
Frontiers in Immunology

OPEN ACCESS

EDITED BY

Raouia Fakhfakh,
Centre de Recherche du CHU de Québec,
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Interventions in cytokine
signaling: novel horizons
for psoriasis treatment
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Zhongjian Chen1,2* and Zongguang Tai1,2*

1Shanghai Skin Disease Hospital, School of Medicine, Tongji University, Shanghai, China, 2Shanghai
Engineering Research Center of Topical Chinese Medicine, Shanghai, China, 3Beijing Key Laboratory
of Molecular Pharmaceutics and New Drug Delivery Systems, State Key Laboratory of Natural and
Biomimetic Drugs, School of Pharmaceutical Sciences, Peking University, Beijing, China
Intricate interactions between immune cells and cytokines define psoriasis, a

chronic inflammatory skin condition that is immunological-mediated. Cytokines,

including interleukins (ILs), interferons (IFNs), tumor necrosis factors (TNFs),

chemokines, and transforming growth factor-b (TGF-b), are essential for

controlling cellular activity and immunological responses, maintaining

homeostasis and contributing to the pathogenesis of psoriasis. These

molecules modulate the immune microenvironment by either promoting or

suppressing inflammation, which significantly impacts therapeutic outcomes.

Recent research indicates that treatment strategies targeting cytokines and

chemokines have significant potential, offering new approaches for regulating

the immune system, inhibiting the progression of psoriasis, and reducing adverse

effects of traditional therapies. This review consolidates current knowledge on

cytokine and chemokine signaling pathways in psoriasis and examines their

significance in treatment. Specific attention is given to cytokines like IL-17, IL-

23, and TNF-a, underscoring the necessity for innovative therapies to modulate

these pathways and address inflammatory processes. This review emphasizes the

principal part of cytokines in the -pathological process of psoriasis and explores

the challenges and opportunities they present for therapeutic intervention.

Furthermore, we examine recent advancements in targeted therapies, with a

particular focus onmonoclonal antibodies, in ongoing research and clinical trials.
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1 Introduction

Psoriasis, as a chronic and persistently relapsing skin disease, has not yet been cured

(1). Characterized by its unique clinical manifestations, this disease is known for the

appearance of scaly erythematous or patchy skin lesions on the skin, nails, and joints, which

not only affect the patient’s appearance but can also be accompanied by itching and pain,
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severely affecting the quality of life (2). Based on clinical

presentation, psoriasis is divided into four types: guttate psoriasis,

pustular psoriasis, plaque psoriasis, erythrodermic psoriasis and

psoriatic arthritis (PsA) (3–5). Each type exhibits specific

pathological features and clinical manifestations, but they all

share a common pathological basis of abnormal keratinocyte

(KC) proliferation and a hyperactive immune system (6). While

the exact cause of psoriasis remains uncertain, recent research

emphasizes the pivotal role of cytokines in its development.

Cytokines are diverse, low molecular weight proteins with

pleiotropic biological activities, functioning in autocrine,

paracrine, and endocrine manners. Produced by immune cells

such as monocytes, macrophages, T cells, B cells, and natural

killer cells, as well as non-immune cells like epithelial cells and

fibroblasts, their production is triggered by external stimuli. By

binding to their specific receptors, they regulate innate and adaptive

immunity, hematopoiesis, cell growth, and tissue repair (7).

Chemokines, a superfamily of small, secreted proteins within the

cytokine family, are crucial for controlling inflammatory reactions

because they attract immune cells to inflamed areas (8). In psoriasis,

cytokines including tumor necrosis factor-alpha (TNF-a),
interleukin-17 (IL-17), and IL-23, along with the chemokine

CCL20, significantly contribute to disease initiation and

progression (9–11). For instance, IL-17A can enhance the

proliferative capacity of KCs, upregulate the expression of keratin

17 in KCs, while downregulating the production of filaggrin and

diverse cell adhesion molecule-related genes, leading to structural

damage of the epidermal barrier and triggering local psoriasis

immune responses (12). Furthermore, IL-17A can stimulate KCs

to express a variety of chemokines and upregulate the expression of

IL-6, chemokine (C-X-C motif) ligand (CXCL) molecules in

neutrophils, thereby chemoattracting a variety of immune cells to

migrate to the psoriatic epidermal lesions (Figure 1) (13). It is

evident that by inhibiting the activity of these molecules or blocking

their signal transduction, inflammation can be effectively reduced,

skin lesions decreased, and the quality of life for patients improved.

The introduction of biologics, such as monoclonal antibodies
Abbreviations: AP1S3, Adaptor Protein 1 Complex Sigma 3 Subunit; CARD14,

Caspase Recruitment Domain 14; CSFs, Colony-Stimulating Factors; CXCL,

Chemokine (C-X-C motif) Ligand; DC, Dendritic cell; GDF11, Growth

Differentiation Factor 11; GPP, Generalized Pustular Psoriasis; IFNs,

Interferons; IKK2, IkBa Kinase-2; IL, Interleukin; IL-1F, IL-1 Family;

IL1RAPL1, X-linked Receptor Accessory Protein-like 1; IL-36RN, IL-36

Receptor Antagonist; ILC2, Innate Lymphoid Cells Type 2; JAK, Janus Kinase;

KC, Keratinocyte; LIF, Leukemia Inhibitory Factor; MAPK, Mitogen-activated

Protein Kinase; mDC, Mature Dendritic Cells; NF-kB, Nuclear Factor Kappa-B;

NKT cells, Natural Killer T cells; PBMCs, Peripheral Blood Mononuclear Cells;

PI3K, Phosphoinositide 3-kinase; PsA, Psoriatic Arthritis; RORgt, RAR-related

Orphan Receptor Gamma t; SERPINA3, Serpin Family A Member 3; STAT,

Signal Transducer and Activator of Transcription; TGF-b, Transforming Growth

Factor-b; Th, Helper T Cell; TLR, Toll-like Receptor; TNF-a, Tumor Necrosis

Factor-alpha; TNFR1, Tumor Necrosis Factor Receptor 1; TNIP1, TNFAIP3

Interacting Protein 1; TPO, Thrombopoietin; Treg, Regulatory T Cells; VEGF,

Vascular Endothelial Growth Factor; gdT cells, Gamma-delta T Cells.
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targeting TNF-a, IL-17, and IL-23, has markedly improved

psoriasis treatment by providing highly specific and effective

treatment options. Nevertheless, some patients do not respond to

these treatments, and prolonged use can lead to adverse effects,

including a heightened risk of infections. Therefore, continued

research and development of new targeted therapeutic strategies

to improve efficacy, reduce side effects, and expand therapeutic

options for individuals with psoriasis is a current focus of research.

This review offers a current and thorough investigation of

cytokine and chemokine signaling pathways in psoriasis,

highlighting their essential role in shaping therapeutic strategies

amidst the rapidly changing landscape of psoriasis treatments. By

discussing how these molecules influence immune responses in

psoriasis, we have underscored the necessity of developing novel

therapeutic agents capable of modulating these signaling pathways

to effectively combat the inflammatory symptoms of psoriasis. The

article also elaborates on the central role of cytokines in the

pathological development of psoriasis, while analyzing the

challenges and potential therapeutic opportunities they present.

Furthermore, recent progress in targeted treatments is highlighted,

particularly focusing on monoclonal antibodies currently under

investigation in research and clinical trials, as well as promising

targets in preclinical development. These studies significantly

enhance our understanding of cytokines and chemokines in

psoriasis treatment and support their potential for clinical

application. The review provides a systematic summary and a

comprehensive analysis, offering new insights and valuable

references for the future development of specific therapeutic

options for psoriasis.
2 Cytokine networks and their role in
psoriasis

The immune system functions as an intricate network,

encompassing lymphoid organs, immune cells, humoral factors,

and cytokines. Cytokines play a pivotal role within this network as

small molecular weight proteins secreted by cells (14). These

molecules can exist in both secreted and membrane-bound forms,

and they are instrumental in regulating cell behavior and facilitating

communication between cells. This communication is crucial for

regulating diverse biological processes such as immune responses,

inflammation, cell proliferation, and apoptosis (Figure 2) (15).

Cytokines can be classified into distinct categories based on their

origin, structure, and function, each playing a distinct role in immune

regulation. ILs, for example, are essential in modulating white blood

cell activity and are involved in both immune defense and

inflammatory processes (15). Similarly, interferons (IFNs) are

generated in response to viral infections, exhibiting antiviral,

antiproliferative, and immunomodulatory effects (16). TNFs play a

role in regulating cell death, inflammation, and immune cell

activation. Colony-stimulating factors (CSFs) encourage the growth

and differentiation of blood cell precursors, whereas growth factors

facilitate cell division and tissue repair. Chemokines are crucial for

directing immune cells to sites of inflammation or infection,
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significantly contributing to the immune response (14). The

interaction between cytokines and their receptors is also vital, as

these receptors are proteins that bind to cytokines and initiate signal

transduction pathways. In addition to these, there are specialized

cytokines such as Thrombopoietin (TPO) and leukemia inhibitory

factor (LIF), which have specific roles in the regulation of blood cell

production and the inhibition of leukemia cells, respectively. This

intricate interplay of components within the immune system ensures

a robust defense against pathogens and maintains overall health (15).

Cytokines are indispensable in the regulation as well as function

within immunopathology, and targeting various cytokines has

become a potent approach in treating immune diseases, ranging

from autoimmune to allergic conditions (17). The inflammatory

process in psoriasis engages both the innate and adaptive immune

mechanisms. The characteristic lesion of psoriasis is the

hyperproliferation and dysregulated differentiation of epidermal

KCs, a process that involves the action of numerous cytokine

pathways, thereby triggering and maintaining the inflammatory

pathways of psoriasis. Plaque psoriasis, the most prevalent form, is

linked to TNF-a, IL-23, and IL-17 pathways, while pustular

psoriasis, a less common type, is associated with IL-36RN genetic

mutations. In chronic psoriasis, the adaptive immune system

sustains the disease via the TNF-a/IL-23/IL-17 axis. The

interaction between IL-23 and IL-17 is central to psoriasis

pathogenesis, sustaining Th17 cell activity, which mainly
Frontiers in Immunology 03
produces IL-17. Cytokines, such as IL-23, IL-17, IL-22, and TNF-

a, play a role in the pathogenesis of PsA (9, 18, 19). In psoriasis

lesions, TNF-a exhibits pro-inflammatory properties that stimulate

IL-12 and IL-18 production, influencing Th1 immune responses.

IL-12 and IL-18 are potent inducers of IFN-g, playing a crucial part
in regulating Th1 immune responses. TNF-a is instrumental in the

IL-23/IL-17 axis, working in synergy with IL-17A to regulate

cytokines and keratinocyte-associated genes involved in psoriasis.

Multiple studies have demonstrated that IFN-g serves as a

prognostic factor for psoriasis, with the IFN signaling pathway

contributing to its pathogenesis (19).

