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The immune system

1st line of defence: physical and chemical barriers

2nd line of defence: innate immunity (non-specific)

3rd line of defence: adaptive immunity (specific)



Immunodeficiency

Acquired (secondary) immunodeficiency

• Chemotherapy

• AIDS

Primary immunodefiency

• Rare: 4 per 100.000

Genetic defect: ‘Inborn errors of immunity’
 



Inborn errors of immunity

Notarangelo et al., Sci. Immunol. (2020) 

41 genes associated with phagocyte number and function
▪ Congenital neutropenias
▪ Defects of motility
▪ Defects of respiratory burst
▪ Other non-lymphoid defects



Neutrophilic granulocyte

• Most abundant innate immune cells

• 50-70% of circulating leukocytes 

• Maturation in the bone marrow

• From stem cell to neutrophil: ± 2 weeks

• 1011 neutrophils per day 

• Important effector cells in the host defense against invading micro-organisms

• First immune cells recruited to the site of infection

Host defence mechanisms:

Phagocytosis

Degranulation

Reactive oxygen species (ROS) production

Neutrophil extracellular traps (NETs) formation

Burn et al., Immunity (2021)  



Suspicion for neutrophil disorders

Symptoms often occur from a young age

▪ Recurrent and severe bacterial and fungal infections

▪ Respiratory tract, lymph nodes, skin 

▪ Tissue and organ abscesses

▪ Delayed separation of the umbilical cord

▪ Abnormal wound healing

▪ Neutropenia (ANC <0,5 x 106/mL)

Aspergillus fumigatus

Staphylococcus aureus



Phagocyte function defects

Functional assays to detect neutrophil motility defects
• Adherence
• Actin polymerization
• Chemotaxis
• Rolling, transendothelial migration
• …..

Tangye et al., J Clin Immunol. (2022) 



Leukocyte adhesion deficiency (LAD)

Neutrophil adhesion defect: 

An inability of neutrophils to exit the bloodstream and enter tissues to kill microorganisms 

UpToDate

▪ Recurrent bacterial infections, primarily localized to skin 

and mucosal surfaces

▪ Leukocytosis

▪ Delayed separation of the umbilical cord

▪ Absent pus formation

▪ Impaired wound healing



LAD1 and LAD3 – adhesion assay

• Essential for extravasation of neutrophils from blood vessel

• Binding to polystyrene plate

• Multiple stimuli (chemotactic stimuli, TLR-ligands, grow factors)

• No response, any stimulus: absence/dysfunctional integrin CD11b/CD18

• Leukocyte adhesion deficiency (LAD1 or LAD3)

• Lowered response to one or several stimuli

• Defect in receptor or signaling protein (e.g. IRAK4) 

Wash
Lyse: Tri ton X-100

Unstimulated
or stimuli
for 30 min



LAD1 – β2 integrin detection by flow cytometry

beta2-subunit

alpha chain  



Phagocyte function defects

Functional assays to detect neutrophil motility defects
• Adherence
• Actin polymerization
• Chemotaxis
• Rolling, transendothelial migration
• …..



MKL1 deficiency

Megakaryoblastic leukemia 1 – transcriptional coactivator, important for actin regulatory gene transcription 

MKL1

SRF
Cytoskeletal 
target genes

G-actin

+ End (polymerization)- End (depolymerization)

F-actin

ARP2/3

Cytoplasm

Nucleus
Made with Servier Medical Art

3 patients (2 sibs) described to date

Severe infections, potentially fatal

Sprenkeler, Henriet et al., Blood (2020)  



MKL1 deficiency - actin polymerization

Important for essential cellular functions 

Confocal microscopy

Sprenkeler, Henriet et al., Blood (2020) 



MKL1 deficiency - actin polymerization

Important for essential cellular functions 

Flow cytometry

Sprenkeler, Henriet et al., Blood (2020) 



MKL1 deficiency - chemotaxis

▪ Essential for extravasation of neutrophils from blood vessel

▪ Transwell assay

▪ Chemotactic stimuli

▪ C5a
▪ fMLF
▪ IL-8
▪ Platelet-activating factor (PAF)

Sprenkeler, Henriet et al., Blood (2020)  



MKL1 deficiency - Taxiscan

Control neutrophils Patient neutrophils

Chemoattractant C5a



• Grow monolayer HUVECs on fibronectin in in 
vitro flow chambers

• Stimulate endothelium with TNFα → 
upregulation ICAM-1 and VCAM-1

• Isolate and fluorescently label neutrophils, Flow 
over endothelium under phsyiological flow 
conditions

Transendothelial migration under flow (HUVECs)



Control
Patient*

*actinopathy patient



PatientControl

Decreased subendothelial motility

*actinopathy patient



Neutropenia

Numbers count!



Loss-of-function mutations in CSF3R

G-CSF: 
▪ Growth factor
▪ Key regulator of neutrophil development
▪ Proliferation and differentation of myeloid progenitors
▪ Emergency granulopoiesis in case of infection

▪ Priming capacity & inhibits neutrophil apoptosis

▪ Treatment for severe congenital neutropenia (SCN)
▪ Absolute neutrophil count (ANC) < 500/µL

▪ Neutropenia
▪ Recurrent bacterial infections
▪ Non-responsive to G-CSF treatment 

Adapted from
Dwivedi, Greis; 2016 Exp Hematol  



Lack of G-CSF-R expression on patient neutrophils

Sprenkeler et al., BJHaem (2020)  



G-CSF stimulation of patient neutrophils does not prolong survival

Sprenkeler et al., BJHaem (2020)  



And many more…

Adapted from
Timmer et al; 2023 Cells  
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Inborn errors of immunity

Questions?
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