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Abstract 

Psoriasis is an autoimmune condition with major immune and inflammatory reactions that cause epidermal changes. The blood molecules can show 
signs related to the progression or remission phase. Among those molecules are Interleukin-21 (IL-21), soluble FAS (SFAS), and soluble FAS ligand 
(SFASL), which are used separately to determine possible practical values. In our study, we found that these molecules are efficient for diagnosing 
patients with psoriasis. We used 50 patients with a plaque type of psoriasis in Iraq with a psoriasis severity level according to its Psoriasis Area and 
Skin Index (PASI), to which we added 50 healthy Iraqi subjects who matched the age and sex. We used blood molecules to test the values using an ELISA 
test to measure the values in blood molecules. We used non-parametric statistical methods to conduct our analysis. The methodology used included 
patients who underwent testing using PASI to which we added another category according to severity. We utilized these methods to test our data. We 
found that there are increased values for blood molecules (IL-21), (SFAS), (SFASL), which positively correlate with PASI values. As patients suffered 
more from PASI symptoms, values increased for (IL-21), (IL-21+sFas). We used an “Analysis” technique to test our values. We found that these values 
are completely sensitive for diagnosing patients. We identified “IL-21” to be dependent in terms of its values for describing patients’ symptoms. We 
conclude that IL-21, SFAS, and SFASL, are related to patients’ symptoms. These blood molecules are useful for diagnosing patients to whom we 
recommend future treatment. 
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1. Introduction 

Psoriasis is a chronic cutaneous disorder caused by 
the immune system and affects approximately 2-3% 
of the global population. The prevalence rate varies 
according to geographic region, ethnicity, and 
environmental factors [1,2]. In Iraq, the prevalence 
rates were reported to range between 0.7% and 2.3% 
[3]. Psoriasis typically appears as red, scaly patches 
on the skin but has been associated with arthritis and 
metabolic disorders, among other issues that make 
life more challenging [4]. Many cell types are 
implicated in its pathogenesis, including 
keratinocytes, dendritic cells, macrophages, and T 
lymphocytes. The IL-23/Th17 pathway acts primarily 
through the induction of cytokines, which promote 
the hyperproliferation of keratinocytes and 
disruption of the skin barrier [5,6].  

Interleukin-21 (IL-21) is an important cytokine 
mainly produced by Th17 cells and follicular helper T  

 

cells. IL-21 exerts a biological influence by promoting 
proliferation in B and T lymphocytes, inducing 
stimulation in keratinocytes, and perpetuating the 
inflammatory process. Serum and skin lesions of 
patients with psoriasis also have high levels of IL-21, 
often correlating with the severity of the disease [7–
9]. A study recently conducted by Han et al. confirmed 
that IL-21 and its receptor were strongly upregulated 
in psoriasis, correlating with erythema, angiogenesis, 
and enhanced expression of angiogenic mediators 
such as VEGF-A, ICAM-1, and MMP-9 [10]. 

Problems in cell death also play a role; the Fas/FasL 
system regulates the apoptosis of immune cells, while 
soluble forms (sFas and sFasL) circulate in the blood 
and can alter this signal. Higher levels of these soluble 
markers have been reported in psoriasis, suggesting 
less apoptosis and more inflammation [11–17]. 
Biologic drugs that target IL-17, IL-23, and TNF-α are 
effective, but easy and reliable blood biomarkers are 
still limited. Studies on IL-21, sFas, and sFasL have 
yielded mixed results, often due to small sample sizes 
or differences in patient selection  
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[18,19]. In the Middle East, including Iraq, data 
remain limited, although genetics and environment 
may affect biomarker levels [20–22]. 

