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B & (EI3IOREEEFSESEHRN)
L EY IV DREAR (VDR) BT ORERENEBFEEBO %R & it
o o' - F OB OEFEF I K %O, Hx OB O OF
2 KA B — ® H & =
B KPR R EFHE (BT . HETHIR)
AR B OB O F OH % F o omH CET

] LI VR 37 R A AR AT 2 B e 2 R
CERI1411A 1 B2

b hEY I DEAEMAK (VDR) EZTFOTOE—S —
LICHET B, BESENEHICE D S ciselement ;
hVD-SIF 1 (5-ATAAAACTTAT-3’) W&z T4 %%
Hwit L (Cdx-A . 5-ATAAAACTTAT-3’, CdxG:
5-gTAAAACTTAT-3"), ZNFNDOEZT LMD
B, 2L % VDRIERENDOEEBLIUFHEELOHM
FRIZOWTHRET L7, BEZHAALH26IAZ S &
L, ¥4V 7 o =00 AEIZX D EEL T L 724
B Cdx-A B $%18.4%, Cdx-G %! #%31.4%, hetero %!
150.2% ThH o 7o FNEFNDEETRIEFEEL DB
xR O TR LR, Cdx-GRA AT L8
12, Cdx-A® I ) B HEBEICEFEMUEL/R L7, hVD
SIF 1 B4l & BB R G R T- T % caudal-related
homeodomain transcription factor (Cdx-2) & OfE A RE%
MET L7o#5 R, Cdx-G RS Cdx-ABLIZHE L T, FEI
WA E R LI, 72, £8L VDR OB
EDORABREBHLMZT S8, COS- 7 MAZiZ hVD-SIF
1250 ) R -7 5y —-BILUCAx-2%HE~X7
Yy—% NS A7 273y L TEEENRE R L
&2 A, Cdx-G BliL Cdx-A B U THRBE M A3%920%
KFLTWwiz, ARIRWAELAZENE, sy a0
RS L TwA VDR OBFIZBITAREB L UE
BHIERETELAHTFDIDOTHELEZ BN,

HHEIEDRAE L, BENFERERTHPHE T2
EERONTW R, s BRI ) BHEORD
BEAEFRONDL 2 EDD, ZORFERFOBRHDI:
OIZRIZHF B 2D ER SR T0 5B, 1994412
A—A P70 7 OEsman 53 ¥ ¥ I ¥ DREFHK

(VDR) BIZTOA ¥ bary8IlRWESh 5%/,
FEELOBVHEZRL, FERELHET 2 H8ZHT
D—DTH5HILERELY,

VDRIEY H > FTHA1,25(0H)Ds & &K% T
LT, BWEEZEFOES M T LY, AHEH
Y. VDRIZ, W%, B, F&volfke Mk
WKRBHLTWED, BHTH/MEICb 2 E S RILT
BY, AV ORI E NG LMD EIZLED
WFTH 5B, & <2, VDREHED AV T 7 LRIL
BEErBETAIRTEEZONTEBY, BETO VDR %
BT MRS, ALYy ARIGEHE TAh LR 2
FHBEOBIEICRCHET L EEZ NS, TNFET
\ZF 4 1%, VDR &R T Ol FE 2 85 B O i =
Hry& L Te + VDR EIRT D5 3 5 B /e O M AT %
ToT&7, M EERBEMLE L THELF e MK
P 1 SRk, Caco-2fifg & H\v»C VDR &z 71
-y - E ThHESFRNERICEE OB E
N7 2T —EHEICE YRR, e E EiE—
4.0kb 7 & —3.3kb ? $HIE A% Caco- 2/ B \ 2 4F A IC
T A5 ERWE L E7:, TOMEBUITIE R A ARy
7 A #EAx ¥+ T & 5 caudal-related homeodomain
transcription factor (Cdx-2) D & HCH & A F M O & v
B% (hWD-SIF1) AFEEL, YV 7 Mz kb
hVD-SIF 1 12 Cdx-2h%4F M IZHEET A T L 2L L
729 REFFETIE, Cdx-285 58S LICEEZT-ZH % N
WL, REMPBHEICB TS VDREHEZHEL, &
LIZBEHEELZ FUT 5 EZETTHLHEEICOVTH
B L7z
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1)) R Ay 7r—2Farty b3ESNRILE 1) hVD-SIF 1 e B % 4R L 4

