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ABSTRACT

Background: The objectives of our study were to assess the effects of oxidative stress on the proliferation,
differentiation and apoptosis of human bone marrow stromal cell (BMSC)-derived osteoblasts and to explore
pathways by which osteoblast cell apoptosis was induced.

Methods: Mononuclear cells including BMSCs were cultured to osteoblastic lineage. Different doses of
hydrogen peroxide (H,O,) were added to the culture media. The colony forming units-fibroblastic (CFU-Fs)
were stained with crystal violet and alkaline phosphatase (ALP). The MTT assay was done to see the effect
of H,O, on cell viability. The effect of H,O, on osteocalcin gene expression was determined by RT-PCR. The
matrix calcification measurement was performed. FACS analysis was performed to determine the osteoblasts
apoptosis. Caspase-3, -8 and 9 activity assay and cytochrome c release were measured.

Results: The size and number of ALP (+) CFU-Fs were also decreased by H,O, treatment. When compared
with the control group, H>O, significantly decreased the total number of cells of each culture well during MTT
assay. H,O, significantly diminished expression of osteocalcin mRNA. N-acetylcystein (NAC) blocked the
diminution of cell viability and the inhibition of osteocalcin mRNA expression by H>O». H>O, reduced matrix
calcification. FACS analysis revealed H,O, increased percentage of apoptotic cells. Addition of H,O, resulted
in the increase of caspase-9 and -3 activity but not caspase-8, and release of cytochrome ¢ to the cytosol.

Conclusion: These data suggest that, in primary human BMSCs, oxidative stress inhibits proliferation of
stromal cells and inhibits the differentiation to osteoblastic lineage. In addition, oxidative stress induces
apoptosis of human BMSC-derived osteoblasts and this may be mediated by mitochondrial pathway of
apoptotic signal. (J Kor Soc Endocrinol 21:222~232, 2006)
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Superoxide anion, hydrogen peroxide (H,O,), hydroxyl
radicals 59] #4J3} AA(reactive oxygen species, ROS)&
AH9] 31 tAERA] vEZE=loR peroxisome 52
A AlE W iAol AlEA W 34AE0] Ao W
2 ne] AR, R 93 el oja Wase
o, DNA, Shils) Ale] A £ Qoivh AEE
< ROS?| FHof tiglslr] 913k o7 dES 7}
A3 9lort, ROSE| kAol Al W g4dsl5dE Zvts)
735 ASkEEd|zel EEel ASRAEHEE HE

T3}, dud, HAGS W 9 A 59 o
Aztat, w3te] Fe wjle® deix] gleh1,2].
ARle] RS FEAE ot FFT olof ukE =
A2 o3F TR o] NS AP IS FIted
DA FAECH3 4] FaAL F2AE o3 25T
o] F71e} ZEA|EANA L] FA S AR 3l WA=
dl[5,61, 53| o7} Holxlel] wle} wbAlsl= =94 &t
TS ZEAE W AFzTAIEY] F 4 Y s A9
ofl o3t =34 el vt tiS T3k eQlo® Hlol5oi|
I Qel7]. AT Al A8l =3t A
ZEAIES] BAEIL =l 5 W 71ZAAIES] 97} 743
AT B3bso] 2 Aol vlsl Fhdsle Ae E9l
% qlsih
22 5ol ABkeEaet Frhgge] el gk 3
o] =y i} QlddFA Ak Er0] FTe}
A Telle freldh 2l AaAPE IR9], 2vhes
AollA "dF dHskA s5r) FhaEle] Jdglem[10],
ssmlelle A8 A FEErF S9eh11). =g A
FAE AFoAE ROSE FAIES] SRS TV
T12,13] EBALY] S AskeAeleh Mody S(141S
H,0, 5 o]-83F Qd7llA A W ABkEdlse] S7h=
AFZZAETFR] MC3T3-E1 AlEe} 5713A1 274
M2-10B4 A|ES] ZFAEES] £35 AfdE w3,
Nicholson §{15]1% H,0, *]g] & =ZAxe] 42} HE3p}
aRe Harslgle olefsl ARkAE|Ig QIS ZFA
I oA Aslie Al FolE XekEgic

