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Association between increased mutation rates
in DNMT3A and FLT3-ITD and poor prognosis
of patients with acute myeloid leukemia

QIURONG ZHANG, XIAO WU, JING CAO, FENG GAO and KUN HUANG

Department of Hematology, The Affiliated Zhangjiagang Hospital of Soochow University, Suzhou, Jiangsu 215600, P.R. China

Received October 31, 2018; Accepted April 11, 2019

DOI: 10.3892/etm.2019.7891

Abstract. A total of 133 patients with acute myeloid leukemia
(AML) were enrolled in the current study and were subdi-
vided into 4 groups: 34 harboring DNA methyltransferase
3 o (DNMT3A) + fms related tyrosine kinase 3-internal
tandem duplication (FLT3-ITD) mutations, 37 harboring
only FLT3-ITD mutation, 32 harboring only DNMT3A
mutation and 30 harboring no mutations in DNMT3A and
FLT3-ITD (control). Patients in all groups were administered
daunorubicin and cytarabine chemotherapy regimens. The
rates of complete remission (CR), 1-year relapse (RR) and
3-year overall survival (OS) were compared. Patients in the
DNMT3A + FLT3-ITD mutation group exhibited higher
proportions of peripheral white blood cells (WBCs) and
myeloid progenitor cells compared with those in DNMT3A
mutation only, FLT3-ITD mutation only and control groups
(P<0.05). The rates of CD15* and HLA-DR* in the DNMT3A +
FLT3-ITD mutation and DNMT3A mutation only groups were
significantly higher than those in the FLT3-ITD mutation only
and control groups (P<0.05); in addition, the rate of CD38" in
the DNMT3A + FLT3-ITD mutation and FLT3-ITD mutation
only groups was significantly higher compared with that in
the DNMT3A mutation only and control groups (P<0.05). The
overall chemotherapy effectiveness rate, CR, 1-year RR and
the 3-year OS rates of patients in the DNMT3A + FLT3-ITD
mutation group were significantly worse compared with
FLT3-ITD mutation only, DNMT3A mutation only and
control groups (P<0.05). The results of this study indicated that
increased mutation rates in DNMT3A and FLT3-ITD may be
associated with increased WBC and myeloid progenitor cell
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counts, an inferior chemotherapy efficacy and prognosis, a
lower CR rate, and higher 1-year RR and mortality rate.

Introduction

Acute myeloid leukemia (AML), the most common phenotype
of adult acute leukemia, is a malignancy caused by the aber-
rant cloning and hyperplasia of hematopoietic stem cells in
the hemopoietic system (1). Cytogenetic analysis is considered
an important method for prognostic evaluation (2). Patients
with AML with a normal karyotype contain the largest cyto-
genetic population (3). However, in-depth molecular genetics
studies revealed that mutations may be critical independent
risk factors associated with the prognosis of patients with
AML (4); additionally, the prognosis of patients with AML
with a normal karyotype has been demonstrated to differ from
those harboring mutations in different genes (5).

The DNA methyltransferase 3 o (DNMT3A) gene is
located on chromosome 2p23 and is highly expressed in
adults (6). A recent analysis of genetic mutations in patients
with AML revealed that the DNMT family of proteins is
aberrantly upregulated, with the resulting hypermethylation of
tumor suppressor genes a potential driver in leukemia devel-
opment (7). In addition, a previous study demonstrated that a
certain proportion of DNMT3A mutations exist in the normal
karyotypes of patients with AML, which may be an indepen-
dent risk factor for the poor prognosis (8). Although previous
studies demonstrated the key role of DNMT3A-mediated meth-
ylation in patients with AML, the effect of DNMT3A mutation
on AML prognosis remains unclear (9,10). FMS-like tyrosine
kinase-3 (FLT3) is a member of the growth factor receptor
family with endonuclease activity towards tyrosine kinase.
In particular, FLT3-internal tandem duplication (ITD) is the
most common mutation found in the FLT3 gene (11). It has
been reported that patients with AML carrying the FLT3-ITD
mutation display a higher peripheral white blood cell (WBC)
count, which severely affects the rates of complete remission
(CR), relapse (RR) and overall survival (OS) (12). FLT3-ITD
mutation eliminates the autoinhibition of FLT3, resulting in
the activation of downstream proliferative signaling pathways
affecting the proliferation of cells carrying FLT3 mutations
n patients with AML (13). Although FLT3-ITD is reported
at high rates amongst patients with AML (14), large-sample
studies examining this mutation are lacking.
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Therefore, in the present study associations between
DNMT3A and/or FLT3-ITD mutations and prognostic
indicators were analyzed in patients with AML to provide a
molecular method for the prognosis evaluation, and a potential
foundation for personalized therapy.

