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(fibrosis) % Qﬂﬂ(wkﬁwﬁwmgh?ﬂﬂE?ﬁ%%@oﬁAﬂ4:mq st P52 Al 3
T Fols FEstnE ol& I A FFHEo] AatA FUletHA ARgRE ojold 4 glow, HEg 4
G FFol Ag&HE o8y A 59 ?%9401 AslE o] ARA FA7F vERd 5= Qo).

oo glojA, dismat PAF] Ak e oF GgFS 9¢ vhol et FHAES MEZET ol B
A 2 . fFARE AS §SAoR gtk A7) fiAEe] ARE 7] & 13 2o, 7] vtelevwtA
AR5 2tz W71 Uniprot (https://www.uniprot.org/) IDOl s%¥ FEHLHE AES XIS F o

Z 1
Gene Description Uniprot_ID
OPA-1 Dynamin—like 120 kDa protein, mitochondrial 060313
TOM20 Mitochondrial import receptor subunit TOM20|Q15388
homolog
DRP1 Dynamin-1-1like protein 000429
SOD2 Superoxide dismutase [Mn], mitochondrial P04179
SQOR Sulfide:quinone oxidoreductase, mitochondrial Q9Y6NS
OXSR1 Serine/threonine-protein kinase OSR1 095747
SPARC SPARC P09486
DNMT1 DNA (cytosine-5)-methyltransferase 1 P26358
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[0070]
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SYNPO Synaptopodin Q8N3V7

SYNPO Isoform 2 of Synaptopodin Q8N3V7-2

PFDN1 Prefoldin subunit 1 060925

MXRA7 Isoform 2 of Matrix-remodeling-associated protein|P84157-2

7

PYCR1 Pyrroline-5-carboxylate reductase 1, mitochondrial |P32322
E gk glojA, A7) Y EE oI oE W EE olo HHATHHS IAXNZRE g AEEHZ
NEAA MEZELele] £F Ei 715S S4] dxTd vuss vAS 9 TFE + Aok dolrt,
7] A e % S WY B ol ARATHHES AV mEZEFeLY FE EE 7lwo] gz v
Aadel g A A7 NAAS UENRY AHF Wy A5 (19)0] B Ao BUsAY; gEuw
o gRFoR WAL R/EE dEURT A3 oF/h R AR #yT F Uk

2 o] Qlojx,  “HlEFZEgo} (mitochondria)” & HAAEAA AHAE AFESle] Ao ZQgk oyX]
(Z, ATP)ES A48t o157 (double membrane)®] A EA7|Tolth, wEZE=gol= 4k3lA 24aks)l, A|EEAL
3|25 T3 ATPE A=A Yol= Asdd, NEF7] 24, 23, AZAE, AZAAY 5& 243t 3
2 g4EA ook, & IHe glojA], WEZEFHo Ve AMRAESE, ATP APE(F), AZEH &F
(coupling efficiency) S22 H{71a o= v}, nEZCgold 7% T 5% A e I &
Aol gk, dAW, AAZE AEEA 7] (Seahorse analyzer)E o]&3) mEZE=gole] ALARE UARME

=
52 44 342 5+ A

B odbgo] glejA, ‘e’ & EX AW wi= Ao didk At (subject)d A (susceptibility)g #A
St A, Uil B4 AW e A3S dA 7R AEA ARE #gske A, BF A e dE 2™
A ol & (prognosis)E A= A, = HHHEZ A (therametrics) (AW, X8 a5 U3t ARE
A&tz Ykl A2 AEHE BUHHSE A)E Eosit

2 Ao dojA, ‘o7 = W HA, Jd, A= AF A%, &, AL, 2 oE Uy Tl B A5
< ulEle AeR, AW WA= Gud Hrhg "weth. &, o d AF (d7d, 37 AE UM, FHEA
E& )l Uig oS onletH, A dF (FAA dF) e 5444 dF (FAHF A& xSk,
7] S84 A% AL, 4 o8t (49 A5, TE A, Hol ), oF AYA T W 1Y e XA
(mortality)& XF3ta, FAA oF= AWo| gl FHl 5o AW %, HWe M == kA3t
(stabilization)& 2Zgretth. wpghAsiAl=, & I glojx “o|F” = disHady Ja5 A, 55,
23 (progression), AW, T2 AE (disease—free survival), tiE®zute] WA (degeneration) A=,
9 S A oF 58 TEHeR ndstd ddd 5 ok Aded vk o], “diswdute] WA” 2
sHAte] 5, A3t 4/xe A3sE 230

2 oA ARRE g0, “dF7 & FH FAFe diste] ulg oty MASE AE ovshe, 2+ WH 9
A deHad FaRFzor Fuwre 3zt wWe] Ay (W] Y, A, A, 53, o A 5)E
vy FAste S ou|gtt

° e} = S
A FEE AExEd £ Ao, g% ARSI, A7 ASEE AEe B9EAE (Cardiac valve

A7) AESHH AgE AE e A AFESEY] Aol AAHE = duk. dE E9], & 3}F(homogenization),
A7, T/, F=, 5, Wil 4 B, Aok HIF 5& 2FE S Advk. AV AlEE 9HAE v
42 fAEE FRIIEE E#HlE = ded, dE B FAERH F5I AlRE S0l uE
aEvEaY, M3E F2vtEady, g7 wiAd Z2rtE 283 (size exclusion chromatography), <A
aAzRutEaHY, A%FE(sequential extraction) v A HAV|9F 59 HHS o835t AAHE F AUr).

