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(57) Abstract: The present invention relates to a composition for predicting the onset or prognosis of cardiovascular diseases in a
renal failure patient, especially, in an end-stage renal failure patient, by discovering a cardiovascular disease-associated gene marker
specific to a renal failure patient, and a kit comprising same. By using, in a renal failure patient at high risk of cardiovascular diseases,
a composition or a kit using a gene marker, provided in the present invention, the onset of cardiovascular diseases or prognosis in the
carly stages of cardiovascular diseases can be predicted, and appropriate therapy or treatment is possible before entering a stage of
irreversible disease such as atherosclerosis.



WO 2020/122406 A1 | /111000000000 0 A

SE, SG, SK, SL, SM, ST, SV, SY, TH, TI, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

84) AAF (BEe] HAZF Y= g 7tes BeE S/ 9
] 8o 13 E 93}9]): ARIPO (BW, GH, GM, KE,
LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ. TZ, UG, ZM,
ZW), 241 o} (AM, AZ, BY, KG, KZ, RU, TJ, TM), -
# (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,
MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR), OAPI
(BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW, KM, ML,
MR, NE, SN, ID, TG).

=70

—  FAFRALE A &} A (FoF #2172 (3))

(57) ROPA: 3 W& AR G} Bol4 A Agk wal
ARAZ gapel A Ag 0y Lo 3
oA AT FAA FIAE 5

AFGaA Ao WL o =3



WO 2020/122406 PCT/KR2019/013765

10

15

20

25

30

(% 419)
299 93]

B dge A8 23e FAEste volevtr, 47 HolewAE
3 AEaA dEe HER 2HE EE JE, 2 A7) wolerAE

2
43te] AdRA Fge] g ded FEE AFse WHd BT

AL Al diAEo] B Fol| EAs=
WEste A7124, AL AATA oAF, AAed F57 R
B3t Agoza AU EFoF EFES =(R)Y FH= eI
A

(i

xenobiotics) 2 A3 &4 7] Ao, S
FAEAY Z4F Aol w4 AL AFe] &4E F ded, ARl
EAHA Al EAsE BEEL3d Edo] mE&HA Fol, FUHHQ
A A &go] dAsA At

ABRAL AFe dFAN, 75 UZE 74, 82 HA Fo

gs) A diAEold B, AsA wide] FES FHAA @A Ho
H

4
S
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e, 53 AjAlsde] e A%, Apdos Addn

2 27 A4 3% B £ Ad 5% PR ME THEL
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$EDSZAATAN GHE FDUNAE Sold 2d g vehis
Hlo] kA B wEale], 4v] wlolonAE o8t dwA ABe AE

2 592 & gk,

T1H(metallothionein 1H) 3 XA}, NLRP7(NLR family, pyrin domain
containing  7)  #AA,  MIR302C(microRNA  302c)  #AA,
DPPA3(developmental pluripotency associated 3) A7,
MT1G(metallothionein 1G) 3}, ESRG(embryonic stem cell related
(non-protein coding)) A}, LITDI(LINE-1 type transposase domain
containing 1) AR}, SLC7A3(solute carrier family 7 (cationic amino
acid transpoter, y+ system), member 3) FAX, ZNF729(zinc finger
protein 728) @z 2 PRDM14(PR domain containing 14) FHA=Z
o]Fo1x T MHEHE dh} ol LE F&Eo] A HETEY =
Uehts A 2/Es CEMIP f-A, C0L12A1 #3#F, LOC151760 #7dAt,
TYRP1 &2}, TXNIP &3#, IL18 2k, PCDHIO #A=F, GDF6 34t
LINCO0842 $#A, @ FGF7 FAAZ o]FoxE TdA AdsHE 3ty
olAel wd FFo] A tERTrET WA veus Afol MgEs Ar,
A71 AAY AdHA ZPo T T 43 stEAdel 2 A=

BRtE 9AE ETFshs, ARA A JgBA 2B AF o3

2 2y AgHE S0 AR Adud 8L v dye)
A% o YHe HEY AYBA 4B /194 Y = 29 e
Sof W A% 2 @x cing ouac. B uwe) =AY "dF)
GutE gEls dE o, AL HEd A AL F



WO 2020/122406 PCT/KR2019/013765

10

15

20

25

30

sl As, AEBALBOE A% g P4 374D 5 Al
= % Japelrold W A%

wro] wE uvlo]leubAE MTIH Ak, NLRP7 3 Ak, MIR302C
F#A=}, DPPA3S A}, MTIG &2k, ESRG &=, L1ID1 3 A, SLC7A3
FrAZ, INF729 FAA, PRDM14 #7A, CEMIP §&#, COL12A1 34,
LOC151760 A, TYRP1 &, TXNIP &z, IL18 %=, PCDHIO
SAA, GDF6 &AX, LINCO0842 HARF, 2 FGF7 FAAR o|FA &
oA AEEE s oY FRAY F U

B oamol o AAdeA, Zy] 41423 (ESRD) A @I FE
Basled SE95Z7)ME(induced pluripotent stem cell, iPS)E
Azste  azRE  dEIFEV)AE KA EHRHIAAME(PSEC)E
A&stAch. A7) iPS-ECE A4 @ iPS-ECAl HE) & FA TA (tube
formation area)o]l 80% ©]4 #AFFTH (HAld 3). olv 7| AAAH
2ol 3 ATl A Hs AsEHA S Hn T,

