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Abstract

Vascular calcification is frequently seen in patients with chronic kidney disease (CKD), and significantly
increases cardiovascular mortality and morbidity. Sirt7, a NAD"-dependent histone deacetylases, plays a
crucial role in cardiovascular disease. However, the role of Sirt7 in vascular calcification remains largely
unknown. Using in vitro and in vivo models of vascular calcification, this study showed that Sir¢7 expression
was significantly reduced in calcified arteries from mice administered with high dose of vitamin D3 (vD3).
We found that knockdown or inhibition of Sirt7 promoted vascular smooth muscle cell (VSMC), aortic ring
and vascular calcification in mice, whereas overexpression of Sir¢t7 had opposite effects. Intriguingly, this
protective effect of Sirt7 on vascular calcification is dependent on its deacetylase activity. Unexpectedly,
Sirt7 did not alter the osteogenic transition of VSMCs. However, our RNA-seq and subsequent studies
demonstrated that knockdown of Sirt7 in VSMCs resulted in increased intracellular reactive oxygen species
(ROS) accumulation, and induced an Nrf-2 mediated oxidative stress response. Treatment with the ROS
inhibitor N-acetylcysteine (NAC) significantly attenuated the inhibitory effect of Sirt7 on VSMC
calcification. Furthermore, we found that knockdown of Sirt7 delayed cell cycle progression and accelerated

'Abbreviations: Chronic kidney disease, CKD; vitamin D3, vDs; vascular smooth muscle cell, VSMC; reactive oxygen
species, ROS; N-acetylcysteine, NAC; phosphate, Pi; runt-related transcription factor 2, RUNX2; bone morphogenetic protein-
2, BMP2; alkaline phosphatase, ALPL; tumor necrosis factor alpha, TNF-a; transforming growth factor-f, TGF-f; blood urea
nitrogen, BUN; creatinine, CREA; uric acid, UA; nicotinamide, NAM.



cellular senescence of VSMCs. Taken together, our results indicate that Sir¢7 regulates vascular calcification
at least in part through modulation of ROS and cellular senescence of VSMCs. Sirt7 may be a potential
therapeutic target for vascular calcification.

Keywords: Vascular calcification, Sirt7, Reactive oxygen species, cellular senescence

1. Introduction

Vascular calcification is a pathological process characterized by abnormal deposition of calcium and
phosphate (Pi) crystals in the vascular wall [1]. It is commonly seen, and significantly increases the risk of
cardiovascular complications in patients with chronic kidney disease (CKD) [2]. Despite its severe clinical
consequences, there is currently no effective treatment to prevent or reverse vascular calcification. A better
understanding of the molecular mechanisms regulating vascular calcification may therefore lead to the
development of novel therapeutic strategy for this disease, and ultimately reduce cardiovascular mortality
and morbidity in CKD patients.

Considerable evidence demonstrates that vascular calcification is an active, and highly regulated
pathological process that show many similarities to that of bone formation. Vascular smooth muscle cells
(VSMCs), the major cell type in the vascular wall, have a critical role in vascular calcification [3]. CKD
patients commonly develop hyperphosphatemia, which is a strong inducer of vascular calcification [4].
Congruently, we and others have previously reported that high Pi treatment promotes VSMC osteogenic
transition and calcification in vitro [5-7]. This phenotypic transition of VSMCs is characterized by an
increase in the expression of osteogenic markers such as runt-related transcription factor 2 (RUNX2), bone
morphogenetic protein-2 (BMP2), and alkaline phosphatase (ALPL) [8].

Cellular senescence, a state of irreversible cell-cycle arrest of mitotic cells, has also been implicated in the
pathogenesis of vascular calcification [9]. Senescent VSMCs are characterized by telomere shortening,
increased oxidative DNA damage or impaired DNA repair, and are associated with increased expression of
BMP2 as well as pro-inflammatory cytokines such as interleukin-1f (IL-1p), interleukin-6 (IL-6) and tumor
necrosis factor alpha (TNF-a) [10], which are key regulators of vascular calcification. Intriguingly,
accumulated senescent vascular cells have been found during high Pi-induced VSMC calcification in vitro,
and adenine-induced rat vascular calcification in vivo [11]. Consistent with these results, replicative
senescence of VSMCs has been shown to promote osteogenic transition and vascular calcification [12].
Intriguingly, Pi binders such as lanthanum carbonate and calcium carbonate can prevent high Pi-induced
VSMC premature senescence and vascular calcification [13].

Oxidative stress resulting from overproduction of reactive oxygen species (ROS) and/or by reduced
expression of antioxidant enzymes is a major stimulus for vascular cell senescence [14]. Oxidative stress
and excessive production of ROS have been reported to promote VSMC osteogenic transition and
calcification [15]. Local excessive ROS formation generated by a novel laser-based method induces vascular
degeneration and calcification, supporting a direct role of ROS in vascular calcification [16]. Consistent with
these results, elevated ROS production and expression of key regulators of ROS (e.g. NADPH oxidase) are
seen in calcified arteries in CKD rats [17]. Oxidative stress and ROS-induced cellular senescence may
therefore be attractive therapeutic targets for the treatment of vascular calcification.

The Sirtuin (Sirt) family was originally found in yeast as Silent Information Regulator 2, Sir2 [18]. To date,
seven homologs of Sir2 that have been identified in mammals (Sirt/-Sirt7). Sirtuins are conserved
nicotinamide adenine dinucleotide (NAD*)-dependent histone deacetylases that regulate a broad range of
biological processes such as metabolism, cell survival, longevity and stress resistance [19]. Sir¢7 is the most
recently identified mammalian Sirtuin, and it is localized predominantly in the nucleoli and ubiquitously
expressed by several tissues in the body including the liver, spleen, and heart [20]. Previous studies have
reported that Sirt7 expression is increased in human breast cancer and hepatocellular carcinoma, and
promotes the invasion of cancer cells through H3K 18 deacetylation-mediated inhibition of tumor suppressor
genes [21-23]. Recent studies have also demonstrated that Sir¢7 plays a key role in the development of
cardiovascular disorders. Sirt7 promotes myocardial tissue repair through regulation of transforming growth
factor-p (TGF-) signaling pathway [24]. Furthermore, Sirt7 attenuates stress-induced cardiac hypertrophy



and prevents cardiomyocyte apoptosis and inflammatory cardiomyopathy in mice [25-26]. A previous study
has reported that Sir¢7 inhibits VSMC proliferation and migration though the Wnt/B-Catenin signaling
pathway [27], suggesting an important role for Sirz7 in regulation of vascular homeostasis and disease.
However, whether Sirt7 directly contributes to the development of vascular calcification remains unclear.

In the present study, we have demonstrated that Sir¢7 protects against vascular calcification, and have
explored the underlying mechanisms using a combination of in vitro and in vivo models of vascular
calcification.

