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Abstract During last years, molecular markers have been
increased as prognostic factors routinely screened in acute
myeloid leukemia (AML). Recently, an increasing interest
has been reported in introducing to clinical practice
screening for mutations in the CCAAT/enhancer-binding
protein α (CEBPA) gene in AML, as it seems to be a good
prognostic factor. However, there is no reliable established
method for assessing CEBPA mutations during the diagnostic work-up of AMLs. We describe here a straightforO. Fuster : E. Barragán (*) : P. Bolufer : S. Dolz : I. de Juan
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ward and reliable fragment analysis method based in PCR
capillary electrophoresis (PCR-CE) for screening of CEBPA
mutations; moreover, we present the results obtained in 151
intermediate-risk karyotype AML patients (aged 16–
80 years). The method gave a specificity of 100% and
sensitivity of 93% with a lower detection limit of 1–5% for
CEBPA mutations. The series found 19 mutations and four
polymorphisms in 12 patients, seven of whom (58%)
presented two mutations. The overall frequency of CEBPA
mutations in AML was 8% (n=12). CEBPA mutations showed
no coincidence with FLT3-ITD or NPM1 mutations. CEBPA
mutation predicted better disease-free survival in the group of
patients without FLT3-ITD, NPM, or both genes mutated (HR
3.6, IC 95%; 1.0–13.2, p=0.05) and better overall survival in
patients younger than 65 of this group without molecular
markers (HR 4.0, IC 95%; 1.0–17.4, p=0.05). In conclusion,
the fragment analysis method based in PCR-CE is a rapid,
specific, and sensitive method for CEBPA mutation screening
and our results confirm that CEBPA mutations can identify a
subgroup of patients with favorable prognosis in AML with
intermediate-risk karyotype.
Keywords CEBPA . Mutations . Screening . Intermediate
risk . Acute myeloid leukemia

Introduction
Somatic-acquired mutations are frequently detected in
acute myeloid leukemia (AML). Besides their role in
pathogenesis, genetic alterations in AML are known to
be major determinants of the patient’s response to
therapy and its outcome. In fact, assessment of the
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presence of internal tandem duplications of the FLT3
receptor gene (FLT3-ITD) [1] and mutations in the
nucleophosmin gene (NPM1) [2] is currently a routine
practice in guiding therapeutic decisions in AML patients
with normal karyotype [3].
More recently, an increasing interest has been reported in
the CEBPA gene encoding the CCAAT/enhancer-binding
protein α (CEBPA), a leucine zipper transcription factor
involved in the balance between cell proliferation and
terminal differentiation. CEBPA consist of a 42-KDa
protein which presents in C-terminal a leucine zipper
domain (BZIP) mediating homo- or heterodimerization
and the DNA-binding domain able to interact with specific
DNA sequences; in N-terminal it presents the regulatory
and transactivating domains TAD1 and TAD2 [4]. The
main role of CEBPA protein in hematopoiesis is the
development of granulocytes and plays a pivotal role in
myeloid differentiation [5, 6]. CEBPA knockout mice
results in selective block in early granulocyte maturation
[7] and accumulation of myeloid blasts in the bone marrow
[8] suggesting that CEBPA inactivation plays a central role
in leukemogenesis.
CEBPA inactivation may take place by acquired
mutations which may occur along the entire coding
region. These mutations lead to increase translation of an
alternative 30-KDa form with dominant negative activity
on the full length 42-KDa protein when occur in N-terminal
while C-terminal mutations result in deficient DNA
binding and/or homodimerization activities [4, 9]. Mutations
in CEBPA occur between 5% and 14% of AML [10] and
seem to be associated with a good prognosis in AML
with intermediate-risk karyotype [11, 12], although recent
papers suggest that this favorable outcome could be
restricted to those patients harboring double CEBPA
mutations [13, 14]. CEBPA mutations screening has been
previously performed by different methods including
PCR single strand conformational polymorphism [15],
DHPLC [13], fragment analysis [16, 17], and sequencing
[11, 18–20], the most commonly used method which is
labor extensive, time consuming, and an expensive
procedure. AML with mutated CEBPA has been included
as a provisional entity in the 2008 World Health
Organization classification of leukemias [21] and a simple,
sensitive, and accurate method for detecting CEBPA
mutations is required in routine practice. However, the
GC-rich coding region of this gene makes it difficult to
develop a reliable method to detect CEBPA mutations
during diagnostic work-up of patients with AML.
We describe here a straightforward and reliable fragment
analysis method based in PCR capillary electrophoresis
(PCR-CE) for screening CEBPA mutations and the results
obtained in a cohort of 151AML adult patients with
intermediate-risk karyotype.

