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BoO2CTWD. EMIPSHIEEBETIVIE, ZEBETIVLE L TREBIRAETCHY, Ex
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LLTERTHDEHBFEIND. bhvbnld, BIEHAREIROAT QT EREREE
IDEB L. QTEREEE IPSHRBXRIOAMERA DI MO—)L PSS
KA MOBHERICLENTA #F o F v RIVKEEEEZB L, HENTF v ) VIEKTEIC
WL TFRESIDREMERT ZEEPOMNICLE. COBRLS, FEEL
iPSHIBER R DL ODAMBRTETILERWD I EICKY, 417 F v RIVEERED
BRHENAREC R DEITTHL, VUSDAKE DT, BERTFEEEZRFECTETHIVER
DEMICBSNTHRIDAEENB NI ENBEONER D, ARRICBINTIE, E
N iPSHiRRE R (V- QT ERERBEDRFAERE ABERAREMRICDNT, BFHOM
REXZ THRHRTD.

(LEE, 2021 ;41 :124-133)
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BT HRES
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Keywords @ QT AEE 5 Rt JEK & L, ORI 350 2 TG RIS BT 5 % I

® iPSHiilty WL CLENEO QTHMERZ/HMET L. F
:ﬁgiﬁfjﬁ% A 7o, AR HLBE S O 72 0\ L 4 M early

SRR T afterdepolarization : EAD) 73542 L %9 {, EAD

DIEE R PRGBS ERERL o B2 THEEINBEEHIC XY, torsade de pointes

(T 606-8501  HEHRIF LA ih 22 5t IX 3 FE AT HT)

2= FREERA b NEARBE R R

SHERR AR A BE R AW FER MR > A 7 22 - PEBRAF L7

*IXHEHA ZRT

AHl &R SN, HREMBELIZ1/2000 & Sh, FF
IZHEAEIT BT B 2RRGE, MEILD IR DO —HB% 55

Development of Diagnostic and Therapeutic Strategy for Long QT Syndrome Using Human Induced Pluripotent Stem Cell Models
Daisuke Yoshinaga, Takeru Makiyama, Shiro Baba
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TWAIENDL, ZOZKMEIMODTHEETH .

QTIER &K, Jotl, ZEIRFE & DB 28 1957
G SR, ZRERYDIC 19604E44 5 1970
FERICPT T, QTEEEAR AT 5 KROEEEA D
5, ZORPIIHGEEEEEREELY Y TH Y,
TRERZES b O H RSz THLI L
S E NI ORI S QT IE i 5
(long QT syndrome : LQTS) &9 KilAaMliH &
590tz ZOH19904EMRC QT MR AE el
BAF Y F A NEI— FTHEETERIZLSHE
EHRBTHLZEPMEESNALY Y. Ak, 2
D 204E43 ) ORIZZ < © LQTS B 8 A% T A3
ENTWE, ZOE, LQTSIEAF Y Fr A vB
FOZOHMESY 87 % a— F§ 58-ETOERIC
I —BETITH D &V BB AHHE L
BATRERNEETICE->TI67 4 7o Sh
TW3Y ChoDH T84 FICEoTRER & 72
FTAF U F ¥ RNVERFELRY, HEGHPEL S
720, $TYALTHHIBEETH B, EAETII,
LQTS Ot = T RADRBE &R S /e 2 & Rt ft
V= v —0FEICLY, BIETBE TS
FEGI2SHEMEIICH 5. ZD—)T, WIEHRAY
D #Ax T 2% ¥ (variant of unknown significance :
VUS) i 2 ), HEZHICEL LW EbE 4
BB, VUSZ WIS L CREARBIY 3
BHHKE RRETHD 7,

b b iPSHINL i 2007 4EICBZE S UTLISK, Bix
TR EN TS, Bk TR RE 2 1L
T S 12 iPSHIN B SR b O i ((PSC-CM)
(&, BEAEBEEMC D HERE AT D LT & 3R
LARBOHEESDOEDE2MHE V. LArL, Fr—
DEETHEREZOF FHREFELTWL 2T TRL,
BEsk, MUBARRILDSNEE T - 72" K F—HK D" L
ez XY FICRHAR, T4 v ¥ a L TORER
BrEWFEIC L2 CIHEEICRERT FNV T =D %
F55. WHIEFTHRLE, LQTSZIILD LT 55
EYABIREIIC BV TH, IPSC-CM I, ZDFEH
WA 52 EAREME SN TE Y72,
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iPSHI ML o A AT 1Z 2 72T T %,
CRISPR/Cas9 7 & O {5 TS Bt & d AT X
<, TEOHEE LWEAMGRIZ L o TIiPSHiIZ
BT EMETAREZEATS, b L ITREHER
TERZBETLIILENEHIITEL L) Tk
7. oF Y, iPSHILE 7 ARERN 2 AED
HHT LT, SESFELBEMRTERELAT LM%
BT 2 EHRTEY, ThizfHTHI LI
D, FiaRD VUSHEZ R T 21 %S H 5.
F MRS, BERANDS iPSHINLZ B3 5100
DIAZ IPSHINB IS BIEYE D & % s T AR 2 E A
L, EERETIVE L CRIRERBICRL TS L)
EREDZEZ 5N 5.