2. Materials and Methods

2.1. Animal experiments

All animal experiments were approved by the Institutional Animal Care Committee at Guangzhou Medical
University (Ref No: GY2023-169), and performed in accordance with the National Institutes of Health Guide
for the Care and Use of Laboratory Animals. Only male mice were used in the present study to exclude the
possible influence of the female sex hormone estrogen on vascular calcification [28]. Six-week-old male
C57BL/6 J mice were purchased from Guangdong Medical Laboratory Animal Centre, and maintained under
standard laboratory conditions with a 12 hr light /12 hr dark cycle and free access to water and food. Mice
were randomly divided into three groups (n=5): namely vehicle group, vD3 group and vD3+97491 group.
Vascular calcification was induced by the administration of a high dose of vitamin D3 (vD3) as previously
reported by our laboratory [7]. In brief, mice were subcutaneously injected with a dose of vD3 (5%10° TU
kg—1 per day) (Sigma, PHR1237) or vehicle control for 3 consecutive days, and sacrificed 7 days after the
first injection to evaluate vascular calcification by alizarin red staining (Sigma, A5533) and calcium
quantitative assay (Sigma, MAKO022). The Sirt7 inhibitor 97491 (MCE, HY-135899) at a concentration of
0.5mg/kg™! per day was simultaneously administered by intraperitoneal injection to mice with vDs for the
first 3 days, and the inhibitor alone at the same dose for the next 4 days until the end of the experiments.

2.2. Plasma biochemical analysis

Blood samples were collected from the right ventricle of mice from vehicle group, vD3 group and vD3+97491
group, and plasma was isolated by centrifugation at 3000 g for 5 min at 4°C. Calcium content in the plasma
was measured using a colorimetric assay (Sigma, MAKO022-1KT) according to the manufacturer's
instructions. Plasma levels of Pi and blood urea nitrogen (BUN), creatinine (CREA) and uric acid (UA) were
measured using an automatic biochemical analyzer (Rayto, Chemray 800, Shenzhen, China).

2.3. Aortic ring culture

Aortas were carefully isolated from six-week-old male C57BL/6 J mice. After removal of the surrounding
adipose tissue, the aortas were cut into 2-3 mm rings, and cultured in growth medium containing a-MEM
medium (Gibco, 12571063) with 10% FBS (Gibco, 16000-044), 100 U/mL of penicillin (HyClone,
SH40003.01), and 100 mg/ml of streptomycin (Hyclone, SV30010) in 12-well plates in a 37 °C incubator
with 5% CO,. To induce calcification, the aortic rings were treated 5 mM Pi in the presence or absence of
the Sirtuin inhibitor nicotinamide (NAM) (sigma, N0636) at the indicated concentrations for 7 days. The
medium was changed every 3 days.

2.4. Murine VSMC culture and in vitro calcification

The mouse VSMCs were isolated from 12 six-week-old male C57BL/6 J mice and cultured with growth
medium as we previously described [29]. To induce VSMC in vitro calcification, the cells were treated with
3 mM Pi for up to 14 days. Pi was prepared as a combination of NaH,PO4/Na,HPO4 with a ratio of 1:3,
pH=7.4. The cells were maintained in 95% air/5%CO,, and the media was changed every third/fourth day.
For certain experiments, cells were cultured with calcifying medium and treated with the Sirtuin inhibitor
NAM or the reactive oxygen species (ROS) inhibitor N-acetylcysteine (NAC) (Sigma, A0737) at the
indicated duration and concentrations.

2.5. Determination of VSMC and aorta calcification

Calcium deposition in murine VSMCs and aortas was determined by alizarin red staining and calcium
colorimetric assay as previously reported by our laboratory [29]. For VSMCs, the cells were washed twice
with cold PBS, fixed with 4% paraformaldehyde (PFA) for 10 min, stained with 2% alizarin red (pH 4.2) for
10 min at room temperature, and photographed. The cells were also decalcified with 0.6 M HCI at 4°C



overnight. Free calcium in the supernatants was determined using a calcium colorimetric assay (Sigma,
MAKO022-1KT) according to the manufacturer’s instructions. Cells were washed with PBS twice and
harvested in lysis buffer (1 mM NaOH/0.1% SDS) for protein extraction. The total protein concentration
was determined with bicinchoninic acid (BCA) protein assay kit (Thermo Fisher, 23235). Calcium content
was normalized to total cell protein and expressed as pg/mg protein. For aortas, the blood vessels were fixed
in 95% ethanol for 24 hrs, stained with 0.0016% alizarin red in 1% potassium hydroxide for 30 hrs, then
washed twice with 0.5% potassium hydroxide and photographed with an inverted microscope. The aortic
tissues were subsequently de-calcified in 0.6M HCL overnight, and the calcium content were determined by
a commercial calcium kit (Sigma, MAK022-1KT) with normalization to the dry weight of the aortas.

2.6. RT-qPCR

Total RNA was extracted from mouse VSMCs or aortas using TaKaRa MiniBEST Universal RNA Extraction
Kit (Takara, 9767), and 1pg of total RNA was reverse transcribed using PrimeScript™ RT Master Mix
(Takara, RR0O36A) according to the manufacturer’s instructions. RT-qPCR was conducted with SYBR
Premix Ex Taq II (Takara, RR820A) in the QuantStudio 5 real-time system (Life technologies). Each PCR
was run in triplicate. All gene expression data were calculated using the 2722¢T method and normalized
against B-actin. The control values were expressed as 1 to indicate a precise fold change value for each gene
of interest. The primer sequences for target genes are summarized in Supplementary Table S1.

2.7. Western blotting

VSMCs or aortas were harvested with RIPA lysis buffer (Beyotime Biotechnology, PO013B) containing 1
mM protease inhibitor phenylmethylsulfonyl fluoride (PMSF) (Beyotime Biotechnology, ST505). 10ug of
protein lysates were separated on SDS-Polyacrylamide gels and transferred to PVDF membranes. The
membranes were incubated overnight at 4 °C with primary antibodies. Subsequently, the membranes were
incubated with HRP-conjugated anti-mouse (1:4000, Cell Signaling Technology, 7076S) or anti-rabbit
(1:4000, Cell Signaling Technology, 7074S) secondary antibodies for 1 hr at room temperature. The immune
complexes were visualized by chemiluminescence Lumi-Light Western Blotting Substrate (Millipore,
WBKLS0500). Semi-quantitative assessment of band intensity was performed by ImageJ software (National
Institutes of Health). Details of antibodies used in this study are provided in Supplementary Table S2.

