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Abstract

The persistent, immune-mediated skin condition known as psoriasis affects millions of people globally. This study aims
to present a thorough examination of the basic processes that underlie psoriasis, with an emphasis on immunological
dysregulation and its consequences for the treatment of the condition. The hallmarks of psoriasis are inflammation,
keratinocyte hyperproliferation, and the development of distinct, scaly plaques. The main cause of psoriasis, according
to recent developments in immunology, includes both the innate and adaptive immune systems and is considered an
aberrant immune response. Cytokines such as TNF-q, IL-17, and IL-23, together with T cells and dendritic cells, are key
players in this dysregulation, generating a feedback loop that sustains chronic inflammation in the skin. Apart from
pinpointing susceptibility loci such as PSORS1, this review highlights the role of genetic and environmental factors in
the pathophysiology of psoriasis. These immunological pathways are the focus of current therapy approaches, and
biologics such as TNF inhibitors, IL-17 inhibitors, and IL-23 inhibitors have demonstrated exceptional effectiveness in
reducing the condition. Ongoing clinical studies are used to examine emerging treatments, such as JAK inhibitors and
personalized medicine strategies. According to the review, a better knowledge of immunological dysregulation in
psoriasis can result in more personalized treatment plans, which could lessen the disease's burden and enhance
patients' quality of life. To create more potent and long-lasting treatment plans, greater study on the immunobiology of
psoriasis is essential.
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1. Introduction

Psoriasis, a chronic, inflammatory skin disorder that significantly impairs quality of life, affects between 2 and 3 percent
of individuals globally. It is a complicated disease caused by a combination of immune system dysregulation,
environmental stressors, and genetic predisposition (1). Psoriasis can affect any region of the body, although it usually
shows up as erythematous, scaly plaques on the scalp, elbows, knees, and lower back (2). In addition to its physical
manifestations, psoriasis is linked to a number of comorbid conditions, such as metabolic syndrome, cardiovascular
disease, and psoriatic arthritis, all of which increase the illness's total burden (3). Significant strides have been made in
the last few decades in comprehending the pathophysiology of psoriasis, particularly the immune system's role (4).
Once believed to be a disorder brought on by excessive keratinocyte development, psoriasis is now recognized as an
immune-mediated illness (5). The primary causes of this immunological dysregulation include T cells (particularly Th17
and Thl subsets), dendritic cells, and a network of cytokines, including tumor necrosis factor-alpha (TNF-a),
interleukin-17 (IL-17), and interleukin-23 (IL-23). The severity and chronicity of the condition are exacerbated by a
pro-inflammatory loop that these substances induce (6). The discovery of many susceptibility loci, the most important
of which is PSORS1 (on chromosome 6p21), has highlighted the genetic component of psoriasis (7). However, the onset
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and aggravation of disease are also significantly influenced by environmental factors (8). The management of psoriasis
can be made more difficult by triggers including infections (such as streptococcal infections;), psychological stress,
trauma (Koebner phenomenon;), and specific drugs (9). Since immunological dysregulation plays a major role, psoriasis
treatment approaches have changed significantly, especially with the introduction of biologics (10). Conventional
medicines, such as topical medications (like corticosteroids and vitamin D analogs) and systemic treatments (like
methotrexate and cyclosporine), have proven somewhat successful, but they sometimes have unfavorable side effects
or limited effectiveness (11). Targeting particular immunological pathways, biologic medicines have completely
changed the way that treatments are administered (12). Through direct modulation of important cytokines implicated
in disease etiology, TNF inhibitors, IL-17 inhibitors, and IL-23 inhibitors have shown excellent efficacy and long-lasting
effects in treating psoriasis symptoms (13). Despite these developments, managing psoriasis still presents difficulties.
Not every patient reacts to the available treatments in the same way, and some eventually lose their effectiveness (14).
Furthermore, because the disease is chronic, it necessitates long-term care, which raises questions regarding safety,
adverse effects, and accessibility to expensive biologics (15). As a result, new treatments like JAK inhibitors and small
molecules are becoming more popular, as are personalized medicine strategies that adjust treatment according to each
patient's unique immunological profile and genetic predispositions (16).

2. Pathophysiology of psoriasis

Comprehending the pathophysiology entails investigating the intricate relationships among immune cells, hereditary
factors, and environmental stimuli (17). The overreaction of the immune system at the core of psoriasis involves both
the innate and adaptive immune systems, which interferes with the regular turnover of skin cells and causes psoriatic
plaques (18).

