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Abstract
BACKGROUND: Immune Thrombocytopenia (ITP) is a common acquired hematological disease. Genetic 
polymorphisms play an important role in ITP pathogenesis and prognosis. TNF-α-induced protein 3 (TNFAIP3) is a 
negative regulator of NF-kB in many signaling pathways. Several variants of TNFAIP3 have been associated with 
various inflammatory autoimmune disorders.

AIM: Our study aimed to study the association of TNFAIP3 single nucleotide polymorphisms (SNPs); rs2230926 & 
rs5029939 with ITP susceptibility, as well ITP prognosis by follow up the cases for 18 months.

METHODS: One hundred and ten ITP patients as well 110 matched unrelated normal controls were enrolled in our 
study. The polymorphisms were assessed by real-time polymerase chain reaction (real time PCR).

RESULTS: There were a significant difference between cases and control groups regarding rs2230926 T>G and 
rs5029939 C>G frequencies with p < 0.05. Linkage disequilibrium (LD) analysis of the two variants revealed that 
there was a significant LD (p < 0.001). Non-cutaneous bleeding manifestations were observed mainly in the mutant 
genotypes of rs2230926 and rs5029939. The ITP patients with mutant genotypes of rs5029939 showed more 
need to use 2nd line immunosuppressive therapy as well the mutant genotypes of rs2230926 showed more steroid 
dependence and less complete recovery.

CONCLUSION: Our data concluded the presence of LD between rs5029939 and rs2230926. The mutant genotypes 
of both variants were associated with increase the susceptibility to ITP and accompanied by worse clinical 
manifestations and poor response to the treatment in the adult Egyptian patients.
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Introduction

Immune thrombocytopenia (ITP) is a prevalent 
acquired disorder, known by platelet count <100 × 109/L. 
It results from increase immune platelet destruction 
and/or reduces its production [1]. ITP may be primary 
with unknown underlying cause or secondary to 
autoimmune or infectious disease [2],  [3]. Primary ITP 
affects 2–4/100 000 adults per year with a prevalence of 
9.5/100,000 adults. Primary ITP accounts for 80% of the 
diagnosed ITP cases with female predominance [3], [4]. 
Moreover, in adults, it is often assumes a chronic course 
that requires persistent monitoring and treatment [5]. 
The pathogenesis of primary ITP is greatly enhanced, 
with both genetic and environmental factors are involved 
its evolution [6]. TNF-α-induced protein 3 (TNFAIP3, 
also known as A20) exists on the forward strand of 
six chromosomes (6q23.3), in between the OLIG3 
(oligodendrocyte transcription factor 3) gene and PERP 
(P53 Apoptosis Effector Related To PMP22) gene [7]. 

TNFAIP3 (A20) is a ubiquitin-editing enzyme, 
known to be a down regulator of NF-kB in many 

signaling pathways [8]. A20 is involved in the activation, 
proliferation, and normal differentiation of specific 
subsets of B cells. A20 also is a negative regulator of 
the enhanced immune functions of the dendritic cells 
(DCs) [9].

A20 expression defect is linked to 
immune hemostasis disturbance with inflammatory 
enhancement. Various genetic variants of A20 were 
found to be related to autoimmune diseases, as 
multiple sclerosis, systemic lupus erythematosus 
(SLE), rheumatoid arthritis (RA), psoriasis, and Type 1 
diabetes. This comes in advance to suggest that 
TNFAIP3 may have a role in ITP [10].

The coding single nucleotide polymorphism 
(SNP), rs2230926 T>G, leads to change phenylalanine-
to-cysteine at 127 residues of the A20 protein with 
decrease its ability to suppress the TNF enhanced 
NF-κB activity [11]. This provokes many inflammatory 
and immunological disorders including RA, SLE [12].

The rs5029939 C>G genetic variant in intron 
2 of TNFAIP3 gene, considered as functional variant 
by reducing TNFAIP3 mRNA expression with decrease 
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A20 protein level [13]. The reduced expression of 
TNFAIP3 is related to SLE risk and negatively affects 
its prognosis [14].

