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Prevalence of germline predisposition gene mutations in pediatric acute myeloid leukemia: Genetic
background of pediatric AML

Dear Editor,

Acute myeloid leukemia (AML) is a heterogeneous hematopoietic
stem cell disorder of which development is either acquired and/or in-
herited. In adults, AML has been regarded as an acquired disease [1],
while infantile leukemia and familial leukemia elucidated a role of
genetic predisposition to leukemia. The importance of germline pre-
disposition in myeloid malignancy is being more and more emphasized
due to its clinical significance; different clinical management, genetic
counseling for family members and hematopoietic stem cell donor se-
lection. The family members are recommended to take genetic coun-
seling and may benefit from the early and regular surveillance [2,3].
Recent studies demonstrated the prevalence of genetic susceptibility
genes in pediatric cancers [4] and inherited bone marrow failure [5].
However, prevalence of germline predisposition genes in AML has not
been reported both in adults and children. In this study, we investigated
prevalence of genetic predisposition gene mutations in pediatric AML
and compared the mutational profile of somatic mutation with that of
adult AML in Korea.
A total of 17 pediatric patients who visited the department of pe-

diatrics in Seoul National University Children's Hospital and were di-
agnosed with AML from 2013 to 2015 were enrolled in this study. The
median age of the patients was 7 years old (range 0–17) and M:F ratio
was 0.9. Family history of cancer was present in 5 (29.4%) patients: one
leukemia and four other cancers (Tables 1 and 2). Seventeen bone
marrow (BM) samples at initial diagnosis and 16 paired specimen of
remission (less than 5% blasts in BM without evidence of residual cells
by immunohistochemical stain and cytogenetic results, Supplementary
Methods) and 1 saliva sample were collected. Chromosome analysis by
conventional G-banding technique and fluorescent in situ hybridization
(FISH) were performed to detect abnormalities related to AML and/or
myelodysplastic syndrome (MDS) (Supplementary Methods). Targeted
multi-gene sequencing was performed using 356 or 507 gene panel
which includes WHO 2016 genetic predisposition genes and known

leukemia-related genes (Supplementary Table S1). Variants that existed
both in initial and remission BM or saliva specimen with variant allele
frequency (VAF) of 30-70% were sorted out as potential germline var-
iants. A total of 95 genes were analyzed for germline mutation analysis
(Supplementary Table S2). Determination of pathogenicity was as-
sessed according to ACMG 2015 guideline [6]. Meanwhile, variants that
were present only in initial diagnosis BM and absent in remission
samples or saliva were deemed as potential somatic variants. Then,
mutations which were previously reported in ClinVar, International
Cancer Genome Consortium (ICGC) and Catalogue of Somatic Muta-
tions in Cancer (COSMIC) were classified as a somatic variants (Sup-
plementary Figure S1). This study was approved by the institutional
review board (IRB) of Seoul National University Hospital (IRB 1508-
075-695), and the requirement for obtaining informed consent was
waived.
G-banding analysis revealed that 16 out of 17 (94.1%) patients had

abnormal karyotype and only 1 patient carried normal karyotype.
Compared to reported frequency of 54.9% and 76.1% cytogenetic
aberrations in Caucasian adult and pediatric AML respectively [7], our
data showed much higher percentage of abnormal karyotype. Based on
both G-banding and FISH results, 10 (58.8%) patients showed gene
fusions: 6 (35.3%) KMT2A rearrangement, 3 (17.6%) RUNX1-RUNX1T1
fusions and one (5.9%) FUS-ERG fusion. Complex karyotype (≥3 cy-
togenetic abnormalities) were most common (n=6, 37.5%), followed
by karyotype with two numerical and/or structural abnormalities
(n=5, 23.5%) (Fig. 1, Table 2).
A total of 18 germline variants were detected in 11 patients: six

(33.3%) variants of Fanconi anemia genes (FANCA, FANCD2, FANCI,
PALB2 and SLX4), 4 (22.2%) variants of 3 genes related to telomere
biology disorder (CTC1, RTEL1, and WRAP53), 2 (11.1%) variants of
germline myeloid neoplasm-associated genes (DDX41 and RUNX1), 2
(11.1%) variants of 1 gene of severe congenital neutropenia (VPS13B)
and 4 (22.2%) other cancer-related genes (ATM, BRCA1, MLH1 and
MSH6). Mean number of mutated germline predisposition genes per
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one patient was 0.6. Evaluating pathogenicity based on ACMG 2015
guideline, 3 (16.7%) variants in 2 patients, that is, DDX41 mutation
(c.1547A > G, p.Y516C), SLX4 mutation (c.5071_5073del,
p.1691_1691del) and WRAP53 mutation (c.1565delC, p.A522Gfs*26),
were classified as likely pathogenic (LP). Fifteen (83.3%) variants in 9
patients were assessed as variant of unknown significance (VUS) (Fig. 1,
Table 2). It was an interesting finding that DDX41 mutation, of which
presentation has been reported to range from 44 to 88 years old was
detected in a 16-year-old patient [8]. Consequently, prevalence of
germline predisposition gene mutations in pediatric AML patients was
estimated to be 11.8%. When including VUS, the frequency was 58.8%.
Zhang et al. reported that prevalence of germline mutations is 8.5% in
pediatric solid tumor and 4.4% in leukemia, using whole genome study
[4]. Our study revealed higher prevalence (11.8%) of cancer suscept-
ibility gene mutations in pediatric AML using 95 multi-gene panel.
Compared to the gene panel of Zhang et al.’s [4], the panel of the
present study additionally included congenital neutropenia-related
genes (CSF3R, CXCR4, USB1, VPS13B, GFI1, AP3B1, SLC37A4 and
RMRP), more Fanconi anemia gene (SLX4), telomere biology genes
(TERC and CTC1) and predisposition genes related to myeloid neoplasm

