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Effect of Cyclosporin A on Bone Metabolism in Rat Long Bone.

Chie WADA

Abstract . Cyclosporin A (CsA) is used as an immunosuppressive agent and its one of prominent
side effects is an induction of osteoporosis. The purpose of this study was to investigate the effect of
CsA on bone metabolism to elucidate the mechanisms of CsA-induced osteoporosis. Fifteen-day-
old rats were fed a powdered-diet containing or lacking CsA for 8 to 30 days. On days 8, 16 and 30,
tibiae, bone marrows, and plasma were collected for morphological and biochemical assays. During
experimental periods, there was no influence of CsA on the full length of tibia and body weight.
Three dimensional micro CT analysis revealed that the three dimensional trabecular bone volume of
proximal tibia treated with CsA was not changed on day & but it was decreased on days 16 and 30
showing osteoporotic bone resorption. Histological analysis from decalcified section revealed that the
volume of bone was decreased by CsA on days 16 and 30 whereas no change on day 8. On day 16, the
number of osteoclasts and osteoblasts in CsA-treated rats were significantly increased than that in the
controls. Plasma calcium level was normally maintained during experimental periods in both groups.
Plasma parathyroid hormone (PTH) and osteocalcin (OCN) levels in CsA-treated rats were increased
on day 8 and the levels were decreased to the control levels on days 16 and 30. Northern blot analysis
using bone marrow cells revealed that the CsA-treated group showed the increased mRNA levels of
OCN, OPN, and cathepsin K on day 8. On day 16, no significant differences of these mRNA levels
were observed between CsA-treated and the control groups. The elevation of the parameters on day
8 may possibly reflect the functional increase of bone metabolism in rat long bones, followed by the
appearance of bone resorption on day 16. These findings suggest that bone resorption observed in
CsA-treated rats is a result of high turnover of bone metabolism and that the active bone remodeling
may be induced by the elevation of plasma PTH.
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TANED D B Z &b EMFREEHBEOREILEL R
BIZLTWAERO—2THBEELOND,

CSADBIIK T HHBERNIHRIILE HEL
NTVv 5, Stewart 50 (X B FIRE AV E > (PTH),
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BENTEETH S, RBFFETIE, E6IKT7 Y MNREOHK
IREMMSE R 2R L, BREEREE OB
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BFEHMBECBIT 2 EABEERE OCN, T AT 4N
vF v (OPN), BIUBERBHEERZEIT TV VKD
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EERBIY & L CI5H Bk Fischer 344 7 v + (H&
Fr—)y XY=, KIK) 0EE A\, €D 130
Vi 3 RICEREERITE L VERBEHEIC, 30X
MEEALZEAATIC, 2008/ —F v 7ay MaFIcER
L 72 CsA i Novartis Pharma AG #1 (Basel, Switzerland)
LYfE5EN, Ty FOFEFEBIURRICOWTIE,
CsA ¥ 5813, FAF BB#I0H H i CsA 450 mg/kg
B IR LR S A 2y b No.2000 (H
Rr7V7F7, KR CTHEFL, Z0H%I13 CsA 200
mgkg AR LD DEE 2722, sHEBES M=y b
No.20000 A THE L, AEMK®S, 16, 30HH Iz —
FVBITR YT —VaHAnTTy P2 REFLSE,
CsABRSBEBIUWERES v VOEER, KEEEH, I

R ENRENRRR LT,

2. UCTIC & B 3 R EREERET
HERBH%S, 16, 30HE D CsAHRSHB L UHE
BT v M30DE (HEEISIE © 5EX 3EBRA) L AR
EEFEL, 4% 7 VATVFER (FHFA4F
A7, BH) CCEEEITo%e ROTTum DER%
&5 uCT (Model MIF-100; HY. X 71 2, ER) %
AWT, REEGIOWMBHRE 217072, BoN22 R
TCERIE, EE#ETY 7 & (TRU3D-BON; 7 by 2 ¥
ATFALIY =T 7, BR) RAWT, K7Ly
A4 X14 um, FREE1280X 1024EFEICT 3 RTEZ L L
TEBELL, BEOERI2RTESZLTHE L2
SRILERBEEMATICHEL, BEOELMEHL )2.5 mm
DB ZEEN (A &L, 53mm OFEZF T4 um
DEMMBIET, SE20IKOMBHRE 21T -0, HESL
B, BLEMABEOBMICBRFLZIV N IAMNERSLT:
DIZ50kV, 100 pA ICBRE Lz, N9 A5 -2 LTH
¥ 72 h) O E E  Bone volume/Tissue volume [BV/TV
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(3D)], B W&  Trabecular Thickness (Tb. Th), B &R
Trabecular Separation (Tb. Sp) % F\ 7z,

