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Suberoylanilide hydroxamic acid attenuates paraquat-induced
pulmonary fibrosis by preventing Smad7 from deacetylation in rats

Shan-Shan Rao', Xiang-Yan Zhang*’, Ming-Jun Shi', Ying Xiao', Ying-Ying Zhang', Yuan-Yuan Wang',
Chang-Zhi Zhang', Song-Jun Shao', Xin-Mei Liu', Bing Guo'

'Department of Pathophysiology, Guizhou Medical University, Guiyang 550025, China; *Department of Respiratory Medicine, The People’s

Hospital of Guizhou Province, Guiyang 550025, China; *Academic Department, Guizhou Institute of Respiratory Diseases, Guiyang 55002, China

Contributions: (I) Conception and design: Rao SS, Guo B; (II) Administrative support: Guo B; (IIT) Provision of study materials or patients: Rao SS,
Zhang CZ, Wang YY; (IV) Collection and assembly of data: Rao SS, Shi MJ, Xiao Y; (V) Data analysis and interpretation: Rao SS, Zhang YY; (VI)
Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Bing Guo. Guizhou Medical University, Guian new area University Town, Guizhou, Guiyang 550025, China. Email: guobingbs@126.com.

Background: Recent evidence suggests that a histone deacetylase inhibitor, suberoylanilide hydroxamic
acid (SAHA), has anti-fibrotic effect. However, the exact mechanism of its anti-fibrotic potential remains
is unclear. In this study, we investigated the molecular mechanism of SAHA in attenuating pulmonary
fibrosis by regulating stability of Smad7 in paraquat (PQ)-induced lung fibrosis animal model and cultured
pulmonary fibroblasts.

Methods: Rats with paraquat-induced lung fibrosis were fed with a SAHA solution (15 mg/kg) by gastric
gavage. Human pulmonary fibroblasts (HHFL1) pre-treated with TGF-P1 (5 ng/mL) were treated with SAHA
(5 pM).

Results: SAHA (histone deacetylase inhibitor, HDACI) suppressed PQ-induced lung fibrosis in rats
by stabilizing Smad?7 level, thus attenuating Smad3 activity, resulting in the inhibition of fibroblast
differentiation and collagen expression. In vitro study showed that SAHA suppressed TGF-B1-induced
fibroblast differentiation into myofibroblasts. SAHA exerted its antifibrotic effect through preventing Smad?7

from deacetylation most maybe by inhibiting TGF-B1-induced HDACI activity.
Conclusions: SAHA repressed PQ-induced lung fibrosis via preventing Smad7 from deacetylation.
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Introduction

Paraquat (PQ) is a widely used herbicide worldwide and
causes pulmonary fibrosis by long-term accumulation or
acute intoxication (1-4). Pulmonary fibrosis is characterized
by excessively synthesizing and accumulating extracellular
matrix proteins, thus resulting in irreversible loss of lung
function. The general pathological feature of pulmonary
fibrosis includes: (I) the excessive deposition of collagen;
(II) fibroblast differentiation into myofibroblasts, which
are major collagen-producing cells when activated, and
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characterized by expressing o-smooth muscle actin (a-SMA).
Excessive collagen deposition destroys the architecture
of the normal lung parenchyma and results in respiratory
failure. Despite advanced progress made in understanding
the pathogenesis of lung fibrosis, effective therapy for lung
fibrosis is still limited and the prognosis remains poor.
Therefore, understanding molecular mechanism of lung
fibrosis is critical to provide novel therapeutic targets for
developing effective antifibrotic drugs.

