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Abstract: Understanding the factors creating genetic susceptibility in psoriasis may provide a ba-
sis for improving targeted treatment strategies. In this review, we discuss the genes linked to the
pathogenesis of psoriasis and their relationship to the available treatment options. To identify the
relevant genetic markers and treatments, we searched PubMed, Google Scholar, MEDLINE, and
Web of Science with keywords, including genetic susceptibility to psoriasis, genetics and psoriasis, psori-
asis treatments, and biologics treatments in psoriasis. The articles in English from database inception
to 1/1/23 were included. Case reports and series were excluded. Gene variant forms commonly
implicated in the pathogenesis of psoriasis include those encoding for interleukins, interferons, and
other mediators involved in inflammatory pathways, such as JAK/STAT, and NF-κB. Several of the
treatments for psoriasis (for example IL23 and TYK2 inhibitors) target the products of genes linked
to psoriasis. Multiple genes are linked to the pathogenesis of psoriasis. This understanding may
provide an avenue for the development of new psoriasis treatment strategies and for more effective,
safer treatment outcomes.
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1. Introduction

Psoriasis is a chronic and recurrent inflammatory skin condition characterized by
erythematous scaly plaques that most commonly appear on the scalp, elbows, and knees.
In addition to cutaneous manifestations, there are also systemic manifestations of psoriasis
that include psoriatic arthritis, cardiovascular disease, diabetes, depression, anxiety, certain
malignancies, and obesity [1–3]. Psoriasis affects 2–3% of the population in the United
States and has a serious negative impact on quality of life, as current treatments do not
serve to cure but rather to alleviate symptoms [1,2,4–8]. This results in high and often
insurmountable healthcare costs for families. Psoriasis has a peak occurrence in both
males and females between 20–30 years and 60–70 years of age [1]. There are multiple
subtypes of psoriasis, of which the most common is psoriasis vulgaris, also known as
plaque psoriasis [2]. Other less common subtypes include inverse or flexural psoriasis,
guttate psoriasis, pustular psoriasis, and erythrodermic psoriasis [1,2,7]. The etiology of
psoriasis consists of multifactorial components including both genetic and environmental
factors [1,4,9,10]. These environmental factors can include chronic infections, stress, low
humidity, drugs, smoking, and obesity [1,4,7]. Certain infections such as streptococcal
infections, medications, alcohol abuse, and physical trauma may also trigger or worsen
existing psoriasis [11].

The role of genetics in disease pathophysiology is being increasingly explored as an
approach to targeted treatment. Psoriasis has a significant familial genetic correlation, as
more than 20% of patients report family history [9]. Additionally, disease concordance is
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higher in monozygotic compared to dizygotic twins [3,4,9,10]. There are many genes found
to play a role in disease development, and over 80 susceptibility loci were identified [1,6,9].
For example, certain loci identified allow for the nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-κB) signal transduction cascade, which is thought to play a role in
the pathogenesis of psoriasis. Cytokines, important mediators in inflammatory responses,
were linked to psoriasis, such as IL-1, IL-17, and IL-22 [11]. There are genes that are
strongly associated with a higher risk of developing psoriasis, such as HLA-C*06:02 [1,11].
Targeting the specific genes that underlie psoriasis could be an effective and safe approach
to managing this disease and may provide the foundation for future precision medicine
techniques. In this review, we compared the genes linked to psoriasis to available treatment
options in order to identify treatments that specifically target the products of genes that
cause psoriasis.

2. Discussion

The genes associated with psoriasis may be separated into categories that reflect the
major immunological mediator and pathway that they influence. These categories act as a
system to generate immunological responses; thus, their corresponding genetic mediators
have the potential to serve as targets for psoriasis treatment.

2.1. Interleukins (IL)

Interleukins are cytokines that play an essential role in the differentiation, proliferation,
migration, adhesion, and maturation of immune cells. They can be both pro-inflammatory
and anti-inflammatory. By binding to interleukin receptors, interleukins trigger a cascade
of reactions that constitute the immune system [12]. The pro-inflammatory mediators
associated with psoriasis are IL1B, IL2, IL6, IL12, IL15, IL17, IL18, and IL20. Specifically,
IL1B encodes a cytokine produced by activated macrophages and plays an important role
in the inflammatory response. IL2 encodes a cytokine important for the proliferation of T
and B lymphocytes. IL6 encodes a cytokine that induces inflammatory responses through
IL6Ra and the maturation of B cells. IL12 induces Th1 cells to produce IFN-γ. IL15 encodes
a cytokine that regulates T-cell and natural killer activation and proliferation and induces
the activation of janus kinases (JAK), as well as the phosphorylation and activation of
STAT3, STAT5, and STAT6 proteins. IL17 is produced due to IL23 activation of Th17 cells.
IL17 is a key mediator of autoimmunity. IL18 stimulates the production of IFN-γ in Th1
cells. IL20 encodes a cytokine structurally related to IL10 and transduces its signal through
STAT3 in keratinocytes [4].

The anti-inflammatory genetic mediators associated with psoriasis are IL1RN, IL4,
IL10, IL13, and IL19. IL1RN inhibits IL1 and modulates the immune and inflammatory re-
sponses. IL4 is a pleiotropic cytokine involved in the modulation of Th2 immune responses.
Its receptor also binds IL13, which may contribute to many overlapping functions of this
cytokine and IL13. IL10 encodes a cytokine produced by monocytes and lymphocytes that
downregulates the expression of Th1 cytokines and blocks NF-kB activity. It further en-
hances B-cell survival, proliferation, and antibody production and regulates the JAK-STAT
signaling pathway. IL13 encodes a cytokine produced by activated Th2 that is involved
in the maturation and differentiation of B cells and downregulates macrophage activity
and inhibits the production of proinflammatory cytokines and chemokines [4]. IL19 is a
member of the IL10 cytokine subfamily with a role in inflammatory responses.

