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Protective Effects of SIRT2 Inhibition on Cardiac
Fibrosis

ABSTRACT

Background: A primary factorinthe pathogenesis of agingis oxidative stress, with cardiac
inflammation and fibrosis being contributed to by increased oxidative stress as organ-
isms age. Oxidative stress enhances the cardiac fibrotic signaling pathway, with reactive
oxygen species inducing cardiac fibrosis through increased expression of the profibrotic
factor transforming growth factor-beta 1 (TGF-p1). Furthermore, Wnt/p-catenin signal-
ing pathway is implicated in interstitial fibrosis, which is associated with TGF-. Sirtuin
2 (SIRT2) is expressed in heart tissue, with protective effects in pathological cardiac
hypertrophy. We aimed to investigate the mechanisms of cardiac fibrosis in D-Galactose
(D-Gal)-induced accelerated aging, focusing on TGF-p1, p-catenin, and SIRT2.

Methods: A total of 30 young male Sprague—Dawley rats were randomly divided into 4
groups: control group, D-Gal group, D-Gal + 4% dimethyl sulfoxide (DMSO) group, and
D-Gal +the SIRT2 inhibitor (AGK2) group. After 10 weeks, the rats were sacrificed, and
their hearts were removed. SIRT2 expression levels were measured by western blot and
gene expression levels of TGF-f1 and B-catenin by quantitative real-time polymerase
chain reaction.

Results: Transforming growth factor-beta1(TGF-p1) mRNA expressionin heart tissue was
higher in the D-Gal group compared to all other groups. f-catenin mRNA expression was
higher in the D-Gal group than in the D-Gal+ AGK2 group. SIRT2 protein expression was
higher in the D-Gal+DMSO group compared to the control group. Sirtuin 2 expression
was lower in the D-Gal + AGK2 group compared to the D-Gal and D-Gal + DMSO groups.

Conclusion: Sirtuin 2 inhibition attenuates fibrosis, as evidenced by the downregulation
of TGF-p1 and p-catenin. Thus, targeting SIRT2 may represent a potential therapeutic
strategy for diseases characterized by cardiac fibrosis in the future.
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INTRODUCTION

Cardiovascular diseases (CVD) constitute the leading cause of mortality among
the elderly." Advancing age is arisk factor for the development and progression of
CVD. Cardiac hypertrophy is one of the most prevalent cardiovascular alterations
resulting from aging. Aging is a risk factor for cardiac hypertrophy and fibrosis
that can eventually lead to heart failure.?

Chronic administration of D-galactose (D-Gal) induces accelerated aging in
rodents, closely mimicking natural aging processes.>* Research indicates that
3-month-old rats treated with D-Gal demonstrate structural and functional
traits comparable to those of 16 24-month-old rats, effectively mimicking natural
aging. Furthermore, studies demonstrate that D-Gal administration impairs the
diastolic functions of the heart, thereby functioning as a model for age-related
cardiomyopathy.>®

In the heart and brain, elevated levels of D-Gal can be converted into aldose and
hydrogen peroxide via galactose oxidase catalysis, resulting in the production of
reactive oxygen species (ROS). This process leads to oxidative stress, inflamma-
tion, mitochondrial dysfunction, and apoptosis.” Administration of D-Gal to mice
and rats aged 2-5 months at doses of 60-150 mg/kg/day for 6-8 weeks increased
aging markers such as protein DNA oxidation and lipid peroxidation in heart
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tissue.®> Oxidative stress is a primary factor in the patho-
genesis of aging, with increased oxidative stress contribut-
ing to cardiac inflammation and fibrosis as organisms age.®
Cardiac fibrosis is characterized by the inappropriate depo-
sition of extracellular matrix components, including collagen
and fibronectin.?