Our hypothesis was to explore the role of 
TNFAIP3 SNPs in ITP risk, presentation features as well 
therapeutic response. This can identify if rs2230926 
T>G and rs5029939 C>G can be used as biomarkers 
for ITP risk and targets for therapy.

Materials and Methods

Our case–control  study involved 110 adult 
Egyptian primary ITP patients. They were elected 
from cases diagnosed at Hematology Outpatient 
Clinic, Faculty of Medicine, Cairo University during the 
period from November 2018 to September 2019 with 
18 months follow-up. One hundred and ten age, gender, 
and race-matched healthy controls were enrolled as 
a control group. Control group was selected among 
normal people coming for routine check-up with normal 
examinations and investigations.

All ITP patients were picked up according to 
the American Society of Hematology guidelines of 
ITP diagnosis [15]. They were subjected to full history 
taking (especially bleeding, drug intake, family history 
as well as compliance to therapy), clinical examination 
(especially for skin, organomegaly, and lymph nodes), 
and laboratory investigations which involved complete 
blood count and film, reticulocyte count and erythrocyte 
sedimentation rate. Patients with secondary ITP due 
to viral infections, drug-induced, Helicobacter pylori, 
autoimmune diseases as SLE or known to have thyroid 
disease were excluded from the study.

ITP Treatment was started with platelet 
count <30 × 109/L or in the existence of bleeding 
manifestations. Prednisolone as 1st  line therapy at 
dose of 1 mg/kg/day was administered for 2–3 weeks 
followed by gradually tapering. Second-line therapy 
started in absence response to steroid for 3  months. 
Different types of 2nd line therapy included splenectomy, 
immunosuppressive drugs; azathioprine, and 
thrombopoietin receptor agonists; romiplostim.

Response to therapy can be either by complete 
response as platelet count more than or equal to 
100 × 109/L and bleeding absence, response defined 
by platelet count ≥30 × 109/L and at least 2-fold rise 
of the baseline count or no response by platelet count 
<30  ×  109/L or <2-fold increase of baseline platelet 
count or bleeding [16].

The present study was approved by the 
Ethical Committee of Biotechnology and Life Sciences 
department, Faculty of Postgraduate Studies, Beni-
Suef University. It was carried on according to the 
Declaration of Helsinki involving the ethical principles 

of medical human research. A written informed consent 
was obtained from each participant.

Genomic DNA extraction

Two ml of peripheral venous blood was 
collected on a sterile vacutainer tube with anticoagulant 
of 5% ethylene diamine tetra-acetic acid. Samples were 
retained at −20°C till DNA extraction. Genomic DNA 
extraction was done in consonance with the producer’s 
protocol using DNA Purification Mini Kit (GeneJET; Cat. 
No. K0781).

Genotyping of TNFAIP3 polymorphisms

TaqMan ready-made SNP assay was 
utilized (Thermo Fisher; Cat. No.  4351379). The 
context Sequence [VIC/FAM] of rs2230926 was 
G A C T T G G TA C T G A G G A A G G C G C T G T [ G / T ]
CAGCACGCTCAAGGAAACAGACACA. The 
Context Sequence [VIC/FAM] of rs5029939 was 
G T C A C C TA A A C TA G T TA G G A G C A G A [ C / G ]
TTAAGCTAGAACCAAGGTCCCCTGG.

Genotyping TaqMan® Master Mix was 
used for DNA amplification (Thermo Fisher; Cat. 
No.  4371353). Polymerase chain reaction (PCR) 
mixture of 20 μL volume was done as 3 μL extracted 
DNA, 0.5 μL SNP assay, 10 μL Master Mix, and 6.5 μL 
distilled water.

Real-time PCR equipment (Applied 
Biosystems 7500) was utilized. Amplification started by 
holding for 30 s at 95°C followed by 40 cycles as follow: 
Denaturation at 95°C for 30 s and annealing/extension 
at 60°C for 1 min.

