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R 4874722130 : MAJOR MEDICAL BIOCHEMISTRY
KEY WORD: cDMA array / demineralized bone matrix (DBM) / gene exprassion / mesenchymal

stern cells / osteoblastic differentiation

DHAKOOM DHITISEITH : GENE EXPRESSION OF OSTEOBLASTIC DIFFERENTIATION
IN DEMINERALIZED BONE MATRIX-INDUCED HUMAN UMBILICAL CORD STEM
CELLS. THESIS ADVISOR : ASST. PROF. SITTISAK HONSAWEK, M.D., Ph.D, 128 pp.

Mesenchymal stem cells (MECs) are multipotential cells capable of differentiating into
osteoblasts, chondrocytes, adipocyles, tenocyles, and myoblasts that can be found in the placenta,
amniotic fluid, umbilical vein, cord blood and also the"Wharton's jelly (umbilical cord matrix).
Wharton's jelly contains stem.cells'that are a rich source of primitive multipotent mesenchymal cells
that possess self-renewal gapacily” and have the ability (o differentiate into many cell types.
Demineralized bone matrix (DBM) hag been e‘-)jdensiuely utilized in orthopaedic, periodantal, and
maxillofacial applications and widaly i.nvestigated;a:s a biomaterial to promote new bone formation.
The objectives of this study were to isclate and cl"}s,amcterize MSCs derived fram Whartan's jelly and
examine the biological activity of DBM in this c{é‘ll},’linge, We also determine ability of MSCs from
Wharton's jelly cells to underge oate:)blzaslic diﬂe%rt‘,ﬁ;;tion using alkaline phosphatase assay. The
results showed that Wharton's jelly derwed cells 'Fl}_.l[r;[,diﬁerentlate along an osteogenic lineage
after treatment of DBM. We also irweﬁligat&d in vitfﬁungt_ic}nal differentiation of human MSCs from
Wharton's jelly, The data) revealed ihat Whartﬂn"g]l&”'f derived/ cells could differentiated into
adipogenic, chondrogenic,and ostecgenic lineage. Gene expressian of MSCs treated with DEM for
7 days was analyzed by using cDNA array and RT-PCR analyses. We found that expression of
Funx2 and SMADZ was up-regulated whereas SMADT expression was down-regulated as
confirmed by RT-PCGR{ We concluded thatM8Cs from-Wharten'syjelly, ef-human umbilical cord can

express osteogenesis gene in thetreatment’'of DBM™Furthermore Wharton's jelly from umbilical cord

i3 a new source, fop MSCs-that-are-readily. available,and can be applicd for-bonedissue engineering.
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BMP
bp
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cDNA
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ddH20
DEPC
DMSO
DNA
dNTPs
ECM
EDTA
et al.
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FGF

GADPH
HCI

IGF

kb

kg

A1ea (List of Abbreviation)

AINHNKNE
Alkaline phosphatase
Bicinchoninic acid
Bone Morphogenetic Protein
Base pairs
Centimeter
Degree Celsius
Core binding factor alpha 1
Complementary deoxyribonucleic acid
Demineralized bone matrix
Deionized distilled water
Diethyl pyrocarbonate
Dimethyl sulfoxide
Deoxyribonucleic acid
Deoxynucleotide triphosphates (dATP, dTTP, dGTP, dCTP)
Extracellular matrix
Ethylene diamine tetraacetic acid
Et. Alii (latin), and others
Ethanol
fibroblast-derived growth factor
Gram (s)
Glyceraldehyde-3-phosphatedehydrogenase
Hydrochloric acid
Insulin-like growth factor
Kilobase
Kilogram
Liter

Molar
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mM
mol
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mMRNA
MSC
MW

NaOH
ng
nm
oD
OPN
OCN
PAS
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pH
PDGF
pNP
pNPP
pmo
PTH
RER

mm

ANMNUNE
Microliter (10° liter)
Modified Essential Medium
Miligram
Minute
Mililiter (10 litre)
Milimeter
Milimolar
Mole
3-(N-morpholino)propanesulfonic acid
Messenger RNA
Mesenchymal stem cell
Molecular weight
Normal
Sodium hydroxide
Nanogram (10° gram)
Nanometer
Optical density
Osteopontin
Osteocalcin
Periodic acid Schiff method
Phosphate buffer saline
The negative logarithm.of the concentration of hydrogen ions
platelet-derived growth factor
Para-nitrophenol
Para-nitrophenyl phosphate
Picomole
Parathyroid hormone
Rough endoplasmic reticulum

Revolution per minute
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RNA Ribonucleic acid

RNase Ribonuclease

rRNA ribosomal RNA

RT-PCR Reverse transcription-polymerase chain reaction
Runx2 Runt-related transcription factor 2

S.D. Standard deviation

SDS Sodium dodecy! sulfate

SMAD Sma and MADD (Mother against decapentaplegic)
SSC Sodium sulfony! citrate buffer

TAE Tris sodium acetate EDTA

Tag Thermophilus aquaticus (polymerase)

TGF- Transforming growth factor beta

tRNA Transfer RNA

uv Ultraviolet

V Volt

A% Volume by volume

w/v Weight by volume
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'
KX a c Y

InfuaumaseununNuiaf49y (free “surface) T9RALIARANULAAUEINEU d91iin
o ) BAT . V5 P = P — P WMo @
saRRILARARLIaNTEAN NUWANT Huaanu danTuEARIe brush border wsilaiiilu
= a | -Qll I t:ll a % o [~1
PANIEINN, LmzugﬂmLﬂaﬂuLLﬂmimwmmmnm?muwmm plasma membrane Ly
o nI/ % 1 nil/ =l a &~ a §| dl a; 1 a
WENAUANETRIRL FENHaTeIadLFNnIdN ruffled border A laianananfiagLiFian
tilsznaudanlulnaausseadudoulung  Uuiu vesicle  fiussquntaanan acid

1
=

phosphatase  1anaINRUUNINT89 plasma  membrane Aunsaiylainnananms

o

Usns ruffled border wusnuiliasag@nafuiiianszanuis uazlalnnatannsedouil

. . ° dll ! Qll a o I3 dll o
1379 actin filament a7uuNIN @aITunsdasuldadiunA 1Rl as e ni
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wihfAnipgeuareInIsiansaulienszgnuds Fanusinaiidn sealing zone tlaqiiu

1
=

\TRNIAR osteoclasts HFUANAANIAN granulocyte-macrophage progenitor cell 1

aglulanszgn """

nisAnENszAnAaaaIlan aruisauisnszgnaaniilu 2 4ia Aa cancellous
(spongy) bone Way compact (cortical or dense) bone lagl cancellous bone Lilu

g"d o v %’ 2 ay [~3 =l 1
ﬂﬁ‘Z@ﬂVIﬁJ@ﬂHsz‘%‘uﬂ@’]?;I‘V\l’a\‘luﬂﬂﬁ‘:iﬂ’ﬂuﬂ%ﬂﬂﬁ‘t@ﬂ‘ﬁumﬂ‘] L781N21 trabeculae
(spicule) imaNFAnfuduIUY HE899991aN7 Gearnsoneaiufoanlawaziilug

¥
o A

199919n92AN (bone marrow) BAEA compact bone LunszanANAN B IHaLLLIT

o '

3 ¥ % .i/ dl o a U =3 1 % 1
ARTENTTIN ﬂ?zﬂﬂllfﬂ')tlLu‘ﬂﬂ?Z@ﬂVlﬂﬂﬂuLLuu HTBIIINEAN @ﬂ”mﬂuummmmﬂm

@ P = S A ()
1N LﬂuLL@zLﬂuWU??’ﬂﬂﬁﬂﬂL@@ﬂﬁ]‘ﬂﬂLL@:‘VI@@@IH’] LARRY

Csteon

Haversian
canal

Cancellous
e

Compact
bone

Cancellous Lamel'ae

bong

Compact
bone

51 2 uamausndalaseainsueanszgn

nszANULNANAN L3191 4 9iinAa long bone, short bone, flat bone
. < dld 1 =
WAL irregular bone Inel long bone Lﬂum:@mmmgﬂmqmq (shaft) dA3NEI
I 4 1 | 4 %
HINNIAIMNNIN LY NTEHN humerous, femur SERITAN! ﬂ’iﬁi@ﬂﬂ’]ﬁﬂﬁ‘:ﬁﬂﬂﬂﬂfmd’lu

v 1
FiN9°] 59tl Aa diaphysis tHudaunifunyiaeng doulunidsznausig compact bone M4
pny U P
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NaNATaINans 7N medullary (marrow) cavity tuiagaaslanszgn epiphysis
udauilaneisaasinaanszgnana sznausag spongy bone agifiuluil compact

bone AQNLNNT ANuuaNTaInguIas spongy bone saitiasiuinsslanszgnludauaeg

1
a

diaphysis Ua¥ metaphysis A8 @2ulaN8189UTNNITANENINENUNENT1908N d91
gnvinaAa epiphyseal plate Ludausaszndng epiphysis il metaphysis @iilunszgn

1 3
douiag ludainaasayiuln doullilsznausiag hyaline cartilage uazinisutisfnaia

'
Yy o o

¥ 4 v o - 4 . s A%
Wanszgninainaueq iiuwiangzgn nszananadniindAyae Mutinnaqu
IA999719209919N78 (supporting) tgnfunTsAaaeitlue (movement) wasiduumnasiin

INnzaaanduiiaany '

1 o =N ~ ' . T 1
nazgNusavIuUeLlszAIuTNag NNAIULEN FaNdn periosteum  Faifluiile
Usranurilandulenuinsin waznisiEeasaaadidule lddlussidey Tnsnlsznausasl
rn:llal % dgl/ d? 1 d; = o a i’/
iagnAANaINn lunnsaiviienszgnavlusiiainIsinaeInsyg LTI dou
X = , = i ~ o
Lu@ﬂizmu‘wmm@mmiuim@immt@n (781N endosteum WANa1N1701UN1TAE4

Lu@ﬂi”mﬂmummnu ber

Long Bone
N Articular cartilage

Epiphysis |

Ephipttyseal line

Spongy bone

| A Medullary cavity

Diaphysis : Er t=—— Nutrient faramen
Endosteum
Periosteurn

Articular cartilage

— £ | '
Epiphysis | 'y / |
L "'.___-,;... ;

319 3 ugAedautlsznaureanszgneng
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NsLARIRANURIEU (Gene expression)

DNA replication
DNA repair

genetic
( recombination)
DNA

RNA synthesis

{transcription)
RNA

5 ST

protein synthesis

(translation)

PROTEIN
HoN-erxaE-eo<@-3%<-CO0H

amino acids

i'ﬂ 4 LAANNINIINNTUAAIRENYRIE W

a

A o o A = ' ' & =
milmm@@nm@mummmﬂumm GL‘LALGI]Z\I@VJT]LGHZ\]@ Lﬂum‘zmumiwgﬂ

nuualdatsdaauiazdniinuauesnaainia  lunnning  adusaziaadlu

A

1 e al al 1 % = = o %
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[
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nsuassaaniulismulfseiuauegiunismivtinnresaadiiig @y wasaned e g

U

A

¥
néaitle  uAzAARITRNEUNENATUNNTAWMNEW] Nl wiadRamisuazitad

q q
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naulaluinngadralisfuganninn e luimadanas Aumasanaan iU smun
o dl o v d' v zi/ 1 al 4' o dl o £% dl &
AUNETINUTNN LA I IadnaLie uazluillsAunamwi s utnn o luaas
Routls g ™

gene A geneB gene C
' ey

D
double
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gene expression
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Audinisuansaaniseauiianaesniiu 2 dusau Aa 1134519 RNA a9n DNA
FENI1 NITUIUNNTOBAIYA (transcription) wazn1sddalilsAuann mRNA Fandn
AsvUIUNTuwla39a 1197 (translation)

navLauNInensia un1sAnaensiaRugnasuain DNA T mRNA ifinly
nucleus IDATAN N1I0BATIHAALENINaLaulmd RNA polymerase NNALINAAGENFALUA
A Ay , o | - o a Y o a =
FuNAU 5 NAUMUS promoter LAZENNEATTEN codon BrFuLazATiuse lUaul
dnutlanaasdungiig 3 arduiares mRNA azluiagas (complementary base)
[ 1 Q; Y o o 1 AQI v o/ tﬂl
AU DNA wiuuuiignlddnasnsiia nenisgauanel DNA Guandiu 3 llds 5 e
4519 RNA lufia 5 1u 3’ 1sili RNA aziinnsmauniua T (thymine) li DNA faeug U

. dl % g 1 o dl =) 1

(uracil) TNL@Q@ RNA  N145999uUx0 ldaInn1saensia - aaisenan heterogeneous
nuclear RNA (hnRNA) An AAFLILUADAKLLNIANN DNA AzFadnNungzLqunig
waguulaasa RNA processing sasaliliinenazlaiy mRNA Aannssiauasidian
(excision and splicing) T udunauednN1sAIaALan intron aanll waztin exon 116e
M4 aMnduNIN1g capping lAENIRNA1TAN methyl guanine NdNulany 5 waz
N9UUNNT polyadenylation LHUN1SLANILA A (adenine) nanafanAnuLlane 3" antiu
MRNA 7eUNszLIuNITLaL azgndsaanaintalpfsaaeqisaa tds cytoplasm 3090

N13UUAY (transport)

- =
cytoplasm
nucleus
introns exons
DNA A
e — ww— |

transcription unit

o TRANSCRIPTION
primany

RMA transcript”
[ —

5' CAPPING
RNA E\gucms
RNA €ap | ADENYLATION

mRNA e 44 A4
EXPORT

r
mBNA @ AAAA

| TRANSLATION
protein ————

519 6 uanInIsuanseantesiiuli eukaryotic cell
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nsruqunnsilasiallsfiu iWunszuaunisulasiaann mRNA  ilulilsfiu G
nrzUaKNNIRiiATulY cytoplasm vaaLEaan ribosome el ribosomal RNA (rRNA)
\{lugiavin transfer RNA (tRNA) 81811iL8289 mRNA AanqafiiiusiaBzusiu (initiation
codon) %98 AUG wdaguliiiaz 3 wa Ineyne 3 waarlsianseriu tRNA 1 18in uaz
tRNA  wrazadanazsiinsaaziiuanmizunseiuanallsfiu naatsuug 3 \wau

-QII o = a = 1 Aﬂl

@18 mRNA Nudagiaiunsaazilu 38091 mRNA codon Manueiiua 3 lwasuu tRNA
auiulanau Fandn anticodon  tRNA 1 faaziingmazdluaninizauag 1 AUG

= a . . (% 3| % 2 A -dl
qzHNTABZH U methionine 171494 1AW 81NL91 3 codon AD UAA, UAG, lay UGA 94
[~] o d} 1 a [ % [ ?:// tﬂl | =
\usWangm (stop  codon) Garliiingnasiludues Asiuie tRNA  gnauunie
codon 3 99iail nsvLauNAsiilasianiaz g A N19a319a78 polypeptide faziafadu ane
polypeptide Nafrwazaazaenuiat lulalanaian uazazgninulasliuusanaiba
e liag luan wiuuigansannsniew 1u nsiinnganflulamss (glycosylation)

nsEnmnaas (phosphorylation) wlugu lunaalilsiunlsgnaudslilds organelle

a

sinee] nelwmadviaandseanuaniadsaly

MNuciear membrans

) mANA Transerption

PRPLOv

‘#J‘MMH%

Mature mRMNA

® iming acid
Transport to cytopl .. R A
. chain {protein} |
Translation '
j Coten
; . L k \ mEMNA
| | : I, b [, ] . 1

“Aibasome

1% 7 uansdupannisuansaanaesiuain DNA aunsziialaidulismi
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ns:mumsm'ﬁﬂuuﬂmLﬂutmaﬁnsz@n (osteoblastic differentiation)
osteoinduction ABAYINAINITNUD mesenchymal stem cells (MSCs) Walesy

Anszauarnnsonaziasyimuilasuuilaslihiflu chondroblastic  lineage  way
osteoblastic lineage wazinlilgnisdninlfiAnnisairanszgnluad ™ aannisdnm
A o= ° . . . o o A o A A
nuuN16EN1310 nondemineralized bone matrix 11l lunnsdnuniasi1aaitie

.19/ a A

nszgnlua wudnldnaruiunanaibaunayldldnaniiniianag ' ull a.e. 1965 Urist

¥ o =2 I dl 2 a2 =
LL@ZF’]M?JLLQVI’]ﬂ’]?ﬁﬂE’]LL@ZW‘UQWﬂﬁ‘Z@ﬂW1® NAUNTLUAUNITAALTNIDULAALT S

(decalcification) #aansa HCI #aawaNIsnnazintin iifanisaienszgnludls

)

Andnszannldldnunszuaunisanliuinaadan ' aann19Aneeed Reddi

a

LATAME (1987) s1adaudanszgnaalaniunszuaunisanlIniinaaus
(demineralization)  azANAIAdnUINIsaFanIzgnlnd iR ludndnaass 'Y u

LHUTUINTIBINTTLIUNNG OSteogenesis MSCs azgndntinliunsanmaiuiaaasny

(19)

wagundaslihiluegas chondroblasts  WAZITAS osteoblasts FIAANNULWLNANNST

AZANUDIRTNABUILARTLNUATIIFIFF97] (calcification) uaaiiAnTsaF1enszgnlval
sauvislanszgnéng

\IAR osteoblasts ¥9a bone-forming cells LuLIadNAANAATYAaNNTAT

bone matrix FiaseALTAFNTazHsLs ANz TuNA ALY (cuboid) ULATANA

v 1 1 1 v
UAnauaaduledeulNensaann alkaline  phosphatase = TLTARTRARAINATE

=

&91A3199 alkaline phosphatase T4aLiLIWEBTNITAN 394D collagen type | uay TlsFu
= | - - . (20) - N
1A non-collagen 1 osteocalcin, bone sialoprotein IneIlag osteoblast WNA
AllaNnann pluripotent mesenchymal stem cells TIWLLF0L endosteum (IFaNLTag

U319tuilan bone marrow stromal stem cells BMSC) Laz1Tinnd periosteum 284

e a

¥ 1 ]
nszAn (G‘ﬂmsnmmmmﬁdﬁ connective tissue mesenchymal stem cells) TaLHDIAR
X v A

TAFudansequnnuizanaziasoinulnnazidaauliiduga g

q

AUNIHALAAN

preosteoblasts  enwuNLEMEINIzANHFUTuNeT (ellipse) wazdifinaaLa

a

219 arusniasyiinatuulasuhifumad osteoblasts  Maseyiindlunign 7
wanabugyl

nanlasagl 1wag MSCs anwnsnilasumlashiidugadldvaraaiiaialaiy

4

AnazsuaaAINS N A mTLEadT il TRENIUNITLIUNNTIRT ARSI

Q

AR (proliferation) N1TLATEYWENU (differentiation)  LaznszuuniTiastymuTmle
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Lmﬁﬁlﬂ?n&lmuﬁ (maturation) i LTAS osteocytes Iuﬂ?$@ﬂ Waga chondrocytes T
nszANdal as myoblasts lundnuiie 1iad stromal  cells  lulanszgn wad

tendon/ligament (T/L) fibroblasts Tuidwidu sontamasaiindu] Tunguiliaitionaaiu

v
s
1
. m 7y Mesenchymal stem cel
MSC poliBorbon Lt
ProMataban ==a" - -
- & kY » 1 T
hondreganases | JEnEst Mamdw srcna Hhs
Commitmen CE R LD i
Y ¥ L ' ]
I Tronziicy Whyaisnst Ticiresiiory
LR fod By siromall call
Linsags o ] P,
progression L*d G ST c:i}
I | | r
T T T |
ooty Myabioet fuskon |
s B ¥ l
Dtterantiation &l » | & =1 = L - L e |
e n [m = B -y ¥
wr ] : + '
: T T Y Lirsejlie: micen-nichs
: S 4 Ty b '__-"','."4—-""_."
g = = . = &
Matration {E‘hj ‘ h_‘f = — I
S|
Hyparimgphe: Ko Stromal ced TIL fibrobdast Adipocyies, darm
cdicy s and athar cells
Bone Carlilage Muscla Mo Tendonligamant Connsclive Hasus
TREMIIE n Aol Badione:

519 8 uansruunIsasuulasLee mesenchymal stem cell luiilwiaadatingng

ANNAN BN THARIRBNURSEUNFATY (differentiated phenotype)

IHanInIeAnEenIzn1alasunlatann MSCs  luiflulias osteoblasts A

Waswdunszgn npaddusiinaaddsuuadihdmaasMscs = oad
osteoprogenitors —* AR preosteoblasts — IAA osteoblasts LAZLTIAR osteocytes
AINAIAL ADENITUIUNNIATINILAN (OSteogenesis) Lﬁﬂ%’i’ﬂ?&ﬂi:ﬁuﬁﬁm%’m i
growth factors THUARA]] azy AR Asuutlas MSCs iurad osteoprogenitors

\umad preosteoblasts uaziiluigag osteoblasts naunaznanaiiunszgnluingn
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Sell-renewal Increasing differentiation - changes in genes expressed and levels of expression
and high proliferative e
capacity Decreasing proliferative capacity Osteocytic
Osteoblast Osteocyte
' ) ==

O—teQ =+ O—0O
Mesenchymal Osteoprogenitor Preosteoblast  Ostecblast O
Stem Cell fiie

Lining Cell

Unknown number of
transitional steps

Other mesenchymal lineages - camtilage, fat, muscle
519 9 uanadnnnsilasuuilag osteoprogenitor  differentiation  AnniEAd mesenchymal

stem cell lUifluitag osteoblast WAz Iad osteocyte AnasL

N199LATIEY clonal analysis YBITANNIZLALNANN rat calvaria 158 marrow stroma

'
o

wamnaliiudnmad sl Anan nlunia519 mesenchymal phenotype 4 19a A8 NATNLLE
lastu nszgndeu uaznazan  multipotentiality  NiAdnaAdsAuldne i lwaadlatan
mesenchyme 11 a8 C3HIOTI2 cells @ald5y agent Tedemasianszuaunis DNA

k3
1A

methylation  dayawatiaiuauugiiuued mesenchymal lineages vi9uuA 916NN

o o

a1n multipotential stem cell T@N13nULNAY LA LNAIR 411151 self-renewal (3117 9) Tag
ANALLMANITIAUT Azitiudmaasun LA lugudANa (progeny)  avnaneidumad
committed progenitors Talsazimaganunsalagudu mesenchymal lineages % 4 1l
& 5 i’/ [ o‘d‘ a 1 o v 1 aa o o all &
LIAQN osteoprogenitors uuLﬂuLsﬁ@@WL@?mLL‘]_I\‘][E]QVLQNWﬂLL[}‘]N%Q\‘ITQW’QWH@ ATUSNLTAR
osteoprogenitors T4LA3tYLANT azin gRNAIUILeENRTA AuANNEINITalUNN e Ty
" o - - | = PR 1% o
LWLNAURLIAALAN LNTIELTAN osteoprogenitors LL?JNTW?LL@@\T@@T]‘H@\TITJ?W%SNLﬂﬂ')“ll’ﬂ\‘lm_l
e a 1 o ! o .
LIAR osteoblasts ANUNR LLmzimm@mmwmmmgﬂiwLeﬁm (morphological
characteristic) WBALUNA2L8988NAN mesenchymal cells 21 Aeadusieadl antigenic
dla dl o . . % d} ada o 1 dgj dl
markers NWLALANIZLNAANLUN intermediates 1u?:ﬂmwﬁwmﬂumﬂmamﬂmqu g
13 13
T1ARIUTLNNTANUN hematopoietic intermediates ANAanTin Tunn AN LN AL eT b
92812614284 osteoblast lineage &iNAaaeN9Lil STRO-1 monoclonal antibody Teanuunine

