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Abstract

Mitochondria are the crucial powerhouse for cellular metabolism and hold great potential for clinical
therapies. Atherosclerosis 1s associated with oxidative stress and endothelial dysfunction by the disturbed
blood flow at arterial bifurcations. We aim to examine whether mitochondria transfer could ameliorate
deleterious effects of disturbed flow. First, we compared the morphology and gene expressions of
endothelia under unidirectional flow (UF) and disturbed flow (DF), respectively. Secondly, we obtained
the mitochondria from UF cells using a mitochondrial 1solation kit and transferred the UF-mitochondria
into DF cells. Thirdly, we examined cell metabolism and respiratory burst of post-mitochondria transfer
DF cells by Seahorse XF Cell Mito Stress Test. Our results revealed that mitochondria transfer ameliorated
endothelial dysfunction of respiratory chain and glycolysis caused by disturbed flow. Our preliminary data

shed a light on the potential of mitochondria transfer as a novel therapy for atherosclerosis.
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(—)EIHRASREE LR RV E B %

ORI BRI B R A ST T RSERRYSE — ~ PUfir (2021 SFEEraElaeatie) - mEh
AR5 IRTE (e B R EARIM e B R RN - EEHRNGIREE LT EIR » BRSNS - EA
e > B 55 et O AR ZE BRI MRS R o SFETBNRIREE LAV EREENTE - A BIHTH
P amREnRoINEE(L - E— R DB N Z 8 R E

(O)RARHIN 4T & 5 [ R BIRHSINEE( L

H ATER S TR BINRSIIRRE LAY EOW A 5T 22 [RIRVBURL > Hoh 2105848 508 » BIRIR
BE L2 H SZARAYIIE P S AR (38 - iR 28R R NS A E] - B T REEALL T I ZR AR -
e~ SmhE ~ $REE (BHEIR ~ AR BUGE B R RR )~ DU EEEZ 5
PIRMESE (S ~ Bui’E 53 SR ) » (Chiu & Chien, 2011)

é\gl_

(Z)MEZTIH A SRR E

IR B e B B e A 5 H e AT T - RN E BA M - SIIRSES - RIEREE O
Bt T BN MR > S S SRRy AT R - [FIRY - MRS BERE LUASR T RIAYPE
M7 - R IREIRER T - E B IREE - MURAE A B I & B AR T e A AR BEE ) - T
BlMS - BuE/Ko RN 4R m ey o F-ER T » ST ERIRERY ST > B R5T) © B
firEfaz 205577 - AfE(E " 5IRES ), - IR sdE R ME & AT NNESL - B2HNME
NECARAYIM S - MR R Ee bR - RIEIRIAR A S BE B2 By BTRE D EE RV E K - £S5
NEiE g - MiRe MR ZFR (turbulence) » Jitss  ERET 2/ NiE®E - BR T MR B B
FEADEVIER S Z4h » ZOR & S B G Rpey "=Reh, -

HATEAIME SR (vascular inflammation) % S AEAEEIARMUATEKESETT (low shear force )

AR (disturbed blood flow, DF ) B3 - BIANEIRINAE 53 SZ 8CE R - 12 L0 5 R mEGHF
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Ve S BB AR AREE R EE - (D. Wu et al., 201 7)EFARAVALRIER (unidirectional blood flow, UF )
I - NEFNEARME > BRVEIE S el MRS e AR > AR SR -
i Dag A= FhfRsf iR L -

(VO)E225 1382 (tight junction) ZFJHFIR

BRIERTY - SZ4B4AE > RS 02 (tight junction ) ZFIBHR - (A& BT mA M
Wahn e R - MR A ERZ S G I MEREIRE (LDL-C) M (E e e Hh s » WM s B A
EESIL - SCAVERIRE G5 [ e e » U5 [HIMmBK - HEERRE A MmBKAVESE - (ENEY
AR SR R N T~ BE S SR WRsR > FEAIRE RS TR SE E HiEs (ROS) 3470 - [Fll > 245
AP R 4R R T & iR > 40 VCAM-1 ~ ICAM-1 % > BA[R - BEAZERAD T IAREEERAY 2
gsét o o [ A MRS AL IR > L — PR 2 N A7 T R = e (B2 S AR EE E

REEIES - 2SR FFaE S 3 SZIE © (Jiang, Ding, Huang, & Wang, 2022)

