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Background

Nitric oxide (NO) can induce apoptosis in megakaryocytes. Stimulatory function of NO
on platelet production may be important in the pathophysiology of idiopathic thrombocy-

topenic purpura (ITP). NO is produced by three isoforms of NO synthase (NOS). The
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endothelial nitric oxide synthase (eNOS) isoform has been detected in platelets.
Polymorphism of the eNOS gene, which supplies NO synthesis, changes the functions
of this enzyme. In this study, the role of eNOS Glu298Asp gene polymorphism in etiopa-

thogenesis, its course, and treatment of ITP was investigated.

Methods

Sixty-six patients [51 newly diagnosed ITP (ND-ITP), 15 chronic ITP (CH-ITP), and 60
healthy controls (HC)] were enrolled in this study.

Results

In all patients, the frequency of the GT genotype was 48.5%. The frequency of the GG
genotype was determined to be 40.9% and the TT genotype was 10.6%. The most com-
mon allele in all patients was the G allele. eNOS Glu298Asp gene polymorphism might
be arisk factor in the etiopathogenesis of ITP. Patients with the GG genotype were thought
to have a high intention for CH-ITP. Patients with the GG genotype responded effectively
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to medical treatment using IVIG therapy. The presence of the G allele was observed to
have a positive effect on the medical treatment of patients with CH-ITP, whereas the T
allele exhibited a negative effect.

In the present study, a significant correlation was found between ITP and eNOS
Glu298Asp gene polymorphism. This correlation suggested that eNOS Glu298Asp gene
polymorphism might be a risk factor in the ethiopathogenesis of ITP.

Idiopathic thrombocytopenic purpura (ITP), Endothelial nitric oxide
synthase (eNOS), Glu298Asp gene, Polymorphism

INTRODUCTION

Oxidative stress and free radicals may be responsible for
the pathogenesis and prognosis of idiopathic thrombocyto-
penic purpura (ITP), which is an autoimmune disorder.
Under oxidative stress, lipoproteins and lipids in the cellular
structure that undergo peroxidation. ITP-associated platelet
destruction and bleeding may play a significant role in the
elevation of lipid peroxidation and reduction in the anti-
oxidant capacity of these patients [1-3].

High doses of nitric oxide (NO) result in the formation
of toxic molecule peroxynitrite in the presence of cellular
superoxide anion. Peroxynitrite may cause cellular injury
with lipid peroxidation, DNA fragmentation and depletion
of plasma antioxidants [4-7]. NO plays a critical role in pre-
venting thrombus formation and leukocyte adhesion to
endothelium. Its insufficient production is associated with
thrombosis in clinical disorders of humans. It suppresses
exocytosis of Weibel-Palade bodies, endothelial granules that
mediate vascular inflammation and thrombosis, by regulating
the activity of nethylmaleimide sensitive factor (NSF). NSF
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is a key component of the exocytic machinery, and NO
inhibits NSF-mediated disassembly of soluble NSF attach-
ment protein receptor complexes by nitrosylating critical
cysteine residues of the factor [8].

An important mode of inactivation of NO is its reaction
with superoxide anions to form the potent oxidant
peroxynitrite. This compound can cause oxidative damage
of biomolecules including proteins, lipids, and DNA [9].

Stimulatory function of NO on platelet production may
be important in the pathophysiology of ITP. It also has im-
portant effects on platelets, mainly the inhibition of platelet
aggregation [5]. Exogenous and endogenous forms of NO
can induce apoptosis in megakaryocytes [10]. Previous stud-
ies have been conducted to explore the role of NO in the
terminal stages of megakaryocytopoiesis, including mega-
karyocyte death [11]. Thrombopoetin acting at early stages
of platelet formation is essential for proplatelet development,
while NO is involved in the later platelet release phase.
The concept of NO in megakaryocyte differentiation has
clinical relevance because a NO depleted state could lead
to increased numbers of megakaryocytes, but not increased
platelet production [5].

NO is produced by three isoforms of NO synthase (NOS)
(nNOS, iNOS, eNOS). Endothelial nitric oxide synthase
(eNOS) is mostly expressed in endothelial cells. The isozyme
has also been detected in platelets [9].

Polymorphism of the eNOS, gene which supplies nitric
oxide synthesis, changes the functions of this enzyme. In
this study, we investigated the role of eNOS Glu298Asp
gene polymorphism in etiopathogenesis, its course and treat-
ment of ITP. We described polymorphisms in patients with
ITP for the first time.

