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~'elbFlJ',:j n'lJ'';j~t1: n'l J'YrW-J'W 11Zl VlVl VlLLVl'WnJ'::Vln~ 1V1~Un'lJ'c.h tilVl nJ'::Vl n 
q . flJ flJ 

~'elm~t1: ~Vlfi~n~ Vln~IL';ln
'" 

OJ • 

t1'V1F1~tI'fl 

n1J'~n~I';j~t1niJ1(;l m.h::Zl,:j ~L~'el ~ n~I~,:j Fl';lllJZlllJl Hl1 'Wn1m J'::~'Wl,xLn Vl n1J'Zl h,:j nJ'::Vl n. . '" 

Ln~'elLL1 (demineralized bone matrix; DBM) bVltlvhn1nLtlnL'Jl~~~'WnIL\lVl'"llm~'el,x:l-JnJ'::Vln 71'W. '" 
'" '" II I if 

VI~,:j'"llnvh n1n'Yn::L~m ~U L'Jl~ ~~n~ru::Fl~It1 fibroblasts L1-m til';l'elrJbVltlJ''elU~'WLU'el L~'el '"l1 m!'W'lJl 
'" 

. . , 
d 'V 'V I cr"Q~ 'V .::9 'V Q.' 'V 'V

LtI'elVl:l-Jm::VlnVl';ltl tryphan blue staining assay ~U';lIL'Jl~~Vl bVl'"llmtl'elVl:l-JnJ'::VlnVl~,:j'"llnnJ'::(;l'WVl';ltl
" cu q qJ q 

SIS iJn1n'"l1-ruL~:l-J~I'W';l'W"lJ'el,:jL'Jl~~L~:l-J~'W~m:l-Jlru 5 LL~:: 1 0 i1~~nflJ LL~::l'Wn~:l-J~nJ'::~'WJ)';ltl DBM 
~ . . 

I I if I 

.::9 _ I ~ Q Q. 0 cr"Q. ~ I QCV 0 cv .:::!:l ..:;:,j 


VlJ''el SIS C-JZllJnu DBM ~U';lllJn1J'L'"lJ''1.!L~lJ'"lI'W';l'WL'Jl~~L~lJ'lI'W'eltl1,:j:l-J'WtlZlIFl'1.! (p < 0.05) L:l-J'elLYltiU 

rlU n~:l-J~llJ1J)~u n1 m J':: ~'W (n~ lJFl'JUFllJ) '"l1 n,r'Wl11 nlJ'';j LFlJ'1::oJnI J'LLZl Vl,:j'el'el n'll'el,:j~'W~tl,:j~~,:j n1 J' 
q q q q 

LU~t1'WLLU~,:jhhu'WL'Jl~~Zl~I,:jm::Vln L-n'W ~'W Runt-related transcription factor 2 (RUNX2)
'" 

~'W alkaline phosphates (ALP) LL~::~'W collagen type I (COL I) LU'W~'W J)';ltl';jfi RT-PCR ~U~liJn1J' 

LLZlVl,:j'el'eln'll'el,:j~'W RUNX2, COL I LL~:: ALP t'Wn~lJ~m::~'WJ)';ltl DBM LL~:: DBM C-JZl:l-JrlU SIS 

~ '" q . .
nlJ'LLZlVl,:j'el'eln"lJ'el,:jtl'WVl';ltl cDNA array 'lI'el,:jtl'W Blglycan (BGN), Transforming growth factor, beta 1 

(TGFP1), Transforming growth factor, beta receptor 1 (TGFpR1) , RUNX2 LL~:: Vascular 

endothelial growth factor (VEGF) ~uiJE(;ln~';l'WlJlnn~1 2 LL~:: Collagen, type XIV, alpha 1 

(COL 14A1) ~uiJE(;ln~';l'W~iJfil-W'eltinrh 0.5 1'Wn1J'~ n~IFl';lllJZlllJlnln1J'YrW-J'WILU~t1'WLLU~,:j"lJ'el,:j 

L'Jl~~~'WnIL\lVl'"llm~'el~:l-J nJ'::~nluLu'WL'Jl~~m::~nJ)';ltl';jfi alkaline phosphatase assay ~u~11'Wn~lJ 

~nJ'::~'WJ)';ltl DBM C-JZllJrlU SIS iJJ'::~Un1J'~I,:jI'W<JJ'el,:jL'el'Wl'Jl~ ALP L~lJZl,:j~'Wn~ln~lJ~'W ~,:jZl'elVlFl~'el,:j. '" . 
rlUn1J'l11 alkaline phosphatase staining ~,:j L'Jl~~~lJ)fun1J'm::~'WiJ n1J'tr'ellJ~Vl~ LLVl,:jl,x C-J~U';l n 

n'lJ'';jLFlJ'I::oJFl';lllJZlllJ1J'()"lJ'el~ DBM, SIS LL~:: DBM C-JZl:l-JrlU SIS l'WnlJ'm::~'Wl,xLnVln1J'Zlh,:jnJ'::Vln. '" 

lV1lJl'W~(;l1"VlVl~'el,:j (Wistar rat) ~U~1 DBM LL~:: DBM C-JZllJrlU SIS iJFl';lllJZlI:l-JIJ'()l'WnlJ'nJ'::~'Wl,xiJ. 
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Abstracts 

The objective of this research was to study osteoinductive potential of porcine small 

intestinal submucosa and demineralized bone matrix. We analyzed the effects of demineralized 

bone matrix (DBI\I1) and porcine small intestinal submucosa (SIS) on proliferation of periosteal 

derived stem cells using Tryphan blue staining assay. The results showed that SIS exhibited 

highest proliferation at 5 and 10 mg . The cells treated with DBM or mixture (DBM + SIS) were 

significantly increased compared with controls (p < 0.05). Furthermore we analyzed gene 

expression of osteoblastic markers for osteoblast differentiation including runt-related 

transcription factor 2 (RUNX 2), collagen type I (COL I) and alkaline phosphatase (ALP) by 

reverse transcription-polymerase chain reaction (RT-PCR). The results showed that the cells 

stimulated with DBM and mixture (DBM+SIS) highly expressed RUNX2, COL I and ALP. In 

addition, we analyzed gene expression by cDNA array. The result showed that the cell s 

stimulated with DBM had ratio treatment/control more than 2 times of biglycan, Transforming 

growth factor, beta 1 (TGF~1), Transforming growth factor, beta receptor 1 (TGF~R1), RUNX2 

and Vascular endothelial growth factor (VEGF) . And the cells had ratio treatment/control less 

than 0.5 time of Collagen, type XIV, alpha 1 (COL 14A 1). Then we studied osteoblast 

differentiation of periosteal derived stem cells treated with DBM, SIS and mixture (DBM + SIS) 

using alkaline phosphatase assay. The result showed that the cells stimulated with mixture 

(DBM+ SIS) had highest ALP activity. Then we analyzed osteoinductive potentials of DBM, SIS 

and mixture (DBM + SIS) using in vivo animal (Wistar rat) bioassay. The result showed that DBM 

and mixture (DBM+SIS) had capability to induce new bone formation whereas SIS did not 

exhibit such capability. 

Keywords: Demineralized bone matrix, Osteoblast differentiation, Small intestinal submucosa 
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'U'VJU1 

i1fiil~U'Wb~Avf~veJn~~'el1n1~~h'l1 "lJ'el'lm~~n~'J~~'1m1~unYd'el'l"lJ'el'lm~~n~div)~1n~~b"'~ 
l191'W'J'Wb~~~1n~'W'Vl nu b-rl'W m~V)ntrn m~V) mb"'~'1 b~'el'l'el n 1 'Wm~V) n m~V)n~V) b~'elfiil1 mbU FlVlb~tI b~'el 

q 'lI 'lI ClJ 11 

~1 bb~:;~rub~A bU'W~'W ~'1Jl1'J:;",1'elb~Ae"v'lu1~u'eltl'el1fiil~'1 ~~1~bnV)m1~~ n1~bb~~'Vl"v'l"v'l~Jl1"v'l"lJ'el'l~thti 
• 'IJ 

, " , 
n~:;V) n 1",~ Vl bn v)~'W'el1fiil1~~ ~u ~orb ",ij'el'W flU n~::; V) n b~~ bb~ ~n~::; V) n 'el1 ~ 1~ b~'el~ ~ V) fl'W n ~:;V) nl1 

'lI 'lI 'lI '\J CIJ 

b~1~~h'l b~'el b~'el m::;V) n 1 ~n~u~'W~~Jl1"v'l1.J n ~ ~'11'Wi1fiilfiilU'W1~iJ n1~~ m~1 ~'WA~1':)fi n1~fm~1 Fl'J1~ 
'IJ 'IJ • 

" , 
1Jn"v'li'el'l"lJ'el'l m::;V)n 'el1Yl b-rl'W n1~l-nb'Vl A b 'W b~~'Vl1'1~1'W':) f"1'Jnn~ bU'elb~'elm::;V)n ",1'elbb~bb~n1~fn~1bV)tI

'IJ 'IJ 

" '11 'iI I I 

n1~fn~11'Wi1fiilfiilU'W~'WiJ Fl'J1~9rl bU'W~'el'l1~fu~'W~'J'W"lJ'el'l bU'el b~'eln ~::;V)n~11~'Vl V) bb'Vl'Wu1b'JruVl 
• 'IJ 

1~fu n1~tJ1ri1V) n1 ~1.J~ n ~1t1 n ~::;V)n bV)tl1-n~'W~'J'W"lJ'el'l n~::; V) n~ 1 n riI'J ~U'JtI b'el'l ~'1'el1~~ ::;ri'el1~ bn V)
ClJ 'U 'lI 'lI 

" , 
Jl1'J::;bb'Vlm-n'el'W b"J!'W n1n~u1.J'Jv) n1~~v)b~'el bb~::; n1~~'lJb~tlu1b'Jru donor site ~'J~~'1n1~H~~(;J~'W 1 

1~bbri ~~ V)fiil1 nfi~~~"ll1~ ~~V)~1~fiil1 n b"v'l~b~'elf~'1 bAn~ib~'el1-n~~ [f]~~ v)'Vl V) bb'Vl'W ~~ V)~';h1~bn V) n1~ 
q q q q 

~W-J'W 1 b1.J~ tI'Wbb1.J ~'111.J bU 'W b"ll ~;~ ~1'1 m::; V) n ';;11 ~iJ n1~~h'l m::;V) n 1 ",~1 'W U1b'J ru~ bn V) A'J 1 ~Jl1'J::;
'IJ 'IJ 

eJV)1.Jn~~1'1 1 "lJ'el'lm::;~n ~~(;J~1~fiil1nb"v'l~b~'elf~'1bAn::;i b-rl'W polyglycolic acid (PGA), polylactic 

acid (PLA), poly(lactic-co-glycolic acid) (PLGA) bU'W~'W ~1"'fu~~(;Jfiil1nfin~"ll1~ b-rl'W collagen, 

alginate, chitosan ~1",fu~~v)fiil1nfi~~~"ll1~ b-rl'W collagen, alginate, chitosan 1~l1n1~~n~1~'1• 

Fl'J1~~1~1~f:l1'Wn1n.J1~11-nm::;~'Wn1nfiil1ru b~Ub[f]"lJ'el'l b"ll~;~'Wrh bUV)11.JbU'Wb"ll~;1.J~1t1'Vl1'1"lJ'el'l m::;V)n
• ~ 'IJ 

bv)tll1~1~m::;~'Wn1n~1'lJb1.J~tI'Wbb1.J~'1~'Jtlb1.J~~'W growth factors bb~::; cytokines b"J!'W insulin-like 

growth factor (IGF) , fibroblast growth factor (FGF), platelet-derived growth factor (PDGF), 

transforming growth factor-~ (TGF-~), bone morphogenetic proteins (BfVlPs) dJ'W~'W [1,2] 



• • 

9 

~ , 
ri'fl'WVI-w1111~n n1~~ n'jj'l ~'lt)~ (ilYl (ilLLYl'\,!n~~(il n demineralized bone matrix (DBM) VI~'flYi~~n n'W~~1 

• 'IJ 'IJ 

dJ'WL~'fl L~'flm~(il n~1~~1'Wm::ur,l'Wn1~~ (iluhn ruLn~'fl LLi ~'l dj'Wt)~ (il~n I") ru~3-Ju~1'Wn1m~::~'W1"'Ln (il
qJ q q q 

~ 

dj'WL'l!~~~~I'lm~(iln LL~~n n1~~ ~1'l m~(il n 1 VllJ ~'l11'Wn1~'ll1 m~(il nr.l1 n ~1J1"'l11")'flt)m~3-J1H' dJ'Wt)~ (?1
'U qJ qJ qJ q 

Yl (?1 LLYl'W~'flLi1'WYlI'l L~'flnVl~'l"1l'fl'l n1~~n'jj'I~~I~ry 'Cl'l'Wt)~ ~~Hl"'llnfinmll~~VlI1~~IEJ LL~~~~(?1'l n 1 'W 

n1~'llI3-JliJ~::EJnI?l1.jf 1~LLri porcine small intestinal submucosa (SIS) ~'l1~"'llni'W1~L~'flU~'l"lJ'fl'lih1~. . 


FGF, TGF-~, epidermal growth factor (EGF), vascular endothelial growth factor (VEGF) , IGF-1 

LL~~ glycosaminoglycans, fibronectin, chondroitin sulfates, hyaluronic acid, heparins, heparin 

sulfates LU'W~'W ~1~~'l n~I'ln (:.J~1'Wn1 ~m~~'W1'" Ln (il n1n"'l1ru L~3-J91'W'l'W"lJ'fl'l L'l!~~~'Wfll L\J(?1 LL~~. ~ 

, ,~ 

m::~'W1"'Ln(iln1~I?l'flu~'W'fl'l r;]'fl~~UUi1n ~3-Jn'W~1 'W'fln"'ll nl1G'ln I") ru~3-JU~Yi LVl3-J1 ~~3-J r;]'f) n1 ~fj (?1 Ln1~"lJ'f)'l
q qJ q q 

iJ~IEJYlI'l1~ [1 ,2] LL~::~'lmVlI?l~~1 SIS LU'Wt)~(ilfin3-J'l!I~~~::(il'ln1'Wnl~'llI3-JI~n'jj'IYl(il~'f)'lLL~~ 
~ 

~13-J1 nl LI?l1tJ3-J1~'Wm3-J1 ru3-J1 n'Y'l'fl r;]'f) n1 ~'ll11iJ1-if1 'Wn 1~~n'jj'IYlI'lI")~\Jn1~ ~'l3-JVI'l (:.J~"'l1 n n1~~ n'jj'l 
'" I iI I I I 

ri'f)'WVI-Wll1~'ll")ru~3-J~"lJ'f)'l DBM ~'l LU'WLtj'f) L~'f) n~::(?1nYi1~~u n1~~I'Wm~U'l'Wn1~~ (?1m3-JlruLn~'flniYi
• 'II 

'f)r]1'Wm::(?1n L"l1'W LLI")~L~tJ3-J yj'f)~yj'f)~~ LU'W~'W LLr;]G'lI")'ln'f)'lAiJ~~n'f)U"lJ'f)'lf01'fl~~IL"'l'W LL~~biJ~~'W~hn"l1 
'IJ 'II 

~ 

f01'f)~~IL"'l'W (noncollagenous proteins) ~'l3-JVI'lbiJ~~'WI;h'l 1 L"l1'W growth factors LL~~ bone 

morphogenetic proteins ~'lnf1ru~3-J~1'Wn1m~::~'Wn1n"'l1ryL~3-J91'W'l'W"lJ'f)'lL'l!~~ LL~~-nn'llln1n"'l1ry 

LiJ~EJ'WLLiJ~'l Li1'WL'l!~~~¥I'l n~::(?1 n LL~::-nn'll11'"Ln(?1n1~~~I'l m::t?ln1VllJ 'flcil'lhfi 1?l13-J 'Y'lU~I-n'fl3-J~ n1~ 
'II 'II 'lJ 

LVI~I~L-if13-J11'WiJ~::LYl P1 LLr;] fiG'l1lJ LU'W~\JEJ3-J LL'Y'liVl~ IEJ11n 

~'lEJ LVlI?l (:.J~ ~'l~ n~I'l3-J1 n1 ~~ n'jj'I~~EJ L~'f)VlIt)~ (?1Yl (?1 LLYl'Wm~(?1 n"'ll nt)~ t?l~n1'WiJ~~ LYl P1 L~'fl1'" 
'It q 'lI q 

t)~ ~~iJ n~ru~'W11 'W'f)'W11")1?l b(?1EJ'flI~tJ nl ~1.jft)~V.)LL~::LYl f01 b'Wb~Ui11tJ1'WiJ~~LYl P1 LL~ ~ni'WI?l'f)'Wnl~(:,J~ I?l~ 
hl~'ltJ1 n 1-n'lUiJ~~3-J1 ru1 'Wn1~(:,J~ I?lhl3-J1 n ~'l"'l:;LU'Wn1~'llIt)~ ~~n'f)~i11EJ1'WiJ~~LYl pj3-JIL~3-J~~ AI 

(Value added) LL~:;"l1'lEJ~ (?1 n1~'ll1 L-n1t)~ (ilYl t?l LLYl'WYlI'l n1nL'Y'lYltJ~nnl")l~'l3-J1 n"'ll nr;]I'liJ~::LYlP1 'fY'W"'l~ 
• 'IJ 

ri'f) 1 '" Lfl (?1 n1 ~~W-J'W1 LL~ ~m::~'WLM'jj'~n"'l"lJ'f)'liJ~~
q cI.8 

LYl P11YlEJ LL~'l'Cl'l (:.J ~1'"I")
q 
rui11'Y'l~~ I?l 1"1'l13-J L u'W'f)r]"lJ'f)'l 

<u 

iJ~::"lllm1'WiJ~~LYl pj~~'W 

http:n1~'llI3-JliJ~::EJnI?l1.jf
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b~'flb~'e)n~~~ mJ~~n'e)u~'"lm'll~~n~~~ n~n'chlJ~1 ~bk!LlJn1~i!l¥I'1 bb~:;n1~ri'e)ltJ"lI'e)'1 n~:;~ n~lJ 
b'll~~n~~(;lnmj'l'e)'e)mUlJ 3 "llU(;l Hlbbri b'll~~"llU(;l~1 b'll~~ osteoblasts bUlJb'll~~i!lh'lb~'e)n~~(;ln~b'"l1ru

v v ~ 

," >­
!IV If"' '" O.Q, If"' d cr.c;;:,l I .c:!I 

~(;J,JlJl~I'Ol1 m'll~~(;llJn1 blJ(;lb'll~~m~~n (osteoprogenitor cells) 'll'l b'll~~lJ'Ol~'e)~(;lI~"lI'e)U"lI'e)'1 blJ'e) 

" n~:;(;ln bb~~i!lh'li!lI~tJ~:;IJl'Vl extracellular matrix b1-t1n~1 osteoid 'OllmrlJbn(;ln1~i!l:;i!l~"lI'e)'1C-J~mbifil(;l
OJ • 

b'll~~ osteoblasts 'Ol~nn1~ i!l¥I'1b~lJLtlrl'e)~~lb'OllJ "llU(;l~ 1 ~'1brln~,x osteocalcin bb~~btJ~~lJ~~'JLlJ 

b~'e)~lJm:;(;ln ~~t1n~1 bone sialoprotein LL~~5'1~U osteopontin rlU osteonectin ~'1n'ChlJ'lhtlLlJn1~ 
" 

r.rUrllJ "lI'e)'1C-J~nLdfil[;JrlU collagen matrix LlJnl~L'Ol1bk!~(;J,JlJl"l1'e)'1L'll~~tJllJfhLU(;l1tJbUlJL'll~~ 

osteoblasts i!l1~IJ'tl(;l~'"l'Oli!l'e)ul~'OllnL'e)lJl'll~ alkaline phosphatase ~'1bUlJL'e)lJh~~ 

L'll~~ osteoblasts i!lh'l'e)'e)n~ILlJ"ll'"l'l~5'1hJnn1n~'e)LLifil[;J L'll~~"llU(;l~ 2 b'll~~ osteocytes LiJlJL'll~~~ 

b'Ol1ru(;]'e)~I'Ol1 n osteoblasts ~1~i!lh'l L~'e) m:;(;ln'OllJ~'e)l-J~'e)U ~'"l L'll~~ LL~:;bUlJL'll~~n~:;(;ln~ L'Ol1ru L~~~ 
Q.I cu <u Q,I 

LL~~b'll~~"llU(;l~ 3 L'll~~ osteoclasts bUlJL"ll~~"lIlJl(;lhHll~nVl~It1U'"lbrl~t1i!lLL~~L'Ol1bk!~I'Olln monocyte 

stem cells LUlJL'll~~'1nWWI~~I~bk!LlJm~U'"llJn1J'tJfuLb~'1n~~~n (bone remodeling)[3] 

, , , 
11 ...::::..:::IIq iI 4~ 

MI'1 osteoid matrix, collagen type I, fibronectin LL~~ growth factors UI'1"lllJ(;l'VlLnm"ll'e)'1 'll'l blJ"lICW::; 

~ L'll ~~i!l ¥1 'I n ~~ (;l n L'Ol1 rul tJ L UlJb 'll ~ ~i!l ¥1'1 n ~~ (;l n ~ L~Ub(;l L~~ ~ 'Ol:;i1 n 1 ~~'I Lrl ~1 :;V11tJ ~~ lJ~J'e)'1 b'll ~ ~ v ~ v 

LtJ~tllJLbtJ~'11tJ~'1'Ol~~'1Lrln:;,x collagen type I, alkaline phosphatase, bone sialoprotein LL~~ 

osteocalcin dJlJtJllJ [4] 

" ,
b'll~~tJlWlILU(;lLtl'e)tJ~~i!lllJ (mesenchymal stem cells; MSCs) bUlJL'll~~tJlWlILU(;lVii!lI~I~tl 

I '" I I 

LLU'I ~'"lL-W~~llJ'"llJL'll~~1~~1 n LL~~b'Ol1bk!~(;J,JlJI1tJ LUlJL'll~~Ltl'e)tJ~::;i!lllJ~I'1 1 V1~'1'Ol1 nVil~fu~'1 m~~lJ 

LLmi'l~~I~'1!"lI'e)'1 MSCs ~'e) 1"l1m::;~n lJ'em'Olln;i5'11~'Ollm~'e)L~'e)h~lJ L~'e)~~n~~~n (periosteum) 

n~I~L~'e) m~(;lntl'e)lJ bUlJtJllJ MSCs LUlJL'll~~~i!lI~I~tl~I~IL~I~Litl'lL~~~llJ'"llJl~~1t11~n 
v 

, ,,>­

fibroblasts ~ 'I i1 rl '"l1 ~ i!l1 ~ 1 ~ tlLlJ n 1 ~ ~ (;l L n 1 :; rlU Vi lJ or ~ t?J L~ 1 ~ L~ tI 'I LL ~ ~ i!l1 ~ 1 ~ tl L'Ol1 bk! 

