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Several lines of evidence suggest that osteocytes play a
critical role in bone remodeling. Both healthy and apoptotic
osteocytes can send signals to other bone surface cells such
as osteoblasts, osteoclasts, osteoclast precursors, and bone
lining cells through canalicular networks. Osteocytes
responding to mechanical strain may also send signals to
other cells. To determine the role for osteocytes and
mechanical strain in bone remodeling, we examined the
effects of fluid flow shear stress on osteoclast precursor cell
and osteoblast proliferation and recruitment induced by
osteocytes. In addition, the effects of fluid flow shear stress
on osteocyte M-CSF, RANKL, and OPG mRNA expression
were also examined. MLO-Y4 cells were used as an in vitro
model for osteocytes, RAW 264.7 cells and MOCP-5 cells as
osteoclast precursors, and 2T3 cells as osteoblasts. MLO-Y4
cells conditioned medium (Y4-CM) was collected after 24h
culture. For fluid flow experiments, MLO-Y4 cells were
exposed to 2 h of pulsatile fluid flow (PFF) at 2,4, 8,16 £
0.6 dynes/cm’ using the Flexcell Streamer™" system. For
proliferation assays, MOCP-5, RAW 264.7, and 2T3 cells
were cultured with control media or 10-100 % Y4 CM.
Cells were cultured for 3 d, and then cells were counted.
RAW 264.7 and 2T3 cell migration was assayed using
transwells with control media or 10-100 % Y4-CM. M-
CSF, RANKL and OPG in MLO-Y4 mRNA expression was
determined by semiquantitative RT-PCR. Y4-CM
increased osteoclast precursor proliferation and migration,
but decreased 2T3 cell proliferation and migration. CM
from MLO-Y4 cells exposed to PFF caused decreased RAW
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267.4 cell proliferation and migration and 2T3 migration
compared to control Y4-CM. However, Y4-CM from cells
exposed to PFF had no effect on 2T3 osteoblastic cell
proliferation. PFF decreased RNAKL mRNA and
increased OPG mRNA in MLO-Y4 cells compared to
control (without PFF). PFF had no effect on M-CSF mRNA
expression in MLO-Y4 cells. These results suggest that
osteocytes can regulate bone remodeling by communication
with osteoclast precursors and osteoblasts and that
osteocytes can communicate mechanical signals to other
cells.

Key words : Mechanical strain, Osteocyte, Proliferation
of osteoblast and osteoclast precursors, Migration of
osteoblast and osteoclast precursors
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X (pre-osteocyte)’} ==, HAF=AE7} A3]stE o
AolA =wl EAZE L3 Al SAEE E B
ol Az w2 9 7k=aL 3 cytoplasmic process
E Aploz LHEL 9 Of@ canaliculi 2} £2]+= 7]——— canal
seste] o EAl2e m=e 3
o] =ETAXE, J}—‘—Xﬂi (osteoclast)e} 047ﬂﬂ°i At
Kamioka 5 (2001)l] 2JshH E<oll= =A122] process
7} dA=le] glo] Tl EAlskE EAE ATFA o
= A7 AlSE g T 4 gl Aolet sl
FZol| of2] Aol EAEI} &7
Aolel= ]‘i‘%] AA=]aL 9l E7)= (bone remo-
deling)d] & 715% shie &4 4L =25 Al =
Zz0 2 oA o]—oﬂ mechanical propertys -FA5l= #
o]t}, Microdamages =220l Al &o] 74 A}
7] microcracke] 2el ZHolgl Ao & 4 9lom microda-
mage’} S TERAL AAEL A2 =2 oot
uted =9 AlAE o] EFH 22 microdamage’t =
A=A =wl =9 Z|AA AHe] &A=l Aol o=
Al Hrh. MicrodamageZ 58 3|535l= 53 o] =422
A&} IA7F 9Jew] (Tomkinson 5, 1997) micro-crack
Tl AlzalE Aol EAlEsE EASkL o] 47
AgH o2 gpzAl| o ofsf AAHe] ®Barse] (Verborgt
%, 1999) ==72°] microdamageollA 3]5-35=] =4
Z7F BT Zler Azpct, m=jE FAIE A2l MLO-
Y4 Axrt shEAlze] P43 S4E =T 7 e
macrophage colony stimulating factor (M-CSF)2} RANK-
ligand (RANKL)Y& A433b (Zhao &, 2002), A&kt
ABF Fx2] FHoK] FA|¥el AZ-F- bone morphogenetic
protein (BMP) ZAgA|el SOST7} 7shAl wexlo]
=l (Winkler 5, 2003). A Z7} 43]3F 7] ol
a2 B2 = A, 71 process® A& 17AE 2k of
2 A3 04“7“501]‘% Bux FAlEel o T2
A 257} =5 18T o, Tz FAl
=3 Az 7;4\0]3} 7193 et

