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BMP; Bone morphogenetic protein
BGP; Bone gla protein
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Runxl; runt related transcription factor 1
Runx2; runt related transcription factor 2
So0x9; SRY-box containing gene 9
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BRI, BER OERRIIME AT T4/ S LT, B L BOBBAFE, M
HZRIEMEA 5 2 TS (1], BIETRE TR 2 %DBeEHila & 98% ORISR (BCM)
THER SN TS, BB OBIMER OVERERIUE L, SEMISIZ L e 7 e VK
QRay Raf FURBREOT ) avI ) 7Y Ay GAG), 27— 7R EEM &
RIBOEEIZE > THERF SN TND, T7bb, BEEEITHET 28BS E
WREE EOM AREBEAT 5 T Lid, EEHEROMERRTRD TEETH 5 (2],

EEBEEECEL, FRAZEBIEEEH L Q05 BIHECHE U BeRfE 2 K
THEBIL, RERREMESEEEESI L T\5, EEO THOHEEIL, B
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DSHEESI L, BBAZR L T\ 5, BE LT 2R TEOEBIL. FRHE &L
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S, BATEDELI. FRRUSYORE, AN=TNVA MV RIRE #ix pER
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ElpoTn 3,
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EOM ORI L, Kie R BERMESANCBERECES LEX LN TWA[9], 04
DFERRT & LT, BIENER, B2 SOETEEE, BBEECHAOE T2 EN
WESNTOER, BB FIHER NERIESHEYL S TWRVOREIRTH S
[10], E7z. 0A DERNLREDDRIZBAFE ST TR, 08 BEDE L LT,
NSAIDS DAL, & 7 /v VEEEEST, B8l 0 fii7e & OSHEREIM T TV D DAERR
ThD, £DIzH, <O 0A BET, KEBEMERZBENE LT, EERKST
BTNy, ag—Fr av RalFr e, v T ACe) - <
TRV LM EIRE, WOAEAEREZEIRL TS, LaxL, ZiLbDnig
HREFERRORFEIRIUIH E N TH B [11-13],

PERE MBS, B S EERE I D40 U, SR BRI, A B
B, AER{VEREHIRAD M B AR T, AR(GECE & 72 0 BRI B S D BT
BRTH S [14], EERNIZINT, BFEARICHIA SN 52 OEEMBLE, AK{LER
BT B, —75. BIERE-CHERE R . — SO BRI TR B
FENERE O F EHERF SN D, BEREREHIRO S EHERFDOZE LA T = XN IR
MBI, B ROE OB, BET LV Tfx EE - BREVEEERT
(Lo TREEIZZITTERY .. Zibxir L. HlaEER S oGt s, &E
MR U5 A ST 5 [16-170,

FRE LT BT, b T a LRy Ra A F U R E D GAG ZPEA L, X
BRI E E MR 2RE Ao T 5 [18-21], Type D=7 —4 (Col2) I,
HERRA D T — 5 T BT RGERR OB B IR K ORER Lk BRI O
EFIEEEICHTE L. AR R BRI R OV TERR OB CIHRT 2 Z & v dE &S
TW5[22, 23], TAAY 74 AT 7 Z—¥ (ALP) 14, BB IARILT HRIOBERAIC
BT, EERER L TWEDZ MO TN A[24, 25], LTchso> T, ALP f&HED
B, BIER BRI~ DM LDfEE L L TRV bIVTY D, Matrix gla protein
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MGP) 13, EX I KARFFEDFRRREIC X o TR S OB e EE &
JETHDH[26], MGP 1T, MENEGIIROBIRE BV THBIESh T &
Db, RIRIGZES 5T 3 2 V0 HD—0Th b EEX LI TN 5 [27-29]1, Bone
gla protein (BGP) IXEHSRAEE L /U E T, BEMRKUEREROETIC
PO, HBINL, BEERHER T OOICEERZ VNV ETHD EEZLNTND
[30],
BCEHRIADEERE - 532 HifE D HE5ER T3, Bone morphogenetic protein (BMP)

B£< transforming growth factor beta (TGF- 8) 23 & < &1HIVTB [31], ZaLh TGF-
B/BWP 77 2 U —iX, MBECIET D L7 E—ICiEA ., EEREIEF D Snad
z) L, RERROBETORREHMETT 5(32-34], Smad21%, B - &KEF
FREFD—>Td % T6F- B D THUIFE L B O L2 ARET DEFERFO—> &
EZ BTV A[35], E72,Smad2 1L SRY-box containing gene 9 (Sox9) Rrunt related
transcription factor 2 Runx2) 2L &~7Tu ZEBEEFMTHZ LIZX Y. Soxd
R Runx2 D TFRICHFET 2HEREBETFORRLRETLLEZ LN TS
[36-38], Smadd I% U S L. &7z Smad2 R° Smad3 & ~T 2 ZEAEETIRL L, $ix s
BERFLMEERTDZ Lo T, MEOMEEHIBL TN DEEZLN TS
[39, 40], Sox9 1% Sox family (ZJBT HEEERFO—>T, MIERERHIIE LECEHH
Ja~DGHEDOFFE L | FERLERE NI~ D5 LD 2 ST 2 BB Fr R E R
EEZBNTWA[LT, 41, 42], runt related transcription factor 1 (Runxl) I
FERACEREIZREL L, NEE MBIV ERERERTFO—2 L EZ bt TVWA[43],
Runx2 (IEGREREICRE L, B~ OBV E LB RRIEERFO—Do L EX
LTS [44-46],

ERERIRER ATDCS (X, PEREMEB LB 27 /VMllakkE LT, BD
AEDHZHC BN THELL FHA SN T35 (47, 48], PEREMEELOBRRT, B~
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Figure 1. How does articular cartilage maintain the mature chondrocyte?



B1E MUY T ARUW TR T LHEEEEE IR ATDCS D%
EHIHEN R E 828 49)

Ca, Mg, V> (P IR CTHORELE LMWK TDEEIRTI VL THS([50],
FEANEHRCEEND Ca A A ARE & B OB RAGILERE T HlE S h T 5[50,
511, RIRDEEL, BEROSEF NS ND, DFED, NEEHEE LR T,
BOFFHL L TMET 2B L. BERECIE. DMERERE, FRE2 S, e
MEFFSN B HFITH B [62], BUEDEEMIRIL, BIRICEE~MEEd, ke o
BTt S s, REEEEICIN T, BEEERTZ L - THEsETL
TR BRI, ABRRAY Ca RROVP BEEDSHIC ERI A Z & T, BX{LEE a7 R

b= RDEAERN R S AR B S D FTREME) SR S T B (53, B4,
L728307C Ca - Mg - P i%, FRAEEREERT 2 EEIX TV THEN, MEDOHUIE
TABENE, ETEARRA DL,
1993 4E, Brown HIZ K- T, HFRIFREOMREmIC NV T LR T LES
% — (CaSR) MRIEX47z[55], CaSR IAEMAND Ca DIEEHEAHERFT Dl CEE
IREEEEEAR LT\ 5 [56], OE Y | BIFRRIRD CaSR 13, MHIEAND Ca A o ZG L,
HERAN S 7 AGE%- & T parathyroid hormone (PTH) O4WAEAL. HBES, Ca 32
BEAREILTWD, REDET, BICE, BB 8T MREOEZ OB
RBNT, CaBU VU T A= ALNFEL, MISD Ca A A 2L, HfEPIC
ERAEEL OB Z EBME SN TS [57-61], CaSR IZHIIESL Ca* <0 Mg® IR
ERETT D &L IVENELT D RS ERE STV B [62], S5IT, CaSR (FHREHE
OB FHBLL, EM ORRIUIZES LTV D RIREMASSRE ST (631, 7
76 Ca td, HESTFLRDIET TR BEESTTAGTFELTERTLZ LM
LML 2oTNE,



R O BFTRIRILIT, ERMEEEDO—RE 25 Z EBFEINTNAI5, 6,
64, F7z. BARMEEEORFTARIIL, FEAREEO—R L2252 LA®REENT
W5[65, 66, FEFFREOMER. Ca fEIEIINT 2 Mg OEIRELROETIL, O
REROERIEIERT5 Z LBREIN TS (67], 717 h—BETER~T R,
BRMEREORTTARILL, BELERMR L, Bt R ERTELET V=
URE L THRESNTNE[68], 7 7 MBI AR~ VRIYEPEEAEREED &,
O~ U AR OEGERPEH S5 Z LGS TN 5[69], 2 bORFERIL,
Ca, P, Mg DIEBULEIL, BFFARILORBED—RERDZEERELTND, L
L. PoMg OEERED, BIFHRE ORERIC S D L 2 BB 5.2 T ahik, RAR
KD,

o ld, FIDIT, BB ATDCS (23T, Miash Ca. P, Mg ASKE BEOM DAK
(b~ DR 5.2 B ATREIE ARGt LTz, E72. invivo IZB1T 5 P & Mg DR
REIZED & 5 1858 % 52 DHWET LT

% 18 AN T BJOMg HERERIROS T 5 % DR

HeE ECM DFRIKAIE, EM 30T DR 7Z2ER T3z < | SREHIlaZ T L7-RE
B2 TH B TREME A RRET L7, DVMEM/F12 BEMUTHE{l Ca 245 1 mM, 3 mM, 6
mf 9mf 12 md and 24 M ¥RONL, U VEEAVL D AOIRRSTER S N DIRE
P, BORER, 1 mM 23D 24 oM TXTO Ca JREEICIVT, DMEM/F12 B35
N2 Y VBRI T AORERITAE Ulghyo 7z (data not shown), & 52, 293T #
fa% 6 mM AL LS BRI LT DMEM/FL2 5 ¢ 7 AR L, 7V
vy FAR) Rk VT Ca ILEARTIE LTz, £ORER, 2937 #ilao ECQM (< Ca
UEIIIERL S #1727 272 (data not shown), ATDC5 (236U VT, #f@sh Ca 25, ATDCE
\ZHEBE T B 2 BECE RS LT, ATDCS DREEHIFICIKIEEEAS 1 M, 3 mM, 6 mM, 9
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mf, 12mM, ROV 24mM 725 K512 Ca ML, 3 ARRERE. MIT 7 viAf%
1Tolc, TORER, FERUICT N TOREIZISNT, ATDCS DHFEIC S 5.2 72
#3>7z(data not shown), THLHDFERAG, ATDC5 (23T, 6 mM Ca i, H5H
FOY AN T D TN B ATDCS OHFEICRE A 52 720
BETHD LT LTz, LTciio> T AFBRTIE 6 mM O Ca BE TERZIT -T2,

MRS\ Ca BOY Mg 3 ATDCS ODFRALADSHMEDIRETH 5 ALP TEHEIZE 2 B3
Bh | ALP Yeft i PV THRET L7z, DMEM/F12 B5HBARIZ Ca JHE L THH b LS T A
TARFR O Mg TRE LT b~ 7R & U A7KFI N L, @EREHO; 1 mM
Ca, 0.7 nM Mg). 7iCat5 (Ca; 6 M Ca, 0.7 mM Mg), 1 Mg BEHI (Mg 1 mM Ca,
4.2 tM Mg) & Ca/i Mg 35 (Ca/Mg; 6 mM Ca, 4.2 mM Mg) %AV \TATDCS &H5
#F LT, b BEEEE L7ct&, ALP JeaiiToTz, TORER. Hlash Ca KOMg I,
ATDC5 @ ALP FEMEIZ 8% 5-2 72735 7= (data not shown),

Wiz, MRSk Ca UNMg 23, ATDCS DFRRALIZE- % DEEH et LTz, ATDCS

% Ca K UOMg AV Z AT, 7 BEL 14 BRE. 21 BRE. 28 BfE&~ 858 L7
%, AR Yefa%AT\ N, RPKACEREZ R Uiz, ZDFER, Ca BEHICTHEE L7z ATDCS
Td. NEEHITRER L7Z ATDCS &Pl LT, 7 BRIRV 21 H BIZ Ca iEEE Sh
Tz, H53 28 AfE, Ca BEHICHER L7z ATDCS O Ca IAETERRIZ, N LHERL TR 5
AT LTz, Mg KON Ca/Mg CHE#E L72 ATDCS 13, 28 B RIDEEEEMIMF, Ca ik
EIHBEIN D072 Figure 2.4), F7o, H5E 28 AROMAN L BMEEEE
% Figure 2.BITR LIz, T OFERD D, ATDCS ASEASLEREHIARIZ S L)
1T LT BB ISV VT, Ca 13 ATDCS DARILA(RE L. Mg 1% Ca IZ X DAFK(LAEH
DI L ZHLINI LT,
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Figure 2. Effect of extracellular calcium and magnesium ions on mineralization of ATDCS cells.
ATDCS cells were plated at a density of 5% 10% cells/well in 24-well plates and cultured up to 28 days
in medium containing the normal ion concentrations or in that having other caleium and magnesium
concentrations. Every 7 days periods, parts of stained dishes were counted under a light microscope,
and alizarin red stained area was quantified by densitometric analysis. 4: Changes in Ca deposition
under the various medium conditions. B: Twenty-cight day cultures were stained with alizarin red 1o
identify calcium deposits. (N): 1 mM calcium and 0.7 mM magnesium, (Ca): 6 mM caleium and 0.7
mM magnesium, (Mg): 1 mM calcium and 4.2 mM magnesium, (Ca/Mg): 6 mM calcium and 4.2
mM magnesium. Results represent mean = SD derived fom three independent experiments, each
experiments carried oul 3 or 4 culture wells. wells.Photographed were showed a typical data in these
experiments.

BIRAYBR B~ EAEIT T B R DRGSR BHIMIE, GAG ZPEAE LT3, Hkast
Ca JRUMMg 3%, ATDC5 @ ECM 12351 5 GAG B2 5 % B8 % it L=, ATDC5 % Ca
KO Mg BEE#Z VT, 7 AR, 14 AR, 21 BRI, 28 RS~ K% L%,
TNET T N— (AB) BefaAT\N, GAG DYLARREA B LT, Ca KU® Ca/Mg
FEHBTCEERE L7 ATDCS I3, N B5HICHERE L7- ATDCS & A8 LT, 7 HRISE< AB T
et &7z (Figure 3.A), F7z, 553 28 B HD GAC OYLLAFETRS Hk L7- iR,
Ca SEHITEEIE L7z ATDCS 13, N 55HICESE L7z ATDCS O 2 flo Yets TRt sea N
L7ee —75. Mg HEHUTHEE L7 ATDCS 0 GAG YeAETRNE. N ETHIOK 1/2 1o
LTz, &bBIT, Ca/Mg Bt ChERE L7z ATDCS 0 GAG HEifiL Ca BRI 1/2 1208
L7z (Figure 3.B). ZHHOFERND, FAMKEMIIZIE T, M Ca (2ikE
MRIDBIRILEBIR~DSEEABE L, Mg IHEREHIERD BRI LEFE ~04 LA
THZLERLMILE,
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Figure 3. Efiect of extracellular calcium and magnesium ions on maturation of ATDCS cells. ATDCS
cells underwent difrentiation r 28 days in the various medium indicated in the legend of Figure.2.
Every 7 days periods, parts of stained dishes were counted under a light microscope, and alcian blue
stained area arca was quantified by densitometric analysis. A: Graphic depiction of changes in GAG
preduction by ATDCS cells under the various medium conditions. B: Twenty-cight day cultures were
stained with alcian blue 10 identify glycosaminoglycan. Resulis represent mean = SD derived fiom
three independent experiments, each experiments carried out 3 or 4 culture wells. wells. Photographed
were showed a typical data in these experiments.