3. BT A &2 B 2B aEETR
FERBES, 16, 30H B CsA #5838 L U
BES v P30 (KEEISPC . 5PCX 3EBRH) XV AMH
REEZHHEL, RHEBOKRER, 4% 7+ VA7T
Ve FCEZ 2T 272, RWT, HH EDTA 10%%&
WICTIRIR (4 C) T20HMOBRIKBIEELIT o 7254,
I¥ 7= VBAKREIERT, X574 VIZGE LT,
Flaf&, v—%1Y—3270 b—24 (Model HM 360;
MICROM INTERNATIONAL GmbH, Walldorf, Germany)
FHVWCTum ELOBRIRE R 2 ER L 2%, B
B BET L0 ICEABRKNERE 7+ X7 7
& —¥ (TRAP) REEIT\V, EHIIIA T —DAT b
FyYUTHEReTEL, BFEEME (Microphoto
V series ; VFD, Nikon, RK) T TEHE L 72, SHHE
FIIREELE O ZREBERE, THRLERRRL Y E
M12mm 2520 mm ODEOREE2EE 2 WEkg & L
7oo WEMBIZOWTIE, BRREICHEET 5 TRAP
BHEOSEMROKELEHE L, BFMRICOW T,
BEREWICEST AL FROMEEZFHEL 2, R
T, Scto HDFER L TEBRD -V OBHREE
Bone volume/Tissue volume [BV/TV (2D)], B &ZFE
HEZH720 OB EMAEZE . Number of Osteoclast/Bone
Surface (N. Oc/BS), B & & 3F #ll B2 £% . Number of
Osteoblast/Bone Surface (N. Ob/BS) % &M L7z,
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FE A% S, 16, 30HH D CsABSH B LU
B v N30T (FFEISIE: 58 X 3EBRH) KAV T H —~
VB % HE UBEERREIIR & 0 MR % FRE L7z, MBS ER
M (A% ¥/ MEESBERIAY) FIZTHAICRE S
723000 rppm T205-fE-L L, MEEZEIXL 7z, IfL
WAV RNBEEIAFVEFI L) — VT V— (MXB
B) cEIwiEy b (AVYIAE—FAPTI—
MAFETE, KR) THVWCHIEL:, Thbh, Fv
M B OFREWI000 wl (2t L CIEEY > 7° 0 %50 wl N
RATHFIRAE LB, MXB 2aGRExE %500 ul
WML THB S, 610 mm IS THRLEERE L7z, M
MPTHERE, M OCNERE L, ELISAEIRES W
¥v b BIOTRAK 7Vt A VAFLYY—=XFv b,
Amersham Biosciences, Piscataway, NJ, USA) % B\ Tl
E L7z, MEE OCN BEDHEIE T, HLJ v b Gla-OCN
B —F4 7 V= Sy gL M T,
FRT1IRERID S, HBOESEHRER T 3 EHkE
L72%%, HRPZ#HI T v b OCN HAEEIE %100 wl 1%
T, BRETIBEREEE7, 3E¥EER, T hIAF
WAV EBEBRALKEKRD S % 5 EEBE (TMB £
E) #100 WMz TERTISSERG &€ INRET

Rz &R &4, 450 nm W CRGBEZ BIE L7, M58
PTHREOHIETIE, i v P PTHIMEZI—F 4 V7
7L — b IZ plate reagent #50 ul N2 728, > 7%
100 Wiz <, BRT2HERIES 2, FEOEEH
RER TS EIRER, A FVERRS v PTHIA
BEZI00 Wz, EBETIRBRSESE, 5Mk%
%, ¥V IMMBOBEIFEVFFVF—EEL AL
V7 N7 EY Y OREAEEDIS RS AMDEX™ % 100 ul I
2, 30MRIL & €7, 5 EMEERE, TMB FEE %100 pl
Iz CERTOHEEE S, 02 MHEBTRIGZ&1E
€721, 450nm WS TIREEZBIE L7,

