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TET2, ASXL1, IDH1, and /DHZ2 Single Nucleotide Polymorphisms in
Turkish Patients with Chronic Myeloproliferative Neoplasms
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We aimed to determine the genotype distribution, allele frequency,
and prognostic impact of IDH1/2, TET2, and ASXL1 single nucleotide
polymorphisms (SNPs) in myeloproliferative neoplasms (MPNs).
TET2 (rs763480), ASXL1 (rs2208131), and IDH1 (rs11554137) variant
homozygous genotype frequencies were found at rates of 1.5%, 9.2%,
and 2.3%, respectively. No /IDH2 SNP was identified. IDH1 and TET2
frequencies were 5% in essential thrombocythemia (ET) and 1.7%
in ET and 5% in primary myelofibrosis (PMF), respectively. ASXL1
frequencies were 8.3%-10% in MPN subgroups. The TET2 mutant
allele T and ASXLT mutant allele G had the highest frequencies
with 0.272 in the PMF and 0.322 in the polycythemia vera (PV)
group, respectively. There was no impact of the SNPs on prognosis.
IDH1 frequency in MPNs was found similar to the literature. ASXL1
frequencies were similar between ET, PV, and PMF patients. The ASXL1
and TET2 allele frequencies of the Turkish population are similar to
those of the European population. The role of SNPs in MPNs might be
further evaluated in larger multicenter studies.
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Bu calismada biz ASXL1, TET2, IDH1/2 genlerindeki tek niikleotid
polimorifizmlerin (SNP) alel sikligini, genotipik dagilimini ve prognostik
etkisini saptamayr amacladik. TET2 (rs763480), ASXL1 (rs2208131)
ve IDHT (rs11554137) varyant homozigot genotip sikhgi sirasiyla
%1,5, %9,2 ve %2,3 saptandi. IDH2 SNP saptanmadi. IDHT sikligi
ET'de %5 ve TET2 sikligi ET'de %1,7 ve PMF'te %5 idi. ASXLT sikhg
ise MPN alt gruplarinda %8,3-10'du. En yiiksek TET2 mutant allel T
ve ASXL mutant allel G sikhgi sirasiyla PMF'te 0,272 ve PV'de 0,322
olarak saptandi. SNP'lerin prognoz lizerine etkisi yoktu. MPN'de IDH1
sikhg literatiir ile uyumlu bulundu. ASXL7 sikligi PV, PMF ve ET alt
gruplarinda benzerdi. Tuirklerde ASXLT ve TET2 allel sikligi Avrupalilar
ile benzer saptandi. MPN'lerde SNP'lerin rolii, biiyiik ve cok merkezli
calismalarda degerlendirilmelidir.

Anahtar Sozciikler: TET2, ASXL1, IDH1, IDH2, Tek niikleoitid
polimorfizm, Ph-negatif Miyeloproliferatif neoplaziler

Introduction

Philadelphia-negative myeloproliferative neoplasms (MPNs)
are clonal disorders classified as polycythemia vera (PV),
essential thrombocythemia (ET), and primary myelofibrosis
(PMF). MPNs are dependent on hypersensitivity or anomalies in
cytokine regulation [1,2]. Some genes have been reported to be
involved in the pathogenesis of MPNs, such as IDH1 (isocitrate
dehydrogenase), IDH2, TET2 (ten-eleven translocation 2), and
ASXL1 (additional sex combs-like 1).

IDH1/2 encodes enzymes that catalyze the oxidative
decarboxylation of isocitrate to o-ketoglutarate [3]. The
frequency of IDH1/2 mutation was 4% in MPNs, 0.8% in
ET, 1.9% in PV, and 4.19% in PMF [4,5]. These mutations in
PMF were reported as independent predictors of leukemic
transformation [6].

ASXL1 encodes a member of the chromatin-binding proteins
and is involved in epigenetic regulation of gene expression [7].
ASXL1 mutations are rare in ET and PV (<7%) but are frequent
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in PMF (19-40%) [3,7]. Worsened survival was reported in PMF
patients with mutated ASXL7 [8].

