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Abstract

Idiopathic pulmonary fibrosis (IPF) is a disease with
relentless course and limited therapeutic options. Nintedanib
(BIBF-1120) is a multiple tyrosine kinase inhibitor recently
approved by the U.S. Food and Drug Administration for the
treatment of IPF. The precise antifibrotic mechanism(s) of action
of nintedanib, however, is not known. Therefore, we studied the
effects of nintedanib on fibroblasts isolated from the lungs of
patients with IPF. Protein and gene expression of profibrotic
markers were assessed by Western immunoblotting and real-time
PCR. Autophagy markers and signaling events were monitored
by biochemical assays, Western immunoblotting, microscopy,
and immunofluorescence staining. Silencing of autophagy
effector proteins was achieved with small interfering RNAs.
Nintedanib down-regulated protein and mRNA expression of
extracellular matrix (ECM) proteins, fibronectin, and collagen 1a1
while inhibiting transforming growth factor (TGF)-b1–induced
myofibroblast differentiation. Nintedanib also induced beclin-1–
dependent, ATG7-independent autophagy. Nintedanib’s
ECM-suppressive actions were not mediated by canonical
autophagy. Nintedanib inhibited early events in TGF-b signaling,
specifically tyrosine phosphorylation of the type II TGF-b
receptor, activation of SMAD3, and p38 mitogen-activated
protein kinase. Nintedanib down-regulates ECM production

and induces noncanonical autophagy in IPF fibroblasts while
inhibiting TGF-b signaling. These mechanisms appear to be
uncoupled and function independently to mediate its putative
antifibrotic effects.
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Clinical Relevance

Nintedanib has been recently added to the armamentarium
of therapeutics for the treatment of idiopathic pulmonary
fibrosis. Nintedanib is a multiple tyrosine kinase inhibitor;
the precise antifibrotic mechanism(s) of action of
nintedanib, however, is not known. We have demonstrated
that multiple mechanisms may contribute to the antifibrotic
effects of nintedanib. Nintedanib inhibits transforming
growth factor-b signaling, a potent effect that may
explain its efficacy in clinical practice. This is the first
study to show that nintedanib induces noncanonical
autophagy in lung fibroblasts, which is uncoupled
from its antifibrotic effects and might reflect a stress
response.

Idiopathic pulmonary fibrosis (IPF) is
a devastating disease with a natural history
of inexorable progression, terminating in
respiratory failure. Nintedanib (BIBF-1120;

marketed under the trade name OFEV)
has been recently approved by the U.S. Food
and Drug Administration (FDA) based
on clinical trials that demonstrated

retardation of the disease progression in
patients with IPF (1, 2). Remarkably, the
precise mechanism of action of this drug in
IPF is unclear, although it is known to
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inhibit the receptor tyrosine kinases of
platelet-derived growth factor (PDGF),
fibroblast growth factor (FGF), and vascular
endothelial growth factor (VEGF). In
preclinical studies using nintedanib, it
was surmised that the mechanism of action
for its antifibrotic effects is through
the inhibition of one or more of these
receptor tyrosine kinases. However, it
was acknowledged that nonreceptor
tyrosine kinases and as yet unidentified targets
and/or cellular processes might play a role in
exerting in vivo antifibrotic effects (3–5).

Elucidating mechanisms by which
nintedanib mediates its antifibrotic
effects will provide valuable insights into
the future design of targeted therapies.
The aim of this study was to determine
the effects of nintedanib on lung
fibroblasts, which are key effector cells in
the pathogenesis of fibrosis (6). Some
of the results of this study have been
previously reported in the form of
abstracts (7, 8).

