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THE EFFECT OF VITAMIN D ON THE BONE TISSUE

Yutaka UENO
Department of Orthopedic Surgery, The Jikei University School of Medicine

Toxic doses of vitamin D induce bone resorption both iz wvivo and im vitro, whereas
pharmacologic doses have bone-protective effect iz vivo. To investigate the dose-dependent
differences in the effects of vitamin D on bone resorption, I examined the i vivo effects of 1,
25-dihydroxyvitamin D; (1, 25(0OH),D;) on the expression of the receptor activator of nuclear
factor-»B ligand (RANKL) and osteoprotegerin (OPG) mRNAs in the bone of rats that had
undergone thyroparathyroidectomy (TPTX) and were receiving or not receiving infusions of
parathyroid hormone (PTH). Continuous infusion of 50 ng/h of PTH greatly increased
expression in bone of RANKL mRNA but not of OPG mRNA. When graded oral doses of
1,25(0OH),D; were administered daily for 14 days to normocalcemic TPTX rats receiving
continuous infusions of PTH, PTH-induced RANKL mRNA expression was inhibited by 0.01
and 0.1 ug/kg of 1, 25(0H),D; but not by 0.5 xg/kg of 1,25(0H),D;. Regulator of G protein
signaling-2 gene expression was suppressed by 1, 25(0OH),D; dose-dependently, but PTH/
PTH-related protein (PTHrP) receptor mRNA expression was not altered. Morphometric
analyses revealed that 1,25(0OH),D, suppressed PTH-induced osteoclast number iz vivo.
These results suggest that toxic doses of 1,25(0H),D; stimulate bone resorption by inducing
RANKL but pharmacologic doses of 1, 25(OH) ,D; within a certain range inhibit PTH-induced
bone resorption. This inhibition appears to be mediated by suppression of PTH/PTHrP
receptor-mediated signaling.

(Tokyo Jikeikai Medical Journal 2004 ; 119: 1-12)
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Table 1. Sequence of PCR primers used for mRNA phenotyping analysis

Target mRNA Primer sequences Nucleotide
RANKL S-cgctctgttectgtactttcgageg 195-783
A-tcgtgctcectectttcatcaggtt
OPG S-agtttatttaacagactgccaccag 1955-2220
A-gtaataagagggcgcatagtcagta
cathepsin-K S-tgtctgaaaagagcatagacaacag 3-567
A-atagttctcagacacacagtccaca
PTH/PTHrP receptor S-gatgtctttaccaaagaggaacaga 133-463
A-gattgaagtcataaatgtaatcggg
RGS-2 S-aaagcaaggaaaatctataccgact 411-794
A-atcaatagttctgagcgatgttttc
B-actin S-tcctagcaccatgaagatc 2845-3158
A-aaacgcagctcagtaacag
Table 2. The conditions of PCR for each gene
Gene Denaturation Annealing Elongation Cycles
RANKL 94°C 30 sec 58°C 45 sec 72°C 1 min 30
OPG 94°C 30 sec 58°C 45sec  72°C 1min 24
cathepsin-K 94°C 30 sec 58°C 45 sec 72°C 1 min 20
PTH/PTHTrP receptor 94°C 30 sec 58°C 45 sec 72°C 1 min 24
RGS-2 94°C 30 sec 58°C 45 sec 72°C 1 min 24
B-actin 94°C 30 sec 58°C 45 sec 72°C 1min 20
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Table 3. Sequence of oligonucleotides used for Southern blot hybridization

Gene

Sequences

RANKL

OPG

cathepsin-K
PTH/PTHrP receptor
RGS-2

B-actin

5’-gagcctcaggcttgecccgecgggcecacatcgagecacgaaccttecatcatagetggaa-3”
5’-agcccagtgtttcttgttectctgtagttgtacctaagetgactccaagtacatttagta-3”
5’-ttgctgctaccegtggtgagcetttgetetatccecggaggaaacgetggacacgeagtgg -3
5’-aaagttctaccctgagtctaaagagaacaaggacgegeccaccggecageaggegeagagg -3’
5'-cgaaatctctgattgcccaaaatatccaagaggctacaagtggetgcttcaccacagete—3”
5’-ctcactgtccaccttccagcagatgtggatcagcaagcaggagtacgatgagtecggece—3’

