence rate of late-
onset psoriasis in elderly women has increased.

AD: Peak incidence in childhood, then gradually de-
creased, and was consistent in the region after adolescence.
Spring/summer flares correlate with allergen surges and ul-
traviolet (UV) exposure. Global prevalence increases due
to pollution and lifestyle shifts [11,20,21].

Vitiligo: Vitiligo demonstrates a global prevalence of
0.5%—2% with no predominant age-or sex-specific cluster-
ing, though pediatric and adolescent cases are more preva-
lent. Most patients experience seasonal stabilization dur-
ing autumn/winter and spring/summer exacerbations, par-
ticularly during seasonal transitions. This pattern likely
reflects the combined effects of heightened UV radiation
and metabolic acceleration in warmer months, where UV-
induced oxidative stress may damage melanocytes and dis-
rupt melanogenesis. Mirroring trends in other chronic der-
matoses, vitiligo incidence shows a progressive rise glob-
ally, with notably increasing pediatric cases potentially
linked to environmental triggers [7—10].

2.4 Key SNP Genes

Single nucleotide polymorphisms (SNPs), defined as
genome-wide DNA sequence variations caused by single-
nucleotide substitutions, serve as critical genetic markers
for gene mapping and disease association studies. By an-
alyzing SNP-disease correlations, researchers can pinpoint
susceptibility loci linked to pathological mechanisms, pro-
viding actionable insights for diagnostic refinement and
therapeutic development [11,20]. Different chronic skin
diseases have different SNPs (Table 1):
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Table 2. Cells and inflammatory factors in the pathogenesis of chronic skin diseases.

Psoriasis AD Vitiligo

Immune cells T lymphocytes T lymphocytes T lymphocytes
B lymphocytes B lymphocytes Dendritic cells
Dendritic cells Dendritic cells NK cells
Macrophages Mast cells ILCs
Neutrophils Eosinophils

Non-immune cells Keratinocyte Keratinocyte Keratinocyte
Fibroblast Fibroblast Endothelial cell
Endothelial cell Endothelial cell Melanocyte

Inflammatory factors  1L-17, IL-23, TNF-o, IL-4, IL-5, IL-13, IL- IL-1, IL-6, IL-17, TNF-
IFN-~ 17, IL-31, IFN-v, TNF-  «, IFN-vy, CGRP, NPY

a, TSLP
References [2,22,23,27] [14,24,26,28] [25,29]

IFN-v, Interferon-gamma; TSLP, Thymic Stromal Lymphopoietin; ILCs, Innate Lymphoid Cells; CGRP,

Calcitonin Gene-Related Peptide; NPY, Neuropeptide Y. The comparison in this table demonstrates that

chronic skin diseases share numerous commonalities in the cellular and inflammatory factors involved in

their pathogenesis. For instance, immune cells such as T and B lymphocytes, non-immune cells including

keratinocytes and endothelial cells, and inflammatory mediators like IL-17, TNF-«, and IFN- are consis-

tently implicated across these conditions.

Psoriasis: Human Leukocyte Antigen C locus (HLA-
C) (major susceptibility locus) [21];

AD: FLG (filaggrin loss-of-function), interleukin
(IL)-4/IL-13 (Th2 polarization) [6,13,14];

Vitiligo: CTLA-4 (Cytotoxic T-lymphocyte-
associated Antigen-4, immune checkpoint dysregulation),
TYR (Tyrosinase gene, melanogenesis defects) [10,15].

CSDs inflict profound physical and psychological bur-
dens (e.g., chronic pruritus, depression, social stigmatiza-
tion) while driving substantial healthcare costs. Advancing
research into pathogenesis and targeted therapies remains
imperative to alleviate patient suffering and socioeconomic
strain.

Table 1 summarizes what has been mentioned above.
It can be seen that there are many overlapping factors, such
as temporal trend, gender, contribution among the three
chronic skin diseases.