Statistical analysis

The data were analyzed using statistics 
software (IBM SPSS; version  18). Independent t-test 
was done for quantitative data. Chi-square and Fisher’s 
Exact test tests were used for qualitative parameters. 
Odds ratio (OR) and 95% confidence interval (CI) 
were also assessed. Linkage disequilibrium (LD) was 
mathematically calculated [17]. p ≤ 0.05 was regarded 
as significant.

Results

Our ITP cases were matched with control 
group regarding age, sex, and race (Table 1).

Duration of ITP disease at sampling ranged 
from 1 to 180 months with a median of 8.5 months. ITP 
cases were selected at different phases of the disease; 
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newly diagnosed, persistent, and chronic but all become 
chronic on follow-up (Table 1).

Clinical manifestations of ITP cases were in 
the form of cutaneous and noncutaneous bleeding 
symptoms as shown in Table 1. The median platelet 
count at the time of diagnosis was 15 × 109/L with 
a range 1.0–29.0 × 109/L while the median platelet 
count at follow-up was 118 with a range of 11.0–400. 
At sampling, corticosteroid as 1st  line therapy was 
utilized in all our cases. Twelve (10.9%) of patients 
received second-line therapy (Immunosuppressive; 
azathioprine) in combination with corticosteroids while 
splenectomy was done for four patients (3.6%). At 
follow-up of the patients, the treatment lines in use and 
patient response to therapy were assessed (Table 1).

Genetic findings among the studied 
groups

A statistical significance difference was 
detected in the allelic and genotyping frequencies 
between cases and controls regarding both variants. 

The mutant genotypes of both variants carried a risk to 
ITP disease (Table 2). LD analysis revealed a significant 
LD between rs5029939 and rs2230926 in ITP cases 
(D’ = 0.966 & r2 = 0.694).

Gender stratification for rs2230926 and 
rs5029939

By gender-matched stratification, no 
significance difference was found between males and 
females regarding the genotypic and allelic frequencies 
for both polymorphisms (Table 3).

Relations of rs2230926 and rs5029939 with 
Clinical characteristics

The mutant genotypes of both variants 
were associated with a significant non-cutaneous 
bleeding manifestations especially bleeding gum. 
No a significance difference between mutant and 
wild genotypes of both variants regarding age at 
presentation, duration and phases of disease (Table 4).

Relations of rs2230926 and rs5029939 with 
treatment lines and response

On follow-up the patients; the steroid 
dependence  was observed in rs2230926 mutant 

Table 1: Demographic, clinical criteria, and treatment modalities
Characteristics Cases (n. 110) Controls (n.110) p-value*
Age (years)

Mean±SD 33.79±14.41 30.75±11.64 0.086
Range 18–50 20–55

Gender
Male n (%) 17 (15.5) 18 (16.4) 0.854
Female n (%) 93 (84.5) 92 (83.6)

ITP phases at sampling
Newly diagnosed 35 (31.8)
Persistant 33 (30)
Chronic 42 (38.2)

Clinical Characteristics at diagnosis
Cutaneous bleeding

Petechia/purpura 105 (95.5)
Ecchymosis 44 (40)

Non-cutaneous Bleeding
Nasal bleeding 48 (43.6)
Vaginal bleeding 36 (32.7)
Gum bleeding 44 (40)

Treatment modalities at follow up
Corticosteroids 84 (76.4)
Immunosuppressive(azathioprine) 32 (29.1)
Splenectomy 8 (7.3)
TRO-RA (Romiplostim) 4 (3.6)

Response  at follow up
Complete response (≥100 × 106/ul) 19 (17.3)
Responsive (≥30 × 106/ul) 106 (96.4)
Non-responsive(<30 × 106/ul) 4 (3.6)
Steroid dependence 88 (80)
Death 1 (0.9)

*p value is significant if ≤ 0.05. TRO-RA: Thrombopoitin receptor agonist.