5. /—=¥>r7J0Oy bR
KEEEERMEICB T 2 EAHEEES D mRNA %
BERANLEDIL, /—Fr7ay VolEiTor, B
ERAOEEL LTEEEEHTHSH OCN & OPN %,
BRIGROEE L L CERINREICHE SN BESHRE
EWT TV VKERY, FRENO mRNA BE%E
Too HBEEMBHS, 16HE D CsAHRSHS L U RE
S v h20UL (BBEIOMC : 5PLX 2 EERH) L) KBEEE
Bi% RNA W% (TRIZOL®; f ¥ htuP 2y, B
) BiL79vvar7ybhl, FFVFAF-2HNT
MR Z R L7s AT, BIEICHEW total RNA % 2B L,
FO—E (5pg) £ 2MALVLAT VT FE4E12%
THA—= ATV E AW BRIKETHE Lk, =5
Y ATHTA FTHRE L, RWT, 105BE D SSPE
[150 mM NaCl, 1 mM EDTA, 10mM V) ~ BR #% & W
(pH74)] V¥ ¥5) =70y T4 X FEIT
Hybond N* 74 2 X 7L (Amersham Biosciences)
WKHE L, TVAVEER, TVNAT) T E—
Ya vk 4ARHITY, BRHEBEEEZEE D DNA KA %
(2P] TiE#%E (HIEM 1 X 10° cpm/pg), i cDNA
A EHAWCLREBNST)FAE—-2a v Efioln
% B, % DNA WK OE#IZ [a3?P]-dCTP &£ TV ¥ 4
TS5 4<% —DNASNY Y F¥y b (EEE T %
HAwliTole TUNATYFAL X = areng T
FA4¥—avix, 50%FNVATIF, 10X SSPE, 5
X Denhardt #, 0.5% SDS, 200 ug/ml ¥ 7 #&F DNA %
E442 COBWF TIT o720 ZDWHB, AV TV V%2
X SSPE, 0.1% SDS 2 &L CTEIR T 2 EW%EL,
52 COFMETTES I 2@EE LB, 1 2=V
FTV— P EHEWC3HEEY - VXTI 74— %
FTole BONLNYFOFU Y MA M) v 7451,
BAS-2000l £ X = V4V AT L (BL7 14 )Vva, ER)
ZHAWVWTITo/2, DNA 70— 7|2id, PCREW 2 RE
L7zb D% HV 7z, PCR KIS TOEF DTS T A

T -% 1%)% L7,
OCN 5" 79 4 < — . 5-ATGAGGACCCTCTCTCTGCTC-
3

OCN 3 77 4 ¥ — | 5-GTGGTGCCATAGATGCGCTTG-
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3
OPN 5 7'F 4 ¥ — . 5~ATGGACGATGATGACGACG-3'
OPN 3 77 4 ¥— . 5-GGCTTCTCGGCACTATCGA-3'
AT T KS T4 ~— . 5-CAGTGTGGTTCCTGTIT
GGG-3

AT TV VKIS T4~ . 5-ACATCTTGGGGAAGC
TGGC-3’

%P, NEBELE L L TH V72 glyceraldehyde-3-phospha
te dehydrogenase (G3PDH) @7 F 4 < —i%, Clontech
(Palo Alto, CA, USA) X WA L7z, BEILEN7z&N
¥ Fid G3PDH (X3 ¥ AHxME L L TFRRL, WEED
fEE100& L7z,
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CsSATGHEB L UOWBRTRON - BENDEEERE
13 unpaired t-test 125 o TV, fEBRER 5 % LLTF (p < 0.05)
THEZD ) LHE L,
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1. PCTIC & B 3 R RIS ERFT
H1AKRT LI, EBREET, CsARSHE (4,