In lung fibrogenesis, transforming growth factor-p1
(TGF-P1)/Smad signaling pathway plays an essential role
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by promoting fibroblasts differentiation into myofibroblasts
and the epithelial to mesenchymal transition (EMT) (5,6).
Upon activation, TGF-B1 receptors I (TBRI) phosphorylate
Smad2 and Smad3. Therefore blocking TGF-p1/Smad
signaling is a potential approach to prevent pulmonary fibrosis.
SMAD?7 can bind TBRI and inhibit Smad 2/3 phosphorylation
blocking T'GF-B1/Smad signaling prevent TGF-B1/Smad2/3
signaling (7,8). Transient expression of Smad7 inhibits
bleomycin-induced lung fibrosis in mice (9), suggesting that
the expression level of Smad?7 is critical to prevent TGF-p1-
mediated lung fibrogenesis. Smad7 stability is mainly regulated
by both acetylation and ubiquitylation (10,11). Transcription
co-activator p300, which interacts with Smad7, directs
acetylation of two lysines in Smad7. These two lysines are also
targets of ubiquitylation. Therefore, their acetylation prevents
Smad?7 from ubiquitylation and subsequent degradation.

Histone deacetylase (HDAC) inhibition (HDACI) has
been shown to suppress lung fibrosis (12-14). Suberoylanilide
hydroxamic acid (SAHA, Zolinza®, vorinostat), a FDA-
approved HDAC: for the treatment of cutaneous T-cell
lymphoma (15), has been shown to have antifibrotic
effect in both bleomycin-induced pulmonary fibrosis and
chlorhexidine gluconate-induced peritoneal fibrosis in
mice (16-19). However, the exact molecular mechanism is
unclear. HDACI is also involved in TGF-B1-induced EMT
in hepatic fibrosis (20). Moreover, inhibition of HDACI
activity increases the acetylation of Smad7 in 293T cells (11)
and expression of HDACI was negatively associated with
the expression of Smad7 in induced aristolochic acid-renal
fibrosis (21). Therefore, we hypothesized that SAHA blocks
pulmonary fibrogenesis by stabilizing Smad7 expression level
through inhibiting HADCI activity. To test our hypothesis,
we employed a well-accepted paraquat (PQ)—induced lung
fibrosis rat model. Here, we showed that SAHA treatment
significantly suppressed PQ-induced lung fibrosis, maintained
Smad7 expression and reduced Smad3 activity. Our i vitro
studies revealed that SAHA exerted its antifibrotic effect
through preventing Smad7 from deacetylation most probably
by inhibiting TGF-p1-induced HDACI activity, and thus
decreasing Smad3 activity. Our results suggest that SAHA is
a potential antifibrotic reagent for treating PQ-induced lung
fibrosis.

Methods
Experimental animals

Male Sprague-Dawley rats (219.2+13.3 g) were obtained
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from Laboratory Animals Center of Third Military
Medical University, China [animal use permit No.: SCXK
(yu) 2012-0005]. The study was approved by the Animal
Ethics Committee of GuiZhou Medical University (NO.
1203109). The investigation fellows to the National Health
and Medical Research Council of China’s Code for the Care
and Use of Animals for Scientific Purpose.

In vivo experiment

PQ and SAHA were purchased from Nanjing Red Sun Co.,
Ltd. and Sigma Aldrich, St. Louis, MO, respectively. PQ
were dissolved in a 0.9% saline solution, and SAHA were
dissolved in Hydroxypropyl-p-Cyclodextrin (HP-B-CD)
solution (22). All animals were housed in a stable
environment maintained at 20+ 2 °C with a 12-hour light-dark
cycle commencing at 6 a.m. A total of 36 male rats were
randomly and evenly divided into 3 groups: saline group,
PQ group, and PQ + SAHA group. The rats were treated
with saline or PQ solution (15 mg/kg) (23,24) by a single
intraperitoneal injection. SAHA-HP-B-CD solution were
given at 15 mg/kg body weight (25) by gastric gavage every
day after the PQ injection, rats in another two group were
treated with an equal volume of HP-B-CD solution by gastric
gavage from day 2 to 28. On day 28 after PQ injection, rats
were sacrificed. Lungs were collected and weighed, with a
part of each lung being fixed in 4% paraformaldehyde; the
rest of each lung was snap-frozen in liquid nitrogen frozen
and then stored at -80 °C for subsequent use.