The interplay between cytokines forms a complex network that

finely regulates immune responses and inflammatory processes

through positive and negative feedback mechanisms. The cytokine

network intricately regulates immune cell recruitment, activation,

and proliferation, alongside the abnormal proliferation and

differentiation of KCs. These interactions are vital in psoriasis

pathogenesis, where the DC-IL-23-Th17 cell-IL-17-KC axis forms a

positive feedback loop that advances the disease. Specifically, mature

DCs (mDCs) release IL-23, which boosts Th17 cell development and

proliferation. In turn, IL-17 produced by Th17 cells further stimulates

the production of IL-23, creating a self-amplifying inflammatory

cycle (19). IL-10, an anti-inflammatory cytokine, inhibits IL-23 and

IL-17 secretion, creating a negative feedback loop to suppress

inflammation (18). The balance between pro-inflammatory and
FIGURE 1

The pleiotropic effects of cytokines in psoriasis. In psoriasis, the role of TNF-a is equally significant and cannot be overlooked. Within psoriasis
lesions, TNF-a secreted by T cells and macrophages interacts with DCs, keratinocytes, Th1 and Th17 cells, mast cells, monocytes, vascular
endothelial cells, B cells, and others. This interaction promotes the downstream release of various inflammatory factors, including IL-17, IL-1b, and
IL-6, which in turn leads to the abnormal proliferation of keratinocytes and exacerbates the inflammatory response.
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anti-inflammatory cytokines is indispensable for maintaining

immune homeostasis and preventing the worsening of

inflammatory diseases. A foundational component of immune

control is the delicate balance within the cytokine network, and

knowledge of these mechanisms can help create tailored treatments

for immunological-mediated diseases.
3 Immunometabolic regulation and
environmental triggers in psoriasis

Keratinocytes and immune cells (such as Th17 and

macrophages) in psoriasis lesions exhibit significant lipid

metabolism abnormalities.
Frontiers in Immunology 04
3.1 Lipid metabolism reprogramming drives
amplification of inflammatory signaling

3.1.1 Cholesterol/fatty acid metabolism
imbalance

Patients with psoriasis show elevated levels of oxidized low-

density lipoprotein (oxLDL) in their serum. OxLDL activates the

scavenger receptor CD36 on the surface of macrophages, triggering

the assembly of the NLRP3 inflammasome and promoting the

maturation and release of IL-1b (20) Additionally, the

upregulation of fatty acid synthase (FASN) in keratinocytes leads

to the accumulation of free fatty acids, which enhances IL-23

secretion via the TLR4/MyD88 pathway, thereby activating the

IL-17 signaling axis (21).
FIGURE 2

The formation of interactions between inflammatory factors and immune cells in the early stages of psoriasis and the creation of positive feedback
loops. In the early stages of psoriasis, keratinocytes and immune cells (e.g., dendritic cells) release initial inflammatory factors. These inflammatory
factors further activate and recruit immune cells, such as T cells, to the area of the skin lesion. In response to the inflammatory factors, the T cells
are activated and differentiate into specific Th subpopulations, such as Th1, Th17, and Th22 cells. Th1 cells produce IL-2, Th17 cells produce IL-17,
and Th22 cells produce IL-22, cytokines that further exacerbate the inflammatory response. Activated T cells interact with keratinocytes, endothelial
cells, and dendritic cells to release more inflammatory factors, creating a positive feedback loop. Inflammatory factors such as TNF-a and IL-17 act
directly on keratinocytes to promote their abnormal proliferation and differentiation, which are key features of lesion formation in psoriasis. In
summary, the interactions between inflammatory factors and immune cells during the progression of psoriasis form a complex network that
continually amplifies the inflammatory response through positive feedback mechanisms, leading to the development and persistence of skin lesions.
Therapeutic strategies often target these key inflammatory factors and immune cells to reduce symptoms and control the disease.
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3.1.2 PPARg signaling inhibition
The key lipid metabolism regulator PPARg’s expression is reduced

in psoriasis patients’ epidermis. This reduction leads to decreased

synthesis of anti-inflammatory lipid mediators (such as 15d-PGJ2),

which fails to inhibit NF-kB-driven transcription of TNF-a (22).

3.1.3 SCD1 and lipotoxic inflammation
The expression of stearoyl-CoA desaturase 1 (SCD1) is

significantly upregulated in psoriasis lesions. SCD1 catalyzes the

conversion of saturated fatty acids (such as palmitic acid) to

monounsaturated fatty acids (such as oleic acid). Accumulation of

palmitic acid activates the endoplasmic reticulum stress (ERS)

signaling pathway (PERK/eIF2a) in keratinocytes, inducing the

expression of IL-23 and IL-17F and exacerbating epidermal

hyperproliferation (23).

3.1.4 SREBP Pathway dysregulation
Sterol regulatory element-binding protein (SREBP1c) is

abnormally activated in psoriasis, promoting the transcription of

fatty acid synthesis-related genes (such as ACC and FASN), leading

to excessive lipid droplet deposition. Lipid droplets release arachidonic

acid derivatives (such as prostaglandin E2, PGE2), which activate the

cAMP-PKA pathway dependent on the EP4 receptor, inhibiting Treg

function and promoting Th17 differentiation (24).
3.2 Oxidative stress and inflammatory
signaling in a vicious cycle

In psoriatic epidermis, the inhibition of the Nrf2-Keap1

pathway results in reduced nuclear translocation of Nrf2 and

downregulation of antioxidant response element (ARE)-driven

genes, such as HO-1 and NQO1 (25), leading to decreased

reactive oxygen species (ROS) clearance capacity and further

amplification of NF-kB and STAT3 signaling. Additionally,

mitochondrial ROS cause oxidative damage to mitochondrial

DNA (mtDNA), triggering its release into the cytoplasm. This

mtDNA activates the cGAS-STING pathway, inducing the

production of type I interferons (IFN-a/b) (26), which synergize

with IL-17A to promote abnormal keratinocyte proliferation.

Furthermore, ROS-induced inhibition of DNA methyltransferase

(DNMT) activity leads to hypomethylation of the SOCS3 gene

promoter, impairing its negative regulation of the JAK/STAT

pathway and exacerbating IL-6/IL-23 signaling (26).
3.3 Environmental triggers and cytokine
network interactions

3.3.1 Dysbiosis of the microbiome reconfigures
immune-epidermal dialogue

In psoriasis, disruption of the gut-skin axis is characterized by

an increased abundance of Prevotella in the gut microbiota and a

corresponding reduction in short-chain fatty acids (SCFAs), leading
Frontiers in Immunology 05
to compromised intestinal barrier integrity. This facilitates the

translocation of endotoxins into the bloodstream, activating

monocytes via TLR2/4 and promoting IL-23 secretion (27).

Meanwhile, the overproliferation of Malassezia spp. can degrade

sebum to produce free fatty acids, such as oleic acid, disrupting the

epidermal barrier and activating the CARD14 signaling pathway in

keratinocytes. This leads to the release of IL-36g, which recruits IL-

17A+ gd T cells (28). Besides, reduced colonization of

Staphylococcus epidermidis weakens its ability to induce Tregs to

produce IL-10, indirectly enhancing the pathogenic effects of Th17

cells via IL-17A (29).

3.3.2 Chronic stress exacerbates inflammation via
the neuro-immune axis

Chronic stress contributes to the pathogenesis of psoriasis

through several neuroimmune pathways. Activation of the

sympathetic nerve system stimulates dermal DCs via the b2-
adrenergic receptor (b2-AR), promoting IL-23 secretion while

inhibiting IL-10 expression in Tregs, thereby creating a Th17-

polarized microenvironment (30). Chronic psychological stress

dysregulates the hypothalamic-pituitary-adrenal (HPA) axis,

reducing the sensitivity of glucocorticoid receptors (GR) and

impeding cortisol’s ability to effectively inhibit the production of

TNF-a and IL-1b in macrophages (31). In addition, stress-induced

overexpression of nerve growth factor (NGF) enhances the

excitability of sensory neurons via the TrkA receptor, promoting

the release of calcitonin gene-related peptide (CGRP). This directly

stimulates mast cell degranulation, releasing TNF-a and IL-33, and

amplifying the IL-17/IL-23 axis (31).
4 Cytokines in different types of
psoriasis

As mentioned earlier, psoriasis can be divided into these

subtypes: guttate psoriasis, pustular psoriasis, plaque psoriasis,

erythrodermic psoriasis and psoriatic arthritis (PsA). There are

specific differences in the cytokine-driven mechanisms of different

psoriasis subtypes: each pathologic subtype corresponds to a

characteristic cytokine profile. Their mediated immune signaling

networks and tissue damage patterns show significant

heterogeneity. This section focuses on the different psoriasis

subtypes and their relationship to cytokines.
4.1 Guttate psoriasis

Guttate psoriasis presents as tear-drop erythematous scaly

lesions scattered throughout the body and is most common in

children and adolescents. Treatment is centered on long-term

remission and lesion clearance is achieved through a stepwise

regimen. This includes a combination of topical agents

(glucocorticoids/retinoids) and oral immunomodulators; narrow-

spectrum UVB or PUVA photochemotherapy to modulate aberrant
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epidermal proliferation; and novel biologics targeting key pathways

such as TNF-a/IL-17/IL-23. The clinical pathway emphasizes the

selection of individualized regimens based on age, disease duration

and extent of skin lesions, combined with multimodal therapy to

maintain long-term remission status (32). The disease exhibits

genetic susceptibility, and enhanced polymorphisms in genes such

as human leukocyte antigen (HLA)-Cw6 may be associated with an

increased risk of immune abnormalities. HLA-Cw6 positivity has

been linked to guttate psoriasis, while HLA-Cw1 positivity has been

associated with erythrodermic psoriasis, pustular psoriasis, and

axial psoriatic arthritis (33, 34). Notably, plaque psoriasis and

guttate psoriasis exhibit significant differences in T cell phenotype

and function. In the skin lesions and peripheral blood of patients

with plaque psoriasis, the number of Foxp3+ Tregs is higher than in

patients with guttate psoriasis. Conversely, patients with guttate

psoriasis have a higher proportion of IL-17+ CD4+ cells compared

to those with plaque psoriasis (35). Furthermore, IFN-g and IL-17

derived from CD4+ T cells play a pivotal role in the pathogenesis of

guttate psoriasis (36, 37). Interestingly, in HLA-Cw6+ patients

experiencing guttate psoriasis flare-ups associated with

pharyngitis, the Th17-associated response is more pronounced,

leading to significantly elevated levels of IL-17A, IL-17F, and IL-

6, which are involved in Th17 differentiation (38). Additional

studies have indicated that IL-9 also plays a crucial role in guttate

psoriasis by upregulating IL-17A through its impact on cutaneous

lymphocyte-associated antigen (CLA)+ T cell viability, thereby

promoting inflammatory responses in guttate psoriasis (34, 39).
4.2 Pustular psoriasis

Pustular psoriasis is a rare subtype of psoriasis marked by sterile

neutrophilic pustules, which can be fatal in some cases (40).

Traditional therapies include oral retinoids, cyclosporine, and

methotrexate, however, all are based on plaque psoriasis

experience (41). There are no GPP-specific drugs in the world

(especially in Europe and the United States), and some countries

have the conditions to use the existing therapies. Anti-TNF/IL-17A

drugs (e.g., infliximab, sukinumab) are effective in only some

patients, and IL-17 inhibitors combine ease of injection with low

side effects (42). IL-36 (IL-1 family member) acts on keratinocytes,

immune cells, etc. via an autocrine/paracrine mechanism, and its

receptor complex (IL-36R/IL-1RAcP) triggers inflammatory

signaling. Imbalance between IL-36 proinflammatory isoforms (a/
b/g) and the antagonist IL-36Ra drives an aberrant inflammatory

cascade, inducing the release of proinflammatory factors,

neutrophil chemotactic factors and antimicrobial peptide release.