’“"] 714 A2 (mechanical strain)l 1S3}
NS WHilely 2 Az Swst dshe 2l 3
o=l /‘V]O]D} LENEt FFAlolA Foll AHEE e
A e S e °17ﬂ FaL By Adget Zro
e s M Folle Zo THE T
Hroh, ZFAZY bone lining cell 3 A2 22 &
2 AEFe] Aol ukgste] 7|AF Aol A
FAxTlE Alze wshd Zlojelt AztE o] ghot. I
in vivo} in vitrool|Al Aol Hkgsle] ol Hxle]
T8 HIA I FAZA Z)AA AHL o] TE
343k 7]aL (Rawlinson &, 1995) nitric oxide 84
(Klein-Nulend 5, 1995b), PGE, *4] (Ajubi =, 1996)
= collagen 1 (Sun 5, 1995), COX-2 (Matsumoto -5,
1998), IGF-1 (Lean 5, 1995)] WS F7HX|7]aL glu-
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tamate transporter "H&-2> 74471tk (Mason &5, 1997).

zAlo) 7zl 71AA <l %é]% FAEZE A e
canahcuhoﬂ/ﬂ fluid flows -F3tet. Fluid flows AlZ
9] 71- 3} Alzrke] WA (defomlatlon}a— 7EH Q3 o]
g AR AlZWe AlsAEs HIRZ 4 s Ao
o} (Weinbaum -5, 1994; Turner 5, 1994).

Jeg B qdgolre TAEI} shEAlE ATAl e}
Z2A| ] FAF o]Fol v "1% A AL 71A
A o] FlZol| A= e Fohlo] EfZelA
o] FA|xe| AT 31641’“—’—]]' shoict.

EEETE

A 3 ofl o

A wlok

FAZ] in vitro modelE MLO-Y4 AZFZ A-gs}
Aot MLO-Y4 AlZe AF Agolx] Eelsl MRk
Alz2A 71 process: 7RI 3L =7|HS FAFA
otowm] ZFA|Z W} alkaline phosphatase] AT+ St
I osteocalcin, CD44 % connexin 43%-al-2 1_';—3 Az
wof EA|lZe] 54 7IXIaL 9lem osteocyte-specific
Ell antigens a3t} (Kato %5, 1997). MLO-Y4 Al
X+ collagen (rat tail collagen type I, Becton Dickinson
Laboratories, Bedford, MA, USA)°| =X ulokH 2]
oA 2.5% fetal bovine serum (FBS, Hyclone Labora-
tories, Inc. Logan, UT, USA), 2.5% calf seum (CS,
Hyclone Laboratories, Inc)e] 235 o-MEM (Gibco
BRL, Grand Island, NY, USA)& wlofsln] Alzal=
7F 70 %2 = A} okl o g mprI 242]7F Fof| wlof
ol-&- wol o3} (filtering) &+ & Z71u k<l (conditioned

medium, CM)22 AS-5}ict,

spEAE ATAE ok

SFEAZ AFAIEZE jn vitro model 25 RAW 264.7
A|zF9F MOCP-5 AlZ55 A-8-3}9ict. RAW 264.7 Al
¥+ vljofallo]l RANKL #7F2] TRAP(+) multinucleated
cell2 5315 bone slicesoll A vlokst 73-9- resorptlon
pitE: FAstE ZAew BuH (Hsu 5, 1999).
MOCP-5 cell= recombinant retrovirus containing SV40
large T antigen cDNAS A-g-3fo] £33} 7] AF =
TAEZZHE 12 osteoclast-committed precursor cell
line2 4## it} (Chen 3} Li, 1998). F
10% FBS 7} 23
oArt.

AEFE=
DMEM (Gibco BRL)IIA] uljoks

A2 ok
Z=

Alze AFFAEAA EEEier, dapidE
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ZZA| 29} 7Fo] bone nodules A= Aoz deiA

2T3 xﬂ“ze AHg-319ie}t (Ghosh-Choudhury 5, 1996).
2T3 AlXF+= 10% FBS 7} 23 o-MEM oil4] sk
afadct.