Histological examination and masson’s trichrome staining

The lungs were fixed in paraformaldehyde and embedded in
paraffin. The paraffin-embedded tissues were cut into 5-pm
sections with a microtome. The sections were subjected
to hematoxylin and eosin (H&E) staining to evaluate
histopathological changes. Masson’s trichrome staining
was performed to indentify the density of the accumulated
collagen fibers.

Immunobistochemical staining

5-pm sections were incubated for 2 h at 60 °C in an oven to
remove the paraffin, rehydrated through graded ethanol.
Then, the antigen was retrieved by boiling the slides in 10 mM
sodium citrate solution (pH 6.0) and non-specificity was
blocked with 5% bovine serum albumin for 30 min at room
temperature (RT). The sections were then incubated with
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anti-a-smooth muscle actin (a-SMA, 1:100, Santa Cruz,
sc-53142) and anti-Collagen I (Col-I, 1:100, Santa Cruz,
sc-59772) antibodies overnight (18 h) at 4 °C. The following
day, after rinsing with PBS, the sections were incubated
with appropriate secondary antibodies (peroxidase-
conjugated goat anti-mouse IgG antibody, ZSGB-Bio,
Beijing, China). Subsequently, the sections were stained
with 3,3-diaminobenzidine tetrahydrochoride (DAB) for
1 min to visualize the localization of peroxidase conjugates.
Finally, the sections were counterstained in hematoxylin.

Hydroxyproline assay

Lung collagen deposition was estimated by measuring the
hydroxyproline (HYP) content of lung homogenates with a
hydroxyproline assay kit (Nanjing Jiancheng Bioengineering
Company, China) in accordance with the manufacturer’s
protocol. The absorbance of each sample at 550 nm
wavelength was read by a microplate reader. The results
were expressed in pg HYP per g wet lung.

Cell culture

Human pulmonary fibroblast (HFL1) cell line was purchased
from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). The cells were grown in a 5% CO,
atmosphere at 37 °C in 10% fetal bovine serum (FBS) (Gibco,
Grand Island, NY, USA) and Dulbecco’s modified Eagle
medium (GIBCO Invitrogen, China), with 1% penicillin/
streptomycin. Cells were seeded at 5x10°/well in 6-well
plates. When cells were near 80% confluence, the culture
medium was changed to 1% FBS medium and left overnight.
Then, the cells were treated with DMSO only (control
group) or 5 pM SAHA (16), with or without recombinant
human TGF-B1 (5 ng/mL; Peprotech, USA, 100-21) for 24
or 48 h. Each experiment was repeated at least three times.

Immunofluorescence staining

The cells were grown on coverslips in 6-well plates. Once
the cells reached near 70% confluence, the cells were rinsed
twice with cold 1xPBS, fixed in a methanol: acetone (1:1)
solution at —20 °C for 20 min. Then, the cells were washed
with PBS. After blocking with 20% bovine serum albumin
diluted in PBS for 30 min, the cells were incubated with
anti-Collagen I antibodies (1:100, Santa Cruz, sc-59772)
overnight at 4 °C. The following day, cells were rinsed with
PBS three times and then incubated with goat-anti-mouse

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

2487

IgG-FITC antibody (1:100, Beyotime, Jiangsu, China) for
60 min at 37 °C in the dark. Finally, the cells were incubated
with 4', 6-diamidino-2-phenylindole (DAPI) (Beyotime,
Jiangsu, China) as a nuclear counterstain for 15 min at 37 °C
in the dark. The cells were then viewed with a LEICA

fluorescence microscope in the dark.

