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1 | INTRODUCTION

Abstract

Background: Familial cases of adult acute myeloid leukemia (AML) with
germline-mutated CCAAT/enhancer-binding protein-o (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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gene (Arber et al., 2016). Most of the families reported in

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) (Dohner et al., 2017). A rare such en-
tity is hereditary AML due to germline-mutated CCAAT/
enhancer-binding protein-a (CEBPA—OMIM *116897)

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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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.genecards.org/cgi-bin/carddisp.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
etal., 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/m* for 3 days and Cytarabine 200 mg/m* for
7 days), and his affected children were treated by
ELAMO2 induction chemotherapy (Aracytine 200 mg/m?
for 5 days and Mithoxantrone 12 mg/m? 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 1I-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).

not

1’1’ tested
1 2 3 4 5 6

FIGURE 1 Pedigree of the reported family. Family members
with asterisks are carriers of the familial CEBPA mutation
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TABLE 1 (Continued)

I-2

Splenomegaly (4 cm), several

Fever (39.5°C), vomiting, green

Relapse parameters

Medicine

‘WAFA ET AL.

lymphadenopathies (left

diarrhea, abdominal pain,

submandibular 0.5 x 0.5 cm),

leukopenia (WBC 0.4 x 10°/L),

leukopenia (WBC 2.2 x 10°/L),
anemia (HgB 8.4 g/dL),

anemia (HgB 9.2 g/dL),

thrombocytopenia (PIt 11x 10°/L)

thrombocytopenia (Pt 16x 10°/L),
LDH 533 U/L

13+

79+

89+
Yes

87+

OS (months)
Death

n.a.

n.a.

n.a.

April 2020
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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/databases/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 (I1I-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 I1-4, 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; Frohling 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.

Molecular Genetics & Genomic Medicine_wl LEYJS_0f6

Open Access,

ACKNOWLEDGMENTS
We thank Prof. I. Othman, the Director General of
Atomic Energy Commission of Syria (AECS), and Dr.
N. Mirali, Head of Molecular Biology and Biotechnology
Department, for their support.

CONFLICT OF INTERESTS
The authors declare that they have no competing interests.

AUTHOR CONTRIBUTIONS

AW, SA, and WA performed banding cytogenetics and
provided the clinical data; BA also provided clinical data
and chemotherapy plan; AW, FA, and TL performed the
molecular cytogenetic analyses; KM did molecular genetic
analyses; AA performed immunophenotyping. AW and
TL drafted the paper and all authors worked on the final
version of the paper. All authors read and approved the
final manuscript.

CONSENT FOR PUBLICATION

Written informed consent was obtained from the patient's
brother for publication of this case report and accompany-
ing images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.

DATA AVAILABILITY STATEMENT
All data necessary to understand the results and conclu-
sions are provided in this article.

ORCID
Thomas Liehr (© https://orcid.org/0000-0003-1672-3054
REFERENCES

Al-Achkar, W., Wafa, A., & Nweder, M. S. (2007). A complex trans-
location t(5;9;22) in Philadelphia cells involving the short arm
of chromosome 5 in a case of chronic myelogenous leukemia.
Journal of Experimental Clinical Cancer Research, 26, 411-415.

Arber, D. A., Orazi, A., Hasserjian, R., Thiele, J., Borowitz, M. J., Le
Beau, M. M., Bloomfield, C. D., Cazzola, M., & Vardiman, J. W.
(2016). The 2016 revision to the World Health Organization
classification of myeloid neoplasms and acute leukemia. Blood,
127, 2391-2405. https://doi.org/10.1182/blood-2016-03-643544

Bienz, M., Ludwig, M., Leibundgut, E. O., Mueller, B. U., Ratschiller,
D., Solenthaler, M., Fey, M. F., & Pabst, T. (2005). Risk assess-
ment in patients with acute myeloid leukemia and a normal
karyotype. Clinical Cancer Research, 11,1416-1424. https://doi.
0rg/10.1158/1078-0432.CCR-04-1552

Brown, A. L., Hahn, C. N., & Scott, H. S. (2020). Secondary leuke-
mia in patients with germline transcription factor mutations
(RUNX1, GATA2, CEBPA). Blood, 136, 24-35. https://doi.
org/10.1182/blood.2019000937

Carmichael, C. L., Wilkins, E. J., Bengtsson, H., Horwitz, M. S.,
Speed, T. P, Vincent, P. C., Young, G., Hahn, C. N., Escher,
R., & Scott, H. S. (2010). Poor prognosis in familial acute my-
eloid leukaemia with combined biallelic CEBPA mutations


https://orcid.org/0000-0003-1672-3054
https://orcid.org/0000-0003-1672-3054
https://doi.org/10.1182/blood-2016-03-643544
https://doi.org/10.1158/1078-0432.CCR-04-1552
https://doi.org/10.1158/1078-0432.CCR-04-1552
https://doi.org/10.1182/blood.2019000937
https://doi.org/10.1182/blood.2019000937

60f6 Wl LEy_Molecular Genetics & Genomic Medicine

‘WAFA ET AL.

