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Considerations for Targeting b-Catenin Signaling
in Fibrosis

Idiopathic pulmonary fibrosis (IPF) is a progressive and fatal chronic
lung disease, which exhibits a median survival between 2 and 4 years
after diagnosis. Although our understanding of the pathogenesis of

IPFhas significantly improvedover the last years,we still lack effective
therapies for IPF (1). Unbiased screening approaches analyzing IPF
lung tissue, as well as experimental animal models thereof, suggest
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that developmental signaling pathways (e.g., transforming growth
factor b [TGF-b], Wnts, and growth factor receptor signaling) are
dysregulated during IPF; in fact, the gene expression profile in IPF
lungs looks similar to that of a developing lung (2). A working hy-
pothesis in the field reasons that epithelial injuries trigger fibroblast-
dependent repair processes that patients with IPF cannot resolve
normally, which leads to excessive fibroproliferation and matrix de-
position at the expense of normal tissue remodeling. Thus, although
dysregulation of developmental signaling pathways may not be the
underlying cause of fibrosis, there is much interest in assessing their
contribution to fibrogenesis, given the development of small molecule
therapeutics that are becoming available to target these pathways.

TheWnt/b-catenin (b-cat) signaling pathway is one such path-
way found dysregulated in microarrays from patients with lung
fibrosis (2). Wnts are secreted ligands that promote nuclear ac-
cumulation of b-cat, which mediates the T-cell factor (TCF)-
dependent activation of genes important for cell fate decisions
and behaviors required for tissue homeostasis. Several animal
studies using Wnt/b-cat/TCF reporter animals provided evidence
that activation of b-cat signaling is an early event in the lung
epithelium during the development of experimental fibrosis (3,
4). Although the cell-specific gene targets of b-cat signaling in the
lung are still emerging, there has been considerable interest
in understanding the contribution of b-cat signaling to lung fibro-
genesis nonetheless. Four recently published studies have provided
evidence that inhibitors of b-cat signaling (5–7) or a target of b-cat
signaling (3) can attenuate fibrosis in the bleomycin model. Collec-
tively, these data indicate that too much b-cat signaling is somehow
bad for fibrosis. However, in this issue of the Journal, Tanjore and
colleagues (pp. 630–639) show that depletion of b-cat protein from
surfactant protein C–expressing alveolar epithelial type 2 (AT2)
cells using a doxycycline-regulatable Cre-recombinase approach
did not protect from, but rather promoted, fibrosis in the bleomycin
model (8). Evidence suggests that worsened fibrosis may be due to
a reduced capacity for epithelial “healing,” as alveolar epithelial
cells (AECs) lacking b-cat manifest increased apoptosis and closed
an epithelial sheet wound more slowly than b-cat–expressing cells.

Evidence for a reparative role of b-cat in lung is further sup-
ported by a recent study showing that epithelial b-cat signaling
increases during leukocyte transmigration, and its inhibition lim-
its AEC proliferation and delays acquisition of transepithelial
resistance (9). In addition, activation of b-cat signaling by lithium
chloride improves parenchymal lung architecture in an experimental
emphysema model, suggesting that enhancing b-cat signaling may
promote lung repair (10). Given that epithelial cells in IPF appear
injured and hyperplastic, despite evidence of b-cat activation (11), it
is possible that the cellular defect in IPF represents a failure to
respond adequately to b-cat–dependent survival and repair signals.
In this regard, telomerase loss-of-function mutations are associated
with IPF (12), and telomerase reverse transcriptase has been re-
cently shown to be a target of b-catenin signaling (13), raising the
possibility that a failure to up-regulate certain epithelial-specific
b-cat-responsive genes may contribute to the AT2 cell dysregu-
lation thought to drive disease.

