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Project Title: Development of Bone-Substituted Bioimplant Materials
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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 (DBM) 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 | (COL |) 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 | and ALP. In
addition, we analyzed gene expression by cDNA array. The result showed that the cells
stimulated with DBM had ratio treatment/control more than 2 times of biglycan, Transforming
growth factor, beta 1(TGFP1), Transforming growth factor, beta receptor 1 (TGFBR1), 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 (COL14A1). 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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neuntiniliieady DBM Tae Gao J waranuy Wil A.A. 2004 T41AN1NNsANEIANNAINITDUD
allogeneic demineralized bone matrix i@ resurface osteochondral defect lunszrng Inaannnig

-3

AulEg U intrinsic cytokines 1 DBM @:‘ﬁ’nﬁqlﬁm@ém?tyﬁmmLﬂgmuuﬂauﬂumaﬁmaﬁuﬁ
osteochondrogenic @10 bone marrow Ltatﬁwﬁ’)ﬁ‘ﬁ@mlfm osteochondral defect L6 ?ﬁlwmmu
Tmﬂms‘l,?:m bone marrow-derived mesenchymal stem cells muuimdé’m’?’m demineralized
trabecular bone matrix whawnzasailuiaan 3 5u wudnaadinnziulaseian waziasoyetilu
demineralized trabecular bone matrix @Wnﬁuadﬁﬂiﬂﬂdaqluu?Lqm osteochondral defect U84
nsesinetlungn 6-12 duann wudwﬁmssﬁamwuu’?wmﬁnsz@nunwémmnﬁq 95% /aun1sld
demineralized cortical bone matrix #1371 § subchondrol - bone LL@:%uuuqmwuﬁnsz@né'au
(cartilage) (Faduazunsnat widiauninainnisdenuaningld demineralized trabecular bone
matrix azny fibril Hudawarlifinnsunsniaveanszaneeu Teaanuaiiliuanslinsuin

demineralized cortical bone matrix @W@:ﬁ@mmuﬁ‘mum?%mmu osteochondral defect 151’[12]

Small intestinal submucosa (SIS) Telsnnananl&ianaeanydy submucosa laennsaan
@14 tunica serosa WA tunica muscularis 880 SIS Resmlsznauiilupeaaiiau 1o 1 wazaiia
1 3 H1NN91 90% wazEANLARAaAY THAT 5 uauanties [13] wanainiilu SIS geilisFuni
AuANTTAlUNITNSTAUNNTIRNA T BINIOUTAS  nzsunIsaTylAuuul s aad LA
alilsusanarailuarsdsainnlalnlad (cytokines) wiu FGF, TGF-B, epidermal growth factor
(EGF), vascular endothelial growth factor (VEGF) uaz IGF-1 1flusiu Tefinavin1inasnszeiunis
a al o L2k o a ¥ :’z v v a a v o v
IRTLARNATIUIBLE AU WHA TS s SIS nezsuliifianisneuaueInIszuLIANAuLA
3 =) md‘ [l = & = e ¥ a d'
viae HauanTRRMIzaNsenisEanzIe0Tas wasinmantiFlun1snsssunisaslatuulas

1RWTRAFUAWEA LS [1, 2] Zhao Lin warAnuy 1HmMIN1sANEA tissue-engineer membrane WAL
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\Wiaviunsyan (periosteum) Wwzanlyin vito wanaaauAIINa NI lunisvinlfinansa¥ng

e —~

Lf‘:ﬂlﬁﬂnsz@nmulmi Tneild porcine SIS 1l scaffold Wun1smzidos MSCs delunidduiiinly
Wi bone defect Lﬁ@mm@mumqummmluma‘nixﬁjumm%aLf':ﬂL‘E‘iﬂns:@n W91 tissue-
engineer membrane ﬁﬁmmmmmlumini:ﬁulﬁlﬁmmm?wLﬁﬁmﬁani:@nlﬁ [14] Suckow
wazAniz Wt 1999 lHMn1sAnsANaINITRU8Y SlSsifamm‘?m&mmmx@nﬁLﬁmmmunwém
2189n72ANY191U Sprague-Dawley  rat {flasan sis Lﬂud”m@ﬁﬁﬁml"ﬁﬁnmwmmlﬁdm Tae
s lunmeseinadBaanssuiioda lunsAnmiiléinnnsil SIS, demineralized cortical
bone %38 ovalbumin Lﬂ”jﬁlﬂﬁw?mmnsz@nﬁunwém LL@?Q@mm?én&jﬁmuwmns:@nﬁunwémlu
FIan%ii 3, 6, 12 uar 24 waldannn1sAnEnLA wdaanTiila SIS wia  demineralized cortical
bone 111 3 FlansT AL AAATUTIAASNTIN17UNINEAA8e mononuclear cells wdada widng]

dadiafinaulmily 3 dleusnwuiinszgnaeuiiatu uas 6 dlast wuiinnsaianszanluwyi

gnélasiag SIS [15]

e a A
ngilsrasArasinginisiee

Tasansidautdngsyacsiine

v o a o

1. wedAnwrAnatnnsalunisinuiwaznsssuliasdsunnliainisulasuulaady
AANTEAN LUNABANARDY

2. \NORTIRABUNATBITAAFANITLAT ULNNAIUINTDUTARINIIALN WaZANHINS

wassaanaestuniiadlunaldasuulauilugadnszgn

2
as =

3. aneaauANaNisalunsiniuasiaina i e n laiudanaitianszgn DBM

(- dl o = d‘ ) L3 v 1
nanagiuaisanidiayanldny sis insdasunlanfluaadnsrgnuaza¥iansegning

TudnInaaas

YAULYAUDINIFTARE

naadandaninnaununszgndiuiulinasedluigadiniziaes  (n  vito) Anminas
wassaanaastuluaniziasgliiflugsdairianszgn uaznasdninliiinsaeuudautwaad
nszanlunaanNAaad LazANEIAINAINITOT89 DBM waz SIS Tunsdninliiinasiasuuias

Whuradaivnszanuazaiensegnlmiludainaaes


http:6'l!l-.l1
http:6'l"J.I!l-.lt
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P2 . s
ysslegniinaindnaslasu

1. ldnsuleanuaiuisngaaasssuniitin (mesenchymal stem cell) un1sia3 ey W
Lﬂ?ﬂjauuﬂauﬂumaﬁn?:@mﬁfa“l,ﬁ?umsmﬁmﬁﬁmn DBM Lm:mmﬁl@uéﬂﬁmﬂ (SIS)

2. limsunisuansaanss AUt uIaUTassun1LLa (mesenchymal stem cell) lunisiasey
wanasuulaufhussdnszgnifleldfuainmiieaiain Dem Lm:mmﬁ@uéﬂﬁmﬂ
(S18)

3. Wmsudefnaniwaes DBM uazarnideydaldmy (S1S) lunswiiaatialhianisaia
nszaniud tneds cell-based bioassay

4. Bmsudepanuanunsnres DBM uazandiaydilduy (s1S) luniswileaiififanas

ainnsegnind Teansmsrasevludninaass
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aa o

28ALHUNNTIREY

Asasiianldlunsias

CO, cell culture incubator, centrifuge, micro centrifuge high speed, laminar flow hood,
ultrasonic, multiskan EX, water bath, thermocucler, spectrophotometer, electrophoresis

chamber set

EAUUNITIE

1. PTWFTEIN demineralized bone matrix

v

tnszansaliiduruinlszuin 119 udnidunszgniliniiinuazeain aantiuin

b

2De

unszani lavinliuiasatAa v (yophilization) Tnetindinieses freeze drier Wanszanlall
v 1 i

ualuuda9iIN1sAaNsBIIUIA AN aaLBINMINABUITRIBIERNITAN A LA AT AN

HCI Teazinsulaeuarsazats HCI Tusd Taevianaswaaunn o 49lus auasy 8 dalus lenasy
v | v | i

AIMINNTANEINTZANAUINGY ANTuE DBM wilsivialiusielnenisnn lyophilization (317 1)
o d’ ° dl < . o L)

wazthdaunilaninnsAns e iunnueaidan (calcium assay) lnansaadnliunuaaidas

fimdaegdat calcium reagent Arsenazo 1Il (DBM itinnldlun1s3ds  siasdiiSunniuaaidasd

wiaeay iy 3% reaiuinuaaionimuaiil) uszneunaziy DBM lldaeinunszuaunis

UsnAanniiia (sterilization) Iaan15au ethylene oxide gas
2. N19wFeIN small intestinal submucosa (SIS)

thanl&idnaesmyaniildannisesidadénainanuazenn wazsalmilugunneszanos
3 110 Aniuianaandu musculars externa T serosa LAY mucosa aaniieliinaeuAtY
submucosa 183 Mnsvintu whatinluddan 70% ethanol siaui iUt Ly sterile cold
defonized water sl antibiotic (penicillin + streptomycin 200 WUL/NARAAT) (gﬂﬁ 2) WA9HNNEN
\Asaaunili (grinder mill) 1¥azi@en ANttty 3 % acetic acid Haufy 0.1% pepsin LAz
é”mnmfafanlﬁumﬁwﬁﬂnﬁu V) phosphate buffer saline waqtinlinn lyophilization 11 SIS 1‘7{1&

517 3) naunazin Ut lAtunszuaunisUsdannid@e (sterilization) Inanis

Y

\Wiungouugi -80°C (

b4 .
AUM9El ethylene oxide gas
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3. MsugniassiunuiinannigeRunszan (periosteum)

ﬁ’lL?J’r]ﬁ:un?:Qnmﬁ’l primary culture Tneg outgrowth technique LATVINITRNAUIY

1'%

o
\IAN L
4. NIATIAINATI NI TRNS

4.1 A59AIEH Cell Surface marker (CD antigen) 2@4iaasuANIaaINaNIEB%Y

nszansBIMALA flow cytometry

o d’lﬁ‘ v d“ v dl b % ac

NINNIPILTINTAGN LAANNNTINNZIRENLAUsZuN Y passage #1 2 — 3 @0eds
trypsinization tUAITAGAE PBS NHEIUNANT89 sodium azide WA BSA UATNINTULNIIARAS
15 mi centrifuge tube M lduaaaaztlszunns 500,000 waa tnaldaaduilanasnranismagay CD

. 4 a ol ] v 1o [y Y R . v q .

antigen wierila wariidnuilanaeanlivinnisdiensan antibodies 1o Wiilu negative control
NN CD marker antibodies WAAZH2 (CD29, CD34, CD44, CD45, CD90, CD 105) «n
incubate Tuila wiluwuwdetszunn 20 wri arndutiandnsli PBS @119 2 $81 W&9NINNT fix
|as Y PBS NHldiunanans 0.5%formaldehyde flunan 5 uniluiiia aaniuasindeses BD
FACSCalibur {Va3tAT1z¥NNsLanI88na89 CD antigen Lutiataasaly udaninnisiimszitenadn

U

lamaalilsunsu BD CellQuest Pro Software

4.2 MIANHINTIFATUIRNAUIUTBAUTARBUANTARINANIERTNNSZAN

° ay 0 = lﬂl £ vy v v d‘ ] s s é’
UNIARAUNLTARINEBR NN ITANNINTEAUAILATNTLEUNUANFNAY AITl
NANGI8ENY - NITFUAIY SIS 5, 10, 20 NaaniN/flask
- N9zFUsat DBM 5 Hiaaniw/flask
- NFEFUsaE DBM 2.5 Hadniu/flask nanriu SIS 2.5 Haani/flask
nguacuAn - WdldFunienszei
udanmnwnziaeailuingn 3, 5, 7 waz 10 Ju AaNuINNATI e M NNNeT IR NAUIUTDUT A
v o a dll % d@I a o [ Ty ad - rd.d
pufliaaINEaiuNIAn TIATITIAINATBIUIARAILAT tryphan blue staining assay ({IAANH

aa

Tinetjarlifinddonaas tryphan blue dautaanagazfin@danand tryphan blue ndunRu)
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NFANUIANUIULERR

o

AUILERATHTIR = AlaRETe9IuTadT iRAR X 10°x dilution factor
10° Aa suNAsFanite square
4.3 NMIANHINAT9 DBM Uaz SIS Aan1siiin osteoblast differentiation Inein1suansaan
apefiufiididenslanuuafiuadnzgn
4.3.1 ANHINTUAAIBBNTBIEUAREAS Reverse transcription-polymerase chain
reaction (RT-PCR) analysis lngimnnnsuisiflungu il
- NFTEUAY SIS 5 HaAN5H
- NFERUsNE DBM 5 Hadniy
- NFEAUATE SIS HaNL DBM 88invay 2.5 Hadniy
- ngumauax (WldFunenazsiv)
MN9nssiiuegn 0, 3, 5, 7 uaz 10 4%
4.3.2 N138NA RNA
innsaifn RNA snaagiuiniliaanniiedunszgnéa RNA isolation RNeasy
Mini kit (Qiagen) ANtTNTATEE AL RNA TilE e spectrophotometer
4.3.3 NTAINNATIEANY osteogenic cDNA array analysis
anmimaaeduanaia RNA sesassuiiisannidedunszan lunguaaunw
711650 DBM wazngumaseditléiu DBM ({uinan 7 Fu wdaianisuanaia RNA 1in

d. as % o sa; | dl a v . . ::/ °
total RNA V]LLﬂﬂﬁﬂﬂlﬂN’m’m’]ﬁ‘Lﬂ@ﬂuLﬂu cDNA TNRAAfaINA9E biotin AMNUUNINIG

