<

(VA=AT) A ObsG ¥ o lad £ 0,93 ey Al

ot 30 (53l S Jolw Plei g ST w9 (ST I 31 Jolo> iy Jolgs i

" o S0y e Slerge 555 SOl e 5 ilackes s pmn 5355 035l ol 5155 ol e g
Odulid

JM;;@L
plad g 2S5 Uy &S Kaas Ol gwinl jhe 55 392 0 J ok e (MSCs) el 30 (5300 (slad ghus
i B 55 oSl S Ol 5e 4 FBS Sl el sladsha pled 5 25 ) 5H0 40l (glesdll
B SN 5l ol ol (gla 23Sy sl 5 lacs sie a_,.ﬂ JUEl Jas b aS' 5 45 0 oslinal
ool a8 Wil o 31511, A, J.ab.ﬁ edd Jled ‘_;\AQS)L; o R g ‘_;o.;..b sl
B 835 2 SN A5 Jalge BU ) canllan opf 5 SBua il il e glad s gl 2 S5 5300

sl ol o golis slad g ples

boyigsg 9lge

CiS Lo 53 5 0 o O il e later SO glad g g e g g 0 plo! anllae
(CD45 slaas L oy U Jl 5l 51 Jols slad ghe . Likfiesls oS FBS /\+ s DMEM
33558 Ly i S 518 Al 5 e (g fesmbushs L35, 4 CD34 5 €D44'% CD105 « CD9O . CD166
S YA Y P BB Code 4 S JS S a4 SO J5 eS8 sl r:sz" 9
3l ealaul U @La ol 05 (SN ud, else Olgme SIS oI 8 Sl am s YV AL 5 s cele VY
Ay el sl s 5 TN Y o (55l i paientilye (Slad s A (6 S o3l 1Y 3,
oot MITT i 51 ool b W sk 2S5 O jon ek 0013 12385 5 S 5, A Sode 4 100 S
Ol e Cmlg 53 9 KA a3l S Olaud r:“JSLSJ; S o Cnyld (595 5 ool e slad she Al
A5 s I DKy Son 5l eslial b ad g (555058590 5 A3,

basb

1 il 5 S ) sba 5 sl s 5 0 L g b e (sa s
s Ladsha s ¢ (sl S 5o gl e 0t ol 28 rtile slod gl 15358
slad du glaasls 136 5 CD44(/44/0) 5 CDIO(/A8). CD105(/AY). CD166(/AA/A) sl asls
2 sk gy 2 buasls Bl 5l g 5 BB SOUS 455 CDAS(/Y/A) 5 CD34(LY/A) i 5L g
ey ot 58] o o S L;‘.'S)L; Ay J.ol‘,.:-o\s L eals OLES asdlas ol ps s sdaliv lases 9
(SN S slea, gSU g 53 okd el S el e sad shu oo 4 L o Lo gl Slas
Shae Sy 5l ) b ol slad ph S5 gl 5T s S Bad 1 3 05 K5 gkl Sl
A AU 36lnd (JSIT 0Ly 20530 o Alizarin red b

S A
Iy oo Jarue Jsl g8 cnl .5 303 (sobay A CuiS Jams 53 g Rl U1 5 ) (SN A, ol se
hsen il 53 el o glad g K5 gl mled U1 S L5l 0 @l B il e slad gl LS5 )

2D g g BE¥ 7
BL Sl (g 35 55l (ol 0 931 Slad sl tg bl SHlals

AVIZ) # : s b
A 2 e sl

Ol 5 Il Olejlu Sladss 35,0 - 095 SOL 5 owlidl s Al bl )

VEFFO-VOV : sy Goin - Ol sl O 55 Il Olola liass S e sbskial = 05 SSU 5 ulis 095 PhD i g5 <50 Y
e a5 ol (Sigy 0SSl Hlskind — 0 L 5 sl s PHD Y

ST ok ley - s 5l paasis Y

Ol 0% JUsl Olesler Dlidss 58 50 Hbskial - (6550255 5 PhD 0

i Ol sla Olgsetal jre 5 095 s Oliaios S e (Sl Wl 527

\Al



O 5 o313l ol S5

ol ool glad g plad 5 2S5 5 S S Ad, Jelge S

CFU-F 63181 [l 5 antilye sladplo 3G il 53l
()3 5 o

Slosd A ool slad o «oantilse slad she
slac kS dac Wil gl 4y Lol 5 e aS Laeen
o= ol e (ANl b o slad s
s an Ladshw ol cmal Ol el 550 W sk
O DU a0 (6,505 Sla0lSe )3 (6350
> i e e 5 e ale (e
(Y1) 5 e

Ol gl a3l ol U pawislye (slad sho
I, CD44 5 CD29 D106 . CD105  CD166 (sl S s
o35 sla S5k 156 Lad g ol (VF=Y s e Ol
5CD34 (CD14 ke 31 JUb 51 5 5las o sladylu
Sladsln 35 Jsame 5 b 4 (A)dizs CD4S
S e glaes; 4 0T s 5 ety (3l
dex vivo)ods ol 53 Ll glad sl abes
S 3 plmil (Sl o ol LS L 3
5ol il gladsgly gl JUisl fla L
AYY YY)l of pom asmlisl

Sl 53 Ladshe uls 8 ¢@ 24 ees 4
Bl Gl e b ad e Gl il Sl
L Sl o Nl aoilis 53500 ol il
Olis 4 3d8 slaaallas s b ol los o
Gl (S U5 s CS Sl ie slendly oS Wilasls
5SS e Laol R aSmil . il 1S, Jelse
sl ey DU 4 il sladsle les

CuiS e Sl p e G st e ol
34 Gl e sl (S A5, belss dad sk
o eeiilye glad s e 5 25 65, » 0T 6
IS glatlesl Sl eslinal b ooty sl slad sl
38 o S s

S ) Jale SU B8 L el o
Sladd g o (il gld e b 5 i
Ay Jelae opl Gl s e Jaoe 5 el e
235 pme B 53 ClS bl A L laslie D50 4

