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Background: Idiopathic immune thrombocytopenia (ITP) is an autoimmune 

hematological disorder characterized by a platelet count below 100 × 10⁹/L due to 

immune-mediated destruction and impaired production of platelets. Immune 

regulatory molecules, including cytokines and immune checkpoint markers, play a 

vital role in modulating the inflammatory environment and immune tolerance. 

Dysregulation in the expression or function of these biomarkers contributes 

significantly to disease pathogenesis and progression. Aim of study: The objective 

of this study was to evaluate the correlation between serum levels of five 

immunological markers—TNFAIP3, CD28, CTLA4, FoxO3, and IL-39—and the 

severity of ITP in Iraqi patients, with an emphasis on diagnostic utility and inter-

marker relationships. Methodology: This case-control study enrolled 180 

participants, divided into three groups: newly diagnosed ITP patients (ND, n = 62), 

medicated ITP patients (MD, n = 58), and healthy controls (HC, n = 60). Serum 

concentrations of TNFAIP3, CD28, CTLA4, FoxO3, and IL-39 were quantified 

using ELISA. Statistical analysis was conducted using GraphPad Prism v9.0. 

Results: The study found significantly elevated levels of TNFAIP3 (928 ± 127.7 

ng/mL), CD28 (17.5 ± 1.28 ng/mL), CTLA4 (147.5 ± 29.34 ng/mL), FoxO3 (711.7 

± 45.17 ng/mL), and IL-39 (12.98 ± 2.98 ng/mL) in ND patients compared to MD 

patients and HC (p < 0.001). IL-39 levels were notably reduced in the MD group 

(4.61 ± 0.392 ng/mL) but remained elevated in ND patients, suggesting its potential 

as an early-stage biomarker. ROC analysis demonstrated exceptional diagnostic 

performance for CD28, CTLA4, FoxO3, and IL-39, with AUC values of 1.0 in ND 

patients, achieving 100% sensitivity and specificity at optimal cut-off points. 

TNFAIP3 showed excellent discriminatory power in ND patients (AUC = 1.0), but 

limited diagnostic value in MD cases (AUC = 0.537). Pearson correlation analysis 

revealed strong positive correlations among most biomarkers, especially between 

TNFAIP3 and FoxO3 (r = 0.938), CTLA4 (r = 0.934), and CD28 (r = 0.893), 

indicating coordinated immunoregulatory dysfunction in ITP pathogenesis. 

Conclusion: The findings highlight that TNFAIP3, CD28, CTLA4, FoxO3, and IL-

39 are significantly associated with disease onset and severity in ITP. These markers 

offer strong diagnostic value, especially in distinguishing newly diagnosed cases, 

and may serve as potential targets for immunomodulatory therapies. The observed 

inter-marker correlations further suggest a complex but coordinated dysregulation of 

immune responses in ITP, meriting further mechanistic studies. 
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 INTRODUCTION 

            Blood platelets are tiny, round-to-oval nucleated cell fragments that are produced from multinucleated 

megakaryocytes massive bone marrow cells. Megakaryocyte progenitor cells, the main drivers of platelet synthesis, 

can proliferate and expand in response to a range of cytokines, which also increase the size, survival, and proliferation 

of megakaryocytes (1,2,3). 

            Immune thrombocytopenic purpura (ITP) is defined by the American Society of Hematology as an acquired 

autoimmune disorder characterized by a low platelet count of less than 100,000/µL due to an unbalanced interaction 

between effective and regulatory immune cells, with normal hemoglobin and white blood cell counts (4,5). Two 

varieties of ITP exist: primary without a secondary cause or underlying illness ITP with an underlying cause or issue, 

such as one caused by drugs or a systemic ailment is referred to as a secondary. (6,7,8). The main cause of ITP is an 

autoantibody (typically IgG) against glycoprotein, namely the platelet membrane protein. Tissue macrophages, which 

are located in the spleen, rapidly remove the platelets coated with antibodies, reducing the platelets' half-life.  as well 

as an alternative strategy that uses T-cell-mediated cytotoxicity to specifically target bone marrow megakaryocytes 

The dynamic interaction of ligands with membrane-bound receptors is facilitated by immune mediators including 

cytokines and immunological checkpoints, which help to maintain and restore health following pathological events. 

Dysregulation of their expression may occasionally result in the pathophysiology of a disease. (9,10). The zinc finger 

protein known as tumor necrosis factor, alpha-induced protein 3 (TNFAIP3) is quickly expressed in response to TNF 

(11) Genome-wide association studies have demonstrated that aberrant expression or function plays a role in the 

development of a number of autoimmune or inflammatory diseases, including Crohn's disease, systemic lupus 

erythematosus, rheumatoid arthritis, type 1 diabetes mellitus, psoriasis, and atherosclerosis (12).  

Among the key systems that control T-cell-mediated immunological responses are immune checkpoints, which 

include co-stimulation and co-inhibition signal pathways (13). The outcome of adaptive T cell immunity is 

determined by co-stimulation and co-inhibition signals, commonly referred to as "second signals," which work in 

concert to modify the "first signal" produced by the T cell receptor (TCR) and MHC recognition. Aberrant expression 

of costimulatory and co-inhibitory molecules can cause autoimmunity by either boosting the generation of T cells that 

are reactive to themselves or causing these cells to avoid both central and peripheral tolerance (14). T cells are known 

to be costimulatory for CD28 and coinhibitory for CTLA4. These molecules interact with two ligands on the surface 

of antigen-presenting cells (APCs), CD80 and CD86, to introduce a positive stimulatory signal and a negative 

inhibitory signal, respectively, into T cells (15,16). The surface expression of CD28 on T cells is constitutively crucial 

for effector function, proliferation, and survival of T cells. On the other hand, CTLA4, which is extensively produced 

following T cell activation, functions as a CD28 competitor and causes T cells to become inert and unresponsive 

(17,18). Immune checkpoint gene SNPs affect immune checkpoint serum levels in ITP patients, which are protective 

or risk factors for ITP and linked to the severity, refractoriness, corticosteroid sensitivity, and susceptibility of ITP 

(19).  