A|FEA}E Aapoptosis) 7132 EZA19] w37 AEHA
o T3t A3 = Zlow dHAA vk =IAES}
Al 27 Az 7S Bl AlAEE, 58] =
FZAES] AFEAEA AT Z2FAES] T 3549
e ARAE F9g UA) Hk Hy0,, superoxide &
o] ROSoN9] AAARI =52 AEAEAE sl A
o8 gz ot gold 7HL A dEA A ek
Kikuyama 5{16]2] X 3ol 2JsbH H,0, *2] A caspase
o] FA3}t B S FIte] EAEIL AEAEAE AL 8
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B QiellA H,0, Hel2 2718 Askasel st oA
2ZAES) ATALS B4/ ANEZNE] 22AER 2
) 5 Bsje} ATAA Aol vlxE Jake Baksled,
Frpgze) Yolew okl =BAIES B4 7hiol A3}
rEdlT} BofeleAS AR sigich B sk
Ale] Foirl B0, Mel2 S Askaelsel v)xs

dFFE sk

1. =2

3-[4,5-dimethylthiazol-2-y1]-2,5-dipheyltetrazolium
bromide (MTT, thiazolyl blue), caspase-3, caspase-8 kit
2 Sigma Chemical AHUSA)ollA %1993, TRIzol
reagent=  Invitrogen {USA),
(AMYV), 1st strand cDNA synthesis kit for RT-PCR (#1
483 188)< Roche”HUSA), PCR premix+= Bioneer K%+
), Annexin V-FITC apoptosis detection kits= BD
bioscience A{USA), caspase-9 kit¥= OncogeneAHUSA),
Mitochondria/cytosol Fractionation kit BiovisionA{USA),

reverse  treanscriptase

mouse anti-cytochrome ¢ ) S goat anti-mouse IgG
(H+L) HRP conjugate= BiotechnologyAHUSA)ellA] <]
ik

2. OIF| B4 HIY W AE HL

20A1FE] 40A174A1S] 773 =TI AL 87, o
A 11T ERE] 2 Al A A TLAE dolow,
BT Ag A7) AdeA] HAE 9Es vk xiA
3t Z4E 2 Ficoll-Hypaque centrifugations- ©]-83}0]
s Bglgt o}, 20% heat inactivated FBS2} 100
unit/mL 2] penicillin-streptomycin, 10° M vitamin-K7} &
gl ¢MEM uiekHol] 4x10° celjml EEZ CO,
incubator (5% CO,, humidified, 37 C)ol|4] wieks}ict o}
22+ 10° M dexamethasone®} B FH|ZF 50 pg/mL
ascorbic acidg H71EH vhg 5 71AAEE0] ullekE7]0l
AL 4~59 SRk IR Rk o] ¥ FANEE
o] Fpl Zlo| #I=H uikls w3kt vhy, w29 wf
o} wiekels sskalgiek. oF 25 $F AlE7} 80~90% A%
wjekg7] nitell Z4Al =™ 0.25% trypsin/l mM EDTA
2 Helsle] AEE F23t o 5%10° cell/mL FEZ t}
£ kg1l A Al wlekalgict. oul el ] niekalo
= FBSE 10%E, dexamethasone> 107 M E5& 313l g
-glycerophosphatet= 10 mMe| F|E5 7| nljokelo]] F7}

a3k
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3. Hydrogen Peroxide (H-0,) & &HALSIA| X{2]

Uxjuljokoll A= 49 A wijoked w34 0.1 mM, 0.3
mM FE9] H,0, 5 7R 7 vk w3l A H0. 5
S HAelsiar, 1294 Crystal Violet 3437} <dvle]Ad
FIbEbA| S Alsislgict.

o|xpulieell A= xpulidell Aol A Bz, 0.1
mM, 0.3 mM, 0.5 mM H,0, X2l¥} BHAIZ 5 mM
N-acetylcystein (NAC)Z} 0.5 mM H,0, FA] Xe|do=
ol wiekslgick 29 A wHekel w3t Al 74 Fke
H0,5 37 Helaaick o] mid wiedalls ksl
23+ A vtk H,0,5 F7Eskie, 80%2l At Ak
5~6Qalel] 42 5190k 0.5 mM H,0,3 5 mM NACE
B4 Al Aol NACE 2417H8<t AAE £ 0.5 mM9
H,0,5 A1t

