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Background: Alpha-synuclein is a member of synuclein family of proteins with 

unidentified function localized in the cytoplasm, mitochondria of neurons, and 

presynaptic nerve endings. Although it is found in the Lewy bodies in 

synucleinopathies and in Alzheimer’s disease, the protein could also be considered 

as a novel marker in diagnosis of diseases related to the hematopoietic system. 

Methods: The current study evaluated alpha-synuclein expression in bone marrow 

sections obtained from 9 patients with acute myeloblastic leukemia (AML)-M6, 2 

patients with AML-M7, and 56 patients with other forms of AML by 

immunohistochemical (IHC) analysis 

Results: Seven out of 9 cases with erythroleukemia (66.7%) and 1 of the 2 cases 

with M7 (50%) were positive. In contrast; the blasts in 2 out of 56 AML cases with 

non-M6/M7 (3.6%) showed positive staining. Accordingly, alpha-synuclein was 

positive in normal erythroid precursors and megakaryocytes (if existing) in these 

cases; while, it was negative in lymphoid and myeloid precursors. 

Conclusion: Alpha-synuclein expression in non-neoplastic and neoplastic 

erythroid cells and megakaryocytes could be used as a complementary and useful 

marker for distinction between AML-M6/M7 and other types of AML.  
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Introduction 

Acute myeloblastic leukemia (AML) is a group 

of hematologic neoplasms with clinical similarity 

and different morphological, immunophenotypical, 

cytogenetic, and molecular features (1). 

Erythroleukaemia (AML-M6) and acute 

megakaryoblastic leukemia (AML-M7,) are 

considered as rare subtypes of AML with poor 

prognosis (2-6). 

Alpha-synuclein is a protein, plentiful in the 

human brain, but in lower amount in heart and 

skeletal muscles (7-11).This protein belongs to a 

larger family of α, β, and γ-synucleins, small (14-17 

kD) proteins with highly conserved amino acid 

termini and variable carboxy termini. The gene of 

each individual protein is designed in distinct 

chromosome (11-13).  

Alpha-synuclein is the main part of the Lewy 

body, intracytoplasmic hyaline inclusion that is 

present in the nervous system in synucleinopathies 

such as Parkinson disease and multiple system 

atrophy. 

Several studies showed that in the hematopoietic 

system, α-synuclein is present in megakaryocytes 

and platelets (14), as well as erythroid precursors 

and erythrocytes (15-16). 

Diagnosis of AML-M6 or AML-M7 is a serious 

challenge compared to other types of acute myeloid 

leukemia (20). Furthermore, in patients with AML-

M6 and AML-M7, the blasts show some shared 

phenotypes informing that may arise from a 

common bipotent progenitor (21-23). 

Currently, few data are available on incidence of 

α-synuclein positive staining in AML-M6 and 
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AML-M7. Considering the importance of obtaining 

accurate estimations about the incidence and stain 

intensity of α-synuclein, the current study aimed at 

measuring the incidence of α-synuclein positivity in 

the patients with AML. 

. 

Materials and Methods 

Fifty The current observational study screened 

the data available in Central Hematopathology Lab 

in Shariati Hospital, Tehran, Iran, from 2009 to 

2013. Sixty-seven cases with AML were selected; 

including 9 cases with AML-M6, 2 cases with 

AML-M7, and 56 cases with other forms of AML. 

The cases had been diagnosed based on the 

morphology of the bone marrow aspiration and 

biopsy and immunophenotyping of the blasts by 

immunohistochemical (IHC) assessment of the bone 

marrow biopsy and flow cytometry of the bone 

marrow aspirates. The paraffin blocks were 

retrieved from the Departments of Pathology at 

Shariati Hospital.  

Immunohistochemistry 

Bone marrow biopsy tissue sections were sliced 

in 3-µm thickness pieces. After baking at 65°C for 2 

hours; slides were soaked in xylene for 

deparaffinization; then, 100% and 96% alcohols for 

rehydration and distilled water (dH20) for washing. 

For antigen retrieval, 1.5 mL of 0.01 M buffer citrate 

with pH= 9 was placed in autoclave (121°C, 200 

kPa, 25 minutes); then, tissue sections were washed 

with distilled water (dH20) and - soaked in pure 

formic acid for 1.5 minutes and washed again; then, 

the blocking antibody (normal goat serum) was 

applied and left for 20 minutes at room temperature. 

The slides were incubated with a 1:10 dilution of a 

mouse anti-human α-synuclein monoclonal 

antibody for 2 hours. After washing with Tris-

buffered saline (TBS), array slide was incubated 

with an appropriate secondary anti-mouse antibody 

reagent for 30 minutes and washed again with TBS. 

Applying 3,3'-Diaminobenzidine (DAB) substrate, 

the chromogen was proceeded in 10 minutes and 

final washing was done. The sections were stained 

with hematoxylin followed by exposure to 

bicarbonate for 30 seconds and finally dehydrated. 

Thereafter, samples were ready for mounting. 

Samples were evaluated separately by 2 

pathologists. 

Megakaryocytes were evaluated for the staining 

in low (X40) power field and erythroid cells in high 

(X400) power field. 

Differences in intensity of α-synuclein staining 

were scored as: 0 = none, 1 = weak, 2 = average, and 

3 = strong staining. 

