Bk 0740
F R ARSI L OGRS M S LET Y MBI A~ 7 32 Ak
HFF T IV DI S REFEAT
WA TE, R KE, WEE T

PSS S

pid

B B~/ RUUAE AERNICBWTEERIETEOFHETOA A T v L B BAOHilfE, Ml E e &% 59
% AliAA T AN TROZFIET D MM ThDH, ~7 XD 2O DKL R FICIVERESNT
BOEFRENL~I R0 LEZFBIMTHIEICIVMENME T THZENMBILTWD, il
potential (TRP) B F 74> F v 1)V D7 X2 A7 D TRPM6 L O TRPM7 B T4 Fv RV D3~ 7 3 Mgk AR L
U CHERE T D LD N 2R 1223 il EAE & O B IR T D,

ZZCAMFFE T, @IEAEE TRPM6 FLIS KON TRPM7 BLA T4 F % ROV O BEIZ DWW, T4 F v kLD
F Al ST DR BIARET 57012, mIEET LEEL Tib IR HWHITWDE fLE B ARFIET v SHR
(Spontaneous hypertensive rats) &, Wistar-Kyoto 1F 5 IfiLJ£ 7> M (WKY) (Z351F 21815 -3 B4 ik LTz,

IR AEL 7272 14 J8IBO SHR &, IEHIIE THD 14 Wil WKY Ofizs (Ui, KEIR, THI, Bk, J515) 2>
H RNA ZhH L, HRE 1% PCR 151280 TRPM6, TRPM7 SBAR - FBLUZ DUV THRETLTZ, SHR, WKY &b 1 s e B it
IZBWT TRPM6 BIR DI BLNERE C& | FRZEMBIZ B W CTHROEELGRO HiLT, g TD TRPM6 DREHLIT
WKY LHEEL T SHR THELN EF-L W7o, L LKEINRTIEL, TRPM6 O3 BU IR CE720 o7, —J7, TRPMT 1%
O, KEDAR, AR, B, AERG 3~ COlEgs THRILL T2y, SHR & WKY B CRIELEDE NEA LR -T2,

WIS M EZFAEL TR 4 8O SHR, WKY 2 VT Flilidias (14, Ok, s, B, B50H) 7>5 RNA 2
L. TRPM6, TRPM7 (B{R - FBUZ DV TIRFT L7, 14 7 v OS5 6 L RERE B35V T TRPMG6 A5 D IR VIS EL

FOBAL, TRPM7 13E DRARIC BV TH BB O B,

HLODFS'E#% M R TlE TRPM7 BhF 4 F % M~ 2 DOWGEZ B G- L COD ATREME S RIS

7z, LL SHR, WKY THRBLEIZIEWD R > T2 2O RIS M@ I E 7y M2 W CE i EE S TRPMS,

. transient receptor

TRPM7 B F 7 F ¢ L ORI TRV & 2 DD,

1. AR EM

<7 R ML, ERNIZB WO TREETE ORI oA
T VBB OHIE, MO E e 81 5
D _AliAA LT, MBAN Thb Z<FFET D A4 T
D, ¥ XL DD KES DKL A T IR
VNG SUREEE S FNS e SAYSN-= 2€: 3\ bl e
FMEME T2 EnmBN TS Y, —J5, Hifk~7
U LFNTOLEVEEPE ORI IS A S, 1= 25

SE b, FEMWERICEIY b~ XU LDE S
DS DR EIEE T 5L BB RS> TS 2,
BT, transient receptor potential (TRP) B b F A4 T %
NDYVTEATDOEDTHL TRPMT BAFH 2 F ¥ 1
NN IIK=R S I STANGES/ A SAVIN (3ol NP
BETHZENHLNERR ST I8, mJﬁlrr&< _ﬁi’ﬁ}aﬁzh%
PE ) ESE S O BEIE AR THh D, IHITHT. TRPM6
WHF A F b~ T Ry WAﬁﬁu%?E{ZIKEL’C%% HE
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HIENTES L O3, A IR CO TRPM6 il
T T RN DL LRI FEBIROMERE | SHITE MEREE D
BE I LA TH D,