) 1
v a

hybridization 41U cDNA  array  Wamsaagaunisuanseantestiulaiiiasdeeiu
NITUAUNTTREIINTZANUW human osteogenesis gene arrays T9HAIUIN 96 B ANNTT
Annzinmilaleaandalisunsy ScanAlyze Aw#ldainnsaBLfIAR LML
array WaEAAMEUAATqaLY array nlaanisdaanudulaalfuimeuAriuudeaaausiy
v o 1 as b 1 1} ={ = )
array u@ntiunmiAgnsdaunnadnaeusazqareuaziy lnaFaufauseudng
NRNNANBIAUNGNAILAN BATI4UNTAININGT 2 WARAINTNITUARIDBNLANTY (Up-
) o da v ' v A .
regulation) 8RFNAIUNNATRENTN 0.5 wlanadniinnsuansaananas (down-regulation)
o a p= P v el e .
ANTI9T 1 UARITE MNNELAT LAZINURZIBATDIEULARTEUNDL LILWHY CDNA array 1u
Weiu cDNA array iiEiu PUC18 flusmruanidsay (negative control) waztiu GAPDH,
cyclophilin A, RPL13A uag B-actin wusaAruauidsuan (positive control) F41aun

ATNIUMIARRtLATE LA Rug I YIN Y
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4.3.5 NM9RPARGIUNANIIANBIN1TWARIBBNTBIEY CDNA array
¥N19ATIAREA1INTUARIBEANT8EW cCDNA array #2835 RT-PCR analysis
Tneld RNA 100ma8nguAILAN WazBadNguMARD R LT ldANYNHaEAE cDNA
array WdannnnImsaatiududog RT-PCR analysis Taannsiaently biglycan §ruivLiuiis
NMTULAAIDaNIRNEY WarEL collagen 14A1  @rnfuBiuifinisuantaananad uarld
GAPDH \{lugiurauau |
4.3.6 n3daAs1zi cDNA 1948u osteoblastic marker $9833 RT-PCR
lneld RNA - Fadaldannieadiuinfliaanidedunszgniflufuuuulung
ATz cDNA LL@Zi‘ﬂWﬁ‘LN@ﬁ{Vd{’sﬂLWWtﬁi’agu‘ﬁlﬂ’JU@Nﬂ’]ﬁ‘LL's‘)ﬂ\‘i’ﬂ’ﬂﬂﬂJ‘N alkaline
phosphatase (ALP), Runt-related transcription factor 2 (RUNX2) W@ collagen type |
(COL 1)
4.4 nMaAnEna1ad DBM waz SIS Aannsiia osteoblast differentiation #2833 alkaline

phosphatase assay

4.4.1 MNTANEINATD DBM, SIS waz DBM NANNU SIS FAANTTINA osteoblast

. x v Y o a aﬂl + % | < 2 v v
differentiation AAILTRQAUNNUAINNLEBUNNTEAN Tmmmuﬂun@mwnmin?:@u AN

- NILFUGng SIS 5 Naaniu/flask
- NsTsuRaE DBM 5 Nadniu/flask
- NFLFUA9L DBM 2.5 Hadniu/flask eaniu SIS 2.5 Naanin/flask

- nquasuAx (liunsnszsi)

Fuan 0, 3, 5, 7 Waz 10 31 ANTRINNTANLIABIAT L RTEEUNNI NI LEea alkaline
phosphatase lagifFaunauiuLFun aulsutanunrestad
45 nNTANEINAT23 DBM  osteoblast  differentiation #9835 alkaline phosphatase
staining assay

NNINARDILABININAGELNNTUARIDANTEY alkaline phosphatase $2WinLTadH
1411450 DBM waziaadnlasu DBM Taedd alkaline phosphatase staining assay Favnle
Tnaaadazgn fix 6ot formaldehyde/methanol W&9MNN1séiaNsat propandiol solution i
i 1-naphthyl phosphate sodium salt Lﬂums;hﬁu uae variamine blue B salt L{luans

v
< o

aaa A : . R 'S a o
fian Ujisunldnaausia akaline phosphatase staining assay (IadazAARNUIRUN
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wandliil osteoblastic differentiation  jRsENlAnaUINGe alkaline phosphatase
R ¢ a a ] d' -6
staining IafarAnANUAs wansdrinsilasuulaniluaadnszgn
4.6 N3ANIN19NTE6ulHIAA new bone formation 493 DBM, SIS WAy DBM nauiiu SIS
ludninaaas
nnsAnmamuatunsatunisnszeuliiiansairansrgnIndlunymeaas Tned

nsutilunguaAcuAN LasngunaseIniaNIgila Aall
NANAILAN - Gel foam®
NAUNARDY - nsTRumat SIS 20 HadnFu

- NITAUGIE DBM 20 Hadniu

- NITAusie DBM 10 HaAnfu naniu SIS 10 Hadniu
Tnevinnistlaanssnad s sludundnaiiailuingn 6 4Ua1 wdsainasuiiuagn v

o X y & = . & g . X XX,

NSALLLEBLERAIUNANNIEETAL °] UTININIgEansmaae1e L duilieiianivianig
Aaszdt Tnevinnisdiand@dian hematoxylin & eosin IN@RTIATATITILTHIITBINTERANN

Y X o
AL RCTATYATEY

N15ATIRTBUR

mmstiususndayanldainnisAnsluusazngu tanadaumiAade (mean) waz
ANDELUNNIAT§IU (standard deviation) ¥adeyanldiainnisAnmanldlunisuFauiiauaaiy
WANFNNATATENININGUNARDY LALN unpaired ttest 138 Chi-square tests tnaaziiadnAy

o o

wanseiuiidadnAynisatiaisadie p < 0.05
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AN9199 1 BTAUAZIHASIRLATAIEUTIUAAILIU osteogenesis CDNA array

No. | GeneBank | Symbol FHPRLRLT . W postantions

1 NM_000478 ALPL Alkaline phosphatase, liver/bone/kidney

2 NM_001154 [ ANXAS Annexin AS

3 NM_000047 ARSE Arylsulfatase E (chondrodys_plasia 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 BMPS Bone morphogenetic protein 5

11 NM_001718 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 1A

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

hyperparathyroidism)

16 NM_000072 CD36 CD36 antigen (collagen type | receptor, thrombospondin receptor)
7 NM_005505 | SCARB1 Scavenger receptor class B, member 1

18 NM_015659 | RSL1D1 Ribosomal L1 domain containing 1

19 NM_000493 | COL10A1 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 | COL14A1 Collagen, type XIV, alpha 1 (undulin)

23 NM_001855 | COL15A1 Collagen, type XV, alpha 1

24 NM_001856 | COL16A1 Collagen, type XVI, alpha 1
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No. | GeneBank | s W e

25 .NM_OOO494 COL17A1 Collagen, type XVIl, alpha 1

27 NM_001858 | COL19A1 Collagen, type XIX, alpha 1

28 NM_000088 | COL1A1 Collagen, type |, alpha 1

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

30 NM_000090 | COL3A1 Collagen, type Ill, alpha 1 (Ehlers-Danlos syndrome type IV, autosomal dominant)

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

32 NM_000092 | COL4A4 Collagen, type IV, alpha 4

33 NM_033380 | COL4AS Collagen, type IV, alpha 5 (Alport syndrome)

34 NM_000093 | COL5A1 Collagen, type V, alpha 1

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

36 NM_001852 | COLSA2 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_000396 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_005247 FGF3 Fibroblast growth factor 3 (murine mammary tumor virus integration site (v-int-2) )

46 NM_000604 FGFR1 Fibroblast growth factor receptor 1 {fms-related tyrosine kinase 2, Pfeiffer syndrome)

47 NM_000141 FGFR2 Fibroblast growth factor receptor 2 (bacteria-expressed kinase, keratinocyte growth
factor receptor, craniofacial dysostosis 1, Crouzon syndrome, Pfeiffer syndrome.)

48 NM_000142 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_002026 FN1 Fibronectin 1

51 NM_004962 | GDF10 Growth differentiation factor 10
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‘52 NM_000201 ICAM1 Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor

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

54 NM_000875 IGF1R insulin-like growth factor 1 receptor

55 NM_000612 IGF2 Insulin-like growth factor 2 (somatomedin A)

56 NM_181501 ITGA1 Integrin, alpha 1

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

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

59 NM_000632 ITGAM Integrin, alpha M (complement component receptor 3, alpha; also known as CD11b
(p170), macrophage antigen alpha polypeptide) .

60 NM_002210 ITGAV Integrin, alpha V (vitronectin receptor, alpha polypeptide, antigen CD51)

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

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

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

64 NM_005902 | SMAD3 SMAD, mothers against DPP homolog 3 (Drosophila)

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

66 NM_005903 | SMADS SMAD, mothers against DPP homolog 5 (Drosophila)

67 NM_005585 | SMADG6 SMAD, mothers against DPP homolog 6 (Drosophila)

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

69 NM_005905 | SMAD9 SMAD, mothers against DPP homolog 9 (Drosophila)

70 NM_002425 | MMP10 Matrix metallopeptidase 10 (stromelysir; ?,)»'v~

71 NM_002427 | MMP13 Matrix metal!opeptidase 13 (collagenase 3)

72 NM_004530 MMP2 Matrix metallopeptidase 2 (gelatinase A, 72kDa gelatinase, 72kDa type IV collagenase)

73 NM_002424 MMP8 Matrix metallopeptidase 8 (neutrophil collagenase)

74 NM_004994 MMP9 Matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase, 92kDa type IV collagenase)

75 NM_002448 MSX1 Msh homeobox homolog 1 (Drosophila)

76 NM_002449 MSX2 Msh homeobox homolog 2 (Drosophila)
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Nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 (p105)

77 NM_003998 | NFKB1

79 NM_004348 RUNX2 Runt-related transcription factor 2

80 NM_001235 | SERPINH1 Serpin peptidase inhibitor, clade H (heat shock protein 47), (collagen binding prolein 1)

81 NM_001235 | SERPINH1 Serpin peptidase inhibitor, clade H (heat shock protein 47), (collagen binding protein 1)
82 NM_000346 SOX9 SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal sex-reversal)
83 NM_003118 | SPARC Secreted protein, acidic, cysteine-rich (osteonectin)

84 ' NM_000582 SPP1 Secreted phosphoprotein 1 (osteopontin, bone sialoprotein 1)

85 NM_000660 | TGFB1 Transforming growth factor, beta 1 (Camurati-Engelmann disease)

86 NM_003238 | TGFB2 Transforming growth factor, beta 2

87 NM_003239 | TGFB3 Transforming growth factor, beta 3

88 NM_004612 | TGFBR1 Transforming growth factor, beta receptor | (activin A receptor type Il-like kinase)
89 NM_003242 | TGFBR2 Transforming growth factor, beta receptor I (70/80kDa)

90 NM_000594 TNF Tumor necrosis factor (TNF superfamily, member 2)

N NM_000474 | TWIST1 Twist homolog 1 (acrocephalosyndactyly 3; Saethre-Chotzen syndrome) (Drosophila)
92 NM_001078 | VCAM1 Vascular cell adhesion molecule 1

93 NM_000376 VDR Vitamin D (1,25- dihydroxyvitamin D3) receptor

94 NM_003376 VEGF Vascular endothelial growth factor

95 NM_003377 | VEGFB Vascular endothelial growth factor B

96 NM_005429 | VEGFC Vascular endothelial growth factor C

97 108752 PUC18 PUC18 Plasmid DNA

98 108752 PUC18 PUC18 Plasmid DNA

99

108752

NM_002046

PUC18

GAPDH

PUC18 Plasmid DNA

Glyceraldehyde-3-phosphate dehydrogenase

NM_002046

GAPDH

Glyceraldehyde-3-phosphate dehydrogenase
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105 | NM_021130 PPIA Peptidylproly! isorﬁerase 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 L13a