{EHH DA E 22195 5> H705% T TOLM2614 T, KK VDR #{5F D& 5 B 1213 2 O BIZ T Lt

&) DNA Z it U7z o 5% ol E 12103, JEHE (L2-L4) —3,7317% 5 —3, 720D %13 |2 caudal-related homeodomain

H# %, Dual energy X-ray absorptiometary (DXA ) protein (Cdx-2) T» LGN 2544 LIEM§

225D model QDR-2000 (Hologic) # i L Tl 5T L EHE L7, Cdx-28 & B 5 ATAAAAACT

L7z ks, HEE, IIERLE, BLOEREE I (Cdx-A #I) 12xf L T gTAAAA ACT (Cdx-GHl) &

HEEICCEL 52 2EYWEHH L W2 HIIM L1, ADS glZZBRL%LA (WDSIF1£8) % vl
L7z (K1B). 261D HARANLZEIZBWT, REHD

2) hVD-SSIF1 & Cdx-2: fs&he - Baticiz sz v BHEE & MRt L 724G 8, Cdx-A % 5%18.4%, Cdx-G B!t

T hMEEHWED, MABIIRTHADET Y TX 7 LA 31.4%, ~7u»50.2%Th-7 (K1C),

F F&2{ER L, Maxam-Gilbert {12 CHiY B L, T

4R) X7 LAF FFRF—E¥x2HWT [y-3P] ATP (160

pCi/ul) 12 & ) Ktk 2470 720 £ D14,

poly (d-dC), + ) T & W & T4TK 1. hVD-SIF 125519 2 S HORS
T1HE M RIS %, dyeZ iR A L6% A)

polyacrylamide gel [size : 14cm X 14cm X

0.1cm] T20mA T2H:f, AHIL A5 hSI-SIF1 5’ -GGGTGCAATAAAACTTTATGAGTAG-3’
BRIKE 1T o 720 KENRIZ N B 84 X CE-LPH1 5 -CTAGTATTTTACAACCTCAGTTGT-3’

hVD-SIF1 5’ -GGTCACAATAAAAACTTATTTCTTA-3'

&, NA AL A=V Y 7T F 549 — BAS
-1500 (740 2) Z2HWTHEN L, (-3731)¢

GTAAA
3) BMEIEERROME ( WEZ VY 7 = B) i &
7 —¥PEFHE LY, VDREET 70 CACAATAAAAACT CACAGT AAAAACT
=5 - OB ERROEBICLE 2 HIEE

& & BLY % pGL- 3 basic vector |2 7 7 ,/\ ,\/\/ \/\/ '\

O—=>7 L7, RIZCOS-7HiK I ;

pGL- 3 basic vector, Cdx-2%IH N7 ¥ — \ f
(pRe/CMV-Cdx-2), B-H5 2 b3 ¥ — L {

t%fﬁ’\75"—pCI\./IV-B%%ﬂ%ﬂ CdX_A"" ‘T

TransIT-LT 1 lipofection regent & & (=

DEAEDextran {12 & ) N F v A7 =¥ C)

varliz, Mlag 4BHA F 2=}
L 7%, L&D A > Tw b DMEM 2%
., ABWERIEEFE L7z, MLz UEL, AR

genotype | Cdx-A Cdx-A/G Cdx-G total

n 48 131 82 261
WO 7 27 —XiEE, B-75 27 b
Y- CRRE LU ¥ 7 RE e L % 184 502 314 | 100.0
) HEAME | — IO E I, A) Cdx-212 X WS A K & W % 8EF OBRLY % 5% ¥o hSESIF1IE human

. r— i sucrase-isomaltase & {1, CE-LPH1!Z pig lactase-phlorizin hydrolase i {5 ¥ % 75
Fisher & PLSD #2247V, p<0.05BMTF " “Cpansi 1= Cdx-25 ¥ /%7 #8664 %0 B) hVD-SIF 1 % &t JiM % PCR |-
rHEBEE LT, THIEL, ¥4 Lo bo— 7l/ AN &) SEIERCHN & i L 7z $RGBA S X

