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Abstract

Gingival overgrowth induced by phenytoin is thought to
be associated with Ca®™ signaling. Our previous study re-
vealed that phenytoin suppressed the Na'/Ca™ exchanger
(NCX) which was one of the Ca™ excretion mechanisms in
human gingival fibroblasts (HGF), resulting in inhibition of
Ca™ efflux and increasing intracellular Ca* concentration
([Ca™]) of HGF. However, the expression of the Ca™/cation
antiporter (CaCA) superfamily, including the NCX, in HGF
is unknown. In the present study, therefore, the CaCA su-
perfamily expressed in HGF was examined to determine the
mechanism by which phenytoin increases [Ca’™].. End—point
PCR analysis showed clear expression of NCX1 in HGF,
but not NCX2 or NCX3. Furthermore, weak expression of
NCKX1 and NCKX3, the K'—dependent Na'/Ca™ exchang-
ers, and NCLX, a mitochondrial NCX, was observed. Real—
time quantitative PCR results were used to further investi-

gate the relative expression levels of these CaCAs.
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The relative expression levels of NCX1, NCKX1, and
NCKX3 to housekeeping gene GAPDH expression were
2% =+ SE 0.5%, 0.3% + SE 0.05%, 0.4% + SE 0.07% and
0.1% = SE 0.05%, respectively. From these results, the
members of the CaCA superfamily present in the plasma
membrane of HGF were estimated to be NCX1, NCKX1,
and NCKX3, which accounted for 76.2%, 17.7%, and 6.1%
of the total, respectively. The expression of NCX2 and
NCX3 was not confirmed, but the expression of NCLX was
confirmed. These results suggest that NCX1 is the major
component of the CaCA superfamily on the plasma mem-
brane of HGFs. The present study suggests that phenytoin
primarily suppresses NCX1, leading to an increase of [Ca™];
in HGF . NCLX, NCKX1, and NCKX3 are also thought to
be suppressed by phenytoin and partially contribute to
[Ca™); dynamics in HGF.

5 Z L THR A IG5 L EZ BN TS (Rogawski
& Loscher, 2004). 7 == b A Y ORIEH T, BARGH
BALNDZ ENH Y (Kimball, 1939), kA H DK
50%IZF8FET H L SN TwAb (Kataoka et al., 2005). [f]
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BRI, HABEIREIRIAITH 2 ¥ 7 AR VAR
AN DRI THL =7 2V OREE LT
¥ 5 (Kataoka et al., 2005), 3EH] 1 phi A B4 B S

(DIGO) kIFENTWwaD. LaL, ZOEEMIHICI
FoTWi W (Brown & Arany, 2015 ; Sabarudin et al.,
2022).

DIGO D FEJEHEF 12 BT, b b ok P HRAE 2 i e
(Human Gingival Fibroblasts : HGF) % 2720787525,
DIGOD FEHE N \Z MBI D TTHER 7 K b — ¥ 2 O P
2 X AHGFE DI (Sano et al., 2004 ; Kantarci et al.,
2007), a7 =7 Y HERAER 3T =7 2 o EO RIS
LBRAMBDOERAG T2 EIRKREINT VD

(Kataoka et al., 2005 ; Brown & Arany, 2015 ; Hassell,
1982 ; Kantor & Hassell, 1983).

