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Fig.1 PTN ’ s primary interacting receptors and their regulated key biological processes
E1l PINFZERAZHREATHXEENTRE
ZREKINF (pleiotrophin, PTN) ST 45 &2 AR AR I Z K RIEZ A Y68 . SHAEMA R OZ S ZRkEN
HME3 (syndecan-3, SDC3), —FIGRIRCBENTRE AN, W T YHHBIZ IR AWK ELR 0%  (anaplastic lymphoma kinase, ALK),
—Fh A2 VR R B s 7 1 R = RR W AR 2 A Z 1780 (protein tyrosine phosphatase receptor type Z1, PTPRZ1), — 7l 3= E A= 35 S 21K,
HADHIANS PTN AU LAEH ;s 8 N A KIFF3 442 (Vascular Endothelial Growth Factor Receptor 2, VEGFR2), X4 E 51 S E
K, A ZaVP3 (integrin aVP3, aVP3), ¥ PIN{E SRR 4N ML R

1 PTNBIZEH

PTN J&—FP 7B i £ 4 18 ku 1953 WA 4 fifd
K, 168 B MR, @' HAmidEE A T A
75 YR, Al R BT EIY N P SR AR
SR, PINX PR BA mE RN, f R
FIFH 2SR RN 2B A DB B R BRI 43 28 4l Ak
AT AL T HAT B N v A C St
PRI EENX, VLIRS BIr S a5,
5 BRI 5 MR G I KR Y 2R D) he Y O
X3k 5o

2 PTINHRIESRIE

PTN7E Z FiS AR 2 (AN . A5 B A =2
) AR, BRI A LR M2 R 5
(central nervous system, CNS) H1FRIEKFHE,
PR HAE S 2 R B ] e A HE CHE ] 7. BT
LW, PTNAI{EF ARG . SSEnl. 1A AR

B9 A KA R PG R 1 ol o SR 24 A
Gy — R, TEMIGRBEBBL, PTN mRNA
FELA AR F CONS 2 8 T X0 B 28 w4 20 g v
P, HRRY R E oo M A ; e
BAE S, PTN ek I 3 2 Jey FRAE K 22 | i
WELER K /I A5 DX ) R i o I R 0, B
o A B R B AR AF T L T I S5 40 B 4 3 2k R 43 b
PTN 3% AKT iX 4% 5 5 114 40 it 4 A= A7 {5 3 8
WXL R T SR 1 T 1 28 % A e FHA N5 4
R TR ER, R I B 40 i b i s PTN &
TR 2 S R 5 | Ak 1) P 28 T A SR RO B
I AT TR SR A 3 Ao 430 PTN 7 BILIR S
LT RE M EEANME . H IR R AN
VR PTN 2 SE 50 M [ B e s 14 i 4 8 R 1k 52 1
(R CER LR R 7, AT BRI 18 4 ONS 48 s FLERIA
U/ s ELEE BB IR R I R, BB I e
PEARMIZNE U AN PTN AR RGAE /N BT 25 A e 22
RAEXEEEE, Rt TFaatan, &



XXXX; XX (XXO

HET, %: SHEKEFPINEMRERFEHNSIREEIESRTEN °3:

VEFIAR M V2K PTPRZL, %2 IKRIRE S 4E T
PR T A, AL Z K (41 ALK, SDC)
AN PTN X R8240 M 3 B 43 AL i 4%, PTN
5PTPRZI45G 5, Jash NG 5B, L
SV PIBK-AKT 38 %, AT AR F P 28 1 4 i 3 7
PEHERZE TS B, MEENYIEE, AR
g, ARG S EAnee, BN I
BIBE T N EIK 5 AMEPERN 78 PTN 0 i &% 47
/NP2 KA B AN 3R 1, PE S CNS
PTN 955 —EEZERIR,  JEI 40 436 1 PTN X 4k 5
MATCAFIE B REE, FEEL S FEPTINFE
WIS R TTR . XR AT A R R Rk A
KR PIN FEM & R T BN 28 R G D R 4 -5
A ZEIREER.