Table 4. Serum levels of calcium, phosphorus, and 1,25-(OH),D,; and urinary deoxypyridinoline

excretion in TPTX rats

Operation Treatment Serum levels Urinary level
PTH 1, 25-(OH) ,D, Ca P 1, 25-(OH) ,D; D-Pyr/Cr
(ng/h) (ug/kg bw) (mg/dl) (pg/dl) (pg/ml) (nM/mM)
Sham 0 0 9.6+0.3° 7.5+0.2° 67.6+7.9° 75.1+2.2
0 5.1+0.2% 10.5+0.4° 29.8+2.32 54.2+3.02
0.01 6.9+0.52 10.040.5° 425+5.7 59.8+2.72
TPTX 0 0.1 7.940.8° 9.2+0.6 45.1+8.6 59.6+3.32
0.5 10.3+£0.7° 6.940.6° 105.9+11.5 91.7+4.9°
0 10.4+1.1b 6.8+1.2 79.4%+16.5 84.8+2.2°
0.01 11.1£+0.9b 7.4+1.0 73.4+15.3 71.8+1.2¢
TPTX 50 0.1 11.2+0.6° 6.5+0.8° 84.2+9.8 66.5+1.8"¢
0.5 14.6+1.2%° 3.5+0.48° 133.5+21.3 110.2£3.78:>¢

Eight-week-old rats were either sham-operated or TPTX under light ether anesthesia.
(50 ng/h) or vehicle was infused at a flow rate of 0.5 x1/h for 2 weeks.
Rats were killed 12h after the final administration of 1,25-(OH),D,.
a; p<0.01 (significantly different from

administered for 2 weeks.

Values are expressed as the means+SE of at least 5 rats.

Either PTH
1, 25-(OH),D; was orally

sham rats), b; »<0.01 (significantly different from TPTX rats administered the vehicle), c; »<0.01
(significantly different from TPTX rats treated with PTH).
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Fig.1. Effect of 1,25-(0OH),D; on the expression of RANKL, cathepsin K and OPG mRNAs in the

cortical bone of TPTX rats.
ether anesthesia.

Eight-week-old rats were either sham operated or TPTX under light
Two days after the operation, either 1,25-(0OH),D, or vehicle was daily ad-

ministered orally for 2 weeks at a dose of 0.01, 0.1, or 0.5 ug/kg bw. Twelve hours after the final
administration of 1, 25- (OH) ,Ds, total RNA was prepared from the cortical bone of each rat. A:
Southern blots of RANKL, cathepsin K and OPG mRNAs in the cortical bone of TPTX rats. B:
Relative expression of RANKL, cathepsin K, and OPG. For relative quantification, the value
from the cortical bone of sham rats administered the vehicle was used as the standard (ratio 1).

Values are expressed as the means+SE of 4 rats.

a; p<0.01 (significantly different from sham

rats). b; p<0.01 (significantly different from TPTX rats given vehicle).
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Fig. 2. In vivo effects of PTH and 1, 25- (OH) ,D, on the expression of RANKL, cathepsin K and OPG

mRNAs in the cortical bone of TPTX rats.
TPTX under light ether anesthesia.

Eight-week-old rats were either sham operated or

Two days after the operation, either vehicle (29 cysteine-

HCl in 0.99 saline) or rat PTH (1-34) at 50 ng/h (flow rate, 0.5 x1/h) was infused for 2 weeks

using an osmotic mini-pump.

1, 25-(OH) ,D; was daily administered orally for 2 weeks at a dose

of 0.01,0.1 or 0.5 #g/kg bw. Twelve hours after the final administration of 1, 25-(OH) ,D;, total

RNA was prepared from cortical bone of each rat.
and OPG mRNAs in the cortical bone of TPTX rats.

A : Southern blots of RANKL, cathepsin K
B: Relative expression of RANKL,

cathepsin K, and OPG. For relative quantification, the value from the cortical bone of sham rats

administered the vehicle was used as the standard (ratio 1).
a; p<0.01 (significantly different from sham rats).
c; p<0.01 (significantly different from TPTX rats

SE of 4 rats.
different from TPTX rats given vehicle).
treated with PTH).