Jrx= MY, YIURARY VA =7 x2TVE DAL
FREEREA OEEH I ZENENE R L05, Thbo
FHNT VIS MEACa R ([Ca™]) DOBREIZEHE
ZRIFL, [Ca"]id LFAADIGODT| & 4127 % & fEh
ENTWwb (Hattori & Wang, 2008 ; Hattori et al., 2011 ;
MODEER et al., 1991 ; Hattori et al., 2013 Hattori et al.,
2012 ; Lépez—Gonzélez et al., 2017 ; Pfeilschifter & Riiegg,
1987). Ca*lEHmBI LN Y FAy Ly Vr—L L
T, MO RE TS5 3 % (Clapham,
1995). ANEE O Ca™ B EEIX, Kk 4 7 A BIE VEY B 1S
E o TR RIE & 5207 2 & M IS R0 e PN Ca™ By i 5
iz (Ca"A bT) OCa*F ¥ AVHHIIL, ZOHRES
Bz A L72Ca™* A b 72> 5 DCa™ it %\ X Ca™ it A
IZ& o> TEMIZ EA T % (Leybaert & Sanderson, 2012).
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INSOMBINEZCa* Y 75 ) v 7 eI TEB D,
MRS EE), ARG EY, 207 & O Y R BUS & il E
THIEDPAMSENT WS (Wiegert & Bading, 2011). &
LTINS DC Y 7 F VAR BAR T FEBIH 22 &
WKRBELTWwB Z LWL NICEND2DH 5 (Cock-
croft, 2006 ; Somlyo & Himpens, 1989 ; Tanimura et al.,
1998 ; Yamashita et al., 2000). [Ca*]ixEFIEIREIZB W
T, Na'/Ca*Z&#fk (NCX) & #i g B Ca* — ATPase
(PMCA) %4 L7zCaOflilastEt &, Fva//Mafsk
Ca”-ATPase (SERCA) %4rL7:Ca*A b 7T~DIY 14
AHIZE 5T, #1000 MO L NV IZHEFRF SN TS
(Clapham, 2007). HGF® X 9 7 IEEEVMIBIC BT 5
Ca* Y 7 FWIE, G ¥ ¥ 787 BT 554K & 2454k
FuyrFF—LEOMEERICLS, /Y b=V =
) U (P SRR L, MR S OCa i
W2k > TERSNS (Berridge, 2009 ; Clapham, 2007 ;
Bagur & Hajnéczky, 2017). TNFEFTIC A Y IV, 7
SYX=y, BN TTLICEBGH Ny kR
244K (G protein—coupled receptor : GPCR) Db
B3, IPARAE 1 72 M N i 2 & o Ca” Ui 2 A L T,
HCFMi g & [Ca™ ] 2 G L2 2 LRI T B
(Ogata et al., 2003 ; Tanaka et al., 2004).

Tz MM 2L B[C L EADA D Z A LIZDNT
BRZICHPH ISR TuRWb o0, et ORITHEIC
oT, 7=+ YHHGFHIILIEE FONCXsD [HE
XoTlca]i% LR S MR R E 7 (Mi-
nowa et al., 2023). Ca”#ikMERHFADO VL DOTH B
NCXiZ, AN ONa AR % BRE) ) & LT, #ilg

Ca2+ Caz+
[ruica [l 17
7
o V2,
==
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ==
(AN AR ARRA ARAANAAA ANAR AR AAAN AAAN \“X@
U0 00 0 00 000 00 000 00 AN

[Ca*]EEHIEIREIZB VT, NCXRNCKX, BLUPMCA%ZA L 7zCa* DA/ HER &, SERCAZ AL 7ZHIBIN A ~ 7~
Ca* DR JAAIZ & o THI100 nMOK L NIVIZHEFRF S TV D, Ca*Biib SR IL, CaCABIR T DA —/8—7 7 31 — %4

BLTHBH, M FICIENCXT, 2, 3B X O'NCKX1, 2, 3, 4, 5775,

I bV R TIZIENCLXDEAE L C\W5b . HGFE®

JEELAEMEMIN T, MIBBICHAET AGPCRENT HCa* Y 7 F ) Y IR L LB TWAD, GPCRATEHALT % &, PLCAHIPIP,
YKL T, IBZERTS. ZOPAVYNIKDIPZHEAR LGS L, CadV/MafkD S+ 5.
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WD Ca & M A~NB AT 2 & TlCa" 2K o T
V% (Brini & Carafoli, 2011). f£- T, NCXDO#iili,
Mg Ca* DML~ OPEH 2 P25 2 12X 5T
[Ca*]D FAZTI &I T, FNCXIF, HMgshmo
Na' B2 & A2 Na REA B O @iz X o T nliis %
2L, fifasts SN ANCa A SE S Z EDHIS
ncTnws (K1).

