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Abstract
Though pathogenesis of primary immune thrombocytopenia (ITP) is still rendered unclear, yet there are many research efforts 
that have been directed to the role of T helper 17 (Th17) and interleukin 17 (IL-17) in the pathogenesis of this disease. The 
Th17 cell, which produces IL-17, is a subset of T helper cells. Interleukin 17 is pro-inflammatory cytokine that is recently 
proved to have a crucial role in the emergence of autoimmune diseases. We aimed to investigate the role of T helper17 cells 
and interleukin-17 in the pathogenesis of ITP in Egyptian children. This study was carried out on 100 children with ITP and 
100 apparently healthy children as a control group. Patients were subjected to full medical history taking, thorough physical 
examination and routine investigations according to our local standards. Percentage of Th17 cells was measured by flow 
cytometry in study groups. Also, serum IL-17 was measured in in study groups by ELISA. Th 17 cells were significantly 
higher in patients compared to controls. Moreover, 3.1-fold increased serum levels of IL-17 were observed in patients with 
ITP compared to controls. Newly diagnosed patients had significantly higher percentage of Th-17cells as well as higher 
IL-17 levels than patients with either persistent or chronic ITP.
   Conclusion: We concluded that Th 17 cells and IL-17 seem to play an important role in the pathogenesis of ITP in Egyp-
tian children.

What is Known -- What is New:
• The pathogenesis of ITP is heterogeneous A novel subset of CD4+ T cells, distinct from Th1 and Th2, was recently identified. It is character-

ized by the production of IL-17 and, therefore, designated as Th17 cells. Several studies support a pivotal role for serum cytokines in the 
pathogenesis of ITP and provide evidence to suggest that helper Tlymphocytes polarize into Th1 and Th2 immune response. we aimed to 
investigate the role of T helper17 cells and interleukin-17 in the pathogenesis of ITP in Egyptian children.
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Abbreviations
IL  Interleukin
ITP  Immune thrombocytopenia
Th  T helper
ELISA  Enzyme Linked Immunosorbent Assay
ASH  American society of hematology
INF  Interferon
TNF  Tumor necrosis factor
TPO-RA  Thrombopoietin receptor agonists
TGF  Transforming growth factor
ANOVA  Analysis of variance

Introduction

Primary ITP is the most common autoimmune cytopenia in 
childhood. It is characterized by isolated thrombocytopenia 
that is not accompanied by any other disorders that may 
lead to thrombocytopenia. Thrombocytopenia usually results 
from increased platelet destruction together with impaired 
platelet production. 2.2–5.3 per 100,000 children ≤ 18 years 
are diagnosed with primary ITP every year [1].

Despite major research efforts, the pathophysiology of 
ITP is not fully understood. Multiple mechanisms were 
proposed comprising antiplatelet antibodies secreted by 
auto reactive B lymphocytes, platelet destruction medi-
ated by T cell, and poor functionality of regulatory T. cells 
accompanied with reduced number [2].

Innovative data had supported the hypothesis of 
CD4+ve T cell plasticity which in turn leads to diverse 
immune responses based on the type of impact made by 
the inflammatory environment; this could be exemplified 
in T. helper 17 cell [3].

Th17 cells are regarded as promoters of autoimmune 
conditions as they produce a number of pro-inflammatory 
cytokines including IL-17 and accordingly induce remark-
able tissue damage [3].

IL-17 belongs to IL 17 cytokine family, which contain 
6 different IL pro-inflammatory cytokines, from IL 17A 
to IL 17F. IL 17A is often presented as IL 17. The high 
degree of similarity between IL 17A and IL 17F is signifi-
cant and they also have a common biological function [4].

IL-17 is a signature cytokine secreted from the Th 17 
cells, apart from playing a crucial role in the pathogenesis 
of autoimmune diseases; it has shown to function differ-
ently from other members of IL 17 cytokine family. Inter-
leukin 17 induces the expression of various cytokines and 
adhesion molecules [5].