At the molecular level, transforming growth factor-beta
(TGF-p) is a key regulator of profibrotic processes. Its ele-
vated levels in cardiac fibrosis in both humans and animals
highlight its importance.” Transforming growth factor-
betatriggers the phenotypic transition of cardiac fibroblasts
to myofibroblasts, and the disruption or inhibition of TGF-3
signaling has been shown to have protective effects in ani-
mal models.™

The increase in ROS is associated with heightened levels of
matrix metalloproteinases and TGF-f, as well as abnormal
glucose oxidation, all of which contribute to the progression
of cardiac fibrosis.”? Oxidative stress enhances the cardiac
fibrotic signaling pathway, with ROS inducing cardiac fibro-
sis through increased expression of the profibrotic factor
transforming growth factor-beta 1 (TGF-B1) expression.”?
Transforming growth factor-beta is pivotal in the activa-
tion of resident cardiac fibroblasts and promotes extracel-
lular matrix production via Smad2/3 signaling pathways in
response to diverse stimuli.™

The Wnt/B-catenin signaling pathway is closely related to
cellular senescence, and continuous Wnt exposure has been
shown to accelerate cellular aging both in vivo and in vitro.™
There is a mechanistic link between Wnt signaling and the
heart diseases observed in the elderly, with Wnt activa-
tion promoting the transformation of fibroblasts into active
fibroblasts or myoblasts, thereby contributing to cardiac
fibrosis in the aged heart. The canonical Wnt/f-catenin
signaling pathway is implicated in myocardial hypertrophy'
and interstitial fibrosis,” both of which are associated with
TGF-B. Recent research has shown that TGF-f induces the
production and secretion of canonical Wnt proteins and acti-
vates B-cateninin cardiac fibroblasts.™

Sirtuins (SIRT1-7) constitute a family of class Ill histone
deacetylases involved in metabolic control, apoptosis,
cell survival, inflammation, and healthy aging. Sirtuin 2 is
expressed in a variety of metabolically active tissues, includ-
ing the heart, brain, and adipose tissue. D-Galactose admin-
istration has been shown to increase SIRT2 levels in the
brain,™ liver,?° and kidney.?’ Recent studies have shown that

HIGHLIGHTS

e Sirtuin 2 levels were elevated in D-Gal-induced cardiac
fibrosis.

e The application of AGK2, a specific sirtuin 2 inhibitor,
resulted in decreased levels of sirtuin 2, TGF-p1, and
B-catenin.

e In the future, targeting sirtuin 2 inhibition could be
explored as a potential therapeutic strategy for the pre-
vention of fibrosis in many cardiac disorders.
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SIRT2 is involved in cardiac hypertrophy?? and heart failure,?
but this role is unclear. While the protective effects of SIRT2
in pathological cardiac hypertrophy have been shown;?>?* it
has also been shown that downregulation of SIRT2 is protec-
tive in ischemia-reperfusion.? Likewise, the activation of
SIRT3 has been shown to be associated with the inhibition of
TGF-p synthesis.?®

Additionally, numerous frequently prescribed cardiovascular
drugs demonstrate pleiotropic effects through epigenetic
mechanisms, such as histone modification and alterations
in the expression of various genes. For instance, statins
modulate SIRT1 transcription and elicit epigenetic modifi-
cations, leading to anti-inflammatory and apoptotic path-
ways. Similarly, metformin, sodium-glucose cotransporter-2
inhibitors, and hydralazine also exhibit similar epigenetic
mechanisms.?

Treatment options for cardiac hypertrophy are limited, and
few therapies directly target cardiac function and remod-
eling.?® There is a need for a deeper understanding of the
molecular mechanisms underlying cardiac hypertrophy in
order to develop new therapeutic strategies that can slow
the progression of heartdisease or preventit. This study aims
to investigate the mechanisms of cardiac fibrosis in D-Gal-
induced accelerated aging, focusing on TGF-p1, p-catenin,
and SIRT2.

