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Study of proliferation of chondrocytes co-cultured with platelet rich gel
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Abstract: Objective Preparing platelet rich gel through two-times centrifugal technique and co-culturing chondrocytes with PRG, then
observing the proliferation and gene expression of chondrocytes, in order to provide a favorable way to prepare tissue engineering cartilage.
Methods Centrifugating venous blood of rabbit through two-times centrifugal technique to obtain platelet rich plasma( PRP) ,then detecting
the concentration of various growth factor in PRP. Admixing PRP with chondrocytes of rabbit and activating them with activator. After co-culti-
vation , the proliferation of chondrocytes through MTT method and expression of ACAN, Collagen II and SOX-9 through realtime-PCR were ob-
served,and compared with common cultured chondrocytes. Results The concentrations of PDGF-AB, TGF-g1,IGF-1 and VEGF in PRG
were significantly higher than those in blood (P <0.05). After co-cultivation, the proliferation rate of chondrocytes and the expression of
ACAN, Collagen [I and SOX-9 were significantly higher than that of common cultured chondrocytes( P <0.05). Conclusion Co-culturing
chondrocytes with PRG is able to promote the proliferation and gene expression of chondrocytes. We considered that it is a excellent method to
construct tissue engineering cartilage.

Keywords : platelet rich gel;chondrocytes ;tissue engineering cartilage ; growth factor

ST IR B UL SRR AL, I e
K REEMG AL Z —, i TEE A RBERE
R, RTHEBE TS B TSR Rl R T
WFFER AN R A R AR AT OB A, |
TERRAEAG 3 701X R A8 BEAT St 90T, B 1kt —
BB RIS A, W R E T PR R
Wi HH AR B A AR Z R B, AR
TR K, WA B E ARG TERK#ED,
RO T 2R R T M2 TR SR, 456 40H A
LA TR T2, i 4 TR A R A s =

doi;10. 11659/jjssx. 03E015014
[BEIMEE ] T, E-mail;yxch48@ vip. sina. com
(Wi HEA] 2014-12-16 (f&EIBHA] 2014-12-25

il 4 i 250 TR B B i H L TR, | IR
BEWE (platelet-rich plasma gel, PRG) & it 4F % {ffi F &
ZWHN LRI — o & M IREE R BT B 42 i
BT B v B I/ AR I AR IS I A
T ) B [ 2 BSC ) IS VR 00, AT T GBI it A v e it
/NS RSB AORE A T, 7T ik 22 o v R B2 1) 400 i 2 K
PF, A A R I B2 (TGF-B2) (/M AT A AR
N5 (PDGF) | JB & R LA KA 7~ (IGF) (e kA KA
T BL(TGE-BL) AL P A4 H F (VEGF) 411
XA AR K TR - BE A S0 2 A4 L R A4 L A o
IR AR 6 B W AR . A
FEOT B IR R A, 0T S I/ MREERSE G WL
T I/ N R 2B 200 R 1 4 B B 20 i D B AT



