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Effects of Thyroid Hormone on Expression of Voltage—Dependent
Potassium Channels in Cardiac Atrium and Ventricle

Meilei MA

First Department of Internal Medicine,
Niigata University School of Medicine
(Director: Prof. Yoshifusa AIZAWA)

In hyperthyroidism, supraventricular premature contraction or atrial fibrillation
have been fregeuntly observed but the role of thyroid hormone in the genesis of these
arrhythmias is to be determined.

Since the expression of voltage-dependent potassium channels (Kv channels) in
cardial myocytes was shown to be affected by thyroid hormone, we examined the
mRNA expression of Ky channels both in the atrium and in the ventricle in the hyper
and hypothyroid models induced by daily administration of thyroid hormone (T 3) and
propylthiouracil (PTU) in rats, respectively.

As we previously demonstrated, the expression of Shaker-type Kv channels (Kv 1.2,
Kv1.4, and Kv1.5) was affected by the T3 or PTU treatment in the atrium and ven-
tricle equally. In contrast, the present study showed apparent induction of mRNA ex-
pression of erg and minK Kv channels in the atrium but not in the ventricle by the T
3 treatment. The increase of erg and minK Kv channels may shorten the duration of
action potential and the wave length (=refractory period x conduction velocity) in the
atrium, providing the arrhythmogenic basis for development of atrial fibrillation. The
association between hyperthyroidism and atrial fibrillation could be explained by the
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shortening of the action potential duration through induction of erg and minK Kv

channel genes in the atrium.
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HESTFEDENFEOBERC Ry F 275 THEICL
DML IIEE O ) Y AF e A NVEEEL, ©
NODLHOEBEN ORI ER LB LHE LI TS
ZENFHLPII o TWAYTY . Fi LIRS
HFicky, cheDh Yy a5 v 32 LOFERIERFO
BRESHBH IR Lo TER, E5612, Thb
DA T LF v R VLGB TR DA B L I
BASHDI LR, 8F XF LRENF ORI
BERYEL, LBEEEO-RELVELZELHL,
EoTETWADD,

BIRCEIR SRR LR O TR TH L2 Z & h
SRR AL E Y ELCBOBBREE (P SERSRLTY
5. HRBEETEET S VO F TR LEHBOES
IR 5 2 &R BRIV E AL OHOEESE
URGEHEE HETAREELRBNEKEEY Y Y4 F v 2
WV (Ky Fran) 7730 —BETORBHAMK LT
WAHEIEDHESNTVAY IO F e § BRI R L E
YL Ky FYy 2 VOBROBEBERHL, Kv Fx
FNT7 I —DHD Shaker ¥4 7 (Kvl.2, Kv
1.4, Kv1.5) ORBEFFIREBEALE Y ORMEZITT
VA I EEHE LY, —F, PRI TERE IR
YRR, LSMAIE, (CEME S SO AR AT
EHLRPTOUANLEBAERIIES 2 V., 2ol &id
HRBRAVESZL D Ky FYraVvoRRFT, LEE
GETROTWATEELRELTWAY, 22T, L
BIZHEST S Ky Fy A VDOLBEELETORBEOE
BEFNIRIZTRRBRLVE Y OFHOERSHL D
KT BRI REI{To 7.

HREHE
1. By
128 Wistar Kyoto (WKY) v b % Tri-
iodothyronine (T3) ¥ 5 # (10IL), Propyl-
thyouracil (PTU) #4558 (100C) B3~ bu—
B OQ0PL) e, T3S (WA Fu=rF b
U hgE, REESTERASH) 2Bl 25 pg %

FEHAK1O0m] CHBL, 1B 1ECEELI0g K220
% pug O TIFEOH/ Y71 ~5 HMEARES L
7:. PTU #%58i PTU EkK4mg % 5% Carboxy
methyl cellulose 0.5ml THML THE100g H7-

Ddmg ##EH 2HAMBORE Y Y 7THEELE. £40
WBEHLHIZETS Ky F1 450 mRNA BHEOK
BRI R a7,

BE5RTH, ERET CHHLTHEERE (V7 bo
A EH, BP—-98A) %o CUdaRE BT L Ao,
LR A ATV IR T3, T4MH% RIA BETHlE
L7z, BRI E PBS T A VL, CERD
LEIZHITE RNA % acid guanidinium thioeya-
nate phenol-chloroform #CHiH L 7.

