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Abstract-Severe congenital neutropenia (SCN) is a heterogeneous disease condition with a 
variable family history and a propensity to progress towards myelodysplastic syndrome (MDS) 
and acute myeloblastic leukemia (AML). In a subgroup of patients, point mutations in the 
G-CSF-R gene have been found. These nonsense mutations result in the truncation of the 
C-terminal cytoplasmic region, a subdomain that is crucial for G-CSF induced maturation. 
SCN patients with mutations in the G-CSF-R gene appear to be predisposed to develop AML. 
Here, we recapitulate our view of how defective G-CSF-R may contribute to neutropenia and 
leukemogenesis. Copyright 0 1996 Elsevier Science Ltd. 
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Severe congenital neutropenia (SCN) is a hematopoietic 
disorder characterized by profound absolute neutropenia 
and a maturation arrest of myeloid progenitor cells at the 
promyelocyte-myelocyte stage. As a result, patients 
suffer from life-threatening opportunistic infections. The 
diagnosis SCN is usually made early in infancy. SCN 
was originally described in 1956 by Kostmann [l] as 
an autosomal recessive disorder in several Swedish 
families. Subsequently, a number of other reports have 
appeared in which a family history of SCN was not 
apparent [2]. Marrow cells from SCN patients often 
display a reduced responsiveness to granulocyte-colony 
stimulating factor (G-CSF) in vitro, but neutrophilic 
colony formation can usually be induced with elevated 
G-CSF concentrations. As a result of the severe 
neutropenia, serum G-CSF levels are often high in 
SCN patients [3]. Nonetheless, administration of phar- 
macological dosages of G-CSF in many cases restores 
granulopoiesis in vivo, thereby reducing the frequency 
of serious infections and improving the quality of life 
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[4,5]. Only rarely, GM-CSF treatment is effective in 
these patients [4,6]. A major concern is that SCN 
patients have an increased probability of developing 
MDS or AML [5,7-91. 

G-CSF binds to a membrane receptor (G-CSF-R) that 
belongs to the now well-known superfamily of hema- 
topoietin/cytokine receptors [lo]. G-CSF binding results 
in the formation of homodimeric G-CSF-R complexes, 
which is essential for activation of the receptors. 
Because defective G-CSF production and release of 
inhibitors of G-CSF activity could be excluded as the 
possible mechanisms causing neutropenia in SCN [ll], 
it had been anticipated for some time that G-CSF-R 
dysfunction might be involved in the pathogenesis of the 
disease [3,4]. This idea gained support when a somatic 
mutation in the G-CSF-R gene was found in a case of 
SCN [12]. This nonsense mutation resulted in the 
deletion of the C-terminal domain of G-CSF-R that 
has been functionally linked to maturation signaling 
[13, 141. Indeed, upon its ectopic expression in murine 
myeloid cell lines, the mutant receptor protein failed to 
induce neutrophilic maturation. Because the normal G- 
CSF-R allele was also expressed in the myeloid cells of 
the patient, it was important to investigate whether the 
truncated receptor protein functioned in a dominant 
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negative manner over the wild-type protein. Co-trans- 
fection experiments, in which truncated and wild-type 
G-CSF-R proteins were expressed at equal levels in 
murine myeloid 32D cells, showed that this was indeed 
the case [15]. The dominant negative model also 
provides an explanation for the beneficial effects of G- 
CSF therapy in this patient, if one assumes that only at 
pharmacological concentrations of G-CSF sufficient 
wild type G-CSF-R homodimers capable of maturation 
signaling will be formed. Importantly, the mutation was 
found in the granulocytes of the patient (who received 
G-CSF treatment), but not in monocytes, erythroid 
colony cells, T and B lymphocytes and skin fibroblasts. 
Apparently, progenitor cells committed to the granulo- 
cyte lineage had been the target population for the 
somatic mutation. Because normal committed progeni- 
tor cells are considered incapable of indefinite multi- 
plication, the question arose as to how the affected 
progenitor cell population could persist in the patient. 
Given the fact that the truncated G-CSF-R protein, apart 
from lacking maturation signaling abilities, also misses 
the C-terminal element that negatively regulates pro- 
liferation, it was suggested that expression of this mutant 
receptor contributed to immortalization/enhanced self- 
renewal capacity of the myeloid progenitor cells. On this 
basis, the neutropenia in this case was believed to reflect 
a pre-leukemic condition. In support of this notion, it 
was shown that the leukemic cells from two AML 
patients with a history of SCN also had mutations in G- 
CSF-R, again truncating the C-terminal maturation- 
inducing region [15]. In one of these patients, it could be 
demonstrated that the mutation was already present in 
the neutropenic phase of the disease. Until now, 
mutations in the G-CSF-R, all resulting in the truncation 
of the C-terminal maturation domain, have been found 
in five cases (Dong et al., manuscript in preparation). At 
the time of writing, four of these patients have 
developed AML. 

