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ABSTRACT

Gene mutations and epigenetic changes have been shown to
play significant roles in the pathogenesis of myelodysplastic
syndromes. Recently, mutations in DNAMT3A were identified
in 22.1% of patients with acute myeloid leukemia. In this
study, we analyzed the frequency and clinical impact of
DNMT3A mutations in a cohort of 193 patients with
myelodysplastic syndromes. Mutations in DNAMT3A were
found in 2.6% of patients. The majority of mutations were
heterozygous missense mutations affecting codon R882.
Patients with DNMT3A mutations were found to have a high-
er rate of transformation to acute myeloid leukemia. When
assessing the global methylation levels in patients with mutat-
ed versus unmutated DNV T3A and healthy controls no differ-
ence in global DNA methylation levels between the two

groups was seen. Our data show that in patients with
myelodysplastic syndromes, DNAMT3A mutations occur at a
low frequency and may be a risk factor for leukemia progres-
sion.
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Introduction

Myelodysplastic syndromes (MDS) are heterogeneous dis-
orders of the hematopoietic stem cell caused by mutations,
deregulated gene expression, and epigenetic modifications of
genes leading to inefficient hematopoiesis and a propensity to
transform to acute myeloid leukemia (AML). The aim of the
present study is to characterize the frequency and clinical
impact of a recently identified mutation in a key epigenetic
regulator: DNA methyltransferase 3A (DNMT3A). DNA methy-
lation has been shown to affect prognosis' and treatment
response in MDS;? and demethylating agents have recently
been introduced successfully into the management of the dis-
ease.’ Methyltransferases, such as DNMT1, DNMT3A and
DNMTSB, are important for epigenetic regulation of genes as
they catalyze the addition of methyl groups to the cytosine
residue of CpG dinucleotides. While DNMTS3A and
DNMTS3B are important for de novo methylation, DNMTT1 is
essential for methylation maintenance. Functional studies
evaluating the significance of these genes at the hematopoiet-
ic stem cell level have suggested that DNMT1 is important
for self-renewal of hematopoietic stem cells." Interestingly,
somatic mutations in DNAT3A have been recently described
in 62 out of 281 (22.1%) patients with AML’ with the highest
frequency (33.7 %) being found in patients with cytogeneti-

cally normal (CN-) AML. In this study, 18 different DNMT3A
mutations were described in AML with the majority being
missense mutations and a smaller number of nonsense and
frameshift mutations.” The most common missense mutation
affecting codon R882 was found in 37 out of 62 mutated
patients (59.7%). Ley et al. described an adverse prognostic
impact of the mutation for patients in AML.* Less is known
about the frequency and the prognostic impact of DNMT3A
mutations in MDS. However, one study suggests that muta-
tions are less frequent than in AML.° Here, we report frequen-
cy and clinical impact of mutations of DNMT3A in a large
cohort of 193 MDS patients. Characteristics regarding
IDH1/2, NPM1, and ASXL1 mutations for patients in this
cohort have been previously reported.”®

Design and Methods

Cell samples from 193 MDS patients were collected on enrolment
in clinical trials. Patients were enrolled in multicenter treatment trials
that investigated the use of antithymocyte globulin’ (ClinicalTrials
Identifier NCT00004208)"°, ATRA," deferasirox,” lenalidomide, or
thalidomide for treatment of MDS while demethylating agents were
not used in this patient cohort. DNA from 80 healthy blood donors
(age 18-60 years) was obtained from the Institute of Transfusion
Medicine, Hannover Medical School, Germany.
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Clinical and hematologic data were recorded after MDS
patients gave their informed consent in accordance with the
Declaration of Helsinki, and the scientific analysis of the samples
was approved by the institutional review board of Hannover
Medical School (ethical approval N. 2467). Among 193 MDS
patients, follow-up information was available for 154 patients.
The follow-up information was updated by means of clinic visits
as well as telephone calls to patients, their doctors, or local regis-
tration offices. According to the WHO classification, our cohort
included patients with refractory anemia (RA; n=38), refractory
anemia with ringed sideroblasts (RARS; n=20), MDS with isolated
del(5q) (del5q; n=18), refractory cytopenia with multilineage dys-
plasia (RCMD; n=30); refractory anemia with excess blasts-1
(RAEB-1; n=22), refractory anemia with excess blasts-2 (RAEB-2;
n=31) and MDS-unclassifiable (MDS-U; n=7). Twenty-seven
patients had no WHO-subtype information available. IPSS was
low in 39, intermediate-1 in 57, intermediate-2 in 38, and high in
13 patients (46 patients had no IPSS information available).

