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Abstract

Objectives—Immune thrombocytopenia (ITP) is an autoimmune bleeding disorder caused by 

increased platelet destruction and impaired platelet production. Antibody binding to 

megakaryocytes may occur in ITP, but in vivo evidence of this phenomenon is lacking.

Methods—We determined the proportion of megakaryocytes bound with immunoglobulin G 

(IgG) in bone marrow samples from primary patients with ITP (n = 17), normal controls (n = 13) 

and thrombocytopenic patients with myelodysplastic syndrome (MDS; n = 10). Serial histological 

sections from archived bone marrow biopsies were stained for CD61 and IgG. IgG binding and the 

number of bone marrow megakaryocytes were determined morphologically by a 

hematopathologist with four assessors after a calibration exercise to ensure consistency.

Results—The proportion of ITP patients with high IgG binding (>50% of bone marrow 

megakaryocytes) was increased compared with normal controls [12/17 (71%) vs. 3/13 (23%), P = 

0.03]. However, the proportion of ITP patients with high IgG binding was no different than 

thrombocytopenic patients with MDS [12/17 (71%) vs. 7/10 (70%), P = 1.00]. IgG binding was 

associated with increased megakaryocyte numbers. Like platelet-associated IgG, megakaryocyte-

associated IgG is related to thrombocytopenia but may not be specific for ITP.

Correspondence: Donald M. Arnold MD, MSc, FRCP(C), Department of Medicine, Michael G. DeGroote School of Medicine, 
McMaster University, HSC 3V50, 1280 Main Street West, Hamilton, ON, Canada L8S 4K1. Tel: +905 521-2100 X76305; Fax: +905 
521-4971; arnold@mcmaster.ca. 

Authorship contributions
DM. Arnold takes primary responsibility for the manuscript. DM. Arnold, I. Nazi, LJ. Toltl, and JG. Kelton designed the research; 
DM. Arnold, I. Nazi, LJ. Toltl, C. Ross, N. Ivetic, and JW. Smith performed the research, contributed analytical tools, and collected 
the data; DM. Arnold, I. Nazi, LJ. Toltl, C. Ross, N. Ivetic, JW. Smith and JG. Kelton analyzed and interpreted the data; I. Nazi and Y. 
Liu performed statistical analysis; DM. Arnold, I. Nazi, LJ. Toltl, and JG. Kelton wrote the manuscript.

Disclosure of conflict of interests
None of the authors have any conflict of interests to report.

Eur J Haematol. Author manuscript; available in PMC 2016 April 29.
Published in final edited form as:

Eur J Haematol. 2015 December ; 95(6): 532–537. doi:10.1111/ejh.12528.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



Conclusion—Mechanistic studies in ITP should focus on antibody specificity and include 

thrombocytopenic control patients.
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Immune thrombocytopenia (ITP) is a heterogeneous autoimmune disease characterized by 

low platelet counts and an increased risk of bleeding. Both clinical evidence and 

experimental evidence support a dual mechanism of platelet destruction and platelet 
underproduction in ITP (1–5); however, the mechanism of platelet underproduction remains 

uncertain.

Platelet destruction in ITP is mediated by autoantibodies against platelet surface 

glycoproteins (GP), particularly GPII-bIIIa and GPIbIX. These autoantibodies cause 

thrombocytopenia by accelerated Fcγ receptor-mediated platelet clearance in the 

reticuloendothelial system (6). Impaired platelet production in ITP is supported by evidence 

from radiolabelled autologous platelet survival studies demonstrating reduced platelet 

turnover (7–9), and by the success of thrombopoietin (TPO) receptor agonists (5, 10). One 

possible mechanism for platelet underproduction is autoantibody-mediated megakaryocyte 

inhibition (11). In support of this hypothesis, previous experiments have demonstrated that 

autoantibodies and isolated immunoglobulin G (IgG) fractions from some patients with ITP 

can inhibit megakaryocyte growth and maturation in vitro (12–14) and that antibodies from 

some patients with ITP bind to target bone marrow megakaryocytes ex vivo (15). However, 

in vivo studies investigating antibody binding in the bone marrow microenvironment are 

lacking. Thus, we designed a histological study of ITP bone marrow samples from patients 

to investigate antibody binding to megakaryocytes in vivo.

