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Abstract
Background: Nowadays, cytogenetics and molecular genetics, but not only, are mandatory in acute myeloid leuke-
mia (AML) management, as a consequence of their impact on AML pathogenesis, classification, risk-stratification, 
prognosis and treatment. Objective: The aim of our study was to present our algorithm for the analysis of copy 
number changes, aneuploidies and somatic mutations focusing on a rare AML case positive for four somatic muta-
tions. Methods: Cytogenetic analysis, Multiplex Ligationdependent Probe Amplification (MLPA) analysis, somatic 
mutation analysis (for FLT3 ITD, FLT3 D835, DNMT3A R882 and NPM1 c.863_864ins) by using several PCR 
techniques and also next-generation sequencing (NGS) analysis were performed. Results: Cytogenetic analysis did 
not reveal structural or numerical chromosomal anomalies. The patient’s DNA showed no copy number changes 
or aberrations (CNAs) following the MLPA analysis. By using several molecular technologies we found four muta-
tions: FLT3-ITD, FLT3 D835 (c.2504A>T, D835V), DNMT3A R882C, and NPM1 c.863_864insTCTG. Challenges, 
benefits, applications and the limitations of each molecular technique used for the investigation of the mentioned 
mutation, and not only, are also described.  Conclusion: All these techniques can be useful in the diagnosis of AML 
patients, each of them covering the limits of the other technique. New strategies for a positive, fast, accurate and 
reliable diagnosis are mandatory in cases with AML.
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Case report

Introduction

Acute myeloid leukemia (AML) is one of the 
myeloid neoplasms characterized by immature 
progenitors proliferation and accumulation [1]. 
As a result of the poor survival rate of AML 
patients, treatment resistance, frequent relapses 

and numerous secondary conditions of AML, 
several studies focused on this disease in order 
to extend the existing knowledge [2, 3]. Now-
adays, cytogenetics and molecular genetics, but 
not only, are mandatory in AML management, as 
a consequence of their clinical impact [2-5].
Several chromosomal rearrangements and aneu-



Revista Română de Medicină de Laborator Vol. 27, Nr. 3, Iulie, 2019246

ploidies were included in the latest AML classifi-
cation [6] and also in the 2017 version of the Eu-
ropean LeukemiaNet (ELN) Risk Stratification 
by Genetics [7]. Some of them may be identified 
by cytogenetic investigation while others need 
molecular approaches. 
Banding cytogenetic and fluorescent in situ hy-
bridization (FISH) were routinely used for the 
investigation of chromosomal abnormalities in 
leukemia. Considering that cytogenetic analysis 
has a low resolution and FISH investigates only 
large and common lesions, a multiplex assay, 
namely Multiplex Ligation-dependent Probe 
Amplification (MLPA) was proposed for the de-
tection of chromosomal aberrations, represented 
by deletions or duplications that may lead to copy 
number alterations in genomic DNA. MLPA is a 
fast, useful and cost-effective technique that can 
be used in order to detect copy number aberra-
tions (CNAs) and also aneuploidies for leukemia 
patients, but not only [8-10].
In addition to the chromosomal rearrangements 
and aneuploidies, several somatically acquired 
mutations are described in AML patients, most 
of them being involved in the evolution of AML, 
but still, currently, few of them are included in 
the AML classification and ELN risk-stratifi-
cation [6,7]. Briefly, according to the moment 
during leukemogenesis, two groups of somati-
cally acquired mutations were described: early 
acquired mutations [such as DNA methyltrans-
ferase 3A gene (DNMT3A) etc.] and late acquired 
mutations [such as FMS-like Tyrosine Kinase 3 
(FLT3), Nucleophospmin 1 (NPM1) genes, etc.] 
[2, 3]. The consequences of FLT3 and NPM1 
mutations are well-known [1-7, 11]. Early ac-
quired mutations remain a continuous challenge 
for AML because these may persist after therapy, 
leading to clonal expansion during hematologic 
remission, and eventually to relapse [3].  
Analysis of these mutations requires the choice 
of the most effective, specific and sensitive mo-
lecular techniques taking into account the type 

of mutation, its size and locus, percentage of the 
mutant clone, and of course the available infra-
structure.
Here, we present a rare AML case with four so-
matic mutations, identified according to our al-
gorithm for the analysis of CNAs, aneuploidies 
and somatic mutations.

