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Abstract
Background: Pathogenesis and phenotypic diversity in myeloproliferative neoplasms (MPN) cannot be fully ex-
plained by the currently known acquired mutations alone. Some susceptible germline variants of different genes 
have been proved to be associated with the development of these diseases. The goal of our study was to evaluate 
the association between the rs3184504 polymorphism of SH2B3 (LNK) gene (p.R262W, c.784T>C) and the risk of 
developing the four typical MPN - polycythemia vera (PV), essential thrombocythemia (ET), primary myelofibro-
sis (PMF), and chronic myeloid leukemia (CML).  Material and methods: We investigated the SH2B3 rs3184504 
T>C polymorphism by real-time PCR in 1901 MPN patients (575 with PV, 798 with ET, 251 with PMF, and 277 
with CML), all of them harboring one of the specific driver mutations - JAK2 V617F or CALR in case of PV, ET 
and PMF, or BCR-ABL1 in case of CML, and 359 controls. Results: Overall, the TT homozygous genotype was 
significantly associated with BCR-ABL1-negative MPN  (OR = 1.34; 95% CI = 1.03-1.74; crude p-value = 0.02; 
adjusted p-value = 0.04). The most significant association was seen in case of PV (OR = 1.54; 95% CI = 1.14-
2.06; crude p-value = 0.004; adjusted p-value = 0.024). Also, SH2B3 rs3184504 correlated significantly with 
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Introduction

Myeloproliferative neoplasms (MPN) are a 
group of chronic hematopoietic stem-cell de-
rived proliferative disorders characterized by the 
overproduction of terminally differentiated cells 
from myeloid lineages (1).
The revised 2016 WHO Classification of Tu-
mours of Haematopoietic and Lymphoid Tissues 
includes in the category of MPN seven subcate-
gories. The most common ones are chronic my-
eloid leukemia (CML), the only BCR-ABL1-pos-
itive MPN, and polycythemia vera (PV), prima-
ry myelofibrosis (PMF), and essential thrombo-
cythemia (ET), which are BCR-ABL1–negative 
MPN (2-4).
Most of the patients with BCR-ABL1-negative 
MPN harbor somatic driver mutations in one 
of three genes - JAK2 (Janus kinase 2), CALR 
(Calreticulin), and MPL (myeloproliferative leu-
kemia virus oncogene). They are all involved 
in the activation of JAK-STAT pathway and are 
mutually exclusive in the majority of patients 
with MPN. Mutations in JAK2, mostly V617F, 
are present in all three diseases (>90% in PV, 
50% - 60% in ET, and PMF), while MPL and 
CALR mutations are almost exclusively found in 
ET and PMF patients (3,5).
However, there are important features relating 
to pathogenesis and phenotypic diversity that 
cannot be fully described by acquired mutations 
alone. Somatic acquisition of genetic mutations 
is not the only pathogenic mechanism involved 
in the development of MPN. Researchers are 

increasingly turning their attention to the indi-
vidual genetic background, which is assumed 
to influence the predisposition to MPN. It has 
been hypothesized that a pre-existing germline 
predisposition facilitates one or more additional 
genetic events that lead to uncontrollable prolif-
eration. In a large population-based case-control 
study, including more than 11000 MPN patients 
and their almost 25000 linkable first-degree rel-
atives, a 5- to 7-fold elevated risk of developing 
MPNs among first-degree relatives of MPN pa-
tients was concluded (6). 
In 2009, several published reports described a 
germline haplotype, called 46/1 or  “GGCC”, sit-
uated on chromosome 9p, which is present in the 
general population at a rough estimate of 45%. 
This haplotype predisposes to MPN-associated 
mutations, such as JAK2 and MPL, but confers 
a less significant susceptibility to CALR-mutat-
ed MPN (7-12). From these observations, two 
major hypotheses arose, one suggesting that 
this germline variant causes a fertile ground on 
which mutations gain a stronger growth advan-
tage, and the second theory which suggests a hy-
permutability status, due to the 46/1 haplotype, 
conferring an increased frequency of mutations 
at JAK2 locus. To date, none of these hypothe-
ses have been proven entirely correct, nor that 
they are mutually exclusive. Shortly afterwards, 
another polymorphism, this time in the TERT 
(telomerase) gene, emerged as a major predis-
posing factor to MPN, regardless of phenotype 
or molecular subtype (13). Further studies have 