Values are expressed as the means =+
b; p<0.01 (significantly
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Fig.3. In wvivo effects of PTH and 1,25-(OH),D; on the expression of PTH/PTHrP-receptors
(PTH/PTHrP-R) and regulators of G protein signaling (RGS-2) mRNAs in the cortical bone of
TPTX rats. Eight-week-old rats were either sham operated or TPTX under light ether anesthe-
sia. Two days after the operation, either vehicle or PTH (50 ng/h) was infused at a flow rate of
0.5 u1/h for 2 weeks. 1,25-(0OH),D; was daily administered orally for 2 weeks at a dose of 0.01,
0.1, or 0.5 ug/kg. A: Southern blots of PTH/PTHrP-R and RGS-2 mRNAs in the cortical bone
of TPTX rats. B: Relative expression of PTH/PTHrP-R, and RGS-2. For relative quantifica-
tion, the value from the cortical bone of sham rats administered the vehicle was used as the
standard (ratio 1). Values are expressed as the means+SE of 4 rats. a; p<0.01 (significantly
different from sham rats). b; p<0.01 (significantly different from TPTX rats given vehicle). c;
»<0.01 (significantly different from TPTX rats treated with PTH).

Table 5. Morphometric parameters of cortical bone of the femur

MAR MS/BS BFR N. Oc/B. Pm
(xm/day) (%) (um?/cm®. y)  (Number/10 mm)
Sham 4.7040.49* 25.534+2.50" 40.55+6.61" 196.0+10.5°
TPTX 1.84+0.31 5.88+2.49 5.51+1.03 79.7+13.8
TPTX+PTH 4.734+0.74* 25.53+2.53" 26.20+4.43! 233.0+22.6*
TPTX+PTH+  2.09+0.28° 18.21+4.05! 14.71+1.86%° 138.5+16.7°

1, 25-(OH) .D;

Rats were constantly infused for 2 weeks with either vehicle (2% cysteine-HCl in
0.9% saline) or rat PTH (1-34) at 50 ng/h (flow rate; 0.5 xl/h) using an os-
motic mini-pump. 1, 25-(OH),Ds, (0.1 £g/kg bw) dissolved in PBS containing
0.29% ethanol and 0.019§ Tween 20, was daily administered orally for 2 weeks.
Mineral apposition rate (MAR), mineralizing surface (MS/BS), bone formation
rate (BFR/BS), and number of osteoclasts (N. Oc/B. Pm) were measured by the
methods of Parfitt et al.'®. Values are expressed as the means*=SE of 4 rats.
'Significantly different from TPTX rats administered the vehicle, p<0.001;
2Significantly different from TPTX rats treated with PTH, »<0.001;
3Significantly different from TPTX rats treated with PTH, p»<0.01;
‘Significantly different from TPTX rats administered the vehicle, p <0.01.
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Fig. 4. Photomicrographs of bone sections from rats treated with the vehicle alone (A), and from

TPTX rats treated with the vehicle (B), PTH (C), and PTH plus 1,25(0H),D; (D).
week-old rats were either sham operated or TPTX under light ether anesthesia.

Eight-
Two days after

the operation, either PTH (50 ng/h) or vehicle was infused at a flow rate of 0.5 x1/h for 2 weeks.
1, 25(0H),D; was daily administered orally for 2 weeks at a dose of 0.1 ug/kg bw. All rats were
subcutaneously injected with calcein (8 ug/kg bw) on the fifth and second days before sacrifice.

Scale bar, 20 gm.

728, PTH ¥tz AT 2 22k hwino
NI A=FHFELIEEMLI:, —F, 612, F
B D1,25(0H),D; (0.1ug/kg) 2 5 L 1z
7 v b TlE, PTHIZ X Vi L 72 MAR, BFR/
BS 7 5 1NM2 N. Oc/B .Pm O35 A —# 1%, »T
NHZFEL <HNEIX N7 (Table s, Fig. 4).

