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The undifferentiated endodermal epi-
thelium of the lung primordium gives
rise to a variety of specialized cell types
that differentiate along a proximal-distal
axis either into the ciliated and secretory
cells of conducting airways, or into the
two cell types of gas-exchanging alveo-
lar epithelium. The molecular mecha-
nisms that orient precursor cells toward
either a proximal or a distal fate have for
long remained unknown. Two recent
studies from the same group have led to
identifying two proteins involved in the
proximal-distal patterning mechanisms
of lung epithelium, namely the bone
morphogenetic protein antagonist Grem-
lin, and the transcription factor GATA6.

It had been formerly established from
elegant in vitro grafting experiments (1)
that epithelial cells of embryonic lung
were pluripotent, displayed plasticity,
and that their fate toward a proximal or
distal phenotype was dictated by lung
mesenchyme. The nature of molecules
involved in the control of epithelial dif-
ferentiation remained largely unknown,
although involvement of bone morpho-
genetic proteins (BMPs) has been sug-
gested by the altered proximal-distal pat-
terning in mice overexpressing the BMP
antagonist xnoggin or a dominant-
negative BMP receptor (2). Based on
these findings and on the recognized role
of BMPs in the development of various
organs, the strategy of Lu et al. consisted
of looking for the expression of their
various antagonists in the developing
lung. After having evidenced the re-
stricted expression of Gremlin (3) to
proximal epithelium during late lung de-
velopment, they generated transgenic
mice overexpressing this protein in the
distal epithelium. The transgene was tar-
geted with the aid of the human surfac-
tant protein C (SP-C) promoter. SP-C/
Gremlin transgenic mice exhibited a
disruption of pulmonary proximal-distal
patterning, including expanded expres-

sion to distal epithelium of proximal
markers such as the bronchiolar Clara
cell secretory protein (CC10) and the
transcription factor that controls ciliated-
cell phenotype (4), Foxj1 (or HFH-4).
Reciprocally, the expression of the alve-
olar marker SP-C was reduced. Further-
more, an aberrant expression around dis-
tal lung tubules was observed for
�-smooth muscle actin that is normally
present surrounding proximal airways
but absent in the mesenchyme surround-
ing the distal airways in wild-type ani-
mals. These features indicate a proximal-
ization of lung tubules. The proximally
restricted expression of Gremlin in the
developing lung therefore appears to
play an important role in the determina-
tion of proximal epithelial cell fate, and
influences in turn the differentiation of
surrounding mesenchymal cells.

Yang and coworkers explored the role
of GATA6, a member of the GATA
family of zinc-finger transcriptional reg-
ulators, and found its expression, in con-
trast to Gremlin, restricted to distal epi-
thelium. To define its role during
development, a loss-of-function ap-
proach was used through expression of a
GATA6-Engrailed dominant negative
fusion protein targeted to distal lung ep-
ithelium of transgenic mice. Transgenic
embryos lacked detectable alveolar epi-
thelial type I cells, the attenuated cells
which perform gas exchanges. The ex-
pression of Aquaporin 5, a water channel
gene whose expression is restricted to
this cell type, was markedly reduced.
Although neither the expression of thy-
roid transcription factor 1, a factor essen-
tial for distal lung development, nor that
of SP-A were affected, endogenous
SP-C expression was not observed in the
thick cuboidal epithelium where the
transgene was expressed, indicating that
alveolar type II cell differentiation was

affected also. The authors also examined
the expression of Foxp2, a winged helix
transcription factor that acts as a tran-
scriptional repressor (5). At early stages,
Foxp2 is expressed in lung epithelium in
a pattern similar to that of SP-C.
Whereas its expression is down regu-
lated in wild type embryos from E17.5 to
E19.5, it remains high in transgenic em-
bryos. Finally, the number of proximal
airway tubules was also reduced. To-
gether, these data implicate GATA6 as
an important regulator of distal epithelial
cell differentiation and as an element in
the control of proximal-distal airway
development.

Determination of the roles that Grem-
lin and GATA6 play in the differentia-
tion of proximal and distal lung epithe-
lium represents a crucial step in the
understanding of lung patterning mech-
anisms. Further studies are now required
to determine the mesenchymal signaling
molecules that drive the differential ex-
pression pattern in the developing
epithelium.
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