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CHAPTER |

INTRODUCTION

Background and rationale

From the lack ol dWidely aceeptable ¢h ) egeneralion, a numier of

lopedialong mgmunuq bone grafling

Psupport, osteogenesis

Irealment oplions b

wilh its good biol

by virtue ol survidagieells ‘/’I/

. N W i
gold standard Ireat@nl [gghoge fegenelion. The aulegengds bone usually consists

eness, is used as the

of bone collagén, B, 1984; Johnson el

al., 1996), On theg@ontrafy, alloge < by graifiing Gonlains donor site imitations
efon ity and discomlorl, As

_ 1 A N,
the results from IhBse i ] =8 filyl | logralts and alloplasis have been

which are inadequa
developed as substil lve and osleoconductive
properties (van Hegs | rials, however, have
inherent disadvantag o fal fllire-6f somnplete growth, extended inflammatory
reaction, transmission of mlr.-

2457

encapsulationby co ith it onslamino and

sworption rate of the gralt and

Friﬂdr“an. 14 -"l1["‘"-'-““lFIllr"“Il--lli-Iri_l-l-!-_.-.'l.'ll-—l?‘-rrlf'-: ' Hmaf‘l]n]bﬂ‘rn’

. \
limitations o “"ﬁ of 'Iin'r::al

- _ :
vonditions. He I . lhe develop ol 'methods, suchl as lissue engineered-

medialed bone leg}nﬂmtmn is necessary lor a:.lueﬂng lulure viable therapeutic

“ﬁﬁﬂﬁﬁwﬂiwawnﬁ

msu& engineearing apprnachmg to the restaralion and repairing of damaged

q WS e o

location where il is placed, In addition, ideal scallold would allow lor delivery ol

signaling molecules capable of coordinating cellular function (Wan et al,, 2006),
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RIRSNT

Varieties of scallold materials have been available with different physical properties,
Each malerial associales with a specific and unique hosl response when implanted ina

host. Scaffold matenals, which can be either synthetically or naturally derived, have

electhealing. 1is the major

used. Type | collagen 15 st aplion for use
struciural prolein ol bg migration, The
advantages ol collagewlise afe e lew in ¥ STSIIBTS (055 Species,
availability, abug e il naiirg, blodegr henostatic pramotion. cell-binding
properties and easg ‘ . 1987, Walson,
19499), It has ' useforS il e It: ir {Delb Jangl Adrain, 1976).

Moreover, collagegi@ssa ellular components

such as glycosaminogiife el 0 sulphiale, hepa ulphate, and chemical
modification could g 2per el al., 1999; Pieper
et al,, 2000; van Susan

Osteopontin (OPNjerk mber of non-collagenous
acidic hyd ;_?. o ssed by
vanous cell | ‘Z;, I':Hj irginine-glycine-
asparlic acid {} ol | OFN via muliple
sts including the vitronectin receptor as well as va “’l us 1 and fi5

inlegrins [D'Regan‘t Ay, 1999). OPN plays agimportant role in cell physiology

it nsnIneng

Guo, 1993). OPN can ac! as an adiiésion substrate anﬂlgralmu stimulus b~_.r

HRTIRHARY

expression, and cell differentiation.  The function of OPN in differentiation of prmary

integnn recept

osteablast indicates that binding of OPN 1o inegrin regulates intracellular signal



transduction and upregulates alkaline phosphatase and osleocalcin expression via
local adhesion kinase phosphorylation in osleoblasts (Yabe, Nemelo and Uemura,

1997).

Objectives

This study is a 5___ BliEhment of a lissue engineering

scaliold lor bone re estigale the response

including cell pre arrow stromal cells
(BMSCs) to collage _dermal collagen
sponge and evalual pility. on the human BMSCs

i vilro,

Hypothesis

1. OPN/colla -e the altachmen! of

these cells i vifro.

2. OPN/bovine derr ;"“""'""""" ompalible to human BMSCs,

Key words v, A i
Bovine Jein

_,.‘E I -
.‘ | dF

Scaffold "

HHFNYNITNYINT
qmmniﬂiwﬁﬂmﬁ' ¢)

OEIEG @l



Limitation

Due lo coslly expenses ol human bone marrow study, this study is classilied 1o

invesligale limited human bone marrow samples,

Benefits of study

iological properties of

—
OPN and the nowye ed in the peered
review journal, [ g Hure studies in

animal experimen

AU INENTNGINS
AR ITUNN NGNS Y



CHAPTER Il

LITERATURE REVIEW

ﬁ

The potential allissUe regenerative (red!

Scaffold

e5 inlegration of three
elements: inducti'u'_‘_ orpl SGEnclic signals (mo uk_;_‘_‘_‘: progenitor/stem
cells and the extracellula wiEgattold (Nakashin and Reddl, 2003). Tissue
engineerng has Ve ddto fopain o oplace diseased or' @maged lissue by
using controlled oldg ol ¢ affold 1 1o pr. Aunatrix of a specific
geomelric confligquraldn inahh sdded celldimay ¢ "'-. duce the desired lissue
or organ (Abukadl et gl 20068 |heses oulld have following ideal
characlerishics; (1) U n Anterconnecled pore
network lor cell grow!l 4 melabolic waste,
(2) biocompatible, ( dlation and resorplion

rale 1o match cell/issue; 4) sunf@able urfac:ﬂ for cell

penetration, altachment, on, and (5) provide an

environment in which the pe and synthesize proleins
and mechanial p lhose of site @l implantation
{Hutmache , |:i e ideal scaffoled
that meets all B
!