Several genetic variants among ILs are associated with psoriasis development and
progressions. The rs2275913 single nucleotide polymorphism (SNP) in the IL17A gene,
featuring a substitution of guanine (G) with adenine (A), was linked to an increased risk
of psoriasis by enhancing IL17A production and promoting inflammation. Furthermore,
the rs3212227 SNP in the IL12B gene, characterized by a substitution of thymine (T) with
cytosine (C), is associated with psoriasis susceptibility by upregulating IL12B expression,
which contributes to the dysregulated immune response observed in psoriasis. Additionally,
the rs1800872 SNP in the IL10 gene, featuring the G allele, was associated with an elevated
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risk of psoriasis by downregulating the production of IL10, an anti-inflammatory cytokine
involved in immune regulation. These genetic variations provide insight into the role of ILs
in psoriasis pathogenesis [3,4,9,10]. However, further research is needed to fully understand
their functional implications and their precise contribution to the disease course.

2.2. Interleukin Receptors (ILR)

Interleukin receptors (ILRs) are high-affinity receptor proteins that bind interleukins to
initiate the immune cascade reactions associated with each type of interleukin molecule [12].
The ILR-encoding genes associated with psoriasis are IL20RA, IL28RA, and IL36RN. IL20RA
encodes a receptor for IL20, a cytokine that may be involved in epidermal function. IL28RA
encodes a receptor complex that interacts with IL28A, IL28B, and IL29 [4]. The expression
of these cytokines can be induced by viral infections. IL36RN encodes the IL36 receptor
antagonist protein and the loss of function mutations leads to dysregulated IL36R signaling,
which is linked to disease onset [3,4].

Specific variants of ILRs are associated with psoriasis. This includes the rs11209026
variant of IL23R, an SNP involving a substitution of adenine (A) with guanine (G). Sim-
ilarly, an SNP associated with IL20R (rs17728338) featuring the G allele was associated
with an increased risk of psoriasis. Furthermore, the C allele present in the rs7631529 SNP
found in the IL36RN gene was correlated with an increased risk of psoriasis. The common
understanding among these SNP variants is that they predispose dysregulated interleukin
signaling and thereby increase inflammatory mechanisms associated with disease patho-
physiology [3,4,9,10,12]. Further research is necessary to better understand the implications
of the underlying mechanisms of these genetic variations in psoriasis development.

2.3. Human Leukocyte Antigen (HLA)

Human leukocyte antigens (HLA) are genes in major histocompatibility complexes
(MHCs) that help the body differentiate between proteins that are self and non-self.
These antigens are highly variable, especially class I HLA antigens: HLA-A, HLA-B, and
HLA-C. These antigens are located on all nucleated cells and function to present identifying
proteins to cytotoxic T-cells for subsequent immune reactions [13]. The two genes relevant
to this category associated with psoriasis are HLA-C and ERAP1. HLA-C plays a central
role in the immune system by presenting peptides derived from endoplasmic reticulum
lumen. ERAP1 encodes an aminopeptidase involved in trimming HLA class I-binding
precursors [4].

HLA-C*6:02 is the major psoriasis risk allele that is located in psoriasis susceptibility
locus 1 (PSORS1) within the short arm of chromosome 6p21 [10]. The PSORS1 locus en-
codes genes that play a role in antigen presentation to CD8+ T lymphocytes. Among the
HLA types, HLA-C*6:02 has emerged as the strongest genetic risk factor for psoriasis, with
the rs10484554 SNP within the gene showing a significant association. Additionally, the
rs4349859 SNP in the HLA-B gene, specifically associated with HLA-B27, was implicated
in an increased risk of psoriasis and psoriatic arthritis. Another risk allele, rs11652075,
found in HLA-B13, was linked to an increased susceptibility to psoriasis. Furthermore,
the rs660895 SNP within the HLA-DRB1 gene has shown an association with an increased
risk of psoriasis, particularly in early-onset cases. Conversely, the rs3099844 SNP in
HLA-B57 was associated with a decreased risk of psoriasis. These SNP variants in HLA
genes highlight the important role of HLA-mediated immune responses in psoriasis patho-
genesis, although further research is required to fully elucidate the precise mechanisms
underlying these associations [3,4,9,10,13].

2.4. Nuclear Factor Kappa B (NF-kB)

Nuclear factor kappa B (NF-κB) is a transcription factor activated by two major sig-
naling pathways: the classical (canonical) signaling pathway and the alternative pathway.
NF-κB is known to regulate multiple aspects of adaptive and innate immune responses, as
well as inflammation. For example, NF-κB helps induce pro-inflammatory cytokines and
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regulate T-cell activation and differentiation. It was also implicated in many other inflam-
matory diseases such as multiple sclerosis, rheumatoid arthritis, and asthma [14]. The genes
associated with psoriasis that encode regulators of the NF-kB pathway include TNFAIP3,
TNFRSF1B, TNIP1, TRAF1IP2, and NF-κ-BIA. TNFAIP3 is induced by TNF, which in-
hibits NF-κB activation and TNF-mediated apoptosis and is involved in cytokine-mediated
immune and inflammatory responses. TNFRSF1B is a TNF-α receptor that mediates the
recruitment of antiapoptotic proteins. TNIP1 encodes TNFAIP3 interacting protein 1, which
plays a role in the regulation of NF-κB activation. TRAF1IP2 encodes a protein that interacts
with TRAF proteins and plays a central role in innate immunity in response to pathogens,
inflammatory signals, and stress. NF-kBIA encodes a member of the NF-κB inhibitor
family, which interacts with REL dimers to inhibit NF-κB/REL complexes involved in
inflammatory responses [4].

