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The many challenges associated with lung transplantation provide a strong rationale for the development of cell- and
tissue-based therapies for patients with respiratory failure caused by the loss of lung tissue that is associated with chronic
pulmonary disease, injury, or resection. In this issue of the JCI, Chapman et al. take an important step forward in the
development of regenerative medicine for the treatment of lung disease by identifying a novel integrin α6β4–expressing
alveolar epithelial cell that serves as a multipotent progenitor during repair of the severely injured lung.
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The	many	challenges	associated	with	lung	transplantation	provide	a	strong	
rationale	for	the	development	of	cell-	and	tissue-based	therapies	for	patients	
with	respiratory	failure	caused	by	the	loss	of	lung	tissue	that	is	associated	
with	chronic	pulmonary	disease,	injury,	or	resection.	In	this	issue	of	the	JCI,	
Chapman	et	al.	take	an	important	step	forward	in	the	development	of	regen-
erative	medicine	for	the	treatment	of	lung	disease	by	identifying	a	novel	inte-
grin	α6β4–expressing	alveolar	epithelial	cell	that	serves	as	a	multipotent	
progenitor	during	repair	of	the	severely	injured	lung.

Lung function depends  
on the diversity of epithelial cells 
lining the respiratory tract
In the mammalian lung, conducting air-
ways lead to an extensive alveolar surface 
on which epithelial cells and pulmonary 
capillaries come into close apposition to 
facilitate gas exchange required for cellu-
lar respiration. Pulmonary homeostasis 
requires  the proliferation and differen-
tiation of diverse epithelial cell types that 
vary  along  the  proximal  to  peripheral 
axis of the lung as needed for mucocili-
ary clearance, host defense, reduction of 
surface tension, and gas exchange. Lin-
eage-tracing  experiments  in  mice  have 
demonstrated that epithelial cells lining 
both conducting airways and the alveoli of 
the mature lung are derived from lineage-
restricted progenitor cells located within 
the embryonic foregut endoderm (1–3). 
Conducting  airways,  including  the  tra-
chea, bronchi, and bronchioles, are lined 
primarily by pseudostratified or columnar 
epithelium consisting of ciliated, basal, 
and various secretory cell types including 
serous, Clara, and goblet cells. In contrast, 
the alveolar surface is thought to be lined 
by  only  two  types  of  alveolar  epithelial 
cells (AECs): squamous type I AECs, which 
facilitate oxygen and carbon dioxide trans-
port to pulmonary capillaries, as required 
for respiration; and cuboidal type II AECs, 

which produce and secrete surfactant pro-
teins and lipids, including surfactant pro-
tein C (SP-C), required to reduce surface 
tension at the air-liquid interface, thereby 
preventing atelectasis during  the  respi-
ratory cycle (ref. 4 and Figure 1). Type II 
AECs have been long considered the sole 
progenitor cells mediating repair of the 
alveoli, but this view is now challenged by 
the findings of Chapman and colleagues 
in this issue of the JCI (5).

Proliferative responses  
after lung injury
After birth, the respiratory tract is exposed 
to  particles,  toxicants,  and  infectious 
agents, all of which can cause severe dam-
age, and the lung has elegantly evolved 
cellular and physiological repair mecha-
nisms  that  maintain  its  function  after 
injury.  Whereas  cell  turnover  occurs 
very slowly in the normal healthy lung, 
as  indicated by  low rates of cell prolif-
eration, the lung is capable of rapid and 
extensive  cell  proliferation  as  required 
to repair damaged tissue and maintain 
respiratory function. Failure to regener-
ate functional lung tissue after acute or 
chronic injury contributes to the patho-
genesis of many common lung disorders, 
including acute lung injury, pneumonia, 
pulmonary fibrosis, emphysema, cystic 
fibrosis, and lung cancer (6, 7). The limit-
ed capacity of the lung to regenerate after 
extensive injury or resection emphasizes 
the urgent need to develop cell- and tis-
sue-based therapies for these life-threat-
ening pulmonary disorders.

Integrin α6β4 defines  
a previously unrecognized  
alveolar progenitor cell
Given the remarkable diversity of the char-
acteristics  and  functions  of  respiratory 
epithelial cells, the identification of lung 
progenitor cells, their differentiation, and 
the analysis of their regenerative capaci-
ties during lung formation and repair have 
been the  focus of considerable  research 
interest. Although the existence of mul-
tipotent progenitor cells capable of self-
renewal and differentiation into distinct 
epithelial types has been demonstrated in 
the fetal lung (2, 8), the characterization 
of multipotent respiratory epithelial cell 
progenitors, or stem cells, that maintain 
lung homeostasis and mediate repair after 
injury in the mature lung is incomplete. 
The current view  is  that basal cells and 
secretory cells proliferate and differenti-
ate into the distinct cell types of the con-
ducting airways, whereas cuboidal type II  
AECs  are  the  sole  source  of  progenitor 
cells that proliferate and differentiate into 
squamous type I AECs during repair of the 
injured lung (9–11).