Ca BTN Mg (2 X% ATDCS D5y {LRREIA 7= X A2, CaSR A3BEE LTV VA FTREME:
ZIRAT LT #IZ, ATDCS DFr{LBBEZ31T B CaSR D mRNA e L~ LA T~
7z, 35# 0 H B D ATDCS |X CaSR mRNA DRIA MR CTX Iahso7=hs, B%3 A H
(2, ED CaSR uRNA DRBFARER TE /2, 0%, HETHE, 14HB, 21 H
BRUN 28 HEIZ®BITD ATDCS D CaSR nRNA DI L~VLiL, REICHIIN L=
(data not shown), IRiZ. #MAESL Ca UM Mg 23, AEAALEREHUISIZISIT 5 ATDCS
O CaSR DFHEUTE- X D58 w1iEt LT, ATDCS %4 O Ca KU Mg HRIbEHI% FH
W, 28 RS L7, Total RNA Z4@H L. RT-PCR #£% AV T, CaSR @ mRNA
R L~ NE R LT, ZOFR, Ca lX. CaSR D nRNA FeE L~YL% 8% b L
LT, M L5 ETENEETz, LAL, Mg iECaSR @ mRNA FH L~V fE% 5
ZIeh3o7- (Figure 4),

SBIZ, CaA FUNTfEE L. BRRIIZBI S B AlREM 0S5 553 F T B MoP
BUBGP BB LIZ 01T HEFE T Tl 5 Sox9 KU Runx? D= FHEL
~EBRET Lic, ATDC5 %454 ORHIZ VT, 28 BRI L 727, Total RNA
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Figure 4. Excess extracellular calcium and magnesium ions change mRNA levels ofchondrocytc—
associated genes in ATDCS cells. ATDCS cells underwent difrentiation for 28 days in the various
medium indicated in the legend of Figure.2. Total RNA was then isolated and was used or RT-PCR
analysis of calcium-sensing receptor (CaSR), matrix gla protein (MGP), bone gla protein (BGFP) and
Runx2. mRNAs. PCR products were electrophoresed through agarose gels. All gels were digitally
imaged fiat head scanner and Adobe PhotoShep Elements. Band intensitics of these digitally imaged
were determined using Imagel soffware fom autoradiographs obtained fom these digitally imaged gels
at least 3 diferent experoments and the signals were normalized by those of GAPDH transcripts.
Results represent mean + SD derived fom three independent experiments, each experiments carried out
3 culture wells. *, p<0.05 using Student’s t test.

ZHH L. RT-PCR % AVT, MGP, BGP, Runx2 (Figure 4), and Sox9 ¢ mRNA
REL~YLR B LTz, FOFER, Ca id, Ca X MGP mRNA L~yLa#T 1. 4 &0
&t Mg FIMGP mRNA L~L &4 1/2 (T S8z, & B2 Mg 13 Ca (2 K 5 MGP mRNA
FE L~V ORMNER 1/2 (28 LTz, F7z, Ca i3 BGP @ mRNA FEER L~L&H)
1. 5 fHTHEIN & 7225, Mg (ZBGP O mRNA RER L~ R 52 e oTz, =
7= Ca B UMg (J#5E R T T 5 Sox9 KU Runx2 O mRNA B L~VUTI3igEe 5
Zlehotn, TOREENG, Mgtk D Ca FBMMA IR A 7 =X 1%, MGP 23
TS L QWA EREEREN E B R T
Ca B UMMg 12 & 5 MGP 3RERER #HTMGP HUfEZ AV T Z 7 B L~V ThRET L
7, ATDCS ZIBEHHE VTS L, B bBEICIs1T 2 MoP 7 /7 BDFER
BPTe, FORER, %0 AEEVGL BHE® ATDCS @ EM IZMGP & 737 Bk
BH U iph oz, BAE2 HE® AIDC i, MIROEMEIZ, PEOMP #/37H
WEHR L, SO, 37 HE. 14 HA, 21 HE, 28 HRIZRIT B MGP #2/%
10



7 BOFBRL YV EFTAER, BRI MGP & /X7 EDFIR L~V L
7z (data not shown),

WIZ, Ca BRUMg %3, ATDC5 DMGP & L /30 BRI L~ B2 BB ERET L
7oo ATDCE %454 OREMIZ VT, 21 BRMEEE LIz, HT MGP Hifs% VT MGP
ZNTBEVA IR LT, TORER. Ca lIMGP & /R B L~V BB
NS, Mg IEMOP &# X B LIV SHTZ, SHITMg i Callkd MGP #
Ry B DM E I LTz (Figure 5. A) , efas8BEDIEXHED /7 7 % Figure 5. B
\OR LTz, FOFER. CalIMGP & L/ ORI L~V EE DR 2 fET N E
T, Mg iIMGP & U/ B DB~V ZBHE ORI 1/2 1T S8 72, £z, Mgl
CalZd& D MGP & /3 EFEB L~ VOIS 1/2 12180 &8 7= (Figure 5.B),
ZOFESIE, mRNA FEL L~V OFER & FIREOER E R LTz,

FIRACRID M LB TH A 153 21 H B ATDCS 128V T, Ca 1IMGP # /308
ZHEMSE, Mg IZMOP Z oV EaRY S8z, ZORERIEL. Ca KUMMg 23AIKR
{RIZ 52 8B L [FRROEER 2R Uiz, L7ehi> T MCP ITRIRIbARET 2 4 v
RO E UTHEEE L, Ca UMM I MGP DR E N L CRIRILEFHE L QW B lkE
MEAVNR SV, MGP L AIRICDBHREZFRD7dIC, “EYEEIT 72, ATDCS
% Ca BEHiA FAVNT 28 BRHIEEEE L7, AR Yefa ke IV TRIRIGE % 8372 (Figure
6.A), IRIZ, AR G¥Ba%AT o7z ATDC5 ZHUMGP iz IV THE Lz, EDRER.
ATDC5 DECM DFIRALER & MGP & 1/ SRR L= RT3 —EK L7z (Figure 6. B) ,
T DFERDND . MGP 13 ATDCS DAKILAEAREE L . Ca B UMg I3MGP 24T L THIKIE
EFHE L O AEREMD EV & B 2 b,
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Figure 5. Excess extracellular calcium and magnesium ions change the expression of immunodetected
MGP protein in ATDCS cells. 4- ATDCS cells undrewent diferentiation Br 21 days in the various
medium deseribed in the legend of Figure 2. The cells were were used Br immunodetection of MGP
protein. Then the cells were counterstained with Mayer’s-hematoxylin solution fr light microscopy.
B: Graphic presentation of'the changes in MGP protein expression caused by excessive extracellular
calcium ion and/or magnesium ion during ATDCS cells differentiation. Results represent mean + SD
derived ffom three independent experiments, cach experiments carried out 3 or 4 culture wells.
Photographed were showed a typical data in these experiments. *, p<0.05 using Student’s t test.

Figure 6. Double staining ofalizarin red staining and the cxpression of immunodetected  MGP
protein in ATDCS cells. ATDCS cells undrewent diferentiation ©r 28 days in the high Ca media
described in the legend of Figure 2. The cells were were used br alizarin red staining to identify
calcium deposits (A). Then the cells were double-stained used for immunodetection 6fFMGP protein
and counterstained with Mayer’s-hematoxylin solution (B). Photographed were showed a typical
data in these experiments.
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5 28 U REERIINC AL S SREARIE LRE RO N~ 7 R T T A
5.z B0

P INEETEB L OMRIE CHCEHIRD ML FHET 5 2 L ARE S TN
[70], 2T, Mg 23 PIC X D RKILZ I D AlREE 2 RG T LTc, =2 hbr—b
HEH(C; 6 nM Ca, 0.7 mM Mg, 1 oM P), P H5H (P; 6 M Ca, 0.7 nM Mg, 2 oM
P). Mg 5 Mg; 6 mMCa, 4.2 mM Mg, 1 uMP), P - /& Mg 55t (P/Mg; 6 mM
Ca, 4.2 mM Mg, 2 mM P) ZFVVTATDCS % 21 HERER L. AR Lefax iV ChaIK
{52 DB LTz, ZORER. PIBSICAIRILATREL, Mg IXPICk
DR EIHR LTz Figure 7),

P K UMg 28, AR EHIIASEEAT 5 GAG |2 5-% DR A ET L=, ATDCS % P
BN Mg s ta VT, 21 BIEIEEER U748, AB Bufa (pH 2.5) 21TV, #4 GAG
DOYLETEFEE R Uiz, ZOfRER, P 1L C LRRREOR GAG &E o7, —h. Mg
VKA GAG Br& C F 2/3 100D 872, FElo, BRERZEIRD oTh’, P/Mg 5ih
CHERR L2 ATDCS 13, P & L C, #AGAG BAMEIMEAI 2R LTz (Figure 8), =
OFERIE, RIRILOFER & —B L eh 0Tz, Liehio T, P RUMg 23 GAG I25-2
L5, AB YA (H 1.0) Z VT, & OITHET LTz, ATDCS % P R UNMg RIS
AT, 21 HFEER LR, AB Bfa (ol 1. 0) 2170, HRlRERRSRAY GAG DYk
CIRREZ IR LT, ZORER, P i3RI A GAG &% C D 1/56 LI MIZ S8
oo —H, Mg IXRTAERRINY) GAG &% C 9 5 TNz, 51T, Mg kP
W & D RTREARRERAY GAG B WD Z 3 L7z (Figure 9), TODFERMG, Pide T
N CEOFIERICE R G2 200, 2y RuA FURBOFER % B
DI HAMBEAVNR S, £, Mg IXe T n VBEEZ D TMNIED SES
D, v RaA FURBROBRZEMS E 5 RREMIVRR I, T b OFERN
B, ATDCS 1236V NT, Mg ik Ca KUMP IC X B ARILEIHI L, DOk A I =X A
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relative staining area
[§*]
h

RN

6 mM Ca

Figure 7. Effect of P and Mg ions in the medium on mineralization of ATDCS cells. The cells were
plated at a density of 5 x 10* cells/well in 24-well plates in high calcium medium containing the
normal ion concentration or in that having high P and/or Mg concentration. Twenty-one day cultures
were stained with alizarin red to identify calcium deposits. (C): normal P and Mg concentrations in the
medium (1mM P and 0.7 mM Mg), (P): high P medium (2mM phosphorus and 0.7 mM
magnesium), (Mg): high Mg medium (1mM phosphorus and 4.2 mM magnesium), (P/Mg): high
P/high Mg medium (2mM phosphorus and 4.2 mM magnesium). These cell-culture experiments were
conducted 3 times, and 3 or 4 culture wells were used r each experiment. *, p<0.05 using Student’s
t test. Photographs oftypical results obtained in these experiments are shown,

Figure 8. Effecct of P and Mg ions in the medium on

amount of extreellular total GAG of ATDCS cells.

ATDCS cells underwent diferentiation for 21 days in

the various media indicated in the legend of Figure.7.

Twenty-one day cultures were stained with alcian

bluc (pH 2.5) to identify production of total GAG.

hd These cell-culture experiments were conducted 3

times, and 3 or 4 culture wells were used for each
experiment. *, p<0.05 using Student’s t test.
Photographs of typical results obtained in these

G \M’ 'Q\\'N% experiments are shown.

relative staining area

‘ ry Figure 9. Effect of P and Mg ions in the medium on
e amount of extreellular sulfited GAG of ATDCS cells.
ATDCS5 cells underwent difErentiation for 21 days in
* the various media indicated in the legend of Figure.7.
Twenty-one day cultures were stained with alcian
blue (pH 1.0) to identify production of total GAG.
These cell-culture experiments were conducted 3
times, and 3 or 4 culture wells were used for cach
0 experiment. *, p<0.05 using Student’s t test.
C 9 W nh® Photographs of typical results obtained in these
® experiments are shown.

relative staining area
L
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Wiz Fa A FUmgEd s L TV B RHREENRE 2 b,

Ca (T & B AIRICIREERIL, MGP 271 LiFE S, Mg i3 MGP DFERE &M
DT ET, CalZkDAKILEHGITAZ L &R L, 2T . PEMMgIC L BRA
IRACARERERIIC MGP 3B 5-3 2 mIREMAMAFT L7z, ATDCS % P UM Mg HShnEs s
RWT, 7 HFEEEE Lictk, HUMGP Hiif% AW\ THREBRE AT, MGP & 108
o B DY RREZ LB LT, T ORERPIIMGP & L3 BOREREC L HELT,
%0 8 fHiEtE Lz, Mg lEMGP # LRy BO#HA C L LT, #1/2 108 &8
Tee EBITMg 1L PIZL5 MCGP #1307 HOREROBMER 1/8 (2 &1
(Figure 10),

LAEOFERDS PIECa il L5 ARILE & HIBESED I L EH BN L,
7o, Mg lECa DH TR PIZLAAKIEBIMGITE B Z L 2L LT, P
B O Mg OBIRAEREHERIZ., =2 FrA FUREEROMP & 27 BORBEAN
LTI TS rlaetEd R L7,

i § b m t+¥. Figure 10. Efftct of P and Mg ions in the medium on
= =i : MGP protein expression of ATDCS cells. ATDCS
cells underwent difErentiation for 7 days in the
various media indicated in the legend of Figure.7.
Seven-day cultures were used for immunodetection of
MGP protein. These cell-culture experiments were
conducted 3 times, and 3 or 4 culture wells were used

=

relative staining area
L

0 * for each experiment. *, p<0.05 using Student’s t test.
= Photographs of typical results obtained in these
3 Erap P
¢ % ﬁ\%?\\\l\ experiments are shown.
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E3f  BUVRUEIRI T AOBEAR, v v R B E ORI 5
XD

P RO Mg A5 in vivo [ZIWTHIEERE\Z -2 DR AR LTz, 10 @ifd
C57BL/6] HEME~ 7 A1, B/ REINE OB RECKET LTS & OHEND,
AFEBRTIL, 9 B C5TBL/6] MM~ v R &M [11], —BHOFREER.
C57BL/6] M~ U A% @ERRE (C; 0.05% Mg - 0.3% P). =P &R (P; 0.05% Mg -
1.5% P), ®iMg &EE (Mg: 0.8% Mg - 0.3% P), B P-/Mg BEE (P/Mg; 0.8% Mg -
1.5% P) D4 E@=6) 12537, 3EREFEEEIT 7

BT NTO~ T AOEELBRANTAE L, AFERRERE & AFERK TR
{FE% Table 1 (TR L7z, ABEK TROEEIL, &P KU Mg 28RS E3
BUT NBEL B U CHBICEY Uiz, £/, AMREK TROMIEF O P BEIT,
FEERTAT o T 4 BED= U AIZRWTC, ARBAREIE LR T, —75, PRHIN
BEL B LTI D Mg IREEDAY 1/2 1238 L. Mg BRIIN & bl LTI Mg 2
BEASHT 2 FEZHEIN LTz, P/Mg BEDINIE Mg YREEIT, N BEODMTE Mg JREE & LB LT,
BEIRZETAE Ciginodz (Table 1),

Table 1. Body weight and serum phosphorus and magnesium concentration

N p Mg P/Mg
initial weight (g) 24.27+0.80 23.97£0.75 23.700.63 24.61+0.88
final weight (g) 28.66£2.13¢ 26.55+1.020 24.1941.10° 24.46+0.85"
serum phosphorus (mg/dl) 9.71%1.31 10.78+2.10 9.81+0.59 9.74+2.45
serum magnesium (ing/dl) 3.37:0.35¢ 1.48+0,25° 6.71£0.03¢ 3.51%1.500

