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Abstract

Purpose: The pathogenesis of immune thrombocytopenia (ITP) have not yet been clarified. Bone marrow is an important sample source for studying the
pathogenic mechanisms of ITP. In ITP bone marrow biopsy samples; it was desired to evaluate the effects of oxidative stress, apoptosis and antiapoptosis, which
are accused in the etiology, by performing ghrelin, heat shock protein (Hsp)-70, Bcl-2 and Bax staining. The role of these parameters in the pathogenesis of ITP
was investigated. The answer to the question of whether ITP can be predicted to be Newly Diagnosed (ndITP) or Chronic (cITP) was investigated with ghrelin,
Hsp-70, Bcl-2 and Bax dye.

Methods: Bone marrow biopsy samples of 45 retrospectively evaluated cases with ndITP (n: 23) and cITP (n: 22) were included in the study. The healthy
Control Group (C) was consisted of 20 cases. Bone marrow examination samples taken on paraffin blocks were immunohistochemically; stained with ghrelin,
Hsp-70, Bcl-2 and Bax.

Results: Among the antioxidant parameters (ghrelin, Bcl-2, Hsp-70), only low ghrelin was detected. Ghrelin staining prevalence and score in cITP was
lower than in ndITP (p<0.05). Ghrelin staining intensity was lower than ndITP and Control (p<0.05). Bax staining intensity was lower in all ITP cases compared
to Control (p<0.05). Ghrelin/Bax staining score ratio was lower in cITP compared to ndITP (p<0.05).

Conclusion: Antioxidant levels were found to be lower in ITP. Antioxidant level was lowest in cITP. Low levels of antioxidants in the bone marrow may

indicate the diagnosis of ITP and the possibility of its chronicity.

INTRODUCTION and denaturation of many proteins [5]. Ghrelin prevents
cells from undergoing apoptosis by inhibiting the
activation of the nuclear factor-kB pathway. Ghrelin
suppresses apoptosis by stimulating Hsp-70 expression.
The positive correlation has been shown between Hsp-
70 concentration and platelet counts. Hsp-70 can play an
immunosuppressive role [6,7].

Immune thrombocytopenia (ITP) is an acquired and
heterogeneous autoimmune-mediated hematological
disease typically characterized by a low platelet count
[1,2]. The aetiology and pathogenesis of ITP have not
yet been clarified [3]. Antiplatelet antibodies cannot be
detected in at least 20% of patients with ITP [4].

Emerging evidence over the past several years suggests
that platelet biogenesis and ageing are regulated, at least
in part, by apoptotic mechanisms [1,2]. Apoptosis; it
is regulated by the balance between antiapoptotic and
proapoptotic proteins. The control and regulation of these
apoptotic mitochondrial events occurs through members
Heat shock protein (Hsp)s prevent the aggregation of the Bcl-2 family of proteins. The platelet life span is

Ghrelin plays an important role in both physiological
and pathological processes, such as inhibition of
inflammation, and regulation of immune function. Several
studies have shown that ghrelin has anti-apoptotic and
protective effects on various cell types [5].
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governed by the interplay between Bcl-2 family proteins.
These proteins have special significance since they can
determine if the cell commits to apoptosis process. Ghrelin
exerts a protective effect by regulating the ratio of Bcl-2
and Bax. The Bcl-2/Bax ratio is considered the key of death
[1,5,8-10].

Bone marrow is an important sample source for
studying the pathogenic mechanisms of ITP [11). Different
mechanisms may play a role in the pathogenesis of ITP.
In ITP, plasma samples; apoptosis and antiapoptosis
with oxidant and antioxidant mechanism have also been
evaluated [1,10,12]. However, evaluation at the tissue
level (bone marrow biopsy samples) has not yet been
performed. In ITP bone marrow biopsy samples; it was
desired to evaluate the effects of oxidative stress, apoptosis
and antiapoptosis, which are accused in the etiology,
by performing ghrelin, Hsp-70, Bcl-2 and Bax staining.
The role of these parameters in the pathogenesis of ITP
was investigated. The answer to the question of whether
ITP can be predicted to be Newly Diagnosed (ndITP) or
Chronic (cITP) was investigated with ghrelin, Hsp-70, Bcl-
2 and Bax dye.

