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Background
Prognostic risk stratification according to acquired or inherited genetic alterations has received
increasing attention in acute myeloid leukemia in recent years. A germline Janus kinase 2 hap-
lotype designated as the 46/1 haplotype has been reported to be associated with an inherited
predisposition to myeloproliferative neoplasms, and also to acute myeloid leukemia with nor-
mal karyotype. The aim of this study was to assess the prognostic impact of the 46/1 haplotype
on disease characteristics and treatment outcome in acute myeloid leukemia.

Design and Methods
Janus kinase 2 rs12343867 single nucleotide polymorphism tagging the 46/1 haplotype was
genotyped by LightCycler technology applying melting curve analysis with the hybridization
probe detection format in 176 patients with acute myeloid leukemia under 60 years diagnosed
consecutively and treated with curative intent.

Results
The morphological subtype of acute myeloid leukemia with maturation was less frequent
among 46/1 carriers than among non-carriers (5.6% versus 17.2%, P=0.018, cytogenetically nor-
mal subgroup: 4.3% versus 20.6%, P=0.031), while the morphological distribution shifted
towards the myelomonocytoid form in 46/1 haplotype carriers (28.1% versus 14.9%, P=0.044,
cytogenetically normal subgroup: 34.0% versus 11.8%, P=0.035). In cytogenetically normal
cases of acute myeloid leukemia, the 46/1 carriers had a considerably lower remission rate
(78.7% versus 94.1%, P=0.064) and more deaths in remission or in aplasia caused by infections
(46.8% versus 23.5%, P=0.038), resulting in the 46/1 carriers having shorter disease-free survival
and overall survival compared to the 46/1 non-carriers. In multivariate analysis, the 46/1 hap-
lotype was an independent adverse prognostic factor for disease-free survival (P=0.024) and
overall survival (P=0.024) in patients with a normal karyotype. Janus kinase 2 46/1 haplotype
had no impact on prognosis in the subgroup with abnormal karyotype. 

Conclusions
Janus kinase 2 46/1 haplotype influences morphological distribution, increasing the predisposi-
tion towards an acute myelomonocytoid form. It may be a novel, independent unfavorable risk
factor in acute myeloid leukemia with a normal karyotype.
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Introduction

Acute myeloid leukemia (AML) is a clonal hematopoietic
stem cell disorder with diverse clinical symptoms, a hetero-
geneous genetic background and variable response to treat-
ment. Several acquired genetic abnormalities influence the
outcome of the disease; prognostic risk stratification
according to genetic alterations present at diagnosis in
leukemic cells has, therefore, received increasing attention
in AML in recent years.1 Current prognostic factors are not
sufficient to predict prognosis accurately, especially in AML
with a normal karyotype (NK-AML). Inherited functional
genomic polymorphisms are among the candidates explain-
ing the heterogeneity of the prognoses.
Somatic gain-of-function mutation of the Janus kinase 2

(JAK2) gene located on chromosome 9p (c.1849G>T result-
ing in V617F) has been identified in BCR-ABL-negative
myeloproliferative neoplasms.2-4 Previous studies demon-
strated that the presence of JAK2 V617F is associated with
an inherited JAK2 haplotype designated as the 46/1 haplo-
type.5-7 The 46/1 haplotype stretches through a 280-kb-long
linkage disequilibrium block involving the JAK2, INSL4 and
INSL6 genes. Carriers of the 46/1 haplotype have a higher
risk of developing V617F-positive and -negative myelopro-
liferative neoplasms.5-9 On rare occasions, the same muta-
tion occurs in myelodysplastic syndromes and de novo
AML.10-14 In our recent study,15 an inherited predisposition to
JAK2 V617F-negative NK-AML was demonstrated in 46/1
haplotype carriers. To extend these observations, the cur-
rent study was aimed at: (i) comparing disease characteris-
tics (age, morphology and acquired cytogenetic or molecu-
lar genetic alterations at diagnosis of AML) between JAK2
46/1 haplotype carriers and non-carriers; and (ii) testing the
prognostic impact of the 46/1 haplotype on AML outcome
(remission and relapse rate, overall and disease-free sur-
vival, cause of death).

