©
2017 2020

Cavl.3-TRPM4

Potential link between Ca2+-activated cation TRPM4 channels and Ist in cardiac
pacemaker cells
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We have recently reported that L-type CaVl.3 Ca2+ channels are required for
the generation of a dihydropyridine-sensitive Nat+ current, previously described as the sustained
inward current, Ist, in heart pacemaker cells. However, currently available recombinant CaVvl.3
channels are highly selective for Ca2+ and it remains a challenge to elucidate the molecular
mechanism allowing Cavl.3 channels to generate a Na+ conductance. In the present study, we show that

Ist is inhibited by 9-phenathrol and flufenamic acid, both are known to block TRPM4 Ca2+-activated
cation channels. In addition, simultaneous measurements of whole-cell membrane currents and
intracellular Ca2+ revealed that Ist activation was accompanied by a sustained elevation of
intracellular Ca2+. However, patch-clamp measurements of Ist were not affected by TRPM4 gene

ablation. In conclusion, we failed to provide the evidence for the potential link between TRPM4 and
Ist.



¥ X C—19,. F—19—1, 2—19 (58

1. WFZEBRME S PO &

TS E AR AAAE T DR E N A & NatBEi (L) 10RO 2— A A — B —{EEhZ %54
HZEWTRBENTOD DD, ZO5FHEITH TR, i, ik, BlofrE~y
A& HAWT, LA Ca2tTF ¥ RAVOIAFER B EIREF 2T A Y 7 4 — L Th D Cavl.d3 23 L DF
HICHETHZ L #H ST Lz (Toyoda et al, 2017) ., LsL7Zend s, Z o3 HIE TL A Cazt
F X FNANED LI NartEREBETHON] LI RNERRMEE G AL TWND,

TRPM4 (THIAEN Cazt ik L CiEM b S d NatTF v 2V Th Y | IAEFEE %2 5T D
FIAERIZHS BB LTS, & OB TAERIZES TRPM4 OEIETHLWE, v 7
T U ATIHMEEENG SRS ZENMmbnNTERY ., EAZXL 5 TRPM4 O]
ITRREET S, LxLAaRES, TRPM4 & L & OBEIZRFEBREFT I N TR0,

2. WEDOHB
Cavl.3 % Ca2 it A & TRPM4 DFEREANCERT U C L 2 RET D AIBEMZMFET 5 2 L &
Bz 4 5,

3. WrgED Sk

1) Ny F U5 FEBRTH A O TRPM4 HEWEEN Ll KT TEHELTHL,

2) M &M Cazt D RIFRFEII ATV, L FAEF ORI CaZBiEZ B 52023 5,

3) TRPM4 / v 7 7 U b~ AWy TF 7T T EREZITV TRPM4 & L OREEAHE
FERIICIRAET D,

4. BFFERR
1) LTI d TRPM4 K3 (9-phenathrol 72 5 N flufenamic acid) D%
< 7 ADDEH S HEE L 72 E AR A — vk

NSy F 77 o TWEEET L THERE LT L ICKIET 9 Ji&f&ﬂlmwmmﬁm

phenathrol 72 & ONZ flufenamic acid D& R LK 1 12Rx . 100 /

F, KIS Ca2 il FE % 0.1 mM IZf%7E LT L& Ca2* e s

PR L BRI 172 C LA R L LA e s R

Caz* B OIEWr3 T 5 Nifedipine #5925 & L 1T 20018 ™

T4 U7z, [AFEIZ 9-phenathrol 7¢ & TN flufenamic acid A0MV_ o mm lcatle o |

b I 2 R RER 2 LT, w21 /

9-phenanthrol (40 pM) 1007

777777777777777 L

@ 1 ZOEI‘HSSO pA -40>100A *

I was elicited elither by voltage command square pulses (left)

or by ramp pulses (right) before (black trace) and during Js_ojﬂt 0-LmMICa¥e 400

application (red trace) of nifedipine, 9-phenanthrol or Flufenamic acid (30 uM)