METHODS
Patients and ethical statements

This study enrolled 45 ITP children (aged 1-17 years)
diagnosed in the University of Firat, Faculty of Medicine,
Pediatric Hematology Oncology Department from August
2015 to August 2020. Twenty healthy children between 1
and 17 years were also enrolled in the study as controls.
The diagnosis was done following the International
Working Group (IWG) consensus criteria based on the
exclusion of other infections leading to thrombocytopenia,
including autoimmune diseases. As stipulated by the IWG,
patients diagnosed within the previous 3 months were
regarded as new diagnosis immune thrombocytopenia
(ndITP), and children with ITP diagnosed over 12 months
were regarded as chronic ITP (cITP). Twentythree out
of the 45 ITP children were reported as the ndITP, while
22 children were reported to be in the cITP phase. The
patients’ management was done following the IWG
consensus [13, 14]. Age, sex and complete blood count
data were obtained during the study and control group
enrolment (Table 1). All cases were statistically evaluated
in terms of prevalence, intensity and staining score
separately for ghrelin, Hsp-70, Bcl-2 and bax (Table 2). The
ITP and healthy controls’ characteristics are presented in
Table 1. The study was authorized by the Ethical Review
Board of University of Firat, Faculty of Medicine under the
ethical number TF.13.51. Written consent was obtained
from the guardians of all the children included in the

Table 1: The characteristics of the ITP children and the healthy controls

DlAl\(I}I;:\J“OISIS CHRONIC TOTAL CONTROL
(n=23) (n=22) (n=45) (n=20)
( - +SD) (meant+SD) (mean+SD) (mean+SD)
(rrrrll(?ra:r;lax) (min-max) (min-max) (min-max)
(F:;:ie{n)/ 11/12 12/10 23/22 7/13
47.8/52.2 54.5/45.5 51.11/48.88 35/65
Mare () (o) (78/522) | (545/455) | (5111/4888)  (35/65)
Age (Year) 6,73+4,79 10,2745,06 8.13+5.21 7,37+5,32
g (1-16) (1-17) (1-17) (1-17)
Platelet 23,9+£23,00a | 33,4+31,07a | 28,6%27,00a 46?'157228(?'15
9 _ ~ . ,00-
(x10°/L) (1,73-84,00) | (3,00-129,00) | (1,73-129,00) 862,00)
Hemoglobin 12,2+1,08 13,1+1,67a 12,6+1,37 11,6%1,24
(g/dL) (10,6-14,9) (7,8-15,4) (7,8-15,4) (9,5-13,3)
8,66+2,62 7,96£2,29 8,31+2,45 9,56%3,66
o , ) ) ) , S ) )
WBC (x10°/L) (3,9-14,9) (3,91-15,1) (3,90-15,1) (4,5-17,5)

Data were expressed as meanzstandard deviation. a. p<0.05 of the current group
compared to the Control Group b. p<0.05 of the current group compared to the
ndITP Group

Table 2: Scoring system for cytoplasmic histochemical staining

STAINING STAINING SCORE
STAINING PREVALENCE INTENSITY (Prevalence+Intensity)
No staining: 0 Negative: 0 0: Negative
<10%: 1 Weak: 1 lor2:+1
10-50%: 2 Medium: 2 3or4:+2
<50%: 3 Strong: 3 5or6:+3

study. The study was done retrospectively. Bone marrow
examination samples taken on paraffin blocks were
immunohistochemically; stained with ghrelin, Hsp-70, Bcl-
2 and Bax.