. 388 - BBRFRFRE 20154 24 %

44 J REG ANAT OPER SURG, 2015, Vol. 24, No.4

DU, N R A TR AR AR DT iR SR PR S
1 #¥57F=%

1.1 A
L1 a0 A s 6 4 I , AL (10 000 U/mL 7
FZEM 10 000 U/mL 4555 Z ¥4 W) , DMEM-HG }53:3£,0. 05%
P AR B, EDTA , PBS 28 #higi , MTT, DMSO, 1T R Ji i, — H
WA, 4 BE 10, PDGF-AB 3 7 & (96T) , TGF-B1 i 7 &
(96T) , To/K EAAT , FA 4 L% , IR S B il 3, PCR A,
11,2 SEssh¥) B KEa, W T RS R sy
FEEA AT . A FEUE 5% : SCXK(J7)2012-0007
1.2 SE%dik
1L.2.1 BB o 8 fs 5= B2 AR, RS B
TR HBRHCE , R HCR B, VI 1 mm® KNS B, PBS
ohdk L I AU Dl 37 °CRAL 8 b, i U B0 JE A BYE L, PBS Uk
VULVEANML , B B ML FEFD T 100 mm BEFRILA, & 37 °C .CO,
IRFRH0. 05 A FME S 1 46000 T 5555
1.2.2 FM/MREERCITHI A Pk el R T Ik
I 10 mL, X 200 rpm 50> 10 min, W B 438 _E W B8 AT
3 mm, 25— L0, TS LA 200 rpm FRKES G 10 min, i
AP ELOE R 2 2, I 3/4 LG, RRIRG IR
5], A3 E 6 /R T (PRP) o % PRP FIEIE I (1 000 U 4
ML T 1 mL 10% RS A045) #1810 = 1 LR G RiRE S,
IR E 30 min, ¥ BB .
1.2.3 FAKFEFERURMBBCGAN S EEE N
I /MREE R AE I T i 1 h, LA 3 000 r/min B0 10 min, I HL
SR, DR SR IR A8 1 DR BR A S B AT A5 5 2R K AR
o i ELISA B4 H: th PDGF-AB TGF-B1.IGF-1, VEGF fi4
1.2.4 & il/MREER SHCE MRS 5 3 K
B AHMILL 0. 25% W BRI £k , PBS WE 35 I ACHT BF 35 572 1, 3%
TR AL B, RS VR FE 2 1 x 10°/mL, # PRP &
W MR DL 4 01 LRENR A BB AR G IR AT, 4 IR A0 i Bk
SHER) 10 < 1B F A ), 2 R ERE 30 min BEE N
A 10% it 4R 17 DMEM-HG 7R B85 5%, 452 d 0.
1.2.5 FREEIL  BHInny s /MR EE s g M
B R BRER K R gk, A 1 R B I LA 25 4, B
R AU MOTE & I/ DR EEIE o3 A I B o
1.2.6  MTT JEf s AMusg g st K28 3 10E 4l
I I/ MRS ISR 4 ML A2 AR A3 ) 4 i 2 96 FLAR , T % 5%
B 0.1.3.5.7 d 43 HIBCH AR 43 AR A, MTT 5 40 35 40 i, Tl BEK 4
PRSI 2 490 nm WROGEEME (A {H) o
1.2.7  realtime-PCR J7 32 kil 4 By 4t i 56 K] 3% 3K 1% 1 #
Kig® T d (1) PRl SRR 20 LR & /DN S M 45 3 ) i A
MiIAT realtime-PCR 52 [0 , Ko i 4B 200 PN 25, 10 R0 | T 24 e Do
SOX-9 FH MY FIAE I o
1.3 “%itso#

SR SPSS 16. 0 4% it 15 504k i 47 88 i+ 3, R

LSD-t ¥ 55, P <0.05 N ZF AA G2,
2 HR

2.1 5 D ARER IR K AR S AR
i1 Lendersberg 1 250 il 45 () & 1L /N I3 28 3 385 375 1)
PRI R A A VI (L 1)

B HOEERFRESHNES LR
2.2 FhREIR EBUR T A A KB TR
3T 3ot o L/ B A A TR 2 A e R T T A
e e TR T o 4 o v A K R T v B
B RGO (P<0.05) , WFE 1,
1 BEMMED/MURRSERKETRENLE

PDGF-AB TGF-1 IGF-1 VEGF
A RKET
(pg/mL) (pg/mL) (ng/ml) (pg/mL)
gl 43.29£13.26 54.23+12.17 12.33+2.43 112.82:12.54

B IS 267.38 +£14.21 351.03 +11.15 92.35 £12.51 387.23 £15.39

2.3 F MBS AR e S AL R

7 ML /INHBE IS % 5 R 0 L 02 4 R 2 T AR AR A
HMUSTTHIBEGIEL (E 2) , 1T LI 27 BEI N 4544 2 241 4
LR SLARRPIREE Y , PR 54 LR EAR RN, A K
T AU E TS A SLBR . BRI Z AN R AT K A 1R
U= wvat < W o1 BUARA S e e O

2 EMUERESRBEMEREERE
2.4t BB IR F AR e st R e I 5 A
T Ao % 36 5 R AR AN RN 5 /MR B RS R A B R Y
BB AN MEAEST MTT 34t oA & 30, Bl 5 35 R i R A K,
TINS5 A 4B A L B S R I T R SR A3 R R ), B




AMFREFRE 20154 24 % 4l

J REG ANAT OPER SURG, 2015, Vol. 24, No. 4 . 389 -

] FL A2 S BAT et 22 L (P <0.05) ([&13) .