110 | NM_012423 | RPL13A Ribosomal protein L13a

111 NM_001101 ACTB Actin, beta

112 | NM_001101 ACTB Actin, beta

< °o o i o ' i
A19199 2 aduaaas insasiamizsatiuiAuANNITLANIBAN T8I RUNX2, ALP, COL | U8y

GAPDH

Size product | Tm

(bp) (°C)

Name Sequence (5-3")

Forward : 5 CCCCACGACAACCGCACCAT 3
Runx?2 270 64
Reverse: 5 CACTCCGGCCCACAAATC 3

Forward : 5' TGGAGCTTCAGAAGCTCAACACCA 3'
ALP 453 60

Reverse: 5" ATCTCGTTGTCTGAGTACCAGTCC 3

Forward : 5' TAACCACTGCTCCACTCTGG &
CcoL | 461 60
Reverse: 5 GGACACAATGGATTGCAAGG 3’

Forward : 5' ACCACAGTCCATGCCATCAC 3
GAPDH 452 60
Reverse: 5 TCCACCACCCTGTTGCTGTA 3
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NAN15IE

v
o o a

nsAnmANuatnsaluntsnsssuliiianisaianszanaasar LG nuyduduiialagn

U

v
o

waziilenszgnisunisamBanaundeus lun1aeiousildvydu submucosa wudiugaannii
Ansaendl musculars externa uAYdu serosa san s1ldwuiidnwusfuEiedan Tanuwilen
U 1) avntwidldmydouitlduniuldes@uanniiqeaudlu 3% acetic  acid nawfiy
0.1% pepsin Whaasn 48 Falug udasinlifuiadannszuaunis lyophilization WU lduyiinag
inesamuiludauiisiaanuuiien (gﬂ‘?i 2) WATRINNITWFATEN DBM  WULNANHTUNITUIA

$:1m319125-850 Tuasau Ndmagu (317 3)

()

519 1 anmoszaesanldidnmy 519 2 Anmouzed SIS
(a) al&idnuyan
(b) ﬁﬂmlﬁnuuﬂ‘ﬁ'ﬂ muscularis externa

(c) ald @nuydu submucosa

51l#1 3 AnwuzT93 DBM
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NITUENAIZLAEILAT IR NATBIUT AR FUATBARINLEDRNNITANAI8TT outgrowth
technique (primary cell culture) WudMMAIAINRINITINTzIReaiEialy T25 flask WWavinnsuen
wassundaaNEaiunszaniiiung) 7 du nulgadasyinnauuEasafensautuiiaibie
(317 4) LATIHBIAAHIIUIUNINTU AN INITRNIIUIBIIRATALNITAAN TR RADNAINNITUS
WWITIRENAQE 0.25%  trypsin nnasiwaziaealy  T75 flask 1N O-MEM,  10% FBS  Wwas
penicillin/streptomycin 100 wust/AaRART WUINEARAUANNAINIERNNTzANNANHUZAR

& d‘ d‘ & o A o 4!4 3 c‘l’ v ] o .-‘:4' v
A fibroblast (1% 5) AT FATYIRNAIUIUNINTUAUANANTUZIRIZIAEN LRI NIEN 15

1UMN170A LRI TR NA MU UE ARSI UALEA UazTlATIZANITIa T URBUIL R U A g

wasruitaliihwaadnszan

P s a a o P o v o o ey © o A A
51U 4 ladIRTRNAWINEENFAIReNTE 51 5 Anrouzreusadsunliadnilae
xg dl L2 ° o 2% Qg vy
LBLEIAUNNTEAN (NIRITLINE x4) wunszAn (N1893E18 x10)

INNFIATIZUNITULAAIRBNTEY CD antigen UURAIRALAEILAEN CD34 U8 CD45
‘lé;ﬂl.‘ﬂu hematopoietic stem cell (HSC) markers 1511l rule out exclusion WAZLABN CD29, CD44,
CD90 way CD105 %uﬂu mesenchymal stem cell (MSC) marker (rule in inclusion) ﬂ?’mg'h
Lﬂma‘mnLéﬂﬁunﬁzqnﬁmmaﬁmﬂnmm HSC markers #ea#ndn 1% lABNNITUAAIDENTDY
CD34 < 0.02% uaz CD45 <0.29% muady lusnsfiiinisuanioanaes MSC markers 1u
s2AUIga Faki CD29, CDA4, CDYO Wax CD105 HNMTUAAIRENS I 92.99%, 99.43%, 99.43%
WA 55.47% ANNAAL (gﬂ‘?‘; 6) ﬁa&uﬁqnmqlé’dwmaﬁﬂgugﬁ periosteal derived cells HAMANTH

TRUTRA mesenchymal stem cells
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Sanpie ID: Periostesl P3ney
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g Penostesl P3neg.001 g Penosteal P3neg 001
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B 8
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1w 10! 1w0? w 10 w0 w0t @
ALaHaght AL

Seapke D: Peristenl P2 nag
Aoqasition Dide: 29-Jan-(8

Muker Left, Rigit  Events % Gated 5 Tatal

Sampie 10: Penastea P2 neg

Maker Lo, Right  Events % Gased % Totah

A LW 05 Wm B4 1, @0 %5 Wm 8O ML, %00 46715 10000 934 A 4,000 %715 10000 B4
M4m0 1 0z 0 M30,%0 14 01 063 ML 20,000 24 005 0f5 Wio2,90 M om0
o Pesiostesl P3CD.002 . .
2 3 Periastasl P3 CD4.0M g Pedsten P3C029.006 o (Pidested P3COG00F
2 3 8
2
s § g 8
2
23 |7,." a w8 °
g 35 g
is ia 3 " £ T
oL OQ7 0:% 3§ "
s g £ 8
2
o o o °
Wt e w ot s @ ae? T LT S W@ Rl e et
COMFITC CDH PE PEOYS.S D45 APC

Sanpke D: Periostest P3 44
Acquistion Date: 26-Jn-33

Sanple D: Periostenl P3 CD29
Acquisiion Date: 29-Jan-08

Sunple D Peniosteal P3 CD45
Acquisition Date : 29-Jan-08

Marker Left, Fight Events % Gated 5 Total Mearkes Left, Rigt Events % Gated % Total Werker Left, Right Events % Gated % Total Marker Left Fight Events %6 Gated % Toesl
A1, N8 4761 10000 B8 AR f, W10 47083 10000 B Al 19910 43064 10000 9613 A 1,910 47741 0000 B8
Wl 40, 916 0 o 0w MO, W0 T3 ND KA M2, 0910 4640 BT RN M 20,96 140 023 028
s Periostesl P3 CDY0 003 3 Periostedd P3 CO105.005 3 Periasteal P3neg 591
- - =3
g o8 2
i N M ¥
88 52 g
21 8 y
¥ I 2R T e e
1 4 1 [t} i 10
o mﬁm 10 ik
Sample ID: Periosteal P3 CDI0 Seanple - Periosteal P3CD105
Acquisition Date: 20-Jan08 Acquistion Date" 29-Jan-08
Mearker Left, Right Events % Gated % Total Marker Left, Rigt Everds % Gared 5 Tolad
A 1,010 47700 10006 %540 A 1,916 %6 10000 B0
W, 910 09 N 94K M1 30,9910 2605 5547 5321
8 a o o
g 3
: . ‘) :
28 ] 28 £8 e
38 38 3 ¥ 5g \ 3g M1
© o& &7 38
a o o o
8 8 8- 2
° 0 1 o o3 (] o 4 ;’2 ~ ] CE =)
w0 L ! L L 1 1 1 0t w2 s a0t 0w e w ot
CO34FIIC CDa PE COZI PECYSS D45 APC
Key Mome Perameter  GateKey  Name Paemeter  Gat| Parsmeter  GaiKey  Name Paraneter  Gate
Perostesl PICO04.002  FLIH NG Periosted PICOM4.004  F2H 8o ( Periosted PICONO D06 A3H 73 Perostedl P2COG 007 AR Mo Gate
Penosted P3reg 061 FLIH foG__ Panosted P3neg 001 FL2H HoC__ Percites P3neg 001  FLOH HoG__  Perostedl Pineg 001 FLA4H Ho Gste
8 b3
a 2
g ¢
s o
25 283
344 2s M
§&7 3]
8 8]
o & 7 ~r o v hd o
w0 o' e et W oW e et
CONFAT D105 PE
Key  Hume Paraneter  GeKey  Mame Parsneter ~ Gate
Periosted PICDWV O3 FLIH o+ Periosted P3CDI05.005  FL2ZH Mo Gate
Perocies FIney 001 FLIH Mot Perfostesd P3reg 031 FL2H fio Gste

31% 6 wana 2D histogram 47N CD antigen FUAFNIIAUTAR periosteal derived celis
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AINNNTANHIEAT89 SIS AT DBM Aanisiasiiulintinanuiuaesassiuniiinann

= 2 oo N v A o val = P '
wenunszanlun1sIfadldnszgnitnunisantfsunuinasusniifiunuuaaidaiivaans

U at

o a

Hanndn 3% warldnuumadsuniiaainitieunszanusiu s x 10° aad/fask wirfunnnga

N1INARes ANUUAINITNsEuEassunlianlaa nitiagunszan udaninasdusanuiuEas

k%

oo ac .. P ar o a v '
NUTIRAILIG tryphan blue staining assay LHaATU 3, 5, 7 WaT 10 AURKIRINNNTIEY WLIN

IARIEIARNNITANUAIRINGNNTEHUAIY DBM 5 Naanin udud 5 19adidauon 1.3 x 10° 1988

'
o o o v

JUN 7 NAIRINNTEAUTARNATUIY 2.99  x 10° 19848 LAAI IHLHUINTRAUNITIANRIIUIUNTY

q

] = o o/ Aﬂl =l o 3 d‘ xS k% -al d‘/ [ T Adl
atnaldudA (p<0.05) asufunguaALANNliNNITNTEs LazIiNNgITuatineaLiiag

1
= o

FIRANTURINGATUIUN 10 UAIRINNTLFUTAANA1UIM 3.3 x  10° 1984 uaalfiiudnassy

q

1%
=< ] o ar

nsRNAULINatNTTEAATY (p<0.05) WaWsuiunguAuANTin1snszFu (3% 7)

60 W
50 -
40

........
30 | Limessett |

20

AYUIULTAR x10,000 LZAR)

-10 J

519 7 na109 DBM slanisiasiuiinduusssassiuniinanigaiunszan (* p<0.05)

HAAINNITANHIAINAINITOTDS SIS AaNTLas U RNSTuuEasEunlaaniay
nszan Inanszeusan SIS TuFunuansneiy wudrlunisnsesiudas SIS Usunns 5 iadniu lu
o A _ a ' a a o - | \ A o o aad o 5

uh 7 Huasan1sIad RN UL UTAREITUAL TR ATY (D<0.05) FAFHAIUIN 1.78 x 10
[ ar d‘ aal o ] a aa o - .é’ P o o rd’
ad uarluiui 10 19843 91U 2.48 x 107 1988 IARNANUIMANTUNINNGR A UFULTAEN
nszBuse SIS Fnnm 10 Haaniu lududl 5 A nnszsugadiauan 1.51 x 10° 1984 Jn1g
INNgaTuReiiNEd AT (p<0.05) S UIULTARIANNTUGIZALWIUT 10 wAIaINNIesu Higad
tszann 2.49 x 10° wad uazlunisnszsiudon 5 wia 10 Haaniu ludun 10 liuansiraiulunig
aa el v 9 - o o i o o _ao 1 o 5
aDB doulgaannszsiuion SIS 1Funa 20 Hadndu wudrludun 5 B9 uugadLyingu 1.04 x 10

3
o o 4

- e a - X | A a o ' v a a
AR LIRANNITLITIULNNTUY ﬂﬂ’]\muﬂﬁ’]ﬂCgLZJﬂWlEmﬂUﬂQNﬂQUQN (p<005) LLANNNTLRTELLNN
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uautiesndilunguiingzaiusdan SIS 15370 5 uar 10 HaanTu uasaliiinuga SIS 151 5 uas
10 faanfu dualunisnsziuliiianisiasginsuaulaaign uazifluiBuiuiimunssanis

W lunnsnsesuliiianisasinauuaasad (U7 8)