Materials and Methods

Cell Culture and Reagents
We obtained primary human
fibroblasts isolated from three failed-
donor lungs (“Non-IPF”) and from
explants of six patients with IPF
undergoing lung transplant at
University of Alabama at Birmingham
(UAB), Birmingham, AL, as approved
by the Institutional Review Board and
normal human fetal diploid fibroblasts
(IMR-90 cells) from Coriell Institute
(Camden, NJ). Culture techniques are
similar to those described earlier by
our group (9). Briefly, the fibroblasts
were cultured in DMEM (Life
Technologies, Grand Island, NY)
supplemented with 10% FBS, 100 U/ml
penicillin, 100 mg/ml streptomycin, and
250 mg/ml amphotericin-B and were
incubated at 378C in 5% CO2 and 95%
air. Cells were allowed to grow to 70%
confluence before the experiments. All
experiments with IPF fibroblasts were
performed on cells below the eighth
passage. BIBF-1120 (or nintedanib,
the active drug in OFEV) was obtained
from Selleck Chemicals LLC (Houston,
TX). Chloroquine was obtained
from Sigma-Aldrich (St. Louis, MO).
Transforming growth factor (TGF)-b1
was obtained from R&D Systems
(Minneapolis, MN).
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Figure 1. Nintedanib decreases constitutive expression of extracellular matrix proteins
fibronectin and collagen 1a1 in idiopathic pulmonary fibrosis (IPF) fibroblasts. (A and B)
IPF fibroblasts were treated with increasing doses of nintedanib (0.5, 1, or 2 mM) (A) or
nintedanib (2 mM) for increasing durations (24, 48, or 72 h) (B). Expression of fibronectin
and collagen 1a1 was evaluated by Western immunoblotting. (C) Densitometric analysis
of independent experiments on different IPF fibroblast cell lines treated with nintedanib
(2 mM) for 72 hours. Error bars represent mean6 SEM (n = 3). **P, 0.01. (D) IPF
fibroblasts were treated with nintedanib (2 mM) for 72 hours, cells were lysed, and RNA
was extracted. RT-PCR was performed to assess steady-state mRNA levels of fibronectin
and collagen 1a1, compared with b-actin (control). Results are depicted graphically.
Error bars represent mean6 SEM (n = 3). **P, 0.01. GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.
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Western Immunoblotting,
Immunoprecipitation,
Immunofluorescence, and Confocal
Microscopy
Immunoblotting, immunoprecipitation,
and immunofluorescence studies
using confocal laser microscopy
were performed as described in earlier
publications from our group (9, 10).
Antibodies used are listed in Table E1
in the online supplement. Image
densitometry was performed
using ImageJ software (http://imagej.nih.
gov/ij/).

RNA Interference
For ATG7 knockdown, we used
Signalsilence ATG7 small interfering
RNA (siRNA) I from Cell Signaling
Technology, Danvers, MA. For beclin-1,
light chain 3 (LC3) knockdown, and
nontargeting control, we obtained siRNA
fromDharmacon (Lafayette, CO) with sense
sequences as in Table E2. We transfected
fibroblasts with 100 nM targeting or
nontargeting siRNA using Lipofectamine
2000 in OptiMEM medium (both from
Life Technologies), according to the
manufacturer’s protocol overnight,
followed by recovery using DMEM with
10% FBS.

Real-Time PCR
Techniques used for estimation of steady-
state mRNA levels are similar to those
described eleswhere (9). The primers
sequences used are as in Table E3.

Statistical Analysis
We used GraphPad Prism v. 6.04 for
graphical representation and statistical
analysis. We performed paired or
unpaired t tests where applicable.
Statistical significance was defined at
P, 0.05.

Results

Nintedanib Decreases Constitutive
Expression of Fibronectin and
Collagen in IPF Lung Fibroblasts
We first examined the effects of nintedanib
on primary lung fibroblasts isolated
from lung explants of patients with IPF
undergoing lung transplantation. Cells
were exposed to varying doses of nintedanib
or vehicle control for up to 72 hours.
Nintedanib decreased constitutive

expression of the extracellular matrix
(ECM) proteins, fibronectin, and
collagen 1a1, as determined by Western
immunoblotting in a dose- and time-
dependent manner (Figures 1A–1C). These
changes in proteins paralleled changes in
mRNA levels as assessed by real-time
PCR (Figure 1D). Treatment with
nintedanib induced a change in
morphology of the fibroblasts but did
not decrease cell confluence or induce
apoptosis (Figures E1A–E1C). These
results suggest that nintedanib reduces
the fibrogenic potential of fibroblasts by
reducing steady-state levels of key ECM
proteins.

