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Abstract
Objective: Psoriasis vulgaris (Pv) is a chronic inflammatory condition with a genetic and 
immunological basis. Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) is a key immu-
noregulatory molecule expressed on T cells that transmits inhibitory signals important for 
maintaining immune homeostasis. Single nucleotide polymorphisms (SNPs) in the CTLA-4 
gene, as well as changes in the soluble form of CTLA-4 (sCTLA-4), may influence CTLA-4 
function or expression and contribute to psoriasis pathogenesis. This study aimed to examine 
the association of two CTLA-4 SNPs, rs231775 (+49A/G) and rs3087243 (CT60), as well as 
serum sCTLA-4 levels with Pv.

Materials and Methods: The study enrolled patients with Pv and healthy controls. Geno-
typing was performed using polymerase chain reaction-restriction fragment length polymor-
phism (PCR-RFLP), and serum sCTLA-4 levels were measured using enzyme-linked immuno-
sorbent assay (ELISA). 

Results: The study included 45 patients and 45 controls. No significant association was de-
tected between individual SNPs and Pv. However, the G/G haplotype was significantly more 
frequent in the Pv group, suggesting an increased disease risk. Serum sCTLA-4 levels were 
significantly higher in patients with Pv and positively correlated with disease severity. 

Conclusion: These results suggest that haplotype interactions play a more important role 
than single SNP effects in psoriasis susceptibility, and that elevated sCTLA-4 may contribute 
to psoriasis immunopathogenesis.

Keywords: CTLA-4, sCTLA-4, SNPs, rs231775, rs3087243, psoriasis vulgaris

¹Ain Shams University Faculty of Medicine, Department of Medical Microbiology and Immunology, Cairo, Egypt; 2Suez University Faculty of 
Medicine, Department of Medical Microbiology and Immunology, Suez, Egypt

https://orcid.org/0009-0000-8381-2044
https://orcid.org/0009-0003-8278-9702
https://orcid.org/0000-0001-5193-7301
https://orcid.org/0000-0002-6787-7734


CTLA-4 Gene Polymorphisms and sCTLA-4 in Psoriasis Vulgaris

111

Introduction
Psoriasis is a long-term, immunologically driven inflam-
matory cutaneous disorder characterized by recurrent 
flare-ups, scaling, and erythema (1). The estimated 
worldwide prevalence of psoriasis is around 3%–4%, 
with psoriasis vulgaris (Pv) representing the most com-
mon clinical subtype (2). According to the Global Pso-
riasis Atlas (GPA), the overall prevalence of psoriasis in 
Egypt is 0.4% (3). Recognizing its burden, psoriasis was 
classified as a serious non-communicable disease by the 
World Health Organization (WHO), with emphasis on 
concerns related to misdiagnosis, inadequate treatment, 
and social stigma (4).

The immunopathogenesis of psoriasis is driven by dysreg-
ulated immune responses, particularly involving helper 
T-cell subsets (Th1, Th17, and Th22) and regulatory T 
(Treg) cells, leading to persistent T-cell activation and 
chronic inflammation (5). Pro-inflammatory cytokines 
secreted by antigen-presenting cells (APCs) in response 
to environmental or immunological triggers activate 
naïve T cells and polarize their differentiation into effec-
tor T-cell subsets. These activated T cells subsequently 
secrete cytokines including tumor necrosis factor-alpha 
(TNF-α), interleukin (IL)-17, and IL-22, leading to hyper-
proliferation, epidermal hyperplasia, neovascularization, 
and the formation of psoriatic plaques (6).

Effective T-cell activation depends not only on antigen 
recognition through the major histocompatibility com-
plex (MHC)/T-cell receptor (TCR) interaction but also 
on additional costimulatory signals, particularly those 
mediated by the B7 (CD80/86)/CD28 pathway (7). Cyto-
toxic T-lymphocyte-associated antigen 4 (CTLA-4), a 
member of the immunoglobulin superfamily encoded 
by the CTLA-4 gene located on the long arm of chro-
mosome 2, is a co-inhibitory checkpoint receptor that 
negatively modulates T-cell activation by binding CD80 
and CD86 with higher affinity than CD28, thereby atten-
uating T-cell-mediated immune responses (8).