4. MBIAEY A MMO| =X

AEZES 10 cm dishol] 25 8ok & 80~90% A3ks
uf], Kreb’s Ringer bufferZ 2] A 3 L44152](300
g, 10833} o]F 4 mL9] Kreb’s Ringer bufferol] i
R8sl 20 mM DCF 15 mLE F7ksla, A22] okl
A 2087 §ASE AE W) ASAEdl sl Hitachi
F-4010 (Tokyo, Japan)E ©]-8%}o] 480 nm<] excitation
3} 522 nm 2] emission ¥4 AE W DCFHE &
P og ZAsr). At EdlAE H,0, 0.1 mM,
0.3 mM , 0.5 mM A& o] Aol 2417k
off Z2x 10wkt FAsAt F 5ollollA Agdsiale
Ade HE + FTXE FAEI A, 7 AL 2
HHEsdet

5. Crystal violet & 27}2|4 ETALIEIA| =Z|
sf3telu
AXxjuljoollA] Crystal Violet 342 wlokE AEE 4T
phosphate-buffered saline (pH 7.4)Z A& & 05
crystal violet (in ethanol)= 1057} od sl 2 pBSE Ao
W g9 W o dlon AE Qe 9 =A%
Wt 2eln ey Eshebd s

wjokEl AEZ 4T PBS (pH 7.4) 2.8 A3 £ 4T 2%

paraformaldehyde/0.1M cacodylic buffer= aAEGE} o]
Z 20 mg/mL2] naphthol AS-MX phosphate disodium salt
2} 40 mg/mL2] Fast Red TR salt7} 3715l Tris-maleate
buffer (pH 8.4)01] 37CollA] 3087k vleksiic) o] 0.1
M cacodylic bufferZ o]l t}& 5QF &l 533} w7 o
Z ek F odlel|A] Aty

6. MTT &3

AlES] RS JEdsly] flsfe] oxpuek A] A7}
80% kS vl iz Hy,0, 0.1 mM X2l 0.3 mM &l
5 0.5 mM X2l¥2} H,0, 0.5 mM¥} 5 mM NAC 54| 4]
o U, g 50 o0& 247 A=l & MTTS
RS AWt 24-well plateel] 5x10* cells/well/0.5 mL 2]
EEE Fsle] wikst AIEE PBSE AE & MTTS
H(5 mg/mL)< 50 pLA ar Aol 2417k FF HIEA]
Zrk A=els- w2l & 40 mM HCl-isopropanol< 2 mL
4] 24718k & ELISA reader (Bio-tek instrument, USA)Z
470 nm oA FHEE SA3IeIch & 8olollA] Al

glom, 7 Age 43] whselich

7. HHEEN AXIAl SESAMEES (Semiqu-
antitative reverse transcription—-polymerase
chain reaction)

-

6-well plateol] welld 1x10° cellsmLE A|ZE BEF &
1297F wliekslgict. o]% 297F iz, H,0; 0.1 mM A
2|7, 0.3 mM X2, 0.5 mM Z2FE Hy0, 0.5 mMI}
5 mM NAC A Ao vhrol wiekslgict cDNA
PA= 918l total RNA 1 pgs A4 HEE SE5-8<4(10
mM Tris, 50 mM KCI; pH 8.3), 5 mM MgCl, 1.6 g
oligo (dT), dNTP £3}&<H(dATP, dGTP, dCTP, dTTP Z}
Z} 1 mM), 20 unit AMV reverse transcriptase”} 235 &
gh8lol] YW1 diethylpyrocarbonate (DEPC)Z A2|% &
s 7R & 72171 20 nLElAl S190ck REg- 25 CollA]
1042 &34} 42°CellA] 604 T 73t & w3 FAAA
sET SA oo ® &7 ¥ -70Cel Hakslgict

[17]. $39% cDNA Whs=25FE 1 uLE Fsle] PCR
pre-mix & AR83}o] PCR AF58F4X%](Perkin Elmer 9600,
USA)ellA] 94°C 2427 7] WAAAIZL $ 94T 1 wi4gdut

a1 HE

Table 1. Primers for semiquantitative reverse transcriptation polymerase chain
reaction of the osteocalcin mRNA and glyceraldehyde-3-phosphate dehydrogenase

(GAPDH)

Sense primer of osteocalcin
Antisense primer of osteocalcin
Sense primer of GAPDH
Antisense primer of GAPDH

