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Influence of Type 2 Diabetic States onto Bone Metabolism
Satoru Suda (Fourth Department of Internal Medicine, Saitama Medical School, Moroyama, Iruma-gun, Saitama
350-0495, Japan)

Recent epidemiological surveys have revealed that diabetes is a risk factor for bone fracture. The mechanism for
this presumably relates to the various factors associated with diabetics (e.g., insulin deficiency or resistance and/or
continuous hyperglycemia). We, therefore, studied the effects of high glucose and tumor necrosis factor o (TNF )
on osteoblasts and osteoclasts; TNF « has been shown to be a key factor responsible for insulin resistance. High
glucose concentrations (60 mM) did not affect alkaline phosphatase (ALP) activity in mouse primary osteoblasts
(OBs), whereas TNF o decreased ALP activity. Treatment of OBs with TNF « showed an increased number of
apoptotic cells. When mouse OBs and bone marrow cells were cultured in the presence of PGE, and 1,25(0OH),D,,
osteoclasts (OCs) were formed under high glucose concentrations (5.6-60 mM), while TNF « inhibited OC
formation in the co-cultures. When mature OCs were studied with respect to bone resorbing function, it was found
that bone resorption was inhibited by exposure to high glucose (15-60 mM). TNF « also inhibited bone resorbing
capacity. The effects of decreased bone resorption were, at least partly, due to the deranged actin ring formation of
OCs. Although OC formation and function was modified, these agents did not influence the expression of receptor
activator of nuclear factor « B ligand and osteoprotegerin in OBs nor the expression of receptor activator of nuclear
factor k B in OC progenitors. These results indicate that the functions of OBs and OCs could be modified to some
extent by TNF «, together with high glucose. This study also supports our recent observation that rats with type 2
diabetes showed low turnover of bone, which resulted in deranged mechanical properties of bone.
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1948 4F1C Albright 5 DWVEE IR O B R EHICH
DL T 2 EHE UTLUR, BRI & SRS
EOBHEEDETIENTE . A4 VA YRZHE
I TdH % 1 RIS TIEBERBDMNEL, ZOREE
PHAEHENEMNT 2 &0 5 —E LI RENESN T
BV, =7, KITHRIBEO KD 72 5 % 2 Bk R
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ZRRL, T2 ZF50EMNZ b2 THHENERE
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F 7RIS mBEFICE U THED—E LW EEH
ELTRHRBEOANKMEA > A V&, 8, A
Bk, Uk, i, FEWEAR, THRERRE, SPESRE
A BRNTHEESLTWS T s H#EHIET NS, LHL
T olr, KBRS RS T ORS Rz 2RI st U7z
A, 2HIPERRE FITOLEMRKTDO—DTH5 T
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AV G RBURERICE 9 5 K+ & U TR
B 7w E N % g SE M K F (tumor necrosis
factora : TNF ) MWFEHEN TS, TNFaldtzV > -
ALFA =2 FF—BENLTA VA VAR EE
(IRS) HEHZV VEBILL, 1AV VZREREN S
WANDIERIEEZHE LD, 4T 7)) a— Xk
K (GLUT4) OB ZEKFEEE T EMASENT
W3Y COXS A VA RN S ENS
JRREIX, HAFHE>ER& & W o T2 7V a— XD HRICE
B E 2 BRI T AR DA T L, B OB
BB R NIET T ENEZLNS. FHTELNEAL
E Iz B S E sk el 2 2 < &, il & 4
ICZFDBEMERT ST ENHIENT NS, BT
INF o209 5 2 6N TED, Rfite &
AT HRENSNIEN w9 2 INF o XIS 5 &5
ABN, NI TITA VDA AL TIEEDOEHM
fa, BHEMIAICE BT S LTINS, AWIFET
&, BERIRTOBRMERICEG T EbNs &Y
Wa—AEEE L8, 2HIBERIFTOA > A1) VK
FIMEOSRREICRE 59 % 4 > A1) & « TNF a BV D
HUOZ24H S BN - BE R O SR R U
FEITHEIC OV TR LTz,
MR R ORGE
YN O