Immunohistochemical Staining

After the H&E stained archive preparations of the
cases were re-examined with light microscopy and the
diagnosis was confirmed, 4 micrometer-thick sections
were taken from paraffin blocks for immunohistochemical
(IHC) application. Sections obtained from the blocks of the
cases were taken on polylysine-coated slides. The slides
were first kept in an oven at 602C for 10 minutes, then
ghrelin (Boster, Rabbit Anti-ghrelin Polyclonal Antibody,
100 pl, 1/100, USA), Hsp-70 (Novus, Rabbit Anti-Hsp70
Polyclonal Antibody, 100 pl, 1/100, USA), Bcl-2 (Boster,
Rabbit AntiBcl-2 Polyclonal antibodies, 100 pl, 1/100,
USA) and Bax (Santacruz, Rabbit Anti-Bax Polyclonal
Antibody, 100 pl, 1/100, USA) They were processed in an
automatic stainer (Ventana Medical System, SN: 712299,
REF: 750-700, Arizona, USA) for staining. After treatment
with primary antibody, slides were washed in tap water
and covered with ultramount. Samples of salivary gland
tissue were used for Hsp-70 and ghrelin, and tonsil tissue
samples were used for Bcl-2 and Bax as positive controls.
Slides stained with antibodies were evaluated under an
Olympus BX51 light microscope. Imaging was done with
the Olympus DP71. Cytoplasmic staining was considered
positive for all three stains. The extent of the positive

Ann Pediatr Child Health 13(1): 1348 (2025)

2/10



@SCiMedCentral

AKARSU S, et al. (2025)

staining areas and the intensity of the staining were
recordedinall cases. Forall cases, those with demonstrative
properties were selected as “reference preparations” and
microscopic photography was performed. The values
obtained from both evaluations were summed up and the
staining score was obtained from this sum [15].

Staining prevalence (No staining: 0, <10% Minimal:
1, 10-50% Moderate: 2, >50% Common: 3), intensity
(Negative: 0, Weak: 1, Moderate: 2, Strong: 3) and score
(Negative: 0, Weak positive [1+]: 1 or 2, Moderate
positive [2++]: 3 or 4, Strong positive [3+++]: 5 or 6) were
determined (Table 2) [15].

Statistical analysis

Data were expressed as mean#standard deviation.
Chi-square test was used for categorical data, Kruskal-
Wallis test was used for nonparametric data analysis, and
Spearman Correlation analysis was used for correlation
analysis to analyze the differences between the control
and patient groups.

Allbone marrow biopsy specimens were simultaneously
stained with ghrelin, Hsp-70, Bcl-2 and Bax and evaluated
by the same person.

RESULTS

Demographic characteristics of the groups are given in
Table 1. There was no statistically significant difference
between the groups in terms of age and gender (p>0.05).

In cITP, ghrelin staining prevalence and score were
statistically significantly lower than ndITP. Ghrelin
staining intensity was 8.69% in ndITP and 5% (+++) in
the control group. In cases with cITP (+++), there was no
intense staining. Ghrelin staining intensity, in cases with
cITP; were lower than ndITP and control groups (p<0.05)
(Table 3, Figure 1 and 2). Ghrelin staining prevalence and
score were 52.1% in ndITP, 13.6% in cITP, and 25% (+++)
in the control group (p<0.05).

Hsp-70 staining prevalence, intensity and score were
not different in the groups (Table 3, Figure 3). Bax staining
intensity was 8.69% in ndITP, 4.54% in cITP and 15%
in the control group (+++). Bax staining intensity was
statistically significantly lower in all ITP cases compared
to the control group (p<0.05). Bax staining prevalence
was 43.4% in ndITP, 68.1% in cITP and 60% in the control
group (+++). There was no difference in the extent and
score of Bax staining (Table 3, Figure 4-6). Bcl-2 staining
prevalence, intensity and score were not different between
the groups (Table 3, Figure 7).

Table 3: Ghrelin, Hsp-70, Bax and Bcl-2 staining evaluation in ITP and
Control Groups

