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EFFECT OF CADMIUM ON THE EARLY STAGE OF OSTEOGENESIS BY
BONE MARROW CELLS AND DEMINERALIZED BONE MATRIX :
BEHAVIOR OF ALKALINE PHOSPHATASE ACTIVITY, CALCIUM,

PHOSPHORUS, AND OSTEOCALCIN mRNA
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Department of Public Health, Nara Medical University
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Abstract : To determine the direct effect of cadmium (Cd) on bone formation, the
potential of Cd-treated bone marrow cells and demineralized bone matrix (DBM) to form
bone and cartilage was assessed using a diffusion chamber (DC) i vivo, by measurement
of biochemical parameters such as alkaline phosphatase (ALP) activity, total calcium and
phosphorus contents, the bone-specific protein, osteocalcin content, and by the gene expres-
sion of osteopontin and osteocalcin.

Diffusion chambers were inoculated with DBM and bone marrow cells from either Cd .
-treated or non-treated rats (control) and were then implanted subcutaneously into
syngeneic non-treated rats. Unlikely in control DC, a peak of ALP activity did not occur
at 4 weeks postimplantation in DC implants inoculated with Cd-treated bone marrow. ALP
activity, and calcium and phosphorus contents in these Cd-treated DC implants were
significantly lower than those of the control DCs at the early stage of implantation. The
accumulation of osteocalcin in DCs with Cd-treated bone marrow was also significantly
lower than that in control DCs.

By gene expression analyses, osteopontin mRNA was intensly expressed in the DC with
control and followed with Cd-treated bone marrow DC 5 weeks after implantation. On the
contrary, the expression of osteocalcin mRNA in the DCs with Cd-treated bone marrow
was much lower than that in control DCs by both Northern blot analysis and also i situ
hybridization. These results indicate that Cd administration reéstrains the osteoblastic
differentiation pathway in bone marrow through direct effects on these cells.

Index Terms

osteogenesis, osteocalcin, alkaline phosphatase, bone marrow, cadmium, iz sitx hybridiza-
tion
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HF Iy ACHOOEMBECL - T, BBEHcES
E|EBITIEIE, 121414 XATRBERELZHEC
O Cd BBRIFEZE 2R H & LIORBEMABEN 3 L 0 4(b
FRHRCIVAShTWED, 25 LBERx
T, Cd itk 5 BHBEEDK - 5HF 3o Cdicx
BHESEEEORKR, b mEH il L Cd-5+
AV RBRCBAT L CE RS R T RE LB o0 5
LR X > TR S EEEEECH B L THH L
FIDRE I h i

—FH Cdic X B EEER BEECII 2 s v D IE
HALHE X RY, ZDDBEE»DL D Ca BRI, BRM
BFTD Ca BRINVCEEINS Z LIZX » TZXRE
ZBHETHEELFBRDBY. Flez v —vLENKEHF
e~ v ATEEFE R A\ T in vitro DEEERERIC R
LR D Cd IREEERBRCERL T, B%
IR BEHREAET S L DB|MEIRTHBEI. ZDX)
CEEEDERFICOWTIEINETEHL OWENRIR
TWBIRS b bTWERRELELS S Bl Eh
TR,

LAHT X BB & BT IO BAE T 5 & R0
EMRELSLL, BRERPEEHMRT 5 &hMmbh T
7298, % Ohgushi et al®137 v b B/l & £
SIvI(AAFRrFTTARL %Iy F ETICBIE
T 5 L RMREIEBRMASF 3 v 7 OKILKRETEH
ML L BB AET A2 LR L. b
Dohi et al'*™i%, v =V OFIANEATE LWE
PEMBMRETAE LTIV RT AV IV Y THART
sba—avF+rvA-DORKT v +EHHRE
BREBHEHALTS v s FTEBHET 5 ERREHET
L.

ABFFRL Cd OFIAD BB A~ OELEIE A 2 BT 5
BHC, Cd ¥BE L7 v M BEMR L BKE % DC i
HAL, 7y ' FHETEBETS n vivo KB
e FARIGA Lic. DC AFIER 2\ TEOHRD
WL es Ca PP OWEE, BHFMBRCHFLET
BTAAY 72 A7 7 2 —E(ALP)IEMY:, ¥i-dE= 5 —
FUBEBRABETHLAATAI LY V(OO DEREY
EESHL, »>DCAHDEMBLBRICE TS OC CF
U BHEBEAA AT+ AV F Vv OP)OXKRILRT S
Cd &%, OCB L VOPcDNA v =7\
FvrmyTa vk, SBURF ECEBRNA S

il

v — 7L LCHBRCS T 5 mRNA 2R3 55k
ThH5BH In situ ~4 7Y A€ —>a vEASH BT X
hRRES L.

e S UHE

1. 7 v FRKEZEEOBM) 0%
5 v + DBM (% Nishimoto et al*YD I X b FH%L
L. Thbb3 s AT v b KEBRE, BEX2HERLEK

- RERFCER L m (74420 pm) % 0.5 N HCLH,

4CT1IRET BB LD 3EPREZ B Z o e D
HpH 6.0 12705 ¥ TAREKTHRE L. #\T 9% %=
£ —=NT24%4, 36, zOE=—FVTHE LK. B
KEWIER T I6 RFHEAZL, —20C TREL L.