7] iPS-EC & (D31 44 AXE st o]o] i3 RNA
mfo] g 2ojg o] BAE FPFo, Ly AFAH A FH PS-ECY
B89 2 iPS-ECY Az 2E ¢ wg A, R BEA
AR 2o 1.58] o] Frhst A @@ o] 1.58) o]
Zag AR A BRHRG. o F ddel FUe fAHA A4
107§= MTIH #3=, NLRP7 &=}, MIR302C #-AA, DPPA3 &=+, MNTIG
A=}, ESRG f#AA, LITDL H&A=k, SLC7A3 f&#k, INF729 #3A, R
PROM14 A2 eyt @do] ZA% {fAA 49 107H=  CEMIP
FA=F, COL12A1 #AAF, LOC151760 H-A A, TYRP1 & A}, TXNIP 37},

O
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IL18 &A=, PCDHIO 8=}, GDF6 7=k, LINCO0842 3z, 2 FGF7
FAAGT. A7 ™ol UM FAAE @ Ee AS 2EHZE #™
frazet 83 WIAAEY olFolu T4E JAlste FAAR YeReH,
dEFo] AT fFAAE g EEsd AET Axe
Az, g8 WagAxE #

Jo

7] 2 (Extracellular matrix, ECM) A& &%
AX olFd #HE FAAE e

A71 2ol FUF Ee ALY 20709 wRA= =
Aol wlE] 80% A Ty AFFEF oy LFL dedl, AFA
#xte] AEBA B3 F A58 FHA AR AHEE T

T AZEAE SFRE AAJTF By JAHoe=
71%50)dol M ERAAY o B3 AFE AAAA Z27AFE g
FAGHAE iPSHA FAHIAEZEY
Hlsl] ZAaEoglen o ddo]l fdx &4
extracellular matrix (ECM) 3<%, Al3XEols
(inflammation)oly} AtgAEd X (oxidative stress), T WIHAHEY
ol 3 FAdA FH FAAE FT/EC UA4A A& AT HFoln,
23, R FToF FHAAEC] LrANFASH #AAe] iPS FH

Mo
ot
ol
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=

AU EAAN ZAHAJT dFoly AFAEHE #HE FAAE
7t o] 715 0l4dol TAsE Aotk
£ 2o o

£ ulolorils FRUANAEY 5ol 4e BEdE

arh. A7) vlolempA o, COL12A1 (collagen, type XII, alpha 1),
PCDH10 (protocadherin 10), VIN (vitronectin), CALB2 (calbindin 2),
ITGA11l (integrin alpha 11), EFEMP1 (EGF containing fibulin-like
extracellular matrix protein 1), PCDHB14 (protocadherin beta 14), FBN1
(fibrillin 1), CDH5 (cadherin 5, type 2 (vascular endothelium), FBLN5
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(fibulin 5) 2 FBN2 (fibrillin 2)& =3t A7) vlolermAE, AN

iPS-ECol )3} 2d=ke] ZA wi$7), 1.58) o]A(Fold change 1.5 °©]7)

Zad fAR, ugAsAE 2.0 Za, 2.58 A, 3.081 A, 4.04

ZHa EE 458 22% FAAd e, 7] B ol FAH A=

71 A& AT

[ 1]
Gene Accession |Gene Symbol [Gene description

1 |NM_001293298 CEMIP cell migration inducing protein,
hyaluronan binding

2 |NM_004370 COL12A1 collagen, type XII, alpha 1

3 [XR_171398 LOC151760 putative uncharacterized protein
LOC151760

4 [NM_000550 TYRP1 tyrosinase-related protein 1

5 |NM_001313972 TXNIP thioredoxin interacting protein

6 [NM_001243211 IL18 interleukin 18

7 |NM_020815 PCDH10 protocadherin 10

8 [NM_001001557 GDF6 growth differentiation factor 6

9 |NR_033957 LINC00842 long intergenic non-protein coding
RNA 842

10 |NM_002009 FGE7 fibroblast growth factor 7

2 ago) mE dFUSAEY J)FoldE ASde wolertAs

s AE 2 AToEH #HI FAA Er o9 dHoH, 7]

dlo] e mlA 9] mRNA FE wlld @ $Fo] AN dxTd H&) AR

A%y FEE 94 2L 2E A FadeE AYE F UG

7] utolQwhA 9] o=, EDN1, ANGPT2 (angiopoietin 2), MXRA5 (matrix-
remodelling associated 5), MME (membrane metallo-endopeptidase), CEMIP
(Cell Migration Inducing Hyaluronan Binding Protein)S X &gt}

