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Supplementary Data
1. Supplementary Materials and Methods
1.1 Real-time PCR

After treatment, siRNA and virus mixture was replaced with fresh culture medium for recovery. At
indicated time points, total RNA from EPCs were extracted using RNeasy Plus mini kit (Qiagen,
Hilden, Germany). Two pg of RNA was applied to the reaction of reverse transcription using iScript
cDNA Synthesis kit (BioRad), and 0.5 pl of the cDNA products was used for quantitative PCR
amplification with specific primers for Fis1, optic atrophy 1 (OPA1), mitofusin 1 (MFN1),
mitochondrial protein 18 kDa (MTP18), sirtuin 1 (SirT1), and B-actin. To conduct real-time PCR,
iQ™ SYBR Green Supermix reagent and iQ™ Single Color Real-Time PCR Detector System (all
from Bio-Rad) were used. Relative mRNA levels were normalized with the corresponding levels of

B-actin. At least three independent experiments were performed for analysis.
1.2 Western blot

At indicated time points, EPCs were washed and lysed with SB-20 buffer (0.69 mol/L SDS, 10
mmol/L EDTA, 100 mmol/L Tris-HCI, pH 6.8). Protein concentrations were determined with
modified Lowry’s method (Bio-Rad DC protein assay kit). Aliquots of cell lysates were loaded into
10 or 12% SDS-polyacrylamide gels, electrophoresed, and transblotted onto PVDF membranes
(Millipore). The blots were blocked with 0.1 g/mL bovine serum albumin (BSA) for 1 hour and
detected with primary antibodies (listed in supplementary Table S2). The blots were further
incubated with alkaline phosphatase-conjugated secondary antibodies for 1 hour at room
temperature. Immunoreactivity was visualized using VisioGlo (Amresco, Solon, Ohio, USA)
according to the manufacturer’s instruction. The radiographs were subject to TotalLab software
(Nonlinear Dynamics, Newcastle upon Tyne, UK). To normalize the expression level, blots were
stripped with stripping buffer (69 mmol/L SDS, 100 mmol/L 2-mercaptoethanol, 93.75 mmol/L Tris-
HCI, pH 6.8) at 56°C, and incubated with anti-f-actin antibody (1:5000; Abcam) as internal control.

1.3 Cell proliferation analysis

Cell doubling time was measured using the CCK-8 assay (Sigma Aldrich) and cell number counting.
Cells with different passage number were seeded onto 24-well plates coated with 1% gelatin. After
the seeding, medium were replaced with CCK-8 containing medium at the time points of 2, 26, 50,
74 hours followed by 2 hours incubation at 37°C. The culture media were aspirated and subject to

absorbance measurement at 450 nm with 630 nm reference. In addition, the cells were trypsinized,
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collected, and counted using trypan blue. At least 3 independent experiments were conducted for

each group of cells.

1.4 ATP and ADP/ATP ratio measurement

ATP level in senescent, Fis1 siRNA-treated, and Fis1-transduced EPCs was measured using ATP
bioluminescence assay kit CLS II (Roche). After indicated time points, cells on 6-cm culture dish
were collected and lysed with 600 pl assay medium (100 mM Tris, 4 mM EDTA, pH 7.75),
according to the experimental protocols. Cell suspension was incubated for 2 minutes at 100°C and
then centrifuged at 1000 x g for 60 seconds followed by ice-cold incubation. 50 pl supernatant was
transfered into a 96-well plate and 50 pl luciferase reagent was added by automated injection
followed by chemiluminescence measurement and integrated signal for 1 to 10 s. For ADP/ATP ratio
measurement, ADP/ATP ratio assay kit was used (Abcam).100 ul ATP reagent was transfered into a
96-well plate followed by chemiluminescence measurement which examined background signal
(RLUA) and 50 pl supernatant was added to acquired ATP level (RLUg). After 10 minutes
incubation, the background luminescence was measured (RLUc) and 10 ul ADP converting reagent
was added immediately followed by luminescence measurement (RLUp). Subtract RLUgc from
RLUp indicated the level of ADP.