TET proteins are enzymes that can convert 5-methylcytosine
to 5-hydroxymethylcytosine [9]. TET2 mutation frequency was
16% in PV, 5% in ET, and 17% in PMF. Previous research did not
identify an impact of TET2 mutations on survival or leukemic
transformation [10].

Although the prognostic impact of these mutations has been
investigated in some studies, there is still limited information
available [6,8,10]. In this study, we focused only on single
nucleotide polymorphisms (SNPs) in the ASXL1, TET2, and IDH1/2
genes. We aimed to determine the genotype distribution, allele
frequency, and prognostic impact of selected SNPs in MPNs.

Materials and Methods

The study included 130 MPN patients. The diagnosis of MPNs
was performed based on World Health Organization and
International Working Group criteria [11]. The Ege University
Local Ethics Committee approved the study (13-5.1/8,
15.07.2013). Patient data were collected from the patient files.

SNP analysis was performed on DNA derived from peripheral
blood samples that were collected into tubes containing EDTA
between February 2008 and September 2009 and were stored at
-80 °C until the DNA extraction. DNA extraction was performed
using the MagNA Pure Compact Nucleic Acid Isolation Kit
(Roche) according to the manufacturer's instructions. After DNA
isolation, the purity and concentration of DNA was measured
using a NanoDrop spectrophotometer (Thermo Scientific, USA)
at 260 nm and 280 nm.

All SNP analysis was carried out with ready-to-use TagMan
assays from Life Technologies (USA): IDHT [rs11554137-
(C/T  conversion)], [IDH2 [rs121913503-(G/A conversion);
rs267606870-(C/G conversion)], TET2 [rs763480-(A/T
conversion)], and ASXLT [rs2208131-(A/G conversion). Real-
time polymerase chain reaction (PCR) reactions were performed
according to the manufacturer's instructions using the ABI 7500
Fast Real-Time PCR instrument (Applied Biosystems, USA). The
real-time PCR cycling conditions were: 95 °C for 10 min for
enzyme activation, 40 cycles of 95 °C for 15 s (denaturation),
and 60 °C for 1 min (annealing/extension). All assays were
evaluated and genotyped using SDS software.

Statistical Analysis

Hardy-Weinberg equilibrium was used for each SNP. All p-values
were two sided and p<0.05 indicated statistical significance.
Categorical and continuous variables were compared with chi-
square statistics and the Mann-Whitney U test, respectively.
Survival analysis was performed by the Kaplan-Meier method,

taking the interval from the date of diagnosis to death or last
contact. The log-rank test was used to compare the survival
data.

Results

The demographic features of patients at the time of diagnosis are
shown in Table 1. IDH2 (rs121913503) and IDH2 (rs267606870)
SNPs were not detected in any of the patient groups; all of the
cases were genotyped as wild-type homozygous (GG and CC,
respectively, for the rs numbers). Two (1.5%) of all, 12 (9.2%)
of all, and 3 (2.3%) of all patients were variant homozygous
for TET2 (rs763480), ASXL1 (rs2208131), and IDH1 (rs11554137)
SNPs, respectively (Table 2).

The TET2 mutant allele T frequency was 0.218 in the PV, 0.20 in
the ET, and 0.272 in the PMF group. The ASXL1 mutant allele G
frequency was 0.322 in the PV, 0.308 in the ET, and 0.25 in the
PMF group. The IDHT mutant allele T frequency was 0.073 in the
PV, 0.108 in the ET, and 0.045 in the PMF group.

The median follow-up time was 8 years (range: 1-25). The
estimated 10-year survival rate was 71% for ET, 87.3% for PV, and
71% for PMF patients (Figure 1). We did not find any significant
differences between the diagnostic subgroups and the 10-year
survival rates. At the time of the analysis, 5 and 10 patients
had leukemic transformation and fibrotic transformation,
respectively. There were no significant differences between
the sexes, diagnoses, JAK2 mutation status (positive/negative),
thrombosis status at diagnosis, survival rates, leukemic and
fibrotic transformation, and genotyping results of ASXL1, TET2,
and IDH1 (Table 3).
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Figure 1. Overall survival of different myeloproliferative neoplasm
subgroups.

