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Abstract

DNA Methyl Transferase 3A (DNMT3A) is one of two human de novo DNA
methyltransferases essential for the regulation of gene expression. DNMT3A
mutations were recently linked to hematologic malignancies prognosis. In
fact, numerous mutations in this gene were reported in patients with Acute
Myeloid Leukaemia (AML), pointing DNMT3A as an important oncogenic
role in AML patients. In the present study, 84 patients were analyzed, at the
first diagnosis for DNMT3A mutations. Exons 18, 19, 20, 21, 22 and 23 were
screened by Polymerase Chain Reaction (PCR) and direct sequencing. The
results demonstrated that 33.33% (28/84) de novo AML patients presented
DNMT3A mutations. 9 missense mutations including 7 novel single nucleotide
polymorphism resulting in amino acid substitution, one silence mutation and 1
nonsense mutation. These mutations are associated with an intermediate-risk
cytogenetics (Normal Karyotype (KN-AML)), younger age, higher WBC count,
bone marrow infiltration at diagnosis and lower plated count. In conclusion, we
retain that the DNMT3A gene is highly mutated in the AML subgroup, its role
as a prognostic factor needs to be further elucidated by correlation studies with

gene

other molecular prognosis factors and survival.
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Abbreviations

A: Alanine; AML: Acute Myeloid Leukaemia; bp: Base Pair; C:
Cysteine; D: Acide Aspartique; DNA: Desoxyribo Nucleic Acid;
DNMT3A: DNA Methyl Transferase 3A; E: Acide Glutamique; F:
Phenylalanine; FAB: Franco- Américano-Britannique; g/dl: Grams Per
Deciliter; H: Histidine; HSCs: Hematopoietic Stem Cells; I: Isoleucine;
K: Lysine; L: Leucine; L: Liter; M: Methionine; N: Asparagines; KN:
Normal Karyotype; P: Proline; PCR: Polymerase Chain Reaction; R:
Arginine; RNA: Ribo Nucleic Acid; SPSS: Statistical Package for the
Social Sciences; V: Valine; WBC : White Cell Count

Introduction

Acute Myeloid Leukemia (AML) is a malignancy of Hematopoietic
Stem Cells (HSCs) characterized by the expansion of undifferentiated
myeloid progenitors (blasts) with great variability in clinical course
and response to therapy. The development of AML is associated with
accumulation of acquired genetic alterations and epigenetic changes
in hematopoietic progenitor cells that alter normal mechanisms of
cell growth, proliferation, and differentiation [1-6]. DNA methylation
plays a key role in the pathophysiology of AML [7-10].

DNA Methyltransferase 3A (DNMT?3A) is one of two human de
novo DNA methyltransferases essential for regulating gene expression
during cellular development and differentiation [11]. DNMT3A
mutations are generally present in the clones of AML samples,
suggesting that they may initiate leukemia [5,6,9,12]. However, the
mechanisms by which they contribute to leukemogenesis are not yet
clear. Analysis of mutated DNMT3A gene has an important clinical
and pathologic application. DNMT3A mutations may become a new

tool for target therapy [13, 14].

DNMT3A is located in chromosomal band 2p23 and, is a
member of a DNA Methyltransferase (Mtase) family [15]. It has
three conserved domains: the PWWP (a highly conserved proline-
tryptophan-tryptophan-proline motif) domain targeting the
enzyme to nucleic acids, the cystein-rich PHD zinc-finger domain
interacting with unmodified histone H3, and the highly conserved
catalytic domain representing the Mtase domain in the c-terminal
region. DNMT3A has high ubiquitous expression in embryonic
tissues and undifferentiated embryonic stem cells. By catalyzing the
conversion of cytosine to 5- methylcytosine, DNMT3A add methyl
groups to unmodified DNA. DNMT3A mutations, most commonly
are heterozygous, and almost at codon R882 in exon 23 DNMT3A
Mtase domain modify its enzymatic activity. DNMT3A mutations are
significantly enriched in patients with intermediate risk cytogenetics
with a normal caryotype [14,16-18].

This work was designed to study the prevalence and nature of the
DNMT3A gene mutations in novo AML patients in a Tunisian group.