It is also likely that dynamic changes in themicroenvironment
and extracellular matrix composition further modify the AEC
repair capacity. In this respect, Tanjore and colleagues observed
active b-catenin signaling in epithelial (and other) cell popula-
tions throughout all stages of lung fibrosis in the bleomycin
model, from initiation to progression and resolution. Better un-
derstanding of the factors that promote the resolution of fibrosis
in this model may lead to novel therapeutic targets for patients
with IPF, given that active b-cat signaling is observed in end-
stage IPF with no signs of resolving disease.

Evidence that epithelial-specific removal of b-cat worsens fibrosis
must also be considered in light of studies showing that b-cat is

required for the efficient transmission of TGF-b signals. For exam-
ple, TGF-b1–mediated induction of a-smooth muscle actin in AECs
depends on a b-cat/CREB-binding protein/Smad3 DNA-binding
complex (14). In addition, TGF-b1 can promote the formation of
a particular b-cat phospho-form that interacts with phospho-Smad2
and up-regulates factors that can drive epithelial-to-mesenchymal
transition (EMT) apparently independent of TCFs (6). These studies
might have predicted that the AT2 cell–specific b-cat knockout (KO)
used by Tanjore and colleagues would block EMT/profibrotic TGF-b
signaling, thereby inhibiting fibrogenesis. Absent this outcome, it is
important to further delineate the impact of TGF-b1/b-cat signaling
and EMT on repair process in IPF.

One way to reconcile the opposing outcomes observed in
Tanjore and colleagues’ study compared with the b-cat signaling
inhibitor approaches that preceded it (5–7) is to consider the
manner in which b-cat signaling is inhibited. In contrast to these
latter studies, which target b-cat’s signaling function, the study
by Tanjore and colleagues removed the b-cat gene completely.
Because most of the cellular pool of b-cat is associated with
cadherin-type intercellular adhesion receptors, it stands to rea-
son that removing b-cat may negatively impact both adhesion
and b-cat signaling. Thus, perturbed AEC adhesion may be the
feature that is worsening fibrosis in this model. However, cur-
rently available data challenges this view, as the original b-cat
KO mouse showed defects in anterior–posterior axis formation
(i.e., Wnt signaling), with no obvious perturbation in adhesion
(15). It appears that plakoglobin, typically associated with des-
mosomes, gets co-opted by cadherins in the absence of b-cat,
effectively rescuing basic cell–cell adhesion (16). These data
offer a rationale for why loss of b-cat in surfactant protein
C–expressing cells in Tanjore and colleagues’ study was not suf-
ficient to impact lung mechanics (i.e., compliance or airway re-
sistance) or promote frank epithelial barrier defects, as inferred
from increased protein leak into the bronchoalveolar lavage or
immune cell recruitment. Thus, although we cannot be certain
that plakoglobin rescues all aspects of cadherin/b-cat–based ad-
hesion, precedence suggests that b-cat–depleted AECs can have
morphologically normal cell–cell adhesions. It is also worth not-
ing that inhibition of b-cat signaling but not adhesive function in
AT2 cells using the b-cat transcriptional inhibitor, inhibitor of
b-catenin and TCF (ICAT), phenocopies the b-cat loss-of-function
approach with regard to promoting apoptosis and antagonizing repair
in a scratch wound assay (4), suggesting that the primary defect in
the study by Tanjore and coworkers is due to a loss of b-cat
signaling.

An alternative explanation for why genetic depletion of b-cat
in AT2 cells worsens fibrosis compared with the various path-
way inhibitor approaches discussed above may lie simply in the
degree to which b-cat signaling is inhibited across these studies.
Systemic inhibitor strategies did not likely achieve the same
level of b-cat signaling inhibition in AECs as the targeted loss
of b-cat performed in the study by Tanjore and colleagues. We
speculate, therefore, that b-cat–mediated AEC repair mechanisms
were likely outside the therapeutic window in these previous stud-
ies, allowing the inhibitor to target an as-yet-unidentified cell type
where excessive b-cat signaling drives fibrosis. Because a high rate
of Wnt pathway mutations are observed in fibroproliferative des-
moid tumors, and forced activation of b-cat signaling in fibroblasts
can enhance proliferation, migration, and matrix deposition, it is
possible that sustained activation of b-catenin signaling in fibro-
blasts ultimately drives fibrosis (17, 18), although cell-specific b-cat
KO approaches will be required to support this model.

