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Abstract. Psoriasis vulgaris (PsV) is a complex immune-
mediated disease with a polygenic component. Common
variants in the vitamin D receptor (VDR) gene have been
explored in the context of psoriasis, but findings remain
inconsistent and data from the Greek population are scarce.
Thus, the present study aimed to investigate the association
of the VDR FokI (rs2228570), BsmlI (rs1544410) and Taql
(rs731236) single-nucleotide polymorphisms (SNPs) with
PsV susceptibility and clinical phenotype in a Caucasian
Greek cohort. In this observational cross-sectional study,
203 patients with chronic plaque psoriasis and 812 age-,
sex- and ethnically-matched controls of Greek origin were
genotyped for the selected VDR SNPs using real-time PCR
(melting curve analysis) and SNP-based statistical comparisons
were performed. Case-control analyses exhibited a significant
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association between the BsmlI variant and PsV susceptibility
under the recessive and allelic models, with the A allele (A vs.
G; OR: 0.765; 95% CI: 0.614-0.953; adjusted P=0.032) and AA
genotype (AA vs. GA + GG; OR: 0.577; 95% CI: 0.386-0.861;
adjusted P=0.028) conferring a protective effect. No impact on
PsV risk was observed for FokI or Taql. Intra-patient subgroup
analyses based on clinical traits indicated phenotype-specific
contributions: Fokl was associated with early-onset and
familial disease, Taql with psoriatic arthritis and both BsmlI
and Taql with nail involvement. To the best of our knowledge,
this study provides the first evidence that VDR genetic varia-
tion may influence PsV susceptibility and clinical expression
in the Greek population. The VDR locus could thus serve as a
potential biomarker for tailored risk stratification and clinical
profiling in PsV. Further large-scale studies integrating geno-
typic and phenotypic data, especially among Caucasians, are
required to validate these findings.

Introduction

Psoriasis is an immune-mediated inflammatory disease with
a global prevalence of 2-3% (1,2). Chronic plaque or psoriasis
vulgaris (PsV), the most common subtype, is a multifactorial
condition involving complex genetic, immunologic and envi-
ronmental interactions (1,2). Genetic studies have identified
numerous PsV risk loci, primarily associated with immune
pathways, inflammatory cascades and epidermal homeostasis,
underscoring its polygenic yet partially elucidated genetic
nature (3.,4).

Vitamin D (VitD) has attracted attention in psoriasis
research due to its pleiotropic effects on key psoriatic
elements (5-9). Recent data further support a broader
cutaneous VitD-related metabolome that may influence
skin homeostasis and inflammation (10). VitD promotes
keratinocyte differentiation while inhibiting proliferation,
thereby counteracting the epidermal hyperplasia of psori-
atic plaques (5,0). It also enhances skin barrier integrity by
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regulating cornified-envelope proteins, such as involucrin
and loricrin, lipid synthesis and tight junction components,
including claudins (5,7). Beyond its epidermal actions, VitD
exerts anti-inflammatory and immunomodulatory effects,
including the suppression of plasmacytoid dendritic cells
(central initiators of psoriatic inflammation) and inhibition
of the T helper (Th)-1/Thl7 axis, downregulating associated
cytokines (e.g., TNF-a, IFN-y, IL-1, IL-2, IL-6, IL-8, IL-12,
1L-17, IL-22 and IL-23) (5,6). In addition, VitD interferes
with major psoriasis-related pathways, including NF-«B and
JAK/STAT signaling, and also exerts anti-angiogenic activity,
thereby mitigating neovascularization in psoriatic lesions
(Fig. 1) (5,8.9).

Previous studies have reported a potential link between
VitD deficiency and psoriasis, demonstrating inverse asso-
ciations between serum VitD levels and disease risk or
severity (5,11,12). In addition, altered VitD receptor (VDR)
expression has been observed in psoriatic skin (5,7). From a
therapeutic perspective, phototherapy, widely used in psoriasis
management, may partly exert its effects by elevating serum
VitD levels and/or upregulating VDR expression in lesional
skin (5,13,14). Furthermore, VitD-based interventions have
been shown to be beneficial in psoriasis. Although oral supple-
mentation remains controversial across studies, topical VitD
analogs are established treatment modalities (5).

Since the nuclear VDR is the main mediator of most biolog-
ical actions of active 1,25-dihydroxy VitD; (5), the VDR gene
has been investigated in relation to psoriasis (15). Located on
chromosome 12q13.11, the VDR gene is highly polymorphic
containing numerous single-nucleotide polymorphisms (SNPs)
that may alter VDR expression or function (16-18). Among the
most widely studied VDR variants are FokI (rs2228570; exon
2; +30920 C>T), near the start codon and BsmlI (rs1544410;
intron 8; + 63980 G>A) and Tagql (rs731236; exon 9; +65058
T > C) both in the 3'-untranslated region (3'-UTR) (16-18).
FokI involves a T-to-C substitution that alters the translation
initiation site (ATG to ACG), creating two VDR isoforms of
different length (427 vs. 424 amino acids) and transcriptional
capacity (17,18). The shorter isoform (associated with the C
allele) is more transcriptionally active (16-19), potentially
enhancing downstream VitD/VDR signaling. FoklI is thus a
VDR SNP that exhibits a functional impact on protein activity.
By contrast, the 3'-UTR non-functional BsmI (G-to-A substi-
tution) and Taql (T-to-C transition) variants do not alter the
protein structure but may influence VDR gene expression and
protein levels by affecting mRNA stability, splicing patterns
or through linkage disequilibrium (LD) with other functional
polymorphisms within the VDR locus (16-19). Particularly for
Taq]l, its location within a CpG island, where allele-dependent
methylation patterns (TT absent, TC partial and CC complete)
have been described, could further modulate VDR expression
in ethnic-, disease- or tissue/cell-specific contexts (17,19,20).