Even lhuug&-severai lypes of seaﬂuldsﬂe lacilitated in vivo bone lormalion,

m.r HINUNINGINT .

denv . Synthetic scaltlold malﬂnalihavp been develnped for bone lissue an“nng

Rpme N IRIINEIRY

2006), and poly(D | -lactic-co-glycolic acid) (Calvert et al., 2000: Abukawa el al., 2003).

They have been introduced lor lissue repair. Naturally denved scallolds such as
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collagen, glycosaminoglycans, alginate, agarose, and clutm (Hutmacher el al., 1996,
Abukawa el al., 2006) have long been developed lo give good resulls in lissue

regeneration, The advantages of natural materials are thal they have low tomicity and low

independent use in loddeBBanNg fegionsgeasy Henataf@lion and often require chemical

modification, which ca leadie1g; II‘,I'l' fils ety -n’ﬁ“" NangNacamuli and Longaker,
2006). Collagen has big ﬂI ] fpa s & far bane engineenng, Type |

P H\‘\ “‘a, ~,
7/

delects. Collaggiplacgdinid e raciirgd reg ed (6 s clagie bone bridging aller

collagen has been spe al mandibular

six weeks of implal on A ap egperimer {55 18k & aly /001, Recenlly, chitosan has
emerged as ap@iher ndlliraliscalfold Tor us slaial (apairs Ghitosan, an acidic-
agueous soluble fapm of it ANCET fieal T nangibular defects atter
injection into the defedSileSiCho tial 200801 g6 el A 00) developed
chitosan/tricalcium ghospliate sponfgs asif folds for Bene formation by three-
dimensional rat osteoh|  colleagues (2007)
developed plasmid encoding” H,,_A;”__A_.__ laclor B (PDGEB) gene releasing
chitosan/coral composile Sa ﬁ? -::,!:g -. eral for penodonial
regenemlil 's i hatl 'u:h proliferation
properties l“' ,f‘

ot

Nalumﬂynlhelic hydraxyapatite and tricalcium phosp .”l

e are ceramics.

Ceramic hinnmteﬂ‘s are structurally similar togihg inorganic component of bone. They

SRRt REnINAnNg

el al., 2002) and uncontrollable pnrff.lze cluringg conveﬂnal processing met (Chu

RN TR HAIARETRS

mesenchymal stem cells and implanted in subcutaneous sites,  The result from

histologic examination alter eight weeks ol implantation showed aclive bone lormaltion in



bath scatfolds. Moreover, Schleiphake and colleagues (2004) apphed mineral-based
scalfolds lo the calvarial delecls in rats. Using several lormulations of calcium

phosphate, pen-implant bone depaosition was noliced around all scalfolds ailer the

implantation for 52 weeks. By varying | gnitent of calcium phosphate within the

scalfolds, the rate of resorption ay, reflecting a change in the

blodegradabilily of the &

Besides, there At AGsile scalfolds i incorperation of new fillers inlo
lhe classic scallolds. g ale sphale. hydroxyapalile
(Shikinami and Okuno J8098 énd busic salis (Agrawal - id Athanasiou, 1997) into a

polymer matrix_Ili€Se indrga liers hielp control the desired degradation and

resorption of Ihe polgimer gn:  Compe i 0L ,incmase

\ \ "
biocompaltibilily@nd hard lissugintegralion H: C "'-.,ﬁ niciparticles, which are
embedded into thegpolynir . allbw forincreased inilial spread of serum proteins

compared to the morefydigpl polymer stirfage. Additionally, association between
the natural scaffold Slich a8 1§ B ! ' ‘extracellular components such
as glycosaminoglycansgehone ' giet al., 2001), heparan
sulphate and physical or chey ___Mm__ it enhance ils applicability as an
effective biomaterial in vilga- ﬁ%"':f 89 Pieper et al., 2000).

Collagen | v
1

Collage 1"' 5 the most abundant prolein in animals, approfiately 30% of all

proteins in mammalé. aﬂlagan is the major pw ol conneclive fissue, tendans,

PRI L e

lissues. Al least 27 different types gl collagen have nnﬂeen identified on lhe is ol

qWITRATH SRITNEIRY



The basic umt of collagen, tropacollagen. 15 & rigid rod-shaped molecule
approximately 300 nm m length and 1.5 nm in diameter {Young and Heath, 2000).
Collagen molecule contains three polypeptide chains, so called a chain, Each cham

has 1000 amino acids and contain: ane siretch of the repealing amino acid

sequence Glycine (Gly) -X-Y, e I'] ] igheginy amino acid bul are usually
proling (Pro) and hydroxy ; ,. an Wi P estanddsarrone, 1991), Therelore

ane third of all the amiNeaEdsLegach callager Cham &6l Pro and Hyp follow each

other frecuently, and ab / he :e Gly-Pro-Hyp. Maosl
collagens consist of e y ope'e? chiain, Andbdividual o chain is a lefl
handed helix With Gy s are twisted

together to lorm.aWaht-|

Type | g@lfage gl Ighindin librous g 1S5 the lernis of skin, tendons,
= b | Y ‘ '
ligaments and borg o dense according to the

