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of G-CSFR is not well understood (Stratos et al., 2007; Naito
et al., 2009). We proved that BM-derived cells were not di-
rectly involved in skeletal muscle regeneration by G-CSF;
however, BM-derived cells expressing G-CSF ligand can sum-
ulate skeletal muscle proliferation through myoblast-specific ex-
pression of G-CSFR. This study demonstrates for the first
time that the factors involved in the inflammatory process
switch on the process of skeletal muscle regeneration.

Clinically, G-CSF is used to treat patients with neutrope-
nia resulting from immunosuppressive chemotherapy, severe
congenital neutropenia, life-threatening infections, and stem
cell harvesting (Hammond et al., 1989; Molineux et al., 1990;
Welte et al., 1996). Interestingly, myalgia is one of the main
side effects of G-CSF administration in humans (Taylor et al.,
1989). We may speculate that innate skeletal muscle regener-
ates itself to some extent to adapt the physiological turn over,
that G-CSF injection stimulates small population of these
skeletal myoblasts, and that the burst of skeletal myocyte pro-
liferation gives rise to myalgia. The safety and side effects of
G-CSF have been studied in several clinical settings (Anderlini
and Champlin, 2008). Therefore, a clinical trial of G-CSF for
human skeletal muscle injury may be warranted. The results of
this study underline the importance of G-CSF in skeletal muscle
development and regeneration and strengthen the case for
using G-CSF as a skeletal muscle regeneration therapy.

MATERIALS AND METHODS

Whole-mount in situ hybridization. Mouse embryos were removed
from wild-type Institute of Cancer Research pregnant mice on E10.5.
Whole-mount in situ hybridization was performed as described previously
(Yuasa et al., 2005). The full-length cDNAs for mouse c-met, pax3, myoD, and
mrf4 (available from GenBank/EMBL/DDB] under accession numbers
NM_008591, NM_001159520, NM_010866, and NM_008657 [listed as
myf6), respectively) were provided by M.E. Buckingham (Pasteur Institute,
Paris, France). The full-length cDNA for mouse csf3r (GenBank accession
number NM_007782) was provided by S. Nagata (Osaka University, Suita,
Osaka, Japan; Fukunaga et al., 1990). The probes were generated using T3 or
T7 RNA polymerase.

Animals. The myf5 nlacZ mice were a gift from S.Tajbakhsh (Pasteur Institute;
Tajbakhsh et al., 1996). The ¢sf3r’~ mice were a gift from D.C. Link
(Washington University School of Medicine, St. Louis, MO; Richards et al.,
2003). All the experimental procedures and protocols were approved by the
Animal Care and Use Committee of Keio University and conformed to
the National Institutes of Health Guidelines for the Care and Use of Labora-
tory Animals.

Immunofluorescence. Mouse embryos on E8.5, E9.5, E10.5, and E11.5
were fixed in 4% paraformaldehyde for 3 h and embedded in Tissue-Tek
OCT (Sakura) for frozen sectioning. The samples were incubated with Triton
X-100 for 5 min at room temperature, washed, and incubated with the fol-
lowing primary antibodies: anti-G-CSFR (1:50; Santa Cruz Biotechnology,
Inc.), anti-Pax3 (1:200; American Type Culture Collection), anti-Pax7 (1:30;
R&D Systems), anti-MyoD (1:30; Dako), antimyogenin (1:50; Santa Cruz
Biotechnology, Inc.), antidesmin (Dako), anti-G-CSF (1:50; Santa Cruz Bio-
technology, [nc.), anti—at-actinin (1:1,000; Sigma-Aldrich), and anti-GAPDH
(1:200; Santa Cruz Biotechnology, Inc.). After overnight incubation, bound
anubodies were visualized with a secondary antibody conjugated to Alexa
Fluor 488 or 546 (Invitrogen). Nuclei were stained with DAPI (Invitrogen).
For BrdU staining, a BrdU labeling kit (Roche) was used. After antigen
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retrieval using HistoVT One (L6F9587; Nacalai Tesque) and blocking, BrdU
staining was performed as described in the manufacturer’s protocol.

