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ABSTRACT Objective:To investigate the effect of autologous platelet rich fibrin (PRF) on chondrogenic differentiation of rabbit
bone marrow mesenchymal stem cells (BMSCs) in vitro. Methods: Blood extracted from rabbit's heart was used to prepare PRF, and the
ultrastructure of PRF was observed by electron microscope. BMSCs were isolated and cultured ex vivo. BMSCs at passage 3 were
divided into three groups: PRF group, positive control group and blank control group. After 2 weeks of culture, the morphology of cells in
each group were observed by phase-contrast microscope, the phenotype was identified with toluidine blue staining and collagen Il
immunocytochemistry, and the gene expression levels of collagen type II, Aggrecan, SOX 9 were detected by Real-time PCR. Results:
Phase-contrast microscope showed that inducing BMSCs of PRF group and positive control group grew form long spindle to triangle,
polygon, and circle. The toluidine blue staining and collagen Il immunocytochemistry of two groups were positive, gene expression
levels of collagen type II, Aggrecan, and SOX 9 were high, there was no statistical difference between two groups. However, cells in the
control group were not detected these changes. Conclusion: PRF could promote chondrogenic differentiation of BMSCs in vitro. It can be
used as autologous biological materials, and it will play an important role in constructing tissue engineering cartilage.
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HiEr %) PRF 755 BMSCs BUCH - L IR 5T i 20 A 5056 i
TEWFFE F 44 PRF XHASNEE % 1) fie BMSCs BUAKCE 4 bR, Ay
PRF i JH F4HA TR B IR BRI

1 AR

1.1 SEIEH#Y

L1.1 FERF a4 13% (FBS) DMEM gk 35 #:( Gibeo,
USA), ik A K K F -B3(TGF-B3 )(Peprotech, USA), 2 i &5
2% - BRI 4R (ITS Premix ) (BD, Franklin Lakes, USA ),
FEANN HEAEF CONEIRREN IR HER - BEEE M
LM AR (MTT) , —H 2L (DMSO) | JBE7E [ ( Sigma, US-
A), T BY it J BA 57 414 (433 120; Invitrogen, USA) , FH1 R, 1gG
SP A7 & (SP-9002) \DAB 7| & (ZLI1-9032, Jb 5 142 )

112 EENE  MAEHEIRF (Nuair, USA), {5 H WM
(Nikon, Japan ), 5 i i S 318 2 5t (Olympus, Japan ) , $9 5
F1, - i f3k% ( Hitachi, S-3400N, Japan) ,

1.1.3 L8 zh¥  3-4 Ave 2 aifh kAt 4 H, /K 2.0-3.0
kg, FH AR DU 2 P R 22 S i sh i b 443t R ATHIE S - SCXK (%)
2006-001, Wa A J5 7™ 42 it ) 53350 i S50 sh ) 4 B O 2 il
B ST Bh AR 77 S A EATAR AR 37 3 8o SISt s R A B
AEE S WU B AR TR 2% S50 3h ) A SERILE

1.2 XWHE

1.2.1 % BMSCs 12EVG#EFREL  2.0~2.5 kg Hi74 ~2 K 1 AR
JEEE TSI G b, RS & 5 JEEE T, SR
BRI ICE 46 2 mL, 400 B TR %L 10 %FBS 11
DMEM §: 334 (BB EMEEHE XS 100 U/ml), TG S
T 25 mL BURHESE, BT 37 C .5 %CO, W2 MIE 465 .
HE 348 BMSCs #5H].

1.2.2 PRF ##%& R B H BMSCs J5 , T 22 .o Bk 36 1

U B D, 70 ME Bk R I I A SRR i 20 mL, Ky
MR C -1 A Zb A G2 P A AH [R] 10 mL B3 T0 i 25 048
£5.0>(3000 r/min. 10 min) , #5810 min J5 32 W, BOH ]
B3, B BRELT ERLL A ML Fr )=, BRI 3K A5 PRF $EME, LI TC IR 20
A5t 5 il PRE o

123 PFBEARARBIME KB ff PRF FRALL 2.5 %0 4
C 7 4 h, 1 %R 2 1~2 h, B CREIK , O BE ST IR 5+
Pefis (AR 1:1)IR AR AR AR 30 min, P FH 200 % 5 1 Al A
P 1~2 h, CO, I 5 T 45 , 4 25 IS BE B Hitachi S-3400N
R ST RERIR

