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From the Laboratory of Molecular Biology, Department of

Medical Pathology,* and the Department of Hematology,†

Hospital Universitario La Fe, Valencia; the Department of

Genetics,‡ Universidad de Navarra, Pamplona; the Department of

Hematology,§ Hospital Universitario Carlos Haya, Málaga; and

the Department of Hematology,¶ Hospital Universitario 12 de

Octubre, Valencia, Spain

The most frequent KIT mutations reported in core-
binding factor acute myeloid leukemia are point mu-
tations and insertions/deletions in exons 17 and 8.
The vast majority of KIT mutation detection proce-
dures are time-consuming, costly, or with a high
lower limit of detection. High-resolution melting
(HRM) is a gene scanning method that combines sim-
plicity and rapid identification of genetic variants. We
describe an HRM method for the simultaneous
screening of exons 8 and 17 KIT mutations and report
the results obtained in 69 core-binding factor acute
myeloid leukemia patients. Mutation detection was
compared with sequencing as the gold standard. The
HRM method used high-resolution melting master re-
agents (Roche) and the LightCycler 480 (Roche) plat-
form. HRM was reproducible, showed a lower limit of
detection of 1%, and discriminated all patients with
mutated KIT from controls without false positive or
false negative results. Additionally, most of the muta-
tions were differentiated from the other mutations.
KIT mutations were present in 15.9% of patients,
showing a higher incidence in inv(16) (25.8%) than in
t(8;21) (7.9%). The presence of a KIT mutation was
associated with a high white blood cell count, and
adult patients with an exon 17 mutation had a higher
incidence of relapse. These findings verify that HRM
is a reliable, rapid, and sensitive method for KIT
mutation screening. Furthermore, our study cor-
roborates the unfavorable prognosis associated with
exon 17 KIT mutations. (J Mol Diagn 2009, 11:458–463;

DOI: 10.2353/jmoldx.2009.090043)

Activating mutations in tyrosine kinases, FLT3, KRAS,
NRAS, and KIT, are found in more than 30% of patients
with de novo acute myeloid leukemia (AML).1 These ty-
rosine kinase mutations confer a proliferative or survival
advantage to blastic cells and may cooperate with mu-
tated transcription factors such as CBF complex, RARa,
and MLL, by interfering with differentiation and contribut-
ing to the AML phenotype.2

KIT gene encodes a transmembrane glycoprotein re-
ceptor that is member of the type III receptor tyrosine
kinase family. The structure of this receptor consists of
three domains: an extracellular domain composed of five
immunoglobulin-like motives, a transmembrane and jux-
tamembrane domain, and an intracellular tyrosine kinase
domain.3,4 After stem cell factor binding to the KIT recep-
tor, the receptor dimerizes and becomes phosphory-
lated, activating the downstream signaling pathways im-
plicated in cell proliferation, differentiation, and survival.4

Ligand-independent activation of KIT receptor may be
achieved by gain-of-function mutations reported in AML
as well as in several other malignancies. Activating KIT
mutations are most frequently located within exon 17,
which encodes the KIT activation loop in the kinase do-
main, and exon 8, which encodes a region of the extra-
cellular domain of the KIT receptor.3,5,6 The most fre-
quent KIT mutations reported are point mutations at
codon 816 of exon 17 and insertions/deletions in exon 8.

KIT mutations have been reported to occur preferen-
tially in AML with core-binding factor (CBF) rearrange-
ments such as RUNX1-RUNX1T1 and CBFb-MYH11,
caused by the t(8;21) and inv(16) or t(16;16), hereafter
abbreviated as inv(16). According to different reports, the
incidence of KIT mutations in these malignancies varies
widely from 6% to 46%.5– 8 Several studies have shown
an adverse prognostic value for exon 17 KIT mutation in
CBF AML3,5,6; however, the relevance of exon 8 muta-
tions still remains unknown.
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Various sensitive methods have been used to detect
KIT mutations in CBF AML, such as polymerase chain
reaction (PCR) followed by the screening of heteroduplex
by high-performance liquid chromatography,3,5,9 se-
quencing,10 and real-time PCR using hybridization
probes.6 However, these methods are expensive, time-
consuming, or have a reduced sensitivity, not allowing
the detection of these mutations in samples with low blast
cell count.

