
Ｉ Introduction

Immune thrombocytopenia (ITP) is a hematologic 
disorder characterized by the destruction of platelets 

sensitized by antiplatelet antibodies1）-5）. These plate-
lets are eliminated by the reticuloendothelial system at 
a rate that far exceeds their production by megakary-
ocytes, leading to a significant reduction in circulating 
platelet levels and various bleeding symptoms6）7）. In 
addition, platelet production may be impaired8）-10） due 
to antibodies directly targeting bone marrow megakary-
ocytes, resulting in cellular damage, reduced prolifer-
ation of megakaryocyte precursor cells, and decreased 
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platelet production rates11）-15）. Antibodies against plate-
let membrane glycoproteins (GPⅡb/Ⅲa and GPⅠb/
Ⅸ) have been identified in patients with ITP16）17）, sug-
gesting that both platelets and megakaryocytes may 
act as antigens presented to lymphocytes by antigen-
presenting cells, thereby contributing to cytotoxicity. 
Thus, the pathogenesis of ITP is complex and not yet 
fully understood.

In Japan, bone marrow examination has been rou-
tinely performed to diagnose ITP. However, recent 
clinical guidelines state that bone marrow examina-
tion is not necessarily required for diagnosis because 
here are no specific findings characteristic of the con-
dition, and there are no differences between hemato-
poietic cells, including megakaryocytes, in ITP and 
those in a normal hematopoietic state6）18）19）. Previous 
reports have suggested that autoantibodies and acti-
vated lymphocytes in ITP inhibit megakaryocyte mat-
uration20）21） or cause impairments18）22）, leading to mor-
phological changes in these cells. However, few studies 
have focused specifically on the morphological char-
acteristics of megakaryocytes in bone marrow smears 
from ITP patients. The specific features of mega-
karyocytes in such cases remain unclear. Further-
more, in other diseases that cause thrombocytopenia, 
such as aplastic anemia and myelodysplastic syn-
dromes, characteristic findings like a decrease in mega-
karyocytes or the presence of micromegakaryocytes 
serve as diagnostic clues.

Regarding bone marrow examination in ITP, espe-
cially the morphology of megakaryocytes, there are 
few data-driven analyses, and evidence supporting 
the lack of difference from normal bone marrow is 
scarce. Therefore, in this study, we evaluated the mor-
phological characteristics of megakaryocytes in ITP 
compared to those in a normal hematopoietic state 
without thrombocytopenia. We aimed to determine 
whether there are differences, and if so, what specific 
features are associated with ITP megakaryocytes.

Ⅱ Materials and Methods

Ａ Subjects
We enrolled patients clinically diagnosed with ITP 

at Shinshu University Hospital in Japan between Jan-

uary 1996 and December 2020. These patients had May-
Grünwald Giemsa-stained bone marrow blood smears 
stored prior to treatment. Cases initially diagnosed 
with ITP but later identified as other diseases were 
excluded. Subjects with malignant lymphoma, who 
had no significant hematological abnormalities (includ-
ing platelet counts) and no evidence of lymphoma cell 
infiltration in the bone marrow, were designated as 
Control Group 1. Another control group (Control Group 
2) consisted of healthy bone marrow donors for he-
matopoietic cell transplantation. In Control Group 2, bone 
marrow samples were anticoagulated with EDTA-2K 
prior to preparing smears. In all groups, 10 or more 
megakaryocytes were observed per case.
Ｂ Methods
１ Cell morphometry of megakaryocytes

The morphology of megakaryocytes was analyzed 
using bone marrow smears observed under an optical 
microscope (OLYMPUS BX51) at 400× magnification. 
Photographs of megakaryocytes were captured using 
a Flovel Filing System FX630 (Olympus, Tokyo) and 
manually traced on a monitor to measure the cell ma-
jor axis length, cell area, and nuclear area. An example 
of the examined megakaryocytes is shown in Fig. 1a.
２� Evaluation of platelet attachment to megakaryo-

cytes
Platelet attachment to the megakaryocyte mem-

brane was assessed. Platelet attachment was consid-
ered positive when at least one platelet was found in 
contact with a megakaryocyte (Fig. 1b). The number 
of platelet attachments was recorded for each mega-
karyocyte. An ocular micrometer was used to cali-
brate the Flovel Filing System.
３ Statistical analysis

Statistical analyses were conducted using the Mann-
Whitney U test, Fisher’s exact test, and Levene test 
to evaluate clinical background data, cell area, nuclear 
area, and platelet attachment data. Statistical compu-
tations were performed using EZR and JNOVI soft-
ware23）24）. A P value of less than 0.05 was considered 
statistically significant.
４ Ethical considerations

This study protocol was reviewed and approved by 
the Ethics Committee of the Shinshu University School 
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of Medicine (approval number 5,123).