3 PINHIZ ZEIESEENH

PTN RE %30 3o 45 S P 445 45 22 b 40 if 35 THT 52 14
2R AW, W PTPRZ1. ALK, SDC3 K %4
Z aVP3 (integrin aVP3, aVP3) 55, IS AL 45
PI3K-AKT-mTOR F1 ERK/MAPK 7E N i £ % T il
BRI, WSS EEapgsE . k. T8
FEEAY AR T RSO ARG A PTN 548
[ A2 AR 285 B Rt S A 1 T T 55 45
3.1 PTPRZ1

PTPRZ17E CNS Wik, EZHA T/INK I
. BT AN A S R R Y %52
PnT 3 i T AR B R A 3 RIS A . BRI S AR 5K
(PTPRZ1-A 5 PTPRZI-B) Fl — F 73 b B I
(PTPRZ1-S) , & DL 5 i R KB 2 8 1 R0
(Chondroitin sulfate proteoglycans, CSPGs) #H%%
SHE R AR 0 PTN Gl HIT R4 A5
PTPRZ1 HYMIAPX 255, FRAHRR OB R
[P E R, 5 T2 R A I ) i N
il 1, TS U W B I 2 R B R T K F T
L, BAWOE NG Sk Y, BeAh, PTIN
AT g8 PTPRZ [R5 At 1 PR U it 52 AR 1)
Wk, R AR S I R g 2
32 ALK

ALK S — i 5 55 57 (R i 2 R Uty . el B oM I
IRZEA X — A B DX L R A 38 il Sl A 122
HER=MMamgm b mEEE, R
PTNAHL, ¢ i AZENG JLAK cDNA SCIE i 1E K
A EAEFSEEESE, PTN A 5 ALK /R4 4
WECEM OIS, IR SRR 5 R0E . B

HIIA A PTN 5 ALK W 25 G AEE WA AL . — 2
PNl i Cu &5 M 2 5 ALK 255 @) &
PTN £ (1 PTPRZ1 [A 32845 ALK& PE 1 20, B
J5 1 ALK A # — 2 5 3 PI3BK-AKT-mTOR /I
MAPK %5 {5 53l i, 2 dnisse . e, T8
ST AR

33 ZEEEBREME (Syndecans)

Syndecan KR AL4E 4 A1 (SDC1~4), ¥k
PEERRIR e R B RN, A ORI ig
FZBE R R BEREZH . Horb SDC3 2 B M4
PTN SZ R (28 110, 35 A R AR 4 K B #oh 280
R, O TAEAR . sl XA K ISR
. 5 HA R B L, SDC3 B A i KAy #% 0 &
F, JFrT R B IR O BT 2R S B R R Rt
R HL A T T2 R ZE A e 7. PINGE i
SDC3 JUr iy B iR O BT R4 5 HAE A, vRES
S Z RS R A AR FL 5 N E S o F R A BAE
H, #mE S5 a s KR AT R s
34 aVp3

aVB3 S oV Al B3 W HE 38 i AR LA B G A
B S R AR RS BB A T . WRSEIIESE, LR3I
JEARX 3R 177~184 {3 LR T 5102 PTN 45 6511 ¢
e, AAEEMNIE, PIN S aVR3 MIZEA K
1T 20 31 RGD P41, o 5 g A R S 1k
PTN 5 aVB3 454 )5, Tl —4 5 PTPRZI B
EY), IS c-Src i, (A B3 WKL Tyr773 i &
R, Z B PTN G S AT 3 b 75114 .
35 Y773F S AR R 4 ML 3% 2% T X PTN 1B il
e GO VAT A

gi BTk, PIN @t — A8 2 Z R M 24517
flizhfe, H R EREERER U 2 i
A e Z IR Sl % 2 R E S A EAER, FEIE
WIHOLT, PTPRZ1AELBEIR L ALK 1) A BERR LA
SONTTIN R ALK 36 . PIN 454 )5, PTPRZ1 G
PET B, ALK 13X 6 A 0 P8 35 5 1R kIR
A2 BRI ALK fii % MAPK/ERK . PI3K-
AKT S5, fRUEA g e . /716 501k, SDC3
J& PTN [ #1280 22 1 /8 2R AT RE PR A2 K, — 34 LA
0.6 nmol/L i) Kd {4 4t &, lad SDC3 By ik
FE BRI E S, N5 PINIE SRR A
2y [, PINYEZ M EREM &0 & & M
FHAKA# SDC3 5 PTPRZ1 [ #p[], PTN i i SDC3
(OB R T 2% B4l E B4 oC R, [FRFS PTPRZI
WSS E Y, i PTIN 5 PTPRZI 455