The recent development of platforms and software for
high-resolution melting (HRM) analysis11 has provided
the introduction of this technology in the clinical labora-
tory. The great advantages of HRM (sensitivity, rapidity,
simplicity, low cost, and high throughput) have justified
the widespread use of these methods for detection of
many small genetic variations.12–14 We report the results
obtained in a group of 69 CBF AML patients by using a
fast, sensitive, and reliable HRM method that allows the
simultaneous screening of exons 8 and 17 KIT mutations.

Materials and Methods

Patients

The study includes 69 CBF AML patients recruited be-
tween 1998 and 2008: 55 adults [30 with t(8;21), 24 with
inv(16), and one with t(16;16)] and 14 children [8 with
t(8;21) and six with inv(16)], who were diagnosed in four
Spanish institutions. The leukemia subtypes were estab-
lished according to the morphological and cytochemical
criteria of the French-American-British (FAB) classifica-
tion.15 The presence of t(8;21) or inv(16) was detected by
standard cytogenetics and the corresponding rearrange-
ments, RUNX1-RUNX1T1 and CBFb-MYH11, by reverse
transcription quantitative PCR (RQ-PCR).

Treatment

Patients received intensive chemotherapy following the
PETHEMA LMA 96, LMA 99, and LMA 2006 protocols for
adults in which induction therapy consisted of standard
combinations of anthracycline plus cytarabine with or
without etoposide. Children were treated according the
SHOP 2001 protocol, which consisted of induction ther-
apy with standard combinations of idarubicine plus cyt-
arabine with or without etoposide.

The Institutional Ethics Committee for Clinical Re-
search approved this study, and informed consent was
obtained from all patients and conducted in accor-
dance with the recommendations of the Declaration of
Human Rights, the Conference of Helsinki, and institu-
tional regulations.

Samples and DNA Extraction

KIT mutation study of exons 8 and 17 was performed on
genomic DNA extracted from bone marrow samples col-
lected during active disease (diagnosis and relapse).
Genomic DNA was directly extracted from 500 �l of bone
marrow using MagNA Pure LC DNA isolation kit large

volume (Roche, Mannheim, Germany) automated in the
MagNA Pure LC system (Roche). The quality and con-
centration of DNA extracted was assessed with a Nano-
Drop-1000 (NanoDrop Technologies Inc., Wilmington, DE).

High-Resolution Melting Analysis of KIT
Mutations

All samples were tested in duplicate using LightCycler
480 high resolution melting master (Roche Diagnostics,
Mannheim, Germany) x1 containing Taq, nucleotides,
and the dye ResoLight. Two DNA normal controls and one
positive mutated DNA sample for each exon were included
in each run. The HRM assays were performed using the
LightCycler 480 instrument (Roche Diagnostics, Roche In-
strument Center AG, Rotkreuz, Switzerland).

Thirty nanograms of DNA were amplified in a 10-�l final
volume containing 1X LightCycler 480 high resolution
melting master (Roche), 0.5 �mol/L each primer pair (KIT
F 5�-GCTGAGGTTTTCCAGCACTC-3� and KIT R 5�-AAT-
TGCAGTCCTTCCCCTCT-3�), and 2.0 mmol/L MgCl2 for
exon 8 or 0.2 �mol/L of each primer pair (KIT S 5�-CAGC-
CAGAAATATCCTCCTTACT-3� and KIT B 5�-TTGCAG-
GACTGTCAAGCAGAG-3�) and 3 mmol/L MgCl2 for exon
17. The expected size of the PCR product was 219 and 137
bp for exons 8 and 17, respectively.