NEW
DIAGNOSIS CHRONIC TOTAL CONTROL
Ghrelin (n=23) (n=22) (n=45) (n=20)
(meanxSD) (mean+SD) (mean+SD) | (mean+SD)
(min-max) (min-max) (min-max) = (min-max)
2,43+0,66 1,72+0,70b 2,08+0,76 2,10+0,64
Prevalence
(1-3) (1-3) (1-3) (1-3)
. 1,82+0,57 1,27+0,45ab 1,55+0,58a | 1,85+0,48
Intensity
(1-3) (1-2) (1-3) (1-3)
S 2,43+0,66 1,72+0,70b 2,08+0,76 2,10+0,64
core
(1-3) (1-3) (1-3) (1-3)
Hsp-70
2,60+0,49 2,72+0,45 2,66+0,47 2,45+0,60
Prevalence
(2-3) (2-3) (2-3) (1-3)
. 2,17+0,57 2,18+0,45 2,17+0,49 2,20+0,69
Intensity
(1-3) (2-3) (2-3) (1-3)
2,60+0,49 2,72+0,45 2,66+0,47 2,45+0,60
Score
(2-3) (2-3) (2-3) (1-3)
Bax
2,39+0,58 2,68+0,47 2,53+0,54 2,60+0,50
Prevalence
(1-3) (2-3) (1-3) (2-3)
. 1,86+0,54 1,95+0,37 1,91+0,46a | 2,15+0,36
Intensity
(1-3) (1-3) (1-3) (2-3)
2,39+0,58 2,68+0,47 2,53+0,54 2,60£0,50
Score
(1-3) (2-3) (1-3) (2-3)
Bcl-2
0,13+0,45 0,18+0,58 0,15+0,52 0,25+0,63
Prevalence
(0-2) (0-2) (0-2) (0-2)
. 1,00+0,00 1,04+0,21 1,02+0,14 1,00+0,00
Intensity
(1-1) (1-2) (1-2) (1-1)
1,04+0,20 1,09+0,29 1,06+0,25 1,10+0,30
Score
(1-2) (1-2) (1-2) (1-2)

a. p<0.05 of the current group compared to the Control Group b. p<0.05 of the
current group compared to the ndITP Group

In the evaluation of oxidant/antioxidant ratios, Bax/
Ghrelin staining score ratio was statistically significantly
higherin cases with cITP than in cases with ndITP (p<0.05).
Inthe evaluation of antioxidant/oxidantratios, Ghrelin/Bax
staining score ratio was lower in cITP compared to ndITP
(p<0.05). In the evaluation of antioxidant/antioxidant
ratios, Bcl-2/Ghrelin staining score ratio was statistically
significantly higher in patients with cITP than in patients
with ndITP (p<0.05). The Hsp-70/Ghrelin staining score
ratio was significantly higher in patients with cITP than in
both ndITP and control groups (p<0.05) (Table 4).

DISCUSSION

In children, ITP mostly presents itself in a self-limiting
manner for a maximum of 12 months in the presence
or absence of treatment, and the platelet counts may
eventually return to normalcy. Nevertheless, in about 20%
of the newly diagnosed childhood cases, the ITP develops
to the chronic form defined based on the standardization
criteria [7].
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Figure 1 Ghrelin staining in a) ndITP (++), b) cITP (+) and c) Control Group (++) staining intensity (Immunperoxidase, X200).
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Figure 3 Hsp-70 staining intensity in a) ndITP (+++), b) cITP (+++) and c) Control (+++) Group (Immunperoxidase, X200)

Figure 5 Bax staining intensity in a) cITP (++) and b) Control (+++) Group (Immunperoxidase, X200).
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Table 4: Staining score ratios

TOTAL | NEW DIAGNOSIS CHRONIC CONTROL
Oxidant / (n=45) (n=23) (n=22) (n=20)
Antioxdant
(meanxSD) (mean%SD) (mean%SD) (meanxSD)
(min-max) (min-max) (min-max) (min-max)
2,43+0,58 2,3240,59 2,54+0,57 2,50+0,68
Bax/Bcl-2
(1-3) (1-3) (1,5-3) (1-3)
0,97+0,26 0,94+0,28 1,00+0,23 1,13+0,36
Bax/Hsp-70
(0,33-1,5) (0,33-1,5) (0,67-1,5) (0,67-2)
1,44+0,76 1,07+0,51 1,82+0,81b 1,40+0,65
Bax /Ghrelin
(0,33-3) (0,33-3) (0,67-3) (0,67-3)
Antioksidant/
Oksidant
0,46+0,15 0,41+0,11 0,44+0,13 0,45+0,20
Bcl-2/Bax
(0,33-1) (0,33-0,67) (0,33-1) (0,33-1)
1,17+0,48 1,04+0,24 1,11+0,38 0,97+0,31
Hsp-70/Bax
(0,67-3) (0,67-1,5) (0,67-3) (0,50-1,5)
. 1,08+0,49 0,66+0,30b 0,88+0,46 0,85+0,35
Ghrelin/Bax
(0,33-3) (0,33-1,5) (0,33-3) (0,33-1,5)
Antioksidant/
Antioksidant
0,41+0,09 0,40+0,11 0,41+0,10 0,47+0,16
Bcl-2 /Hsp-70
(0,33-0,67) (0,33-0,67) (0,33-0,67) (0,33-1)
0,47+0,19 0,74+0,38b 0,60+0,32 0,56+0,20
Bcl-2/Ghrelin
(0,33-1) (0,33-2) (0,33-2) (0,33-1)
Hsp-70/ 1,18+0,51 1,82+0,73ab 1,49+0,70 1,30+0,58
Ghrelin
(0,67-3) (0,67-3) (0,67-3) (0,5-3)