mechanical support reg \\ e aggregated lo form

fibrils sirengthenad BY ni igtermeleeilag bonds, Parallél collagen fibrils are

further arranged into s iich confer great tensile

| Jand
-

ﬂ'"a’ hss-linked

pharmacolo ig;-. |
compacted soligflor it
|

el or burn wounds, 1o close the gralts and exira

eollaget) have been used lo
I

dress oral wou ” 1 5iles, and as a

hemaoslalic agenl i,fa”nd Mathes, 1983; V‘”n, 1999), Besides, il has been used

enha lifs ing TPatifio 081, 20028), Funlerof® Gollagen tas Been utilized

as the barrier membrane in periodogifal and implant thnﬂy to prevent epitheli

QBRSO IBIHAIIN IR



Collagen is the main struciural protein for issue support and remaoedeling upon
physical siress and during wound healing process in vertebrales. 1L also plays an

essenlial role in providing a biologic scallold lor cellular activities that influence cell

There are manyprotagals o uprove i :“ open ga ol collagen scaltold used in
lissue engineefing. Coligepdean Bamodiied (o in: i sirendth by a variely o
methods incluciy g methods or
chemical methods t'*é_ of Jameela, 1996),

Osteopontin

OPN or bong acidic hydrophilic
phosphoprotein of apprgkimatels 306 e esiduesiwith molecular mass

fidis o |
between 44 and 75 kD& (O'Regan aud Berm; , OFN s a multitunchional protein

secreted into all body Huids ;"; Jlly d in bone, itis also expressed by
vanous cell ,’ ! o Ilat ondrncytes,

R —————
endothelial g€ s ‘ . 1994,
Malyankar el _l'?' : .f'- , a calcium

- f
binding site ,angddwo heparin binding domains. These two domaigs may co-interact

with RGD damain @’%an and Berman, ?ﬂn%}?elts may bind OPN via mulliple

ZZiZﬂTlﬂ’ﬂ:?J T INEL I

crypli ndmg siles as well as the imductmn ol lunr.:uunal chemaolaclic fmgm

ammmmumwmaﬂ

During human development, OPN s detected i high level that 1s not presented

in the normal adull. OPN s upregulated al sites ol lissue remodeling. 1Lis also found in
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the pathologically destructive lissues, lor example, cancers and infarcled lissues. OPN
can be associated with extracellular matrix (I CM), however, it does nol perform a

structural role within issues as other FCM proleins,

OPN plays an importan ol Pl including cell adhesian,
signaling, differentiation il ol intrace: @It ugarlevel, and modulation of the
Guo, 1993). In the immune

system during inflammaligng@PRLacts a8 « cylobiiemdlymphocyte which leads to
inhibilion of expressig il il o%i B scrophages ahd
P d . . \\ W .P 2]
primary renal (BUIEr egilhe L8 ] nse (Mazzali et al,, 2002).
b0 11T\ AN
1696). OPN involve o :
inllamed 5ilE!i_ Ean g dhes ‘ }\\ -..IIL

interacting with sew@ral iplegns. h i * ream signaling events

OPN associales Pl per and Cantor,
ACraf ages and 1 cells lo

miulus by

that include caléium mghiliz wr, parete r b afion of gene

expression and cell@fer@itiatio "r agtion el QPN in ¢ ',_ ‘.-, ation of primary

osteoblast indicates thatbind “ "*""'" Lrequlales intracellular signal
transduction and uprequlates &l and osleocalcin expression via

focal adhesion kinase phospiorEON n oS5l abe et al., 1997). Furthermore,
Liu and cowo :

L
i [ | F
EXPressinn ""I." I!‘l‘ ‘illl lirne

bhapliatase gene
B

phosphatase effifessio y OPN was much higher

il

than that induces '-_.r other ECM components. Therelare, QPN ' be responsible for

early diﬁer&nuaiiuld‘l Husleablaslic cell Iineﬁ'N is also involved in bone

remodeling (Omigbodun el al., 1994

q Wlﬁi NNIARANLNY

asteoblastic cells by using immunofluorescence and biochemical technicques. |ype |

collagen, libronectin, osteonectin, OPN, and bone sialoprotein were shown 1o play an



important role in the early dilferentiation ol ral bone marfow-denved osleablastic primary
cells. Uemura and coworkers (2001) proposed thal aclivaled osleoblas!s secreling
ECM components such as OPN can be autocrme, which are recognized and bound by

integrin & 8, on other osteoblasts 1o baagtigated. Moreover, OPN was shown 1o induce

\

marrow osleoblaslic cellsamiypel collagen and OPNsudaces, The ral bone marrow-
derived osteablastic Iu the OPN and to
have high alkaling phas concluded that pre-
osteoblasts dille :ognizing OPN.
Bone marrow 3

Bone marrow | -,, 3 progenils ;Is- Br mesenchymal
lissues. BMSCs conist o va‘ri' -- Aot g e, pre=gsteoblasts, erythrocytes,
adipocyles, immune cell§and mesenchyn glls. M@senchymal stem cells are
thaught to be mullipotental c@ ,:é:.'....f.. eith icate or differentiate to lineages of
specific tissue such as bong an ‘ ich are also known as

ganized posinalal

T"*L' t also have

mesenchymal Ge

mesenchymi jy

potential to diffe ocyles, cardiomyocyles,
myoblasts, and 3 ural cells (Beresford, 1989; Prockop, 1997; B f"l o el al, 2001).