gl glefM “tiE (control)” 2 ARICRNE el AEsh AR 5 v, v sAl=, A
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7] ARl dis#Had JaAF A5 F 4X" 3, oddd AN AGES oA w2 AXE EFeTh. Ed
2 wge] dojA “aHA” & Are XIS IHFY o dod, geauet 435S AU 4 o=
oAl g = ALY 4 A

B oo ALgE 8o, “FAH” & EH3e EF (E wgol 9 0PA-1, TOM20, DRP1, SOD2, SQOR,
OXSR1, SPARC, DNMT1, SYNPO, PFDN1, MXRA7, 2/ PY(R1)9] &A] (4d) 52 =4 9 FQ3le= 7, k=
EXsle BAo &4 #20%d £9)9 ¥gE 54 9 E;ee RS BT Xdgste 9rlelt. F, A ®
Azl W £FES SHSE AL BE AR5 FAsE A (F, ¥d FFE SHE= 3, BE A7 1A
25E 2dE oRNA 2/ dlde] JFd 0 &F wst S SAske S gusth. Y] S-S A4 Ed
U (EA) Y A9l e 25 Xdsle] Ag glo] aE 4 9tl. mRNA v @lE 3] A 9l
A 4R R A Y FRE dEAd & 48 o, B wAAdA Tes AFHEC] oo x
sttt ZF W HE A4 mRNA e wE $F ova A gdAlel 2 e A k. wEkd g 53
mRNA 2/%+= gz HES B ddge] wE 1139 dEeE9ay A5 vlojevtA FHAERE ZdE mRNA
92/5E dilde] &4 R HE B 7] oRNA 2/ o BEEke] St (4 2d) Be A (6
g 2 )E sl A4S 8= oy

2 WA AREE 8o, “B47 & ndAsAE ‘547 & griste Y § da, 7] AR &
Aol B4 &4 ofFE 34 2 ste AL 9vjste AY F Jdon, 7] AEFRALe 585 B9
EA (B ) BE 49 HIE 54 9 A5t S 9vEte AU § drh. B dye 4
 5AL A4A Uy AEAd HHE BT Eddste A §lo] FAE ¢ low, uEAEAE A
ol ZHo] FYPFH= AY & AT

2 "HAAM oA, “FFol FUE AT & AL, AEHA ¥ Aol HEH A, BT AAAd TR
g Aoz HEHo] ZolxE= AL oudit}. o]o] Wb folo ou)E= Azt ] Ao F3ho,
o) ojuE kA= Ao R old 7bEsitt.

o & o], £Fo] “T7F FHof vk AL, AP o] R a3lel Hlwete Hojk 1%, 2%, 3%,

4%, 5%, 10% = 1 o, d& &, 5%, 10%, 20%, 30%, 40%, F+= 50%, 60%, 70%, 80%, 90% L= 1 o]

Fo, 2/%= 050, 1.18), 1.280, 1.49), 1.69), 1.8¥] He I o] ¥ ZE ouiditl. FAHozE, o
Z79] A Hls] 1 A 1.58), 1.5 WA 28f, 2 WA] 2.58), 2.5 WA 38, 3 WA 3.58], 3.5 WA 48,
4 WA 4.58], 4.5 WA 58, 5 WA 5.58, 5.5 WA 68, 6 WA 6.59, 6.5 WA 78, 7 WA 7.58), 7.5
WA gul, 8 WA 8.59, 8.5 WA 9ul, 9 WA 9.59), 9.5 WA 10W), HE= 108 o FUHE RS oW E
RO}, old FAPHA e

Wgof Qlojx "l e 2" B8, ELISA, WARAHEY , =
A (Ouchterlony immunodiffusion), ZAE WS 795 (Rocket immunoelectrophoresis), WA, #
=

A Ay, BA a1 S, 24 (Mass spectrometry), FACS, B/He @uidy Fof Wyos

A

N, OPAA WY gy, oAz W
S

o 18 Lo i

2 o] gleJA mRNA 4= PCR, RNase H3o #49, =W ESt® (northern blotting), AW S%E
(southern blotting), In situ ¥, DNA 3, Z/mEE= RNA 3 59 Wy o= =A% 5 9t}

T

nd

s ® o

°r, =

ol

e &) aAg Egshs, uEsAun §AF A8 Bhe 2399 PEe ATUh

F

(S1) viedet J25 SxzFy 2ed A= AlRd Adeds Adshes A

(82) 471 AFgELDS Ags A5 AEsA &2 tlxat A=A O0PA-1, TOM20, DRPI, SOD2, SQOR, OXSRI,
SPARC, DNMT1, SYNPO, PFDN1, MXRA7, 2 PYCRIZ o©]F-o]%

2= [e] = =] .
WY 52 FHte WA 2

(83) Wz A= W) OPA-1, TOM20, DRP1, SOD2, = SQORS] mRNA T wmlAd 23S Z7kA)7) AL
W= OXSR1, SPARC, DNMTI, SYNPO, PFDNI1, MXRA7, B+ PYCRI®] mRNA T: vzl =25 7F A7)
sy aF A5 242 Adste 9.