JAK2 V617F-positive MPN (OR = 1.36; 95% CI = 1.04 -1.77; crude p-value = 0.02; adjusted p-value = 0.08), 
but not with those CALR-positive. ET (regardless of molecular subtype) and CML were not correlated with SH2B3 
rs3184504.  Conclusions: The SH2B3 rs3184504 polymorphism is associated with risk of MPN development, es-
pecially PV. This effect is restricted to JAK2 V617F-positive PV and PMF only.
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found additional variants in other genes, such as 
MECOM, SH2B3, TET2, ATM, CHEK2, THRB-
RARB, PINT, that were shown to predispose to 
MPN (14,15).
LNK (lymphocyte adapter protein) is a mem-
ber of SH2B (Src homology 2-B) adapter fam-
ily of proteins encoded by SH2B3 gene (band 
12q24.12). This adaptor protein, highly ex-
pressed in hematopoietic stem cells and endothe-
lial cells, serves as a molecular platform which 
coordinates multiple pathways signaling events. 
LNK plays an important role as a negative reg-
ulator of growth and cytokine receptor-induced 
proliferation and migration. In normal hemato-
poiesis, LNK inhibits STAT proteins activation. 
LNK exerts this inhibitory effect by binding itself 
to JAK2 protein upon thrombopoietin stimula-
tion. On the other hand, LNK null mice develop 
an MPN-like phenotype, including leukocyto-
sis, thrombocythemia, and splenomegaly. Their 
spleen and bone marrow also show megakaryo-
cytic hyperplasia. Thus, LNK inactivation leads 
to dysregulation of the JAK-STAT pathway pro-
ducing a proliferation of the myeloid elements 
which is the major feature of the MPN (16, 17).
Somatic SH2B3 mutations were found at a rel-
atively low frequency (5-7%) in sporadic MPN 
cases, their frequency increasing to about 13% 
in patients with leukemic transformation (18). 
Germline SH2B3 mutations are also present in 
about 2% of familial MPN (19). Recently, one 
non-synonymous polymorphism of SH2B3, 
namely rs3184504 (p.R262W, c.784T>C), has 
been shown to associate with MPN, especially 
those JAK2 V617F-positive (20-22).
The aim of this study was to determine whether 
the SH2B3 rs3184504 polymorphism is asso-
ciated with an enhanced potential of acquiring 
MPN-associated somatic driver mutations and 
developing the four major MPN - PV, ET, PMF, 
and CML. 

Material and methods

Patients and controls	
The study included 1901 patients with various 
MPN. There were 575 patients with PV, 798 pa-
tients with ET, 251 patients with PMF, and 277 
patients with CML. The patients were diagnosed 
between 1984 and 2019 in different hematology 
hospitals and departments from Romania. The 
diagnosis of all patients was reviewed according 
to the latest WHO classification of myeloid neo-
plasms (4). Table 1 presents demographical data, 
and also the distribution of the driver mutations 
in MPN patients included in the study. Of note, 
we included only patients with a molecularly 
proven driver mutation (JAK2 V617F, CALR 
or BCR-ABL1 mutation). ET and PMF patients 
positive for MPL mutations were ruled out from 
consideration of being included in this study, be-
cause of their low number. Also ET and PMF pa-
tients lacking JAK2 V617F, CALR or MPL mu-
tations (the so-called “triple-negative”) were not 
considered for inclusion in this study. Most of 
these patients were lacking bone marrow biopsy 
and also the status for MPN-associated addition-
al mutations. Thus, their diagnosis was judged 
as uncertain. We also included 359 individuals 
who represented the control group. They were 
age and sex-matched to the patients. The con-
trols were referred for routine blood workup to 
the Clinics of Hematology from Cluj-Napoca, 
Romania. Only individuals showing no hema-
tological neoplasm were included in the control 
group. The study was approved by the Ethics 
Committee of Iuliu Hațieganu University of 
Medicine and Pharmacy, Cluj-Napoca. Written 
consent regarding the genetic testing was also 
obtained from each participant to the study.