"4 EMUFESEYYIRHR

Prog. Biochem. Biophys. XXXX; XX (XXO

P, BEMTHOE T UF Fyn J8 . BESRE A S0 T,
et 2 LU RER 22T 20 IRABESE PTN 5 A
[7 32 A 455 B AR IR 858 B TR A 5 52 SO
SEIT S A K BT BT 1 SRS 1) O

4 PTINHIEYIZEINEE

4.1 PIERMETEM R HZIREER K

PTN 7E A= J5 R R i 2 fink A 75 1) SR B Bt 3
R ETEE, SRR A o 20 B v e o R
YER . I IS 033 . S A Bt sh stk
Sl AL A RRAE , 28 D B TL A B 2 [l i
PTN nJ figi i JH N Sty 1 F A O R R S i 2o
T AR T (A CSPGs) MHEMEH, fil % F;
BEHAR DA S i, R i (i 0 20 2R T 4 5 5% i A
i, 5154 28 a2 1) A K O ReaE B A 28 ek B 2
TEMEEy S RTA K2 J2 55X, PTN 5 PTPRZ1 454
J& T S E S AKT 5538 1, BARRIN Serd73
55 Thr308 i S BEIR fb K15 i A ik PTPRZ1 ]
285 PTN X AKT R STG RN o 12438 A 1 o
ST ERIGIE S5k, S A2 oe i, It
PEFHA 25 b, DT )R85 28 i o] 9k ()
NIRRT B B AR A A A DX S — it ot HE
AR A7 5 PTN-PTPRZ {5 S & e . BF
FEFH, PTN ki 7 5 il S 800 1 B 40 s
R G R ME LA, S 2R/ INI 4o 22 [ ¢
IEH #Ear B
42 RHAMEREKSEE

P EZ WS A I s va | S P L L
PTN il it ZFpZ RHLHIDNE EFEVER,, fEMa R
SR H, PTN 5 ALK ) 45 & J2 S HEAE ik 12
PTN fig B E24E H F IR fR /N RO 400, 38 o 300%
ALK RHEIRE; [RINF, ALK 05 5 AT 38 550 e 4
1 She 5 FRS2, #F&:t#1% ERK/MAPK {5 5 il
%, HEIMTSKZN PC12 21 i S A58 () 4 28 S A i 5 4
fb; Be4h, PTN VEHFIRIG/INR oo, faE
i ALK A R A 20 58 A K AR SE R (1 R 5K
LA 2 e K, B B3R PTN SR A 7N B Al
ZuHIVE T B ALK ) PC12 40 il dassions , $4H
A ALK R #PE (7] 94T ALK R BH ) =
SDC3TE R A B & BRI PTN 3244, it H A%
T A BRI 555 PTN 255, 7T gl IS Fyn 4
it A A M LA F B > T IE R A &R
ZE S gEAh, PTN S RE S AN S PEROA BT .
XA A5 e, 1% A A o 400 i 2 R 7 A ] 4

CSPGs, T e B — 77 1 o] LAFR il 22 () 4™
W, AAKIER, BRERIE S REARE . 1BHEm
BB 3241 25 24, RAMNSCHGIESE, PTN Al 38
i 5 CSPGs MR L AT R B se Frbhgh &, ol
1P 2 ST R THT B AR IRE LR B 11 2R 2 (538 E 1 {5
S, T B0 F1 CSPGs BRI RNy, Ry il 48 5¢
AR SR B 2 O E AR, RNBFITIE
SC, AN TS PTN figi o J0iE ALK-AKT i %,
0 2 AR R BRI B o4 0 J R S 2 S5
Bamin e s F AR, BN E R R (4
20d), JRIH RAFAIEITI )
43 R#FDRBRBEAMS S TEEHER

