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[BE] B - M R A E /M4 (advanced platelet-rich fibrin, A-PRF) 7E-B#EEHAPMEM. Fik - R
HVE LB BE ) FE R T4 (bone-marrow mesenchymal stem cells, BMSCs) FlIE S 55 0 40 g 5 i 1o (0% 53 B0 B U JUE L
WARTE A-PRF, RG24 B MBI W% A-PRF A4 224454 3 ELISA B4 A-PRF W AE KR T, Adf /MR fisA A K H .
HARARKETF-p. B REAAKET . MENEARKE T REAERKE TR 440 K E IR SR HE/FE4 AL
Yuydi B MTT :46: I A-PRF XF 6 BMSCs 2 i # t: K 386 5801 0 i 5l 5 SR FH S 9 ok i 3B B4 S (qRT-PCR) A6l
A-PRF X BMSCs Il BURJEAE . WALE RN MERERET (ALP) FIEF5ER (OCN) JEFEZFREMFENT; f# transwell
/NE I AE A-PRF X} T 4 BMSCs LA 1 41 BT RS B 1 1952 M o 837 S IR G 19 B 300 B UASE Y, o 18 HLA Bl oy Jhy 3 41
A-PRFA (n=6) TEHAIALHIA A-PRF; A-PRF+BMSCs4l (n=6) i AFZFIt BMSCs i A-PRF; XJHRAL (n=6) RNt iiE
AE . R 128585, RABRARE- L (H-E) . HRHE ML O-[F 40 Y (kA TIOCTTARA A B2, A4
ST R ETE B2 S HB 20, RAERECE R P2 (International Cartilage Repair Society, ICRS) P4 RAE 7%
MG LBETE S, G5 - A-PRF HATINVEII M E5 4, T AR B RUE KT o A A-PRF &, AW E) HXf 6 BMSCs
HA MR 7EMA A-PRFJ5 24, 48172 h, BMSCsHISTHRE I B Thm (39.P<0.05), MU AHDCHEERA 1 LR J5i4s
M. RAEETTRNE, DURBE MG ALP R OCN #7582 i (39P<0.05)., A A-PRFJG, % BMSCs 5B 4l T %
i3 R (3.P<0.05), HABMSCsWiEMAE ) 0¥ = FHCHAM (P=0.025), FERMOCTT BB, WE STy
RKIMIEA, W] UL A-PRF 4 A-PRF+BMSCs A G 4 BA MRS, MixS AU SRA L w5 . 7EICRS ZEMIF43Jr 1l , A-PRF
415 A-PRF+BMSCs 411025 S RG24 8 X, (A2 413403 W35 & T X Bl (33 P<0.05) . HZ1% W% R, A-PRF 1M
A-PRF+BMSCs 41 ¥/ A H BB, {0 A-PRF 41HCH T AU, X5 BRZ DN TE UL i 52 . 2 ICRS AL 812 3F 43 J5 1T
A-PRF 415 A-PRF+BMSCs 1 )2 RG24 X, (A2 4T B2 5 TXHRAL (3 P<0.05). 45t - AIKA-PRFEAR
UF AR A 2 HE AN AE E BMSCs IS BET) , ZEMRAMFI A N 5 T A S B ROl T BB 4
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Observation on A-PRF promoting regeneration of osteochondral defects in rabbit
knee joints

ZHU Zeyu, LU Chenggq;i, LIU Xuling, CHEN Yulu, ZOU Derong, LU Jiayu
Department of Stomatology, Shanghai Sixth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200233, China