2. 7y b ADAF v ACDEEFE L EHMRE
HEWR D TR

EEAEKICE S L7 CdCL,(Cd & LT 200 xg/ml)
w120E 0 4 81 Wistar Rl 7 v P ((FE 65501
750 ug/kg RET 4 8H, B 3ERTHEL(Cd#
LR RHBREO 7 v P I AEO AT AR K Y KT IC#
G- L7, CAd# 580 8 BiEE7 v + OKERE, KE XD
BRAZEEL, 35units/mlo~<) vy&E0.01M
phosphate buffer/0.15M NaCl, pH 7.2(PBS)H %"
— DRI BHESHE TRV IE LIRS LB ER
(5~6X107 cells/mD & FAE L 7. Cd #H5-# % X O
FOBRMAGMEOAEIE L ) v I — Rtttk b
T, EFEE O BLUETHD Z L HHERL CUTOBIE
SEERICHE L 7.

3. Tata—vavFr v A-—DOOBEHE

Fita—TavFer vy A—0DOC ERImMmESZ2
mm, ZE10ul, #*v 75V 71412 —-DHE0.45
um, Millipore #£8. MA, USA)k=FVv v+ F 51 F
HATHELIcDD, 7 v b BB KRR GX 10
cells/90 1) £ DBM 10mg % DCicHA L. 8B
Wistar /i Z » » (190~210 g) DEFHE T LD X
5B LT Cd BEH s L O RO » BRI
& DBM #HAL7DC % 33>z hZthilaD T v
FMEBREL. 3, 4, 5, 6 BHIDC EBMHHL, —I
ZEBIZ20ky, 1mA OB X FTHRE L.

4. Ay a(Ca), CARIOY vPHEEORE
Ca &t Cd DEEBRRETFRIEHEFF(AA-810 type:
Nippon Jarrel-Ash ##. &) TfTo7. Pilxzlki%
BRI & BRI X BRIKILER, Chen et al bDJ5
wEOThEER LK. Ca, PPBIOFAT A I LT VD
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G, WELEDC DAY TFv 74 E —RE
ELT, ThZhoFEBEKOBEE*HELLOD
DC N AEFMHMB%E 20 K EBMFTHEYF 14 XL,
4°C A8 IRFRAHRE U 1o, MR D —8% Pi % X O %
FA v ORBEEL, tho—#% 1 mg/ml 04l
A b BYFYABET 200 FIHFRL, Ca BEOREIC
BEL 7.

Cd#5 7 v r OXEEE, KE, B, & FHihoCd
BE RN & BRERRC X ) SHEREERKLL,
BiA # v K CHEREREFRICECHEL 2.

5. TAhV 7+ A7 7 & —E(ALP)EMORIE

1mM MgCl, #&¥K& L7 0.2 % Nonidet P-40
0.5m B TDCHAFEBEY< A7 v ke F A F -1
I DB LD B 4CT 15,000 g 15 4 oF Lo, *
D EFEESWTALPESRDYHEL . Thbb
0.56 M 2-Amino-2-methyl-1, 3-propanediol(AMP
buffer pH9.8)/1.0mM MgCl,/10 mM p - Nitro-
phenylphosphate 25 7 5 HEEK 1 ml it D EE R 5
ulhn 2 T37CH0H A vVFaxX—1rLDb, 0.2N
NaOH # 2 ml I 2 CRIE&EIEE %, 410 nm BT 5
T & JE LUle. ALP FEMEEEME 1 mg M7 b 30
RV 28 b B B L 7o p-nitrophenol @ g mole T
FzL7.

6. AARATAILYVEDOHE

DCAHEEH 20 B BEHBFTHETF AL,
4°CA8 RF R IR #, % o i K hh i 4% % Sephadex G-
25(fine) » 7 2l X WL, BEHES REEZEL T
* A5 F A v v (0C) D Radioimmunoassay (RIA) i©
L7 9 v b OC 1% Ohtawara et al DY T
L. TRTORBCOWTHZ v b OC ¥ ¥ F il i
&5y b BTEER OC Vi RIA R CTERE L7219,

7. cDNA 7r —7OEHlE /¥ v T vy T4 v 7k

D 9 v bFAATHAYFV(OP)cDNA DO

5 v b OP®DcDNAWEXRD X 5 efEB L. v b
OP @ DNA #EEFLFI'® X b Pro¥ 2> b Glu® 1246 343
% 24-mer @ oligonucleotide # 50 75 1 =—& L
T, F 7o Ser™ s b Leu® i@ M ¥4 3 % 24- mer ©
oligonucleotide % 3l 75 4 = — & LT DNA &1
¥ (Applied Biosystems Japan #£%, Mode 391) THEL
L. 7 v MEME X D2 RNA 2#H L, Oligo-dT
latex beads(A A » > 2 #ED % i\ T mRNA % k58
#%, Wi EEEFR (Amersham Japan #48)1c X b cDNA
5475 ) =% L. 2ODNAZRTF VI —1t &
L T polymerase chain reactions(PCR)¥IZ X b 702
bp @ OP cDNA % #ig L7z, 141§ L7 OP cDNA 17

He— 2R VESKIKE)E # 5 A € — X (Gene Clean Kit,
BIO 101 Inc, CA, USA)Iz X v &8I L, ZoBEERTIIL
DNA sequencer(DSQ-1 NE, BEE/LBM KK Y
Z v + OP cDNA TH% Z L #HER L 7.

