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(Real-time PCR) Real-time polymerase chain reaction

B a3 g8

Col lI-F CTGGTGATGATGGTGAAG

Col lI-R CCTGGATAACCTCTGTGA

Agre-F GTGGGACTGAAGTTCTTG

Agre-R GTTGTCATGGTCTGAAGTT
GAPDH-F AAGCTCATTTCCTGGTATG
GAPDH-R CTTCCTCTTGTGCTCTTG

Col X-F AGAATCCATCTGAGAATATGC

Col X-R AGAATCCATCTGAGAATATGC

F: Forward; R: Revers; Col Il: Type Il Collagen; &g
Aggrecan; Col X: Type X Collagen; GAPDH: Glycerdigde
3-phosphate dehydrogenase

335 sk s &) KOIMOGOrov-Smirnov ;51 |

One-way ANOVA Lad o5l 5l bsesls 2JGT (gl 5 dlaesls i

e = s (Least significant differenoe.SD post hoc;
A3 8 eslizul (SPSS Inc., Chicago, ISPSS Ll

asy
by sladsle 55 5 &l o)y
O oSl s st MTT Jshms Sl oslinad Jiis &
Lal el ial58l |y G g, kS 4 45l 55L5 ADSCS sl 5 LG

(P> '/'()')J_.i.'ua.li.: dall njﬁb_unjﬁwdjb&u C)}Lfﬁ

(Y )52

Vs - MMT
ERYVARE
e
]
g
_(-5 /N A
o
8
<

A

ol 0,5 T P TP

3 (4,5-dimethylthiazol-2-yl){ MTT BB sl ¥ S
candllas 3,90 sbaoy S 5 [2,5-diphenyltetrazolium-bromide
AJ'-ﬁ 3979 Jals 5_9; la \Aa}; C)’l‘ O d)'é_;'du Q‘guﬁ
(P> /00
T:TGF{; P: Piascledine; TP: TGPz + piascledine

i slad sl 333550 @l 5 TGFPL 5 cpalSialyy 586

(DMSO) Dimethyl sulfoxide, =y S ¥rr 5 a s el

0 el 3 Sds an 5 Jos S wlsl Lacsal 4 (Sigma)
3 s S Ve gl o esls 13 BT gles 5 (SO
Sog— 2 Ole 5 Jie oS 42 c ks (Sl
(Hyperion MPR4 .&_..s L, (OD L Optical density
s (Enzyme-linked immunosorbent ass&} ISA Reader
IS0l A as gl o gl kil 2L OV e b
(Yo-Y1) &b 8 &) 50 (Triplicate)
Real-time polymerase chain reactich . el i,
ols sl ¢l Real-time PCR 5, ;i :(Real-time PCR
A oolinl By b Sehs S Sl Sad S e 4 b e S80S
A esls s ined PBSL lu 3T b s 1ol VY 355 53
S b 5V gn ks 00 (Dl T (slady (S 2 g <
<ol (Merck) .o JS a5 /4 5 (Sharlad as ;s V0
By 3 e \Yor DBl 5 ad8s ) Sdeay Jools Jgoue 5 3 S
i3S 55k Al
S LURNA e e ol s
O3 esliul 5,5 (Qiagen, Cat. No. 7410RNeasy mini kit
Sl esleul L (cDNA) Complementary DNA—=__.. .a__s §
RevertAid" First Strand cDNA synthesis KOligo sLa .
wdd ml AW RNA 25 S Ve a8 i 5 ol 4 el plol
inhibitoOligo <3, <)
triphosphate