Iv. = =

vy DI, /M, &, B SRR 2
EORENBEOKNICFET 2 EY I v DR
# (VDR) & D#EEENL, EHROH VYT AL
BHR#ERE T 2 EETORBEHEL T35 2
EPHHLEMIZENTWS, EY I DBREZLT:
BE, VRS WIEBWLENRIET 5 2 &
5b,1,25(0H).D; WERMMER2E T2 Z L1
BHERNHENWEZBTH B, Z5LkES S
> D OBRB#OEMZ, 1,25(0H),D; 235E I
ERALTANY DL EY) ORI ERET 2 Z &
XD, MEHI NS TAE) YOV EREL,
HREMEES N D L o BEBER EEZ o0
28 F 7l M¥EH VYT LD R I calcium-
sensing Z&EKZ AL T PTH &R 24 5
L v1z,1,25(0H),D; 1%, EEEEIFIRE O VDR
wHiEE L, PTH &2 T2, 20 X5 %fF
A%xHET2Z»5,1,25(0H),D; &£ ZDEKD

7Fu Tl THBETNTHANY F— [la-
(OH)D,] 1%, < 29J%/osteomalasia, & H e
fE, BHRER ED% OB BRBEORESRE
ELTHWSNT W22, UL, BHRERE
DEIE, EY D BFTESNIREBICBWT
1, 25 (OH) zDs 7‘8&5 L/fii%é, '%’bz ED X 5 7’;5.371
BERTPIZOWTIE, IhE TICHBIZENT
W,

Endo 522 1%, FIFRBREFEM L7y MicEl
FURIRBEIE R 75 N 2 i 53 52 2Lk b,
BRPOTHEDOET NV Ty F BERL, EHEED
1,25(0H),D; (0.01 ug %7213 0.1 ug/kg) 25
L7z 25, ZuERNOMEHZNL TEa v
VU AMERRBIELEHEL T3, Fi,
Shiraishi 52 1%, BIFRBREERELZZ Y M
PTH #FEi 5L, M r Ly v ABE2IER
HFICHERR L - = T VB 2 L 7 ERIC B Wb
T, la-(OH)D, #EWBRND~—h—ThH 3
PR D-Pyr O 2 A X iz e B L Tnw 3,
INSDFERE, Y I DOREKRETD
1,25(0H),D; ®#5.1%, PTH &Rl %= N3
B2 rk<, BIOBEFEI & BRI 2 2 7]
EMERET 2D THDL, 2T, FHHIE, Z
5 L7z 1,25(0H),Ds OB AOEEIEFHIZDOWT
X VER R T v NV TTRET BT o T2 F ORER,
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TPTX Zv bic B W CHEHEE D 1, 25(0H),D;,
X PTH 2 & > TEMEBICHEF X L7z RANKL
mRNA OFFOH 2N L TEHPIN 2 HH 3 2
ZEWHHS IR0, INSDEENS, B
S v DFEEROER OFAHER~OEHEE,
PEKE 2 6T &7 BE P RIFIRR e £ Oftifigzs
29 LT BB OB S ER O A2 63, i
fiids % N & i BRSO E SR I b ER T 3
EEZo6NDL, LELENS, 25D in vivo T
DHIRIZ, 1, 25(0H) .Ds WA O & 15
PRAET S P, WEEEOERTERIEE
T2 LW in vitro TOIRE EFFEL TW»
%5, 25 LIFE, $kbb, 1,25(0H),D; @ in
vitro £ in vivo TOBEBRIN~DIEH DE W 1TV
DR LEFICEDHDTHS S H. in vitro T8
WTHEMBEER 2 RET 2D ICHEL
1,25(0H),D; DEEIZ10*M ThHYH, ZhixE
W ADIME 1, 25(0H) ,Ds ¥ D 100~1,000 & D
BEETHB, 25 LIHEFEIE, n vio k in
vivo TD 1,25(0H),D; DEADE WD, HE5E
F 72 XM AR R A AR R RE T 5 b D
Thsd., =T, FHIZ, 1,25(0H),D; DEE I
X2 BANOEHEEB OV TOBN 2T 72. *
DOFER, haE (0.5 xg/kg) D 1, 25(0H) ,D; %#
H& 5L TPTX 7y b 0 F#HBK& T,
RANKL & # 7 7 >~ K mRNA OFHE OB
BEL 201 L, FEHEO 1,25(0H).D; (0.1
F 7213 0.01 ug/kg) OB G 2175727 v + Tld,
N DECFOFRFICEIEFED oLz o
7z, Thbb, hEEO 1, 25(0H),D; 1, BiH%
1236f LT RANKL O 2 7 L T B WRIN % {2
T 50, FEEEORS T BN ZIH ST 27/EM
PRETLEEZOND,

