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iy R A S R I AR ) 2 R AE K I i BRAL MR BB . LA SR B 8] 785 T 41 S ( bone mesenchymal stem
cells, BMSCs ) /E Jy Fh 720 e, FH 5/ 0 200 it 2% €00 96 31F 7K B8 2 1140 A= 0 35 P 000 20 40 M 4/ e T e e 58
) Fr 2 A RCE bR i BE ) COL2ATL A ACAN JAE K ALFER COLIOAL (k. &850 kb 4 ik
KAFAK %283 Zr MOF , /K &4i4% 0 352. 5 nm  Rif2 5045 (PDI) 4 0. 29, Zeta HL {3 7 (18.27+0.55) mV,
W 2 W/ R O R A KB Ze MOF J5 B Ze MOF & 529350, 4 B BOUL 8¢ B FLAE |1
ANFLIERZ 5 TR (A1 48 5, B A B 38 T, T A8 MR RE % . PUR K KAFAK 283 Zr MOF J5 B FH /K 8 i
BP%E B 21 K, A (84, 1+5.0) % B, W 4T R K KAFAK 47 B BAE . TG 40 fLTE Gel |
Gel-100 Zr MOF Al Gel-100 Zr MOF@ KAFAK 41 {77 15 L343 51 7 (90. 7+5.4) % . (93. 5+4.3) % Fll
(91.9+3.1) % 4 /R i REFIAEYAEZ M. LL9e BMSCs 14 i, 7E AR B 45 5R 7 d f 14 d
J& ,Gel-100 Zr MOF@ KAFAK Z1AH#TF Gel 1 Gel-100 Zr MOF 24 e S 0 & A B 25 42 25 (P<0. 05)
BB PR R COL2AT ACAN 3K i 5 (P<0.05) , M AE KA EE K] COL10AT 3k i 2 FEAIR (P<
0.05), &5 MIPEARPTARIKA Zr MOF 256 T 7K BEME N, 38 b % 148 Bk KAFAK R 2L Bl 4%
Tl RIS, 7 A T 22 B 30 AL AL 5T, A8 A T e i R
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Promotion of cartilage extracellular matrix by anti-inflammatory peptides-loaded
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[ Abstract | Objective To prepare a hydrogel scaffold with cartilage regeneration and inflammatory
microenvironment control capacity for chondrodefects treatment in osteoarthritis. Methods  The zirconium
metal-organic framework ( Zr MOF ) was prepared by solvothermal synthesis and then loaded with anti-
inflammatory peptide KAFAK. The pullulan/polyethylene glycol composite hydrogel was prepared by UV
crosslinking. Then the obtained Zr MOF was encapsulated in the hydrogel. Then the physicochemical
properties of the hydrogel were characterized by scanning electron microscopy ( SEM) , swelling equilibrium,
degradation experiments and rheological and mechanical studies. Rabbit bone mesenchymal stem cells

(BMSCs) were used as seed cells. The bioactivity of the hydrogel and the content of glycosaminoglycans in the
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extracellular matrix were tested by live/dead staining. The expression of chondrogenic genes COL2A1 and
ACAN, and hypertrophic gene COL10A1 was measured with RT-PCR. Results After being loaded with
anti-inflammatory peptide KAFAK to Zr MOF, the hydrated particle exhibits a size of 352. 5 nm, a particle
size distribution (PDI) of 0.29, and a zeta potential of 18. 27 +0. 55 mV. After the encapsulation of
Zr MOF, when the content of Zr MOF was increased, there were more small holes in the scaffold observed by
SEM, the swelling time was shortened, the degradation rate was increased and the rheological property was
improved. In 21 d after KAFAK was loaded onto the Zr MOF and then encapsulated with hydrogel, the release
of the peptide was (84.1+5.0) %, indicating a good sustained release. In Gel, Gel-100 Zr MOF, and Gel-
100 Zr MOF@ KAFAK groups, the cell survival rates was (90. 7+5.4)%, (93.5+4.3)% and (91.9+
3.1) %, respectively. With rabbit BMSCs as seed cells, after 7 and 14 d of chondrogenic induction, the
glycosaminoglycan in Gel-100 Zr MOF @ KAFAK group was significantly higher than that in Gel and Gel-100
Zr MOF group (P<0.05). The results of RT-PCR indicated that the expression levels of COL2A1 and ACAN
were increased, whereas that of COL10A1 was decreased (P<0.05). Conclusion KAFAK-loaded Zr MOF
is successfully encapsulated in hydrogels. The hydrogels control the inflammatory microenvironment through