Simmons UATANIENANIIINGN stromal cell NHNIATEULNAANATHIRgIarddnan iy
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N194519IAR fibroblasts Laa adipocytes WAZLEAR osteoblasts flemadtad STRO-1"
Lf«ﬁﬁyLﬁ‘u‘iﬁm’1ﬂ‘lf?’iamqﬁﬁlﬁﬂﬁﬂﬁﬁmm%ﬁqlfmﬁ osteoblasts formation (i ascorbic
acid, dexamethasone, WAy inorganic phosphate) Lfi@LWﬁngﬂwuﬁmuﬁ\i%u@mmLLéﬁﬂﬁ;
azinTsuAsaanaaglisfu osteoblast marker ﬂ’]‘j‘ﬁ’]LLuﬂﬁQﬂﬂ%sLuixﬂxﬁuéuj RV ESTIS At
1misnﬁmf:ﬁmmé€’1ﬁmﬂuammm‘ﬁlﬂﬁ’mum osteoprogenitors phenotype ¥

Tutlaqiiu Tilshiu BMPs uiladafiuansiianiaintinnszuaunis osteoblastic
differentiation Tulad pluripotent mesenchymal stem cells fidaLau Tmﬂiﬂ?ﬁﬂumjwﬁ
wiin BMP-2 gndniinlne Shh luszevsuaednszuannig limb formation uananiilsiu
BMPs uanetin (1w BMP-2, 4, 6, War7) NIzrun17a5191mas osteoblasts 1w cell
population %aﬂi:ﬂ@uﬁqmmﬁ pluripotent mesenchymal cells (1WuLEa s marrow stromal
cells, mixed primary calvarial cultures, ka2 mesenchymal cell lines) osteogenic activity
989 BMP  sudeundyulilumadiesully (ireversible)  WIuULTARE9AIH osteoblastic
properties ugidnaziie1 BMP eenldudafini GRIR ST pluripotent mesenchymal
cells Tuitlagnuilu osteoblast lineage 1usAuniin BMP-2 @nans0laenda differentiation
pathway 284188 C2C12 myoblast mﬂﬂﬁﬁm‘ﬁﬂmﬂu osteoblast lineage Lﬁ@iﬂiuﬁuﬁﬁ
uﬁngmﬁd‘mﬁumudw glucocorticoids L1 second class 484 compounds Fansudiiy
LIAR osteoprogenitors unnaiZInes marrow stromal IngiaNAR TN TR AT
Tosfuaiin BMP-6 asuansdnlilsiiu BMPs Wuiemileludaulsynausnnanedesniiusie
Ansulaead pluripotent stem cells LE4a4 osteoprogenitors &NA2BEN9LEY LiT37
Tishuaiin BMP-2 agnszfiunszuaunis osteoblastic differentiation luiaad C3HIOTI/2
mesenchymal cells %qmmanm:ﬁumm’fﬂmaﬁ adipocytes WLaZLTA® chondrocytes
Ipeiltag adipocytes Sndnini e daduaacdilsiy BUP | luszdusi douiad
chondrocytes  uazitadiinldsziunanaduduge furaulade activity wesllsiuzila
BMP-2 lunasnsfun19a3ng osteoblastic. il adipogenic’ colony i%ugﬂﬁ@mu‘imﬂfimqu
289 humoral factors a9 insulin, TGF—B, epidermal growth factor (EGF), leukocyte
inhibitory factor (LIF), fibroblast growth factor-4 (FGF-4), way platelet-derived growth
factor (PDGF) ﬁﬂ@@l%‘u“] I calcitropic hormone 38 1,25-dihydroxyvitamin D3 ﬂ?::l;ju

n19¥N1Naa9 osteoblast characteristics Inatannyatsisluaasnesldiasyifing Twana
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Matrix
Proliferation Maturation Mineralization

Days in culture

| I
Commitment period ———| |
Restriction points >

gﬂﬁ 10 uansANNALLE IR e deafnszaunns proliferation  WA%
differentiation 114 osteoblast culture model stz dumnINITINNLIALs WU EuRIREITeg
fiunszuauNIg proliferation 1 & histone H4, c-fos, TGF-B uaz AP-1 Annsudnsaaniu
STELUIN TUSTEUAY1S matrix 194 84 fibronectin (FN) waz type | collagen (COL) Guiinng
LAPSEANIANTY FRLIANNENNILINANG matrix maturation LieNT¥LIAUNNS proliferation
NEJAR ax‘iﬁluﬁﬂ’mmm@ﬂﬂmﬁu alkaline-phosphatase (ALP) Llaz matrix glutamic acid
containing protein (MGP) luszeizgnvineyesnszuaunis differentiation 1ignszuaunis

matrix mineralization A4NNNTLAAIDANIDIEIL osteopontin (OPN) wag osteocalcin (OCN) @9

47 , 04Q. ~ 44 g
1UENITAA  osteoprogenitors §NAanA lineage potential tWanazidaswiluy

ed & g o = @ - .2 C T e
PIAANEATTULEINN wazidasullauiluimag osteoblasts 1N Ineenudueuganng

a

a3ty (growth arrest). Waz4314 collagenous ~ extracellular matrix (ECM) laainng

o
¥ v

wnziaganaluaag primary osteoblasts wazlultagd nontransformed osteoblast cell

lines TUANNIUAANBANTDY differentiation markers MFARUANNANALIANAIFLA 10

& ]

fuTnada9iUNITRI I LLNANANANUINTRUTAS | 81 H4  histone, c-fos Way
TGF-B 1iudnisudasaanuinluszasiu 3enieRiEudnng encode propeptide 199
type | collagen luszeiz@uaeanisazan collagen matrix Baimauaniudviunng

~ o o . . A £ A v o
LAAIARNUBNEURTNANAL (sequentlal expreSS|on) Iutﬂﬁ‘mueﬁ\ﬁLﬂﬂqsﬂﬂ\‘]ﬂUﬂ?zUQuﬂ’]?
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differentiation L1 alkaline phosphatase, PTH/PTHrP receptor, bone sialoprotein, LAz
osteocalcin gHlutLNNsUAANBANTNEUTIAAEARIAUENU IS luuUL in vivo uazlu
WUl organ culture U8AR osteoprogenitors  taLIATUIIuNIzgNITUANISIA3 Y
WA LHANUIUGININ UAZHNIIUAAIBBNTDY bone-specific  protein  TUszAUAN
WULTITAR osteoblasts LUNURINTZANTUUELANTULNFIUAYHAR bone-specific ECM
Wuarwaunnn dufuuuusiaesnanysoald uiuesuianisAILANNIZUIUNIG

L. - &
transcription ldltag osteoblasts Iagnasilagnuilasnes mesenchymal stem cells 'l
\{lu osteoprogenitors AN NNENENARANTIAANRANABEUTUN LT RTLNTIA TR
AMUIUTARLAZN174579 ECM ansng “

Tuszazansnisasuudasainaad MSCs  lilifluaad osteoblasts  @18130
neadaulAlaamnadnltlshuties@anwag (marker) 1w alkaline phosphatase (ALP),

. . | % 3| dl v fdl | aaa

osteocalcin, osteopontin WA ALP il metalloenzyme LultiaviaitadTasal)nae
hydrolysis 484 phosphomonoesters 7 pH g @9 ALP a¥ralneitad osteoblasts

o o

WAZLTA& neutrophilic granulocytes  taaliANAIATYAANTZLAUNNT bone formation
LAZNIZLAUNNT mineralization LA ALP Lﬂuﬁqﬂa%ﬁzﬁﬁﬁaﬂum@ﬁﬂmmm?m
WU L8R AFNNTEAN N1TTANIENNIZANIN wazIHUNLERTNI8INTEAN Taqiiu
A1u1TRIIREaU ALP l@uaneAs wiw immunohistochemistry 114 decalcified frozen
bone (‘M?*’a cartilage) section TREA ethylmethacrylate-embedded undecalcified
bone section ®

Alkaline phosphatase {19119 osteoblastio phenotype Aunsnaneuas
ANN190R9923R 19 @amnsnnL ALP seAUgelumaR  preosteoblasts  WAZLEAR
osteoblasts TUlHAg RN (in vitro) = ALP @fguwﬁ'@ﬁuma’mmmﬁ osteoblasts
wazLNZiU phosphatidyl inositol (P1)-phospholipid-complex faaRusZIALAaUs A
anunsndageanainimndlaeldiailsl Pl-specific phospholipase C 1madniinng
wiasuadliiu osteoblasts Hgrldednmauziilu cuboid LazAnAIANAWAIAINNTT
flaug ALP  waneinigadiinisuanseanzesiiu ALP wazinnwdeuuladllidumad

osteoblasts pxuanaL
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WMARAYEN 1T lUN19MTIAAaUA1LNTURILTAR osteoblasts (osteoblastic

A

markers) a3/ lAAl

25

Markers

Methods

1.Alkaline phosphatase
(ALP)

Histochemistry (azo-dye coupling)
Total enzyme activity
Immunohistochemistry

Northern blot analysis/ RT-PCR/ In situ hybridization (ISH)

2. PTH receptor /

Responsiveness

Radioimmunoassay (RIA)/ EIA for cAMP
Northern blot analysis/ RT-PCR/ ISH for PTH / PTHrP

receptor mRNA

3. Osteocalcin

RIA
Immunaohistochemistry

Northern blot analysis/ RT-PCR/ ISH

4. Other matrix protein

Immunohistochemistry
Western blot analysis

Northern blot analysis/ RT-PCR/ ISH

ANSI9N 1 LAAILYIATAIEN M A13NA&aL osteoblastic markers l1Ha4A osteoblasts '
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VIRAAUNILERA

TARAUNEA (stem cells) L‘ﬂum@ﬁﬁﬁ@mmuﬁﬁuaﬁﬂﬂﬂﬂqﬁﬂQWMWiaLﬂ-ﬁ‘tyL'r?m‘l:m
(proliferate) waznauilumagaasnwedls (self-renewal) TR AUAR SRy
uwtisaflugadgnuau (daughter cells) 14 utaifluaesaiinluns Ae embryonic stem
cells LAz adult stem cells ANHOIZNN9AIYIBUTARFUNLEANMAEETALT (1) totipotent
stem cells ﬁ@mmiaﬁwmLﬂuvn@@”l,é’%\mm 14un zygote (2) pluripotent stem cells Ag
ansnsnvmulunaasuanaaiale iy embryonic stem  cells (3) multipotent stem
cells anunsnmuiugadlivataaiia @y mesenchymal stem cells Waz hemopoietic
stem cells (4) unipotent stem cells AWML (commit) FuedliifumadanialaTiiavii

1114 epidermal stem cells WAL adult liver stem cells g

Mesenchymal stem cells (MSCs)

il A.A. 1867 Cohnheim Wenglwnem19Lea751 uALwInA G dananisdaN by

L oy ol R 3/ Nllde) o = = - =~

Uaues  wuddiassunatai liingadesiunisainauaen dedumagainlanszgn &
unundrAnyunisdenuanuaikg AeNn Wl A.A. 1976 Frieden Stein wundngiudaly

L% o

nszgnimad MSCs ag uazpaNIltnddaanuanangulfdnemad MSCs uazWmun il
unuménAtylunnadiaiaen (hematopoiesis) LL@:ﬁmmiﬂLﬂuwmﬁﬁluj IFansing @
bone marrow  stroma ilulmaslunrasaas MSCs lunywmed nasianzlanszgn
131904 lliac crest AZIMANZANAVELNNTUNTE MSCs Aaennstiuniiugae Percoll visa
Ficoll density gradient S MSCS! flaiunmngiaes ALl uaLansia SH-2, SH-3,
transferring receptor (CD71), hyarulonic receptor (CD44), integrinOl1 (CD29) waz e
aura- lipopolysaccharide receptor (CD141), Leukocyte common antigen (CD45) LAy
hematopoietic stem cell marker (CD34) ﬂuﬁ'me@@nﬁm”m:rm:qumm Bone marrow

¥
= o A (23)

derived MSCs HANU
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11183 Marker ADANEUE
specific antigens SH2, SH3, SH4, STRO-1, al-smooth muscle actin, MAB1740
extracellular matrix collagen type I, lll, IV, V, VI, proteoglycans, fibronectin,

hyarulonan, laminin

growth factor & cytokines Interleukins: a1, 6, 7, 8, 11, 12, 14, and 15
LIF, SCF, Fit-3 ligand, GM-CSF, G-CSF, M-CSF

growth factor & IL-1R, IL-3R, IL-4R, IL-6R, IL-7R, PDGFR, TNF-IR, TNF-IIR,

cytokine Receptors TGFB— IR, TGFB— IR, IFN-YR, 6FGFR, EGFR, LIFR, G-CSFR,
S-CFR, Transferrin

adhesion molecules Integrins: otvf33, ovf35

Integrin chains: a1, a2, a3, o4, a5, awv, B1, B3, B4
ICAM-1, ICAM-2, VCAM-1, ALCAM-1, LFA-3, L-selectin,
endoglin, CD44

AN5199 2 udnsTiinaed marker LaYNILAANEENTRIEY specific antigens, cytokine

receptors, adhesion molecules, production of cytokines LAz matrix molecules 184 bone

. (24)
marrow derived MSCs

tladendAtyanilsznisuils Aeadsnszsumad Talulilshuneangms (functional
proteins) Txun growth factors, cytokines, signaling molecules, transcription factors WAL

fin effector aue] wlusin IHRAWUL1 growth factor 283 TGF-B superfamily Humunndndsy

1
=

FANI71930Y289 endochondral bone formation WAYATLLAUNNT healing U84 callus 9

o

Wn BMPs uluianadednyaynd (signalling molecules) N&ATyAunile Tun1swmuaes

@

limb  bud luszndnansasaylAulnees embryo  AM9ATINNITAN ectopic  bone WA

. A &« 2 (23)

N92UAUNIT differentiation 189 MSCs llifluitag osteoblasts Lazitag chondrocytes

BMPs lulilseiugoniiandnatlunguass TGF-B tAnEanaasdn osteogenic protein

[~ . . d} = A G . :all %’ a
(OP1) BMPs ilu pleotropic protein #adAMaNLRLIN mediator NALAILNY 1BINITLAA

¥ 1

morphogenesis  784LiaiEia HANIATYFANI1IALANNIZUAUNNS differentiation 289
nszAndauuarnIzan v luszasisaulazudsnaen  LialEafiuany mRNA 189019

Faarziildafiu BMPs wuldluls viala das anl&1an wazluiy




28

DNA microarray

DNA microarray umatan AN n1sudnIaen1e9ty T8N0 lAn®INIg
! v !
uansaanetiungulanguuilavizeriaalunily sadulssTamdaeinaunlunisnFaumey
= 4&/ dl 1 a
nsuanseanvestiuliiaitiousiazaiin
Tuilaqiiu DNA microarray 1HumatiAdsnEunumagnaminlunisAnesnien
N a = @ axa = = a Ao >
#anen Wesaniduitiaraansoniiiuazainnsouenienisuansaantesdunamizls

TdieusidezTaminiesunisnaadtiadenieiasdfianiawintiu §939u0eunieinu

1% o

=S a dl % % dl = tal aaa 1 a dl o ]
ﬂ'?ﬁ‘ﬁm:ﬂ')QEISI]\WI’WBLVV]‘J"]‘LIMH'TW?I@QElusl,u@\ﬁﬂ]']ﬁlLL[ﬂﬂﬁﬂjuﬁLW@MWiﬂQﬂ’]?WH’]ﬂTﬂﬁ‘J‘ﬂ nne

F1 AZINMEUNNTT BN ULIA L1
UANNI9U29 DNA microarray

Hlun13meaann mRNA aunalumad 1nen13ain mRNA aananniaduaailasy
151 cDNA aneazatnelianlasd reverse transcriptase (RT) Ba9umauilisn@INisamin

287N cDNA faeiansngaalsdlaus Wasd1eiuaneiasseaiamii udain cONA aneeni

Faen19AnE lSUAY probe InsauaIiuLATIRRaLULA lasuiY AnHzaed probe e

a
1

2 WUUASe wuLnileAe DNA 7 oligonucleotide @nellA8aN&tAINZIUL LAZULLNABS
%
=R

A8 cDNA @18LAea 138 PCR product TauasaInnisdatnsnsfliunnianiin cDNA Tidues

d
A o v c v 4 aa o = = v o o
uuﬂmmﬂuum (1@@@LLﬂ‘J) sn\ifmummmmmﬁm:r’m’mmmmﬂmmﬂu% UBNAMNUENN

n19RnaaINTW cDNA - NFaIN1TANEN Aaed1IWNgaaLsamuFs 1A [y Auaiudden

WAQN cDNA YA THANAIANLILAININNT hybridization  LAZATIAEALNITALNAWLAY

DNA  "ifluludganiuudazandiqnlaiindtinelngnisanufonieses T9av8 ULy
v

q
v v

microarray  @89AFY  ATILINENUAUANLAZABNIBINALTLI WA LA HANNTENUABIATINA

=

o R ey o ) = o Mk Y @ A A ) o
TANNU SNZWIVLm@:‘LI\‘l‘LIﬂﬂmL"ﬁ@@'ﬂNmiLmmfﬂﬂﬂmﬂ\muuuj DN UAVARILAANINLTARN

v 1
T a A

a A = o ' o v a ¥ a A i’/ [ Aﬂl 1
Zﬁ'ﬂ\i‘ﬂuﬂﬂﬂ’]ﬂmﬂﬂ@ﬂﬂ%ﬂﬂﬂuuum’]“] nu m@zﬁumﬂgmimwuw dua LM@@\?HML‘IJMEIMVILLN
dl k% o A dl =2 o 1 ° 24 2 = o
WNendasniuaunianla @']ﬂﬂ’]ﬁ‘ﬁﬂ‘]&f’]ﬁmﬂ@']'W]’]IMZQ’WN'W?ﬂU@ﬂ1WJ’]L%Z\]Zﬂﬁﬂﬂ’]ﬁ‘m’lﬂquﬂﬂ\‘l

=~ A 9 ' P
ﬂ‘lﬂ@m’]ﬂﬁ?@u‘ﬂﬂﬂqq PIAAANTUANANTN
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A s oa A A ' a p o PRE ' e o o = ey

Lu@ﬁ@’]ﬂLsﬁ@@ﬁ?’ﬂLuﬂLE]@LLm@zﬂiuﬂ@zNﬂq?@?q\ﬂﬂ?mumLLU‘]ﬂmq\?ﬂu ﬂ\iuu@\‘il“ﬁ

~ ) A = = N oo \ X a4 . . ,

ALA DNA microarray LW’ﬂﬁﬂ‘]:’r’m\‘if;IuVlmLWWt[ﬁl‘ﬂﬂ’]?LLzﬁm\‘]’ﬂ'ﬂﬂﬂm\‘iLu@LEI@LL[?I@Z?J‘LL@IHLLGI
o A A yysa ¥ oo = A =

ﬂﬁﬁxﬂzmﬂ\iﬂ’]?@?q«,u@lﬂ@iﬂ ANTINEIATNITNANEHINITLU AW AINI1T LA AR NUDIE U

nalfaniazuandennilasuhl wu goumni acnsdlunsasng (pH)  visawsaunaunig

A
=

LAANRBNTBAUTARTLMINNIZNBUNNIRA AT LATNENAINTR AT L6

la)

3!‘
DMA is denatured

by heating Renaturation
on conling

RNA strand DNA strand
517 11 Laman1s hybridization 189n3ATIAREN (DNA 1198 RNA)

N1984514 cDNA library TaeinaAila PCR

nedaAg 1z cDNA a9n mRNA flunsziauniaiidesnisnnsazidansataeLLas
KeaszalprTannn iesann mRNA azgritadanglilffntinshitlenaesenlad RNAse
RNA fuanldanniifeiflanintenaz 90 ifhutila RNA wazaiin tRNA dedauiiilu mRNA az
feteannn seiuilewnanlddunmai cDNA nanAnzes cDNA Aldfidwnadludn uay
819az1# cDNA Talpsumamiinzes mRNA Tngiannz mRNA ailaniiSunnsdien luifeile
ANt e mATAN AN 0L DNA Baeda polymerase chain reaction (PCR) %1
¥lunsa¥1e cDNA library eazvinlinandnaes cDNA Qﬁuummm@mm‘?ﬂu cDNA

library Naxysadlidnean feil
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N194519 cDNA library Taglfinalian PCR £ 911 TAEN"TUEN RNA  aMsaann
Hadeua g unsdansnesi cDNA gnen Taelaidnudaduen mRNA ann
RNA favumiew iflesain mRNA Taamang A anazilate 3 g A a1uaunan
Favunsdaimsnek cONA  aaldiua T (oligo dT) il primer Taaldiaulasd reverse
transcriptase Hedanmesiigdaudiaclfiaulnl terminal transferase lAxILa G Wniane
3 fagasd udatan RNA aanlaeldsuieldionlsl RNAse H iaaianis cDNA @ne

A o [ %

WAeq wanadld primer 115Ua PCR 2 dRaRe a1suiuaNidutsinauananvedenlmisn

v '
o o =

RN EcoRl MNAU 5’ plaegiuiug Caed] n19su 3 wazanauiuanduizion

1
=

apangeeuldsl Notl 194915’ saagiuiwa C zmgvuj Tusaud 1 aziinnsdaunsnzil
cDNA aefi 2 Tne primer gilausn 14 DNA  #idlimndend uazluseusieluaziinisiia
133104 DNA ndearillaenenls] Ecorl uaz Notl 1ilmandtsesiaulaifinaninzia 2
sfaffindnlUfidarees cDNA azdaeilinisaanld DNA Wl lunamefitaaing library
dzaantu cDNA fiasiulnghaiiazanann mRNA nnmﬁmﬁuﬂﬂié’mmﬁ@ el library 7
anysnd

st RaaannimuansiuTuasdiinaneeiia iy a1swan biotin I
biotin 178 fluorescein HluAY %'qmim@'ﬂﬁ@ﬂ%ﬁmmﬂimﬂﬁﬂﬁﬂghgﬂ@gﬁuﬁmmﬁqmﬁ
Talnsniew 1w biotin-16-dUTP udatdndnliTuana DNA vza RNA Tagldiaulaisingr au

= o v a 1 oa

RN ieralelndiAneandednsfusiunied 19u3a random primer viseld
aulnsd RNA polymerase m‘;‘ﬁmfamﬂé’hﬂmaﬂ@ﬂm‘?ﬁﬁum%zl%ma‘ﬂi:ﬂﬂuﬁ"ﬁuL@Q@
ARNEIAL biotin Lwimmmﬁfauﬁuim@qmm DNA %38 RNA 1ﬁimﬂmsQLﬁ@ﬂ@zﬁuﬂﬁﬁ?m
BasuAsaIN TR AN 19 photobiotin NM3AnaaTNAdlldesldieulanuAaTingau

1 ¥ !
WafnaanAdaasiuaniuds LanfAeIn1IRgIAgel 41U biotin A¥MTIRERL

|
o o

TnewinliAmuanslsznauidsdauiu-avidin wse streptavidin Ndanagifuiauled 41m3y
fluorescein  axminagau lasiinu n WinaLugn sl szneEstauTunauiUapna Wi