flufenamic acid. Note that 9-phenanthrol inhibited not only /sy - N T

but also a linear background current. _{F:Z:%QA—L 0 -50j “
-100

—7J7. 9-phenathrol 72 5 YT flufenamic acid @ L Y CaztBEH~DHE LRI 25, W

NOFANL, Cavl.2 72 5N Cavl.3 & AR L7Zfil, S SIHEMEMEIZRWT, [FE

HA~OMEWERPBE SN (K2), ZNHDOFEENS, L & TRPM4 ORI# 2 FKE AR

TZENRHETHD Z LRI LT,

A 9-phenanthrol B Flufenamic acid
. 10 = 10
c c
g o8 S 08
3 06 ® Cal2 3 06 |
2 04 ® cat3 2 o04d o "
g £ a,1.3 S
e 0.2 © 029 @ I, (SANC) X 2
0.0+ [oofrmens &~ 001 ————r—————  Dose-response relationships of L-
1 10 100 1 10 00 Ca?* ch 1 block by 9
Concentration (u M) Concentration (uM) ype a channe 0C N y i -
c phenanthrol (A) and flufenamic acid
oot (B). Ca?" currents were elicited in
| | | | : | HEK cells transfected with either rat
7 s / 4 e L |/ Cayl.2 or Cavyl.3. Native Ic,. was
‘ I ' | oo recorded from mouse SAN cells in
o mbd '), 18 mM (o™, 2 the TEA'-substituted, Na*-free

external condition (C).



2) L DFAE LA Ca2+Ehfe

~ 7 ADHBEHRERESMIC Sy F 7 T o EEERA L, T 7 AEME N LT Ca¥ 30t R IR
Fluo-4 Z AN S L7z, [FHIICIEEMN EE 21T\ Iy Zriskd 5 & & bio, HER L —¥—
BN 21TV T A U AF v B — R CHIIEN Ca2IREDE b2 [FRFICE =4 — L7 (X3), fREF
TENL-80 mV M 5H-60 mV (TSRS 5 & IDFERT D & & HITHIIEN Ca2 O Ffe 72 _EH- 238
BN, Mt Ca2+iEE 4 1.8mM 25 0.1l mM IR T E&E 2 &, LIXIFE A THEI NN
ST MNP Ca2t s 7 F VIR A

LAaWh DD KIS LTz, &5 s

(< Nifedipine 58595 &, o2t 4] éb

NN Ca2 v 7 F L & 12 il =] Comaring L o

KLt CHHDERNS. I % e R i
;'ﬁb% ;#EHEW Ca2+{}i%}_._‘0)iiﬂ‘ . 1;’ 70 mV 1 -60 mV 50 mV -40 mV
% b OO, &R 72 KRR & B MJW 1 Ao 7 W W‘”’
|

ODNZTHZ LIXTE RN T, [

\
\

(A) Simultaneous measurements of ’ ’

[Ca?']; concentrations (line scan images B -10mv

and average intensity levels of each %0

line) and whole-cell membrane Control ;"gﬁ"gilrﬁ;”]o from Nifedipine 3 M
currents. Cell was held at -80 mV and - S

given depolarizing pulses to test -T'T‘-_T T_r' [ r [
potentials between -70 and -40 mV, -

followed by a depolarizing step to 0 mV _T_.r} b-c

to fully activate L-type Ca2+ channels. lear ’

(B) Changes in [Ca®']; concentrations [Ca7),

during /i recordings before (a) and after

(b) reducing [Ca**], from 1.8 to 0.1 - -
mM and subsequent application of 3
mM nifedipine (c).

e

H

e

s

s
@
3
S

3) TRPM4 / v 7 7 7 b~ RZHBIT D Iy

Ist & TRPM4 O [K REIFR 2 SKELFFERCHIILAN Ca2+3HHI R TR T Z L R EECTH - 7=
7D, TRPM4 /v 77 U M~ DU RAZEBITD Iy DFEEAZERT 2 EREZ Y~V AZHAET D
Mm@m@i(@R&Kﬁ\%/mji\77/%)@H%$L£%@ﬁbﬁoﬁ%meM/
VI TR TAZBNTS IWIFEL (¥4), TOREILHAEM T R L HERZEILRN
T LT,

-10 mV
-50 TRPM4-- SAN cell
-80
Lowering [CaZ*]o Eading .
Control from 1816 0.1 mM + Nifedipine 3 oV
+TTX 30 oM
ML. o -
Ist -
1 pAlpF
05s
IcaL
INa + I INa, IcaLand IcaT ) .
Na + ICaT are minimized Finally /st is blocked
4 4

Representative whole-cell patch-clamp recordings of Iy in a SAN cells isolated from a TRPM4~~ mouse.
The Cs*-rich pipette solution containing 5 mM EGTA was used. During experiments, the funny current (/)
was continuously blocked by addition of 5.4 mM CsCl in the external solution.
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