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Abstract

Background: Psoriasis is a chronic inflammatory skin disease frequently associated with
systemic comorbidities. Human neutrophil peptides 1-3 (HNP1-3), released by neutrophils,
have both antimicrobial and proinflammatory effects and may contribute to the pathogene-
sis of psoriasis and its related conditions. The aim of this study was to evaluate the serum
levels of HNP1-3 in patients with psoriasis compared with healthy controls and to assess
their association with selected comorbidities and clinical parameters. Methods: In this
cross-sectional study, forty-nine patients with psoriasis and forty-nine matched healthy
controls were enrolled. Serum HNP1-3 levels were measured using ELISA. Clinical data,
including waist-to-hip ratio (WHR), smoking status, and the presence of comorbidities
such as psoriatic arthritis (PsA), cardiovascular disease, and pulmonary or autoimmune
disorders, were recorded. Results: The mean HNP1-3 levels were significantly higher in
the psoriasis patients than in the controls (3.85 £ 0.76 vs. 2.52 £ 0.84 ng/mL; p < 0.001),
especially in patients with concomitant PsA (4.21 £ 0.69 ng/mL). Multivariable regres-
sion identified increased WHR (3 = 1.77, p < 0.01) and smoking (3 = 0.45, p < 0.001) as
independent predictors of elevated HNP1-3 levels. Positive correlations were also found
between HNP1-3 and ESR (r = 0.505, p = 0.019) and IL-6 (r = 0.561, p = 0.008). Conclusions:
The elevated serum HNP1-3 levels identified in psoriasis patients—especially those with
PsA, central obesity, and smoking history—suggest their potential utility as biomarkers
of systemic inflammation. These findings highlight the systemic nature of psoriasis and
warrant further research into the clinical utility of HNP1-3 in disease monitoring and
risk stratification.
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1. Introduction

Psoriasis is a chronic inflammatory skin disease that affects approximately 2-3% of the
population [1]. It typically presents as symmetrically distributed, erythematous, thickened
plaques covered with silvery scales [2]. Systemic inflammation in psoriasis has been
linked to the development of various comorbid conditions [3]. Clinical observations and
previous studies have shown that psoriasis is most frequently associated with psoriatic
arthritis (PsA) [4] and, less commonly, cardiometabolic diseases [5-10], inflammatory
bowel disease [11], pulmonary conditions [12-19], and psychological disorders such as
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depression [20]. These comorbidities significantly impair patients’ quality of life and
contribute to the overall disease burden [21].

The pathogenesis of psoriasis—now considered an immune-mediated disorder—
results from complex interactions between the innate and adaptive immune systems and is
associated with the dysregulation of multiple inflammatory cytokines [22]. The importance
of innate immunity is highlighted not only by epidermal barrier dysfunction, such as
deletions of the late cornified envelope (LCE) genes [23], but also by the increased expres-
sion of antimicrobial peptides (AMPs) [24]. Previous studies have demonstrated elevated
AMP expression and concentrations in psoriatic skin compared with healthy skin, with a
particular emphasis on «-defensins [25-27].

a-Defensins, also known as human neutrophil peptides 1-3 (HNP1-3), are primarily
stored in polymorphonuclear neutrophils (PMNs), and their release is markedly increased
during acute, non-infectious inflammation [28]. This is consistent with the histopathological
features of psoriasis, which include not only abnormal keratinocyte differentiation but also
a dermal inflammatory infiltrate dominated by PMNs [29]. HNP1-3 are secreted by these
cells and activate the innate immune response, potentially contributing to the pathogenesis
of psoriasis and its associated comorbidities. Recent evidence suggests that HNP1-3
may influence Th17-mediated immune responses, potentially contributing to IL-17 axis
activation. Although direct interactions between HNP1-3 and IL-17A have not been fully
elucidated, these peptides are known to activate dendritic cells and promote the production
of cytokines such as IL-6 and IL-23, which are crucial for differentiating and maintaining
Th17 cells [30]. The potential role of HNP1-3 in linking cutaneous inflammation with
systemic involvement is illustrated in Figure 1.