Design and Methods

Patients
The patients studied were 176 consecutively diagnosed individ-

uals with AML [discovery cohort: 77 males/99 females; median
age of disease onset: 48 years (range, 18-60)] treated between
January 2001 and December 2007 at the Department of
Hematology and Stem Cell Transplantation, St. Istvan and St.
Laszlo Hospital (Hungary). The minimum follow–up was 24
months (maximum, 107 months). A second independent cohort of
74 patients with AML [validation cohort: 40 males/34 females;
median age at disease onset: 45 years (range, 20-60)] diagnosed
between January 2008 and December 2009 at the 1st Department
of Internal Medicine, St. Istvan and St. Laszlo Hospital] was also
studied. In this latter group, the minimum follow-up was 16
months (maximum, 32 months). Clinical data were collected retro-
spectively. Complete remission, early death (<28 days after the
start of therapy), resistant disease, disease-free survival and overall
survival were defined according to recommended criteria.16

Infection as a cause of death was recorded in cases without any
signs of leukemia (in remission or in aplasia) when ante-mortem
clinical findings or autopsy results were conclusive for an infec-
tious origin. During cytogenetic analysis, at least 20 metaphases
were karyotyped and abnormalities were described according to
the International System for Human Cytogenetic Nomenclature
(ISCN 2005). Fms-like tyrosine kinase 3 (FLT3) internal tandem
duplication (ITD) and nucleophosmin 1 (NPM1) insertion muta-

tions were tested by polymerase chain reaction followed by
Genescan analysis.17,18 Participants signed informed consent, and
the study was approved by the Regional Ethics Committee.

The 46/1 haplotype
The JAK2 rs12343867 single nucleotide polymorphism

(NT_008413.17: g.5064189T>C in intron 14) tagging the 46/1 hap-
lotype was genotyped from genomic DNA by LightCycler tech-
nology (LightCycler 480II, Roche Diagnostics) applying melting
curve analysis with hybridization probe detection format.
Amplification primers and hybridization probes were designed
using LightCycler Probe Design software (Roche Diagnostics).

Statistics
JAK2 rs12343867 allele frequencies are presented as percent-

ages ± 95% confidence intervals (95% CI) as JAK2 46/1 haplo-
type frequency. Testing for Hardy-Weinberg equilibrium and
linkage disequilibrium studies (D’ statistics, haplotype frequency
estimations) were performed by the SNPstats web tool
(http://bioinfo.iconcologia.net/Snpstats).19 Comparisons of dichoto-
mous variables were performed using the χ2 or Fisher’s exact test.
Odds ratios (OR) and 95% CI were estimated. A log-rank test was
performed to compare disease-free survival and overall survival
between groups. Following univariate analysis, variables with P
values less than or equal to 0.05 in the entire AML or NK-AML
groups were included in a Cox proportional hazards model for dis-
ease-free survival and overall survival. Hazard ratios (HR) and 95%
CI values were computed. The analyses were carried out with the
SPSS (version 13.0) software package.

Results

Patients’ characteristics in relation 
to the 46/1 haplotype

The frequency of the 46/1 haplotype was 29.3±4.8% in
the discovery cohort (n=176). Genotype distribution did not
deviate from the Hardy-Weinberg equilibrium (P=0.7): the
TT genotype was detected in 87 cases (49.4%), the CT
genotype in 75 cases (42.6%) and the CC genotype in 14
cases (8.0%). For further statistical analyses, a dominant
model was applied: individuals with at least one minor
allele (CT and CC genotypes) were grouped together as
46/1 haplotype carriers and compared to individuals
homozygous for the major allele (TT genotype as 46/1 non-
carriers). 
The clinical characteristics of the AML patients in the dis-

covery cohort are presented in Table 1. The distributions of
age, sex and AML etiology were similar between 46/1 car-
riers and non-carriers. There were considerably fewer cases
with AML with maturation (FAB M2) morphology within
the group of 46/1 carriers than in the group of non-carriers
[5.6% (5/89 CT and CC) versus 17.2% (15/87 TT); P=0.018],
and conversely acute myelomonocytic leukemia (FAB M4)
was more frequent among 46/1 carriers [28.1% (25/89 CT
and CC) versus 14.9% (13/87 TT); P=0.044]. A similar distri-
bution was observed in NK-AML (FAB M2: P=0.031; FAB
M4: P=0.035: Table 1). The distributions of FLT3 ITD and
NPM1mutation among 46/1 carriers and non-carriers were
the same.
In order to confirm our observations, we included an

independent validation cohort of AML patients (n=74) in
the study. The pretreatment clinical characteristics of the
validation cohort are presented in Online Supplementary
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Table S1.) In agreement with our observations in the discov-
ery cohort, 46/1 haplotype frequency was 31.8±7.7% in the
validation cohort (Hardy-Weinberg equilibrium: P=0.8).
Similarly, FAB M2 morphological subtype was less frequent
among 46/1 carriers than among non-carriers [5.1% (2/39
CT and CC) versus 22.9% (8/35 TT), P=0.039], while the
morphological distribution shifted towards FAB M4 among
46/1 haplotype carriers [43.6% (17/39 CT and CC) versus
20% (7/35 TT), P=0.046]. Myelomonocytic morphology
was also more common among 46/1 carriers in NK-AML
(FAB M4: 62.5% in carriers versus 30.8% in non-carriers) but
the difference did not reach the level of statistical signifi-
cance probably because of the low number of cases (n=29,
P=0.14).

