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ABSTRACT

Introduction: Synaptophysin is an integral membrane gly-
coprotein predominantly present in small synaptic vesicles 
in the brain. Its expression in human megakaryocytes has 
not been previously described. Objective: To determine the 
expression of synaptophysin in human megakaryocytes by 
means of immunohistochemistry.  Material and methods: 
Bone marrow biopsies performed for evaluation of relapse, 
diagnostic or staging purposes in patients with hematologic 
diseases (neoplastic or non-neoplastic) were stained by 
immunohistochemistry with a monoclonal mouse anti-
human antibody for synaptophysin and a polyclonal rab-
bit anti-human antibody for factor VIII (FVIII). Biopsies 
whose fi nal interpretation was negative for tumor/disease 
were used as controls. Results: A total of 20 bone marrow 
biopsies (15 cases/5 controls) belonging to 20 patients with 
a median age was 52 years (2 to 83) were studied. Eleven 
of the 15 cases had diagnoses of hematologic malignancy 
and four of idiopathic/immune thrombocytopenic purpura 
(ITP). Cytoplasmic expression of FVIII was observed in 
all megakaryocytes. Synaptophysin expression was pres-
ent in all controls and in 13 of 15 (90%) cases. In two 
of the four (50%) ITP, the megakaryocytes did not stain 
for synaptophysin but stained for FVIII. Conclusions: 
Synaptophysin expression was frequently detected by 
immunohistochemistry in megakaryocytes. However, it 
was not expressed in a subset of patients with ITP. Further 
studies are necessary to determine the clinical signifi cance 
of these fi ndings.

RESUMEN

Introducción: La sinaptofisina es una glucoproteína 
integral de membrana localizada predominantemente en 
vesículas sinápticas del cerebro. Su expresión en mega-
cariocitos humanos no ha sido previamente descrita. 
Objetivo: Determinar la expresión de sinaptofi sina en 
megacariocitos humanos mediante inmunohistoquímica 
con técnica de inmunoperoxidasa. Material y métodos: Se 
tiñeron biopsias de médula ósea realizadas en pacientes 
con sospecha o diagnóstico de enfermedades hematológi-
cas (neoplásicas o no neoplásicas) utilizando un anticu-
erpo monoclonal de ratón antisinaptofi sina de humano y 
un anticuerpo policlonal de conejo anti-factor VIII (FVIII) 
humano. Se utilizaron como controles biopsias cuya in-
terpretación fi nal fue negativa para tumor o enfermedad. 
Resultados: Veinte biopsias de médula ósea (15 casos y 
cinco controles) de 20 pacientes fueron estudiadas. La 
mediana de edad fue 52 años (2 a 83). Once de los quince 
casos tuvieron diagnóstico de enfermedad hematológica 
neoplásica y cuatro de púrpura trombocitopénica inmune/
idiopática (PTI). El FVIII fue positivo en los megacarioci-
tos de todas las biopsias, mientras que la expresión de sin-
aptofi sina estuvo presente en megacariocitos de los cinco 
controles (100%) y en 13 de los 15 (90%) casos. En dos 
(50%) de los cuatro casos de PTI no se observó expresión 
de sinaptofi sina en los megacariocitos. Conclusiones: 
Los megacariocitos humanos expresan frecuentemente 
sinaptofi sina en su citoplasma. Un subgrupo de pacientes 
con PTI no demostraron expresión de esta proteína. La 
signifi cancia clínica de estos hallazgos es desconocida y 
amerita investigaciones adicionales.

INTRODUCTION

Synaptophysin (Sy) is an integral membrane 
glycoprotein composed of 313 amino acids 

that is predominantly located in the synaptic 
vesicles,1,2 where it plays an important role in 
neuron interaction by favoring neurotransmit-
ter release.3,4 Additionally, Sy expression has 

also been described in synaptogenesis,5 in the 
neurosecretory vesicles of neuroendocrine 
cells and their malignant counterparts,6 and in 
rabbit platelets, where Sy might be involved 
in the creation of protein channels for sero-
tonin release.7 Moreover, several reports have 
demonstrated that molecular mechanisms that 
take place in the platelet exocytosis machinery 
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are similar to those described in neurons and 
other cells.8-12 However, the expression of Sy 
in human megakaryocytes (Mk) has not been 
previously described.

Mk are hematopoietic cells in charge of 
platelet production. Each Mk produces around 
1000 to 3000 platelets.13-15 During platelet 
production, the alpha granules that contain 
platelet-derived growth factor, platelet factor 4 
and von Willebrand factor, as well as the dense 
granules that contain serotonin and calcium, 
are transferred from the cytoplasm of the Mk 
to the platelets before their release into the 
circulation, by mechanisms that are not well 
understood.11,13,16 Platelet mass is directly 
proportional to Mk mass, and both masses tend 
to be constant throughout life.17 Nevertheless, 
multiple studies have shown that under specific 
pathologic circumstances, the behavior of the 
Mk has a direct impact on the overall periph-
eral platelet population.18,19 For example, 
diseases such as immune thrombocytopenic 
purpura (ITP) or myelodysplastic syndrome 
(MDS) display characteristic alterations in the 
size, number and ploidy of the Mk,20 and sub-
sequently, in the morphologic and functional 
characteristics of the platelets.21,22

Herein, we performed an observational 
study on bone marrow biopsies and report, for 
the first time, the expression of Sy in the cyto-
plasm of human Mk by immunohistochemistry 
using a specific antibody.