Material and Methods

Clinical report
We investigated a 64-year-old male patient di-
agnosed with AML classified as M1 according 
to the French-American-British classification. 
Patient complaints were: asthenia, fatigability, 
loss of appetite and weight loss (10 kilograms 
in 3 weeks).
Flow cytometry immunophenotyping  revealed 
the presence of 33.8% myeloid elements, 4% 
lymphocytes, 2.5% erythroblasts, 35% atypical 
monocytes [positive for CD33(58%), CD15, 
CD11b(83%), CD11c, CD64, CD14(14.5%), 
CD38, CD123, CD4, HLA-DR and negative 
for CD16, CD36, CD34, CD117] and 24% 
myeloblasts [positive for CD13(85%), CD33, 
CD15(3%), CD11c(50%), CD64(18.5%), 
HLA-DR(var), CD34(5%), CD117, CD38, 
CD123, CD7(75%), CD4(18.5%) and negative 
for CD3, CD22, CD10, CD14, CD16, CD36, 
CD11b]. 
The treatment with low dose of Cytosar was 
initiated and peripheral blood and bone marrow 
were collected and sent to the Genetics Depart-
ment. 
The workflow of investigation performed in 
AML cases is based on recommendations of 
Döhner et al. [7] and is as follow: cytogenet-
ic, gene mutations analysis (including FLT3, 
NPM1, TP53, RUNX1), additional procedures 
on diagnosis: MLPA. Molecular investigation 
was started in parallel with cytogenetic analysis 
in order to have the results in a timely manner. 
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Cytogenetic analysis
Cytogenetic analysis was performed from bone 
marrow and peripheral blood. GTG-banding 
(G-bands by Trypsin and Giemsa) was per-
formed and described according to the Interna-
tional System for Human Cytogenetic Nomen-
clature (ISCN) 2013.

Somatic mutation analysis 
FLT3-ITD, FLT3-D835 (c.2503 G>C/A/T; 
c.2504 A>C/T; c.2505 T>A/G), DNMT3A (co-
don R882) and NPM1 (c.863_864ins) mutations 
were analyzed using specific primers and the 
PCR, RFLP-PCR and ARMS-PCR techniques 
as previously described [12-14].  In order to 
confirm and quantify the presence of the mu-
tant clone, we performed fragment analysis for 
FLT3-ITD and NPM1 mutations, as previously 
reported [15], on an Applied Biosystems 3500 
Genetic Analyzer. The detailed protocols used 
with locally adapted and optimized conditions 
are mentioned in Table I. In order to confirm the 
mutations found by RFPL-PCR (FLT3-D835 
and DNMT3A), we performed sequencing as 
previously described [16].  

Next-generation sequencing analysis (NGS)
NGS analysis was performed using the Ion Pro-
ton system and Ion AmpliSeq™ AML Research 
Panel (ThermoFisher Scientific), a four-pool 
panel containing 237 amplicons from 19 differ-
ent genes involved in AML. Interested loci from 
different genes such as GATA2, KRAS, NRAS, 
IDH1, IDH2, ASXL1, TET2, CEBPA, RUNX1, 
TP53, and others were analyzed in order to find 
different mutation types. Ion Reporter™ Soft-
ware (ThermoFisher Scientific) was used to an-
alyze the results.

MLPA analysis
The patient’s DNA was extracted from peripheral 
blood (PureLink GenomicDNA, ThermoFisher). 
In order to detect possible aneuploidies, as pre-

viously described [10], as well as subtelomeric 
CNAs and the most common and clinically sig-
nificant CNAs in AML, we performed MLPA 
analysis using SALSA MLPA P036, P070 and 
P377 probemixes (MRC-Holland). After capil-
lary electrophoresis (Applied Biosystems 3500 
Genetic Analyzer), Coffalyser.net software was 
used to interpret the results using three reference 
DNA samples (without CNAs). 