5’-CCTGAAAGCCGATGTGGTC-3’
5’-CTCACACTCCTCGCCCTAT-3’
5’-ACCACAGTCCATGCCATCAC-3’
5’-TCCACCACCCTGTTGCTGTA-3’
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<, 55T 189] ZAghkg, 72T 187k oAAakee] =2lv}
S 303 AABIIEE wRPERIE glyceraldehyde-3-
phosphate  dehydrogenase (GAPDH)S] PCR 3IHFHE
GAPDH®] sense primer 3! anti-sense primer (Table 1)5
o] gzlo] 72 =3kbS 253] AXJsIsie). A= PCR 4
=< 1.5% agarose gelollA Z17]9d-538F & ethidium bromide
2 gGAsto] 300 nM  UV-234-E-47](Vilber lourmate,
France)oll4] E4Jsl9ic). 2 A& F9] e " o7A] ZZA
22 GAPDH ZEAE2 1Aslo] ulmsigich % 3l

Agsgick

8 o HH &F

o]x}ulekoll A 24-well plateol] 5x10" cells/well/0.5mL2]
EFEE 3§ Al 80% ARk Wl vz, H0,
0.1 mM AH2|:7, 0.3 mM X, 0.5 mM Heldes vhr
o] 3 FE2] H,0,5 297 Aelsla viel7|& PBSE
MEESIA] APEEE T2 0.1 N HCIS 500 pLyar Al-2of4]
o}% Bk B F AENG S7isl] feiEo] e 2
& o-cresophthalein complexone HPHoZ ZAsc) 6l
3715 A PBSE AllEE & ullek7]ol] 0.1 N NaOF/0.1%
sodium dodesyl sulfateE 1 mL P31 Al2oj4] 315 5t
& ol ks ZA4sle] 7] F43 A BA
sioick F dellollA] Addslglon, 7+ A 23] vHEsl9]

o}

9. FMI=E =&7|(Flow cytometry)E 0|28t M|
EXtHAL EA
ol xpufekellA] 5x10* celymLZ FFslo] 80% A6}
< Wl 0.5 mM H,O, 5 7Fsto] 4X17H8<t A2l $, Annexin
V-FITC apoptosis detection kit-2 ©]-8}o] flow cytometer
(Becton Dickinson, USA)Z Z43slick FITC+/PI- 21 A
EZ AEAEAE AEE sieich

10. Caspase-3, caspase-8, caspase-9 EMET
a5

o|xpuljekoll A 10 cm disholl A|EE 2+ ¥ 80% F= Al
F7} AP caspase-3, caspase-8 S48 vllokA|Eoll= 0.5
mM¥] H,0,E5 1641753 X 2l813al, caspase 9+ 0.5
mMe] H.0,% 2047553 A A2l & Selsleh AlES
S 400 pL9] lysis buffer2 S-3A]A E5=8F 3 37CollA] 1
A|17F 52k 300 pLe] Wk £3H%(200 mM HEPES, pH 7.4,
1% CHAPS, 50 mM DTT, 20 mM EDTA)el| 4121 50 uM
9 enzyme substrate (Ac-DEVD-AMC substrate for
caspase-3, Ac-IETD- AMC substrate for caspase-8, LEHD
AFC for caspase-9)¢} HFAIZ) w2l AMCe| &3-S
380 nm9] excitation ¥}, 460 nme] emission IPAHOl|A],

2= AFCE 510 nm®| excitation ¥}, 460 nm2]
emission ZPAlA] flourometer (Hidex, Finland)E =74}

ek 3¢llollA Aol on, 7 Age 33] HkEslgr)
11. Western blot £

AEE-L 10 cm disholl Al #ieE$ 0.5 mM H0,E 5
AlZFEE A2lsladek. Cytochrome c2] AIEARS] 52
PEsl7] $1ste] Mitochondria/cytosol Fractionation kit-S-
Agslol ATA el v]ERelol 2oz el
o AIEZAS 12% SDS-polyacrylamide 7S o]&-3l
E23190r). ©]F nitrocellulose membraneol] 7] o]5 A
Z1 & PBS solution®} 5% skim milk7} g% 2lssollo]]
AR anti-cytochrome ¢ monoclonal antibodyS 1:500
o= 3ol 4T oAl WpA AR F, oAl
Goat anti-Mouse IgG (H+L) HRP conjugateE 1:2000
o2 B AL Yol 247HE<E WAL, enhanced
chemiluminescence reagent (Amersham International, NI)
= o]g3to] WA