1% 1 Hilm & O 58k (HEME) ddy~ o RIdHAY
L7 XOMEA LTz, BRI 10% R~ i (FCS,
b2, X=2 U > 100 1IU/ml, A L7k
<A 22100 wg/ml’%z % {8 e-minimum essential medium
(a-MEM, Sigma, St. Louis, MO) Zfiif§ L7z. phosphate
buffered saline (PBS), 0.25% 1) 7> »-EDTA, D-
JNWa—R, LZNVa—X, xV=k—), VAV
>/, X7 ATNFq, naphthol AS-MX phosphate , fastred
violet LB salt(d Sigma & D [i§ A L7z. Prostaglandin E,
(PGE,) & Cayman Chemical Company (Ann Arbour,
MID), 1le, 25 dihydroxyvitamin D3 [1,25 (OH),D,] i
Biomol Research Laboratories, Inc. (Plymous Meeting,
PA), Y/l b= (sCT) lZBachem (Torrance,
CA), 1135 —%7 2L (Cell matrix type 1-A) (38T
HEIF > (KR, a7 F—BIERDEMEE OB
KOMEALT.
AR~ Y AEEED S OELEHRLD ) E

< AF IR 2P IO ¥, 1 Hibddy <
U ZAOHEEFZHRR, 01% 3T 77—t RUT02%
T 4 A= (AR, ) WEL, 15507
@ (primary osteoblast: POB) Z{# ] L7z. 24 /X7 L —
F, 10cmT « v ¥ 21T 10% FCS% & E5a-MEM
37°C, 5% CO, f#1F RICHi# LTz, FBRITIE 1 -5 #Ef
Oz L7z,
Alkaline phosphatase (ALP) i&MEDOHIE

24 7 L— FICPOB% 2.5x10" cells/well TH&FE L,
D-7 )L 32— Z (15-60 mM), L-7 )L a2 — X (15-60
mM), ¥ = k=)L (15-60mM), £ > AV 107 M,
TNF « (0.33-30ng/ml) 2701 L TPOBIC T % ALP
EMEDOZ b 2 ERE LTz, ALPTEMRIZ RS Sl 2R LTz
%, MifEZ PBS T 2 Vi USRI L, Lowryik
IC X DHlE LTz, F7-Bio-Rad protein assay kit (Bio-Rad
Laboratories, Hercules, CA) I T&H % > /3\7 &7l
ELUHMEAED 0 OFEMEE LTERRLUTE.

RNA O

10 cm 7 o v ¥ 2 1 POB ¥ 7z (& # il il % 5% 10°
cell/dish THEREL, 1ZIFaV 7Ly MOELKIC
HBHEA O NVa—ZA60mM, L7 )L a— R
60mM, >=Fr—J)L60mM, £f>AY10"M,
TNF « 30 ng/ml) ZiFM U7z, 0-48 Kifiif%, LiG%z
%2 ULPBST 2 Al ¥E ¥, BE#R™ Dacid guanidinium-
phenol-chloroformi7:ic C total RNAZHiH L 7=.
RT-PCRIC & % RNA DIfEiE

o < Mk o fliH L 72RNAZ fiV 7z cDNA
ADreverse transcription (RT) &, 1.0 ug?total RNA
& & 81T 25 wU/ulDreverse transcriptase , 2.5 uM
@Drandom hexamer , 1.0 mM @ dINTP mix7% 42 °C T
1R A FaX—=bF LT o7z, ARIGHD 2 ulZ
FAWTEN D FICRRENIC T A Y Enz TS/~ —
FHWTPCRZEfE L. 794 ~<—ICZPOB D
receptor activator of nuclear factor-k B (RANK) li-
gand DFEHIE % 12 8 sense 5-CAGCACTCACTGCT-
TTTATAGAATCC-3' & anti-sense 5-AGCTGAAGATAG-
TCTGTAGGTACGC-3'%, ¥ 7z osteoprotegerin (OPG)
11X sense 5-ATGCAACACATGACAACGTG-3" & anti-
sense 5-GGAACCTCATGGTCTTCCTC-3 7= =, fi
B 0 1 ey SR S FE B 9 B RANK D FE B D i Fi 12 1
sense 5-AAGATGGTTCCAGAAGACGGT-3’ & anti-
sense 5-CAGATAGTCAGTTCTGCTCGGA-3 %= i \»,
I k1 —)b & U CTglyceraldehyde 3-phosphate
dehydrogenage (GAPDH) O ¥Hi% 31 3~ % 7z sense
5-CATGGAGAAGGCTGGGGCTC-3’, anti-sense
5-AACGGATACATTGGGGGTAG-3'ZZH /=. RNA
D HEE X PCR thermal cycler (il A4, 5D %
L7z, PCROZMIE T L e— K 94°C 547, 2
94°C30 ), 7=—1 >4 55°C30F), fifE 68°C45%
& LY A 7)VEE 30 [z FV 7z, PCREYIE 1.5%
7 A=A S TESKKEIRT T F I LT7axA R
Rtazh L, UVEREZIC Cadkk U7z, UK > AT
I (NIH image version 1.61) % T 7 F )UsiiE »
A LRI EZ T Uiz, %75 A < —I3 Amersham
Pharmacia Biotech UK Ltd. (Buckinghamshire, UK)
KOMALT.
7R = 2O