2) cDNA 7= — 70 P Zalizk

5 v b OC cDNA(363 bp, Dr. P. A. Price, UCLA X
h#tE), 7 v + OP cDNA(702 bp) B X VT v + -7
27 9+ ¢cDNA(207 bp Dr. Y. Dohi X b #E5)1x[«-3?P]
dCTP & multi-random primer labeling kit(Ready-
To-Go : Pharmacia Biotech #£8D) % A\t xhZth s
v Ut (Wit BEiEE © 8 X 10° cpm/ug DNA).

3) £RNAoHME /¥ T my a4 v Ik

ERNAZBE S EBH O 6 @oDC X » EB#%
guanidine thiocyanate(AGPOETHitH U 7z. &
RNA 5 ug% MOPS(0.04 M 3-(N - Morpholino)
propanesulfonic acid/5 mM Sodium citrate/0.5 mM
EDTA, pH7.2)-Ar a7 A5 e FHC65C, 15 4/
BRI, 1.1%7 A e — R A-h VAT AT PR
TESKE L. KkBHEORNAZ=Fo v AT mr<Aq
P L 28S £ 18SD Y AV — A RNADAY P %
WERL, Y4 mwvrv75v7 4z —(Hybond-N* ;
Amersham Japan #E)ICEE L 7.

BPTI_rLliczhZhd cDNA 7r —7(1.6X
107 cpm) ¥ A0 U 7= Quick Hyb™ ¥8 (Stratagene # %4
CA, USA)FTHA4rv 2V 7% 68C, 2K A
7Y EAL X LD BB > TRAEE L. ~1 7
VEARXLIeF M rv 2V 75 v% Kodak XO mat™
74 A —80C T T4 RHBEHL L TA— 7 o4 7
7 AR{ERELL Tz,

8. In situ ~4 7YV XA E—>a vk

1) OC cDNAfA 7T 2 3 FOfEH

75 A3 F SP6/0C cDNA DfE#l¥ki1zSP6 & T-7
DT7mrE—F—OBEITFZ I Py & —(pSP6/T-
7@ Eco RI WAz Eco RI OC cDNA Wii% T 4
DNA ligase # W THAL, XBE HB 1012t 5.v
A7+ —asll. Bbhicz7r—vD75 23 FDNA
D Sst I TOEIMIEALL MWL T7 v+~ 2 RNA
LV ARNAZ7r—7%HERTE % 2EHED cDNA
BWAZT 5 23 F(SP6/T-7/revOC-DNA % X O
pSP6/T-7/0C DNA)% 7. pSP6/T-7/rev OC-
DNA % %\ % pSP 6/T-7/0C DNA 1x#IfRE#3 Bam
HlwwX hBESERIZL, 7=/ =, Zrr 73 VAT
BLIE, v=Frveds—REx4A +(DEPC)CHAE L
7B 78 2K (DEPC-DDW)20 pl % i 2 —20C TR
L7z
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2) oaF vy =v(DIGOEHOC RNA 7 r -7 D
=

oaFxv = v(DIOEHOCT7 v ARNA
» — 73 DIG-RNA Labeling Kit(Boehringer Mann-
heim #ED) X FAWCL T L B FR L. HIREER
Bam HI iz X » HEHIZ L 7% pSP 6/T-7/rev OC-DNA(4
u%5 v 7 — 1 &1L T, RNase inhibitor(RNasin)
% 20 units, FEFEEF ATP, CTP, GTP 2 Zh ZFh 10
nmol, FEEZE% UTP 0.5 nmol, DIG-11-UTP 10 nmol %
REE 1 x BERRZEKR(A0mM Tris-sHCl pH7.5/6
mM MgCl,/2 mM spermidine HCI/5mM NaCl), 6
mMoTF+Aav 4 b —2rOTDEEAL, KKK
SP6 RNA R 27—+ 45 units #Mx LB 304l & L
fo. Th 37C 2 MRS & ¥z, DT DNase I 20
units TDNA 5 ¥ 7 v — b % 5 B K E 12.5 mM
EDTA #hnzKGZEE &%, Ebic5M LiCl &%
=g ) —nrE&%, &8I DIG-RNA &I €
15,000 g TEOLSBEL 7. WA 80 % =% 7 — AT
BLiob, MEFKE L Trr A7 3 F 10 41 & DEPC-
DDW 20 ul i1 2. C —20C CRE L. B#bhi DIG-
RNA W7 He—2R¥-ki~<) vVESKE®K ¥V
Zey MZX D %D RNA 1 X&HER L 7. DIG B35
OC ¥ &2 RNA 7w — 73 pSP 6/T-7/0C+DNA % 5
V77U — LT ERERRIERL .

