(FH#EEF 74 . 473~481, 1998)

(EE ) B4 L DZREOBILEFLE ESKE

MoA B %
(19974£12F 20 B 244, 19984 1 A 8 AZE)

® B

B4 3 v D EEFMR, BREME KREMRoMLEEEGET 2 LHESN T3, VDR
BETFZ2 Y Y 2ICBESHIBALEEL D 5 ATG 42 SHE LEO ATG IKBIZTERHR
HoNb, CDIV VY 22BEFEROERICOVWTRI L, WRIEBEKSEIELIS—2
B INI0E, 13RRTHEL159%, BEN—1.55D UTF0UE, SE, BEE, BR3t<v—
H—-2REL, =7V 2BEKRFEREIZ PCR-SSCP #, PCR-RFLP #, PCR-direct
sequence FEIC K ORET Lo =27 v v 2D allele DRI ERET T 5 728 heterozygote DB
HLbh RNA 2L RT-PCR %17\, SSCP &, RFLPEIC T L7ze @z 2 v v 28
ZFEROMEE IR CC (ACG): 31%, CT (ATG/ACG): 51%, TT (ATG): 12% (n =
249), @EE L DOBFR : 18—20 &, 13XER TR CTOHERIZ CC, TT it LEEK
BV BRM—-1.5SD UTORTR CT OHEENEY, OFEELOME: =7 v v 2 &KT
LR L BEHEEE L OMICEERLERARIDEV, KEBEEMEFEE R CCH» CT, TT it LEAL
BV, @FR#~—H — L% : M iPTH & TT 5518.1pg/ml L FHEIE LV, ORT-P
CR-SSCP #ic & B x 7 v v 28I FE£E heterozygote D 2 KD allele DREHEDOKBE : ATG
DNV KB ACG DNV FD1.5—- 65 ED SN, YUEXY VDR 27 v v 2 B FER
REEEBEST B EAHBIL 72,

Key words: BExT&R, GRERK, K&, KEME, £5 1Y DIAK

B&3E—% : Alp : alkaline phosphatase
BMAD : bone mineral apparent

RFLP : restriction fragment length
polymorphism

density

BMD : bone mineral density

Ca : calcium

Cre : creatinine

1, 25 Ds : 1, 25 dihydroxyvitamin
Ds

HS-PTH : mid region specific high
sensitive parathyroid hormone

Intact PTH : intact
hormone

parathyroid

P : phosphorus

PCR : polymerase chain reaction

PICP
terminal propeptide

procollagen I carboxy-

TERFEFL/NEEHE

Kanshi MiNaMITANI : Difference in Bone Growth Associated with Vitamin D Receptor Gene

Polymorphism.

SSCP : single strand conformation
polymorphism

TmP,/GFR : renal tubular maximal
rate of phosphorus reabsorption
in relation to the glomerular
filtration rate

TRAP : tartrate-resistant acid phos-
phatase

%TRP : the percentage of tubular
reabsorption of phosphorus

U-cAMP : urinary cyclic AMP

U-Pyr : urinary pyridinoline

U-Dpr : urinary deoxypyridinoline

VDR : vitamin D receptor

Department of Pediatrics, School of Medicine, Chiba University, Chiba, 260-8670.

Received December 20, 1997, Accepted January 8, 1998.



474 [z

I. &

E4 v DI - BTBAK ST 1IADK
BAL%: %13 1, 25 dihydroxyvitamin D; (1, 25D5)
ERsvEELTERT 5, £DERHIEEIC,
HILED»S Ca, PEBRNLEREEAXZ ST &
L REHRE - BFMIEOMENE & LI TH B,
fERi3 ey L v DEAE (VDR) =ALTiTo
n5[1,2],

s v DEEFRBEFOBEEZX1IT/RT,
EYIVDESAREKIIRATFOAL FRLVE VSEK
Z—nN—7 73— T@L, FVvaanrvFaAr
SERER, TR oy vREE, BREESVE ¥
ZARKEE LEFICHEMSE <, DNA &L
L& R IVE AEGEMPELET (2], EF IV
D SA/EEETFDO 7 v v 21T i3BHERBALA codon
EHNDHBZATGH2OEEL, BIID ATG i
ACG L WHBEFEZRIMELEL, BzTFRY
ACG DA 3MET I/ BOKFSDITVE F 3
vDBESNS[3,4]c =7 v~ 21F zine finger
domain 2k L DNA L&A 288453 % code T
5x7vTHD, TOBRIIEENICERETSH
5 EBFRIEN S,