The simultaneous activation of dendritic cells and T cells creates a

vicious cycle. Dysregulation of this pathway is a central mechanism

of GPP pustule formation and tissue damage, and targeting IL-36R

blockade is a potential therapeutic direction (42, 43). The IL-1b
inhibitor gevokizumab demonstrated preliminary efficacy in 2 cases,

suggesting its potential therapeutic value. Focusing on the IL-36/IL-

1 pathway, we are promoting the clinical translation of precision

biologics to break through the bottleneck of refractory GPP

treatment (44).
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4.3 Plaque psoriasis

Plaque psoriasis is the most common subtype of psoriasis (11).

It is characterized by well-demarcated papular scaly lesions, which

appear as round or oval infiltrated plaques covered with silvery-

white mica-like scales. It is often accompanied by significant

itching, which in severe cases may lead to epidermal cracking and

spot bleeding (45). TNF-a, IL-17 and IL-23 constitute the core

inflammatory axis in psoriasis. Genetic/environmental factors

activate plasmacytoid dendritic cells (pDC), which release TNF-a,
IFN-a/g, and activate mDC, which produce large amounts of IL-12/

IL-23 in psoriatic lesions, and accordingly drive the differentiation

of Th1/Th17 cells. Th1 cells release TNF-a, and Th17 is the main

source of IL-17 that directly stimulates the abnormal proliferation

of KC. Activated KCs produce more IL-1b, TNF-a and chemokines,

recruiting immune cells to form a self-sustained inflammatory

network (18, 46, 47). In addition, it has been claimed that

pathogenic memory T cells retain the ability to generate IL-17A

for a long period, exacerbating the chronic course of the disease

(48). Traditional targets have focused on TNF-a, IL-12, and IL-17/

receptor inhibitors. More recently, biologics of IL-23 have emerged

(49). There is evidence that drugs targeting the p19 subunit of IL-23

(e.g. Risankizumab) significantly enhance efficacy durability, with

excellent 4-year drug survival data (50).
4.4 Erythrodermic psoriasis

Erythrodermic psoriasis is a rare and severe subtype of psoriasis

that presents with generalized cutaneous inflammation and

immune disorders with high mortality (51). Existing conventional

treatments include glucocorticoids and cyclosporine, which are

effective in the short term but are prone to relapse and have

limited efficacy. Erythrodermic psoriasis shares the TNF/IL-17A

inflammatory axis with plaque psoriasis, but there is a unique

immunophenotype of Th2/Th17 coactivation in erythrodermic

psoriasis. Th17 cell infiltration is predominant in the lesion area

and IL-17A is the common core pathway (shared with plaque type).

Some studies have shown significant elevation of serum IgE, IL-4,

and IL-13, suggesting the involvement of Th2 immune

abnormalities in the pathologic process. Biologic anti-TNF (e.g.,

Etanercept), anti-IL-17A (e.g., Skuticilumab), and anti-IL-12/23

agents (e.g., Ustekinumab) have demonstrated therapeutic

potential in studies (52). In addition, Deucravacitinib is the

world’s first oral highly selective TYK2 inhibitor, which provides

a novel targeted treatment option for severe erythrodermic psoriasis

by precisely inhibiting pathogenic cytokine signaling such as IL-12/

IL-23 through targeting and regulating TYK2 kinase in the JAK-

STAT signaling pathway (53).
4.5 Psoriatic arthritis

PsA is a chronic immune joint inflammatory disease involving

the joints, skin, nails and spine and is a common comorbidity of
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psoriasis. PsA is associated with elevated cardiovascular risk.

Approximately 30% of patients with psoriasis progress to PsA

(54), and 40% have an inadequate response to conventional

therapy (55). Joint inflammation is dominated by the IL-23/IL-17

axis, which is activated by IL-23 to activate Th17 cells that secrete

IL-17/IL-22/TNF-a, triggering inflammation, bone destruction,

and tissue damage (56). Skin/joint innate immune cells trigger the

IL-12/IL-23 pathway, expanding Th1/Th17 cells and perpetuating

the inflammatory cycle (55). IL-23/IL-17 pathway-targeted agents

(e.g., Ustekinumab, Stavudineumab) are effective in psoriasis, but

have relatively limited improvement in PsA (55, 57).
5 The interleukin family

5.1 IL-23

Monoclonal antibodies that specifically suppress IL-23 have

been demonstrated to significantly reduce or even completely

eradicate skin lesions in psoriasis patients, suggesting that IL-23

are fundamental to the development of psoriatic lesions (58). IL-23,

a heterodimeric protein composed of p19 and p40 subunits linked

by disulfide bonds, shares structural similarities with IL-12, leading

to analogous roles in T-cell-mediated immune responses (59–61).

Psoriatic lesions reveal significantly higher levels of IL-23

expression than normal skin, notably in the affected areas’

epidermis and dermis (62). IL-23 is primarily derived from

immune cells within the dermis of psoriatic lesions, notably

macrophages and bone mDCs, as well as other cellular subsets

(63, 64). Thus, further exploration is necessary to elucidate how the

function of these cells can be modulated to decrease IL-23 secretion

and to discern the consequent effects on the disease evolution

of psoriasis.

Th17 cells, a type of T lymphocyte pivotal for secreting

inflammatory cytokines like IL-17, IL-22, IL-26, and TNF-a, are
primarily activated by IL-23 to trigger inflammatory and immune

responses. In patients with psoriasis, a significant elevation in the

number of Th17 cells is observed within the skin tissue, and the

inflammatory cytokines they secrete can induce the growth and

proliferation of KCs, leading to the hyperplasia of the skin’s keratin

layer and the formation of scaly lesions (65, 66). Under the

influence of IL-23, Th17 cells generate an auto-amplifying

feedforward inflammatory response in KCs and increase their

number and vitality, accelerating the progression of skin lesions

(63, 67–69). IL-23 promotes the infiltration and activation of

inflammatory cells, worsening psoriasis, in addition to affecting

Th17 cells. IL-23 promotes the infiltration and activation of various

inflammatory cells, such as neutrophils, monocytes, macrophages,

and DCs. Activated inflammatory cells secrete cytokines such as

TNF-a, IL-1b, and IL-6, which enhance inflammatory and immune

responses in the skin, leading to tissue damage and pathological

changes (69–71).

IL-23 mediates the dysfunction of endothelial cells and KCs in

psoriasis patients, accelerating KC proliferation and thereby

contributing to disease progression. Psoriatic lesions are
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characterized by high microvascular permeability and

angiogenesis, which are further promoted by IL-23 through the

stimulation of endothelial cell proliferation and secretion, as well as

neovascularization and vasodilation within the skin tissue,

ultimately exacerbating the cutaneous inflammatory response and

pathological changes (72). The application of selective VEGF

inhibitors has notably improved skin lesions in mice with

psoriasis (73). In contrast, introducing VEGF transgenically into

mouse skin results in severe inflammatory dermatosis, resembling

human psoriasis (74, 75). IL-23 also influences the cytoskeletal

structure and intercellular junctions of KCs, inducing

hyperproliferation and aberrant differentiation. These cellular

alterations lead to stratum corneum thickening and keratinocyte

accumulation, forming psoriasis’s characteristic lesions (9, 68, 76).

Consequently, research targeting IL-23 has become a focal point in

the current drug development strategy for psoriasis. Selective IL-23

inhibitors are increasingly used to treat psoriasis and other

immune-mediated diseases. These therapeutics specifically target

and inhibit IL-23 activity, thereby reducing Th17 cell differentiation

and proliferation, and ultimately ameliorating psoriasis (76, 77).

Furthermore, some novel IL-23 inhibitors are currently being

investigated and hold promise for more effective outcomes in

psoriasis treatment.
5.2 IL-17

Six members of the IL-17 family have been identified thus far,

including IL-17A, IL-17B, IL-17C, IL-17D, IL-17E, and IL-17F.

Notably, IL-17A shares approximately 55% homology with IL-17F,

is usually co-expressed, and possesses similar biological functions

(78). IL-17A was traditionally thought to be primarily secreted by

Th17 cells. Recent evidence indicates that various cells, such as mast

cells, gd T cells, ab T cells, and innate lymphoid cells found in

psoriasis skin lesions and synovial fluid, can also produce IL-17A

(79, 80). IL-17RA acts as a shared receptor for IL-17A, IL-17F, IL-

17C, and IL-17E, partnering with another receptor subunit (IL-

17RB, IL-17RC, IL-17RD, or IL-17RE) to enable specific signal

transduction and initiate diverse inflammatory responses. These

reactions involve the recruitment of inflammatory cells and the

production of pro-inflammatory cytokines, such as IL-6, IL-8, and

TNF-a, which contribute to the development and progression of

various inflammatory conditions (81, 82).

Numerous studies conducted over the last ten years have

highlighted the significant function of IL-17A in regulating the

adaptive as well as innate immune responses, distinguishing it as

an imperative cytokine associated with the etiology of psoriasis and

PsA (83, 84). Numerous cell types, such as fibroblasts, endothelial

cells, and KCs, are triggered by IL-17A. In psoriasis patients, IL-17A

levels are notably increased at skin lesions and nearby tissues,

correlating positively with lesion severity (85) and KCs are the

primary targets of IL-17A (86). Within KCs, IL-17A stimulates the

production of various chemotactic factors, including CXCL1 and

CXCL8, which recruit neutrophils, and CXCL20, which further

attracts Th17 cells, Th22 cells, and mDCs. This process modulates
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1573905
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Li et al. 10.3389/fimmu.2025.1573905
immune cell function, contributing to the incidence and deterioration

of psoriasis symptoms (87, 88). IL-17A not only enhances KC

proliferation and keratinization but also stimulates immune cells to

release inflammatory mediators such as TNF-a, IL-6, and IL-8,

thereby amplifying inflammatory responses (84, 86, 89). Moreover,

IL-17A principally drives the expression of four key cytokines: IL-36,

IL-17C, IL-20, and IL-19, each possessing distinct functions in

psoriasis (Figure 3). For instance, IL-36 and IL-17C mainly act

synergistically to enhance tissue inflammation (90–92);

overexpression of IL-20 can lead to epidermal changes

characteristic of psoriasis (93–95); and IL-19 potentiates the effects

of IL-17A via a positive feedback mechanism (96, 97). IL-17A

enhances cutaneous inflammatory responses by activating several

inflammation-related signaling pathways, such as STAT, NF-kB, and
MAPK (98–101). The impact of IL-17A on psoriasis is modest by

itself, but its significant influence in the disease’s development and
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progression is enhanced through synergy with TNF-a, IL-22, and
IFN-g (102). In psoriasis, peripheral neutrophils are elevated,

recruited by IL-17E and CXCL8, and release IL-17A and

extracellular vesicles, stimulating KCs to produce pro-inflammatory

factors, enhance migration, and intensify inflammation. Infiltrating

neutrophils highly express MMP-9, increasing vascular permeability

and facilitating CD4+ T cell infiltration. While neutrophils do not

directly express IL-17A, they can accumulate and release it via

extracellular traps (103). The IL-23/IL-17 axis activates NF-kB,
promotes the production of G-CSF, GM-CSF and chemokines

(CXCL1, CXCL2, CXCL5, CXCL8), and facilitates neutrophil

recruitment and mobilization (104). Neutrophil-derived IL-17 may

be a target for IL-17A inhibitors that block its crosstalk with KCs and

reduce inflammatory infiltration (79, 105). CXCL12+ Fibroblasts are

located in the reticular dermis, express adipocyte markers, and

respond to IL-17 and TNFa. The release of CXCR2 ligand and
FIGURE 3

The role of immune cells in Psoriasis and the resulting inflammatory Cascade. When immune cells, including macrophages, DCs, and T cells, in
healthy skin are stimulated by exogenous physicochemical factors, they secrete a significant number of inflammatory mediators such as TNF-a and
IL-23. This not only activates macrophages, prompting them to release large quantities of inflammatory interleukins but also promotes the
differentiation of T cells into Th17 cells, which in turn secrete IL-17, IL-22, and other cytokines. All of these inflammatory factors stimulate
keratinocytes, leading to their abnormal proliferation and an inflammatory response in the skin. In psoriasis lesions, polymorphonuclear leukocytes
further amplify local inflammatory reactions by releasing various inflammatory chemokines. Ultimately, the symptoms of psoriasis and the level of
inflammation intensify, resulting in more severe lesions driven by multiple factors.
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1573905
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Li et al. 10.3389/fimmu.2025.1573905
CXCL12 via the NFKBIZ pathway promotes neutrophil infiltration.