Materials and methods

General data. A retrospective analysis was performed on
data of the clinical features and prognosis obtained from
133 patients diagnosed with AML between January 2010 and
June 2015. Amongst these patients, 74 were male and 59 were
female with the age range between 18-61 years old. According
to French-American-British (FAB) classification of AML (15),
there were 3, 13, 50, 27, 14, 22 and 4 patients classified with the
MO, M1, M2, M3, M4, M5 and M6 subtypes, respectively, with
0 mixed subtypes. Patients were grouped according to genetic
mutations detected by next-generation sequencing: 34 patients
harboring mutations in DNMT3A and FLT3-ITD were enrolled
into the DNMT3A + FLT3-ITD mutation group, 37 patients
harboring mutations in FLT3-ITD only were enrolled into the
FLT3-ITD mutation group, 32 patients harboring mutations
in DNMT3A only were enrolled into the DNMT3A muta-
tion only group and 30 patients harboring no DNMT3A and
FLT3-ITD mutations were designated as the control group.
Patients in all groups were administered daunorubicin and
cytarabine chemotherapy regimens. The following inclusion
criteria were used: i) Patients who were diagnosed with AML
by bone marrow cell morphology analysis; and ii) genetic
mutation was confirmed with examination of chromosome
and fusion genes. The following exclusion criteria were used:
i) Patients afflicted with severe diseases of other organs;
ii) patients with other tumors; iii) patients with cognitive
dysfunction resulting in difficulties in negotiation confirmed
via face-to-face communication; and iv) patients who can not
participate in the study. All patients and respective families
agreed to participate in the study and signed written informed
consent. This study was approved by the Ethics Committee of
The Affiliated Zhangjiagang Hospital of Soochow University.

Experiment methods

Experimental materials and reagents. The equipment and
reagents used in the current study included: XE-2100D
Automatic Analyzer (Sysmex AsiaPacific Pte.Ltd.),fetal bovine
serum (Hyclone; GE Healthcare), daunorubicin (State Food
and Drug Administration of China [SFDA] no. H33020925;
Zhejiang Hisun Chemical Co., Ltd.), cytarabine (registration
no. H20100594; Actavis; Teva Pharmaceutical Industries
Ltd.), daunorubicin (SFDA no. H20040600; Guangdong
Leawell Pharmaceutical Co., Ltd.), mitoxantrone (SFDA
no. H10960119; Zhejiang Ruixin Pharmaceutical Co., Ltd.)
and etoposide (SFDA no. H53021627; KPC Pharmaceutical,
Inc.). Bovine serum albumin (BSA; SFDA no. A104912-5g;
Shanghai Aladdin Biochemical Technology Co., Ltd.),
fluorescein isothiocyanate (CAS Number: 27072-45-3;
Sigma-Aldrich; Merck KGaA), phycoerythrin (552603; BD
PharMingen) and allophycocyanin (553051; BD PharMingen).

Comparison of indicators before and after treatment. The
following were collected from the patients in the four groups:
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A total of 4 ml venous blood was collected to perform periph-
eral blood cell counts using the XE-2100D automatic analyzer
according to the manufacturer's protocol. Parameters included
WBC, platelet and hemoglobin counts, and proportions of
myeloid progenitor cells, including WBC, platelet and hemo-
globin counts, and proportions of myeloid progenitor cells. A
total of 0.1 ml marrow was collected as previously described
in the literature (16) to perform bone marrow smears for the
counting of karyocytes (17) stained with Wright's stain under
a microscope, to calculate the number of myeloid progenitor
cells; and 1 ml marrow was collected to prepare specimens for
immunogenotyping.