A number of studies have suggested potential associations
between these VDR variants and psoriasis. However, the
results have been inconsistent, even within certain popula-
tions, possibly due to ethnic genetic or epigenetic variation
and/or differences in psoriasis clinical spectrum among
cohorts, emphasizing the need for ethnically and clinically
stratified research. In addition, associations between these
VDR SNPs and psoriasis-related clinical features remain

understudied and may benefit from phenotype stratifica-
tion (15,16,21-23).

To the best of our knowledge, the impact of VDR Fokl,
BsmlI and Taql on psoriasis has not yet been studied in the
Greek population. Given the ethnic variability in genetic
polymorphisms (18) and the clinical diversity of psoriasis
across studies, this study aimed to investigate the role of three
common VDR gene variants, namely FokI (rs2228570), BsmI
(rs1544410) and Tagql (rs731236), in PsV susceptibility and
clinical phenotype in a Caucasian Greek cohort (Fig. 2).

Patients and methods

Study design, population and settings. In this single-center,
cross-sectional study, unrelated adult subjects of Caucasian
Greek origin (203 PsV cases and 812 controls) were included.
The cases were prospectively enrolled from January 2019
to December 2022 at the psoriasis outpatient unit of ‘A.
Sygros’ Hospital (Athens, Greece) and met the following
inclusion criteria: i) Age =18 years; ii) confirmed PsV diag-
nosis, with or without psoriatic arthritis (PsA); and iii) Greek
ancestry. Patients aged <18 years, those with non-plaque
psoriasis subtypes or non-Greek ancestry and affected first-
to third-degree blood relatives of enrolled participants were
excluded from the study. Controls comprised age (+5 years)-,
sex- and ethnicity-matched unrelated individuals from the
general population. The control group data were retrospectively
obtained from fully anonymized and de-identified datasets
provided by New Genomed LLC for research purposes, based
on a collaboration framework between New Genomed LLC
and the National and Kapodistrian University of Athens
(Athens, Greece). The study protocol was approved by the
Institutional Review Board of ‘A. Sygros’ Hospital (approval
no. 2962/13-6-2018) and conducted in accordance with the
Helsinki Declaration. All participants provided written
informed consent for blood collection, genotyping and use
of their genetic and demographic data for research purposes,
following the European Medicines Agency guidelines (24).

Clinico-epidemiological assessments. PsV was diagnosed
clinically and/or histologically by board-certified derma-
tologists. Predefined sociodemographic and disease-related
clinical data were collected through standardized question-
naires. Disease severity was assessed based on previous
international consensus criteria (25): Patients with a body
surface area (BSA) <10 and/or no affected special location
(scalp, face, palms/soles, nails or genitalia) who were managed
exclusively with topical agents were classified as mild; cases
with BSA =10 and/or special site involvement and/or a history
of systemic treatment or phototherapy were categorized as
severe. Early-onset PsV was defined as disease initiation before
age 40 and familial psoriasis was recorded when one or more
first- to third-degree relatives were affected. Data collected
from control subjects included age, sex and ethnicity.

Sample collection, DNA extraction and genotyping. Peripheral
blood (5 ml) was collected from PsV cases into EDTA tubes.
Genomic DNA was isolated using the PureLink™ Genomic
DNA Mini Kit (Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol and stored at -20°C until
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Figure 1. Summary of the main effects of vitamin D on skin barrier, immunity and vascularization. TJ, tight junctions; Th, T helper; JAK/STAT, Janus

kinase/signal transducer and activator of transcription.
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Figure 2. Graphical abstract summarizing the study design and main findings. BsmI was associated with PsV susceptibility, while VDR variants were associ-
ated with key clinical features, including age at onset (FokI), nail psoriasis (BsmI and Taql), psoriatic arthritis (Taql) and familial clustering (FokI). PsV,

psoriasis vulgaris; VDR, vitamin D receptor.

analysis. Genotyping of the selected VDR SNPs, namely
FokI (rs2228570), BsmlI (rs1544410) and Taql (rs731236), was
carried out by real-time PCR on a LightCycler® 480 System
(Roche Diagnostics GmbH) using allele-specific simple probes
(LightSNiP assays; TIB MOLBIOL Syntheselabor GmbH),
with all primers and probes supplied as part of the commercial
assay and used according to the manufacturer's instructions,

followed by melting-curve analysis. Genotype determination
was based on the manufacturer-defined melting-peak profiles.
Primer/probe sequence information is not disclosed by the
manufacturer.

Statistical analysis. Descriptive statistics are presented as
frequencies with percentages for categorical data and as
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Table I. Epidemiological and disease-specific clinical data of the study population.

