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A B S T R A C T

Purpose: Acute myeloid leukemia (AML) is a heterogeneous disease. The discovery of novel discriminative
biomarkers remains of utmost value for improving outcome predictions. Enhancer of zeste homolog 2 (EZH2) is a
histone methyltransferase of H3K27me3. It is frequently up-regulated in human cancers and associated with
silencing of differentiation genes. We aimed herein to investigate the prevalence and prognosis impact of somatic
EZH2mutations and their potential associations with other prognostic markers FLT3, NPM1, DNMT3A and IDH2.
Materials and methods: Our study population was composed of 211 Tunisian patients with de novo AML and 14
healthy donors. The 11 last exons coding the set domain of EZH2 were investigated by PCR and Sanger se-
quencing.
Results: EZH2mutations were identified in 66/211 (31%) patients with a sex ratio of 1.06. The presence of EZH2
mutations was statistically significantly associated with failure consolidation therapy (p=0.004). There were
no differences in the incidence of EZH2 mutations and FLT3-ITD, NPM1, DNMT3A and IDH2 mutations. When
EZH2 mutations were associated with those of FLT3 or IDH2, a short duration of progression free survival was
observed (p < 0.05). Moreover, CD7 aberrant markers conferred a poor prognosis in EZH2 mutated patients
(p < 0.05).
Conclusions: Given these data we conclude that EZH2 mutations are frequent in our patients, and can be used as
a prognosis marker in combination with FLT3, IDH2 mutations and CD7 marker, to stratify AML patients and to
guide therapeutic decisions.

1. Introduction

Acute myeloid leukemia (AML) is the most commonly occurring
acute hematological malignancy in adults. Despite advances in diag-
nosis, stratification and treatment, the disease remains largely incurable
and overall 5 years survival rates remain poor at only 25% [1–5]. AML
is a heterogeneous disorder characterized by the accumulation of
complex genomic alterations that contribute to disease biology and
prognosis. Although cytogenetic analysis can help diagnosis and pro-
vides powerful prognostic tool to risk stratify patients with AML, ap-
proximately 50% of patients with de novo AML have normal karyotype
(NK) thus, the molecular screening of genetic defects is crucial in the
stratification of the risk and the choice of the therapy protocol of acute
myeloid leukemia. The discovery of novel discriminative biomarkers
remains of utmost importance to provide new outcomes definitions and
therapeutic targets.

EZH2 gene is located at 7q36.1, and encodes the catalytic compo-
nent of the polycomb repressive complex 2 (PRC2) which is responsible

for the methylation of H3K27. EZH2 mutations could influence stem
cell renewal by epigenetic dysregulation [6–10]. Mutations of this gene
have been described in 10–13% of poor-prognosis myelodysplasia
myeloproliferative neoplasms [11–14]. However, the prevalence and
prognosis impact of somatic EZH2 mutations remain largely unknown
in patients with AML.

In this study, we investigated the prevalence and prognostic impact
of somatic EZH2 mutations and their potential associations with other
prognostic markers in Tunisian AML patients. Patients were also ana-
lyzed for the presence of mutations in 4 other genes: NPM1, FLT3,
DNMT3A and IDH2.

2. Materials and methods

2.1. Patient and control samples

Our study group included 211 de novo AML patients (110 males and
101 females) and 14 controls (8 males and 6 females; medium age
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13 ± 1 years). Bone marrow samples of consenting patients and
healthy donors were collected between December 2013 and March
2017. The CD34+ immature cells were isolated from the bone marrow
of healthy donors using a magnetic cell sorting method (Kit Miltenyi
Biotec; 130-100-453).

The study cohort included pediatric (2–18 years old) and adult
(19–80 years old) AML patients with median age of 35 ± 16 years. The
demographic parameters and medical characteristics of AML patients
are detailed in Table 1.

2.2. Analysis methods

AML diagnosis procedures included cytomorphology, im-
munophenotyping and molecular genetics of bone marrow blast cells.

