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Polymorphisms of Vitamin D Receptor and Parathyroid Hormone Genes in End-Stage Renal Disease
Kato Hitoshi (Fourth Department of Internal Medicine, Saitama Medical Center, Saitama Medical School, Kamoda,
kawagoe, Saitama 350-8550, Japan)

Polymorphisms of vitamin D receptor (VDR) and parathyroid hormone (PTH) genes have been demonstrated
in several studies to be linked with bone mineral density and parathyroid function. In patients with end-stage renal
disease (ESRD), vitamin D and / or PTH play important roles in the progression of secondary hyperparathyroidism.
In this study, the influence of VDR gene and PTH gene polymorphisms on parathyroid function was evaluated in 189
patients with ESRD, of whom 150 received hemodialysis and 39 continuous ambulatory peritoneal dialysis (CAPD).
VDR gene polymorphisms were defined by polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) using Bsm-I and Fok-I and PTH gene polymorphisms were similarly defined by PCR-RFLP using Bst-BI
and Dra-II. VDR genotypes were BB = 7%, BB = 16%, bb = 77%, and FF = 47%, Ff = 42%, ff = 11%. PTH genotypes
were BtBt = 3%, Btbt = 21%, btbt = 76% and DD = 1%, Dd = 17%, dd = 82%. Patients without the VDR f allele of showed
significantly lower serum intact PTH (91+11 : 128+14 pg / ml, p < 0.05) and higher serum phosphate (5.7 + 0.2 :
5.1+0.1 mg / dl, p < 0.01) than those with the f allele. In the non-diabetic nephropathy group, serum intact PTH of
patients without the f allele was clearly lower than in those with the f allele (84+14 : 136+16 pg / ml, p < 0.01), but no
differences were seen in other clinical parameters. The f allele frequency was significantly higher in the high PTH
group —-(over 300 pg / ml and parathyroidectomy)- than in the low PTH group —(under 65 pg / ml) (0.75: 0.46, p <
0.05). In VDR gene polymorphism by Bsm - I and in PTH gene polymorphisms by Bst - BI or Dra - II, no relationship
was seen between gene polymorphisms and clinical parameters. Our results indicate that parathyroid function may
be influenced by the Fok-I polymorphism of the VDR gene in patients with ESRD.
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B BRI EETEEOHEMN, SEED
M R PR T BIE FHOR D 3B ATE A S8 O EW,
MBI OBMHE L LT & O BEAEK EOREL
BoTETWS. Tk, BHEEEXEFEDRA L
U CRIFRIFEAER I D R EEEE R EIE AU D
FAEDFEREN TV RN, B REREDS
T 2 RIER FIRBRBSAE TTHERE IC & 2 RHEME B 281X, &
RELTBEMBEOREERGHIEEL L THEHATE R
V. BHEBEARTO 2 R RURI G THEE DR R
BT B FEDRANTHES 1,25(OH),D; RIS E R
1o KEBEEERIEEORT, KAV LE, B
5O IR T B8 UV ME 0 7k &AM
B L TWB T EMENTNS. iz, 2 EEIF
IREFHEBE T THEESE ISR LTI, &K 1,25( OH ),D, % fifi

B RERAEHR A 2 — N R
PR 1245 11 A 13 H 241

TN, EIFIRIHETCOE 22V D ZAKRB LU Ca
B2 0 OB FREOBEMER S hTW»
%. BITEETOLE R I Y D ZAEKRB XU Ca Ak
Bn S5 E OB R IRIREAE SR O FEBR T OfiE
HNCHER MR TREEAENS.

AWFFETIE, EX I D RAEKERET, BIFRIRER
IVE VIR F D2 & ET 85 ORI FFIRERERE & D
FfrZ S 09 2 BT 2 il L 7z,

HRESUICHE

1 RSYERFNCONT

B RER R EERE 2 — N TS L O R
JEFRIC CBENIEIEZZT TV S IEEE AR EHE 189 %
(B9 %, LM% Zxgb Uiz MHEED ¥y
ik 5711 (SEM) %, #H/7EEmsENr (HD )
150 %, FifenufEEERNT ( CAPD ) 39 % T, “FHBHT
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A 55 + 03 (SEM ) FTho7z. FEERER, 18IERER
ARE2$106 %4 (561 % ), #ﬂ)ﬂ“lﬁﬁxms% (307 %),

