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Abstract
Idiopathic pulmonary fibrosis (IPF) is a progressive interstitial lung disease (ILD) of unknown
origin characterized by epithelial cell dysfunctions, accumulation of fibroblasts and
myofibroblasts and relentless deposition of extracellular matrix (ECM). Improved diagnostic
accuracy and better trial design have provided important insights from recent clinical trials.
Perhaps the most important insight was the realization that “standard therapy” was actually
harmful! This review summarizes the current understanding of the cell types that are altered in IPF
and the pathogenic mechanisms that have been identified. It also reviews recent clinical trial
results and interpretations. Finally, we highlight attractive biologic targets and therapies in
development with recommendations for future therapeutic avenues.

Introduction
Fibrosis in ILD is caused by the accumulation of ECM proteins within the interstitium and
alveolar space of the lung. Some forms of ILD can be caused by environmental exposures
(e.g. asbestos, inorganic dusts, organic particulates, drug toxicity or radiation). ILD can also
occur in the context of systemic disease (e.g. collagen vascular disease) or due to genetic
mutations (e.g. mutations in surfactant proteins or telomerase components)[1]. However, the
majority of severe cases comprise a classification known as IPF for which the origin is
unknown. The classification of IPF is based on radiographic patterns and/or the
identification of the usual interstitial pneumonia (UIP) pattern on histology[2]. The disease
is progressive, and often results in respiratory insufficiency within 3–5 years post-
diagnosis[3]. The pathogenesis of the disease is poorly understood and most insights are
based on inferences made from histology or various animal models which result in lung
fibrosis. The variable natural history of IPF is another confounding factor. Some patients
experience a relatively gradual decline in lung function, some experience stable disease over
extended periods of time, and others have acute deteriorations with rapid worsening and
disease progression[4]. This heterogeneity has complicated the design of clinical trials and
the identification of potential therapies.
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Pathogenesis of IPF
IPF is believed to be the result of an aberrant wound healing process. It is hypothesized that
the initial/repetitive injury occurs to the lung epithelium, likely to type I alveolar epithelial
cells (AECs) which line the majority of the alveolar surface [5]. Under homeostatic
conditions, type I AECs are believed to keep pulmonary structural mesenchymal cells in
check through the secretion of various mediators and cell-cell contact. When type I AECs
are injured or lost, it is thought that type II AECs undergo hyperplastic proliferation to cover
the exposed basement membranes. If this process is inefficient, alveoli can collapse and
consolidate. In normal repair, the hyperplastic type II AECs will undergo regulated
apoptosis. The remaining cells will spread and undergo a differentiation process to become
type I AEC. Under pathologic conditions and in the presence of transforming growth factor
(TGF)β, fibroblasts accumulate in these areas of damage and differentiate into α-smooth
muscle actin (SMA)-expressing myofibroblasts that secrete collagen and other ECM
proteins [2]. Pathologic examination of UIP tissues reveal the diagnostic lesions known as
“fibroblastic foci” (dense collections of myofibroblasts and scar tissue). The AECs adjacent
to these fibroblastic foci often remain hyperplastic and abnormal rather than undergoing
appropriate repair [6](see Fig. 1).

Cellular processes that lead to the accumulation of the fibroblasts and myofibroblasts within
IPF lungs may include expansion of resident mesenchymal cells, epithelial to mesenchymal
transition (EMT), and differentiation of circulating precursors called fibrocytes [7,8]. While
there is a general consensus that resident fibroblast accumulation plays an important role in
IPF pathogenesis, the contribution of EMT and fibrocytes is less clear. EMT has been
demonstrated to occur in animal models, and epithelial cells in IPF biopsies stain with
mesenchymal markers as well as epithelial ones [7]. However, whether EMT can result in
stable transformation to mesenchymal cells and myofibroblasts in vivo is unknown.
Likewise, fibrocytes which are circulating cells which share both leukocyte (CD45) and
mesenchymal markers (collagen 1) can stably differentiate into fibroblasts via loss of CD45
in vitro [8,9], but whether this occurs in vivo is not known. Adoptive transfer of fibrocytes
can worsen fibrotic outcomes in murine models [10], but this result could be attributed to
paracrine actions on resident epithelial cells and fibroblast rather than the result of in vivo
differentiation of fibrocytes to myofibroblasts.