Additionally, CTLA-4 negatively regulates T-cell acti-
vation by inhibiting IL-2 secretion and IL-2 receptor 
expression, thereby suppressing T-cell proliferation and 
cytokine production. It also promotes T-cell tolerance by 
preventing the nuclear accumulation of key transcrip-
tion factors, including activator protein-1 (AP-1), nuclear 
factor kappa B (NF-κB), and nuclear factor of activated 
T cells (NFAT), and disrupts stable APC interactions by 

counteracting the TCR-induced "stop signal" required for 
full T-cell activation (9).

Cytotoxic T-lymphocyte-associated antigen 4 is consti-
tutively highly expressed on Tregs and is essential for 
maintaining immune homeostasis, as demonstrated 
by the fatal autoimmunity observed in CTLA-4 knock-
out mice (10). In the context of psoriasis, studies have 
found that impaired CTLA-4 function, together with 
reduced Treg numbers in skin lesions, contributes to the 
unchecked activation of Th1 and Th17 cells, leading to 
excessive cytokine production, keratinocyte hyperprolif-
eration, and chronic inflammation (11,12).

Several CTLA-4 single-nucleotide polymorphisms (SNPs) 
have been well-characterized and linked to various auto-
immune disorders such as diabetes mellitus, rheuma-
toid arthritis, and Graves’ disease (13–15). Among the 
most commonly studied variants are rs231775 (+49A/G), 
located in exon 1, and rs3087243 (CT60 G/A), located in 
the 3′ untranslated region of the CTLA-4 gene (16).

Additionally, a soluble isoform of CTLA-4 (sCTLA-4), pro-
duced by alternative messenger RNA (mRNA) splicing, is 
present in human serum and has been found at elevated 
levels in several autoimmune diseases, suggesting a role 
in the pathogenesis of these conditions (17). Nonethe-
less, the interplay between CTLA-4 SNPs, sCTLA-4 levels, 
and Pv is still poorly understood, particularly in the Egyp-
tian population, indicating a need for further study.

Materials and Methods
Study Design and Participants
The present case-control study was conducted from 
August 2023 to February 2025 at the Departments of 
Medical Microbiology and Immunology and Dermatol-
ogy, Faculty of Medicine, Ain Shams University. 

The study population included patients with clinically 
diagnosed Pv who had not undergone systemic therapy 
or phototherapy within the preceding three months, 
while patients with other types of psoriasis, autoim-
mune or chronic inflammatory diseases, malignancies, 
or those receiving immunosuppressive or systemic ther-
apy were excluded. Disease severity was assessed by two 
physicians through a joint assessment using the Psori-
asis Area and Severity Index (PASI). The control group 
comprised age- and sex-matched apparently healthy 
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individuals with no personal or family history of psoriasis, 
autoimmune diseases, or cancer.

DNA Extraction and Genotyping
From each subject, 5 mL of venous blood was collected 
and divided between an ethylenediaminetetraacetic 
acid (EDTA) tube for DNA extraction and a plain tube for 
serum separation. Samples were preserved at -80°C with 
proper labeling until analysis.

Genomic DNA was extracted using the GeneJET Whole 
Blood Genomic DNA Purification Mini Kit (Thermo Sci-
entific, Waltham, MA, USA) following the manufacturer’s 
protocol. 

Polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) was utilized for genotyping. 
The primer sequences were adopted from the method-
ology of Dursun et al. (18). The thermal cycling protocol 
consisted of an initial denaturation step at 95°C for 2 
minutes, followed by 35 cycles of denaturation at 94°C, 
annealing at 55°C, and extension at 72°C, each lasting 
30 seconds, followed by a final extension step at 72°C for 
7 minutes. The PCR products were subjected to 2% aga-
rose gel electrophoresis to verify the expected amplicon 
sizes (Figure 1).