             As a member of the O subclass family of transcription factors, FoxO3 shares the ability to be inhibited and 

translocated out of the nucleus upon phosphorylation by proteins like Akt/PKB in the PI3K signaling pathway (20). 

These proteins are distinguished by a unique fork-head DNA-binding domain. There are also post-translational 

changes that can lead to changed or enhanced FoxO3a activity, including acetylation and methylation (21).IL-39 is a 

novel heterodimer member of the IL-12 family, made up of the Ebi3 and IL-23p19 subunits,. Lipopolysaccharide-

stimulated B cells release IL-39. IL-39 mRNA is expressed by other immune cells, including dendritic cells and 

macrophages (22). Because the subunits of IL-39 share subunits with IL-23, IL-27, and IL-35, it may be assumed that 

the gp130, IL-23R, and IL-27R that make up the IL-39 receptor are the same as the produced homo- or hetero-dimer. 

By triggering the STAT1/STAT3 signaling pathway, IL-39 promotes the inflammatory response in mice that 

resemble humans with lupus (23). A few of the unanswered questions surrounding IL-39 research at this early stage 

include the biological effects and mechanisms of IL-39 in inflammatory diseases other than systemic lupus and acute 

coronary syndrome, the relationship between IL-39 and other cytokines, and whether other cells can produce IL-39 in 

addition to activated B cells. To create novel treatments for a variety of related diseases, further study is needed on all 

these subjects (24,25). 
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METHODOLOGY 

           This study involved 180 individuals of both sexes, 120 of who were patients and 60 were healthy volunteers. 

Blood samples were collected from 120 patients suffering from ITP attending the Hematology and Bone Marrow 

Diseases Unit at the Medical City Hospital in Baghdad. The patients were selected according to international 

diagnostic and examination standards under the supervision of a hematology consultant. Patients underwent 

comprehensive evaluations, including detailed medical history review, symptom assessment, physical examinations, 

imaging examinations, and a battery of laboratory tests such as HIV, direct antiglobulin test for hepatitis C virus, 

antiphospholipid antibody test, and antinuclear antibody test, thyroid antibody testing, and detection of other 

infections to confirm that they have the first type of disease, and they are classified according to the severity of the 

disease based on the number of blood platelets. Severe cases of ITP were defined as those experiencing bleeding 

requiring urgent treatment or new severe bleeding episodes necessitating alternative or intensified therapies due to 

very low platelet counts. Corticosteroid treatment included either a dexamethasone regimen or a continuous 

prednisone course. The term 'Sensitive' referred specifically to an increase in platelet count without any treatment 

bleeding episodes. A 'Refractory' status indicated no improvement following splenectomy along with severe 

symptoms or a high risk of bleeding requiring medical intervention as recommended by the treating physician. As for 

the healthy volunteers, they were carefully selected and blood samples were drawn from them after conducting 

laboratory tests to ensure that they did not have any infection that could affect the components of the blood, especially 

the platelet count. Information was taken from all people according to a specific format according to the instructions 

of the Iraqi Ministry of Health According to the sandwich ELISA kit's manufacturer's recommendations by Sun Long 

Biotech company /China, ELISA kits (Catalogue No., SL3972Hu, SL3331Hu, SL0594Hu, SL1915Hu and 

SL3537Hu) used to assess the serum levels of human TNFAIP3, CD28, CTLA4, FoxO3 and IL-39, respectively. 

 

Statistical Analysis  

           Statistical analysis was performed using GraphPad Prism version 9.0. Continuous variables were presented as 

mean ± standard deviation (SD) and compared using one-way ANOVA followed by Tukey’s post hoc test. 

Categorical data were analyzed using the chi-square (χ²) test. Receiver operating characteristic (ROC) curve analysis 

was used to assess the diagnostic performance of biomarkers, and Pearson correlation was applied to examine 

associations between variables. A p-value < 0.05 was considered statistically significant (26). 

 

RESULTS  

            Results summarize the gender distribution across the study groups: newly diagnosed (ND) patients, 

medication-treated (MD) patients, and healthy controls (HC). In the ND group (n = 62), females were predominant, 

comprising 74.2% (n = 46), while males accounted for 25.8% (n = 16). The MD group (n = 58) exhibited a 

relatively balanced gender distribution, with females representing 58.6% (n = 34) and males 41.4% (n = 24). In 

contrast, the HC group (n = 60) showed a male predominance, with 61.7% (n = 37) males and 38.3% (n = 23) 

females. Statistical analysis using the chi-square test indicated a significant difference in gender distribution among 

the three groups (p < 0.001), suggesting a potential gender-related variability in group composition, as depicted in 

Figure (1) and Table (1). The study's findings demonstrated that women are more likely than men to have the illness, 

and this percentage is undoubtedly significantly impacted by the sample size as well as other variables. 

Table (1): Distribution of ITP patients and healthy control according to gender. 