OBJECTIVE

To determine the expression of Sy in the cyto-
plasm of human Mk by immunohistochemistry 
using a commercially available immunoperoxi-
dase stain.

MATERIAL AND METHODS

We collected clinical and histopathologic 
information from a group of bone marrow bi-
opsies that were performed at the University 
of Miami Hospital/Sylvester Comprehensive 
Cancer Center for evaluation of relapse or 
for diagnostic or staging purposes in pa-
tients with hematologic malignancies (not 
restricted to acute leukemias). This study was 
approved by the Institutional Review Board 

(IRB). Subsequently, we obtained 4-micron-
thick unstained slides from formalin-fixed, 
paraffin-embedded tissue and stained them 
using a monoclonal antibody –anti-human 
Sy– (IR660, DAKO, Denmark) and a poly-
clonal antibody –anti-human FVIII– (IR527/
IS527, DAKO, Denmark) for comparison. 
Bone marrow core biopsy specimens per-
formed for staging of lymphomas, to rule 
out metastatic disease, or for work-up of 
non-neoplastic conditions whose final in-
terpretation was negative for tumor/disease 
were used as controls. The expression in-
tensity of Sy was arbitrarily scored using a 
progressive scale of 1 to 4 plus (+/++++). 
For comparison, the expression intensity 
of FVIII was used as a standard (++++). 
Subsequently, to determine a possible differ-
ence in the expression intensity of Sy, bone 
marrow biopsies were grouped according 
to diagnosis into benign or malignant. All 
malignant diagnoses were established fol-
lowing the 2008 World Health Organization 
guidelines for the diagnosis of hematopoietic 
neoplasms. To assess the difference in the 
intensity of the staining between the two 
groups, we employed a Mann-Whitney-
Wilcoxon procedure using the statistical 
software R (R Core Team [2013], Vienna, 
Austria). A p-value of < 0.05 was considered 
significant. Results are expressed in absolute 
and relative values.

RESULTS

A total of 20 bone marrow biopsies (15 cases 
and five controls) belonging to 11 male and 
nine female patients with a median age of 52 
years (interval: two to 83) were stained for Sy 
and FVIII. Table I demonstrates the age, gender, 
clinical diagnoses, and the estimated expression 
of Sy and FVIII based on immunohistochem-
istry. In summary, the diagnoses of the cases 
were: ITP = 4, acute myeloid leukemia = 3, 
MDS = 7, and acute megakaryoblastic leuke-
mia associated with Down’s syndrome = 1. 
Cytoplasmic expression of Sy was observed in 
all (100%) the Mk of the controls and in 13 of 
15 (90%) cases. In two of the four (50%) bone 
marrow biopsies with a diagnosis of ITP, the 
Mk did not stain for Sy (Figure 1, L). FVIII was 
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Table I. Summary of the sample. The study sample is illustrated according to gender, age in ascending order, clinical diagnosis or previous 
biopsy proven diagnosis in case of follow-up, and intensity of Sy and FVIII. Additionally, the diagnoses are grouped in four categories.

Gender Age (years) Diagnosis Group Sy intensity FVIII intensity

F 2 AMKL + Down Sx Leukemia +++ ++++
M 2 Congenital neutropenia Control +++ ++++
F 10 Thrombocytopenia ITP +++ ++++
M 16 Thrombocytopenia ITP +++ ++++
M 23 Ewing’s sarcoma staging Control + ++++
M 23 Thrombocytopenia ITP 0 ++++
F 39 AML post chemotherapy Leukemia +++ ++++
M 41 AML Inv. 16 Leukemia ++++ ++++
M 46 Pancytopenia and sepsis Control ++ ++++
F 49 MDS follow-up MDS ++++ ++++
F 55 Work-up acetabular lesion Control +++ ++++
M 63 Rule out MDS MDS ++++ ++++
M 64 MDS transforming to AML MDS +++ ++++
M 65 Residual MDS MDS ++++ ++++
F 66 AML Del. 5q Leukemia ++ ++++
F 66 MDS Del. 5q MDS ++++ ++++
M 68 MDS/RARS/Thrombocytosis MDS ++++ ++++
F 68 Lymphoma Staging Control ++ ++++
M 73 MDS/RA/ Del. -20q MDS ++++ ++++
F 83 Thrombocytopenia ITP 0 ++++