2. Probe DA%

E®Zy FLBEL Y RNA ZHi L, oligo (dT)
7 A <—& reverse transcriptase & VT ¢cDNA
EERL. o, XBREBEERUCREFES, O O
R EBEZICH LA Ky Fyr a7 7 3 —#HETF
DTI4<— (Kvl.2, Kvl4, Kvl.5, Kv2.1, Ky
4.2, erg, LQT 1, minK %\, polymerase chain
reaction (PCR) #iZ&D, Sy b Kv Fr A7 7
I —BIZTFOES DNA #ru—=r7 L7 155
17: cDNA & pBluescript I SK (+) X7 ¥ —
(Stratagene ) 70— =¥ ¥ L, automated
DNA sequencer (ABI 310, Perkin Elmer #}) (2
TE#DIHEEEG| % HEFE L 72, House keeping #IEF T
# 57 v I glyceraldehyede 3 — phosphate dehy-
drogenase (GAPDH) ¢cDNA X pGEM3Z <2 ¥ —
(Promega #t) 1270~V 7 LTHW., 7923
Fid EcoRI (Kvl1.2, Kvld4, Kvl.5), BamH I
(Kv2.1, Kvd4.2, erg, LQT1, minK, GAPDH)
TEMAMEL, T E Ty L—FELT T3RNA
Ky A7—+¥ (Kvl.2, Kvld, Kvld) Xix T7
RNA £ A5—¥ (Kv2.l, Kvd.2, erg, LQTI,
minK, GAPDH) &3 P—UTP % H\v7 in vitro
transcription 1T\, P TIANVENLT ¥ FE
A cRNA 7u—7%fER L7z (¥1).
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¢DNA Templates| Length (bp) Sequence Vector RNA Accession#
Polymerase GenBank
Kv1.2 (RBK 2) 258 1143—1401 pBISK + T3 J 04731
Kvl.4 (RHK 1) 232 673905 pBISK+ T3 M 32867
Kvl5 (KV 1) 347 2394 — 2741 pBISK + T3 M27158
KV2.1 (drk 1) 417 1536—1953 pBISK + T7 X 16476
Kv4.2 (Rshall) 397 19622359 pBISK+ T7 S 64320
erg 260 24402700 pBISK + T7 Z 96106
LQT1 250 259—3509 pBISK+ T7 U 92655
mink 243 158—401 pBISK+ T7 M 36461
GAPDH 114 673— 1787 pGEM 37Z T7 M17701
3. Ribonuclease (RNase) Protection Assay atrium  ventricle
LEELEPSTHE LA RNA tBEEar to— C TP CTP
@ tRNA (Promega ) #h#h 10 #g 12 2P T Kvi2 »
FANNVL7 Ky Fy w773 —%& GAPDH o7
¥+t A cRNA 70-7%Mx, 45CT—HRIE S Kvi.ga » |
#7z. 0%, A RNA 2B LT ¥ F Kvig » [
YA cRNA 7u—7%YFX 2L 7—¥A (0.3
mg/ml, Sigma #) Y UEXZLF7—¥ T1 (30 Kv2.1 »
unit/ml, GIBCO/BRL ) T30C, 1 B THfLL7-. Kvd 2 »
EHIZYRRX L7 —-E¥E7usr A F—¥ K (0.5mg
/ml, Promega %) T37TC, 304 CEfbL /2. A&
GAPDH »

RNA #FH L7 YFtr 2 cRNA 7O—7%7x
=N - rukIVATHEL, ©¥ 2 — Vi, 95
CCIFHERIET6%RITZYNLT I FFVTER
KEE SV EERLXBETAVL (TVT4IVA)
WZ—T0CT0BMELL THIELL. X7 1 VLTH
BENNVFEAFYF— (Ba—Ly b8y h—F
) THLYRAAK, £ FOEE % NIH image soft-
ware (1.59, NIH) Tar¥a—¥—@F L1, 7—
¥ — 3K |ET mRNA & GAPDH mRNA EHoO
HTEL, KBERL.
4, #Et
Py £ EEEETEL, MEMENREFICE
Mann—Whitney ® U BE% Hv:, P EH0.05 LT
PHREE L.

