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B OE Y CER (LT, D) IEAEERAN O TOMBOMIIZFET 5, 2L TUATT X — R, Miaeos
DORERLRSY . 77 /3w =V, DNA <2 RNA 728 ORI E DR 5 Thd b, ZOZENE, VAT AL
FRICZE ORISR BAERNC BRI THY | A BBEREHERH L DA T Th D, VATREFEIVENICTAD G
BEOOWINESID, IFEDDOV IR IGE ERIRZ U7 1) B haias (ReEhins) #Rik e 2) ERzHila
MDA A N Yo 7 a e UT- AR Bk (52 Bhignss) R D 20305, IBE TOVRINDOK 70% % HH5HE
SR BIT T N MEIEEY R N7 o AR — 42 — T D NaPi-IIb 2/ L7 fEBas Th D, 2L TR VI T AT
Vg JEMERE #3 D, BIHRIR/VE S (parathyroid hormone: PTH) (2 WiEMA LS, EIE ML sl
VRIRIRF-E L TOMEE % > FGF-23 (Fibroblast growth factor-23) 2/ L7z IEMERIE Z30 D O FIZEW TS5,
— 7 1BVEB B CIXEHERE DA T OB M BE MBI KO IR R U R B E LR T 35720 BV OENATE M
EEY, @Y MAEE 2R3 5, @ MEIL BRI AR LA S E L, A TROMERK L7,

LlEFkx BT T = B GICE DB AR RET VT N LIz 2 A | 1B PERB s B LRk M P U RO L
ERADBFEDON, BHEREOIR TITHEWR P PR ZF LR TLTERY, MY RER mES THDIThD 0D
53, BV RIUIINEISALT, NaPi-Ilb ORBLEDIK T LW EZH LI LTz, 2O N6, BVEB R CldA
WTDY L T DRFERELZ > TND ATREPEDS RIBE Tz, BB OIS 3 | AR A e U A 7%
T, Bl DHEES DI T, Bl BEESNLE, BRIV, BICBIT T, LAME SLCURRIC L
LT BETEA IR EL D, LU S, ZDAH = A LI RHDOEETH S, FZ T, IRITIHGEV WIS
BEODVERGIL-, BFEE T E MR LEORIIERI T EO KD~ A% NI L TS (Tatsumi S et al.
Cell Metabolism 5, 464-475 (2007)) , A~ A% F\ T NaPi-IIb DB & fEHNT L7, B HifEiE Bk L7 FGF-23 &%
Phex, MEPE, DMP1 &V AR R 12 5Bl 9 22 LM DARNY R EE O A HERF T 2720 I TIXEE 2N /Wb
HETHLH D, BHIRE LRSI T AV 2=y 7<= T AT, IRV AR E R~ AL LU CETFRO DR,
ZBLWR AV APEIDSRE I, BN EDZE L FGF-23 IREDRB/D RO BN, — 5 BB VR IEEE M
LTV e, BIRCTORFUBEN, BEOE EBAICELRIDNT T LV DR A RN TR T 5HFI2EY
NaPi-IIb FEBL&DEEM AN A RIAHI N L 7= &P RISz, DFEVY 7 — L OIK % NaPi-llb B &L TV5
AIREMEASOITIRET T 5T E Th D, Fio NaPi-lb [TWFE LSMIHIN, B, BRI TR % Zelgds i Ch o3
FEL TNDZENDHEEH2% NaPi-Ib 7 FEREA MBI L | 1B M B s e OV IR E A D 2 — 5 R L TRIZED
BAZE Dy 1 FAR L7 DA TR A D DL TR B D,

1. AREREAM Y ThHD, VAT EFIVENICAVGE NSRS D,
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WERLALSY . IS DL AR REAERH MDA A R (REEaX) #R 8L 2) bRsMilaf & A
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Yoy ara Lok bR s (52 Bhias) Ko
DINBD, BE TOVARILDKT 70% % 5sb D T ERE
T N DMREEY RN AR — 2 — T 5 NaPi-Ilb
N UT-REBNfE Th D, IE TOV RIS
GEITHEL TEMRE 230D, VU lEiRLES ThD
PTH IZEOiEME (LS4, URIRIK - ThdnD FGF-23 12X