A EF4A] &A (Proliferation assay)

RAW 264.7 AlZ2} MOCP-5 A2+ 48 well platecl]
welld 2,000} A|E2 253k, 2T3 AlEE 12 well
plateoﬂ well @ 20,0002 AZz= F5Fste] 647k wi
oksk & oz ekel (control media)t o2 7FA] H%E (%)
MLO-Y4 CMC.Z ujokoll& wnpito] wjokstaict. vk 3
ol Aol wjoFS Frlsli hemocytometers AREslo] A
Z4% 2430

A| Z.0]F 3 (Chemotaxis assay)

SEAZ AFAE B 2ZA| 2] o]5-2 polycarbonate
membrane (8 um pore size)> = “‘}*OVL transwell
(Costar, Corning incorporated, NY, USA)% Agsle] =
Aotaict. izl ot o]t 04'5'1 7] F= (%)l MLO-
Y4 CM= lower wellell Y32 5 X 10 7H4 SEAEZ A
TAIZE transwell (upper well) o] ¥ & 37°C, 5%
COLlA 4217} &<t viloksldrt. viloF & transwell upper
surfaceo] FollE A|EE cotton swabo & A|A SR
transwell bottom surfaceZ ©]53F A|Z+= 2% glutaral-
dehydeZ 3% ¥ crystal violet® 2 33}l reflection
microscope®} image analysisE ©|-85}] transwell bottom
surface2] 57119] fieldsoll AlZ5% ZA 3}t

Fluid flow shear stress

ARpokel SAE 75‘“?‘ ZEA| L} ZhdAl z R
pulsatile fluid flowell © =IZFElc=E Bw7p glom] o
735 strain 0.5 = 0.02 ©l4] 0.7 = 0.03 Pa (5 = 0.2

oA 7 £ 0.3 dynes/cm’), SHz HYZ B 3=Yct (Ajubi
S, 1996). MLO-Y4 A|I2£E collagen®] =% Flexcell
culture slip™ o4 484|7F wlokate] 80 % 2] Az =7}
=2 519ic}. Streamer’” system (Flexcell International
Corporation, USA) = ©o]-83le] 2,4,8,16 £ 0.6 dynes/
cm’, 5Hz¢ pulsatile fluid flowS 2417F 53t 718t &
of AIZE A wekoll] wiekstar 2447k Fof] z71wuf
oFlg mokch B 27wt g o] gdte] TEAlE A
TA 2L} 2EAEY T4 olx& A3
Fluid flow shear stress7} ZA] £ 2] M-CSF, RANKL,
OPG, 8o u|X & 4%

MLO-Y4 AlZel 9o} 22 vz 2,8 = 0.6 dynes/
cm’, 5Hz9] pulsatile fluid flowS 24|17+ 59 7k &
o AZE Al mediaclH 3057k wioFs ¥ TRIO-Zol™
(Invitrogen, Carlsbad, CA, USA)S A-83}od total RNA

5 F%3kaL Super Script II reverse transcriptase (Invit-
rogen)s ©|-83lo] cDNAE AASITE. cDNA FA$
4% RANKL, OPG, M-CSF % B-actin primers ©]-&
Stod 95°C, 1 & 55°C, 30%; 72°C, 1 ¥2| AHo=z
RCRe AA[sigion] 2 23 Axel we} 20275715
ARSIt PCR & AHE 20 uks 2 % agarose gels
o] g3lod 7|95 % ethidium bromide® %JAsle]
Zslgich. AF M-CSF, OPG, RANKL, % B-actin
primer sequence & 7+ PCR AHEe] 27|+ ZH7h o3}
z}l, : M-CSF (362 bp) forward, 5’-TTGGCTTGGGAT-
GATTCTCAG-3’, reverse 5’-GCCCTGGGTCTGICAG-
CTTC-3’: OPG (503bp) forward 5’-AACCCCAGAG-
CGAAACACAGI-3’, reverse, 5’-GGCTCTCCATCAA-
GGCAAGAA-3’ ; RANKL (568bp) forward, 5’-CCA-
GCATCAAAATCCCAAGTT-3’, reverse, 5’-TCAAGGI-
TCTCAGITGGCACAT-3’; B-actin (635bp) forward 5’-
CTGGCACCACACCTTCTACAAT-3’, reverse 5°-TGI-
TGGCATAGAGGICTTTACGG-3’

