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bp   Base pairs 

cm   Centimeter 
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Cbfa1   Core binding factor alpha 1 

cDNA   Complementary deoxyribonucleic acid 

DBM   Demineralized bone matrix 
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DEPC   Diethyl pyrocarbonate 
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DNA   Deoxyribonucleic acid 

dNTPs   Deoxynucleotide triphosphates (dATP, dTTP, dGTP, dCTP) 

ECM   Extracellular matrix 

EDTA   Ethylene diamine tetraacetic acid 

et al.   Et. Alii (latin), and others 
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mol   Mole 
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mRNA   Messenger RNA 
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N   Normal 
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ng   Nanogram (10-9 gram) 
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OD   Optical density 
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PAS   Periodic acid Schiff method 

PBS   Phosphate buffer saline 

pH   The negative logarithm of the concentration of hydrogen ions 

PDGF   platelet-derived growth factor  

pNP   Para-nitrophenol  

pNPP   Para-nitrophenyl phosphate  

pmol   Picomole 

PTH   Parathyroid hormone 

RER   Rough endoplasmic reticulum  
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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 dodecyl sulfate 

SMAD   Sma and MADD (Mother against decapentaplegic) 

SSC   Sodium sulfonyl citrate buffer 

TAE   Tris sodium acetate EDTA 

Taq   Thermophilus aquaticus (polymerase) 

TGF-    Transforming growth factor beta 

tRNA   Transfer RNA 

UV   Ultraviolet 

V   Volt 

v/v   Volume by volume 

w/v   Weight by volume 
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 multipotential stem cell  self-renewal (  9)
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characteristic)  mesenchymal cells  antigenic 
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 osteoblasts formation (  ascorbic 
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 BMP-2  Shh  limb formation  
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population  pluripotent mesenchymal cells (  marrow stromal 
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 BMP  (irreversible)  osteoblastic 

properties  BMP  pluripotent mesenchymal 

cells  osteoblast lineage  BMP-2  differentiation 

pathway  C2C12 myoblast  osteoblast lineage 

 glucocorticoids  second class  compounds 

 osteoprogenitors  marrow stromal 

 BMP-6  BMPs 

 pluripotent stem cells  osteoprogenitors 

 BMP-2  osteoblastic differentiation  C3HIOTI/2 

mesenchymal cells  adipocytes  chondrocytes 

 adipocytes  BMP 

chondrocytes  activity 

BMP-2  osteoblastic  adipogenic colony 

 humoral factors  insulin, TGF- , epidermal growth factor (EGF), leukocyte 

inhibitory factor (LIF), fibroblast growth factor-4 (FGF-4),  platelet-derived growth 

factor (PDGF)  calcitropic  hormone  1,25-dihydroxyvitamin D3 

 osteoblast characteristics 
(44)
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 10  proliferation 
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 matrix  fibronectin (FN)  type I collagen (COL) 

 matrix maturation  proliferation 

 alkaline phosphatase (ALP)  matrix glutamic acid 
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matrix mineralization  osteopontin (OPN)  osteocalcin (OCN) (45)
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 (growth arrest)  collagenous extracellular matrix (ECM)  
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ALP
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differentiation  alkaline phosphatase, PTH/PTHrP receptor, bone sialoprotein, 
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 organ culture  osteoprogenitors 
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 osteoblasts  bone-specific ECM 

transcription  osteoblasts  mesenchymal stem cells 

 osteoprogenitors 

 ECM (44)

 MSCs  osteoblasts 

 (marker)  alkaline phosphatase (ALP), 

osteocalcin, osteopontin   ALP  metalloenzyme 
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 neutrophilic granulocytes     bone formation 

 mineralization  ALP 

 ALP  immunohistochemistry  decalcified frozen 
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Alkaline phosphatase  osteoblastic phenotype 
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 PI-specific phospholipase C 
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markers)
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    (ALP) 

Histochemistry (azo-dye coupling) 
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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 

Immunohistochemistry

Northern blot analysis/ RT-PCR/ ISH 

4. Other matrix protein Immunohistochemistry 

Western blot analysis 

Northern blot analysis/ RT-PCR/ ISH 

 1  osteoblastic markers  osteoblasts (11)
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 (stem cells) 

(proliferate)  (self-renewal) 

 (daughter cells)  embryonic stem 

cells  adult stem cells  (1) totipotent 

stem cells  zygote  (2) pluripotent stem cells 

 embryonic stem cells (3) multipotent stem 

cells  mesenchymal stem cells  hemopoietic 

stem cells (4) unipotent stem cells  (commit) 

 epidermal stem cells  adult liver stem cells 

 Mesenchymal stem cells (MSCs) 

. . 1867 Cohnheim 

. . 1976 Frieden Stein 

 MSCs  MSCs 

 (hematopoiesis) (23)

bone marrow stroma  MSCs 
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Ficoll density gradient          MSCs  SH-2, SH-3, 
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derived MSCs (23)
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 2  marker  specific antigens, cytokine 

receptors, adhesion molecules, production of cytokines  matrix molecules  bone 

marrow derived MSCs (24)

 (functional 

proteins)  growth factors, cytokines, signaling molecules, transcription factors 

 effector  growth factor  TGF-  superfamily 

 endochondral bone formation  healing  callus 

 BMPs  (signalling molecules) 

limb bud  embryo  ectopic bone 

 differentiation  MSCs  osteoblasts  chondrocytes (23)

BMPs  TGF-  osteogenic protein 

(OP1)  BMPs  pleotropic protein  mediator 

morphogenesis  differentiation 

 mRNA 

 BMPs (23)
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 DNA microarray 

 DNA microarray 

 DNA microarray 

 mRNA  mRNA 

 cDNA  reverse transcriptase (RT) 

 cDNA  cDNA 

 probe  probe 

2  DNA  oligonucleotide 

 cDNA  PCR product  cDNA 
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 cDNA 

 cDNA  hybridization 

DNA

microarray
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 DNA microarray 

 (pH) 

 11  hybridization  (DNA  RNA) 

 cDNA library  PCR 

 cDNA  mRNA 

 mRNA  RNAse 

RNA  90  rRNA  tRNA  mRNA 

 cDNA  cDNA 

 cDNA  mRNA  mRNA 

 DNA  polymerase chain reaction (PCR) 

 cDNA library  cDNA  cDNA 

library
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 cDNA library  PCR  RNA 

 cDNA  mRNA 

RNA  mRNA  3’  A 

 cDNA  T (oligo dT)  primer  reverse 

transcriptase  terminal transferase  G 

3’  RNA  RNAse H  cDNA 

 primer  PCR 2 

 EcoRI  5’  C  3’ 

 NotI  5’  C  1 

cDNA  2  primer  DNA 

 DNA  EcoRI  NotI  2 

 cDNA  DNA  library 

  cDNA  mRNA  library 

 biotin  

biotin  fluorescein 

 biotin-16-dUTP  DNA  RNA 

 random primer 

 RNA polymerase  

 biotin  DNA  RNA 

 photobiotin 

 biotin 

 avidin  streptavidin 

fluorescein

 alkaline phosphatase (ALP)  5’ bromo-4-chloro-3-

indolyl phosphate (BCIP)  nitro blue tetrazolium (NBT) 

horseraddish peroxidase (HRP) 

 4-chloro-1-napthol 
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 (Polymerase chain reaction, PCR) 

 PCR  DNA 

 DNA template 

 PCR  Kary Mullis . . 1985 

. . 1993 

 PCR 

1) DNA template  DNA 

 DNA 

2) Primer  DNA  18 – 25 

 2  forward primer  reverse 

primer  (complementary) 

 3’  DNA template 

(flanking region)  primer 

 DNA (DNA synthesizer) 

3) Deoxy nucleotide triphosphate (dNTP) 

primer  DNA  DNA  4 

dATP, dTTP, dCTP  dGTP  20-200 μM 

4)  DNA polymerase  DNA 
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aquaticus Taq DNA polymerase 

 95 oC
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5) MgCl2  DNA polymerase 

 Mg2+  Mg2+

 PCR product  Mg2+

 1.5 - 2.0 mM

6) Buffer -
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7)
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 PCR  3 

1)  DNA  (denaturation)  90-95 oC

 30-60  DNA 

 DNA 

2)  primer (primer annealing)  50-65 oC

30-60  primer  DNA template 

3)  DNA  primer (primer extension) 

 70-75 oC  30-120  DNA 

 DNA polymerase  (A, T, C  G) 

 DNA template  primer  DNA 

12  DNA  Polymerase Chain Reaction (46)

32



 3  1  PCR (PCR cycle) 

 DNA  (thermal 

cycler) -

 PCR  25-40  DNA 

 DNA 

 DNA 

“exponential amplification”  2n (n )