2.8. siRNA-mediated knockdown of Sirt7

Mouse VSMCs were seeded at the density of 1.0x10 cells/well in 6-well plates, and siRNAs targeting Sirt7
(siSirt7) or Scrambled siRNAs (siScramble) at a final concentration of 20 nM were transfected using
Lipofectamine RNAIMAX (Invitrogen, 13778) according to the manufacturer’s instructions. All siRNAs
were purchased from Guangzhou RiboBio Co., Ltd, China. The knockdown efficiency of Sirt7 was validated
by RT-qPCR and Western blotting. For VSMC in vitro calcification and senescence experiments, cells were
re-transfected every 7 days during the experiments to maintain the optimal knockdown efficiency. The
sequences of scrambled siRNAs are not disclosed by this company. The siRNA sequences targeting Sirt7 are
provided in Supplementary Table S3.

2.9. Adenovirus-mediated overexpression of Sirt7

Recombinant adenoviruses expressing flag-tagged Sirt7 (Ad-Sirt7), flag-tagged Sirt771%8Y (a loss-of-
function mutant) and adenoviruses containing empty plasmids (Ad-null) that served as negative controls
were constructed and purchased from Hanheng Bioscience Incorporation, Shanghai, China. VSMCs were
seeded at the density of 1.0x10° cells/well in 6-well plates, and infected with Ad-null, Ad-Sirt7 or Ad-
Sirt7H188Y for 48 hrs at multiplicities of infection (MOI) of 100. The overexpression efficiency of Sirt7 was
validated by RT-qPCR and western blotting. For in vitro calcification and senescence studies, cells were re-
infected every 7 days during the experiments.

2.10.  RNA-sequencing

Mouse VSMCs were seeded at a density of 1.0 x 10° cells/well in 6-well plates, and transfected with 20 nM
siScrambled or siSirt7 for 48 hrs. The cell samples were then sent to KangChen Biotech (Shanghai, People’s
Republic of China) for RNA sequencing. In brief, total RNA was extracted using Trizol (Invitrogen)
according to the manufacturer’s protocol. The concentration of total RNA was detected using a NanoDrop
ND-1000 spectrophotometer (Thermo Scientific), and the integrity was examined by denaturing agarose gel
electrophoresis. A total quantity of 1~2 pg total RNA was purified using oligo (dT) conjugated magnetic
beads. RNA-seq libraries were constructed using KAPA Stranded RNA-Seq Library Prep Kit (Illumina), and



monitored using an Agilent Bioanalyzer 2100. RNA sequencing was performed on an [llumina HiSeq 4000
by KangChen Biotech. The RNA-seq data reported in this paper has been deposited in NCBI Gene Omnibus
(http://www.ncbi.nlm.nih.gov/geo/) with the accession number of GEO: GSE247550. Raw data are publicly
available after Dec 01, 2023.

2.11.  Immunofluorescence staining

Mouse VSMCs were seeded on glass coverslips and transfected with 20 nM siScramble or siSir¢7 for 48 hrs.
At the end of the experiments, VSMCs were fixed with 4% PFA, permeabilized with 0.3% triton x-100
(Beyotime Biotechnology, P0013B), and incubated overnight at 4°C with anti-NRF2 (1:200, Abcam,
ab137550). After washing three times with PBS, cells were incubated with Alexa Fluor®488 anti-rabbit
antibodies (1:1000, Invitrogen, A-11008) at 37 °C for 1 hr in dark. Glass coverslips were then stained with
DAPI and the fluorescence signal was detected under Leica DMRB fluorescence microscope (Leica SPS).
Negative controls were carried out simultaneously by incubating with equivalent concentrations of normal
rabbit IgG (Cell Signaling Technology, 2729s) instead of primary antibody.

2.12.  Intracellular ROS staining

VSMCs were seeded at the density of 1.0%10° cells/well in 6-well plates. After confluency, cells were
transfected with siScramble or siSir#7 at a final concentration of 20 nM, and treated with growth medium
and calcifying medium containing 3 mM Pi for 48 hrs. Intracellular ROS levels were detected using the cell-
permeable reagent 2°,7’-dichlorofluorescein diacetate (DCFHDA/H2DCFDA, ab113851, Abcam) according
to the manufacturer’s instructions. After the staining, the fluorescence signal was detected under Leica
DMRB fluorescence microscope (Leica SP8), and semi-quantified using the ImageJ software.

2.13.  Cell cycle assessment

VSMCs were seeded at a density of 3*103 cells in 60-mm culture plates, and transfected with 20 nM
siScramble or siSrit7 for 48 hrs in growth medium or calcifying medium. To examine the cell cycle, cells
were starved with serum-free medium for 24 hrs, then stimulated with 10% FBS for another 24 hrs. The cells
were trypsinized, fixed in 70% ethanol at 4 °C overnight, washed twice with ice-cold PBS and incubated
with RNase and propidium iodide. The cell-cycle phase was detected by flow cytometry using a BD FACStar
flow cytometer and ModiFit software.

2.14.  Senescence-Associated-f Galactosidase Staining

SA-B-Gal staining was performed using a commercially available kit (Beyotime Biotechnology, C0602)
according to the manufacturer’s instructions. Briefly, mouse VSMCs were transfected with siScramble or
siSirt7 as described above in the growth medium or calcifying medium for 7 days. At the end of the
experiments, mouse VSMCs were fixed with 4% PFA for 10 min at room temperature, washed with PBS for
3 times, and incubated with the staining solution (containing X-gal) at 37 °C (without CO2) for 5 hrs. Images
were taken using a microscope and the SA-BG-positive cells was quantified using ImagelJ software.

2.15.  Statistical analysis

The experimental data in this study are expressed as mean £SD. Statistical analysis was performed using
GraphPad Prism 6 (La Jolla, CA) software. After confirming a normal distribution using the Shapiro-Wilk
test, data were analyzed using unpaired Student’s t-test for comparison of two groups, or one-way ANOVA
followed by Tukey's multiple comparisons test for comparison of multiple groups. P value of <0.05 were
considered to be statistically significant.

3. Results

3.1. Sirt7 expression is decreased during vascular calcification

To gain insight into the role of Sir¢7 in vascular calcification, we initially detected its expression in calcified
arteries from mice with overloaded vDs. Alizarin red staining and calcium quantitative assay showed a
significant increase in calcium deposition in arteries from mice with overloaded vD; (Figure 1A-C).
Consistent with previous studies [7], we observed a significant increase in mRNA expression of osteogenic
genes including Runx2, Alp!/ and Opn in calcified mouse arteries compared to controls (Figure 1D).
Additionally, we compared the expression of the Sirtuin family (Sirt/-Sirt7), and found that mRNA
expression of Sirt5, Sirt6 and Sirt7 were significantly down-regulated in calcified mouse arteries compared
to controls (Figure 1D). However, mRNA expression of Sir¢/-Sirt4 remains unchanged in this mouse model
of vascular calcification (Figure 1D). These results are consistent with a recent study showing that Sirt6 was



down-regulated and had a protective role in vascular calcification [30-31]. Sirt7 was selected for further
investigation in this study as its roles in vascular calcification remains unknown. Our western blotting results
further confirmed that Sirt7 protein expression was significantly reduced in calcified mouse arteries (Figure
1E). These results suggest that Sir#7 may have an important role in vascular calcification.