EOUCICEFMEIEE, R ERIEEREDOERE
25% (132%) Tholz. Ft, ?ﬂ‘%\%c‘: L7189 %4 7
FEGIE 2 RUERIFRBR S RE T THEE (T°HPT) iRz
HIICEIF R 2320 T e, BTEE T, B
IV LERE 3.0 mEq / 1 D@z EH Lz

2.7 1%

D B2 DRAEK (VDR) BXURIFIRERE
IVEY (PTH) B FZROFEEICDNT

Fg e Ule2BE e O B & fhi L7z DNA 7%
WA LGN L2 LRIEZG LT, EBERMM
X D genomic DNA Z i i U 7z. i /5141, DNA
Extractor WB Kit ( Wako ) ™ ZH\, FOFIE
T11o 7. EDTAZIRIN U 72 AKMEIM0 1 mUC VAR (1%
(w/v ) Triton X-100, 0.32 M > =3 ¥ ) Z Iml il A,
FHAED S MR 2 fh i U7z, il S Sk
IR RS (1% (w/v) SDS, 5mMEDTA-Na,,
10 mM Tris - HCl ( pH 8.0)) 400 pu1 & 5[5 fR i 4
( 17 mg / ml proteinase K ) 30 1 Zhnz, 37°C, 1§
MRERL, BESXOCRERZMH L. E5I1C, 1%
IU{tF MUY LA (7.6 M Nal, 20mM EDTA-Na,,
40 mM Tris - HC1 ( pH 8.0 )) 600 ul ZEHmL, 2V
NI BEBRUORRESE Z /5 LIRS L 721, 40%
(w/s) AV7a¥)L7)La—)L1.0ml &R E &,
DNA 7ZEH L 7z.

VDR ¥ & U PTH O i#f & 7 £ & o [ & &,
Polymerase Chain Reaction - restriction fragment length
polymorphism ( PCR-RFLP) %7 H\ 7z. Primer (&
HANA AT —ECRICERFELAK LTS D% TAE #%
@ Wk (40 mM Tris - acetate , 1 mM EDTA , pH8.3)
ICTC 25 MICTAME LWz (Table 1).

VDR &£+ Bsm - I £%% Morrison NA 5 D
HEPICHECDCHE L. 972 B, genomic DNA 2.5
pl, TaqDNApolymerase (strategene t1: ) 0.15 ul,
1.25mM dNTP4.0 1 (2mM dATP, dGTP, dCTP,

Table 1. PCR primers of VDR and PTH gene polymorphisms

{=

dTIP), primer 7% 4 2.5 pul, 3K Buffer (200 mM
Tris - HC1, 100 mM KCI, 100 mM ( NH, ), SO,, 20
mM MgSO, , 1%TritonX-100 , 1mg/mIBSA) 135
p1DE 20.15 pl1% 94°C 40 B, 60°C 60%, 72 °C 60
DL, 40 cycle © PCR % thermalcycler (X 77
TR ZHWTTo 7.

VDR {550 Fok -1 2%, Gross C 505
ICHEL, 94°C30%, 60°C30F), 72°C 45 FDZEMET,
35 cycle D PCR Z{71o 7.

PTH & {5 ¥ @ Bst- Bl £ & » Dra-1I £ #! |,
Mullersman JE 5 O35 ¥ 128 1, 94 °C 458, 50 C
60 %P, 72 °C 60 F»DZMH T, 35cycle D PCR %ﬁo 7z.

#ADPCRENS pl % 1% 7 F—A - ‘
IV e VTS KE (100V, 30 70 ) 2170, :tﬂr’
DL T aX A FRE TR DNA WD H—
IKHIEENTWA Z & 2R LT, £ D%, PCR E
Y110 pl IC S HIBREEZS 10 B35 KX U Buffer (10 mM
Tris - HCl, 10 mM MgCl,, 50mM NaCl, 1 mM
Dithiothreitol ) Z /A5t 20 pl & L, Eﬁ{mr”f 3
KRG E BTz, £ D%, 2.5 % Ho—2Z -
JVICTESEKE (100V, 4574 ) Z170, 1%/r7
L 7uax A FREICK DY RZHE L.

#[Jﬁ@ﬁf%&& LTCiE, HIRERORE SN 2R 5
YIlrE N B0 LR 2/ N, FREEB AL 2 R T2 7
TUWrENEWI BT 2R FTRLE L. 9%
5, VDRD Bsm-1Z%db, B, Fok-1ZAIf,
F, PTH ® Bst-BI £%i&bt, Bt, Dra-1I1 £%4i% d,
D T#&Lk.

