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1   |   INTRODUCTION

Adult acute myeloid leukemia (AML—OMIM #601626), in 
general, can be classified into several subgroups according 
to World Health Organization (WHO 2016 classification of 
hematologic cancers) (Arber et al., 2016) and the European 
LeukaemiaNet (ELN) (Döhner et al., 2017). A rare such en-
tity is hereditary AML due to germline-mutated CCAAT/
enhancer-binding protein-α (CEBPA—OMIM *116897) 

gene (Arber et al., 2016). Most of the families reported in 
the literature demonstrate an autosomal dominant pattern 
of inheritance, and patients are affected by the malignancy 
at a younger age than other AML entities (Owen et al., 
2008); according to Hackl et al. (2017), AML, in general, has 
a median age of onset of ~67 years while familial CEBPA-
mutated AML affects corresponding family members be-
tween 2 and 50 years (Tawana et al., 2017), as is typical for 
familial cancer syndromes (Rahner & Steinke, 2008).
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Abstract
Background: Familial cases of adult acute myeloid leukemia (AML) with 
germline-mutated CCAAT/enhancer-binding protein-α (CEBPA) gene are a rare 
entity classified in World Health Organization (WHO) classification 2016. Most 
families reported in the literature show an autosomal dominant inheritance pat-
tern consistent with a single-gene mutation.
Methods: Here we studied a Syrian family with four individuals suffering from 
AML for CEBPA gene mutations by Sanger sequencing.
Results: The father, his three affected, and one yet unaffected child had the same 
mutation in the N-terminal region of CEBPA (c.198dupC), resulting in termina-
tion at Tyr67Leufs*41. All affected family members had a good primary response 
to chemotherapy and achieved complete remission.
Conclusion: Overall, another AML family with CEBPA gene mutation is added 
to the literature, presenting with yet unreported FAB subtype M5 and absence of 
CD7 expression in some family members.
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CEBPA gene, located in 19q13.11 and having no in-
trons, encodes a transcription factor involved in hema-
topoiesis as it controls (among others) proliferation and 
differentiation of myeloid progenitor cells (Gao et al., 
2019). The encoded protein is homodimeric or heterod-
imeric with products of CEBPB (OMIM * 189965) and 
CEBPG genes (OMIM * 138972), and several isoforms of 
CEBPA protein are known (for more details, see https://
www.genec​ards.org/cgi-bin/cardd​isp.pl?gene=CEBPA). 
Mutations are most commonly found in the N-terminal 
part as frameshift or nonsense mutations (Owen et al., 
2008; Gao et al., 2019).

In sporadic and familial AML, the CEBPA gene is af-
fected by a single (CEBPAsm) or double (CEBPAdm) mu-
tations. In familial AML, these are typically one germline 
and an acquired one. However, CEBPA gene mutations are 
also observed in 10–15% of “common” AML cases, mostly 
in the context of a normal karyotype, and are associated 
with a favorable outcome (Pabst et al., 2001; Renneville 
et al., 2009; Green et al., 2010; Dufour et al., 2010). 
Interestingly, in families carrying CEBPA mutations, the 
germline mutation is predominantly N-terminal, whereas 
the acquired one is C-terminal (exceptions are, e.g., re-
ported in [Tawana et al., 2017]), suggesting a potential role 
in leukemia predisposition for the N-terminal mutations 
only (Carmichael et al., 2010). Such cases of “familial 
AML” bear considerable clinical similarities to sporadic 
AMLs with CEBPA mutations, but disease progression 
may differ significantly due to the persistence of germ-
line lesions postchemotherapy and the potential for com-
pletely new, independent episodes of the disease (Tawana 
et al., 2017).

Here, we report the clinical and biological features of 
four members of a Syrian family suffering from AML due 
to a germline mutation in the CEBPA gene.