-zill 1 o o v K aaa el A Aﬁl rdl Y o
Lﬂ@&l’ﬂ%ﬂ‘].lmuiﬁill LL@’J@ﬂ‘Vlﬂﬁ@utmﬂ@@qﬂﬂﬂﬂﬁﬂqﬂlﬂﬂL@ui%ll@ﬂ‘ﬂﬁuﬂ L'ﬂublsﬁllﬂl]sl‘ﬂﬂull’m

b

A2 alkaline phosphatase (ALP) Gwnagaulflneyinlffiseniuans 5 bromo-4-chloro-3-
indolyl phosphate (BCIP) Wa¥ nitro blue tetrazolium (NBT) M ENA&193H vidaLalaad
horseraddish peroxidase (HRP) @snageulilngliinlgisanrivlalnsauleseanlasd

Wa% 4-chloro-1-napthol tR@an58xa



ﬂﬁﬁ?ﬂ’l@ﬂtsﬂwammiﬂ (Polymerase chain reaction, PCR)

Ufjisen PCR lumaliaiugrunisen@aingnvinan llunisiingzuin DNA

Tunaaanaasd a1nLFH0s DNA template Wieidantias aulduananduiuduluana

Ufjfi3en PCR AnAuimwnaulng Kary Mullis uazaniz 1t A.a. 1985 uwazldiuseda

Tuiwa a1l A.e. 1993

Ufjfi3en PCR Usznausoeanssenundaday

1)

2

X
U

2R

6 a = c oo o A

DNA template il DNA ﬁzﬁﬁmiﬁmmnLmaﬁ'ﬁmmmmmww &S et
138 z‘iﬁﬁ%ﬁmﬁmrfim LAzl DNA finsudnsuiauda

Primer 111 DNA  gne3uauannade Saonuenatlszanns 18 — 25 wa
S7U9U 2 g BT BENTN forward primer AnaANemilaFengn reverse
primer LLmzmmzﬁﬁ’]ﬁum@ﬁﬁﬁ@j (complementary) NUANALLLAAY
a8 3' 289478 DNA template Wsazgns Tmﬂf«ﬁ“uﬁﬁmumﬁ@g‘umuﬁw
(flanking region) fudauiieenisiindnua primer Tdunannisdaase
AneLAaaadalAT 2 DNA (DNA synthesizer)

Deoxy nucleotide triphosphate (ANTP) Ag Lmﬁ%gﬂﬁ’nfﬁﬂﬂﬁi@mmw
primer 9¥1914N1949tA912% DNA 911197160 DNA  gnelud 8 4 oiis lawn
dATP, dTTP, dCTP uaz dGTP Tnevinlalldaanmidada 20-200 uM

wwulmd DNA polymerase nuinilunisdaiasizif DNA anelusd ioulbadil

!
=

Auaneaia NReu e ldiduewladiannldanuuaiizede Thermus
. | a rdy| a a a dgj o
aquaticus aaFeneuloiiian Tag DNA polymerase WLANLIETUALUAAE
Tunieu dandmianuseg uu)Rgeline 95 °C targruuginmuiza
1 o oA o
Ran1snnureaeulsdAalsyunn 72°C

MgCl, iluansisatjnsenaedienlssd DNA polymerase Tnafimanuidnds

=b_

199 Mg” arinasielAzead19nn Hlesannanududures Mg>
waeullazinlild PCR product Auananaiu Taesinliazld Mg® finanu
N 1.5 - 2.0 mM

Buffer 1ugnsfinlfianmaasanslumannanaassiininzanuidunaa-ang
(pH) ﬁmmmmiﬂm?lﬁmﬂﬁﬁ?m atlaznandag Tris HCI, KCI uwan MgCl,

1
a '

v v 1 v v
UNEMUNNTHTA AR Tl ANTUANTHIFUAINAININNA
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v
Ufjisen PCR dsznaudae 3 Tunaunan Ae

a

1) n1sugnanel DNA Fuluy (denaturation) Taeldanmgidsyanns 90-95 °C

a

\{uian 30-60 3un? el DNA  Asnanagagasnaniuiiluanaines wasyinuing

Wnsuuylunisd9msnzsi DNA

a

2) N9ALLRIANE primer (primer annealing) Taalianuund 50-65 °C luaan

q a
|

30-60 3wt iialsk primer 4L DNA template Tuilunaauwadngiu

3) N3daLAIIZ DNA gnellunlagnnssaans primer (primer extension) Tagld
goamnLszinn 70-75°C 1luean 30-120 Fuai %u@gjﬁummmqmm DNA fifasnns
insuan fumenilienlnd DNA polymerase azviutihitiug (A, T, C uaz G) i
L DNA template unsadTian aaesans primer jagaaitalflE DNA anelusl

POLYMERASE CHAIN
REACTION - PCR

Sequence to 5 B :
amplify 3 R

Heat to separate
Cooladd primers

Heat to separate
Cooladd primers

From these, get
amplifications
of the specific
. target sequence

Repeat cycles

519112 uanIMANNIILK DNA d18geteanIz#aeds Polymerase Chain Reaction

)
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v v %
Ujises 3 Tumeundnsanizandn 1 980 PCR (PCR cycle) intulagiin

NABANAADINHAVUUANFINANNE 19U NLATDUANLINI DNA  an U (thermal

| 1
A =

4 @ o o sy « L .
cycler) Fufluipzasnatnnsnilasunlasgunniige-anldatngsaisa sauianinue
AuausaLuaznad il isen luusazdunaulfecnednluda

Ufjfi3en PCR aziintudn szand 25-40 sau Tnaane DNA fduasnziauly
wiazsauargnlfiflufuuuulunisdansei DNA - analusiluseusies) liauduga
Ufsen Asiunandn DNA  Aldaainaudundgm Fannisiisaiuausuuiien

. P . ” Aﬁl o [ o n A o .zsl o aaa
“exponential amplification’ FepruslAwitL 2 (n A| mmm@ummﬂ{]mm)
fantiguti §9inUfsen 35 seu aziinisdaiAsizi DNA s 2”° vsadlsyann
34 WudumineeaLiu10s DNA Budu Uansavisvnn s iies 2-3 dalug

HANAS DNA a1 3anaslaantfjisen PCR (PCR product) msnagauliing
aal . dl [ % :j/ o
33 gel electrophoresis @awlun1suen DNA lu agarose gel Aaanszud Wi anniuin
welnduilidonson@das DNA 111 ethidium bromide (EtBr) @adlluianaiiaiunem
aanunIn (intercalation) 1l ludesdnsszndnaunasadaas DNA wariAMAaNTTR WN1s
AANAULAY UV Astiudaiuauiuitihuntsfianduanlidasunipsaaniiiianas UV (UV
transilluminator) azdsngiuuny DNA Aduaunn T9vinlimsuauin (product size)
2949 DNA Nfaanslilaaifsauiiauauiniu DNA marker antiutiuiinnnsoandas

TWan9ats WrasneAzaiuNnAINaNaS R WA
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av a a %
JUAEANLNEIUBY

AMNIEUBAS Hosny M uazAe (1985) ldmaaaunisdniinnisa¥ienszen
(osteoinductivity) 284 DBM ﬁﬂqndwmﬂuﬁﬁmw 4 7 Whavinns AR W HeMNANE
lenanrinuly 20, 40 uaz 72 Fu LL@::ﬁﬁmmq@ﬁmezﬁﬁwﬂﬁm@@mmﬂ‘lué’u'ﬁ' 20
WU mesenchymal cells Wag fibroblast-like cells AMUILNINABNTAL Lazniely DBM
particle lsiatuuilasguineluiui 40 wudrdnisairanszgneeuld Tnaifledunadndy
 chondroid bone ﬂ?ﬁﬂg%u e lud Uil 72 WudnsniLaes mature bone Al immature
bone Adladeaguluiioiuin DBM ansnsndninldinanisa¥nszgn (bone formation)
Tudninanedld @ uanaNunIsAnE1Ied Andrases HAZANL (2001) g1UT TRty
Lm@’mﬂimm‘z@ﬂ bone marrow stromal stem cells (BMSC) N1N@NIINAL DBM 411190
ﬁﬂﬁﬂﬁﬁﬁﬂﬂﬂﬂ?ﬂlﬁuuﬂ@ﬂﬂLﬂuLsﬁﬂﬁﬁ%’]xﬁﬂ?t@ﬂiﬁ%ﬂlum@ﬁ%ﬁ@@ﬂ (in vitro) wazlu
AnINAa8 (in vivo) %qhﬂiz@ﬂﬂixﬂ@ﬂﬂﬁqaLeﬁ@ﬁ;T\ié’Tu (pluripotent cells) ﬁmmm
LﬂgﬂuLLﬂZ\]ﬂﬂLﬂuLsﬁﬂﬁﬂﬁ‘th}[ﬁiNj | ngzan navgnaats 1au ludi uazieidendnuiile
Wlaagng ©

Shuan Zhou WazAME (2004) 1A51eI%NN9ANHINAT8Y DBM way BMP-2 lunns
4n1i1 human dermal fibroblast (nDF) Amnzdadliifanszuaun sl asuuladlUifuaad
m‘zqﬂ@'@u (chondrogenic differentiation) TANINITNAZALNATBY DBM FanIg
uAAIaaNIY signaling gene hu TGF-B/BMP pathway Taeimanisuengarin RNA aan hDF
71850 DBM uazlslld5y DBM udsanniinnnamnzaesllld 3 S uasinnnsuBeuiaunng
wansaenvesdulnaldinailanls microarray  waz RT-PCR  (reverse  transcription-
polymerase chain reaction) w121 DBM taz BMP-2 ﬁm@ﬁiﬂmimuau multiple signaling
pathway 284 hDF Fanudrfinnsiasseanaasfiudi A lasuansneiu iy TGFBI/Big-
h3, Col3A1, TIMP1 sy 4"

©9 Aenfunindasuiilas

N19AN U George R. Beck, Jr. whazAnss (2001)
gene expression 494 osteoblasts 14 MC3T3-E1 cell line mﬁﬂmﬂ‘a‘z@mﬁqu calvaria 184
wy Wraumauiy NIH3T3 cell line Tneitin MC3T3-E1 cell line NNAEEIE NI REUTAG
alpha-minimum essential medium (0.-MEM) ﬁﬁmummm 10% fetal bovine serum
(FBS) $aumiu ascorbic acid waz [3-glycerol phosphate anTuNIsLEN RNA a1nLaagia

1 v 1
gaearin TWIUR 0, 3, 7, 14, uaz 21 antuAnEn1sLaguuLas gene expression Aaedn
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gene array analysis 724919 MC3T3-E1 cell line ﬁiﬁﬁl differentiation medium Waz
NIH3T3 cells wurjﬁﬁmimﬁ'ﬂmm@wmmm@mq@@ﬂmmﬁu‘luﬂ@:uﬁmuaumm%‘ﬁamx@ﬂ
u@ﬂmnﬁmnmﬁ?ﬁﬂwwm Hwai-Shi Wang WarAle (2004) WY1 mesenchymal stem
cells aldann Wharton's jelly anunsauansdneniiflumad osteoblasts éaumu
MNINUAITEUA9 Shuanhu Zhou HaTADLE (2005) tee11nisld DBM dniinldiie
mzmumm?wmz@ﬂé@u (chondrogenesis) 84 human dermal fibroblasts (hDFs) %‘\‘1
Mziaesly DBM %wzﬁmaﬂ'lu collagen sponge system 1ag DBM fl&ann human
marrow stromal cells (hMSCs) aan 3-D collagen sponge culture 9id3u IAANTZLAUN"T
chondrogenesis 138 osteogenesis mMeldaniazaesaadinnziaes  Tnetlsviunared
DBM a0 hMSC  @9lasd linAnszuounIg4519n12Anee s NUN1IUAAIDDNTDY
chondrocyte specific genes 1% AGGRECAN, COL Il uaz COL X N139tAINZUA2eaE
macroarray analysis udnel¥ifiud1 DBM nezdunisuanteantesiiulunguienaunsiii
TGF-B/BMP signaling pathway luad hDFs Iag DBM 9Nt hMSC Thfinsuansansne
mQQLgﬂ@ﬁm?f’]\miz@ﬂ (osteablast phenotype) Lfi@Lgﬂﬂumm?m’mgm%ﬂﬁ osteogenic
supplement Tmmmﬁﬁﬂﬁ@ﬁuwudﬂ NN BLUTAS hMSC  3auiTL DBM ‘ﬁlmmgjslu
Tn99919 collagen scaffold  auasadnialiAan1sasenszanaau wranszgnlalusssiu

aRWIZLAEN (in vitro)



uni 3
A8ALUUNNGIAE
iszang
gzg1ns (target population) 3\1’1?@’1‘1’71'g/ﬂﬂ??ﬁLLﬂﬂﬁﬂ@@mu[ﬂ?
UsEAINTNANAIBENG (sample population) 12PN TLaZN T UNN YN AREAT
LLNuﬂQﬁuﬁLfmm‘ﬁ‘m Tsangnuaqinaansad annta ne
\NEEINITARLAANLTNANEA (inclusion criteria) mm’]ﬁﬁz&gmmwmﬁum Taimududly
Tsm HangAsiATUAINAULAAASA
\NEUFINISARAAN (exclusion criteria) m@mﬁ@mmwiﬂuﬁum Hlsailszanda Aaan
NaUNINUA
nsasianldlunisiag
1. iA3RIND
1.1 Autoclave (Hydroclave Harvey, USA)
1.2 Automatic adjustable micropipette (Eppendorf, Germany)
1.3 Balance (Sartorius)
1.4 Beaker : 50 ml, 100 ml, 200 ml, 500 ml, 1,000 ml (Pyrex, USA)
1.5 Centrifuge, refrigerated centrifuge (Beckman, USA)
1.6 Centrifuge, microcentrifuge high speed (Eppendorf, USA)
1.7 Combs (BIO-RAD, Hercules, California, USA)
1.8 CO, cell culture incubator (Forma Scientific, England)
1.9 Cuvette 80-100 Lu
1.10 Cylinder : 25 ml, 50 ml, 100 ml, 250 ml, 500 ml, 1,000 ml (Pyrex, USA)
1:11 Digital Timer
1.12 DNA Thermal cycler (Thermo Hybaid, USA)
1.13 Electrophoresis chamber set (BIO-RAD, USA)
1.14 Flask : 250 ml, 500 ml, 1,000 ml (Pyrex, USA)
1.15 Forceps, operation blade
1.16 Freezer -80°C (Forma Scientific, USA)

1.17 Fume Hood (Newlab, USA)
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1.18 Gel Doc 1000 (BIO-RAD, USA)

1.19 Hemocytometer, cell counter (Boeco, Germany)
1.20 Hybridization oven (HYBAID)

1.21 Laminar flow hood (Gelman Science)

1.22 Multi-block heater (Techne DRI Block, USA)

1.23 pH meter (Eutech Cybernataics)

1.24 Phase contrast light microscope (Olympus, Japan)
1.25 Pipette boy (Tecnomara, Switzerland)

1.26 Pipette rack (Autopack, USA)

1.27 Plate Reader (Multiascent, USA)

1.28 Power supply model

1.29 Reagent bottle : 100 ml, 250 ml, 500 ml, 1,000 ml (Duran, USA)
1.30 Refrigerator (Sanyo, Japan)

1.31 Sonicator

1.32 Spectrophotometer (BIO-RAD, USA)

1.33 Stirring-magnetic bar

1.34 Test tube racks

1.35 Thermometer (Precision, Germany)

1.36 UV Transilluminator (Fotodyne, USA)

1.37 Vortex mixer (Scientific Industry, USA)

1.38 Water purification-equipment (Water pro Ps;. Labconco USA)

1.39 Water bath, Thermostat shaking (Memmert, Germany)

Janainsol

2.1 Cell Scraper (Corning, USA)

2.2 Clorox

2.3 Cryovial tube (Corning, USA)

2.4 Cell culture flask : T25, T75 (Falcon, USA)

2.5 Disposable gloves

2.6 Glass pipette : 1 ml, 5 ml, 10 ml (Witeg, Germany)
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2.7 Microcentrifuge tube : 0.2 ml, 0.5 ml, 1.5 ml (BIO-RAD, USA)
2.8 Microscope glass cover slips (Chance, England)

2.9 Needle, sterile (Nipro)

2.10 Parafilm (American National Can, USA)

2.11 Pipette tip : 10 pul, 200 pl, 1,000 pul (AxyGen, USA)

2.12 Plastic wrap

2.13 Polypropylene conical tube,sterile : 15 ml, 50 ml (Elkay, USA)
2.14 PCR marker (Bio-Rad, USA)

2.15 Sanitary tissue paper (Celox, Thailand)

2.16 Syringe disposable (Nipro, Japan)

2.17 6-well plate, 24-well plate, 96-well plate (corning, USA)

3. gsiARAldlunisaae
3.1 gswaRinall
3.1.1 Absolute ethanol (Merck, USA)
3.1.2 Acetic acid glacial (Merck, USA)
3.1.3 Agarose molecular biology grade (Sigma, USA)
3.1.4 2-amino-2-methyl-1-propanol (Sigma, USA)
3.1.5 Bovine Serum Albumin (Sigma, USA)
3.1.6 Bromophenol blue (Sigma, USA)
3.1.7 3,3'- diaminobenzidine (DAB) tetrahydrochloride (BIO BASIC, Inc., Canada)
3.1.8 Dimethy! sulfoxide (DMSO)
3.1.9 Diethyl pyrocarbonate (Sigma, USA)
3.1.10 EDTA (M & B laboratory chemicals)
3.1.11 Ethidium bromide (Sigma, USA)
3.1.12 Fetal Bovine Serum (Hyclone, USA)
3.1.13 Formaldehyde (Sigma, USA)
3.1.14 Formamide (Sigma, USA)
3.1.15 Glycerol (Pharmacia Amersham)

3.1.16 Hydrochloric acid (Merck, USA)
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3.1.17 Hydrogen peroxide (Siribuncha, Thailand)

3.1.18 B—Meroaptomethanol (2- Mercaptomethanol) (Sigma, USA)
3.1.19 a-MEM with L-Glutamine (Hyclone, USA)

3.1.20 MPQOS (Sigma, USA)

3.1.21 Para-nitrophenol (pNP) (Sigma, USA)

3.1.22 Para-nitrophenyl phosphate (pNPP) (Sigma, USA)

3.1.23 Pennicillin/Streptomycin (Sigma, USA)

3.1.24 Peroxidase-conjugated rabbit anti-mouse antibody (DAKO)
3.1.25 Phosphate buffer saline (PBS)

3.1.26 SDS (Sigma, USA)

3.1.27 Sodium chloride (Sigma, USA)

3.1.28 Sodium citrate (Mallinckrodt)

3.1.29 Tris (Tris[hydroxymethyl] aminomethane) (USB corporation, USA)
3.1.30 Triton X100 (Sigma, USA)

3.1.31 Trypan blue (Sigma, USA)

3.1.32 Trypsin (Sigma, USA)

3.2 A15LANAINTUNIN RT-PCR

3.2.1 PCR buffer
3.2.2 Deoxynucleotide triphosphates (dANTPs)
3.2.3 Oligonucleotide primers (BSU, Thailand)

NSIALTILTINTRYS

330191 ALFRa89

ﬁ'1ﬂ’]':TLﬁ‘]_l%uﬁ']u‘ll'ﬂ\iﬁﬁﬂﬂtﬁ@ﬁ‘ﬂ‘ﬂuqﬂﬂﬁ‘tlﬂm 1 LEURLNAT ﬂ’]ﬁl‘ﬂﬁﬂ@’mﬁﬁﬁﬂqﬁ‘
¥ o | Y a va @ o A o - y . .
mmm_qlmummmumﬂgummﬂmmm@mm@mmmmmma Wharton’s jelly derived

d” dl A % as .
cells AMNUBLEARANERAEARTNAILIT primary culture



40

28n19AL i uN15IA8

- X - =
ﬂ’]ﬁ‘LLEIﬂLsﬁ@@LL@%L@ENLeﬁﬂﬂﬁl@u"\’m’&’mﬁtﬂ‘ﬂ?ﬂ

thanegzaesnfildainnissnfnvinAsaansnanuisani lanuduseslunisise
(informed consent) mﬂﬁuﬁﬂmﬂmzmmLﬁ@mé%mxmmLﬁfammﬁﬁumﬂummzﬁ@
aandae sterile blade aul&1ia Eada1 Wharton's jelly ﬁﬁmﬁ’mﬁﬂmﬁﬁmgﬁu tissue Aael
cell culture medium %A G-MEM (Gibco BRL) Aifldanunanvesentfiaug penicilin 200
units/ml AT streptomycin 100 pg/ml udainnF Al AT udanaun adnyszannduay
Tmmx 1 mm LLé’QﬁWmQNuuﬁuawm tissue culture flask 1uA T-25 LLﬂngmLsﬁ@@ﬁlu
o-MEM ﬁﬁm‘qummm 10% fetal bovine serum (FBS) fu penicillin (100
unit/ml)/streptomycin (50 pg/mi) uRaFNNIINNZL A (incubate) ‘luéi@m?:mwmﬁﬁ@ﬂm
5% CO, arunni 37°C

Lfi@Lm@ﬁLLﬂﬂﬂ@ﬂmnmummLﬁmﬁmmuﬁmLﬁuimﬁlm"ﬁmmummmu
(outgrowing cells) MINANLALIIUIINTAS LN IATAGUYARBNDBNAINANUNARD
patA1TaTant 0.025%  trypsin LazsaE Rl E Nz R Tiannsiy diemad
Wharton's jelly derived cells L@?ﬁzyLLazLﬁ'uﬁﬂmmu‘Lﬂé’Lﬁmmwm@m (confluence) NN
AT Ad L ed A T-75 flask IneldamsdaunIsuLaLTas (split ratio) 714

anTiuaesTadecinefaiiiad (continually passaged) aunNIEia lAaNLILANBLAE9RI1NNA

|
a

& s ¥ ad & Y < <3 dl o] =
FANLNUINBIALIBLTLUIAILAINNLE L (Cryopreserve) LaZLNUNYUNNN -80°C  tna

a

AN19ANEN TN A
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NIPFENNITANTINUNIZLIUNTaATNN NGRS (DBM preparation)

o Qg/ ! dl Vo a : ! dg/ dl 1 dln %
uwumumz@ﬂmimum@m N’]LLﬂﬂ“ﬁu@’JuLu‘ﬂLﬂ‘ﬂm%‘lj wmm‘ﬂmm@umﬂmmmn

Pqn aniuadnlaiunmneg lunszanean tnaudliluaisazans 3% hydrogen peroxide
(H,0,) &weanldunnsan dH,0 AruauNINUansay udawmnieanlilauinnga wn

a

! v v
foatvlludngnmagi -80 °C auuiauarnaedutitudaianun dnldvinliudelnelaly

U

1
=

LA34 lyophilizer freeze dryer QR 55 “C uazanaIN1ANIgly chamber aanlinun
Aelddumn

\Wasnatinanszgnuannaudq tnamulldaunaldinu 5 an. wdarinlilulile
I~ < P (% = - [ . .
L'}Jummz@ﬂmmm@ﬂ (ground bone matrix) mmmmﬁuwhg sieve 111/ 1,000 micron
Tneinnnenaaifiudnetiesig liquid nitrogen LNailuiasa nenszan (ground  bone
matrix) AlFuInn1ranUsuaninaans (demineralization) Tagtinld14lu diluted
hydrochloric acid (0.5 N HCI) lidmndq1 100 mg DBM 2 10 ml 0.5 N HCI tiefqienws
8951197 Tunszgn Inaanizuaadaneanty aulfifluileitianszgn demineralized bone
matrix (DBM) #1839a1n1i1 DBM 88na1nN3anan 1, 2, 4, 6 LAz 8 T1lue waazaaaaniiuin
DBM aanainngm Wasiaansaaanane dH,0 aauaunin uanasas wildli 70% ethanol
e 1 daTus a9 sterilization LA2419189 70% ethanol aandae dH,O A1UIUNN
NA8IaL