the sustained release of KAFAK, and result in more cartilage extracellular matrix and better maintenance of
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chondrogenic phenotype.
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BRI B T EG 220/ RO TR E G /KEEHR
PR i MOFs A4 35 0 A8 A i 42 /K B i 1y B
PR, R B3 a8 Xt KAFAK R 82 B il A 8B 2
DI R PE AP SE | DA TT 328 380 B e RO R P A 28O0

1 MRS

L1 #MHERE
LT sembirl S AHS (ZrOCl, ) (A - Y
(4-JRILIRIE ) nhwy (TCPP) AR Jo/K N, N-Z gk
HIE i (DME) 2R & s &R R (PEGDA) | L%
Bl A bR T AR AR AR 2 F L BT R IR
KAFAK ZE4E FifEAE T, AR (2,4, 6- = HI B 2K H
MEAE ) W R B £h (LAP, Sigma 22 W), ¥ & 22 2 4
(Pullulan) g B 74 2 Hi 5 4R 47, DMEM/F12 35 57 £
A F L3 A S Gibeo 23w, JBERE U5 1 77 2k (1L
SBAAEW)) | 16/ B A0 G 103508 & ( Calcein-AM/PI
X, b DU, SO0 i 58 05 I 7 3 78] & ( Blyscan
Sulfated Glycosaminoglycan Assay , 2 [E Biocolor 2\ ] ) ,
DNA & 55235877 &; ( AccuGreen High Sensitivity dsDNA
Quantitation Kits, 3&[E Biotium A #H]) ,
112 semfids BAHEUES (EEAR)  #
AL (IKA 24 7)), 5 3 20 Bl ( Thermo Fisher 23
H]) ,IS-RDD3 & A AE 4R 5 &% ( Crystal 236]) , S $H
% ( H 4 Hitachi A 7)) , i %F H8 4% ( Thermo Fisher 2%
Al), KL A% 2 M AL (Malvern 23wl ) , 41 4b 0t % A
(PerkinElmer 23 7)) , ¥ % T 4 #L ( Labconco 23 #] ) ,
DHR-1 7 28 {Y ( TA Instruments 2\ &) ), ¢ )6 B 4k 45
(Olympus A7) , ZIBERFFR X ( Thermo Fisher 2] ) .
1.2 7%
12,1 K54/ A HIHESE (Zr MOF) BRI i %5
2K Zr MOF APEH ] %5 75275 30k [33] 0 Bk
B ZrOCL, 150 mg TCPP 50 mg HIEHIER 1. 4 ¢ 43518
T 50 mL BLLAH X REAIA 20,20 mL 1 10 mL JG/K
DMF, 8 7 5 min JE 47 % i, 28 5 23 0l K 1 480 A
100 mL RSB, & T3 S5 BAAE] 90 °C iy il By
b PR RE 1P e 1200 o/min, %248 | ]
B, RNFREER R S b, O RN, B SNV H R
W B BN BH W % 2 50 mL 1 (B 5 vy i 500 4
M ER L 15 000xg .10 min 2514550, 31 DMF 12
WA o390 0k 3 U (L, 15 000X g 10 min) , fiz J5 K
TURE S BT O h 45
1.2.2 452K Zr MOF BHREXIHIR K KAFAK f 125
B 1 mg/mL By 442K Zr MOF A4 EHE WK 3 mL, .0
(i, 15 000%g .5 min) , il A 3 mL %8 F /K45,

FREC 1S mg HLR K KAFAK, i A ZI44K Zr MOF 41 %}
KW, B THEIR T, 4 C /MR 24 h, ARG B L
(4 °C,15 000xg.5 min), 555 F /K% 3 K (4 C,
15 000xg 5 min) , f 5 # IUTE 73T 25 8 I I
BT 4 CUKFA .