Group 

Gender 

p-value Male Female 

N % N % 

ND (N = 62) 16 25.8 46 74.2 

< 0.001 MD (N = 58) 24 41.4 34 58.6 

HC (N = 60) 37 61.7 23 38.3 
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                   Figure (1): Distribution according to age 

 

          The result of Table (2) revealed significant differences in the serum concentrations of immunological 

biomarkers among healthy controls (HC), medicated ITP patients (MP), and newly diagnosed ITP patients (ND). 

TNFAIP3 levels were markedly elevated in ND patients (928 ± 127.7 ng/mL) compared to MP (412.4 ± 90.0 ng/mL) 

and HC (398.2 ± 15.10 ng/mL), indicating its association with active disease. CD28 concentrations increased 

progressively from HC (8.34 ± 0.88 ng/mL) to MP (10.50 ± 0.70 ng/mL) and ND (17.5 ± 1.28 ng/mL), reflecting 

heightened T-cell activation. Similarly, CTLA4 levels rose from 46.78 ± 1.82 ng/mL in HC to 63.01 ± 14.12 ng/mL 

in MP, peaking at 147.5 ± 29.34 ng/mL in ND patients. FoxO3 showed a comparable trend, with levels of 227.3 ± 

16.90 ng/mL in HC, 301.6 ± 28.64 ng/mL in MP, and 711.7 ± 45.17 ng/mL in ND, suggesting its role in immune 

dysregulation. Notably, IL-39 was significantly higher in ND patients (12.98 ± 2.98 ng/mL), whereas levels in MP 

(4.61 ± 0.392 ng/mL) and HC (5.52 ± 0.406 ng/mL) were comparable, indicating its potential as a marker of disease 

onset. These findings highlight the dynamic changes in immune biomarkers associated with ITP progression and 

treatment.  

 

Table (2): Serum levels of immunological markers (TNFAIP3, CD28, CTLA4, FoxO3, IL-39) 

HC (Mean ±SD) ng/mL MP (Mean ±SD) ng/mL ND (Mean ±SD) ng/mL  Immunological Marker 

398.2±15.10
b

 412.4±90.0
a

 928±127.7
a

 TNFAIP3 

8.34 ± 0.88
c

 10.50 ± 0.70
b

 17.5 ± 1.28
a

 CD28 

46.78 ± 1.82
c

 63.01 ± 14.12
b

 147.5 ± 29.34
a

 CTLA4 

227.3 ± 16.90
c

 301.6 ± 28.64
b

 711.7 ± 45.17
a

 FoxO3 

5.52 ± 0.406
a

 4.61 ± 0.392
a

 12.98 ± 2.98
b

 IL-39 

ND: Newly-diagnosed; MD: Medicated and HC: Healthy Control; (a, b, c) indicate statistically significant differences 

between groups; values sharing the same letter are not significantly different. 
 

 

          Figure (2) illustrate a clear and statistically significant difference in CD28 concentrations among the study 

groups. The mean concentration was highest in newly diagnosed (ND) patients at 17.5 ± 1.28 ng/mL, followed by 

treated (MD) patients at 10.50 ± 0.70 ng/mL, and lowest in the healthy control group at 8.34 ± 0.88 ng/mL. ROC 

curve analysis further confirmed the strong diagnostic potential of the biomarker. In the ND group, the area under the 

curve (AUC) was 1.0 (95% CI: 1.0–1.0, p < 0.001), with a cut-off value of 12.73 ng/mL achieving 100% sensitivity 

and 100% specificity. For the MD group, the AUC was 0.978 (95% CI: 0.957–0.999, p < 0.001); using a cut-off value 

of 9.44 ng/mL, the sensitivity was 91.4% and specificity was 91.7%. These results underscore the biomarker's high 

diagnostic accuracy, especially in identifying newly diagnosed cases. 
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Figure (2): [A] Mean ± SD of CD28 in newly diagnosed (ND) and medicated (MD) patients with ITP and healthy 

controls (HC). [B] ROC curve analysis of CD28 in ND and MD patients. ***p < 0.001 

 

           The serum concentrations of CTLA-4 across the study groups are presented in Figure (3).A statistically 

significant elevation in CTLA-4 levels was observed among ND patients (147.5 ± 29.34 ng/mL), in comparison to 

MD patients (63.01 ± 14.12 ng/mL) and healthy individuals (46.78 ± 1.82 ng/mL), indicating substantial variation 

among the groups. Receiver operating characteristic (ROC) curve analysis further demonstrated the strong 

diagnostic utility of CTLA-4. In ND patients, the area under the curve (AUC) was 1.0 (95% CI: 1.0–1.0, p < 0.001), 

with a cut-off value of 63.03 ng/mL achieving 100.0% sensitivity and 100.0% specificity. For MD patients, the AUC 

was 0.931 (95% CI: 0.877–0.985, p < 0.001), and a cut-off value of 47.8 ng/mL yielded a sensitivity of 89.7% and 

specificity of 90.0%. These results support the diagnostic value of CTLA-4, particularly as a highly sensitive and 

specific marker for identifying newly diagnosed ITP cases. 
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Figure (3): [A] Mean ± SD of CTLA4 in newly diagnosed (ND) and medicated (MD) patients with ITP and healthy 

controls (HC). [B] ROC curve analysis of CTLA4 in ND and MD patients. ***p < 0.00 

 

 

         According to results of Figure (4), FoxO3 serum levels were significantly higher in newly diagnosed (711.7 ± 