Flow cytometry to determine immunogenotypes. For immu-
nogenotyping, fluorescence-conjugated antibodies were added
to 100 ] marrow specimens in each reaction, which were then
diluted with 100-200 pl phosphate-buffered saline supple-
mented with 2% BSA. The fluorescein antibodies labeled with
fluorescein isothiocyanate/phycoerythrin/allophycocyanin
were added at 5 pl respectively.

The samples were subsequently subjected to shaking
incubation in a dark room at room temperature for 25-30 min,
followed by incubation with 1.5 ml red blood cell lysis buffer
(1X) in a dark room at room temperature for 15-20 min.
Following centrifugation at 780 x g under room temperature,
the supernatant was discarded, and the pellet was subsequently
mixed with phosphate-buffered saline supplemented with 2%
BSA to determine the immunogenotypes using flow cytometry.

Chemotherapy regimens. The first treatment course were
performed as follows: Daunorubicin (40-60 mg/m?; 1 time/day;
days 1-3) + cytarabine (100-200 mg/m?; 1 time/day; days 1-7)
or darubicin (8-10 mg/m?; 1 day/day; days 1-3) + cytarabine
(100-200 mg/m?; 1 time/day; days 1-7), which was selected
on basis of the patient's economic situation (higher dose treat-
ment for patients in better economic situation). Doses were
adjusted upon infection or according to results of blood tests
obtained routinely from the patients during treatment. Patients
exhibiting no remission following the first treatment course
were subjected to the mitoxantrone (MEA) regimen in the
second treatment course: Mitoxantrone (4 mg/m?; days 1-3) +
etoposide (100 mg; days 4-6) + cytarabine (150 mg/m?; days
1-7); whereas patients displaying significant remission were
administered with the same doses for the second treatment
course.

Observation indices. WBC, platelet and hemoglobin counts
in addition to the proportion of myeloid progenitor cells
at onset time in the four patient groups were observed and
compared (Table I). The immunogenotypes of patients in
the four groups at the time of onset were also observed.
RECIST 1.1 criteria (18) were adopted to evaluate chemo-
therapy efficacy in patients from the four groups using the
following four categories: Complete remission (CR), partial
remission (PR), stable disease (SD) and progressive disease
(PD). Effectiveness rate=(CR + PR)/total no of patients
(CR+PR+SD+PD) x100%. The following CR criteria were
used: Patients exhibiting no symptoms or signatures of
leukemia with no compromise to the quality of life or Hb
>90 g/1, absolute value of neutrophils >1.5x10%1, platelet
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Table I. Comparison of leukocyte count, platelet count, hemoglobin count and myeloid progenitor cells in the four groups of

patients at onset.

DNMT3A + FLT3-ITD FLT3-ITD DNMT3A
mutation mutation only ~ mutation only Control
Index group n=34 group n=37 group n=32 group n=30 F statistic P-value
White blood cells (x10°/1) 79.31+21.24 44.05£12.09**  39.78+11.69** 33.14+9.10*  68.01 <0.001
Platelet (x10°/1) 48.60+35.23 44.61+7.97 41.40+7.59 36.29+6.38 2414 0.070
Hemoglobin (g/1) 71.33+6.87 72.24+2.73 69.60+4 .84 62.11+4.23 28.11 <0.001
Myeloid progenitor cells (%) 0.91+0.05 0.62+0.04> 0.64+0.03*° 0.57+0.03* 51803  <0.001

1P<0.05 vs. DNMT3A + FLT3-ITD mutation group; "P<0.05 vs. control group. DNMT3A, DNA methyltransferase 3a; FLT3-ITD, FMS-like

tyrosine kinase-internal tandem duplication.

Table II. General patient data.

