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1 | INTRODUCTION

| Jieting Peng? | Xiangyu Zhang! | Qiong Wang! | Xing Lyu®

Abstract

Obijectives: To investigate the effects of suberoylanilide hydroxamic acid (SAHA) on
lung fibroblast activation and to examine the role of p66Shc in this process.
Methods: An in vitro pulmonary fibrosis model was established using transforming
growth factor-p (TGF-p)-induced MRC-5 lung fibroblasts. The proliferation and migra-
tion capacities of MRC-5 cells, along with the expression of fibrosis-related genes,
were assessed following treatment with SAHA and/or silence of p66Shc.

Results: In TGF-p-induced MRC-5 lung fibroblasts, SAHA treatment significantly in-
hibited cell proliferation and migration, as well as the expression of fibrosis-related
genes, including collagen | and a-smooth muscle actin (SMA). Western blot and im-
munofluorescence assays revealed that SAHA increased p66Shc expression in both
whole cells and mitochondria. Additionally, mito-SOX assay confirmed that SAHA
treatment led to a marked accumulation of mitochondrial reactive oxygen species
(ROS). However, silencing of p66Shc significantly reversed the aforementioned ef-
fects of SAHA on MRC-5 cells. Furthermore, chromatin immunoprecipitation (ChIP)
assays demonstrated that SAHA enhanced active histone markers, H3K9Ac and
H3K4Me3, in the p66Shc gene region.

Conclusions: SAHA alleviates lung fibroblast activation and migration by increasing
p66Shc expression and mitochondrial ROS generation through epigenetic modifica-

tions of histone 3.
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factor for IPF.3 It has been demonstrated that mutations in the

Idiopathic pulmonary fibrosis (IPF) is a progressive, irreversible,
and fatal lung disease characterized by chronic, repetitive alveolar
epithelium injuries, excessive activation of lung fibroblasts, and
uncontrolled deposition of extracellular matrix (ECM), for which
there are currently no effective therapeutic options.! IPF is closely

associated with aging,? and aging is a major non-modifiable risk

telomerase gene and telomere shortening are major pathogenic
causes of IPF,* with telomeres being closely linked to human aging
and lifespan. An analysis of the British Thoracic Society elec-
tronic registry, covering the years 2013 to 2019, showed that the
proportion of patients with IPF aged 70 and older increased to
80%.° Transforming growth factor-p (TGF-B) plays a central role

in mediating lung fibroblast activation and pulmonary fibrosis and
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is therefore considered a potential therapeutic target.® However,
directly targeting TGF-f presents many challenges and may lead
to unexpected side effects.” Unraveling alternative mechanisms
of lung fibroblast activation is crucial for the development of new
anti-fibrotic agents.

Numerous studies have demonstrated that epigenetics plays
a critical role in pulmonary fibrosis.®? The well-researched mech-
anisms of histone acetylation and DNA methylation are classical
modifications of histone tails that regulate chromatin at:cessibility.10
Histone deacetylases (HDACs) remove acetyl groups from histone
tails, leading to chromatin compaction.” Multiple studies have con-
firmed that the expression of various HDACs changes significantly
with aging.**™*® Preclinical studies have also demonstrated that
HDAC inhibitors can significantly delay aging, extend lifespan, and
reduce the occurrence of aging-related phenotypes in various or-
gans and tissues in model animals.**"*® Additionally, in animal mod-
els and clinical specimens, increased expression of HDACs has been
positively correlated with the severity of fibrosis in several organs,
including the kidneys,***> heart,**'” and lungs.*®-?* The broad-
spectrum HDAC inhibitor suberoylanilide hydroxamic acid (SAHA)
has been approved by the U.S. Food and Drug Administration (FDA)
as an anti-cancer drug. Previous studies have suggested the thera-
peutic potential of SAHA in treating organ fibrosis.?2"2* Our prelim-
inary work also revealed that SAHA can downregulate collagen 3A1
in primary fibroblasts isolated from patients with IPF, as well as in
a bleomycin-induced pulmonary fibrosis mouse model.?> However,
the specific mechanisms remain unclear.