Similar cells are highly expressive of neutrophil chemokines in

human psoriatic skin and decrease after IL-17-targeted therapy (106).

Targeting the pivotal role of IL-17 in psoriasis, a variety of drugs

that focus on IL-17 are currently under intensive basic and clinical

research. Monoclonal antibodies against IL-17A and IL-17RA have

been developed and proven effective in alleviating psoriasis

symptoms. Furthermore, small molecule inhibitors aimed at the

IL-17 signaling pathway are currently being investigated, presenting

potential novel therapeutic options for the disease (1, 9, 107). In

conclusion, more investigation needs to be conducted to clarify the

mechanisms in which IL-17A causes psoriasis, which will

contribute to the creation of innovative remedies.

The roles of other IL-17 family members should not be

neglected alongside IL-17A. Research suggests IL-17C could be an

effective biomarker for systemic anti-psoriasis therapy in moderate

to severe psoriasis patients (108). IL-17F is known to contribute to

the onset of psoriasis, while other IL-17 family members show a

weaker link to disease progression, necessitating further exploration

(109). Understanding the various functions of the IL-17 cytokine

family is pivotal for clarifying psoriasis pathogenesis and developing

new drugs.
5.3 The interleukin-1 superfamily

5.3.1 IL-6
IL-6 plays a crucial part in inflammatory responses, with its

biological activity being realized through binding to IL-6R and gp130

(110). IL-6 binding to IL-6R triggers gp130 homodimerization,

resulting in the formation of an IL-6/IL-6R/gp130 complex. The

complex then activates the Janus kinase (JAK) pathway, which

subsequently triggers the STAT3, MAPK, and NF-kB pathways

(111, 112). IL-6, a key inflammatory marker, is predominantly

released by Th2 and antigen-presenting cells during immunological

inflammation (113, 114). RORgt, a transcription factor specific to

Th17 cells, plays a vital role in their differentiation and stabilization

and IL-6 activates the STAT3 signaling pathway to enhance RORgt
expression (115). Fibroblasts in psoriatic lesions release more IL-6

and mediate epidermal hyperplasia in conjunction with cytokines

and growth factors such as IL-4 and IL-8 (116). Additionally, through

suppressing the differentiation of RORgt in other T cell subsets, like

Th 1 and Treg cells, IL-6 indirectly promotes the formation of Th17

cells and facilitates to preserve the relative preponderance of Th17

cells. The interaction between IL-6 and IL-17 in an inflammatory

environment creates a positive feedback loop, enhancing the

inflammatory response.IL-6 promotes IL-17A secretion, which

subsequently triggers the release of inflammatory cytokines like IL-

1b and TNF-a, intensifying inflammatory responses (117). Research

suggests that IL-1b and TNF-a can promote Th17 cell differentiation

facilitated by TGF-b and IL-6 (118). IL-6 enhances IL-23’s effect on

Th17 cells, boosting IL-17 production and sustaining Th17 cell

activity (119, 120). IL-6 is closely linked with IL-17A/Th17 in

immune-mediated inflammation, affecting Th17 cell differentiation

and inflammatory response progression through various pathways.
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This furthers our comprehension of its role in autoimmune disorders

like psoriasis.

5.3.2 IL-36
IL-36, a member of the IL-1 family, is expressed and functions

in an autocrine or paracrine manner on various cells. Their

influence encompasses KCs (121), epithelial cells, and immune

cells (122). The IL-36 pathway, which includes IL-36a, IL-36b,
IL-36g, and their antagonists IL-36Ra and IL-38, serves as a crucial

regulatory mechanism (123). Under certain conditions, aberrant

activation or signaling of IL-36 can result in exorbitant

inflammatory responses and neutrophil aggregation (124).

Dysregulated expression of components within the IL-36 pathway

can potentially initiate a positive feedback loop. For example, the

excessive production of IL-36 pathway components may stimulate

immune cells to secrete inflammatory cytokines, thereby amplifying

the inflammatory response (125–128). This can stimulate the

expression of chemokines like CCL13, CCL19, CXCL1, and

CXCL12, which direct immune cells, especially neutrophils, to the

site of inflammation. Neutrophil influx and chemokine release can

damage skin tissue, promoting psoriasis progression. The presence

of this positive feedback loop can disrupt the balance of the immune

response, thereby impacting skin health. GPP is mainly marked by

the abnormal activation of IL-36 (129). Mutations in several genetic

loci are associated with GPP, such as Caspase Recruitment Domain

14 (CARD14), Adaptor Protein 1 Complex Sigma 3 Subunit

(AP1S3), TNFAIP3 Interacting Protein 1 (TNIP1), and Serpin

Family A Member 3 (SERPINA3) (130, 131). These genes are

involved in the IL-1 and IL-36 signaling pathways, highlighting

the importance of IL-36 in GPP. The IL17D-DDX5-IL-36R

regulatory mechanism includes IL-36 and involves IL-17D, a

member of the IL-17 family, with DDX5 being a protein-coding

gene from the DEAD-box protein family (132, 133) and IL-36R

mediates signaling for IL-36a, IL-36b, and IL-36g (134). In psoriatic
lesions, the expression of IL-17D is markedly elevated, promoting

IL-36R-mediated signaling by suppressing the expression of DDX5

and further selectively amplifying the inflammatory response

mediated by IL-36 (132). In addition, tissue protease S expressed

by SFRP2+ fibroblasts activates IL-36G in keratinocytes, further

exacerbating inflammation (122). In summary, IL-36 cytokines

exert a crucial function in skin immunity, particularly in

maintaining the skin barrier and modulating inflammation.

5.3.3 IL-38
IL-38, a member of the IL-1 family, demonstrates anti-

inflammatory effects by suppressing pro-inflammatory cytokine

secretion (135). It regulates IL-36 via direct and indirect

pathways. Direct actions involve suppressing IL-8 expression

induced by IL-36 in PBMCs and reducing the pro-inflammatory

effects of IL-36g on KCs (136). Indirectly, IL-38 reduces IL-36g
release by modulating TLR signaling. Secondly, the downregulation

of IL-17 and related mediators associated with Th38 differentiation

increases the rebound effect of IL-36, meaning that the

differentiation of Th38 may reduce the release of IL-36 (137). The

X-linked receptor accessory protein-like 1 gene on the X
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chromosome is believed to mediate IL-38’s inhibitory effects on gd T
cells. Activation of gdT cells upregulates this gene, boosting IL-17

and IL-38 synthesis and indirectly reducing IL-36 release (138).
5.4 Other interleukin members

5.4.1 IL-9
IL-9, a cytokine synthesized by diverse immune cells, like T

lymphocytes, B lymphocytes, mast cells, and macrophages, exhibits

elevated expression levels in the skin tissue of psoriasis patients

(139). This rise suggests a possible link between IL-9 and disease

pathogenesis (140, 141). IL-9 is mainly produced by Th9 cells, Th17

cells, Treg, and type 2 innate lymphoid cells (ILC2). IL-9 possesses

an essential task in controlling immunological responses, especially

when it concerns T cell-mediated immunity (142). Th9 cells are the

primary producers of IL-9, independently contributing to allergic

inflammation. Th9 cell differentiation is mainly regulated by IL-4/

STAT6, IL-2/STAT5, and TGF-b signaling pathways (143). In the

advancement of psoriasis, the excessive activation and

differentiation of Th17 cells are critical contributors. Through

direct or indirect procedures, IL-9 may alter the emergence and

activity of Th17 cells, consequently influencing the course of skin

inflammation. A potential cause is that IL-9 binds to a receptor

complex made up of IL-9RA and the common gamma chain, which

engages the MAPK, phosphoinositide 3-kinase (PI3K), and Jak-

STAT signaling networks (144). An increased inflammatory

response may arise from the transformation and growth of Th17

cells being aided by the activation of multiple pathways of signaling.

Additionally, IL-9 may indirectly influence Th17 cell activation by

modulating the production of cytokines or signaling molecules

from other immune cells. For instance, IL-9 stimulates

neighboring cells to produce pro-inflammatory factors like IL-23,

thereby augmenting the development and functionality of Th17

cells (145). Excessive production of IL-9 may be linked to the

hyperactivation of immune cells and dysregulated inflammatory

responses, therefore contributing to the etiology of inflammatory

skin conditions, especially psoriasis.
5.4.2 IL-12
Macrophages, DCs, and fibroblasts produce the cytokines IL-12

and IL-23, both part of the IL-12 family (146). Their synthesis is

regulated by multiple factors, such as gene expression variations,

patterns of TLR expression, and the cross-regulation between

different immune cell populations. This process also involves the

secretion of other cytokines, like IL-10 and IFN-g. IL-12, composed of

IL-12a and IL-12b subunits, functions by interacting with IL-12Rb1
and IL-12Rb2 receptors. This interaction activates JAK2 and TYK2,

resulting in the phosphorylation of STAT4 and other STAT family

members, ultimately inducing IFN-g secretion (146). IL-23,

consisting of the IL-12b and IL-23a subunits, is elevated in

psoriatic lesions compared to healthy skin (147). Although IL-12
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and IL-23 are structurally similar, they have different functions. IL-23

interacts with the IL-12Rb1 and IL-23R complex, primarily activating

STAT3. This activation enhances the production of IL-17A, IL-17F,

and IL-22, and supports the stabilization of Th17 cells (148, 149).