FITAMIETIL, 7 30 Mgk AR E U CRE S
% TRPM6 A3 L OV TRPM7 B 54 T 1L O £ il
ZHIBITDHBIEMRFIL, @il EE T VEEL ThRbIA
SHWHIRTWSEIILE HAZESET v SHR (Spontaneous
hypertensive rats) &, Wistar-Kyoto 1E I+ 7  (WKY)
IZEBF5H TRPM6, TRPM7 Tl FA4 > F v R DiE 5T
SEBIA R LT,

2. IRAE
2.1 fAfEH 5D RNA OFRR

i EERAFHE, T DB CiL, [E 326 RE
% ARSI R S 2T LT, 14383, 4 1 SHR
F2iE WKY b8l (kd o0 EREINR, (O, 1T
gk, FEFREE, EIRS BEPHAERD) 2L RED T AP —IT
FU##L7-, AGPC i (Acid Guanidium Thiocyanate
-Phenol Chloroform Method) (2% RNA ZfhHL7-, RNA
H(TW R 260 nm OUOEEZHIE 5L F L,
(Agso=1 % 40 ug/ml RNA) L L7=,
2. 2 FEERIG

FhH L7 total RNA Z 0.2 ug/ml L, 2055 10 pl 2
L7z, 7 abha— e S TR R Z 38 L L (High
Capacity cDNA Reverse Transcription Kit ( Applied
Biosystems) ) , 25°CC 10 43, 37°CT 120 47, 85CT 5 #
RBRL 7z, ZOBUGHEZ 5 57 FRL cDNA IR E LTz,

{A) 14 weeks

3 3
L R 5, 3
o s&qoi"%%@vhﬁb‘#

e N

TRPM7T

GAFPDH

SHR WY

2.3 PCRi%

PCR {EIZL DB s FHIEICIZLL T O T I ~—% Hn
72

rat TRPM6(XM_219747) (112 bps: 3542-3653)

forward: 5’ -AGATGTTCTTCCAACTGAAA -3’

complement: 5’- ACGGTCAAGGCAGAGAGATC-3’

rat TRPM7 (XM_001056331) (150 bps: 3039-3188)

forward: 5’- TGGACTAAGATTTGGAGCAA-3’

complement: 5’- TAAGGTCCTGCCTGTTGATTT-3’

rat GAPDH (NM_017008) (104bps: 1533-1636)

forward: 5’-CATGGCCTTCCGTGTTCCT-3’

complement: 5’-CCTGCTTCACCACCTTCTTGA-3’

cDNA A% 1 ul (250G 3.05 pl(2x PCR buffer, 0.8
mM dNTP, 5 pmol %771~ —, 0.005 U AmpliTaq Gold
DNA polymerase (Applied Biosystems) ) # /il x . 4= #% 10
ul 2L 25 %127/)L (GAPDH) . 30 17/ (TRPM7) . 35
P12V (TRPM6) TR 1 DHIEA1T572, 5 ml © PCR
FEME 2% 7T a— ATV TERIKEIL, = F U LT
A RYLEICIOfRITL T,

3. AEKER
3.1 BIMESYMIBFTEXEMEIZTTD TRPM6.
TRPM7 i&1nFHIR
IR AEE o7 14 iR SHR &, IEH ME THD
14 D> WKY Ofigigs GOk, KEIR, g, B, A50)
225 RNA AL #55#% PCR J£I12XD TRPMS6,
TRPM7 &5 T-FEUZ W THREILT= (Figure 1A),