60

—e— control

50
e e SIS 5 mg
£ 40
o
8 — A~ SIS 10 mg
=) *
> 30
\g 1 = = SIS 20 mg
L | e

* ..."/

=2 T e’ I
2 A &Y = -
& =LA

10

517 8 na1ea SIS AaNARTYIRHANIUIBUIARFUN TR NIERNNITAN (* p<0.05)

anuanMIaaRneuwing SIS 15w 5 f9ani waz DBM 5 fiadniu faamamnse
lunsnszdunisadniuduauldangn Judaniiazl9iBinuees DBM uaniu SIS sauiy
5 iadnFu Taeld SIS uay DBM tieas 2.5 HaANTN A1NN1SANKIANANNTOYES DBM Hauiy
SIS ﬁiamsm?cyl,ﬁu'iﬂmummmaz&rﬁuﬁmﬁmmmﬁﬂﬁuniz@n wudnlufuil 3 iradiidiuou
1.86 x 10° maa‘maﬁﬁmm?tyLﬁufiﬁudu@q‘%uatmﬁﬁﬂéﬂﬁ’mtﬁmﬁﬂuﬁun@umu@u (p<0.05)
LazEaARNTIT oy RduIugeaaluTuR 5 Tadiiniu 4.83 x 10° Wad WadHinaeiois
fiWW@ﬁ%ﬂNﬁﬁﬂﬁﬂﬁ@Lﬁ'mﬁﬂuﬁumﬁumuau (p<0.05) waziinisanasluduil 10 udeann
NEYEUITARTI AL 4.13 x 10° e iradIi T RIS wIugeaueseiiludddiafiouiy

NANAILIAN (p<0.05) (gﬂ’ﬁ' 9)
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519 9 ta199 DBM Hau SIS Aanisiasyiinauuaasgassunibnainitiaiunszan (*p<0.05)

s Beuisunisas RN wBsesgassunliasnitafunszanuasa Nl

N1INTTEUAYE DBM, SIS Uaz DBM naumill SIS Wudmaeannnszsudoe DBM uanfiu SIS ing

1 <

G a‘ o é’ t ¥ as ¥ ¥ <t o o :’/ tas d‘
FRTOUNNITUIUGITUNIMNQUNLATUNITNTTE UATE DBM Laz SIS INeNTUALAIIANLAIUN 3

UARINNITE WATHLGITUN 7 MRIRINNITEUAL DBM NITIATaURHAWINIadasgandn lung

. s

d. Yo v 1 % 1 « Y o a dl % I o -al o i/dd‘
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WAIRNNITEGAE DBM Haniiu SIS (319 10)
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g - o .

AMNUANITNARDIAFIARAUNTUASIBANASIEUNATLANNITIATYRBILLLReu s el
lwasaiNszanTIaEsdsuiLtaanitieunszan laeld primer N mnzsaduntinisusasaan
199 ALP, RUNX2 uaz COL | Tun1s3iAs1siinnsusniaantastiu RUNX2 wuda 8 RUNX2 &
U4 270 bp FTALNIIUAAIABNTDIEW RUNX 2 HIRINNITHUAIE DBM, SIS, DBM manfiy SIS
uazngui lildfuninsssuiiszauntsuassaanlugngdan RUNX 2/GAPDH winfiu 0.80, 0.74,
0.78 uaz 0.72 ANAIAL MAIRINNITNTEAUATE DBM, SIS uar DBM mauiy SIS wudndisea

5 d‘ ~ o 1 d‘ M Yo % ﬁl <~ o U g dl p ¥ ¥

msuampangaiuiiaiauiungun bilfiunisnsesu Wamauiuszudnainguildunisnsesusian
DBM, SIS uaz DBM Hanfiu SIS wudinguiinsvsiusae DBM Hszfunisuaniaangaiigaie e

Aunguaw (3% 11)

RUNX2 270bp 300 bp

GAPDH 452bp 590

7k R

maker  hifinagnszeiu +DBM7du  +SIS7 AU DBM+SIS 7 Tu

(a)

o ¢
&
=4 1.5 4
O
o~
x
= 1 4
=)
o
=
<
& 05 -
@
0 - .
Sis

control DBM DBM+SIS

N{UNNTVIARAS
(b)
d =~ v o a -S' 2%
gﬂ‘n 11 NTLAAIRBNADIEIW RUNX2 IummmumLum'mmﬂvjunﬁ‘:@n
(a) N1TLAAIRANTUAIEIU RUNX2 39NN15aaaLsaeiis RT-PCR

(b) FLALNTUASNDANTDIEI RUNX 2
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N1FALATITINITLAAIANTAEIW ALP WLLDLT83 DNA w1 453 bp aniudiasz
AMIEHERLDL DNA w1 wdsaniinszsiuiluagn 7 94 szAunisuanseanasstiu ALP lugas
#laFunsnsesiuson DBM, SIS, DBM aanriu SIS uazngudi i lafunisnsssuiiszdunisuansaan
lusimsnda1 ALP/GAPDH N 1.31, 1.44, 1.6 WAT 1.25 ANNAIGL WUINUSIANNTTEUGAS

o = = 1 :,/ ~ Par Y Yar
DBM, SIS usy DBM manfiu SIS dinsuaasaanasstiu ALP luynnguisilaiuusslailéfunis

nszsiu (319 12)

ALP 453bp 500 bp

GAPDH 452bp 500 bp ———

maker  lifimsnssdu +DBM7 A4 +SIS7 49U DBM+SIS 7 fu

(a)

T 48 4 ‘
a |
<C |
(&}
5 1
<< 1 4
=
L e
%
g |
&
®@ 905 —|

|

l

|

. iy ,
controt DBM SIS DBM+SIS
NRANNITNAAD]

(b)
51 12 nsuagsasnaestiu ALP Tugadsunilinanitiadunssen

(a) NTUARIBANTAIEW ALP /RINN13NAR/BUALEAT RT-PCR

(b) FEAINITUARIEANTBIE U ALP
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TuNFIRzin1uaneeenTeeie COL | wuwaLaad DNA AlANawIm 461 bp wugn
WAIANNITBUGE DBM, SIS, DBM manniu SIS uazngud liléfunisnsesiu ey COL | szaunis

uanaanludmsndauw COL /GAPDH Wil 1.23, 1.43, 1.52 48z 1.12 ATNAIAL UAIRNT AU

1
=]

n1TNsTsUAaE DBM, SIS waz DBM maniu SIS HszAUnIsuanieanya@s COL | 943U sauMangu

Tdlesunisnsysuiiinsuansanstiu COL | (31l 13)

—
COL1461bp  goopp -

maker Lilininszdu +DBM 74U +SIS7 AU DBM+SIS 7 4u

(a)

&
= 1.5
<
O
5 1
(&
=t
B
I=
& 05 -
@
o .
contro! DBM SIS DBM+SIS

NANNITNARDI
(b)
g1l#l 13 nsuamsaanvasiiy COL | luadfusniiaanidiefunszan
(a) NFUAAIBANTBIEW COL | AINNINAGALIAEAT RT-PCR
(b) $2AUNTTUAAIDBNTAIEW COL |

HANNINARBINITUAAIDANTDIEIUAIE CDNA array TDIUTAANGNAILAN UASITARNEH

q

o

A‘ o ~ v Ld 1 v lﬁl < o ] = d‘
naaad Weninsaaszidlanlfinuaianidouau i 1999aTILAAI DN E BuAaE uNATIAY
FENINNFARNGUNARBITLEIARNGUAILIANTAININNGT 2 Wud1 H3quau 3 8w laud 8w Biglycan,
TGFB1, TGFBR1, RUNX2 ufy VEGF uszdmsasuidaitdasndt 0.5 wudidauou 1 8u Ae

gl COL 14A1 (317 14 uaz15)



34

nauALAN (wad ildTu DBM) ngunasss (e 1651 DBM)
gU% 14 WFausunisuanseena et ulugaasunIas B NNTTANTTNINNGNAILAN

wazngunaaes 1nel495 cDNA array

Conirol Treaiment Gene Name Ratio Treatment/ Conirol
' . Biglycan >2
TGFB1 >2
TGF-BR1 >2

. . Collagen 14A1 <0.5

Comparison of control and DBM-CM treatment by array analysis of HPO cells.

5% 15 n1suaaeantesiulugsaruiIlaINEeRNNITANITUINNANAILANUAZNGUNAGES

7% CDNA array



35

wealun1snsaaigaunan1sANHINISUAAIEBNTBSEN cDNA array A9MINI53LATIZNR
#9838 RT-PCR analysis W14 6afitaa1n RT-PCR @42aRaadiUHaN1sNAResRLAaInn1sANTA
2 ol d‘ d' o L & < as
aeid% cDNA array (317 16, 17, 18 uaz 19) Wan1mndwsmiuFeuiieuszdunisuanseaniae
as 4 ¥ ‘ﬂ' ¥ L) s A o v L% v o
nsdaAnndndueesLay (band) AlAWFaLWELTY ansaEudunanimaaasdsiulasnev

< Y o g o ;
Feganadasuiuuantfan cDNA array analysis

1000-
750- Biglycan
500- -500 bp
1000-
750- GAPDH
500- -500 bp
bp PCR C T + - NoRT

Marker

5% 16 N1591ATZH RT-PCR LAAINTUAAIDANLIANANES Biglycan luassiuniilinannifiadu
ngzan {aeld GADPH Lﬂuﬁumw}u (C=Control, T=Treatment, No RT= no reverse transcriptase

enzyme)

1000-

750-

500- Collagenl4A1

F15bp

300-
1000-

750- GAPDH

500- -500 bp

bp PCR C T + - NoRT
Marker

d ) - o o - q
51l 17 N1591A12T RT-PCR LiAAINNTUAAIBANAAAIT8Y COLT4AT lugsssunlinanitiafy
nszanineld GADPH iilufiumauAx (C=Control, T=Treatment, No RT= no reverse transcriptase

enzyme)

TONRRA Y {34
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Biglycan mRNA expression

3.5

2.5

1.5

—_

Relative arbitrary unit
NS

0.5

Control DBM
Treatment

U7 18 neuAMITTALNITUAAIBBNTBEY Biglycan NlFaInn1siaszd RT-PCR 1839845y

nweannitiaunszanlungualuanuazngunaaasludum 7

Collagen 14A1 mRNA expression

2.5

Relative arbitrary unit

0.5

|
o 4 -

control DBM
Treatment

gUN 19 neuanszAunisuamIanaastiy COL14AT MlHAINNT3LATIZH RT-PCR 1891984865

nmaaniEiaiunszgnlunguasuAwazngunaasdluiui 7
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a & a o d‘ Y o F=Y d‘ % [~ & v
nfaeszinIsRsRERL R aresaadrunlisanidadunsrgn i iilugadai
nszgn laediAssdsziunisinaueaseulasd ALP uasannnszsusas DBM, SIS uas DBM Haw
" SIS wiaan 3, 5, 7, 10 uazigaay LbildFunisnszsiu wudnudsainnsefusan DBM Wuan
3, 5. 7. 10 uaznguilaléFuniensyau dszaunisinauaaseulsivindu 0.14, 0.09, 0.28, 0.26
war 013 wilulusmniaFuaallsfuiulalasnin wdwinildfunisnsefudae DBM
lugae 5 duusneaanienszsu Hszaunisiiauseseulal  ALP Tusnsredunguinlalésy
nsnszsu WAuR 7 udeannnszeusan DBM Hsziunisinanutadeulsl ALP getuatinail

o O o dl < o 3 G'dl M Yo 1 :'/ a d‘ o k3
HadrAniiameuiunguaadi ladlaiunisnszsi (p<0.05) andusaadluiun 10 nasannszsu

wazbivanseiungualailafunisnsesiu (10 20)

1.2
10 . —e+—control
Q.
—1 —u- - DBM
< =
€ ‘© o3
= 3
= g
S 2
o>
g _E [0
= £
< [=]
= £ oa
£ £
o« * *
e ._ e — .
< ‘ . "1
02 * ‘}//‘
S . -
v — M— _y
00
0 2 4 6 8 10
-~ B
21N

sUf 20 wanagnszeuaes  DBM saniseiywaulaeuntlscliifluiaagairanszan

(* p<0.05)
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naannszsuson SIS uan 3, 5, 7, 10 uaznguitliléfunisnsesu wudnilszdu
naneueedeulsivindy 0.14, 0.13, 0.19, 0.31 uaz 0.13 wlulusauniaFunllssiuiy

lulasniu Tudoe 7 Juusnudaannszsiusan SIS sydunisinaureaulad AP il

a ' ' ar 1 o Yo v s dl v < [
nsulasunlaswazliusndrefunguildlédfunisnszsiu uas Juh 10 s83n1ensesuliszau

ar o

nemauredeulal ALP inugeauatinsdlidadrAnyiemauiungunbilafunienszsiu (p<0.05)

o
(319 21)
12
10 ———control
& —_—- - SIS
<
T g 038
= (.2
= =
= 5
g g.’ o6
7
& £
= £
[ [=]
Z E os |
£ £ :
$ *® e
cC | — hy
02 o D 4
! i el
H-—--—-- Y
0.0
0 2 4 (3 8 10