[Ribonuclease
w__ﬂ 5 (dNTP) Deoxynucleoside
arl. gLaCDNA =5 4l .o, LS « Reverstanscriptase
au Ve s Vo ANTP 25 S Y/0 Ol 4 V0 X buffer oo
s Rprimer =), SV Ol 5s o FPrimer 2 S 2 /0 5l
s S ¥ Olpn s st 463 DNA (58505 il S ) Ol
dd H20; ,=J; S +/0 0l <= Tag polymerase enzyme
ey 2 S YO 4 olg o Bl o233
= Jsl el s ploml a3 00
ids Vo ol an ol 8 sl g4 ,3 40 ks 4 Denaturation
@S0 gl sl S Sl sax,5 40 > Denaturation s gars
5 aidy S gl oS Sl ga s £ sl 3 Annealing
Wl asbsl aids gl ol S sl a5 VY 5 Extension
YY) G388 Djsm at = Yo o el 3 ol IS
Sl el p opl A (Melt curve 3 o< OLL s
o3 e3laal 5y 5 Sl sl (Gann (b HLS 4 O e
s+ Allele ID 7.6 1 ;5le 5 (s .5 ,LS - L (Real-time PCR

WAO g syl Jsl (sain AVF o kel / VP Jlo— Olgiusl (S 55 0dKiils ales \$

WWW.Mmui.ac.ir



Oylsaa g g0usa sula

&

—

S (S5 s Gy pat SIL b S (3L e 3
S Gk Sl s el s el sk i Jeles 5 YL
ol Jshe o Jalad Ol m by e Zepls S5 s
Ay Jalss oS il S5 4 psY 5 S el b 1) 555,48 W g
(YO=Y7) daes (55,5 350,48 Sl g 5
ol oslizul S SUS slacals 51 SKa55,4S pled g
(Fy—an Slaco s Al oLl 5 Coles (S e oS ol
Llod Sl bl aensl St ol a5 5 1,10 5 (85l

SLls 3 b lac il iz ol UK s S5

sl slad sl 335550 @ 5 TGFPL 5 cpalialy 536

Real-time PCR

53 Y ey Ll O35S 05 ol &S sls oLis Real-time PCP@L;;
(e o TGF-BLes S s 1 dSl, + TGF-R1s, S
038 L alie 53 op by 055 55 05 cnl Ol 5 212 VY 550>
05 0l (r-a JS5) (P < +/v+1) 54y 41,0 550~ TGF-R1
A5 TOF-Blay, S 5l 208 ol by 05,5 53 X O3S
03,5 53 0L S1 05 0y comman (F-b ISL2) (P> +/000)
Ol 5 A ol o b o8 55b 4 tdSely o5 5 5 TGR-R1
lpos S ol dSuly + TGF-BLey 3 55 05
P< /o)) s 8 min o Wosss padSuls s TGF-R1

(YV=YA) dzeea oS sl B mlae (r—C |<2)
Collagen I Collagen X
. a P
Yo ¥ b
vo -
Yo -
Yoo
V0 o
Yo -
Yo 0 -
Ve o
0 -
l . ]
_ | | .
T P TP T P TP
Aggrecan
AL c
/% A
ALRE
L
/X0
YA
VAL RS
N A
/e 4

T

P TP

23Ge XY 54, 53 (0) O 31 5 () X u3ds (@ 1l o3 05 ¢l » (Real-time PCR) Real-time polymerase chain reactiorbt:; At
JCH A VY PUY PP O (JO - I <P
5 oSl 05 8 e (D) .l Sl sme BNt a4 G 035 4w 2 1@ (P < /o)) el KK Ll S bl 0o g5 Sl ime (Sokins OLES sk Cudls
Sl s gme 3058 3 LTGFPL 5 - udSuly 05,5 oot :(C) conl ls gme o055 50 L TGFP1
TGFPL 5yl b o 03 8 TP TGFPL b o 058 T iptdaly b i 05 5 P

ol 03 Ol s e ges 0L (RQ) Relative quantity

13 WD Cigw sl Il (sain /YVF (o jlads / ¥F Jlo— Olginal (S 5 04Kl aloes

WWW.Mmui.ac.ir



Oylsan g ygouua sula

52 0L 8105 0ly 5 Aibs i TEGRPL syl o35 4
sl S TGRBL (ol 05,5 o o plSly (g5l 05 8
oAl Gy pak 4 plas Sl S a Y ol B
X g5 03I 05 0ls solis lad sk 555,48 Wl Lasl 1 5o L
AT s 4y (S sl 0 w55l 51 B AL ialS