PTH i3, 1, 25(0OH) ,D; & [F#fEIZ, osteoblasts/
stromal #ifdicfEFI L, RANKL OFHENL T
BE MO ME7% & NS TEE: 2 e T 3 Z L »3HE
5P 5 TW5BY, 72, Ma 529 1%, BIFRIR
ERIH L7227 NI PTH 2FEAT 50, %
72, BERERIC 1 EHRE (1 pg/ke) 3% &, B
e B 1% RANKL mRNA FHo#h &, OPG
mMRNA HEHBAONEL D Z L2 HEL T3,
AWRICBWTYH, TPTX T v bz 238/ 50
ng/h OFHET PTH ZFciEA LTz &£ 2 5, KE

HFH®D RANKL & 47 7y > K mRNA O FH X
L7z, 25 L7eEEE, PTHIRES2 I 6D
BT OFEIEHEDS, in vivo B W T b EHE
DL EWEEFIHOREK L o> Tnd 2 & 2mlg
T5bDEEZ2 %, PTH Z, 2 DO FHEERER
HThH5EMEFICHEWT, PTH/PTHrP-R I
AT 22T, MIEDME L BAERFEL T
%2020 PTH g o PTH/PTHrP-R 12
ET2E, 77=2Vv—by 7 I7—XEERAKY
N—¥ CREDOE®ABEL, cAMP, 1 /¥
M—VZEY U, MIREANDOA NV Y T Lk EDER
MWEL, 7a74 F)+—¥ APKA) £ C(PKC)
BIEE S N 52739, —7F, RGS ¥ > Y7 &3,
GTPase 21EMHALT 27 VNIV ET, GalZ L %
GTP ohikSfEERET 212k G X
ZEDY 7)) 7 EHIRL Tw3, &, RGS
BT 7 7 2V —0 RGS-2 OFHH, PTH 1K
Jis U TR 2 U CGEIRIIC B I B W TN 5
ZEDNHSNER Y, RGS-2 HHOMMA PTH
Dy 7 F et Ui d FEIc 4 U 2 MileAZE
D—DOTH 2 Z I ns, RGS-2 OFEH
I3, MIIEAN O cAMP Iz L D FlIfHlah T3 &&E 2
5 4 T Ww %, Pepperl 53V 1%, phenochromo-
cytoma iz B> T, RGS-2 ® mRNA FIHH
cCAMP 2 ko TR LR L7z 2t 2HEL Tw
%, %7z, Tseng 5°2 1%, AN O cAMP v~ L
% FH X+ % insulinotropic * 7*F ¥ (GIP) T
PTC3 fifg 23 3 % &, RGS-2 mRNA O/
NELZZEZMEL TS, TN DFERNS,
RGS-2 BT DFIEIZ, MEAND cAMP L)1
OEZE->THIFIE N TS Z ENRBEH
5, ZITEHRE, IhETTHohrERST
1,25(0H).D; D B~DOEM» PTH ¥ 7 F ViR
ERENTHHDTHIEHOLICT 520
12, RGS-2 7% & e PTH/PTHrP-R O FH &
WOWTOME 2T 7. ZDfER, TPTX 7 v
D PTH OFfFEAI X D BHBICB T S
RGS-2DFHIF EHF U7, ZDFHHFIXL, 25
(OH),D, D51z X - T dose-dependently (2]l
Flansd ZENHES IR, —H, 1,25
(OH),D; D ¥ 5 ¢ x>, PTH/PTHrP-R
mMRNA OFEBRICEB RSN ol 2 &
5, 1,25(0H).D; iZE#HBIcBWT PTHI2 L -
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THNEND G5 2878y 7 ) v 7 =i
THEREET S EEZ 0Nz,