This study was conducted to measure IL-21, sFas, and 
sFasL levels in Iraqi patients with psoriasis compared 
to healthy controls. Non-parametric tests and ROC 
analysis were used to test their value as simple serum 
markers of disease activity 

2. Materials and Methods 

2-1 Study population 

Fifty patients with clinically confirmed psoriasis and 
fifty age- and sex-matched healthy controls were 
included in this case–control study. Recruitment was 
carried out at the Dermatology Unit, Baghdad 
Teaching Hospital, from January to December 2024. 
Psoriasis was diagnosed by dermatologists using 
clinical evaluation and standard criteria, and disease 
severity was assessed with the Psoriasis Area and 
Severity Index (PASI) [23]. Participants with 
autoimmune diseases, ongoing chronic infections, 
malignancies, or who had received systemic 
immunosuppressive therapy within the past three 
months were excluded. 

2-2 Sample collection and processing 

5 ml of venous blood was collected by venipuncture 
under aseptic conditions using plain vacutainer 
tubes. After clotting at room temperature, the 
samples were centrifuged at 3000 rpm for 10 min. 
Serum was then separated into aliquots and stored at 
–80 °C until testing. Repeated freeze–thaw cycles 
were avoided to ensure sample stability. During the 
first quarter of 2025, serum levels of IL-21, sFas, and 
sFasL were analyzed in the Central Research 
Laboratory at Baghdad Teaching Hospital. 
Measurements were performed using ELISA kits 
supplied by Elabscience Biotechnology Inc. (Houston, 
TX, USA; catalog numbers: E-EL-H6114 for IL-21, E-
EL-H0956 for sFas, and E-EL-H6106 for sFasL). We 
used a BioTek ELx800 microplate reader (BioTek 
Instruments, Winooski, VT, USA) to measure optical 
density at 450 nm. We then used standard curves 
made according to the manufacturer's instructions to 
figure out the concentrations. 

 

2-3 Ethical approval 

The Institutional Review Board of Baghdad Teaching 
Hospital (Ref. No. PSO-2024-017) looked over and 
approved the study protocol.  All procedures adhered 
to the ethical standards outlined in the Declaration of 
Helsinki (2013 revision).  Before they could be part of 
the study, all participants had to give their written 
consent 

2-4 Statistical analysis 

In 2025, SPSS version 26.0 (IBM Corp., Armonk, NY, 
USA) and GraphPad Prism version 9.0 (GraphPad 
Software, San Diego, CA, USA) were used to analyze 
the data. We used the Shapiro–Wilk test to check if 
the data were normal. Mean ± SD was used to show 
variables with a normal distribution, and median 
with Interquartile Range (IQR) was used to show 
skewed data. We used the Mann–Whitney U test for 
non-parametric data and the independent-samples t-
test for parametric data to see if there were any 
differences between patients and controls. The Chi-
square test was used to compare categorical 
variables. We used Spearman's rank correlation 
coefficient to investigate the relationships between 
biomarkers, PASI, and disease duration. 

Receiver Operating Characteristic (ROC) curves were 
generated to evaluate diagnostic performance, and 
the Area Under the Curve (AUC) was reported with 
95% confidence intervals. Multivariable associations 
with PASI were examined using multiple linear 
regression. A p-value < 0.05 was considered 
statistically significant. 

3.Results 

3-1 Baseline characteristics 

Fifty patients with psoriasis and fifty healthy controls 
matched for age and sex were included. No high 
differences were observed between groups for age (p 
= 0.69) or sex (p = 0.81). Patients had a median 
disease duration of 7 years (IQR, 5–11 years) and a 
mean PASI score of 14.4 ± 4.5, indicating 
predominantly moderate to severe disease. Details 
are shown in Table 1. 
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Table 1. Baseline characteristics of study participants 

 

3-2 Biomarker levels 

Serum IL-21, sFas, and sFasL were highly higher in 
patients compared with controls (p < 0.001 for all). 
IL-21 levels were 241.8 pg/mL (IQR 197.5–288.6) in 
patients versus 93.7 pg/mL (IQR 72.1–119.3) in 
controls. Mean sFas and sFasL were also elevated 
(4.76 ± 1.09 and 1.94 ± 0.43 ng/mL in patients; 2.68 
± 0.92 and 1.15 ± 0.39 ng/mL in controls). Values are 
listed in Table 2 and shown in Figures 1A–C. 