124 BSMCs BB HESHE MR 3 18 BMSCs 4% 4l iy 2%
BES 4% 10¥mL 70T A S 30 S fLA D dk2e 5557 24 h
Jei L AL =2 25 W BRI 77 10 %FBS ) DMEM 5
FRW s PRE A PRF I i B2 75 10 %FBS (1) DMEM K532 ;
FHPEXT HRALIMA & 10 %FBS M ALACE 559 (DMEM B: 3%
R A 107 mol/L #h 2€ K ¥4 .50 pg/mL4E 4= % C .10 ng/mL
TGF-B3.40 pg/mLf4 R . 100 pg/mLpyERER 4 .50 mg/mL ITS
Premix ),

125 RERBEELE FIRIMES 21 d FEBAIME R 47
FH R i e € 0 T 008 D A 38 2 AL G 6T, LRSI 40 e i 2
SHABIE DL

1.2.6 RT-PCR #&3 %S 21 d 5, WA A B 30 b 4,
Ko i I %Y K J5 | Aggrecan .SOX9 ) mRNA % ik . 1 ##
GeneBank /A 17 99 11 B 5 Aggrecan . SOX9cDNA F#51 , %
H Primier 5.0 121151751, 311 NCBI #1f) Blast #2747
TZBR P SUARLL: LU | R e 3 BT (3R 1) RNA BYERER%
Trizol B 156 3347, F Trizol 377 4b 345 21 i) BMSCs, $2 X
YL RNA B 500ng I Fisi 57, Bl i% s A9 81 1) cDNA R
F] TAKARA 2x DYBR Premix DimerEvaser 3+ & Wik & , ¥
% FURL A ABIPRISM 7500 72 it PCR {X, 4 F 91 4
34 .95C 5 min, #R)54 95 C 155,60 C 60 5,45 MEH . LA
GADPH £ 218, A LightCycler Software Ver.4.0 7347 H B9
AR R IR K,

1 519t
Table I Primer Disign

Gene Forward primer sequence Reverse primer sequence
GAPDH 5'-TCGTCCTCCTCTGGTGCTCT -3' 5'-CCACTTTGTGAAGCTCATTTCCT -3'
COL-II 5'-TATCCAGTAGTCACCGCTCTTCC -3' 5'-ACGCTCAAGTCCCTCAACAAC -3'
Aggrecan 5'-CAATGATGGCGCTGTTCTGT -3' 5"TGGAGGTCGTGGTGAAAGG -3'
SOX9 5'-GGCTCCGACACCGAGAATAC -3' 5-TGTCCTCTTCGCTCTCCTTCTT -3'

1.2.7 SHE0H RSN it b, Br
A B HEHR A SPASS Statistics 13.0 FF0 4T, 452 Z IR 1P
PIHCE RT3 SNK-q K56, P<0.05 g I ) 22 55 A S 12

%SLO
2 R

2.1 PRF X7

MRS O 532 = )2, A3 Bt/ MR LR )22 | /AR
SRR LLAAREE )R PRE BB AR RIR, RGN,
Bk sy, BA BRI RIBITE . 22T 20 A0 £ T e, TR I
Jr (UL 1)

1 PRF XEHE
Fig. 1 Gross appearance of the PRF
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2.2 PRF {4ty

PRF i KAk Y 2 2k 8 11 SR ATV g A 22 LA ST AR AR 25
g, i/ VB B SR A D AL BETERS B T 2R 4 8 ] DL
— S 20 R A R (AL 2)

[E 2 PRF 3 HEERE

Fig. 2 Scanning Electron microscope of PRF

2.3 BMSCs R BB SES

%5 3 1% BMSCs AL 5], KRTE , HES K%, el
Mo PRF HLETREFE 8d  FHEXT R 6d J5IF4A 7T W& 40
Ji, ARIEAE S =B 2 ML BUE , B 155 B B AR
TEANZ A L, R . = MR AR 2, A R 4R K, 8
R CBAREE T
24 REBLEER

PRF ZH 1 BT B ZH A B i e (0 m DL B A 2 4R i
AMARSLT R, BB A0 M P S 40 R A 4R 0 S gL R
(UL 3) 5 T0 2 Jg Jor G 3 £ €00 o] AL 60 200 2 R o e
PR €6, 2000 5 PN AT UL/ B (O, MR ., (L
Rl 4)25 % B G (a2 T B

A B

& 3 BRI E APRF 4; BAMEXTERA
Fig. 3 Toluidine blue staining. A. PRF group;

B. The positive control group

A B

B4 1B ERE AN R E APRF 4H; BRI RA
Fig.4 Type II collagen immunohistochemical staining. A. PRF group; B.