03,5 5305 ol Ol a8 W el Sl gaalllas o
Ol stmmlis Lol 35 TGRPL o5, 5 5l a8 aldSuly
4S5, a4 Ols e XS 1 OIS OIS ST slas
Wl s TGRPL s, bole 51 miy 5 s Sl 536 (o adSaly
S e sl @l e o S8 el ool sladshe
@3l sbadsha 3l 55 padSaly G o seuns 43 2l
S edis ize landles ol sarlllas ol ol Oy b

o ot 4 TGFPL a5 das o 02 Lol candlan (pioman
St 505 OLSG ST 5 11 O3S (sLatss Ol s ptdSly
5311 g5 O39S 05 Olo Olie S (gosb @ sl wadls (5 S
03,5 3l i Y Ol 4 pddSuly o en & TGFBL o5 S
5 e TGFPL (g5l 05 8 5l i 2l VF 5 p Sy (o5l
ol et 4 TGFPL 65,8 55 OLSG S105 Ol Ol cpzean
5 TORPL sloses ;5 51 iy sl 2 VT Ol amy oSl
P U U D e I UGN N A L
ool s L Laasly ol il x2ls TGFBL 3, (S o
() 55l Slgsan O1Kan 5 Altinel

ol piamad (Sl s TGFPL Jsle 55 sl en
i L 5, O abs ol alem X 0558 03 Ol il 58l
s i e A ) S Sy e el 1Y Ol
Ail_e TGFPL 54 5

ol slad sl 45 ©8 F it Ul ol Goio S|
AU e ol T e s s ol Sl e
GLals a8 1l |y placaws, kS & b bl padSuly
S e Ol L O ST S I 65 038 e Slacs s pab (soks
Ay Jolo b amlie 3 (LS oS 5 nl 4 s DL 5

2yl 55,aS W Wy s s e J;‘UTGF-{Sl

G108 g LS
S WL O U PP T E T S 1| Wy iy WOV e | Py [ )
Olgiol Siigy pshe olKails 55 VAFYAY oyl L e (53l
Olgiol Siigy psle ol iy (58 5 Jtass Sislae 5l ol

338 o NSl 2 b ol 3 el 5 Cole

i slad sl 333550 @l 5 TGFPL 5 cpalSialyy 586

b gl ls 3 Kol b 5 seelS s
3l Sl e OG5 e 5l S
3 Ot Smet1s S 5 5l el ol O 55 0T s
5 05 b 3l S yls (YR) ,\_JJ» VI o |
3 Sl a3 (Bl Blodd Sl 505 e b ey 5
o=l B Ll es)ls (638 4 jamie SVl s ool
Ll ol S 5 L i 2 e s Sl ns
Y=Y ) ol 21500 1y Cals oIk Ol 5 e el 3T

S L b slad S 51 L losed sacsilr 51 ety
Lyl s s oy T e L Al e s 4 lags S
J5 el ol T Gbadd 35 a5l 0 o5l
lasdss Jlws Ly sl PH i 56 0F e 5 40 o
Sl sl sl (gl oJ5 el s 5 U e
St ol Bl 31 Ll sl o s 1 L sShe s SLe
Ol et b Cmsls () S 5 L 85 ol 0iSS 5 ins
AV=TY) sl gl of Sless

Sl 5 S 55 L) o ol sl g (15 o
ol Ol any ST s b Sl S5 51 05 o o GlniS
3ol B ad o 55 6l b (5 b ol e

sl add Lpin sl oL ska sMa
=S 5 Cwsyls 51 (BMSC9 Bone marrow stromal cells
S (e 4S5 s LS 5 A0 S esliul ol T o b
s e Rl Joln SO (e 5 s SIS
Sl Gl A5 5 S, dS s05 Ol 5 Sl (ol 3T
() s o Gl e ) g 1y sk 2

S5 s TCFPL (palsuly & Sl ol ganllhs s
S Ol e (Ll Bl B S lases 4w o Lol 93 A
Lol s S ni s slaey S 4 Conmd cp il 05 5 53 s
P> 07000) 555 5l smn (il 5l