3. Disease Pathogenesis

3.1 Cellular and Cytokine Networks in Disease
Pathogenesis

Inflammatory cytokines play central roles in chronic
skin disorders by initiating and sustaining pathological in-
flammation. Key mediators such as IL-1/3, Tumor Necro-
sis Factor-a (TNF-«), and IL-6, released by immune cells,
trigger vascular dilation, immune cell recruitment, and clas-
sic inflammatory manifestations (e.g., erythema, swelling).
Chemokines further amplify inflammation by recruiting
neutrophils and T cells to lesional skin, establishing a self-
perpetuating inflammatory microenvironment, as summa-
rized in Table 2 (Ref. [2,14,22-29]).
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3.1.1 Disease-Specific Pathways

Psoriasis: The Th17/IL-17 axis dominates, where IL-
23 activates Th17 cells to secrete IL-17A/F, driving ker-
atinocyte hyperproliferation (epidermal thickening, scal-
ing) and amplifying IL-6/TNF-« release, creating a pro-
inflammatory feedback loop [2,22,23].

AD: Th2 polarization (IL-4, IL-13) suppresses bar-
rier protein expression, compromising skin integrity, while
IL-31 mediates pruritus, perpetuating the itch-scratch cy-
cle [16,24]; TNF-a exacerbates immune dysregulation by
promoting inflammatory cell survival and suppressing reg-
ulatory T cells (Tregs).

Vitiligo:  Interferon-gamma (IFN-v) induces ker-
atinocyte secretion of CXCL9/10 [14], recruits CD8* T cells
to infiltrate the skin, and co-mediates melanocyte destruc-
tion with TNF-« to maintain inflammation [25].

3.1.2 Overlapping Mechanisms

IL-17 (interleukin-17) can promote Thl7 cell-
mediated autoimmunity in some patients (Table 2, Fig. 1),
induce keratinocytes to secrete IL-6 and IL-8, and recruit
neutrophils and T cells [26]. Cytokines like IL-4/IL-13
impair keratinocyte differentiation (barrier dysfunction,
microbial colonization), while transforming growth factor
B (TGF-B) activates fibroblasts, promoting collagen
deposition and sclerosis. Collectively, these factors sustain
chronicity through immune activation, barrier disruption,
and aberrant cell proliferation.

3.1.3 Therapeutic Implications

These cells and inflammatory factors are involved in
different chronic skin diseases, but they play different roles.
Therefore, precise blockade of specific factors has become
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Fig. 1. The pathogenesis of three chronic skin diseases. Atopic Dermatitis (AD): Thl cells secrete IFN-vy/TNF-a, establishing an
inflammatory loop. Th17 cells recruit neutrophils via IL-17 and induce aberrant proliferation/differentiation of keratinocytes, ultimately
disrupting the skin barrier. Psoriasis: Dendritic cells (DCs) secrete IL-23 to drive Th17 polarization, forming an inflammatory “DC-Th17
positive feedback axis™: » Th17-derived IL-17/TNF-a reciprocally activates DCs. ¢ Effector T cells directly damage skin via IL-17/IFN-
7. This cascade triggers epidermal hyperplasia and vascular dilation, manifesting as erythematosquamous plaques. Vitiligo: The IL-
6/1L-23— STAT3/ROR~t pathway promotes Th17 differentiation: « Th17-originated IL-17 suppresses autophagy, exposing melanocyte
antigens. * Activates CD8* T cell-mediated melanocyte destruction. ¢ Synergizes with oxidative stress to form an “autoimmune-oxidative
cycle”, leading to depigmentation. Collectively, IL-17 acts as a pivotal unifying pathogenic driver that orchestrates inflammation, immune
cell recruitment, and target cell damage across these chronic skin diseases, underscoring its critical therapeutic potential. The figure was

created with BioRender (https://BioRender.com/a7zathb).

a key strategy for treating chronic skin diseases. The use of
biologics targeting the above-mentioned inflammatory fac-
tors for the treatment of chronic skin diseases further con-
firms the core pathogenic mechanism of inflammatory fac-
tors.