~(;J,JlJI1tJLUlJL'll~~tJ~It1'VlI'1 L"lllJ m~(;ln m::;(;lntl'e)lJ 1"l1~lJ n~I~L~'e) b~lJ LUlJtJllJ n1~m:;tJllJ'Olln~'1
v v • 

m~~lJbU~~lJ~V1i'l'Ollm'll~~(;]1'11 L"lllJ TGF-j3 (transforming growth factor-j3 LUlJ growth factor "llU(;l 

V1~'1~~I~I~tln~~~lJn1n"'l1bk!L~~~llJ'"llJ mesenchymal cells "lI'e)'1m:;~n i!l1~I~tlm::;~lJL,xL"ll~~ 

Preosteoblasts LLU'I ~'"l L~~~llJ'"llJ i!l¥I'1rl'e)~~IL'OllJLlJm:;(;ln LL~:;5u~'1 n1~i!l~It1~'"l"ll'e)'1m~(;ln bone 
v v 
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morphogenetic proteins (BMPs) dJ'W'i:1J~~'W~~(?l'a~lwn~~ TGF-13 iJ~,j1~mufJ~n1n"'l1ClJ~W-J'W1hJ 

bU'Wb6Jl~~U~1tJ'Vl1~1~ ~1~1 ~Cl-nml11~bn (?l n1 n"'l1'1d bU~tJ'WbbU~~"'l1 n b6Jl~~~'Wf11bU(?llu bU'Wb6Jl~~1'W~1tJ 

," , 
~~(?l'Vl(?lbb'Vl'Wm:;(?ln DBM bU'W~~(?l"'l1nm:;(?lnV11~¥un1~~1'W-n'W(?l'a'Wn1~~(?lm~1rubn~'abdV1

q \J q qJ 

'a~1'Wm:;~n b-n'W bbrl~b~tJ~ bb~:;yj'a~yj'a¥~ bb(Mr~r1~b~~'f)'a~~u~:;n'au~~1f1'1d"lJ'a~ collagen bb~:; 
" , 

noncollagen ~n~~LU~~'W b-D'W bone morphogenetic proteins bb~:; growth factors [5] ~~bU'WU"'l~tJ 

~1f1rul?i'an1~-nn':n1~bn (?ln1~~¥1~m:;(?ln1 mJ DBM ~~1~1 ~Cl-W1~1Loin'Wn1~¥n1j'1~tJ')tJ~iJ f),)1~
~ 'U " 

'" .... I I I " I 

~1 bU'W~'a~ l~¥U~'W~,)'W"lJ'f)~ b 1l'abtj'am:;(?l n~11~'Vl (?l bb 'Vl'WU1b,) ruV11~¥un1~c.h ~(?l b.w'ab~1~ ~ ~1~ b 1l'a btj'a 
" 

'U 

,
m:;(?ln1~n~u~'W~~[l1'Wun~ DBM i1~1~1Ul~W-J'W1bU'Wc.J~(?lnru.-n'Vl1~n1nb'W'VluV1~1f1ru1'Wn1~¥n1~1

'U 'U ~ 

" ~tJ')tJ ~~ (?l'Vl1~~')[l1'W'Vl (?l bb'Vl'Wm:;(?l n'Vl1~ n1nb'W'VlU DBM ~1~1~ClU~:;~'jj':(bb~:;t:J~ (?l~'W1J)t'W~n'jj'ru:;
qJ q qJ ~ 

, " , 
lUbbUUl?i1~1 b-n'W lUbbuuV1bU'Wt:J~ (powder) ~'W~,)'Wb~n1 (chip) lUbbUuV1bu'W~mf?h (cube) bii(?l"lJ'W1(?l 

l?i1~1 (pellet) ~1'a b~'W1tJ (fiber) 'W'an"'l1n~ ~1~1~Cl-W1~1c.J~~nU~1~~')n~1~ (carrier) vi11~iJ~n'jj'ru:; 
" r1~1tJnUb"'l~ (gel) ~1'f) r1~1tJtJ1~-W'W (paste) bb~:;~1~1~mJ'WbU'Wlul?i1~1 (?l1~~'a~n1~1~ (pliable and 

moldable) n1~Hi~~ (?l'Vl(?lbb'Vl'WU~:;b[l'Vl~bu'W~tJ'a~¥ubb~:;1-ifn'W'ath~ bb'W i~~1tJ1'W,)~ n1 nb'W'VlU ~')tJ• 

ml?Jc.J~~~1 DBM iJfJru~~~bu'WLm~i1~b~'a1~b6Jl~~n~:;~m"'l1ClJb~~~1'W,)'W (osteoconduction) bb~:;iJ 

LU~~'W-nn-W1 b6Jl~~m:;(?l n1~bU~tJ'WbbU~~ b~~~1'W')'W1'Wu1b,) ruLrlNi1~(?)~m-i1,) (osteoinduction) b~'a 
'U 

" . 
~h~ m:;(?l n 1 ~~ (?l1~ fin~"ll1 ~ [6,7] (?)~'l!'W~~l111~m:;(?l n b"'l1ru bb~ :;~~1'Wb~'f)~ ~(?l n'Wl~(?l1~U n ~ 

'U 'U ~ 

" " .
~,)~11~~(?lL'an1~n1nn(?lu~mml?i'a~1'WbC'abtj'abbu~nu~'a~ (graft rejection) 1'Wn1~-W1 DBM ~1HibU'W 

" " . 
~~ (?l'Vl (?lbb'Vl'W'l!'WiJi'a~bb~:;m ~1:;~ ~ n~1 b'W n :;iJ'a~ ~U~:; n'au bb~:;~[l1'W bVi i"J'a'Wn'Wnu b C'a btj'a"lJ'a~ r1'W bb~:;. 
~1~1~Cl-nn-w11~bn (?ln1~~¥1~ m:;(?ln 1 ~~1~ bU'W~'VlnU n'W~~1 rI ru~~~ n1 ~-nn-w1 b~'a~ ~1~ m:;(?l n 1 ~~ 

'U • 'U 

<V I G.J' G.o' ~q ~ a cv d I Q,/ " " " 
"lJ'a~ DBM 'W'W~~1nVl~1tJbb(?ln(?l1~n'W(?l1~"lJ'Wf?l'f)'W ,)fin1~c.J~(?l n1nnum'jj'1 bb~:;"lJ'W'atJnUf)ru[l1'Wbb~:;

'U • 

-w11~bn (?l n1~~ ~1~ n ~:;(?l n~~ ~1~1 ~Cl (?l~,)"'l~'f)ul~ [1 0] bb~ :;'WU~1iJ f),)1~i~~'Wfin'Wnu n1~-nn-W1~¥1~ 
'U 

m:;(?l n 1 'W~'W'Vl(?l~'a~ [11] ~~~1 bu'Wmh~~~~"'l:;~'a~iJ n1~~ n'jj'1~~tJ ti~~~ (?l~~U~:;~'jj':('Vl1~~')[l1'W
cu cu q d3 

(?)~ n~ 1 ') L(?ltJ n 1 ~'Vl (?l ~ 'au1 'W ~ ~'a (?l 'Vl (?l ~'f)~ bb~:;1 'Wi(?ltJ'Vl (?l~ 'a~ rl'a'W ~"'l:;-W 1~ 11-if1'Wf)'Wb ~'a'Vl (?l ~'aU 

U~:;~'Vlfi[l1'W bb~:;r1,)1~U~'a(?lntJ"lJ'a~~~ (?l~-W1~11-if'Vl (?l bb'Vl'Wn ~:;(?l n 
• 'U 

n1~~n'jj'1"lJ'a~ Zhang bb~:;r1ru:; 1'Wu f) .Pl . 1 997 l11n1~~n'jj'11'W in vivo (~~'Vl(?l~'a~ athymic 

mice) bb~:;1'W in vitro (human periosteal cells) b~'a~brln:;im~1rurl,)1~~1~1~Cl1'Wn1~-nn-w1n1~ 
" " ~¥1~m:;~n"lJ'a~ DBM L(?ltJl11n1~~~ DBM 1'W-n'Wn~1~bC'a"lJ'a~~~ 'Wu~1iJn1~m:;~'W1~bn(?ln1~~~1~ 

m:;(?l n (osteoinductive) ~1n n~1 n1~~~~1~~')~'l!~ bb~:; n1~~¥1~ m:;(?l n 1 ~~1'Wn~~~~~1'Wi'Wn~1~ b~'a 
'U " • 
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, ..., 
ijn1~~~I'!n~~(?lnL'InjLlJ~~'\tdl~~'tJvl1oJ~ 1-4 bb~~hjijrl,)ll-J bbL91n(?h~'Vll~~ ?l~"lJ'El~'1h\.~t:rn LlJ~tJ(?lloJ~ 5 ... 

~brl~l~oJ~htl alkaline phosphatase activity ~~dJW;l')ti~~"lJ'El~ osteoblasts "f'jurhLlJ~lJ~ 5 ~~~b~l-J 
DBM ij~~~Un1~vi1~llJ"lJ'El~b'EllJ1"l1ar~~~(?l bb'6'l~LlJn1~~m~lml-Jlru"lJ'El~ DBM ~bbL91mh~nlJ "f'j1J~1

'U • 

ml-Jlru 5 bb'6'l~ 10 n'6'l~nfl-J "lJ'El~ DBM ij~~~u alkaline phosphatase activity l-Jln~~(?l ~~ • 
rl,)Il-J~l-J~lJ€~~~~I~n1~~m~nLlJ in vivo nu LlJ in vitro "f'jU~ILlJ in vitro ml-Jlru DBM ~Hij~'6'l~'El 

rl,)Il-J~Il-JlnlLlJn1nUlJ~lm~~~lJL~bn(?ln1~~~I~m~(?ln (osteoinductivity) "lJ'El~ DBM [11] ~1t1~llJ 
• 'U 

ri'EllJ~oWl~b~mnu DBM L(?ltl Gao J bb'6'l~rlru:; LlJU rl . P1. 2004 ~~1~yi1n1~~m~nmll-J~Il-Jl~()"lJ'El~ 
allogeneic demineralized bone matrix ~'El resurface osteochondral defect LlJn~~~It1 L(?ltl"'llnn1~ 

~lJ-W~~llJ~~ intrinsic cytokines LlJ DBM "'l:;-nnU1L"\"l1'6'l~b"'l1'lJ~W-IlJlbtJ~t1lJbb1J'6'l~bUlJb"l1~~~lt1~lJ~ 
osteochondrogenic "'lIn bone marrow bb'6'l:;'vh~oWl~"ll'Ell-Jbb"l1l-J osteochondral defect 1~ ~~'Vl(?l~'ElU 

L(?ltln1n~t1~ bone marrow-derived mesenchymal stem cells '6'l~UlJLrl~~h~~~(?l• demineralized 

trabecular bone matrix bb~,)b"f'jl~b~mbUlJb,)'6'l1 3 ~lJ "f'jU~~lb"l1~~bn1~nULrl~~h~~~(?l bb'6'l~b"'l1ru'EltJLlJ 
• ~ 'U 

demineralized trabecular bone matrix "'llmrlJ~~Ul1tJeJ~'6'l~LlJu1b,)ru osteochondral defect "lJ'El~ 
m~~lmUlJb,)~1 6-12 ~tJ(?lloJ "f'jU~lijn1~"ll'Ell-Jbb"l1l-Ju1b')ru~m~(?lnun"f'ji'El~l-Jln~~ 95% ~,)lJn1~Hf

'U 

... 
I Q cv q I 

demineralized cortical bone matrix "f'jU,)1 l-J subchondrol bone bb'6'l:;"lllJUlJ~(?lmJl-Jm~(?ln'El'EllJ
• 'U 

demineralized cortical bone matrix m"'l"'l~ijrlru~UU~LlJn1~"ll'Ell-Jbb"l1l-J osteochondral defect 1~ [12]• 

, ... 
Small intestinal submucosa (SIS) ~~1~l-Jl"'lln~11~b~n"lJ'El~~l-J-nlJ submucosa L(?ltln1~~'Eln

'U 

... , 
b'Ell-nlJ tunica serosa bb~::; tunica muscularis 'El'Eln SIS ij'El~rltJ~::;n'ElUbUlJrl'El~~lb"'llJ "ll-W(?l~ 1 bb~::;"ll-W(?l 

~ 3 l-Jlnn~1 90% bb~~rJ~"f'jUrl'El~~lb"'llJ "ll-W(?l~ 5 ~llJ,)lJb~noW'Elti [13] lJ'Eln"'lln~LlJ SIS rJ~mtJ~~lJ~ij 

~~LtJ~~lJ~~n~l,)bUlJ~l~tJ~~1Jl'Vl1"l1LL911rltJ (cytokines) b-rllJ FGF, TGF-I3, epidermal growth factor 

(EGF), vascular endothelial growth factor (VEGF) bb~~ IGF-1 bUlJ~lJ ~~ij~~vhL~ijn1m~~~lJn1~ 
, ... 

b"'l1t;1.J b~l-J~llJ,)lJ"lJ'El~ b"l1~~~lJfll b-W(?l1~ ~,)l-J~~ SIS m::;~lJL~bn (?l n1~L91'ElU~lJ'El~'Vll~~::;UUJJn~l-JnlJ1~ 

oW'Elti ij rl ru~ l-Ju'1l~ ml-J 1~~ l-J ~'El n1~U VI bn1:;"lJ'El~ b"l1 ~~ bb~~ij rl ru~ l-Ju'1lLlJn1m~~~lJn1n "'l1r,lJbtJ~t1lJbbtJ~~
q q q 61 

"lJ'El~b"l1~~~lJfilb-W(?l1~ [1,2] Zhao Lin bb~~rlru~ 'l~vhn1~~n~1 tissue-engineer membrane b~t1lJbbUU 
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b~!l~~nJ'~r:1n (periosteum) ~b(?lh.l~lw in vitro b~m·1Vl~!lUfl'J1~~1W1J'b1lwnlJ'Yl11,xbnVlnlJ'~~1-.l 

b~!lb~!lnJ'~r:1n~'W1V1aJ bVlt.l1-if porcine SIS b1J'W scaffold 1'Wnln~1~b~m MSCs ~-.l1'W-.l1'W~~t.leYl11,x 
bnVl bone defect b~!l(?lJ''J'"l~!lUfl'J1~~1~1J'b11'WnlmJ'~aJ'WnlJ'~h-.lb~!lb~!lnJ'~Vln ~U~1 tissue­, ~ 

engineer membrane eiJfI'J1~~1~1J'b11'WnlmJ'~~'W1,xbn VlnlJ'~~1-.l b~!lb~!lnJ'~r:1 n1~ [14] Suckow 

bb'6'l~fI ru~ 1'Wu 19991~.yhnlJ'~mj'1 fI'J1~~1~1J'bI"lJ!l-.l Slsl?l!lnln'"l1ru"lJ!l-.lnJ'~Vln~bnVlfl'J1~un~i!l-.l 
~ ~ 

"lJ!l-.lnJ'~r:1nt.l1'J1'W Sprague-Dawley rat bti!l-.l'"l1n SIS btl'Wt)~~~-W1~11-if~n'jj'I'V1Vl'6'l!l-.l1~~1t.1 bVlt.l 

-W1~1H1'WnlJ'Yl Vl'6'l!l-.lYl1-.l ~1'W~ ~'J nn~ b~!l b~!l 1'WnlJ'~ n'jj'1e1~Yl1 nlJ'eJ-.l SIS, demineralized cortical 

bone Vl1!l ovalbumin b-ihhJir-.lu1b'J runJ'~Vln~un~i!l-.l bb~'JVlnln'"l1ru~W-J'W1"lJ!l-.lnJ'~Vln~Un~i!l-.l1'W 
'iJ 'iJ GI 'iJ 

.. d d1'-' ~ ,Q.' d "" ~UVl1V1Yl 3, 6, 12 bb'6'l~ 24 ~'6'lYl Vl'"l1nnlJ'~mn~U'J1 VI'6'l-.l'"l1nVleJ-.l SIS VlJ'!l demineralized cortical 

bone 'W1'W 3 ~UVl1~ ~n'jj'ru~~bnVl~'W~'WbnVl'"l1niJnlnbYlJ'n~'J"lJ!l-.l mononuclear cells bb~'Jir-.l ~U~1iJ 
b~!lb~!lbnVl~'W1V1aJ1'W 3 ~UVl1~bbm~uiJnJ'~Vln!l!l'WbnVl~'W bb'6'l~ 6 ~UVl1~ ~uiJnlJ'~~1-.lm~Vln1'WVI'W~ 

~ ~ ~ 

b1neJ-.l~'Jtl SIS [15]
~ 

, ,0­

2. b Vl!l (?l J''J'"l ~!l1J ~ '6'l"J.I!l-.lt)~ Vl l?l!l nI J'b'"l1ru b~ ~~1 'W'J'W"lJ!l-.l b"J!'6'l ~b~ 1~b~ tl-.l bb'6'l ~~ n'jj'1 n 1 J', ~ 

0­

~ ~ (?It)~ Vl~ 'JJl1~Yl Vl bb Yl 'W nJ'~ Vl n ~1V1fu1-ifYl Vl '6'l!l-.l1 'W b"J! '6'l ~b~ 1~ b~t.I-.l (in vitro) ~ n'jj'1 nI J', ~ 

http:6'l!l-.l1
http:6'l"J.I!l-.lt
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'l.J'a~L~·ifU~~1(;l-j1~~11K~'IJ 

1. UfYln'J~~m1~~'U.J1J'Cl"lJ'el~b'll~~~'\.ulrlbil!?l (mesenchymal stem cell) lWn1J'blOl1-L1J~(?l.J'W1 

btJ~~'WbbtJ~~bu'Wb'll~~m::;!?lm~'ellc;)fu~1n",tim'tJ11Ol1n DBM bb~::;1Ol1m~'elu~11~",~ (SIS) 
~ ~. 

2. lC;)Ylnun1nb~!?l~'el'elnJ'::;(;)U~'W"lJ'elWll~~~'Wf11bil!?l (mesenchymal stem cell) l'Wn1J'bIOl1-L1J 

~(?l.J'W1 btJ~~'WbbtJ~~ bU'Wb'll~~nJ'::;~ n b~'ellc;)fu~1n",tim'tJ11Ol1 n DBM bb~::;1Ol1 n b~'el'lJ~11~",~ 

(SIS) 

3. lC;)Ylnu~~~n~[l1~"lJ'el~ DBM bb~::;1Ol1m~'el'lJ~11~",~ (SIS) 1'Wn1J'b",ti~')'tJ11,xbn!?ln1J'~h~ 


nJ'::;~nl",jJ t!?l~~fi cell-based bioassay 


4.1c;)Ylnu~~rl,)1~~1~1J'Cl"lJ'el~ DBM bb~::;1Ol1m~'elu~11~",~ (SIS) 1'Wn1J'b",tim'tJ11,xbn!?ln1J'
. ~ 
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CO2 cell culture incubator, centrifuge, micro centrifuge high speed, laminar flow hood, 

ultrasonic, multiskan EX, water bath, thermocucler, spectrophotometer, electrophoresis 

chamber set 

"" 1. nlnl?lJ't1l-J demineralized bone matrix 

'" '" 'lI I ,., 

,JlnJ':;~n!Pl~1~~~'W"lJ'W'w)lh:;ww..l 1 U'J ~~~'J,Jl~'WnJ':;~nVl1~l-Jlvll f)'Jll-J~:;'fll~ iOllm!'W,Jl 
~ ~ 

~'WnJ':;~n~1~v'h1~~~~~~'Jtlf)'J1W£j'W (lyophilization) 'i:~t1,Jl b-irl ~f)~'fl~ freeze drier ,Jl nJ':;~ n~1~hJ 
~ ~ 

~ ~ , 
U~ bti'WCN ~b~'Jv'h nI J'~~ nJ''fl~"lJ'W1 ~ lOll m!'Wvll n1J'~ ~illl-Jl rubn~'fl bd"lJ'fl~ b il'fl b£l'fl nJ':; ~ n ~'JtI ~l J'~ :;~1t1 

~ 

'" I 'lI I I 

b'J~lvllnlJ'~l~ e.J~ nJ':;~ n ~'JtI,Jl n~'W lOll m!'W,Jl DBM Vl1~vll1~bb~~ 'i:~t1 n1J'vll lyophilization (nJVl 1) 
~ ~ 

U~:;,Jl~'J'WVI~~l-Jl'vhn1J'~n~lb~mnilll-Jlru~bf)~ ~~t1l-J (calcium assay) 'i:~t1I?1J''JiOl~~illl-Jl rubbf)~ b~t1l-J 

~bVl~'fl'fl~~'JtI calcium reagent Arsenazo III (DBM ~,Jll-Jl1-n'Wn1J'~~t1 ~'fl~~illl-Jlru~~f)~b~t1l-J~ 
~, , 

bVl~'fl'fltJhhn'W 3% "lJ'fl~illl-Jlrubbf)~b~t1l-Ji1~Vll-J~Vl~) bb~:;ri'fl'WVliOl:;-Wl DBM hJ1.jf~'fl~eJl'WnJ':;U'J'WnlJ'
~ 


~ 


UJ'lP\iOllm~'fl (sterilization) 'i:~t1n1J''flU ethylene oxide gas 

2. n1nI?l1t1l-J small intestinal submucosa (SIS) 


, ~ 


-Wl~11~b~ n"lJ'fl~Vll-J~ ~Vl1~iOll nh~'J-h~1?11'~l~vllf)'Jll-J~:;'fll ~ U~:;!Pl~1~~ti'W~'W"lJkn~uJ':;l-Jl ru 

~ 

'" 'lI '" 'lI '" , '" 

3 U'J iOllmr'Wvlln1J'~'fln-D'W muscularis externa -D'W serosa ~b~:;-D'W mucosa 'fl'flm-W'fl1~bVl~'flbbf?1-D'W 
'" 'lI I 'lI 

submucosa "lJ'fl~~11~Vll-JbY]1'W'W bb~'J,Jl1ULb"rl~'JtI 70% ethanol -wl~'WV11~bb-rl1'W-Wl sterile cold 
~ 

deionized water ~iJ antibiotic (penicillin + streptomycin 200 VI'\..l'JtI/n~~~I?IJ') (~U~ 2) bb~'J-Wll-Jlb-irl 
, , " 

bf)1-'fl~U~U'W (grinder mill) 1~~:;b~t1~ iOlln'W'W,Jll-Jlbb-rl1'W 3 % acetic acid e.J~l-Jnu 0.1 % pepsin bb~:; 

~1~nJ'~'fl'fln1~Vll-J~~'JtI~lni'W Vl1-'fl phosphate buffer saline bb~'J-Wl1uvll lyophilization -Wl SIS ~1~ 

diu~'flruVl!1n -BOoe (J'U~ 3) ri'fl'W~iOl:;,Jl1uH1~eJl'WnJ':;U'J'Wn1J'UJ'1P\iOllm~'fl (sterilization) 'i:~t1n1J'. ~ ~ 

'flU~'JtI ethylene oxide gas 
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, 

3. n1fbbtlm"ll'Cl~"''Wn1bU(?J'''l1mthl'\hJn:i':;(?Jn (periosteum). ... 