DNMT3A + FLT3-ITD
mutation group

FLT3-ITD
mutation only

DNMT3A

mutation only  Control group

Factor n=34 (%) group n=37 (%)  group n=32 (%) n=30 (%) ¥ P-value
Gender 0.089  0.993
Male 19 (55.88) 21 (56.76) 18 (56.25) 16 (53.33)
Female 15 (44.12) 16 (43.24) 14 (43.75) 14 (46.67)
Age (years) 0.696 0.874
<50 14 (41.18) 15 (40.54) 11 (34.38) 10 (33.33)
>50 20 (58.82) 22 (59.46) 21 (65.63) 20 (66.66)
Body mass index (kg/m?) 0905 0.824
<22 15 (44.12) 17 (45.95) 17 (53.13) 16 (53.33)
>22 19 (55.88) 20 (54.05) 15 (46.88) 14 (46.67)
Smoking 0.035 0.998
Yes 16 (47.06) 18 (48.65) 15 (46.88) 14 (46.67)
No 18 (52.94) 19 (51.35) 17 (53.13) 16 (53.33)
Drinking 0.018  0.999
Yes 21 (61.76) 23 (62.16) 20 (62.50) 19 (63.33)
No 13 (38.24) 14 (37.84) 12 (37.50) 11 (17.46)
FAB classification 1.710 1.000
MO 1(2.94) 1(2.70) 0 1(3.33)
Ml 3(8.82) 4(10.81) 3(9.38) 3 (10.00)
M2 13 (38.24) 14 (37.84) 12 (37.50) 11 (36.67)
M3 6 (17.65) 8 (22.86) 7 (21.88) 6 (20.00)
M4 4(11.76) 3 (8.11) 4 (12.50) 3(9.99)
M5 6 (17.65) 6 (16.22) 5(15.63) 5(16.67)
M6 1(2.94) 1(2.70) 1(3.13) 1(3.33)
Mixed type 0 0 0 0

FAB, fragment antigen-binding; DNMT3A, DNA methyltransferase 3a; FLT3-ITD, FMS-like tyrosine kinase-internal tandem duplication.

>100x10°/1,<5% myeloblast (type I+IT) and normal erythrocyte
and megakaryocytic series. The following PR criteria were
used: Patients demonstrating 5-20% myeloblast (type I+II) or
one or more indicators failing to meet the CR criterion. The
following SD criteria were used: Chemotherapy exerted no
overall effects on patients. The following PD criteria were

used: Patients exhibiting no remission but showing disease
progression following chemotherapy. After the CR rates of
the patients in the four groups were calculated, the 1-year RR
and 3-year OS rate of patients were subsequently compared
through 3-year follow-up. The following were used as criteria
for PR: Patients who achieved complete remission following
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Hl Combined mutation group
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Figure 1. Comparison of WBC, PLT and Hb counts in addition to the ratio of myeloid progenitor cells in the four patient groups at onset. The proportion
of WBC and myeloid progenitor cells in the peripheral blood of the DNMT3A + FLT3-ITD mutation group was significantly higher compared with that
in the FLT3-ITD mutation only and DNMT3A mutation only groups. No statistically significant differences were found in the count of blood platelets and
hemoglobin among the four groups. "P<0.05 with comparisons indicated by lines. DNMT3A, DNA methyltransferase 3a; FLT3-ITD, FMS-like tyrosine
kinase-internal tandem duplication; WBC, white blood cells; PLT, platelets; Hb, haemoglobin.

treatment exhibiting 5-20% myeloblasts (type I+II) and did
not satisfy the CR criterion specific for myelogram following
one course of effective treatment. Relapse rate=number of
relapsed people within 1 year/total number of people.

Following complete remission, the patient's bone marrow
myeloblast I + type II (primary mononuclear + naive
monocytes or primordial lymph + naive lymphocytes) >5
and <20%, and they cannot achieve complete remission
following a course of effective anti-leukemia treatment, or
patients displaying myeloblast (type I+I1) >20%. OS time was
defined as the time period the between the day of diagnosis
to all-cause mortality or the end of follow-up.

Statistical analysis. All data were analyzed using SPSS 18.0
software (SPSS, Inc.). Measurement data are presented as the
mean + standard deviation, and =3 means were compared
using one-way analysis of variance followed by Bonferroni
post-hoc test. Nominal data were compared using the y?
test. The Kaplan-Meier survival analysis was prepared using
GraphPad Prism 6 (GraphPad Software, Inc.). P<0.05 was
considered to indicate a statistically significant difference.

Results

Baseline data comparison. Comparisons of gender, age and
FAB subtypes among patients of the four groups revealed no
statistically significant differences (P>0.05; Table II).