a. p<0.05 of the current group compared to the Control Group b. p<0.05 of the
current group compared to the ndITP Group

Ghrelin suppresses apoptosis by stimulating Hsp-70
expression. Ghrelin exerts a protective effect by regulating
the ratio of Bcl-2 and Bax [1,5,6,8-10]. Neutrophils play
a role in tissue injury by releasing various inflammatory
mediators (neutrophil elastase, oxygen-free radicals).
Ghrelin treatment suppresses neutrophil-dominated
inflammation. The Bcl-2 family of enzymes maintains
mitochondrial stabilization to regulate apoptosis and Bcl-
2 (anti-apoptosis)/Bax (proapoptosis) balance, thereby
determining whether cells undergo apoptosis. Ghrelin
exerts a protective effect by regulating the ratio of Bcl-2 and
Bax. Ghrelin treatment has been decreased the Bcl-2:Bax
ratio [5]. In our study, among the antioxidant parameters
(ghrelin, Bcl-2, Hsp-70), only ghrelin was found at low
levels. Ghrelin staining prevalence and score in cITP was
lower than in ndITP (p<0.05). Ghrelin staining intensity
was lower than ndITP and C (p<0.05). Antioxidant defense
is very active in ndITP. Antioxidant defense is lower in
cITP than in the control group (Table 3, Figure 1 and 2).

Hsp-70, a stress-inducible molecular chaperone, has
an intracellular protective function. This is explained
by the antiapoptotic property of Hsp. Hsp-70 release is
stimulated by factors such as increased temperature,
nutritional deprivation, heavy metals, oxidative stress, and

viral infections [16,17]. Hsp members play essential roles
in the change of platelet shape and spreading. Hsp-70 has
been indicated intracellular and extracellular functions
and associated chaperones in trafficking, assembly
of protein and platelets regulation. Hsps have been
regarded as toxic autoantigens and have an association
between autoimmunity and infection. Hsps that have anti-
inflammatory properties, such as Hsp-70, specifically affect
the presence or the functional activities of these immune-
regulatory cells [7].

Hsps prevent the aggregation and denaturation of many
proteins [5]. The role of Hsp-70 in the development of
childhood ITP has been reported in several articles. In one
study, Hsp-70 was found to be elevated in childhood ITP
in the blood. The limitation of this study is that it did not
investigate the Hsp-70 expression in ITP patients’ tissues
and lacked in vivo studies to investigate the association of
Hsp-70 with other important inflammatory factors, such
as TNF-a and IL-4. Another limitation is the possibility that
thrombocytopenia itself leads to higher levels of Hsp-70 in
circulation. As an immunosuppressant, Hsp-70 has been
shown to pass through a lipid bilayer [7]. With our study,
thisriskwill be eliminated by evaluating tissue level ghrelin,
Hsp-70, Bcl-2 and Bax in ndITP and cITP. Bone marrow is
an important sample source for studying the pathogenic
mechanisms of ITP [11]. This is the first investigation to
report the intracellular Hsp-70 level in childhood primary
ITP. Hsp-70 has a direct role in the inflammation and
establishment of childhood ITP. This study provides a new
insight into the use of Hsp-70 as a biomarker to determine
the establishment and progression of ITP in children [7].
Hsp-70 blocks Bax translocation [16,17]. In our study, Bax
staining intensity was found to be lower than normal in
all ITP cases (Table 3). The Hsp-70/Ghrelin staining score
ratio was significantly higher in patients with cITP than in
both ndITP and control groups (p<0.05). If there is a low
level of antioxidant in ITP cases, it can be thought that it
will progress in the form of cITP (Table 4).