First, all 23 exons of DNMT3A were analyzed for mutations in
40 patients (20 AML and 20 MDS patients). The AML patients
were entered into the multicenter treatment trials AML SHG 0199
(ClinicalTrials Identifier NCT00209833, June 1999 to September
2004) or AML SHG 0295 (February 1995 to May 1999). Since we
only found mutations between exons 15-23 in the 40 AML and
MDS patients, for the remaining 173 MDS patients we subse-
quently amplified the genomic regions of exons 15-23 of
DNMT3A as previously reported.”® PCR fragments were directly
sequenced, and were analyzed using the Sequencing Analysis
5.3.1 software (Applied Biosystems, Darmstadt, Germany) and
Vector NTI Advance 10 software (Invitrogen, Karlsruhe,
Germany). All mutations were confirmed in an independent
experiment.

Global methylation of CpG islands was assessed in duplicate
using the Imprint Methylated DNA Quantification Kit (Sigma-
Aldrich) in bone marrow samples from DNMT3A mutated (n=3)
or wild-type MDS patients (n=20), and in peripheral blood sam-
ples from healthy volunteers (n=10). Global DNA methylation is
shown as percent methylation of a methylated control DNA
which was provided by the manufacturer. For gene expression
analysis total RNA was isolated using the All Prep DNA/RNA Kit
(Qiagen). Random hexamer priming and Moloney murine
leukemia virus (M-MLV) reverse transcriptase (Invitrogen,
Carlsbad, CA, USA) were used to generate cDNA. Real-time
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reverse transcriptase-polymerase chain reaction (RT-PCR) was car-
ried out on a StepOne Plus real-time PCR system (Applied
Biosystems) using the DNAT3A gene expression assay (Applied
Biosystems, Assay ID DNMT3A: Hs01027166_m1). cDNA from
the KG1A cell line was used to construct a standard curve for
DNMT3A. ABL (ABL FusionQuant Standards; Ipsogen, Marseille,
France) was quantified as a control gene. Patients were divided
into two groups at the median level of DNAMT3A/ABL expression.
The two-sided level of significance was set at P<0.05. The statisti-
cal analyses were performed with the SPSS Version 18 software
package.

Results and Discussion

Somatic mutations in DNMT3A were present in 5
patients (2.6%) with the majority of mutations being het-
erozygous missense mutations affecting codon R882 (n=3)
(Figure 1). A nonsense mutation in the zinc finger domain
was found in one patient and a frameshift mutation was
found in the methyltransferase domain of another patient
(Figure 1). Sequencing of exon 23 in 80 healthy volunteers
did not identify any mutation. The low frequency of
DNMT3A mutations in MDS did not allow any formal
assessment of clinical and molecular associations or prog-
nostic evaluation. However, when looking at clinical char-
acteristics of the mutated patients, we found mutations in
patients with different WHO classifications, karyotypes
and IPSS scores, suggesting that the mutation can occur in
different cytogenetic and clinical groups of MDS. Ley et al.
described an association between [DH1 and NPM1 in
AML. Probably also due to the low number of mutations
in DNMT3A, IDH and NPM1 found in our MDS cohort,
we could not find such an association in MDS (Table 1).
One patient had a concurrent mutation in ASXL1, and one
in IDH1, while the other 3 patients had no mutation in
IDH or ASXL1. Three of the 4 mutated patients with avail-
able follow-up information developed a secondary AML
(75%) compared to 28.2% of patients with wild-type
DNMT3A (P=0.043): AML transformation rate in the
whole cohort 29.4%. The mutated patient with follow-up
information who did not develop AML underwent allo-
geneic stem cell transplantation approximately seven
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Figure 1. Location and type of DNMT3A mutations in MDS patients. Genomic DNA from 193 MDS patients was extracted from bone marrow
or peripheral blood at time of enrolment in clinical trials, and exons 15 to 23 of DNMT3A (Ensembl gene ENSGO0000119772) containing
the ZNF and the methyltransferase domain were sequenced by sanger sequencing. Five mutations with translational effects were identified
(2.6 %). Each patient with a DNMT3A mutation is designated with a circle: ZNF, FYVE/PHD-type zinc finger domain; MTase: methyltransferase
domain (MTase); E: glutamic acid; K: lysine; fs: frameshift mutation; R: arginine; H: histidine.
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months after initial diagnosis and has since been in remis-
sion. The other 3 patients with the mutation and available
follow-up information had a very short median overall
survival (0.6 years), while the median survival of the
patients without mutated DNAMT3A was 3.04 years.
DNMT3A influences epigenetic regulation of genes by
adding methyl groups to the cytosine residue of CpG din-
ucleotides. We, therefore, also assessed the global methy-
lation levels in MDS patients with mutated DNMT3A ver-
sus unmutated DNAMT3A and healthy controls. No differ-
ences were found in global methylation levels between
mutated and wild-type patients (Figure 2) as already

Table 1. DNMT3A mutations in patients with MDS.