519 21 wanenszguaes SIS Aanaasuiawlaswnlasliilugadainnszan (* p<0.05)

wRsaNnIziudan DBM waniu sis e 3, 5, 7, 10 uavngudliléfunsnszdu
wuddszAun M ureeuleivindu 0.15, 0.10, 0.99, 0.78 uax 0.13 wilulusaniiA T
Tussin Wlululasnfu ludas 5 Juusnaasnisnszsusan SIS HszAunismiausasiaulsl ALP
Liwansefungailildiunensiu uaswieanniuluduil 7aeansnszduiisziunisiaues
wulmd ALP Wngeiuetaiitoddnuitediouiunguiililéfunimnszsu (p<0.05) aanduszdy
nmsusasaantavaulafiinnsuaneananasludui 10 NRIRINNINTTAY DBM  uauiu SIS

(g‘LI"?i 22)
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51% 22 nan1enszeuees DBM naniy SIS senisiasywmundaeuuldadllify wadaiiinszgn

(* p<0.05)

annsulieuwieuszunisinaueaelasl ALP ﬁlﬁ?"uma‘n?zéju‘?iLLmrlsiNﬁu wudn 5
FuusnaeanIeNszEuGe DBM, SIS way DBM aaniu SIS Hszaunisineiuaasenlad ALP Ta
uansnaifu Wiud 7 wdsannszudan DBM waniu SIS szaunsiausenauled ALP fisziy
miﬁ'mw,ﬁ'u%umnndﬁmim:cﬁué’w DBM, SIS uszngadlildfunisnsziu daaniluud

°

10 wudlszaunisineuaesieulsd ALP ansd seaunisinausedieulsd ALP luduf 7 uasann
neesiuine DBM Hszaunisinarureveulsdgandinguinlaiunsnsysudon SIS (3U% 23) uss
o o o ar d’ TV hd a :‘1’ Aﬂl = 5| [ 4

annIaeTsinIneTyRawL sl ssrssgasdunilinaniiatinaaasne iifluadai

=] o’ o a fd‘ v o o’ ‘ﬂl o’ ‘d’ :” [}
nszan wudidszAunimnauasaaulasl ALP aeaassn s 51 DBM lutdaedui 3uazdui 5 dua)
Tuszauan (Yasnda 0.01 nmolimin/[lg  protein) WazRNTIUGIqATUIUN 7 (AIafn = 0.087745
nmol/min/[lg protein, SD = + 0.0061) WatuiunguAuAN uaraaasludun 10 IndiAeaiy

Tuga9si uamsdrgadiungunaaaanlaii DBM dniswsyimuasuwladiiilugadnszan
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g1l 23 széuiaulm’ ALP ndsannnszdudng DBM, SIS Uaz DBM uaniy SIS

09910 alkaline phosphatase flupulmTinuatuudieduiad osteoblast Fsaunsa
4\ duinisinneniseigdouuasldifugsdnsraniaauisansaalédanda alkaline
phosphatase staining assay TUNINARBIUNANIINARDLTEWINITAFT A0 DBM uaziaadi
1450 DBM 1m2i35 alkaline phosphatase staining WA agT ilE3 DBM Badtndudu uasedn
Lifinmaulasuulesfhugadnszean (no osteblastic differentiation) 1587 1631 DBM Radsiasuns
Lmmdﬂﬁma‘l,ﬂﬁ'ﬁul,vﬂmlﬂLﬂumﬂﬁm‘z@n (gﬂ‘?’i 24) WAZHNNTUEAIRENT8Y alkaline phosphatase

PREPN a9 -
'V]U?L’Jmlﬂ@lﬁu AN

519 24 ware3 DBM slenisiasuWamulaouulaauilugadnseanaonis akaline phosphatase
staining assay (MM&ase818 x10)

(a) adLBeNNszanngu 1165y DBM

o<t 2

(b) WAAIEIBYNNIZANNGUNHEL DBM

9 i
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RINNNIANHIAIINANITOT89 DBM, SIS was DBM maniu SIS lunisnsesiuliifiang
v » o & 4 Q’ ¥ g’l v z a % ar
afnszanuiludninases Inevinnisdedanszsulutunauiietiznusiunnasrasnygiiiuioa,
6 1A UAIRNTUIINITAINTATITTLALNADIFANTIAL AILINNFEB hematoxylin & eosin AN
‘d‘ v @ v v 1 £ a a
519 25 uassliiiunaaNNITNITsuAae SIS Wudn SIS Hensindtuy A luuaztinnisusey SIS
wudnsasyreasiaaena (Sansiadie) ufuiuidanilsan (SIS) uaznnalu SIS wu

fimsaFransamasaifiedu aannisdadan SIS wudlifinisafrenszanlmifiaa

519 25 nnhedlendesaanssainasaInianisiladian SIS uean 6 dlani (Mdsaene X40)

angLln 26wudmaeannnisilesian DBM wudaainasnszsiuldiianisairanszgnlv lae

' ¥
a4 a K U

nszanluiniiasudansadauyousioeseu (L31mgnAsT) DBM  uasvdedeusadguyidy
URnnuiafiesel DBM wUHN78519naamasmiiaTuLasnULsiA@dane191in lymphocytes waz
macrophages Uslulagsey  DBMaruaunindniuiudeutlanilasn (DBM) uananniids

WUINTINISIASUIDITAA osteoblasts (fanFnadLf9) 1T laasaLT89 DBM
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519 26 MwdiasundesqanssAinataInnINIsilesiae DBM ihiiaan 6 d1mai (Tdsaeny X40)

(—>gnATTUSIUNHNTATaNsEAN)

[ngU# 27 wansldiiudiudeannilasiog DBM  aauiu SIS wudninasnsesuliiia
nsafnszanlusiifaauidiumlseseuaas  DBM  uslinunszania¥ienuluiluuiioum
dyv = v P o d‘l o d’ [~ o o

Wi SIS wananlifanuiinisaianaamaamnaauiiun leasau DBM  gaflunistiinigas
wWedaasaduniuiu@ulantesn (DBM waz SIS) ualifianaeu DBM wLiinnsiadoyaes

1984 osteoblasts LFMIaLsaUNAZAY W DBM Mvaduaest]

4

3U 27 nwdnefunaesaanssAUNaIRINIINIseses DBM nanfiu SIS lwoan 6 &lan

(RA3TRN8 X40) ( —> gnATTUTIOMNTINITAF19NIZAN)
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AMNUNANITNANBY WL L‘ﬁ@@ﬂiﬂﬂﬁﬂ@ﬁnLﬂ'ﬂﬁuni‘:@nugﬂi‘wﬂﬂﬁﬂﬂﬂﬁm_IL‘Ii@@

fibroblasts AMnN1sANENIATIT T sAIuRaEas 698 flow cytometric analysis T9Ugas7 lHANIEY

]
=]

Wunszan wudilinaause CD34  war CD45  FufluldsAuedioeadresassidnifen
(hematopoietic cell surface markers) WAANIIIABAINATS bN MLIAR WS LLLARA L HARTIAEDL
TsFusiaTRqmasd CD29 CD44 CDI0 way CD105 wudn Wuauan savhugadwanianiuisasnay
o =1 5 tﬂ.
warylulaEalseanu (mesenchymal cells)
TuNsANEIAYINAINITATBY DBM ABNTIASIYIRNAMI NI aRRATAs NI

nszan Tneldaurumaadisnemu 50,000 @as/flask WNARNNNGNNITNAGEY AINBUIINITNTL 6

o

wagsuiiaandeiunszgniiiuesd 3, 5, 7 uaz 10 44 whinsTus uINaad NI T AGae

3% Tryphan blue staining assay NMsnszsuld DBM 5 aaniu 1iasaniisnaanuainnisaAneinay

wiiees Zhang wazAueluil199757897u1991 DBM Tudfunce 5 Aaanfu Nuasanisnsesuls
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a a o a o v vt o o - & o
ENANITERTEUWEN LN Lﬂ@ﬂuLLﬂ@\ﬂﬂLﬂULsﬁ@@m?q\?ﬂ?x@niﬁﬂﬂ@mluﬁ‘szLm@@LW'T:L@?LN LATLUBANAN

felahimainnssasnuneunthitawaiiinaainnisnszausan SIS Aeinnisudsduilinicu SIS

2
o

AMFLNWIRA SN0 SIS R 5, 10 uaz 20 ARANTN uFuNINsEFURIY DBM waNiiy SIS

'
o o

M Sunuatineas 2.5 Haanin lunisnszsusas DBM 5 HAANGN WUG1 LIRINITLAT QLANAIUIN

@

o as

wnTuat 9Tt ALY (p<0.05) WamaufunguasuANliTNIsnsEau wansliiudl DBM i
pmarnsalunisnszauliiianissiinauutssgassunlinanigeiunszanld Gans
WildaanadasiunisAne I nauntitineAauaiuisnaas  DBM lunisnszsuliiianisasny
nRuTeEaa e miulungualafunisnsysusion SIS 1iunm 5 uay 10 Haaniu Huasie
nsnszauliRansRT RN wINIBAREIA AR NIE RN NsTA NN NIt ST ARy
4 o o . A e oA ve y v a a o o=

dafeutunguacuan iiwdefulungualdfunisnszsuson SIS s 20 88N 19aa3Ng

a AI d’f ) I dl P s g d‘ 14 v < )
WiinuanTuetellaauiunguacuan  anuailiuansliiiuga SIS s 5 uay

a a o o Y Y a a a o PYpRN, o o
10 4aansy 11N@lunﬁﬁ‘nﬁ‘tﬁ]ulﬂLﬂﬂﬂ'ﬁﬁ‘L’Qﬁ‘QJLWNQﬁUQUIﬂﬂVVQﬂ LL@:LU%LG‘N'WCWV]LMN'W:LLHHW?

W ldlumsnszguliifanisadinaiuanaeagas anuailanudn SIS suam 5 Haadnfu

et

waz DBM 5 iadniu daonuanunsalunisnsyfiunismsgiinduauladnngs audennazld DBM

naniu SIS sanfwilu 5 adniu Iaald SIS uay DBM etivvar 2.5 fadniu lunisnsyeuliiing

[ o

MFAsANANINIAE ISR R RWIL A suwasreagadsiuiulinanitiefunszanididuesd
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@?’]Qﬂﬁ‘:ﬁﬂﬂ ‘INﬂﬂuuu’]UHQlNNnq?ﬁﬂﬂqﬂ\ﬁﬂquﬂqu'ﬁﬂm@q DBM pauny SIS ﬂ’ﬂn’]i‘ﬂ?:[ﬂulumﬂ

q

N19a519N92AN NNFANHIAINANITNT89 DBM wanfu SIS Aan1sias URNA1MIULITAR
[ YR a a EY) ) @ e ol a - ° 3 ' Ao 0 o P =

AUAUIARNINEBNNNTEAN WUINLUAUR 7 ARNNIRTIYINNANNINGI T Nat NN Tad 1 AgyiaLfiay
funguAILAN (p<0.05) wazdawudniinisnszsiuliiianiasaindwauldfnganisnse fusae
SIS ¥iga DBM i dniae s Tnaanuaulaas BuAMNAuNNgun1svaaey Lasuaianniunugn
RNUIUIARNNITANRY LEBINIAINIARFRANTAINEBNNITAN AN SULNFIaAAITINA LTINS

wigWaasuulsatlugsdairanszgnuinau Galunisnsesusiag DBM, SIS uay DBM [aw

9

SIS ABNITATEYIRNANUINTDUTAR |A 18931 growth factors Mgl DBM uay SIS Hnnsmas

1'%

= oy Q‘ o o l!
aenuINIEAUIRAANNATIANAWIWERRN N LA

> S, I'd P P a I P Y © a
NN2AIRALATIZITNNTUAAIRENT R E URLIT DN TIas WU Rewll aeiraasunEn
4 9 3 v o A o

anngaiunszanliifugasa¥ranszan BuiatuaunIsLanI98naD9 RUNX2 LI osteoblast-

. & " = a ar dl <3| e v
specific ~transcription  factor  Hununluniswsyimunlasuudadhiiflugsdadranszan
(osteoblast  differentiation) Tafin1suaasaanludasusnaainsruauninidasunilaalyily
AR osteoblasts HuULHIWIA 270 bp NARINNTLHWAIL DBM WLIHNITUAAIEENTBY RUNX2