2ol slojd AFEA” & A AR e mEZE} i R/EE UAEE dd dnEdEe]
= WA 24 Aol dFE VA=A AR5 HA] flste] el ol &H = vXe] 2l gy
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A7 AFEZL siRNA(small interference RNA), shRNA(short hairpin RNA), miRNA(microRNA), XA
(ribozyme), DNAzyme, PNA(peptide nucleic acids), CSHEAlA S@uwgEdeElel=, AMxF ZZFAv=
(recombinant plasmid), W=$iAH(nanoparticle), ©W 2 EjaFelel=, A, Yt , HAFEE £ 3}
StEAS Xy, old dAFHE AL oyt AV 238 WUHS AdFsHEA AEHE &

)
e APEAL Aesh 2 A8 & gor, ol #guE e ok,

=
Dol AEE s ol FARe mRMA Ei WA £EE SAsE AAE FEAPOR X

el oA, A7 2EES MEZEL] $£E i Ve A% AAE o 23T 5 gloy, o
of FHEA W=

371 F=o] mRNA9] s A A ARl Aol mRNAS] & SASks AlAlE nRNAC) SolHe A
Fobe zepoln] AE Ha= Z2ddd 5 gtk 7] 2k A5 Y] SolHQl xEeln] AlE i 2
RHE ¥oshs ¥ w@We 2AES IXE RNAE Asks Wl dad AAE SR 29E oA &
Bge] 2SS olgstel TAE RNAE AAshs W& ARglol AREFdo = JH A & el wE v
olemA =] mNAS TS SAT 3l

“3z = Ao
_— T - T
(tenplate)?t @714 4T & A3 73 /19 BAE 98 A2 A9o 753
al =
K3

=
A}, Tepolvs AAT BEEY L LwolA

m
- H =
golgh 47HA EA s ELEado e EAGM DNA G AT F Aok
B AN A Fof, “ZEu’ ¢ mRNASH Sold AW o & A= AL F 97 WA AL &
Hwy o
L =

71ell a8l RNA B DNA 5o 4 TR & ofmste A (labelling)® o] 91X 54 mRNAS] &A]
T2 geldt ¢ gttt ZrHE 2Eu FEYQHE ZEH | ) DNA(single stranded DNA) ZEH | o]Z3
DNA(double stranded DNA) Z = 59 FHE AL 4 . H9ek Z2Ho My 9 £43}
2712 Al FAE AL 7]

7] fZefelm” i ERHT = IAFOMTO|E (phosphoramidite) IAAAA FAdHe 7B e
SAE WUES o] gste] Ao r AT £ o, BE VA sUtES EFTT. B Eojoln He X
EH = oRNASHe] E48HE WelekA S WA Fel Ve okl sl Wl whel vk MEAAd

th.ooled Wy de= 2 =

5
L AD FEALEE st o)y BEAZ A# @ el
974 e AZA (e WY ZATdelE, TA¥Eeldane,
) hvA [}

el wd, dE 59 3 *
HEledelE ),

my M
i_r“
o
bl
[

bl
fr
huj
to
2
o,
Jm

l_,,

[y -
bl
i

W) 2] WMol £Ee ZRSY] AT A Aol A $Ee sk AL 7] Gl 5
oAl A EE A 5 et

B ogANAA AEE o, “FAT & FAY 9ol AN ANHEE Bl amd Ba4g oua. ¥
we] BAY, FAE v wudel disl Soldom At FAE ovist, tEFE WA, B2E A
9 AZY PAT BF EFR. B¢ F9-3A0 2GS 2E RolW A FA 9% B odyge) Fa)
g, B o0y wude] Soldon Ages RE $H) WIREW A7 XFET. dF S0 27
QA Aol A % 27lel AAl Aolo FAS 2t SAT Fee) FAW ol G BA A v,
= @9 A 71%S 2 Fab, Flab'), F(ab)2 9 Fv 5& @t Yol & wwe] @Aol: ¥ wy o
el Boldow AW + At Aol sk A, A A 5o 55 PAsh A% FAE £
oh.

WA ALE §ol, “ee (aptamer)” = AR S AEeu b BABAN SolHow AGY
Foglt BAR 1 AAE AR A TEE ML B b SON, RV, B WY e ovlsh
Aoz, Holdom A vo] HA4 wuds £AE HA% 5 vk Pevie] Axs AuHA Yerie Az
Wl wet, #elstad s E4 wudel el AEHelw we AWHS AAE Leluwdderse A
Qe A4sel 4T ¥, LelnrIALHEe 5 dvol} 31 Ak qekul A Wl AR & UE
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=, -SH, -COOH, -OH i NI, W@ APo@H olFold & glont, ol AgA) .

oy M 242 AR GNde pHat ded Bad AAE FhHom ¥R 4 gon, B x4
B2 olgsle] B4 WMAL FASE YU Aslol Agatel VA (L wHelAE AAARY 5
B AR Aol wude Wi ES 24 5 Atk

ool glojA], “Z1E (kit)” & 53] 24 e AX Alm U 2o = 0PA-1, TOM20, DRPI, SOD2,
SQOR, OXSR1, SPARC, DNMTI, SYNPO PEDN1, MXRA7, R/XE+ PYCRIS] mRNA &= o] kS SA43le] tlsd
B GHFE AAAY AFE ST 5 A AAS S dguis], vy Bed 4Rey Anz
e ] SRS WEBE S 4 Wb Jed Agel goh med, & wyel AEds E4 g
A% PR A4ske WA EE RUE PHAZ A4sE Sebeln AR, o o #4 e A%
@ W TR = 7 oolgel e T4 Y 2AE, 89 mE 447 E9E 4 A, 4B Su, B g
WE JEE B odge] nhE volert WElSs mRE B, FA-REE AFL WEN/] A Hh L
JEE R NS A A1, A7 89, dET AR $& EF 5 glont, oo AwuA v

o

N8

ool 9loj “Auud (Spermidine)” & BH{E SolA LAEE AWSE Zejouiow Alghe] Ao
= =13

of| A
J8- HAEAT. AL EA A E FEAA (putrescine), 2=HW (spermine) o] =7rdAe] E2¢ld, ofvl~]
S o9 A xFgstn Yo FHEE JHRER, SHEE wE DNAY AEY T3 gkgste] olES