Temporal expressigf ﬁarinus receplors by Ws is critical lor tissue-specific

HHANHnINIng

the same population of the pmgemt" cells (Chen el al, EE!} To dale, surfa::

MRSNIRIM AN A

clonagenic adherent cell clusters with fibrablastic morphaology in vitre (Kuznetsov et al.,

2001, Weissman, 2000). The first antibody used to idenlified mesenchymal stem cells is
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STRO-1 (Dennis et al,, 2002; Gronthos et al., 2003) but actually, many types ol slem cell
markers were ulilized, such as CD10, CDE, GD14, CD34, CD4As, CO73, CDY0, G104,
CD117, CD133, CD144 (Jones et al., 2002; Tuli et al., 2003). BMSCs can now be

efficiently retneved from bone marrg

£
!"‘ J

L ¥

AU INENTNGINS
AR ITUNN NGNS Y



CHAPTER Il

MATERIALS AND METHODS

J

3.1 Materials

MiGibeo BRI, USA)

i
‘H = n
||
i ¥

C0 erslips

ﬂHHﬂ’MHWﬁW g1

Alizarin red

Qﬁﬁﬁ%ﬂ‘imuﬁ'}?ﬂmﬁﬂ

Methyl alcahol

Deionized water



L. CD105 slaining
NCL-CD105 (mouse manoclonal antibody) (Novocastra ™)

Protease (Dipase) (Sigma |, LISA)

10% Formalin

EnVision+ _Sy& IRP anti-mouse)

7. MTT assays

etrazolium bromide)

Dunethylmlli

Dulbae 1 Eagle | pithoul phenol red

B. ,V ‘, A

NEINT

wali plate (Falcon, USA}
Centnfuge {('Ia-,r~Adarn5 New York)

ﬂu%fﬁﬂﬂ“f‘i‘t’i”‘

14

NA CHEonCiET it IF e TS

Carbon dioxde (CO.) incubator (102323, Shel L ab, USA)

Scanning electron microscope (Jeol JSM-5410 |V, Japan)

Shell freeser (Mim-Shell, LSA)



Lyophilizer (FHexi-Dry MP. LSA)
Centriluge (6K15, Sigina)

Rongeur lorceps

3.2 Methods

3.2.1 Colla
rthouse. Toisolale type
I collagen, bovines ed acid exiractions

: ‘-.,,' water, finely chopped
alter dissectingf8way e CESE Jaity T " Gutinio, small pieees, and put in 0.5 M

{Bazin and Delau

HAG with stirring e cfira wassentiluged 8 TI200EMASE for 1 h. The pellet

was discarded and | e W pernalant by adding 10%
L

(wiv) NaCl. Collg@en pecipiale & 0 i ‘H iomal 11200 rpm 4°C for 1
h. The collagen pregipilat@w: M 1\ 4 dialysed against 0.1 M
HAc. Itwas linally shell llbzen St ;"il-sﬁ},if vl | ilized approximate 48 h,

Bovine dermal collage -nh_'ﬂ' Wl spong earance, [he collagen sponge

was dissolved in 0.1 M HAc, M@ TiRal concer Bhgollagen solution is 0.1 ma/ml..

.-
-

Y
. ?I- a provided by

H | Py
Associale Profe I ir Pi-Ling Chang, Universityal Alabama at Bi j igham, USA), was

dissolved in simpie.aMEM OPN solution was heated at 37°C for 30 minto 1 h,

“"?ELuﬂ'ﬂmﬂﬂiﬂﬁﬂfﬁmfﬁ;f““

Chan 5 nontoxic concenltration Ieihuman BMSCs-a'-'. irate from iliac cresl,

ammﬂimumfmmaa
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3.2.3 Sponge fabrication

In the: pilol study, varous propontions of mixed OPN solution with

collagen solulion from 1:9 1o 91 were prepared. The OPN/collagen sponge in the

dermal collagen dissely Db HACS he R _ ture was then dialysed
against 0.1 M HAesIPWES Tinally shell froken by Coeled éthaneland lyophilized
approximale 24 | ? spafiteval sealed with pa nebsiored at room

temperature belore

324 B
Hysically healthy

p

palienls who needéd th@boye _ . The Subjects were male or lemale

Bone Marrg

with the age of 20 or @ore hirdtiree ma [ o'bone surgery, antimicrobial or

corticosteroid drugtisery s oblained at the time of

loreclomy procedure * 1 of Oral and Maxillotacial

,_,_:__..

Surgery . Faculty of Dentistry  Clataonakarn

277

lissue samples, the g stie collect d by thet thics Committee

. Before collection of the human

of Facully ofDentistry. Chlafonakorn University and the bone marodsamples were
|
collected witk L ‘

J

325 Enne marrow stromal cell culture

[ ﬁes ol bone marrow EMJIES were washed several limes with

o) oA i v

Rung Morceps into 1-2 mm iragmems then placed in 35 mm tissue culture dishes.

ARSI

I'I Nonadberent and hernatnpmeltc cells were removed an the first day, during medulm
changes, leaving the human BMSCs for cullure. The firs! 1o lourth passage ol BMSC

culture was wentified the characterislics of stem cells by using CD105
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immunohistochemical staining. The cullure mediam lor the lifth passage was added
with the osleogenic inducers. The human BMSCs al the fitth passage were used lor all

olher experimental assays, Cullure medium lor BMSCs in (he first to Tourth passage

i bovine dermal
collagen sponge w Tight microscope and

SEM.