1.2.3 4K Zr MOF MBHWFRIE W RN
K Zr MOF AL W0 0 21 5 1) ) D9 ik S 47 1,
R BRI , TiE ST i g ™ MR EIE 4. Kl
FUFRIANK Ze MOF PR WO N2 ik A b, 15 T4
JEWE 4, FHAMEE T IREHIES . B mL 9k
Zr MOF #4 BHE UM A BIRE it v, 5 2R SOREAR 23 B
PGHATRAR ST TN Zeta sSALINIA

1.2.4 &2 ZH/R O RS G K BE R R 98 K
Zr MOF #EHERE  KBEIR 5 76 2 IIURVEIH
CLRRMBFFE ™ . FREL 100 mg FJE PRI R 1 45 %
BEIAZ] 10 mL 3R EEHN 15% (w/v) FR L 1 N
FRERVE IR, B 2 mL FIRE WM A 200 mg 1 44 K
Zr MOF B EHE ), A 2 pL ¥ Bk 100 mg/mL {56
SCHFAIAEL (2,4, 6- = H R FH R AL ) B IR A1 46, Wi
WE T BB A R b, 55856 (365 nm 5 W) IS
I min 153052 5K BEE . K Ze MOF B4} 1 ¥
FEAr 3453 Gel, Gel-10 Zr MOF | Gel-100 Zr MOF il
Gel-500 Zr MOF /K BERE . ¥ o2l Zr MOF @
KAFAK A48 Gel-100 Zr MOF@ KAFAK 7K BEiK o

1.2.5 JKEERMIESIMEE 55 4 i /K B
RAATHGHS R, B TR O TP AT R T8, B
FEGh TSI T R 00T B AE iR T e & 1
W% 4b , T8 HL B 0o B J 118 V1) T R A T LA R

1.2.6 JKEERMTEIREAT 5 0 i K BE S
RAATHGRVS TR, B TR R TRAL P AT R T4, Fr
FEah T 5 B FRIBUSTEC O M, B FF 5 BT 24 £L
M, A 2 mL i) PBS 350, BT 37 CHEah, T 1,
3.7.12 24 h U AR, PR TR 4RI T 7K B T 7K
g7, FRRFRBUSTRE N M, K EERS WK BB ) = (M, -
M, )/M,x100% .

1.2.7 JKEERCHIREME ) o5 LF K BRI AR IS
O M, R R T 24 fLAR, A 2 mL ) PBS %
W, BT 37 CHAa, T 1.5.9.14 .28 d BB FE 5, PR
T FH U8 AR T K B I R T K 43, R FR IS i iC A
M, KB AR = (M, =M,,) /M, x100% .