The PCR-amplified products of rs231775 and rs3087243 
were digested with the restriction enzymes BbvI and 
NcoI (Enzynomics, Daejeon, South Korea), respectively, 
according to the manufacturer’s protocol. The primer 
sequences, amplicon sizes, corresponding restriction 
enzymes, and the possible genotypes determined by 
restriction digestion are summarized in Table 1. The 
digested products were resolved by electrophoresis on a 
2.5% agarose gel, and the resulting bands were visual-
ized using the Azure 600 Gel Imaging System (Azure Bio-
systems, Dublin, CA, USA) (Figure 2). Samples showing 
borderline or unclear results were re-genotyped. Addi-
tionally, to ensure reproducibility, 20 randomly selected 
samples were subjected to repeat genotyping with com-
plete concordance between repeated results.

Figure 1. Agarose gel electrophoresis of PCR products. 

(A) rs231775 PCR products. All lanes show a 166-bp amplicon. (B) rs3087243 PCR prod-
ucts. All lanes show a 216-bp amplicon. The middle lane contains a 50-bp DNA ladder.

Figure 2. Agarose gel electrophoresis of restriction digestion products.

(A) rs231775 digestion products. Lanes 4, 5, 9, and 11 show 166-bp bands (AA genotype). 
Lanes 2, 7, and 8 show 166-, 90-, and 76-bp bands (AG genotype). Lanes 1 and 3 show 
90- and 76-bp bands (GG genotype). Lane 6 contains a 50-bp DNA ladder.
(B) rs3087243 digestion products. Lanes 2, 4, 9, and 10 show 216-bp bands (GG gen-
otype). Lanes 3, 5, and 8 show 216-, 196-, and 20-bp bands (GA genotype). Lanes 1, 7, 
and 11 show 196- and 20-bp bands (AA genotype). Lane 6 contains a 50-bp DNA ladder. 
Note: The 20-bp fragments are too small to be clearly visualized on the agarose gel.
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Table 1. Primer sequences, PCR reaction preparation, amplicon sizes, corresponding restriction enzymes, and the possible genotypes of 
the studied SNPs.

CTLA-4 SNP Primer sequence PCR Reaction 
Preparation (μL)

Amplicon 
(bp)

 RE  
(Condition)

Digestion 
products (bp)

rs231775 F: 5′-TTGCTCTACTTCCTGAAGACCTGAA-3′ 
R: 5′-GAAGACGTTTCCACTCACTCTGAAA-3′

PCR master mix: 12.5 
F: 1
R: 1 

DNA template: 5
Nuclease-free water: 5.5

166 BbvI
(4 U, 37°C for 1 h)

AA: 166 
AG: 166, 90, 76 

GG: 90, 76

rs3087243 F: 5′-CACCACTATTTGGGATATACC-3′ 
R: 5′-CGGAAGGACTTTATATCTGGA-3′

PCR master mix: 12.5 
Forward primer: 1
Reverse primer: 1 
DNA template: 5

Nuclease-free water: 5.5

216 NcoI
(10 U, 37°C for 1 h)

GG: 216 
AG: 20, 196, 216 

AA: 20, 196

CTLA-4: Cytotoxic T-lymphocyte-associated antigen 4, SNP: Single nucleotide polymorphism, PCR: Polymerase chain reaction, RE: Restriction enzyme, bp: 
Base pair, F: Forward primer, R: Reverse primer.

Table 2. Distribution of genotypes and alleles for the studied SNPs among the Pv and control groups.

CTLA-4 SNP
rs231775

Pv group
n (%)

Control group
n (%) χ2 p q-value OR (95% CI) HWE (p),  

Pv group 
HWE (p),  

control group

Genotypes
(n=45)

AA 25 (55.6) 32 (71.1)

3.112 MC
0.185 0.333

Reference

0.103 0.421AG 14 (31.1) 11 (24.4) 1.36 (0.75–2.45)

GG 6 (13.3) 2 (4.4) 2.29 (0.84–6.22)

Alleles
(n=90)

A 64 (71.1) 75 (83.3)
3.822 0.051 0.153

Reference

G 26 (28.9) 15 (16.7) 1.56 (0.998–2.43)

CTLA-4 SNP
rs3087243

Psoriasis 
group
n (%)

Control group
n (%) χ2 p OR (95% CI) HWE (p) 

cases HWE (p) controls

Genotypes
(n=45)

GG 10 (22.2) 9 (20.0)

0.111 0.946 0.946

Reference

0.175 0.180GA 27 (60.0) 27 (60.0) 0.94 (0.49–1.80)

AA 8 (17.8) 9 (20.0) 0.87 (0.38–1.98)

Alleles
(n=90)

G 47 (52.2) 45 (50.0)
0.089 0.766 0.946

Reference

A 43 (47.8) 45 (50.0) 0.95 (0.66–1.36)

Pv: Psoriasis vulgaris, OR: Odds ratio, CI: Confidence interval, q-value: Benjamini-Hochberg (BH) adjusted p value, HWE: Hardy-Weinberg equilibrium.