IL-17 recruits and activates different cells to increase 
inflammation. Although protective in infection, over pro-
duction of IL 17 promotes inflammation in autoimmune 
diseases such as multiple sclerosis, rheumatoid arthritis, 
and psoriasis [6].

Several studies demonstrated that genetic polymorphism 
of IL-17 was shown to be linked to various autoimmune 
diseases such as inflammatory bowel diseases, asthma, ITP, 
and psoriasis [7].

Patients and methods

A case-control study was carried out in pediatric hematol-
ogy outpatient clinic of Zagazig university hospitals dur-
ing the period from March 2019 to April 2020. The study 
included 100 children with ITP who were recruited from 
pediatric hematology outpatient clinic and 100 age and sex 
matched apparently healthy children.

Eligibility criteria

1. Patients with primary immune thrombocytopenia
2. Age from 1 to 15 years
3. Both sex

Exclusion criteria

1. Patients with secondary immune thrombocytopenia
2. Patients with other causes of thrombocytopenia
3. Age < 1 year or > 15 years

Diagnosis of ITP and classification

Diagnosis of ITP will be based on ASH clinical practice guide-
lines in 2011 as a platelet count less than 100,000/µL in the 
absence of other causes or disorders that may be associated 
with thrombocytopenia. ITP was classified as newly diagnosed 
(diagnosis to 3 months), persistent (3 to 12 months from diag-
nosis), or chronic (lasting for more than 12 months) [8].

Study design: case‑control study

Methods

1. All patients were subjected to full history taking, thor-
ough clinical examination and routine laboratory inves-
tigations for diagnosis and follow up of ITP according 
to our local standards including CBC using automatic 
cell counter (Sysmex XN2000, Japan) at diagnosis and 
during follow up as well as drawing platelet trend.

2. Measurement of Th-17cells was performed for all patients 
and controls by flow cytometry. Th-17cells were recog-
nized by expression of intracellular IL-17. Briefly, hep-
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arinized peripheral blood (400 µL) with an equal volume 
of RPMI 1640 medium was incubated for 4 h at 37 °C, 5% 
 CO2 in the presence of 25 ng/mL phorbol myristate ace-
tate (PMA), 1 µg/mL ionomycin, and 1.7 µg/mL monensin 
(Alexis Biochemicals, San Diego, CA). After incubation, 
the cells were stained with PE-Cy5-conjugated anti-CD3 
and FITC-conjugated anti-CD8 to delimitate  CD4+ T 
cells because CD4 was down-modulated when cells were 
activated by PMA. After the surface staining, the cells 
were stained with PE-conjugated anti-IL-17A for Th17 
detection after fixation and permeabilization. Stained 
cells were analyzed by flow cytometric analysis using 
BD FACS Calibur (BD Biosciences, USA). Th17 cells 
were identified as those that were  CD3+CD8−IL-17A+.

3. Measurement of serum level of IL-17 was performed for 
all patients and controls using Enzyme Linked Immuno-
sorbent Assay (ELISA) sandwich technique, using com-
mercially available kit (Quantizing, R and D system, 
Inc. Minneapolis, USA) catalog number 201–12-0143 
(Shanghai Sunred Biological Technology Co., Ltd). 
Briefly, the kit uses a double-antibody sandwich ELISA 
technique. A pre-coating with human IL-l7 monoclonal 
antibody was used to catch IL-17 and IL-l7 antibodies 
labeled with biotin, followed by streptavidin-HRP that 
was used for detection. A standard curve using five dilu-
tions ranging from 37.5 to 600 pg/mL of IL17 was used 
for quantification. All samples were measured in dupli-
cates. All tests were run simultaneously in one series.

Statistical analysis

The data were checked, entered, and analyzed using 
SPSS version 20 (Armonk, NY: IBM Corp). Results were 
expressed as mean ± standard deviation for quantitative vari-
ables, and as number and percentage for qualitative ones. 
Unpaired Student’s t-test, chi-square test (X2), ANOVA (F 
test), and Pearson coefficient of correlation (r) were used 
when appropriate. p values ≤ 0.05 qualify as significant 
results and those ≤ 0.001 as highly significant results.