3.3.2 Identification of the stagplasic cols

S kbt o 2

3.3.2.1 Identificalion-of t !
e -"*-"

gleristics of the

Ij?;ﬁr : BMSCs cullure

stem cells b p

was kept in 4 °E overnight. 'B'dﬂxedwilhm%

13? °C for 15 min.

formalin for an hour, BMSCs were digested with prolease ﬁnzyn

After washing MICMBS the culture was fifibated with monoclonal antibody 1o
ol ) WY W R e
Imnp@um for an hour. The antigen — antibody reaction was visualized by adding DAB

solution far 10 min. Slaining was e!!uated as ellher e or neialwe unde”n

q -t iR AV EN
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3.3.2.2 |dentification of osteoblastic cells

Alizarin red S staining

Calcium-rich déj By the 50-déy-ald human BMSCs in fifth passage
was evalualed by the us - i F Meladin and Terry, 1969; Gregory el

al., 2004). Samples were washedwith R b, fixet Wl 4 Comethyl alcohol for 10 min,

and washed with_disd /r‘h solition was .\_\ pixing Alizarin red,
ammonium hydroxid f/ a ";"‘1 1| f"*r omd gil ml: 100 miL
\\\x i-.

respeclively and acdd i , ng was evaluated as

eilher positive eqal

3.3.3 Responge of Auman B a d OPN/collagen
subsirate
If'I'IDI'FI ‘ J }
iy J.'ﬂ"": ‘ -:.l # .
The coverslipSware-cul inlo s igces (3x3 mm), then placed in 35
mm lissue cullure dishes, _,‘fil 'k f#q;_,.u g5 were coaled with 0.1 mg/ml

collagen salulign fsolution (1:1 by

volume). Ma 5rr M ' fram the fifth

- - f.!‘.' density of 5x10°
I

lure was kept in the CO_ incubalor al 37°C ands

passage from e -“
cells/ml. The cu mlute hurmidity.

The medium was cﬁw every lhree days. @ellaltachment and cell morphology of

AU IRBRINYGINT

3.3.3.2. Cell proliferafion study

ARIAND IUAAAANIAY

and OPN/collagen was measured by using MTT assay (Mosmann, 1983, Kasugai,

Hasekawa and Okura, 1991),
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Human BMSCs from the fifth passage were seeded in 24-well plate al
the cell density of 3x10" cells/ml. Al day 2, cullure medium supplemented with 0,1

mg/ml collagen solution, 10 pg/ml OPN solution and mixed OPN/collagen solution (1:9

by volurmne) were added in each grol . The culture medium withou! FBS

Control

Collagen

OPN

OPN/COL

f \ RBS (5 mgin 1 ml of
.‘-1. i:" :"‘ i
PBS). The v f ‘r reaction, cullure
medium was replace DIEM without phenol
H | Py

red. The cullurg plate was incubated in the 20, ncubator at 37 20 and absolute

humidity for 4 h. DHGRDI}D pl was added iWanh well alter removal of the MT1

ALEINENINEINA....

usingme cells from three patients. ‘
=9

ARIANTUNRINYINY
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3.3.4 Response of human BMSCs to OPN/collagen sponge

For investigation of the cells in the sponge, OPN/collagen sponges were

cul into 2xB8x8 mm, then p!auad cullure dishes. Human BMSCs from the

fifth passage from each patie X !! M shes with OPN/collagen

sponge al the cell den ity ol LHx10 lls/mil . kepl in the CO. incubator

at 37 °C and absoluleshumidilysi e me 9 deveryday. Observation of
the cell attachme formed by SEM al the

b-day cullure,
3.4 Analysis o

Descriplive agilysisw: s e sl onge microstructure, cell
morphology and g \

The One-sa 10 test the normal
distribution of the 4 = . ‘ assay were not normally
distributed, then the KriSkal Wil ed 10 compare among groups. A
critical level of 0.05 was employed=—Tthus p= zss \han 0.05 was considered
stallsiically_ ignilican

]
—

17 .‘:I[

3.5 Ethical consider:

e

i I

The pmlnn*was approved by the [’Ihl[: Commiltee of the Faculty of Dentistry,

“FTTJET’ZI“WEW]‘?W &N
’Qﬁ'\ﬁ‘ﬂﬂ‘imuﬁﬂﬂmﬁﬂ



CHAPTER IV
RESULTS
4.1 Physical appearance of the (}F‘mellag&n,spun‘g.:a_..:
il
OFN/bovine demalselidgen spofige hadselbeonsisiency and white sponge-like

appearance (Figure 2| _Mfengilihe sponge into the cullure medium, the sponge

absorbed the medium gﬂﬂw.ﬁ SoLber. i.
A &

Figure 2 demonslrales the while sponge-like collagen preparecd fiom bovine skin in

differgnb shapes.



When observed in senmthin plastic seclions under lighl microscope and SEM an
the cross seclion of OPN/collagen sponge prepared, it was porous. The pores had
polyhedral structure with the pore diameler ranged from 20 - 100 pm (Figure 3 and

Figure 4),

Figure 4 demonstrales the porous slruclure ol the OPN/collagen sponage fram SEM.
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4.2 |dentification of the human BMSCs and osteoblastic cells

In identification of stem cell by monoclonal antibody to CD105, the cultured cells

in the fourth passage showed brown et membrane of the cells (Figure 5).