Myoblast culturing. C2C12 mouse myoblasts (American Type Culture
Collection) were cultured in DME/10% FBS (Invitrogen). The medium was
replaced with DME/2% horse serum (Invitrogen) to induce differentiation
Recombinant mouse G-CSF (R&D Systems) was added on the indicated
days. Inhibition of G-CSF signaling was analyzed by administering an anti-
G-CSFR neutralizing antibody (R&D Systems).

Western blotting. C2C12 cells were treated with G-CSE Cell extracts were
prepared at 0,3, 10, 15, 30, 45, and 60 min after G-CSF stimulation. Protein
lysates were resolved by SDS-PAGE and transferred to a polyvinylidene
fluoride membrane, followed by immunoblotting with anti-phospho-
STAT3, anti-phospho-AKT, anti-phospho-ERK, anti-phospho-JNK, and anti—
phospho-p38MAPK antibodies (all from Cell Signaling Technology) and
horseradish peroxidase—conjugated anti IgG, followed by development with
the SuperSignal West Pico Chemiluminescent reagent (Thermo Fisher Sci-
entific). The same membrane was retrieved and reblotted with anti-STAT3,
anti-AKT, ant-ERK, anti-JNK, and anti-p38MAPK antbodies (all from
Cell Signaling Technology), respectively.

Luciferase analysis. C2C12 cells plated in DME were transfected with
Lipofectamine (Invitrogen) according to the manufacturer’s instructions. The
APRE luciferase plasmid was provided by A. Yoshimura (Keio University,
Shinjuku, Tokyo, Japan) and used at a dosage of 100 ng. The administered
dosages of G-CSF were 37.5, 125.0, and 375.0 pg/ml. CMV-Renilla luciferase
was used as an internal control to normalize for variations in transfection
efficiency. All of the proteins were expressed at similar levels, as confirmed by
Western blotting.

Skeletal muscle injury model. 10 pM cardiotoxin (Naja mossambica moss-
ambica; Sigma-Aldrich) diluted in 100 ul PBS was injected into the rectus
femoris muscles of BL6/J mice using a 27-gauge needle and a 1-ml syringe.
The needle was inserted deep into the rectus femoris longitudinally to the
knee. Cardiotoxin was injected along the length of the muscle. The mice in
the control group were injected with 100 ul PBS. Mice (treated and control
groups) were sacrificed at various time points after cardiotoxin injection, and
blood samples (1.0-1.5 ml from each mouse) were collected in heparin-
rinsed syringes.

Handgrip strength testing. 10 pM cardiotoxin (Sigma-Aldrich) diluted in
100 pl PBS was injected into forearm muscles of BL6/] mice. Five training
sessions were performed during which the animals were held, facing the bar
of the grip strength meter (Muromachi Kikai), while the forearm was gently
restrained by the experimenter. When the unrestrained forepaw is brought
into contact with the bar of the grip strength meter, the animal grasps the bar,
after which the animal is gently pulled away from the device. The grip

strength meter measures the maximal force applied before the animal released
the bar.

BM transplantation. BM cells were harvested from 8-wk-old enhanced
GFP (EGFP)-transgenic mice. After irradiation with a single dose of 9.0 Gy,
the unfractionated EGFP* BM cells (1 X 10° cells) were injected via the tail
vein, as described previously (Kawada et al., 2006). To assess chimerism,
peripheral blood cells were collected from the recipient mice 60 d after BM
transplantation, and the frequency of EGFP* cells in the population of
peripheral nucleated blood cells was determined in a FACS sorter (BD) after
hemolysis was induced with ammonium chloride to eliminate erythrocytes.

Statistical analysis. The data were analyzed using the StatView J-4.5 soft-
ware (SAS Institute, Inc.). Values are reported as means £ SD. Comparisons
among groups were performed by one-way analysis of variance. Scheffe’s F
test was used to determune the level of significance. The probability level
accepted for significance was P < 0.05.
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Online supplemental material. Fig. S1 shows the effect of G-CSF on
myoblast differentiation in C2C12 cells and myoblasts harvested from ¢sf3r/*
and wild-type mice. Fig, S2 shows histological analysis of cardiotoxin-injured
skeletal muscle from day 1 to 28. Fig. $3 shows the chimerism of hematopoi-
etic cells before and after BM cell transplantation and quantitative analysis of
the areas of the skeletal myocyte sections in the csf3r~/~ and ¢sf3r/* mice
with BM transplantation. Online supplemental material is available at
heep://www.jem.org/ cgi/content/full/jem.20101059/DC1.
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(2010, 9) ke &M 25(1981)