Although previous studies have documented increased HNP1-3 expression in pso-
riatic skin, data regarding their systemic concentrations and clinical significance in pa-
tients with psoriasis remain limited. Moreover, the potential association between cir-
culating HNP1-3 levels and comorbid conditions in these patients is still unclear. This
study advances the field by quantitatively analyzing serum HNP1-3 concentrations in a
well-characterized cohort of patients with psoriasis, comparing them to matched healthy
controls, and examining associations with key systemic inflammatory markers and comor-
bidities, including psoriatic arthritis, cardiovascular, and pulmonary diseases, as well as
inflammation related to smoking and obesity.

Therefore, the aim of this study was to assess serum HNP1-3 levels in patients with
psoriasis compared with healthy controls and to explore their association with selected
comorbidities. To the best of our knowledge, this is the first study to examine serum
HNP1-3 concentrations in relation to both psoriasis and its comorbidities. By focusing
on the systemic role of neutrophil-derived peptides, this work expands the current un-
derstanding of psoriasis as a multi-organ inflammatory disease and identifies HNP1-3
as potential biomarkers for both cutaneous and extracutaneous disease burden. These
findings offer novel insights that may aid future risk stratification and personalized disease
monitoring strategies. However, given the observational design of this study, any identified
associations between HNP1-3 and clinical variables should not be interpreted as causal.
Further mechanistic and longitudinal research is needed to confirm these relationships.
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Figure 1. Proposed role of HNP1-3 in linking cutaneous and systemic inflammation in psoriasis.
Neutrophils infiltrating psoriatic skin release HNP1-3, members of the x-defensin family with both
antimicrobial and proinflammatory activity. These peptides contribute to local immune activation
by stimulating dendritic cells, T cells, and keratinocytes, enhancing cytokine production and skin
inflammation. A proportion of HNP1-3 enters systemic circulation, where it may contribute to
low-grade systemic inflammation and be associated with comorbid conditions such as psoriatic
arthritis, cardiovascular risk, and smoking-related lung disease (e.g., COPD).
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2. Materials and Methods
2.1. Study Design

This cross-sectional, observational study was conducted between October 2020 and
September 2023 at the Department of Dermatology, Venereology and Pediatric Dermatol-
ogy, Medical University of Lublin, Poland. All patients underwent a thorough physical
examination to identify any concurrent dermatological conditions. A detailed medical
interview was performed, and a preliminary checklist was completed for each participant.
All participants were informed about the study and provided written informed consent.
Privacy and confidentiality were ensured by assigning each participant a unique identi-
fication code. The study protocol was approved by the Institutional Review Board and
Ethics Committee of the Medical University of Lublin (approval no. KE-0254/294/2018).
This study was conducted in accordance with the Declaration of Helsinki, Good Clinical
Practice (GCP), and the International Conference on Harmonisation (ICH) guidelines.

2.2. Characteristics of the Study Population

The study group consisted of 49 patients over 18 years of age with clinically diagnosed
psoriasis vulgaris, with or without concomitant PsA. The control group included 49 age- and
sex-matched healthy individuals over 18 years of age. The inclusion criteria for the psoriasis
group were as follows: confirmed diagnosis of psoriasis by a dermatologist, aged between
18 and 65 years, stable disease course (no recent flare-ups), and no recent initiation or change
in systemic treatment. In uncertain cases, histopathological confirmation was used. The
exclusion criteria for all participants included pregnancy or breastfeeding, active infection
within the previous 3 months, use of systemic corticosteroids or immunosuppressive
agents (unrelated to psoriasis) in the past 6 months, and a history of malignancy or chronic
inflammatory diseases other than psoriasis.

2.3. Clinical Assessment

Participants underwent a comprehensive clinical examination, including medical his-
tory, assessment of the duration and severity of psoriasis, and evaluation for comorbidities.
Psoriasis severity was assessed independently by two dermatologists using the Psoriasis
Area and Severity Index (PASI); the average score was used for analysis. PsA was diag-
nosed according to the CASPAR classification criteria [31]. Demographic and clinical data
were collected, including age, sex, disease history, concomitant diseases, smoking status,
and current medications. Body mass index (BMI) was calculated according to the World
Health Organization (WHO) criteria [32].