E o e dANAAEY J)Fol 3 AEde HolevtA s,

AEe] &= (inflammation)o]y} AFS2E# 2 (oxidative

R R
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stress)9t BRAEP FAA Ex ol dHo|H, F7] utolLviA e mRNA

e gud 2l £E0 A4 dET vH 43 383 vAd AL
A8e 2 BAN AR AL F Aok 7] wleleviAe dx

MT1H (metallothionein 1H) , MT1G(metallothionein 1G), NLRP7(NLR family,
5 pyrin domain containing 7), NLRP2 (NLR family, pyrin domain containing
2), SO0X2 (SRY box 2), IFIT1(interferon-induced protein with
tetratricopeptide repeats 1), IFIT2 (interferon-induced protein with
tetratricopeptide repeats 2), IFIT3 (interferon—induced protein with
tetratricopeptide repeats 3), CXCL10(chemokine (C-X-C motif) ligand
10 10), IFI6(interferon, alpha-inducible protein 6), IFIH1(interferon
induced, with helicase C domain 1), IFI44(interferon—induced protein
44), FOXI3 (forkhead box I13) and IFI44L (interferon-induced protein
44-like)S T T HA iPS-ECOl ®ls) w&EFS F7b wj7h, 1.58
)4 (Fold change 1.5 ©o|4), ®IFAstAE 2.0 F7F, 5.0 & F7h,
7.080 F7b, 9.0u) F7b, 10w F7F Ee 1.0 IUHE FARA

qom, st7] & 29 FAH AHRS 718

(= 2]
Gene Accession [Gene Symbol |Gene description

1 |NM_005951 MT1H metallothionein 1H

2 [NM_001127255 NLRP7 NLR family, pyrin domain containing
7

3 |NM_029858 MIR302C microRNA 302c

4 |INM_199286 DPPA3 developmental pluripotency
associated 3

5 |NM_001301267 MT1G metallothionein 1G

6 |NM_027122 ESRG embryonic stem cell related (non-
protein coding)

7 |NM_001164835 L1TD1 LINE-1 type transposase domain
containing 1

8 [NM_001048164 SLC7A3 solute carrier family 7 (cationic
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amino acid transporter, y+ system),
member 3

9 NM_001242680 ZNF729 zinc finger protein 728

10 {NM_024504 PRDM14 PR domain containing 14

st HholertAE,

i

£ gee] Be FBUIAEY s5ol4e 3
g9 WIAEY olFo IS AHE #3
A7) wpolomhA L] mRNA & BHd 2 FEol A dzTel Hd A%
Ag3 BE8 4g8A B
A7) vlol@ulA 9] o= MIR302C, MIR302B, MIR302D ¥ MIR302AS X FH3HT.
£ 2o g FdUIAEY JsoldS HEstE HolerAe,
] dlzEe] ARdA SAE HtelentAY mRNA Exe
gld 9y FEo] FEo] Hojok g, o] THEEE 7|E2E2A cut-
AR 2x9 iPS FH FFUAHNE@=3)ANA H&U 9
iPS ## FBUANE@=3)9 wHlEdte], p< 0.050]3fo]HAM AR
ratiogte] 1.5014, B& wi@AsAlE 501302 Frkste AY & U
A7) wlolerlAE <& E°] MI1H(metallothionein 1H), NLRP7(NLR
family, pyrin domain containing 7), MIR302C(microRNA  302c),

>
el
=
ox
X
ox
o>

@]

[}

=h

I
|
2
)
o

DPPA3(developmental pluripotency associated 3), MT1G(metallothionein
1G), ESRG(embryonic stem cell related (non-protein coding)),
LITD1(LINE-1 type transposase domain containing 1), SLC7A3(solute
carrier family 7 (cationic amino acid transporter, y+ system),
INF729(zinc finger protein 729), PRDM14(PR domain containing 14),
LIN28A(1in-28 homolog A (C. elegans)), SLCO4Cl(solute carrier organic
anion transporter family, member 4C1), TUBB4A(tubulin, beta 4A class
Iva), GDF3(growth differentiation factor 3), HRASLSS5(HRAS-like
Suppressor family, member  5), DNMT3L(DNA  (cytosine-5-)-
methyltransferase 3-like), ERVH48-1(endogenous retrovirus group 43,
member 1), ESRPl(epithelial splicing regulatory protein 1),
NTS(neurotensin), EPCAM(epithelial cell adhesion molecule),
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HIST1H1AChistone cluster 1, Hla), HERC5(HECT and RLD domain containing
E3 ubiquitin protein ligase 5), GLDC(glycine dehydrogenase
(decarboxylating)), SCGB3A2(secretoglobin, family 3A, member 2),
POUSF1P3(POU class 5 homeobox 1 pseudogene 3), TRIM71(tripartite motif
containing 71, E3 ubiquitin protein ligase), ZNF208(zinc finger
protein 208), ZFP42(ZFP42 zinc finger protein), RNF125(ring finger
protein 125, E3 ubiquitin protein ligase), APELA(apelin receptor early
endogenous ligand), DPPA4(developmental pluripotency associated 4),
INF257(zinc  finger  protein  257),  CDHl(cadherin 1,  type),
MIR302B(microRNA 302b), CALBl (calbindin 1), SOX2(SRY box 2), =
MIR302D(microRNA 302d)2 o]FoAE oA AHHE sy o3

FAA4E TFB

=@, B 29d we gnynldAzel Jsolde FEse
sfolewtAL, AW s AY dE2T Azl Z3E violenzel
A gd SFol TR Holok Fv, olF THsE

2
H
I
at
=z
fll
(2
_{), e
P

71Z2o2M  cut-off 1= 27 JdZEFE &39S+
AN A Z (n=3) A FAFA9 IPS gl EHNAME(=3)9 BlaLs}a,
p<0.050]3telAA  f-dA  ratiogte]l -1.5018, wHIEASA=  -11.9
olgl7}A Zade RAoZ AAY F . A7) HlolemAE AES
CEMIP(cell migration inducing protein, hyaluronan binding),
COL12A1(collagen, type XII, alpha 1), TYRP1(tyrosinase-related protein
1), TXNIP(thioredoxin interacting protein), IL18 (interleukin 18),
PCDH10(protocadherin 10), 2 GDF6(growth differentiation factor 6)%
o] ZoX & TollA AHHE it o] FAAE LTI
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pravastatin %), PDE5 inhibitor (viagra )4 4+ t}.