Immunoprecipitation and western blotting

Lung homogenates and cell culture samples were sonicated
and resuspended in RIPA lysis buffer (Beyotime, Jiangsu,
China), supplemented with PMSF and Phosphatase
inhibitor cocktail (both from KangChen, Shanghai, China).
After centrifugation (12,000 rpm for 20 min at 4 °C), the
supernatant from the lysate was collected and the protein
concentrations were determined using BCA assay kit.
Smad7 was immunoprecipitated from cell lysates using
Immunoprecipitation Kit Dynabeads® Protein G (Novex,
Life Technologies AS, Norway, 10007D) and the mouse
anti-Smad7 antibody (Santa Cruz, sc-365846). Acetylation
of Smad7 was assessed by Western blotting using a rabbit
anti-acetyl-lysine antibody (1:1000, Immunechem, Burnaby
BC, CA, 112206, USA). Protein samples were then
separated by 10%SDS-PAGE and transferred onto PVDF
membranes (Millipore, Billerica, MA, USA). Membranes
were blocked with 5% skim milk in TBS-T for 1 h at
room temperature and incubated with anti-B-actin (1:400,
Santa Cruz, sc-47778), anti-a-SMA (1:400, Santa Cruz,
sc-53142), anti-TGF-B1 (1:400, Santa Cruz, sc-52893),
anti-Collagen-I (1:400, Santa Cruz, sc-59772), anti-Smad3
(1:1000, Cell Signaling Technology, 9513), anti-Phospho-
Smad3 (1:1000, Cell Signaling Technology, 9520) over night
at 4 °C. The next day, after washing with TBS-T 3 times,
membranes were incubated with HRP-linked antibody
(1:10000, anti-rabbit or anti-mouse IgG, CST) for 1 h at
room temperature. At last, bound antibody was detected by
ECL Plus (Amersham, Little Chalfont, UK) and captured
by Fujifilm model LAS-3000 (Fujifilm Corporation,
Australia). Quantification of the Western blot data was
performed by measuring the intensity of the hybridization
signals using a Quantity one 4.6 Image analysis program.
Protein expression levels were calculated after normalizing
with B-actin.

HDACI activity assays

HDACT activity was measured using a HDACI colorimetric
activity assay kit (GENMED SCIENTIFICS INC., USA,
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GMS50082.2.2 VA) following the manufacturer’s protocol.
In brief, nuclear extracts of HFL1 cells were incubated
with Color de Lys substrate at 37 °C for 30-60 min. After
incubation, Color de Lys developer was added to the
samples and incubated at 37 °C for 15 min. A standard curve
was performed according to the manufacturer’s protocol,
and absorbance of HDACI was measured on the basis of
spectrophotometric measures at 405 nm. HDACI activity
was calculated using the formula from the manufacturer’s
protocol.

Statistical analyses

All statistical analyses were performed using SPSS 13.0
software. All Data were shown as mean = standard deviation
(SD). Comparison among groups was made using one-way
ANOVA followed by the Student-Newman-Keuls test. A
P<0.05 was defined as significant.

Results
SAHA blocked paraquat-induced pulmonary fibrosis

To determine whether SAHA ameliorated pulmonary
fibrosis in vive, we treated rats with PQ-induced lung
fibrosis using SAHA, we first observed the effect of SAHA
on PQ-induced histological changes using H&E staining
and Masson Trichrome staining. H&E staining showed that
alveolar septa were thickened with many interstitial cells
in PQ group when compared to saline group, while SAHA
treatment reduced the extent of alveolitis and the number
of interstitial cells (Figure 1A). Masson Trichrome staining
study further revealed that the collagen accumulation and
the number of interstitial cells were increased in PQ-group
compared to saline group (Figure 1B), whereas SAHA
treatment significantly reduced these changes by PQ.
Hydroxyproline content is a marker of collagen, therefore
we assayed hydroxyproline levels in lung tissues. Consistent
with our Masson Trichrome staining result, PQ greatly
induced hydroxyproline level when compared to saline
group, whileas SAHA treatment significantly downregulated
increased hydroxyproline by PQ (Figure 1C). Taken
together, our results indicated that SAHA attenuated PQ-
induced lung fibrogenesis.