Ethical approval

This study was conducted in accordance with the ethical stand-
ards of the Helsinki Declaration of 1964, as revised in 2000. 
The study protocol number (5126/15-1-2019) was approved 
by the Research Ethics Committee of the Faculty of Medicine, 
Zagazig University. Informed written consent and/or assent 
were obtained from the parents or guardians of each child.

Results

The mean age of patients was 9.4 ± 3.5 years with a range 
from 3 to 15 years. The mean age at diagnosis was 6.9 ± 2.1. 
They were 56 males and 44 females. Based on ITP classi-
fication, 36 patients had newly diagnosed ITP, 30 patients 
had persistent ITP, and 34 patients had chronic ITP. Age 
at diagnosis was not significantly different among different 
groups of patients (p = 0.25). Patients with chronic ITP were 
significantly older than other patients (12.1, 9.3, and 7.0 for 
chronic, persistent and newly diagnosed ITP, respectively, 
p < 0.001). Though female gender was higher in chronic ITP 
compared to persistent and newly diagnosed patients, yet the 
difference did not reach a statistically significant level (53%, 
33.3%, and 39%, respectively, p = 0.5).

The mean age of controls was 9.6 ± 3.5 with a range from 
3 to 15 years. They were 50 females and 50 males. There 
was no significant difference between patients and controls 
as regards age and sex (p = 0.38 and p = 0.55, respectively).

Most of patients (92%) had purpura as the initial clini-
cal presentation followed by ecchymosis in 86% of patients 
and external bleeding in 64% of patients. The mean initial 
platelet count was 12,000/µL. It was significantly higher 
in chronic ITP patients compared other patients (17,400, 
13,200, and 6700/µL for chronic, persistent and newly diag-
nosed ITP, respectively, p < 0.001). Also, the mean initial 
platelet count was significantly higher in females com-
pared to males (14,640/µL versus 10,200/µL, respectively, 
p = 0.03) (Table 1).

Regarding the first line therapy, 14 patients were man-
aged conservatively, 66 patients received steroids, 10 
patients received intravenous immunoglobulin (IVIG), and 

Table 1  Initial platelet counts in ITP patients based on disease clas-
sification and gender

SD standard deviation

Platelets count  (103/µl) 
Mean ± SD
(Range)

Test P

• Newly diagnosed ITP 6.7 ± 4.2
(1–17)

f = 8.5 0.0007

• Persistent ITP 13.2 ± 7.8
(1–31)

• Chronic ITP 17.4 ± 10.2
(2–33)

• Males 10.2 ± 6.8
(1–31)

t = 1.8 0.03

• Females 14.64 ± 10.1
(2–33)
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10 patients received combined steroids and IVIG. Regarding 
the second line therapy, 84 patients received thrombopoietin 
receptor agonists (TPO-RA), while 14 patients received aza-
thioprine, and only 4% performed splenectomy.

Percentage of Th 17 cells was significantly higher in 
patients than controls (1.85% versus 0.82%, p < 0.0001). 
Newly diagnosed ITP patients had notably higher percent-
age of Th 17 cells in comparison to persistent and chronic 
ITP patients (Table 2).

Significantly higher levels of serum IL-17 were observed 
in patients compared to controls (331.4  pg/ml versus 
106.7 pg/ml, respectively, p < 0.00001) (Fig. 1). Newly diag-
nosed ITP patients had notably higher serum IL-17 levels in 
comparison to persistent and chronic ITP patients (Table 3).

There was no significant correlation between serum IL-17 
levels and age at diagnosis (r =  − 0.03, p = 0.8) or platelet 
counts (r = 0.2, p = 0.1). Also, there was no significant asso-
ciation between serum IL-17 levels and any of clinical pres-
entations (p = 0.07), first line therapy (p = 0.25), or second 
line therapy (p = 0.6).

