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[Abstract] Chondroitin sulfate proteoglycans (CSPGs), which are glycoconjugates covalently linked by chondroitin sulfate (CS) and
core protein, exist on the cell surface and connective tissues. With the rapid development of the field of CSPGs in recent years, CSPGs
are not only considered as structural components of complex matrix such as cartilage, intervertebral discs, brain, and cornea, they can also
interact with various bioactive molecules and participate in physiopathological processes such as angiogenesis, inflammatory responses,
tumorigenesis, and neurodevelopment. Studies have shown that the type, molecular weight, and sulfation degree of CS glycans would affect
the biological function of CSPGs. In addition, CSPGs have been considered as therapeutic targets and potential diagnostic biomarkers
of diseases such as cancer and central nervous system injury. According to the location of CSPGs in cells, this article reviews the recent
advances in the structure and function of typical CSPGs as well as their biological significance as targets for disease diagnosis and treatment,
aiming to provide reference for promoting the application of CSPGs in disease therapy.
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M B M (proteoglycans, PGs) J&— K& E  PGs EE /0 NIFZE (heparin, HP) / FifR L BEIT &R
VRS B T, LS5 Oy — A~ 3 A W e SR (‘heparan sulfate, HS) #2981 HM (HSPGs )
( glycosaminoglycan, GAG ) FL:4ft & #: 8| 2 0 MR H % ( chondroitin sulfate, CS) %A1
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SERCPE T 5 FIIE YT 2019 IR TR (corona virus
disease 2019, COVID-19) +4r &% . PGs 1F Jy b
SR EEA A, PSR COVID-19 Bk ik
s s AN Y RS N TR d A /) S W T S
HAY (WEEA . PG FIBERG ) & a5 S fu [
MR PRI, SRR A R B F R B

CS VE MR S E 5 GAG 1y, W2 AN
FEM GAG, FEAKNIEH L CSPGs MIERAFTE.
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Figure 1 Disaccharide unit of glycosaminoglycan
CSPGs 1) CS W5 /2 i 75 29 B BR ( glucuronic
acid, GlcA) FI N-<& Wt ¢ FL B H& (N-acetyl-
galactosamine, GalNAc) =& & # # m o, R
E R T R A VWS A i N I I G 7
CS-A[GlcAB1-3GalNAc(4S)]. CS-C[GIcAB1-
3GaINAc(6S)]. CS-D[GIcA(2S)B1-3GalNAc(6S)] Fl
CS-E[GlcAB1-3GalNAc(4S, 6S)], LI M & A L-X
K BEERR ( L-iduronic acid, TdoA ) i A~ & GlcA 1y

CS WIS ARSI IR BN AR K Bk 3R ( dermatan sulfate,
DS) #FKk CS-B. MHEERYSEHY | AHXS 737 o it Fl A
PR AL FE B S ¥ 25 52 CSPGs AYAEY2-hfiE. CSPGs

PPS

B 5 iREIUA L R TR S A, O HSEAE TR R
2 24 ( central nervus system, CNS) . [fil & Fl 4K
. CSPGs 1 A HE A H A 45 4 21 2 b i) 4]
W5y, S5 A S5 Sl R, s
SRE . MEAR., KT S HRIRE
45 CNS ZH)5, CSPGs 2 5B E i, AW
fl] CSPGs F I nl 51 i T CS TRIRALIEF AR, 78
Jie R P Az SR TR A IR B e Y CS iRk
L7 5 55 0 2 0 R 22 58 J5T 4 it 22 [ (4 AF LA
PIJHTT CNS B E B A, BEIREME ( phosphacan )
(1) CS-D JL)Jp e s ph e se b K, M ZDIREHE %
BE (versican) | il 28 85 H R # (neurocan ) Fl %
E BB (brevican ) (1) CS-A Hl CS-C FEJF 1) i) #f
ZahRAR, T MEALEERE Y, 1AL,
CSPGs eI I &A= . &R IAE W& AR Y2
TIRemF o B . B0 H BB (decorin) 7Eh—
P & AR A AN E VR LR B, TS &
IEHEBUAS Fh 2 RS SRR A, NI+ e sui (s
ST I MR AR B s, CSPGs
FEM G (U CSPG4, CD44 . versican %5 ) L] LA
VE R BERIRTT I 5 L B 12 Wil 76 1 A b ik
Y, WE—L AT CSPGs BAYI2EE X,

Bl B A AL A G EOR R R, 84 Rk
Y 5E th 77 Ff PGs, 58 Ff CSPGs', o — b Jg &
A7 CS F1 HS/KS 5 IR A PGs. A CH I PGs 1Y
o207, ¥ CSPGs EZ 4325 (k1) , B
YN Mo T CSPGs. 40l J&] 51 CSPGs H1 41 Jiftd 41 ik 5t
CSPGs, Xf#:2 PGs H1#lt# CSPGs (W45 . g
B AP X SO o ik R UEA AR, FHS
43 CSPGs B A7 #Hife, CS HEEEXT HAY) 7
IRERI N S CSPGs VE N IZ BT RNRY 7 HE s AES
AITEFER T, R CSPGs IIIf PRI RS %

1 ARREANREREREARERE

YRR PGs SN T A ZER TR, bl
NI CSPGs F2AT 3 TRl CSPG4/ B2/ [ it
2 (nerve/glial antigen 2, NG2) . phosphacan Fll CD44,
HAYKZL 4 HSPGs, U5 B PGs syndecan FIHE JE
A5 Bt LB ( glycosylpho-sphatidylinositol, GPI) % &
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Table 1 Classification of typical chondroitin sulfate proteoglycans
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EHE IFHN (hyalectans)
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2] ERRREER
CSPG4 CS
TR ME (phosphacan) €S
CD44 CS, HS
XV BRJFEEA CS
REEHAERE (aggrecan) CS, KS
ZIREE A EME (versican) Cs
PHZEEE 15 KE (neurocan) Cs
FHEE 15 BE (brevican) CS
O E AR (decorin) CS, DS
XUPEEE R ISR (biglycan) CS, DS
BT (bikunin) Cs
R CS, HS