I. iPSHIlAETIILE AV LQTSZEHAD
77a—F

HBIOITBIZTERPFEE I NTNS LQT D
#190% % 5 5 LQT1, LQT2, LQT3® iPSC-CM
2R L, TORBIIZIED WY T 5 4 T8N
TEXLWREEEZRLEZOT, 22l THY
LQT1, LQT2, LQT3k, ZhEhnlg L Iu®
BRERELHTAH72012, HHEMFROERE &
FOCHAEEIRZ R S 5. K4 ORI 2 FFE I 1 ERT
T 52 LT, IHEEMRERIC 5 RIS OE WA X
DPIHINTE B LW IF A 72Tz FEgET X
X, HiEo VUSZIZ L& T 5 EETFHRAED A
TIZWTERVIERIZOWT D, KIEFi% iPSC-
CMIZIHIT 5 Z L CEBBEF2HRINL, BHETE
DOPBIELTOHNLZETHD(H1).

A AR ICB L TUE, 18RO Ny T
7T TIETHWRETIED 5208, K5I,
HMW M e LEE L, FEMETHSL. LoT,
bbb IEARERO T L L T multi-electrode
array (MEA) VY A7 A 7wz, Ty E
W& A ORI EN 2 e T % 2 AT AT
Hb. v Fr5TDE N8y FEM
WU TTEIN A= —VEDL 6T LY, BEE
WM A S5 DA THIREEN 2, 74—
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Comprehensive diagnosis based on abnormal current

@ |, blockade

» LQT2,6
@ | blockade

> LQT1, 5, 11
@ |, blockade

» LQT3, 9,10, 12 = | -mediated LQT

= | -mediated LQT

= |..-mediated LQT

K1 REBEBICEDICH T 214 THEOBEH

ZNENOBEFOEFIL, OHMIBIZEB T2 WFhho A+ VB RAE
D% %, iIPSHIBHEROH 2PN L TEREE ZHA ST, SBERE

iz

PAWTH->THH T 5 A4 THEPWRERTH 5.

K& A7 (fleld potential : FP) & L T4 5 Z &8
T&%A. MEAVAT2AZVAZEIZLD, L
M OTEE B D2 LE 7 4 — )V FEMLOZELE L
T, KD fEAE, REICHRINTE, IKEIEREAMIER %
7 4 — )V FEAIEMN (field potential duration : FPD)
ELTH|ADBIENTES.

KEBAHEERER

O BEEHMBFRIPS#AZ & isogenic control iPS A

DIER

bihvbilid, 3§ TICHNERIGEH I TS
KCNQJ A334Aspl.y KCNH2A422T, KCNHZGGOIS,
SCN5ANE 78 B % 53 B A RE R D B D H 7 &
N7z iPSHINAZ R L7z 21,

F72, BIEMERSEH—O 3 b — Vil z 5
% X<, KCNH2M*' SCN5ANS75 B % K ¥ 5
iPSH 2 (LQT2M*TiPSC, LQT3™ iPSC) 122 v
C, CRISPR/Cas9 ¥ A7 A% FIH L, #ETFER
% 1518 L 7= isogenic control #k (LQT2#T"iPSC,
LQT3™™iPSC) # EM L 72(® 2)'Y. Zh 5 o iPS
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@ MEAYZXTLICE S FPAEIE

H oM iPSCCMIZEMT 4 v ¥ 2 L2y — b
RICAEAEE, BCHE T TFPAME L7z, FPD
FAB OB E 2T B 728, B G (inter-spike
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S L7
® IWEREFEOHH

9, iPSCCMIZBWTHREEDNS BRI
WE BB S IR TE 5 I, Bz, ROOK
g e L7 [WBEEZRITL2FEELT, W
WY, [T ERIC XD L 23b &b &AL T
W5 LQT24PSC-CM Tl&, Do I, ASIEH TdH
DHMARRICH LTI ZF O mEZ I/ X v L v R
GE7-TH (A 3).