Open Access,

and downstream events affecting the ATM, FLT3 and CDX2
genes. British Journal of Haematology, 150, 382-385. https://
doi.org/10.1111/j.1365-2141.2010.08204.x

Dohner, H., Estey, E., Grimwade, D., Amadori, S., Appelbaum, F.
R., Biichner, T., Dombret, H., Ebert, B. L., Fenaux, P., Larson,
R. A, Levine, R. L., Lo-Coco, F., Naoe, T., Niederwieser, D.,
Ossenkoppele, G. J., Sanz, M., Sierra, J., Tallman, M. S., Tien,
H. F,, ... Bloomfield, C. D. (2017). Diagnosis and management
of AML in adults: 2017 ELN recommendations from an in-
ternational expert panel. Blood, 129, 424-447. https://doi.
org/10.1182/blood-2016-08-733196

Dufour, A., Schneider, F., Metzeler, K. H., Hoster, E., Schneider,
S., Zellmeier, E., Benthaus, T., Sauerland, M. C., Berdel, W.
E., Biichner, T., Wormann, B., Braess, J., Hiddemann, W.,
Bohlander, S. K., & Spiekermann, K. (2010). Acute myeloid
leukemia with biallelic CEBPA gene mutations and normal
karyotype represents a distinct genetic entity associated with
a favorable clinical outcome. Journal of Clinical Oncology, 28,
570-577. https://doi.org/10.1200/JC0.2008.21.6010

Frohling, S., Schlenk, R. F., Stolze, 1., Bihlmayr, J., Benner, A.,
Kreitmeier, S., Tobis, K., Dohner, H., & Dohner, K. (2004).
CEBPA mutations in younger adults with acute myeloid leuke-
mia and normal cytogenetics: Prognostic relevance and analy-
sis of cooperating mutations. Journal of Clinical Oncology, 22,
624-633. https://doi.org/10.1200/JC0.2004.06.060

Gao, J., Gong, S., & Chen, Y. H. (2019). Myeloid neoplasm with ger-
mline predisposition: A 2016 update for pathologists. Archives
of Pathology and Laboratory Medicine, 143, 13-22. https://doi.
org/10.5858/arpa.2017-0194-RA

Green, C. L., Koo, K. K., Hills, R. K., Burnett, A. K., Linch, D. C.,
& Gale, R. E. (2010). Prognostic significance of CEBPA mu-
tations in a large cohort of younger adult patients with acute
myeloid leukemia: Impact of double CEBPA mutations and
the interaction with FLT3 and NPM1 mutations. Journal of
Clinical Oncology, 28, 2739-2747. https://doi.org/10.1200/
JC0.2009.26.2501

Hackl, H., Astanina, K., & Wieser, R. (2017). Molecular and genetic
alterations associated with therapy resistance and relapse of
acute myeloid leukemia. Journal of Hematology and Oncology,
10, 51. https://doi.org/10.1186/s13045-017-0416-0

Marcucci, G., Maharry, K., Radmacher, M. D., Mroézek, K.,
Vukosavljevic, T., Paschka, P., Whitman, S. P., Langer, C.,
Baldus, C. D., Liu, C. G., Ruppert, A. S., Powell, B. L., Carroll,
A.J., Caligiuri, M. A., Kolitz, J. E., Larson, R. A., & Bloomfield,
C. D. (2008). Prognostic significance of, and gene and mi-
croRNA expression signatures associated with, CEBPA muta-
tions in cytogenetically normal acute myeloid leukemia with
high-risk molecular features: A Cancer and Leukemia Group B
Study. Journal of Clinical Oncology, 26, 5078-5087. https://doi.
0rg/10.1200/JC0.2008.17.5554

Owen, C., Barnett, M., & Fitzgibbon, J. (2008). Familial my-
elodysplasia and acute myeloid leukaemia - A review.
British Journal of Haematology, 140, 123-130. https://doi.
0rg/10.1111/j.1365-2141.2007.06909.x

Pabst, T., Eyholzer, M., Haefliger, S., Schardt, J., & Mueller, B. U.
(2008). Somatic CEBPA mutations are a frequent second event

in families with germline CEBPA mutations and familial acute
myeloid leukemia. Journal of Clinical Oncology, 26, 5088-5093.
https://doi.org/10.1200/JC0.2008.16.5563

Pabst, T., Mueller, B. U., Zhang, P., Radomska, H. S., Narravula, S.,
Schnittger, S., Behre, G., Hiddemann, W., & Tenen, D. G. (2001).
Dominant-negative mutations of CEBPA, encoding CCAAT/
enhancer binding protein-alpha (C/EBPalpha), in acute my-
eloid leukemia. Nature Genetics, 27, 263-270. https://doi.
org/10.1038/85820

