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Regulation of Voltage-Gated K* Channel mRNA Expression
by Thyroid Hormone in Rat Ventricle

Akira ABE
The First Department of Internal Medicine,
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(Director: Prof. Yoshifusa AIZAWA)

Since effects of thyroid hormones on cardiac function or rhythm has been shown,
wheater triiodethyronine (T3) modulates voltage-gated potassium channel gene expression
in rat heart or not was studied in the present study. The mRNA expression of five Kt
channel subunits (kv 1.2, kv1.4, kv1.5, kv2.1 and kv 4.2) in rat ventricle was examined
by RNase protection assay in rat which were treated with T3 or propylthyouracil (PTU)
and was compared with control rats. Kv 1.2 mRNA expression strongly decreased in the
ventricles of T3-treated rats, whereas Kv 1.5 mRNA increased, comparing to control rat
ventricles. In contrast, Kv 1.5 mRNA expression in the ventricles strongly decreased
and Kv 1.2 mRNA expression increased in PTU-treated rats. Interestingly, Kv 1.4 mRNA
expression in ventricle was obviously enhanced by PTU-treatment although it was hardly
detectable in control or T3-treated rat ventricles. The down-regulation of the ventricular
Kv 1.5 mRNA expression by PTU was restored by administration of T3. No changes of
Kv2.1 and Kv4.2 mRNA expression in ventricles were observed by the T3 or PTU treatment.
These findings suggest that thyroid hormone influences mRNA expression of Shaker-related
potassium channel genes (Kv 1.2, Kv1.4 and Kv 1.5) in rat heart through T3 receptor-
mediated regulation at a transcriptional level by an individually different direction.
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HEESBEOBMEER D U 7 457 v X VBETFOY
o—=v e dEh, 7y bUBTHER Kv1.2, Kv
1.4, Kv1.5, Kv2.1, Kv4.2 mRNA ORBEAHE
EhTWAY., ChbORETFRBIL, FERTHEME GH3
Mo Kv1.5 mRNA RBOBF L /a2 anrsda
14 TSN L2, thyrotropinreleasing hormone (TRH)
TRAT A EpREA TV AY, BB LTFMkRO
Kv 1.5 mRNA #3it cAMP response element (CRE)
N LT cAMP L L 0EEFEEA LY, sraa
AF ol FCOHINT A LMmbh TS,

=7, FRBEETTEE T VORTERLEHOELD
TOHDEMT 52 LR BRES TV 508, ZOBF
WARBTHL. BIEEEH Y 74 F v RAVTIEEIEM
FtHA HET A EEAER A h, BRIBERCE
FHLREHRHBLNTWEZ &b, FREERLE D
IRHOBEMEIEE DY 7 4 F » 2 LORETHER LB
L CWAAEEMAEZ N A, S, FRERLE Y
NLEO Kv1.2, Kvl.4, Kv1.5, Kv2.1, Kv4.2
a7 2=y MERETRECERET LN ED hERFET
Hlewic, v b2 T3 %, i T3 #ETEEHL
®Hi Propylthyouracil (PTU) #BH#5 L, LEH
R DIEMEBEEAN Y 7 AT v AADORBEEHEN, £
ORI # RE L BB

R EFE
1. & %

8 FHiaMErE SD 5 » ~ (ffE 170~180g) %* pro-
pylthyouracil (PTU) #5%, triiodethyronine (T3)
#EH, 2V bo—aBicgdie. PTU 8584 PTU
FE 4mg % 5% CM-Cellulose 0.25ml THEMLT

hE 100g H7ch dmg ¥ BEHAHAHMEEF .~ 7T
#E5 L7, T3 #58IE T3 (WAFu=vFbUva
fv, REERTEHRRNSH) 2B L, 250 ¥EEK
0.5ml THEMLTHEE 100g H72D 25pg £ LT,
av bo—BRREKY 100g 79 0.25ml %,
FREFRGEMEEEEF -7 L0 E L. LER
wEFAHEHY 7 AF v R mRNA EHREORKNE
fbatetdsicwic, T3 21 BRU3 AR5 T 28,
PTU #1, 2, 3:EHERSTHHELIF-7. F/ PTU
L BRRS T3 ETFOIdnE d pEhBET 278 PTU
2B S T3 % 1 ERS L24R RIS O
HEL TR L.