Iy, blocker & L TE4031 %2 ) L, ThZEh
30 nM, 100nM, 300 nM & FAEIY 12 SEH] £ 40 2 4T
W, FPDOZE L% W7z, T o8 WH®ED,
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iPSC) D7 ) A —2 v A, Isogenic controlBRIZDOWTIZ, 7/ 25812 CRISPR/Cas9 il L »T&E 5

I DNAGIW &5 Z & 2l 5720

LQT2-iPSC-CM @ FPD ZE R IZHB W T, 1EH Ot
MNEARICH L I, D) AR S oz e,

HIEAM O EADOBBHEICOWTIEX, v

b

— VIR, LQT2A422T-iPSC-CM TIAEE O

E4031 BBV T H 5
KWL CwaEEz am:(n X 4)"

WCHBL, HAEIRYEZ

12, silence mutation Z3E A L 72.

(SCHR 14 X 0 51H)

5 M (action potential duration : APD) ®ZE{L 12D
WTH MEA L FBRIC, T RO ERER AN S »
EDHER SN FAEICEETEREZBHEL L
LQT2M#T"iPSC-CM I B\ T, Iy id 48 L,
Y hO— VR EFRRD OB EER R L2 &b,
Je > LQT2Y*TiPSC-CM 12 B} % 211X KCNH2

@ NyFISLTHEICLBZIRESHROER LREFML D THSZ EHRENT(F5)Y.
LQT2M*T 122> WT, MEAIZB T % FERHE £ % ® MEAYZRFLzEFIRALHEEREESF > F v

DB, Ny F 275y THEEZHCT I i ZIVIRH D 1= 8 DESEE

$% % 17 o 72. Voltage clamp #: 12 & ) LQT2**™. W2, FAREOTHEDEDIDAL + v F ¥ FIVEFRIC
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&R Vol. 41 No. 3 2021

127



LQT : | Control |
Specific blocker ﬁ
Outside s Qutside
L S :
7 Normal Mutant i Normal Wild-type
Inside channels channsl Inside channels cha ntﬁsl

\
1
1
I

I

!

Action Potential Duration —— Action Potential [TJuratim!n_> -
(= QT interval) Prolongation: (= QT interval) Prolongation:

Large

3 HEMTF v XIEKICLSEERSHREOBZX
2B Toss of function ¥ 4 7@ LQTS LAMIIEE 7V, ARIZIER LHHEE 7V
AT, HAHBEMAWA L TWD I LICL DIFHEMALEE L T2 0B
WL, FCILEA LB & N LT O IGE B O ERF TS v,

chromanol 293B, Iy, 2% L T tetrodotoxin % fii i
LT, 2O EZMHERLZ. TABIZ20TY,
LQT1-iPSC-CM TiZ chromanol 293B 2%} 3 5 It
DRI N DD I A% WL, LQT3-PSC-
CM T tetrodotoxin (2 X9 2 BUGHEAKEWZ &
M0 L WRERBLTWE 0 LEZ SN
(F6A, B)". Wiz, FHIAMBON—2Z T4
¥ ® FPDc &, #HAFFMIZ X 5 FPDc DZEALRTH
% AFPDc O Wik EE % i § 572, LQT1~3%
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AFPDc Tl AUC2S 08 VL & m s life 2 45 L
bbb OB DA AYED R S hiz (B6C)".

HBBFE

AKifggpa 7 e LTid, & bz
T4y Y2 FICHBRAR, MRZBWTIZBHTX
HWEM ARG T A LT, BHIAMRBRETD D
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EAD : early afterdepolarization, FP : field potential, FPDc : corrected field potential duration,
MEA : multi-electrode array
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AUC : area under curve, FP : field potential, FPDc : corrected field potential duration, MEA : multi-electrode array, TTX : tetrodotoxin
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Long QT syndrome is a lethal arrhythmic disorder caused by mutations in genes encoding ion channels and
related proteins. Recent advances in genome analysis technologies have raised the issue of interpreting genetic
variants of unknown significance. Since human induced pluripotent stem (iPS) cell models mimic the
phenotypes of diseases, they may play an important role in solving problems associated with genotype-
phenotype mismatch. We have shown that disease-specific iPS cell-derived cardiomyocytes (iPSC-CMs)
differentially respond to specific ion-channel blockers, reflecting ion channel abnormalities. These results
indicate that this strategy may enable us to detect abnormal channels based on the phenotype of patient-
specific iPSC-CMs. This method may also be useful in diagnosing cases where pathogenic genetic mutations
cannot be identified. In addition, iPSC-CMs are being studied as an experimental model for the development of
therapies for hereditary arrhythmias. Here, we discuss the latest iPSC technologies related to hereditary

arrhythmias.

Keywords : Long QT syndrome, Induced pluripotent stem cell, Genotype-phenotype mismatch,
Variants of unknown significance
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