[Abstract] Objective*To explore the role of advanced platelet-rich fibrin (A-PRF) in osteochondral regeneration. Methods*
Bone-marrow mesenchymal stem cells (BMSCs) and knee joint chondrocytes were obtained from New Zealand rabbits. A-PRF was
obtained by low-speed centrifugation of the heart blood of rabbits. The histological structure of A-PRF was observed by an optical
microscope. The release of growth factors in A-PRF was detected by ELISA, including platelet-derived growth factor, transforming
growth factor-f, insulin-like growth factor, vascular endothelial growth factor, epidermal growth factor and fibroblast growth factor.
A-PRF's cytotoxicity and capability for promoting the proliferation of rabbit BMSCs were detected by live/dead double staining and
MTT methods. The effect of A-PRF on the gene expression of type I collagen, aggrecan, alkaline phosphatase (4LP) and
osteocalcin (OCN) in rabbit BMSCs was detected by real-time fluorescence quantitative polymerase chain reaction (qQRT-PCR).
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Transwell chambers were used to determine the effect of A-PRF on the migration ability of rabbit BMSCs and the chondrocytes.
Rabbit knee osteochondral defect models were established, and 18 rabbits were randomly divided into 3 groups. The A-PRF group
(n=6) was implanted with A-PRF in the defect, the A-PRF+BMSCs group (n=6) was implanted with rabbit BMSCs on A-PRF, and
the control group (n=6) did not undergo implantation. The rabbits were sacrificed 12 weeks after surgery and the knee joint
specimens were stained with hematoxylin-eosin (H-E), toluidine blue and safranin O/fast green. Based on the surface morphology
and histology of the knee joints, the International Cartilage Repair Society (ICRS) scoring system was used for macroscopic and
histological scoring. Results* A-PRF had a loose network structure and can slowly release growth factors. No cytotoxicity to rabbit
BMSCs was observed after adding A-PRF, and the the capability for promoting the proliferation of rabbit BMSCs was significantly
increased at 24, 48 and 72 h after adding A-PRF (all P<0.05). Chondrogenesis-related gene Il collagen and aggrecan, as well as
osteogenesis-related genes ALP and OCN were significantly up-regulated (all P<0.05). After adding A-PRF, the migration abilities
of rabbit BMSCs and chondrocytes were significantly enhanced (both P<0.05), and the migration ability of rabbit BMSCs was
significantly higher than that of chondrocytes (P=0.025). The joint surface morphology in the rabbit knee joint defect models was
observed. It can be seen that the defects in the A-PRF group and the A-PRF+BMSCs group were basically restored, while the the
defects in the control group were only covered by soft tissue. In the ICRS macroscopic score, there was no statistical difference
between the A-PRF group and the A-PRF+BMSCs group, but the scores of the two groups were all significantly higher than those of
the control group (all P<0.05). According to the histological results, both the A-PRF group and the A-PRF+BMSCs group formed
osteochondral repair, but the cartilage in the A-PRF group was more mature, while the control group formed fibrous repair. In the
ICRS histological score, there was no statistical difference between the A-PRF group and the A-PRF+BMSCs group, but the scores
of both the groups were significantly higher than those of the control group (both P<0.05). Conclusion - Autologous A-PRF has good
biocompatibility and the capability for promoting the proliferation of BMSCs. It can promote the repair of cartilage and subchondral bone
both in vitro and in vivo.
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/ML (platelet-rich plasma, PRP) J&— 7 M IfiL
Hhr ORI R AP 4R R e, IR A S 2R B 5
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PRP [y 3LAE |, dE—a9mEss 7 R, O BT
BE] B e A S ST AT A A, AT DL A
PRA Il AR & LM ETF 4 (platelet-rich fibrin,
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PRF 9 11 SRR 20 i S0 3% A At B IF B AE i &
LT T S B A 0 T LA R W R s B[]
¥ PRF # — 25181 Jhy okt BB & 25 /MR 1 £F 4 28 1
(advanced platelet-rich fibrin, A-PRF)., 5 PRF#lL,
A-PRF A& B Z A4 K7 10