WBC, platelet and hemoglobin counts, and proportions of
myeloid progenitor cells in patients at the time of onset. In
the DNMT?3A + FLT3-ITD group, the peripheral WBC count
and proportion of myeloid progenitor cells were significantly
higher than those in the FLT3-ITD mutation only, DNMT3A
mutation only and control patient groups (all P<0.05), but no
significant differences were observed in the platelet count and
hemoglobin levels in the peripheral blood of patients across
the four groups (P>0.05; Fig. 1; Table I). The WBC count
and proportion of myeloid progenitor cells in the FLT3-ITD

mutation only and DNMT3A mutation only patient groups
were significantly higher compared with the control group
(P<0.05); but exhibited no significant differences when
compared with each other (P>0.05; Fig. 1; Table I).

Comparison of immunogenotypes of patients across the
four groups. The CD15" and HLA-DR* rates were signifi-
cantly higher in the DNMT3A + FLT3-ITD mutation and
DNMT?3A mutation only patient groups compared with those
in the FLT3-ITD mutation only and control groups (P<0.05).
In addition, the rates of CD38" in the DNMT?3A + FLT3-ITD
mutation and FLT3-ITD mutation only patient groups were
significantly higher compared with that in the DNMT3A
mutation only and control groups (P<0.05). Comparison
between the four patient groups demonstrated no significant
differences in the rates of CD34*, CD33*, CD13*, CD14* and
CDI117* (P>0.05; Table III).

Evaluation of chemotherapy efficacy in patients across the
four groups. The overall rate of chemotherapy effectiveness
was 38.24% in the DNMT3A + FLT3-ITD mutation patient
group, which was significantly lower compared with 70.27,
71.88 and 83.33% in the FLT3-ITD mutation only, DNMT3A
mutation only and control patient groups, respectively
(P<0.05). Comparison of the overall effectiveness rates of
chemotherapy between the DNMT3A only and FLT3-ITD
only groups revealed no statistically significant differences
(P>0.05), but were significantly lower when compared with
the control group (P<0.05; Table IV).

Comparison of CR rates, 1-year RR and 3-year OS rates
of patients between the four groups. In the DNMT3A +
FLT3-ITD group, the CR rate of patients was 11.76%, which
was significantly lower compared with 37.84, 40.63 and
50.00% in the FLT3-ITD mutation only, DNMT3A muta-
tion only and control patient groups respectively (P<0.05).
Although DNMT3A mutation only and FLT3-ITD mutation
only patient groups displayed no significant differences
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Table III. Comparison of immunological positive rates in the four patient groups.
DNMT3A + FLT3-ITD FLT3-ITD DNMT3A
mutation group mutation group mutation only Control group

Immunogenotype n=34 (%) n=37 (%) group n=32 (%) n=30 (%) Y P-value
CD34* 32 (94.12) 34 (91.89) 29 (90.63) 28 (93.33) 0.339 0.953
CD117* 31 (91.18) 35(94.59) 30 (93.75) 29 (96.67) 0.884 0.829
CD15* 29 (85.29) 21 (56.76)*° 28 (87.50) 26 (86.67)*° 13.87 <0.050
HLA-DR* 14 (41.18) 3(8.11)* 10 (31.25) 5(16.67)*° 12.41 <0.050
CD13* 30 (88.24) 28 (75.68) 28 (87.50) 27 (90.00) 3.540 0.316
CD33* 32 (94.12) 34 (91.89) 30 (93.75) 29 (96.67) 0.673 0.880
CD14* 3(8.82) 3(8.11) 2 (6.25) 2 (6.67) 0.207 0.976
CD38* 28 (82.35) 31(83.78) 9 (28.13)*¢ 13 (43.33)*¢ 33.03 <0.001

"P<0.05 vs. DNMT3A + FLT3-ITD mutation group; *P<0.05 vs. DNMT3A mutation only group; ‘P<0.05 vs. FLT3-ITD mutation group.

DNMT3A, DNA methyltransferase 3a; FLT3-ITD, FMS-like tyrosine
HLA-DR, human leukocyte antigen-DR isotype.

kinase-internal tandem duplication; CD, cluster of differentiation;

Table I'V. Chemotherapy efficacy in the four patient groups.