BERTHRT Tl L, LE»SERMET, M
¥ T3, T4 % RIA BCRIE L. LA L PBS
THEEFHCT L BRCOBERYEEL, LERLY
LDEE/MERL LTRD, T3 DLBEE~OIFER%
B L.

2. RNA O

BHLLUEEL W ELEXW YL, acid guanidinium
thiocyanate-phenol-chloroform # 7 RNA #HiH L
1.

3. T FOBRUKFTMEN T LF v RO DNA
ga—=14

FHS Y bOBHLD RNA ZHHL, £ 1 RT
754 <—%F\, reverse transecriptase-polymerase
chain reaction (RT-PCR) iz kb, 5 v -BMNEKHF
HEHY T aF v R (Kv) OF4 cDNA 7 a—=
v LI

B it cDNA 2 pBluescript I SK+~7 2 —
Zrm—=y L. Zu—=v ¥Eni cDNA 37
~C automated DNA sequencer (ABI 373A ; Perkin
Elmer Japan, Urayasu, Japan) & THHE T % MR

EF1 59 FEMKEMEDY Y LF 4+ 2V EHTE TS5 —DORE

CD%‘;;:&Z?{QS Nucleotides Sence primar Antisence primar
%ﬁﬁé]ﬁ) 1143-1401 | 5’ -TTCCGGGATGAGAACGAGGA-3' | 5 ~TTAGCTGAGAAGCCAGAGGA-3’
ﬁ%ﬁé]@) 673-905 | 5'~TTCCAGAAACTCTGTTGGGA-3' | 5 ~TTTGTGAGAGAAGAGGAGGA-3’
fRvide) 2394-2741 | 5'~TTCCCGCTGCCTGGTAACCA-3' | 5'~ATGCGAACCAGGGTGGACGC-3’
Eﬁﬁﬁ(w) 1536-1953 | 5'-GGGATCCCCCGAAAAGGCCA-3" | 5 -CTCTGGTTTCTTCGTGGAGA-3'
EiiﬁU(n) 1962-2359 | 5'~-GGATCCAGCTTCGAGACACA-3" | 5'-CTCCAGTAACCACCCCAGAA-3’
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Bow#E

L7z. %72, House keeping BT TH % Rat glyce-
raldehyde-3-phosphate dehydrogenase (GAPDH) mRNA
BT 5o it pGEM3Z N7 % — (Promega) T
s u—=v 2 L1 (nucleotides 673-787) (Dr. R. Wu,
Cornell University, Ithaca, NY X ©0##f) cDNA %
FHu e

75 A3 NiE EcoR 1T (Kvl.2, Kv1.4, Kv1.5) X
2 BamH 1 (Kv2.1, Kv4.2, GAPDH) TERILL,
Thba7 v 7L—FE LT T3RNA £Y 45—+ (Kv
1.2, Kv1.4, Kv1.5 cRNA) Xif T7 RNA RV #
55—+ (Kv2.1, Kv4.2, GAPDH cRNA) & %P %
F\ 7o in vitro transcription {7\, %P TI ~b
Ehtc7vF v A cRNA 7o—7%EH L.

4. RNase Protection Assay

EOBOLH»HEH L RNA Sz Y be—
& LT tRNA (Promega) ®%Fh¥h 10pg iI© 3P T
L7z Kvl.2, Kvl.4, Kvl1.5, Kv2.1, Kv4.2
& GAPDH 7 v ¥+t v x cRNA 7e—7%00%,
BCT—W A T DAL X LI, TN AL X LT -
7o —7@FVAEX s L7 —+A (0.3mg/ml; Sigma,
St. Louis, MO) &Y #227L7—+ T1 (30 unit/ml ;
GIBCO/BRL, Grand Island, NY) T30C, 60% T