Emerging evidence over the past several years suggests
that platelet biogenesis and ageing are regulated, at
least in part, by apoptotic mechanisms. However, the
association between decreased platelets and apoptosis in
ITP patients is poorly understood [1,2]. Radiation, toxins,
hypoxia, hyperthermia, viral infections and free radicals
act as positive signals that trigger apoptosis [6,7]. Electron
microscopy studies have shown membrane abnormalities
in 50-70% of ITP megakaryocytes and abnormalities
related to apoptosis in approximately 78% [4]. Apoptosis-
related proteins have been significantly decreased in ITP
patients, which further confirmed the important effect of
apoptosis on ITP pathogenesis [11]. Although platelets
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are anucleate, they contain at least some of the machinery
necessary for apoptosis [1].

There are two distinct and convergent pathways
for apoptosis: the extrinsic and the intrinsic pathways.
The intrinsic pathway is governed by the Bcl-2 family of
proteins, which consists of both anti-apoptotic (Bcl-2, Bcl-
xL, and Mcl-1) and pro-apoptotic (Bax and Bak) members.
Total of 25 genes have been identified in the Bcl-2 family.
The tumor suppressor protein p53 has a critical role
in regulation of the Bcl-2 family of proteins. Platelets
absolutely depend on the pro-survival protein Bcl-xL,
which functions to restrain the activity of pro-apoptotic
Bak and Bax. The research on the mutations of Bcl-xL in
mice that cause dose-dependent reductions in platelet life
span further support that Bcl-xL is the critical regulator of
platelet survival [1,8-10]. Bcl-2 and Bax are in equilibrium
under normal conditions, but when cells are exposed to
external stimuli and damage, the expressions of the two
are unbalanced, which causes either excessive or inhibited
apoptosis [3]. The abnormal apoptosis of megakaryocytes
exacerbates the development of ITP. Bcl-xL and Bax play
an opposite role in the regulation of apoptotic process with
Bcl-xL for cell survival and Bax for cell apoptosis. Given
the critical roles in the regulation of platelet apoptosis,
whether Bcl-xL or Bax was involved in the pathogenesis of
ITP remains unknown [12]. The expression levels of Bcl-
xL in platelets from chronic ITP patients have significantly
been lower than those in controls, while the expression
of Bax and Bak have been found to be significantly higher
[1]. At the molecular level, the expression of Bax has been
silenced by inhibitor, on the contrary, the expressions of
Bcl-2 has been upregulated, in ITP [3].

Apoptosis is an important process whereby cells are
intentionally marked for clearance from the body and is
the main mechanism that regulates the life span of the
cell and the elimination of damaged or infected nucleated
cells. Platelets contain the necessary components and the
intrinsic program for apoptosis. The process of platelet
activation and senescence in different models have been
associated with processes that resemble programed cell
death, such as depolarization of mitochondrial membrane
potentials, microparticle formation, caspase activation,
phosphatidylserine (PS) exposure on the platelet surface
and Bcl-2 family protein expression [1]. Apoptosis is
characterized by a variety of morphological features. One
of the most important phenomena is the translocation
of the membrane PS from the inner to the outer leaflet
of the platelet membrane. This is recognized as early-to-
middle stages of apoptosis. Externalization of PS onto the
surface of cells undergoing apoptosis represents the most
universal and best characterized ‘eat me’ signal, leads to

subsequent clearance of the apoptotic cells by phagocytes
and causes or aggravates prevailing thrombocytopenia [1].
The causes of abnormal apoptosis in the megakaryocytes
in ITP patients remain unclear. ITP plasma exhibits
decreased rates of apoptosis. In patients with ITP, the
presence of apoptotic abnormalities in megakaryocytes
is the current diagnostic marker. It is also accepted that
megakaryocyte apoptosis in ITP patients is dependent on
caspase-3 activation and Bcl-2 [18].