O HIBEEEE Bsm -1, Fok-13 X O Dra-11 1%
Boehringer Mannheim #1: 4, Bst-BI (% Toyobo #I: %4
A U7z, Figlic”/ LBIGEF ED PCREY) O
i, EEEE K UHIIREER ORSRENI 2 7R .

2) EEARMREHEICDOWT

MBI T BT BHERY, RESENTT T
6i?tﬂ;qﬁ’]§7*§|€%§é/\ REICERIM L, T?E@IEE%?E‘JEL
fo. MyEkeEH (TP), ME7 V72 (alb), Mg

I. VDR gene
a) Bsm - I genotype

forward primer; 5 - CAACCAAGACTACAAGTACCGCGTCAGTGA -3’
reverse primer ; 5’ - AACCAGCGGGAAGAGGTCAAGGG- 3’

b) Fok - I genotype

forward primer ; 5 - AGCTGGCCCTGGCACTGACTCTGCTCT -3’
reverse primer ; 5 - ATGGAAACACCTTGCTTCTTCTCCCTC-3

II. PTH gene

Bst - BI genotype and Dra - II genotype

forward primer ; 5’ - CATTCTGTGTACTATAGTTTG -3’
reverse primer ; 5 - GAGCTTTGAATTAGCAGCATG - 3’
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I. VDR gene (chrom 12q)
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R

exon 2 exon 7 exon 8 v
69bp 196bp 650bp 175bp
[ [] P R L [ ] []
' 265bp 1 PCRproduct | 825bp 1
II. PTH gene (chrom.11p)
5 3

'/

TN

exon 2
5’
Bst - Bl
420b
PCR product | T u
213bp

exon 3
3’
Dra - 11
180b
. E—— 600bp
387bp

Fig. 1. The maps of PCR products and restriction sites by enzymes on VDR and PTH gene. The primers for Fok - I polymorhism,

which are encompassing the second exon of VDR gene, are used to amplify 265 bp PCR product. The restricted PCR products by

Fok - I are resolved into 196 bp and 69 bp fragments. The primers for Bsm - I polymorphism, which are encompassing the seventh

and eighth exons of VDR gene, are used to amplify 825 bp PCR product. The restricted PCR products by Bsm - I are resolved into

650 bp and 175 bp fragments. The primers for Bst - Bl and Dra - II polymorphisms, which are encompassing the second and third
exons of PTH gene, are used to amplify 600 bp PCR product. The restricted PCR products are resolved into 213 bp and 387 bp
fragments by Bst - BI, and then into 420 bp and 180 bp fragments by Dra - II.

BT7INA)TH AT 72— (ALP), EAINV T L
(Ca), MiEY > (P), MiERFEER (BUN), M~
L7F=2 (Cr) EA—"F - 7F I P THIEL
fe. Mg >% 27~ PTH (iPTH) (&, 77 L7 1 intact
PTH & v b 7 > immuno - radiometric assay ( IRMA )
ETCHIEL. Caflidalbfddg/ dlRKiEDGEHEICIE
ROMERICKOMHIELEZHN ., #iE Cafd
(mg/dl) =2H]Cafl (mg/dl) + (4—1fiEF7 IV
TIME (g/dl)). REAIVIY L, EERE 23
> DR —HEEE TR L.
3) MaTLER

HIE ML, mean £ SE T# L7z, Student’sttest 35
X U Fisher’s exact test &2 AV, pEMN 5% Kz B
BEAD ELE. &, BIFIRBGHEERDY 3 I
FELTCWB EEZ B5N% iPTH fE 7 600 pg / ml L, |
OHEFT (1), I X TRIFIRBREHEER (7 61) 1,
FBIARRREAE ORF LD BRI U 7z,

wOR

D B FERON B K UM LB THEE OMGRGE
EREIERNIC VDR X O PTH Bz 28 % 3 XC
ATz H, Bsm-1 2% 146 {4, Fok -1 2% 165 i,
Bst - BI 2% 123 f§il, Dra- Il 2% 164 §§l 82
DOYENREETH -7z (Table2 ).

(1) VDREETD Bsm [ £ 7153 4i1%, BB:Bb:bb
=7:16:77% C, SHhOBEGETFOREEB:b=15:85
% C dHoiz. Tz, VDREE T D Fok-1Z8I 751 1%
FF:Ff:ff=47:42:11% C, FLEMETFOMEX, F:
f=68:32% T H>7- (Table2).