3) MBI orFRL

BELADCERWETCTT v P T X DEREE »v
TIVITANE—FRELA%B AT T A NAT AT EF
(PFA)/0.1M PBSUTC)T—KEE L. £DH%4T,
70 %, 90 %, 100 %% =% 7 — A TIEXPLAK L7288, *
SV VIR 3K, 60C DT 7 4 Vi SR EE T
TAVEAELE., YF Iz b2V 4ium D
EIfFRL, BERY VAR LICATAF 7T R
Lie#ie, &y Sv— b ECHBMER SR,

Y Insitu "4 7YV EA€E—a vk

DIG ## RNA 7' » — 72 A WEBHR L0k —
MHEEL Fig. LiwRmLic T » b a— Vg,

ATAVH T ALY T BRI 2 vvic
20T o 3EBEL AT 7 7 VETH, 100 %=%
/—=n3[E, 90 %, 70%=% 7 —1T15BFOIERH
KL, &b PBSIKl4HET DB 4% PFA/PBS
T4C, 20 HEEESE L. 0.2 N EEZ 20 4, PBS i
15 HETRRE ALP #&E S8k, 7r7Fr—+¥K
(10 yg/ml 10mM Tris-HCl buffer/1mM EDTA
(TE)T37C, 17 pKIE &€, PBSic14, 0.1M
MYV =& —n7 3 VIEER(TEA, pH8.0012 14, 0.25

wm

% MKEER/TEA w 10 7 REL, 7ExF A {LxfTo7
Db, PBS 21420, 70%, 100 %=4% 7 —Tlg
KPR LIz bR L 1.

~NATYEALE—> a VEIKIZ, DIG-RNA 7'»—7
(0.6 £g), tRNA(80 ug, Bakers Yeast transfer RNA,
Sigma #t £, 20mM Tris- HCI(pH 8.0), 2.5 mM
EDTA(pH 8.0), 1x Denhart’s ¥, 0.3 M NaCl, 50 %
AAATIF, 10 % T+ 2 b 5 v (Sigma #HHD),
DEPC-DDW #/n% C&®E 1ml FRfL, 90°C, 10 7
IEL 7, KK TaBm L.

BIALE L7812 DIG-RNA 7' = — 7% &ip EFEA
A7V EAE—>a VBEHTL, 774 VATEL,
50 %NV AT I FEARESARF ¥ —F v VA—
T50CL16 RffElA~A 7 ) &4 X L7z :@F D RNA 7' = —
7RG T B DT OBRIERTT - .

50°C D 5xSSC(0.075 M Sodium citrate/0.75 M

NaCDHFTATA FHITADLAT 74 va®REL,
2 xSSC/50 % A a7 § FHT50C30 4 fEnztk, 10
mM Tris-HCl buffer pH 8.0/500 mM NaCl/1 mM
EDTA(TNE)H © 37C, 104/, 2\ T1ug/mld
RNase A(Sigma #) % i 27z TNE fC 37°C, 30 4
AvFa4+L, EHBRTNEFTI’C, 104, 2x
SSC©50C, 204, 0.2xSSCT50C, 2042 EHEDH
B LT L.

DIG-RNA-mRNA ~1 7V v Fo#H X DIG Nu-
cleic acid detection Kit(Boehringer Mannheim #:$)
& FWTFT o 7. 28R T Dig buffer 1(0.1 M Tris-HCl/
0.15M NaCl,pH7.2)T5%,1.56% 7= v * v 7 E/
Dig buffer 1T 604, Dig buffer 1 T1450EL /=D
b, 500 T AL 7 ALP #3127 = vk %L
30 I RIG &8, 0.02 % Tween 20 &% buffer 1 T
2 [ 15 7 fEgeE L, buffer 3 (0.1 M Tris-HCl/0.1 M
NaCl/0.05 M MgCl,, pH9.5)ic 3 7R%E&E L 7% ALP
DIFE TH5H NBT (nitroblue tetrazolium salt) & X-
Phosphate(5-bromo-4-chloro-3-indolyl phosphate,
toluidinium salt) #BA LIcBREMWE L, T4 A F +
—F ¥ VA-NTHRRIGEIERE I, BE% TE
TRIGHEIEL, 25127 ) —vREOEE A LEEL
7.

& R

1. CA#55 v t ofifkho Cd 0ER

4 8 wistar RS v b1z CdCl, % 750 ug/kg hE
T 4 BEGRER 800 ng/ 1 HEE LicobomE, &
i, FREE, FE BE~o Cd o&EEEY Table 11
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Apum-thick sections mounted on APTES-coated slides

y

Deparaffinization and rehydration

!