Caf i VER IR, Ca /A F v T v FR—% —
(CaCA) BETDA—N—=T7 7 I —Z/ELTEY,
Z 0 ) HIFLE TIINCX, KK M Na'/Ca® 58 1k
(NCKX), I M3 ¥ FVY 7Na/Ca*RHfk (NCLX) %%
LCCXAFEI LT\ % (Hassan & Lytton, 2020). F 72
NCXIZBWTIE, NCXI, 2, 30 3FF D X ¥ /N—)5[H
EINTHBY, NCXUIOHE W, FEhE mEZECo
&9 B4 g g ISR ICHBLL, NCX2 & NCX3iEF
W, BRI L T b (Iwamoto, 2004). NCXIZ
Iz CTHIFBIE 1\ AEAE 3 5 Ca HE B C 3 2 NCKX 1
S5ODBIETNORDLNTFIVAR=F =T 73IY—=Th
D, Na', Ca¥, BLXUK% 4 : 1 :1300LFETl%d
% (Hassan & Lytton, 2020). NCKX!IZ, FIZH#EHIILD
Ca Tk Il BWCTEE A2 R L, NCKX1DZIUIFE
WA AR, NCKX2D Bk SRt 2wk % &8
Za2—u Y CTHBT 5. NCKX3EH oMbz KBk,
i, Wa7e &R COFRBIAVRIE S, NCKX4d b
X ORBIRICEE /£ T % (Hassan & Lytton, 2020 ;
Lytton et al., 2002). NCKX51Z EI12HMBTRIAT S
EENDH (Williams et al., 2017), fAONCKX 7 7 3
) — A Y N— L3R ) IOV VRIS 2 M
FMLTbEOHENDH S (Ginger et al., 2008). &
BICATPE & TS X+ 3~ K'Y 7 ONa'/Ca® D3tk
THAHNCLXIE, I b3 KUY THhHHMIREN~OEE
ZCaHE R %4 5> T\ b (Hassan & Lytton, 2020) (IX]
1). TNHDCaCARA—¥—7 7 1) —i%, HMHD
Ca* R AFT A YV ARCa* Y FFIVEREIZKE S HFS L
TWwh L ENTWA2S, HGFIZBWTHILT % CaCAD
TR 75 4 TIEW SN EN TV AR,

A TIX, 7z= M YIZXkB[C ] EAD A =
A L% )RRG5 72012, HGRIZB W THH T
HCaCAA—IXN—=T7 7 I —=DOHTF AL THPLPITT
LT rEHME L.

MRELVOHE

1 Mifab X O
EE e oA RRHEZE M (Cell Line Service, Eppel-
heim, Germany), B X't MREEMLE (SH-SYSY,

German collection of Microorganisms and Cell Cultures,
Braunschweig, Germany) % < 41241160 mm Tissue Cul-
ture Dish (AGCT 7 / 77 A, i, HA) (ZHH
L, 2%Penicillin-Streptomycin (PS : Thermo Fisher scien-
tific, Waltham, USA), 2 mM L-Glutamine (L-Glu :
Thermo Fisher scientific, Waltham, USA), 10% fetal bo-
vine serum (FBS : Biowest, Nuaille, France) & f Dul-
becco’s Modified Eagle Medium low glucose (DMEM :
Sigma—Aldrich, St.Louis, USA) & fffH L, 37C, 5%CO:.
ICTHARL, 80% Y 7Ny MIELALDOZRML
72, & MEEE (human embryonic kidney : HEK) 293
FTHMIfE (Thermo Fisher Scientific, Waltham, USA) % 60
mm Tissue Culture Dish{Z## L, 1%PS, 6 mM L-
Glu, 0.1 mM MEM Non — Essential
(NEAA : Thermo Fisher scientific, Waltham, USA), 1 mM
MEM Sodium Pyruvate ( Thermo Fisher
Waltham, USA), 10%FBS 4 DMEM high glucose % fiti /]
L. 37C, 5%COZTHFEL, 80%2 > 7))V x> MIiE
L72bo% il L7z, %3, SH-SY5YH & UFHEK293
FTIZHLCRET 74— OHMEZMHERT 572012
AL 7=