(2) PTH &5 1D Bst- B 1 %853 4il%, Bt Bt: Bt
bt:btbt=3:21:76% T, hDOE{=TOHEE Bt : bt
=14:86% T H-o7z. it,mH%ﬁ%@Dmﬂ%
B33 DD :Dd :dd = 1:17: 82 % Txf 37 8 A5+ DHH
&, D:d=10:90% Cd»H -7z (Table2).
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Table 2. Allele frequency and genotype distribution of VDR and PTH gene polymorphism

in patients with ESRD

polymorphism allele genotype

VDR gene
Bsm-1(n=146) B:b = 15:85% BB : Bb: bb= 7 : 16: 77:/0
Fok -1 (n=165) F:f = 68:32% FF : Ff : ff =47 : 42 : 1%

PTH gene 3
Bst - BI (n=123) Bt:bt = 14:86% BtBt : Btbt: btbt = 3 : 21 : 760/0
Dra-1II (n=164) D:d = 10:90% DD : Dd: dd = 1 17 : 82%

In VDR gene polymorphisms, B allele shows absence and b allele shows presence of restriction site
by Bsm - I, similarly F allele shows absence and f allele shows presence of restriction site by Fok - I. In
PTH gene polymorphisms, Bt allele shows absence and bt allele shows presence of restriction site by
Bst - BI, similarly D allele shows absence and d allele shows presence of restriction site by Dra - II.

Table 3-a. Clinical parameters of VDR genotypes in patients with ESRD

Bsm-I polymorphism Fok-I polymorphism
BB Bb bb FF Ff ff
numbers 10 23 113 77 70 18
Y%male 60 48 50 41 60 44
age (years) 52 + 55 57 + 3.3 56 + 1.2 55 + 1.7 58 + 1.5 58 + 1.8
duration (years) 5.6 + 0.9 56 + 0.9 56 + 0.4 51 + 0.5 6.0 + 0.4 6.9 + 1.2
Ca (mg/dl) 10.1 = 0.4 96+ 02 95 = 0.1 9.5 = 0.1 94 = 0.1 94 + 0.2
P (mg/dl) 56 + 05 53+ 03 55 + 0.2 57 + 0.2 51 = 01 52 + 04
intact PTH (pg/ml) 74 = 21 44 = 7 130 = 12 91 = 11 * 135 + 17 104 + 18
CaCO03 (g/day) 31 = 08 28+ 04 32 = 02 33 02 29 +02 39 =04
vitamin D ( pg/day) 0.08 + 0.04 0.17+ 0.05 0.17 + 0.02 0.17 £ 0.03 0.19 + 0.08 0.15 + 0.04
+ Values are expressed as means + SEM.
*% Significantly different between FF and Ff genotype. (p values < 0.05)
Table 3-b. Clinical parameters of PTH genotypes in patients with ESRD
Bst-BI polymorphism Dra-II polymorphism
BtBt Btbt btbt DD Dd dd
numbers 3 26 94 2 27 135
%male 0 50 45 50 52 49
age (years) 43 = 23 60 + 2.6 57 = 1.4 62 + 0.5 58 + 2.8 56 + 1.2
duration (years) 26 = 01 49 + 0.6 6.3 = 04 58 = 35 50 + 05 59 + 14
Ca (mg/dl) 94 = 03 9.1+ 0.2 95 + 0.1 103 + 05 95 + 0.2 95 + 0.0
P (mg/dl) 50 + 05 50+ 03 55 % 02 44 w04 58 + 03 54 + 0.1
intact PTH (pg/ml) 66 + 48 108+ 27 113 + 13 39 = 29 115 = 28 110 = 10
CaCo3 (g/day) 20 + 06 36+ 04 33 02 44 + 01 28 + 03 32 % 02
vitamin D ( ug/day) 0.08 + 0.08 0.14+ 0.04 0.21 +0.03 0.50 £ 0.50 0.19 +0.05 0.16 + 0.02
+ Values are expressed as means + SEM.
Table 4. Clinical parameters with and without f allele of VDR in patients with ESRD
whole non diabetic group
Q) f+) Q) f)
number 77 (44) 88 (56) 50 65
age (years) 55 + 15 58 + 12 54 +2.3 57 = 1.6
duration (years) 51+39 6.2 + 3.7 6.1 + 0.6 6.7 £ 05
Ca (mg/dl) 9.5+ 0.1 9.4 + 0.1 9.7 = 0.1 9.5 + 0.1
Ek——
P (mg/dl) 57 +0.2 5.1 + 0.1 5,5+ 0.2 ox 53+0.2
%/ %
intact PTH (pg/ml) 91 = 11 128 = 14 84 + 14 136 = 16
CaCOs3 (g/day) 3.3 +0.22 3.1+02 3.0 +0.2 33+02
Vit D (ng/day) 0.17 = 0.03 0.18 = 0.02 0.14 = 0.03 0.18 = 0.03

