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Authors: Szymaniak et al. 

Reference: Dev Cell 2015; 34: 283-296. 

URL: http://www.cell.com/developmental-cell/abstract/S1534-5807(15)00427-X 
This is a follow-up paper to a previous study (Mahoney et al., Dev. Cell, 2014) that established a role for the Hip-

po pathway effector Yap in lung proximodistal patterning. In this paper, Varelas and co-workers demonstrate that 

expression of apical polarity regulators such as Crb3 and Scrib in the developing mouse lung correlated with cyto-

plasmic retention of Yap in Sox2+ proximal progenitors. Crb3 loss-of-function either in air-liquid interface (ALI) 

culture or in Crb3-null mice led to increased nuclear Yap localization, severely impaired mucociliary -secretory 

and ciliated cell- differentiation and expansion of Krt5+ cells. Therefore, this study links polarity cues to cell fate 

decisions in the mouse trachea/airway epithelium. 

Crumbs3-Mediated Polarity Directs Airway Epithelial Cell Fate through the Hippo 
Pathway Effector Yap 

Authors: Rankin et al. 

Reference: Cell Reports 2016; 16: 66-78. 

URL: http://www.sciencedirect.com/science/article/pii/S2211124716306581 
The signaling networks that control lung specification, i.e. the emergence of lung primordial progenitors within 

the anterior foregut endoderm (AFE), remain largely understudied. In this study, Zorn and co-workers used 

Xenopus embryos, mouse foregut explants, and human ESCs to elucidate signals that are involved in mesenchymal

-epithelial interactions at the moment of lung specification. They found that in both Xenopus and mouse active 

hedgehog (Hh) signaling (through Gli2/3) in the mesenchyme was necessary for the expression of Wnt2/2b and 

Bmp4 that in turn specified NKX2-1+ respiratory progenitors within the AFE. Multiple roles for retinoic acid (RA) 

signaling in this process were also discovered. RA signaling promoted expression of endodermal Hh ligands, 

patterned lateral plate mesoderm independently of Hh signaling and rendered pre-specified endoderm compe-

tent to respond to mesenchymal lung specification signals. The practical implications for the development of lung 

directed differentiation protocols were demonstrated in an in vitro experiment where the derivation of NKX2-1+ 

lung progenitors from human ESC was potentiated by pre-treatment of ESC-derived foregut with RA. 

A Retinoic Acid-Hedgehog Cascade Coordinates Mesoderm-Inducing Signals and 

Endoderm Competence during Lung Specification 

I. Lung developmental biology 
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Authors: Dye et al. 

Reference: eLife 2015; 4: 25. 

URL: https://elifesciences.org/content/4/e05098 
Spence and coworkers report here a new approach for the derivation of lung organoids comprising multiple lung 

epithelial cell types and mesenchymal (stromal) cells. The authors first derived lung-fated anterior foregut endo-

derm spheroids by TGF-β/BMP signaling inhibition and addition of Hh (SAG), Wnt (CHIR99021) and FGF (FGF4) 

agonists. Embedding the spheroids in Matrigel and culturing for a prolonged period of time (more than 100 days) 

in FGF10 resulted in the formation of so called human lung organoids (HLOs). The latter comprised alveolar- and 

airway-like structures as demonstrated by detailed immunohistochemical and transcriptomic analysis of markers 

for Type II alveolar epithelial cells (SFPTC, SFTPB), Type I alveolar epithelial cells (PDPN, HOPX), ciliated cells 

(FOXJ1) and basal cells (P63). The global HLO and human fetal lung transcriptomes were similar, indicating that 

the organoids are not fully mature. 

In vitro generation of human pluripotent stem cell derived lung organoids 

Authors: Konishi et al. 

Reference: Stem Cell Rep 2016; 6: 18-25. 