P66Shc is a member of the Src homology and collagen (Shc)
family, involved in various pathophysiological processes, including
reactive oxygen species (ROS) production, cell proliferation, apop-
tosis,?® as well as organ fibrosis, such as liver and renal fibrosis.?”28
Furthermore, there is substantial evidence indicating a complex re-
lationship between p66Shc and aging.26 Trichostatin A, an HDAC
inhibitor, has been shown to enhance p66Shc promoter activity and
induce p66Shc expression.?? Numerous studies have highlighted
the potential of HDAC inhibitors in preventing pulmonary fibrosis.
However, no studies to date have investigated the effects of SAHA
on p66Shc expression in lung fibrosis.

In this study, we aimed to investigate the potential of SAHA in
preventing fibroblast activation. To achieve this, we used MRC-5 lung
fibroblasts treated with TGF-f to establish an in vitro pulmonary fi-
brosis model. We then focus on the specific mechanisms by which
SAHA exerts its anti-fibrotic effects, particularly its regulation of

p66Shc expression and the associated histone modification changes.

2 | MATERIALS AND METHODS

2.1 | Cell culture and treatment

Human embryonic lung fibroblasts (MRC-5) were purchased from
the Chinese Academy of Sciences (Cat. no. GNHu41, Shanghai,
China). The cells were cultured in Dulbecco's modified eagle medium

(DMEM) supplemented with 10% fetal bovine serum (FBS) (Gibco,
USA) and antibiotics (penicillin and streptomycin, Life Technologies/
Gibco, Gaithersburg, MD). The cells were maintained at 37°C in a
5% CO, atmosphere. MRC-5 cells were treated with 2ng/mL TGF-p1
and SAHA for 24 h.

2.2 | Western blot analysis

RIPA buffer was used to extract total cellular protein. A BCA
Protein Assay Kit (Thermo Scientific, United States) was employed
to determine the protein concentration of the cell lysates. Equal
amounts of protein were loaded onto 10% SDS-PAGE gels and
separated via electrophoresis. The separated proteins were then
transferred to polyvinylidene fluoride (PVDF) membranes. The
membranes were blocked with 5% fat-free milk for 1h at room
temperature, followed by overnight incubation with primary an-
tibodies at 4°C. Subsequently, the membranes were incubated
with horseradish peroxidase-conjugated secondary antibodies
for 1h at room temperature. Immunoblots were visualized using
an Amersham Biosciences 600 imager and quantified through
Image) software. The antibodies used in this study included
anti-a-smooth muscle actin (SMA) (Cell Signaling Technology,
#19245), anti-collagen | (Cell Signaling Technology, #84336), anti-
GAPDH (Cell Signaling Technology, #2118), anti-p66Shc (Cell
Signaling Technology, #610878), anti-H3K27Me3 (Cell Signaling
Technology, #3108), anti-H3K9Ac (Cell Signaling Technology,
#61251), anti-H3K18ac (Cell Signaling Technology, #13998),
anti-H3K27ac (Cell Signaling Technology, #8173), anti-H3K4Me3
(Cell Signaling Technology, #9751), anti-H3K9Me3 (Cell Signaling
Technology, #13969), anti-H3K79Me3 (Cell Signaling Technology,
#74073), anti-H3 (Cell Signaling Technology, #4499), goat anti-
rabbit IgG H&L (Beyotime, A0208), and rabbit anti-mouse IgG H&L
(Beyotime, A0216).

2.3 | RNA extraction and qRT-PCR

TRIzol reagent (Sangon Biotech, Shanghai, China) was used to ex-
tract messenger RNA, which was then reverse transcribed into
cDNA using a Revert Aid First Stand cDNA synthesis Kit (Thermo
Scientific, United States). qRT-PCR was performed using a SYBR
Green/qPCR Master Mix kit (Thermo Scientific, United States). All
results were normalized to GAPDH using the AACt method. Primers

used for qRT-PCR analysis are listed in Table 1.