2.2.1. Cytomorphology and immunophenotyping
For cytomorphology, May-Grünwald-Giemsa stained bone marrow

smears were analyzed.
For immunophenotyping, bone marrow mononuclear blast cells

were isolated with Ficoll density gradient and a panel of monoclonal
antibodies was used to target myeloid-associated antigens including
CD13, CD14, CD33, CD117, cMPO, as well as lymphoid associated

antigens including CD2, CD5, CD7, CD19, CD20, CD22, CD19a, CD3
and stem cell antigens HLA-DR, CD34. To characterize leukemia phe-
notype, a flow cytometer (BD FACSCanto II) with Diva software was
used.

The patients’ clinical information and follow-up were obtained
retrospectively from the AML database of different Tunisian hospitals.
Patients were stratified according to the FAB (French American British)
and ELN 2017 (European LeukemiaNet) classifications [15,16].

2.2.2. Molecular analysis
Genomic DNA and RNA were extracted from blast cells of AML

patients and CD34+ cells using the Trizol method. The DNA was ex-
tracted following the manufacturer’s instructions with modifications
(Invitrogen Life Technologies).

The concentration of DNA was determined by spectrophotometry
(NanoDrop Technologies, Thermo Scientific) at 260 nm.

The extracted DNA was amplified by PCR (S1000 thermal cycler) at
the 11 EZH2 exons (10–20) (NC_000002.12), all primers were designed
by primer 3 tools (http://primer3.ut.ee/) (Table 2). PCR reaction pro-
ducts were further subjected to direct sequencing and the resulting
sequences were compared to those of wild-type gene DNA.

Patients were also analyzed for the presence of NPM1, FLT3-ITD,

Table 1
AML Patient demographics, clinical and cytogenetic data in correlation with EZH2 mutational status.

Parameters Total EZH2+ mutated EZH2- Wild type P-value
n or median± SD [min-max]

Patients (n) 211 66 145 0.511
Female (n) 101 32 69
Male (n) 110 34 76

Age median (years) 35 ± 16 [2–80] 33 ± 17 [2-64] 36 ± 15 [2-80] 0.127
Children (2-18 years) 36 15 21
Younger adults(n) (19-40 years) 92 26 66
Adults (n) (41-60 years) 73 22 51
Older Adults(n) (> 60 years) 10 3 7
WBC Median (x103/l) 47 ± 76 [0.6 -532] 93.5 ± 64 [0.6-262] 80 ± 80 [0.6-532)] 0.965
Hemoglobin median (g/dl) 7 ± 2 [3-14.8] 7 ± 1.7 [3.2-11.3] 7.5 ± 2.2 [3-14.8] 0.244
Platelets median (x103/l) 60 ± 64 [5-512] 61 ± 58 [6-300] 60 ± 67 [5-512] 0.859
LDH Median (U/ L) 1047 ± 721.8 [201-2875] 1188.4 ± 795 [475-2875] 952.9 ± 680 [201-2218] 0.436
Blasts Cells median (%) 61 ± 18.7 [12-100] 60 ± 18 [22-100)] 62 ± 19 [12-100] 0.565
FAB subtypes: M0 (n) 49 15 34 0.916

M1 26 5 21
M2 30 11 19
M3 7 3 4
M4 33 10 23
M5 52 16 36
M6 6 3 3
M7 7 2 5
MPAL 1 1 0

Abnormal Karyotype (n) 28 9 19 0.824
Normal Karyotype 173 52 121
t (15;17) 7 3 4 0.652
t (8;21) 7 2 5
t (9;11) 6 1 5
t (9;22) 2 0 2
Other translocations 4 1 3
ND 10 5 5
Monosomy 7 2 2 0 0.097
Response to induction treatment
CR (n) 143 45 98 0.096
PR 42 17 25
Therapeutic failure 26 4 22

Response to consolidation treatment
CR (n) 126 23 103 0.0004 *RR=5.860 [0.128-15.354]
PR 60 34* 26
Therapeutic failure 25 9 16

Progression; 6 months 163 48 115 0.113
Progression; 1 year 152 51 101 0.419
Number of death patients 31 10 21 1
Number of survival patients 180 56 124

Abbreviations: WBC - white blood cell; HDL - high density lipoprotein; ND - None determined Karyotype data (absence of mitoses); t - translocations; CR - Complete
remission; PR - Partial remission; * significant association.
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IDH2 and DNMT3A mutations. The screening of the AML-related genes
was carried out by classical PCR with the appropriate primers.