Genotyping methods	
All the genetic assays were performed on DNA 
obtained from peripheral whole blood collected 
on EDTA, using various commercial kits (Wiz-



Revista Română de Medicină de Laborator Vol. 28, Nr. 3, Iulie, 2020270

ard Genomic DNA Purification kit, Promega, 
USA; Quick gDNA MiniPrep kit, Zymo Re-
search, USA; PureLink Genomic DNA Mini 
Kit, Invitrogen, Thermo Fisher, USA). The so-
matic mutations, namely JAK2 V617F, CALR 
exon 9 indels, and BCR-ABL1, were analyzed 
in all patients, mostly on diagnosis, or when the 
technique became available in our center, us-
ing previously described protocols. Specifical-
ly, JAK2 V617F mutation was analyzed using 
a tetra-primer PCR until 2015, or detected and 
quantified using a real-time PCR assay thereafter 
(23,24). CALR exon 9 indels were assessed us-
ing a simplex PCR (25). BCR-ABL1 major tran-
script was detected on diagnosis using a qualita-
tive nested PCR (26), and quantified whenever 
necessary thereafter using an automated, car-
tridge-based real-time PCR system (BCR-ABL 
Ultra, GenExpert system, Cepheid, USA).
SH2B3 rs3184504 polymorphism was geno-
typed in all individuals using a TaqMan SNP 
(single nucleotide polymorphism) Genotyping 
Assay (assay number C___2981072_10), as 
recommended by the manufacturer (Applied 
Biosystems, Thermo Fisher, USA), using Quant 
Studio 3 or 7500 Fast Dx real-time PCR systems 
(Applied Biosystems, Thermo Fisher, USA).

Statistical analysis
Comparisons involving qualitative variables 
were performed using Fisher’s exact test. In 
case of quantitative variables, different sets 
of non-parametric data were analyzed using 

Mann-Whitney test, wherever appropriate. Cor-
rection for multiple testing was accomplished 
by controlling the false discovery rate (FDR) at 
0.05. The original p-values were accompanied 
by the computation of the adjusted p-values us-
ing by Benjamini-Hochberg procedure (27). All 
p-values (crude and adjusted) <0.05 were con-
sidered significant.
The statistical analysis was performed using the 
GraphPad Prism version 8 (GraphPad Software 
Inc., San Diego, CA, USA) and R platform, ver-
sion 3.6.1 (28). 

Results

Table 2 shows a detailed distribution of SH2B3 
rs3184504 genotypes and alleles in patients and 
controls included in the study.

Correlations between SH2B3 rs3184504 geno-
types and alleles, and MPN phenotypes
First, we analyzed the relationship between 
SH2B3 rs3184504 genotypes and alleles, and the 
four phenotypes included in the study, namely 
PV, ET, PMF, and CML. 
In case of rs3184504 genotypes, we analyzed 
both dominant and recessive genetic models, 
but only the recessive model yielded statistically 
significant results. The homozygous TT geno-
type was significantly associated with PV (OR 
= 1.54; 95% CI = 1.14-2.06; crude p-value = 
0.004; adjusted p-value = 0.024), and with PMF 
(OR = 1.50; 95% CI = 1.04-2.12; crude p-val-
ue = 0.02; adjusted p-value = 0.04). The ho-

