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Essentials 

 The BCR-ABL negative myeloproliferative neoplasms are subjected to unknown 

phenotypic modifiers. 

 We studied the expression of GATA-1  and its downstream targets, NFE2, FLI1, in the 

peripheral blood of patients diagnosed with essential thrombocythaemia (ET)  

 GATA-1 was upregulated in ET patients, regardless of treatment regimen or 

mutational status. 

 Megakaryocytes from ET patients strongly stained for GATA-1 protein content, 

whereas MF megakaryocytes displayed decreased GATA-1 staining and an increase 

in the % of GATA-1neg megakaryocytes. 

 GATA-1 expression levels may have utility as a diagnostic marker in ET and in its 

differential diagnosis from myelofibrosis (MF). 

  



Abstract: 

Background: 

The BCR-ABL negative myeloproliferative neoplasms, polycythaemia vera, essential 

thrombocythaemia (ET) and myelofibrosis (MF) are characterised by mutations in JAK2, CALR 

or MPL. However, a yet unknown factor drives the precise disease phenotype. The 

haematopoietic transcription factor GATA-1 and its downstream targets NFE2 and FLI1 are 

responsible for determining erythroid and megakaryocyte lineages during haematopoietic 

stem cell differentiation. Previous studies have demonstrated low level of GATA-1 expression 

in megakaryocytes from patients with myelofibrosis. 

Objectives and Methods: 

The expression of GATA-1, NFE2, and FLI1, was studied for changes in the peripheral blood 

(PB) of ET patients. Peripheral blood samples were obtained from 36 ET patients, 14 patients 

with MF and 7 healthy control donors. Total RNA from peripheral blood mononuclear cells 

(PBMCs) was extracted, and quantitative PCR was used to determine relative changes in gene 

expression. Protein levels of GATA-1 were also determined in bone marrow sections from ET 

and MF patients.  

Results: 

GATA-1 mRNA was upregulated in ET patients, regardless of treatment regimen or mutational 

status. The expression of FLI1 was significantly downregulated, whereas the expression of 

NFE2 was unaffected by changes in GATA-1 levels. Megakaryocytes from ET patients 

displayed increased protein levels of GATA-1 compared to MF patients. 

Conclusions: 

Our results confirmed, in PB, our previous data demonstrating elevated levels of GATA-1 in 

total bone marrow of ET patients. GATA-1 levels are independent from cytoreductive 

therapies and may have utility as a diagnostic marker in ET and in its differential diagnosis 

from MF.  

 

 

 



Introduction: 

 

Myeloproliferative neoplasms (MPN) are a group of clonally derived stem-cell 

disorders of haematopoietic progenitors resulting in a proliferation of differentiated myeloid 

cell types [1]. BCR-ABL negative MPNs, polycythaemia vera (PV), essential thrombocythaemia 

(ET) and myelofibrosis all share overlapping clinical and pathological features. Both ET and 

MF are disorders of the megakaryocytic lineage and a continuum exists between these two 

subtypes. Clinically it can be difficult to distinguish between a “true” ET and a pre-fibrotic MF 

and the diagnostic confirmation is only based upon non-standardised morphological criteria 

on the bone marrow biopsy[2]. However, patient prognosis between ET and MF is vastly 

different. The median survival in ET is 19.8 years and the risk of disease transformation, 

myeloid or leukaemic, is low in the first decade after diagnosis (9.1% and 1.4% respectively) 

[3]. In contrast, the prognosis in MF is much poorer with a median survival of 5.9 years [4]. 

Mutations in JAK2, CALR and MPL are central to the pathogenesis of these disorders; however, 

the actual disease phenotype is a consequence of yet unknown genetic modifiers.  

GATA-1 is a transcription factor with a critical role in haematopoiesis, specifically in 

erythrocyte and megakaryocyte development [5]. Recent studies have shown that ribosome 

dysfunction leads to reduced GATA-1 protein content in the megakaryocytes of MF patients 

[6, 7]. Previously, it has been demonstrated that bone marrow mononuclear cells of ET 

patients contain elevated levels of GATA-1  [8]. This study determines the utility GATA-1 as a 

potential biomarker to aid in differentiation between ET and MF.  