CSPG4: MEHE REARM 4; CS: WMRIER: HS: MIROBAR: KS: WMEEAME: DS: MIREME: SLRP: & & maiRr
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1.1 GBRREREARE4
CSPG4 T 1983 4F [K 76 A\ B (0 5008 T s R A
KB, PR RS ZR AR SRR TR BB 3R R
( melanoma-associated chondroitin sulfate proteoglycan,
MCSP), & B A7 ey B e g2 Ji 1 1) 8 € 2% 90 A 4
J5i . CSPG4 J2: i %0 J R — 2% CS HESL M 4
JE B 4 Bk T RS I PGs, U4 S5 M D1, D2,
D3 3 WA LI, H N (D) A8 2 42 F
R FREERIR (laminin-like globular, LG ) B & ¥4,
I FECIRES G | A0 - 50 20 - 240 L P A ELAE
TEINRE L, CSPG4 fie st I8 A p, JFfe itk
AR FTFAE 515 5 EMT FHOCH 2R E0E R 21
I% M. CSPG4 1y CS MBEE ek SR AR | L4k
BB PR AR, LS ST 5L I 4 s 2 1
TR, S 5RORBMEBMREEY, Hif
— W RY], HA CS-A B EHR T A4 )RR
FILE ARG L P BLAh, CSPG4 Hf CS B4 Y B R 1L
LR 7 JRUR PN R 1 2 (0 3008 240 i =2 1) BAT B
WA, RO AN A F B Bl gE 21 CSPGs 1)
FFAE M T B 0 2 e A0 M AR B b i 1
WH5ERW], CSPG4 Kk /K-F-IRn VA b K 14 B 55
(epithelial ovarian cancer, EOC ) ¥ 7E A2 Wi

PPS

YitriEd, CSPG4 i i il b) 7t Jit % sk [ - ZEB1
ik, PRIMIEDE EOC il K | B2, IAHt
PE. EMT. BRI B LA KA o el 114 2 e, )
ik CSPG4 1Y) EOC 4t i m] LA ] 8 35 1% o e 52 ¢
MEE AR R BUE "o K BARNAETE CSPG4 (1 [R] IR
HH—NG2, HAEZFRBIAEE T k355 2
FH - ni e i 493 151 A R A A 5

ULk, fH B 9T R W CSPG4 55 AR MEH 1H
B0 TE R IR 45 i 4R ) A LTI DG . MR ME B
SRR S BHYE L PRI A, S SR A
BOCR R W, HOCHE Y RE ) PR AR MERR 7 27
% B ( Clostridium difficile toxin, TcdB) ) — 2 2%
AR 11% BIAESE, XEFF &) iS00 #aa T T
T, FERAR I T E Rk ", CSPG4 Rl Wnt &7 {&
Fih#E A (frizzled protein, FZD ) #{#fiE N TcdB HY
2AMEREZ AR, SR, HRTIG R E ) TedB AR
TedB2, H454A CSPG4 i ARG5S A FZD, i HAEZ Ff
TedB WA CSPG4 Y25 G mUBA = BE RSP, X
FHH CSPG4 1] figJ& Z Ff TedB BRI 1% 5244, W]
VER TGS P IRMERR B B (VB P E A A TR AT 1
1.2 BHEREE/ ZHAEARIABRBERE P
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F1 Peprz] J PR 25 0% (9 5000 1 R 5 B PG, 52
TR A 1 I Z PR W5 FR W B ( receptor protein tyrosine
phosphatase 3, RPTPB) (s} —FhgikIE=, K
ELA 20 M N 1 A PR W R BTG PR R S A2 AR, B
P2 IC RIS 40 0 ;=42 . Phosphacan fifl Mk fu & 5
o- B PR T[] I Y N s b | Jzgv ) T AL T 3% 25
ZERY IR LA K2 6 A~ Ser-Gly & )74 (W TE bR AL
firi) o

Phosphacan J2 fixi & it 1) 32 %2 i 43, 76 A [
() F 28 03 F& AT AR B R R AR K PR
B, phosphacan f# i # FlE GAG BUCIE X B AT
e o AR K TG Ve, X AVFEPERTREZ2 T
phosphacan F#%.0> 8 1, 7] g )& f1 T phosphacan
HIELER L CS BiEBE S ™, EThBE L, phosphacan
AOTFAEXT TP 2 B BBl R 2% ( perineuronal net, PNN )
M 45 A 28 G 2L, PNN J& CNS 4fi g 40 56 5 i i) it
ZICRE PR LAS R, 7R T R KN ) AT S
KAEFEEVER], U JC phosphacan M PNN (1) % Ik 2%
Faggig o U0 AR AE CNS 8453 5 AT fig b i ) Ho Al
CSPGs, phosphacan 7484k LU 0 2% . WF9E W,
TE RN PN ISR 20 A8 5 S A o8 i e 2E A i 2 ], AR
AN sSRPTPP 45 14 Fl mRNA KCEF2E TR, R
phosphacan 2 5 i Jij 14 28 filh & A& 0 190 P-4 o B
HL#5 5 sRPTPP & 22 R W 198 0 A 1000 185 I ot 12z 2ok A
EXEE, MY phosphacan [ 5 Tt = IR 52
ST B AR AR 241 4L Ak, RPTPB 7ET
T RN R S e T B AR, A
K AET R RPTPP (RN, Hr 4
MiA 2 34 (IL-34) W] LAHG I JCmtig i i -4 2k B
JUE P P B A RN I AR B, DT BN 1
i
1.3 CD44