 35  DNA  235

34  DNA  2-3 

 DNA  PCR (PCR product) 

 gel electrophoresis  DNA  agarose gel 

 DNA  ethidium bromide (EtBr) 

 (intercalation)  DNA 

 UV  UV (UV 

transilluminator)  DNA  (product size)  

 DNA  DNA marker 
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 Hosny M  (1985) 

(osteoinductivity)  DBM  4 

 20, 40  72  20 

 mesenchymal cells  fibroblast-like cells  DBM 

particle  40 

 chondroid bone  72  mature bone  immature 

bone  DBM  (bone formation) 
(25)  Andrases  (2001) 

 bone marrow stromal stem cells (BMSC)  DBM 

 (in vitro) 

 (in vivo)  (pluripotent cells)     

(26)

Shuan Zhou  (2004)  DBM  BMP-2 
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 (chondrogenic differentiation)       DBM 

 signaling gene  TGF- /BMP pathway   RNA  hDF 

 DBM  DBM  3 

 microarray  RT-PCR (reverse transcription-

polymerase chain reaction)  DBM  BMP-2  multiple signaling 

pathway  hDF  TGFBI/ ig-

h3, Col3A1,  TIMP1 (27)

 George R. Beck, Jr.  (2001) (28)

gene expression  osteoblasts  MC3T3-E1 cell line  calvaria 

 NIH3T3 cell line  MC3T3-E1 cell line 

alpha-minimum essential medium ( -MEM)  10% fetal bovine serum 

(FBS)  ascorbic acid -glycerol phosphate  RNA 

 0, 3, 7, 14,  21  gene expression 
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gene array analysis  MC3T3-E1 cell line  differentiation medium 

NIH3T3 cells 

 Hwai-Shi Wang  (2004)  mesenchymal stem 

cells  Wharton’s jelly  osteoblasts (29)

 Shuanhu Zhou  (2005)  DBM 

 (chondrogenesis)  human dermal fibroblasts (hDFs) 

 DBM  collagen sponge system    DBM  human 

marrow stromal cells (hMSCs)  3-D collagen sponge culture 

chondrogenesis  osteogenesis 

DBM  hMSC 

chondrocyte specific genes  AGGRECAN, COL II  COL X  

macroarray analysis  DBM 

TGF- /BMP signaling pathway  hDFs  DBM  hMSC 

 (osteoblast phenotype)  osteogenic 

supplement  hMSC  DBM 

 collagen scaffold 

 (in vitro) (30)
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  3 

(target population) 

(sample population) 

(inclusion criteria) 

(exclusion criteria)

1.

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 CO2 cell culture incubator (Forma Scientific, England) 

1.9 Cuvette 80-100 l

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 -80oC (Forma Scientific, USA) 

1.17 Fume Hood (Newlab, USA) 



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)

2.

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 l, 200 l, 1,000 l (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.

3.1

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 Dimethyl 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 -Mercaptomethanol (2- Mercaptomethanol) (Sigma, USA) 

3.1.19 -MEM with L-Glutamine (Hyclone, USA) 

3.1.20 MPOS (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 X 100 (Sigma, USA) 

3.1.31 Trypan blue (Sigma, USA) 

3.1.32 Trypsin (Sigma, USA) 

3.2  RT-PCR 

3.2.1 PCR buffer 

3.2.2 Deoxynucleotide triphosphates (dNTPs) 

3.2.3 Oligonucleotide primers (BSU, Thailand) 

 1 

 Wharton’s jelly derived 

cells  primary culture  
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(informed consent) 

 sterile blade  Wharton’s jelly  tissue 

cell culture medium -MEM (Gibco BRL)  penicillin 200 

units/ml  streptomycin 100 g/ml

1 mm x 1 mm  tissue culture flask  T-25 

-MEM  10% fetal bovine serum (FBS)  penicillin (100 

unit/ml)/streptomycin (50 g/ml)  (incubate) 

5% CO2  37oC

(outgrowing cells) 

 0.025% trypsin 

Wharton’s jelly derived cells  (confluence) 

 T-75 flask  (split ratio)  1:4 

 (continually passaged) 

 (cryopreserve)  -80oC
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 (DBM preparation)

 3% hydrogen peroxide 

(H2O2)  dH2O

 -80 oC

 lyophilizer freeze dryer  -55 oC  chamber 

 5 .

 (ground bone matrix)  sieve  1,000 micron 

 liquid nitrogen  (ground bone 

matrix)  (demineralization)  diluted 

hydrochloric acid (0.5 N HCl)  100 mg DBM  10 ml 0.5 N HCl 

 demineralized bone 

matrix (DBM)  DBM  1, 2, 4, 6  8 

DBM  dH2O  70% ethanol 

 1  sterilization  70% ethanol  dH2O

 DBM  lyophilizer freeze dryer  DBM 

 -80 oC  (residual calcium 

content)  o-cresolphthalein complexone calcium binding assay 

(Arsenazo III calcium assay)
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 13  Demineralized Bone Matrix 

 Wharton’s jelly derived cells  tisse 

culture media ( -MEM)  2% FBS  DBM  5 mg ( )

-MEM  2% FBS  DBM ( )

 T-25 flask  5.0 x 105  flask (  2.0 x 104 / .2)

7

 0.5 N HCl  1 L  8 

 1  1, 2, 4, 6,  8 

 DBM  lyophilizer  -55oC

 sterile conical tube  -80oC

 DBM 

3% hydrogen peroxide 

 1000 m

 strile dH2O  70% ethanol  1  4oC

 strile dH2O

 DBM 

%

 long bone 
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 (assessment of cell proliferation) 

 Wharton’s jelly derived cells 

 6-well plates (  1.0 x 104 /well)  

 3, 5, 7  10 

 (trypsinization) inactivate  medium  FBS 

 trypsin  centrifuge  pellet cell 

 hemocytometer  trypan blue dye exclusion test (

 trypan blue )

 growth curve 

 14  hemocytometer 

 15  Hemocytometer 

 (  trypan blue)  A, B, C  D 

 (cell viability number) 

 =  x 104 x  dilution factor 
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 In vitro functional human mesenchymal stem cell Identification

 3  differentiated supplement 

Adipogenic Supplement (100X) hydrocortisone, isobutylmethylxanthine,  indomethacin

Osteogenic Supplement (20X) dexamethasone, ascorbate-phosphate, �-glycerolphosphate

Chondrogenic Supplement (100X) dexamethasone, ascorbate-phosphate, proline, pyruvate  TGF-�3

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

 aliquot  -20 oC Adipogenic supplement  4 oC

 4  antibody  cell differentiation 

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

 5  basal medium 

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

-MEM 90 mL 90%

FBS 10 mL 10%

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

100 g/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 L 1%

100X Penicillin-Streptomycin-Glutamine 500 L 100 U/mL Penicillin 

100 g/mL Streptomycin 

2 mM L-Glutamine
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 sterile cover slip (  autoclave )  24-well-plates (Costar, 

Corning NY)  PBS 0.5 ml  slide  well  incubate 

 37 oC  PBS  Wharton’s 

jelly derived cells  3  differentiation  3 

 adipocytes, osteocytes,  chondrocytes  24-well-plates 

 1.  hemocytometer  4 x 104 /well  12 

-MEM basal medium incubate  37 oC, 5%CO2  100% 

confluent  Adepogenic differentiation medium (  Adepogenic supplement 

50 L -MEM basal medium 5 ml)  0.5 ml/well  10 well  2% 

FBS + -MEM medium  0.5 ml/well  2 well ( )

Adepogenic differentiation medium  3-4  slide  10 

 20 

 2.  hemocytometer  8 x 103 /well  12 

-MEM basal medium   incubate  37 oC, 5%CO2  50-70% 

confluent  Osteogenic differentiation medium (  Osteogenic supplement 

250 L -MEM basal medium 5 ml)  0.5 ml/well  10 well  2% 

FBS + -MEM medium  0.5 ml/well  2 well ( )

Osteogenic differentiation medium  3-4  slide  10 

 20 

 3.  hemocytometer  2.5 x 105 /15 ml tube

 4  centrifuge  200 xg 5  D-MEM/F-12 basal medium 

 centrifuge  200 xg 5  medium  Chondrogenic 

differentiation medium (  Chondrogenic supplement 25 l  D-MEM/F-12 basal 

medium 2.5 ml)  0.5 ml  incubate 

 37 oC, 5%CO2  Chondrogenic differentiation medium  3-4 

 pellet cell  20  pellet 

 smear 
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 Chemical staining

 adipocytes  Oil  

Red O staining 

osteocytes  Von Kossa staining 

Adipocytes (Oil Red O) Osteocytes (Von Kossa) 