Different superscripts for values within a row denote a significant difference (p < 0.05) by turkey’ s test

between each group.
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P B UNMg A3~ ABARR BT 52 DEARERATT 5 BRUT, SR ERBIH
DRERIA 2B LT, IR &R~ A v — v bR U VEE R UNAB (L. 0) Befa
AT, BHHEET CHIE L. P RUMg 28~ T ADBEHRE OE S, REMRK
BOES KO EM 1231 DR RA) GAC BITH X ARt Lz, P KO
Mg 3= 7 X OBEEIIKE DR S | FRERAEKE DIE S EOMIZI01T DRl A7 EY GAG
BICH X D E R LT,

Z ORER.P SRR E T 2R S8 BERERRRA GAC B bl 8T, —H,
Mg KU P/Mg | JRAFRERE R OBRBAERRAY CAG BIZHE %L 52 72737z (Figure
11. A), FRERELARREAY GAG DFERIL. in vitro DFER & FIEOMERE R Lz, B
HBROES &, ERRREDES &4 43 r7Frd25HHIL, @~V RIKT5
#x DBDIES OFERHES Figure 11.B. CITR Lz, ZORER, P 13RI EED
B S %ilE & B U OR 1/2 ([Z S8z, Mg lBBH~ U R & [RfEE DR
BB AR Lz, XBIZ, Mgl P IZ& o CRE I NIk E B o) &4
Hl L7, ZORE REHRREDOESIL, 4 HEICERRBIE LR 2T, Zhb
DFERNE | il Lize T AT T, P OIBRIERIIERR SIS EE 5 2
72V, BEEERE B AT S ¥, EMIZRIT B oy RaA FUREEOBERD &%
B EERLMI LI, —H, Mg OERIETNT, FERERE X UBEHEREDE S
K ONTERFES A GAG BT8R 5-2 720 V03, P O1BRHER BB 52 A%
E% Mg IZFERR L. BE OBEREOMERICER T2 Z L2\ BMNI L,

In vitrolZBVNT, Mg 2k 5 P OF/EIREHWEMIL. MGP 2385 LT\ 2 /TEEM:
DR SN, LIzhio T, KIS, EBPRICERIT D MeP & /37 BOFER G
Uiz, 19012, PERE B LOMBRIZIT DEREHERED MGP & /0 BORE:
PL MGP HifAZ AT~ U A DS ARG ETE CRRET LT, PEREMEE(LAEITL
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Figure 11. Efiect of P and Mg on thickness and amounts of sulfited GAG ofarticular cartilage in
C57BL/6Jmice. Shown arc sections of articular cartilage fom mice £d the normal diet (N), the high P
diet (P), the high Mg diet (Mg), and the high P/high Mg diet (Mg/P). 4:The longitudinal sections of
the mouse tibia were stained with alcian blue (pH 1.0) and counterstained with Mayer’s hematoxylin
solution for litemicroscopy. B:The relative thickness of articular cartilage by dictary P and Mg in this
bar graph. C:The relative thickness of growth plate by dietary P and Mg in this bar graph.
Photographs representative ofthe typical results Hund br cach group (n=6) are shown. *, p<0.05 using
Student’s t test.

TWD=U R 14 BIEOEEZ/HM L, SEEOuF 2Bk, ol ekt
BUEE L, WEHROMIEL MCP & L /30 BORHE##~T=, Figure 12. A 13,
AR RN Te R0 Te R AT 4 T 2 ha— L OERER LT, BE
(R CERE AR AR L7 SRS (P) . LV IRE 27 5 Rl () . BZIT
7o L CHIBEAMEARAL LT IERAbERE (h) . B3 TSR LT RIRILERE (o) 2VBIER S
iz, ZOREOMP OFE%R, Figure 12.BWOR LI, ZORER, B Tt
AEREHETAETIC MGP I3BIZR S 4T, JERILERE @ ECM A>LARILIEE O ECM 1236\
T, MGP 7 R0 B RE LTz,
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P m h c h m p
B. —_
p: proliferative chondrocyte
@y m: mature chondrocyte
‘ lj. " h: hypertrophoc chondrocyte
- — ¢ calcified chondrocyte
P m h c h m p

Figure 12. Immunolocalization of MGP protein in cartilage in vivo. (A, B) Immunolocalization of
MGP protein in longitudinal sections ofthe hind limb tibia of E12.5 mouse embryos. 4: Mayer's
hematoxylin stain as a control, 8: anti-MGP antibody stain and Mayer’s hematoxylin stain. Lower
case letters beneath the horizontal bars: p, prolifrating chondrocytes; m, mature chondrocytes; h,
hypertrophie chondrocytes; ¢, calcified mineralized chondrocytes. Double-headed arrows indicate the
area of MGP protein. Photographs are representative ofthe results typically obtained fiom 6 mice in
cach group.

WIT, FEOBSEHRE AR ZRT D MGP Z L/ ORI & el L=, A&
FERTIL, 8 BOE M~ v A & 52 B T A2 AV THER T o7,
Figure 13. A DRBREIRFEIL, BIEEKE %7~ L7z, Figure 13. A OFKENL, B
BEICRT D MoP & v~V BORE L EBOSIS %R Lz, BEEEEc=s 3
MGP JE%% 59 D EIE ORHES Figure 13. BIZR Lz, Z0fEE, Sl E kL
T 52 MO~ T ABHEERE T, BEERECETBI S 2 MOP BOBIE A, 192 {5z
BT, ZORERMG, BHEREAERICIT D MP & 232 I oy e
M3z EEHALINC L,

P BUMg 03 7 A BEEMIE D MGP 4 L 732 BOREIT S % 288 a1t L=,
FREOR RBBIROMRE A 2L, Sk VT MP #0308
DJFfEZ B LT (Figure 14.4), Figure 13 &Rk, REEMEREIZH2 Mop
F o ERBBEEG DY T 7 % Figure 14. B IR Lz, ZOEE, P IIMGP #
w7 BORBIBEE LB L T, £ L5 (S8 X7, Mg lEMP #1r$s
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BORREOEGI B E X Ith Tz, L, MglZPIZL A MP #30E
DORIFBBORMEIH| Uiz, ZOFERIE, P EXOMD in vitrolZIBWTMP &2
NOBEOFRBICEZ TR LB Lz,
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Figure 13. Immunolocalization of MGP protein in articular cartilage in vivo. 4: Age-related
distribution of MGP in the mouse articular carilage. Sections of articular cartilage fiom 8-week-old and
52-week-old mice are shown. Double-headed dotted arrows indicate the area of articular cartilage.
Double-headed arrows indicate the area of MGP protein. B:The relative thickness of articular cartilage
and MGP protein expression area. Photographs are representative of the results typically obtained fom
6 mice in each group. *, p<0.05 using Student’s t test.

relative MGP protein
cartillage thickness
=
L

expression area / articular

=

Figure 14. Efect of P and Mg on immunodetected MGP protein of articular cartilage in
CS57BL/6Jmice. Articular cartilage of mice fod the normal diet (N), high P diet (P), high Mg diet
(Mg), and high P/high Mg diet (P/Mg) are shown. Double-headed dotted arrows indicate the area of
articular cartilage. Double-headed arrows indicate the area of MGP protein. B:The relative thickness
of articular cartilage and MGP protein expression arca. Photographs are representative ofthe results
typically obtained fom sections fom 6 mice in each group. ¥, p<0.05 using Student’s t test.
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EAH ARED/ER JUBE

BB OB, W ODOREBRYET D, ThbL, BEEEEH
B 7R EAKAERE & U CHERF S ILORREAERE & . WIRE BB T, BIERK
DOEFIL 720 | EETAEEICET S ENTES(16, 52], BUAICRVT,
B AL, FERIRICER BRI L CHERFS N TV D, —F, EIRIREIE. IE
BB EFESNAToOI, REMEISARIET 5, BIEERE ORKIIE,
BMERBERE D—E & 7221 | FRRARIKE OFERIRKILIE, BKILED—R & 72572,
73], AEBROFER. MESt Ca KUNMg 1L, ECM ORRILEFE L T E0DH72 5
T BRI GAG A Z TR L QLB Z e ERIH L, TDOAD=XLE LT,
FRSH Ca R UNMg 1L, BB RAGRET ORBUHES 52 T\5H Z &% RI-PCR
DFEFH BB B AN L7z, CaSR 1 CFK2 HIFERE & ORRRARECE DR LR EHIRRIC
LTS Z LRRE SN TWA[63, 74], AFBRT, EEHIaL ATDCS 125
VT, HERES Ca JEEED_EFHIHE, CaSR mRNA HIR L~V MEINT B2 L &, 4]
DTHOM LTz, THHDRERDD, Mfash Ca JREEDHEANIZL, CaSR nRNA DFE
HEFHEL, ATDCS ([ZRIT BEEHIED S LA (R S8 5 ARV N STz,

FIRAGBRECIE, B4 2 KAREES L /X0 B Th D MGP KUNBGP 23, ARk
BEs 3o B E LTRIESINTNA[T5], AREROMREN D, Miast Ca BE
DAL, MGP K UNBGP mRNA DL~V NS E D Z L &AL L., Mk
£ Mg FXMGP mRNA DFEER L~V AR SH D Z L &R LTz, & bIZ, Mlfast Mg 1,
FERIAN Ca JREED LFHUTLE 5 MOP nRNA FEER L~V DEEINEHIHIT 5 Z & bR Lz,
Sox9 KU Runx2 1%, NEREMEEILOMELBFEZRET 5~ A4 —#inF& LTH
HIVTB [15], AEROFERNG | Ml Ca KU Mg 13, Sox9 U Runx2
mRNA DFEIR L~ UTEBE 52 gl o losd, Ca RUMMg 12 K B ARKILFAEL.
BRI B R F BB T2 SRV T 5 HREMASTR Sz, AFER
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IXRT-PCRIEZ VT, BERRGERTORB L~V R LTz, 5%, 72T
— I T vRA RN o TayT 4 o IER EGTAEYFRITREZRAWT, 5
IRAT = ADERETT D L BBBETHD,

P ITBDEEDHERFC, ATP 72 E DB RN X —3 FHERRAGy. BB RSY
BmEL LT, BRIZE > T, FALNCEERIRTINTHD, LirL, BMER
IZBNWT, SO P OFIEEN S, Bl & OB AL 5 Z L3S
HEINTNB[T6], BEDOHGETIL, EX IV D L e —BaF R~ T 2%
RV BT T, B Ca ROP OEBEULERIT, BRENCEEE2 5252
EPHEIN TSI, 18], £/, <V RITBOTAEMD P KO Mg OfEE
PRI, DR UBHRO BZETAIRIIZHE D Ca BICHEEZ SX D L bHESNT
WB[19], TNHDEEIL, PidCa Mg 72 EX2DMD IR TN EI L TCAIKILE
FHEI L CWDFIREMEZ R L, #IE7e P fBEuL. EELRBRBEEHRFT 5720
BEETHY, NNEYZR P BEUL, BRFTAR(CETFET DR H D Z L &R L
TWa,

7 n M—REFREY Y AL FOOENRE, EREEIOXM, REFTAKRIL, K
JEOZERE, BHRIERE. b OB IERERET OV IR L LTHLILT
W5[80], 7 r MBETXREY VAR ARENE P BROFRIL. Zhbs
B hEn RIS U AR DIERERES T IAREINTNS69], LAl
RIS D, IEFE 2 BIERE OHERAC, P 3REET 2 RIREMID VE 7R S Ty Ve
ol AFEBROFER, P OEREINL. &~ ¥ X287 2 EHERE O S F
THZELEHLINI LIz, ETo, P LRI Mg 28I 2 Z &Ik - T, EER
GAG FREHUNMGP &7 L _ 7 B DFEBVEAERE L, P 25T5E 3 % BIERE OISt %
PHCE DT LEALNT Lz, Mg 13BN T2 ERIZZEENTWDINTF
YThD, BHE. A Mg BOK 1/2 1%, HREEICFEL, RV BT
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CFEL TS, AFEROFERIT, Mg 2SEEMRE OERHCEE2&EIZH- T
HT EERLTVS,

BIERE D ECM 13, B & EEE L. BB 2 vEh S ¥ 572D EHE
ThHD, Av FuaAFURBROT T & AT R\ T, 77
DaTTaT A ABEE UTEE L TWA GG & LTabLNTWA[20], 77
UAA3, EERRREA EM O—D2Th Y BB K OVERERG O
BER R T A TODICEE RS THH(1, 18, 81], 0A FRUMMIAE , BEECE
WZRIT B NaA FURBR O T & URBEOEERNBLT S Z LSS
WTW% (82, 83], £fe, TuTA Y AL DERERES TS Z L RO fEE
TR SED Z LIE 04 DIBRIZAZITH D ARt bR I T\ 5 [84],

AEROYEFER G, P OERHERUT, BEIEHE EM BT 52y RrfFu
WK O 7 & Rl EHTRERERN GAG DRA D S50, Mg ZFRHIIE
FHERCT 2 Z L& P IS & DHTEEEARRRE GAC BOB 2 HHITE 5 Z & 2B b0
2Lz,

EHIT, AFBRORER, P IIBEEHRE T30\ 5 MOP & 2/ B DFEH iR 5%
W BT LEPALMNI LT, BEEEEIZIT 2 P OEREEEIIAED MGP & >3y
ERBOEEORERIL, Blb~ T AD MGP & L/ 7 BORBEEB L EP L T 5
TEEBLMNI LI, —F, Mg OIEBRIETNL, BIFHKEIZIT D MGP & /30 H
DFFNRBE B2 Iplnot=03, P L3 Mg ZEREERE A2 LIZEoT, P
WL DREIRMCP & /7 EOFROTFE LA L, BED MP & /7 EDF
BURREAMERF CE D Z L EADMNNT Ui, F7z, BREHIIIE ATDCS DFERA D, P
IXECM DRRICEFFE L Mg 1P IZ L DRI IHI TE D Z L BB LT LT,
F7z, ATDCS (2315 P B UMg 12 L B MGP & o /X7 BDFBDZEEh & BIRILDRE
Fix, LT, E5IZ, ATDC5 123V VT, P id EOMIZH3VT A RAEAEAR R GAG
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DEZRD EH, Vg 13 P I K DHEEEARA GAC BOBD2IHIT& e, LI
ST, ARFEBRIZBIT S in vivo DFERIL, in vitro DFEFRE—F LT,
LIk in vitro B O¥ in vivo DFERA B, Ca & PITEEEMR RR{ILEFHES
DIZxt L, Mg iEZ OFFBEAIHIT 5 Z L 2L Lz, ZDMg iZ R 2FKE
FEIA = X LT, Mg DSEREMIMIC S 7V F & LTHER L. CaSR, MGP KT}
GAG 2T LT, P & Ca ICX DAPILEHHIT D RIREMDE R Dz, T72bh,
Mg %, EE7Z2BEEHA B RHOMERICEE KT Th 2 Z L 2¥IH TR LT

24



E2E  MRNEELSTFTHBTY 3V T REE SRR
FRRROOHERERIEN T 5 2 D B2 (85

T4, EHEEEEORREMEZ BE LT, e7AVERRea Y Ruaa FUR
&7 & GAG JeUN GAG DEEARERFE T 5 GleN 0/ VI 7 hu /53, OB
INTWA[LL], eT7Aa BT, N-TEF AT I (GleNAe) & 7V v L
(Glel) BRAEITHER L CTELEFRROES FEHETH L [21], =2 FuA F U5
W& N-TBFAHT 7 M I (GaleNAe) & GleU ZABREL L, 727 U 1 DfigHE
L CTHEHBRICIE L TV D [86], b 7B VR U= R F U Rl 8RB EOM
ZTERCT 5 GAG & LT, EREHERRC BRI 5 L T2, GLeNBERRa R
1A F U RREEERUC & 2 BREBEEE DRERSEZRITRRR L~ TIidgE s C
WA ERMER—E L TRV DDERRTH % [87, 88, GLeN (TEELEDAT 90%723,
FFEN DRI SND Z EBMRE S TNS[89], L7zASo> T, GleN L, GAG OHlAbE
& LTEMIZED iAEN D723, BIEIRE OERICEA Th D LEZX DN TS, L
2L, BaLOBME T, FEREMWIZINT GleN BEEOEIRP~DEERIIRET
B BT, GleN DEZHEIT GAG ~DELY 3ABLDH TIIFA TE 2 W FREMEISTRE S
TW5([90]s E7z, GleN BRERAMIL. IFUIVKSEIHFIA SN TS, L
L. GleN 72 ED 7N 2% I 7 Fu S OFPHEIRET S TR,