CD44 WIS BB R AR — 5 ™,
AN WL B I T an bRk, o
RN G MRS . W25 A K AHIC, CD44 1E R 25
S VIREZHERES I PGs, LA [] 1) 4 U
HA P LU B U7 78, ks i CD44 (CD44
standard, CD44s) Fl 7% {& CD44 (CD44 variant,
CD44v) . CD44 JER FZA T A 11 5 Y kR

PPS

INBR 2 SY AR [, A2 CD44 3L 19 MANE T
LR Y, SR /N B CD44 3 H N B 20 A 4h 41
B, HH AN T 1~5 F1 16~20 @ REARSFE, 4354k
CD44 FE 111 N Ui &5 F 3R C s Aa 3, R 44) 1
I BERE A AR RN CD44s. HAYNE T Hhia iy 10 4~2k
BT T YR e, LA RPNy ik b
T 1~5F16~20, ZmiIE £ F CD44v, AZh
AR KBS T 6, HRIE CD44 BRI AR, CD44
W E 23 Bk HS 3¢ CS #1784, M4 T CD44s,
ANEA HS BEBMI ) CD44v8-10 Ay k78 B 9 T
i rp B B, H7EIE R 80 iy Rk B,
F ] CD44v8-10 J B Ji T 40 I v A 1) Ji E R S 1
PR B,

E 40 M 22 1 B CDA44 b T IR A, T A2
B RAE R PG oGk, SEPIRR (hyaluronic
acid, HA) Z54IF Wk, EE, B THEEREN
PR (O 5 AR AE PSR S, R A4 i LA B8
454 N HA (936 PR S 3k CD44™, Bt ah,
CD44 11 3 35 10 AT DL 384 5 [P 9 4 i f%) i 245 1,
CD44 1] L) 38 2 98 95 P-B¥ 8 11 ( P-glycoprotein,
P-gp) | RIS HAMPAT MR A MFE, K
PSP 0 1 IS AR K562 XHPTEs & AR 2451k .

2 MRARPHRBEREREORE

4 ff B ) PGs B 43 b 2 A4 B B,
HSPGs[ ZEJFEE PGs ( perlecan ) FIEER & (agrin) |
PR R AR 2 b, B XV AU R AR
H (collagen XV ) A1 XV Il B 25 ., XV II&
B LB 3 AN T %4 HS $519 Ser-Gly 25607
AL, XV AURERE FEAT CS . XV RURFE
HHERERIEEA XV IELT . 42085, B2
A & A= 45 07 T AR R BL T D RE A

XV B R 45 4%, A RE b ds CS
WEEEEA . C Rumtl & 5 XV I B 5 2 1 [R] 95 Y
= IRARGE AL BN 5 A BN A L BB ER B B A
R AR IR A B, RS 2 E AR
FEHNA) = SR RELE A, CS Wi 1k 17 55 30 i e
T, 2 5Z2MAEYR R, JUHGR SR A R A A
X)XV BRI R F RS REA R DTk tkAh, T
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CS BEHATRIKA B, T LI 2 e J5 T (o 2% 1) A=
W) 3 2 R R T X 45 114 LB DR/ NSk el 28 44 i A/
Jii (extracellular matrix, ECM ) %54, B, CS
BERTRNR XV R 5 (A ThaE Y.

TENGET, XV AR F e 2 M AN b R,
R AT AR DA o 4 5 1 AN | e = e 4
DY o Ve U = e i O AN
FEAME . PR ICAME ST TR/ BRI, XV AR
EAEZEM TS, ELAF SRS, XV Al
Je JE AR AR RN BRI O WU B AL R 3Rk, 3R
W AE X Sl 20 SR E B b R EEAIMERL.
XV AU i 8 A S HE R R BR e, /N BB LA
IR LA S B P R A R A o A A R A
i EE 2R SR, DNEIRN XV B EE A
LR 2 AR IE iU . BFIERI, XV
U IR 15 A P ISR g U7 ZH 2L A
XV R S5 i S A R /AN P B
WESR AR Ca® P-4 175 S i I 4 A v 114 PR 5 1) iz
SO (R, XV 7R it 2 1 A 38 AR 1 5 UL
[ 1o (inositol requiring enzymelo, IREla ) /X-Box
SiaEE 1R S AL SOk R 5 i 107 40 A Hy N BT R
WO T A RN

3 MMM ERPHGEBRIEREORTE

PGs LEAFAET Ao LT, o CSPGs =
Foroh 2 28— hyalectans, HRESE TR A
BEREZFAEAEN, 28T . AR CNS 1451
oy 51— E S AR/ NE R, TR A
K PGs W5, 18 P it AR Z AT E A
3.1 hyalectans

Hyalectan 25 PGs £ & 4 F A [6] 19 CSPGs, 43
3 k1 aggrecan. versican. neurocan Fl brevican, [k
aggrecan f77E KS MEEE &1 4b, A2 3 PGs F %
B CS & 4fi. X 4 Fp PGs 2525, HWREGAIZE
HA (1 N w85 H 3. Bk GAG &4 ) v i) 25 4 B A
SEABEERN C st
3.1.1 aggrecan Aggrecan J& 8 H £ & 1Y PGs,
H 5 HA F&E A RS, T X 7+ =
W 2x10° W RAEEY, WRE AL FERE