Discussion

The pathophysiology of ITP is extremely complex. Sev-
eral studies support a pivotal role for serum cytokines 
in the pathogenesis of this disease and provide evidence 

to suggest that helper T-lymphocytes polarize into Th1 
and Th2 immune response. Th1 response is characterized 
primarily by the presence of cytokines IL-2, INF-γ, and 
TNF-α, whereas Th2 response produces IL-4, IL-5, IL-6, 
IL-10, and IL-13 [2].

A novel subset of CD4+ T cells, distinct from Th1 and 
Th2, was recently identified. It is characterized by the pro-
duction of IL-17 and, therefore, designated as Th17 cells. 
IL-17 is pro-inflammatory cytokine that recruits different 
cell types to the site of inflammation and thus play a pro-
tective role in infection. However, overproduction of IL-17 
was reported in many autoimmune diseases [5].

In our study, percentage of Th 17 cells was significantly 
higher in patients than controls (1.85% versus 0.82%, 
p < 0.0001). Also, significantly higher levels of serum IL-17 
were observed in patients compared to controls (331.4 pg/
ml versus 106.7 pg/ml, respectively, p < 0.00001).

In 2009, Zhang and colleagues first described up-regulation 
of Th17 cells along with Th1 in patients with ITP and sug-
gested that Th17 cytokines promoted an imbalance favoring a 
more Th1-type immune response in ITP [9].

Our results are also consistent with Ghallab et al. where 
there was a statistically significant difference between untreated 
ITP adult patients and controls as regards serum IL-17 levels 
(91.5 versus 59.9 pg/ml, respectively, p < 0.0001) [10].

Similarly, Ye et al. reported elevated Th17 cells as well as 
plasma IL-17and IL-23 levels in adult patients with ITP [11].

Table 2  Percentage of Th-17 
cells in our patients in relation 
to ITP classification

Th-17 T helper 17, SD standard deviation

Th 17 cells Newly diagnosed
N = 36

Persistent
N = 30

Chronic
N = 34

Controls
N = 100

F test P

Mean ± SD (%) 2.05 ± 0.35 1.75 ± 0.21 1.53 ± 0.15 0.82 ± 0.11 36.7  < .00001
Range 1.74–2.35 1.55–2.15 1.25–1.88 0.71–0.95

Fig. 1  Shows the distribution of 
IL17 in the studied groups
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Zhou et al. investigated the role of interleukin-17-producing 
CD4-positive T cells in the pathogenesis of primary ITP and 
found that the percentage of Th17 and Th1 cells were mark-
edly increased in ITP patients especially in those with severe 
ITP compared with normal controls. Further ELISA analy-
sis verified high levels of Th17-associated pro-inflammatory 
cytokines such as interleukin-17A/F, interleukin-6, and inter-
leukin-23 and low levels of inflammatory inhibitory factors 
including interleukin-10 and transforming growth factor-β in 
ITP patients compared with normal controls [12].

On the contrary, Ma et al. found that plasma IL-17 levels 
were not significantly different between adult patients with 
active ITP (median, 15.04 pg/ml (range, 8.15–66.78)) and the 
control group (median, 15.27 pg/ml (range, 10.25–40.36); 
p = 0.17) [13]. Also, there was no significant difference of the 
other Th17 associated cytokines (TGF-ß and IL-6) and Th1 
cytokine (IFN-γ) were observed between ITP patients and 
controls. This discrepancy can be attributed to the difference 
in the study population and sample size where Ma et al. study 
was carried out on only 29 adults with ITP where our study 
was carried out on 100 children with ITP.

Our results showed that newly diagnosed ITP patients 
had notably higher percentage of Th 17 cells and IL-17 
serum levels in comparison to persistent and chronic ITP 
patients (2.05, 1.75, and 1.53%, respectively, p < 0.0001 for 
T helper cells and 554.3, 259.9, and 158.6 pg/ml, respec-
tively, p < 0.001 for IL-17).

Our results are in agreement with Huang et al. where 
they found that the levels of IL-17 were lower in patients 
with chronic ITP than those with newly diagnosed ITP and 
comparable to the control group [14].

