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TNF- @ Inhibits Slow Component of Cardiac Delayed Rectifier
K Currents in Guinea Pig Ventricular Myocytes

Katsuharu HATADA
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(Director: Prof. Yoshifusa AIZAWA)

BACKGROUND: Tumor necrosis factor— ¢ (TNF— q) is an essential mediator of
cardiovascular changes observed during the bacterial sepsis, myocardial infarction, and
heart failure and it decreases myocardial contractility. However, its electrophysiological
property is unknown. We here report that TNF-— g inhibits cardiac delayed rectifier
pottasium current (IK).

METHOD: Ventricular myocytes isolated from guinea pig hearts were voltage-
clamped by conventional whole-cell mode (34—36C). Amplitudes of tail and steady—
state ( 2s pulse) currents were measured as [K. Intrapippete and extracellular K con-
centrations are 150 mM (pCa= 8) and 5.4 mM, respectively. To minimize L—type Ca
currents, nisoldipine ( 2 #M) was usually added to extracellular solution.

RESULTS: TNF— « suppressed the IK by 98.44+1.9% that had been enhanced to ~
2 —fold by isoproterenol (ISO; 20 nM), although it did not affect the basal IK. The
action was dose-dependent with ICsp of 11.6+0.69 ng/ml (n=23). TNF— @ antagonized
histamine- and forskolin-enhanced IK (n=4), but failed to inhibit that enhanced by in-
ternal application of cyclic AMP (n=4). Preincubation of myocytes with PTX (5
rg/ml for>120 min) abolished the inhibitory action of TNF— ¢ on ISO—enhanced IK
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(n=4).

Preincubation of myoctes with N —oleoylethanolamine (NOE), ceramidase

inhibitior, abolished the inhibitory action of TNF— @ on ISO—enhanced IK (n=4), and
C2 —ceramide inhibited ISO—enhanced IK as well as TNF— a did.

CONCLUSION: TNF — «a inhibited IK in a dose-dependent manner by modulating
cAMP concentration, and PTX —sensitive G protein and sphingomyelin pathway were

concerned with the inhibitory action on ISO—enhanced IK. Under pathological condi-

tions, TNF— @ may prolong the action potential duration, thereby leads to intracellu-

lar Ca overload.
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crosis factor— a (INF— a) &, LHEED, O
%D PERELLEEED Y, BELR2 Y 8 L X0
BIREECRR M cmL, LOEFEROEELREKE T
ELTHERLTW S, LIRS .08 U
B 2ELTILOMESN TV EA, ZOLHILE
FEHORE & L CIRRERER Y LHER NO G
# (INOS) REOAEIZLI B/ T VBY 7 5 —¥ %
SRR £/ B SEAHBIIT B RIS %
TEEDLZEIZEDHBA cyclic AMP (cAMP) i#
BERET SN2 SR #2260 T
Wi, I, FEBROBTFTICLALEBROBTL—EE
FzH5Nh T3,

—7, TNF— qid 051 4 »F ¥ v 2 VORE L #H
wERRTEY, vHF BIUT v b LEHER
Tid basal ® LA Ca Bzl 2852 &%, pro-
tein kinase A % (PKA) #¥flLCENLEY PLE
# PKA K% Cl Bt B3 €52 L HES R

jilll

#+1 Tyrode BUMELK UF KB AL

Tyrode # KB
(mmol/L) (mmol/L)

NaCl 140 L—glutamic acid 70
NaH,PO4 0.33 KCl1 25
KCl1 5.4 taurine 20
MgCl g 0.5 KH3PO4 10
CaCl 2 1.8 MgCl 2 3
HEPES 5 HEPES 10
glucose 5.5 EGTA 0.5

glucose 11

Twb, 72, TNF— @ lf ceramide, sphingosine,
sphingosine— 1 —phosphate &\ o7z EZ L
TARRI PR R LR LY, EBELEY VOES
Tit sphingosine— 1 —phosphate (24 %, HHER
FREM G BA (Gi) oFERbELATEF L
) UEEN K BHROEHIHmE SR TwAE, Z o
£ 912 TNF =~ a2 GiIUER Wi 1 4~ F x 2OV RE
ICEELEEETR/2T PKA OEHIE~OMGIHE %
FotEzohs., LaL, HEHEMETEMETH
EL, 2 PKA ICLNHAB SN2 BEER K B
(IK) ~OERUEIAETHL, SHEFELE, TNF-a®
ENLEY MLERH IK ST AEREZRE L0 TH
EHT 5.

