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Out lines • Identify in the clinical presentation 
of a patient with neutropenia the 
key features suggesting a 
possible genetic cause 

• Realize that in G6PC3 
neutropenia and in GSDIB, 
gliflozine may be considered an 
alternative to standard care with 
GCSF and/or HSCT 

• Learn that in CXCR4 WHIM 
syndrome, CXCR4 inhibitors offer 
a therapeutic approach 



Introduction

• Functional neutrophils are the most subpopulation of human leukocytes, representing the 
first line of the innate immune system defense

• They exhibit an advanced antimicrobial mechanisms, from which we distinguish 
phagocytosis with, oxidative burst, release of nuclear material in the neutrophil 
extracellular traps (NETs) or degranulation of neutrophil granules 

• The main factor regulating both proliferation of neutrophil precursors and mature 
neutrophils release form the bone marrow is granulocyte colony-stimulating factor



Introduction

• Disturbed production of neutrophils during 
hematopoiesis results in neutropenia in the 
peripheral blood, which leads to immunodeficiency. 

• Among many causes of neutropenia, numerous 
genetic defects are described causative for 
congenital neutropenia Mutations of neutrophil 
elastase gene (ELANE) are ones of the most 
commonly observed in patients suffering from 
congenital neutropenia.

• Nowadays, pathogenesis of these defects is still 
arguable and controversial, thus, it attracts a great 
scientific focus. 



Diagnosis and main 
features of 
congenital 
neutropenia 

• Neutropenia is reduction in the 
absolute number of neutrophils 
circulating in the blood below 1500 

• profound when 500 chronic if it lasts 
more than 3 months (intermittent or 
permanent). 

• The exception is the first weeks of life, 
during which the number of 
neutrophils is physiologically elevated. 
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Congenital 
neutropenia: 
an evolving 
definition 

• The discovery of the genes 
responsible for different subtypes of 
CN induced a change in the disease 
classification. 

• The term ‘congenital neutropenia’ is 
not homogeneously used in the 
literature

• Aim to not to restrict the definition 
of CN to disorders in which 
neutropenia is the only phenotypic 
manifestation but have considered 
all genetic disorders comprising 
neutropenia as a chronic or recurrent 
manifestation .



ELANE MUTATIONS 
IN PATHOGENESIS 
OF CONGENITAL 
NEUTROPENIA 

• Heterozygous mutations identified in ELANE gene 
result in a SCN, which might be a life threatening 
condition, or a cyclic neutropenia (CyN) with moderate 
to mild clinical features. 

• Pathogenesis of SCN and CN is a subject of many 
studies and scientists are still not able to unequivocally 
explain how dysfunctions in NE lead to maturation 
arrest of granulocytic differentiation. 

• The role of NE defects in myelocytes maturation arrest 
in bone marrow is widely investigated; however, the 
mechanism underlying this phenomenon has still 
remained unclear. 





Congenital neutropenia: the best strategy for finding germline 
mutations 

The integration of NGS technologies into diagnostic practice allows 
the simultaneous analysis of multiple genes in a single assay at a 
similar cost to testing a few genes by Sanger sequencing.

Targeted NGS panels, including the protein coding regions and 
conserved splice sites of the known genes involved in isolated or 
syndromic CN have been developed for the diagnosis of CN.

The design of these panels can easily and regularly be updated by 
integrating the genes most recently reported in literature. 



Congenital neutropenia: the best strategy for 
finding germline mutations

After analysis based on targeted NGS, about 40% of CN remain without molecular 
aetiology 

Whole exome sequencing (WES) is a powerful strategy for the identification of novel 
genetic aetiologies, as shown by several groups that discovered novel causative genes 
in rare forms of syndromic CN such as VPS45, CLPB, EFL1, SMARCD2 

In addition, the search for pathogenic copy-number vari- ants or for regions of 
homozygosity in case of consan guineous individuals should be considered. 



When to 
consider 
congenital 
neutropenia as 
a possible 
diagnosis and 
how to confirm 
it? 

• the initial interview and physical examination and 
the careful reading of the complete blood count are 
sufficient.