1. Frozen section 1. Deparafinized  dH2O

2. Dipsection in 70% EtOH  2.  5% AgNO3 1

3.  oil red O (

)   5 

3.  dH2O 2  ( )

4.  70% EtOH (

)

4.  Photographic developer solution 2 

 ( )

5.  dH2O 5.  dH2O 2 

6. counterstain  hematoxylin 6.  5% sodium thiosulfate solution 5 

7.  running tap H2O 2 

 dH2O

8.counterstain  nuclear fast red 5 

9.  dH2O 

7. mount  glycerol 1  slide 

  slide 

10.
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 Fixing and staining Procedure (Immunocytochemistry)

 adipocytes 

FABP-4 Ab  osteocytes  Osteocalcin 

Ab  chondrocytes  Aggrecan Ab  Horseradish peroxidase 

(HRP) conjugate  secondary Ab  diamino benzidine (DAB)  substrate  

product

Adipocytes (FABP-4) Osteocytes (Osteocalcin) Chondrocytes (Aggrecan) 

1.  2  PBS 1 ml 

2. Fix  4% paraformaldehyde  PBS  20 

3.  3  1% BSA  PBS 0.5 ml  5 

4. Permeabilize and block cells  0.01% Triton X 100, 0.1% Normal Horse serum  PBS 1 

 45 

5. dilute goat anti-mouse FABP-4 

antibody  1 

g/100 L

5. dilute mouse anti-human 

Osteocalcin antibody 

 1 g/100 L

5. dilute goat anti-human 

Aggrecan antibody 

 1 g/100 L

6.  blocking  goat 

anti-mouse FABP-4 antibody 

working solution 300 L/well

incubate  2 

6.  blocking  mouse 

anti human Osteocalcin antibody 

working solution 300 L/well

incubate  2 

6.  blocking  goat 

anti-human Aggrecan antibody 

working solution 300 L/well

incubate  2 

7. wash  3  1% BSA  PBS 0.5 ml  5 

8.  rabbit anti goat 

Immunoglobulin (IgG) 

conjugate  HRP  incubate 

30

8.  goat antimouse 

Immunoglobulin (IgG)  conjugate 

 HRP  incubate 30 

8.  rabbit anti goat 

Immunoglobulin (IgG) 

conjugate  HRP  incubate 

30

9. wash  3  1% BSA  PBS 0.5 ml  5 

10.  substrate DAB (diamino benzidine) 10 

11.  11.  11. 

12. counterstain  hematoxylin 

13. mount slide 
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 16  In vitro functional mesenchymal stem cell 

identification  adipocytes  osteocytes 

chondrocytes

 16  MSCs  adipocytes 

 Oil Red O staining  oil droplet 

FABP-4  osteocytes  Alizarin 

red staining  Von Kossa staining 

 Osteocalcin  chondrocytes 

 Aggrecan  FABP-4, Osteocalcin,  Aggrecan 

secondary antibody  conjugate  Rhodamine Red 

fluorescence microscope  ( 16)

differentiation
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 osteoblastic differentiation  alkaline phosphatase staining assay

 7 

 alkaline phosphatase staining assay  Sigma 

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

Louis)  phosphate buffer saline (PBS)  (fix) 

citrate-acetone-formaldehyde fixative solution  30 

 alkaline-dye mixture  15  napthol AS-BI 

alkaline solution and fast red violet B (FRV-alkaline solution)  enzyme 

activity  counterstained slide  hematoxylin solution, gill No. 3 

 (light microscope) 

 alkaline phosphatase activity  in vitro alkaline 

phosphatase assay ( )

 DBM  5 mg  sterile microcentrifuge 

tubes  split cell  T-25 tissue culture flask  treat cell  2%FBS Tissue 

culture media  DBM  incubate  0, 3, 5, 7,  10  incubate 

 37oC, 5%CO2  tissue culture media  flask 

 DBM  PBS  DBM  ice cold dH2O 2 ml 

 flask  flask  cell scraper

 15 ml centrifuge tube 

 (sonicate)  30  1 

 sonicator  30% amplitude  sample 200 ul  well  96 

well plate  blank  sample  pNPP 40 ul  well  incubate 

assay plate  37 oC  20  10N NaOH 10 ul  well 

 blank  405 nm  plate reader  pNP 

amount  working sheet 
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Determination of the extinction coefficient for pNP

 stock pNP solution (2 mM) 

 50 M  pNP 25 l  dH2O 975 l  pNP 50 M  dilute 

dilute

Volume of 50 M pNP ( L) Volume of the Diluent ( l) Conc. of pNP ( M)

0 250 0 

50 200 10 

125 125 25 

200 50 40 

 pNP  96-well assay plate 

 (OD)  405 nm  plate reader  excel data sheet 

 extinction coefficient  Beer’s law 

(A=E*C*L)  OD  Multiskan 

 (Calculation)

1) Protein amount of testing samples: 

 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.  pNP standard curve to get extinction coefficient for pNP: 

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

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

 b.  extinction coefficient  pNP  testing 

samples:

 pNP concentration = #units of sample OD *     nmol  = nmol/ml 

             # units*ml 
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 c.  pNP concentration of testing sample  total amount of pNP in 

cell extraction in the assay for each sample: 

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

 d.  pNP amount  pNP production per minute: 

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

3. pNP amount per minute/ mg protein 

 pNP amount per minute and protein amount  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 

Column E     F G        H  in worksheets 
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 total RNA 

 MSCs  Wharton’s jelly -MEM

 2%FBS + DBM -MEM + 2%FBS  7 

 total RNA  RNA easy Mini kit (Qiagen) 

 RNA (μg/ml) =  (OD  260 nm) x 40 x dilution factor 

 spectrophotometer   RNA  OD  260 nm : OD 

280 nm  2 

 17  extract total RNA 

cells

Lyse and homogenize 

Add 70% ethanol 

nd total RNA

ash 3 times

Elute
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 yield >30 g,  RNase free water  30–50 l eluate  9  

 18  extract total RNA 

1. Harvest cells : lyse cell  cell-culture medium  (  DBM 

PBS)  flask 

2. Disrupt cells :  Buffer RLT 350 l  cell-culture dish  collect lysate  cell 

scraper  pipet lysate  microcentrifuge tube  vortex  pipet  mix 

3. Homogenize lysate :  lysate  20 (0.9 mm diameter)  5 

4.  70% ethanol 1  homogenized lysate  mix  pipet 

5.  sample  RNeasy spin column  2 ml collection tube 

 centrifuge  15 8000 x g ( 10,000 rpm) 

tube

6.  Buffer RW1 700 l  RNeasy spin column  centrifuge  15 

8000 x g ( 10,000 rpm)  spin column membrane 

 tube 

7.  Buffer RPE 500 l  RNeasy spin column  centrifuge  15 

8000 x g ( 10,000 rpm)  spin column membrane 

 tube 

8.  Buffer RPE 500 l  RNeasy spin column  centrifuge  2 

8000 x g ( 10,000 rpm)  spin column membrane 

 tube 

9.  RNeasy spin column  1.5 ml collection tube  RNase-free water 30–

50 l  spin column membrane  centrifuge  1 

8000 x g ( 10,000 rpm)  (elute) RNA  tube 
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 cDNA array

 sample RNA 

 umbilical cord mesenchymal stem cell  tissue culture flask  T-75 

 treat -MEM  2% FBS , pennicilin  streptomycin 

amphotericin B  flask  20 ml  DBM 15 mg  incubate  7 

 extract total RNA  RNeasy Mini Kit (Qiagen) 

 total RNA  260 nm (

 60 ng/ l)  A260:A280 ratio  1.9  2.1 

 cDNA probe  hybridization

 1.  annealing mixture:  total RNA sample 

 sterile PCR tube  pipettor  centrifuge 

 thermal cycler  70 °C, 3  37 °C, 10 

Total RNA 5.0 g

RT Primer (P) 1 l

RNase-free H2O  10 l

2.  RT cocktail:  incubate annealing mixture  37 °C  RT 

cocktail  37 °C  1 

RT Cocktail for Chemiluminescent Detection 

Components 2 arrays 

Buffer BN 8 l

RNase-free H2O 8 l

RNase Inhibitor (RI) 2 l

Reverse Transcriptase (RE) 2 l

Final Volume 20 l

3. RT reaction:  array  RT cocktail 10 l  Annealing Mixture 

10 l  pipettor  incubate  37 °C  25 

 85 °C  5  hydrolyze RNA  inactivate  reverse 

transcriptase  RT reaction 
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4.  LPR cocktail:  GEArray kit, mix  sterile PCR 

tube

LPR Cocktail for Chemiluminescent Detection 

Components 2 arrays 

Buffer L 36 l

Buffer AF (BLUE tube) 18 l

Biotin-16-dUTP  4 l

DNA Polymerase (LE) 2 l

Final Volume 60 l

5. Linear polymerase reaction (LPR) labeling reaction: 

 array  LPR Cocktail 30 l  RT reaction  mix 

 pipettor  thermal cycler  LPR 

 85 °C  5 ; (85 °C, 1 , 50 °C, 1 , 72 °C, 1 )