12. EAIXzZ]

AT B+ FTEHE FARIYAL, oA Student’s
t-test®} Wilcoxon signed rank testE o|-83}od, PZL 0.05

oFsHE oIl 9 Bgelsck
2 o

L. QIHE7 2 M Z0 H0, A2 = AFtAELY

H;0, 2] 30% FHE] 0.3 mMI} 0.5 mM =] 2l7ollA
DCF &3ido] thizrol] vlsl] ou] A Skl iz
= 17.43 + 5.01, 0.3 mM Heli- 22.70 491, 0.5 mM
el 23.08 = 5.10, P < 0.05), Ag] 60EHEIE RE &
SollA] DCF #3#do] 7t 5529 thztoll vlafl 2n] 9}
Al Z7FIFEHP < 0.05)(Fig. 1).

2. YA % CFU-FsQ % ¥ B=o| H|m

Uxpulok 15YA), crystal-violet 34 ¥ &3t CFU-F
o] HIE 03 mM H2lTollA] =Tl vlsl] f-2lshA
ZHeE|g o (i 77.9 + 23.5, 0.3 mM X2l 39.8 +
15.1, P < 0.05), CFU-F9] #HHZ3} M3 % 0.3 mM
xeltoll A izl nlsl folslAl 2=l AekE A,
2T~ 129 + 3.0 mm’, 0.3 mM A&l 7.6 £ 3.0 mm’,
P < 0.05, £H3; =7 767.4 + 238.5 mm’dish, 0.3
mM X2l 367.8 = 205.0 mm’/dish, P < 0.05)(Fig. 2,
3).
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3. 0 N2| ¥ MZ Z4Eo| Zta

50 r %
P .t ool A A3 MTTZAeNA, 0.3 mMZ} 0.5 mM
o b Po1mM o l o] H,0, Ml A] AEe] BAEE thzFol wls) <u] giA
fgg m _x I j s Ulz7= 0270 + 0.007, 0.3 mM *2lZ~ 0.195
& % I { + 0.006, 0.5 mM X]g|¥~ 0.142 + 0.007, P < 0.01). =3t
= B +
o 1 I 5 mM2] NACE 0.5 mM H,0, X2loll 3k Fof 4], 0.5
a
3 mM H,0, 55 He:tell ulsle] &A%} oJu] giA| 315
T =)9ch0.5 mM H,0, SHEXEF 0.142 + 0.007, 0.5 mM
&)
o H,0,%2} 5 mM NAC SAA2]7- 0.218 + 0.006, P < 0.05)
1or (Fig. 4).
. , , , , 4. H:0; M2|0j [HE 2AH|RZHA mRNAQ| &héd
A T GAPDHS| wkd A%ol wel BAZ o wlezkil
mRNAS] &2 0.5 mM H,0, *2|FollA dizTol vlsl
Fig. 1. Oxidative stress measurements. Increased accumulation ofu] Al A=l ekt 0.80 + 0.24, 0.5 mM A2
of ROS in human bone marrow derived stromal cells o= 049 + 0.22, P < 0.05). 0.5 mM2] H,0,¢} 5 mM]
stiril;lated by H,O.. Even number c:ﬁh cellslwere loa?lfd with i(i) NAC EAAE & 7245 9 ~g97H] mRNA HFslo] 3
pg/ml DCHF-DA for 20 minutes. The cells were then treat N
L AskS gEl 2= 9lyd
with 0.1 mM, 0.3 mM and 0.5 mM H,0,. DCF fluorescence SRS AR W 5 AA05 MM H0, AR
was monitored over the course of 2 hour. The results are 049 + 022, 0.5 mM H,0, £} 5 mM NAC FA] *2|T-
presented as a mean £ SEM, n = 5, each performed in 0.69 + 0.24)(Fig. 5).
duplicate.
* P < 0.05 compared with their control groups. 5. H:0: M2|0f| [E 7|1& FII15e| Bs)

ZZAERO] Bt ARE vlasly] SJste] olxpulek 17

- X

Fig. 2. Effects of H,O, on CFU-Fs and ALP (+) CFU-Fs formation. CFU-F formation from human bone marrow
cells of the same donor. 4x10° mononuclear cells, which were derived from the bone marrow aspirated from the iliac
crest, were plated in 10 cm Petri dishes in a-MEM with 20% heat-inactivated FBS, 10 mM fS-glycerophosphate and
50 pg/mL ascorbic acid, and grown for 15 days in the control (A) and presence of 0.1 mM (B) or 0.3 mM (C) HzO..
H,0, was added after the attachment period (4 to 5 days). The colonies were fixed and stained with crystal violet
(upper panel) and alkaline phosphatase (lower panel).
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Mean Colony Number
Mean Colony Area (mm?)

