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MR

AR SR (Modified Citrus Pectin, MCP) S BIRZLWH . L 44
BN ES p-EARNTEERALHE. MCP BHRS TERKELE M5
A TR/ b B N IR R IR BPEE R . MCP BR T 1R AT iE &
o, WEMEMAEYERESRRTERSN, LS LA TRER-3 (Galectin-
3.Gal-3) S EREHE. ik, HENATHAAELSER. BB HTRK
W, MCP EERSHEMMIET . 9 MmmERAMER: £4&M, MCP ATl
R R M R AR SRR, R RTRT RG] EHS. aRENE, W
PHEER., hEEZXIA (Osteoarthritis, 0A) HIHER, 7 OA WBIT T HA RITF
FIRFIRT R . 1€ MCP e K BHRBEE R OA JBIT I BT RENZ M MHEH L&
BUEIMAAR 2T . Tk, Ak MCP W45 OA 3TN,
LA MCP EXRTHREBEF R EEIGIRITHR, FAERL L, W34
BHTXTHEEENHE MCP E64ME. EENANBEREGRUT:

(1) MCP 78B4 R R4 A 14 A B LR 1

TR IR DB AR R Ger] S-E AV EM Cys Biiks MCP [@B& &,
% BB VOR R MCP, FXTHBETRAL: # B RAARE. EEREEAN
RBRAREEFE, FR MCP EXTH. REHANREMARNNTRRZEN
B RE, SE&MRBHNMMAREENESERM L, HiT MCP EREBE
o ) B AR/ F IR . SRR, MCP W LLEE S B A A FH AT B4/ MCP #
REABRBEE, A8 5EEEE LY Gal-3 £4TEE TiEEE: MCP W ALE T
WERHHMEN B RiEE, #mAFRERNEHRRASHNER.

(2> MCP X3 3715 80 40 Homs B A Ul R 2 e

L& MCP FIEFRERFARTRESAR, @ik amarEaEan. A
B 4 L PRERAR NI AP B & A S B R RIAZHHENL, B8 MCP X 4.
EEERNRFEREEZ AN FE-1p M 2-D-B -8 & 5% S 19508 0K HE B
MBI . AR, MCP 7 DUAN (R E & BRI A BEREAHESE -1

(Hypoxia inducible factor-1, HIF-1a) @5, MW REARERFREIMER, #
M AEREREFHEREEE. DRERAEREGR. EFRFHREENRE Ry
M TEZREA.

(3) EA& MCP fR] #8 22 7K BB A 1) B FTRAE
¥ AR [ # FE () MCP 0] #8222 (Curdlan) B4, #l4% Curdlan-MCP & & /KB .
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H—BXHRERE, 440, FURERE. BREW. SKE. BEE. RIBRmpE
MRS AL BRI T RATE, T T2 T MCP KHLSEM T ITH:. BT A, MCP
5 Curdlan 7] D43 fa] 82 A0 057k B 4 ] & K BRI A 8L, i) % 1 Curdlan-MCP 7K
B B A RIFMTT ST PR e, FExt MCP BB TS ERER.

28 ERTIR, RICHHRE T MCP X WIEMRGBE PR EANSE . FREM.:
MCP R F BB A LN T UM, 35 £ TR, i 5 W
[F8F, MCP & AT LA s & SR A0S HIF-10 @2, AW HREMENBERAE
7, BAKERESTEHARSE. #FRFAREA. FRNEMRAERS K
BEM; R, TRUBKIATEZAME MCP EAWERESR BT 5 #
B MCP s R4. Bz, FHAEET MCP X XTHEFEREWERPLEIFIAR,
RAEERTRTEBE FRRARIERE T El.
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Abstract

Modified Citrus Pectin (MCP), a soluble natural polysaccharide rich in B-galactose,
is derived from citrus pectin through physical, chemical, and biological modifications.
MCP has the characteristics of low molecular weight and low esterification degree, and it
can be absorbed from the small intestinal epithelium into circulation, where it exerts
pleiotropic effects. MCP not only plays an immunomodulatory role as a soluble dietary
fiber and improving intestinal microbiota, but also binds with galectin-3 (Gal-3) to exert
effects including anti-cancer, anti-inflammatory, anti-oxidant and anti-tissue fibrosis. Our
previous studies have demonstrated that MCP has the effect of promoting chondrocyte
proliferation and maintaining phenotype; Additionally, in vivo studies show that MCP can
protect the activity of tissues and cells around articular cartilage defects, alleviate or delay
the progression of mild, moderate and severe osteoarthritis (OA) by regulating the
processes of inflammation and tissue metabolism. The above evidence indicates that MCP
has a good prospect for application in the treatment of OA. However, the specific
mechanism by which MCP plays a pleiotropic role in the repair of cartilage injury and the
treatment of OA is still not fully understood. Therefore, to optimize the application of MCP
in treating articular cartilage injury and OA, we intends to further research the specific
mechanism of MCP in articular cartilage repair, further design and construct a novel MCP
composite material for articular cartilage repair. The main research contents and
conclusions are as follows:

(1) The distribution and mechanism of MCP in articular cartilage explant and cell

Fluorescently labeled MCP was prepared by conjugating the fluorescent dyes 5-
aminofluorescein and Cy5 hydrazide with MCP by fluorescent labeling technology, and
its fluorescent properties were characterized. Furthermore, the distribution and localization
of MCP in articular cartilage, cartilage explant and chondrocyte were investigated by
fluorescence tracing technology, in vivo imaging technology and immunofluorescence
staining. Finally, by combining these findings with the previous data from our research
group, we explored the potential mechanism of MCP pleiotropic effects. Studies have
found that MCP can penetrate cartilage tissue and enter chondrocytes; After uptaken by
chondrocytes, MCP enriched in lysosomes by binding with Gal-3 on lysosomal membranes;

MCP plays a role in maintaining chondrocyte homeostasis by regulating the autophagy
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pathway of chondrocyte.

(2) Effect of MCP on glycolytic metabolism of articular chondrocytes

Normal articular chondrocytes, chondrocytes in continuous passage, and
chondrocytes induced by interleukin-1p and 2-Deoxy-D-glucose were cultured with MCP
medium. The effects of MCP on glycolytic metabolism of chondrocytes were investigated
by detecting the glucose uptake activity, lactate production, the expression of glycolysis-
related and extracellular matrix synthesis-related genes in chondrocytes. The findings
revealed that MCP can regulate the glycolytic pathway; MCP promotes chondrocyte
proliferation, upregulates extracellular matrix synthesis, maintains chondrocyte phenotype,
and decelerates chondrocyte senescence by enhancing glucose uptake and activating the
hypoxia inducible factor-1 (HIF-1a) pathway.

(3) Preparation and characterization of Curdlan hydrogels compounded with MCP

Curdlan-MCP hydrogels were prepared by combining different concentrations of
MCP with Curdlan. Their physical and chemical properties such as rheology, infrared,
cofnpressive strength, morphology and structure, water content, swelling rate, in vitro
release and degradation were characterized, and to explore the feasibility of long-term
targeted delivery of MCP. The results demonstrated that MCP and Curdlan could be easily
composited into hydrogels; Curdlan-MCP hydrogels are injectable and degradable;
Curdlan-MCP hydrogel has a tunable sustained-release effect on MCP.

In summary, this research investigates the specific mechanism of MCP in the repair
of articular cartilage injury. These results reveal that MCP could penetrate cartilage tissue
into chondrocytes, where it accumulates in lysosomes and regulates autophagy of
chondrocytes. At the same time, MCP can promote glucose uptake, activate the HIF-1a
pathway and modulates the glycolytic metabolism of chondrocytes, finally plays a role in
promoting chondrocyte proliferation, maintaining chondrocyte and upregulating
chondrocyte extracellular matrix synthesis. In addition, it has been found that Curdlan can
be combined with MCP to form an injectable MCP delivery system. Our research not only
enriches the mechanism of MCP, but lays a foundation for its optimal delivery in articular

cartilage repair.

Keywords: Modified citrus pectin; Articular cartilage; Galectin-3; Glycolysis;
Hydrogel
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MG R (Modified Citrus Pectin, MCP), NS THERE (Low
Molecular Citrus Pectin, LCP), RMAHiE. BAFREFHBERRALERUK—ME
E B-F AP T B R MR L, MCP K141 B (Weight Average Molecular Weight,
Mw) &7 15KDa, fB{LE (Degree of Esterification, DE) MT 50%, 6l L/ b
R e N IVRAERR, 3T RIEH 2 MR,

B MCP BRI R EY T EEENTIHENE, BEEEMAMBEEERR
(Food and Drug Administration, FDA) IH38 94 1A %4 GRAS (Generally Recognized
As Safe, GRAS) & IFINFE, MCP BRHEREA %N, TRSLABRESR-
3 (Galectin-3, Gal-3) Z& M RETNE. FURMBTARTLEMLEERE. HRELH
WM, MCP TEREEN . JiME. TIARAHEL. sk, IEUERNES
BEEZA KA HHBAA R

AT 7 B A AR R BRI g et L, S HAEANHI R4
AT AR R .

1.1 ETEHRE R RS iR

DM R A R (Citrus Pectin, CP) BUEEBEIN/N> TR L5,
B A R A R i B AL B A AR VR ). CP R OK RO h RILA —Fh
eSS, FEAME. B BN HERREMRAFERIC, CP
AR TS, BN, BEN. R AARER R kP RE
EEEMN2, CP 4 TERIX 60-300 KDa, EERENELERE (~70%), fF
NEEEERPA2MEE, FHATRRNSTFRT2EB AP mERE> 2, &
FANR @b YEAEY S, WLARS TRET 15 KDa AfbE
KT 50% MEiEiRERE.

WA R — RN MRS T, i PRl ZBik. BELAIELL
TR RERIIAFTNEREAR, b, SRR L URITR. WM. SILERS
HARBRARKRA TR BBARNG FERNSRE. BRMESEERBRA
Iz, BH& T ZEAERARMIEREFRAXENGIEN, MR REEER
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RIEH RN M 26, (EXECSTIMARR B AR s ). ik
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mho ARV R Rt R R B R . AT, SRS 2] B e
R RS, B AR T WoT R M @ PR, d4ME
AR AR LL IRt CP Tt AANEAERERE —EREH
FRTREN TR, WL 2 B S R/oREPL ARSI RSB R R AL
FRAEYEEAE, REKSE B 1-1 R,
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B 1-1 Ry AP
Fig 1-1 Pectin modification methods**,
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HMREREREENEENE T LIAMRRNESY, TEAE=AEERE: ¥
FUEREER R ME (Galacturonans, GS ) BZEFE-FL MRS IR PE-1 (Rhamnogalacturonan-
I,RG-I) FI[A R A SRS EE B (Homogalacturonan, HG) %1, G REE & AR

1-2 FraRBel,

Smooth Regions Hairy Regions
"HG | XG AG RG 11 @° RG 1
| @
® g 0
77.. .j
® © ] @ © @ o
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L g, (] <] ‘
el .-:,
£ Kol * o
1—4) Ghycosadic hond
D-Galacturonic acid, GalA ‘ L-Galactose, Gal D-Apiose ® L Arbinose Borate
O-Acetyl ester D-Galaciose @ D-Glucuronic acid, GlcA L-Rhamnose ¥ Kdo
® 0 Methyl ester # L-Aceric acid, AceA ® L-Fucose D-DHa D-Xylose

B 1-2 AR 25 10

Fig 1-2 Structure of citrus pectin.
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CEMIE . CRMEEE CP 2 T &, W HG BESE CeRELLE TR,
A BATE O-2 F1 0-3 3 L4 Z.B4kE7 38 5 HG —#¢, RG- of Ui RENLR 2B
139, GS o ) B 2B LB RS BR B4 -1 ( Rhamnogalacturonan-11, RG-11) 7] LA Z,
BEALIO, 54, CP S THEABERA T L SFHERER, MARESHEEN
MCP I PES R R b . SRR R R St =0 B 1-3 iRl

00
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Fig 1-3 Structure of Modified Citrus Pectin/*®).
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1.3 MCP BY{ER#LE

MR R IR Ve AT 4ESh, ERe A PERER-3 (Galectin-3, Gal-3)
HEREVUE . MARRARFENFEAY, Gal-3 £ B-LABTLESREREFTIK
i —REREEE, A 14 SREEN LGALS3 R, /- T8&HX 29-35KDa
M, Gal-3 BF | MHEEHIRAIR (Carbohydrate recognition domain, CRD) 1 1 4
FENESHER., BEBRAFEEEN N RERERLHE (N-terminal non-lectin
domain, NTD) B% 4451, CRD #1 NTD Z#ii%y 100 MEERRERKREF T

(Collagen-like sequence CLS) ZifgiiEH*S, Gal-3 #e85iEidH CRD & 54
REMAMEREBEEAN B FAREFREHLGMER, B LLUEEH NTD X584
ERERAERHBEARSE SN, AREARMEARZAMHEEERY. Xk
FEEQE Gal-3 BA W WHHRMI S, 730 40 i & A0 S e s Bk 2 K724 (Advanced
glycation end products, AGEs) i 1&&EEFMAEMZTREL 2. Gal-3 K4
RN 1-4 iRl

S H NWGR
' —

NTR CLS CDR
12 aa 100 aa 130 aa

Bl 1-4 Gal-3 Fyg5tlP
Fig 1-4 Structure of Gal-3P.

Gal-3 ERMRBA LM PG RE, TRASGEL. B B ARES
HAHBJER. Gal-3 REMMMESRNEA, B EARBENHRZZ TR, &
FE N[ DAL IE 2 AR M RE I - B4R SN DS 34, X AE 1] Gal-3 255 R galE A f4E RS
ThEEPs. ZEMPEA. Gal-3 7ERGIEMRMA T RIANTARANERRE TR EE
fERPS, BREAYENTEE SN EMNER, BT Gal-3 TESHEM
MR WRIPMARE Gal-3 EEMMAGMEC, FMELHMH Gal-3 FERF R K AELH
FREIEEALEE 7, W7 CAREE A B 4 RS 3 (e AN I A BRPY, R YE . BhBK SRR RE{L
T RIRFF R R ER R KEPTRILSE, Gal-3 5ZMHERNIRKEIRN™
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BRERENR, EEWR. OER. ERE. 8BS RBEHN. W RN MRE
P EA R RIE, AIMERR SRR R0 B B AR . (Lo R AR A 2 W B TS AR
PREL 2O, G, Gal-3 MR FFHARTAENNEZMRE T, g0 AR
WITHRA RN EER S, REPHRTRMANERREEME 1-5 B MCP
B P-EIAEER, XMEHERS Gal-3 i CRD EEESIFETHEWEME, #
RIS . PUER LT B e BT E/E D 09,

' Chronic Inflammation i (' ‘, ‘ :
Fibrosis ‘ 2 |

iver Kidne Lung Heart |
fibrosis failure )

Inflammation
Infection

B 1-5 Gal-3 FFHE F LM R REC
Fig 1-5 The schematic diagram of Gal-3-induced organ fibrosis [°,

1.4 MCP BI4¥75te

1.4.1 BT

MCP fEA—FrfE T4, Bl EES BamHATR, IR S R 40 B M FLAE %), s@at
BB HEMEYR, REAZRTERD™, @l 1-6B%9F 7R MCP RE I a4
JLEEHEVA, T LA PR A AT B ARG B, BEMEE B R (Shigatoxin, Stx) HIEE
731, ghéh, MCP 5 FERIAMEIAFARKFASE G, AU THEREREY
BHxBEMERED, KMHMEBRETALHRRELHETRHERAESHELS

(Peyer’s patch) ZHAEF=E BB/ & -6 (Interleukin- 6, [L-6), #—CH85% 5 540
TS0, Gal-3 £EZMABARPHERE, BIEEEIM. kg R
RAEHIUT), Ramachandran ZEUSE T MCP B Sk Bk i, gL EMcmitE F =0
BOE T 4UMH B 40/, HiE4k B AR 3407 (Natural Killer, NK) 412, i — 3% S K562
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BRI . —RalvEST 678 MCP WIZ898e42 kR CD4S 4IfEE M Gal-
3, SRR N mmaEETr,

0
} i 7 S | .
' i \/\O
H,C 0
| == Acetale
] DE
i DE § u
e
i . H,C 0
i ' Pectin structure Modified pectin | i Metabolism Short-chain fatty acids (SCFAs) !
J ’-
s = ==

TNF-a § T o 17}
IL-1p § IL-10 ¢
iL-6 4

Macrophages

B 1-6 MCP i SR B AR, RIFEQEREEM R ER
Fig 1-6 The schematic diagram of MCP exerting an immunomodulatory role by altering the gut
microbiota B,

1.4.2 ;i

A KE 22 T LR B, MCP AT LA 28030 2 AR M g i R AR A0 8, TESUM
WEBRT T HEAEHBHNHTR. SEBARMALL, Gal3 EEBRERMARETRE
Fix, RIEERBBAERIEESHATEREIEN). 5 CP MLk, MCP # RG-1 &
BHPEEEEZH B-EIEEE, FHELHY Gal3 &5, #HMATRBMAMSH.
BMRE. RF. wEAFNMEAERSEIR, REVUR R LM FER 2,
CP RiEHUEEH MYLE =B E 1-7 Frabi,

MCP BH i 595 40 MR T A 0| MR A S i 1E A . Yan S5O R I MCP %
B R R SRR R F BB A R A B EF A . Wang 51 55 3% 91
MCP Bid #5951 Gal-3, B T-#H|H 8 Bel-XL (B-cell lymphoma-extra large)
FiEE (Survivin) MIRZE, REMEHRFA T, Fang 545 H MCP 7] LUEE ¥
Gal-3 % ZREBLE A G2/M 4 A HA S, Rt Mys i , MSRERERER
. Yan FPVREI MCP EilfPHi£ R FELETEEE (Mitogen activated protein
kinase, MAPK) HI#i%E, {Ri# FHEMAT#E Bim (Bcl-2 interacting mediator of cell
death) ik, FHIFHTFIRIEMMIET,
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Fig 1-7 Anticancer effect of pectin?,

MEEERESEUEF ARSI EERFAEK . MCP n[HEEM R EERE, B
b B a4 B e ZE AR P2), Rahman &P 1 Gal-3 & MCP #1i) 2LRR& A180 51 B JE 40
FOAER . TR ARRN — S H . Hsieh PR A, MCP 888 A A7
% JCA-1 AR IR R B Ml ade2 &, 0 MHEE#E. Slivad EPHITER,
MCP 7 DL 1) 3L R 6 F1 51 51 AR 5 40 B o PR 35 B 20 41 5 B R B83E 90 (Urokinase-type
plasminogen activator, uPA)HJ& K, HISSEAH IR EE /1. MCP & 7] i@ /0 Ml
B A R BB ¥ 72 . Nangia-Makker PSR B MCP PAFIE KA 77 U EIA W
RN Gal-3 B)#afl, &N K ERAFIMNEEREANE . MCP BA BB
BFAES T8, #BEREHGIRIBERRRS FHA, BB EERKEEA ML
WEA, REPMEEEAERAPL. PRI, DIRAEERE S BRT#Is R 2
TR A RN R 02 98 99, — TG BRAF 721748 T AR MCP %3 K IR 3E X 1T 71 e
BERWBITEA, KW MCP BEEZ1BEBAT7 TR TR RS [E (Prostate-
specific antigen doubling time, PSADT), MWEEEAEHE, HEEBFHapD 100,

1.4.3 RT%EN

HAAEHERIR AR 4l . g didh ., DAELT 4L, FrerdEdl, Fedife
MR 4SO AAAEU R AR EDREREESER S, E2HEEH
BB R I, Gal-3 BH (R4 AT T 41 4E 20 M A0 B R B v 4 o 4 RO,
BRI, Gal-3 TLASEERMALEA, i ENARRERN N EA4ELI%; 5
5h, Gal-3 EBRIB I B ERES S, MTSBOFSELL ., T4 b O 4iib 55
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EMBEAELDN, Gal3 . TR MM EAS bk L iguoes 106,
H Gal-3 A AR S BLEL FA L0 30 (HF) FIGRERE- 10719, F i,
0 Gal-3 J& BB R4 Ak A 37 -2,

BEAEW ST HRE MCP B IEET Gal-3, W HBEENRE S KOS 4 484k
UI3-151, Tharrola S5V SIfE [k /7B B R HAREIF, K MCP @i PAKr Gal-3 Rik,
B SN REE . AERRERRE. Li FYI5 AR MCP 7 EU#E
i T E Gal-3 &i&, R OUE4ENL, SEERDECFFEF. MCP & o] @i #iH
R, Gal-3 BMREBRELUVEFET-1 ({RAFAMNRRIERNE, Martinez FTER
B, MCP "i@itmi/Fa4. bE-FRENFRESREREE RS MEX
REVFHHEMRG . MCP BT R HB SR A A 440 RFEMBHSN, ErrH|
HE i B4R 1 Ak, LU R B B Sl oA AR B 4 g 18 0 %), B MCP o] gt I E AL 1R H
ARG A 44k, (Rt AN,

1.4.4 s

A FRERKAE DAY Gal-3, LiATiREFEMHEANR-10 (Interleukin-
10, IL-1B) MIRIETTRIFEDLR MERN, (KB40 B AR AR AT L@ 55 Toll #2352 44
2 (Toll-like receptors 2, TLR 2) ZEA&BHBR{E 4 R BTN 121, CP T @it ) 5% fE 45 5
MHE T 1IL-6. MEERFEHE F-o (Tumor necrosis factor-o, TNF-o) #l IL-1p f77&i& .
PR RIEAH RS FillEg NFKB Fgf, KREMAFEP. KEMARHA, BAK
S FEFNMRER LS KB MCP BB B R0 R #41 R #5 % - Ramachandran 2%
B MCP fIEANG Y R R EHRER, X TNF-o HHIBREES &Y.
Sun ZF P AR B MCP 7] DAHD I BERR 7= 42 TNF-a. IL-1B A1 IL-6 25{% # 40H B T,
W il R e B . Zhang 01 B, MCP B T Gal-3 F IL-1p %R % H
FHRIFRERFEFRER, RAHMFREFHELIIEH.