F v > )3—Z 54 K (Nunc, Napervill, IL) _ic POB
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(1x10* cells/well) 2558 U 7-1%, <K T (D-7)L 21—
Z60mM, Y= F—)L60mM, £~ AV 10"M,
TNF « 30 ng/ml) THH L 0-48 ¢4 bisbenzimide
H 33342 fluorochrome, trihydrochloride (Calbiochem,
La Jolla, CA) IC X D XOHOCR O 2L, TEREFINE
b7z SO CUAMBE (Zeiss, Germany) T CHIS L7z, %
7z, POB & BB fAEAiExMAE (5x10° cells/dish) % 10
cmT 4wy 2 IR, Oy T7IVT Y MCET BRIC
AT 47 L7 01% BSA (T IiE7 VT Iy, R
H) 25T Ha-MEMAE T, SHEAZ3RINL 24
RERREEE U7z, 0.25% bV 7> ic 2% BSAZ RN L
AN Z B orEfiin s & &ich L7z, PBS
T, 7233 U VFITCHAR E Ik Tuaey
LR (7R F V- T)vF LA VR EE Y b,
FIERIER) 72 nz g%t L, FACS Calibur (BECTON
DICKINSON, San Jose, CA) I CTa0tasfE 2 &, Cell
Quest (version 3.1) & W\ Ciffr L7z,
J AR AR B

BEROD T & <MY < AWEH 5 I8 ddy < v
ZDOEFHE X O I L 7255 (6x10° cells/dish)
& POB(5x10° cells/dish) % 10% FCS% &#5a-MEM,
PGE,10°'M, 1,25 (OH) ,D,10°MZhz 1835 —
TV BT 7-8 HRE AR ULER L7z, JYE22EA
MBIC BV TIERE NI ZREMZHEREL, 150
F—= U 02% 357 —X TrARR, HildZz(E
IV UEBRICHE U 7z,
OB EYIEB R A 7 7 Z—¥ (TRAP) %t

e E N2 ERIED B EMIR TH % T & 2R
§ 278, BERDJTHEPICHE U T TRAPRMZ]T - 72,
50 mM sodium acetate buffer , 40 mM potassium sodium
tartrate buffer (pH5.0), 0.01 % naphthol AS-MX
phosphate , 0.03 % fast red violet LB salt Tl fla %= 20
SR LT, RObRER, 7KK TUEE LM
&% (Olympus CK40) FIZ TRAP G D Z4AIa % 81
=T,
B AR BRI M 3 s 2 DRt

247 L — M BB (1.5x10° cells/well) &
POB (2.5x10* cells/well) 7% §&f LD-%7 )L O — X
(5.6-60mM), -7 )L a—Z (30-60 mM), ¥ =
F—)L (30-60mM), > AV > (10°"M), TNF« (30
ng/ml) OAFE FIC 7-8 HRHAFR #E L, WiaE e
RIS R USSR 7S N U E 9 52887 G U 7z
B E RIS K 2 BN AE D R

BRI BER IC ey, 1Mas—4 V)L BT
TERIL 7z iR MR Z I L, SRS (B
5mm, JEX~50um) HICIEREL, 2-3HFRI%D-2
JLa—Z (30-60 mM), <= k—/L (30-60 mM),
A2 AY > (107 M), TNF« (0.33-30 ng/ml) Z¥sh0
U7z, 48 G EE A T« U Lz RZE U PBSIC THE
7, 1.0 N NH,OHTE(E RISHS LR U R8O/ %

RELUTtR, AV —A~ MF2U gt (RoEH
YN THRE U Tz, ZRRKIC TR, BEMEE FicE
WV 2 BIE UTe. YR RIS E N BRI Es
BB KO w7z WG TS A7 L (NIH image) 7
WTEHIIL 72
77 F ) > T IEREED Sl

55— 27 )V ETHERL U 7z AR 5 M1 A 72 1] )
LF ¥ YN—XF 4 K EICHEHE, D-7)La— %60
mM, ¥>=hF—)L60 mM, TNF« 30 ng/ml THIli#
U 6-24 KFfE1% 10 % A MERE T R )L~ ) v THl
el % [E5E, PBS THE#4 0.1% Triton X-100 (Research
Organics Inc., Cleveland, Ohio) Ic T L7z, o—X
ST 7vaA Yy (Molecular Probes Inc.,
Eugene, Oregon) Z /il A #Y 10 7344t L PBSIC Tk,
HOCPAM BT (Zeiss, Germany) I TV 7 F V) T %
Bz L.
Ha A LB