Nintedanib Enhances Beclin-1–
Dependent, ATG7-Independent
Autophagic Flux in Fibroblasts
We observed a consistent effect of
nintedanib that resulted in the formation
of cytoplasmic vacuoles in fibroblasts
within 6 hours of treatment (Figure 2),
which suggested possible involvement
of autophagy (which is associated with
vacuole formation). Autophagy is an
adaptive stress response that has been
reported to be impaired in IPF (11–14).
We assessed the autophagy markers
microtubule-associated protein LC3B-I and
3B-II (LC3-I and LC3-II) in non-IPF and
IPF primary lung fibroblasts by Western
immunoblotting. We observed that IPF
fibroblasts exhibited significantly lower
autophagic flux than non-IPF fibroblasts
at baseline as determined by the LC3-II
to LC3-I ratio in Western immunoblotting
(Figures E2A and E2B). Next, we analyzed
nintedanib-treated fibroblasts for LC3-I
and LC3-II. A dose- and time-dependent
increase in LC3-II to LC3-I ratio was

observed (Figures 3A–3D). We
confirmed an increase in LC3-tagged
vacuoles in nintedanib-treated fibroblasts
by immunofluorescence microscopy
(Figures 3E and 3F). To determine if this
is related to a block in autophagy or an
increase in autophagic flux, we tested the
effect of adding chloroquine, an autophagy
inhibitor that interferes with lysosomal
degradation (15, 16). Enhanced LC3-II
formation was noted in fibroblasts
cotreated with nintedanib and chloroquine,
suggesting an increase in autophagic
flux induced by nintedanib (Figures 3G
and 3H).

ATG7 and beclin-1 are key effector
proteins in the canonical autophagy
pathway (17). To determine if autophagy
induced by nintedanib involves the
canonical pathway, we performed
siRNA-mediated knockdown of these
proteins. Nintedanib-induced autophagy
was preserved in ATG7-silenced cells,
whereas it was markedly diminished
in beclin-1–deficient cells (Figures
4A–4D). These results indicate that
nintedanib induces beclin-1–dependent,
ATG7-independent autophagy in
fibroblasts.

ECM-Suppressive Effect of
Nintedanib Is Not Influenced by
Beclin-1 Silencing
Next, we tested whether nintedanib-
induced autophagy may, in part, account
for the ECM-suppressive effects of the
drug. Nintedanib’s effects on the down-
regulation of fibronectin and collagen
were not affected in beclin-1–silenced
cells that demonstrated reduced autophagy
(by decreased LC3-II:I ratio) (Figures
5A–5C). Interestingly, silencing of LC3

50 µm 50 µm
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Figure 2. Nintedanib induces vacuolar changes in fibroblasts. (A and B) IPF fibroblasts were treated
with vehicle (A) or nintedanib (2 mM) (B) for 6 hours, and light microscopy was performed. Scale bars,
50 mm.
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augmented the down-regulation of these
ECM proteins by nintedanib (Figures
5D–5F). These results indicate that
canonical autophagy does not account
for the ECM-suppressive effect of
nintedanib.

Nintedanib Inhibits Early Events in
TGF-b1 Signaling
In contrast to ECM proteins, nintedanib
induced expression of a-smooth muscle
actin (a-SMA), a marker for myofibroblast
transformation in IPF fibroblasts

(Figures 6A–6D, E3A, and E3B).
As with ECM proteins, canonical
autophagy did not account for this effect
of nintedanib (Figures E4A–E4D).
Interestingly, previous studies have
reported that nintedanib inhibits
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Figure 3. Nintedanib enhances autophagic flux in fibroblasts. (A) IPF fibroblasts were treated with increasing doses of nintedanib for 72 hours. LC3
expression was evaluated by Western blotting. (B) Densitometric analysis of independent experiments performed as in A showing light chain 3B-II (LC3-II)/
LC3-I/GAPDH. Error bars represent mean6 SEM (n = 3). **P, 0.01. (C) IPF fibroblasts were treated with nintedanib (2 mM) for increasing durations.
(D) Densitometric analysis of independent experiments performed as in C showing LC3-II/LC3-I/GAPDH. Error bars represent mean6 SEM (n = 3). **P,
0.01. (E and F) IPF fibroblasts were treated with vehicle (E) or nintedanib (2 mM) (F) for 6 hours, and laser confocal microscopy was performed to detect LC3
by indirect immunofluorescence. Scale bars, 10 mm. (G) IPF fibroblasts were treated with nintedanib (2 mM) for 6 hours, and chloroquine (20 mM) was added
2 hours before harvest. LC3 expression was evaluated by Western blotting. (H) Densitometric analysis of independent experiments performed as in G

showing LC3-II/LC3-I/GAPDH. Error bars represent mean6 SEM (n = 3). *P, 0.05. DAPI, 49,6-diamidino-2-phenylindole; ns, not significant.
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TGF-b1–induced myofibroblast
differentiation (3, 5), although mechanisms
are not well defined. Consistent with these
reports, nintedanib at doses of >2 mM
inhibited TGF-b1–induced production
of a-SMA in IPF as well as IMR-90
fibroblasts (Figures 6E–6G). These
findings suggest that distinct mechanisms
of nintedanib action are involved in
the (increased) constitutive and
(decreased) TGF-b1–stimulated a-SMA
expression.