Table 1. Basic features displayed by MPN patients included in the study

Feature PV group; 
N = 575

ET group;
N = 798

PMF group;
N = 251

CML group;
N = 277

Male sex; n (%) 299 (52) 289 (36.2) 120 (47.8) 139 (50.2)
Age; median (range); years 64 (29-89) 61 (18-91) 66 (27-93) 52 (18-85)
JAK2 V617F mutation; n (%) 100 (0) 561 (70.3) 164 (65.3) 0 (0)
CALR mutations; n (%) 0 (0) 237 (29.7) 87 (34.7) 0 (0)
BCR-ABL1 fusion; n (%) 0 (0) 0 (0) 0 (0) 100 (100)

n = number of cases; range = interval between the smallest and largest value
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mozygous TT genotype also attained statistical 
significance when analyzing the whole cohort 
of BCR-ABL1-negative MPN (OR = 1.34; 95% 
CI = 1.03-1.74; crude p-value = 0.02; adjusted 
p-value = 0.04). There was no correlation with 
ET and CML phenotypes. We also analyzed the 
allelic model, but in this case the T allele showed 
a near significant association only in case of PV 
(OR = 1.19; 95% CI = 1-1.44; crude p-value = 
0.06; adjusted p-value = 0.24), while all other 
comparisons showed non-significant results. 
We also analyzed the dominant model (CT+TT 
versus CC genotype), but in this case none of 
the comparisons performed yielded significant 
results. Table 3 details all the comparisons be-
tween SH2B3 rs3184504 and MPN phenotypes

Correlations between SH2B3 rs3184504 gen-
otypes and alleles, and MPN molecular sub-
types
Then, we analyzed the relationship between 
SH2B3 rs3184504 genotypes and alleles, and 
the molecular subtypes to which the MPN pa-
tients included in the study belong. We analyzed 
both dominant and recessive genetic models, 

but again only the recessive model yielded sta-
tistically significant results. Because all patients 
with PV harbored JAK2 V617F mutation, iden-
tical values for TT genotype were obtained as 
in the case of PV phenotype (OR = 1.54; 95% 
CI = 1.14-2.06; crude p-value = 0.004; adjusted 
p-value = 0.024). The TT genotype was also as-
sociated with JAK2 V617F-positive PMF, albeit 
less significantly (OR = 1.57; 95% CI = 1.04-
2.33; crude p-value = 0.03; adjusted p-value = 
0.08). Similar results for the TT genotype as in 
the case of JAK2 V617F-positive PMF were also 
obtained when analyzing the whole cohort of 
MPN patients harboring JAK2 V617F mutation 
(OR = 1.36; 95% CI = 1.04-1.77; crude p-value 
= 0.02; adjusted p-value = 0.08). However, the 
TT genotype was not associated with CALR-pos-
itive ET or PMF, JAK2 V617F-positive ET, or 
CML. Again, the allelic model yielded non-sig-
nificant results, except for PV (where all patients 
were JAK2 V617-positive), in which the T allele 
showed the same near significant association 
(OR = 1.19; 95% CI = 1-1.44; crude p-value = 
0.06; adjusted p-value = 0.24). We also analyzed 
the dominant model (CT+TT versus CC geno-

Table 2. Distribution of SH2B3 rs3184504 genotypes and alleles in MPN patients and controls
Geno-
types/
alleles

PV group 
(N = 575)

ET group 
(N = 798)

PMF group 
(N = 251)

CML 
group

(N = 277)

Controls
(N = 359)

JAK2 
V617F+-pos-

itive
(N = 561)

CALR-pos-
itive

(N = 237)

JAK2 
V617F-pos-

itive 
(N = 164)

CALR-pos-
itive

(N = 87)

CC 130
(22.6)

125
(22.3)

50
(21.1)

37
(22.6)

17
(19.5)

75 
(27.1)

81
(22.6)

CT 251
(43.7)

283
(50.4)

119
(50.2)

71
(43.3)

43
(49.4)

140 
(50.5)

189
(52.6)

TT 194
(33.7)

153
(27.3)

68
(28.7)

56
(34.1)

27
(31.1)

62
(22.4)

89
(24.8)

C allele 511
(44.4)

533
(47.5)

219
(46.2)

145
(44.2)

77
(44.3)

290
(52.3)

351
(48.9)

T allele 639
(55.6)

589
(52.5)

255
(53.8)

183
(55.8)

97
(55.7)

264
(47.6)

367
(51.1)
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type), but in this case none of the comparisons 
performed yielded significant results. Table 4 
presents in detail all the comparisons between 
SH2B3 rs3184504 and MPN-associated molec-
ular subtypes.