Patients and Methods

Patients and Bone Marrow Mononuclear Cell (BMMC)
collection

We have studied 84 samples of bone marrow from patients with
AML, at diagnosis and prior to any chemotherapy. Patients’ samples
had been collected from January 2014 to August 2015. Bone marrow
mononuclear cells were isolated with Ficoll gradient separation.

The patients’ clinical information’s were obtained from the AML
database of different Tunisian hospitals retrospectively. Patients
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Table 1: Clinical characteristics of 84 patients with AML.

No DNMT3A

DNMT3A

Characteristics A . P-value
mutation mutation
Patients, n=84 56 28
Age, Years
Median 38.59.5 374195 0.041<0.05
Male gender (%) 29 (51.78%) 16 (57.14%)
0.742>0.05
Female gender (%) 27 (48.21%) 12 (42.85%)
Bone marrow blasts at diagnosis (%) 60% 76% 0.015<0.05
WBC count*10°%/L
Mean 26.6 55.8 0.037<0.05
Hemoglobin, g/dl
Mean 6.95 7.8 0.744>0.05
Platelet count*10%/L
Mean 152 60 0.047<0.05
Normal Karyotype 89%
Karyotype, (%) Abnormal Karyotype 3.57% Normal Karyotype 100 % 0.016<0.05

Missing Data 7.14%

FAB classification
AML subtype, n = 84

MO 22 9
M1 1 0
M2 12 4
M3 0 0
M4 12 3
M5 21 10
M6 2 0
M7 2 0
Missing Data 6 2

AML: Acute Myeloid Leukaemia; DNMT3A: DNA Methyltransferase 3A; FAB: Franco-Américano-Britannique; KN: Normal Karyotype; g/dl: Grams per Deciliter; L: Liter;

WBC: White Cell Count

Table 2: Primer sequences for genes of interest.

Gene Exon Sequence 5'-3’ DNA fragment bp

18-19 TCTCTTTCTTCCTGTCTGCCTCT 547
GGATGAAGCAGCAGTCCAAG

20 TAGAGCAGCACTGTGCAATATG 561
CTATGGGTCATCCCACCTGC
TGTGAACTAGTGGCTGCTGG

DNMTSA 21 CACTAGCTGGAGAAGCAGGC 279

22 TAGACGCATGACCAGTGTTGG 285
TGGAAAACAAGTCAGGTGGG

23 TCCTGCTGTGTGGTTAGACG 47
ATGATGTCCAACCCTTTTCG

were stratified according to the FAB (Frensh American British)
classification.

The diagnosis of the AML subgroup was based on the standard
clinic morphologic and phenotype criteria. Cytogenetic information
was available for only 78 patients (Table 1).

Genomic DNAisolation, PCR amplification and sequencing

Genomic DNA and total RNA were extracted from mononuclear
cells of AML patients using the Trizol method. (Invitrogen Life
Technologies- according to the manufacturer’s recommendations),
RNA was conserved at -20°C for other potential use. The DNA was
extracted following the manufacturer’s instructions.

The extracted DNA was amplified by PCR (S1000 thermal cycler)
at the DNMT3A exons 18, 19, 20, 21, 22, and 23, with primers
designed by primer 3 tools (Table 2).

PCR was performed in a final volume of 25 ml containing 100 ng
of genomic DNA, 2.5 ml of 10X PCR buffer, 1.25 ml of 50 mM MgClZ,
4 pmol of each primer, and 1U of Taq DNA polymerase (Invitrogen,
Life Technologies, Carlsbad, CA) The PCR conditions were as follows:

denaturation at 95°C for 5 min, followed by 35 cycles of denaturation
at 94°C for 1 min, annealing at 62°C for 1 min, extension at 72°C
for 1 min. An extension step at 72°C for 10min. The PCR products
were sequenced bidirectionally in both the forward and the reverse
direction. The same sets of primers used for the PCR amplification
were used for sequencing. Samples were sequenced in an ABI PRISM
3130 (Applied Biosystems). Sequencer sequence analysis software
version 4.9 (Gene Codes Corporation, Ann Arbor, MI) was used for
data analysis.

Statistical analysis

Chi square test was performed by SPSS statistical package version
16.0. Differences were considered significant for when p value lower
than 0.05.