The PCR program consists of an initial preheating at
95°C for 10 minutes to activate the Taq DNA polymerase,
followed by 45 amplification cycles. Each cycle com-
prises an annealing step at 56°C for 13 seconds, an
elongation step at 72°C for 14 seconds, and denaturation
at 94°C for 10 seconds. The final melting program con-
sists of three main steps beginning with a denaturation at
95°C for 1 minute, renaturation at 40°C for 1 minute, and
melting from 60°C to 95°C, with a ramp of 0.02°C per
second and 25 fluorescence acquisitions per degree
centigrade.

Results were analyzed as fluorescence versus temper-
ature graphs using Gene Scanning software version 1.5.0
(Roche Instrument Center, Rotkreuz, Switzerland). The
melting curve analysis comprises three steps: normaliza-
tion of melting curves, equaling to 100% the initial fluo-
rescence and to 0% the fluorescence remnant after DNA
dissociation; shifting of the temperature axis of the nor-
malized melting curves to the point where the entire
double-stranded DNA is completely denatured; and fi-
nally, the difference plot analyzing the differences in melt-
ing curve shape clustering the samples into groups
based on the internal software calculation.12

Sequencing of PCR Products

The samples were directly sequenced from the LightCy-
cler PCR amplification. The PCR products were mixed
with ExoSap-IT (USB Corporation, Cleveland, OH) to re-
move the remaining primers and bidirectionally sequenced
with forward and reverse primers using ABI PRISM termi-
nator cycle sequencing kit version 1.1 (Applied Biosystems,
Foster City, CA) on the ABI PRISM 3130 genetic analyzer
(Applied Biosystems, Foster City, CA).
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Statistical Analysis

The association of the presence of KIT mutation with the
biological and demographic characteristics of leukemias
was proved using the �2 and Fisher’s exact test. Unad-
justed time-to-event analyses were performed using the
Kaplan-Meier estimate16 and for comparisons the log-
rank test.17 Disease-free survival (DFS) and relapse-free
survival (RFS) were estimated from the date of complete
remission. In the analysis of DFS, relapse and death in
complete remission were considered uncensored events,
whichever occurred first. For RFS, relapse in complete
remission was considered the uncensored event. Patient
follow-up was updated on June 30, 2008. All tests were
two-sided, and a P value less than 0.05 was consid-
ered statistically significant. Computations were per-
formed using the SPSS version 12.0 statistical package
(Chicago, IL).

Results

Study of the High-Resolution Melting Method

Sixty-nine patients were screened for the presence of KIT
mutations (67 at diagnosis and two relapses). The minigel
electrophoresis of PCR products showed a single frag-
ment with the expected size of 219 bp for exon 8 and 137
bp for exon 17. The melting analysis revealed the pres-
ence of a single peak with a mean melting temperature of
83.7°C and 79.5°C for exons 8 and 17, respectively. After
normalization and temperature shift a clear difference
between the group of wild-type DNA and the rest of the
samples was observed. This difference was further en-
hanced with the difference plot, which establishes clus-
ters of samples (Figure 1, A and B). Hence, four positive

samples in exon 8 and eight positive samples in exon 17
showed a clearly distinctive shape of the difference curve
plot compared with those of the wild-type DNA clustered
around baseline, thus allowing the distinction of these
mutations. It should be noted that fluorescence curves
obtained for the duplicates of each sample were practi-
cally superimposable either in the same assay or be-
tween assays.

Correspondence of HRM Results with
Sequencing Studies

Patients’ results were confirmed by sequencing directly
from PCR products. Direct sequencing evidenced that all
of the samples of exons 8 and 17 clustered around base-
line as wild-type had normal DNA sequence, and the 11
patients classified in different clusters showed sequence
variations/mutations. Considering the 69 samples ana-
lyzed by HRM, no false positive or negative results
were found, yielding both sensitivity and specificity
equal to 100%.