45.17 ng/mL) and medicated (301.6 ± 28.64 ng/mL) ITP patients compared to healthy controls (227.3 ± 16.90 ng/mL; 

p < 0.001). ROC curve analysis showed excellent diagnostic performance, with an AUC of 1.0 in newly diagnosed 

patients (cut-off: 341.0 ng/mL, sensitivity: 100.0%, specificity: 100.0%) and an AUC of 0.988 in medicated patients 

(cut-off: 253.1 ng/mL, sensitivity: 98.3%, specificity: 98.3%). These findings underscore the high sensitivity and 

specificity of FoxO3 as a reliable biomarker for early detection and monitoring of ITP. 
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Figure (4): [A] Mean of FoxO3 in newly diagnosed (ND) and medicated (MD) patients with ITP and healthy controls 

(HC). [B] Receiver operating characteristics (ROC) curve analysis of FoxO3 in ND and MD patients. ***p < 0.001 

 

          As shown in Figure (5), IL-39 levels were significantly reduced in medicated ITP patients (4.61 ± 0.392 ng/mL) 

compared to both newly diagnosed patients (12.98 ± 2.98 ng/mL) and healthy controls (5.52 ± 0.406 ng/mL). ROC 

curve demonstrated strong diagnostic performance. In newly diagnosed patients, IL-39 showed an AUC of 1.0 (95% 

CI: 1.0–1.0, p < 0.001) with 100.0% sensitivity and specificity at a cut-off value of 7.31 ng/mL. In medicated patients, 

the AUC was 0.962 (95% CI: 0.92–1.0, p < 0.001), with a cut-off value of 5.23 ng/mL yielding 94.8% sensitivity and 

95.0% specificity. These findings highlight IL-39 as a highly sensitive and specific biomarker, particularly valuable 

for identifying newly diagnosed ITP cases and monitoring treatment response. 
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Figure (5): [A] Mean IL-39 in newly diagnosed (ND) and medicated (MD) patients with ITP and healthy controls (HC). 

[B] Receiver operating characteristics (ROC) curve analysis of IL-39 in ND and MD patients. ***p < 0.001 

 

 

            Significant variations in the mean serum level of TNFAIP3 were seen between newly diagnosed patients 

(928±127.7) ng/ml, treated patients (412.4±90.0) ng/ml, and healthy individuals (398.2±15.10) ng/ml, according to 

the results of the classification and comparison of the TNFAIP3 serum levels by groups in Figure (6). Nevertheless, 

there was no appreciable distinction between the control group and the treated patients. ROC curve analysis 

demonstrated the acceptable performance of TNFAIP3 in distinguishing between newly and treated patients. For 

newly diagnosed ITP patients (AUC =1.0; 95% СⅠ 1.0-1.0; p <0.001 cut-off concentration 568.2 ng/ml; sensitivity = 

100%; specificity = 100%) while for treated patients (AUC =0.537; 95% СⅠ 0.415-0.659; p< 0.491; cut-off 

concentration 400.7 ng/ml; sensitivity = 53.3%; specificity = 53.3%). 
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Figure (6): Mean of TNFAIP3 in newly diagnosed (ND) and medicated (MD) patients with ITP and healthy controls (HC). 

[B] Receiver operating characteristics (ROC) curve analysis of TNFAIP3 in ND and MD patients. ***p < 0.001; ns: not 

significant 
 

           The correlation heatmap in Figure (7) illustrates correlation analysis demonstrated statistically significant and 

robust positive associations among the evaluated immunological biomarkers—CD28, CTLA4, FoxO3, IL-39, and 

TNFAIP3—across the study population. TNFAIP3 exhibited the highest degree of correlation with FoxO3 (r = 

0.938), CTLA4 (r = 0.934), and CD28 (r = 0.893), indicating a potential regulatory or functional interaction between 

these molecules in the immunopathogenesis of idiopathic thrombocytopenic purpura (ITP). CTLA4 also showed 

strong correlations with CD28 (r = 0.912) and FoxO3 (r = 0.903), supporting their established roles in T-cell co-

stimulation and immune checkpoint regulation. IL-39 demonstrated moderate-to-strong positive correlations with 

the remaining markers, including TNFAIP3 (r = 0.849), CD28 (r = 0.873), and CTLA4 (r = 0.848), but a relatively 

weaker association with FoxO3 (r = 0.720). These findings suggest that while IL-39 may participate in shared 

immunological pathways, it may also reflect distinct signaling mechanisms. Collectively, the high correlation 

coefficients among these biomarkers suggest a coordinated immunological response in ITP, potentially reflecting 

shared upstream regulatory networks or synergistic involvement in disease progression and immune dysregulation. 

 

 

 

Figure (7): Heatmap of the correlation between TNFAIP3 and other immunological markers (CD28, CTLA4, FoxO3, and 

IL-39) across different patient groups. The values represent the Pearson correlation coefficients, where:1 indicates perfect 

positive correlation, ;-1 indicates perfect negative correlation and 0 indicates no correlation). 
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DISSCUSION 
          In Iraq, immune thrombocytopenia (ITP) represents a significant autoimmune hematological disorder, 

characterized by isolated thrombocytopenia due to increased platelet destruction and impaired production. Clinical 

observations suggest variability in presentation and disease course across age groups, with a noticeable female 

predominance, consistent with global patterns. However, limited regional studies have systematically explored the 

genetic and immunological factors contributing to ITP in Iraqi populations. This study aims to address that gap by 

examining key immune-related gene polymorphisms and cytokine profiles relevant to disease pathophysiology.  