Preudhomme, C., Sagot, C., Boissel, N., Cayuela, J.-M., Tigaud, I., de
Botton, S., Thomas, X., Raffoux, E., Lamandin, C., Castaigne,
S., Fenaux, P., & Dombret, H., & ALFA Group (2002). Favorable
prognostic significance of CEBPA mutations in patients with de
novo acute myeloid leukemia: a study from the Acute Leukemia
French Association (ALFA). Blood, 100, 2717-2723. https://doi.
org/10.1182/blood-2002-03-0990

Rahner, N., & Steinke, V. (2008). Hereditary cancer syndromes.
Deutsches Arzteblatt International, 105, 706-714. https://doi.
org/10.3238/arztebl.2008.0706

Renneville, A., Mialou, V., Philippe, N., Kagialis-Girard, S., Biggio,
V., Zabot, M. T., Thomas, X., Bertrand, Y., & Preudhomme, C.
(2009). Another pedigree with familial acute myeloid leukemia
and germline CEBPA mutation. Leukemia, 23, 804-806. https://
doi.org/10.1038/leu.2008.294

Taskesen, E., Bullinger, L., Corbacioglu, A., Sanders, M. A., Erpelinck,
C. A. J., Wouters, B. J., van der Poel-van de Luytgaarde, S. C.,
Damm, F., Krauter, J., Ganser, A., Schlenk, R. F., Lowenberg,
B., Delwel, R., Dohner, H., Valk, P. J. M., & Déhner, K. (2011).
Prognostic impact, concurrent genetic mutations., and gene
expression features of AML with CEBPA mutations in a co-
hort of 1182 cytogenetically normal AML patients: further ev-
idence for CEBPA double mutant AML as a distinctive disease
entity. Blood, 117, 2469-2475. https://doi.org/10.1182/blood
-2010-09-307280

Tawana, K., Rio-Machin, A., Preudhomme, C., & Fitzgibbon, J.
(2017). Familial CEBPA-mutated acute myeloid leukemia.
Seminares of Hematology, 54, 87-93. https://doi.org/10.1053/j.
seminhematol.2017.04.001

Tawana, K., Wang, J., Renneville, A., Bodor, C., Hills, R., Loveday, C.,
Savic, A., Van Delft, F. W., Treleaven, J., Georgiades, P., Uglow,
E., Asou, N., Uike, N., Debeljak, M., Jazbec, J., Ancliff, P., Gale,
R., Thomas, X., Mialou, V., ... Fitzgibbon, J. (2015). Disease evo-
lution and outcomes in familial AML with germline CEBPA
mutations. Blood, 126, 1214-1223. https://doi.org/10.1182/
blood-2015-05-647172

How to cite this article: Wafa, A., Ali, B., Moassass,
F., Kheder, M., Aljapawe, A., Al-Halabi, B., Mrasek,
K., Liehr, T., & Al-Achkar, W. (2022). Acute myeloid
leukemia due to germline CEBPA mutation in a
Syrian family. Molecular Genetics & Genomic
Medicine, 10, €1854. https://doi.org/10.1002/

mgg3.1854



https://doi.org/10.1111/j.1365-2141.2010.08204.x
https://doi.org/10.1111/j.1365-2141.2010.08204.x
https://doi.org/10.1182/blood-2016-08-733196
https://doi.org/10.1182/blood-2016-08-733196
https://doi.org/10.1200/JCO.2008.21.6010
https://doi.org/10.1200/JCO.2004.06.060
https://doi.org/10.5858/arpa.2017-0194-RA
https://doi.org/10.5858/arpa.2017-0194-RA
https://doi.org/10.1200/JCO.2009.26.2501
https://doi.org/10.1200/JCO.2009.26.2501
https://doi.org/10.1186/s13045-017-0416-0
https://doi.org/10.1200/JCO.2008.17.5554
https://doi.org/10.1200/JCO.2008.17.5554
https://doi.org/10.1111/j.1365-2141.2007.06909.x
https://doi.org/10.1111/j.1365-2141.2007.06909.x
https://doi.org/10.1200/JCO.2008.16.5563
https://doi.org/10.1038/85820
https://doi.org/10.1038/85820
https://doi.org/10.1182/blood-2002-03-0990
https://doi.org/10.1182/blood-2002-03-0990
https://doi.org/10.3238/arztebl.2008.0706
https://doi.org/10.3238/arztebl.2008.0706
https://doi.org/10.1038/leu.2008.294
https://doi.org/10.1038/leu.2008.294
https://doi.org/10.1182/blood-2010-09-307280
https://doi.org/10.1182/blood-2010-09-307280
https://doi.org/10.1053/j.seminhematol.2017.04.001
https://doi.org/10.1053/j.seminhematol.2017.04.001
https://doi.org/10.1182/blood-2015-05-647172
https://doi.org/10.1182/blood-2015-05-647172
https://doi.org/10.1002/mgg3.1854
https://doi.org/10.1002/mgg3.1854