Amino Acids

scientific,

2 774~ —0#E B L UmRNATEHFAT

RNeasy mini Kit (Qiagen, Hilden, Germany) % fI\»TC
total RNA % #li i #%2, ReverTra Ace® qPCR Master Mix

(TOYOBO, ABt, HA) %M\ TcDNAZERL 7.
3 511 72cDNA % conventional PCR¥ & O EXUKE), 7% 5
OMIZSYBR Greeni#i 12 & % Real-time PCRIZ & U f##T L
7z. fiH$ %7 7 4 < —3Primer-BLAST % H \» T35
L7z (%&1).

I Y RAA ¥ FPCRIZIE, GoTaq® Green Master Mix

(Promega, Madison, USA) % HJ\»7z. PCR I3 TaKaRa
PCR Thermal Cycler Dice® Touch (¥ # J /54 %, #
B, HA) ML, §XTOHOPCRSEMIZIST 2min®
TLe—F 4 Y 7HIZ, 95C #20sec, 60T % 20
sec, 72C #20sec?D34% 4 7 V&7, 72C SminE &
72tk ACETHH L. BIELZZDNAZ ZF 7 A
T~ NEH15%7 e —27 ) ECTEKIKE L,
UVHESS LTt L7z,

K12, Real-time PCRIZKAPA SYBR® FAST qPCR ¥ v
b (ABIPrismqPCR) (Sigma—Aldrich, St.Louis, USA) %
ffifl L, Applied Biosystems StepOnePlus (Thermo Fisher
Scientific, Waltham, USA) {2 CTReal-Time qPCRIZ X 1),
mRNADFERENT 217 o 72, 72, NEEEL LT b
GAPDHZ% i H] L 7z. Real-Time qPCRIZ THiH & 7zCt
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F1 PCRATICHEH LT I4 ~—

Tareet Pri Sequence Tm (C) Amplicon

arget gene rimer m

gt 8 (5—3" length (bp)

SLC8A1 H_NCXI Fwd CGCACTTGGAACATCAGTGC 60.11 193

(NCX1) H_NCXI Rev GCCAGGGGACACTTTGAACT 60.18

SLC8A2 H_NCX2 Fwd AGAGATGGGCAAGCCAGTTC 60.03 268

(NCX2) H_NCX2 Rev CACCTTCCAGAACACCGTCA 59.89

SLCSA3 H_NCX3 Fwd TTCCTGGAGGGACCAGTTCA 60.1 73

(NCX3) H_NCX3 Rev CCCGGATTCATCCTCATCCTC 59.72

SLC8B1 H_NCLX Fwd GCTCACATTAGCCCCCAGTT 60.03 172

(NCLX) H_NCLX Rev AGTGGCAGAAGATGCCTTCC 60.03

SLC24A1 H_NCKX1 Fwd CTTCCTTCTGCCCATCGTGT 60.04 267 (177)