Characterization of the Mutations Detected

We identified three patients with insertion/deletions in
exon 8, seven patients with point mutations in exon 17,
and one patient who presented mutations in both exons.
In exon 8 we found the mutations T417_D419delinsRG,
T417_V422delinsSRIL, T417_D419delinsS and T417_
D419delinsG. Moreover, in exon 17 we found two
D816V, two D816Y, two D816H, one D820G, and one
N822K mutation (Table 1).

Lower Limit Detection of HRM

To determine the minimum detectable percentage of KIT
mutated-cell DNA we serially diluted positive samples
T417_D419delinsS for exon 8 and D820G for exon 17,
which presented blast cell count close to 100% (1:10,
1:100, 1:300, 1:500, and 1:1000) in wild-type DNA. After
performing the PCR assay we could still detect mutations
for both exons up to dilution 1:100 (Figure 2, A and B).

KIT Mutations and Biological and Demographic
Characteristics of AML

The presence of KIT mutations was detected in 11 of 69
AML patients (15.9%; one infant and 10 adults); accord-
ing to cytogenetic findings, three of 38 patients (7.9%)
with t(8;21) and eight of 31 patients (25.8%) with inv(16)
(P � 0.043). KIT mutations were associated with a high
white blood cell count (P � 0.012). Thus, KIT mutated
patients showed median values of white blood cells of
103*103/�l versus 20*103/�l of patients negative for KIT
mutations. No association was found with age and
gender.

Figure 1. HRM method. Examples of difference plots obtained for wild-type
(WT) DNA and different exon 8 (A) and exon 17 (B) KIT mutations.
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KIT Mutations and Disease Outcome

Complete remission was achieved in 87% of patients. No
association was found between KIT mutations and re-
sponse to induction chemotherapy. The median follow-up
of adult patients was 17 months (range, 1– 88 months)
with estimated probabilities of DFS and RFS of 55% and
58%, respectively.

The presence of KIT mutations in exons 8 or 17 did not
influence DFS or RFS in adult patients. However, isolated
exon 17 KIT mutations significantly influenced RFS (P �
0.04), although they did not modify DFS. Thus, the esti-
mated 17-month RFS was 59% for non-mutated patients
(n � 31), whereas it was 27% for patients with exon 17
mutated (n � 7) (Figure 3). With regard to the cytogenetic
groups t(8;21) or inv (16), no differences were found in
RFS or DFS.

Discussion

Our data support the finding that the HRM method here
established allows the distinction of wild-type DNA from

other DNA harboring KIT mutations in exons 8 and 17.
Thus the differential plot clearly distinguishes the group
of wild-type DNA samples from that with KIT mutations of
AML patients. In this regard, the method is specific and
sensitive enough for KIT mutation screening, since no
false positive or negative results were found. Moreover,
most of the mutations were well differentiated between
them according to differential plot shapes, with the only
exception of D816Y and D820G mutations that both were
classified in the same group. In any case, all samples
screened as positive for KIT mutations could be con-
firmed and characterized, in most cases by direct se-
quencing of PCR products of the HRM.13 However, in
some cases we used locked nucleic acid oligonucleo-
tides to sequence PCR products (data not shown)18 –20

due to the high limit detection of direct sequencing.10,13

The method is reproducible enough, as it is supported by
the practical identity of differential plots of duplicates.