Table  2: Comparison between cases and controls regarding 
genetic findings
Characteristics Cases (n = 110) Controls (n = 110) OR (95% CI) p-value*

n % n %
rs2230926 T>G -- Referance at TT

Genotypes 0.015*
TT 76 69.1 88 80.0
GG 7 6.4 0 0.0
TG 27 24.5 22 20.0
GG + TG 34 30.9 22 20.0 1.79 (0.97-3.32) 0.063

Alleles 2.06 (1.18-3.60) 0.010*
T 179 81.4 198 90.0
G 41 18.6 22 10.0

rs5029939 C>G -- Referance at CC
Genotypes 0.004*

CC 65 59.1 85 77.3
GG 5 4.5 0 0.0
CG 40 36.4 25 22.7
GG + CG 45 40.9 25 22.7 2.35 (1.31-4.23) 0.004*

Alleles 2.29 (1.36-3.87) 0.002*
C 170 77.3 195 88.6
G 50 22.7 25 11.4

*p value is significant if < 0.05. CI: Confidence interval; OR: Odds ratio.

Table 3: Gender stratification for rs2230926 and rs5029939
Characteristics Cases p-value* OR (95% CI) Controls p-value* OR (95% CI)

Male (n=17) Female( n=93) Male (n=18) Female(n=92)
n % n % n % n %

rs2230926 T>G
Genotypes 0.517 -- 0.755 --

TT 12 70.6 64 68.8 14 77.8 74 80.4
GG 3 17.6 24 25.8 4 22.2 18 19.6
TG 2 11.8 5 5.4 0 0.0 0 0.0

Alleles 0.552 1.295 (0.551-3.042) 0.715 0.85 (0.36-2.02)
T 26 76.5 133 71.5 28 77.8 148 80.4
G 8 23.5 53 28.5 8 22.2 36 19.6

rs5029939 C>G
Genotypes 0.598 -- 1.000 --

CC 11 64.7 54 58.1 14 77.8 71 77.2
GG 6 35.3 34 36.6 4 22.2 21 22.8
CG 0 0.0 5 5.4 0 0.0 0 0.0

Alleles 0.663 1.18 (0.55-2.54) 0.937 1.04 (0.44-2.44)
C 22 64.7 113 60.8 28 77.8 142 77.2
G 12 35.3 73 39.2 8 22.2 42 22.8

*p value is significant if ≤ 0.05. CI: Confidence interval; OR: Odds ratio.
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genotypes, while, the administration of immunosuppressive 
drugs was noticed in the mutant rs5029939 genotypes. 
Complete response was evident in the wild genotype of 
rs2230926 with p < 0.05 (Table 5).

Discussion

ITP is greatly associated with genetic variants 
that affect the immune hemostasis [18]. TNFAIP3 
is a zinc-finger cytoplasmic protein, dumping the 
inflammatory reactions induced by NF-κB activation 
throughout various ways as nod-like receptor, toll-like 
receptor, interleukin-1, and TNF ligands [19]. TNFAIP3 
genetic defects have been associated with various 
human disorders that mainly of immune inflammatory 
nature [20].

Our study confirmed the association of 
rs2230926 and rs5029939 SNVs of TNFAIP3 with 
ITP risk and prognosis in Egyptian population. 
Regarding rs2230926; our results revealed that TT, 
GG, TG genotypic frequencies showed a statistically 
significant difference between the cases and controls 
with p  =  0.015. The G allele was found to have 
a 2.06-fold raised risk of ITP (p = 0.010, OR = 2.06 
and 95% CI = 1.18–3.60). For rs5029939; the mutant 
genotypes (GG + CG) as well the G allele were found 
to have a higher risk to ITP incidence ([OR = 2.35, 

95% CI = 1.31–4.23, p = 0.004] and [OR = 2.29, 95% 
CI = 1.36–3.87, p = 0.002]), respectively.

In concomitant to our results, Zhou et  al., 
2015 studied 222 ITP Chinese patients and 153 
healthy controls for TNFAIP3 SNPs (rs2230926 and 
rs5029939). They detected the polymorphisms by 
PCR–restriction fragment length polymorphism with 
subsequent confirmation of more than 10% of results 
by direct sequencing [10].