[e]
EgEA 1AL, Rl F& FE3 FEHE AFst ME 2EHAE A, mg, Awde S0D
(Superoxide dismutase)®} CATS] EA3E Fd nEZ=glol o XA B34S MAAA nEZS
7S ZsAZ *’F e MEZEFol GASAE Vet g A Y2 SIRTI B PGC-1a 9] 2o dE7
& AN OEA PGC-1a 9 HEFZE= ol Y F9& FEstaL, ol& &3 vEZ=gote] Ay
d

=5 ,

H guA s ‘f'a‘iﬂ_% Z33te] nEZEgol FAS SANIE HoR dEA drh. B g wpE Anv
2 37] gteha] 12 BAE 4 9o, old dAHHE A2 ofr,

[3}3h2] 1]

B o) me ofshd 2AES AV ZAES SR oFold wolx Mud sh} olie] EHL wED 4
otk (a) WU MAE AAT: (b) B HFAE AT L (o) BAAAALY TAZAE JAF
s, A7) Bk o) o)

(Alkaline phosphatase), Osteocalcium, RUNX2, COL1Al, Fibronectin 1,
E 1 AE st ool whulde] WA i #49 oAE 4 Ak, whEAs
B, R oue] e ofshy 2YBe U AATA 4] wudEe Bd mE A4S A 5 o

B odbmol 9lojA | ALP (Alkaline phosphatase), Osteocalcium, RUNX2, % COLIA1S et A13]3}e] Hlo] omlH
24, o] Id ke A S0l 255 A9 A3t 22 o doWsSs onjsth. makA, 2
Hiyo] W okeld zAEL rlEulgiul A3 o484 2AEZ saew 4 9o}

of

| 20©]A, Fibronectin 1, MMP2, = MMP9E= 9 47319 ulolowmpARA, o592 Iy = 34
T2 B AFIU 22 FToE doHes ordtt. mEbA, B dyel wmE ofshd g5 U
PR
j=auin

A 2d=w &89 5 .

JRJ

Hlg nEIZ=gol 3 &
= 5_—‘:—, 2 Adrge] w2 ofshz
gt HxE 32, T ALP (Alkaline phosphatase), Osteocalcium, RUNX2,
COL1A1, Fibronectin 1, MMP2, @ MMP9ZE o]Fo]x oA AEw s} o]ge] Edwo] (Td e Ao &
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A28l 5% (Western blot)
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S giedaet 9 oejE ey dAEE duAd R g oAt £3Fg IX RIPA §Ho= 73}
(homogemzatlon)éﬂ' T, SdES SDS-PAGE Aol Zd(loading)@dtt. ®2jd wlde PYDF o] E@Ay
(transfer) stQ1om, o]l PYDF 2hS AheollA 5% BSARE 1A]7F B¢k B8, E
2o 13k A 9 23k A o L%’rﬂﬂ ojMate] whuld FFES SAHIY. B Aol AMSE 13 I ARE v
53 7t &-0PA-1 A (CST-67589, Cell signaling), F-TOM20 A (CST-42406, Cell signaling), &-
DRP1 & (CST-8570, Cell signaling), &5 1:10009] ®]& = A}g-3t.

WY ZZ 338 (Immunohistochemistry) &A%

%2 1A (fixation) @ FIAEL A~ A7 (sucrose skinking) 94 & 3] Ax3 T2 %3 E=2 (bloc
k)2 wlo]I2E (microtome)S o] &3 8 um FAR A, dod 79.% 0.025% Triton X-100& ¢
3k TBSE AMAHstg i, E2Z7 €9 (blocking solution) (Dako, X0909)0.& A-2o]x 30&7F <FH|olA

(incubation) &Fth. 3319 Mz WA F, 4TolA Al A A %—SQOR—UC}ZJ] (PA5-53549, Invitrogen,
1:100 3]4), -0XSR1-&A (A301-579A, Invitrogen, 1:100 84]), &-SPARC-&A| (33-5500, Invitrogen,
1:1000 2]4]), -DNMT1-3A (MA5-32547, Invitrogen, 1:100 2]41), &-SYNPO-3A] (ab259976, abcam, 1:50
5]41), &-PFDN1-3A] (11033-2-AP, Proteintech, 1:100 3$]4}), a-PYCR1-& 4] (PA5-89175, Invitrogen,
1:500 3]4), &-S0D2-&-A] (CST-13141, CST, 1:20 3]4), &-MXRA7-3FA] (PA5-60840, Invitrogen, 1:200
I E 37 &Efolud AHEson, TAl 24 ERFOE TBSE AHsgit. 2 T MxHdoez & 5
A 23] gt &, A HEAH o= (peroxidase) A S A7 (quenching)d}7] el Aol A 1087 ¥
Algle]z BE27] oA AfHo]Astgitt. 238]9] MFH - A4 30%37F 2% A (Dako REAL Envision
detection system, Dako, K5077)E A atct. olojx A &N AN, FZAS DAB+ AEEA
(chromogen) 2 712 &9 (substrate buffer) (Dako, K5077) &3 &o|A 10% FoF cFH|o]Ast . o]
A HEES FHA717] Y8 =4S Bl g, SvEAY (hematoxylin) 2 28IF AASATE, 2 &, 24
S g 2 59 B34S 53 vleY (mounting) e F dAv]F o2 FzET).