Clinico-epidemiological data PsV cases (n=203) Controls (n=812) P-value®
Sex, n (%) 0.395
Male 129 (63.6) 487 (60.0)
Female 74 (36.4) 325 (40.0)
Median age, years (IQR; range) 54 (44.0-64.0; 22-86) 55 (45.0-65.0; 22-91) 0.310

Median BMI, kg/m? (IQR; range)

28.6 (24.6-32.5; 18.4-49.4) - -

Overweight/obese (BMI =25), n (%) 142 (70.0) - -

Normal weight (BMI, <25),n (%) 61 (30.0) - -
Smoking status, n (%)

Current 98 (48.3) - -

Former 50 (24.6) - -

Never 55(27.1) - -
Median age at PsV onset, years (IQR; range) 32 (20.0-44.0; 5-66) - -
Early-onset PsV (<40 years), n (%) 136 (67.0) - -

Median disease duration, years (IQR; range)

Disease severity, n (%)

19 (10.0-30.0; 1-60) - -

Mild 47 (23.2) - -
Severe 156 (76.8) - -
Special site involvement, n (%)
Nails 85(41.9) - -
Scalp 115 (56.7) - -
Genitals 55 (27.1) - -
Koebner response (yes), n (%) 68 (33.5) - -
Psoriasis family history (yes), n (%) 112 (55.2) - -
Comorbidities (yes), n (%) 168 (82.8) - -
Metabolic disease® 96 (47.3) - -
PsA 62 (30.5) - -
Thyroid disorder 56 (27.6) - -
Current treatment (yes), n (%) 185 (91.1) - -
Topical 29 (15.7) - -
Phototherapy 422 - -
Systemic 152 (82.1) - -

BMI was calculated as weight in kilograms divided by height in meters squared. *P-value for y2 test (sex) and Mann-Whitney U (age) tests;
®presence of hypertension or type 2 diabetes mellitus. IQR, interquartile range; PsA, psoriatic arthritis; PsV, psoriasis vulgaris.

means + SD or medians with interquartile range (IQR) for
continuous variables after assessment of normality by the
Shapiro-Wilk test. Associations of VDR variants with PsV
susceptibility (PsV cases vs. controls) and clinical variables
(intra-patient comparisons) were evaluated using logistic
regression or x*/Fisher's exact test, as appropriate, to calculate
odds ratios (ORs) with 95% Cls. All association analyses were
conducted under dominant, recessive, overdominant and allelic
genetic models, with the major allele as the reference. The
Benjamini-Hochberg false discovery rate (FDR) correction
was applied to adjust P-values for multiple testing at a signifi-
cance level of 5%. The Hardy-Weinberg equilibrium (HWE)
for each SNP was assessed among controls using the % test,
with P>0.05 indicating no significant deviation. All analyses
were two-sided and performed using STATA/IC (version 16.1;
StataCorp, LLC).

Results

Sociodemographic and clinical disease-specific data. A
total of 1,015 unrelated Greek subjects [203 patients with
PsV (63.6% male) and 812 controls (60% male); case-control
ratio 1:4] were included in the study. The median age was
54 years (IQR: 44-64; range: 22-86) in the PsV group and
55 years (IQR: 45-65; range: 22-91) in the control group, with
no significant difference in age (P=0.310) or sex distribution
(P=0.395). Among PsV cases, the median age at PsV onset
was 32 years (IQR: 20-44; range: 5-66) and 136 (67%) patients
had early-onset disease (<40 years). Severe PsV was observed
in 156 (76.8%) cases. Special site involvement included the
scalp in 115 (56.7%), nails in 85 (41.9%) and genitals in 55
(27.1%) patients, while the Koebner phenomenon was present
in 68 (33.5%). A family history of psoriasis was reported in
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Table II. Genotype and allele frequency distribution of the
VDR SNPs in PsV cases and controls.

A, FoklI (rs2228570)

PsV cases Controls
Genotype/allele (n=203),n (%) (n=812),n (%)
CC 96 (47.29) 380 (46.80)
TC 83 (40.89) 348 (42.86)
TT 24 (11.82) 84 (10.34)
C 275 (67.73) 1,108 (68.23)
T 131 (32.27) 516 (31.77)
HWE P-value - 0.743
B, Bsml (rs1544410)

PsV cases Controls
Genotype/allele (n=203), n (%) (n=812),n (%)
GG 62 (30.54) 214 (26.36)
GA 107 (52.71) 388 (47.78)
AA 34 (16.75) 210 (25.86)
G 231 (56.90) 816 (50.25)
A 175 (43.10) 808 (49.75)
HWE P-value - 0.206
C, Taql (rs731236)

PsV cases Controls
Genotype/allele (n=203),n (%) (n=812),n (%)
TT 65 (32.02) 252 (31.03)
CT 88 (43.35) 390 (48.03)
CC 50 (24.63) 170 (20.94)
T 218 (53.69) 894 (55.05)
C 188 (46.31) 730 (44.95)
HWE P-value - 0.400

P-values are from the > test for HWE. HWE, Hardy-Weinberg
equilibrium; PsV, psoriasis vulgaris; SNPs, single nucleotide poly-
morphisms; VDR, vitamin D receptor.

112 (55.2%) patients. Metabolic comorbidities and PsA were
the most commonly associated conditions (47.3 and 30.5%,
respectively). Sociodemographic and clinical disease-related
data of the study group are summarized in Table I.

Genotype and allele distributions of VDR variants in PsV
cases vs. controls. Genotype and allele frequency distribu-
tions of the studied VDR SNPs in PsV cases and controls and
their associations with PsV susceptibility are presented in
Tables II and III. Genotype frequencies of all VDR variants
were in HWE among controls (FokI, P=0.743; BsmlI, P=0.206;
Taqgl, P=0.400).

