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a novel GATA2 gene mutation
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To the Editor,

Emberger syndrome is characterized
by congenital deafness and primary
lymphedema of the lower limbs, and
is associated with a predisposition to
myelodysplastic syndrome (MDS) or
acute myeloid leukemia (AML). Asso-
ciated phenotypes are also known to
present in various ways, including hy-
potelorism, epicanthic folds, long ta-
pering fingers and/or neck webbing,
recurrent cellulites in the affected limb,
and generalized warts [1]. GATA2 plays
a critical role in the development of
the lymphatics and hematopoietic sys-
tems, and haploinsufficiency of GATA2
is known to predispose to MDS/AML in
this syndrome [2]. Here, we report the
first Korean patient with a novel GATA2
gene mutation bearing the character-
istic features of Emberger syndrome,
along with profound peripheral mono-
cytopenia and B/natural killer (NK)-cell
lymphocytopenia.

A 20-year-old Korean female was re-
ferred to our hospital for persistent
acute tonsillitis despite 2 weeks of treat-
ment with systemic antibiotics. Her
pregnancy and delivery were unevent-
ful without any gestational problems.
However, she developed hearing loss at
the age of 4, lymphedema in both lower
limbs at the age of 7, and periodically

Copyright © 2016 The Korean Association of Internal Medicine

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

experienced multiple warts on both feet
from the age of 18 years. On physical ex-
amination, her physical appearance in-
cluded epicanthic folds, hypotelorism,
and deep-set eyes. Additionally, her legs
were edematous with multiple warts on
her feet (Fig. 1A and 1B). From the initial
laboratory tests, her blood counts were
pancytopenic: a white blood cell count
of 1.54 x 109/L with 73.3% neutrophils,
16.6% lymphocytes, and 2.8% mono-
cytes, a hemoglobin level of 8.2 g/dL,
and a platelet count of 32 x 109/L. Her
lymphocyte subset showed B/NK-cell
lymphopenia (T-cell, 91.3%; B-cell, 5.9%;
T4, 303%; T8, 44.8%; NK, 0.4%; CD4/
CD8 ratio, 0.68) and monocytopenia
(2.8%, 0.07 x 109/L). A bone marrow (BM)
examination revealed trilineage dyspla-
sia and confirmed MDS with refractory
cytopenia with multilineage dysplasia.
BM cytogenetics of the patient showed
a normal karyotype. The copy number
of the Epstein-Barr virus (EBV), checked
by polymerase chain reaction, was 2,536
copies. Her chest and abdominal com-
puted tomography showed hepato-
splenomegaly and scanty bilateral pleu-
ral effusion, while her audiometric test
revealed high frequency sensorineu-
ral deafness, and lymphoscintigraphy
demonstrated main lymphatic tract
hypoplasia in both legs (Fig. 1C). The
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Figure 1. Features of the patient. (A) Mul-
tiple warts on both feet of the patient. (B)
Lymphedema in both lower legs of the
patient. (C) Lymphoscintigraphy of the
patient revealed the absence of the main
lymphatic tract after 2 hours, suggesting
hypoplasia of the lymphatics.

patient did not show any intellectual disability. From her
appearance and the results of laboratory tests, Emberger
syndrome was suspected. Direct DNA sequencing anal-
ysis of the GATAz gene of the patient demonstrated a
deletion of the 1,054th base (T) in exon 7, resulting in a
frame-shift mutation (p.Cys352Valfs*35) in the zinc finger
(ZF)-2 domain that was a novel variation with respect to
previous cases of Emberger syndrome (Fig. 2). Her fam-
ily members, parents, and one brother did not show any
physical sign or laboratory abnormality related with Em-
berger syndrome.

This patient presented with the characteristic features
of Emberger syndrome, such as sensorineural deafness
and lymphedema in both legs, prior to the diagnosis
of MDS. Her appearance also suggested Emberger syn-
drome, including epicanthic folds, hypotelorism, deep-
set eyes, and multiple warts on both feet. Furthermore,
laboratory tests revealed profound peripheral monocy-
topenia, B/NK-cell lymphocytopenia, and her GATA2
gene analysis revealed a novel frame-shift mutation (p.
Cys352Valfs*35) in the ZF-2 domain.

GATA2 is a transcription factor that plays an essential
role in gene regulation during vascular development
and hematopoietic differentiation. Recently, GATA2 mu-
tations have been identified in heterogeneous diseases,
such as familial MDS/AML, monocytopenia and myco-
bacterial infection (MonoMAC) syndrome, and in Em-
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Figure 2. Sequence analysis of the patient and the patient’s
brother. GATA2 gene sequence analysis of the patient’s broth-
er (A) and patient (B). Deletion of the 1,054th base (T) in exon
7 resulted in a frame-shift mutation (p.Cys352Valfs*3s) in the
patient. The arrow indicates the 1,054th base (T). The pa-
tient’s only brother did not harbor the GATA2 gene mutation.
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berger syndrome [2-4]. Mutations leading to frame-shifts
and premature termination of gene function and hap-
loinsufficiency have been frequently found in Emberger
syndrome and MonoMAC syndrome, whereas missense
mutations of the GATA2 gene have been most frequent-
ly found in cases of familial MDS/AML [2-4]. Ostergaard
et al. [2] identified eight mutations in GATA2 from eight
ancestries of the Emberger syndrome, where each vari-
ant had a substantial impact on the function of GATA2
and inherited predisposition to MDS/AML. Hsu et al. [3]
described 12 GATA2 mutations affecting 20 patients and
relatives with MonoMAC syndrome.

It remains unclear why the same GATA2 gene muta-
tions are related to three different diseases. Hahn et al. [4]
postulated that GATA2 mutations with different pheno-
types were merely described according to how the patient
data were ascertained. However, the effect of GATA2 mu-
tations as a transcription factor seem to vary according
to the position and type of mutation, thereby explaining
the different phenotypes among the three disease cate-
gories. Kazenwadel et al. [5] demonstrated high levels of
the GATA2 protein in lymphatic vessel valves, and also
that GATA2 controls the expression of genes important
for programming lymphatic valve development. Three
patients with lymphedema and MDS/AML showed ei-
ther complete or partial gene deletions or a frameshift
mutation, rather than missense mutations, where all of
these mutations were predicted to result in the complete
loss of function of one GATA2 allele and hence haploin-
sufficiency [5].

According to previous reports, most patients with
GATA2 mutations have opportunistic infections many
years before the development of overt MDS/AML [1-4].
Similar to other Emberger syndrome patients, the cur-
rent patient had previously experienced a human papil-
lomavirus (HPV) infection and had a high copy number
of EBV-DNA. MonoMAC syndrome also presents with
impaired control of opportunistic infections (nontu-
berculous mycobacteria, dimorphic molds, and HPV),
suggesting that the function of tissue macrophages is
impaired before the development of myelodysplasia [3].
In addition, significant HPV infection and other viral
infections with GATA2-related diseases probably reflect
the profound absence of NK cells. However, the relative-
ly narrow spectrum of infectious organisms is distinct
from the common clinical features of neutropenia in
MDS. Therefore, such evidence has drawn speculation
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over the connection between a predisposition to my-
eloid malignancy and opportunistic infections, possibly
providing a second hit in the development of MDS/AML.
In conclusion, this report is the first Korean case of
Emberger syndrome with a novel GATA2 gene mutation.
The present findings indicate that GATA2 gene mutation
screening is needed for patients with primary lymph-
edema and myelodysplasia, particularly when associated
with monocytopenia, due to variable clinical presenta-
tions at onset and frequent MDS/AML transformation.
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