














Figure 6. Pirfenidone inhibited transforming growth factor-���� ���7�*�)�����������L�Q�G�X�F�H�G��signal transduction. A: Human retinal pigment epithelial
cells ���$�5�3�(�������� cells were incubated in the absence or presence of pirfenidone (500 mg/l) for �� h, then treated with TGF-���� ������ ��g/l) for
varying time periods, and total cell lysates were subjected to immunoblot analysis for phosphor-Smad and Smad2/3. The data shown are
representative of three independent experiments. B: Nuclear extracts from the cells incubated in the absence or presence of pirfenidone (500
mg/l) for �� h and then treated with TGF-���� ������ ���J���O�� for an additional 30 min were subjected to immunoblot analysis for Smad2/3. Poly (ADP-
ribose) polymerase (PARP) was used for a positive control for nuclear compartment; while �.���W�X�E�X�O�L�Q was used for a positive control for
cytosolic fraction. C: Cells were incubated in the absence or presence of pirfenidone (500 mg/l) for �� h, then treated with TGF-����������������g/l)
for 30 min, and stained with antibody against phospho-specific Smad2/3 and secondary antibody conjugated with fluorescein isothiocyanate
(FITC; green). Nucleus was counter-stained with propidium iodide (red). Scale bar=20 ���P�� The data shown are representative of three
independent experiments.
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manner, although the phenotypes produced as a result of Rho
and ROCK inhibition differ: Rho inhibition led to
circumferential expansion under basal conditions, whereas
ROCK inhibition resulted in exaggerated growth factor-
stimulated expansion [41]. We also observed that unbalanced
inhibition of Rho by fasudil had more dramatic effects on cell
morphology (see Figure 1B and Figure 2).These findings
collectively suggest that pirfenidone might block RhoA and
Cdc24/Rac signaling, since treatment of the cells with
pirfenidone induced breakdown of stress fibers without
affecting cell size. We also confirmed the inhibitory effect of
pirfenidone on Rho signaling by showing the suppressive
effect of pirfenidone on cofilin phosphorylation, which is
known to be mediated by LIM kinase, a well known
downstream kinase of Rho signaling.

TGF-β can induce EMT by direct phosphorylation of
Smad2/3, or activation of non-Smad signaling pathways
including MAP kinase, Rho GTPase, and PI3 kinase-Akt,
resulting in repression of epithelial marker genes and
activation of mesenchymal markers [43]. Current evidence
suggests that the EMT can be therapeutically targeted through
disrupting TGF-β signaling at different levels: inhibiting
TGF-β expression with RNA interference, antagonizing TGF-
β ligand activity, inhibiting TGF-β receptor kinase activity by
using small-molecule inhibitors, and intervening in Smad
activation [14]. In particular, nuclear translocation of active
Smad complexes and subsequent interactions with the general
transcription machinery emerged as crucial steps for
therapeutic intervention of TGF-β signaling [31]. Here, we
demonstrate pirfenidone inhibits TGF-β-activated Smad
signaling by preventing nuclear accumulation of
phosphorylated Smad2/3, which can suppress Smads
signaling without affecting other pathways regulated by TGF-
β.

Since the fibrotic transformation of RPE cells is regarded
as the main contributor to various fibrotic diseases of the eye
[1,2], the inhibitory action of pirfenidone on TGF-β-induced
phenotypic changes of a human RPE cell line provides a
rationale for a trial of this potential antifibrotic agent in
treating proliferative vitreoretinopathy and other fibrotic
retinal disorders. However, our results are based on a single
human RPE cell line, and further studies involving primary
RPE cell cultures are required.
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