® &
RSB RERDEETF
Y BRERBRFEZE K‘EFE#&_EE? BEALEM
v EERBASESR BRENH R
A H Ot B & H B —*

1980 ERBEND, FFEREFMNFEOESIHECE  DBEEHREDORE
BIEFORENMTLR, X512 1990 FREELOOL M7 ARZRIZIEIC
REREICBI 2 BEFREFOMSZPO,ICLTEX . BRERIBITAE
EHREERE LT OGRS RIEMAEIRE EA MR S h, SROLEREE
FARESN, ZOMERLERBMICL > TREAMPLFRICEVSHHI LN
HohE ot FRESTIR, ZALOREFRICES:AEDEISTD
NBEITHY, BRF—F— A4 FERCRET 52 LIRS T2,

>R VR B

—f312, L rOEEGREERLBEERICL DV REL, T0HA
G REAIT L) REFBSBRES LORBMART S L LS
nTwa. 2%, B-REFIREOEEEROAEEZREL, 2
OREAHLFBCHRL TV 2B - RIETREL, BEERCHE
VRS 5 5 2 SERBETSHAEOMIIEEL TRET ISR TE
BRI SNG, MEOREIEE i, REKFROSHEHVT
EPMATIC X ) RETRESFAE S h, HREFRCIROIERRIE

¥-—7— R BE—@EERE, OHE, BREANEBR, FEERE,
7T—7—* 4 FEH
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26(1932)

ERFRE(EFF 2010 BHES-65% - 9 TS

WEREAER L EAI IS E. —F, BEESIE R E DL
FRARETHEREVY, B4 0B CZERSKEDRERL ) A7 IIR
ZTHEBIIEL R, LrLEEGEETL20, ZORERES T
v, F7:, bAEFTORBBEENEVRIETERF IALOKE
ORIEICEST 5 LIZBEST, HEABEIEVWODOKRBRET X7
REVWERIRREINSLZEDH S0 (common disease rare variant
hypothesis), ZRFRANDEZWRETREICIE, H - ELHIEN
RBEMERENRE LAZENLT 70 —FPLETHL. AT
i, MEOE—BEFREIIOVT, TRETHLPIIZ>TVRAR
HEEFLREL ORELHOITHRET 5.

D B E

OB O OSEMN D 5 WITHERER R F 12D CLERBORIRT
5. BEOHFREZORBIZLD, LHEQRREEFIRL L
FE SN 7= 2 RBRSHBH S0y, 2006 FIZHALE
FEPESREINLY, ZOSETIR, DOHEROH OB - &
SHBEAEZ ) 3T ETLOERA] LERSINTEY, WEHFG
BICBRB LTwaEREM (primary) & EFEBOLHRETH LK
% (secondary) IZ/¥isha (K1), EEWMOLHEISILHIZ, &
{ZME (genetic), BEY (mixed), HEM (acquired) IZFHEINT
Wb, ASETIX, BROLBEORICEIN TV P2 F ¥ Fr
ANFHROBCEEER L ERNBREASICELT H700HEE
THENTEY, BEHCREORESVOHEICTHEINSZ L
4, LAaL, ThOOERITTIIEEEAEREEL LTORE
PRV SN TwAETD, ARTIEHICHRSRT 5.

1. BBXBOEE (HCM)

HCM DEPDFRBAEEEEERICRE ) RIREZED L Z L
b, EEBTCHEEEETT Tu—Fafrhbh, £ ORERALZ
RESNTWAEY, UL L IF VYV ESH, PaR=VTRa bU
BIF LU EOFNaAAT Y R BIEFIERZADLZEH b,
HCM OB AEH V2 A TIRENET 2 RET 5 -0IZE L L0
rEZOHONREY. LAL, FOBROBERZFREIZLD, ST

325



(2010, 9) # 3 27(1983)

B REREEOHE ERRLMEE L 2REEAFOHIRES NS, $LEECETENKRE)
(CCk" L 051 A%

FREMORHE
(Fe LTLRICREEED 3)

iz Pyt BR%E
HCM - { DCM - RIE (LERR)
ARVC /D RCM L X L2
(K - 3k % (“f=zDoiE8R”)
LVNC 1 v
- EIEHA
PRKAG2 \, 73— |
Danon & > LB Raiatas
— e e | A AV ARTFIENERRIR D
R BRI & ) A L2 9LR

2 Y RYTILERE

1A FrvRIVEE

P S

LQTS Brugada SQTS CPVT 770 SUNDS

HiEtE & IEREMRE IS L D A EL 7.