(RERFHLE

FIE I RN - Dai Getal. (2004) $2HH - NEm EEREAU S A R SRR B 52 8
TS R TR AR RS R (signal transduction ) ~ BE$%3H#% (transcriptional regulation ) ~ #% 3%
(inflammation ) ~ &% 4= (angiogenesis ) ~ %[ ( coagulation ) BL Kz BERfi{ a8 (lipid metabolism )

S5 J7TH © (Dai et al., 2004)

A EERE BRI 7] DLORGEAAR - (ESHAR 0 2 A EARSIIRRE (LA - Yeh CF (2022)
WFEE fy - RS A ORaE MRS AR TR (K > B4 Krupple-like factor 2 (KLF2), KLF4,
NOS3 % - MBER MRS EER T RIEEN - FZ0 C-X-C motif chemokine receptor 4
(CXCR4), NADPH oxidase 4 (NOX4) = (Yeh et al., 2022)



=~ HIEREGTHRERVMIE T A
(—) BAIC-1 HIERSRABAIE IS MY B 2=

TE 5 i 4 B Y BEA MR B SIS (Intermembrane space ) AIPYEIAYEYE (Mitochondrial
matrix ) BA @EETEEE > BEE) ATP SRkl &R ATP - IR Sl 17 IR - ALSRae RS NER
B0 &9 250mV/5~10nm HYBEALZS - REARRERE Ryl (b o & 4R 3 A st SR B IR IGHT -
PIRRRGER - ST RERE S - MR R b o R EAVRISRAGIDAIE R &R ATP -

JC-1 2 Bh R HIEE M SR A AU HARR AL 15 B - AT PRI SR A AV IR REIRNE I H (bR
RET > IC-1 P 2R PRI AR GiIRAR - S A - ERIARAG LS E T - FREE ALK
g9 > JC-1 R BR PR BT E A - R R BRRIRRE - S8 HHEROE » FEECRANER T - E4L
Je/EkEERAYEL E AR - K SR BG 0G0 Rl (2R -t USRAIAAE & (UEHRRE B RE - (Figure
adopted from: Sivandzade et. al., (2019). Analysis of the Mitochondrial Membrane Potential Using the
Cationic JC-1 Dye as a Sensitive Fluorescent Probe, Bio-protocol 9 (1): e3128. DOIL:

10.21769/BioProtoc.3128.) (Sivandzade, Bhalerao, & Cucullo, 2019)

® JC-1 Dye @ J-aggregates

e Healthy Mitochondria
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Unhealthy Mitochondria



(2) -~ UBRAYREENEENEMREIESE

HS R ARAGHY IR B A LR (LA ATP I » DIARIE R TR RGNV T2 %
& HREEA el > WERE(E LR N BRI R ALEREE (lactate) - FRIOMIAEINZ 12
e o IR A S TR -

S RE B E A E PRV R BRI S — BRI - (MR A ERR A s S B s E T
FREE(E > AR AR SRR BB IR SR - TE EHIYIEEE Y 24 well HUFFEUE
BREE o LR - WEENSENEESHE S £ 8 oEa A —EISHVE  EIRERVERET N -
RARFERT > HRH B AV B — (B S PARYZERE > DU S SRl e TR

1=}

io

& EHIIESTR - ReTE R I6TE o BRI R - tREE g DURRR BRI B R (4
HER AT AP [ A REIRRE (baseline)  FLHy - SFERT AT LUE ASEY) > ARECEAIAEERTT
BE AT ERAIRE ST > DIEHUST AT AR A [F AP B RS HER B

FESE—PEECHIE AR A AL A CHPR IR - BEESRFIF /A Oligomycin, FCCP, Antimycin A =

R -

Oligomycin £y ATP S RESH IR - IIZE - HHHY ATP SREEAHREERET R - LR
fiEfEREEE S (uncoupler) FEJMFE » T (ARG RT G IA LI ZE - (ML - FE S (EPEEHI T HY SR
s AR T B — P AR AU PR bRl - B LR RIS ATP S B eI IEH B FHYR

FOMREE -

FCCP Ry » w] o e T T S AT AR » REIEL4E T AR (R BE D - (kL
SAa P RAE(ERCR - JlER A (Antimycin A) SEEET-EAESAVHIHIE] - JILA Antimycin A
& - ETEIEREE 2R 1L - NI REREG 2 22 A F A TRV A SR Bo8eR -