ARETIL, EM 43FTdh D GAG HEEY ) S EIER B IS OBRER N 5 2 5 8%
BRET 5 Z L 2 BRNCEREITo 72, EBIZ, GleN KON ad I v 7 a 7 O
MR ER A 1 = X LDIFR~DISA % BRI EREIT o7,
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%1 GAG fGEY % AV Vo B iR E R R o R 7 U —= 7

GleN RO A =% 7 u s, SEMialic EEis 5 2 5 alaett & fat
L7z, BREHMIREEE ATDCS (27 V=2 X REMRER O /La—2R (Gle) 24%-40. 01%,
0. 03%, 0. 1%, 0.3% 0.6%FRIIL 3 H Sk, MIT 7 w4 21757, TORER,
Gle IZ. EBRTHWETXTOMEIZI T, ATDCS ORIFRTEI - 24 5 % e
o, —H, I3V R R U L 72 ATDCS I, 0.01%, 0.03%, 0. 1%, 0.3%
DEIIIREETIE ATDCS DIEFEIZ A 5 2 e ino7ohs, KERE 0. 6%GLeN Z¥R L
72 ATDCS 13, JBF H5 I CHEE L 7= ATDCS OHEFESR & il L THI1/5 IZIE T L7z (data
not shown), ZOFERD G, AFEERTHV VS GleN OFRIIEREIL, 1 mg/ml & L7z,

N Gle GleN
RTRERI o T
o S 7 b S "" >
B 7% X S =
. E AR e DT
GleNAc (GleN),  (GleNAc), &
pRiavad BD u Loy =
GahGIeN  Gal-GleNAc = R aF o8 D S
© a cr cl ,\\-,\;?‘\Q'F\.\ ) 0 &3\0 %Y"'
j . l " U U \F & L}Q‘
B L "X
3 Tve W e
o e RGO

Figure 15. Efiect of glucosamin and glucosamine analogues on alkaline phosphatase activity of ATDCS
cells. ATDCS cells were cultured in normal medium (A) and medium containing 1 mg/ml glucose
(Glc), glucosamine hydrochloride (GlclN), N-acetyl glucosamine (GieNAc), glucosamine di-saccharide
((GleN),), N-acetyl glucosamine di-saccharide ((GlcNAc),), lactose (Gal-Gle), lactosamine (Gal-GleN)
or N-acetyl lactosamine (Gal-GleNAc) for 5 days, fixed and stained histochemically to detect ALP as
described in Materials and Methods. Photographs of dishes stained for ALP (A) and graph showing the
signal intensity ofthe stained area in each culture (B). Results represent the mean = SD derived from 3
independent experiments, with each experiments carried out 4 using culture wells. *, p<0.05 using
Student’s t test.
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WIZ, GleN RUFF VR OF MU nbFEISNL IVvayI v T a2k
JNL. ATDC5 DHFFEIZ 52 BB E R LTz, T/ ROF Moo FHEIND
JnayIThus LT, Gle, GleNAe, F hHoZA~— ( (GleN),), Fh
EA—Z ((GlcNAc),) . T2 b—R(Gal-Gle). T2 hH 3 (Gal-GleN) . N7 &
FNT 7 I (Gal-GleNAc) AV z, HEIREE 0. 1%& LTHRINL, 3 H RS
B, MIT 7oA &ATo7, FORR, AFERTHAVWZ GLeN RO Va0 T
F 0 713 ATDCS OEFEIZ B B % 7273572 (data not shown),

F72, GleN RUFFURUF M UnbBFESND I ad I 0T a s,
ATDCE DMK 52 288 % . ALP Ytk AV VTIRET L7z, £OFRER, GLeN IZrA
TA4Tarha—AThDb Gle LEHEILT, ALP EMEEK 1/3 [T &8z, —
F. GleNAc, (GlcN),, (GleNAc), (Gal-Glc), (Gal—GleN), K UN (Gal-GlcNAc) 7z
EO InayIr7Trhasid, Gle LHEILT, ATDCS O ALP EMHHICHAZEY 5
R 7877z (Figure 15),

EHIZ, GleN HEHCBEET B 7NV a I TFr /28N, ATDCS DHEFEIC
B2 D285 Gt LT, GleN fREBICBEES 57 vy 07 Fr s L LT, Gle,
INT b= Fru), HT77 b—RZ Gal), #T727 +¥ I (GaleN), GlcNAc,
GleU, Znrwva/F7 b (Glellac) %AV Ve, FIREEC. 1%& LTHRML, 3 H
R, MIT 7 vt A 21T o7, EORER. AREBRCTHVZ GLeN KW /L=
U7 a ZIIATDCE DYEFEIZ % 5 2 127)>> 7= (data not shown),

—75. GleN KONGleN REHZBIS4 A 7oy 7 Fa /B, ATDCS Dsbic
B2 B85 ALP Yefa e IV TR LTz, ZODFER. GaleN 1L GleN & Hilt LT,
ALP JEMEEH 1/5 12 &8 7, —7, Fru, Gal, GlcU KU Glcllac @ /L=
FIr7Fu sl Gle EHERLT, ATDCS O ALP {EMEICEAZEE 52 lah o1z
(Figure 16),
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Figure 16. Effect of glucosamin and glucosamine analogues on alkaline phosphatase activity of
ATDCS cells. ATDCS cells were cultured in normal medium (N) and medium containing 1 mg/ml
glucose (Gle), fructose (Fru), galactose (Gal), glucosamine (GlcN), galactosamine (GalclN), N-acetyl
galactosamine (GaleN) or grucronic acid(Glel)) for 5 days, fixed and stained histechemically to
detect ALP as described in Materials and Methods. Photographs of dishes stained for ALP (A) and
graph showing the signal intensity ofthe stained area in each culture (B). Results represent the
mean + SD derived fom 3 independent experiments, with each experiments carried out 4 using
culture wells. *, p<0.05 using Student’s t test.

KIZ, GleN KU*GaleN A3 ATDCH OOHERER UM ALP TEIEIZ 52 & R & SEM I AR
L7z, ATDC5 D¥EHIHIZ4 4 0. 01%, 0.025%, 0. 05%, 0. 1%, 0. 25% GleN KX GalcN
ZEVINL., 3 ARIEEEHE. MIT 7 w1 217V, 5 HIREEEEE, ALP Pefa 2T o7z,

ZDFER. GleN X HFRRERBAEIZ IV VT ATDCS ORIFEI TR 5 % e o 7o
W5, ALP TEMEZREEEIFHRS ST, EHIT, GleN V&, 0.01% #HNL 7z ATDCS
D ALP TR 2/3 IZBRITIE T 872, —77, GaleN (X, 0. 25%#%h0 L7 ATDCS
DHEFEEREF 1/2 W2 &8, F7-, 0.01% GalcN I, ATDCS 0 ALP JEMHIZ
w52 720357 (data not shown),

GaleN (L ATDCS OOEFEAHH] L 7fESR, ALP IEMEA{RT S W7o FlREMEDS R S 41
7z, —75. GleN i, ATDCS OOHSFEIZIIREEEA 5 % 720> 72h3, ATDCS O ALP T&EIE%
TSR E03b, GleN I3, HEFREHINET LicEkE a2 E8% 5 2 TV 5]
BEMEDSE X DAL, T, GleN 23, ATDCS ORFKIKIZE 2 HREERH LTz,
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ATDCS OOREHIANHGIREE 1 mg/ml  Glc JRUVGLeN ZUSINL, %435 HHEEEEA,
AR Zefa e IV C, ARILE L LTe, ZOfER, GLeN 13, ATDCS 0> ECM dDFERAL,
%, Glc &LHEEL-GK 1/10 (28 L7z Figure 17), &6IZ, BT A RN
2 RaA FURPROMHENETH 5 GleU KU GleNAe A3, ATDCS DAPKIKIZE-% %
AT LT, AIDCS DM, KB 1 mg/ml @ GlcU, GleNAe KR
GlcU+GLleNAc ZHSINL, 35 AR ETTo7c#k. AR @2 AV CRIKIEZ R L
oo FORER, GleU, GleNAe, GleUtGleNAc i, ATDCS DARIIZHE B 5.2 720>
o7-(data not shown), ZODFEARIL, ALP {EMEDFER & FRROMHAI 2R LT,
RIZ, GLeN D3KE ECM O GAG BT H X DEBR RS LTz, ATDCS DEFHIFICHE
JREE 1 mg/ml @ Gle KUNGLeN UL, &4 35 HIEEER, AB etz VT,
GAG B Lie L7z, AB (pH 2.5) Z VT, A GAG DYEEITVY, AB (pH 1. 0) &2
VT, BREAECREIRE) GAG DY EAT o7, ZOFER. GleNiXGle LML T, #
GAG BA 9 2/3 {2 &7z (Figure 18), —77. AB (pHL. 0) Z MV T, Filiekfs
S GAG B LUl UT- SR, 48 GAG YeaDRER & 72 V) | GleN IR BT FLY) GAG
B% Gle &L THY 2. 5 NS 87z (Figure 19), ZOOFERMD, GLeN
1. BRE D EOM ISRV BRREAEARM) GAG DREEAZRET B FTREME, HD VNI
1% 45 ATREMEAV R S 4U72,
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Figure 17. Effect of glucosamine on
mineralization of ATDCS cells. ATDCS cells
were cultured for 35 days in the various
medium indicated in the legend of Figure 15,
fixed, and stained histochemically to detect
calcium deposits by alizarin red staining as
described in Materials and Method. The graph
shows the signal intensity of the stained area in
cach culture. Results represent the mean = SD
derived flom 3 independent experiments, with
cach experiment carried out using 3 culture
wells. *, p<0.05 using Student’s { test.

Figure 18. Effect of glucosamine on amount
of total GAG of ATDCS cells. ATDCS cells
were cultured for 35 days in the various
media indicated in the legend of Figure 15
and were stained with alcian blue (pH 2.5)
to identify total GAG. Results represent the
mean = SD derived ffom 3 independent
experiments, with each experiment carried
out using 3 culture wells. *, p<0.05 using
Student’s t test.

Figure 19. Efiect of glucosamine on amount
of sulfited GAG of ATDCS cells. ATDCS
cells were cultured for 35 days in the various
media indicated in the legend of Figure 15,
and were stained with alcian blue (pH 1.0)
to identify sulfited GAG. Results represent
the mean = SD derived ffom 3 independent
experiments, with ecach experiment carried
out using 3 culture wells. *, p<0.05 using
Student’s t test.



5 2 Hfi N3V X L OEREHBIES LIRER A 7 = X O

GleN b&, EREHRARI ATDCS DIMER VAR A BRI L, S OICHITBESs
BH) GAG BEIBINEH T, £ T, BB EOM FORBEEARRE GAC ThHa v K
1A FURREEDS, ATDCS DRRIVIZ G 2 258 % fat LTz, ATDCS DRFHIFIC, #
RE L mg/ml OeTAa B a2y NafFo-45E, av RaA 76 ik
L., 35 HREEEEEZIT o/, AR RBE AW TRIRILEZ I Uiz, ZDRER.
b 7o R & B L C ATDCS ORFRLER 3/4 ([T &8, av ke
A F o4 FBEK V= R A 5 -6 Tl Jls & Hlgz LT, ATDCs DAIKILA#)
1/2 Wb S8 72 (Figure 20), ZORERMD D, GAG i ATDCS DAPRALZHIHI L.
bz, v RaAFUREIe 7 a LB L B LT, RIRKILEIHEICE 5
EEBA BT LTz, L)L GleN X ATDCS DRPRILAHRI 1/10 128 LIz Z L v,
GleN (&= Nu A F R EHTRE LS OVERT 5 ATV RIR S Tz,

GleN 2SERE 4 RAYECM & L7 32 B 0D nRNA DOREU B 5% 5 REE T L
oo ATDCS OOEMIAIZHIREE 1 mg/ml O Gle KUNGIeN Z¥RL., 3 H R,
RT-PCR % FV VT Col2, MGP . BGP mRNA DFEH L~V E B LT, FORER,
Col2 mRNA & BGP mRNA DFEBL~VUL, XAT 473y br—ATHS Gle &
GleN THEEIT /A2 o7z, —75, MGP mRNA DFEFRL~YIT, Glc &l LT GLeN i
#92/3 1Y Lz (Figure 21),

GleN 23 GAG DA T2 K E S NV BIC b B 52722 L, GleN [38K
BREEAEE R ZFRE LD AIREHED B 2 bV, ATDCS ZHEUREE 1 mg/ml O
Gle XORGLeN Z¥RhnL, 3 A%, RT-PCR 52 AV CECE R RHEEER T C
H5 Sox9, Runxl, Runx2, Smad2, Smadd mRNA DFEEL-VLERE Lz, ZOfE
R BB 5 A F—BEFTH D Sox9, Runxl, Runx2 O nRNA FEH L
~YUIGle & GleN THRED 2 o7z, L L, BREEEHRENEET TH D Snad2

31



J 0 Smad4 mRNA % b L7-fE5R, GloN (X Gle & MR L TR L~ULAHI 2/3 12
Beb Ui (Figure 22), ZhBOFERN D, GleN OERE S EFHEIA B = ALk, #
BEES /0BT D MGP KU TGF- B O FHHIIAFET D Smad2 K UF Smad4 73
BELTWBAREMERE 2 BTz,

A. B.
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Figure 20. Efect of hyaluronan and chondroitin sulfite on mineralization of ATDCS cells. ATDCS
cells were cultured in normal medium (M) and medium containing 1 mg/ml hyaluronan (HA),
chondroitin 4-sulfate (CS4), or chondroitin 6-sulfate (CS6) for 35 days, fixed and stained
histochemically to detect calcium deposits by Alizarin red staining as described in Materials and
Method. Photographs of dishes stained fr alizarin red(A) and graph showing the signal intensity ofthe
stained arca in each culture (B). Results represent the mean = 8D derived fom 3 independent
experiments, with each experiments carried out 4 using culture wells. *, p<0.05 using Student’s 1 test.
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Figure 21. Efiécts of GlcN on the mRNA levels for of chondrocyte matrix genes in ATDCS cells.
The mRNA levels br type I collagen (Col2), matrix gla protein (MGP) and bone gla protein
(BGP) levels of mRNA were determined by RT-PCR. The gel electrophoresis pattems of the PCR
products (A) and densitometric analysis were performed as described in Materials and Methods.
Then the signals obtained fom these digitally imaged gels in at least 3 different experiments were
normalized relative to GAPDH mRNA level as shown in the graph (B). Data ffom all sets of
determinations are the mean = SD. *, p<0.05 using Student’s t test.
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Figure 22. Effects of GleN on the mRNA levels fr chondrogenic and osteogenic transcription factors in
ATDCS cells. The mRNA levels for Smad2, Smad4, Sox9, Runx1 and Runx2 were determined by
RT-PCR. The gel electrophoresis pattems of the PCR producis (A) and densitometric analysis were
performed as described in Materials and Methods. Then the signals obtained fom these digitally
imaged gels in at least 3 diferent cxperiments were nomnalized relative to GAPDH transcripts as
shown in the graph (B). Data flom all scts of determinations arc the mean + SD. *, p<0.05 using
Student’s t test.
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38 GleN RUNN-TEFNTat I s, w0 A& REEEEIc 55
B

In vitro DFER, GleN [FHE OO LR OEIRICEHHI L2, KIZ in vivo
BT, GleN DBEHEREIZS R DEERA LI, B 1ECRBNT, HBeldid
P Rdi~ 7 A LB AR OA M A FET A D L A RE L, £2T, 108
WRODCHTBL/ 6] HEtk= 7 A % B E AR (N)  BP &R (P) 0. 02% G1eNFEHRRE (G1eN)
0.02% GlcNAc fEHGHE (GleN) D 4% (n=6) 1Z43F. 3WREEF Liz.

