
EDITORIALS

Kindlin for the Fire: Targeting Proline Synthesis to Extinguish Matrix
Production in Pulmonary Fibrosis

Pulmonary fibrosis is a scarring disease of the lung notable for
epithelial injury followed by aberrant activation of lung fibroblasts,
excessive matrix deposition, distortion of lung architecture, and
abnormal gas exchange. Pulmonary fibrosis is commonly seen in
patients with identified autoimmune disease or environmental
exposures as well as in patients with no identified underlying cause
(1). For patients with idiopathic pulmonary fibrosis (IPF), prognosis
remains poor despite the emergence of antifibrotic medications,
which have been shown to slow lung function decline. However, no
existing treatment halts or reverses the progression of fibrosis once
present. Targeting signaling pathways associated with collagen
synthesis is an attractive avenue for the development of novel
antifibrotic therapeutics, which is explored by Zhang and colleagues
in this issue of the Journal (pp. 54–69). The authors hypothesized that
targeting proline biosynthesis would reduce fibroblast activation and
experimental pulmonary fibrosis. They addressed this question by
testing whether kindlin-2 was critical for proline synthesis and
subsequent lung fibroblast activation, collagen synthesis, and
pulmonary fibrosis development (2).

As collagen is the primary component of extracellular matrix in
pulmonary fibrosis, disruption of pathways that regulate collagen
synthesis are of significant interest. In addition to transcriptional and
translational regulation of collagen, several groups have focused on
proline metabolism, as proline (and hydroxyproline) comprise 23%
of collagen (3) and its abundance (or lack thereof) is critical for
collagen synthesis. Several studies have described increased proline
synthesis in pulmonary fibrosis (4). A recent publication made the
connection that the translocation of kindlin-2 to the mitochondria
and subsequent interaction with PYCR1 (pyrroline-5-carboxylate
reductase 1) in lung cancer is critical for proline synthesis (5). PYCR1
is the enzyme that convertsD1-pyrroline-5-carboxylate into proline,
the last step in proline synthesis from glutamate and ornithine.
Targeting PYCR1 is sufficient to inhibit collagen synthesis in cancer-
associated matrix–producing fibroblasts (6).

The kindlins (kindlin-1, kindlin-2, and kindlin-3) are a family of
cytoplasmic focal adhesion proteins that bind to the cytoplasmic tail
of b-integrin subunits, contain FERM domains, are critical in
cytoskeletal reorganization in response to extracellular matrix (ECM),
and function by increasing ligand–integrin binding affinity (7). The
mediation of these protein interactions aids in assembly of ECM,
maturation and localization of focal adhesions, cell spreading and
migration, proliferation, differentiation, and cell survival. They are
known to bind to ILK (8), b1-integrin, b3-integrin, andmigfilin (9).
Given their importance in many cellular processes, it is unsurprising
that they also play an important role in many diseases. Loss of

kindlin-1 leads to Kindler syndrome (10, 11), which is characterized
by skin blistering and ulceration, photosensitivity, gingival atrophy
and periodontal disease, reduced keratinocyte and epithelial adhesion,
and increased apoptosis of keratinocytes. Loss of kindlin-3 leads to
leukocyte adhesion deficiency type III, which is characterized by
leukocyte adhesion deficits and deficient hematopoietic stem and
progenitor cells (12). The loss of kindlin-2 is lethal in embryonic mice
because of severe deficits in cellular adhesion to ECM and cytoskeletal
organization (13, 14). Increased expression of kindlin-2 has been
described in kidney fibrosis (15) through the activation of Erk1/2,
Akt, and TGF-b signaling (16). During skin wound repair, fibroblasts
within human scars express high concentrations of kindlin-2, which
was shown to aid in the ability of fibroblasts to detect mechanical
clues from the environment, driving their differentiation to
myofibroblasts as mechanical stress increases during wound closure
(17). Similarly, data presented in the current article reveal significant
increases in kindlin-2 and its binding partner PYCR1 in aSMA1

myofibroblasts in IPF tissue and in bleomycin-induced fibrosis in
mice (2).

The connection of kindlin-2 to signaling pathways that are
linked to progression of pulmonary fibrosis and its key role in
directing normal wound repair in the skin make kindlin-2 an
attractive target to inhibit the excessive repair process and matrix
deposition occurring during pulmonary fibrosis. The authors show
that TGFb-1 treatment increased kindlin-2 and PYCR1 expression,
kindlin-2 mitochondrial translocation, binding of kindlin-2 to
PYCR1, and proline synthesis in fibroblasts. These effects were
blocked by the depletion of kindlin-2 using lentiviral-mediated
kindlin-2 shRNA. The authors also show that mice with intranasal
adenoviral Cre-mediated depletion of kindlin-2 exhibit reduced
bleomycin-induced proline synthesis and pulmonary fibrosis
development. Furthermore, they found that treatment of lung
fibroblasts with pirfenidone and nintedanib reduced kindlin-2 and
PYCR1 expression and translocation to mitochondria and decreased
proline synthesis.

Although this study provides compelling evidence for kindlin-
2–dependent proline biosynthesis driving ECM production in
pulmonary fibrosis, there are several questions that remain to be
answered. First, although it appears that the critical cell type that
requires kindlin-2 for the generation of pulmonary fibrosis is the
fibroblast/myofibroblast, other cell types in the lung, including the
epithelium and endothelium, interact with ECM, respond to TGFb-1,
and generate collagen and profibrotic growth factors in pulmonary
fibrosis. Subsequent studies with cell-specific deletion of kindlin-2, for
example, using tcf21 to target lung fibroblasts (18), will be required to
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answer this question in a targeted manner. Second, further
exploration of the mechanism behind kindlin-2 mitochondrial
translocation and novel interaction with proteins outside of focal
adhesion complexes, such as PYCR1, are still needed, as the
mechanism by which kindlin-2 regulates PYCR1 remains unknown.
The authors speculate that kindlin-2 prevents PYCR1 degradation
through direct binding, but transcriptional regulation through an
unknownmechanism is possible as well. Finally, the discovery that
both pirfenidone and nintedanib disrupt kindlin-2–PYCR1
interactions and subsequent proline synthesis suggests that this
pathway may be regulated by upstream profibrotic signaling,
potentially through interaction with known receptor tyrosine kinases,
including Src and EGFR (19, 20). As the phosphorylation of b3-
integrin disrupts the ability of kindlin-2 to bind and coactivate it (21),
therapeutics that alter the phosphorylation of integrins may also affect
the other roles of kindlin-2.

The article by Zhang and colleagues highlights that
understanding the mechanisms driving increased proline and
collagen biosynthesis in the development and progression of
pulmonary fibrosis is complex and relies on the interplay between
ECM, metabolism, and fibroblast activation through the novel
interaction between kindlin-2 and PYCR1. Although these pathways
also appear to be affected by currently approved antifibrotic agents,
the more precise targeting of kindlin-2 and proline biosynthesis may
lead to improved therapies for pulmonary fibrosis.�
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