R WS AR B Y — A FHEE M RIE, £ CNS
r /DG i ot 248 B 2o T B 22 2 IS 2 ) A i 2 A i
BEHY, XA ] SEBBRER U E S, REE S
bR v I, BEEIE SR T IS Rk
B G HAER OGRS 1 BT 4 A BB T 1%
dAEF, PTNE HZ A PTPRZI £ HHIES, 5
FUA ) T 3801% PI3K-AKT-mTOR %, PTPRZI 7£ />
R A R A O RV . e, T
E R b 1] Rho GTPases, ELZE4M 1] 2 28 It S5 [l
R - fisae; =, R n] g A2
TR AN s i, AR SEID AN AR R (anids
BHRIR ) UIAR, TR AR 28 e I i i 20 e oA i)
YrEfk g R % 9, PTN 5 PTPRZI 454 )5, W
fife B L6 N UE IR Y (40 pl9ORhoGAP) B 4111 il ,
PTN % 5 p190RhoGAP 7 Tyr1105 v 5 & A= B Ak,
MG GTP B ROE 1, NI A 25 i RhoA/
ROCK {5 53 % , i B LX) 40 it 2 56 ZE i ) 41
) o 4R I IO PIBK-AK T-mTOR 3 %, P[]
P /D5 B ST RIT R 248 B 531 Ry G/ S I o 240 s I
TR A L Can L R A Bt 2 T MBP 3Rk o
WFFEUESE, /D 58 i Jo 20 B v ok 3% 08 R 22 30 1Y
AKT 2 S8 h it 2 R G0k BERERI A, %800 ]
B mTOR il 7] 7 A 2 i 4 1 X b R Ry
L PTN Ay 48 5036 57 Ri A 5 5 o 2 4 17 IR S Ay B0
A
4.4 PTERER R

PR AT A 2R A TR I L [R) BR
fiE - eI S5 200 B T T e o 40 L ) S i R
DI 9 PIN ZE G e b 0 T ik
Kaw” M, HAEZOHUHTZET PTN 5 PTPRZ1 45
A I 0 L R I 1 PR IS S BO T R IR Y TrkA R
Fyn g & AL Re e MR A0S . FENR 20



XXXX; XX (XXO

HET, %: SHEKEFPINEMRERFEHNSIREEIESRTEN °5.

PRI SAEBA h, PTN-PTPRZ1 {5-5-4il138 i
VTR /NS A P 1) Fyn 38t 2F 1wl R AL 00
PKCS, fek i 0k NF-xB i J& 0 S 1d 1, 12
YETNF-a, IL-1B 2542 4 4 i A 7 A R EERE i, M
TR AR I ARAERIAT o, T I0 &A k JR
SUR
4.5 {R#tMmEBEERK

PTN 7E 8 ML PERER  (CAnANAEZE ) (1495 B 1 5%
B8 MM A A P I O E P A A (o, HhREBuk
TR AL AR A 2 Y — T, PTN g & 3
TSN AR E T2 R 2 B S, gt
il A N R AR R A RS I AR R, X 4R
PTN AJRETE— S5 PF TR E] R4 fEH - ¥,
A —J5 T, PTN B 3= 22 (% T e S e o i 2 A4
‘BHPTPRZI &5 G )5, MHBR G & X cMet 55 Ji% 2 12
Tt 7 R A IR, 35 A O TS PTPRZ1/cMet/
mTORC {5 5@ i & HA/EH & ), mTORC1 4
1% 5 W R A T 800 431 S6K 1 AT4EBPL, i itk
BAA, AN MR . 288 &)
REVE I P25 A TE B = 570 Beah, HAR i 8 A pl
UIREIR Z 5] aVP3 MRS B JH 4, B — & 21
“PI-BOE BhASTA LS 5

5 HWERGHEFRPPINMRIZSINEEE

PTN 1k H AR b 28 2 G2 v 11— o X 4 i A
T, HRBAKV . Ak IR B A5 5 M2 2 Fhfi
RGP R AT E S, X AR RS AL X
o5 BEADL A3 A8 TR S INE, AT i e T A 2R R
i AHMOAENE M P AR SR R RIS I Y
HEJR 55U, PTNFE LLRI 28 S AE A R AT A9 AS 7] fiki
TR R R B BIE, fE AD. PD AR,
SE MR G R S R O RE (WAB. o
SfAZEE ) sAMEMRIG Gy ) filk
(R, DT S S0 T M o 200 L 4 A AR/ DN S 20 i T 2
SEARAL, AR R R B g F AT R W] PTN 4%
58T R FER A S At 2 s N, AN
JE AN BTG ', AR AR A A SE
EAEAE N —Fh AR P RN B (AN B 5 8 2R
M. BEAL), A FiESETFRRSFEE. @
JH6 ) L 2 A B A S LA B o A i L ) 7 2
R, RIEBWIFEAR FASYE | BERPER 2 ' 5
Gh, MTFFEZMAREEHRNZ ORI, Zmi
T XRIOC AR I #RR AN, e i 5 | i
Fii 5 45 DA B b 2R A TR L A4S AD BB Kk