.{.
§
*
*

Values are expressed as means +SEM
f () means the patients without f allele, f (+) means the patients with f allele
Significantly different between f (+) and f (-)group (p values < 0.05)

% Significantly different between f (+) and f (-)group (p values < 0.01)
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SEIE 72 MERI 46 K O FERE PR M BRE B & B8 PR M B AE 1]
WK TR LRy, 280, S TFHEE S
IR RDIE o Tz,

2) EEPRMREFTH & BIL 128 & OBIROMG E

(1) &NSOKRRERROFEIE, ZnZNn TP
649+ 0.04¢g/dl , alb4.07 £0.03g/dl , BUN74.2 £+
1.3mg/dl, Ca94+01mg/dl, P54+01mg/dl,
iPTH 106 + 9pg /ml, g/ L5558 3.2+0.1
g/day, {EHEREE 22> DR E5E0.18 +0.02 g/ day
Th-olz.

(2) T XRTOX G 7 JF 5 & O IERE R s M BHE
B & BE LRI M BHER &1 0T THER Utz bR e
SEGNEIERE FRIGIEBEGNC L U, Iy Ca B IS KfE
(92+01:96+01mg/dl;p<0.01) ZRLIZH,
MyEEAME (65 +01:65+01g/dD), MEPHE
(56+0.2:54+02mg/dl), iPTH{H (108 + 18:145
+ 20 pg / ml) ICIIHFIANEREEZREDITN > Tz,

(3) VDR EIx 7D Fok-1ZMOMEITIE, FFEHZ
Ff ARl kL U C iPTH AMEAE (91 +11:135 + 17 pg / ml;
P <0.05) Tholh, ZOMOEERREMEE T
PN EE ARSIz (Table 3-a ). iz, Xhr
B IOERICKS 2HETHEKRTS L, { (-) B
W f (+) BRCEHELC PEIXAEREICEME (5.7+0.2:5.1
+0.1mg/dl;P<0.01) ,iPTH fHI3H=IC{KHE (91
+11:128 + 14 pg / ml; P < 0.05) TH-o/= (Table
4). 51T, BEREEBEGZ2 RS U T JERE PR 1
BOEGI T, £ (=) BRI L (+) BRCLELCT& D iPTH

P< 0.05
%) M 1
100 ff
80
60 | Ff Fi
40
FF
20
FF
0
low PTH high PTH

a)genotype distribution

FEETH -7 (Tabled). Fiz, T 5 2FEENICIE
TEhn, Hickh, BWEE, Bk, REE, Cafd, P
EHEIOKRBEANVD LTSN 22> D KRS58
WKW EERAERRDIE - Iz,

(4) VDR &7 Bsm-1%£7%!, PTH &5 T Bst-
Bl ZM B XU Dra - I 2RI DWW T ORI TlE, 28
A7s B IS W DBIG RN HEERET L 72 hY, wand

GIRMERT R E OMICEREREZRWEERho 7
(Table 3-a, 3b).

(5) VDR &1+ D Fok - 1 £#¥5 X O Bsm - [ £#!
DZNFUC DOV T LELE FOMEGEIC KD, K
AR & U THDNTNEHBIEERD 5k
Molz. PTHEEFD Bst-BI 2B XU Dra-11%
B KBt EETH - 2.