& ®
1. Kv #+3xJ mRNA %8R
(1) Kvl.2 mRNA
Kvl.2mRNA oartu—- VETOERRILZ, L
FLHLETHSHIEDIo/. T3 EHET A LLE,

E1 T3, PTU 2®REHROLE, LEOD
Kv 1.2, Kvl4, Kvl5 Kv2l, Kv
4.2 mRNA OFH
Kv L5mRNA OFHIZ T3 x#Hx 52 &
NGB, DEEHIZHEML, Kvl2, Kvld
mRNA OERILE, LEL IR L
(C:control, T: T3, P: PTU)

LEORBRIIEBICEHICET LA (E1). —H,
PTU BTIHLE, GEES IV PO - VEFICHKRT,
EHEEVSY 2L (Kv1.2mRNA/GAPDH
mRNA t=20E: 6.7% vs11.0%, L 1.3% vs
2.8%).
(2) Kvl.4 mRNA

ayhu—-VED Kvl4 mRNA ZL0E, L€k
LREBEEIL Kvl.2 mRNA X Wb o7 (1),
T3 ®%E51 5 LL0E, LELEOICERRERILET L7227,
PTU ##HE5FrLediclmL7 (LE: 0.7% vs
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3.1%, 0% 05% vs0.9%). % vs8.5%, LE: 6.8% vs1l.7%), PTU #%#%#%5
(3) Kv1.5 mRNA THLLETORBITERIZETLL (LB 07%
Kv15mRNA Fay ba—LEETIRLENLE LD vs1.4%, LE : 6.8% vs0.2%).
BOBIZECEBL O (B1). o3 T3 % (4) Kv2.1RkU Kv42 mRNA (H1)
BETLELEELCEEDHSAIIENL (OFE: 0.7 Kv2.1 mRNA RO Kv4.2 mRNA Ear bo—

METIT OB EOEIIERERR L WD, #F60
BEEIX POV ELST TIETLE, LELD

atrium  ventricle CHBEREERO -7 (Kv2.l mRNA ; LB
crTrepcrTrP 2.5% vs2.9%, 0% : 3.9% vs3.0%, Kv4.2 mR
erg » L .. B e NA;LFE:22% vs2.1%, L8 :24% vs2.0%),
PTU # (Kv2.1 mRNA ;L FE: 25% vsl.2%,
LQTA L2 3.9% vs2.9%, Kv4.2 mRNA ; LF : 2.2%
ve 1.6 %, L2 2.4% vs2.1%).
. (5) erg mRNA
minK 2y b - VBEOLED erg mRNA BHEIILE
EhE, TIHTLETHOT2ICHML (9.3% vs
10.2 %), LETHEB GBS LT (6.0 % vs 2.4
GAPDH » %) (H2). PTU %5 ¥ TILLEORBEEX LT,z
WAL (9.3% vs7.56%), LETIRPLRMIL7 (6.0
% vs8.7%).
M2 T3, PTU *REROLE, LEO (6) LQT1 mRNA
erg, LQT 1, minK mRNA O%5 Y PH-VETRLRORRRAUE LY Z < (H
erg, minK & T3 2% 545 L LETE 2), T3%¥E5THELE, CEEIHEMIWA LR
® mRNA ORBAERCFES L, LET A LB 9.8% vs5.3%, (% :13.7% vs3.4%),
HZOFRIBO LN Do, PTU BTEELREEALL LS o7 (LFE:9.3%
(C: control, T: T3, P: PTU) vs 9.4 %, L= 13.7% vs14.4%).