Reports from other countries such as Brazil and Malaysia reinforce the influence of sex and geographic variation on 

ITP distribution. In Brazil, females accounted for 82.35% of cases, with a female-to-male ratio of 4.7:1 and a 

median age of 41 years, suggesting that sex hormones and immune differences may modulate susceptibility (27). 

Similarly, in Malaysia, the incidence of ITP was higher in females, with 73.2% of cases occurring in women 

between the ages of 19 and 69 (28). These findings align with our observations and highlight the importance of 

considering demographic factors in ITP epidemiology. 

          As an autoimmune disorder, ITP results from immune dysregulation, where both genetic predispositions and 

aberrant immune responses contribute to platelet destruction. The CTLA4 gene, a critical regulator of T-cell-

mediated immune responses, plays a central role in maintaining immune homeostasis. CTLA-4 acts by inhibiting T-

cell activation through competitive bidding to CD80/CD86, counterbalancing the stimulatory effects of CD28. Our 

study identified a significant association between ITP and the rs5742909 polymorphism in the CTLA4 promoter 

region. The T allele of this SNP has been linked to reduced transcriptional activity and, consequently, lower CTLA-

4 expression, potentially leading to heightened T-cell activation and loss of peripheral tolerance (29). 

          In contrast, polymorphisms in the CD28 promoter did not exhibit a significant relationship with ITP in our 

cohort. While CD28 provides essential co-stimulatory signals for full T-cell activation, its promoter variants may not 

have a direct functional impact on disease susceptibility in this population. Nevertheless, CD28 remains an 

important co-regulatory molecule involved in autoimmunity and should not be excluded from future investigations 

(30,31). 

          The transcription factor FOXO3a also emerged as a molecule of interest due to its immunoregulatory 

functions. FOXO3a regulates genes involved in oxidative stress responses, T-cell function, and inflammation, and 

its altered expression has been linked to various autoimmune disorders (32). Disruption in FOXO3a signaling may 

contribute to immune imbalance in ITP, and given its ability to regulate NF-κB signaling, it holds promise as a 

potential therapeutic target (33). 

          Another molecule examined was IL-39, a relatively novel cytokine belonging to the IL-12 family. Our 

findings, consistent with prior studies, demonstrated decreased serum levels of IL-39 in autoimmune conditions such 

as rheumatoid arthritis and autoimmune thyroid disease (24, 25). This reduction could reflect a deficiency in anti-

inflammatory signaling or a context-dependent dual role of IL-39 in immune modulation. Although the diagnostic 

power of IL-39 alone was modest, its combination with other biomarkers could enhance diagnostic accuracy. 

          Lastly, the TNFAIP3 gene, encoding the anti-inflammatory enzyme A20, has been increasingly recognized for 

its role in autoimmune disease. TNFAIP3 acts by terminating NF-κB signaling, thereby limiting inflammation. 

Variants in this gene, particularly within the promoter region, have been associated with increased susceptibility to 

autoimmune diseases including systemic lupus erythematosus and rheumatoid arthritis (34). In the context of ITP, 

decreased TNFAIP3 expression was linked to activation of the NF-κB/SMAD7 pathway, leading to dysfunction in 

mesenchymal stem cells (MSCs) and impaired megakaryopoiesis (35,36). This dysfunction results in reduced 

platelet production, contributing to disease pathology. Modulating TNFAIP3 activity may offer a therapeutic 

strategy for restoring immune and hematopoietic balance in ITP (37). 

          In summary, the study revealed significant correlations between serum levels of specific immunological 

biomarkers and the severity of idiopathic immune thrombocytopenia (ITP). Notably, TNFAIP3, CTLA-4, and 

FoxO3 levels were significantly decreased in ITP patients—especially in newly diagnosed cases—compared to 

healthy controls, indicating impaired immune regulation and increased disease activity. In contrast, CD28 and IL-39 

levels were markedly elevated, particularly in newly diagnosed patients, reflecting heightened immune activation. 
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Statistical analyses showed that low levels of TNFAIP3, CTLA-4, and FoxO3 were negatively correlated with 

disease severity, as they were associated with lower platelet counts and more severe clinical manifestations. 

Conversely, higher levels of CD28 and IL-39 were positively correlated with disease severity, suggesting their role 

in promoting inflammation and autoimmune platelet destruction. These findings highlight the potential of these 

biomarkers in assessing disease activity and guiding clinical management in ITP. 

           This study is limited by a relatively small sample size and its single-center design, which may restrict the 

generalizability of the findings and the cross-sectional nature of the study further limit insights into the dynamic 

changes in immune markers over time. Future large-scale, multi-center, and longitudinal studies are needed to 

confirm and extend these results. 

CONCLUSION 

           Significant differences in immunological biomarker levels were observed between ITP patients and healthy 

controls, as well as between newly diagnosed and treated patient groups. These findings underscore the diagnostic 

relevance of these immune markers. The biomarkers evaluated in this study play a critical role in accurately 

assessing disease presence and activity, and they hold promise as potential targets for the development of novel 

therapeutic strategies aimed at reducing disease severity and improving clinical outcomes. 

 

Acknowledgment 
          The authors would like to express their sincere gratitude to the staff of the laboratories and clinical 

departments involved in this study for their invaluable support and assistance in sample collection and data 

acquisition. Special thanks are extended to the patients and healthy volunteers who generously participated in this 

research. We also acknowledge the contributions of the technical teams and the funding institutions, if any, that 

supported the completion of this work. 