(Figure adopted from: Haroon and Vermulst, (2019). Oxygen Consumption Measurements in

Caenorhabditis  elegans Using the Seahorse XF24,Bio-protocol 9 (13): e3288. DOI:

10.21769/BioProtoc.3288.) (Haroon & Vermulst, 2019)
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(Figure adopted from: SPIE Proceedings Volume 8941, Optical Interactions with Tissue and Cells XXV;

and Terahertz for Biomedical Applications;89411S (2014)https://do1.org/10.1117/12.2041981)

&E LA - A EIRATEE PR (0~20 7388) SHLHISRASERBEIRRERIRE SR - TIA
Oligomycin 1% > 25 _f&Ez (20~60 578 ) HIEtHAT ATP GREHYREESCR » F£55 =FEEIA
FCCP 1£(60~80 57#) » HIHASHHAAT SRAZAVERAEERCR - feik > SBUURSE: (80 r##fR ) #&
HIADA Antimycin A fIHIES 5~ EHEHE - SRIGAHAE PRI aRAG LAY MARE SRR -

=~ HLERAGER HIER IR S R0 BRHEDE


file:///C:/Users/yun.jenlee/Downloads/Proceedings%20Volume%208941,%20Optical%20Interactions%20with%20Tissue%20and%20Cells%20XXV;%20and%20Terahertz%20for%20Biomedical%20Applications;
file:///C:/Users/yun.jenlee/Downloads/Proceedings%20Volume%208941,%20Optical%20Interactions%20with%20Tissue%20and%20Cells%20XXV;%20and%20Terahertz%20for%20Biomedical%20Applications;
https://doi.org/10.1117/12.2041981

HHREPA/NEE (lysosome ) FISZABAVKIARAGAS & » AT DUBFRZIBAVKISRES - T8 Rk 4Rae H
I ( Mitophagy ) » ELAIRL &R AG B Wik 1] LU D S8 BBR T 735 AT SR AG 77 SLEAHAEE T S FED. W,
Ii, Du, Ren, & Qian, 2022; Zhou et al., 2018) « 15 LLAF 52 S5 BRI R LKL &R 8G 7 AZIARSIGINGE (LI T -
AT RERARL AT HIER R G et g -

HREDHRE B4 AR SR BG BEAS M AR 4R BG DhRE SZ FRAVARAE N » 2 2 IE 4 By (UaH AR
(Torralba, Baixauli, & Sanchez-Madrid, 2016) » 7 Kyt #¢ #6884 (Mitochondrial transfer) ° HIfA5Z
AR R BRI AR AR A HYRE S ALIE - DRIHE DUKL SR ASHERS SRS IO SRR K SR AS B RS AH AR - BB
ARERNEFZAR4HM (Liu et al., 2021) - #5Hfms S bR RER - B EERRER - B4
B ATP EEX% > safbAmfEdi bR - B VAR T - HraRsirs B 258 4= (I FUEAV AR .
[ > & FR AE AR AR AV ZRoRB%E A (tunneling nanotubes ) A IF # R 47 e FH AL FEE 4 ( donor )
AR ARAS R THRE VAR  #R98 2021 4 Delin Liu AVEEEE » H TR AP IR ARES (I8
4MAE (donor) /ZRTERR4MAE (Mesenchymal stem cell) > HAemi AR/ RFFE @ AL H FZ4HH
[EFRE BEEE 4R © (Liu et al., 2021)

Vg~ BFEHAY

() ECRE R S e B Y A SIS P s A AR TP REARL AR G R BRI - SERANEDR
R BRHYATHE R RIRAE S i

()FE R ECRCEIARGIGINEE AH B AR AL L B R B Y #2252 > 559 cone flow device HY
TR e B 75 52 AR 2 A= (e EHRG S IR { 38U

(=) DIBEB ARG AHTER - s MR I E P R 4R A B (e BIRSIIR
BEALE -



B~ WrFEes st
— ~ difEE

(—) #BERE © AJEMmE N Ez 4B Human Aortic Endothelial Cells (HAEC)

[ — ~ B N AR E P EZ4IAE(10x)

(=) #87%  HAEC 4lifgs% &% Endothelial Cell Medium (ECM, SC-1001)