2.4 | Immunofluorescence Staining

MRC-5 cells were cultured on coverslips and treated with TGF-p1 in
the absence or presence of SAHA for 24 h. After treatment, the cells
were fixed with 4% paraformaldehyde (PFA) at room temperature to
preserve structure, permeabilized with 0.1% Triton X-100, blocked



KI—WI LEY_Aging Medicine

DONG ET AL.

D

TABLE 1 Primers used for gRT-PCR analysis.

Gene name Sequence
P66Shc F: 5-TGAGGGTGTGGTTCGGACTAAGG-3’
R: 5-CCGCAGAGATGATGGGCAAGTG-3’
a-SMA F: 5-CTATGAGGGCTATGCCTTGCC-3’
R: 5-GCTCAGCAGTAGTAACGAAGGA-3’
Collagen | F: 5-GAGGGCCAAGACGAAGACATC-3’
R: 5-CAGATCACGTCATCGCACAAC-3’
GAPDH F: 5-CCCATGTTCGTCATGGGTGT-3’

R: 5-TGGTCATGAGTCCTTCCACGATA-3’

with 10% normal goat serum, and incubated with anti-collagen | or
anti-a-SMA antibodies overnight at 4°C. After washing with TBS
containing 0.1% Tween, the cells were incubated with goat anti-
rabbit secondary antibodies (Thermo Scientific, United States, Alexa
Fluor 594 or 488 conjugate). Fluorescence images were captured

using a fluorescence microscope.

2.5 | 5-Ethynyl-2’-deoxyuridine (EdU)
Incorporation Assay

MRC-5 cells were treated with different concentrations of SAHA for
24h and then incubated with EdU for 2 h. Subsequently, 4% PFA was
used to fix the cells, followed by incubation with a Click Additive
Solution for 30min. Immunofluorescence signals were captured
using a laser scanning confocal microscope (Leica, TCS SP8, Wetzlar,
Germany).

2.6 | Wound-healing assay

Cells were seeded in six-well plates and cultured until they reached
70-80% confluence. A linear gap was created by scratching the cell
monolayer with a sterile 200-pL pipette tip under microscope. After
treatment, images of the wound were captured using a microscope

and quantitatively evaluated with Image J software.

2.7 | Chromatin immunoprecipitation (ChlIP) assay
MRC-5 cells were treated with 1% formaldehyde for 10min to
crosslink proteins and then lysed. Sonication was performed to
shear the chromatin in the lysate. Extracts were immunoprecipi-
tated with H3K27Me3 and H3K9Ac antibodies or normal rabbit
IgG (Santa Cruz Biotechnology), and protein-DNA complexes
were pulled down. After reversing crosslinks, DNA was purified
using a PCR purification kit and dissolved in 100uL of elution
buffer. A 2-pL DNA sample was used for each qPCR reaction with
the real-time PCR primers.

2.8 | Statistical analysis

The results of at least three independent replicate experiments for
each assay are expressed as means + standard deviation. Statistical
analysis was performed using Student's unpaired t test for two-
group comparisons and one-way ANOVA test for multi-group com-
parisons, both conducted with GraphPad Prism.

3 | RESULTS

3.1 | SAHA inhibits activation and migration of
lung fibroblasts

MRC-5 cells were treated with different concentrations of SAHA (O,
100, 200, 500, 1000, and 2000nmol/L) for 24h to determine the
appropriate dose. Cell viability showed no significant differences at
SAHA concentration below 500nmol/L compared with the control.
Therefore, 100, 200, and 500 nmol/L of SAHA were used in subse-
quent experiments (Figure 1A).

To investigate whether SAHA could inhibit the activation
of lung fibroblasts after TGF-$ stimulation, the expression of
fibrosis-related genes, collagen I, and «-SMA were analyzed via
Western blot in MRC-5 cells treated with 100, 200, and 500 nmo-
I/L SAHA for 24 h in the presence of 2ng/mL TGF-f1. The results
showed that SAHA treatment significantly downregulated the in-
creased expression of collagen | and a-SMA compared to TGF-§
group (Figure 1B,C), which was further confirmed by immunofluo-
rescence assays (Figure 1D).