The positive control group

2.5 RT-PCR £ 8

%55 21d JF M2 RT-PCR ¥4 )5 , 25 [ 5% B2 v 1T %5
JBE I Aggrecan .SOX9 FE[K FRiE7KF-AEH K, 1 PRF ZH Fnxt IR
i =L RSB B R, s R = F RS E
S 5),

c5

2 El The blank control group
84 B PRF group

§ @ The positive control group
@ 3

<

Z

£ 2

ey

2

[

X o

COoL-ll SOX9 Aggrecan

B 5 RT-PCR #ill& 48 I BIR R . B A RIEM SOX 9 HERIX
Fig. 5 mRNA expression of COL- II, Aggrecan, and SOX9 by RT-PCR

3 g

A TRCE I = REZ R QMR AP A K
FF0, BRTRARFMAN &SR 2588 7)) 2N,
R PSR TCIR RS, PRI AR P A b ek ke ik
ZBIBFFE TP, PRE VR —Fh FRAE B ADRL, LU/ NGB
SR, B AR 0 MM 2R A R R R LT 4R R
F LK AN, e 48 e n] Il PRF 2 i £F 4 A E R A4
RGN ZFLIET HE R EEAE , 10N R 1 240 D0 25 78 AR 2544
1, 3% 5 Dohan SEPHACH PRF S22 AR I EE S —HF A 2
UG 7 I ET 4R 1 PR IS5 R ARAT 1Y o £ 4R 1 7T e
BCE ARG A, B AR B BT S 5 4, PR R A Y T
SAYE A AR PRI A 2 TR B AR S S 2R e
12N N 2 MR BT A8 TR, B TR S8 A S I Ak
PLIRE ST, It A0,

PRF Hllil/IMIGE T o BEASOR B R s AR K R, 2
ALK AT -B  (Transforming growth factor beta, TGF-B) .
figi 1% 22 FE A= K X F (Insulin-like growth factor, IGF) . Ifil % N {7
H: K AT (Vascular endothelial growth factor, VEGF) . Ifil /M £i7
Az 4 K Rl (Platelet derived growth factor, PDGF) | il{ 2T 4 4 fifd
H: K [HF (Fibroblast growth factor, FGF) . & fz 4= { [K 1 (Epi-
dermal growth factor, EGF )1 BMSCs [i1] 8¢ 4 e oAk i) ot 72
A7 BFHSCAE A R REIR P BRI BT DL R SE R S50 22 TR 2R 1Y) 1k
AR Hrp AR R R B VR A A R R AR B A B 3 G
AIVEI o Leah SN TGF-B RJ {2 FE 55240 43 G A AR A 5
Fi5ri, 55 BMSCs [mHCE 4ok, 48 iR it
JE o Balcom SE"WAN IGF 5 TGF- e b FHIR BA PRI,
RETE A (R SRBCER B A BB A RN 90 B B BT 40 o VEGF B Wil 2542
HEMAEFEAE X T8C8 4000 A FE AR EH R A8 SR B 3 B
YEFA™, FGF 5 PDGF R it & (2 s 50 B 4 5324 3450 , e i 4K
B AN A AR 20, IS A 320, PRE & /)
M Z R e BE B AR A B, AR TR L 315 4R Y IE L BB
5, BA BARM I REH B — 1R K R 1555 BMSCs [a] 4k
H AN BCR TS