After FDR correction, the Bsml variant remained signifi-
cantly associated with PsV susceptibility in both the recessive

(AA vs. GA + GG; OR: 0.577; 95% CI: 0.386-0.861; P=0.007,
adjusted P=0.028) and allelic (A vs. G; OR: 0.765; 95% CI:
0.614-0.953; P=0.016; adjusted P=0.032) models. The AA
genotype and A allele of Bsml were less common in PsV cases
compared with controls (16.8 vs. 25.9% and 43.1 vs. 49.8%,
respectively), suggesting a protective effect against PsV. No
significant differences were found between PsV cases and
controls for the Fokl and Taql variants in any of the models
studied, indicating no association with PsV susceptibility in
this cohort.

Subgroup analysis based on disease-specific clinical
features. Among PsV cases, intra-patient subgroup analyses
revealed significant associations with disease-related clinical
traits. In comparisons between early- and late-onset PsV cases
(<40 vs. =40 years), the FokI variant was significantly associ-
ated with age at disease onset in both the dominant (TT + TC
vs. CC; OR: 2.551; 95% CI: 1.396-4.660; P=0.002; adjusted
P=0.036) and allelic (T vs. C; OR: 2.172; 95% CI: 1.346-3.507,
P=0.001; adjusted P=0.022) models, suggesting that pres-
ence of the T allele may predispose to earlier onset of PsV
(Tables IV and V). Regarding special-site involvement, both
Bsml and Taql exhibited significant associations with nail
psoriasis, as shown in Tables VI and VII. Bsml was associated
with psoriatic onychia in the dominant (AA + GA vs. GG; OR:
2.755; 95% CI: 1.427-5.319; P=0.003; adjusted P=0.040) and
allelic (A vs. G; OR: 1.999; 95% CI: 1.337-2.986; P=0.001;
adjusted P=0.022) models, indicating that presence of the A
allele may increase the risk of nail involvement. Similarly,
Tagl C allele presence was associated with nail disease under
both the dominant (CC + CT vs. TT; OR: 3.063; 95% CI.:
1.590-5.899; P=0.001; adjusted P=0.022) and allelic (C vs. T;
OR: 1.948; 95% CI: 1.305-2.907; P=0.001; adjusted P=0.022)
models.

In comparisons based on comorbid PsA, the Taql variant
exhibited a significant association under the allelic model
(C vs. T; OR: 0.477; 95% CI: 0.308-0.741; P=0.001; adjusted
P=0.022), suggesting that carriers of the C allele (CC/CT) may
be less likely to develop PsA (Table VIII and IX).

In analyses stratified by family history of psoriasis, the
recessive model of FokI (TT vs. TC + CC; OR: 6.769; 95%
CI: 1.950-23.503; P=0.003; adjusted P=0.040) was signifi-
cantly associated with familial disease, indicating that the TT
genotype may contribute to familial clustering of psoriasis
(Tables X and XI).

The studied VDR SNPs showed no evidence of association
with other clinico-epidemiological parameters, including BMI,
disease severity, scalp or genital involvement and the Koebner
phenomenon, in this cohort (all P>0.05; Tables SI-SVIII). A
graphical abstract summarizing the study design and main
findings is provided in Fig. 2.

Discussion

In this study, the role of three common VDR variants (FoklI,
BsmlI and Tagql) in PsV susceptibility and clinical phenotype
was evaluated in a Caucasian Greek cohort. The case-control
analysis supported an association between BsmlI and PsV
susceptibility in the recessive and allelic models, whereas
no associations were observed for FokI or Taql. Subgroup
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Table III. Genetic model analysis of the VDR SNPs in PsV cases and controls.

A, FoklI (rs2228570)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant TT + TC vs. CC 0.980 (0.720-1.334) 0.900 0.900
Recessive TT vs. TC + CC 1.162 (0.717-1.882) 0.542 0.900
Overdominant TC vs. TT + CC 0.922 (0.675-1.260) 0.611 0.900
Allelic T vs. C 1.023 (0.810-1.291) 0.849 0.900

B, Bsml (rs1544410)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant AA + GA vs. GG 0.814 (0.581-1.140) 0.231 0.231
Recessive AA vs. GA + GG 0.577 (0.386-0.861) 0.007 0.028
Overdominant GA vs. GG + AA 1.218 (0.895-1.657) 0.210 0.231
Allelic Avs. G 0.765 (0.614-0.953) 0.016 0.032

C, Taql (rs731236)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant CC + CT vs. TT 0.955 (0.687-1.329) 0.786 0.786
Recessive CC vs. CT + TT 1.234 (0.860-1.771) 0.254 0.508
Overdominant CT vs. TT + CC 0.828 (0.607-1.129) 0.233 0.508
AllelicC vs. T 1.056 (0.849-1.314) 0.624 0.786

P-values were adjusted by Benjamini-Hochberg correction. OR, odds ratio; PsV, psoriasis vulgaris; SNPs, single nucleotide polymorphisms;

VDR, vitamin D receptor.

Table IV. Genotype and allele frequency distribution of the
VDR SNPs in early- and late-onset PsV cases.