201

bl EHbrVERZLT—HE7Ta574 F—+K (0.5
mg/ml, Promega) T37C, 3040 CHILLI. ~1 7
VEARX LT m—=T %7« /—N/7makn AT
MLtz 2/ — LB 8SCT3TBEMEY, 6%
KU 72 IAT I EEATESKEE, FriiLi.
HU A F v F0 mRNA 2T 500, XE
7 ¢ /v i (Fujiphoto, Tokyo, Japan) & —70C 720
BYMIEEH L BB L, GAPDH mRNA ##H4 5
DICE U7XV EEBICXERT ¢ L 212 —70C T 6 FEIEE
HLTEB L, X7 vaTlRBER T o —T
Y & AF +F— (HP Scanjet 3C, Hewlett~Packard,
Greeley, CO) THUNAA, &/3v FORE% NIH image
software (1.59, NIH Division of Computer Reserch
and Technology, Bethesda, MD) Ta v & 12— % —
fENT % 4T - 7= (Power Macintosh 9,500/132 Apple
Computer, Cupertino, CA). F—Z2—3&Hh V) 7 A
F + 4/ mRNA & GAPDH mRNA OETEL, k&
WER L.
5. # &

HEI P ERRE TR L, FEMFEOSREICIEHIT
Do t BE (Mann-Whitney O U#TE) %ML, p
BN 0.05 LLFEHFES L.

A
T3 (ne/di) T4 (ue/d)
P <0.01 P <0.01
150 [~ [ — { } 1
P <0.01
P < 0.01
i 5 46%1.0
T
924110
100 — T 4
- 3 —
5040  50£10.0
50 — 2 L
1.0+0 1.0%0
1 - _ _
0 0
Cont. PTU T3 Control PTU T3

1 T3 kU PTU 4:EMES#HOMEF T3, T4 REHE

Cont. :

a2y fr—, PTU ! propylthyouracil, T3 : triiodethyronine.
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1. miE T3 & T4 ERUVAEEEMRLLE
2t

PTU % 4 85 LBclkmiE T3 RV T4 &
Favite—ABEEELTThEFhRERCET LT
7z (50.0+0.0ng/dl vs. 92.0+11.0ng/dl P<0.01),
(1.0+0.0 ng/dl vs. 4.6+1.0 pg/dl P<0.01) (K 1A,
B). %, T3 % 48MHEE LIEFTLWE T3 B T4
k2 bo—ABEHBELTEhFRAEBIETLT
Wiz (50.0+10.0 ng/dl vs. 92.0+11.0ng/dl P<0.01),
(1.0%0.0 gg/dl vs. 4.6%1.0 pg/dl P<0.01) (B 1A,
B).

RREEFOFEREMMEIL 2 v b o — L5 40.9%
8.3%, PTU B£31.7+3.3%, T3 #23.8+9.5% T
ThEhEEZI P -1 (H 2A). PTU 580

A
GEREmE
NS
T ]
NS
- 1
(%) NS
408+83
50 — T
40 —
31.7+33 238%95
30 —
20 —
10 —
0

Cont. PTU T3

FHI10E4 A

LDEERII 2V b o— AR HNERIC)NE -
7= (0.33+0.01 % vs. 0.41+0.03 % P<0.05). —7,
T3 B#E5ERTa Y br—ABRD PTU 58S HEL
TEREFNEBICKEh -7 (0.57£0.01% vs. 0.41
+0.03% P<0.01), (0.574+0.01 % vs. 0.33+0.01 %
P<0.05) (& 2B).
2. PTU R0 T3 [C&% Kt F+ FJ/L mRNA
RBRBOEAL

(1) Kvl.2

Kv1.2 mRNA {3 PTU BTCav b a— VBN
THI2 e gmL T (11.1% vs. 22.5%). T3 B
T2 mRNA OFHIF Kvl.2 BREHEEN T £ ¢&
TLTW (B 3A, D).

(2) Kvi1.4

Kv1l.4 mRNA Zav b o—ABETRb?hiciE
PHERIhIBETH-1H (2.0%), PTU B3 2v

B
P< 0.01
{ 1
CER/GER P<005
P<0.05
]
0.57+£0.01
(%) |
05 — 0411003
04 — 0.33+0.01
03 —
02 —
01 —
0
Cont. PTU T3

B2 T3 RU PTU 4 BEESFHOGERENRLLERK

ATBRERTHROGERE—BSIOGER/W5HOKERE X100 & LTELL.
av ra—nAB, PTU B, T3 BOoBCEEZRAD LR, - T,

B:BELER/MGEEXIN0 &L LTERLE.