Materials and methods
Patients and treatment
The study included 151 adult patients (aged 16–80 years)
diagnosed with de novo AML with intermediate-risk
karyotype in five Spanish institutions (Hospital Universitario La Fe, Hospital Universitario Carlos Haya, Hospital
Universitario Dr Negrín, Hospital Universitario Ramón y
Cajal and Hospital Universitario 12 de Octubre) between
2002 and 2009. Patients were retrospectively selected
according to the availability of DNA and RNA. The
leukemia subtypes were established according to the
morphological and cytochemical criteria of the French–
American–British classification [22], the karyotyping was
performed according to standard cytogenetic methods and
cytogenetic risk stratification was established according to
the refined Medical Research Council (MRC) criteria [23]
(Table 1).
One hundred and thirty-two patients were treated with
intensive chemotherapy in which induction consisted of a
combination of anthracycline plus cytarabine with or
without etoposide following the PETHEMA LMA 99 and
2007 trials. Ninety-seven out of the 132 reached complete
remission after induction therapy, and 93 of those patients
presented follow-up available. The institutional ethics
committee for clinical research approved this study, and a
written informed consent in accordance with the recommendations of the Declaration of Human Rights, the
Conference of Helsinki, and institutional regulations was
obtained from all patients.
Samples
The CEBPA and FLT3-ITD mutation study was performed
on DNA and the NPM1 mutation study on cDNA obtained
from bone marrow samples collected at diagnosis. The
DNA was isolated using MagNA Pure LC large volume
DNA Isolation Kit (Roche, Mannheim, Germany) and
mRNA using MagNA Pure LC mRNA HS Kit (Roche)
using the automatic MagNA Pure LC System (Roche
Molecular Biochemicals, Indianapolis, IN). For cDNA
synthesis, 6 μL of mRNA were reverse-transcribed in a
25 μL reaction volume using random hexamer primers with
the TaqMan Gold reverse transcription–polymerase chain
reaction Kit (PE Applied Biosystems, Foster City, CA,
USA) following the manufacturer’s protocol.
Molecular analyses
The functional domains of CEBPA gene (Gene Bank
Accession U34070) were amplified by PCR with forward
primers 5′ end-labeled with carboxyfluorescein (FAM). The
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Table 1 Clinical characteristics of intermediate-risk karyotype AML
patients
Characteristics
Median (range)
Sex
Male
Female
Age, years
Younger than 65
65 and older
FAB
M0
M1
M2

77 (51)
74 (49)
56 (16–80)
112 (74)
39 (26)
14 (9)
28 (19)
38 (25)

M4
M5
M6
M7
Missing data
Karyotype
Normal
Alterations
+8
t(6; 9)
t(9; 11)
Complex (<4 alterations)
Othersa

18 (12)
21 (14)
7 (5)
2 (1)
23 (15)
109 (72)
42 (28)
9 (21)
3 (7)
2 (5)
3 (7)
25 (60)

Molecular markers
FLT3-ITD+/NPM1FLT3-ITD-/NPM1+
FLT3-ITD+/NPM1+
FLT3-ITD-/NPM1White blood cell count, ×109/L
Platelet count, ×109/L
Hemoglobin, g/dL
Peripheral blast cell count, %