VIS D, WINSHLTZ) > D 90% (TR ERIA TIRE S 41,

ZDIHO 80% L EDSUTALRAME TR SR D3R
eSS, IOV AREF IR0 2,
LU SRERAIEE RO T I RO ETT T 58 M
" ig)# (chronic kidney disease: VLT, CKD) TidjgHY

R DK TICIVAE S DIERNTORTRE B mEY,

BV MAEEFIE T 5, BIE HAIZI1TS CKD BEEIT
11,330 T ALHEEEND, ZOZEITRAD 8 AT 1 A

1T CKD THAHZLERL, [T ERF EShitTunag,

CKD HBEITBITHIRT/AGERF DB O M4 A KA
ol A R T O EEREREK 1 THHZLRHIH)
ICENTETND G, SBIC RVER R IR RE FUEE
(secondary hyperparathyroidism: LA F 2°HPT) {%, CKD @
REMREIHETHD, 2°HPT HARESE LR 7@
MAE TH D, BHHENEE O LM TH~DXT 5 EEH
N LA MRHERE O BTG gL T
I, LiE PTH ONETEWWIENRFNSIL TN D, Z D72 ML
HUAREDIER KL CKD OEALEFT-OIMAET

DY I EPLOY A RYINHI S EE THD, LILRD5,

18P B s C T BB A I K @Y v EE 2L T
ZHD BT IBE TOY L RIUIIHIS ey, 2
TEARARRED NaPi-llb OEBRY 2 72O T
HERICIRAT T 5 L TEARRE OV REFHZ OV THRFT
L7z,

F7=Fk & DZ )V —7 1% NaPi-IIb DERNTOREE X
DEEHICAREIAT 5728 NaPi-llb /27 77k~ Z&AERL
L= JRAEBGEL 257~ NaPi-Ilb 2SUTAZREER, 5
BEICHRBLIL T2 e b, BB DT RD 2MEAEMEY
VR B G U E IR CEE R E Ao QD ATHE
PEZBASINC LIz O, NaPi-Ilb (255 LIAMTH I, B,
Bl AR IR E R & 728 I TR CTHO R R BIL TWHHT
EMBH NaPi-Tib 235 TOU RN LIS O E % - T
WHETRIL TS,

WA, HEEHEDIBAZE LT AR B ORI RE A /R

TEHEMEOR N~ ALEHREE 215 ©, S5
U RIRNF D B2 M FGF23 13425y LL FITIK F 9751
HHDLT BE IO RETIER Y MiEL Dl
AHEENADMLIEY P EE I IS b RSN e
D5 JEE T RID MEAFHEY I OE NV v
CTREREDME T L CO B ATREME D RIB S LD,

K= ZADEEEY AW REONGE (BT 5T M A
RAFEVEY W RS DFRNT A AT720, C 2 CAEM L
AN IVb e YA 2 ZBFFER [ JD SR 2 24F BT 2 T 72 B)
4 (BhAlE 5 :1032) 12XD NaPi-Ilb OVt —EL
TOLFENBA RN 5222 BRIE LT,

EPTELTIE 1) BARAEREBIOER 7y o R FEY
EBOEENCED NaPi-Ilb OFEILUZHOWT, 2) VAL
A 2 R 5B ISR~ T ADY LRI NaPi-IIb &
BB OV CTE IR~

2. ARAE
2.1 EMMIETIVIER
BEREETILIYMERK

HARF ¥ — L RN —R S0, 6 DA 2D
Wister Rat ({KH 260~290 g) ZMEA LT, 7 MNIFERH
[, FEBRE) I B E MF () = 2OV EERE) &K
EAKD B HEBRUCIVEE LI,

FTyNIREELIZar ba— VBT T = B 58t
W32, £37, 0.2% HVRFT AT L m— A% (LA
T, CMC #R) Z1Epk LT=, 77 =% CMC #IZ 12.5
mg/ml DENG TIIEN LI, Vo T 2O D 51
T, 7T =0 MAHE (kg) 729, 250 mg OEIGIZ2559
(5272, avba—VBEZIERED CMC x5 27,
W53 5 MfTo72, 7T = &5 BMA%., i 1 [BIEX)
R 21T o7, 77 =2 4% 520 RIS E, if
RVVREASZIC, BAREITESZTRIL, =il
23 COEIROEF =T, YA 2L (8:00~20:00) Dt
LB,
BHRRSER <R