SAHA inhbibited PQ-induced TGF-f1/Smad signaling

TGF-p1 mRNA levels were increased in paraquat-induced
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pulmonary fibrosis in rats (26), therefore we investigated
whether the TGF-B1/Smad signaling was involved in
the antifibrotic effect of SAHA in PQ-induced lung
fibrosis. PQ exposure greatly increased the expression of
TGF-B1, Smad3 and Collagen-I, and decreased Smad?7
expression in lung tissues (Figure 2A), indicating that
PQ treatment activated TGF-B1/Smad signaling in
lungs. SAHA treatment significantly rescued the loss
of Smad7 induced by PQ (Figure 2A4). Consistent with
increased Smad7 stabilization by SAHA, Smad3 activity
and subsequent collage I expression were inhibited by
SAHA (Figure 24). Moreover, TGF-B1 could induced
fibroblast transdifferentiation into mycro fibroblasts. Mycro
fibroblasts are primary producers of a-SMA and collagen.
Immunohistochemical (IHC) staining showed that SAHA
treatment remarkably reduced increased a-SMA positive
cells (Figure 2B) and collagen deposition (Figure 2C) in
the lungs compared to PQ-induced group. These results
indicated that SAHA block fibroblast transdifferentiation
into mycro fibroblasts. Taken together, these results indicate
that SAHA block PQ-induced Smad signaling in lung
fibrogenesis.

SAHA prevented TGF-f1-Induced Smad7 from
deacetylation

To further determine the molecular mechanism how SAHA
influenced Smad7 expression, we used a TGF-p1-induced
cellular model. We first confirmed whether SAHA may
block TGF-Bl-induced fibroblast transdifferentiation into
myofibroblasts. HFL1 cells were pretreated with TGF-f1
(5 ng/mL) and then with or without SAHA (5 pM),
stained with collagen 1. As shown in Figure 34, TGF-B1
promoted collagen I formation, while SAHA blocked TGEF-
Bl-induced collagen deposition (Figure 3B), suggesting
that SAHA suppress fibroblast transdifferentiation.
Next, we determined whether Smad7 stabilization by
SAHA was associated with its acetylation level using
immunoprecipitation assay. TGF-B1 treatment significantly
decreased acetyl-Smad?7 level, while SAHA treatment
remarkably rescued decreased Smad7 acetylation level
by TGF-B1 (Figure 3C). We further examined whether
rescued Smad7 acetylation by SAHA restored loss of Smad7
expression by TGF-B1. Western Blot analysis showed that
SAHA treatment significantly restored Smad7 expression
(Figure 3D). Moreover, SAHA treatment inhibited
expression levels of phospho-Smad3, a-SMA and collagen
I'induced by TGF-B1 (Figure 3 E-G).
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Figure 1 SAHA treatment lessens PQ-induced histological changes and hydroxyproline content in rat lung fibrosis. Histological sections
of lung tissue were stained with H&E (A) and Masson trichrome (B). The images were captured under a light microscope. Original
magnification, x200. (A) Representative histological sections were stained by hematoxylin and eosin. Lung tissue sections of control animals
showing normal lung morphologies: thin lined interalveolar septa with well-organized alveolar space; lung tissue sections of PQ-induced
animals showed distorted lung morphologies: collapsed alveolar spaces with inflammatory exudates, wider and thickened interalveolar septa;
lung tissue sections of SAHA treated PQ-induced animals: lower inflammatory infiltrates with lessened alveolar thickening; (B) effects of
histopathological changes of PQ-induced lungs with Masson’s Trichrome stain: lung tissue sections of control animals with normal lung
morphologies: scarcely deposited collagen in the lung parenchyma; lung tissue sections of PQ-induced animals showing dense collagen
accumulations: collagen accumulations between alveoli; lung sections of SAHA treated PQ-induced animals showing reduced collagen
depositions: reduced alveolar thickening with meager collagen; (C) effects of SAHA on the hydroxyproline content in the lungs of PQ-
induced pulmonary fibrosis rats. Values are given as mean = SD, n=8/group, ***P<0.001.