A standard protocol was used for each gene: PCR was performed in a
final volume of 25 μl containing 100 ng of genomic DNA, MgCl2
(50mM), PCR buffer (10X), dNTP (25mM) 10 pmol of each primer,
0.2 μl of Taq DNA polymerase (1U) (Invitrogen, Life Technologies,
California, USA) and an adequate amount of H2O. The PCR conditions
were as follows: pre-denaturation step, followed by n cycles of dena-
turation, hybridization and elongation steps and an extension step.
Details of the experimental protocols are provided in Supplement 1

The PCR products were sequenced bidirectionally with the same sets
of primers used for the PCR amplification. Sequences were analyzed by
Sequencer software version 4.10.

If any variation, in patients’ sequences, was observed, a triple direct
sequencing was done, to exclude any possible false positivity.

2.2.3. Treatment protocol and response interpretation
Pediatric patients were treated for de novo AML with the French

multicenter ELAM02 protocol [17]. However, adult patients were
treated with the United Kingdom Medical Research Council’s AML
protocol (MRC10) [18].

The treatment protocol was subdivided into 2 phases: the first phase
is induction based mainly on Aracytin/Mitoxantron for pediatric AML
and Idarubicin/Aracytin for adults. The second phase is a consolidation
that consists on chemotherapy (Aracytin/Daunorubicin/VP16) or allo-
genic hematopoietic stem cell transplantation. The consolidation is in-
dicated for pediatric and adult patients having a familial HLA-identical
donor and pejorative prognosis. Details of the therapy protocols are
provided in Supplement 2.

After each treatment phase, the achievement of complete remission
(CR) was evaluated. CR is defined by blasts percentage count (< 5%).
However, if blasts percentage count is between 5 and 25% patient is
considered in partial remission (PR). If not, a treatment failure is con-
sidered [15,16]. Patient’s clinical data are represented in Table 1.

There are some exceptions in the treatment protocol. In association
to protocol therapy, patients with subtype AML-M3 are treated with all-
trans retinoic acid (ATRA) while patients with t(9;22) are treated with
Imatinib (400mg–600mg/day) [17,18].

In this study we did not explore the effect of EZH2 mutations on

patients who underwent bone marrow transplantation (BMT) and
whether this influenced their outcome or not.

2.3. Statistical analysis and bioinformatics tools

Patient characteristics were analyzed by Chi-square (chi²) or
Fisher’s exact test or Pearson chi-square to test proportion in-
dependence. Mann–Whitney U test or Student’s t-test was used to
compare numerical variable in two independent groups. The
Kaplan–Meier method was used to estimate survival. The log-rank test
was used to compare curves survival difference. Overall survival (OS)
was defined as the period between confirmed diagnosis and death or
the date of the last follow-up for patients that were still alive.
Progression free survival (PFS) was defined as the time from the date of
CR until relapse. OS and PFS were compared in the groups presenting or
not EZH2 mutations.

Relative risk (RR) was calculated to estimate the risk of progression
in the mutated group compared to the group without mutation.

The relative risk interpretation is as follows:
RR=1: no relation between the genotype and the concerned factor,
RR>1: the genotype presents an adverse impact on concerned

factor,
RR<1: indicates that the genotype presents a favorable effect on

concerned factor.
All data management was performed using SPSS package version

19.0. P-values less than 0.05 were considered statistically significant.
Bioinformatics tools used to predict the effects of new mutations

are:
* PolyPhen-2: (http://genetics.bwh.harvard.edu/pph2/) uses

structural information as well as physical data and homologies to make
predictions.

* PROVEAN: (http://provean.jcvi.org/seq_submit.php) uses se-
quence homologies between species as well as the physicochemical
properties of amino acids to make predictions.

* Mutation Taster: (http://www.mutationtaster.org/) tool for pre-
dicting the pathogenicity of mutations (missense and frameshift), it
takes into account data of homologies, physical properties and also the
impact mutations on the mRNA.