(NCKX1) H_NCKX1 Rev ATGTCTCCCAGGCCTTTTCG 60.04

SLC24A2 H_NCKX2 Fwd CTGAAACCCGCAAGCAAGTC 60.04 253

(NCKX2) H_NCKX2 Rev AGATCAGGGATGGAGGTCCC 60.1

SLC24A3 H_NCKX3 Fwd GCAGGTGAACGACACTCTGA 59.97 176

(NCKX3) H_NCKX3 Rev CAATGGCCAGCGCATAGAAC 59.97

SLC24A4 H_NCKX4 Fwd AGTATGGCAAGAACCCCGTG 60.04 206

(NCKX4) H_NCKX4 Rev TTGAAGCGGCTTACTGCTCA 59.97

SLC24A5 H_NCKXS Fwd ACCATCCTTGGATCTGCAATTT 58.28 297

(NCKXS5) H_NCKXS Rev CATAGCTTTGGCAAGACAGGC 59.87

Human GAPDH H_gapdh Fwd TTCGTCATGGGTGTGAACCA 67.6 287
H_gapdh Rev CCGTTCAGCTCAGGGATGAC 67.1

flilZ, AL L7z 4 MOEEROFE L RS TR L7z,
72721, Excel®#712006 ((h&E#HY—¥Y A, ®ut, H

R) WZXBMET Sl LRl S h7z7— 7 dkRAE

L7
=

1 Conventional PCRIZ X ANCX1, 2, 3DiE{nF5E8l
HGF, SH-SY5Y, 3 X OYHEK293FTIZ ) 5NCX1,

HGF

3000

1000

500

300
200
100

3000

1000

NCX2, NCX3, GAPDHOmRNAFH %% % —7 v b i#
BT DFEN T T 4 < — % v CTconventional PCRIZ &
DIENE L7t > TV R LESIKENREIC L DBl L7
(K 2). HGFTlX, NCXIDOFHAMRHB L72b D0,
NCX2B L U'NCX3D B IEMm S h o7z, F2
T, INHLOTIA =% Tk MREFMETSH
% SH-SYSYAIMLIZFEB 3 ANCX O A MR L2 & 2
A, NCX1, 2, 3T XCOIREBMML SN/, F£72HEK
203FTTid, NCX1B X I'NCX2DIEHA M S L7273,
NCX3DFIUIML SN o7z (K 2).

2 Conventional PCRIZ £ A NCLX B X I'NCKX1, 2,
3, 4, SOMETFHH

HGFIZ B} 5 NCX LA O CaCATE I 2 Mt 3 % 72
{2, conventional PCRIZ & V), NCLX, NCKX1, NCKX
2, NCKX3, NCKX4, NCKX5#% il L7z, HGFIZHB W
Ti&, NCLX, NCKXUIHZ TI L A7 NCKX3DFE
BAHEFR S N7z, SH-SY5YIZBW T, NCLX, NCKX
LOFEB DM S 72, HEK293FTIZB W T, NCLXHB

SH-SY5Y

o

00

HEK293FT s

2 Conventional PCRIZ X ANCX1, 2, 3D@EIET5EH
HGF, SH-SY5Y, HEK293FTIZH1F 5NCX1, NCX2,
NCX3, GAPDHOmMRNAZH A %5 —7 v M #ER T O
75 4 < — 7% F\Tconventional PCRIZ X D ¥IE L 7%~ 7
WEEH LERKELICL YR L. HGFTIX, NCX1D
RBEBH L7200, NCX2B L O'NCX3D BT &
N h o7z, SH-SYSYIZFHB T ANCXOMH A AL 72 &
Z A, NCX1, 2, 33 XCTOFEHI MM S 1172, HEK293FT
T, NCX1B X ONCX2OFH ZHIE L7z DD, NCX3D

FEHIIRIE I N7z,
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(bp)

3  Conventional PCRIZ X ANCLX 3B X I'NCKX1, 2, 3,
4, 5OBIETIHB

HGFIZB W T, NCLX, NCKX1IZMz THEAH 7% NCKX3
DOFBIDFER E N7z, SH-SYSYIZBWTIE, NCLX, NCKX
1OZEBIAHI E N7z, HEK293FTIZB W TiE, NCLXB L O°
NCX1, 2, 4DFEWI M S 7z