° Ay vo LR 2 = — = > < PR

111 DBM 7lannliusiesaaiazes lyophilizer freeze dryer anasa waziiu DBM fiuiia
a dl a o o o o ¥ Y = dl A 1 . .
atllnNauH -80 °C 1NN199ATTALAMNITNTUIDILARLTINTNAAMADDSY (residual calcium

content) Tuduseldinaldwaiia o-cresolphthalein complexone calcium binding assay

(Arsenazo Il calcium assay)



=D e

UNIzANEIU long bone
e X o A .
ziendaundnuitiauas ladunisatgeanlilinnngn

AN9623% hydrogen peroxide

A 4

unifusnaprasuaii Widawialudiiu 1000 ptm

g T

A 4

wnnegflunsa 0.5 N HCI 5unms 1 L iflunan 8 dalus innnsilaaunse

NN 1 TN FNRINIZANEaNNILNNAIUNNaT 1, 2, 4, 6, uaz 8 Falug

A 4

A9nsmaansng strile dH,O 111 70% ethanol tluiaan 1 datue iungungi 4°C

ANNULAINAE strile dH20

A 4

b

a

N19f DBM wiiadnemaad lyophilizer Iagitlmazasduan Ngosmnd -55°C e

q a

D

[¢]

uan ey 1l sterile conical tube ﬁ@qmum -80C

v

11 DBM luusiazdaqnaiunmifiiniueaiiannaaviaent maununanszani il

ag/Tunam uazseuAng 1efEanuAaTENNAARa LNt LABS

v

171 DBM NH1BuMuAamNIAe daeNgaN

ol ¥

NARAUALLTARNFAIN AN 1

gﬂﬁ 13 LLﬂmﬁTuWﬂuﬂ’liLm?‘ﬂN Demineralized Bone Matrix

.&J 6 dl = a dl 6
NITLNASEAENLTRALANR ﬁﬂ‘]ﬁ“’]ﬂ']ﬁ‘lﬂﬁ‘ﬂ;lLL@Zﬂ’]ﬁ‘Lﬂ@ﬁluLLﬂ@\i‘ﬁ@\i FIAR
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Wnimags Wharton's jelly derived cells fineinlfanngnaaznasnunmnziasali tisse

culture media (0i-MEM) Nddaunanand 2% FBS @143 DBM a1uau 5 mg (NGunaaed)

Aungu@aunIziaes i o-MEM daunanaed 2% FBS @vlildiu DBM (nquauaw) tne

wnziae i T-25 flask Uszu10 5.0 x 10° 1iagasa flask (W38 2.0 x 107 wad/an.”) wlunan

o o = = e a X o
7 31 antuAnEnsilasullas e aniaTL luiaasan1ag
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N191U52 LN WNTLAFEU LN A ANAN WA WABILTA R

NINNTUTLEUNTATTYULNANNNAIUIN (assessment of cell proliferation) 184
\iag Wharton's jelly derived cells Nugnlfannanaazaasn damiziaaaluaninenuansng
fusannanaludesiu luanumnziaaeniln 6-well plates (Usznnad 1.0x 10" wwaa/well)

| (%

Wanandwldidwnan 3, 5, 7 way 10 1 AN suenitagaanatnanunziass inein e
LIAAUQARBNABNAIEYIILTY (trypsinization) inactivate fiagl medium NNAUNANTBY FBS
B3umawintiu trypsin 7114 1111 centrifuge 1L pellet cell ANUTAR WASILATUIWTARNE
PRy ' Iy Y aa . ol a o
u.mm%ﬁmh hemocytometer nQ895 trypan blue dye exclusion test (MIAANAHALAANA
Y o rdl a a :J/ o a dl v
YBAATATANE trypan blue WILLANIZmasn ARE) antiuninisFauineunaiiléan

g e X2 Y
MNLTIARNLALNVNARIAN1IEAE growth curve

gl
,.--°-"l| ; 04 e sempls

S e
ﬂ

e it o

19 14 uansdauLsznau89 hemocytometer

I.q- 10mm —,.{.q — 1fmm _.* tmm ﬂ

a) oled o a S e
LI.D |i oo o q‘ o
= | B = 13
=1 H iy - a
— =] #' i o i Ll
—g r = - L
/ =] o o Rl o
(=] opl o ] = i
— el B = § ] B
o - o]
o o o o olpC
£ O o o ' L )
a > ] =1 o L [
L Lt i —
Gl all of P culle Sorfained willir T los 1 fnee’ ans labsled &
PG el [ STl Thal B roedkBe e of D 0% n A
— _ Inarelaty Of the fs Coord el colin o T sbdet ol [uch e - —

batmdangof B aea Tul niton e ofhor fan sidetfdonel i Cols
el wilh ) Mosviabka ol iogear i b vl Scel b e dlaar 10
i kil D e el R i comatpaas )

- =zezri ——— i
T gl T L
Q. ' o - :

[

=]
[=a}

| = J__:;_l.l |
'l'uaciol ..',1- =T
I | 7]

519 15 uansnmaeneeetestsldlunsduiiagaes Hemocytometer tnaiuiannzinaan

—H—
a
- B
nl'_l

[ e e

pat] (lufndaasansazans trypan blue) Tudas A, B, C uay D ANNA6L

D)

ey
N

=t

o

z’/ a o o dldda . e
AINUUAAATUIUITNUIULTARNNTIR (cell viability number) AMNQAT

=

o o—alldda 1 dl o o—all a 4 1 . .
AMUIUTARNNTIRN = ANQALUIBIRNUITART NAAE x 10" x A1 dilution factor
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3§ﬂﬁimmmﬂu [n vitro functional human mesenchymal stem cell Identification

A1919% 3 uansdluLsznauves differentiated supplement FiN4°]

S doulsznay
Adipogenic Supplement (100X) hydrocortisone, isobutylmethylxanthine, iag indomethacin
Osteogenic Supplement (20X) dexamethasone, ascorbate-phosphate, taz [ I-glycerolphosphate

Chondrogenic Supplement (100X) | dexamethasone, ascorbate-phosphate, proline, pyruvate Was TGF-L13

ITS Supplement (100X) insulin, transferrin, selenious acid, bovine serum albumin, WA linoleic acid

unnenue B aliquot LaRLALINMUNH -20 °C 8Nt Adipogenic supplement LN 4 °C

A15199 4 Uan3 antibody Ml4l1N197994 cell differentiation THAFN]

S avuisznau

Goat anti-mouse FABP-4 (Fat) lyophilized goat anti-mouse FABP-4 polyclonal antibody

Mouse anti-human Osteocalcin (Bone) | lyophilized mouse anti-human osteocalcin monoclonal antibody

Goat anti-human Aggrecan (Cartilage) | lyophilized goat anti-human aggrecan polyclonal antibody

AN5199 5 WAANNI9WFTEN basal medium THARINT

O-MEM Basal Medium (Fat and Bone) Amount | Final Concentration

o-MEM 90 mL | 90%

FBS 10mL | 10%

100X Penicillin-Streptomycin-Glutamine | 1.0 mL | 100 U/mL Penicillin
100 pg/mL Streptomycin

2 mM L-Glutamine

D-MEM/F-12 Basal Medium (Cartilage) | Amount | Final Concentration

D-MEM/F-12 49 mL 99%

ITS Supplement 500 pub | 1%

100X Penicillin-Streptomycin-Glutamine | 500 pL | 100 U/mL Penicillin
100 pg/mL Streptomycin

2 mM L-Glutamine
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111 sterile cover slip (ﬂ’liﬂ autoclave LLﬁQLNW1W) wanlalu 24-well-plates (Costar,
Corning NY) auasungas s PBS 0.5 ml ilanaiitng slide lianfiniu well incubate
4o Y x e qum v . ,
737 °C aniugatan PBS aaniivll sedsaenlddinasainna anduuiissas Wharton's
jelly derived cells 1flu 3 nqu 1anaaaLN1siANgzUaUNIg differentiation iwaad 3 4iin

R adipocytes, osteocytes, az chondrocytes waaldlu 24-well-plates Fatd

1. pnsiuLtagsag hemocytometer M lAanuaw 4 x 10° wad/well a1191 12 489
‘ﬁlfl O-MEM basal medium incubate ﬁmmaz 37 °C, 5%CO, ?@@uﬂizmmmﬁoo%
confluent mﬂﬁmau Adepogenic differentiation medium (N4XN Adepogenic supplement
50 uL lu o-MEM basal medium 5 ml) 138787 0.5 mi/well A1U31 10 well LAZIRAN 2%
FBS + o.-MEM medium 158973 0.5 mi/well 27191 2 well ({HunguaLaw) Fnns A
Adepogenic differentiation medium 9n 3-4 91 ANt slide smagenluiui 10 uay
ufi 20
2. MN13TTLEadfag hemocytometer TR 1WA 8 x 10° Liag/well R1UIU 12 T84
‘ﬁlfl O-MEM basal medium  incubate ‘ﬁ'mqu 37 °C, 5%CO, ?ﬂ'ﬂuﬂa‘z‘lfl{imaﬁ 50-70%
confluent @Wﬂﬁwﬁs\l Osteogenic differentiation medium (NdN Osteogenic supplement
250 uL 1w o-MEM basal medium 5 ml) 13x283 0.5 miiwell A791 10 well AZIRN 2%
FBS + o.-MEM medium 158173 0.5 mi/well A71491 2 well ({HunguAILAxN) ynnnslas
Osteogenic differentiation medium 9N 3-4 A4 ANt slide smareLlLAR 10 uaz
Fufi 20
3. Mnsduaafae hemocytometer Tlda1wan 2.5 x 10° w@ad/15 ml tube
31uat 4 vaak centrifuge 7 200 xg 5 Wi ﬁ@mugﬁﬁm AN D-MEM/F-12 basal medium
anniy centrifuge 7 200 xg 5 WRansaLl A medium tninaan Ay Chondrogenic
differentiation medium (W&« Chondrogenic supplement 25 LU 114 D-MEM/F-12 basal
medium 2.5 ml) 1541m3 0.5 ml mgushmﬁmﬁﬂﬁ@ﬂwﬂﬁﬁmmmLmﬂﬂ?iﬂu%’ incubate 7
an1az 37 °C, 5%CO, finnsu@en Chondrogenic  differentiation  medium NN 3-4 U
At pellet cell umagaulusud 20 Taaniaide pellet 119n9uud las laaawuuan 14

alafandunImMILLAY smear WigadnszatsAnaguualas
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n1edaLN AL AR EaR At NATIA Chemical staining

nInAdeuITadnnIslasuducag adipocytes a3a nagaulafaanisgian Oil
L = < a  a ' o A @ c
Red O staining THALINAZWWIASAARLAY dauntInadaudsadinnidasuduaad

osteocytes a3 nadaLlAsaan13¢ian Von Kossa staining TaNaLINASATIARAARWAA

invizedan
Adipocytes (Oil Red O) Osteocytes (Von Kossa)
1. Frozen section 1. Deparafinized - dH20
2. Dipsection in 70% EtOH dnAg 2. W11 5% AgNO, 1 Flus

3. fianlu oil red O (lalungusitlaaiin | 3. 419 dH,0 2 AFS (1)

tlaaiunngszwmis) Usvanns 5 Wi

4. a19eeinermdali 70% EtOH (5234 4. il Photographic developer solution 2
. RN v
LIAAUR ) UN (INUIENN)
5. 419698 dH,0 5. 47968 dH,0 2 A%
6. counterstain A7l hematoxylin 6.1 11l 5% sodium thiosulfate solution 5
WA

7. mount #iagl glycerol 1 eim uaati slide | 7.899 M running tap H,0 2 Wudamu

10 W1le FedauiAugal slide Aagl el dH,O
n3eANIAY LAt lldaandaq 8.counterstain 14 nuclear fast red 5 W
9. 479 dH20

10. UABLIRWWAIATIN
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N72191N19 Fixing and staining Procedure (Immunocytochemistry)

nsnadauItasinisilanuiluiag adipocytes a34 nagau lFFEN1IRTIRAE

FABP-4 Ab nsnageuinmaainisilasudugas osteocytes 439 m3aamae Osteocalcin

Ab douiaas chondrocytes R9IARE Aggrecan Ab Imeldieulmsd Horseradish peroxidase

(HRP) conjugate @ﬂ“'ﬁv‘]_l secondary Ab waz ki diamino benzidine (DAB) i1 substrate

v

dl % [~ al o ¥ '] a ] % L
product wimzmmmmmw LAANINLNANALIAN "V]ﬂﬂ’]?@‘ﬂ\ﬂuﬂ@‘ﬂ\i‘j‘@‘lfli‘?ﬂu

Adipocytes (FABP-4)

Osteocytes (Osteocalcin)

Chondrocytes (Aggrecan)

1. 3196184 2 AFIA2E PBS 1 ml

2. Fix in&m0el 4% paraformaldehyde 113 PBS ({11941 20 117 Nigaunnivias

3. A19EIAS 3 ASIAAE 1% BSA 11 PBS 0.5 ml 11141981 5 117

4. Permeabilize and block cells #8 0.01% Triton X 100, 0.1% Normal Horse serum 114 PBS 1 ams fiaiialy

gy vieailuingn 45 w1

9

5. dilute goat anti-mouse FABP-4
antibody 1 l#Amd g 1

ng/100 pL

5. dilute mouse anti-human
Osteocalcin antibody Wilsaanu

oo 1 1g/100 pl

5. dilute goat anti-human
Aggrecan antibody I lFA

\isdid 1 ng/100 pL

6. ¥a3a1N blocking AN goat
anti-mouse FABP-4 antibody
working solution 300 pL/well

incubate AR 2 744

6. #a4a1N blocking AN mouse
anti human Osteocalcin antibody
working solution 300 pL/well

incubate AN 2 D74

6. “a3a1N blocking AN goat
anti-human Aggrecan antibody
working solution 300 pL/well

incubate AR 2 179

7. wash a8 3 AFI608 1% BSA 11 PBS 0.5 ml 598z 5 119

8. LA rabbit anti goat
Immunoglobulin (IgG) ﬁ
conjugate fU'HRP Ly incubate

30 W17

8. LA goat antimouse
Immunoglobulin (IgG) # conjugate

U HRP 8y incubate 30 W17

8. LAY rabbit anti goat
Immunoglobulin (IgG) #
conjugate M1 HRP LAy incubate

30 W17

9. wash a4 3 AFIA08 1% BSA 11 PBS 0.5 ml 598y 5 1

10. \FN substrate DAB (diamino benzidine) 10 U

11. Aalanivengal[isen

11. Arauanivengalfisen

11. Araanivengalfisen

12. counterstain Aag hematoxylin Watantiamaea

13. mount slide udatinlildesnlundesqansael
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Mesenchymal Stem Cells
MSC

Ostecgenic Differentiation
Mediuem, Culture 14 - 21 days

Adipogenic Differentiation Chondrogenic Diferantiation
Medium, Culture 7 - 21 days Medium, Culture 14 - 21 days

Adipocytes Osteocyles Chondrocyles

Alizarin red Gl x haggrecan

Gl x meFABP-2 M= x hOsteocalcin

51U 16 wanFaae9KaNIIMAREL In  vitro  functional mesenchymal stem  cell
identification Ineinisdninlshidasnuudaglidiflucgad adipocytes 1ag osteocytes WaviTag

chondrocytes

anguil 16 mefigarin MSCs wlasuuilanilumad adipocytes vdell vinlfaedda
Aanstian Oil Red O staining tieq oil droplet Melmad Tvazifiuinfinduas viiansnag
FABP-4 UuRalad daunisilaeuulaaduimas osteocytes nadaulaansgan Alizarin
red staining AZAUINTARAARALAY UTEB1AERN Von Kossa staining 1 b A ALiWIARAA
Fnmaudaauiens uazmsag. Osteocalcin drunnaldsuuiaailiugag chondrocytes
naaaulatnNITAIIA Aggrecan %Qﬂﬁ?ﬁl?%@%ﬁ FABP-4, Osteocalcin, Waz Aggrecan ﬁ’u%ﬁ
secondary  antibody 4 conjugate 11U Rhodamine Red %uﬁ@iﬂ@d@mlﬁnﬁm
fluorescence microscope AUTUEAR WA LAY (ﬁdgﬂ‘ﬁlm) WAANITARNNIZUIUNNT

differentiation LAATA3
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N19INARARAL osteoblastic differentiation pine3a alkaline phosphatase staining assay

'
a o

m‘ﬁmnwmmamn:lﬁmLsﬁ@@’iu@ﬂuwm@@qiumnﬁqzﬁLmeﬁiNﬁuﬁNﬁuLﬂmm 7
o K o [ al c Y aal . - 14 .
U ANNINITLRNALTAANILIT alkaline  phosphatase  staining assay Toer Sigma

Diagnostics alkaline phosphatase kit (Catalog no.86-2, Sigma Diagnostics, Inc., St.

¥ ¥

Louis) FUNRITARTIQNANFE) phosphate buffer saline (PBS) WRTNHFIT (fix) Aag

k1l

citrate-acetone-formaldehyde fixative solution Migaumndviaaunan 30 TN uazdiox
v . . dl a v [~ = %

»9¢el alkaline-dye mixture VIQMMQNM@QL‘JJ%LQ@’] 15 19 wazldansazang napthol AS-BI
alkaline solution and fast red violet B (FRV-alkaline solution) @115umsadn enzyme
activity WAZMINNT counterstained slide fag hematoxylin solution, gill No. 3 AMNUUNINIG

Apsziiadnaenaasaanssail (light microscope)

N13AN®15UN U alkaline phosphatase activity A1NLTIARA2EAS in vitro alkaline

phosphatase assay (438n19Lia8NA9azA lUNIAKLIN)

41 DBM duivldluadngunaasd nguaz 5 mg iulu sterile microcentrifuge
tubes La9 split cell adlu T-25 tissue culture flask mﬂﬁu treat cell Anel 2%FBS Tissue
culture media (AN DBM aslungunnaed incubate 11ea 0, 3, 5, 7, wax 10 Fu incubate
flannay 37°C, 5%C0, Weldnanfinvualfitiien tissue culture media een T flask 7
st DBM i&nedae PBS uwhageien DBM eenlsfunniign s ice cold dH,0 2 mi asluus
az flask wadynaenimadeanann flask tneld cell scraper

thansazansfifiaasanaenineasly 15 ml centrifuge tube anetutiuds arntiu
‘1/1°’1ﬂﬁiﬁumuﬁﬂu‘imﬁﬁmmﬁ@;qLﬁ@ﬁlﬁwmﬁmnmﬂ (sonicate) 11144981 30 A1 1 n¥q
51}’3?1Lﬂ§?|@\1 sonicator [;Tﬁm?lmﬁ 30% amplitude LA sample 200 ul avlulmas well 284 96
well plate 475U blank Wwaz sample AN pNPP 40 ul assias well 881999A159 incubate
assay plate 7 37 °C 1flwaan 20 17l weyaL 5N TaeLdn 10N NaOH 10 ul adluusiaz wel
#nL31d blank ﬂdmmmi@mﬂﬁuumﬂ' 405 nm #ngl plate reader WAAIAIUIDLAT PNP

amount lag/ 14 working sheet
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Determination of the extinction coefficient for pNP

111 stock pNP solution (2 mM) Putudannazane wazninisiaaaalsdlaaans
iadiu 50 uM Taaiis pNP 25 i aslu dH,0 975 i 11 pNP 50 UM 1 dilute t@Faudaun

dilute sia AYFAITY

Volume of 50 UM pNP (L) Volume of the Diluent (LI) Conc. of pNP (LLM)
0 250 0
50 200 10
125 125 25
200 50 40

U b2 v 1 dl = wdi/ [ 1
¢1Nel pNP mmmmumm mmﬂuimumm@ﬂu 96-well assay plate 9AAINT
p = o o R 9 &
AANALUIBILAS (OD) N 405 nm Taer plate reader uumnmuﬂammu excel data sheet
LL@Z@%’NLﬁum’]WN’]mﬁ’m fﬂ’mﬂfuaﬂﬁ’mqm extinction coefficient F1N Beer's law

(A=E*C*L) 38n134AA1 OD AINLAFEY Multiskan EINANARLAN

N19AUININANIINARSY (Calculation)

1) Protein amount of testing samples:
Q1N BSA standard curve to get ug protein/ml of each testing samples.
y = mx + b, (OD = m*ug/ml + b) => (OD-b)/m => protein amount =

ug/ml*volume of cell extraction for AP assay (100 ul)

2) pNP amount of testing samples:
a. 21N pNP.standard curve to get extinction coefficient for pNP:

E = # units OD => 1 = nmol/ml*1cm => = nmol * 1cm

1
Nmol/ml*1'cm E # units OD E # units*ml

b. a1nA" extinction coefficient el ldANANdRd U89 PNP T3 testing
samples:
pNP concentration = #units of sample OD * nmol = nmol/ml

# units*ml
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c. 1N pNP concentration of testing sample Wal#ldiAn total amount of pPNP in
cell extraction in the assay for each sample:

Amount of pNP = pNP concentration * total volume of AP assay (0.25 ml) = nmol

d. a71n pNP amount el ler PNP production per minute:

pNP/min = pNP amount / 20 min = nmol / min

3. pNP amount per minute/ mg protein
91N pNP amount per minute and protein amount Wwaliile ratio of PNP/min :

protein pNP : protein = nmol/min/ug protein = umol/min/mg ptotein

Overview of Calculation:

# units of sample OD * 1.cm * nmol *total volume used in AP assay

(250 ul)

units of OD from pNP standard * ml

conc of protein (ug/ml)*vol of cell extraction used in AP assay (200ul)*Rx time(20 min)

= # units of sample OD * 1/E * 0.25

Reaction time (20 min) * amount of protein

= (#units of sample OD/reaction time) * 1/E * 0.25 **1/amount of protein

f pnau di g

Column E H in worksheets
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A8n19UsNgdin total RNA anLtagd

v MSCs Ausnlanibaifiadau Wharton's jelly 199@na4zAaIN 7ieli o-MEM
HafldaunaNTR 2%FBS + DBM AUITAdTIAEen 1Y O-MEM + 2%FBS 1fluaan 7 5u
nuanana total RNA Tagld RNA easy Mini kit (Qiagen) MN199aLasAUR TN
ANdNduIas RNA (ug/ml) = AN1saanauuas (OD 7 260 nm) x 40 x dilution factor Tag
iisas spectrophotometer ANLEANE 1Y RNA gldanndnandau OD 7 260 nm : OD