Apoptosis is a main mechanism responsible for the
regulation of life span and elimination of infected or
damaged nucleated cells [12]. As enucleated cells, platelets
have also been observed to undergo apoptotic-like events
as demonstrated by activation and translocation of Bcl-
2 family members, cytochrome c release, activation of
caspase-9 and caspase-3. The development and survival of
megakaryocytes depend on the inhibition of the intrinsic
apoptotic signalling pathway by the Bcl-2 protein family.
Activation of the intrinsic apoptosis pathway contributes
to the clearance of megakaryocytes after platelet shedding
and limits plateletlongevity in circulation. Thrombopoiesis
requires activation of the intrinsic apoptotic signalling
pathway in megakaryocytes. Megakaryocytes may inhibit
apoptosis through platelet formation and platelet shedding
to survive and progress safely. Megakaryocyte apoptosis
is thought to contribute to thrombocytopenia and ITP. A
study has been showned that megakaryocyte apoptosis was
increased in ITP patients, and megakaryocytes from ITP
patients exhibited ultrastructural features associated with
apoptosis, possibly due to the presence of factors in plasma.
Intravenous immunoglobulin therapy is associated with a
decrease in the number of apoptotic megakaryocytes in
the bone marrow of ITP patients. However, the inhibition
of megakaryocyte apoptosis can inhibit platelet release
in vitro. In some studies, the number of megakaryocytes
in the bone marrow of ITP patients was decreased
and the megakaryocytes exhibited characteristics of
apoptosis resistance. Defects in the intrinsic blockade
of megakaryocytes, a lack of proapoptotic signals, or
increased anti-apoptotic signals can lead to impaired
platelet release and thrombocytopenia. The maturation
of apoptotic megakaryocytes may also be important for
platelet production because immature megakaryocytes
produce fewer platelets than mature cells. These results
suggest an association between megakaryocyte apoptosis
and ITP [11].

In consistent with this, mice studies showed that the
degradation ofanti-apoptotic Bcl-xL represents amolecular
clock to regulate platelet life span through controlling the
pro-death activity of proapoptotic Bak, leading to platelet
apoptosis. Furthermore, inhibition of Bcl-xL by BH3
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mimetics can induce a transient thrombocytopathy that
undermines the hemostatic function of platelets. Given
shorter platelet life span and increased platelet turnover in
ITP, whether Bcl-xL is involved in the pathogenesis of ITP
remains poorly understood [12]. ITP plasma can induces
autophagy and suppresses apoptosis [18,19].

Dimethyl fumarate (DMF) is a small molecule with
immunomodulating, anti-inflammatory and antioxidative
effect. DMF can prevent antiplatelet antibody-mediated
platelet destruction in ITP mouse model, possibly through
reducing the viability of macrophages and promoting
macrophage apoptosis, indicating that it might be a novel
way for the clinical treatment of ITP. However, apart from
inhibition of platelet destruction, whether DMF affects
platelet production in ITP remains unclear [20].

Apoptosis is the active process of cell death regulated
by genes through which aging and abnormal cells are
cleared. Helicobacter pylori (HP) infection may promote
the development of ITP, possibly by inducing apoptosis of
human megakaryocyte [10]. An enhancement of apoptotic
processes in the platelets of pediatric patients with acute
ITP have been ameliorated by intravenous administration
of immunoglobulin [1]. Apoptosis is an essential
physiological process for the selective elimination of cells,
which is involved in a variety of biological events. The Bcl-
2 family is the best characterized protein family involved
in the regulation of apoptotic cell death, consisting of anti-
apoptotic and pro-apoptotic members. The anti-apoptotic
members of this family, such as Bcl-2 and Bcl-XL, prevent
apoptosis. In contrast, pro-apoptotic members of this
family, such as Bax and Bak, trigger the release of caspases.
Thus, the Bcl-2 family of proteins acts as a critical life-death
decision point within the common pathway of apoptosis
[19]. There was no difference between the groups in Bcl-2
evaluation.

The apoptotic pathways of megakaryocytes are
intrinsic and extrinsic, and both require Bcl-2 involvement.
Furthermore, recent studies have reported that Bcl-2
is a cross-over point between autophagy and apoptosis
in autoimmune disease, tumor, or injury. Numerous
studies have demonstrated the involvement of Bcl-2 in
both apoptosis and autophagy in diverse diseases. Under
conditions of cellular stress, the reduction in Bcl-2 results
in a decrease in binding to Beclin-1, leading to an increased
free Beclin-1, which promotes autophagy. Alternatively,
phosphorylation of Beclin-1 increases Beclin-1-Bcl-2
complexes, displacing Bax from Bcl-2 and resulting in
apoptosis. The existence of such a change in ITP patients
was investigated by evaluation of alterations in cell
morphology, apoptosis, autophagy, and protein expression.