Several SNPs in the genes involved in the TNF signaling pathway were implicated
in psoriasis susceptibility. The rs2230926 SNP in the TNFAIP3 gene, characterized by
the G allele, was associated with an increased risk of psoriasis. This variant affects the
regulation of TNF-alpha-induced signaling pathways, contributing to the dysregulation of
the immune responses observed in psoriasis. Similarly, the rs1061624 SNP in the TNFRSF1B
gene, featuring the T allele, was linked to psoriasis susceptibility, potentially disrupting the
TNF receptor signaling and promoting chronic inflammation. Additionally, the rs7708392
SNP in the TNIP1 gene was associated with psoriasis, suggesting a role in modulating
NF-κB activity and immune responses. The rs929386 SNP in the TRAF1IP2 gene was also
implicated in psoriasis susceptibility, potentially affecting the NF-κB signaling pathway.
Furthermore, the rs696 SNP in the NF-κBIA gene, characterized by the A allele, was linked
to an increased risk of psoriasis, potentially altering the negative regulation of NF-κB
and promoting inflammation. These SNP variants shed light on the involvement of TNF
signaling and NF-κB pathway dysregulation in the pathogenesis of psoriasis [3,4,9,10,14].
However, further research is needed to fully elucidate the extent of their role in disease
development and progression.

2.5. Interferons (IFNs)

Interferons are cytokine mediators that activate the immune system as part of an
inflammatory response to pathogens, damaged cells, or irritants. Type I IFNs are released
by virus-infected cells, while type II IFNs, such as IFN-γ, are released predominantly
by T-cells. Their role includes promoting cytokine production and amplifying antigen
presentation to immune cells [15,16]. The genes associated with psoriasis that encode IFNs
and IFN mediators are IFN-γ and IFIH1. IFN-γ encodes a soluble cytokine with antiviral,
immunoregulatory, and antitumor properties and is a potent activator of phages. IFIH1
encodes a protein that mediates the induction of the IFN response to viral RNA [4].

For IFN-γ, the rs2430561 SNP is associated with the increased risk of developing
psoriasis. This variant involves a substitution of adenine (A) with guanine (G) and is
thought to affect the production or activity of IFN-γ, a pro-inflammatory cytokine involved
in immune responses. In the case of IFIH1, the rs1990760 SNP was linked to psoriasis
susceptibility. This variant is characterized by the T allele and is believed to upregulate the
IFIH1-mediated immune cascade [9,10,15,16].

2.6. The Janus Kinase (JAK)-Signal Transducer and Activator of Transcription (STAT) Pathway

The Janus kinase (JAK)-signal transducer and activator of transcription (STAT) path-
way exists downstream of cytokine receptor binding. Upon cytokine binding, JAK proteins
are activated, which, in turn, activates STAT proteins via tyrosine phosphorylation [17]. The
genes associated with psoriasis that encode players in the JAK-STAT pathway are STAT4
and TYK2. STAT4, like all proteins in the STAT family, is phosphorylated and translocated
to the cell nucleus, where it acts as a transcription activator in response to cytokines. STAT
transduces IL12, IL23, and IFN type I signals in T lymphocytes and regulates the differen-
tiation of Th cells. TYK2 encodes a member of the JAK protein family that promulgates
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cytokine signals by phosphorylating receptor subunits. A component of the IFN I and II
signaling pathways may play a role in antiviral immunity [4].

SNP variants in several members of the JAK, STAT, and TYK gene families were
implicated in psoriasis. For JAK2, the rs34536443 SNP was associated with psoriasis
susceptibility. This variant involves the C allele and is thought to influence JAK2 signaling,
which plays a role in immune cell activation. In the case of STAT3, the rs744166 SNP was
linked to increased risk of psoriasis. This variant is characterized by the G allele and is
believed to affect STAT3 function, a transcription factor involved in immune responses.
Additionally, the rs34536443 SNP in TYK2 was associated with psoriasis susceptibility. This
variant involves the G allele and is thought to impact TYK2 signaling, which is involved
in cytokine signaling pathways. Additional research may aid in better understanding the
functional consequences and detailed molecular mechanisms by which these SNP variants
influence the manifestation and progression of psoriasis [9,10,17].

2.7. Other

Other psoriasis-linked genes include APOE, CTLA4, DEFB4, GBP6, LCE, MCP1, VDR,
and ZNF313 (Table 1). APOE was previously linked to hypercholesterolemia and hyper-
triglyceridemia, both of which are correlated with psoriasis. APOE gene polymorphisms
were further implicated in the pathogenesis of psoriasis, as APOE plays a role in the
proliferation of T lymphocytes and protects against some infections in patients with pso-
riasis [4,18]. CTLA4 encodes a protein that inhibits T cells and has an inverse correlation
with psoriasis severity, as psoriasis is characterized by increased T-cell infiltration [4,14].
DEFB4 is a member of a family of microbicidal, cytotoxic peptides made by neutrophils [4].
It encodes human β-defensin 2, which has an essential role in skin inflammation [19].
GBP6 is an interferon that induces GBP, which hydrolyzes GTP to both GDP and GMP [4].
LCE encodes a protein that plays a role in skin barrier function, with its expression being
largely restricted to the epidermis. Certain subtypes of LCE have anti-microbial properties
that may play a role in the innate immunity of the skin, especially the stratum corneum [20].
In particular, LCE3B and LCE3C deletions are highly implicated as a psoriasis risk factor
due to interactions with the HLA-C*06 gene. LCE3B and LCE3B are located in the epider-
mal differentiation complex on chromosome 1 [20]. Deletion in LCE3B and LCE3C also
causes increased expression of the upstream LCEA gene, which alters the skin balance of
self-peptides and the microbiome. MCP1 encodes a cytokine characterized by two cysteines
separated by a single amino acid that displays chemotactic activity for monocytes and
basophils [4]. MCP1 was indicated as a potential inflammatory marker in determining
psoriasis severity, as it is locally and systemically augmented in psoriatic patients [21].
VDR encodes the nuclear hormone receptor for vitamin D3, which regulates immune
response pathways [4]. These receptors play a role in epidermal barrier function, antimi-
crobial processes, and inflammation in healthy individuals, as well as in the inflammation
seen in patients with autoimmune diseases such as rheumatoid arthritis, systemic lupus
erythematosus (SLE), and psoriasis [22]. ZNF313 encodes a protein that is involved in
T-cell activation [4]. It is abundantly expressed in the skin, as well as T-lymphocytes and
dendritic cells for immune function [23].
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Table 1. Genetic mediators associated with psoriasis.