2.1. Immune dysfunction

The immune system is mistakenly triggered in psoriasis, which starts with innate immune cells like dendritic cells and
macrophages and sets off an inflammatory cascade (19). These cells generate pro-inflammatory cytokines, including
interleukin-1 (IL-1), interferon-gamma (IFN-y), and tumor necrosis factor-alpha (TNF-a), in response to stress signals
triggered by infections, skin injuries, or other environmental stimuli (20). The adaptive immune system, in particular T
cells, is activated by these stimuli and are crucial for preserving the chronic inflammation linked to psoriasis. The
pathogenesis of psoriasis includes the activation of T helper (Th) cells, particularly Th1 and Th17 subtypes (21). While
Th17 cells generate interleukin-17 (IL-17), a cytokine that causes keratinocyte hyperproliferation and intensifies the
immune response, Th1 cells release IFN-y, which encourages inflammation (22). The formation and maintenance of
Th17 cells depend on IL-23, which is generated by dendritic cells and forms the foundation of the IL-23/IL-17 axis,
which is crucial to the pathogenesis of the disease (23). These T cells move to the skin after activation and release pro-
inflammatory cytokines such as TNF-a, IL-17, IL-22, and IL-23. By attracting more immune cells to the skin and
sustaining chronic inflammation, these cytokines produce a positive feedback loop (24). Keratinocytes, the main cell
type in the epidermis, are thus encouraged to multiply quickly. The thick, scaly plaques that define psoriasis are caused
by this aberrant keratinocyte turnover, which also compromises the natural skin barrier. Furthermore, psoriatic lesions
have more vascularity due to increased angiogenesis (25).

2.2. Genetic Factors

Since several susceptibility loci have been found, the most prominent of which is PSORS1 on chromosome 6p21, the
genetic foundation of psoriasis has come to light (26). This locus is tightly linked to the major histocompatibility
complex (MHC), namely HLA-C06:02, which is strongly linked to psoriasis (27). Additional genes that have been
implicated include those that encode TNF-q, IL-23, and IL-17, which are involved in immunological control. But because
psoriasis is a polygenic condition, no one gene is entirely to blame for the onset of the condition (28).

2.3. Environmental Triggers

Environmental factors frequently cause or worsen psoriasis, even while genetics provides the underlying
predisposition. Infections, especially streptococcal infections, are common causes of guttate psoriasis (29). The
condition can also be triggered or made worse by psychological stress, physical trauma to the skin (Koebner
phenomenon), and certain drugs including beta-blockers and lithium. Other risk factors that could increase the severity
of the disease and its flare-ups include smoking, obesity, and alcohol use (30)
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3. The Role of Cytokines

Cytokines have a major impact on the immune response in psoriasis. Although IL-23 promotes the development and
expansion of harmful Th17 cells, TNF-a and IL-17 are important mediators of inflammation (31). IL-22, which Th17
cells generate, stimulates keratinocyte growth and thickens the epidermis. Together, these cytokines cause the skin to
develop a pro-inflammatory milieu that perpetuates chronic inflammation and results in the clinical signs and
symptoms of psoriasis (32).

3.1. Immune Dysregulation in Psoriasis

Psoriasis, an immune-mediated disorder primarily brought on by dysregulation of the innate and adaptive immune
systems, is characterized by persistent inflammation and keratinocyte hyperproliferation (33). The intricate
interactions between immune cells and cytokines that sustain an inflammatory cycle are part of the immunological
dysregulation in psoriasis. The formation and maintenance of psoriatic lesions are largely dependent on this abnormal
immune activity (34).

3.2. Innate Immune Response

Innate immunological reactions brought on by external variables like infections, skin damage (Koebner phenomenon),
or stress are frequently responsible for the onset of psoriasis (35). These stimuli cause aberrant activation of innate
immune system dendritic cells (DCs), neutrophils, and keratinocytes in psoriasis (36). To activate plasmacytoid
dendritic cells (pDCs), injured keratinocytes can release antimicrobial peptides like LL-37, which can then interact with
self-DNA or RNA. These cells generate the potent pro-inflammatory cytokine interferon-alpha (IFN-a), which initiates
the inflammatory cascade (37). After that, the region of inflammation attracts conventional myeloid dendritic cells
(mDCs), which generate cytokines like TNF-q, [L-23, and IL-12. By stimulating and expanding a subset of T helper cells
called Th17 cells, IL-23 in particular is essential for sustaining the chronic inflammatory state (38). By generating
neutrophil extracellular traps (NETs) and producing reactive oxygen species (ROS), neutrophils are also drawn to
psoriatic lesions and aid in inflammation, which in turn boosts immunological responses (39).