5.4.3 IL-22
Several immune cell sorts, involving Th17 cells, gdT cells,

natural killer T cells (NKT cells), and macrophages, manufacture

IL-22, with Th17 cells being the principal source (150). In the

dermis of both humans and mice, gd T cells expressing the T cell

marker CD69 have been observed, contributing to the promotion of

Th17 cell differentiation (151). Th17 cells produce various

cytokines, including IL-17A, IL-17F, and IL-22 (152). IL-22R, the

receptor for IL-22, is predominantly expressed on epithelial cells

and primarily facilitates the IL-22 signaling cascade (153). Under

physiological conditions, IL-22 is essential for preserving the

integrity of the epidermal barrier while supporting healing

processes. However, in individuals with psoriasis, IL-22 is

believed to promote keratinocyte proliferation, leading to

enhanced keratinization and the development of psoriatic lesions

(94, 154, 155). Neutrophils also secrete IL-22 in psoriatic lesions,

and normally IL-22 increases the proliferation of keratin-forming

cells (105). The actions of IL-22 are mediated through the

transmembrane receptor complex comprising IL-22R1 and IL-

10R2, with IL-22R1 likely playing a significant role in the

pathogenesis or exacerbation of psoriasis (156). IL-20 and IL-24

are recognized as receptor subunits of IL-22R1 (157, 158).

Additionally, cytokines such as IL-17, TNF, and IL-1b can

enhance the effects of IL-22. Targeting the interactions between

IL-22R1 and cytokines such as IL-20, IL-24, IL-17, TNF, and IL-1b
could improve clinical outcomes in psoriasis treatment (159).

5.4.4 TNF-a
TNF is a trimeric cytokine released by immune and epithelial

cells during infections or tissue damage, interacting with two specific

receptors: TNF receptor 1 (TNFR1) and TNFR2 (160). While TNFR1

is widely distributed across various cell types, TNFR2 exhibits high

expression levels primarily in myeloid cells and lower levels in other

tissues (161). The expression of TNFR2 can be upregulated by several

factors, including IL-33, IFN-g, IL-1, TL1A, and TNF itself (162).

TNF, present in both membrane-bound and soluble forms, can bind

to TNFR1 and TNFR2, with the membrane-bound form displaying a

stronger affinity for TNFR2 (163). TNF-a, located on chromosome 6,

is an important transmembrane protein with pro-inflammatory and

immunomodulatory functions. TNF-a signals through two receptors,

with TNFR1, also known as p55 or CD120a, being the primary

receptor for TNF-a (164). The binding of TNF-a to TNFR1 is

essential for regulating inflammatory signaling pathways and

apoptosis. TNFR1 activates kinases including IkBa kinase-2

(IKK2), TBK1, and IKKe, initiating the NF-kB signaling pathway.

This process triggers inflammatory cytokines such as TNF and IL-17,

which initiate further inflammatory responses (Figure 4) (165).
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Unlike TNFR1, TNFR2 (also referred to as p75 or CD120b) has a

lower affinity for TNF-a, yet it is capable of binding under specific

conditions. Currently, TNF inhibitors primarily function by targeting

TNFR1 (166). Five anti-TNF-a medications have been approved:

infliximab (Remicade), adalimumab (Humira), golimumab

(Simponi), certolizumab pegol (Cimzia), and etanercept (Enbrel)

(167). Remicade, Humira, Simponi, and Cimzia manage

autoimmune conditions like inflammatory bowel disease and

psoriasis by inhibiting TNF-a and TNFR1 interaction, thereby

moderating inflammation and modulating immune responses.

Unlike other TNF inhibitors, Enbrel has a high affinity for TNFR2.

It alleviates inflammation and immune responses by binding to and

neutralizing free TNF-a in the body, and it is leveraged for various

autoimmune conditions, including PsA and plaque psoriasis.

5.4.5 IFN-g
IFN-g, an essential cytokine in the interferon family, is mainly

produced by diverse immune cells, including T lymphocytes, NK

cells, and macrophages. IFN-g binds to its receptor, activating the

JAK-STAT pathway and inducing the expression of responsive

genes. This cytokine participates in modulating immune cell

function and in initiating immune responses, making it essential

for both innate and adaptive immunity. Consequently, dysregulated

IFN-g expression is strongly linked to the pathophysiology of

assorted human illnesses (168, 169).

Recent studies have shown elevated levels of IFN-g in psoriasis,

with significant secretion primarily from T cells, including Th1,

Th17, and Th22 subsets (63, 170). Moreover, the levels of IFN-g in
psoriatic lesions correlate closely with disease severity (170, 171).
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Notably, IFN-g produced by CD4+ T cells has been recognized as a

major contributor to the emergence of guttate psoriasis, while IFN-g
from CD8+ T cells appears to be more influential in the

immunopathogenesis of plaque psoriasis (36). RNA sequencing

and transcriptomic analyses of skin biopsies reveal increased IFN-g
signaling in non-pustular palmoplantar psoriasis, while

palmoplantar pustular psoriasis is more associated with the IL-17

pathway and neutrophil-related genes like IL-36A (172). These

findings suggest that IFN-g levels may act as a biomarker for

differentiating psoriasis subtypes and highlight its necessary role

in the disease’s pathophysiology. Recent studies have demonstrated

that IFN-g can induce significant transcriptomic changes, such as

the downregulation of miR-149, which increases KC sensitivity to

the inflammatory cytokine TWEAK, thus exacerbating skin

inflammation (173). Additionally, IFN-g has been shown to

modulate the activation and function of multiple immune cell

populations, including T cells, macrophages, and DCs. For

example, IFN-g facilitates the transformation of human

monocytes into inflammatory macrophages (174). In DCs, the

inhibition of the STAT1/NF-kB signaling pathway by IFN-g
results in reduced production of pro-inflammatory cytokines and

chemokines, including TNF, IL-1b, IFN-g, and IL-17. This process

impairs the development of effector CD8+ T cells, thereby reducing

skin thickening and alleviating psoriatic symptoms like scaling and

fissuring (175). These findings suggest that the downregulation of

the JAK-STAT inflammatory signaling pathway downstream of

IFN-g may improve psoriasis-like lesions (175, 176).In vitro studies

have shown that IFN-g enhances the production of heat shock

proteins HSP90a and HSP90b in HaCaT cells. Inhibition of IFN-g
FIGURE 4

IL-17 and TNF-a: Key Psoriasis inflammation and therapeutic targets. Both IL-17 and TNF-a are key inflammatory mediators in psoriasis, and they are
involved in the regulation of skin inflammation and immune responses. Both interact in the pathogenesis of psoriasis and together contribute to the
inflammatory response and the development of skin lesions.IL-17 induces keratinocytes and other cell types to produce a variety of inflammatory
factors, including TNF-a, which amplify the inflammatory response. Because of their role in psoriasis, IL-17 and TNF-a have become important
targets for psoriasis treatment, and by inhibiting the activity of these cytokines, the symptoms of psoriasis can be effectively controlled. Biological
agents targeting TNF-a and IL-17 have been widely used in the treatment of psoriasis.
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resulted in alterations in the immune cell population and led to

marked improvement in psoriatic lesions and symptoms (177). In

summary, while the precise mechanisms of IFN-g in psoriasis

remain to be fully elucidated, current evidence underscores its

involvement in the inflammatory response, abnormal KCs

differentiation, and immune cell activation, revealing a critical

regulatory role in the disease’s development and progression.

Targeting IFN-g and its downstream pathways could provide a

promising therapeutic approach for future psoriasis management.
6 Other inflammatory factors

6.1 TGF-b

TGF-b exists in various isoforms in humans and participates in

regulating physiological and pathological processes. These encompass

development, immune system regulation, cell proliferation and

differentiation, apoptosis, cell migration, and tissue repair (178).

TGF-b dysregulation is linked to the onset and advancement of

diseases such as cancer, inflammatory disorders, and fibrosis. It is

widely acknowledged that psoriatic lesions exhibit downregulated

levels of TGF-b, which typically functions to inhibit KC growth; thus,

a decrease in TGF-b concentrations within the skin can facilitate KC

uncontrolled proliferation. Researches reveal that Growth

Differentiation Factor 11 (GDF11), part of the TGF-b superfamily,

eases skin inflammation in a mouse model of psoriasis induced by

imiquimod. GDF11 administration significantly improved symptoms

like erythema, desquamation, and epidermal thickening, while

reducing inflammatory cell infiltration, epithelial hyperplasia, and

levels of inflammatory mediators such as IL-1b, TNFa, COX-2,
iNOS, and IL-6 (179). Infusion of mouse mesenchymal stromal

cells that secrete IL-6 and TGF-b has been illustrated to accelerate

the resolution of psoriasis-like skin inflammation, marked by

epidermal thinning and reduced CD3+ T cell infiltration. The

upregulation of TGF-b and IL-17A in the skin likely inhibits T

cell-mediated pathological processes (180). In contrast to previous

findings, certain studies suggest a positive correlation between TGF-b
levels and psoriasis development. In particular, TGF-b1 is

significantly upregulated in psoriatic KCs and promotes the

overexpression of keratin 17 and the proliferation of KCs through

the TGF-b/SMAD/miR-486-3p signaling axis, thereby promoting the

development of psoriasis (181). Similarly, GDF15, part of the TGF-b
superfamily, presents decreased expression in the epidermis of

psoriasis patients and animal models. It suppresses cytokine and

chemokine production by keratinocytes and directly inhibits

neutrophil adhesion and migration, spotlighting its anti-

inflammatory effects that ameliorate psoriasis (182). In conclusion,

TGF-b emerges as a crucial biological regulator that profoundly

influences cellular and tissue functionality, alongside the onset and

progression of diseases. However, elucidating the precise role of TGF-

b in psoriasis, along with the specific mechanisms and regulatory
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networks involved, necessitates further investigation to achieve a

comprehensive understanding.
6.2 CXCLs

Chemokines represent a specific category of cytokines that

direct and activate the movement of immune cells and other cell

types towards particular chemotactic gradients, thereby playing an

essential role in immune system function. Abnormal chemokine

expression during disease processes can initiate and exacerbate

inflammatory disorders such as psoriasis. This study explores the

regulatory roles and mechanisms of chemokines CXCL9, CXCL10,

and CXCL11 in psoriasis. Multiple chemokines have higher

expression levels within the lesion-prone skin of psoriasis

sufferers, including the CXC chemokine family members CXCL9,

CXCL10, and CXCL11, with increased expression of CXCL9/10

being characteristic of psoriasis (183). CXCL10 is suggested as a

potential biomarker for psoriasis progression, but existing evidence

is inadequate to confirm this, necessitating further validation (184).

The effects of CXCL9, CXCL10, and CXCL11 are mediated through

their specific receptor, CXCR3, with CXCL11 recognized as the

primary agonist due to its superior chemotactic potency relative to

CXCL10 and CXCL9 (185). CXCR3 is predominantly expressed on

monocytes, endothelial cells, fibroblasts, and cancer cells. Activation

of CXCR3 has been demonstrated to attract CD4+ T lymphocytes

and CD8+ T lymphocytes to inflammatory sites while also

facilitating their differentiation into more effective effector T cells

(185). The accumulation of immune cells in affected areas can

trigger inflammatory responses and subsequent tissue damage.