280 nm AsHANINALALN 2

cells

Lyse and homogenize

Add 70% ethanol

nd total RNA

Topal BMA

ash 3 times

< @l - el — & —at —

Elute

gﬂﬁ 17 meﬁ%ﬂﬁ? extract total RNA anwiaa



1. Harvest cells : lyse cell Inainss tneigm cell-culture medium @2n (419181 DBM aanineld

PBS) Adnuunszanm i iaeasavanafinagu flask

h 4

2. Disrupt cells : 1iu Buffer RLT 350 W a1k cell-culture dish wda collect lysate fingl cell

scraper AN pipet lysate adlu microcentrifuge tube uda vortex 1138 pipet L mix

\ 4

3. Homogenize lysate : g lysate {1uidiaiiuad 20 (0.9 mm diameter) ati9tiag 5 AT

A

4.\ 70% ethanol 1 Windaagli homogenized lysate k&2 mix Tfidnriusag pipet

A 4

5. el sample NINAUARY RNeasy spin column wazldaslu 2 mi collection tube Tmeliun7
uaz centrifuge {1981 15 3UNiNA291159991 8000 x g (>10,000 rpm) ARANTATAILTINAY

tube A lNNA

v

6. LAx Buffer RW1 700 pl ali RNeasy spin column Uaeiune) uaz centrifuge tuian 15
uinANEsal >8000 x g (10,000 rpm) NBA1S spin column membrane AAANTAZANET

511 tube B lEuNA

A 4

a

7. \An Buffer RPE 500 i a4lu RNeasy spin column TRt dag centrifuge iuinan 15
FuiinAauEasan >8000 x g (10,000 rpm) AR spin column membrane ARANTAZANLT

51 tube P lEunm

A 4

8. LAl Buffer RPE 500 pl a3lu RNeasy spin column Tarni1n7 uag centrifuge iuiaan 2
W17 N1ANLF998U 8000 x g (>10,000 rpm) LWAANY spin column membrane AAANTAZANET

811 tube A4 lEuu s

A 4

9. #nel RNeasy spin column @41y 1.5 ml collection tube U411l LAn RNase-free water 30—
50 pl avlu spin column membrane tneinss Taniun waz centrifuge iWwaan 1 wiin

ANNIFITEL 8000 X g (210,000 rpm) aLaNLanNIE (elute) RNA aanutivlu tube 1ane

517 18 wanedunaun? extract total RNA A NLTaa

53

naEun §1ARa0 yield >30 pLg, Wi Ineld RNase free water An 30-50 U vidaeluate ANduH 9
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N19ANEINILAAIDANURIEI FLiAE cDNA array

NNTLATEIN sample RNA AUTUN1INAAAY

WiTelN umbilical cord mesenchymal stem cell agli tissue culture flask 2114 T-75
I ES N u AN treat @8 a-MEM 71T 2% FBS | pennicilin U streptomycin WA
amphotericin B 14 flask 4 20 ml 1Ax DBM 15 mg Tungunaaad incubate 1lunan 7 44
@ﬁﬂﬁuﬁﬂma‘ extract total RNA Tag 14 RNeasy Mini Kit (Qiagen)

ANUIANIT NTLIRI total RNA Tmﬂmﬁmmm?@mﬂaummLLmﬁ' 260 nm (A9

dindulainggangn 60 ng/pl) uazAIes A260:A280 ratio Aagat] o 1.9 119 2.1

NN9LFiITE cDNA probe AI19U5UN19N hybridization

1. W3RN annealing mixture: ANUFLLARZAY8E19784 total RNA sample NN1THEAN
dautlsznaurng a9lu sterile PCR tube nanliidnriugae pipettor wae centrifuge lutas

andu AgauunRlu thermal cycler 7170 °C, 3 W% waz# 37 °C, 10 w1l

Total RNA 5.0 g

RT Primer (P) 1|l

RNase-free H20 | tl5uilumsgavinalils 10 w

2. \FsuN RT cocktail: tHFENTRLET incubate annealing mixture 7137 °C fq'u RT

cocktail #1 37 °C {luwaan 1w

RT Cocktail for Chemiluminescent Detection

Components 2 arrays
Buffer BN 8
RNase-free H20 8l
RNase:Inhibitor (RI) 2l

Reverse Transcriptase (RE) | 2 Ul

Final Volume 20

3. RT reaction: 41m3Uusaz array WHisl RT cocktail 10 pl a4l Annealing Mixture
10w wanlsidniuwn fag pipettor waz incubate sia? 37 °C iwiaan 25 w7 gui
gnd 85 °C 1flunan 5 w1l Live hydrolyze RNA uwag inactivate taulasl reverse

. 4  aswiuy ¥ o 4402 .
transcriptase Waay RT reaction Jis Muninudsnen dudunaudald
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4. wisad LPR cocktail: @ m5Uusay GEArray kit, mix @9unanaely sterile PCR

tube
LPR Cocktail for Chemiluminescent Detection
Components 2 arrays
Buffer L 36 ul
Buffer AF (BLUE tube) 18 pl
Biotin-16-dUTP 4wl
DNA Polymerase (LE) 2 ul
Final Volume 60

5. Linear polymerase reaction (LPR) labeling reaction:
&13uusaz array WHid LPR Cocktail 30 W adluwsias RT reaction way mix 19Ldn
Tubiagl pipettor FapnTul thermal cycler 41%15u LPR Faid Ao
ArUnQH 85 °C iluan 5 wii; (85 °C, 1 W1, 50 °C, 1 w1, 72 °C, 1 w19l) AU
30 381; wazguuyH 72 °C 1luan 5 wii
6. ¥11N17 denature labeled cDNA probe kazue/alfizenlnenns heat LPR tube #
94 °C \fhunan 2 wituasldlurinuderiui fAagld cDNA orobe fin¥ausin hybridization A93

a

Wil probe 137gaungi —20 °C riawtaxnii hybridization

a

v
4URANI9NT hybridization

1. Pre-hybridization: msﬁwwdw%umuzgmﬁﬁmm probe synthesis WAz nau
G:uﬁumiwmm AvTAALINNN array bar code number w1 ldier  vanng pre-wet array
membrane ImeAN dH,O 5 ml avlu_hybridization tube WAz invert tube ‘ﬂmxﬁll,m?ﬂu
GEAprehyb a¢l mnﬁu@ju GEAhyb hybridization solution 7 60°C WAz invert 19nMaNeASs
Tidauranrestinefazanednsaaiietinaanysnl 113 heat sheared salmon sperm
DNA 7 100 °C 1114981 5 117 wazansLLEnuTevig Am dH,0 AN hybridization tube i
Tuna UAAN GEAprehyb solution 2 ml (nANWIN) Myl liluiulas vortex tube

angazaalimdniu 1d tube aglu hybridization cylinder 91nn19  pre-hybridize

!
=

hybridization oven # 60 °C ifluan 1-2 d4lue Tnannsuyuecingsieiledn 5-10 rpm

agiglafmudianuaduenaninng pre-hybridization Mg 72 dalua
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2. Hybridization: #n GEAprehyb A1n hybridization tube %ﬂﬁm\lm AN GEAhyb
(@il probe , AN1ANWIN) &l hybridization tube M1N"3 hybridize IuAuT 60 °C uay
mu@ﬂwﬁimﬂmﬁ 5-10 rpm
3. Washing: 7 GEAhyb solution a0 hybridization tube aglu microcentrifuge
tube Ravann WUT 20 °C wazsinnns redenature InennsEuLugan 2-5 Wi e
ﬁ’mﬂ"ﬁ%’] #79 membrane 2 ﬁ%ﬂéﬁm wash solution 1 3109 5 ml ‘1‘7{ 60 °C, 20-30 rpm, 15
W L9 vortex WAIA19 membrane an 2 ﬂ%\iﬁfm wash solution 2 5 ml ‘171| 60 °C, 20-30
rom, 15 U WAA vortex
UNEILIR Wash Solution1: 2X SSC, 1% SDS
(&N 20X SSC 100 ml kag 20 % SDS 50 ml Glu{iﬁ 1L)
Wash Solution2: 0.1X SSC, 0.5 % SDS
(AN 20X SSC 5 ml haz 20% SDS 25 ml sl,u{iﬁ 1L)

+

GEArray Q Serfes

0

:l"l'ﬂ -

B_H_F

= *

519 19 uAAIAUNIABI193 GEArray” Q Series membrane Iasisinudnaiu array

side T9U999A92 oDNA spot lugnnagdielsaes hybridization tube dausinuaanHeiiu

a

Reverse side WuduinuWdayatas array atifnuuanaas hybridization tube

1F9UABININA chemiluminescent detection (YNILABLYINNGUUNNTE)

a

1. Blocking array: #14431nan wash zﬁmﬁ’mﬁﬂﬂuéﬁ 1¥1AN GEAblocking solution
Q 2 ml a1t incubate 1lwaan 40 w7t wauatiesialiasd 20-30 rpm

2. Binding of alkaline phosphatase-conjugated streptavidin  (AP): Af
GEAblocking solution Q a1n tube il Fu binding buffer 2 ml &g incubate Liluan 10

WM uazuyUeLiNgEa e 5-10 rom
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N15LA58EN Binding Buffer: iMn9 dilute 5X Buffer F gl dH,0 1517m9 5 win it
WselN 1X Buffer F waz dilute AP 1:8,000 adlu 1X Buffer F l55lé binding buffer (A93As
AP 1fumslitiaandn 2 i) Taeld 1X Buffer F 16 ml luusias tube §11151 washing

3. Washing: 479 membrane 4 A¥adae 1X buffer F 4 mi 11987 5 unidaenns
L8N vortex tube STl NRIANNLAN fresh 1X buffer F aaluumay reaction wda rinse 11784874
2 pXsdag buffer G 3 mi

4. Detection: AN CDP-Star chemiluminescent substrate 1.0 ml a9l
hybridization tube WA3 incubate ﬁfqmmﬁﬁﬂ«,ﬂumm 2-5 w7 (siaelif membrane #71
fael substrate WaMaIA) ANNTWRANASTL (blot) membrane A4LUNTZATENIBIRELE" CDP-
Star solution Auean (323982119 membrane Wi94@Tin) 919 membrane a3l plastic

sheet protector viTa’lu plastic zip-lock bag 211ALaN aeilENNaIa N

Image and data acquisition and analysis

1. Image acquisition : blank side 284 array AaIHLUEN AL film ANLULILRS bar

v Y = v Y ° . ¥
code AANALATUUIINLASTAUDN array El,uﬂqmuuu 11N17 record array image el X-ray
film (15 expose X-ray film A99ata875i97] anldn ndaian) uazulasninaspaniames
el desktop scanner uaztiuAnn Ly electronic file in grayscale (8 or 16 bit) WAz

utlaglwadlu TIFF format 132 JPEG format

2. Image Analysis and Data Acquisition & Analysis

lusunsu Quantity One LTz idayail 1 udadnaendasyarunildasly
Tilsunss Microsoft EXCEL (AN1ARWIN) HAAN intensity/mm’” {aaufiuaes blank Al
L1 sunuel ANt A THuA A E 9 9L A intensity/mm” 284 internal control
g1 (@anty PPIA %ﬁﬁ@gj 4 dag Tnavnaniedsnaw t8ifua normalize dMiLLAa TS

uAatnANeINg N 65U DBM lusiafs winssnsnguacuax (16 E/C ratio)

Ipgd1 E/C HANWNANNGn  2.00 qadu highly up-regulation
E/C HAnegjszndng 1.00-2.00 qpLdu up-regulation
E/C  HANeeiseudne 0.51-0.99 anLili down-regulation

a

E/C  fAtiesndn  0.50 apitlu highly down-regulation
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Gene Expression Profiling AAnAAAA Total RNA
with GEArray™Q Series N\ AL ’

~_Semske. Probe labeling
f ! with 3% dCTP
: ' Biotin - dUTP
N GEArray . Probe labelin
Bz aﬁgﬁgm a
’ ( 1-2 hour
- 2{3&&?&!
Pre-hybridization robe denaturation -
Hybridization
Hybridization 7 Overnight
Biotinylated a
cONA probe
chemiluminescence detection \ Detection
X-ray film or CCD camera 2 - 3 hours
J
N

> Data
analysis
Data analysis with
GEArray Expression

Analysis Suite

M Data table
N |— and graphs
— >

517 20 uansdunaulaINIzLIUNNANEINITUARYEaNLevEWlW GEAray Q and S Series
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N1991 RT-PCR a1n total RNA # extract 8101 1A%

[azang template RNA, primer solutions, dNTP mix, 5x QIAGEN onestep RT-PCR
buffer, Wa¥ RNase-free water Qﬂﬂnﬂﬁaﬂmﬁuuﬁﬂlﬁd @Wﬂﬁum??ﬂm master mix %I\‘l
1sznaudas gaunauaNAd I RT-PCR eniiuy template RNA (A251A38N master mix
Wil Funmsunnndninivualy 10% &"uFuYn reaction) wax master mix loidni, wazld
Bunmsfimanzauadly PCR tube \Ad template RNA asluusias PCR tube AT
T3un3sa thermal cycler Tpei33@u RT-PCR program I0ULT PCR tube fatutinuds oo
@umzﬁq thermal cycler @muﬂgmﬂﬁﬁa 50°C @4279 PCR tube @9uuU thermal cycler

Ua9aN amplification NUABENTINAUN 2-8°C 138 —20°C aundnaztitun I

No. Name Sequences (5' -3') product | Tm

1. | RUNX2 | Foward:® CCCCACGACAACCGCACCAT® 270bp | 64°C
(Cbfa1) | Reverse: - CACTGCGGCCCACAAATC®

2. | SMAD2 | Foward :° AGAGAGTTGAGACACCAGTTTTGC® | 86bp | 60°C
Reverse: - ATAGTCATCCAGAGGCGGAAGTT®

3. | SMAD7 | Foward :° GAATCTTACGGGAAGATCAACCC® | 67bp | 60°C
Reverse: - CGCAGAGTCGGCTAAGGTG ®

4. | GADPH | Foward :° ACCACAGTCCATGCCATCAC® 370bp | 60°C

Reverse: ©° TCCACCACCCTGTTGCTGTA °

AN 6 LAASTREY A1FLLLIA 1UIAU8Y product AT Tm 289 Primer

ANNAFN 6 ARSI Primer 2a38uNgw]a d115UM1 RT-PCR allzauiiaunng

uamepantadtundnlaietudunadngennaadiunisin cDNA array 3a
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Step Time (min) | Temp (°C)
Reverse transcription: 30 min 50°C
Initial PCR activation step: 15 min 95°C

3-step cycling

Denaturation: 0.5 min 94°C
Annealing: 1 min 60°C
Extension: 1 min 72°C

Number of cycles: 30 cycles

Final extension: 10 min 72°C

lﬁl’]‘i’N‘ﬁ 7 1L &A3 Thermal cycler condition
AHANARAINNI9%17 RT-PCR (PCR product) 1TensinnasARTaLA $9as PCR
marker (Biorad) 4118 50 = 1,000 bp WANTU loading dye Tilfpanudiudusangavineiily
1X mﬂﬁuslm\ﬂw@mm 15% agarose gel electrophoresis TlEHNsEREN gel WL
LeiuseuUBUSasuds antusunszua A Ac N eAne 90 V ihunantlsvanas 1
Falug e gel Tlud (stain) Wansazanel 0.1% ethidium bromide wseanad 10-15
YT uay destain lurngzenmantlszanm 10-15 wnf uazidniAsedenased UV Lite

AnenWLaL DNA g

NN5AATIZUTBYN

a a k7 o =3

ANALTINIINUN (descriptive. statistics) Lﬂuﬁﬂlﬁl‘ﬁlLﬁlﬂQﬂﬂﬂﬂUﬂﬂﬁ‘LﬂUﬂU?’m‘ﬁ@H@
LL@xm?ﬁ’]Lmuﬂ%H@ %\‘I%meﬁ’]ma‘ﬂ (mean) ﬁ’lLﬁmmummgﬁu (standard deviation)
AN (frequency) Tugtlaaansiazpagng

adRE ey (inferential statistic) Wuadfiildaguareslazanns Tnsdeyaiily
LA (continuous data) Lﬁﬂlﬁﬂ’]ﬂﬂ?‘ﬂﬂLﬁﬂ‘]_lﬂfa’mLLMﬂﬁiﬁﬂﬂﬂﬂﬁﬂﬂ@’]\‘lﬂjﬂ\‘i“ﬁ@H@

TnelaatiAnaseusssielilil 1w unpaired ttest AmiunsauiisuAadsvesdays 2 ngx
nifludaszriaiiy ANOVA dmfuulaunauAiaaaninngd 2 nguiiiludasssiaiu y *test
Avdumeaauanduiusaessoulsfauuniiungs (categorical data) WAz correlation

A mFunsaaasuANdNRLTITd1eiaulssieties 2 Faulls LARIAINNUANGNNIEUINNNgH

NAABILATNANAILAN tAENNUUATTALITRIANATYMISATAN p < .05
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HANNSILATIZRL YA

NANISILASIZI

v A

nsANEATIHLAYIN NI UT A WLHBIERAN AR INANNITANNLNAIARDALIAT

v 5 oA , “ o X Y
AnTuiNnIsueniiefiadau Wharton's jelly Inaugnienvaaniaannagnieluguiieasn i
UuA R19fine PBS waNiL pennicillin Laz streptomycin Wiatlaaiunnsini@aniainungng

1 v v v 3
aslu Petri dish 73 o-MEM anndultlufindsiAanadesnduiiessnaaldiaunaian
Uszanmd 1 x 1 AARWAT NINITUENWNZIAES Wharton's  jelly cells  annduiilalaani
. Y aa ) o £ A Ao o o Y -

primary culture m9894 outgrowth technique TPEENTUUANAR FULFRE LRIN1N TN LU

tissue culture flask agslis 0-MEM 918 10% FBS WAz penicillin 297U streptomycin 1

| '
= a ca

naiaelugas incubator 90N 37 °C, 5% CO, AUNITNIIARBTNIATHLANNAIUI

q a
£

fouseuduiile v‘hmquz@'mﬁi@‘lﬁmmfm?‘a;LﬁmémqummmﬁqLﬁuﬁuﬁ tissue culture
flask WAIMIN19ANHIIUITAR (morphology) WAZARMANHIWY (characteristic) UBEAR
naularnaIAdaLfag DBM

ieflazAneBuinuaadasiavdestlunenszgn DBM Wiauiitayulugaaaan
ﬁmmfz@ﬂ DBM H1unszuaun1santsuninanis (demineralization) A9UINNszaNEITN
nsanU3naunaeus (demineralized time) fhinan 1, 2, 4, 6, uay 8 dalus wudn deidle
nanszanTEUnIziaunsanBindewsln 0.5 N HCl fitsunnuaadanfiviaeatly
bone matrix {Reuiugailildtinunma usilde 90.95, 83.25, 19.34, 7.53, unx 7.32

FNANAL 793117 21
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\e]
(=]
|

100% 90.95%

83.25%
19.34%
. 7.53% 7.32%
0 1 2 4 6

13219 DBM aglu 0.5 N HCI (#2319

i

A

'
a

BYNNIYia 08
DBM (microgram)
[a—
W
|

a

—
(=]
|

Punamnat
|

MBI mg Vo9
(9,]
!

v

51 21 uantBunuaesupaidenlunanszgnianasniNiaaileatflu 0.5 N HCI fiu

unnupaiieunmvaeagguiunausiu -

4

sU# 22 wame DBM 7oglu 0.5 N HCI fluiaa 8 9ol danndensaesn vinng
sterilization waz1in1nin freeze dry w18l sterile conical tube Wasialunageuiumagdn

%
ABANNIT

Wesan DBM  AiRdsz@nsnwlunistningas  osteoprogenitors  liianas
wWasuuwlasliifwmada¥ensean asiiffunueadanmasagly DBM dszannfanay 5
D4 10 Awugideaaaen DBM deaglu 0.5 N HCI iflunan 8 49l wesaniliffunn

waaLdeNAentiilsviniatay 7.32 NninnnsAnmsie (317 22)

G
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DBM tnun it lun1sAnen lusssumagnaasd (in vitro) 18948 Wharton's jelly

derived cells H3zAULAATHNAIMABEEUTENL 7 - 8% 209LFNIDILARLTENNH DL FD LG

i
%

A At gunRNaF 9 TUAINNISINITIAEN WATIINT9ANEN ANwZYes fibroblast-like cell

Wanandulidszunm 2-3 dilasfsann dunmiudndusesioas Wharton's jelly derived
= a ql [ = [~1 =S o &
cells ANTLATYINNANUIUNALLANANUNAAAY (80% confluence) AININITAANLIARADN
Y a |2 . . o - L Aoy
AMNANUNARBIAIUNTLTU (trypsinization) ANITARUALINIZIALNAYE O-MEM NHAVUNAN
2193 10%FBS URNN3ANEIgLs AN U0 @as Wharton's jelly derived cells a1nN19

3
NZIAEN WUdNAN Bz edasdanwuziiuuenad e glaauaz ANz AR BN ITaNe

]
=]

spindle and stellate shape) Winlglananauiiuiidainganiu (homogeneous cytoplasm)

—~

pad)}

gtlseAnsz AR LLEAR fibroblasts (fibroblast-like cell) flia1ngL# 23G vira 23H 4

a

o A o K

ANHOILAINAIWINNAUALIUIIIUB mesenchymal stem  cells 1w §adEAsiadng

a

wgadumad lavdslatinuanifiiugad MSCs  aseuaaly 6aeds In vitro  functional

mesenchymal stem cells identification ldidimly



(A) TAALTN outgrowth 8ANAN tissue (B) Liad NN UINAL confluence 1 tissue

(C) MN13aanitaaaanann flask (trypsinization) (D) wans cell proliferation TuSua 1

(E) udns cell proliferation ludud 3 (F) uama cell proliferation 1uiuh 5

(G) wama cell proliferation lwdun 7 (H) wans cell proliferation Tuu# 14

gﬂ‘ﬁ 23 udALEag Wharton's jelly derived cells Al#a1nn1391 Primary culture (x 10)

64



65

(A) ARG outgrowth @8na1N tissue memdeanniaed 1 funan 7 5u

(B) ARG outgrowth 88naN tissue AWLIAS confluence Ui 14

(C) 1N tissue BBNANN flask WAINIINITABNLIAS LALNITNN trypsinization et
adTla RN ase 1 T-75 flask aumad confluence

(D) AN EUAINNR AT flask LLﬁqﬁmm?tyLﬁmﬁmquﬁiﬂhfﬁfuﬁ

(E) ﬂf]iL@?‘ﬂ;Lﬁuﬁqmumz\?ﬁluﬁuﬁ 3

(F) ma‘m’?‘tyﬁuﬁmquvmﬁlw?uﬁ 5

(G) ﬂ’lﬁ‘L@?‘ﬂ;LﬁN@o’]u’mm@ﬁIuﬂ/ﬂ,&ﬁ ¥

(H) N19IasLANAIU2WEAS 1WA 14 (confluence)

An317 23 AazwiunegliNansee (morphologic  pattern) 284 Wharton's  jelly

=] A

derived cells AMNNATNNZLAEN T9R31/919809 N a1NIZ498 (spindle and stellate shape)

u

< g = o . nﬁl ¥ =] o o
winlalananandwiieinaaii (fine homogenous cytoplasm) T9ARNUARITLANENIZ Y

a

1188 fibroblasts AvtiuiNaNgaddnenas laslaiatidlauaniimdlumad MSCs vizald naaaw
FElWALA In vitro functional mesenchymal stem cells identification (gﬂ 24 1la 25)
Y o a :J/ al v dl 1 [ [~ 6
wadsuniaduintinatgtsznig i amunsanauldidugaduesnuies (self
. 1 - . A

renew) Waz@ NNTONANKRlaRAa sl aauTad progenitors Azl
Humad lmfiesmazsiall nquisadsiuniiaa aaiagnAunuann adult tissue wang
Useuny uLEaa bone marrow-derived stem cells (BMSCs) YT LTARN mesenchymal stem
cells (MSCs) wlusi was MSCs  @unsawlasuudacliliflumadlduansasiia umas
adipocytes LIaa chondrocytes iaa osteocytes LIA% hepatocytes aa cardiomyocytes