Moreover, percentage of positive staining was 

evaluated in erythroid series, megakaryocytes, and 

blast cells, and scored from 0% up to 100%. 

Statistical Analysis 

Data were analyzed by SPSS version 19.0 

(Chicago, IL, USA) for windows, using Chi-square 

test with confidence interval of 95% and α=0.05. 

 

Results 

A: Percentage of positivity in the blasts 

The erythroblasts in 7 out of 9 cases with AML-

M6 showed strong and diffuse cytoplasmic staining 

for α-synuclein (Table 1), although myeloblasts 

were negative in all of the cases with M6 (Figure 3).   
 

 

Table. 1 .Comparison of Staining of α-Synuclein in Blasts in the Cases with AML 

*Positive staining in erythroblasts     ^Positive staining in megakaryoblasts   AML, acute myeloblastic leukemia 

 

One of the 2 cases with AML-M7 showed 

intense positive cytoplasmic staining in the 

morphologically recognizable megakaryocyte and 

megakaryoblasts; however, myeloblasts were 

negative (Table 1) (Figure2). 

 Total Patients, n Positive Cases, n (%) Positivity in the Blast (%) 

AML-M6 9 6* (66.7) 20%-100% 

AML-M7 2 1^ (50) 100% 

AML non M6/7 56 2 (3.6) 50% 
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Fig 1. Normal bone marrow stained by α-

synuclein. Erythroid precursors, RBCs, and 

megakaryocytes show strong staining, while the other 

cells are negative (x200).   

 

 

 

Fig 2. α-synuclein staining in AML-M7; erythroid 

precursors and all of the abnormal megakaryocytes 

are positive, while myeloblasts in the background are 

negative (x100). 

 

The incidence of positive staining for α-

synuclein in erythroblasts differs significantly in the 

AML-  M6, compared to the non-AML M6/M7 

group (P<0.001). 

The incidence of positivity for α-synuclein 

showed no significant difference between AML-M7 

and non AML-M6/M7 groups (P=0.102). 

 The incidence of positivity for α-synuclein 

showed no significant difference between AML-M6 

and AML-M7 (P=1.0). 

 

 

Fig 3. α-synuclein staining in AML-M6; all of the 

erythroid precursors and few scattered 

megakaryocytes are positive, whereas non-crythroid 

blasts are negative (x100).   

 

B: Percentage of positivity in normal 

erythroid series and megakaryocytes:  
 

Of the 56 cases with non M6/M7, 39 cases had a 

significant number of normal erythroid lineage; 35 

of which stained averagely (2+) positive for α-

synuclein. 

In 54 of the 56 cases, the non-neoplastic 

megakaryocyte were strongly (3+) positive for α-

synuclein. Erythroid precursors were positive for α-

synuclein in the cases with AML-M7 (Figure 2)  

All of the megakaryocytes showed strong (3+) 

positive staining in cases with AML-M6 (Figure 3). 

 

Discussion 

This is the 2nd study to evaluate the efficacy of 

α-synuclein antibody staining to detect erythroid 

and megakaryocytic lineages in hematopoietic 

malignancies. Recent data suggest that α- synuclein 

might be an important factor in acute myeloid 

leukemia (24). Among hematopoietic cells, α-

synuclein exists predominantly in megakaryocytes, 

platelets, erythroid precursors, and erythrocytes (14-

16). However, there is little knowledge about the 

distribution and presentation of this marker in 

normal and leukemic cells in different subtypes of 

AML. By applying new published α-synuclein 

staining protocol, α-synuclein expression can be 

evaluated in different types of AML (14-16, 24).  
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In the current study, there was a significant 

difference in the positivity of α-synuclein between 

M6 and non-M6/M7 cases. Although not all the 

cases in the study were positive as that of the Maitta 

et al.24, both of them represent effectivity of this 

staining for distinction between the 2 groups.  

Accordingly, in the current study only half of the 

cases with M7 showed positive α-synuclein 

staining, which was in contrast with the results 

obtained by Maitta et al., showing positive staining 

in all 5 cases. This difference could be related to 

decreased number of M7 in the study and also to the 

quality of tissue processing.    

The results of the current study showed that α-

synuclein was expressed as a lineage-related and 

cell-specific marker antigen in non-neoplastic 

erythroid and megakaryocyte lineage. The study 

found the incidence of average positive staining for 

this marker in non-neoplastic erythroid cells in 

89.1% of the cases, and the incidence of positive 

staining in residual non neoplastic megakaryocytes 

was 94.7%. 

In the current study, staining intensity was more 

in mature megakaryocytes than in mature erythroid 

cells. In contrast to the present study, Maitta 

reported only minimal α-synuclein staining in 

mature erythroid cells, both in normal reactive 

marrow and in neoplastic bone marrow disorders 

(24).  

Conclusion 

The current study concluded that α-synuclein is 

expressed in erythroblasts, megakaryoblasts, mature 

erythroid cells, and megakaryocytes in normal bone 

marrow and in patients with AML. Expression of α-

synuclein in the blasts of acute erythroid leukemia 

and acute megakaryoblastic leukemia suggests that 

α-synuclein could be a useful marker for the early 

detection of AML-M6, AML-M7, and the 

differential diagnosis from other types of AML. 

Therefore, α-synuclein may be an applicable 

immunohistochemical marker in AML. 
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