These inflammatory processes, coupled with immune cell

activation, further stimulate keratinization, leading to the

abnormal growth and differentiation of skin cells that manifest as

the characteristic scales and lesions of psoriasis. Endothelial cells,

fibroblasts, and KCs release CXCL9, CXCL10, and CXCL11 in

response to IFN-g, with CXCL10 significantly influencing Th1 cell

development and function (186, 187). In tissues, recruited Th1 cells

can increase IFN-g and TNF-a secretion, which in turn stimulates

CXCL10 production by various cells, creating a feedback loop that

sustains autoimmune processes (186, 187). Recent research suggests

that estrogen affects the expression of immune cells (DCs and gdT
cells), chemokines (CCL5 and CXCL10), and cytokines (TNF-a, IL-
23, and IL-17 family), which worsens cutaneous inflammation in

psoriasis and provides new insights for developing treatment

strategies (188). It should be noted that psoriasis is a multifaceted

disease involving multiple cytokines and signaling pathways in its

development and progression (Figure 5). Chemokines constitute

one facet of this complexity, contributing to the disease’s etiology by

attracting and regulating the migration and activation of immune

cells, promoting inflammatory responses, and interacting with

various factors to collectively influence pathological processes. In-

depth investigation of chemokine mechanisms is essential for
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FIGURE 5

The role of multiple cytokines and signaling pathways in psoriasis is highly significant. Cytokines secreted by immune cells bind to their
corresponding receptors. For instance, the massive release of IL-23, IL-6, IL-9, IL-22, and IFN-g activates the intracellular JAK-STAT signaling
pathway, thereby triggering downstream inflammatory responses. Meanwhile, IL-17, members of the IL-1 family, and TNF-a amplify the
inflammatory response by activating the NF-kB signaling pathway. Under the combined influence of these inflammatory factors and signaling
pathways, the inflammatory response in psoriasis continues to escalate, promoting the involvement of additional inflammatory cells (such as Th17
and DCs). This results in a multidimensional stimulation of keratinocytes, ultimately leading to further deterioration of the psoriasis condition.
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enhancing our understanding of psoriasis pathogenesis and

developing novel treatments.
7 Drugs targeting cytokines for
psoriasis

Psoriasis pathogenesis is regulated by various immune cells

and cytokines. As research in this area continues, treatments

are becoming more diverse. Conventional therapies for

psoriasis employ a wide range of anti-inflammatory and

immunosuppressive treatments. These include topical corticosteroids

for localized disease, as well as NSAIDs, vitamin D analogues (e.g.,

calcipotriol), and vitamin A analogues. Phototherapy options, such as

broadband UVB, narrowband UVB, PUVA, and tanning, are also

utilized. For refractory or extensive psoriasis, systemic therapies like

methotrexate (MTX), retinoic acid, and cyclosporine are commonly

prescribed (11, 189). However, these treatments have limited efficacy

and may cause adverse reactions. They are also not suitable for most

patients. UVB treatment reduces the infiltration of p38 pY323+ T cells

in psoriatic lesions and suppresses IRF4 and IL-17 production, which

may contribute to the therapeutic effects of phototherapy in psoriasis

(190). UVB also induces CD95L expression in keratinocytes, leading to

intradermal T-cell depletion. Additionally, it influences psoriasis

manifestation by promoting vitamin D production and modulating

immune responses to local antigens. However, prolonged use of UVB

therapy increases the risk of photoaging and skin cancer (191, 192).

Although MTX is a first-line treatment for moderate-to-severe

psoriasis and PsA, its long-term use is limited by gastrointestinal

toxicity, myelosuppression, and hepatic and pulmonary injury. For

mild PsA cases, short-term use of nonsteroidal anti-inflammatory

drugs may be appropriate, whereas oral glucocorticoids are not

recommended (193, 194). Topical corticosteroids are often

considered skin sensitizers, and prolonged use may cause adverse

effects such as skin atrophy, osteoporosis, and contact dermatitis

(195–197). In contrast, biologic therapies represent a new paradigm

of targeted treatment modalities that offer enhanced safety, improved

effectiveness, and a reduced incidence of side effects. These biologics

exert their therapeutic effects by specifically modulating pivotal

cytokines implicated in the immunopathogenesis of psoriasis (198).

This article aims to systematically summarize and thoroughly review

advancements in drug development strategies that target key cytokines

associated with psoriasis. Our objective is to provide valuable insights

and references to inform future endeavors in the creation of specific

therapeutic agents for psoriasis (Table 1).
7.1 IL-23 inhibitors

In the pathophysiology of psoriasis, IL-23 performs a crucial

upstream regulatory position by encouraging Th17 cell activation,

which results in the secretion of a variety of inflammatory cytokines.

By activating and proliferating KCs, these types of cytokines

collaborate in concert to exacerbate psoriatic skin disorders (60).

Notably, the inhibition of IL-23 does not interfere with the normal
Frontiers in Immunology 14
physiological roles of other cytokines, such as IL-17, derived from

different cellular sources, making IL-23 a highly attractive

therapeutic target for psoriasis. Approved by the FDA in 2017,

Guselkumab is the first biologic agent targeting IL-23 for treating

moderate-to-severe plaque psoriasis in adults (199). Due to its

enhanced safety and effectiveness, its application has been

extended for treating PsA (200). Tildrakizumab, a humanized

antibody with high affinity for the IL-23 p19 subunit, received

FDA approval in 2018 for treating moderate-to-severe plaque

psoriasis in adults. A Phase 3 clinical trial among Chinese

patients confirmed its strong efficacy and safety in treating

moderate-to-severe plaque psoriasis (201). Approved in 2019,

Risankizumab is the third FDA-approved inhibitor of the IL-23

p19 subunit for treating moderate-to-severe plaque psoriasis in

adults, demonstrating a favorable safety and tolerability profile

(202). Risankizumab, approved in Japan for generalized pustular

psoriasis, erythrodermic psoriasis, and PsA, also demonstrates

potential for treating autoimmune diseases worldwide, including

hidradenitis suppurativa, ulcerative colitis, Crohn’s disease, asthma,

atopic dermatitis, and ankylosing spondylitis (203). Mirikizumab,

the latest IL-23 inhibitor to be approved by the FDA in October

2023, focuses on inflammatory bowel disease rather than psoriasis

in its approved indication. However, clinical evidence has

demonstrated the efficacy of Mirikizumab in psoriasis, providing

significant relief of psoriatic lesions, thereby underscoring its

potential as a prominent treatment option for the condition (204,

205). Beyond the four FDA-approved IL-23 inhibitors, numerous

other biologic agents targeting IL-23 are in clinical trials,

underlining the potential of IL-23 as a therapeutic target

for psoriasis.
7.2 IL-17 inhibitors

The IL-17 family, particularly IL-17A, plays a pivotal role in

psoriasis by acting as a pro-inflammatory factor that induces the

expression of chemokines and cytokines, recruits neutrophils and

monocytes, and drives inflammation (79). The prominent role of

the IL-17 pathway in psoriasis has led to blocking IL-17 signaling

becoming a vital strategy for treating psoriasis. Presently, drug

development for this purpose focuses on two primary strategies:

targeting anti-IL-17A and IL-17RA. In 2015, the FDA approved

Secukinumab, a fully human monoclonal antibody targeting IL-

17A, for adults with moderate-to-severe plaque psoriasis unsuitable

for phototherapy or systemic therapy. Secukinumab specifically

targets IL-17A epitopes, acts quickly, is well-tolerated with few

side effects, and minimizes anti-drug antibody production (206,

207). Similarly, Ixekizumab, another humanized monoclonal

antibody targeting IL-17A, received FDA approval in 2016 based

on its robust efficacy and safety profile, and has been widely

marketed (208). Netakimab, a chimeric IgG1 monoclonal

antibody against IL-17A, was developed in Russia and approved

in 2019 for moderate-to-severe plaque psoriasis. In 2020, its

utilization was extended to ankylosing spondylitis and PsA.

Clinical trials are ongoing in the U.S. and China (209).
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TABLE 1 Cytokine-based therapeutic drugs and clinical research.

Cytokines Function Drugs Indications Long-term outcomes Side effects Phase NCT

cute myocardial infarction, COVID-
9 pneumonia, deep vein thrombosis,
ypertension, nasopharyngitis,
haryngitis, rhinitis, urinary tract
nfection, upper respiratory
ract infection

Marketing
NCT05390515
NCT03552276

asopharyngitis, upper respiratory
ract infection, rectal adenocarcinoma,
rostate cancer, plasma cell myeloma,
elanoma in situ, nonfatal myocardial

nfarctions, nonfatal stroke and uveitis

Marketing
NCT02207231
NCT02203032
NCT02905331

asopharyngitis, upper respiratory
ract infection, oral or vulvovaginal
andida infections

Marketing
NCT03478787
NCT05283135

ot Available
Phase 3

NCT06049810
NCT05645627

njury, poisoning and procedural
omplications, cerebral infarction,
asal cell carcinoma, eczema, allergic
hinitis, injection-site pain,
ypertension and diarrhoea

Marketing
NCT03718884
NCT03482011
NCT02899988

asopharyngitis, upper respiratory
ract infection, oral or vulvovaginal
andida infections, inflammatory
owel disease (ulcerative colitis)

Marketing
NCT03131570
NCT03478787
NCT02592018

ot Available
Marketing

NCT02993471
NCT04083612

Marketing
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IL-23

Promotes the production of
inflammatory cytokines by Th17
cells, leading to activation and
hyperproliferation of keratin-
forming cells.

Tildrakizumab
Adult patients with moderate to
severe plaque psoriasis

Drugs are safe and effective in tests
measuring their effects on skin and
blood immune cells in psoriasis
patients
Safe and effective for treating PsA

A
1
h
p
i
t

Guselkumab
Adult patients with moderate to
severe plaque psoriasis

There is good security and the rate of
security incidents remains stable.

N
t
p
m
i

Risankizumab
Crohn’s disease, psoriatic
arthritis and plaque psoriasis

Risankizumab consistently
demonstrated higher efficacy
compared to sukinumab in different
patient groups.
High induction doses of risankizumab
were effective in patients with
moderate to severe plaque psoriasis.

N
t
c

IBI112
(Picankibart)

Moderate to severe
plaque psoriasis

Picankibart has a significant short-
term onset of action, superior efficacy,
and a favorable safety profile.

N

Mirikizumab Plaque psoriasis

Mirikizumab shows superior efficacy
to placebo in treating moderate to
severe plaque psoriasis.
Overall safety and efficacy were
assessed by long-term
mirikizumab treatment.

I
c
b
r
h

IL-17
Stimulate epidermal hyperplasia and
the pro-inflammatory feed-forward
loop seen in plaque psoriasis

Secukinumab
Adults with moderate-to-severe
plaque psoriasis and
pediatric patients

By curing mild psoriasis with short-
term anti-IL-17A therapy,
investigators could reduce the cost of
treating psoriasis and related diseases,
including psoriatic arthritis,
cardiovascular disease, and diabetes.
Risankizumab consistently
demonstrated higher efficacy
compared to sukinumab in different
patient groups

N
t
c
b

Ixekizumab
Adult patients with moderate to
severe plaque psoriasis

Ixekizumab delivery concentrations
explored, paving the way for
personalized treatment

N

Brodalumab Moderate to severe psoriasis
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Cytokines Function Drugs Indications Long-term outcomes Side effects Phase NCT

sopharyngitis, upper respiratory
ct infection, headache, depression,
ndida infection and arthralgia.