N —3BIFEHDEIADNFGIZERL T, C) FNFNOBIETFELRIOHEY
R,
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2. hVDSSIF 1 £8 & JEREFHE (L2-L4) & OBEkE
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3) hVD-SIF 1 ZEIH R ITTHEGREND
ks
Cdx-A 3L U Cdx-G ® hVD-SIF 1 &

Cdx-2t DfsEREZ, YV 7 FEZHW
TiT o720 HEHIZ, COS-7THIfBIZ~< Y

Z ADCAx-2F8BENRI ¥ —% V7 VA7 =
73y LT, Cdx-2% #filpic | s &
2b0x AV, ZOfE, Cdx-2& hVD
SIF1 & 0 # &L, Cdx-G & Tl Cdx-
ARNZHRFERZBEEGHENR S e n
L, BELIHEEIVETLTVSEZ

ERaniz (B3),

A) B)
NE 1.2 o ;E; 1.0
2107 i Do T
o= e 0.8
2ol 1] =y
08K a -
% 8 || il % 0.6
oet | | Q n
T LA E 04t
g 04 | | | £
£ Ll b = L
% 0'2 / Ao [-%) 0.2
= - 5 ||
2 0 = &R
-]
Cdx-A Cdx-A/G Cdx-G Cdx-A Cdx-A/G Cdx-G
n 12 35 21 n 7 32 17

JEMEE B L2 ~L4 OFfEie 777 7L L 726 DT, A) MM ORELMEZ,

B) iMoo E LR L L7z, *p<0.05

2) hVD-SIF 1 &% & F#HE L DBfR

FARERT O L1684 & BFR R DL MES6% DLt % x 5iC
BEEL ZOBETER L OMBRERE Lz, ARATO
T CREEETRICIEELEZIRO SN L »o 7208
(K2A), BREOLMIZE VT Cdx-G BliZ Cdx-A &
R, BEEFPAEICEMEEZ R L (p<0.05) (X
2B), 7, ThFhOHE, (KE, BMIRILH v
Ty LR, LEABOA LYY AR e REEEIUL,
&R, PIRBROZEOKRIZRNI OV TIHEBHET L 724
HELRERBOON o7 (K1),

4) hVD-SIF 1 ZRIARIZTEGIHE D
W

hVD-SIF 1 % & $25bp DA H 4+ 1) T X
7 L4F F (Cdx-A, Cdx-G) % herpes virus thymidine
kinase BIEF 7O E— ¥ —D LEFHIZOoH W) K —
F—Ryy—RER L7, ThEiZ, Cdx-28HNR
¥ —% COS-TfMifIc NS v A7 22 va vy LT, V¥
77— BHEWEERE L, £OKE, Cdx-A TOIF
HA2100% & L 72K, Cdx-G DEREHMHIL70% 2> 580%
%KL, Cdx-Gl Cdx-A 2l L TH20%DFEBRET A
mENTz (p<0.01) (KM4), ZOERT DOREEIIHARE
DOFERE —FH L7,

F 1. AT, BRERZEOSHITR
U2 =L [ &AL
PARE A2 1% PARE R 201
Cdx-A Cdx-A/G Cdx-G Cdx-A Cdx-A/G  Cdx-G
n=12 n=35 n=21 pP* n=7 n=32 n=16 P*
Age (years) 41.1+1.8 41.0+09  402+12 086 664+25 642%12 625+1.0 041
Hight (cm) 155417 1559+09 155.6+0.7 0.94 1488+20 1485+09 1496+15 0.80
Weight (kg) 553£39  567+17 57.0x17 0.89 519£22  513+14  482+12 030
BMI (kg/cm2) 28+14 23306 235+06 087 23407  232:05 215+04 0.0
Body fat (%) 29.0+2.1 298+14 30217 091 298+32  300+1.1  264%11 0.18
Body lean (%) 38416 382+09 39006 083 362+17  355+06  355+1.1 091
Dairy calcium (mg/day) 404.0+656 501.0+428 485.8+72.8 0.57 5928 +79.4 49401440 6266+91.4 028
Serum calcium (mg/dl) 87+02 8.9+0.1 90+0.1 037 8.5+0.1 8.9+0.1 87+02 023
Age at menopause (years) 514+20 487x12 47009 028

Values are mean + SEM. *Significance of differences between the three genotypes.
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[ 3. hVD-SIF 1 fc¥l] & Cdx-2% » /3% L DiHEEE
(Cdx-A)  (Cdx-G)