The lower limit detection achieved with this method,1%
for exons 8 and 17 KIT mutations, is lower than that
accomplished by most of the conventional methods. Fur-
thermore, other relevant advantages of the method are
rapidity, low cost, and high-throughput capability, allow-
ing the simultaneous detection of 48 or 192 duplicate
samples for the respective 96 or 384 multiwell plates.
These characteristics give the HRM setup clear advan-
tages over the methods reported to date,3,5,9,10,21 includ-
ing classical real-time PCR methods with labeled probes
that are expensive and only detect mutations in the frag-
ment covered by the probes.6,22 Previously, Willmore et
al23 used HRM for the screening of KIT gene mutations in
gastrointestinal germ cell tumors. However, this HRM
assay did not include exon 8, which is a hot spot in AML,
and encompasses two steps, initial PCR in LightCycler

Table 1. Cytogenetic and KIT Mutations Found in Exons 8 and 17

Exon No. of patients Cytogenetics Nucleotide change Mutation description

8 1 inv (16) del cttacgac ins ggggg T417_D419delinsRG
1 inv (16) del acttacgacaggctcg ins tcgaggatct T417_V422delinsSRIL
1 inv (16) del ttacga ins gtc T417_D419delinsS
1 inv (16) del ttacga ins cgg T417_D419delinsG

17 2 t (8;21), inv (16) gac 3 cac D816H
2 inv (16) gac 3 gtc D816V
2 inv (16) gac 3 tac D816Y
1 t (8;21) gat 3 ggt D820G
1 t (8;21) aat 3 aag N822K

Figure 2. Lower limit detection of HRM assay for exons 8 and 17 KIT
mutations. Differential plots obtained with the exon 8 mutation
T417_D419delinsS (A) and exon 17 mutation D820G (B) serially diluted in
wild-type DNA. Figure 3. RFS in adult patients according to mutations in KIT exon 17.
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capillary followed by HRM in an HR-1 instrument with the
“drawback problem” of manipulations and time delay.

The incidence of KIT mutations in adult patients with
CBF AML reported in our study, 18.2% in adults and 7.1%
in children, was within the range of 6% to 48% reported
for CBF AML.3,5,6,10,21,24 –30 The wide variation in the
incidence reported could be due to the size of series,
demographic influences, sensitivity of the methods ap-
plied,3,6,10,13,22 and the exons studied.5,6,9,10,22

We found a higher incidence of KIT mutations in AML
with inv(16) (25.8%) than in AML with t(8;21) (7.9%). This
low incidence of mutations in t(8;21) patients has been
previously reported by Lasa et al22 in a Spanish popula-
tion and could be attributable to ethnic influences.

In accordance with other reports, the KIT mutations
most frequently detected have been the point mutations
at codon 816 in exon 17 within the KIT tyrosine kinase
domain 2 and complex insertion/deletion mutations in
exon 8 affecting the extracellular domain.3,5,30 Moreover,
concordant with previous reports3,10,21 we found that all
mutations in exon 17 of patients with inv(16) were located
at codon D816, whereas in patients with t(8;21) translo-
cation the mutations were scattered among different
codons. D816 mutations produce ligand-independent
activation of the KIT receptor, whereas exon 8 mutations
cause hyperactivation of receptor in response to its nat-
ural ligand stem cell factor.26,31

The association of KIT mutations with higher levels of
white blood cells found here has been reported in previ-
ous studies.3,5,24 This association may be explained by
the activation of KIT caused by the mutation that would
confer proliferative advantage to blast cells harboring
these mutations.

In agreement with previous reports3,5 we found that
adult patients harboring exon 17 mutations showed a
higher relapse incidence than those patients lacking mu-
tations, but this finding could not be verified for mutations
in exon 8. However, the prognostic impact of KIT muta-
tions remains controversial, and large series of mutated
patients are needed to clarify this impact.6,8,9,22

In conclusion, we have set up a sensitive, specific,
low-cost, high-throughput HRM method that allows the
screening of exons 8 and 17 KIT mutations. The unfavor-
able prognosis conferred by KIT mutations together with
a relative high incidence in CBF AML suggests that the
study of these mutations should be included in the
workup of this particular setting of AML. This subgroup of
patients harboring KIT mutations would benefit from an
aggressive up-front therapy and a future clinical trial with
therapy based on tyrosine kinase inhibitors.
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