Control - 0.1 m - 0.3 mM Control

1200

1000

8

g

400

Total Colony Area (mm2/dish)

(=]
o
=

O1mM 0.3mM Control  O.1mM  0.3mM

Fig. 3. Effects of HO, on CFU-Fs formation. Effects of H,O, on the number (A), the mean colony area (B) and the total
colony area of CFU-Fs (C). The bone marrow was aspirated from the iliac crest of 9 young donors. Mononuclear cells were
seeded in 10 cm dishes. 0.1 mM or 0.3 mM H,O, was added after the attachment period. After 15 days, the cultures were
fixed, stained, and the number and size of the CFU-Fs were determined. The results are shown as a mean + SEM.

* P < 0.05 compared with its control group.
03
0.25 =
02 |
015

01 F

Absorbance at 470 nid

Control O.1mM 03mM O05mM NACS 05mM
mh  +NAC B
mhd

Fig. 4. Effect of H,O> on cell viability in the secondary
culture of human bone marrow derived stromal cells. The
cells were treated with the vehicle or either doses (0.1 mM,
0.3 mM, 0.5 mM) of H,O; or 5 mM N-acetylcysteine (NAC)
or 5 mM NAC + 0.5 mM H202 for 48 hours. The MTT
assay was done as described in the method. The results are

presented as a mean * SEM, n = 8, each performed in

quadriplicate.
* P < 0.01 compared with its control group.
¥ P < 0.05 compared with 0.5 mM H,O, cultures.

Aflell whild For WA 71 Wl 2 e S8
of ol% vheFs} ulwsieleh ¥/ ZBAE Rt AL
717 Wl 295 0.5 mM H.0, 0] A] 2ln] glA] 7
FeHHET 100% + 15%, 0.1 mM X2l 114.8 + 22%,
0.3 mM X2l 1027 + 28%, 0.5 mM X2l 35.0 +
12%, P < 0.05)(Fig. 6).

6. HO» A2| £ FACSE 0|28t MTX}HA} 2k

H,0, 4 AlZEAPEAE 4s)7] 9Jsled, FACS 24
S ARPslgie). 1 A% H0,%5 X2Idt FollA dlzgHet
AZAEAL 7V WESSIKFig. 7).

o
o s
T T
+

Qsteocalcin/GAPDH
o
o

04 F
0z
0
Contral 0.1 md 0.3 mM 0.5 mh MNACSmM  D.5mM +
NAC 5 m
Osteocalcin — -

GAFDH - e ey Ty T S

Fig. 5. Effect of H,O, on osteocalcin gene expression
determined by RT-PCR. The cells were seeded in 6 well
culture plates at a density of 1x10° cells per well and grown
for 12 days in secondary culture. The cells were then treated
for 2 days with various dose of H,O,. 1 ug of the total RNA
from each culture was reverse transcribed and subjected to
PCR for osteocalcin analysis. GAPDH mRNA expression
was also examined by RT-PCR as an internal reference.
Representative PCR band and mean data of 3 experiments
were shown. The results are presented as a mean + SEM.
* P < 0.05 compared with control.

7. H:O X2|20M caspase-31} caspase-92|
M5t

0.5 mM2| H,0, 5 16A17F3F HEGAIZ1 § 43t At
caspase-38} caspase-92] AT+ izl H[sto] Qu]
IAl STkl A Hcaspase-3 FAE; ET 67.6 + 22,

0.5 mM X2~ 118.9 + 38(pmol of AMC), P < 0.05,
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caspase-9 BAJE: tHZT- 383.0 + 43.4, 0.5 mM AT
558.0 + 34.5(pmol of AMC), P < 0.05], cytochrome ¢ H]
O)EA A|FAEA ZH2e] thEA 54290 caspase-82] A

Ee] S7hs WY 5 llckFig. 8).