@97 uanaIiiiugn DBM Hasnuanunsnlunisdninigadsunndnainigedunszaniinisiasey

u Q

o

WannuRouwlselilifhugasa¥ranszanlsd ingzdn DBM HesAilsznauans BMP Gaflulishiuni
e ¥ v a = o nﬂi | T v I d’
AnsanTTAlunsnsrsuliifan s gwanldosulashihiilugadaianszan tunasuaunis
o 1 ) rd‘ ° v o [
WAMNBBNTBN ALP *nwmaqlunqu hydrolase wumﬂluvnammrmmwmwn?:@n (osteoblasts)
Tisfiutinuaguuitiafuitad18919a8  osteoblasts  BUNAILANNITUAAIBANTBI ALP  HIUA

453 bp WAWINNIZFUAE DBM, SIS uay DBM NANAU SIS WUIIHILALNITNAAIANTAY ALP

1
)

4’5‘ -=i| v ) [ % =) o v v oY o a
WG ANRANNLLaAI TN DBM waniy SIS HAnuasiim lunseauliigadauniianann

kY] q

1 ]
<~ L % =

a o o o v o a d' (% < o
waWnnszgninisasyWmunlasuulasrssgadsuninlinannigefunseanliifluirag

9 YU
v Y o o o a ) i
afanszgnld danfuiuiimsuaunisuanseanass COL | iy osteoblastic markers 14834a1N
a dl I's d‘n [% d’l ¥ v v
pasaan a8a 1 lwesdAdszneundnAgyreailiensrgnuazainelaeiaadaitansrgn
(osteoblasts) A nnuKAA RN EUAILANNITULAANDENTRY COL | HIUIA 461 bp WUIN
WAIRINNITFUAIY DBM, SIS uar DBM waniu SIS HreAunisuaniasnted COL | gaau lu

'
oAl

NSANENNSUARIBANTa3E UMY CDNA array analysis aanNgN#lHTU DBM uliaumsuiungs
7z DBM haaan 7 u udavinnisieseilaeldinousidnsdauarnidnassantauananativ
wAaztiunnsaiuszndnugasngunasefumaanguAsuANEAININngn 2 ldun  Bu Biglycan,

TGFP1, TGFBR1T, RUNX2 Way VEGF uarenmdauhiiartdasndt 0.5 wudnfiaruau 1 iy A B
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a as

COL14A1 8 RUNX2 1TlusniiadndAtyreaaadnszan (osteoblastic marker) Tun1sia3 oywmun

o

=

wazilaeuulanduadnszgn Selldaudanluntsairuaznisasoiuinaesnsygn wanannil

. "
TGFB1, TGFPR1 waz VEGF fuguninaadeslunszuounisasyairensean uazwaanidenlusi
593919 Biglycan uiiludoudrAtyresssileWuuenigadaeansean (extracellular matrix protein) 31
1 > v al ] al P Y j

nsuaneeangady lun1amssiudnn COL14A1 insuansasnanasdsanaiidawnaadesluseudng
MANTZUIUNIIATEYIBATARNITZAN

nsAnEINTIas R uIRauulasressassuiulinannilafunszgnliiilusadaing

" " i = % A o 4

nicen (osteoblast differentiation) fatdgalkaline phosphatase assay LW@ﬁnH’]imumim\ﬂu
geueulsl ALP Wauiulininllsiuiinunseagadsuiniinainitieiunszgn naeannsye

Aot DBM, SISuar DBM manfu SISiflwaan 3, 5, 7, 10 du uazngunldldiunisnszsiu

13 ]

)

\Waann ALP  flusianl41ieT  osteoblastic  phenotype datusAutinuaguuitiafuisasans
1188 osteoblasts NALNNATNIULRI ALP 1RnT1 InedaaisetlfjAsen transphosphorylation 194
p-nitrophenylphosphate (p-NPP) Tl p-nitrophenol (p-NP) @aiilugnsazaianidimaasndnu
dinduaas p-NP AfsTwmiudadaulagnsaduszaunisinanuasteulsd ALP Tunisnszsusas
DBM WU iadsiuniliaannigesiunszani ladunisnsesusan SIS wudnludae 7 Juusnszaunisg
maurenaulsd ALP ladfinasiasunlas uazndsaanduluiuil 10 asenisnsesuiisziunng
I3 ' o &£ A ey ° a a %
M1augeviauled ALP WAL a1a1desNIa nluEsas uAdasa nEeafunsygn
Tunzdnfinsinauaeeulssd ALP agluszdumily (basal level) Tunisnszsiusion DBM uas
iy SIS sanisias il dsuudasliifluigada¥ranszan wudrszaunisinauseeulad
ALP ingemuludui 7 uaznnsnszsiudion DBM naufu SIS fszaunisinaussuaulaiass ALP
ANGTUNINNGINITNIEH UM DBM %58SIS  IReaenuie s ugaedn DBM nanfu SIS &
¥ ¥ =Y o A o v o = dl 2
ANansnlunsnszsulifianisas yRmuaouwlasgassiuiniaanidiafunszgnliily
saaaianszanliAndInIsnsziuAoy DBM vse SIS INENTNALALS WAZAINNANITNARBITEAL
] ) L = o o dl [ A o ¥ v A
mennnuaaaauladl ALP Hszdunisinanugeangaludun 7 ndsainnszsudieDBM 13e DBM
naniy SIS waslisiudaadsiunuiinainitieiunseanininadywmniasuulashidwaad
v as dl a v = a tﬂl [ o a
aFanszgnludui 7 wdsainnszsiu Mednenisas WmuRsuulasasgadiuilinann
wetaasazielliflugadairanszgnainuanisnaassiliszdunisineuaeseulesd ALP 999
siaan 1650 DBM  TudasusnagluseAusi uazinaiugeanludun 7 uanadngas lungunaaei
1650 DBM insasyiaunidasuudasliifluigadnszgn uazannnisdnmeisoaas alkaline

phosphatase staining assay N1 ARRINABINITNAZELNITIAAIBENTBY alkaline phosphatase
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senIugaan AU DBM  wazisaanlasu DBM asninisnaaeslneds alkaline phosphatase
2 d’ Qo dd' v ) . P o a d‘o’ a
staining assay mﬂgmmw‘lﬂw@@um alkaline phosphatase staining assay LIaaarAAAUINY
Wi uanadnlaidl osteoblastic differentiation UfjATNIlSuaLANGe alkaline phosphatase staining
o < a ] A .3 fA ] Yar
ARAZFNANIIUAY uandinslasuulsaflugadnszgn anuanisnasestasn liléizu DBM
v ' i
AndRudnuanei il nmaasunlaailugadnszan dowaad iy DBM Andainuaeuandn
Hnsasuudasluidhwaadnszgn
AINNFANEIANAINITOTDY DBM, SIS uaz DBM waniu SIS lunisnszsiuldiianis
v b
afanszgnluiludndnaass lasnnisdaludundruieuinusiurdsaemyiiuegd 6 dlasd
ANBUNINIATIATATIE AN standfian hematoxylin & eosin uarldnandaanssed wuda
a o« v X Y a o a % X o S o W = a a g
wnndidundnisazfionfndannuaziiunanauieiinisFassonuiussiboudousniiiy
v a 4 v nll v ‘;’ T k4 a (i ) o T
DBM arfionfndtunidu nszaniiaiatunlnsiastiansngauyeuingeu o uarigadulnaentnd

a ) o 3 4

. ol
osteoblasts WuHN3fianFARN99 AnEaNIsAesIzInUdN TuNguNINN1silasae DBM HinMsnsvsi
WiAansaianszgnind Seililususaiusesreaananiaefiagly matrix naeliiinisasanus
£15 WULBMI9U DBM LAzUSI0MNINIsaa1869199 DBM uazwudntisnniauseuaes DBM i
o d‘ & o S b 2 < = dl :
NEENLAY WaIRINNIFgNYNTadTa s alRang19 TN nidanfiufiy DBM #iilugds
utanUaen Winidenrnafinuilluaiia lymphocytes ez macrophages @ unsaidnunfufiugs
wlanidaanldlnanisiinirasmaanidanndnisaiielndluusinniiaitiasey DBM 119 DBM
d‘ =i (=3 a‘ L 1 = tzll L [ a
AnuinsaatelUusfdeny DBM Nnadiwaest Uslanuteu DBM Anadinaest] uazudiomnszen
n: 1 4 dv ' & o } % + < e v o [=1 I a
N85199uN 1N ULEa | osteoblasts HANwIzAAIgNIAINNIgEsafwdussiliauuFian
81 DBM NM3finLLmag osteoblasts 151atusay DBM 1411ean1ain BMP #dsaanuiain DBM
nalunszsulfiaadruniiailatieUszaruidiomsey DBM duldfunisnszfuiafianisasy
Amunlaouudasliilugada¥1anszgn (osteoblasts) wazinliiianisa¥anszgnind d1ufu
3 l:il o 4 o = v ¥ a % 1A
nguANINeEasiae DBM manfiu SIS wusninasnszsuliiianisairansegnluivinnlnesey
Ao o -1 Aa o o ' o ¥ s

DBM dianmouziilu osteoid ihwiliawunszanniinissansaiurespesaiauuasdeliinisavanted
w3516 waziinnsairanaanidentTnnsaular1eI1an1ely DBM iadann DBM Hitsfiu growth
factors MiiluasAseneulu DBM finnsnseauliifanisaXmaeniaenls uaziinistinnivesaas

Waaenr1lin lymphocytes Way macrophages WnnnfuAudsulantasn (DBM uaz SIS) 1

Winsaatallaes DBM uay SIS udatvdemanszguliifianisdniausesiliaitianiiomu
d‘l s a ] o o d‘nl

uanaNUanuandiin1siasnyaed osteoblasts  UFulatseuaauaes DBM hinisaaield

\Wesannisnseaurasllsfiuiivasesniiain DBM daulunguintladon SIS tieesiinifes wud
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v a

Lisfinnsafaanszgniinau Wesann sis Ll BMP  gaflulisiuntinnantmlunisnsefuls

U

Aianaasimuanulasiifusadairanszgn vlFkifiasldnsedulhinniswsywemn
wisuwlaslihfhusedainszan (osteoblasts) uenannimuinisairmaesidearsioniniely
ualesaLeeY SIS Lﬂmmn‘lé’r?unwns:s’jwnmiﬂiﬁu growth factors Tiluesdsznevass SIS
Sefinnantilunisnszulfiianisafranaeaiden 1y fibroblast growth factor waz vascular
endothelial growth factor \ugu Tsiumanilerandseanunann sis lunszguliinnisaina
HADAIARATY UBNANUNLLTSALS AdaAT2T 50 lymphocytes &z macrophages 111407814 SIS
wasBnndassauusinylunoiitieandiiudumsey DBM lunguiiiinisilsdon DBM uaznguiis]
sl DBM wanfyu SIS ainuafiAstuuansliifiuii DBM uay DBM waufy SIS
fiAnasnsalunisnszsuliinansaianszanluadls dwiu sis iesaiiadeasliiaamainnso

nserulinanisaianszanuals

#51luan1334e

o a

msutnagduinflisanidedunszan nudriiaafiaiginauausenunlagseuidady
ns:@nuﬁamquu%m 7 54 Waziradiidnuzadnaad  fibroblasts AMntuRaN1s ATz
N17LAA988BNT8d CD  antigen uuﬁqmaéﬁuﬁniﬁmm?ifaﬁjum:gnﬁuﬁﬂmauﬂﬁmmﬂﬁ
mesenchymal stem cells mmfuﬁﬁmaﬁmﬁqm'ﬁimm:ﬁmm‘émtﬁuﬁmqummL%aﬁﬁuﬁﬁLﬁm
mn@i@ﬁ:un?:@,n wudnlunnsnsesudng DBM, SIS WAz DBM wanfu SIS IRgHNN T YL
'Sqmunﬁu?ﬁyumhaﬁﬁﬂéqﬁcyLﬁmﬁﬂuﬁunzﬁu?{iﬂ‘lﬁs"umms:ﬁu (NguArLAY) uaziiai Beudiey
fuszwinangailduntsnszfuiiuansnafunudn DBM nanfu SIS nsxgulfiianisasoudis
ANUIULBLIRA WHANGINTNTZH UG SIS %50 DBM INERTAREY

N1TUAAIBBNTBIEIU osteoblastic markers ‘Vim%mﬂﬂﬁﬁuuﬂmLﬂulfmﬁna‘:@n wudnng
LAPNBANUBIEIU osteoblastic markers %wmﬁﬁuﬁmﬁmmn@i@ﬁjumt@ﬂ H9LAUNNTUARIDANTDY
RUNX2 @q%uuﬁamnﬁn?:ﬁuﬁw DBM, SIS uaz DBM ranffu SIS iedieusungsililafunas
NSTH (NFHAYLIAN) Lm:wurjﬁﬁs:ﬁumﬂmma@@nqe%muﬁamnnszéjuﬁw DBM & wfuszaunig
uaneeentefy ALP nwudwmdeaniinszfudan DBM, SIS uaz DBM waufu SIS fsziunis
LARIDANUBIEIY ALP Qq‘%u saianguitbildfunsnszdudmiuszdunisuanieanaesiiu CoL |
wdsaniiléFunisnsedudian DBM, SIS uaz DBM HaNiy SIS wurjqﬁi:ﬁunmmma@nqa’%ulu
nguitldFunisnszdunaznguililéfunisnszdu uaznisuansaanaesiiu Bigycan  (BGN),