Type Gene(s)

Interleukins
Pro-inflammatory IL1B, IL2, IL6, IL15, IL17, IL18, IL20, IL23

Anti-inflammatory IL1RN, IL4, IL10, IL13, IL19

Interleukin receptor proteins IL20RA, IL28RA, IL36RN

Mediators of HLA class I function HLA-C, ERAP-1

NF-kB pathway regulators TNFAIP3, TNFRsF1B, TNIP1, TRAF1IP2,
NFkBIA

Interferons and mediators IFN-gamma, IFIH1

JAK/STAT pathway STAT3, STAT4, JAK2, TYK2

Other APOE, CTLA4, DEFB4, GBP6, LCE, MCP1,
VDR, ZNF313

2.8. Specific Drug Targets

The discovery of gene associations enabled the development of safe and effective
drugs that directly target genes responsible for psoriasis, such as biologics antagonizing
tumor necrosis factor (TNF), the p40 subunit of both interleukin (IL)12 and IL23, and the
p19 subunit of IL-23 (IL23p19) and IL17 (Table 2) [5]. These drugs may be well tolerated
and improve the PASI-75 (Psoriasis Area and Severity Index reduction >/= 75%) score
at week 12 [4]. Treatments such as ustekinumab and briakinumab target the p40 subunit
of IL12/23 and are highly effective, underscoring the role of IL12 and IL23 in the patho-
physiology of psoriasis [1,3,5,6]. In the case of ustekinumab, the mechanism of action
prevents the interaction between IL12/23 and IL12-β-3, not only preventing downstream
cascades but also gene activation and cytokine production. IL12 is primarily produced
by dendritic and phagocytic cells in response to microbial infection to activate NK cells
and T-lymphocytes. IL12 also mediates Th1 cells, which play a vital role in cell-mediated
immunity and macrophage infiltration. Furthermore, IL23 is crucial to Th17 differentiation.
Th17 cells produce a variety of pro-inflammatory cytokines in humans, such as the IL17
necessary for neutrophil recruitment, IL21 for B cell function, and IL23 for additional Th17
differentiation [24]. Therefore, both ustekinumab and briakinumab block the inflammatory
cascade triggered by Th1 and Th17 lymphocytes. Dysregulation in both of these inflamma-
tory processes is linked to psoriasis, as well as other immune disorders such as rheumatoid
arthritis and multiple sclerosis [1,6,24,25].

Treatments such as guselkumab, tildrakizumab, and risankizumab target the p19
subunit of IL23 [1,3,5,6]. This subsequently blocks the release of other cytokines, as IL23
facilitates Th17 differentiation. Given the role of Th17 in triggering pro-inflammatory
cascades such as that of IL17 and IL21, the aforementioned biologics serve to halt the
immune dysregulation contributing to disease pathophysiology. Notably, these drugs have
no affinity for IL12 and, thus, allow the IL12/Th1 axis to remain intact, as IL12 initiates
the differentiation of naive CD4+ T cells to Th1 cells necessary for cell-mediated immunity.
This particular characteristic of these three drugs may be important, given that the litera-
ture suggests that dysregulated IL23 may play a larger role than IL12 overproduction in
psoriasis pathogenesis. Notably, IL23p19 mRNA is elevated in skin samples from psoriatic
patients [26]. IL23 is also involved in IL-C3 cell activity, which causes epidermal thickening
in psoriasis. Intradermal injections of IL23 were shown to cause psoriatic skin lesions to
develop in mice models [27,28]. Guselkumab, tildrakizumab, and risankizumab selectively
inhibit IL23, unlike ustekinumab, which is a non-selective IL23 inhibitor.
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Table 2. The genes linked to psoriasis and their associated direct treatments.

Target Gene Direct Treatments

IL12B (12p40) Ustekinumab
Briakinumab

IL23R (23p19)

Guselkumab
Tildrakizumab
Risankizumab
BI-655066

TYK2 Deucravacitnib

TRAF3IP2
Secukinumab
Ixekizumab
Brodalumab

IL36RN Spesolimab

IL10 rHIL-10

TNF-α
Infliximab
Etanercept
Adalimumab

cAMP Apremilast

Additionally, infliximab, etanercept, and adalimumab target TNF-α, which induces
the production of proinflammatory cytokines and mediators such as IL1 and IL6 and helps
recruit immune cells to sites of inflammation [1,5,6,29]. The inhibition of TNF-α leads to a
reduction in inflammation [1,6]. Through its receptor, TNFR1, TNF can activate intracellular
pathways that dictate immune pathways, such as that of NF-κB and mitogen-activated
protein kinase (MAPK). The anti-inflammatory outcomes observed with infliximab may
also be due to the drug’s enhancement of the regulatory T-cell response, which is immuno-
suppressive and, thus, useful in the treatment of psoriasis. Blocking TNF by monoclonal
antibodies was also indicated in other immune disorders such as inflammatory bowel
disease (IBD) and hidradenitis suppurativa. Infliximab was shown to decrease epithelial
cell apoptosis in patients with IBD [29], which may be similar to the mechanism of action
in psoriasis treatment.