30 ;  72 °C  5 

6.  denature labeled cDNA probe  heat LPR tube 

94 °C  2  cDNA probe  hybridization 

 probe  –20 °C  hybridization 

 hybridization

 1. Pre-hybridization:  probe synthesis 

 array bar code number  pre-wet array 

membrane  dH2O 5 ml  hybridization tube  invert tube 

GEAprehyb  GEAhyb hybridization solution  60 °C  invert 

 heat sheared salmon sperm 

DNA  100 °C  5  dH2O  hybridization tube 

 GEAprehyb solution 2 ml ( )  vortex tube 

 tube  hybridization cylinder  pre-hybridize 

hybridization oven  60 °C  1-2  5-10 rpm 

 pre-hybridization  72  
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2. Hybridization:  GEAprehyb  hybridization tube  GEAhyb 

(  probe , )  hybridization tube  hybridize  60 °C 

 5-10 rpm 

 3. Washing:  GEAhyb solution  hybridization tube  microcentrifuge 

tube  -20 °C  redenature  2-5 

 membrane 2  wash solution 1  5 ml  60 °C, 20-30 rpm, 15 

 vortex  membrane  2  wash solution 2  5 ml  60 °C, 20-30 

rpm, 15  vortex 

 Wash Solution1: 2X SSC, 1% SDS 

(  20X SSC 100 ml  20 % SDS 50 ml   1 L) 

  Wash Solution2: 0.1X SSC, 0.5 % SDS 

(  20X SSC 5 ml  20% SDS 25 ml  1 L) 

 19  GEArray® Q Series membrane  array 

side  cDNA spot  hybridization tube 

Reverse side  array  hybridization tube 

 chemiluminescent detection ( )

1. Blocking array:  wash  GEAblocking solution 

Q 2 ml  incubate  40  20-30 rpm 

2. Binding of alkaline phosphatase-conjugated streptavidin (AP): 

GEAblocking solution Q  tube  binding buffer 2 ml  incubate  10 

 5-10 rpm

56



 Binding Buffer:  dilute 5X Buffer F  dH2O  5 

 1X Buffer F   dilute AP 1:8,000  1X Buffer F  binding buffer (

AP  2 l)  1X Buffer F 16 ml  tube  washing 

3. Washing:  membrane 4  1X buffer F 4 ml  5 

 vortex tube  fresh 1X buffer F  reaction  rinse 

2  buffer G 3 ml 

  4. Detection:  CDP-Star chemiluminescent substrate 1.0 ml 

hybridization tube  incubate  2-5  (  membrane 

  substrate )  (blot) membrane  CDP-

Star solution  (  membrane )  membrane  plastic 

sheet protector  plastic zip-lock bag 

Image and data acquisition and analysis

1. Image acquisition : blank side  array  film  bar 

code  array  record array image  X-ray 

film (  expose X-ray film )

 desktop scanner  electronic file in grayscale (8 or 16 bit) 

 TIFF format  JPEG format

2. Image Analysis and Data Acquisition & Analysis 

 Quantity One 

 Microsoft EXCEL ( )  intensity/mm2  blank 

 intensity/mm2  internal control 

 (  PPIA  4 )  normalize 

 DBM  (  E/C ratio)

 E/C   2.00    highly up-regulation 

  E/C  1.00-2.00   up-regulation 

 E/C  0.51-0.99   down-regulation 

 E/C  0.50    highly down-regulation 
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 20  GEArray Q and S Series 
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 RT-PCR  total RNA  extract 

 template RNA, primer solutions, dNTP mix, 5x QIAGEN onestep RT-PCR 

buffer,  RNase-free water  master mix 

 RT-PCR  template RNA (  master mix 

 10%  reaction)  master mix ,

 PCR tube  template RNA  PCR tube 

 thermal cycler  RT-PCR program  PCR tube 

 thermal cycler  50°C  PCR tube  thermal cycler 

 amplification  2–8°C  –20°C 

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

1. RUNX2 

(Cbfa1)

Foward : 5’ CCCCACGACAACCGCACCAT 3’

Reverse: 5’ CACTCCGGCCCACAAATC 3’

270bp 64°C

2. SMAD2 Foward : 5’ AGAGAGTTGAGACACCAGTTTTGC 3’

Reverse: 5’ ATAGTCATCCAGAGGCGGAAGTT 3’

86 bp 60°C

3. SMAD7 Foward : 5’ GAATCTTACGGGAAGATCAACCC 3’

Reverse: 5’ CGCAGAGTCGGCTAAGGTG 3’

67 bp 60°C

4. GADPH Foward : 5’ ACCACAGTCCATGCCATCAC 3’

Reverse: 5’ TCCACCACCCTGTTGCTGTA 3’

370 bp 60°C 

 6  product  Tm  Primer 

 6  Primer  RT-PCR 

 cDNA array 
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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 

 7  Thermal cycler condition 

 RT-PCR (PCR product)  PCR 

marker (Biorad)  50 – 1,000 bp  loading dye 

1X  1.5% agarose gel electrophoresis  gel 

 90 V  1 

 gel  (stain)  0.1% ethidium bromide  10-15 

 destain  10-15  UV 

 DNA 

 (descriptive statistics) 

 (mean)  (standard deviation) 

 (frequency) 

 (inferential statistic) 

 (continuous data) 

 unpaired t-test  2 

 ANOVA  2 2-test 

 (categorical data)  correlation 

 2 

 p < .05 
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  4 

 Wharton’s jelly 

 PBS  pennicillin  streptomycin 

 Petri dish -MEM

 1 x 1  Wharton’s jelly cells 

primary culture  outgrowth technique 

tissue culture flask -MEM  10% FBS  penicillin  streptomycin 

 incubator  37 oC, 5% CO2

 tissue culture 

flask   (morphology)  (characteristic) 

 DBM

 DBM 

 DBM  (demineralization) 

 (demineralized time)  1, 2, 4, 6,  8 

 0.5 N HCl 

bone matrix  90.95, 83.25, 19.34, 7.53,  7.32 

 21



0

5

10

15

20

 DBM  0.5 N HCl ( )

 m
g 

 DB
M 

(m
icr

ogr
am

)

1   4  2   6   8 0

  100%   90.95%

83.25%

19.34%
7.53% 7.32%

 21  0.5 N HCl 

 22  DBM  0.5 N HCl  8 

sterilization  freeze dry  sterile conical tube 

 DBM  osteoprogenitors 

 DBM  5 

 10  DBM  0.5 N HCl  8 

 7.32  (  22) 
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DBM  (in vitro)  Wharton’s jelly 

derived cells  7 - 8% 

 fibroblast-like cell 

 2-3  Wharton’s jelly derived 

cells  (80% confluence) 

 (trypsinization) -MEM

 10%FBS  Wharton’s jelly derived cells 

(spindle and stellate shape)  (homogeneous cytoplasm) 

 fibroblasts (fibroblast-like cell)  23G  23H 

 mesenchymal stem cells 

 MSCs  In vitro functional 

mesenchymal stem cells identification 
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(A)  outgrowth  tissue   (B)  confluence  tissue 

(C)  flask (trypsinization)  (D)  cell proliferation  1 

(E)  cell proliferation  3    (F)  cell proliferation  5 

(G)  cell proliferation  7   (H)  cell proliferation  14 

 23  Wharton’s jelly derived cells  Primary culture (x 10) 
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(A)  outgrowth  tissue  7 

(B)  outgrowth  tissue  confluence  14 

(C)  tissue  flask  trypsinization 

 T-75 flask  confluence 

(D)  flask 1

(E)  3 

(F)  5 

(G)  7 

(H)  14 (confluence) 

 23  (morphologic pattern)  Wharton’s jelly 

derived cells  (spindle and stellate shape) 

 (fine homogenous cytoplasm) 

 fibroblasts  MSCs 

In vitro functional mesenchymal stem cells identification (  24  25) 

 (self 

renew)   progenitors 

 adult tissue 

 bone marrow-derived stem cells (BMSCs)  mesenchymal stem 

cells (MSCs)  MSCs 

adipocytes  chondrocytes  osteocytes  hepatocytes  cardiomyocytes 

 (neurons)   

 recombinant growth factors 

 (in vitro)  MSCs 

 mesenchymal lineages 
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  (A)  Oil Red O  10      (B)  FABP-4 Ab  10 