1.4 7
1.2 1
E 1.0
§ 0.8
4 4 N )
S S
0.4 1 ~5 4 PRG #E 4
0.2 1
0 - : T T T ; !
0 1 3 5 7

Fr IR [a)/d

3 REHEMMAEIETE MTT 4
2.5 RRAMBATHRE w0 B Ed b
YE59E 7 d JG AR CE 4T realtime-PCR #0 , 45 5
R 5 R M/IMREEIR A I R AR 1 RO T R
1 SOX-9 e PN & 1K 15 83 15 I 00 A AR EU D S L9, 25 S A
GEHFEE (P <0.05) ([ 4) , SEHBIBRIT L 2.
x2 EEASIMET
5191751

1F 4% : CACCCCGAGAATCAAATGG
XM_002723376

H 4P 5y 51 2

EHEE
2 M4 : GTTGGGCAGCGAGACCTT

, 1F X %% : GGCTCCCAGAACATCACCTAC
1T 7Y it NM_001195671

S 4% : CAGTCTTGCCCCACTTACCG

1F X 4 : CCAGGTGCTCAAGGGCTACG
SOX9 XM_002719499

% Lk : CGGGTGGTCTTTCTTGTGCTG

%A B-actin - 1F X4 : CATCCACGAGACCACCTTCA

; XR_085044
(LOC100348739) 7 4 . CGTGCTCCTGCTTGCTGA
87 o AR 41
g ] = 514 PRG #CH 410
W g
% 5
z 4]
£ 3
K 2
o1
0
EAERE TRKE  SOX-9
FHIEFER
B4 HEBMEMEEXEREN
3 i

B I/ VBRI 2 A 305 R A R 3 2 i /A
FURLAE D, 6 2 b i v A K R T 1 o SR PR
Sk, HeAr AR 22 R EL A 08 0 2 200 M 8 B A R R R IR
SrIBEIYET, i TGF-B .PDGF \VEGF \bFGF 4%, &
ML/ IR s 2L AR TR R B B KR T R A
A 1E PRG £7 4k 5 118 22350 4% i (4 Bt %, TR RE 25
i S R e 4 0 R, 33 48 4 i PR 7 400 A 0 B
Sk TR M B 20 M PR G R R A B R L B AR

P m T2 T AEAE, PRG 0] IR #E4K
T M PR B, % 2 400 M AR L B (ECM) (i ik,
Horpogh B 35 8 B BRI A R & SOX9 [y #
¢[4-5,8-12] .

PRG 7% B P 345 44 B BR 5 A1 24 T B 48, T 4 1451
UiE I IR B S FCE RS , i TR 40
H BB e e , BT Ak 9 BR 8 5T TG 78 43 9 I 9
HERL S AR, B CE B fE B IRIE R AR R
PRG H oy 21 4 25 1110 23 6] 7 A 235 4 % o 4 E 1) 40 i
R, 2L 20 T A U8 40 B LA i 7 AR 1 5 4%
o FEFL= 4k RARZEH v, 0 200 M A6 o5 v 11 40 i
DR F BRI, 7853 M) FH 23 [ 0 34 R A 400 B8 R 36 o
Horh TGF-B 2 B 41 25014 12 2 B3 200 435 8 0 26 5
SRR AT 9 A 2% 20 M P, R TR AR E ECM R R
J, bR T ISR T B S #e ik S IGF W]
A SR 33 2B 400 R 8 5 A ECML 4 1%, 9 FL A1 TGF-
FEAE R Y 5 T FGF F1 PDGF R kLA
WAEFN Kato 252 BN R, A 177E FGF I A
B (o 295400 O 0 B o o P A 2 5 L B —
FRCET Y20 M 5243 Ak R SRR R 3 5 AR S B F 5 &
I, B L/ RE A S IR & S R s BT
T SRS B S0 A U 4B 200 Y ) 34 3, 0 B 4 MO R 5
L T AR5 2 1 BB\ SOX-9 ikt Tk