Transforming growth factor, beta 1 (TGFB1), Transforming growth factor, beta receptor 1
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(TGFBR1), RUNX2 uaz Vascular endothelial growth factor (VEGF) WUNSRINAIUNINNGT 2 uay

) £

Collagen, type XIV, alpha 1 (COL 14A1) wuildnsdauniaitiesndn 0.5
nsaTy W ulasuulasresradsuninainiadunseanlilugadnszgn oy
AILIAINNNINIUT9LaU 11T ALP WUIIMRIAINNsEsusag DBM dszaunisvinaiuaadiaules
ALP 9371 TI82nARBINUNISANEIAILAS alkaline phosphatase staining WIAAN LATUNNINILH
fntl DBM Hn135iadue doulwaadn ldfunisnssiusag DBM uaniu SIS warlunguiingziusas
SIS atiRaNszAUNIINI BTaYeuled ALP ingesauludud 10 wdsannnsssuianfauiiay
TAUNMININTaaeRlEd ALP seudnanguilsiunisnszsuiuans1eiuwud) DBM nanfiu SIS
1% ¥ a a ar -dl % o a -ﬂ' L2 o [ %
nsesuliifian s B A uuasresadsunuiinanitiaunsean luiduaada¥ansegn
NSNsTAuAaE SIS ¥5B DBM LiNenaiininen
AYINAINITOUEY DBM, SIS uar DBM nanfiu SIS lunsnseruliiinnisairenszaniud
v 9 )
Tudnivnaass lnaiinisdeasludundnuiliorasnynaass (Wistar rat) Wuaan 6 §Uansf wudnly
nquiiinsifafng DBM uaz DBM uanfiu SIS in1sa31anseanifialu wulaa s osteoblasts Wa¥nIs
v < = dp =% d’l’ <4' =) o/ @ 5 dl & < A [
afavasadeniiaTuLEtedelausey LaTINIENIALIAIATWNBIRINIEAALTALABAT1IA NI
a o ¥ o a o | v d a X
wnuFniensey DBM doulunguiidesiae SIS tetiainen wudiin1saieanaenaemini

wiliwudnnisa¥ranseanludifiedu uaziinsnszsuliiianisdnianinewuiradiinaana19via

1nlaseu SIS uaznaly SIS winulwBindidaund nguninistladoe DBM
URLAUB UL

TumsAnmsziugasiniziaasassag luntnzdsiAanidayndunen sauisgunsniuay
ATPNT M N13ANEN e nnisAnEsTAumadnziasunanisUuilaulaaelidnazilunig

13 ¥ v
5 TAUUANLIE WealTDs (s
UuiausnizanuAntse wsalmas il

v v 1
n96ls DBM waz DBM naniy SIS Tudundsiiiarasmyyaass a9yl DBM fivinnasila
?.’; =] o o o o dl dl d‘ o 2 = d. a v o v
wutimsausiuluszaunile iesanievinnisdelludanymasestinisinaaulnaaindnsle vald
DBM yilsasluaraiinisindsusiuniatunaliiisaunanainlunisiusoetnaauls araazil

DBM wasmaaslavinlikan smaasinaInpaey
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499 NIPAAm-co-Butylacrylate Hydrogels Support Oral
Mucosal Epithelium for Corneal Epithelium Biosubstitutes
Production

Natalia Becerra,'” Betty L. Lopez,” Luz M. Restrepo'’

'Grupo Ingenieria de Tejidos y Terapias Celulares, Universidad de
Antioquia, Fac. Med, Colombia

?Grupo Ciencia de los Materiales, Universidad de Antiogquia, SIU.
Colombia

(*Irestre@gquimbaya.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 of corneal epithelium (Liu, 2007).
Autologous epithelial sheets can be made using hydrogels. 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 comeal epithelial sheets biosubstitutes
(Becerra, 2007). Hydrogels were characterized by Scanning Electron
Microscopy (SEM) to correlate the morphology with the cell growth. Its
textural porosity make thern 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 MTT
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 comneal
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,"" Elske Kuipers,' Jacqueline Alblas,' Wouter
J.A. Dhert'Z

!Department of Orthopaedics, University Medical Center Utrecht, P.O.
Box 85500, The Netherlands

*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 of oxygen 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 (10x10x1mm) 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 gyafts. Up to 33% of cells
underwent apoptosis inside solid grafts. Osteogenic differentiation,
assessed by determining the presence of alkaline phosphatase and
collagen type 1, was more pronounced in porous scaffolds. Analysis of
glucose consumption relative to production of lactate demonstrated that
solid scaffolds produced more lactate than porous grafts, indicative of a
higher level of anaerobic respiration. To determine the hypoxic status of
the cells in vivo we detected the presence of hypoxia marker Glut-1 after
subcutaneous implantation of porous and solid scaffolds in nude mice,
demonstrating that cells embedded in solid scaffolds were highly
positive for thismarker. Above results demonstrate that porous scaffolds
promote oxygenation, survival and functionality of the printed cells.
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500 Human Periosteal Mesenchymal Stem Cel)s in
Demineralized Bone Matrix Scaffolds for Bone Tissue
Engineering

Dhagoon Dhitiseith,' Piyanuch Bamrungpanichtawom? Sittisak
Honsawek™"’

'Biomedical Engineering Program. Chulalongkorn University, Bangkok
10330, Thailand, *Department of Biochemistry, Faculty of Medicine
Chulalongkorn University, Bangkok, Thailand ’
(*sittisak.h@chula.ac.th)

Objectives: Mesenchymal stem cells are multipotential cells capable of
differentiating into osteoblasts, chondrocytes, adipocytes, and myoblasts
Human periosteal cells contains stem cells that are a rich source of primitiye
multipotent mesenchymal cells. Demineralized bone matrix (DBM) pa
been used in orthopedic, periodontal, and maxillofacial applicationg and
investigated as a material 1o induce new bone formation. The aims of thjg
study were to characterize human periostea! cells (HPO) and to examjpe
interaction between DBM scaffolds with HPO.

Material and methods: The altered gene expression during osteogenesis of
HPO was investigated. HPO were studied using in virro functiona]
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 of DBM 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 define MSCs isolated from
periosteun such as CD29, CD44, CD90 and CD105. 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, unx2, 1gfbl, tefbrl and vegf whereas the highly downregulated
genes were collagen 14A1. These results indicated that HPO with DBM
scaffolds could provide an alternative approach for bone engineering.

This investigation was supported by TRF (DBG498001 7).

502 Biodegradation of Injectable Calcium Silicate Bone
Graft Substitutes

Meng-Heng Lai,' David Chan-Hen Chen,? Shinn-Jyh Ding'*

!Institute of Oral Biology and Biomaterials Science, Chung-Shan Medical
University, Taichung City, Taiwan 402, Republic of China

*Institute of Veterinary Microbiology, National Chung-Hsing University,
Taichung Ciry, Taiwan 402, Republic of China

(*sjding@csmu.edu.tw)

A variety of biomimetic materials with structural and mechanical
equivalence to bone have been developed to repair bone defecis.lA
novel injectable bone substitute material was developed thC'h
consisted of gelatin-containing calcium silicate powder as the solid
phase and chitosan oligosaccharide solution as the Jiquid phase. To
evaluate the biodegradation, the diametral tensile strength, morphology,
phase composition, and weight loss of the composite cements were
evaluated after immersion in pH 7.4 Tris-HCI solution. When mixed
with water, the cement specimens underwent a hydration step 10 forma
colloidal gel, principally calcium silicate hydrate, which hardened 10
form a solid cement structure within 30 min. The formation of por®
cracks on immersed surface depended on the immersion time t0 some
extent, consistent with the results of weight loss. Interestingly, the
immersion time imposed in this study did have a statistically enpancf_
effect on mechanical properties. When immersed for 30 days I TnSd
HCI solution, the strength values of immersed specimens W“J_1 .ap]
without gelatin and chitosan became 4.4 and 4.2 MPa from the nitié
strength of 2.6 MPa and 2.2 MPa, respectively, having an increase 0
about 70%. The immersion-induced increase in mechanical SUeN:
was possibly attributable to the more complete hardening _du”ng
immersion, which was confirmed by phase composition analysis: "
incorporation of gelatin and chitosan oligosaccharide into t_he bf(;hc
cement may not result in degradation of the mechanical properties©
composite cement. The organic-inorganic hybrid composites m!

an acceptable material candidate for bone tissue repair.
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803 Mesenchymal Progenitor Cells Derived from Synovium
and Infrapatellar Fat Pad as a Promising Source for
Superficial Zone Cartilage Tissue Engineering

Sang Yang Lee,"** Toshiyuki Nakagawa,' and A. Hari Reddi’

! Center for Tissue Regeneration and Repair, Department of Orthopaedic
Surgery, University of California-Davis, Sacramento, California 95817,
USA

’Department of Orthopaedic Surgery, Kobe University Graduate School
of Medicine, 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 of synovial joints, the localization of SZP-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 immunolocalized in pellets from synovium-MPCs and IFP-MPCs.
The ELISA analysis of SZP demonstrated that chondrogenically
differentiated synovium-MPC and [FP-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 Chorienic Placenta for
Bone Tissue Engineering

Kanok Preativatanyou,' Dhagoon Dhitiseith,* Piyanuch Bamrnungpanichtaworn,'
Vorapong Phupong,' and Sittisak Honsawek*

!Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand
’Biomedical Engineering Program, Chulalongkorn University, Bankok
10330, Thailand

(*sittisak.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 purpose 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
cytometry 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 population consisted
of spindle-shaped cells and large flat cells. The cells exhibited 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 terrn 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).
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804 Osteogenic Potential of Human Chorion-Derived Sy,
Cells Induced by rhBMP-2

Kanok Preativatanyou,' Natthapom Tan,’ and Sittisak Honsawek 1+
'Department of Biochemistry, Faculty of Medicine, Chulalongko,.n
University, Bangkok, Thailand

‘Biomedical Science Program, Chulalongkorn University, Bangloi
10330, Thailand

(*sittisak.h@chula.ac.th)

Objectives: Human chorion-derived stem cells (CDSCs) display
mesenchymal characteristics but little is known about bone tisgye
engineering aspects. Bone morphogenetic protein-2 (BMP-2) plays g,
important role in osteoblast differentiation and its bioactivity is widely
investigated both in vitro and in vivo. Therefore, the aim of this study wag
to evaluate osteogenic potential of CDSCs upon thBMP-2 stimulatiop,
Materials and methods: A cDNA encoding mature human BMP-2 g
amplified by RT-PCR using total RNA isolated from osteosarcoma cells.
The BMP-2 construct was cloned into a pRSETc expression vector ang
then transformed into BL2 1(DE3) E.coli. After IPTG induction, inclusion
bodies were harvested and solubilized under denaturing condition,
Subsequently, affinity his-tag chromatography and dialysis were
performed. Refolded purified hBMP-2 was further confirmed by SDS-
PAGE and Western blot. Bioactivity assay was tested by stimulation of
CDSCs cultures with 10-1,000 ng/ml thBMP-2 for 3 and 7 days,
Cytotoxicity was determined by MTT assay. Expression of early
osteoblastic markers was verified by semi-quantitative RT-PCR using
specific primers such as altkaline phosphatase, Smad2, Runx2, collagen
type 1 and standardized with GAPDH expression. Results and
conclusions: MTT 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 thBMP-2 (1,000 ng/ml) for 3 and 7 days respectively. Consistently,
osteoblast-like morphology was also observed. These findings supported
the potential of CDSCs as a promising cell source for a firture application
in bone tissue regeneration. This investigation was supported by Thailand
Research Fund (DBG4980017).