Postfixation in 4% PFA/PBS, RT, 20 min

!
Immerse in 0.2 N HCI,

y

RT, 20 min and wash with PBS, RT,

1 min

Treat with 10« g/ml Proteinase K/TE, 37°C 15 min
!

Actylation with 0.25% acetic anhydride in TEA, RT,

y

Immerse in PBS,

y

RT, -1 min

Dehydration and air dry

Hybridize, 50°C,

!

RNase A digestion,

y

Immerse in Dig buffer 1

V

16h with heat denatured DIG-RNA probe

37°C, 17 min

(0. 1M Tris (pH7.5),
0. 15M NaCl) ,

RT, 1 min

Dip in 1.5% blocking solution in Dig buffer 1

RT,
¥

Incubate with anti-digoxigenin antibody (1
conjugate to alkaline phosphatase,

!

60 min

: 500)
RT, 30 min

Rinse in Dig buffer 3 ( 0.1M Tris (pHY.5),

0. 1M NaCl,
y

0. 05M MgClz) ,

RT 3 min

Color reaction with NBT and BCIP in buffer 3,

RT,
!

over night

Counterstain with methylgreen

Fig. 1. Procedure of in situ hybridization.

Table 1. Cadmium concentration in rat tissues after
repeated subcutaneous exposure to CdCl,

Cd ug/g wet tissue

Tissue Cd exposure Control
Serum 5.13+ 1.11* (6) ND(5)
Bone marrow 3.22+ 0.76 (6) ND()
Bone 0.76+ 0.28 (12) ND()
Liver 50.95+18.81(12) <0.15)
Kidney 44,91+ 5.97407) <0.15)

Every value in mean+SD. Numeral is parentheses in
number of rats. Tissues and blood were taken from the Cd
-treated rats 3 days after the last Cd administration.
Control is no Cd exposure. ND, not detected.

tng/ml

Rl CAEBEHEDOT v + BH, K B~D Cd o
EREI LN LN 3.22 ug/g, 50.95 ug/g, 44.91 ug/g
THY, RMBHORBBALTCHEL CERICE - .

Cd #5- B0 87 %VIFFiE & BB S h, miFho
Cd 135.13ng/ml L FEEEBE TH o lcicd 2hb
5, BEED CAdEEIZEDH 600 f5THh - .

2. DC WEH R DM

AR LA & 51 Cd 2 BB L ke B R (Cd #2550
EXBREOBHMRE 26 > CHIKEZEEOBM) & #
DCHEHALTT v P EMETABHEL . BiHEE
3:BHEE 6BEDDC AFAEMBOE X REH LR
2o feiE R, BB DC TIIBHE 3 8%, B b i Bl
BERTT VYT 1 OBWESHELESh, 68K
ARACHAHE AT T (Fig. 2). & 2 A0 Cd B EFHOBIE
6 BHE T DC ADRKILSRD bt s, WRF
LUEBERR L.

Cd #5585 X O RE T B W ORI X 2BiE
538t 0 DC PILMEI A » HE $ef&iH#kE13, Fig. 31c
MLk o, »v 75V 7402 —ELTEIMNUK



(258) JBs H

CTR
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Fig. 2. Soft X-ray radiographs of diffusion cham-
bers inoculated with bone marrow cells and
DBM 3 and 6 weeks after subcutaneous im-
plantation. Bone marrow cells were obtained
from Cd treated rats (Cd-BM) and control
rats (CTR). Radioplaque configurations
which indicate mineralized structures are
observed in the diffusion chambers 6 weeks
after implantation.

i DC DL b > TECE MR 7D b hte.

T X 5 ERBRETIEE L KE OB EBENT
BZIneh, Cd#5HCRKEMRREERSAEZ L, Bo
o DERE D Tehs o T

3. DC WEHBIC R 5 ELHR T 2 — 2 —Df%
RFZE(L

I v M EEMIRE X 5 DC NEHRBRE Y EE1 iR
W Bl {bEERN 52 —2 -, LTCa®PiD
ERE, ALPEM R X OFEBCHERNERE, OC
P2 R JISE L7z, DC BTkt oBiER Y
~3 Ca & Pl 0EREE I BHR, CABERL DI 4B
DA RERH N L7 28, Cd 58w s\ T3, Ca, Pi
IR R U CEE %R L7 (Fig. 4).

BFHFMRECRELEFHMROEEERTE IS
ALP {EHERRIE LIcFER, SREE DC WHTEHEMR OB
KEH T4 Brer — 27 %R L. CAEEHODCH
ALP HEMHIBEE 3 ~ 5 BOM, B X Y FEIE
Ao Fe Dy 6 BRI I FRBE O IR HEE LR WERR L
(Fig. 5).

DCAHATHLL AR I 0C0BLXAET S &, X
JERE T 5 BB B BN L 7 28 Cd # 53 Tz OC
DEBITE L I & hic(Fig. 6). 20 OCEEAED
RERFIZAL 1245 12 P1 0B EE ORRNZEL & BT L T

Fig. 3. Light micrographs of cross sections of the
diffusion chambers containing control bone
marrow (a) and Cd-treated bone morrow (b)
with DBM 5 weeks after implantation
(hematoxylin and eosin staining, x 100).