(C)  Von Kossa  10      (D)  Osteocalcin Ab  10 

 24  in vitro functional mesenchymal stem cell identification 

 Wharton’s jelly derived cells  10 (10 X) 

(A)  Adepogenesis media supplements  10  Oil 

Red O staining  adipocytes 

(B)  Adepogenesis media supplements  10  FABP-4 

antibody

adipocytes  24A 

(C)  Osteogenesis media supplements  10  Von 

Kossa staining  mineralization  osteocytes 

(D)  Osteogenesis media supplements  10 

Osteocalcin antibody 

 24C 
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 Wharton’s jelly derived cells 

primary culture  MSCs 

 multiple mesenchymal lineages  Wharton’s jelly derived cells 

adipogenesis, chondrogenesis  osteogenesis media supplements 

 adipogenic, chondrogenic,  osteogenic lineages 

antibodies  goat anti-mouse FABP-4, goat anti-human Aggrecan 

mouse anti-human Osteocalcin  mature phenotypes  adipocytes 

 chondrocytes  osteocytes  10  20  24 

 25 
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(A)  Oil red O 20 (Con)    (B)  Oil red O 20 (E) 

(C)  FABP-4 Ab 20 (Con)     (D)  FABP-4 Ab 20 (E) 

(E)  Von Kossa 20 (Con)     (F)  Von Kossa 20 (E) 

(G)  Osteocalcin 20 (Con)     (H)  Osteocalcin 20 (E) 
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(I) Aggrecan Ab 20 (E)

 25  in vitro functional mesenchymal stem cell identification 

 Wharton’s jelly derived cells  20 (10 X)  Con 

-MEM + 2% FBS  E  induction media 

supplement

(A) -MEM + 2% FBS  20  Oil Red O 

 adipocytes 

(B)  Adepogenesis media supplement  20  Oil Red O 

 fat nodule  adipocytes 

 10  24A 

(C) -MEM + 2% FBS  20  FABP-4 Antibody 

 Oil Red O  adipocytes 

 25A 

(D)  Adepogenesis media supplement  20  FABP-4 Antibody 

 adipocytes  25B 

(E) -MEM + 2% FBS  20  Von Kossa 

 osteocytes 

(F)  Osteogenesis media supplement  20  Von Kossa 

 mineralized nodule  osteocytes

(G) -MEM + 2% FBS  20  Osteocalcin Antibody 

 Von Kossa staining 

osteocytes

(H)  Osteogenesis media supplement  20  Osteocalcin Antibody 

 osteocytes  25F 

(I)  Chondrogenesis media supplement  20  Aggrecan Ab 

 chondrocytes
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    (A) None               (B) +DBM  

 26  morphology study  MSCs  Wharton’s jelly tissue 

(x 10)  DBM  7 

(A)  MSCs  DBM  spindle shape 

(B)  MSCs  DBM  shortened and flattened shape 

 MSCs  DBM 

7  MSCs  DBM 

spindle shape  MSCs  DBM  shortened and flattened 

shape  cuboidal shape  26A  26B 

            (A) None          (B) +DBM  

 27  alkaline phosphatase staining assay  MSCs 

Wharton’s jelly tissue (x 10)  DBM  7  (x 10) 

(A)  MSCs  DBM  alkaline phosphatase 

activity

(B)  MSCs  DBM  alkaline phosphatase 

activity
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 (osteoinductive 

ability)  DBM Wharton’s jelly cells  alkaline 

phosphatase staining assay  DBM  Wharton’s jelly cells 

 DBM  DBM  

 7  alkaline 

phosphatase staining assay  (spindle 

shape) 26A  DBM 

(shortened)  (flattened)  (cuboidal shape)  26B 

 alkaline phosphatase activity 

 DBM  (red purple)  alkaline phosphatase activity 

 (  27) 

 Wharton’s jelly derived cells 

 DBM  DBM 

 3, 5, 7  10  trypan blue 

 hemocytometer  trypan blue 

 28 
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5 
fla

sk
 (x

 1
05 )

None

+DBM

 28  Trypan blue proliferation assay  MSCs 

(experimental group)  DBM  (control group)  DBM 

 3, 5, 7  10  (  x 105 )
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 DBM  (proliferation)  MSCs 

 Wharton’s jelly tissue  (assessing 

potential mitogenic effect) 

 DBM  (nude mice) 

 (osteoprogenitors)  DBM 

 (in vitro) -MEM

2% FBS  MSCs  5.0 x 105 /T-25 flask  2 

 DBM  5 mg  DBM  7 

 3, 5,  7  hemocytometer   2 

 8 x 106 /T-25 flask  DBM 

 4.0 x 106 /T-25 flask 

 28  MSCs 

 5-7  MSCs  DBM 

 DBM 

 differentiation  osteoblasts 

 osteogenic markers 

alkaline phosphatase  alkaline phosphatase staining assay   alkaline 

phosphatase activity assay 
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Alkaline phosphatase activity of MSCs from 

Wharton's jelly tissue when derived DBM

0

0.02

0.04

0.06

0.08

0.1

0 3 5 7 10
days

nm
ol

/m
in

/u
g 

pr
ot

ei
n

CONTROL (NONE) EXPERIMENT (+DBM)

 29  alkaline phosphatase activity  nmol/min/ g

protein  MSCs  DBM 

DBM  3, 5, 7  10  (  x 105 )

 29  alkaline phosphatase activity  DBM 

 (  0, 3, 5)  (  0.01 nmol/min/ g protein) 

 7 (Mean = 0.087745 nmol/min/ g protein, SD = ± 0.0061) 

 10 

 30  total RNA  extract  MSCs  formaldehyde gel 

electrophoresis  cDNA probe 

RT-PCR  (C = None, E = + DBM  7 )

C E

28 s 

18 s 
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 C (None)   E (+DBM) 

 30  total RNA 

 RNeasy mini kit (Qiagen)  product 

 260 nm  280 nm 

2.16  RNA  2.01  RNA 

 (  OD 260 nm/OD280 nm ratio  1.9 – 2.1) 

 total RNA formaldehyde gel electrophoresis  product  RNA  2 

 18s  28s  18s 

28s

 31  array membrane  cDNA array 

 31 

osteogenesis  RNA  MSCs  DBM  7 

 cDNA probe  biotin-16-dUTP  hybridization 

 probe  membrane  detect 

 grid  Quantity One 

 E/C ratio  up-regulation  down-regulation 
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          C (None)        E (+DBM) 

 79 (RUNX2)    

 84 (SPP1)    

 63 (MADH2)    

 49 (FLT1) 

 66 (MADH7)    

 46 (FGFR1)

 9 (BMP4) 

 77 (NFKB1)

 81 (SERPINH1)

 89 (TGFBR2)

 4 (BGLAP)

 32  grid  human osteogenesis cDNA array  MSCs 

 Wharton’s jelly tissue  DBM 

 32  grid  human osteogenesis cDNA Array 

 gene expression  gene expression  (up regulation) 

 grid  (  DBM)  grid 

 gene expression  (down regulation)  grid  E 

 grid  C
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 8  intensity ratio (area intensity/mm2)

MSCs  DBM  7  cDNA array 

 Quantity one  up regulation  down 

regulation ( )

 gene  up regulation 

 E/C Ratio  2.00  

Gene E/C ratio 

VDR 8.455126 

RUNX2 6.97554 

TGFB2 2.402011 

CD36 2.364661 

FLT1 2.14079 

SMAD2 2.130615 

 E/C Ratio  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 

COL11A1 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   
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 gene  down regulation

 E/C Ratio  0.51-0.99 

Gene E/C ratio Gene E/C ratio 

TGFBR2 0.992569 FGF1 0.772921

COL15A1 0.99056 SMAD6 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 ICAM1 0.627061

MMP8 0.832894 FGFR1 0.617144

BMP8B 0.830974 COL7A1 0.609405

BGLAP 0.830364 CSF2 0.586131

TGFB1 0.807487 COL14A1 0.556018

ARSE 0.799068 CASR 0.769144

TWIST1 0.783306 COL3A1 0.753864

MSX2 0.77526 BMP2 0.563724

BMP7 0.774784   

 0.50 

Gene E/C ratio 

FGF3 0.488468

BMP1 0.481683
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C E

C E

C E

C E

M

W

Bi

 8  up regulation  (E/C Ratio  2.00) 

 6  VDR  SMAD2 

 up regulation  (E/C Ratio 

 1.00 – 2.00)  37  ITGA1 

 MMP9 

 down regulation  (E/C Ratio  0.50)  2 

 FGF3 BMP1

 down regulation  (E/C Ratio  0.51-

0.99)  41 TGFBR2

BMP2

RUNX2 270 bps 

SMAD2 86 bps 

SMAD7 67 bps 

GADPH (internal loading control) 370 bps 

 33  run agarose gel electrophoresis  PCR product 

RT-PCR  total RNA  MSCs (M = PCR marker, C = None, E = +DBM) 