Other drugs target TRAF3IP2, such as secukinumab, ixekizumab, and brodalumab [1,5].
These drugs work by blocking IL17 and IL17R, which play key roles in the recruitment
of neutrophils in normal immune function, as well as in the pathogenesis of psoriasis [1].
Secukinumab selectively inhibits IL17A, further reducing its downstream targets such as
β-defensin 2, a peptide that induces inflammatory mediators, and its upstream mediator
IL23. This mechanism was associated with psoriatic plaque resolution [30]. Ixekizumab and
brodalumab were proposed to work similarly.

Apremilast inhibits the enzyme phosphodiesterase-4 (PDE4), which hydrolyzes cyclic
adenosine monophosphate (cAMP), thereby affecting the downstream signaling responsible
for inflammation and immunity [31]. More specifically, apremilast indirectly amplifies
levels of cAMP, which, in turn, activates protein kinase A and serves to decrease levels
of TNF-α, IL23, and IFN-γ while increasing IL10 [2,3]. Apremilast was shown to reverse
and reduce clinical pathophysiology and symptoms seen in psoriasis, as well as psoriatic
arthritis. This is, therefore, an example of a treatment that treats psoriasis by restoring the
balance of pro-inflammatory and anti-inflammatory mediators rather than targeting one
specific component of inflammation [31,32].

Spesolimab targets IL36RN, which works by blocking human IL36R signaling [33].
The IL36 pathway is thought to be heavily implicated in the pathogenesis of generalized
pustular psoriasis (GPP), although there are uncertainties in the exact mechanism by which
IL36 plays a role. Generalized pustular psoriasis is characterized by superficial sterile
pustules on an erythematous base with hyperkeratosis and diffuse dermal mononuclear
and inflammatory infiltrates on histopathology. A loss of function in the LF36RN gene
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was implicated in GPP [34]. This differs from plaque psoriasis, which has appeared to
rely more heavily on IL17, indicating other routes of treatment depending on the psoriasis
subtype [35,36].

Finally, the newest approved drug for psoriasis, deucravactinib, functions to inhibit
tyrosine kinase 2 (TYK2), a member of the JAK family. This leads to the inhibition of the
IL12, IL23, and IFN type 1 pathway [1,6,37], thus, disrupting the IL23/IL17 axis, all of
which are shown to contribute to psoriasis pathogenesis [38].

Other drugs may also indirectly target genes associated with psoriasis (Table 3). These
include IL12/IL23 inhibitors that also target ERAP1; TNF-α inhibitors that also target
HLA-C and TNFAIP3; methotrexate (MTX), which also targets SMG6, IMMT, UPK1A;
adalimumab, which also targets IL1B; and tofacitinib, which inhibits JAK signaling, thus,
inhibiting STAT [4].

Table 3. The genes and their associated indirect treatments.

Target Gene Indirect Treatments

ERAP1 Anti-IL12/23

HLA-C Anti-TNF-α

SMG6, IMMT, UPK1A Methotrexate

IL1-β Adalimumab

STAT Tofacitinib

TNFAIP3 Anti-TNF-α

3. Limitations

To identify the genes and treatments linked to psoriasis, a literature search utilizing
PubMed, Google Scholar, MEDLINE, and Web of Science was conducted with a keyword
search for genetic susceptibility to psoriasis, genetics, psoriasis, psoriasis treatments, bi-
ologics, and treatments linked to psoriasis. A total of 180 articles were screened by two
independent reviewers. The articles that specifically discussed genes and treatment target-
ing gene products implicated in psoriasis were selected, for a total of thirty-seven articles.
All other articles were excluded. Additionally, we screened the reference sections of all
included studies. The results included narrative reviews, systematic reviews, editorial
letters, and meta-analyses. In this literature review, we identify genes associated with
the inflammatory mediators present in psoriasis and classify existing treatment options
as (1) treatments that directly target a gene product and (2) treatments that target factors
secondarily related to a gene product.

This review has limitations that should be acknowledged. First, the lack of standard-
ized approaches for studying the genetic variants associated with psoriasis complicates the
comparison of findings across different studies. Furthermore, the functional implications
of the identified genetic variants and their precise mechanisms of action remain unclear,
as collecting prospective data would be challenging. Finally, while this review discusses
potential gene targets for therapy, it is important to recognize that translating genetic
findings into effective treatments can often be complex. These limitations underscore the
need for more robust and standardized methodologies in genetic studies of psoriasis.

4. Conclusions

Psoriasis is a multifaceted inflammatory skin condition influenced by various genetic
factors. Understanding these genetic components is crucial for developing targeted and
personalized treatments that may improve the patients’ quality of life. This review has
categorized the genes involved in psoriasis based on their impact on immunological
mediators and pathways.

Interleukins (ILs), human leukocyte antigens (HLAs), nuclear factor kappa B (NF-κB)
pathway genes, interferons (IFNs), and Janus kinase (JAK)-signal transducer and activator



Int. J. Mol. Sci. 2023, 24, 12310 9 of 11

of transcription (STAT) pathway genes were all implicated in psoriasis susceptibility and
pathogenesis. Individuals with psoriasis may be genetically susceptible due to the immune
dysregulation that occurs in the setting of specific, high-risk alleles. By targeting these
genes and their related products, novel treatment strategies can be developed to directly
inhibit the disease progression.