At the top of the newly formed bone, the
surface is in close contact with the Millipore
membrane filter. Bone together with
osteocytic lacunae (B) is clearly seen in close
proximity to the membrane filter, and carti-
lage. (C) is found toward the center of the
DC.

M, indicates DBM.

[PAYAN

4. DC AF LB O BEEEHHED mRNA DRH,

CaFE5mD 7 v b BEiMia X 5 DC WEHBILR
BRI LTSS hTw 5 & &R, £
BT TS - 7o DT X iz DC WO BHEERIC KT 5
BHREBRABEOBRETRACKT % CdoFPBEHREL
7o

Bl 5 SR 22 TR DC P A L4
RNA 5ug %7 #u— 25 VEKKEHK, P T
L#5 v P OCKLOOP cDNA® 7 r—7E 1T/
FrvrevFa VIETHHLEBEOF -S5O F ST
A% Fig. 7R L.

1.5kb ofizfBiz OP mRNA ® v F & LT %P 0&E
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Fig. 4. Calcium and phosphorus concentration in
diffusion chambers explanted 3 to 6 weeks
after implantation. Results are expressed as
mean+SEM from 8 or 9 DCs implanted with
control (open bars) or Cd-treated (hatched
bars) bone marrow cells and DBM.
Astarisks indicate significant differences
between control and Cd-treated bone mar-
row. Ck*p<0.01; *p<0.05)

BHRD b, Cd B EREORBE IR TR
BVWORERE S > 7 FARE XA L2 H2Cd
#EFHEDC WD OC mRNA DRBERR TS 7/ F A0
B RBEIC AR TE L 880 7o, Cd B 558 & 1 REE
23815 OC mRNA OFEHEDOHEIZOCEELEDH
BRI T, ik, BRLTWiWaIBIET %
BiOX BEED BRI DA T OP %X 0'0C ® mRNA @
FEARRDONTHMREL LTH -T2 5V
mRNA OZNRFEB L T iz,

5. Insitu ~A 7V XA X - av

B 5 B D DC WM A1, DIG #:# RNA 7' =
—7E2BWTCIn situ ~1 7V ¥4 €— a3 vE(SH
B HFT o te. WBFIC U Cd iR R L - B a2 6

6
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Fig. 5. Alkaline phosphatase activity within diffu-
sion chamber implants.
Results are expressed as mean + SEM from
8 or 9 DC implants for the control (open
bars) or Cd-treated (hatched bars) bone
marrow cells and DBM.
Astarisks indicate significant difference
between the two groups (% #*p<0.01;
%*p<0.05).
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Fig. 6. Osteocalcin concentration in diffusion cham-

ber implants.

Each data represents the mean and SEM of
duplicate RIAs from 8 or 9 implants for the
control (open bars) or Cd-treated Chatched
bars) bone marrow cells and DBM.

Astarisks indicate significant difference
between the two groups. (k% %p<0.001;
*p<0.05)
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Fig. 7. Northern blot analysis of osteocalcin and osteopontin mRNA

in DC at 5 weeks after implantation. Total RNA (5ug) was
loaded on each lane. RNA transferred to a nylon filter was
hybridized with **P-labeled 0.36 and 0.70 kbp cDNA for rat
osteocalcin and osteopontin, respectively, and the duration of
autoradiographic exposure was 48h. The mRNA levels of rat
B-actin was shown to normalize the amount of RNA.

AL CdEEFH T OC mRNA © v 77+ L EREDD
oot (Fig. 8). A 454 7avier—niLTeyV
ARNA 7o —7%FER L ISHBR TRy 7 F I3,
HIhiholeZ LEHERLEEGEEIAREBH). OC
mRNA @*_/7‘7'1»01; VIV VBT HEESITIIE
{, ZOTHOBRKEMEETS R I hic. BiE6E
Bicie s X REE D DC AHTEB YA © ISH BRIz
T, OC mRNA D 7 FA2VEHIECii < Bed bt
(Fig. 8 ¢).

% =

THET, in vitro DEHRERICRT B Cd DEEE
BlzonwTHREPERLITE . ThbofibEr i L
HHECAIE=2 T -y VERKETAERTHH TR
Y OKBILERDRL) St F v 8 — € RHE LD,
ALP EHEDETRE|ZR T2 &b, Cd B
FcE R LTRSS RITELTVA. L
L, BESRD in vitro OEEER TIREFMIAL T CIoERE
LC\wabicsd, BFEME~DSLERIRFS Cd DfE
FF OB IEECh - . FEMEFE, BKE
EHEOBMEEEh5EFERTFREC I D BB

*HET LML 5 5 RoLEZEERM O FELE L
BT\, BEDohi et al d7 v MEHMAL
DBM%#HAL#T 4 ba—Cavd vy v A—=DOW
CTEEMRAEFRRAS L CEESR AT A Z &
% OC mRNA OFHic X » I L7210,

ABFFRILE D in vivo ILE IRV < CORHEE
F ARG L T, Cd BB FH MR BF M~ D58
B oW TR, B, I OEEREEAED
BETFRAOBA»OERET b THS.