W) OSen 5 Shikanovlalles s alis ol Cows 4 o
S5 5 W a5 L ged i Ol 34 (FF) OLKes s Ma 50 5
2d o b a1l Ot d Sl 53 BMSCs

slads Ol ¢l — Real-time PCRUILT « sl Gaiss s
o= 3 e ol sl 61 O ST XS I O3S
b Senls 53 555 VY (b S5 5,08 S b 3 2S5
ol 35 o S5 s TORPL uudSuly sl 53 Sy 3
S s aseie «alg 53 i S 3 Ll sy Bl & se
SISl sl 0,5 53 210 Ol w1l 65 08 05 0L

WAO g syl Jsl (sain AVF o kel / VP Jlo— Olgiusl (S 55 0dKiils ales \£Y

WWW.Mmui.ac.ir



Oylsaa g g0usa sula

References
1.

10.

11.

12.

13.

14.

15.

Hardingham T, Tew S, Murdoch A. Tissue
engineering: Chondrocytes and cartilage. Arthritis
Res 2002; 4(Suppl 3): S63-S68.

Mitchell N, Shepard N. The resurfacing of adult
rabbit articular cartilage by multiple perforations
through the subchondral bone. J Bone Joint Surg Am
1976; 58(2): 230-3.

Mardani M, Hashemibeni B, Ansar MM, Zarkesh
Esfahani SH, Kazemi M, Goharian V, et al.
Comparison between chondrogenic markers of
differentiated chondrocytes from adipose derived
stem cells and articular chondrocytes in vitronld
Basic Med Sci 2013; 16(6): 763-73.

Colter DC, Sekiya I, Prockop DJ. Identification of a
subpopulation of rapidly self-renewing and
multipotential adult stem cells in colonies of huma
marrow stromal cells. Proc Natl Acad Sci USA 2001;
98(14): 7841-5.

Breen A, Dockery P, O'Brien T, Pandit A. Fibrin
scaffold promotes adenoviral gene transfer and
controlled vector delivery. J Biomed Mater Res A
2009; 89(4): 876-84.

Chen G, Ushida T, Tateishi T. A biodegradable
hybrid sponge nested with collagen microsponges. J
Biomed Mater Res 2000; 51(2): 273-9.

Lahiji A, Sohrabi A, Hungerford DS, Frondoza CG.
Chitosan supports the expression of extracelluktrirm
proteins in human osteoblasts and chondrocytes. J
Biomed Mater Res 2000; 51(4): 586-95.

Shikanov A, Xu M, Woodruff TK, Shea LD.
Interpenetrating fibrin-alginate matrices for intrgi
ovarian follicle development. Biomaterials 2009;
30(29): 5476-85.

Zhou H, Xu HH. The fast release of stem cells from
alginate-fibrin microbeads in injectable scaffofds
bone tissue engineering. Biomaterials 2011; 32(30):
7503-13.

Morris VJ. Gelation of polysaccharides. In: Mitdhel
JR, Ledward DA, editors. Functional properties of
food macromolecules. New York, NY: Elsevier;
1986. p. 121-8.

Hashemibeni B, Razavi Sh, Esfandiary E, Karbasi S,
Mardani M, Sadeghi F, et al. Effect of transforming
growth factor-p3 and bone morphogenetic protein-6
growth factors on chondrogenic differentiation of
adipose-derived stem cells in alginate scaffold. J
Isfahan Med Sch 2010; 28(112): 607-20. [In Persian]
Hashemibeni B, Razavi Sh, Esfandiary E, Karbasi S,
Mardani M, Nasresfahani M. Induction of
chondrogenic differentiation of human adipose-
derived stem cells with TGE3 in pellet culture
system. Iran J Basic Med Sci 2008; 11(1): 10-7.
Langer R, Vacanti JP. Tissue engineering. Science
1993; 260(5110): 920-6.

Henrotin YE, Labasse AH, Jaspar JM, de Groote DD,
Zheng SX, Guillou GB, et al. Effects of three
avocado/soybean unsaponifiable  mixtures on
metalloproteinases, cytokines and prostaglandin E2
production by human articular chondrocytes. Clin
Rheumatol 1998; 17(1): 31-9.