C 1t 2 3 4 54

minkK =
probe
e < minK
mRNA
GAPDH = Y

probe
B < caPDH
— mRNA

tRNA

B3 T3LALED minK mRNA BHOKEHEL
T3Z#EHKGT5L 2HEIZOED minK mRNA O

REAFFEIN, FORBEBRA4NBICE -2 %D 50

Biz@d L7z, G(RNA B2 o, C: control)
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(7} minK mRNA
minK mRNA 2> buo— L ETIHLE, GEEd
ZORFUTIIEACRETE b o745, T3 25T
BLLETORAREFERCHESN, LETERD S
Neho/ (2). PTU 5HETELE, LD
minK mRNA BHizory bo—- 8L h) S5 KT
L, BIERERELLTIC 2 o7,
2. T3iZ&? minK mRNA SR U M iE g
T 3 &bl T 4 ORBHEL
T3 #EAHFSTLE 2 HBIZLE® minK mRNA
ORBYFEIN, ZORBBITI4HRCE—2 L
D5 HBCEA L (K3). MmiFdEsE T3/t T3
HH5H1IHECERIIEMUZA, 2 B2 S#M L 7.
miEHEsE T4 T3R5 HRIBBICABICEAL
A 2HEMBERD Y b=l LAILIZERE S T,
3. Sv hREREOLBE, miEERE T3, #8 T
41&

T3% 3 HM&EST5 L 0MEIREa & 0 FH I
L7 (500.5 + 34.8 vs 393 + 28.6/4>, P<0.002).
—7, PTU % 2 8M#%5 L -HOLCHBUIERS M
(372.6 £ 30.2/4%) L#5% (398 £ 9.8/4) ICHE
LEERD o7,

HUisHEsE T3k bo—LBLHBLT T3 &K
BLUBECIARICHM (2.8 + 0.2pg/dl vs147.2 &
20.9 pg/dl, p< 0.0001) LTw /o7, il T4 i34
BEhEYROLEDo7 (0.8 £ 0.2ng/dl vs0.5 0.2
ng/dl, p< 0.07). PTU #% 2 BM#&S LB Tida >~
PO— VB E B L CTIEERE T3 (2.8 = 0.2pg/dl
vs 0.9 = 0.0 pg/dl, p< 0.0001) R U'#EdE T4 (0.8
+ 0.2ng/dl vs 0.2 & 0.0 ng/dl, p< 0.003) ZHZEI
(L YAR

E =

FARBRA NV E VG OHBD Ky Fr 3077 31 —
mRNA ORBEZHAML VLI L9523V e
L7y MIHIRBIVEY 25T 5 080 Ky Fv
FNT7 73 —® Shaker #1417 Kv Fxr 2 L® Ky
1.5 mRNA OREBAHEML, KxtiZ, Kvl.2mRNA,
Kv1.4mRNA ORFAFIHSNL 2 & FHEL 7210,
BRIRAENLE L BLHD Ky Fr 77 31—
OBEBE, LHOEBENERNECAEENOILE %
L TR REEERLTWA.

Lo L, BURBRMEEETORE CIA MR, EE
PG, CEMER EAYEE LT VA, LEICEH L CIER

RBRREE L L CUOBEEOBRTE 2632 812 LIFL
R 2 B, LEWARERIZEDICC VI Zhs
DEEISL, BRBRVEN Lo TLELLETREL
FIEEETSH Kv FY AP HEET LA REES R &
Nz, FZTEBE TR, PFRBRAVEZICHT 5.0E
LLBEOWETO Ky Fy A VEBETFORBGE XK
EiRPRAN

FORRE, BEKEEL ) T LAF ¥ 2L (Kvl.2,
Kv14,Kvl5, Kv2.1l, Kvd.2, erg, LQT 1, minK)
DI L, Kvl.5mRNA OFEFRITFRBEALE Y TLH
B, LEE D IZMAL, Kv1.2mRNA, Kvl.4mRNA
DFEBRILOGE, CEEDIHRISL Z & 2 EREELL.