  



Materials and methods: 

Mononuclear cells were isolated from the PB of ET patients (n = 36), MF patients (n=14) and 

healthy donors (n = 7) using Ficoll-Paque separation gradient. Total RNA was obtained using 

TRIzol®/chloroform extraction techniques. Complimentary DNA (cDNA) was synthesised using 

the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems). Quantitative PCR was 

run using either Quantinova Sybr Green dye (Qiagen, Manchester, UK) or Taqman probes (Life 

Technologies, Paisley, UK). Taqman probes used were GATA-1 Hs01085823_m1 and GAPDH 

Hs02786624_g1. Sybrgreen primers were as follows: FLI1 forward: 

CGCTGAGTCAAAGAGGGACT, reverse AATGTGTGGAATATTGGGGG; NFE2 forward: 

ACTCACTCATGCCCAACTCC, reverse TCTACCGGCAAGTTGACAATC and GAPDH forward: 

TGCACCACCAACTGCTTAGC, reverse GGCATGGACTGTGGTCATGAG. 

Immunohistochemistry: Formalin Fixed Paraffin embedded (FFPE) bone marrow sections 

from 2 ET, 3 early-MF, 3 MF, 1 post-ET MF and 1 AML-post MF patients were deparaffinized 

in absolute xylene and rehydrated in decreasing alcohol scale (100%, 95%,80%,70%) until 

placed in water. Peroxidase block was performed with 3% hydrogen peroxide for 10 minutes 

and heat induced antigen retrieval performed with target retrieval solution citrate buffer 

(DAKO, Agilent Technologies) in a water bath at 96 °C for 30 minutes. Slides were then blocked 

with background punisher solution (Biocare medical) for 10 minutes and incubated with 

GATA-1  primary antibody (dilution 1:100, Cell signalling 3535) overnight at 4°C. After primary 

antibody incubation, the sections were then incubated with an HRP conjugated polymer 

(MACH4, Biocare medical) for 30 minutes and stained with diaminobenzidine (Betazoid DAB, 

Biocare medical). Counterstain was performed using Mayer’s Haematoxylin. GATA- negative 

megakaryocytes (GATA-1 neg) were defined as megakaryocytes lacking evident DAB staining 



or showing a very faint brown staining for GATA-1. Relative quantification was performed 

reporting the percentage of GATA-1 negative megakaryocytes counted on 10 randomly 

selected high power fields with a 40X objective on a Leica DM4000B microscope. 

Statistics: Relative gene expression was calculated using the ΔΔCT method, where GAPDH 

was used as the control gene. Median gene expression of the 36 ET and 14 MF samples was 

compared against that of 7 healthy volunteers. Significance was determined using the 

Mann-Whitney U-test between two groups and the Kruskal-Wallis with Dunn’s Multiple 

Comparison test was used to calculate significance for an independent variable between 

three or more groups. All tests were carried out using GraphPad Prism v7.05.  



Results and Discussion: 

The clinical and haematological parameters for ET and MF patients enrolled in this 

study are listed in Table 1. All patients were diagnosed as having ET or MF according to the 

WHO criteria [9]. Histological analysis of bone marrow biopsies were undertaken along with 

mutational analysis to confirm ET: n= 17 of patients carried a mutation in JAK2, n= 4 had a 

CALR mutation, one single patient had a mutation in the gene encoding the thrombopoietin 

receptor, MPL, and n=14 had no identified mutation in JAK2, CALR or MPL (triple-negative). 

MF patients also underwent bone marrow biopsies and mutational analysis: 8 MF patients 

carried a mutation in JAK2, n= 4 had a CALR mutation, one single patient had a mutation in 

the gene encoding the thrombopoietin receptor, MPL, and 1 patient was triple-negative. 

Table 1 also indicated the treatment regimens at the time of sampling: in both ET and MF the 

majority of patients were treated with the cytoreductive agent hydroxyurea (53% and 86% 

respectively). 