AMKL = Acute megakaryoblastic leukemia; Sx = Syndrome; ITP = Immune Thrombocytopenic purpura; MDS = Myelodysplastic syndrome; AML = Acu-
te myeloid leukemia; Inv = Inversion; Del = Deletion; RARS = Refractory anemia with ringed sideroblast; RA = Refractory anemia; Sy = Synaptophysin.

positive in all Mk. The expression intensity of Sy in bone 
marrow biopsies grouped as benign (controls and ITP, mean 
= 1.8) was not significantly different from those biopsies 
grouped as malignant (leukemias and MDS, mean = 2.2). 
The Mann-Whitney-Wilcoxon test showed a median dif-
ference of 1.2 (95% CI = -4.9 to 2.0, p = 0.74). Figure 
1 illustrates the staining characteristics of selected cases.

DISCUSSION

The present study demonstrates that Sy is commonly pres-
ent in the cytoplasm of human Mk. In this study, we did 
not observe a specific pattern of expression associated with 
age, sex or clinical condition. The initial impression that 
neoplastic bone marrows display a stronger expression of 
Sy did not reach statistical significance when assessed by 
an arbitrary grading methodology. However, more specific 

patterns of expression could be determined by increasing 
the sample size.

It is also important to ponder that only one type 
of monoclonal antibody was used. Although the pos-
sibility of cross-reactivity with similar proteins of the 
same family, i.e., granulophysin,23,24 pantophysin,25 
syntaxin,10 synaptotagmin,26 cannot be completely 
excluded, our findings reveal that the protein that we 
observed is present in human Mk and, more important, 
that this protein might be lost in a subset of patients 
with ITP, as is the case of patients with Hermansky-
Pudlak syndrome, in whom the dense granule protein 
granulophysin is absent.12,23,24 A report by Jayakumar 
et al.27 demonstrates that low concentration of Sy and 
other synaptic proteins at the synapses correlates with 
altered neurotransmission. Similar phenomena could 
occur in other forms of exocytosis that employ analo-
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Figure 1. Representative photomicrographs of the four categories of diagnoses. Rows represent an example of each diagnosis (Control, Leuke-
mia, MDS, and ITP) and columns illustrate the type of stain (H&E : hematoxillin and eosin, 60X; FVIII: human factor VIII; Sy: synaptophysin). 
A) Bone marrow biopsy of a two-year-old boy with a clinical diagnosis of congenital neutropenia shows slight hypocellularity for age with 
maturing trilineage hematopoiesis. Note the normal enchondral ossifi cation of the bone trabeculum. B) FVIII immunostain highlights Mk and 
some endothelial cells. C) Sy immunostain demonstrates strong cytoplasmic positivity in the Mk. The insert (100X) illustrates the granular 
cytoplasmic staining. D) Biopsy of a a 66-year-old female with a diagnosis of AML and -5q deletion showing a replaced marrow by blasts and a 
residual Mk. E-F) Immunostains highlight the residual Mk. G) Biopsy of a 68-year-old male with a diagnosis of MDS, RARS and thrombocyto-
sis demonstrates megakaryocytic hyperplasia with characteristic hypolobated and some small («dwarf») Mk. H-I) Strong positivity of FVIII and 
Sy is observed. J) Biopsy of a 23-year-old male with a diagnosis of ITP illustrates a normocellular bone marrow for age with mild compensatory 
megakaryocytic hyperplasia and normal morphology. K) FVIII highlights the presence of Mk and endothelial cells. L) Sy immunostain is com-
pletely negative.
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gous mechanisms. Nonetheless, additional studies are 
necessary to confirm these hypotheses.

Additionally, our results demonstrate that the mono-
clonal antibody that we employed to perform this study 
can be used as a suitable alternative to FVIII to highlight 
the presence of Mk in the bone marrow.

Our study has the following limitations: 1) A small 
sample size that hampers more specific results. Increas-
ing the study sample and including other hematologic 
diseases, predominantly those that are known to affect 
Mk and platelets, such as essential thrombocythemia, 
should allow for stronger conclusions. 2) Sy expression 
was assessed by immunohistochemistry with only one 
monoclonal antibody. The use of other commercially 
available antibodies would be encouraged to further 
confirm our findings. 3) Sy expression was graded by us-
ing an operator-dependent scoring system. More specific 
methodologies that could quantitate the expression of Sy 
would be necessary to establish a baseline concentration 
of Sy in normal Mk and to distinguish possible differences 
in other conditions.

In summary, the present study illustrates observational 
results that indicate that Sy is usually expressed in the 
cytoplasm of human Mk. Further studies are necessary to 
confirm these observations and to elucidate the clinical 
significance of such findings.

CONCLUSIONS

Sy expression was frequently detected by immunohisto-
chemistry in megakaryocytes regardless of disease process. 
However, Sy was not expressed in a subset of patients with 
ITP. The clinical significance of these findings and the po-
tential role of Sy in megakaryocytes are currently unknown.
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