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Abstract

Project Code: DBG4980017

Project Title: Osteoinductive Potential of Porcine Small Intestinal Submucosa and

Demineralized Bone Matrix

Investigator: Assistant Professor Sittisak Honsawek, MD.

Chulalongkorn University

E-mail Address: sittisak.h@chula.ac.th

Project Period: 3 Years

The objective of this research was to study osteoinductive potential of porcine small
intestinal submucosa and demineralized bone matrix. We analyzed the effects of demineralized
bone matrix (DBM) and porcine small intestinal submucosa (SIS) on proliferation of periosteal
derived stem cells using Tryphan blue staining assay. The results showed that SIS exhibited
highest proliferation at 5 and 10 mg. The cells treated with DBM or mixture (DBM + SIS) were
significantly increased compared with controls (p < 0.05). Furthermore we analyzed gene
expression of osteoblastic markers for osteoblast differentiation including runt-related
transcription factor 2 (RUNX 2), collagen type | (COL I) and alkaline phosphatase (ALP) by
reverse transcription-polymerase chain reaction (RT-PCR). The results showed that the cells
stimulated with DBM and mixture (DBM+SIS) highly expressed RUNX2 COL | and ALP. Then we
studied osteoblast differentiation of periosteal derived stem cells treated with DBM, SIS and
mixture (DBM + SIS) using alkaline phosphatase assay. The result showed that the cells
stimulated with mixture (DBM+ SIS) had high ALP activity. Then we analyzed osteoinductive

potentials of DBM, SIS and mixture (DBM + SIS) using in vivo animal (Wistar rat) bioassay. The



result showed that DBM and mixture (DBM+SIS) had capability to induce new bone formation

whereas SIS did not exhibit such capability.

Keywords: Demineralized bone matrix, Small intestinal submucosa, Osteoblast differentiation
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CO, cell culture incubator, centrifuge, micro centrifuge high speed, laminar flow hood,
ultrasonic, multiskan EX, water bath, thermocucler, spectrophotometer, electrophoresis
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4.3 N3ANHINATEY DBM LAY SIS sian19iiin osteoblast differentiation Iaginnsuandaan
esihiiedienisAeuulanumadnsygn
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- NgNFRRLNN: NITFUAIY DBM 5 Haanid
- nguaauRu: WlEFuNMINssdu
4.3.2 ANHINTLAAIRANTRIE AT Reverse transcription-polymerase chain
reaction (RT-PCR) analysis taeninnisusialungs it
nIeAusae SIS 5 HaAniu
- DBM 5 {aaniu, SIS NgNfiu DBM atn9ay 2.5 Haania
- ngueouan (ladlaFuniansys)
nnensesuiuiean 0, 3, 5, 7 uaz 10 U
4.3.3n19810 RNA
NNN2A1A RNA ’ﬂ’mLsﬁ@ﬁﬁuﬁ’u‘am@’mLé@ﬁ:‘&lﬂ’i:ﬁ@ﬂLLﬂstﬁ@Zﬁrﬁuﬁ'}Lﬁﬁ@ﬁﬂ@ﬁﬂ
axAafae RNA isolation RNeasy Mini kit (Qiagen) NS T IRTSEC [TV TNARIE PE 0
RNA 171'151’51’% spectrophotometer

4.3.4 N1IMNIVRIAINTIALE osteogenic cDNA array analysis

AINNINAREILENATA RNA sasmassuniinainiiaiunszgn lunguacuny
711450 DBM uazngunaaaenlaiu DBM iluan 7 1 udaianisuanain RNA 10

= o ¥ ° = = £ a [ Lo Y .
total RNA Wuenaninaldniiinisilaswiliy cONA @9Rnaaindae biotin Aantiuiinig
hybridization dn7fU cDNA array  LiWemsqag@eLn1sdnseantestulaninaadaady

N3TLIUNNTA519NILANLIL human osteogenesis gene arrays T9NATUIU 96 E1 A1NN"3
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array WiatuAaRsIdauANdNeusazantasusaz iy InallTauIR LN

NANNAABITUNGNAILAN FRINAUNTAININGT 2 wlanadiinIsuaniaanivuau (up-
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regulation) &ATdauNNAHRENd 0.5 utlanadnln1sudnsaananad (down-regulation)

A13799 1 LAA9TE UNNELAT WATIIATReATeEuLAasEuNetiuLLEY cDNA array u

U

Wi cDNA array #ilEiu PUC18 1ilusinaruauieall (negative control) waziu GAPDH,

cyclophilin A, RPL13A uag ﬁ-actin Lﬂuﬁf;mw}u@qmr} (positive control) TITN

o | dl = 1 &9/ ¥ 1 o
mmmmmmeLmzmﬂumwuﬁsmlmmﬂu
4.3.5 N9RIIANGAINANIANHINTUAAIBANUDIEIL CDNA array

n1sngaaigatinisuansaanuastiy cONA array #aeRs RT-PCR analysis

Tneld RNA aasctadnguacLan uaziasnguynaaas wnaaiun dAns82835 cDNA

A =

array WEIMN13MIIAEUTUALE RT-PCR analysis Tnanisiaaniiu biglycan aunsugiuii
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a A