3.2 Initiation, Progression, and Maintenance of Chronic
Skin Diseases

Initiation refers to the initial phase where pathogenic
factors breach host defenses. Progression involves dynamic
pathological expansion from localized to systemic involve-
ment, while maintenance denotes persistent chronicity with
sustained pathological processes.

3.2.1 Psoriasis

Initiation: Triggered by genetic predisposition and en-
vironmental interactions.

Progression: Driven by Th17-mediated inflammatory
circuits (e.g., IL-23/IL-17 axis).

Maintenance: Sustained by immune memory and epi-
genetic dysregulation [2,30-32].

322 AD

Initiation: Originates from genetic barrier defects and
environmental sensitization.

Progression: Dominated by Th2 polarization (IL-
4/IL-13), with chronic inflammation marked by IFN-y
(Th1) and IL-17 (Th17) upregulation, leading to epidermal
hyperplasia and refractory lesions.

Maintenance: Linked to epigenetic alterations and im-
mune memory, akin to psoriasis [6,24].
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Fig. 2. Venn diagram of three chronic skin diseases. Core Inflammatory Networks in Chronic Skin Disorders: Vitiligo: Granzyme

B-mediated damage and T-cell responses to melanocyte antigens. Psoriasis: IL-23/IL-17 axis and IL-36-driven hyperplasia. AD: Th2

cytokines (IL-4/13/31) causing barrier dysfunction. Shared Pathways: ¢ Vitiligo/Psoriasis: CXCL10 recruitment + IL-15 survival. ¢
Vitiligo/AD: 1L-18/33 alarmin activation. * Psoriasis/AD: IL-6 acute-phase + IL-22 remodeling. Universal Drivers: 1L-17 (epidermal
hyperplasia), TNF-a (chemokine/NF-xB), IFN-v (APC/MHC-I activation). Therapeutic Implication: Conserved targets (IL-17, TNF-a,
IFN-v, CXCLI10, IL-15, IL-36) enable broad-spectrum biologics and therapy repurposing.

3.2.3 Vitiligo

Initiation: Genetic susceptibility and oxidative stress
trigger melanocyte-directed autoimmunity.

Progression: Sustained by IFN-y-CXCL9/10 axis-
mediated CD8" T cell cytotoxicity, amplified by IL-6/IL-
17-driven suppression of regulatory T cells (Tregs).

Maintenance: Perpetuated by immune memory and
melanocyte stem cell depletion, resulting in chronicity [7,
9,19].
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3.2.4 Clinical Implications

Disease staging guides therapeutic strategies: pro-
gression phases require inflammation control (e.g., biolog-
ics targeting IL-17/IL-23), while maintenance necessitates
multimodal approaches (e.g., targeted therapies combined
with lifestyle modifications), as summarized in Table 2 and
Table 3 (Ref. [2,7-10,13,22,24,26-28,31-33]). Precision
in staging enhances treatment efficacy and long-term out-
comes.
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Table 3. The development process of chronic skin diseases.

Vitiligo

Genetics, immunity, environmental

factors, abnormal skin barrier func-

Immune-inflammatory response, neu-
roendocrine factors, and changes in
the composition and structure of the
skin surface microbiota

Complications, recurrent/chronic dis-

Psoriasis AD
Initiation Genetics, immunity, environmental

factors

tion

Progression Immune-inflammatory response, neu-

roendocrine factors, abnormal ker-

atinocyte proliferation
Maintenance ~ Complications, recurrent/chronic dis-

ease course ease course
References [2,22,27,31,32] [13,24,26,28]

Genetic, immune, environmental fac-
tors, melanocyte autoimmunity, mi-
cronutrient deficiencies

Immune-inflammatory response, neu-
roendocrine factors, melanocyte dys-

function

Complications, recurrent/chronic dis-
ease course, expansion of existing de-
pigmented lesions and emergence of
new ones
[7-10,33]

Comparison within this table reveals numerous shared factors in the pathogenesis of different chronic skin diseases, primarily involving

immune and genetic components. Combined with the comparison in Table 2, it is evident that inflammatory factors and immune-genetic

related factors play a dominant role in the pathogenesis of chronic skin diseases.