‘.ua.)b)‘}wjﬁéjjﬂé.bqwd,m{)b

Yy

agide

Olyme a8 olsl 53 5L sl Sl s J5
PRP = oS, 51 2 sloadl Sl il s
Ol e 1y SV J5 (V)L 45 (Platelet rich plasma
e b S ) e slendly 035 bl G b
bFGF L S Al elye (Y F)sses 4 V,_MJS)
EGF (Epidermal growth « (Fibroblast growth factor)
9 TGF-B (Transforming growth factor f) « factor)
Er— PDGF (Platelet-derived growth factor)
()55 oo el 3o Sad b Dl 5 2SSl
6 e 0 O 5 SMSLe T Yo e ¥ Jle s
23 Al glad s S5l ples oUls L PRP
alely Oy 4 PRP 45 0ol Ol CL:J sy gy
ol slad sl (6,85 Sled Al s G 4
3Bl IS Cdle [2alS o a5 Sl 3 353 e
0)33 8 o s 53 V,_MJS;.;y))UL:}

Ol iy a Yoo ¥ Jls s 3K 5 OLLS
3 il glad s oo S LS, el e
caallae ol s sty p S e s Oldl JLL sl
oeelS 5 e 5 Sl enlizad b (SO 05V SSS Sl e
Slad s S S Lame 4y odd ST SO A false
el 58l o el A 059580 L 5l 5 el 5e
SUI 5 05,8 JU ) slad sl & rles 5 555
Loy S ol s 03 eetilpe glad s 5535 sl
(sl sl 5l

e gladshn Yoo Jlo s LS 5 sy
L (Sool s S5 s ol 55 2 L PRP 5 0l g
Sd> s Lilssl wsls oiS Osteoinductive Lo
Ao ds S edaline Ol sl jre glad e 3G 5 7Y
s s il LT 5l 55,500 51w Dl
V) saline 3blins - JISIT

U ey an LS 5 S g Y0 Jle s
5 il a5 (PL) S N
ol 3 A sy esle b Sl o 035 0
Y S 5l e 1 Lol aalas
o PL S 35 01 KL s s S 4 (PL) SO



AA QLL.«;U gY G)LQ.:J‘?G)}J

<

Of‘—.{ﬁw: L

Ove L3 5 Ll eals yinnd (LSS oo LK) BSA
éﬂﬂbﬂﬁa&h)b)dwb_’_ﬂPBSHjj&
AQADREW-RY WS S PTEE

s

Sl o O wgad e V0 e 5w sk 4
pm 55 b aids Ve Do 4 sl s 4 O A 4
s S e (e mssmle 5 S 55k Bl Yoo
4 & ged 503333 LDy 4 (Ol pl o )b S I8 s
i Sl ey i 455 BT slas 5 aids ¥r e
S mlw ag3s Vo Ol g Yoo pmoes b a gl cansd
et s 3 S Soslaer (Geas ) 2 ssmle 5 A
CAOC Glas 53 Gpas OLay B O gl ki 3l day e
(YL 5,1 S

O L

e R o SN S O eesiaal s 50
o Laad pod il w O e ¥ g Sl A
C_Ln.&@jﬂﬁbﬂ‘ﬂ pm 3L o5 aids Ve e
o Ladds VSl ol s el e g5
o S Ll e 4 s 5 il W e vipm
e ilaily (Slaody 3 S sy 5 i I Lol
g PRP)CSY, 5l 28 ladlyp iy ol 5 55k
L ciliten 3130 51 olls ags PRP ek o ol 5l g ol
L b a1

L oSO 5l e slendly (S J g sk o
o slaaised A bile SUS IS IS 5 s
los 3 el VY s YA T F ddds Y ot a0 ol
Cid8 5l s iSOl sl S Sl a s YV
Voo de an T pm s L Laas sad (858 slaobs
5l sl s, Jolse) e ssple idd 55k Sl 4is
Olay U Ol b 5l 5 s S s (CSHYL
eV (IS 58 Sl s A glos 3 G s
RS L cikee sl slaco SOl oS el S5 4
Laas god S5 ST s anlllas opl 5 45 5 b sl

\A¥

bR g, § alow
O 3 S Lo am G l s addlle 6 g
51 eenisilye ladslw 54 dalas Lad yas o]
A g Sols S Sl e Il OB STl
W &S a WBB aS (ool 3131 50 SV slad sal
Laosls LT g o3 S angs iz g SO S 5 oS
SIp< o /00 sl .l eslizal ANOVA (g bl O e 30

Olgria] 340 MSCs (sla) sl ois”

0 3 Ol el 534 & yas md e Vo ol anlllae s
e (Jlu Fu-Ye n o ob}.,\m)vjl.w sdSlal &
ssleul b glaad S slad sl o b 4. s S
YO em’ S5 Sl s 5 L s chale @bl S )
(Ko = I o) DMEM oS s 2 s £ (5l
s s yo 5l 5 (035,05l = LS ) FBS 74+
8als &2 S (O3l = Ol mD b 2 5 s lo 5 2l
b sladsln cas el 5l L cola A i
S HE W N E PSS SV VPN e

ClS la e L S T e G )T e
FESS el lad e e ol Sl S (8 s
Ol ol 5 Ll g 1) Db S Lo js A 5 al
i Ao lacsiudl a5 ad ooy Slul ad sl
(Y)Y s S

sl Sl ll )
05372 5D oz Jan 5 0 o 5 gl 5
(ol = JISoke ) PBS Joms 2 oo V53 (ST
VoL Lad b 51ty S Ve s O el
— 5S15) CD105 5 CD166 (slasl ol 5l x5 S
Lol sl 5 PE) e 2l 558 L o8558 (S Ll
S 555 (S lsls — S1s) CD44 5 CD45 « CD34 « CD90
L e J 28 Gl 5 (FITC) Ul 55 5 551 s 56 L
(S,Lals = 4S1s) FITC-IgG, 5 PE-IgG, slagsb i
538 Sleam ¥ s adds ¥ e 4 s LUl byl
PBS- /Y L ladshe s a0 5 i 40,1 SO0