No. (%)

triphosphates (dNTPs), 2 mM MgCl2, 1.5 U Taq Expand
High Fidelity (Roche, Mannheim, Germany) and 7%
dimethyl sulfoxide (DMSO) for the TAD1 and BZIP
fragments, and 0.5 μM of each primer, 0.25 mM dNTPs,
1.5 mM MgSO4, 1× Pfx Amp Buffer, 1× PCR Enhancer
Solution, 2 U Platinum Taq DNA Polymerase (Invitrogen,
Carlsbad, CA, USA) and 10% DMSO for the TAD2 fragment.
The PCR program consisted of an initial denaturation at
95°C for 3 min followed by 35 cycles of denaturation at
95°C for 1 min, annealing at 55°C for 40 s and extension at
72°C for 1 min. A final step of 94°C for 30 s and 60°C for
45 min was performed. Afterwards, 2 μL of PCR products
was mixed with 12 μL formamide and 0.5 μL ROX500
internal size standard. The mixtures were heated to 94°C
for 5 min and then electrophoresed on an ABI PRISM 3130
Genetic Analyzer. The results were analyzed using the
GeneMapper software (Applied Biosystems).
The results were confirmed by sequence analysis using
ABI PRISM terminator cycle sequencing kit v1.1 (Applied
Biosystems) on the ABI PRISM 3130 Genetic Analyzer.
To assess the lower detection limit of the capillary
electrophoresis, we made serial dilutions of mutant samples
with normal DNA, and the percentage of mutant was calculated
as the area of the mutant peak with respect to the total area
(mutant plus wild-type peaks).
The studies of FLT3-ITD and NPM1 mutations were
performed according to the methods of Thiede et al. [1] and
Schnittger et al. [24], respectively.
Sequencing of PCR products

10 (7)
27 (18)
17 (11)
97 (64)
8 (1–342)
67 (3–336)
9 (4–17)
52 (2–100)

FAB French–American–British classification
a

Comprises other cytogenetic alterations included in the intermediate
prognostic group of the MRC classification with only one case each

primers used for transactivation domain 1 (TAD1) were F:
5′–TCGGCCGACTTCTACGAGGC–3′ and R: 5′–
CCCCGACGCGCTCGTACAGG–3′; for transactivation
domain 2 (TAD2) F: 5′–TACCTGGACGGCAGG
CTGGA–3′ and R: 5′–TGCAGGTGCATGGTGGTCT–3′;
and for the basic and leucine zipper region (BZIP) F: 5′–
AGAAGTCGGTGGACAAGAACAGCAA–3′ and R: 5′–
AGTTGCCCATGGCCTTGA–3′.
Forty nanograms of DNAwas amplified in a 25-μL reaction
containing 0.5 μM of each primer, 0.25 mM deoxynucleotide

To confirm the variations detected by capillary electrophoresis, we performed PCR of the fragments using the same
primers but without fluorescence. The PCR products were
mixed with ExoSap-IT (USB Corporation, Cleveland, OH,
USA) to remove the remaining primers and sequenced
bidirectionally with forward and reverse primers using ABI
PRISM terminator cycle sequencing kit v1.1 (Applied
Biosystems) on the ABI PRISM 3130 Genetic Analyzer
(Applied Biosystems).
Statistical analysis
The association between the presence of CEBPA mutations
and patient characteristics was performed with the Mann–
Whitney test for continuous variables and with χ2 or
Fisher’s exact test for qualitative variables.
A Kaplan–Meier analysis was used to estimate the
distributions of disease-free survival (DFS) and overall
survival (OS) [25]; the differences between the two survival
distributions were analyzed using the log-rank test [26].
Multivariate analysis was performed using the Cox proportional hazards regression model [27].
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Fig. 1 Fragment analysis method based in capillary electrophoresis
for CEBPA detection. Dark peaks correspond to the CEBPA
fragment detection and clear peaks correspond to the marker size

standard. a Wild-type patient showing the amplicon size expected.
b Mutated patient showing 3 bp additional to the wild-type

OS was estimated from the date of diagnosis, while DFS
was estimated from the date of complete remission (CR).
The endpoints for OS were death (failure) and alive at last
follow-up (censored). For DFS, the endpoints were relapse
(failure) or death in CR (failure), whichever occurred first,
and alive at last follow-up (censored). Patient follow-up
was updated on June 30, 2010. All tests were two-sided and
a p value≤0.05 was considered significant. Computations
were performed using the SPSS v12.0 statistical package
(Chicago, IL).