HI7E 45 513 42 C mean+standard deviation 1< & V) 71
L, MaEH AR 7 80 Hr 72 2 U 72 7% 1C Sheffe O
Mg 2 -V T p<0.01 ZH 75D D L FH L7z

w R

TIWa—RA, £ VA VB XUTNF o HEFHIESR
HfR D ALPTEEIC MIF I 5B O ME]

70 3 — AR EFHIRMRZ ZH TV D
M OMAR TR S ERmE Z BHE 9 % Al REED VR E
NTVEY, £FEENEG 7L a— 28D 5036
A VAV VEREEDE M ALPTE M IC M IZ T 8%
POB% I CHiET L7z, Fig. 1AICRY & 5 I
W& ALPTEM 2t Uiz & T A, K 9-21 HORIZ
ALPYEMEMMNZIE—E L THE O T ORI TORHiAE Y]
CEZ T BREED )V a— A EEREERB X CA
YAV VEREET 10 HEE 2 UALPYEMEZ 5Tl L 7z &
T4, Table. 11CR3 K91 60 mMDEEE S )L d2—
ARBERRBHFEIY ba—)LbO~ Y= b — ) VALEZ
10 HE OB TR Z R0 B R G 25> Tz, £l A
YAD V10T MIC X BB E ALPTE I B R 5 2
Thoiz.

2 BIBEPRIN T A A RBEICE S5 NS
TNFa 7, HHMIAOALPIEMIC S % % 8% Mt L
7z& T A, Fig. 1BIC/RT K 5 ICKEE KT NDTNF «
D IINE 8K IC POBDOALPTE M 2K R & 4,
ZO%NHRIF 3.3 ng/ml FX 0 &EETHE (p<0.01)
Th-oT-.

TJIWaA—R, A VA VEXUINFa HNEHEHIER
MO 7 K=Y A5 2 5%

B a—ABEEZ W O DOHIR T R h—
AEMT T ENRETNTNS. ZTTHRLEEI IV
O— RS, A2 AVU Y, TNFa WPOBD 7 R k—
VAR RIE T B MR Lz, POBZ7)Va—X, A
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Fig. 1. Time course and effects of TNF « on ALP activity
in mouse POBs. (A) Time course of ALP activity in POBs.
POBs were cultured for the times indicated and ALP activity
in the cells was measured, as described in Materials and
Methods. (B) Effects of TNF « on ALP activity in POBs.
POBs were cultured for 5 days in a-MEM containing 10% FCS.
The media were then replaced with fresh media containing
various concentrations of TNF « and incubation contuinued
for a further 5 days. ALP activity in the cells was measured
as described in Materials and Methods. Each point represents
the mean + SD for six wells. *p<0.01 vs control cells.

Table 1. Effects of D- or, L-glucose and mannitol on ALP
activity in mouse primary osteoblasts

ALP activity (pmol / min / mg protein)

concentrations (mM)

5.6 15 30 60
D-glucose 20909 20.4 0.5 21.0x1.1 21.9+0.6
L-glucose 22408 21.9=+0.8 21.2%0.7
Mannitol 22.1+8.5 223=x1.7 21.7+1.4

Primary osteoblasts were prepared from newborn calvaria.
Osteoblasts were cultured with D- and L-glucose as well as
mannitol for 10 days. Cells were sonicated and ALP activity was
measured as described in Materials and Methods.

YAV 210" M, TNF «30 ng/ml CTHIE L 24 B0
U721, 7R h— A% Ufiifa7% Hoechst 33342
ZHOWIEBROFOCRETHMLUZ. 73— X 60
mM, 2= ;=)L 60mMIic X BUHIE 7L a— X 5.6
mM (T2 ba—)b) LEZRDEN>72h, TNFa

EREIE IR OW b Z2 353 L 7z (Fig. 2B). %
7R =Y AMifaE 7 2 F 0V, Fulkyaey
U LW 2 BEREE{TN T O—Y A R A RY—T
1x10* fH Oz & LIz & T A, Fig. 3IcRd &9
K= h—=)L 60 mM (A), Z)La—AZ 60 mM (B)
TOPOBICBIF S 7 R b— AL 12%Hi1% T3
vha—)VEef%EHTH - 72h, TNF «30 ng/ml LFE
HTIEM 24% ETHmL 7 (O.