Table 3. Association between the studied SNP genotypes and PASI and sCTLA-4 levels within the Pv group.

CTLA-4 SNP rs231775

Test p (q-value)

CTLA-4 SNP rs3087243

Test p (q-value)
AA

n=25
AG

n=14
GG
n=6

GG
n=10

GA
n=27

AA
n=8

PASI

Median (IQR) 5.10  
(3.80–6.40)

6.40  
(4.70–6.50)

10.10  
(5.90–11.20) H=2.266 0.322 (0.594) 5.10  

(4.55–7.77)
5.50  

(3.60–6.50)
6.30  

(5.33–11.35) H=1.611 0.447 (0.626)

sCTLA-4 (ng/mL)

Median (IQR) 8.60  
(8.20–10.00)

8.25  
(7.93–9.00)

9.20  
(7.25–10.03) H=0.326 0.849 (0.849) 7.75  

(7.00–8.90)
8.60  

(8.20–9.20)
9.30  

(8.55–12.33) H=4.091 0.129 (0.301)

Pv: Psoriasis vulgaris, CTLA-4: Cytotoxic T-lymphocyte-associated antigen 4, PASI: Psoriasis Area and Severity Index, sCTLA-4: Soluble cytotoxic T-lymphocyte-associated antigen 4, 
IQR: Interquartile range, H: Kruskal-Wallis test, q-value: Benjamini-Hochberg (BH) adjusted p value.
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Measurement of Serum sCTLA-4 Levels
Serum sCTLA-4 levels were measured using a human 
sCTLA-4 enzyme-linked immunosorbent assay (ELISA) 
kit (Bioassay Technology Laboratory, Shanghai, China) 
following the manufacturer’s instructions. This kit 
employs a quantitative sandwich ELISA technique for the 
detection of circulating sCTLA-4 levels in serum samples. 
Standards were assayed in duplicate, 50 μL of standards 
and 40 μL of samples were added to the corresponding 
wells. Then, 10 μL of anti-sCTLA-4 antibody was added 
to sample wells only, followed by the addition of 50 μL 
of streptavidin-horseradish peroxidase (HRP) to both 
the sample and standard wells but not the blank well. 
The plate was covered with a seal and incubated for 60 
minutes at 37°C. The plate was washed according to the 
manufacturer’s instructions, and then 50 μL of each sub-
strate solution (A and B) was added to all wells, followed 
by incubation for 10 minutes in the dark at 37°C. A stop 
solution was then added to all wells, resulting in a color 
change from blue to yellow. The optical density (OD) of 
each well was measured using a microplate reader set 
to 450 nm. The concentrations were determined from a 
standard curve and expressed in ng/mL.

Statistical Analysis
Statistical analyses were performed using the Statistical 
Package for the Social Sciences (SPSS), version 25.0 (IBM 
Corp., Armonk, NY, USA). Non-parametric quantitative 
variables were summarized as medians and interquartile 
ranges (IQRs), while qualitative variables were presented 
as frequencies and percentages.

Non-parametric continuous variables were analyzed 
using the Mann-Whitney U test for two-group compari-
sons and the Kruskal-Wallis test for multiple-group com-
parisons. The relationships among categorical variables 
were evaluated using the chi-square test or the Monte 
Carlo test when appropriate.

Spearman’s rank correlation coefficient was utilized to 
determine the association between quantitative vari-
ables. HaploView software version 4.2 (Broad Institute, 
Cambridge, MA, USA) was used to estimate haplotype 
frequencies. To account for multiple comparisons, the 
Benjamini-Hochberg false discovery rate (FDR) correc-
tion was applied separately to case-control analyses 
and within-case clinical association analyses. Both raw 
p-values and adjusted p-values (q-values) were reported. 
Statistical significance was defined using an adjusted 
p<0.05.