Table 2
The primer sequences of the target genes.

Genes Sequences 5’→ 3’ DNA fragment bp

NPM1 NG_016018.1 Exon 12 12F 12R 600
TTAACTCTCTGGTGGTAGAATGAA CAAGACTATTTGCCATTCCTAAC

FLT3 NG_007066.1 Exon 14-15 14F 15R 348
GCAATTTAGGTATGAAAGCCAGC CTTTCAGCATTTTGACGGCAACC

IDH2 NG_023302.1 Exon 4 4F 4R 600
TGGGCAATAGGAGCAAAACT CTCGTCGGTGTTGTACATGC

DNMT3A NG_029465.2 F R
Exon 18-19 CACCACTGTCCTATGCAGACA ATTAGTGAGCTGGCCAAACC 561
Exon 20 CCTTGGCTCATCTTCAAACC CACTATGGGTCATCCCACCT 579
Exon 21 CCGCTGTTATCCAGGTTTCT CCCAGCAGAGGTTCTAGACG 279
Exon 22 TTTGGTAGACGCATGACCAG AGCACAGCAATCAGAACAGC 285
Exon 23 TCCTGCTGTGTGGTTAGACG ATGATGTCCAACCCTTTTCG 417
EZH2 NG_032043.1 F R
Exon 10 TTCTCTTCCATCAAAATGAGTTTTAG TCCTCACAACACGAACTTTCAC 360
Exon 11 GAGTTGTCCTCATCTTTTCGC CCAAGAATTTTCTTTGTTTGGAC 362
Exon 12 AAGAATGGTTTGCCTAAATAAGAC CCTTGCCTGCAGTGTCTATC 212
Exon 13 TCTTGGCTTTAACGCATTCC CAAATTGGTTTAACATACAGAAGGC 289
Exon 14 TGATCGTTTCCATCTCCCTG AGGGAGTGCTCCCATGTTC 278
Exon 15 GAGAGTCAGTGAGATGCCCAG TTTGCCCCAGCTAAATCATC 371
Exon 16 TTTTTGATGATGTGATTGTGTTTT TGGCAATTCATTTCCAATCA 239
Exon 17 TTCTGTCAGGCTTGATCACC CTCGTTTCTGAACACTCGGC 220
Exon 18 AGGCAAACCCTGAAGAACTG TTCCAATTCTCACGTCAAAGGTA 217
Exon 19 CATTCGGTAAATCCAAACTGCT AATGCTCATGGCAAAGTGACC 391
Exon 20 ACCCACTATCTTCAGCAGGCTTT CTTCCACATATTCACAGGCAGTATTAGT 559

Abbreviations: R – reverse; F - forward.
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2.4. Ethical issues

This study was approved by the Ethics Committee of Pasteur
Institute of Tunis, Tunisia (code of ethics 2017/21/I/LR11IPT07) in
accordance with the Code of Ethics of the World MEDICAL Association
Declaration of Helsinki 1964.

3. Results

3.1. Prevalence of EZH2 mutations and the other gene markers

Among 211 AML patients, 66 patients (31.27%) harbored EZH2
mutations. Five different mutations were found: 2 previously described
mutations - E640 K, E644 K, and 3 newly described ones - D630 N,
Q633Q and E721 K (Fig.1). All mutations observed in the region en-
coding the SET catalytic domain of EZH2 protein (amino acid # 611-
amino acid # 738) were heterozygous and were not found in the control
population.

Newly detected mutations were analyzed by prediction software
tools. According to PolyPhen-2, PROVEAN and Mutation Taster, they
could cause damage to the protein affecting the catalytic site. This
suggests that these mutations may play a role in leukemogenesis
(Table 3).

Regarding the other gene prognostic markers, we recorded 4

different heterozygous mutations: 1) R140Q IDH2 (32 patients,
15.16%), 2) NPM1 gene insertion, 4bp ‘TCTG’ at position 960 (64 pa-
tients, 30%), 3) frame internal tandem duplication (ITD) in FLT3 gene
(68 patients, 32%) and 4) DNMT3A mutations (49 patients, 23.22%).
All these mutations were not found in the control population.
Moreover, some patients harbored mutated combined markers: NPM1/
EZH2 (15 cases), FLT3-ITD/EZH2 (14 cases), IDH2/EZH2 (13 cases) and
DNMT3A/EZH2 (5 cases).

