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0.5 – 1.0 mm 
thickness of 
respiratory 
membrane
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50 nm

Alveolar cells type I  
Cover 95% of the alveolus - only 8% of the total cells in the lung



 Gas exchange - shared basement membrane with the capillary endothelium

 Ion and water flux at the air–liquid interface

 Innate immunity – produce pro-inflammatory response



 Flat morphology - large surface area - exposure to inhaled 
toxins

 Limited numbers of mitochondria - cells’ extreme 
sensitivity to injury

 Important role in the development of lung - intrauterine 
and neonatal injury

 Express cell homeostasis proteins 

 Caveolins disruption causes pulmonary fibrosis



 Small cuboidal cells

 Account for 15% of total lung cells

 5% of the alveolar surface area



 Synthesis and secretion of surfactants – regulation of 
surface tension

 SP-A, SP-B, SP-C, SP-D

 ABCA3

 Alveolar space fluid absorption

 apical sodium channels 

 basolateral NA1/K1 ATPase

 Innate immune functions

 SP-A and SP-D - regulate inflammatory cell function

 Paracrine signaling and cellular crosstalk between injured or infected 
cells





Lamellar bodies

0.1–2.4 μm in 
diameter

Each type II cell 
contains 120–180 
LBs









Vesiculated lamellar bodies with few or no bilayer 
membranes and electron dense inclusions



Severe SP-B deficiency 

>75% reduction in SP-B content in the airspaces results in fatal disease

 Diffuse alveolar collapse - atelectasis and respiratory distress

 Refractory to surfactant replacement therapy

 Most SP-B–deficient patients lack also SP-C peptides in the 
alveolus

 proSP-C accumulates in the airspaces contributing to an 
alveolar proteinosis like syndrome



Donatella Peca et al. Biochm. Soc. Trans. 2015;43:913-919



 A lung-specific phospholipid transporter, critical for 
lamellar bodies generation 

 Located on the membrane of the multivesicular bodies 
(precursors of LBs), mediating phospholipid uptake for 
surfactant synthesis 

 Leading to abnormal SP-B / SP-C processing



Doan et al. Thorax 2008

Decreased number/size or complete lack of mature LBs + pleomorphic, 
electron-dense organelles



Doan et al. Thorax 2008

PAP

DIP

NSIP

Same patient
4 yrs apart

Same patient 4 yrs apart



 SP-C is the smallest 
member of surface 
active peptides

 SP-C  is able to actively 
keep the surface tension 
at air/water-interfaces at 
a constant level which 
does not depend on the 
extent of the interface



 Together with SP-B promotes surfactant formation

 SP-C - stimulates reuptake of surfactant 
phospholipids by type II cells

 Mutations in genes encoding SP-C lead to misfolded 
protein, that is degraded in the cytoplasm



Wu et al. J. Clin. Invest. 2003





 ABCA3 or SFTPB mutations cause disruption of epithelial 
markers and induction of mesenchymal markers with the 
cells gradually assuming a fibroblast-like behavior

J Clin Invest. 2009





 Accounts for the intense interstitial cell proliferation and 
fibrosis observed in most ABCA3 and SFTPB mutation 
carriers

 In subjects with congenital surfactant deficiencies, RSV 
potentiates the effect on EMT



 Required for the differentiation of immature monocytes into alveolar 
macrophages that catabolize surfactant 

 Mutations cause partial loss of function of GM-CSF receptors

 GM-CSF-binding a-chains (CSF2RA) 

 affinity enhancing b-chains (CSF2RB)



Notarangelo and Pessach JEM 2008



 Approximately 50% of the alveolar surfactant pool is 
cleared through a GM-CSF-dependent alveolar 
macrophage pathway

 Late onset pulmonary alveolar proteinosis

 The GM-CSF level is elevated (as opposed to low 
levels in patients with autoimmune PAP)



JEM 2008





A previously 
healthy 9-yr-old 
female

Eur Respir J 2011; 37: 201–217



(TTF-1, a nuclear factor encoded, regulating over 23 lung genes and playing 
a switch role in epithelial maturation and surfactant synthesis



TTF-1 is expressed by alveolar type II and
Club epithelial cells and regulates the expression of SP

BOGGARAM Clin sci 2009



NKX2.1 - Histopathologic variability between patients

Hamvas et al. Chest 2013





Summary

AC1 
External and 
internal stimuli

AC2 
Inherited 
surfactant 
production

Macrophages 
surfactant 
clearance

Endothelial cells
Primary and 
secondary 
damage

Epithelial-Mesenchymal Transition 
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