MATERIALS AND METHODS

This was a prospective study. Sixty-six patients including
51 newly diagnosed ITP (ND-ITP) and 15 chronic ITP
(CH-ITP), and 60 healthy controls (HC) were enrolled in
this study (Table 1).

The diagnosis of ND-ITP was made by detecting isolated
thrombocytopenia (platelet counts less than 150x10°/L), ex-
amining bone marrow aspiration biopsy specimens, and ex-
cluding other causes of thrombocytopenia. Patients with he-
reditary thrombocytopenia, active inflammation, antinuclear
antibodies, a positive direct Coombs test, splenomegaly, and
those receiving blood transfusion and/or drug therapy were
excluded from the study.

The term ND-ITP was defined for all cases at diagnosis
(within 3 months from diagnosis). The term CH-ITP was
defined for patients with ITP lasting more than 12 months
[12]. The treatment used was randomly selected among high-
er doses of methylprednisolone (HDMP, 30 mg/kg/d for 3,
and then 20 mg/kg/d for 4 days), standard dose prednisolone
(SDP, 2 mg/kg/day, over several weeks with a taper), intra-
venous immune globulin (IVIG, 0.5 mg/kg for 5 days), and
anti-D (50 pg/kg) [13].

Accepted criteria for treatment responses were based on
platelet counts as follows: 1) complete response, =100x10"/L;
2) partial response, 50-100x10°/L; 3) mild response, <50x107/L
without any need for treatment, 4) unresponsive or refractory
to treatment, <50x10°/L, and requirement for treatment
[14]. Approval from the Ethics Committee (FUBAP 1598),
and informed consent of the parents were obtained.

Venous blood samples obtained after 8-12 h fasting from
cases diagnosed as ITP at the time of diagnosis were collected
in tubes with K-EDTA for complete blood count, and each

Table 1. Demographic characteristics in idiopathic thrombocytopenic purpura (ITP) and control groups.

Total ITP (a) ND-ITP (b) CH-ITP (c) HC (d) P<0.05
N 66 51 15 60
Age (mean=SD, yr) 7.24+3.90 6.33+3.62 10.33+3.26 7.45+3.76 b-c, c-d
Sex (%) 34 M/32 F (52/48) 29 M/22 F (57/43) 5 M/10 F (33/67) 39 M/21 F (65/35) b-c, c-d

Abbreviations: F, female; M, male; Mean, arithmetic mean; N, patient number; SD, standard deviation.

Promoter Promoter
region region Exon 7 Intron 18
T(-1,468)A T(-786)C G894T A27C
l l AUG 1 234 5 lS 9 1013 14 16 17 l 2022 23 24 26

5! L1 113 8 ! 1 8 I 2 @ 3!

Promoter Intron 4 Intron 13 Intron 23
region VNTR (CA), G10T Fig. 1. eNOS gene polymorphisms

A(-922)G (27 bp)ss repeat (exon 7: G894T polymorphism=

Glu298Asp polymorphism) [15].
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sample was kept frozen at -20°C until the time of isolation
and DNA analysis. Blood samples were obtained from the
control group who consulted with the healthy children poly-
clinic (polyclinics of Department of Healthy Children). The
control group consisted of patients without any history of
ITP or other diseases and bone marrow depressant use. Any
blood samples obtained were subjected to the same
above-mentioned conditions.

DNA purification was realized using a Wizard Genomic
DNA Purification Kit (Promega, Madison, WI, USA). The
primer used (oligonucleotide) in the analysis was purchased
from Bio Basic (Bio Basic Inc., Ontario, Canada). General
directions of usage were followed for the isolation of DNA.
Nucleotide sequence of the purchased primer (primer se-
quences of eNOS gene) manifested F-5-AAG GCA GGA
GAC AGT GGA TGG A-3, R-5-CCC AGT CAA TCC CIT TGG
TGC TCA-3’ polymorphisms (Fig. 1, Table 2). Polymorphisms
were determined by Restriction Fragment Length Polymorphism-
Polymerase Chain Reaction (RFLP-PCR).

The fragment Ban II belonging to the locus Glu298Asp
GG/GT/TT genotype was amplified by PCR, cleaved by re-
striction endonuclease, subjected to 2% agarose gel electro-
phoresis, and genotyped. eNOS Glu298Asp gene poly-
morphism is shown in Fig. 1 [15]. As seen in Fig. 2 the
T allele was detected at 248 base couple (bc), and G allele
at 163 and 85 bc bands, respectively.