T AR BEER A PD B BT %)) PTN G 3R
NP E R A 25 R . TEAD Y, PTN YLt
TR FEEH T ABIREEL, ek AR AYRAERVL
L, DNTTTIEIE  TiE PD 5 afe i 4 1 54 47 3
UM IO T AAE I ORI B T, PTN
RIFMZEFTRBIRIEN], WA It 55
P el Z R MEATEAEL  (multiple sclerosis, MS)
(1) S R AL Ry B R A o i A, RS R AR
TE IS BT A0 MR U5 ) PTN AE MS JE IS ki B
Ko ifg B AR BRI B An e b b 3l A MS /R
AL CHnAR My 75 0 I RE AR Y ), AL S I 7
MS HH I Bt 5 5 - b PTN K- S B T o %S
R, PINZEMS B B, JRFEMfidr (I
il AP PR RAE | R A R A R . A
M) thAREMEN Y, BMiFZ, PTN
SEANAE LT PREESAE A ROH 157, HAN R 2EH
PRGN (PR ZRI TR . A B etk
G L BRI R AR e ) X PTN RIS R DI e Y
WA S 25 (F2), UM T
RYHIR
51 BR*%GER (AD)
ADVEN—FhE TR 2B 170, HCNS
FEAEPIFP AR PR R B AR, Xt 2 S EUR E A
Ui Re AT A% O LI Al . 0 B2 AB SR MK
)& AR5 I BB R Ak 1Y tau B 1 SR 45 117 AR B #f
LA YRGS TN K PRI B E A RS S s
BN IS SE B S P 2T RE, S|
KR ERININEIR . 1 AD R ERE T, RAER
D7 PR A A 7 T DG AR (1, PTNAE  —Fho
RO ARIE W K7, HERIARE TR IR T &2k
WEYE . MR 2B, PIN/ENK
ot VYRS E R /TS IV 6 e mil < WA Y (i1 ) /0
oA 105 440 L 25 S 8 A DG 20 B Hh A 2 iR 7K 2 B i
R, XATREE R TFAUARGEENLE], (HIRAF5T ik
—L KM, TEAD BAEMIKNAL I, SR PTN &
Tk ol ek Ap i R, EIEEH AB
DURBIE NS R, B “HREE-Bit” moEvrE
Bl sl A X T PTN A 5 19 %k B HL
PTPRZ1 41 il 5] MY 10 4 0F 52 7] G o (9] 2~ 0
PTN [ ZRIRIKF, kD AR B 5 R4 S AR BERY
JE R o 0 3k — A& Bk AD Y BT AR AL TR
A S %, B 3E i 8 9% PTN-PTPRZ1 15 5 4l 5 #iE 2%
AR MO EEUERR ', VT R G2 AD RS0 E
R TERIRIT A



6° EMUFEEYYIEHRE  Prog. Biochem. Biophys. XXXX; XX (XX)
PTN
C-FimisiaE; H=8E N-ZRERESa i
PINEMISE o Do '
iz 71 LT -7
HET SRR MEREEE IS )
HIEINER ALK | SDC3

mTORC1

-
MEK/ERK )

I

(s )
(Ras)  (PBK)
EEmEER | |
BETARZE BhERT &5 WELKS eETEE
S5 B | e
MEmEE  EEEE
TEIETE =0 .
. PTN/ —_— . _ﬁvﬁ%ﬁiﬁ | Eﬁ_ﬁﬁﬁi_ o [ emmem
e o — A9 mBIEERE
o N 25

Fig.2 PTN’

B2 PTINHIZEH ~ 4AESKIR -

AR TPTNI T4 (8 Coiig . TR S5 5 MNSZE AR |
M3 ZAKPTPRZI
BEWIE AL . R . M AT,
PTPRZ1:
kinase); SDC3: ZECIAE FIEME3 (syndecan-3); NCAM: #fiZ
adhesion kinase) ;
regulated kinase) ;
FEINEZE A E A1 (mechanistic target of rapamycin complex 1) ;

(Fyn kinase); PGK: W52 HiMARIKEE (phosphoglycerate kinase) .