L, PTU Tiz¥MicE@d L.

B1:EC. T3 Lo LEREITH



A B C
Cont. PTU T3
Cont PTU T3 Cont. PTU T3 S——
Kv 1.5 & -
2:0152 g -« Kvi2 Kvid probe 'If‘;"l‘g
: mMANA probe < Kv 1.4
mRNA
GAPDH » 4 GAPDH » -
probe probe Ggfo[:;;
. <« GAPDH < GAPDH -t GAPDH
o mRNA o mRNA mRNA
tRNA tRNA
tRNA
D 27.8+66
(%) (%)
o ° e 221457
30— 225435 30 — 30—
14.8+04 .
20— 13128 20 2041
- -
0T 10— 20%11 | 10—
 “ 2.0+01
o o F"I‘—) Lo o] Premmee 0
Cont. PTU T3 Cont. PTU T3 Cont. PTU

3 T3 RO PTU 4BEEEHOLEHD Kvl.2, Kvl.4, Kv1.5 mRNA OHE
mRNA #Hi} RNase protection assay THHL (A :Kvl1.2, B:Kvl.4, C:Kvl.5 #nrFhoREH
B QOBHBEHELURELE S Y 7A4F v+ % mRNA Oy FOBX)+ (6 BHEH L THRE L GAPDH
mRNA DAY FOEE) THELL (D:Kvl.2, E:Kvl.4, F :Kvl.5). Kvl.2 mRNA i T3 #5c
IO ERCEA L, PTU 5L oL, Kvl.4 mRNA {3 PTU #5BcoLBlobrciiETce s ks
w7, Kv1.5 mRNA ZZH L.
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Fo— AR ESTR T ML TV (14.8%).
T3 #TiR2.0%Tay tu—n tA%ETH-L (E 3B,
E).

(3) Kvl.5

Kv1.5 mRNA (& PTU BT v b o — A BRZHEA
THIL/BRECER LT (27.8% vs. 5.5%). Lo
L, T3 HTir221%cay bu—ABEHELTE
ERETH-1 (B 3C, F).

(4 Kv2.

Kv2.1 mRNA 22 v be—n1#23.4%, PTU #
23.4%, T3EE22%THH, WFnbav ra—n
B~ THs AR R hich o7 (B 4A, B).

A
Cent. PTU T3
Kv2.1> Quousws¥ < k2.1
probe mRNA
GAPDH> @
probe
sswwesde < GAPDH
mRNA
tRNA
C
Cont. PTU T3
Kv4.2 » . e g Ky 4.2
probe mRNA
GAPDH > @
probe

888888 « carDH
mRNA

tRNA

(5) Kv4.2

Kv4.2 mRNA k2 v bu—n827.8%, PTU B
20.5%, T3 B28.2%ThHh, wTFhbavin—i
CHARTRE B R -7 (1 4C, D).

3. Kvl.2 & Kv1.5 mRNA RIBOBEMNT
it

T3 %453 % L 24 Kv1.2 mRNA k2 v
Fo—niexf LTHI /5 ER L (34.4% vs. 7.8
%), —#, Kv1.5 mRNA {tav be—1iw LTH
1.4f58m L7 (14.8% vs. 21.3%). “hboB(t
13 T3 BEHETER T LR L (Kv1.2:5.3%,
Kv1.5:22.8%) (K 5A, B, C). PTU # 1 #HLIE

(%)

30 234+07 23.4£23 22202

. r—

20

10 — |

Cont. PTU T3

28253

278448

205+1.3

20

10 —

Cont. PTU T3

4 T3 RO PTU 4 BHEEEHEOLED Kv2.1l, Kv4.2 mRNA OFE

mRNA #HX RNase protection assay THH L (A :Kv2.1, C : Kv4.2) *
AZhoREEIT CORMBHRELTRELLDY Y 4F v X4 mRNA AV FD
Bx)-(6BHEEE LRI L GAPDH mRNA Oy FOWEX) THE L (B
Kv2.1, D1 Kv4.2). T3 RO PTU #5T Kv2.1 3AR%ET, Kv4.2 mRNA &

