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Introduction

Autoimmune manifestations have been described in myeloid neoplasms. Myelodysplastic 
syndrome (MDS) has been epidemiologically associated with AIDs in up to 20% of cases and 
chronic myelomonocytic leukemia (CMML) in up to 30% of cases. MPN has been occasionally 
complicated by AID or autoimmune cytopenia [1,2]. Various cases of rheumatoid arthritis, 
dermatomyositis, periarteritis nodosa, multiple sclerosis, inflammatory bowel disease, and primary 
biliary cirrhosis have been reported in MPN [3,4]. Autoimmune hemolytic anemia and pure red 
blood cell aplasia are occasionally observed. Overlapping conditions such as chemotherapy, bone 
marrow infiltration, and transfusions may be confounding factors challenging the diagnosis of 
autoimmune cytopenia in MPN. The hematologic malignancies’ therapies such as interferon, 
fludarabin, tyrosine kinase inhibitors or immunotherapy have been implicated in the development 
of autoimmune manifestations [5-7].

The prognostic significance of the coexistence of AID in MPN patients is still debated. 
Although, reports have linked the presence of systemic vasculitis in MDS/MPN patients to a 
shorter survival [8,9].

JAK2 is a tyrosine kinase that promotes cytokine production in immune, hematopoietic 
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cells. The JAK2V617F is the most frequently detected mutation in 
Philadelphia-negative myeloproliferative neoplasms. It promotes 
a pro-inflammatory state that is associated with a higher risk of 
immune mediated diseases and thromboembolic complications [10-
12].

In order to look for autoimmune comorbidity and to quantify 
the prevalence of positive DAT in MPN patients at presentation 
we conducted a cohort study of all consecutive patients with 
JAK2V617F mutation.

Materials and Methods

All consecutive patients with MPN who tested positive for 
JAK2V617F mutation and who underwent the DAT at presentation 
from 2010 to 2022 were the subject of our longitudinal cohort 
study. For the purposes of this analysis, this cohort was divided into 
6 groups according to the type and degree of myelofibrosis on bone 
marrow biopsy and the cell morphology on bone marrow aspiration 
and peripheral blood smear. The clinical and hematological data 
enabled a clear-cut distinction between ET, PV, PMF, secondary 
myelofibrosis (ET/MF and PV/MF) and Hybrid states of MDS/
MPN. The hematological diagnoses were confirmed according to 
the 2016 WHO classification and diagnostic criteria for MPN. All 
patients have had a DAT performed at diagnosis upon physician 
request even in the absence of hemolysis. Demographic data, 
detailed history, and inflammation markers including LDH, CRP, 
rheumatoid factor, and indirect bilirubin levels were collected at 

diagnosis. Specific autoimmune markers were selectively tested 
according to the personal history and clinical data for each 
patient. Also, the follow-up clinical and biological data were 
regularly collected and the overall survival was evaluated for the 
different groups. We also search for a possible correlation between 
the occurrence of thrombosis and the presence of autoimmune 
manifestation. The JAK2V617F mutation was detected using highly 
specific real time PCR technique and the DAT was performed 
with a gel technique using BIO-RAD ID-Card “DC-Screening I” 
consisting of five different mono-specific AHG reagents; anti-IgG, 
antiIgA, anti-IgM, anti-C3c (all rabbit), and anti-C3d (Monoclonal 
cell line C139-9) suspended in gel, and the negative control was 
used. The t-test was used whenever required to compare the means 
of different small groups.

Results

The cohort analyzed consists of 59 patients, aged between 18 
and 93 years with a median age of 65 years. There were 22 females 
and 37 males. The median follow-up time was 90 months (12 to 
130 months). All demographic, clinical and hematological data are 
summarized in Table 1. The patients were divided into 6 groups: 22 
ET, 28 PV with or without secondary myelofibrosis, 5 PMF and 4 
MDS/MPN.

Nine patients (15.2%) were found to have a positive-DAT with 
warm autoantibodies mainly in patients with PMF and MDS/MPN. 
Autoimmune phenomena were found in 15 patients (25.4%). 

Table 1. Patient characteristics, clinical presentation, direct antiglobulin test positivity, presence of autoimmune manifestations, history of 
thrombosis and progression.