BB T, BBEECE 2 L. pCT 2AWT, BHEROMSEE L,
BIElE, SRR UREREE ST 2Bk 3 22 ST EROMEIC 525
FEERE L, ZORER. CleN ik, BEEMEL SBBOE A C & Hlk LT
Lz, iz, ERBBESRTOBHEkIT. GleN 1L C LHB LT, BEENEIME
FICH o, —77. GleNAc 1, BAEIE L REEOE S RUWCE @4 R/ 28
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TR HEENR C & [FfEETE~ 7 (Figure 23),

Iz, HRRA 2 ER L, SEBE Ui, ZORR, GleN it C LHEL
THEBREIED 27z, SHIZCLNILC LB T, Hllibi D OBEMmIaEs
MALTze —7, GleNAc 1. C LHERL T, RS- ) OBCEMREI T
MU, BREBOESILC &FRRE 57 (Figure 24),

GlcNAc

Figurc 23. Micro-CT analysis ofthe articular cartilage in longitudinal sections of phospherus-induced
abnormal articular cartilage mice. Normal diet (N), 1.5% phosphorus diet (C), 1.5% phosphorus and
0.02% glucosamine (GleN), and 1.5% phosphorus and 0.02% N-acetyl glucosamine (GleNAc) were fd
for 3 weeks each groups. Pholographs representative of the typical results Hund for each group (n=6) are
shown.

high-P diet

Figure 24. Efect of GleN and GlcNAc on thickness of articular cartilage in phosphorus-induced
abnormal articular cartilage mice. nomnal diet (N), 1.5% phosphorus dict (C), 1.5% phosphorus and
0.02% glucosamine (GlcN), and 1.5% phosphorus and 0.02% N-acetyl glucosamine (GlcNAc) were fd
for 3 weeks each groups. Photographs representative of the typical results Hund for each group (n=6) are
shown,
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FEAH ARED/IER JUEBE

GAG B B MR DIENBIE I A HERF 3 B o OICEE 2B Ch 5, BUEHER
FRAOLEEGG L, T r BROay Naf F U, 77 % AT
HBo GleN 1%, BISHEREZICRIT 2 e T n v BReay FuAf F R &0
FEMAEO BRI T B ST B, GLeN IERHE R ERRAERA T O T B 23,
M ONT D RAEDO—BILETERIIVTURNBT, 88, E7z. GleN DIEA
AH=ABSRRARENRE, WO DR E L TIHEL TS GleN D£<
I FFUICEENTCNDT2D, 7 =R B O IK G LR L ST 5,
x5 L ONUKSFFIZIL, GleN DO GleNAe R (GleN) 7 EE# D/ V=
VT FRIREEND 9], FAEOWET, GleNAc 1IREIREIEREZET 5
BEMEOVNIBENTWA[92], Fiz, ¥ M UIKGHE oo N aA F U hilkz
FEOBER LIRS, M THEeA Y SRR E N5 2 L b LN 2> TN
5093, 9], Lo, ZAadI o7 ualOFSEROERA 1= X A%, 1
& A EB LMo TWRNDONRERTH 5,

RFEEROFER, GleN 1L, FOMOI a7 us & LT, ATDCS O
R IIER R B2 720 ALP G AR T S5 Z AL, Licdi- T
GLeN IZHREHRIC & 7 F o F & LT S, BEHiR 2R RS- L T
WATREMEDRE X BT, F72. GleN IZABNTZEE 2 EREWERIL, GlcNAc K&
OO T Ny 7 a/TEELnR»-oT,

GleN i%, #RE ECMIZF\\ T, GleNAc R UNGaleNAc IZE S iztk, e 7
VBRI RaA F U 8O GAG IR &5 [95-98], L72A3-> T, GleN
I GAG DRERBRICEREI Y IAEND Z LIZX o T, #E ECM OFEMEHEHEZHn
S| BHEBEEEORIREIICE ST 5 LB 6N TN 5, BERIZEV T,
GleN ZAROEEMA, GAG EAMEINT D Z LBHE SN TVWA[99], LAaL, Bio
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FFFRIIV VT, 1BIERI S B L7z GLeN AN & A CBBZE L 22V 2 & A3 ST
VW3 [90], 2 B DFERA S GLeN 1 GAG IZEHAERWE L LTI IAEND T8,
EMBEVEICE CTh DD TIH L . ZOMODIER AN =X 1035 D FREM A
AL TND,

AFERT, GleN 1Z8KE BECOM D& 7o BT A 52 720, av Re
AF URBOBREEMSEDLZ L AR LT, eTARVEBBRO Y RaAf FUHR
BRHS ATDCE DRIRIGIZE X DB TAER D, 22 FaA FURRRITE 7
Na gL LT, BRIEEIHIT A L E2R U, Lizid> T, GleN (=

RaA FURMBEZEMIE S Z EI2Lo T, AEREREHRD b AR CEE~5
{EDSFFESILD T & 28 LTV D RTREME A R LT,

RGO = o Fa A F URmBREAFEIC G T B FematLie, £
OFER, GLeN (X MGP mRNA DFEERZMH| L7z Z L A35, GleN (3R EHla MGP &
EFRBEEZI L ARICEZIE LIZrRERE 2 b, 3612, 2 Fedg
FURBEDBEAZFHE LT GLeN 1X, Smad2 & Smadd mRNA DOFEHEERD X877,
Smad2 1% TGF- B D FHRICIHEY DEBFRF & LTHbN TS, £/, Smad2 I3,
Sox9 R Runx2 &FES L. BB OMUBREZHRE L TV SRR HRE SN T
Do LEDZ &IV GleN DAR{HIHIERIZL, Smad2 DFEFFEIZIT L. Smad2
35972 S0X9 K UM Runx2 OBAnFREERANEZE U T, RAEHINIZ D TFHID MGP
RHEEE S /) BOFBEIE L TS REEDE 2 bz,

LIE, AEBRORER, GAG ORBFEEY TH B GleN 1L, BN 70T
L LRI ESND Z LIZ ko T, Bk E O IEF 2 EHER 5 RIREMED SRR
STz, —H, EOHD GAG DREHEYI T % GleNAc 72 £ GLeN 7 F 1 714, GleN
LR BRI S FASTFE LUIERRRS VWb D EEX b, &
BIZ, GleN ZERT 5 Z LI K- T, BafkE OLRMEZHIH T X 2 "IRetEdS e
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STz, GleN DERERHHER A I = X A%, BEERTD 1-2CTH 5 Snad2, Smadd
D mRNA FEERZFHHTT 5 Z LITL Y| MGP 72 EX DD R RAGEIE T ORB %
LT, 3y Faf FURBOFERELREL, ARILEIH L T2 ATEEER
Exbnl, 77205, GleN 1T, EFZBIEHRE RBOMRICEERRTCTH S

ZEERMDTRHLE,
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%38 MENEESTF CTH DT R BB B R ORE
HHENC 5% B R

BB D ECM IZIZBE 7 Col2 AMFEL T35, Col2 DREBMATH B 7 uaT—4
THRERIIRASEEAE L T D, Col2ik, TraF—r  REEHERL, EbIT, %
DEGTFH 2 T—5 AR DiE L I o T B [22], RSN ca 7 —5 L4
BT, ~ ) vy 7 A2 FZaraT77—% MP) REOTaTT—EIlLo TR
FHENTNB[100-102], $720 5, BRERBEASIER 2= 7 —7 ARG EATO Z L1k
BAEHKE OMERFICEHEE TH D,

BRELTHHASNTOEETF UL, ad—FraBhlehb, KEPR.
B 7 O ERREROMRHIER T2 LB 2 b, LRI LB EN TE 2 [12, 103,
104], FE, BAEREOHEELGESY BRI, BT F 2K LT F7—7 7T
K CP) RSN TWA1], ESFELEZ CP it /MBIZRWT, ~FF Fodk
BTN END Z & bR S TWB, CP DESIMEIHEANCRD bhbd bD D, CP
DB FIETFE LVMERAA W= A NIFRATH B, £o, B 77O
BIDZRIZE > THEMEN R D L EX OND A, BRI TV, EM
Z R EONUKGSH T D CP 23, BEERE-RIIROBSRERIENZ 5 2 D58 1RET
L7,

E1E aT—5 7T RO ERIRIRR ATDCS ORI RIET
="

FIDIZ, HEASEHIRER ATDCS % VT, BREZ SR R Ovadiieh 3 CP Sl
DEETE - SO E % D BE Rz, T IIITEREE LTR Y T Tk
SEALFE U CRT-IREL IR CP(pCP) . ffi o 77—/ L B BERILER U 7= fulli sk
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CP(fCP) &\ 7z, DMEM/F12 5=~ b1 (Pe). pCP. fCP ZZME#L 1 mg/ml
ORHEETHANL, ATDCS %553 Uiz, 55383 Bk, pCP KU £CP A3 ATDC5 DHEFE
(ZHZ BREEE. MIT 7 oA VTR LT, £ORR, % CP I3 ATDCS O
FHIZ I3RS 5 2 727> 7= (data not shown),

—F. H3e5 BTk, ALP ufam F\ T, ATDCS ORTIEX LR BRI~ &
R DB LR, pCP 13 ALP f&EME% Pe F7 1/3 1T L, fCP X ALP /&
PE% Pe (DF52/3 [T L7z (Figure 25), % Z T, pCP UMECP 23 ATDCE DAIKAE
\CEZ A% K35 B BIC AR Yea e AV VORES LT, £ORER. pCP 138RE
\Z ATDCS DTRIRA L1 L., £CP 1 Pe D 1/2 (AR L% M) &7 (Figure 26),

CP 1 ATDCS DBFEIZI IR B2 2l =T, AR{bE & bITRTIER LEE
Ras3 b4 Lizf=sb, CP 23, AERaA EEAE T 5 GAG DRI E-Z D38 %

S R T S BT
X SN o j -a
P 0 W . v 8 5.
. 3L SEN) ?:;; ; 2 o
205

g5
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g 9
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Figure 25, Effct of collagen peptides on alkaline phosphatase activity of ATDCS cells. ATDCS cells
were plated at a density of 5% 103 cells/well in 96-well plates and cultured ©r 5 days in (N) normal
medium, (Pe) 1mg/ml peptone in nomal medium, (pCP) Img/ml SCP-5200 as pig-derived collagen in
normal medium, (fCP) 1mg/ml HDL-50F as fish-derived collagen in normal medium. Affer 5 days,
the cells were stained ALP and parts of stained dishes were counted under a light microscope, and
alkaline phosphatase stained area was quantified by densitometric analysis using videomicroscopy and
image J software. The signal intensity of the stained cullures was determined by densitometry and
expressed as a bar graph. Results represent mean = SD derived flom three independent experiments,
each experiments carried out 3 or 4 culture wells. Photographed were showed a typical data in these
experiments. ¥, p<0.05 using Student’s t test.
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Figure 26. Effect of collagen peptides on
calcification of ATDCS cells. ATDCS cells
were cultured for 35 days in the various
medium indicated in the legend of Figure 24,
and were stained with alizarin red to identify
calcium deposits. Results represent mean =
SD derived fiom three independent
experiments, cach experiments carried out 3
or 4 culture wells. Photographed were
showed a typical data in these experiments.
* p<0.05 using Student’s t test.

Figure 27. Effect of collagen peptides on

" . amount oftotal GAG of ATDCS5 cells.

ATDCS5 cells were cultured for 35 days in the
various medium indicated in the legend of
Figure 24, and were stained with alcian blue
(pH 2.5) to identify total glycosaminoglycan.
Results represent mean = SD derived from three
independent  experiments, each experiments
carried out 3 or 4 culture wells. Photographed
were showed a typical data in these
experiments. *, p<0.05 using Student’s t test.

Figure 28. Efiect of collagen peptides on
amount of sulfited GAG of ATDCS cells.
ATDCS cells were cultured for 35 days in
the various medium in the legend of Figure
24, and were stained with alcian blue (pH
1.0) to identify sulfited glycosaminoglycan.
Results represent mean = SD derived from
three  independent  experiments, each
experiments carried out 3 or 4 culture wells.
Photographed were showed a typical data in
these experiments. *, p<0.05 using Student’
St test.



Bz, AB e (pH2.5) ZFAVT, ECMIZEIF A GAG (e T i+
KA F U+ T & RR) OBk R U755, pCP IX Pe & HHillt L CHA GAG
BY2/3 12084 L £CP 1dPe & LHEE U CHAGAG B39 1/3123) L QU 7z (Figure
27) o Z DFRERIT AR OY ALP TEMEDRER L HBEL LTV e, — 75, AB Y4, (pH1. 0)
& T BRERERFEAY) GAG (1 e A FU R+ T & LRRER) D&% i LT
FER. WA GAG DYLERER L B2 Y | pCP X Pe & bk U CHIREARRRN GAG BAYY
L5 fEEMULT, LasL, fCP OREREARRRAY GAG BIL, Pe D 1/10 15 L,
FIRACE O ALP TEMAEORER & ARO[ Z 7R L7z (Figure 28), ZhubHDFER
2D, pCP KON £CP [ IEITHRBAMIRODA IR &AM D A%, £ A RALINH] A 2 =
AL D TR R STz,

FTT, AHECP A3, BREEEERMIIA ATDCS |Z351) DB S(E T mRNA
FEHUG 2 D 8% RT-PCRIFZ VTR LTe, £ DFER.  pCP JLUM £CP 1, #K
BRRA2 T —5 U Th D MR o 7 —5 U RIBRAD Col2 ¢ mRNA F8BLL~/UZiE
WBE B 2 I2hote, —J5, pCP IIMGP mRNA (DFEERL~UL% Pe & L TR 1/2
BT SE 7225, BGP 0 nRNA FEER L~ IE A 52 adao e, —F, fCP
i%. MGP B UNBGP mRNA DR LU Pe & LR U CIRAMAMZ R LTz, FE
BRI DT, IbiZ, FlaT—F LT R (pCP - £CP) MSEREFFERAER
BRFHED mRNA FER VL~V 2 D58 % I0ET LToRER, CP 13 Smad2 & Smad4
@ mRNA FEEL VL~ R B 2 12> 7228, pCP 1 Smad2 @ mRNA FE L~V %
Pe L HEHR LG 1/2 12, Smadd @ mRNA FEHRL-~IL% Pe & HHRL-CR 2/3 (238D
¥z, S5, pCP i Runxl 0 mRNA FEHL L~L% Pe & H LG 1/2 12
¥, TR, pCP KU CP [FRE/MEIZRIT 5~ A 4 —&IGF T D Sox9 K&

T*Runx2 @ mRNA S8R L~YUZ 8BS B 2 IphsoT- (Figure 29),
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Figure 29. Collagen peptides modulated mRNA levels of chondrocyte matrix-related genes in ATDCS
cells. ATDCS cells were cultured Br 3 days in the various medium in the legend of Figure 24. Total
RNA was then isolated and was used for RT-PCR analysis of COL2, MGP, BGP, Sox9, Runxl,
Runx2, Smad2 and Smad4 mRNAs. PCR products were electrophoresed through agarose gels. All
gels were digitally imaged flat head scanner and Adobe PhotoShop Elements. Band intensities of these
digitally imaged were determined using Image J soffware fom autoradiographs obtained fom these
digitally imaged gels at least 3 diférent experiments and the signals were normalized by those of
GAPDH transcripts. Results represent mean = SD derived ffom three independent experiments, each
experiments carried out 3 culture wells. *, p<0.05 using Student’s t test.