1.4.5 RHEESR

MCP B T 5 Gal-3 & KEDE. RIASF4L. aEETTmiiEAsn, &
BAEBRHESBIEES. K. . & SOHZESELELHMBHRENER
TREERE. . HERGHNRERERFY. MCP LirH AR MR E
B S5SSRE TE SRR ELNE, NTTAERERLB+FESEMIERI. i
PREFFUIRIE, MCP v DA e B 25 R4 JR 48 MR IO HE, B ¥ra BIfERIY,
fE—TEEXT 5 B BB RVRFET T AL, BRAER MCP B8 MCP/# 5 R 53 1 ML
BRI & B T3> 74%, HEEMERT B, MCP %77 LR ZRKEE+
BARNLERE NS AT, FHEnREAKFI0. 132138,
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1.4.6 WL

MCP R AFEHRE, WLLEHEREA N E REREREERD 38, H
HBWEE. 2 TEMPHNEEREYH MCP XEREAFENEERE. K4 T
BN MCP AR ETREREA T EERE, FEEMT A AENEREE . Wang
B, 5 CP AL, (€4 FE M MCP 3% 1,6-— ( =& ) 242 (1,1-diphenyl-
2-picryl-hydrazyl radical, DPPH) H HE: I ERAR /AN Fe** MIEIERR /7358 Rk
24, BB AF R E AR ST L% MCP M3 EbiEt: . Huang PR T,
SRR SR MCP 7] LUB 3 5 88 L 3 K BF (Superoxide dismutase, SOD)
TEMEFRR T B (Malondialdehyde, MDA) & B {5340 M4 E N .

1.4.7 Hfth

MCP B RHE PR WSS, H A R IR B B8 B A PR FE R i FEF
HWHGE, MCP W FRE N R RS & A E E R KB, Marounek 2331 TN 4B
Fee A S PR A7 R B ) BARAE I YRR A AR R AR B B A & . k4h,  Nishikawa 25013017
AR R, MCP T LS Gal-3 R THEy ok IR R He 1 S 6 ot o 57 P s
o Cui ZMOLH MCP 7 LUEIFENT Gal-3 FESR MR G M RIEE F3Rik, K
FEHERPER.

1.5 RERHSETRHARAR

BRI HK (Osteoarthritis, OA) Z—MEE LHBRMEXTRITHER, L
FRELFUN, EEFESRACERILME, BXAVRBENHRERFENE, BT,
IR 3.6 LARE 0Al14), OA KRR EE BRI AT E (Articular
cartilage, AC) 1BHb BHRITER . Bt EAKACTTR RS L, R FFRERTT &S,
HENEEEER, R FEZEREAREM D, CPEEmEE NS AROEBEE.

MM EMEERE, KAERSH 0A REREMREREI 19, TNF-a.
IL-1B, IL-6 1 Gal-3 FREHTE OA MRAEMKBERFRE TEERNIERIS
B, Gal-3 fEA—RWIEERER T, AMIESESFREARMIERMN, EE&M
B EE SR A TS 8, IR ARBT R R, OA B MiBEFIZE S Gal-3 K FEFETF
=T, TOREER/N R, Gal-3 AR K AE, DHE OA BRI 18191, FHt, #0H] Gal-3
BN NRIETT OA IR

MCP {E4 Gal-3 873017, CHAEAT USES Gal-3 M OCHEAE A 441 4
R EN, ARBHITHNA T RI, MCP 1 LLE# LIRS/
AKETREFRRE, THRREFRTFRERRE, KIECHHCE 0 E5E & 4R

9
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ZAVE U0 16U, I ) e B AR A R R EEIE R MCP T LU RS RZE A28
FANT R HR A B PR SR, (T TR M alBE o126 161 182 LRy E ) MCP
A KERHA TR BA RN R 500, MCP-E H IR H 4 /KB
N DUERREE A ETE OA MG ITIK, L4 OA #ERE. 4 LFriR, MCP & OA 5
TR EA REFBMATTS . it — DR MCP #iEE R, I MCP {£R 1T
{15 E R OA JRIT R RIEZ ACMERH, ARPFFHRT MCP 7R84 4R 41 i
RABEH Y BB AT 090, SRR B, & IR A MCP B 5448 .
HARHARNENT:

1. MCP €V 87T 21 £UAN 41 B P18 9 2 I A% HE AL

WA AR AR A, MCP B (LR 18 At e R i 2 S0 e A .
ZRT ., MCP 72 AC 2 E A VDAL oA At — D). B3 1 fe il 2 06 hmid
oA, ¥a] W edul s-F IR W tE (S-Aminofluorescein, 5-AF ) FT 4T 4h ¢ 6k
Bl Cys BEME (Cy5 hydrazide) 43 MARIE MCP, #| & FIRKIFRG% AR S-AF-
MCP Al Cy5-MCP; # 25, JHE 7 Reyk i . AN S R 505 o By 2 35 5%
FIF R emER . MR R AMEE AT O HE, B% MCP R0 i . BE
ER LR CL I BB M N IR o A R S T s B, X ER AU AT B R A AR BT
iR EEaLE, &S MCP RSB AR ECE AR 2 A s, BRI MCP E8 & 41
SUFNYHAE R 35 1F AH RSB TR

2. MCP % 2615 35 & 20 M B A A0 B2

F_EWMA K, MCP £5]IERHA%FHET-1 (Iypoxia inducible factor-1, HIF-
D IERFHAERMNEAREAKTHHT, HHIF-1o 2B TREERAEER
B CREEE . Hl, A4S EE MCP M MEEE SIS m. B
{EXT IR A BT 0T RIS SR AT 0 ERE B, 208 MCP SHECE SHBE 1R B 59
BB QI AR SC 1 BE— Pl A S R R S TR F 4 i H9 B EIRE R . T
BEE AR M AR R B ZIA, 48 MCP IFEEEFE 1L-1p i FHE T 4 nE
R HIRE: /e, FTRFEMEEARIRIRRERE, MCP A X175 &M i e
AL 4P RE I B A S0

3. B4 MCP i a] £ 22 /KB B 1 i & AR AT

S MCP {E3E R X AT, B ik, RIFEHREREHBEE. R
YRR o B 7 0 R A TSR, A8 5 0482 (Curdlan) 5 MCP
EHMEEHE MCP BEERMAIE. Bit, EIH AR ESMATRRE
F¥ 6 % Curdlan-MCP 78RS #E—3#, 3T Curdlan-MCP KERFIEA. 3R, 7]
JEGT I R AL AN ol AR IE SR SR AT RAL, B)e, B WA ICE TR, %
Curdlan-MCP %} MCP RIFRATA, RENH TR TR g E iR ILEm.

10
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F£-N MCP EXTRFHLMMBPAR B REIERHE
N5

21 8\

BB R (Modified citrus pectin, MCP) R EJBEFFEEHEE-3 (Galectin-3,
Gal-3) FIRIRFEMANSS], G SHMAFMBIMN Gal-3 54, FHEL TR
PHIBRAG Gal-3 RIRIAAKT, EEGLH . PUM B H R 4k 1b 2 o B0 ] 17 /E A 126
163-183], CUBIERAR] LA 5 Gal-3 AR RPRAE A R A fb Fpamit Rle-1%8], g
AU EI, Gal-3 EXRFTHERGHENRRBHEEZEERIS S8, A
AP AR, MCP Al MBI HCE MR SE R ER, HEE LK
FHRNLMERRTFHERRESE, TROERTFRZEFRREIS 1016800 540,
I MCP 7] LR R EFIEERFRT R E (Articular cartilage, AC) H35 & H A
MM, FHA TR T: PREBEREREBEX RS, MCP o LMEdt4
E AC fiis gl 100,181 A pp gt R B 7R, MCP 1] g8 @t RIS FAE WG HEIER
BFRXTHENRFGEE, E2MCP £ ACEBERHRENSIHRTESEET .

AR HFEHEE MCP HIEANME S MBI E, S5 REHANHTA
R, % MCP FIREMERIHHITHA. MCP B—HE S B-EIBEHNEERAR
2, g 2-1 FRP. ATFSRSTHENEREFTFER, BFER
AR EER, XTI AR E RIS 17, R EEAREERS
B RBUE . MR RENSRBN, RESNAR. AAEFTERNS T
HHL™A, O Z A TR ERNEE R 7, Fl, AFaRE R ks
EHARFRIE MCP, #—P WA HEHFAANKEMRAR > AEN.

HO Ho HO Ho HO  HO

OW-_—a V-V
HO Wo HO wWo HO, Ho MO MO % cooH COOH
COOH COOCH, COOH COOH W

@ Rliamuesasc

.

1-3 St SR B EE ) AP
Fig 1-3 Structure of Modified Citrus Pectin*®!,
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A&, SREH S-BEWHRE (5-Aminofluorescein, 5-AF) R4 #M% Yo i
¥} CyS Bkl (Cy5 hydrazide) #ric MCP, il & BA WK PERT 5-AF-MCP # Cys-
MCP. EidRrfl 2R edric MCP FEXRTA . BFSMEAK LU ECE R A e L4
G, BT MCP XV 5B 41 23 M B 4R FE A HopL & .

2.2 WS {LE
2.21 KW SHEH
T 21 FHIREEH
Table 2-1 Reagents and materials
HinaR AP R

MR R (MCP)
S-EERNER (5-AF)
Cy5 Bt (CyS5 hydrazide)

1-Z.%- (3-—HREFEENE K Wi

L (EDC-HCD

—HE TR (DMSO)

B RVER G100 (Sephadex G100)
EHEFEE (DMEMD

fa4 & (FBS)
& A %8-EDTA (TED
HER-HBETAW

Il

4% BERFRE

K (D20

BB HZ MR (PBS)

A EHERREZNER (D-PBS)
IR R

HAEFL HE) PERFE
AT AR (0CT)

HILL SRR A PR A IR A
R R T A AR 4 R A
AR T AR A IR AR
FERERERHRAA

EARIR T AR R A F R A A
ERERZHHARAA

EE Thermo scientific A 7]

% HE Invitrogen A7)

%@ Thermo scientific 22 7
ERBEREREARAH
ERBREEMEARAT
ERBEREREFRAA

EERTH T ARG A RAR)
EREREHNHARAHE
EHRBERERTER AT
FEEHEDREARAF
ERBEEEREARAT

% [E Sakura A 5]

12
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23R 21 AFIAFEH

Continued Table 2-1 Reagents and materials

WA =Vl 3

AF L% S ET (ER-Tracker) LEREZREMBEARBME R T
LR ERGERET (Mito-Tracker) — H¥H R RAEMBRBROGHRAH
RS ER J6IRET (Lyso-Tracker)  _FBERRKAEMHEARBRMD AR A A

oL e R e IRET (Actin-Tracker)
YUHRTE/FELLh (Live/Dead) A&
Cell Counting Kit-8 (CCK-8) &
4',6- ZBREE-2 SKEMEILE (DAPD

Alexa Fluor 350 #Ric I FUR e E
-3 (Gal-3) BmEHiE
HHABMNMF-1p UL-1BD

FHREZREDEARBHHRA A
% [H Thermo scientific 2 )

%M MCE A
FRBAZREDEREGERAE
R EEREVHAFHR LA

% & PeproTech 4 F

PrimeScriptTM RT reagent Kit 57 & H A& TaKaRa /4 #]
SYBR® Premix Ex TaqTM IIi& & H 7 TaKaRa A &l
PCR ZH 5|4 FEETEYTEARAF
BALE (KB RETARENHEREFRAS
75% EFE FRETL R THEARFRAF
BOE. AREFRK S Corning A 7
EHTE (Mw: 3.5KDa) EHRBEFEZHRBEHFRALA
2.2.2 ({ERE
£ 22 UBEE

Table 2-2 Instruments
BB Gl B4
Firm L4 (FI-TR) JEX 5¢ @ Thermo 44 5]
"H %R ILIREE ("H-NMR) {X 4 Bruker 247
AT W, (UV-Vis) 4 AE T P4 E Perkinelemer /A H]
WA HICEEAN £ H HORIBA A F]

A& FHUTR N (DLS)

3z [E Malvern Panalytical 2\ ]

13
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R 22 (BERE

Continued Table 2-2 Instruments
(e =5 A&
Nano Vue Plus #8E 7 Y AT ¥ H Biochrom 4 7)
SERY 9 e 8 PCR X %[ Applied Biosystems 2 ]
LB 2 KREAR YL 752 Thermo A )
COx EiRFEFFH HZ SANYO 4]
KT AL 1% [E Leica 27
YR HZA Olympus /5]
BF R $E[E Metter Toledo 2 &)
WIERE X EE IKA A
HieTES MR EF R A
AT Z£[E LABCONNCO 4 7]
Z IR R IEIR X % 2% Thermo A ]
it =40 AEAY %E BD A7)
NENUEER R RS %£E CRi A7
BAHREEME (CLSM) $5[E ZEISS A 7]
£ IHRE R B ACEERRX %2 Thermo A 8]

2.3 XWHE

2.3.1 9NIRIT MCP Buld 53B4E

2.3.1.1 MCP 38 N4RIE

MCP R AEIRICEFZ LTI, T — &8, % 200 mg MCP T 10
ml H,0 &, FEEIRA 10 mL DMSO. 70 mg EDC 1 10 mg 5-AF, =&, #t&H4
TREL 24 /MY, WERMNFY, BHEZEERES (Mw: 3.5KDa), EEBEFKPE
BT 96 /N, BRERRIIRIE, Pt — B8 GETR. BANRCTDEREE
Sephadex G-100 4L, P11k, b= & R 5-AF-MCP. FRAMFLL
F234T MCP #9 Cy5 BRFFRIE, #ith. WERIM B A £~ Cy5-MCP.

14



Hh [ PR A B B &b BRI 7 B A L7 A7 8 3T

P
MCP
, G 9343837
e l EDC - HCI - -
© >
@ s Cy5 hydrazide

Cy5-MCP

B 2-2 MCP HFOERRE R EE.
Fig 2-2 Schematic diagram of the synthesis of fluorescently labeled MCP.

2.3.1.2 MBI (FTIIR) FTAE

# MCP. 5-AF-MCP 1 Cy5-MCP A& ERH R, 5 KBr (1: 100> BEE
EANEE, W7 AR B4 44613 (Fourier Transform Infrared Spectrometer, FT-IR)
££ 4000-400 cm ™! (W FFE R A BT, R MCP. 5-AF-MCP M Cy5-MCP.

2.3.1.3 'H f#3tRE R ("H-NMR) %4F

¥ MCP. 5-AF-MCP # Cy5-MCP %T D0 )5, il 'H &Rtk (H-
Nuclear Magnetic Resonance, 'H-NMRD, 7t 600 MHz F3##ic® 'H-NMR i, *
#iEt MCP. 5-AF-MCP #I Cy5-MCP.

2.3.1.4 Rk (UV-Vis) RIE

# 5-AF F DMSO B#E Rk 1 mg/mL BB, BEAMH Ha0 ¥ 10 ug/mL
5-AF ¥¥: ¥ 5-AF-MCP ] H;O EEHI A | mg/mL RS FEAM-0T WA e XA
(UV-Visible Spectrophotometer, UV-Vis) £F 300-700 nm ¥ Ko B A3, 183% 5-AF

A1 5-AF-MCP 4R .
¥ Cys BtitH DMSO R | mg/mL BIVER. B A Ha0 FiFERL 10 pg/mL

15
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K Cy5 BERHAT; 38 Cy5-MCP {1 H0 Bl 1| mg/mL BIEE: REI-T W4
HIEE T 500-800 nm K TEHIE, HIGLR Cys BEHA Cy5-MCP F4E 4B,

2.3.1.5 FOERIEEAT

BRI 5-AF-MCP il Cy5-MCP KR Yt tiE, PLSIFH M
i, FHEEREBEANRFEK.

¥ 5-AF /| DMSO ### )5 H2O R 10 pg/mL 1 5-AF ¥ H 5-AF-MCP
F HoO BEH A% 100 pg/mL ¥ BES KA 494 nm RUBURE, il 5-AF H1 5-AF-
MCP 7E 510-700 nm [8] {758 56 & §1 61

3% Cys BilitF DMSO %## /5 B HaO #BERK 10 pg/mL () CyS BRAHIER ¥ Cys-
MCP A H,O oAk 100 pg/mL HI¥EHE; FE/EFHA 645 nm BIBURE, 3 Cys BEb
F1 Cy5-MCP 7 650-800 nm [E] 5% % R 5161,

2.3.1.6 FOEARIIECHE

5-AF WikRaEH2E: F DMSO B 1 mg/mL ¥ 5-AF BFE, BEJSH H.0 FRRRK
WREMR RN 1.25, 0.625, 0.3125. 0.15625 1 0.078125 pg/mL Y 5-AF AW, Ll H0
ATEXE, RS OCE I ERBUREK (Excitation Wavelength, Ex) A 494
nm. R (Emission wavelength, EM) A 520 nm & HE T, ME 5-AF BEM
HKNRE. DL 5-AF Bk E AR, IR HRGERE -2 QX s b g
¥R, BB/ SREBITEIREE, BELEREIRTEN 5-AF MindEL.

Cy5 BERFRI#R#EfIZk: ] DMSO Bl 1 mg/mL i) Cy5 BEMFEEAE S, A H20
MR R EK YA 0.16. 0.08. 0.04. 0.02. 0.01. 0.005 pg/mL ) Cy5 BEHE WY,
Bl H0 A= X IR, RS 68 ETHE Ex=6451m. Em=663 nm &L T,
WE Cy5 BEBHEHMTEEHEE . DA Cy5 BEBRIMREE BEAtr, BLB RS 6 -
FAXBRREAN IR, IR E /N REETRREE, FERgEE Iy
FREPA Cy5 BERB R PRt 22

5-AF-MCP fEXACEE: FEHRFREL S-AF-MCP, A H,O ECH& 1 mg/mL KK,
H— BB RIRERIK N 6.25. 12.5 F1 25 pg/mL K 5-AF-MCP %, Ll H.0 A%
BAXt#. 7E Ex =494 nm, Em=520nm KK TRERELEE, FRNS-AF IR
MR HER . BIF|ARI: Ri% =(Cr/ Co) x 100%, T 5-AF-MCP H 5-AF B
REE, HHR, Cr RS 5-AF FIRE (ug/mL) , Co ARESEIFIEEERE (pg/mL).

Cy5-MCP RIEUSE: FEMFRE Cy5-MCP, A HoO ER#| ik Bk kN 12,5, 25
F1 50 ug/mL ] Cy5-MCP 3%, UL H0 AFEAME. £ Ex=645nm, Em=663nm
IR T RIER R G5RE, FHUA Cys BEfHRHE R 718, B, MIBUTAR
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11761, R; % = (Cr/ Co) x 100%, +E Cy5-MCP F' CyS B R OCHEMA R, Hih, G
FEER D Cys BRI E (pg/ml), Co AFEMBIFIEIRE (ng/mL).

2.3.1.7 Zeta FA{AIR{E

F/K R HK E A 1 mg/mL # MCP. 5-AF-MCP il Cy5-MCP %%, BE/5{EHzh
A EET R E{Y (Dynamic Light Scattering, DLS) W Zeta 147,

2.3.2 MCP HIX TSRS FINER

2.3.2.1 %ﬁﬁﬁﬂa\_ EHRETHE R MCP BINk:®E

R 8 PR HEE BALB/c /MR (20 = 2 g0, T BT B E R G i s E 220
FATSER NG, EFETPEEFRERBS REWANSIYE . siFEER 12
NSRS B, PR EISHIE 25+ 1°C, HXHEE 50%-70%, 3 H/®EZE, &K
H R, SMENKEE B EFHER. SiMEReL KENLEIMCEREAS
fit#E (IRM-DWLL-2019006), ##f ARRIVE MRKENEIR RSB #HIT.

MNEH 4% KEEE (0.1mL/10g) HEBE, BIREAEREER, 75% B
WE. B 10 pL #EIES 2% 10 pL £ Cy5-MCP (i mg/mL, BHTAHE/K) 5 Cys
Bif GBI RUFERR) EHBPROEABXTA,. BERSHENENIREBX
o FESEE 1.3, 7. 14 {128 X, &FENE, Bt hshEERE RZK (Invivo
imaging system, IVIS) Xf/NREERTHITRE . #— BB IREFER, &FEX
FHEHE, AEBREKER 3 KE, BT IVIS #iTWEE. &%, FIrEB&HEH
MHERERRENRAN EEE. &5, RIEEN RS 1T AR B R 7R
FE, iTEHL4%] Cy5-MCP 1 Cys BEHFE MRS B RE.

2.3.2.2 MCP 2= 524

¥ 2.3.2.1 P4 Cy5-MCP 43 28 Ri/MR, REREREELT, UASEMAE

RIFIRERAE T HA3E 28 RE/PDR AT RA .. 5/ BUEHEHRER S (Heart), AT
(Liver). M8 (Spleen). it (Lung) A'BF (Kidney) . IZHBULTFAN: BEHREK
=EHRFEE (g / 4E (g) x100%, THE/MEKITSRE.

MEDRERE, BEERE % EERETETE 48 MG, FH 15% F30%
ERBREENK H2HANERLER. SR oCT S flaEAaR, #H
KETIE VI, BEAYum, @HKERL (HE) REF, EMETUE
2 CyS-MCP BEXHESNE/MRAESRETN. BAREPRIOT:

(1) BERFFBETESHARBLBORE A IE S min J7, HRKFE 105,
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CIER & 2R MH AR

(2) HEBEEFESH0.5% HBIBEMSMEmT, 94 3s;

(3) HEFR/KEI 15 min;

(4) BBFAIRETEPLREHRE PEE 3 min B, BRKTE10s, LB
frEEROPALEM;

(5) BEBFKKET 95% 2, 100% LB, “HHEH 1 min;

(6) FRAPHMERA, EEMETHREE,

2.3.3 & MCP R AR

FREL 100 mg MCP 1R F 15 mL EAEH, JIA 10 mL D-PBS, % 0.22 um &
BT R E R R RN 10 mg/mL K MCP 8. %18 1 mL FBS, 0.5 mL
10 mg/mL f MCP ##. 0.5mLD-PBS. 100 pL TEZX-HE XN 8 mL DMEM
RIELFIIRS], BEIZIREN 500 pg/mL MCP (32388, i MCP 500 ¥5953; ¥
MCP B # #: 5 0.5 mL D-PBS 55 MCP 0 55753k . $5H B 7 s, Bodw RN 200,
400. 600. 800 Fl 1000 pg/mL K] CyS-MCP 8% 5-AF-MCP W% 553,

234 XTRRIMEE RN

2.3.4.1 XTRAMAGHIE, BF

M 23 ER B TR N AR IR SSTY, FIJCH PBS B, THEFEHRHHA
B 4mm MERITALSMN LT RESHIMEE, FH PBS BRI NG, BREXL
EFEFIF, MAE 10%FBS M 1% F-HEENPIAN DMEM 3575, BT 4IHEE
FEF GHXNESE 95%. 37°CHI 5% CO2) HisR 2 RfE, ATREELR.