2   |   MATERIAL AND METHODS

2.1  |  Editorial policies and ethical 
considerations

The father of the studied family agreed with the scien-
tific evaluation and the study was approved by the ethical 
committee of the Atomic Energy Commission, Damascus, 
Syria.

2.2  |  Clinical information

Here a nonconsanguineous Syrian family is reported: 
among the parents and their six children (four boys and 
two girls, see Figure 1), overall four are affected by AML. 

The father and three of his children were diagnosed with 
the malignancy, whereas the mother and the remaining 
of family members were unaffected and are yet clini-
cally healthy. Age of onset of AML was in the father (I-1) 
37 years, in son 1 (II-1) 8 years, son 2 (II-2) 2.8 years, and 
daughter 5 (II-5) 2.5 years.

The father was given standard treatment for AML in-
cluding 3 + 7 induction chemotherapy (Daunorubicin 
60  mg/m2 for 3  days and Cytarabine 200  mg/m2 for 
7  days), and his affected children were treated by 
ELAM02 induction chemotherapy (Aracytine 200 mg/m2 
for 5 days and Mithoxantrone 12 mg/m2 for 3 days). Bone 
marrow (BM) examination on day 20 postinduction was 
consistent with the achievement of complete remission 
(CR) for the father and his affected children. CR is still 
present for family members I-1 and II-5. Patient II-2 had 
one relapse which could be brought to CR again, whereas 
patient II-1 relapsed 7 years after diagnosis and died (see 
Table 1).

Interestingly, no CD7 expression was detectable for 
I-1 and II-2; also, family members showed different FAB 
subtypes during their causes of AML: The father (I-1) had 
FAB subtype M2, the eldest boy (II-1), and the youngest 
affected daughter had FAB subtype M5, whereas the sec-
ond boy (II-2) had FAB subtype M4.

2.3  |  Chromosome 
analysis and fluorescence in situ 
hybridization (FISH) analysis

Chromosome analysis using GTG-banding was performed 
on bone marrow (BM) samples prior to chemotherapy and 
postchemotherapy was performed according to standard 
protocols (Al-Achkar et al., 2007). Fluorescence in situ 
hybridization (FISH) using specific probes to detect trans-
locations t(8;21), t(15;17), t(16;16), t(12;21), and deletion 
del(13q) were applied chromosome preparations of BM 
samples prior to chemotherapy and postchemotherapy as 
previously reported (Al-Achkar et al., 2007).

F I G U R E  1   Pedigree of the reported family. Family members 
with asterisks are carriers of the familial CEBPA mutation
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2.4  |  Molecular genetic analysis

Genomic DNA was isolated from peripheral blood (PB) 
samples after chemotherapy using QIAamp DNA Blood 
Mini Kit (Qiagen GMBH, Hilden, Germany). Germline 
mutation analyses were done using next-generation se-
quencing (NGS) by panel diagnostics in all family mem-
bers apart from II-6, which was very young at the time 
of analyses; thus, no blood could be taken. The TrueSight 
Cancer panel (Illumina; FC-121–0202) was used.

3   |   RESULTS

Father (I-1) and his affected children (II-1, II-2, and II-5) 
had normal results after karyotyping of bone marrow cells 
(results not shown). Also FISH revealed no evidence of 
cryptic translocations t(8;21), t(15;17), t(16;16), t(12;21), 
and/or a deletion del(13q).

However, germline mutation analyses by NGS iden-
tified a CEBPA gene mutation NM_004364.5:c.198dupC, 
p.(Tyr67Leufs*41) (described according to HGMD) and 
according to ACMG a class 5 mutation—see also http://
ftp.ebi.ac.uk/pub/datab​ases/lrgex/​LRG_456.xml.

This mutation was present in all four affected family 
members, that is, I-1, II-1, II-2, and II-5, and besides also 
in the yet unaffected third son (II-3).