Correlations between SH2B3 rs3184504 poly-
morphism and various hematological and clin-
ical features of patients with MPN
We also assessed whether SH2B3 rs3184504 
was correlated with hematological parameters 
displayed by MPN patients (hemoglobin, hema-
tocrit, white blood cells count, platelets). The 
white blood cells count had higher values in 
patients with homozygous TT genotype. How-
ever, this was seen only in PV (median 12.95 x 
106/L in patients with TT genotype versus 11.45 
x 106/L in patients with CT+CC genotypes, 
Mann-Whitney test p-value = 0.03). All other 
comparisons yielded statistically non-significant 
results (p-value > 0.05).
The complete clinical information regarding the 
occurrence of major thrombosis was available in 
375 patients with ET and 273 patients with PV. 
There were 97 patients with ET (25.9%) and 108 
patients with PV (39.5%) having experienced 

major thrombosis on diagnosis. We consid-
ered the following events as major thrombosis: 
stroke/transient ischemic attack, acute coronary 
disease, acute limb ischemia, splenic infarction, 
and mesenteric infarction, deep venous throm-
bosis, splanchnic thrombosis, and cerebral sinus 
venous thrombosis. There was no correlation be-
tween SH2B3 rs3184504 genotypes and alleles 
and the occurrence of major thrombosis.

Discussions 

Our results support the supposition that the 
SH2B3 rs3184504 polymorphism determines a 
predisposition for the development of MPN. Of 
all the tested genetic models (dominant, reces-
sive, and allelic), only the recessive one yielded 
statistically significant correlations. We noted 
that the frequency of TT homozygous genotype 
was significantly higher in BCR-ABL1-nega-
tive MPN group than in controls. This parallels 
data obtained by Lesteven et al., the first study 
to report on the association between MPN and 
SH2B3 rs3184504 (20). However, their study en-
rolled only patients with ET and myelofibrosis. 
Also, they reported significant associations be-

Table 3. Association between SH2B3 rs3184504 genotypes and alleles, and MPN phenotypes

Comparison TT versus CT+CC genotypes  
(recessive model)

T allele versus C allele  
(allelic model)

OR  
[95% CI]

Crude 
p-value

FDR adjusted
p-value

OR  
[95% CI]

Crude 
p-value

FDR adjusted 
p-value

PV versus controls 1.54 
[1.14-2.06] 0.004 0.024 1.19 

[1-1.44] 0.06 0.24

ET versus controls 1.16 
[0.87-1.54] 0.31 0.37 1.07 

[0.45 -1.28] 0.44 0.44

PMF versus controls 1.50 
[1.04-2.12] 0.02 0.04 1.20 

[0.95-1.51] 0.11 0.24

CML versus controls 0.88 
[0.61-1.27] 0.57 0.57 0.87 

[0.69-1.08] 0.23 0.27

MPN BCR-ABL1-negative 
whole cohort (PV+ET+PMF)

1.34 
[1.03-1.74] 0.02 0.04 1.13 

[0.96-1.33] 0.12 0.24

MPN whole cohort 
(PV+ET+PMF+CML)

1.26 
[0.97-1.63] 0.07 0.10 1.12 

[0.95-1.31] 0.16 0.24
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tween SH2B3 rs3184504 and MPN for the allel-
ic model, the T allele being the risk allele. They 
reported the most significant association in the 
case of myelofibrosis (20). We also report signif-
icant association between SH2B3 rs3184504 and 
PMF. However, in our study, the strongest cor-
relation was between SH2B3 rs3184504 and PV. 
Olkhovskiy et al. reported significant correla-
tion with PV only (22), while Chen et al. with 
all three BCR-ABL1-negative MPN - PV, ET and 
PMF (21). On the other hand, we did not see 
any correlation between SH2B3 rs3184504 and 
CML, which is in agreement with data obtained 
by Olkhovskiy et al. (22). Chen et al. reported 
the opposite. In their study, the CC genotype had 
a remarkably high frequency in the CML group 
(21).
We then analyzed the correlation between SH2B3 
rs3184504 and the two major MPN molecular 
subtypes, namely JAK2 V617F and CALR. We 