3) 1K PTH {#&JEH & & PTH (EER 35 K O8I R R
HUERI T DBEAn T2 B ke ik

iPTH & 65 pg / ml & i (85 %) DK PTH JEH] &
iPTH {# 300 pg / ml L4_E 35 X O &I IR AR H 1 0D 5
PTH JER] (12 %) ZHiHi L, 2 BEHE TG Uz,

(1) VDR # {5+ D Fok-1£Z%5%i1%, & PTH Bt
CTFF:Ff:ff=25:75:0%, {XPTHEL T FF:Ff: ff=
54:38:8% 7%/~ L, 1& PTH #£ C FF £ %59 2 HE
WEEICEZ > (Fig.2). ULh LR8G4
&, = PTH#f CF:f=46:54, (XPTHH CF:f=
75:25 721 L, 1K PTH & Tl F B FE >
1oy, MetENE EEZRS RN > Tz (Fig.2).

(2) VDRjEfz 1D Bsm-12%, PTH i#{x 1 Bst-BI

I_ n.s _l
(%)
100
f
80 f
60
40
R F
20
0
low PTH high PTH

b)allele frequency

Fig. 2. VDR genotype distribution and allele frequency by Fok - Iin high PTH group and in low PTH group in patitnts with ESRD.
The high PTH group was consisted of 12 patients, who had serum intact PTH level over 300 pg / ml or had parathyroidectomy.

The low PTH group was 85 patients with serum intact PTH level less than 65 pg/ml . The carriage rate of f allele was significantly

higher in the high PTH group than in the low PTH group ( p values < 0.05 by Fisher’s exact test ). There were not significant

difference in the allele frequency between two groups.
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ZHB XU Dra- 11 ZRITIE, & PTH #f & (X PTH Bf
DORNCZRINA, 755 TSI DEEFHE CHEEAIZ
RHENITho Tz,
4) Er2R e BEEOBF

B X BRCH 2 R OBEREZHE T 5 digital
image processing 1% I & > C, 97 JEHI D&% 7%
EL, VDRI X U PTH Bz 2RI & [L#E L7z, VDR
BXU PTH Bz 2R e im0 BEE#EEIE R
Hyeaho 7z,

%

=
E'S

VDR BT, H1R2REBARERMICFEL I DD
exon 24 L, HIIEEL%E Bsm-1 OFEE11%, intron 8
ICIFET % P (Tablel). T Bsm-1£270%, EHER
JiE & OB EFCERNINCZ S OHE P2 D,
BARFITORSE P LHAINS.

Y b VDR cDNA OIFFEESNC SRR T R > ¢
»H%ATG WP YERE /T AFNCFET S T LD
HM5NTED, Miyamoto 5 I & O & f] D ATG I
T— COEHEZM (ATG - ACG) WMEET BT &M
TN ™, Gross 51FZ DEIEFZHMN Fok - 11T
&% PCR-RFLPETCRETE 3T LMt Lz ™.
C D Fok - I ZRIDFNE{ZT F 13, DNA #iE I
29 % exon 2 ICTFET S i #]D ATG D ACG D
ZHRZER L, BERBBRIE IERE MREAD, #IER
SN VDREHIE 37 X /BEMNT LIcEs. T
7zHH, VDRIEETD Fok-1 2% VDR EHIEWN
MHBHDT, ZTOWAEICE AT 5 nREMENHEN X
N%. UL, Fok- 128 L REREMEOMEHIARTE
2 <7<, BARERERTOMEIIMmD THRu.

PTH 8= 1355 11 R OREBECAFIE L, 3 DD exon
& 2 OO intron X O SN TS (Tablel). PTH
BL T OIE ML, BEERETX O BiRice 2
SV D#IIEDNA T L A2 b ( negative vitamin D
responsive element ; VDRE ) & i@t Ca #ll i P DNA
I L A2 (negative Caresponsive element ; nCaRE )
MEET B ENHSMCENTD, UZI VDR
Call X% PTH & (nFHsBREDHNHIRE 7 NBH 5 i &
FANGAY-S

PTH i#{x ¥ Bst-BI (X intron 2 |, Dra-II 21!
& exon 3ICTEAETS B MY, 7 2/ BEICIZZA L D73\ silent
mutation TdH 5. Bst- Bl ZHL, JFEFMEEIF IR
REMR FIE, BN E V> LE, JRFEMRF
IR RE T TEERE R & TRET SN TV 2D TN S DR
EOBHEMIZZEDENTHAEW® P | % Dra-1II
ZRNLERIERIFRIE R FERICB W THA SN
7230, FOBOHEZ DR,

FHE DML TIE, PTH E{x 7D Bst- BIZRI Tl
BtBt : Btbt : btbt = 3 : 21 : 76% , & 3738 {5+ 58 5 &
Bt : bt = 14 : 86%, Dra- [IZ% DD : Dd : dd =

