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Objective To delineate the phenotypic and molecular spectrum of patients with a syndromic variant of severe
congenital neutropenia (SCN) due to mutations in the gene encoding glucose-6-phosphatase catalytic subunit 3
(G6PC3).
Study design Patients with syndromic SCN were characterized for associated malformations and referred to us
for G6PC3 mutational analysis.
Results In a cohort of 31 patients with syndromic SCN, we identified 16 patients with G6PC3 deficiency including
11 patients with novel biallelic mutations. We show that nonhematologic features of G6PC3 deficiency are good
predictive indicators for mutations in G6PC3. Additionally, we demon-
strate genetic variability in this disease and define novel features such
as growth hormone deficiency, genital malformations, disrupted bone re-
modeling, and abnormalities of the integument.G6PC3mutationsmay be
associated with hydronephrosis or facial dysmorphism. The risk of tran-
sition to myelodysplastic syndrome/acute myeloid leukemia may be
lower than in other genetically defined SCN subgroups.
Conclusions The phenotypic and molecular spectrum in G6PC3
deficiency is wider than previously appreciated. The risk of transition to
myelodysplastic syndrome or acute myeloid leukemia may be lower in
G6PC3 deficiency compared with other subgroups of SCN. (J Pediatr
2012;160:679-83).

S
evere congenital neutropenia (SCN) comprises a heterogeneous group of
disorders commonly characterized by lack of mature neutrophils, in-
creased susceptibility to bacterial infections and risk of malignant trans-

formation to myelodysplastic syndrome (MDS)/acute myeloid leukemia
(AML).1 Mutations in the neutrophil elastase (ELANE, formerly termed ELA2
[Mendelian Inheritance in Man (MIM) 202700])2 or HS1-associated protein X1
(HAX1)3 [MIM 610738] genes have been shown to cause autosomal dominant
and autosomal recessive variants of the disease, respectively. More rarely, SCN
can be caused by mutations in the growth factor independence-14 [MIM
600871] or activating mutations in the Wiskott-Aldrich syndrome [MIM
301000]5 genes.
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Recently, we defined a novel complex syndrome (SCN4
[MIM 612541]) associating SCN and developmental aberra-
tions such as congenital heart defects, urogenital malforma-
tions, and increased visibility of superficial veins. Mutations
in the gene encoding glucose-6-phosphatase catalytic subunit
3 (G6PC3) were identified as the molecular cause of this dis-
order.6 Similar to other genetic subgroups of SCN,G6PC3 de-
ficiency is associated with increased myeloid cell apoptosis,
which could be linked to activation of the ‘‘unfolded protein
response’’ and activation of glycogen synthase kinase 3b and
degradation of antiapoptotic MCL-1.6 Recent work has sug-
gested that impaired recycling of glucose from the endoplas-
mic reticulum to the cytoplasm may underlie neutrophil
dysfunction in G6PC3 deficiency.7 G6PC3 deficiency also
may be associated with primary pulmonary hypertension,
cognitive impairment, or endocrine abnormalities such as de-
layed puberty or hypothyroidism.8-12 In view of the pheno-
typic variability, we hypothesized that the full phenotypic
spectrum of this condition has not yet been appreciated.

Patients with mutations in the ELANE/ELA2 or HAX1
gene have a high incidence of MDS/AML.13-15 However,
the association of SCN4 with the risk of MDS/AML has not
yet been studied systematically.

Here we report 31 patients with syndromic SCN and iden-
tify 16 patients with G6PC3 deficiency, expanding the clinical
and molecular spectrum of this rare disorder. We also report
novel phenotypic features of SCN4 and estimate the risk of
MDS/AML in this disorder.

Methods

We investigated patients with syndromic congenital neutro-
penia (CN) referred to us from various collaborating institu-
tions for mutation analysis of G6PC3. Clinical data were
collected via the referring clinicians. We defined syndromic
CN as congenital neutropenia associated with at least one ad-
ditional nonhematologic aberration, such as increased super-
ficial venous marking, congenital heart defect, and/or
urogenital abnormalities.