TWa—A, A4 VAV VB XCTNF a HABE I K

IS RIE T B O AT

BEPRIFIC I 2R ICBAL T, 5Nz =T
BB MR ORENIFRICHRFT TN TRV, 22T
KL ld~ o AEHE s RZHNT 7V a—A & A
VA VOVER MG Uz, —HERDO< w7 ZHZEE D
SR EFME 5O~ Y A X g NE
BhfI i % PGE, 10" M, 1,25 (OH) ,D, 10° MOD{£1E
K 7 H G UGS il 2558 U 7. Table.2
ORI K921, miEE (60 mM) OD-Z7)Va—XA, L-
TN aA—RA, V= b—)VOIEE I & iE Rl e
REN, ZN5DOIEEDZL (5.6-60 mM) (F i HE
NIERIC R LigB e £ 7 5 & o Tz

AR R T PGE, D BEM EMld D /b2 E =,
558 7 HHICZ RO S MDD R L 755, RILR
ZICTNF i3 K O PGE, & OHETICEIT S
B M e D Z b 723X 7z, TNF o BT & i
HIFIE R IEERD S NTzh, ZTDORIRIZPGE, L [t %
£59<, PGE, & TNFa lc XU TIX 7 HHDZ#
W H M BUE PGE, UM IC L LA RICD D H T2
< ATNFa &, TNF1 %22 % f& (TNFR 1: p55) &
2 B2 R4k (TNFR 2: p75) @D 2 DDZERITHER L,
Z { DEHIETNFR 1 2/t 9 %. INFR1/MW6DT 5
7 JU IZTRADD (TNFR associated death domain
protein) & FADD (Fas-associated protein with a novel
death domain) Z/T L H A/ S\—EZIEHL LT R F—
VAHET %7 ) )V &, TRAF 2 % #% T MAPFF—
PREZIENET 2 LTIk BOY Vgl - %k
B TNF- k BZiGHE L U B M~ D b7 1 9 18 1%
I h %, Fig. 4 1SR U7z PGE, O HILIE ) %2
559 % £ WD TNF a OFRIE, $1< 7 ATNFR 1 51
A& (Anti-TNFR p55, Genzyme, Cambridge, MA) O¥RN
CXOUE L. CodEmRE, aFfllTtor R
N—=Y AT FNERFE LI EDEEGTREEZD
nr.

TN aA—RA, £ A1) VIBXUTNFE o B EHIE
AN - & Z OBEE H OFBIC NIE T HEO Mt

BEEH A I receptor activator for NF- k B
ligand (RANKL) 7381 L, ByEHgaiEKaIALo RANK
(RANKLZHA) IC/EF L, 2IbZ & 725 U
BHIEANE Mz E L. RIERTEDS5NTZINFa T
D SR B D 1] A RANKL & % ) 13 RANK D %
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Mannitol
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Fig. 2. Effects of mannitol, glucose and TNF « on DNA
fragmentation of mouse POBs. POBs were incubated with
mannitol (60 mM), glucose (60 mM) and TNF « (30 ng/ml)
for 24 h. Cells were stained by bisbenzimide H 33342
fluorochrome trihydrochloride and morphological changes
of nuclei were observed as described in Materials and
Methods. Representative nuclear patterns are shown.
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Fig. 3. Effects of mannitol, glucose and TNF« on early
apoptosis in mouse POBs. Subconfluent cells were treated
with mannitol (60 mM), glucose (60 mM) and TNF« (30
ng/ml) in -MEM containing 0.1% BSA for 24 h. Adherent
cells were collected after trypsinization and washed twice
with PBS carefully. Cells were stained for Annexin V and
with propidium iodide and the number of apoptotic POBs
was studied by flow cytometric analysis as described in
Materials and Methods. The proportion of apoptotic cells
were 10.9% in control cells (0.1% BSA); 12.5% in cells treated
with 60 mM mannitol (A); 12.6% in cells treated with 60 mM
glucose (B); 23.7% in cells treated with 30 ng/ml TNF «
(C); 37.3% in cells treated with UV light for 5min (D).
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Fig. 4. Effects of TNFa and PGE, on mouse osteoclast
formation. Mouse POBs prepared from newborn mouse
calvaria and bone marrow cells were co-cultured in «-MEM
containing 10% FCS with or without PGE, (10” M) and TNF«
(30 ng/ml) for 7 days. Anti-mouse p55 TNF receptor antibody
(10 wg/ml) and control IgG (10 uwg/ml) were added to culture
media from day 0. The number of TRAP-positive multinuclear
cells were counted and are shown as the mean + SD for four
wells. *p<0.01.