Results
The present case-control study enrolled 45 patients with 
Pv and 45 age- and sex-matched healthy controls. The 
median age of the patients with Pv was 40 years, with an 
IQR of 26.0–50.0, while the median age of the controls 
was 36 years, with an IQR of 24.0–46.0. The Pv group 
included 26 males and 19 females, whereas the control 
group included 21 males and 24 females.

Regarding genotype distribution, both study groups were 
in Hardy-Weinberg equilibrium (HWE) for both SNPs. Fur-
thermore, no significant differences in genotype or allele 
frequencies were detected between the two groups for 
either SNP (Table 2).

Table 3 illustrates the associations between the studied 
SNPs genotypes and the examined parameters within 
the Pv group, with no significant differences observed.

Four haplotypes defined by rs231775 and rs3087243 
SNPs were identified, with the G/G haplotype occurring 
significantly more frequently in the Pv group (Table 4).

Regarding the sCTLA-4 immunoassay, serum sCTLA-4 
levels differed significantly between the Pv group and 

Table 4. Haplotype frequencies among the Pv and control groups.

Haplotype (rs231775/rs3087243) Pv group n (%) Control group n (%) p q-value OR (95% CI)

A/G 27.10 (30.1) 37.50 (41.7) 0.106 0.239 0.60 (0.33–1.12)

A/A 36.90 (41.0) 37.50 (41.7) 0.927 0.946 0.97 (0.54–1.76)

G/G 19.90 (22.1) 7.50 (8.3) 0.010* 0.045* 3.12 (1.27–7.66)

G/A 6.10 (6.8) 7.50 (8.3) 0.694 0.946 0.80 (0.26–2.43)

Pv: Psoriasis vulgaris, OR: Odds ratio, CI: Confidence interval. *: Statistically significant after Benjamini-Hochberg adjustment.
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controls (Table 5). Notably, serum sCTLA-4 levels cor-
related positively with PASI scores but not with age 
(Table 6). Moreover, there was no significant difference 
in sCTLA-4 levels by sex within the Pv group, with a 
median (IQR) of 8.60 (8.05–9.80) ng/mL in males and 
8.40 (7.75–9.60) ng/mL in females (U=218.0, p=0.504, 
q=0.588).

The receiver operating characteristic (ROC) analysis 
revealed excellent discriminatory performance of serum 
sCTLA-4 levels in differentiating the Pv group from con-
trols, with an area under the curve (AUC) of 0.914. The 
optimal cutoff value was ≥ 7.35 ng/mL, yielding a sensi-
tivity of 86.67%, specificity of 80%, and an overall accu-
racy of 83.3% (Figure 3).

Discussion
Due to ethnic and regional variations in SNPs within 
the CTLA-4 gene, it was essential to investigate the rel-
evance of CTLA-4 polymorphisms to Pv susceptibility 
in the Egyptian population. This study examined the 
relationship between two CTLA-4 SNPs (rs231775 and 
rs3087243) and serum sCTLA-4 levels and Pv suscepti-
bility in Egyptian adults.

Our study revealed a male-to-female ratio of 1.37:1 in 
the Pv group. This reflects a slight male predominance, 
consistent with previous studies from Egypt (19), Saudi 
Arabia (20), and the Maghreb region (21), which reported 
ratios of 1.2:1, 1.4:1, and 1.16:1, respectively. How-
ever, this difference may be coincidental and could be 
attributed to a higher number of male patients attending 
the clinic or a higher willingness among male patients to 
participate in the study.

For rs231775, neither genotype nor allele frequencies 
differed significantly within the Pv group. Although the 
G allele showed a higher frequency among patients with 
Pv, this difference did not reach statistical significance 
(p=0.051), and this borderline value was not main-
tained after correction for multiple testing (adjusted 

p-value=0.153). Our findings align with studies in 
Korean, Japanese, and Caucasian populations reporting 
no association with Pv (22–25). 

In disagreement with our findings, Dursun et al. (18) 
reported a strong association between this SNP and Pv, 
identifying the G allele as a potential risk factor. 