U1bm'e)~~n:i':;~n~J1';h primary culture L(?JtI~fi outgrowth technique bb'Cl:;vhn1n~~~1'W'J'W 

, 

4.1 n1:i'~brln:;~ Cell Surface marker (CD antigen) "lJ'e)'H"ll'Cl~"''Wf11bU(?J'''l1n'''l1m~'e)~~• 
t- "" 

n:i':;~n(?J'JmYlrl'Wrl flow cytometry 

I II .d 
"r11n1n'J'IJ:i''J~b"ll'Cl~Yi1ar'''l1nn1n'Y'l1:;b~t1-:)~1bb~'J1.h:;~1ru passage Yl 2 - 3 ar'JtI~fi 

trypsinization ~'W~1-:)b"ll'Cl~ar'JtI PBS ~~'Cl'J'Wr-JI:l~"lJ'fl-:) sodium azide bb'Cl:; BSA bb'Cl:;"r11n1nb1.J-:)b"ll'Cl~'Cl-:) 

15 ml centrifuge tube 1mar~'Cl'fl(?J'Cl:;lh:;~1ru 500,000 b"ll'Cl~ L(?JtlHb"ll'Cl~~~-:)~'Cl'fl(?JI'l'e)n1:i'Yl(?JI:l'fl'IJ CD 

"", "" """" """ ""1 ' t- ~ ~ t- !'I0 t-antigen ~'W-:)"ll'W(?J bb'Cl:;~'flnWW-:)~'Cl'fl(?JYl ~Yl1n1ftl'fl~(?J'JtI antibodies b(?J1 b~bu'W negative control 

" "'l1mr'WU1 CD marker antibodies bbl'l'Cl:;!?l'J (CD29, CD34, CD44, CD45, CD90, CD 105) ~1 

incubate 1'W~~(?J bb-rl1'W~1bb~-:)'lh:;~1ru 20 'W1Yi "'l1mr'WU1~1~1-:)1'W PBS ~1'W'J'W 2 :i''fl'IJ bb~'J"r11n1:i' fix 

b"ll'Cl'Cl1'W PBS ~~'Cl'J'W!:-J~~"lJ'fl-:) O.5%formaldehyde dJ'Wb'J'Cl1 5 'W1Yi1'W~~(?J "'l1mr'W~'lU1b"ihbrli'fl'l BD 

FACSCalibur b~'fl~brln:;~n1nb~(?J'l'fl'fln"lJ'fl'l CD antigen 'IJ'WCj'Jb"ll'Cl~I'l'flhJ bb~'J"r11n1:i'~brl:i'1:;~.jJ'fll:;!'Cl~ 

1arar'JtlLUmnf~ BD CeliQuest Pro Software 

tI iI .oClrt. .oClrt. .v 

- m:;f?J'W(?J'JtI SIS 5, 10, 20 ~'Cl'Cln:i'~/fiask 

"'''' .oClrt..oClrt.Q/ cv .oClrt..oClrt._ 

- m:;(;l'W(?J'JtI DBM 2.5 ~'Cl'Clnf~/flask r-J~~n'\J SIS 2.5 ~'Cl'Clm~lfIask. 

, , , 
II O.oClrt. d '" .::S Q. G'" 0 fS" \I .oClrt.Q Cf"Q ail 

(;l'Wn1b'W(?J"'l1mtl'fl~~m:;(?Jn "ll'l'Jbfl:i'1:;~"'l1n"'l1'W'J'Wb"ll'Cl'Cl(?J'Jtl'JD tryphan blue staining assay (b"ll'Cl'ClYl~
• 'U 

~~(;l'fl~"'l:;hJ~(?J~tJ'fl~"lJ'fl'l tryphan blue 'Cl'J'WL"ll'Cl~~(;l1t1"'l:;~(?J~tJ'fl~"lJ'fl'l tryphan blue dJ'W~~1b~'W) 
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nI J'~l'W'J ru~l'W'J'WbBJ!tl~ 

~1'W'J'WbBJ!~;~iJ~';j!?l =Alb'U~tJ"lJ'el-:J~I'W'J'WbBJ!tl~~hJ~V1~ x 10
4 

X dilution factor 

1 0
4 ~'el ,E~1 !?IJ'~'elVl~-:J square 

4.3 nlJ'~mt1t:.Jtl"lJ'el-:J DBM bbtl::: SIS ~'elnlJ'bnV1 osteoblast differentiation tV1tJnIJ'bb~V1-:J'el'eln 

"lJ'el-:J~'W~tl-:J;~-:J nI J'bU~tJ'WbbUtl-:J dJ'WbBJ!tl~nJ':::V1n 
'" 

~ Q 'lI ~.Q

4.3.1 I"lm~t1n1J'bb~V1-:J'el'eln"lJ'el-:JtI'WV1'Jmn Reverse transcription-polymerase chain 

reaction (RT-PCR) analysis tV1tJYhnlJ'bbtl-:Jbu'Wn'Cl~ ~-:J~ 
. . 

4.3.2 nlJ'~nV1 RNA 
, 

o Q..o' Cf"'iI 0 Q. .dI 11 11 

'Vl1nlJ'~nV1 RNA '"llmBJ!tltl!?l'Wnlb'WV1'"llmtJ'el~~m:::~nV1'JtJ RNA isolation RNeasy 

Mini kit (Qiagen) '"lln~'WYhnlJ'';jb~J'1:::';~'JI~b-n~-n'W RNA ~1~~'JtI spectrophotometer 

4.3.3 nlJ'!?IJ''J'"l';jb~J'1:::';~'JtI osteogenic cDNA array analysis 

'"llnnlJ''VlV1tl'el-:J bbtln~nV1 RNA "lJ'el-:JbBJ!tl~~'Wnl bUV1'"l1 m~'el"'~ m:::V1 n 1 'Wn'Cl~ ~'JU ~~ 
q '\J q q 

~1lJ1~fu DBM bbtl:::n'Cl~'VlV1tl'el-:J~1~fu DBM b1J'Wb'Jtll 7 -Y'W bb~'JYhnlJ'bbtJn~nV1 RNA -WI. 
total RNA ~bbtJn~nV11~~IYhnlJ'bU~tJ'WbU'W cDNA ~-:J~V1'Utlln~'JtJ biotin '"lln~'WYhnlJ' 

hybridization b-nlnu cDNA array b~'el!?lJ''J'"l~'elUnlJ'bb~V1-:J'el'eln"lJ'el-:J~'W1V1~b~t1')-n'el-:Jnu 
11 ~clO cI 

nJ':::U,)'WnlJ'MI-:JnJ':::~nu'W human osteogenesis gene arrays BJ!-:J~'"lI'W,)'W 96 tJ'W '"llnnlJ' 

';j b~J'1:::';JlI'Y'l~1JiLV1t1'elI~t1tumnJ'~ ScanAlyze JlI'Y'l~1~'"l1 n nlJ',)I-:J b~tJU nu~ V1 ~1 bbVlt.!-:JU'W 

array bb~:::':'jb~J'1:::';bb~tl:::~V1U'W array yhLV1tJ nlJ'-YV1 ~,)1~ b-n~LV1tJufu b~tJU AI~'WVI~-:J"lJ'el-:J bb~'W 

array bb~,)-W 1~1V11 AI~!?IJ'1'Ci,)'W~,)I~ b.jJ~"lJ'el-:J bb~tl:::~ V1"lJ'el-:J bb~tl:::~'W LV1tJ bmtJu b~tJUJ':::VI~I-:J 

n~~'Vl V1tl'el-:J nu n~~ ~')U ~~ ~!?IJ'1'Ci')'W~iJ AI~1 n~1 2 bbUtl t:.Jtl~liJnlJ'bb~ V1-:J'el'elm~~~'W (up­

regulation) ~!?IJ'1'Ci')'W~iJ Alir'eltJ n~1 0.5 bbUtl t:.Jtl~liJ nlJ'bb~ V1-:J'el'el ntl V1tl-:J (down-regulation) 

[;11J'1-:J~ 1 bb~V1-:J~'el VI~lm~"lJ bbtl:::J'1t1tl:::b~tJV1"lJ'el-:J~'Wbb~tl:::~'W~'el~'J'Wbb~'W cDNA array 1'W 
0­

bb~'W cDNA array iliJ~'W PUC18 bu'W!;f'J~'JU~~b~-:JtlU (negative control) bbtl:::~'W GAPDH, 
, 

cyclophilin A, RPL13A bbtl::: ~-actin bu'W~')mU~~b~-:Ju')n (positive control) ~-:J-WI~1 

~1'W,) bWVlI AI b'U~tJ bbtl::: b~tJu AI~'W '"i1'W1'"bvii n'W 
dJJ 
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o .Q G"' q . "'.Qq 

'r11n1~I?l~,)"'l~~"'l'Wn1nVi;'lV'l'l'f)'f)n"lJ'f)'l~'W cDNA array V'I')~')D RT-PCR analysis 

LV'I~H' RNA "lJ'f)'lL6Jl~Hfn~:Wr1,)ur1:W LL~:;L6Jl~Hfn~:w'r1V'1~'f)'l L-rl'WL~~')nu~1ojf~m~nJh~~fi cDNA 

array Lb~').yhn1~I?l~,)"'l~'WiJ'W~')~ RT-PCR analysis L~mn1n~'f)n~'W biglycan ~1'Vtfu~'W~~ 

n1nL'i;'lV'l'l'f)'f)nb~:W~'W Lb~:;~'W collagen 14A1 ~1~fu~'W~l1n1nb'i;'lV'l'l'f)'f)n~V'I~'l LL~:;1ojf 

GAPDH dJ'W~'Wmur1:W• 
4.3.6 n1~i'lbr1~I:;~ eDNA "lJ'f)'l~'W osteoblastic marker~')~~fi RT-PCR 

LV'I~lojf RNA ~'i;'lnV'l1~"'l1 nb6Jl~;~'Wnl bUV'I"'l1 nb~mX:wm:;V'ln dJ'W~'WbbUul'Wnl~. ... 

phosphatase (ALP), Runt-related transcription factor 2 (RUNX2) LL~:; collagen type I 

(COL I) 

4.4 n1~~mj'I~~"lJ'f)'l DBM Lb~:; SIS r;l'f)n1nnV'l osteoblast differentiation ~')~~fi alkaline 

phosphatase assay 

4.4.1 .yhn1~~m~I~~"lJ'f)'l DBM, SIS bb~:; DBM ~'i;'l:wnu SIS r;l'f)n1nnV'l osteoblast 
, '" 

differentiation "lJ'f)'l b"ll~;~'Wnl LUV'I"'l1 m~'f)'\X:w n~:;V'ln LV'lmbU'l bu'Wn~:W"'lln n1 m~:;~'W v1'l11 
~ <u " q 

bU'WL,)~1 0, 3, 5, 7 LL~:; 10 ~'W "'llmr'W.yhn1~~I'W')ru~Lr1n:;~~:;v1Un1~Vil'lI'W"lJ'f)'l alkaline 

phosphatase LV'I~Lm~ULY1~Unum:WlruLtI~~'WvY'l~:WV'l"lJ'f)'ll6Jl~; 
4.5 nl~~n~I~~"lJ'f)'l DBM osteoblast differentiation ~')~~fi alkaline phosphatase 

staining assay 

'" , ....., 
nl~Vl C9l~'tl~U~'f)~ n'l!i'\'l (il~'e)1J n'l!j'LL~ (il~'tl'f)nd)Jtl..:J alkaline phosphatase ~:;~,)I'll6Jl~~'r1 

hl1~fu DBM bL~:;L6Jl~;~1~fu DBM 1V'1~~fi alkaline phosphatase staining assay ~'lVil1~ 
, 

~ G"' 11 11 0 \J II q 

bV'lm6Jl~~"'l:;~n fix V'I,)~ formaldehyde/methanol LL~,)'r11 n1~~'f):WV'l,)~ propandiol solution 'r1 

'" ~ 1-naphthyl phosphate sodium salt LU'W'i;'lI~r;l'l~'W LL~::: variamine blue B salt LU'W'i;'lI~ 

U'f):W t1D~~1~1~~~~ur;l'f) alkaline phosphatase staining assay L6Jl~;"'l:;~V'I~~IL~'WL-if:w 
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bb~!?l-.:J~11lJiJ osteoblastic differentiation tJl)nhJ1~1~e.J'elu';ln~'e) alkaline phosphatase 

staining b"1l'el;'"i::;~!?l~lJ';l-.:J bb!?l-.:J bb~ !?l-.:J~liJ nlntJ~tJ'WbbtJ'el-.:JbU'Wb"1l'el;m::;~n 

4.6 nl5'~n'jj'In15'm::;~'W1~\n!?l new bone formation "lJ'e)-.:J DBM. SIS bb'el::; DBM e.J~:w1u SIS 
q 

1'W~LV11"'Vl!?l'el'e)-.:J 

Yi1n15'~n'jj'lml~~I~I5'(11'Wn15'm::;~'W1 'IX bnvlnl5'~~I-.:J m::;!?l n 1 'VIlJ1'W'VI'W'Vl !?l'el'e)-.:J L!?ltJ"111 
q 'IJ 'IJ 

- Gel foam® 

L!?ltJ"111 n15'~-.:J~ 15'j;'l';l'e)U 1-.:J 'el-.:J 1'W.r'Wn~1~ b~'e) bU'Wb';l 'ell 6 ~tJ'!?lllf 'VI ~-.:J'"il n~5'Unl'V1'W!?l b';l'ell "111 

nlnnu b~'e) b~'el~';l'Wn~l~ b~'el5''e)U 1 U1b';l ru~"111n15'~-.:J~I5'j;'l';l'elUl-.:J bb~';lV.l~'Wb~'el b~'el~1"111n15' 
';jb~n::;lfL!?ltJYhnl5'ti'el~~ti'el~ hematoxylin & eosin b~'elLV15'';l'"i';jbml::;lfm~lru"lJ'el-.:Jm::;!?ln~

'IJ 
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No. -GeneBank 
i 

Symbol 
, 

. '~ ~'i- i .~J1: ~ J~ De:;cription 
~ ~'!~ ~ 

.~. . 
1 NM_000478 ALPL Alkaline phosphatase, liver/bone/kidney 

2 NM_001154 ANXA5 Annexin A5 

3 NM_000047 ARSE Arylsulfatase E (chondrodysplasia punctata 1) 

4 NM._199173 BGLAP Bone gamma-carboxyglutamate (gla) protein (osteocalcin) 

5 NM_001711 BGN Biglycan 

6 NM_006129 BMP1 Bone morphogenetic protein 1 

7 NM_001200 BMP2 Bone morphogenetic protein 2 

8 NM_001201 BMP3 Bone morphogenetic protein 3 (osteogenic) 

9 NM_130851 BMP4 Bone morphogenetic protein 4 

10 NM_021073 BMP5 Bone morphogenetic protein 5 

11 NM_00171 8 BMP6 Bone morphogenetic protein 6 

12 NM_001719 BMP7 Bone morphogenetic protein 7 (osteogenic protein 1) 

13 NM_001720 BMP8B Bone morphogenetic protein 8b (osteogenic protein 2) 

14 NM_004329 BMPR1A Bone morphogenetic protein receptor, type IA 

15 NM_000388 CASR Calcium-sensing receptor (hypocalciuric hypercalcemia 1, severe neonatal 

hyperparathyroidism) 