4. Role of Inflammatory Cytokines in Disease
Pathogenesis

Having outlined the complex cellular and cytokine
networks underlying psoriasis, AD, and vitiligo (Section
3). As shown in the Venn diagram (Fig. 2), we now focus
on the specific roles of the pivotal inflammatory mediators
that drive these shared pathways. This section delves into
the mechanistic contributions of IL-17, TNF-«, and IFN-~,
whose synergistic effects are central to disease pathogene-
sis.

4.1 IL-17A/Thl7 Axis

AD: Th17 cells contribute to pathogenesis via IL-17A,
which activates keratinocyte inflammatory networks (e.g.,
STAT3 signaling), recruits’ neutrophils, and induces aber-
rant keratinocyte proliferation. This disrupts skin barrier
function, exacerbating inflammation and perpetuating the
itch-scratch cycle [34-37].

Psoriasis: IL-17A binds keratinocyte receptors, trig-
gering inflammatory cascades (e.g., NF-xB) that drive hy-
perproliferation, epidermal thickening, and scaly plaques.
It also amplifies tissue damage by dysregulating immune
cell function [38—40].

Vitiligo: Elevated IL-17 in lesional skin directly sup-
presses melanocyte proliferation, melanogenesis, and dif-
ferentiation and enzymatic activity [41,42]. Concurrently,
it disrupts immune equilibrium, promoting autoimmune
melanocyte destruction [43,44].

4.2 TNF-a

AD & Psoriasis: Acting on keratinocytes, it can stimu-
late the release of various inflammatory mediators, exacer-
bate inflammatory reactions, and also affect the function of
immune cells, exacerbating the recurrence of AD disease.
Similarly, TNF-« is also one of the important inflammatory
factors in the pathogenesis of psoriasis, which can trigger an

inflammatory cascade reaction together with other inflam-
matory factors, affecting immune cells and promoting the
differentiation and proliferation of Th17 cells [45].

Vitiligo: TNF-a induces melanocyte apoptosis via
pro-apoptotic pathways (e.g., caspase activation) and trig-
ger immune inflammatory responses, affecting the synthe-
sis and transport of melanin, further damaging melanocytes
[46].

4.3 IFN-y

Psoriasis: Similar to TNF-«, IFN-v can activate im-
mune cells to produce a large amount of inflammatory fac-
tors and induce the amplification of the inflammatory cas-
cade. In addition, IFN-v can act on keratinocytes, accel-
erating their proliferation while inhibiting their normal dif-
ferentiation, leading to typical pathological changes of pso-
riasis such as epidermal thickening and hyperkeratosis. In
terms of regulating the balance of Th1/Th2 cells, psoriasis
is consistent with AD. IFN-v can enhance the immune re-
sponse of Th1 cells, inhibit the function of Th2 cells, break
the balance of Th1/Th2 cells, shift the immune response to-
wards Thl type, and promote the occurrence and develop-
ment of psoriasis.

AD: Reduced IFN-v permits Th2 dominance (elevated
IL-4/IL-13/IL-5), inducing an immune response character-
ized by elevated IgE and increased eosinophils, leading to
skin inflammation and itching.

Vitiligo: IFN-v enhances cytotoxic CD8" T/NK cell
activity against melanocytes, perpetuating pigment loss [17,
47].