METHODS

Animals

All rats were housed under standard laboratory conditions,
maintained on a 12-hour lightness—darkness cycle, and pro-
vided with regular tap water and standard rat chow. A total
of 30 young (3-month-old) male Sprague—Dawley rats were
used in the study, and they were randomly divided into 4
groups with the following treatments:

e Control group (n=46): Saline was administered subcuta-
neously for 10 weeks.

e D-Gal group (n=8): D-galactose dissolved in saline (150
mg/kg/day) was administered subcutaneously for 10
weeks.

e D-Gal+4% dimethyl sulfoxide (DMSO) group (n=8):
D-galactose (150 mg/kg/day) and DMSO in phosphate-
buffered saline (PBS) (10 pL/kg/day) were administered
subcutaneously for 10 weeks.

e D-Gal+the SIRT2 inhibitor (AGK2) group (n=38):
D-galactose (150 mg/kg/day) and AGK?2 prepared in 4%
DMSO-PBS (10 uM/kg/day) were administered subcuta-
neously for 10 weeks.

AGK2is aselective SIRT2inhibitor. Itinhibits cell proliferation
and cell growth in a dose-dependent manner without induc-
ing cytotoxicity at low doses.?

There was no animal loss during the follow-up period. At the
end of the follow-up time, under ketamine/xylazine anes-
thesia, intracardiac blood samples were collected from the
sacrificed rats, and their hearts were removed.
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After taking histology samples, the hearts were placed
in liquid nitrogen and stored at —-80°C until the end of the
experiment.

The study protocol was approved by the Local Ethics
Committee (Date: June 16, 2023, Decision No.: E-66332047-
604.01.02-684514) and was performed in accordance with
ethical rules and principles of the “Guiding Principles for the
Care and Use of Animals (2011)."

Quantitative Real-Time Polymerase Chain Reaction

First, total RNA isolation (Macherey-Nagel NucleoSpin® RNA
Mini Isolation Kit, 50 preps, 740955.50) was performed from
all heart tissues. Samples with an optical density of 1.8-2.0
were considered pure, and cDNA was amplified (BIO-RAD,
iScript™ cDNA Synthesis Kit, 100 x 20 pL rxn, 1708891) from
these samples. Subsequently, amplification was performed
in Real-Time PCR using TagMan primers/probes target-
ing TGF-p1 and p-catenin genes. The 2742¢t method was
employed to determine the relative expression levels of the
investigated genes. The primer sequences for the target
genes are available in Table 1.

Western Blotting

Total protein measurement in tissues homogenized with
RIPA Lysis Buffer containing protease and phosphatase
inhibitor mixtures was performed with the BCA Protein
Assay Kit (Pierce BCA Protein Assay Kit, lot#UD282967,
ThermoScientific, IL, USA). Equal amounts of protein (20 pg)
from all samples were separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE, 12%) and
then transferred to a nitrocellulose membrane (Bio-Rad,
Germany). The membrane was incubated with 5% skim milk
powder in Tris Buffered Saline-Tween 20 (TBST) at+4°C
overnight. Membranes were coated with primary antibod-
ies (Anti-SIRT2, 1:500, sc-28298, Santa Cruz Biotechnology,
Dallas, TX, USA; anti-beta-actin, 1:500, sc-47778, Santa
Cruz Biotechnology, Dallas, TX, USA), respectively, and
incubated with horseradish peroxidase (HRP)-conjugated
secondary antibody (Anti-mouse, 1:2000, Cat. #62-6520,
Invitrogen, Thermo Fisher Scientific Inc., Cambridge, MA,
USA) for 1.5 hours. A chemiluminescence kit (ECL Western
Blotting Substrate, Pierce™ ThermoScientific, IL, USA) was
used to make the protein bands on the membranes vis-
ible. The iBright™ imaging system (# FL 1500, Thermo Fisher
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Scientific Inc., MA, USA) was used to visualize and analyze
the bands.

Histological Analyzes

All heart samples from the experimental groups were fixed
in 10% formaldehyde for 24 hours, then embedded in par-
affin, and 4 pm thick sections were taken (Slee, CUT 5062,
Germany). Hematoxylin—Eosin (H&E) and Masson's tri-
chrome (Masson) staining were applied to the sections. The
prepared preparations were viewed on a ZEISS Axiolab 5
(Germany) computer-assisted light microscope and evalu-
ated in the Zen Blue 3.4 program. Cardiomyocyte diameter
and fibrosis percentage were measured using the Image)
program.