wild type in one or more CEBPA fragments, suggesting the
presence of genetic variations (Fig. 1b). Sequencing
confirmed seven TAD1 mutations, 11 BZIP mutations,
and four TAD2 polymorphisms. These findings indicate
that capillary electrophoresis detected 18 mutations in 11
patients. The TAD1 mutations consisted of duplications or
insertions/deletions generating a truncated protein, the
BZIP mutations included mostly in-frame duplications or
in-frame insertions/deletions, and the variation detected in
TAD2 fragment was the polymorphism c.1175_1180dup
acccgc (Table 2).
All samples were sequenced in parallel with the capillary
electrophoresis. Direct sequencing confirmed all CEBPA
mutations detected by capillary electrophoresis and showed
an additional point mutation (c.1583T>G) in the BZIP
domain in a patient with a TAD2 polymorphism. In the
remaining patients, no additional mutations were detected.
Therefore, the series demonstrated a total of 19 mutations in
12 patients. All these mutations were detected with a lower
detection limit in capillary electrophoresis of 5% for TAD1,
1% for TAD2, and 2% for BZIP.

Results
Fragment analysis screening and characterization of CEBPA
mutations
From 151 patients screened for CEBPA mutations by
capillary electrophoresis, 138 showed a single peak in the
electropherogram, corresponding to the wild-type allele
(Fig. 1a). Thirteen patients presented peaks additional to the
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Table 2 CEBPA mutations detected in AML with intermediate-risk karyotype
UPN TAD1
Nucleotide change

TAD2
Amino acid change Nucleotide change

1
2
3
4
5

BZIP
Amino acid change Nucleotide change

c.1175_1180dup(6 pb) P194_H195dup
c.1175_1180dup(6 pb) P194_H195dup

6
7
8
9

c.652_653dup(2 pb) S21fsX160
c.779_782dup(3 pb) I68fsX108
c.838del(1 pb)
Q83fsX159
c.790_791dup(2 pb) I68fsX160

10
11
12
13

c.858 del(1 pb)
c.698del(1 pb)
c.868del(1 pb)

K90fsX159
G36fsX159
A93fsX158

c.1175_1180dup(6 pb) P194_H195dup

Amino acid change

c.1499_1516dup(18 pb)
c.1525_1527dup(3 pb)
c.1583 T>G
c.1525_1527dup(3 pb)
c.1532dup T

A303_V308dup
Q312dup
L331R
Q312dup
L315fsX320

c.1525_1527del(3 pb)
c.1520_1521ins(3 pb)
c.1518_1553dup(36 pb)
c.1497_1538dup(42 pb)
c.1538_1539ins(3 pb)
c.1500_1501ins(3 pb)
c.1507_1530dup (24 pb)
c.1528_1530dup(3 pb)

Q312fsX358
T310_Q311insL
E309_D320dup
A303_L315dup
L315_E316insDR
A303_K304insF
R306_K313dup
K313dup

c.1175_1180dup(6 pb) P194_H195dup

AML acute myeloid leukemia, UPN unique patient number, TAD1 transactivation domain 1, TAD2 transactivation domain 2, BZIP leucine zipper domain

Incidence of CEBPA mutations and relationship
with molecular markers and clinical characteristics
The 12 patients with CEBPA mutations in some of the
fragments represented an overall incidence of 8% of the
AML patients with intermediate-risk karyotype. Seven of 12
patients (58%) had two mutations, combining TAD1 and
BZIP mutations, and the remaining five patients (42%) had a
single mutation in the BZIP domain.
Twenty-eight patients (19%) harbored FLT3-ITD, 44
(29%) NPM1 mutations and 55 (36%) patients had at least
one mutation in NPM1 or FLT3-ITD. The presence of
CEBPA mutations showed no coincidence with the presence
of NPM1 or FLT3-ITD. We did not find an association
between CEBPA mutations and age, sex, white blood cell
count or blast cell count.

Cox’s multivariate analysis showed that age (>65 years)
influenced OS (HR, 2.2, IC 95%; 1.1–4.4, p=0.02). In
patients younger than 65 years, the presence of CEBPA
mutations was the only independent favorable prognostic
factor for OS (HR 4.0, IC 95%; 1.0–17.4, p=0.05). For
DFS, CEBPA mutation was the only prognostic factor
identified (HR 3.6, IC 95%; 1.0–13.2, p=0.05).