COBETFEZHOBEREZHOSHICT S0, F
E, BEE, SEEBR#H~ - - L oMK ERET
L7

il

I. HREFGE

O @FBARALMEOFin & BEHESHE DORRI,
10 AR E 3 LEREKICBRICEFRELZERS
L, I5CT75 b — LB OEREFEEICEL,
1.02g/cf EERATHED L X VI B, DT
LD ORRER, BRRBERICEL, »ORE
HFOHEDDITWEEZ SN 518 20K DR
HWEHINLEMR E L[5

@ OTHBSNIZHENEER»SED SN H
Ehied 2B E LT, 13EBE B %159
% (3872, %&: 87) THRETL 7,

®@ HBESMHMBREBERE LT, 1992FF KK
FHc & D BEHS—1.5SD LT TdH 5N WFH
ICIER 15247 (6 —108%) THRETL 720

L

WRELCICHEOAE /R, LIT ORE

2iT» 1

O HEl3 standard stadiometer % F WHITE L
1o

® BHEE I3 Hologic QDR-1000% M\, MFEHE
(L2~L4) - KIBEHHEEEZAE L 7,

@ HEBERH~—H—1318—-20L LD D
5494 & 0 BEAZERERFRIMERIR 217 W HIE L 720

@ vy IvDRAEKBERTFTIV V208K
FEROKRETIIARMIME » DNA ZHht U 78,
TV v2RRBECETAI v b v 1IRU 21T
754 <—2a, 2bAEREL PCR 2T\, 1§
5171265 E st o PCR EE#) % SSCP #,
PCR-direct sequencing #, ¥ & U GGATG %
AT AHIREBER TH D Fok I THIELE N B
&S A RFLP ghic T L7 (K1) 3,41,

Eisman SICHiE S NG L7 Bsm 1 Bz F%

B & BRI HE VR L 72 (60

® RT-PCR-RFLP #1i2 T ATG, ACG2 > ®D
allele DFB T L 72,

AT I AF 2 —F v PO tRRE, x Ik

IMDOREE W TIT - 1,

Fok I site VDR Gene
:::Fgﬁmwgﬁ%%%ﬁ‘éxz Bsm | site
3.UTR
1 Exon2 3 [7;[] 8 & 9 |
Primer 2a 2
B 26500 €
VDR mRNA
| 1 |Exon2| 3 ]//IBJ 9
Primer #1 #2 .
293 b0 4

K1 E#3vDIRERRETHEE

m. #% R

2 1T genomic DNA @ PCR EE#) @ direct
sequence, SSCP, RFLP %759, #HaRBA%S codon
L1305 B ATG B2 >EHREL, B®HUID ATG i
ACG EVWHBEFERMLELEL, ATG/ACG
heterozygote, ACG,/ACG, ATG,/ATG @ 3 B!
abh, #FhEnCC, CT, TT & Liz, BixTF
s ACG DIFAIE 2 2D ATG b & BIR A5
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wmansdicy, 3E7 I BOBSDEOE S S
vDMEs B, SSCP TlEthd 5 & CCIETFIT
WY RB=K, CTIRIZAK, TTREic—FFEH S
h3, [EFICRFLP TFd 5 &, CCIRELTH
{LE N 39°12265bp & W5 PCR EEMIHEED , TT I
Fok iz X D5E2ICHIL & N, CT heterozygote
BR—AoAMLah v FEZAEDZ (K2),

BEBEZFROHEEIZ CC: 371%, CT: 51%, TT:
12%TH D, allele DHE 3 ACG: 0.62, ATG :
0.38&£ 723 (n=249), Eisman S icHEESNE
%73 Bsm 1 BEF28 & OfFic i3 linkage 1332
Bt (&1) [6—-9],

2 zovY2BEFERNORKT
A) PCR direct sequence, B) PCR-SSCP,
C) PCR-RFLP.