300 bps 

150 bps 

50 bps 

150 bps 

50 bps 

500 bps 

300 bps 
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 33  product  agarose gel electrophoresis  3 lane 

 lane  PCR marker  PCR product lane 

 RT-PCR product  total RNA  lane  RT-PCR 

product  total RNA  (+DBM) 

 RT-PCR  1 

Gene expression value from RT-PCR

C (NONE)

E (+DBM)

0

0.1

0.2

0.3
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0.5

0.6

RUNX2 gene
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(A)

Gene expression value from RT-PCR

C (NONE)

E (+DBM)

0
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1

SMAD 2 gene
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(B)
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Gene expression value from RT-PCR

C (NONE)

E (+DBM)

0.54

0.56

0.58

0.6

0.62

0.64

0.66

SMAD 7 gene

R
el

at
iv

e 
ex

pr
es

si
on

no
rm

al
iz

ed
 to

 G
A

D
PH

(C)

 34  intensity ratio  agarose gel electrophoresis 

RT-PCR  MSCs

(A)  Relative expression  Runx2  MSCs 

 (  DBM  7 )  MSCs  MSCs

(B)  Relative expression  SMAD2  MSCs 

 (  DBM  7 )  MSCs  MSCs

(C)  Relative expression  SMAD7  MSCs

 (  DBM  7 )  MSCs

MSCs

 34  MSCs 

Wharton’s jelly  DBM  7  cDNA array 

 RT-PCR analyses 
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  5 

 demineralized bone matrix (DBM) 

 osteoblasts  

Wharton’s jelly  mesenchymal stem cells 

 7 

(cell morphology)  cell proliferation  growth curve 

 (osteoblastic marker)  alkaline phosphatase staining 

assay  in vitro alkaline phosphatase activity 

 cDNA 

array  RT-PCR analyses

 Wharton’s jelly derived cells 

 fibroblast cells  mesenchymal stem 

cells (MSCs)  in vitro functional 

mesenchymal stem cell identification  Wharton’s jelly derived cells 

 MSCs  Wharton’s jelly derived cells 

 adipocytes  osteocytes  chondrocytes  adipogenic 

differentiation medium, osteogenic differentiation medium,  chondrogenic 

differentiation medium  immunocytochemistry 

 MSCs 

 (cell proliferation)  DBM (

 0.5 N HCl  8 ) -MEM

2%FBS  5-7 

 DBM 

 osteoblasts (osteoblastic differentiation) 

 proliferation rate  (  28) 



 differentiation  osteogenic marker 

alkaline phosphatase activity  histochemical  biochemical assay

 (osteoblastic marker)  alkaline 

phosphatase staining assay  MSCs  DBM 

 osteoblasts 

cuboidal shape (  26B)  alkaline phosphatase 

 alkaline phosphatase 

(osteoblastic differentiation)  27B  biochemical assay 

 activity  alkaline phosphatase  3, 5, 7,  10  MSCs  DBM 

 activity  7 (   29) 

 MSCs  DBM  alkaline 

phosphatase activity 

 cDNA array 

 MSCs  DBM  7  RNA 

 cDNA  reverse transcriptase  cDNA probe 

 biotin-16-dUTP  hybridization  DNA 

array membrane (  osteogenesis gene  96  internal control gene  5 

)  highly upregulation (E/C ratio  2.00)   6  upregulation 

 37  highly downregulation (E/C ratio  0.50)   2 

downregulation  41  (  8) 

 3  Runx2, 

SMAD2,  SMAD7  RNA  RT-PCR 

 PCR product  agarose gel electrophoresis 

intensity  gel doc analyzer (  gel  33)   GADPH 

internal control gene  cDNA array  Runx2 

SMAD2  upregulation  SMAD7  downregulation (  34) 

 Runx2  TGF-  signaling pathway 

growth factor  BMPs   BMPs 

 endochondral calcification 
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 BMP-2  (osteoinductive factor) 

 (mesenchymal cells) 

 BMPs  spinal fusion (  titanium cages) 

osteonecrosis  fracture healing 

 alveolar  (periodontal diseases)  BMPs  type I 

receptor  type II receptor  heterodimeric receptor complexes 

 receptor (autophosphorylation) 

 SMADs BMPs type I receptor  SMAD2,3   SMAD6,7 

 inhibitory SMADs  SMAD2  SMAD7 

 BMPs signaling pathway 

(osteoinductivity)  demineralized bone matrix  (in vitro 

bioassay)

Demineralized bone matrix (DBM) 

 demineralized bone grafts  cortical bone  cancellous 

bone

 (nonunion fracture) 

 (bone cyst)  (craniomaxillofacial 

reconstruction)(31-34)  DBM  (scaffold) 

 (osteogenesis)  matrix-incorporated osteoprogenitor  

 bone morphogenetic proteins (BMPs)  DBM 

 (osteoinductivity) (35, 36)  (osteoprogenitor cells) 

 DBM 

 (defect site)  DBM  (37, 38)

 osteogenic cells  bone marrow stromal cells 

 DBM  (osteogenesis) 

 (in vivo)  (osseous defect) 
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 35

Characterization study, cell morphology 

-MEM+2% FBS+ antibiotics+DBM 

Wharton’s jelly tissue Primary culture for 14 days 

In vitro functional MSCs identification 

 DBM  7 

Characterization study, cell morphology 

Cuboidal shape Fibroblast-like cell 

ALP staining Red purple (+ve) Blue (-ve) 

Cell proliferation study 

In vitro ALP activity  at day 7 Low level 

cDNA array analyses 

RT-PCR analyses 

cell number increased decreased cell number at day 5-7 

6 genes high up-regulation, 

2 genes high down-

Runx2, SMAD2 upregulate, 

SMAD7 downregulate 
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 (biomaterial) 

 (incorporation) 

osteogenic cells  (scaffold) (39)

 (osteogenic differentiation) 
(40)

 defect site  (new 

bone formation) (41)

(osteogenic differentiation)  biomaterial 

 (rapid bone formation)  DBM 

 (osteoblastic phenotype) 

 (new bone matrix) (42)

 Wharton’s jelly derived cells 

 DBM  7 

 (morphological transformation) 

(long spindle-like cells)  (cuboidal-like cells) 

 DBM  (proliferation)  Wharton’s jelly 

derived cells  differentiation 

Wharton’s jelly derived cells  (in vitro)

 (osteoblast)  alkaline phosphatase assay

 Dengshun Miao  (2002)  alkaline 

phosphatase (ALP) histochemistry  decalcified paraffin-embedded bone 

(rodent)  ALP activity  bone tissue  pre-osteoblasts, 

 osteoblasts,  lining cells  trabecular,  osteocytes, 

endosteal cells,  subperiosteal cells  ALP 

activity  osteoid  bone tissue  fixed  periodate–lysine–

paraformaldehyde (PLP) fixative,  decalcified  EDTA-G solution, 

 (embed)  paraffin  bone tissue section  deparaffinize  hydrated 
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 xylene  alcohol  incubate  100 mm Tris-maleate 

buffer (pH 9.2)  1% magnesium chloride  incubate  2 

 ALP substrate solution (Tris-maleate buffer, naphthol AS-MX phosphate 

Fast Red TR)  section  counterstain  Vector methyl 

green nuclear counterstain  mount  Kaiser’s glycerol jelly 

 (new bone formation)  ALP 

activity  osteoblasts,  pre-osteoblasts  osteoid 

 ALP activity  visualized 

histochemistry  decalcified, paraffin-embedded mineralized tissue 

 osteoblasts 

osteogenesis (22)

 in vitro dose-response  DBM  conditioned media (DBM-

CM)  alkaline phosphatase activity  human periosteal  dose-

dependent fashion  alkaline phosphatase activity 

biochemical  histochemical analysis  flask  DBM-CM 

 5 

 osteogenic differentiation  cDNA array analysis 

 biglycan, TGF-beta1,  TGF-betaR1  up-regulated 

 collagen14A1  down-regulated  DBM-CM  (47)

 osteoblasts  common progenitors 

chondrocytes  myocytes  adipocytes  local factors 

 differentiation 

 osteoblastic differentiation  local factors  bone 

morphogenetic proteins (BMPs)  hedgehog (hhg)  transcription factor  Runx2  

BMPs  potent regulators  osteoblastic differentiation 

 local factors  Sonic  Indian hedgehog 

 osteoblastic differentiation  BMPs Runx2 

 runt domain gene family  osteoblast cell 

lineage  osteoblasts  Runx2  transcription factor

 osteoblastic differentiation 
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(bone formation)  Runx2  bone formation 

 osteoblasts 

Runx2  BMPs  local factors 

 Runx2   local factors  BMPs 

hedgehog  transcription factor  Runx2  osteoblastic 

differentiation  bone formation (51)