3.3. Adaptive Inmune Response

The adaptive immune system, and specifically T cells, have a major impact on the chronic nature of psoriasis. The key
players are T helper 1 (Th1l) and T helper 17 (Th17) cells, which become overactivated in psoriatic skin (40). In
psoriasis, the IL-12/Th1 and IL-23/Th17 axes are primarily responsible for the immunological dysregulation. The
progression of the disease depends on the production of interleukin-17 (IL-17) by Th17 cells and interferon-gamma
(IFN-y) by Th1 cells (41). The Th17 cells release 1L-17, IL-22, and TNF-a to promote keratinocyte hyperproliferation,
epidermal thickness, and the formation of psoriatic plaques, while the Th1 cells release IFN-y to activate macrophages
and drive inflammation (42). Particularly, IL-17 is a crucial cytokine in psoriasis because it directly induces
keratinocytes to generate pro-inflammatory cytokines, chemokines, and antimicrobial peptides, which further attract
more immune cells to the skin (43). Th17 cells also produce IL-22, which worsens the development of plaque by
inhibiting keratinocyte differentiation and encouraging their proliferation (44).

4. Cytokine Networks

Pro-inflammatory cytokine networks are one of the primary causes of the immunological dysregulation in psoriasis. In
the pathophysiology of the disease, TNF-a, IL-17, and IL-23 are the most significant cytokines (45). They collaborate to
form a feedback loop that sustains inflammation. TNF-a, which is produced by keratinocytes, dendritic cells, and
macrophages, triggers the production of additional pro-inflammatory cytokines, thereby intensifying the inflammatory
response (46). IL-23 promotes Th17 cell growth and maintenance, while IL-17 enhances keratinocyte activation and
neutrophil recruitment (47). Particularly important in the pathophysiology of psoriasis is the IL-23/IL-17 axis. IL-23,
which is mostly produced by dendritic cells, is necessary for the development of pathogenic Th17 cells, which secrete
IL-17 (48). This cytokine is essential for psoriasis because it stimulates keratinocyte proliferation and inflammation.
The significance of this pathway in the onset of disease is demonstrated by the efficacy of therapies that target IL-17
and IL-23 (49).

4.1. Chronic Inflammation and Feedback Loops

Once the inflammatory cascade is initiated, it becomes self-sustaining due to the continuous interaction between
immune cells and cytokines (50). Activated T cells in the skin release cytokines that further stimulate keratinocytes,
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leading to hyperproliferation and the release of additional inflammatory mediators. This creates a vicious cycle of
inflammation that is difficult to break, contributing to the chronicity of the disease (51).

5. Clinical Manifestations

Symptoms that impact the systemic organs, joints, skin, and nails. Although erythematous, scaly skin plaques are the
primary symptom of psoriasis, the condition also affects other body systems. A chronic immune-mediated condition,
psoriasis manifests in a number of clinical body systems and is linked to serious comorbidities. For efficient treatment
and better patient outcomes, it is essential to comprehend these clinical manifestations and the comorbidities that go
along with them (52).

5.1. Plaque Psoriasis (Psoriasis Vulgaris)

85-90% of psoriasis patients have plaque psoriasis, which is the most common kind. Red, well-defined lesions with
silvery-white scales are what set it apart. These plaques can develop anywhere on the body, although they usually
appear on the scalp, lower back, knees, elbows, and trunk. The plaques are often symmetrical and come in a range of
sizes. The itching, pain, and discomfort that the lesions may cause have a significant impact on the patient's quality of
life (53).

5.2. Guttate Psoriasis

Guttate psoriasis, which is most commonly found in children and adolescents, is often caused by streptococcal
infections. It is distinguished by small, suddenly developing lesions on the trunk and limbs that resemble drops.
Compared to plaque psoriasis, these lesions are typically less scaly, more prevalent, and less chronic (54).

5.3. Inverse Psoriasis

Skin folds like the armpits, groin, and under the breasts are affected by inverse psoriasis. Because of the moist
environment of skin folds, the lesions are red and glossy, unlike other types, and frequently lack the heavy scales
associated with plaque psoriasis. Often, it is mistaken for a bacterial or fungal infection (55).

5.4. Pustular Psoriasis

The development of pus-filled blisters (pustules) on the skin, encircled by red, swollen skin, is a hallmark of pustular
psoriasis, a more severe condition. It may manifest as palmoplantar pustulosis, which is restricted to the hands and feet,
or as generalized pustular psoriasis, which could be fatal and necessitates prompt medical care (56).

5.5. Erythrodermic Psoriasis

Widespread inflammation and scaling across the body are symptoms of erythrodermic psoriasis, an uncommon but
severe type of the condition. A hospital stay is frequently necessary due to the severe itching, pain, and increased risk
of complications like infection and fluid loss (57).