55 24 AT =G o RTF NICER T DR HIRSASREREN RIE TR
F RO

CP {BEU%, BRI A IZ, X 7"F REIFIAS PP, Ala-Hyp-Gly, Pro-Hyp, Pro-Hyp—Gly,
Ile-Hyp. Leu-Hyp. Phe-Hyp Db DAMRHEILD Z & B3MREIN TS [105], £
ZC B pCP L FAHMRD fCP TH LIV ODENEALINTT B0,
7 X BEFIOFMEICER Uiz, 7 X BESIL. BEFIERSHLNI RS T
WAL hewUREBT T T4 vvak Vi, ZORRE, EROBRPICHRH
INDEFIF, PP ESIN, BT T 74 v a2 Bl TvruREE FTELEE
AWTCWBRIZER L, LTO7 X VBRUNTSF R AWTEREIT 7,

ATDC5 127 Y ¥> Gly), 7mrY Y (Pro), E Raxvrrly @#Hyp), 7al
vie eyl Prothyp), Vv eruy e Frfirmnl s
Gly+ProtHyp). mUNE FuF%y /Yy (ProHyp). m UL REFy
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Figure 30. Efict of amino acid or peptide on ALP activity of ATDCS cells. 42ATDCS cells were
cultured in normal medium (N) and medium containing 1 mg/ml Gly, Pro, Hyp, Pro+Hyp,
Gly+Pro+Hyp, di-peptide of Pro-Hyp or tri-peptide of Pro-Hyp-Gly ©r 5 days. After cultured, the
cells were stained with ALP. B: Graph showing the signal intensity of the stained area in each culture.
Results represent the mean = SD derived fom 3 independent experiments, with each experiment
carried out using 5 culture wells. *, p<0.05 using Student’s t test.

Fa YNy Y (Pro-HypGly) %42 5mM BEINL7z, 5 AREER. ALP I

AT ATDCS ORMEA LR EHIIR A~ 5 2 B EE A LT, D FER.

N & bl L C, Pro—Hyp (D23 ATDCS (D ALPT&EMEZ#01/5 [T T S ¥ 7 (Figure 30),

WIZ, ATDCS DEEHIFIZ Pro-Hyp 2 0.1 M, 0.5 mM, 1 mM, 2.5 mM, 5 oM JT*10

mM BN L. 5 BRIEEERITV, ALP EtEA# Lz, £O/R. 1 uM Pro-Htyp X

W L LT ALP {EMEEH92/3 12, 2.5 oM Pro-Hyp (338 # & b LT ALP T&fH
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%% 1/4 12, 10 mM Pro—Hyp (L@ % & il LT ALP J&MEZRHY 1/10 I S ¥
(Figure 31), J72d>H. Pro-Hyp iXBREERATANT ALP FEMERET S 872, ZORE
BAs5, ATDCS DR BHIRMERFZ B 5 5~~7"F Fi& Pro-Hyp BIFID P~7"F
RThaHZ L EHBMILE,

Figure 31. Efect of Pro-Hyp peptide on
ALP activity of ATDCS5 cells. A:ATDCS
cells were cultured in various Pro-Hyp
peptide concentration medium fr 5 days.
Affer cultured, the cells were stained with
ALP. B: Graph showing the signal
intensity ofthe stained area in each
culture. Results represent the mean = SD
derived from 3 independent experiments,
with each experiment caried out using 5
culture wells. *, p<0.05 using Student’s
1 test.
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CP A% in vivo IZR\V VTR B OMRESGERTIER T 2 ARt 2RSS B 7D, P
ZiRE S U7z P SRR T L~ 7 R AV T, pCP U £CP 23~ 7 A8
Bk E T 5% DB R~ -, C5TBL/B] e~ r A EEARM ), =/ bu—
A (C: 1.5% P and 5% guluten), pCP &% (1. 5% P and 5% pCP). fCP & (L. 5%
P and 5% £CP) @ 4 B (n=6) 24347, 3 IBRIAHRIZ B iSRS 7, HRARARHE.
uCT 2T, BEREOMEZEE L, B, WEBRUKERBEIFT O/
KRR 3 DEETHBERROMEIC 5 X DAY LTc, TR, pCP B UM CP
V. B L BB DIE X R C & Hl TN L7, 72, pCP (3 £CP &L T,
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REBROBBESEIMER Th ot Tz, BBE2E T 2 BHRL. pCP &
fCP IXC LR L T, BRESHEIMER Th o7z, S HIZ, pCP iX fCP L H LT,
B & ST 5 BB O BRI L7z (Figure 32),

WiT, FEBIREIA 2L, SEREE B LT, ZOREER, pCP & £CPIXC L1k
B L THRETRAYVEA 272, Fio, pCP I £CP & bl L CHvE @A MEm 725 7=,
ST, pCPILC LB LT, I OB N L 7= (Figure 33),

high-P diet

Figure 32. Micro-CT analysis of the articular cartilage in longitudinal sections of phosphorus-
induced abnormal articular cartilage mice. Normal diet (N), 1.5% phosphorus and 5% gluten diet
(C), 1.5% phosphorus and 5% pig-derived collagen peptide diet (pCP), and 1.5% phosphorus and
5% fish-derived collagen peptide diet ({CP) were £d for 3 weeks in C57BL/6] mice. Photographs
representative of the typical results bund br each group (n=6) are shown.

high-P diet

s
":':ﬁr’

e oA {%f} '

-

Figure 33. Efect of collagen peptides on thickness of articular cartilage in phosphorus-induced
abnormal articular cartilage mice. Normal diet (N), 1.5% phosphorus and 5% gluten diet (C), 1.5%
phosphorus and 5% pig-derived collagen peptide diet(pCP), and 1.5% phosphorus and 5% fish-derived
collagen peptide diet (Gluten) were fed for 3 weeks. Photographs representative of the typical results
Pund br each group (n=6) are shown.
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A IREED/IMER JUEE

RFBROFE R, W EHEEHINAR ATDCS 1233V VT, CP ISEEICRIR L 244 LTz,
CP ¥RIME, ATDCS HPEIZITRE A 52 72 0Tz, LIchio T, CP L. ANFEERCfE
FAL7ZIREETIL, ATDCS ICHEfaEE A 5 2 e & B R b, —J57. ALP I&EMHAIE
DFER, pCP I, fCP L HER LT, ALP {EMAMKIEIZ > 72, CP I, ATDCS O ALP 1%
PEEIH L7e 2 &b, CP I K DAKIGHIERIL, BB O EREiZT LT
HEREMENE 2 v, Fiz, P OBRHEIZ K- T, HEHiaoLAREHEREI
52 BEBNRIR DR E X GvTe,

S BIZ, CP 23, ATDCS D ECM DA GAG Bl UMMEREEARRRAY GAG Bl 5% D e
ERRET LT, EDFER. pCP L. #8GAG BA DT DNIHE S 743, MilREAERN
GAG B& MM T, —5, fCP I, #BGAG B UWRBASARRAT GAC &% & bITH
Y EETz, WEDNRERRL GAG IZiX, e T Aa U BEOT 7 1 DR TH 5
ay RaAf F U 7 5 ViR e 5 (18, 21], ARFEBROFER. plP e 7V
B BT, Iy Nl FUREBERT 7 % CRBBOEARE I Z T LT, AKX
{LEAH LT B ATREMEDSE 2 BT,

HIKAGEI R R a o Fa A F R - 77 & URBREATEIC 5T 2856
ERRET UTe, FOFER, pCP T MGP mRNA ORI L~ LM S Q22 vk,
pCP I ZER BB MGP EE FHE AN U C AR(b 23] L7- TREMEDE 2 bz,
B, ar RafFUkEE - 7T 7 UMBOEAEZTFHFE LT pCP 1L, Smad2 &

Smad4 mRNA DHEREAEWD I 72, Smad2 tX T6F- B O THICIFHET BEEERTF &
LTHILITWS, E72, Smad2 i, Sox9 KU Runx2 &FEA L. EEOSLER
ZIRET L OV D RTREMED SR E ST D, LA LDFERDG pCP DAR{AHIER
iL. Smad2 DFEFEIAI L. Smad2 A3BFET 2 SOX9 K UN Runx2 DE{=T-REH
WEBELT, RHEAIZZEDOTIRD MGP CEREEE Z IV BOFEBEHEL T
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D RIREMENSE 2 T,

IEORE T, EERNIZRBNTa T —4 20 R BRI, MlRREDOA T
Yorbe7F—iEa L, MBROBRREZRE L T\ A Z LBHLNNIR>TNS
[106-109], F7z. LEMIAUZINT, Gly-Pro-Hyp BFINYT 75/ ¥+ NMEFER
FLREETDIEITEo T, MROHEEROMEETS L Q5 Z LrmEsh
TV ([110], T HOEEL, EEAICBNT, HEDTT NI IS
EHRETTAZ LERLTWD, C57/BL~ U AEAWZERTIL, (PEELETF
KGR % RS L 7o, OB S E oS, 40 F & 50015000 DX
TFRH, RXTF FOFRETIHRICRY RENZZ ERgESNTWA([L1L], &

MZBWT, #fx REFIR UG TBD (P 2818 75 LUK osk B Eikh
HAARER U T4k, BRI~ 7S FEF23 Ala-Hyp-Gly, Pro-Hyp, Pro-Hyp—Gly.
Ile-Hyp, Leu-Hyp, Phe-Hyp 72 EAMRHIEND Z &3 E SN TV A[105, 112],
ZOHEIL, FBR U CP O—ERDBS &R o7 F Fid, HILERNIZRNT, 7
I BECHBENT RN ENDEDTIIRL . XTF ROE EAERNICEY
REN, RFHHSNTWD Z LTREIND, RNEROER) G, AEBRTHWE
CP FIZEENDIEERTTF RAMED—D1L Pro-Hyp TH D Z & LM LT,
E7z, Pro-Hyp=Gly D7 X/ BEEFIEH TS b Y _TF Rid, ATDCE D ALP {&F I
R GRS 2 DD, AFRNIZBNT, BEHa 7 —5 0 HO Pro-Hyp E2
FIHS E B AR OMRERIEN L 5. 2 TWAD TR, 27 —7 U REE
YWiTh D Pro-Hyp BFIDITF FR, BREMIIZTERS L. EEHROBaEs]
L 5 2 TW B ATREMAE 2 bV,

LLEDFERD D, BCM & 230 BONUKG A T % CP IIIER 72 Bk B3
OMFICEERRT CTHHZ L%, IO TRH L, $i, ZOSRBRHHERHE
F, FAMEIC L AMER DD Z L ZB BN L, pCP 1L fCP L LL~FATH DT
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BEMEZ 7R LT, & DIT, Pro-Hyp ASERBHIAD S L2 FHETT HTEE~TF FAKT
HDZLEFDTHALMNT LI,
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WoTE

AL, AEANIZIST 2 BIERE R O— 2B DN 5 2 & & BRICHEER
ZATol $0b, ARFFETIL, B EHIIIZIS TR BOM 003 7 v
GFE UTER L, BEERERE DHERAZRIET 2055 03% in vitro RO in vivo THE
L, &b, BEERHEZHELNCTEZ LIk, BEgiEE0 ) 27 %
(KB DV NIRRT 25 F DR AT 2 12,

AIRITESE, UTOEREHONIT DT LN TEI,

1 BEEBROMERFICEERIRINTHDIAN T T L, v TRV TLENY AT,
BREEOL 26T, BEREORBC b EEREELZ AL QDA Z L2 b
W LT, ARG THD AN T LKV A%, BIEREIZRNT, AR
BRI DAKIGERB~DMEETFE L, SEHEROEM A RETHZ L &R
L7z, —F., FRRICARIERG Th D~ 72y AL, BIEHEIZRBW T,
FRRNR B EAERE L, BB R OEMZIf 52 L&, FIDTRH LK,

2. GAG DEAMERBETH D 7 2% I 13, BIFECEICIW T, AR B & 4
FL., BEEBOEEEZIEIT 2 Z L 2HALMNI L, ZAad Izl H
BB A A=A 0L LTI, 23 IR RERIC S e L
THRHESIND Z LIt kY, BEERERT ThD Smad2 X1 Smadd DEEFHR
FEIEN LT, BB EMIZRIT B3y FuA FURERA SIS ', MGP # 23
HOBEEZIHIL. ARIGRE~OIMEEZIHIL TOD L EALMILIL
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ECM & 2 37 BONKS Ry Tl D 2 7 — 14 L 7T Rid, Bk Bl - s
L. SEHEBROEEEZIETAZ L 2RO L, aT—F 0 _7F Rk
B S EISHERE A 1 = A 0k LT, BEREFTH 2 Runxl ROEERRE
KT TdhD Smad2 KU Smadd DIBIETFEHRFE LI LT, BE EM 2T 5=
v RuA FURBRA RN SR, MOP & o7 B OREA LI L, RRIGERE~D
HMEEIHI L TWNBZ AL LT, EbI, aF7—F v 7 F FIcE
FNAEESTF RAEIL, ek Faxlrul) o Thd I L a28HT
RiL7z,

BIERR BT, B ERIIADMERR DR VT 4 7T=— I —L LT, ar R
oA FURBIERTHLZ L RE L,

B E 3\ T L SRR BRI DO RR D~ — A — & LT MGP U Smad2/4
ZRHLUZ,

ARFBUZINT, ATDCS 2V 7z in vitro OfERE <~ XA ZH 2 in vivo D
FERIT—E L. ATDCS I LA AIKALT v A R, BEKUPERE LD
DHIEHT, BEEREOHRICERTHD Z LRI LT,
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B 20 BB ABEONT A =X A D— AR CE T, b,
EFERNIZBNT, KB EM O FORBEN ChHD < /XU L, TAatIy, 7
Uk Raxi7rml Ak, BEEEEMcIn s 7 Faste UHERL, 8F
BB EIT DR R AL L, E£72. Tvh O FORBH BRI LD |
BAERERE DEMAE T L. BOEMBRE LY EF ICHERF T DA AR T &R TE
(Figure 33),

Atk AFEOMRITESE, BIEEREEE OREMIAT NI FIHE, 1REOHE
Mg EDIGH bEFF SN D,
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Figure 34. Conclusion
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1]

AT

ARFFRIZEE L., F/IED LT —< & 52T\ elZ< L &bz, e TRETNC T
B3 & UTORTa RS SR R ARSI S
RABEERLET.