52 mH&#HFR® (PD)

PD 1 3= S5 FIR A 2 PR R B 5 A
ENUEARN 172 HEZD v o Wy i s S S 2 i = il v e
Mg R e R AR, RIS, FEDA AR R
M2 L REReph e, RE TSN o KM% E &
HEFERMIFHE—LIE T4, A REN N 1K

ZEN

2

PR

élﬂﬂ@ﬂélﬁ (Bhzpot . BB
ALK, SDC3 (HHEINCAM) i 4 Ui 518 (UPI3K/Akt, MEK/ERKS),

[ A T PINAE SRR A XEAEH (BRI 5305803 ) . PIN: Z%0/E KK+ (pleiotrophin) ;
AR I S PR B FR B Z1 (protein tyrosine phosphatase receptor type Z1) ;
2 MG 43 F  (neural cell adhesion molecule) ;
MAPK: %2 %3 J535 46 25 [ 34 B (mitogen-activated protein kinase) ;
PI3K: BEJGEENLEE3 3 A (phosphatidylinositol 3-kinase) ;

s Schematic diagram of the structure * cellular origin v signaling pathways » and biological functions

SEBREEWMFEINGERER
LA PN R 4 . AL 4A)
AT AEBIIEE (MgR

I B
JEVE Y
ALK [H] 725 M bk %8 8 8% (anaplastic lymphoma
FAK: Fi#EBEES (focal
ERK: 2l 45 8 5 B (extracellular signal-
AKT: B (AKT serine/threonine kinase) ; mTORCI :
Fyn: Fynifif

Ras: Ras#:[H/# 4 (rat sarcoma virus oncogene) ;

nl
o 4\\

T Gphase 107 BIRECRIRZ W oo 2
L 5 Y oz S RERE AT , 2 L
BRI e e 22 UL AT L2 i f8 2 I SERER
MHFFER I, 7ERBSCR A O A e e 2 Lk
Jrla, BUIREA T PTN mRNA Rk K-FThi, PTN

el Lie it 2 DA 2o e RS MEAFRIoME, 53



XXXX; XX (XXO

HET, %: SHEKEFPINEMRERFEHNSIREEIESRTEN 7+

SERGEE R R TE 6- R 3L A SRR, BT
22 LI 280 1 PTN 88 S PERR AR 7 X
1) Jea ek 20 2 T PTN A I 200 it 22 B Jide pf 22T )
AR Z W B PTN LIk R #EVERT, DR WAL
S ARER T PTN Al #0082 B RE M 4ot e
TIEAL 1 7 ANJEANFE PTN A 23 g 4 AR
T AETRT T RS
53 BER#G

I 45475 (white matter injury, WMI) {EH
— B E A CNS RS, B UL TR ™)L & A
JEAL . A TENHIBRRG . MS 2Rk, 78
B AE R B WML R R g AL 3 2800 R R
BRI & /DI AT RE S8 . {5 R ER L
KA DIREHEG, W 5 i AR R AL T
S A oAb S BE RS B R 7O AR WML R A
S B 955 B 5 23 5 3 PTN %09 mTOR {5 53 B%
Z R0 TG — L5 R SRR YY1 Rk
>, IR D G T A ok 7 BEL R RS RS T i
5. [FAF, DNAZSE ISR 4 KB R HEFE, @
T A 2 R B S A 4 ) s D 5 S 4 L P
fb, i — 20 hn el BE 8 B4, {145 PTN-PTPRZ1-
mTOR 33X — JCHE A2 38 [ 9 D) Rl k4, midh
U AN 78 PTN J5 nf LIS s s e ol . (Rl 41E
2, BETIRE WMLK A A sag 77,