2 o

A Z} SREAE AFAE AXFA ke T
A ofotn 7] flted FAEZ AEZF2 MLO-Y4 Alxe}
aZFAZ AFAE AZFe RAW 264.7 = MOCP-5
A|EZE- o]-83}o] proliferation assays A|&sIAct. MLO-
Y4 CME MOCP-5 A2 FA1S x| ulsle]
oAl S7HIEL (Fig. 1A). ©]#dk E31= RAW 264.7
AlZo M= FAdsA =t SA 27} A2 2
Aol oJ3FS Fo] TNRE ZAT F+ 9= A5 dold
7] 918l MLO-Y4 CMo] I}AlE AFA|ZL] o]l
n]x]+= %8S polycarbonate membrane (8 um pore
size)o 2 uF0]7l transwells A-23F chemotaxis assay=Z
Z43krt. MLO-Y4 CM9- 10, 20, 50, 100 % 5ol 4]
MOCP-5 cell 9] °]5& o5kl S7HAZict (Fig. 1B).
RAW 264.7 A|25 ~ 0—8}‘ A5 2o AEs vy}

A} 2EAE FA Y o]l s FEA &
ofn 7] $J5le] MLO-Y4 AlZo} ZFA|Z79] 2T3 A%
5 o]83e] proliferation assay2} chemotaxis assays
AAEIck MLO-Y4 CM2 9 5= (10,20 %)ellA]
= 2T3 AlZ9] AlZzFAel J35 mA[A] Fafslont &
< F= (50, 100 %) oME T4 AR (Fig. 2A),
gepoEdo e T3 AlZY] o5 olAElt}l (Fig, 2B).

Fluid flow shear stress?} &E7]&ol] wx|&= 24|29
28-S IR 7 A dolrr] 9J5te] MLO-YA|Ze| 2
4,8,16 = 0.6 dynes/cm® ¢] pulsatile fluid flowS 7}sk
T 2477k Eo 27kl S wot skl A}
A 2] FAF o]Fe mAE e dolr St
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(A) Proliferation (B) Chemotaxis
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Fig. 1. The effect of MLO-Y4 conditioned medium (CM) on proliferation (A) and transmigration (B) of MOCP-5 cells. (A) Proliferation
assay; MOCP-5 cells were seeded 2000 cells/well in 48 well plates. After 6hrs, control media or MLO-Y4 CM was added. Cultures were
stopped after 3 days and cell number was counted. (B) Chemotaxis assay; The migration of MOCP-5 cells was assayed using transwell. The
‘control media or MLO-Y4 CM were placed in the lower wells. MOCP-5 cells (50,000) were placed in the transwell (upper well). The plates
were incubated for 4 hrs, and cells attached bottom of the transwell were fixed and stained with crystal violet. The migrating cells were
counted using reflection microscope and image analysis Results were presented with mean + S.E. (N=4) and statistical differences were ana-
lyzed using the Student #-test. *p<0.05, compared to control (0 % CM).
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Fig. 2. The effect of MLO-Y4 conditioned medium (CM) on proliferation (A) and transmigration (B) of 2T3 cells. (A) Proliferation assay;
2T3 cells were seeded 20,000 cells/well in 12 well plates. After 6hrs, control media or MLO-Y4 CM was added. Cultures were stopped after
3 days and cell number was counted. (B) Chemotaxis assay; The migration of 2T3 cells was assayed using transwell. The control media or
MLO-Y4 CM were placed in the lower wells. 2T3 cells (50,000) were placed in the transwell (upper well). The plates were incubated for 4
hrs, and cells attached bottom of the transwell were fixed and stained with crystal violet. The migrating cells were counted using reflection
microscope and image analysis Results were presented with mean = S.E. (N=4). *p<0.05, compared to control (0 % CM)

MLO-Y4 AlZo] o3 sk2Ax ATAZ 34 371 & ¢ 247 A% & 9slold ZBALY o]Fo| 7kt
= pulsatile fluid flow shear stressel] 2|}o] 7hA-5] sloiet (Fig. 4B). ol A2t 714" A&ol H}
olor 4,8, 16 dynes/em’ ollA] wzTol wlsle] f-23} of shFAlZ HAFAE FAF o] 55 -3} i—%“r
Al ZRslodet (Fig. 3A). Z2AE 5419] 78-%oll= shear = AT T Ues BT Adel A=