2.4. Blood Sample Collection and Biochemical Analyses

Fasting venous blood samples were collected from all participants to measure serum
HNP1-3 concentrations. Blood was drawn into tubes containing a coagulation activator,
allowed to clot at room temperature, and then centrifuged at 3500 rpm for 10 min at 25 °C.
The resulting serum was aliquoted into polypropylene tubes and stored at —70 °C until
analysis. Hemolyzed or lipemic samples were excluded.

Serum HNP1-3 concentrations were measured using a Human HNP1-3 (Neutrophil
Peptide 1-3) ELISA Kit (Cat. No. EH3231; FineTest, Wuhan Fine Biotech Co., Ltd., Wuhan,
China), based on the sandwich enzyme-linked immunosorbent assay (ELISA) principle.
The assay was performed according to the manufacturer’s instructions. Briefly, standards
and serum samples were added to wells pre-coated with a monoclonal antibody specific to
HNP1-3. Following incubation and washing steps, a biotin-conjugated detection antibody
and a horseradish peroxidase (HRP)-streptavidin solution were added. The colorimetric
reaction was developed using a TMB substrate and stopped with an acidic stop solution.
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Absorbance was measured at 450 nm using the BioTek 800 TS Absorbance Reader. HNP1-3
concentrations were calculated based on a standard curve generated from the known
concentrations provided in the kit. All measurements were performed in duplicate using
Gen5 Microplate Reader and Imager (ver. 3.11, BioTek Instruments, Winooski, VT, USA).

In total, 7.6 mL of venous blood was also collected into a tube containing a coag-
ulation activator, and biochemical parameters of inflammation were determined: ESR
(erythrocyte sedimentation rate, [mm/h]), CRP (C-reactive protein, [mg/L]), and IL-6
(interleukin 6 [pg/mL]). The material was used within 2 h after collection. Biochemical pa-
rameters were determined using the COBAS 6000 biochemical analyzer (Roche Diagnostics,
Warsaw, Poland).

2.5. Statistical Analysis

The data were analyzed using the Statistical Package for the Social Sciences (SPSS),
version 29.0 (IBM Corp., Armonk, NY, USA). A formal a priori sample size calculation
was not performed due to the exploratory and observational nature of this study. The
number of participants was determined by the availability of eligible participants within the
recruitment timeframe and logistical feasibility. Before conducting statistical analysis, the
data were visually inspected to identify potential outliers. The normality of distribution was
assessed using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Continuous variables
were compared using the independent f-test or Mann-Whitney U test, as appropriate.
Categorical variables were analyzed using Pearson’s x? test. Correlations between HNP1-3
levels and clinical or laboratory parameters were evaluated using Pearson or Spearman
correlation coefficients, depending on distribution. Multivariable linear regression was
used to identify independent predictors of elevated HNP1-3 levels. Continuous data are
presented as means =+ standard deviations (SDs) and categorical data as frequencies and
percentages. A p-value < 0.05 was considered statistically significant, and all confidence
intervals were calculated at the 95% level.

3. Results
3.1. Baseline Characteristics of the Study Population

This study included 49 patients with psoriasis (mean age: 47.5 & 12.6 years) and 49 age-
and sex-matched healthy controls (mean age: 45.7 + 10.9 years). There were no statistically
significant differences between the groups regarding demographic, anthropometric, or
clinical features. Detailed patient characteristics are presented in Table 1.

Table 1. Demographic, clinical, and biochemical features of the study participants. PASI—Psoriasis
Area Severity Index; PsA—psoriatic arthritis; BMI—body mass index; WHR—waist-to-hip ratio;
AHT—arterial hypertension; DM—diabetes mellitus; CHD—coronary heart disease; COPD—chronic
obstructive pulmonary disease; SLE—systemic lupus erythematous; CRP—C-reactive protein; ESR—
erythrocyte sedimentation rate; IL-6—interleukin-6; ns—non-significant; N/ A—not applicable.

Feature Psoriasis Patients (n = 49) Controls (n = 49) p-Value
Demographic
Age, years £ SD 475+ 12.6 45.7 +£10.9 ns
Male, n (%) 36 (73.5) 38 (77.6) ns
Clinical

Psoriasis duration, years + SD 17.6 £12.7 N/A

PASI, mean £ SD 15.8+9.9 N/A

PsA, n (%) 12 (24.5) N/A




Biomedicines 2025, 13, 1635 60f 13

Table 1. Cont.