Results and Discussion

Molecular analysis of the DNMT3A gene in patients with
de novo AML

DNMT3A mutational status was determined in a cohort of 84 de
novo AML patients. The sequencing of exons 18, 19, 20, 21, 22 and
23 has revealed 11 mutations. A single-nucleotide polymorphisms
L901L that was detected in 3 patients but did not alter the amino acid
residues, 7 missense mutations (R736P, R736A (double mutation),
P777R, 1780M, E784K, M880OL and V895M) that were found in 8
patients but had uncertain biologic significance because they were not
reported previously and could be verified by a functional study. Two
missense mutations were reported previously at exon 23 occurred in
14 patients including the 13 patients with R882H/C. One nonsense
mutation (E733) was observed in 3 patients. Most mutations were
heterozygous and localized within the catalytic domain. All mutations
results were confirmed twice by PCR/sequencing. Sequencing results
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Figure 1: DNMT3A mutations identified in AML: Mutations identified in methyltransferase domain of DNMT3A-Exons 18-23- in 28 patients with AML. Heterozygous

(A)E733codon stop (B)R736P/ (C)R736A/ (D)P777V/ (E)I780D/ (F)E784L/ (G)M88OL/ (H)L901L/ (I)N879D/ (J)R882H/ (K)R882C/ (L)V895M.

and description of each mutation are presented in (Figure 1) and
(Table 3).

Correlation between the DNMT3A mutations and clinical
parameters

The DNMT3A mutation frequency in AML was detected in the
heterozygous state in 33.33% (28/84), Compared to no mutated
AML group, DNMT3A AML mutation was significantly associated
with higher WBC count at diagnosis (p=0.037), bone marrow blasts
infiltration (p=0.015), younger adults (p=0.041) and lower platelet
count (p=0.047). (Table 1). This high frequency is consistent with
results of previous studies on DNMT3A mutations in AML patients
which also showed a significant association with higher WBC count,
bone marrow blasts, and younger adult age. But this is the first study,

in our knowledge that demonstrated a significant association with
lower platelet count. [9, 13,19].

The presence of a DNMT3A mutation was found to correlate
with AML patients with an intermediate-risk cytogenetics (normal
karyotype; CN-AML) (P=0.016), indicating that the mutation of
DNMT3A represents a novel prognostic index for intermediate risk
AML patients. None of the patients with t (8; 21), or t (15; 17) inv (16)
translocation had a DNMT3A mutation (Table 1).

Among 28 patients with AML/DNMT3A mutations, the
frequency of DNMT3A R882 mutation was highest (13/28 = 46.42%)
which is a mutational hotspot. This is consistent with the studies of
Hou et al; Thol et al. and Yan et al. [13,20,21]. These studies have
shown by a quantification of the expression of the cDONA DNMT3A
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Table 3: Mutation patterns in 28 patients with DNMT3A mutations at diagnosis.

DNMT3A mutation
UPN Age/sex Karyotype FAB Location
DNA change Protein change

P5 37/2 46,XX M5 23 C.2645G>A p.R882H
P6 54/1 46,XY M2 19 c.2207G>C p.R736P
P7 311 46,XY M5 23 C.2645G>A p.R882H
P8 28/1 46,XY M5 23 €.2644C>T p.R882C
P11 24/1 46,XY M5 23 C.2645G>A p.R882H
P12 63/1 46,XY MO 19 c.2207G>C p.R736A
P14 28/1 46,XY MO 19 c.2197G>T p. E733 stop codon
P15 57/1 46,XY M4 23 c.2635 A>G p.N879D
P16 4712 46,XX M4 23 €.2644C>T p.R882C
P18 11/2 46,XX MO 23 c.2197G>T p.E733 stop codon
P21 25/1 46,XY MO 23 C.2648G>A p.V895M
P22 4212 46,XX M4 23 C.2645G>A p.R882H
P28 33/1 46,XY MO 20 c.2350G>A p.E784K
P30 32/1 46,XY MO 23 C.2645G>A p.R882H
P33 30/1 46,XY M5 23 c.2644C>T p.R882C
P37 63/2 46,XX MO 19 c.2197G>T p.E733 stop codon
P38 37/2 46,XX M5 23 €.2644C>T p.R882C
P53 29/2 46,XX M5 23 C.2645G>A p.R882H
P59 45/1 46,XY M2 20 c.2350G>A p.E784K
P64 49/1 46,XY Missing Data 23 C.2638A>C p.M880L
P72 211 46,XY M5 23 C.2645G>A p.R882H
P73 48/1 46,XY M5 23 C.2645G>A p.R882H
P74 28/2 46,XX MO 23 c.2703C>T p.L901L
P75 39/2 46,XX M2 23 c.2703C>T p.L901L
P76 471 46,XY M5 23 C.2645G>A p.R882H
P81 45/2 46,XX Missing Data 23 c.2703C>T p. L901L
P82 12/2 46,XX M2 20 ¢.2330C>G p.P777R
P83 49/2 46,XX MO 20 €.2339T>G p. I780M