Theresearcherswere unaware of the results of each Western
blotting, histological evaluation, and PCR study, but correla-
tions were made after the experiments were completed. The
principal author conducted the evaluation.

Statistical Analysis

SPSS 22 software (IBM SPSS Statistics, Chicago, IL, USA)
was used to analyze the data. All data were presented as
"mean * SD" on a group basis. The normality of the variables
was assessed using visual methods (histogram and prob-
ability plots) and analytical methods (Kolmogorov—Smirnov/
Shapiro—Wilk tests). All continuous variables across the
groups demonstrated a normal distribution; thus, one-way
analysis of variance (ANOVA) was employed to assess dif-
ferences between the groups. Post hoc Tukey’'s Honestly
Significant Difference (HSD) tests were conducted for pair-
wise comparisons of variables with significant P-values
in the ANOVA analysis. Pearson's correlation coefficient
(r) was calculated to determine the correlations between
the variables. A level of P < .05 was considered statistically
significant.

We have not utilized any artificial intelligence (Al)-assisted
technologies in the production of the submitted work.

RESULTS

Transforming Growth Factor-Beta 1and -catenin mRNA
Expression

Transforming growth factor-beta 1 mRNA expression in
heart tissue was significantly higher in the D-Gal group

Table 1. Primer Sequences for qPCR

Gene Base Pair
TGF-p1 Forward (5'-3') CGCAACAACGCAATCTATGAC 21
Reverse (5'-3') TGTTGCTCCACAGTTGACTTG 21
Probe (5'FAM-3'TAMRA) CAGTGCCAGAACCCCCATTGCTGTCC 26
B-catenin Forward (5'-3') TACGAGAAGCTCCTGTGGAC 20
Reverse (5'-3') GCTGCATCGGACAAGTTTCT 20
Probe (5'FAM-3'TAMRA) CATCGTGGAAGCTGGTGGGATGCAGG 26
B-actin Forward (5'-3') TGTCACCAACTGGGACGAT 19
Reverse (5'-3') GGGGTGTTGAAGGTCTCAAAC 21
Probe (5'FAM-3'TAMRA) CACTTTCTACAATGAGCTGCGTGTGG 26

B-catenin, beta-catenin; p-actin, beta-actin; TGF-f1, transforming growth factor-beta 1.
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Figure 1. Relative mRNA expression of transforming growth
factor-beta 1 (A) (TGF-p1) and (B) f-catenin in heart tissue

among groups. *Transforming growth factor-beta 1 mRNA
expression was significantly higher in the D-Gal group
compared to the control, D-Gal + DMSO, and D-Gal + AGK2
groups (P=.04, P=.01, P=.004, respectively). *f-catenin
mRNA expression was higher in the D-Gal group than the
D-Gal + AGK2 group (P=.002).

compared to all other groups (control, D-Gal+DMSO,
D-Gal+AGK2) (P=.048, P=.047, P=.021, respectively)
(Figure 1A). p-catenin mRNA expression was higher in
the D-Gal group than the D-Gal+AGK2 group (P=.012)
(Figure 1B) (Table 2).

Sirtuin 2 Protein Expression

Sirtuin 2 protein expression was higher in the D-Gal+DMSO
group compared to the control group (P=.047). Sirtuin 2
expression was lower in the D-Gal + AGK2 group compared
to the D-Gal and D-Gal+DMSO groups (P=.046, P=.033,
respectively) (Figure 2A and B) (Table 2).

Histopathological Findings

The myocardium in the heart sections of the control group
and D-Gal+DMSO groups showed a normal histological
appearance after H&E staining. In the D-Gal group, irregular
cardiomyocyte placement and wide gaps in the interstitial
area were observed. It was noted that the cardiomyocytes
were in a slightly more regular form in the D-Gal+ AGK2
group (Figure 3A).