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

Se-11 Park,! Jae-Ho Jeong,* Kyu-Shik Jeong,® Young-Mi Moon® and
Myun-Whan Ahn** )

!Department of Plastic & Reconstructive Surgery, Yeungnam University,
Daegu 705-717, Republic of Korea

*Stemtec Korea, Noblesse Plastic Surgery, Daegu 706-190, Republic of
Korea

*Department of Veterinary Pathology, Kyungpook National University,
Daegu 702-701, Republic of Korea

“‘Department of Orthopedic Surgery, Yeungnam University, Daegu 705-
717, Republic of Korea

(*mwahn@med.yu.ackr)

A special mesenchymal tissue layer called perichondrium 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 cultured perichondrial cell sheet (cPCs)
which entirely cover CPC. For effective cartilage regeneration, cell-sheet
engineering technique of high-density culture was used for fabrication of cPCs.
Hydrogel pluronic F-127 as a biomimetic cel} carrier used for stable and
maintains the chondrocytes. The cPCs was harvested as a single layer an
entirely covered CPC. The tissue engineered constructs were implanted intothe
dorsal subcutaneous tissue pocket on nude mice (n=6). CPC without cPCs wert
used as a controls (N=6). Engineered cartilage specimens were harvested at
weeks after implantation and evaluated with gross morphology BtP
histological examination. Biological analysis was also performed _10r
glycosaminoglycan (GAG) and type II collagen. Grossly, the size of camlacé;,e
specimen of cPCs covered group was larger than that of the control. On
histological examination, the specimen of cPCs covered group showed typic
characteristics of cartilage tissue. The contents of GAG and type II collagel
were higher in cPCs covered group than that of the control. These studies
demonstrated the potential of such CPC/cPCs constructs to suppo!
chondrogenesis in vivo. In conclusion, the method of cartilage tissue
engineering using cPCs supposed to be an effective method with higher
cartilage tissue gain. We suggest a new method of cartilage tissue engineering
using cultured perichondrial cell sheet as a promising strategy for cartilage
tissue reconstruction.
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807 Preparation and Characterization of a Novel Chitosan/
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Ipepartment of Biochemistry, Faculty of Medicine, Chulalongkorn
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Objectives: A propitious altemative to supply bone substitutes is to develop
living tissue substitutes based on biodegradable materials, which is called
pone tissue engineering. Chitosan scaffolds have been shown to possess
piological and mechanical properties suitable for tissue engineering and
clinical applications. The purpose of this study was to develop a novel
chitosan/demineralized 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
chitosan/DBM porous scaffolds. Results and conclusions: Both scaffolds had
porosities and pore sizes between 80 and 250 micron. The compressive
modulus of composite scaffolds was significantly higher than chitosan
scaffolds. The chitosar/DBM scaffolds have been developed with adequate
pore structure and mechanical properties to serve as a support for osteoblasts.
Inparallel studies, the scaffolds are implanted into subcutaneous tissues of rat
to evaluate the osteoinductivity of and efficacy of the scaffolds. We have
evaluated the biological ability of this chitosan/DBM 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
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Granada, Spain
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INTRODUCTION: Autologous artificial 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 lineages, suggesting that these
cells could be pluripotential. MATERIAL AND METHODS: In this
experiment, human adipose-derived mesenchymal stem cells
(HAMSC) were isolated and cultured from human subcutaneous
?dipose 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 inmunofluorescence
Using nestin antibodies. RESULTS: HAMSC were successfully isolated
and transdifferenciated into neuron-like cells after incubation in
nNeurogenic medium. The percentage of transdifferentiated HAMSC
that expressed the neuronal marker nestin 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% afler 20 days of culture in
neurogenic medium. Also, transdifferentiated cells showed that at24 h
of induction 31% ofthe cells developed a cytoplasmic cell prolongation
that resembled a rudimentary axon-like process. When the cells were
Incubated in neurogenic medium 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 of HAMSC and the potential use of autologous

MSC as a model for neural disease studies. Supported by SAS
Pi0135/2007 from Junta de Andalucia.
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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 METHODS: For this purpose, four explants of skin
of complete thickness were obtained, cultured and subcultivated
separately in osteogenic or chondrogenic induction medium for 20 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 11 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 immunofluorescence.
Similarly, chondroinducted 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 Jaboratory. Supported by P06-CTS-2191 from
Junta de Andalucia.
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INTRODUCTION: After long-term storage of bioengineered 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. MATERIALS AND METHODS: Tissue engineered
oral mucosa substitutes consisting of human oral fibroblasts immersed
within a fibrin-agarose scaffold were cryopreserved for 60 daysin 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 freezer.
Analysis of the cryopreserved tissues was performed by determining
cell viability by using LIVE/DEAD® 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 after cryopreservation 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. Supported by P06-CTS-2191 from Junta de
Andalucia.
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839 Intracellular Calcium Responses of MG-63 Depend on
Shear Flow Pattern

¢ 120k Chan Jeong,' and Jung-Woog Shin '*

- INational Research Lab of Cellular & Biomech, Dept. of Biomedical
Engineering, Inje University, Republic of Korea
1eam of BK2I, Dept. of Biomedical Engineering, Inje University,
Gimhae, Republic of Korea
(:sjw@bmc.inje.ac.kr)

Ttis known that fluid flow is one of fundamental physiological factors
which affect bone remodeling. Therefore, the investigation of an
opximal condition of fluid flow is very important 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
optimal pattern of shear stressing due to the flow fora specific cell type is
ofill left unidentified. In this study the intracellular Ca** expression of a
single cell (MG-63) was quantitatively measured under various pattern

- ofshear flow to figure out the optimal pattern for the cell. The microchip
. was used as a flow chamber made of PDMS (polydimethylsiloxane).

The channel was coated by fibronectin. The flow rate was controlled by
asyringe pumping system (KDS100, KDscientific) and the shear stress
was adjusted as 0.5Pa. The experimental groups were classified into 5
based on the pattern of flow pattemns: 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 stimulated as 100s and 100s 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 stimulation, especially to the pattern of 100s(on
and off). Also, this methodology and system can apply to investigate the
cellular responses of other types of cells.

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

Dhagoon Dhitiseith,' Piyanuch Bamrungpanichtawomn,” and Sittisak
Honsawek™”

!Biomedical Engineering Program, Chulalongkorn University, Bangkok
10330, Thailand

Department of Biochemistry, Faculty of Medicine, Chulalongkorn
University, Bangkok. Thailand

(*sittisak.h@chula.ac.th)

Objectives: Demineralized bone matrix (DBM) is extensively used in
orthopedic, periodontal, and maxillofacial applications and investigated as a
material to induce new bone formation. Small intestinal submucosa (SIS)
derived from the submucosa tayer of porcine intestine has widely utilized as
biomaterial with minimum immune response. The objective of this study
was to determine the osteoinductive potential of DBM/SIS scaffoldsinthe in
vitro cell culture assay and in vivo animal bioassay. Material and methods:
Human periosteal (HPO) cells were treated with or without DBM/SIS
scaffold over 7 days of culture. 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 celis 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 DBM/SIS composites. The
scaffold composites were intramuscularly implanted into Wistar rats to
evaluate their in vivo bone-forming capability. Histological assessments
were carried out at 42 days after implantation to determine the new bone
formation. Results and conclusions: HPO cells could differentiate along
osteogenic lineage when treated with either DBM or DBM/SIS. Histological
and alkaline phosphatase analysis showed the comparable osteoinductivity
of DBM and DBMY/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
(DBG4980017).
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840 Poly(N-acryloylpiperazine) as Non-Viral Gene Delivery
Vector

Jung Im Yun, Yun Suk Jo, Seung Tae Lee, and Jeffrey A. Hubbe]|*
Integrative Biosciences Institute, Ecole Polytechnique Fédérale de
Lausanne, CH-1015 Lausanne, Switzerland

(*jeffrey.hubbell@epfl.ch)

Delivery of DNA and SiRNA into mammalian 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 mammalian cells.
Polyplexes, less than 100 NM, were determined by dynamic light
scattering (DLS) and confirmed by transmission electron microscopy
(TEM). From zeta potential measurement, polyplexes exhibited
positive surface charges between +20 MV and +30 MV in average at
from 5 to 80 of N/P 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-PEI (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 of transfection 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
GlinegKibar, Erhan Pigkin
Hacettepe 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 animal 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-dimetilaminopropil metakrilat (DMAPMA),
polietilenimin (PEI), 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 time.
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 cryogels that were prepared in this study
in order to 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

Shunsuke Saito, Goro Matsumiya, Shigeru Miyagawa, Atsuhiro Saito,
Toru Kuratani, Hajime Ichikawa, Yoshiki Sawa

Division of Cardiovascular Surgery, Department of Surgery. Osaka
University Graduate School of Medicine, Suita. Osaka, Japan
(*shunsaito@ymail.plala.or.jp)

Objectives: To evaluate the preventive effects of myoblast sheet on late
remodeling after LV restoration (LVR) in rat myocardial infarction
model. Matenial 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 (E,.) 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 Group-LVR and in Group-Sheet+LVR. However,
significant LV re-dilatation and decrease of LVEF were observed in
Group-LVR. Addition of myoblast sheet implantation to LVR prevented
those later deterioration of LV function in Group-Sheet+LVR. Cardiac
catheter study demonstrated significantly higher E, in Group-
Sheet+LVR (3.05 £ 0.24 mmHg/pL) than in other groups (Group-Sh:
1.08 £ 0.19 mmHg/pL, Group-Sheet: 2.03 + 0.72 mmHg/ulL., Group-
LVR: 091 + 0.66 mmHg/ul, p < 0.05 vs. Group-Sheet+LVR,
respectively) and significantly lower LVEDP in GroupSheet (2.0 + 0.8
mmHg) and in GroupSheet+LVR (1.9 £ 1.0 mmHg) than in the other 2
groups without myoblast sheet (GroupSh: 5.9+ 3.1 mmHg, GroupLVR:
8.8 £ 58 mmHg, p < 0.05 vs. GroupSheet and GroupSheet+LVR,
respectively). Conclusions: Myoblast sheet implantation may improve
long term effect of LVR for ischemic heart disease.

853 Miscibility of High Molecular B-Chitosan/Collagen Blends
for Biomedical Application

Jae Sik Na*

Department of Chemical Engineering. Kwangwoon University, Seoul,
139-701, Republic of Korea

(*najaesik@kw.ac.kr)

The importance of polymer 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 properties that provide a strong but manipulable
scaffolding structure in many multi-cellular organisms. The objective of
this study is miscibility of high molecular i-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-
chitosan/collagen 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 of these, were characterized and used.
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852 Isolation and Characterization of Human Mesenchy
Stem Cells Derived from Placental and Musculoskeletal Tissygg

Dhakoon Dhitiseith,' Natthaphon Tan,” Sittisak Honsawek**
'Biomedical Engineering Program, Chulalongkorn University, Bangkok
10330. Thailand

“Biomedical Science Program. Chulalongkorn Universiry, Bangkok
10330. Thailand

*Department of Biochemistrv, Faculty of Medicine, Chulalongkor,
University. Bangkok, Thailand

(*sittisak.h@chula.ac.th)

Abstract Multipotent mesenchymal stem cells (MSCs) have been known tg
be easily isolated and expanded from bone marrow aspirates and ca
differentiate into osteogenic, chondrogenic, adipogenic, and myogenic
lineages. These cells are attractive sources of osteoprogenitor cells for bope
regeneration. In this study, we characterized human MSCs from tpe
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-MEM, supplemented with 10% fetal bovine
serum in 5% CO,. The isolated cells during passage 2-4 were trypsinized,
collected, and stained with conjugated fluorescent purified prim
antibodies at predetermined optimum concentrations (e.g. anti-CD29
CD34, CD44, CD45, CDY0, and CD105). The cell surface markers were
identified by fluorescence-activated cell sorter (FACS) and analyzed using
BD Cell Quest Pro Software. Osteoblast differentiation of MSCs was
induced by osteogenic medium (ascorbic acid, dexamethasone, and b-
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 CD29*, CD44*; CD90*, CD105* but did not
express hematopoietic markers (CD34°, CD45°). The MSCs treated with
osteogenic medium demonstrated high alkaline phosphatase activity. These
findings implicated that MSCs could be successfully 1solated 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
Fund, DBG4980017 Key words FACS, mesenchymal stem cell, osteogenic
differentiation

854 Investigation of Antioxidant Activity for alpha, beta-
Chitosan

Jag Sk Na*
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Chitin, found in the shell of crustaceans, the cuticles of insects, and the
cell walls of fungj, 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 has
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 60
120min and its antioxidant properties studied. The antioxidant activity
was determined by the conjugated diene method. Each alpha, beta -
chitosan sample (0.1-10 mg/mi, 100u1) 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°Cto
accelerate oxidation. After incubation for 15 h, 6 m} of 60% methanolin
dejonized water was added, and the absorbance of the mixture was
measured at 234 nm against a blank in a UV/vis spectrophotometeﬁ
Chitosans showed consistent antioxidant activity with ian"jasled
concentration. Overall, crab chitosan was good in antioxidant ?anty,
scavenging ability on hydroxy! radicals and chelating abilities on
ferrous ions and may be used as a source of antioxidants, as 2 possible
food supplement or ingredient in the pharmaceutical industry.
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