Altogether, the study by Tanjore and colleagues supports a
model where, upon epithelial injury, activation of b-cat signaling
in AT2 cells reflects an attempt to repair and regenerate (18). b-cat
signaling promotes AT2 cell survival, proliferation, and ability to
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migrate and close a wound, playing an important protective role
during the early stages of repair. These data raise the possibility
that the contributing role for b-cat signaling in fibrosis will follow
the “Goldilocks” model of cell signaling: too little b-cat signaling
in AT2 cells will promote epithelial cell death and potentially
exacerbate a lung injury/fibrosis phenotype; too much b-cat sig-
naling in a presently unidentified cell type will enhance the
fibrotic phenotype through promoting fibroproliferation, migra-
tion, and activation. Moreover, the fate of “good” versus “bad”
b-cat signaling in lung epithelial cells is most probably dictated
by b-cat binding to other cofactors (Figure 1). This model pre-
dicts that b-cat inhibitor strategies will need to interfere with
specific b-cat interactions and provide sufficient control of dosing,
which may be critical for providing the “just right” amount of
b-cat signaling necessary for alveolar repair, without promoting
fibroproliferation associated with fibrosis.

Author disclosures are available with the text of this article at www.atsjournals.org.

Cara J. Gottardi, Ph.D.
Division of Pulmonary and Critical Care Medicine
Northwestern University Feinberg School of Medicine
Chicago, Illinois

Melanie Königshoff, M.D., Ph.D.
Comprehensive Pneumology Center
Ludwig Maximilians University
Munich, Germany
University Hospital Grosshadern
Munich, Germany
Helmholtz Zentrum München
Munich, Germany
and
German Center for Lung Research
Munich, Germany

References

1. Fernandez IE, Eickelberg O. New cellular and molecular mechanisms of

lung injury and fibrosis in idiopathic pulmonary fibrosis. Lancet 2012;

380:680–688.

2. Selman M, Pardo A, Kaminski N. Idiopathic pulmonary fibrosis: aber-

rant recapitulation of developmental programs? PLoS Med 2008;5:

e62.

3. Konigshoff M, Kramer M, Balsara N, Wilhelm J, Amarie OV, Jahn A,

Rose F, Fink L, Seeger W, Schaefer L, et al. WNT1-inducible signaling

protein-1 mediates pulmonary fibrosis in mice and is upregulated in

humans with idiopathic pulmonary fibrosis. J Clin Invest 2009;119:772–

787.

4. Flozak AS, Lam AP, Russell S, Jain M, Peled ON, Sheppard KA, Beri R,

Mutlu GM, Budinger GR, Gottardi CJ. Beta-catenin/T-cell factor

signaling is activated during lung injury and promotes the survival

and migration of alveolar epithelial cells. J Biol Chem 2010;285:

3157–3167.

5. Henderson WR Jr, Chi EY, Ye X, Nguyen C, Tien YT, Zhou B, Borok

Z, Knight DA, Kahn M. Inhibition of Wnt/beta-catenin/CREB bind-

ing protein (CBP) signaling reverses pulmonary fibrosis. Proc Natl

Acad Sci USA 2010;107:14309–14314.

6. Ulsamer A, Wei Y, Kim KK, Tan K, Wheeler S, Xi Y, Thies RS,

Chapman HA. Axin pathway activity regulates in vivo pY654-beta-

catenin accumulation and pulmonary fibrosis. J Biol Chem 2012;287:

5164–5172.