3.2. Association of EZH2 mutations with clinical characteristics

Based on the FAB classification system, most EZH2 mutated patients
were classified as AML M0 and M5 (31/66), and M2, M4 (21/66),
followed by M1 (5/66), M3 (3/66), M6 (3/66) and M7 (2/66).

No statistically significant association was found between the EZH2
mutational molecular profile and gender, age, WBC count, platelets,
LDH, percentage of blasts, karyotype, FAB subtypes and im-
munophenotype markers.

In the EZH2 mutated group, 78.7% of patients had normal kar-
yotype. Cytogenetic disorders harbored were: t (15; 17) in 4.5%, t (8;
21) in 3%, t (9; 11) in 1.5% and monosomy 7 in 3%.

During immunophenotypic analysis, an association of an aberrant
marker CD7 with EZH2 mutations was observed in 5 cases.

Fig. 1. EZH2 mutations identified in AML patients. Heterozygous EZH2 mutations (a) D630 N, (b) Q633Q, (c) E640 K, (d) E644 K, (e) E721 K.

Table 3
Description of EZH2 mutations.

Exon Normal
Nucleotide

Allelic Forme N° of Acide Amin Frequency % Prediction/Effets

16 c.1976G G > A p.D630N* 2% (4 cases) According to prediction software; Polyphen-2, PROVEAN, Mutation Taster: * : New
mutations: Affect catalytic domain, and could cause damage to the protein.c.1988G G > A p.Q633Q* 4.2% (9 cases)

c.2007G G > A p.E640K 12.3% (26 cases)
c.2019G G > A rs766387427 p.E644K 12.3% (26 cases)

19 c.2250G G > A p.E721K* 0.5% (1 case)
Total 31.3% (66/211)

Abbreviations: D - Aspartic acid; Q - Glutamine; E - Glutamic acid; K - Lysine; N - Asparagine; G - Guanine; C - Cytosine; T - Thymine; A - Adenine.
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3.3. Prognostic relevance of EZH2 mutations

Our results reported a statistically significant association between
EZH2 mutations and non-achievement of CR after the consolidation
phase (51.1% vs 17.9%: p=0.004). Furthermore, we observed a sta-
tistically significant association between the most described mutations
in our study cohort, E640 K (p= 0.049) and E644 K (p=0.047), and
chemotherapy resistance after the consolidation phase.

We found 8 patients presenting E640 K and E644 K mutations si-
multaneously. These patients had short period of progression and died
within 6 months during the study.

In our cohort, EZH2 mutations were not associated with any of the
following gene mutations: FLT3-ITD, NPM1, DNMT3A and IDH2
(p > 0.05). However, the combination of EZH2 and NPM1 mutations
conferred a protective impact and improved achievement of CR after
the induction therapy phase (n= 10/15; p=0.049; RR < 1). By
contrast, the combination of EZH2 and IDH2 mutations seemed to in-
crease the risk of a PR after the consolidation phase (n=8/13;
p=0.030; RR=7.89).

Regarding the survival, the median OS was 35 months for EZH2
mutated patients and 39 months in non-mutated patients. PFS were 13
months and 14 months for EZH2 mutated and non-mutated patients,
respectively. The Logrank statistic corresponds to a non-significant p
value (p > 0.05). Results are presented in Supplement 3.

However, a statistically significantly shorter PFS was observed in
the EZH2 mutated patients with CD7 blast cells positive expression
compared to EZH2 mutated patients with CD7 negative expression
(p=0.01) (Fig.2f).

We noted, EZH2+ for mutated EZH2, EZH2- for non-mutated EZH2,
CD7+ for expression, CD7- absence of expression; FLT3-ITD+ for
presence of internal tandem duplication in FLT3 gene, NPM1+ for
mutated NPM1 gene; IDH2+ for mutated IDH2 gene; DNMT3A+ for
mutated DNMT3A gene.

