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The current paradigm of the pathogenesis of idiopathic pulmonary
fibrosis (IPF) indicates that persistent injury to alveolar epithelial
cells (AECs) results in the activation of aSMA (a-smooth muscle
actin)-expressing myofibroblasts (1). Although no single mouse
model fully recapitulates the human IPF disease state, the
bleomycin-induced lung injury model remains the most widely
accepted method of translational research despite its limitations,
which include a paucity of histological findings of usual interstitial
pneumonia and the lack of collagen cross-linking, resulting in
reversible fibrosis (2, 3). Therapies that reverse pulmonary fibrosis
remain elusive and represent a significant, unmet clinical need; we
present three novel studies that highlight recent developments in
IPF translational research that forges a path for an innovative
approach in treating IPF through the novel application of three
well-known drugs. n

References

1. American Thoracic Society; European Respiratory Society.
American Thoracic Society/European Respiratory Society
international multidisciplinary consensus classification of the
idiopathic interstitial pneumonias. Am J Respir Crit Care Med 2002;
165:277–304. [Published erratum appears in Am J Respir Crit Care
Med 166:426.]

2. Herzog EL, Mathur A, Tager AM, Feghali-Bostwick C, Schneider F, Varga
J. Review: interstitial lung disease associated with systemic sclerosis
and idiopathic pulmonary fibrosis: how similar and distinct? Arthritis
Rheumatol 2014;66:1967–1978.

3. Blackwell TS, Tager AM, Borok Z, Moore BB, Schwartz DA, Anstrom KJ,
et al. Future directions in idiopathic pulmonary fibrosis research: an
NHLBI workshop report. Am J Respir Crit Care Med 2014;189:
214–222.

Rangarajan S, et al. Metformin Reverses Established
Lung Fibrosis in a Bleomycin Model. Nat Med (4)

Reviewed by Edward P. Manning

In their groundbreaking work, Rangarajan and colleagues (4) found
that reduced activity of AMPK (AMP-activated protein kinase), a
known regulator of cellular bioenergetics, is associated with
pulmonary fibrosis. After finding decreased AMPK activity in
regions of fibrotic human lungs, they examined fibroblasts obtained
from these IPF lungs, which displayed reduced AMPK activity that
was accompanied by mTOR (mammalian target of rapamycin)
activation (which promotes cell growth and proliferation), lactic
acid production (an indicator of enhanced glycolysis), and
extracellular matrix protein synthesis. Furthermore, activating
AMPK in fibroblasts decreased expression of profibrotic genes,
including type I collagen, fibronectin, and aSMA, whereas silencing
AMPK resulted in increases in their expression.

Subsequently, the authors hypothesized that pharmacologic
AMPK activation with metformin could have antifibrotic effects
in the setting of pulmonary fibrosis. Among bleomycin-exposed
mice, treatment with metformin significantly reduced expression
of multiple profibrotic proteins and restored mitochondrial
biogenesis, which accelerated the resolution of lung fibrosis. In
demonstrating an antifibrotic mechanism via AMPK activation,
they are the first to describe the potential for metformin, a well-
chronicled drug in the treatment of diabetes, as a new therapy for
IPF. Even more exciting is the possibility that this may truly reverse
pulmonary fibrosis—currently available drugs only slow disease
progression (5).
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Unfortunately, successful therapies in animal models of
lung injury have not been particularly efficacious in human
studies (6). Although recent work failed to show any significant
benefit of metformin usage in IPF (7), it may be possible that
AMPK activation is only relevant to certain IPF phenotypes;
biomarker studies have demonstrated the heterogeneity of IPF,
especially regarding disease pathogenesis and treatment
response (8). Incorporating biomarkers in drug development
has been an integral component of recent IPF clinical trials
(9, 10), and this personalized medicine approach will be
instrumental in translating these findings from the bench to the
bedside. Drug delivery is another important consideration, as
metformin has been traditionally used to treat a systemic illness,
whereas IPF is a localized disease; optimizing drug concentrations
in the lung, as well as understanding its safety and tolerability as
formulated for treating IPF, will require rigorous investigation
before proceeding to human studies. Nonetheless, Rangarajan and
colleagues provide an exciting rationale for additional translational
and clinical investigation for metformin as a potentially novel
therapy in IPF. n
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Liu L, et al. Cholesterol-modified Hydroxychloroquine-
loaded Nanocarriers in Bleomycin-induced Pulmonary
Fibrosis. Sci Rep (11)

Reviewed by Ashley Losier

Hydroxychloroquine (HCQ), first described for the treatment of
malaria and currently for autoimmune disease (12), has shown
promise as an antifibrotic agent. Studies in fibrotic skin disease
have demonstrated its ability to inhibit fibroblast activation (13),
and recently, HCQ has been shown to slow progression in childhood
interstitial lung disease (14). Liu and colleagues (11) have proposed
a novel agent consisting of cholesterol-modified HCQ (Chol-HCQ)

as a potential therapy for pulmonary fibrosis; cholesterol
modification allows for membrane anchoring, which enhances
medication half-life, decreases dosages, and limits toxic effects.