O 5 o313l ol S5

ol ool glad g plad 5 2S5 5 S S Ad, Jelge S

22 ool 5 5el S

GLIDJ ST adl sl glad gl s it w
2> Ladshe 5 4o S eagpl d e 4 7Ve 5 o (Merck
Jsdome L Lad sl OF 5l i s 4551 31 gles
Colg 3 s 65l SO (LK LLQJJ) Alizarin
Sl G P sSKs Son b olkd 5l S slad b
(YA LLs

SUlins IS (5501

LS oS G J oo lad sho o she &
‘jt_ﬂ 6L¢J B L&djl..u 9 .,\JJJf eJ)J'..H LAJ}LN 4 (L«.<.w~v
4&11'41)&)}3#1&) d_,lm e w\ 3l de LS Q}ﬁ‘
VA=Y glas 3 ad sk 5 A 035530 i g & (LK
adsle de ol 31 day 0s 03l 1,8 :\deﬂl.ﬂ a3
o Sy Sen Ly ol (5315 slad sk ol
AYxas oLyl

:RT-PCR L]
o 2050 (OC) oS sl 05 0Ly S5 51 ad
sl L gladhe JSRNA ke gudo LB S 13
RNX-Plus <3 foall) gs sheste sl Ly asls 5l
RNA C_iS 5 oS s golulis (05w < 01 5D
S35 3 e S 518 N 50 ek ] s
e 5Sae et 535 S15 53EDNA el ] il RNA
5 5 0y e sla ST 51 aslinl
cDNA cxle oS feallyses b gilae o sSae 5l S
L PCR Sl aslsl 3.5 S ag (035, sl LLQJJ)
Forward OCNF 5'- ) _ola sl gla ST 5l eslic ol
Reverse s TGC AGA GTC CAG CAA AGG T- 3'
3 (OCNF 5' - TCC TGC TTG GAC ACA AAG G -3
sles 5o @wids 0 Ol w3l S Sl 45340 by 5o
OV) Sl gles caids ) ke w3l S sl a3 4
a3 VY gl il YO de as (o, S sl ax 5o
5,8 Sl a5 VY les 5 0B F0 e 4 5l S sl
L O B | B e e
Y U5 clacals 0555 PCR Jpame 0Ll 3 i3 S

\Al

S i ek ST Ay ol s (5 Se Il
PDGF - AB 5 FGF (EGF (TGF-B A, Jolss Ol
Shestial U cilises glaole) 55 eSSl e sl
(R &D ) S Joddly s b Gollas 5 1Y) 255
Ady Jslse oS el Ol JBla= s (5 S o3I
Ay Jslse gl eslinal 5550 S g S
«\1\#0 5 5 «» PDGF — AB ( FGF ( EGF « TGF-B

(Y0 TPl 2 o 53 0 S5 Y00 5 Y Y

S S ookt STy ol s
oeilie slad sl

53 (Db 00 )G sl Oln & ol e slad sl
c&l:; Lo LS o3ly CiS glals 4F g_,...ki du&aala_
e g K03 GaSalr 5T o g5l Jaes
e dises gl @ .b_y_ja'/.\' SN s J,el_,.p (b
3y S CiS L Gy A e 4 s S 3L )
SHladhe 25 Ol Lol 6lp Al 525 Ole o
A5 eslised MTT iy,

el 4 plad

sladsl 4 ol gladn pla ke o
Vo 65l DMEM Lo 55 sk 0 x V0T ol sz
LS glals YF el sbasalr s s o doso
sl ok (LS ol = 0 550aS) 55 5 5 OIS
A ealy CiS s e

SO UG J R S SUREE ST E e
Ol gl 4 lad oo (50 Ol il 4 les
Aol Y50 eV O3ll S5 5L DMEM il
5 (Lol = 05 S8 N g +/) Dl 53 S S
G S 0 S 350 0w 5 Y50 ) Dlied 53 S
Ay Jelse (g S s Ao )s Ve p s ol gas Sl
Al eagl do s Ve SO

7ol 5l ealinal b ad jh s G5V Y 1 ey
35288 15 bl sy e sblies ST 55, 5
swsr RT-PCR o5, L (OC) peedS sl 05 Os o
() V)



AA QL:‘-\'JU Al c)La.«.i‘?c)}}

O?j}{ﬁﬁj:.‘:&

) Ssls S A ) ey Lad e s, Lgr
AQICERIRH %
Al o sla Sl s

3l sladsbn olassl sla S5l 0l do s
;5 CD44 5 CD105 < CD166 « CD90 fol & aniiSlse
CSAPIN s as Ol sre 3l el T slad sl
Gl Sl S I 55 .aib e 749/ 5 /AT ZANA

- n

Siak
P : A I- e LI B o3
: o I' '._.- I
'R ‘
1] . _14&—
L} - 1 - 0 1 -
LER-9 b
i ' T 2
=l c - b -
i L]
£l
L]
! ! ey r-l:' - ' L4 :HH'.
" E
[
R ET
W G >
i i
1 i
1 1 L e 1 [ 1% "l
RN ] K- il

ol Slad shos Kip U 508 55 0] 1Y JS&

Slages das o 0L ) gl Gt S o gl oS 1 (A) Ll 905
Ol Ol s 1 (C) Ll5 g5 .has o0 OLES 1, CD166 O3 5T by (B)
S(E) Lls 55 CD105 035 51 by 1 (D) s ged . CDA4 O3 51
1(G) I3 3 CDA5 03 51 Ols 1 (F) Lls 403 .CDIO 03 5T Ols
Sl 8l lay g (B g slaylsgei 45 CD34 05 5T Ol
5,50 $la 3L ST 4 Jozie (FITC,PE) badS 558 Ky Ol e
s e 0L ) b shu sl (5508 sla) e 9 LB 0 S
aS sl 2Ll SHb sy sldshw Kl RNLRN2 b ghs
caditue iy gl 5l pme L st Slailis slaesb ST b g
ok plubd

Yo

)"dy_;}.k_‘.ZA_'\'ﬁu’J (l.o.<.:_w ‘l_ilfi))'”l_du);

(P XNVLE b)) e 3§50

e A Gyl 40 oniifio (slad sl plad 5 S
QMM&MWJP&QWJ;
S elal 48 el el s (Kol = eulse)
Sl A 5 e 58 du;ﬁ‘\%djlw\x\'\c‘-u-u o3
WL G a6l ol 4 5l s cole
Shdm s 8l sinle G 5L Y e ks e )
=0 3 S oS Son b 5 sl D