Ado] Eok dAE= wARREA  (Chronic kidney disease)E

Ak 1-5 @A F o= AR 7M5dhd. BE 394 olF (8, 4,
STHANEE FEXNEE A Hrl ", WAE CKD 1-524, JFHAA=
3SHAZ X¥8E F o,

B dod we ARAST FAY AddA Y AFE dFi=

B dzEH AF diddA 2EdE AsS2HE, MIH Fd#,
NLRP7 &4 =}F, MIR302C -+A =, DPPA3 A =F, MTIG #A=F, ESRG 3 A},
L1TD1 &#AAF, SLC7A3 #-AA}, INF729 &}, PRDM14 3=}, CEMIP
A=, COL12A1 A=A}, LOCI51760 &A=k, TYRP1 A=Ak, TXNIP A A},
IL18 &Ax, PCDHIO &A=}, GDF6 3=}, LINCO0842 7=, = FGF7
FAAZ  olFojxe FoA AH=HE 1F ol FHUIAAEY

7150l 4e AEdE nlolentA Y mRNA v 47] FHR s ZFEH=

] 2

}7] HlolemA e pRNA T v¥d 2d &S, Y dxTH
AE g A BdA rlusE GAE e A% AR #Hd"
AgdaAA AL Adst7] 9 ARE AFse Wy FE Aot

A7 ANF Ags gHEg A4 23S D] fF JEE
Asste PR, 47 HolerntAE €@ UgAHEY 8 2EH AE9
712 AED #3899 fAx, = 39 Ax =5 AXE oled #¥Hd
FRAR I, A7) A A AlSolA wlelembA 9] mRNA e @Hd ¥
FFo]l A 2T Algd vHE E& FA$, AV A dde AT 28
HEE AEHA AL 2= AoE AAEE dAE FE XgY F
Ak, A7 A iR H& A¥@A FF g ZE FFE
Zaste wlolowtAE, CEMIP #-d%F, COL12A1 Ak, LOC151760 =k,

O
o
TYRP1 &AX}, TINIP &A=b, IL18 &A=, PCDHIO FA A, GDF6 A A,
LINCO0842 AR, @ FGF7 {SAAZ o]|F o)X= FiA AdBHE AY 7
A},
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EEEREL
o AlRelA wholerbAY mRNA EE

T
=

7] Ald

FrR Aol H,

L —
-

o A5

F7H=E
2 didelA 2

FA%,

)
K

ol

&

—

el

o
B

<0
fae
o
e
W
~

e

MIR302C

NLRP7

A,

=, MTIH

Hlo] @ v}A
4A=F, DPPA3 & A, MTIG A AF, ESRG #&AA+, L1TD1 #AA+, SLC7A3

=
Lo

o

O

Agge

ol

FAA, ZNF729 A L PRDMI4 FHAR o] Fol Tl A

+ 9.

Bl

FaA mRNAS]

=
| S

23se ©i

el

10

DNA mlo]zmR2ojgo] Jo 2 o]

=]
=

%%

st A1gd &

Qo] Ag

5—L]:

1o]H A

ap

A

i} olakel Baiwe] o)d

_
o

I

)4 w}A fAR] 728

=
=

23 8

Al

s

25

)

ol

! #2) iPS R ESRD &2 f& iPS @73 ApzlelH.

49l

lax A

j
i
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£ 1he A4 fel iPS D ESRD B4 f2) iPs BAHY A4
258 9% Avjdom B2Y Aol

T leE FEZ7IHAE Eo]F up#Ql NANOG, SSEA-4 % TRA-1-819]
P93 NsE 29z vepd Aolg

2be AN & ESRD 32+ #ele) iPS-ECY EHUIAE FolF
e AEGN o S b ARxlolt,
2¢E iPS-EC % ¥ FACSE 33 A2FHE Jeid T#ZTolo.
e AAel fd iPS-EC 2 ESRD #x} f iPS-ECol digt &
(tube formation assay) Z23E Yehd Apdo|tt,
4ax= A 8 iPS BE 3F(N-1 WA N-3) 2 ESRD A
iPS-EC 3% (P-1 WA P-3)o]l ©ig RNA vlo]3 =2 ojgle] A3 mRNA &
2}o] (fold change)E& YEH S|Efolt),
T 4be A Fl iPS-ECAA Y &
@ iPS-ECIAM9 WLHFL yEoE Fu 7t FHAY TEZFS HEH

i
3
E

M= W o o
o
Ko

ot
o
i
1 1x

P

olgl £ g AAdd g3 oS FAE dEdn. Ty 57

ANdE 2 2de dAsy) 9% AY 2, AEAE A P

AAG) 1. GEIESIIMEGPS) AR

1-1. 9AMEZHE PSS AZ

Aael 2@ 2y AAAG(ESRD) Ak dHL 7|F IRBE
Azo] gE AN 71EAYG By AF Fjoz Jdwd AZRH
do] ALt FAS 2,000rpm, 30%3F Ficoll Paque™ PLUS (GE
Healthcare)E Alg3le] 94 Eeldtd dIHNEE L33,