Ghallab et al. found the level of IL-17 was increased in 
adult patients with untreated ITP (p = 0.0001) when com-
pared with controls. However, there was statistically sig-
nificant reduction in the level of IL-17 in responder patients 
(p = 0.0001) while IL-17 level was insignificantly changed 
in non-responder patients (p = 0.394) [10].

Zhang and colleagues found that among the ITP patients, 
there were no statistical differences of the three kinds of cells 
(Th 17, Th1, and Tc1) tested between primary and recurrent ITP 
patients (p = 0.18 for Th17, p = 0.36 for Th1, p = 0.35 for Tc1) [9].

Ye et al. did not observe any statistical difference in 
plasma IL-17 levels between adults with newly diagnosed 
ITP and those with recurrent ITP [11].

El Husseiny et al. in their study over 45 adult patients 
with chronic and persistent ITP found significantly higher 
levels of IL-17 in their patients compared to control group 
(0.42 versus 0.15, p < 0.001) [15].

Our results can be explained based on the clinical dif-
ferences between newly diagnosed and chronic ITP which 
suggest the existence of different pathophysiological mecha-
nisms in the two forms [2].

In our study, there was no significant correlation between 
serum IL-17 levels and age at diagnosis (r =  − 0.03, p = 0.8) 
or platelet counts (r = 0.2, p = 0.1). Also, there was no sig-
nificant association between serum IL-17 levels and any of 
clinical presentations (p = 0.07), first line therapy (p = 0.25), 
or second line therapy (p = 0.6).

Very few studies investigated the relationship between 
serum IL-17 levels and demographic, clinical or laboratory 
parameters in childhood ITP.

Ma et al. found no significant association between plasma 
IL-17 levels and any of age, sex, or platelet counts [13].

El Husseiny et  al. observed insignificant correlation 
between IL-17 levels and platelet counts [15].

Okamoto et  al. classified their patients into the IL-
17-low-expression group and IL-17-high-expression. The 
clinical information between the IL-17-low-expression 
group and IL-17-high-expression group did not significantly 
differ for age, sex, and platelet counts [16].

Conclusion

We concluded that Th 17 cells and IL-17 seem to play an 
important role in the pathogenesis of ITP in Egyptian chil-
dren. Larger multicenter studies are still needed to support 
our findings.

Limitation of the study

Small sample size was one of the limitations in this study 
and so larger multicenter studies are still needed to support 
these findings. Another limitation was that we need to start 
with patients with de novo ITP and to follow the changes in 
percentage of T helper 17 cells and serum levels of IL-17 

Table 3  Serum IL-17 levels in our patients in relation to ITP classification

IL-17 interleukin 17, SD standard deviation

Serum IL-17 Newly diagnosed ITP
N = 36

Persistent ITP
N = 30

Chronic ITP
N = 34

Controls
N = 100

F test P

Mean ± SD (pg/ml) 554.3 ± 247.2 259.9 ± 209.0 158.6 ± 156.3 106.7 ± 76.6 17.0  < .00001
Range 163.2–949.5 65.0–764.8 63.2–580.2 63–341
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over time. However, many patients with de novo ITP lost 
follow up especially after improvement.

Acknowledgements All authors thank all participants in the study for 
their unstinted cooperation.

Authors’ contributions All authors contributed to the study concep-
tion and design, material preparation, data collection and analysis. 
Tamer Hassan, Marwa Zakaria and Asmaa Diaa recruited patients and 
performed the clinical examination. Doaa Abdelmonem and Eman 
Abdul-Aziz performed the laboratory part of the study. Ayman EL 
Sayed Abdallah and AL Sayed Mohamed Sayed Ahmed participated 
in writing and statistical analysis of the data. All authors participated 
in data analysis, performed the statistics, wrote the paper and reviewed 
the manuscript. Marwa Zakaria submitted the final manuscript.

Funding Open access funding provided by The Science, Technology & 
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB).

Availability of materials and data The data sets generated during and/or 
analyzed during the current study are available from the corresponding 
author on reasonable request.