(V) S 515 w5l s e sbleus JISIT e

L «il
sl s
@lams ST gladdn cis 5l a cel TA
S0 slad b Lad Sl Ol 8 slad sk
g oS Bame 53 a5 S35 G erilie IS
i olins s bl s Glad b &) 50
Slad 4 sdsr L sl by Sy p5lan
SLrsss 02 aS Al e ol b 53 S5 el
Les 5 0 Gl Wl ool s 35 L 5o
5 4l iS5 Ll U dae 5 Larilse glad she
3o0 00l s S AlS b 5, VY LY s

S il sl 53 el slad gl S pled 1Y IS
3 (S S5 sLad s o et sladshe : (A)
sdes CAS B 3 o 535 55 S Slea slad s
3035 A el glad s wasslex 595 53 (B) Lsd o
O Sy len bdshe XLy |, SN LS TAY 51 iy

(F0X Sl &) iledd Gl James 51 JulS 5b



O 5 o303l ol S5

ol ool glad g plad 5 2S5 5 S S Ad, Jelge S

SN 5l ek o3 EGF clale

EGf (pg/ml)

o]
o]
o
"]
v
+h ~/ah $h V\’h
LeSM 5l ok 3151 EGF [ gSU cdals oY s pod
ke slaile) ys
SN, 3l e of51 BFGF chale
o
= Y0+
g
= Y
&
= V0
Q
g
o

+h +/0h £ h Y¥h YAh VY h

GO 55 LESN 3l ek 3151 b-FGF 256 clald of 405 gai
s

e 52 <U@;u YY/Y £ 0/Y 35 5305 O gl 5O
AVe £ 8Y & Cele YY 3 EGF Ol (Vs sad) il
sdkalie Ol 00 VL 8 ey o 2 e 5o 0 S 555
4 by e TRG-Biehle iy (Y Jlssed) sl ol
¥/ 0T Ole 5 LEU 8 O geesls 53 51 aw gl el YY
bFGF Ol e (7 Jls sad) el 2d oo 53 0 S 5L WY £
A e 52 0 S S YRV VY g cell XY (b

ol iz 3 pmtilin (slafslon 25 Ol oo 0
Sk
sl il stiasolis Wd s 5SS Olsne oy 2
Sl S sy felge ST a5y sk
Ssl s 53 Ladsle Al Ol o 2y &S 5k
3o e la YE b s eSO sleas aliT sl e

PDGF-AB (ng/ml)

\id

TFG-B (ng/ml)

SN 5l ek of31 PDGF clals

iifann

¢h

]

*h

+/0h

LESM 5l ok 3151 PDGF 56 cdals 1) s ol
alises slaobe) s

SN 3l ek of31 TGF -p clals

i

~h +/0h £ h

GO 55 LS 3l el 3131 TGF-B ,4S6 chals ¥ 15 ged

53 CD34 5 CD45 alos 5 g silon slad b o
OLES 1y (YA CIYIA) e 5 o Ol Lad b ol

(Y JQ)J\JJUJ

Jlas clacaSSU i odid ST sy folse Olpme izt
fould
PDGF (bFGF « EGF « TGF-B)A_i, |lse Ol
N lad o Sl el ag SO U5 5l el (AB
LV Gy b calse slaobe 5o il a0 5O 5 b gls
Sl g w4 odel s 4 glaesls LS (g Se51l
TGF- 3 PDGF-AB J_; el Ol s .Lleds 0Ly SD =
Syd> 53 gesss YU S CObL g 5 Ly 55 B
SEGF ai; Jelse Ol ol 1) oo 2 55 0 S50
Wl A n 2 3 0 S8 35 53 5 03 ol FGF
Jsl sl s 4 b5y o PDGF 5515 Ol o 5L



AA ;_)L'I..»-U LY AJLQ‘:L?AJJQ

<

Q9.

U LS |y ol kS (85550 i 31 Jammn ol
iz glad e A Ol slme Bl 5 Sl
Sl 5 S Al el ge )l 3 edd esls LS
VY 7 o Dlag 3 (Gl 5 5o 3 il
JANCESEVAVSREIV SV IRP VISPV PR | 5 INUWINCIVCI POV A 7
ARV/AE-RVALWPERYAZE VA SEATE VA R I/ J= VA | M

Bl e SEE Y T E O

D st 4 ontilie (slof sl plod ULy L]
L sue 55 atin 53 Sds 4o 4S5 il gl sk

Sl S, L s g 4 S 1,8 Ol el 4 s
3 Sl oS el 3 50 3 Sy s cplidl oolians]
g (YA JS0)s 5 oS5l S5s » GHre pols maad
O e il edanolis 5blaud JSIT g5l o0k
(FC )5 sl las sadshor 53 w5l opl clad

e
3

03 Lad g sluas a8l Ol ae Al sdalive O sl 5T
5 250 glallas 5l iy gl ime Hsb o Ol
S Sl S5 P'Y 0 Sl 503)(P< /0 0)3 5 J 1S & sl
o=l 53 35,8 o 0L OD Cem s Wad ko Ay Ol s
50D il iy Lad o sliss s a Gyl
53 0l asls IS antilse slad sk il o il

S pled

Control
@p$ B Vh  $h Yfh YAR VYh
Clizes ol 53 Ad, g, eSB

v\n:l) J“}G)ﬂ’); w.:—:-;‘}‘ ‘Sud}lm MJ b‘}:ﬁ 0 J‘A"a.;
it Olelu b ook 13T SN

Sl lad o 03, 4 ool 3o slad sh ples ¥ IS

pled slad g s g Cute (€) JBUd ST 5 (A) 55 ool 65l Ky b oMy il oo 43 05 0305 lad ol po slad ghoo
(50 X oS, 5)D, B)kis g e (50K y 55,8 4 S 45 ails

4z odd o3ls plad peniilze slad g . S Ad; sla, g6 ) g 53 Sl genl slad g 03, 4 el e slad g s o IS
Sty 93 A 4y S 45 0k 03l pled glad g i3 g9 Cute (C) 3Ll HIISIT 5 (A) 55 oLl il (5001 K5 b oDl gitand o
(Fr X 2ldiS 5D, B)dis g &