ARFIETIL, BHFEELBBII LT, 77V 7 #5% (DT)
BTV E O RN B M0 A Fr AV IERS 52
LN TEDNTV AV 2= /=T A (Tg ¥V A) DRl
ALz O(Fig. 1),

8~12 Bl D Tg vV AR L OEFAER < AL DT £
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Osteocyte ablation by TRECK system
-Diphtheria toxin receptor-mediated cell knockout-

Osteoblast "'EU:D =] D:};,ai_ Osteoclast

1

Lacuna
Osteocyte

Empty
Lacuna

- —— - Dlphtherla- P
g Toxin (DT) *

(DT-Receptor) »™*

Ablation of
| osteocytes

Fig. 1. TRECK system (ZJ2H AR~ D A, BRI 7TV T B3R L £ 77 — 2 RS HER ORI
7TVT R GTHECTHEMAND HAEFEIRSE LT ENHIRD,

#% 9 H R (F 58 25~30 ng/kg, 1 [A1#EH) | IR 23°CD
TEVROERE 2= T, KA 2L (8:00~20:00) Db SR H

LTz mV AR LTI DT #5654 5 A &S,

OO 4 HEIXEY 7K (25 mM Na,HPO,/NaH,PO,) % H
MBS,
2.2 MBEHSIVRFBIFEIEE

KT ABIOT Y A MBI ORZLL T 0%
Fi M HWTHIE LTz, YR p-AF LT/
7 x /) —)VIRTLiEE WA ATy C T AR Kit(Wako,
Osaka, Japan) , /L0 WNREEIATF LTV ) — LT )0
— R EEZR =L L E T AR Kit(Wako, Osaka,
Japan) . 7L 7 F = RIE I Jaffe (kW27 F =0
7 Ah Kit (Wako, Osaka, Japan) (ZZOHIELT-, MAETETE
e ZI DL, V4L 1v 7% —7vE A (SRL, Inc.,
Tokyo, Japan) (ZXVHIE L7z, MHE FGF23 ¥ EIT
FGF-23 ELISA Kit(KAINOS Laboratories, Inc., Tokyo,
Japan) & W CHIE L=,
2. 3 BERIFRHRIEICHITS NaPi-llb DFIR

R IR S OY /N iy 588« T S5 oD Bll - % I T 53 (Brush
border membrane vesicle: BBMV) O %813 Ca TEE%
FVNTITo72, BBMV O R IL BCA Protein Assay
Kit (Thermo) & W CHIEL 72,

K7y hBLO~T A/ MG T E BBM (20 pg/lane) A H

UNT NaPi-IIb O BLEOENE% Western blotting 1£1ZT
Bz,
2. 4 Na' {K7FHEY sk E AT

/NI BBMV O 2P i o35 M 1 3 O I A < 0
L7z, HA®EL 20 pg IZF#BELZZ BBMV Yo 70
uptake solution (**P 20 pCi/ ml, 100 mM KH,PO, 100 mM
NaCl, 100 mM Mannitol, 20 mM HEPES/Tris pH 7.5) %Il
Z TR 30 B OV 60 O RS W T4, oK LT AR
WARZMZ TR)ISZED T, KIS E = at/rm— A5
\NZ T B8R Z1 TV, BBMV Z=hot/Lo—AfE
IR EESE T, ZL T, =ha o —REET 7TV
Ho T@NLLIEE, GRS o FL—ar iy 2—T)
FHEMZHIE L. BBMV ~DOU A R iEMEEHIE L
77

3. HRBLUER
TFTZUBEREBAREETILSVYRD NaPi-llb DEE)
7T 2R AR T T MR LT (LT,

TT=T9h)  BAREOEITEETH7-DIZHEH D
BaE YokBELFo7-, 80— R BIRERMETT
TRV AR E AR E LT, FoT7 —H I LT

W, BHEREDIR F AR ~— I —ChHM T IRFEHR
(BUN) KON, IR 7L 7 F = R FE AN L 7=, S5
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FEREDIR TSIV IR Y Pt Bl A LT, A Rl
VT L ERLEYMAER BT, BHEREIE TR,
LAY PEEED E R IIL T PTH RSV 1T B 5
T 5, ZOTEMD ZIRMERIF R R RE TTHEIEZ 2L T
WHZ LSS (Fig. 2A, 2B) , IRV ARE O 51358
NSOV P AMIEHE T BT D BN IES L
Do LINL7e3D, 77 =Ty N CIXBHGEDBEMEIZ LD
MV ARENRELL EJ L, S6I2, 77 =T 9T
BV R 2AE FL TR, £72 NaPi-IIb 385
BORDITRRO HIR) T (Fig. 2C), > C NaPi-Ilb
DRV ARED EFTKT DI EI LB RREDME LT
WDIRILTIE, HE T 2 F DO ER o7,
BHBTER<T ADoK EDRE