16 NM_OOOO72 CD36 CD36 antigen (collagen type I receptor, thrombospondin receptor) 

17 NM_005505 SCARB1 Scavenger receptor cla ss B, member 1 

18 NM_015659 RSL1D1 Ribosomal L 1 domain containing 1 

19 NM_000493 COL 10A1 Collagen, type X, alpha 1 (Schmid metaphyseal chondrodysplasia) 

20 NM_080629 COL11A1 Collagen, type XI, alpha 1 

21 NM_004370 COL12A1 Collagen, type XII, alpha 1 

22 NM_021110 COL 14A 1 Collagen. type XIV, alpha 1 (undulin) 

23 NM_001855 COL 15A1 Collagen, type XV, alpha 1 

24 NM_001856 COL 16A 1 Collagen, type XV I, alpha 1 
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I 

j 

No. .. GeneBank Symbol ~'ft!~~. ,1. 
'.r : ~. . . ·'i. 

~~~. ..~~' 
..~{, .. 

,('1 
Description 

- I 

. t '.~' 
.. 

. 
. 

'.' . 

.. 

'. -'.' 

25 NM_000494 COL 17A1 Collagen, type XVII, alpha 1 

27 NM_001858 COL 19A 1 Collagen, type XIX. alpha 1 

28 NM_OOO088 COL1A1 Collagen, type I. alpha 1 

29 NM_001844 COL2A1 Collagen, type II, alpha 1 (primary osteoarthritis, spondyloepiphyseal dysplasia) 

30 NM_OOO090 COL3A1 Collagen, type III, alpha 1 (Ehlers-Dan los syndrome type IV, autosomal dominant) 

31 NM_000091 COL4A3 Collagen, type IV, alpha 3 (Goodpasture antigen) 

32 NM_OOO092 COL4A4 Collagen, type IV, alpha 4 

33 NM_033380 COL4A5 Collagen, type IV, alpha 5 (Alport syndrome) 

34 NM_OOO093 COLSA1 Collagen, type V,.alpha 1 

35 NM_000094 COL7A1 Collagen, type VII, alpha 1 (epidermolysis bullosa, dystrophic) 

36 NM_OO1852 COL9A2 Collagen, type IX, alpha 2 

37 NM_000758 CSF2 Colony stimulating factor 2 (granulocyte-macrophage) 

38 NM_000759 CSF3 Colony stimulating factor 3 (granulocyte) 

39 NM_OO0396 CTSK Cathepsin K (pycnodysostosis) 

40 NM_001920 DCN Decorin 

41 NM_001963 EGF Epidermal growth factor (beta-urogastrone) 

42 NM_005228 EGFR Epidermal growth factor receptor (erythroblastic leukemia viral (v-erb-b) oncogene) 

43 NM_000800 FGF1 Fibroblast growth factor 1 (acidic) 

44 NM_002006 FGF2 Fibroblast growth factor 2 (basic) 

45 NM_OOS247 FGF3 Fibroblast growth factor 3 (murine mammary tumor vi rus integration site (v-int-2) ) 

46 NM_OO0604 FGFR1 Fibroblast growth factor receptor 1 (fms-related tyrosine kinase 2, Pfeiffer syndrome) 

47 NM_OO0141 FGFR2 Fibroblast growth factor receptor 2 (bacteria-expressed kinase, keratinocyte growth 

factor receptor. craniofacial dysostosis 1, Crouzon syndrome, Pfeiffer syndrome,) 

48 NM_OO0142 FGFR3 Fibroblast growth factor receptor 3 (achondroplasia, thanatophoric dwarfism) 

49 NM_002019 FLT1 Fms-related tyrosine kinase 1 (vascular endothelial growth factor receptor) 

50 NM_OO2026 FN1 Fibronectin 1 

51 NM_004962 GDF10 Growth differentiation factor 1O 
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., ;. )'1" 1~p ...; ·'f:;. ' . ":,!. "t].No. IGeneBank ~ymbol ' itt .'f "'K\;~, .. ·rrl' escnplon 
, 

", :j~. 
ICAM1 Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor 


53 


NM_00020152 

NM_000618 IGF1 Insulin-like growth factor 1 (somatomedin C) 


54 
 NM_000875 IGF1R Insulin-like growth factor 1 receptor 

IGF2 Insulin-like growth factor 2 (somatomedin A) 


56 


NM_00061255 

ITGAl Integrin, alpha 1 


57 


NM_181501 

Integrin, alpha 2 (CD49B. alpha 2 subunit of VLA-2 receptor) NM_002203 ITGA2 

NM_002204 ITGA3 Integrin, alpha 3 (antigen CD49C. alpha 3 subunit of VLA-3 receptor) I 58 
I 

ITGAM Integrin, alpha M (complement component receptor 3, alpha; also known as CDll b 

(p170), macrophage antigen alpha polypeptide) 

59 NM_000632 

Integrin, alpha V (vitronectin receptor, alpha polypeptide, antigen CD51) 

61 

NM_002210 ITGAV60 

NM_002211 ITGB1 Integrin, beta 1 (fibronectin receptor, beta polypeptide. MDF2, MSK12) 


62 
 SMAD, mothers against DPP homolog 1 (Drosophila) NM_005900 SMAD1 

NM_005901 SMAD2 SMAD, mothers against DPP homolog 2 (Drosophila) 


64 


63 

SMAD, mothers against DPP homolog 3 (Drosophila) 


65 


NM_005902 SMAD3 

SMAD, mothers against DPP homolog 4 (Drosophila) NM_005359 SMAD4 

SMAD, mothers against DPP homolog 5 (Drosophila) 


67 


NM_005903 SMAD566 

SMAD, mothers against DPP homolog 6 (Drosophila) 


68 


SMAD6NM_005585 

NM_005904 SMAD7 SMAD, mothers against DPP homolog 7 (Drosophila) 

SMAD, mothers against DPP homolog 9 (Drosophila) NM_005905 SMAD969 
. 

70 MMP10 Matrix metallopeptidase 10 (stromelysin ~•.<NM_002425 -
Matrix metallopeptidase 13 (collagenase 3)71 NM_002427 MMP13 

Matrix metallopeplidase 2 (gelatinase A, 72kOa gelatinase. 72kDa type IV collagenas e) 72 NM_004530 MMP2 

Matrix metallopeptidase 8 (neutrophil collagenase) 73 NM_OO2424 MMP8 

I Matrix metallopeptidase 9 (gelalinase B. 92kDa gelatinase, 92kOa type IV collagenase)74 MMP9NM_OO4994 

I 
Msh homeobox homolog 1 (Drosophila) 


76 


75 NM_OO2448 MSX1 

Msh homeobox homolog 2 (Drosophila) NM_OO2449 MSX2 
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SymbolNo. 

Nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 (p105) NM_003998 NFKB177 

Runt-related transcription factor 2 NM_004348 RUNX279 

Serpin peptidase inhibitor. clade H (heat shock protein 47), (collagen binding prolein 1)SERPINH1NM_00123580 

Serpin peptidase inhibitor. clade H (heat shock protein 47). (collagen binding protein 1)81 NM_001235 SERPINH1 

SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal sex-reversal) NM_000346 SOX982 

Secreted protein, acidic, cysteine-rich (osteonectin) NM_003118 SPARC83 

Secreted phosphoprotein 1 (osteopontin, bone sialoprotein I)NM_000582 SPP184 

Transforming growth factor, beta 1 (Camurati-Engelmann disease) NM_000660 TGFB185 

Transforming growth factor, beta 2 NM_003238 TGFB286 

Transforming growth factor, beta 3 NM_003239 TGFB387 

NM_004612 TGFBR1 Transforming growth factor, beta receptor I (activin A receptor type II-like kinase) 88 

NM_003242 TGFBR2 Transforming growth factor, beta receptor II (70 /80kDa) 89 

Tumor necrosis factor (TNF superfamily. member 2)NM_000594 TNF90 

Twist homolog 1 (acrocephalosyndactyly 3; Saethre-Chotzen syndrome) (Drosophila) NM_000474 TWIST191 

Vascular cell adhesion molecule 1 NM_001078 VCAM192 

Vitamin 0 (1,25- dihydroxyvitamin 03) receptor NM_000376 VDR93 

Vascular endothelial growth factor 94 NM_003376 VEGF 

Vascular endothelial growth factor B NM_003377 VEGFB95 

NM_005429 VEGFC Vascular endothelial growth factor C 96 

PUC18 Plasmid DNA 97 L08752 PUC18 

PUC18 Plasmid DNA 98 L08752 PUC18 

PUC18 Plasmid DNA 99 L08752 PUC18 

103 NM_002046 GAPDH Glyceraldehyde-3-phosphate dehydrogenase 

104 NM_002046 GAPDH Glyceraldehyde-3-phosphate dehydrogenase 
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105 NM_021130 PPIA Peptidylprolyl isomerase A (cyclophilin A) 

106 NM_021130 PPIA Peptidylprolyl isomerase A (cyclophilin A) 

107 NM_021130 PPIA Peptidylprolyl isomerase A (cyclophilin A) 

108 NM_021130 PPIA Peptidylprolyl isomerase A (cyclophilin A) 

109 NM_012423 RPL13A Ribosomal protein L 13a 

11O NM_012423 RPL13A Ribosomal protein L 13a 

111 NM_001101 ACTS Actin , beta 

112 NM_001101 ACTS Actin, beta 

GAPDH 


Name Sequence (5'-3') 
Size product 

(bp) 

Tm 

(OC) 

Runx2 
Forward: 5' CCCCACGACAACCGCACCAT 3' 

Reverse: 5' CACTCCGGCCCACAAA TC 3' 
270 64 

ALP 
Forward: 5' TGGAGCTTCAGAAGCTCAACACCA 3' 

, 

Reverse: 5' ATCTCGTTGTCTGAGTACCAGTCC 3' 
453 60 

COL I 
Forward: 5' TAACCACTGCTCCACTCTGG 3' 

Reverse: 5' GGACACAA TGGATTGCAAGG 3' 
461 60 

GAPDH 
Forward: 5' ACCACAGTCCATGCCA TCAC 3' 

Reverse: 5' TCCACCACCCTGTTGCTGTA 3' 
452 60 
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n1J'~n'l"t1 r1,)1l-J~1l-J1J'[)1'\,m1J'm:;~'Wl 'IXLn ~n1J'~~1~ m::;~ n"1l'tl~~11~L~ n~l-J.r'W~hJ~,)br1"l11 
• 'U 'U 

~ ~, 
LL~:;LU'tlm:;~n~~.h'Wn1J'~~ml-J1'lJLn~'tllJ.i 1'Wn1n!?i~t1l-J~11~~l-Ji'W submucosa V'llJ~1~~~"1n';h

'U 'U 

~ ~ , 
n1J'~'tlni'W muscularis externa LL~:;i'W serosa 'tl'tln ~11~~l-JiJ~n'l"tru:::L'L1'WLtl'tl~"1I1,) iJr1,)1l-JL~Utl')

'U 

Ln1:;~,) n'Wdj'Wn'tl'W~iJ WJ1l-J L~Utl,) (J'tJ~ 2) LL~:::"1 n n1 n(;i~t1l-J DBM V'llJ~1iJ~n'l"tru:::dj'WI:N"1I'W1 ~ 
'" 

),:;~~1~125-850 1l-Jr1ffi'W iJ~"1I1,),j'W (:i'tJ~ 3). .. 

(b) ~11~L~ n~l-Ji'W muscularis externa 
'U 
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i.I '" I I 

technique (primary cell culture) 'WU~IV1~'1iOllnYhnlJ'LYn:;b~tl'lb~'ilbr1'il1'W T25 flask b-wm'hnl:i'u,tln 

b'l!~~~'Wrhd'l~iOllnL~'il"x:Wm':;~ndJ'Wb'J~1 7 tJ'W Yiui1b"l!~~b~1rub~:W91'W'J'W!Sm~'J~'il:W),'ilui'Wb~'tH~'il. .. ., 

(:i'u~ 4) bb~:;L~~H'l!~~ii91'W'J'W:Wln~'W ~'1Yi1nlJ'L~:W91'W'J'Wb"il~ ~1~tl n 1:i'~'il m"il~ ~'il'il n'"llnJlI"l1'W:;
" 

T75 flask Vl:W"""" a-MEM, 10% FBS 
, 

I .Q.Q.c:;a, I ... ~ 0 ~ .::! iI .t::::liI Go; i.I 

penicillin/streptomycin 1 00 VI'W'Jtl/:W~~ ~ In:i' 'WU'J1 L'l!~~ In'Wni L 'W"'~1 mtl'tl~:Wn:i':;~n:w~n'liru:;fl~ltl 

L'l!~~ fibroblast ()'u~ 5) L~'ilL'l!~~L~1rub~:W91'W'J'W:Wln~'W~'WL~:WJlI"l1'W:;LYiI:;L~tl'l u,~'J~'1~1b'iI~~~1~.. ., 

1uyh n1:i'~ Lf)n:;~nI:i'L~1'1) L ~:W91'W'J'W"Il'tl'l b'l! ~~~'Wf'h LU~ bb~:;~ bfln:;'!fnI J'L'"11 '1)W1?J..J'W1 Lu~tl'Wu,tl~'1 

L"l!~~~'WI11LU~1u bil'WL'l!~Hfn:i':;~n
qj 

.. .... . .;. - . 

~lnnl:i'~Lfln:;'!fn1:i'LL~"''1'tl'tln''1l'tl'l co antigen U'W~'JL"lI~~1~m~'tln C034 LL~:; CD45 

~'1LiI'W hematopoietic stem cell (HSC) markers HfLiI'W rule out exclusion LL~:;L~'tln C029, C044, 

C090 bb~:; C0105 ~'1LiI'W mesenchymal stem cell (MSC) marker (rule in inclusion) thln:O~1 
, 

b"il~~iOllmr1'tl"x:Wn:i':;I'lniinl:i'u,~L'I'I'tl'iln"lI'tl'l HSC markers i('iltJn~1 1% t~tliinl)'u,~I'l'l'il'tln"ll'il'l. " 

_ _ ...:::lI Q 0" 
:i':;~U~'1 I'l'l'W C029, C044, C090 bb~:; C0105 :Wnl:i'LL~L'I'I'il'tln'"lI'W'J'W 92.99%,99.43%, 99.43% 

qj 

... 
"Il'il'lb"il~~ mesenchymal stem cells 

http:92.99%,99.43
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Soo>o!eIl : _ ... P3 ""l 

--:~ 
Mwtct:rlelt.~ E'fEIIlS ~~s.:Tot.. 

AJ. 1, 4))10 .715 100.00 93 .43 
M'f 41, 9QIO 11 ODl om 

".....1l: P_1'3CDJ04 
~Dele: 2:4JM.(l8 

~er' lelt.~ E'MItS ~GIted ~ Tot. 
JJ 1,9Qto .('1'5ql 100 .00 ~. IS 

M'1 "'.9IJIO 10 0.£12 O.az 

s-.H1l :P""""'1'3CI>'>'J 
~_: 2'hJoo.«l 

MrIfI(er Left.Pi'iIt E'fCR(S ~G.r.ed • fOl:" 
'" I, 9QfO (77Otj 100.00 'iIS .4J 

"" <0), 9910 ~429 99.<3 "' ... 

key 	 Kent ~er 
'''''''''P3COO<.OO2 fl'''' 

_1l· P_1'3""l 
AcqWitionOar.oi! .~ 

Mlrt:et It:h.,Pq''' ~ JSGated 5ISTO(aI
,J 1,9910 4611S 100.00 (}3.() 

M'1 ::I) , <)gIO 104 0.0:3 O.ro 

s-pe I) : Periostefj P3CV44 

A~OtI:l:~ 

~et l~ . RiItll Ewfts ~ GMtd lIIS Toetl 
A:4 1, 9'}IO .(1M3 100.00 95.37 

"" 30, GQl0 4141::1 <)1 .4l C)o4.8l 

~~~~~~~~~---, 

?! 
o 

~~ 

~~ 

CD tQ5 PE 

_1l:_1'3O> 'O5 
~_.2'1~ 

MiiItker letc ,pq.. e-.er.u: WGeted SfiTOI:eI 
AI 1,9-)10 .m66 100.00 95.93 

M1 3O, 9'l'O lfMlS SS .~ S3~' 

~ek!Y rt.oe PtnPeter 
"'Go .......... P3CD....oo< flUf 

o 
1j 

i~ 
8e 

o 
D 

:~--~==~~~~----, 

s~ (): Perio:tslHi P']~ ~X>: PMCIISI..IP3MQ 

~1[)fllle : 2<J~ _""':2'hJooHla 
Mft:er Leh, A(t1l Ewrw.:s ~Gaft.d SIS T<Jt~ ~lell,~ ~s 1lSGIlHlllT«.:a& 

M 1, C}l) 111 .715 100.00 0)1.43 AI 1, 9910 4115 100.00 ~A3 

MI 20, IfQIO 241 005 om hO 20, «1110 110m 0.03 

:~~ ~~P=~~~r.~.~.~~__--, 
?! 

_1l: P.n-1'3C02Q ".....1l:_Pl~ 

,4,~l>tIe:~ J.c~"":~ 

h41wttf ltl<, "''' E....er4.::S WGIIM jl;Toc.ll Jr.6wIc.et lift, HQU. Ewrts lIISG9I@d lIISTOC'III 
AI 1,9910 490601 100.00 96 _13 AI I, fifO 477041 lOO 00 tJ5 ...a 
MI 20, 9910 40493 Q6.rJ Q2 .Q9 ..., 20, {jqIO 14) 0 2 9 02:8 

2'00 «lO 600 800 1000 
f~' 

GelKey ~ '1nMd.@r GMM "-"'t 'WWM!(1f" Gale­
",r ,-...nCD29,006 R.3-I< HoG _na>45.oo7 R..... ....... 

No ( 

ltv 	 Hww: ,~ ~ey ~ ~ Gt,r.@ 

~P3C090lIO'3 RtH "" , '~Mrol!)S.OOS Rl-H No Gale 

FU-H 	 rll)G9iefl'''' 

'itlv1 6 tt~!?l'l 20 histogram ronn CO antigen "l!U!?ll'il'1'lJ'f)'1L"ll~; periosteal derived cells ... 

http:Jr.6wIc.et
http:jl;Toc.ll
http:AcqWitionOar.oi
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, 

r.l1nn1:i'~m~t1eJ~'ll'fl\l SIS bb~::; DBM (;]'fln1J'b1Ol1'1Jb~Utl?lbVi~~1'W'l'W'll'tl\lb"li~;~'WfhL'llln(·nn 

b~'tl,x~ n:r::; (;l n 1 'Wn 1 :r':lr.r£Jnl-n n :r::;£;\ n ~ ~h 'Wn 1:i'~ In,E~ 1 nHn ~'tl bd~ iJ 1E~1 nJbbf1~ b~£J~ b~~'fl'fl tl 
q 'II'U" 

, , , 
q Q~ cv ~ • • ~ 0,.; IV q 'V I 

'Vl~"I!'ll?lln'l£J'lfi tryphan blue staining assay ~'flmu 3, 5, 7 bL~::; 10 'l'W~~'11Ol1n'Vln:r::;I?l'W. 'ViU'l1 

L"li~;L~'fl,x~n:r::;lnn~~\l1Ol1nClnn:r::;~'W~'l£J DBM 5 ~~~nf~ 1'Wt)'W~ 5 b"li~;ii~l'W'l'W 1.3 x 10
5 

b"lifl;
q qJ qJ q 

_control 

50 

•• • •• DBM-a:­
a: 

~ 40 

C> 

C> 
o .. "' .... '"' ...c::i 30 

............ \ ..... . 

-'" 
~ 

F 20 "" 
:5 * .'c­
::s 
.~ 10 •••.•••. .l- •••.•••••.r 

a.:f-, 10 

, , 

eJ~1Ol1nn1:r~m~t1f1'l1~~1~1:rCl'll'fl\l SIS t;i'fln1:i'bIOl1,UbVi~~1'W'l'Wb"li~ff~'Wn1bU(;l1Ol1m~'fl,x~
~ . 

, , "­
IV q q I ~ -'=:lIt. 0 cr £:9: I .:.':II _ 0 cv crq 0 5 
'l'W'Vl 7 ~eJ~I?l'fln1:i'LIOl:r'1Jb'Wl-J1Ol1'W'l'W'll'fl\lL"1!~~~'1'll'W'fl£J1\l~'W£J~1f1'1J (p<0.05) b"1!~~~lOll'W'l'W 1.78 X 10 

b"li~; bb~::;l'Wt)'W~ 10 b"li~;iJ ~1'W'l'W 2.48 x 10
5 L"li~; L"li~;iJ~1'W'l'WL~~~'W~1n~~(;l. ~1~~Ub"lifl;~ 

, 'i,I t I 

Len~; Len~;iJ n1J'b1Ol1'1J b~l-J~'W 'fltl1'1iitr£J~1 f'1'1J Lij'flbVi£JU flU n~~f1'lufJ~ (p<0.05) bLt;iiJ n1:i'L1Ol1'1J L~~ 
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60 

-+- control 
50 

..Ii: •.•. . SIS 5 mg
flO 
~ 40 
C) 
C) - ­
C) 

(; SIS 10 mg 

c:i 
~ 30 

_ 

. ---.if 

I* ­ - SIS 20 mg" <1: 
«0 
~ I * .....~~ .1';l 
co 20 
;l 

r


Or?' ..................~ . l-; ~_.::_... T:,,_
: ..~..:............;.... .:.__~_.~... .••_:;-;-:;,~ 
10 

0 

0 2 ~ d 6 8 10'lU'l1 

"lne.J~n1:i''Vl(;)~'tl ,.:Jri'tl'IJvn!l~ SIS m:Wlru 5 iJ~~nf:w u.~:; DBM 5 ij~~nf:w iJf'l'Jl:W~I:Wl:i'(J 

1'IJnt:i'm:;~'lJntn,,1ruL~:wr.h'IJ'd'IJ1~~~~(;) ~,H~Yln~,,:;1-ifm:wlru"1lYl'l DBM e.J~:wn'lJ SIS :i''):WLU'IJ. - . 
5 iJ~~nf:w L(;)tlH SIS LL~:; DBM 'tltil'l~:; 2.5 iJ~~nf:w "lnnl:i'~m:nml:w~I:wl:i'(J"1I'tl'l DBM e.J~:wn'lJ 

SIS !?it) ntn,,1ru L~:W~I'IJ'J'IJ"1I'tl'l L"lI~ i ~'lJnlL11(;)"1 nL~'tl~:W m:;(;) n Yl'lJ~11'lJ1''IJ~ 3 L"lI~iiJ~I'IJ'J'IJ- . '" 
I . " I5 ~ f1"~ 4':;:a. ~ 0 .c9. I ~ G.' 0 a,... .c:! =I cv , 

1.86 x 10 L"lI~fl L"lI~~:wn1n":i'qjLYl:w"I'IJ')'IJ~'1"ll'IJ'tltll'1:w'IJtI~If'l'1JL:lJYlL'Vltl'lJn'lJn~:w~'d'lJ~:w (p<0.05) 

LL~:;L"lI~iiJn1:i'L"1ruL~:w~I'IJ')'IJ~'1~(;)1'IJ1''IJ~ 5 iJL"lI~iLVhn'lJ 4.83 x 10
5 L"lI~i L"lI~iiJn1n"1ruL~:W 

.. qJ q .. 

~ 1'IJ,)'IJ~'1;'IJ'tlti l'1iJ,rm~1 f1''1J Lri'tl LVltl'lJ n'lJ n~:w f'l,)'lJ~:W (p<0.05) LL~:;iJ n1:i'~ (;)~'11'lJ1''IJ~ 10 ~i'l"1 n 

n:i':;~'lJL"lI~iij~I'IJ')'IJ 4.13 x 10
5 L"lI~i L"lI~iiJn1n~1ruL~:w~I'IJ'J'IJ~'1~'IJ'tlt11'1ij,rtl~lr)ruLriYlLVltl'lJn'lJ

q ., qJ QI 

n~:Wf'l,)'lJrI:W (p<0.05) (nJ~ 9).. '" 
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60 * T 

50 I r r-­

". --------- T* 
~ 

= 
40 

, 

~ 

= ",/1 1 
= ,c5 ,, --.-control,6­ 30 ,~ ,~". 
a:; , ,, 
l!'" ,,, -~ --OBM + SIS~ ,
;:. 20 ... 

a , 

0 :2 6 8 10 

.~ 
10 

60 

,,~ 
e:; 50 

-=: 
0 
0 
o. 40 
0 ....... 

~ 

"e:;
e:; 30 
!:: 
~ 
C" 
~ 20.b= 

10 

0 

----1- --- fI - ­I ­fI 

,,' J." •••••••••••••••~. =C::OI 
I ••J.. 

..J" 1.······.' T-" "-. " =:" ::M + SIS 
", ", .;f """,,"••:-t- . . --r " 

.".,,"" --- :..:..... 
", 

-:":,,,. ~;..... .", 

0 2 4 ~.. 6 8 10 
'lUVJ 
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L"iIfHf~~1.:J n)':;~n"ll'il.:J L"iIfH;f~'Wn1 Llll?l'"l1m~'in~'iJ n :i':;l?ln Ll?ltlL-D' primer ~91 LYn:;!?l'il£i'W~iim:i'LL~I?l.:J'il'iln
~ ~. 

"lI'il.:J ALP, RUNX2 LL~:; COL I L'Wm:i'~:hi'l:i'1:;,rm:i'bL~I?l.:J'il'iln"ll'il.:J£i'W RUNX2 Y4UrJ1 £i'W RUNX2 ii 

Q..o' .c::j IV 11 11 cv 

"ll'W1~ 270 bp :i':;I?l'l.m1:i'U~I?l.:J'il'iln"ll'il.:JtI'W RUNX 2 ~~.:J'"I1nn:i':;"l'WI?l'JtI DBM, SIS, DBM ~~iJnu SIS 

LL~:;n~iJ~'W1~fum:i'n:i':;~'Wii:i':;~Um:i'LL~I?l.:Jt),flnL'W'el[;J:i'1~'J'W RUNX 2/GAPDH L'Yl1ri'U 0.80, 0.74,. . 
OG.' IV 1111 cv IQ IV 

0.78 L\,~:; 0.72 Vl1iJ~11?lU '\!I~.:J'"I1nm:i'n:i':;"l'WI?l'JtI DBM, SIS L\,~:; DBM ~~iJnu SIS Y4U'J1iJ:i':;I?lU 

mnL~cpN'il'iln~.:J~'W~'ilLVltl'uri'un~iJ~'W1~fum:i'n:i':;~'W ~'ilLVltluri''W:i':;'\!IrJ1.:Jn~iJ~Hlfun1:i'n:i':;~'W~'JtI
'U q q q .. 

