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Abstract: Transformation of myeloproliferative disorders (MPDs) to acute leukemia is an evitable event that represents a
stumbling block in the management of patients. The Janus Kinase-2 JAK2V617F mutation of MDP does not clarify the
phenotypic variability observed in this disorder. But, a mutations in Ten-eleven-translocation-2 (7ET72), a putative tumor
suppressor gene, was recently implicated in MPDs and other hematologic malignancies. TET-2 is believed to play a role in
leukemic transformation. This study aimed to determine the frequency of L1721W polymorphism in TET2 gene in a cohort of
Sudanese patients with MPDs. Following informed consent, 25 (25/50, 50%) patients with polycythemia rubra vera (PRV),
thirteen patients (13/50, 26%) with essential thrombocythemia (ET), eleven patients (11/50, 22%) with chronic myeloid
leukemia (CML), and one patient (1/50, 2%) with primary myelofibrosis (PMF) were enrolled. None of the patients was in the
transformation phase. Patients were diagnosed based on clinical picture, hematological parameters and JAK2V617F and
BCR_ABL molecular aberrations. JAK2V617F was detected in Ph-negative-MPDs cases as (24/25, 96%) in PRV, (10/13, 76%)
in ET, and (1/1, 100%) in PMF. BCR_ABL fusion was detected in all (11/11, 100%) cases of CML. DNA was extracted using
the guanidine chloride method, followed by (PCR-RFLP) analysis. Only one patient showed the presence of L1721W
polymorphism of the TET?2. It was inferred that the low frequency of this transformation within the study cohort [all in chronic
phase] probably indicates that it plays a minor role in MPD pathogenesis, while its role in blast transformation needs further
studies in MPD patients.
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clonal disorders including chronic neutrophilic leukemia
(CNL), chronic eosinophilic leukemia (CEL) and clonal mast
cell diseases (MCD) under the heading of myeloproliferative
disorders [1].

These disorders share many features, including altered
stem cell behavior, overproduction of myeloid lineages and
rarely, transformation to acute myeloid leukemia (secondary-
AML) which reveals different cytogenetic changes and
prognoses [3, 4].They share substantial phenotypic mimicry,
can undergo phenotypic shifts (from PRV to ET and vice
versa) as well as evolution to myelofibrosis (post- PRV/post-

1. Introduction

The classical myeloproliferative disorders (MPDs)
comprise polycythemia rubra vera (PRV), essential
thrombocythemia (ET) and primary myelofibrosis (PMF)
[1].They were originally grouped together by Dameshek
along with chronic myeloid leukemia (CML) in 1951
[1].After the discovery of the Philadelphia (Ph) chromosome,
which is characteristic of CML, PV, ET and PMF became
recognized as the Ph-negative MPDs [2].The World Health
Organization groups the MPDs along with CML and rarer
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ET myelofibrosis), and all eventually progress to leukemia.
The discovery of mutations activating JAK-STAT signaling in
the majority of patients with MPDs led to identification of
tyrosine kinase activation as a predominant mechanism
driving MPD pathogenesis [5, 6]. Despite this, the existence
of additional genetic events that modify the MPD phenotype,
predate JanuseKinase-2 (JAK2) mutations, and/or contribute
to leukemic transformation of MPDs has been suggested.
Recently, mutations in several epigenetic modifiers have
been described in patients with MPDs, including mutations in
TET2 [7].

TET? [ten-eleven-translocation-2], is a member of a family
that includes also TETI and TET3. TET? is located on 4q24
and contains 11 exons [8].Enzymes of the TET family are
deoxygenizes that convert 5-methylcytosine (5SmC) to 5-
hydroxymethylcytosine (ShmC) and the further oxidation
products 5-formylcytosine (5fC) and 5-carboxylcytosine
(5caC) [9]. Together these oxidized methylcytosines (oxi-
mC) facilitate DNA demethylation and also function as
epigenetic markers [9-11].