• The collection of information, such as 
consanguinity, geographic origin and familial 
history of neutropenia is important. 

• Bone marrow examination is not mandatory for the 
diagnosis of all neutropenia, but should be 
performed to rule out malignant haemopathies





Bone marrow cytology 

Myelokathexis, defined by an increase in the granulocyte pool, with 
hypermature dystrophic neutrophils, indicating WHIM syndrome

Condensed chromatin and hyposegmented neutrophils are in favour of 
Shwachman-Diamond syndrome what- ever the nutritional status

Haemophagocytosis of neutrophils is a sign of autoim mune neutropenia in 
young children associated with a normal myeloid maturation

Abnormal cytoplasmic granulations are suggestive of Chediak Higashi disease 



A common 
consequenc
e of 
neutropenia
: infections 

Whatever the underlying causes of neutropenia, a 
central consequence of the phenotype of CN is severe 
infections. 

The most determinant factor linked with infection risk is 
the residual capacity to mobilize neutrophils from the 
site of production to the site of infection 

In typical CN with profound neutropenia, the risk is not 
as severe as in drug- induced neutropenia and the risk of 
fungal infections is very low, far lower than in other 
phagocyte disorders, such as chronic granulomatosis 
disease. 



Infections

• The sites of infections are variable, skin and mucosa; the ear, nose, and throat; and 
the lungs. 

• Stomatological infections are frequent after 2 years of age in patients with 
profound cneutropenia, and are characterized by erosive, haemorrhagic, and 
painful gingivitis associated with papules

• Two specific opportunistic infections may be found in a limited group of disorders 
belonging to this family; human papilloma virus (HPV) infections are very 
frequent in WHIM syndrome, GATA2 syndrome and STK4 deficiency, as well as 
in tuberculosis and atypical mycobacterial infections. 



SCN genetics: accurate and quick diagnoses for 
better classification and more therapeutic options 

• Some entities may share symptoms attributable to 
different genes, while very different clinical 
manifestations can be caused by the same genetic 
mutation(s).

• the term “SCN” is not completely accurate, and 
calling these entities genetic neutropenias would be 
more appropriate. 

• Notably, genetic neutropenias (GNs) are not always 
severe, and the adjective “severe” is not justified by 
many patients’ clinical status.

• Now, obviously, genetic expertise is the key to 
diagnosis. Although blood tests have become 
routine examinations. 



• A rapid decision of 
whether or not to 
launch genetic 
research can then be 
made by calculating 
the score of the 
individual algorithm 
elements 





But once a genetic diagnosis is fully determined, how can this 
information change the natural history of a patient’s disease? 

• The standard care of GNs is based on GCSF and HSCT. 

• Driven by the extensive development of genetic background analyses of such entities, 
better understanding of the mechanisms at work now offers some possibilities of 
adapted therapy. 

• ISGTL2, an antidiabetic drug, may partially reverse GSDIB and G6PC3 GNs by 
clearing 1,5AG, which is responsible for the associated neutropenia.

• CXCR4 inhibitors contribute to reversing the leukocyte defect in WHIM syndrome.

• Concerning the leukemic transformation risk, better understanding of the clonal 
evolution raises the possibility of preventing leukemia by stimulating somatic genetic 
rescue, a physiological process that might limit the risk of such progression. 



Take Home Message

• Treatment of severe chronic neutropenia should focus on prevention of infections, the management 
of associated organ dysfunction and the prevention of leukaemic transformation

• . Such risks may be monitored by targeted NGS, which should detect somatic mutations involved 
in myeloid leukaemia or myelodysplasia. 

• Granulocyte colony-stimulating factor and hematopoietic stem cell transplantation are now the 
bedrock of standard care.

• Better understanding of SCN mechanisms now offers the possibility of adapted therapy for some 
entities. An inhibitor of sodium glucose cotransporter, an antidiabetic drug, may attenuate glycogen 
storage disease type Ib and glucose-6-phosphatase catalytic subunit 3 neutropenias by clearing 1,5-
anhydroglucitol, the precursor of the phosphate ester responsible for these SCNs.
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