There are several aspects of IPF pathogenesis that have never been fully explained. These
include the male predominance, the progressive nature of the disease and the association
with aging. The male predominance has also been noted in murine models [11], but the
reasons this occurs are unknown. Likewise, there are observations of age-related fibrosis in
mice caused by murine gammaherpesvirus infection [12,13] or genetic ablation of the
receptor for glycation end products (RAGE) [14]. Observations in the aged mice suggested
that epithelial cells were more likely to undergo endoplasmic reticulum (ER) stress and
apoptosis [13] and that fibroblasts from aged mice overexpressed the TGFβ receptors
making them resistant to apoptosis [12]. An “apoptosis paradox” (enhanced apoptosis in
epithelial cells, but resistance to apoptosis in mesenchymal cells) characterizes IPF [15]. The
last feature that is unexplained is progression. No current animal models of lung fibrosis
display a progressive disease course. In humans, it is believed that stiffening of the matrix
may perpetuate the aberrant mesenchymal phenotype in IPF [16]. Matrix stiffening is caused
by crosslinking of collagen monomers into fibrils and this is catalyzed by the actions of lysyl
oxidase (LO) and lysl oxidase like 2 (LOXL2). The protease bone morphogenic protein
(BMP)-1 cleaves LO to activate the enzyme. BMP-1 is localized to provisional ECM
deposition via interactions with a matricellular protein known as periostin [17]. Two recent
studies have demonstrated the elevation of periostin in lung tissue and circulation of IPF
patients [18,19]. Interestingly, fibrocytes from IPF patients expressed elevated levels of
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periostin suggesting a paracrine mechanism via which fibrocytes that are recruited to sites of
injury may promote fibrotic progression via paracrine actions [18]. It is also now
appreciated that fibroblast interactions with stiffened ECM can promote survival and
proliferation [16].

The role that inflammation plays in fibrosis is uncertain [20]. Many animal models of
fibrosis (e.g. bleomycin administration) have exuberant early inflammatory responses that
are followed by more chronic inflammation. It is presumed that human IPF may have
originated from a lung injury associated with inflammation; however, that etiologic event
may have occurred years before the patient presents with dyspnea. The initial inflammatory
response may have dissipated by the time IPF is diagnosed. There is also a current belief that
the nature of the chronic inflammatory infiltrates may influence IPF pathogenesis. In this
regard, recent studies have suggested that macrophage polarization from an M1 to M2
phenotype may promote fibrogenesis [21].

Therapeutic Strategies
Despite extensive investigation into the pathogenesis of IPF, no therapy has been shown to
definitively improve survival or quality of life. In 2011, the American Thoracic Society,
European Respiratory Society, Japanese Respiratory Society and the Latin American
Thoracic Association published joint guidelines for evidence based management of IPF [4].
Provision of “best supportive therapy” is one of the principle approaches to management of
IPF and is recommended despite variable strength in supporting evidence. Such therapies
include supplemental oxygen for resting hypoxemia, pulmonary rehabilitation and lung
transplantation in appropriate candidates. The second category of treatment includes the use
of pharmacologic agents with therapeutic intent. Studied medications range from agents
targeting co-morbid medical conditions to those aimed at halting fibroproliferation. A
summary of such interventions, including rationale and results is provided below.

Treatment of Co-morbid Conditions
Gastroesophageal reflux (GER) is highly prevalent in IPF patients and GER and
microaspiration may be inciting factors for repetitive lung injury in the development of IPF.
A retrospective analysis of two cohorts of ILD patients found 47% reported current
treatment with GER medications. Adjusted analysis demonstrated that the use of GER
medications was an independent predictor for longer survival time and a lower high
resolution computed tomography (HRCT) fibrosis score. This is intriguing retrospective
data, but to date no randomized controlled trial has examined the effect of GER medications
on morbidity and mortality in IPF [22].

Pulmonary arterial hypertension is another condition with increased prevalence in IPF
patients. It is thought that the parenchymal distortion in severe IPF causes abnormalities in
the pulmonary vasculature including impaired nitric oxide production, pulmonary
vasoconstriction and impaired gas exchange. In the STEP-IPF trial, investigators treated
patients with severe IPF and DLCO <35% with Sildenafil, a phosphodiesterase-5 inhibitor
which enhances signaling through the nitric oxide pathway and promotes vasodilation.
While Sildenafil did not meet the primary outcome measure of improved 6-minute walk
distance compared to placebo, there were small but statistically significant improvements in
secondary measures, including improved DLCO, arterial oxygenation, dyspnea symptoms
and quality of life compared to placebo [23]. Information about clinical trials performed in
the United States can be found at clinicaltrials.gov. The trial number for this trial was
NCT00517933.
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Patients with IPF are at increased risk of serious thromboembolism, and recently the ACE-
IPF trial attempted to identify a therapeutic effect of warfarin in IPF. Primary outcome
measures included time to death, hospitalizations and decline in forced vital capacity (FVC).
This trial was terminated early after enrolling 145 of 256 patients secondary to increased
mortality in the warfarin treated group and low likelihood of therapeutic benefit
(NCT00957242).