5. Therapeutic Strategies for Chronic
Inflammatory Skin Diseases

Given the above pathogenesis, the development of tar-
geted therapy strategies has become crucial. Targeted ther-
apy, by precisely intervening in the key pathways of dis-
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eases, not only breaks through the optimal therapeutic ef-
fects of traditional treatments but also reshapes the treat-
ment pattern through molecular subtyping and individual-
ized approaches. Its value is not only reflected in the im-
provement of clinical indicators, but more importantly, it
reconstructs the treatment goals of chronic skin diseases
from “symptom control” to “disease modification”, pro-
motes comorbidity management, and achieves biomarker-
stratified therapy. It is a strategic development direction for
modern dermatology in treatment. There are currently few
research reports on whether these diseases also have some
commonalities in existing treatment methods. Below, we
analyze therapeutic commonalities and distinctions across
psoriasis, AD, and vitiligo:

5.1 Topical Medications

Psoriasis can be treated with glucocorticoids, vitamin
D3 derivatives, retinoids, calcineurin inhibitors, etc.; AD
can be treated with glucocorticoids, calcineurin inhibitors,
zinc oxide oil, calamine lotion, etc.; Vitiligo can be treated
with glucocorticoids, calcineurin inhibitors, and vitamin D3
derivatives. It can be seen that there are many similarities
in topical medications for them.

5.2 Systemic Medication

For psoriasis, methotrexate, cyclosporine, biologics
such as TNF-« inhibitors: adalimumab, infliximab, IL-17
inhibitors: secukinumab, and small molecule targeted drugs
such as JAK inhibitors: tofacitinib, etc., are used for treat-
ment [48]; AD can use antihistamines, glucocorticoids, bio-
logics such as IL-4/IL-13 inhibitors: Dupilumab, immuno-
suppressants such as JAK inhibitors: Upadacitinib, etc.; Vi-
tiligo can use glucocorticoids, antioxidants, biologics such
as JAK inhibitors: Tofacitinib, Ruxolitinib, immunosup-
pressants such as JAK-STAT pathway inhibitors: Decer-
notinib, etc.

5.3 Physical Therapy

Psoriasis and vitiligo are mostly treated with narrow-
band ultraviolet B (NB-UVB), 308 excimer laser, and UVA
combined with psoralen (PUVA) [49]; AD treatment of-
ten uses narrow-band ultraviolet B (NB-UVB), UVA1, and
pulsed dye laser (PDL) [50-52].

5.4 Surgical Treatment

When the condition of patients with vitiligo is in the
stable stage, there is no new lesion or expansion of the
leukoderma for at least 6 to 12 months, or there is no repig-
mentation after at least 6 months of drug treatment and
phototherapy, surgical treatment can be adopted. Common
surgical methods include: Autologous Epidermal Trans-
plantation (AET): a procedure involving the transplanta-
tion of non-cultured epidermal sheets or cell suspensions
derived from the patient’s own healthy skin to the depig-
mented areas; Autologous Melanocyte Cell Transplantation
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(MCAT): specifically referring to the in vitro expansion of
melanocytes isolated from a patient’s healthy skin biopsy,
followed by their transplantation into the vitiligo lesions.

5.5 Traditional Chinese Medicine Treatment

Commonly used prescriptions for psoriasis treatment
in TCM include Xiaoyin Granules, Compound Indigo Nat-
uralis Capsules, etc., [50,53]. The commonly used pre-
scriptions in AD are Xiaofeng San and Siwu Tang. Com-
mon prescriptions for vitiligo include Liuwei Dihuang Wan,
Tongqgiao Huoxue Tang, etc. In addition, traditional Chi-
nese medicine fumigation, acupuncture, traditional Chinese
medicine tinctures, or ointments can also be used for treat-
ment [54].