Ito (21X Kv1.4, Kv4.2, Kv4 3R L, DR
PIXEEHBEVREFH L ERS 2 FMICERET 5.
Kvl1bid Ikur & LT T32& ML 7B E3ES
BRSO LAEM S5, EEOFEEEMFFR
O, ChoDREBLZ K F v 2 OMxtH
REALTHESNAI LIRS,

AFFET, Al T3IWLDLETOAR erg &
minK OFERITHCFESINL Z LA 572, minK
(minimal K channel) 12130 7 3 /BB X D HERL &
NABIEE®EMY ) YA F ¥ A NT, TOBRBETFE
Xenopus oocytes [ZEHIEL L, ELEY POLE
Wi ETRHFESNAEHLOBNEEER Y v 4
(Iks) WWHEBL-ERPFZDH LN LT EHPL T
BB X 5|24, Drici 53 minK #ET O
knock out ¥ 7 ATLEMED RR HBICHT2 QT
R OBMIRL#ET L, RR MY 100 msec 5 400
msec IZHER L7200 QT BfHIZ minK knock out
RITADHEHHBI T AL QERENIKELC DI
FHELTWDEW, 72, minK 1 LQT1 E721% erg
LSBT A ELREILKRETHERIAL I,
minK & LQT1 ##REH ¢ 5 L ks BHIZEML
LEBREPRDLIEY 2OEHIL erg BMLY D
TEHEALDOBEBEER A )7 2BRTH S Tkr (ZEMY
LTLAZELMESNTVRY, ZhoDZ Ehs,
minK IFEHMTHL VIO A ) 74 F ¥ 2NV EEE
LEAKRERETAZ L L) .LHOEBEMFRIEM O
BB TWwEEEL LAY,

SEOBEIE T3 #HESEN7ZT v POLRETIE,
erg & minK mRNA OEBRF LB ITLETORE
CHBEINDIEMWREN, HEFERSLVIEIEEL
TEZLLEFHIIBWOHEENOFRIM 2 88 S
BTV AR AR L7, T B)E AL Rrit R I o0 A I,
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DECBIAER (RIOEXRERE) 2 @E3Y, O
BHBIVREE LS VEBLFE-o-TnEbOEEZLN
200 FERIZA S TR LI TR, CREAREIR
EILEMEIN A LS E EBRLTnA L EE
EX R

—7, FRBANVE Y OLBANOERIR, BEEF%
HLTWAIELRBEENTWAR Jks 3h 5
SIVICkoTHMTA I LML w22 73
D BEBEEDEBE~OEH O T 2 LENSH 5.
FRBRALVEPREDIHIZLT Ky Fr 277
I -OBETFRELHRAE L TV E2EHELITIER .
FARB AV E P OBAZEEE ML TEE Ky
F A2V T 7 3 —~DOBETFO promoter FRILICH S
L, ZORERLHHL T LMo REFORR
EHIHTAIET Ky Fy 2773 —OBRETHR
FAr@@iLTwsWkEdEZ NS, B, Kvlbso
promoter FHIBIITFIRR ANV TV SERIEEGT 5
TEetE D H B I ERFIAHLET 55,

fR 7

B, BTV CLEMBIRER LY, LEYH
RT3 & CEBONSHIAEM T2 282, )
LAF YA NVORRLEAT B 2 EATREND0 2
IR X A2ESWY 7)) Y 7V EFHThTEB Y, £
DFEERIATOLREIEIN TV,

HoT TIHGHIIHAL M OHEELAE LTV
Zens, HIICLAEE MY T Ly SOEBEYER
TAHLENRD L. HREL, Ito & lea FEATE L
ENBHAIWW Kyl4, Kvd2h T3 TRIZ WL
FETH-ZEO—MIIBRW ) EF) » 7 HBEHFAL
TwhhbHngy., 2 TRIESHEMSREEN ($7-
RIS A vid QT MR FElEL Twinie s
ERIZE K FYyAVOLBEFRELHRITL Ty 2w,
L2LLOBELEHT K FYAVORETRAIIER
EROLIEGEELERDN, SBROMNBRAEBRYEN
B2 LEE LTV,

E

mIEIZ, ARFROMEE, BBz Es I L
HEAREEFHMEF AR REREESFO LA
WEIE, REAUKERHE, 1 BEE, HBX
FRERE-ARFHEOME L, lHESE
EECFEH LTS
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