L EICIEMEERNL T, BETICRRT 2 RESBEBIBENO T ARICBWTORAR ST 5.
HCM : JEAELLEE, ARVC/D @ AEIREMG S OHE / BEBE, LVNC | E2LHBELEE,
LQTS : QT EREREE, SQTS: QT GMERE, CPVT: 77 27 I yFRUESHMLSMME,
SUNDS : 2B ER, DCM | HLRBLLAEE, RCM | HRELLAHAE

TIRHEZG LAIHTA PRy TR Va2 TIZEEBHKRLZW
yA4F 2 (TTN)" R Tcap” DT U7 IIEENFE I NI L
Ao, BRIZIBIHEIETIRLT LS 1L AMERRTIEEL, A
Ly FERIOBEIMAHAN Ca BEMHATET S 2 LI & B IRkIEEE
fEEAH, HCM OWBOFERTH L LARBIN TS,

RVIERMOHERRBETFERLZLH)ITY, ZLOMAER
BEE SN TV B, EREETOEERLH BT THoTIER
AL > THRERTRICERVDLZEPHLNE R TEL L
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28(1984)

BEFR8{n ¥ 2010

x®1 FREOCHERRERTOSHMNE CUR> X Vi ARE)

AR - 65% - 9 AHHS

(O AHERREY

iR RE&EFS KL

il e Y A

HCM /DCM /RCM/LVNC AD
HCM /DCM /RCM /LVNC AD

HCM /DCM AD
HCM / DCM AD
HCM AD
HCM AD
HCM / DCM / RCM AD
HCM /DCM / LVNC AD
HCM / DCM AD
HCM / DCM AD
HCM AD
HCM / DCM AD
HCM AD
HCM /DCM AD
HCM / DCM AD
HCM AD
HCM AD
HCM AD
HCM / DCM AD
DCM / RCM AD
DCM/LVNC AD
DCM AD
DCM AD
DCM /LVNC AD
DCM / HCM AD
DCM AD
DCM AD
DCM /HCM AD
DCM AD
DCM AD
DCM AD
DCM AD
DCM AD
DCM AD
DCM AD
DCM XR
DCM XR
LVNC /DCM XR
DCM XR
ARVC / DCM AR
ARVC / DCM AR, AD
ARVC AD
ARVC AD
ARVC AD
ARVC AD
LVNC AD

MYH7
TNNT2
TPM1
MYBPC3
MYL3
MYL2
TNNI3
ACTC
TIN
TNNC1
MYH6
CSRP3
CAV3
TCAP
VCL
JPH-2
OBSCN
Myozz
ANKRD1
DES
LMNA
SAGD
ACTN2
LDB3
PLB
ABCCY
SCN5A
CRYAB
PSENT
PSEN2
FHL2
LMNA4
ILK
MYPN
CHRM2
DMD
EMD
TAZ
FKTN
DsP
JUP
PKP2
TGFB3
RYR2
DSG3
DTNA

cardiac S-myosin heavy chain
cardiac troponin T
a-tropomyosin

cardiac myosin binding protein-C
ventricular myosin essential light chain
ventricutar myosin regulatory light chain
cardiac troponin |

cardiac a-actin

titin, connectin

cardiac troponin C

cardiac a-myosin heavy chain
muscle LIM protein, MLP
caveolin-3

titin-cap, Tcap, telethonin
metavinculin

junctophilin-2

obscurin

myozenin, calsartin—1
CARP

desmin

lamin A/ C

J-sarcoglycan

a-actinin-2

cypher, ZASP, oracle
phospholamban

Kate channel

cardiac Na channel

aB crystallin

presenilin-1

presenilin-2

four and half LIM protein-2, FHL2
laminin a4

integrin-linked kinase
myopalladin

acetylcholine receptor
dystrophin

emerin

tafazzin, G4.5

fuktin

desmoplakin

plakoglobin

plakophilin—2

TFGA3

ryanodine receptor 2
desmoglein 3

a~dystrobrebin

AD D WHBAREN, XR: RS (XEHE), AR FREAFHE
T OORERE

BRO [4750WE] B
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(2010.9)

¥ & 29(1985)

HEKXORBENIOH POR Y THIEFEEFDIEIDN B 35
CEMHBERTERIVEETH S, LMHEBARRE I uR= > Ti#Efn
TEEFIDIZINPARTHA.