PPS

PGs, X T HEMAR ZLHE, Aggrecan Z.OHE
R X2 T I i 24 250 000, HA 3 AN BRoIR 45 4 38
(Gl. G2 1 G3) , GAG HHELA 3 MRMIE 148z
| G2 F1 G3 S5 Z [ 1 GAG 4545 X4 (3>
100 MEFERIBEREALA A5 ) o T GAG IR IIRE,
aggrecan TEA Y ZHEPEIR R ZTfetE. CS
WHBE ) B R fb B 7 X aggrecan A TREA B K52,
/D AEICE  aggrecan [ CS WS 1Y F 148 J5 14 7R S
7 GalNAc(4S), MTERAT, Z—PrydEiR R PR
Uit 2 R IL I GalNAc(4S, 6S), M aggrecan fii
iR PR B I 2 2 AL 4 B AT 38 ), Aggrecan
%o EE I DA B FE A Y CS R KS S it 1 Hmg
KR, H CS BmER L3 72 U T aggrecan 5 H:
BCARPA BEAER (— ek Ui (bR B &, oK
JiiR, RS ARAZ M ) o Ak, aggrecan
[ KS FI CS B o 7 40 i) p 28 28 AR A 15
CS 25T aggrecan #HRHIME LS, CS HEAVIEM
T S A KN EAEH R EE, SRR
fEff CS-E ATLLS HS 254 1A K A EAER P
Ii6E I, aggrecan XU AR IS AILC 145 % B
BABEZEMEN, EENIKE. shkos el f.
1005 J5 A I A5 R R K K A0 i A 2 8 A AR A
aggrecan 761k EIHHI LS P, ILAL, aggrecan Ay 3L
W ACAN WEEFFIIRRZ S B mE MR, H
ACAN BB F 7 W BN AR AL 10 By R RN,
B AR HLAE KA I R, 8 Tz R L
HHNERKBRIGT, TAMSGERENEGET
ARG P, eAh, BB aggrecan 45 PGs 44
FIF A A2 BRM B, B GAG T e 455, &
AR H BT gadE, B — R AR A LS 1
AT ARSI 4120 T AR Bl A= B2 A g LR B
3.1.2 wversican Versican W HK £ D1 e 8K H B M, 2
B VCAN (JRFR CSPG2) RN 4atdh, W& A 1541
SN T, HAZ O R R R R O 372 820, L
J& hyalectans 2 £z KA &5 1 43 T Versican A9 25 #4
5 aggrecan Z& ), {HH N iy HAFAE— A BRR S5 48
$lo VCAN JEHGE A8 5 7 FIAk i 8 (8 B 0y
ek 4 MRS, B VO, VI, V2 F1 V3, 2 MR
AIAME - 7 FAM LT 8 3 39l i i Mg SR BT 67 A
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GAGa Fl GAGB. A[H] versican SFARAY CS BEI%L
. KNS A2, N aggrecan %D H
CS W& AL AP I R, VOA 17~23 M,
VIA 12~15 i, V24 5~8 M isi, V3A0
Az B,

Versican JI fE 5 2%, 2 5 04 5 40 L 6 BF . 1T
B A AE SV o AE A S 8], versican 5 At
ECM 73— &I iUl i B 5, S B AR 4L 1= 2%,
[K I versican A3 N 5 28 A B 1 40 1) 42 22 (]
I} %Az . Versican i i 175 W TRl il 1 CD44 | P-1k
PR A1, Toll #3214 4 57t 55 2E 21 Jifd
MEAER], WIEAE i, fEdk 5 0E B 7 1Y 5 mr
Gy BRERFEAUEMY CS HiEE AT LASEN versican 55
AL T A KPR RN ARV 22 HAB 2 1 AH B
YEHIBIRE ST, CS BHEEIA AT LU B B 05 240 A 0 5L 4 P
B R+, T HEHEMEE ST (MHC 1T )
M IEH . PURSEEE R T 4iis ik B2,

EAb, versican TESAE & JE bt BA SCHEMEN],
ALEHEMR IMAETE N . R R . IR,
versican M AW P 2R K i v Be X T 2 S RAE |
G FNATL I8 G2 51 A 9 47 B, Versican 1 3 13
G3 45ty 2 R A K K F (epidermal growth
factor, EGF) #EAEFF, it G1 45 iR An i 2
B, AR AR A= 4 TRIRS) versican Rl 38 i 145 2 fifg-
SRR EAER . SRt L A R ROk
S TRE Y DR W AR &7 A (L A NV Z £ IR
YEF BY, I, versican A B MIGYT RAE FVEIE 1Y
A0 LA R 2 i B0 AN i A= bR ) o
3.1.3 neurocan Neurocan g2 MK B H %) 4 22
JUH AP, A HAh hyalectans 280, N 3t 45 #4 45k
& —A Gl G5l — A g EEIF A, H C i
ZE M3 aggrecan. versican A G3 45 #4 L HAT =
[, A5 22 RioRE AR 1 Qe 22 i Joe 40 P 2R B 1

( neuron-glia cell adhesion molecule, Ng-CAM ) .
2 A B Z5 B4 F (neural-cell adhesion molecule,
N-CAM ) SR E A

Neurocan 2 i 28 45 7 4l 58 P A= (1) 32 224
gy FZ—, A PNN 20 1) mRNA FlEE
JRKF A 1T PNN B H, 11 PNN AT 4R 4544 1 Bl