238 AAelzm ESRDIAS] @M ETE StemSpan ccllfe] HFH

14
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StemSpan™ ACF (Stem Cell Technologies)ollA] 4 & F<F #F=H AT °]F,
ST AL E 24-well plateo] vitronectin®® F®WF (BD BioCoat™) %
Sendai virus (SeV) (CytoTune®-iPS 2.0 Reprogramming kit, Life
Technologies, Invitrogen)E %3] JEIIEZ/IHE (IPHE AZXFIAH.
MAE iPS 2247t ¥4 € w7x wd sy, % A7 F, iPS
Z}o1e TeSR-E8 HlA] (Stem Cell Technologies)olA] vitronectin (Life
Technologies, Invitrogen)© 2 =¥ B ZHo|EdA FAHAG. FZ
EQ F 12 ¥ AR iPS ERUE AEHo= = EAHFHE 9

3 d¥E 21 A7A MEE 37C, 5% COp

i
o

1-2. iPSe] E7|ME 24 A4 4 g

A7) AA e 1-16]4 dojR iPSE FHu|BF oz 50u] st AE
2oe BFF ARE T lao Y.

% lacl WEbd wie} o], Ty AFAFH FHA(ESRD) FH iPS R

A4 oz RY P iPS BFOM F7AE BRUY yude %A
(3]
AA

1-3. iPS9] iPS w}A dd 2l

A4+ iPS % ESRD iPSell thaiAl, Z+z} iPS mlA = L&A = NANOG,
SSEA-4 % TRA-1-81¢] dis] WY HF G2 FAHCE, PSE FFHEH
Av] &gol= Bl AZAFNIL 4 ww/v) FFE EEF LHFE=E=E
ARAANZT, dEYFEAE AE e FAE AHESHSIT: NANOG (1E6C4,
1 : 100, Santa Cruz Biotechnology), ©Al 5e°]/Ad ©jo} &< SSEA-4 (813-
70, 1 : 100, Santa Cruz Biotechnology) TRA-1-81 (TRA- 80, 1 : 100,
Santa Cruz Biotechnology). @4® Z£&lo]=F 200 s 2 400 ) vj&=
Zeiss @m7A (LM 510 Meta, Carl Zeiss, Oberkochen, Germany) 3tollA]
AlZtskste WHOoE s,

£, £ 1d9 de g5 4 F, Az AA A w2t B iPS
2 ESRD iPSe] ui#lA] Alkaline Phosphatase Detection Kit (Merck-
Millipore)& Al&3to] Alkaline Phosphatase &4 &4 wia] &4]s}o

15
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S

A4 iPS @ ESRD iPSol tislA], zkzh iPS miAE &2 A U NANOG,
SSEA-4 2 TRA-1-81°] ©Wis] WY dF 4L FyP ZHE = 1b 2 I
of Yehdth. A4 iPS 2 ESRD iPS E5FollA] iPS v}l NANOG, SSEA-4,
2 TRA-1-81¢] &= AL FASAT (= 1b, 1lo).

kel
ML
ot
ol
o
Lo

1-4. iPS9 THA
A =@ gy AAFAF 3}z PSS HHME EIEE JHRE A
o

HE  Flsty] Hsi AP
APsgct. FAHo= AA iPS 2 ESRD iPSel wislA  Alkaline
Phosphatase Detection Kit (Merck-Millipore)® A}&3t Alkaline
Phosphatase &4 ZAjo] i3] 43t APF S T3

A7] % 7kA iPSY) AP €4 A#E = 1dl JEhldTh. A4 iPSe
ESRD iPS EFolA 7ZstA @A=o] tistss 7S AU + A=
1d).

M (alkaline phosphatase staining)<

AAd 2. iPS & FAWAAHE (Induced Pluripotent Stem Cells
derived Endothelial Cells; iPS-ECs) A&

2-1 iPS-ECS] A%

AAel 1-194 AP iPSEREE THNIAZEOE = 220
Uetd wiez AZsido. FAReZ, Al 1-1e4 AFd iPS
VEGF-A 50ng/ml, BMP4 50ng/ml7} HE=F FA7}sle, WlA4A(Embryoid body,
EB)E AAs93, 49 ¥ VEGF-A 50ng/ml  E7F wiXdA s 3AE
Z2A171 & hiPS-Endothelial cells (iPS-ECs)e] A4 #3fl, VEGF-A<]
ZAs5t AP 3E FHA 4 dA  8i3A (Embryoid body, EB)E
Baalgtk, 1497HA AR ZY FHA A 7L F EHHIAAE 5
oA el (D31 #FA7F BL microbeadE ol g3dtd FFUFAMETE EF
A3t

o4

l

2-2 iPS-ECe] A NWIAANE Eo]F A o <l

16
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AAd 2-1914 AP iPS-ECY  EAL  FAr] 9,
Q%ﬂMﬂli ul#A < (D31, (D34, (D133, WWF, FIK, % FIt¥
HPAMe 235t Fxd AU A (confocal microscopy)= ©]-83l
& % 235 = 2be] YU = 2bE A4 EE ESRD A f#
iPS-ECY] dBNIAHE EolA mlA S 3 HIEAN 3 AHE Hehd