SAHA suppressed TGF-f1-induced HADACI activity in vitro inhibiting HDACI activity induced by TGF-B1. Therefore,

SAHA has been shown to inhibit the deacetylase activity of ¢ examined whether SAHA prevented Smad7 from

HDAC]I, 2, 3, 6, 8 (27). HDACI was confirmed that it’s the deacetylation by inhibiting HDAC1 activity. We first
strongest deacetylase to deacetylate Smad7 (11). Therefore measured HDACI activity in TGF-B1-stimulated HFL1
we wondered if SAHA stabilized Smad7 acetylation by  cells. TGF-B1 treatment significantly increased HDACI
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Figure 2 SAHA supressed PQ-activated TGF-B1/Smad signaling. Rats were analyzed at 28 days after PQ intraperitoneal administration
in the presence or absence of SAHA administered by gastric gavage. (A) Protein expression was analyzed by Western blotting with specific
antibodies against TGF-B1, a-SMA, collagen I, Smad7 and Phospho-Smad3. Relative expression levels from samples were normalized by
B-actin. Data are representative of three independent experiments with similar results. Values are given as mean + SD, n=8/group, “P >0.05,
P <0.05; (B) the distribution of lung a-SMA protein expression detected by immunohistochemistry in different groups (scale bar =100 pm).
The images were captured under a light microscope (x200). Brown (a-SMA) stained lung sections images showing transdifferentiation
of fibroblast into myofibroblast involved in the PQ-induced pulmonary fibrosis process. Lung segments of saline group animals showing
localization predominantly around the interstitial space of the alveolar duct. In PQ-induced segments, a-SMA positive cells were observed
in remodeled fibrotic alveoli. In SAHA treated segments, a-SMA positive cells decreased compare to PQ-induced segments; (C) the
distribution of lung collagen I (Col-I) protein expression detected by immunohistochemistry in different groups (scale bar =100 pm). The
images were captured under a light microscope (x200). Brown (collagen I) stained lung sections showing the degree of deposition of collagen

fibers in lung tissue. Treatment with SAHA effectively prevented the accumulation of collagen I compare to PQ-induced segments.
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Figure 3 SAHA inhibits TGF-B1-induced myofibroblast transdifferentiation via regulating Smad7 acetylation. (A) SAHA inhibited TGF-
B1l-indcued Collagen-I expression. HFL1 cells were incubated with 5 pM SAHA and 5 ng/mL TGF-B1 for 48 h. Cells were stained with
anti-Col-I antibody and nucleus was stained with DAPIL. Immunofluorescent studies demonstrated reduced intracellular collagen I staining
(Figure 34, green) after treating TGF-B1 cells for 48 h with SAHA. The images were visualized by immunofluorescence microscopy (x400);
(C) the HFL1 cells were treated with or without SAHA (5 pM) and incubated with or without 5 ng/mL TGF-B1 for 48 h. Smad7 was
immunoprecipitated from the samples. Acetylation of Smad7 was analyzed by immunoblotting using a rabbit anti-acetyl-lysine antibody;
(B,D-G) The HFLI cells were treated with or without SAHA (5 pM) and incubation with or without 5 ng/mL TGF-B1 for 48 h. Protein
level was assessed by Western blotting with specific antibodies against Smad7 (D), Phospho-Smad3 (E), Smad3 (F), a-SMA (G) and collagen
I (B). Expression was normalized to B-actin. Data are representative of three independent experiments with similar results. Values are given

as mean = SD, n=3/group, "P >0.05, **P <0.01.
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Figure 4 SAHA treatment inhibited TGF-B1-induced HADCI activity. (A) TGF-B1 induced histone deacetylase 1 (HDAC1) activity.
HFLI cells were treated with TGF-p1 as indicated time and HDACI activity was measured. This result was expressed as the percentage of

activity compared to 0 h group cells (HDACI activity at 0 h was 2.1+0.5 U/g) in each group, respectively. Values are given as mean = SD,
"P>0.05, **P<0.01; (B) SAHA inhibited TGF-p1-induced HDACI activity. HFLI cells were treated with or without TGF-B1 (5 ng/mL) and
5 pM SAHA for 48 h. HDACI activity was measured. This result was expressed as the percentage of activity compared to 0 h group cells

(HDACI activity at 0 h was 2.1£0.5 U/g) in each group, respectively. Values are given as mean + SD, n=3/group, **P<0.01.

activity (Figure 44) in a time-dependent manner. HDACI1
activity was significantly higher at 48 h than 24 h and HFL1
cells kept in better shape than in 72 h. As shown in Figure 4B,
SAHA treatment effectively inhibit TGF-p1-induced
HDACIT activity.