Delhommeau et al., showed that TET2 defects target both
multi-potent and committed progenitors and were associated
with a selective advantage of early hematopoiesis [12]. TET
loss-of-function  accelerates myeloid leukemogenesis,
through mechanisms that involve lineage dys-regulation,
uncontrolled expansion and genomic instability in
differentiating cells in mice, pointing to a causative role for
TET loss-of function in this myeloid malignancy [13].
Missense L1721W polymorphism in 7ET2 gene located in
exon 11, causes an amino acid change from leucine to
tryptophan through substitution of thymine to guanine
nucleotide (T>G). L1721W has been associated with
different myeloid related disorders [14,15,16].The SIFT and
Polyphen tools predict the variation effect on protein function
based on sequence homology and the physio-chemical
similarity between the alternate amino acids, it appear
deleterious (SIFT) and possibly damaging (Polyphen).

This study aims to determine the frequency of L1721W
polymorphism in TET2 gene in cohort of Sudanese patients
with MPDs. The study also aims to infer the role of these
polymorphs in the pathogenesis of MPD.

2. Materials and Methods
2.1. Patients

After approval of the study protocol by the Institutional
Research Ethics Committee, fifty samples with clinical,
hematological and molecular diagnosis of MPD were
included in the study. Patients came to a hematological
referral center in Khartoum [Zahrawi Medical Laboratories].
The center consents patients to use the reminder of their
routine samples for further future investigations/research,
those who abstain will have their samples destroyed. 25
(25/50, 50%) patients with polycythemia rubra vera (PRV),
thirteen  patients  (13/50, 26%)  with  essential
thrombocythemia (ET), eleven patients (11/50, 22%) with

chronic myeloid leukemia (CML), and one patient (1/50, 2%)
with primary myelofibrosis (PMF) were enrolled.

2.2. Molecular Biology

Diagnosis of MPD were established on the basis of the
WHO 2008 diagnostic criteria [17, 18].The JAK2V617F
status and Ph’ chromosome study was determined prior to the
study as part of routine diagnostic testing according to
previously published methods [19, 20].Genomic DNA was
extracted from peripheral blood granulocytes using guanidine
chloride method [18]. The concentration and purity of
genomic DNA was tested using the Nanodrop machine
(implen GmbH, Germany).A high fidelity Polymerase Chain
Reaction (PCR)was used in the amplification steps with
standard conditions using Maxime PCR preMix kit (i-Taq for
20 pl rxn) with sequence specific primers of TET2 gene
F(5’-CTCCCCATATTGGGTTCCT-3’) and R  (5’-
CCCATTAGCTGTGTGGGAAA-3’). The primer were
designed for specific sequence in exon 11 to amplify 463bp
amplicons, using the online primer design program
Primer3Plus (Untergasser and Nijveen 2007) using the
NC_000004.11 reference sequence obtained from the
National Centre for Biotechnology Information (NCBI)
database, and manufactured by Ingababiotec, South Africa.
The PCR amplification was performed in a programmable
thermal cycler (ESCO, Aeris™ thermal cycler 96, Singapore)
at Annealing temperature adjusted to 62°C. After completion
of the PCR reaction, gel electrophoresis was performed to
confirm the presence of the correct bands size. PCR products
were resolved on an ethidium bromide (1.5ul) stained 1.2%
agarose gel. The gel was run at 100 V for approximately 40
minutes. A molecular weight marker (Thermo Scientific 50
bp DNA ladder, USA) was also resolved on the gel to
confirm the fragment size of the PCR products. Afterwards,
the gel was visualized under UV light with the UV
Transilluminator (UV Transilluminator MUV series, Major
science, Taiwan). PCR-restriction fragment polymorphism
was done by digesting the PCR products with Haelll
restriction enzyme and its buffer for 1 hour at 37°C. The
restriction products were resolved in a 3% agarose gel, and
then visualized under UV light with the UV transilluminator.
Haelll digests wild-type (wt) allele to two fragments, with
sizes 267 bp and 196 bp, while the mutated allele creates a de
novo Haelll digestion site in given sequence, allow mutant
allele to be digested by Haelll to three fragments, with sizes
230 bp,196 bp, and 37 bp.