 (skeletal tissue)  mesenchymal cells

 osteoblasts chondrocytes  myoblasts  bone marrow stromal 

cells  adipocytes   common 

mesenchymal progenitors  pluripotent mesenchymal stem cells  

progenitors  specific phenotype 

 (differentiation)  osteoblasts  phenotypic 

markers  alkaline phosphatase activity

collagenous  noncollagenous bone matrix proteins  osteocalcin 

 osteoblasts  mineralized bone  osteoblasts

 receptors  PTH, 1 ,25-dihydroxyvitamin D3

(1 ,25(OH)2D3), estrogen,  glucocorticoids 

 osteoblastic differentiation local factors  paracrine 

autocrine fashion  local factors 

osteoblastic differentiation  osteoblastic cell lines 

 multipotent mesenchymal progenitors 

 osteoblasts in vitro 

 BMPs  local factors 

  osteoblastic differentiation (51)
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36  Runx-2  transcription gene  osteocalcin 

 mature osteoblasts  (proliferation stage) 

 osteocalcin  mesenchymal precursor cells 

osteoblasts  (mineralization stage) 

osteocalcin  mineralization  osteocytes 

 osteocalcin  osteoblasts  osteoblast-specific 

gene  osteoblasts 

osteocalcin  MSCs  osteoblasts 

osteoid  osteoblastic differentiation  osteocalcin 

 MSCs  osteoblasts 

 mineralization  osteocalcin 

(ossification)  osteocytes   (  36) (50)

 osteocalcin  osteoblast-specific transcription 

factor  Runx2 

 osteoblasts Runx2 

osteoblast phenotype  osteocalcin, osteopontin, type 1 collagen, bone 

sialoprotein,  collagenase-3  knockout  Runx2  (mice) 

 bone formation  osteoblasts 

 Runx2 (null mice Runx2 (-/-))  mineralized tissue 

 knockout  (Runx2(+/-)) 

 cleidocranial 

genes characterizing osteoblast phenotype 
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dysplasia  genetic bone disease  clavicle, 

patent cranial suture  fontanelle, supernumerary teeth, short stature, 

(overexpression)  Runx2  osteoblasts 

 (osteopenia)  multiple fracture 

 osteoblast core proteins (osteocalcin  Runx2) 

 osteoblastic differentiation  maturation 

 Runx2  physiological bone formation (49)

 37  TGF-  signaling pathway  TGF-

(bind)  type II receptor (II)   TGF- 2

type III receptor  betaglycan (III)  TGF-  (stabilization) 

 complex  type I  II receptors (II/I)   type II  (kinase phosphorylate) 

 type I receptor (I)  type I receptor kinase phosphorylates receptor-

specific Smads  TGF-  pathway  Smad2  Smad3   Smad7

Phospho-Smad2  3  complex  co-Smad (  Smad4) 

 transcription factors  coactivators  corepressors 

 transcription  Smads  nuclear factors  DNA 
(48)
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 TGF-  receptor 

signaling pathway  ligand  transcription 

 (  37) TGF-  receptor 

 receptors  cytoplasmic Smad proteins  Smad complex 

 transcriptional regulators (48)

 Smad proteins  cytoplasmic TGF-  signaling machinery  

receptor-activated Smads  TGF-  Smad2  Smad3 

TbRI  carboxy-terminal SSXS sequences  Smads 

 heteromeric complex  co-Smad  Smad4 

 inhibitory Smads  TGF-  signaling  Smad7 

carboxy-terminal phosphorylation motif  Smad2  Smad3  TbRI 

 receptor-activated Smads  Smad7 expression 

 TGF-  downregulation  TGF-  response (48)

 (cell-based therapy) 

 (tissue engineering) 

 (in vitro)

 DBM  Wharton’s jelly derived 

cells  (bone reconstruction therapy) 

 (osteogenic pathway) (in vitro)
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 (contamination) 

(aseptic technique)  (sterilization) 

 (antibiotics)

 Wharton’s jelly derived cells 

Dulbecco’s minimal essential medium (DMEM)  10% FBS 

 -MEM  10% FBS 

 DBM  MSCs  Wharton’s jelly 

tissue  osteoblasts 

 MSCs 

 osteoblasts 
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.

  N1V1 = N2V2

 N1  =   V1 = 

          N2  =  V2 =

1.  0.5 N HCl (  conc.HCl  37.1 Molar) 

N1V1 = N2V2

  (37.1 Molar) (V1) = (0.5 Molar) (1000 ml) 

V1  =  13.48 ml 

 concHCl  13.48 ml  dH2O  1,000 ml 

2.  70% Ethanol (EtOH)  absolute Ethanol (95%) 

  N1V1 = N2V2

(95%) (V1) = (70%) (1000 ml) 

V1 =  736.84 ml 

 absolute Ethanol  736.84 ml  dH2O  1,000 ml 

3.  cell culture medium ( -MEM)  penicillin (100 unit/ml) / 

streptomycin (50 g/ml)  10% FBS 

 FBS  10 ml 

-MEM  90 ml 

 pipette  4 oC

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

 Na2HPO4 anhydrous  1.48 g 

 KH2PO4 anhydrous  0.43 g 

 NaCl   7.2 g 

 pH  7.2  1 M HCl  dH2O  1 

autoclave

99



 5. 1X PBS 1 liter 

 10X PBS  20 ml 

 dH2O  980 ml  autoclave 

6. 0.1% (v/v) DEPC-treated water 

 DEPC solution 2 ml  dH2O 2 

 autoclave 

7. 10X Formamide agarose (FA) gel buffer, pH 7.0 (200 mM MOPS, 50 mM Sodium 

acetate, 10 mM EDTA) 

 MOPS (free acid) 41.86 g Sodium acetate 4.10 g  EDTA.2H2O 3.72 g 

 pH  7.0  1 N NaOH  DEPC treated H2O  1 

8. 1X Formaldehyde agarose (FA) gel running buffer 

 10X FA gel buffer   100 ml 

 37% (12.3 M) Formaldehyde 20 ml 

 DEPC treated H2O  1 

9. 5X loading buffer (  3  4 oC)

 10X Formaldehyde agarose (FA) gel buffer 4 ml 

 100% Glycerol     2 ml 

 Formamide     3,084 l

 500 mM EDTA, pH 8.0    80 l

 bromophenol blue  DEPC treated H2O  10 ml

10. 1.2% Formamide agarose (FA) gel solution 

 agarose powder    0.36 g 

 10X Formamide agarose gel buffer 3 ml 

 DEPC treated H2O 30 ml  microwave 

 65 oC  37% Formaldehyde 540 l
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11. Tris-acetate-EDTA buffer (50x TAE) pH 7.6-7.8 

 Tris-HCl   240 g 

 Glacial acetic acid  57.1 ml 

 0.5 M EDTA (pH 8.0) 100 ml 

 pH  7.6-7.8  1 HCl  dH2O  1 

12. 1X Tris acetate EDTA (TAE) buffer 

 50X TAE  20 ml 

 dH2O  980 ml 

13. 2% (w/v) agarose gel 

 Agarose powder 2 g 

 1X TAE  100 ml 

 flask  agarose 

14. 2-Amino-2-methyl-1-propanol buffer (pH 10.4) (0.15M) 

 2-amino-2-methyl-1-propanol 1.41 g (1.41 ml) 

 2-amino-2-methyl-1-propanol  ultrapure dH2O  pH  10.4 

 1 N HCl  100 ml 

 15. Para-Nitrophenol (pNP) 

 p-Nitrophenol    13.9 mg 

 2-amino-2-methyl-1-propanol buffer 50 ml  

 aliquot  1 ml  -20 oC

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

 pNPP     0.658 g 

 2-amino-2-methyl-1-propanol buffer 25 ml 

 17. 10N NaOH 

NaOH    40 g 

 dH2O  100 ml 
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demineralized bone matrix

DEMENERALIZED BONE MATRIX PROMOTES OSTEOBLASTIC 
DIFFERENTIATION OF WHARTON’S JELLY CELLS  

FROM UMBILICAL CORD TISSUE 
1, 1*, 2*

1

- 2

Dhakoon Dhitiseith1, Sittisak Honsawek1*, Vorapong Phupong2*
Department of Biochemistry, Faculty of Medicine, Chulalongkorn University1

Department of Obstetrics & Gynecology, Faculty of Medicine, Chulalongkorn University2

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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(Introduction) 

(human umbilical cord)  1  2 
(Wharton’s jelly) 

(gelatinous) (loose mucoid connective tissue) 

amorphous ground substance (proteoglycan) 

(hyaluronic acid) (collagen)  (1) (matrix)

(fibroblast-like) (stellate)

(collapsed cord) (distended cord) (2,3)

Wharton’s jelly (explant)

(chondrocyte lineage)
(4,5) Wharton’s

jelly (osteoblast-like

phenotype) (in vitro) (5-7) human umbilical cord mesenchymal (UCMS) 

cells

Wharton’s jelly mesenchymal progenitor cells

(demineralized bone material)

(osteoblastic lineage)

(cell-based therapy) (tissue engineering)

(Wharton’s jelly  

cells) in vitro

(Materials and Methods)

(Preparation of demineralized bone matrix)

(0.5 N HCl) demineralized bone matrix (DBM)

bone matrix  1, 2, 4, 6  8 
(freeze dried)  -80 oC

(Residual calcium content) o-cresolphthalein complexone calcium 
binding assay (Arsenazo III calcium assay) 

(Cell line initiation)

(full-term Caesarian section birth)

(informed consent)

114



Wharton’s jelly alpha-minimal essential

medium ( -MEM, Gibco BRL) penicillin 200 units/ml streptomycin 100 
g/ml  1 . . x . .