Patient’s OS with the following combinations: EZH2+/FLT3-ITD;
EZH2+/NPM1+, EZH2+/DNMT3A+ and EZH2+/IDH2+ did not

show any statistically significant difference. Results are presented in
Supplement 3. However, a statistically significant difference in PFS, for
FLT3-ITD+/EZH2+ (p=0.016; 12 months vs 14 months), and for
EZH2+/IDH2+ (p=0.028 < 0.05; 5 months vs 14 months) was ob-
served (Fig.2 (b, d)).

4. Discussion

Acute myeloid leukemia is the most commonly occurring acute
hematological malignancy. Although the biological insight into AML
has increased in the past few years, treatment algorithms have not
changed substantially over the last 40 years.

The optimal post remission consolidation therapy has been debated
on for years due to the clinical heterogeneity in outcomes of AML.
Considering the insufficiency of cytogenetic data to distinguish the
differences in outcomes, studies carried out in the last few years have
provided strong and clear evidence that multiple dysregulations of
epigenetic regulatory mechanisms have a central role in leukemia
progression. Previous studies [8,19,20] hypothesized that EZH2 muta-
tion may have an effect in predicting outcome and aid in clinical de-
cisions.

EZH2 is a member of the PRC2 coding for a histone methylation
enzyme. EZH2 controls the expression and regulation of genes to
maintain the balance between self-renewal and differentiation of he-
matopoietic stem cell (HSC) by methylation of histone H3 lysine 27
(H3K27). Mutated EZH2 functions as an oncogene and a tumor sup-
pressor gene, depending on the context of gain or loss of function with a
poor prognosis in de novo AMLs. The mutations lead to a loss-of-func-
tion type affecting the CH3 group binding SET domain. Several studies
[20–23] discussed the expression and methylation assay of H3K27 but
the prognostic impact of EZH2 mutated gene is poorly understood in
terms of OS and PFS. Following this data, we carried out a mutational
research at the last 11 exons of EZH2, by a conventional PCR followed
by direct sequencing. We showed the presence of 5 different mutations
in 66 patients. These mutations were not found in the control group.

Fig. 2. Kaplan-Meier survival curves of de novo
AML patients in comparison with patients
without mutation. (a) OS EZH2+/FLT3-ITD+;
Median survival 39 months CI95%: [34.63;
43.63] vs 33 months CI95%: [23.14; 42.97].
(b) PFS EZH2+/FLT3-ITD+; Median survival
14 months CI95%: [12.07; 15.93] vs 12 months
CI95%: [5.10; 19.10]. (c) OS EZH2+/IDH2+;
Median survival 38 months CI95%: [34.40;
42.21] vs 24 months CI95%: [24.04; 24.25].
(d) PFS EZH2+/IDH2+; Median survival 14
months CI95%: [12.74; 15.48] vs 5 months
CI95%: [3.00; 14.84]. (e) OS EZH2+/
CD7+;Median survival 38.3 months CI95%:
[33.84; 42.78] vs 19 months CI95%: [16.93;
22.09]. (f) PFS EZH2+/CD7+; Median sur-
vival 14 months CI95%: [13.08; 14.92] vs 7.8
months CI95%: [4.78; 14.82] Abbreviations:
OS - overall survival; PFS - progression free
survival; CI - confidence intervals.
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They were all in heterozygous form affecting the region encoding the
catalytic EZH2 SET domain and no Tyr641 alteration was observed.

We have shown that the frequency of EZH2 mutations in our study
population is 31.27%, it is higher than that mentioned in previous
studies which is in order of 1–2% [24–27].

The difference in mutational frequency between these studies and
our present study is probably due to an ethnic difference. The result can
be explained also by the fact that our study population is younger
compared to the study of Wang et al. [25]. Also, we excluded the hy-
pothesis that EZH2 mutations could be a simple polymorphism because
they could have an adverse impact on pathology. Furthermore, EZH2
mutations may represent germline variants frequent in the Tunisian
population, this hypothesis could be poor because we did not find any
EZH2 mutations in the control population. Additionally, our study
group was composed of blasts AML clone from patients who received
allogenic stem cell transplant from non-related persons. This later hy-
pothesis has to be investigated in AML families but, in our study group
EZH2 variations are somatic mutations. EZH2 mutations might be de-
pending on the differentiation degree of blast cells’. This can explain the
high frequency of EZH2 mutations observed in AML0 and AML5 sub-
types.