 

 

REFERENCES  

1. Eder, A.; Dy, B.; Wagner, S. Apheresis technology and bacterial contamination of platelets. Transfusion 

(2019); 59(4): 1404–1405. 

2. Sun, R.; Shan, N. Megakaryocytic dysfunction in immune thrombocytopenia is linked to autophagy. 

Cancer Cell Int. (2019); 19: 59. 

3. Chen, X.; Zhao, Y.; Lv, Y.; Xie, J. Immunological platelet transfusion refractoriness: current insights from 

mechanisms to therapeutics. Platelets. (2024); 35(1): 2306983. 

4. Mititelu, A.; Onisâi, M.C.; Roșca, A.; Vlădăreanu, A.M. Current understanding of immune 

thrombocytopenia: A review of pathogenesis and treatment options. Int. J. Mol. Sci. (2024); 25(4); 2163. 

5. Cines, D.; Blanchette, V. Immune thrombocytopenic purpura. N. Engl. J. Med. (2002); 346(13): 995–1008. 

6. Mitta, A.; Curtis, B.R.; Reese, J.A.; George, J.N. Drug-induced thrombocytopenia: 2019 update of clinical 

and laboratory data. Am. J. Hematol. (2019); 94(3): E76–E78. 

7. Kuter, D.; Efraim, M.; Mayer, J.; Trněný, M.; McDonald, V.; Bird, R.; Cooper, N. Rilzabrutinib, an oral 

BTK inhibitor in immune thrombocytopenia. N. Engl. J. Med. (2022); 386(15): 1421–1431. 

8. Scherlinger, M.; Richez, C.; Tsokos, G.; Boilard, E.; Blanco, P. The role of platelets in immune-mediated 

inflammatory diseases. Nat. Rev. Immunol. (2023): 1–16. 

9. Jasim, R.; Alchalabi, R.; Jaafer, R. The association between body mass index, diagnostic markers and 

disease activity score with progression of rheumatoid arthritis in a sample of Iraqi patients. J. Biotechnol. 

Res. Cent. (2024); 18(1): 5–10. 

10. Madkhali, M. Recent advances in the management of immune thrombocytopenic purpura (ITP): A 

comprehensive review. Medicine (Baltimore). (2024); 103(3): e36936. 

11. Chen, L.; Flies, D. Molecular mechanisms of T cell co-stimulation and co-inhibition. Nat. Rev. Immunol. 

(2013); 13: 227–242. 



 

JOURNAL OF BIOTECHNOLOGY RESEARCH CENTER, VOL. 19, NO. 2 (2025)                 

113 

 

12. Curdy, N.; Lanvin, O.; Laurent, C.; Fournie, J.; Franchini, D. Regulatory mechanisms of inhibitory immune 

checkpoint receptor expression. Trends Cell Biol. (2019); 29: 777–790. 

13. Zhang, Q.; Vignali, D.A. Co-stimulatory and co-inhibitory pathways in autoimmunity. Immunity. (2016); 

44: 1034–1051. 

14. Huang, C.; Zhu, H.; Yao, Y.; Bian, Z.; Zheng, Y.; Li, L. Immune checkpoint molecules: possible future 

therapeutic implications in autoimmune diseases. J. Autoimmun. (2019); 104: 102333. 

15. Guercio, M.; Orlando, D.; Di Cecca, S.; Sinibaldi, M.; Boffa, I.; Caruso, S. CD28.OX40 co-stimulatory 

combination is associated with long in vivo persistence and high activity of CAR.CD30 T-cells. 

Haematologica. (2020). 

16. Lim, E.; Okkenhaug, K. Phosphoinositide 3-kinase delta is a regulatory T-cell target in cancer 

immunotherapy. Immunology. (2019); 157: 210–218. 

17. Zhao, Y.; Lee, C.; Lin, C.; Gassen, R.; Xu, X.; Huang, Z. PD-L1:CD80 cis-heterodimer triggers the co-

stimulatory receptor CD28 while repressing the inhibitory PD-1 and CTLA-4 pathways. Immunity. (2019); 

51: 1059. 

18. Wolf, Y.; Anderson, A.; Kuchroo, V. TIM3 comes of age as an inhibitory receptor. Nat. Rev. Immunol. 

(2020); 20: 173–185. 

19. Chen, D.; Lin, W.; Wen, Y. Investigation of the correlation between immune thrombocytopenia and T cell 

activity-regulated gene polymorphism using functional study. Sci. Rep. (2022); 12: 6601. 

20. Xie, X.; Gu, H.; Ma, J.; Fu, L.; Ma, J.; Zhang, J.; Wu, R.; Chen, Z. FOXO1 single-nucleotide 

polymorphisms are associated with bleeding severity and sensitivity of glucocorticoid treatment of 

pediatric immune thrombocytopenia. DNA Cell Biol. (2024). 

21. Morris, B.; Willcox, D.; Donlon, T.; Willcox, B. FOXO3: a major gene for human longevity – a mini-

review. Gerontology. (2015); 61(6): 515–525. 

22. Lu, Z.; Wang, X.; Li, M. Interleukin 39: a new member of interleukin 12 family. Cent. Eur. J. Immunol. 

(2020); 45(2); 214–217. 

23. Lv, K.; Hu, B.; Xu, M. IL-39 promotes chronic graft-versus-host disease by increasing T and B cell 

pathogenicity. Exp. Hematol. Oncol. (2022); 11: 34. 