Prognostic impact of the 46/1 haplotype
Disease outcome data according to 46/1 haplotype are

presented in Table 2 for the discovery cohort. In the entire
discovery cohort, 46/1 haplotype carriers and non-carriers
had similar complete remission rates, while there was a ten-
dency towards a lower complete remission rate among 46/1
carriers than among non-carriers in NK-AML [78.7% (37/47
CT and CC) versus 94.1% (32/34 TT); OR (95% CI): 4.32
(0.88-21.22); P=0.064]. Relapse rate was similar among 46/1

carriers and non-carriers both in all AML patients and in the
NK-AML subgroup. Among NK-AML cases, the rate of
deaths in remission or in aplasia caused by infections estab-
lished by autopsy or ante-mortem clinical signs of infec-
tions was significantly higher in 46/1 carriers than in non-
carriers [46.8% (22/47 CT and CC) versus 23.5% (8/34 TT);
OR (±95%CI): 2.86 (1.08-7.61); P=0.038]. 
In the discovery cohort, univariate analysis (Online

Supplementary Table S2) revealed significantly longer dis-
ease-free survival and overall survival in younger patients
(<45 years) and in patients with intermediate and favorable
karyotypes, while sex, FLT3 ITD and NPM1 mutations
alone were not associated with altered disease-free survival
or overall survival in the entire discovery cohort (n=176). As
NPM1 and FLT3 ITD mutations frequently associate and
influence prognosis in an opposite way,20 we analyzed the
combined effect of NPM1, FLT3 ITD on survival. Mutant
NPM1 without FLT3 ITD (NPM1pos-FLT3neg: low risk group)
proved to be associated with longer disease-free survival
compared to other combinations (NPM1neg-FLT3neg,
NPM1pos-FLT3pos, NPM1neg-FLT3pos combined: high risk
group). The 46/1 haplotype did not influence survival in the
entire discovery cohort. Performing univariate analysis in
the NK-AML subgroup of the discovery cohort (Online

Table 1. Pre-treatment, clinical and molecular characteristics in the discovery cohort according to 46/1 haplotype. Comparisons are presented between
46/1 carriers (CT and CC genotypes of the single nucleotide polymorphism rs12343867) and 46/1 non-carriers (TT genotype of single nucleotide poly-
morphism rs12343867) in all AML patients independently of karyotype (total AML) and in the subgroup of AML patients with normal karyotype (NK-
AML).
Discovery cohort Total AML NK-AML

All genotypes 46/1 non-carrier 46/1 carrier P All genotypes 46/1 non-carrier 46/1 carrier P
n=176 n=87 n=89 n=81 n=34 n=47
n (%) n (%) n (%) n (%) n (%) n (%)