WRIZIHE VIR & E R E DBV Z R T 272012,

B I SE ~ T A% N CRIT 21 T 78572,

Tg K OB AR~ 20, DT $5- 2 AAT(-DT), DT
Feh% 9 HE (DT) ORI B SRR OYR
L ANy MR EZIE LIRS Y K O
N BIREE PRI T NRFEECEBWT DT &G
LR BRI AL -7 (Fig. 3A, B, D), — 5T, Tg
~DUAZXL DT $65:% 9 B HOJRFVHEX, DT £
RO Tg ~7 AL L CHBERBININMA A 57~ (Fig.
30) . WIZEMBATEIE~ 7 A TIEU A FIRDMEREL TV
LY, BIETOY I, BE DD R D2 )
ZfaaL7z (Fig. 4, Fig. 5) ,

WD /T 7 4 T R A VTR b Y AT
STRER, HHIIastIE~ Y A (Tg+DT #f) CIXE MY

PN A+H9 NaPi-Ila, NaPi-Ilc DTz bR AlAE 5 e
DOIEJRTEEDOZFE LB D b7z (Fig. 4A) , F7- ik
BBM %\ = AT T 4 T IRRTIZ BT [
ERIZ NaPi-lla, NaPi-llc O A &OJD 134 HiT (Fig.
4B), Tz, T RIT IMERAFVEY T A U7
DT # 5Lz Tg vV ARRZBITLE N TOU L DEDIA I~
BERNHA B L QO (Fig. 4C), ZRHOEETIIE
AR DFEPRIT LD FGF23 DR T 235580 B 41, £72 PTH @
TR i3 e o7, £7- FGF23 TR L TYFlR
2% 7T Klotho R HREHEDK THRDOLN, ZiL
1% FGF-23/Klotho 7 /LR KON Zowie+ 5, DL E
&Y., FGF23/Klotho <> PTH #XF& L1375 L& iz
IRHTLWI AR R DI ED RIR ST,

WA, BV WRIZ HW TR, B 2 L i L
T Tg ¥V A DT &% G- L=~ A TRV BIABZ DA
B8Nz R L7z (Fig. 5A). E72/ME TE BBM & v
7= Western Blot fi#hT C. NaPi-IIb OFRELMHIL -5
. DT #5-L7= Tg <7 AIZHV T NaPi-IIb FEELO BN
AV (Fig. 5B), JRHPVAHRIEINC DY 7 —1
DAL FIZEY, NaPi-Ilb OFBUE ML 72LF 2 Bl
%o BE VB BEOD I MEY B A I B S5
& NaPi-Ilb OFBLEITIEIMNTDIENFHNTND, 20D
ZEmbh | NaPi-llb HH B EFH OV LI E LT
WA ATREMEINE 2 5D, NaPi-llb 2T 4> at v /v
TR ALK~ ZAOENT A B C L0 i FEA AR
O AL HHE T, NaPi-Ilb Ok —LLTOHE
HESOICNT T2 ERNDHDHEE Z D,

A) B) Q)
miE') v iRE M iPTHRE ZRRBBM W.B

20 ey 6000 ok Control Adenin
=19 E 4000 NaPidib T -
w 10 B
A £ 2000

0+ T 0 — i B-Actin o ———

Control Adenine Control Adenine .