PTU ThhETT20HTH - 1.
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A
Cont, 26 H 72 H
Kv1.2 &
probe < Ky 1.2
mRNA
GAPDH =
probe
BRBBOBS GAPDH
o mRNA
1ANA
B
Cont. 24 H 72 H
5 B
I;:;bg —--e A Ky15
mRNA

GAPDH = @@ ..
probe
SWBOBS « GAPDH
e MRNA
tRNA
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O Kv1.2mRNA
344+04
(%) @ Kv1.5mRNA
30 —
213147
22.8+2.
25 -
20 —
14.8+2.3
15 -~
10 —
5 -
5.3+05
0
Cont. 24H 72H

5 T3 HECLDLED Kvl.2, Kvl.5 mRNA OERBHZEL

A, Bl¥ RNase protection assey DR T, CREEBLIERTH 5.
Kv1.2 mRNA (3 T3 #5248 0 5F ML, Kv1.5 mRNA (324BR% A &30 880

L.

24H : 24F5R8, 72H : 72B%R. MR 1,3 LE L.

53 LME T3 3ETL (2v br—8 92.0ng/dl,
PTU 138 50.0ng/dl, PTU 238 60.0ng/dl, PTU 3
B 55.0ng/dl), FhicHEVLED Kv1.5 mRNA %
1EBTHLEP L, 0B LI (av bo—
AEETT.4%, PTU 13836.4%, PTU 2;H16.9%,
PTU 387.4%) (B 6A,B).

4. PTU BEEFI~AD T3 BEHR

PTU % 2:BH# 5 LT Kv1.5 mRNA #ZEH Lk
BAT, T3 2@xHkE5T 54 Kvl.5 mRNA =2 v
bo—n LA EE L (avy ba—2BE25.5%,
PTU 28ME#5#3.1%, PTU 2 8H#E5%& T3 M
*#22.9%) (K 7A,B).

% £

4@ T3 % 25pg/100g AE, 4BHEKEFT LM
B T3, T4 R 2v b e— LV CHENEBERET Lo,
KEMNRCIEEELRD RV b LT LERL

Nay ha—2BlEFRCENLTEDY, ZZTO
T3 OHREBETURCH L TES AT EE L
Hhic2, fELXAVOETIRELH L, T3 OE8H#H
Sz k0 B ERE VR AERRIEE R e
EEZLND.

Kv1.4 mRNA 3 Zh¥ TORED LREDLEH
TR EAEERNTERP 1M, HECHE-T Ky
1.4 mRNA EEEBNEA LT EEY), FEHRE
LMz Kvl.4 BARBEEASBER It 2 &
BHREThTEYWS, ThEDERLIEHTHLD
EEbhA.

LRGN H T3 #5H2UBEETLED Kvl.2
mRNA 2EBiI4 L, Kvl.5 mRNA 38 1.4 %
it L, PTU #%5 Tk Kv1.5 mRNA X 1;8R%
ORI L, ToRAMERER T3 5T
WETBHIEMNTRERL. EHI PTU RED 2V
o TREENGEAFED LN Kv1.4 mRNA M
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A B (%) 9204110 ® Kv1.5mRNA (%)

(ng/dl) O ImET3 (ng/dl)

Cont. 1W 2W 3w 90 —

Kv 1.5 ™ 60,0114

probe < Kvi15 757

mRNA 55.0+7.1

774181

60 — ', 5000 .-

o

GAPDH &

probe 45 “

364176

mBANA 30

RNA

169%2.0
15

74118

Cont. w 2w 3W

6 PTU #5ik& 3 Kvl.5 mRNA OREREL (A) &LMF T3 BEoRRHZTL (B)
Kv1.5 mRNA &M T3 fAik# 58 18RS LA L.
1W : 18M, 2W: 238/, 3W: 38R, MR 1,3 @A,

A B 255+15.1 2294156
(%) T -
PTU plus 30 7
Cont. 2W T3
Kv 15 & < Kv 15 25 1|
probe mBRNA
20 -
GAPDH » | 15
be
pro < GAPDH
- mRNA
I1ANA 10 =
S =
O p—

Cont. PTU2W plus T3

7 PTU 2:BMEBE#D T3 BMAFLEXLs Kvl.5 mRNA % (A, B)

Kv1.5 mRNA 2 PTU #45 2:BMCERT 55, T3 OENFSHAUBEcroR
Bidborv<ricE 7.

