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= 74 wot= 71 Al 3 (Control) 9] & Bl & B lat7] 918, 10cm Wl & t] & o] oF
50% B E M EE et vjolE VAl E e S0 FE2EY FAAE Av A
SR i
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[98]
[99]
[100]

[101]

[102]
[103]
[104]

T Z7| A EF9F LMNA Ho] 27| A 52 gy a4
T EEY gl & A

AA 2. FFAZ AZHFT AG 27l eol= Bd A &

2-1. A4 Q7o E A%}

7] AA o 1ol A 33 N T Foll A LMNA Ho
474 A2 W S (dilated cardiomyopathy, DCM)S =2 g 5F= 4174 @ 7F 0]
= (H222Y) & A &Fetar, A WTH SV A EF2 g2 A% Q7o =
(Control) & A|2FstA o). 4 4 22, 100mm W & &=d o] Eof nlE 2] Al (Matrigel
In DMEM F-12)< ¥ ¢k ¥, E8 Wl %] (STEMCELL Technologies) 10ml¥} 3/
E7|MEF = LMNA 732 Wlol S7IAIEFE 550, 3 &<t v ES
WA 5 nLA|slo] v oFatlnt. o] -, o} Hl o] =& 77 v Al E Fe] gt H,
96-9 U = o] Eol 2uM2] Thiazovivin (Rho kinase &} A A)o] 3 g%l ES 0l #|
= o] &3} 3 A 5000, 7500 H== 1000070 2] Al EE F-81aL, 4°Co A 3%
59F 1000rpm e 2 YA ¥-2] 3k F Q1w o] B ol A 24A] I B oF n Y Ehe] A X
SAAE FA s 244 7F 3, 6uM 2] F 5 9] GSK-3 & A A 21 CHIR99021
(Sigma Aldrich)-2- % 7}3F RPMI1640+B27-¢1 % &1 ¥l #] (B-27 Supplement, minus
insulin RPMI1640)°l 4] 484 1t &<t v oFslo] w3}& #-528tal, w3} 2L A},
2uM IWP2E Hl| Al ol] F=7}8Fo] 48A] 7F & Qb vl Fat ATt -3 4 H 5U =}
RPMI1640+B27-Q1 &1 w2 & nL A aho] wf Fatar, 3} 7 2hol] 2 o] & H A
RPMI1640+B27-H] E}R1 A Wl 2] (B-27 Supplement, minus vitamin A RPMI1640)=
Sk A 13} 204 ZF7EA] ¥k (5 Sa).

o
¢ ok
o
N
>
H
N
o I

A3}, TnT 2 MLC2ve] &l o] A X457 500001 8] &l 75001 74-$-2] DCM A4 <
7ol = (H222Y)ol A ol o & Z7bak 210 & vEh (% 5¢ 2 d), DCM 4
Qb0 = Al 2HE A7 A A A ESE 750070 (2.4 x 10770 /em?) & A4 5F
o F-o] A3l #-gstirt.

AA 3. DCM A 7ol Bl o A vlA E 2 ATAX BY 892
AR WTSE 7| A EFE A2 2 A3 Q7o =9 DCM A 2
7ol 28] F-3)a- vl ustr] A8, A vlA Q1 cTnT,(cardiac troponin T)
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[105]

[106
[107
[108
[109

—t e e

[110]

[111]
[112]
[113]

MLC2a(Myosin light chain 2a) % MLC2v(Myosin light chain 2v)2] tFull 2 w3 5
Mg Y 52 2 HGHFANHE o] &ato] AT A A o=, g
cTnT &4 (1:1000), 3F-MLC2a &4 (1:2000) 2 3-MLC2v 4| (1:2000)E A&
sto] 28 B3 FA4E st doh e, A3 S Ael, A E 2
7} =0l =5 4% PFAE o] 8381] 3 A7 BoF 14 6 & PBSE Al A &L, &)-
cTnT &4 (1:500), $-MLC2a 34 (1:500) 2 3--MLC2v &4 (1:400)5 12} 8-4)
2 ARl M E 124F Ft 4Col A Z 7 kAT AT o] &, 23} G
goat 3F-mouse IgG1 Alexa 488 X goat 3F-rabbit IgG Alexa 594 A £} Aol A Z
7} 304 3F HHg A 7] AL 7R DAPI9F §H) 304 ] WA 7| AL, A n| A o'
259 E}