#1 7Y 2BEFERE Bsm [EETFERORE

Bsm i

BB Bb bb TOTAL
Exon2  CC(ACG) 1 22 a1, 64
CT(AT/CG) 1 19 55 75
TT(ATG) 0 6 22 28
TOTAL 2 47 118 167

& & 0%

O 1820 MINETII CTHLIEEICEEN
=L, CCH, TTEHEIHS LIV RERY,
SEEES CC, TTEICH XK % 4.4cm, 2.7cnid
W (CC vs CT, P<0.0001: CT vs TT, P
=0.0302) (K3, %£2),

@ 13BMBEBRL159% T ikEkE I CT B o8 CC
B, TT B & 14 distribution SRR, HGEMN
EFVWRBSSHEBEZAERAYD K (CC vs CT, P
=0.0363: CT vs TT, P=0.0208) (X4),

® BEN-15SDLTTHEUZDOTT /v 2

BFERONHIZa v vo—VERBD ) B
BOEWVWEEZEZOSNE CCHEL, BEMLFHL
EEZ oD CTHWEEIZDIZI W (P=0.0171)
(%3

BEE L OBIFR

18— 202 HNEZ 2 RRIc 7 v v 2 BIEFE
BEBREORMBRAER L, BHTRBRETS
L OICHERBRRBERERD TV, KIEEHEH
T CCHCT, TTEHNEECEEEMNEL
(CC vs CT, P=0.0356: CT vs TT, P=0.0248)
(K5, M6, £4)o
BROBVICX 2 FEOHKEL R 1 AT
BEHEFEREBMAD tx /7 v v 28 ROBFHE R
LA, SEBICEBZRIED L2 (”T)
[10—121,

BIETERIEEFENT -5, BRE~—H - &
DBaf%

CCEM%TRP TA I BIRME ) v FHRIL[13]
DIETF, TTHTROA VYOI LA/ 2 LT F =V
EhEETH -7z (FE5),

TTEORIERBER VE VEB . S>ORIERT
BREICEETH S (P<0.03), fhoBHRH~—
A —131,25D: &%, BEKR<— 4 —, Bll<—
H—HICERERE, -1,

i} P=0.0302
175 P<0.0001
170- ‘ .
1657 '
T 1k :
o .i -]
~ 1607 e TEEE— e
R
2 155 8 o8°
::. [} (X
[ o
1501 ¢
[ ]
[ ]
145 —¢¢ cT T
Exon2 genotype

3 17V Y 2BETEHLIER (1820t
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#£2 z7v v 2BETFEHEGHEFRR (18— 20ER BAAKH)

Genotype cc CT TT Mean Difference

Subjects 31 44 15

Height (cm) 165.9+ 4.4 160.3 +4.3 1576+ 3.3 CC/CT*, 4.4, P<0.0001
CT/TT* 2.7, P=0.0302

CT/CC,TT*, 3.8, P<0.0001
Height SDS  -0.41:0.89 0.48:085 -0.06=0.66
Weight (kg) 50.3 5.2 54.1+5.9 521+76  CC/CT* 3.8, P=0.0057
BMI* (kg/m2)  20.7 = 2.0 21.02.0 20.9+2.4 ns

Menarche (age) 12yd4m=+1iyim 12y6m=1y2m 12yim=1ySm ns

*CC/CT, comparison between CC and CT; CT,/TT, comparison between CT and T7T; CT,/CC, TT, comparison
between CT and mixed CC and TT.
**BMI, body mass index

P=0.0208
37 P=0.0363 | -«
£
. )
2 s
o » r
- L] c
5 £
g 11 e 4
o £
8 | a
L 0 °
o et
T
-1 * X5 z7vv2#EFEHNEIEHEER
$ . (18— 208 4tk)
2 cc cT m P=0.0248
Exon 2 genotype —
| Pe0.0356
K4 zovy2#zFEREERE (13K 1.1 -
%3 -15SDUTOEXESERCEIEL s Y = 10
v 2 BEFEHMOST S
Genotype frequency control E
< 09
cc 15 (62%) 38% E
cT 5 (21%) 45% '
T 4 (17%) 17% 0.8 - :
cc CcT T
TOTAL 24

6 x7vv2BEFEHEIRBEHRR
BEE (18—20mzit)
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#4 IV V2BETEHEFER (18— 20REEHRAZME

Genotype cc CT TT Mean Difference
Lumbar spine BMD 0.998 + 0.016 1.034 +0.015 1.040 = 0.028 ns
(g/cm2 = SEM)
Lumbar spine BMAD 0.267 = 0.004 0.268 = 0.004 0.273 + 0.006 ns
(g/lcm3 = SEM)

Femoral neck BMD 0.928 + 0.014 0.976 + 0.016 0.995 +0.029 CC/CT*, 0.048,P=0.0356

(g/cm2 + SEM)

CC/TT*, 0.067, P=0.0248

*CC/CT, comparison between CC and CT; CC/TT, comparison between CC and T7T.