URL: http://www.cell.com/stem-cell-reports/fulltext/S2213-6711(15)00346-X 
The authors had identified, in a previous paper, carboxypeptidase M (CPM) as a marker of NKX2-1+ anterior fore-

gut endoderm cells that served as progenitors of Type II (surfactant-producing) alveolar epithelial cells. In this 

follow-up paper, they used CPM to isolate human pluripotent stem cell-derived NKX2-1+ progenitors and to in-

duce their differentiation to proximal (airway) cell types using a stepwise protocol. This protocol entailed the for-

mation of 3D spheroids in the presence of the WNT agonist CHIR99021 and FGF10 followed by culture in a com-

mercial medium for bronchial primary cells supplemented with DAPT, an inhibitor of the Notch pathway. The re-

sulting day 42 cells expressed markers of ciliated (FOXJ1, Ac-Tub) and pulmonary neuroendocrine (SYP, CHGA) 

cells. Functional multiciliated cells comprised the majority of the derived cells as demonstrated by the authors 

using a variety of imaging techniques. 

Directed Induction of Functional Multi-ciliated Cells in Proximal Airway Epithelial 

Spheroids from Human Pluripotent Stem Cells 

II. Derivation of respiratory lineages from pluripotent stem cells 

New Topics in Focus issue in Respirology 
Lung cancer practice, implementing evidence around the 

world. 

https://elifesciences.org/content/4/e05098
http://www.cell.com/stem-cell-reports/fulltext/S2213-6711(15)00346-X
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1440-1843/homepage/lung_cancer_practice__implementing_evidence_around_the_world..htm
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1440-1843/homepage/lung_cancer_practice__implementing_evidence_around_the_world..htm


 

To advertise, subscribe a colleague or to unsubscribe please contact : Secretariat, Asian Pacific Society of Respirology, 2F, UK's Bldg. 2-29-3 Hongo, Bunkyo-ku, Tokyo  
113-0033 Japan. Email: apsrinfo@theapsr.org   

Page 4 APSR RESPIRATORY UPDATES 

Authors: Rosen et al. 

Reference: Nat Med 2015; 21: 869-879. 

URL: http://www.nature.com/nm/journal/v21/n8/abs/nm.3889.html 
Engraftment of transplanted cells in the lung will be a major hurdle for successful stem cell-based therapies in the 

future. The authors of this study evaluated fetal lung as a source of progenitor cells and developed new strategies 

for augmentation of cell engraftment, modeled after hematopoietic stem cell transplantation. They found that 

only human or mouse cells from the canalicular stage of lung development were able to give rise to well-

organized and differentiated structures after mouse kidney culture implantation. To enhance exogenous mouse 

cell engraftment in naphthalene-injured mouse lungs, they conditioned the endogenous progenitor niches by 

total body irradiation. Although this increased total cell engraftment, efficient epithelial progenitor engraftment 

was also dependent on the presence of both endothelial cells (CD31+) and mesenchymal cells (SCA-1+). Similar 

results were obtained for canalicular-stage human embryonic cells following the same preconditioning regime. 

Whether this can be a clinically relevant strategy for future cell-based therapies for various human lung diseases 

warrants further studies. 

Preconditioning allows engraftment of mouse and human embryonic lung cells, 
enabling lung repair in mice 

Authors: Peng et al. 

Reference: Nature 2015; 526: 578-U282. 

URL: http://www.nature.com/nature/journal/v526/n7574/full/nature14984.html 
Morrisey and co-workers investigated the maintenance of the quiescent state of the adult lung using several ele-

gant mouse genetic models. They found that hedgehog signaling actively maintains lung quiescence through epi-

thelial-mesenchymal crosstalk. Epithelial-specific deletion of the Shh ligand or mesenchymal-specific deletion of 

the Smo receptor resulted in mesenchymal proliferation. Dynamic regulation of hedgehog signaling was observed 

post-naphthalene injury and Smo activation or deletion within Gli1+ mesenchymal cells resulted in club cell loss or 

hyperplasia, respectively. Similar effects were observed in ex vivo bronchial organoids. Thus, the hedgehog path-

way appears to play a critical role in the maintenance of the balance between proliferation and quiescence in the 

adult murine lung. 