The studywas approved by the institutional reviewboards of
Hannover Medical School, University of Manchester (06138),
and NHS ethics committee (06/Q1406/52). All material from
patients and healthy donors was obtained with informed as-
sent/consent in accordancewith current European regulations.

PCR and Sequencing Analysis of G6PC3
G6PC3 was sequenced in 23 patients with a complex variant
of CN in Hannover and in 8 patients with SCN in Manches-
ter. Polymerase chain reaction amplification of all exons and
exon-intron boundaries of the human G6PC3 gene was per-
formed as described previously.6 Subsequent DNA sequenc-
ing was performed on an ABI3130XL genetic analyzer
(Applied Biosystems, Darmstadt, Germany).

Statistical Analysis
We estimated the crude rate of MDS/AML in 16 patients
from this group in whom we identified G6PC3 mutations

as well as in our 12 previously published patients with
G6PC3 deficiency.6 We compared this with the correspond-
ing rate in 374 patients enrolled in the Severe Chronic Neu-
tropenia International Registry13 for whom long-term
follow-up data are available. The latter comparison group
consists of patients with disease causing mutations in
ELANE or HAX1 known to be associated with increased
risk of leukemogenesis, as well as patients for whom the
causative genetic defect and therefore the associated leuke-
mia predisposition are unknown. The most recent follow-
up data available for the Severe Chronic Neutropenia Inter-
national Registry was used for this study.15 We compared
the rate of MDS/AML in patients with biallelic G6CP3 mu-
tations versus all patients with clinically defined SCN using
data on the numbers of MDS/AML and the person-years at
risk in each group, and the exact binomial test for the num-
ber of events in the smaller group of patients with G6PC3
deficiency.16 The null hypothesis for the test was that the
rate of MDS/AML in patients with G6PC3 mutations is
the same as the rate in all patients with clinically defined
SCN.

Results

In this study, we investigated 31 patients with a syndromic var-
iant of CN for mutations inG6PC3. We identified 14 (61%) of
23 patients with biallelicG6PC3mutations (ie, the same or dif-
ferent mutations on both alleles) in the German cohort (pa-
tients [P] 1-14 in Table I) and 2 (25%) of 8 in the British
cohort (P15 and P16), giving a total of 16 (43%) of 31 new
patients with G6PC3 deficiency. The 16 new patients with
G6PC3 deficiency represent the single largest SCN4 cohort
(Figure and Table II; available at www.jpeds.com); 5
(31.2%) patients had compound heterozygous mutations,
and 11 (68.8%) were homozygous. We identified 11 novel
mutations, including frame-shift deletions (P6, P7, P10, P11,
and P15) and a single nucleotide insertion (P5). The other 5
novel mutations in this study were missense (P7, P12, P13,
P14, and P16).
All 16 patients with G6PC3 deficiency had at least one of

the characteristic syndromic features of G6PC3 deficiency
such as increased superficial venous marking, congenital
heart defect, and/or urogenital abnormalities (Table I).
Prominent superficial venous pattern is the most consistent
and striking nonhematologic feature of G6PC3 deficiency,
and was noted in 14 of 16 patients in this cohort (Table I).
In addition to known clinical features of G6PC3 defi-

ciency,6 several novel characteristics were noted. One patient
had a hypoplastic left ventricle (P15), a cardiac feature that
has not been reported previously in SCN4. Similarly, the
spectrum of urogenital aberrations is wider than previously
appreciated,6 including ambiguous genitalia (P7) and micro-
penis in males (P3 and 4) and discontinuous labia majora
and minora in females (P1). Hydronephrosis has been previ-
ously reported in 1 patient,12 and here we have identified 2
additional patients with congenital hydronephrosis (P7,
P12), supporting this association.
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