Materials and methods

ITP patients and controls

We identified patients with ITP who had a bone marrow biopsy performed at McMaster 

University Medical Centre as per clinical need. Patients had primary ITP based on 

established clinical criteria (16), platelet count levels below 100 × 109/L at the time of bone 

marrow sampling, and no other pathology identified on bone marrow examination. Patients 

were excluded if they had lymphoma; human immunodeficiency virus (HIV); hepatitis B or 

hepatitis C; an abnormal karyotype on cytogenetic evaluation; or if they had received 

treatment with a TPO receptor agonist. Normal controls were patients who were suspected 

of having a lymphoma or plasma cell dyscrasia but whose bone marrow biopsy was normal. 

They had normal platelet counts, hemoglobin levels, and leukocyte counts; did not have 

splenomegaly, HIV, hepatitis B, or hepatitis C; and had not received treatment with 

hematopoietic growth factors or antineoplastic medications. Thrombocytopenic controls 

were patients whose clinical presentation and bone marrow features were consistent with 

myelodysplastic syndrome (MDS). They had platelet counts below 100 × 109/L at the time 

of bone marrow sampling. Eligibility of patients and controls were verified by duplicate 

chart review. All bone marrow biopsy samples were collected, processed, and fixed in the 
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same manner. This study was approved by the Hamilton Integrated Research Ethics Board, 

McMaster University.

Immunohistochemical stains

Formalin-fixed bone marrow tissue blocks were retrieved from hospital archives, 

deparaffinized, washed in xylene, and rehydrated with graded washes of ethanol in water. 

Serial sections (2–4 μm) were pretreated with 0.1 M citrate buffer in a steamer for 45 min. 

Slides were washed and blocked in 1% normal goat serum for 20 min at room temperature. 

After washing, slides were incubated with mouse anti-human IgG or anti-CD61 for 60 min. 

Following incubation, goat anti-mouse IgG was added to slides for 10 min, slides were 

washed and incubated with 3,3-diaminobenzidine substrate for 20 min, and counterstained 

with hematoxylin.

Bone marrow assessments

Histological slides were coded, arranged in random order, and evaluated by an experienced 

hematopathologist blinded to the diagnosis. An initial calibration exercise was performed in 

duplicate, and four of the authors (DMA, IN, NI, and JWS) participated in the slide review 

to ensure consistency of reporting. The number of bone marrow megakaryocytes was 

determined by counting cells in 10 high powered fields (HPF; 400× magnification). The 

proportion of megakaryocyte-associated IgG was classified as high if greater than 50% of all 

megakaryocytes demonstrated IgG binding.

Platelet autoantibody quantification

Testing for glycoprotein-specific antibodies on platelets was performed when possible using 

the direct antigen capture assay (17). Briefly, platelets were harvested from blood collected 

into acid citrate dextrose (ACD) by differential centrifugation. Platelets were washed and 

solubilized (20 mmol/L Tris pH 7.4, 150 mmol/L NaCl containing 1% Triton X-100, 0.1% 

SDS), and platelet lysates were incubated in wells containing monoclonal antibodies against 

GPIIbIIIa or GPIbIX. Bound human antibody was detected using alkaline phosphatase 

conjugated to Fcγ-specific goat anti-human IgG, followed by p-nitrophenylphosphate 

substrate. The optical density (OD405 nm) was determined by absorbance spectrophotometry.

Statistical analysis

The mean number of megakaryocytes in bone marrow specimens was compared between 

groups using a two-sample t-test. The proportion of megakaryocytes with high IgG binding 

was compared using Fisher’s exact test (two-sided). Tests were considered significant at the 

5% level.