Feature Psoriasis Patients (n = 49) Controls (n = 49) p-Value
WHR, mean + SD 0.96 £ 0.1 093 +£0.1 ns
BMI, mean + SD (kg/mz) 283 +4.7 274 +29 ns
Hyperlipidemia, n (%) 21 (42.8) 24 (49) ns
AHT, n (%) 15 (30.1) 17 (34.7) ns
DM, n (%) 4 (8.1) 6(12.2) ns
CHD, n (%) 4(8.1) 2 (4) ns
COPD, n (%) 3(6.1) 4(8.1) ns
Asthma, n (%) 2 (4) 2(4) ns
Crohn'’s disease, n (%) 12 0(0) ns
SLE, n (%) 1(2) 0 (0) ns
Smoking cigarettes, n (%) 18 (36.7) 15 (30.6) ns
Cigarette pack-years, mean & SD 16.9 £ 13 14.1 £10.1 ns
Intensity (cigarettes/day), mean + SD 14.8 £ 7 13.2 + 8.8 ns
Respiratory infections in last 6 weeks, n (%) 2 (4) 2 (4) ns
Biochemical
ESR, mean 4+ SD (mm/h) 26.15 £ 19.46 21.09 +20.8 ns
CRP, mean =+ SD (mg/L) 6.62 +7.86 5.01 £5.81 ns
IL-6, mean £ SD (pg/mL) 4.86 £ 10.31 3.12 £11.02 ns

The mean duration of psoriasis was 17.6 + 12.7 years. There was a positive family
history of psoriasis in 18 (36.7%) cases and concomitant PsA in 6 (12.2%) cases. The mean
PASI score was 15.8 + 9.9. Previous medications included topical steroids/calcipotriol
(n =49 patients), ultraviolet B treatment (n = 12), biologics (n = 5), methotrexate (n = 13),
cyclosporine (n = 12), acitretin (n = 6), and psoralen plus ultraviolet A (n = 4). The
cumulative mean dose of methotrexate was 530 mg (from 120 to 1530 mg). The current
medications were topical steroids/calcipotriol (n = 46 patients), ultraviolet B treatment
(n =2), and psoralen plus ultraviolet A (n = 0); no patients were receiving systemic therapy
at the time of enrollment.

3.2. Serum HNP1-3 Levels and Selected Comorbid Conditions

Serum concentrations of HNP1-3 were significantly higher in patients with psoriasis
than in healthy controls (3.85 £ 0.76 ng/mL vs. 2.52 & 0.84 ng/mL; p < 0.001). Correlation
analysis revealed no significant relationship between HNP1-3 levels and either disease
duration or PASI score. Furthermore, among patients with psoriasis, those diagnosed with
PsA exhibited the highest HNP1-3 concentrations (n = 12, 4.21 £ 0.69 ng/mL). Elevated
serum HNP1-3 levels were also observed in individual psoriasis patients with rare or less
common comorbidities, including coronary heart disease (n = 4), asthma (n = 2), COPD
(n = 3), Crohn’s disease (n = 1), and systemic lupus erythematosus (n = 1). Serum HNP1-3
concentrations in healthy controls, patients with psoriasis, and subgroups with selected
comorbid conditions are presented in Table 2.
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Table 2. Serum concentrations of HNP1-3 in healthy controls, patients with psoriasis, and se-
lected comorbid subgroups. Data for rare comorbidities are shown as individual observations.
AHT—arterial hypertension; PsA—psoriatic arthritis; CHD—coronary heart disease; DM—diabetes
mellitus; COPD—chronic obstructive pulmonary disease; SLE—systemic lupus erythematous; ns—
non-significant; N/A—not applicable. * Individual values exceed the control group mean and, in
some cases, the mean value for the overall psoriasis cohort.