NCT01708590
NCT01708603

per respiratory tract infection,
sopharyngitis, viral meningitis,
lorectal polyps, colon cancer and
gal infections (oral candidiasis, oral
gal infections, vulvovaginal fungal
ections and tinea pedis)

Marketing
NCT03025542
NCT02905006
NCT03010527

xic dermatosis, post-traumatic
eoarthritis of the interphalangeal
nts, chickenpox, head injury
ulting in death, acute bilateral
ppurative maxillary sinusitis

Marketing NCT02762955

per respiratory tract infections
d hyperuricemia Phase 1/2

NCT03463187
NCT02934412

hing and pain
Phase 1
Phase 2

NCT03580278
NCT03591887

t Available
Phase 2 NCT06380907

t Available
Phase 2
Phase 3

NCT03619902
NCT05352893
NCT03633396

inary tract infections, influenza,
liculitis, otitis externa, upper
piratory tract infections, pustules,
akness, fatigue, nausea, vomiting,
adache, itching, and infusion site
matoma and bruising

Phase 1,
Phase 3

NCT02978690
NCT05200247
NCT05239039

adaches, nasopharyngitis, joint
in, high blood pressure and itching

Marketing
NCT00307437
NCT00267969
NCT01059773

t Available Withdrawn NCT01260844
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Brodalumab treatment produced
significant clinical benefits and an
acceptable safety profile in patients
with moderate to severe
plaque psoriasis.

N
tr
C

Bimekizumab

Adults with moderate-to-severe
plaque psoriasis, generalized
pustular psoriasis, and
erythrodermic psoriasis

Bimekizumab was well tolerated with
no unexpected safety findings.

U
na
co
fu
fu
in

Netakimab
(BCD-057)

Moderate to severe
plaque psoriasis

BCD-057 was well tolerated and
comparable to iADA in terms of
efficacy, IG, steady-state PK, and
safety, with no significant treatment
switching effects.

T
os
jo
re
su

Vunakizumab
(SHR-1314)

Ankylosing spondylitis, plaque
psoriasis,
Graves’ ophthalmopathy

SHR-1314 is superior in subjects with
moderate to severe plaque psoriasis.

U
an

Izokibep
(ABY-035)

Moderate to severe
plaque psoriasis

ABY-035 demonstrated good efficacy,
safety and tolerability in different dose
groups and administration frequencies

It

ZL1102 Chronic plaque psoriasis
ZL-1102 developed specifically for the
treatment of mild to moderate chronic
plaque psoriasis.

N

IL-36

Acts on keratinocytes, epithelial
cells, and immune cells, causing
cytokine secretion and excessive
inflammatory responses and
aggregation of immune cells

ANB019
(AnaptysBio)

Generalized pustular psoriasis
in adults

ANB019 showed a favorable safety
and tolerability profile in patients with
generalized pustular psoriasis.

N

Spesolimab Generalized Pustular Psoriasis

Spesolimab provides rapid and
sustained clinical improvement in
efficacy and safety by delivering GPP-
targeted therapy.

U
fo
re
w
he
he

IL-12

Induces the production of IFN-g and
others through multiple pathways,
affecting the activation and
proliferation of keratinocytes.

Ustekinumab
Moderate-to-severe plaque
psoriasis in adults

Ustekinumab shows a favorable safety
profile.
Ustekinumab is well tolerated and
effective in patients with inadequate
methotrexate response.

H
pa

Briakinumab N
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Cytokines Function Drugs Indications Long-term outcomes Side effects Phase NCT

Results of a Pharmacokinetic
evaluation of single-dose CYP
substrate by brenezumab in subjects
with moderate to severe psoriasis.

laque
Infliximab superior to placebo for
palmoplantar psoriasis.

Cellulitis of the cheeks, hepatitis,
fatigue, nausea and loss of
appetite, jaundice

Marketing
NCT00629772
NCT00261976

laque
vere plaque

Lung infections, pneumonia and
tuberculosis, fever, tachycardia and
asthma-like symptoms

The duration of the treatment period
was not sufficient to assess long-term
efficacy and safety, and the trial did
not include an active control
consisting of other systemic therapies.

Marketing
NCT03217734
NCT01646073

laque

Patients from six countries in Asia,
Central Europe and Latin America
responded to etanercept treatment
similarly to those observed in patients
in the United States and
Western Europe.

Nasopharyngitis, headache, elevated
blood insulin, diarrhea, injection-site
erythema, pharyngitis, arthralgia,
injection-site reaction, fatigue, rash,
nausea, anemia, mucositis,
neutropenia, respiratory distress, lung
infections and sepsis

Marketing
NCT00663052
NCT02258282

laque

CZP has long-term clinical efficacy in
patients with moderate to severe
plaque psoriasis.
Clinical signs and symptoms of PsA
improved after CZP treatment.

Nasopharyngitis, upper respiratory
tract infection, hypertension,
mesenchymal oligodendroglioma,
basal cell carcinoma, breast cancer,
clear cell renal carcinoma,
glioblastoma, Hodgkin’s disease,
keratoacanthoma, diarrhea, headache
and laryngeal carcinoma

Marketing
NCT02346240
NCT02326298
NCT01087788
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Moderate to severe
plaque psoriasis

TNF-a

Induces the production of other
cytokines, promoting vasodilatation
and increasing permeability, which
leads to the infiltration of
inflammatory cells and the
formation of inflammatory cell-
mediated lesions, but also promotes
the aberrant proliferation and
hyperkeratosis of keratinocytes

Infliximab
Moderate-to-severe p
psoriasis in adults

Adalimumab
Moderate to severe p
psoriasis in adults, se
psoriasis in children

Etanercept
Moderate to severe p
psoriasis in adults

Certolizumab
Moderate to severe p
psoriasis in adults
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Bimekizumab, a monoclonal antibody that targets IL-17A and IL-

17F, received marketing approval in Europe in 2021 and in Japan in

2022 for the treatment of psoriasis and PsA (209). Unlike the four

aforementioned drugs, Brodalumab, a humanized IgG2 monoclonal

antibody targeting IL-17RA, has predominantly been utilized for

the intervention of same indications since its approval in Europe in

2017 (210). Recent multicenter researches have confirmed

Brodalumab’s efficacy and safety in both short-term and long-

term psoriasis treatment (211). In addition to these five FDA-

approved drugs, ongoing research and development efforts are

exploring additional IL-17-targeting therapies, such as

Vunakizumab, Izokibep (ABY-035), and ZL1102, all of which

show promising potential for psoriasis treatment.
7.3 IL-36 inhibitors

Continuous abnormal activation of IL-36R leads to the

production of chemokines and cytokines, which in turn

encourages the infi ltration and activation of different

inflammatory cells such as macrophages, neutrophils, and Th17

cells. This activation induces cytokine release, including IL-17, TNF,

and IL-22, which in turn enhances IL-36 expression by skin cells

and DCs. Consequently, a feedback loop intensifies the

inflammatory response, attracting numerous neutrophils and

other immune cells to the site. This process leads to the

formation of pustular patches and the onset of pustular psoriasis

(123, 124). Therefore, the drugs currently undergoing clinical

studies primarily target IL-36R. The main examples include

Imsidolimab (ANB019) and Spesolimab.
7.4 IL-12 inhibitors

IL-12 and IL-23 are part of the same family, both containing a

shared p40 subunit, while IL-12 uniquely includes a p35 subunit.

The pathogenesis of psoriasis is influenced by IL-12/23, making it a

crucial target for blocking the development of the condition (60). In

2009, the FDA approved Ustekinumab, a monoclonal antibody

targeting the IL-12/IL-23 p40 subunit, for treating moderate-to-

severe plaque psoriasis in adults (212). In recent years, its

indications have expanded to include PsA and ulcerative colitis.

Common adverse effects of Ustekinumab include mild

nasopharyngitis and headaches; nonetheless, it generally exhibits

a favorable safety profile (212).
7.5 TNF-a inhibitors

TNF-a, a key cytokine linking inflammation and immune

responses, is released by activated macrophages, NK cells, and T

lymphocytes. Its biological functions, including cell proliferation,

metabolic activation, and inflammatory response, are substantial in

psoriasis pathogenesis (213). The four approved and marketed

drugs targeting TNF-a are Infliximab, Adalimumab, Etanercept,
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and Certolizumab. Their main indications include psoriasis,

ankylosing spondylitis, inflammatory bowel disease, and other

autoimmune diseases. However, the safety of TNF-a inhibitors

requires further improvement. Studies have revealed that some

female patients treated with TNF-a monoclonal antibodies for

inflammatory bowel disease developed psoriasis, with the

underlying mechanism remaining obscure and warranting further

investigation (214). The core mechanism of action of the

characteristic metabolite polycyclic polypentadienylacylated acyl

resorcinols (PPAPs) from Hypericum perforatum includes

selective inhibition of the TNF-a signaling pathway, which

alleviates psoriasis-associated pathologic epidermal thickening

through modulation of the epidermal cell proliferation cycle, and

the compounds provide potential candidate molecules for psoriasis

treatment through multi-targeted intervention in the TNF-a-
associated signaling network (215).
7.6 Biomarkers for predicting response to
therapy

There is currently no cure for psoriasis or PsA, however,

biologic therapies targeting key inflammatory pathways have

demonstrated significant efficacy. Identifying reliable biomarkers

is crucial for predicting disease prognosis and treatment response,

thereby aiding in the optimization of personalized therapeutic

strategies. The primary biomarker categories identified to date

include genetic, blood-based, tissue-derived, and transcriptional

markers (216). Studies indicate that the response to anti-IL-17

therapy may be influenced by common genetic variants, HLA

alleles, polygenic risk scores, and shared genetic susceptibility

across multiple diseases (217). The key gene PYCARD, primarily

involved in inflammatory pathways, is highly expressed in

keratinocytes and significantly upregulated in psoriatic lesions.

Studies have demonstrated its crucial role in the development of

psoriatic lesions (218). The ABCC1 and ABCG2 SNPs are

associated with a favorable response to methotrexate in psoriasis

patients, while DHFR SNPs show similar effects in PsA. In PsA

patients, the TNF gene promoter -308 G/G genotype exhibits

greater responsiveness to anti-TNF therapy. After anti-TNF

treatment, Th1 and Th17 cell frequencies decrease in psoriasis

patients, reinforcing the critical role of the IL-23/Th17 axis in

disease pathology. Additionally, IL-23, IL-23R, and Th17-related

cytokines are elevated in psoriatic lesions compared to non-lesional

skin. This upregulation is accompanied by increased expression of

anti-apoptotic proteins (Bcl-X, Bax, and Bak), which correlate with

response to anthracycline and anti-TNF therapy (219). The

immune response in psoriasis involves inflammatory mediators

that are strongly linked to vascular inflammation and the

progression of atherosclerosis. Consequently, atherosclerosis-

related biomarkers may also serve as therapeutic indicators for

psoriasis (220). Deucravacitinib modulates inflammatory cytokines,

including IL-23 and type I interferon, by targeting the Tyk2

signaling pathway. Additionally, it influences biomarkers related

to collagen matrix turnover, which may serve as predictors of its
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1573905
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Li et al. 10.3389/fimmu.2025.1573905
therapeutic response in PsA (221). TNF-a is a key therapeutic

target for PsA and has shown significant efficacy in clinical trials.