2.3.4.2 Cy5-MCP oM ik i paiEd i m

%R Cy5-MCP Jif MCP KUK & SME kA 215 . PBS PRI SMER 3 RIGE:
BEITHE 48 FLIESP, A 1 mL &%H 10%FBS §f) DMEM #RBEH 2 KX; FhA
& Cy5-MCP §y5E7rE (1000 pg/mL), 4kEEREFF 24h. BH/E, HEEFE, ®ln
A 500 uL 10% CCK-8 #¥#, BHEWE 2 h, LIRS Cys-MCP BERAARA

(Control #). WE R, WE 100 L BEREBEHH 96 FLIR, FHBEIRX
£ 450 nm AW ERRE. BIBEAN: ARAXNFEE (%) = (OD sxs - OD piank/
OD sma - OD Biank) x 100%, HHEKEF/IEETIREHMETEDEN . OD plan A1{Y
A 10% CCK-8 #F R FLEI R G -

#t—35 48 F Live/Dead 3L Cy5-MCP M HCE sMa 40 4 mmaste . B g
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SMERTE Cy5-MCP & (1000 ug/mL) F8H 24 /M J5, B PBS iEH 3 IR)5, 0
A Live/Dead ik 4e 5 30 min, OGRS, FHEWIHA PBS BIE3 kK, FAT]
FAREYIEIAME RS, BOLEEAEBRHME (CLSM) T7E Cy5 @iEF DAPI HEiEN
2. BAR, Fra ERISE AR 80 R MR LA R H .

2.3.4.3 FRSMEBRRIBIZFRE MCP 1534

BHME R A 1000 pug/mL B9 Cy5-MCP ERIFEE Y Cys BEUE GREELL Ry 8D
B ILEESE 3. 6. 12124 AT, PBS BRIR=IR, 4% ZBHEEZE, K&
FHLRRE I F, EEEA 100 um. B DAPI St4 gk et 5 4. &5, 87 CLSM
fE Cy5 MHIEF DAPL B WM. pfR, B BURISE R F ek sa g fg e mt 5]
. WEIMEERNERREENE 2-3 fix.

Immersion culture

h 4 z
sz
.. z
sd—Ead — Eememd Eadl Tendl.
X

cartilage explant uptake for 3,6, 12 and 24 hours

B 2-3 MEIMEBTEH CyS-MCP BiER B EERRER
Fig 2-3 The schematic diagram of immersion culture of the cartilage explants in medium
containing Cy5-MCP.

2.3.4.4 RRIMESHBEMIEFER MCP V5%

Cy5-MCPloaded collagen membrane
|

cartilage t‘\pldnl

Full- lhlckness- a

aLJW},L\I\ .

Superficial zone - : |
a?a?ﬁi‘é’ el

Ldl‘llld eex Idnl
Middle and deep ioneé - . O e
agarose gel

B 2-4 K EIMEES Cys-MCP Bl R EE
Fig 2-4 The schematic diagram of contact culture of cartilage explants with Cy5-MCP.

WESMERS CyS-MCP H#Efit sz i 2-4 fis. BT EEK 20% R
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B, 80%ATEERLLE. AFERIIMOKFEIFREIMEE, REBRENSHEE
B EREARNT, SIRAEREIA T DMEM 3@ SR KA, DIRELEN 1%
BRRERRL, HEHMAE] 24 FLR R, FHEBEESBR. fBiE, ERERTASERE
BEIEERE LAY 4 mm MR, REHRFERBRAEEFR, HEREEALE
m#A 1000 pg/mL (1) Cy5-MCP FIRERE (fiER Cy5-MCP MKIEBESH G EH.
BRI HEAED), 37°C BHFETIE 24 . AR -HBUR SR SMEHE, PBS #F
3 W, BERBEIHANKIEE Cy5-MCP; 85, WREMEAPLRREL
A (BE~100 pm), #R/5H DAPI 3¢t 5 min. )5, ¥/ CLSM 7E Cy5 JBiEM
DAPI EIE T B RLG, T BRI A AE I B BOUR 58 B AR R i (Rl iR .

2.3.4.5 MCP ! Gal-3 FEBIMEGRRY LR AL

HAMER S 1000 pg/ml. i CyS5-MCP B3riat 5235 24 /PRHE, PBS $63% 3 ¥,
4% ZWAEEE, WHETAPLRE A, B 10 pm. BE/EMA Alexa Fluor 350
FRiCH Gal-3 ARSI, 37°C ¥ 3 h, PBS ¥k 3 K, BEARIFICHEE, B
Ja H CLSM 7E Cy5 BB 405 #E T gL . XRERME. BE, XH Image] &
o K4 EUR HEAT MCP # Gal-3 3L Er 047 -

2.3.5 XTE B HAEnIEHF

2.3.5.1 X¥FEBnoE. &%

RARBHCB VN TR BT EAR. %4 BB HAXBaRUA T
P EEZRFREREFTRERIY PG, SERFES: SYXK ()
2019-002; FESHILS: Nol20906231100035165; {HE & #t 5. IRM-DWLL-
2019006

TEREAFEHEREARE, BEUEKIFET 75% Z8BDRNHE 15 min.
EXHHET, RERXEHRTE, BEETAFRIISERBER, BREAR
BT PBS FIHEBI AL | mm® FIPOIRERL, HBEEOLE, A 2 BERKN 0.25%
BEEE, 37°C BEANERSEHEN 1 h, FOELBRHEEAE, WA SmL02% K 1o &
IR R, 37°C B4k 6 h B HATR 7 HEN . BETEM. BIHEEZ 70
pum KRR, BEER, BRECFWETEIRE, REREHM. B8EH
fE##2Z PBS F1, B0 5 min 53 L3, WETEHARIE, BEMA 1 mL 4
HFRE (F 10%FBS # 1% F-#HBEREXPL. 90%DMEM), KT A RAMER S
TR, THRBEFE GENHERE 95%. 37°C. 5% C0) HiEF 2 KRG, #
WU EBRKRISEEAIM, 258 3 RE#SR —REFE. HAREAE 80%, #H TE
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WAL 2min /5, AR UK LT, HiE 122 B AL REER.

2.3.5.2 MCP B miaaat

KB A LA 3x10° MBS 25 B RAE 96 FLAR, Fr4tMalb B S EE
& 5-AF-MCP = Cy5-MCP (JK/$4 0. 200. 400. 600. 800 F1 1000 pg/mL) HIE:
FREE, EHF KRG, FEHEFR. BEEMA 100 pL & 10% CCK-8 B ILMSE 2
ANEFFE, B TR FHIE 450 nm AW ERFE. 85 2.3.4.2 dEF AR ES
HEEHREEEE.

2.3.5.3 LRAPERT MCP BYSRE

TR B MRt 7 e ARIC MCP MREUSE R, BB TIHEER
WEE RO, MYEREELE 80% A, FHAE 1000 pg/mL [ 5-AF-MCP
BT S-AF MUIEFRMK (R4 RUVFEFIE), BT 05, 1. 2. 4. 8. 12, 24 f148
ANEF. BESG, FI PBS PRERANME 3 IR, DA ZCRBEAAMIIEEA 5-AF-MCP Hl 5-AF,
RIEH 4% ZRFEREE 15min. BZEEZWRE, PBS Y 3K, A DAPI &340
JEt% 5 min, PBS ¥t 3 KJG, #RABCLLREERMEE FITC #IE. DAPLEET
MEEMFEER, B ERSERER SR EEMELN AR

RT BBV MCP KRR HHCF AMEMNE 12 FRd. ok
Control #1. #5 5-AF A 5-AF-MCP {H. Control H AT AR 3
5-AF N2 5-AF S FEESF (REH Ry vHED 48 h BI4HM; 5-AF-MCP 4144 5-
AF-MCP (1000 pg/mL) BrFMEEFF 0.5, 1. 2. 4. 8. 12, 24 Fl 48 h AL, &
¥E —EREJS, F PBS ¥Eik4M 3 R, MABEEOH-EDTA HAE OHYEH
H, {F RN AAE 488 nm EEAN 1x10* PMEIRBIR LIRE .

2.3.5.4 MCP ZEXUH MR IE 4 HazE S

B E, ¥ HMBES 5-AF-MCP (1000 pg/mL) FIRE3FEPEEFE 24h J5, PBS
VR 3 K, BEEERBREHTE, SAMALRE. WEN. HLNEEEET
MRS aR, BE/S 4B E 20, 204 45 #0130 min, BREHBIK, PBS Bk 3 Kk,
DAPI 8§40 f8%, CLSM MEMXEEE.

2.3.5.5 MCP H Gal-3 7EAv B 4ABRcPRYE 2 (i

R THRNEEHEE MCP ft Gal-3 B3 Mg, & LidAE, BREHES
Cy5-MCP (1000 pg/mL) 5258 24 h J5, PBS %% 3 W, IMARIEHRIC Gal-3 ik,
37°C & FXEREFHMEE 3h, PBS BREFRAFIZAEE, BEER CLSM MEF &
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FHR. B5, KH Image T BAXECE MY MCP M Gal-3 f)3kEfi#tir obr.

2.3.6 HRESFHIRSH

AEAEEHE T HEMMIT MCP 113 EUR FL7E 505 402 W 92040 18 R 255
b, B RMAR RN E R BRREMNEZ R EQALEERT 8, DURE
ATFFR MCP B RAERPS. Bk, X MCP ¥13% 3 RIRE AR ER
& H H #4T KEGG(Kyoto Encyclopedia of Genes and Genomes )il 3% & 2£ /#7162,
BE, MREARNBEIMIERN MCP BEA/KEEREAS TRERERNERREER
BEAT KEGG @RRE &Y, &5, XMREERHE MCP- K™ (Sodium
Hyaluronate, HA) E & /KBREITREERTRATFRTIRXTENEREEE
AREAT KEGG @B EE M.

2.3.7 MCP M Ripa aREE X EE R ENKN

2.3.7.1 MCP ¥ B A EBARENEN
KRR (P3) WEMRERT 24 FLAR (3x10%FL), HA 500 uL MCP 0 5%
# (Control 4H) 1 MCP 500 $55 3% (MCP 500 £H) #53S 4. 84 3 ~E1l.

THRE 3 K, WEARRIE RNA, ATEEEZRLN EERSBE RN
(Quantitative reverse transcription PCR, RT-qPCR).

2.3.7.2 MCP X} EESEPSL SR SRR MR X R ERA KR

¥ A B 40 43 B £ F MCP 0 35373 (Control 4 A1 MCP 500 35354 (MCP
500 #) BEATHESR, FrAIMRE AR 80% J5, # Control .5 MCP 500 4 RI4HMST 5l
B 1 2 HpIEAESR, FHEELU ERE, EEHREES 7. BRdET,
FIET e sE P3-P7 AUBRE 40, BR-T 24 LK (3x10%FL) &, INA 500 pLMCPO 1
MCP 500 357 ES LR 3 R, RARNEMEREE RNA, H TG4 RT-qPCR.

2.3.7.3 MCP 3¢ IL-1B S 33R R A X AR AN KW

AN R AN E-18 (nterleukin-18, IL-1p) &I EFH W E M LA #
RERA . FE4SEE IL-18 BFEFMAM, DN MCP X OA F3& 4 B Mk
F R RE T RARERIER N P3 S ML, 32 10YFLNE EEM T 24 fLiRH,
A 500 uL & 10 ng/LIL-1B M FRET TS 24h, BEE T HFEHNI MCPO HRE

(IL-18 #1) F1 MCP 500 (IL-1B+MCP500 £H) ¥5pE, Sagss3 K, R SaHE
BRI E RN IERESE (Control ), BH 3 MEFL. THEMNBE=ZX, WEHA
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FE#2ELE RNA, AT /54E RT-gPCR.

2.3.8 ¥ EBAY RNA H2EY

HFMBCEMM, IR, A PBS ¥k 2 K5, A 400 uL SRR
W (CRREEEI  p-RELEE =50 1 1). £EEE gDNA FIMAERTE DEPC /K,
38 RNA. 1A Nano Vue Plus % RNA #EATRI, A260/A280 AR IGEEELIE7E
1.8-2.0 f] RNA H T /54 RT-qPCR.

2.3.9 B FEER PCR (RT-qPCR)

HE1) RT-qPCR F¥CE 4B HXxED | 2% 3 (Microtubule-associated
protein 1 light chain 3, MAP1LC3) RI"F& -1 (Beclin-1, BECN1) & HWRMHXER
FIRIEE M. BEEERN:

(1) ¥R BL23.8 BEUKE RNA AR, REFH DNA.
(2) #H 1.6 uL 5149, 1.6 pL cDNA. 6.8 uL RNase Free dH20 #1 10 pL SYBR
5 ROX 11 IBEHH PR IT QPCR KRB SIMFFFINE 2-3.
(3) Step one plus Real-time PCR System: fi&F{%: 1 MMEFF, 95°C30s; F 1%
40 NMEH, 95°CS5s, 60°C 30s.
RMEH G, LA GAPDH AWE, KA 224 LA B3 .

& 23 51955
Table 2-3 Primer sequences

B B2 E Eik s 2
GAPDH F: 5-CCACTTTGTGAAGCTCATTTCCT-3'

R: 5-TCGTCCTCCTCTGGTGCTCT-3'
MAPILC3 F: S5-TTTAACCAGTTCGCTCATGTTGAC-3'

R: 5-CTTTGCCGACCGTTGTAAGG-3'
BECNI1 F: 5-GGTCAAACTTGTTGTCCCAGAAA-3’

R: 5-GCCCTATGGAAATCACTCGTATCT-3'
#: GAPDH, HBEE-3-BiEsIREEE:; MAPILC3, M E G 1 %% 3; BECNL, ¥ &E-1.

2.3.10 BB 55y

Fi% #3% LL Mean + SD 5% Mean = SEM ¥R, f# ] Graphpad Prism. Origin B
IBM SPSS 25 BTG 2. P<0.05 A ESHHFR L.
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2.4 KBER
2.4.1 MCP 3&34RicHInyREE

2411 FT-IR

& 2-5 4 MCP. 5-AF-MCP ! Cy5-MCP 4 4MKiE, T W MCP. 5-AF-MCP
Cy5-MCP B4 JLEARRF SR i % . 3410 cm™? ZE3R 10 KRR S O-H 45
PEhAE X: 2942 cm™! AR R G C-H H4ERENIE: 1607 cm™! #1416 cm™' 4
W Wl 3 B RIAGFLE C=0 il C-H T ili; Hid Y RWIE & 25 8 p 4 A it 7o 178
178), 5-AF-MCP # Cy5-MCP K FT-IR iEEISEIME L 4 MR, REHEI AR
R KRR MCP 28542, FT-IR MIBEIX (1250-400 cm™) Xf4r F &ML,
R, e T X2 AR SHE /N2 U8, 5 AF-MCP 1 Cy5-MCP
WL X FEREIA, BT 1239 om™ 4 FRIRME, Rk =B C-N {h4E
3, R 5-AF F Cy5 BEF BRI T MCP [,

- MCP
S5-AF-MCP
= Cy5-MCP

> A

i A
@ A o A -
8 0 h.l:; -
5 S 293
- o A
= N
7)) . (3%
= o
o

}_

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™™)

& 2-5 MCP. 5-AF-MCP #1 Cy5-MCP 4L 46 3% E
Fig 2-5 Infrared spectra of MCP, S-AF-MCP and Cy5-MCP.
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2.41.2 'TH-NMR

AT #—BIESE 5-AF R Cy5 #Ric MCP IR & R, XH&Br=isiT 7 &
HigHig o (F2-6). HET R, 64.70 ppm LAY A DO B, M 53.32 ppm
F) 86 ppm WO R ZRIRHL(S S8, 5 5-AF-MCP I Cy5-MCP HI4L4h
ZE—8. WA, 7FS-AF-MCP £ 'HNMR &, 52.2-3.0 ppm X4 5-AF BB 25
F NI BB A T PR LS, R A 5-AF MiFE ik & NSt RN, FEHE
BHMES: CyS-MCP AR BIIFRIE, 7E Cy5-MCP B 'H-NMR & &, rf L
CyS Bl &R TR PR 73 M AFiEg (2.2-3.0 ppm) - Bk, H 5-AF-
MCP #! Cy5-MCP f 'H #% 8 EliE 0T LAHER 5-AF FI Cys BB AT RARR Bh#%+d MCP,
Al B FRiC R B MCP BB BELEH .

—— MCP
5-AF-MCP
—— Cy5-MCP

1 A L

7 6 5 4 3 2 1 0

2-6 MCP. 5-AF-MCP 1 Cy5-MCP B9 'H &R 3LIR 5 .
Fig 2-6 '"H-NMR spectra of MCP, 5-AF-MCP and Cy5-MCP.
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2.4.1.3 UV-Vis H3E

Xt 5-AF #1 5-AF-MCP #4177 UV-Vis JEi&8M, 453 0E 2-7. H 5-AF & 5-
AF-MCP R840 ] WOGRTT I, —H#HEREFHNEINFRE, X2HTFAERH
TEE S48 5-AF F1 H B&W) S-AFUSL, {HETEERR, 5-AF-MCP #5E4b-07 IR
e (492 nm) AT 5-AF (474 nm) FIWRIQEE, RN 5-AF-MCP [(9% -7 IR
bR AT . M Cys BEBFR Cy5-MCP 1 UV-Vis Y E R A, Cy5-MCP [HIHFAE
R Ui&E (641 nm) HETF Cys Bl (640 nm) HFRBEMAE.

0.4 1.0
5-AF —— Cy5 hydrazide
5-AF-MCP = Cy5-MCP
0.84
0.34
0.6
Bo02 2
; 2 \
0.4
0.1+ \
0.2
0.0 , r T 0.0 += . \
400 500 600 700 500 600 700 800
Wavelength (nm) Wavelength (nm)

& 2-7 5-AF. 5-AF-MCP. Cy5 BRI Cy5-MCP (1148 #h-7] WLk, (A) 5-AF F 5-AF-
MCP & 4h-"T G (B) Cy5 BeMEA Cys-MCP B 4h-mT ok

Fig 2-7 UV-Vis spectra of 5-AF, 5-AF-MCP, Cy5-hydrazide and Cy5-MCP. (A) UV-Vis spectra
of 5-AF and 5-AF-MCP; (B) UV-Vis spectra of Cy5 hydrazide and Cy5-MCP.

2.4.1.4 RRIERE

§00000

300000 4

200000 1 668 Am

Intensity
Intensity

0
0y T T T T T T T
660 670 680 690 70O 710 720 730 740 750

Wavelength (nm) Wavelength (nm)

A 2-8 5-AF. 5-AF-MCP. Cy5 BB CyS-MCP 3%tk
Fig 2-8 Fluorescence spectra of 5-AF, 5-AF-MCP, Cy5 hydrazide and Cy5-MCP.

El 2-8A 74 5-AF-MCP #1 5-AF B3Ik . g1 WL, £E 494 nm R T (Ex
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=494 nm), S-AF IR KRS HEN 520 nm, T 5-AF-MCP Fig k&R EK N 530
nm, VB 5-AF-MCP B RRFEKRERMOE, BRREESEHITRET
HHEVER, BE— R 5-AF-MCP ERIhzE 518,

A 2-8B A4 Cy5-MCP H Cys Bt 6L, hEmT L, 7 645 nm MIBRHEK
T (Ex=645nm), CyS Bl B X RFFREN 663 nm, 10 Cy5-MCP RSB AN
668 nm, 15 Cy5 Bifif#itk, Cy5-MCP KRS H L REMTBIBOR, =2 Cys BLiFR

MCP Z[ARET i@ e, IEET Cy5-MCP fIg /1%,

2.4.1.5 MCP R#53cHrid

A

1000000

900000 4
800000 4
700000 4

Intensity

200000 4
100000 4

0

600000 4
500000 4
400000 4

300000 4

12000

y = 638638x + 14004
R?=0.9983

10000 4

8000 4

6000 4

Intensity

4000 4

2000 4

-
Il

y = 55053x + 113.58
R? = 0.9962

o

»

T T T T T 0 T T T T T ; T
0.0 0.2 04 0.6 08 1.0 14 0.00 002 0.04 0.06 008 0.10 012 0.14 0.16 0.18

Concentration of 5-AF (pg/mL) Concentration of Cy5 hydrazide (pg/mL)

2-9 5-AF fl CyS BEFIFRHERNEE . (A) S-AF RISFHERMZR 5 FE; (B) Cy5 BEIFRIPRHE
27 R
Fig 2-9 Standard curves of 5-AF and Cy5 hydrazide. (A) The standard curve equation for 5-AF;
(B) The standard curve equation for CyS hydrazide.

RT R 5-AF F1 CyS BEMHE MCP _[IZOEARAE, BRIt
HHEATARE. WE 29 iR, 5-AF IndERIEZRREMERIRT AN y = 638638x +
14004, R?=0.9983; Cy5 LRI RGN y=55953x+113.58, R?=0.9962,
B, HRER 5-AF-MCP 1 Cy5-MCP IR AR 712, T84
EWF 2-4 #1F 2-5, 7 W 5-AF-MCP #0 Cy5-MCP # 5-AF F0 CyS BiHFa0-F B4t
AR 4.3% (wiw) F10.0425% (wiw) .

3 2-4 5-AF-MCP e Ao &
Table 2-4 The Ry (%) of 5-AF-MCP

Co(pg/mL) Fluorescence Cr(ug/mL) Rp% =CpfCox Calculated mean of
Intensity 100% Ry (%)
6.25 175890 0.253486 4.055781
12.5 368203.3 0.554617 4436934
25 7137422 1.095673 4.382691 4291802
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2 2-5 Cy5-MCP % it %
Table2-5 The Ry (%) of Cy5-MCP

Co(pg/mL) Fluorescence Cr(pg/ml) Rp% =Cr/Co Calculated mean of
Intensity x 10% Ry, (%)
12.5 412322.2 0.005339 0.042713
25 713585.6 0.010723 0.042894
50 1286220 0.020958 0.041915 0.0425

2.4.1.6 Zeta HH{IFTLE

2-10 B7= T MCP fE/KIFW T Y Zeta 47, AT W, MCP A fi A7, iS5 MCP
I, 2 5-AF § Cys Bt B3I 5-AF-MCP 1 Cy5-MCP ) Zeta FEBIf 44 R
P BRH — %, 18 5-AF-MCP fil Cy5-MCP #&[H 2 A7,

) & S
o o =

Zeta potential (mV)

o

MCP 5-AF-MCP Cy5-MCP

& 2-10 MCP. 5-AF-MCP F1 Cy5-MCP H) Zeta HLfiL
Fig 2-10 Zeta potential of MCP, 5-AF-MCP and Cy35-MCP.