Table 2. Effects of D- or, L-glucose and mannitol on
multinuclear osteoclast formation

Multinuclear osteoclasts /well

concentration (mM)

5.6 30 60
D-glucose 175.4= 19.4 196.0 = 19.9 198.4 = 31.0
L-glucose 164.0 = 24.8 162.8 +27.1
Mannitol 166.8 = 22.2 167.8 +23.0

Primary osteoblastic cells prepared from newborn mouse
calvaria and bone marrow cells from male mice were co-cultured
on 24-well plate in a-MEM containing 10% FBS in the presence
of 10°* M 1,25(0H),D, for 7 days. D- and L-glucose as well as
mannitol were added to the media from the beginning of the
co-culture. On day 7, the number of multinuclear cells staining
positive for TRAP was determined.
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HoOZIC X B ENZIHEMNCT %78, POBIC
1 % RANKL & i 5 A i SR AR A IC 35 1) 5 RANK 7
HADORERRGT 5L LI, RANKLOIBE D%
71k (decoy receptor) TdH % osteoprotegerin (OPG)
DFH % RT-PCRIE THiGT L7z, Fig. 51CmRd X1
TNF o TPOBZALEL L C £ RANKL, OPG®mRNA
FHIRCWIREEZERZL 58 ko7 iz, BE
HH I XA i 2 TNF o 2L U C 3 RANK D FEH LN
IR X & 7ah - 7z (Fig. 6).

INWaA—=R, A VAV VB XCGTNFah B IRINEEIS
E T EDOMKG

e E AR D B IR AN AR R 9 R e s 7 L a— A
RIEEDHZ2WVIEA VA VOEE R Y Y EOFT
WEHEBXOT 7F ) VTR THRE L. 50
IVBEIZ < > = b —) )L 60 mMIC & B U TE B 5
T ERINEZER LD, SiEE (30-60 mM) @
7V 32— ZAWLERIE PR FE AR AT B B W I RE 72 T U 7z
(Fig. 7A). X 7= TNFa T L 72854, 0.33 ng/ml
DEDREETHREZERINEDK TZE5 LT
(Fig. 7B).

AR S Ml F v 2 N—=RA T4 F LICEHE LS
FEK 7T 6-24 BERIRIM L 72l E@ L, n X377
04 Y THRELENEMEE FTTY 7F U TD
EIREER R Uiz, 7O F ) VT ERIEEL
TV AHEMAE (Fig. 8A) &7 7 F 2V ¥ 7 IHikE L
TWAHEME (Fig. 8B) zZznzhshiiv, 77
FU)YTERERE LUTIMELE. = =)L 60
mMT24 BB L cE ay ha—L e [AfEED T
7F ) VT REE RS T-. TNFa30 ng/mlis X O
RS a—Z (60 mM) TRZNZTNEHEICT 7
F 0 VTR E S N (Fig. 8C). ZI)La—X,
TNFaifsEE & & SIRETH 51 E2FAMEICEREN
TWVWB77F ) 2T OIEHAD LT\ e,

' B

PERME R 2> 2 W IR A S 8 DY & AR R B A
ICHRRA IR TE TR 72 B UZ S T & Ddinvitro 3 K U in vivo
TRENTE 2. TOER, AV MR EDE
MM REZ K R &8, &7V a— AERBOFHi D
HIRE AR ET RICR & < B 2 T REME 7R E 02
BENTEREY, Lh LA ERNEMEENE 725
INB 2HBEIRIE T, BICHEDI XTI IVETZTT
W EWEOHENZE BEIMECEE T 5D Tid%
W EHEIE NS, #lZ X Katayama 53 A K L7 b
V' kY2 THEBHIAN 7 i i U 72 1 RO BE RS € TV
= v k OEHIC advanced glycation end products H3HE
mUSESFMIOKENEE I NS EZHEMCL
0, Eemali A 2 BIBERRE T LT v hTHBGK
Zw MT, @IEEOFRHHM & &R O N =
ICHIBES % T L ZRBO TV B, FERRIR IR & 72 EIK