PPS

5% T PNN DhREE S i 2 PO A& i o5 £
neurocan i 5 ORGP 43 40T . DU [ B ik A 3] 152
B f TS AE AU R 3R B9 5 neurocan (1) NCAN
T DR ZFDHS ol DRSS A8 S WP AT 2 (g i AR IR e 1 3R
B, T TR K PO S AR & B, NCAN
rs1064395 A 2537 3 [N 55 AR AY Tk S WO R e 12 2)
it A K 2 S50 ECM 4L 28 fe g e, %
B neurocan 7EAE HIZEEENG h R FECHEME T BT BEst,
neurocan A LI5S % 3F 15 S0 A ZooH iy
BAEE I, IFAE/N BURT Bz T U 8] 5 A T #2800
FRE A AN LT,  H neurocan [ CS 4% 2 00 il
G5 R P IATAEHEP LT Y SRR E T
1T, NCAN FE [N 75 2 15 15 1 2808 2 083 14 1 30T 7
MR VIA K, CS HisE LA M neurocan 4% 0>
A IAAAEXS T I I iU 2 A w0, R A
neurocan A0 AT DU A LR AT 70 %8, FFAR (ol 4 e
PEARSCIRA, IR A KA P
3.1.4 brevican Brevican /& CNS i B PGs Z—,
HIBIFSE & FE R h F-4% 5 HA 454 19 PGs FI%E il
FHE AR &M, Brevican 11 9% #% % BEHAB, N
Ui Al C IinZ5 A6 38 55 HAD hyalectan £ P SR Y [] P2
B, {H GAG 4 A X i

Brevican £ B¢ U (9 bR HOA S b s e ik, X
i Jeg i) = 28 LA SR, M RS U /E i NS
iR WAL AT I, AR AR A 2
Al 7 T LI SR B R AR, AT DA g e i
CNS iy MR R5E . Brevican 5452 2%, HA
R HEARR . DIEI Y RIRERL, S5RINAE e 2
P S A e vh B AT 1 5 2 e ARt T Ak, [
B 8 bR VR T B R a5 MY AR, brevican
F1 neurocan Y25 CNS ¢ 5 V£ (1) 41 fifg #b %&£ 5 PGs,
AR 04 R AR U O AFHEATREAR, A X BT /R
DUF BRI ( Alzheimer’ s disease, AD ) FlIfiL & 4 i
& (vascular dementia, VaD ) 35X} R4 A9 A2k
fii A ¥ brevican £l neurocan 2K [ /K fi ik, RENs
VaD 5 AD 437, UEB brevican 1 neurocan 7K fi# fik
AIRESE VaD M FEIZ A Dbrad 2,
32 EEREBMIEARER

VER IR PGs K, B G0 @AMM/INEHE
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B (small leucine-rich proteoglycans, SLRPs) fu $f
18 FA[F B A AR 2 A AR T, AR
FEF HA —A~ 36 000 ~42 000 AH XT3 i 5 A9 A% 0
EE, A HRE SRR LT A a2
F3k. SLRPs i fF 76 FANMAN LT, HAER T
TR 2 B 0 T G
BRI TR A R4 = A . SLRPs B A= 4%
DhReaAEH 1z, AT LS e g i 21 A A i 1 A
2 =% NS RS2 b7/ DA i i

Decorin 1 24 i 5% i £ 19 1 2& SLRP, & ECM
W FENSY, vl e M SET 4E 4 il cDNA SCPEH 5
R ™, N s AT — SR M4 Y GAG #E,
%4 DS 5 CS, TEH AL T AL h F 82
CS A, 7e A4 3202 DS AL, 4] decorin
MO E A F LR iEAR 35 N- sk (Asn211,
Asn262 Fil Asn303 ) . Decorin J& 52 1A fi% 2 R i Y
KIREAR, WUASREAERKE 2K, RERERHEAE
8 SIS R W 7 NN 02 4 1 O S NS e Rl N 2 e
£ F-B (transforming growth factor-p, TGF-B) %
AEAE, KAEHUMIE . 5 1008 A i EF 4k
Z5Y)RE. TGF-B & g iR BE 0y i B2l i o, Al
DL Z R K N IR A 3 TS S, ERR
BB YRR IE 3 sh AP A e 2 O E AR
Decorin {E A TGF-B B9 =1 ¢ S PR AR il 77, o 2L
1 BRI TGF-B AT AE DRI EE, NI & FEHT b
FEVEF] ™, AN, decorin BB ZER T A Y e
JREF YR BAR LT 4ERI Rl fE . 7E8CE T, ECM H
1T B s 41 4 | aggrecan ZH . Decorin HJ 7E4 K
JUEE F34 0 aggrecan & 11 AU Jice U 2T 4 i /K VR
AT aggrecan W45 14 43T F B AE H FIZHEE, B
[F e H Y aggrecan 4%, SZMERE HEY) 12
Iy fig ', Biglycan J& 5 decorin 5% #% It 1Y PGs,
N i X 38 £ & 2 4> Ser-Gly Ml & &, Al&H 2 4%
GAG % (CS/DS) . 4 decorin Z5fBl, biglycan 7]
454 TGF-B I 1y HAYIE 1

4 Hih

4.1 bikunin
Bikunin /& —Fh B E ) CSPGs, B iz W H

PPS

TR, S IR H B R Ok 11 22 S 2 2R 1 Tl AT
], SCBERR R R R AR A 177 (urinary trypsin
inhibitor, UTI) . w7 55, Bikunin J* 1985 4
TEHA LT, 1999 4E7E I EN BT, R4 R
Tz, R BT IR AR R . etk
PEBRR AR , IR r] T S PR i 4 R B I 24
Bikunin H 147 NEEEMRAUN, A 2 NAEE AR
FHNEVER Kunitz 258950, K00 E AT L
2 SRMEEE, — AR N ST 10 (222 (Serl0) L
LR CS WiEEE, HAXT 7B 6 000~7 000;
Jh—40k N Uit 45 (L RATERE (Asnd5) bRy AR
TN BEEE, HARXT > T HEZ 2 000, Bikunin £
O HE AR o> 7 BN, R — 2% CS HiE, B
TEEHY A B CSPGs. SR EE T I CS Ml 20 WAl
K/, bikunin BEEE T 56 B A Z R AT RENE,
Linhardt AT AR JH H3 BB REHOR Y2 T bikunin |-
150 RO ) CS WEEERYSE ML, I RAT GalNAc 4
MR ER L U WFFT R, CS FESEXTT bikunin )
A BT Y RE . Ramadan %5 ¥ g T
bikunin FIE AL G M ZS B — &4 1242
Wi A2 BTN 24-CS BEEE BT R IGME, 450 3R0],
24-CS FEHEXT bikunin BIFTRAFHIARH EEE, MBAT
CS HERYAZ L8 2 G 9 IR 22075 A0 B W 200 i 70T
AR R ) K-