2.4.2 FEHAFIE MCP AP ANRE

¥ Cy5-MCP RUFFES Cy5 BEAHES B/ RIEXW G, BidEAsEmE 28 XA
ARRNRIBENEN. EE2-11 7R, Cy5-MCP M Cys BiEXTTH
HFEAERIEARE. mE 2-11B TR, Cy5-MCP fl Cy5 BibHHIAR % EsRETE
B 7 RAF PR TR, WA BN R IuERFeR: B5 Cys BEE L,
Cy5-MCP fAH% R A5RE T RIS, HFHE 14 KR8 7E4%L. 1E 2-10C
T, TEVES 7 KRG, AR H Cys BiELESAERTS: WA REETA
IEEMEBIELIRAT Cy5-MCP M3 HfES, H 28 RNAFTLUFLEURFRNLES.
P EHEE RI2R, Cy5-MCP BB E/MRATHNE DT RS EE 2 A.
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' Day 1

Day 14 (RS E==

Radlant efficlency

Day 28

Day1 Day3 Day7 Day14 Day28
Time

TEERER,

e

2-11 Cy5-MCP ZE/MRRTWHEERE. (A) RTHEHAEE:
(C) &A% . (mean+SD, n=3)
Fig 2-11 Imaging of Cy5-MCP in mouse joints. (A) Schematic diagram of intra-articular
injection; (B) The clearance; (C)The in vivo imaging images. (mean + SD, n=3)

2.4.3 W¥ARiE MCP B MHEEN

2.4.3.1 FEHFIC MCP 2531

HiL 22 Cy5-MCP A28 28 RIF/D B AIKE | 5188, Jras s A4S HE
R ERIEARE MCP 2 gEi. AT RXHEAM Cy5-MCP 4IBHA /R E
(B 2-12A) FESR4ERH (B 2-12B) BEZELEHEER . NFRABESFRG.
FF B B BB TR K, FRESHARREEE: E—Ppan bR
BIEAHTE, K 2-12C 7T, BIFSHAEWTE. LT MA. &4 M
SRR B A (B 2-12D) AT, Cy5-MCP & ¥ A8 /MRS WIEE T 53
HAALTLTHEZER. FERNLE, FAHMMHREE ARG ERFIRRAE
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=, IXTTEER TR B B 4R B A 4 s AR RS, R ERIBOR R T RE
= HRRRE R,

A

25 104 = Control
- = CyS-MCP

Weight (g)
Relative organ
weight (%)

Control Cy5-MCP Heart Liver Spleen Lung Kidney

-
B 2-12 Cy5-MCP fi&5&# M. (A) $EH; (B) B#EEH. (C) FHIMBEE; (DD
iEARAEE (mean+SD, n=3)
Fig 2-12 Systemic toxicity of Cy5-MCP. (A) Weight; (B) Organ index; (C) Morphological
images; (D) In vivo imaging images. {mean + SD, n=3)

ST /NRAESS3E1T HE $efe, 252 WHE 2-13. a] B, Cy5-MCP 4 28 KJ&,
SxtRAMN, FERSFCHSHFAZEE, CNG4EEFIHN, B/ LR
5L; AT ses, HUpRBRAP O EBUWRHEA IR 20188 13 58 i T
By MHEERT AR M BRAR A A A A v 2 A KRR LIEE NSk, BAL
R, RWAFH Cys-MCP M/ NREERBLTHENEM, XHAEHKRE
4 1000 pg/mL # Cy5-MCP B4 RIFHI4EYH M.

Liver Spleen

Control

B 2-13 XTRAM Cy5-MCP H/MREGL BF . WA'EH HE AE, AR 100 um.
Fig 2-13 HE staining images of heart, liver, spleen, lung and kidney of mice in the control and
Cy5-MCP groups, scale bar: 100 pm.
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2.4.3.2 T3RFRIE MCP FisMEEIRE Y

BT CCK-8 FiE/FL g et il Cy5-MCP X5 BUE AMER A A F 2 1k, 45581
W& 2-14. T W, Cy5-MCP (1000 pg/mL) X 8CE SMEE b B S 4HsE /1 T B
. FeE, HAMESIEESEREEE (B 2-14B) AT, Eid Cy5-MCP ##
B 24 PERERE MR T AR E R R A, XTTREE B T4 R
FEEF, MEERREHBESEERET, i MCP oTRUGEASMERR, RERLEK
EMREFER, WO TREMERMAET, BRBVIHEER SR

A B
150 Control Cy5-MCP

o
1

Cell viability (%)
s &

Control Cy5-MCP

2-14 Cy5-MCP {4 MEBAHEAEM. (A) Cy5-MCP MAMAETEZE, (B) E/FLMH, 5
J: 100 ym. (mean+SD, n=3)
Fig 2-14 Explant compatibility of Cy5-MCP. (A} Cell viability of Cy5-MCP; (B) Live /dead
staining, scale bar; 100 pm. (mean + SD, n=3)

2.4.4 WNERIC MCP RUSMEtEEE

DAPI Cy5-MCP Merge

- -. -

B 2-15 Cy5 B CyS-MCP £ EMEEN M. PR ZF 200 pm, HHE 20 pm.
Fig 2-15 The distribution of Cy5 hydrazide and Cy5-MCP in cartilage explants. Scale bar: 200
pm on the left, 20 um on the right.

Cy5-MCP
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RTH—PEE MCP FHEREIMEERIER, BHRE/IMEEENEE Cys-
MCP FI#£40#) CyS BB IR B P F 24 h. B0 4MEARE R CLSM M2 (H
2-15) AT ., Cy5-MCP X EAUIBEF AT IMEEN, F00THREHEMNAR
RN, MEMRMBEREZGT, REHE Cys Bt bEAPNEIRLES: &8
R CyS-MCP LB SRR ENEE Cys-Bil~4, H Cy5-MCP f[LLE&EKE
HEUENKE AL

B, BEREIMEERNES CyS-MCP MIESFEME 3. 6. 12 f1 24 /p
AR, MEBSHMMEK, Cy5-MCPZEEPNKE/MEM, F50 BAE 24 /it
i JLFFER N MEE (B 2-16).

DAPI Cy5-MCP Merge

24 h

2-16 Cy5-MCP TER B SMAKI 2. K. A& 200 pm, ABE 20 um.
Fig 2-16 The distribution of Cy5-MCP in cartilage explants. Scale bar: 200 pm on the left, 20 um
on the right.

W5, FPFROUETEEREFTAEET MCP N ERMBEER. Bt
A EBEDRIEEERR TS, FRME Cys-MCP HKREBEESWEERT, LUABME
Cy5-MCP X MSME AR E R THEREMM E Y. BB 2-17 a1, Cy5-MCP #] Ll
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£ 24 /DT A EBESMEE R TERRXE, EAREHE. HASRRERMCP BF

BRI E AN BEER, EETUFELRNREREXAREAHLAN, FHit
AN EYHE.

DAPI Cy5-MCP Merge

Middle and deep
zone

& 2-17 Cy5-MCP 7EXTTECEMEMHI R ENEE, RR: 100 um.
Fig 2-17 Unidirectional penetration of CyS5-MCP in articular cartilage explants, scale bar: 100 pum.

Full-thickness

Superficial zone

H—F, EHAXEITEREZLEHMERN T MCP A1 Gal-3 TRKE /MM
HIarAatEsl, FEERNAE S T AR EEN. B 2-18 BT Gal3 5
MCP ZERFHAM MM Er, TS HE AR FHL A Gal-3 5 MCP EHILE
NEIMEEREREMET T, BHEMIBE (Pearson X EH, PCC) N 0.514.

; Merge Merge
Bright field Gal-3 Cy5-MCP [Brlghtfelgd Gal-3) (Gal-3 - c:ys MCP) Co-localization

a0 b
£y Z
g P 'G
A ¥ 100ym
L e —

2-18 XHHE SMEEF Cy5-MCP F1 Gal-3 f3tEfir, ##R: 100 pm.
Fig 2-18 Colocalization of Cy5-MCP and Gal-3 in articular cartilage explants, scale bar: 100 pm.
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2.4.5 PHHFIC MCP B A {ER

2.4.5.1 3¥ERIC MCP fpaia e

Eid CCK-8 Kyl T 5-AF-MCP F Cy5-MCP 3¢ XV 5& G LM B E.
& 2-19 AT AL, 7E 200-1000 pg/mL ¥ ETEE AR 5-AF-MCP 1 Cy5-MCP X 4K & 4 i
FEEHTHAEE . #a B RIRER 5-AF-MCP 1 Cy5-MCP B 5 HI40 KA
i, O TR .

150 150
= =
> 100 > 100
> =
o a
© = ©
S 504 'S 50
© ©
o &
0= 0-

Concentration of 5-AF-MCP (pg/mL) Concentration of Cy5-MCP (pg/mL)

P 2-19 5-AF-MCP # Cy5-MCP f40AHAE. (A) 5-AF-MCP [MRRTFEE, (B)
Cy5-MCP W4 FF 5% . (mean + SD, n=3)
Fig 2-19 Cytocompatibility of 5-AF-MCP and Cy5-MCP. (A) Cell viability of 5-AF-MCPF; (B)
Cell viability of Cy5-MCP. (mean + SD, n=3)

2,452 B ESEHERIE MCP VIR

DAPI 5-AF-MCP Merge

Free 5-AF

5-AF-MCP

20 pm
=)

2-20 FEHHAR 5-AF H1 5-AF-MCP fHEHL, #5/X: 20 ym. (mean+ SD, n=3)
Fig 2-20 Uptake of 5-AF and 5-AF-MCP by chondrocytes, scale bar: 20 um.

34



v B B 2 ) 22 B &b PN R 22 B Al - 22 6 W 5T

RNTHRFTHEAMRT MCP BREUEA, £ DAPI 544k B ML
Mt iTRe, UEMARRMERE, FHBCEEREAEHENE 7 MCP £4
JER B R . BB 2-20 BT L, #5590 5-AF AEMAEF L FRERAEEY, 1 5-AF-
MCP #EBHAFRBHSGEREES, R 5S-AF-MCP R4S FHwbEE
SARRKAWE 5-AF. B, HE 2-21A 7R, 5-AF-MCP BB ER — /i 7] i
it 2, H 5-AF-MCP W KE A& G5 T AR : mAARALN HERIKE
#HHaxf 5-AF-MCP F{E 25 (R &K #itE (& 2-21B).,

A

5-AF-MCP

Merge -

intensity (%)
:

Relative fluorescence

- s . . T T .
Control 5-AF 05h 1h 3h Eh 12h 24h 48h

Time
2-21 BEMHEN S-AF-MCP H93BEL. (A) HE7% 48 IMRHA 5-AF-MCP 1E3R S48 i
A (B WM R 48 /Nt SR XS 5-AF-MCP H8HL. 45/ 20 pm.
(mean + SD, n=3)
Fig 2-21 Uptake of 5-AF-MCP by chondrocytes. (A) The disiribution of 5-AF-MCP in
chondrocytes within 48 hours of culture; (B) Flow cytometry analysis of chondrocytes uptake of
5-AF-MCP within 48 hours of culture. Scal bar: 20 pm. (mean + SD, n=3)

2.4.5.3 TFEARRER

NTH—PFHEREHE+T MCP WM, 8/ 5-AF-MCP & Cy5-MCP
ST E M, BEFANERM (Endoplasmic reticulum, ER). f#2 (Actin). £R%
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& (Mitochondrion, Mito) FIIAE§{E (Lysosome, Lyso) VUFPHHMIs gL s ., m/5
FAHRERMENERE, 4RME2-22. TR, Cy5-MCP (fa3#t) EEL5HE
EgiE (R0 HE, EE6AYOE. £9 MCP E#HEHMENS 24 h £S5
TEE B

DAPI 5-AF-MCP ER-Tracker Merge
DAPI 5-AF-MCP Actin-Tracker Merge
DAPI 5-AF-MCP Mito-Tracker Merge
DAPI Cy5-MCP Lyso-Tracker

H 222 $tAFId MCP ECE M T R AREN, FR: 20 um.
Fig 2-22 Subcellular localization of fluorescently labeled MCP (5-AF-MCP and Cy5-MCP) in
chondrocytes, scale bar: 20 pm.
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2.4.5.4 MCP 5 Gal-3 X B4fapr3tEfr

H—, FUTREITEFEERCEERT MCP M1 Gal-3 5B 4N Bt
ELLEM, 85 5% WL 2-23. BT ML, Gal-3 5 MCP 3B 0 A B 3t e i,
Hitse i gL 5 0.74.

Cy5-MCP Gal-3 Merge Co-localization

20 pm
Vi

B 2-23 XTTHBHME CyS-MCP f Gal-3 fytEfs, $#/~: 20 um.
Fig 2-23 Colocalization of Cy5-MCP and Gal-3 in articular chondrocytes, scale bar: 20 pm.

2.4.6 KEGG ¥iES#

B 2-24 BT 4 MCP 859 3 RVEAR S RAR T A RERARE =
SREAM KEGG BoihssiH. HER R, MCP 500 vs Control L i1 2 52 K 72
Btk (Lysosome) FI¥{tAEEIT-p (Transforming growth factor-B, TGF-B) F5H
BEAF S IERE 2 .

Up in MCP 500 vs Control

Count padj
oun '1.00
TGF-beta signaling pathway &5 ; 150 0.75
0.50
@® s
Lysosome & 0.25
@ #0.00

0.02 0.03 0.04
Gene Ratio

Bl 2-24 MCP 43 3 REGSSIEH AR i E RE R KEGG E£7#7. Control, MCP
R 0 ug/mLs MCP500, MCP #Ef 500 pg/mL.
Fig 2-24 KEGG enrichment analysis of up-regulated of differentially expressed genes in articular
chondrocytes after 3 days of MCP treatment. Control, the concentration of MCP with 0 pg/mL;
MCP 500, the concentration of MCP with 500 pg/mL

B 225 BRTHES MCP KR IRHAATEREERENN KEGG B4
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g5, W, 0.1% MCP vs Control 1 0.5% MCP vs Control {2 REF N EHEE
HW (Autophagy-animal), $REi%FH T-1 (Hypoxiainducible factor-1, HIF-1) F1¥%
Brik Ll BMEA 3B ER; 1% MCP vs Control il 55K E &40 5 M AR K
F 5 BB KRERE.

A

Upin 0.1% MCP vs Control

padj

Count
: 1.00
Autophagy- | @ hd
utophagy-anima ® 25 0.75
HIF-1 signaling pathway & ® 50 0.50
Lysosome @ 75 10.25
. &0.00
0.03 0.06
Gene Ratio
Upin 0.5% MCP vs Control
padj
Autophagy-animal ® Count .1'00
® 40 0.75
HIF-1 signaling pathway ® ® 60 0.50
Lysosome & @ a0 0.25
§0.00
0.03 0.06 0.09
Gene Ratio
Upin 1% MCP vs Control —
Count 1_é0
Autophagy-animal = ® 30 0.75
@ 40 0.50
Lysosome B . 50 0.25
£0.00

0.04 0.06 0.08
Gene Ratio

A 2-25 MCP HA&7KER X EHAL THRREN LHEEREE KEGG mH#547. Control,
A& MCP H#H & TR%HE: 0.1% MCP, & 0.1% MCP AL THEEKE: 0.5%MCP, &
0.5% MCP FHR TRHF: 1% MCP, & 1% MCP MHATRKE .

Fig 2-25 KEGG enrichment analysis of up-regulated of differentially express genes in tissue
engineering cartilage of MCP composite hydrogel scaffolds. Control, tissue-engineered cartilage
without MCP; 0.1% MCEP, tissue-engineered cartilage with 0.1% MCP; 0.5% MCP, tissue-
engineered cartilage with 0.5% MCP; 1% MCP, tissue-engineered cartilage with 1% MCP.

& 2-26 B T MCP-EMBRE S /KRBT REGRXTRE, KT ER
BAK KEGG B4 %, W, HA-MCP 500 vs HA LAZREAEET AMP
{KEF B R BA (Adenosine 5’-monophosphate (AMP)-activated protein kinase, AMPK )
I HIF-1 &5 QRAREEH X 1 ERE .
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Up in HA-MCP500 vs Control
RNA degration *  Prowin number
Tyrosine metabolism
Glucagon signaling pathway [+ ] P vaiue
Glycolysis/Gluconeogenesis . I
Pyruvate metabolism
8 ]
Log2 Fold enrichment
Upin HA-MCP500 vs HA
Starch and sucrose metabolism @  Prowin number
AMPK signaling pathway
alue
Glycolysis/Gluconeogenesis (@] .

HIF-1signaling pathway - C l -

Log2 Fold enrichment

226 54 MCP HIES A KERAIT USRS R IR 5 LR E R R A
KEGG B4 H7. Control, i#EHE4H; HA-MCP 500, X 5SS E4 500 pg/mL MCP 135
BRI RR AR A: HA, 77 IE S o BA R MR K R JB 4
Fig 2-26 KEGG enrichment analysis of up-regulated of differentially express protein of synovial
fluid in mild osteoarthritis treated by hyaluronic acid hydrogel with MCP. Control, without
treatment, HA-MCP 500, treated by hyaluronic acid hydrogel with MCP concentration of 500
ug/mL; HA, treated by hyaluronic acid hydrogel.

2.4.7 MCP X &8 i B xR AfRRE

2.4.7.1 MCP X F Mk aEHExEEAFREIEN

FREFREI MCP e R BHALHARENR, HTHRBEEE: A
B, M APRENEREARANEREQEEEEE—PHMT RN,
MCP B EHBHAML OA BRXTHANERRIARFSREZERREARATEEH
FHRBAL K EBREMCHEWRRMAXER, XEERIERERBETEY
MCP §fE Ftoe, BT, A#oEE MCP AR SHRE MR S WHSEERIEN
. B 2-27 BRTREMKBY S BEAHXH MAPILC3 f1 BECN1 ] mRNA #f
WFEIEAKT. AEITR, SEEFEBAME, £ MCP 4 3 REKEHMA
MAPILC3 1 BECN1 HE RN RZEKFEEH .
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* %
— mm Control

MCP 500
]' i !

MAP1LC3 BECN1

=) o o (7]
1 1 'l ]
*

o
(1]
1

Relative expression

o
o
L

B 2-27 MCP SHIE#E B M 5 ERTR0 . Control 85N MCP 0 555%:, MCP 500 41
JIMA MCP 500 #5573, (mean +SEM, n=3)
Fig 2-27 Effect of MCP on autophagy of normal chondrocytes. The control group was
supplemented with MCP 0 medium and the MCP 500 group was supplemented with MCP 500
medium. (mean £ SEM, n=3)

2.4.7.2 MCP AR S REPHEamaREXEERANEN

MAP1LC3 BECN1
-»- Control

¥ c 3.0 MCP 500
o 5 o
m B 2.57
0, 1 7]
- ' 3 2 20+
Q . i B o
> » 1.5+
Q ” - [}
aQ T - -
S 313 L -
s T » B 05 S
@ o ; . T — ! ? 0.0
& P P4 PS5 P& P = P3 P4 P5 P& P7T

&l 2-28 MCP WESEERTETREBHME RN, (A EZEALHET, RE4E
MAPILC3 K RIE: (B) BEARLES, B4 BECNI EHMRE. EiEFRE
2-24. (mean+ SEM, n=3)

Fig 2-28 Effect of MCP on chondrocyte autophagy during continucus passaging. (A) The
expression of MAPILC3 gene during contimious passaging; (B) The expression of BECN1 gene
in chondrocytes during continuous passaging. The annotations are same as that of Fig 2-24.
{mean + SEM, n=3)

ATH—SHAAWRRS MCP MEEHMMIERRMEIN, REsX LR
7 MCP M ZEAEREBFRREFARMERREMHXERRENT . B2-28 8R7T
EEAER (P3-P7) TEF, HEHME MAPILC3 1 BECN1 ) mRNA X £ikE
M. BHERI, MHRARN MCP LEAMNKFAREEEARNIERERERAKN
MAPILC3 ] mRNA FikiEa, BIREELAREIEM, MAPILC3 1) mRNA 5&F
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/A F#; BECNI1 B mRNA REMERIRBEMmEE TR EEERNE,
SxTREME, MCP RIAEEEeT DI B iRECHE #H A MAPILC3 1 BECNI 8
mRNA FiEKF,

2.4.7.3 MCP 344 IL-18 IS H A A EH EERENEE

Bi5, R4 NEET MCP X4 IL-1p BB AN BRAECERRIERN
BLm, 5 R 0 2-29. 5 IE R AT BRZLAE L, IL-1P & S 3B 41269 MAPILC3 Hil BECN1
#] mRNA FiAKFEEE LR, #—35 IL-1p BERRTHRMAL, MCP HEEE
LT IL-1p S %R MAPILC3 1 BECN1 fI1E B EIAKTF.