AFFIRICRE L, $Hh TR0 5 TR TN THEER B ) % LIRIT AR
R A E ISR OB R R LET,

FERTOVRIC 12 D . D & SRR EIRY & UToRm R SR
B SRR NI AR A B RERCHEA T
R L L ET,

ABIIE L BE72 DHEIEUNC SRR Y ¥ LTI R R A
B WK AT, BERERETEROR A EISEENE £ BHOIE, W
RESCEAR T N P—S0%, SRR e T %2
B HBIEES, WIS D SUEEER, SRR
VR KT —BEE. BEAESEAS THEE T NSNE,
REFEFIANDERE A KENT, BITAYICEIEACERE Sl
BEGT, FOENGOTST P RS, PR AR —
HEE POKI| BB, RIS OIS e VM AR,
ESTHERE - ST BR ETN ERERSEEAE B ML,
IERERLESEEACEE e BN e, BIOCHRSERENG B =
B B2, FUUSSCHIIORISSR R G KSR OE SR LT,

AHFFRITBRL, TN oy I T a SRR U TT &WE LiohedkE b T3k
REMPONT, 2T T F RERE LTV s & LIHmE 5 F o ptatt
R LE T
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TR DI E LR BIOME T, LIRS+, A AP,
TR, PREESE, SURMEELCEHERLET,

BT A I R A IR D T 03 IR RO T AR
JERRITTEE LIS L ERHELET,
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SKERDER

B1E

E1E HBRERERIBAR ATDCS & FAV /= in vitro EERR

ORI i

EEREEHIIEERIE, mouse teratocarcinoma cell AT805 FISEDTEARTH
% ATDCS A% FV = (RIKEN Cell Bank No. RCBO565), ATDCS (DEZHEIZ.
1:1 mixture of Dulbecco’s modified Eagle’s and Ham’s F12 31 (DMEM/F12;
Invitrogen) tZ 5% Foetal Bovine Serum(FBS, Invitrogen), 100 u 1/ml
Penicillin, 50 u1/ml Streptmycin ZHM LAV, ATDC5 i 37°C, 5% CO,
DEAETRERE LTz, MRRIT 0.25% b U 72 ~0.02% EDTA ¥8¥K (Sigma
Aldrich) ZFvy, 2— 3 BEIATo7,

DMEM/F12 $EHIFPIZIE, AL T LJRE LT L M IN S DA <
FRUTLRELUTH 0.7 il b~ 7R 7 ARUREE~ 7RV T A,
VAR LT 1 md U VBB KET MU U a—KF kMY ‘/&‘%7&%2
F U AREEAT B, AT, DA MRS LTS
T LTKF, ~ IR ARE LTHEIE~ 7R T 2K, EERY
VIRE LTV V=K T MY v a—KF, VU U AEREE LTS YV &R
=V SBETF N U Ak E R,

@ FEpEREE
ATDC5 % 5X 10° cells/well 0, 96 FHHIAEEEA~A /7 a5 X 7L
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— MTHETE L, 24 BERTEEEE  Ca RUMg R UNP HRINBEHI~BEHIARH % L,
3 ARER LTz, 1584, Cell Counting Kit-HS (DOJINDO) FRIEZHZHIOD
1/10 BFML, 3 B 37°C 5% CO, FETF CEEL, YL —h)—4
Wallac 1420ARV0. SX multilabel counter (FALLAC OY) ZFHVNT, & 450
nm CHEIE Uiz, SEEMENE, Bk ChEE L7z ATDCS OBEIEETERL .
FERHEA B L LTz,

® ALPYfs
0.05M2-7 3 /-2 AFN~1 Frs_ ) — VSRR L Hales FIV N C,

pH 9. 8 |ZFHE L 72 I % 0. 05 M AMP Buffer & L. ALP YeaifERUZH
7z, 10 mM NAPHTHOL AS-BI PHOSPHATE (SIGMA) B X1 mM FASTRED VIOLET LB
SALT (SIGMA) % 0. 05 M AMP Buffer |Z¥Sf# L, ALP Jefaik L L7z, ALP &M
BIEIZ AV AIRIL, 5X10° cells/well 7096 FIMEEERA~1 7 07
A RFL— MTBRE L, 24 BERE. Ca BUMg K UNP HhEH~HEH#
Sk L, 5 AEEE L7z ATDCS 2o, K58k, 20% Fu<Y v &H
VT 20 ZFHERE L, 3 [EDKYE L7oAlla% , ALP GxEik e AV T 37°C1 %
N—HNT 15 HERSESE, KEEE 10 BYTo7, Yttt 77 v by
RRZF v —2 T, 96 SflasR A~ 7 07 X F 7 L— hOYEE
BRI AL, EBRSHTY 7 b NIH-image VT, REsaELEELL
et

@ MY
Alcian Blue 8GX(Flka) % 0.5 M CHCOOH (oH2.5) &2V M 0.1 M HCl
(pHL. 0) ITYAMEL. 1%AB YAVK (AB pH2.5) 72 HUNT (AB pHL 0) ZfERIL
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oo %5 AB VRIS FIRFIGE L, BEH L7z, AB Yl AV oM, 2. 5X 10
cells/well 3024 FHIERERA~A 7 0T A 7 L— MIHBREL , 24 B
iRk, BIESFRIE A L. 7, 14, 21 KU 28 HHSS
E LT, BEAET, 3 AEITEHZIREIT o7z, BEE%. 20% HA<)
CEWT 20 pEEE L, 3 BEUKBEL7oMifaz, &4 0 AB YefEika v
TEIR T—BRAUE STz, IR ThUR SE72#ifa % 0. 5 M CH,COOH (pH2. 5)
HBVT 0.1 M HCL (pHL. 0) ZAVTHEEE, 10 EABEETTo7-, L
#. 77y by RAF Y T—R W, 96 JHIERA~ 727 X |
7L— hOYEERE TR Y AS, BT 7 b NIH-image Z VT, Gy
AR A S LT,

® TIFIrLy R

T YUY Ly RYaiE, ALIZARIN RED S-Certified (SIGMA) & 28%7
VE=TKERWT 1%7 UYLy RESHE (OH 6. 38) /BRI, Yufaic
AWz, 7YY Ly REEIZHWRIIEE, 2.5X10* cells/well
224 THEERA~A 7 2T XA M7 L— MIIBREL, 24 BHETRE®RE, Ca
K OMg ROP HIISEHI~EEHIAS A L, 7, 14, 21 ROM28 AREEE L,
BRI, 3 BB A T o7z, 558k, 20% FA~<U AN
T20 S3IEE L. 3 EKBELICMia%E, 7 U5 Ly R§sEiRE LT
EIET 10 SRS S8, FUSS S, 10 EUKEE, BIRI{LOFE
G, Befath, 77y by RAF ¥ —2 VT, 24 FHEE
A~A27a7 AN L— FOREERERY AR, EERITY 7 K
NIH-image ZFVT, SeESRELIEIL LTz, SERRT, BT 7
b NIH-image %AV TEAE L7z,
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® SEERGE

SoRE AR EBIT N B ATDCS 1, 3X10° cells/well D Lab-Tek 8 '
HFAAZA K (Nalge Nunc International) \CHEFEL . 24 WERHEE.
Ca RUNMg KU'P UNIBEMIAEHBSHE L, 2, 7 KU 28 BRBEELIS
BT, 3 BB AT o7, KPR, ATDCS %, # A~y =
ATREEK (AABREE (BD) ) 2T 3 B L=, 64 L7z ATDCS %,
P RTHNVBT AT RERANT20 HHEEE L. U CEEERR (PBS; 8mM
UUBKBRZT N O A+, 2o Y UBETKE T R U AL 0.2
ML MU DL) TL045H 3 EIREE Uik, SuEiEEgdeaic v
e

TR B DOFIEIL, PBS THEHE. #1DIZ-20C A ¥/ —/L & 3057
RS SETHURETEML S B/, RIT. 4% H0,/FBS YK & 2R T 60 &
BIRGSE7284, 100% FBS ZHWTT B yd 7 %1To7, 1 WA
P1 Matrix Gla Protein Y 7 u—F gk (MR Vz=v 7 #F) )
% FBS H11Z 1/200 AR L, RISICAV Yz, £XHTT 47 ar ha—L
ELT, 1 RIS RS SBRWF 7B MR U7, MRRREIR 1 i
FINEEROTIFHE L, S'COFE T TBUL S 8T, 1 IRFUEDRUE
. 0.01 M PBS TYES L. 100%BS T 1y ¥/, 2 UKL RIEE
B, 2 WKL, ZyMax™ goat anti-rabbit IgG (HHL) HifAk (Zymed
Laboratories, Inc.) % FBS H1Z 1/200 &FHRL, RIRIZAV ., 2 KRBT
EIRBEEOPICEHE L, RIET 1 BERGS8 7, PBS TUE4EE, M
BAROTRLIL, ENVISION Kit/HRP(DAB; Dako Cytomation, Japan) %
Rz,

58



SEgatk, 77 v by RRFY T —Z2HWT, Lab-Tek 8 X 7
ARTA ROGEEBREZRY A%, EgOHTY 7 b NIH-image 2T,
YutrinEE e BBl LT, BRI, BRI 7k NIH-image & FAVNT
il LTz,

@ RT-PCR

RT-PCR JEIZ IV MIRIE, 5X 10° cells/well 5060 mm 7'L— MIF&
FEL. 24 FERIEERML. Ca KU Mg ROVP IRIEH~EEHIZZHE LTz, RNA
I% TRIZOL Reagent (Invitrogen) & A\ riH L7z, fliHH L7z RNA 13 DPC 4L
KT, YRt FVER LTz,

1 VU TAHTY D total RN % 1pg ST L HIZHEE L, invitrogen
#1:0 Superscript First-Strand Synthesis System &\ CHsEEERN
JNE RT) ATV, cDNA ZAE L7z, RT DA 50°C 90 min, 99°C 5min
TIT 272, PCRITHEIEIZHE ) Table 2 DETITo T2,

& OV PCR EEM % 2% 7 57 i— A (TAKARA) Z7"7WZ T 100V T 20 fdfE
KRUKEL, =F VU LT O, REKT, 156 e L72%, 245 o O
BINRSRT G W RV AAIZR-%) BAWT, N RERESRL, &
Z 1A K5 AT D Polapan 663 HEA L RAF LV vy 7T 4 )V AEFANT,
WEEBRERE L, UWEEEEY 7Ty My RAF ¥y F—ERNTTY
ZOVEBAE L., ERSHTY 7 b Nii-image Z VT, EHELEELL
oo PREBEHESEIEF T 5 GAPDH O PCR FEMIOT BRI B A Eln T
O PCR EEHORSHEOHMELEH L, £&IETF0 nRNA BHR L~V %
R L7z,
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Table 2 PCR-primers

Gene Sequence
5’-CCCACTCCATTCCAGAAAAC-3’

Smad2 3 AACACCAGAATGCAGGTTCC-5’
5’-CGTGCTTACCCACTGAAGGA-3’

Smad4 3’-GCTGGCTGAGCAGTAAATCC-5’
5. TGCAGCACAAGAAAGACCAC-3’

Sox9 3’.CCCTCTCGCTTCAGATCAAC-5’
5’-ACTTCCTCTGCTCCGTGCTA-3’

Runx1 3’.GGTCGTTGAATCTCGCTACC-5’
5'-ATGGTGGAGATCATCGCGGACCACCCGGCC-3

Runx2 3’-ACACCTACTCTCATACTGGGATGAGGAATG-5’

Col2 5. GTCGAGCAGCAAGAGCAAGGA-3’
3’.CTTGCCCCACTTACCAGTGTC-5’
5°-ATGAAGAGCCTGCTCCCTCT-3’

MGP 3’.CTAATATTTGGCTCCTCGGC-5’

BGP 5'-GCAGCTTGGTGCACACCTAGCAGACACCAT-3

3-GGAGCTGCTGTGACATCCATACTTGCAGGG-S’
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Mot

RRRSERRI T _T, AT LT3 RE NS REFWT, My LizE
Bk 3EHT oo, FERITT T, FE = SD R L7z, SatFARHENL,
Stat Mate 3 Y7 bw =7 (ATMS) AV T, t BREZEATV, p<0.05 &L

7o, HIRADHLEERIL, FHOTNL MR RMEER LT,

B2 C57BL/6] mouse ZFAV 7z in vivo FEEEF

O =BEW

KBEWZIE, 8 BEKR TN 10 Bl C57BL/6] KEtE~ T X (BAZ LT

#0) RV, REBR TRV Y VRO IRV T LG, AIN-93G
#ARZ BT, Morishita, K BOFXESEIMER LT, VL ARELTI
BTAKEAY UL KHPO) ., v/ RV UL RELTHEIE TRV T A
(MgCly) &A% FAVC, EBEEHIHRIN Lz, KHLPO, KON MgCly b, x =1—
VARE—FLBEW LT, FRIEOY VRO IRV T LARIE, BARRRS
o 2 —CRIE LTz, fRHERR% Table 2 1TR LTz, U VRO TRy
T LERIIEDFERCIE, Halloran BP HOFRITHMG. C57BL/6] = 7 R
WT, B~ U AMEEEINR OB EEOHENEKT Lz 10 @i
VU RERNZ[71], EIERIZ 0.2 g P KUY 0.05 g Mg/100 g DIEEE
B 1.2 gP KUR0.05 g Mg /100 g DEY BB (high P), 0.2 g P &
T 0.8 g Mg/100 g D~ R 7 h&FE(high Mg), 1.2 gP R0 0.8 ¢
Mg/100 g DE Y »/E< /Ry WERE (high P/high Mg) D48 (n=6)
o, FE A BEHRERIY, SEMAT 2T ok, B~
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Table 3 composition of experimental diets

P Mg Mg/P
Casein 200 200 200 200
Lard 58.3 58.3 58.3 58.3
Corn oil 11.7 11.7 11.7 1.7
Mineral mixture (AIN-93G) 10 10 10 10
Vitamine mixture (AIN-93G) 35 35 35 35
L-cystin 3 3 3 3
Choline chloride 25 2.5 2.5 2.5
Sucrose 100 100 100 100
Cornstarch 5205 484.63 466 420.2
Cellulose 50 50 50 50
KH,PO, - 45.87 . 45.87
MgClL, - 6H,0 . - 63.5 63.5
Total 1000 1000 1000 1000




U AL 8 Al C5TBL/6] MM~V R &AWz, @i~ U A% 8 @i
C57BL/6] Mt~ X2, THREMEEIME (U = 2 NEERTE (BR)
% B HERSE 4 BREE L, ~ 7 AMERERE (FE21°C+1C,
WREE 45%—50%) . 12 FEERAREY( 27 /1 (BAA : 8:00-20:00) DEREE T TH
BEAToT, ETARFERNL, [EREMOFE RORE B 250 (13
155 4F 3 AMEINETRT 6 %) ICEDWTITHhII

@ ks

YU REVTFNT—F VT THEL, DERILEE VTR A SRR L
Too TRERLT-MiKIE, =R T 1 RHEIFRER. 20006 T 20 3fEhE DABEAAT
e, BERMEY T E LT, EARKFET-20C OREFEL, miFH
DY 1L, Phospher C test WAKO (FRyeiiZE (#9)). Mmoo~
FLU AL, Magnesium C test WAKO (FIEREZE (BR)) 2%« AWCHIE
L7z,

@  BREIAERL

BEEREROEIA RAERT 272010, v 7 AEBERH L, BT 4% /3
FHRNLT T e N/ U CESEER ©H7.2) ZRWT, 4C. 24 FEEEE
Lie, BEEH, 12.5% A7 0—ABR, 26% A2 7—AERRNERIES S
H. 15% EDTA/25% R 7 m—R/ ) U EEEERIEH T 4°C, 7 B, BUR{L%
170tz BUR UTABRNE, U VESREIRTIC A°CTRF LTz

BIFAERR D 2\ e S 174, Tissue-Tek 0.C. T. compound (Sakura
Finetek) & AV TR, V¥ —F HE#HEREY U AR & » N (M3050S (51
A R ) EAWT, 22CO&RMGT T, EFHEFEAMT, 20un DES
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WZEMFL, H T R7L— b RIZBA U, TERLU7-8TAE 1 RER R,
-80°CTHRTF L7