PRF Ze B K K, AP RIS K T AR IS ], Su 462
fF9¢ & B 10 mL IfiL ¥ &5 0 HH B9 PRF ## & 1 /NE 5 PDGF,
TGF-B .VEGF .IGF .EGF Bt 52.37 ng.72.21 ng.1.04 ng.
3.23 ng.249.16 ng; 6 /NI K 29.29 ng .43.06 ng .0.38 ng .
0.18 ng,257.40 ng, He SFPWIF5E 3R], PRF Ho Ak K A1 Bl
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B o ] PR RE TG 23 20 1, AR IR IR BE B R WA 7-14 R
LA B W B (H 28 KRR R A K.
KPR TG R, 5 A M A= A o0 SR 3 N, PRAIE T 4 i
YR AR E 3 R B ) AR A PR BRI b R SE AT AR £ 4R Y
FEFE AR BE TR o
AR5 BMSCs 28 PRF JREA 1597 21d Jo, 0 240 2R 7 4
S E Y, P B R B G 55 2R R B, 487 AR A A
I3 VAR LR 220 s S e 20 A G (25 5 g BH A , R 40 i 55 1A
G WA AR AR PE TT TR Je s [ 45 RT-PCR AGHI FC 1 A
IR FRIBACE, H T B )5t Aggrecan SOX9 = Ffi ik
HREESL ISR, DR SR RS R T IEN] T BMSCs
2 PRF MRAMFE )5 1] LA R8s i, 7555 i i ik
AR AR R RFAIE o
PRF il 2 ] B, AT 25 .00 — U, Jo RROR IR , VR D7 I 1
By RHIAR PR LU & i RS {5 HREEPY, PRF 58
2ok H A AR AR AR AR, i A ik R Al AT ey
PUBER B ARBER] , AR R PR FIE SRR O fE [ , At
DX TE A IR , R R ER il 6 e 2 022 4 R4 i RIS
Hi 5t 12, (0 PRE IAAFAE LN RIS i — DB SEff e - 1. PRE
PR A K R PR AL 1 BSMCs Jl0E b B & T 2 Bl A
BLT 15 A ] 5 2. PR o7 FH P9 die A 18] B 3R g il ok 32 5 3. 1%
N PRF 55 BMSCs k5 W B 52 i il s 2k — 2D H5E
ARSI T A AT /IR T A8 2 1 o 5 5 B ) 72 T 400
W 3L, VL2 MR B 75 S Ry R, 28 ORI i A T
TR IS A e 2 A e €, &% RT-PCR KGR FH G B (K 3 ik
ESZ PRF 7EMASMEESE 1 BSMCs [m) 8B 4l 44k , ARy 2
HATRECEARAE T ol 2% R F AR5 5 i, T — 2
FAPHWFTE PRF HE5 BCMCs (R BS80S, S0k
PR SR I A RICR D HlR R 2 N S A A SR
& % 3¢ @ik (References )
[1] Steinert AF, Ghivizzani SC, Rethwilm A, et al. Major biological
obstacles for persistent cell-based regeneration of articular cartilage
[J]. Arthritis Res Ther, 2007, 9(3): 213
[2] Meinel L, Hofmann S, Karageorgiou V, et al. Engineering
cartilage-like tissue using human mesenchymal stem cells and silk
protein scaffolds[J]. Biotechnol Bioeng, 2004, 88(3): 379-391
[3] Getgood A, Brooks R, Fortier L, et al. Articular cartilage tissue
engineering: today's research, tomorrow's practice? [J]. J Bone Joint
Surg Br, 2009, 91(5): 565-576
[4] fkns, BAE A AFREFGCLPOMXAT D] BEEHFLE,
2008, 29(4):264-266
Zhang Peng, Dai Ke-rong. The relative factors in the repair of
articular cartilage[J]. Inter J Orthop, 2008, 29(4): 264-266
[5] Dohan DM, Choukroun J, Diss A, et al. Platelet-rich fibrin (PRF): a
second-generation platelet concentrate. Part II: platelet-related
biologic features [J]. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod, 2006, 101(3): e45-¢50
[6] Lundquist R, Holmstrom K, Clausen C, et al. Characteristics of an
autologous leukocyte and platelet-rich fibrin patch intended for the
treatment of recalcitrant wounds [J]. Wound Repair Regen, 2013, 21
(1): 66-76
[7] DaH, Jia SJ, Meng GL, et al. The impact of compact layer in biphasic
scaffold on osteochondral tissue engineering [J]. PLoS One, 2013, 8
(1): 54838
[8] Vinatier C, Mrugala D, Jorgensen C, et al. Cartilage engineering: a
crucial combination of cells, biomaterials and biofactors [J]. Trends
Biotechnol, 2009, 27(5): 307-314

