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Abstract

Psoriasis is a type of inflammatory skin disorder that is immune-mediated and chronic, affecting
approximately 2-3% of the global population. Psoriasis, which was previously classified as a
dermatological condition, is now acknowledged as a systemic disease with substantial comorbidities,
particularly Cardiovascular Disease (CVD). This is due to the fact that the inflammatory and metabolic
pathways underlying the condition are shared beyond the skin itself. Researches have referred to the
role of neuroendocrines with Neuropeptide Y (NPY) emerging as a key biomolecular link. NPY is a
36-amino acid peptide abundantly expressed in the central and peripheral nervous systems. It is also
called neuroimmune biomarker since it regulating vascular tone, stress response, immune modulation,
and metabolic processes. Elevated serum NPY levels have been detected in psoriasis and indicate that
overexpression of NPY in skin is sufficient to induce skin pathology. From other point NPY increase in
various cardiovascular conditions since it contributes to endothelial dysfunction, inflammation, and
atherogenesis suggesting a shared neuroimmune axis. This review explores the pathophysiology of
psoriasis and its cardiovascular complications, details NPY cellular function and synthesizes the
current literature that linking NPY with both conditions. We discuss the potential of NPY as a
biomarker for systemic disease severity and a target for therapeutic intervention. Understanding the
NPY-mediated neuroimmune mechanisms may open new avenues for integrated treatment strategies in
patients suffering from both psoriasis and cardiovascular diseases.
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Introduction

Psoriasis is a chronic, recurrent, immune-mediated skin condition that significantly impact
the quality of life and overall health of patients [V, While classically defined by well-
demarcated erythematous plaques with silvery scales, psoriasis is increasingly recognized as
a systemic inflammatory disease with significant comorbidities, that means psoriasis may
disturb body organs function beyond the skin resulted in different body diseases and
conditions particularly metabolic syndrome and cardiovascular disease (CVD) [2. The
prevalence of CVD in psoriatic patients is markedly higher than in the general population,
with increased risks of myocardial infarction, stroke and atherosclerosis [*l. This elevated
cardiovascular risk cannot be fully explained by traditional risk factors alone. Chronic
systemic inflammation appears to be a key contributor to endothelial dysfunction and
vascular pathology in psoriasis [*l. In both psoriatic lesions and atherosclerotic plaques, pro-
inflammatory cytokines, including tumor necrosis factor-alpha (TNF-a), interleukin-17 (IL-
17], and interleukin-23 (IL-23) are upregulated, suggesting that the two conditions share
common pathogenic mechanisms 561,

Beyond classical immune mediators, neuroimmune signaling has gained attention as an
emerging factor in the pathogenesis of chronic inflammatory diseases 7. Neuropeptide Y
(NPY), a sympathetic nervous system co-transmitter, is one such mediator that exerts
pleiotropic effects on immune regulation, angiogenesis and cardiovascular function [,
Elevated serum levels of NPY have been associated with stress, obesity, hypertension, and
inflammation all common features in psoriatic patients with cardiovascular involvement [*
191 This review aims to provide an overview of the role of NPY in the pathogenesis of
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psoriasis and cardiovascular disease in detail, the potential
of serum NPY as a mechanistic bridge between these two
conditions, evaluate its clinical utility as a biomarker, and
propose future directions for research and therapy.

2. Psoriasis overview

Approximately 2-3% of the global population is affected by
psoriasis, a chronic immune-mediated inflammatory skin
disease M. It is characterized by the development of
erythematous, scaly plaques, predominantly on the elbows,
knees, scalp, and trunk. Histologically, psoriatic skin lesions
demonstrate epidermal hyperplasia (acanthosis),

Trigger Factors
(Trauma, Stress, Pathogens)

https://www.dermatologypaper.com

parakeratosis, and an infiltration of immune cells including
dendritic cells, T lymphocytes and neutrophils 1.