(=) HEAMl - 4OAEEEEAE (10cmdish, 6 well plate) ~ S (EBRIEER ~ MEEIR(EE - BiEE

Fif§ (0.05% trypsin) ~ PBS ~ flERE ~ BEOE ~ B0 - SCREEE

= I e e A

(—) i sliess it © 06%) HAEC 4iREESER Endothelial Cell Medium (ECM, SC-1001)

T 4% Dextran &2 MER) K

(=) MEESHEIARALR AR S JIEE 478 (cone flow device)

AN 5 P ESH ENAR TLR A7 B 752 40t » BRI/ P R AR A SEENHR R [5)350 1 -
ZEWEARNEFERRERDY - FIEEEFRAE—J7 R (Unidirectional Flow, UF) ( DL F# Al

i) BIRET] > BUEME 7 X R 20 5 |35 HVE7 (Disturbed Flow, DF)BIfES]
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EATRITIE Y » BB EINYREE LR E— TR E) - EA SN a4 (e
BRI IR R {45 FE (proatherogenic effect) (C. Wuet al.,, 2015) © (R » BAMEE (R fIRs & m Ehfy
J3 AR - DA UF EREEESE 48 /NIFAT N K2 4Rt » 26 76 Ko IE S HYIME A K2 4HHE 5 DF BRI &
48 /NI EZ4HIRE - 7 8 s (e B HaIARSEA Lo 2ty 22 5 I P B 4IAE

[ ~e~ Athero-protective waveform
=o~ Athero-susceptible waveform

- N W b

0.5 1.0
Time (second)

Shear stress (dyn/cm?)

&~ FEE R UF(E S Athero-protective waveform)&i DE([E & Athero-susceptible waveform)53 &
JI17E5 > UF 59 ) J5[a 88— » {H DF HIFE 7 75 AR —%L - (C. Wu et al., 2015)

B =~ RNEERFTEE A cone flow device » #7548 2fH %4 R i B 5 [y PRSIy 288 - o] DL4G TF4HAE
UF =¢ DF BIfEJ] -

=~ HIERAGHY /T B LS

(—) & © Mitochondria Isolation Kit for Mammalian Cells (Thermo Scientific)

() s Al Z B O



VO ~ K7 B0 Al 2 HE 7 (Reverse transcriptase polymerase chain reaction » RT-PCR)

(— ) : TRIzol Reagent ~ chloroform ~ isopropanol ~ 75% 7.1 ~ RNase free H20 ~ 5X Reaction

Mix ~ Maxima Enzyme Mix

( =) %25 : T100 Thermal Cycler

& PY ~ T100 Thermal Cycler

h -~ RIS §E 7 E(Quantitative real-time polymerase chain reaction > Q-

PCR)

(—) & © SYBR Green Master Mix ~ RNase free H20 ~ forward and reverse primer

() %22 : CFX Connect Real-Time System

10



& A ~ CFX Connect Real-Time System

7S~ B BRI AYI5E & 7 PT(Seahorse Real-Time Cell Metabolic Analysis)

(—) =7 © XF cell mito stress kit (Oligomycin, FCCP, Rotenone / Antimycin A)
() %3 * Seahorse XF 24

+ ~ PR E(Western Blotting)

(—) &\ : Protease Inhibitor Cocktail(EDTA-Free) ~ BCA Protein Assay Kit ~ Protein Sample
Dye ~ BSA (B&4-MEEH) ~ 1.5M Tris-Cl (pH 8.8) ~ IM Tris-Cl (pH 6.8) ~ 30% Acrylamide mix *
10% SDS ~ TEMED ~ 10% APS(ammonium persulfate) ~ 95% EtOH ~ 100% HEE(MeOH) ~ Running

Buffer ~ Transfer buffer ~ —4kFiAs ~ —ak#ife ~ ECL substrate solution ~ HRP(horseradish peroxidase) *
TBST ~ Stripping buffer

(=) %28 1 ChemiDoc XRS+ System

11



2 ~ PIRIBRRE A

— ~ DT ELE

Bl S
SR 1 P AT 2
RBHEIBRRE LBRs
DL SR R PN S e | A
TERE - BUEHAEC 48/ \EF 1 s
P
e 4 kAT A RS AT
l ]
|
| |
SR LA P AR LA B I
L PERIE AR RER B S R

