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Myelination is an essential feature of the vertebrate nervous system that electrically
insulates axons, thereby enabling the saltatory conduction of nerve impulses. Oligodendrocyte
precursor cells (OPCs) are the principal source of myelinating oligodendrocytes. The protein
tyrosine phosphorylation of various signaling molecules, which is reversibly regulated by Protein
tyrosine kinases (PTKs) and protein tyrosine phosphatases (PTPs), is crucial for regulating OPC
differentiation to oligodendrocytes. FYN plays essential roles in the induction of OPC
differentiation by phosphorylating multiple distinct substrates including pl90RhoGAP. Protein
tyrosine phosphatase receptor type Z (PTPRZ) is one of the most abundant PTPs in OPCs. PTPRZ
dephosphorylates p190 RhoGAP, thereby acting as a counterpart of FYN.

Three PTPRZ isoforms are generated by alternative splicing from a single gene: two
transmembrane isoforms, PTPRZ-A and PTPRZ-B, and one secretory isoform, PTPRZ-S (or
phosphacan). All isoforms are heavily modified with chondroitin sulfate chains, and identified
as chondroitin sulfate proteoglycans (CSPGs) in the central nervous system. The chondroitin
sulfate moiety on their extracellular domain of PTPRZ is essential for achieving high-affinity

binding sites for the endogenous ligands such as pleiotrophin (PTN). It has been revealed that



PTPRZ functions to maintain OPCs in an undifferentiated state. The inhibition of PTPase by its
ligand pleiotrophin (PTN) promotes OPC differentiation; however, the substrate molecules of
PTPRZ involved in the differentiation have not yet been elucidated in detail.

I herein demonstrated that the tyrosine phosphorylation of AFAP1L2, paxillin, ERBB4,
GIT1, p190RhoGAP, and NYAP2 was enhanced in OPC-like OL1 cells by a treatment with PTN:
OL1 cells are OPC-like cells established by my laboratory. Among them, AFAP1L2, an adaptor
protein involved in the PI3K-AKT pathway, exhibited the strongest response to PTN. Therefore,
I focused on AFAP1L2 in my study.

PTPRZ dephosphorylated AFAP1L2 at tyrosine residues in vitro and in HEK293T cells.
Immunoprecipitation experiments showed that AFAPI1L2 stably associated with the intracellular
region of PTPRZ (Z-ICR). Because a public database search suggested fourteen potential tyrosine
phosphorylation sites in AFAP1L2, I generated a series of AFAP1L2-F,3;-Y mutants, in which these
tyrosine fesidues are replaced to phenylalanine residues except for one site. Co-
immunoprecipitation experiments detected the binding of wild-type and F;3-Y54 AFAPIL2 to p85a
of PI3K, indicating that Tyr-54 is the primary phosphorylation site for its association with p85a.
The co-transfection of wild-type PTPRZ-B, but not the catalytically-inactive Cys to Ser (CS)
mutant, significantly reduced the tyrosine phosphorylation levels of the eleven mutants, in which
AFAP1L2-Fy3-Y54 and —F3-Y56 showed the most prominent decreases.

In OL1 cells, the knockdown of AFAPI1L2 or applicatioq of a PI3K inhibitor, LS.[294002

suppressed cell differentiation as well as the induced phosphorylation of AKT and mTOR induced



by PTN. PTN also induced ERK1/2 phosphorylation and RhoA activation in OL1 cells, whereas
LY294002 did not affect these responses, excluding the possibility of the non-specific actions of
this reagent. These results suggested that AFAP1L2-dependent PI3K-AKT-mTOR activation is
one of the key downstream reactions of PTN-PTPRZ signaling during OPC differentiation.

My laboratory previously reported the earlier onset of the expression of myelin basic
protein (MBP), a major protein of the myelin sheath, as well as the earlier initiation of myelination
in neonatal brains in Ptprz-deficient (null) mice than in wild-type mice. To assess the
physiological significance of its PTPase activity, I generated a Ptrpz knock-in mouse harboring a
catalytically-inactive CS mutation in its PTPase domain. The phosphorylation levels of
AFAP1L2, AKT, and mTOR were higher, and the expression of oligodendrocyte markers, including
MBP and myelin regulatory factor (MYRF), was stronger in CS knock-in brains than in wild-type
brains on postnatal day 10; however, these differences mostly disappeared in the adult stage.
Adult CS knock-in mice exhibited earlier remyelination after cuprizone-induced demyelination
through the accelerated differentiation of OPCs. These phenotypes in CS knock-in mice were
similar to those in Ptprz-deficient mice.