DNMT3A + FLT3-ITD
mutation group

FLT3-ITD
mutation only

DNMT3A

mutation only Control group

Curative effect n=34 (%) group n=37 (%)  group n=32 (%) n=30 (%) x> P-value
Complete remission 4 (11.76) 14 (37.84) 13 (40.63) 15 (50.00) 13.69 <0.001
Partial remission 9(26.47) 12 (32.43) 10 (31.25) 10 (33.33) 0.730 0.866
Stability of the disease 14 (41.18) 6(16.22) 5(15.63) 3 (10.00) 11.58  <0.001
Progress of the disease 7 (20.59) 5(13.51) 4 (12.50) 2 (6.67) 2.684 0.443
Total effective rate 13 (38.24) 26 (70.27)** 23 (71.88)*° 25 (83.33)" 1634  <0.050

P<0.05 vs. DNMT3A + FLT3-ITD mutation group; "P<0.05 vs. control
tyrosine kinase-internal tandem duplication.

group. DNMT3A, DNA methyltransferase 3a; FLT3-ITD, FMS-like

in the CR rates when compared with each other (P>0.05),
significantly lower CR rates were exhibited when they were
compared with the control patient group (P<0.05). The 1-year
RR of patients in the DNMT3A + FLT3-ITD mutation patient
group was 75.00%, compared with 14.29, 15.38 and 6.67% in
the FLT3-ITD mutation only, DNMT3A mutation only and
control patient groups, respectively (P<0.05). The difference
between FLT3-ITD mutation only and DNMT3A mutation
only patient groups was not statistically significant (P>0.05),
but these two groups exhibited significantly higher 1-year
RR compared with the control patient group (P<0.05). In the
DNMT3A + FLT3-ITD mutation group, patients displayed
a 3-year OS rate of 11.76%, which was significantly lower
compared with the rates of 43.24, 43.75 and 53.33% in the
FLT3-ITD mutation only, DNMT3A mutation only and
control patient groups, respectively (P<0.05). The difference
between the FLT3-ITD mutation only and DNMT3A muta-
tion only groups was not statistically significant (P>0.05),
but these two groups exhibited significantly lower 3-year
OS rates compared with the control patient group (P<0.05;
Fig. 2; Table V).

Discussion

AML is a malignant disease of hematopoietic stem cells,
and cytogenetic examination is currently the most common
method applied for the prognostic evaluation of AML (19).
Accumulating evidence has reported that mutations in genes
encoding DNMT3A, FLT3-ITD and nucleophosmin 1 occur
in AML patients (20). FLT3 encodes a protein that is pivotal
for the proliferation and differentiation of human lymphoid
progenitor cells (21). The FLT3-ITD mutation is proposed to be
associated with the poor prognosis of patients with AML (22).
DNMT3A is also a commonly mutated gene in patients with
AML, with the third-highest mutation rate of all known genes
associated with leukemia (23). DNMT3A mutation is an
independent prognostic factor in patients with AML and is
useful for risk stratification in determining prognosis. Studies
have demonstrated that DNMT3A combined with FLT3-ITD
mutation is the most frequent combination of mutations in
patients with AML (24,25). A previous study revealed a close
association between DNMT3A and FLT3-ITD mutations (26),
but studies evaluating the clinical features and prognosis of
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Table V. Comparison of complete remission, 1-year relapse rate, and 3-year overall survival in the four groups of patients.

DNMT3A + FLT3-ITD
mutation group

FLT3-ITD
mutation only

DNMT3A

mutation only  Control group

Item n=34 (%) group n=37 (%)  group n=32 (%) n=30 (%) x> P-value
Complete remission 4(11.76) 14 (37.84)*° 13 (40.63)*° 15 (50.00)* 11.67  <0.050
1-year relapse rate 3 (75.00) 2 (20.00)** 2 (22.22)* 1 (6.67) 1057 <0.050
3-year overall survival 4 (11.76) 16 (43.24)* 14 (43.75)* 16 (53.33) 13.86  <0.050

1P<0.05 vs. DNMT3A + FLT3-ITD mutation group, °P<0.05 vs. control group. DNMT3A, DNA methyltransferase 3a; FLT3-ITD, FMS-like
tyrosine kinase-internal tandem duplication.