Wound healing and tissue fibrosis are driven by cell prolifera-
tion, migration, and ECM deposition.30 The effect of SAHA on the
proliferation of MRC-5 cells was evaluated through the CCK-8
assay and EdU incorporation assay. As presented in Figure 2A,
TGF-p1 significantly stimulated the proliferation of MRC-5 cells,
which was inhibited by SAHA in a concentration-dependent man-
ner. Similarly, the percentage of EdU-positive cells decreased in a
dose-dependent manner in groups treated with SAHA compared to
TGF-B1 (Figure 2B,C). Next, wound healing assays were used to test
the effects of SAHA on the migration of MRC-5 cells. The results
showed that SAHA markedly and dose-dependently inhibited the
migration of MRC-5 cells (Figure 2D,F). Together, these results indi-
cate that SAHA can inhibit the proliferation and migration of TGF-
p1-stimulated MRC-5 cells.

3.2 | SAHA increases mitochondrial ROS and the
expression of p66Shc

Pulmonary fibrosis has been demonstrated to be associated with
oxidative stress. To assess the effect of SAHA on mitochondrial ROS
generation of MRC-5 cellsinduced by TGF-$1, we loaded MRC-5 cells
with mito-SOX, a fluorescent probe targeting mitochondria ROS in
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FIGURE 1 SAHA inhibited TGF-p1-induced activation of lung fibroblasts. (A) The viability of MRC-5 cells incubated with different
concentrations of SAHA for 24h (n=3). (B, C) Western blot analysis and quantification of collagen | and a-SMA protein levels in MRC-5 cells treated
with different concentrations of SAHA for 24h in the presence of TGF-B1 (n=3). (D, E, and F) Immunofluorescence images and quantification of
collagen | (green) and a-SMA (red) in TGF-B1-induced MRC-5 cells treated with different concentrations of SAHA (n=3). The bars represent the
mean=+SD of three separate experiments. * indicates p <0.050, ** indicates p<0.010, *** indicates p<0.001, **** indicates p<0.0001.

viable cells. We found that SAHA dose dependently increased mito- ROS. Therefore, we aimed to test whether SAHA influences
chondrial ROS induced by TGF-p1 (Figure 3A,B). p66Shc, a master the expression of p66Shc in MRC-5 cells induced by TGF-$1 and
regulator of mitochondrial ROS, is a crucial mediator of oxidative found that both whole-cell and mitochondrial p66Shc expression

stress. It has been demonstrated that p66Shc plays an important (Figure 4A,B,D) and p66shc mRNA (Figure 4C) levels were stimu-
role in oxidative stress by regulating the generation of mitochondrial lated by different concentrations of SAHA.
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represent the mean +SD of three separate experiments.
p<0.0001.

3.3 | p66Shc silencing reverses the
effects of SAHA

To further confirm that p66Shc mediates the effects of SAHA on lung
fibroblasts induced by TGF-$, MRC-5 cells were transfected with three
p66Shc siRNAs, and knockdown efficiency was evaluated via Western
blot and gRT-PCR. All the siRNAs effectively silenced p66Shc, and we
selected one siRNA for subsequent experiments (Figure 5A-C).

After transfection with p66Shc siRNA, the effects of SAHA on
expression of collagen | and a-SMA protein and mRNA were sig-
nificantly reversed compared to SAHA and TGF-p1 co-treatment
group (Figure 5D-G). The p66Shc knockdown also significantly
promoted the proliferation of MRC-5 cells that had been inhibited
by SAHA (Figure 6A,B). Next, wound healing assays were used to
test the effects of p66Shc on the migration of MRC-5 cells treated
by SAHA and TGF-p1. After p66Shc siRNA treatment, the migra-
tory ability dramatically increased compared to the SAHA and
TGF-p1 co-treatment group (Figure 6C). These results indicated
that p66Shc mediates the effects of SAHA on lung fibroblasts.