0.03

0.02

0.014

GAPDHIZX 3 5 RIEE

0-
NCX1 NCX2 NCX3 NCLX NCKX1 NCKX3

4 HGFIZBIFAHCaCA7 7 I —DHEIETIEH

HGFIZB T, Conventional PCRIZ & - TH & L 7zNCX
1, NCLX, NCKXI, NCKX3® X}y % 8l &= % Real —time
gqPCR % f#i » THEMF L 72. NCX1, NCLX, NCKX1H & O
NCKX3 DR 5B E &, % 4% GAPDH?D 2% = SE 0.5%,
0.3% = SE 0.05%, 0.4% =SE 0.07% 3 X 170.1% = SE 0.05% T
Holz.

X ONCKX1, 2, 4058t g nsz (X 3).
3 HGFIZBIFACaCA7 7 3 1) — DOmRNAD M 5E

WEDILKE
HGFIZ B\ T, Conventional PCRIZ X o THt &7z

42(2) AN 5 4 17

NCX1, NCLX, NCKXI1, NCKX3® x5 & % Real
—time qPCR% i > T#HT L7z (XI4). GAPDHi#fn T-®
ctfli &, % CaCADctfii 5K 72NCX1, NCLX,
NCKX 13 X O'NCKX3 D x5 Bl (P £ S.E.)
X, % 4 GAPDH®2.0%0.5%, 03%0.05%, 0.4*0.07
%. 0.1%0.05% TdH -7, F7NCX2B L I'NCX3H3%
L TWwawZ & Direal-time qPCRICBW T H IR S 1L
72, ZORERITHED W THIKIEICFEBL S % CaCA D AT
MBEBELZEET L L, NCXIAT62% TR d % <,
NCKX1 & NCKX313 % 4177% £ 6.1% ThH-72. T
PCRIZ BT 2 HIERNHIE, THZINCX15782.81%,
NCLX7%94.10%, NCKX17%86.52%, NCKX372%102.52%
ThHo7.

Z 23

AHFFEE D, HGFIZB W TNCXIDZEHA R S,
NCX235 L O'NCX3IEFEB L T wnZ & 25 6 » I
M U794~ —%AMio72PCRICBWVT, SH-SY
5YI2B W TIINCX1, 2, 375, HEK293FTIZB W T
NCX1, 203HBmB s/ z2 ehs, FHLETS
A —ICHEP W EAMER SN2, £7-HGFIZB W
TNCKX18 & O'NCKX3AFEH$ % 2 L 25O TH &
o, MUT 4~ —%fi->72PCRIZBWT, SH-
SYSYIZHB W TIEINCKX1, 3%%, HEK293FTIZH W Tl
NCKX1, 2, 40FIAVIB I -2 &b, ZhbHo
T IA I —IIIREB LW PR E N

GAPDHMEAL T Dctfii &, K CaCADHELHINH D
BAZTOMMNFEBEZEET 5 &, ME LIRS
%5CaCA7 7 I —D762% % NCX17%% 5%, NCKX1

(17.7%) ENCKX3 (6.1%) OFEBImIINCX1E L
THBRWZEFHLPIC RS2, INHOMHITREL T
T4 X=X HPCROEMERFHRZZE L T\ 7zD,
BB RBILEEEZRLTWLbITTIE RV, AFET
1T > 72PCRIZ BT 2 HIRA) = 1E, NCX12SNCKX 1%
NCKX3 & i LTI - 722 005, EBRONCX1DE
FEEVBECHETH L LEZ DN NCXUIEEA &2
g2 F ¥ ZITHBT 2015 L, NCX2B L O
NCX3IEF I, BHEHICHIAL WL E IS

(Iwamoto, 2004). Z iUk, ARKMFFETHE LT XTO
MINBIZ BV TINCX IO FEBISFED bz fE R & b FIED
. fE> T, HGFOMIEEIZ BV TNCX1AH3Ca  HEH
DOEFELRBEEEH) EEZONDL. 7= M ViR
D [Ca] L HZ#WRIEATIETIX, 7= M VT &
LlCa" ] 2%, FIINCXHEICL L2 D TH Y, Ml
NCa"HEH I BT HNCKX DB G- 2813 & A LW 2 & 28

oz,
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138 iy WM v MEABKERIIIC B 5Ca" /B A 4 > SRR T O SEBLR T

RIEINTWAS (Minowa et al., 2023). ARIFFED LR
X, COZEZEZHIIFHTLHOTHA.