Ⅲ Results

Ａ Patient demographics
The clinical background of each group is summa-

rized in Table 1. The ITP group consisted of 37 cases, 
with a median age of 62.0 years and a predominance 
of female patients. The age distribution in the ITP 
group exhibited two peaks, with 62 years serving as 
the median boundary. Key laboratory findings in-
cluded a median white blood cell count of 6.1×103/
μL and a median hemoglobin level of 13.0 g/dL. The 

median platelet count and immature platelet fraction 
(IPF％) were 1.7×104/μL and 13.8 ％, respectively, 
which were significantly different compared with the 
control groups.

Control Group 1 included 14 men and 8 women, 
with a median age of 63.5 years. The median platelet 
count and IPF％ in Control Group 1 were 23.6×104/
μL and 2.4 ％, respectively. The breakdown of lym-
phoma subtype is shown in Supplemental Table 1.

Control Group 2 consisted of 13 men and 11 women, 
with a median age of 42.0 years (range : 25-60 years). 
The median platelet count was 26.1×104/μL (range :  

Fig. 1 Methods for evaluating megakaryocyte morphology.
a : Example of megakaryocyte area measurement. The margin of a megakaryocyte was digitally traced, and 
its area was calculated.
b : Observation of platelet attachment to megakaryocytes and profuse platelet production. Arrows indicate 
platelets attached to the surface of a megakaryocyte. The number of attached platelets was manually counted.

Table 1 Demogyaphycis of the subjects of this study

patients
N＝37

Control 1
N＝22

P value

Gender (Male / Female) 14 / 23 14 / 8 0.065
Age (y.o) ; median(range) 62.0 (18-87) 634 (20-83) 0.934

WBC (x103/μL) ; median(range) 6.1 (2.2-11.7) 5.9 (2.1-13.0) 0.839
RBC (x106/μL) ; median(range) 4.4 (2.5-5.6) 4.6 (2.8-5.9) 0.078

Hb (g/dL) ; median(range) 13.0 (5.8-16.8) 14.0 (9.4-16.5) 0.062
PLT (x103/μL) ; median(range) 1.7 (0-7.8) 23.6 (13.1-43.9) 1.86e-10

IPF (％) ; median(range) 13.8 (0-32.1) 2.4 (12-11.5)＊ 0.001

y.o ; years old. WBC ; white blood cell. RBC ; red blood cell. Hb ; hemoglobin. PLT ; platelet. IPF ; immature 
platelet fraction. ＊ ; N＝13.
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16.0-37.0×104/μL, Supplemental Table 2).
Ｂ Morphological analysis of megakaryocytes

The numbers of megakaryocytes examined were 
832, 458, and 591 in the ITP group, Control 1 group, 
and Control 2 group, respectively. The results of the 
analysis of the major axis length, cell area, and nucle-
ar area of megakaryocytes are presented in Table 2 
and Fig. 2.

A comparison of megakaryocyte major axis length, 
area, and nuclear area between the ITP group and 
Control Group 1 demonstrated that the cell major 
axis length was significantly larger in the ITP group. 
Additionally, a comparative analysis between the ITP 
group and Control Group 2, which included healthy 
individuals, revealed that the megakaryocyte major 
axis length and area were significantly larger in the 

Supplemental Table 1� Lymphoma subtype in Control 1 
group

diagnosis N

Diffuse large B-cell lymphoma 9
Follicular lymphoma 4
Mucosa-associated lymphoid tissue lymphoma 3
T-cell rich B-cell lymphoma 1
Primary cutaneous T-cell lymphoma 2
Peripheral T-cell lymphoma 1
CD20-positive B-cell non-Hodgkin’s lymphoma 1
B-cell Lymphoma 1

Supplemental Table 2� Demographycis of the subjects 
of Control 2

Control 2
N＝24

Gender (M/F) 13/11
Age (y.o) ; median(range) 42.0 (25-60)

WBC (x103/μL) ; median(range) 5.5 (4.0-12.7)
RBC (x106/μL) ; median(range) 4.3 (3.0-5.3)

Hb (g/dL) ; median(range) 13.4 (9.6-16.1)
PLT (x103/μL) ; median(range) 26.1 (16.0-37.0)

y.o ; years old. WBC ; white blood cell. RBC ; red blood cell. 
Hb ; hemoglobin. PLT ; platelet.