Recent Anti-Fibrotic Clinical Trials
Several studies have examined immune-modulating therapies including corticosteroids,
azathioprine and cyclophosphamide in the treatment of IPF. The 2000 ATS guidelines for
the management of IPF recommended careful consideration of the risk and potential benefits
of treatment with corticosteroids plus azathioprine or cyclophosphamide given the lack of
evidence for other viable treatment options and the overall poor prognosis associated with
the disease [24]. This recommendation was based on earlier studies suggesting variable
impact on survival and pulmonary function with combinations of these agents. However,
these studies were performed prior to the development of current IPF diagnostic criteria and
the patient populations studied likely contained an overlap of IPF and non-specific
interstitial pneumonia (NSIP) patients who do show some improvement with steroids
[25,26].

The first large randomized trial of immuno-modulatory therapy was the IFIGENIA study
[27]. In this study immuno-modulatory therapy with prednisone/azathioprine was evaluated
alone or in combination with N-acetyl cysteine (NAC). NAC is a precursor to endogenous
antioxidant glutathione and it has been postulated that treatment with high doses may repair
an oxidant-antioxidant imbalance that propagates the progressive fibrotic reaction in IPF.
This study demonstrated that patients with IPF treated with azathioprine/prednisone/N-
acetyl cysteine had a slower decline in lung function compared to patients treated with
azathioprine/prednisone/placebo [27]. This study led to the design of the IPFnet PANTHER-
IPF study comparing placebo to N-acetyl cysteine alone or N-acetyl cysteine combined with
azathioprine/prednisone. The triple therapy treatment arm of PANTHER-IPF was terminated
early in 2011 secondary to increased risk of death and respiratory related hospitalization
compared to placebo [28]. Based on the results of the PANTHER-IPF study immuno-
modulatory therapy with azathioprine/prednisone is no longer recommended as therapy for
patients with IPF. The PANTHER-IPF study continues with the NAC versus placebo arms
and is estimated to be completed in 2013 (NCT00650091).

Interferon-γ is an endogenous cytokine with antifibrotic, antiinfective, antiproliferative and
immuno-modulatory effects. In vitro and rodent models have demonstrated dose-dependent
inhibition of fibroblast proliferation, collagen-matrix deposition, and collagen synthesis as
well as alterations in Th1/Th2 balance in response to IFN-γ [29]. Early human studies
demonstrated improved lung function in IPF patients treated with combined prednisolone
and IFN-γ-1B [30]. Despite these promising results, a subsequent randomized-controlled
trial found no benefit on duration of progression-free survival, pulmonary function or quality
of life [31]. A follow-up mortality trial was stopped early due to lack of difference between
INF- γ and placebo [32].

Endothelin-1 (ET-1) is a potent vasoconstrictor which has been demonstrated to promote
smooth muscle proliferation and fibrosis in pulmonary hypertension. ET-1 has also been
shown to have a pro-fibrotic effect in the lungs by promoting collagen production and
inhibiting interstitial collagenase production [33]. Endothelin receptor antagonists are used
in treatment of pulmonary hypertension and have been shown to reduce collagen production
in rat models of bleomycin-induced pulmonary fibrosis [33]. Despite these results, two
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clinical trials evaluating for therapeutic benefit with bosentan compared to placebo have
failed to show improvement in 6-minute walk distance [34] or time to IPF worsening or
death [35]. A follow-up trial, ARTEMIS-IPF, failed to show therapeutic benefit on time to
worsening of IPF or lung function with ambrisentan compared to placebo. In fact,
ambrisentan treated patients had increased respiratory related hospitalizations (G Raghu, et
al., abstract in Am J Respir Crit Care Med 2012, 185:A3632).

Etanercept gained interest as a potential therapy for IPF based on its TNF binding properties.
TNF-α is an inflammatory and profibrotic cytokine which is expressed at increased levels in
animal models of pulmonary fibrosis and humans with IPF [36]. The Etanercept treated
group did not demonstrate any improvement in the primary outcomes of change in FVC,
DLCO or arterial oxygenation [37].