In summary, I revealed that the PTN-PTPRZ signal stimulates OPC differentiation partly
by enhancing the tyrosine phosphorylation of AFAPIL2 to activate the PI3K-AKT pathway.
PTN-induced PTPRZ inactivation regulates multiple signaling pathways, in cooperation with FYN

kinase, as a hub molecule that is essential for oligodendrocyte differentiation and myelination.



(155
1 RAoORE S, BATERRK (JIS) A4 LT 5,

2 FXTERTA2HEA1T 2,000 F~3,000 F, X TIERTIEHEAIT 700 3E~2,000 F

BELTD,
L, AABEHAERICHE (5 755813, KX T00BBETHERTL Z

L,
1fTH7D 40 XF (EXDOBEIL80XF), 1 X—IYh 4017 TERT 2,
==Yy, FTe=Vv, A=V viF2m, E~—Y X 25ms 35,
A MNVERIOBIX, 1T8ET 5,
FEHRME L, FFFAUEDE LRV &,
B D BAT AR T,
R—=TVEBERF AN L, TEHEITEITLDRZVI L,
MEEZFATIEX, BEHRMTHHANTESILSCEET S Z &,
10 BXBECAKL, BITEIREINEBEE. ABEER2RAEMERFERKKZEY R

O 0 N O U b W

PMIEBWVWT,. AT —Fy b ABRT B,



G )
Results of the doctoral thesis screening
=M N/
B BEEER
Name in Full
R %
2 S The PTN-PTPRZ signal activates the AFAP1L2-dependent PI3K-AKT

pathway for oligodendrocyte differentiation: Targeted inactivation of
PTPRZ activity in mice

FVIF o ROYA FOLREHEROHRHMBEZNOES M ZHERL THO,
My — RN E LU THRETAIZETHRAI DNV AOMRBREZATREICL T WS, OLIZ SV
THRO—-BTHO, FUVITFFOYA MMl (OPC) o - AT 5. Mk
CBITL2BREZEORANZLEMEATHE Y N 7EF O ) CEAIE. OLMRE O 41k
REICHBREICHEDDIZIEMMSENTWS, FOo ) YElE. Yurqs>FrosF
F—+ (PTK) B 7Oa54 >Fas KA 7y ¥ —F¥ (PTP) IZL > T. Al#MICHE
ENTWS, FYNFOI FF—Fid, MEE®&ROHEICEID %Rho /ROCKHEEE D
FA4 T L Fal—F—TdHDpl90RhoGAPR EEZEDL, BROL FF NV RESFEZT O
DU CEATSIECE o TOLOMBAMLICEE R REIZ R/ L THD., PTKOPERIEZ
HOPTPICHE T 2 FITENTE D, HEEORBEXZRNTETO2MAERTIE., 2%
KEIPTPD — D TdH HPTPRZMOPCIZHWS FEH L TH V. OLOLHIHEICED S 2 L& K
DEDITHENIZILTE =, :

PiprziBERFMNSIEIDDATSA LT TAV T+ —LNEB TS, §xbb, 2D
DZEARBIPTPY AV 7 # — A T3 5PTPRZ-A & PTPRZ-B. % L TPTPRZ-A®D i Ja 4 e 45
WS T 5B Y 1Y) 7 4 — LAPTPRZ-S (Phosphacan& H XL 5) TH . IMHRERIC
HIHL TWDBETDOPTPRZTY AV 74— A4, 2RO ROA FURBEHTEMINT
W5, PTPRZZAERET AV 7+ —LIXBT 53> oA F UmBEEMIT. NEREDRE
EWERTF RY A R4HF TH Spleiotrophin (PTN) 72 EDEBRMERGITHATH 5.
HEMICEOIFOAFURBHEICBON/ZPTPRZZARIL. MBEEETEWIIRET
HZEWREDTE/R—ELTHEAELTWS, B/ —KRBIZBWTH R ANPTPaseld & 1%
REIZHD, ZHICE D> TPTPRZOEE S FD U Y EAL L X)LIIMH = . OPCIERA b
RECBEOTVWBEEEALGNS, ZIREBHICBEUPTNRZEDY > R TS -
EET LA ROAFURBEICER T 2HBNIRFEANFMIN T, PTPRZZEKIT
O, CBEBEDPBE S, T O E, M PAPTPaset RIEAL LML AMEE S 115,
L L7375 5, OPCO 434k #1812 BT 5 5 p190RhoGAPEL S DPTPRZD B 5 FIE R TH D |
PTN-PTPRZ> V7 F IV OBBEX DOV TRE<NARBHATH 7. T I THERKIE., oPCaft
B 59 5PTPRZY VIV O 2B MRAZHIE LU TOMEZIT o 72