3.2. Sirt7 attenuates vascular calcification in vitro and in vivo

We next investigated the functional role of Sir¢7 in vascular calcification. Our results showed that 10 mM
Nicotinamide, a pan inhibitor of Sirtuin family, significantly increased high Pi-induced VSMC and aortic
ring calcification in vitro (Supplementary Figure S1A-D). To further confirm the specific effects of Sirt7
on vascular calcification, siRNA-mediated knockdown of Sir¢7 in VSMCs was performed. RT-qPCR and
western blotting results showed that transfection of siSir¢7 significantly attenuated its mRNA and protein
expression in VSMCs after 48 hrs (Supplementary Figure S2A&C), but did not alter mRNA expression of
other Sirtuin family members including Sirt/-Sirt6 (Supplementary Figure S2B). Consistent with our
previous results, we found that knockdown of Sirt7 significantly promoted high Pi-induced VSMC in vitro
calcification, as determined by alizarin red staining and calcium quantitative assay (Figure 2A&B). We also
overexpressed Sirt7 expression in VSMCs using the adenovirus system, and the overexpression efficiency
was validated by RT-qPCR and western blotting (Supplementary Figure S3A-C). Conversely, adenovirus-
mediated overexpression of Sir¢7 attenuated high Pi-induced VSMC in vitro calcification, as determined by
alizarin red staining and calcium quantitative assay (Figure 2C&D). Intriguingly, this inhibitory effect of
Sirt7 on VSMC calcification was significantly attenuated by a catalytically inactive mutant Sir¢7H188Y [32]
(Figure 2C&D). 97491 has been recently identified as a specific Sir¢7 inhibitor, which reduces its
histodeacetylase activity [33]. We found that the Sir¢7 specific inhibitor 97491 promoted vDs-induced mouse
vascular calcification in vivo (Figure 2E&F). However, 97491 treatment did not alter vDs-induced increase
in serum levels of calcium, blood urea nitrogen (BUN), creatinine (CREA) and uric acid (UA) in these mice
(Supplementary Table S4). These results suggest that Sir¢7 inhibits vascular calcification depending on its
histodeacetylase activity.

3.3. Sirt7 does not regulate the osteogenic transition of VSMCs

To understand the underlying mechanisms through which Sir¢7 regulates vascular calcification, we initially
investigated whether Sirt7 altered the osteogenic transition of VSMCs, a key process during vascular
calcification. Unexpectedly, knockdown of Sirt7 did not significantly change the mRNA and protein
expression of osteogenic genes including Runx2 and Bmp?2 in VSMCs (Supplementary Figure S4A-C). In
addition, the contractile markers including a-SMA, and SM22a remained unchanged in VSMCs with
silencing of Sirt7 (Supplementary Figure S4C). Consistently, neither overexpression of Sirt7 nor its
catalytically inactive mutant Sir¢t7%'38Y significantly altered Runx2 and Bmp2 expression in VSMCs
(Supplementary Figure S4D-F). These results suggest that the inhibitory effects of Sirt7 on vascular
calcification is not mediated by the osteogenic transition of VSMCs.

3.4. Knockdown of Sirt7 induces Nrf2-mediated oxidative stress response in VSMCs

To gain the mechanistic insight into the role of Sir¢7 in vascular calcification, we performed RNA sequencing
(RNA-Seq) based transcriptomic profiling in VSMCs with silencing of Sir¢t7. Our RNA-Seq results showed
that 229 genes were significantly up-regulated, and 312 genes were significantly down-regulated in VSMCs
with depleted Sirt7 (Figure 3A&B). The top 11 up-regulated genes in VSMCs with depleted Sir¢7 are listed
including Gstal, Hmoxl, Gsta2, Gsta3 and Ngol (Figure 3C). Our RT-qPCR confirmed that these genes
including Gstal, Hmox1, Gsta2, Gsta3 and Ngol were significantly up-regulated in VSMCs with silencing
of Sirt7 (Figure 3D). The top 9 down-regulated genes including Rgs4, Ccndl and Tmem170b were also
validated by RT-qPCR (Figure 3D). A strong correlation between the fold change of the RNA-Seq and RT-
qPCR results was seen (Figure 3E). Ingenuity Pathway Analysis (IPA) revealed that the most significantly
affected pathways were cell cycle and Nrf2-mediated oxidative stress response in VSMCs with silencing of
Sirt7 (Figure 3F). Of note, Nrf2 is a key transcription factor that senses oxidative stress to initiate the
antioxidant response by directly activating the expression of several antioxidative enzymes such as Gstal,
Hmox1, Gsta2, Gsta3 and Ngol[34]. In accordance with these results, we found that knockdown of Sirt7
significantly increased nuclear translocation of Nrf2, as revealed by immunofluorescence staining (Figure
3G). Antioxidative genes Gstal, Hmoxl1, Gsta2, Gsta3 and Ngol were also significantly up-regulated in
VSMCs with depleted expression of Sirt7, as revealed by RNA-seq and RT-qPCR (Figure 3C&D).

SQSTM1/p62 and Keapl are key regulators of Nrf2 activation [35]. Our RNA-seq results showed that



silencing of Sirt7 in VSMCs significantly increased Sgstm1/p62 mRNA expression but did not alter Keapl
mRNA expression (Figure 3H). Comparable increased expression of SQSTM1/p62 protein expression was
also seen in VSMCs with depleted Sirt7 (Figure 3I). It is well known that SQSTM1/p62 protein expression
is selectively degraded by autophagy, we therefore examined whether Sir¢7 regulated autophagy in VSMCs
[36]. Our RNA-seq results demonstrated that silencing of Sirt7 in VSMCs did not alter the key regulators of
autophagy including Azg2a, Atg2b, Atg3, Atg4a, Atg5, Atg7 and Becnl(Supplementary Figure SSA).
Consistently, western blotting and immunofluorescence staining showed that Sir¢7 knockdown did not alter
the expression of autophagy maker LC3 expression (Supplementary Figure SS5B&C). In addition,
treatment with bafilomycin-A1, an inhibitor of autophagic flux, did not prevent Sirt7 knockdown-induced
increased protein expression of SQSTM1/p62 in VSMCs (Supplementary Figure S5D). Taken together,
these results suggest that silencing of Sir#7 may transcriptionally increase SQSTM1/p62 expression, leading
to activation of Nrf2-mediated oxidative stress response, which is independent of autophagy.