Fig. 2 Comparison of megakaryocyte morphology.
ａ: Megakaryocyte major axis length.
ｂ: Megakaryocyte area.
ｃ: Number of platelets attached to megakaryocytes.

a b c

Table 2 Morphological comparison of bone marrow megakaryooncytes in ITP and Control groups

patients Control 1 Control 2

Megakaryocyte examined 832 458 591

Cell major axis length (μm) ; median(range) 48 (15-142) 45 (21-115) 43 (12-108)
Cell area (μm2) ; median(range) 1,477 (237-9,811) 1,344 (340-6,601) 1,293 (227-6,472)

Nuclear area (μm2) ; median(range) 467 (47-1,775) 456 (91-1,476) 478 (56-1,984)
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ITP group (P＝1.90e-9 and P＝1.32e-13, respectively). 
Comparison of nuclear area showed no significant dif-
ferences between the ITP group and control 1 group 
and control 2 group (P＝0.400 and P＝0.730, respec-
tively, Table 2).

Next, we evaluated the relationships between the 
morphological features of megakaryocytes and clinical 
factors in ITP, including age, Helicobacter pylori (H. 
pylori) infection status, and pregnancy in female pa-
tients. When patients were divided into two groups 
by age ( ≤62 years vs. ＞62 years), megakaryocytes 
in the younger group ( ≤62 years) were significantly 
larger in terms of megakaryocyte area compared to 
the older group (Table 3). Eight patients were posi-
tive for H. pylori, but their megakaryocytes did not 
differ significantly from those without H. pylori in-
fection (Table 4a). Among female patients, pregnancy 
was significantly associated with larger megakaryo-
cytes (Table 4b).

In terms of treatments, thrombopoietin receptor 
agonists (TPO-RAs) have been widely utilized for 
refractory or relapsed ITP patients as a second-line 
therapy or later. Five patients who received TPO-RA 
treatment (Supplemental Table 3) had significantly 
larger megakaryocytes at presentation compared to 
those who did not require TPO-RA for their treat-
ments (Table 4c).

No significant differences were observed in the 
variations of megakaryocyte major axis length, area, 
and nuclear area between the ITP group and the 
Control1 group (P＝0.751, 0.967, and 0.327, respective-
ly, Supplemental Fig. 1).
Ｃ Platelet attachment to megakaryocytes

Platelets observed on the surface of megakaryo-
cytes or in close attachment to them were consid-

ered to have been produced and recently released 
from the nearest megakaryocytes. This process may 
be altered in ITP.

To analyze the relationship between megakaryo-
cytes and proximal platelets in ITP, a platelet-attached 
megakaryocyte was defined as one with at least one 
platelet observed on its surface, with no visible space 
between the platelet and the megakaryocyte (Fig. 1b).

Among 832 megakaryocytes analyzed in the ITP 
group, 322 (39 ％) were platelet-attached. In contrast, 
271 out of 458 megakaryocytes (59 ％) in Control Group 
1 and 355 out of 591 megakaryocytes (60 ％) in Con-
trol Group 2 had platelet attachments (P＝2.01e-12 
and P＝1.91e-15, respectively, Fig. 3a, b).

The number of attached platelets on platelet-attached 
megakaryocytes was significantly lower in the ITP 
group compared to Control Group 1. However, no sig-
nificant difference was observed between the ITP 
group and Control Group 2 (Fig. 2c). Platelet adhe-
sion and aggregation, which are calcium (Ca2＋)-de-
pendent processes, may have been inhibited in Con-
trol Group 2 specimens due to the absence of Ca2＋ in 
anticoagulated samples.

In the ITP group, most platelet-attached megakary-
ocytes exhibited a small number of attached platelets. 
Specifically, 44 ％ of platelet-attached megakaryo-
cytes in the ITP group had only one platelet, com-
pared to 14 ％ in Control Group 1. Conversely, mega-
karyocytes with more than 10 attached platelets 
accounted for only 5 ％ in the ITP group, compared 
to 38 ％ in Control Group 1 (Fig. 3c, d).

Among ITP subgroups, both the proportion of plate-
let-attached megakaryocytes and the number of at-
tached platelets were significantly reduced in H. 
pylori-positive ITP cases (P＝0.039 and P＝0.004, 

Table 3 megakaryocytes morphology in relation to age among ITP patients

patients 
(≦62 y.o)

patients
 (＞63 y.o.) P value

Megakaryocyte examined 433 418

Cell major axis length (μm) ; median(range) 50 (15-125) 46 (17-142) 0.056
Cell area (μm2) ; median(range) 1,553 (304-9,030) 1,366 (237-9,811) 0.037

Nuclear area (μm2) ; median(range) 486 (99-1,716) 457 (47-1,775) 0.078

  y.o ; years old.