H

RANKL / GAPDH

Fig. 5. Effects of mannitol, glucose, insulin, TNF ¢, and PGE,
on RANKL and OPG mRNA expression in mouse POBs. POBs
were treated with mannitol (60 mM), glucose (60 mM), insulin
(10" M), TNFa (30 ng/ml) and PGE, (107 M) in a-MEM
containing 10% FCS for 24 h. Total RNA was extracted from
the cells. RNA was reverse transcribed and subjected to 30
cycles of PCR for RANKL and OPG mRNA amplification and 30
cycles for GAPDH mRNA amplification using specific primers,
as described in Materials and Methods. Representative signals
of PCR products are shown.
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Fig. 6. Effects of mannitol, glucose, insulin and TNFa on
RANK mRNA expression in M-CSF dependent osteoclast
precursors. Mouse bone marrow cells were cultured in
a-MEM containing 10% FCS and M-CSF (100 ng/ml). M-CSF
dependent osteoclast precursors were subcultured and treated
with mannitol (60 mM), glucose (60 mM), insulin (107 M)
and TNF« (30 ng/ml) in «-MEM containing 10% FCS for 24
h. Total RNA was extracted from the cells. RNA was reverse
transcribed and subjected to 28 cycles of PCR for RANK mRNA
amplification and 28 cycles for GAPDH mRNA amplification
using specific primers, as described in Materials and Methods.
Representative signals of PCR products were shown in this
figure.
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Fig. 7. Effects of mannitol, glucose (A) and TNFa (B) on
pit formation. Mature mouse osteoclasts were prepared from
co-cultures of newborn mouse calvaria and bone marrow cells.
Cells were co-cultured on type I collagen gels in a-MEM
containing 10% FCS in the presence of 1,25(0H),D; (10 M)
and PGE, (107 M) for 7 days. Cells were gently collected
from the collagen-coated dishes after treatment with 0.2%
collagenase for 10 min. Equal numbers of osteoclasts were
settled onto dentine slices. The OCs were then treated with
mannitol and glucose (A), and various concentrations of TNF o
(B) for 48 h. The area of bone resorbed was quantitated, as
described in Materials and Methods. Each point represents
the mean + SD for four dentine slices. P < 0.01 vs. control
cells.

Actin ring formation / well

Fig. 8. Effects of mannitol, glucose, salmon calcitonin (sCT)
and TNFa on actin ring formation in osteoclasts. Mature
mouse osteoclasts were prepared from co-cultures of newborn
mouse calvaria and bone marrow cells. Cells were co-cultured
on type I collagen gels in o-MEM containing 10% FCS in
the presence of 1,25(0H),D, (10 M) and PGE, (10”7 M) for 7
days. Cells on the collagen-coated dishes were treated with 0.2%
collagenase for 10 min and gently collected. Mature osteoclasts
were inoculated into chamber slides. Cells were treated with
mannitol (60 mM), glucose (60 mM), sCT (10° M) and
TNF« (30 ng/ml) for 24h. Cells were stained by rhodamine-
conjugated phalloidin for 15min at room temperature. Actin
ring formation was analyzed by counting cells with complete
(A) and incomplete (B) ring structures.

WMIREETERICHE S LTWB D, 4V AD VHIED
iR < B 59 % 2 BIBEPRIE CTIIBB I S 0w E N
JA P CYER S % TNF a DREEICE 272 & 72 59 1 fE
HEEZZENTVS. FICHICBWTIEnE L Hicz
DONEHRE T 5 EHDOREM LN b, 1AV
VPO IRE T EFIE LA 5 D TNF o O
PEAEIMER L9 S WREIEUIC AT 59 B T e TE & HE
HEN3.

Inaba 5 X H M AAR AT (MG-63) 7Z @ BE g T~
THi#%9 % &£ 1,25 (OH),D,, PTH, IGF-1ic%d %
ISEMEDIR T, FRATAHIVY VOEERDZL T,
C DFED—ERIE 7 )V R — e Bl EH O RIm
XoEELZEREL TS LA LERADWHET
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fEEEE 25T 0D K0, BERIEICHE S thoss
e (1 AV MEHAE, 180 mmimbEsREEIC X 51
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Kitajima 5 (3 human T cell leukemia virus type 1
(HTLVD) EHAIE (MT2) %<7 A& R A A
(MC3T3ED) & & &Icki#9 % &, MC3T3EL fifidic
TRV ADFEENL T ERREL, TOFED
TNF « OHFFIFURICE D IfIENE 2 &, £/2TNFa
259 % & MC3T3EL fifldic 7 R b — 2 AMiEE X
N5 LzRLEY. AW TEPOB%ZTNF o TULEE
9% & ALPIEEDMIIHIE B & e, BIFHIlEc 7 R
F— ADEEINS T EMNHHLTZ. 2TNE OFRER
(3 TNF o DM UTER U, B ARZ ] 3
% INCVER S 2 alREME 2R 9 i & Bbn .