YEh WMIAH G i B R fR 22, MS DL i
LTI G AT S L /TIOR3 v
FERFAE ) A MS OGBS AR T, A2
2ot (JLHOZHIZR) S04 18 PTN () ik,
i3 45 PTPRZ1 IS4 p190 RhoGAP 1% 52 IR A 1R
b, AR /D 5 B BT AT R 20 A B 28 X Sl
a3 Ak A B A 2 T T AR L A S R A A e
A MS BB AR LR T ERES , ZEXCA
P RS 0 BPBE RS A AR R T 4 RE
L2 58] U A R T DX S A R 1 R P Rk B
i, BoUFIR X IREERT A2 . WFoT & PR I RE S IR
A TS EPPINRATHE, ALt ET
Az B0 5 1 SRR S ALY AN i PTN 2%
TV ph 2 A O S BOA T RE R AT, it 3Kk
PTN WU A 3 i 4 28 T A 460 5 S5 O 0 6 T e
X E B PTN 78 MS Jp5 B v i il S e & E
AN D) BE HA SO R .
5.4 FNERIMERG

G R A0 TS 5 0 AR o X A 28 T AR T Rk
B RAE LI o AE Jay kel P I ol 1A 7Y o, PTN 36

KRS SR . BRMLS 6h Y, BRI A O X
KU PTN SRk 2RIN M, 2P/ 3d, B
et 2ot i LRI R B PTN 3k 5 SR 7E 514
JEGOIX, BIERCBANML . F A R A LA P
A R PTN 3k 3% L =2 SRR 40 s 5
PER KRR PIN AT ES S U5 A ZUE R
IR 4R PTN 3 sl 412 2 P Bz 440 6 35 5 o
AR, AT RELE B IR Mk ZH 2 A4S = A REK 52
REBEZEM . WESEE— 25 o 7 AR S A b 2
252 % (OGD/R) A5, 4Pl i 4 L & fig A Qi
RS S5 P Sl I PR AR 05 A D B AIE ISR
PR PTN 53 83538 1 0% ERK /23 8%, AR HE/NIE o
YN0 58 431 BDNF . CNTF FI NGF 254 288 37
PRI, DT X e o P P 7 % # p 22 OR A A o
3 WFFEAIESE PTN il i #1) i] STAT3/NF-xB {5 51
B% M HF i NLRP1, NLRP3., NLRC4 44 /ML
W, — SR T A AN, ) — T A
ZRICPRT, SEEUN IR 1 R AR S, 1 7 i
MG, PTN B8 1 A 5] 9 AL ] >fe vk e 9
W EA (K1),

6 FREPTNAITHIIVR. R@BERE

6.1 BITBNSEKER

PTN 1 b X il 48 2R G v i) o B2 4 7
HAEG RGBSR T ) 2 RIE L 254
AR L., B 522K (0
PTPRZ1. ALK. SDC3%%) myFemMAEAER,
EMZRE . ST b | BERIIE Al S b 48 A 45
o AR R O E R . AT M RIS, PTNZE
PR B R T VE LS S5 7 it
T, HAZ O HLETE T 2 B 5 40 A 4 6 () PTN
1t PTPRZ1 SZ K345 ALK-AKT {5 5 %, M
FWERER R ET . MRS 8, Rk
M, R REEA MR N R, B e o 4i i
PTN F35 F H E 3 8O o0 & B kG, 1 )
#PFE PTN N HE ik 25 2035 BUAR /D BRI R 98 52 2 Pk
S INRE, Ho 2 REWRRORE D X A 2 fil o] 9 7,
X R T R & B S T PTN &1k, 13
REMHE T o P S5 RN DIBEBRFG . ARZER R GGG
TPTINZEAD, PD, MS %4 RGP Yk
AL R TRe I, RIHFARBR AR RS Sk
BUHI, SCEAT IR ThRE, R R AIGYT
AT