\A



O 5 o313l ol S5

srtilie 53k Slad s 2les 5 50 (SO IS A8, else A

as al sl gladsha jocnl Ol gaal 6l SHke

by e S ) 5 el (slad sl plod

S S LS B A £) IS 5 S 4k Oles
(SEMDedys 8 oSl Jlw als s 51 55 S
2 als ol ot  ad e 8 e edaline
sl Sl 3bls ST C b ) 2 s il S
Ay Jolss ssa 55 5 Ceils ol 55 3 bd e
£ AV UL 350 55 o350 clad Ol ol SO
Al o Are

e
L il ooln slad o ol aalllas s ‘
Lae 53 5 A0 S e Ol ial e 4 5ed 31 i ge
oS3l (S48 oS ke L DMEM)Clis oiS
S 5 IS S A Jelse sl T 5 Sl
Lo 53 53 eld I eniilse lad sho . idiio3ls
3035 Sl ped ladsho 4 and (5515855 ST
cladsl o as sl olis b il PG S el
13 Ol gl ke 4yl SheddlE T iS5
35 CDI105 5 CD90  CDI66 «€D44 L_» S Lo
2 Ladsn ol 5l 5 5SS S s 0T osdle
PPV O YR WA - PN S B PP
5Bl S s e Belse cnl Sl 5o ad sl
i B e 0T e el

bt S50 B SN edd I il e gl d s
S S b s da s cos e slad sl &
3 ol 3 sdel s 4y 5 lie S cpl A
dlv 5 OLLSen 5 sy aalllas alexr 5l Sl
(ol e glad o Aol )by (Y))o g YooY
o3bil Ly Jsl 5Ly 51 g s (o 58 smsl (oo 2
S ol OlES s b g el g regulasls 25
5 CDY0 « CD166 « CD44 sLa S Lo slls bad s oy
@ ol Aies CD4S 5 CD34 sla Sb 136 5 CDI0S
Il 3 OLan 5 pod go alos Sl (s plo i U

YA

Yoo bp—

\e+ bp—

Y Y Y ¥ oo 7Y

3 (B-actin) ST L 5 (OCN) o sl 05 Ol 1 0 JK3
ol slad s

(DNA size Marker 100bp) J I 40 035 asL3 Sl (V)
!

ol glad g 55 1) S sl 5 pS1l 05 Ole (YY)
s e QLS 4l ples

o glad s 55 1) fpedS gl (Sl 05 O (05F)
s e LS P 23> 53 asl pls

ol ad sk 55 1 S gl 5 STy 035 Ol (V9)
s e OLE SN s, sl S sl s Bl U

__... = ,:‘l_, :
Ry

(A, BYXI 5 5 5 ol

sl sl i o condlio sladsl plad ooy
O L
AU 555 ol Lo 5l S85, 51 ol ks
sladslu nla fosily o saasolis sLlis
sxa 3 Sl glad v G ailse
(F JS8) b e SO A sla, 551

O ol il st glis La g5l S5 s
ey il glad s 4 panilie lad sl 5l

NG



AA QLL.«;U gY G)LQ.:J‘?G)}J

<

Of‘—.{ﬁw: L

s ) SN A Jelse 3l ST sl 4l
A5 szl ol 5 L

A YV O s SLiss ) aasdlae ST s
e = e S I3 g e (T000 OS5
53 Ll V)l o sslizad YU Codlad Ol e b (5l
Sl esliul aS cmul sl 6sls OLis Laaallhe =
ol oy e Sladl Glandly Sledd agd ey S
o s Al g Sl Sl Sl el (g Sl
SO sy el sl el 55 e 55 b
Sl Sl 5 ns 5 5 aallls nl 53 33 8 s
S O Il Oljs 0352 Sl oo S A3 g
Loy el oo o Sl (Ol (a5 4o
N 5 A Sl ey 22,5 SO A bl 5l
Ol e ‘m.»_LSj e = b cble sleslaul L
Cilises gLadlaey o3 5O Wi, sl ge g5l
Ol gme A oy 1V sy 51 eslizad b O gl 5T
Ol SOl el Y5 s T5ST SO sy el se
SN Ay el ge (3Ll ity 3 ol Ak
Olgae a8 ol Js e 4y L Olej 5l b Ll 5 00
O W JHRUPU IR« RCHIPI W § S >
o=l oml s e szl s gl a8 slassS ]
oo Sl (S Ol L2085 damaS el ol g
0 0l plonil (glaanlllan ST s 253 a0l Ol 2alS
J=lse e Sl ol ) aabics s ol
Ol 551 Olas 5 LSy il slias ¢ SO A
A Rt SR

L EGF 5 b-FGF 45 »ls olis c,l_:.: Laasllas ;s
SN U5 U mle s ledly s oS o ble
Olsen (ke 0 0,5 55 25 3 RO ) s
0595 gl ys adlke I ;3 BFGF (5L S50
o Cela VY 51 ey Sl 50 S 5 (08 Ol SO
352 slaasdllas 53 gl dowy 555 Ol ST~
oS 5 e 5 YL bl 5l aS K sls Ol
bFGF (s3Lw 5131 35 eslizad SO 0¥ 5l S5 6l 5
S lachile oS oK s s e 5l e