RT-qPCR analysis of RNA isolated from the PBMCs of ET and MF patients against 

healthy donor controls showed that the key haematopoietic transcription factor, GATA-1, was 

significantly upregulated (adjusted p value<0.001) in ET patients compared to both MF 

patients and healthy controls (Figure 1A). Expression of GATA-1 was found to be unrelated to 

the choice of therapy (Figure 1B). A moderate negative correlation (r = -0.4129, p = 0.0189) 

was found between measured platelet level and GATA-1 expression at the time the sample 

was taken. Samples were separated into three equal sized patient groups corresponding to 

measured platelet counts (Figure 1C), Low: 190 – 373, Med: 375 – 500, High: 508 – 758 x 109/L. 

GATA-1 expression in the medium and high platelet groups were significantly lower than 

observed in the low platelet group (p = 00059). These results suggest that raised GATA-1 



expression is a marker for ET, although it does not positively correlate with measured platelet 

counts in patients undergoing cytoreductive or platelet reducing therapies. 

Recent studies have highlighted the central role of GATA-1 in MF, demonstrating that 

MF is specifically associated with reduced megakaryocytic GATA-1 protein levels [6, 7, 10]. To 

investigate the levels of GATA-1 at the protein level in MPN patients, FFPE bone marrow 

sections from patients representing the full spectrum of megakaryocytic lineage disorders (ET, 

post-ET MF, prefibrotic-MF, MF and AML-post MF) were stained with a GATA-1 antibody 

which specifically marks megakaryocytes and erythroid cells. All the cases show the common 

expansion of the megakaryocyte lineage in MPN with clustered abnormal megakaryocytes. 

Recently, Gilles et al., [6] reported that MF megakaryocytes display a decreased GATA-1 

protein content, which drives their abnormal maturation. Consistent with this report, all MF 

cases considered displayed a decreased percentage of megakaryocytes staining for GATA-1 

(Figure 2A panels I-III) indicating absence of the protein in the nuclei of megakaryocytes. MF 

samples demonstrated the highest levels of GATA1neg megakaryocytes (Figure 2B). Early-MF 

samples displayed strong staining of GATA-1 in most megakaryocytes (Figure 2A panels IV-VI), 

indicating a difference between the pre-fibrotic and fibrotic stage of MF. In the ET samples 

nearly all megakaryocytes strongly stained for GATA-1 in ET samples (Figure 2A panels IX-X). 

The % GATA-1-negative megakaryocytes was comparable between the early-MF and ET 

samples (Figure 2B), indicative of this continuum in these megakaryocytic disorders.  

 In this study, GATA-1 mRNA levels were higher in ET patients than in both controls 

and MF patients. However, no significance in mRNA levels were seen between MF patients 

and controls (Figure 1A). The decreased level of differentiation of MF megakaryocytes in the 

fibrotic phase is consistent with the concept of megakaryocytes being major drivers of the 



fibrotic process through production of pro-fibrotic and pro-inflammatory cytokines [11]. On 

the other hand, GATA-1 expressing ET megakaryocytes are larger and well differentiated to 

allow for increased platelet production leading to thrombocythaemia. Taken together, these 

results indicate that GATA-1 protein expression in megakaryocytes differentiate ET and early 

MF patients from post-ET MF, and MF patients.  

In contrast, to GATA-1 levels, FLI1 was significantly downregulated (p < 0.0001) in the 

PBMCs of ET patients compared to healthy controls (Figure 3A). This corresponded to a nine-

fold decrease in relative FLI1 expression. Importantly however, there was no significant 

difference in the level of this transcription factor between MF and ET patients. Unlike GATA-

1, there was no direct correlation with platelet levels (r = 0.2332; p = 0.1710), however there 

was a moderate negative correlation between FLI and GATA-1 expression levels (r=-0.409, 

p=0.02). Interestingly, the significant reduction of FLI1, critical for normal megakaryopoiesis, 

in PBMCs does not appear to negatively affect platelet production in these patients. NFE2, 

which is a direct transcriptional target of GATA-1, did not shown any change in median 

expression (p = 0.1310) relative to healthy control samples (Figure 3B), nor did it correlate 

with either GATA-1 or platelet levels. This does not follow the expected gene expression 

pattern given the significant increase in GATA-1 observed in Figure 1A. The rise in GATA-1 

expression seen in the PBMCs ET patients does not directly result in the upregulation of key 

transcription factors involved in both early and late megakaryopoiesis, FLI1 and NFE2. The 

findings that neither FLI nor NFE2 differentiate between ET and MF patients suggest that low 

GATA-1 may be a novel biomarker for MF. Its levels may be a phenotypic modifier that helps 

direct clonal evolution in MPN development: being downregulated in MF or upregulated in 

ET patients. This study, through sampling the PBMCs, represents a minimally invasive test to 



help with the diagnostic challenge of determining those patients who are “true” ET patients. 