= difgEE

ARFZE ([ F VA RE AR By A B PN FZ4HHE Human Aortic Endothelial Cells (HAEC) - &
B SN HAEC BHEUE AJHIME N 743 4%0Y primary cell > &I ERE BT -

= ~ #HAE4E(R

W BREEHVANAEESE R » DA PBS JBVE  MIIA 1.5ml trypsin > JRA S bk Efa h A #%E
RRMBRY - ER R ARSI & R0FR > LA 2.5 ml BB TR trypsin JZHLHH AR

IR ABELYE S > B 0(1000rpm, 3min) ©

V0~ USRS I B R

(—) B EHREER

12



1.6 g Dextran #72HEK) K EL 35ml 7Y HAEC 4MMEESERIT AR S > vortex 2R ARBEE ©

£ 4 & C /KAERSTR » @Kk HAEC dliftss i - DUIVRER (filten F R F S BT -

(=) @EmtssEesE  ((Daiet al, 2004; Yeh et al., 2022) )

Unidirectional Flow (UF)

Time (mSec) | Speed | Shear stress (dyn./cm®)
0 2054 | 13.424

150 7481 | 34

251 4428 | 20.125

317 4229 | 19.221

400 3226 | 14.663

550 4507 | 20.485

720 3643 | 16.559

1000 2054 | 13.424

Disturbed Flow (DF)

Time (mSec) | Speed | Shear stress (dyn./cm’)

0 0 0
26 1042 | 4.738
46 0 0

13



97 -1760 | -8
150 0 0

160 367 1.67
186 0 0
242 -616 | -2.799
310 0 0

369 375 1.706
413 0 0

451 -330 [ -1.5
564 0 0

732 234 1.064
1000 0 0

(=) HHAEE

FERRERY 10 2257 plate 4HAEST ZVU(E 6 well dish @ % & HE—H% < &L 37C Z& 1k

RIS ERE - ERETREERBER - JOA S ml EASAEER -

(9) A B

TRHER (cone ) e fLEEEETIRIF & T LUBRE 0085 - e/ ek - SEiaH e Bikas
PEE TR AL — A BN T > HelSaRa iy - BN s R - SRSHA]
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FEAER] 30 #% & ERFEIHY 6 well dish E35 - RHER(EMERSHOE 37°C R bhirEiat > a4

NER

(F1) Wtk

PR A8 /NFR - TEE RS HECEEAY o RF AR R E T A 37°C B ERE T A

fi~ EEGRER ARG SE K7 FE(Reverse transcriptase polymerase chain reaction’ RT-PCR)

(—) RNA ZHY

67 Al A7 B B B 5e Y ARG - DR i s BRI L PBS &7 A 800 1 L TRIzol
Reagent fF4HBEA AR IHUARERZE 15 1 1tube &> MIIA 160 121 chloroform JE&E$945] > DL 4°C~
14000 rpm HfELs 15 778% - HE0ME > PEAELE » gk RNA » AL EJE RNA JIAERSTE
isopropanol JE&&EFIE] » LL4°C ~ 14000rpm Bl 15 7388 » KER HIFRILIIA 75% ZE25E0 - 7

LL4A'C ~ 14000 rpm Bty 10 5388 > Bp O &RREIE E > W RIRAGEEZ - ik RNA ZEA0A

DI7EsE RNA B R4IE -

() RNA EE#HEE (Reverse transcription ) fi% complimentary DNA (cDNA )

HBFA=HUAY RNA HUH 500ng » A0A 2 121 5X Reaction Mix ~ 1 ¢ 1 Maxima Enzyme Mix » FEl
S K AR RS B 10 1 B T100 Thermal Cycler & » 52 25°C fEFH 10 478% » B
50°C fEFH 30 47§% (DNA polymerization) 3 85°C {EFH 5 47$#% (enzyme deactivation)® 5> 12°C

Bl o BERFASEIH mRNA KEEEEH 2 cDNA -

S~ EERIEERAHEGESE E (Quantitative real-time polymerase chain reaction °

15



HY 211 cDNA ~ 511 SYBR Green Master Mix (2 X) ~ 1 21 RNase free H20 B CHEA
forward and reverse primer 7% 1 ¢ 1 ¥EEE B Real-Time PCR System #£f7 gPCR ° & 517

Cycle threshold (Ct) » L2 A -ACt R RE AR FEIR AR

t ~ P EEDE (Western blotting )