saw no association between SH2B3 rs3184504 
and CALR mutations, neither when analyzing 
the whole cohort of ET plus PMF CALR-posi-
tive patients, nor when analyzing each entity 
separately, ET and PMF CALR-positive, re-
spectively. However, we observed significant 
association between SH2B3 rs3184504 and the 
combined cohort of JAK2 V617F-positive MPN 
patients. The association remained significant 
when analyzing each JAK2 V617F-positive PV 
and PMF cohort of patients. Again, the strongest 
correlation was in the case of PV. Surprisingly, 
SH2B3 rs3184504 was not associated with JAK2 
V617F-positive ET. Our findings parallel data 
reported by Lesteven et al. and Olkhovskiy et 
al. who reported positive association between 
SH2B3 rs3184504 and JAK2 V617F-positive 
MPN only (20,22). Chen et al. did not perform 
a separate analysis on JAK2 V617F-negative 
MPN (21). It should be noted that none of the 

Table 4. Association between SH2B3 rs3184504 genotypes and alleles, and  MPN major molecular subtypes

Comparison TT versus CT+CC genotypes  
(recessive model)

T allele versus C allele  
(allelic model)

OR  
[95% CI]

Crude 
p-value

FDR adjust-
ed

p-value

OR  
[95% CI]

Crude 
p-value

FDR adjusted
p-value

PV JAK2 V617F-positive 
versus controls

1.54 
[1.14-2.06] 0.004 0.024 1.19 

[1-1.44] 0.06 0.24

ET JAK2 V617F-positive ver-
sus controls

1.13 
[0.83-1.54] 0.44 0.50 0.86 

[0.71-1.04] 0.13 0.32

PMF JAK2 V617F-positive 
versus controls

1.57 
[1.04-2.33] 0.03 0.08 1.20 

[0.93-1.56] 0.16 0.32

MPN (PV+ET+PMF) JAK2 
V617F-positive versus 
controls

1.36 
[1.04-1.77] 0.02 0.08 1.13 

[0.96-1.33] 0.13 0.32

ET CALR-positive versus 
controls

1.22 
[0.85-1.76] 0.29 0.38 1.11 

[0.88-1.40] 0.37 0.37

PMF CALR-positive versus 
controls

1.36 
[0.81-2.30] 0.27 0.387 1.20 

[0.86-1.68] 0.31 0.35

ET+PMF CALR-positive ver-
sus controls

1.25 
[0.89-1.76] 0.19 0.38 1.13

[0.92-1.40] 0.25 0.33

CML BCR-ABL1-positive 
versus controls

0.88 
[0.61-1.27] 0.57 0.57 0.87 

[0.69-1.08] 0.23 0.27
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three studies analyzed CALR mutations. Howev-
er, since most of JAK2 V617F-negative ET and 
PMF patients harbor CALR mutations, we may 
state that the lack of association between SH2B3 
rs3184504 and JAK2 V617F-negative MPN 
translates actually into the lack of association 
between SH2B3 rs3184504 and CALR-positive 
MPN. The partial differences between our find-
ings and those reported by Lesteven et al., Chen 
et al. and Olkhovskiy et al. could be explained 
by the differences in cohort sizes and the ethnic 
origin of the patients included in the studies. For 
instance, the T allele of the SH2B3 rs3184504 
has a much lower frequency in Asians than in 
Caucasians (21).
Hinds et al. recently reported on the association 
between MPN and another SH2B3 SNP, namely 
rs7310615, which is in strong linkage disequi-
librium with rs3184504 (r2 = 0.94) (15). The 
SH2B3 rs7310615 was strongly associated with 
MPN. However, it was not associated preferen-
tially with JAK2 V617F-positive MPN, like our 
study revealed regarding rs3184504. Interesting-
ly, their study revealed that the same polymor-
phisms predisposing to MPN, including SH2B3 
rs7310615, also predispose to clonal hematopoi-
esis of indeterminate potential (CHIP) (15).
SH2B3 variants seem to be associated not only 
with hematological malignancies, and in partic-
ular to MPN, but also with various other condi-
tions. Several GWAS (genome wide association 
studies) have identified the SH2B3 rs3184504 
SNP to be associated with many chronic inflam-
matory and autoimmune disorders, including 
celiac disease, type I diabetes, asthma, rheuma-
toid arthritis, systemic lupus erythematosus, and 
multiple sclerosis. Besides this large spectrum 
of diseases, this SNP seems to be also involved 
in increasing the risk of hypercholesterolemia 
and cardiovascular disorders, like hypertension, 
myocardial infarction, and coronary artery dis-
ease (29). Moreover, an association was not-
ed between the presence of SH2B3 rs3184504 