Group n Mean HNP1-3 Concentration & SD (ng/mL) p Values

Healthy controls 499  252+0.84

Psoriasis (total) 49 3.85 £ 0.76 <0.001
with AHT 15 349 +£041 ns
with PsA 12 421+£0.69 <0.001
with CHD 4 3.89 £0.81 N/A*
with DM 4 3.71+£091 N/A
with COPD 3 4124071 N/A*
with asthma 2 4.05 + 0.55 N/A*
with Crohn’s disease 1 4.01 N/A*
with SLE 1 414 N/A*

3.3. Serum HNP1-3 Levels and Their Association with Clinical Parameters

Elevated serum HNP1-3 levels were also observed in psoriatic patients with specific
clinical characteristics. Patients with an increased waist-to-hip ratio (WHR) and those with
a history of smoking had significantly higher HNP1-3 concentrations than individuals
without these features (3.97 £ 0.71 ng/mL and 3.90 £ 0.81 ng/mL, respectively; p < 0.001).
In multivariable linear regression analysis, two independent predictors of elevated HNP1-3
levels were identified after adjusting for age and sex: increased WHR (f = 1.77, p < 0.01)
and smoking status (§ = 0.45, p < 0.001). The overall model was statistically significant
(R? = 0.64, p < 0.01) (Table 3).

Table 3. Multivariable linear regression analysis of factors associated with elevated serum HNP1-3
levels in patients with psoriasis. WHR—waist-to-hip ratio; ns—non-significant.

Variable 3 Coefficient 95% CI p-Value
WHR 1.77 0.62-2.91 <0.01
Smoking status 0.45 0.21-0.69 <0.001
Age (adjusted) - - ns

Sex (adjusted) - - ns

3.4. Serum HNP1-3 Levels and Their Association with Biochemical Parameters

Moreover, associations were found between HNP1-3 parameters and the laboratory
parameters of inflammation, including a significant positive correlation between serum
HNP1-3 concentrations and ESR or IL-6 levels. The correlation coefficients were 0.505 for
the ESR level (p = 0.019) and 0.561 for the IL-6 level (p = 0.008). The correlation of serum
HNP1-3 with CRP, ESR, and IL-6 levels has been shown in Table 4. No other significant
correlations between HNP1-3 and additional biochemical markers were observed.
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Table 4. Correlation of serum HNP1-3 with CRP, ESR, and IL-6 levels. CRP—C-reactive protein;
ESR—erythrocyte sedimentation rate; IL-6—interleukin-6.

Variable Pair Pearson r p-Value
HNP1-3 vs. CRP —0.089 0.701
HNP1-3 vs. ESR 0.505 0.019
HNP1-3 vs. IL-6 0.561 0.008

4. Discussion
4.1. Clinical Relevance of Elevated HNP1-3 in Psoriasis and PsA

In this study, we found that the serum concentrations of human neutrophil peptides
1-3 (HNP1-3) were significantly elevated in patients with psoriasis compared with healthy
controls. The highest levels were observed in patients with concomitant PsA, as well as in
those with an increased WHR and smoking history. These findings support the hypothesis
that HNP1-3 may be involved not only in the cutaneous immune response but also in
systemic inflammation and psoriasis-associated comorbidities.

4.2. Associations with Clinical Features: WHR and Smoking

Elevated serum HNP1-3 levels were also observed in psoriatic patients with spe-
cific clinical characteristics. The association with central obesity may reflect a conver-
gence of metabolic and immune pathways. Adipose tissue expresses neutrophil-attracting
chemokines such as CXCL1 and CXCL2 and is itself a source of low-grade inflammatory
mediators, including IL-6 and CRP [33]. Increased WHR correlates with elevated neutrophil
activation, which may enhance HNP1-3 release into the circulation.

Cigarette smoking further amplifies neutrophil activity and defensin release by increas-
ing oxidative stress and systemic inflammation [34]. Smoking has been linked to increased
HNP1-3 levels in other inflammatory diseases [35]. Elevated HNP1-3 in smokers with
psoriasis could thus reflect a synergistic effect for environmental and disease-related inflam-
matory stimuli. Moreover, beyond its general proinflammatory role, cigarette smoke has
been shown to interfere with neutrophil maturation, apoptosis, and effector function [36].
Studies indicate that smoking delays neutrophil apoptosis and promotes the accumulation
of aged, primed neutrophils with increased potential for degranulation and NET formation,
processes directly associated with HNP1-3 release [37]. Additionally, cigarette smoke
extract (CSE) promotes neutrophil survival through PI3K/Akt-mediated signaling and
enhances the release of granular proteins, including x-defensins [38]. These effects may
contribute to elevated HNP1-3 levels and persistent low-grade systemic inflammation
observed in smokers with psoriasis.