gz B4
(1) g99d =& 9 peptide A=

ZzHogzHY E® ZF theuF 7FAME (aortic valve interstitial cells, AVICs)+: 5% Sodium Dodecyl
Sulfate, 50mM Triethy Ammonium Bicarbonate (pH 8.5) W3 100ul® lysisE $33}al 20% sonificatione 1
w3 T8 F 80 TollA 53t 7hdste] @dS FE8kqlh. 1,500 rpme2 AAEe]ste] S st
|& Bicinchoninic acid (BCA) assayE Fdste] o d H=Zs FIATE. F 300g o ANFEHE 2 AR
1 ZF 10 mMo] H=F 1,4-YELEHo|E (1,4-Dithiothreitol)& #H7}sta 95 CTolA 108 <k vE-gA
o|gstAS AT, 1 5, &ZstE flal 20 mMe] H=F ofo] e LopAEctH = (jodoacetamide)E
Fatel kzzastel]l AolA] 308 Sk WHSAIZIAL, 6uge EYA/EolaN EFER 37 ColA 18A1HE

B k. AEY=E &5l Z= E= (CentriVap Cold Traps, LABCONCO) o2 574 AZsta AFE3 wj7}x
-80 CellAl Bytapgivt. A FZntE 2g-tiy A B2 (LCNS/NS) &4 o Azd HeH= A5S
M3 A (0.1 % formic acid in HPLC water)® Folil & HEHE= FEE UV/Vis % Z%A4 (NanoDrop One,
Thermo Fisher Scientific)@ &3 =E AT, 37 280 nm, MZ +8 34°] "1 Abs = 1 mg/mL"2 A

= At

]

ol

N

-{Enk‘:ﬁ%

_rflm

(2) LC-MS &4

iRT-Kit (Biognosys AG, Schlieren, Switzerland)olA A|&3sl= iRT E5< 1/10 FyE MZd| Fr1ete] I3
A XF (Fa=F: https://pubmed.ncbi.nlm.nih.gov/22577012/) we} HF-E A|7He BAsAT. 2+ A
Zo] FF}E 40pgol® 40ulel Haiskirt. FU® 4 ple MELS oS LC-MS/MS AA3 A SCIEX
TripleTOF 5600+ Al A& BEX7]E AlEste] BE4=59t. LC #3842 98] nanolC 425 (Eksigent,
Dublin, CA, USA)E Eksigent mlo]a = E3 C18Z4% (ChromXP CI8CL, 5 um, 120 A)3} #A ZAHOZA
Eksigent A& (C18-CL, 0.3 x 150 mm, ¥#F 271 3 um, 7]1F 27| 120 A)S 7 249 %71 40 TE #XA
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HEE SRGith HES ¥F AS AREEte] 10ul/ming fFEHom EF ZAgle] mEsglth. 108 §, JHE= &
&L Wy A9 W B (0.1 % formic acid in HPLC acetonitrile)% ARgste] 57 el o]l Spl/Eo R f+
FoR LS e ZelE AT v¥ BE 8% FF 3-25% WS, S e/t 25-32% WA sk, 2
W Bk 32-80% WASFAL, 3% FoF, 80%E A8k, 3% F<ek 80-3% WAS AL, 8% FF 39 AT, I
HAEY 4% 2

2~#HAE- (SWATH) B9 &3} 3 -l e E Ak, SWATH w7l W45 vk 2ol AFEA: Lower m/z
limit 400; m/z A&4 1250; 9%9 o¥# (Da) 1.0; CESE #ZHe Fol tisf 5, & Fo] dia) 8, 7PF & %
of tal 10. NS2 ~FERLS uE REGA 2.5ms F<F 100-1500m/z WA FHHOH F Alo]F A7he
2.8&28k. T NS FebrEHE v Zo] AAEUT: o] &2 7k~ 1 (GS1) 15 psi; o] &2 TR 2
(GS2) 20 psi; AE 7k (CUR) 30 psi; =% (TEM) 250 ° C; o] 2=Xgo] At H-5 (ISVF) 5500V.

%
E A% 24 29 SCIEX 7)% =B uhet 10079 7P 3 Abgste] RE o227 A
A
3

HAE =R Axd ARES LCNSE 43 sl 24 b Batch® biass FHA3slet7] fl8 #2912 Eitet
S %ﬂ@oi SWATH LC-MS EA4S& F3sle] 2A#HANEZH (spectrum) AHES 53, g 23 A=Y
(spectrum) &< DIA-NN software (https://github.com/vdemichev/DiaNN)®} Pan-human proteome libraryg ©]
&3t Xé"éz—iii A A s

(3) 9% Ax}=XE DEPs (Differentially expressed proteins) A&

OsHad 2E $xbel dizate] w2y ApEA dd gidE (DEPs)S AdEstr] 98 EE dlolHe
AL W] AL H (2 EFHUERH) EE FAE (AHESS W8 interquartile range, IQR)O.E
Uetlom, My wWge A FE (92 YERYE. A% WS disiA e Student -4 X Mann-
Whitney U AA SR, WFd |wgeh. 2

Froll el = Fhol-A L= Fisher 48 AAS 53] doHE u
AHEAL (ANOVA) E Flol-Aly AAES 0. 2e A4 43534 (two-
05 "Rk 7AS EAtH o2 {Fon|g Fow ﬂ%‘iﬂu}. BE BA B4
Social Sc1ences version 22.09] Statistical Package® @ 4=3 &It} (IBM Corp.). DEPEL q value”} 0.0
Sto]W A Log2 ratioZ} -1.0 ©]8} H& 1.0 o]3 HFE ®iSste gildE=R Htﬂo}o o, 71EA AdRAdE
2438171 #@l  Gene Ontology (GO) ¥241&  DEPs¢ Uniprot accession nuberm®  ShinyGO
(http://bioinformatics.sdstate.edu/go/, version 0.741)& ©]-&3}o] biological process, cellular
compartment 2 molecular function 37}A] G oA p value®] 0.05 ©]3}+= WHE3}= ontologyS A B35,