Statistical analysis was performed using the SPSS v. 12
package program. For intra- and intergroup analyses, a one-way
analysis of variance (ANOVA) was applied, and for post-
ANOVA tests, LSD and Tukey B tests were used. Differences
in genotype distribution were evaluated using a chi-square
test. The significance of G and T allele frequencies was eval-

Table 2. Primer sequences of the eNOS gene.

F-5"-AAGGCAGGAGACAGTGGATGGA 3’
R-5-CCCAGTCAATCCCTTTGGTGCTCA 3’

uated using Fisher’s Exact Test. A P<0.05 was considered
to be statistically significant.

RESULTS

Demographic characteristics of patients with ITP and the
control group are shown in Table 2. In all patients with
ITP and the ND-ITP, CH-ITP and HC groups, the frequencies
of the GG genotype were recorded as 40.9%, 39.2%, 46.7%
and 21.7%, respectively. The frequencies of the GT genotype
were 48.5%, 51%, 40%, 70%, and the TT genotype were
10.6%, 9.8%, 13.3% and 8.3%, respectively. The GT genotype
was the most common genotype in all patients with ITP
among the ND-ITP and HC groups, while the GG genotype
was predominantly found in patients with CH-ITP. The G
allele was the most common allele in all patients with ITP
among the ND-ITP and HC groups (Fig. 3, Table 3, 4).

Patients with the GG genotype were considered to have
high intention for a chronic disease due to the high frequency
of the GG genotype identified in patients with CH-ITP
(P<0.05). Patients with ND-ITP, CH-ITP and possessing
the GG genotype responded effectively to medical treatment
using IVIG therapy (except anti-D). Patients with CH-ITP
and possessing the GG and TT genotypes responded with
resistance to medical treatment (Table 5, 6). The presence
of a G allele had a positive effect on the medical treatment
of patients with CH-ITP, whereas the T allele exhibited
a negative effect. However, patients with GT and TT geno-
types in the CH-ITP group were resistant to medical therapy
(Table 6).

DISCUSSION

Pathogenesis of ITP includes autoimmune mechanisms
resulting in cellular damage with the formation of hydrogen
peroxide which is an oxidant yield. Oxidative stress and
free radicals may be responsible for the pathogenesis of ITP [7].
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Fig. 3. Dispersion of eNOS Glu298Asp G/T genotype in the patient and
control groups. 1a-4a=/P<0.05, 1b-4b=/,<0.05, 3c-4c=P<0.05,
2a-4a=P<0.05, 2b-4b=P<0.05, 3a-4a=P<0.05, 3b-4b=P<0.05.

NO, which was initially described as the endothelial de-
rived relaxation factor, is an important messenger molecule
involved in many physiological and pathological processes
[16]. It is believed to be a major mediator in autoimmune
diseases and is synthesized from arginine through the NOS
enzyme [15-18]. NO concentration in the body regularly
fluctuates at low levels and is controlled by eNOS and nNOS
[6].

Endothelium derived NO causes vasorelaxation and also
inhibits platelet adhesion and aggregation. Therefore, it
maintains blood fluidity and prevents thrombosis. An im-
portant function of NO is the modulation of platelet pro-
duction from the megakaryocytes. ITP can be associated
with a decrease in NO bioavailability. Some of the treatment
modalities for ITP may be exerting beneficial effects by in-
creasing the levels of NO and thus improving platelet pro-
duction [5, 15-18].

Table 3. Dispersion of genotype and frequency of G/T allele of eNOS gene polymorphism in the patient and control groups.

Total ITP N=66 (1) ND-ITP N=51 (2) CH-ITP N=15 (3) HC N=60 (4) P<0.05
G/T dispersion of genotype
GG (N, %) 27 (40.9) 20(39.2) 7 (46.7) 13 (21.7) 1-4
2-4
3-4
GT (N, %) 32 (48.5) 26 (51) 6 (40) 42 (70) 1-4
2-4
3-4
TT (N, %) 7 (10.6) 5(9.8) 2 (13.3) 5(8.3) 3-4
Frequency of allele
G (N, %) 86 (65.1) 66 (64.7) 20 (66.7) 68 (56.7) 1-4
2-4
3-4
T(N, %) 46 (34.8) 36 (35.3) 10 (33.3) 52 (43.3) 1-4
3-4

Abbreviation: ITP, idiopathic thrombocytopenic purpura.