3.4 | Histone modifications mediate the
upregulation of p66Shc expression by SAHA

Histone modification, including acetylation and methylation, is es-

sential for the gene regulation of most biological processes.®! It has

* indicates p <0.050, ** indicates p <0.010, *** indicates p <0.001, **** indicates
#indicates p <0.050, # indicates p < 0.010, #* indicates p < 0.001.

been found that prolonged SAHA treatment regulates modification
of histone acetylation, which is associated with the expression of
apoptosis-related genes in lung fibroblasts isolated from patients with
IPF?*, In this study, results from Western blot also showed that TGF-
B1 and SAHA could alter the levels of histone acetylation and meth-
ylation in lung fibroblasts (Figure 7A-D). The expression of pé66Shc
has been found to be regulated by histone acetylation and methyla-
tion.?32 To explore the underlying mechanism by which pé6Shc is
upregulated upon SAHA treatment, ChIP-qPCR was performed. The
results showed that SAHA treatment resulted in an enrichment of
H3K9%Ac and H3K4Me3 in the region of the p66Shc gene (Figure 7E).
Previous studies have demonstrated both H3K9Ac and H3K4Me3 are
markers of transcription activation.®3-3> Therefore, we speculate that

SAHA increases p66shc expression through histone modifications.

4 | DISCUSSION

In the present study, we demonstrated that SAHA inhibits lung fi-
broblast activation and migration by increasing the expression of
p66Shc. More specifically, SAHA promotes mitochondrial ROS
generation and augments p66Shc expression by elevating levels
of H3K9Ac and H3K4Me3—active histone markers—in the region
of the p66Shc gene in lung fibroblast. However, silencing p66Shc
significantly reversed the aforementioned effects of SAHA on lung
fibroblasts. Taken together, our study suggests that SAHA plays a
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FIGURE 3 SAHA increases mitochondrial ROS in MRC-5 cells. (A) Fluorescence and bright-field images of MRC-5 cells treated with mito-
SOX red after exposure to TGF-B1 and different concentrations of SAHA (n=3). (B) Quantification of mean gray value of mito-SOX (n=23).
The bars represent the mean+SD of three separate experiments. * indicates p<0.050, ** indicates p<0.010, *** indicates p <0.001.

central role in pulmonary fibrosis, and pharmacological targeting of
p66Shc may offer a novel approach to the treatment of lung fibrosis.

Pulmonary fibrosis is characterized by fibroblast activation and
ECM deposition, accompanied by the destruction of tissue struc-
ture.3¢ Currently, the pathogenesis of pulmonary fibrosis remains
unclear, and there are limited therapeutic targets and drugs avail-
able. It is urgent to find effective treatment strategies for this fatal
disease. HDACs, as an important class of epigenetic-modifying en-
zymes, are involved in the onset and progression of aging and fi-
brosis in various tissues and organs.*"?! HDAC inhibitors, including
SAHA, have been shown to have anti-aging and anti-fibrotic effects
in various animal models.}"*® SAHA has been approved by the FDA

for anti-cancer treatment. Interestingly, a published study found

that SAHA can suppress TGF-p-induced cell proliferation and dif-
ferentiation, as well as ECM production, by inhibiting both Smad and
non-Smad signal pathways in human conjunctival fibroblast cells.”
Additionally, it has been reported that SAHA can rescue inflamma-
tory cystic fibrosis by modulating immune responses.®® Treatment
with 5pM SAHA for 24h significantly decreased collagen produc-
tion in lung fibroblasts derived from both normal human subjects
and patients with IPF, without pro-apoptotic effects,?® which aligns
with our mitochondrial membrane potential assays (data not shown).
However, treatment with SAHA for an extended period (more than
60h) significantly induced apoptosis of lung fibroblasts derived from
IPF patients through histone modifications and DNA methylation,
while also attenuating bleomycin-induced pulmonary fibrosis.?*