A B

mm Control
. IL-1B
Pl 0 2.5+ r * % m= IL-1B+MCP 500

E-N
[]
n
w
(=]

]
*
*

w
1
esslo

s
1

Relative expression
N
1

o
I

Rt

MAP1LC3 BECN1 MAP1LC3 BECN1

A 2-29 MCP X4 IL-18 SR EMR AR MM, (A) EEHMIL- 1B H#24
MAPILC3 #l BECN1 FIERFEFHR: (BY IL-18 4 F IL-1p + MCP 500 £ 55 400
MAPI1LC3 #1 BECN1 [EEFEFIEE. TR, MCPO #5#EE: IL-1pH. IL-18 S

f5, B#AMCPO 75, IL-1B+MCP 500, IL-1B %S5, TN MCP 500 55754 .
(mean + SEM, n=3)
Fig 2-29 Effect of MCP on autophagy of chondrocytes induced IL-1J. (A) Gene expression of
chondrocytes MAPILC3 and BECNI1 in the normal group and IL-1B-induced group; (B) Gene
expression of chondrocytes MAP1LC3 and BECN1 in IL-1f group and IL-1p+MCP 500 group.
Control group, MCP 0 medium; IL-1p group, after induced by IL-1j, replaced to MCP 0
medium; IL-15+MCP 500, after induced by IL-1j, replaced to MCP 500 medium.
(mean = SEM, n=3)

2.5 i1t

WA RART AR, MCP AARIFHE . RETREREEEERI
1601611, {H H AR B SRR i R AR AR AT B MLRI R 2B 17, ARERXE MCP #E%K
Fr SRR E R AL BT BT 92

RIAFERARREMFEES T GOFEATHBARAEHERIIATE. &
LB HEFeARIL MCP T AEPE R T MCP £ 308 4 4R 41BN F 4 At .,
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PLER A B MCP FIfE ISR ALY . B AT, 2R rc T E AR ET
Hidlgug, RAICFERIEE S Rl 8 AU, SR, KELTEREMsE
AMREE R, MEEARRZENIGEATTE, AEWEENGRIAETR
FEEICEIE RIS, Kk, AT # AR AR T MCP A BiE M RIZCE) J12
PERE, ABFFELL MCP E8P 5 fRERtRd S, MARME BN EH &
HEMR ISy T 5-AF Cuf WA Federly A Cys-BEME GRS HRD 1 R7 L4
EIS MCP #4, H& 8478 EM 5-AF-MCP #l Cy5-MCP. % 5-AF-MCP
Cy5-MCP ¥ T b skils (FT-IR) (B 2-5). 'H #ZHEEILIREGE ("H-NMR)

(P4 2-6) EAM-1] WG (UV-Vis) (8 2-7), FAGE (B 2-8) Fll Zeta H1fir (&
2-10) FHITRUPIHE R LR, MCP #)ESrid. FT-IR Bt (B 2-5) i7~, 5-AF
R CyS WERHOARIC I 0% MCP 19 SEEE#, B A 1239 em™ 4K BLAT IR %,
R RL S = B AUEY C-N ZEdRE), RHE 5-AF A1 CyS Bt AIE & 5 MCP 18
FIF LS, R C=0-N-H ®[{]. 'H-NMR i (& 2-6) B, 5 MCP Htt,
5-AF-MCP Fll Cy5-MCP £ 2.2-3.0 ppm X3 Il 5-AF 0 Cy5 BT B 2 7 FE
AL TR pe el ®2l, uv-vis Jsig (B 2-7) E2R, 5-AF-MCP #ll Cy5-MCP 4> 544
T 5-AF I Cy5 BEB IR IR R A 4085 . TR iE (18 2-8) B84 Ex = 494 nm
FI%&fE T, 5-AF-MCP B RS A 530 nm, #5T 5-AF (Em=520nm) K44
#, Cy5-MCP 7E Ex=645nm W& T, RN 668 nm, T Cy5 B (Em
=663 nm) K EBMOE. Bz 4, 5-AF-MCP 1 5-AF BELACE A 4.3% (wiw),
Cy5-MCP 1 Cy5 B ERACER 0.0425% (wiw), BRAIERACREE /D [ 5-AF H0
Cy5 BEHXT MCP ZEMiE M A . Zeta AT (B 2-10) E3, 5-AF A1 CyS B
FRICTEE A I B2 e MCP B B AT, {HBHT 5-AF fl Cys BEFH =& S MCP M#%
B4 S, BT MCP, 5-AF-MCP 1 Cy5-MCP #J i ik /b . b LR 7R 45 48R,
9 YEHRI Y 5-AF-MCP 1 Cy5-MCP B RTh &

BE— B 5-AF-MCP 1 Cy5-MCP AR . 4hEHEM. 3 Cy5-MCP 5
WANNEFKTT 2 AGRI, SIERAEBY4/NEMLL, £ Cys-MCP 4B /N F %
REZR AR IS RS LR R . IR T4 MRS B g i f x4,
RI Cy5-MCP AF2mi #ME A S aif i tE: H 5-AF-MCP #1 Cy5-MCP {E 0-
1000 pg/mL FIRAETEHEA, DX HcEmier R SEEER. Ll RER,
PEOLARICH MCP LB 2 M4 53, AR RIFHNALSAM AT

AW FHE— B S-AF-MCP f1 Cy5-MCP 8%t 7 MCP 7E3 B H 4 MIH-E 41
B P B4 AR AR OL A S RT BRI BLED . AR SR, CyS-MCP 8] RIFESCTH{RE 2 A LL
b, XETREF AT A E FACER IR A RIS . Bribs b, Cy5-MCP R{LH]
CUEIT 240 80 E B — B E 250 SMERFSCE A, Bl LA 24 ARTH S E
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ToAGAH BV 1T ME AR E BT B, 25 SRR MCP B RUFRIECE 7 B R A
HS¥E M MEEMRLER . MCP FESCE MM AR /- s R 2R, 5-AF-MCP
FES AP MR ERR o B R R TEERE, MCP AR &R
GLREEEEETRE, 5 Gal-3 £EM EHE. BOMARE, HEHER
HEIRGIRT, Gal-3 0] LA B B R A BR (AR Y, I8 OA [MRAVP4,
ISR REIR 0 0] B K L FESCE A £ AL R 18, Ak, AHF FHER MCP BT fE
FERE TR R @I S EAE L Gal-3 SRt s, #HMEHEMH.

RS 5 AP AR, ISR . B GRELYT, HEEE T
HEFFRT R HERERE, GNNRT R TARN T AR R AR R
PRI ERID, R SO S T BB A 2R BT B KEGG TR A2 4011 /5 KB, MCP
BB MR R Ry B (R B T I B AR TGF-B ifBs . A SR, TGF-B
HIL X HE® A (Forkhead box O1, FoxO1) #im#KE 4l [ ngslo- 2001, S 4), @t
AT MCP KEH AR TRERFHEFEIER U EE S MCP [F:3E U R K EE
REiE9T OA GRS TR E RIS KEGG BUETEr Mg R Eon, MCP LR =R
XN EETEBERAR. HIEM HIF-1 (F58%, MERRNEST AMPK f1 HIF-1 3
T7IEEE . AMPK 2 U5 HEER OGRS S 8N, Bl Rr ML EBELEARS
FR0L202E Yol A Sh A EE A HE# A (mammalian target of rapamycin, mTOR)F! 111
ERERGMENEZ-3 Al (Phosphatidylin-ositol-3-kinase, PtdIns3K) 231, 7 £ AR
TR PR QIR HIF-1 SECHE 40 B WS UIFE 5%, HIF-1o 877 90RE RS 19
FE AL RS], HL HIF-1 WAEE I Y AMPK/mTOR {544 8%, RIERIPLTTHRY
e MRS, ixaeg QUEoR, B %5, MCP ol feilt — LIRS R 5
1%, R R4 H b B E AR A P 1

H—il, RTHEMCP IAEREFANE WIEEHER, &40 Xl T MCP
S S R S A SR A0 S S [ IR BURE I . MAPILC3 (LC3) 1 BECNI =2 H K
FROCHI G AL, ERBMESEMRER REHEEEHD 8, RaRFaEmE
i5 MAPILC3P®1; 1ff BECNI = H WA RIREF O THEGR, BiTdm)
Ptdlns3KC3 HEAAFESHEMEEE 2, A AB, MCP G205 E %48 f e
MAPILC3 £ BECN1 FIE[RRA . AMEEE SHEAIESE ., 0 DL & 40 it
FRIEMARPD, TBRTHTAIMA O WG I RERM% 23, T8C& A0 7T S 2 4R
BB FRE L0208, fE 8 MCP X R AMELE R RIE FR K F 4R AR
YRR R E, WEAE SRR RE s, X IEAE M7 P4 /R MAP1LC3
F1 BECN1 #] mRNA FRIEFFEIRIR, SxfRn 4TI, MCP T RL FiRa e
AT MAPILC3 A1 BECNI AyRE ARk o 1% Eemt 5 45 Rt — 15 3 MCP 7T BA_F iR
e 4HEE 5 RS BRI R, SmE IR MR SRR, g
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KBS NERRBMRZENOEN. CHEHRARN, £ 0A BHNE, A#4
WEHMRET, BEREHME, REARKEEREMREEMPT2, IL-1p 218
K OA WIRBERANT, AT P H IL-1p AT IE 5 5o 4 UELRUR R
(220222] Rk, AFAFTH—HEET MCP X} IL-18 FFHE MMM B WL BERE R
ERIRI, TFRAN, SEENBHMAE, IL-1p 5% OA HEHMA MAP1LC3 F1
BECN1 ZFEFRAFSE;: WA IL-1p 5F/E, MCP RIEBELIEE LR IL-18 %7
OA HE4MALA MAPILC3 M BECN1 MEFERE. REARTHABTIEAM, MCP B
H LR BRI ERN G, SFRETARERE, B3l IL-1p FiEt s 4
B R RERBpERL2IS0.160, P | FRERER, MCP eI A& 40 i
BEORE. SERYCFHERNEE, HTAERRE R MREHERREFIEH.

& ERTR, ABARBL, MCP REBFHERBHLIGEANRFHE, F5HFAR
BEAER LK Gal-3 BOS4EMEH TIEEE, ATMHEEEMEENamEM, 3t
TR EMENIER . MCP 7ESTT B AL MY P45 R H RIEEH
I B E @A 2-30 iR

Normal carilage = Damaged cartilage

Repair _( \l o

damaged cartilage _Qb.ﬂec‘ in cytoplasm
B n . a7
5

Modulate Aulophag\ /45tnbuied in lysosome

28
S

:

MCP Chondrocytes lysosome Gal-3

B 2-30 MCP {E RS ER
Fig 2-30 The schematic diagram of the mechanism of MCP.
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2.6 FXW)G

(1) MCP BAFHEBERH, WUFERTHEFENHB M,
(2) MCP #H¥CEHRFEE)G , it S EE L1 Gal-3 4618 £ T B,
(3) MCP BB RE R TR BWIRE, #HmAELXEFREMRESNEN.
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F=E MCP X1 &AM R SR

31 IS

oML ST E R —FTE N, B A& A o uh o R 4 R R
(Extracellular matrix. ECM) {fJ{FH23- 223, o R w4 g R A8 e DL R B e Je 4 (b
FEIEIT WA AR AT 67T %2 (Ostecarthritis, OA ) 1) FEFERRRE- 22301, AV EREH 1 47
W AT, ST R B8 (Modified citrus pectin, MCP ) XYM SR 3080 4t e Ao
{RRERG A . LR L AR BCR M BRR TR Iy R U6 Te0 60 BB e B . 4R
SUTAE REr R 9818y S 7 M B AT e A .

B EWIFEME, MCP o] LFIER T AR EN T M IT BT E s, J -
HEGTER AR A RIE AR E R SATRAE, AW Ad
W H LGRS AT R g B K {E AR 28 FI, gROEEERE SRR
KR FEEZ M EREFERFESENHTEA . B0, MCP
SO EEHBEMAMERE ZHXESAEERE, WRATEFET-1 (Hypoxia
inducible factor-1, HIF-1) @t h #JH RZF S E R REAKFRINE. HIF-1o 21
2 0T 4 R B R ) SRR AL R0 2300, (R B AR Y O T A 4 AR A A B R
HEP, RS, HIF-1a 5 SR A SRR LR BB R SR B P2
2B, R, FEHEN MCP i’j’ﬁ%ﬂﬂﬁﬂﬂ"]f’ﬁfﬂ HIAEEE S AR,

ERE AR R AR R R R RS iR, EREHRERRELEY, 4 75%
HI=MBR AR (Adenosine triphosphate, ATP) ﬁ%@ﬁ%ﬁ?ﬁ EEBEHEEEYR TN
MiE, SUBEBFELTEERNATER, TA8%T T, AEERFRIEASNE,
Z5E AR, RN T, REERERS P IE T LARERSREEI AT
FRIPDlL, TR B ARAFERERTE P, TEIRTERARE T iREs
PR B w1 ST HEFIESIP0, L EAEEEAR = B B A SR E SR /74 ATP BYH i1
[236. 2371, [E)RY, M, —dﬂ:r‘}i,@ eSS FFER AR BT SRR, KR 4 AR A IR b
o} P HEEE AR IR A T AN 2 EAL B AR 1R SR BE B, RILH A S HEEE AR A A
T, B i’lﬂﬂﬂﬁ—ﬁﬁ.dxi (Warburg) Z{R71238-24901 g7 F=4: ATP 4F, HEBERRIRTR
R N R ER MR FRSEY & RRERM, N EMRI RS
AR AL Ay B PR 2392920 i E i S AR R E Bl 3-1 Brs. & T
LA EHER, A — 08 TR TR T, MCP X OCTT BUE 41 ol i
RGBS .
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Glut: Glucose transporter

HK2: Hexokinase2

PKM2: Pyruvate kinase isozyme type M2
LDHA: Lactate dehydrogenase A

B 3-1 R rsE
Fig 3-1 Schematic diagram of glycolytic metabolism.

3.2 WIAF{ER
3.2.1 A
& 3-1 AFIAFEH
Table 3-1 Reagents and materials.
e =V

BEHRE R (MCP)

mfE R (DMEM)

fR4-M#E (FBS)

JRE ABE-EDTA (TE)
HER-BERER

Il B I B

BRRELZ MR (PBS)

N EP R (D-PBS)
Cell Counting Kit-8 (CCK-8) R7&
2-BE-D-H & (2DG)

Prime Script TM RT reagent Kit 77 &

L RERREDH AR A A
2 H Thermo scientific 2]
£ H Invitrogen 4 A

£ B Thermo scientific 22 )
LR BFREREHR AT
e EREREHR AT
AR EEERLFRAA
A FEREFREERHHRAT
% E MCE 2+

X & MCE A#]

HZ TaKaRa 2 7)
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832 3-1 WAFEH

Continued Table 3-1 Reagents and materials,

B4 AP K

SYBR® Premix Ex Taqg TM A& H A TaKaRa A H]

PCR #[A 5|4 FREAETEYTEERAT
ALEA WA & R FEYRARERA

4, 6-ZBkF-2- K050 (DAPD 38 LHEBEZREMHARERAA
HERERRET& FBEBZREYFHRFRAF
FWMEEMFEE (FITO) iM%k =£E Abcam AF

HER =

FEHANANE-1B (IL-1B % E PeproTech 4 7]

0 A E B tEEEGEYHRERAF

fh$738 X-100 (TritonX-100)

% E Amresco 2 5]

3.2.2 (A&
® 32 NBEE

Table 3-2 Instruments.
BEEF AR
B R 5 [ Metter Toledo A F]
RIERA1Y f5E IKA AF]
He LIER HHFUREFRAA
Nano Vue Plus #BIHE 2 GE % E Biochrom 2 7]
SEBY 9% %58 B PCR X % E Applied Biosystems /A i
£ AR TR BERX 352 Thermo 4 T
CO RIS H4 SANYO 2
B ARE R E R RS % [ GE Healthcare 2 ]
HIRBH KB 2 E JULABO A7)

3.3 WA
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3.3.1 HBRAFHEIN

ANTHFR MCP X HCEMMA{E A S REBRNR A, R4 REH

BT RS R EE ) MCP B &/KER L AL TERE N ERRIAER T KEGG

(Kyoto Encyclopedia of Genes and Genomes) B EES ), FN IR S

MCP B35V iE (Sodium Hyaluronate, HA) 7KBERIIE T ISR BE B O R I 1T Wi
I R FIXE AT KEGG HREEST-

3.3.2 R HEARIERSIES
FI%8 — % 2.3.5.1 FERNARATHTHR, HTRemELe.

3.3.3 & MCP RY4RBaIE I Ao RC Sl

F# = 2.3.7.1 HERFAS MCP #5 MCP 0 3E#ENZREH 500 pg/mL
By MCP 500 ¥z#: 5.

3.3.4 MCP MR IR MBERE I

HE=A P WEMBERT 96 7L (3X10YL), FHMNBIEEREFIEHRE,
Sy FmA 100 uL MCP 0 85323 (Control 41) 1 MCP 500 #55E (MCP500 £) 3%
FHREHMR. THFENE3 R, WA CCK-8 Hmlll e KA A Engts: i,
W FiEWE, PA 100 uL MCP 0 1 MCP 500 B3 fE AR EMB G N EN
Mg, FEEABRENE LEBETNIALBRIEEESE. A5 B P RXEHR
BERT 24 FUB (3X 10YFL), IR 500 uL MCP 0 F MCP 500 3% 3£ 245 52 50 B 40 .
THSRE 3 R, EMMRIBIE RNA, ATEEEEREN eER SRR

(Quantitative reverse transcription PCR, RT-qPCR) 3E%:.

3.3.5 MCP EMAER LR ARNERRNER

[l 2.3.7.2 HEEFEESEANREAR. TEZRFHIZR 3.3.4 (HEEM
M, R TEMERE 3 RE LR EBT CCK-8 k. HEBENERN.
ABERERNM RT-qPCR L. HHb, FE AT, BEAREHEERT %6
FLAR (3} 10%/FL), RromMuntee f5 FigsR 2, MM 100 uL MCP 0 35582 (Control
#) 1 MCP 500 ¥i783: (MCP 500 4) BFWEBHM, THEFNFEI R, Bdh
BRI R ETERNESARRK BRI MREREE.

3.3.6 MCP 3} IL-1p 5 S ENR BRI EEBRNENE
¥ P3RBT 96 LR (3x10%FL), FFUNEEEIMA 100wl & 10ug/L B
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fFZ&-1B Unterleukin-1f, IL-1p) RIFFEE TN 24 h 5, A HIEHR MCP 0 Hi
MCP 500 B35 B4R LT3, AR EMHE IR S AREREEN B FRENEI X,
W BB, % EARTE#ET CCK-8 Tk, AEHRENENARERERN. 5
b, KRB AMIER T 24 FLARS (3x10%FL), AN 500 uL & 10 pg/LIL-1PB RO¥E 55
RiEF 240 )5, BEBSABIA 500 pL. MCP 0 F1 MCP 500 3563 k298, DAR&
E R ARAENEE TR, TERNE 3R, WEMRIRIS RNA, BTES
RT-qPCR L% .

3.3.7 MCP x}fE iR RIS £ a3 R e

B P3 B MBIEMT 96 LI (3x10°3/4L), BSETE 100 pL & 5 mM 2-Bis-
D-# &j¥E (2-Deoxy-D-glucose, 2DG) KIEFRFEPTTEF 240, BF T HESEE 100 ul
B MCP 0 35755580 MCP 500 353 E P aridigir, DASABMHEHMIENEER
M. FHFFME 3 K, W LERIE BT E#AT CCK-8 2% . HEERNEM
RN BN .

¥ P3 BB M AEMT 24 L (3x10%FL), 7E 500 pL & 5 mM 2DG R st
hi%E 240 )5, SWERZE 500 uL MCP 0 A1 MCP 500 857 R4k skt 38, LRZ 4
BREFARMENERNR. THERNE 3 R, WEMRIBIRE RNA, BTES
RT-qPCR 3E4% .

3.3.8 CCK-8 =1Ip

3.3.8.1 HHREIARTFIGE

BEBFHT, THREMBEIHEFE 3R, A 100 uL 10% CCK-8 B, 37°C
B E 1L5h BE TR, 7 450 nm 8B EEE (Optical density, OD).
SR A E— R RS OD BT IH— {43, B8 A4 AR FEE (%)
= (OD xgm -OD 2pn) / (OD umg-OD 20n) x 100%, THEFHE AR FIE
E, FEILINM 10% CCK-8 BAIN T LEFE.

3.3.8.2 RN ERELhR

¥ P3REARRARARERBERZNRESENARBREEMNT 96 LR+ 3H
E 12 h, FFIGEESHEIRE, DA 100 uL 10% CCK-8 #, T 37°C BXEE
1.5 h Ja, BUHH 96 FLARE TE#R{L, 7£ 450 nm AFERLEME (OD), Ll 10%
CCK-8 ¥ Rz X i . DA AR AL, LIBRITORE - FEX RAIEEE
BN ALER, FINBE /D BT RIRESR, B4 RE 5 TR & 40 M
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—R Y P I FRHE 2
3.3.9 A4 R EZNEMEE RN

3.3.9.1 WEMNRE—ReEREHL

¥ 2000 mg/dL MR ETHEFRAE SR A Ho0 B8R BGIR AR IR N 1000.500.250. 125,
62.5. 31.25 M1 15.625 mg/dL MIFRHEREE, UL H0 AFEXE. 10 pL RRHKE
RS AR AESL NN 180 pL 48 R B, JRBERAESS, 5000g B4 10s, B
JG7E 95°C &Rk 8 min, FHHMEERZE 4°C 5, WH 180 uL HEEBE R 96 1L
|, FAEEFR{UCE 630 nm &M FREBOLE .. DIBEFEWNE AR, UENE
WERHERRICE - A RAROCEE A AR, IR & D 24T B HIE
5, BPGRER D IRED N SRR R s AR 2R .

3.3.9.2 AMRE—BCELR TS
Al Lactate Assay Buffer % 2 mM BIZLERIZEMFER 1. 0.5, 0.25. 0.125,

0.0625 1 0.0313 mM AIFREEW . 2R84 FL& 31 pL Lactate Assay Buffer, 8 pL
Lactate Dehydrogenase Cofactor, 5 pL WST-8, 1 pL Enhancer #1 10 pL Lactate
Dehydrogenase RELFIECHIFLERRTIA . B S0 pL AERREMALBHREREHR, 0
A S0 L FLERR AR, SR P EEARTE 450 nm AR LR (ODo), BEJET 37°C
B E 30min J5, FRMEAEBRE 450 nm 46 Y6E (ODso), ODs3o- 0Dy A
BB R I E. DILBRIRE AR, DUREHKSRERERTOLE - Faxt
HERIR B E AR, MG /D kT EVAZE, BRREEIDHERN
FLRR W BE TR ot B A A4 Bl 2 .

3.3.9.3 AT RRE NN AN

(1) HEEENERN: THEFANE 3R, WELBEBIMEE 3.3.9.1 378
EREEENRN. FUNBTOLREERNEE R RS E, TEBIEFRTH
HEESR., S PREAR: RTMHBENEEERR = (G-6) / B, +H
BHBNMHNEARAEEERERE, . 6 ReE5HRLEF 3 XA, HBRETd
B ERERE: Go RAEAEFRPHEEERE.

(2) ARERERN: THEFAE IR, WELBEBRIHER 3392 #THR
HEMNRN. BUSHRAREERAABITERETE, THEASEFRTHA
BEE. #—PREAN. ENMRMARER = (L-Lo) / Ak, +HES2H
PAOAREFARMARERE, Hh, LRrSHRIER I K5, HRBEPIABRK
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3.3.10 RT-qPCR

|7 2.3.8 FERBRBR TN RNA. #iT RT-qPCR £ R EFESFH 1o
{ Hypoxia inducible factor 1-alpha, HIF-1a). B & #EFIZH H-1 (Glucose transporter-
1, Glut-1). FHREREEY M2 (Pyruvate kinase isozyme type M2, PKM2). ZLEE M S A5
A (Lactate dehydrogenase A, LDHA) F13 & 55 ¥4 12 5 B-3 (Glueose transporter-1, Glut-
3) SEERERAECEE LR I BUBE (Collagen type II alpha-1, COL2A1). #4515
EXIK Y (Sex-determination Region on Y, SRY) XK ELHEEENE 9 (SRY-box
transcription factor 9, SOX9) HIE 1 B (Aggrecan, ACAN) HIE M HuiEFHEARC
EENFREEMN, s1WFFIRNE3-3. RIERER239.