, , , 
cv I I.e! 1IiI",qcv .cI 4.c1 

DBM, SIS LL~:; DBM ~~iJnu SIS 'Vlu'J1n~iJVln:i':;"l'WI?l'JtI DBM iJ:i':;(?iUm:i'UM1.:J'il'iln~.:J'VI~I?lLiJ'ilL'VltlU 

ri'un~iJ~'W (:i'U~ 11)
• 'll 

RUNX2 270bp 300 bp --l==:: 
GAPDH 452bp 500 bp 

maker 'lJjiJnlrm'::~u +DBM 7 -)U +SIS 7 -)U DBM+SIS 7 -)U 

(a) 

2 

I 
o

2i 1.5 

l')-

0.5 I I I I0 

control DBM SIS DBM+SIS 

n~~n1'iY1~~il~ 

(b) 

'auYi 11 m:i'LLM1.:J'il'iln"ll'il.:J£i'W RUNx21'WL"iI~~~'Wn1Llll?l'"l1m~'il'\XiJn)':;~n
.. • 'll 

,q i.I .r::::::..cI 

(a) mnLM1.:J'ilfln"1I'il.:JtI'W RUNX2 '"I1nm:i''VI(?i~'ilUI?l'JtI'Jfi RT-PCR 

'" "" (b) :i':;I?l'UmnL~l?l.:Jfl'iln"ll'il.:JtI'W RUNX 2 
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, ~ 

~ cr ~ ~~ g,.o' ~ cr 
n1:i',)bf'):i'1:;~n1:i'Lb~(;)'l'El'Eln"1l'El'ltl'W ALP 'V'l1JbU1U"II'El'l DNA 'Vl).J"IJ'W1(;) 453 bp ~1n'W'W')b~:i'1:;'VI 

~,)1).Jb-if).J"1I'il'lbbt:lU DNA 'V'lU~1 ~i'l~1n~m:;~'Wb'ij'Wb,)~1 7 tJ'W :i':;~Un1:i'Lb~(;)'l'El'iln"ll'il'lu'W ALP l'Wb"1!~'Cf• 

~1~~un1:i'm:;tli''W~,)t1 DBM, SIS, DBM e.J~).Jnu SIS bb~:;n\:'l).J~1lJ1~~un1m:i':;~'Wn:i':;~Un1J'bb~(;)'l'El'Eln. .. 
1'W~1n:i'1~,)'W ALP/GAPDH b'Vl1nU 1.31, 1.44, 1.6 Lb~:; 1.25 1n1).J1;h~u 'V'lU~Tvti'l~1nm:;~'W~')t1. 
DBM, SIS bL~:; DBM e.J~).Jnu SIS nn1J'bb~(;)'l'il'iln"ll'El'lu'W ALP 1'W'Vlnn\:'lm.r'l~1~~uu~:;1lJ1~f1_Jn1:i'. . 

ALP 453bp 500 bp --lSia 
GAPDH 452bp 500 bp -----t"c 

maker 'It.iiJn11m:::~'U +DBM 7 1'U +SIS 71'U DBM+SIS 71'U 

(a) 

2 

:::r:: 1.50 
(L 

« 
G 

(L 

.....I 
« 
;:< 

C'" 


""1!10 

fr 
~~ 0.5 

o 

control DBM SIS DBM+SIS 

(b) 

-atJ-v112 n1:i'bb~®'l'El'iln"ll'El'lU'W ALP 1'Wb"jj~'Cftli''Wn1bU(;)~1m~'El~:wm:;(;)n
... • 'lJ 

~ ~ ~~ 

(a) n1:i'U~(;)'l'il'Eln"1l'il'ltl'W ALP ~1nn1:i''Vl(;)~'ElU(;)')mD RT-PCR 
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lWn1'l';)~fl~1:;-Jn1),\J,~I'I,:j'tl'Eln"1l'el-1u'W COL I 'Y'IULLClU"1l'El-1 DNA ~1~l1"1l'W11'1 461 bp 'Y'IU~1 

~~-1"i1nm:;~'W~'JtI DBM, SIS, DBM ~~:wn1J SIS LL~:;n~:w~l~l~fun1)'m:;~'W U'W COL I ),:;~1..1n1),
q q q 

LL~~,:j'el'Elnl'W~(;l),1'Ci'J'W COL IIGAPDH L'Vl1nU 1.23, 1.43, 1.52 LL~:; 1.12 LOl1:W~1~U ~~,:j"'l1n~1~fu 
1/ t,.. Q.<O' ~ <V ..:S." " <V 1.:::::1,

m:i'n)':;(;l'WI'I'JtI DBM, SIS LL~:; DBM ~~:wnu SIS :W),:;I'IUn1nL~~..:l'tl'tln"1l'tl..:l COL I ~,:j"1l'W :n:W'Vl..:ln~:w'Vl 
q OJ • 

~l~fun1)'m:;~'Wfll1n1nL~I'I..:l"JJ'tl-1U'W COL I (nJ~ 13)
q .. 

COL I 461bp 

GAPDH 452bp 

500 bp 

500 bp 

maker 'Wi.Jn1rnr::~u +OBM 7-1U +SIS 7-1U OBM+SIS 7-1U 

(a) 

2 

I 
0 1.5 a.. « 
G 

.....J 
0 

U 

;:> 

C' 

"""1'10 

&: 0.5 
~G: 

<;:l 

0 

control OBM SIS OBM+SIS 

n~J.ln,)~fiI~'fl~ 

(b) 

q 'tI' ~ , cr" I 

~~n1),'VI~~'El-1n1nl~(;)..:l'tl'tln'll'tl..:ltl'W~'JtI eDNA array 'll'tl..:lL"ll~~n~:wfl'JU~:W LL~:;L"ll~~n~:w 

'VI ~~il..:l L~il.yi1 n1~';) Lfln :;~1~t11·1fLn cusfi,g"'n~'J'Wfl'J1:W L-if:W'llil-1"'l•I'I;..:l LL~ I'I..:l ~..:l~'WLLi?l~:;U'W~ "'1'-1 fl'W 

TGFB1, TGFBR1, RUNX2 Ll~:; VEGF 

U'W COL 14A1 (nJ~ 14 LL~:;15).. 
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Control Treatment Gene Name Ratio Treatment/Control 

Biglycan >2 

TGF-rn >2 

TGF-(3Rl >2 

Collagen 14Al <0.5 

Comparison of control and DBlVI-CM treatment by array analysis ofHPO cells . 

..."" ,)1l eDNA array 
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L~1JLUUn1:i'rn:i''J'<lYi~'<lut.J~n1:i'~mnn1nL~C?l'l~Y~n''ll1J'I£h.! eDNA array ~'1.yhn1:i'';)Lf'ln~~ 

'~l'JtI';)fi RT-PCR analysis 'WU~1 t.J~~1~'<l1n RT-PCR ~1JC?lrl~'fl'ltitJt.J~n1:i''V1C?l~'fl'l~1~'<l1nn1:i'~nM1 

~'JtI';)fi eDNA array (~U~ 16, 17, 18 LL~~ 19) L~'flU1d-J1';)LrI:i'1~~LmtiULVitlu:i'~~Un1nL~C?l'l'fl'flnL"'t1 

n1:i'1C?lrl'J1:WL-if:wiu"ll1J'ILL(lU (band) ~1~LmtiULVitiutiu ~1:W1:i'(l~u~ut.J~n1:i''V1C?l~'fl'li1'1~ul~~'1n:i'1~ 

~'1~'flC?lI'l~'fl'ltiutitJt.J~~1~'<l1n eDNA array analysis 

...,1000­
750- Biglycan 
500- -500 bp -- -

. 

-
1000­
750- GAPDH 
500- -500 bp 

bp 	 peR C T + NoRT 
Marker 

n:i'~C?ln LC?ltlL-if GADPH lUUriUI'l'JUrI:W (C=Control, T=Treatment, No RT= no reverse transeriptase 
~ 	 q 

enzyme) 

1000­
750­
500- Collagen14Al 

-315 bp 
300­

1000­
750- GAPDH 
500- -500 bp 

bp 	 PCR C T + - No RT 
Marker 

m~C?lntC?ltlHf GADPH d~Juriumul'l:W (C=Control, T=Treatment, No RT= no reverse transcriptase 
~ 	 q 

enzyme) 
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4 

.... 
c: 
:l 

3.5 

3 
~ 
(1) 
~ .... 

:.0 
~ 

(1) 

<11 
>
";; 
..!!! 
Q) 

a:: 

2.5 

2 

1.5 

1 

0.5 

0 

IBiglycan mRNA expression I 

i 

1 

j 
, 

Control DBM 
Treatment 

ICollagen 14Al mRNA expression I 

control DBM 
Treatment 

2.5 

"~ 2c: 
:l 

~ 
(1) 1.5........ 
:.0 
~ 

(1) 

<11 1>
";; 
(1) 

<11 0.5a:: 

0 
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fl1J SIS dJ'WL':l~1 3, 5, 7, 10 LL~:;L'!l~;~hJ1~fun1:i'm:;~'W YlU~1~~'1"'l1nm:;~'W~':ltl DBM d']'WL':l~1 

3, 5, 7, 1 0 LL~:;n~~~hJ1~fUn1:rn:t:;~'W ih:;~Un1:tvl1'11'W"1J'fl'l L'fl'W1'IldfL'V11 flU 0.14, 0.09, 0.28, 0.26 . . 
LL~:; 0.13 'W1b'Wb~~/'W1YiI1Jh.J1ruhh~'WdJ'W1~b~:i'nh.J ~~'1"'l1n~1~fun1:i'm:;~'W~'JtI DBM• 

'I iJ I 

,rtl~1~f1!Lij'flLYitlUflUn~~L'!l~;YihI1~fun1:i'm:;~'W (p<0.05) "'l1n,r'W~(;l~'11'Wtj'WYi 

LL~:;bJLLt?ln~1'1flUn~~~1l-l1~fun1m:i':;~'W (:i'tJ~ 20). . ... 

1.2 

1.0 --e-- control 
0... 
-' _"-DBM
<! ""2..~ "ii 0.8.... 

0
S 
~ ... 

0.. 
@ m 

::s7 0..6 1@ C 
~ "e;:1 
C- O--­
~ E OoA 1 .~ 

0.0 

0 2 4 G 8 10 

U­ S 
C­
C 

0.2 
. 
i, == " 

(* p<0.05) 
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&.J~~1nm::;~'W~,)Ll SIS LtJ'WL,)~1 3, 5, 7, 10 LL~::;mhJ~'1.~'1.~~umJ'm::;~'W 'VlU~1ih::;~u 

n1J'Yh'l1'W"lltl'lLtl'W'1."l!,rLVl1nU 0.14, 0.13, 0.19, 0.31 LL~::; 0.13 'W1t'Wt:W~/'W1Vl/tfhJ1rut1JJ'~'WLtJ'W 

mJ'LU~Ll'WLLU~'l u.~::;'1.~u.", n~1'l nunfi:w~'1.~'1.~~Un1J'm::;~'W LL~::; t)'W~ 10 "lltl'l n1J'm::;~'Wih::;~u.. . 
m:rvl1'l1'W"ll'tl'lL'tl'W'1."ll,r ALP L~:W~'l~'Wtlri1'liJ,rm~1r1'1!Lrire1LVlLlUnun~:w~~'1.~~Um:i'm::;~'W (p<0.05) 

(J'U~ 21).. 

1.2 

_control
1.0 

0... _ .. SIS 
-I 

.. « 
~ £' 0.8 

C) 
~ "0....~ 0­
(0 t:n 
;; ::J 0.6 
(0 c 
~ 
;:s "e 

:;:;., 0
?' 0.4 

'E E 
c • 

<r - .*, • 
C ­

, ~~"<0.2 ""!= ""== r·" - " ..­r­
0.0 L 

0 2 8 10 

,"~'l~1nm::;~'W~,)Ll DBM eJ~:wn'J SIS LtJ'WL,)~1 3, 5, 7, 1 0 LL~::;nfi:w~'1.~'1.~~un1mJ'::;~'W 

'VlU~1iJJ'::;~um:rv'i1'l1'W"ll'tl'l Ltl'W'1."l!,rLVl1nU 0.15, 0.10, 0.99, o. 78 LL~::; 0.13 'W1 t'Wt:W~/'W1Vl/m:W1ru 

tu~~'W LtJ'W'1.:wtrwn1':w L'W"li'J'l 5 t)'Wu.:m"lltl'ln1:i'm::;~'W~'JLl SIS iJ~::;~Un1J'Yi1'l1'W"lltl'lLtl'W'1."l!,r ALP• 

Ltl'W'1."ll,r ALP L~:W~'l~'W'e)ri1'liJ,rm~1r)'1!Lri'e)LVlLlunun~:w~'1.~'1.~~un1J'm::;~'W (p<0.05) ~1mr'WJ'::;~U 
mJ'u.~C1I'ltl'e)n"ll'tl'lLtl'W'1."ll,riJn1~u.~C1I'l'tl'tln~C1I~'lL'Wt)'W~ 1 0 ,"~'l~1nn1mJ':::~'W DBM &.J~:wnu SIS• 
(nJ~ 22).. 
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(* p<0.05) 

1 0 YiU~1iJ),:;~Un1:j"vh':)1tJ"lI~'ll~tJ1"llJ.f ALP ~tn~N ),:;~Un1~v11'l1tJ"lI~'ll~tJ1"llJ.f ALP 1tJ1'tJ~ 7 Vli'l91n 

n~:;~tJI~'d£J OBM ih::~Un1~1'l1tJ"lI~'ll~tJ1"llJ.f~'ln~1nl:'ilJ~1Jlfun1m~::~tJJl'd£J SIS (j1J~ 23) ll~:: 
q IlJ q q qJ 

91nn1),~ Lrl~1::\fn1:n91qj~iij.JtJllll~£JtJmJ~'l"ll~'ll"llt'l~~tJfl I L'ltn91 n b~~ l~~~1£J~::~~11lltltJl"ll~;~~1'l 

m:;~n YiU~1iJ~::~Un1~v11'l1tJ"lI~'lb~tJ1"llJ.f ALP "lI~'lb"ll~~~1Jl fu OBM ltJ'lh'l1'tJ~ 3lb~:;1'tJ~ 5,rtJmj 
~ ~ 

ltJ~::~U~1 (il~£Jn~1 0.01 nmoVmin/Jlg protein) ll~:;l~lJ~tJ~'l~tnltJ1'tJ~ 7 (rhb'U~£J = 0.087745 

nmol/minlJlg protein, SO = ± 0.0061) l~~bVl£Junun~:l-H;l'durJlJ 1J,~::~tn~'lltJr)tJ~ 10 ln~L~£J'lnu 

1tJ-n'd'l ~tJ ll~ ~'l~1l"ll~t'l1tJn~lJ'vltn~~'l~1Jlfu OBM iJ n1n91ru~[;J.JtJlltl~t1tJllll~'l1t1ltltJl"ll~~m:;l?ln. ..,~ 
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1. 2 _ con1ro l 

____ DBM 
1 .0 

, 
0... ,
-' , ........ SIS 
« C- 0 .6 , 

,, ~ Oi> ,
11" C; ,,..--a , _ .. _ DBM+SIS 
~ 0.. , 
~ 0) ,

-2 0 .6 ,
(JD"" <= ,
~ 


~ 
 :€ ,C- <5 ,
C- E 0 . 4 "" 
.~ -S , 

C­
C ', ? - . -.: .- ....~ ··1 

0 .2 .1. 'f:~! ...... . 
• ==r---a....=~~ - ;-+~=-:r- ~F"- 0 " 

0 .0 

o 2 6 8 10 

Lti'fl..:J'"lln alkaline phosphatase dJ'WL'fl'W1'jj~~'V'l'lJ'flrhJ'WL~'fl'IhH"lI'6'l~ osteoblast ~..:J~Il-Jl:i'~ 
OJ q 

1-if L1l'Wrii''Jtl..:J~~ ~'fl nl:i'L'"l1'ru Lu~ U'WLLU'6'l..:J 1u L1l'WL 'jj~~n :i'~CPt n;..:J ~1l-Jl:i'~ 11l :i',)'"l 1~~')u';)fi alkaline 
~ OJ 

phosphatase staining assay 1'Wn1:i''VlCPt'6'l'fl..:J~Yiln1:i''VlCPt~'fl'lJ:i'~V1~I..:JL''lI'6'li~1:JJ1~f'lJ DBM U'6'l~L"lI'6'l~~ 
1~f'lJ DBM bCPtu';)fi alkaline phosphatase staining 'V'l'lJ~IL"lI'6'l~~1:JJ1~f'lJ DBM ~CPt~~IL~'Wdf:w LL~c;J..:J~1 
1:JJ~n1nU~u'WLLU'6'l..:JL1l'WL"lI'6'l~m'~CPtn (no osteoblastic differentiation) L'1I'6'l~~1~f'lJ DBM ~CPt~~b..:JLLCPt..:J.. 
LL~CPt..:J~I~n1nU~u'WLLU"N11JL1l'WL'1I'6'l~m'~~n (l,J~ 24) LL'6'l~~n1nL~CPt..:J'fl'fln"lJ'fl..:J alkaline phosphatase 

,. 
Ii. • . ­., .". 

;;. 

.- 1.'" ..' "' .-' •. '.... ~.. 
, .. 

(a) (b) 

z,J~ 24 1:-J'6'l~'fl..:J DBM ~'fln1n'"l1''Y~(;J.,J'W1LU~U'WLLU'6'l..:JL1l'WL'1I'6'l~m'~,:!n~'Ju,;)fi alkaline phosphatase 

staining assay (nl~..:J"1JUlti x1 0) 

(a) L'1I'6'l~L~'fl"'l-Jm'~CPtnm'll-J~1:JJ1~f'lJ DBM 
q .. q 
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fiil1nn1:i'~mnr1'J1lJ~1lJ1:i'Cl~iJ'l DBM, SIS LL~:: DBM l:J~lJnU SIS 1'Wn1:i'm::~'W1~Ln~n1:i' 
q 

, ... ... 
~~1'l m::~nl'mJ1'Wi~l'r'Vl (;)~iJ'l b~t1.yi1 n1 :i'e:r'l~'l m:: ~'W1'Wi'Wn~1lJ L -wiJu1 L 'J ru~'W~1~~'l'lliJ'l'\..mdJ'WL'J~1 

'lJ q 'U 

6 iiJ(;)1",r ~~'lfiil1mr'W";i1n1:i'I'I:i''Jfiil~Lr1:i'1::~1(;)t1 n~iJ'l"~'YlnM'I1 ~'Jtln1:i'tfiJlJ hematoxylin & eosin fiil1n 

:i'iJ~ 25 LL~~'l1~L'l1'WI:J~fiil1nn1:i'm::~'W~'JtI SIS 'V'lU~1 SIS tfiJlJ~(;)~"lllJ'V'ln1t11'WLL~::u1L'Jrub~miJU SIS 
'U q 'lJ 

" " iJn1:i'~~1'l~~iJ~L~iJ(;)Ln(;)~'W fiil1nn1:i'e:r'l~'JtI SIS 'V'lU~1bJiJn1:i'~~1'lm::(;)n1~~,hn(;)~'W
'lJ 

.o:::::t. .c!I" 4 , Q V .:::S..:::. ..::!" ,"".:::S .t:=:It. 

U:i'L'JruL'WiJ LtliJ:i'iJU DBM 'V'lUlJ n1:i'~'j'1'l~~iJ (;) L~iJ(;) Ln (;)~'WLL~::'V'lULlJ (;) L~iJ(;)"1I1'J"ll'W(;) lymphocytes LL~:: 

macrophages U1L'Jrub(;)t1:i'iJU DBM~1'W'J'WlJ1m';-1lJ1 Lnun'W~'lLLiJ~niJ~iJlJ (DBM) 'WiJnfiil1n;1ir'l 

'V'lU~1~n1nfiil1'1J"1IiJ'lL"lI~gf osteoblasts (tfiJlJ~(;)~lJ'J'l) U1L'Jrub~tJ'j'iJU"1IiJ'l DBM 
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lth.l SIS 'I.lt1n"'l1n~~'1'YilJiln1:i'~h'l~~t1(?)l~'el(?lln(?);'I.llJ1l'HU b(?)tJ:i''fllJ DBM ~'1lU'l.ln1:i'-W1'·t'i1l'll~; 

l:iJ(?)l~t1(?)'ll1,)l-if1l..J111ilJn'l.l~'1lltl~mJ~'el:W (DBM ll~~ SIS) ll~~lJ1l')ru"ll'ellJ DBM 'Yi1Jiln1n"'l1'q)'ll'el'l 

l"J!~; osteoblasts lJ1l')rub(?)m'fllJll~~Jl1t11'1.l DBM ~~~'1l~~t1'elt1., 

., 0 

(fh~'1'lltl1t1 X40) ( -----+ ~nM~lJ1l')ruYiiln1:i'~~1'1m~(?)n)., ., 
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'elihJ'a1~H.J~n1'a1~~ 

'"l1 n i:J ~ n'1:i''Vl ~~tl'l ~ U~ 1 L"l!~ ;~1~'"l1 n'"l1 nL~tl~:w n:i':: ~ n iJ nJ :f1'l fl ~1 tJ fl~'l nu L"l!~;
q 'lJ 'lJ 

fibroblasts '"l1nn1:i'~m~1~Lfln::Vl11h~'W~,)L"l!~;~')tJ flow cytometric analysis "lltl'lL"l!~;~1~'"l1m~tl 

~:wn:i'::~n ~u~rIL~i:J~~U!?ltl CD34 LL~:: CD45 ~'lLtl'Wblh~'WU'l~~,)L"l!~;"lltl'lL"l!~;Lij~L~tl~
q 'lJ 

~ ~ ~ 

hh~'WU'l~~,)L"l!~; CD29 CD44 CD90 LL~:: CD105 ~U~1L~i:J~u')n ~'l'l!'WL"l!~;LVI~htJ~'lLU'WL"l!~;Yl'"l:: 

L'"l1'1!Ltl'WL~tlL~m.h::~11'W (mesenchymal cells) 
, , 

L'Wn1:i'~ mt1 fl')1:W 'Cl1:W1:i'Cl"lltl'l DBM !?ltl n1 n'"l1ru L ~:w~ 1'W,)'W"lltl'l L"l!~;rlf'Wf11 Lil~'"l1 n L~tl~:W 
~ q 

~fi Tryphan blue staining assay n1:i'm::~'WL.jf DBM 5 iJ~~nf:w Ltitl'l'"l1niJnm1'W'"l1nn1:i'~m~nritl'W 

Vlihe"lltl'l Zhang LL~::flru::L'WtJ1997nm1'WH~1 DBM L'Wm:W1ru 5 iJ~~nf:w iJi:J~!?ltln1:i'm::~'WL~ 

Hm:W1rutl~1'l~:: 2.5 iJ~~nf:w L'Wn1:i'm::rlf'W~')tJ DBM 5 iJ~~nf:w ~U~1 L"l!~;iJn1n'"l1rub~:W~1'W,)'W
q ~ ., , , 

:W1n~'Wtl~1'liJ'l!tJ~1~'1! (p<O.05) LJ:JtlLYltJunun~:Wfl,)u'"J:WYlhJiJn1:i'm::~'W LL'Cl~'l1~L~'W~1 DBM iJ 

fl')1:W'Cl1:W1:i'ClL'Wn1 :i'm::rlf'WL~Ln ~ n1 n'"l1ru L ~:W~1'W,)'W"lltl'l L"l!~;rlf'Wtl1 Lil~'"l1 n L~tl~:w m::~ n1~ ~'l i:J~ 
q QI q 'U 

I 

http:n1:i'm::~'WL.jf
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~~I--1m':;~n ~--1rl'eltJvnJl~tJ--1hH1nt~~m~I~--1r1,)Il-J~I~I~n"lJ'fN DBM ~~l-JnLJ SIS l1i'elntm~:;~tJ1"xLn~
~ . 

nt~~~I--1m:;~n nt~~n~Ir1,)Il-J~I~I~n"lJ'el--1 DBM ~~~n'J SIS l1i'elntn"l1'UL~l-J~ltJ')tJ"lJ'el--1L'1l~~
~ ~ 

~tJnlLij~"llm~'el~l-Jm:;~ n ~LJ~11tJt)tJ~ 7 L'1l~~iJ nln"l1'1J L~l-J~ltJ')tJ~--1~tJ'elUl--1iJ'I!tJ~Ir)'lJ L~'el L~tJLJ 
nLJ n~l-J r1,)LJr1~ (p<0.05) LL~ :;tJ--1~LJ~liJ nl~m:;~tJ1"xLn ~nln"l1ru L~~~ltJ')tJ1~~ n~1 ntm~:;~tJ~')tJ

q q q ~ q 

, , 
o 5"'q 4 tr '" O.t::::lit. .dI '" .::lI I IV I _ q 

"lltJ,)tJL'1l~~~nt~~ ~~--1 LtJ'el--1~I"l1 n L'1l~~(;ItJnt LtJ~"l1 nLtJm~~ m::;~n~ nlmLJ--1 m~~~--1~,)l-J nLJ~ nt~ 
, " , 

L"l1ru~[ij.JtJ1LtJ~tJtJLLtJ~--1LUtJL'1l~~~~I--1m::~n~ln~tJ ~--11tJntm~:;~tJ~')tJ DBM , SIS LL~:; DBM ~~l-J 
~ ". 

