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Lung Characteristics

Hypoplasia
Reduced airway branching
Diminished vascularization
Reduced alveolar number



Premature birth
Intrauterine inflammation
Ventilation/oxygen



5-10% of all births
75% of neonatal deaths
85% of all neonatal         
complications



Lung Characteristics

Arrested lung growth
Decreased
alveolarization
Dysmorfic
vascularization

Born: 26 wk; Biopsy: 7 mth

AS



-Growth
-Differentiation
-Morphogenesis

Requirement s of Lung Development



Factors

Foxf2a, TTF-1, GATA-6, Gli2 and Gli3, 
RA/RAR

trachea

Foregut



Transcript ion Factors Growth Factors
Nkx2.1(TTF-1) FGF10/FGFR2-IIIb
Hoxa5

Human

Mouse



Question: What guides branching morphogenesis?

(Conducting airways)



Removal of mesenchyme
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FOXA transcription factors regulate SHH required for branching morphogenesis and 
smooth muscle cell differentiation

Maeda, Y. et al. Physiol. Rev.  2007



Alveolar capillary plexus

How does vascular syst em develop?



Development of t he pulmonary vessels
From the aortic sac a vessel plexus arises around the lung anlagen 

t hat wit h t he lung buds ext ends caudally (32 days)

1. First aortic arch
2. Second aortic arch
3. Third aortic arch 
4. Fourth aortic arch
5. Dorsal aorta
6. Lung buds
7. Aortic sac
8. Pulmonary plexus

Pharyngeal Arches



Angiogenesis: t he 
br anching of new vessels 
f r om pr eexist ing ones 
cent r al

Vasculogenesis: t he 
development of blood 
lakes t hat t r ansf or m int o 
vessels per ipher al
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Lung vascular morphogenesis models



Intervillous space opens around 10-12 wks 
gestation

pO2:15-20 mM Hg<10-12 wks > pO2:55 mm Hg

Ductus arteriosus shunts 90% of blood from the 
fetal lung

Consequence: Fetal lung develops in 
relative Low Oxygen environment



20%                          3%

48h

72h

Low Oxygen Tension Promotes Vascular Development

Oxygen concentration

(D11 lung explants of Tie-LacZ mice)



bHLH PAS NTAD CTAD
P402    P564                           N803

P402    P564                           N803

OH OH OH

VHL

VHL P300/CBP

P300/CBP

Hypoxic:

Normoxic: Pro hydroxylase
PDH-1, 2, 3

Asn hydroxylase
FIH-1

Transactivation

Degradation

Oxygen-sensing via HIF-1 protein
(Semenza: PNAS, 99:11570-11572, 2002)

ODD



Stabilization of HIF- 1 with DMOG St imulates Vessel f ormat ion 



EFFECT OF INHIBITION OF VEGF SIGNALING ON EARLY LUNG DEVELOPMENT

VEGFR2 inhibitor
SU5416

Control

SU5416

Control



Le Cras, T. D. et al. Am J Physiol Lung Cell Mol Physiol 283: L555-L562 2002

Treatment of newborn rats with a VEGF receptor inhibitor
(barium angiograms)

infant rats

adult rats



1. Type I cell
2. Airsac
3. Type II cell
4. Basal lamina of airsac
5. Basal lamina of vessel
6. Endothelium of the vessel

Blood air barrier





PDGF- R pos
myofibroblasts

Elastin/Tenascin-C

Capillary

I. Elastin deposition in primary septa 

III. Microvascularization with fusion of 
capillary layer in single medial layer and 
thinning of interstitium

II. New secondary septa
with double capillary layer

Elastin/decorin/CS at the tips

Increased MMP-2/-9 activity 



Quest ion ?



SP-C Promoter -ODD

HIF1 ODD

Does overexpression postnatally affect VEGF expression, 
vessel formation and alveolar formation?