e, ), WBEE (a, b, ¢) EJIRBOBEIRD L,
HEDEENESIISHEOES LIEN, ML DY
LAMEICHBUT W, T/, ERIMZECTHEOK
BORSAEEZIRDOON -7 (K1B)e —7H,
CSABREHOAKEDMEH L BBEL TAEREIRD S
Nihrolz (H1C)e lEDREDS CsA ITARFEER
Sy FORBICHELEZ ozl EARENT, R
12, BEBELEO 3RTEEHEZK 2A IR T . CsAKS
HOREOFEIZ, 8HE () TIEINEEE (@) X
TEALZ D - 725, CsA ¥ 5-B141216,30A B (e,
£) TIIFERE (b, ¢) ICHRTTREREEIEL L
B L, BREEOMENL, SEBIEEINIz, K2
BIZIRT &9 IC, BEELED 3 RITE BB % 1T
J L, CGA#516H LR, &kS5HOEMREE [BV/TV
(3D)] WXBEICHTHEEBECES L (a). BRIE
(Tb. Th) 1% CsA %516 H B ICA B 2RO 5 (b),
BREB (Tb. Sp) 1 CsA #%5-16HHE £30HH THEI
WL () LEOBERID, v FIZCsA 2O
BE5T 2L, #E516H B LR CREE T LI R E 2
WINEND Z LA 3 RITEERB L UVERERMED HR S
n,.
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B REELEICBITS IRTHEED/ST A — ¥ 2L b EENRIT. SR

[BV/TV (3D)] (a), B :Tb.Th (b), HFEEME :Tb. Sp (¢) 2R To 7¥— ¥ I FEHHE+IEEFETH D,
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TRAP 48 % 47 o 72 IR E LU B O b2 MR 5 0 55
WARGBEEE3 AL, BIEAKEEZE3 BIKEREIRT,
M3 AKRT L), CARE 8 HE (d) TlIxtHEE (a)

CHRTHBELZEZZRD SR d o725, CsA H516H
BIURE (e, £ Tid, stHEE (b, o) &WTIXRiEH
FIIZHL L BERDIRD LN, Td OMRkE
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3 BIKEIR ONFIEMSFESE (TRAP fef) & BREEHE
A B R RO ARG, BB SHE (a3, d), 1I6HE (b, e), 30BE (c, f) OXFEEE (a, b, c)
L CsATREEE (d, e, ) #R"To (VS— © 1mm)o GPC . growth plate cartilage (BiE#ER). BMC :
bone marrow cavity (BRERE) . ZREBMEEFE (KH). B K3 ADBILKELRT . BFEEEICII,
TRAP % 2 S BORE VR EMAL (5EN) & HBIMICEST 2 L R0 BFMIE (KE) 77
£$5H (N—1100um), C : #MHERE : [BV/TV (2D)] (a), BEMAES I N.Oc/BS (b), B
¥ N.Ob/BS (c) 2RT, 77— & I PHHE+HEERETH S, (n=5, *p<0.05)
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FERGBSHE, 16HEH, 30HB DR L CsAHRSBHOMBEI VT 7 LEE (A) % MXBIEIZT,
M4 PTHEE (B) & I OCNEE (C) # ELISA EICTHIE LR 2 RY, F— % 3F

YELIERREZETH S, (n=5, *p<0.05)

(2D)] ¥ CsA ¥ 5-16H B T BED50% 12, 30HEH T
24%12F THA LTz (K3 C-a), 512, MILK
("3 B) THETS L, KB EOERERT LI
TRAP B CE OB EHIlE & B8 O |05 3FHia
DEEIFHERTE, ZOBITCAKRE16HH (e) TH
BICED 5Nz, B3 C-bICRT X912, BBk
(N. Oc/BS) 1 CsA #5160 H CxB#HOM 2 FEOME*
RLTW, LA L7%DS, CsA#%530H H TS
FEBUIXTBRRE & FIBM LEZ R L T ice FAERDOER A
BIMMAEE (N.Ob/BS) 1B bh, CsAH%G16HHE
T, ZOBFBENHIAELZRLTEY, 30BET
BFEEOELZRLTW (K3 C-c)o

3. MEEED

MmiEH N LgER, ERIAMZEL TCARKRS
BEOBELDICEFRREIREIATWA(H4A) Ty
FOMAEPTHIEEWR, v I CARHZETAI &I
IOHE58HETHAKBICEITERLTEBY, UERzEFo
BEIBRLACELL, CsA#516HEB L UB0HET
EXEBELFAEOEERL TN (M4 B), MiEFD
OCNEE D PTHIERE LA, CAHZEG8HBEICBWT
SHRBICHERTHERICBEVWELZRLTBY (ML),
DA L, CsA #516HH B L U300 H CIEMEO
MicEBEEZRO o7z (H4C)o