Etiology of AML
De novo 149 (84.7) 72 (82.8) 77 (86.5) 0.53 69 (85.2) 29 (85.3) 40 (85.1) 1.00
MDS-AML 19 (10.8) 10 (11.5) 9 (10.1) 0.81 7 (8.6) 2 (5.9) 5 (10.6) 0.69
t-AML 8 (4.5) 5 (5.7) 3 (3.4) 0.49 5 (6.2) 3 (8.8) 2 (4.3) 0.64
Age 
18-45 years 74 (42.0) 34 (39.1) 40 (44.9) 0.45 37 (45.7) 14 (41.2) 23 (48.9) 0.730
46-60 years 102 (58.0) 53 (60.9) 49 (55.1) 44 (54.3) 20 (58.8) 24 (51.1)
Sex
Female 99 (56.2) 46 (52.9) 53 (59.6) 0.45 46 (56.8) 18 (52.9) 28 (59.6) 0.651
Male 77 (44.8) 41 (47.1) 36 (40.4) 35 (43.2) 16 (47.1) 19 (40.4)
FAB classification
0 15 (8.5) 8 (9.2) 7 (7.9) 0.79 3 (3.7) 1 (2.9) 2 (4.3) 1.00
1 50 (24.8) 27 (31.0) 23 (25.8) 0.51 25 (30.9) 13 (38.2) 12 (25.5) 0.23
2 20 (11.4) 15 (17.2) 5 (5.6) 0.018 9 (11.1) 7 (20.6) 2 (4.3) 0.031
3 11 (6.3) 6 (6.9) 5 (5.6) 0.76 0 (0) 0 (0) 0 (0)
4 38 (21.6) 13 (14.9) 25 (28.1) 0.044 20 (24.7) 4 (11.8) 16 (34.0) 0.035
5 39 (22.2) 15 (17.2) 24 (27.0) 0.15 24 (29.6) 9 (26.5) 15 (31.9) 0.63
6 2 (1.1) 2 (2.3) 0 (0) 0.24 0 (0) 0 (0) 0 (0)
7 1 (0.6) 1 (1.1) 0 (0) 0.49 0 (0) 0 (0) 0 (0)
Cytogenetic risk group
Favorable 25 (14.3) 14 (16.1) 11 (12.5) 0.52
Intermediate 102 (58.3) 45 (51.7) 57 (64.8) 0.09 81 (100) 34 (100) 47 (100) N.A.
Adverse 48 (27.4) 28 (32.2) 20 (22.7) 0.18
Missing 1 1
Mutations
FLT3 ITD+ 41 (23.8) 18 (21.2) 23 (26.4) 0.48 27 ( 34.1) 11 (32.4) 16 (35.6) 0.81
Missing 4 2 2 2 0 2
NPM1+ 41 (24.1) 18 (21.4) 23 (26.7) 0.48 34 (43.6) 14 (41.2) 20 (45.5) 0.82
Missing 6 3 3 3 0 3

Significant P values are shown in bold. AML: acute myeloid leukemia; FAB: French-American British; FLT3 ITD+: fms-like tyrosine kinase internal tandem duplication positive; MDS-AML: AML evolv-
ing from a primary documented myelodysplastic syndrome; N.A. not applicable; NPM1+: nucleophosmin 1 positive; t-AML: therapy-related myeloid neoplasm.
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Supplementary Table S2), significant differences in disease-
free survival and overall survival were observed after strati-
fication by 46/1 haplotype and NPM1-FLT3 risk combined,
but not by age, sex, FLT3 ITD or NPM1 mutations alone.
46/1 carriers within the normal karyotype group had signif-
icantly shorter disease-free survival and overall survival
than their 46/1 non-carrier counterparts [disease-free sur-
vival: HR (95% CI): 1.88 (1.07-3.29), P=0.028; overall sur-
vival: HR (95%CI): 1.88 (1.07-3.29), P=0.027], while there
was no significant difference within the abnormal kary-
otype group [disease-free survival: HR (95% CI): 0.86 (0.53-
1.38), P=0.53; overall survival: HR (95% CI): 0.78 (0.48-
1.25), P=0.30]. In multivariate analyses (Table 3), 46/1 hap-
lotype was associated with shorter disease-free survival and
overall survival independently of age and NPM1-FLT3 sta-
tus in NK-AML [disease-free survival: HR (95% CI): 1.91
(1.09-3.35), P=0.024; overall survival: HR (95% CI): 1.92
(1.09-3.37), P=0.024] (Figure 1). Within the NPM1- and
FLT3-ITD-negative NK-AML subgroup of patient in the dis-
covery cohort, 46/1 carriers had shorter disease-free and
overall survival than non-carriers [disease-free survival: HR
(95% CI): 2.55 (1.14-5.68), P=0.022; overall survival: HR
(95% CI): 2.79 (1.82-6.39), P=0.015], while there was no
such difference in the NPM1- or FLT3-ITD-positive sub-
groups. Treatment modalities were not different between
46/1 carriers and non-carriers in the entire discovery cohort

or in the NK-AML subgroup (Online Supplementary Table
S3), thus therapeutic variability is unlikely to be responsible
for the observed differences in outcome.
Disease outcome data according to 46/1 haplotype for

the validation cohort are presented in Online Supplementary
Table S4. We were not able to confirm our observations on
overall survival, disease-free survival or rate of death caused
by infection in the NK-AML subgroup within the validation
cohort, probably because of the low number of cases, the
shorter maximum follow-up period and the more pro-
nounced heterogeneity of treatment protocols (less inten-
sive).