Results

Cytogenetic analysis did not reveal structural or 
numerical chromosomal anomalies. 
Somatic mutation analysis was performed for 
FLT3-ITD (PCR), FLT3-D835 (RFLP-PCR), 
NPM1 (ARMS-PCR) and DNMT3A (RFLP-
PCR), the patient being heterozygous for FLT3-
ITD and D835, NPM1 and DNMT3A R882C. 
The specific inserted nucleotides (A-D mutation 
type) were not determined by ARMS-PCR tech-
nique due to possible cross-reactions between 
the different NPM1 primers used (electrophore-
sis results in Figure 1). 
We continued with confirming our somatic mu-
tation results using different techniques. Frag-
ment analysis was performed for FLT3-ITD and 
NPM1 mutations and sequencing for FLT3-D835 
and DNMT3A R882C mutations. Fragment anal-
ysis confirmed the previous results, and the vari-
ant allele ratio (VAR) for FLT3-ITD was 86% 
and 42% for NPM1 c.863_864ins (Figure 2).
The DNMT3A R882C and FLT3-D835 
(c.2504A>T, D835V) mutations were also con-
firmed by capillary sequencing (Figure 3). Be-
sides these two mutations, no other variations in 
the amplicon were found. 
Taking into account that we found four somat-
ic mutations in our patient we supposed that our 
AML case may also associate other abnormal-
ities (which can be useful for the clinical man-
agement of the patient) we decided to perform 
NGS. After data analysis, we obtained five vari-
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Table I.  PCR protocols used with locally adapted and optimized conditions
Primers PCR conditions Digestion Electrophoresis 

FLT3 ITD Fw: GCA ATT TAG GTA TGA 
AAG CCA GC
Rev: CTT TCA GCA TTT TGA 
CGG CAA CC

94 °C 7 min
94 °C 35 sec
56 °C 50 sec     x35
72 °C 2 min
72 °C 10 min

- Wild type allele at 327 
bp 
Mutant allele variable 

FLT3 
D835

Fw: CCG CCA GGA ACG TGC 
TTG
Rev: GCA GCC TCA CAT TGC 
CCC

95 °C 4 min
94 °C 35 sec
56 °C 35 sec     x35
72 °C 45 sec
72 °C 10 min

Fast Digest 
Eco21I (EcoRV) 
enzyme
20 minutes at 37 
°C

Wild type allele at 46 
and 68 bp
Mutant allele at 114 bp 

DNMT3A 
R882 mu-
tations

Fw: GTG ATC TGA GTG CCG 
GGT TG
Rev: TCT CTC CAT CCT CAT 
GTT CTT G

95 °C 7 min
94 °C 35 sec
60 °C 35 sec     x35
72 °C 45 sec
72 °C 10 min

Fast Digest SsiI 
(AciI) enzyme
20 minutes at 
37 °C- for both, 
R882H and 
R882C mutations

Fast Digest AluI –
for differentiation 
of R882H and 
R882C mutation

Wild type allele at 125 
and 252 bp
Mutant allele at 125, 
252 and 303 bp.

Wild type allele at 
444bp
R882H mutation like 
wild type allele- 444bp
R882C mutation at 444, 
250 and 194 bp.

NPM1 Common (C): GGA AGT AAC 
ATT GGC CAT ATG G
Normal (N) : TTC TTA AAG 
AGA CTT CCT CCA CTG CC
For TCTG, TATG and CATG 
insertion (A): TTC TTA AAG 
AGA CTT CCT CCA CTG CC
For AGGA insertion (B): TCT 
TAA AGA GAC TTC CTC CAC 
TGC AGG AC
For TCTG insertion (D):  TTC 
TTA AAG AGA CTT CCT CCA 
CTG CCA TGC

95 °C 7 min
94 °C 50 sec
67 °C 50 sec     x35
72 °C 50 sec
72 °C 10 min

- Wild type allele- ampli-
fication only for PCR 
amplicon with N and C 
primers (ARMS-PCR) 
at 337 bp

Mutant allele- amplifi-
cation for PCR ampli-
con with C and A, C and 
B or C and D primers 
(ARMS-PCR) at 337 bp