Hedgehog actively maintains adult lung quiescence and regulates repair and 

regeneration 

III. Lung regeneration 

Pulmonary neuroendocrine cells function as airway sensors to control lung 
immune response 

Authors: Branchfield et al. 

Reference: Science 2016; 351: 707-710. 
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URL: http://science.sciencemag.org/content/351/6274/707 
Pulmonary neuroendocrine cells (PNEC) is a rare cell population that produces a variety of neuropeptides such as 

CGRP and forms innervated cell clusters known as neuroepithelial bodies. Although PNEC appear to be involved 

in several lung diseases, such as asthma and bronchopulmonary dysplasia, the underlying mechanisms remain 

unclear. Sun and coworkers knocked down Robo1 and Robo2 receptors in the mouse embryonic lung and found 

that PNECs failed to cluster into neuroendocrine bodies. Additionally, the mouse mutants exhibited increased 

neuropeptide gene expression, immune infiltration, and alveolar simplification postnatally. This study suggests 

that PNECs act as airway sensors following exposure to air to control lung immune response. 

Dual SMAD Signaling Inhibition Enables Long-Term Expansion of Diverse 
Epithelial Basal Cells 

Authors: Ren et al. 

Reference: Nat Biotechnol 2015; 33: 1097-1102 

URL: http://www.nature.com/nbt/journal/v33/n10/full/nbt.3354.html 
Decellularization-recellularization of native lung scaffolds is a promising research direction for the development 

of lung replacement therapies. Although the re-establishment of the vascular compartment is a prerequisite for 

full functionality of recellularized lung constructs, there has been limited work in this area. In this paper, Ott and 

coworkers describe new methods for the efficient vascularization of rat and human decellularized lung scaffolds. 

Engineering pulmonary vasculature in decellularized rat and human lungs.  

Authors: Mou et al. 

Reference: Cell Stem Cell 2016; 19: 217-231. 

URL: http://www.cell.com/cell-stem-cell/fulltext/S1934-5909(16)30096-0 
The long-term ex vivo expansion of functional endogenous stem cells, such as trachea/airway basal cells, remains 

an important goal for future cell-based therapies. Rajagopal and co-workers discovered BMP (pSMAD1/5/8-

mediated) and TGF-β (pSMAD2/3-mediated) signaling is suppressed in P63+ basal cells but active in luminal/

suprabasal cells of various mouse epithelial tissues. This led to development of a protocol based on dual SMAD 

signaling inhibition that allowed for the long term (>120 days) expansion of human airway and mouse trachea 

basal stem cells, as well as lung basal cells from species with clinically relevant models, such as pig and ferret. The 

expanded cells retain their multilineage differentiation potential, although capacity for ciliogenesis declined with 

passage number. The authors were able to establish basal cell cultures even from samples obtained by bron-

choalveolar lavage or induced sputum, alluding to the possibility of using non-invasive methods in the future for 

the acquisition and expansion of human autologous lung stem cells. 

IV. Lung tissue engineering 

http://science.sciencemag.org/content/351/6274/707
http://www.nature.com/nbt/journal/v33/n10/full/nbt.3354.html
http://www.cell.com/cell-stem-cell/fulltext/S1934-5909(16)30096-0


 

To advertise, subscribe a colleague or to unsubscribe please contact : Secretariat, Asian Pacific Society of Respirology, 2F, UK's Bldg. 2-29-3 Hongo, Bunkyo-ku, Tokyo  
113-0033 Japan. Email: apsrinfo@theapsr.org   

Page 6 APSR RESPIRATORY UPDATES 

Seeding of HUVECs alone or with human MSCs through the pulmonary artery and vein and use of two endothelial 

media –angiogenic and barrier stabilization- resulted in efficient vascular coverage (~75% of native human lung) 

and restoration of barrier function. Similar results were obtained with co-seeding of human iPS cell-derived endo-

thelial (CD31+CD140b–) and perivascular (CD31–CD140b+) cells on rat lung scaffolds and a decellularized human 

lung lobe, indicating the feasibility of using patient-specific endothelial cells for future lung tissue engineering 

applications. 