7. Akhmetshina A, Palumbo K, Dees C, Bergmann C, Venalis P, Zerr P,

Horn A, Kireva T, Beyer C, Zwerina J, et al. Activation of canonical

Wnt signalling is required for TGF-beta-mediated fibrosis. Nat Com-

mun 2012;3:735.

8. Tanjore H, Degryse AL, Crossno PF, Xu XC, McConaha ME, Jones BR,

Polosukhin VV, Bryant AJ, Cheng D-S, Newcomb DC, et al. b-Catenin

in the alveolar epithelium protects from lung fibrosis after intratracheal

bleomycin. Am J Respir Crit Care Med 2013;187:630–639.

9. Zemans RL, Briones N, Campbell M, McClendon J, Young SK, Suzuki

T, Yang IV, De Langhe S, Reynolds SD, Mason RJ, et al. Neutrophil

transmigration triggers repair of the lung epithelium via beta-catenin

signaling. Proc Natl Acad Sci USA 2011;108:15990–15995.

10. Kneidinger N, Yildirim AO, Callegari J, Takenaka S, Stein MM,

Dumitrascu R, Bohla A, Bracke KR, Morty RE, Brusselle GG, et al.

Activation of the WNT/beta-catenin pathway attenuates experimental

emphysema. Am J Respir Crit Care Med 2011;183:723–733.

11. Konigshoff M, Balsara N, Pfaff EM, Kramer M, Chrobak I, Seeger W,

Eickelberg O. Functional Wnt signaling is increased in idiopathic

pulmonary fibrosis. PLoS ONE 2008;3:e2142.

12. Armanios MY, Chen JJ, Cogan JD, Alder JK, Ingersoll RG, Markin C,

Lawson WE, Xie M, Vulto I, Phillips JA 3rd, et al. Telomerase

mutations in families with idiopathic pulmonary fibrosis. N Engl J Med

2007;356:1317–1326.

13. Hoffmeyer K, Raggioli A, Rudloff S, Anton R, Hierholzer A, Del

Valle I, Hein K, Vogt R, Kemler R. Wnt/beta-catenin signaling

regulates telomerase in stem cells and cancer cells. Science 2012;336:

1549–1554.

14. Zhou B, Liu Y, Kahn M, Ann DK, Han A, Wang H, Nguyen C, Flodby

P, Zhong Q, Krishnaveni MS, et al. Interactions between beta-catenin

and transforming growth factor-beta signaling pathways mediate epithelial-

mesenchymal transition and are dependent on the transcriptional co-activator

cAMP-response element-binding protein (CREB)-binding protein (CBP).

J Biol Chem 2012;287:7026–7038.

15. Huelsken J, Vogel R, Brinkmann V, Erdmann B, Birchmeier C,

Birchmeier W. Requirement for beta-catenin in anterior-posterior

axis formation in mice. J Cell Biol 2000;148:567–578.

16. Fukunaga Y, Liu H, Shimizu M, Komiya S, Kawasuji M, Nagafuchi A.

Defining the roles of beta-catenin and plakoglobin in cell-cell adhe-

sion: isolation of beta-catenin/plakoglobin-deficient F9 cells. Cell

Struct Funct 2005;30:25–34.

17. Lam AP, Gottardi CJ. Beta-catenin signaling: a novel mediator of fi-

brosis and potential therapeutic target. Curr Opin Rheumatol 2011;23:

562–567.

18. Konigshoff M, Eickelberg O. WNT signaling in lung disease: a failure or

a regeneration signal? Am J Respir Cell Mol Biol 2010;42:21–31.

Copyright ª 2013 by the American Thoracic Society

DOI: 10.1164/rccm.201301-0144ED

Figure 1. Model for b-cat signaling during lung injury, repair, and fi-

brosis. See text and Reference 8 for details. AT2 ¼ alveolar epithelial
type 2; b-cat ¼ b-catenin; CBP and p300 = transcriptional coactivator

histone acetyltransferases; Smad ¼ TGFb nuclear effector protein.
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