OH OH

VHL
Normoxia

Degradation

CTADbHLH PAS



2                 8                 14               21     

Postnatal days

C57 WT

HIF-1 ODD

Post nat al Lung hist ology of C57 wild-t ype pups
and HI F-1 ODD t r ansgenic pups 



Over expr ession of HI F-1 ODD I ncr eases 
Post nat al Per ipher al Vessel Number
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Over expr ession of HI F-1 ODD I ncr eases 
Post nat al Sept al For mat ion and Alveolar 

Number



Improved lung growth and function through hypoxia-
inducible factor in primate chronic lung disease of 

prematurity

Tiina M. Asikainen, Ling-Yi Chang, Jacqueline J. Coalson, Barbara K. Schneider, Nahid S. Waleh, Machiko Ikegami, 
John M. Shannon, Vicki T. Winter, Peter Grubb, Ronald I. Clyman, Bradley A. Yoder, James D. Crapo, and Carl W. White 

FASEB J. 2006 Jun 28; [Epub ahead of print]

Bronchopulmonary dysplasia (BPD), a chr onic lung disease af f ect ing pr et er m neonat es, is associat ed wit h signif icant 
childhood and adult healt h pr oblems. Histopathologic f eat ur es of BPD include impair ed vascular and dist al air way 
development . We pr eviously showed t hat act ivat ion of hypoxia-inducible f act or s (HIFs) by inhibit ion of prolyl
hydroxylase domain-cont aining pr ot eins (PHDs) is f easible and t hat it st imulat es vascular endot helial gr owt h factor 

(VEGF) -dependent angiogenesis in vit r o. We t est ed t he hypot hesis t hat enhancement of 
angiogenesis by act ivat ion of HIFs impr oves lung gr owt h and f unct ion in 
pr emat ur ely bor n neonat es in vivo. Pr et er m baboons (125 day+14 day pr o r e 
nata O2 model, cor r esponding t o 27 human gest at ional weeks) wer e t r eated 
f or 14 days wit h int r avenous (i.v.) FG-4095, a PHD inhibit or . Not ably, 77% of 
diminished t ot al alveolar sur f ace ar ea in unt r eat ed cont r ols was r ecover ed by 
FG-4095 t r eat ment . Funct ional signif icance of t he st r uct ur al changes was 
indicat ed by impr oved oxygenat ion and lung compliance in FG-4095-treated 
newborns. Sur f act ant pr ot eins B and C and sat ur at ed phosphatidylcholine wer e unchanged. I ncidence of 
spontaneous ductus arteriosus closur e was incr eased, likely cont r ibut ing t o lower r at io of pulmonar y t o syst emic 
blood flow in FG-4095 group. These findings indicate that HIF stimulation by PHD inhibition ameliorates pathological 
and physiological consequences of BPD 



Ciliated Cell    PNEC      Clara Cell                Type II cell Type I cell

Question: Which pathway(s) regulate(s) epithelial cell patterning
along the  anterior-posterior axis in the lung?
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Selective expression of transcription factors in the respiratory epithelium
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TTF-1, FOXA2, NFATC3, and C/EBP participate in a network regulating perinatal lung 
maturation and adaptation to airbreathing at birth



Formation of the lung is dependent on a 
myriad of interactions of signaling and 
receiving molecules controlling 
proliferation and differentiation

Remaining Question: How are the 
different pathways integrated and 
coordinated at the cellular and 
molecular level and can we built a lung 
in vitro? 
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Bone-marrow stem cells

NEBs at 
Bronchiolar 

Branch points

PNECs

Clara cells ? 

PNECs

Type II/I cells ?

Clara cells in 
Bronchiolar Epithelium

Clara cells Ciliated cells PNECs ?

Type II cells in
Alveolar Epithelium

Type I cellsType II cells

BV

Alveolus

Terminal Bronchiole

Lung Tissue Stem Cells in Lung Regeneration



Development of t he pulmonary vessels (2) 
Also from the dorsal aorta a vessel plexus forms that communicates 

with the ventral one and thus creates a connection between 
the ventral aortic sac and the dorsal aorta (36 days).

1. First aortic arch
2. Second aortic arch
3. Third aortic arch 
4. Fourth aortic arch
5. Dorsal aorta
6. Lung buds
7. Aortic sac
8. Pulmonary plexus



Phase contrast               Cy5-antiEF5           Competed Cy5 antiEF5                  

Pregnant mice were injected at E9.5 with nitroimidazole hypoxia marker EF5 and analyzed at 
E10.5. Developing lung structures were visualized by EF5 antibody and red colour is indicative 
of an hypoxic environment.  

HYPOXI C ENVI RONMENT BENEFI CI AL 
FOR PULMONARY VASCULAR 

DEVELOPMENT?
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