1.5 Measurement of mitochondrial DNA and telomere length

The total DNA, including nuclear DNA and mitochondrial DNA were purified with a PCR
purification kit (High Pure PCR template preparation kit, Roche). Twenty ng of total DNA was
applied to the quantitative PCR amplification with primers specific for nDNA and mtDNA. The
primers were designed to target nDNA (myogenin promoter and RB1) or mtDNA (mtCOX1 and
mt8294-8436) [1,2]. Mitochondria content per genome was then calculated as the ratio of the
molecules measured with the mtDNA primers and the genomic DNA primers for each sample.
Telomere length was measured in triplicate using a quantitative polymerase chain reaction technique
[3]. The technique compares signals from the telomere repeat copy number (T; primers Telland Tel2)
to a single-copy gene 36B4 copy number (S; primers 36B4u and 36B4d) and a relative T/S ratio was
calculated. To normalize for interplate variations, standard DNA (derived from HAEC) was located
on each plate. All primers were listed in Table S4. At least three independent experiments were

performed for analysis

1.6 Bioenergetic profile/ Basal, O; leakage, O2 burst, Non-ATP O> consumption

The bioenergetic profile of EPCs were evaluated using extracellular flux assay kit and XF24

bioanalyzer (both from Seahorse Bioscience, MA, USA). Briefly, cells were trypsinized, collected,
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counted using trypan blue, and seeded onto a 24-well assay plate coated with 1% gelatin before the
day of analysis. Two hours post seeding, medium was added to the final volume of 500 pl. Twelve
hours post inoculation, 500 pul glucose-free conditioned medium was added followed by 2 hours
incubation at 37°C. The culture medium was then replaced with 500 pl assay medium (Seahorse
Bioscience) and subject to bioenergetic analysis. The stages of O, leakage, O> burst, and non-ATP
O consumption were achieved using oligomycin (2 pumole/L), carbonyl cyanide m-chlorophenyl
hydrazone (CCCP, 25 umole/L), and antimycin A (5 umole/L, all from Sigma Aldrich), respectively.

1.7 Flow cytometry analysis

The fluorescent dyes used in this study were added to cell medium at indicated concentrations (listed
in the supplementary Table S3). After 30 minutes incubation, cells were washed with HBSS,
resuspended by trypsinization and analysed immediately using a FACScan flow cytometer (BD
FACSCalibur™, BD Bioscience, CA, USA).

1.8 Elucidate mitochondria membrane potential by flow cytometry analysis

The mitochondria membrane potential in cells were evaluated using JC-10 dye (AAT BioQuest, CA,
USA) to reflect the mitochondria membrane potential in the cells. Cells were washed with HBSS,
resuspended by trypsinization and counted. Each tube had 2x10° cells incubated with JC-10 dye at a
final concentration of 10 pmol/L for 30 minutes. After incubation, cells were analyzed immediately
using a FACScan flow cytometer (Gallios™, Beckman Coulter, CA, USA).

1.9 Electron microscopy

For thin-section electron microscopy, cultured cells were fixed in 2.5% glutaraldehyde in 0.1 mol/L
phosphate buffer (pH 7.2) for 1 hour. The specimens were then rinsed in PBS, postfixed in
phosphate-buftered 1% OsO4, dehydrated in ethanol, and embedded in Spurrs resin by standard
procedures. Thin sections were stained with uranyl acetate and lead citrate and examined with a
transmission electron microscope (JEM-1200EXII, JEOL, MA, USA).