{=

1:17:82%, XEEFHEIED:d=10:90% TH >
fz. UL, PTH @2 ROMICET 5HEE D
i<, RELTOZRNDHIZHS M TIERL. 1987 £
Almahroos GM 5 DR * Tl Bt : bt = 56 : 44% T,
CTNEEEORIE L LT % & Bt 14% CRHEE T
B, NEENFET DRt HENIE Nz, F/F
FHOMEITIE, Bst- BIZH XU Dra - I 28 & EHT
A DORIFIRIEEEIC B EM 238 o 7z, L
L, SEFEEDNRET LTz T ld, PTH#E {5 1O Bst-
Bl 83X U Dra- I £8ICiE, ZDO3HICELWRD D
FAELTWAB T ENHEMNC RS Tz, FDTdDEET
ZH e ORI OWT O mZE I, 512
BOER THRZEND S EEZHN5.

L[| D E DOWHZE kS Tld VDR E{E 70 Bsm - 1
Z R BB:Bb:bb =7:16:77% C, ®EL T4
ElZB:b=15:85% TdH > 7z. Bsm-1ZH 57T A
FEAENMEEL, HAKEXHARANTIE BB ZRNEL
SDIHENTENIHN GRS T VS, FREH B D HAEK AL
METOHE® &, BB:Bb:bb =2:26:72%LEED
e E & miER U TH O, % iz Tsukamoto 5 D
AFRIC 1) B MBI EEE OME™ € BB : Bb: bb =
6: 20 : 74% & [AREDOMEH M Z /R L TV A, 1996 4L,
HAEN S, HARBIEZRGE TENTEEICB
% Bsm-1%Z/F.0 8 U VDR B TFZ2ANCEI T 35
MEON DR K Dix &N, B EE ORIFIRAEAE
L EEE L VDRER FZ RO ORME 25T %
P R, ROHCEEN RN E T B DH B P,
SaOFELZ DM TIE, HIFIRE#ERE L VDR BT
ZHIE OEEMEIIEED SN ot DX D IR
HERIT, TOMFEICENTHERE LTI, BiEE
DOFEIFFIRIRFSRED BN R X D ©BENTEER & Dst
PERIC X i BRI NS ATEENY, AFTIX
Bsm - [ 2B fRIC BB IWE LS DR E WS RO D
BT Eh, MFEROMBRICGEEL TWa LEbnb.

FHEOWIETIL, Fok-1ZMU3 FF:Ff:ff =47:42:
11% C, SEEFHEEIIF:f=68:32 ThoTz. —
77, Miyamoto 5 DOHFZ% 2 TIZEARERTO H AL ME 110
NICHBT 5 VDR EEF Fok-1 2%, FF: Ff: ff=27:
58 : 15% & EH OWIFLEAE K O FF OSHE DD In .
COHBE L TREBAEL VI RRAREROMS L%
ZHNZD, SHBENEFEZIED LS DI ZE
RHEEND S EEDbNS.

SRIFEEMT o 272 TlE, Fok-1£2 % 0D FF #7%
TRYEIZ FERACHE U CIPTH AV E B IS fE (91 + 11
135+ 17pg/ ml;P<0.05) Tod o7 (Table2-a). =
T, WAEEFfOFEEICKZHETE, f (O B
f (+) BHCLELCPEAERICEME (5.7 £0.2:51 +
0.1mg/dl;P<0.01) T, iPTHEIAEICEME (91
+11:128 + 14pg /ml; P <0.05) %/~ L7z (Table3).
T 5, FERRIFIER Z BRIV U 7= JERE IR P BE B BR
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EL T, () BEef (+) BEOIPTHHED %=
FUI X OAETH 72 (84 +14:136 + 16pg / ml; P <
0.0D). N5 2FERICIEFEo, BHcktk, &g, &
W77k, BREBBXOREBAIV D LEEERIC 2 2
YD RERICIHEEGAZZBDIENoT. —7, iPTH
fii 65 pg / ml Al (85 44) DK PTH fEH] & iPTH fE
300 pg / ml L35 X OEIFIRERGEH B O & PTH AER
(12 %) ZzitiglLiz& 25, & PTH # C FF: Ff: ff =
25:75:0%, {KPTHEfCFF : Ff: ff = 54:38:8% D
EAEEN, @ PTHE TN LBETFZET SHE
MERICEH N LS MCH K (Fig. 2). DILED
T &L, AWFET VDRE(L T D Fok-1 2RI 17 % |
SV T OBFENMEMEE A2 EE O IR RV €
VWIS EE L TN B ATREEAVRM E N, BEIRAE 72 [
PR L UTHIERERNT 2HTE () BEEf (1) BEO
MC X 0 Bk 7% iPTH D 7272 78 7z, BERIR A 1,
TR R FRR BRES RE TUEERE O BEE VD 7k < PTH 25 #b
DETHRBENTWVS P i SEORIFIR
BRASRETTHEE 1 = MRS RE T THESE & & 2 5N 5 EI IR
BRAERE O B SBENE 2 3R B e dIT, & LW R (E
ODERFEZET S, SEOMEFT, WERFEHS XU E
JE DEI FFIRBERE TUEIE R Z RN % T & TEA 2R
EHODIPTHEDO A EZZRDHT-T LI, MOIEHTRF
YR % & TERIETFE2R LWV BN R FO
B FRARBEEEIC N 2 08N X D BHREIC 75 - 7= T REME
NEZBLNS.