Seahorse #49

neZcgol AX 55 437 $alA Seahorse XF24 Analyzers (Agilent)E o] &3}3th. o= 93l XF
Cell Mito Stress Test Kit (103015-100, Agilent) ™ XF FluxPacks mini (100867-100, Agilent) 7|EE A}&
o] AgS Ao, FAH AY wHe gon 2ok gEweu 718 AEE A9 4 x 10 cells
T2 37 T CO, incubatorollA 24A17F wjFalA ). thSd Sensor Cartridge Portsell 2 pM oligomycin, 1 uM
FCCP, 0.5 uM Rotenone & antimycin A& A ativk. o] wf el ¥t cell plateE 37 C Non—C0,

incubatorell 1A17F wjekatct. FH]7F 248 3 Seahorse XF24 Analyzers 7)Aol Sensor Cartridge plate®
231 Calibration &}%t}. Calibaration®] £% F-o Non-CO, incubation ¢! cell plateE 7|Alel] ¥il vE

Fegol NE 558 AT, E241-& WAVE software (Seahorse Biosciences)E AF&3F3T).

MitoTracker A

AE W mEZ=golrt v e wet HA
(Invitrogen, M7512)% ¥##ste] vl a3
elobg Muwstch. WA WURAAEE AP 8x10° cells 2 20 mn dishol 37 Fob wFAT}, g 1
mM MitoTracker stock solutiong #F -&X7} 500 nM7} ¥ X5 serum free media® A 3}e] Aze Ak
S 30+%7F 37 ColA incubation 3} TE. 304 $Fof, serum free mediags ©]&3}o] AEZE washing 3F3ItE. ©]
MEE A3 {84 3.7% formaldehyde (complete growth medium)E A E]8}al 15383F 37 TCollA

rr
}L
[o

S A g3 A5 Mitolracker Red CMXRos
Zpeb izl Aol Fxte] FubbA M x| nEFE=

rlet

2 o
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incubation 3} t}. 15% o PBS® A ¥ZE 2~3W washing 3} tl. Washing & PBS& Mo 0.2% Triton X-
1002 ¥HE W3 E 1047 Mo Helste] permeabilization &ttt “12]al & S 93] DAPIE AlZe] 5
2t incubation 3F Fof 0.2% Triton X-100 in PBS 8N © =& washing 3}t}t. A= O. 2 mounting solution
2 A Eo) 3 F e "Hojmd Fo coverslipl® HojE T Ao 31F EeF FAt. Mounting solution
o] o} &2 F confocal microscopyE ©|-&3to] Alxe] FAzS HHF ).

5 E (& Y. dE ¥ disiAe Student -4 e
Mann-Whitney U AACZ, WFY Wyl disids 7hol-Al¥ % Fisher 38 #AAE T dHoly
Hageh, 753 kol B7hetr] 98l E4HEAl (ANOVA) 2 Flol-Als AAS F3drt. BE
4 (two-sided) 2 Fgom, P Fho] 0.05 PRkl B¢ FAHA o= Fofn|dh Aow 5. BE F
22 Social Sciences version 22.02] Statistical Package®.@ 4~3J3lt} (IBM Corp.).

EO
2
rlo
(o}
0,
B\
Mr ooy

CREN
AAd 1. BB 23 Ao wepAMEe] Tulg B

B GHE BAelA] HelHom Fie] WasE wuAe Helsty] fld dENwY FHF 84 2
BF AFL o4 we B4 (RERT)onRH BURAAEE Fusta, o] dMAS wa s
4 A= 7] % 20 wam. gEuRe G BAs vz wuAE FHHos vwsd 43, v
EZ=gol W giA RS #HEE FAAEe] B2 2 djxzagle] foug 2dE zolE Hole AL gl
. 7] Ade disHay ?}5373}% Ao HEZEolo] V5 @ A tAER A HAdH ] W
b Vet A8 Axbe
=z 2
Prot_ID First Prot_ID| Gene Description q;value(AS/ log2(AS/N)
N
P08729;Q14CN4;Q14CN4 |P08729 “KRT7 Keratin, type I1{0.031607 1.73046
-2;Q14CN4-3 cytoskeletal 7
095747 ;QOUEWS ; QOUEWS 095747 “OXSR1 Serine/threonine-protein 0.012105 1.6879
-2 kinase OSR1
P05783 P05783 “KRT18 Keratin, type 110.025705 1.61502
cytoskeletal 18
P05783;P08727 P05783 “KRT18 Keratin, type 110.021774 1.55803
cytoskeletal 18
P08729 P08729 “KRT7 Keratin, type 11{0.021428 1.55074
cytoskeletal 7
P26358;P26358-2 P26358 “DNMT1 DNA (cytosine=5)-|0.012105 1.43044
methyltransferase 1
060925 060925 "PFDN1 Prefoldin subunit 1 0.016647 1.33313
P20908;P20908-2 P20908 “COLSA1 Collagen alpha-1(V) chain ]0.013126 1.10566
P06454 ;P06454-2 P06454 “PTMA Prothymosin alpha 0.000843 1.09458
Q8N3V7-2 Q8N3V7-2 " SYNPO Isoform 2 of Synaptopodin |0.011167 1.05168
Q8N3V7;Q8N3V7-2 Q8N3V7 " SYNPO Synaptopodin 0.036379 1.04145
P09486 P09486 " SPARC SPARC 0.000719 1.03172
P84157-2 P84157-2 “MXRA7 Isoform 2 of Matrix—|0.019876 1.01852
remodel ing—associated
protein 7
P26022 P26022 “PTX3 Pentraxin-related protein|[0.000988 -1.94217
PTX3
P00352;P05091 P00352 “ALDH1A1 Retinal dehydrogenase 1 0.031607 -1.68892
QIUGT4 QIUGT4 ~SUSD2 Sushi domain—containing|0.007398 -1.61476
protein 2
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P04179 P04179 *SOD2 Superoxide dismutase [Mn],|0.012022 -1.59793
mitochondrial