2.3. Statistical Analysis

Statistical analyses were performed using Epi Info™ 7.
Categorical variables were described as frequencies and
percentages.

3. Results

Samples from females and males were included in this
study (Table 1). Their ages range from 32-75 years
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(Mean+SD: 52.1£9.3); eight per cent (4/50, 8%) were less
than 40 years of age. Two thirds (33/50, 66%) were within
the age group 41 to 60 years of age. A quarter (13/50, 26%)
were above 61 years of age (Table 1). patients with PRV
were older than the other patients, while more females were
seen with the ET group (Figure 1). JAK2V617F was detected
in the majority of (35/50, 70.0%) Ph-negative-MPDs cases,
(24725, 96%) in PRV [M=14, F=10], (10/13, 76%) in ET
[M=4, F=6], and (1/1, 100%) in PMF [M=0, F=1]. A
minority (4/50, 8%) had wild-type of JAK2 (Table2).
JAK2V617F detected in two (2/4, 50%) cases within the age
group < 40, 21(21/33, 64%) cases within the age group 41 to
60 years of age, and 12 (12/13, 93%) cases were above 61
years of age. BCR_ABL fusion was detected in all (11/11,
100%) cases of CML [M=7, F=4] (Table2), one (1/11, 9%)
case within the age group < 40, nine (9/11, 82%) cases within
the age group 41 to 60 years of age, and one (1/11, 9%) case
was above 61 years of age.

L1721W polymorphism of TET2 gene was seen in only
one case (1/50, 2%), the case was ET male patient with
JAK2V617F mutation, he had 49 year old.(Table 3). The
results of screening L1721W polymorphism in 7ET2 gene,
by using PCR-RFLP analysis are shown in Table 2.

Figure 2 display Haelll digestion result on 3% agarose gel,
showing the positive L1721 W sample.

Table 1. Demographic and clinical data including sex, age, and MPDs type
of the study group.

Table 2. Clinical, gender, mutational status and L1721W data for MPD
study patients.

Patients’ characteristic No. Frequency
Study group 50 100
Males 26 52
Females 24 48
Age group
<40 4 8
41 to 60 33 66
Above 61 years 13 26
MPD types
25 50
- PRV M (14) M 28
F (11) F22
13 26
-ET M (5) 10
F () 16
1 2
- PMF M (0)
F(1) 2
11 22
-CML M (7) 14
F4) 8

MPD denotes myeloproliferative disorders, PRV polycythemia rupra vera,
ET essential thrombocythemia, PMF primary myelofibrosis, CML chronic
myeloid leukemia. Males (M)>Females (F), most of participants clustered at
age group 41 to 60.