2.1 pathogenesis

The development of psoriasis is a multifaceted process that
is influenced by genetic predisposition, environmental
triggers, and dysregulated immune responses [Y. An
initiation phase, which may be precipitated by trauma
(Koebner phenomenon), infection, or medications, and a
maintenance phase, which is defined by a chronic clinical
progression, are possible conceptualizations of the
pathogenesis of psoriasis (Figure) [,
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Fig 1: The pathogenesis of psoriasis [!]
The function of keratinocytes in the pathogenic process of Neutrophil Extracellular Traps (NETs), providing a

psoriasis is illustrated in this figure. Keratinocytes may be
stimulated by initial stimuli, which can lead to the
production of self-nucleotides and antimicrobial peptides by
stressed keratinocytes. These cells also activate pDCs and
later DCs, and they are involved in the initial phase of
psoriasis. After being stimulated by cytokines, activated
keratinocytes contribute to the pathogenesis of psoriasis
through inflammatory infiltration, epidermal hyperplasia,
innate immunity, and tissue reorganization, etc.

The disease is initiated when plasmacytoid dendritic cells
(pDCs) recognize nucleic acids released from stressed or
damaged keratinocytes via Toll Like Receptor 7, 9 (TLR7,
9), leading to secretion of type I interferons (IFN-o/B) [2.
This activates myeloid dendritic cells (mDCs), which
produce IL-23 and IL-12, driving differentiation of Th17
and Thl cells, respectively . Th17 cells secrete IL-17A,
IL-17F, and [IL-22, which promote keratinocyte
proliferation, cytokine release and neutrophil recruitment.
Thl cells release IFN-y and TNF-o, further amplifying
inflammation and sustaining chronicity [°!.

The psoriatic plaque is enriched in IL-17-producing
neutrophils, which form Munro microabscesses and

continuous source of autoantigens and perpetuating immune
activation 113, IL-17 is now considered the central effector
cytokine in both cutaneous and systemic manifestations of
psoriasis.

Psoriasis is becoming more widely acknowledged as a
systemic condition. Chronic systemic inflammation in
psoriatic patients has been associated with the development
of numerous comorbid conditions, such as metabolic
syndrome, Cardiovascular Disease (CVD), and psoriatic
arthritis (', Systemic inflammatory markers, including C-
reactive protein (CRP), IL-6, and TNF-q, have consistently
been demonstrated to be elevated in psoriatic patients and
are associated with the severity of the condition ['% 91, These
inflammatory  mediators  contribute to  endothelial
dysfunction, insulin resistance and pro-atherogenic lipid
profiles, establishing a mechanistic link between psoriasis
and CVD ['7] It has been demonstrated in numerous large-
scale epidemiological studies that psoriasis, particularly
moderate to severe forms, is linked to an elevated risk of
cardiovascular mortality, stroke, and myocardial infarction,
regardless of conventional cardiovascular risk factors [13],
The risk appears to be higher in younger patients and those
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with longer disease duration !4, These findings underscore
the need for comprehensive cardiovascular risk assessment
and management in patients with psoriasis.

3. Neuropeptide Y: Structure and function

Neuropeptide Y (NPY) is a 36-amino acid peptide and a
member of pancreatic polypeptide family, which also
includes peptide YY (PYY) and pancreatic polypeptide
(PP). NPY is encoded by the NPY gene located on
chromosome 7p15.1, and is synthesized as prepro-NPY,
which undergoes proteolytic cleavage to yield the active
peptide 11, 1t is one of the most abundant neuropeptides in
both the central and peripheral nervous systems, particularly
in sympathetic nerve fibers, adrenal medulla and various
brain regions such as the hypothalamus 1. NPY plays
critical roles in regulating stress responses, appetite, energy
metabolism, cardiovascular tone and immune function 1%
20, Actions of NPY are mediated through a family of G
protein-coupled receptors, notably Y1, Y2, Y4, Y5, and Yo.
Among these, Y1 and Y2 receptors are the most extensively
studied in humans . Y1 receptors are primarily associated
with vasoconstriction, immune cell modulation and
neuroproliferation, while Y2 receptors play roles in
feedback inhibition of NPY release and regulation of mood
and appetite [,

Table 1: Receptor Subtypes and main function [*]

Receptor Main function
Y1 Mediates vasoconstriction, immune cell activation, and
pro-inflammatory cytokine release.
V2 Functions in negative feedback, appetite suppression,
and neurotransmitter regulation.

va Primarily binds PYY and PP; less relevant in psoriasis
or CVD.

vs Involved in energy balam?e, food intake, and stress
coping.