FIGURE 4 SAHA increases the expression of p66Shc. (A, B, C, and D) Protein expression (both whole-cell protein and mitochondrial
protein) and mRNA expression of p66Shc in MRC-5 cells treated with TGF-p1 and different concentrations of SAHA (n=3). (E, F)
Immunofluorescence images and quantification of p66Shc (green) in MRC-5 cells treated with TGF-p1 and different concentrations of SAHA
(n=3). The bars represent the mean+SD of three separate experiments. * indicates p <0.050, ** indicates p <0.010, *** indicates p <0.001,

****indicates p<0.0001.
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FIGURE 5 Silencing p66Shc inhibits the differentiation of lung fibroblasts. (A, B, and C) Protein and mRNA expression of p66Shc in
MRC-5 cells transfected with either NC siRNA or p66Shc siRNA for 24 h (n=3). (D, E, and F) Protein and mRNA expression of collagen | and
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Immunofluorescence images and quantification of collagen | (green) and a-SMA (red) in MRC-5 cells (n=3). The bars represent the mean+SD
of three separate experiments. * indicates p <0.050, ** indicates p <0.010, *** indicates p <0.001, **** indicates p <0.0001.



798 . s DONG ET AL.
JWI LEY-Ading Medicine
(A) okk
200 -
* %k
.‘:} E 150
= £
23
Z “S 100 ok ok
>
O =X
— 501
0—.
> N
St I R e
& & T T
AR
< &;‘ S
&
& &
é.s
SINT siP66Shc
+ +
(B) TGF P TGF p1 TGr -1 C) * %
DMSO TGF-p1 SAHA SAHA SAHA 0.8+ . —=
@
B — 0.6
EDU b e\e
£z
E E 0
5
: ok %k
= =
DAPI = 0.2
0.0~
> > \ad \ad \ad
I
MERGE PPN
<& &X&o <8
<
s &
X
SiNT siP66She
+ +
TGE'“I TGF-p1 TGF-p1
D + + *
( ) DMSO TGF-f1 SAHA SAHA SAHA (E) . * *
v 1 i 1 | . - 25+
| : : ! ! ; B : | 27
1
| : 1 i ! ! I : : : : e 204
1 | 1 I : : : I Z0 I Py
1 I ~=
0h : : 1 1 1 1 1 . : : s -
1 | 2 ! 1 1 1 | | | = = 154
] ' | i 1 | 1 i 1 1 R= E
1
: : o - b i g = xx
! 1 ! | ! ! 1 1 1 | =Y 10+ — 1
' ' ' ' . ' ! ' 1 '
1 1 () 1 1 I I ] 1 E
1 I o 1 1 ] I 1 1 54
1 I (] 1 I ] I 1 1
1 1 -t 1 I ] 1 1 1
Hh | i ot b o N
1 1 [ 1 1 1 1 e ] < BS & &
-~ o e s ! R
1 1 (4] 1 I 1 1 o NN (R
E 1 I (N I 1 1 1 1 &0 )50 X&o
Bl ! E A e B &
X

FIGURE 6 Silencing p66Shc inhibits the proliferation and migration of lung fibroblasts. (A) Cell viability of MRC-5 cells exposed to SAHA
and TGF-B1, and transfected with either NC siRNA or p66Shc siRNA for 24 h (n=3). (B and C) Immunofluorescence images and statistical
analysis of EdU incorporation assay in MRC-5 cells transfected with either NC siRNA or p66Shc siRNA and co-cultured with TGF-p1 and
SAHA (n=3). (D and E) Images and statistical analysis of the wound healing assay in MRC-5 cells transfected with either NC siRNA or p66Shc
siRNA and treated with TGF-p1 and SAHA (n=3). The bars represent the mean+SD of three separate experiments. * indicates p <0.050,
**indicates p <0.010, *** indicates p <0.001, **** indicates p <0.0001.