The authors successfully synthesized Chol-HCQ–loaded
liposomes as nanocarriers that were intravenously administered to
bleomycin-exposed rats, which suppressed lung fibroblast
proliferation by inhibiting Nf-kB and ERK1/2 signaling pathways.
Inflammation was also decreased in these rats treated with Chol-
HCQ, as their lungs exhibited significantly less neutrophilic
infiltration. More excitingly, Chol-HCQ robustly reduced the
amount of lung fibrosis by inhibiting expression of CTGF
(connective tissue growth factor) and ERK1/2 signaling. Moreover,
Chol-HCQ led to reduced expression of TNF-a, a cytokine
associated with highly progressive pulmonary fibrosis, in the lung
macrophages and plasma. Finally, serologic and pathologic analyses
revealed no obvious organ toxicities associated with Chol-HCQ.

Through innovation in drug delivery, Liu and colleagues are the
first to report the mechanistic antifibrotic effects of HCQ in the lung.
More importantly, this work provides the needed framework for
further investigation of Chol-HCQ in human studies. Both
cholesterol modification (15) and nanocarriers (16) have been
shown to optimize circulating concentrations of chemotherapy
agents and, given extensive history of unsuccessful IPF drug trials
to date (17), improvements in drug delivery will be instrumental in
optimizing drug efficacy. Thus, combining cholesterol modification
with nanocarriers provides a new direction, which is particularly
relevant for HCQ given its broad therapeutic range and potential
for toxic accumulation (18). Consideration of its therapeutic index,
as formulated for IPF, will be an integral step toward successful
human studies; such work has been reflected in recent studies on
the use of HCQ for the treatment of childhood interstitial lung
disease (18, 19). n
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Yu G, et al. Thyroid Hormone Inhibits Lung Fibrosis in
Mice by Improving Epithelial Mitochondrial Function.
Nat Med (20)

Reviewed by Nkiruka Emeagwali

In their pioneering work, Yu and colleagues had previously
demonstrated that type II iodothyronine deiodinase (DIO2), a
thyroid hormone (TH) activator that converts the prohormone
thyroxine (T4) to the active 3,5,39-triiodothyronine (T3), was
significantly expressed in IPF lungs. To further characterize this
novel discovery, the authors aimed to understand the role of TH
signaling in pulmonary fibrosis, including its effects on
mitochondrial function. They found that the expression and
enzymatic activity of DIO2 is increased in patients with IPF but
negatively correlated with disease severity. They speculated that
increased conversion of T4 to T3 improves the metabolic state of
AECs in IPF. After finding that DIO2 knockout mice were more
susceptible to bleomycin-induced lung fibrosis, they demonstrated
that the fibrosis was reversible with aerosolized TH. Using the
bleomycin mouse model and a genetically inducible TGF-b1
(transforming growth factor-b1) mouse model, they discovered
that TH replacement increased survival and resolved lung fibrosis.
They used aerosolized TH to minimize its systemic effects on the
heart and muscle. In addition, treatment with sobetirome, a thyroid
receptor agonist, significantly reduced pulmonary fibrosis in both
models.

AECs in IPF lungs have been shown to have abnormal
mitochondria resulting from dysregulation of autophagy (21). The
authors sought to investigate if thyroid function could be
implicated in the abnormalities observed with IPF in both lung
bioenergetics and metabolism (22). They showed that TH played
an important role in mitochondrial biogenesis and bioenergetics,
and in mitochondrial-regulated apoptosis in AECs. They
concluded that restoration of mitochondrial function in AECs is

important in promoting the antifibrotic phenotype that they
observed. This phenotype was dependent on intact PPARGC1A
and PINK1 pathways, known regulators of mitochondrial
metabolism, and was associated with the suppression of the death
pathways regulated by mitochondria.

TH replacement therapy and its cellular metabolic effects have
been well described (23). Interestingly, there is a higher prevalence
of hypothyroidism in IPF, and hypothyroidism is a predictor of IPF
mortality (24). Taken together, these studies demonstrate a
potential role for TH replacement as a therapeutic agent in IPF.
Translating these findings into the clinical arena will require
additional investigation into the use of inhaled TH in humans;
although in vitro studies demonstrate its promise as an effective
delivery mechanism (25), further understanding of its in vivo
pharmacodynamic and pharmacokinetic properties is needed.
Nonetheless, Yu and colleagues provide the translational rationale
to explore the use of this well-known drug in this difficult to treat
disease. n
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