Regarding rs2230926, Zhou et  al., 2015 
reported that the frequencies of TT, TG, GG genotypes 
were 76.7%, 23.3% and 0%, respectively, in the case 
group versus 90.2%, 9.8% and 0% independently in 
controls (OR = 2.79, 95% CI = 1.51–5.18 and p < 0.05). 
As well G allele in ITP cases was of higher frequency 
11.6% than in controls 4.9% (OR = 2.56, 95% CI = 1.41–
4.64 and p < 0.05). Regarding rs5029939, they stated 
that the frequencies of CC, CG and GG genotypes in 
cases were 69.9%, 30.1% and 0, respectively, while 
were 92.8%, 7.2% and 0% in controls (OR = 5.57, 95% 
CI = 2.83–10.97 and p < 0.05). Furthermore, they found 
that G allele was of a higher risk to ITP (OR = 4.76, 95% 
CI = 2.47–9.17 and p < 0.05) [10].

TNFAIP3 is an essential negative regulator 
of inflammatory response induced by NF-κB [10]. The 
immune reactions induced in-vivo in mice in presence 
of A20 disturbance lead to profound activation of NF-κB 
with subsequent inflammatory response of multiple 
organs. As well, Kool et al. reported the association of 
A20 to checkpoints proteins that control DCs activation 

Table 4: Genotypic frequencies of rs2230926 and rs5029939 regarding clinical characteristics
Characteristics rs2230926 T>G rs5029939 C>G

Mutant (n = 34) Wild (n = 76) p-value* Mutant (n= 45) Wild (n= 65) p-value*
n (%) n (%) n (%) n (%)

Age at presentation (years)
Median (Range) 24.9 (10.0–59.0) 28.5 (6.0–66.4) 0.142 24.9 (19.0–32.0) 29.0 (20.0–42.0) 0.102

Duration of disease (months)
Median (Range) 16.0 (1.0–120.0) 6.5 (1.0–180) 0.074 12.0 (1.0–120.0) 7.0 (1.0–180.0) 0.174

Phase of  ITP at sampling
Newly diagnosed 8 (23.5) 27 (35.5) 0.356 12 (26.7) 23 (35.4) 0.509
Persistent 6 (17.6) 15 (19.7) 8 (17.8) 13 (20)
Chronic 20 (58.8) 34 (44.7) 25 (55.6) 29 (44.6)

Clinical  characteristics at diagnosis
Cutaneous bleeding

Peticheaa/purpura 33 (97.1) 72 (94.7) 1.000 43 (95.6) 62 (95.4) 1.000
Ecchymosis 13 (38.2) 31 (40.8) 0.801 17 (37.8) 27 (41.5) 0.692

Non-cutaneous bleeding 30 (88.2) 54 (71.1) 0.050* 40 (88.9) 44 (67.7) 0.010*
Nasal bleeding 18 (52.9) 30 (39.5) 0.188 25 (55.6) 23 (35.4) 0.036
Vaginal bleeding 12 (35.3) 24 (31.6) 0.701 19 (42.2) 17 (26.2) 0.077
Gum Bleeding 19 (55.9) 25 (32.9) 0.023* 25 (55.6) 19 (29.2) 0.006*
*p value is significant if ≤ 0.05. CI: Confidence interval; OR: Odds ratio.

Table 5: rs2230926 and rs5029939 genotypic frequencies and treatment lines and therapy response
Characteristics rs2230926 T>G rs5029939 C>G

Mutant (n = 34) Wild (n = 76) p-value* Mutant (n = 45) Wild (n = 65) p-value*
n (%) n (%) n (%) n (%)

1st line therapy at follow-up
Corticosteroids 29 (85.3) 55 (72.4) 0.140 35 (77.8) 49 (75.4) 0.771

2nd line therapy at follow-up
Immunosuppressive added  at follow-up 8 (23.5) 17(22.4) 0.107 9 (20.0) 16 (24.6) 0.013*
TRO-RA (Romiplostim) 2 (5.9) 2 (2.6)   0.586 2 (4.4) 2 (3.1) 1.000
Splenectomy 1 (3) 6 (7.8) 0.672 2 (4.5) 5 (7.6) 0.700