Discussion
This study presents a reliable fragment analysis method
based in the PCR-CE for screening for CEBPA mutations

CEBPA mutations and disease outcome
CR was achieved in 74% of patients with AML intermediaterisk karyotype: 100% in those with mutated CEBPA and 72%
in those with no mutation (p=0.11).
With a median follow-up of 18 months (range, 1–
103 months), the OS and DFS at 2 years were 39% and 37%,
respectively. The OS of patients with mutated and nonmutated
CEBPA was 67% and 41%, respectively (p=0.07), while the
DFS was 65% and 39% (p=0.15). When the analysis of OS
and DFS was restricted to patients without FLT3-ITD and
NPM1 mutations, patients with CEBPA had a significantly
higher OS than those without the mutation (p=0.04) (Fig. 2)
and showed a trend to higher DFS (p=0.06).

Fig. 2 Kaplan–Meier curve for overall survival according to CEBPA
status in AML patients with intermediate-risk karyotype and without
FLT3-ITD and NPM1 mutations
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and confirms the good prognosis of AML intermediate-risk
karyotype patients with CEBPA mutations. Our data show
that the fragment analysis method reported here allows the
distinction of wild-type DNA from other DNA harboring
CEBPA mutations in the N-terminal TAD1 and TAD2
fragments and the C-terminal BZIP.
The method is specific and sensitive enough for CEBPA
mutation screening because no false positive or negative
results were found when nucleotide length variations were
considered. Taking into account point mutations, the
method had a specificity and sensitivity of 100% and 93%
(12/13), respectively. The only false negative detected was
a single nucleotide substitution c.1583T>G in a patient who
also had a TAD2 polymorphism. The low incidence of
nucleotide substitutions (0.7%), in line with that previously
reported in other series [16, 20], indicates that the
sensitivity of the method is adequate for CEBPA mutation
screening in the clinical laboratory.
The lower detection limit of the method described here (5%
for TAD1, 1% for TAD2, and 2% for BZIP mutations) is even
lower than that of nucleotide sequencing (20%), which is the
most commonly used method for CEBPA mutation detection
[9, 20]. Other relevant advantages of the fragment analysis
are rapidity and low cost. In contrast, nucleotide sequencing
is a time-consuming and expensive method, requiring
purification, two bidirectional sequencing reactions, and the
interpretation of the electropherogram.
Our study confirms that CEBPA mutations are clustered
around two major hotspots: the N-terminus including TAD1
and the region before TAD2, and the C-terminus comprising BZIP. In TAD2, however, the polymorphism
c.1175_1180dup acccgc was the only variation detected,
which indicates that mutations in this fragment are
uncommon [16, 20, 28, 29]. We have also confirmed that
frameshift mutations are preferentially clustered in the
TAD1 N-terminal while in-frame mutations are located
more frequently in the BZIP C-terminal fragments [13, 20].
Additional advantages of our method, compared with other
fragment analysis methods based in capillary electrophoresis, are the coverage of the area between TAD1 and TAD2
[17] where many mutations have been reported [16, 29] and
the requirement for fewer primer pairs, making it cheaper
and less time consuming [16].
The incidence of CEBPA mutations found in this study in
patients with intermediate-risk karyotype AML (8%) was
similar to that previously reported [13, 14, 20, 28],
increasing to 12% in the subgroup of patients without
FLT3-ITD and NPM1 mutations. The lack of association of
mutated CEBPA in patients harboring FLT3-ITD or NPM1
mutations makes the routine screening of CEBPA in these
particular patients unnecessary, as suggested by others [4,
13, 30].

The favorable outcome in the present study of patients
harboring CEBPA mutations, particularly those younger than
65 years, is in line with previous reports [11, 18, 20, 30]. We
were unable to demonstrate the distinct impacts of single and
double mutations of CEBPA in the outcomes, as has been
recently reported [13, 14], probably because of the relatively
low incidence of mutations and the limited sample size.
In conclusion, fragment analysis is a rapid, specific, and
sensitive method for CEBPA mutation screening. The
interest in implementing this technique in routine practice
lies in the favorable prognosis of patients with AMLharboring CEBPA mutations, especially in those with
normal or intermediate karyotype and without FLT3-ITD
and NPM1 mutations.
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