@ AB%

AB Y FAVAEIA L, %35 BV AEHKA VT, 15 DR THE
EL, 0.1 M U BEEIR (PBS; pH7.4) T, 3EEELZ teEshi
AR, B 1 O (R L AB el h AT, SRIR TS &
PBS Z VT 10 ERESETT o7, AB Yefafh, WU #—4fal LT, =
AY— T VY UEIR FOGHER #F) T2 SRS SE, PBS
T 20 B AT o e, Rl ST BIF L, ARG TCREE
BEEET O # VI AT AT I Penguin 600CL(EZ £ T a—RL—i3
N ERNT, HEEBREBIAL, FRRVATLAERY 7 =T ThHD

In Studio(E°Z &5 a—iRL—3 3 ) #AWT, FREEHAIZ I To 7=,

® SR

-80°C CHRIF LIRS A 2 BIRICEFE L7k, TRV AT LT
FaERT 20 HIEE L, PBS T 10 43ff 3 B L., Seriiiidu A
vz,

SRR, 1T FE1H (6) LIERROFETIT T, HEH
Rtatl, W Z—4EL LT, v v— v bV KR Ft
PR () 2 HFBUESE, PBS VT, 20 EMEEE 77, G
BENTLIRE, BT CBIE%. BT VANIAT VAT A
Penguin 600CL(E'7 & T a—RL— 5 V) 2T, AREIRE BuAS,
VAT AERY 7 U =7 THS InStudio(E 75 2—RlL— =
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BT, BRERHE T 1

® et

FERITT T, 6 [IED~ T ADFEIE = SD TR L7z, #atFHIFHEIL.
Stat Mate 3 7 k7 =7 (ATMS) 2V T, Two-way analysis of variance
(ANOVA) THREM%. Tukey EEZFAVVTEEZEREEIT. p < 0.05 &
LTz, FERREIR OBEIL, BHEOHbEAN AR LT,

B2E

FE1Hi BIBREERIRRR ATDCS & FAV = in vitro EERR

O Mz

MIREERIRITE 1 B 18 () LEROFELAW T, 7=
FIv GleN) BROZvay o7 Fa l @i, En ek
JBEET Img/ml 12725 KD ITIRIMN LT, GleNJRE LTIEZ /vy I R
¥ O(SIGMA) RO Va3 URREE SIGMA) vz, ZAadIv7
FuZix, Fra—2x Gle) (SIGMA) . N-7TEF AT a8 I (GleNAe)
(SIGMA) . 3 hY &A= (GleN), (BEEVKEETE (#R) ). % FEd—2R
(GleNAc) , (BEHEAKEETEE (BR)) . 77 h—2X (Gal-Gle) (BEBKEETZE (BR))
Z2 M (Gal-GleN) (BEEVKETZE BF) ). N-7&FAT 7 PP
v (Gal-GlcNAc) (BEE/KEETZE ) ). HT7 7 h—R (Gal) (SIGMA).
HF 7 b¥ I (GaleN) SIM) . T ®FAAFZ Ry I v
(GalcNAc) (SIGMA) . Z7/vZ b—ZR (Fru) (SIGMA), Z/vZ7 a8 (Glcl)
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FleptER), sra /5 M (GlelUlae) FEMER 2 Az,

©

ATDC5 % 5X 10° cells/well 92, 96 JUHRftERA~A /T R h 7V
— MIRERE L., 24 BREERE. GleN RO 3% 7 v Z RIS
G L, 3 ARER L, AIHEREAIE SRR o, NiAasE
LRI E BLE @ LREROFEERAVCTUT T,

@ ALP Y

ATDC5 % 5X 10° cells/well 296 SMMERA~1 7 a7 X h 7 L—
MIEBREL. 24 RIS, GloN ROV VY I U7 a JisHE
RS L, 7 BRI LT, s, F1E 18 ) LA
FiEE VT ALP Yefa a7 o7,

@ AB¥ua

ATDC5 % 2.5X 10" cells/well §024 SRR~/ 7/ 7 X NV
— MIIBFE L, 24 BRERIRERE. GloN AVIFHIZE~EHAcHA L, 356 A
B LT, SRS, 3 AARICEEHBSIAR T oo, 15, F1E F1
g @) LFEEROFEZAWT B REEIToT,

® TIUIFIrLy R

ATDCS % 2.5X10* cells/well 92 24 NS~/ /0T A b7
L— MIEERE L., 24 BHEEEE%. GleN IS S~ EEHrs#x L, 35 H
i L, BT, 3 BRI T o7, Btk 1E 5

66



181 6) LRKEDFHEEFHVTAR B 2dTo77,

® RT-PCR

ATDCS % 5X10° cells/well $-260 mm 7 L— MIIBREL., 72 BRkEE
. GloN ASIEEH S ~SEHIAS AR L, 3 AfEEE Lz, Btk F1E 5§
18 (7) &RWROFIEER VT RT-PCR BE2AT -7,

@ et

FIRSEBRI I XT, VT RT3 REOS REAWT, My L%
Bra 3EHT o 7, FERITT T, IME = SD TR Lz, SiatEARHibiL.
Stat Mate 3 Y7 bT =7 (ATMS) VT, t BEZATV, p<0.05 &L
oo HRROYLEEENY, SO L HMAN B AR LT,

E2H C57BL/6] mouse % BV 7~ in vivo SEEEF

O =BEW

SEREMNTIT, 938ls C5TBL/6] HEE~T X (BAZ V7 (#0) =MW
o BIE F2f () THRREFHECHTINZEY VAYIR%E, =
v k= VOB E T T L~ X & LTHVE, GleN KT GleNAe
E AU RE—FLE# LT, FEHERE Table 31TR LT, FHEE
# LBRTo 7R, BEEHN, = bo—A & CGL26P ). 7
Y I UEMARE (GleN; 1.2% P and 0.02% GleN), N-7 & F/L7 0
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Table 4 composition of experimental diets

1.5% P
group
g N C “GleN GleNAc
Casein 200 200 200 200
Lard 58.3 58.3 58.3 58.3
Corn oil 11.7 11.7 11.7 1.7
Mineral mixture (AIN-93G) 10 10 10 10
Vitamine mixture (AIN-93G) 35 35 35 35
L-cystin 3 3 3 3
Choline chloride 25 2.5 2.5 2.5
Sucrose 100 100 100 100
Comstarch 529.5 470.45 470.43 470.43
Cellulose 50 50 50 50
KH,PO, . 59.05 59.05 59.05
Glucosamine - - 0.2 -
N-acetyl glucosamine - - - 0.2
Total 1000 1000 1000 1000




Y I UNINREE (GLeN; 1.2% P and 0.02% GlcNAc) D48 (n=6) IZf&
YEBIoNT, Bkt BB SE, SBRFRE 2T ~ U XIHERE
BE (RIE21°CE1°C, ¥BEE 45%—50%), 12 BEERAREY1 7/ (B -
8:00-20:00) DEE T CEBEXIToTe, FAERL, [FEREWORE
ROBREIZEE$ 28] (B 55 4 3 AREFERE65) ITEINTT
DIz, AETERRA 3 MR, &8F 6 ITT MR 21TV AL, 70%
=5 AR CEAEE L, R T CCCRE L, Bkt
GRTENDTNTE R/ ) CBRER (oH 7.2) ZMAVT4C, 3 BREE
TE, 12. 5% A7 m—RAPRIK, 25% A Y 0 — AVRIRICIERIEE S, 25% X
) B AR S TR G, BERE T SO TR L,

@  FEBKBEATERR O~ A o — - ~v R VYR

25% R m— AVRRHCRAE LI E, B ROMFEIO b U I
TEATO, BUBTRESF 2 AT, BEfiZ L E LT 593 cn
DOESIZUMT Uiz, RBERT UV ABBEICRYE, FIA 7 A ANFH
MEYAIRZ BT, BB OREERE 21T o T2, TS S W23 BE, aMC &
HNTBA L, R A TA AN GHES A VT, SERITHRE S,
OMC 7' F AR LTz,

EITTERRIE, VY —T FIRERE S U AR & » K OM3050S(T 4 1 (BF) )
ERAWT, 22 CORMT TIT o, FHBUREIAIL. #L T RTH—
A REEHNZRAWT, EFHEFESGHAT, 20un OESIZHMIL, 774
FTANBRTVRT 7—F v b (TrA0Tvr BR)) #RCHE
T ANVKET, GIRERET 4 VA RICEE S, EELUZEAIE, @
HT—7%AWT, ZA74 RHTRZEER. ~-80°CTHRIFLZ,
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TAY— e~ MUY VERIR (FeHEE ) BT 2 IR S
PBS ZFAVT, 20 BN EAT o7, B SNIUIAE, RS 8
2%, BEEET V4N AT VAT A Penguin 600CL(EZ £F =—RL
—va ) EAVT, EEERETIAL, ERVATLAERY 7 =T
TH% In Studio(EZ7¥TFa—RL— 3 ) #ANWT, BEERERBOE

SORHAIEAT Tz,

@ upCT

s ) —NVCEEEIT BT, KEKOHRETBR L%, B
BfiatlLe LT, M2 cm OREZRD X DI, BUMREN~~F%
FAWTEM LTz, N I T &8ToTclik%, /X7 7 4 VAT 2EITEE,
HEEZRAOTTRZEE L. BIEFOREIORENEZPIIL LT,

MCT (35 ERS= 1 77 11 CT A3~ SKYSCAN 1172 (SKYSCAN 1) & Fiv T
BIEZAT Tz, SfifkE % 10.6 pum IZERE L. 100 KV - 100uA OEEE -
EEROFET T, 0.5CTomBEEIR S, 360°CRIEETT T2,

RIEHOERIL, Cl-analyser Y7 h =7 (SKYSCAN 1) ZFVC,
CT-BEHROBEEATV ., HEERIEHEEE LT,

@ At

FERITT AT 6 D~ Y XOFHIE = SD TR LTe, HatHEHEL.
Stat Mate 3 Y7 bu=7 (AIMS) VT, t WEX AV THEERE:
70, p<0.05 & Lz, SIS OBEIL, AROH) LI %R
L7
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EIE

16 BITBRERE#ANER ATDCS & FV /= in vitro FERFHR

O MpassE

MRREREIIEE 1 E 16 () CEROFEEAWTT o, AFER
T, B U R T F oA L B2 T — 5 T i
pig collagen peptide (pCP) : S C P-5200 (Lot. 050111521, HrEETF),
Rl — 7 BRI L (B a T —7 L X7F K ; fish collagen
peptide (fCP) : A 74 & HDL-50F (Lot. 0409014522, HHETFF) &>
Teo RHT 47 ba—Lk LT~F b (Pe, Becton-Dickinson) %
Wiz, PCP, £CP BUNPe b, S@HEHEHIFIC, TN ENENIRET Img/ml 1T
2B L OITEIN LTz,

@ fHpEEsE

ATDC5 % 5X 10° cells/well ™0, 96 /lliUiERA~1 /7 27 A M7
— MIEERE L, 24 BFRIEERM%, PCP, fCP KU\ Pe VRIMBEHIE~SEHIATH
L. 3 BRSEL., AMTEERE BRI A o, MR, 1 51
#i 2) LFEEROFIEEZRAWTIT T,

® ALP 4
ATDC5 % 5X10° cells/well 096 FHlfaszEA~ A 7 0T R hFL—
NZHERE L, 24 ISR PCP, £CP K UNPe FNIBSHISE~SEHIZSHLR L,
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7T ARER L, BER B1EEL1EH Q) FEROFEEZHAVTALP
Pt 24T o7,

@ MBI

ATDC5 % 2. 5X 10% cells/well §024 FHfabEEA~1 /7 07 X 7L
— MIEERE L., 24 BREIEEEH. PCP, fCP KU Pe MRIMEHISE ~HEHIZATHL S
L. 35 HEERLUZ, b, 3 HEICEHRCHE T o7, HERIA.
B1E FIH @) LEROFELHNCTAB REBEEZIToT

® TUHFIrLvy N

ATDC5 % 2.5X10* cells/well 30 24 FMfIERA~A /a7 A b7
L— MIHERE L., 24 BEEES, PCP, fCP JLUNPe MRNMBEHISE ~HEHIZHA
% L. 35 HREER Ui, s5 IR, 3 RIS 21T o T, BERtR.
FB1E FLIE 6) LRBEOHEEZRNTAR REEIToT

® RT-PCR

ATDC5 % 5X10° cells/well 260 mn 7'L— MIIBREL, 72 Refisses
#%. PCP, fCP KU\ Pe VRIMSEHISE~EHIAHAZ L, 3 BREER LIz, 5%
B, BIEELIE () LEEOHEEZRVTRI-PRIEEZITST

@ fratias

BB LT RC, YT LT 3 RS REHAWT, M L7235
BrE 3EHT o7z, FERITT T, B = SD Tin L7z, #iatFa9atmid,
Stat Mate 3 Y7 hU =7 (ATMS) VT, tREZITV, p<0.05 &L
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o, MRADGETEIL, BREOHH) LR ME %R L,

¥ 2 C57BL/6] mouse ZFHV = in vivo R

O FEBEw

SEEREIMIZIZ, 9 Bis CB7BL/6] MM~ T X (AARZ LT (BR) ZAW
T, B1E F2H (1) TRANHETHESW S VAV VA%, B
HERBEEMET VU R L LTV, pCP KOVECP i, WEBA v LEf
Lz, S, XHF 4T ay ha—nb LCONAT RV, SR
% Table 4 IR LTz, FIHFAE % LBMHT o726, BHAEHEN, = b
=R (G126 P, 5% V7). pCP #VINERE (oCP; 1.2% P and 5%
pCP), fCP WSHHAEE (FCP; 1.2% P and 5% fCP) D4 B (n=6) |ZEEMEAIC
G307, EbE B RS Y, SEMEE 1T ol < U AILERIERE (&
B21°CE1C, BB 45%—50%) . 12 BERIBAREY1 7 /L (BHA : 8:00-20:00)
DR T CHE LT T, EIARERT, [EREWOFERUREICH
THEYE] (HEF055 3 ARENERE 6 5) ISV TUTHhI L, A8
HEBAR 3 W, B8 6 ILTOMEHEATV. BERIE. 10% &/ —/v
EROTE~EEL, HEAKE T 4CTRIFE L, BERIL, 4T3
ATNT e N/ ) CERREER (pH7.2) ZAWT4C, 3 BEEER., 12. 5%
ARY a— AR, 25% A 0— ABRNEREESE, 25% A7 o—REE
RTRBES TR T, EARFE TaCTRFLT

@ FHBURBRETI A TERR O~ A — - ~= bR U R
FEBIRBAREI BRI U~ A b — -~ RO 4T, 2%
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28 Q) EREWEDFIETHT-T,

@ u-CT
p~CT WA RS BT, B2 E E2H Q) LEEROAET

1To77

@ At

FERITT T 6 IED~ 7 ZADIHNE = SD TR L7, HEEHFREHEIL,
Stat Mate 3 Y7 =7 (AIMS) ZFAVVT, t MEEAVWTHEEREL
17N p<0.05 & L7z, #AREEIA OFREIL, SEEOTH 6 MR ME AR
Uiz,
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Table 5 composition of experimental diets

group 1.5% P

g N C pCP fCcp
Casein 200 150 150 150
Lard 583 58.3 58.3 58.3
Corn oil 11.7 11.7 1.7 11.7
Mineral mixture (AIN-93G) 10 10 10 10
Vitamine mixture (AIN-93G) 35 35 35 35
L-cystin 3 3 3 3
Choline chloride 25 25 2.5 2.5
Sucrose 100 100 100 100
Cornstarch 5295 470.45 470.43 470.43
Cellulose 50 50 50 50
KH,PO, . 59.05 59.05 59.05
Gluten - 50 - -
pCP - - 50 -
fCP - - - 50
Total 1000 1000 1000 1000
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