_IR

2|

.Am,i

FARoZ, WIFFIA L I v #FLE, F4Y ESRD
Ao AAZA7IL 4 B(w/v) et EF
gddsl=2 nRAZT. AI9IFIAE A8 oS FAE ARSI
CD31 (WM-59 (WM59), eBioscience); (D34 (4H11, eBioscience); (D133
(TMP4, eBioscience); VWF (sc-53466, 1 : 100, Santa Cruz
Biotechnology); Flk (sc-6251, 1 : 100, Santa Cruz Biotechnology); FIt
(sc-271789, 1 : 100, Santa Cruz Biotechnology). Alexa Fluor 483- E+=
647- A3 streptavidin (Molecular Probes)& #AZAre A Ald] wat AR
St G4" &Eol=E 200 H) E 400 vi &R Zeiss AW (LM
510 Meta, Carl Zeiss, Oberkochen, Germany) 3tollA AlZtslstes WL =
T35 |

2-3 iPS-ECS FAYIAME #3155 &4

T 2cE iPS-EC f% ¥ FACSE 33 A4S Yepd Jgizolt.
ESRD A Zo], A4 AZo) wls) 3 Asrt A FeAE Aol YE,
ESRD 3zt S iPSY FBWIAMAE E3lso] A0S ¢ F I
% 2coll isotype control, A+ iPS-EC, @ ESRD iPS-EC] FACS &4 A}
adg=E Yot (P<0.01, ESRD iPS-EC (4.1£2.7) vs AA+ iPS-EC
(33.6%7.3).

= 2co VR uleh o], A4 iPS-ECo| vl ESRD #AF ## iPS-
EColAd] 3 WHAME Eold ntA 9 (D31 ¥A AE7F < 68 ZAsFT.
A4 iPSECOIAE FBRIAE Eold vwlA (D31 ¥4 AXE HIH
H]go] 33.6+7.3%2 eSOy, ESRD @ iPS-ECS (D31 FAAE
Ak e 4.1+£2. 7% BFsted FA AZ s F 8w tF R
AN AE £35S AT,

17
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AArelzml ESRD A - iPS-ECAl dish dE#F FA A (tube
formation assay) WHE ol&dd TH ABAH TH
TAFez EF P4 ML AFAHRE JIAY WHEH
(354230, Becton Dickinson)2. 2 =HE® 9@ 96-well platedA FHEUC.
teF 2 X 10* iPS-ECE 200ul EGM-2MV + 20 % <13t A wWiA=2 2} wellol
seeding 3tQith. 28 of EA dF FY VEHJIE EYUEHAHSG T 4-
62 & ZFG¥d. A7 €3 A Y Z2FAE = 39 HEUH. =
& A4 H; iPSEC £ ESRD & fref iPS-ECYl WE d# A
B A (tube formation assay) 23Z YeEld AR o]},

= 39 el wpe} o], ESRD iPS-ECAAME 4AIZF A & HA
iPS-ECo] uls o] FAHH wWHol AR ASS AT + Y. AY
iPS-EColl H]a} ESRD A+ &3l iPS-ECNA & A WA (tube formation
area)e] @A F2dPSE & F Jth. ol FH FA A (tube
formation area, %) 22 Yeld A& 317] & 34 YEHHIH.
[% 3]

¢l Matrigel

20
k:
A

w

T8 A A iPS-EC ESRD iPS-EC p value
Area (%) 52.1%+5.2 11.3x1.4 0.0035

ESRD A fe#e]iPS-ECE AA iPS-ECol nls) & A WA
80%7}+ %‘i‘}%t‘r. olgig Ade oyl AFZE A GEHAEAA
Ao FHUFAAE] BF BTl AU vl

Ho
K

i,
o
b
N
N
o
Jo

AA 4, &7] AFEAGE Fo|F vA &=

7] AZAG @2 B0l HHA @ I BEAL s, RNA
nto]lz 2ol o] & F33U T

FRARoZ, AAd 2-12] Wyloz AFEH (D31 FAHLS Hol=
AAF iPS-EC 2 ESRD iPS-ECEZH5-E] ReliaPrep RNA Miniprep system

18
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(Promega Corgoration) & AMg3led A RNAZ ZE35c. Ed A
RNAE Affymetrix @A HAL 2@ ofgo] ZIA2E AX

(GeneChip WT Pico reagent Kit)o] we} 333 th. cDNAT GeneChip WT
Pico Amplification kit A3t A|lxAlel Aoz A8, o %
A2 cDNAS 9383} 3 GeneChip WI Terminal @Hd% 7]EE Alg3l TdT
(terminal deoxynucleotidyl transferase)® w®lo]Q®S EX|sI. oF
5.5 ug? T XA F DNA EAZ 45 TollA 16 A+ &< Affymetrix GeneChip
Human 2.0 ST ojd|ole] &tolB2]=AZt}h. Hybridized arrays® o#H°lE
M A3t GeneChip Fluidics Station 4500041 M3} GCS3000 =70V
(Affymetrix)ol A 2714 3t3oh.

RNA wlo]lmzojge] Aae A5 ge Affymetrix® GeneChip
Command Console AXEo] IZTZJAL  o]&3t Gene Ontology
(www.geneontology.org/) 2 KEGG (www.genome.jp/kegg/)E& Al&3+
293 ZzH E=o 3 Gene-Enrichment ¥ Functional Annotation
zAcZ fAA THEY AFH ZH2HIYLS FYsIUA. I 2

EfS E 420 BT, E 4ax BG el iPS HE 3FN-1 WA
N-3) 2 ESRD &z} f#l iPS-EC 3F(P-1 WA P-3)o ¥ RNA who]a=
ojgjo] A3} mRNA % X}o](fold change)E YERH 3 Egoltt.