i3 % PRG (L4 2 Mg & B, PRG i IfiL /MR 7E
BRI LT A B2 v o A 1 ) HLAE 4 S, R /MR A
BRI T 4 2 18] 5 W 04 40 A DX 822 31, [] i) PRP 75
5T 20 FE SR ST I A AT T R o8 T 400
FE PRG oA 34757 A1 Rifi A 10/ INH I8 k7 A K 368 1 21
Y (R, A PR 1T LSRR R E SRS R, e —
S ST A 5 Je S 20 TR 7 B s, ol HL e
20 L PR B R K AR R RE A S B K v ] ik
B 400 A 0 3 200 O R 1 P ol T A5 A 5 Y 20
DR S, b A 00 L P 8 B 2 IR AR T R A%
7

L LTI e R I /IR R I Ay LR TR
B, A LVTFE A QAL B b, B i K
Hh, TE S S T LR B S A R @ e
THFEE M, I RS WER e, W
RO AR M I A R 3, IR EU B R R B B
1) ; QPRG [ = 2 57 1A 23 [) 45 44 2 200 4 B R 4 A K
R IFFER A, AT 68 45 7t 240 [0 A1 1 A 4 e 2 T 20015 4 i
JELER, O HLA ) 20 AR BT 75 138 52 0 B 8 A
PR =R HE 20 7 8 I S 2 P T L AR A R
P A s @R F & I/ IR EE IS R S48, v IAE IR 2 5



. 390 - HBEFRFRE 20154 H24 %

Yo

il

4 4

J REG ANAT OPER SURG, 2015, Vol. 24, No.4

AT , L R b oa] LR IBOR) #8755 19 7 U
25, BN T8

BRAE AIF S 3 3 b 0L DA I e A A PR B
T AL A T A T B 7 A B, AR TR P BRI
AT AR R R A A B, 3 A0 A A R ik K
RO A MR IR L A B AR
2R e TR B A R PR R = RS A R B AN SRR Y

FFEARDHGE o A SEERHS & I/ IMRBE I 5 B A0 52
BRSNS, AT e i A 200 R 4 i R T
P8, [ i MR B e = 4k 2 () 2548 W] kg 0 A
AR SR S G 14 25 ], 8 % 0 SR 4 M PR A
INFEST, e ik n] 3 i /R SR FL BT AR 1 ik
— R CE M A KA S LB R M A B BAR,
HA TR AR MR TR
[ &% 30K ]

[1] Amy DB,May JR,Helene S. SPARC-null mice exhibit accelerated cuta-
neous wound closure[ J]. J Histochem & Cytochem,2002,50(1) :1 -
10.
Marx RE. Platelet-rich plasma; evidence to support its use[ J]. J Oral
Maxillofac Surg,2004,62(8) :489 —496.
Fortier LA , Barker JU , Strauss EJ , et al. The role of growth factors in car-
tilage repair[ J]. Clin Orthop Relat Res,2011,469(10) ;2706 -2715.
Mishra A, Tummala P, King A, et al. Buffered platelet-rich plasma en-
hances mesenchymal stem cell proliferation and chondrogenic differenti-
ation[ J]. Tissue Eng Part C Methods,2009,15(3) ;431 —435.
Sun Y,Feng Y,Zhang CQ,et al. The regenerative effect of platelet-rich
plasma on healing in large osteochondral defects[ J]. Int Orthop,2010,
34(4) .589 -597.
Vinatier C,Mrugala D, Jorgensen C, et al. Cartilage engineering:a cruci-
al combination of cells, biomaterial and biofactors[ J ]. Trends Biotechn-
0l,2009,27(5) :307 -314.
Freyria AM, Mallein-Gerin F. Chondrocytes or adult stem cells for carti-
lage repair; the indisputable role of growth factors|[ J]. Injury, 2011,
43(3) :259 -265.
Akeda K, An HS, Okuma M, et al. Platelet-rich plasma stimulates por-
cine articular chondrocyte proliferation and matrix biosynthesis[ J]. Os-
teoarthritis Cartilage ,2006,14 (12) ;1272 —1280.
Spreafico A, Chellini F, Frediani B, et al. Biochemical investigation of
the effects of human platelet releasates on human articular chondro
cytes[ J].J Cell Biochem,2009,108(5) :1153 - 1165.
[10] Kim HY,Park JH,Han YS, et al. The effect of platelet-rich plasma on