Supplementary Tables

Table S1. siRNA sequence used in this study

siRNA Sequence (5°to 3°) Accession number
Fisl siRNA1 TTACGGATGTCATCATTGTACTTGC NM 016068.2
Fisl siRNA2 CGCGGACGTACTTTAAGGCCTTCTC NM 016068.2
Nonsense AATTCTCCGAACGTGTCACGT
Table S2. Primary antibodies used in this study[4-19]
Antibody Brand Dilution | Antibody Brand Dilution
Catalase[4] Epitomics 1:5000 pDrp-1s616[19] Cell signaling  1:500
pDrp-1s637[19] Cell signaling  1:500
GPx[5] Cell signaling 1:1000 Drp-1[14] Cell signaling  1:1000
MFF [18] Cell signaling  1:500
MnSOD[6] Upstate 1:1000 VDAC[15] Abcam 1:1000
Cx43[7] BD 1:250 OPA-1[16] BD 1:1000
Transduction Transduction
Labs Labs
Non-p-Cx43[8] Zymed 1:250 Fisl (IF)[13] Genetex 1:500
pl6[9] BD Pharmingen 1:1000 Fis1 (WB) Sigma 1:250
p21[10] BD Pharmingen 1:1000 MFNI1[17] Abcam 1:1000
SirT1[11] Sigma 1:1000 MFN2[17] Abcam 1:1000
Ki67[12] Abcam 1:50 Actin[7] Abcam 1:5000
PCNA[7] Dako 1:200 CD31, CD34, BD 2x10° cells/
and CD45[20] Pharmingen SuL
PGCl1-0[13] Novus 1:1000

IF, immunofluorescence; WB, western blot.



Table S3. Fluorescence indicators used in this study

Indicator Abbreviation  Brand Concentration
5-(and-6)-chloromethyl- DCFDA Invitrogen CA, 10 umol/L
2'.7'- USA
dichlorodihydrofluorescein
diacetate, acetyl ester
Dihydroethidium DHE Invitrogen CA, 5 umol/L
USA
MitoTracker® Red CMXRos MTR Invitrogen CA, 25 nmol/L for imaging
USA 200 nmol/L for Flow
cytometry
Nonyl Acridine Orange NAO Invitrogen CA, 100 nmol/L
USA
Fluo-8*AM Fluo-8 AAT BioQuest, 1 umol/L
CA, USA




Table S4. Real-time PCR primers used in this study

Name Specificity Sequence

Tell nDNA GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTGAGGGT
Tel2 nDNA TCCCGACTATCCCTATCCCTATCCCTATCCCTATCCCTA
36B4u nDNA CAGCAAGTGGGAAGGTGTAATCC

36B4d nDNA CCCATTCTATCATCAACGGGTACAA
mt8294-F mtDNA CCACTGTAAAGCTAACTTAGCATTAACC
mt8436-R mtDNA GTGATGAGGAATAGTGTAAGGAGTATGG
RBI1-F nDNA CCAGAAAATAAATCAGATGGTATGTAACA
RBI1-R nDNA TGGTTTAGGAGGGTTGCTTCC

mtCOX1-F mtDNA CCC CTG CCATAACCCAATACC A
mtCOX1-R mtDNA CCA GCA GCTAGG ACT GGG AGA GA
Myogenin-F nDNA AGG TGC TGT CAG GAA GCA AGG A
Myogenin-R nDNA TAG GGG GAG GAG GGA ACA AGG A
Fisl-F cDNA AAGAGCACGCAGTTTGAG

Fis1-R cDNA GCCTTCTCGTATTCCTTG

OPAI-F cDNA AGAATCCTAATGCCATCATACTG

OPAI-R cDNA ATTATCTGCTGAATCCTGCTTG

MEFNI1-F cDNA GAAATGCTCAAAGGGTGCTC

MEFNI1-R cDNA CGTTGCTGGAGTGGTAGG

MTP18-F cDNA GTGTGTGCTGCCTCTCTC

MTP18-R cDNA ATCCACCGACCTGTCAATG

SirT1-F cDNA ATAGGTTAGGTGGTGAATATGC

SirT1-R cDNA CTGAAGAATCTGGTGGTGAAG

Supplementary Figures and Figure Captions
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Fig S1. Characterization of human endothelial progenitor cells. After magnetic labeling and
separation, isolated CD34-positive cells were maintained with MV2 medium. (A) The phase contrast
images of EPC outgrowth were acquired at indicated time points. The endothelial cell properties
were examined by Dil-Ac-LDL uptake, UEA-1 binding, and angiogenic potential of tube formation
post 20 days culture (B, panels a-c). (C) Flow cytometry analysis showed that the outgrowth cells
were positive for KDR, CD31, and UEA-1 but negative for CD14 and CD45. Bars, 300 um in A and
panel ¢ of B; 50 um in panels a and b of B.
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Fig S2. Cellular senescence and surface markers in control (young) and senescent EPCs, as examined
using SA-B-Gal staining (A) and flow cytometry (B) followed by analysis. (A) In senescent cells, the
B-Gal absorbance increased for more than 130%. (B) Surface markers CD31, CD34, and CD45
exhibited minimal difference between control and senescent groups. The f-Gal absorbance of control
group was set as 100%. The result was derived from EPCs of at least three individuals. *, P<0.05,