SIS l1i'elntn"l1r;~L~l-J~ltJ')tJ"lJ'el--1L'1l~~lJi Lti'el--1"lln growth factors ~iJ'El~1tJ DBM LL~:: SIS iJnt~~~--1 
, " 

'el'el n~1 m::;~tJ1"xLn ~ntn"l1ru L~l-J~ltJ')tJL'1l~~l-J1 n~tJ1Ji. ~ 

. I " I 

" nt~(;I~')"l'l L~~1:;~ntnL~ ~--1'el'el n"lJ'el--1~tJ~U--1~~--1 ntn"l1'1J~OO-ItJl LtJ~tJtJLLtJ~--1 L'1l~~~tJnl Lij~ 

"l1 m~'el"xl-Jm::~ n 1tJ djtJL'1l~~~~I--1 m:;~ n ~tJ~ r1,)LJr1l-J nlnL~ ~--1'el'el n"lJ'el--1 RUNX2 LUtJ osteoblast­
q qJ qJ q 

specific transcription 

(osteoblast 

Q " tv iI '"rr QQ I Q 

L'1l~~ osteoblasts tJtJtJ~"lJtJl~ 270 bp ~~--1"llnm::~tJ~')tJ DBM ~LJ,)Il-JntnL~~--1'el'eln"lJ'el--1 RUNX2 

~--1~tJ LL~ ~--11"x L~tJ~1 DBM iJ r1,)I~~Il-Jl~n1tJnt~-nntn1"xL'1l~~~tJnl Lij~"llm~'el"xl-J n~::;~niJ ntn"l1ru 
<u q ClJ QI 

"'lcu~~u~1tJntm~::;~tJ1"x Ln ~ nl~L"l1'lJ~[ij.JtJl LtJ~tJtJLLtJ~--11tJ LUtJL'1l~~~~I--1 m::;~n ~tJ~ r1,)LJ "'l~ nt~ 

LL~~--1'el'eln"lJ'el--1 ALP ~--1{~'eltJ1tJn~l-J hydrolase ~LJ~ln1tJL'1l~~~i'lI~~I~~~I--1n~::~n (osteoblasts).
" , 

~ 

, 
~ 

ttJ~~tJil~LJ'elULJtJLU'el"xl-JL'1l~~"lJ'El--1L"ll~~ osteoblasts ~tJ~mLJr1l-JntnL~~--1'el'eln"lJ'el--1 ALP iJ"lJtJl~" . . 
," , 

L~~~--1~tJ "lln~~~~LJLL~~--11"xL~tJ~1 DBM t:-l~l-JnLJ SIS iJr1cu~~~1tJm:;~tJ1"xL"ll~~~tJnlLij~"lln
~ .. 

, " 
LUtJ'el--1l"1tJ~::n'elLJ~~1 r)n 1"lJ'el--1 L tl'el m::~ n LL~::~ ~1--1 t~ m'1l~~~~I--1 n~:: ~ n"k/ ~ 'U 

(osteoblasts) "lln~~'JLL~~--11"xL~tJ~l~tJr1,)LJr1l-JntnL~~--1'el'eln"lJ'el--1 COL I iJ"lJtJl~ 461 bp ~LJ~1• 
" ~~--1"llnn~:;~tJJi')tJ DBM, SIS LL~:; DBM ~~l-JnLJ SIS iJ~::;~LJntnL~~--1'el'eln"lJ'El--1 COL I ~--1~tJ 1tJ 

• 'U 

nt~~nmntm~~--1'el'eln"lJ'el--1~tJJi')tJ cDNA array analysis L"ll~~n~~~1JifLJ DBM LmtJLJL~tJLJnLJn~~ 

~hJ1Jif'J DBM LUtJL,)~1 7 t)tJ LL~')i'l1 nt~'lLr1~I:;~1~tJHLn CU"V1'fl(;l~I~')tJr1,)Il-JL-nl-J"lJ'el--1"l.~~--1 LL~~--1~--1~tJ 
LLI1i~::~tJ~ (;IN ntJ~::~~I--1 L"ll ~ ~n ~ ~'V1 ~~'el--1 n'J L"ll~ ~n~l-J r1,)LJ r1~iJ All-Jl n n~1 2 1JiLLrl ~tJ Biglycan, 

TGF~1, TGF~R1, RUNX2 LL~:: VEGF LL~::'fl(;l~I~')tJ~iJAliJ'eltJn~1 0.5 ~LJ~liJ~ltJ,)tJ 1 ~tJ ~'el ~tJ 
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COL14A1 ~'W RUNX2 bU'W~'JtJ..:J~~~IAru"ll'e)..:Jb'll~;n~~f?1n (osteoblastic marker) L'Wn1n'"l1-ru~I?J.J'W1 
~ 'IJ ~ 

" " bb~~b,J~rJ'WmJ~..:J bU'Wb'll~;n~~f?1 n ;..:JiJ"h'W"j1'JrJL'Wn1~'ll¥I..:J bb~~n1n'"l1-ru b~ULI?l"ll'e)..:J m~f?1 n 'W'e)n'"llni1
'IJ ~ 'IJ 

.?I <OJ d d '" ~ "" '" .,. ~ ,
TGF~1, TGF~R1 bb~~ VEGF bU'WrJ'W'mnm"ll'e)..:J ~'Wn~~u'J'Wn1n'"lnlJM1..:Jm~~n bb~~VI~'e)f?1b~'e)~1 ~Vll-J 

~'Jl-J~..:J Biglycan ;..:J bU'W'li'J'W~1 AblJ"ll'e)..:J'llln~'e)~'W'W'e) m'll~;"ll'e)..:J m~~ n (extracellular matrix protein) iJ 

n1nb'llf?1..:J'e)'e)n'll..:J~'W L'WYll..:J I?lN n'W'ihl-J COL 14A 1 iJn1nb'llf?1..:J'e)'e)n~f?1~..:J;..:J'e)I'"liJ'li'J'Wb~m-if'e)..:JL'W~~VI~I..:J
'IJ 

n~~~n (osteoblast differentiation) ~'JrJ':)fialkaline phosphatase assay b~'e)~m~n~~~Un1~Yil..:Jl'W 

"JJ'e)..:Jb'e)'W1'll~ ALP bY1rJunU'lEl-JlruLU~~'W~..:JVll-Jf?1"ll'e)..:J b'll~;~'Wnl bUf?1'"l1 m~'e)~l-Jn~~f?1n VI~..:J'"llnm~~'W 
• 'IJ • 

bti'e)..:J'"lln ALP dJ'W~'J~L·if1J..:J~ osteoblastic phenotype ;..:JL,J~~'W~~U'e)~U'Wb~'e)~l-Jb'll~;"lJ'e)..:J 

b'll~; osteoblasts n~1nn1~Yil..:Jl'W"ll'e)..:J ALP bnf?1~'W Lf?1mhmi..:Juljn1-rJl transphosphorylation "ll'e)..:J 

p-nitrophenylphosphate (p-NPP) 1UbU'W p-nitrophenol (p-NP) ;..:JbU'W'llI~~~~lrJ~iJ~bVl~'e)..:JfO)'Jll-J 

L-ifl-J-if'W"ll'e)..:J p-NP ~ bn f?1~'Wb'L1'Wif?1'li'J'WLf?1rJ I?lN nU~~~Un1~Yil..:Jl'W"ll'e)..:J b'e)'W1'll~ ALP L 'Wn1m~~~'W~'JrJ• 

, " ~ dj I 212.1' 4 Q I Q , Q,<' Q 

b~l-J'll..:J"lJ'Wl-Jlnn'Jln1m~~I?l'Wf?1'JrJ DBM VI~'e)SIS b~rJ..:J'e)m..:Jbf?1rJ'J bb'llf?1..:J'J1 DBM ~'lll-Jnu SIS l-J 
'IJ • 

fO)'Jll-J'll1l-J1H1L'Wn1m~~~'WL~bn f?1 n1n'"l1-ru~1?J.J'W1 bU~rJ'WbbU~..:J b'll~;~'Wnl bUf?1'"l1 n b~'e)~l-J m~f?1n1u bU'W 
q IV q cu 

.. '" 1iJ~ , 'V iJ ~ Q..::::!it. Q Q.<' 

b'll~~Ml..:Jm~f?1n f?1f?1n'Jln1m~~I?l'Wf?1'JrJ DBM VI~'e) SIS b~m"ll'Wf?1bf?1m bb~~'"llne.J~n1~Ylf?1~'e)..:J~~f?1U
'IJ • 

n1~vll..:Jl'W"ll'e)..:Jb'e)'W1'll~ ALP iJ~~~Un1~Yil..:Jl'W'll..:J~'ll~IL'W'r'W~ 7 VI~..:J'"llnm~~'W~'JrJDBM Vl1'e) DBM 
'IJ • • 
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, , " 
staining assay ~'l1JlJnhJIVi1Jit:J~~ul9i'tl alkaline phosphatase staining assay b"l!~;'"l:;~(;1~,Jlb~'W 

b-if3-J bb~(;1,dlhjij osteoblastic differentiation tllJnhJ1~1~t:J~u(ml9i'tl alkaline phosphatase staining 

b"l!~;'"l:;~(;1~3J'l~bb(;1'1 bb~ (;1'1~lijn'lntl~tJ'Wbbtl~'1 bU'Wb"l!~;m:;(;1n '"l1 nt:J~ n'l~'Vl (;1~'tl'l b"l!~;~13J1Jifu DBM 
" , 

'\J 

, 
~(;1~,JI~'Wb-if3-J bb~(;1'1~113Jij n'lntl~tJ'Wbbtl~'1 bU'Wb"l!~;n~::(;1n ~'l'Wb"l!~;Vi1~fu DBM ~(;1~3J'l'lbb(;1'1 bb~ (;1'1~1

" 

'"llnn'l~P\mj'lfOl'll3-J~I3-JIHl"lJ'tl'l DBM, SIS bb~:; DBM t:J~3-Jnu SIS 1'Wn'l~m::~'WH\n(;1n'l~, 
" " ~~I'1m:;~nbt,,3J1'W~LVlr)'Vl (;1~'tl'l L(;1tJ';hn'l~~'11'Wi'Wn~l3-J b~'tlU1b'l ru~'W"lJIV1'Ci''1''lJ'tl'lV1\ybU'Wb'l~1 6 ~tl(;11tX 

" '"llmr'W';hn'l~LVl~'l'"l';)b~n:;V11(;1tJnl~tJ'tl3-J~tJ'tl3-J hematoxylin & eosin bb~:;Hn~'tl'l'1~'Vl~~MtJ ~U~1 
I tJ ... I 

U1b'l ruVi bu'Wn~13-J b~'tl '"l :;tJ'tl3-J ~ (;1~"ll3-J~ bb~::b~'Wn ~13-J b~'tlij n'ln1tJ'I LVl'l n 'W dj'W~:; bUtJ U~'l'WU1b'lruVi b U'W 
'" , " 

DBM '"l:;tJ'tl3-J ~(;1~"ll3-J~ b-if3-J m:;(;1nVi~h'l~'W3-J11V13J'"l:;tJ'tl3-J~(;1~"ll3-J~'tl3-J3J'l'lti'tl'W 1 bb~:;b"l!~;bij (;1 b~'tl(;1"lJI'l
" " " 

osteoblasts ~uijn'l~tJ'tl3-J~(;1~lJ'l'l '"llnt:J~n'l~';) b~n:;tX~u~11'Wn~3-J~';hn'l~~'1~'ltJ DBM nnlm~:;~'W, , 

, " , 
bbtl~ ntl~'tl3-J1JiL(;1tJ n'l~,JI~I"lJ'tl'lV1~'tl(;1 b~'tl(;1Vin n'l~~~1'11V13J1'WU1b'l rub ~'tl b~m'tlU DBM ';h1~ DBM 

~~uijn'l~~~ltJ1tlbbl9intJ'I~U DBM ~V1~'1bV1~'tl'tlrJ U1b'lru"lJ'tlU DBM ~V1~'1bV1~'tl'tlrJ bb~:;u1b'lrum:;(;1n
" "" , " 

Vi~~I'1~'W3-J11V1lJ~U b"l!~; osteoblasts n'Ci'n'lj'ru:;~ ~1 tJ ~ nbl1i1 n n'l ~b1tJ'1 LVl'l n'Wb1J'W~:; b UtJUU1b'l ru 
'\J 

" , " 
t:J~1tl n~:;~'W1~b"l!~;~'Wrh dj(;1 b~'tl b~'tltl~:;~I'Wu1b'l ru~'tlU DBM ir'W1~fu nl~m:;~'W~'1 bn (;1 nln'"l1ru , , '" 

n~3-J~o,11n'l~~'1Ji'ltJ DBM t:J~3-Jnu SIS ~U~lnn'l~m:;~'W1~bn(;1n'l~~h'lm:;(;1n1V1lJu1b'lruL(;1m'tlU
, ' '\J 

" " ,
DBM n'Ci'n'lj'ru:;bU'W osteoid bU'Wb~'tlVi'Wm:;(;1nViij n'ln'l3-J LVl'l n'W"lJ'tl'l ~'tl~~1 b'"l'Wbb~ :;tJ'I1lJij n'l ~~:;~ 3-J"lJ'tl'l 

'\J 

bii(;1b~'tl(;1'lJI'l"llU(;1 lymphocytes bb~:; macrophages b-ifI3-Jlbnun'W~'1bbtl~mJ~'tl3-J (DBM bb~:; SIS) 0,11 
", " 

1~nn'l~~~ltJ1tl"lJ'tl'l DBM bb~:; SIS bb~'ltJ'I~'1 t:J~m:;~'W1~bn (;1n'l~~m~u"lJ'tl'l b~'tl b~'tlu1l'lruir'W, 

'W'tln'"lln~tJ'I~'J~n~ln n'l~b'"l1C1!"lJ'tl'l osteoblasts U1b'l ruL(;1tJ~'tlU"lJ'tlU"lJ'tl'l DBM ~n n'l ~~~ltJ1tl 
bti'tl'l'"llnn'lm~:;~'W'lJ'tl~Ltl~~'W~m~''1'tl'tln3-JI'"lln DBM ~'l'W1'Wn~3-J~~'1~'ltJ SIS lVitJ'I"llU(;1b~tJ'l ~U~1, , 
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1~nn1J'~¥1-:jm':;~ndl~~'W b~'el-:jlOl1n SIS 1~n BMP ~-:jbU'Wt1JJ'~'W~nflru~~J'lr~1'Wn1J'm':;~'W1,x
'lJ " 

bn~nI nlOl1ru~W-J'W1bU~tJ'WbbU~-:j1u bU'Wb"ll ~;~h-:jm:;~n v'h 1 m~i1~-:j1um:;~'W1,xbn~nlJ'blOl1ru~1?J-J'W1 
Q.I Q.ICU" 

, ~ 


bU~tJ'WbbU~-:j11J dJ'Wb"ll~;~h-:j m:;~ n (osteoblasts) 'W'elnlOl1niJ~tJi1n1J'~~1-:j~~'el ~ b~'el ~tJ1b')ruIl1tJ1 'W 

'lJ 

bb~:;t~tJJ''eltJ"1l'el-:j SIS b~'el-:jlOl1n1~ftJnlJ'm:;~'W"1l'el-:jtuJ'~'W growth factors ~bU'W'el-:j~UJ':;n'eltJ"1l'el-:j SIS 

~-:jnflrw~:wllil1'WnlJ'm:;~'W1,xbn~nlJ'~h-:j~~'el~b~'el~ b"l1'W fibroblast growth factor bb~:; vascular• • ., , 

endothelial growth factor bU'W~'W tUJ'~'Wbw"hiJ'el11Olmr-:j'el'eln:W11Ol1n SIS 1um:;~'W1,xbn~nlJ'~~1-:j 

Vl~'el~b~'el~~'W 'W'elnlOl1n~~tJb"ll~;bi1~b~'el~"1l1,)"llil~ lymphocytes bb~:; macrophages U1-:j1l1tJ1'W SIS 

LL~:;tJ1b')rwt~m'eltJLbt;l~tJ1'Wm:W1ru~tJ'eltJn~1tJ1b')ruJ''eltJ DBM 1'Wn~:w~i1n1J'~-:j~')tJ DBM LL~:;n~:w~n 
, " 

nlJ'~-:j~')tJ DBM e.J~:wntJ SIS IOl1ne.J~Yhn~~'Wbb~~-:j1,xb"''W~1 DBM LL~:; DBM e.J~:wntJ SIS 

nm1:W~1:W1J'C11'WnlJ'm':;~'W1,xbn~nlJ'~h-:j m:;~n1~~1~ ~1~ftJ SIS bYlm"llil~ b~m1~n fl')1:W~1:W1J'C1
• 'lJ 

nlmtJ n b"ll~;~'Wrh bil~IOl1n b~'el,x:w m:; ~n ~tJ~1n b"ll ~;blOl1ru b~:W~1'W,)'W'el'eln:W1 t~tJ J''eltJb~'el,x:w
q cu Q.I ~ 

_ Q., _ tJ"'q cv 11 ~ " cv 0 .:::r. r 

m:;~nVl~-:jlOl1nL~1:;b~tJ-:j 7 ,)'W bb~:;b"ll~~:w~n'jj'ru:;fl~1m"ll~~ fibroblasts IOl1n'W'W'V11n1J',)bfln:;Vl
'IJ 

, , " 
antigen tJ'W~,) b"ll ~;Y1 bbtJ n 1~IOlI n bU'el,x:w n J':; ~ m1'Wi1 r4 rw~:w U~"1l'el-:j L"ll ~;

• 'lJ • 

" ,cv 0 cr 0 Q rr Q.::::to 0 crll 0 Q 

mesenchymal stem cells lOll n'W'W'W1 b"ll~~:W1'V11 nlJ',) bml:;~ nlJ'blOlJ'()Jb~:WlOl1'W,)'W"1l'el-:j b"ll~~ !?l'Wni b'W~ 

r.l1m~'el,x:wm:;~n ~tJ~11'WnlJ'm:;~'WJI,)tJ DBM, SIS bb~:; DBM e.J~:wntJ SIS b"ll~;nn1nlOl1rub~:W
q '\J q Q.I 

n'WJ':;~~1-:j n~:w~1~ftJn1J'm:;~'W~LL!?l n t;l1-:j n'W~tJ~1 DBM e.J~:wntJ SIS m:;~'W1,xbn ~nlnlOl1()Jb~:W 

~1'W,)'W"1l'el-:jL"ll~~1~~n~1n1mJ':;~'W~,)tJ SIS ~1'el DBM bYltJ-:j"llil~L~m
• ," , 

nlm~~-:j'el'eln"JJ'el-:j~'W osteoblastic markers Y11J-:j~nI~bU~tJ'WLLU~-:j bU'Wb"ll~;m:;~n ~tJ~1nl~ 
'lJ 

.... I I I 

RUNX2 ~-:j~'W~~-:jlOl1nY1m:;~'W~\')tJ DBM, SIS bb~:; DBM e.J~:wntJ SIS bij'elLY1tJtJntJn~:WY11~1J1ftJn1~
'IJ' • 

" " ,
bb~~-:j'el'eln"1l'el-:j~'W ALP ~-:j~'W ~'):w'Vi'-:jn~:wVi1~1~f1Jnlm~:;~'W~1~ftJJ':;~tJnlnL~~-:j'el'eln"1l'el-:j~'W COL I 

'lJ • • 
, ., 

~~-:jlOl1nVi1~ftJnI~m:;~'W~')tJ DBM, SIS bb~:; DBM e.J~:wntJ SIS ~tJ~1n~:;~tJn1nb~~-:j'el'eln~-:j~'W1'W. " 

Transforming growth factor, beta 1 (TGFp 1), Transforming growth factor, beta receptor 1 
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(TGF~R1), RUNX2 bb~:: Vascular endothelial growth factor (VEGF) ~uiJ-erl?ln~'l'Ul-J1nn~1 2 bb~:: 

Collagen. type XIV. alpha 1 (COL 14A 1) ~uiJ-erl?ln~'l'U~iJfl1ii''tltln~1 0.5 

n1 'j'blOl1-bU~~'U1 btJ~ t1'Ubb'lJ~,,:j"lJ'tl,,:j b6Jl ~~r;)'Url1 btJt?llOl1 nb~'tl,""l-J m:: t?l n 1 tJ dJ'Ub6Jl ~ ~m:: t?l n It?ltl 
(lI iii 'U 'U 

';jbrl~1::;lflOl1nn1~Yi1,,:jl'U"lJ'tl,,:jb'tl'U16Jl~ ALP ~U~1~~,,:jlOl1nm'::r;)'UJ)'ltl DBM iJ~::~Un1~Yi1,,:j1'U"lJ'tl,,:jb'tl'U1'l!~,
" , , 

ALP ~,,:j~'U ~,,:j~'tlt?lrl~'tl,,:jnUn1~~m~1J)'ltl';)fi alkaline phosphatase staining b'l!~~Yl1J)funl~m'::~'U 

J)'ltl DBM iJn1~~t?l~bbt?l,,:j ~'l'U1'Ub'l!~~~1J)fUn1~m'::r;)'UJ)'lti DBM e.J~l-Jnu SIS bb~::1'Un~l-J~m'::r;)'UJ)'lti, , . 
SIS 'tlth,,:jb~miJ~::~Un1~Yi1,,:j1'U"lJ'tl,,:jb'tl'U16Jl~ ALP b~l-J~,,:j~'U1'U.r'U~ 10 ~~,,:jlOl1nm'::~'Ub~'tlbmtlUbYltiUv , 

m1l-J~1l-Jl~rl"lJ'tl,,:j DBM. SIS bb~:: DBM e.J~l-Jnu SIS 1'Un1~m'::~'U1,""bnt?ln1~~h,,:jn~::t?ln1~~, v 

" " 1'U~1?l'5'Vlt?l~'tl,,:j It?ltlYi1n1~eJ,,:j~,,:j1'Ui'Un~1l-JbU'tl"lJ'tl,,:j~'U'Vlt?l~'tl,,:j (Wistar rat) bU'Ub'l~1 6 ~tJt?l1lf ~u~11'U 
v 

, " 
n~l-JYliJn1~eJ,,:jJ)'lti DBM bb~:: DBM e.J~l-Jnu SIS iJn1~~~I,,:jm'::t?lnbnt?l~'U ~Ub6Jl~~ osteoblasts bb~::;n1~, " 

~~1,,:j~~'tlt?lb~'tlt?l bn t?l~'UU1-b'l C\Jb~'tlb~'tlIt?lm'tlu bb~::iJn1~-ern b~ubn t?l~'Ubti'tl,,:jlOl1 n b'l!~~bij t?l b~'tlt?l"lJ1'l~1'U'l'U 
l-Jlnu1-b'lC\Jlt?ltl~'tlU DBM ~'l'U1'Un~l-J~eJ,,:jJ1'lti SIS b~tI..:J'lItJt?lb~m ~u~1iJn1~~h,,:j~~'tlt?lb~'tlt?lbnt?l~'U. 