WT MT M1 M2 SP-1

T 1T 1 T 1 T 1 T 1
— 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + -+ nuclearextract
—_ — x25x50x25x50x25x50 x25x50x25x50

xﬂumm R .
i

competitor

L T o

hVD-SIF1

(g}g) 5-GGTCACAATAAAAACTTATTTCTTA-3’

T, 5°.GGTCACAETAAAAACTTATTTCTTA-3’
*

M1 5-GGTCACAAgcAAAACTTATTTCTTA-¥
&k

M2 5-GGTCACAAgcAAAACTgcTTTCTTA-3’
sk &k

|
J

1 23 4 5 6 7 8 9 10 11 12
hVSSIF 1 BFlZ &t 2 RO+ ) TX 2 LA FF (WT;Cdx-A) 2 70—7E LT, [y*P] ATP T7 -~V LEEHA L KIE

X7, BRI COS-THIRA: Cdx-2RBAZ ¥ —% b F v A7 24 2 a v LTHHIMIZEBSE- 4 0% Hv/z, competitor
BHEMICRTHend) T2 LAF FEHAG, BEHEERZIT-72,

[M4. hVDSIF1 2B AE2BOT0E— % —iFE~0EE L, B%ELOMEMES L U VDR D%

?| | BEEIZ DWW THRE L7z, Cdx-20 a3k
— ; HAFEEENTH S ATAAA R (Cdx-A
M| ¢ Cdx-2

Rl) #H53AHEE, ADVglZERLS

L P gTAAA M (Cdx-GH) 2% ® & L TH

{Cix.G [TKfLac)-scaxa | T {45 2 L AW & 22 7% 5 720 hVDSIF 1
CTAAAAACTTAT I @ #4181, sucrase-isomaltase i {£ T- %
+Cdlx-2 |L D lactase-phlorizin hydrolase i# & + @ 7 O

ATAAAAACTTAT R S R e E—%— LIZRH STV SIF 1 &5l
r 4 " f‘?VTSIFG'l] 80 100 mpLTsY (1), ZOFRICHEN
hVS-SIF 1 B2 % & :25bp D4 1) T2 7 wr; F Cdx-A, Cdx-G o 2 W¥i% ek RIEESET L2 s & = 575
L, ##LZ 1% herpes virus thymidine kinase {570 £ — &:‘@ biico % EEERET Y, SROERIZB T,
SIS Sn  EHRLE COSTAMECHRA ) IR i G R CanA RIS LT, BEET
EHAME L. *p<0.05 Cdx-2r OFEAES X CEEEFREICH
HIZE %R L 72, hVDSIF1E ¥ ;
5-ATAAAAACTTTAT-3’ 2 1&, Cdx-2
H_BEREFRLTEET S, ZOMREMIZ, EREEA
s = L7zA)IX 2L A F FEERLT, Vo7 bR
A\, ¢k VDREBETICBVWT, BEERNRIELE  fTo/tb 25, 5-ATAAA-IRIIVFROLEERTH L Z
HET 5 cis-element ; hVD-SIF 1 Bl¥I E IS W % B 7z EDRHLN I ol LoT, MO ANFGIIERT




v bEY I DEFE (VDR) BEZFOBERRNERFHELOLE & Hik

% hVD-SIF 1 £#1i3, BETO VDR ORBE 2 HFEH T 5

LEZ LN,

NG BB BN T, MBANTOA VY T Ak
fTH9ANVE Y71 »DIK (CaBPI9K) B X UHiu4}
NOHNT T LAOHEHRICEST A AN T LR TIE
1,25(0OH) DRI R LR ST w B0, T
b CaBP9K R #DEEF D 7% — ¥ —#EHIZ VDR
PHREETHEY I DINERY] (VDRE) #FEL T
WaEB Tk )iz, VDROBETOREIZI VY
2 AR REE L 7o —E DRk Y 3 OFBEREL
TWhLEEZLN D, o THRIAVE SN
hVD-SIF 1 £RUIGE 2B DAV AU E %
EzTwadbntBbhb, $/-EHETIE, ILE
1,25(0H) D3 L NV DA% 41 v v LIRIEEAE T 2540
BRTWARWI, X502, BARBEFHEREL ML
RBHZET, TA MY DETR1,25(0H):D:? Kk
HOET, /- VDR OEHOKTIEVBETOH L
Y LFNUETRRL, BHEORIICNTEEERDS
NBT EE, LA ROy BRSO VDR ORH
NS S D PG SN, ZOEKREVRE D
b, 4 hVDSIF1 R L 2 BBEEOERD, B
RERTZ T %2, PRBRZEICRDONIHEATIESR
Wk EZTWA,