A-PRF &7 K& Y £F4E 8 1 DL AORIE T i/l Fl
2R Z R A 7 S A R -, g il T AR
KT (platelet-derived growth factor, PDGF) ., %
L4 K A F-B (transforming growth factor-p, TGF-
B). Wi FEFAKFEF (insulin-like growth factor,
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growth factor, VEGF) ., £ &4 K KH F (epidermal
growth factor, EGF) HI i 2F 4 48 ff /E K A+
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AP ISR AN M T RE , (R A 1 2R T R SRR
MG, JERIFLANM o> 248518 . ILAh, A-PRF#EHR
P TERN B 254, BT 2 LR 4ERIER, Jf HH
WEAE LSRN R, R 7 Bk A s . fE %
PR AR AL MR . — e 5E (Y KB, 5 PRP A
PRF Ml [, A-PRF B 2 A KK ¥, $#25
A-PRF J&:—Fai K B 50CE ANMA 223 S40 8050, T
A R 2 B ) AR S AR5 T 8] . A-PRF iR 3 58 40 Y
MIERCRE ST, XPiaE. Hfk . AR FERAFER IR Y H]
FoE AN LA S 2 T A i A SRR . R,
PRF 1 # UF 0 %5 T #0540 e B — & 1Y 25 S 4E
DTSSR R A Y S 4 A L A-PRF 75 i 40 i
SRR T A W)

HHI, PRF5 A-PRF 785 Bb& = b ik oE O
N R (BRI B B v A
SHEU % 122! 5% Fi 4% %5 PRF 1B & #0H % 1 67 5% e
B HCE Bt s SUMARTA 4§ 7 % FI {4 45 PRF $: b
YN ST o o N PN TR = 8 SN G e
P, AT LA B T ) 3 T T 4 R 5 S A oy
fbo SR, T A-PRF BIS5 M BRAS , T3 040 i
PR T 2, R A 58 0 s e i
Sf& /1. ABD EL RAOUF % ! [ #% T f54; PRF 45
A-PRFXF TR HMIEN, 4558 /R A-PRF 51648
PRF ¥ GEAE 1 G 5015 200 R 170 3 8 i ki Bk i iB &
{H A-PRF ({2 38 58 K (2 41 4006 52 8 ) M4 T1% 55 PRF
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ok, JLHJEEALSUEE R, {H Hi A-PRF X T
BB TR T4 (bone-marrow mesenchymal stem
cells, BMSCs) JSHH 7675 SRE T i AR T

TEASET, FRATHCSR O I, 380 S PRk 0 3
% A-PRF, £ Xt BMSCs ) A4 #2480 . 3451
M AGRE ) ST RS R I rsE e, JF WSS A-PRF
&5 S B O i OB A IR T, AR A-PRF 78
s A TP R N HANMEL

1 HE5RE

1.1 bhEl

11 SEEEhY) 12 7 WA R G BT v ==
SRR 2.5 kg ShPIA A EEE ARV XAA R S
W, WFRT RS R B A B R SR S N R
Besh ¥ 5c 5 % . sh 7= 78 alIE 5 o SCXK (i)
2022-0006, HHVFAIIES H SYXK () 2021-0028.
1.1.2 FZ0 Mg H R M — R R AR
Mg (MTT) (Amresco, SE[), 10% " PEAR/RK B bLE
EW (SRR R AR, thE), R
WA (DMSO) (Sigma, E[E), IR G0y 0 i e
(enzyme-linked immunosorbent assay, ELISA) iz
& (LigERgE YR A R AR, hE), IE/AE4H
e (o355 & (ScienCell, 32 [E ), QuantiTect SYBR
Green PCR kit (Qiagen, fH[FH),

B0 HL (TR-18plus; VL0 A 9% B 7 g8 il A PR 2>
A, HE ), iMark #§ 5 { (Bio-Rad, £ H ),
NanoDrop2000 43 ¢ ¢ & i1 (Thermo Scientific, 3%
B, WUYOEERY (ELX808; Bio-tek, £[H), %
MEHDE WA (BX51; BAREST, AA), #'E
POt B (DMI6000B; Leica, f[E), 7900HT
Fast 52 [} 9¢ )% & & PCR & 4t (ABI, £ [H ),
Transwell 24 fLAHME R F% /N (Corning, £ ),