HEHEIL. MAEETHIILZOPCOBEZBIFICHRA L2 OL Ri#MiZTH % OLI
MEZETIVRELTHAWT, PINFIRICLoTFOT U VEALVRXIVNAET S5 >
NI FOREZTO . TOREE, PTPRZ OEE (f&4H) 7T D F T AFAP1L2, paxillin,



ERBB4. GITI1. pl90RhoGAP, B LU NYAP2 /2 E/3, PINRIBIC L > TFo U Vi
LRIV EBICERET S EEZHENILE, HEHFIT. 650U 2BAELVNIVBALER
L7z 7D T, OPCIMLDHIEICEED 2 LR 7 FIViEEE O — D2 Td % PI3K-AKT #%
BICERBICHER T 2T TS —5 )N BETH S AFAPIL2 TEB L 2.

BAOROMAEL T, PTPRZOEBHELZREKICI DKL ERCBERSY DN %
A Wizin viroTOBLY 2 EBALEBRIC K > TAFAPIL2PTPRZOZEEH TH S T L DFEHZ
fTo7z. BIEHNT, PTPRZIC X B Y > MY 1 M EFE L7z, AFAPIL2ZNTY > ik
EZITLAEEOHDIIAMEOFOL CEREICDONWT AL REAKZIER L. HEK293THE I I 5
ﬁéﬁél&tiof‘B@@?D??U)@%ﬁf#%ﬂﬁbto&<’M$E&%§
HOFOoL  REN4ABIUVYS6)DU BAGEMAPTPRZIZ K > THEEFIIHY VB S
NdZE. Tz, U UEAEYS4DY. PIBKDp8Sa 1=y FDSH2R A1 >~ ui’if@_%AFAPle
POHE—DHAT AT NTHDIZEEZHASNII L, TOHRE. PTPRZ ICX 2B U VBT
£ o TPBK-AKTRENHMH M ICH B S N2 aENHS N>k, 51T, OLIMIZ
BWT., AFAPIL2D J w7 ¥ 7 > &1LY294002 (PI3KFH ZE #)IC X 5 PI3K-AKTRE K D 3 B 1Y
FHEOHEZMFT L7z, AFAPIL2/ w 7 ¥ 77 2 E1LY2940021C K 5 E L. PTNHIH THE
ENDAKTB LR ZO TR OmTORD U > B Z £ ICHH 32 & & BT, PTNFI B TR
INH0LIMIEOSLEZMHIT A2 EEZHSNILE, TDXDIT, AFAPIL2IE, PI3K-
AKT-mTORBE OWEE/AZE U T, PINFIHMIC X 20LIHR O LFERICEDLSHTTH
6;&7335}%&5\ Wiz o7z, :

HEZFZ IS, ZNSOMBL XN THLENILEERN, BHRL ) THEZ
DSTWHLABEMNRHDTHAE I EDFHAICIWMOFEAN. PTPRZOETD YAV T4+ — L%
FBPLBEWXI)N ) v 77T YT A(Ptprz-KO)TIE, ABREEHOWMANT. I TYVHOD
FHEH > )N B T H 5 myelin basic protein (MBP) OFB LR N E Lo TNE Z &N
TTIHLENZINT WY, TOXRFBMIIHNT H5PTPasel&E OB EIZDWTIEARHATDH
S5/ T T.PTPRAA > OFEMEPLDCysTREE % SerfR N &L U /2PTPase R iE 1 B A
B w7 A T A (Ptprz-C)EEH LT L 7=, OB, Ptprz-CSY 7 A Tld. Ptprz-
KOXY U A EMERICMBP, BLUZOREME R TFMYRFORBRE -V BB E->THO,
AFAP1L2, AKT & mTOR®p190RhoGAPD U AL L NIV TUHEL TWD T EN S NITR
o7, Fiz, ESZ%‘%WWX?&H%m‘:ﬁ7°‘J\‘/“‘/%%%%'@HR%%?)LL:Bb:'c, Ptprz-CSY 7 A
T Ppr=-KOT ™ A EABIC. BEWEAEN R N & 239 L7z, |
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DT E28 9T THDAFAPIL2IZDWT., FO U VEERBIT XK 2 55 F el o FE
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