== Combined mutation group
FLT3-ITD mutation group

‘qr':; —  DNMT3a mutation group
g — Control group

o

©

=2

e

=}

%)

o n L] L]
0 10 20 30

Time ( months)

Figure 2. Comparison of 3-year OS in the four patient groups. The 3-year OS of the DNMT3A + FLT3-ITD mutation group was significantly higher compared
with that of the FLT3-ITD mutation only, DNMT3A mutation only and control groups. No statistically significant differences between the FLT3-ITD mutation
only and DNMT3A mutation only groups were observed, but these two groups displayed significantly lower 3-year OS rates compared with the control group.

OS, overall survival; DNMT3A, DNA methyltransferase 3a; FLT3-ITD, FMS-like tyrosine kinase-internal tandem duplication.

patients carrying mutations in DNMT3A and FLT3-ITD in
detail are lacking. Therefore, in the present study patients
with AML were separated into groups according to mutations
in these two genes, and the efficacy of chemotherapy and
prognosis for these patients was subsequently explored.

In the present study, the WBC, platelet and hemoglobin
counts of as well as the proportion of myeloid progenitor cells
among the four patient groups were first compared. There were
no significant differences in the platelet counts and hemoglobin
levels in the peripheral blood of patients in the four groups
(P>0.05), suggesting that simultaneous mutation of DNMT3A
and FLT3-ITD contributes to increased WBC and myeloid
progenitor cells. It was previously demonstrated that FLT3-ITD
mutation can activate a downstream kinase through the
continuous activation of protein tyrosine kinase, thereby trig-
gering signal transduction and further inducing the spontaneous
and non-receptor-dependent proliferation of leukocytes (27).
However, the role of DNMT3A in cell proliferation remains
unclear.

The current study evaluated the immunogenotypes of
patients in the four groups. A number of studies have indicated
that the immunophenotype may be one of the indicators that
can affect the remission rate of patients with AML (28), so it
can be hypothesized that CD15 and HLA-DR expression may
be associated with the combined mutation of DNMT3A and
FLT3-ITD genes, which warrants further investigation. It has

been previously reported that, compared with patients harboring
no DNMT3A mutations, patients carrying DNMT3A mutation
were found to have higher CD34*, CD15" and HLA-D* rates (29).
Furthermore, another previous study revealed that patients
carrying FLT3-ITD mutations exhibited higher rates of CD34*
and CD38* compared with patients without this mutation (30).
Therefore, chemotherapy efficacy was compared between the
four groups in the current study. The results suggested that
patients with simultaneous mutations are associated with poorer
chemotherapy efficacy compared with those carrying single
mutations. A previous study reported that patients with AML
carrying combined FLT3-ITD and DNMT3A mutations have
a significantly lower rate of complete response to induction
chemotherapy (31), the underlying mechanism of which has not
been adequately explained. Finally, CR, 1-year RR and OS rates
of patients between the four groups were compared. A previous
study investigating the effect of FLT3-ITD and DNMT3A
simultaneous mutations on patients with AML suggested that
these mutations affect the survival time and can serve as a
molecular criterion for prognostic evaluation (32). In addition,
Ahn et al (33) evaluated the effect of gene mutations introduced
following hematopoietic stem cell transplantation in patients
with AML with normal karyotypes. This study revealed that
patients harboring simultaneous mutations in DNMT3A and
FLT3-ITD demonstrated significantly higher relapse rates and
lower event-free survival and OS rates compared with patients
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with wild-type or DNMT3A mutation. Therefore, the results
presented in the present study are in agreement with the above-
mentioned previous observations.

In conclusion, patients with AML carrying simultaneous
mutations of FLT3-ITD and DNMT3A demonstrated poor
prognosis with lower CR, 1-year RR and OS rates compared
with those carrying single mutations in either gene. However, the
reason for the clinical remission rate of patients with FLM3-ITD
+ DNMT3A combined mutations being lower compared with
that of patients with FLT3-ITD and DNMT3A single muta-
tions was not explained in the present study. Further studies are
required to develop novel therapeutic strategies specific to these
gene mutations in patients with AML.
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