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Regulation of retinal axonal projections by the R3

receptor—like protein tyrosine phosphatase subfamily in mice
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The correct axonal projections of retinal ganglion cells are a prerequisite for proper
vision and vision-guided behaviors. Retinal axons pass through the optic chiasm (OC),
and then make terminal zones in the superior colliculus (SC). In mice, most axons
cross the midline and project contralaterally, whereas a fraction of retinal axons from
the ventrotemporal region avoid the midline of the OC and project ipsilaterally. In the
SC, retinal axons establish the topographic map: nasal and temporal axons project to
the posterior and anterior SC, respectively, while dorsal and ventral retinas are
connected to the lateral and medial SC, respectively. Eph receptor protein tyrosine
kinases and their ligands ephrins have been implicated in the retinal axonal projection
through the OC and the establishment of topographic maps in the SC. Our laboratory
previously demonstrated that PTPRO, a receptor-like protein tyrosine phosphatase
(RPTP), controlled the projection of retinal axons though the regulation of Eph
receptors in chick. But it has not been elucidated which RPTPs regulate Eph receptors
in the retinal axons in mammals.

RPTPs are classified into eight subfamilies based on the sequence homology.
The R3 RPTP subfamily, including PTPRB, PTPRH, PTPRJ and PTPRO, is
characterized by extracellular fibronectin type 111 repeéts, a transmembrane domain,
and a single phosphatase domain in the intracellular regions. In this study, I
investigated functional roles of R3 RPTPs in the mouse retinal axonal projection.

First, I examined mRNA expression of R3 RPTPs in the mouse retina, and I
found that Ptpro and Piprj, but not Ptprb or Piprh, were expressed in the developing
retina. The expression level of Ptprj was markedly higher than that of Pipro. In situ
hybridization showed that both Ptprj and Pipro were expressed in the ganglion cell
Jayer and inner nuclear layer. To determine whether PTPRJ and/or PTPRO influence
the projection of retinal axohs, I examined Ptpro-knockout (Ptpro-KO), Ptpri-KO, and
Ptpro/Ptprj double-KO (DKO) mice. I found that phosphotyrosine levels of both EphA
and EphB receptors were significantly upregulated in the Ptprj-KO and DKO retina,
but not in the Pipro-KO retina. To investigate the sensitivity of retinal axons to ephrins,
I performed neurite extension assays using ephrinB2, and growth cone collapse assays
using ephrinA2 and ephrinAS5, and revealed that the sensitivity to these ephrins was



significantly enhanced in retinal axons of Ptprj-KO and DKO mice.

Next, I examined the projection of retinal axons through the OC and topographic
map formation in the SC in these mutant mice. /n vivo axon tracing experiments
revealed that the proportion of retinal axons that projected ipsilaterally or misrouted to
the -contralateral eye at the OC was increased in Piprj-KO mice and DKO mice
compared with WT mice. These results suggested that PTPRJ mainly controlled the
guidance of retinal axons at the OC through the regulation of EphB signaling. In
addition, nasal, ventral, and centrotemporal retinal axons of Ptprj-KO and DKO mice
exhibited ectopic.terminal zones anteriorly shifted in the SC. These results indicated
that retinal axons of Ptprj-KO and DKO mice exhibited hyperactivity to ephrins. In all
analyses, I detected no significant difference between WT and Ptpro-KO mice.

Eph signaling is reportedly mediated by c-Abl kinases in some cell types. I
examined the activation of c-Abl after stimulation with ephrinB2 and ephrinA2 in
dissociated retinal neurons and found that these ephrins induced the phosphorylation
(activation) of c-Abl. Furthermore, neurite extension assays and growth cone collapse
assays indicated that Eph repulsive signaling is partially mediated by c-Abl. I
demonstrated that c-Abl was a substrate for PTPRO and PTPRIJ. And I found that
phosphorylation levels of c-Abl in the Piprj-KO and DKO retina, but not in the
Ptpro-KO retina, were significantly higher compared with the WT retina. Forced
activation of c¢-Abl kinases in vivo by a c-Abl activator induced similar abnormal
retinal axonal projections observed in Pitprj-KO and DKO mice: when mice were
treated with a c-Abl activator, the proportion of retinal axons that projected to the
ipsilateral side or misrouted to the contralateral eye at the OC was increased, and nasal
axons aberrantly terminated anterior to their topographically appropriate position of
the SC. These results suggested that c-Abl kinases are required for the transduction of
repulsive signals of Eph receptors in retinal axons, and that PTPRJ suppresses the
tyrosine kinase activity of c-Abl kinases as well as that of Eph receptors. Taken all
together, I concluded that PTPRJ mainly regulates the projection of retinal axons
through the suppression of Eph signaling by dephosphorylating both Eph and c-Abl

kinases.
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WETEA - MBS NREBRIEHBBMRICL o TRNCEES NS, BEMC
WT, fENSHOH L2 EHERMRIIHRIXZ2EEL TRMAO ERICTEBNT I\Z]<77
7 4w 7 125 (topographic projection) & FEIEN 2, RN 2 MREESZERT 5,