P00325 P00325 “ADH1B All-trans-retinol 0.019876 -1.5674
dehydrogenase [NAD(+)]
ADH1B

P30838 P30838 “ALDH3A1 Aldehyde dehydrogenase, | 0.046584 -1.51866
dimeric NADP-preferring

P00325;P00326 P00325 “ADH1B All-trans-retinol 0.036554 -1.51548
dehydrogenase [NAD(+)]
ADH1B

P36269;P36269-3 P36269 *GGT5 Glutathione hydrolase 5/0.01265 -1.50446
proenzyme

P02545 P02545 " LMNA Prelamin-A/C 0.018014 -1.48076

095837 095837 “GNA14 Guanine nucleotide-binding|0.031607 -1.31863
protein subunit alpha-14

QOH8H3 Q9H8H3 “METTL7A Methyltransferase-1ike 0.01121 -1.3132
protein 7A

P30838;P51648;P51648 [P30838 “ALDH3A1 Aldehyde dehydrogenase,|0.036788 -1.25731

-2 dimeric NADP-preferring

QIYBN5 Q9Y6NS “SQOR Sulfide:quinone 0.003569 -1.24756
oxidoreductase,
mitochondrial

Q01628 Q01628 “IFITM3 Interferon-induced 0.002577 -1.2359
transmembrane protein 3

Q9Y2J2;Q9Y2J2-2 Q9Y2J2 “EPB41L3 Band 4.1-like protein 3 0.006341 -1.23581

000560;000560-2; 000560 * SDCBP Syntenin-1 0.028369 -1.22258

000560-3

P52895 P52895 “AKR1C2 Aldo—keto reductase family|0.018468 -1.1788
1 member C2

P50135 P50135 “HNMT Histamine N-{0.005316 -1.11981
methyltransferase

Q03169 Q03169 “TNFAIP2 Tumor necrosis factor|0.03826 -1.11018
alpha-induced protein 2

P43490 P43490 “NAMPT Nicotinamide 0.012105 -1.0925
phosphoribosyltransferase

014495 014495 “PLPP3 Phospholipid phosphatase 3 [0.003264 -1.07461

P50453 P50453 " SERPINB9 Serpin B9 0.02016 -1.06923

Q13228;Q13228-4 Q13228 " SELENBP1 Methanethiol oxidase 0.000719 -1.05752

P07585 P07585 “DCN Decorin 0.007725 -1.03946

Q16678 Q16678 “CYPI1B1 Cytochrome P450 1B1 0.009895 -1.0215

Q8WWM9 Q8WWM9 “CYGB Cytoglobin 0.03826 -1.01176

AAld 2, dEdwe a5 Ix v EEZS
-1, dEaue 335 gx vEEZS
15 53 vsaset g235 gxe] #FupgbaA
e Wyl sk AS
W37l ex B, g g2ks
SHEAELE Esen, nEZEol Ve Bl
I Ay, & lao] yEld mpe} ol
OCR) ] djzwtol
ATP A= @
el vl et g2 FapdlA folvskA
o H&HZ oA nEZ=gole] 7]5o] AstHE)

PR

] |
geletgonz disudd FaF Ao
32} (n=10) ¥ xT

Ha] gt 2= skxpe] whubzhE A Lo
rEZ=globe] oux] A g8 U

gol 7% A3 &

gt 715 #4

FoA mEFEgol B ool gAAR #AE oA f
2 AA R mEZ=gol 7)ol

(Ago12 B}, n=10)o25E 77
517] 98] Seahorse ¥A41& a3},

Ak~ AP]& (oxygen consumption rate,
Hastodch, w3, nEZ=go}

AZ% &8 (coupling efficiency) HA|
A% Aoz YEhYT (B 1b). A7) A7EL s
= A4S woF
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2-2. WY JIT A9 v EZEoL 9F T B4
ojojA, diEHuet JHT FAREH T AUDAALE o]&ste], dAR et JHT At
o] T wart 9leA gelsin

ofell, tiEHidet PHT A % dma (B Aol AhHRVE 474 AudAxs Eew
OPA-1, Tom20, % DRPQ] & &It o A3, & 29

of euader d#5 A wEZ=elol Wi OPA-1, Tom20, 3 DRPe] W@o
o2 veikt. 7] das vEIZEdo dmEse] et JHS Adhs 9

[e]

3. dEUwY Y23 DA BURAHEe] MET=H o} B

7] ANE E dEY B BHEF Bl vEZEete] J% % v BuASe] wdel A3y
DR, AAE REEELl Ge 0 slsel Wt AEA A5e] Aol dells Azl nEe

)
ol A% wEsT,

FAdon, fEsuws g2z DAk grsozny wuddArs Bod § A4 Y% o

i 4&1

h
o

Mitotracker  Red CMXRos (Invitrogen)E %3 Mitotracker 94 AgWHol wpg} ALE3sl] AE U9 mE
Zxgolo] B Hejd wep F29 dng #Es o] A mEFZEZolE
ety E A g durt Alxd e 2 FEoR —‘i—ﬁﬂ‘ﬂ AR, EH%“ e gzpe] A xR
Hluske] gl mEF ol gFo] AASHA we B9 ol mEFZEgolrt WS} (fragmentation)¥®
As AT ¢ ATk, A7) dde disuady @25 AAdA vEZ=ol] 7 2 7o) AstEo 3l