(DDX41, ANKRD26, SRP72 and SAMD9). We suppose that prevalence of
germline predisposition gene mutation is high in pediatric AML than
other solid tumor or other kinds of leukemia.
Twelve out of 17 (70.6%) patients carried somatic mutations. Nine

out of 12 (75.0%) patients harbored germline mutations as well. A total
of 26 somatic variants in 19 genes were detected: 14 (53.8%) variants
of 7 signaling genes (FLT3, KIT, KRAS, ATR, BCR,MAP3K1 and ALPK2),
2 (7.7%) variants of chromatin-modifying genes (BRD4 and NCOA3), 3
(11.5%) variants of transcription factors (CREBBP, GATA1 and ZNF93),
1 (3.8%) variant of cohesin complex gene (RAD21), 2 (7.7%) variants of
spliceosome-complex genes (SF1 and TRA2B) and 4 (14.8%) variants of
other genes (DDX54, ZNF676 and MUC16). FLT3 mutations were the
most common (n=4, 15.4%) followed by KRAS (n=3, 11.5%) (Fig. 1,
Table 2). Mean number of somatic mutations per one patient was 1.5,
which is lower than that of Korean adult AML that is reported to be
about 2.0 by whole exome sequencing [9]. Meanwhile, mean number of
coding variants per individual with pediatric AML has been reported to
be approximately 3 by targeted sequencing of 39 cancer-related genes
[10]. In short, the number of somatic mutations was relatively lower in
our data, compared to adult AML as wells as pediatric AML. Con-
sidering higher percentage (94.1%) of cytogenetic aberrations in the
present study, genetic alteration occurring at chromosome level might
be more important in the development mechanism of pediatric AML
than variants at single nucleotide level. Among 19 somatically mutated
genes of pediatric AML patients, 31.6% of them overlapped with those
of Korean adult AML (FLT3, KRAS, KIT, RAD21, ATR and CREBBP),
while 14 genes (BCR, ALPK2, BRD4, DDX54, GATA1, MAP3K1, MUC16,
NCOA3, SF1, TRA2B, WRAP53, ZNF93, and ZNF676) were identified
only in pediatric AML (Fig. 2). Meanwhile, mutations that are com-
monly found in adult AML such as NPM1, DNA methylation modifying
genes (IDH1, IDH2, TET2 and DNMT3A) and tumor suppressor genes
(TP53 and WT1) were not present in pediatric AML patients [9,10].
Interestingly, one variant of histone modifying gene (NCOA3) was de-
tected in 7-year-old M3 patient (Fig. 2). Somatic mutation of histone
modifying gene might be involved in leukemogenesis of pediatric AML,
although it is rare.
Our study has a limitation of absence of germline specimen which

was replaced by BM specimen at the time of remission. In Korea, access
to patients’ families is difficult due to cultural emotion that people at-
tribute abnormal children to maternal cause. However, as to our best
knowledge, this is the first study to elucidate the prevalence of germline
predisposition gene mutations in pediatric AML.
In conclusion, prevalence of germline predisposition gene mutations

in Korean pediatric AML was estimated to be approximately 11.8%,
which suggests that work-up for germline mutation is necessary in
pediatric AML.

Conflicts of interest

No relevant conflicts of interest to declare.

Table 1
Clinical characteristics of 17 pediatric AML patients.

Characteristics Total (N=17)

Age, yearsa 7 (0–17)
< 1 year, n (%) 1 (5.9)

Sex, n (%)
Male 8 (47.1)
Female 9 (52.9)

Organomegaly, n (%)b

Hepatomegaly 8 (47.1)
Splenomegaly 6 (35.3)

Extramedullary involvement
Skin 1 (5.9)

Family history, n (%)
Leukemia 1 (5.9)
Other cancers 4 (23.5)

Hematologic parametersa

Hb (g/l) 8.3 (6.0–10.6)
WBC (×109/l) 7.29 (1.55–209.49)
Platelet (×109/l) 62 (23–291)
BM blast (%)c 73.5 (21.2–94.6)

FAB classification, n (%)
FM1 1 (5.9)
M2 4 (23.5)
M3 1 (5.9)
M4 7 (41.2)
M5 2 (11.8)
M6 0 (0.0)
M7 2 (11.8)

a Values presented as the median (range).
b Six patients had hepatosplenomegaly.
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Fig. 1. Germline, somatic mutations and cytogenetics of 17 pediatric AML patients.

Fig. 2. Germline and somatic mutations de-
tected in 17 pediatric AML patients and com-
parisons with known adult-onset germline
predisposition genes and Korean adult AML
somatic mutations. *Late-onset germline pre-
disposition gene [8]. **WRAP53 mutations
were detected as both germline and somatic
variants in different pediatric patients in our
data. §Somatic mutations of Korean adult AML
[9]. Abbreviation: AML, acute myeloid leu-
kemia.
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