To further explore the mechanisms
of nintedanib-mediated inhibition of
TGF-b1–induced myofibroblast
differentiation, human lung fibroblasts
were treated with TGF-b1 (2.5 ng/ml)
in the presence or absence of increasing
doses of nintedanib for 60 minutes. We
observed that nintedanib dose-dependently
inhibited phosphorylation of S423/425-
SMAD3 as well as T180/Y182-p38
mitogen-activated protein kinase (MAPK)
(Figure 7A), suggesting inhibitory effects
of this tyrosine kinase inhibitor on early

signaling events via the TGF-b receptor(s).
Nintedanib effectively inhibited SMAD3
phosphorylation at time points as early
as 20 minutes after exposure to TGF-b1
(Figures 7B and 7C). Next, we cotreated
the fibroblasts with or without TGF-b1
in the presence or absence of nintedanib
(2 mM for 20 min) and performed
immunoprecipitation studies of the
type II TGF-b receptor (TbR-II) to
assess its tyrosine phosphorylation. We
observed an increase in tyrosine
phosphorylation of TbR-II with treatment
of TGF-b1 alone, which was inhibited by
nintedanib (Figure 7D). These results
suggest that nintedanib mediates an
inhibitory effect on TGF-b receptor(s)
signaling.

Discussion

Nintedanib has recently been approved
by the FDA for the treatment of IPF
based on phase III clinical trials that
demonstrated retardation in disease

progression (based on slower rates of
FVC decline) and increased time to first
acute exacerbation (2). Nintedanib is
known to be a multiple tyrosine kinase
inhibitor (TKI) that targets the receptor
kinase(s) of PDGF, VEGF, and FGF.
However, the putative antifibrotic
effects of nintedanib have not been
clearly defined. For example, although
the PDGF receptor (PDGFR) pathway
has been implicated in animal models
of fibrosis (18), our group has shown
that the strategy of inhibition
of fibroblast proliferation (by a TKI)
is insufficient to mediate antifibrotic
effects in late stages of tissue injury
repair (19). Indeed, a clinical trial of
imatinib (which inhibits PDGFR)
for IPF failed to show clinical benefit
(20). In this study, we show that
multiple coordinated mechanisms that
modulate the profibrotic actions of
fibroblasts, key effector cells in fibrosis,
may account for clinical benefits of
this drug in IPF; these actions of
nintedanib include (1) inhibition
of TGF-b receptor(s) signaling, (2)
inhibition of fibronectin and collagen
1a1 mRNA expression independent
of TGF-b signaling, and (3) induction
of noncanonical autophagy.

TGF-b signaling has been shown
to be central to fibrogenesis involving
multiple organ systems, including the
lung (6, 21, 22); additionally, TGF-b1
is up-regulated in the lungs of patients
with IPF (23, 24). Our studies are the
first, to our knowledge, to show that
nintedanib inhibits early TGF-b receptor
(s)-activated SMAD3 and p38 MAPK
phosphorylation. Our data also confirm
previous findings that nintedanib inhibits
TGF-b1–mediated fibroblast-to-
myofibroblast differentiation (3, 5). The
TGF-b receptor is a heterodimer of
type I (TbRI) and type II (TbRII)
receptors; the ligand binds to the TbRII
which activates the TbRI serine-threonine
kinase, which in turn phosphorylates
serine residues in receptor-activated
SMADs, primarily SMAD2 and SMAD3
(25). Recent studies have shown that
phosphorylation of tyrosine residues in
the cytoplasmic tail of the TbRII
subunit regulates activation of the receptor
and its downstream effects (26, 27). In
particular, the nonreceptor tyrosine kinase
Src is known to phosphorylate one of
these residues (Y284) that is necessary
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Figure 4. Autophagy induced by nintedanib is beclin-1 dependent and ATG7 independent.
(A) IPF fibroblasts were subjected to small interfering RNA (siRNA)-mediated knockdown
of ATG7 and treated with nintedanib (2 mM) for 48 hours. ATG7 and LC3 expression were
evaluated by Western blotting. (B) Densitometric analysis of independent experiments
performed as in A showing LC3-II/LC3-I/GAPDH. Error bars represent mean6 SEM (n = 3). (C)
IPF fibroblasts were subjected to siRNA-mediated knockdown of beclin-1 and treated with
nintedanib (2 mM) for 48 hours. Beclin-1 and LC3 expression were evaluated by Western
blotting. (D) Densitometric analysis of independent experiments performed as in C showing
LC3-II/LC3-I/GAPDH. Error bars represent mean6 SEM (n = 5). *P, 0.05. NT, nontargeting
siRNA. ATG7, autophagy-related protein 7.
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for downstream p38 MAPK signaling (28).
It is noteworthy that nintedanib is
known to inhibit nonreceptor tyrosine
kinases belonging to the Src family, the
significance of which is unknown in the
context of its antifibrotic effects (5). It is
not known if the effect of nintedanib on
inhibiting SMAD3 and p38 MAPK
phosphorylation (in our studies) is due to
a direct effect on the TbRII or includes
an indirect effect via inhibition of
nonreceptor Src kinases (Figures E5A
and E5B). Our group recently published