Collectively, these data demonstrated that SAHA
suppressed pulmonary fibrosis and fibrogenic signals
most probably through inhibiting HDACI activity, thus
preventing Smad7 from deacetylation.

Discussion

PQ-induced pulmonary fibrosis is very common but
lacks effective treatment options. SAHA is shown to be
antifibrotic, but the mechanism is not well understood.
In this study, we used PQ-induced lung fibrosis rat model
and TGF-B1-treated HFL cellular model to investigate
the molecular mechanism by which SAHA attenuates lung
fibrosis. Our results showed that SAHA greatly inhibited
PQ-induced lung fibrosis in rats by restoring Smad?7
expression level and decreasing Smad3 activity. Since
SAHA inhibits the activities of HDAC 1, 2, 3, 6, and 8, but
not SIRT'1, which regulates Smad3 deacetylation (28), so
SAHA can not affect Smad3 acetylation and deacetylation.
Therefore, SAHA exerted its antifibrotic effect through
preventing Smad?7 from deacetylation, resulting in blocking
TGF-p1-mediated lung fibrogenesis.

Our H&E staining and Masson Trichrome staining
showed that SAHA treatment lessened thickened alveolar
septa induced by PQ and reduced increased numbers
of interstitial cells, restored alveolar sizes to normal.
IHC staining revealed that SAHA suppressed increased
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expression of a-SMA and collagen I induced by PQ in rat
lung tissues. These results were consistent with antifibrotic
effect of SAHA in bleomycin-induced mouse pulmonary
fibrosis (18).

Consistent with recent studies that TGF-f1/Smad
signaling mediates PQ-induced pulmonary fibrosis in
mice, we showed that TGF-B1/Smad signaling was
upregulated in PQ-induced rat pulmonary fibrosis, SAHA
stabilized Smad7 expression and inhibited Smad3 activity.
Immunoprecipitation assay demonstrated that SAHA
prevented Smad7 from deacetylation induced by TGF-p1,
thus stabilized its expression, inhibited Smad3 activity and
subsequently reduced a-SMA and collagen I expression.
Our further study demonstrated that SAHA inhibit TGF-
B1l-induced HDACI activity which is critical for Smad7
deacetylation, in agreement with that blocking HDACI1
activity stabilized Smad7 expression in 293T cells (11).

SAHA (Vorinostat) is a FDA-approved drug for T-cell
lymphoma treatment and no obvious toxicity in normal
human fibroblasts (16) and in healthy mice (13), we
evaluated the efficacy of SAHA to attenuate pulmonary
fibrosis in a rat model. Our study also observed no obvious
side effects of SAHA treatment in the rats. Previous studies
report SAHA treatment inhibit collagen 3A formation,
whereas we showed the first evidence that SAHA inhibited
collagen I deposition, indicating that SAHA inhibits the
expression of several collagen types, suggesting that SAHA
is a very promising antifibrotic reagent. The limitations in
this study include: (I) SAHA is a broad HADC inhibitor,
there may be far more targets and more complicated
mechanisms than we had in this study; (II) we did not
evaluate antifibrotic progress of SAHA and its dose at
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early days and examine rat lung functions after SAHA
administration; (III) we did not verify whether increased
Smad7 acetylation by SAHA decreases the level of Smad7
ubiquitylation by PQ. In future experiments, we will
further investigate underlying mechanism by which SAHA
stabilizes Smad7 expression.

In summary, the present study revealed that inhibiting
Smad7 deacetylation by SAHA maintained its stability
and blocked TGF-B1/Smad signaling, thus inhibiting
fibroblast differentiation into mycro fibroblast iz vitro and
lung fibrosis in vive. We, therefore, propose that blockade
of Smad7 deacetylation may prove an effective therapeutic
strategy to inhibit the progression of pulmonary fibrosis.
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