compared to the control cells.
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Fig S3. Protein expression profile of senescent human EPCs compared to control (young) cells, as
examined using western blotting (A) followed by analysis (B). The protein level of control group was
set as 100%. The result was derived from EPCs of at least three individuals. *, P<0.05, compared to

the control of each molecule.
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Fig S4. Telomere length in control (young) and senescent EPCs, as examined using real-time PCR.
The telomere repeat copy number (T) was normalized to the single-copy gene 36B4 copy number
(S). The T/S ratio decreased in the senescent cells. The T/S ratio of control group was set as 1. The
result was derived from EPCs of three individuals performed in duplicate. *, P<0.05, compared to

the control cells.
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Fig S5. Drp1 phosphorylation profile of senescent human EPCs compared to control (young) cells, as
examined using western blotting (A) followed by analysis (B). The phosphorylated protein level of
control group was set as 100%. The result was derived from EPCs of at least three individuals. **,

P<0.01, compared to the control group of Ser637.
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Fig S6. Transfection efficiency of synthetic siRNA in EPCs, as confirmed using flow cytometry. The
concentration of alexa fluor 555-labeled synthetic siRNA (in red) was denoted at upper border of
each distribution chart. After 5.5 hours of treatment with alexa fluor 555-labeled synthetic siRNA,
medium and siRNA-liposome mixture were replaced with fresh medium. Cells were then trypsinized
and subject to flow cytometry. The fluorescence distribution profile of cells were shown in black
(Control) or red (AF555 siRNA) dots and the fluorescence intensity and percentage of transfected

cells, compared to control cells, were calculated. Control, cells with liposome only.
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Fig S7. Down-regulation of Fis1 transcript and protein in EPCs treated with synthetic siRNA, as
examined using real-time PCR (A), Western blot (B and D), and immunoconfocal microscopy (C).
Note that synthetic siRNA specific to Fis] has minimal effect on the expression level of OPA1,
MFNI1, MTP18, and SirT1 transcripts. In addition, Fisl protein is decreased in a dose and time-
dependent manner. Fisl-specific siRNA has a lasting effect for over 240 hours (80% decrement). The

level of Fisl in the non-sense group was set as 100%. Bar, 45 um
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Fig S8. Telomere length in EPCs transfected with Fis1 siRNA, as examined using real-time PCR.
The concentrations of Fisl-specific siRNA are labeled and DNA templates derived from EPCs with
different passage number 7, 11, and 16 were used as a positive control. The T/S ratio of non-sense

(NSi) group was set as 1.
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Fig S9. Bioenergetic profile of Fisl-specific siRNA transfected EPCs (N=6) under complete and
conditioned medium. ATP level and ADP/ATP ratio are changed in Fisl-specific siRNA transfected
cells under conditioned medium. However, the ATP level was minimally changed in the non-sense
group (Ctr/NSi, N=6). Under conditioned medium, Fisl silencing increases the ADP/ATP ratio
significantly. See text for details. *, P<0.05, compared to control (young) EPCs transfected with non-
sense siRNA.
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Fig S10. The profile of Fisl expression, mitochondria structure, cellular appearance, and

bioenergetics in Fisl-transfected EPCs, as examined using real-time PCR (A), western blot (B),
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confocal microscopy (C), light microscopy after long-term maintenance (D), and ADP/ATP level (E)
followed by analysis. Note that Fis1 expression levels are increased in a dose and time-dependent
manner. The level of Fisl in the control group was set as 1. In addition, Fisl up-regulation restores
the senescent EPCs to youthful phenotype, including less elongated mitochondrial structure, higher
proliferation activity, cobble stone appearance (confirmed in cells from 2 donors), higher level of
ATP, and lower level of ADP/ATP ratio (N=6). *, P<0.05; #, P<0.005, compared to control bar
(senescent cells) of each group. Bars, 40 um in C; 200 pm in D.
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