!II '11 '" t.; 

1'Um~~ m~n ~::~U b'l!~ ~b~1::b~t1,,:j rl'l~'tlti1 'Ufll'l::tJn MIOl1 n b~'tl'Vl ni'UI?l'tl'U ~'ll-J~,,:j'tltJ nnwbb~::;" . . 
'I iIiI 

~1nrliJYl1-ili.'Um ~~ m~1 bU'tl,,:jlOl1 n m ~~ m~n~:: ~U b6Jl~~b~1:: b~t1,,:j bn t?l nl~tJ'U bU'tl'U1J)~1t11~~11Ol::bu'Um ~ 
"" " tJ'UbU'tl'UIOl1nb~'tlbbUrlYlb~t1 ~1'tlb~m1 bU'U~'U 

" " ,
m~eJ,,:j DBM bb~:: DBM e.J~l-Jnu SIS 1'U"n'Un~1l-JbU'tl"lJ'tl,,:j~'U'Vlt?l~'tl,,:j rl'l~Yi11,"" DBM YlYi1m~eJ,,:j

v 

DBM ~ eJ,,:j~,,:j1tJ'tl11OliJm'j'brl~'tl'U~1 bbWW,,:j dJ'Ue.J~1'""bn t?lrl'l1l-J C'1t?l~~1 t?l1'Um nnur;l'l'tlti1,,:j~'U1Jl 'tl'llOllOl::iJ 

DBM ~~,,:jb~~'tl'tlti1J)Yi11,""e.J~ m~'Vlt?l~'tl,,:j rl~lt?l brl~'tl'U 
v 
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499 NIPAAm-co-Butylacrylate Hydrogels Support Oral 
Mucosal Epithelium for Corneal Epithelium Biosubstitutes 
Production 

Natalia Becerra, I., Betty L. L6pez,' Luz M. Restrepo I.' 
'Grupo Ingenieria de Tejidos y Terapias Celulares, Universidad de 
Antioquia, Fac. Med, Colombia 
lGrupo Ciencia de los Materiales, Universidad de Antioquia, SIU. 
Colombia 
(*Irestre@quimbaya. udea.edu.co) 

Severe Joss of vision can result on corneal epithelium damages. 
Cultivated oral mucosal epithelium and limbal stem cells grafts are 
alternative treatments in regeneration ofcorneal epithelium (Liu, 2007). 
Autologous epithelial sheets can be made using hydro gels. N­
isopropylacrylamide (NIPAAm) hydrogels are useful as carrier free cell 
layers. They can swell and unswell in response to small temperature 
variations. (Nishida, 2004). In previous studies, we have synthesized 
NIPAAm-co-Butylacrylate copolymers to be used as oral mucosal cell 
culture support in order to obtain corneal epithel ial sheets biosubstitutes 
(Becerra, 2007). Hydrogels were characterized by Scarming Electron 
Microscopy (SEM) to correlate the morphology with the cell growth. Its 
textural porosity make them a good supports to obtain cells layers and to 
transport nutrients and gases. Oral mucosal cell culture behavior on 
these hydrogels was studied. Cell viability by direct contact and MIT 
tests and histomorphological analysis were performed. Cell cultures on 
TCPS were used as controls. The cells proliferated and formed sheets on 
the hydrogels and their morphology was similar to the corneal 
epithelium. These results suggest that NIPAAm-co-butylacrylate 
hydrogels can be used for tissue engineered corneal epithelium. In order 
to determine protein adhesion effect, other studies are being conducted. 

501 Design of Printed, Porous Scaffolds for Enhanced 
Oxygenation and Functioning of Embedded Cells 

Natalja E.Fedorovich,I.' Elske Kuipers,l Jacqueline Alblas,l Wouter 
JA Dhert12 

'Department of Orthopaedics, University Medical Center Utrecht. po. 
Box 85500, The Netherlands 
l Veterinary Medicine, Utrecht University, po. Box 80154, The 
Netherlands 
(*n.e.fedorovich@umcutrecht.nl) 

An important focus in bone tissue engineering is the development of 
large clinically relevant grafts. The challenge is to ensure survival of the 
seeded multipotent stromal cells (MSCs). The use of porous scaffolds 
supports the diffusion ofoxygen and nutrients to the embedded cells. 3D 
fiber deposition is a rapid-prototyping technique used here to build 
porous, cell-laden hydrogel scaffolds. The aim of this study is to 
investigate the effect of scaffold porosity on oxygenation, survival and 
osteogenic differentiation of MSCs. Goat MSCs were encapsulated in 
alginate hydrogel from which porous (50%) and solid rectangular 
scaffolds (lOx I Ox I mm) were built and incubated in expansion- or 
osteogenic medium for various time periods (n=4). In vitro analysis of 
cultured scaffolds showed that after 14 days 70% of the cells were alive 
in porous scaffolds versus 5% in solid grafts. Up to 33% of cells 
underwent apoptosis inside solid grafts. Osteogenic differentiation, 
assessed by determining the presence of alkaline phosphatase and 
collagen type I, was more pronounced in porous scaffolds. Analysis of 
glucose consumption relative to production oflactate demonstrated that 
solid scaffolds produced more lactate than porous grafts, indicative of a 
higher level ofanaerobic respiration . To determine the hypoxic status of 
the cells in vivo we detected the presence ofhypoxia marker Glut- I after 
subcutaneous implantation of porous and solid scaffolds in nude mice, 
demonstrating that cells embedded in solid scaffolds were highly 
positive for this marker. Above results demonstrate that porous scaffolds 
promote oxygenation, survival and functionality of the printed cells. 

500 Human Periosteal Mesenchymal Stem Cells ' 
Demineralized Bone Matrix Scaffolds for Bone Tiss: 
Engineering 

Dhagoon Dhitiseith,l Piyanuch Bamrungpanichtawom,' SiltiSak 
Honsawek'" 
'Biomedical Engineering Program. Chulalongkorn Universir\', Bangkok 
10330, Thailand, lDepartment of Biochemistry, Faclliry oj MediCine 
Chlllalongkol71 Universil): Bangkok Thailand ' 
(*sittisak.h@chula.ac.th) 

Objectives: Mesenchymal stem cells are multipotential cells capable of 
differentiating into osteoblasts, chondrocytes, adipocytes, and IDyoblasts 
Human periosteal cells contains stem cells that are a rich source ofPrimitiv' 
multipotent mesenchymal cells. Demineralized bone matrix (DBM) ~ 
been used in orthopedic, periodontal, and maxillofacial applications and 
investigated as a material to induce new bone formation. The aims of this 
study were to characterize human periosteal cells (HPO) and to examine 
interaction between DBM scaffolds with HPO. 

Material and methods :The altered gene expression during osteogenesis of 
HPO was investigated. HPO were studied using in vio'o fimctional 
mesenchymal stem cell assay and were determined their cell surface antigen 
expression. Osteoblast differentiation of HPO was determined using 
alkaline phosphatase assay, osteocalcin, and Von Kossa staining assay. Total 
RNA was isolated from HPO in the absence or presence ofDBM scaffolds 
and analyzed using osteogenesis cDNA gene expression array.The selected 
genes were verified using RT-PCR. 

Results and conclusions: Analysis by flow cytometry demonstrated that 
HPO express cell surface antigens used to deflIle MSCs isolated from 
periosteum such as C029, C044, CD90 and CDIOS.DBM-treated HPO were 
differentiated into osteoblasts that stained positive for alkaline phosphatase, 
mineralization (calcification) and expressed osteocalcin. When analyzed by 
cDNA array and RT-PCR, we found that the highly upregulated genes were 
biglycan, runx2, tgibl, tgfbrl and vegf whereas the highly downregulated 
genes were collagen 14A I. These results indicated that HPO with DBM 
scaffolds could provide an alternative approach for bone engineering. 

This investigation was supported by TRF (DBG49800 17). 

502 Biodegradation of Injectable Calcium Silicate BODe 
Graft Su bstitutes 

Meng-HengLai,l David Chan-Hen Chen,' Shinn-lyh Ding 1' 

'Institllfe ofOral Biology and Biomaterials Science, Chllng-Shan Medical 
University, Taichung Cil): Taiwan 402, Republic oJChina 
2Institute of Veterinary Microbiology, National Chung-Hsing University, 
Taiclnmg City, TaMan 402, Republic ofChina 
(*sjding@csmu.edu.tw) 

A variety of biomimetic materials with structural and mechanical 
equivalence to bone have been developed to repair bone defects. A 
novel injectable bone substitute material was developed which 
consisted of gelatin-containing calcium silicate powder as the sohd 
phase and chitosan oligosaccharide solution as the liquid phase. To 
evaluate the biodegradation, the diametral tensile strength, morphology, 
phase composition, and weight loss of the composite cements wert 
evaluated after immersion in pH 7.4 Tris-HCI solution. When mixed 
with water, the cement specimens under-vent a hydration step to form a 
colloidal gel, principally calcium silicate hydrate, which hardened ~ 
form a solid cement structure within 30 min. The formation of port 
cracks on immersed surface depended on the immersion time to some 
extent, consistent with the results of weight loss. Interestingly, th~ 
immersion time imposed in this study did have a statistically enhan~ 
effect on mechanical properties. When immersed for 30 days in Tnsd
HCI solution, the strength values of immersed specimens WIth an I 
without gelatin and chitosan became 4.4 and 4.2 MFa from the 1IJ1tI

8

f
strength of 2.6 MFa and 2.2 MPa, respectively, having an increase 0 

about 70%. The immersion-induced increase in mechanical stren~ 
was possibly attributable to the more complete hardening dU~~e 
ImmerSIOn, which was confirmed by phase compOSition analySIS. e 
incorporation of gelatin and chitosan oligosaccharide into the ~~e 

tbecement may not result in degradation of the mechanical propertieS 0 

composite cement. The organic-inorganic hybrid composites might 
an acceptable material candidate for bone tissue repair. 
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803 Mesenchymal Progenitor Cells Derived from Synovium 
and InfrapateUar Fat Pad as a Promising Source for 
Superficial Zone Cartilage Tissue Engineering 

Sang Yang Lee,1.1*Toshiyuki Nakagawa,' and A. Hari Reddi' 
, Centerfor Tissue Regeneration and Repair, Department ofOrthopaediC 
Surgely, University ofCalifornia-Davis, Sacramento, California 95817, 
USA 
2 Department ofOrthopaedic Surgery, Kobe University Graduate School 
ofMedicine. Kobe, 6500017, Japan 
(* sangyang@beige.plala.or.jp) 

Superficial zone protein (SZP) is a boundary lubricant of articular 
cartilage in joints. Since superficial zone chondrocytes selectively 
synthesize and secrete SZP, SZP has been considered as a zonal 
molecular marker for superficial zone of articular cartilage. As SZP at 
the surface of articular cartilage plays an important role in the normal 
function ofsynovial joints, the localization ofSZP-secreting cells at the 
surface of tissue-engineered cartilage is prerequisite. The aim of this 
study is the identification of suitable progenitor cell sources for tissue 
engineering of superficial zone cartilage. We investigated whether 
mesenchymal progenitor cells (MPCs) from synovium and infrapatellar 
fat pad (IFP) have the potential for secretion of SZP following 
chondrogenic differentiation in an aggregate pellet culture system. SZP 
was irnmunolocalized in pellets from synovium-MPCs and IFP-MPCs. 
The ELISA analysis of SZP demonstrated that chondrogenicaUy 
differentiated synovium-MPC and IFP-MPC pellets secreted SZP into 
media. Real-time PCR analysis showed significant up-regulation of 
SZP mRNA in synovium-MPC and IFP-MPC pellets after 
chondrogenic differentiation. The synovium-MPCs demonstrated the 
higher colony-forming, proliferative, and chondrogenic potential, and 
exhibited greater SZP-secretion following chondrogenic induction 
compared to IFP-MPCs. Our results indicated that S-MPCs and IFP­
MPCs may be possible and useful source of chondroprogenitor cells 
with SZP-producing ability. In conclusion, both synovium and IFP are 
promising cell sources for tissue engineering of superficial zone 
cartilage. 

805 Isolation and Characterization of Mesenchymal Stem 
Cells Derived from Human Term Chorionic Placenta for 
Bone Tissue Engineering 

KanokPreativatanyou,' Dhagoon Dhitiseith,1Piyanuch Bamrungpanichtawom,' 
Vorapong Phupong,' and Sittisak Honsawek' + 
,Faculty ofMedicine, Chulalongkom University, Bangkok, Thailand 
]Biomedical Engineering Program, Chulalongkorn University, Bankok 
10330, Thailand 
(* sinisak.h@chula.ac.th) 

Objectives: Mesenchymal stem cells (MSC) are extensively used cell 
source in tissue engineering and regenerative medicine because they can be 
readily expanded and differentiated in vitro as well as in vivo. MSC can be 
obtained from a variety of tissues including human term chorionic placenta 
The pwpose of this work was to investigate growth, phenotypic 
characteristics and differentiation potential of isolated mesenchymal stem 
cells from human term chorionic placenta. Material and methods: We 
analyzed the cell surface antigen expression of freshly isolated chorionic 
placenta cells using flow cytometry analysis. The antibodies used were 
CD29, CD34, CD44, CD45, CD90. The differentiation ability of 
mesenchymal lineages was detected using specific culture conditions and 
determined by morphology, histochemical staining and 
immunocytostaining. We also determined the osteogenic potential of 
isolated MSC using alkaline phosphatase assay and reversed transcriptase­
polymerase chain reaction (RT-PCR). Results and conclusions: Flow 
cytornetry of cells demonstrated typical MSC phenotype, positive for 
CD29, CD44, and CD90, but negative for CD34 and CD45. We have 
studied the biological activity and osteogenic differenaion capacity of 
isolated chorionic cells in conditioned media. The cell popu lation consisted 
of spindle-shaped cells and large flat cells. The cells exlubited potential of 
differentiation into osteoblasts. Our study shows that chorionic placenta 
derived cells can differentiate into mesenchymal lineages and be induced to 
form osteoblast-like cells. Thus, human term chorionic placenta might be a 
novel promising tissue source for further application of these stem cells in 
tissue engineering and regenerative medicine. This research was supported 
by Thailand Research Fund (DBG4980017). 

804 Osteogenic Potential of Human Chorion-Derived Stern 
CeUs Induced by rhBMP-2 

Kanok Preatjyatanyou,' Natthapom Tan,1 and Sittisak Honsawek '* 
'Department of Biochemisfly, Faculty of Medicine, Clwlalongkorn 
University, Bangkok, Thailand 
lBiomedical Science Program, Chulalongkorn University, Bangkok 
10330, Thailand 
(*sittisak.h@chula.ac.th) 

Objectives: Human chorion-derived stem cells (CDSCs) display 
mesenchymal characteristics but little is known about bone tissue 
engineering aspects. Bone morphogenetic protein-2 (BMP-2) plays an 
important role in osteoblast differentiation and its bioactivity is widely 
investigated both in vitro and in vivo. Therefore, the aim ofthis study Was 
to evaluate osteogenic potential ofCDSCs upon rhBMP-2 stimulation. 
Materials and methods: A eDNA encoding mature human BMP-2 was 
amplified by RT-PCR using total RNA isolated from osteosarcoma cells. 
The BMP-2 construct was cloned into a pRSETc expression vector and 
then transformed intoBL21 (DE3)Ecoli. After IPTG induction, inclusion 
bodies were harvested and solubilized under denaturing condition. 
Subsequently, affinity his-tag chromatography and dialysis were 
performed. Refolded pwified rhBMP-2 was further confirmed by SDS­
PAGE and Western blot. Bioactivity assay was tested by stimulation of 
CDSCs cultures with 10-1,000 nglml rhBMP-2 for 3 and 7 days. 
Cytotoxicity was determined by MIT assay. Expression of early 
osteoblastic markers was verified by semi-quantitative RT-PCR using 
specific primers such as alkaline phosphatase, Smad2, Runx2, collagen 
type I and standardized with GAPDH expression. Results and 
conclusions: MIT assay demonstrated no significant reduction in cell 
viability. Gene expression analysis revealed that Runx2, a master 
regulator, was markedly up-regulated 2-fold and 3-fold after incubated 
with rhBMP-2 (1,000 nglmJ) for 3 and 7 days respectively. Consistently, 
osteoblast-like morphology was also obselVed. These findings supported 
the potential ofCDSCs as a promising cell source for a future application 
in bone tissue regeneration. This investigation was supported by Thailand 
Research Fund (DBG49800 17). 

806 The Effect of Cartilage Engineering Using Chondrocyte­
hydrogel Combination Covered with Cultured Perichondrial 
Cell Sheet 

Se-JI Park,l Jae-Ho Jeong,~ Kyu-Shik Jeong,) Young-Mi Moon1 and 
Myun-Whan Ahn4+ 
'Department ofPlastic & Reconstructive SurgelY, Yeungnam University, 
Daegu 705-717, Republic ofKorea 
2Stemtec Korea, Noblesse Plastic Surgery, Daegu 706-190, Republic of 
Korea 
JDepartment of Veterinmy Pathology, Kyungpook National University, 
Daegu 702-701 , Repliblic ofKorea 
'Department ofOrthopedic Surgery, Yeungnam University, Daegu 705· 
717, Republic ofKorea 
(+mwahn@med.yu.ac.kr ) 

A special mesenchymal tissue layer called perichondrilllll has a chondrogenic 
capacity and is a candidate tissue for engineering of cartilage. To overcome 
limited potential for chondrocyte proliferation and re-absorption, we studied a 
method of cartilage tissue engineering comprising chondrocyte-hydrogel 
pluronic F-127 complex (CPC) and culnrred perichondrial cell sheet (cPCs) 
which entirely cover cpc. For effective cartilage regeneration, cell-sheet 
engineering technique ofhigh-density culture was used for fabrication ofcPCs. 
Hydrogel pluronic F-127 as a biomimetic cell carrier used for stable an~ 
maintains the chondrocytes. The cPCs was harvested as a single la):er an 
entirely covered CPC. The tissue engineered constructs were implanted mto the 
dorsal subcutaneoustissue pocket on nude mice (n=6). CPC without cPCs wer~ 
used as a controls (N=6). Engineered cartilage specimens were harvested at d 
weeks after implantation and evaluated with gross morphology an 
histological examination. Biological analysis was also performed for 
glycosaminoglycan (GAG) and type II collagen. Grossly, the size of cart1l~e 
specimen of cPCs covered group was larger than that of the conO·ol.. n 
histological examination, the specimen ofcPCs covered group showed tyPICal 
characteristics of cartilage tissue. The contents of GAG and type Jl colladi~en 
were higher in cPCs covered group than that of the control. These stu es 
demonstrated the potential of such CPC/cPCs constructs to su~port 
chondrogenesis in vivo. In conclusion, the method of cartilage t~ssue 
engineering using cpes supposed to be an effective method with hIgher 
cartilage tissue gain. We suggest a new method of cartilage tissue englDeenng 
using cultured perichondrial cell sheet as a promising strategy for cartIlage 
tissue reconstruction. 
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807 Preparation and Characterization of a Novel Chitosanl 
demineralized Bone Matrix Composite Scaffold for Bone 

Regeneration 

Srttisak Hoosawek,1¥ Panudda Dechwongya,' Korbtham Sathiraku!/ 
Dhagoon Dhitiseith/ and Yongyudh Vajaradul ' 
IDepartment of Biochemisny, Faculty of Medicine, Chllialonglwrn 
University. Banglwk., Thailand 
lDepartment of Pharmacy, Faculty of Pharmacy, Mahidol Univel·sity. 
Bangkok. Thailand 
JBiomedical Engineering Program, Chulalonglwrn University, Bangkok 
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(·sittisak.h@chula.ac.th) 

Objectives: A propitious altemative to supply bone substitutes is to develop 
living tissue substitutes based on biodegradable materials, which is called 
bone tissue engineering. Chitosan scaffolds have been shown to possess 
biological and mechanical properties suitable for tissue engineering and 
clinical appl ications. The purpose of this study was to develop a novel 
chitosanldemineralized bone matrix (DBM) composite scaffold and 
investigated its potential compared to plain chitosan scaffolds to be used as a 
bone graft substitute. Material and methods:Chitosan scaffolds reinforced by 
DBM were fabricated with a low-cost, bioclean freeze-drying technique via 
thermally induced phase separation. The microstructure, mechanical 
performance, and biological activity of the scaffolds were studied. Scanning 
electron microscopy was employed to monitor the surface variation of 
chitosanlDBM porous scaffolds.Results and conclusions: Both scaffolds had 
porosit ies and pore sizes between 80 and 250 micron. The compressive 
modulus of composite scaffolds was signifIcantly higher than chitosan 
scaffolds. The chitosanJDBM scaffolds have been developed with adequate 
pore structure and mechanical properties to serve as asupport for osteoblasts. 
In parallel studies, the scaffolds are implanted into subcutaneous tissues ofrat 
to evaluate the osteoinductivity of and efficacy of the scaffolds. We have 
evaluated the biological ability of this chitosanJDBM constructs to induce 
new bone formation. These studies have demonstrated that composite 
scaffolds have mechanical properties and porosity sufficient to support 
ingrowth of new bone tissue, and cell attachment and proliferation data 
indicate composite scaffolds are promising for bone regeneration. This 
investigation was supported by Thailand Research Fund (DBG4980017). 