stresss 7F3F 3] MLO-Y4 CMe| tj=73 AolE H MLO-Y4 AlZoll4 2,8 dynes/cm’ fluid flow shear
o]# ¢kttt (Fig. 3B). AL ATFAELY o]FL  stressT 71 A% M-CSF o 08 djzgs 2 o
MLO-Y4 A|Zof fluid flow shear stressE 7}3+ —f.i T £ Ho|x] §gror} mlFA|Fe] HIE FEde= Ao
Ast z7ufekolo)] 2)sled shear stressE 7}olx] 9 of ezl RANKL®S| W&l djzol nlste] 7hAs|oint.
2o Blsle] FhaElE AE Hlew) 16 dynes/cm w3}l slEAlE 23F JAEAe]l OPG WA 2, 8 dynes/
shear stresss 7}3F 7390l vl&2THct FofshA] 748} em’ ¢ fluid flow shear stress® 7}8F 7% =% oz

9th (Fig. 4A). MLO-Y4 AlZo|| fluid flow shear ol wlste] S7bsksict (Fig. 5).
stressg 71k § 27wkl s siA|aL 2FAIXL] o]F
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IA] Proliferation ( RAW 264.7 ) (B) Proliferation ( 2T3 cells)
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Fig. 3. The effect of pulsatile fluid flow shear stress on cell proliferation of osteoclast precursor cells (A) and osteoblastic cells (B) induced by
MLO Y4 conditioned medium. After MLO-Y4 cells had been subjected to pulsatile fluid - flow shear stress at 0, 2,4, 8, 16 £ 0.6 dynes/
em’, 5 Hz for 2 hrs, the MLO-Y4 conditioned medium was collected. RAW 264.7 cells were seeded 2000 cells/well in 48 well plates and2T3
cells were seeded 20,000 cells/well in 12 well plates. After 6hrs, control media or 20 % MLO-Y4 CM after exposed to pulsatile fluid flow

was added. Cultures were stopped aﬁer3 days and cell number was counted. Results were presented with mean = S.E. (N=4). * P<
0.05compared to control (0 dynes/cm’).

(A) Chemotaxis (RAW264.7) (B) Chemotaxis (2T3 cells)
250 100
2 [7] 2 L%
B3 200 B % 80
s E = é *
§= 150 §= 60 -
25 * 2%
8 e 100 S e a0
- O - O
ox o=
s A S 320
= 50 =
n " i i L u 1 L L '
1] 1] 16
Mechanical strain (dynes/cm?) Mechanical strain {dynes/cm?)

Fig. 4. The effect of pulsatile fluid flow shear stress on cell migration of osteoclast precursor cells (A) and osteoblastic cells (B) induced by
MLO-Y4 conditioned medium. After MLO-Y4 cells had been subjected to pulsatile fluid - flow shear stress at 0, 2,4, 8,16 £ 0.6 dynes/
em’, 5 Hz for 2 hrs, the MLO-Y4 conditioned medium was collected. The migration of RAW 264.7 cells and 2T3 cells was assayed using
transwell The control media or 20 % MLO-Y4 CM after exposed to pulsatile fluid flow were placed in the lower wells. RAW 264.7 cells or
2T3 cells (50,000) were placed in the transwell (upper well). The plates were incubated for 4 hrs, and cells attached bottom of the transwell
were fixed and stained with crystal violet. The migrating cells were counted usmg reflection microscope and image analysis. Results were
presented with mean + S.E. (N=4). * P<0.05 compared to control (0 dynes/cm’).

o F she] Alzge] 7| Fa3g FAMEZEA TS T
T U= Aoleke 7S & 4 oAl et =3t 2AlE
TNRE 22 EXRRZ sl3AZ ATA T} o)F, canaliculis &3l =22 3ol X8 2=3A| %, 3}

ru%J rr

w3kElo] TG4 (targeted removal)7} oz A)zkE AL AFANEED AA=]e] o8] 7x AEE Fa

ot F2A o] Rsloll g =EAIE JEH A HhS g s 2o AzhsEleixlet. i <ltelile MLO-
NAL 2 dHA glovt ol2fd FAE 7] (initiation) Y4 AXE o]gslo] TAl2rt 2EAE o sEAE A

91 2 S|Ael] dajele deA wht ek FATE AT 25 22 G ulAEA 2488iE. MLO-
E279] laeumaerlel EAS] o) FOIE A3l @ Ve bl 34 APAE A2 MOCP-

I fluid’t 323 glo] A Fof oS FFSlRE 5, % RAW264.7 AZ2] F4] 1 o5 S7HAF ). o]
7z WA Ax7} AESHA Fet, o] Hﬂi/l A= = AxAEel 242} }Hﬂi ATA 2ol ATE B
2 Wl 9w FAzst FxA siAE Z1AH A T E 24T F e RolFe Aolrt. Ao