4 bFGF (¢ 3L s3] gl oalizul V"_"'LS 9 oS-

va

511, CD105 5 CD166 « CD44 sl S,ls oS Yo+
B s el ool lad sho odd UL sla S
Ul e sbie 4 (M)l Cllas (s g ab S
sy 53 eeilye glad e dad o pl g5 les
sladsho 4 5 Lad osls CiS sl gla, 4SU
iy Ladl plas a4kl pled by
o3l ot s 51 S5 ) et sl slad sl
Lags el SO b s eslizal 36Lind JISUT 5 5,
o dhe 5550 2 adshe (nl Rl g0l
ol by ol plalinglad s b alin (g5l K 5
)35 Yoo8 Jla s 5L
9 =SS sl s 4B 8 O o saardlas ST s
p— oS 53 et slad s LS
A adlle ol b (VY YY) ul ol eslanad s
Shets sl as, Jelse 51 Sl o il s
Ladslo a5 51 s 4 Jolse (nl A eslinal S
iy ol ye S 0T gl 53 5 s S Cyles
ol st g aslllas ) 3 sls aalsl s s
o=l 534S s S eslixad MTT bl 5l adsle A
Db oo O OD s Wadle iy Olpee 2alosl
(Lad shw sld) A2y ity Wad b L) Ol oo i 2
© bandlas ST 55 .ol dalys 55l 55 alesT OD
MTT ilel 5l lad sl diy Ol e o 5 5 baie
S e Sl 5l aS sls (FF) el 0l sslizd
ol s Sy g SLa SOl 55 gd eslinad SO 5l oo
ot 331 sy ol g lipd b oodS 5 a5 Lo
Colg o el 3 55250 olie ol a4 SO
Lo ol Sad sk 2S5 5 A, Rl
Seds 13T dsy alse dwy e 3 4 s s o
slaadlas il ails p 3l i 50 SO
3= lemadly Sl eslial 4 alesls OLES (g3dae
Shedis sl s, Joalse 5 odd 3 oSO oS
@l slad g 55 5 i) 5l Coles e (2S00
JEES RN RN (VA /A £ RPN R [
Ay Joolss (3l 3T (gl S Sl glaanlllas
ol o3 S e eslinal 3o sbessl i, 51 SO



O 5 o313l ol S5

ol ool glad g plad 5 2S5 5 S S Ad, Jelge S

33 0L S GL:" (o L@L:.} ol 48 A esls
Slaasllas mls b Jy (F)cls cilas Yoo s L
Gt gl | il Sillas YooV Jla s 1 a6
SN Ay Jelse 48 55 opl 5 Sl edd 518
2 el glad b sl 5 pled Al e
a3V Al (P 55 od Dlid = oS slace s
534S ol adlas OV Guisa )l &S Sl S
Sodd oy 5 I VIVO laes )5 A (‘lq;,\qm‘SJa.?u
555 andllas 53 Ol .ol ol eslizul g5 4 PRP
IS Sl = (S5 s Sla s, Sl eslil L
ol bl sla by S 5 53 Ao sladl s
slaasl U aalles ool b osdle 4 3,55 edalie
Coillas Yoo A Jla s (LS 5 o sl lS anlllas
SO 5 a8 wisls Ol s Sl s ol .l
G el slad e 2l 5 2SS B e
(¥0)s5 5 4

e agd ol m b ol s s S
o3 s OF 1 edle g Wl OlaSIaal 5101 gl
A O el bl 53 (SO Sl A
S 5 sl nl 4 S s 5 Bl KU L
b e sl C},b ol OIS

S ol i
1S Cd S5 ) o S Sl pee
Lo 3 p e 8L Ol o L (SO S5 Jlge
L2 gl b ol e Joalse ol 3 ped S
2Ll edle 4 sl o ol b candilne slad s
a5 e ol s il slad gher S35 i
ummwnﬁg@u.gﬁ&am}&y
ps S ealel Oy elilpe (ool lad sk S
Sladshe Ol o oy onl 3 5 005 p Ol Sl

e Sy g gl psY

ol 53 BEGF (s3Lusl3l s o ls (FA) Il s b
Il Ol 0350 b s 0 Y| 5 anlllas
L s sobe andlls dilen 3 asdllas ol 3 35 cpuves 5
5> PDGF 5 TGF A%, Lalse Ol3e g s aslllas
s3d 530350 Vo S U5 S8 b 5 Ll
53 el 5 6l LA PO e s ij;u
SO Ly el 5l andlae al bl 53 Yee? JLs
andl oS s S eslinal el b g d e 5SS )y
osba Sle e ol by 4 S &) o anlllae o
ol 53T g ol pe 51L(F )i Gl Jasme 51 JulS
sladslan 25 50 Ol oS ool 2 osdle S,
7 Sgeesagled b 015 o 0 S oslial ol
Ws gaseiie ol aallae 5 3ls 5l LOT s 3
Sladhon ;50 o LS a8 S A2 Jelse &S
SUl5 Jolse ol s o3 Ak (st il e
& sk cpl 5358 0 B el ladshu e
o=l CL“’ Al e pled el gl gladshe & o9
o3 3 YoV dle 55 S 555 glaaddllas i b anlllas
5 S g 48 gladlas 5 (Y OF))dls il
aS Al esls OLi (3 8 Ly YooY Jle s 0L
Slad s ;55 Ol (SO A, Jalse ) gl
Olses 8l o ol 0l (Jo Bl (Rl 81 el o
sl glad dw i penilie glad s 2l
LFY) s
S 35 Lasie (S Al elge i aalllas b
Lad dew 5l Ol ,28lS 3 PDGF-AB lsee il
5l s PDGF-AB 0150 45 ol 4 a5 Lol 550
gl clelo o Can Sl YF Sl 4 050l ST
b e Rl Sos gla )5S e 5 b e RS
adllas ool 5o ad sk les Rl Gl (s Kl o
s e el glad b sl s 3L
sl 5 ClS Slaed - S (G an Sl (S5



AA QLL.«;U ‘\’ A)La.:ac9c)}:

Oft—.{ﬂwi L

10

11

13

15-

16-

References :

Marx RE. Platelet-rich plasma (PRP): What is PRP and
what is not PRP? Implant Dentistry 2001; 4: 225-8.
Green DM, Klink B. Platelet gel as an intraoperatively
procured platelet-based alternative to fibrin glue. Plast
reconstruct Surg 1998; 101(4): 1161-2.

Anitua E, Andia I, Ardanza B, Nurden P, Nurden AT.
Autologous platelets as a source of proteins for healing
and tissue regeneration. Thromb Haemost 2001; 91(1):
4-15.

Risau w, Drexler H, Mironov V. platelet derived
growth factor is angiogenic in vivo. Growth factors
1992; 7: 261-6.

Arpornmaeklong P, Kochel M. Depprich R, Kubler
NR, Wurzler KK. Influence of platelet rich plasma
(PRP) on osteogenic differentiation of rat bone marrow
stromal cells. Int J Oral Maxillofac Surg 2004; 33: 60-
70.