1.2.8  JKEERAMAZINA ] DHR-1 BIRAZ O K
EEC IR AR PEREHE T RAE . ZEIaXat AR b, %6 20 mm
AR, AR B BE ARASF 7E 500 nm, JiR G BT R4 T,
BOEFHIIRARN 0. 1~10.0 Hz, B BASERE R 1%,
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1.2.9  $Hi KK KAFAK B & & A iR Ik
KAFAK 7K & & A Zr MOF @ KAFAK A4 ##) 7K
BT 0 & T PBS W, AR5 23 Sl AE 1.3.7 .14
21 d X%} ¥ W W) KAFAK & & % A fluoraldehydeo-
phthalaldehyde (OPA) 5 o 7EAEW 9 96 FLAR
HIARE &l fluoraldehyde OPA (fRFRLLy 1:10) Y
TR AE VG IR AL AT 28, B MUK R A
360 nm, WG K 455 nm i 5 KAFAK i h 2k
RS,
1.2. 10 & 86 8] 32 5 T 40 i ( bone mesenchymal
stem cells, BMSCs ) $2£H B KRER (2 2.5 kg)
FHE-SE IR S 1% 1 5 B L2 5 W42 BRI, T4
1 A0 FE B3 2 A T B o T S AR 2~
3 mm L, fEABERE . T 18 S RERESE il ST & A
JFZR S mL FE5F a8, il B 8820 2 mL, il /9 B i
TR ki 2 WU, #5400 1 000%g .5 min, £BE F
THWUE AL 2R 52 W, e B B ZH 2 P i 21
YL, 5.0 1 .000%g .5 min, HEULIEYHEFRTE 37 CHi
Fah, 1 d R IR, BRI BEAR . B 3 K
e 1 ISR ARSI h g An i o 26 3 AR
1.2. 11 BMSCs (%) = 4ER5 F5 N 40 M 16/ 58 40 i e 65
K 1 58 M6 S Bk i o 45 & BMSCs 1 K BEIKE .
BMSCs Lk 1x10°/mL [y %5 & B i% F & 4 Zr MOF @
KAFAK 14 UK BE BRI G W (LA 7K SRR ] 2851
I3 IMADGAS e F) A (2,4, 6-= B K28 H ik 5L )
FREREE (1 mg/mL, (AR 1:100), BUE A K
(200 pL) fim A 48 LAk, 2 AP B (365 nm (5 W)
1 min JE SR BERR BRLINA 1 mL 855758 & T 37 CH
FarpRE AR, G/ FEA i g A Il BMSCs /K B
MG PE . K& MSCs YK BERH 7R 2 3 d I, JT] PBS
Bk 3 IR, F 2 mmol/L 45 ¥ & & ( Calcein-AM ) 7£
37 °C %% 30 min, SR 5 1.5 mmol/L LN %t (P1) 1
37°CHEE 5 min, H12¢ 6 WM LSS AR 40 Ml
Image J BRI BT A3 TR0 MO8, 153005 4 it o 431
12,12 B SRMES REE ] Blyscan™ BiAR
A iz Z2 W0 7 1 D0 2 7K B8 JE v BMSCs 118 JGoH g 5§
Bl KB & A TL-18 (10 ng/mL) K5 SR FEAL
P d, SR E 4 S ACB F5 REE R A R T d 14 d
J& WU & BMSCs (/K BEIE , WA BT , 60 C 25T
FHANEE B WO AL 6 h, 4 200 WL JUBHE ik e 7
# 96 FLA I, JHEEFR X T 656 nm Ab il 5% %5 B {H .
K AccuGreen 1 R BEE dsDNA 7 35 & 46 ) 2%
FEM Y DNA 2 R SO RO & 5 H] DNA & & i

Trifest s,
12,13 JEPRIERR & 5l IKEERH & A TL-18
(10 ng/mL) JEFRIEAL PR 1 d, SR )5 4 BB AR B 75 = 8%
FRHESEFE T d 14 d 5, B & BMSCs 17K EERL , T
R, A TRIzol #4754 , 558 AT W3 606 BT
D7 RNA WREE . SRS RNA 30655 5% ¢DNA | 173
SSRGS RV (RT-PCR) o R AE AR &Y 1T AL i
J(COL2A1) [ REH ZHE(ACAN) JERAREY) X Al
JKE )5 (COL10AT ) PR 47 s il o Pl 1 25 SR AR 9
278 AT, GAPDH S HE NN 2. 517
5. COL2A1 | 3iF 5] 4. 5'-CAACAACCAGATCGAGA-
GCA-3", Fi#5|49:5 -CCAGTAGTCACCGCTCTTCC-3';
ACAN F 5 #9): 5 -CGACATCAGTGGAGACCTCA-3',
T W 21 #¥: 5'-AGACTGCCAGAGTCCAGCTC-3';
COL10A1 | 3%%5|4): 5-GAATGGCACGCCTGTAATGT-3',
s 4.5 -CCATTGGACTCAGCGTTAGG-3" ; GAPDH
S 14 .5’ -CGACATCAAGAAGGTGGTGA-3", R i8]
¥):5'-ATCGAAGGTGGAGGAGTGG-3'
1.3 it o

K HI SPSS 23. 0 F i AT Geit 27 43 A, Bl ¥ LA
xts RN 22 IR SR AR R 5 22 43 M, WG 4 TA) ]
Student-r £545 , P<0. 05 IAh 22 R A Gt #m Lo

2 #R

2.1 #hk Zr MOF ##He4 & 45 # F 4E

T 3 P ) T A% HE 4N oK Ze MOF 4} 38 aot
FAHE L B S S HL B R RARTIE S5 A LR, K
NP — B A 245 150 nm, K48 #) 350 nm (& 1A B),
IR ST 9K Ze MOF #ORHRZK A RiAR
328. 8 nm, K12 445 (PDI) & 0. 20, Zeta 3 i/ N
(-23.77+3.33) mV (& 1C) , [F]4= 4 0 55 Sz S o g
MBI —3, 4K Zr MOF BOBHE 25 25 7K L 2 il
BE SR BANNE AR s ) R AR s st (B 1D) .
2.2 KREARITYA K Zr MOF #6933 % 4r s £ 4