ARIfFETIE, HGFIZBWTI ba ¥ FY 7HDOCa*%
AN CHEL T 2 F R ZE A2 $#H 5> TW ANCLXD 53]
AL 2II R 572 MBWNNEED LT, AV T A
A M7 ELTHO 2 EEZ S Th 2 0/MakTd
LH, I b YR T HCHORY AAB X UHEH HEHE
EHELTWS. I PIYFYTADC DR Ak % F
WZHD OENE FICHEETAI Py FYTHVY T A
2= R—=F = LIFENACa"F ¥ 2V THS. MCUIL
[Ca*] D ERICHKAFELCHOL, I ha vy FY 7= b
)y 7 AN OK & e BALAEICHE, MBE»S I M3
Y FY 7HIZCa % it A S+ % (Baughman et al.,
2011). —7, NCLXZ3 b2 ¥ KV 75 5l g 2Ca”
LT MM A L LTH & (Palty et al., 2010), 2@
COMY AR LKL EBLT, Ca* 7T —TRF ¥
L—3 3 YORBBICHES L Twb (Ishii et al., 2006).
I bV N TR B L CRET 5720, M
A BB EN72Ca* 53 + a3 ¥ Y TISRIERMICELD
AFND (Rizzuto et al., 1998). [Ca* ]k, /MaEr» 5o
Ca i E LY JAA, B X I 2 & o Cca™ it A & HE
HMONG V2L THfZRoTWDE I EDND
NCLX2SHGFIZB1F 5 [Ca” ] OFAHIC b b > T b Z
EDHERIE NS, I b3y Y T SHRE~DCa
HICB 59 2NCLXO#IE, [Ca ]l DK TR
EVTFREND 720, BT TRENzT == M ¥
\2 & 2HGF® [Ca™], L HIINCLX AR 53 % ] fg Pk 13K
WwWeEEz bbb,

ARHFZE TIZHGFIZ B 1} 5 NCKX5D S HUI M & 7z
o7z, FRIZSH-SYSYXHEK293FTIZ 5\ T H NCKX
SOFPUIMM E N> 72, NCKXSIZEICBHMI T
BT L EHREINTHDLZ EH S (Williams et al.,
2017), AWIZETHW2MIIIZ 3B W TNCKX 5 1353 L
TWEWEEZONDLH, TI4 3 —DHEMEED -
7o REMEIE T2 T & vy, NCKX51E, fidONCKX 7 7
I =R N—EIERR ) MK TS, T
DRI T 2N CRILL Tw b il S hTwn
%5 Z &H 5 (Ginger et al., 2008), 7xz=Ff YI2Z& 5%
HGF®D [Ca” ] FAICH G T 5 W IIRWwEE 2z bl
5.

RIFFETIE, HGFIZB W CHIKIE E A AE S % CaBE
HBEHE & L C, NCX1, NCKX1, NCKX3® 3 fijfi®
CaCADFBIL TWB I VWL o7z, ZOH
T, NCXIDEEZCa P EEZE L 5Nz, Lol
BRI Cld, NCXENCKXOPIHICBIFZ 7= b1 ¥

DERERH T 54 TORRBIANWTH L. T2
DIGOZ EiRE 72 42 B VT, NCKXDFEBLILHEHIE
L3 2WEEEIZEZONE. 7= M VORREEB X
CH 75 4 7OFIRMER, il L NCXB L UNCKX D5
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