In recent years, the therapeutic use of tyrosine kinase inhibitors has been explored given
their inhibitory effect on platelet-derived growth factor receptors (PDGFR) which are known
to have a proliferative effect. Initial in vitro studies demonstrated that imatinib has an
inhibitory effect on PDGFR and TGF-β signaling with a resultant decrease in fibroblast-
myofibroblast transformation, proliferation and extracellular matrix production [38]. Despite
initial promise in vitro, a phase II, randomized-controlled clinical trial failed to show any
benefit on survival or lung function in IPF patients compared to placebo [39].

The macrocyclic cell proliferation signal inhibitor, everolimus, gained interest as a potential
therapy given its inhibitory effect on growth-factor dependent proliferation of hematopoietic
cells as well as in vitro inhibition of human lung fibroblast proliferation when stimulated by
platelet-derived growth factor [40]. Other studies have shown that everolimus or analogs
inhibit human lung fibroblast proliferation after lung transplant and attenuates bleomycin-
induced pulmonary fibrosis in rats [41]. However, in a randomized, placebo-controlled trial
over 3 years, everolimus was associated with more rapid disease progression [42].

Finally, pirfenidone has shown promise as a therapeutic agent in the treatment of IPF. It has
combined anti-inflammatory, antioxidant and antifibrotic effects in experimental models of
fibrosis [43]. A phase II study of pirfenidone in IPF patients had to be terminated early after
interim analysis demonstrated increased exacerbations in the placebo group compared to
pirfenidone. Two follow-up phase III trials in Japan suggested that pirfenidone had an
impact on secondary end-points including a decreased rate of decline in FVC, increased
progression free survival, and decreased acute exacerbations of IPF [44,45]. There has been
mixed opinion as to whether these two trials support further investigation of pirfenidone, as
neither trial showed a positive effect on the primary endpoint.. The CAPACITY program
attempted to clarify the role of pirfenidone in treatment of IPF by organizing two parallel,
multi-center, international, randomized-controlled trials of pirfenidone versus placebo [46].
Results from this study were inconsistent with only a mild slowing in FVC decline in one of
the trials and no benefit in the other. A third study is currently underway in an attempt to
clarify the mixed results to date (NCT01366209).

Future Therapeutic Directions
A number of targeted therapies are currently in early testing or are being considered for
development. These therapies are summarized in Table 1 and briefly outlined below.

Fibroblast-Targeted Therapies
Several growth factors and cytokines are known to play a role in the proliferation,
activation, differentiation or inappropriate survival of fibroblasts. Such molecules have
become compelling drug targets to limit fibroblast activation. Pirfenidone limits TGFβ-
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stimulated collagen production in fibroblasts and is reported to decrease fibroblast
proliferation [43]. Growth factor signaling via the platelet-derived growth factor (PDGF)
receptor or the fibroblast growth factor (FGF) receptor can also trigger fibroblast
proliferation via the activation of receptor associated tyrosine kinases [38]. This has
promoted the development of a tyrosine kinase inhibitor (BIBF1120)[47] which has recently
completed phase II trials. Two other growth factors known to stimulate fibroblast activation
are connective tissue growth factor (CTGF) which is a potent downstream mediator of
TGFβ actions and IL-13[48,49]. FG3019 is an anti-CTGF antibody-based therapy and
QAX576 is an IL-13 receptor antagonist; both are hoped to limit fibroblast activation in
vivo. Finally, a therapy directed against lysyl oxidase-like 2 (LOXL2) is in development and
testing. LOXL2 crosslinks monomeric collagen fibers that are secreted by fibroblasts thus
maturing and stiffening the ECM. The hope is that therapy directed against this molecule
will prevent the maturation of the matrix and make it easier to digest and resorb the scar
tissue.

Another potential target to reverse ECM stiffening is periostin. Periostin can bind to bone
morphogenic protein-1, which is an activator of LO and sequester this enzyme within the
ECM [17]. However, periostin can also directly influence fibroblast proliferation and
migration. Monoclonal Abs that block the ability of periostin to signal through cell surface
integrin receptors have been shown to limit fibrotic progression in animal models[18].