- = = o A - =<
uazlaaallszann (neurons) | asAdnNa NTnrenalulaglunisAnaanitagsannenng
W&R recombinant growth factors [afiaz lAuanuaZIANANWILLTARFUNLHEA luszAUTas
nAaeY (in vitro) lAedredaiiied lusgurd1ansianiazn s iNa e LEas MSCs 401U

% o a Aﬂl a 1 Q/dni [ & 1 A:II dll
°1I®\‘1Lsﬂ@@muﬂ’]LuﬂVI@‘éﬁﬂﬁ‘?&LNuﬂ’]iﬂﬂﬂ@‘ﬂiﬂﬂﬂ’]?qﬁﬂ’l"m@’]ﬂ\l’]?ﬂ“ﬂﬂx‘iL"‘I]Z\]@LM@’]MLW@

waguldifle mesenchymal lineages naneiiin
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1/
//)B) LT Eiaxsae FABP-4 Ab Tuduil 10

(D) Ewadnsianmae Osteocalcin Ab luduit 10

s III/

'é‘ﬂ‘Vl 24 LAAINANITINAKAL in vm:o_iuncnonaEmésenchymal stem cell identification A1n

\ad Wharton’s jelly‘\derlved ‘c’eﬂsﬁlmﬂimﬁh%hﬂ‘mmmﬂ ‘ijuw 10 (10 X)

(A) Lmﬁﬁlﬁmi{ epogenesis—media—supplement ?‘Lm 10 NNN9EIANA2EAE Oil
Red O staininé zﬁ"\‘l‘l

(B) LsﬁaﬁﬁLgﬂﬂu Aaépogenesis media supplements slu‘fﬁﬁ 10 NN19EaNARE FABP-4
antibody Faunninmadandinnia waneisrauand Guiiasuulaaiusad
adipocytes %qﬁ'ué’uﬁugﬂﬁ' 24A°

(C) Lsﬁ@ﬁ‘ﬁéﬂﬂu Osteogenesis media supplements qufuﬁ 10 NNN9ERNAEAT Von
Kossa staining ilagnsLuaLmsiAR mineralization Tuimae osteocytes dainmanizad
Andans uanwNaay teadndehifinisazanusannueaaad

(D) Lsﬁaﬁﬁﬁgmiu Osteogenesis  media  supplements Iu"i/u‘ﬁ 10 INNN3EaNAne

Osteocalcin antibody &sinadictaaandans Ladndeladiinnsazanussnnaeartas

g 24C



67

1 1
= a 61

Waazigalinmad Wharton's jelly derived cells Ainanldainanaaziaesn faels

=

v
o a I = o

primary culture uflAnuauTRidu MSCs vitell fAdeAvinnmageumadlfifeuuas
i multiple mesenchymal lineages TmﬂLWﬁngmL"‘mzﬁ(Wharton’s jelly derived cells Tu
adipogenesis, chondrogenesis LAY osteogenesis media supplements %qwudqmmm
wlaeuulaglilfl adipogenic, chondrogenic, Was osteogenic lineages léaze Iae/ld
antibodies %qﬂizﬂﬂuiﬂﬁfm goat anti-mouse FABP-4, goat anti-human Aggrecan Qg
mouse anti-human Osteocalcin Lﬁlﬂmwf?m mature phenotypes '?m\‘il,‘iﬁmﬁradipocytes

1188 chondrocytes WATLIAR osteocytes WAWN 10 Az 20 MNANAL Auandlugiln 24

WAL 25



o

(A) iadRgiandae Oil red O Tuiudi 20 (Con)

(B) wmaantianaae Oil red O Tudui 20 (E)

audag FABP-4 Ab Tyl 20 (E)

&

(E) waan

¥

glansag Von Kossa 113w 20 (Con) (F) wiaansiasAag Von Kossa 1131 20 (E)

(G) viaaneiansag Osteocalcin luTuh 20 (Con) (H) wiadneiansag Osteocalcin Tu3ui 20 (E)
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(1) g dan Aggrecan Ab Tusuii 20 (E)

N 25 LAPNKNANIINAZAL in vitro functional mesenchymal stem cell identification /70

\iag Wharton's jelly derived cells Miuanlgainataazaasn ludui 20 (10 X) Iag Con ABLIAR

nguALANTIALL 1 O-MEM + 2% FBS d9u E Asimaddaiatsa 1y induction media

supplement TUAFNS

(A)

(B)

iaANANALANTILALNLL OLLMEM + 2% FBS Tuduil 20 vinnnsdiansag Oil Red O Auinadniaadsng
a9 tedan ldldRnsidagnudadluenad adipocytes

wagnaesli Adepogenesis media supplement luduil 20 iannssiasifag Oil Red O dunAdTAg

a o ¥ | Ao Ha A v o~ a o ' X
ARALAIIN WLINRANHULURN fat nodule NAARLANLTN LNTIRNNTil el aailueas adipocytes

wiwReaiuluiug 10 Tugi 24A

AANGNAILIANTILAENTYL OL-MEM + 2% FBS Tuduil 20 innnsdiansng FABP-4 Antibody e Eiusing

AILATTU Oil Red O Aunndniadnnaans tsidnlalddnislasuulasiumad adipocytes aannfas
Aunalugyl 25A
waaniazali Adepogenesis media supplement luduf 20 insgiansing FABP-4 Antibody d4nman

waaRAAUAAN Lddndnawasuilaailuaas adipocytes aanndasiunalugy 258

[
1 =

adnaNALANTIALS1Y OL-MEM + 2% FBS Tudui 20 vinnnseiansiag Von Kossa &9inAIaasnng

q q
¥

a9 taadn i IR R sl Aeud aadlurtad osteocytes

rd'-:l n:ll

aanLae L Osteogenesis media supplement TW3UN 20 Mnnsdiansag Von Kossa &naanitas

©

©

v
a

Anduanady LaRANT Y8 mineralized nodule taTdnin s Azundaaluimag osteocytes

N/ X 341 JViF) , , ¥
IARNANAYLANTALIW OLMEM + 2% FBS luwiui 20 sinnasdausas Osteocalcin Antibody e
A o 1 o . o 1 a al 1 n:’f: M va n:ll 3| &
Hufunanaugiu Von Kossa staining dunmadnadindans taddinldladnisaauulauilusad
osteocytes

X _ _ T _ _
waanaely Osteogenesis media supplement Tudun 20 1nnsdianmag Osteocalcin Antibody
FunadaadAndunmadu teadiniafeuulasiumas osteocytes aanndasriunalugila 25F
wagiae L Chondrogenesis media supplement Tudui 20 Bnnnssiansiag Aggrecan Ab §unmand

&

P 4 o , X~ P -
wasAnmadunszaeeguualad taaddnisiasuutaadusad chondrocytes
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(A) None (B) +DBM

gﬂ‘ﬁ 26 LAMINTTANE morphology study 1891a8 MSCs ‘ﬁié’@’m Wharton'’s jelly tissue
(x 10) “8aNARDUAYE DBM Liulaan 7 Ju

(A) viad MSCs #1450 DBM #191/379un11 spindle shape

(B) aa MSCs #l&s05 DBM 91/979ULIL shortened and flattened shape

deAnmSegLlsefnenisreamad MSCs Aulauuutlaciiileldsu DBM Wiaan
7 fu fleulSeuifiauiunguvanes azifiudamad MSCs  #lildFu DBM - Rgulitauuy
spindle shape douTadila%y MSCs #143uil DEM 51/919uL1 shortened and flattened

shape ¥78 cuboidal shape fauandlugil 26A uaz 268

(A) None (B) +DBM

gﬂ‘ﬁ 27 UARIN13ANEN alkaline phosphatase staining assay 284iaa MSCs ﬁiﬁ@’m
Wharton's jelly tissue (x 10) wasnaaauaag DBM Liluan 7 94 (x 10)
(A) 1mad MSCs #lal1§%0 DBM AzRnRUNGU U3 Ra28U alkaline phosphatase
activity 17{&3"1
(B) 11ad MSCs 711451 DBM AzRn@uaauag 14T A992 8L alkaline phosphatase

activity ﬁ@q
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A A = = o ° 8y a o , .
L‘W@V]’Q:ﬁﬂﬂ‘iﬂfqﬂﬂﬂqqﬂaqﬂq?ﬂiuﬂq?mﬂuqﬁlﬁLﬂ@ﬂ']?'&ﬁ"mﬂ?g@lﬂ (osteoinductive

=

ability) 789 DBM slanszuaunisdniinliy Wharton's jelly cells §342a3161aana5 alkaline
phosphatase staining assay LWelsziiunazes DBM fan13dintin Wharton's jelly cells
Aoein19LAN DBM adlumadngunaaes dawmadnguasuaxiléiu DBM  ndsannianis

Nz AETuan 7 34 In1sdanmgilsean B 1a A S LAZNNINARALIAYLAT alkaline

= !

phosphatase staining assay wudﬁLsﬁm’iumjumuqumﬂmmé’wmmfm (spindle

K1l

shape) Aauandlugiin 26A lunemssinina nquimadnléiy DBM Usingdndigudedu

(shortened) uazlLU (flattened) ARNEIQNLEN (cuboidal shape) lugll 26B wanannilaasd

1 v
X a ao

NANAIANTNAAAUNRY LNTTN92AU alkaline phosphatase activity N1 BUEANGNLTART
16150 DBM azfindsauas (red purple) LaAII18szsl alkaline phosphatase activity 9
11N (319 27)

a

AzERae1AviNNasAnEY Wharton's jelly derived cells tasutiiflungumaany a9

Yo 1 dl M Yo o aglj o o o rdla/ =
1650 DBM waznguatuanaglilaiy DBM dsamasiae uazinnnsidianuiumasnesd
TF3mludun 3, 5, 7 waz 10 laennsfianfagd1sazane trypan blue WEININNTAATIZHANWIL
o b K v AR Y p
IaaAIE hemocytometer TaTas N dInas lAnALIRLIa9a Tz trypan blue i3

Iinansmaaaeiagii 28

—49— None

0 —— +
2100 - o
3
x 80 - P *
8 T
= e 2
N
£ 40 4
0
© .. 20 -
(0]
5 0
©
>

0 3 5 7 10

DAYS

gﬂﬁ 28 LAMNKANNTNAKAL Trypan blue proliferation assay UBILITAR MSCs Tuﬂzimmm@m
(experimental group) T4165U DBMuazimas lunguaAaLAx (control group) 465U DBM

U SUN 3, 5, 7 WA 10 AMNAAL (FNAUNAIUILTAR Mgl x 10° 1EaR)
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NTANHIKNATEY DBM  AaN1TLa3tyliNaniau (proliferation) a89ltad MSCs Nla
AN Wharton's  jelly tissue  luanaazaasn fAaeaanislsziludse@nsnan (assessing
potential mitogenic effect) @aldannn1sdanmnaniImaaeanauniniaesAnzddy WU

14931N1N"131gnane DBM  asluny (nude mice) HNNFLATQULANNAUIBITARAIFUTD

v '
v o o o a [

n3zAnN (osteoprogenitors) AINUERIAEANINNIINARDUNATES DBM FONITLA3LYLANNATHI
luszAuimadnAaes (n vitro) TnenswdeuewnsidouTadidu o-MEM AfdaunanTes
2% FBS fusnUfiaus Tnofisad MSCs 4119w 5.0 x 10° 19ad/T-25 flask Seutiafhy 2
nguAenguAlFT DBM 41uam 5 mg fungaitlalléiu DBM lunan 7 51 nnsiudiuan
adliud 3, 5, uaz 7 Aot hemooytometer kAR lug 2 wudnduaadlunga
AauAs T TIL 8 x 102 AT 25 flask luanizfis maniadlungui 1430 DBM Rauau
\radszannt 4.0 x 10° aa/T-25 flask

angln 28 uaaslidiudnmad  MSCs  AfRINISINNAIUIUIBIIAREI N4

a Q
|

1 v | ¥
dszannudui 57 vsaengy lnewad MSCs Tunguasuandelilafu DBM tusnnsiiu
o - dl 1 d’ Yo 2’/ = :al o Y 1 dl
ANUIUTBITAS  BTUENNGNNAADINLATL DBM TUNNINNIIRUIUIARTAHNGT T
dullfanenaiianszuannig differentiation luiilumad osteoblasts $au@ae T9aznanis
wgaludusialiinannsfinen osteogenic markers N4NATY uAIIATANITUAAIBANTES
alkaline phosphatase #2875  alkaline phosphatase staining assay w3n alkaline

phosphatase activity assay kaziin1saneIN1suandeendesduluag ladsiniiseld
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Alkaline phosphatase activity of MSCs from

Wharton's jelly tissue when derived DBM

—4&— CONTROL (NONE) — @ * EXPERIMENT (+DBM)
0.1 7
c ¢
§ 008 // \
= \
o
= / \
> 0.06 / \
S / A\
= / \
= 0.04 / \
£ / \
2 ’ \
P 0.02 / \
e \
0 o T ® T _‘ T ¢ T

days

519 29 uanIN 9L FuLeLsEAU alkaline phosphatase activity Tumdag nmol/min/pig
protein 104184 MSCs lungunnaas @elfsl DBM uaziaad unguatuan G9lalAsy

DBM oW 547 3, 5, 7 48y 10 ATNANAY (FNAUNANUIUTAS 1ivae x 10° 11ag)

ANgU7 29 WL 5@ alkaline phosphatase activity Taiaadh H31 DBM lutia
usn (3ui 0, 3, 5) HuatjluszAtA (Haandd 0.01 nmol/min/lig protein) UATIANNTUANEA T
Juh 7 (Mean = 0,087745 nmol/min/pig-protein, SD-= + 0.0061) \HaWeLALNGNAILAN

waranadludun 10 TnaAsaiulugaasu

<4—18s

gﬂﬁ 30 u@ma total RNA # extract #animad MSCs W91 formaldehyde gel
electrophoresis iagLENuLAzAINN Newilulaewilu cDNA probe wazvinifjfsen

RT-PCR ludusiall (C = None, E = + DBM ilunan 7 5u)
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ANzl 30 u@mea total RNA Wusnaialdanaasialungunases wazngu
pauAN Taerld RNeasy mini kit (Qiagen) Wals product NiwdnasiinlildnAinisganatuas
71 260 nm uaz 280 nm UWATINHIATUIUERINAIULBIAINITRANAWUANAING WU 1H
2.16 43U RNA fuegnldaneiagdlunguasuny uazld 2.01 47150 RNA fiuanldann
VAR LUNGNNAFBI (A1 OD 260 nm/OD280 nm ratio ma‘ﬁﬁmg’axudqq 1.9 - 2.1) antiuag
111 total RNA U191 formaldehyde gel electrophoresis F9AzLiAU product 484 RNA 88 2 11410
= o = @ @ A : gy : =
AR 18s 11U 28s tmeuIA 18s NHAWIALANALAAAUEBNNINOUNLBEFIUATN IULNIUIA

o o 'y
28s uumumlumnmwmqmuuu

Nan1gLUsaLL e

C (None) E (+DBM)

1% 31 uaman9FeuWiey aray membrane M11#a1nN"13%11 cDNA array

[
¥ o

dl tﬁl = = a A
Angin 31 TeLAMINANSILTRLTHLAsUAAYENTBNE BN et asiunsyaunIg
osteogenesis ANN1TH1 RNA  Awenldaniaad MSCs 7la5u DBM ifluiian 7 91 a0
wanliidli cDNA probe Ts@naainsae biotin-16-dUTP. anniuinlalin hybridization
9 A 2 dl 1 4 2 o o/
duAu a19e1 probe  Nlalinnzuuw membrane  aanliuun ud2%i1nT detect  &ryaynns
nun ldAmazianudnaecus grid Mifadusaelilsunsy Quantity One wazyndndqi

489 E/C ratio tvalimsudngula up-regulation 38 down-regulation
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(@)
z
o
=)
e

E (+DBM)

a4 79 (RUNX2)
a47 84 (SPP1)
a4l 63 (MADH2)
a9 49 (FLT1)
G0 66 (MADH7)
o 46 (FGFR1)
Fa47 9 (BMP4)

Fo9ii 77 (NFKB1)
a4l 81 (SERPINH1)

1847 89 (TGFBR2)

189 4 (BGLAP)
gﬂﬁ 32 wgnenaidTe Ly grid 114 human osteogenesis cDNA array 189 MSCs Rugn

#ann Wharton's jelly tissue liae/dsansn il lii DBM Lyda

angilit 82 wamanauSaufien grid 1 human ostecgériesis CDNA Array aziiiu
7¢A1 gene expression Aupnsnaty duntseay gene expression s (up regulation)
ALy grid 1esngunaaas (1650 DBM) dmAonuduuinnan grid 1esnguacuny Ty
ﬁuﬁﬁizﬁu gene expression @AY (down regulation) azidiu grid 284 E HAnudntias

N1 grid 184 C
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AN9I9N 8 udmaNTEURUAT intensity ratio (area intensity/mm’) URSEUANNLTAS
MSCs Nugnldananaaznesn Walasu DBM waan 7 514 saewmaiia cDNA array 284
o o 1 % N 1 3| 1 dl . 1

Nn13dnAtAfe lUsINTN Quantity one LLUﬂLﬂuﬂquw up regulation HAZNAN down

. =l 1 2%
regulation (menmnmniﬂmuﬂﬂ)

A1F9LLAMY gene 7 up regulation

LAASEUNNAT E/C Ratio HANNNNNG1 2.00

Gene E/C ratio
VDR 8.455126
RUNX2 6.97554
TGFB2 2.402011
CD36 2.364661
FLT1 2.14079
SMAD2 2.130615

WAASELNHNAT E/C Ratio HAN2E9¥1919 1.00-2.00

Gene E/C ratio Gene E/C ratio
ITGA1 1.924301 CTSK 1.248678
SMAD4 1.854928 TNF 1.246027
COL16A1 1.853031 ANXA5 1.241091
PDGFA 1.705492 NFKB1 1.216457
EGF 1.568472 COL10A1 1.206989
SPP1 1.470695 SMAD1 1.20649
ITGA2 1.460258 BGN 1.185278
IGF2 1.419921 BMP6 1.182748
COL4A3 1.394368 SMAD5 1.155607
FN1 1.371369 ALPL 1.130387
COLT1A1 1.355433 ITGA3 1.127584
EGFR 1.338472 DCN 1.129674
SPARC 1.327123 SOX9 1.117095
ITGB1 1.326483 SMAD9 1.11554
MSX1 1.326103 COL4A4 1.10264
COL4A5 1.306775 CSF3 1.014254
COL5A1 1.295062 IGF1 1.006448
COL12A1 1.25219 MMP9 1.003596
MMP10 1.250362




ANFNLLAAY gene 71 down regulation

WAREIUNHAY E/C Ratio HA8g5211919 0.51-0.99

Gene E/C ratio Gene E/C ratio
TGFBR2 0.992569 FGF1 0.772921
COL15A1 0.99056 SMADG6 0.734103
RSL1D1 0.970666 ITGAM 0.748437
BMP5 0.959051 COL19A1 0.734338
SCARB1 0.955137 COL9A2 0.731175
COL18A1 0.945414 FGFR3 0.724001
FGFR2 0.934987 COL1A1 0.715683
ITGAV 0.934077 BMP3 0.702768
SMAD7 0.913975 GDF10 0.700505
BMP4 0.89768 BMPR1A 0.673665
COL17A1 0.889129 FGF2 0.633147
IGF1R 0.870798 COL2A1 0.631869
VCAM1 0.863313 ICAMA1 0.627061
MMP8 0.832894 FGFR1 0.617144
BMP8B 0.830974 COLT7A1 0.609405
BGLAP 0.830364 CSF2 0.586131
TGFB1 0.807487 COL14A1 0.556018
ARSE 0.799068 CASR 0.769144
TWISTA1 0.783306 COL3A1 0.753864
MSX2 0.77526 BMP2 0.563724
BMP7 0.774784

4 !