AU INENTNGINS
ARIANTUNRINYINY
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To confirm the type of the BMSCs, ARS staining was utilized to stain the cultured
cells in the fifth passage. The staining showed formation and deposition of calcium sall,

which was seen as the calcified nodule and positively stained by ARS (Figure B).

o e MR T A ST AR s e
| o i ‘ | [ [ ] - a
Figure qllirwe ed phase contrast (A) and light (B) micrographs demonsirate the

calcified nodules (arrow irﬁ‘ﬁ} in the 30-day-glghBMSC culture and these

R R Y
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4.3 Response ol human BMSCs lo collagen, OPN and OPN/collagen substrate

4.3.1 Cell marphology and ita l t study

SEM was used ingll 1o FLe: ent and population of
attached cells. The SEM feStilts-sho > gooerspreating of cells and good cell
altachment in the grouges ke group of collagen
coated coverslips ang "-~_h__ﬁ! the good cell
altachment, how ilie.group of OPN/collagen
coaled coversliy pification, the control
group and the grouy i e d (he good spreading of
cells and good the cells were
generally found. T§ &lls and surrounding
contacl area. he suriice hie.Q he eal 5 BT } e group ol collagen
coated coverslips afel O cd COVErsii (s 15 less Spreading of the cells
compared to the first tw ,r'" KiE H micprocesses ol the cells were
rarely found. In addition, the bl = id differently in size. There were also
found large size ol blebs ant 3 the OPN coated covershps

group (Figurg-AB; D. I and H

ﬂuEI’EIVIEWI‘WIEI’lﬂ’i
’Qﬁ'\ﬁ'ﬂﬂ‘imuﬁﬂﬂmﬁﬂ
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FIQULEHF $5anning clvgfmh,mwog;nphﬁ al 1Iw,11m¢ rrlrwuiir.al;an m.t., LHE.-J and higher
n'gqg]nﬂ'r alion ¢§1 @k m show bquﬁlureﬁw and .-llldq hmentfol gells grown on
| the surfaces coated with collagen (C, D), OPN (E, F) and nuxed OPN/collagen
{(,.,_HII 143 rmmmr@pn lg th e r‘cnlml,agjgpug in i.r,’,!mr‘h 1he cells ,we;g qrg,@,rr‘i an the
ﬁﬂﬂ:prihﬁd .{urlp;u t*—{?’k.ﬁﬁﬁ u'lluwm.rll N re 'i'*rdlmhim&lmlrﬁliﬂbﬁﬁn lﬁg .L{Hﬂ;‘ﬂ

of the cell expased to OPN,



27

4.3.2 Cell proliferation study

MIT assays demaonshraled the increasing of BMSCs proliferation o 106,88 +

B.05), when the cells were exposed lo the

3.85% and 118.12 + 6.14%, respec

collagen solution and mtxe ol ! ] I‘ f j samparing to the control group,
%

e

MTT assay of the cells Sxpesedlo the OPN € temdnsirated the decrease in cell
number to 63.15 + & fr;-,-.:.m;u-m: . Aganaing e Sty groups and control group
according to the capabaiy e T MSCs roliteratianymixed OPN/collagen
salution had 1he high e control group, and

OPN group, respeciiy

140
120 4

100 -

% cell number

[

Contral Cahlagen QPN OPN/COL

A N ?“W B

number when the cells were grown in the 24-well plate supplemented with

cnllaqen OPN or mixed C‘Nfcullagen (OPN/EBI ) solution in compafiah 1o

R AR RS

(" astensks represent statistically significant difference among groups at

(L.05).
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4.4 Response of human BMSCs to OPN/collagen sponge

In exposure of BMSCs to OPN/collagen scaffold, there were proliferation and

contact of BMSCs to the sponge (Figure 9);

LT ]
With the SEM results of the fifth pas&édﬁﬂlﬂsps cultured with OPN/collagen

- o - e |
sponge in day§, there were cell prolileration and cell attachment @n the sponge and into

the sponge (Figuie-10}-

BMSCs on OPN/collagen sponge at day 5.



CHAPTER V

DISCUSSION AND CONCLUSIONS

Discussion

[he imporant role 15 to provide a miatnx of a

specific geometric can Fgrow and produce the
desired lissue or orgay feal sealle i.:l should have three-

dimension and hiahl rk tor cell growth and
effective ransporfatioy ; Sand metabohe wasle, Bioeonipatible, bioabsorbable
wilth a controllabl@biodegradatic e, allowed for cell pe ,; ralian, attachment,

(73 Abukawa el al,,

R

2006). Collagafis als | has been

proliferation, and dj

developed. Collagéh ha LG angineering lor medical
applications. Il plays @ esge lal rale in providing a bialogie saffold lor cellular
aclivities thal influey _.; allac _'F' il g L Ve erenliation (Yang el al.,
2004). The recenl deve ) one engineerng, three-
dimensional scaffolds lor seedifg-alneses gtem cells (Xiao el al., 2003,
Juncosa-Melvin et al., 2006:Hou | pilot study, when mixed OPN
solution with col 1o 6.1, the
OPN/collag i Tp

physical pmpeﬁ for b . :.l.,-.' 10 pg/ml OPN

3 -;f! 2ol due o poor

solution with 9 mi of 0.1 mg/mL bovine dermal collagen was the mibs! suitable ratio and

this concentration Gsﬂumn lo labricate the @BN/collagen sponge. When evaluating

- RHRI NN

the cell atlachment and viability in cﬂlagenql*ﬂ:nsam:rﬂ{:an scallold were J

4 WARINTRRAB LTINS g

OPN/collagen scallold in this study showed high porasity with the pore diamelers of 20 -

100 pm which should be apprapriate for cell survival, this three-dimensional scatfoled
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can provide a cellular matrx analog thal will serve as a necessary subsirate tor the cells
of the healing process 1o infilrate and & physical support lo guide the penetration,

proliteration and differentiation of cells toward (he targeted lunctional issue.