Table 2. Serum biomarker levels in patients and controls 

 

 

 

Figure1. Boxplots showing serum IL-21, sFas, and sFasL 
concentrations in patients versus controls 

3-3 Correlations with disease severity 

IL-21 correlated strongly with PASI (ρ = 0.61, p < 
0.001). sFas (ρ = 0.43, p = 0.003) and sFasL (ρ = 0.41, 
p = 0.004) showed moderate correlations. Weaker 
associations were noted with disease duration (sFas: 
ρ = 0.36, p = 0.01; sFasL: ρ = 0.33, p = 0.02). Results 
are summarized in Table 3 and illustrated in Figures 
2A–C. 

Table 3. Correlations of serum biomarkers with PASI and 
disease duration 

 

 

Figure 2. Scatter plots showing correlations of IL-21, 
sFas, and sFasL with PASI scores. 
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3-4 Diagnostic performance (ROC Analysis) 

IL-21 demonstrated the best diagnostic performance, 
with an AUC of 0.89 (95% CI: 0.82–0.95, p < 0.001), a 
sensitivity of 86%, and a specificity of 82% at a 
threshold of 175 pg/mL. sFas and sFasL also 
performed well (AUC 0.84 and 0.81). The combined 
model of IL-21 and sFas reached an AUC of 0.92. The 
data are presented in Table 4 and Figure 3. 

Table 4. ROC analysis of serum biomarkers in psoriasis 
patients and controls 

 

 

Figure 3. ROC curves for IL-21, sFas, and sFasL. 

3-5 Stratified analyses by PASI Severity 

Biomarker levels increased progressively from mild 
to severe subgroups. Significant differences were 
detected for IL-21 (p < 0.001), sFas (p = 0.002), and 
sFasL (p = 0.006). Post-hoc tests showed severe > 
moderate > mild for IL-21, and severe > mild for sFas 
and sFasL. Results are presented in Table 5. 

Table 5. Serum biomarkers by PASI severity subgroup 

 

3-6 Treatment Status (Naïve vs. Treated) 

Naïve patients (n = 31) had higher IL-21 (median 252 
pg/mL, IQR 209–296) than treated patients (227 
pg/mL, IQR 188–268; p = 0.040). Differences in sFas 
and sFasL were not significant (p = 0.09 and p = 0.12). 
After adjusting for PASI, IL-21 remained significant (p 
= 0.030); the values are shown in Table 6. 

Table 6. Serum biomarkers by treatment status at 
sampling 

 

3-7 Multivariable models predicting PASI 

Regression analysis explained 52% of the variance in 
PASI (R2 = 0.52). IL-21 was the strongest independent 
predictor (β = 0.51, p < 0.001), followed by sFas (β = 
0.19, p = 0.045), while other factors were not 
significant. Estimates are provided in Table 7. 
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Table 7. Multivariable linear regression predicting PASI 

 

3-8 Sensitivity analyses 

Excluding treated patients (n = 31) produced similar 
results: IL-21 ρ = 0.58 (p < 0.001), sFas ρ = 0.41 (p = 
0.022), sFasL ρ = 0.38 (p = 0.031). ROC values were 
comparable (IL-21 AUC = 0.88, sFas AUC = 0.83, and 
sFasL AUC = 0.80). Non-parametric tests were 
confirmed appropriate (Shapiro–Wilk p < 0.05 for IL-
21 and sFasL). 