A, FokI (rs2228570)

Early PsV <40 years Late PsV =40 years

Genotype/allele (n=136),n (%) (n=67),n (%)
CC 54 (39.71) 42 (62.69)
TC 62 (45.59) 21 (31.34)
TT 20 (14.70) 4(597)

C 170 (62.50) 105 (78.36)
T 102 (37.50) 29 (21.64)

B, Bsml (rs1544410)

Table IV. Continued.

C, Taql (rs731236)

Early PsV <40 years Late PsV =40 years

Genotype/allele (n=136), n (%) (n=67),n (%)
TT 46 (33.82) 19 (28.36)
CT 60 (44.12) 28 (41.79)
CC 30 (22.06) 20 (29.85)
T 152 (55.88) 66 (49.25)
C 120 (44.12) 68 (50.75)

PsV, psoriasis vulgaris; SNPs, single nucleotide polymorphisms;
VDR, vitamin D receptor.

Early PsV <40 years Late PsV =40 years

Genotype/allele (n=136),n (%) (n=67),n (%)
GG 43 (31.62) 19 (28.36)
GA 74 (54 .41) 33 (49.25)
AA 19 (13.97) 15 (22.39)
G 160 (58.82) 71 (52.99)
A 112 (41.18) 63 (47.01)

comparisons further indicated associations with major
disease-related clinical traits, including age at onset, nail or
joint involvement and familial clustering.

For Bsml, carriers of the AA genotype exhibited a 42.3%
reduced risk of PsV compared with G-allele carriers (GA/GG).
The allelic model further supported this pattern, demon-
strating a protective effect of the A allele against PsV. The
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A, FoklI (rs2228570)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant TT + TC vs. CC 2.551 (1.396-4.660) 0.002 0.036
Recessive TT vs. TC + CC 2.716 (0.889-8.293) 0.079 0.404
Overdominant TC vs. TT + CC 1.835 (0.991-3.400) 0.054 0.364
Allelic T vs. C 2.172 (1.346-3.507) 0.001 0.022

B, Bsml (rs1544410)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant AA + GA vs. GG 0.856 (0.450-1.628) 0.636 0.830
Recessive AA vs. GA + GG 0.563 (0.265-1.194) 0.134 0.499
Overdominant GA vs. GG + AA 1.230 (0.684-2.209) 0.489 0.734
Allelic Avs. G 0.789 (0.509-1.223) 0.264 0.641

C, Taql (rs731236)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant CC + CT vs. TT 0.774 (0.409-1.467) 0.433 0.718
Recessive CC vs. CT + TT 0.665 (0.343-1.289) 0.227 0.641
Overdominant CT vs. TT + CC 1.100 (0.608-1.987) 0.753 0.894
Allelic Cvs. T 0.766 (0.495-1.185) 0.208 0.641

P-values were adjusted by Benjamini-Hochberg correction. OR, odds ratio; PsV, psoriasis vulgaris; SNPs, single nucleotide polymorphisms;

VDR, vitamin D receptor.

Table VI. Genotype and allele frequency distribution of the
VDR SNPs in PsV cases with and without nail involvement.

A, FokI (rs2228570)

Table VI. Continued.

C, Taql (rs731236)

With nail PsV Without nail PsV
With nail PsV Without nail PsV  Genotype/allele (n=85),n (%) (n=118),n (%)

Genotype/allele (n=85),n (%) (n=118),n (%)

TT 16 (18.82) 49 (41.52)
cC 36 (42.35) 60 (50.85) CT 43 (50.59) 45 (38.14)
TC 38 (44.71) 45 (38.14) cc 26 (30.59) 24 (20.34)
TT 11 (12.94) 13 (11.01) T 75 (44.12 143 (60.59
C 110 (64.71) 165 (69.92) (44.12) (60.59)
T 60 (35.29) 71 (30.08) C 95 (55.88) 93(3941)

PsV, psoriasis vulgaris; SNPs, single nucleotide polymorphisms;
B, Bsml (rs1544410) VDR, vitamin D receptor.

With nail PsV Without nail PsV

Genotype/allele (n=85),n (%) (n=118),n (%)

Bsml variant has already been associated with psoriasis, but

16 (18.82 4 .

GG 6(18.82) 6(38.98) findings vary by ethnicity (21,23,26,27). The present results
GA 48 (56.47) 59 (50.00) align with case-control studies and meta-analyses indicating a
AA 21 (24.71) 13 (11.02) protective role of the A allele and/or AA genotype in Caucasian
G 80 (47.06) 151 (63.98) and Asian populations (21,23,27). In this context, a Japanese
A 90 (52.94) 85 (36.02) study reported increased PsV risk for the GG genotype, while

the A allele and AA genotype appeared protective (27). Two
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Table VII. Genetic model analysis of the VDR SNPs in PsV cases with and without nail involvement.

A, Fokl (rs2228570)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant TT + TC vs. CC 1.408 (0.803-2.469) 0.232 0.641
Recessive TT vs. TC + CC 1.200 (0.510-2.824) 0.676 0.859
Overdominant TC vs. TT + CC 1.312 (0.744-2.311) 0.348 0.659
Allelic T vs. C 1.268 (0.833-1.929) 0.268 0.641

B, Bsml (rs1544410)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant AA + GA vs. GG 2.755 (1.427-5.319) 0.003 0.040
Recessive AA vs. GA + GG 2.650 (1.242-5.657) 0.012 0.108
Overdominant GA vs. GG + AA 1.297 (0.741-2.272) 0.363 0.676
Allelic A vs. G 1.999 (1.337-2.986) 0.001 0.022

C, Taql (rs731236)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant CC + CT vs. TT 3.063 (1.590-5.899) 0.001 0.022
Recessive CC vs. CT + TT 1.725 (0.907-3.280) 0.096 0432
Overdominant CT vs. TT + CC 1.661 (0.944-2.921) 0.078 0.404
AllelicC vs. T 1.948 (1.305-2.907) 0.001 0.022

P-values were adjusted by Benjamini-Hochberg correction. OR, odds ratio; PsV, psoriasis vulgaris; SNPs, single nucleotide polymorphisms;

VDR, vitamin D receptor.