Results

We evaluated freshly stained bone marrow biopsy specimens from patients with ITP (n = 

17), age-matched controls with normal platelet counts (n = 13), and MDS controls matched 

for platelet count levels (n = 10). For patients with ITP, normal controls and MDS controls, 

median age was 57, 58, and 75 years; 59%, 31%, and 30% were female; and median platelet 

count at the time of bone marrow sampling was 10 × 109/L [interquartile range (IQR), 4–
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20], 280 × 109/L (IQR, 206–290), and 27 × 109/L (IQR, 12–35), respectively. Patients with 

ITP had chronic (n = 14) or persistent (n = 3) disease, with a median disease duration of 2 

years (IQR, 1–15). They had received a median of 2 (IQR, 1–3) prior treatments which 

included corticosteroids, intravenous immunoglobulin, immunosuppressant medications, and 

danazol. None of the patients had received myelotoxic treatments, rituximab, or TPO 

receptor agonists in the year prior to bone marrow procurement.

The proportion of ITP patients with high megakaryocyte-associated IgG was increased 

compared with normal controls [12/17 (71%) vs. 3/13 (23%), P = 0.03] (Table 1 and Fig. 1). 

However, the proportion of ITP patients with high IgG binding was no different than 

thrombocytopenic patients with MDS [12/17 (71%) vs. 7/10 (70%), P = 1.00] (Table 1). 

There was no correlation between megakaryocyte-associated IgG and platelet count or 

recent exposure to intravenous immune globulin in the ITP cohort (Table 2). IgG staining 

was mostly homogeneous throughout the cytoplasm of megakaryocytes in most patient 

samples (Fig. 2A); however, a distinct membrane pattern of staining was observed in three of 

12 ITP patients with high megakaryocyte-associated IgG, one normal control patient, and 

none of the patients MDS (Fig. 2B).

Median number of bone marrow megakaryocytes was increased in ITP patients compared 

with normal controls (9.3 ± 6.0 vs. 5.2 ± 1.7 cells per HPF; P = 0.02); but the number of 

megakaryocytes was no different than patients with MDS (9.3 ± 6.0 vs. 6.9 ± 4.9 cells per 

HPF; P = 0.21). High megakaryocyte number was associated with increased megakaryocyte-

associated IgG across all patients (P = 0.004; Fig. 3).

Autoantibodies against GPIIbIIIa or GPIbIX directly on platelets were found in 10 of 13 

(69.2%) patients with ITP (four were untested); of those, 6 (60%) had high megakaryocyte-

associated IgG.

Discussion

The aim of this study was to evaluate IgG binding to megakaryocytes in bone marrow 

specimens of patients with ITP as the first step toward determining whether megakaryocytes 

are targeted by autoantibodies in vivo. Our results indicate that high IgG binding on 

megakaryocytes occurs in immune (ITP), but also in non-immune thrombocytopenic 

conditions such as MDS. We did not find a correlation between megakaryocyte-associated 

IgG and the presence of direct, glycoprotein-specific autoantibodies on platelets. Our 

findings provide a cautionary note about the need to establish antibody specificity and the 

importance of appropriate thrombocytopenic controls in such mechanistic studies.

The downstream mechanism of impaired platelet production in ITP may be caused by 

upregulation of pro-(18) or anti-apoptotic (19) pathways in megakaryoctes; complement-

mediated megakaryocyte destruction (20); direct cellular effects on de novo platelet 

synthesis (21); or impairment of proplatelet formation by ITP autoantibodies (14, 22). The 

latter may explain why the number of bone marrow megakaryocytes is normal or increased 

in patients with ITP despite severe thrombocytopenia (23). Upstream, these effects may be 

triggered by autoantibodies. The evidence for an antibody effect on platelet underproduction 
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derives from in vitro studies using cultured megakaryocytes (12–14). While these 

experiments demonstrate proof of concept, our study is the first to address whether 

antibodies bind to megakaryocytes in vivo.

Non-specific IgG binding to megakaryocytes in patients with thrombocytopenia is 

reminiscent of previous investigations of platelet-associated IgG (PAIgG). PAIgG can be 

detected on platelets in both immune and non-immune thrombocytopenic conditions (24–26) 

as a result of increased adsorption of IgG and other proteins in equilibrium with plasma (27). 