The combination of GATA1 expression in PBMCs and GATA1 staining in megakaryocytes could 

also support a more robust and consistent way to aid in the diagnosis of these megakaryocytic 

disorders that frequently require histopathologists to rely on non- standardised histological 

markers.   
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Table 1: Clinical Parameters of patients enrolled on study: 36 ET and 14 MF (ANA, 
Anagrelide, HU hydroxyurea, RUXO, ruxolitinib, WW watch and wait) 

 

 

 ET  MF 

Number of patients 36 14 

Age 
(Median/Range) 

68 
(36-92) 

68 
(50-87) 

Gender 
Male  
Female 

 
16 
24 

 
5 
9 

Platelet count 
(Median/Range) x109/L 

444 
(190-758) 

32 
(27-113) 

Platelet count (diagnosis) 
(Median/Range) x109/L 

760 
 (650-1670) 

42 
(54-153) 

Mutation 
JAK2 
CALR 
MPL 
Triple Negative 

 
17 
4 
1 

14 

 
8 
4 
1 
1 

Treatment 
ANA 
HU 
ANA+HU 
WW 
RUXO 

 
3 
6 

21 
6 
0 

 
0 

12 
0 
0 
2 

 

 

  



Figure Legends  

Figure 1: GATA1 is able to differentiate between EF and MF patients. (A) Median GATA1 expression 

in the peripheral blood mononuclear cells ET, MF patients and healthy controls. GATA1 is 

significantly upregulated in the peripheral blood of ET patients compared to controls and MF 

patients (adjusted p value <0.001). However there was no significant difference in GATA1 levels 

between controls and MF patients (Dunn’s Multiple Comparison Test with Kruskal-Wallis test). (B)  

Median GATA1 expression in ET patients by current therapy. ANA: anagrelide, HU: hydroxyurea, 

WW: Watch and wait (no treatment). GATA1 expression was not affected by choice of therapy 

(Dunn’s Multiple Comparison Test with Kruskal-Wallis test; p = 0.6183). (C) Median GATA1 

expression plotted against platelet counts. Platelet counts were separated into equal sized groups 

(Low: 190 – 373, Med: 375 – 500, High: 508 – 758 x 109 /L) GATA1 was significantly raised in patients 

with lower platelet counts (Dunn’s Multiple Comparison Test with Kruskal-Wallis test; p = 0.0059). 

Figure 2: Immunohistochemistry of patient bone marrow samples for GATA1 protein levels. FFPE 

bone marrow sections from patients diagnosed with ET (I-II), early MF (III-V),  MF (VI-VIII), post ET-

MF (IX) and AML-post MF (X) were stained with a GATA-1 antibody that specifically marks 

megakaryocytes and erythroid cells. (B) Relative quantification reporting the percentage of 

GATA1neg megakaryocytes counted on randomly selected high power fields with a 40X objective on 

a Leica DM4000B microscope. 

Figure 3: Neither FLI1 or NFE2 is able to differentiate between EF and MF patients. (A) Median 

expression of the haematopoietic transcription factor FLI1 in ET patients relative to healthy controls. 

Levels of FLI1 were significantly lower in ET patients versus controls. However there was no 

significant difference in GATA1 levels between ET and MF patients (Dunn’s Multiple Comparison Test 

with Kruskal-Wallis test). (B) Spearman's rank correlation demonstrated a significant moderate 

negative correlation between GATA1 and FLI1 relative mRNA levels in ET patients (r = -0.409, p 

<0.05). (C) Expression of the haematopoietic transcription factor NFE2 in ET patients relative to 

healthy controls. No significant difference between the median values in ET and controls was 

observed (p = 0.1310 – Mann Whitney U Test). 

  



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 