Cardiomyocyte diameter evaluated by H&E staining in the
D-Gal group was significantly larger compared to the con-
trol, D-Gal+DMSO, and D-Gal+AGK2 groups (P < .001, P
< .001, P < .001, respectively). Additionally, cardiomyocyte
diameter was greater in the D-Gal + AGK2 group compared
to the control and D-Gal+DMSO groups (P < .001, P < .001,
respectively). No significant difference was found between
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Figure 2. Representative western blots for (A) SIRT2 and

p-actin, and (B) relative SIRT2 protein expression in heart
tissue among groups. *Sirtuin 2 expression was higher in the
D-Gal + DMSO group compared to the controlgroup (P =.015).
#vSIRT2 expression was lower in the D-Gal+AGK2 group
compared to the D-Gal and D-Gal + DMSO groups (P=.039,
P=.007 respectively).

the control and D-Gal+ DMSO groups (P = .494) (Figure 3B)
(Table 2).

Importantly, our analyses conducted after Masson staining
demonstrated a significant increase in the percentage of
fibrotic areas in the D-Gal group compared to the control,
D-Gal+DMSO, and D-Gal+ AGK2 groups (P < .001, P < .001,
P < .001, respectively). Notably, the percentage of fibrotic
areas in the D-Gal + AGK2 group was higher than in the con-
troland D-Gal + DMSO groups (P<.001,P<.001, respectively).
However, itis worth mentioning that there was no significant
difference between the control and D-Gal + DMSO groups (P
=.993) (Figure 3C) (Table 2).

Additionally, a positive correlation was found between the
percentage of fibrotic area and cardiomyocyte diameter
(r = 0.868, P < .001). A positive correlation was also found

Table 2. Mean, SD, and ANOVA Results (F and P Values) for Study Groups

Control D-Gal D-Gal +DMSO D-Gal+ AGK2
(n=6) (n=8) (n=8) (n=8) ANOVA
TGF-B1(mRNA) 0.05+0.003 0.07 £0.016 0.05+0.0M 0.05+0.014 F(3,26)=3.986; P=.022
B-catenin (MRNA) 0.19 +0.03 0.22+0.06 0.17 £ 0.05 0.13+0.05 F(3,26)=4.095; P=.020
SIRT2/B-actin 0.88 +0.07 1.01+ 016 1.06 £ 0.15 0.86+0.06 F(3,26)=4186; P=.019
Cardiomyocyte diameter (um)  15.81+1.01 2397 +0.40 16.88 £1.43 20.26 £2.04 F(3,26)=52.565; P <.001
Fibrotic area (%) 0.83+0.15 9.25+1.61 1.02+0.37 5.43+£197 F(3,26)=67942; P <.001
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Figure 3. Representative staining micrographs of (A, B)
Hematoxylin—Eosin (H&E, x200) and (C) Masson'’s Trichrome
(Masson, x200). The evaluation of (D) cardiomyocyte
diameter and (E) fibrotic area. Cardiomyocytes were in a
slightly more regular formin the D-Gal + AGK2 group (A). The
cardiomyocyte diameter (B, D) and the percentage of fibrotic
area (C, E) were *higher in the D-Gal and D-Gal+ AGK2
groups compared to the control group (P < .001, P < .001,
respectively); lower in the D-Gal + DMSO and D-Gal + AGK2
groups compared to the D-Gal group (P < .001, P < .001,
respectively); and Vhigher in the D-Gal+AGK2 group
compared to the D-Gal+DMSO group (P < .001). No
significant differences were observed in cardiomyocyte
diameter and percentage of fibrotic area between the
control and D-Gal+DMSO groups (P = 165, P = .795,
respectively).

between TGF-Bf1T mRNA expression and cardiomyocyte
diameter and fibrotic area percentage (r=0.47, P =.018; r =
0.442, P =.027, respectively).

DISCUSSION

D-Galactose, a monosaccharide, contributes to the for-
mation of ROS, induces organ aging, and shortens life-
span through the accumulation of galactitol in the body.™
Numerous studies have demonstrated that D-Gal-induced
cardiac aging models exhibit cardiac hypertrophy, increased
inflammatory cell infiltration in the heart, and fatty tissue
hyperplasia.’?