1.2 R BMSCs S5 gL 5 & S5 %

FEHUR BMSCs, T B2 ik i 25 3% G L2
B (1 mL/kg) WERMRBS, R 1655 B o8 flET 42
TADRIEN 10 mLICH S, MOSUIEE 7
BB 2 R B L 3~5 mL. B B BETEA
A 10% 64 L% (fetal bovine serum, FBS) F11%
TR R /5T 1) Dulbecco i K Eagle 5553 (DMEM)
o, BLOEFEE BN, ARSI BT 37 °C, A
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BN 5% CO,. MIFIREE s R A8 i s 35 . R AR
BMSCs #5514 dJi, QLRI LIS

PRMC AR AR, ol P S e G B L 22 B AR e A A
o FETCIAAE N AU C Y 3R DU 41 20157
T, 7E 37 °CEREE 1 FH 0.25% I U i S RV T L 3 he
R WA AT 1 min, #E , JFBCE WO
(180xg, 5 min), HUULIEE T & 10%FBS. 1% ¥ &
R/AER R DMEM SR E T, T37°C, (K ECH
5% CO,. 1 FIG B i) 15 T4 vh 15 SR A5 AR S
AR, ASBIESE T R R 40 R 5 3 4K

1.3 A-PRF (% S 6%

il B 10 mL A0 o, IR B0 (281.25xg,
14 min) #K75 A-PRF "' GO IE O, BOo®N
FYa k3R, AT ENIAMIIR)ZE . A-PRFZ
A o i TR B B A-PRF SR 4 2 B,
ANOBY IR AT AUZE , 758 A-PRF,

1.4 A-PRF [HA1 212 W 5%

i 10% 4 /K B AR [E 2 A-PRF, A i
EEHY A (REES um), MR-yt (H-EQ
), JerEmiE ObE) .

1.5 ELISA LM A-PRF \VE K1

¥ A-PRF 7% f 2 20 mL B B2 3 2% W
(phosphatebuffered saline, PBS) 3 7E 37 °C T %
Ho Wi 1~7d, & HYCE BB, R ELISA 1k
R NF (4445 PDGF., VEGF, TGF-B. IGF, FGF
MEGF) WFFZeReit. BARGRE . ¥4 40 L I 76 e
I 10 WL FE G & TP ik iy 96 fLAR I, 78
37 °CFWEE 30 min; YRR IR VEFL Sk, FiT A
L BEES A PO B & 30 min, A B P
BEEIEE 15 min J5, HIIA 50 L &K 15 11l 520 5
TE450 nm AL, 7F iMark BRI OGRE . T RE
ai 3550 Sk 3 40 E A R

1.6 % BMSCs 142 Rl 15 550
R TG 20 UYL T 58 A-PRF X} 9 BMSCs 19
A FEYE . FH A-PRF 5535 BMSCs 72 h 7, 4L
A 100 pL Gt i B, Z LI E 30 min, {HH
1818 9 BB M B % BMSCs (A7 S5 PET A5 I
K MTT 2 € A-PRF 721555 24 48 F1 72 h
X BMSCs #4458 152 0 . TR EME, BLmA

LSRR (B0, 2004, 44(1) (@)
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50 nL MTTIHW, JFFE37 C T 4 h, (40 kA4
s B S I 150 wL DMSO PAIZ i 5% 155 20 i 3 5
4 56 €0 H IR S A 5 A TS G g AR AUAE 490 nm 403
TR RO

1.7 SR E mt R AW EE R B (qRT-PCR) 5
M A-PRF A%t BMSCs Kk P4 4 % (0 5% i
i Fi A-PRF LA B2 5% 10%FBS 1 1% 75 55 R /4% 55 &

fi) DMEM £; 7% 9% 55 % 0 BMSCs 7 d, M #4114

RNA. % RZL PS5 10% FBS F1 1% 5 8 2/5
£1 qRT-PCR3|#
Tab 1 Primer sequences for qRT-PCR
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# ( DMEM 7 3% % 8 3% % BMSCs. ffi
NanoDrop2000 53 5% 5% B 19 % RNA W B, IF i H
0.5 wg RNA & i cDNA (Promega, 3 [ )., ffi
7900HT Fast 521 ¢ 5t & i PCR RGE#E4T PCR ML o
QuantiTect SYBR Green PCRi5 & FH T &4k I IR
#HH (type I collagen) . BAEHEHEM (aggrecan) .
PEBERREE (ALP) FIEE52R (OCN) EEHFE K
S, GIH W 1. SLEF PCR LV AE 94 °C F #4715 s,
FEMALBRAE 65 °C Fif 4730 s, e sw/K il A B-
SN, A2 NI,