Mauviel A, Daireaux M, Hartmann DJ, Galera P,

Y

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

sl slad sl 335550 @ 5 TGFPL 5 cpalialy 536

Loyau G, Pujol JP. Effects of unsaponifiable exsac
of avocado/soy beans (PIAS) on the production of
collagen by cultures of synoviocytes, articular
chondrocytes and skin fibroblasts. Rev Rhum Mal
Osteoartic 1989; 56(2): 207-11. [In French].

Hunter DJ. Pharmacologic therapy for osteoarthritis
the era of disease modification. Nat Rev Rheumatol
2011; 7(1): 13-22.

Sadeghian M, Hashemibeni B, Mardani M, Amirpoor
N, Aliakbari M. Comparing the effect of platelethic
plasma (PRP) and fetal bovine serum (FBS) on
proliferation and survival of adipose-derived stem
cells in fibrin scaffolds J Isfahan Med Sch 2015;
32(317): 2299-2311. [In Persian].

Yang SH, Wu CC, Shih TT, Chen PQ, Lin FH.
Three-dimensional culture of human nucleus
pulposus cells in fibrin clot: Comparisons on deltu
proliferation and matrix synthesis with cells in
alginate. Artif Organs 2008; 32(1): 70-3.

Valiani A, Hashemibeni B, Esfandiary E, Ansar MM,
Kazemi M, Esmaeili N. Study of carbon nano-tubes
effects on the chondrogenesis of human adipose
derived stem cells in alginate scaffold. Int J Pvtad
2014; 5(7): 825-34.

Rowley JA, Madlambayan G, Mooney DJ. Alginate
hydrogels as synthetic extracellular matrix matsria
Biomaterials 1999; 20(1): 45-53. .

Wang ZY, Zhang QZ, Konno M, Saito S. §el
transition of alginate solution by the addition of
various divalent cations: 13C-nmr spectroscopic
study. Biopolymers 1993; 33(4): 703-11.

Esfandiary E, Valiani A, Hashemibeni B, Moradi I,
Narimani M. The evaluation of toxicity of carbon
nanotubes on the human adipose-derived-stem cells
in-vitro. Adv Biomed Res 2014; 3: 40.

Yan J, Dong L, Zhang B, Qi N. Effects of extremely
low-frequency magnetic field on growth and
differentiation of human mesenchymal stem cells.
Electromagn Biol Med 2010; 29(4): 165-76.

Creecy CM, O'Neill CF, Arulanandam BP, Sylvia
VL, Navara CS, Bizios R. Mesenchymal stem cell
osteodifferentiation in response to alternatingteie
current. Tissue Eng Part A 2013; 19(3-4): 467-74.
Ruettger A, Neumann S, Wiederanders B, Huber R.
Comparison of different methods for preparation and
characterization of total RNA from cartilage samples
to uncover osteoarthritis in vivo. BMC Res Notes
2010; 3: 7.

Kuo CK, Li WJ, Mauck RL, Tuan RS. Cartilage
tissue engineering: its potential and uses. CurnOpi
Rheumatol 2006; 18(1): 64-73.

Guilak F, Cohen DM, Estes BT, Gimble JM, Liedtke
W, Chen CS. Control of stem cell fate by physical
interactions with the extracellular matrix. Cell Ste
Cell 2009; 5(1): 17-26.

Yang IH, Kim SH, Kim YH, Sun HJ, Kim SJ, Lee
JW. Comparison of phenotypic characterization
between "alginate bead" and "pellet” culture system
as chondrogenic differentiation models for human
mesenchymal stem cells. Yonsei Med J 2004; 45(5):
891-900.

WA gyl Iyl (gazin MVF (g les / VF Lo — Olgionl S 5 0aSCils dles

WWW.Mmui.ac.ir



Oylsan g ygouua sula

29.Zhao L, Weir MD, Xu HH. An injectable calcium
phosphate-alginate hydrogel-umbilical cord
mesenchymal stem cell paste for bone tissue
engineering. Biomaterials 2010; 31(25): 6502-10.
30.Buser Z, Liu J, Thorne KJ, Coughlin D, Lotz JC.
Inflammatory response of intervertebral disc céls
reduced by fibrin sealant scaffold in vitro. J Ties
Eng Regen Med 2014; 8(1): 77-84.