Bikunin 1 2y — Fft 25 1 B 400 0 0], xh R EE
it . 25 Tl 45 22 M A A SRR T, SR mT ]
IR IRFE 7| IL-6 S5 AAE A1 AR, T & 4%
Proe . BUME /e H . Bikunin 35 58 i R 5 R
21 Y 3 i 530 57 (urokinase-type plasminogen
activator , uPA )ik LA KX uPA 32 {4( urokinase-type
plasminogen activator receptor, uPAR ) [1 I & 1 17
YRR BHIE I AL 1R 2% . HeR% . i, FEE O
FEMRA, bikunin BRAFEHTR . BUMIEIEHISE, @
PN —F AR B AR bR S, AT T 2 Fhis
FEPEPR B IR 2L FH2 W . Bikunin e 240 B0 2243
2, WA AR, ATXHHEER AT, FEAEE
Wah CAMZRF ) R CEE, JF H 95
WL AR IR I AAEARDG, R ARGE BT N 5 25 7T
AR 7 JRUBS: I b3 7 4 LA 0. Bikunin 78 IfiL 375 |
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PR . “FoK B A b 7K TR g = SR+
Sl (pre-eclampsia, PE ) FI4EURAEFRSH ( gestational
diabetes mellitus, GDM ) FyFR&EY W & B bH
AL ESIZETEL (PG inherited metabolic disorders,
PG-IMD ) 20" 5 ) i S i A 2R U, PR
ZaE i, SR T PG-IMD [ 3 0] A8 (9 11 A RE
AR OXELLEA T AR DG D) BB 52 56 DA R ik = T (6 1) I Y
IR, B T S B ) A P A SR R T
ME, I3 T bikunin ATVER—FPREAE R AE bR G
XF bikunin #E47 FAASHT AT LIPER H S iz i 2
fiff PG-IMD™,
42 BERR

Ak, B A= R, MR
SENE R —2H 8 PGs, Hoh— 2832 5l CSPGs,
£, 45 g % ki 75 11-A ( chromogranin-A, CgA) . JlH
P AE R AR W SR8 ) 1( secretogranin-1 )
TSR 3 (secretogranin-3 ) 45, i H1E N 53 W
S L UKL T A RN 2 Wb o CgA 2 PN 43 DA 248 L 53

[ &5 ]

[I1 du Preez H N, Aldous C, Hayden M R, et al. Pathogenesis of
COVID-19 described through the lens of an undersulfated and
degraded epithelial and endothelial glycocalyx[J]. FASEB J, 2022,
36(1): €22052. DOIL: 10.1096/1j.202101100RR.

|21 Zhang D, Li L, Chen Y, ef al. Syndecan-1, an indicator of endothelial
glycocalyx degradation, predicts outcome of patients admitted to an
ICU with COVID-19[J]. Mol Med, 2021, 27(1): 151. DOIL: 10.1186/
$10020-021-00412-1.

B TERK, BAR , RPCSE . BB AR 1 M 2
ARSI RE (7). o 4l 45 8 A & |, 2019, 21(12): 1097~
1100.

|41 Hayes A, Sugahara K, Farrugia B, et al. Biodiversity of CS-
proteoglycan sulphation motifs: chemical messenger recognition
modules with roles in information transfer, control of cellular
behaviour and tissue morphogenesis[J]. Biochem J, 2018, 475(3):
587-620.

|51 Hu X, Villodre E S, Larson R, et al. Decorin-mediated suppression
of tumorigenesis, invasion, and metastasis in inflammatory breast

cancer[J]. Commun Biol, 2021, 4(1): 72. DOI: 10.1038/s42003-020-

PPS

WORL R ) BRI H R Z —, Q2 LR AR TG R
HifR, CgA SIEH APy B 4 AE Y5 2 e [n] it
FEARERRL, IR I B L o 7 R A Hh ) 0K 2 I
fift. NHM CeA 7EHAZ O M C Kb (Ser™)
it — 2% CS 8, MMk STy CeA 1 C AR
O S AEHY HS e ™,

b ZXESRE

CSPGs FEMIZ RS0, LA &7 L iR
kA RS TT R EE B CEENIEN. 4R
Hirh, CSPGs R FHZELE . BRI Ml vl BPE I B
1k CNS $i5ifa o i o 7ERRIR 0 & 2k R g i
. CSPGs AIfE NIRRT A2 Wi i e s, 38
4y CSPGs HAPUIIEIE . BEE R R 424 kR,
KA B LY CSPGs 45, [AII X} CSPGs
MIEEH . TIIfe LA S A2 B AR B 3 — 20 1 1)
iR, & CSPGs fENERIRTT FIZW LS . 2540
KPR B ILR

01590-0.

[6]  Toledo A G, Pihl J, Spliid C B, et al. An affinity chromatography
and glycoproteomics workflow to profile the chondroitin sulfate
proteoglycans that interact with malarial VAR2CSA in the placenta
and in cancer[J]. Glycobiology, 2020, 30(12): 989-1002.

|71 Wilson B S, Ruberto G, Ferrone S. Immunochemical characterization
of a human high molecular weight--melanoma associated antigen
identified with monoclonal antibodies[J]. Cancer Immunol
Immunother, 1983, 14(3): 196-201.