Several proteins are crucial in inflammation regulation and immune

response, including apolipoproteins, fibrinogen, type II collagen,

serum amyloid A, conjugated bead proteins, 14-3-3 proteins, and

S100 family proteins, particularly S100A8. Additionally, major

drug-binding proteins such as human serum albumin and a-1-
acid glycoprotein have been identified as potential predictors of

response to anti-TNF-a therapy in PsA. Changes in their levels may

be linked to TNF-a neutralization (222). Studies have shown that

golimumab regulates acute-phase reactants, inflammatory markers,

metabolic factors, and bone remodeling markers. Serum levels of

CRP, VEGF, MMP-3, and ICAM-1 are strongly correlated with

psoriasis-related scores, and some of these markers have been

linked to clinical endpoints of anti-TNF therapy in RA studies.

Additionally, IL-6, VEGF, MMP-3, and YKL-40 levels are

significantly associated with the response to anti-TNFa therapy in

patients with spondyloarthropathies (223).
7.7 Others

In addition to those previously noted, cytokines like IFN-g,
TGF-b, CXCL9, CXCL10, IL-33 and CXCL11 play a significant role

in psoriasis pathogenesis. In addition, natural compounds can also

effectively regulate the expression of cytokines. For example, natural

products (e.g., the flavonoid tetramethoxy lignans/methlut) can

inhibit IL-33 production and its signaling with the ST2 receptor;

and reduce downstream inflammatory factor release by inhibiting

IL-33/Substance P-mediated mast cell activation. It is a preferred

lead compound for the development of drugs for the treatment of

psoriasis (224). Curcumin inhibits psoriasis inflammation and

keratinocyte proliferation through downregulation of pro-

inflammatory cytokines and inhibition of IL17/IL23, NF-kB and

STAT-3 signaling pathway activities (225, 226). However, their

transdermal absorption is limited, compromising efficacy. To

improve delivery efficiency, nanoparticles are used as curcumin

carriers (216). Common formulations include nanosuspensions,

nanoparticles, nanoemulsions, solid lipid particles, nanocapsules,

nanospheres and liposomes (227).

It is crucial to acknowledge that, despite the continuous

development of various therapeutic agents for psoriasis, the

overall non-response rate to TNF-a inhibitors remains

significantly high, exceeding 30% (228). Furthermore,

approximately 10% to 20% of patients do not respond to

biologics targeting IL-17 and IL-23 (206, 229, 230). The reasons

for this lack of efficacy are multifactorial and may encompass

several key factors: (1) Although recent studies have emphasized

the predominant role of the Th17 pathway in mediating

inflammation in psoriasis and psoriatic arthritis, other signaling

pathways, such as TNF-a and IFN-g, are also critically important

(1). Therefore, reliance on a single IL-17, IL-23 and TNF-a
inhibitor may not sufficiently address the diverse critical pathways
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involved in psoriasis, potentially resulting in suboptimal outcomes

in targeted therapy. (2) Additionally, the IL-17 family comprises

several members beyond IL-17A, with evidence indicating that IL-

17F plays a significant role in the pathogenesis of psoriasis (1).

Further research is warranted to explore the potential involvement

of other IL-17 family members in similar mechanisms. (3)

Moreover, polymorphisms within the IL-23 gene have been

identified (231), suggesting that variants in the IL-23R gene may

diminish the efficacy of currently available IL-23 inhibitors. (4)

Recent studies have also increasingly highlighted a strong

correlation between gut microbiota and the immune imbalance of

T-cells in psoriasis, offering new insights into the disease’s

underlying mechanisms (232–234).

Clinical trials are currently underway for drugs that target

cytokines, and it is anticipated that these drugs will address the

limitations of existing treatments and exhibit improved therapeutic

effects. The introduction of these drugs holds the potential for

revolutionary advancements in the future management of psoriasis.
8 Summary and prospects

Over recent decades, significant advancements have been made

in understanding the intricate cytokine networks involved in

psoriasis. These findings have significantly enhanced our

understanding of psoriasis pathophysiology and laid a strong

foundation for developing novel therapies, providing renewed

hope for patients. The pathogenesis of psoriasis is driven by a

complex interplay of cytokines, which collectively modulate

immune responses and inflammatory processes through intricate

positive and negative feedback loops. In particular, targeted

therapeutic strategies aimed at these key cytokines have proven

effective in controlling the abnormal immune response in psoriasis.

Recognizing the pleiotropic and context-dependent roles of

cytokines in psoriasis immunity is vitally indispensable for a

comprehensive understanding. To achieve personalized and

precise treatment, the development of biomarkers that can predict

patients’ responses to specific cytokine-targeted therapies is crucial.

This will help doctors tailor the most appropriate treatment plan for

each patient, thereby maximizing therapeutic effects. The future of

psoriasis therapy is evolving beyond monoclonal antibodies to

include small-molecule inhibitors, gene-editing technologies,

RNA-based therapies, and nanocarriers (235). Oral inhibitors like

JAK-STAT (e.g., deucravacitinib) and PI3K/NF-kB blockers offer

convenience and potential for cytokine modulation, though

specificity and long-term safety remain challenges. Gene-editing

tools such as CRISPR-Cas9 can precisely target cytokine-related

genes (e.g., silencing IL-23R), with ex vivo T cell or stem cell editing

promising personalized treatments. RNA therapies targeting IL-

17C, IL-36g, or TNF-a can suppress inflammation, boosted by

nanoparticle delivery for stability and skin penetration. Engineered

Tregs and CAR-T cells aim to restore immune balance by targeting

Th17 activity or pathogenic cells. Nanocarriers, like curcumin-
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loaded particles, enhance topical drug delivery while minimizing

systemic exposure. As biomedical research advances, a multimodal

strategy integrating these innovations will drive precise,

personalized treatments and improve outcomes for psoriasis

patients. Furthermore, combining cytokine-targeted therapies

with emerging CAR-T therapies and phototherapy may provide a

more comprehensive treatment strategy for psoriasis patients. This

integrated approach is expected to improve efficacy while reducing

adverse effects and enhancing life satisfaction in patients. As

biomedical research progresses, the treatment of psoriasis in the

future will become more precise and personalized, offering a

brighter outlook for patients.
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(+) T cell response to microbes in psoriasis. Front Immunol. (2018) 9:1488.
doi: 10.3389/fimmu.2018.01488

35. Yan KX, Fang X, Han L, Zhang ZH, Kang KF, Zheng ZZ, et al. Foxp3+ regulatory
T cells and related cytokines differentially expressed in plaque vs. guttate psoriasis
vulgaris. Br J Dermatol. (2010) 163:48–56. doi: 10.1111/j.1365-2133.2010.09742.x

36. Yan K, Han L, Deng H, Fang X, Zhang Z, Huang G, et al. The distinct role and
regulatory mechanism of IL-17 and IFN-g in the initiation and development of plaque vs
guttate psoriasis. J Dermatol Sci. (2018) 92:106–13. doi: 10.1016/j.jdermsci.2018.07.001
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inflammation – An overview. Life Sci. (2023) 322:121650. doi: 10.1016/j.lfs.2023.121650

180. Cuesta-Gomez N, Medina-Ruiz L, Graham GJ, Campbell JDM. IL-6 and TGF-
b-secreting adoptively-transferred murine mesenchymal stromal cells accelerate
healing of psoriasis-like skin inflammation and upregulate IL-17A and TGF-b. Int J
Mol Sci. (2023) 24:10132. doi: 10.3390/ijms241210132

181. Yang L, Zhang S, Wang G. Keratin 17 in disease pathogenesis: from cancer to
dermatoses. J Pathol. (2018) 247:158–65. doi: 10.1002/path.5178

182. Zhang J, He L, Wang Z, Shao S, Qiao P, Zhang J, et al. Decreasing GDF15
promotes inflammatory signals and neutrophil infiltration in psoriasis models. J Invest
Dermatol. (2023) 143:419–430.e418. doi: 10.1016/j.jid.2022.07.026

183. He H, Bissonnette R, Wu J, Diaz A, Saint-Cyr Proulx E, Maari C, et al. Tape
strips detect distinct immune and barrier profiles in atopic dermatitis and psoriasis. J
Allergy Clin Immunol. (2021) 147:199–212. doi: 10.1016/j.jaci.2020.05.048

184. Ramessur R, Corbett M, Marshall D, Acencio ML, Barbosa IA, Dand N, et al.
Biomarkers of disease progression in people with psoriasis: a scoping review. Br J
Dermatol. (2022) 187:481–93. doi: 10.1111/bjd.21627

185. Karin N. CXCR3 ligands in cancer and autoimmunity, chemoattraction of
effector T cells, and beyond. Front Immunol. (2020) 11:976. doi: 10.3389/
fimmu.2020.00976

186. Antonelli A, Ferrari SM, Giuggioli D, Ferrannini E, Ferri C, Fallahi P.
Chemokine (C–X–C motif) ligand (CXCL)10 in autoimmune diseases. Autoimmun
Rev. (2014) 13:272–80. doi: 10.1016/j.autrev.2013.10.010

187. Tokunaga R, ZhangW, NaseemM, Puccini A, Berger MD, Soni S, et al. CXCL9,
CXCL10, CXCL11/CXCR3 axis for immune activation - A target for novel cancer
therapy. Cancer Treat Rev. (2018) 63:40–7. doi: 10.1016/j.ctrv.2017.11.007

188. Wu H, Zeng L, Ou J, Wang T, Chen Y, Nandakumar KS. Estrogen acts through
estrogen receptor-b to promote mannan-induced psoriasis-like skin inflammation.
Front Immunol. (2022) 13:818173. doi: 10.3389/fimmu.2022.818173

189. Lebwohl M, Ting PT, Koo JY. Psoriasis treatment: traditional therapy. Ann
Rheum Dis. (2005) 64 Suppl 2:ii83–86. doi: 10.1136/ard.2004.030791

190. AlamMS, Gaida MM, Ogawa Y, Kolios AG, Lasitschka F, Ashwell JD. Counter-
regulation of T cell effector function by differentially activated p38. J Exp Med. (2014)
211:1257–70. doi: 10.1084/jem.20131917
Frontiers in Immunology 24
191. Gutierrez-Steil C, Wrone-Smith T, Sun X, Krueger JG, Coven T, Nickoloff BJ.
Sunlight-induced basal cell carcinoma tumor cells and ultraviolet-B-irradiated psoriatic
plaques express Fas ligand (CD95L). J Clin Invest. (1998) 101:33–9. doi: 10.1172/jci1165

192. Hart PH, Gorman S, Finlay-Jones JJ. Modulation of the immune system by UV
radiation: more than just the effects of vitamin D? Nat Rev Immunol. (2011) 11:584–96.
doi: 10.1038/nri3045

193. Gossec L, Kerschbaumer A, Ferreira RJO, Aletaha D, Baraliakos X, Bertheussen
H, et al. EULAR recommendations for the management of psoriatic arthritis with
pharmacological therapies: 2023 update. Ann Rheum Dis. (2024) 83:706–19.
doi: 10.1136/ard-2024-225531

194. Du H, Liu P, Zhu J, Lan J, Li Y, Zhang L, et al. Hyaluronic acid-based dissolving
microneedle patch loaded with methotrexate for improved treatment of psoriasis. ACS
Appl Mater Interf. (2019) 11:43588–98. doi: 10.1021/acsami.9b15668
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