that saracatinib (AZD0530), a potent
inhibitor of Src family kinases,
abrogates TGF-b1–mediated
myofibroblast differentiation in vitro and
bleomycin-induced fibrosis in mice (29).
These studies and our current data
indicate that nintedanib has the potential
to mediate important antifibrotic
effects in vivo either via its direct effect
on TbRII and/or nonreceptor tyrosine
kinases.

In the current study, we observed
an effect of nintedanib on suppressing

gene and protein expression of the
ECM proteins, fibronectin, and collagen
1a1. Interestingly, this effect appears to
be independent of TGF-b signaling based
on the ability of nintedanib to down-
regulate the constitutive expression of
these ECM proteins despite a divergent
effect on a-SMA. We speculate that
nintedanib inhibits protein kinase
pathways that converge on the regulation
of fibronectin and collagen 1a1 gene
expression, in particular the extracellular
signal–regulated kinase-1/2 (ERK1/2)
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Figure 5. Autophagy inhibition does not abrogate the effects of nintedanib on ECM proteins. (A) IPF fibroblasts were subjected to siRNA-mediated
knockdown of beclin-1 and treated with nintedanib (2 mM) for 48 hours. Expression of ECM proteins (fibronectin and collagen 1a1) was evaluated by
Western blotting. (B and C) Densitometric analysis of independent experiments performed as in A showing fibronectin (B) and collagen 1 (C) expression
relative to GAPDH. Error bars represent mean6 SEM (n = 4). *P, 0.05; **P, 0.01. (D) IPF fibroblasts were subjected to siRNA-mediated knockdown of
LC3 and treated with nintedanib (2 mM) for 48 hours. Expression of ECM proteins was evaluated by Western blotting. (E and F) Densitometric analysis of
independent experiments performed as in D showing fibronectin (E) and collagen 1 (F) expression relative to GAPDH. Error bars represent mean6 SEM
(n = 4). *P, 0.05; **P, 0.01.
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MAPK pathway (30, 31). The finding
of a divergent effect on a-SMA was
unexpected and suggests that the inhibitory
effect of nintedanib on TGF-b/SMAD
signaling could be counterbalanced
by an independent effect(s) on the
transcriptional regulation of a-SMA.
This is plausible based on our own
findings of reciprocal signaling between
TGF-b1/SMAD and PDGFR/ERK1/

2-MAPK that regulates myofibroblast
differentiation via downstream effects on
the transcription factor MyoD (32).
Further studies are required to
determine the relative roles of these
differentiation-inducing versus
proliferative signaling events in the
pathogenesis of IPF.