ZEAKMTOTAFOL 2 FF—YRPTK)THS Ephs EFDOVHY R TFTHB
ephrins 78, HHROBERERICHAOBRINEZRZL TSI ENAAENTWS, Ephs &
SAEB T SR ephrins THEMT 2L, REEORIENEL 2, ZNETIK. =7 Y
DEMBORRT T T4 v I RFEFIIBNT, ZRARM S OFA > FOT 2 KRAT 77—
T(RPTP)D —D T®H % PTPRO /) Ephs O{EH M T2 2L W0 Ko TEELREZE 2 R/
LTWEZERHSENITR>TWVS, LNPLERS, CNETHABEBORMRIIBNT
Ephs OEEZH#E L T2 RPTP BAHOEETH o7z, —F. HEEMEEZE B W ZENT
NS BWAEDORIPIPY T 772 ) —ICBT % PTPRO, PTPRJ, PTPRB, XN PTPRH
DVWFNHA Ephs 2 U DBEIET DI ENPASNIRoT W2, TITHREHFOTHR
W, YUAHBROERERICBITSL RIPITPY T 77 I —DREZDVWTHENTZITo
7z

HEHIE, £7. BEHMOTTZAMEICB TS RIPTP Y 7 77 I U —DRBEOMFZ
frva, PTPRJ & PTPRO O ZD2VEEICHEE L TH D, PTPRI ORI &N PTPRO O ¥
HWEXDBDEFIEWILZAM L, XIZ, PTPRJ & PTPRO OB MEKZHIZHBIT 5 &
HZHSNIT 720K, TNTNOERTFRETTVALHED _ERBIT AR DNT
BT 2T o lc. TOWRR, Ptpry REYX VAL ZERBIY U ZOMBEICHT 2 Ephs DY >
By, AT D AIRURTERIEWIEZRE LA, S5I2. BEOEEZREZRA WL
ToATIC L > T, Ephs Z2W4 L7281 D ephrins WHTAKEHEORENHEAERT Y 21T
AT Plpry RER DDA EZERBEIYIVAXLBNWTHRICHEHBEL TWDL I EEHSMNITL
7z

MNT, EXTAOHRHEREOMANDEFIZOWVWTHANZER, B % BT T RAE

CERFTOIHMAROB G &, KA OIRIZHN o THEETT H2HEROE S Ptprj K18
RNUAEZERBIYTVAZBWTHRZHEML TWSZE2AMLAE. £/, ERICBWY
LRI I T4 IIBREBERHITODNTHARNTLE LA, Ptprj RIBET T A &:Eﬁ(%ﬁ?@xbz
BWT, HEREORNMENEEZEHNMCENSHMICIS 7 ML TVWS Z &ﬁ“ﬁ%ﬁ‘ z
27, TS5 DKEEIX. PTPRI IZL 5 Ephs OEHMHNELS o /2728 ﬁ?ﬂ’f“fxiﬁif
2 ephrins ICH L TEDBOWREEDOREZ LD EMRINZ,

HEHEFET ST, HAMRICHIT 5 Ephs OREHEOBEREZICBWT, EZEARD S



OF4>Fas2>FF—YTHSc-AIBBADOKREZL TWDH I &, £/, PTPRJ d c-
Abl ZHEEELTRY YBALT S I LERES>T. ZOEEZIH L TWE I EZ2 AL 2.
UEDHRNS, HHROBEHERITH VT PTPRJ 4% Ephs & c-Abl OMHE Z U > F
LT ERE > TREES TFINOWHITHNT WL I ENHALS MR 72,

DLEOHFEEOWAIL., WABOEMBENBRICBIZHL WHEEBZH S NICTT
5LEBIT. BMUPINEALTWR WY RPTPs OEMBEREIIH T 2HBEEZRE<SMESIESD
DTHO., AMFARMILEIFMNFEGZCHET L LEELZERE K THWL =,