8. H:0, 2| & 0|EE=2|0} cytochrome 2|
MZ&E 2o 7

H,0, X2 ¥ u|EZ=g|o} cytochrome ¢ A|IFEA U
29| f55 WISl H0.5 HelehAl gk 735 QA

11,

0.1 mM 0.3 mM 0.5mM

160 r

140 |

120 |

100

5 3 8

Calcium/Protein (% of Control)

&

o

Control

Fig. 6. Effect of H,O, on matrix -calcification. 5%10*
mononuclear cells were plated in 24 well plates in a-MEM
with 10% heat-inactivated FBS, 10 mM p-glycerophosphate,
and 50 pg/mL ascorbic acid in secondary culture. After the
attachment period, the stromal cells were treated with HyO».
The calcium content of the matrix was determined and
normalized to the protein content. The normalized value
obtained from the cells incubated under the control conditions
was set at 100%. The results are presented as a mean + SEM,
n = 4, each performed in duplicate.

* P < 0.05 compared with control.

Data 005

HJ"

0l

Z-Fogil] ve-F
y-rosn

F
i

- Tl
10 10
FL 1=Arnexin-FITE

ZFA|E] v|EFZCglol2 el AlEA WZ9] cytochrome
cf 52 A9 IE=EA gekort, 0.5 mMe] H,0:00 5
AIZFEF A A n|EFsglol2 HE] AEFAZ cytochrome
7t FEEE WA 5 ACKFig. 9).
o &
22 AT e3ke] S AQlelH Lolrt Holxloll
Wl Aol A Ee] Zrhshe Ao YeiAla 3
[18,19], Z7] x=3}o] F EHA #== Evhes

H s
2

o
SRiEale] AR ARG 9IeH20,21]. B1F o2 4
ATEelAE AsRiE2rl Frhesat 2R iRl
ol Hal ¥t glof[9~11] ASkAEH A9} 3t 9l
oA Aol Tyt BAle] F7kEl L Qlek kARt 4+
SpiEalns} Frhese] dAell it 7|Ee] e Al

EFE o] 83t AP odF s FEAYS Hb, B
T ABRREdlrt QA FrERE 2 A4
E fe Z=EAIES A Eslol] wiXe oJuks
A wlA Aglolal=d] <j2)7} ek

B QAo FF7I1AMES] S-S dotiy] $lsted
Axjuljofoll s CFU-Fo HiuAz A5s a9l
Alh wieE 3 o]xpulakollA = MTTEAS siich. Lxjal
g3t olxfuofoll] B XEldt Hy0, Fkol SEH R
AEZA0] FoleiAl FaslSict ol AtAEd T S
Vs E71AAIESY] FAse] Atk AE A4
gk} S Hy0, ATl dxpulioflld doleldd Ex
s}ebA] 3 Aell 9¥4el CFU-F7} Zh4sl9l, o] xbulekell ]
5 ZZAIE Bo] 3} AR 22H| 274 mRNAS]

re

Of
%

o

B
- Deia_ 105
= _—
Lr ]
- 29
3
o
b
&
8.
e E-q
o Jur. '
o 7] lI |2 |3 '14
I U] 10 1 10
FL 14 i FITC

Fig. 7. Effect of H,O, on apoptosis of human bone marrow stromal cell-derived osteoblasts. Cells were treated with

or without 0.5 mM H,O, for 4 hours, and apoptosis was measured by flow cytometric analysis after staining with

annexin V-FITC and propidium iodide. Apoptotic cells were annexin V-positive and PI-negative (A, control; B, 0.5

mM H;0,).
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Fig. 8. Effects of H,O, on casase-3, casase-8, and caspase-9 activity. Human bone marrow stromal cell-derived
osteoblasts were treated for 16 hours with 0.5 mM H,O,. For each analysis, extracts were prepared from 1x10° cells
and incubated with caspase-3 (A), caspase-8 (B), or caspase-9 (C) fluorogenic substrates. Fluorescence was measured
as released picomoles of AMC in a spectrofluorometer. Triplicated samples were compared with untreated cell lysates.

* P < 0.05 compared with control.
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Fig. 9. Effects of H»O, on cytochrome c¢ release into
cytoplasm. Mitochondrial and cytosolic fractions were
prepared from cells treated with 0.5 mM H,O, for 5 hours.
Western blot analysis was carried out with mouse
anti-cytochrome c¢ antibody.
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