® 33 51FF
Table 3-3 Primer sequences.
H Eik/ )2l
GAPDH F: 5-CCACTTTGTGAAGCTCATTTCCT-3'

R: 5-TCGTCCTCCTCTGGTGCTCT-3'

S0X9 F: 5-GCTCCGACACCGAGAATACAC-3'
R: 5-CTTGTCCTCTTCGCTCTCCTTC-3'

Glut-1 F: S5-TCTTCTATTACTCCACGAGCATCTTC-3'
R: 5-CACCACGAACAGCGATACGA-3'

Glut-3 F: 5-ATGGCAGTGGCTGGTTGTTC-3
R: 5-ATAAAGAAGGCGACGAGGAAGAC-3'

PKM?2 F: 5-CACCTGTACCGTGGGATCTTC-3'
R: 5-GGTGAGCACAATGACCACATCT-3'

COL2Al F: 5-ACGCTCAAGTCCCTCAACAAC-3'
R: 5-ATCCAGTAGTCACCGCTCTTCC-3'

ACAN F: 5-CTCCAATGACTCCGGGATCTAC-3'
R: 5-CCTTTCACCACCACCTCCA-3
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g8 33 51HFE7
Continued Table 3-3 Primer sequences.
B REE Eik: 2
LDHA F: 5-CTGGCAGAGAGCATAATGAAGAATC-3'

R: 5-CCAAGACGCAAGGAACACTAAG-3'

HIF-1a F: 5-GAATGCCCAGAGAAAGCGGAA-3'
R: 5-TGCTCCATTCCATTCTGTTCACT-3'

¥: GAPDH—H jhEE-3-BE RS i S 88 Glut-1—H & B2 2 E0-1: Ght3—HEEHEEA-3:
PKM2 8RR EEE M2; LDHA —Z. B EEE: HIF-lo—BEHESET-1a; COL2A1 —NE
B SOX9 —tEAlwE X Y #ixISiE B2 EE 9: ACAN—EHEH.

3.3.11 I RARHERE

BT BRI AN T BN EEARTKTER I ARESRER, 8%
MCP X B4 0 BRESRNER. RIERERN: BEEFEXGTHREHH
oA 100 pL 4% ZEEHEEE E 20 min /5, A 20 pL PBS ¥k 3 X, ®K 5 min;
B 5 0.1% TritonX-100 = E3E:% S min, PBS ¥ 2 {K; M0 20 ul 10% L2E1L
BT 37°C A FETRHE 30 min; PEEMA 20 pL 1 0 BIE—$1, F 4°C
MEME, PBS¥E 3K, ¥IK 5 min; JAA 20 uL FITC FFiCHI =, F 37°C BE
60 min J5, PBS ¥t 3 K; BEMAHMZIEERE (DAPD HEH4MZ 5 min, PBS
BEREETENBEME. £ FITC #1 DAPLEERN 0 BREMRIAFR. LLE
MM NCERE = SRR/ R A AT E R R AR R R . HE—
AR B AH BN R B BRI O IR A A S R TR R — b B, THEE
SAEEF IR T RIE AR TR OGIRE .

3.3.12 &irES T

LIS BERSIEIT GraphPad Prism 7 1 SPSS 22.0 AT E T FAEH
FEERLL Mean + SEM &7, P<0.05 REREHITEENL.

3.4 &R

3.4.1 KEGG MiEN#T
B 3-2 S8 15 MCP B4R TRE L ZEMANE MCP B4 4R TH2 S 3L A B 4 i
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FZREE KEGG B4R, T MCP B2 FANERRIEE R EEEHE
4 (Lysosome). H¥: (Autophagy). WZ3I¥HEHEERLEN (mammalian target of
rapamycin, mTOR, mTOR) 4 R 1-1 (HIF-1) B{E5i@E%

A

Upin 0.1% MCP vs Control

adj
mTOR signaling pathway ® Count ;11])0
Autophagy-animal & ® 25 0.75
0.50
HIF-1 signaling pathway @ :50 0.25
75 b
Lysosome & %0.00
0.03 0.06
Gene Ratio
Upin 0.5% MCP vs Control
padj
mTOR signaling pathway ® Count '1.00
Autophagy-animal @ ® 10 0.75
" ® ® 50 0.50
HIF-1 signaling pathway ® s 0.25
Lysosome @ =o0.00
0.03 0.06 0.09
Gene Ratio
C Upin 1% MCP vs Control )
padj
Count 1.00
Autophagy-animal & ® 30 0.75
@ 0 0.50
Lysosome & ®: 0.25
0.04 0.06 0.08 w0.00

Gene Ratio

B 3-2 MCP A KB RARATEREN LIREREN KEGG §%7#7. Control, A
4 MCP HBRTIEHE: 0.1%MCP, % 0.1% MCP AL TRNE: 0.5%MCP, &
0.5% MCP A TEKE; 1% MCP, & 1% MCP MARTEKH.

Fig 3-2 KEGG enrichment analysis of up-regulated of differentially express genes in tissue
engineering cartilage of MCP composite hydrogel scaffolds. Control, tissue-engineered cartilage
without MCP; 0.1% MCP, tissue-engineered cartilage with 0.1% MCP; 0.5% MCP, tissue-
engineered cartilage with 0.5% MCP; 1% MCP, tissue-engineered cartilage with 1% MCP.

3-3 &7, % MCP-HA /KBHRIIT 4L (HA-MCP500). 384 (Control) &
£ HA KBIRBITH (HA) MREXTRISTRYERER KEGG BES,
A%t F Control 41, HA-MCP 500 A AN EREATESHEE/HREER

( Glycolysis/ Gluconeogenesis} #83%, 5 HA #HAHH, HA-MCP500 H i ERE
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BFEEETF AMP G EABEE (Adenosine 5’-monophosphate (AMP)-activated
protein kinase, AMPK). SREiFESE T-1 (HIF-1) KIEEEMESEREIER.

A

Upin HA-MCP500 vs Control

RNA degration ®  Protein number
Tyrosine metabolism . = \
Glucagon signaling pathway 4] P value
Glycolysis/Gluconeogenesis . I

Pyruvate metabolism

28 3.0 2
Log2 Fold enrichment

Upin HA-MCP500 vs HA

Starch and sucrose metabolism @ | FoNnmmber

AMPK signaling pathway e

P value

Glycolysis/Gluconeogenesis .

HIF-1signaling pathway : I -

Log2 Fold enrichment

& 3-3 ®& MCP MR AKBRRISTIERFXW AT LEEZREA KEGG
BHE2Hr. Control, &KL ; HA-MCP 500, XHiEHESTE A 500 pg/mL MCP #93% BH i &8
KRR HA, KHIEES % R B KRRA.

Fig 3-3 KEGG enrichment analysis of up-regulated of differentially express protein of synovial
fluid in mild osteoarthritis treated by hyaluronic acid hydrogel with MCP. Control, without
treatment; HA-MCP 500, treated by hyaluronic acid hydrogel with MCP concentration at 500
pg/mL; HA, treated by hyaluronic acid hydrogel.

3.4.2 L EMRS-—REiF gk

Wil 34 For, WEERM-BRICERHEHZRHZERIRTEN y = 0.0033x -
0.0021, R*=0.9992.

35



B B R B &AL S U S 2 B AR 22 A 1R S

0.9

Cell count

0.8+ Linear fit of cell count

0.7 4

0.64 y=0.0033x-0.0021
R*=0.9992
0.5

oD

0.4 4
0.3 4
0.2 4
0.1 4

0.0

0 50 100 150 200 250

Cell count (*1000)

3-4 B aH B BT B A AR
Fig 3-4 Standard curve of chondrocyte count-absorbance.

3.4.3 A ERANE R EIRET%

& 3-5 A MAEE RN SR, T, FERERE-RCER
R EERIEAFEN y = 0.0033x + 0.034, R?2=0.9993. FEBIRE-W LIRS
[FIZE M RIH RN y=1.7026x + 0.1558, R®=0.9943.

A B

4.0 25
Glucose = Lactate
354 Linear fit of glucose Linear fit of lactate
20
" s s y = 1.7026x + 0.1558
254 ' 45] Ri=09843
o o
o 20 o
154 1.04
1.0 4
0.5 4
0.54
0.0+ T T T T - 0.0 - T v - -
0 200 400 600 800 1000 0.0 0.2 0.4 0.6 0.8 1.0
The concentration of glucose (mg/dL) The concentration of lactate (mM)

A 3-5 ABAE SRR SRR A . (A) WEBERE-ROLERENLE: (B) LERE-R
JEREbRHERR 2R .
Fig 3-5 The standard curve of glucose and lactate concentration. The Standard curve of glucose
concentration-absorbance; (B) The Standard curve of lactate concentration-absorbance.

3.4.4 MCP XX B AR NN

HE 3-6 ATULEH, SATEEMLL, £ MCP 435, BN EHREATBE RS
WEMNIES A BN, #—Bifid RTqPCR £ 5ERBEQEHEENER K=
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EEM, &R ER HIF-1o. Glut-1 f1 PKM2 5B R CEEE MCP FI{EA T
£F FiH, HS5XE4ML, ACAN BFERAKTFREEAE.

1 * - mm Control
- = 150+ * MCP 500
2= =
8 = ] —_
83 - s e
2 © 100+ 55 100 gam
v 5 °E
8= £w
0 -4
33 50 = S 50
2> ==
E E 4 g
Rt 4
s 0 a 0~
e 207 % i e o odicd
=] — e o
- % —
@ 1.5 2 o 5
@ o
13 G
=% - ¥ a - -
- T . x 1.04 &
: 1.0 o 1.0
o ]
> >
= 0.5 = 0.5
'° =
] °
&® .- T T T x oo0- T T T
HIF-1a Glut-1 PKM2 LDHA COL2A1 ACAN SOX9

3-6 MCP M ¥ EMEHERERNR M. (A) EEBANERE: (B) FLEBMAXNERE;
(C) HREHRERRE; (D) HMHEIER SHRAAREZERERE. Control 4. 1A MCP
0 ¥FE: MCP 500 41, A MCP 500 55584, (Mean+ SEM, n=3)
Fig 3-6 Effect of MCP on glycolysis of chondrocytes. (A) Relative glucose uptake activity; (B)
Relative lactate production; (C) The expression of glycolysis-related genes; (D) The expression
of extracellular matrix synthesis-related genes. Control group, MCP 0 medium; MCP 500 group,
MCP 500 medium. (Mean + SEM, n=3)

3.4.5 MCP M ESE RIS XV R AR KR
& B

-»- Control
MCP 500

w
=1
-]

]

N

1y

-3

n
-]
o
1
- N
-]
e o

ay

=3
o
1
-
=3
-4
-

o
o

Relative lactate
production of single cell (%)

o

T r ) T T T
P2 P3 Pa PS PE L

Relative glucose uptake
activity of single cell (%)

T T T T T T
P2 P P4 Ps PE P?

3-7 MCP M ESAALRE (P2-P7) THUE M SRR RERIEM. (A H
ERHX R, (B) ALERHHX N E. EiER 3-60 (Mean + SEM, n=3)
Fig 3-7 Effect of MCP on glucose uptake and lactate production in chondrocytes during
sequential passaging {P2-P7). (A) Relative glucose uptake activity; (B) Relative lactate
production. The annotations are same as that of Fig 3-6. (Mean + SEM, n=3)
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& 3-7 R EGRL (P2-P7) HBRENMREARNEERENENAREREN
ZALEMR . ATR, SXREEMLE, MCP W Pe A AR E & FERR, HEEH
5 P3-P7T A ANAR A FLERE WL E

A B

mm Control
HIF-1a 200+ MCP 500
c - dhkk khkk khkk kkk
= = —_— — = =
i = 1504
(7]
4 o
g = 400
= 4
s o
= "
T 4]
< o
(3 g
P2 P3 P4 P5 P& P7
COL2A1
C 51 s Control
=
[ o
. > 44 MCP 500
I w
L @
g a 3
a =
bl Y
@ o 24
@ > -
> - 4
5 §v "
' ® S
-3 0 T T T

T T
P2 P3 P4 Ps P& PT

- ACAN

e
£ 8
o 3
= -4 31
@ e
s a
=
a »x 2=
» @ -
L] 2 a
g %1‘ (e -
s ® ——
& [+ 4
o 0 T T T T T T

P2 P3 P4 PS5 P& L

LDHA ey SOX9
c
c
8 i
[ w 1.5 .
e £ I
o a
E x1.04 4 L 1
@ @ v -
$ 2 '
% E 0.54
o @
= % 00
0.- T T T T T T
P2 P3 P4 PS5 PG PT P2 P3 P4 PS PE P

B 3-8 MCP XELMAE (P2-P7) 2 FHE M £ H LA G IE R . (A) FEBE
AR ERRE, (B) WEAREREFEE: (C) ARIMER-SREIER. EEF 3-6.
(Mean + SEM, n=3)

Fig3-8 Effect of MCP on gene expression and proliferative activity of chondrocytes during
continuous passage (P2-P7). (A) The expression glycolysis-related genes; (B) The proliferation
of chondrocytes; (C) The expression of extracellular matrix synthesis-related genes. The
annotations are same as that of Fig 3-6. (Mean = SEM, n=3)
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B 3-8 EoRESLEN (P2-P7) BUEKE 41 M B BEREME AR SR H B R L, AT LA
EFHE MCP BT B 4 i F R BRI BE A0 <& F] (Glut-1. HIF-lo. PKM2 F1
LDHA) FRiAHMAE TXRAEAAS: 54t HIF-1a /£ P3. P5 f1 P7 BF AR T X B4
RikTHw: PKM2 7E PS M1 P6, Glut-1 7€ P3. PS5 Fl P6 A SXFRAKERFTELE R
BAEE: P2 fl P7T UEMEE LDHA BTN REAREAE. SHEAML,
MCP REHR S 7 R BTN, ®5& P3-Pe f{, SXRAMLEFHEE
. SRTIBAAMEL, MCP B3 L P2-P7 BE 40MIH COL2A1. ACAN 1 SOX9 ]
BEREEKTF.

[ 3-9 &7~ MCP %t P2-P7 SR B 4MLE 11 BURE R AN REE M. T, £ P2-
P3 f, MCP 4BHA S EHMNHANA MR EHREA PR BEEELREER,
{BFEE VTR, MCP 4L B A PR 5 R B8 T . 1 B
BEOREVERE (F3-9B) Bn, FEEERREREM, S EES 3R a4 m
BRI KB, T MCP AFKEAREART T AMUE. UL
B RR, MCP RSSO EY I HREZEANEK.
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2 S S R R B SOLTR S (B) P2-P7 SEMMIAR R4AR % REEE, i
R: 200 pm. BEE[AE 3-6. (Mean+ SEM, n=6)

Fig 3-9 Effect of MCP on type II collagen synthesis in chondrocytes during sequential passaging.
(A) Fluorescence intensity values for immunofluorescence staining of type II collagen from
single cell; (B) Immunofluorescence staining image of type II collagen in P2-P7, Scale bar: 200
um. The annotations are same as that of Fig 3-6. (Mean + SEM, n=6)
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3.4.6 MCP 3} IL-1B IFSRIX DR R RSN R

IL-1B 21%5F OA HIK8EF, AR vt — 2T MCP X OA A E 41 bk
B Alsm, R IL-1p R B W R B AR LIS R EiRE&. B 3-10 BR, HiE
XA, £ IL-1p 2K OA B BB RAMEN. WTLER, 5
IEXXTRAMLE, 2 1L-1 #F/E, B 8CE AN EEFEEINE (& 3-10A)
AR LB RE (] 3-10B) . 3F 158, AHXT A, HIF-1a. Glut-1, PKM2 #1 LDHA
ZEBEBRHEXHERREIKTFEE LA (8 3-110); Bk sh, SIEEEHM
b, fA4E IL-18 ZhFEL M COL2A1 1 ACAN E5MBAMIEFRHENERRL
KPR E R (B 3-10D).
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HIF-1a Glut-1 PKM2 LDHA COL2A1 ACAN SOX9

3-10 XHRAMN IL-1p R HN B HRBEREMASE. (A HEREANERE: (B)
ALEHNERE: (C) WEARRBREHECERANRE: (D) MRAER SRR
KFik. B4, MCPO B55rE: IL-1p 4, IL-1BER/A, Bk MCPO #HE.
{Mean + SEM, n=3)

Fig 3-10 Glycolytic metabolism of chondrocytes in the control and IL-1p-induced groups. (A)
Relative glucose uptake activity; (B) Relative lactate production of single chondrocyte; (C) The
expression of glycolysis-related genes; (D) The expression of extracellular matrix synthesis-
related genes. Control group, MCP 0 medium; IL-1B group, after induced by IL-10, replaced with
MCP 0 medium. (Mean + SEM, n=3)
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MCP %f IL-1p R HFMEERANEmLE 3-11 fin. TR, 584 I10-
1B AEFALE, IL-1p+MCP ABAMNEN R EMEEEHENEREAS (B
3-11A), HABRARELHETH (B 3-11B); B 3-11C BxR, £ MCP 4H K
4R HIF-1a A1 Glut-1 MERRA/KFEE EiH, LDHA MEEREKFELH
B4k, B 3-11D 875, MCP ¥ IL-1 B FS M EMAR S IL-1p AEHAMLE, £
MCP 4 EHH-E 4 ACAN 1 SOX9 WHEE E T,

A B

300+ *%k*

= IL-1B
== IL-1B+MCP 500
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Bl 3-11 MCP X IL-1p IS B FHREFBFEE. (A) HEENERIE, (B) B
MMERE: (C) BEMBEREEMACRRFEE, (D) gfstERe s R ERE
k. IL-IB A, IL-1p %S5, FHHN MCPO B3, IL-1B+MCP 500, IL-1p S E, &

#e9 MCP 500 574 . (Mean + SEM, n=3)

Fig 3-11 Effect of MCP on glycolysis of chondrocytes induced by IL-1B. (A) Relative glucose
uptake activity; (B) Relative lactate production; (C) The expression of glycolysis-related genes;
(D) The expression of glycolysis-related genes. IL-1f group, after induced by IL-1j, replaced
with MCP 0 medium; IL-1p+MCP 500, after induced by IL-18, replaced with MCP 500 medium.
(Mean + SEM, n=3)

3.4.7 FHETREEMRE MCP WX T & AR Ean

B 3-12 B/, 2DG HINEBRRERA, SIEFXRAHEK, 2DC EERMEK
BT SR A FLEE A i Be /1. HE T LDHA. Glut-3 A1 ACAN K&
FikAFE, {HX HIF-1a F1 Glut-1 MEFRRZAFLHEER.
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B 3-12 PHEEEERR G ST E ARG . (A HEEMEXNERIE: (B) LB
ERE (C) FEEERMACERMRA: (D) 9RAEREHERERNRZE. XREA,
MCP 0 ¥57%: 2DG 41, 2DG #%fh, F#y MCPO 57, (Mean+ SEM, n=3)
Fig 3-12 Giycolytic metabolism of articular chondrocytes afier blocking glycolysis. (A) Relative
glucose uptake activity; (B} Relative lactate production; {C} The expression of glycolysis-related
genes; (D) The expression of extracellular matrix synthesis-related genes. Control group, MCP 0
medium; 2DG group, after induced by 2DG, replaced with MCP 0 mediurn. (Mean + SEM, n=3)
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B 3-13 FHITHEREAR /S MCP X KWK B4R LT . (A) H&ERHMNERE,
(B) IMHEXTAERE; (C) BEMMXENNRIE; (D) HMRIEREHMXERANE
ik. 2DG i, 2DG S K5, FH AN MCPO HHHE: 2DG+MCP 500 4, 2DG #F—
KIs, F#HH MCP 500 H55%. (Mean + SEM, n=3)

Fig 3-13 Effect of MCP on glycolysis metabolism of chondrocytes induced by 2DG. (A) Relative
glucose uptake activity; (B) Relative lactate production; {(C)The expression of glycolysis-related
genes; (D) The expression of extracellular matrix synthesis-related genes. 2DG group, after
induced by 2DG, replaced with MCP 0 medium; 2DG+MCP 500, after induced by 2DG, replaced
with MCP 500 medium. (Mean + SEM, n=3)
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B 3-13 SR, &340 2DG ZhFLEH AL, MCP S22 1 55 20 B 400 i % 7 &7 8 AY
BRHCE, EHARMALBE T, B, MCP B EIRT HIF-la. PKM2 Al Glut-3 £
ik, B Glut-1 1 LDHA FIEARIAAT. Ho, MCP E2F il T4 2DG 1%
SRR I HY SOXO (13 K ik /K.

3.5 7ig

FER RS KRG M OCEY R, EYEREE TR A R T
TP AR EEARMRS 2N, H AR R PR MBS R RS B iR T
BEMRAERKESAEY, 24 75% ATP kB FEERIR1ERS], M ihiaieny s
(B P= 44 PURE H SER ADR o (T S BE A RO R A a2 24 220 [Jgk, AT
AR MCP X5 R M AR R AL, A DL GRS TR E AT SR 2,
% 54 MCP %545 41 B B Sl B A At A e mm

AT FATE MCP KEER E AL 4L | R BB IS R IR A1 MCP-HA 7KBRRG 7R
T7 OA MR AESEEIEN KEGG 7r 8T R, MCP iRy 254 R g4
mTOR A1 HIF-1 {5 5@, EntoEETE AMPK Rl HIF-1 {5510 . HIF-1,
mTOR fl AMPK 4§ ££152 £ 50ITHE, HRFalEm & a7 el
Hhr, HIF-lo 2R G R BESEE, TRLBI N SLefiid BRI 2375
B T2 R A0 K 3 B A DA R A SRR A B B A AT 4R A AR R AR B A T R BV, ST 8
OA HEREHL R, HIF-1a B B S BEHERIE MM DGR E M fE AR 290,
RN KK P RIFEEINGE, EWHERF AR, (EYCE Mg
IR FFAI AP R AR E ), DL R e YRR, MCP e RGBT RSB 41
AIPEEE R USRI REH T SCE By E A .