ERMBRUAE
EAEY P (FE50 ~ 350g) ALBEIYBEHROT
& QIS EEFAUEBEELT X B S N7 B S MR %
BWwERZB I Lo/, §7%b%t, pentobarbital
(50mg/kg : BEMENTES) BB TIZRKL, CEEEY
L, 7Y Py 7&BERT v, KB L D 2T
BRAEICTITo72. 9 Tyrode # (F1) %5

]2 8~y PAETGHEL

mmol/L
L—asparatic acid 110
KCl 20
MgCl g 7
K2 ATP 5
NagaCrP 5
EGTA 5
HEPES 5
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12T~ 200 B % T 7. DHREBRD KB #'Y
(1) #8|HL, collagenase #ELH%IZ, KB
FAHRICTHRAERE L. Sy Fr 5 Y TERTHW:
ANy PEBOHMBIETR2IIRT EBY T, pCa=
8.0 & L7z, ¥_TOFEBRIICT TV, MR/AHICIE
Tyrode W% FAV 24 M ® nisoldipine (Bayer :8)
A L B Ca B ##0H| L7z, carbachol (CCh),
isoproterenol (ISO), histamine (His), forskolin
(Fsk), cyclic AMP (cAMP), TNF— a (Sigma
FEBD XA by AR LBIEERNCREL. BH
B #H%E (Sigma HB) i3 KB ICTHEMRL, 5rg/
ml 2T L, EROBIIZ OB 2 36°C 2T 120 47
PLEBUS S Hwz.

IK O, SRy F295  THEIZLI VT
7o, BRMEIREWIER 2 -5 Moty b (F)
TAHE) RFHW, Sy F 2T THIES (Axopatch
200B, Axon #HE) *HVWTIT-/4. FH -V %
Tyrode HLA TIMEB L, 734y FAICEE (—20
emH0) #2F T8y FTEEAHE L whole cell %
PERL L 72 Bl oM B LEREES
Foiz. IK OBIELEE, BRFEEML—-40mV 6 28
BOBSE SV A RIS i OBRBIIZS 2, —
OmV ITHMBSEEORKRERYHEL, B
AR THIE L -EREELE LTELE., 7
¥ — DML pCLAMP6.0 V7 k17 (Axon *
) AREWTo. BT ¥ -3 e r T
RL, AEEMEIX student t—HEIZL DTV, p<
0.06 #FEL L.
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Eigke K KRERORMEELRT. K BRITR
FBEM—40mV L) 2FEO +40mV £ TORSE S
WAESZBIZ-40mV FCTHSBIERGEL .
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FEREBITH S, 20nmol/l @ ISO 12T, IK KEE
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ng/ml) OBIFEESIZLY ISO W THWINLA IK K
REHRSO62+10% 0 WA L7 (n=8). IR
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X0 R, 1S020nmol/] #H& 5%, TNF — «a20ng/
ml EBRESBORFEERLTWE, FOEBEO IK kK2
Btk ftahic, BRoBEE2EEicz) 7oy FLAEE
HEEMBE*EIBIIRT. ISO &E5I12L ) IK kKRB
BHIIBAL, TNF— e85 & ) 89580 5
no7hs, IK OERILOMEMLICE(LERO Ldh o7,
IO ERL R 5 S BOMIBTIT, &4 OB/
VA TORRERE +60mV OMHSE/ SV AEEZ 7
BOXRBERICLIVBTI LI DERLLAL DR
3CTH 5. Hi#id Boltzmann i fit L7z, TNF—
a 5B T Vosk U slope factor (k) (ZZ{LiLRE
OENG o7z,
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(n=23). BT Hill Xz fit L, TNF— a & ISO
(20nmol/1) IZTHEML7: IK 2| K98+ 2 %I L,
ICs0t2 11.6 = 0.69 ng/ml TaH D, Hill FHix 1.1 =
0.1 THotz.
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# IK 2T A2EFMSNT B A histamine
(250 nmol/L) 2T L~ IK oXBER (170 £
69%) (¥ TNF—a (20ng/ml) 12L& 9 £037+£13%
I E N (n=4) (B5A). forskolin 3FEAT
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2 DR L IK B L T RBORE 21T/, /%
A~y MERIZER cAMP (1mmol/l) &L,