= 422 B8 ¢ F Y& wkeh Zol, A iPS-ECS ESRD iPS-ECH]
FAA 2F G FA3 dE2A vegd. e FHx wE F
2457 A8l x%S A iPSEC, yHE ESRD iPS-ECY #AA 2R
2=

A
207 3o ZF SARANE Ho=z FAF AXEE 19 AFAE T 4hol

gl o

GeriRth B4 e W 9s 1§, =94 e 2¥F Fol(Fold
change, FC) 1.59] Hl%Ql A%, %4 @& 2@F oz} L5w o4
AAE ehanh,

8l7] ¥ 4o ESRD iPS-EColA A4F iPS-ECel ul&] d=Fo] 1.5¢

——

ol ZF/Mg FAA 148 F 2 FUkEol M 2 4 1090 %de}-’;%
FE A8
[ 4]
Gene Accession |Gene Symbol |Gene description Fold

19
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change

1 |NM_005951 MT1H metallothionein 1H 27

2 |NM_001127255 NLRP7 NLR family, pyrin domain{25.2
containing 7

3 |NM_029858 MIR302C microRNA 302c 23.3

4  |NM_199286 DPPA3 developmental pluripotency|20.5
associated 3

5 |NM_001301267 MT1G metallothionein 1G 20.4

6 |NM_027122 ESRG embryonic stem cell related|18.9
(non-protein coding)

7 NM_001164835 L1TD1 LINE-1 type transposase|14.5
domain containing 1

8 |NM_001048164 SLC7A3 solute carrier family 7(14.4
(cationic amino acid
transporter, yt  system),
member 3

9 |NM_001242680 ZNE729 zinc finger protein 728 12.5

10 [NM_024504 PRDM14 PR domain containing 14 11.2

471 B 4 YeEpd  {FAAEY 5L AFE 2,
A Z(inflammation)o]t} AtFAE# X (oxidative stress) F™ FHA}F MT1H
(metallothionein 1H) , MT1G(metallothionein 1G), NLRP7(NLR family,
pyrin domain containing 7), NLRP2 (NLR family, pyrin domain containing
2), S0X2 (SRY ©box 2), IFIT1(interferon-induced protein with
tetratricopeptide repeats 1), IFIT2 (interferon-induced protein with
tetratricopeptide repeats 2), IFIT3 (interferon-induced protein with
tetratricopeptide repeats 3), CXCL10(chemokine (C-X-C motif) ligand
10), IFI6(interferon, alpha-inducible protein 6), IFIH1(interferon
induced, with helicase C domain 1), IFI44(interferon-induced protein

44), FOXI3 (forkhead box 13) 2 IFI44L (interferon-induced protein 44-

20
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MIR302B, MIR302D % MIR3024)9] Zdo] F7tste 5As EA.
E3 @@ 923 Axge A JZEM HE FE AR

A= (MIR302C,

COL12A1 B VINY| o] gl Hls) #ase Aol S40] ot
5 871 E 591& ESRD iPS-ECelA A4 iPS-ECRT 2HZFS Fa
AE7b 1.5M o (FC -1.5 o]4) #aT fAA 784 T 9 10744
FAAS GErRT
[Z 5]
Gene Accession |Gene Symbol |Gene description Fold
chang
e
1 |NM_001293298 CEMIP cell migration inducing|-11.9
protein, hyaluronan binding
2 NM_004370 COL12A1 collagen, type XII, alpha 1 -8.5
3 |XR_171398 L0C151760 putative uncharacterized|-6.9
protein LOC151760
4 |NM_000550 TYRP1 tyrosinase-related protein 1 6.6
5 [NM_001313972 TXNIP thioredoxin interacting protein|-5.8
6 |NM_001243211 IL18 interleukin 18 -5.6
7  |NM_020815 PCDH10 protocadherin 10 -5.3
8 |INM_001001557 GDF6 growth differentiation factor 6|-5
9 |NR_033957 LINCO0842 long intergenic non-protein|—4.9
coding RNA 842
10 |NM_002009 FGF7 fibroblast growth factor 7 -4.8
10 38 2] AFAS Aol JERISVIAE 7
FARA A ENA ZaF FAAEC] 5RE A¥E ZF, ¥ 29y
Axute] M xEe7]A(Extracellular  matrix, EM) A¥ &

L ARH(COL12A1 (collagen, type XII, alpha 1), PCDH10 (protocadherin

10), VIN (vitronectin), CALB2 (calbindin 2),

21

ITGA11l (integrin alpha
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11), EFEMP1 (EGF containing fibulin-like extracellular matrix protein
1), PCDHB14 (protocadherin beta 14), FBN1 (fibrillin 1), CDH5
(cadherin 5, type 2 (vascular endothelium), FBLN5 (fibulin 5) R FBN2
(fibrillin 2)%, EF& WIHAE L A=E olFx Bdd FAAHEDN,
ANGPT2 (angiopoietin 2), MXRA5 (matrix-remodelling associated 5), MME
(membrane metallo—-endopeptidase), CEMIP (Cell Migration Inducing
Hyaluronan Binding Protein))®] 2do] Z+4d EA L YEeEY