Al
LAANEUNNAT HATUAENIA1 0.50

Gene E/C ratio

FGF3 0.488468

BMP1 0.481683
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AINANIWT 8 BUNHNIT up regulation luszAlige (E/C Ratio 11nndn 2.00) Hag)
AU 6 B Tnetiy VDR HseAunisuansaangangn luaneh 84 SMAD2 Hszdunng

¥ A P P g . o oA |
LL@@\?'ﬂﬂﬂu'ﬂﬂW@‘@ PUSNLUNNNIT up regulation sLu?xﬂ‘]Jﬂquﬂ@q\‘] (E/C Ratio AL

1
=

951974 1.00 — 2.00) Hagauau 37 8u Tnaiiu ITGA1 Hezdunisuansaangengn Tuanei

fiu MMP9 HszAunisuansaantiaangn unguil
AauEuninig down regulation TuszAuge (E/C Ratio Weaandn 0.50) Hag 2 i An
fu FGF3 H5eAunnsuansaanninge uamsi 8w BMP1 dszaunisuansaantiaaign’li

NANL0IAINN ENEUNEINIS down regulation 1uNans (E/C Ratio HAnagsendng 0.51-

1
a A

0.99) Hagauau 41 8u Taadu TGFBR2 Hszaunisuansaangingalungd Tuanei @

1 ¥
BMP2 Hszaunsuanseaniiongalunguis

RUNX2 270 bps
M C E

300 bps —> &

SMAD?2 86 bps
150 bps —»

50 bps —»

SMAD?7 67 bps

150 bps —»

50 bps —»

GADPH (internal loading control) 370 bps
Bi C E
500 bps —»

300 bps —»

gﬂﬁ 33 WAANKANT run agarose gel electrophoresis 983 PCR product AINNIN

RT-PCR 914 total RNA #l§annias MSCs (M = PCR marker, C = None, E = +DBM)
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@Wﬂﬂﬂ‘wﬁl 33 WWAAN product INN19NN agarose gel electrophoresis 1101 3 lane
Tnel lane fivibsazili PCR marker fiimsszysumnieiindifieeiu PCR product lane
aadifly RT-PCR product A1 total RNA 994nguALAN 491 lane gavineiill RT-PCR
product 1N total RNA 284ngunAaed (+DBM) fenanimaaeddilail wnainnimin

UfjiTen RT-PCR 11NN 1 AT

Gene expression value from RT-PCR
0.6 E (+DBM)
0.5

0.4

03 1 C (NONE)

0.2

Relative expression
normalized to GADPH

0.1

0

RUNX2 gene

(A)

Gene expression value from RT-PCR

= E (+DBM)
0.9
0.8 1 C (NONE)
0.7 -
0.6 -
0.5+
0.4
0:3 4
0.2 -
0.1

0

Relative expression
normalized to GADPH

SMAD 2 gene

(B)
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Gene expression value from RT-PCR
0.66
C (NONE)
- 0.64
cQ
il 2
n -
8o 0.62
:% 2 0.6
e 0 7
O =
¥ ©
S 0.56
0.54
SMAD 7 gene
(C)

= = ! 4 . . °
gﬂ‘w 34 udmanaFauineL intensity ratio 184 agarose gel electrophoresis A1NN13N"

RT-PCR 2841184 MSCslunguenineanis

(A) WARNTZAL Relative expression B838W Runx2 lBEIARILSTENINgLIa8 MSCs Tungu
neaand (1850 DBM iluwan 7 5u) Aurias MSCs Tunguaduan Geaziiuinmas MSCslu

NANNAABINNITUAAIBBNNINNGT

(B) UAPNITAL Relative expression A8t SMAD2 Lilsgiilfieniszninaciags MSCs Tungu
naaas (165U DBM ilwnan 7 1) iucias MSCs lunguaiuAn Teaziiuinimas MSCslu

NANNAABINNITUAAIBDNNINNG

(C) usANIzAL Relative expression 18381 SMAD7 Waainguszningaas MSCslungu
ngunaaey (1650 DBM ifluman 7 duw) fustad MSCslunguaua: Teaziiuimas

MSCslunauAILANANITUAAIBNNINNGN

AngUln 34 FawansniaFeuauszAunIsuaneantestulugad MSCs an
Wharton's jelly e 1650 DBM fluian 7 44 funguaduas Weglsyud eis cDNA array

1 v
U138 RT-PCR analyses WUAHANNINAABIN IAudanAdaariy



unn 5

asUnanisIde aflsiana uazdaiauauus

AgUnaN153E

U o ¥ o =S = . . . [ o &

QQ@H%VHMMHEWNNMN demineralized bone matrix (DBM) Tunnsdntineag
TWdasuudaaduaad osteoblasts Watnuwziaessuiumagnuanldainilaitiadon
Wharton's jelly aMn@nggdsaasn %ﬂﬁuﬁﬂﬁs’md’]ﬁ@m@mﬁﬂu mesenchymal stem cells
| o :I/ =) o =2 o o‘zﬂl Aﬂl 1 ] &
unan 7 Ju ainiuaesinnisineanan s emasnasulacll dwugtlsvaesaad
(cell morphology) NMs@N= cell proliferation IANIINN growth curve N13AIIATAFALIT
mwnmirmz@ﬂ (osteoblastic -marker) Inean1seanAae alkaline phosphatase staining
assay WA¥NIAN®IIN vitro alkaline phosphatase activity uazigauinisilatuuilas

o o a = = 6 o 1 v aa
ANANHIUTIBLTAR WTLALEUW IneANEIN1TIaAde aNTa9EW L UIARAINA1969EAT cDNA
A al dl o A o = v ac

array LL@3LZ‘]@ﬂEI‘LW]@ui@mqmqﬂqﬁ‘ﬂuﬂum@ﬂ']ﬂm@ﬂ@'ﬂﬂ‘ﬂ'ﬂ\muﬂ'}ﬂ@ﬁ RT-PCR analyses

AMNNANNINANBILNIZIALN Wharton's jelly derived cells WL ARNAN 31T
Lﬂugﬂmqmzmw‘?\@mzma AANHIANHOLZDY fibroblast cells @4 mesenchymal stem

[ KX a

cells (MSCs) HANMOUZANNAFLITUAN HI498A9Nga1IA9835 in  vitro  functional
mesenchymal stem cell identification W99 Wharton’s jelly derived cells ﬁ@m@uﬁalﬂu
08 MSCs a3 Lilasannanunsadniinls Wharton's jelly derived cells finnnsilagmula
dulnags adipocytes an osteocytes UATLTIAS chondrocytes Lﬁﬂﬁ?ﬂ adipogenic
differentiation medium, osteogenic differentiation medium, WAL chondrogenic
differentiation medium ANANAL TneNTMARELALE3E immunocytochemistry wazn1EiaN
A nnzsiemad TRy

fiaaNTAdmad MSCs 17'1'Lmﬂ%’fmnmﬂmﬁmﬂmﬁm:mn’m@?mLﬁ'uﬁmqumm

1
4 =

a8 (cell proliferation) \aliiy DBM (MiuExmuanidanivasetdeangn aannisinhl
v v Id

aglu 0.5 N HCI s 8 dalsl) ImlLamfmﬂuﬁmwmﬁmwmﬁ $aNrU O-MEM NF
2%FBS Wudﬁﬁﬁmﬁmuﬁ'wﬁﬁmummLﬁ@ﬁaa%mﬂi:mm@ﬂ' 5-7 %mmmg’m Tnengu
adA5Y DBM Smsiinsessunumadidanndn R4491/9191AAANIELIUNNTLATTYWENLN
wasuladliifumad  osteoblasts (osteoblastic  differentiation) ilesannisadiiie

o K o

nsvunuNslasullassianganad proliferation rate anas (317 28) HAduAWINNNINEAUNI
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\AANIZLUNNT differentiation aaimadase tnan19msaadn osteogenic marker NA1ATY AN
alkaline phosphatase activity #1838 histochemical WAz biochemical assay
o o 1 d” ' . v ¥ .

NNTATINIAFAILNTUNLTIAANTEAN (osteoblastic marker) Tagn1selaNAae alkaline
phosphatase staining assay WU31 a8 MSCs N1#51 DBM HA1uugaganaduazinig
wWasuulaslihfuimas osteoblasts  @edanmliainnisnansmuzglisreaagiiu
cuboidal shape (gﬂﬁ 26B) WATAARUNNILAITRINIE RN alkaline phosphatase W&AN31

| . = ai [« &

IAANN1TUAAIRANYEY alkaline  phosphatase  wazdnsilasunlagiugadnszgn
(osteoblastic differentiation) ﬁm@mﬂugﬂﬁ 27B d71n17M 3999114 biochemical assay A%
4 activity 184 alkaline phosphatase Tudud 3, 5, 7, Waz 10 WUINIAS MSCs N#3L DBM
= o o dl dl dl = [ 1 o ZJ/ < 1 o
# activity gagaludun 7 (317 29) WamauiunauALAN udsaIntiuianasnnag lusesiy
InfAssiunauEusiu agllddemed MSCs  1Haldi DBM  Annsuansaanes alkaline
phosphatase activity A34

NN sAnENnIsLanseandasdulumas laiitlailsald #2835 cDNA array
Tneides MSCs Fauiu DBM Liwnan 7 41 Ba9anniuinnisian RNA 88nanitas Laamnn

dl 3| o o g o % dl a

nnidaeuilu cDNA Tnaendeienlad reverse transcriptase uasan s cDNA probe IR A
aANA0E biotin-16-dUTP Al hybridization AuUTuAIMI89 DNA Awsfiaguu
array membrane (ﬁﬁ osteogenesis gene QUK 96 U internal control gene MU 5
g1) wuIni highly upregulation (E/C ratio 81An97 2.00) 449U 6 81 WAL upregulation
QMUK 37 81 NEWTS highly downregulation (E/C ratio $a8ndn 0.50) a1u3u 2 81U Uaz
downregulation U 41 Eiu (m:"mﬁ 8)

A A A =l P e e ° N A A

wangunarlalazinisuanseanuAnANNLeLNTARY A1UIK 3 81 ABEY Runx2,
SMAD2, uaz SMAD7 We#1 RNA #1911 RT-PCR INeEUdUNAN1TLAAIDENTRIEUIN
uanF1eiuuseld 1aedn PCR product 811 agarose gel electrophoresis WAI%1AN
. A % di dl v 3|
intensity AJgILAgad gel doc analyzer (nnwed gel udnslugln 33) 1dEw GADPH 1y
internal control gene WuINaT lFdaAARIALN1TRN cDNA array AeEU Runx2 fiu
SMAD2 114 upregulation @31 SMAD7 1l downregulation (3191 34)

o

Taefiu Runx2 dudmaudiAnylu TGF-B signaling pathway @aiiluannéAnyaes

o

o o o O

growth factor Nd1ATyRenIsdntnsaiinszgnAallsiu BMPs  @slisiiy BMPs

ansndninfimadisu  fanisulasundasiumadnszgnaaunazitaanszgninanu

v
nNIzUIUNNg  endochondral calcification wasanignanaadlundnuiiiavesdnimaany
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Tishiu BMP-2 luansnszgudniinliiinnsai1anszan (osteoinductive factor) uazgisdniin
LiaAe eIl (mesenchymal cells) waauwlaailuasnszgnaauld Tuilaqriug
o = v ara 1 . . Y1 o . .

N1911 BMPs wnAnEneaueasistand i spinal fusion (lganniy titanium cages)
, . Y o o ok
osteonecrosis 1ANAYINN WAz fracture healing VINmwnumﬂiimuﬁm%i/\luvjm:ﬂﬁi

a 1 & . . dl o o
QAYLAEINTLANAIN alveolar TulsaLSnus (periodontal diseases) Wa BMPs auriu type |
receptor %m:rﬁjﬂﬁ type Il receptor Wsngani i heterodimeric receptor complexes
waznsyguliinsEnmgneaaLy receptor (autophosphorylation) arntiuadsdayaynnlyl

nazsulilsfiu SMADs BMPs type | receptor wixusWaaisliiu SMAD2,3 421 SMAD6,7

1 v
= &

T ddudanszuaunisranana asaali inhibitory SMADs #adiu £ SMAD2 fiu SMAD7
asfimanudnAnylu BMPs signaling pathway seit ldnanalulludnesdu
dl ¥ = cal/ o ra:ll o [ A A
HadN lFaNN1IANER a1aazdINnnunTasILeEnana ldanniaana e azaasnun
dszgndldlunisnaasuatiuainignlunisdntadasunilaaiiumadnszen
(osteoinductivity) mﬂdLﬁ@Laﬂﬂ?:@ﬂ demineralized bone matrix TUUaBANAAD (in vitro

bicassay) M luau1Am

1
a a ] [ o

Demineralized bone matrix (DBM) udaaniilsz@nsnn ansusinunldlunng

q
k2 1

Gﬁ@mmmﬁmﬁ@m:@ﬂ desmnnilauduiugingiarisludulnssaiuazudiafifunazen
m@qgﬂqmm demineralized bone grafts %aiﬁmnmz@ﬂdm cortical bone Waz cancellous
bone @ n13nHNN MU lawingnandn9r99 lUNNARTA KW TANLINEINITUNALR LT
nsean ANNRALNRATHARS mu%\‘im:@ﬂﬁﬂﬁiﬂﬁ@uﬁmﬁu (nonunion fracture) esan
lunszan (bone  cyst)  wazniInAaanssuluutinuazainsslng (craniomaxilofacial

a o

) pBM (ludanlasedng (scaffold)  NRtlsyAnsnndniusinunld

reconstruction

v
o o o

dselaminiednudsanssaiiaitia asandarnainnsnlunasarquuazdnia e
mzmumm%‘mm:@n (osteogenesis) T34 matrix-incorporated osteoprogenitor @17
11)s714 bone morphogenetic proteins (BMPs) ariataann DBM @xnsadniinliunisadna
Wy . . (35, 36) cy v .

mz@ﬂsluuim (osteoinductivity) LIARFNAULBINTEAN (osteoprogenitor cells) anla

dl o o ] a v a % va a dl
nszANINauaail DBM anunsndudsniiianszuounisadianszgnlan neluudiomu
updaunell  (defect site) LawFauiaunsly DBM  ieatnaaae % uanannil

= ! . a | v @ =K

N9ANEN LAY osteogenic cells 8147 11 bone marrow stromal cells WARS LAY

ANNAINIINERY DBM 1l lunsdniinTiiAansyuaunisa¥enszan (osteogenesis) u

AnIneans (in vivo) m&luu?‘mmﬁﬁm’mﬂmﬂﬂﬁmmm:@ﬂ (osseous defect)



Wharton’s jelly tissue | = | Primary culture for 14 days

A 4

In vitro functional MSCs identification

\ 4

Characterization study, cell morphology

84

nagausag DBM unan 7 5u

O-MEM+2% FBS+ antibiotics+DBM

\ 4

Cuboidal shape | Characterization study, cell morphology

Fibroblast-like cell

A 4

decreased cell n

umber at day 5-7 Cell proliferation study

cell number increased

A 4

Red purple (+ve)

\ 4

Tatday?

A 4

ALP staining

In vitro ALP activity

6 genes high up-regulation,

2 genes high down-

cDNA array analyses

\ 4

Runx2, SMAD2 upregulate,
SMAD7 downregulate

RT-PCR analyses

gu

35 agUnailaainnisAneade

=<b

Blue (-ve)

\ 4

Low level
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andsauanisIas

[

ANNANINTNINAUIAINTHIHBLE A N9 TTAR (biomaterial) Nszeinsfld

A uFunisinenieedtinlunistenuaunszgninenissauidaaaiu (incorporation) 184

osteogenic cells kazla39919 (scaffold) *” AefiaeninisAnEIN1InszLaunNLAtLLl A

Tihilwemagnszgn (osteogenic differentiation) luszatiiasnaaasnandngdunisdnesing
' o (40) o c v o o 1 = o 1% 3|

nisdgnaneludndneaes “ nastdgadidinnsaniudantnsesaiaondidAnyuaziiy

ﬂ‘;‘:‘iﬂm‘iﬁi@ﬂ'}ﬁﬂmquﬁmﬂﬂﬁmqmz@ﬂL'ﬁ@wﬁﬂﬁ‘ﬁmx‘iéw‘lﬁmaﬁlﬁmﬂumzl,fﬁcyﬂg
el uazifiavannsldasluiion defect site ansnsaianisaenszgnudle (new
bone formation) " v Az sTwaTinsd LB LA ANz Irun s At adliifly
Lsﬁmﬁ(m‘:@ﬂ(osteogenic differentiation) URILEAR bid biomaterial LLz%Lsmﬁmz@ﬂmmm
Lfcﬁ‘tylﬁu*ﬁ'LL@zﬁm‘zmumm?wmz@ﬂﬁmm“}q (rapid bone formation) DBM i{luiiadan)
ﬁa‘aémﬁimﬂLﬂuimNﬁ?’ﬁﬂﬁﬂw%ﬁ@;uLL@zmLzﬁ‘ﬂﬁm@@rﬁmﬂﬂﬁ'ﬂuuﬂmwLﬂuLen@@Tﬂi:@n
AIAINIAANNININUNUB9LEARNIZAN (Osteoblastic  phenotype) UAZIAANNIAZANUD
Lﬁ@lﬁﬂﬂ?tﬁ@ﬂiﬁﬂi (new bone matrix)

AR A LaAILLIMN A aNUT TN TUEA Wharton's jelly derived cells a1n
aeazAanidenmaty AnmanzassIagas DBM unan 7 4 wudnilnng
Lﬂ'&iﬂmmmgﬂéwmmm@ﬁ (morphological transformation) aMngL$9ARNLINTLAEILLLIENT
(long spindle-like cells) wiunL LA ALy (cuboidal-like ' cells) LA U
AN110LNTIEI DBM ﬁm@&i@mm’?ﬁylﬁuﬁﬁmu (proliferation) 289 Wharton's jelly
derived  cells %I\‘I‘W@ﬁuﬁﬁﬂﬂu1mmﬂﬂﬂiﬁﬁ/ﬂﬁﬂiﬁLﬁmﬂ‘i‘:j‘]_lquﬂ’]ﬁ‘ differentiation 289
Wharton's jelly derived cells T ALTAFINZAEN (in vitro) wazdiugunansdntinliineg
ﬂ’]ﬁ?Lﬂ?ﬂlﬁluLLﬂmVLﬂLﬂummﬁﬂ%@ﬂ (osteablast) lAA18AT alkaline phosphatase assay

AINNN9ANEI289 Dengshun Miao wazAnuy (2002) lAWmLNAEAsATIaTR alkaline
phosphatase (ALP) histochemistry 410 decalcified paraffin-embedded bone 12311
(rodent) An1sm39adm ALP activity 11 bone tissue 8¢19n3192979718 4 pre-osteoblasts,
\IAR osteoblasts, a4 lining cells Uuﬁuaw@\m?:@ﬂ trabecular, LIa& osteocytes, LIaR
endosteal cells, WAIAA subperiosteal cells sluu?mm'ﬁ'Lﬁmmm%‘qqm:@ﬂimi ALP
activity gnesadnlutisions osteoid tagin bone tissue Ml fixed lu periodate-lysine-

paraformaldehyde (PLP) fixative, 7"1n19 decalcified lua13azane EDTA-G solution, Las

ila (embed) 14 paraffin a1ntiutin bone tissue section 119N deparaffinize wda hydrated
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TneIEu xylene WA alcohol Antiu incubate drupnlugsazae 100 mm Tris-maleate
buffer (pH 9.2) Nid 1% magnesium chloride waz incubate an 2 FaluaNgauuniiadly
@19azantl ALP substrate solution (Tris-maleate buffer, naphthol AS-MX phosphate LLas
Fast Red TR) A14A2811NNAY LAY section 11 counterstain fneid@n9azane Vector methyl
. v . , . Y o ] v v
green nuclear counterstain AL mount A28l Kaiser's glycerol jelly LL@%ﬂiﬂ@@ﬂ@Mﬂﬂ@m
qangart] aziiudnuFnaminisaiianszantud (new bone formation) axmsaany ALP
activity TULTUNNTAR osteoblasts, AR pre-osteoblasts $9ND4 osteoid IngazLingn
a a = o @& i’/ = o ¥ ad . .
FINRANILLAN GINLﬂuﬁﬂ'ﬁ\l@’ui‘@ﬂﬁ\iLL?ﬂI‘Hﬂ’]?ﬂﬂH’] ALP activity /2818  visualized
histochemistry Tu decalcified, paraffin-embedded mineralized tissue Taneiiaiiazaanly
nsthatoefigalineAnngAnssngessad  osteoblasts luszndnenszuaung
. (22)
osteogenesis
lun1s@neEA in vitro dose-response 194 DBM PAnguy conditioned media (DBM-
CM) dnaidalasuszall alkaline phosphatase activity 9891588 human periosteal 11 dose-
dependent fashion  WuU3192AU alkaline phosphatase activity i9lUN133LAIIZILLL
biochemical WAz histochemical analysis  tWng9awlu flask @9 1#5U DBM-CM  1ila

= o 1 o ail/ % [ a 'y a dl
Wraumauiunguatuanasanmnziaeslllé 5 4 nsdimazinisuansaanaasiiug
INANTELAUNNT osteogenic differentiation AQEAT cCDNA array analysis WUEWNNNIT
LAA9RANLANANGIY 11 81 biglycan, TGF-betal, WaY TGF-betaR1 1 up-regulated
lurnuenEu collagen14A1 ts down-regulated Wal@su DBM-CM “”

AR osteoblasts  MANNAINLEAS common progenitors ﬁi’N“] TOUVN LTAR
chondrocytes AR myocytes e g sy adipocytes saunegefluuLas local factors ffi’Nj
= . 5 E & ' 5 o a =
NATUANNTTSLIUNIT differentiation UANTAARLUNATU 1@ HNNTNLUNIUDINITATUAN
N3eUIUN1T osteoblastic  differentiation %Qgﬂmu:ﬂ;ﬂmﬂ local ‘factors LU bone
morphogenetic proteins (BMPs) A1l hedgehog (hhg) Wag transcription factor L Runx2
BMPs iilu potent regulators AA9INTLUIUNNT osteoblastic differentiation Lﬂuzﬁquium
INuNA"4 local factors 97 @9 Sonic WAz Indian  hedgehog  filAdNineadasly
NILUIUNT osteoblastic differentiation Taemindfisensaniu BMPs  Runx2  iuaunan
294 runt domain gene family  T9UAASLNUNANATY TUNIZLIUNNTAINUA Osteoblast cell

. a @ o '3 | . . =< =
lineage LLATNIFLATIYLANNURILTAN osteoblasts Runx2 ({1 transcription factor @<

Auaud nFUNTELIUN1g osteoblastic  differentiation LL@Zﬁﬂ?Z‘]_I"Juﬂ%"ZQ%‘/’]\‘m?Z@ﬂ
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v
o

1 1 v
(bone formation) tHasa N TuYAIIAEW Runx2 Waza1m bone formation AWDNNT9EIERN
NNFLATTYLANNTBTAR osteoblasts aengaNysnl uddnisaruaunalnnisLanseanaaiiv
Runx2 tiusislidnszanawinlsin dou BMPs  1flu local  factors  NANARYTIAILIANNIS
LARNBBNTDIEY Runx2 Aty UfiAsenelndTinriugendna local factors 1 BMPs Uay
o . . A = o o ! .

hedgehog N transcription factor A® Runx2 WAAMNANATUABNTELIWNTT osteoblastic
differentiation WaN3¥U9UN"3 bone formation ©"

A A 3 2 y =

LURLEIANTZAN (skeletal tissue) Jutlsznayll@qs mesenchymal cells YaNaTgUA
| 1TAR osteoblasts L1TAA chondrocytes Lt myoblasts A4 bone marrow  stromal
cells  39ND9TAR adipocytes LIRS MAUIMAN I NAUNTAANIAINEAR common
mesenchymal progenitors NFuNIN pluripotent mesenchymal stem cells Wamad
progenitors LaUN specific phenotype NUAANDNNITAIYANT  25UIINTZLIUNTT
wlasulasmad (differentiation) \IA4 osteoblasts  AN17uAAIBANTEY phenotypic
markers A INUANE W H96U alkaline - phosphatase activity g9 An19daLAIIzf
collagenous LAz noncollagenous bone matrix proteins 991%4 osteocalcin NHNNEN Vty
! 1 & A v » 4 & =
mu’lmymmmm osteoblasts AAAT1N mineralized bone LA osteoblasts  {N1T
LAAIBANIAY receptors  ARgASINUNYAINTAATE 1T PTH, 101,25-dihydroxyvitamin D,
(10,25(0H),D,),  estrogen, W& glucocorticoids  AedANIAETasALN1TALIAN
NT¥UIUNIT osteoblastic differentiation local factors MaNNVanEan paracrine LWag

autocrine fashion A9 LNLNUIEFDFINUNAITUAY local factors TWNTLL1UNNT

osteoblastic differentiation Liasiuuiladiiliy osteoblastic cell lines 1H&T5A  AYRAINY

|
=

duld1enazld multipotent: mesenchymal progenitors ieAnNEINIzLAUNNTIUAWLLA

0% [ %

s o o . Y Aa 2 = a 1 dl d” &
1R9LIAS osteoblasts lWIzhLl in vitro IABILATIUAY HTINA HUANLNQYNNINICLALNLTARN

waemila iNauansliiudn BMPs iili local  factors  WiN@ wIaNInlun1sALAN

N7TeUUNIT osteoblastic differentiation ) &
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Proliferation Matrix Maturation Mineralization
>
Mesenchymal Cell Qsteoblast Osteocyte
- =
Cbfa 1
genes characterizing osteoblast phenotype (Runx-2)

51l7136 uana Runx-2 1flu transcription gene &1M3uEu osteocalcin TedwATIZ
IAEIIa® mature osteoblasts WIZULFAUTBINITULNANNANUILLAS (proliferation stage)
= . ] a2 a & dl | s
8li osteocalcin  ANLATHANTLATEULANNUBN mesenchymal precursor cells Tihilwaad
osteoblasts ‘Lwﬁwz@mﬁnmmiwmmmu,:“'mrzg (mineralization stage) FASIE LN