Table 5. Comparison of serum sCTLA-4 levels between the Pv and control groups.

Parameter Pv group n=45 Control group n=45 Test p q-value

sCTLA-4 (ng/mL), median (IQR) 8.60 (7.90–10.00) 5.80 (4.90–7.00) U=175.0* <0.001* 0.009*

Pv: Psoriasis vulgaris, sCTLA-4: Soluble cytotoxic T-lymphocyte-associated antigen 4, IQR: Interquartile range, U: Mann-Whitney U test.

Table 6. Association of serum sCTLA-4 levels with age and PASI 
score within the Pv group.

Variable
sCTLA-4

Spearman's ρ p q-value

Age -0.264 0.080 0.280

PASI score 0.611* <0.001* 0.004*

sCTLA-4: Soluble cytotoxic T-lymphocyte-associated antigen 4, PASI: 
Psoriasis Area and Severity Index, ρ: Spearman's rank correlation coefficient.
 *: indicates significance.

Figure 3. Receiver operating characteristic (ROC) curve of serum 
sCTLA-4 for differentiating patients with Pv from controls. Area un-
der the curve (AUC)=0.914 (95% confidence interval [CI], 0.859–
0.968; p<0.0001).
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Similar to the findings of Dursun et al. (18) and Łuszczek 
et al. (25), we found no correlation between rs231775 
SNP genotypes and disease severity. Additionally, our 
results demonstrated no association between this SNP 
and sCTLA-4 levels in the serum of patients with Pv, 
aligning with the findings of Berry et al. (17) and Huang 
et al. (26). In contrast, a study by Gallardo et al. (27) 
identified a potential association between this SNP and 
sCTLA-4 expression, with GG genotype carriers exhibit-
ing reduced serum sCTLA-4 levels. Notably, rs231775 is 
located within an exon, rather than an intron, promoter 
region, or the 3′ untranslated region (3′-UTR), which are 
more directly involved in transcription and mRNA splicing 
(28,29). This makes it less likely that the rs231775 SNP 
directly influences sCTLA-4 levels. One possible explana-
tion for the conflicting findings is that rs231775 may be 
in strong linkage disequilibrium with other nearby regu-
latory SNPs that do affect sCTLA-4 expression.

Similarly, no significant difference was observed in the fre-
quency of rs3087243 genotypes between the Pv and con-
trol groups, consistent with the findings of Łuszczek et al. 
(25) but contrasting with Dursun et al. (18), who reported 
significantly higher frequencies of the GG genotype and 
G allele in cases. However, consistent with Łuszczek et 
al. (25) and Dursun et al. (18), we found no relationship 
between rs3087243 genotypes and disease severity.

Several factors may explain the conflicting genotypic 
association findings, including the relatively small sam-
ple size of our study. Additionally, autoimmune diseases 
are multifactorial, influenced by interactions between 
genetic, immunological, and environmental factors, and 
variation in ethnic background across populations may 
also affect the impact of specific variants on different 
diseases (30–32).

The rs3087243 SNP is hypothesized to influence splicing 
efficiency and the production of sCTLA-4 mRNA isoforms. 
According to Ueda et al. (33), the G allele was reported 
to result in decreased sCTLA-4 mRNA expression and 
consequently decreased serum sCTLA-4 levels. However, 
we observed no correlation between sCTLA-4 levels and 
different rs3087243 genotypes, consistent with reports 
by Berry et al. (17), López et al. (34) and Dahal et al. (35), 
which similarly found that this SNP was not associated 
with sCTLA-4 levels in autoimmune diseases.

This discrepancy may be attributed to differences in the 
methodologies used. In 2003, Ueda et al. (33) measured 

sCTLA-4 mRNA levels rather than the circulating serum 
protein levels. Assays based on ELISA may not differ-
entiate between the sCTLA-4 proteins expressed from 
sCTLA-4 mRNA and other CTLA-4 immunoreactive 
forms, including those generated by proteolytic process-
ing of membrane-bound CTLA-4 (mCTLA-4) (36). Addi-
tionally, elevated serum sCTLA-4 may reflect reduced 
protein turnover rather than increased gene expression, 
and lower mRNA levels could be the result of feedback 
regulatory mechanisms (17). 