HAET, 2T PTNMGIT KM E2EPELT



-8 EMUFESEYYIRHR

Prog. Biochem. Biophys. XXXX; XX (XXO

*®1 PINEMHEZRGEFRPHER

Table 1 The role of PTN in neurological diseases
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Table 2 Current status, challenges, and prospects of targeted PTN therapy
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Abstract Neurological disorders, including Alzheimer's disease (AD), Parkinson's disease (PD), cerebral
ischemia, and multiple sclerosis (MS), impose an escalating global health burden and remain largely incurable.
These disorders arise from multifactorial and interconnected pathological processes, such as chronic
neuroinflammation, oxidative stress, protein misfolding and aggregation, demyelination, and neurovascular
dysfunction. Despite substantial advances in elucidating disease-associated molecular mechanisms, current
therapeutic strategies are predominantly symptomatic and fail to effectively halt or reverse disease progression.
This limitation highlights the urgent need to identify endogenous regulatory molecules capable of coordinating
neuronal survival, synaptic maintenance, inflammatory control, and tissue repair within the central nervous
system (CNS). Pleiotrophin (PTN) is a heparin-binding, growth-associated cytokine that has emerged as a key
regulator of neural development, plasticity, and regeneration. Structurally, PTN contains multiple high-affinity
heparin-binding domains that facilitate interactions with extracellular matrix components and cell surface
proteoglycans, enabling spatially restricted and context-dependent signaling. Through these molecular properties,
PTN functions as a multifunctional organizer of neural growth, plasticity, and tissue remodeling across
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developmental and adult stages. Its diverse biological effects are executed through a multi-receptor signaling
system that integrates extracellular cues with intracellular programs governing cellular survival, migration, and
differentiation. Notably, PTN displays a highly dynamic and cell type-specific expression pattern in the central
nervous system, being enriched in neural progenitor cells during development and later restricted to discrete
neuronal populations, neural stem cells, and non-neuronal niche cells—including astrocytes, pericytes, and
vascular endothelial cells—which serve as critical sources of PTN under physiological and pathological
conditions. PTN expression is tightly regulated during development and exhibits pronounced plasticity in response
to pathological stimuli. Under physiological conditions, PTN is transiently expressed during critical windows of
neural growth and synaptogenesis, supporting neuron - glia interactions and myelin formation. In contrast, in
pathological contexts such as amyloid-3 (AP) accumulation in AD, dopaminergic neuron degeneration in PD,
demyelination in MS, and ischemic brain injury, PTN expression is frequently dysregulated, suggesting an active
role in disease-associated remodeling rather than a passive bystander effect. Importantly, accumulating evidence
indicates that PTN exerts a dual and context-dependent influence in neurological disorders. On the one hand,
aberrant PTN signaling may contribute to maladaptive responses, including sustained glial activation,
dysregulated neuroinflammation, extracellular matrix remodeling, and enhanced AP deposition. On the other
hand, PTN displays robust neuroprotective and reparative functions by promoting neuronal survival, enhancing
oligodendrocyte maturation and remyelination, and stimulating post-injury angiogenesis, thereby facilitating
tissue repair and functional recovery. At the mechanistic level, PTN signaling is characterized by extensive cross-
talk among receptor-dependent pathways. Activation of anaplastic lymphoma kinase (ALK) triggers canonical
PI3K-AKT-mTOR and MAPK cascades that support neuronal survival and axonal integrity. PTN binding to
protein tyrosine phosphatase receptor type Z1 (PTPRZ1) induces conformational inhibition of its phosphatase
activity, resulting in increased phosphorylation of downstream effectors such as B-catenin, Fyn, and Src, which
regulate neuronal migration and synaptic stabilization. Syndecan-3 (SDC3) functions as both a co-receptor and an
independent signaling mediator by capturing extracellular PTN, amplifying ALK- and PTPRZI1-dependent
signaling, and directly modulating cytoskeletal dynamics through PKC and ERK pathways. In parallel, PTN
interaction with aVB3 integrin contributes to remodeling of the neurovascular niche, linking angiogenesis with
neurogenesis and neural repair. From a translational perspective, therapeutic strategies targeting PTN can be
broadly classified into 3 categories: direct enhancement of PTN signaling through exogenous protein
supplementation or gene therapy-mediated upregulation, pharmacological modulation of PTN-associated receptor
pathways and downstream signaling nodes, and exploitation of PTN as a dynamic biomarker to inform disease
stratification and therapeutic responsiveness. These complementary approaches underscore the growing interest in
PTN-centered interventions across a spectrum of neurological disorders. In summary, PTN functions not merely
as a classical trophic factor but as a central signaling hub integrating inflammatory regulation, neural regeneration,
and vascular remodeling within the CNS. This review aims to synthesize current insights into PTN's molecular
architecture, multi-receptor signaling mechanisms, and disease-specific functions, and to highlight emerging
therapeutic strategies targeting PTN. By conceptualizing PTN as a dynamic modulator of neuronal resilience
rather than a static biomarker, we propose that precise modulation of PTN signaling may offer promising avenues
for therapeutic development in neurodegenerative and neuroinflammatory diseases.
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