Regenerative Potential of Human Airway Stem Cells in Lung Epithelial 
Engineering 

Authors: Simonson et al. 

Reference: Stem Cells Transl Med 2015; 4: 1199-1213. 

URL: http://stemcellstm.alphamedpress.org/content/early/2015/08/18/sctm.2015-0021.abstract 
Mesenchymal stromal cells (MSCs) are being currently evaluated in clinical trials for the treatment of various lung 

pathologies such as bronchopulmonary dysplasia, COPD and acute respiratory distress syndrome (ARDS). In this 

report, allogeneic bone-marrow derived MSCs –a dose of 2x106 cells/kg- were administered to two patients with 

severe ARDS of different etiologies (patient 1: influenza H1N1, patient 2: induction chemotherapy) on a compas-

sionate use basis. No adverse effects were observed post-MSC infusion and both patients presented clinical im-

provement with reduction of pulmonary infiltrates and increases in lung compliance and clinical volumes. The 

authors complemented the clinical observations with in vitro immunomodulatory studies and proteomic MSC 

analysis. They described their study as “hypothesis-generating” and they were careful not to claim any causal re-

lationship between adoptive MSc transfer and ARDS resolution. 

In Vivo Effects of Mesenchymal Stromal Cells in Two Patients with Severe Acute 

Respiratory Distress Syndrome 

Authors: Gilpin et al. 

Reference: Biomaterials 2016; 108: 111-119. 

URL: http://www.sciencedirect.com/science/article/pii/S0142961216304665 
In a more recent paper from the Ott group, Gilpin et al. describe the use of human airway basal cells 

(TP63+KRT5+ cells) for lung tissue engineering. Both basal cells and sorted human primary endothelial cells from 

human donor lungs were expanded ex vivo. These cell populations were then used to recellularize native rat and 

human scaffolds. There was uniform basal cell distribution in the recellularized epithelial compartment, some 

degree of ciliated cell differentiation as shown by increase in FOXJ1 expression and gas transfer following nega-

tive pressure ventilation of the human recellularized constructs. Nevertheless, the absence of distal cell lineages 

point to an eventual need for additional progenitor/stem cell populations, such as Type II alveolar epithelial 

cells, for derivation of fully functional recellularized lungs. 

V. Cell therapies 
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Authors: Litvack et al. 

Reference: Am J Respir Crit Care Med 2016; 193: 1219-1229. 

URL: http://www.atsjournals.org.ezproxy.bu.edu/doi/10.1164/rccm.201509-1838OC#.V-8TLMn0n20 
Post and co-workers produced alveolar-like macrophages (AMs) by directed differentiation of murine pluripotent 

stem cells (PSCs) through a yolk-sac erythromyeloid progenitor intermediate. PSC-AMs expressed markers of na-

tive lung AMs, such as F4/80, CD11c, and SiglecF and underwent long-term (1-2 years) expansion in media sup-

plemented with granulocyte–macrophage colony–stimulating factor and macrophage colony–stimulating factors. 

Fluorescently labeled PSC-AMs were able to phagocytose bacteria and were shown to persist in healthy and resi-

dent AM-depleted mouse lungs. Finally, these macrophages were found to have a therapeutic effect in adenosine 

deaminase deficiency (ADA-/-) mice as their administration resulted in increased mouse survival, accompanied by 

increased gas exchange and epithelial repair, compared to control animals. 

Alveolar-like Stem Cell-derived Myb(-) Macrophages Promote Recovery and 
Survival in Airway Disease 
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