(B) 4 weeks

. S P oo kg
v*’%“’%é\bbz& o "‘z@wepq@e
ersss
TREL
CAPDH i ————

SHE WY

Figure 1. Expression of TRPM6 and TRPM?7 in various tissues from adult (A) or juvenile (B) SHR and WKY
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SHR, WKY &b I FliE B g 2350 C TRPM6 3151
DHFBLPHER TE FHCEBIZIB WV TRV BLINROH
Tz ITFiEC D TRPM6E D3EBLIT WKY LEi#zL T SHR
THIN EFAL TV, L LKEIRTIE, TRPM6 D%
Bl T&lpnoTz,

—J7, TRPM7 (ot REIR, [Fhet, Bhik, HERG 3~
TONdR CHREDHERL TVZ28, SHR & WKY [T
BLEDEWIALNR T,

3. 2 BMEELLESTLVEL 4BED SHR, WKY (51T
5% 1E[E28 TO TRPM6, TRPM7 &5 F %18

WIS IMEZFIEL TR 4 Hilisd SHR, WKY %
FCCE Al O, O, s, B0, BB 725 RNA
ZHhHH L, TRPM6, TRPMT i&{5 TR BUZ W TR LTZ
(Figure 1B), 14 Hlin7 v hO GG LRBRE BIZ VT
TRPM6 15 DIV BN BT, £72, TRPM6

BSR4 D SHR OAEI#EKK. 4 D WKY DfiK
IZBWTELFHLL T, TRPMT7 [XEOFRIZHBWT
HIBLEDO DI,

4. &

PLEOFERS, Mg k%05 TRPM6, TRPM7 %l
F A F v LT, SHR, WKY &2, TRPM6 i
HFF T2 RVILBIRIZIB W THROW B RO S,
—Ji TRPM7 BL 0 F A T X/ T DRI ZFEBIL T
WHZERBBNE R 572, TRPMT (XA&FAIZRBIL
TRPM7 &5 1% KBS E - BSE THDHZ LD DA
D AEAFTMBADRFIZEEZ NS Y,

AEDEBRIZIBVT, TRPM6 (X REIRIZISUV TR
ITERO BN -T2, TRPM6 (X E LM /NG, K
f;é:*ﬁ%z‘%@ Mg>" DYWL, I 50 Mg? O FFI

VB2 TR BLL TODIENRHALNE 2> TN
%, MAEIBIZITD Mg® BUDIAZIZIE TRPM6E DR
BIHEWEB 2 b, FAR~ 7 R AMAEICLD
RHIZRAEAI V20 A UIE DR RE{R LT TRPME 73
FESI TS 9,

I AR AL T TRPM6E, TRPM7 DFEBLIZHOWNT
XFIERIBIRAIRE 3 NS <AFAES Do T T AT |
(Angll) (i 38 WA . HE5I, RIEZRE TG LTV DAL
FTHY, MBI O REHIEN - B B B4 R
LCW5, & Figfh%2 Angll T 24 FERHKT 5L

TRPM7 ORI, HIN D~ 7 27 AA A R
([M@*7i) 23 EH-L, DNA &k, 2270 & i3 ied 2%

ZOBIRIE TRPM7 OIEBLZANHIL 7ol TITBigEs
Ninof=Z Lt TRPMT7 (XM SEIE A7 1288 W\ T
Angll (2L DM i 481, IS B 5L QD SHfEER
b, 72, 16 Hliin SHR 2RV TIE, WKY &#7q0
Angll [Z8% TRPMT AR T, Zo /"I 5BLD A DI
ST, EFAREETOIMG™ i 1T LT 7, ooz s
26, TRPM7 FEBLIH DU NI MEDZE L3 &) M IE D%
i, HERIZBE 5 2 TREMD 8D,

Figure 1IZ/RL728912, SHR, WKY (23U CHIBEFE %
DREPRTD TRPM7 B FFEBLEITE NEA D)
STZEmE TRPMT TEPERIEI D ZEA V23 8 i ESE D FEAE
HHVTHE R IZE B A R EI A LI LTS RTREE D A
v,