Table VIII. Genotype and allele frequency distribution of the
VDR SNPs in PsV cases with and without psoriatic arthritis.

A, Fokl (rs2228570)

Table VIII. Continued.

C, Taql (rs731236)

With PsA Without PsA
With PsA Without PsA Genotype/allele (n=62),n (%) (n=141),n (%)
Genotype/allele (n=62), n (%) (n=141),n (%)
TT 28 (45.16) 37 (26.24)
cC 30 (48.39) 66 (46.81) T 26 (41.94) 62 (43.97)
E 2; Eg%gf) ?g Sgﬁ; cc 8 (12.90) 42 (29.79)
C 87 (70.16) 188 (66.67) T 82 (66.13) 136 (48.23)
T 37 (29.84) 94 (33.33) C 42 (33.87) 146 (51.77)
PsA, psoriatic arthritis; PsV, psoriasis vulgaris; SNPs, single nucleo-
B, Bsml (rs1544410) tide polymorphisms; VDR, vitamin D receptor.
With PsA Without PsA
Genotype/allele (n=62),n (%) (n=141),n (%)
meta-analyses supported this trend, demonstrating an inverse
GG 25(40.32) 37(26.24) association between the A allele and PsV risk in overall
GA 27 (43.55) 80 (56.74) populations, although significance was lost after correction
AA 10 (16.13) 24 (17.02) and in Asian populations, despite undefined psoriasis subtypes
G 77 (62.10) 154 (54.61) a:llg. preclludeil1 .int;a-Eufrope(;m evaluaFio.n (21,23). Howevs:r,
t t t t
A 47 (37.90) 128 (45.39) additional studies have found no association or even opposite

effects (15,22,28).



Table IX. Genetic model analysis of the VDR SNPs in PsV cases with and without psoriatic arthritis.

EXPERIMENTAL AND THERAPEUTIC MEDICINE 32: 193, 2026

A, Fokl (rs2228570)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant TT + TC vs. CC 0.939 (0.516-1.707) 0.836 0.921
Recessive TT vs. TC + CC 0.563 (0.200-1.586) 0277 0.641
Overdominant TC vs. TT + CC 1.171 (0.640-2.146) 0.609 0.822
Allelic T vs. C 0.851 (0.538-1.344) 0.488 0.734

B, Bsml (rs1544410)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant AA + GA vs. GG 0.527 (0.280-0.990) 0.046 0.355
Recessive AA vs. GA + GG 0.938 (0.418-2.101) 0.875 0.921
Overdominant GA vs. GG + AA 0.588 (0.322-1.074) 0.084 0.404
Allelic Avs. G 0.734 (0.465-1.155) 0.161 0.561

C, Taql (rs731236)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant CC + CT vs. TT 0.432 (0.231-0.807) 0.009 0.108
Recessive CC vs. CT+ TT 0.349 (0.153-0.797) 0.012 0.108
Overdominant CT vs. TT + CC 0.920 (0.503-1.683) 0.787 0914
Allelic C vs. T 0.477 (0.308-0.741) 0.001 0.022

P-values were adjusted by Benjamini-Hochberg correction. OR, odds ratio; PsV, psoriasis vulgaris; SNPs, single nucleotide polymorphisms;

VDR, vitamin D receptor.

In this context, the present data suggest that among
the studied VDR variants, BsmI may represent a PsV
susceptibility-related marker in the Greek population. From
a biological perspective, this 3' non-coding variant may be
associated with regulation of VDR expression (i.e., via altered
mRNA stability and/or LD with functional polymorphisms),
rather than receptor structural changes (16-19). Altered VDR
expression may, in turn, affect VitD/VDR-mediated signaling
relevant to PsV pathogenesis, given the roles of VitD in key
processes involved in psoriatic inflammation, including kerati-
nocyte proliferation/differentiation, epidermal barrier function
and immune responses (5-9). However, further research is
needed to determine whether rs1544410 itself has regulatory
effects or reflects other functional variants, particularly given
population and/or ethnic differences in LD architecture (18).

Both FokI and Taql showed no impact on PsV susceptibility
in the present cohort. Although findings vary among popula-
tions (15,21-23,28), a number of studies in Caucasian, Asian
and North African (Egyptian) groups have similarly reported
no association between these variants and PsV risk (21,29-34).
Divergent results across studies may reflect differences in
ethnic or population genetic backgrounds, including LD
structure, as well as in epigenetic variation, environmental
exposures or methodological factors such as study design,
sample size or psoriasis subtype composition (18).