Response to therapy on follow-up
Complete response (≥100 × 106/ul) 1 (2.9) 18 (23.7) 0.008 * 5 (11.1) 14 (21.5) 0.155
Responsive (≥30 × 106/ul) 32 (94.1) 74 (97.4) 0.586 42(93.3) 64(98.5)
Non responsive(<30 × 106/ul) 2 (5.9) 2 (2.6) 3 (6.7) 1 (1.5) 0.303
Steroid dependence 31 (91.2) 57 (75) 0.050* 38 (84.4) 50 (76.9) 0.332
Death 0 (0) 1 (1.3) 1.000 1 (2.2) 0 (0) 0.409

*p value is significant if ≤ 0.05. CI: Confidence interval; OR: Odds ratio.
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and apoptosis. TNFAIP3 disruption of DCs regulation 
makes them highly sensitive to pro-survival signals of 
RANKL and CD40L with the overstimulation of anti-
apoptotic proteins; Bcl-x and Bcl-2. They stated that 
mice with A20 disruption DCs suffered from ectopic 
hematopoiesis and SLE [21].

The rs2230926 T>G is located in exon 3, 
with transversion substitution leads to amino acid 
change at residue 127. This substitution dampens 
the anti-inflammatory activities of A20, increasing the 
susceptibility and activity of various immunological 
disorders, for example, SLE, RA, and Sjögren’s 
syndrome [18]. The rs5029939 C>G is intronic 
transversion substitution that has been related 
to immune disturbance and systemic sclerosis 
susceptibility and prognosis [22].

Our findings demonstrated a high LD between 
the both variants (D’ = 0.966 and r2  = 0.694). This is 
matching with Bates et  al., 2009 meta-analysis for 
rs2230926 and rs5029939 in Caucasian population 
[13]. They demonstrated a strong LD between both 
variants (r2 = 0.99). As well Zhou et al., 2015 found a 
moderate LD between both variants in Chinese ethnic 
(D’ = 0.359 and r2 = 0.108) [10].

In the gender-matched analysis, we observed 
no significant difference between males and females 
for both polymorphisms < 0.001). No a statistical 
significance difference between males and females 
for rs5029939 genotypic and allelic frequencies was 
detected. In opposite to our findings, Zhou et  al., 
2015 showed a statistical significance difference for 
rs5029939 distribution between males and females that 
did not found regarding rs2230926 distribution. This 
difference can be related to ethnic variability regarding 
genetic distribution [10].

The present study documented the association 
of the non-cutaneous bleeding symptoms mainly of 
bleeding gum character in the mutant genotypes of 
rs2230926 with p = 0.05 and 0.023, respectively, as 
well in the mutant genotypes of rs5029939 with p=0.01 
and 0.006 independently. Our results demonstrated 
no a significance difference for genotypic frequencies 
of both variants regarding the age at onset of disease 
as well for the duration and phases of ITP. Also, no 
difference for both variants was found regarding the 
cutaneous bleeding symptoms.

Our results demonstrated the linkage of the 
mutant genotypes of rs2230926 with steroid dependence 
and lack of complete response with p = 0.05 and 0.008, 
respectively. As well the cases with mutant genotypes 
of rs5029939 were in need to 2nd  line therapy in form 
of immunosuppressive drugs (azathioprine) to control 
the disease (p = 0.013). We are the first to demonstrate 
these relations in ITP regarding rs2230926.

In contrast to our finding, El-hady et al. 2021 
examined rs5029939 in 40 pediatric ITP patients in 
comparison to 50 normal controls. They revealed 

no association of rs5029939 genotypic and allelic 
frequencies to risk of ITP as well to demographic data, 
clinical findings, treatment modalities, and therapeutic 
response with p > 0.05. Their findings were not matching 
to our results may be referred to the difference in sample 
size and the type of their studied subjects [23].

Our study provides a proper insight to the effect 
of TNFAIP3 SNPs in ITP risk and prognosis. Further 
studies on a large scale are recommended to establish 
them as predictors and therapeutic targets in ITP.