Chapman  et  al.  have  identified  a  sub-
population of AECs expressing the laminin 
receptor, α6β4, that do not express proSP-C, 
a protein considered a cell-specific marker 
for mature type II AECs (5). Purified α6β4-
positive progenitor cells (which the authors 
refer to as β4+ cells) were found to prolif-
erate and differentiate into both proSP-C–
positive AECs and Clara cell secretory pro-
tein–positive (CCSP-positive) bronchiolar 
epithelial cells that contributed to highly 
organized bronchiolar and alveolar struc-
tures when implanted with fetal lung cells 
under the renal capsule of immunodeficient 
mice. Differentiated type II AECs expressing 
proSP-C did not have a similar proliferative 
capacity  in vitro and did not contribute 
substantially to alveolar repair after severe 
bleomycin-induced  injury.  These α6β4-
positive progenitor cells were found in both 
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bronchiolar and alveolar regions of the nor-
mal mouse lung and lacked expression of 
proSP-C and the Clara cell marker CCSP, 
something that distinguishes them from 
the  previously  described  dual  proSP-C–  
and  CCSP-positive  bronchiolar-alveolar 
duct junction cells (12).

The α6β4-positive  cells  accounted  for 
approximately 8%–10% of AECs in the qui-
escent lung, and therefore represent a pool 
of multipotent progenitors that are likely 
to play an important role in the repair of 
the lung. Lineage-tracing studies presented 
by Chapman et al. demonstrated that the 
regeneration of new type II AECs seen after 
severe lung injury in the mouse depended 
on proliferation of α6β4-positive progeni-
tors, rather than expansion of preexisting 
type II AECs (5). It will be of considerable 
interest  to  determine  the  mechanisms 
by which α6β4-positive AECs self-renew 
and  differentiate,  whether  they  serve  as 
sources of both type I and type II AECs, 
and whether they contribute to repair of 
conducting airways after clinically relevant 
injuries to the human lung. The identifica-
tion and isolation of integrin α6β4–posi-
tive progenitor cells from human lung and 
from experimental models will be useful 
for identifying factors and conditions that 
optimize lung regeneration and repair.

Is there a hierarchy  
of lung progenitor cells?
The characteristics of the integrin α6β4–
positive cells described by Chapman and 
colleagues (5) are consistent with a role 
for these cells as lineage-restricted multi-
potent progenitors. They are also consis-
tent with a recent study by McQualter et 
al. (13), in which the authors concluded 
that there is a hierarchy of respiratory epi-
thelial progenitor cells that includes both 
abundant, well-differentiated progenitors 
and less-abundant progenitor cell subsets. 
McQualter  et al.  further  speculate  that 
the latter are located in restricted cellular 
niches that may have increased capacity 
for proliferation and differentiation (13). 
While lineage-tracing studies support the 
endodermal derivation of all respiratory 
epithelial cells, recent observations regard-
ing the remarkable ability of various cell 
types to be reprogrammed — epitomized 
in  this  context  by  the  production  of 
induced pluripotent stem cells and their 
differentiation into respiratory epithelial–
like cells (14) — warrants rethinking of the 
nature of organ- and cell type–restricted 
progenitors.  Indeed,  recent  studies  by 
Kajstura  et  al.  identified  an  extremely 
rare but pluripotent c-kit+ lung stem cell 
capable of regenerating lung tissue after 

injection into injured mouse lung in vivo 
(15). These c-kit+ lung cells served as pro-
genitors of both bronchiolar and alveolar 
epithelial  cells  and  had  the  capacity  to 
differentiate  into  mesenchymal  (vascu-
lar smooth muscle) components of lung 
tissue. Furthermore, the c-kit+ cells were 
capable of integrating into complex respi-
ratory structures when directly  injected 
into injured mouse lung tissue in vivo.

A lung organoid assay for identifying 
progenitor cells
To determine progenitor cell activity in vivo, 
Chapman et al. developed an in vivo embry-
onic lung organoid assay that represents 
a significant contribution to the field (5). 
Purified α6β4-positive progenitor cells self-
organized into distinct airway-like saccular 
structures when mixed with fetal lung cells 
and transplanted under the kidney capsule 
of immunodeficient mice. This elegant assay 
will be useful  in defining progenitor cell 
capabilities and will facilitate the discovery 
of factors regulating their growth, differen-
tiation, and tissue-regenerating capacities.