EHFIE HCM BB o LR XHEELY 29 545, REFMN, BIRDN
I2h HCM L &K B2 2 EBHEMTH S, —#KIZ, Pompe ¥R,
Danon 8 & U Fabry 7 & OFEHER TldLH LS OIS 436 B 12
BENDZENZVH, Fho0—HRISMEIHERIUZIEA L L,
OHEEINRIEICHS S Eb S, Fh5id, L Fabry &, —&Ho®
Danon #%, 77/ ¥~ 5-—1 B (AMP) &MLy » /37 %+ —
YERERETH Y, FIT AMP FHHEALY 37 ¥ —EEREL,
TANT o NR=F V- KTA N (WPW) EFREZH) HCM %
BRROERE LT, EERNT CRABERTIRE SNz, HEERO
ZEALIIUEREOESEETE L OREICERT 572058 #H{EF
RE& L 255, AMP EFHALY v 32 3+ —FPERFEIBRGHS LA
L7z:Z¢llX3b0ThY, EHRERERXEZ LS.

2. HERELOHFE (DCM)

DCM B#ED 20 ~ 35% \(CRKEB B0 54, BEERIRRITL
B D, HAOTERAMRENEEETH DY, FiGhsERER, B
HEUATRCHEEEERZE2300H5%. 209 b, HEME
BEUBREEAORR LRI L/ ESREN & BEEETT7 T —F8°
fibh, chITyxrr74 > (DMD), 3> A/C (LMNA),
FZX 3 (DES), o-%nvaz s (SAGD), L7 2 F ~
(ACTC), #%¥ %219~ (VCL), TTN, kA% »/v» (PLB),
KATP #+ %)V (ABCC9), #+1 77— (LDB3), a=BZ1J A%
~ (CRYAB), . Na #+ # ) (SCN5A), CSRP3, TCAP, LIM
7327 (FHL2), 93I=r a4 (LMNA4), I%/853 > (MYPN),
RNA ¥&5FF—7% 757 20 (RBM20) % X OEEH, DCM OFF
WEBY )BT EMMESNL, Cho0BRIETFHEALE, DCM
T HCM A2 FSE 2 BRFRFBICLIVA—DmEELRL )
5t RHEHOAH W), /@ FREFTOERRVICIIE
LAMELEL) DL (WEOAY—) #0495, DCM OJER
BIEFE LTHORRENTZEDDE B EROBAMEMERICH
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30(1986)

ERR@{EF3F 2010 BHES - 65% - 9 A5

PbBELEDTH-7Z kHh 5, DCM DFED EHRITIUE D IEEHE
DEFIZIAMBERRTHLIEEZEZONT W, LILrLENDL,
HCM (IS F ST LKA TFARIESH, FiZHvax7y
Y RELRRESNAZ NS, HCM & DCM #EHEEFH»5
X35 LIZR$ETHS.