Discussion 

This study demonstrated remarkably higher serum 
concentrations of IL-21, sFas, and sFasL in patients 
with psoriasis compared with matched healthy 
controls (Tables 1–2; Figures 1A–C). The most 
notable increase was observed for IL-21, which 
demonstrated a strong correlation with PASI scores 
(ρ = 0.61, p < 0.001) and remained very high in 
multivariable analysis (Table 7). ROC analysis was 
used to validate further the most powerful diagnostic 
biomarker, IL-21 (AUC = 0.89). Accuracy rose when 
combined with sFas (AUC = 0.92) (Table 4; Figure 3). 
In stratified analysis, all three biomarkers increased 
stepwise, with IL-21 exhibiting the most pronounced 
increase (Table 5), which demonstrates its dual role 
as both an activity and severity marker. 

Our results are consistent with previous reports 
indicating higher IL-21 levels in psoriatic patients 
[15, 16]. The same relationship between Th17-
related inflammation and IL-21 expression was 
reported by Caruso et al. [7]. The level of increased 
sFas and sFasL agrees with previous reports of 

enhanced Fas/FasL signaling in chronic 
inflammatory disorders [17]. Results reported by 
Han et al. are consistent with diagnostic performance 
of IL-21 observed in our study [10] and support its 
possible clinical relevance. Recent reviews also 
underlined that soluble FasL might fail to induce 
apoptosis but may drive inflammatory pathways, 
which supports the idea that high levels of 
sFas/sFasL in psoriasis reflect ongoing immune 
activation [19]. Minor differences in absolute values 
might be due to differences in the length of the 
disease, population differences, or laboratory 
technique. 

IL-21 promotes Th17 differentiation, keratinocyte 
proliferation, and the release of pro-inflammatory 
cytokines [15,16]. These mechanisms, crucial in the 
pathophysiology of the disease, explain the strong 
association of psoriasis with PASI that we found. 
Dysregulation of the Fas/FasL pathway leads to 
prolonged immune activation and defective 
lymphocyte apoptosis [17]. The high serum levels of 
sFas and sFasL detected in our patients, and the 
association of these proteins with PASI (Table 3; 
Figures 2A–C), provide a basis for considering 
disordered apoptosis as a key mechanism for the 
chronicity of the disease. 

This study, therefore, by thoroughly investigating IL-
21, sFas, and sFasL and applying multivariable 
modeling and ROC analysis, shows good diagnostic 
performance, one of its many strong points. It adds 
regionally to the literature, as it is one of the early 
systematic studies assessing these biomarkers in an 
Iraqi population. Limitations are represented by the 
moderate sample size and case-control, cross-
sectional design that lacks the possibility of causal 
inference. Heterogeneity in treatments may have 
affected biomarker levels; however, this was 
mitigated by stratified and adjusted analyses (Tables 
6–7). 

These findings together suggest that IL-21, 
particularly in combination with sFas, may be a 
promising biomarker panel for assessing disease 
activity and providing diagnostic support in psoriasis. 
The stepwise relationship of PASI severity with 
biomarker levels (Table 5) suggests that they may be 
useful to monitor patients. Future studies should 
investigate the mechanistic basis of IL-21/Fas 
interactions in psoriasis and validate these findings in 
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larger, longitudinal cohorts. 

Conclusions 

This study showed that patients with psoriasis have 
higher serum IL-21, sFas, and sFasL compared with 
healthy controls. IL-21 showed the strongest 
correlation with disease severity. Correlation tests 
showed that IL-21 is correlated with PASI levels, 
while sFas and sFasL provide additional information 
about disease duration. According to ROC results, IL-
21 was the best single diagnostic marker. Accuracy 
increased when IL-21 was combined with sFas. 
Stepwise increases across mild, moderate, and severe 
groups also supported the contribution of these 
biomarkers to showing disease activity. Besides, 
differences between untreated and treated patients 
suggest that IL-21 may also help track treatment 
response. Regression analysis showed IL-21 as the 
main predictor of PASI. In conclusion, IL-21, 
especially in combination with sFas, could be used as 
a simple blood-based marker set for diagnosing and 
monitoring psoriasis. Larger studies should be 
conducted in order to confirm these results, establish 
unequivocal cut-off values, and address how these 
markers can be combined with genetic or molecular 
tools to advance personalized care in further aspects. 
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