24. Weng, L.; Huang, G.; Gong, L.; Xu, J.; Mao, Y.; Li, Y.; Li, M. Low levels of serum IL-39 are associated 

with autoimmune thyroid disease. J. Clin. Lab. Anal. (2022); 36(4): e24284. 

25. Al Ghuraibawi, Z.; Sharquie, I.; Gorial, F. A novel link of serum IL-39 levels in patients with rheumatoid 

arthritis. Iraqi J. Sci. (2023): 1651–1661. 

26. Kang, H .Sample size determination and power analysis using the G*Power software. J Educ Eval Health 

Prof. (2021); 18: 17. 

27. Ying, L.; Gong, L.; Meng, S.; Wu, X.; Li, M.; Li, Y. Circulating interleukin-39 as a potential biomarker for 

rheumatoid arthritis diagnosis. Clin. Biochem. (2023); 119: 110616. 

28. Kubrusly, B.; Kubrusly, E.; Rocha, H.; Júnior, A.; Kubrusly, M.; Ribeiro, L.; Duarte, F. Epidemiology of 

immune thrombocytopenia: study of adult patients at a referral hematology service in Northeastern Brazil. 

Hematol. Transfus. Cell Ther. (2023). 

29. Zahidin, M.; Abdul Razak, N.; Mohd Noor, N.; Johan, M.; Zulkafli, Z.; Abdullah, A.; Edinur, H. An 

epidemiology study of adult immune thrombocytopenia patients in a teaching hospital in Northeastern 

Malaysia. Cureus. (2023); 15(11): e48533. 

30. Esensten, J.; Helou, Y.; Chopra, G.; Weiss, A.; Bluestone, J. CD28 costimulation: from mechanism to 

therapy. Immunity. (2016); 44(5): 973–988. 

31. Porciello, N.; Kunkl, M.; Tuosto, L. CD28 between tolerance and autoimmunity: the side effects of animal 

models. F1000Res. (2018); 7, F1000 Faculty Rev-682. 

32. Georgi, J.; Middeke, J.; Bornhäuser, M.; Matzdorff, A.; Trautmann-Grill, K. Deciphering the genetic basis 

of immune thrombocytopenia: current evidence for genetic predisposition in adult ITP. Blood Adv. (2023). 



 

JOURNAL OF BIOTECHNOLOGY RESEARCH CENTER, VOL. 19, NO. 2 (2025)                 

114 

 

33. Xu, S.; Ma, Y.; Chen, Y.; Pan, F. Role of Forkhead box O3a transcription factor in autoimmune diseases. 

Int. Immunopharmacol. (2021); 92: 107338. 

34. Xu, S.; Zhang, X.; Ma, Y.; Chen, Y.; Xie, H.; Yu, L.; Wang, J.; Xu, S.Q.; Pan, F. FOXO3a alleviates the 

inflammation and oxidative stress via regulating TGF-β and HO-1 in ankylosing spondylitis. Front. 

Immunol. (2022); 13: 935534. 

35. Ciccacci, C.; Latini, A.; Perricone, C.; Conigliaro, P.; Colafrancesco, S.; Ceccarelli, F.; Priori, R.; Conti, F.; 

Perricone, R.; Novelli, G.; Borgiani, P. TNFAIP3 gene polymorphisms in three common autoimmune 

diseases: systemic lupus erythematosus, rheumatoid arthritis, and primary Sjögren syndrome – association 

with disease susceptibility and clinical phenotypes in Italian patients. J. Immunol. Res. (2019); 6728694. 

36. El-hady, M.; Mosallam, D.; Anis, S.; Mansour, B.; Yassa, M. Tumor necrosis factor-induced protein 3 gene 

polymorphism and the susceptibility to chronic primary immune thrombocytopenia in Egyptian children: a 

case-control study. Egypt. J. Med. Hum. Genet. (2021); 22: 1–9. 

37. He, T.; Huang, Y.; Luo, Y.; Xia, Y.; Wang, L.; Zhang, H.; Yang, J. Haploinsufficiency of A20 due to novel 

mutations in TNFAIP3. J. Clin. Immunol. (2020); 40: 741–751. 

 

 انعلاقت بيٍ انًستىي انًصهي نبعض انًؤشراث انًُاعيت وشذة َقص انصفيحاث انًُاعي يجهىل انسبب        

علا عذَاٌ هاشى         
1

رواء انجهبي ، 
1

بساو فرَسيس يتي،     
2

ياسيٍ اسًاعيم انًعًىري،    
1 

 اىؼشاق ،بغذاد ،اىدبدسيت  ،خبٍؼت اىْٖشيِ ،مييت اىخقْيبث الاحيبئيت  ،قغٌ اىخقْيبث اىحي٘يت اىدضيئيت ٗاىطبيت  1
  اىؼشاق ،بغذاد ،ٍغخشفٚ ٍذيْت  اىطب  ،ٍشمض اٍشاض اىذً ٗصساػت ّخبع اىؼظٌ  2

  

 انخلاصت 

اضطشاببث اىذً اىَْبػيت اىزاحيت، ٗيخَيض ببّخفبض ػذد  اىغبب أحذيؼُذ ّقص اىصفيحبث اىَْبػي ٍدٖ٘ه  عٍ انًىضىع: خهفيتان

/ ىخش ّخيدت حذٍيش اىصفبئح ب٘عبطت اىدٖبص اىَْبػي ٗضؼف إّخبخٖب. حيؼب اىدضيئبث اىَْبػيت  10⁹×  100اىصفبئح اىذٍ٘يت إىٚ أقو ٍِ 