NNTLAAIBANIANNTU WAZEU collagen  14A1  @ufuBunin suanseananad wazld
GAPDH ilugiumauau wudn wanldann RT-PCR - aanndednuNan1snaassitaann

NN3ANHIALEAT cDNA array Aeuanslugiln 5, 6, 7 waz 8 Watiudasyiilsaume
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svALUNNTHAAIRanTANII AR NG UIRILDL (band) R IGFe LR LAY 4 N9 8 s

Han1Aaestnasulasan W Tedenndeiuiunanidann cDNA array analysis

4.3.6 N19&UATIZW cDNA 29481 osteoblastic marker #2238 RT-PCR
4.3.6.1 Ineld RNA flarfnldannaagiusiaaniletunszgniduduwonlu
N13891A3129 cDNA LL@zlﬂWiLu@i’ﬁ'@"qLWf]mraﬁuﬁmu@umﬂmm@@ﬂmm RUNX2,
SMAD2, SMAD7 uazld GAPDH lutiuauinu (mmq‘ﬁ 4)
4.3.6.2 Tarld RNA fiarinl&anniaadsuinifinannidedunszanidusuuunly
N13891A3129 cDNA Lmzﬁlgn”lmm@é’ﬁ@%LWf]wifaﬁu‘ﬁ'muqumﬂmm@ﬂmm alkaline
phosphatase (ALP), Runt-related transcription factor 2 (RUNX2) wag collagen type |

(COL ) (mm\i‘ﬁ 4)



A1599 1 nivuaqeRtwvtkiiaseiuluusarEuaaLsngetlu cONA array

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 " 12 13 14 15 16
SCARB1 RSL1D1 COL10A1 COL11A1 COL12A1 COL14A1 COL15A1 COL16A1
17 18 19 20 21 22 23 24
COL17A1 COL18A1 COL19A1 COL1A1 COL2A1 COL3A1 COL4A3 COL4A4
25 26 27 28 29 30 31 32
COL4A5 COLb5A1 COL7A1 COL9A2 CSF2 CSF3 CTSK DCN
33 34 35 36 37 38 39 40
EGF EGFR FGF1 FGF2 FGF3 FGFR1 FGFR2 FGFR3
41 42 43 44 45 46 47 48
FLT1 FN1 GDF10 ICAM1 IGF1 IGF1R 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 SMADS SMAD6 SMAD7 SMAD9 MMP10 MMP13 MMP2
65 66 67 68 69 70 7 72
MMP8 MMP9 MSX1 MSX2 NFKB1 PDGFA RUNX2 SERPINH1
73 74 75 76 7 78 79 80
SERPINH1 SOX9 SPARC SPP1 TGFB1 TGFB2 TGFB3 TGFBR1
81 82 83 84 85 86 87 88
TGFBR2 TNF TWISTH1 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




AN 2 28T UNIELATY LAZINEAZIBEATRSENTLARAILIU osteogenesis cDNA array

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 |A
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 XlI, 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




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 I, alpha 1 (primary osteoarthritis, spondyloepiphyseal dysplasia)

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

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

32 NM_000092 | COL4A4 Collagen, type 1V, 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)

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 )

43 NM_000800 FGF1 Fibroblast growth factor 1 (acidic)

44 NM_002006 FGF2 Fibroblast growth factor 2 (basic)

45 NM_005247 FGF3 Fibroblast growth factor 3 (murine mammary tumor virus integration site (v-int-2) )

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

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

48 NM_000142 FGFR3 Fibroblast growth factor receptor 3 (achondroplasia, thanatophoric dwarfism)

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

50 NM_002026 FN1 Fibronectin 1

51 NM_004962 GDF10 Growth differentiation factor 10




Position| GeneBank Symbol Description
52 NM_000201 ICAM1 Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor
53 NM_000618 IGF1 Insulin-like growth factor 1 (somatomedin C)
54 NM_000875 IGF1R Insulin-like growth factor 1 receptor
55 NM_000612 IGF2 Insulin-like growth factor 2 (somatomedin A)
56 NM_181501 ITGA1 Integrin, alpha 1
57 NM_002203 ITGA2 Integrin, alpha 2 (CD49B, alpha 2 subunit of VLA-2 receptor)
58 NM_002204 ITGA3 Integrin, alpha 3 (antigen CD49C, alpha 3 subunit of VLA-3 receptor)
59 NM_000632 ITGAM Integrin, alpha M (complement component receptor 3, alpha; also known as CD11b
(p170), macrophage antigen alpha polypeptide)
60 NM_002210 ITGAV Integrin, alpha V (vitronectin receptor, alpha polypeptide, antigen CD51)
61 NM_002211 ITGB1 Integrin, beta 1 (fibronectin receptor, beta polypeptide, MDF2, MSK12)
62 NM_005900 | SMAD1 SMAD, mothers against DPP homolog 1 (Drosophila)
63 NM_005901 | SMAD?2 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)