Sequence
Gene
Forward (5'—3") Reverse (5'—3")
Type Il collagen TCCTGTGCGACGACATAAT CCTTTGGTCCTGGTTTCC
Aggrecan CCCGAGAATCAAATGG TAGTTGGGCAGCGAGA
ALP CGTGGCAACTCCATCTT AGGGTTTCTTGTCCGTGT
OCN ACTCTTGTCGCCCTGCTG TCGCTGCCCTCCCTCT

1.8 R BMSCs K51 dll LT 5 1ty W 52

# A-PRF B9 /il 24 3 mmx3 mmx3 mm KN/,
T 24 4L transwell 1 %, A 400 wL 7 10% FBS
55 1% 75 5 £ /BE T 2 ) DMEM 53238, X BE 20 b4
T FEMA 400 wL & 10% FBS 5 1% 5 55 2/ % &
) DMEM 15 35 5 . 200 wL % BMSCs 5 4% B 24 fits
PL 5x10*4~/mL 4% Fh7E transwell (19 5. BFF 48 h )T,
B transwell /N2 AR & /N0 383K 2w, A
4% 22 5 W VA W I8 % 15 min J5, PBS whivk, fdiH
0.5% 45§48 Je {510 min, FErhPE. 76 10f5685 T,
REALERE S AN IEF I8, WEE 3K,

1.9 SRMECT B FRAT BT E . Sy ALK G PRy

FREZHIKESN 3% B 248 (1 mL/kg) if
PRI ATBEEAMUYI T, SEATRE N, B8R
WY ARG, TERRE I HI A B2 S mm. TR 3 mm
AR 421 e st

A-PRF # VI EHAE 5 mm. RE 3 mmAIHIR, A
TRHNIEA . HATT, F 2 x 10"1~/mL % BMSCs
PR R ST IR 4 he 18 HARFENL > N34 . A-
PRF 2 (n=6) #H A A-PRF; A-PRF+BMSCs 4l (n=
6) fH A A-PRF+BMSCs; XTHEZL (n=6) AEFTHIA
BafE.

ARJG 12 JF b FE 5, R A E PR & 2 4
(International Cartilage Repair Society, ICRS) ZZ Wi
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FE PR EAT 2T R M A2 B ARG . B A
A FR A [E 5E 7E 10% AR IR Sk, SR 55 B A%
MR A AR A S IR B 5 wm) o XFARA
AT ARG - (H-E) . HORRE E FI & 41 O- [ 2
o, (FROR W N 21 O Yo £ m LASE A 30 vhaty 7 ri far
(AR 20 ), WS S 0 7 A . HA W) A-PRF
WEREAESE. SRS TENSGS, UK
A-PRF (RN B A . ARG ICRS PF4r R4, 34 W
L GUTAG PR S R

110 Sil“#ndr

Jr AN A 2 DL xs o, SR SPSS 1.0 3/
47 one-way ANOVA J7 225381, P<0.05 /R 7 H
Gt L

2 ER

2.1 A-PRF 412" #0558 B K 1 I R 2 R

A-PRF 1Y H-E 44 {8 I /R 7 it O 2F 4 IR S5 4, He
HOf AR T AR (B 1A) o BSR4 45
FEE R AT REA T AL FE R . A= DA SCE TR o
sy, R RAF 0SSR A kL, ELISA 3 WL 5% 3
PDGF. VEGF., TGF-B. IGF-1, FGF Fl EGF %43 il
A KPR (E1B), 278 A-PRF nf GEHAT
(TS I 7oA s P )
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Note: A. H-E staining of A-PRF. Sparse fibrous reticular structures were shown, which trapped white blood cells (red circles) and platelets (blue circles). Scale

bar=50 wm. B. Sustained release of growth factors of A-PRF in PBS.
1 A-PRFARFMHARUREERETFREY