Regarding the treatment methods and pathogene-
sis of these three chronic skin diseases, there are many
commonalities in topical drug treatment. For exam-
ple, glucocorticoid is the first-line drug for all three dis-
eases: psoriasis (potent glucocorticoids such as halometa-
sone), AD (medium-potency glucocorticoids such as hy-
drocortisone), and vitiligo (local block therapy). How-
ever, long-term use can cause skin atrophy (with an in-
cidence of about 20%—-30%) [49]. Calcineurin inhibitors
(tacrolimus/pimecrolimus) are the first-line non-hormonal
drugs for AD (the first choice for children), the second-line
treatment for vitiligo (with an effective rate of 50%—60% on
the face and neck), and are used in thin skin areas for psori-
asis patients [50]. Vitamin D3 derivatives (Calcipotriol) are
the first-line combination drugs for psoriasis (with a Psori-
asis Area and Severity Index (PASI) score improvement of
> 75%), while for vitiligo, it is used as an adjuvant therapy
(with a repigmentation rate of approximately 30%—40%)
[55]. All of them involve the Th1/Th17 inflammatory path-
way and the JAK-STAT signaling pathway, but the specific
mechanisms and the weights of the targets are different.
In terms of the pathogenesis, the core common target that
causes the disease is the IL-17/IL-23 axis, which is the core
driving factor of psoriasis, partially involved in AD, and can
synergize with IFN-v in vitiligo; the JAK-STAT pathway
can regulate multiple cytokines and has certain therapeutic
potential in the three diseases; TNF-« is an inflammatory
amplifier in psoriasis and AD, and also plays a part in vi-
tiligo. In the existing inhibitor treatments, Upadacitinib, as
a JAK inhibitor, has been approved for the treatment of pso-
riatic arthritis and AD, and is in clinical trials for vitiligo;
Ruxolitinib cream, as a JAK inhibitor, has been approved
for the treatment of vitiligo indications, and the topical re-
search for psoriasis and AD is still in progress [56]. It can be
seen that for patients with comorbidities, the “one drug for
multiple treatments” of targeted therapeutic drugs is very
promising. Targeted therapy based on IL-17/IFN-v can bet-
ter reduce side effects and expand the scope of indications
in future studies.
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6. Discussion

Current therapeutic approaches for chronic skin dis-
eases offer diverse options for personalized treatment; how-
ever, all modalities carry inherent risks of adverse effects
and disease recurrence. Long-term topical or systemic glu-
cocorticoids use may lead to skin atrophy, telangiectasia,
hyperpigmentation, Cushing’s syndrome, hyperglycemia,
hypertension, and osteoporosis. Abrupt discontinuation
can trigger rebound exacerbations. Other topical agents
may cause skin irritation, dryness, desquamation, erythema,
pruritus, or burning sensations. Systemic therapies, in-
cluding oral medications, are associated with gastrointesti-
nal disturbances, hepatorenal toxicity, bone marrow sup-
pression, drowsiness, dizziness, xerostomia, and mucosal
dryness. Phototherapy, commonly employed for these
conditions, increases the risk of erythema, pruritus, blis-
tering, and photocarcinogenesis [52]. Biologic therapies
may induce injection-site reactions (redness, pain, itching),
headaches, dizziness, hematologic abnormalities, elevated
liver enzymes, gastrointestinal disturbances [51,57,58], and
immunogenicity-driven drug resistance due to anti-drug an-
tibody formation. Such resistance not only compromises
disease control but also escalates treatment costs and limits
therapeutic options.

The three chronic skin diseases discussed—psoriasis,
AD, and vitiligo—share overlapping pathogenic mecha-
nisms mediated by IL-17, IFN-v, and TNF-a. These cy-
tokines collectively:

(1) Induce keratinocytes and immune cells to release
pro-inflammatory chemokines (e.g., IL-6, IL-8, CXCL10),
recruiting neutrophils and T cells to amplify inflammation.

(2) Drive keratinocyte proliferation and secretion of
inflammatory factors: Causing psoriasis epidermal hyper-
plasia and AD barrier disruption.

(3) Synergize in immune polarization: TNF-« and IL-
13 enhance Th1/Th17 differentiation, establishing a self-
sustaining inflammatory loop. IFN-v and TNF-a aug-
ment cytotoxic functions (e.g., melanocyte destruction in
vitiligo) and dendritic cell (DC)-mediated antigen presen-
tation, initiating autoimmune responses.