EHEMENAAEBERERY, SERRIEAE—ARESE, ARETE
i Glut-1 REEE R HFFIERA@R A, SFAMBEEREERALERAR, X
b2, PKM2 F1 LDHA 25 EMEE, PKM2 BRI RENEL 5, B
BRI TE A B AT BB AR B R ol Rk, RESE A W IR ARUERR R SR BN S, LDHA
S5HEEEFRERE MR, MABRYEREIERFEER; HIF-lo B @TRSH
BRI S B RE ANREACE, ENE4FERNE, Sy o s
AT RPN, BT M LR, BRI AT AW CE MRAT& s R R Rk
ZOCEFA 2, W LN A BRA R AP HE R A IR K 4 T T (A (224 234242
AW TR, SXERAM, MCP G B ER RE T 4l AR A FEHEE R LR A4 kAt
1, M H MCP aJ A& 3 Fif Glut-1. HIF-la. PKM2 fl LDHA fEEHEFiEKFE.
LA R&S R MCP geieid i IR S R 2R i 2 A R PRE R S B MRk, s iE s
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WoE AR R R T2

NETFREVIFERERICH L5 808 AU ThREAE 124329 . R AR, MCP 885
EfRE T E B R E SRR R FLER A A RE /), MILAT AR 3 R ACAN B#IE.
B, {EHEE MCP XM LSRG AUHE F2 70 B 20 M %) 8 A AR 12 HY RS WA R R B
FFTHEZL, P4 EE P2 SCEAMARAY Glut-1 F! LDHA ARk 1850, HE {82 )5 % LDHA
RIEFFEETH, T P2-P7 SR MR PKM2 #E4E 1Fill, S22t R, P4 Fd4nmiy
AR E ML AR E AT P2 A RE A, HAMNR L BN ERE
TR AR AR A B AR T P4 B R FRAK: [RIN, m9k P4 L P2 SCEARAGY COL2A1
1 SOX9 HIRIEA RFEMTE, BE4E P71, T2 COL2A1, ACAN F
SOX9 [MFEIEHFEE MR, Xalde iR BN EINRZ FREFEER L MEF
(2032081 r 2 40T A R P DG T BE2S3), BEUHEE A7k 38, ACAN B BEMR Rl
[FRT, 7T RIIEZ P F AT PKM2 FRIKFBEO, DL RN, &Rl
A B RRE A B R AR G A A U A A R IR A T AT kL, 52 3, MCP
H DA TT LR S 3 B g B A I AR R M . [BIRY, MCP £ il Glut-1. PKM2 #1 LDHA
2k, HL6F R 3 30 B 40 B AT AT PR R R DL A ZUBR A I 1 v T3 HE 4L 48 MCP &b
TR P2-P6 ZUHENHER COL2AT. ACAN. SOX9 R AFA N & A IRA, 5248
—E) & MCP &R H 0 40 ) A4 Y U B R E A AR PR R EE R
BESTHMEA, I BRENEBDREEITHE MRS R R F T2 27,
1l SOX9 Z1HE COL2A1 1 ACAN Rt #0708 291, pl P& 3R, MCP
AILLEE BT AR B, SRR R A RIS R E R
A RAARERNEZRAKY. SFREMREYN., RERFHREMNEER LS.

EEBHRLT,. SEHRN SRR LS TR /KT 4T P aR R0, 261,
B2 HEEEFE =4 ATP BRI T S AR L2, {3 OA P4 ()4 kg
PESR RS, SRR R P E AR RS AR R R U RS ATP T4
FRUH A ThEERO-2951, [L-1B 7£ OA MR EME BT RIE T EEAMER, RKATFHE
R A IL-1B A BEIE R R A DAL RO AR AP 22, SR, SR,
IL-1B BB B 40 B MR EMA R E REBE M. 5 DG A& R -3
AR AN IL-1p AB P EF MR EEEENENAREXNEREN S, AL
&% L HIF-1a. Glutl. PKM2 X LDHA #ik/KF, £ T1H COL2A1 #1 ACAN
Rik, XSRATZATA 25 B ARAI26-1001 AFF I, MCP AT LAE E3E [1-1p i
T OA FRECE AR AT COL2A1. ACAN HI SOX9 RIFIEKT, X 51RMLE a1 #A6F
FLRIAE—E, MCP fT L LR IL-10 %519 OA BE 402 T B K] gy R k126 160,
5T BB A B, O A B0 201 M 7 B2 10 0 B8 5 P A 287 1 LA 58 441 o ok g o fp 292 2661,
HIF-1a Al Glut-1 222055 B AN LR £ AT S BE ] - [ 2672090 KH 523k R E,
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MCP FJELE#E Hif IL-1B 5 3K OA BECE M HIF-1a F Glut-1 BJFRAKF LA
REEBEFENE. UL RUiH, MCP f88{2H IL-1p 5 510 OA PRIk B4 it 8
HFERE, F1A% HIF-1o £ Glut-1 HEE, {RFEHE GRS IR & B UL R IE R
BEMBKTER.

2DG 2 —FEEREROY, EESHNs CREEEE, B R ESEERE
G- 6-BIRIEARIFHEEIBERR, X AKM, 2DG TTLLT A Glut-3 &
R BRIE, FHESEMRT R RI: T ARG T #FiEEK PKM2 f1 LDHA
FERERE, #MEERKIAKRNER: B, 2DC EMEREBRERE, "TAT
1 ACAN fI SOX9 HIEEREKE. MEE—PS& MCP & # /5, REHARNEE R
BEREDEET, DHALBSEERN LDHA HEEATLTEEDTL, 2R MCP Al g%
BERE 2DG MIFEBEENER. S4RENENEETEES Gut-3 MERAAS
FX.Gut-3 BEHBNEEHEEAZ —FL272, (& HIF-10 5 HEE 5250273,
M MCP 23Rk E40ME HIF-1o BIRIE A ®: HHN HIF-lo HEEBEGE PKM2 X
IARZ7428), iy MCP 2 ER R 4R PKM2 BT RIEFHS R R, PKM2 5 COL2A1
A SOX9 MR IXTAFEARKES), B A, & MCP i#— S4B BB SOX9 K
HERFIERERE. Hitk, TCUHEN MCP HARMNSUE LAY R ST
HE MRS LIRARAERNA R, HF, MCP X} HIF-1o @B BERE
YEEMER, TRAREIRE 3-14 iR, BEAEIEDEERERANTR.
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HIF-1d: Hypoxia inducible factor 1Q
Glut: Glucose transporter
HK2: Hexokinase2
PKM2: Pyruvate kinase isozyme type M2
LDHA: Lactate dehydrogenase A

B 3-14 DA PEAN RS R RS R 4R A R AN O T BE A A AL AR
Fig 3-14 Hypothetical mechanism model of MCP on glucose metabolism of chondrocyte.
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3.6 ZH/NE

(1) MCP ®] B 50 40 i R B AR 1R 12

(2) MCP BEB (RS B EERNERI, Bt LiERE s ER &R
RERFRFHERERLY. RERSTMARMEZR LN KEFIER;

(3)MCP W] geifiid B8 HIF-1o 88 R IEIEH 50 & 40 M i B fn L R4 p 4t 25
FREYE TR .
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SFUN |5 MCP BT 48 22 7k B R ot il % B SR

41 BlE

A AT RIRT A R, A HE AR (Modified citrus pectin, MCP) 1] PA{R i3k
EHRMERFEFRIREY, FEE FRRBERNESMHERKHFHERNER, T
A A RE R F (O B[R A6 160. 161 B oR 71 38 — BB (OB AL R R TTisiE5 i MCP
A LAERTT AR L) 2 AR, (BRan@el 6T S Ll scEl MCP #ERERMa
MTHRERGRIH. 555 HRIMET AE MCP NREERTEX RS, o
AR R H) MCP 7 MR EFIEBRIRTTIE (Articular cariilage, AC)
BREENEME, FHATEESIET; LEEEIREEEN MCP AT
AR AC fig g0 AR, WMTE &R EE @S Moy g, At
BB E SHRIT MCP SRR BIHE (401 R), BB ERTREBERGEEN
k. B, BOEREHEMAE MCP FB%AR, 923 MCP AR BRI ATK
AR, ERiEE, #mMTEEREHIEARBAN, REXNKESERNEFE
HREFAEERA.

EAERNE, XNREFARAEEERERE S, FENXHERNKETE
FIRBEEERNES. 50% DI EREERE. ESNKREBKE T LEREER
fle72m, MR G RERG, WNKE TEIXTRERERDFRME SRS MR
MR, FHREAROEFDRERAE, @RIIERSHRIIETR, B
BE A B R IR R ST SR SR AR 20282, B 5T K (Osteoarthiritis, OAD #ERE .
BILL, 15 OA B4 iR (70 R M & 98 BB E T B B A 30y ;U2 28-285]
mlEF, HATES =Fh KM, MCP R R iF Ml & vl I ae /7,
HEGCHME BN T BT UA RREELT R FARBEDHR. Fit, RRR#EE
MCP ¥ER}, #h75/REBR0HE & 98 7T se A T8 MCP E AdEHE# Wi 17
HiEERIER.

B EFEA R L REEME, DHEFNERS, RERFNEMHEEME, 2
BR R BAH AT A MRt AR 236289) BB SR ST SR 55 Bl ) AT B 3
BEHEEREENE, AARRIFERBA UM R, mAREEEREEH
FEENER B TIHALERY, SRR E REEAEEBERE 8RR, i
AL, XA (Curdlan), RASHHERMEEHHELNER, E—MEIEB0R
RO RATE SR 1, 3-8-D BRHEP, HFER2.06 x 10*-5.0 x 10° Da, &5HR
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ok 4-1 ProslPPl FEBEREENE. TEMEYHEESILRYS &, Curdlan B8
EEERMZAERR (Food and Drug Administration, FDA) E#EJy& & iz
2961, FRRCERIEURE A AT O RE S AT 40, [N FOMRy B R R AN B AR A
45, Curdlan L2 ANVE SIS R IR i IE S 7 DEcEL, EAMB REH TR
R EA PR M AR RPN, JLEZE, Curdlan FEBNHERE (55°C) MR
BN T3 ) B R e AL SR S8 1 = IR R RVR S, AR RRIRIE (80°C) AN
O 3 ph 21 3 R R IR = 0 i 45 A I B A P02 901 A TR R IF M R B B R R,
Curdlan B3 A T3 B R 2 B R ST AR TRESC B R P, R T30
KGRI EIMAE . ¥R, RIETT7RE Curdlan BR 78 4 R RS
FIFFE RGP MRS, b vl LA I Bt 7K R 7 A ) 2 B 1292, 296306 i 92 e, Curdlan
BE 08 TR T R A B I ER MR PR R A A A RERO, S — 05, ST S S B
HEitad R, OA BEMEBACYHE pH AR, 2EERMERS%L hk, Tr
PAF#ERI Curdlan FIRETERT PRIBE BR/K BRI AE B BT HE, - SERE St a5 7
WEAFELRE, EATRENMNGEETREAEENMAME.

_ OH _

O

+—o
OH

B 4-1 Curdlan &5
Fig 4-1 Structure of Curdlan

ET U Earth, AL MCP 5[ =E 5, W LIMEHE MCP #iX
R F, STHLMCP MEER; RBf, BT E 2Bt R EE R, s MCP
EVEENRIEN T - SRR FERIR. A0 T YIS K%, it Curdlan
5 MCP 4148 Curdlan-MCP KEEHE, 35— 5t HFR 1b R AR S5 14 Bt T 3R AE
BT 4387 Curdlan 5 MCP &4 2SR MCP B#iEE4 S BRI, UHANET
KWK EBERFH MCP RS EIB K IE 2%,
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4.2 WHLER
4.2.1 RFSEH
R 41 AFFEEA
Table 4-1 Reagents and material
R IECT P
R R (MCPD WL RFERE G EDREFRAR
4% (Curdlan) FgE A AR R A TR A =
BRI (PBS) R EFEEHEERAF
&SRR R E PR (D-PBS) IERBFEREHRAT
HERERRNE LA RAEYBERGIRA A
P L F AR AEARERAERA
4.2.2 {{FRiG&E |
B 42 NBEEE
Table 4-2 Instruments
(&= a4
B R [ Metter Toledo 4 ]
RIEES EE IKA A7)
3 REA AL % [ Instron /A &)
1B IR & H K #£® JULABO A7l
= R IR B %] Anton paar 4> 5]
HE BT R S E LABCONCO A &
AL M AR S (FT-IR) HMig{X %E Thermo A F]
R IR % E HORIBA A 7]
4.3 EB75E

4.3.1 Curdlan-MCP 7GR A& 4

MEGER Curdlan $7K AN D-PBS ECHill sk BN 100 mg/mL ) Curdlan /B8
W, ¥ MCPEBETEED-PBS i, FHIBIRESHAO0. 1. 5F 10mg/mL # MCP

69



o B BE 2R E B &AL R AR 5 i+ A i 3

B ¥ Curdlan B 2FT MCP BRI 1:1 /88, )5 T 80°C ¥ 3 min,
33 Curdlan £8¥RFE R 50 mg/mL. MCP ZKE 515 0. 0.5, 2.5 F1 5 mg/mL K
Curdlan. Curdlan-0.05% MCP. Curdlan-0.25% MCP #1 Curdlan-0.5% MCP K&k .

4.3.2 Curdlan-MCP 7K R S4E

4.3.2.1 RETMRERAE

(1) AMERRE

HY 200 pL Curdlan M 2 & A FHE MCP # Curdlan-MCP 7KEEBEHH5 28 AR
WiRE L, BREMETFTHREZEEAE 1| mm &. BREWVINLESHEN 1%,
B AME (o) 7 0.1-100 rad/s TEE WA K EHEIER (Storage modulus, G 5
MFERE (Loss modulus, G") AL #ESE.
(2) FERR

B¢ 200 pL Curdlan B &5 & EE MCP #) Curdlan-MCP KB HE# E RN
WikE b, BRENETFTEREEENRES | mm 4. S0KEREME 0.01s
100/s BYH)#ZE (Shear rate) JEEABIRE (Viscosity) ZEfb.

4.3.2.2 MITHITBRMLTIMHE (FT-IR) F|AE

MCP. %) Curdian & Curdlan-MCP 7K &R RFF R R, S8 (1.
100) B EREHFRE, B @M 2RO S6iE{X (Fourier Transform Infrared
Spectrometer, FT-IR ) 7E 4000-400 cm™" (3% $(76 E A #EATH3HS, RAE MCP. Curdlan,
Curdlan-0.05% MCP. Curdlan-0.25% MCP 1 Curdlan-0.5% MCP K> F£:# .

4.3.2.3 FMHERT

A REMERL R BT ERA IR, PSR Curdlan FIE-EAFHRE
MCP 9 Curdlan-MCP /KEEB HIHLIRIERE . BARIR/ER, #& Curdlan & Curdlan-MCP
ACERRE ) & LR AA 2em?, BEEA Smm WETHRERE, WE8 T a5
Pl E, ZEESEEN | mm/min FHTIR, DERKRENEEESR.

4.3.2.4 AFBW (SEM) I={E

% Curdlan F1EAFKE MCP /) Curdlan-MCP KEERFTE, EHIBREE
R ARSI A B, W B S min, INEBEN 10 kV, FHE#EBRFRERHE
(Scanning Electron Microscope, SEM) W22 /K B F H T3 -
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4.3.2.5 SkRFELE

BEEERE MR SR BRI TSR B 500 pL Curdlan AIE & AFRHSE MCP
#) Curdlan-MCP /KEREHE &, ERAMGE RN Wo, RIFRKEBRAERE 50°C #91HE
BEATEADTREEE, ILFA W. B Humidity ratio=(We—W)/Wo x 100%
#ARHHE Curdlan F1 Curdlan-MCP /KB & K & .

4.3.2.6 FEKIERIE

B R Curdlan F1E-&REHRE MCP £ Curdlan-MCP KEEIZFE PBS B
B M2 ERREERRELERMEDY, BARBRIER, 6 &0 KRR S
£ 50°C MHEIRE R TIREF TIHREEER, WEFERTHERN Wo. BEEHAE
BT PBS 1, 37°C HREZFSRBTES. TRIEME 1. 2. 4. 6 F18h B, W
ERMASJGHATHRE, FEFEEN W). %W Swelling ratio = (Wi~Wo) / Wo x
100% R4 KT E KB B kP Ak .

4.3.2.7 Curdlan-MCP 7EK: - MCP BB

KRS E 23.1.1 Hl4&8 CyS BEFFRICH Cy5-MCP #% Curdlan-MCP 7%t

B2 AR MCP 7E Curdlan-MCP 7KEEf S fRERUE M . BEEENT:
(1) AR

FNEMIMEE MCP M Curdlan-MCP 7KEER P REAT A, 1518 4.3.1 FiEBGIRE S
M0, 0.5, 1. L5mg/mL A Cy5-MCP & REMAA 1 cm?®, EEN 5Smm B
8] Curdlan. Curdlan-0.025% MCP. Curdlan-0.05% MCP $1 Curdlan-0.075% MCP
KBRS, BEERHHMETMA 1 mLD-PBS B 1.5 mL BOUEF, F37°C BEFS
BEHEBEREE, 29TFHE1. 2. 3. 4. 5, 6. 7. 8. 9, 10, 12 F1 14 RAZHT
WER 500 pL RRHGH, FAME 500 uL HTHY D-PBS. HFHHEHBE 14 R, WNELE
HEXH Curdlan-MCP 7KBERS, 7EIE MR (ORI MCP B RUE ..

(2) HSEER:

AER R P R TR B R CyS-MCP By7RotsRE, Rl
Curdlan-MCP 7K#E B MCP HIBR L.

Cy5-MCP FIFr#E/28: A D-PBS ECHIRR 1 mg/mL [ Cy5-MCP &# /5, F D-
PBS FRE R B IRICA 504 25, 12.54 6.25+ 3.125 f1 1.5625 pg/mL £ Cy5-MCP i
&, LA D-PBS AT, AR ICOCEIERKREK (Excitation wavelength,
Ex) 3645 nm MRS K (Emission wavelength, Em) A 663 nm %4 F, W=
Cy5-MCP ¥ % A58 . BL Cy5-MCP HIvRE i bes, DA ARSI E-=
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E T BRI RSB A A AR, AU /N Z et AT FIHIE S, FriS MR R A 1
A CyS-MCP HIbrHERZR . '

HHHR 4.3.1 HFEBWES BN 0. 1. 5 #l 10 mg/mL K Cy5-MCP #¥ 5 Curdlan
841 Curdlan-MCP /KB 1.5mL B.O0F$, WA 1 mLD-PBS, WE T 37°C
HREESEHFEVYEGRHE., 2RTH 1. 3.5, 7, 11. 147121 K, NBEHFH
B 500 uL ¥4k, FEFMFC 500 L H#7 D-PBS. Ll D-PBS AT AN . 7E Ex = 645
nm, Em = 663 nm BEK THNEREABEE, A Cy5-MCP ixEEHEF, &
FIMCP BIRINE . EATAS, BEHE K MCP BRE/KEKHFE MCP &8
B4 th g% MCP M Curdlan-MCP 7K 5 -R B iU B 0k 8 211

4.3.2.8 Curdlan-MCP 7R IR

¥ 4.3.1 FiEHE Curdlan, Curdlan-0.05% MCP. Curdlan-0.25% MCP #I
Curdlan-0.5% MCP 7K, T SOCHMETREZEER, REHVGER (W),
B /SR E F D-PBS F1, REHEHEIKPES, % D-PBS. Mi/ERHBE TN
A 1mLD-PBS ) 1.5mL 48, 45 THE L 3. SAM7TR, ST, HEE
MEIFCHREE e B FKEEHE (W) . A Degradation ratio (%)= (Wi
- Wq)/ Wix 100% 1% Curdlan-MCP /KEHHZ7E PBS il P ISR EL.

4.3.2.9 Curdlan-MCP 788 NENER

B 100 pL Curdlan F1 5 & A F#RE MCP £ Curdlan-MCP 7K 82 8 T~ 500 uL £
FLEREE (pH=6) 1, LIPBS AXEH. T37°C ER/KBTEEFNEL. 35
RWE 10 uL FLERBRARMIEE PBS. ME/5. HAHEHRIIRTEREE=53393
TR SRR P R R R .

4.3.3 BiHESH
S #IE193@id GraphPad Prism 7 F1 SPSS 22.0 HESITHIT#0. #iE

EA Mean = SD 5 Mean + SEM 7R, P<0.05 AERE T H¥E L.
4.4 &R

4.41 Curdlan-MCP R BERER
EHEBWRAET, Curdlan FET/KMZE, HY Curdlan BEHEBE MBI 80°C
W, £ RS KB Bk ARS.312.313) B 42A B/R T Curdlan F1E & NEEE MCP
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17 Curdlan-MCP 7KBERZ PR IE 72, FT L, #E T 1 Curdlan A1 Curdlan-MCP 33
AREERER; TFE 80°C In# 3 min /&, FFERESSMNASIRET NESE,
& RULEA, Curdlan i1 Curdlan-MCP & & ¥EEE BRI MRABUREER .

#—, WM AEEN 0.1-100 rad/s FTEE MM Curdlan R E &4 FHKE
MCP ] Curdlan-MCP HyAS3EAT R, RAEHEEESRrE. WE 4-2B Fizn, Curdlan &
HERFEWE MCP ¥ Curdlan-MCP /K& AR (0.1-40 rad/s) B, fffE
#iE (Storage modulus, G') ¥ K FFEHE (Loss modulus, G"), H G KT 200
Pa; MHAMERT 40rad/s J5 G FETMHE, G" FFELH. BF. GRFEEM
FHREBVEIT RStk 4y, I DARAERE M B AR GBS KRG AL AT R
RIBE RSy, P CARAEHE oL MR 2143151, Curdlan #1 Curdlan-MCP %ERE7E 555
FOTHIN G SUETRE.G" S ETHLA, whER B T REAE AR <IER Curdlan
TR E RS BIRER, 25342 Curdlan ZKEERE AT 85 B4 BT VIR M 4R 5 16,

A B

10000

before

1000 4

solution

80

-
o
aal

hydrogel

G'and G" (Pa)
2
/

2 Curdlan-0.05% MCP
3 Curdian-0.25% MCP
& Curdlan-0.5% MCP

w (rad/s)

B 4-2 Curdlan 1R & AFEHE MCP #J Curdlan-MCP H}HLEER: B SR (A) Bk

B. (B) fMIESH, G tHEEEE, G ¥ E. Curdlan, A& MCP /) Curdlan

7K#EERE: Curdlan-0.05% MCP. Curdlan-0.25% MCP. Curdlan-0.5% MCP, 4514 & MCP
LR E Y 0.5, 2.5 M S mg/mL A Curdlan K%k .