Fig 1 Observation of tissue structure under light microscope and growth factor release of A-PRF

2.2 A-PRF X} % BMSCs i) 21 i & 15 K &0 e 344 i

i

TEAE A M WG 25 2L (K 2A) BoR: K
BMSCs 4% €5, Jid i ; Wit art, e
M ; 1580 A-PRF X%} T BMSCs A ZE 8 40 a #:0E . in
A A-PRF )5 24, 48 #1172 h, BMSCs Y3451 fE )1 9] &
XTI ZE (F12B), # B A-PRF HA {2 BMSCs 1
BRI, HE—HAIESE T A-PRF RUFIILE A 280

2.3 BMSCs Pk

qRT-PCR £l 2% A-PRF Ab B () % BMSCs H1 48
R bR R IR 4R oK, XA, K
HHRREMFR G type 1T collagen F1 aggrecan [ mRNA
Tk B, B EAR ) ALP R OCN [ mRNA 3
st B (E3),

2.4 A-PRF % F% BMSCs X545 diLE R fiE i
A
MR RV AEAE FBS ), % BMSCs 550 40
MR ERRE ) thEL, 2K TG E XL (P=0.962);
MAEEE SRR A A-PRF B, %2 BMSCs 5 4CH 41 iy
MIIERSRE ) ¥ 1 3 G (3 P<0.05); N A A-PRF
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Note: A. Live/dead double staining. Scale bar=100 wm. B.The results of
proliferative capacity test. ﬁ‘\PZO.OlS, ®P:0.000, ®P:0.005, compared with
the control group.

2 A-PRFWAMS M S{RIGIHEEE S @
Fig2 Cytotoxicity and proliferative capacity of A-PRF

Ja, BMSCs M EE N B EH &S THRE I (P
0.025), THEILE 4,

AR B, 2024, 441 (@)
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Note: "P=0.032, P=0.000, ®P=0.007, compared with the control group.
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Fig3 Gene expression analysis of in vitro chondrogenesis and osteogenesis of rabbit BMSCs treated by A-PRF (n=3)

@
B [ Chondrocytes
2. EBMSCs

300

200

100

Migration cell number (each field)

Control A-PRF
Note: VP=0.962, P=0.025, “P=0.006, “P=0.000.
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Fig 4 Effect of A-PRF on the migration ability of rabbit BMSCs
and chondrocytes

A-PRF A-PRF+BMSCs
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Fig 5 General observation of knee joint specimens
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2.5  A-PRF X RGN B 8 it i i S 4
TE SRR 00 SR R TR e it T B ik
PUER ARG 12, A RIWE BRI, K]
IR AEREAR . BUBARA G WEE T 10T, A-PRF 4171
A-PRF+BMSCs 2 3 S A, Tkt B2 AT
AL (K5). A-PRF 4l A-PRF+BMSCs 41
ICRS ZZWLPFr thde, =R esit#aE X, H240F
¥ E T RAL (¥ P<0.05, E6A). AL
ZLh 7N, A-PRF 2H 1 A-PRF+BMSCs ZH (14 #5054 ik
A (0 5 20 S ZQHE’J?*E’TE’@%?J'&%E
B AT, HAY S RE KRR RS T

Control
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" )
o

Wl AR N B R H A, WSS S AN
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Note: A. ICRS macroscopic score. B. ICRS histological score. “P=0.003, ®P=0.011, ®P=0.002, “P=0.019, compared with the control group. ®P=0.767, ©P=

0.534, compared with the A-PRF+BMSCs group.

6 A-PRF #1 BMSCs 7£ B3 B & & 1k 1 3L 18 i 19 E 215 (n=6)

Fig 6 In vivo-quantitative assessment of A-PRF and BMSCs in osteochondral repair (n=6)
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Fig 7 Histological observation of knee joint specimens
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