4.3. Correlations with Inflammatory Biomarkers

While classical biomarkers such as CRP and IL-6 are widely used in psoriasis-related
research and clinical monitoring, each has limitations. CRP primarily reflects acute-phase
hepatic responses and is not consistently elevated in all psoriasis patients, particularly in the
absence of systemic flares. IL-6 plays a central role in stimulating hepatic CRP production,
yet it also participates more broadly in systemic immune modulation, including neutrophil
recruitment and activation [39]. Therefore, the direct association between HNP1-3 and
IL-6 may reflect shared upstream inflammatory pathways, particularly those involving
neutrophil-driven cytokine cascades [40]. However, IL-6 is not routinely measured in
clinical practice due to technical and cost limitations, despite its therapeutic relevance.

By contrast, HNP1-3 are neutrophil-derived peptides with both antimicrobial and
immunomodulatory functions that may reflect neutrophil activation and low-grade sys-
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temic inflammation. In our study, HNP1-3 correlated with IL-6 and ESR but not with CRP,
suggesting that they may capture a distinct aspect of inflammatory activity, possibly linked
to chronic innate immune activation. Therefore, HNP1-3 could serve as complementary
biomarkers alongside existing inflammatory markers, particularly in patients with comor-
bidities or features of systemic involvement not adequately captured by CRP alone. Further
studies are needed to determine whether HNP1-3 can enhance clinical decision-making or
predict therapeutic responses.

4.4. Mechanistic Implications: HNP1-3 as Immunomodulatory Mediators

Our findings align with the known biology of HNP1-3, which are x-defensins secreted
predominantly by polymorphonuclear neutrophils (PMNs) during degranulation or NE-
Tosis. They may also be expressed at lower levels by other cell types, such as monocytes,
certain epithelial cells, and natural killer (NK) cells, under inflammatory conditions [41,42].
However, neutrophils remain their primary source in the circulation. In addition to their
well-established antimicrobial activity, these peptides exert potent immunomodulatory
functions. They stimulate the release of proinflammatory cytokines such as TNF-«, IL-1f3,
and IL-8 from monocytes and macrophages [43], enhance the maturation of dendritic
cells [44], and promote the chemotaxis of T cells via interaction with CCR6 receptors [45].
These mechanisms contribute to amplifying both innate and adaptive immune responses
characteristic of psoriatic inflammation.

HNP1-3 can also directly affect keratinocyte biology. In vitro studies have shown
that these peptides induce keratinocyte proliferation and the production of cytokines
such as IL-6 and IL-8 [46], which are key mediators of the psoriatic cytokine milieu. By
promoting IL-6 release, HNP1-3 may indirectly influence Th17 cell polarization and IL-
17-mediated inflammatory cascades, which are central to psoriatic pathology [47]. This
potential connection warrants further investigation, especially in the context of biologic
therapies targeting the IL-17/IL-23 axis. This creates a positive feedback loop of neutrophil
recruitment, peptide release, and epidermal activation, perpetuating chronic inflammation
in the skin. Importantly, HNP1-3 can form complexes with self-DNA and RNA released
during cell damage. These complexes activate Toll-like receptors (TLR9 and TLR7/8) in
plasmacytoid dendritic cells, triggering the production of type I interferons [48], which
are implicated in early psoriatic lesion formation and may also contribute to systemic
autoimmunity. Moreover, TLR activation, particularly in myeloid and dendritic cells, is
known to enhance IL-6 and IL-23 production, both of which are essential for Th17 cell
differentiation and IL-17A secretion [49]. While a direct link between HNP1-3 and IL-17
production has not yet been firmly established, these mechanistic intermediates support
the hypothesis that HNP1-3 contributes to IL-17-driven inflammation via TLR-dependent
innate immune activation.