Existing therapies, such as biologics that target specific ILs or receptors, have shown
promise in managing psoriasis. However, further research is needed to optimize use, deter-
mine long-term safety profiles, and minimize potential adverse effects. Indirectly targeting
factors associated with gene products, such as modulating the NF-κB pathway activity or
inhibiting JAK-STAT signaling, also hold potential for future therapeutic interventions.

The advancements in precision medicine and genomics have opened new avenues
for personalized treatment approaches. By identifying specific gene targets, healthcare
providers can tailor therapies to individual patients, leading to improved treatment out-
comes and a higher quality of life. Additionally, exploring the shared mechanisms between
psoriasis and other inflammatory diseases may uncover novel treatment strategies that can
benefit a broader range of patients.

In summary, this review highlights the importance of genetic factors in psoriasis and
their potential as treatment targets. Continued research and collaboration in this field
will be instrumental in transforming the lives of psoriasis patients and advancing our
understanding of inflammatory skin conditions.

Author Contributions: Conceptualization, S.R.F.; methodology, H.A.P., R.R.R. and S.T.P.; investiga-
tion, H.A.P., R.R.R. and S.T.P.; writing—original draft preparation, H.A.P., S.T.P. and S.G.; writing—
review and editing, H.A.P. and R.R.R.; visualization, H.A.P. and R.R.R.; supervision, S.R.F.; project
administration, H.A.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: Patel, Pedroza, Revankar, and Graham have no conflict of interest to disclose.
Feldman has received research, speaking, and/or consulting support from Eli Lilly and Company,
GlaxoSmithKline/Stiefel, AbbVie, Janssen, Alovtech, vTv Therapeutics, Bristol-Myers Squibb, Sam-
sung, Pfizer, Boehringer Ingelheim, Amgen, Dermavant, Arcutis, Novartis, Novan, UCB, Helsinn,
Sun Pharma, Almirall, Galderma, Leo Pharma, Mylan, Celgene, Ortho Dermatology, Menlo, Merck
and Co, Qurient, Forte, Arena, Biocon, Accordant, Argenx, Sanofi, Regeneron, the National Biological
Corporation, Caremark, Teladoc, BMS, Ono, Micreos, Eurofins, Informa, UpToDate, and the Na-
tional Psoriasis Foundation. He is the founder and part owner of Causa Research and holds stock in
Sensal Health.

References
1. Singh, R.; Koppu, S.; Perche, P.O.; Feldman, S.R. The Cytokine Mediated Molecular Pathophysiology of Psoriasis and Its Clinical

Implications. Int. J. Mol. Sci. 2021, 22, 12793. [CrossRef] [PubMed]
2. Rendon, A.; Schäkel, K. Psoriasis Pathogenesis and Treatment. Int. J. Mol. Sci. 2019, 20, 1475. [CrossRef] [PubMed]
3. Griffiths, C.E.M.; Armstrong, A.W.; Gudjonsson, J.E.; Barker, J.N.W.N. Psoriasis. Lancet 2021, 397, 1301–1315. [CrossRef] [PubMed]
4. Prieto-Pérez, R.; Cabaleiro, T.; Daudén, E.; Ochoa, D.; Roman, M.; Abad-Santos, F. Genetics of psoriasis and pharmacogenetics of

biological drugs. Autoimmune Dis. 2013, 2013, 613086. [CrossRef] [PubMed]
5. Bergen, L.L.T.; Petrovic, A.; Aarebrot, A.K.; Appel, S. The TNF/IL-23/IL-17 axis-Head-to-head trials comparing different biologics

in psoriasis treatment. Scand. J. Immunol. 2020, 92, e12946. [CrossRef]
6. Dand, N.; Mahil, S.; Capon, F.; Smith, C.; Simpson, M.; Barker, J. Psoriasis and Genetics. Acta Derm.-Venereol. 2020, 100, 55–65.

[CrossRef]
7. Elder, J.T.; Bruce, A.T.; Gudjonsson, J.E.; Johnston, A.; Stuart, P.E.; Tejasvi, T.; Voorhees, J.J.; Abecasis, G.R.; Nair, R.P. Molecular

dissection of psoriasis: Integrating genetics and biology. J. Investig. Dermatol. 2010, 130, 1213–1226. [CrossRef]

https://doi.org/10.3390/ijms222312793
https://www.ncbi.nlm.nih.gov/pubmed/34884596
https://doi.org/10.3390/ijms20061475
https://www.ncbi.nlm.nih.gov/pubmed/30909615
https://doi.org/10.1016/S0140-6736(20)32549-6
https://www.ncbi.nlm.nih.gov/pubmed/33812489
https://doi.org/10.1155/2013/613086
https://www.ncbi.nlm.nih.gov/pubmed/24069534
https://doi.org/10.1111/sji.12946
https://doi.org/10.2340/00015555-3384
https://doi.org/10.1038/jid.2009.319


Int. J. Mol. Sci. 2023, 24, 12310 10 of 11

8. Dand, N.; Mucha, S.; Tsoi, L.C.; Mahil, S.K.; Stuart, P.E.; Arnold, A.; Baurecht, H.; Burden, A.D.; Duffin, K.C.; Chandran, V.;
et al. Exome-wide association study reveals novel psoriasis susceptibility locus at TNFSF15 and rare protective alleles in genes
contributing to type I IFN signalling. Hum. Mol. Genet. 2017, 26, 4301–4313. [CrossRef]

9. Ran, D.; Cai, M.; Zhang, X. Genetics of psoriasis: A basis for precision medicine. Precis. Clin. Med. 2019, 2, 120–130. [CrossRef]
10. Capon, F. The Genetic Basis of Psoriasis. Int. J. Mol. Sci. 2017, 18, 2526. [CrossRef]
11. Grän, F.; Kerstan, A.; Serfling, E.; Goebeler, M.; Muhammad, K. Current Developments in the Immunology of Psoriasis. Yale J.