1 (Denmis et al., 2002; Grondhi al., DORE % giny lypes of slem cell markers

were reporied, such as € RT3, CDY0, CD105, CD117,

C33, CD144 (Jom Endoglin is an

andothelial homoe Fpeplide sequence RGD

which is a recogg amily (Lastres et al,,

1892). Il has beey wih factor (1 GF)-f3

e
receplor (0'Co ell aull 14} aind ciitfe, i Fmacrephage (L opez-Casillas et
al., 1991). CDI10EIE exgesgBdlbn huwan thage, endothelial cells of capillaries,
arterioles and venulgs in aVaetyol iss saiel dlly, 1892). In this study, CD105
was employed laihara ircellsirom human bone
marrow. The cullu :.hb jve reaction at the
plasma membrane ol th@Bells. SRS St n agregd with the previous studies
and confirmed that the'B ‘.ﬁrfrr ad Iroiy’ ts and cullured in the laboralory

in this study were mesench:E= J Bal 2002 Tuli et al,, 2003),

In 198 & isdkllg detect mineral
formation by ’-i’f ¢ ;i'rfif- appeared lo be
intracellular pa’ﬁch& neEonin ;:' characterized
human osteobldslic cell lines by ARS histochemical staining and demonstrated that

these cells could ;:‘:ﬂ mineralized nodule€iEnugopal and colleagues (2007)

S AR RES S

i
surfat“}f sleoblast cells on the polycaprolaclone hydroxyapatile - modilied

nanofibrous scaffolds. From the obdrvation under invesd phase contrast micfgstope

“Furthermaore, these cells induced by culture medium supplemented with ns‘LngErm:

inducers represented their ability to lorm calcilied nodules which positively stained by

ARS. These resulls suggested thal the cells in lhis sludy were bone-torming cells.
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To sludy biscompalibilily of the novel scalfold, bolh the inverled phase contras
microscope and SEM were used lo evaluate the response of BMSCs 1o OPN/collagen
sponge. The cell prolileralion. contact and altachment to the sponge. which

represented biocompatibility between G ollagen scaflold and BMSCs were

observed. In the recent sludies : i “gsaminoglycans, chondroitin
. ] 15 iz as the lissue-engineered
Dﬂ& il_al., 2001). Mareover,
gelatin is also used as ligseallold rIJ e regenera ihani2adel, Swain and
Mason, 2008). With I “,-{ FEM " ‘H‘:H‘“" flexibility,
biocompatibility, and tugde gadabifily, it Has (he polentialio be Used as a scaffold lo
support the osig st cf j _ Ve areas. These
investigators also igdestigated rall penetr ‘ . l'- ."’e_= slng haematoxylin-
~ eosin staining JBoth cmpasile 5 ol Astrated the ability 10
suppor cell growil bt ~ pores (Rohanizadeh

elal., 2008).

To simulate the gfivironmet assocla bone regeneration,

[?ff-f

differentiated into osteoblas! :.'5.1;5

particular elements, forexa h had been polentially

ent and proper stimulation was

shown in | “ ch | in various medical

T-ﬂﬂ'i—lm'—ﬁl__m‘u———-—-—nn:s" J nl and
dil‘lererltla!i orr ol i RIS study.
| Py

|
‘I | J.I-l

1o study the proliferative effect possibly induced by collagen and OPN, MTT

lrealments,

assay was pﬁrinrmfdﬂns study. Mosmann 3) suggested Ihal MT1 assay is the

o tign of cullufed celld as well as

=1

suil mett Investig ellsurvignl an

evalu“ products of vital cells under vanous conditions in vitro,  This method identifies
cell proliferation by counting vital ¢ number and eval&g products of vital e

QW N b T et
q were Jmllally analyzed for distribution of the data utilizing One-sample Kolmogoroy-
Smimov lest. The data was not normally distnibuted. The Kruskal-Wallis 1] test was

perormed to compare amang each group. From the MTT assay and S5EM observations,



a2

mixed OPN/collagen solulion showed the highest cell proliteration, which was
stalistically significant, lollowed by collagen solulion. Mixed OPN/collagen solution also
presented its capability to promaole cell attachment. In conlrast. OPN solution along

demonstrated the decrease in cell numbdr. il o clanfy this result, the dynamic of cell

&R

fcLihe roles of collagen and OPN musl

é".a-

In multicellulararaani=m, nla h;ea_.r ol i L

development and proliferation i

be senously taken into Gag:

1ent is the cell ability in

communcation ni. These

communicalio ire ‘/?;;(

{ e mechanism of cell
proliferation, firstl _éf 5 0 plismdl atachmient ol colls onto adhered suraces

or substrates, Then JRe logmaio G O interaction is eccurred via integrin

receptor. The bg cellatigehe I8 oper cyluskeleten organization and
cell response. As 1 W lAglor receplors are
produced to reagfo hg@@ro@ih fac # Sy fiifig in protiuetion ofvarious kinds of
protens essential lo s suggesled lo be

multisteps in the biologig@l processasin cell; ; ::r, as nol yet clearly explamed
{Julano and Haskill, 1 . sses, FOM plays an imporiant role

i cell attachment influencing 1 Gell bels elopment.