The present results demonstrated that Bax and Beclin-1
were downregulated, whereas Bcl-2 was upregulated
in ITP plasma compared with normal plasma. The ITP
plasma induces autophagy and suppresses apoptosis
[18]. The expressions of Bcl-2 mRNA in ITP children have
been increased significantly, but the expressions of bax
mRNA have decreased, the ratios of Bcl-2/bax mRNA were
improved obviously [21].

Flow cytometry has showed the expression levels of
Bak (39.86% vs. 20.82%), Bax (36.85% vs. 6.69%), and
reactive oxygen species (ROS) (19.98% vs. 1.29%) were
all elevated. In addition, pro-survival Bcl-xL (5.38% vs.
21.20%) was decreased markedly in platelets from adult
patients with chronic ITP (adult patients with chronic ITP
compared with healthy volunteers p<0.05). The platelets
in adults with chronic ITP display a proapoptotic gene
expression phenotype, based on the enhanced expression
of Bak, Bax, and ROS, and attenuated expression of Bcl-xL,
suggesting increased sensitivity toward apoptosis [22].

ITP is a heterogeneous autoimmune disease,
characterized by accelerated platelet destruction and
impaired platelet production. Bcl-xL and Bax play an
opposite role in the regulation of apoptotic process with
Bcl-xL for cell survival and Bax for cell apoptosis. Given
the critical roles in the regulation of platelet apoptosis,
whether Bcl-xL or Bax was involved in the pathogenesis of
ITP remains unknown [12]. In our study, in all ITP cases;
Bax staining intensity was lower than the healthy controls
(p<0.05) (Table 3, Figure 4-6).

Abnormal expressions of Bcl-2/Bax may play an
important role in ITP immunopathogenesis [21]. In
our study, Bcl-2/Bax ratio was not found to be different
between the groups. Ghrelin/Bax staining score ratio was
lower in cITP compared to ndITP (p<0.05) (Table 4). In
the evaluation of oxidant/antioxidant ratios, Bax/Ghrelin
staining score ratio was statistically significantly higher in
cases with cITP than in cases with ndITP (p<0.05) (Table
4). The decrease in antioxidant level shows this ratio as
high.

Apoptotic events might play a role in the pathogenesis
of thrombocytopenia in chronic ITP. Platelet apoptosis
may be involved in the development of ITP, which can
be induced by pro-apoptotic agonistic antibodies and
prevented by apoptosis inhibitors and anti-apoptotic
antibodies. Platelets isolated from adult patients with
chronic ITP had a significantly higher level of PS exposure
than platelets from healthy adult volunteers. Genetic or
induced dysregulation of these programed cell death
pathways may lead to thrombocytopenia or ineffective

Ann Pediatr Child Health 13(1): 1348 (2025)

9/10



@SCiMedCentral

AKARSU S, et al. (2025)

thrombopoiesis in ITP. Platelet apoptosis was more
heterogeneous than previously understood. Although the
proportion of platelets with increased apoptosis markers
was higher in ITP, this was not the case in all ITP patients,
even when their platelet count was greatly decreased.
Some ITP patients exhibited decreased or unchanged
expression during plateletapoptosis. The possibility should
be considered that the remaining platelets in circulation
selected for analysis were apoptotic resistant platelets
because the majority of non-resistant platelets were
destroyed in chronic ITP. The percentage of platelets with
positive apoptosis markers was not increased in pediatric
patients with chronic ITP when compared to controls.
This may be related to platelet apoptosis resistance.
Furthermore, in some chronic ITP patients, peripheral
tolerance may be induced by preventing platelet apoptosis.
Another cause of decreased platelet apoptosis in patients
with chronic ITP may be altered levels of anti-apoptotic
or apoptotic molecules caused by some hematologic
disorders, however the exact mechanism remains unclear

[1].

Antioxidant levels were found to be lower in ITP.
Antioxidant level was lowest in cITP. Low levels of
antioxidants in the bone marrow may indicate the
diagnosis of ITP and the possibility of its chronicity.
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