Y6 A pseudogene in humans, nonfunctional.

NPY affects the behavior of a variety of immune cells in the
immune system, such as macrophages, dendritic cells, T
cells, and natural killer cells. It regulates the balance
between pro-inflammatory and anti-inflammatory responses,
as well as cytokine production and chemotaxis Y. For
instance, NPY has been shown to induce a shift toward M2
macrophage polarization and can inhibit TNF-a secretion
under certain conditions, while enhancing IL-6 and IL-10
levels in others, depending on receptor subtype and context
[22]

Neuropeptide Y is also a key regulator of vascular function.
It induces vasoconstriction by potentiating the effects of
norepinephrine, particularly via Y1 receptors on vascular
smooth muscle 3!, This makes NPY a potent contributor to
blood pressure regulation, especially under stress
conditions. Additionally, it plays a role in angiogenesis,
promoting endothelial cell proliferation and migration,
which may contribute to neovascularization in both
physiological and pathological contexts (2% 241,

In metabolic regulation, NPY is one of the most powerful
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orexigenic agents, promoting food intake and energy
storage. It interacts with leptin and insulin signaling
pathways in the hypothalamus, influencing appetite and fat
accumulation. Obesity, metabolic syndrome, and chronic
stress are all conditions that are frequently observed in
patients with moderate to severe psoriasis and are
independent risk factors for cardiovascular disease.
Consequently, elevated levels of NPY have been observed
in these conditions '8,

4. NPY in psoriasis

The pathogenesis of psoriasis is significantly influenced by
NPY, according to emerging evidence. Patients with
moderate to severe psoriasis have been observed to have
elevated serum levels of NPY in numerous clinical studies,
suggesting a potential correlation between cutaneous
inflammation and sympathetic nervous system activation [?>
28,291 Increased NPY concentrations correlate with Psoriasis
Area and Severity Index (PASI) scores, suggesting a
relationship between disease activity and neuropeptide
release (22,

Neuropeptide Y receptors, particularly Y1 and Y2, are
expressed in human skin and have been found in
keratinocytes, dermal fibroblasts, and infiltrating immune
cells in psoriatic lesions [B%32, Experimental studies
demonstrate that activation of the Y1 receptor on immune
cells can modulate T cell proliferation, enhance cytokine
release, and influence the balance between Thl and Th17
responses key pathways involved in psoriasis %34, In vitro
studies show that NPY promotes keratinocyte proliferation
and reduces apoptosis, effects that contribute to epidermal
thickening in psoriasis °1. In addition, NPY has been
associated with angiogenesis in psoriatic plaques,
potentially as a result of its impact on the activation of
endothelial cells and Vascular Endothelial Growth Factor
(VEGF) B¢, These findings support the hypothesis that NPY
acts not only as a modulator of immune responses but also
as a driver of the cutaneous manifestations of the disease.
Furthermore, stress is a well-known trigger for psoriasis
flares, and NPY is a critical mediator of the stress response.
Chronic stress enhances sympathetic output and increases
NPY release, which may exacerbate skin inflammation
through neuroimmune mechanisms 7> 2%, Studies in animal
models support this hypothesis, showing that stress-induced
NPY secretion can worsen psoriasiform dermatitis and
increase pro-inflammatory cytokine production 381,