Thus, the amount of IgG bound to platelets increased as platelet count levels decreased. Our 

results suggest that the same phenomenon of non-specific IgG binding appears to occur for 

megakaryocytes, but in the same direction as cell number: The amount of IgG bound to 

megakaryocytes increased as megakaryocyte numbers increased. These results are consistent 

with data demonstrating that IgG is taken up by maturing megakaryocytes and ultimately 

stored in platelet α-granules (28, 29). IgG uptake by megakaryocytes may be increased in 

conditions of thrombocytopenia due to the increased drive toward megakaryopoiesis.

Even though total IgG binding to megakaryocytes did not differentiate immune and non-

immune thrombocytopenic conditions, our findings do not exclude the possibility that 

antibody binding to megakaryocytes is a mechanism of disease. Megakaryocyte-specific 

antibody binding, even in small amounts, may be enough to disrupt normal 

megakaryopoiesis and thrombopoiesis. Thus, direct glyco-protein-specific assays, which 

could detect specific anti-GPIIbIIIa, anti-GPIbIX, or other megakaryocyte antibodies are 

needed. Such investigations are challenging because of the need for fresh bone marrow 

samples and highly sensitive serological assays (30), and because of the relatively low 

numbers of megakaryocytes present in bone marrow samples.

A strength of this study was our careful selection of thrombocytopenic controls matched for 

platelet count levels, representing a comparable cohort with non-immune platelet 

underproduction. MDS is a bone marrow disorder characterized by decreased production of 

peripheral blood cells. Megakaryocytes may be morphologically abnormal, and their 

numbers may be increased, normal, or decreased in the context of a typically hypercellular 

marrow. In our study, the number of bone marrow megakaryocytes among patients with 

MDS was no different than ITP, but the variability around these estimates was wide owing to 

small sample size. Up to 10% of patients with MDS may have an associated autoimmune 

disorders (31); however, the patients with MDS in our cohort had typical disease 

manifestations and treatment courses suggesting that immune thrombocytopenia was not a 

feature. Another strength of our study was our process of blinded histological review and 

group calibration for slide reading. A limitation of this study was the use of semi-

quantitative assessments of megakaryocyte-associated IgG staining. Further validation of 

this immunohistochemical stain is needed in larger populations to adjust for background 

staining and establish threshold levels for specific cells.

In summary, our study demonstrates that non-specific binding of IgG to megakaryocytes – 

megakaryocyte-associated IgG – occurs in thrombocytopenic conditions, whether due to 

immune or non-immune causes. Testing for specific anti-megakaryocyte antibody binding 
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with studies that incorporate thrombocytopenic controls is needed to determine whether or 

not antibody-mediated platelet underproduction is an important mechanism of ITP.
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Figure 1. 
Immunohistochemical stains of bone marrow biopsy specimens from a patient with ITP (A) 

and a control patient with a normal platelet count (B). Serial sections were stained for IgG 

(brown stain). Arrows indicate megakaryocytes. Representative images are shown at 400× 

magnification.
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Figure 2. 
Immunohistochemical stains of bone marrow biopsy specimens indicating a homogeneous 

IgG stain throughout the cytoplasm of megakaryocytes (A) and a IgG staining pattern that 

was mostly restricted to the megakaryocyte membrane (B). Arrows indicate 

megakaryocytes. Representative images are shown at 400× magnification.
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Figure 3. 
Megakaryocyte number [per high-powered field (HPF)] in patients with high (n = 22) or low 

(n = 18) megakaryocytes-associated IgG (*P = 0.004; bars represent standard error of the 

mean).
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Table 1

Bone marrow megakaryocytes in patients with ITP. Evaluation of megakaryocyte number and proportion of 

megakaryocyte with IgG binding among patients with immune thrombocytopenia (ITP), normal controls, and 

thrombocytopenic controls

ITP (n = 17) Normal controls (n = 13) Thrombocytopenic controls (n = 10)

Increased IgG on megakaryocytes (n) 12 (71%) 3 (23%)1 7 (70%)

Number of megakaryocytes (Mean, SD) 9.3 ± 6.0 5.2 ± 1.71 6.9 ± 4.9

1
Significant differences (P ≤ 0.05) were observed between ITP and normal controls, and between thrombocytopenic and normal controls, but not 

between ITP and thrombocytopenic controls.
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