Discussion

The inherited genetic background of an individual may
not only increase disease susceptibility, but genomic poly-
morphisms may also play an important role in determining
treatment outcome. Until recently, genetic variants involved
in drug metabolism or DNA repair were considered the
main possible modifiers of treatment outcome.21-23 Single
nucleotide polymorphisms of genes involved in hematopoi-
etic signal-transduction were investigated less frequently.24,25
In this study, we report an association of the JAK2 46/1

haplotype with disease characteristics and treatment out-
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Table 2. Outcome data for all AML patients independently of karyotype (total AML) and of cytogenetically normal AML (NK-AML) patients in the discovery
cohort according to 46/1 haplotype. Comparisons are presented between 46/1 carriers (CT and CC genotypes of the single nucleotide polymorphism
rs12343867) and 46/1 non-carriers (TT genotype of the single nucleotide polymorphism rs12343867).
Discovery cohort Total AML NK-AML

All genotypes 46/1 non-carrier 46/1 carrier P All genotypes 46/1 non-carrier 46/1 carrier P
n=176 n=87 n=89 n=81 n=34 n=47
n (%) n (%) n (%) n (%) n (%) n (%)

Complete 126/176 (71.6) 63/87 (72.4) 63/89 (70.8) 0.87 69/81 (85.2) 32/34 (94.1) 37/47 (78.7) 0.064
remission
Early death 22/176 (12.5) 14/87 (16.1) 8/89 (9.0) 0.18 4/81 (4.9) 1/34 (2.9) 3/47 (6.4) 0.64
Resistant disease 28/176 (15.9) 10/87 (11.5) 18/89 (20.2) 0.15 8/81 (9.9) 1/34 (2.9) 7/47 (14.9) 0.13
Relapse 61/126 (48.4) 30/63 (47.6) 31/63 (49.2) 1.0 36/69 (52.2) 15/32 (46.9) 21/37 (56.8) 0.47
Alive 51/176 (29.0) 27/87 (31.0) 24/89 (27.0) 0.62 26/81 (32.1) 15/34 (44.1) 11/47 (23.4) 0.058
Cause of death: 71/176 (40.3) 32/87 (36.8) 39/89 (43.8) 0.36 30/81 (37.0) 8/34 (23.5) 22/47 (46.8) 0.038
infection*
Cause of death: 54/176 (30.7) 28/87 (32.2) 26/89 (29.2) 0.74 25/81 (30.9) 11/34 (32.4) 14/47 (29.8) 0.81
other**

Significant P values are presented in bold. AML: acute myeloid leukemia, NK-AML: AML with normal karyotype. *Cause of death: infection: death in remission or in aplasia caused by infections
without any signs of AML. In case of death caused by concomitant leukemic transformation and infection, leukemia was defined as the cause of death. **Other cause of death: leukemia
(n=41) or causes unrelated to leukaemia (n=13). 

Table 3. Multivariate analysis for overall survival and disease-free survival in all AML patients independently of karyotype (total AML) and in the NK-AML
subgroup of the discovery cohort.
Discovery cohort Total AML NK-AML
Endpoint OS DFS OS DFS
Variable HR 95%CI P HR 95%CI P HR 95%CI P HR 95%CI P

Age (>45 years) 1.55 1.07-2.24 0.021 1.53 1.05-2.21 0.026 1.15 0.67-1.97 0.61 1.17 0.68-2.00 0.57
Karyotype 0.000 0.000
Good vs. intermed. 2.50 1.28-4.89 0.007 2.59 1.32-5.06 0.006
Good vs. adverse 4.76 2.37-9.54 0.000 4.72 2.35-9.48 0.000

NPM1-FLT3 risk* 0.49 0.25-0.96 0.038 0.45 0.23-0.89 0.021 0.43 0.19-0.96 0.038 0.39 0.17-0.87 0.021
46/1 haplotype** 1.15 0.81-1.63 0.44 1.21 0.85-1.73 0.29 1.92 1.09-3.37 0.024 1.91 1.09-3.35 0.024
Significant P values are presented in bold. AML: acute myeloid leukemia, NK-AML: AML with normal karyotype, OS: overall survival, DFS: disease-free survival, HR: hazard ratio, 95%CI: 95%
confidence interval. *NPM1-FLT3 risk: low risk (NPM1pos-FLT3neg) versus high risk group (NPM1neg-FLT3neg, NPM1pos-FLT3pos, NPM1neg-FLT3pos combined). **46/1 haplotype: 46/1 carriers (CT and
CC genotypes) versus non-carriers (TT genotype of rs12343867).