VDR E 5T Fok - I 2RI, ED X 5 sy Tl
FIRARD PTH 2B L T2 0E, BHIFA T
KIRAA S M TRV, Arai 51 VDR E{EFD F 037
BT & £ E s+ % COS - 7 fifidds & U HeLa
BB AT 2 HETCCOREZRSFILTNS . C
D7 T, VDREIEFDF Wiz Fix s I f
SBT3 EA LMfd CRilafice 22D &
DIEBRRICEZRD TRV, BIEFEAENT
COS - 7THIfAD ¥ % X > D - 24 /KEE L BEZ DU 5 1EE
X F B 2R o5 a1, fnEmrIictk LT
K2 fEmWEBRRTNS., —JF, FRHEHmISE ST
A LHE® ClE, Fok-EETFEMICK %R
BOTWAEWV., EX 30 D-24 KE(LEEEIZ, 1,25
(OH ),D, D 24 fiiZz /KL T L ¥ % 2 > D DARE(E
ICB59 3£ THD. DT &k, Fok-1Z2HnE
KXo TEEXIY D DFHICENTE L, £k
ZORISE MaOfEEIC X b Bz 3 afeM 2R LT
%. $ibb, EHERE X IV DRI X BBED
50 Ca, PUN, EIFRIRHAZIC IS % PTH 704
fild X OBEHIRIC BT % KIS & £1C Fok - 1 281
X ZEOWMFEET B A REMEDHER I NS,

51%, TOFok-ELTFEZRICKS VDRELETE
XU VDR EHORRE, BXUBENEREICEB % RIE
AV LREERIE 2 2 2 DI % KSR &

DICHETT 20BN D 2 &b s.

s 3B

L BHEEZZ T T3 EEBREEEICE TS,
VDR &z 72 K O PTH i 1n 12 R 0O 2% [ R
WCiRET L7z,

2. HIFEE%2: Bsm-11C & % VDR &z 2, HIERE
Bst-BI, Dra-II1c &% PTH &2 & B SS
A—2— L DORHEMEIIERD 5 Naho Tz,

3.Fok-11c X% VDR B TZRITIX, (A8 ET7Z
Bzl 0EBZE, FoEEIcb LG Y ViIBENED
B BH 59 iPTH (HIXEMEA R U, R, JE
WP MEBHER T, fFNTE R T OEHIC X S Mg
iPTH {EDOZERIZ K D HETH - 7=

4. 1fii% iPTH &Y 300 pg / ml LA |35 K ORI R AR 4
BIOE IR AFHERE S THESE DR T, Iy iPTH A
65 pg / ml A ORI HFARBRFERER FAE D B I LA f
WA TR OFEENEEICE N> T,

5. Fok - 1 ZZ i\ 7z VDR B 728U, BT EE ORI
IRARFEBEIC BB KT L C W B AJBEMEAVRIE X Nz

& B

ARPZED LY K O I ERV /2 RERRER S
EFRt > X — BN RHRRTTGRERT, W TICARROME &
7% LTz iR Wl F ot thh#d% s & UrEm ATt
FEICHRHBL L. T, AWIUICHET TR
VAR OFEFETTICHESLAR L BT &S, AWED
— i, TR 8 SR E R R 2 W TT o Tz
AR OEFE, 5540 M HAFREEZB KU 43
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