Intra-patient analyses indicated additional pheno-
type-specific associations. Among PsV cases, FokI appeared
to be associated with age at disease onset under the dominant
and allelic models. In the dominant model (TT + TC vs. CC),
T-allele carriers (TT/TC) exhibited a nearly 2.6-fold increased
risk of early-onset PsV (<40 years). This was further supported
by the allelic model (T vs. C), indicating that the FokI T allele
may predispose to earlier disease onset. Although age-at-onset
effects of VDR SNPs have been explored (33-42), only one
study has shown an association between the Bsml GG
genotype and early-onset disease (<40 years) in a Caucasian
(Turkish) cohort of mixed psoriasis subtypes (n=102) (37).

FokI was also associated with familial psoriasis under
the recessive model (TT vs. TC + CC). Patients with PsV
carrying the TT genotype were nearly 6.8 times more likely
to report an affected first- to third-degree relative compared
with C-allele carriers (TC/CC), suggesting that Fokl may
play a role in heritable patterns of psoriasis. Although not
directly comparable, a study in a Caucasian (British) PsV
cohort (n=205) found that the FokI C allele combined with a
promoter variant reduced the risk of non-familial (sporadic)
psoriasis (34). Since that effect was haplotype-dependent, the
present finding may represent one of the first single-variant
indications that FokI itself could contribute to familial clus-
tering of psoriasis.
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Table X. Genotype and allele frequency distribution of the
VDR SNPs in PsV cases with and without psoriasis family
history.

A, Fokl (rs2228570)

With psoriasis FH ~ Without psoriasis FH

Genotype/allele (n=112),n (%) (m=91),n (%)
CC 49 (43.75) 47 (51.65)
TC 42 (37.50) 41 (45.05)
TT 21 (18.75) 3(3.30)

C 140 (62.50) 135 (74.18)
T 84 (37.50) 47 (25.82)

B, Bsml (rs1544410)

With psoriasis FH ~ Without psoriasis FH

Genotype/allele (n=112),n (%) (m=91),n (%)
GG 38 (33.92) 24 (26.37)
GA 58 (51.79) 49 (53.85)
AA 16 (14.29) 18 (19.78)
G 134 (59.82) 97 (53.30)
A 90 (40.18) 85 (46.70)

C, Taql (rs731236)

With psoriasis FH ~ Without psoriasis FH

Genotype/allele (n=112),n (%) m=91),n (%)
TT 40 (35.71) 25 (27.48)
CT 45 (40.18) 43 (47.25)
CC 27 (24.11) 23 (25.27)
T 125 (55.80) 93 (51.10)
C 99 (44.20) 89 (48.90)

FH, family history; PsV, psoriasis vulgaris; SNPs, single nucleotide
polymorphisms; VDR, vitamin D receptor.

Notably, the FokI TT genotype in this cohort seemed to
be associated with both early-onset PsV and familial disease,
features that frequently co-occur clinically, as early-onset
psoriasis tends to cluster in families (43). Mechanistically,
FokI (T-to-C substitution) alters the translation initiation
site (ATG to ACG), resulting in a longer, less active VDR
isoform in T allele carriers (16-19), which may impair down-
stream VitD/VDR-mediated effects on skin homeostasis and
immune responses. Thus, compromised VitD/VDR signaling
in TT homozygotes may reflect a genetic overlap, potentially
involving FokI, which could contribute to both familial aggre-
gation and early disease onset. This aligns with the known
clinical tendency of early-onset PsV to cluster in families (43),
but requires further validation.

Significant associations were also observed for nail psori-
asis with both BsmlI and Taql under the dominant and allelic
models. In the dominant model, carriers of the BsmI A allele

(AA/GA) and the Taql C allele (CC/CT) exhibited a ~2.8- and
~3.1-fold increased risk of nail involvement, respectively. The
allelic models also indicated higher risk of nail disease for
both the BsmI A and Taql C alleles. This contrasts with an
Asian (Korean) PsV cohort (n=104) in which neither variant
was associated with nail psoriasis (40).

Taql was further associated with PsA comorbidity under
the allelic model (C vs. T), indicating that the C allele may
protect against joint disease in this cohort. Although relevant
data are limited (40,44,45), a Caucasian (Turkish) study (n=51)
has similarly shown an association between the Taql T allele
and increased PsA risk (44). These findings suggest that Taql
may influence extra-cutaneous manifestations of PsV, modu-
lating the overall disease burden beyond the skin.

Of note, while the Bsml A allele seemed to be protective
in the present case-control setting, it was associated with nail
involvement among PsV cases. This pattern may indicate
phenotype-modifying effects after disease onset. Although
the functional impact of VDR variants on VitD signaling
remains unclear, both BsmI and Taql may exert tissue- and/or
cell-specific regulatory effects on VDR expression (18,19),
potentially influencing phenotype-specific inflammatory
cascades involved in nail psoriasis. In addition, as the Taql C
allele creates a CpG site prone to DNA methylation (17,19,20),
the present findings suggest that, in addition to genetic
variation, epigenetic modifications at this locus may underlie
tissue-specific inflammation, with possible implications for
both nail and joint disease.

Furthermore, the Taql C allele in this cohort was
associated with both psoriatic onychia and arthritis, two
clinically related features, but with inverse effect patterns.
While nail involvement often predicts increased arthritis
risk (1,46), the C allele appeared to be protective against
PsA while predisposing to nail disease. These divergent
effects within the nail-joint axis may arise from distinct
genetic and/or epigenetic drivers, including differences in
the genetic architecture of cutaneous vs. joint disease (1,47)
and in allele-dependent Taql methylation (17,19,20), poten-
tially resulting in tissue-specific VitD/VDR signaling. As
methylation status varies by ethnicity, disease state or tissue
type (17,19,48), Taql may exert phenotype-specific effects
driven by context-dependent epigenetic regulation. This
warrants further investigation within the nail-joint spectrum
of psoriatic disease.