ET: Essential thrombocythemia, PV: polycythemia vera, PMF: primary myelofibrosis.
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Table 1. The demographic features of myeloproliferative neoplasm patients at the time of diagnosis.

No of patients | MPN (n=130) | PV (n=48) | ET (n=60)

| PMF (n=22)

Age at diagnosis, years (range) 63.5 (16-81) 63.5 (16-74) 63 (18-81) 65 (31-74)
Sex, M/F 72/58 30/18 29/31 13/9
Thrombosis at diagnosis or before diagnosis, yes/no | 19/111 6/42 10/50 3/19
Bleeding at diagnosis, yes 5 2 2 1

White blood cell count, x10°/L (range) 18.7 (3.1-73) 18.7 (7.1-40.2) 8.1 (4.8-35) 33.9(3.1-73)
Platelet count, x10°/L (range) 270.7 (88-2000) 270.7 (95-1380) 906.5 (325-2000) 350 (88-1436)
Hemoglobin level, g/L (range) 18 (6-23.4) 18 (11.4-23.4) 13.6 (8.8-16) 13.8 (6-16.2)
LDH levels, normal/high 70/52 26/18 40/17 4017
Splenomegaly, yes/no 40/90 20/28 4/56 16/6
Hepatomegaly, yes/no 18/112 8/40v 2/58 8/14
JAK2V617F positive/negative 87/43 46/2 30/30 1n/Mm
Secondary malignancies, yes 2 0 2 0

LDH: Lactate dehydrogenase, MPN: myeloproliferative neoplasm, ET: essential thrombocythemia, PMF: primary myelofibrosis.

Table 2. Genotype status of /DH1, IDH2, TET2, and ASXLT single nucleotide polymorphisms in myeloproliferative neoplasm and
myeloproliferative neoplasm subgroups.

| MPN (n=130) | PV (n=48) | ET (n=60) | PMF (n=22)
IDH2 (rs121913503)
Wild-type homozygous 130 48 60 22
IDH2 (rs267606870)
Wild-type homozygous 130 48 60 22

IDHT (rs11554137)

Wild-type homozygous 111 (85.49%) 41 (85.4%) 50 (83.3%) 20 (90.9%)

Heterozygous 16 (12.3%) 7 (14.6%) 7 (11.7%) 2 (9.1%)
Variant homozygous 3 (2.3%) 0 (0%) 3 (5%) 0 (0%)
TET2 (rs763480)

Wild-type homozygous 75 (57.7%) 27 (56.2%) 37 (61.7%) 11 (50%)
Heterozygous 53 (40.8%) 21 (43.8%) 22 (36.7%) 10 (45.5%)
Variant homozygous 2 (1.5%) 0 (0%) 1 (1.7%) 1 (5%)

ASXL1 (rs2208131)
Wild-type homozygous 63 (48.5%)
55 (42.3%) 23 (47.9%)
12 (9.2%) 4 (8.3%)

MPN: Myeloproliferative neoplasm, ET: essential thrombocythemia, PV: polycythemia vera, PMF: primary myelofibrosis

21 (43.8%) 29 (48.3%)
25 (41.7%)

6 (10%)

13 (59.1%)
7 (31.8%)
2 (9.1%)

Heterozygous
Variant homozygous

In our series, TET2 (rs763480) frequency was higher in PMF
patients.

Discussion

In this study, we aimed to determine the genotype distribution,

allele frequency, and prognostic impact of selected SNPs in
MPNs. IDH mutation frequency was 2.5% in MPNs, 0.8% in ET,
1.9% in PV, 4.1% in PMF, and 1% in post-ET/PV-myelofibrosis
patients [5]. Another study reported 3.70% /DH1 (G105G allele),
1.85% IDH2 R140Q, and 0.92% /DH2 (G145G allele) mutation in
MPNSs [12]. The frequency of the IDHT (rs11554137) SNP in our
cases was similar to that in the literature.