come in AML patients. The 46/1 haplotype was found to be
a factor predisposing to the development of acute
myelomonocytic leukemia. In NK-AML, a considerably
lower remission rate and more deaths caused by infections
in remission or aplasia were observed in 46/1 haplotype car-
riers than in non-carriers, resulting in shorter disease-free
survival and overall survival in the carriers. An association
of another JAK2 single nucleotide polymorphism
(rs2230724, NT_008413.18: g.5071780G>A, p.830I>I) with
disease outcome was previously reported in Chinese AML
patients.26,27 Retrieving haplotype information from the
HapMap Project on rs12343867 and rs2230724 in a Chinese
population revealed that the above polymorphisms are not
in complete linkage (estimated haplotype frequencies of
rs12343867/rs2230724: T/G: 57%, C/A: 23%, T/A: 18%,
C/G: 2%, D’: 0.892; P<0.000).28 In Chinese AML patients,
the AA genotype of rs2230724 was significantly associated
with higher complete remission rate, and the GG genotype
with early death. The different findings in our study may be
explained by the incomplete linkage of the polymorphisms
tested, by different ethnic backgrounds of the cohorts test-
ed or by different therapeutic regimens. 
The exact pathomechanism of how the 46/1 haplotype

predisposes to the acquisition of acute myelomonocytic
leukemia, and how it influences the outcome of NK-AML,
is unknown. Two possible hypotheses have been proposed
in the case of myeloproliferative neoplasms and both theo-
ries may be applicable to AML.5,29 The “hypermutability
hypothesis”, suggesting genomic instability at the JAK2
locus, is supported by the preferential acquisition of JAK2
V617F on the 46/1 allele in myeloproliferative neoplasms.
On the other hand, the JAK2 gene was thoroughly rese-
quenced in AML, and no acquired JAK2 mutations were
observed in AML.30 Enhanced susceptibility to DNA dam-
age was estimated by comet assays in peripheral blood

leukocytes of healthy 46/1 carriers indicating genomic
instability affecting not exclusively the JAK2 locus.31 The
“fertile ground hypothesis” suggests that 46/1 haplotype
carriers may have subtle differences in JAK2 function com-
pared to 46/1 non-carriers, which increase the predisposi-
tion to clonal myeloproliferation. Indeed, healthy 46/1 hap-
lotype carriers were reported to have reduced granulocyte-
macrophage colony formation.5 The marked difference in
death rate caused by infections (46.8% in carriers versus
23.5% in non-carriers, P=0.038) observed in our study may
be explained by a functional alteration of the JAK2 associat-
ed with the 46/1 haplotype. Since JAK2 plays a central role
in the signaling of diverse myeloid and lymphoid cytokine
receptors (including granulocyte-macrophage colony-stim-
ulating factor, GM-CSF), altered JAK2 function might delay
bone marrow reconstruction and cause impaired immune
defense after chemotherapy, resulting in more severe infec-
tious complications.
Interestingly, genome-wide association studies found an

association between JAK2 46/1 haplotype and inflammato-
ry bowel disease. The impairment of JAK2 function was
suggested to affect interleukin-23 signaling and the differen-
tiation of pro-inflammatory T cells (Th17) in inflammatory
bowel disease.31-34 On the other hand, several lines of evi-
dence suggest that there is defective GM-CSF signaling in
inflammatory bowel disease: decreased GM-CSF secre-
tion,35 neutralizing autoantibodies against GM-CSF,36 and
defective GM-CSF receptor expression and function37 were
described as characteristic features of inflammatory bowel
disease. Compromised GM-CSF signaling resulting in func-
tional abnormality of neutrophils and macrophages facili-
tates the invasion of the epithelial barrier by intestinal bac-
teria. The association of JAK2 46/1 haplotype with inflam-
matory bowel disease further supports the hypothesis that
the 46/1 haplotype may be associated with a functional
variant of JAK2.
In summary, the JAK2 46/1 haplotype influences morpho-

logical distribution increasing a predisposition to the acute
myelomonocytoid form. Our data indicate that the JAK2
germline 46/1 haplotype may be an independent adverse
prognostic factor affecting the severity of infections occur-
ring during treatment in NK-AML. Prospective studies with
larger numbers of AML patients are warranted to confirm
our result. This finding may be useful in selecting risk-
adapted treatment strategies in intermediate-risk AML, or
in identifying a possible treatment modifying factor in ther-
apies targeting the JAK2 pathway in AML.
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Figure 1. Overall survival in cytogenetically normal AML according to
46/1 haplotype in the discovery cohort.
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