flap survival in random extension of an axial pattern flap in rab

bits[ J]. Plast Reconstr Surg,2013,132(1) ;85 -92.
[11] Park SI,Lee HR,Kim S, et al. Time-sequential modulation in expres-

sion of growth factors from platelet-rich plasma ( PRP) on the chondro-

[12

[

[13

[

[14]

[15]

[16]

[17]

[18

[

[19]

[20]

[21]

[22]

(23]

[24]

cyte cultures[ J]. Mol Cell Biochem,2012,361(1-2):9 —17.
Drengk A,Zapf A,Sturmer EK, et al. Influence of platelet-rich plasma
on chondrogenic differentiation and proliferation of chondrocytes and
mesenchymal stem cells [ J]. Cells Tissues Organs, 2009, 189 (5) .
317 -326.

Park JS,Shim MS,Shim SH,et al. Chondrogenicpotential of stem cells
derived from amniotic fluid, adipose tissue, or bonemarrow encapsula-
ted in fibrin gels containing TGF-b3[ J]. Biomaterials,2011,32(32) .
8139 -8149.

Jonitz A, Lochner K, Tischer T, et al. TGF-B1 and IGF-1 influence the
re-differentiation capacity of human chondrocytes in 3D pellet cultures
in relation to different oxygen concentrations[ J]. Int J Mol Med,2012,
30(6) :666 —672.

Lee CH,Cook JL,Mendelson A, et al. Regeneration of thearticular sur-
face of the rabbit synovial joint by cell homing: a proof of concept
study[ J]. Lancet,2010,376(9739) :440 —443.

Longobardi L, ORear L, Aakula S, et al. Effect of IGF-I in the chondro-
genesis of bone marrow mesenchymal stem cells in the presence or ab-
sence of TGF-beta signaling[ J]. J Bone Miner Res,2006,21 (4):
626 - 636.

Chen Y,Ke J,Long X, et al. Insulin-like growth factor-1 boosts the de-
veloping process of condylar hyperplasia by stimulating chondrocytes
proliferation[ J]. Osteoarthritis Cartilage,2012,20(4) :279 —-287.
Schmidt MB, Chen EH, Lynch SE. A review of the effects of insulin-
like growthfactor and platelet derived growth factor on in vivo cartilage
healing andrepair[ J ]. Osteoarthritis Cartilage , 2006, 14 (5) : 403 —
412.

Stewart AA, Byron CR, Pondenis H, et al. Effect of fibroblast growth-
factor-2 on equine mesenchymal stem cell monolayer expansion and
chondrogenesis[ J]. Am J Vet Res,2007,68(9) :941 —915.

Kato Y, Lwamoto M. Fibroblast growth factor is an inhibitor of chondro-
cyte terminal differentiation[ J]. J Biol Chem,1990,265(10) :5903 —
5909.

Kang YH,Jeon SH,Park JY et al. Platelet-rich fibrin is a bioscaffold
and reservoir of growth factors for tissue regeneration[ J]. Tissue Eng
Part A,2011,17(3 -4) .532 —553.

Drengk A,Zapf A,Stiirmer EK et al. Influence of platelet-rich plasma
on chondrogenic differentiation and proliferation of chondrocytes and
mesenchymal stem cells [ J]. Cells Tissues Organs,2009,189 (5) .
317 -326.

Park SI,Lee HR,Kim S, et al. Time-sequential modulation in expres-
sion of growth factors from platelet-rich plasma ( PRP) on the chondro-
cyte cultures[ J]. Mol Cell Biochem,2012,361(1 -2):9 —17.

Akeda K,An HS,Okuma M,et al. Platelet-rich plasma stimulates por-
cine articular chondrocyte proliferation and matrix biosynthesis[ J . Os-

teoarthritis Cartilage,2006,14(12) ;1272 —1280.
(%4 #)