polymorphism and several clinically significant 
modifications of hematological parameters, such 
as increased numbers of peripheral white blood 
cells, eosinophils, erythrocytes and platelets, 
reviewed in detail by Maslah et al. (17). Tak-
en together, these data sustain the supposition 
that SH2B3 rs3184504 SNP could play a role 
in the predisposition to MPNs, as well as in the 
MPN-associated thrombotic events and cardio-
vascular diseases. Indeed, we observed that the 
TT homozygotes had increased number of white 
blood cells, compared with carriers of other gen-
otypes. This effect was restricted to patients with 
PV, suggesting that SH2B3 rs3184504 could 
have distinct effects on various MPN types. 
However, we failed to demonstrate any associa-
tion between SH2B3 rs3184504 and both arterial 
and venous thrombosis in our group of patients. 
This could be due to the relatively low number 
of MPN patients in whom we had complete clin-
ical information concerning especially the car-
diovascular diseases. Also, the pathogenesis of 
cardiovascular events seen in MPN, including 
the thrombotic events, is very complex, suppos-
ing different pathways.
This study expands our previous work and adds 
important data regarding the genetic predisposi-
tion to MPN in our population. We previously 
demonstrated significant association between 
JAK2 46/1 haplotype and JAK2 V617F-posi-
tive MPN, TERT rs2736100 polymorphism and 
MPN, regardless of phenotype or molecular sub-
type, MECOM rs2201862 and MPN, regardless 
of molecular subtype, HBS1L-MYB rs9376092 
and JAK2 V617F-mutated ET, and THRB-RARB 
rs4858647 and PMF (11,12). Our findings in-
dicate that SH2B3 rs3184504 has a magnitude 
similar to MECOM rs2201862. However, while 
MECOM rs2201862 predisposes to MPN regard-
less of molecular subtype, SH2B3 rs3184504 
predisposes to JAK2 V617F-positive MPN only. 
The most important strength of our study is the 
large number of patients included in the cohorts 
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we analyzed, which assures the high relevance 
of our results. Also, the availability of the genet-
ic information regarding the main somatic driver 
mutation (JAK2 V617F and CALR) in all the pa-
tients is an important strength of the study. We 
consider that the main limit of our study is repre-
sented by the lack of data regarding other poly-
morphisms from the genome. We cannot rule out 
possible interactions between SH2B3 rs3184504 
and other polymorphisms. Also, we were not 
able to study the functional consequences of 
SH2B3 rs3184504.
In conclusion, our study shows significant asso-
ciation between the TT homozygous genotype 
of SH2B3 rs3184504 and JAK2 V617F-positive 
MPN, but not CALR-positive MPN. Thus, we 
confirm on a large cohort of patients the contri-
bution of SH2B3 rs3184504 to the occurrence of 
JAK2 V617F-positive MPN, placing it together 
with other polymorphisms defining the genetic 
predisposition to MPN, such as JAK2 46/1 hap-
lotype, TERT rs2736100 or MECOM rs2201862. 
Further studies should clarify the intimate mech-
anism by which SH2B3 rs3184504 predisposes 
to the acquisition of JAK2 V617F mutation.
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