Declarations 

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Rodeghiero F, Stasi R, Gernsheimer T, Michel M, Provan D, 
Arnold DM, Bussel JB, Cines DB, Chong BH, Cooper N, Godeau 
B, Lechner K, Mazzucconi MG, McMillan R, Sanz MA, Imbach 
P, Blanchette V, Kühne T, Ruggeri M, George JN (2009) Stand-
ardization of terminology, definitions and outcome criteria in 
immune thrombocytopenic purpura of adults and children: report 
from an international working group. Blood 113(11):2386–2393. 
https:// doi. org/ 10. 1182/ blood- 2008- 07- 162503. Epub 2008 Nov 
12 PMID: 19005182

 2. Li J, Sullivan JA, Ni H (2–18) Pathophysiology of immune throm-
bocytopenia. Curr Opin Hematol 25(5):373–381. https:// doi. org/ 
10. 1097/ MOH. 00000 00000 000447. PMID: 30015642

 3. Morou A, Palmer BE, Kaufmann DE (2014) Distinctive features 
of CD4+ T cell dysfunction in chronic viral infections. Curr 
Opin HIV AIDS 9(5):446–451. https:// doi. org/ 10. 1097/ COH. 
00000 00000 000094. PMID: 25023623; PMCID: PMC4231289

 4. Monin L, Gaffen SL (2018) Interleukin 17 family cytokines: sign-
aling mechanisms, biological activities, and therapeutic implica-
tions. Cold Spring Harb Perspect Biol 10:a028522

 5. Botros SKA, Ibrahim OM, Gad AA (2018) Study of the role of 
IL-17F gene polymorphism in the development of immune throm-
bocytopenia among the Egyptian children. Egypt J Med Human 
Genetics 19:385–389

 6. Ruiz de Morales JMG, Puig L, Daudén E, Cañete JD, Pablos 
JL, Martín AO, Juanatey CG, Adán A, Montalbán X, Borruel 
N, Ortí G, Holgado-Martín E, García-Vidal C, Vizcaya-Morales 
C, Martín-Vázquez V, González-Gay MÁ (2020) Critical role of 
interleukin (IL)-17 in inflammatory and immune disorders: an 
updated review of the evidence focusing in controversies. Auto-
immun Rev 19(1):102429. https:// doi. org/ 10. 1016/j. autrev. 2019. 
102429. Epub 2019 Nov 15. PMID: 31734402

 7. Du J, Han JC, Zhang YJ, Qi GB, Li HB, Zhang YJ, Cai S (2016) 
Single-nucleotide polymorphisms of IL-17 gene are associated 
with asthma susceptibility in an Asian population. Med Sci Monit 
22:780–787. https:// doi. org/ 10. 12659/ msm. 895494. PMID: 
26954344; PMCID: PMC4793684

 8. Neunert C, Lim W, Crowther M, Cohen A, Solberg L Jr, Crowther 
MA (2011) The American Society of Hematology 2011 evidence-
based practice guideline for immune thrombocytopenia. Blood 
117(16):4190–4207. https:// doi. org/ 10. 1182/ blood- 2010- 08- 
302984. Epub 2011 Feb 16 PMID: 21325604

 9. Zhang XL, Peng J, Sun JZ, Liu JJ, Guo CS, Wang ZG, Yu Y, Shi 
Y, Qin P, Li SG, Zhang LN, Hou M (2009) De novo induction of 
platelet-specific CD4(+)CD25(+) regulatory T cells from CD4(+)
CD25(-) cells in patients with idiopathic thrombocytopenic pur-
pura. Blood 113(11):2568–2577. https:// doi. org/ 10. 1182/ blood- 
2008- 03- 148288. Epub 2008 Dec 3 PMID: 19056692

 10. Ghallab O, Hamed NAM, Gamal M (2014) Abdelhafez, A. Evalu-
ation of interleukin-17 and gamma interferon levels in primary 
immune and borderline thrombocytopenia. J Egypt Soc Haematol 
Res 10:1–7

