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Germline CEBPA mutations in Korean patients with acute myeloid leukemia R

To the Editor,

CCAAT/enhancer binding protein alpha (CEBPA) mutations occur in
7.5%-12.8% of de novo acute myeloid leukemia (AML) [1-4]. Two
types of mutations are possible: an N-terminal frame-shift mutation
causing a 42-kDa isoform truncation and 30-kDa isoform over-
production and a C-terminal in-frame mutation in the basic leucine
zipper (bZIP) region disrupting the DNA binding and dimerization of
CEBPA [5]. CEBPA double mutations (CEBPAdm) usually contain an N-
terminal and a C-terminal mutation, which is now known to be a fa-
vorable prognostic factor [3]. The majority of mutations are somatic,
while 7%-11% are germline mutations that have recently been in-
cluded in the World Health Organization (WHO) classification as the
subgroup ‘Acute myeloid leukemia with germline CEBPA mutation'
[1,3,6,71.

Herein, we evaluated CEBPA mutations in 851 patients diagnosed
with de novo AML at Seoul St. Mary’s Hospital in Seoul from January
2014 to June 2017. The median age of the patients was 49 years
(range 0-87) and the male to female ratio was 1.2. Detail demo-
graphics and diagnosis of the patients are provided in the supple-
mentary Table S1 based on the 2008 WHO classification. The CEBPA
mutations were analyzed by Sanger sequencing using initial bone
marrow aspirates. Two primer pairs were used to cover the whole
single exon CEBPA gene: for PP1 (576 bp), 5-TCGCCATGCCGGGAG
AACTCTAAC-3’ and 5-CTGGTAAGGGAAGAGGCCGGCCAG-3’; for
PP2 (703 bp), 5-CCGCTGGTGATCAAGCAGGA-3’ and 5-CACGGTCT
GGGCAAGCCTCGAGAT-3’. Evaluation of obtained sequences was
described based on GenBank Accession No. NM_004364.4. This study
was approved by the Institutional Review Board of The Catholic
University of Korea.

CEBPA mutations were detected in 94 patients (11.0%), 34 of
which (36.2%) were CEBPA single mutations (CEBPAsm) and 60
(63.8%) were CEBPAdm, including 2 cases with triple mutations
(Fig. 1). Among patients with CEBPAsm, 18 (52.9%) had an N-term-
inal mutation and 16 (47.1%) had a C-terminal mutation. Of 60 pa-
tients with CEBPAdm, most (n = 56, 93.3%) had both N- and C-
terminal mutations, except one (1.7%) with 2 C-terminal mutations
and three (5.0%) with homozygous mutations. By Sanger sequencing
of buccal mucosa specimens and/or bone marrow aspirates in com-
plete remission from the 94 patients with CEPBAmutations, we
identified four patients with germline mutations (4.3%; according to
Reviewer 2’s opinion Table 1 and Supplementary Fig S1-4). Two
patients (cases 1 and 3) carried germline N-terminal frameshift mu-
tations, and one had an additional somatic C-terminal in-frame mu-
tation (case 3). The other 2 patients (cases 2 and 4) carried germline
C-terminal mutations, and one (case 4) had an additional somatic N-
terminal frameshift mutation. The age of onset of AML in patients
with germline CEBPA mutations was significantly lower than that in
patients with somatic mutations (median; 15.5 years (range, 11-35)
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vs. 46 years (range, 3-80), P = 0.010, Mann-Whitney U test using
IBM SPSS Statistics 24). This finding is consistent with results from a
previous study demonstrating that germline CEBPA mutations are
typically found in children or young adults with AML [8]. It is known
that the germline N-terminal mutations are frame-shift mutations and
cause familial AML with near complete penetrance [1,4,9]. On the
other hand, the reported germline C-terminal mutations are mostly
in-frame missense mutations, including a large family showing 46%
penetrance and 3 patients without family history [3,10]. One case of
germline C-terminal frame-shift mutation without family history has
been reported [11]. It is interesting that we identified a patient
(case 2) with a novel frame-shift C-terminal CEBPA mutation
(€.994_998dup, p.Glu334Alafs*90) with a history of familial AML.
The patient’s mother had AML and is now disease-free after hema-
topoietic stem cell transplantation (HSCT). Case 2 carried an NPM1
mutation, which is also included in WHO classification. In addition,
we performed high-throughput sequencing, fragment analysis, and
Sanger sequencing and identified additional somatic mutations in
WTI1 (n = 2), FLT3 (n = 2), GATA2, NPM1, TET2, PTPN11, and KIT
genes. We detected an FLT3 internal tandem duplication in 2 patients;
however, the mutant burden was low (10.0% and 5.5%). It is known
that secondary mutations in patients with germline CEBPA mutation
are similar to those observed in sporadic CEBPAdm AML. Additional
somatic CEBPA mutations were found in most patients, and GATAZ,
WT1, EZH2, TET2, and NRAS mutations frequently occurred in those
patients [8]. Although studies are currently limited, our study com-
bined with previous data revealed convergence on secondary muta-
tions such as CEBPA, GATA2, and WT1. Further studies are needed to
scrutinize the association of later mutations and familial leukemo-
genesis.