] v
osteocalcin ﬁzgq%ﬁuﬁqm‘zmum@ mineralization 1B4LIAR osteocytes

T1/5514 osteocalcin &uﬁqmmzﬁ‘ﬂmmmﬁ osteoblasts %\‘iﬁm‘ﬂu osteoblast-specific
gene  fluffads meﬁumuuﬁﬁﬁmﬁmuamLsﬁm‘ osteoblasts  atwAnLIn  Iaw
osteocalcin  Nununuan usenden 1 simuImas MSCs  ldifluitag osteoblasts  Laz
osteoid TusvelzANIAINIZLALNAS Osteoblastic differentiation A udNdUL84 osteocalcin
luseiusin dudduniassnifiniions MSCs liliflumad osteoblasts aunseiiszazgaiing
IAINTLLIUNIT mineralization F£ALUAY osteocalcin 17'{@\1% V‘].I&x‘iﬂ?t‘].l'ﬂéﬂ’]?@%’]ﬂﬂﬁ?t@ﬂ
(ossification) WA¥MNITIMNANTBUTAR osteocytes Taageyfindi (37 36)

NNIUARIBANADIEIY osteacalcin &ugﬂmuqmim osteoblast-specific transcription
factor ‘ﬁ%j”ﬂ Tuire Runxe deinisusnseantuszasfussminenssuaumadeuulases
1A osteoblasts Runx2 muaumummmﬂmmﬁuﬁ' WAANADIANTLZ D
osteoblast phenotype 111 g1 osteocalcin, osteopontin, type 1 collagen, bone
sialoprotein, WAL collagenase-3 1n19Mma89 knockout 814 Runx2 Gl,um;} (mice) WU
N92121NNT bone formation ﬁm*mLﬁﬂmﬂﬁﬂﬁlﬁmmﬁ‘ﬁugqmm?tyﬂumaﬁ osteoblasts
ﬁmmgmﬁ muslumﬁiaiﬁﬁu Runx2 (null mice Runx2 (-/-)) tuann mineralized tissue 1ag
anyIndlazANANAIAINA b unu mm:ﬁuﬁq knockout ELRENARIAEN (RUNX2(+-)

o aa ' = a ) | = = p o o . .
SNANTA ﬂﬂ'ﬂ]mLL[;‘]"'\]ZfﬂJﬂ?::@]ﬂNﬂgﬂ?q\‘i@ﬂ’]\ﬁ:uu?\? GﬁﬂLﬂ?ﬂULV]ﬂU1®ﬂUI?ﬁ cleidocranial
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dysplasia lunyw 1w genetic bone disease FaaznUAMNRALNG lWNTzANEIU clavicle,
patent cranial suture WAL fontanelle, supernumerary teeth, short stature, WATNI7?
dl 1 dl o ¥ a

wWasuudasreanszgndsuaus uazlunienseadudin nisuanseannininy
(overexpression) 78481 Runx2 luimad osteoblasts Azfiuglanisiasayifing uazifluanvn

= o ) = ) o &R P
mﬂﬂa‘ﬂmz@ﬂmmwmLLuuu@ﬂm (osteopenia) 99N04 multiple fracture Tudmi Nmﬁ;ﬂlm

v v

d1n138fusla osteoblast core proteins - (osteocalcin KA Runx2) HUHHARLAUBIAE

N3LLIUNIST osteoblastic  differentiation  La¥ maturation TdayAMANNAINITOT UL
)

AYNANAATDIEL Runx2 AA9 uailud miu physiological bone formation *°

11
in TGF Il | Compilex

\, Cytoplasm |

gﬂ‘ﬁ 37 uanddn TGF-P signaling pathway Taeialal ndaanndi TGF-B ferunisnsesu fazliqy
(bind) iU type Il receptor (I1) Tunaad Tagianizasnga TGF-2 ?ﬁqﬂﬁﬁ?ﬂwﬁié"ﬁ‘unwdu@uimﬂ
type Il receptor Aa betaglycan (I11) -n1sduiuzas TGF-P3 s liAANNssINfAvE AR (stabilization)
289 complex 184 type | ALl Il receptors (II/l)  uae type Il aziinmyneainm (kinase phosphorylate)
muﬁ\mizﬁ’ju type | receptor (1) Lﬁ@ﬁm?mzﬁu type | receptor kinase phosphorylates receptor-
specific Smads 137 TGF-P pathway 1t Smad2 uaz Smad3 Fatumeuilanunsodudeldlng Smad7
Phospho-Smad?2 uaz 3 azsansafiuiili complex fu co-Smad (A Smad4) waninaenliaiaunana
%qwaﬂﬁu@’m%ﬁﬂﬂ,ﬁﬁ?mﬁu transcription factors L‘fffaﬁluj 138 coactivators WY corepressors e

AILIANNTZUIUANT transcription  A411 Smads Wwaz nuclear factors f147] @199zALiL DNA Tatima

visalifls “¢
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TutaanAass e uuALaRN1slAaw TGF-B receptor  1ilumsausn dauilu
signaling pathway ialidne Tdejeennann ligand gnsziiaunns transcription HUHAN
donau (317 37) TGF-B TeR1uN19NI61 receptor 1a951a3 N lHAANTZLAUNNIFRNY
Na@gwm? receptors wazZAAeAAaL Y cytoplasmic Smad proteins i Smad complex
dI dl dl o a = 1 al o . . (48)

Tanaeud ifeilmasdetumeniy transcriptional regulators

ﬂ@jmm Smad proteins sznaulldae cytoplasmic TGF—B signaling machinery
receptor-activated Smads #1131 TGF-B Aia Smad2 uaz Smad3 gnisxugwaaisaine
ToRI L&A carboxy-terminal SSXS sequences 1136y Smads Gagnifinnsnaains

X . o , — " 4 ds
wianHazsnFafiuili heteromeric complex 79N co-Smad AR Smad4 WAZLARDLNLEN 1
lullawasa Fadu inhibitory Smads wansluan TGF-B signaling Aa Smad7 vinl#aa

carboxy-terminal phosphorylation motif 784 Smad2 ¥ax Smad3 wAnN1LAFE L ToRI

4
o o ada

AL receptor-activated Smads TaglUelen TINT9LAANRDNUBY Smad7 expression Wi
gndntinlae TGF-B 9 l¥AANNS downregulation 284 TGF-3 response atinagaidy
nanalaaagy dreaznasniduadaazniiaulanaziiuaonuudslunisiiumasans
" 1 dglo o o = o ad o v &
waawmantdniuinun M lun1sAnelaswimLNIEN9 TN A%eLas (cell-based therapy)
. 4 = o & .
wazn1aunUsend L lun19aAanasuilieLee (tissue engineering) HANNINARBIHATLIALL
Ananwlunisstyiilunseanlumaanaaas (in vito) ldainanaazhaiazAaugInism
999 DBM lunsdninliianisnlasuulasliidumadnszgnaes Wharton's jelly derived
cells ava1atNNTenNg malunisdnunlsanszan (bone reconstruction therapy) waw
3| o o % -til/ -dll i =2 Z// o QII
dugtuuunimasesdrniunisarauaitia vslunisAnsrdunaunisimuinlasuutlag
anneassasuliifuaadnazgn (osteogenic pathway) lussAumagInIZIaLN (in vitro) 16

\uatingg
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ARLAUDLUE

o A

Ty inulddeaainnisdnedsencuuiaenisduilewinme luuuaiFauas
y X . o me @ A 4 oAb aa 4 z
a9 N TINNZIAENIEAS (contamination) asanlunavseelduneudanisfilsAannide

. , y el X Y o v o X
(aseptic technique) Imﬂmmmmumimmfrﬁimmq (sterilization) wazldamnuTalsm
uAZIT®3" (antibiotics)

ANiseaunnsniandfiduNNIuNT Wud1 Wharton's jelly derived cells  1aelu
Dulbecco’s minimal essential medium (DMEM) t&3u#a8 10% FBS ﬁfuﬂiﬁﬂ{]dwﬁmﬂﬂ

aAala % =3 o [ 3 1 o dl dgj e Aa dsj
ann3nlTinsanls nafiudnsmedewazaaetedimasatnedniau Tannnasstadsiail
1 o -MEM @3uéing 10% FBS azalAaNsluanZanndn

AMNEANUIAY WUT1 DBM FAnan wluni1siniagad MSCs aan Wharton's jelly
tissue ianunlailuinas osteoblasts 16 Asarstin lAnelwmad lavinguau vze

1 v o a il ?:J/ ¥ 3 A a zﬂl 4‘4' o ) s 4

uwnasradassunla lus 9annvAundanrseastinan endninead MSCs 1

wasuwlaailumas osteoblasts el
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1. A3wsaNdnsazane 0.5 N HCI (ann conc.HC! aanuidindiss 37.1 Molar)

N NV, =N,V,

(37.1 Molar) (V) (0.5 Molar) (1000 ml)

paTiL Vi = 13.48 ml

WNNAITN 7199 concHCI 17 13.48 mi-kaatiid dH,0 lildisunmsasu 1,000 ml

2. NTFATUNA13ATANS 70% Ethanol (EtOH) a1n absolute Ethanol (95%)
N NV, =NV,
(95%) (V,) - (70%) (1000 ml)

Pty V, 736.84 ml

WNNITN 7194 absolute Ethanol 11 736.84 mi udqlfia dH,0 TilAsumsAsL 1,000 m

3. nsuide cell culture medium (G-MEM) flgausigsians penicillin (100 unit/ml) /
streptomycin (50 pg/ml) 711 10% FBS

\Ax FBS 10 ml

FOL-MEM 920 ml

a

aniinan g fuga pipette udaLiLNanmMnR 4 °C

a

4. 0.01 M Phosphate buffer saline (PBS), pH 7.2 (20 X PBS)

44 Na,HPO, anhydrous 148 g
49 KH,PO, anhydrous 0.43 g
AN NaCl 7249

U5uen pH 1516 7.2 faer 1 M HCI B dH,0 TiBumsasy 1 ams wantinlil

autoclave
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5. 1X PBS 1 liter
BN 10X PBS 20 mi

W3 dH20 980  ml uanlEdNAY uaqtinll autoclave

6. 0.1% (v/v) DEPC-treated water
\Ain DEPC solution 2 ml aslu dH,0 2 Ans nanlsidnii seiisliuilenu udn

1111 autoclave

7. 10X Formamide agarose (FA) gel buffer, pH 7.0 (200 mM MOPS, 50 mM Sodium
acetate, 10 mM EDTA)
49 MOPS (free acid) 41.86 g Sodium acetate 4.10 g Way EDTA.2H,03.72 g

U5upn pH 19716 7.0 Aiaes 1 N NaOH WanwFisl DEPC treated H,0 9iAsil 1 amg

8. 1X Formaldehyde agarose (FA) gel running buffer
AN 10X FA gel buffer 100 ml
AN 37% (12.3 M) Formaldehyde 20 ml

\Aix DEPC treated H,0 lviasu 1 aag wanlifidniu

9. 5X loading buffer (AU131A 3 1haw 71 4 °C)

AN 10X Formaldehyde agarose (FA) gel buffer 4 ml
LA 100% Glycerol 2 ml
L% Formamide 3,084 pl
LAX-500-mM EDTA; pH-8.0 80 p

WAX bromophenol blue WaqLFd DEPC treated H,0 l#AsL 10 m

10. 1.2% Formamide agarose (FA) gel solution
LAN agarose powder 0.36 g
LAN 10X Formamide agarose gel buffer 3 ml
\Ain DEPC treated H,0 30 ml WA3gUAaE microwave AUATAILUNA 794U
fruNgHIae 65 °C uALAN 37% Formaldehyde 540 p nanliidnriu saliifiuudnaamag
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11. Tris-acetate-EDTA buffer (50x TAE) pH 7.6-7.8
"ﬁ“\i Tris-HCI 240 g
LAx Glacial acetic acid 57.1 ml
AN 0.5 M EDTA (pH 8.0) 100 ml

150 pH 114 7.6-7.8 fiae 1 HCI uwdaiin dH20 THdsunmsasy 1 amg

12. 1X Tris acetate EDTA (TAE) buffer
AN 50X TAE 20 mi
s dH,0 980 ml

13. 2% (w/v) agarose gel
49 Agarose powder 2 g
AN 1X TAE 100 ml

laaglu flask man i mwinliEausag lulasnnan agarose azazanamum

14. 2-Amino-2-methyl-1-propanol buffer (pH 10.4) (0.15M)
49 2-amino-2-methyl-1-propanol 1.41 g (1.41 ml)
N 2-amino-2-methyl-1-propanol @4k ultrapure dH20 15y pH 1s7l& 10.4

fnel 1 N HCI @xtin 1AL 100 mi

15. Para-Nitrophenol (pNP)
449 p-Nitrophenol 13.9 mg
LA 2-amino-2-methyl-1-propanol buffer 50 ml

WL aliquot MaBAAE 1 mi WALAGIUNYH -20°C

16. p-Nitrophenyl phosphate (pNPP) (100mM)

49 pNPP 0.658 g

AN 2-amino-2-methyl-1-propanol buffer 25 ml
17. 10N NaOH

F9NaOH 40 g

WA dH20 19 le3unms 100 ml
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Department of Biochemistry, Faculty of Medicine, Chulalongkorn University'
Department of Obstetries & Gynecology, Faculty of Medicine, Chulalongkorn University’

Abstract

Background: Wharton’s jelly cells or mesenchymal progenitor cells are defined as self-renewable,
multipotent progenitor cells with the unlimited capacity to differentiate into multiple lineage-specific cells
that form bone, cartilage, fat and muscle tissues. Demineralized bone matrix (DBM) has been utilized in
orthopedic, periodontal, and maxillofacial applications and extensively studied as a biomaterial to induce
new bone formation.

Objective: To isolate and characterize Wharton’s jelly cells and investigate the biological activity
of DBM in Wharton’s jelly cells

Material and Methods: Wharton’s jelly cells were derived from human umbilical cord culture.
Cells were treated with or without DBM and determined over 7 days of culture. Cell proliferation was
examined by direct cell counting. Osteoblastic differentiation of Wharton’s jelly cells was analyzed with
alkaline phosphatase staining assay.

Results: Phenotypic characteristics of human Wharton’s jelly cells were spindle and stellate
shapes with fine homogenous cytoplasm, typically associated with fibroblast-like cells. The control cells
(without DBM treatment) exhibited a spindle shape with little extracellular matrix whereas the DBM treated
cells appeared shortened and flattened, and they were surrounded by extracellular matrix. DBM inhibited
the growth of the Wharton’s jelly cells by 50% as determined by direct cell counting. Morphologic and
histochemical studies confirmed that DBM had a strong stimulatory effect on the alkaline phosphatase
activities of Wharton’s jelly cells, a very early marker of cell differentiation into the osteoblastic lineage.

Conclusion: Mesenchymal progenitor cells derived from umbilical cord could differentiate along
an osteoblastic lineage and thus provide an alternative source for cell-based therapies and tissue engineering
strategies.

Keywords: Alkaline phosphatase, Demineralized bone matrix (DBM),
Osteoblastic differentiation, Umbilical cord, Wharton’s jelly cells
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Figures and table legends
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Table 1. Change in residual calcium of DBM at different demineralization time.

3

Fig. 1 Primary culture from human umbilical cord ( x 10)

(J). - Explant and early stage outgrowth about 7 days after explantation.
(K) Outgrowth after removal of explant, about 14 days after explantation.

From this figure displayed the morphologic pattern of Wharton’s jelly cells in cell culture. The
cells exhibited spindle and stellate shapes with fine homogenous cytoplasm, typically associated with
fibroblast-like cells. The most individualizing characteristic of the cell line is the long processes and is
aligned in orderly manner.
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Viable cell5/T-25 flask (x 10°)
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DAYS

Fig. 2 Proliferation curves of human umbilical cord mesenchymal stem cells in the absence or presence of
DBM. Data are expressed as means with error bars representing SEM. Figure demonstrated the cell
numbers in control cultures increased to approximately 8 x 10° cells/ T-25 flask. However, the cell numbers
in DBM treated culture fluctuated around 4.0 x 10° cells/ T-25 flask.

(A) None (B) +DBM
Fig. 3 Morphology study of Wharton’s jelly cells ( x 10) after 7 days of incubation.
(A) Wharton’s jelly cells without DBM addition appeared a spindle shape, and there were very
little extracellular matrix.
(B) Wharton’s jelly cells with DBM addition appeared shortened and flattened, and they were
surrounded by extracellular matrix.

(A) None (B) +DBM
Fig. 4 Alkaline phosphatase staining assay of Wharton’s jelly cells ( x 10).
(A) Wharton’s jelly cells without DBM addition were stained blue, indicating low levels of
alkaline phosphatase activities.
(B) Wharton’s jelly cells with DBM addition were stained red purple, suggesting very high
alkaline phosphatase activities.
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UAAITIERZIDEAURY GEArray Q Series Human Osteogenesis Gene Array (HS-026)

ALPL ANXAS ARSE BGLAP BGN BMP1 BMP2 BMP3
1 2 3 4 5 6 7 8

BMP4 BMP5 BMP6 BMP7 BMP8B | BMPR1A | CASR CD36
9 10 11 12 13 14 15 16

SCARB1 | RSL1D1 |COL10A1|COLT1A1|COL12A1|COL14A1| COL15A1|COL16A1
17 18 “Xe) 20 21 22 23 24

COL17A1|COL18AT|COL19AT| COL1A1 | COL2A1 | COL3A1 | COL4A3 | COL4A4
25 26 27 28 29 30 31 32

COL4A5 | COLSAT | COL7A1 | COL9A2 | CSF2 CSF3 CTSK DCN
33 34 B5 36 3 38 39 40

EGF EGFR FGF1 FGF2 FGF3 FGFR1 FGFR2 FGFR3

41 42 43 44 45 46 47 48
FLT1 FN1 GDF10 { ICAM1 | IGF1 IGFIR | IGF2 ITGA1
49 50 51 52 53 54 55 56

ITGA2 ITGA3 ITGAM ITGAV ITGB1 | SMAD1 | SMAD2 | SMAD3
57 58 59 60 61 62 63 64

SMAD4 | SMAD5 | SMAD6 | SMAD7 | SMAD9 | MMP10 | MMP13 MMP2
65 66 67 68 69 70 71 72

MMP8 MMP9 MSX1 MSX2 NFKB1 [ PDGFA~| -RUNX2 |SERPINH1
73 74 75 76 77 78 79 80

SERPINH1|-SOX9 SPARC SPP1 TGEB1 |~TGEB2 (| TGFB3 | TGFBR1
81 82 83 84 85 86 87 88

TGFBR2 TNF TWIST1 | VCAM1 VDR VEGF VEGFB | VEGFC
89 90 91 92 93 94 95 96

PUC18 | PUC18 | PUC18 Blank Blank Blank GAPDH | GAPDH
97 98 99 100 101 102 103 104

PPIA PPIA PPIA PPIA RPL13A | RPL13A | ACTB ACTB
105 106 107 108 109 110 111 112
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Position| GeneBank | Symbol Description
1 NM_000478 ALPL Alkaline phosphatase, liver/bone/kidney
2 NM_001154 | ANXA5 Annexin A5
3 NM_000047 | ARSE Arylsulfatase E (chondrodysplasia punctata 1)
4 NM_199173 | BGLAP Bone gamma-carboxyglutamate (gla) protein (osteocalcin)
5 NM_001711 BGN Biglycan
6 NM_006129 BMP1 Bone morphogenetic protein 1
7 NM_001200 BMP2 Bone morphogenetic protein 2
8 NM_001201 BMP3 Bone morphogenetic protein 3 (osteogenic)
9 NM_130851 BMP4 Bone morphogenetic protein 4
10 NM_021073 BMP5 Bone morphogenetic protein 5
11 NM_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)
17 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
25 NM_000494 | COL17A1 Collagen, type XVII, alpha 1
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Position| GeneBank | Symbol Description
26 | NM_030582 | COL18A1 Collagen, type XVIII, alpha 1
27 NM_001858 | COL19A1 Collagen, type XIX, alpha 1
28 NM_000088 | COL1A1 Collagen, type I, alpha 1
29 NM_001844 | COL2A1 |Collagen, type Il, alpha 1 (primary osteoarthritis, spondyloepiphyseal dysplasia, congenital)
30 NM_000090 | COL3A1 |Collagen, type I, 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| COL4A5 Collagen, type IV, alpha 5 (Alport syndrome)
34 NM_000093 | COL5A1 Collagen, type V, alpha 1
35 NM_000094 | COL7A1 | Collagen, type VII, alpha 1 (epidermolysis bullosa, dystrophic, dominant and recessive)
36 NM_001852 | COL9A2 Collagen, type IX, alpha 2
37 NM_000758 CSF2 Colony stimulating factor 2 (granulocyte-macrophage)
38 | NM_000759| CSF3 Colony stimulating factor 3 (granulocyte)
39 | NM_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 homolog, avian)
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) oncogene homolog)
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, Jackson-Weiss 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/vascular permeability 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 ITGAS3 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, antigen CD29 includes MDF2, MSK12)
62 NM_005900 | SMAD1 SMAD, mothers against DPP homolog 1 (Drosophila)
63 | NM_005901| SMAD2 SMAD, mothers against DPP homolog 2 (Drosophila)
64 NM_005902 | SMADS3 SMAD, mothers against DPP homolog 3 (Drosophila)
65 NM_005359 | SMAD4 SMAD, mothers against DPP homolog 4 (Drosophila)
66 | NM_005903| SMAD5 SMAD, mothers against DPP homolog 5 (Drosophila)
67 NM_005585 | SMAD6 SMAD, mothers against DPP homolog 6 (Drosophila)
68 NM_005904 | SMAD7 SMAD, mothers against DPP homolog 7 (Drosophila)
69 | NM_005905| SMADS9 SMAD, mothers‘against DPP homolog 9 (Drosophila)
70 | NM_002425| MMP10 Matrix metallopeptidase 10 (stromelysin 2)
71 NM_002427 | MMP13 Matrix metallopeptidase 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)
77 NM_003998 NFKB1 Nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 (p105)
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78 NM_002607 | PDGFA Platelet-derived growth factor alpha polypeptide
79 NM_004348 | RUNX2 Runt-related transcription factor 2
80 NM_001235 | SERPINH1 | Serpin peptidase inhibitor, clade H (heat shock protein 47), member 1, (collagen binding protein 1)
87 NM_001235 | SERPINH1 Serpin peptidase inhibitor, clade H (heat shock protein 47), member 1, (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 |, early T-lymphocyte activation 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, 53kDa)
89 NM_003242 | TGFBR2 Transforming growth factor, beta receptor Il (70/80kDa)
90 NM_000594 TNF Tumor necrosis factor (TNF superfamily, member 2)
91 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 L08752 PUC18 PUC18 Plasmid DNA
98 L08752 PUC18 PUC18 Plasmid DNA
99 L08752 PUC18 PUC18 Plasmid DNA
100
101
102
103 | NM_002046 | GAPDH Glyceraldehyde-3-phosphate dehydrogenase
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104 | NM_002046 | GAPDH Glyceraldehyde-3-phosphate dehydrogenase
105 | NM_021130 PPIA Peptidylprolyl isomerase A (cyclophilin A)
106 | NM_021130 PPIA Peptidylprolyl isomerase A (cyclophilin A)
107 | NM_021130 PPIA Peptidylprolyl isomerase A (cyclophilin A)
108 | NM_021130 PPIA Peptidylprolyl isomerase A (cyclophilin A)
109 [NM_012423| RPL13A Ribosomal protein L13a
110 |NM_012423| RPL13A Ribosomal protein L13a
111 | NM_001101 ACTB Actin, beta
112 | NM_001101 ACTB Actin, beta
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