Cd #5812 o\~Tid Sugihira et a/?®® Cd DEFEH
SEBRC#ETC, 750 ug/kg REOREGE T 4 BREESE
BE LY, BRCEBENRE2L{RDT, BED
WMED L —FH LT\ 2D X5 I, BEEOHBE L I\
EEED CdBRERBTH-7eh, BRI T 3.2 ug/g
D Cd DEBEIED B, i, mFEFTO 5ng/ml D
#1600 fEDEETH o .

Cd BMERIER DA Eh % LFECBEcESBO®
FEEABLLCAZ T A x4 V(MDD AFEIh Cd-
FAFAVELTERENDZ BB TV, Cd
~FFF A VOB THEL MR ATKHEL, 825 F
HA~bR UV TREINWERIhDEELBRT
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Fig. 8. In situ hybridization for osteocalcin mRNA in DC implants 5(a, b) and 6(c, d) weeks
after implantation. Section were incubated with DIG-UTP-labelled antisense (posi-
tive) RNA transcripts. Binding of AP-conjugated anti-DIG-antibody followed by
reaction with AP substrate solution generated a purplc coloration in positively
expressing cells.

Control sections, (a, ¢ :

Cd-treated sections, (b, d).

B, bone ; M, DBM ; F. membrane filter.
Original magnification (x 200).
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. Lal, EELOMETIEMT mRNA 23
FELE G TR BHCORAL TR L, BFHEKTS
Cd DE#EE MT OFEERL T 5 Z ERHEEIh
5.

ZoX5 i CAEBREHMREEALLDCIRE\T
BIEFMBEOBREDELER s Ech B Ca, Pi0ER
E, ALP iEl:, B RNEAE OC 0 E Y HIE
FTHZEL - T BEMEARE S L. Ca & P
DOYZE B IR F, XBE O Z ik LT 30 %~60
U THote. BDIF T VERBRS OB EA1 F e
Fr784 HADOEHRTH Y, Ca/P bk
1.67TH%. DCAHAD Ca & Pi DRBHH B EARTL
7854, Ca/P A2 0.4~1.2 & 7o b HIREIIC Ca 1%
BEEEORBTD - . IB#H D Ca/P =ik
1.6~2.3 £ &<, ZThiXEETHD HADELH1.67
ZEET5dDTHo .

BEMBIC R 5 &% Pl 08 13 ALP B M K E
THEZABKE. Cd#EH DC » ALP {EHE TR
WP EEERL, £ORE P 0BRELEL Ca 0
Bbrhictdbino TEM ok Ca P oir@EEzm
B o Ca?t & PO DA A VIEL.25X107 S M2 &3 5%
ML THEIL TWBId b b3 Ca/P =t
INEWDT HA OfERILICZESTRE A KALE5]
S LTWAREMED D 5.

FARTAANY VOO, BOHFE=5 — ¥ vHEHAE
D15 %% EDHGTFRELN0DE 2 3 v KIKFERER
BThHH®, BHFEMETERIhWTEEEFCILEh
FDBb, ~AFrFo724(HA)LBECESL
THEELTW52%, FFELERIC R T OC o HEHI
BRALDF| X &1cic s Dp, MICHKLH OC KB DT
SR BDONRETH B, DCAHBEBRICE T
Ca, P OEBEROBEREN 7eBEhn & WAT LT OC L7
CHBRD. L2l Cd#EE5#ED OC AR E Xk BRIt
LTELIEL, BAVSATEES M CAdEBRNE
B O BHRELZIH L TW b EERLTW5.

Eas—rUHBEREEAEA AT+ RV F v (OP)
12.0C & AKEFMATER S 55 FEH 44.000 D
YTVBERY VEBEEABTH Y, Arg-Gly-Asp ®
73 BRAIRETAZE LY, MA0EEEELED
HA LHEEICEA L T2, Ch b o0 FHEE
HEXEMYR COEELMIERL ), ThboBETHR
Biext 35 Cd oE% iRt T5 2 Ltk - T, BHEM
B2 B~ OSBRI 15 Cd DfEREEF A
LN EFE 2 b,

¥V T ey T a v ookER, DC A 4E D OP

wm &,

mRNA ORFLCAdBEFHTORE A BEE L K &
TeZidind, ML IBMIBRL W LTHB0C
mRNA G CAFEEH TR EAERBE L CWiho i
(Fig. D).