TKBEHEXTRK Ze MOF 4 e} 5 2 1y i) £ I £ 1l 4
Bl 2A FR  FEREIH O & R REE 4 20/ R —
B A AR BERC Al 2 B AGK Ze MOF #4412 7K Bk
e R, FEZE A B 1 min GRBEAS B /K EERS , Hil 45 7
AR I R GK Ze MOF B4RL Y & & AT L1531
—ZRINKEERE, i &l 2B s : BEE A1k Ze MOF #18}
bR, KB BB AR TR . LLANRIE S SR R
BIGK Zr MOF HRHF 51 AT K BE IS A W45/ % H
WY 2 A8 (& 2C) |, B EHED 2K B R4 2K Ze MOF £
Ak U AT B L e A B A 2R B T o
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2.3 REEAH AR AL

0 b 14 R B K BRI ) P R A R AT I ([
3A), AT RUA HFER 49K Ze MOF RPRHGGIA K BERL
P ERLAR A SR 5T o o SRR B R L 2
AR Ze MOF BoRL 55 48 19 38 i, FLBE AR 2 39 Jin HL
HATZH/NMLUE 3B) o XIEH MK Ze MOF £f

BHEEFEY T 15K BRI FLEE SR TEREAT, I
1117 AL B R R B, ] B 25 1k FLBE L B 2 1 /)
fLo MM UL SCARAP R, XA FI) -1~ 200 0 1 R
B, LA BR RS SR 5 s i, A A T A0 P 2R
Xt Gel-500 Zr MOF /KB #EFT 0K REWE 0 AT , kA 5 -
SR A HUEZA R TR BER NFR ( 3C.D) .
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2.4 KRR s kAR T R AR

K B G 1) 5 Bk T A 45 R B < B 4K Zr MOF
AL G 1 G I, B bR 8 B 55 KT (1] 4A) o Gel-
100 Zr MOF F1 Gel-500 Zr MOF Z1fig7E 1 h PRtk
JHF- 5 K 58 0 0l Dy (618. 224, 3) % FI (551, 5+
106.5) %, Gel il Gel-10 Zr MOF 41U 7E 3 h PIREAF
T, v k3R 530 Ry (610, 1+32.8) % 1 (654. 7+
29.9) % . BT KBEIE W AT KRR T, (F2 40
K Zr MOF FHRH 51 A8 26 56 75 ik i s 18], w] Lk 20
SRS T8 L (B SR o KR I A R A S 6 45 TR (.
7 BB DK Ze MOF A5 5 (15 o, 3% fige 3k 182 b
(1 4B) . Gel-500 Zr MOF ZH7E 21 d 558 4> WA , 1M
Gel \Gel-10 Zr MOF Fl Gel-100 Zr MOF 7£ 28 d [ i &
T4 A (91.243.2) % (67.3+2.7) % F1(51. 6+
3.9)% ., WK Zr MOF BARFI 51 A 23 4 J5 7K BRI ) 15

JHC B TR e 7K 358 B 1% B figt Bt ], 58 ek TEM 25 5] UL« 44
K Zr MOF PR 51 AREfH /K 5E L FLEE [t BLEE 21
L BERITF KRB B, RPIGIK Ze MOF #4811
51 A BESE 5 1A R A I 1] [ kLAY 15 22 S EUKBERE N
BBAE AR RS PERRARR , B Al B2 I
2.5 REIREGARE N F G

TKEERL I fetbi (G ) BB 410K Zr MOF A48} 55
SRR (& SA) o 7€ 1.0 Hz 45380, X} Gel ,Gel-
10 Zr MOF .Gel-100 Zr MOF £ Gel-500 Zr MOF %411
R RER a4 i FEAT I (B 5B) , A3 ML 0. 1 F|
100. 0 Hz 284k, HA Gel-100 Zr MOF 41 [ i fig i g
B3 B P A3 3, IEB Gel-100 Zr MOF /K B
FABF 2 NS #2456 TR A 7K 88 i R 45
oy s T T A R o88 fip S2 T 25 SR, 2555 %5 IR R L Gel-100
Zr MOF 7K &4 7 I 20 M 52 56
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