Recent transcriptomic analyses have identified upregulation
of NPY-related signaling pathways in psoriatic skin
compared to healthy controls > 3¢ These findings have
sparked interest in targeting the NPY system for therapeutic
purposes. Preclinical studies using Y1 receptor antagonists
have demonstrated promising results in reducing skin
inflammation and keratinocyte hyperplasia in murine
models of psoriasis 9. Taken together, current data indicate
that NPY contributes to multiple aspects of psoriatic
disease, including immune activation, keratinocyte
dysfunction and angiogenesis. Its involvement in the stress-
inflammatory axis further strengthens its candidacy as a
biomarker and therapeutic target in psoriasis.
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Fig 2: Potential mechanisms of pathological NPY signaling in the skin [4*]

Skin NPY may originate from nerves within the skin,
discharge from circulation, and secretion from various cell
types in the skin. Skin cells that possess NPY receptors,
such as keratinocytes, fibroblasts, adipocytes, and numerous
immune cells, may exhibit an adverse pathological response
to any increase in NPY levels. Different aspects of
inflammatory skin diseases may be influenced by these
pathological responses to NPY.

5. Cardiovascular implications of psoriasis: From
systemic inflammation to atherosclerosis

5.1. Epidemiological associations

Psoriasis is now firmly established as an independent risk
factor for Cardiovascular Disease (CVD), with numerous
population-based studies demonstrating increased incidence
of myocardial infarction, stroke, heart failure, and
cardiovascular mortality among psoriatic patients even after
adjustment for traditional risk factors such as smoking,
obesity, and diabetes mellitus ['-2],

A landmark cohort study by Gelfand ef al. found that young
patients (<50 years) with severe psoriasis had a threefold
increased risk of myocardial infarction compared to non-
psoriatic individuals. Meta-analyses have shown that the
risk of cardiovascular events increases proportionally with
psoriasis severity and duration, suggesting a cumulative
inflammatory burden 4!,

5.2 Mechanistic basis: Chronic systemic inflammation

The pathogenic link between psoriasis and CVD is primarily
driven by systemic low-grade inflammation. Key mediators
that are implicated include IL-6, TNF-a: IL-17A. IL-6:
stimulates hepatic production of C-reactive protein (CRP),

fibrinogen and promotes thrombosis. TNF-a: induces
endothelial activation, oxidative stress and insulin
resistance. IL-17A: facilitates vascular inflammation,
monocyte adhesion and foam cell formation in

atherosclerotic plaques > 31, These cytokines, abundant in
psoriatic skin and circulation, contribute to the initiation and
progression of atherosclerosis, with histopathologic
similarities between psoriatic lesions and unstable vascular
plaques.

5.3 Endothelial dysfunction and vascular remodeling

In psoriasis, vascular homeostasis is disrupted by a
combination of pro-inflammatory cytokines, oxidized LDL
and immune cell infiltration. Reduced Nitric Oxide (NO)

bioavailability with the increased expression of adhesion
molecules (ICAM-1, VCAM-1, E-selectin) and enhanced
leukocyte diapedesis into vascular intima are among the
abundant vascular homeostasis disruptions 41,

Imaging studies using carotid ultrasound and coronary CT
angiography have demonstrated increased carotid intima-
media thickness and non-calcified coronary plaque burden
in psoriatic patients, indicating subclinical atherosclerosis
[45, 461 Moreover, the severity and duration of psoriasis are
positively correlated with cardiovascular event rates,
suggesting a dose-response relationship between skin
disease and vascular pathology ™). Patients with psoriasis
are also more likely to demonstrate components of the
metabolic syndrome, such as central adiposity, insulin
resistance, dyslipidemia, and hypertension, all of which
raise the risk of cardiovascular disease ™. A pro-
atherogenic milieu 1is established by inflammatory
cytokines, including TNF-o and IL-17, which disrupt insulin
signaling and lipid metabolism -3, These mechanisms
highlight the systemic nature of psoriatic inflammation and
its influence on vascular and metabolic pathways.