8] Yang J, Price M A, Wanshura L E C, et a/. Chondroitin sulfate
proteoglycan 4 enhanced melanoma motility and growth requires a
cysteine in the core protein transmembrane domain[J]. Melanoma
Res, 2019, 29(4): 365-375.

[9]  Tida J, Wilhelmson K L, Ng J, ez al. Cell surface chondroitin sulfate
glycosaminoglycan in melanoma: role in the activation of pro-
MMP-2 (pro-gelatinase A)[J]. Biochem J, 2007, 403(3): 553-563.

[10] Kinoshita M, Mitsui Y, Kakoi N, et a/. Common glycoproteins
expressing polylactosamine-type glycans on matched patient primary

and metastatic melanoma cells show different glycan profiles[J]. J

HFE A oosiron maT Hom



AW, % nmpsEEaRpamnHEE | 133

Proteome Res, 2014, 13(2): 1021-1033.

Yang J, Liao Q, Price M, et al. Chondroitin sulfate proteoglycan 4, a
targetable oncoantigen that promotes ovarian cancer growth, invasion,
cisplatin resistance and spheroid formation[J]. Transl Oncol, 2022,
16: 101318. DOI: 10.1016/j.tranon.2021.101318.

Kordus S L, Thomas A K, Lacy D B. Clostridioides difficile toxins:
mechanisms of action and antitoxin therapeutics[J]. Nat Rev
Microbiol, 2022, 20(5): 285-298.

Chen P, Zeng J, Liu Z, et al. Structural basis for CSPG4 as a
receptor for TcdB and a therapeutic target in Clostridioides difficile
infection[J]. Nat Commun, 2021, 12(1): 3748. DOIL: 10.1038/s41467-
021-23878-3.

Maurel P, Rauch U, Flad M, ef al. Phosphacan, a chondroitin sulfate
proteoglycan of brain that interacts with neurons and neural cell-
adhesion molecules, is an extracellular variant of a receptor-type
protein tyrosine phosphatase[J]. Proc Natl Acad Sci USA, 1994, 91(7):
2512-2516.

Hayes A J, Melrose J. Neural tissue homeostasis and repair is
regulated via CS and DS proteoglycan motifs[J]. Front Cell Dev Biol,
2021, 9: 696640. DOI: 10.3389/fcell.2021.696640.

Eill G J, Sinha A, Morawski M, et al. The protein tyrosine
phosphatase RPTPzeta/phosphacan is critical for perineuronal net
structure[J]. J Biol Chem, 2020, 295(4): 955-968.

Harris J L, Reeves T M, Phillips L L. Phosphacan and receptor protein
tyrosine phosphatase beta expression mediates deafferentation-
induced synaptogenesis[J]. Hippocampus, 2011, 21(1): 81-92.
Herradon G, Ramos-Alvarez M P, Gramage E. Connecting
metainflammation and neuroinflammation through the PTN-MK-
RPTPB/C axis: relevance in therapeutic development[J]. Front
Pharmacol, 2019, 10: 377. DOIL: 10.3389/fphar.2019.00377.
Stamenkovic I, Amiot M, Pesando J M, et al. A lymphocyte molecule
implicated in lymph node homing is a member of the cartilage link
protein family[J]. Cell, 1989, 56(6): 1057-1062.

Xu H, Tian Y, Yuan X, et al. The role of CD44 in epithelial-
mesenchymal transition and cancer development[J]. Onco Targets
Ther, 2015, 8: 3783-3792. DOI: 10.2147/0OTT.S95470.

Lau W M, Teng E, Chong H S, et al. CD44v8-10 is a cancer-specific
marker for gastric cancer stem cells[J]. Cancer Res, 2014, 74(9):

2630-2641.

HFt A 2023520 HaTE H2W

Guo Q, Yang C, Gao F. The state of CD44 activation in cancer
progression and therapeutic targeting[J]. FEBS J, 2021. DOL: 10.1111/
febs.16179.

Li J, Zhang Y, Cui Y, ef al. CD44 enhances adriamycin resistance in
chronic myelogenous leukaemia cells K562[J]. Int J Lab Hematol,
2021, 43(5): 983-989.

Bretaud S, Guillon E, Karppinen S M, et al. Collagen XV, a
multifaceted multiplexin present across tissues and species[J]. Matrix
Biol Plus, 2020, 6/7: 100023. DOI: 10.1016/j.mbplus.2020.100023.
LiC, LiuY, LiY, et al. Collagen XV promotes ER stress-induced
inflammation through activating integrin p1/FAK signaling pathway
and M1 macrophage polarization in adipose tissue[J]. Int J Mol Sci,
2021, 22(18): 9997. DOI: 10.3390/ijms22189997.

Hayes A J, Melrose J. Aggrecan, the primary weight-bearing cartilage
proteoglycan, has context-dependent, cell-directive properties in
embryonic development and neurogenesis: aggrecan glycan side
chain modifications convey interactive biodiversity[J]. Biomolecules,
2020, 10(9): 1244. DOI: 10.3390/biom10091244.

Hering T M, Beller J A, Calulot C M, et al. Contributions of
chondroitin sulfate, keratan sulfate and N-linked oligosaccharides to
inhibition of neurite outgrowth by aggrecan[J]. Biology(Basel), 2020,
9(2): 29. DOL: 10.3390/biology9020029.

Koch C D, Lee C M, Apte S S. Aggrecan in cardiovascular
development and disease[J]. J Histochem Cytochem, 2020, 68(11):
777-795.

Muthuvel G, Dauber A, Alexandrou E, et al. Treatment of short
stature in aggrecan deficient patients with recombinant human growth
hormone: one-year response[J]. J Clin Endocrinol Metab, 2021,
107(5): €2103-e2109. DOI: 10.1210/clinem/dgab904.