4. KBRBEBEMAZICH TS OCN, OPN, 577>
K @ mRNA 337

M4 PTH B & OCN BEICEBEORD bz CsA

®’58HHEE, Z2%R0hho216HEDOKEEEFH

#ila % VT OCN, OPN BLU'% 7 73 ¥ K @ mRNA

BEIZOWT —FrT0y V3% Fo 720 OCN &

OPN i BEBRFICEHALAL, #7577 ¥ K ITERI
RFICHEINIBASHBEECTH L, M5ACRTLED
IZ, OCN, OPN BX U777 ¥ K ® mRNA O ZH A
R —3T AAIBIZ, B—NY FORBDPFNENED
H#7z (OCN:06kb, OPN:15kb, #7722 K13
kb)o OCN ® mRNA FIHi: CsA 5 8 HHIZB W T
MREE L i L CH2505 9, OPN @ mRNA BHIZDOWT
BHISEORFE LA, R DO (I5B). LL%
A5 CsA# 5168 H Ti, OCN B X (F OPN o H ik
ITHREE L FRRDO LAV ETRT L, MEMICEEEITER
Do ol, BT TV KD mRNARRD BEE
EHDO mRNA B L FEBOKREZRL, CAKS 8 H
HCIZWIsHBERRATER L2, #5160 H TIZm#EE
EDERDETH Y FEEIRDON 2 h o7,

% &

AW T, CsA FRUBFRENOREMFHL BHL L
T, CsA FRUWAMBEETVOT Y PEHAWTEE
B OB ATV, BHNLERTEL L TucT 2 HH
L7zo uCT (368l 72 B RHEE BT 2 DICHH =1
22 TH Y, Ishijima 52 R Laib 52 (X, OPN ./ v 7 7
7MY ARHBEREHBEET IV (OVXETIV) I
BT 5B OHEENEEIC uCT % H W TEEERB X
UCEEEZAITV, uCT PAERBHRICENRTE I LR
EIFLTWE, AMETE, 20Ty bEFVICA
BREBRINOREA I = XL ENT L0068
LEBRRTHEIEEZ uCT WP H/E 2 EATET,
Mz T, ERO—BHLFETH 5 MBEFOHEN /T
bz, BRHMECTOERHEERL D mRNA R
ERANRLZLIZE ST, CAPBREICRITTHBELE
B L BRI 2 & 04T L7z,
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OCN
OPN

cathepsin K

G3PDH
CsA -+ -+
days 8 16

X5 FAHEEEEFDO, —Fr7ay M
A FIEHKSHEBIUIGHES v FOK
BE& B BEMM BT 5 OCN, OPN, &7 7
VKD mRNA BHIZOWT /) —F 7
v MM ET o REROREN B RT,
B . £EETFOREE%® GIPDH ORHET
WMIEL, SHREZ1008 LTEERIT o 7
Ty T FYELEEFETH 5, (n=5,
*p <0.05)

MR OERIC DM Z B E LT CsA &
CRBIHF 2 HESEIN TS BETIE, CADIRA
Bth6 —1220° A ORICEHICEENRD L, B
Mz EeEFMENTNEY, —F, v MICA %5
Z12%E, b b EERICEAH R OB ERRE S5
THLOHMENDH LD, KR TIE CsAZEESH%, B
HOBRBCTREICEEOBEREIF| &R ENLZ L
BRENTz, PTH X & b DB B O 55 BICH:E
THEBERFO—DOTHAELEDLNTHY, Compston
5% 4%, FEMEE1 — 2 »A oIl PTH L~V
FECERLAZEERL, Giamini 52 13, BHHHE
WA PTHEENS LR L2 2HELTWE, &5
2, PTHORENS CGARGIZL 2 5RBICHEET 52
£ EBE T AHESBFRREL T v P EHWTT
DTV DH, CsA FRUEBRNDOFIERA 1 =X AI1TB
175 PTH O ENIHBEIC SN TV R WA, BEEREEN
Zei, BANY Y LAERE 2Ty VERIET VT
X, BRINASET S L) HIEFICRVER CIILE PTH
BEFERT IR, ZOWZETIE, KHIVYT2E8E5
ZBHEMpPH N T NBEFRS UER, BHE»S
AN T LFZBET 5720 B OBRRE T PTH 255k
ENzdbDEEZLN, THLRAINY T APHBF I N
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