3.5. Knockdown of Sirt7 accelerates high Pi-induced VSMC calcification through increased intracellular
ROS production

Having shown that knockdown of Sir¢7 induces a Nrf2-mediated oxidative stress response, we next examined
whether Sirt7 regulates ROS accumulation in VSMCs. As expected, we found that silencing of Sirt7
significantly increased intracellular ROS in VSMCs at day 2, as revealed by DCFHDA staining (Figure
4A&B). ROS is mainly produced by xanthine oxidoreductase (XDH), mitochondrial respiratory enzymes
and nicotinamide adenine dinucleotide phosphate (NADPH) oxidase in vascular cells [37]. We found that
knockdown of Sirt7 in VSMCs did not alter mitochondrial ROS production, as revealed by MitoSox staining
(Figure 4C). In addition, our RNA-seq results showed that knockdown of Sirt7 did not change NADPH
oxidase Nox4 mRNA expression yet significantly increased Xdh mRNA expression in VSMCs (Figure 4D).
Increased XDH protein expression was also seen in VSMCs with depleted Sirt7 expression in both the
presence and absence of high Pi (Figure 4E). Intriguingly, the ROS inhibitor NAC significantly attenuated
Sirt7 knockdown-induced increase in VSMC calcification in vitro (Figure 4F). These findings suggest that
Sirt7 may regulate vascular calcification through altered intracellular ROS production.

3.6. Knockdown of Sirt7 delays cell cycle progression and increases cellular senescence

Our RNA-seq and IPA pathway analysis also revealed that knockdown of Sir¢7 resulted in the enrichment of
gene signatures involved in cell cycle (Figure 3F). In accordance with these data, we performed a FACs
based cell cycle analysis, and showed that silencing of Sir¢7 significantly increased the percentage of VSMCs
in Gl-phase (Figure SA&B). In addition, the cell cycle regulators including p-RB and Cyclin D1 were
significantly down-regulated in VSMCs with depletion of Sirt7 (Figure 5C). These results suggest that
knockdown of Sirt7 delayed cell cycle progression of VSMCs. Cell cycle arrest typically results in cellular
senescence. Our initial studies confirmed that cellular senescence was increased during high Pi-induced
VSMC in vitro calcification (Supplementary Figure S6A-E). Consistent with these results, we found that
knockdown of Sirt7 in VSMCs significantly accelerated cellular senescence, as revealed by SA-B-Gal
staining (Figure SD&E). In mammals, cellular senescence is typically induced by the activation of two
canonical signaling pathways including p16-pRB pathway (stress response) and the p53-p21 pathway (DNA
damage response) [38]. We observed that knockdown of Sirt7 increased pl6 expression but not p21
expression in VSMCs (Figure 5F). These results suggest that Sir¢7 may also regulate vascular calcification
through modulation of vascular cell senescence.

4. Discussion

In this study, we identified a previously uncharacterized role of Sirt7 in vascular calcification. We showed
that Sirt7 expression was significantly down-regulated in calcified arteries from mice with overloaded vDs.
We found that both silencing and inhibition of Sir¢7 accelerated high Pi-induced aortic ring and VSMC
calcification in vitro. In addition, inhibition of Sir¢7 histodeacetylase activity using the compound 97491
promoted vDs-induced mouse vascular calcification in vivo. On the other hand, adenovirus-mediated
overexpression of Sirt7 attenuated high-Pi induced VSMC in vitro calcification, whereas this inhibitory
effect was significantly attenuated by Sirt77188Y a catalytically inactive mutant. Mechanistically, we showed
that Sir¢7 did not alter the osteogenic transition of VSMCs. Our RNA-seq and the following experiments
demonstrated that Sirt7 regulated vascular calcification at least in part through modulation of ROS
production and cellular senescence of VSMCs. These results increase our current understanding of epigenetic
regulation of vascular calcification, and suggest that Sir¢7 may be a potential therapeutic target for vascular
calcification.



Sirt7, the most recently identified mammalian Sirtuins, has a critical role in the development of
cardiovascular disease. Sirt7 knockout mice show a reduced lifespan and progressive heart hypertrophy and
inflammatory cardiomyopathy [25]. Sir¢7 protects from cardiac hypertrophy, and promotes myocardial tissue
repair [24,26]. However, the role of Sirt7 in vascular disease remains unclear. We found that Sirt7 expression
was significantly reduced in calcified arteries from mice with overloaded vDs;. These results are supported
by a previous study reporting that Sirz7 is decreased during VSMC in vitro calcification [30]. Using high Pi-
induced VSMC in vitro calcification model and high dose vD3-induced mouse vascular calcification model,
we for the first time showed that Sirt7 protected against vascular calcification under CKD conditions. In
accordance with our results, a recent study has reported that Sir¢7 attenuates high glucose-induced
calcification of myeloid cells, and protects against diabetic vascular disease [39]. This study together with
our results indicate an important role of Sir¢7 in vascular calcification under different disease conditions.
Importantly, a recent study has reported that Sirz7 attenuates hypertension-induced renal fibrosis and injury
[40]. Hence, we cannot exclude the possibility that Sir¢#7 may protect vascular calcification through improve
the kidney function during CKD. However, it should be noted that high Pi-induced VSMC calcification and
vDs-induced mouse vascular calcification used in this study may not completely reflect the pathological
process of vascular calcification in human CKD patients. Therefore, more clinically relevant animal models
of vascular calcification such as adenine or 5/6 nephrectomy-induced CKD rats may be used to further
strengthen our observation.

Sirt7 is mainly localized in the nucleus, and function as an NAD*-dependent histone/protein deacetylase to
regulate its target genes [39]. Using a catalytically inactive mutant Sir¢77138Y or a specific chemical inhibitor
97491 that reduces Sirt7 histodeacetylase activity, we showed that Sirt7 attenuated vascular calcification in
vitro and in vivo depending on its deacetylase activity. Future studies using unbiased ChIP-sequencing and
mass spectrometry may identify the downstream targets of Sirt7 in vascular cells and their roles in Sirt7-
mediated inhibition of vascular calcification. Osteogenic transition of VSMCs has an important role in
vascular calcification. The role of Sir#7 in ostengenic transition remains ambiguous. It has reported that
knockdown of Sirt7 enhances osteogenic transition of human bone marrow mesenchymal stem cells partly
via activation of the Wnt/B-catenin signaling pathway [41]. However, a contrasting study has shown that
Sirt7 promotes bone formation by deacetylation of osterix [42]. In this study, neither knockdown nor
overexpression of Sirt7 altered the expression of osteogenic genes within VSMCs. Therefore, the function
of Sirt7 in regulation of osteogenic transition may be cell-type specific.