31.Chien CS, Ho HO, Liang YC, Ko PH, Sheu MT,
Chen CH. Incorporation of exudates of human
platelet-rich fibrin gel in biodegradable fibrin
scaffolds for tissue engineering of cartilage. drded
Mater Res B Appl Biomater 2012; 100(4): 948-55.

32. Stevens MM, Qanadilo HF, Langer R, Prasad S, V. A
rapid-curing alginate gel system: utility in

WAO g syl Jsl (sain AVF o kel / VP Jlo— Olgiusl (S 55 0dKiils ales

33.

34.

35.

i slad sl 333550 @l 5 TGFPL 5 cpalSialyy 586

periosteum-derived cartilage tissue engineering.
Biomaterials 2004; 25(5): 887-94.

Stevens MM, Marini RP, Martin I, Langer R, Prasad
S, V. FGF-2 enhances TGF-betal-induced periosteal
chondrogenesis. J Orthop Res 2004; 22(5): 1114-9.
Ma HL, Hung SC, Lin SY, Chen YL, Lo WH.
Chondrogenesis of human mesenchymal stem cells
encapsulated in alginate beads. J Biomed Mater Res
A 2003; 64(2): 273-81.

Altinel L, Saritas ZK, Kose KC, Pamuk K, Aksoy Y,
Serteser M. Treatment with unsaponifiable extratts
avocado and soybean increases TGF-betal and TGF-
beta2 levels in canine joint fluid. Tohoku J Exp dMe
2007; 211(2): 181-6.

\7¥

WWW.Mmui.ac.ir



Journal of Isfahan Medical School Received: 03.12.201

Vol. 34, No. 373, T Week, May 2016 Accepted: 23.01.201

Comparing the Effects of Transforming Growth Factor Betal (TGF-R1) and
Piascledine on the Expression of Collagen Il, X and Aggrecan Genes in
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Abstract

Background: Cartilage injuries are the leading cause of diggbih the elderly in developed countries. In
addition, articular cartilage has a limited abilityrepair. Current treatment methods for cartilaggue injuries
lead to fibrous tissue formation. Cell therapy isemtment in which stem cells using tissue engingecan be
differentiated into chondrocytes by using growthctées and scaffolds. Since growth factors such as
transforming growth factor betal (TG¥f-leads to hypertrophy of cartilage chondrocytesue and many
scaffolds are weak in terms of mechanics and #gbit is essential to achieve the appropriateffetids and
inducing factors. Studies have shown that fibrigirete scaffold is appropriate in terms of mechalnand
stability and piascledine increases the -cartilage-specificegeexpression. Therefore, in this study the
chondrogenic effect of TGB1 and piascledine on adipose derived stem celfibim alginate scaffold was
compared and evaluated.

Methods: Fat samples were obtained from three persons. Adiplerived stem cells (ADSCs) was extracted
from adipose tissue and proliferated. Then thesagéire transferred to the fibrin alginate scaffaidl the cells
were cultured for 21 days under the influence efitiduction medium. The rate of proliferation amavésal of
cells was evaluated by MTT [3 (4,5-dimethylthia2eid)-2,5-diphenyltetrazolium-bromide] method ahe rate

of gene expression of Aggrecan and Collagen Il énwaas evaluated with Real-time polymerase chaictrea
(Real-Time PCR) method.

Findings: The results showed thatoliferation rate and survival of cells in a fibrlginate scaffold in the group
containing Piascledine increased compared to therajroups, but this increase is not significant (P050).
Also, Piascledine increased collagen Il gene eswas(P < 0.001) and reduced collagen X gene esgjmes
when compared to TGB%.

Conclusion: Piascledine was found as a proper effective indircechondrogenic differentiation of human
adipose derived stem cells cultured in fibrin addénscaffold.
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