Fig. 2. 77 =V iERMEBE AR 2T T L7 MIEIT 2 NaPi-IIb DI HL, 10 Wister Rat (25 L CAF /L/Lm— R TEEMREL
7277 =% 250 mg/Kg ((RHE) H720T 1 B 1 BIOR AREGE1T72o72, ar b — LREHTIAT VB m— Al 0%
B L7z, A) RO #E% ., 3 EROMEY AR, B) &N 5%, 3 @Eom#E iPTH #EE, C) ZZH5 BBM (blush border

membrane) % i\ 7= NaPi-IIb ™ western blotting f#4T,
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Fig. 3. MR T —4, WA Tg ~UAZNZIUIH LT DT #5:-2 HATRB IO DT #6544 9 H BIZERR LD
24 BB IRICTIREBR L, ATV oD NREBIORFVY | I NREORELFE R THD, O 54
il Z4+DT (2 ) 14 #il n=6, M:Tg ~7A+DT(2) 14 it n=6, **P<0.01,
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Fig. 4. B#iZ3517 % NaPi-Ila, NaPi-Ilc DR BURFHS L OV N o MEAFED A siE EORIE, A)DT #5449 B HD
PR Tg v ADENRERGH L, ST 7 OO I LD kY (., B) Blis BBM 45 [ &20 pg/L— I
L Western Blot {2 CHfHT, C) B IEBBMYV D7 MEFAHED aiklE M, O B AR <7 2+DT (1) 9-10 iz n=4,
B :Tg vV A+DT (") 9-10 s n=4 *P<0.05,
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A) w 9 Na/Pi uptake B)

_E-% & WT+DT  Tg+DT
5 ‘% 15 T

ER i NaPi-llb . |
£ P

b=

,E E[}.ﬁ T

G - " Actin |WEE| | —

WT Tg
+DT

Fig. 5. ‘B MifsElk~" AZ351F % NaPi-1Ib FEBLOMFS, DT #&5-% 9 H H OEAR Tg ~7 A0/ T BBMV 447
BiEL72, A) /NG FEE BBMV & FH W 2D s ym PR E, O B AR~ 24+DT (51) 9-10 #fi3 n=4, B:Tg ~7 A+DT (")
9-10 s n=4 *P<0.05, B) /5 F &S BBM % F\ /= western blotting f##HT, £& FH 13 20 pg/L—>Th D, O: BFAER

<~ A+DT (%) 14 ##fis n=4, W:Tg ~VA+DT (%) 14 ##fit n=4,
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Summary

Body phosphate homeostasis is maintained via intestinal absorption and renal excretion and bone metabolism.
Hyperphosphatemia is associated with ectopic calcification, cardiovascular disease, and increased mortality in
patients with chronic kidney disease (CKD). Fibroblast growth factor 23 (FGF23) is a phosphaturic factor which
is produced by the osteocytes. Intestinal inorganic phosphate (Pi) absorption is a key determinant of plasma Pi
and FGF23 levels in CKD patients. Dietary Pi is efficiently absorbed (60-70%) through the small intestine by
both active and passive Pi transport mechanisms. Active transport of Pi is mediated primarily via the type IIb
Na/Pi cotransporter (Slc34a2/NaPi-IIb). Recently, we suggest that intestinal NaPi-IIb functions as Pi sensor in
body Pi homeostasis. To investigate the role of NaPi-IIb on Pi sensor in chronic renal failure (CRF) rats, we
assessed the NaPi-IIb expression. Adenine-induced CRF rats showed hyperphosphatemia, the elevation of
plasma PTH and FGF23 concentrations and the reduction of plasma 1,25(OH),D; levels. In the comparison of
intestinal NaPi-IIb function in normal and CKD rats, we suggested the disruption of Pi sensing mechanism in CRF
rats.

Alterations in function of osteocyte occur in very early stages of chronic renal disease (CKD). FGF23 and
DMPI1 are made primarily in the osteocytes. These are suggesting that the osteocyte plays the total systemic Pi
regulation. We have established “osteocyte-ablated” mice exhibited excessive osteoporosis. To analysis the role
of osteocyte in Pi homeostasis, we investigated renal and intestinal Pi handling in the osteocyte-ablate mice.
Plasma Pi concentration were not changed in the osteocyte-ablated mice. Plasma FGF23 levels were
significantly decreased and plasma PTH levels were not changed in the osteocyte ablated mice. Urinary Pi
excretion was markedly increased and renal NaPi-Ila and NaPi-Ilc protein levels were significantly decreased in
the ablated mice. Intestnal NaPi-IIb protein levels were significant increased and Pi absorption increased. In
conclusion, the present study suggested the disruption of Pi sensing mechanism in CRF rats and osteocyte ablated

mice.
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