The imbalanced clearance and production of ROS leads to oxidative stress and accumulated ROS, which
plays an important role in the development of vascular calcification. It has been reported that increased
oxidative stress accelerates vascular calcification, whereas amelioration of oxidative stress attenuates
vascular calcification [43, 44]. Our RNA-seq results in Sirt7-knockdown VSMCs showed that the up-
regulated genes were significantly enriched in Nrf2-mediated oxidative stress response. Subsequent
experiments confirmed that Nrf2 translocated into the nucleus in VSMCs with depletion of Sirt7, which is
possibly due to increased expression p62, a key regulator of Nrf2 activation [35]. Nrf2 is activated in
response to oxidative stress. In line with these results, we found that knockdown of Sir¢7 significantly
increased ROS accumulation in VSMCs, and inhibition of ROS using NAC significantly attenuated
increased VSMC in vitro calcification that observed in VSMC with knockdown of Sir¢7. These results are
consistent with a previous study showing that Sirt7 depletion markedly elevated reactive oxygen species
levels in oocytes [45]. In vascular wall, ROS is predominantly generated by the NADPH Oxidase,
mitochondria and xanthine oxidase [46]. We found that Sir¢7 knockdown did not alter the expression of the
NADPH Oxidase NOX4 and mitochondrial ROS, but significantly increased xanthine oxidase expression.
Intriguingly, previous studies have shown that increased xanthine oxidase expression in human
atherosclerotic plaque with vascular calcification, and inhibition of xanthine oxidase using allopurinol
reduces the development of atherosclerosis in mouse models [47]. Our results suggest that Sirt7 may regulate
vascular calcification at least in part through ROS, and indicate that xanthine oxidase-mediated ROS
production may have an important role in vascular calcification. It would be of interest for further studies to
investigate whether inhibition of xanthine oxidase exerts protective effects against vascular calcification.

Accumulating evidence supports that cellular senescence of VSMCs is a key pathological characteristic of
vascular calcification [48,49]. In accordance with these studies, we found that cellular senescence was
significantly increased during high Pi-induced VSMC in vitro calcification. Intriguingly, we found that Sir¢7



depletion significantly attenuated the cell cycle progression, and promoted cellular senescence. In addition,
we found that the cellular senescence marker p16 rather than p21 was significantly increased in VSMCs with
depletion of Sirt7. These results are supported by a recent study reporting a direct transcriptional regulation
of p16 by Sirt7, thereby leading to cellular senescence in primary human lung fibroblast MRCS5 cells [50].
In addition, the accumulated expression of p62 in VSMCs with Sirt7 depletion seen in this study may also
contribute to accelerated cellular senescence, as suggested by a previous study showing that p62
accumulation mediates the induction of senescence in autophagy defective VSMCs [51]. Taken together,
these results indicate that cellular senescence may also contribute to the inhibitory role of Sirt7 in vascular
calcification.

A previous study has identified a regulatory loop between Sirt/ and Sirt7, showing that Sir¢7 binds to Sirt]
to inhibit its activity, thereby regulating the differentiation and maintenance of white adipose tissue [52]. In
addition, it has also been found that Sir¢7 and Sirt/ coordinately enhance osterix activity and promote
orthotropic bone formation [43]. Intriguingly, it is well characterized that Sir¢/ inhibits vascular calcification
through regulation of DNA damage and RUNX2 signaling under diabetic conditions [53,54]. Therefore, we
cannot exclude the possibility that Sirz7 may also regulate vascular calcification through the crosstalk with
Sirtl.

In summary, we for the first time demonstrate a protective role of Sirt7 in vascular calcification.
Mechanistically, we show that Sirt7 attenuates vascular calcification at least in part through regulation of
ROS production and cellular senescence of VSMCs. Our study not only broaden our current understanding
of epigenetic regulation of vascular calcification, but also sheds light on the possibility to develop novel
strategy to treat vascular calcification by targeting Sirt7.
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Figure legends

Figure 1. Reduced expression of Sirt7 in mouse calcified arteries. (A) Representative images of alizarin
red staining of the whole aortas from mice with control and overloaded vD3, n=2. (B) Representative images
of alizarin red staining of the aortic sections from mice with control and overloaded vD3, scale bar=100pum.
(C) Calcium quantification assay of the aortas from mice with control and overloaded vD3 normalized to dry
aortic weight, n=3. (D) RT-qPCR for mRNA expression of the osteogenic genes including Runx2, Alpl and
Opn, and the Sirtuin family members including Sirt! to Sirt7, n=7-8. (E) Western blotting and semi-
quantitative analysis of SIRT7 protein expression in control and calcified mouse arteries, n=6. Data are
presented as mean = SD, and statistical significance was analyzed by a two-tailed unpaired Student’s t-test.
*p <0.05, **p < 0.01, ***p < 0.001 compared to control.

Figure 2. Sirt7 inhibits vascular calcification in vitro and in vivo. (A) Representative images of alizarin
red staining of VSMCs with control and depleted Sirt7 expression. (B) Calcium quantification assay of
VSMCs with control and depleted Sirt7 expression, n=4. (C) Representative images of alizarin red staining
of VSMCs with control and overexpression of wild type Sirt7 and a loss-of-function mutant Sirz71188Y_ (D)
Calcium quantification assay of VSMCs transduced with control, Sirt7 and Sirt7H38Y, n=5. (E)
Representative images of alizarin red staining of the whole mouse aortas from control, vD3 and vD3+ the
Sirt7 inhibitor 97491. (F) Calcium quantification assay of the mouse aortas from control, vD3 and vDs+ the
Sirt7 inhibitor 97491, n=5. Data are presented as mean + SD, and statistical significance was analyzed by a
one-way ANOVA followed by Tukey's multiple comparisons test. ***p < 0.001 compared to control.
#p<0.01, ##p<0.001 compared to high Pi, ad-Sirt7 or vDs.

Figure 3. Knockdown of Sirt7 in VSMCs induces Nrf2-mediated oxidative stress response. (A) Volcano
plot with green dots representing significantly down-regulated protein-coding genes (n=312) and red dots
representing significantly up-regulated protein-coding genes (n=229) in VSMCs with depleted Sirt7



expression. (B) Hierarchical clustering heatmap of 541 protein-coding genes differentially expressed in
VSMCs with depleted Sirt7 expression (The FDR < 0.01 & Fold Change >2), n=3. (C) The top 15
significantly up-regulated genes are listed in VSMCs with knockdown of Sir¢7. (D) Top 11 up-regulated
genes and 9 down-regulated genes identified by RNA-Seq were validated using RT-qPCR, n=4. (E)
Correlation between RNA-Seq and RT-qPCR. Comparison of fold change of 20 genes obtained by RNA-
Seq and RT-qPCR. (F) IPA pathway analysis of the differentially expressed genes in Sir¢7 depleted VSMCs
identified by RNA-seq. (G) Immunofluorescence staining for the nucleus translocation of Nrf2 in control
and Sirt7 knockdown VSMCs, scale bar=25pm. (H) RNA-seq data for the mRNA expression of the Nrf2
key regulator Keapl and p62, n=3. (I) Western blotting for p62 protein expression in control and Sirt7
depleted VSMC:s. Data are presented as mean + SD, and statistical significance was analyzed by a two-tailed
unpaired Student’s t-test. ¥***p <0.001 compared to siScramble.