Warren J P, Miles D E, Kapur N, ef al. Hydrodynamic mixing tunes
the stiffness of proteoglycan-mimicking physical hydrogels[J].
Adv Healthc Mater, 2021, 10(11): ¢2001998. DOI: 10.1002/
adhm.202001998.

Hirani P, Gauthier V, Allen C E, et al. Targeting versican as a potential
immunotherapeutic strategy in the treatment of cancer[J]. Front
Oncol, 2021, 11: 712807. DOIL: 10.3389/fonc.2021.712807.

Wight T N, Kang I, Evanko S P, ef al. Versican-a critical extracellular
matrix regulator of immunity and inflammation[J]. Front Immunol,

2020, 11: 512. DOI: 10.3389/fimmu.2020.00512.

Prog Pharm Sci  Feb. 2023  Vol. 47 No. 2



[38]

[40]

Papadas A, Arauz G, Cicala A, et al. Versican and versican-matrikines
in cancer progression, inflammation, and immunity[J]. J Histochem
Cytochem, 2020, 68(12): 871-885.

Islam S, Watanabe H. Versican: a dynamic regulator of the
extracellular matrix[J]. J Histochem Cytochem, 2020, 68(11): 763~
775.

Rauch U, Karthikeyan L, Maurel P, ef al. Cloning and primary
structure of neurocan, a developmentally regulated, aggregating
chondroitin sulfate proteoglycan of brain[J]. J Biol Chem, 1992,
267(27): 19536-19547.

Schmidt S, Arendt T, Morawski M, et al. Neurocan contributes to
perineuronal net development[J]. Neuroscience, 2020, 442: 69-86.
DOI: 10.1016/j.neuroscience.2020.06.040.

Assmann A, Richter A, Schutze H, et al. Neurocan genome-wide
psychiatric risk variant affects explicit memory performance and
hippocampal function in healthy humans[J]. Eur J Neurosci, 2021,
53(12): 3942-3959.

Mohan V, Wyatt E V, Gotthard L, et al. Neurocan inhibits semaphorin
3F induced dendritic spine remodeling through NrCAM in cortical
neurons[J]. Front Cell Neurosci, 2018, 12: 346. DOI: 10.3389/
fincel.2018.00346.

Su Z, Kishida S, Tsubota S, et al. Neurocan, an extracellular
chondroitin sulfate proteoglycan, stimulates neuroblastoma cells to
promote malignant phenotypes[J]. Oncotarget, 2017, 8(63): 106296~
106310.

Yamada H, Watanabe K, Shimonaka M, et al. Molecular cloning
of brevican, a novel brain proteoglycan of the aggrecan/versican
family[J]. J Biol Chem, 1994, 269(13): 10119-10126.

Giamanco K A, Matthews R T. The role of BEHAB/brevican

in the tumor microenvironment: mediating glioma cell invasion

[ EXRMNA ] X : &L,

[46]

[47]

(48]

[49]

[50]

AP LA

PPS

and motility[J]. Adv Exp Med Biol, 2020, 1272: 117-132. DOI:
10.1007/978-3-030-48457-6 7.

Minta K, Brinkmalm G, Portelius E, ef al. Brevican and neurocan
peptides as potential cerebrospinal fluid biomarkers for differentiation
between vascular dementia and Alzheimer's disease[J]. J Alzheimers
Dis, 2021, 79(2): 729-741.

Krusius T, Ruoslahti E. Primary structure of an extracellular matrix
proteoglycan core protein deduced from cloned cDNA[J]. Proc Natl
Acad Sci USA, 1986, 83(20): 7683-7687.

Teicher B A. TGFB-directed therapeutics: 2020[J]. Pharmacol Ther,
2021, 217: 107666. DOL: 10.1016/j.pharmthera.2020.107666.
Robinson K A, Sun M, Barnum C E, et al. Decorin and biglycan are
necessary for maintaining collagen fibril structure, fiber realignment,
and mechanical properties of mature tendons[J]. Matrix Biol, 2017,
64: 81-93. DOL: 10.1016/j.matbio.2017.08.004.

Ly M, Leach F E 3rd, Laremore T N, ez al. The proteoglycan bikunin
has a defined sequence[J]. Nat Chem Biol, 2011, 7(11): 827-833.
Ramadan S, Li T, Yang W, et al. Chemical synthesis and anti-
inflammatory activity of bikunin associated chondroitin sulfate
24-mer[J]. ACS Cent Sci, 2020, 6(6): 913-920.

Lepedda A J, De Muro P, Capobianco G, et al. Role of the small
proteoglycan bikunin in human reproduction[J]. Hormones(Athens),
2020, 19(2): 123-133.

Haouari W, Dubail J, Pous C, ef al. Inherited proteoglycan
biosynthesis defects-current laboratory tools and bikunin as a
promising blood biomarker[J]. Genes(Basel), 2021, 12(11): 1654.
DOI: 10.3390/genes12111654.

Nikpour M, Nilsson J, Persson A, ef al. Proteoglycan profiling of
human, rat and mouse insulin-secreting cells[J]. Glycobiology, 2021,

31(8): 916-930.

B, MEAESIn, IR T EZRICEEE RIS SRR ERE, Eikh e EL
RERIAREA AR . EEDRERA2 AR RWTT RS2G4, SR ER B AR
2T, EFEANTAITITRE LI, AgdiE 6 T, Z25ZINEAHZGEIH . 863 FIH, %% SClig
SC45 R, BACER S TR, FEREEZOIRI GRS . SERARRNT . TR DORETEMY . A TARR %S
HRR TEENEE. NET7HE “ANKEE AL, 1758 “FRETRE SEEETEImT.

HFE A oosiron maT Hom

. Prog Pharm Sci  Feb.2023  Vol. 47  No. 2