809 Human Adipose-Derived Mesenchymal Stem Cells as 
an Autologous Source of Neuron-like Cells 

RenatoNieto-Aguilar,' Deyanira Serrato,' Ingrid Garz6n,' Olga Roda,1 
Miguel Alaminos,' and Antonio Campos'· 
l1isslie Engineering GrOllp, Deparrment of Histology. U,liversity of 
Granada, Spain 
lDeparrment ofAnatomy and Embriology. University ofGranada, Spain 
(.acampos@ugr.es) 

INTRODUCTION : Autologous artif,cial tissues generated by tissue 
engineering are potentially useful in regenerative medicine. In this 
context, human adipose-derived mesenchymal stem cells (HAMSC) 
can differentiate in vitro into a variety of]ineages, suggesting that these 
cells could be pluripotentiaJ. MATERIAL AND METIIODS: In this 
experiment, human adipose-derived mesenchymal stem cells 
(HAMSC) were isolated and cultured from human subcutaneous 
adipose tissue explants. Subconfluent cultures of HAMSC were 
incubated in neurogenic medium for 24 h, 10 and 20 days. After this, the 
cells were subjected to histological analysis and inmunof]uorescence 
using nestin antibodies. RESULTS: HAMSC were successfully isolated 
and transdifferenciated into neuron-like cells after incubation in 
neurogenic medium. The percentage of transdifferentiated HAMSC 
that expressed the neuronal marker nest in by immunofluorescence was 
3.59% in cells incubated in inductive medium for 24 hours, with 20.96% 
of positive cells after 10 days and 30.05% after 20 days of culture in 
neurogenic medium. Also, transdifferentiated cells showed that at 24 h 
of induction 31% of the cells developed a cytoplasmic cell prolongation 
that resembled a rudimentary axon-like process. When the cells were 
incubated in neurogenic med ium for 10 and 20 days, 44% of the cells 
showed large axon-like prolongations as well as some small 
dendritiform cellular extensions. CONCLUSIONS : Our results support 
the neurogenic potential ofHAMSC and the potential use of autologous 
I-lAMSC as a model for neural disease studies. Supported by SAS 
PIO 135/2007 from Junta de Andalucia. 

808 Human Mesenchymal Adipose-derived Stem Cells as 
Inducible Chondro and Osteoprogenitor Cells 

Renato NietO-Aguilar,) Deyanira Serrato,' Ingrid Garz6n,' Alvaro 
Morales/ Miguel Alaminos,' and Antonio Campos'· 
ITissue Engineering Group, Department of Histology. University of 
Granada, Spain 
lDivision of Traumatology, University Hospital Virgen de las Nieves, 
Granada, Spain 
(*acarnpos@ugr.es) 

INTRODUCTION : Bioengineered artificial bone and cartilage 
generated by tissue engineering using autologous stem cell sources, 
could have potential utility in maxillofacial surgery. In this milieu, one 
of the most promising sources of stem cells is the adipose tissue, due to 
its easy access and the high number of stem cells that reside on this 
tissue. The goal of this study was to generate and characterize 
transdifferentiated osteocyte-like and chondrocyte-like cells using 
human adipose-derived mesenchymal stem cells (HAMSC). 
MATERIAL AND METIIODS: For this purpose, four explants ofskin 
of complete thickness were obtained, cultured and subcultivated 
separately in osteogenic or chondrogenic induction medium for20 days. 
As controls, non-induced HAMSC were cultured in DMEM basal 
medium. Then, osteoinducted and chondroinducted HAMSC were 
stained with alizarin red S and with alcian blue stains respectively to 
verify the osteogenic and chondrogenic differentiation. Immunofluorescence 
was carried out using alkaline phosphatase and type II collagen primary 
antibodies. RESULTS AND CONCLUSIONS: HAMSC incubated in 
osteogenic medium for 20 days generated abundant calcified deposits, 
which were verified by alizarin red S staining and irrununof]uorescence. 
Similarly, chandra inducted cells synthesized high amounts of 
muchopolysaccharides after 10 days of induction as determined by 
alcian blue staining, with positive signal for collagen II. These results 
support the use of autologous HAMSC for the generation of cartilage 
and bone cells in the laboratory. Supported by P06-CTS-2191 from 
Junta de Andalucia. 

810 Optimization of Protocols of Cryopreservation for 
Tissues Generated by Tissue Engineering 

Ingrid Garz6n,' Ismael A. Rodriguez,~ Salvador Oyonarte,l Antonio 
Fernandez-Montoya,; Miguel AJaminos,' and Antonio Campos'· 
'TisslJe Engineering Group, Department of Histology, University of 
Granada, Spain 
! Histology Department B, Faculty ofOdontolog}~ National University of 
Crdoba. Argentina 
JCentro Regional de Transfusion Sanguinea y Banco de Tejidos de 
Granado y Almeria 
(. acampos@ugr.es) 

INTRODUCTION: After long-term storage ofbioengineered tissues, it 
is necessary to ensure that both cell viability and the rheological 
properties of these tissues are adequate. However, the most adequate 
methods and protocols for the preservation and storage of these live 
bioengineered tissues are still unknown and this is one of the major 
obstacles in the serial production of these tissues for future clinical 
applications. In this work, we evaluated the cell viability of live 
bioengineered tissues subjected to several protocols of 
cryopreservation. MATERlALS AND METIIODS: Tissue engineered 
oral mucosa substitutes consisting of human oral fIbroblasts inunersed 
within a flbrin-agarose scaffold were cryopreserved for 60 days in liquid 
nitrogen using six distinct protocols (A, B, C, D and E, with different 
concentrations of albumin, M199, glicerol and DMSO; and F, with 
DMEM medium). Each group of samples was subjected to different 
freezing and thawing times using a programmable tissue fTeezer. 
Analysis of the cryopreserved tissues was performed by determining 
cell viability by using LIVElDEAD'i> assay kit. RESULTS AND 
CONCLUSIONS: Cryopreservation of the artificial tissues in DMEM 
medium resulted in 72% of dead cells, whereas 41 %,67%,44%,48%, 
75%,51 % and 31% of the cells were alive afiercryopreservation using 
protocols A to G. These results support the use of the protocol E for the 
cryopreservation of bioengineered oral mucosa substitutes at liquid 
nitrogen temperature. SuppOl1ed by P06-CTS-2191 from Junta de 
Andaillcia. 
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11 is known that fluid flow is one of fundamental physiological factors 
which affect bone remodeling. Therefore, the investigation of an 

•.' 	 optinlal condition of fluid flow is very inlportant in tissue engineering 
related researches. The degree of intracellular Ca~' expression, one of 

,... the secondary messengers, is known to be the parameter in evaluating 
the cellular responses under flow-induced shear stresses. However, the 
optinlal pattem ofshear stressing due to the flow for a specific cell type is 
still left unidentified. In this study the intracellular Ca" expression ofa 
single cell (MG-63) was quantitatively measured under various pattem 
of shear flow to figure out the optinlal pattem for the cell. The microchip 
was used as a flow chamber made of POMS (polydimethylsiloxane). 
The channel was coated by fibronectin. The flow rate was controlled by 
asyringe pumping system (KDS I 00, KDscientific) and the shear stress 
was adjusted as 0.5Pa. The expeIinlental groups were classified into 5 
based on the pattern offlow patterns: 50s, 100s, 150s, 200s, and 250s (on 
and off, ex: 50s = 50 sec. flow and 50sec resting). The total duration of 
flow was 20 minutes. The higher expression of intracellular Ca2+ was 
observed when the cells were stinlulated as 100s and I OOs for flowing 
and resting, respectively. From this study, we came to the conclusion that 
the specific cell of MG-63 has higher cellular activities when it 
experiences periodic stinlulation, especially to the pattern of 100s(on 
and off).,Also, this methodology and system can apply to investigate the 
cellular responses ofother types ofcells. 

841 Osteoinductivity of Demineralized Bone Mahix/Small 
Intestinal Submucosa as a Scaffolds for Tissue-Engineered 
Bone 

Dhagoon Ohitiseith,' Piyanuch Barnrungpanichtawom,~ and Sittisak 
Honsawek'" 
{Biomedical Engineering Program, Chulolongkorn University, Bangkok 
10330. Thailand 
lDeparrment of Biochemistry, Faculty of Medicine, Chulalongkorn 
University, Bangkok. Thailand 
(*sinisak.h@chula.ac.th) 

Objectives: Demineralized bone matrix (OBM) is extensively used in 
orthopedic, periodontal, and maxillofacial appl ications and investigated as a 
material to induce new bone fonnation. Small intestinal submucosa (SIS) 
derived from the submucosa layer ofporcine intestine has widely trtilized as 
biomaterial with minimum inullune response. The objective of this study 
was to detennine the osteoinductive potential ofDBM/SIS scaffolds in the in 
vifro cell culture assay and in vivo animal bioassay. Material and methods: 
Human periosteal (HPO) cells were treated with or without OBM/SIS 
scaffold over 7 days ofculture. Cell proliferation was examined by direct cell 
counting. Osteogenic differentiation of the HPO cells was analyzed with 
alkaline phosphatase assay. Expression of osteoblastic differentiation of 
HPO cells was examined by RT-PCR analysis using specific primers for 
alkaline phosphatase, Runx2, osteocalcin and standardized with GAPDH 
expression. The Wistar rat muscle implant model was used to evaluate the 
Osteoinductive potential of the DBM and OBM/SIS composites. The 
scaffold composites were intramuscularly implanted into Wistar rats to 
evaluate their in vivo bone-fonning capability. Histological assessments 
were canied out at 42 days after implantation to detennine the new bone 
fonnation. Results and conclusions: HPO cells could differentiate along 
osteogenic lineage when treated with either OBM or DBM/SIS. Histological 
and alkaline phosphatase analysis showed the comparable osteoinductivity 
of DBM and DBM/SIS. These findings suggest that DBM and DBM/SIS 
composites could retain their osteoinductivity. Therefore, HPO with DBM/ 
SIS scaffolds may provide an alternative approach for tissue-engineered 
bone. This research was supported by Thailand Research Fund 
(DBG49800 17). 

840 Poly(N-acryloylpiperazine) as Non-Viral Gene Delivery 
Vector 

lung 1m Yun, Yun Suk 10, Seung Tae Lee, and Jeffrey A. Hubbell· 
Integrative Biosciences Institute, Ecole Poly technique Fediirale de 
Lausanne, CH- 1015 Lausanne, Switzerland 
(*jeffrey.hubbell@epfl.ch) 

Delivery ofDNA and SiRNA into marrunalian cells in gene therapy and 
basic science is a powerful technique. Here we present the Poly(N­
acryloylpiperazine)(PAZ) synthesized by RAFT polymerization as a 
new class of potential non-viral gene delivery system. GFP-expressing 
plasmid DNA was condensed with PAZ to transfect marrunalian cells. 
Polypi exes, less than 100 NM, were determined by dynamic light 
scattering (DLS) and confmned by transmission electron microscopy 
(TEl\1). From zeta potential measurement, polyplexes exhibited 
positive surface charges between +20 MY and +30 MY in average at 
from 5 to 80 ofNIP ratio. DNA retardation assay confirmed that DNA 
was effectively condensed with PAZ into polyplexes with positive 
surface change. From cell viability tests and in vitro transfection 
experiment performed with HELA cells, PAZ inhibited cell 
proliferation substantially less than linear-PEl (LPEI), a commercially 
available transfection agent, and showed comparable transfection 
efficiency to LPEI in the absence or presence of fetal bovine serum 
(FBS). PAZ was used to deliver SiRNA for the silencing of GFP gene 
expression and polyplexes had the ability enough to do the down­
regulation of GFP gene, regardless of the absence of FBS. The 
efficiency oftransfection was not different from or significantly higher 
than LPEI. These results suggest that PAZ can be used as an alternative 
transfection agent with high safety and efficiency. 

842 Cryogel Kits for Plasmid DNA Purification 

Giine%ibar, Erhan.Ei;k.in 
Hacetlepe University, Chemical Engineering Department and 
Bioengineering Division, and Biyomedtek, Ankara, Turkey 
(*kibar@hacettepe.edu.tr, piskin@hacettepe.edu.tr) 

Genetic manipUlation in diverse applications including gene therapy, 
the transformation, transcription, ligation, sequence analysis, etc. are 
made by using Plasmid DNA which carriers the respective genes to be 
transferred to aninlal cells or microorganisms. It is specifically designed 
and synthesized, and then multiplied in bacteria, such as E. Coli to reach 
enough amounts, and then purified and used for transfections. It should 
be pure and in active form which of course depends on the separation 
protocol applied. There are various systems and materials available with 
advantages and disadvantages. In this study Yt is proposed to use 
polycationic cryogels as purification material. The main matrix that It 
have been used was polyacrylamide which is a well known material for 
preparation of cryogels with high porosities and highly open pore 
structures and N,N-dinletilaminopropil metakIilat (DMAPMA), 
polietileninlin (PEl), chitosan were included to create positive charge on 
the pore surfaces of the cryogels which would allow us to 
electrostatically adsorb the negatively charged plasmid DNA. Various 
cryogels were produced by applying standard cryogelation protocol at 
different conditions including ingredients ratios, temperature and tinle. 
Cryogels with different porosities and pore morphologies swell abilities, 
mechanical properties and charge densities were produced. Pore 
properties were determined by several optical techniques. Orange-G 
(negatively charged and fluorescence activity) was used to determine 
the ion exchange capacity of the cryogel columns. Parallelly, green 
fluorescence protein expressing plasmid was purchased and multiplied 
in E. Coli. Separation of this plasmid from these bacteria is under 
investigation by using different cryoge Is that were prepared in this study 
in orderto obtain the most suitable/successful cryogel type. 
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851 Myoblast Sheet Attenuates Late Remodeling and Preserves 
Cardiac Function after Left Ventricular Restoration in Rats 

Sbunsuke Saito, Goro Matsumiya, Shigeru Miyagawa, Atsuhiro Saito, 
Toru Kuratani, Hajime Ichikawa, Yoshiki Sawa 
Division of Cardiovascular Surge/Yo DepartmenT of Surge/ )( Osaka 
Un;versiTy Graduate School ofMedicine, SlIita. Osaka, Japan 
(*shunsaito@ymail.plala.orjp) 

Objectives: To evaluate the preventive effects of myoblast sheet on late 
remodeling after LV restoration (LVR) in rat myocardial infarction 
model. Material and Methods: Rat myocardial infarction model was 
established 2 weeks after left anterior descending artery ligation. They 
were divided into the following 4 groups: sham operation (n=8; Group­
Sh), myoblast sheet implantation (n=8; Group-Sheet), LVR by plicating 
the infracted area (n=8; Group-LVR) and myoblast sheet implantation 
with LVR (n=8; Group-Sheet+LVR). LV function was followed-up 
echocardiographically and maximal LV end-systolic pressure-volume 
relationship (Em.J and LV end-diastolic pressure (LVEDP) were 
measured using micromanometer-tipped catheter and conductance 
catheter 4 weeks after the operation. Results: LV end-diastolic 
dimension (LVDd) and ejection fraction (LVEF) significantly improved 
after the operation in GroujJ-L VR and ill Group-Sheet+ L VR. However, 
significant LV re-dilatation and decrease ofLVEF were observed in 
Group-L VR. Addition ofmyoblast sheet implantation to L VR prevented 
those later deterioration of LV function in Group-Sheet+LVR. Cardiac 
catheter study demonstrated significantly higher E.n., in Group­
Sheet+LVR (3 .05 ± 0.24 mmHgI~tL) than in other groups (Group-Sh: 
1.08 ± 0.19 mmHgllll, Group-Sheet: 2.03 ± 0.72 mmHgllll, Group­
LVR : 0.91 ± 0.66 mmHgllll, p < 0.05 vs. Group-Sheet+LVR, 
respectively) and significantly lower LVEDP in GroupSheet (2.0 ± 0.8 
mmHg) and in GroupSheeHLVR (1.9 ± 1.0 mmHg) than in the other 2 
groups without myoblast sheet (GroupSh: 5.9 ± 3.1 mmHg, GroupL VR: 
8.8 ± 5.8 mmHg, p < 0.05 vs. GroupSheet and GroupSheet+LVR, 
respectively). Conclusions: Myoblast sheet implantation may improve 
long term effect ofLVR for ischemic heart disease. 
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The importance ofpolymer blending has been increased in recent years, 
because of the preparation of polymeric materials with desired 
properties, low basic cost, and improved process ability. Chitin, widely 
distributed in nature, is a substance that sustains and protects the body of 
crustaceans and microorganisms. Chitosan is a polyaminosaccharide, 
which is produced by partial N-deacetylation of chitin. Chitosan and 
collagen are amongst the most abundant natural polymers in life. Both 
have intrinsic propel1ies that provide a strong but manipulable 
scaffolding structure in many multi-cellular organisms. The objective of 
this study is miscibility of high molecular ii-chitosan(of weight)! 
collagen blends in aqueous solution. The beta-chitosan was prepared 
form cuttlebone in laboratory. The chitosan with a minimum 80% 
degree of deacetylation was prepared. The miscibility studies of beta­
chitosanlcollagen in aqueous solution were carried out by viscometry at 
30 and 50, respectively. In this study alpha, beta-chitosan and collagen, 
as well as blends ofthese, were characterized and used. 

852 Isolation and Characterization of Human MesenchYlIlal 
Stem Cells Derived from Placental and Musculoskeletal Tissues 

Dhakoon Dhitiseith,' Nanhaphon Tan,~ Sittisak HonsawekJ • 

/ Biomedical Engineering Program, Chulalongkorn University. Bangkok 
10330. Thailand 
'Biomedical Science Program. Cilllialongkom UniversiTy Bangkok 
10330. Thailand 
JDeparfmenT of Biochemisny, Faculty of Medicine, Chulalongkom 
University. Bangkok, Thailand 
(* sill isak.h@chula.ac.th) 

Abslract Multipotent mesenchymal stem cells (MSCs) have been known to 
be easily Isolated and expanded from bone marrow aspirates and can 
differentiate into osteogenic, chondrogenic, adipogeoic, and myogenic 
lineages. These cells are attractive sources of osteoprogenitor cells for bone 
regeneration. ln this study, we characterized human MSCs from the 
placental tissues (Wharton'S jelly umbilical cord and chorion) and the 
musculoskeletal tissues (periosteum, meniscus, muscle, ligament) using 
primary cell outgrowth. After confluent within 2 weeks, each cell type was 
plated and cultured with a-I'v1EM, supplemented with 10% fetal bovine 
serum in 5% CO~. The isolated cells during passage 2-4 were ttypsinized, 
collecte.d, and stained .\\~th conjugated fluoresc.ent purified primary 
anlIbodles at predetermmed optimum concentralJOns (e.g. anti-CD29 
C034, C044, C045, C090, and CDlD5). The cell surface markers we~ 
identified by fluorescence-activated cell sorter (FACS) and analyzed using 
BO Cell Quest Pro Software. Osteoblast differentiation of MSCs was 
induced by osteogenic medium (ascorbic acid, dexamethasone, and lr 
glycerol phosphate) and tested using alkaline phosphatase activity assay. 
The results showed that these cells exhibited rapid proliferation and were 
similar to spindle fibroblast-like cells. They displayed high positive MSC 
cell surface markers such as CD2g-, CD44'; C090', COlDS' but did not 
express hematopoietic markers (C034', CD45'), The MSCs treated with 
osteogenic medium demonstrated high alkaline phosphatase activity. These 
findings implicated that MSCs could be successfully isolated from placental 
and musculoskeletal tissues and had the capability to differentiate into 
osteoblasts, which makes them obtain great osteoinductivity. 
Acknowledgements The present study was supported by Thailand Research 
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Chitin, found in the shell ofcrustaceans, the cuticles of insects, and the 
cell walls of fungi, is the second abundant biopolymer in the nature. 
Chitin and chitosan possesses many beneficially biological properties 
such as antimicrobial activity, biocompatibility, biodegradability, 
hemostatic activity and wound healing property, much attention bas 
been paid to its biomedical applications. Antioxidant properties of 
fungal chitosan from stipes have also been studied. Chitosan was 
prepared by alkaline N-deacetylation of alpha, beta-chitin for fl!J­
120min and its antioxidant properties studied. The antioxidant actJVlty 
was determined by the conjugated diene method. Each alpha, beta ­
chitosan sample (0. I-I 0 mglml, I OO~Ii) in 0.2% acetic acid solution was 
mixed with 2 ml of 10 ml linoleic acid emulsion in 200 ml sodium 
phosphate buffer (PH 6.5) in test tubes and placed in darkness at 25°C~0 
accelerate oxidation. After incubation for 15 h,6 ml of60% methanol U1 

deionized water was added, and the absorbance of the mixture was 
measured at 234 om against a blank in a UY/vis spectrophotomete~ 
Chitosans showed consistent antioxidant activity with inc~ase 
concentration. Overall, crab chitosan was good in antioxidant actJVlty, 
scavenging ability on hydroxyl radicals and chelating abilities. ~n 
ferrous ions and may be used as a source of antioxidants, as a posslb e 
food supplement or ingredient in the pharmaceutical industry. 
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