Figure 4. ROS mediates Sirt7 knockdown-induced VSMC in vitro calcification. (A) Representative
images of DCFHDA staining of intracellular ROS in VSMCs with control and depleted Sirt7, scale
bar=100um. (B) Semi-quantitative analysis of DCFHDA staining of intracellular ROS in VSMCs with
control and depleted Sirt7, n=3. *p < 0.05 compared to siScramble + Normal Pi, p < 0.05 compared to
siScramble + High Pi. (C) MitoSox staining of mitochondrial ROS in VSMCs, scale bar=25um. (D) RNA-
seq data for mRNA expression Xdh and Nox4 in control and Sirt7 knockdown VSMCs, n=3. *p < 0.05
compared to siScramble. (E) Western blotting results for XDH protein expression in control and Sirt7
depleted VSMCs. (F) Calcium quantitative assay in VSMCs treated as indicated, n=5. ***p < 0.001
compared to siScramble + High Pi, “p < 0.05 compared to siSir¢7 + High Pi. Data are presented as mean +
SD, and statistical significance was analyzed by a one-way ANOVA followed by Tukey's multiple
comparisons test.

Figure 5. Knockdown of Sirt7 delays cell cycle progression and promotes cellular senescence in
VSMCs. (A&B) FACs analysis of cell cycle phase in VSMCs transfected with siScramble and siSirt7, n=3.
*p < 0.05 compared to siScramble + Normal Pi, “p < 0.05 compared to siScramble+ High Pi. (C) Western
blotting of the cell cycle regulator p-RB, RB and cyclin D1 protein expression. (D&E) SA-B-Gal staining
and semi-quantitative assay of cellular senescence in VSMCs with control and depleted Sirt7 expression,
n=3. **p < 0.01 compared to siScramble + Normal Pi, #*p < 0.001 compared to siScramble + High Pi. (F)
Western blotting for cell senescence marker pl6 and p21 protein expression. Data are presented as mean +
SD, and statistical significance was analyzed by a two-tailed unpaired Student’s t-test.
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Figure S1. The pan inhibitor of Sirtuins NAM promotes high Pi-induced mouse aortic ring and VSMC
calcification in vitro. (A) Representative images of alizarin red staining of the whole mouse aortic rings
under normal and high Pi in the absence or presence of NAM. (B) Representative images of alizarin red
staining of the sections of aortic rings under normal and high Pi in the absence or presence of NAM. (C)
Representative images of alizarin red staining of VSMC under normal and high Pi with or without NAM.
(D) Calcium quantitative assay for calcium deposition in VSMCs treated as indicated, n=4. Data are
presented as mean + SD, and statistical significance was analyzed by a one-way ANOVA followed by Tukey's
multiple comparisons test. ***p < 0.001.
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Figure S2. The validation of Sirt7 knockdown efficiency and specificity in VSMCs. (A) RT-qPCR for
Sirt7 expression in VSMCs transfected with siScramble and siSir¢7, n=6. ***p < 0.001 compared to
siScramble. (B) RT-qPCR for Sirt1-Sirt7 expression in VSMCs transfected with siScamble and siSirt7, n=4.
***p < 0.001 compared to siScramble. (C) Western blotting for SIRT7 protein expression in VSMCs
transfected with siScamble and siSir¢7. Data are presented as mean + SD, and statistical significance was
analyzed by a two-tailed unpaired Student’s t-test or one-way ANOVA followed by Tukey's multiple
comparisons test.
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Figure S3. The validation of Sirt7 overexpression efficiency in VSMCs transduced with ad-Sirt7 and
ad-Sirt71188Y, (A) RT-qPCR for Sirt7 expression in VSMCs treated as indicated, n=6. ***p < 0.001
compared to Ad-null + Normal Pi, ##p < 0.001 compared to Ad-null + High Pi. (B&C) Western blotting for
SIRT7 protein expression in VSMCs treated as indicated, n=3. Data are presented as mean + SD, and
statistical significance was analyzed by a one-way ANOVA followed by Tukey's multiple comparisons test.
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Figure S4. Sirt7 does not alter the osteogenic and contractile gene expression in VSMCs. (A&B) RT-
gPCR for Runx2 and Bmp2 mRNA expression in VSMCs with control or depleted Sirz7, n=6. (C) Western
blotting for RUNX2, BMP2, a-SMA and SM22-a, protein expression. (D&E) RT-qPCR for Runx2 and Bmp?2
mRNA expression in VSMCs overexpressing Sirt7 and Sirt71'88Y, n=6. (D) Western blotting for RUNX2
and BMP2 protein expression in VSMCs with overexpression of Sirt7 and Sirt7"188Y, Data are presented as
mean + SD, and statistical significance was analyzed by a one-way ANOVA followed by Tukey's multiple
comparisons test.
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Figure S5. The regulation of Sirt7 on p62 protein expression in VSMCs is independent of autophagy.
(A) RNA-seq results of the key autophagy regulators in VSMCs with depleted Sirt7 expression, n=3. (B)
Western blotting for the autophagy maker LC3-1 and LC3-II expression in control and Sirt7 knockdown
VSMCs. (C) Immunofluorescence staining of LC3 in VSMCs with control and depleted Sirt7 expression.
(D) Western blotting for p62 protein expression in VSMCs with control or silenced Sir¢7 expression in the
absence or presence of Bafilnomycin-A1l. Data are presented as mean + SD, and statistical significance was
analyzed by a two-tailed unpaired Student’s t-test.
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Figure S6. Cellular senescence is increased during high Pi-induced VSMC in vitro calcification. (A)
Representative images of alizarin red staining. (B) Calcium quantitative assay of VSMCs, n=3. (C) RT-qPCR
for Runx2 and Bmp2 mRNA expression in VSMCs, n=6. (D) SA-B-Gal staining for senescent VSMCs during
the calcification process. Data are presented as mean = SD, and statistical significance was analyzed by a
one-way ANOVA followed by Tukey's multiple comparisons test. *p < 0.05, **p < 0.01, ***p < 0.001.