(MEHEFERESE

AR IO A YR (detergent) IR AR » S —[EIID A INEIE] - WEBEERE - HE
B O AR AN A (12000 g, 10 min) © {5 F3 4x Protein Sample Dye » DL 95°C JEEE 508 » 44l
B EEFI-20C -

(DB
B SRIREEFETITA H20~30% acrylamide mix > Tris-Cl1(1.0 M, pH 6.8)~SDS(10%) * ammonium

persulfate(10%) * && 1A TEMED -

10% N2 = 23 BIHREEFTIIA H20 ~ 30% acrylamide mix ~ Tris-Cl(1.5 M, pH 8.8) ~ SDS(10%)
ammonium persulfate(10%) * &1 A TEMED -

o NBINEIEEAGEY 2/3 > DL T5% R B3R - R AR A _ERE I A et 5 2 e
.

(=) (running)

60~90 V #EFTEREE(20~40 min)’ = EFEE] 100~140 V 238 [E] A/ INAYEE 18 (60~120 min)©

(PO)#EE](transfer)

PVDF(polyvinylidene-Fluoride)5: LA transfer buffer( /A& B S ) E(LF I IE B ELE » DL 130V iy

90 min °

(F1)EfEfA(blocking)

16



4 5% BSA/TBST N AGRBAIERE R | /INEE » SIS 28 EB LASMYVZE ETEIK - sty Bt
fEs -

)43 A8 2 FE (primary antibody incubation)

MA—SSiReEHHERERE - BUR 4°C IR - DL TBST Zeikru=X

(o) — &3 A8 52 E (secondary antibody incubation)

(/] TBST BcBdiE &R 2 P » 2R 1 /NS o DL TBST JEEH K -

(O

1R A ECL-HRP (26 (/5 S ¢ > 16034 -

CIL)BEEET 5 A R P4 (stripping)

& S E R A ILAE ELANEE (V8 - DA stripping buffer 254858 M A = BE IR TAS AID TR 2
VAR - &9 5~10 o7 > VAT — TG S e -

N~ HrpaehA s A e ] 1C-1

LA 2ml PBS JEZEAHARAZT » A JC-1 Z4/I(10ug/ml) » BEFY 37°c BHEAE 10 7088 - K
H PR BRI T B RS Z2 BUIEAH © DL Image] Z3 A4l B84k (.73 Ak A EfE -

JU ~ RLERAGHY 77 RS

(—) RILRAGH Il

I ERES AR - DA PBS VB E = (Iml, 0.5ml, 0.5ml) » MiAEEE—ZNIA PBS FiEFE T
J3# o JOA Iml trypsin > BUA —S/ChREER T 10 # SRR - SR IS4

17



SEEREIE% 0 I 1.5 ml BFER TR trypsin 37 B HH AR ARIIABELE o B C(1000rpm,

3min) °

W B0 2 BER 0 DA Mitochondria Isolation Kit for Mammalian Cells (Thermo
Scientific) HY Reagent A 800 ul > BE 7K E 2min » JIIA Reagent B » BEH/K FAE77#E vortex e
HIA Reagent C 800 ul % » B0y (700g, 10 min, 4°C) » BV ESHRAGFEZEEL (12000g, 15 min,
4°C) o HUEES) - Wi PA 500 ul Reagent C U5 » Bef& B &k Ly (12000g, 5 min, 4°C) Wik FIER

8% -

(=) RIsRAGHVERS

BL500ul B2 elair4rds pellet > JEEITE HIIAE RIS ER S - &k —H6
well plate AR R 2.5ml » BRI (1500g, 15 min, 4°C) - FEFERTEVINEFZ > FFIERE L
(1500g, 15 min, 4°C) -

[N~ RA SR AR AL RO - WA v eiE 8l a] FOLHIEE B & - SRR/ B AVE - ST
GG AR AR -

18



2
ohe - o .
[ et | “ —t

B RIEREGIEITS1R - DIBAIERIRZR X AR AR AGHY IR ANAE - B SR ARAGAL LB B v] RO
ARG - WESURIARASIEA 28 A B 4R -

+ AR R T
(—) JE{bPREt

AR R I EREFHRY 24well AU B IA = fgdhts - EIET—K > JofE 24well 4HE
BRI Iml FUER - 2 ERCERALERY Hydro Booster » FHI EEDEHE o REFEDEALIX