159

Analysis of megakaryocyte morphology in ITP

No. 3, 2025

                  



Table 4a Bone marrow megakaryocytes in terms of Helicobacter pylori infection

H.P. negative  H.P. positive
P value

Megakaryocyte examined  650 182

Cell major axis length (μm) median(range)  49 (15-142) 45 (19-89) 0.368
Cell area (μm2) median(range) 1,509 (237-9,811) 1,377 (278-4,542) 0.279

Nuclear area (μm2) median(range) 463 (47-1,716) 475 (66-1,775) 0.325
PLT attached rate (％) 264 (40.6 ％) 58 (31.9 ％) 0.039

PLT attached number median(range) 0 (0-36) 0 (0-6)  0.004

H.P. ; Helicobacter pylori. PLT ; platelet.

Table 4b Comparison of Megakaryocyte Morphology Between Pregnant and Non-Pregnant Females With ITP

non-pregnant pregnant
P value

Megakaryocyte examined  445 119

Cell major axis length (μm) median(range) 46 (15-142) 53 (26-93) 0.0025
Cell area (μm2) median(range)  1334 (237-9511) 1742 (357-3939) 0.000372

Nuclear area (μm2) median(range) 453 (54-1775) 493 (99-1591) 0.0844
PLT attached rate (％) 162/445 (36.4 ％) 50/119 (42.0 ％) 0.463

PLT attached number median(range) 0 (0-19) 0 (0-9) 0.268

PLT ; platelet.

Table 4c Comparison of Megakaryocyte Morphology Based on Indication of Thrombopoietin Receptor Agonist

patients treated with 
TPO-RA

patients 
without TPO-RA P value

Megakaryocyte examined 131 701

Cell major axis length (μm) ; median(range) 50 (25-142) 47 (15-125) 0.012
Cell area (μm2) ; median(range) 1,632 (348-9,811) 1,416 (237-9,030) 0.007

Nuclear area (μm2) ; median(range) 557 (66-1,471) 456 (47-1,775) 0.0008
PLT attached MK (％) 46 (35.1 ％) 276 (39.4 ％) 0.375

PLT attached number ; median(range) 0 (0-36) 0 (0-8) 0.151

TPO-RA ; thrombopoietin receptor agonist. PLT ; platelet. MK ; megakaryocyte.

Supplemental Table 3 Therapies and their Efficacies for the patients with ITP

Treatment N Effective No response

corticosteroid 19 11 8
H.P. eradication 8 4 4

splenectomy 4 3 1
High dose intravenous immunoglobulin 5 3 2

TPO-RA 5 2 3

H.P. ; Helicobacter pylori, TPO-RA ; thrombopoietin receptor agonist.
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Supplemental Fig. 1� Comparison of variance in megakaryocyte morphology in individual patient with 
ITP and control subjects.

The abscissa indicates each patient or control subject, while the ordinate represents the median value and 
the interquartile range (1Q to 3Q) for each parameter.
a ; megakaryocyte major axis length, b ; megakaryocyte area, c ; nuclear area of megakaryocyte.

Fig. 3 Distribution of attached platelet numbers to each megakaryocyte.
Megakaryocytes with or without platelets attached to their surfaces in the ITP group (a) and Control Group 1 

(b) and their breakdown of the number of attached platelets among megakaryocytes with platelet attachments 
in the ITP group (c) and Control Group 1 (d).

Among the megakaryocyte with platelets on their surface, 86 ％ of megakaryocytes in the ITP group 
exhibited five or fewer platelet attachments, while only 5 ％ had 10 or more platelet attachments. In contrast, in 
Control Group 1, 47 ％ of the megakaryocytes with platelet attached had five or fewer platelet attachments, and 
38 ％ had 10 or more platelet attachments.

a b

c d
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respectively, Table 4a). Other factors, such as preg-
nancy status or the need for TPO-RA treatment, did 
not significantly influence these parameters (Table 
4b, c).

Ⅳ Discussion

In this study, we found that megakaryocytes in 
ITP patients had a longer major axis length com-
pared to both control groups and a larger size com-
pared to one control group. Larger megakaryocytes 
were also observed in the younger population with 
ITP, suggesting that age might influence megakaryo-
cyte size. Measuring the precise size of megakaryo-
cytes in routine clinical practice is challenging due to 
the cumbersome procedures and time required to 
evaluate multiple cells. Furthermore, the differences 
in the major axis length or area between ITP and 
controls are often too subtle to assess visually.