Biol. Med. 2020, 93, 97.
12. Justiz Vaillant, A.A.; Qurie, A. Interleukin. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2023. Available

online: https://www.ncbi.nlm.nih.gov/books/NBK499840/ (accessed on 16 April 2023).
13. Nordquist, H.; Jamil, R.T. Biochemistry, HLA Antigens. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA,

2023. Available online: https://www.ncbi.nlm.nih.gov/books/NBK546662/ (accessed on 16 April 2023).
14. Liu, T.; Zhang, L.; Joo, D.; Sun, S.-C. NF-κB signaling in inflammation. Signal Transduct. Target. Ther. 2017, 2, 17023. [CrossRef]
15. Le Page, C.; Génin, P.; Baines, M.G.; Hiscott, J. Interferon activation and innate immunity. Rev. Immunogenet. 2000, 2, 374–386.
16. Kopitar-Jerala, N. The Role of Interferons in Inflammation and Inflammasome Activation. Front. Immunol. 2017, 8, 873. [CrossRef]
17. Imada, K.; Leonard, W.J. The Jak-STAT pathway. Mol. Immunol. 2000, 37, 1–11. [CrossRef]
18. Campalani, E.; Allen, M.; Fairhurst, D.; Young, H.; Mendonca, C.; Burden, A.; Griffiths, C.; Crook, M.; Barker, J.; Smith, C.

Apolipoprotein E gene polymorphisms are associated with psoriasis but do not determine disease response to acitretin. Br. J.
Dermatol. 2006, 154, 345–352. [CrossRef]

19. Johansen, C.; Bertelsen, T.; Ljungberg, C.; Mose, M.; Iversen, L. Characterization of TNF-α- and IL-17A-Mediated Synergistic
Induction of DEFB4 Gene Expression in Human Keratinocytes through IκBζ. J. Investig. Dermatol. 2016, 136, 1608–1616. [CrossRef]

20. Niehues, H.; Tsoi, L.C.; van der Krieken, D.A.; Jansen, P.A.; Oortveld, M.A.; Rodijk-Olthuis, D.; van Vlijmen, I.M.; Hendriks, W.J.;
Helder, R.W.; Bouwstra, J.A.; et al. Psoriasis-Associated Late Cornified Envelope (LCE) Proteins Have Antibacterial Activity. J.
Investig. Dermatol. 2017, 137, 2380–2388. [CrossRef]

21. Lembo, S.; Capasso, R.; Balato, A.; Cirillo, T.; Flora, F.; Zappia, V.; Balato, N.; Ingrosso, D.; Ayala, F. MCP-1 in psoriatic patients:
Effect of biological therapy. J. Dermatol. Treat. 2014, 25, 83–86. [CrossRef]

22. Zhou, X.; Xu, L.-D.; Li, Y.-Z. The association of polymorphisms of the vitamin D receptor gene with psoriasis in the Han
population of northeastern China. J. Dermatol. Sci. 2014, 73, 63–66. [CrossRef]

23. Feng, Y.-Y.; Sun, L.-D.; Zhang, C.; Zuo, X.-B.; Kang, X.-J.; Wu, W.-D.; Zhang, D.-Z.; Buwajr; Dilinur; Wu, X.-J.; et al. Genetic
variants of the genes encoding zinc finger protein 313 and interleukin-13 confer a risk for psoriasis in a Chinese Uygur population.
Clin. Exp. Dermatol. 2013, 38, 768–774. [CrossRef] [PubMed]

24. Benson, J.M.; Peritt, D.; Scallon, B.J.; Heavner, G.A.; Shealy, D.J.; Giles-Komar, J.M.; Mascelli, M.A. Discovery and mechanism of
ustekinumab: A human monoclonal antibody targeting interleukin-12 and interleukin-23 for treatment of immune-mediated
disorders. mAbs 2011, 3, 535–545. [CrossRef]

25. Lima, X.T.; Abuabara, K.; Kimball, A.B.; Lima, H.C. Briakinumab. Expert Opin. Biol. Ther. 2009, 9, 1107–1113. [CrossRef] [PubMed]
26. Pithadia, D.J.; Reynolds, K.A.; Lee, E.B.; Liao, W.; Wu, J.J. Tildrakizumab in the treatment of psoriasis: Latest evidence and place

in therapy. Ther. Adv. Chronic Dis. 2019, 10, 2040622319865658. [CrossRef] [PubMed]
27. Teunissen, M.B.; Munneke, J.M.; Bernink, J.H.; Spuls, P.I.; Res, P.C.; Velde, A.T.; Cheuk, S.; Brouwer, M.W.; Menting, S.P.; Eidsmo,

L.; et al. Composition of innate lymphoid cell subsets in the human skin: Enrichment of NCR(+) ILC3 in lesional skin and blood
of psoriasis patients. J. Investig. Dermatol. 2014, 134, 2351–2360. [CrossRef]

28. Chan, J.R.; Blumenschein, W.; Murphy, E.; Diveu, C.; Wiekowski, M.; Abbondanzo, S.; Lucian, L.; Geissler, R.; Brodie, S.; Kimball,
A.B.; et al. IL-23 stimulates epidermal hyperplasia via TNF and IL-20R2-dependent mechanisms with implications for psoriasis
pathogenesis. J. Exp. Med. 2006, 203, 2577–2587. [CrossRef]

