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Cerrada	et	al.,	(2015)		
Biophys.	J.	109,	2295-23	

PULMONARY	SURFACTANT	

type II 

type I 

1.	Physical	stabilization	of	the	
respiratory	surface	

2.	Participate	in	innate	defence	
mechanisms	(non-inflammatory	
pathways)	

interfacial	surface		
active	film	

air	

subphase	

secreted	lamellar	
body-like	particles	

Hobi	et	al.,	(2016)	BBA	1863,	2124-2134		



Cañadas	et	al.,	(2020)	Int	J	Mol	Sci	21:3708	

Pulmonary	surfactant	(PS)	is	at	the	center	of	a	crosstalk	between	the	respiratory	
epithelium	and	innate	immune	cells	

air	

subphase	
Mφ	are	required	for	a	proper	
homeostasis	of	surfactant:	
•  Clearence	of	spent/oxidized	

PS	
•  Fit	mechanical	needs	of	Chol	

PS	is	required	to	maintain	
non-inflammatory	Mφ 
phenotypes	



PS	large	aggregates	(LAs)	contain	the	most	surface-active	fractions,	competent	to	
form	multilayered	surface	films,	stable	along	breathing	compression-expansion	
cycles	
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Dynamic Cycles (1 and 20) - Native Surfactant
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CAPTIVE	BUBBLE	SURFACTOMETER	
FUNCTIONAL	ASSAYS	
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Liekkinen	et	al.,	(2020)	J	Mol	Biol	432:	3251	
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Surfactant	from	
bronchoalveolar	lavage	of	
babies	with	no	lung	disease	
(NLD)	or	with	meconium	
aspiration	syndrome	(MAS)	

Autilio	et	al.,	(2020)	Am	J	Respir	Cell	Mol	Biol	
(doi:	10.1165/rcmb.2019-0413OC)	

Inflammation	and	lung	
injury	impairs	surfactant	
performance	
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Compositional	changes	support	impairment	of	surfactant	performance	in	babies	
with	MAS	

Autilio	et	al.,	(2020)	Am	J	Respir	Cell	Mol	Biol	
(doi:	10.1165/rcmb.2019-0413OC)	

polyunsaturated PL 

= DPPC monounsaturated PL 

cholesterol 



Autilio	et	al.,	(2018)	Plos	One	13:e0192295	



Autilio,	Echaide,	Cruz,	Garcia-Mouton,	Da	Silva,	De	Luca,	
Sorli,	Perez-Gil	(2020)	(under	evaluation)	



Pulmonary	surfactant	(PS)	is	at	the	first	line	of	innate	defence	in	the	lung	

Cañadas	et	al.,	(2020)	Int	J	Mol	Sci	21:3708	



Arroyo	et	al.,	(2019)	Comm	Biol	2:470	



Arroyo	et	al.,	J	Mol	Biol	2018,	430:	1495	
												BBA	2020,	1868:	140436	

Agglutination	of	bacteria	
depends	on	the	oligomeric	
state	of	surfactant	protein	SP-D	

																			Agglutination	of	bacteria	by	human		
																			SP-D	from	amniotic	fluid	
Arroyo	et	al.	Am	J	Physiol	2020	(doi:10.1152/ajplung.00007.2020)	



SURFACE-COATING	AND	SUBSEQUENT	
PROTEIN-COATING	DEFINE	NP	UPTAKING	
BY	MACROPHAGES	

ST-NPs PL-NPs 

-protein 

+protein 

+SP-D +SP-A 

Ruge et al., (2011) Nanomedicine 7: 690-693 
Ruge etal. (2012) PLoS ONE 7, e40775 
Raesch et al. (2015) ACS Nano 9, 11872-11885 

Klaus-Michael Lehr 
Saarland Univ. 



Klaus-Michael Lehr 
Saarland Univ. 



PULMONARY	SURFACTANT	as	a	complex	body/environment	interface	

type II 

type I 

entry into the distal airways 

clearing towards the upper airways 

alveolar surface film 

air 

water 

TM 

LB 

multi-layered interfacial film 

type II pneumocyte 

surfactant	as	a	dense		(bicontinuous)	membrane	
network	at	the	alveolar	spaces	

A	gradient	of	surfactant	complexity	from	
alveoli	to	the	upper	airways	

MUCOCILIARY	SCALATOR	

BREATHING	INTERFACIAL	DYNAMICS	

Surface tension gradient 

Marangoni flows 



Pilar Martín 
CNIC	

DIR-lipid	

0h	 60	min	 5	h	 24	h	

negative	control		
(lipids)	

whole	surfactant	
(lipids	+	proteins)	

upper 
airways 

conductive 
airways distal 

airways 

PULMONARY	SURFACTANT	spreads	at	the	respiratory	surface	



DONOR TROUGH 

Upper 
airways 

Conductive airways 
Distal 

airways 

Wilhelmy trough 

SURFACTANT	PROTEINS	and	LIPID-PROTEIN	COMPLEXES	use	the	air-liquid	
interface	to	distribute	and	spread	to	long	distances	

Garcia-Mouton,	Hidalgo,	Cruz,	Perez-Gil	(2020)	(under	
evaluation)	



SUMMARY	
	

•  Lipid-protein	surfactant	complexes	form	interconnectated	conductive	
networks	at	the	whole	respiratory	surface,	which	reduces	surface	tension	
but	also	efficiently	distributes	lipids	and	proteins	(and	gases)	

•  Different	elements	in	lung	surfactant	integrate	signals	between	epithelial	
and	innate	immune	cells	to	coordinate	affordable	physiological	responses	

•  Inflammation	and	lung	injury	disrupts	surfactant	composition	and	structure	
destabilizing	the	respiratory	surface		

•  Lung	surfactant	networks	take	part	of	an	innate	first	line	of	defense	
against	pathogens	and	harmful	entities	through	non-inflammatory	
pathways	

•  Surfactant	interfacial	networks	act	as	conductive	structures	that	facilitate	
an	efficient	distribution	of	(surface-active,	defense)	molecules	along	the	
whole	respiratory	surface.	This	can	be	used	for	enhanced	inhaled	delivery.	
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