 11. Ye X, Zhang L, Wang H, Chen Y, Zhang W, Zhu R, Fang C, Deng 
A, Qian B (2015) The role of IL-23/Th17 pathway in patients with 
primary immune thrombocytopenia. PLoS ONE 10(1):e0117704. 
https:// doi. org/ 10. 1371/ journ al. pone. 01177 04. PMID: 25621490; 
PMCID: PMC4306550

 12. Zhou L, Xu F, Chang C, Tao Y, Song L, Li X (2016) Interleukin-
17-producing CD4+ T lymphocytes are increased in patients with 
primary immune thrombocytopenia. Blood Coagul Fibrinolysis 
27(3):301–307. https:// doi. org/ 10. 1097/ MBC. 00000 00000 000423. 
PMID: 26484642

 13. Ma D, Zhu X, Zhao P, Zhao C, Li X, Zhu Y, Li L, Sun J, Peng J, 
Ji C, Hou M (2008) Profile of Th17 cytokines (IL-17, TGF-beta, 
IL-6) and Th1 cytokine (IFN-gamma) in patients with immune 
thrombocytopenic purpura. Ann Hematol 87(11):899–904. https:// 
doi. org/ 10. 1007/ s00277- 008- 0535-3. Epub 2008 Jul 4 PMID: 
18600325

 14. Huang WY, Sun QH, Chen YP (2015). Expression and signifi-
cance of CD4+ CD25+ CDl27 low regulatory T cells, TGF-β 
and Notch1 mRNA in patients with idiopathic thrombocytopenic 
purpura. Zhongguo Shi Yan Xue Ye Xue Za Zhi 23(6):1652–6. 
Chinese. https:// doi. org/ 10. 7534/j. issn. 1009- 2137. 2015. 06. 023. 
PMID: 26708888

 15. El Husseiny NM, El Sobky A, Khalaf A (2018) Immune throm-
bocytopenia. Egyptian experience with study of IL-17, TGFB, 
cytokines in chronic and persistent immune thrombocytopenic 
patients. Int J Adv Res 6:1087–1090

 16. Okamoto N, Homma M, Kawaguchi Y, Kabasawa N, Uto Y,  
Hattori N, Yamamoto S, Shiozawa E, Yamochi T, Tate G, Isoyama  
K, Nakamaki T, Takimoto M (2018) Increased expression of 
interleukin-17 is associated with macrophages in chronic immune 
thrombocytopenia. Int J Clin Exp Pathol 11(5):2419–2429. PMID: 
31938354; PMCID: PMC6958273

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1182/blood-2008-07-162503
https://doi.org/10.1097/MOH.0000000000000447
https://doi.org/10.1097/MOH.0000000000000447
https://doi.org/10.1097/COH.0000000000000094
https://doi.org/10.1097/COH.0000000000000094
https://doi.org/10.1016/j.autrev.2019.102429
https://doi.org/10.1016/j.autrev.2019.102429
https://doi.org/10.12659/msm.895494
https://doi.org/10.1182/blood-2010-08-302984
https://doi.org/10.1182/blood-2010-08-302984
https://doi.org/10.1182/blood-2008-03-148288
https://doi.org/10.1182/blood-2008-03-148288
https://doi.org/10.1371/journal.pone.0117704
https://doi.org/10.1097/MBC.0000000000000423
https://doi.org/10.1007/s00277-008-0535-3
https://doi.org/10.1007/s00277-008-0535-3
https://doi.org/10.7534/j.issn.1009-2137.2015.06.023


5679European Journal of Pediatrics (2023) 182:5673–5679 

1 3

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Contribution of T helper 17 cells and interleukin-17 to the pathogenesis of primary immune thrombocytopenia in Egyptian children
	Abstract
	Introduction
	Patients and methods
	Eligibility criteria
	Exclusion criteria
	Diagnosis of ITP and classification
	Study design: case-control study
	Methods

	Statistical analysis
	Ethical approval
	Results
	Discussion
	Conclusion
	Limitation of the study
	Acknowledgements 
	References