313k A3} ¢TnT, MLC2a 2 MLC2ve] v k& o]
1 o A<l zbol 7} gl= A o= e T (5 6a). B

=
T g EAY A A am B3 243 2ol ¢TnT, MLC2a &
MLC2v 2] %‘ﬂé E

A A 57b 5 A Q7 ol = Abol ol A f-2] A %1 AFo] 7} gl
6 1]

A 4. DCM A 271 mol= Ed 9 DCM 2 H 54 4

4-1. LADs "} ¥ B-A

)2 A1 @ 7ol =9 DCM A3 2 7ol o)l A LADs(Lamin A/C ##
S nAE e A& B El] 93], LMNA(Lamin A/C), LB1(Lamin B1),
Emerin, SUN 2 LMNA®} 4% 212 5}+= A 2 vlEl H3k9me2 2] ¥3 -2 SF-Lamin
A/C A (1:2000), &-LB1 &4 (2:1000), 3F-Emerin A (1:1000), 3F-SUN &4
(1:1000) ¥ 3}-H3k9me2 &4 (1:1000) & AF-8-3Fe] W B3 202 g2}
a1, 8F-Lamin A/C 34 (1:2000), 3-LB1 34 (2:1000), 3-Emerin 34 (1:1000),
f‘ﬂ-SUN A (1:1000) 2 3F-H3k9me2 3| (1:1000)2 AF-8-3Fe] o3 3 Ay

2 A8kl h
ﬂiEd 53 ¥4 23}, Emering A 2] 8 Lamin A/C, LB1, SUN 2 H3k9me27}

thzt A 27 o] =o) Bl & DCM A1 @7 o] o A AFtf 4] o = whe
A8 e T (5 7a). =3 HI Y AP O R LADsY] S & v a4
I, Y A~ E-FE A e} vzl 7 A &2 Emering A 2] $F Lamin A/C, LB1, SUN %2
H3k9me2 7} th 2wt A& @ 7} 45-0] = (Control)ol B &}o] DCM A4 Q7o =
(H222Y)oll A gt 2 o & whe whadd 82 et} (2 7b E ¢).

7} 0] =9 DCM A4 ¢ 7Fwo| =& A 5= A £ 9] & J.ok
& Hlwsh] 98, 27kl = 8l 20U &pol] o} EHl o] 2 E o] §-38l¢] 747
AFEEE H A AE AA Sdol= A9 1x107] 2 58t Hof 3

? At 71 %, DAPIE -0l M 303t A eto] Zx22 ?éiﬂl%‘fli
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A8
[ 1]  LMNA(lamin A/C) 71 2Fell @A 1714 & W o] (single nucleotide variant,
SNV)E X8z 4+ S (cardiomyopathy) &2 A 325
(713 2] A 18] Qo] A, LMNA 5722 665 %] cDNA(coding DNA)S! Alo] &
Aol Bfo]Hl 0 & (c.665C>T) Ve 917 AR E, A2 Z v xﬂ};
81 3] Al 28kol Qlol M, F-A A H o] p.H222Y (His222Tyr) S § 5% 3h=

= A x>

S - a2,

873 4] Al 13l 20141, SNP 289289015 ¥ 35h+=, A2 T Bdll A5

g3 5] Al 1Rl Aol A, AlEE QIR fref Aok Al i AR el T &
AAT, A0 F 2 AT

%473 6] Al 53Foll Slol A, QIR f-dfl ths A & 714 3= Al o} 7] Al & (embryonic
stem cells, ESCs) == 5 R+ <& 7| Al & (induced pluripotent stem cells,
iPSCs, 933} S 71 A1 F)Q1, A2 S 2 d A5