Table 4. Distribution of eNOS Glu298Asp GG/GT/TT genotypes among groups and its relation with age and thrombocyte parameters.

ND-ITP (1) CH-ITP (2) HC (3)
GG GT T GG GT T GG GT T
N=20 (a) N=26 (b) N=5 (c) N=7 (a) N=6 (b) N=2 (c) N=13 (a) N=42 (b) N=5 (c)
Age (yr) 5.92+3.80 6.11£3.47 9.1+2.96 10.42+2.68 9.75£3.56  11.75%6.01 8.57+4.35 7.51+3.56 4+1.62
(mean=SD)
P NS NS 3a-3¢=P<0.05, 3b-3c=P<0.05
Platelet 15.30£13.60 15.06+13.58 5.40+3.50 24.71=30.7 8.16+4.02 28.0+35.35 304.4+71.56 332.80+=83.51 363.20%69.11
(10°/D)
(mean=SD)
P 1a-1c=P<0.05 2a-2b=P<0.05, 2b-2c=P<0.05 NS
MPV (fL) 11.8+x12.02  11.99+1.54 1228+0.70 12.51=1.41 13.30£3.65  12.60+0.56 10.95+1.82  10.32+1.58 10.98%+1.82
(mean=SD)
P 1a-1c=P<0.05 NS NS
PDW 33.89+£7.36  30.98+8.15 32.52+9.82 33.80=7.95 38.13+9.39 34.25+4.59 29.67+5.74  31.59+6.76  27.16*6.86
(mean=SD)
P NS NS NS

Abbreviation: NS, not significant.
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Table 5. Treatment responses categorized according to genotypes
of the patients in the ND-ITP group.

ND-ITP (N=51)

GG genotype 4 (HDMP, 2 [50%] CR, 1[25%] PR, 1[25%] UR)

(N=20, 39.2%) 3 (SDP, 2 [66.6%] CR, 1[33.3%] UR)
5 (IVIG, [100%] CR)
7 (anti-D, 2 [28.5%] CR
1[14.25%] PR, 4 [57%] UR)
GT genotype 6 (HDMP, 5 [83.3%] CR)
(N=26,51%) 3 (SDP, 3 [100%] UR)
10 (IVIG, 8 [80%] CR)
5 (anti-D, 1 [20%] CR)
TT genotype 1 (HDMP, 1 [100%] CR)
(N=5, 9.8%) 1 (SDP, 1 [100%] CR)
2 (anti-D, 2 [100%] CR)

Abbreviations: CR, complete response; PR, partial response; UR,
unresponsive.

High doses of NO results in the formation of the toxic
molecule peroxynitrite in the presence of cellular superoxide
anion. Peroxynitrite can cause cellular injury with lipid per-
oxidation, DNA fragmentation and depletion of plasma
antioxidants. Polymorphism of the eNOS gene which sup-
plies NO synthesis changes the functions of this enzyme
[4-7]. We wanted to investigate role of eNOS gene Glu298Asp
polymorphism in ITP pathogenesis.

Of the 5 cases diagnosed as infants with ITP in our study,
the GG genotype was observed in 3 cases and the GT genotype
in 2 cases. Our infant ITP cases did not become chronic
and no significant result was obtained in the low number
of infants who had ITP.

NO is produced by three isoforms of NOS and these iso-
forms are encoded by different genes. The localization, regu-
lation, catalytic properties, and inhibitory sensitivities of
each isoform are different. Neuronal NOS (nNOS, NOS I)
is constitutively expressed in central and peripheral neurons
and some other cell types. Its functions include synaptic
plasticity in the central nervous system, central regulation
of blood pressure, smooth muscle relaxation, and vaso-
dilatation via peripheral nitrergic nerves. Inducible NOS
(iNOS, NOS II) can be expressed in many cell types in re-
sponse to lipopolysaccharide, cytokines, or other agents.
iNOS generates large amounts of NO that have cytostatic
effects on parasitic target cells. iNOS contributes to the patho-
physiology of inflammatory diseases and septic shock.
Endothelial NOS (eNOS, NOS III) is mostly expressed in
endothelial cells. The isozyme has also been detected in
platelets, cardiac myocytes, neurons, syncytiotrophoblasts
of the human placenta and kidney tubular epithelial cells.
It keeps blood vessels dilated, controls blood pressure, and
has numerous other vasoprotective and anti-atherosclerotic
effects [9, 16].