Kondo 5% %, PTH &, PTH/PTHrP-R %3
L TcAMP/PKA 2\ T 52 2 & & D
RANKL i&f5F D FEIE % ¥ & ¥ B M AL
ZREEL TS E2HEL TS, PTH ioxt
3% cAMP OKIGHEE, ZvaandFaf e
1,25(0H),D; 2 El2 k> TEMS L5 Z & H3HH
5MIZENTWS, Wong 5% 1%, ‘BHEMTICE
W, filEAN D cAMP i PTH i L EH 3%
7, 1, 25(0H) ,D; THLEE T % & Z O _EF I &
N5 ErFEHL TS, F7z, Catherwood®
1%, ROS 17/2.8 fifid %=\, 1,25(0H),D; »
PTHv 79—t G¥ 2 R7BEDOROY 7 F v
CERHT A2 I ERHLPICLTWS, 51T,
Kubota 539 ¥, UMRI106-06 #l iz %= 1, 25
(OH),D; TA#H 3 % &, PTH KL L CERT
ZHIMEN cAMP OEERIIHI SN S 2 & 28
LTw3, ZhsOHEER, SFMicB LTy,
ZO PTH icxt 3 2 KInEDESY & >~ D ORGEH
FEYINC & - THIRIRNICHIE S 1 2 ATREME 2R ¢
2H50DTH5, T UIERE, KW3ETD 1,25
(OH).D; DB~ODEEEH DG F LV XNV TDH
MR -T2 bDTHY, 1,25(0H),D; D%
S, PTHR L > TERENDLGH 7 H%
NLley 7V w72 ML, ZORRELTE
WY 2 ] 2 ATREE 2 R T 2 b D EEZ B,

YUE, in vivo CBWIHEY 2> DOBEANDE
BERIZ DWW TR DS, 20X 5 %fERDS, i
£, BREBICIHSNhODOHLERARAT
F—MUFILLICE>TED IS IXBMisnE2
BbOTHBENIZONWT, S5 2ITILE
Bhb.
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(OH),.D; D B1ER % in vivo TR LLIT DR
57z,
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BRI EHE L, PR Tl RANKL O -
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2. 1,25(0H).D; OBBIPANHEIER L, G- >~
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W E R LR ERERAEYT / ARFEH R L v
& —RIFTRABN BRI LR L BT £ 9,

D

2)

3)

4)

5)

6)

7

X ik

Manolagas SC. Birth and death of bone cells :
basic regulatory mechanisms and implications
for pathogenesis and treatment of osteopor-
osis. Endocr Rev 2000; 21: 115-37.
McCollum EV, Simmonds N, Becker JE, Shi-
pley PG. Studies on experimental rickets.
XXI: an experiment demonstration of exis-
tence of a vitamin which promotes calcium
deposition. J Biol Chem 1922 ; 53: 293.
Udagawa N, Takahashi N, Akatsu T, Tanaka
H, Sasaki T, Nishihara T, et al.

osteoclasts : mature monocytes and macro-

Origin of

phages are capable of differentiating into
osteoclasts under a suitable microinvironment
prepared by bone marrow-derived stromal
cells. Proc Natl Acad Sci USA 1990; 87:
7260-4.

Takahashi N, Akatsu T, Udagawa N, Sasaki
T, Yamaguchi A, Moseley JM, et al. Osteob-
lastic cells are involved in osteoclast forma-
tion. Endocrinology 1998 ; 123: 2600-2.
Lacey DL, Timms E, Tan TL, Kelley MJ,
Dunstan CR, Burgess T, et al. Osteoproteger-
in ligand is a cytokine that regulates osteoclast
differentiation and activation. Cell 1998 ; 93:
165-76.