29. Guo, Y.; Lu, N.; Bai, A. Clinical use and mechanisms of infliximab treatment on inflammatory bowel disease: A recent update.
BioMed Res. Int. 2013, 2013, 581631. [CrossRef]

30. Krueger, J.G.; Wharton, K.A., Jr.; Schlitt, T.; Suprun, M.; Torene, R.I.; Jiang, X.; Wang, C.Q.; Fuentes-Duculan, J.; Hartmann, N.;
Peters, T.; et al. IL-17A inhibition by secukinumab induces early clinical, histopathologic, and molecular resolution of psoriasis. J.
Allergy Clin. Immunol. 2019, 144, 750–763. [CrossRef]

31. Schafer, P. Apremilast mechanism of action and application to psoriasis and psoriatic arthritis. Biochem. Pharmacol. 2012,
83, 1583–1590. [CrossRef]

32. Papp, K.; Reich, K.; Leonardi, C.L.; Kircik, L.; Chimenti, S.; Langley, R.G.; Hu, C.; Stevens, R.M.; Day, R.M.; Gordon, K.B.; et al.
Apremilast, an oral phosphodiesterase 4 (PDE4) inhibitor, in patients with moderate to severe plaque psoriasis: Results of a phase
III, randomized, controlled trial (Efficacy and Safety Trial Evaluating the Effects of Apremilast in Psoriasis [ESTEEM] 1). J. Am.
Acad. Dermatol. 2015, 73, 37–49. [CrossRef]

33. Mrowietz, U.; Burden, A.D.; Pinter, A.; Reich, K.; Schäkel, K.; Baum, P.; Datsenko, Y.; Deng, H.; Padula, S.J.; Thoma, C.;
et al. Spesolimab, an Anti-Interleukin-36 Receptor Antibody, in Patients with Palmoplantar Pustulosis: Results of a Phase IIa,
Multicenter, Double-Blind, Randomized, Placebo-Controlled Pilot Study. Dermatol. Ther. 2021, 11, 571–585. [CrossRef]

34. Genovese, G.; Moltrasio, C.; Cassano, N.; Maronese, C.A.; Vena, G.A.; Marzano, A.V. Pustular Psoriasis: From Pathophysiology to
Treatment. Biomedicines 2021, 9, 1746. [CrossRef]

https://doi.org/10.1093/hmg/ddx328
https://doi.org/10.1093/pcmedi/pbz011
https://doi.org/10.3390/ijms18122526
https://www.ncbi.nlm.nih.gov/books/NBK499840/
https://www.ncbi.nlm.nih.gov/books/NBK546662/
https://doi.org/10.1038/sigtrans.2017.23
https://doi.org/10.3389/fimmu.2017.00873
https://doi.org/10.1016/S0161-5890(00)00018-3
https://doi.org/10.1111/j.1365-2133.2005.06950.x
https://doi.org/10.1016/j.jid.2016.04.012
https://doi.org/10.1016/j.jid.2017.06.003
https://doi.org/10.3109/09546634.2013.782091
https://doi.org/10.1016/j.jdermsci.2013.08.014
https://doi.org/10.1111/ced.12049
https://www.ncbi.nlm.nih.gov/pubmed/23617596
https://doi.org/10.4161/mabs.3.6.17815
https://doi.org/10.1517/14712590903092188
https://www.ncbi.nlm.nih.gov/pubmed/19569977
https://doi.org/10.1177/2040622319865658
https://www.ncbi.nlm.nih.gov/pubmed/31448070
https://doi.org/10.1038/jid.2014.146
https://doi.org/10.1084/jem.20060244
https://doi.org/10.1155/2013/581631
https://doi.org/10.1016/j.jaci.2019.04.029
https://doi.org/10.1016/j.bcp.2012.01.001
https://doi.org/10.1016/j.jaad.2015.03.049
https://doi.org/10.1007/s13555-021-00504-0
https://doi.org/10.3390/biomedicines9121746


Int. J. Mol. Sci. 2023, 24, 12310 11 of 11

35. Bachelez, H.; Choon, S.-E.; Marrakchi, S.; Burden, A.D.; Tsai, T.-F.; Morita, A.; Navarini, A.A.; Zheng, M.; Xu, J.; Turki, H.; et al.
Trial of Spesolimab for Generalized Pustular Psoriasis. N. Engl. J. Med. 2021, 385, 2431–2440. [CrossRef]

36. Blair, H.A. Spesolimab: First Approval. Drugs 2022, 82, 1681–1686. [CrossRef]
37. Papp, K.; Gordon, K.; Thaci, D.; Morita, A.; Gooderham, M.; Foley, P.; Girgis, I.G.; Kundu, S.; Banerjee, S. Phase 2 Trial of Selective

Tyrosine Kinase 2 Inhibition in Psoriasis. N. Engl. J. Med. 2018, 379, 1313–1321. [CrossRef]
38. Hoy, S.M. Deucravacitinib: First Approval. Drugs 2022, 82, 1671–1679. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1056/NEJMoa2111563
https://doi.org/10.1007/s40265-022-01801-4
https://doi.org/10.1056/NEJMoa1806382
https://doi.org/10.1007/s40265-022-01796-y

	Introduction 
	Discussion 
	Interleukins (IL) 
	Interleukin Receptors (ILR) 
	Human Leukocyte Antigen (HLA) 
	Nuclear Factor Kappa B (NF-kB) 
	Interferons (IFNs) 
	The Janus Kinase (JAK)-Signal Transducer and Activator of Transcription (STAT) Pathway 
	Other 
	Specific Drug Targets 

	Limitations 
	Conclusions 
	References