There are a number of fibroblast directed-targets that are well supported by basic science
investigations, but are not yet in clinical trials for IPF. For example, therapies aimed at
inducing myofibroblast apoptosis are likely to be beneficial. IPF fibroblasts have been
demonstrated to upregulate survivin [50] and XIAP (J. Horowitz, personal communication).
Both of the molecules are anti-apoptotic proteins that may contribute to inappropriate
accumulation of fibroblasts in IPF. However, not all IPF patients showed a similar
upregulation for each anti-apoptotic protein ([50] and unpublished observations). Fibroblasts
from some patients had elevated XIAP while others had elevated survivin. This biologic
heterogeneity is likely to correlate with clinical heterogeneity and highlights the importance
of a personalized approach to therapy. Fibroblasts grown from patient biopsies could be
screened to determine whether a small molecule directed against XIAP or survivin (or both)
would be effective. It will be important to target anti-apoptotic therapies to targets that are
preferentially expressed in fibroblasts, as opposed to epithelial cells to have the greatest
likelihood of success in reversing the apoptosis paradox.

Other potential therapies anticipated to limit fibroblast activation are phosphodiesterase-4
(PDE4) inhibitors and antagonists of autotaxin or the lysophosphatidic acid (LPA)1
receptor. Elevations of cyclic adenosine monophosphate (cAMP) reduce fibroblast
proliferation and matrix synthesis [51]. PDE4 inhibitors would prevent the breakdown of
cAMP within the cell, thus potentiating the anti-fibrotic signaling. A PDE4 inhibitor known
as roflumilast has been used in other lung diseases[52], and we speculate that it would be
appropriate for consideration in IPF as well. Autotaxin is the enzyme that generates LPA
and this molecule has potent profibrotic effects to induce epithelial cell apoptosis,
endothelial cell leak and fibroblast accumulation. A pharmacologic inhibitor of autotaxin
(GWJ-A-23) has been shown to ameliorate fibrosis in animal models[53] and strategies that
limit the LPA1 receptor also limit fibrosis in other organs [54]. Thus, there is enthusiasm for
testing such approaches in IPF.

Fibrocyte-directed therapies
Although the role of fibrocytes in human IPF pathogenesis is unconfirmed, several therapies
that have been developed to limit fibroblast action are also anticipated to limit fibrocyte
profibrotic actions. These include the CNTO888 which is an anti-CCL2 therapy. CCL2 is a
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critical ligand (at least in the mouse) for the recruitment of fibrocytes to the lung [9,10].
Additionally, serum amyloid P (PRM-151) has been shown to limit fibrocyte differentiation
in vitro[55].

Macrophage-directed therapies
Targets which are anticipated to limit fibrocyte accumulation may also limit macrophage
accumulation. CCL2 regulates monocyte and macrophage recruitment via CCR2 [56]. As
such, CNTO888 is likely to limit macrophage recruitment to the lung as well. A
recombinant form of Serum amyloid P which activates Fc gamma receptors, PRM-151, has
been shown to prevent M2 polarization of macrophages [21]. When macrophages are
polarized to an M2 phenotype, they overexpress arginase-1 which may promote collagen
synthesis. Pirfenidone is also anticipated to block pro-fibrotic mediator release from
macrophages [57].

Endothelial cell directed therapies
Endothelial cells are critical for the progression of fibrosis because angiogenesis is needed to
support the cellular requirements for scar formation [58]. Barrier function of endothelial
cells is also critical for limiting vascular leak and the spilling of plasma proteins into the
alveolar space to begin the provisional ECM deposition. Targeting autotaxin or the LPA1
receptor should help limit vascular leak and improve fibrosis. Additionally, the BIBF1120
compound will block signaling via VEGF receptors, which in turn, should limit
neoangiogenesis [59].

Epithelial-directed therapies
Epithelial repair is believed to be aberrant in IPF and it is likely that epithelial cell
alterations promote fibrotic progression [7,8]. One therapy currently under development is
aimed at blocking the ability of epithelial cells to activate latent TGFβ. This therapy
(STX-100) is directed against the epithelial cell-selective αvβ6 integrin which is believed to
physically interact with latent TGFβ complexes to promote activation of this potent
profibrotic cytokine[60]. There is great enthusiasm for the success of this approach based on
animal models.