TET2 mutation frequency was 7.2%-13% in MPNs and was
similar across different MPN subgroups. JAK2-positive patients
(17%) had significantly higher TET2 mutation frequency [10,13].

176

ASXL1 mutation frequency was 10% in MPN patients. These
mutations are rare in ET and PV (<7%) but frequent in PMF
(19%-40%) [3,7]. In JAK2- and MPL-negative MPN patients,
TET2 and ASXL1 mutation frequencies were 8% [14]. ASXL1
mutation frequency was 24.7% in PMF and 8.4% in ET patients
[15]. ASXL1 mutation frequency was 12%-13% in PMF patients
[16].The frequency of the ASXLT (rs2208131) SNP was 9.2% and
this was similar between ET, PV, and PMF patients. We did not
find any previous study that evaluated ASXL1 (rs2208131) and
TET2 (rs763480) SNPs in MPNs.
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Table 3. Genotype status of /DH1, TET2, and ASXLT single nucleotide polymorphisms and clinical and laboratory correlations.

IDH1 (rs11554137) TET2 (rs763480) ASXL1 (rs2208131)

Heterozygous Wild-type | Heterozygous Heterozygous

and variant and variant and variant

homozygous homozygous homozygous

(n=19) (n=55) (n=67)
Sex (M/F) 61/50 11/8 NS 37/38 35/20 NS 31/32 41/26 NS
PV 41 7 NS 27 21 NS 21 31 NS
ET 50 10 NS 37 23 NS 29 27 NS
PMF 20 2 NS N n NS 13 9 NS
Thrombosis at diagnosis 17 2 NS n 8 NS 9 10 NS
JAK2, mutated vs. 75/36 12/7 NS 50/25 37/18 NS 4419 4324 NS
wild-type
Overall survival 79.8% 62.2% NS 75.3% 80.4% NS 84.7% 70.4% NS
(10-year)
Leukemic transformation | 4 1 NS 4 1 NS 3 2 NS
Fibrotic transformation 9 1 NS 6 4 NS 7 3 NS
NS: Not significant, PV: polycythemia vera, ET: essential thrombocythemia, PMF: primary myelofibrosis.

There was no relationship between TET2, IDH1, and ASXL1 SNPs
and clinical and laboratory factors in our study. An impact of
TET2 mutation on survival and leukemic transformation was
not shown [10]. In normal karyotype acute myeloid leukemia,
the IDH1 (rs11554137) SNP was an adverse prognostic factor
[17]. In PMF, there was a significantly negative impact of /DH
mutations on survival [6]. ASXLT mutations were identified in
patients with PMF or post-ET/PV-myelofibrosis and associated
with poor survival [8,9,15]. Whether the TET2, IDH1, and ASXL1
SNPs possibly confer any prognostic impact in MPN patients
requires further evaluation.

The TET2 mutant allele T and ASXLT mutant allele G had the
highest frequencies at 0.272 in the PMF and 0.322 in the PV
group, respectively. The ASXL1 and TET2 mutational statuses
in the Turkish population are similar to those of the European
population according to HapMap CEU data reporting 0.322 G
mutant allele and 0.372 T mutant allele frequencies, respectively
(hapmap.ncbi.nim.nih.gov/).

One of the limitations of this study is the small sample size.
Since we did not evaluate MPL and CALR mutations, we could
not assess whether there was a relationship between CALR and
MPL mutations and these SNPs. Since we had no control group,
we could not perform a comparison for these SNPs between
patients and controls.

Conclusion

IDHT frequency in MPNs was found to be similar to the rate
reported in the literature. ASXL1 frequencies were similar

between ET, PV, and PMF patients. We did not find an impact
of the SNPs on survival, JAK2 status, or leukemic and fibrotic
transformation. These findings suggest that IDHT is a rare SNP
in MPNs. The role of SNPs in MPNs might be further evaluated
in larger multicenter studies.
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