2-4. dEoaY FFF 29 23 | vEZ=Lo} viA 2 AP E viA TE

AA e 1914 )5y
)@ diulete] -9
A A Arpel 5
TAAOR, deHant F2F A 4 Xé%ﬂgi—‘?—ﬂ s de x2S g3
o Oiv] diseet J23F SRl A feojust wy WstE HQl nEZ=glol whA wheld SQOR, SOD2, OXSRI,
SPARC, DNMT1, SYNPO, PFDN1, MXRA7, 2 PYCR1 jjoﬂ ek FAE AR WA HAE st 4
= % 4a WA = 4io] YER

LT A FQl Jhedk vhel o], vl A A diesWay A oA ddo] st slem g9l
' SQOR (Sulfide:quinone oxidoreductase, mitochondrial) 2 SOD2 (Superoxide dismutase 2,

mitochondrial) WAL AA] gxbe] die® ot oAM= izt (G4 Fuhel vl ddoe] A3 7+
Hol e AS AT (& 4a 2 4h). "7HAR, A 245 3 desHay P25 Aol A 13
o] TVt & wMld R MWy OXSR1 (Serine/threonine-protein kinase), SPARC (Secreted Protein Acidic and
Rich in Cysteine), DNMT1 (DNA (cytosine-5)-methyltransferase 1), SYNPO (Synaptopodin), PFDN1
(Prefoldin subunit 1), PYCR1 (Pyrroline-5-carboxylate reductase 1) T2, =2 MXRA7 (Matrix-
remodeling-associated protein 7) ©@¥lA-e tizxto] Hl&f dismaut P25 3apo] wup Ao o] F
OHA =& AR YEIRTE (X 4b WA 4g, ¥ X 4i).

et b

47 Asge wud BAS o gEdun gAF-Solqor /b wi gadts sz Add neEs
of @Al AA B4 EANAE FUAF 4L AW, med 3] vEZSor gudEe] YE
oA Aug 9@ volorAR B89 S 98 welEt),

AAd 3. MEZEZ} 7T BAFA dEHay FFF A5 a7 &

Arel 18 28 o ENWT GHT DA vEZEole] V)5 @ FEo] FolHoz gasel g

o

_21_



[0189]

[0190]

[0191]

[0193]

[0194]

[0195]

[0197]

[0198]

[0199]

SIHS31 10-2023-0069705

gelsiglong, nEFZE ol Vs EASIAZF disd %%L%% H”‘i?;f T AEA ﬁ—."o —‘o—}oiu} HEZE g
olo] FAstAlZ AT AHu|d (Spermidine)> ZItLeE
2)5 g8t FoR duYA don, o9 JHdeRR D]E:CE]OFJ ATP Ads 2 AZH &8 %
A MEZEHolS] 7lss MAdstes Aoz gEzl dojtt. & EHAES ~FvdS AAAS ey
AT ANmAR AHslo], o9 Ax ais AT

r&z OIN
E=o)

3-1. HEE=go} 7|5 8ASAY ds™ a9 X35 Ad a3 §<l

WA, nEZ=gol AsHAl 27 uH|do] U]ELEE]O} 758 BA43a]
gelsaitt. ﬁﬂﬁi (calcification) 4
o] FAYA L G| A HA o5
Has S5t i»iﬂl"dﬂ ol =
TAHoR, Fd AE 7Rl Aol #FxF (W)
o 10, 50, =¥ 100 uM H%9 A¥u|dS 2447k
Osteocalcin, RUNX2, @ COLIA1Y] o8 F&& %‘r%é}
2% gl puzbd A ZolME iz

ol 7l F7bslol Qglont, 2sivide] Helge] uhel ”71 A BRel BT gadon, ol

=)

=4 =
e A e /‘-‘Ii‘f’]"/i"i FEo oEAQ AoRE gyttt 4v] Ade UlE—f—EEioi 715 &g A
sAujgle] i wure] HFsE mAHen AT 4 s, oF Fal Usuwet §AEL M & o
o_O ==
&5 HoF ).

3-2. FEZ=go} 7|% EA4sAY disd B AFs Ad a7

t&om, ~dnde] nEZEYe} 7)o B4sts F3 dE A ARss sk gdaigit. A
3 (fibrosis)= 471 Wl A2 Agzso] sweshd FAHUA F7]9 dxrt ddspl = dde n
. e R3S @Al A 2 ARsh AV 7 g orstes Qe R A glh. whebA,
suiujdo] tupAlze] MEstE oA 4 A A1k

i et A SRR E Eeld WAz 10, 50, EiE 100 pM R AFvYS 244)3F
Feh A F, A ARk ¥ ENAQ Fibronectin 1, MWP2, S MP9S] 2 ?%% grsdct. 1
Az, et GHT SA-f SAEE G ek Azl e ARk vrEe] mRNA o] AA F7t

=
o
% srE-olEHon A3 vAE 2R Bdel 4asgov, 100 uNe s

AAd 3-3. MIEZE=E o} 75 E4AY EAES} 9A a3 &

BFA M E ] FHES} (osteogenic differentiation)™E WA 2o FHHE = T A AXA W3}
Z YR, oo Zg A 9 ARSE fdshe 2oz dEA Ak, old, AHnde] glswayt AT

A5 7adE HSsr] f8l, 2uuido] AHbAA o] SA XSt A= S dEEST.

TFAReR, eddt AT FAZEEH EHE BHNEAYE ZAXS % 9A (50 pM L-ascorbic

beta-glycerophosphate, @ 100 nM DexamethasoneZ 3$F-3F DMEM (11995-065, Gibco))ollA Bj<k
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