described by Ley et al. in AML, while Yan et al. identified a
decrease in methylation of CpG islands in the HOXB clus-
ter which may suggest an activation of stem cell self-
renewal pathways in the mutated patients.”™ Patients with
mutated DNMT3A showed lower DNMT3A expression
levels (relative copy number DNMT3A/ABL 9.22x10%;
mean n=5) compared to patients with wild-type
DNMT3A (relative copy number DNMT3A/ABL 4.37x10™;
mean n=163). However, this difference was not significant
(P=0.4). There were no significant differences in patients
with low (n=79) versus high (n=79) DNMT3A expression
for overall survival (P=0.39) and time to AML transforma-

Patient Age Sex WHO IPSS  Transfusion Karyotype Mutation sAML Survival Other mutations
dependence (years to  (years),
AML) statusi#
1 59 F RAEB-2 Int-2 Yes 46,XX E599* Yes (0.6)  0.60 (d) ASXL1WT
IDHI mutated
NPM1 WT
2 70 F del(5q) Int-1 Yes  46XX,del(5) R882H Yes (0.03)  0.11 (d) ASXL1 WT
(q?14q?34) IDH WT
NPM1 WT
3 68 F RAEB-1 Int-2 Yes 46,XX R882H Yes (0.55)  1.19 (d) ASXL1 mutated
[DHWT
NPM1 WT
4 53 M RCMD Int-1 Yes 47 XY +8 K766fs No 3.79 (@) ASXL1 WT
Transplanted® IDHWT
NPM1 WT
5 64 M RARS Low Unknown 46,XY R882H Unknown  Unknown ASXL1WT
IDH WT
NPMI WT

F: female; M: male; RARS: refractory anemia with ringed sideroblasts; del5q: MDS with isolated del(5q); RCMD: refractory cytopenia with multilineage dysplasia; RAEB-1: refractory
anemia with excess blasts-1; RAEB-2: refractory anemia with excess blasts-2; IPSS: International Prognostic Scoring System; int-1. intermediated 1, int-2: intermediated 2, SAML: sec-
ondary acute myeloid leukemia after a prior diagnosis of myelodysplastic syndrome; E: glutamic acid; *: stop codon; r: arginine; h: histidine; k: lysine; fs: frameshift mutation; # sur-
vival status; d: dead; a: alive; Stransplanted.: allogeneic stem cell transplantation; WT: wild type.
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Figure 2. Global DNA methylation levels and DNMT3A expression levels in DNMT3A mutated and wild-type MDS patients and healthy con-
trols. (A) Global methylation of CpG islands was assessed using the Imprint Methylated DNA Quantification Kit (Sigma-Aldrich) in bone mar-
row samples from randomly selected DNMT3A mutated (n=3, in duplicate) or wild-type MDS (n=20, in duplicate) patients, and in peripheral
blood samples from healthy volunteers (n=10, in duplicate). Global DNA methylation is shown as percent methylation of a methylated control
DNA which was provided by the manufacturer. (B) DNMT3A expression levels quantified by RT-PCR and analyzed with graph pad prism 5
(GraphPad Software, La Jolla, USA) comparing patients with wild-type (n=163) and mutated DNMT3A (n=5).




tion (P=0.81). Our data demonstrate that DNAIT3A muta-
tions are present in myeloid malignancies other than
AML. However, in MDS the frequency of the mutation is
significantly lower than in AML suggesting that mutations
in DNMT3A, similar to mutations in I[DH1/2,7**'° are much
more prevalent in AML than in MDS. Like AML, the
majority of mutations (60%) were heterozygous point
mutations located in codon R882. Due to the low frequen-
cy of the mutation in MDS, formal prognostic evaluation
could not be performed, but our data suggest a possible
negative prognostic impact, as already described for muta-
tions in AML. In our cohort, mutated patients more fre-
quently progressed to AML and had a shorter overall sur-
vival. Thus, DNMT3A mutations might be involved in the
progression of the disease. We can, therefore, confirm data
from Walter et al. who also found that patients with
mutated DNMT3A had a shorter overall survival time and
a more rapid progression to AML compared to patients
without the mutation.” The mutation rate of 2.6% in our
MDS cohort is lower than the recently reported mutation
rate of 8% by Walter er al. in his MDS cohort.® As MDS is
a very heterogeneous disease, study cohorts are also likely
to be heterogeneous. It is not, therefore, surprising that
our cohort included more patients with low risk MDS (i.e.
without excess of blasts, low/int-1 risk IPSS) than the
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cohort reported by Walter et al® The latter study also
included a few patients with secondary AML (RAEB-T).
These could be some of the reasons for the differences in
mutation rates. The heterogeneity between study cohorts
also underlines the need to validate new results in several
larger MDS cohorts in order to widen our insight and
understanding. There were no differences found between
global methylation levels between mutated and wild-type
patients, as already described by Ley et al. in AML.> Thus
functional studies are needed to understand the role of
mutations in DNMT3A in the pathogenesis of myeloid
malignancies. In summary, mutations in DNMT3A occur
in patients with MDS at a low frequency and further stud-
ies with larger cohorts are needed to evaluate a possible
negative prognostic impact.
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