7 v P RFOBEEESEFMROSRRIC IV CHEE
HE®H2S 825 — %o mRNAZ, %L TALP
mRNA BB I h oWt HEN T OP, & OC 2
REINTLBEFE %, Owenetal 2D X 51E
TEBGER T ORBME ORBLIRIETLis < Lo R
ERET5 I 5HHMIhT 5B EHEL TW5%, OP
HOC XYW LEGKIcRB T2z L, REMRTD
FEL, HEBREREMENC LEBRTB L, AERK
KT DB 5 BHED OP 0 XKBE 1IXBH & Cd B 55
THEVENRRLSEBE LS o0 THALS. £LT,
PALDEARERBEF M THBE Eh % OC ©» mRNA
L CAdBERH DC TlzE A EEBERRED D iz o .
ZOFERD L OCEABENFEE L Ieh - ek Cdic
I A2EAEGHOHE TR, BEEEOMFIcI B L
Exbhb, ¥ OP & OC D= 2DREHEIZH T
ML TCHRBEL VB EEBELRS.

BB OEERI O RIETMLEHL LT HFETH S
insitu ~A 7V &4 €—a v(ASHER, BEMOKEE
Te—FLLTATA N H T RACEE A<M
BB ETAM 7Y v FEBHREE, Hicf« offifac
K5 ERGFOBEREOBRHIZE S ISH ST
519, ISH ¥k, BEMCRYyYyv I rs s vk 7
Fv T eF 4 v IEERECEROAM 7Y v FUREY
FIB LIBEREETH B0, BENBBROBELME« D
v XA THLAETES EWHFIEERE TS, T4 2
F vy = v (DIG) a7 b ol S hic B BL &4 T,
&L DIG T L7 DNA, RNA 7 v — 7% e
DIG #ifsch 3 2 FE B MR ISH ¥ 03B R S h
7220, 32132 0 DIG RNA 7= — 7 &{EHL L 7o. RNA
7 m— 7B D F\v b RNase BAIK X 5 5 RICER %
HET AN, ~4 7V FAL¥—> a v RNase LHEIZ X
D IRRANEE X W/ TE, ~1 7Y v F(RNA-RNA)
R OMIMNDNARNA ~4 7Y » FX DI, BL
WS T ORI & 7 b SRR G DBREN T E e
AER TV ARNA v — 75T WBDTER
HOBE B2V b r— AR E LR,

SmEOHEFBE TR ISH #ic X 5 DC . OC mRNA D3
Bk /v 7 ey v 7 HoEE LA #Eo Cd
BB L IdlEht.

B EofER, Cd 330 B MR B\ CREERE M
DEIFHIEA~ D 516 % B U e B RAC A O & BE 75
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EEMHE LTV BZ E2TRBLTV5. ARRIIHED
Cd B0 B R B\ CEEMAED b O BIFMEa~
DG EIHEIL T\ 5 2 EEBGTF VL THDTHL
ZlcdbDThs.

& A

CAdi X 5 BEEOEFXHLMTTHD, #n vivo
ERBERET N, T4 ea—Tavsy v 1—(D0O)
BHEEYIGALT CIEES v M EoM DB
~0&5tE, Ca, Pi DERE, ALP &, BEEEAE
F AT Ay V(OO BEENFEN~ —» —DHERR,
OC DEETHRBRENOHL, LToMHRIE L.

1. Cd#5 7 » + BHMilREHA L DC T, BiE
6 B% T LN BRI T X M b B krned
BEREHMREND I Te.

2. Cd @ZEB&#Miao DC CiBE oK ¥~7 Ca
2 P oEFEIMEL, ALP EHMELBHEHM 2o
— I RRT LR, EV_ATHD, BIE6 BB L
LU CRBH DC OFHEE S e, ¥ B iRy
HEABTHSH OC DERBIERIIEL, ZoOHBIX
Ca X P 0EEEOERFEL L WITL T,

3. JFVITmy T4 VIS WERES BRO
DC WEMRICE\ T, BEEEABEA AT ARV FV
(OP)®» mRNA DFHix Cd #5580 DC TRRE
DD, Cd#ERF, WNBFEELD 7 FAME IR 2
—HRELBEFMETRE I 5 OC mRNA 0RE
B3 Cd #5FC, EECET L.

In situ ~4 7V XA € - a VEOKRN TS, Cd#E
530 DC CHBHEBEHIZE TS OC mRNA oFHED
ET2RRD bR,

oz &t CdBEBBHMEICE S in vivo ®
DC BT DK T B &Ml o K5 LEAZEM B 0 & 2F
fifa~oS{boEhicEBR L Tk, HBFMEDORK
BB T % L 3h b OC BETFOEBEFEEDE T2
BHREMHI LT3 2 ERB LM T

(AR OEF I, 1993 48 63 B B A AEFEEBE IS
WTHREL.)

Rakxpehich, HEE, HRMEEY £ Lk
HBIEBE R E R s MB BT 5 L &b, HKE,

HENE 25 D & Lic B LEREM R MBS bR
S B EEENIECEBC RN LE T, SHRE

B, 5, HERGEE T LR TR I
SEBITLET. I, FWRETOCHIY SRR
BEXEX F LARIUBERBAE, W2R3EmR
BR#E%, BWHBIFRERE At AREEFEEE
RO CEHOBERL T
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