5.6. Nail Psoriasis

Subungual hyperkeratosis, onycholysis (nail detachment), pitting, and discoloration can result from nail involvement,
which affects over 50% of psoriasis sufferers. An increased risk of psoriatic arthritis is linked to nail psoriasis (58).

6. Comorbidities

6.1. Psoriatic Arthritis (PsA)

About 30% of people with psoriasis have psoriatic arthritis, which results in joint swelling, discomfort, and
inflammation. If PsA is not well treated, it may result in joint injury and deformity. It frequently appears years after the
first signs of psoriasis on the skin and typically affects the fingers, toes, lower back, and knees (59).

6.2. Cardiovascular Disease

An elevated risk of cardiovascular disease (CVD), which includes atherosclerosis, myocardial infarction, stroke, and
hypertension, is linked to psoriasis. Psoriasis-related chronic systemic inflammation raises the risk of CVD development
and causes endothelial dysfunction. Cardiovascular events are far more likely to occur in people with severe psoriasis
(60).
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6.3. Current Therapeutic Approaches Targeting Inmune Dysregulation in Psoriasis

Treatments for psoriasis have changed significantly since it was discovered that the condition is immune-mediated.
Current therapies focus on cytokines such as tumor necrosis factor-alpha (TNF-a), interleukin-17 (IL-17), and
interleukin-23 (IL-23), especially targeting the dysregulated immunological pathways that lead to inflammation and
keratinocyte hyperproliferation (61).

6.4. Biologic Therapies

By providing focused, efficient therapy with comparatively less adverse effects than conventional systemic treatments,
biologics have completely changed the way that moderate to severe psoriasis is treated. By blocking particular cytokines
or their receptors, these biologics aim to interrupt the inflammatory cycle (62).

6.4.1. TNF-«a Inhibitors

TNF-a, a crucial cytokine in psoriasis inflammation, is the target of medications such as infliximab, etanercept, and
adalimumab. TNF inhibitors have demonstrated notable effectiveness in lowering the severity of plaque and enhancing
many patients' quality of life (63).

6.4.2. IL-23 Inhibitors

Th17 cells, which release IL-17, depend on IL-23 for survival. By interfering with the IL-23/Th17 axis, ustekinumab
(which targets 1L-12/IL-23) and more recent IL-23 specific inhibitors such as guselkumab, tildrakizumab, and
risankizumab have shown long-term effectiveness in managing psoriasis (64).

7. Emerging Therapies and Future Directions in Psoriasis Treatment

More focused treatments for psoriasis have been developed as a result of improvements in our understanding of the
immunological systems underlying the condition. Even though biologics have completely changed the therapeutic
landscape, research is still being done on novel approaches that provide better long-term disease control, safety, and
efficacy. Novel biologics, small compounds, and personalized medicine techniques are examples of emerging
therapeutics that seek to overcome the drawbacks of current therapy and offer patients with unmet needs new options
(65).

7.1. Janus Kinase (JAK) Inhibitors

Inhibitors of JAK inhibit Janus kinase enzymes, which are linked to cytokine signaling pathways that contribute to
inflammation in psoriasis. Studies are being conducted to determine whether oral JAK inhibitors, such as upadacitinib
and tofacitinib, can reduce psoriatic inflammation. They could serve as an alternative for those who are allergic to
biologics. An increased risk of infections and cardiovascular issues are among the side effects that have prompted
cautious regulatory approval and ongoing monitoring (66).

7.2. Future Directions

The development of immune-targeting treatments and the investigation of novel mechanisms of action are key to the
future of psoriasis treatment. Combination treatments that target several pathways at once and use both small
molecules and biologics may be more effective (67). Future treatment options are also being investigated, including
gene therapy and CRISPR-based strategies. These tactics may make it possible to modify immune responses more
precisely at the genetic level, potentially leading to long-term, possibly even curative, treatments (68).

8. Conclusion

Dysregulated immune responses, specifically those involving the IL-23/IL-17 axis, are the primary cause of psoriasis, a
complicated immune-mediated illness. As our knowledge of its pathogenesis has grown, highly focused biologic
treatments that effectively regulate inflammation and keratinocyte hyperproliferation have been developed (69). For
patients with different treatment demands, emerging therapies such as small molecules and personalized medicine
approaches provide potential alternatives. In order to improve patient outcomes and quality of life, ongoing research
attempts to improve current medications, identify new therapeutic targets, and investigate long-term approaches to
managing psoriasis (70).
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