Multiplex 
FLT3 
ITD and 
NPM1- 
for frag-
ment anal-
ysis 

FLT3 Fw FAM: AGCA ATT 
TAG GTA TGA AAG CCA 
GCTA 
FLT3 Rev CTT TCA GCA TTT 
TGA CGG CAA CC
NPM Fw: GTT TCT TTT TTT 
TTT TTT CCA GGC TAT TCA 
AG
NPM Rev HEX: CAC GGT 
AGG GAA AGT TCT CAC 
TCT GC

95 °C 10 min
94 °C 50 sec
60 °C 50 sec     x35
72 °C 50 sec
72 °C 10 min
Hold 4 °C

- NPM1 wild type allele 
at 166 bp and the mutant 
allele at 170 bp
FLT3 ITD wild type al-
lele at 327 bp 
FLT3 ITD mutant allele 
variable  
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Fig. 1. Electrophoresis results for the somatic mutations investigated by PCR, RFLP-PCR and 
ARMS PCR. 1L- LEFT: M-Marker 100bp, A- FLT3 ITD heterozygous genotype, B-FLT3 D835 
heterozygous genotype, C- DNMT3A with AciI enzyme- heterozygous genotype, D- DNMT3A 
with AluI enzyme- heterozygous genotype. 1R-RIGHT: M-Marker 50bp, N-normal primer, 

A- A primer (table I) and common primer, B- B primer and common primer, D- D primer and 
common primer. 

Fig. 2. Fragment analysis by capillary electrophoresis. At 166pb (height=6854) is the peak for the 
wild type NPM1 clone, at 170pb (height=5103) the peak for the NPM1 mutant clone. At 327pb 

(height=9005) the peak for the wild type FLT3-ITD clone and at 372pb (height=5910, 15 tandem 
duplications), 387 (height=9496, 20 tandem duplications) and at 409 (height=9672, 27 tandem 

duplications) the peaks for three different FLT3-ITD mutant clones.
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ants: rs1042522 (homozygous genotype with the 
variant allele), rs377577594 (heterozygous gen-
otype; VAR 41.5%), rs2276599 (homozygous 
genotype with the variant allele), rs2454206 
(heterozygous genotype) and rs587776806 
(heterozygous genotype; VAR 42.86%). After 
we consulted the databases, only rs377577594 
(DNMT3A R882C mutation; VAR 41.5%) and 
rs587776806 (NPM1 c.863_864insTCTG muta-
tion; VAR 42.86%) were with pathogenic/like-
ly pathogenic significance (ClinVar, COSMIC 
and Ensembl genome browser with last data 
accessed on December 1, 2018). In the case of 
rs1042522 (TP53 c.215C>A, p.Pro72Leu) the 
clinical significance is uncertain for Li-Frau-
meni syndrome and Hereditary cancer-predis-
posing syndrome. The clinical significance data 
for rs2276599 (DNMT3A c.666+7G>A. p.?) and 
rs2454206 (TET2 c.5284A>T, p.Ile1762Leu) are 
not available at the moment.
The last three variants, rs1042522, rs2276599 
and rs2454206 were confirmed by TaqMan as-
says (ThermoFisher Scientific) and the 7500 
Fast Dx Real-Time PCR system.
Additionally, the patient showed no CNAs fol-

lowing the MLPA analysis (Figure 4). 

Discussions 

In this study, we briefly presented our proposed 
algorithm for the analysis of CNAs, aneuploid-
ies and gene mutations focusing on a rare patient 
with AML. Our results showed that the patient 
had an intermediate risk according to the 2017 
ELN risk stratification (FLT3-ITDhigh and mutat-
ed NPM1). Based on our findings and according 
to the World health organization 2016 classifi-
cation, we considered our case as AML with re-
current genetic abnormalities [6]. Even though 
the previously described PCR and ARMS-PCR 
protocols [12, 14] are easy to use, inexpensive 
and can be performed with basic infrastruc-
ture, we recommend the fragment analysis for 
FLT3-ITD and NPM1 c.863_864ins, the big-
gest advantage being the possibility to quantify 
the mutant clone and monitor its dynamics over 
time. For NPM1 c.863_864ins, neither ARMS-
PCR [14] nor fragment analysis can distinguish 
between the inserted oligonucleotides, therefore 
being unable to specify the type of NPM1 mu-