To our knowledge, the prognosis of germline CEBPA mutations is
superior to that of somatic CEBPA mutations. We cannot generalize
these findings to all germline mutations since a previous study was
limited to CEBPAdm patients with germline N-terminal and somatic
C-terminal mutations [8]. Allogeneic hematopoietic stem cell trans-
plantation (HSCT) following salvage therapy is suggested to mitigate
the risk of recurrence, because over 50% of familial patients develop
AML recurrence, often occurring as a late event [12]. In this study, 2
patients received HSCT from a family member and have been disease-
free for 17 and 10 months. A patient with CEBPAdm achieved com-
plete remission after chemotherapy and has maintained a stable he-
matologic condition for 4 years. A patient with N-terminal CEBPAsm
failed induction therapy three times and expired 5 months after di-
agnosis due to complications from infection. Until now, there was no
recurrence among the above patients.

In this study, we demonstrated a new germline C-terminal frame-
shift mutation in a familial AML patient, indicating the need for further
establishment of the characteristics and significance of AML with
germline CEBPA mutation in a large number of cases. Also, it is


http://www.sciencedirect.com/science/journal/01452126
https://www.elsevier.com/locate/leukres
https://doi.org/10.1016/j.leukres.2018.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_004364.4
https://doi.org/10.1016/j.leukres.2018.12.003
https://doi.org/10.1016/j.leukres.2018.12.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.leukres.2018.12.003&domain=pdf

Letter to the editor

Leukemia Research 76 (2019) 84-86

c:"h’« & o &
&K 0\'3\ bRS y\'b
ox N Vo
& & &S
%
paz & > p30 @
#1 #3 r #| |#2
TAD1 TAD2 bZIP
1 120 278

| o | EEEER | N | || A [ ] on 2 .

n ] EEE [ J £ 35

] u A A ® 2@

u A m s®
EEEEEEECEEEN ehe
EEEEEEEEEER h

EE N B EEDR

EENE_, EEHN 2

EEE E H s 9

- n 2 S

EN ] S &

HE ] -

HE |

[ ] ]

| |
ot Ot O Ot ox0t
00
[ N
A
[ N J g o
oo 58
o0 §c
o0 Y
o0 N
[ N
[ N ]
[ N
[ N
[ N
[ N
[ N ]
[ N ]
[

Somatic :

M Frameshift A Nonsense Missense ® Inframe PS

Germline :

M * Frameshift * Missense P

[ J
[
h, homozygous mutation; t, cases with three mutations [ ]
[
[
Fig. 1. Locations of 4 germline and 149 somatic CEBPA mutations in 68 Korean AML patients.
Table 1
Characteristics of the 4 AML Patients with germline CEBPA mutation.
Case Age Initial CEBPA mutations Family  Other accompanied gene Current status
No. /Sex Diagnosis history  somatic mutation
N-terminal C-terminal
1 35/F AML with maturation Germline c.68del None None WT1 (¢.1138_1139in.) PTPN11 Expired 5 months after diagnosis in a
(p.Pro23Argfs*137) (c.227A > G) refractory state
2 17/F AML with MRC None Germline ¢.994_.998dup Mother NPM1 (c.860_863dup) TET2 Alive with no disease for 17 months after
(p.Glu334Alafs*90) (AML) (c.4075C > T) FLT3-ITD HSCT from sibling
(mutant: 10.0%) (Diagnosed 22 months ago)
3 14/F AML without Germline ¢.198dup Somatic ¢.934_936dup None None Continuous complete remission for 4
maturation (p.Tyr67Leufs*41) years
(Diagnosed 4 years 2 months ago)
4 11/F AML without Somatic ¢.97_112del Germline ¢.971T > G  None WT1 (c.1221_1222insC) GATA2 Alive with no disease for 10 months after

maturation

(p.Leu324Arg)

(c.953C > T) KIT (c.1914G > C) HSCT from mother
FLT3-ITD (mutant: 5.5%) (Diagnosed 14 months ago)

AML: acute myeloid leukemia; MRC: myelodysplasia-related changes; ITD: internal tandem duplication; HSCT: hematopoietic stem cell transplantation.
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important to recognize the presence of familial mutations when pre-
paring HSCT from a related donor. Identification of germline CEBPA
mutation should be continued because we have yet to determine the
prognostic significance, especially for germline CEBPAsm and/or
germline C-terminal CEBPA mutation.
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Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.leukres.2018.12.003.
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