[9] Xie X, Wang Y, Zhao C, et al. Comparative evaluation of MSCs from
bone marrow and adipose tissue seeded in PRP-derived scaffold for
cartilage regeneration[J]. Biomaterials, 2012, 33(29): 7008-7018

[10] Diss A, Dohan DM, Mouhyi J, et al. Osteotome sinus floor elevation
using Choukroun's platelet-rich fibrin as grafting material: a 1-year
prospective pilot study with microthreaded implants [J]. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod, 2008, 105(5): 572-579

[11] Neovius EB, Kratz G. Tissue engineering by cocultivating human
elastic chondrocytes and keratinocytes [J]. Tissue Eng, 2003, 9(2): 36
5-369

[12] Taguchi T, Saito H, Iwasashi M, et al. Development of a novel glue
consisting of naturally-derived biomolecules: citric acid and human
serum albumin[J]. J Nanosci Nanotechnol, 2007, 7(3): 742-747

[13] Haleem AM, Singergy AA, Sabry D, et al. The Clinical Use of
Human Culture-Expanded Autologous Bone Marrow Mesenchymal
Stem Cells Transplanted on Platelet-Rich Fibrin Glue in the
Treatment of Articular Cartilage Defects: A Pilot Study and
Preliminary Results[J]. Cartilage, 2010, 1(4): 253-261

[14] Stafford GH, Bunn JR, Villar RN. Arthroscopic repair of delaminated
acetabular articular cartilage using fibrin adhesive. Results at one to
three years[J]. Hip Int, 2011, 21(6): 744-750

[15] Naik B, Karunakar P, Jayadev M, et al. Role of Platelet rich fibrin in
wound healing: A critical review[J]. J Conserv Dent, 2013, 16(4): 284
-293

[16] Bielecki T, Dohan ED. Leukocyte- and platelet-rich Plasma (L-PRP)
/fibrin (L-PRF) in medicine past, present, future [J]. Curr Pharm
Biotechnol, 2012, 13(7): i-ii

[17] Leah E. Osteoarthritis: TGF-beta overload at bones of cartilage
degeneration[J]. Nat Rev Rheumatol, 2013, 9(7): 382

[18] Balcom NT, Berg-Johansen B, Dills KJ, et al. In vitro articular
cartilage growth with sequential application of IGF-1 and TGF-betal
enhances volumetric growth and maintains compressive properties
[J]. J Biomech Eng, 2012, 134(3): 31001

[19] Wilson JJ, Rabago DP, Lee KS, et al. Platelet-rich plasma treatment
for lateral epicondylitis: letter to the editor[J]. Am J Sports Med, 2013

,41(7): 33-35
[20] Cleary MA, van Osch GJ, Brama PA, et al. FGF, TGFbeta and Wnt
crosstalk: embryonic to in vitro cartilage development from

mesenchymal stem cells [J]. J Tissue Eng Regen Med, 2013 Apr 11.
doi: 10.1002/term.1744. [Epub ahead of print]

[21] Schmidt MB, Chen EH, Lynch SE. A review of the effects of
insulin-like growth factor and platelet derived growth factor on in
vivo cartilage healing and repair [J]. Osteoarthritis Cartilage, 2006, 14
(5): 403412

[22] Su CY, Kuo YP, Tseng YH, et al. In vitro release of growth factors
from platelet-rich fibrin (PRF): a proposal to optimize the clinical
applications of PRF [J]. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod, 2009, 108(1): 56-61

[23] He L, Lin Y, Hu X, et al. A comparative study of platelet-rich fibrin
(PRF) and platelet-rich plasma (PRP) on the effect of proliferation
and differentiation of rat osteoblasts in vitro [J]. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod, 2009, 108(5): 707-713

[24] Naik B, Karunakar P, Jayadev M, et al. Role of Platelet rich fibrin in
wound healing: A critical review [J]. J Conserv Dent, 2013, 16(4): 28
4-293

[25] O'Connell SM. Safety issues associated with platelet-rich fibrin me-
thod[J]. Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 2007, 10
3(5): 587, 587-593