4727 aHEFA AR ‘?§7] L%
7ol E F5sh=
b) “& & (homo type)2] *E“EH% Hoats vAE 2= A s vl
A 0] A2y,

oL
N
i
2

§-5Fe] LMNA - #bel] C>T9] v

ME

[ 5-3) §] A 78k Qo A, AJEA 7] WA 7] = 7ol B RNA, Cas9 T ad 2 A&
Al Tl o}n| Y] o] Z(deaminase) & E 35k, AW S B A ET9] Al 2
e
H -

(957391 Al 8ol lol A, 7ol = RNAE A5 19] 9174 4& E3shiz, Al
RGeS R ESOR ESIY

= —- [on =

410 ay Al 1@ AT Bl Qx5 B gfdete] Ax SHAE I
Aot gl 2
b) M E SHAE A L7twmol =2 B3A7]= TAE Xk, A2
B A L7bmol =0 A2y

[ 111 A 108e] glolA, A28 E 2d AlEFE 1 x 10°7]/em® WA 1 x 10°7H/
em’e] M2 55k, AE S A L7 ol m o] Ay,

(78121 Al 103t oA, Al F 2wl A ¥ 55 H55te] A3 5 wj ok
sk, A S S A Lol = o] Al 2y,

478131 Al 108l A A, 38 S 22 A 5 Rho kinase & A A| 7} &
HjJol| A vl gFste] A2 SHAE Aot AW T A 27t wol=
of A M.

[%78F14] A 108 YA, AW T 2l A EFE 0.5 WA 2L Sk v 435He] Al
ESHAE A, AT A 2Tt ol =] Al iy

e 15] A 10Fel JoiM, AE SHAE A Qrtwo|ER H3lA7| &= 9=
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i) Al S A E GSK-3 JA A& E3}H6)= RPMI1640+B27-A & H 1l =]
(B-27 Supplement, minus insulin RPMI1640)°]l 4] 0l &F5}= A,

i) Wnt A &l A & A 2] 8}z vl 3= @A,

iii) RPMI1640+B27-¢1 % & )| %] (B-27 Supplement, minus insulin
RPMI1640)¢ll A vl oFat= oA, &

iv) RPMI1640+B27-H] E}T1 A 1l 2] (B-27 Supplement, minus vitamin A
RPMI1640)°ll A 1 Fat= DA S sz, A S A L7Fwol =9

A| Z=H

73 16] Al 10F el Lo, 3ki= 20 A 409 S A H = AW S A 2
b0l = 9] A ZMH

(73171 A 10Fe] AU o= Azl ASHET A 27w ol=

372 18] Al 173l oA, A28 5 44 2750l == LMNA(lamin A/C), LB,
SUN, H3k9me2, CD31, vWE, PDGFR-B T=3= 0-SMA &] HF&l o] A} 214
e7tol=o Hlal ZAE, AT ET A 2T,

473 19] A1 AL FT R NEST B A 1739 A2 E A4 7ol

Tyl olE ol Al AW =8 w

(37320 A 13 A2WF 2R AZF, A 173 H2F G oobwol s ®
Al 1939 AEEFE BE B 42N E A RA FHBAS Fols
A2 mPehs AEYF AR 22 P,

(BFF21 AENE ERE A AT A 1739 AEEF A erbwol
5,
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T

LMNA (Exon 1~12)
5ysu"ophy_;. antosomal reoe‘ssive, Benign mf’siamﬂ_"v’;ﬂh h& L«lm

LMNA scapuloperoneal muscular dystrophy with 156,134,829(
N ¢28G28801 | 28928801 H y h /T misgense_variant, h.gov/snp/?t
Pathogenic | T cardiomyopathy, not provided, Emery-Dreifuss +) A g -
muscular dystrophy 2, autosomal dominant (EDMD2) non_coding. E":“““"U" 393
[MIM:181350] rian

AGCT gt gAGACCRAgCYTSOTCATGAQACCCOACTGgTgAgATIgACARL gUgAADCAGSYlgAgT I tgAGAgCCOgCtgPsggATOCgCtgcRAgGRRCTIYCUPTCCageATAgRATCROYTYgH