e
w
J

0.25

Lumbar spine BMAD (g/cm3)

0.2 -

K7 z7vv2BIzFEREERHBAE
BE®E (BMAD) (18—20&#ct:)

allele DRI DT

v V2 WMREABROBREFEHO
heterozygote BWEHEMSHWI & 5 ATG,/ACG
— o ® allele DX ERE 2R L7,

KHIMBAEER % B\ RT-PCR-RFLP #: i THR
rlto B850 7:293bp @ PCR EEY) % HIFREE %
TUMd 5 & TT 3EZLE{bsh, CCilrAL
Hlband &y, CT idiEbah b ATG &iH1L
ENHEVACG Oy FEZEAED S (K8), Al
IZ7RY genomic DNA DOf#Hr T3, heterozygote
DODZAKDNY FOBEBFELVOIIHE L, mRNA
DU NLVTIRATG DNV FDIF S H1.56E— 6 4%
L RBENB, SSCPHTHRIKDOERTH -
1o

A ’BJ‘:EPCB Genomic

_ ACG/ATG
12 3 45 6 7 8 9 10

293 bp ! : i
223.bp. ; i

5
ATG/ATG %

A
ACG/ACG

K8 RT-PCR-RFLP&EicX3x2v v 2RBEF
ZRID 2 KD allele DFEHB

D genomic DNA D f##7 T i3 heterozygote D —
DN FOBIBEL VDI L, mRNA DL~
NTIRATG DNV FDIF S MBL5ME -6 5% < BB
xha,

V. E% =

7YV 2BEFERDOE allele DHE IZ
ACG: 0.62, ATG: 0.38Ta& b, Caucasian, fil
DHAD I NV—7E3E—HLTBY, ZDEIE
FERIONH I 2 >DABMTRIOTVWEZ &
MBEH S E S - 72[14,15],
BHRERIGELZIS-20FmBELE TR CT
heterozygote A E BICHEENE» - 12, 13
R E BT b EBEIC CT heterozygote BN H
BLBELEL-k, EFEGRRETIECT
heterozygote BEDSHE N/ DI h oty B F I v
D R ERER, /ME (Avy o s, Y v ORI
ARMSE ), BRIcHCEh D, BREE
53V DRAFOEETLER E ORNICREELH
AR TFHINS, RERBEROKEMALIE



®5 T2V V2BEETFEHEAEHRENR (18— 20 BARALM49%)
Genotype ccC CcT TT Mean Difference
Subjects (No) 19 21 9
Ca (mg/dl) 88+02  89:02 8.8+0.3 ns
P (mg/dl) 4.0+0.3 41:05 3.8:04 ns
TmP/GFR (mg/dl) 4.1+0.5 44-+07 4105 ns
% TRP 90.2+29 92.3+29 92.2+1.7 CC/CT* 2.1, P=0.0295
U-Ca/Cre 0.07+0.04 0.06:0.04 0.11x0.07 CT/TT* 0.05, P=0.0200
Alp (1U/l) 119+ 32 124 + 33 114+ 34 ns
Intact osteocalcin 5.9+ 1.5 6.1+22 57=+11 ns
(ng/ml)
PICP (ug/l) 140 + 59 123 + 28 115 + 46 ns
TRAP(IU) 44:25 44+18 48+1.1 ns
U-Pyr/Cre 408=+7.7 44.0+9.0 43.2+9.2 ns
(nmol/mmol Cre)
U-Dpr/Cre 10.1+2.8 11.8+ 3.3 10.8+2.6 ns
(nmol/mmol Cre)
1,25D3 (pg/ml) 50.0+10.9 55.7+144 50.7=+11.5 ns
Intact PTH 27.8+174 26.2+9.6 18.1+5.9 CT/1T*, 8.1, P=0.0260
(pg/ml)
HS-PTH (pg/ml) 190 = 85 175+ 100 113+54  CC/TT* 77, P=0.0199
UcAMP 27+04 2.7=+06 23+0.7 ns
(nmol/dIGF)

(mean = SD).CC/CT, comparison between CC and CT; CC/TT, comparison between CC and T7T; CT/TT,

comparison between CT and T7T.