ىبيئت الاىخٖببيت ٗاىحفبظ ػيٚ اىخ٘اصُ اىَْبػي. اىخْظيَيت، بَب في رىل اىغيخ٘ميْبث ّٗقبط اىخفخيش اىَْبػيت، دٗسًا أعبعيبً في حْظيٌ ا

ٕذفج ٕزٓ اىذساعت  :يٍ انذراست انهذف .ٗيغٌٖ اخخلاه اىخؼبيش أٗ اى٘ظيفت ىٖزٓ اىؼلاٍبث اىحي٘يت بشنو مبيش في حط٘س اىَشض ٗشذحٔ

( ٗشذة TNFAIP3 ،CD28 ،CTLA4 ،FoxO3 ٗ ،IL-39إىٚ حقييٌ اىؼلاقت بيِ ٍغخ٘يبث ٍصو اىذً ىخَظ ػلاٍبث ٍْبػيت )

 ىذٙ اىَشضٚ اىؼشاقييِ، ٍغ اىخشميض ػيٚ اىقيَت اىخشخيصيت ٗالاسحببطبث اىَخببدىت بيْٖب. ّفص اىصفيحبث اىَْبػيالإصببت بَشض 

، ((n=62، (ND)ٍشبسمًب، ٍ٘صػيِ ػيٚ ثلاد ٍدَ٘ػبث: ٍشضٚ حٌ حشخيصٌٖ حذيثبً 180شَيج اىذساعت  طرائق انعًم:انًىاد و

 TNFAIP3 ٗCD28(. حٌ قيبط حشاميض HC ،n=60(، ٗأصحبء يَثيُ٘ ٍدَ٘ػت اىضبظ )MD ،n=58)ٍشضٚ يخيقُ٘ اىؼلاج 

ٗCTLA4 ٗFoxO3 ٗIL-39  أخُشيج اىخحييلاث الإحصبئيت ببعخخذاً بشّبٍح  الاىيضا مَبفي ٍصو اىذً ببعخخذاً حقْيت

GraphPad Prism  خ٘يبث أظٖشث اىْخبئح اسحفبػًب ٍؼْ٘يبً في ٍغ انُتائج:..9.0الإصذاسTNFAIP3 (928  ±127.7 

±  FoxO3 (711.7ّبّ٘غشاً/ٍوCTLA4 (147.5  ±29.34 ٗ ،)ّبّ٘غشاً/ٍوCD28 (17.5  ±1.28 ٗ ،)ّبّ٘غشاً/ٍو(، ٗ

ّبّ٘غشاً/ٍو( في ٍدَ٘ػت اىَشضٚ اىَشخّصيِ حذيثبً ٍقبسّت ببىَدَ٘ػخيِ  12.98  ±2.98) IL-39ّبّ٘غشاً/ٍو(، ٗ 45.17

ّبّ٘غشاً/ٍو( ٍَب يذه  0.392±  4.61ىذٙ اىَشضٚ اىَؼبىديِ ) IL-39(. ى٘حع اّخفبض ٗاضح في ٍغخ٘ٙ p < 0.001الأخشييِ )

 CD28 ٗCTLA4أداءً حشخيصيبً ٍَخبصًا ىي٘اعَبث  ROCػيٚ إَٔيخٔ مؼلاٍت حشخيصيت في اىَشاحو اىَبنشة ىيَشض. أظٖش ححييو 

ٗFoxO3 ٗIL-39 ( ًفي ٍدَ٘ػت اىَشضٚ اىَشخصيِ حذيثبAUC = 1.0 = أٍب 100، اىحغبعيت ٗاىْ٘ػيت .)%TNFAIP3  فقذ

(. مشفج ححبىيو الاسحببط AUC = 0.537أظٖش قذسة حَييضيت ػبىيت في اىَشضٚ اىدذد، ىنْٖب مبّج ٍحذٗدة في اىَشضٚ اىَؼبىديِ )

، TNFAIP3 ٗFoxO3 (r = 0.938)بيشعُ٘ ػِ ػلاقبث اسحببط إيدببيت ق٘يت بيِ ٍؼظٌ اىؼلاٍبث اىَْبػيت، لاعيَب بيِ 

ٗCTLA4 (r = 0.934)ٗ ،CD28 (r = 0.893) ٍَٚب يشيش إىٚ خيو ٍْبػي ٍْظٌ ٍٗخشابظ في ٍشض ،ITP. :حشيش  الاستُتاج

، ٗحَخيل قذسة ITPحشحبظ اسحببطًب ٗثيقبً بشذة الإصببت بـ  TNFAIP3 ٗCD28 ٗCTLA4 ٗFoxO3 ٗIL-39اىْخبئح إىٚ أُ 

اىَشخصت حذيثبً. مَب حبشص ٕزٓ اىؼلاٍبث مإٔذاف ٗاػذة في حط٘يش اعخشاحيديبث ػلاخيت  حشخيصيت ػبىيت، خبصت في ححذيذ اىحبلاث

 ٍْبػيت ٍغخقبييت. حؤمذ ػلاقبث الاسحببط اىق٘يت اىَنخشفت ٗخ٘د خيو ٍْبػي ٍشخشك يخطيب اىَضيذ ٍِ اىذساعبث اىخ٘ضيحيت.

 

 . ELISA ،اىَؤششاث اىَْبػيت  ،  ITP انكهًاث انًفتاحيت: 

 