As a result, SAHA appears to have anti-fibrotic potential for IPF slight increase in mitochondrial ROS. However, excessive accumula-

treatment. tion of mitochondrial ROS can damage fibroblasts and induce apop-

It has been demonstrated that low levels of oxygen free radicals
can stimulate the proliferation of human fibroblasts.*’ Lung fibro-
blasts isolated from patients with IPF also showed increased produc-
tion of mitochondrial ROS, which contributed to the senescence of
these pathological cells and may be associated with their resistance

to apoptosis.*® Our results also suggest that TGF-p can induce a

tosis.*1"*% SAHA promotes apoptosis in cancer cells by increasing
ROS production.** In this study, we showed that SAHA stimulates
a dramatic increase in mitochondrial ROS in lung fibroblasts, which
was negatively correlated with decreased cell viability and the abil-
ities of proliferation, differentiation, and migration. P66Shc, a pro-
tein located in mitochondria, is involved in ROS production. Once
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FIGURE 7 Histone modifications mediate the upregulation of p66Shc expression by SAHA. (A, B, C, and D) Acetylation and methylation
modifications of histone H3 in lung fibroblasts after treatment with TGF-p1 and SAHA (n=3). (E) Modification of histone H3 in the region
of the p66Shc gene after TGF-p1 and SAHA treatment (n=3). The bars represent the mean +SD of three separate experiments. * indicates
p<0.050, ** indicates p<0.010, *** indicates p<0.001, **** indicates p <0.0001.

p66Shc translocates into the mitochondria, it affects mitochondrial
cristae structure and function by oxidizing cytochrome C and cata-
lyzing the reduction of oxygen to hydrogen peroxide.*> Meanwhile,
p66Shc has a fascinating impact on lifespan and aging. Numerous
studies have confirmed that p66Shc promotes aging in various tis-
sues and organs by regulating oxidative stress and inducing apop-
tosis.? Interestingly, some studies have found that knockout of the
p66Shc gene can significantly increase lifespan in model organisms

and enhance their resilience to various pathological damages.26
However, other studies have shown that p66Shc knockout does
not extend lifespan but only alleviates organ atrophy, infertility, and
weight loss.?® Additionally, one study found that p66Shc knockout in
mice accelerates lung aging.*® Furthermore, the experiment did not
investigate mice older than 24 months, so the possibility of further
deterioration in lung function in p66Shc knockout mice cannot be
ruled out. The underlying biological mechanisms remain unclear and
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may be related to increased levels of lung inflammation.*¢ In con-
trast, in vitro studies have shown that microRNA let-7a can delay
replicative senescence of human diploid fibroblasts by inhibiting the
expression of p66Shc.*” Therefore, we further explored the effect of
SAHA on the expression of p66Shc and found that SAHA increases
the expression of p66Shc in both whole cell and mitochondria.
Silencing p66Shc reversed the inhibition of SAHA on the prolifera-
tion, differentiation, and migration of lung fibroblasts. However, pre-
vious studies have suggested that p66Shc mediates the activation
of hepatic stellate cells and liver fibrosis through mitochondrial ROS
and NOD-like receptor protein 3 inflammasome activation.?” The
discrepancy in p66Shc function regarding organ fibrosis between
these two studies may stem from the different disease models used,
which need validation in future research.

Gene expression can be governed by epigenetic mechanisms.
Several HDAC inhibitors have been identified as effective anti-
fibrotic agents in various forms of organ fibrosis, such as givinostat
and trichostatin A. Givinostat effectively attenuates liver fibrosis by
regulating lipid metabolism-related genes,*® while trichostatin A has
been shown to ameliorate renal tubulointerstitial fibrosis through the
JNK-dependent Notch-2 signaling pathway.49 Additionally, trichosta-
tin A was found to increase the expression of p66Shc by upregulat-
ing the activity of p66Shc promoter.?’ Previous reports indicate that
SAHA regulates gene expression by modulating histone acetylation
and methylation, thereby influencing chromatin accessibility.>® In
our work, SAHA was shown to increase the active histone markers
H3K9AC® and H3K4Me3%334 in the region of the p66Shc gene.

Collectively, this study demonstrated that SAHA ameliorates
pulmonary fibrosis through increasing expression of p66Shc and
production of ROS. The mechanism by which p66Shc expression
was modulated involved histone modification. Since SAHA has al-
ready been approved for cancer treatment, it might serve as a poten-

tial therapeutic drug for treatment of pulmonary fibrosis.
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