4   |   DISCUSSION

A new familial AML with four affected and a yet unaf-
fected member with the identical germline CEBPA mu-
tation is reported. Other unaffected family members did 
not have this mutation (I-2, II-4) or were not tested (II-6). 
The identified c.198dupC mutation has previously been 
observed in a single case of nonfamilial AML (according 
to the COSMIC database for somatic samples from he-
matopoietic and lymphoid tissue, COSV57200711)—see 
also Dufour et al. (2012). As outlined before, CEBPA mu-
tations can occur as acquired somatic and/or germline 
mutations (Gao et al., 2019). However, only 26 families 
with germline CEBPA mutations have been reported yet 
(reviewed in Brown et al., 2020). In systematically stud-
ied AML cases with normal karyotype, 8–13% of the cases 
had CEBPA gene mutations (Preudhomme et al., 2002; 
Pabst et al., 2008; Taskesen et al., 2011); among these, 
7–11% have CEBPA germline mutations (Pabst et al., 
2008; Taskesen et al., 2011). As the majority of the AML 
patients have two CEBPA mutations in trans, with both 
N-terminal and C-terminal frameshift mutations, this 
might also be suggested here for the reported family, even 
though it could not be verified. Even though no DNA was 
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available from the diseased bone marrow of the here 
presented family members, the fact that an N-terminal 
frameshift mutation was present here coincidences with 
other cases from the literature, for which such a germline 
mutation predisposes to acquire a somatic C-terminal 
CEBPA mutation on the other allele (Pabst et al., 2008; 
Tawana et al., 2015).

Also, another observation for the presented fam-
ily is in concordance with the literature: familial AML 
with mutated CEBPA gene is inherited in an autosomal 
dominant way and displays complete or near-complete 
penetrance for development of AML and disease onset 
between 2 and 50  years of age (Owen et al., 2008, 
Renneville et al., 2009, Tawana et al., 2015). As four of 
six children of the mutated CEBPA gene carrier I-1 have 
inherited the same CEBPA mutation, it is inherited in an 
autosomal dominant way; the penetrance is yet four in 
five gene carriers, suggesting close supervision of blood 
values of family member II-3 (the family had genetic 
counseling and II-3 is being monitored with complete 
blood counts every 6  months), while no special care is 
necessary for II-4, as he is not a carrier of familial CEBPA 
mutation. Also, CEBPA mutation screening is indicated 
of II-6 as soon as possible.

Normally, the clinic-pathologic features of familial 
CEBPA-mutated AML cases, similar to those of sporadic 
AMLs with the majority displaying a normal karyotype, 
include FAB subtypes M1, M2, and, less frequently, M4 
(with Auer rods seen in PB or BM blasts), and aberrant 
CD7 expression on blasts (Tawana et al., 2015). Thus, it is 
striking that here in overall four diseased family members, 
three different FAB subtypes were observed: the expected 
subtypes M2 and M4 (one time, each) and the yet in this 
familial AML-type unreported subtype M5—being pres-
ent in father I-1 and daughter (II-5). Also, the normally 
in AML with mutated CEBPA gene present CD7 expres-
sion was not detectable in family members I-1 and II-1; 
the underlying mechanisms for both phenomena are yet 
not understood. Nonetheless and irrespective of the FAB 
subtype, the clinical outcome was comparatively positive 
in the reported family. This is also in concordance with 
literature data; here a favorable prognosis with an over-
all survival rate of 50–65% compared with 25–40% in nor-
mal karyotype AML without germline CEBPA mutation 
is given (Preudhomme et al., 2002; Fröhling et al., 2004; 
Bienz et al., 2005; Marcucci et al., 2008).

In conclusion, we describe here a novel case of a fa-
milial AML with four affected members and five of which 
had a germline mutation c.198dupC CEBPA being never 
observed in familial AML cases before. This family pres-
ents in individual I-1 a new clinical feature such as FAB 
subtype 5 without CD7 expression but still had a favorable 
outcome in all but one family member.
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