Fig. 3. Capillary sequencing results for DNMT3A R882C mutation. The position of the mutation 
is marked by “Y” in the DNA sequence results and also on the electropherogram (indicated by 

arrow).
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Fig. 4. MLPA results illustrated by Ratio chart. A- for P036 probemix; B- for P070 probemix, C- 
for P337 probemix 
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tation. However, from a clinical point of view, 
all NPM1 mutations, types A-D, have the same 
clinical significance. Type of NPM1 mutation 
was revealed by NGS. Similarly, the exact type 
of FLT3-D835, cannot be identified by RFLP-
PCR but as with NPM1 mutations, all of them 
have the same clinical significance. In this case, 
the sequencing performed for FLT3-D835 con-
firmation revealed the exact mutation, namely 
c.2504A>T, D835V.
The patient investigated by us presented four 
somatic mutations, FLT3-ITD and D835V, DN-
MT3A R882C, and NPM1 c.863_864insTCTG. 
Frequently, these mutations occur concomitant-
ly, but patients positive for all four of them are 
rare. According to our present knowledge, none 
have been previously described in literature. One 
study performed on 100 AML patients revealed 
no FLT3+DNMT3A+NPM1 positive cases [17], 
and FLT3-D835 mutation was not determined. 
Loghavi et al. (2014) concluded that AML pa-
tients with NPM1+DNMT3A mutations had a 
shorter overall and event-free survival com-
pared with FLT3-ITD+NPM1 positive patients. 
FLT3-ITD+NPM1+DNMT3A positive patients 
(18 from 178 AML patients, FLT3-D835 mu-
tation unevaluated) presented the worst clinical 
outcomes in another clinical study [18]. The 
clinical implications of the above mentioned 
mutations (FLT3-ITD+NPM1+DNMT3A posi-
tive patients with or without FLT-D835) remain 
poorly understood [17-20]. 
Unfortunately, targeted treatment with FLT3 
inhibitors could not be initiated in our patient 
because he died three days after the diagnosis. 
We respected the ELN recommendations and 
the current diagnostic guidelines, the patient 
being tested for both (FLT3-ITD and D835 and 
not only) in parallel with cytogenetic analysis, 
and the molecular results (MLPA analysis and 
somatic mutations analysis) were handed to the 
Hematological Clinic in three days. Even so, the 
patient’s evolution was not favorable. For these 

reasons, it is very important to have a clinical 
diagnosis as soon as possible. 
As Loghavi et al. [18] reported, FLT3-ITD+-
FLT3-D835+NPM1+DNMT3A positive AML pa-
tients seem to have the worst clinical outcomes. 
From our point of view, cytogenetics, MLPA, 
FLT3-ITD and NPM1 (investigated by fragment 
analysis), DNMT3A and FLT3-D835 (analyzed 
by RFLP-PCR) are mandatory for AML patients 
and in order to initiate the FLT3 inhibitors were 
necessary, the clinical diagnosis must be per-
formed in the shortest possible time. As Coriu 
et al. [21] previously reported, NGS technology 
is a promising technique for AML patients hav-
ing the advantage of extensive data evaluation, 
high sensitivity and quantitation of detected mu-
tations [21]. This versatile technology based on 
highly multiplexed PCR allows us to investigate 
different loci which are very difficult to ana-
lyze with other techniques (for example CEBPA 
gene) [22]. In our case, two known mutations 
were confirmed and three other variants were 
found. As we previously mentioned, currently, 
data regarding clinical significance are not avail-
able for rs2276599 and rs2454206. Therefore it 
is essential to report the data obtained by NGS in 
order to clarify its clinical significance. 
Real-time TaqMan technology used in the pres-
ent research and also in case-control studies can 
be a versatile, fast and inexpensive technique for 
the clinical interpretation of obtained results.  
In conclusion, all these techniques can be useful 
in the diagnosis of AML patients, each of them 
covering the limits of the other technique. Tak-
ing into account the clinical impact of these ge-
netic abnormalities in AML patients, new strat-
egies for a positive, fast, accurate and reliable 
diagnosis are mandatory. 
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