Yasuda H, Shima N, Nakagawa N, Yamagu-
chi K, Kinosaki M, Mochizuki S, et al. Osteo-
clast differentiation factor is a ligand for
Osteoprotegerin/Osteoclastgenesis-inhibitory
factor and is identical to TRANCE/RANKL.
Proc Natl Acad Sci USA 1998 ; 95: 3597-602.
Wong BR, Josien R, Lee SY, Sauter B, Li HL,
Steinman RM, et al. TRANCE (tumor ne-
crosis factor [TNF]-related activation-in-
duced cytokine), a new TNF family member
predominantly expressed in T cells, is a den-

dritic cell-specific survival factor. J Exp Med



10)

11)

12)

13)

14)

15)

16)

17)

% 3 v D OFADOEEER 11

1997 ; 186 : 2075-80.

Suda T, Takahashi N, Udagawa N, Jimi E,
Gillepie MT, Martin TJ. Modulation of
osteoclast differentiation and function by the
new members of the tumor necrosis factor
receptor and ligand families. Endocr Rev
1999 ; 20 : 345-57.

Kitazawa R, Kitazawa S. Vitamin D3 aug-
ments osteoclastogenesis via vitamin D-
responsive element of mouse RANKL gene
promoter. Biochem Biophys Res Commun
2002 ; 290 : 650-5.

lida K, Shinki T, Yamaguchi A, DeLuca HF,
Kurokawa K, Suda T. A possible role of
vitamin D receptors in regulating vitamin D
activation in the kidney. Proc Natl Acad Sci
USA 1995; 92: 6112-6.

Fujimoto S, Kubo T, Tanaka H, Miura M,
Seino Y. Urinary pyridinoline and deoxypyr-
idinoline in healthy children and in children
with growth hormone deficiency. ] Clin Endo-
crinol Metab 1995; 80 : 1922-8.

lida K, Taniguchi S, Kurokawa K. Distribu-
tion of 1, 25-dihydroxyvitamin D3 receptor
and 25-hydroxyvitamin D;-24-hydroxylase
mRNA expression along rat nephron seg-
ments. Biochem Biophys Res Commun 1993 ;
194 : 659-64.

Parfitt AM, Drezner MK, Glorieux FH, Kanis
JA, Malluche H, Meunier PJ, et al
histomorphometry : standardization of nomen-
J Bone Miner Res

Bone

clature, symbols, and units.
1987 ; 2: 595-610.

Miles RR, Sluka JP, Santerre RF, Hale LV,
Bloem L, Boguslawski G, et al. Dynamic
regulation of RGS2 in bone: potential new
insights into parathyroid hormone signaling
mechanisms. Endocrinology 2000 ; 141: 28-
36.

Reichel H, Koeffler HP, Norman AW. The
role of the vitamin D endocrine system in
health and disease. N Engl J Med 1989 ; 320 :
980-91.

Baylink D, Stauffer M, Wergedal J, Rich C.
Formation, mineralization and resorption of
bone in vitamin D-deficient rats. J Clin
Invest 1970 ; 49: 1122-34.

Tanaka Y, DeLuca HF. Bone mineral mobili-
zation activity of 1, 25-hydroxycholecalciferol,

a metabolite of vitamin D. Arch Biochem

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

Biophys 1971; 146: 574-8.

Weinstein RS, Underwood JL, Huston MS,
DeLuca HF. Bone histomorphometry in vita-
min D-deficient rats infused with calcium and
phosphorus. Am ] Physiol 1984 ; 246 : E499-
505.

Brown EM. Mechanisms underlying the regu-
lation of parathyroid hormone secretion in
vivo and in vitro. Curr Opin Nephrol Hyper-
tens 1993 ; 2: 541-51.

Reid IR. Vitamin D and its metabolites in the
management of osteoporosis. In: Marcus R,
Feldman D, Kelsey ], editors. Osteoporosis.
San Diego: Academic Press; 1998. p.1169-
90.

Easel R, Riggs BL. Vitamin D and osteopor-
osis. In: Feldman D, Glorieux FH, Pike
JW, editors. Vitamin D. San Diego: Aca-
demic Press; 1998. p.695-711.