3. FEfREEZOSHE (ARVC)

ARVC 13, AEBEMOCHEKRL OBREET, AEREOEELE
BAEREZFEE L, MEENICLGEEHREICBIT SRR L O
MEADOBE L S VIR EDL.LHEETHD. RIEEXFOE
Flix 30 ~50% &HE SN TWAA, BIKEIRRL BT RIS
BNEFRICEEEZZL b, ERZBFEEI TRV, AR
BOBEHSHBEIIEET, FRECEERZOFERERFEELLT,
14924 (ARVCl), 1q42-q43 (ARVC2), 14ql2-q22 (ARVC3),
2q32.1-q32.3 (ARVC4), 3q23 (ARVC5), 10ql2-pl4 (ARVCS),
109223 (ARVC7), 6p24 (ARVCS8), 12pll (ARVCY9), 18qi21-
ql2.2 (ARVC10), 18ql2.1 (ARVCI1) #%, #W¥kEUdEzdsd
DELT 1721 B’FHESNA TS, Z0H B, RREAZFIFRES
hTWwasdDELT, ARVCl1 WFNF Y A7+ —3 Y VAT
(TGF)A3”, ARVC2 i3V 7/ Y%%K (RyR2)¥, ARVCS 1172
®F75 %> (DSP)”, ARVCO & 735 237+ >~ (PKP2) ",
ARVCIO 37 A€ L 4 » 2 (DSG2)", ARVCIl ¥R €23 »
2 (DSC2)? % &Hd» 5. ARVCL %, TGFB3 iGtEA LT 2458,
LD OBMENRLIRHEREAMRE SN S Z L Rl EE R FORBHHA
HtREORENRS LTV AT REISREIN TS, FAEY —A
MEERFERTE, LHMIRE) LOEERGEENELR, LHD
HEPRSSIL LI TSI REELTIZRETLEEZOLNTAS. ARVC
DIRENEREMTHLEBITHS»TIdh v, EBIOWETE
TRHEBM 5% LI FkEbH Y, DCM L EHGWELBHEDD 5.
ABRBIIETHORETHY, BAROERE LTEETH D, EBR
FEDFREIIZHGAARIBRAEN SR TH 5.
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(2010.9)

#® 3 31(1987)

e R AR A

Bt EEABRERBE, A4 v Fr R0, Mgy v X7,
BLUOSHEBR Y I— FYARETERC I VREREERL, &
FEYEARESR % 4E U CUBRREE RTEEETHY, /A F v £
MiEEbNRTWA, Kkt QT EREMEEE (LQTS) DRKEEEF
PRIES N7 D% EY H 2, Brugada FEfEE, QT ik o
(SQTS), #7273 yFEMESHAELEHEM (CPVT), KE®OE
#ME (AF), ERXUEASEERE L2 COFRREREFI@HALLE LT
7. AL, BEFERNEEENLIEGIZRL TR, 5%
DS Sk BEIEINS.

1. QT EREEE (LQTS)

AW T b HBIOEET 2 M EEAEIRELTH L. LEKE
WBITS QT HMMERZHHE TAHERETH LAY, KIAR (LE
REFR) ORBBICIBAENHD, BEFREON 25~50% @
QT MRIZEF T -3BRETH 5. LQTS REHEMN OB RARE
DRET, NRXEHRTHS Na Bifife Ca B OB X U4 X
BRTHLKBROBAIZE S QT MRERIZEL > THRHRZRRS &R
bYA= LTEHERMLEHI (torsade de pointes : TdP) %%
FEL, RMRERIEEZET. LR LQTS o#EfmEXE LT, #
AW E RS &= TH S Jervell and Lange - Nielsen JiF &
L, BEEAEDbLVEROAEEEZTH S Romano-Ward fEMKEF
D2 EENS (F2). BIHIIINT GERELQTS D 1% LU
F) (B AEDNHETHS. Romano-Ward EBEHFIEREEZTFO
FEIZLVHE 12 0754 7I2pFEInTBY, 1 TH LQTI,
LQT2, LQT3 T2#%» 90% UEzhos. Zhs LQTL~3 1,
BIZEMICRE SR TEY, 4754 7L 0 BEEELIHEBIEDNHE
MENRTBY, Y794 7 EIPBREEETH L. KEFOLERX
W, BEORRLIER 7Y VICIZEMWMBEIZLD, HHHREHR
(ZFRIZHENTE D L SNLD, BERFUECH LD LA OE1X
EBRPZFCTEEETHENET Z20IINETH ), B FHFIZLD
WHEZWHNVLETHA.
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32(1988)