Administering D-Gal at various doses and durations (100-
400 mg/kg for 6-8 weeks) led to a reduction in the ejection
fraction and fractional shortening of the rat heart.'23032
Structurally, there was an increase in left ventricular end-
diastolic posterior wall thickness and left ventricular
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end-systolic volume.™3' These findings indicate impaired
diastolic function and the development of an age-related
dilated cardiomyopathy model.>¢

To maintain the morphology and function of the aging heart,
fibroblasts differentiate into myofibroblasts, leading to the
accumulation of extracellular matrix proteins in the inter-
stitium.?>3* This process contributes to progressive fibrosis,
tissue stiffening, and heart failure, which can disrupt the
electrical conduction system of the heart. Increased myo-
cardial TGF-p1 expression has been observed during cardiac
hypertrophy and fibrosis in humans and experimental mod-
els.?” Collagen deposition and elevated TGF-f levels in the
heart contribute to fibrosis.?’

It has previously been shown that D-Gal administration
increases TGF-f1mRNA, f-catenin mRNA expression, immu-
noreactivity, and fibronectinimmunoreactivity in kidney and
liver tissues, while reducing klotho levels in the kidney.?0?'

Chronic Wnt signaling activation has been shown to induce
the transformation of fibroblasts into activated fibroblasts
or myofibroblasts, contributing to cardiac fibrosis in aged
hearts.?*3> D-Galactose administration triggers fibrogen-
esis by promoting the nuclear translocation of f-catenin, a
downstream effector of Wntsignaling.** Increased -catenin
mRNA and protein expression has been observedintheintes-
tinal cells*” and kidneys®® of D-Gal-treated mice.

Our study revealed that TGF-$1 and B-catenin expression in
heart tissue significantly increased following D-Gal treat-
ment compared to other groups (Figure 1). This increase was
consistent with the histological analysis performed after
Masson staining (Figure 3). Dimethyl sulfoxide was primar-
ily employed as a solvent for AGK2 in this study; however,
its well-documented anti-inflammatory and anti-fibrotic
effects are also noteworthy.**4° Accordingly, we observed
a reduction in TGF-p1 expression in the D-Gal+DMSO
group compared to the D-Gal group. No significant dif-
ference in TGF-f1 expression was detected between the
D-Gal+DMSO and D-Gal + AGK2 groups. Interestingly, while
p-catenin expression remained comparable between the
D-Gal and D-Gal +DMSO groups, it was markedly lower in
the D-Gal+AGK2 group, demonstrating the independent
anti-fibrotic effect of SIRT2 inhibition.

The percentage of fibrotic areas was significantly higher in
the D-Gal group compared to the control, D-Gal+DMSO,
and D-Gal+ AGK-2 groups. In the D-Gal group, irregular
cardiomyocyte arrangement and interstitial area widening
were observed. Cardiomyocytes appeared more regular in
the D-Gal + AGK2 group. These findings are consistent with
previous studies that reported vacuolization, intracellular
edema, and cardiomyocyte expansion as indicators of car-
diacdamagein D-Galmodels.>"2314142Chengetal®*alsonoted
collagen accumulation in the myocardium'’s perivascular and
interstitial areas. Additionally, aging increases cardiomyo-
cyte diameter but decreases their number, accompanied by
significant collagen deposition.* Histological analysis also
showed SIRT2 deletion and smaller cardiomyocytesin hearts
exposed to high pressure.?' Interestingly, the percentage of
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fibrotic area observed in the D-Gal + DMSO group was simi-
lar to that of the control group. We believe that this phe-
nomenon is likely attributable to the anti-fibrotic effects
of DMSO.