MR A cAMP ICTHEH L7z, cAMP @ik b,
2Ny FFEMNBESNL 2 ZIZRBC, IK & 1SO (20
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nmol/l) &{FIZFEEFIZ IK 2L 75, TNF- a
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77— 2 5 —ExERIEL cAMP 258
FTHLNVTIOEBICERT 22 L8l RoT.
CGs L7 7F=Lb— o7 5—-¥OiEHibicia® |
EEE (PTX) &% G &A (G) SERTs2 &
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MEOFEOKE T 57012 PTX CTHIRE (5

#g/ml, 36°C, 120min) L, Gi O¥REH L XL
M % LT, FEOERELITo77. B6IZRT LIS
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7o IK (27w b TNF—a RUARH ) Y 2EEE
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LT, IK 28l LCwa 2 EARE S .
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HEINTBHT, £/, BEEK, RTHERROG &
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LOBMOBE #{To7:, TNF-a X TNF—a %%
&% /- L T sphingomyelinase &1t L, sphingo-
myelin %47 L, ceramide/sphingosine/sphingos
ine— 1 —phosphate % EMHILL apotosis, RIE
HARLVECOFELEORSFREITE b h
TWwW5AA, £IVEy MER Tid sphingosine— 1 —p-
hosphate 1245 Gi £ L7 Ach %W K &R
OIEHALS) LGSR TEY, ARFTOD TNF- «
&) Gi £@EEIZ 2T ceramide-sphingosine



312

FrBEEAME £ 115% £75 FRIE (2000 7A

> (PAPP) TNF-a 20 ng/ml
% histamine 250 nM
Ee]
: ’/f'."“
E e
3 an "%h'.
‘®
X . . .
o 5 10 {min)
TNF-a 20 ng/mi
> (PAPF) [NF-o 20 ng/mi_
‘@ 4 forskolin 500 nM
S
k-
E A
-
-
Q
=
= 0 ¥ T ¥
o 10 20 {min)
(PA/PF) TNF- ¢ 20 ng/mi
>
‘g 10 4 cAMP 1 mM
S PP Nnetets ooty manyseafastetVeste
T
g
5
(3]
s
=0 v r
0 5 (min)
5

A : Histamine (2 TR 3 N7 IK B35 TNF— a
DR
Histamine 250 nM {2 & » 170 £69% 8L, TNF— «
20ng/ml 12 T3+ 3% sz (n=4)

B : Forskolin {Z & D/ IK BRICH TS5 TNF—a
DEHF
Forskolin 500 nM 2 & ¥ 175 + 4.7 %¥mML, TNF— «
20ng/ml {2 T58+ 13% MK s h/z. (n=4)

C : cAMP MfaPs G- io O S /2 IR 128§ 4 TNF — a

[2F/F 3

cAMP 1 mM (2 TH#E L7 IK & TNF— @ 20ng/ml {2
Taryba—LeR8 L 1B%EIFEAEHHEL 2D
7z,



HIH : Tumor necrosis factor— @2 & 5 FNVEy bLOEFHEESGM A ) v LB OHH 313

(pA/pF)
cch20nM TNF-a 20 ng/ml

> ISO 20 nM
=49
/4]
c N e,
@ IJ he o ol oy,
© »
- s
[ = ®
2 ®
5 27 .
Q .
T o
s v PTX pretreated
- (5 pg/ml . 36°C for 120 min)

0 k] L] L] L]

0 5 10 15 (min)

6 PTX BPLEZ WMWY 5 TNF— a OMEEE
PTX (= CHIALE L 7-#f2121 Carbachol 2 & % IK O ¥Hlix
L LTV AHREBIC TNF— g (24 5 ISO 5 IK Bk o k% 2

bk L7,

FOEE L T B POV TORFZITo 7.

N —oleoylethanolamine (NOE) % ceramidase
HEED—2>TH), NI YVRISEEL I EIZLD
sphingosine, sphingosine— 1 —phosphate @&
MHEEEN L. NOE (5 #mol/l, 36C, 60min) 2 &
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