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), (collagen binding protein 1)
81 NM_001235 | SERPINH1 Serpin peptidase inhibitor, clade H (heat shock protein 47), (collagen binding protein 1)
82 NM_000346 SOX9 SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal sex-
reversal)
83 NM_003118 | SPARC Secreted protein, acidic, cysteine-rich (osteonectin)
84 NM_000582 SPP1 Secreted phosphoprotein 1 (osteopontin, bone sialoprotein I)
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 ll-like kinase)
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




Position| GeneBank Symbol Description
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




A15197 4 AduuazesinameManmnzsetiunnIuANNIsuARIBaNT89 RUNX2, ALP, COL |,

SMAD2, SMAD7 way GAPDH

Size product Tm
Name Sequence (5-3")
(bp) (°C)

Forward : 5" CCCCACGACAACCGCACCAT 3
Runx2 270 64
Reverse: 5" CACTCCGGCCCACAAATC 3

Forward : 5 TGGAGCTTCAGAAGCTCAACACCA 3
ALP 453 60
Reverse: 5" ATCTCGTTGTCTGAGTACCAGTCC 3’

Forward : 5 TAACCACTGCTCCACTCTGG 3’
COL | 461 60
Reverse: 5° GGACACAATGGATTGCAAGG 3’

Forward : 5" AGAGAGTTGAGACACCAGTTTTGC 3
SMAD?2 86 60
Reverse: 5 ATAGTCATCCAGAGGCGGAAGTT 3

Forward : 5° GAATCTTACGGGAAGATCAACCC 3
SMAD7 67 60
Reverse: 5 CGCAGAGTCGGCTAAGGTG 3

Forward : 5 ACCACAGTCCATGCCATCAC 3’
GAPDH 452 60
Reverse: 5 TCCACCACCCTGTTGCTGTA 3
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staining assay
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Imwmzi%gn fix Aae formaldehyde/methanol WRININNEIaNALE propandiol solution GREY
1-naphthyl phosphate sodium salt \uan9596U WAL variamine blue B salt 1fluansgian
Ufjisenlfuaausie alkaline phosphatase staining assay iagazfnAtIRWdN wanedd
13 osteoblastic differentiation ﬂﬁﬁ‘?mmﬁmuf}ﬂﬁiﬂ alkaline phosphatase staining
& a a A dl [~ &
LIARALFIAANINLLAN LL@ﬂ\?qf]ﬂﬂf]iLﬂ@ﬂuLLﬂ@\ﬁLﬂum@@ﬂﬁ'ﬁi@ﬂ
4.6 n3AnHIN1INIzHUlHELAA new bone formation 489 DBM, SIS Uay DBM WA
SIS ludninaaag
) = % Y a % 1 o
‘V]’]ﬂq?ﬂﬂ‘]ﬂ"]ﬁQ’]N@’]Nqﬁ‘ﬂluﬂq?ﬂ?mﬂuq’ﬂLﬂmﬂq?@?q\iﬂﬁ‘xaﬂiﬂﬂiuﬂlﬁmﬂ@@\? Imﬂm’]
1 | 1 1 dl o o dg/
ﬂq?LLUQLﬂuﬂQNﬁQUQN LL@Zﬂ@N‘Wﬂ@@Q‘W%qﬂ’]?ﬁQ ANU

Gel foam®

NQNAILIAN

NANYNAADY NITAUA9E SIS 20 HAaANF

a o

n3zsusae DBM 20 Ha@aniu

nIrFusag DBM 10 HaANFu naNiy SIS 10 Hadniu



Tpenn12iaansfacinaasludundanuiialiunan 6 4Ua1Y 149aNNATLANALAIAT NINN3
e X A4, . X o A . y o X X X

Nulaiedaundnnidesey ) URounianisilaanssited e waathdulilaiilennionig
e Ineinnnsfian@dien hematoxylin & eosin N@AIATLAINEWLENUIBINTZANT

y X o
51971 lny

N153LATIZRLANS

MnafiusausandeyanldainnisAnmluusazngu diniA I AR (mean) WAy
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outgrowth technique (primary cell culture) laginilaiteanedzAasnannnisaaeailng inuauen
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(b) KIaAFUNLRAANNEALE RN AZARTN (NAIULNE Xx10)
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hematopoietic stem cell (HSC) markers 14813 rule out exclusion BALLABN CD29, CD44, CD90

¥

waz CD105 @aifly mesenchymal stem cell (MSC) marker (rule in inclusion) ﬂ?'mgd’wmﬁmm

£3 1
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IS ] rdl 1% dl % ! =
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WAPIRBNYBY HSC markers (Hasndn 1%) Ineinisuandaanaad CD34 < 0.02% WAy CD45 <

0.29% eNaAU TuaneNin1TuanI9an1es MSC markers luszsiliga (CD29, CD44, CD90 uaz

v
o o K

CD105 ANNFUAANBANATUWIU 92.99%, 99.43%, 99.43% WA 55.47% BNNANAL) (317 7) ATiuAq

a

ﬂ@'m”l,é’fmmﬁﬂgmu periosteal derived cells ﬁ@mmmﬁmmmﬁ mesenchymal stem cells
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