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Ageing of the population
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A potential solution could the biofabrication of lungs using the concepts, tools

and very recent advances acheived in the fields of:

✓Cell therapy

✓Regenerative Medicine

✓Organ and Tissue Engineering

How to increase the availability of viable organs for transplantation?
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Structural complexity of the lungs Alveoli: N = 300 millions

d = 0.3 mm

Membrane: S = 70 m2

w = 0,003 mm

Mechanical stimuli:

•Substrate stiffness

•Extracellular-matrix tethering

•Cell size & shape constriction

•3D & 2D environment
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Soto-Gutierrez et al. J Clin Invest. 2012;122(11):3817–3823

Bioengineering Approaches to Lung Repair and Regeneration



Petersen et al. Science 2010; 329:538-41

Lung bioengineering: proof of concept
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PubMed: "lung AND bioengineering"
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Soto-Gutierrez et al. J Clin Invest. 2012;122(11):3817–3823
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- Full elimination of donor cell material

- Preservation of extracellular matrix proteins

LUNG DECELLULARIZATION
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Badylak et al. Annu. Rev. Biomed. Eng. 2011. 13:27–53
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Lung decellularization preserves integrity of:

- airways: - Vascular circuit:
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Automatic decellularization
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Gilpin et al. J Heart Lung Transplant 33:298–308, 2014

Decellularization of human lungs
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Soto-Gutierrez et al. J Clin Invest. 2012;122(11):3817–3823
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RECELLULARIZATION WITH STEM CELLS:

¿Embryonic?

¿Adult?
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Las células madre aplicadas a la matriz pulmonar experimentan una

diferenciación acorde con la zona pulmonar en que se encuentran.

Cortiella y col. 2010

El microentorno mecánico de las células madre (rigidez, deformación y

estructura tridimensional de la matriz pulmonar) modula la diferenciación hacia

los diferentes tipos celulares en el pulmón.
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Engler et al.  Cell, 2006

La diferenciación de células madres, tanto embrionarias como adultas, depende

de la rigidez del sustrato.

Bioengineering Approaches to Lung Repair and Regeneration



P
le

u
ra

Microscopía de Fuerza Atómica Heterogeneidad de la rigidez de la matriz extracelular pulmonar
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20% O2 5% O2
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Aire

Estímulo mecánico:

•Deformación cíclica

Epitelio alveolar :
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Aire

Sangre

Matriz

Epitelio

alveolar:

Endotelio 

capilar:

Estímulo mecánico:

•Deformación cíclica

•Esfuerzo de corte
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Bioreactors for whole lungs

Charest et al. Biomaterials 52 (2015) 79e87

Clinical-scale, long-term lung bioreactor
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Charest et al. 

Biomaterials 52 (2015) 79e87

Bioreactors for whole lungs: optimization?

PERFUSION:

- continuos/pulsatile flow?

- arterial pulmonary pressure?

- perfusion flow?

- O2, CO2 ?

- Soluble factors?

VENTILATION: 

- air/líquid ventilation?

- tidal volume, frequency?

- PEEP?

- volume, frequency?

- O2, CO2

- Soluble factors?

- positive/negative pressure?
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Ronfard et al. Tissue Engineering B, 2016

How difficult will be to succeed in lung bioengineering?

Typical “death valley”

(therapeutic monoclonal antibody)

Roadmap of bioengineered

skin products
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CONCLUSIONS

Lung bioengineering has recently emerged as a potential alternative to

increase the availability of viable lungs for transplantation.

A convenient approach for lung biofabrication seems to be the

recellularization of acellular lung scaffolds with stem cells.

Although some experimental works have provided proof of concept, there

are still an enormous number of questions to be posed and solved.

In particular, the best procedures for lung biofabrication in a bioreactor

are still to be determined.
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CONCLUSIONS

Given that lung bioengineering is a novel and challenging concept still in 

its scientific childhood, it will take a long way before its application in 

patients.

1894, O. Lan: organ transplantation as a theoretical concept.

1940’s,  V. Petrovich: first lung transplantation in a dog.

1960’s, J. Hardy: first lung transplantation in patients

1980’s, J. Cooper: start clinical transplantation program

45 years

25 years

20 years

in 10 years?

LUNG TRANSPLANTATION

BIOENGINEERED LUNG TRANSPLANTATION:
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