IL-17 inhibitors (e.g., Secukinumab, Ixekizumab),
validated for psoriasis. Then, whether this preparation can
also be used in the severe AD subtype with high Th17 ac-
tivity. Preclinical studies demonstrate that IL-17A block-
ade reduces melanocyte apoptosis and promotes repigmen-
tation in vitiligo models [54], positioning IL-17 as a shared
inflammatory hub across these diseases. Providing a theo-
retical basis for “one drug, multiple diseases”.

Current evidence indicates that IL-17 inhibitors
demonstrate significant efficacy in psoriasis and show ther-
apeutic potential for specific subtypes of AD and vitiligo.
While large-scale clinical trials are still required for valida-
tion, future advancements in precision subtyping, combi-
nation therapies, and novel dual-target agent development
hold promise for realizing the “one drug, multiple diseases”

paradigm. Such strategies could enhance drug resistance
mechanisms, reduce side effects of existing inhibitors, ex-
pand therapeutic scope, and advance individualized treat-
ment.

The growing heterogeneity of chronic skin dis-
eases has rendered traditional clinical classification
methods—based on lesion morphology or disease
staging—insufficient for precision medicine. Artificial
intelligence (Al), particularly machine learning and deep
learning, offers innovative solutions by integrating multi-
omics data (genomic, transcriptomic, proteomic) with
clinical phenotypic information. Al not only overcomes
the limitations of conventional subtyping but also eluci-
dates dynamic regulatory networks of central pathways
(e.g., IL-17, IFN-y), providing molecular-level decision-
making support for the “one drug, multiple diseases”
strategy.

Future interdisciplinary collaborations should inte-
grate Al with liquid biopsy, real-time sensors, and other
technologies to enable continuous monitoring of disease-
related biomarkers and real-time acquisition of patients’
physiological and environmental data. This integration
will facilitate the development of personalized treatment
regimens. Al-driven dermoscopic image analysis systems
could dynamically monitor skin disease progression and ad-
just therapeutic strategies in real time, optimizing outcomes
and enabling dynamic precision management of chronic
skin conditions.

Furthermore, establishing cross-disease multi-omics
databases and deeply integrating Al-assisted decision sys-
tems with electronic health records will consolidate multi-
modal data. This approach will transition the “one drug,
multiple diseases” concept from empirical medicine to pre-
cision science, maximizing the therapeutic breadth and
depth of single agents. Data-driven decision-making will
achieve the tripartite precision medicine goals of individ-
ualization, dynamic adaptation, and preventive care, ulti-
mately revolutionizing the management of chronic skin dis-
eases.

7. Conclusion

This review underscores that chronic skin conditions,
including psoriasis, AD, and vitiligo, share common im-
munopathological mechanisms, centered on complex in-
flammatory cascades driven by overlapping cytokines and
immune cell crosstalk.

(1) Shared Inflammatory Drivers: IL-17, TNF-«, and
IFN-v are critical mediators underlying the initiation, per-
sistence, and progression of these diseases, providing a uni-
fied target for cross-disease therapeutic strategies.

(2) Efficacy of Single-Agent, Multi-Disease Thera-
pies: IL-17 axis inhibitors have demonstrated robust effi-
cacy in psoriasis and emerging promise in AD or vitiligo.
This approach enhances treatment efficiency, reduces ad-
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verse effects, and marks a pivotal shift from disease-
specific care to mechanism-driven therapy.

(3) Future Directions: Integration of Al with multi-
omics data will enable highly precise immune phenotyping,
empowering clinicians to dynamically tailor treatments.
This will expand the utility of single-agent therapies and
transform chronic skin disease management into a person-
alized, data-driven practice.

By merging mechanistic insights with innovative
technologies, we can develop more effective, scalable
treatments—ultimately improving outcomes for patients
with these debilitating conditions.
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