Fig 4-2 Gel formation and angular frequency scanning of Curdlan hydrogel and Curdlan-MCP
hydrogels compounded with different concentrations of MCP. (A) Gel formation; (B) Angular
frequency scan, G': storage modulus, G ": loss modulus. Curdlan, Curdlan hydrogel without
MCP; Curdlan-0.05% MCP, Curdlan-0.25% MCP, and Curdlan-0.5% MCP, Curdlan hydrogels
containing MCP at final concentrations 0f 0.5, 2.5 and 5 mg/mL, respectively.
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4.4.2 Curdlan-MCP 7B T 5

Bl 4-3A 877 T Curdlan M1E 5 FHE MCP ) Curdlan-MCP 7K FI BT 1155
TR . AT, PP AR 4 S5 BT ) = A g PR IS,  ERRELHIEY
PIFRRI R A AR, BT Curdlan-MCP 7K KB E 5% T Curdlan KEERE,
XA RER BT MCP 5 Curdlan Z. [l E—E MM EERERE . AE 4-3B B0
M ELF| Curdlan A Curdlan-MCP KB RINRAIHE . LEE . A E45 F487R, Curdlan-
MCP K& BB BRI TS .

10000
—&— Curdlan
000 " ~—#— Curdian-0.05% MCP e
w— 4 Taata, —s— Curdlan-0.25% MCP
‘-P .!' i e Gurdian-0.5% MCP ‘
(141 ‘ha ‘ o
o 1004 .
— 5'
> —
= 104 8
" Yy
o g
Q 14 ©
L
> 044
0.01

0.01 0.1 E 10 100
Shear rate (1/S)

& 4-3 Curdlan F1H & RERAE MCP ) Curdlan-MCP A RE B HE R T, (A)
B, (B) wrEst. EEE 4-2.
Fig 4-3 Viscosity scanning and injectability of Curdlan hydroge! and Curdlan-MCP hydrogels
compounded with different concentrations of MCP. (A) Viscosity scanning; {B) Injectability. The
annotations are same as that of Fig 4-2.

4.4.3 Curdlan-MCP 7R FT-IR

MCP. Curdian f1E & A FIKE MCP # Curdian-MCP (] FT-IR EJE i 4-4 fr
Ao AJJL, 7L 3410 cm! ZbAIR RIS S O-H FMEARIREIE 35, £ 2942 e AL ATES
Wi i C-H M4EHRa~4, £ 1608 cm™ M 1416 cm’ A AIRICHRBEAE C=0
1 C-H Zili#rzl, 1016 cm AHIRNIER C-O FHBFEIRS), RANMRKEREE
BT JE R R AR 070, 178, 179,316,311 M B AT LA . Curdlan I Curdlan-MCP 7K &
IR &S 23K, 328 Curdlan f1 MCP 2 [R1&H KA R N S A I
b2z, {ER#E Curdlan I MCP 17> T4, #El MCP 5 Curdlan Z [ 7ERH
S BAHEAER .
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O-H C-H

stretching strelching

‘292§
3403

3390 ,

2924

Transmittance

3410

' " 1022

d 12927 _‘637 {421
3406 : 1022
2923 1642) 1420 '

34086 . 1022
m

Curdlan-0.5%MCP
Curdlan-0.25%MCP
Curdlan-0.05%MCP
Curdlan

MCP

C=0 C-H c-0
b!namq bending siretching

1638, 1450

1022

1640. 1422

1608, +416 1018

4000 ) 35'00 v 30'00 25!00 20'00 15'00

1000 500

Wavenumbers (cm™)

B 4-4 Curdlan MR 4R FRE MCP (¥ Curdlan-MCP K& FT-IR . EER 4-2.
Fig 4-4 FT-IR Spectra of Curdlan hydrogel and Curdlan-MCP hydrogels compounded with
different concentrations of MCP. The annotations are same as that of Fig 4-2.

4.4.4 Curdian-MCP KBRS R

=8
o
|

w
o
1

-
o
|

Compressive modulus (Kpa)
N
o
]

o

B% Curdlan

mm Curdlan-0.05% MCP
=8 Curdlan-0.25% MCP
&= Curdlan-0.5% MCP

B 4-5 Curdlan 15 &R FHRE MCP ] Curdlan-MCP /K& a5 . B 4-2.

(Mean + SEM, n=3)

Fig 4-5 Compressive modulus of Curdlan hydrogel and Curdlan-MCP hydrogels compounded
with different concentrations of MCP. The annotations are same as that of Fig 4-2.

FESIM  hitps//www.cnki.net

(Mean + SEM, n=3)
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Xf Curdlan X% Curdlan-MCP 7KEER AT T i EIREERN, LUST Curdlan-MCP
TREE L BT 1 B . B 4-5 T WL, Curdian KSR (58 44858 4 11.3484 £ 1.96 Kpa,
Curdlan-0.05% MCP /K& s8N 14.2394 + 1.22 Kpa, Curdlan-0.25% MCP
KB HIHAMERE R 23.2241 £1.57Kpa, Curdlan-0.25% MCP ZKEER AR & N
32.9552+2.80Kpa. A}, MCP MDAV BAMEE Curdlan ZKEERE 1 R 45 ELE, Hig
AR B B KRS MCP & BT S n .

4.4.5 Curdlan-MCP BRI H B T ¥

3t SEM ([ 4-6) WE, o BT Curdlan FI Curdlan-MCP 7K Bk 15 B4
FELSILEGEH, LHENSE. 44, £ MCP BN A% Curdlan 150
g8, B -#BFEIFHHERME.

Curdlan Curdlan- Curdlan- Curdlan-
0.05% MCP 0.25% MCP 0.5% MCP

B 4-6 1%T Curdlan & & &K E MCP # Curdlan-MCP £ SEM &, #7R: 100 um.
BEH 4-2.
Fig 4-6 SEM of Curdlan and Curdian-MCP compounded with different concentrations of MCP.
Scale bar: 100 pm. The annotations are same as that of Fig 4-2.

4.4.6 Curdlan-MCP 7KBRpN &K R BB 6

FKENEKER ROKE I GEAIERMEREY, Cudlan BESFAKE
MCP ] Curdlan-MCP /K& &K EL R E 4-7A i, A /KEBR &K
AL 95%, HFABLHEER. B 4-7B B8 7 Curdlan X E &R R E MCP
) Curdlan-MCP JK#E7E PBS P HIEIKEE 1. WL, &E 1 M HEE
TARBEREER R B T B RAOTAER, 7F 2h JFIEBE K FERZE. 12h i, Curdlan.
Curdlan-0.05% MCP. Curdlan-0.1% MCP 1 Curdlan-0.25% MCP 7K &t/ B 2 5
WA 1156.781 £ 111.06%. 1160.513 £ 26.54%- 1163.14 + 36.43%F1 1154.771£51.72%,
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RAMEHEZR, UL EHIER R, Curdlan-MCP B4 &5 7K B F0 i v i (45 1,
B MCP M AT Curdlan 7K BRI S /K BRI,

A

150+

—
39-. B Curdlan
Z BN Curdlan-0.05% MCP
= 100 95% W Curdlan-0.25% MCP
E B Curdlan-0.5% MCP
>
h——
_.E 50
=
E
— 1300-
ag ~+— Curdlan
S—
= 12004 -e~ Curdlan-0.05% MCP
— sl 0,
..'.u- 11004 #- Curdlan-0.25% MCP
- —4— Curdlan-0.5% MCP
o)) a3
c 1000
© 9004
3
o) 800 T T T T T 1
1 2 4 6 8
Time (h)

B 4-7 Curdlan f1E & R FERE MCP ) Curdlan-MCP ABRRHNBEREREKE. (WD &
ZE: (B) /KE. EHH 42, (Mean+SEM, n=3)
Fig 4-7 Swelling ration and humidity ratio of Curdlan hydrogel and Curdlan-MCP hydrogels
compounded with different concentrations of MCP. (A) Swelling ratio; (B) Humidity ratio. The
annotations are same as that of Fig 4-2. (Mean £ SEM, n=3)

4.4.7 Curdlan-MCP 7kEBR:x MCP BB

A 4-8 BR T BEHRRGEWMER K MCP M Curdlan-MCP & K5G8 AR
7. NESAEMESEERFRE Cy5-MCP # Curdlan 7% i B AT W 223,
B MCP & E 31, Curdlan-MCP AGERRZ B GEED nek: BN, HE 0 R
(R 7K R S 1R 7 Y BEME T W, Curdlan-MCP 7K B Y65 S IRIE S MCP S8
R inmArsE; MEHREETLAE N, BEEBERNREER, %4 Curdlan-MCP /K5
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EHIR LSS BERHIRTE, XBERER, Curdlan-MCP KEFA MCP B4
BIEA. B4b, FEE BRI R KK, Curdlan-MCP 7KEERK A G35 A B BEAR,
HEARAEZEN,, R Curdlan-MCP /KEHRAE PBS i K42 T M.

® ¢ o

, @
@

.O. .
0...0...0
OOOQO‘OQOOO

B 4-8 Curdlan-MCP K#E/ 1 MCP F9% /6 & B. Curdlan-0.025% MCP. Curdlan-0.05%
MCP. Curdlan-0.075% MCP, 4%8& MCP £¥E 5 0.25. 0.5 #1 0.75 mg/mL 8 Curdlan
TR
Fig 4-8 The fluorescence images of MCP release in Curdlan-MCP hydrogels. Curdlan-0.025%
MCP. Curdlan-0.05% MCP. Curdian-0.075% MCP, Curdlan hydrogels containing MCP at
final concentrations of 0.25, 0.5 and 0.75 mg/mL, respectively.

H—%, FH Cys BEHFICH MCP (Cy5-MCP) EE# ] MCP M Curdlan-
MCP B &KERMBHIE . B 4-9 A Cys-MCP trfEfi2k, HeEMEIHRAENy
=89102x + 58368, R?=0.9983.

6000000
® Cy5-MCP
Linear fit of Cy5-MCP

5000000 A

y = 89102x + 58368
40000004 R2=0.9993

3000000 4

Intensity

2000000 4

1000000 4

O- L) T T T T L] L} L} A T
0O 5 10 15 20 25 30 35 40 45 50 55

Concentration of Cy5-MCP (ug/mL)

B 4-9 Cys-MCP RtriEph £
Fig 4-9 Standard curve of Cy5-MCP

B 4-10 B TIEEBHES MCP AREITHLH S8 MCP BB
Biizk. W, 14 RAARARKE MCP (1) Curdlan-MCP 7KEE X MCP ¥ BEH
ZSBEHRAER, BX MCP MBRITAILE —SUa TRERR. &F— KK
Curdlan-0.05% MCP IR EELF] 19.903 + 1.24%, BELH] 19.904 £ 1.24 pg,
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Curdlan-0.25% MCP FIRERBURIA T 23.128 + 1.35 %; BEISE] 115.643 + 6.75g.
Curdlan-0.5% MCP FIFERER 23.389 + 0.67%, FFMEIAF] 223.888 + 6.69 pg. BLE
FHERM, Curdlan-MCP KERXN MCP BE RFMERER, FHETLURL HE
MCP {1 61 8 & 14#% Curdlan-MCP X} MCP HIBH

Cumulative
release ratio (%

L

oo

1 Ll L

204 ¥

B

1000+

@ W
=31
oo

y.

700

of MCP (pg)

Cumulative release
N s
-E5-B-E-N-]

i i el

1004

<+ Curdlan-0.05% MCP
- Curdlan-0.25% MCP
Curdlan-0.5% MCP

T
1

o

T T T T T T 1
3 56 7T 11 14 21
Time (Days)

:__r‘_g_._,4..__.4-'~—-‘

L T T T T T T

1 3 6§ 7 11 14 21
Time (Days)

&l 4-10 MCP M Curdlan-MCP /KRR RIFE. (A) RiFBREFE: (B) BiFHAE. B
7] 4-2. (Mean & SEM, n=3)

Fig4-10 The release of MCP from Curdlan-MCP hydrogels. (A) Cumulative release ratio; (B)
Cumulative release amount. The annotations are same as that of Fig 4-2. (Mean + SEM, n=3)

4.4.8 Curdlan-MCP 7k BB t0FEE

20

154

104

Degradation ratio (%)

Curdlan
-~ Curdlan-0.05% MCP
Curdlan-0.25% MCP
# Curdlan-0.5% MCP

Time (Days)

B 4-11 Curdlan A 5 & A [F & MCP #7 Curdlan-MCP /KEERLHIMEAER . KIEH 4-2.
(Mean+ 8D, n=3)

Fig 4-11 The degradation ratio of Curdlan hydrogel and Curdlan-MCP hydrogels. The
annotations are same as that of Fig 4-2. (Mean + SD, n=3)

M 4-8 K, Curdlan-MCP KR TE PBS Erfilh & RAESWTN, —F
ISP R SEES, #P M Curdlan A ERAFKE MCP K Curdlan-MCP 7K &%
FEHIPFEYERE . B 4-11 WL, Curdlan #1 Curdlan-MCP BH v]pRfEME, H 584
) Curdlan /KEBIAEEL, Curdlan-MCP /KEERR HI PRI, XTTEERE BT MCP 1)
Bit— &% F#W T Curdlan F45# .
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4.4.9 Curdlan-MCP 7GRS /R

EAERHRER, B TREMBFHSCENRELS, OA XITAMBRE =YY
%, H pH {EL 6.2-5.5 Z.17); 1T Curdlan ZEER &4t T 7T LR A BRAKAR A U &5
BT, AFARMAH pH=6 MFLERER, %2 T Curdlan 1 Curdlan-MCP KEEE
HEH (BRESEY £REA. B 4-12 TR, Curdlan ME ST FEWIE MCP ¥
Curdlan-MCP KEEEAE pH=6 KAREH T, FEEFEMNENEKSHEEHEENE
B: H, Curdlan 7KEEE R RKERE RN EREREET) 6.422 £ 0.24 mg/dL
(64.22 + 2.4 pg/mL); BARERM=KFZH Curdlan-MCP /KE FIE EHEREE B &
f&F Curdlan 7KEER:, BEHR RN, BEKERERNEEREEER T 5 Curdlan
B AR E . BARAY, Curdlan-0.05% MCP. Curdlan-0.1% MCP #! Curdlan-
0.25% MCP 7KEEHZTE 5 H R A st B & FE M 40 58 5.935+£0.72, 5.563 +£0.137
F05.894 + 1.03 mg/dL. iXLezE¥8H, Curdlan /KEEREFT Curdlan-MCP 7K &t AF 88
BEIARFE T RE T EHERE.

8- Curdlan

7 - ~*- Curdlan-0.05% MCP
Curdlan-0.25% MCP

«~ Curdlan-0.5% MCP

Concentration of
Glucose (mg/dL)
T

o

Time (Days)

A 4-12 Curdlan 18 & AR E MCP ) Curdlan-MCP KEHRE ABRIEH (pH=6) T
WM ERRE. B 4-2. (Mean = SEM, n=3)
Fig 4-12 Glucose concentration produced by the degradation of Curdlan hydrogel and Curdian-

MCP hydrogels compounded with different concentrations of MCP in lactate solution (pH = 6).
The annotations are same as that of Fig 4-2. (Mean + SEM, n=3)

4.5 Vg

EENHEET MCP Y Curdlan & &% 58 MCP SR AR wiTHE. SRR
£7x, Curdlan 5 MCP ] LB AR & Ew SR ESME, it ERE &4
BOAKER, BEH RBIFHNESE.

Curdlan Z—F e B-1, 3-BETTEARMEHEREY, EFHEZXHAAETK. &
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Curdlan JRZHTENIFAE 80°C B, BRI E &K, W Curdlan B4
PECE R B R R0 1231 ki AR RRM,. MCP $#1I0AFAEM Curdlan 1)
EHERE ) ¥ MCP IR Curdlan ¥ 0BT 18 82 H4 B IR A D FA R AT 1 2 5%
Curdlan-MCP AK#tHE . ¥, NEACELR T RIFFEHE MR AR R £ 5
YEOw) A FRER TR GEEMEEAESE TRERFEY 2, JTHE,
Curdlan-MCP 7K &t B8 B U AR A 145, ] Curdlan-MCP BB B 4100/ 54,
H BB R R A 01RE A, R RUE I R 55 7 U AT R IR X, B A
RN FAR A G R IR GRS E R0,

BB AR, EABEMATEER TSI ANZHEG, £5H7%AES Curdlan
2 (AR R PR A T LAY 5 K R T I ML RS e 1 D2 (BT A 8 584K B, Curdlan
1 MCP Z A RMFERMAEEA. HREAFKERGER, (Gad  ZFEE
HAEEME TR, DEEE IS KRNV . 552, HAES MCP &
P21 Curdlan ZKEEE NI RE, B0 751 B MK I TR e o M i 3 EH 2
RFRABE. W4, 45 Curdlan-MCP B & /KERM B H T X B-E1E &R, Br
Bl & FIKER R T B — oA, W@ A G E R RIS Curdlan 47 F#E4T
R ER &G FRIFAETER.

HRHRERTHERGEF S AR R RN, FEEATANT 2R,
MCP B KB, BRTHEL MCP #iLE A LI E X TR E RIS E P
] 8] B 28 SRR R IR FR R BB T G MCP FiaE R R, K MCP
KRB, Fret i RIS R MR, AR T TS R IE T IE A2
KINBEAEEERAME. EAFFTER Curdlan-MCP KE X MCP HA B I 114
B, BT AR MR, BRAMTIE 21 R E: #i5H sk
M, KNS MCP (EXTTA T RIERIAS 2 A E, $&RFTHEN Curdlan-
MCP /KEERZ W REF R T BE R L PR M P R IR IRERN &R . B
EEFEENE, AMFTPNEFHEREN S mg/mL [ Curdlan-0.5% MCP /KEEASAE 5
— REVBERF N 23.389 £0.67%, BME{UAF] 223.888 £ 6.69 pg/mL. FHREH R
WAL, MCP MIRBHR AR EEHINIEE] MCP RER REHMRE, Hit,
FERTRIEGEEN, Pl rKERHER I MCP itiaEEMmasi s, 12
B MCP FIREHERKE.

D MM RS, RENSFEYE T ERKEMNEERRE T B8k
e H, BREEEETAS TAR X TREMERm RS cEE, FEH 2 FH
JE4 A ECM 88 S i 4223 234 242 R, OA BB M HM IO T, WExt
FEFHHERSE S HRRH, REBEFKFETHEY OA R EIERIT
(¥ 250 £ M (1) 380 T 0 SR B R G T A A, 44330 050 M T 0 O ) 3 6 3 e (224 283
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), B ES EBE AR, e RABEERCNESRE ACHREII AR
B, EBHE&PEEA T (Hypertonic Dextrose Prolotherapy, HDP) BE#5I84E OA it
BB2), EEBMEEEAES SBARNE, ERIERNPS, B EEE IR
FIAFR, TEFEEHEXTEREEE. ik, WfERFREHEGBIRELE
B R FIBkAR « Chang 550324 e UL i 381 &5 B8 0 T TR R A R B (R A BB 4 38 58
EHEAMER. ERRINETREEAREMBERIT AR EEATRRNGAE. &£
AR FE, BRAVFIT T PEB ALK Curdlan /KEKFEBEBREF RS =EHEHN
TR p1292,296,306) L ik & OA RFTERE 1 pH AL 6.2-5.5 2 R R 1%, £ 2T Curdlan-
MCP 7KEERTE pH = 6 FIZLERWE P A LB EIERI6E /), 45K I Curdlan-MCP &
BEIBREAFTEREEH. DU, XHFAFABEENITRERGEERN
BEFERME T R, B4, EE=ZF, RITEBH, MCP AN ST %
#F, MUAESRELSREHENER, Fik, ¥ MCP 45 Curdlan £4& W 4%
MCP FIEA IR T aT ¢

& ERTIR, A RAEE T MCP 5 Curdlan H A EBE MCP #iXik 2 1T #8
M, YVBHFASRER, TR MCP-iJE2 KER AH RIFH TSt
YIRTREREYE, FEXT MCP RA A MERERIEM, i H Curdlan-MCP /K& fE
ERERXGTAEREER, TLUARERGRTNEERRE SR, [l
T MCP MIfEMRME T, HE, SREATRTRERGBEWN, ST
Curdlan-MCP 7K % B2 3 3 & 40 B 4 A B AL S50 Bt — P IR AT AL« Curdlan-
MCP KRN TEE X TR ERGN~EERWE 4-13 Fras.

op)
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4-13 Curdlan-MCP KBRS T2 5 B BB RS
Fig 4-13 Schematic diagram of the application of Curdlan-MCP hydrogel to repair articular
cartilage injury.
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4.6 Wi

(1> MCP 5 Curdlan 7] LUB IS 8 50 86 7 VR B 2 LR B3 I A yE G
8 MCP 3% 248

(2) Curdlan-MCP /KEERC RA AT REAEYE, B3 MCP BEHZEREA, AT
MCP 1 Riisix

(3) Curdlan-MCP KEREREFG TR LIEREERE N MCP {ERHIY
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EXRE

FXAERRT MCP X IHEE P RIEMA MBI RR E, BHF
HERTXRTHAEENSL MCP REHEL. Hit, BEERAPRICERZRE MCP
7E BB SLURR T ERALI S A0 P G 5 A M AR IR MCP R AR B TE L
il BB MCP SR W B MR AR M, BREERTHE25 MCP
HEHAEHE MCP B EERNTITH. £XHARNENHTEREENT:

1. MCP ZEFATERE HR M A 12 R AR RN @it bRt S AR
#HEBRMERN MCP, H7RER MCP EHCHHE N FHMMamAEhs, RN
MCP REHEBEER, TUFBREHEIIFHANKBEANE, SETHERKG. &
AREHTBIERTESY, AW MCP e @RS EAnaRieR, RKE
BRI IEH .

2. MCP XKW HCE SRR B R, BRI RSN SR B A0
ESEA R ETARUEZS AN E-1p N 2-D-RE-BEH A SN T HRA L5
BEL. FRER. PEEEAI RSN ER & RMRERRE, K MCP 7T LR {2
BEE RN RS HIF-1o BREFREW TR THRBEMANE, STRERE
WEHRISHE. LRAREERaR. EFRFARIEMEZMRZEEFNEN.

3. E& MCP B8 227K BB i -2 MR AR - @it MCP F1AJ €= (Curdlan)
HEH4% Curdlan-MCP /KEERL, FExf Hft AT A RERIE R, Curdlan-MCP 7K
Brwl& ik E e, HAR RIFMTENENREE, 33 MCP R HfErE
BIEA, °THA T R##E MCP.

Z PR, AFARM, MCP B FERFHIEANKEYR, HFEXTER
&, AEREFARERERE; [, MCP ieBEd RiEHEfER, RERHRE
BT . DRI ER AR, SRR EARTELNER;: Curdlan F1 MCP
AREAMERRES RIFITEA M REERENS Y MCP B2 A%, HAENH
FRYEHERGEEFTAFUITE. AFHFTFEAET T MCP EREHREEE S
RIBEZ MR KRETENS], A — AR MCP EEEXTRERGRERTR

BT PRREM R AR
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