Key strengths of the present study include the focus on a
single ethnic group (Greek subjects) and a specific psoriasis
subtype (PsV), reducing genetic and phenotypic heterogeneity.
The relatively large control group (n=812; 1:4 case-control
ratio) is also an advantage compared with commonly used
1:1 or 1:2 designs in genetic association studies (15,22,23,28).
In addition, the inclusion of several clinical traits, beyond
case-control comparisons, provides insights into whether
VDR variation may contribute to PsV phenotype. The FDR
correction for multiple testing further improves the reliability
of the results.

However, certain limitations require consideration. First,
the PsV sample (n=203) is relatively modest for detecting
subtle effects. Second, although the single-center, ethnically
and clinically uniform design enhances internal validity, it
may limit the generalizability of the present findings to other
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A, Fokl (rs2228570)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant TT + TC vs. CC 1.373 (0.788-2.393) 0.263 0.641
Recessive TT vs. TC + CC 6.769 (1.950-23.503) 0.003 0.040
Overdominant TC vs. TT + CC 0.731 (0.417-1.285) 0277 0.641
Allelic T vs. C 1.723 (1.123-2.645) 0012 0.108

B, Bsml (rs1544410)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant AA + GA vs. GG 0.698 (0.380-1.282) 0.246 0.641
Recessive AA vs. GA + GG 0.676 (0.323-1.415) 0.299 0.659
Overdominant GA vs. GG + AA 0.921 (0.529-1.603) 0.770 0.904
Allelic Avs. G 0.766 (0.506-1.160) 0.187 0.631

C, Taql (rs731236)

Genetic model OR (95% CI) P-value Adjusted P-value
Dominant CC + CT vs. TT 0.682 (0.374-1.244) 0212 0.641
Recessive CC vs.CT + TT 0.939 (0.495-1.783) 0.848 0.921
Overdominant CT vs. TT + CC 0.750 (0.429-1.311) 0312 0.659
Allelic Cvs. T 0.828 (0.548-1.249) 0.344 0.659

P-values were adjusted by Benjamini-Hochberg correction. OR, odds ratio; PsV, psoriasis vulgaris; SNPs, single nucleotide polymorphisms;

VDR, vitamin D receptor.

psoriasis subtypes or populations with different genetic,
epigenetic or environmental backgrounds. In addition, while
cases and controls were matched on age, sex and ethnicity,
the population controls lacked detailed clinical and exposure
data, preventing detection of psoriasis status or potential
confounders. However, given the national psoriasis prevalence
in Greece (~2.2%) (2,49), the expected number of psoriasis
cases among 812 controls is low, reducing, but not eliminating,
the risk of misclassification. Furthermore, only three VDR
SNPs were analyzed, without investigating rare variants or
haplotypes. Finally, VitD-related confounders (VitD serum
levels, dietary or supplemental intake, sun exposure), which
could influence VDR activity, were not assessed.

While VDR has not emerged as a psoriasis susceptibility
locus in genome-wide association studies (GWAS) (3),
several lines of evidence still support its biological relevance,
including the role of the VitD/VDR axis in key psoriatic
components, altered VDR expression in psoriatic skin, the
widespread use of topical VitD analogs in psoriasis treatment,
variable but suggestive associations for Fokl, BsmI and Taql
in prior studies and the potential epigenetic regulation at the
Taql CpG site (5-9,15-17,19-23). Emerging data also indicate
additional cutaneous VitD-related bioactive metabolites, some
with alternative receptor targets, underscoring the broader
secosteroid network in the skin (10). By design, GWAS, which

apply stringent significance thresholds and often treat psoriasis
as a single trait across diverse clinical and ethnic backgrounds,
could miss variants with small-to-moderate or indirect effects
influenced by LD patterns and/or ethnic-, disease subtype- or
epigenetic-related factors (19,50,51). Thus, the associations
observed in the present genetically and clinically uniform
cohort could reflect ethnic- and/or phenotype-specific VDR
effects that may be too weak to be captured in GWAS (19).

In conclusion, to the best of our knowledge, this was the
first study to explore VDR FoklI (rs2228570), Bsml (rs1544410)
and Taql (rs731236) variants in association with PsV in a
Greek population. The present results showed that BsmI may
contribute to disease susceptibility, while all three polymor-
phisms may influence major clinical traits, including age at
onset, nail or joint involvement and familial clustering of PsV.

Although the functional consequences of these variants
are not fully elucidated, VDR genetic variation and epigenetic
modification may alter receptor activity or expression levels,
potentially modulating key processes disrupted in psoriasis.
In this regard, the present findings suggest that common VDR
variants may exert small, context-dependent effects that could
play a role in PsV initiation and phenotypic expression. Thus,
the VDR locus may represent a potential biomarker for person-
alized risk stratification and clinical profiling in PsV. Further
prospective studies in larger Caucasian cohorts, integrating
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both genotypic and phenotypic data, are needed to validate
these findings and further elucidate the complex genetic basis
of PsV, particularly its links to VitD/VDR signaling and its
potential clinical implications.
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