ET PV PMF ET/MF PV/MF MDS/MPN Total (%)

Total (%) 16 (26.8%) 26 (44%) 5 (8.4%) 6 (10.1%) 2 (3.4%) 4 (6.7%) 59

Sex F/M 5/11 10/16 4/1 1/5 1/1 1/3 22/37

Mean age (Years) 53.3 [18-93] 53.6 [20-84] 68.4 [57-78] 72 [67-77] 69 [59-79] 72.5 [67-78] 65 [18-93]

Positive-DAT 1 (6.2%) 2 (7.4%) 3 (60%) 1 (16.5%) - 2 (50%) 9 (15.2%)

Rheumatoid Arthritis - 2 (7.4%) - - - 2 (50%) 4 (6.6%)

Fibromyalgia - 1 (3.7%) - - - - 1 (1.7%)

Dermatomyositis - 1 (3.7%) - - - - 1 (1.7%)

Development of CLL - 1 (3.7%) - - - - 1 (1.7%)

Monoclonal gammopathy 1 (6.2%) - - - - 1 (1.7%)

Arterial thrombosis 6 (37.1%) 7 (36.8%) 1 (20%) 3 (50%) 2 (100%) 1 (20%) 20 (33.9%)

Deep vein thrombosis 4 (25%) 8 (26.9%) 1 (20%) - 1 (50%) - 14 (23.6%)

Splanchnic vein 
Thrombosis 1 (6.2%) 2 (7.4%) 1 (20%) - 1 (50%) - 5 (8.5%)

AML transformation - - - - - 1 (25%) 1 (1,7%)

Splenomegaly 9 (56.1%) 16 (61.4%) 5 (100%) 6 (100%) 2 (100%) 4 (100%) 42 (71%)

WBC (G/l) 14.2 [12-20] 18.2 [15-20] 8.5 [1.2-12] 11.7 [9-16] 18.2 [15-20] 10.3 [1-17]

Platelets (G/l) 950 [500-1800] 550 [80-950] 167 [20-300] 790 [600-950] 550 [400-1200] 77 [30-230]

Hemoglobin level (g/dl) 11.4 [7.5-20] 16,3 [9.8-22] 9.8 [2-12] 14 [9.5-16] 14 [12-16] 6.7 [3-19]
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All positive-DAT patients had splenomegaly at presentation. 
There was no statistically significant correlation between positive-
DAT status and the younger age, the gender, or the hemoglobin 
serum level, although 2 of the positive-DAT patients had severe 
anemia. There was no correlation between the presence of venous or 
arterial thrombosis and DAT positivity (Table 2). 

Among the 4 cases of MDS/MPN, there was one CMML, one 
atypical chronic myeloid leukemia (aCML) and 2 unclassifiable. 

All of them had autoimmune manifestations; 50% positive-DAT 
and 50% rheumatoid arthritis. The CMML patient developed 
multiple arterial aneurysms in the left axilla and the thorax causing 
his death. The aCML patient developed acute myeloid leukemia 
(AML) transformation. These patients had a shorter overall survival 
(Figure 1). Among the 5 patients with PMF, 3 patients had positive-
DAT (60%), but no patient developed clinical AID. Among the 
26 patients with PV, 6 patients (22.2%) developed autoimmune 

Table 2. Positive-DAT status associated autoimmune diseases (AID) and pattern of thrombosis in the cohort patients with JAK2V617F mutation.

ET PV PMF ET/MF PV/MF MDS/MPN Total (%)

Arterial Thrombosis

CVA 3 (18%) 5 (19%) 1 (20%) 1(15%) 1 (50%) - 11 (18.5%)

MI 2 (12.5%) 2 (7.7%) - 2 (33.3%) - - 14 (24.5%)

Mesenteric Infarction 1 (6%) 1 (3.5%) - - - - 2 (3.5%)

Venous Thrombosis

DVT 4 (25%) 7 (27%) 1 (20%) - - 1 (25%) 13 (22.5%))

PE - 1 (3.8%) - - - - 1 (1.5%)

SVT 2 (12.5%) 2 (7.5%) 1 (20%) - 1 (50%) - 6 (10%)

CVT - 1 (3.8%) - - - - 1 (1.5%)

Positive-DAT / No thrombosis - - 2 (40%) - - 1 (25%) 3 (5%)

Positive-DAT + Arterial Thrombosis 1 (6%) 1 (3.8%) - - - - 2 (3.5%)

Positive-DAT + Venous Thrombosis - 3 (11.5%) 2 (40%) - - 1 (25%) 6 (10%)

AID / No thrombosis - 3 (11.5%) - - - 2 (50%) 5 (9.5%)