4.5. Relevance in Psoriatic Arthritis and Other Comorbidities

The elevated HNP1-3 levels observed in patients with PsA are consistent with prior
reports suggesting a role for neutrophil-derived peptides in joint inflammation, such as
myeloperoxidase and calprotectin [27]. Neutrophils are present in the synovial fluid of PsA
patients, and experimental data suggest they may release extracellular traps (NETs) con-
taining HNP1-3, which could contribute to the formation of autoantigens and activation of
synovial fibroblasts [50,51]. However, HNP1-3's involvement in these mechanisms remains
speculative and was not directly evaluated in our study. Elevated serum concentrations of
HNP1-3 have also been observed in other systemic inflammatory disorders, supporting
their broader role as circulating biomarkers of immune activation.
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In rheumatoid arthritis (RA), increased serum HNP1-3 levels correlate with disease
activity and joint destruction, likely reflecting enhanced neutrophil degranulation and NET
formation within synovial tissues [50]. Similarly, studies of patients with inflammatory
bowel disease (IBD), particularly Crohn’s disease, have reported elevated plasma HNP1-3
levels, which may reflect both mucosal neutrophil infiltration and systemic inflammatory
spillover [52]. In systemic lupus erythematosus (SLE), serum HNP1-3 have been implicated
in triggering type I interferon responses via Toll-like receptor pathways, contributing to
systemic autoimmunity [48]. These findings suggest that serum HNP1-3 is a standard
marker of innate immune activation across multiple chronic inflammatory conditions. The
elevated levels in patients in our study with comorbidities such as coronary heart disease,
asthma, COPD, Crohn’s disease, and systemic lupus erythematosus further support this
hypothesis. However, given the limited number of cases in these subgroups, the results
should be interpreted with caution.

4.6. Study Limitations

Owing to its cross-sectional and observational design, our study cannot establish
causal relationships. While the identified associations between HNP1-3 levels and clin-
ical parameters such as PsA, central obesity, and smoking are intriguing, they must be
interpreted with caution. Longitudinal studies are essential to determine whether elevated
HNP1-3 is a consequence or a potential contributor to systemic inflammation in psoriasis.

Several limitations should be noted. First, the sample size was relatively small, par-
ticularly in subgroup analyses (e.g., asthma, Crohn’s disease, and systemic lupus erythe-
matosus), limiting the statistical power of subgroup analyses and precluding definitive
conclusions for these conditions. Second, owing to the cross-sectional design, we could
not assess longitudinal changes in HNP1-3 levels or their predictive value. Third, while
we observed associations with selected comorbidities, further studies with larger cohorts
and mechanistic approaches are needed to confirm causality. Finally, while ELISA is a
sensitive method, variability in assay kits and lack of standardized reference ranges may
affect reproducibility across studies and contribute to potential sources of bias.

Furthermore, our cross-sectional design could not determine whether elevated HNP1-
3 levels precede the clinical onset of psoriasis. While our findings demonstrate elevated
serum concentrations in patients with established disease, it remains unknown whether
HNP1-3 can serve as early indicators of subclinical inflammation or predictors of disease
development in genetically susceptible individuals. Future prospective longitudinal studies
are needed to assess whether HNP1-3 elevation occurs prior to the appearance of clinical
symptoms and could be used as a predictive biomarker in at-risk populations.

5. Conclusions

This study demonstrated that serum concentrations of human neutrophil peptides
1-3 (HNP1-3) are significantly elevated in patients with psoriasis compared with healthy
controls, with the highest levels observed in those with PsA. Increased HNP1-3 levels
were also associated with specific concomitant conditions, particularly central obesity and
smoking. These findings support the concept of psoriasis as a systemic inflammatory
disease rather than a purely cutaneous condition. The serum concentrations of HNP1-3
could aid in the early identification of patients at increased risk of comorbidities and guide
more comprehensive clinical assessment and personalized management.

Further longitudinal studies are needed to validate the clinical utility of HNP1-3 and
explore their role in disease monitoring, risk stratification, and therapeutic response in
psoriasis and related systemic conditions. Moreover, the potential role of HNP1-3 as early
biomarkers preceding disease onset warrants further investigation in longitudinal, at-risk
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cohorts. Significantly, the observational nature of this study limits causal inference, and the
role of HNP1-3 as biomarkers versus mechanistic mediators remains to be elucidated.
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