Defect financing was a limiting factor to our 
study to confirm our results by another technique. 
Presence of confirmation in other research of different 
ethnic was our base to establish our findings.

Conclusion

Our study concludes the pivotal role of TNFAIP3 
rs5029939 and rs2230926 polymorphisms in ITP risk 
with their high LD in the Egyptian population. The 
patients of the mutant genotypes of both variants are 
more liable to non-cutaneous bleeding manifestations 
and poor therapeutic response.

References

1.	 Lambert MP, Gernsheimer TB. Clinical updates in adult immune 
thrombocytopenia. Blood. 2017;129(21):2829-35. https://doi.
org/10.1182/blood-2017-03-754119

	 PMid:28416506
2.	 Khodadi E, Asnafi AA, Shahrabi S, et  al. Bone marrow niche 

in immune thrombocytopenia: A  focus on megakaryopoiesis. 
Ann Hematol. 2016;95(11):1765-76. https://doi.org/10.1007/
s00277-016-2703-1

	 PMid:27236577
3.	 Zufferey A, Kapur R, Semple JW. Pathogenesis and therapeutic 

mechanisms in immune thrombocytopenia (ITP). J  Clin Med. 
2017;6(2):16. https://doi.org/10.3390/jcm6020016

	 PMid:28208757
4.	 Cines DB, Bussel JB, Liebman HA, Prak ET. The ITP syndrome: 

Pathogenic and clinical diversity. Blood. 2009;113(26):6511-21. 
https://doi.org/10.1182/blood-2009-01-129155

	 PMid:19395674
5.	 Goubran H, Hart C, Othman I, Seghatchian J. Flow cytometry 

and immune thrombocytopenic purpura. Trans Apher Sci. 
2018;57(6):800-3. https://doi.org/10.1016/j.transci.2018.10.018

6.	 Xuan M, Li H, Fu R, Yang Y, Zhang D, Zhang X, et al. Association 
of ABCB1 gene polymorphisms and haplotypes with therapeutic 
efficacy of glucocorticoids in Chinese patients with immune 
thrombocytopenia. Hum Immunol. 2014;75(4):317-21. https://
doi.org/10.1016/j.humimm.2014.01.013

	 PMid:24486577
7.	 Rasi S, Rossi D, Gaidano G. TNFAIP3 (tumor necrosis factor, 

alpha-induced protein 3). Atlas Genet Cytogenet Oncol 



A - Basic Sciences� Genetics

530� https://oamjms.eu/index.php/mjms/index

Haematol. 2010;5:488-92. https://doi.org/10.4267/2042/44762
8.	 Zhao H, Wang L, Luo H, Li QZ, Zuo X. TNFAIP3 downregulation 

mediated by histone modification contributes to T-cell 
dysfunction in systemic lupus erythematosus. Rheumatology. 
2017;56(5):835-43. https://doi.org/10.1093/rheumatology/
kew508

	 PMid:28158872
9.	 Matsuzawa Y, Oshima S, Takahara M, Maeyashiki C, Nemoto Y, 

Kobayashi M, et al. TNFAIP3 promotes survival of CD4 T cells 
by restricting MTOR and promoting autophagy. Autophagy. 
2015;11(7):1052-62. https://doi.org/10.1080/15548627.2015.10
55439

	 PMid:26043155
10.	 Zhou H, Yang J, Liu L, Zhang D, Zhou K, Li H, et  al. The 

polymorphisms of tumor necrosis factor-induced protein 
3 gene may contribute to the susceptibility of chronic 
primary immune thrombocytopenia in Chinese population. 
Platelets. 2016;27(1):26-31. https://doi.org/10.3109/0953710
4.2015.1022142

	 PMid:25806576
11.	 Musone SL, Taylor KE, Lu TT, Nititham J, Ferreira RC, 

Ortmann W, et al. Multiple polymorphisms in the TNFAIP3 region 
are independently associated with systemic lupus erythematosus. 
Nat Genet. 2008;40(9):1062-4. https://doi.org/10.1038/ng.202

	 PMid:19165919
12.	 Adrianto I, Wen F, Templeton A, Wiley G, King JB, Lessard CJ, 

et  al. Association of a functional variant downstream of 
TNFAIP3 with systemic lupus erythematosus. Nat Genet. 
2011;43(3):253-8.