UPN: Unique Patient Number; P: Patient ; A: Alanine; AML: Acute Myeloid Leukaemia; bp: Base Pair; C: Cysteine; D: Acide Aspartique; DNA: Desoxyribonucleic Acid;
DNMT3A: DNA Methyltransferase 3A; E: Acide Glutamique; F: Phenylalanine; FAB: Franco-Américano-Britannique; H: Histidine; I: Isoleucine; K: Lysine; L: Leucine;
M: Methionine; N: Asparagines; KN: Normal Karyotype; P: Proline; R: Arginine; RNA: Ribonucleic Acid; V: Valine; A: Adenine ; C: Cytosine ; G: Guanine; T: Thymine

R882 that down expression of DNMT3A may be associated with the
incidence and progression of AML.

In our study, AMLPNMI3A RSS2HIC ywag significantly associated with
myelomonocytic blast morphology (12/13=92.30%, p=1.6%107).
In fact, 10/10 cases with AML M5 and 2/3 patients with AML M4
were found to harbor DNMT3A R882 mutation , only 1/9 patients
with AML MO was found to harbor DNMT3A R882 mutations and
no AMLPNMI3A RSZHIC yag detected in other’s AML FAB subtypes
(Table 1). Moreover in 12/13 AMLPNMT3ARSHIC samples, blasts cells
expressed monocytic lineage antigens (CD4, CD14, CD64, CD33)
which is in agreement with recent literature [22,23]. This higher
significant association could indicate that AMLDNMT3A R882H/C
tends to occur in M4 and M5 subtypes in the Frensh American British
(FAB) classification. These finding further supported the hypothesis
that DNMT3A R882 mutation might be one of the driver mechanism
in pre-leukemic stem cell clone.

The analysis of the 7 new mutations R736P, R736A (double
mutation), P777R, 1780M, E784K, M880L and V895M by software
tools polyphen 2 and MutPred [19,24], which predicts whether an
amino acid substitution has an impact on the biological function of a
protein, demonstrated that these novel mutations, especially R736P,
R736A and V895M probably cause protein damage and instability.
The assessment of the E733 codon nonsense mutation needs, a
functional study would better confirm, or not, this founding for 3
patients.

A number of studies have demonstrated that the activity of DNA
methyltransferases may contribute to specific DNA methylation
profiles (increased and decreased methylation) and indicated that
DNMT3A have a crucial role in the pathogenesis of myeloid acute
leukemia. [25-31]. More recently, another interesting study reported
no impact of DNMT3A mutation on outcome, but could be a
predictive factor for response to idarubicin and thus, could have a
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direct influence in the way AML patients should be managed [32].

Conclusion and Future Perspective

To our knowledge, this is the first study on the presence of

somatic mutations of the gene DNMT3A-exons 18, 19, 20, 21, 22,

2

3 in patients with de novo AML in Tunisia. Although for a small

number of patients 84, we found the frequency of these mutations to
be higher comparing with other studies. DNMT3A mutations may
represent a new marker for the risk stratification of AML and may
have a crucial role in the pathogenesis of myeloid acute leukemia
by affecting its expression and methylation of specific genes. Our
future aims are quantification of the DNMT3A gene expression,
quantification of methylation, evaluation of the new DNMT3A
mutations and expanding our study population.
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