Endo K, Katsumata K, Hirata M, Masaki T,
Kubodera N, Nakamura T, et al. 1,25-Dihy-
droxyvitamin D; as well as its analogue OCT
lower blood calcium through inhibition of bone
resorption in hypercalcemic rats with continu-
ous parathyroid hormone-related peptide infu-
sion. J Bone Miner Res 2000; 15: 175-81.
Shiraishi A, Higashi S, Ohkawa H, Kubodera
The advan-
tage of Alfacalcidol over vitamin D in the
Calcif Tissue Int

N, Hirasawa T, Ezawa I, et al.

treatment of osteoporosis.
1999; 65: 311-6.

Raisz LG, Trummel CL, Holick MF, DeLuca
HF. 1, 25-Dihydroxycholecalciferol : a
potent stimulator of bone resorption in tissue
culture. Science 1972; 175: 768-9.

Ma YL, Cain RL, Halladay DL, Yang X, Zeng
Q, Miles RR, et al.
tinuous human PTH (1-38) in wvivo is as-
sociated with sustained stimulation of RANKL

and inhibition of osteoprotegerin and gene-

Catabolic effects of con-

associated bone formation. Endocrinology
2001 ; 142: 4047-54.

Lee K, Deeds JD, Segre GV. Expression of
parathyroid hormone-related peptide and its
receptor messenger ribonucletic acids during
fetal development of rats. Endocrinology
1995; 136: 453-63.

Segre GV, Deeds JD, Lee K. Expression of
parathyroid hormone-related peptide and its

receptor mRNAs during fetal development of



12

28)

29)

30)

31)

rats. Miner Electrolyte Metab 1995; 21:
129-32.

Abou-Samra AB, Juppner H, Force T, Free-
man MW, Kong XF, Schipani E,
Expression cloning of a common receptor for

et al.

parathyroid hormone and parathyroid hor-
mone-related peptide from rat osteoblast-like
cells: a single receptor stimulates intracel-
lular accumulation of both cAMP and inositol
trisphosphates and increases intracellular free
calcium. Proc Natl Acad Sci USA 1992 ; 89:
2732-6.

Civitelli R, Reid IR, Westbrook S, Avioli LV,
Hruska KA. PTH elevates inositol polyphos-
phates and diacylglycerol in a rat osteoblast-
like cell line. Am J Physiol 1998 ; 255: E660-
7.

Huang Z, Chen Y, Pratt S, Chen TH, Bambino
T, Nissenson RA, et al. The
region of the third intracellular loop of the
parathyroid hormone (PTH)/PTH-related
peptide receptor is critical for coupling to
cAMP and
transduction pathways.
271: 33382-9.

Pepperl DJ, Shah-Basu S, VanLeeuwen D,
Granneman JG, Mackenzie RG. Regulation

N-terminal

phosphate/Ca?* signal
J Biol Chem 1996 ;

inositol

%

32)

34)

35)

36)

of RGS mRNAs by cAMP in PC12 cells.
Biochem Biophys Res Commun 1998 ; 243 : 52-
5.

Tseng CC, Zhang XY. Role of regulator of G
protein signaling in desensitization of the glu-
cose-dependent insulinotropic peptide rece-
ptor. Endocrinology 1998 ; 139: 4470-5.
Kondo H, Guo J, Bringhurst FR. Cyclic
adenosine monophosphate/protein kinase A
mediates parathyroid hormone/parathyroid
hormone-related protein receptor regulation
of osteoclastgenesis and expression of RANKL
and osteoprotegerin  mRNAs by marrow

stromal cells. ] Bone Miner Res 2002; 17:

1667-79.
Wong GL, Luben RA, Cohn DV. 1,25-Dihy-
droxycholecalciferol and parathormone :

Effects on isolated osteoclast-like and osteob-
last-like cells. Science 1977 ; 197 : 663-5.
Catherwood BD. 1,25-Dihydroxycholecal-
ciferol and glucocorticosteroid regulation of
adenylate cyclase in an osteoblast-like cell
line. J Biol Chem 1985; 260 : 736-43.
Kubota M, Kong NG, Martin TJ. Effect of
1, 25-dihydroxyvitamin D; on cyclic AMP
responses to hormones in clonal osteogenic

sarcoma cells. Biochem J 1985; 231: 11-7.



		2004-03-12T14:00:05+0900
	Editorial Board
	東京慈恵会医科大学雑誌編集委員会承認