	 PMid:21336280
13.	 Bates JS, Lessard CJ, Leon JM, Nguyen T, Battiest LJ, 

Rodgers  J, et  al. Meta-analysis and imputation identifies a 
109  kb risk haplotype spanning TNFAIP3 associated with 
lupus nephritis and hematologic manifestations. Genes Immun. 
2009;10(5):470-7. https://doi.org/10.1038/gene.2009.31

	 PMid:19387456
14.	 Ciccacci C, Latini A, Perricone C, Conigliaro P, Colafrancesco S, 

Ceccarelli F, et  al. TNFAIP3 gene polymorphisms in three 
common autoimmune diseases: Systemic lupus erythematosus, 
rheumatoid arthritis, and primary Sjogren syndrome-association 
with disease susceptibility and clinical phenotypes in Italian 
patients. J  Immunol Res 2019;2019:6728694. https://doi.
org/10.1155/2019/6728694

	 PMid:31534975
15.	 Neunert C, Lim W, Crowther M, Cohen A, Solberg L, 

Crowther  MA. The American society of hematology 
2011 evidence-based practice guideline for immune 

thrombocytopenia. Blood. 2011;117(16):4190-207. https://doi.
org/10.1182/blood-2010-08-302984

	 PMid:21325604
16.	 Rodeghiero F, Stasi R, Gernsheimer T, Michel M, Provan D, 

Arnold DM, Bussel JB, et  al. Standardization of terminology, 
definitions and outcome criteria in immune thrombocytopenic 
purpura of adults and children: Report from an international 
working group. Blood. 2009;113(11):2386-93. https://doi.
org/10.1182/blood-2008-07-162503

	 PMid:19005182
17.	 Berger S, Schlather M, de los Campos G, Weigend S, 

Preisinger  R, Erbe M, et  al. A  scale-corrected comparison of 
linkage disequilibrium levels between genic and non-genic 
regions. PLoS One. 2015;10(10):e0141216. https://doi.
org/10.1371/journal.pone.0141216

	 PMid:26517830
18.	 Swinkels M, Rijkers M, Voorberg J, Vidarsson G, Leebeek FW, 

Jansen AJ. Emerging concepts in immune thrombocytopenia. 
Front Immunol. 2018;9:880. https://doi.org/10.3389/
fimmu.2018.00880

	 PMid:29760702
19.	 Vereecke L, Beyaert R, van Loo G. Genetic relationships 

between A20/TNFAIP3, chronic inflammation and autoimmune 
disease. Biochem Soc Trans. 2011;39(4):1086-91. https://doi.
org/10.1042/bst0391086

	 PMid:21787353
20.	 Ma A, Malynn BA. A20: Linking a complex regulator of 

ubiquitylation to immunity and human disease. Nat Rev 
Immunol. 2012;12(11):774-85. https://doi.org/10.1038/nri3313

	 PMid:23059429
21.	 Kool M, Van Loo G, Waelput W, De Prijck S, Muskens F, 

Sze  M, et  al. The ubiquitin-editing protein a20 prevents 
dendritic cell activation, recognition of apoptotic cells, and 
systemic autoimmunity. Immunity. 2011;35(1):82-96. https://doi.
org/10.1016/j.immuni.2011.05.013

	 PMid:21723156
22.	 Broen JC, Coenen MJ, Radstake TR. Genetics of systemic 

sclerosis: An update. Curr Rheumatol Rep.  2012;14(1):11-21. 
https://doi.org/10.1007/s11926-011-0221-7

	 PMid:22102179
23.	 Abd El-Hady M, Mosallam DS, Anis K, Mansour BS, 

Yassa ME. 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(12):1-9. https://doi.
org/10.1186/s43042-020-00129-6

https://oamjms.eu/index.php/mjms/index