Sirtuin 2 is expressed in all mammalian cells and has been
linked to anti-aging and antioxidant properties. However,
it can also exacerbate ischemia-reperfusion injury in the
heart.** The effects of SIRT2 are bidirectional; low levels are
protective against oxidative stress, while high levels may be
detrimental.**

Sirtuin 2's role in inflammation and fibrosis varies across dif-
ferent tissues such as the liver, heart, and kidney.?2454¢ For
instance, SIRT2 provides cardioprotection in age-related
or angiotensin ll-induced cardiac hypertrophy, with SIRT2
knockout exacerbating these conditions. Conversely, in the
liver and kidney, SIRT2 promotes fibrogenesis, and its inhibi-
tion suppresses fibrosis and inactivatesliver stellate cellsand
kidney fibroblasts.**** D-galactose administration has been
shown to increase SIRT2 expression in kidney,?' liver?® and
brain tissues.*’

In heartfailure, increased levels of SIRT2, among other sirtuin
family members, were observed in heart tissue, with signifi-
cantincreases notedin patients with end-stage heart failure
and dilated cardiomyopathy. Elevated SIRT2 levels were also
found inischemic cardiomyopathy patients' heart tissue.**

Tang and colleagues showed that SIRT2 levels decrease in
age-related or stress-induced cardiac hypertrophy, and
SIRT2 knockout exacerbates this pathology, while SIRT2
overexpression has ameliorative effects.? Likewise, Chen
et al*® have shown that overexpression of SIRT2 down-regu-
lates the expression of several collagens and MMPs, reducing
the fibrotic area in the heart tissues of mice with radiation
exposure.

On the other hand, SIRT2 is induced by anoxia-reoxygen-
ation in heart-derived H9c2 cells, where its overexpres-
sion increases cell death via deacetylase activity, and SIRT2
deletion enhances tolerance to anoxia-reoxygenation and
oxidative stress.”® Research on calcific aortic valve steno-
sis pathogenesis has also identified matrix metalloprotein-
ase-1and SIRT2 as potential therapeutic targets.** Similarly,
Gong et al* demonstrated that SIRT2 expression is upregu-
lated in human fibroblasts treated with TGF-$1and that the
administration of AGK2 suppressed the expression of fibro-
genic genes, like fibronectin. Likewise, our study revealed
that D-Gal and D-Gal+DMSO treatments elevated SIRT2
levels, while the lowest SIRT2 expression was observed in
the D-Gal + AGK2 group, mirroring the expression patterns
of TGF-p1 and p-catenin. These findings suggest that SIRT2
plays a central role in cardiac fibrotic signaling pathways,
and its inhibition down-regulates TGF-f and Wnt/p-catenin
pathways, consequently reducing the fibrotic area in the
hearts of the D-gal-treated rats.

Although DMSO is classified as a safe solvent by the Food
and Drug Administration, it has been shown to cause tissue-
specific epigenomic changes, particularly in methylation
and microRNA (miRNA) studies. Verheijen et al*® found that
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DMSO affects miRNAs in a maturing heart model, causing
significant epigenetic changes. While our previous stud-
ies with DMSO did not show epigenetic effects in brain and
heart tissues, Verheijen et al observed effects specifically
in heart tissue, but not in the liver. Therefore, the increase in
SIRT2 levels in heart tissue due to DMSO could be attributed
to a tissue-specific response.

Study Limitations

Owing to the small body size of the rats, we were unable to
isolate the left ventricle for assessing the fibrosis of cardiac
tissue and therefore, utilized the whole heart for tissue anal-
ysis. Thisis one of the main limitations of our study. Moreover,
the reliability of our findings is somewhat limited by the fact
that the molecular and histological assessments were not
performed by multiple observers.

CONCLUSION

Fibrosis is a fundamental characteristic of a variety of car-
diac diseases and aging. The TGF-f and Wnt/p-catenin
signaling pathways are central to the development of
interstitial cardiac fibrosis. SIRT2, 1 of the 7 class Il histone
deacetylases, appears to be essential for the activation of
fibroblasts, and its inhibition may reduce TGF-f-induced
fibroblast activation and extracellular matrix production.
Our findings suggest that targeting the pharmacological
inhibition of SIRT2 may represent a promising therapeutic
strategy for the treatment of cardiac fibrosis across multiple
cardiac disease states.
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