Haplotype analysis identified four haplotypes defined by 
rs231775 and rs3087243. The G/G haplotype was sig-
nificantly more common in the Pv group, suggesting a 
potential synergistic effect. This contradicts Łuszczek et 
al. (25), who found no significant differences in haplo-
type distribution among the studied population. Com-
parisons with Dursun et al. (18) are challenging, as their 
study included an additional variant in their three-SNP 
analysis.

Assessment of serum sCTLA-4 revealed significantly 
higher levels in patients with Pv than in controls. Although 
ROC analysis demonstrated a strong discriminatory per-
formance between the Pv and control groups, psoriasis 
vulgaris remains a clinical diagnosis, and the current 
findings suggest only a preliminary role for sCTLA-4 as a 
supportive biomarker. Furthermore, its potential clinical 
utility may be limited by the observation that elevated 
sCTLA-4 levels have also been reported in other autoim-
mune diseases (37). To our knowledge, this is the first 
study to investigate sCTLA-4 as a potential biomarker in 
psoriasis. Furthermore, sCTLA-4 levels correlated pos-
itively with disease severity, but showed no association 
with age or sex among the participants.

In agreement with our findings, Łuszczek et al. (24) also 
reported a significantly higher mean concentration in 
serum of patients with Pv, particularly in patients with 
higher PASI scores. Contrary to our findings, Liu et al. (38) 
described a lack of correlation between sCTLA-4 levels 
and psoriasis severity. However, in their study, severity 
was assessed using categorical groups (mild, moderate, 
and severe) rather than PASI scores as a continuous vari-
able, as applied in our analysis. 

These findings may suggest a role for sCTLA-4 in the 
immunopathogenesis of Pv. Previous studies have pro-
posed that sCTLA-4 modulates immune responses by 
acting as a decoy receptor that competes with CD28 
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for B7 binding, thereby disrupting activation through 
the B7/CD28 co-stimulatory pathway (39–41). Exper-
imental evidence further suggests that the biological 
effects of sCTLA-4 are context-dependent and may be 
dual in nature. While sCTLA-4 may inhibit the activation 
of resting T cells by limiting CD28-mediated co-stimu-
lation, in activated immune environments, it may also 
compete with mCTLA-4 for B7 ligands, thereby pre-
venting mCTLA-4 engagement and the delivery of its 
intracellular inhibitory signals. Consequently, the immu-
noregulatory functions mediated by mCTLA-4, including 
suppression of IL-2 production and IL-2 receptor expres-
sion, inhibition of the expression of transcription factors, 
and attenuation of APC activation through reduced 
IL-12 production, may be diminished, favoring persistent 
T-cell activation and inflammation (24,42). Moreover, 
disruption of co-stimulatory pathways by CTLA-4 Ig 
analogs has been shown to promote Th17 polarization, 
which is a vital driver of psoriasis pathogenesis (43).

Our study has several limitations, including the small 
sample size and the single-center design, which may 
have limited the statistical power to detect weaker asso-
ciations and the generalizability of the results. Addition-
ally, sequencing-based validation and gene expression 
analysis were not performed due to financial constraints. 

Moreover, complete blinding of laboratory personnel 
to the clinical status of enrolled participants was not 
feasible.

Future studies should include larger, multicenter 
cohorts. We recommend investigating additional SNPs 
and conducting functional assays to clarify the biological 
effects of CTLA-4 polymorphisms. Moreover, examining 
the relationship between sCTLA-4 mRNA expression and 
serum protein levels may provide insight into potential 
regulatory mechanisms. Longitudinal studies are also 
recommended to evaluate changes in sCTLA-4 levels 
over time and their association with disease activity.

Conclusion
This study provides new insights into the association 
of CTLA-4 SNPs rs231775 and rs3087243 with psoria-
sis vulgaris. Although individual SNPs were not linked 
to disease risk, the G/G haplotype showed a significant 
association, suggesting a possible synergistic effect. 
Moreover, elevated sCTLA-4 may contribute to immune 
dysregulation, promoting disease severity by interfering 
with mCTLA-4 signaling and facilitating a shift toward 
Th17-driven inflammation in psoriasis vulgaris.
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