Table S1. The sequences of RT-qPCR primers used in this study

RT-qPCR primer sequences for target genes

Genes of interest

Primer sequences (5'-3")

Gstal
Lgals3
Hmox1
Crabp2

M2
Taldol
Gsta3
Vef
Col5a3
Srxnl
Gsta2
Aldhla3

Ngol

Rgs4

Cendl

Tmem170b

Insig2

Tigpl

Cnot6

Gpdll!
Pxdn

Forward:
Reverse:
Forward:
Reverse:
Forward:
Reverse:
Forward:
Reverse:
Forward:
Reverse
Forward:
Reverse:
Forward:
Reverse:
Forward:
Reverse:
Forward:
Reverse:
Forward:
Reverse:
Forward:
Reverse:
Forward:
Reverse:
Forward:
Reverse:
Forward:
Reverse:
Forward:
Reverse:

Forward :
Reverse :
Forward :
Reverse :
Forward :
Reverse :
Forward :
Reverse :
Forward :
Reverse :
Forward :

AAGCCCGTGCTTCACTACTTC
GGGCACTTGGTCAAACATCAAA
AGACAGCTTTTCGCTTAACGA
GGGTAGGCACTAGGAGGAGC
AAGCCGAGAATGCTGAGTTCA
GCCGTGTAGATATGGTACAAGGA
ATGCCTAACTTTTCTGGCAACT
GCACAGTGGTGGAGGTTTTGA
GCCTGCAAATGCAAACAATGC

: AGCTGCACTTGTCGGAAGC

GTAAAGCGCCAGAGGATGGAG
CTCTTGGTAGGCAGGCATCT
AAGAATGGAGCCTATCCGGTG
CCATCACTTCGTAACCTTGCC
TGACACCGGCTGTCTCT
GGATCAGTAGAAGGAAGCAGAAG
CGGGGTACTCCTGGTCCTAC
GCATCCCTACTTCCCCCTTG
ACGGTGCACAACGTACCAAT
TCAGGGTCCGCCAGGAT
CACACTCCTCTGGAGCTGGAT
CCCGGGCATTGAAGTAGTGA
GGGTCACACTGGAGCTAGGA
CTGGCCTCTTCTTGGCGAA
AGGATGGGAGGTACTCGAATC
AGGCGTCCTTCCTTATATGCTA
GAGTGCAAAGGACATGAAACATC
TTTTCCAACGATTCAGCCCAT
GCGTACCCTGACACCAATCTC
CTCCTCTTCGCACTTCTGCTC
ACCTCACGGAGATGTGGTACT
GCTCCAGTTACAGAAGCCAGAA
GGAGTCACCTCGGCCTAAAAA
CAAGTTCAACACTAATGCCAGGA
CAGGACATCCGCCTTAACTGT
AGGAAGTAAGTACCCATTAGCCA
CCTGACCCTCGGAGGATGTA
AAGTGAGTGAGTGACCACAAAG
CCTCTGAAAGTGTGCATCGTG
GACGGTGGAGGAGAATTTCTG
ATTGACAGGCAAGCATTTAAGGG



Reverse :
Forward :
Ch
fb Reverse :
F d :
SirTI orwar
Reverse :
F d:
SirT?2 orwar
Reverse :
F :
Sirt3 orward
Reverse :
F d :
Sirtd orwar
Reverse :
F d:
Sirt5 orwar
Reverse :
F d :
Sirt6 orwar
Reverse :
F :
Sirt7 orward
Reverse :
Forward :
Runx?
Reverse :
Forward :
Alpl
P Reverse :
Forward :
Opn
Reverse :

CAGGGTCCAGCGTTTCTATCT
CCGCGAGTGCGAGATTAAGTA
GTTCTGGAAGCGTGTCTGG
GCTGACGACTTCGACGACG
TCGGTCAACAGGAGGTTGTCT
GCCTGGGTTCCCAAAAGGAG
GAGCGGAAGTCAGGGATACC
ATCCCGGACTTCAGATCCCC
CAACATGAAAAAGGGCTTGGG
CAAAGGCTGGAAATGAACT
TTGCCACCTCTAGGATTC
CTCCGGGCCGATTCATTTCC
GCGTTCGCAAAACACTTCCG
ATGTCGGTGAATTATGCAGCA
GCTGGAGGACTGCCACATTA
AGCATCACCCGTTTGCATGA
GGCAGTACGCTCAGTCACAT
GACTGTGGTTACCGTCATGGC
ACTTGGTTTTTCATAACAGCGGA
GTGACTACCACTCGGGTGAAC
CTCTGGTGGCATCTCGTTATC
AATGCTGTGTCCTCTGAA

TCGTCATCATCATCGTCAT

Table S2. The antibodies used in this study

Source of primary antibodies used in the present study

Antibodies Source Catalogue No.  Application and dilution

BMP2 Abcam, Rabbit ab214821 Western blotting, 1:2000 in 5%BSA
RUNX2 Abcam, Rabbit ab23981 Western blotting, 1:2000 in 5%BSA
SirT7 CST, Rabbit 5360 Western blotting, 1:2000 in 5%BSA
ple Abcam, Rabbit ab211542 Western blotting, 1:2000 in 5%BSA
p21 Abcam, Rabbit ab109199 Western blotting, 1:2000 in 5%BSA
NRF2 Abcam, Rabbit ab137550 Western blotting, 1:2000 in 5%BSA
p-actin Santa, Mouse sc81178 Western blotting, 1:2000 in 5%BSA




Table S3. The siRNA sequences for Sirt7

siRNA sequences targeting SirT7

Taget gene  Catalogue No. Sequences (5'-3")

siSirT7-1 siB15513132543 GCAGCTTCTATCCCAGATT

siSirT7-2 siB15513132641 GCCCGGAGTTGACAAAGAA

siSirT7-3 siB15513132616 GCTCCATGGGAATATGTAT

Table S4. Blood serum parameters of control and vD; treated mice in the presence or absence of the

Sirt7 inhibitor 97491
Data are expressed as mean = SD (n=5-6). CREA, Creatinine.UA, Uric acid. BUN, Blood urea nitrogen.

vDi+0.5me/ P value P value
Parameters Control vDs k3 97' 491g (Control&v  (vD3&vD3+0.5m
g Ds) g/kg 97491)

Calcium 2344043 4.07£078  4.25:0.75 0.0031 0.9608
(mmol/L)

Phosphorus 1754016 2.1040.53  2.02+0.51 0.3547 0.9482
(mmol/L)

CREA (umol/L)  20.5243.64 37.46£8.44  36.25+5.62 0.0008 0.9499

UA (mol/L)  33.96£10.01 101.6£53.1  60.56+19.82 0.0103 0.1503

BUN (mg/dl) 19.95+2.09 41'27:21'1 53.76+:16.44 0.0749 0.3683

Statistical analysis was performed using one-way ANOVA followed by Turkey’s test.