FADTV—FIZZNETIZ, VDR EZEFOEFREH
BEICBWT, ATG MB) B X UACGH (m#H)
DEIETER A R w2 Lk L7zo MBITid Baker 5
PR L7 GE R OBIREABEAM & 02, mBTIE9bp T
TICHAET S ATG L YIRS B 720, FKES
NBY VNI EDFAXHpRLRY, MELZEm B D
FOERBIEFOEEESS L BB OB RE
EDICEFEICEHEEZRTIE2E LD, L2 Led
b, HRHORUTIIEBEERIFELEIRDONL
Motz, CORBMGFLMEBTER L OBRIISETER
BEI AT O TV DS, A OHER E Rk FERIES
NTVWBBE , EROWMEIZL B L 2 ORRBEIM D
ZRILIBETOAN Y T ARIUZHBES R o5 Z &8
HE SN, Thbb, HRBGBHMALLSE L SE R
72L7-hVDSIF1 £ R L OMAEDLEICL T, AN
LR EEE Y LY IEHICHEETE LI L ER
bhb,

BEFTTICVDRUSMNICZ R ba ¥ v SR/EDR2 0
G4 TIOBIVIL-6 BEFOZIILD, B
REHCBRT 2 BIET OSBRI L BEREDOBRIHE SN
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Twh, LHL, INHOEETEELEBEEORKRE,
HEICL> THRIET LT HTH S, 41 VDR EIx
FLEREZER L, BHBETHICET A2V T LR
LY IVDOMBEERFTTHLILVEELEBbN D,
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The polymorphism in the caudal-related homeodomain protein Cdx-2 binding element in
the human vitamin D receptor gene

Hidekazu Arai, Michiko Yoshida, Hironori Yamamoto, Kyoko Morita, Ken-ichi Miyamoto, and
Eiji Takeda

Department of Clinical Nutrition, The University of Tokushima School of Medicine, Tokushima

(Director : Prof. Eiji Takeda)

Megumi Kubota, Shigeko Yoshida, and Mikiko Ikeda
Department of Nutritional Science, Faculty of Health and Welfare Science, Okayama Prefectural University, Okayama

SUMMARY

The major physiological activity of 1,25-hydroxyvitamin Ds (1,25(OH):Ds) is the regula-
tion of calcium absorption in the small intestine, and the level of vitamin D receptor (VDR) is
an important factor in this regulation. In a previous study, we demonstrated that the
caudal-related homeodomain Cdx-2 played an important role in the intestine-specific tran-
scription of the human VDR gene. In the present study, the polymorphism was identified
in the core sequence 5-ATAAAAACTTAT-3 in the Cdx-2 binding site in the VDR gene
promoter. In 261 Japanese women with genotyped VDR polymorphisms, 48 were genotype
Cdx-A (adenine at-3731 nt relative to the transcription start site of human VDR gene,
5-ATAAAAACTTAT'3), 82 were genotype Cdx-G (guanine at-3731 nt, 5-GTAAAAACTTAT-3),
131 were genotype Cdx-A/G (heterozygote). The bone mineral density (BMD) in the lumbar
spine (L2-4) with the Cdx-A homozygote was 12% lower than that with the Cdx-G homozygote
(P <0.05). In electropholertic gel mobility shift assay, the oligonucleotide with Cdx-G allele
markedly decreased the binding to Cdx-2 compared with that in the Cdx-A allele. The
transcriptional activity of the VDR promoter with Cdx-G allele was decreased to 70% of the
Cdx-A allele. In addition, in the herpes simplex virus thymidine kinase promoter, the Cdx-2
binding element with the G allele showed significantly lower transcriptional activity than
that of the A allele. Thus, the polymorphism in the Cdx-2 binding site of the VDR gene
(Cdx-polymorphism) would affect the expression of VDR in the small intestine. In addition,

this polymorphism may modulate BMD in postmenopausal Japanese women.
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