Branehög et al. reported that megakaryocyte area 
and volume in ITP patients were larger than in healthy 
and control groups, along with a higher proportion of 
immature megakaryocytes in the ITP group25）. Our 
findings are generally consistent with their study. 
However, their study analyzed tissue specimens, tar-
geted a relatively younger population of ITP pa-
tients, and employed different analytical methods.

Previous reports have described immature mor-
phology in ITP megakaryocytes, including degenera-
tive nuclear changes, vacuole formation, and reduced 
cytoplasmic granules, indicative of cellular damage26）27）. 
Plasma from ITP patients administered to healthy 
recipients showed decreased platelets and similar or-
ganelle changes, suggesting antiplatelet antibody-
mediated damage to megakaryocytes27）. However, our 
study did not assess qualitative morphological details 
due to the limited quality of available bone marrow 
smears. Future studies using higher-quality samples 
from healthy controls without anticoagulants and em-
ploying advanced morphological analyses are war-
ranted.

One limitation of our study is the lack of compari-
sons between ITP and other thrombocytopenic dis-
eases. For example, micromegakaryocytes are char-
acteristic of dysmegakaryopoiesis in myelodysplastic 

syndromes. The size of megakaryocytes could poten-
tially serve as a marker to differentiate these diseases.

We also observed a significantly lower proportion 
of platelet-attached megakaryocytes in ITP compared 
to the control groups. This phenomenon, often noted 
anecdotally in clinical practice, lacked robust evidence 
until now. Our findings confirmed a reduction in the 
number of attached platelets, consistent with morpho-
logical changes in ITP megakaryocytes. However, a 
significant number of megakaryocytes in the control 
groups also lacked platelet attachments. Without ap-
propriate disease controls, establishing a definitive 
cutoff value for platelet-attached megakaryocytes in 
ITP remains challenging.

In ITP patients complicated by H. pylori infection, 
antibodies against the cytotoxin-associated antigen 
A (CagA) component of H. pylori may cross-react 
with platelet antigens, contributing to thrombocyto-
penia28）-30）. Megakaryocytes in these patients exhibited 
fewer attached platelets, suggesting potential target-
ing by anti-CagA antibodies.

Megakaryocyte area and major axis length were 
larger in ITP patients complicated by pregnancy com-
pared to non-pregnant ITP patients. Within the ITP 
group, younger patients had significantly larger mega-
karyocyte areas, likely reflecting age-related differ-
ences. Pregnancy-specific changes may also influence 
megakaryocyte morphology. Previous studies have 
reported higher serum thrombopoietin levels and 
megakaryocyte hypoplasia in pregnant ITP patients, 
suggesting a distinct pathology31）32）. Further research 
is needed to elucidate the relationship between preg-
nancy and megakaryocyte morphology.

TPO-RAs are widely used for refractory ITP and 
have proven highly effective. In our study, megakary-
ocytes in patients requiring TPO-RAs were larger 
than those in patients who did not require such treat-
ments. Emerging therapies, including SYK inhibitors 
and anti-FcRn-targeted agents, offer additional op-
tions for refractory ITP. Morphological evaluations of 
megakaryocytes may provide insights into predict-
ing treatment response and clinical evaluation of ITP 
refractoriness.

This study exclusively examined bone marrow 
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smears. Morphological evaluations of megakaryo-
cytes using formalin-fixed, paraffin-embedded tissue 
specimens are routine in clinical practice for throm-
bocytopenic patients. Comparative studies using dif-
ferent sample types are necessary to validate our 
findings.

Reticulated platelets have been highlighted as a 
useful tool for differentiating thrombocytopenia, in-
cluding ITP19）. In this study, the immature platelet 
fraction (IPF), measured as the reticulated ratio (RR), 
was significantly elevated in the ITP group. However, 
in one case with severe thrombocytopenia, the IPF 
could not be measured, highlighting the need for 
caution in its application.

Ｖ Conclusion

Megakaryocytes in ITP exhibit distinct morpho-
logical features, including larger size, a wider size 
distribution, and fewer attached platelets compared 
to controls. These findings highlight the potential of 
megakaryocyte morphology as a diagnostic marker 
for ITP. Integrating these morphological observa-
tions into advanced laboratory tests may enhance 
strategies for the differential diagnosis and manage-
ment of thrombocytopenic disorders.Further research 
is essential to refine these diagnostic tools and deep-
en our understanding of the clinical significance of 
megakaryocyte morphology in ITP and related con-
ditions. Such investigations may also provide insights 
into optimizing treatment strategies and improving 
patient outcomes.
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