R2 EEMTBRER&ET

R FF 2010

BHIES - 65% - 9 AT+

Y7 RIEE (—8

44T  RIETRBOE) BIzF 2 NG 21N KEEE 14 8RR
QT EREER
Romano-Ward fE1REF
1 42 ~54% KCNQ1 K71 a-subunit lks channel Iks B
2 35~45% KCNH2 Kvl1.1 a=-subunit i« channel I B
3 1.7~8% SCN5A Nas1.5 a-subunit Na™ channel Inat. 1570
4 <1% ANK2 ankyrin-B adaptor protein -
5 <1% KCNET minK fB-subunit ks channel s WD
6 <1% KCNE2 MiRP1 f-subunit I« channel I D
7 Rare KCNJ2 Kir2.1 a-subunit lk: channel (- %)
8 Rare CACNA1C Casnl.2 a—-subunit Ca*" channel lca, L 180
9 Rare CAV3 caveolin-3 component of caveolae Inac 380
(1.9 % in one study) (co-localizes with Na.1.5 at
sarcolemma)
10 <041 % SCN4B £4 B-subunit Na™ channel Inat 1550
11 Rare AKAP9 Yotiao mediates Ixs channel Ixs 1840
(2 % in one study) phosphorylation (B-7FKLF
U RAR)
12  Rare SNTA1 al-syntrophin  regulates Na" channel Inat 350
(2 % in one study) function
Jerveli and Lange-Nielsen E{& BT
1 <1% KCNQ1 K.7.1 a-subunit lks channel Iks WL
2 <1% KCNE1 minK f3-subunit Iks channel Is B2
QT BHEREY
1 Three families KCNH2 Kvit.1 a-subunit Ik channel Ik 1800
2 Two case reports KCNQ1 Kv7.1 a=subunit lks channel Iks YN
3 One family KCNJ2 Kir2.1 a-subunit lk: channel lar 18N
(two members)
Brugada fE{&E¥
1 10~30% SCN5A Navi.5 Na' channel (Ina) Ina D
2 Rare (one family) GPD1-L GPD1-L regulates intracellular Ina B
Nav1.5 trafficking
3 <85% CACNAIC Casl.2 a-subunit Ca** channel lca, L i&D
4 <85% CACNB2 Cavf32 B-subunit Ca** channel lca. L D
5 <1% SCN18 A1 /3-subunit Na* channel Ina 38
6 <1% KCNE3 MiRP2 B-subunit io, tast channel ho. tast 3850
a7 IERMESHMORHER
1 60~70% RYR2 ryanodine & {F SR Ca*" Mt
2 Rare CASQ2 calsequestrin: SR Ca*" i
(7 % in one study)
RiEM L EHE
2 One family KCNQT1 Kv7.1 a-subunit lks channel Tks 3800
4 Two families KCNE2 MiRP1 f-subunit I« channel lks 540
(may modulate ks channel)
6 One family KCNJ2 Kir2.1 a-subunit I« channel Ik 80
7 One family KCNH2 Kvl1.1 a~subunit k- channel I 380
8  One family GJAS connexin40
9 Three families KCNA5 Kv1.5 a-subunit Ik channel Ieor 3850
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(2010.9)

oM 33(1989)

B LQTS W&, WEEMEIHEEZE) A A v F v 2 VERORE
THh)INLDF XY ANVEGTOREVPERNTH S LEZ LN,
LQT4A DX HIF v 2N, PTIVAR—F —RZHEELREDWES /3
7 EMREICEITETAT7 VXY Y BOERTFRBEICEIVIESY v 37
OREFEESR, 2ROICF v AVEBRIBEEIN) DI LIRS
iz, TOEIE, FrRANVERERTFEDOSDIZEELF R HEIEER
OHETREREEFREINETH Y, KENEEFRERIEL &
WEED 1 2EEz M.

37, BRELRZEBETERVPEOLILLZRANTY, REBIBRD
FKEBPCHERBRIEIR L), BEEMRVIEEEHS. 230, B
ZUREEEGRIMNZET LI LPLVA, A—RKRAATHLER
FAELTVLRYES, 2 RERREESRVHEREBREVHET S
(REREHE). Zh OO —FRNTORERREIZIE, Fim, Tl
REMBERIELZ CORBER TN T, BEFEUEOFEIEMET
LLTHS T AREESDHE. NaFr il g7y bea—F
¥ % SCN5A DOMIETEETH S H558R IZEADHK 30% 1205
A%, LQT3 EREETTHAH SCNSA DI Aty AZEE M1766L @
FYRNVNETI T4 F Y IREXZERTAIEFRESINTY
59,
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