Kilian O, Flesch I, Wenisch S, Taborski B, Jork A,
Schnettler R, et al. Effect of platelet growth factors on
human Mesenchymal stem cells and human endothelial
cells in vitro. Eur J Med Res 2004; 9: 337-44.

Romin M, Declerin J, Heymanin D, Deschamps C,
Passuti N. Usefulness of combining platelets with bone
marrow cells on ceramic bone substitutes materials. J
of bone and joint surgery 2004; 86: 47-8.

Doucet C, Ernou I, Zhang Y, Begot L, Holy X. Platelet
lysates promotes mesenchymal stem cell expansion: A
safety substitute for animal serum in cell-based therapy
applications. J cell physiol 2005; 205(2): 228-36.
Pittenger MF, Mackay AM, Beck SC. Multilinecage

potential of adult human mesenchymal stem cells.
Sciencel999; 284: 143-7.

Jiang Y, Jahagirdar BN, Reinhardt RL, Shwartz RE,
Keene CD, Catherine M, et al. . Pluripotency. of
mesenchymal stem cells derived from adult marrow.
Nature 2002; 418: 41-9.

Kopen GC, Prockop DJ, Phinney DG. Marrow stromal
cells migrate throughout forebrain and cerebellum, and
they differentiate into astrocytes after injection into
neonatal mouse brains. Proc Natl Acad Sci USA 1999;
69: 10711-6.

in 't Anker PS, Noort WA, Scherjon SA, Kleijburg-van
der Keur C, Kruisselbrink AB, van Bezooijen RL, et al.
Mesenchymal stem cells in° human second-trimester
bone marrow, liver, lung, and spleen exhibit a similar
immunophenotype but a heterogeneous multilineage
differentiation potential. Haematologica 2003; 88(8):
845-52.

Friedenstein AJ, Piatezky-shapiro II, Petrakova KV.
Osteogenesis in transplants of bone marrow. J Embryol
Exp Morphol 1996; 16: 381-90.

Hu y, Lia L, Wang Q, Ma G, Jiang X, Zhao RC.
Isolation and identification of mesenchymal stem cells
from human fetal pancreas. J Lab Clin Med 2003; 141:
342-9.

Romaniv YA, Svintsitskaya VA, Smirnov VN.
Searching for alternative sources as postnatal human
mesenchymal stem cell: candidate MSC-like cells from
umbilical cord. Stem Cells 2003; 21: 105-10.

Gronthos S, Zannettino AC, Hay DJ, Stephen E, paul
J, selley J. Molecular and cellular characterization of

M

17-

18-

19-

20

21

22

23=

25

26-

27-

30

31-

32-

highly purified stromal stems derived from human
bone marrow. J Cell Sci 2003; 116: 1827-35.

Dennis JE, Carbillt JP, Caplan Al, Charbord P. The
STRO-1+marrow cell population is multipotential.
Cells Tissues Organs 2002; 170: 73-82.

Cognet PA, Minguell JJ. Phenotypical and functional
properties of human bone marrow mesenchymal
progenitor cells. J Cell Physiol 1999; 181: 67-73.
Boiret N, Rapatel C, Veyrat-Masson R, Boisgard S,
Berger MG. Characterization of non expanded
mesenchymal progenitor cells from normal adult
human bone marrow. Exp Hematol 2005; 33: 219-25.
Baddoo M, Hill K, Wilkinson R, Gaupp D, Hughes C,
Kopen GC, et al. Characterization of mesenchymal
stem cells isolated from murine bone marrow by
negative selection.J:Cell Biochem 2003; 89: 1235-49.
Wexler SA, Donaldson C, Denning-Kendall P, Rice C,
Bradley B, Hows JM.. Adult bone marrow is a rich
source of human mesenchymal stem cells but umbilical
cord and-mobilized adult blood are not. J Haematol
2003;121(2): 368-74.

George J; kuboki Y, miyata T. Differentiation of
mesenchymal © stem cells into osteoblasts on
honeycomb  collagen scaffolds. Biotechnol Bioeng.
2006; 95(3): 404-11

Kraus KH, Head CK. Mesenchymal stem cells and
bone regeneration. Veterinary surgery 2006; 35: 232-
42.

Crovetti G, Martinelli G, Issi M, Barone M, Guizzardi
M, Campanati B. Platelet gel for healing cutaneous
chronic wounds. Transfusion and Apheresis Science
2004; 30: 145-51.

Leitner GC, gruber R, Neumuller J. Platelet content
and growth factor release in platelet rich plasma: a
comparison of four different systems. Vox sanguinis
2006; 91: 135-9.

Zimmermann R, Arnold D, Strasser E. sample
preparation technique and white cell content influence
the detectable levels of growth factors in platelet
concentrates. Vox Sang 2003; 85: 283-9.

Tsai MS, Lee JL, Chang YJ, Hwang SH. Isolation of
human multipotent mesenchymal stem cells from
second-trimester amniotic fluid using a novel two-stage
culture protocol. Human reproduction 2004; 19: 1450-
56.

Sottile V, Halleux C, Bassilana F, Keller H, Seuwen K.
Stem cell characteristics of human trabecular bone-
derived cells. Bone 2002; 30: 699-704.

Bonab MM, Alimoghaddam K, Talebian F, Ghaffari
SH, Ghavamzadeh A, Nikbin B. Aging of
mesenchymal stem cell in vitro. BMC Cell biology
2006; 7: 14.

Friedman MS, Long MW, Hankenson KD. Osteogenic
differentiation of human mesenchymal stem cells is
regulated by bone morphogenetic protein-6. J Cell
Biochem 2006; 98: 538-54.

Lin Y, Liu L, Li Z, Qiao J, Wu L, Tang W, et al.
Pluripotency potential of human adipose-derived stem
cells marked with exgogenous green fluorescent
protein. Mol Cell Biochem 2006; 291(1-2):1-10.
BD Biosciences. Available from:
http://www.bdbiosciences.com.