AID + Arterial or venous thrombosis - 2 (7.5%) - - - - 2 (3.5%)

Figure 1. Overall survival of patients with essential thrombocythemia (ET +/-MF), polycythemia vera (PV +/- MF), primary myelofibrosis (PMF) and 
myelodysplastic syndrome/myloproliferative neoplasm hybrid state (MDS/MPN).
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manifestations such as positive-DAT (7.4%), rheumatoid arthritis 
(7.4%), fibromyalgia (3.7%), and dermatomyositis (3.7%). One PV 
patient developed chronic lymphocytic leukemia (CLL). Two ET 
patients out of 16 free of secondary melofibrosis were DAT-positive 
(6.2%) and one ET patient developed monoclonal gammopathy. 
The occurrence of positive-DAT, autoimmune manifestation, and 
thrombosis is displayed in Tables 1 and 2. The strength of DAT 
reaction was correlated with the presence of overt hemolysis for 
either IgG or complement.

There was one young woman suffering from dermatomyositis 
and treated occasionally with corticosteroids, for many years before 
developing high platelet count and high hemoglobin level revealing 
an MPN.

Discussion

Autoimmune conditions may cause inflammatory driven 
tumorigenesis that could lead to the development of MPN. AID 
therapies using corticosteroids, non-steroidal anti-inflammatory 
agents or immunotherapy may also play a role in developing MPN 
[1-7]. Epidemiological studies conducted by SEERs and Swedish 
cancer registry described the AIDs as a risk factor for developing 
MPN [13- 15] while other studies described AID as coincidental 
comorbidities in MPN [16,17]. JAK2V617F hematopoietic clones 
may develop many years prior to MPN diagnosis with highly 
variable levels of clonal expansion [18]. In our series, all patients 
have been tested for JAK2 mutation because of suspicious clinical 
and/or biological presentation and therefore they all had overt MPN. 
Those who presented AID were diagnosed with this condition prior 
to MPN diagnosis and JAK2V617F mutation testing. Twenty five 
percent of patients presented autoimmune phenomena including 
15% positive-DAT with or without AIHA.

The JAK2 mutation is a signal transmitter downstream of 
major cytokine receptors [19-21] which promote the activation 
of “signal transducers and activators of transcription” (STAT) that 
translocate from the membrane to the nucleus in order to regulate 
the transcription of target genes. The “mitogen-activated protein 
kinases” (MAPK) as well as the “protein kinase b pathway” (PI3K/
AKT) execute the downstream signaling of JAK and promote 
proliferation, differentiation, and cytokine production in immune 
and hematopoietic stem cells [22,23]. Additional molecular 
alterations such as TET2, ASXL-1, SETBP1 and IDH1/2 have been 
found to be involved in MPN pathogenesis, initiation of leukemic 
transformation or inflammation and immune response [24,25]. 

Genome-wide association studies (GWAS) for disease exploration 
have identified more than 200 single nucleotide polymorphisms 
(SNPs) and somatic mutation of JAK-STAT pathway genes that 
are involved in the pathogenesis of autoimmune diseases and 
hematological malignancies [26,27].The inhibition of JAK-STAT 
pathway could reduce the symptoms and the complications in MPN 
patients as well as in rheumatologic diseases [28-31]. JAK2V617F 
mutation arises from hematopoietic stem cell clones and is not 
strictly committed to myeloid cells. Experimental models suggest 
that it influences the lymphocyte functions [32,33]. In this respect, 
AID and MPN may occur as a result of JAK2 mutation regardless 
of the timing.

Sixty percent of patients with PMF in our series (3/5) and 
50% of those with MDS/MPN (2/4) had positive-DAT results. 

Distinguishing between PMF and autoimmune myelofibrosis 
has sometimes been challenging. No difference in bone marrow 
morphology is seen and the autoantibodies are possibly present 
in PMF. In a nation-wide study of 30 patients with primary 
autoimmune myelofibrosis, not presenting any other condition 
that may lead to myelofibrosis. Mertz et al. [34] found that 40% of 
patients developed AID mostly systemic lupus erythematous (SLE) 
and 50% of them had Sub-Saharan African or North African origin. 
In our series, all patients with bone marrow failure and displaying 
autoantibodies have JAK2V617F mutation and more than 50% of 
them had associated autoimmune manifestation.