TCQACYCACTCIgRItcgCgPCaAgTaACtclggoctgaCCACEIctaACTpitaccCiiCglcgeAaACICaaRCtclcgoecgaccgectacgcgacgtecitgacgcccgggtcgtactectggtacacet

213 220, Fedl 230, A33. 80, " 245, 250, 2535,
Gha_tew Arp Gy The Lys Arg Ara M Giu The Lou Vot Giu_le At Lys Gin_Arg Gl Phe Gl Ser Leu Al Ala_Leu Gin Giu Leu Ala_Gin_His Gls_Asp Gin_val _Gh
%»

LMAA

i35

38, 0. 228 2 %0, 248 . 80 5%
Glu_Lew Arp Gl The Ly s Gis The Lag Vel Ghs lie Asn Lys _Gin Giy_Phe Oiu_Ser Arg Leu Ala Als_Leu Glin Gy teu Ala_Gin_ris_Gls Gn_val Gl
W>

EMNA
a0 30,

‘‘‘‘‘‘‘ 33, 240 245 .. 250 . Fe > -
u
>

218

o
LMNAr3S7207746 G Lo A

1
LMNA328928901 Cto ¥

LMNA-rs28928901-sgRNA Gx20 (+): 5-CCGTCATGAGACCCGACTGGTGG-3'

LMNA(H9)_X| 3t

150+
X
Ol 400-
ol
nl
H sod
-'<__
3 o T ] T L} L} L]
v 14 21 43 52 44 46
Wild type Hetero Homo

AME 5

Az Hs Total read e COlM T2 HEE(%) Indel indel (%)

0
0.00
0.00
0.00
0.00
0.00

14 12002 0 0
21 10340 0 0
43 12471 6708 53.79
52 12276 5963 48.57
44 18213 18203 99.95
46 18137 18132 99.97

COO0OO0OO0
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* LMNA(H222Y)

AGCGCCGTCATGAGACCCGACTGGTGG

AGCGCCGTTATGAGACCCGACTGGTGG
Tyr

His
WT CAAGCGCCGTCATGAGACCCG

Hetero CAAGCGCCGTTATGAGACCCG

Tyr

Homo CAAGCGCCGTTATGAGACCCG

|
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LMNA:EX Q| EHT ME =&

PCT/KR2024/003836

DNA HAH = g o] 2of x|
on-target| CCGTCATGAGACCCGACTGGTGG chr 156134824 + 0
OT-1 | tgGTCATGAGAtCCGACTGGGGG chr12 4536643 + 3
OT-2 | CtGTaATGAGACCaGACTGGTGG chri4 68167013 - 3
OT-3 | CCaTCATGAGtCCGACTGGCGG chré 42050683 + 3
OT-4 |CCGTCAgGYGACCCGACYGGGTGG chr11 114400852 + 3
OT-5 | CCaTCATGAGACagGACTGGAGG chr18 63624018 + 3

100

Indel ¥ &= (%)
o

0.01

. Wild type

. LMNA
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56a]

cTnT

MLC2a

MLC2v

GAPDH
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[5=6b]

H222Y
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MLC2v MLC2a Merged
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[%=7a]

CHE  H222Y

Lamin A/C — 70 kDa

LB — 70 kDa

SUN 70 kDa

— 50 kDa

Emerin — 35 kDa
H3k 2

Skme — 15 kDa
GAPDH

— 35 kDa
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Merged
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DAPI Magnified

H222Y
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[5=8b]

H222Y
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[5=8¢]

Nuclear Area

6
o %* % % %
e
S 4
i
: S
8 2 , &
2 X

0 == H222V
Deformation Parameter(f2)
2 % % % %

1

0 O== H222Y

Fold change
= 3
!
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[5=9a]

L=t H222Y

vWEF 250 kDa
a-SMA 140 kDa
CD31 — 140 kDa
PDGFR-B — 140 kDa
GAPDH

35 kDa
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