There are approximately 161 single nucleotide poly-
morphisms identified in the eNOS gene to date. The eNOS
gene is located on chromosome 7g35-36 and comprises 26
exons. Glu298Asp polymorphism occurs in the seventh exon

Table 6 Treatment responses categorized according to genotypes
of the patients in the CH-ITP group.

CH-ITP (N=15)
Complete response 3 (GG, IVIG)
(N=3, 20%)
Partial response
(N=4, 27.7%)
Refractory to treatment 4 (GT)
(N=8, 53.3%) 3 (GG)
1(TT)
GG genotype 6 (4 HDMP, 1 SDP, 2 IVIG, 1 [50%] CR,
(N=7, 46.7%) 1 [50%] PR-Anti-D CR)
GT genotype 4 (HDMP, 2 [50%] CR, 2 [50%)]
(N=6 40%) PR-Vincristine [100%] CR-splenectomi)

1 (SDP, 1 [100%] UR-splenectomi)
1 (IVIG, 1 [100%] PR)
TT genotype 1 (HDMP 1 [100%] UR-IVIG [100%] PR)
(N=2; 13.3%) 1 (SDP, 1 [100%] PR-IVIG [100%] UR)

Abbreviations: CR, complete response; PR, partial response; UR,
unresponsive.

of the eNOS gene by replacing the guanine (G) nucleotide
with thymine (T). Glu298Asp polymorphism, which is of
functional importance as it causes the conversion of gluta-
mate (Glu) 298 to aspartate (Asp) in the structure of the
enzyme and changes the protein sequence. This causes
changes in enzyme function. In view of the physiological
and pathophysiological importance of NO, the potential role
of eNOS in the pathogenesis of various human diseases has
been examined using its polymorphic variants as potential
disease markers [19].

A relationship may exist between polymorphisms in the
eNOS gene and NO level. eNOS Glu298Asp gene poly-
morphism has been recorded to reduce basal NO release
and is associated with the development of athero-
sclerosis/hypertension [20].

A significantly lower nitrite/nitrate level was found in
exon 7 Glu298Asp gene polymorphism in patients with coro-
nary artery disease and those carrying the TT genotype and
T allele [21]. We believe that the mechanisms affecting NO
level could cause ITP pathogenesis and different subtypes.

The most common genotype in the ITP group was the
GT genotype. The GG genotype was found predominantly
in patients with CH-ITP. The G allele was the most common
allele in the ND-ITP and HC groups (Fig 3, Table 3).

The presence of mutations in different disease groups has
been studied to determine whether a relationship between
eNOS gene polymorphisms and various diseases exists.
Glu298Asp polymorphism is significantly higher in auto-
immune diseases (e.g., systemic lupus erythematosus, rheu-
matoid arthritis, Behget’s disease, Sjogren’s syndrome, vascu-
litis, Takayasu’s arteritis, Henoch Schoénlein purpura, poly-
arteritis nodosa, Wegener granulomatosis, and Churg Straus
syndrome) than healthy controls [22, 23]. eNOS poly-
morphisms that cause reduced NO production are associated
with preeclampsia [24]. Although eNOS polymorphism has
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been studied in many autoimmune diseases, we did not iden-
tify any research on eNOS activity or eNOS Glu298Asp poly-
morphism in ITP.

In the ND-ITP group with the GG genotype; a better
response to IVIG and SDP treatment occurred, while the
response to anti-D was low. Those in the GT genotype ap-
peared to respond better to HDMP and IVIG therapy, and
they did not respond to SDP. Response to medical therapy
in the TT genotype was excellent (Table 5). The response
to medical therapy in the GG genotype was good in the
CH-ITP group. Finally, treatment resistance was detected
in the GT genotype and partial response was detected in
the TT genotype (Table 6).

In conclusion in the present study, a significant correlation
was found between ITP and eNOS Glu298Asp gene
polymorphism. This correlation infers that eNOS Glu298Asp
gene polymorphism might be a risk factor in the ethiopatho-
genesis of ITP. Patients with the GG genotype had a high
intention for having a CH-ITP. Patients with ND-ITP,
CH-ITP and those with the GG genotype responded effec-
tively to medical treatment with IVIG therapy. The G allele
exhibited a positive effect on the medical treatment of pa-
tients with CH-ITP, while the T allele exhibited a negative effect.
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