£ 37°c > fiE S LhRAVERIE IR -
(=) fEdife

ERER > BRTVURS I AR SRS - AR AR A 4¥10M {EAHAE - —1RHY
ARfR AR 200 A o Bl EAE AR VU(E /NS - (EATRERGFECHET » ££ EAAT— /Ny AR B4
AURREER: - WIENR 37 ¢ IR -

DlszE ALy BIFERE Oligomycin (1mM ) ~ FCCP (1mM) -~ Antimycin A (0.5mM) Mfl
A 24well HREREEE i L IBIVEEY) ARSI - B AR TE LA RS R BRI 4L €2HY Hydro Boostere

19



B pIRER
— ~ ElE R EE S A B U e HE e 7 2
(—) LSO B BB A e 4TS B

BB AIEAVINE RS - ARSI A ZGIRRGEM R BT - N EAMT & Sl i
HUSRBIE M E N R IR FEY B MR -

FERADIER T R ASEER - SCHBIE BRI A R ARREE NELAT 7 TR HRS IR ~ dliff e % -
MECZ T - SR i B I P R SR A RS R Rl H A Sedlihhizes: - B 2B E—2/NEK
R EIEAESHA A T -

275um 275um

& )\~ HAEC cells exposed to laminar flow (left panel) / disturbed flow (right panel) for 24 hours (10X

magnification)
(=) BLIC-1 i s s

BT HIAFARELL cone flow device HYNFAT BB ERETIEEE 24 /NKF - #EHH JC-1 ZLBIEDE
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HAEC treated in disturbed flow for 24 hrs , stained with JC-1 (10x)

[ ~ AR IR B B IS Y A7 RS JC-1 SR > 3 BIMERDDE ~ &R MHmEDE
2R o JC-1 Hepi T LU BIEH B A 72 2 (AL GRAG 40T © E 38t - ARG
fir =880\ » Z4HREE T AYRTIK(Brand & Nicholls, 2011)  @1lE] » &R MER R ERAY A A 7 4R 2
B &R G CE B i A B 1 B P R R =

— ~ EEBSEARY gPCR FIRE Y H R AE LRI E

FeRTBIRSGIREE (A RATT T - SHRET 2 00 72 BRI A N ARG IREE (L 25 by
(eBRHSIRBE (LA > B2 PraG AR o 7 38 AR BINRSIIREEA L - Hoop - TR EREY 77 165k
5k A - (KLF2, KLF4) ~ AFHEThEEAY R+ (Sirtuin-1) ~ #§ (eNOS, NOX4) ~ #FRH T

(ICAM-1, VCAM-1) Zf o Fk{FJLL qPCR FfaEMIAIAEA mRNA & - s plfEEAAN LT &
TRz AR RN - ERdir SR B2 G e Ay TEE -

KLF2 Ry#gkR+ » aTPEmI4HREGT R (cellular barrier ) HYLIRE » M85 FL & 2 48 R N+

(inflammatory cytokine ) interleukin-1 8 7]
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KLF4 F1 KLF2 FylRl—RIGRAVE SRR T » HEZ SRPEE N s RO R B R - SR2EnyAH
BALHRE EIFE - M SJEEM: (vasoreactivity ) ~ M/EFYZEIEME (permeability) ~ Sz 4l AL
B _LAIMTE (immune cell adhesion ) DA IMF2 (thrombosis) e

B E R BB - DF BRRE 48 /NIF 1% KLF2 HUARZRIAAEE UF T - [Rh > ForiH
s DF 58P sz AR s e AT > #U0fk] KLE2 A1 KLF4 235 -

Sirtuin-1 77548 5 1 & A8 5 B 173+ (41 eNOS) » {REE MM (Man, Li, & Xia, 2019) © &[5 1k
P Sz 4HAf % (endothelial senescence) ~ (& #Ef1E7#1“F (endothelial angiogenesis) ~ HFRCHEA KZHY
I ’&#&5t (endothelium-dependent vasodilation)SEHIHER4MAE (foam cel )R - #i G ME 5% 3% -
(Kubo, Rector, Bank, Williams, & Heifetz, 1991)

HEHIREUR > DF FRRE 48 /NFf 1% Sirtuin-1 I N - RILFAPIHEER DF G mE iR
oA EHEINAERY Sirtuin-1