S& Ak dgslel AT Aol % 22 8 525} sl 9579 microcracke] AAHH micro-
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Shear stress
(dynes/cm? )

M-CSF

RANKL

OPG

o
N
o0

B-Actin

Fig. 5. The effect of pulsatile fluid flow shear stress on M-CSF,
OPG and RANKL mRNA expression in MLO-Y4 cells. After
MLO-Y4 cells had been subjected to pulsatile fluid - flow shear
stress at 0,2, 8 £ 0.6 dynes/cm’ , 5 Hz for 2 hrs, total RNA was
extracted from cells. cDNA was prepared by use of a Superscript 11
system. Sequence of the primers for PCR described in Material and
Methods. Amplification was carried out for 20-27 cycles under sat-
uration, each at 95 °C, 1 min; 55 °C, 30s; 72 °C, 1 min. After ampli-
fication, 20 ul of each reaction mixture was analyzed by 2 %
agarose gel electrophoresis and the bands were visualized by ethid-
ium bromide staining. The PCR products for M-CSF, OPG
RANKL and B- actin were 362, 503, 568 and 635 bp respectively.

damage7} =3, o238} microdamage?] 352 =AZ9]
3 AL e A YA AlEAPE FAIZ7}E micro-
damage-/] 3EA TR FELE AFE= AlsE ®ch
= ®ar) 3l9lem (Lanyon, 1993), Gu 5~(2005)
FHE ZAoF (rat calvaria organ culture)ys ©]-8-3k
ATollM A} E55E AAIkL Qo =42
A E el ofeidl FEFFAA Ade] B FFFvL
Aot Basigich B dqellie AlZAME ’i}ﬂﬂ
AL opd A A EE FETE sk Al
A Z AFAZe] B 4 QS HolFo Gusﬂ'
<= o8 AFE Bint T 2ol Sl X
ofgl ZFTAESC] thE FxA9] ATER 3 k—g« =
of E3HQl AxE ¥ods Aoz A7 M-C
sFAE ATAIEE] ATl HkEA] deska o F —‘;
FA5= 242 4 9o (Komada 5, 1991)
MLO-Y4ol| &Jal] Alxzwtol] EAehe 32 Hvl=e
o] M-CSF7} A= MLO-Y4 Aol 23 u}24
32 33F el 7leddte] ®BAaEich (Zhao &, 2002).
aejeg B ol 733’4-0 MLO-Y4 A% 23t z}Z4]
I ATAEZ =4 x| M-CSF7} Hodd AHole} A7t
v o]= M-CSF OLZﬂ o]-&3k blocking assays &
3 =elskgtl (Ko 5, 2002). MLO-Y4 A|Zeox A4

r_l:r.

rulo r1r 4

=7 monocyte, IEAE AlEL] AlEol IelEA &y}
7} 2l M-CSF, transforming growth factor B (TGF-
B), monocyte chemoattractant protein 3 (MCP-3),
macrophage inflammatory protein 2 (MIP-2), vascular
endothelial growth factor (VEGF) (Engsing &, 2000;
Zheng 5, 1994; Fuller 5 1993; Fuller 5, 1995) &
o] MLO-Y4 AlZof o3t sl=Alz AFAlze ksl
Ae B9Y Ao AZAEY Az ot sEAlE
ATAE S ol5< wiele Aest ds ok
7] S1gk AlgHal A7) . gelet, w3k AlzAbE e o
3_,(4]_1—&7]_ ——]_.T'_./(_”j—é ]q_?_,q] _/] Zx]_q_ n;doﬂ n]x]L o:l
e 2Abeka A4 FAlEet 1 e wlwske AT
7b daspe, ofwf zgel= - 7t A= A H
ofok & Helct.
MLO-Y4 A|z8] =ZA| 22| T4 o]52] wigh g3
e A 2 559 MLO-Y4 CMellA] 34
29] 247} o]3% 2AAAL % 4 gl ol
Azl Z7ulofelo] =< mesechymal stem cell9]
A3 R3E 25 S7RAI3ERE Heino 5-(2004)2] 73}
o= YABIA| kot o] ARl 2EAlEsE B AY
oA AREE 2T3 cellol] ®lsle] 1 E3l=rt 2 5
A} o A3E ¥l

tlo

mesechymal stem cell24] 2
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