Summary
The findings of Chapman et al. (5) chal-
lenge our conventional wisdom regarding 
the  identity of alveolar progenitor cells. 

Figure 1
Location and markers of α6β4 epithelial 
progenitors in the lung. Diagram shows the 
structure of the respiratory tree and alveo-
lar region of the lung. Surfactant-producing 
cuboidal type II AECs (T2), squamous type I  
AECs (T1), and the α6β4-expressing epi-
thelial progenitor cells described by Chap-
man and colleagues (5) are located in close 
proximity to blood vessels and interstitial tis-
sue containing fibroblasts and ECM. Marker 
proteins expressed by T1, T2, and α6β4 cells 
are indicated.
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The authors have identified a previously 
unrecognized  integrin α6β4–expressing 
AEC subset that proliferates and differen-
tiates into multiple respiratory epithelial 
cell types in vitro and in vivo. The field can 
look forward to future studies identifying 
the roles of these α6β4-positive AECs in the 
pathogenesis of human lung disease. Eluci-
dation of the mechanisms controlling their 
proliferation, differentiation, and ability to 
produce functional lung tissue will be high-
ly relevant to the pathogenesis of acute and 
chronic lung disease. It will also provide a 
framework  from  which  to  develop  new 
strategies to enhance lung regeneration for 
the treatment of life-threatening common 
pulmonary disorders.
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HDL	cholesterol	activates	endothelial	cell	production	of	the	atheroprotec-
tive	signaling	molecule	NO,	and	it	promotes	endothelial	repair.	In	this	issue	
of	the	JCI,	Besler	et	al.	provide	new	data	indicating	that	HDL	from	stable	
coronary	artery	disease	(CAD)	or	acute	coronary	syndrome	patients	inhibits	
rather	than	stimulates	endothelial	NO	synthesis	and	endothelial	repair.	This	
may	be	related	to	decreased	HDL-associated	paraoxonase	1	(PON1)	activity.	
These	observations	support	the	concept	that	the	cardiovascular	impact	of	
HDL	is	not	simply	related	to	its	abundance,	and	the	translation	of	the	pres-
ent	findings	to	prospective	studies	of	CAD	risk	and	to	evaluations	of	HDL-
targeted	therapeutics	is	a	logical	future	goal.

HDL and cardiovascular disease
Numerous epidemiological studies indi-
cate  that  the  risk of cardiovascular dis-
ease  is  inversely  related  to HDL choles-
terol  levels  (1).  In  addition,  mice  with 
elevated LDL due to the expression of a 
human apolipoprotein B transgene have 
more  severe  atherosclerosis  if  they  also 
have  low  HDL  due  to  deficiency  of  the 
major apolipoprotein of HDL, apoA-I (2). 

Furthermore, providing apoA-I or HDL 
improves vascular disease in hypercholes-
terolemic animal models (3, 4), and studies 
in humans have suggested that the infu-
sion of apoA-I mimetics or reconstituted 
HDL particles has the potential to reverse 
atherosclerosis (5). However, genetically 
based variations in HDL levels in humans 
do not correspond directly with relative 
incidence  or  severity  of  cardiovascular 
disease (6), and therapies that effectively 
cause  increases  in  HDL  levels  have  not 
yielded clear-cut decreases in cardiovascu-
lar disease (7, 8). This was particularly the 
case in a trial of torcetrapib, an inhibitor 

of cholesteryl ester transfer protein, which 
yielded a 72% increase in HDL levels but an 
actual increase in cardiovascular events (9). 
Thus, the cardiovascular impact of HDL is 
not simply related to the abundance of the 
lipoprotein, and there is a great need for 
increased understanding of the biological 
actions of HDL and the development of 
assays to assess HDL function in humans. 
In the current issue of the JCI, Besler and 
colleagues provide important new insights 
into the atheroprotective actions of HDL 
in a comparison of the endothelial func-
tions  of  HDL  obtained  from  healthy 
individuals and HDL from patients with 
stable coronary artery disease  (CAD) or 
acute coronary syndrome (10), designated 
as  HDLHealthy  and  HDLCAD,  respectively, 
throughout this commentary.

Biological actions of HDL
The classical function of HDL is to mediate 
cholesterol efflux from peripheral tissues 
and cells such as macrophages and trans-
port it back to the liver in a process known 
as  reverse  cholesterol  transport  (RCT). 
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