We insist that the mutation frequency of EZH2 is different from
what is reported in the literature, where we find that EZH2 mutation is
frequent in myelodysplastic syndromes [11–14], suggesting that in our
cohort we had many secondary AML.

In our study, we found that EZH2 mutations were more common in
the group of young adult AMLs (12.3%), we cannot compare our results
to the study by Wang et al. [25] because we have not defined the same
age range for the young adult patients. In addition, we noted a low
frequency of pediatric AMLs carrying EZH2+ (7.3%) which showed
that EZH2+ can reach the pediatric age.

We found no statistically significant difference in the occurrence of
EZH2 mutations and clinical-biological parameters. Our results are
contrary to the study by Wang et al. [25] where the authors show a
statistically significant association between blast cells decrease and
EZH2+.

Cytogenetic and immunogenetic data showed that EZH2 mutations
are predominant in the AML5 and AML0 types (46.9% for both types).
In addition, we recorded a statistically significant association of 5
EZH2+ cases and CD7 aberrant marker expression, that could have an
adverse effect on patients’ progression (PFS; p < 0.05). We did not find
any studies investigating molecular and cytologic-immunophenotypic
profile in AML EZH2+ patients.

In the group of patients with normal karyotype EZH2 mutations are
frequently encountered, however they are less observed in other groups
with different cytogenetic abnormalities. Our findings are in agreement
with the studies of LiHan et al. [11] and Wang et al. [25] that show the
presence of EZH2 in the group of intermediate cytogenetic risk and in
adverse risk group by the presence of monosomy 7. We found no sta-
tistically significant difference while the study of Wang et al. [25]
shows a statistically significant association of EZH2+ and the
monosomy 7.

In our present study, we recorded the presence of 3 new mutations:
D630 N, Q633Q and E721 K, as well as 2 mutations - E640 K, E644 K -
which have already been described in the databases (dbSNP) and have
not been associated with a specific pathology. The analysis of these
mutations by prediction tools [31], indicated that they might alter their
protein function as histone 3K27 methyltransferase. Indeed many stu-
dies have shown in vitro that SET domain modifications imply an over-
expression of EZH2, and a decrease in expression of factor cell cycle
regulator. It thus induces anarchic multiplication and blocks the mye-
loid lineage differentiation. All of these studies have shown that mu-
tated EZH2 could have oncogenic or tumor suppressor activity
[23,27–30]. However, in our study we did not establish these criteria
because no functional study of this gene was carried out.

We have shown that EZH2 mutations have a poor impact on

achieving CR after the consolidation phase. This is probably the effect
of the E640 K and E644 K mutations. It shows that these mutations
could have a poor prognosis on the response to consolidation treatment
based on cytarabin. We suppose that they may have a functional impact
inducing the increase in cytarabin efflux transporters and resistance in
AML.

Also, we have shown that EZH2 mutations by themselves have no
effect on OS or PFS. This result is consistent with the study by Wang
et al. [25]. Whereas, the coexistence of EZH2 mutations with FLT3 or
IDH2 mutations appears to be associated with an adverse OS and PFS
[5,15]. On the contrary, the association of EZH2 mutations with NPM1
mutation is most likely in favor of CR which may be linked to the
protective effect of NPM1 in AML patients [15].

To the best of our knowledge, this is the first study conducted on
EZH2 mutations and frequencies among AML Tunisian patients. We
hope to complete these results with a functional study and associate this
gene in AML diagnosis with the other prognosis markers.

5. Conclusions

Our results provide evidence of clinical utility in considering EZH2
mutation screening to stratify AML patients and to guide therapeutic
decisions. A prospective validation of our findings is needed and we
believe that our results may contribute to improving prognostication of
patients with AML and the design of clinical trials.
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