Conclusions
In the last decade, numerous advances have been made in our basic science understanding of
fibrotic pathogenesis and our accuracy in assigning a diagnosis of IPF. These discoveries
have fueled a number of recent clinical trials with attractive targets and trial designs that
include placebo arms. One of the most important recent advances was the demonstration that
standard therapy (prednisone, azathioprine, and NAC) was actually harmful compared to
placebo [28]; possibly due to the toxic actions of the immunosuppressive agents. The fact
that no recent trials have identified a wide-ranging therapeutic is likely due to the clinical
and biological heterogeneity of the disease. Most of the drug targets have been identified in
genetically identical mouse strains. Approaches to target particular molecules in a uniform
genetic background are more likely to be successful than when the drug is given to the
human population which is genetically outbred. For this reason, our recommendation is that
future clinical trials attempt to utilize biomarkers found in circulation or tissue samples to
identify aberrant fibrotic pathways that are unique to that particular patient. Once this
personalized approach to medicine is taken, it is likely that many of these currently available
drugs or the ones in development will provide patient-specific benefit.
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Therapy with prednisone/azathioprine/N-acetyl cysteine increases mortality in IPF.

Several molecular pathways contribute to the pathogenesis of IPF.

Heterogeneity in IPF emphasizes the need for patient specific treatments.

Loomis-King et al. Page 12

Curr Opin Pharmacol. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1. Pathogenic alterations in IPF
IPF is believed to be the result of injury to AECs which can result in damage or loss via
apoptosis. Disruption of the homeostatic balance in the lung leads to the accumulation of
fibroblasts and myofibroblast as well as chronic inflammation which may bring in
monocytes/macrophages and fibrocytes. Vascular damage can also initiate provisional ECM
deposition. Hyperplastic AECs are noted in areas of fibrotic injury. Mesenchymal cells in
the lungs promote fibrosis via the secretion of ECM, including collagen 1. Stiffening of the
ECM matrix may help perpetuate the profibrotic signals to lung mesenchymal cells.
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Table 1

Cell types and the target of action for current and suggested IPF therapeutics

Cell Type Profibrotic Actions Target Therapeutic

Fibroblast/Myofibroblast Accumulation; Synthesis of
Extracellular Matrix; Alveolar
Contraction

PDGFR and FGFR kinase activity-stimulate
fibroblast activation

BIBF1120 (Boehringer Ingelheim)
NCT01335464

Proliferation and TGFβmediated collagen synthesis Perfinidone (Intermune) NCT01366209

CTGF- mediates fibroblast activation FG3019 (FibroGen) NCT01262001

IL-13 receptor- signals fibroblast activation QAX 576 (Novartis) NCT01266135

Lysyl oxidase-like 2 (LOXL2)-enzyme that catalyzes
collagen crosslinking in ECM

GS 6624 (Gilead Sciences)
NCT01362231

XIAP and Survivin- molecules that prevent fibroblast
apoptosis

Suggested target

Periostin- activates fibroblasts and helps to stiffen the
extracellular matrix

Suggested target

PDE4 inhibition- prevent cAMP degradation;
estimated to limit fibroblast proliferation and ECM
production

Suggested target
Roflumilast (Forest Pharmaceuticals)

Autotaxin- enzyme that generates LPA or the LPA1
receptor; can signal fibroblast activation

Suggested target

Fibrocyte Migration to lung; Synthesis of
extracellular matrix; Paracrine
activation of resident cells

CCL2- mediates recruitment of fibrocytes and
leukocytes to lung

CNTO 888 (Centecor) NCT00786201

Provision of Serum Amyloid P/Pentraxin 2-
endogenous compound; blocks fibrocyte to fibroblast
differentiation

PRM-151 (Promedior) NCT01254409

Epithelial Cells TGFβ release can promote
fibroblast activation

aαvβ6 integrin- critical for activation of TGFβ by
epithelial cells

STX-100 (Stromedix) NCT01371305

Apoptosis allows fibroproliferation; Autotaxin- enzyme that generates LPA or the LPA1
receptor; can signal AEC apoptosis

Suggested Target

Macrophages M2 activation can promote tissue
remodeling

Provision of Serum Amyloid P/Pentraxin 2, a
naturally occurring compound that blocks M2
activation

PRM-151 (Promedior) NCT01254409

Accumulation in tissue; Release of
profibrotic mediators

CCL2- mediates recruitment of leukocytes to lung CNTO888 (Centecor) NCT00786201

Anti-inflammatory/anti-profibrotic mediator secretion Perfinidone (Intermune) NCT01366209

Endothelial Cells Angiogenesis to promote
fibroproliferation

VEGF R kinase activity- stimulates angiogenesis BIBF1120 (Boehringer Ingelheim)
NCT01335464

Increased vascular permeability
promotes inflammation and
provisional matrix deposition

Autotaxin- enzyme that generates LPA or the LPA1
receptor; can signal vascular permeability

Suggested target
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