Mechanisms other than G-CSF-R mutations have also 
been associated with leukemic transformation in patients 
with congenital neutropenia. Recently, Kalra et al. [16] 
reported 13 cases with leukemic transformation. Ten of 
these showed monosomy 7. Five patients had activating 
RAS mutations, four of whom also had monosomy 7. In 
contrast to the G-CSF-R mutations, monosomy 7 and 
RAS mutations were detected at the stage of leukemic 
transformation, but not during the neutropenic phase of 
the disease, suggesting that these abnormalities are 
associated with disease progression and not with disease 
onset. 

What is the frequency of G-CSF-R mutations in SCN? 
This question cannot definitely be answered yet. In our 
series completed to date, the frequency is 5 out of 2.5, i.e. 
20%. However, this series cannot be considered as a 
randomly selected cohort of patients, because patients 

with disease progression towards AML were deliber- 
ately included. In two other studies comprising four and 
eight cases of SCN, respectively, no G-CSF-R mutations 
were detected [17, 181. Taken together, the data indicate 
that the frequency of G-CSF-R mutations in SCN will be 
in the order of lo%, or less. This would suggest that, in 
the majority of patients, signaling molecules down- 
stream of G-CSF-R are affected. Rauprich et al. [19] 
showed that the ability of G-CSF to activate the JAK2 
kinase, which is mediated via the membrane proximal 
cytoplasmic region of G-CSF-R [20], is not lost in the 
granulocytic cells of SCN patients. In view of our 
findings in SCN with G-CSF-R mutations, we think that 
it is more likely that other disease mechanisms will 
involve signaling molecules linked to the membrane 
distal cytoplasmic region of G-CSF-R, i.e. the domain 
associated with maturation signaling [13, 141. 

A final question that arises is whether mutations in the 
G-CSF-R are restricted to cases of SCN or AML with a 
history of SCN. In 2.5 cases of de novo AML that we 
have studied thus far, nonsense mutations in the G-CSF- 
R truncating the C-terminal maturation domain, have not 
been detected. However, a different type of G-CSF-R 
mutation was found in the leukemic blasts of one patient 
with de nova AML [20]. This mutation was discovered 
after performing reverse transcriptase-polymerase chain 
reaction (RT-PCR) analysis on the blast cells of 40 
nonselected patients. The AML blasts of this patient 
showed high expression of a new mRNA splice variant, 
in which the carboxy-terminus was altered due to a 
change in the reading frame. Analysis of cDNA and 
corresponding genomic sequences revealed a G to A 
transition next to a (cryptic) splice donor site involved in 
the alternative RNA splicing. The splice variant was 
unable to transduce proliferation and maturation signals 
upon transfer to murine cell systems [20]. In agreement 
with this, the primary AML blast cells of the patient 
failed to respond to G-CSF in proliferation assays, 
whereas the responsiveness to IL-3 or GM-CSF was 
maintained. This observation, although as yet anecdotal, 
suggests that G-CSF-R dysfunction, either caused by 
structural defects in the G-CSF-R itself, or by abnorm- 
alities in the maturation signaling function, may also 
play a role in de lzovo AML. 
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