The cardiovascular burden of psoriasis is especially
significant in younger patients, where the relative risk of
myocardial infarction is disproportionately high compared
to older individuals !, This underscores the need for early
screening and management of cardiovascular risk factors in
patients with psoriasis, particularly those with severe or
long-standing disease 2.

5.4 Therapeutic implications

Several biologic therapies targeting TNF-a and IL-17 have
demonstrated potential in reducing systemic inflammation
and enhancing vascular outcomes due to the shared
inflammatory pathways between psoriasis and CVD.
Biologics have been shown to have beneficial effects on
arterial rigidity and vascular inflammation in recent trials.
IL-23 blockers may attenuate coronary plaque progression
supporting the concept that effective control of psoriasis
may confer cardiovascular benefits. 31, However, certain
agents (e.g., cyclosporine, acitretin) may adversely affect
lipid profiles or blood pressure, necessitating cardiovascular
monitoring during long-term therapy.

6. Serum NPY as a diagnostic and prognostic biomarker
Elevated levels of circulating NPY have been detected in
patients with moderate to severe psoriasis, with

~ 88 ~


https://www.dermatologypaper.com/

International Journal of Dermatology, Venereology and Leprosy Sciences

concentrations correlating positively with Psoriasis Area
and Severity Index (PASI) scores % 31 Simultaneously,
studies in patients with hypertension, heart failure, and acute
coronary syndromes have identified high serum NPY as a
predictor of worse cardiovascular outcomes, including
myocardial infarction, arrhythmia, and heart failure
progression 36571,

This dual diagnostic relevance highlights NPY as a shared
biomarker across dermatological and cardiovascular
domains. Moreover, longitudinal data show that persistent
elevation in serum NPY is associated with increased
vascular inflammation, even when other inflammatory
markers like CRP return to baseline, suggesting superior
sensitivity in chronic inflammatory states %, Recent
advances in multiplex ELISA and mass spectrometry have
enabled more accurate quantification of NPY levels in
serum and tissue, making its implementation in clinical
laboratories more feasible [,

6.1 Risk stratification and disease monitoring

Given its correlations with disease severity, NPY could be
used for risk stratification in psoriatic patients identifying
individuals at high risk for cardiovascular events and
enabling earlier intervention. This is especially relevant in
patients who may appear dermatologically stable but harbor
underlying systemic inflammation and vascular dysfunction
[60]

Additionally, NPY may serve as a monitoring biomarker for
treatment efficacy. Studies have shown that successful
treatment with TNF-a inhibitors or IL-17 blockers reduces
NPY levels, which parallel improvements in both psoriatic
symptoms and vascular health metrics, such as arterial
stiffness and carotid intima-media thickness (6! 621,

6.2 Therapeutic targeting of NPY

Targeting NPY or its receptors particularly the Y1 receptor
is a promising avenue for therapeutic intervention.
Preclinical studies have demonstrated that Y1 receptor
antagonists reduce inflammation in both psoriasiform
dermatitis and atherosclerosis models 93 4. These agents
decrease  keratinocyte  proliferation,  inhibit  pro-
inflammatory cytokine production and improve endothelial
function.

Pharmaceutical development of NPY receptor modulators is
ongoing, with compounds like BIBO 3304 (a selective Y1
antagonist) showing anti-inflammatory and vaso-protective
effects in animal models [%°]. However, human trials are still
in early stages.

7. Conclusion

Neuropeptide Y (NPY) functions as a key molecular
mediator linking psoriasis and Cardiovascular Disease
(CVD) by contributing to shared mechanisms such as
systemic inflammation, immune dysregulation, endothelial
dysfunction and metabolic disturbance.

Elevated serum NPY levels may serve as a valuable
biomarker for assessing disease severity, cardiovascular risk
and therapeutic response in patients with psoriasis,
highlighting its potential utility in integrated patient
management.

In order to verify the diagnostic and therapeutic potential of
NPY, future research should concentrate on longitudinal
studies, multi-omics integration, and clinical trials, with
emerging digital health tools offering promising avenues for
personalized care and disease monitoring.
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