Sample  MPD Mutational status L1721W o
e P Gender (JAK2V617F& Polymorphism in
BCR _ABL) TET2 gene
1 PRV E JAK2V617F -ve/wt
2 ET F JAK2V617F -ve/wt
3 ET F JAK2 WT -ve/wt
4 PRV M JAK2V617F -ve/wt
5 PRV M JAK2V617F -ve/wt
6 CML F BCR ABL +ve -ve/wt
7 ET M JAK2V617F -ve/wt
8 PRV F JAK2V617F -ve/wt
9 CML M BCR ABL +ve -ve/wt
10 PRV M JAK2V617F -ve/wt
11 ET E JAK2V617F -ve/wt
12 PRV M JAK2V617F -ve/wt
13 PRV F JAK2V617F -ve/wt
14 PRV E JAK2V617F -ve/wt
15 CML M BCR ABL +ve -ve/wt
16 ET M JAK2V617F -ve/wt
17 PRV M JAK2V617F -ve/wt
18 PRV M JAK2V617F -ve/wt
19 ET E JAK2 WT -ve/wt
20 PMF F JAK2V617F -ve/wt
21 PRV M JAK2V617F -ve/wt
22 CML M BCR_ABL +ve -ve/wt
23 ET F JAK2V617F -ve/wt
24 PRV E JAK2V617F -ve/wt
25 CML F BCR ABL +ve -ve/wt
26 CML F BCR_ABL +ve -ve/wt
27 CML F BCR_ABL +ve -ve/wt
28 PRV M JAK2V617F -ve/wt
29 CML M BCR ABL +ve -ve/wt
30 PRV M JAK2V617F -ve/wt
31 ET M JAK2V617F +ve L1721W
32 PRV F JAK2V617F -ve/wt
33 ET E JAK2V617F -ve/wt
34 PRV M JAK2V617F -ve/wt
35 PRV M JAK2V617F -ve/wt
36 ET F JAK2V617F -ve/wt
37 PRV M JAK2V617F -ve/wt
38 CML M BCR ABL +ve -ve/wt
39 ET M JAK2 WT -ve/wt
40 CML M BCR_ABL +ve -ve/wt
41 PRV F JAK2V617F -ve/wt
42 PRV F JAK2V617F -ve/wt
43 ET M JAK2V617F -ve/wt
44 PRV M JAK2V617F -ve/wt
45 PRV F JAK2V617F -ve/wt
46 PRV F JAK2 WT -ve/wt
47 PRV M JAK2V617F -ve/wt
48 PRV E JAK2V617F -ve/wt
49 ET E JAK2V617F -ve/wt
50 CML M BCR ABL +ve -ve/wt

Patient No. 31 had L1721 W polymorphism. MPD denotes myeloproliferative
disorders, PRV polycythemia rupra vera, ET essential thrombocythemia,
PMF primary myelofibrosis, CML chronic myeloid leukemia, M male, F
female, BCR_ABL breakpoint cluster region_v-abl Abelson murine leukemia
viral oncogene homolog 1, WT wild type (i.e., negative for JAK2V617F).
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Figure 1. MPD types distribution among gender and elderly.

MPD denotes myeloproliferative disorders, PRV polycythemia rupra vera, ET essential thrombocythemia, PMF primary
myelofibrosis, CML chronic myeloid leukemia. 7 PRV cases found in elderly (>61 years of age), 8\13 of ET cases are females.

Figure 2. Haelll digestion result on 3% agarose gel.

50 bp DNA ladder, negative control, and 10 samples were loaded. All samples (except No. 6) show two bands (267 & 196
bp), sample No. 6 shows two bands with size 230 & 196 bp.

Table 3. Frequency of L1721W polymorphism in TET2 gene among 50 MPD Sudanese patients.

RFLP result Frequency Percent Cum. Percent Exact 95% LCL Exact 95% LCL
L1721W +ve 1 2.00% 2.00% 0.05% 10.65%

-ve\wt 49 98.00% 100.00% 89.35% 99.95%

TOTAL 50 100.00% 100.00%

L1721W detected in 1 case from 50 cases, Frequency, percentages, 95% confidence interval (CI) lower and 95% CI1 Upper for both L/721W and wild-type (wt)

. that the apparently low frequency of L1721W polymorphism
4. Conclusion in this cohort of Sudanese MPD patients may have been due
From the results of the present study, it can be concluded ~ to the small sample size that is low to allow making
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statistically valid conclusions. But still it can be inferred that
this mutation plays little of no role in the pathogenesis. It role
in myeloid transformation needs further studies on MPD
patients with transformation. Larger studies including an
adequate number of TET2-mutated patients are needed to
properly assess not only the prognostic relevance of mutant
TET? by itself, but also its potential prognostic interaction
with other MPD-associated molecular markers. However, the
whole literature on TET2 variants is quite small and more
work is needed.
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