T-25 (T-25 flask) -MEM  10% fetal bovine serum (FBS)

penicillin (100 unit/ml) / streptomycin (50 g/ml)  5% CO2

 37oC (outgrowing cells)

 0.025% trypsin  0.05% 
EDTA

(confluence) T-75 flask (split ratio)  1:4 
(continually passaged)

(cryopreserve)  -80oC

-MEM  2% FBS

DBM  5 mg ( ) -MEM  2% FBS DBM

( ) T-25 flask  5.0 x 105 flask (  2.0 x 104 / .2)

(Assessment of cell proliferation)

Wharton’s jelly cells

 0, 3, 5, 7  10 
(trypsinization) hemocytometer

trypan blue dye exclusion test

alkaline phosphatase staining assay

 7 
alkaline phosphatase staining assay Sigma Diagnostics alkaline phosphatase kit (Catalog 

no.86-2, Sigma Diagnostics, Inc., St. Louis) phosphate buffer saline (PBS)

(fix) citrate-acetone-formaldehyde fixative solution  30 
alkaline-dye mixture  15 napthol AS-BI alkaline solution 

and fast red violet B (FRV-alkaline solution) enzyme activity counterstained slide

hematoxylin solution, gill No. 3 (light microscope)

(Statistical Analysis)
(mean) (standard error of the mean : SEM)

ANOVA Turkey-Type 
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multiple comparison test one-way ANOVA analysis

P-Value  0.05 

(Results)

 0.5 N HCl 

bone matrix  90.95, 83.25, 19.34, 7.53,  7.32 (weight percent) 

(demineralized time)  1, 2, 4, 6,  8  (  1) 
(buffering ability of solubilized salt) 

 6  pH (eluent acid solution)  pH 1.0
DBM

 7 - 8% 
fibroblast-like cell  2-3 

 (80% confluence)
(trypsinization) -MEM  10% FBS

 (  1) 
(spindle and stellate shape) (homogeneous cytoplasm) 

(fibroblast-like cell)

DBM (proliferation)
 (assessing potential mitogenic effect)

DBM  (nude mice)
(osteoprogenitors) DBM

(in vitro) -MEM  2% FBS

 5.0 x 105 /T-25 flask  2 DBM  5 mg

DBM  7  3, 5,  7 hemocytometer  2 
 8 x 106 /T-25 flask DBM

 4.0 x 106 /T-25 flask 

(osteoinductive ability) DBM

alkaline phosphatase staining assay DBM

DBM DBM

incubation  7 alkaline

phosphatase staining assay (spindle shape) 3A

DBM (shortened) (flattened)
(cuboidal shape)  3B alkaline phosphatase activity

DBM (red purple) alkaline phosphatase activity

 (  4) 
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(Disscussion)

Demineralized bone matrix (DBM)

(autologous)

demineralized bone grafts cortical bone cancellous bone

(nonunion fracture) (bone cyst)

(craniomaxillofacial reconstruction) (8-11) DBM (scaffold)

(osteogenesis) matrix-incorporated osteoprogenitor bone morphogenetic protein (BMP)

DBM (osteoinductivity)(12,13)

(osteoprogenitor cells) DBM

(defect site) DBM  (14,15)

osteogenic cells bone marrow stromal cells DBM

(osteogenesis) (in vivo)

(osseous defect)

(biomaterial) 

(incorporation) osteogenic cells 

(scaffold) (17) (osteogenic differentiation)
(18)

defect site (new bone formation) (19)

(osteogenic differentiation)

biomaterial (rapid bone 

formation)  DBM

(osteoblastic phenotype)

(new bone matrix) (20)

DBM  7 (morphological transformation)

(long spindle-like cells) (cuboidal-like cells)

DBM (proliferation)

differentiation (in 

vitro) (osteoblast) alkaline 
phosphatase assay
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(cell-based therapy)

(tissue engineering) (in vitro)

DBM

 (bone reconstruction therapy)

(osteogenic pathway) (in vitro)

DBM (osteoblast) osteoblastic marker

osteopontin, osteocalcin, collagen type I immunohistochemistry

osteogenesis mRNA RT-PCR

(reverse transcription–polymerase chain reaction) westhern blot 

hybridization immunohistochemistry 
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Figures and table legends 
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Table 1. Change in residual calcium of DBM at different demineralization time. 

        (A)            (B) 

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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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 106 cells/ T-25 flask. However, the cell numbers 
in DBM treated culture fluctuated around 4.0 x 106 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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 GEArray Q Series Human Osteogenesis Gene Array (HS-026)

ALPL

1

ANXA5

2

ARSE

3

BGLAP

4

BGN

5

BMP1

6

BMP2

7

BMP3

8

BMP4

9

BMP5

10

BMP6

11

BMP7

12

BMP8B

13

BMPR1A

14

CASR

15

CD36

16

SCARB1

17

RSL1D1

18

COL10A1

19

COL11A1

20

COL12A1

21

COL14A1

22

COL15A1

23

COL16A1

24

COL17A1

25

COL18A1

26

COL19A1

27

COL1A1

28

COL2A1

29

COL3A1

30

COL4A3

31

COL4A4

32

COL4A5

33

COL5A1

34

COL7A1

35

COL9A2

36

CSF2

37

CSF3

38

CTSK

39

DCN

40

EGF

41

EGFR

42

FGF1

43

FGF2

44

FGF3

45

FGFR1

46

FGFR2

47

FGFR3

48

FLT1

49

FN1

50

GDF10

51

ICAM1

52

IGF1

53

IGF1R

54

IGF2

55

ITGA1

56

ITGA2

57

ITGA3

58

ITGAM

59

ITGAV

60

ITGB1

61

SMAD1

62

SMAD2

63

SMAD3

64

SMAD4

65

SMAD5

66

SMAD6

67

SMAD7

68

SMAD9

69

MMP10

70

MMP13

71

MMP2

72

MMP8

73

MMP9

74

MSX1

75

MSX2

76

NFKB1

77

PDGFA

78

RUNX2

79

SERPINH1

80

SERPINH1

81

SOX9

82

SPARC

83

SPP1

84

TGFB1

85

TGFB2

86

TGFB3

87

TGFBR1

88

TGFBR2

89

TNF

90

TWIST1

91

VCAM1

92

VDR

93

VEGF

94

VEGFB

95

VEGFC

96

PUC18

97

PUC18

98

PUC18

99

Blank

100

Blank

101

Blank

102

GAPDH

103

GAPDH

104

PPIA

105

PPIA

106

PPIA

107

PPIA

108

RPL13A

109

RPL13A

110

ACTB

111

ACTB

112
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 array membrane

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 IA 

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

16  NM_000072 CD36 CD36 antigen (collagen type I 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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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 II, alpha 1 (primary osteoarthritis, spondyloepiphyseal dysplasia, congenital) 

30  NM_000090 COL3A1 Collagen, type III, 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 ITGA3 Integrin, alpha 3 (antigen CD49C, alpha 3 subunit of VLA-3 receptor) 

59  NM_000632 ITGAM Integrin, alpha M (complement component receptor 3, alpha; also known as 

CD11b (p170), macrophage antigen alpha polypeptide) 

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

61  NM_002211 ITGB1 Integrin, beta 1 (fibronectin receptor, beta polypeptide, 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 SMAD3 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 SMAD9 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) 

125



Position GeneBank Symbol Description 

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) 

81  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 I, 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 I (activin A receptor type II-like kinase, 53kDa)

89  NM_003242 TGFBR2 Transforming growth factor, beta receptor II (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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