PTU 2W : PTU 2 #E#4, plus T3: T3 @infs. MR 1,3 SR,
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BoE#E

EBET AR s 2 Ep b, EBPHL LD T3 T Ky
1.4 mRNA OFEBRIFIEhTE Y, Kvl.5 mRNA
OFREBHIIE I N D & T hEFH S oo Emnd 2855
HEENT.

PTU ® T3 &5z L 9 mRNA EHEAEL LS
U7 5 F + %03 Shaker BEEET (Kv1.2, Kvl.4,
Kv1.5) TH5%Z&hb Shaker BEREFICITIE
O T3 L2 RBAMBELFET L LBREI L
fe.

T3 BB T3 ZHEEEEL, TOBGEIER
DNA E2%) E® Thyroid hormone responce element
(TRE) T4 LEBE, 20 FTHROBEFOEEMNE
#Xh % Positive TRE &, #8FEHHI4IZ 5 Negative
TRE AT S, —F, T3 SBHEL T3 AEELT
WigWIRBET Positive TRE AT 5% & £ DEEE
My N4l & 1, Negative TRE WS LB EUEEREE
HUREE R B, & L4EO T3 2 PTU itk? Kvl.2,
Kv1.4, Kv1.5 BEFORROELN T3 THEMES
THELDETHE T3 HETEREVMML, PTU TF
BEpgglent Kvl.5 BETO5 _EHECIE Positive
TRE #% 0, T3 &5 TREASHEIE N, PTU TH
WA L Kvl.2, Kvl.4 BEFo5 LR
Negative TRE PEAET S Z ENRBEERDE. DL
EF T3 LA EDLBEON )T LF v DT
BRI, HRCEHEIN TV AAEMARL T 5.

FaRAic BRI AR IC B 5 DIMER® & LT T3
OEETITERS OCEME, EETIBRIRELH SR
BEOBEIOLARLE LTI LNMLATHS. LB
MBTREHEMFEEFHOERIAERE 255, T3
OBEREETIZCTRHADOH ) 7 o F v FADBEFE
BEOERCHHEEbR L. —HRRBEIETE T
DEUREROBE TS A LD, Zhik Kv1.5
FKv12 3 T3 I WHORBH*FFHIETERE
WIEFTHHE LAV, EEEMRERRE S —EERES
TWhHZ EMELLRD., ¥, SERHY T LF ¥ 3
NOaH7Ta1zy D mRNA OAZRBELTED,
OEESAERNE L E TR LTy, Say
Tazy FOBEER B T 1=y FOERE® 20 o X
Bt 5L EBRH 5.

&® Eo
Sy FOLEHORET T3 CHEMNL, X5 EAMK
EMHY 72644V F v 2 ADFT Shakar BEEE
F (Kvl1.2, Kvl.4, Kv1.5) BERERLEYOR
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EFRBEAG#ZTI T 5. BH, Kvl.2 mRNA O
FHIX T3 wX oM hss, Kvl.5 mRNA OF
Bt T3 Tt ay ba— LIt NTRETH -
fopt, 5w EmE . ¥4 T3, PTU kX
D LT Kv1.5 mRNA #BAEMIE. 55 b
OEHTIE, BREBALEVIZ Kv1.2 mRNA & Kvl.5
mRNA % L CHOF@EEZT-TWB EEbh .

E I
FREEZHChizh, EEHEL HEE2
el & LB mEEERENM, AE ##
8, 1Ak BEIERE, kb0, B IBhvic
EEELE WERECLLIVEB - LET.
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