BT X 2 Bl HIITE B2 3 1 Suda S VRIS
LTWB &SI, BiEMlaZmic 385 U s flaai
BRI TET G 2 0 FIIMET % T EAVRE N,
BIFHIIER A b o—<Hila TR N iziEmiasst
FER T IZEERORANKDY /> RE LTERT % C
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OB HINIRTERRINEIC 1Z, RANK & FEZN % TNFZA
K77 ) =BT B EZABRPREL TS T
EMHEHLU 2. Z L THERD S EWINZEET 5 2 &
NHsNTVREEERE %232 D (1,25 (OH),D,),
HIFFIRERRVE Y (PTH), PGE,%ZE3VdnE D
RANKLOE{R 7 HEZE AT %. —75, Kobayashi
5 1&TNF o D3 A A i SR A L B e U Tl
MO R (S 2 1 T i B (LR DY B
TEZRANK/ v 777 I AEAVCIHIHL, 18
PEBEET ) 7= F 75 £ DRt 7x BEETBG I AR ER B 5
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N A VIR ST U TEFHIIOSRREIC IS U THR%E
TNTWS. BN & B E M aiERHIEA & &1cfF
1E9 B HEEER I in vivo TOIRIAZ X D FRETICEE
MTEEHREEDONS. INFalc LB TNFR1ADS5D
V7 FIVIETRAF 2 %4 CTZ D FFRICIF(ET % MAP+
F— BRI R IEIEL, Tk BDV VL « SRk
TNF-k BZiE ML Ui Efia~o 2t zfEd. <o
TNF « I & % i & M i IC IZ TNFR 1 & TNFR 2 ©
WM EDY 7 FIVAEETHZ™. SEOFKL DM
& C & TNF o (3 ik 1 He i KR A U B #0F FH Ui
MR 2 (23 (Fig. 5), B HFHINE & B e o
FREERICINFa ZINZ % L, T8 LUAPGE, & &Hif
a7 AT U TS MIRIE SIS E 9 % $h 3R 2 1Es & 8
7z. TOEMIEZTNFR 1 A 5 TRADD & FADD % /T L
e 7 VB, HAIS—E 8 i L U BRI 7
RE—=V ABENZLEZ DN B ER
I\ZTNF o DMEH U B e DL o417 2 et 3 %
EVIHEDNRENTVSD, A OB Tl EIFM
BRI U TETINF i EEH L, B IO SZREEZ (K
TEEZ LWV ERESTZ. LA LUTNF«dFRANKL,
OPGO ¥z Zlb Xk h > 72T &h 5RANK-
RANKLARZ N TR WO G, 77 7—Y
a0 = —HK 7 (M-CSF) & K 17z EMtho
MR R RFADOM G HEl S N, S&lES 7 Vi
PEICHE T BN R T O E SICHETT 208 N D 5.

RIS & 2Bk, 1. BEMEs R %
BEEEAOF AT F R F 2 HE RIS IRE I s
LigIic 7 7 F ) 70 K B 72 R UWRINGEs 72
L, 2. BRI E N5 BRI
f#ES 2 HY R 7 (HY/K-ATPase) & © HY B pin &
NIXTIVOE@ENETz5 XN, 3. EHKEREE (D
VY —L#EE, T 7Y VK OFEE eSS, A
BWEE O R IEET 5 T L THEL B, FIRNOHM
FaDHCHEHLINZE TS T & DV TE S DIFHE LD F
THY, BEICHE S NTHERED & OB ke L T
EFWANEEDK N & L THEEINS. S, RS
M7z DT ERIAEIC RRIE I migE s )V a—X &
TNF a D528 Rz & T3, SEET )V a— ABEAN
DFFE L TNF o I K 250%, FWIZZSI Lz, i
BHIROT 7 F 20 ¥ TR R 2 32T 5 Nz
gt U7z & T A, Fig. 8CIZRT X HICTNFalc X%
R R 2L O — RIS BT, EFEMED T 7
F V) TR UMD LT, miEE s
A=A KD & 75 I NTFHRINGEIHNIX, iz
& H IR OBREDN EEEE SN T 7 F )
VT DWHENE G LIz eEZ BN, £IZTNFa DRIR
W ETMIE O FFREOZENE G LT3 EESI N
Bh, SHRIEZTORBOI SRS EEEZS
N5, ¥r451%, 7)Va—A L TNFa DHEERHICRE
T LA D D EMRE L HENS.

i

S RID in vitro TOWZEASRIE, > AV i
DIRRETIFET 5 migE 7 )V 3 — ATINF a B3
HIAE & e R OBRE R R 2 ITIER L, BT L &%
IR ZHIHd 2 AJRErEZ /R LT 5. in vivo TO 2 IkE
JRIRETIVT v R EHWIEIIZE TR, BERIEICENT
AR O S ZE L AlREEDV RENTE D, 5
[l in vitro T D FAEIE Z N5 OWFFERE R Z /Mg L X
IVTCHFFT BEEE A BN,

I

AW 2B TS B2, TIREB XU HiiEe
W 0 & UTchy KEERRZAEE 4 WRFZZBCE P LR £
%, SeaiBhEde, MHBGERRR, JLEERRER, &
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