Our studies have uncovered a novel
effect of nintedanib in promoting autophagy

in fibroblasts. Autophagy is an adaptive
stress response that has been reported
to be impaired in IPF (11–14). However,
it is still unclear whether deficient
autophagy is a causative factor for IPF or
is an epiphenomenon that accompanies
aging (33). We found that nintedanib-
induced autophagy is ATG7 independent
and beclin-1 dependent and thus represents
a noncanonical pathway (17, 34). Several
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Figure 6. Nintedanib has divergent effects on constitutive and transforming growth factor (TGF)-b1–induced a-smooth muscle actin (a-SMA) expression.
(A and B) Expression of a-SMA by Western blotting was assessed in IPF fibroblasts treated with increasing doses of nintedanib (0.5, 1, or 2 mM) (A)
or nintedanib (2 mM) for increasing duration (24, 48, or 72 h) (B). (C) Densitometric analysis of independent experiments on different IPF fibroblast cell lines
treated with nintedanib (2 mM) for 72 hours showing a-SMA expression relative to GAPDH. Error bars represent mean6 SEM (n = 3). *P, 0.05. (D)
IPF fibroblasts were treated with nintedanib (2 mM) for 72 hours, cells were lysed, and RNA was extracted. RT-PCR was performed to assess steady-state
mRNA levels of a-SMA compared with b-actin (control). Results are depicted graphically. Error bars represent mean6 SEM (n = 3). **P, 0.01. (E)
IPF fibroblasts serum starved overnight were cotreated with or without TGF-b1 (2.5 ng/ml) and increasing doses of nintedanib (0.5, 1, and 2 mM) for
48 hours. a-SMA expression was evaluated by Western blotting. (F) Expression of a-SMA by Western blotting was assessed in IPF fibroblasts serum
starved overnight and cotreated with or without TGF-b1 (2.5 ng/ml) and nintedanib (2 mM) for 48 hours. (G) Densitometric analysis of independent
experiments performed as in F showing a-SMA expression relative to GAPDH. Error bars represent mean6 SEM (n = 3). *P, 0.05.
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TKIs, most of which are used in cancer
therapies, have been shown to induce
autophagy; the mechanisms for autophagy
induction by these TKIs include blockade
of signaling by growth factors and direct
actions on autophagy pathways (35, 36).
A decrease in autophagic clearance
of ECM proteins may lead to their
accumulation, contributing to fibrosis;
conversely, autophagy enhancers might
be predicted to help resolve fibrosis.
However, our data show that canonical
autophagy is not the primary mechanism
for a reduction in ECM proteins in
nintedanib-treated fibroblasts. Autophagy
might represent an adaptive cell survival
response to blockade in growth factor
signaling by nintedanib. If this is the
case, combination therapy of nintedanib
with an autophagy inhibitor (such as
chloroquine) may offer a therapeutic
advantage by switching the autophagic
fate from cell survival to cell death. This
paradigm for blocking the autophagic
cellular stress response to targeted
therapy has been proposed as
a novel therapeutic approach in cancer
(37, 38) and lymphangioleiomyomatosis
(39). Whether such an approach
would be beneficial in IPF deserves
further study.

In conclusion, we report that
nintedanib, a TKI that has been recently
approved by the FDA for use in IPF,
inhibits TGF-b signaling, down-regulates
ECM gene/protein expression, and
promotes noncanonical autophagy.
Importantly, we found that the autophagy-
promoting effects of nintedanib did not
account for its putative antifibrotic effects
on IPF lung fibroblasts. On the contrary,
this study suggests that a therapeutic
approach combining an antifibrotic TKI
(such as nintedanib) with autophagy
inhibition might enhance the
therapeutic effect of the TKI. It is also
of interest that both nintedanib and
another newly approved drug, pirfenidone,
target multiple pathways and processes,
suggesting that such multitargeted
approaches will be necessary and could
be further optimized for the treatment
of IPF. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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Figure 7. Nintedanib inhibits early events in TGF-b1 signaling. (A) IMR-90 fibroblasts were serum
starved overnight and cotreated with or without TGF-b1 (2.5 ng/ml) and increasing doses
of nintedanib (0.5, 1, and 2 mM) for 1 hour. Expression of pS423/425-SMAD3, SMAD3,
pT180/Y182-p38 mitogen-activated protein kinase (MAPK), and p38 MAPK was evaluated by
Western blotting. (B) Expression of pS423/425-SMAD3, and SMAD3 by Western blotting was
assessed in IMR-90 fibroblasts that were serum starved overnight and cotreated with or without
TGF-b1 (2.5 ng/ml) and nintedanib (2 mM) for 20 minutes. (C) Densitometric analysis of
independent experiments performed as in B showing pS423/425-SMAD3 relative to GAPDH.
Error bars represent mean6 SEM (n = 3). *P, 0.05. (D) Levels of phospho-tyrosine residues
were assessed by Western blotting in IMR-90 fibroblasts under experimental conditions similar to
those in B and subjected to immunoprecipitation (IP) to enrich TbR-II. Input levels of TbR-II, along
with GAPDH and IgG staining with Ponceau S in the immunoprecipitated samples, represent
loading controls. p-Tyr, phospho-tyrosine; TbR, TGF b receptor, type II.
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