URL:



O 5 o313l ol S5 ol @by ad o b 5 iSO J A Jelse A

33- Meuleman N, Tondreau T, Delforge A, Dejeneffe M,
Massy M, Libertalis M, et al. Human marrow
mesenchymal stem cell culture: serum free medium
allows better expansion than classical MEM medium. J 40

factor levels in platelet-rich plasma and correlation
with donor age, sex, and platelet count. J
Craniomaxillifac Surg 2002; 30: 97-102.

Valeri R, Saleem B, Rango G. Release of platelet

Haematol 2006; 76(4): 309-16.

Krasna M, Domanovic D, Tomsic A, Svajger U, Jeras
M. platelet gel stimulates proliferation of human
dermal fibroblasts in vitro. Acta Dermatoven APA

derived growth factors and proliferation of fibroblasts
in the release from platelets stored in the liquid state at
22 C after stimulation with agonists. Transfusion 2006;
46(2): 225-9.

2007; 16: 105-10. 41- Cardiovascular perfusion forum. Availavle at : URL:
35- Kazemnejad S, Allameh A, Gharehbaghian A, hp://WWW Perfusion.com/cgi-bin/absolutenm.
Soleimani M, Amirizadeh N, Jazayeri M. Efficient 42- Gruber R, Karreth F, Kandler B, Fuerst G, Rot A,

replacing of fetal bovine serum with human platelet
releasate during propagation and differentiation of
human bone-marrow-derived mesenchymal stem cells
to functional hepatocyte-like cells. Vox Sang 2008;
95(2): 149-58.

Kocaoemer A, Kern S, Kluter H, Bieback K. Human
AB serum and thrombin-activated platelet rich plasma
are suitable alternatives to fetal calf serum for
expansion of mesenchymal stem cells from adipose
tissue. Stem cells 2007; 25: 1270-8.

Wrotniak M, Bielecki T, Gazdzik TS. Current opinion
about using the platelet-rich gel in orthopaedics and
trauma surgery. Ortop Traumatol Rehabil 2007; 9(3):
227-38.

Martineu I, Lacoste E, Gagnon G. Effects of calcium
and thrombin on growth factor release from platelet
concentrates: Kinetics and regulation of endothelial cell
proliferation. Biomaterial 2004; 25: 4489-502.

39- Weibrich G, Kleis W, Hafner G, Hitzler WE. Growth

Fischer MB, et al. Platelet released supernatants
increase migration and proliferation and decrease
osteogenic differentiation of bone marrow derived
mesenchymal progenitor cells under in vitro
conditions. J Platelet 2004; 15(1): 29-35.

Kasten P, Vogel J, Luginbiihl R, Niemeyer P, Weiss S,
Schneider S, ef al. Influence of platelet rich plasma on
osteogenic differentiation of mesenchymal stem cells
and ectopic. bone formation in calcium phosphate
ceramics. Cell Tissue Organs 2006; 183(2): 68-79.
Tamura K, Sato S, Kishida M, Asano S, Murai M, Ito
K: The use of porous beta-Tricalcium Phosphate
Blocks 'with Platelet-Rich plasma as an only Bone graft
biomaterial. J Periodontol 2007; 78(2): 315-21.
Kawasumi M, Kitoh H, Siwicka KA, Ishiguro N. The
effect of the platelet concentration in platelet-rich
plasma gel on the regeneration of bone. J of Bone and
joint surgery 2008; 9(7): 966-972.



<

/\/\QLL@UJA)M‘?A)}: u S

Effect of growth factors of platelet gel on proliferation and

differentiation of mesenchymal stem cells
Amani M."(MS), Amirizadeh N."(PhD) , Soleimani M.”(PhD), Malekan H.’(PhD),
Habibi Roudkenar M. (PhD), Bashtar M.*(BS)
!Iranian Blood Ti ransfusion Organization, Research Center, Tehran, Iran
’Tarbiat Modarres University, Faculty of Medicine, Tehran, Iran
SAtieh Hospital, Orthopedic Department, Tehran, Iran
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Abstract

Background and Objectives

Mesenchymal stem cells (MSCs) are bone marrow populating cells, which posses an extensive
proliferation potential. In isolation and expansion protocols for clinical scale production of
MSCs, fetal bovine serum (FBS) is used as a supplement with potential risk for infections as
well as immunological reactions. Autologous platelet gel is made from. a.natural component of
the patient’s own blood. Activated platelets release growth factors are mitogenic for MSCs. In
vitro studies have indicated that concentration of growth factor varies according to platelet
concentration, methods of preparation and mechanism of platelet growth factors release. The
aim of our study was to investigate the effect of platelet growth factors on the proliferation and
differentiation of human mesenchymal stem cells.

Materials and Methods

Mononuclear cells of bone marrow were collected in 10% FBS growth medium. The expanded
cells were characterized by flow cytometric analysis of specific surface antigens. Analysed
markers included CD45, CD34, CD166, CD105; CD90, and CD44. The gel is formed by
adding calcium and thrombin to platelet rich plasma (PRP). Treated PRP was incubated for 30
min, 6,24,48 and 72 hours in incubator. Growth factors concentrations in supernatants were
determined by ELISA. Human mesenchymal stem cells were cultured in the complete medium
that supplemented with 10% FBS orPlatelet growth factors for 8 days. The rate of
proliferation was evaluated by MTT assay. Expanded cells were seeded on calcium phosphate
scaffold. Cells growth and morphology on scaffold were analyzed by SEM.

Results

Isolation and expansion of MSCs in the complete medium supplemented with platelet growth
factors were successful and morphology of cells was compatible with that of FBS. Cells were
highly positive for CD90, CD166, CD44 and CD105 and negative for CD34, CD45. There was
no significant difference between expression of markers on cells expanded with platelet growth
factors and FBS::We demonstrated that platelet growth factors provide a significantly higher
proliferative effect on MSCs than those of FBS. MSCs cultured in the presence of growth
factors maintain their osteogenic differentiation properties. Osteogenic differentiation was
indicated by deposition of mineralized matrix stained with Alizarin red and increased
expression alkaline phosphates.

Conclusions

Platelet growth factors can be used in place of FBS to provide a safer and more effective
culture condition to expand MSC for clinical purposes. MSCs cultured in the presence of
platelet growth factors maintain their osteogenic properties.
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