%, 9% PAd FoF FHAEo] ESRD &R Fref iPS-ECAA

—:', -
Za=ol dded, dFoly iE 2Edx #HA {FAAE IS
A7) 7] ool BAsE Aow AT

22
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%379 H4]
(373 11
MTIH 3=, NLRP7 -2, MIR302C =k, DPPA3 A, MIIG
A%, ESRG #AA, L1ID1 fdz, SLC7A3 #AA, INF729 frAAt,
PRDM14 737, CEMIP Az, COL12A1 &=k, LOC151760 3=, TYRP
Az, NP frAA, L8 f3A, PCDHIO 2k, GDF6 At
LINCO0842 #HA, R FGF7 FAAZ olFojA= oA A== 1T
ol e BT sleolde AEtE HolemtAL mRNA EE 47
fraztel s Z9sE e¥de 23 £E& A= AAE LS,
A% Ags AhdE AFAA 28 A8 4=
37 2]
Aol golX, 471 Fd FEL FAE AAE ol&sA, ANE
l
3

e Tl

)

S Aol , A7) HlolomA e mRNA EE ©z vy F£Fo|

of Hl& AF Ay FAL AFBA FFE A= FACA

A3l QoA A7) vlelewlALE, CEMIP #3AF, COL12A1 f3A A},
LOC151760 &&=}, TYRP1 &, TXNIP 3z, IL18 &4 A, PCDHIO
SAA, GDF6 A=A, LINCO0842 #AAF, 2 FGF7 FAAZ o]FA=
ZolA AEEE A, 2AHE.

[+ 5]

A18tel) glolA, A7) wolemtAE @ WIAMEY ¢

2EH29 #FHEE AR, T EF UIAAERY ojFod
SRR, A7) vloleuwlAY mRNA EE
A4 gz BE A% A8 FEE A4E8A 28

23
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o|\

7} st
[ 73 6]

A58t oiA, A7) uHlelewiAE MTIH 3, NLRP7 A,
MIR302C %A+, DPPA3 +#AA, MTIG #AXF, ESRG A A, L1TD1 XA,
SLC7A3 $AA, INF729 XA 2 PRIMI4 FAAR o]Fofd  FollA
AEEE 2, 2AE.

373 7]

I
RAA, ZAHE.

rr

A1l QelA, Ay AEoA FFL ASFH, HET,
FHR3E, AT, L ARHoE oFoAE TdA AHYHE R4,
=Sk
[ 7% 8]

A1) gojA, Ar] AF Aze wry] AHEAH(End stage renal
disease, ESRD)%!, FAE.

(373 9]

Aol oA, 471 Al TH FEL ZARE AAET )
ulolenllo] SolHel EMA LYLRITALES, Zolmy Ex

Z2HQ AU, FAE.
[ 73 10]

Aol AoAA, 7] gAY BH FF
wlo] @ ulFA o] Eo]AQl &A e HEEQ A
(83 11]

A1 WA A10d F o= @
FH AggA 2 A& 7 E.

,ﬂ
odk
o
BN

ox,
il
o
Bl

i
_QL
rlr
2
o
i,
r i

A118e] 2dolA, A7) 7|EE RI-PR7IE, vwlo]a=zojdold 7E
e v F 71EQ AL, 7E. |
[ 7% 13]

A4 dzxzTF A gyl 23" ASERH, MIH #34,
NLRP7 &A=}, MIR302C &A=, DPPA3 A=}, MTIG A=, ESRG 34,
LITD1 A&}, SLC7A3 S-ARF, ZNF729 £ A, PRDM14 A=+, CEMIP
fA=F, COL12A1 HA=AF, LOCI51760 A=k, TYRP1 #-A=F, TXNIP -F37t,

24
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IL18 &A=}, PCDHIO A=, GDF6 7=k, LINCO0842 4=}, 2 FGF7
SARZ o]FoRE FoA AExE 1F o4 FIIHUIAMEY
1= dlo]loulA L] mRNA e A7) #FHX0 3 ZQdH=

()

A3l golA, A7) HlelentAE & A Ee d# 2Ey
Ax 712 AED #88 F4x, = d3Us AE 5 AX ojFH
A" fAAlH, A7l AF o AEA HlolewAo mRNA E=
gld B 3o AN HE2F AR BlE e AL, A7 AE gL
A% A% fgEd AERA 2L ZE e AAse BAE FUIE
x3te A, TH.

[%73 15]
A14go] YolA, A7) vio]lewlA =, CEMIP 34k, COL12A1 #A R}

LOC151760 &4 Ak, TYRP1 4=}, TXNIP A+, IL18 X, PCDHIO
SAR, GDF6 S-AAF, LINC00842 A=, % FGF7 FAXE o|FAA=
oA AEEE A, Wi,

[4+3 16]

A13ge] oA, A7) HelewmAr g YAAEe 4F EE
Ash ~Ed2g BAY 444, T 2@ WNAEY oFold FAS
AR FAAH, A7) AR o ARelA HolerbAY mRN Ei
amg wd 2ol A4 BT ARd vH B A9, 47 AY UEe
A% A% Bd AEWA VL 2= Aoz AR wAE =

SLC7A3 &A=}, ZNF729 &Ax 2 PRDMI4 FHAZ o]Fojz FoA
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