1, 25D 2R EAEFE L TE D, 1,25D: 3EHM
faotasE « LIPS L TVW B EHBEh TV 3
[16—20], %7, EMATDOEHE » 771Li3 1, 25
D: LEIFFREIR T v VI DB TWB T
ELHHOMITHE>TWA[I9], TOZEMS, E
4 I v DIEHORKRINETEBEDES K &
BRI EMHIONTVA[1,2), HRIEBRENIC

M HREEINTE D, developmental canaliza-
tion & W BT D o - HiBR ICh > TH
£9 % [21—24], AWFFAERGERRIIC IEEH O
SEHHERICESVWIROREREEDOTFRIZ L 0IE
Hicd b LIcFRHEEZ LN S,

7B A424DE § I v DSRMEE42TO
Y I VDEZAROBIECERIIPASMLTRE
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Wo 1, 25Ds Xt g 2B ICE VW E R WA, T
IV EEO42TOE S L v DZEKIEU— AN
OF VS —¥DTOoE—FY-—DLER=F—-T -V
OTEHALREIZE WV &V S ME[14] &, BEERIC
BRILTH B LW HENH 5 [25], AHAD
CT heterozygote ORI MEZLERE W 72 #ET T
H7 3 BB HL2TOL Y I v DZAEKD
mRNA #HB R 7 3/ BREH 42405 3 v D
ZHRAED mRNARHEBDIZIF2{ETH - 7,

CT heterozygote MEEMNFVWI &, 20D
allele ¢ 7o € — 4 — ML mRNA REicE
BENp L ENBTHRHIEN B,

7 v 2 BETEHEEHEEES X UCBEM

AREEMEEE ORI IZBIRII LD - fo, KIE
HHERE I CCHILERICETREMED - 7o
Gross LOBARBOA X v A v —T XY h vigh
ORET T TT BEBHEEBEV EHE LTV 5,
PARKAFIGIC 4 1% 6 7 A OMED & » Bk 1l iR
TXHW[15], €93 YD/ 92799 RAD
51 T3 heterozygote & wild type DR IC B
BicEREL, FEORBICHMRT S LHMETN
TW3[26], BRE EBZNETFICNA, EHE,
BANE, £TEBIRL & ORERT, YIEFERCM
FVE VOFRBEAEB T B2, BRSEDIC
Aot EEZLON 5,
TTEOPBEEICERIRE S VvE VEPMEETH -
teo £% 3 v D ZEEBERTEZRHEIF KM
RIDHREICEREL TWA E VWS HE & H 5 [27],
1,25D;, B~ — 4 —, BRIN=—h—ici3&
BEICAEREZER L - 1,
AFRCBVWTHEIAATIREY I VDR
BE o v v 22ERBROBETEREISKLE,
MEIERER A v E v LNV EREST 5RFO—
DTHBH T EMNHMARL 72,

W

ek Bdicdlicn, HigE, ARMAZEH £
U e FERFEFE/ NI R R R OB ER I
BREBHMBLEERLES, £/, APIERICEL,
BHRERMEEEOERFAIEZIRE  LATRERE
R BIAR R ETER HHIR, RREHE
fifi, #Eat#tr 2 WEORIEE & L TERFERFT

N T TR, CHERBT, @
e HEEATEE F L, TERFEER/NE
Rl MEITHM % 13 U NS MR D%
FHEFCEH NI LT T,

SUMMARY

The function of 1,25 D: in bone development
is to regulate the differentiation or prolifera-
tion of osteoblastic, osteoclastic and chondro- -
cytic lineage. An A (T,/C) G substitution exists
in the first of two putative translation initia-
tion sites in exon 2 of VDR gene. We examined
the significance of this polymorphism.

We studied the relationship between height,
BMD and exon 2 polymorphism in ninety
healthy Japanese females aged 18-20yr, 159
healthy Japanese aged 13 yr and 24 normal
short children aged 6-10 yr less than -1.5SD in
height.

BMD was determined by dual energy X-ray
absorptiometry. Exon 2 polymorphism was
analyzed by PCR-SSCP, andor PCR-direct
sequencing and PCR-RFLP. In 49 women aged
18-20 yr, blood and urine were collected for
biochemical analysis.

The frequency of exon 2 polymorphism was
genotype CC (ACG/ACG), 0.37; CT (ACG/
ATG), 0.51; and 7T (ATG/ATG), 0.12. The
mean height of subjects with the CT was taller
in 18-20yr and 13 yr groups. CT was less fre-
quent in short children. There was no signifi-
cant difference in lumbar spine BMD between
genotypes. Subjects with CC showed lower
femoral neck. BMD. T'T had lower parathyroid
hormone levels.

In conclusion, the exon 2 polymorphism of
the VDR gene is one of the major determinants
of height.
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