NOS3(eNOS) B—& L E SR - FEiEmEak NO ~ {lf] O2-1V& R > 4R BB IEE - H
G —E AL S T 4ERR N P ARETAE ~ SRER I E B9k (vascular tone) ~ H IIEBRESMT M4 (leukocyte
adhesion) ~ 3RS A= BT /N Y R EE (platelet ageregation) » #E T 0 e BHHR S5 A R b B (e 28

& ° (Durand & Gutterman, 2013) (Forstermann, 2010)

BAFIY B ER BB - DF BB 48 /N2 NOS3 B T % - R MR DF SHIHFEE
P 7 4R frEY NOS3

NOS3

expression

T
UF48hr DF48hr

NOX4 ###7 B NADPH &/ LEGAVE S oxygen sensor * 0] DL M it 88 L HYER ST »
RIEEHEHIAE 555 [REAHREEE SR B9 DE /EF T > N 4R b N ER3H & o (Schurmann et al., 2015)
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CTGF X #5ff Fy CCN2 » Fyéd%iaH 4% 4= R T-(connective tissue growth factor) » CYGF FEFHE
BN SRR AR BN & B 4 (angiogenesis) B3 A B AT A H. in vitro Bf > CTGF HYzE £ Hi5k

PR 22 B8 P Kz 4 BB 7 (proliferation) F138 A% (migration) © (Brigstock, 2002)
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AHTFEEEIHE cone flow device AV 1] LAFEE HAEC 3 pro-atherogenesis HY
BRI - & N R AR Z B AR BRI (LAY U R A~ A - N 24BN Y E (B (ROS)
FER G > A& {LIefmiz (prothrombotic) Mfe#Es% (proinflammatory ) FYEHEREAE » (E4H
HEAHIBEE ~ EEE AL E B S E AL - #ETTEEUA 24l LEH (endothelial dysfunction) ° &
B ANROSEALER TN > — R IL R E A BB E LGS & - — 71 DB — R LRSS

—EILEARSH N AR PREERCR - 3G A A AV S LB T © 55— 5 » RS fERY
AR (peroxynitrite ) RHEIREE —FALE & RER (eNOS) BRERH - L LTI8E < IERHEROS
SACBR Az - AR -

KEhdh > S8 08I sirtuin-1 1 eNOSTE DF #HFRERAK > KFE—AILE
FEDF&H tP 2B S 5 i AROSE(BERJTHYTXNDCS #1 NOX4 R E#m @ fUKDF
ZHAA N HIYROSEA LB TR - BEpsE AT & am - B MIAHE N UFREE - DR A 2 4HAE
FH#IA endothelial dysfunction YRR  ARAATEE AT DUFE HHEHIPY Sz 4HRE N Y — EA B F RS -
RE—LEEERHHAEAN—S(L R L -

VCAM-1 1 ICAM-1 2 RZ4HAERE ERY o>+ m] DAk st e i LA RES R E s - s
TP AR P9 Rz 4R (attachment ) B8 A (invasion) ; KLFARIRESOREN Kz 4B
W R R AHRERLHT o 25 =18 53 FHlendothelial dysfunction JHIR1&EEINRGRETIRIZECARE -
IEE A PASE Fspro-atherogenic effects HUFEHE © EERTVCAM-1 M1 ICAM-1{EDFAH AR B =
KLFAfEDFH IR B UK - #n] DS 2 4R 2B 2 M HER. pro-atherogenic effects ©

SRS o N Rz AR AR R A A BB BRI - DRI B2 F At e 22 Y R RT3 A Rz 4T

HIRE R EHA MRS ET) - HIF REZ BTSRRI HEMERE - A FEdEA
Mgl 2Ry E L 5 1 KLE2 A2 IE0R AERERY S ST T S b - S SRS A R 22 - DA
B a0 (uptake) © BEFT HIF1-a 1F DF 4H#EFR B - 1 KLF2 4F DF 4H%
HERE - FFETREmTERA - BRI o] 38 IR A Ry AR R B i ORI -

b 7EEE A LU AR AR SR RS HERS A BB R B AV IS A Sz 4Rt m] DUE B (U EE4H -
{[EAHAE A PSR RS AR - 281 - SRR HVAIHE A EIPIRRCRE{R
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ARt > FRIR B - (BRI LAY B R B R 5 =R & CTGF~HIF1-a ~ICAM-1-VCAM-
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