TRPM7 OIEMERIFNC SOWTIE, RAT 7 F VA b
—/L 45- "V % (PIP2) X2 cAMP (2L A, ) —E8F
A AZ T DI &0 [Mg* i E7-1% Mg*-ATP 1I2&5F
¥ RNADIEREBRMSNTND W, 5T, ffaRs o0&
FEEDE TRPMT7 {EHEA I 52 &G ER -
72 B, PRI E TIEH DDA BN Th, 14 8
B> SHR, WKY (28 CKEEIZRE 595 <000
FTDOFBEN IR0 TNDHZEEPLDNIL TS, 514,
INBD5rF-E TRPMT IEEDHIEIZ SV TR FL 72 &
EZT5,

5. §E&DEM

SHR, WKY T 22O /KEEIZE 555 1 D3
BNEIRDZ LRGN LIRS T2D T, ZNHD 51D F
Bk . 5D NE TRPM7 {EE~DRZRIZ ST
BMTL, EIMLERIESH DO THER LD 52 RF L T
TETHH,

ARFFETIE, mLE BRFIET v SHR % FHU 223,
DOCA (deoxycorticosterone) B & fiLJ£7 > MZ BN ThH
VTR LG @ R N SGE T AZ NS
TV, 207y MZEIT5 TRPM6E, TRPM7 DR,
TEPERIBNZ DWW TR 2, Eo, v 7 327 MBI
DZNHDET VT MOIERPUGESNDDRFIL T
72U,

IBITIDT R T AT DEMITIT
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TRPM6, TRPM7 #F 4> LISkt Na'/Mg® A3 k<o
Ca?* IMg?" ZeHA A3 BE 5L T 5 (Figure 2) . Angll [2k-
THESNHREIMEIZINT, NaTMg™ ZSHRIROBLEIC
L@ R S sk #E TS W, Na'Mg? ZS iR

TRPM7 C[RIERIZ S ML EDFAE , M | C B a )
ZLTCWAHEEZLND, 4 Na'lMg™ ZZHiikt & i
I R R C O~ 7 R LB RS 0O iRt 21k
HTNETZW,

Nat Ca2
TRPMT
Cell membrane 'li.’"
Meg2+ Meg2+
Nat/ Mga*' o ag“Mg2+
Mg+ —
Cat MAPK activation
\ Cell
growth

Inflammation
Fibrosis sl'
Cellmigration Vascular
Contraction Remodeling

Figure 2. Magnesium transport mechanism in vascular smooth muscle cells
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Summary

Magnesium ion (Mg®") is the second most common intracellular cation in mammalian cells. Experimental
and clinical studies suggest that Mg®* deficiency plays an obligatory role in the pathogenesis of hypertension. The
exact mechanisms are unclear, but effects on the vasculature have been implicated. Recently, TRPM6 and
TRPMY cation channels involved in the transient receptor potential melastatin (TRPM) ion channel family were
identified as magnesium transporters,.

In this study, we investigated gene expression of TRPM6 and TRPM?7 in various tissues from spontaneously
hypertensive rats (SHR) and Wistar-Kyoto rats (WKY). TRPM6 gene was highly expressed in kidney of WKY
(14 weeks old), while TRPM7 gene was detected in heart, aorta, liver, kidney and adipose of WKY, suggesting that
TRPM7 but not TRPMG is involved in regulating magnesium influx in vascular smooth muscle cells. However,
the expression level of TRPM7 in SHR (14 weeks old) was not different from that in WKY. TRPM7 gene was
also detected in brain, heart, aorta, liver, kidney and adipose of juvenile prehypertensive SHR (4 weeks old) and
WKY (4 years old) and the expression level in both rats was comparable.

Taken together, these data suggest that both TRPM6 and TRPM7 have minor roles in the pathogenesis of
hypertension in Na" independent hypertensive rats.
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