- r W [}

. Jral proteins n
human body. Call entially promote
cell adhesion, profiferation and differentittion of mesenchymal stém cells (Liu et al,,

2004; Garcia and Reyes 200%5). It has been used in the field of medical treatment for

A NE TN

mach{mbemeen cells, ather ECM, igd growlh factors [eadmg lo growth and

qRITAN SN URITONINY

metastasis (Matsuzaki el al., 2007), OPN still has inmportant roles in development of cells

i refation to cell allachment, signal ransduction, and development ol osteoblast (Yabe
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etal, 1997; Liv et al., 1997a; Liu el al,, 1997h) including tssue repair and remodeling
process (Kaartinen el al., 1999). OPN molecule also provides particular parl, which

promoles cell attachment via intreain receptor (O'Regan and Berman, 2000; Mazzali et

focal adhesion kinase phospliayl : (Y ik _el al., 1997), This leads 1o the

In this study, e BMSEE Showednood cellaashimentin the collagen
supplemented medivgg e cell prolleralion was
increased in botR collg el g P/ callagen saltiions, 11 the group ol mixed
OPN/collagen sgiiifion, e lughgs el praliferation was abs 4 This highest
prolileration may bg acltion between cells
and growth [agiers a rgfoling cell praliler A Th e entrabion ol OFN solution
used in this study dvedin Thetd _ fe Lo TE il e loXicily 1o the human BMSCs,
bl in the group af OF) gwed the decrease in cell

be i . » f \ x |
number compare lod@thengr A PRE iy O panse. racial or genetic
P _ e .,,.r; ¥ 9
differences may influen o raspls allered: uatiem can be explained as the
major involvement of OPN, N cell signaling and differentiation
more than promaolion ol celie sodek, Batista Da Silva and
Zohar, 2006; & ) dediease of cel
Y ¢ - -
allachment | ‘ﬁf of ﬂ the decrease of

cell number in M | l”I led 1o the inhibition

iR . 1
of cell attachment, Even though, there was no obvious loxicity RPN 1o cells found in

this study, excessive yelyme of OPN may act a§ @ negative signal lo the cytoskeletal

SRR

concentration stimulated he pmdudnn and secretion DFF In conlrast, w 1

QRSB RN IRH NS

solution, the low concenlration of OPN comixned with collagen provided the increased

cell number in this study. Considenng along with the previous study which
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demaonsirated hat porous hydroxyapatite coated with OPN induced BMSCs 1o produce
forly percent higher bone formaltion in animal model compared o conlral group

{Uemura et al, 2001}, OPN might be worth developing as a morphogen tor bone

regeneralion.

Conclusions

é’a

Bolh collagen and & gel solutians

.
= i Bl = 2 ICLTE

human BMSC

proliferation and allac i h the addilion of OPN.
biocompatibility to

and OPN was

The novel OPNIEE
human BM5Cs,
advantageous 1o 1hg h inloducing them to the field

of bone regeng

Suggeslions

1 TR
From the resul & loung e OPN concentration used in

OFN group (10 pg/ml ) was e Wawer concenlration, such as, 19

dilution of OEN salu be tised ior ¢ e mixlyee of OPN/collagen
- ,
solution in ultiie s

showed its uy, ‘

1 in this study
not yet
appropriate in ¢ ; al use sine onsistency whe oistened ‘"'y culture medium is

i¥
loo soft. There should be improvement of the physical properies of the scatfold.

EHCIR LTI 4L T b

this smy revealed thal GPNI{:nIIagan had good iocompatibility, and ncreased

qﬁi‘iﬁ?@“ﬁ‘“‘sm T taVikiara k]

developed and studied in animal and human lo prove their satety and elfectiveness in

nducing bone regeneralion,
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Appendix A

The picture shows bovine callagen (the white supernatant) from salt precipitation.
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Appendix B
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The table shows the optical density (OD) collected from cell proliferation testing by

MTT

\
Subject Test nur_n . -.il ” f )V | Densily (OD)

OPN_COL

Subject 1

269

255

257

264

260

Subject 2

268

306

297

278

262

Subject 3

289

.255

299

270

277
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Appendix C

Dutput from statistical analysis of cell proliferalion lest
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Means
___Excludex Total
: Y ercent m._ | Percen Percent
0D * Group G0 00% l\;\lﬂhm 100.0%

oD 4 % h

Group | _Mean | std.Dewiation | Minimum | Maximum
ontrol 20 014786 | 509 >58
Collagen : 260
OPN 169
OPN+Collagen 73 308
Total 22487 |, 306
MPar Tests " s o -_-..:i' :

Grle-Sarnplu r::.;:.‘ Ts ! 1 ’ _g:‘
AL

N o
Normal Parametersd& - Mean

¥
Most Extrem Absol
Differences Positive
Negative
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» L] . . [y -
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NPar Tests
Kruskal-Wallis Test

a. Kruskal Wallis Fest v -
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Appendix D
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