In a Swedish population-based study [14], patients with existing 
autoimmune disease had increased risk of developing MPN. On the 
other hand, notable studies [2,24] reported up to 45% positive-DAT 
in patients with PMF and 15% detectable anti-platelets antibodies 
although the positivity of DAT and the presence of antiplatelet 
antibodies do not correlate with the severity of the anemia or the 
thrombocytopenia.

Whether or not autoimmunity causes thrombosis in patients 
with JAK2V617F mutation remains to be proven. We found no 
correlation between the occurrence of thrombosis and the presence 
of AID. A positive-DAT was not an indicator of a thromboembolic 
event. Cacciola et al. [35] studied the anti-endothelial cell antibodies 
(AECAs), the endothelial leukocyte adhesion molecule 1 (ELAM-
1), the intercellular adhesion molecule 1 (ICAM-1) and the von 
Willebrand factor antigen (VWF:Ag) in 60 patients and found 
them elevated in patients with thrombosis compared to those 
without thrombosis. In addition to the thromboembolic risk of 
MPN, autoimmune hemolytic anemia has been associated with an 
increased risk of thrombosis [36,37].

A positive DAT as well as other AIDs has long been associated 
with myelofibrosis. In the 1970s, Boivin et al. [38] in studying 26 
cases with MF found 8 positive Latex reaction cases and 6 positive-
DAT. Rondeau et al. [39] in studying 67 patients with agnogenic 
myeloid metaplasia known as MPN with PMF found that 19% 
of patients had positive-DAT, 21.7% had positive-RA factor and 
10,3% had anti smooth muscle antibodies and Hasselbalch et al, 
[40] suggested that immune hemolysis could contribute to the 
development of anemia in 15% of patients with PMF.

The autoimmune phenomena seen in some patients with MF 
may be explained by the attenuation of Treg function by SIL2Rα and 
induction of CD8+ T-cell proliferation, especially in JAK2V617F 
patients but not CALR mutation patients [41-43].

Galimberti et al. [44] found that 8% of patients with MPN 
had an autoimmune manifestation, typically young females with 
low hemoglobin level and splenomegaly. However, they found no 
correlation between the AID type and the MPN histotype while 
other studies did [45].

In our series we did not systematically look for the presence 
of antiphospholipid syndrome (APS) or paroxysmal nocturnal 
hemoglobinuria (PNH) that could have coexisted in a subclinical 
state in our patients with thrombosis. However, the coexistence of 
antiphospholipid syndrome and MPN in JAK2 mutation carriers 
has been described and was associated with a significantly younger 
age [46]. The association of MPN and paroxysmal nocturnal 
hemoglobinuria (PNH) which may affect up to 10% of MPN 
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patients deserves special attention in case of unexplained anemia 
with or without hemolysis, recurrent thrombosis, and atypical bone 
marrow morphology findings [47].

Currently, the drug development targeting JAK-STAT pathway 
mainly focuses on cytokine or receptors antibodies, JAK inhibitors 
and STAT inhibitors. Understanding the association between the 
JAK-STAT pathway and immune regulation and disease progression 
will provide new treatment strategies for immune related cancers 
[48,49].

Idiopathic thrombopenic purpura (ITP) has been sporadically 
reported in patients with ET. However, routine screening for MPN 
driver mutations in the work-up of isolated ITP is inappropriate [50]. 
The same applies to high ferritin level, AIHA, high LDH and high 
CRP [24]. The plasma cell neoplasms with coexisting erythrocytosis 
have been found to be unrelated to JAK2V617F mutation [51,52]. 
An inflammatory profile is a significant feature of many MPN as well 
as B-cell neoplasm. This may be due to a disruption of the shared 
JAK-STAT pathway signaling. On the other hand, molecular work-
up may detect up to 17% of JAK2V617F mutation in patients with 
stroke, abdominal and deep vein thrombosis [53]. Patients with 
inflammatory bowel disease and erythrocytosis may harbor this 
mutation in a meaningful proportion [54]. 

Conclusions

In conclusion, we found that a positive-DAT is present in 
15% of patients with JAK2V617F mutation at diagnosis regardless 
of the presence of overt anemia and another 10% of them were 
previously diagnosed with AID. Patients with PMF and MDS/
MPN subtypes are most likely to develop a positive-DAT in 60% 
and 50% of cases respectively. Patients with PV and ET subtypes 
are less likely to display autoimmune manifestations. The occurrence 
of thromboembolic event was not associated with the presence of 
autoimmune phenomena.
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