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Regulation of neuronal circuit development and regeneration by lysophospholipids
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Lipids exhibit vast physicochemical diversity and may participate in biological
processes inaccessible to protein-based mechanisms. Here we identify lyso-phosphatidyl-3 -D-glucoside
(LysoPtdGIc), a novel hydrophilic glycerophospholipid that is synthesised and released by radial glia in
a patterned spatial distribution. LysoPtdGlc regulates the development of sensory circuits in the
vertebrate spinal cord by sorting nociceptive and proprioceptive afferents at a previously unexplained
axon segregation checkpoint. The G protein-coupled receptor GPR55 is a high-affinity receptor for
LysoPtdGlc, and GPR55 deletion phenocopies LysoPtdGlc loss-of-function in vivo, misdirecting nociceptive
axons into proprioceptive zones. This study demonstrates LysoPtdGlc/GPR55 as a crucial mediator of
glia-neuron communication for axon spatial patterning and suggests a broader role for lipids in
coordinating diverse biological functions.



20

Phosphatidylglucoside PtdGlc
Lysophosphatidylglucoside LysoPtdGlc
LysoPtdGlc G

GPR55
LysoPtdGlc
GPR55

LysoPtdGlc
GPR55
LysoPtdGlc

LysoPtdGlc

LysoPtdGlc/GPR55

PtdGlc

PtdGlc

GPRS5

GPR55

TrkA

LysoPtdGlc
RNA
GPR55
GPR55
Dil
TrkA  TrkC
PtdGlc
PtdGlc
transitin
PtdGlc
NeuN
PtdGlc
LysoPtdGlc

PtdGlc transit

PtdGlc transitin

PtdGlc
trnasitin
100 pm

GPR55
GPR55
LysoPtdGlc

GPR55
LysoPtdGlc Lysophosphatidylinositol

Lysophosphatidic acid Semaphorin 3A



GPRS5

ns

LysoPtdGic + contGa12 L

(21)

LysoPtdGlc
LysoPtdGlc
neurotrophin-3
LysoPtdGlc
GPR55  LysoPtdGlc
GPR55
G Ga
LysoPtdGlc
G
Gal3 GPR55
RNA G
GPR55  Gal3
G
Rho  Rho
CT04  Y-27632
LysoPtdGlc
GPR55  Gal3—-Rho
Ca*
LysoPtdGlc
Ca*
ca*
LysoPtdGlc
L, N, P/Q
Cca*
Vehicle :|—| (35)
LysoPtdGic - |-| (50)
LysoPtdGlc + inhGa13 L [ H @)
LysoPtdGic + contGa13 - |—| (25)
LysoPtdGlc + inhGa12 - H |

-30 -20 -10 0 10
Mean Turning Angle

LysoPtdGlc
Gal3
inhGa13 LysoPtdGlc

contGal3

GPR55
LysoPtdGlc
GPR55
Dil
GPR55
TrkA  TrkC Dil
PtdGlc/LysoPtdGlc
LysoPtdGlc
LysoPtdGlc  GPR55
WT Gpr55+-

WT GPRS5

200 pm

Kolodkin AL, Tessier-Lavigne: Cold
Spring Harb Perspect Biol 3: a001727, 2011

Tojima T, Hines JH, Henley JR,
Kamiguchi H: Nat Rev Neurosci 12: 191-203,
2011

5
Guy AT, Nagatsuka Y, Ooashi N, Inoue M,
Nakata A, Greimel P, Inoue A, Nabetani T,

Murayama A, Ohta K, Ito Y, Aoki J,
Hirabayashi Y, Kamiguchi H:
Glycerophospholipid regulation of

modality-specific sensory axon guidance



in the spinal cord. Science 349: 974-977,
2015
DO1:10.1126/science.aab3516

Akiyama H, Kamiguchi H: Second messenger

networks for accurate growth cone guidance.

Developmental Neurobiology 75: 411-422,
2015
DO1:10.1002/dneu.22157

Kuboyama T, Luo X, Park K, Blackmore M,
Tojima T, Tohda C, Bixby J, Lemmon V,
Kamiguchi H: Paxillin phosphorylation
counteracts proteoglycan-mediated
inhibition of axonregeneration.
Experimental Neurology 248: 157-169, 2013

http://dx.doi.org/10.1016/] .expneurol .2
013.06.011

Binata Joddar, Guy AT, Kamiguchi H,
Yoshihiro Ito: Spatial gradients of
chemotropic factors from immobilized
patterns to guide axonal growth and
regeneration. Biomaterials 34:9593-9601,
2013,
http://dx.doi.org/10.1016/j .biomaterial
$.2013.08.019

Fujita A, Koinuma S, Yasuda S, Nagai H,
Kamiguchi H, Wada N, Nakamura T: GTP
hydrolysis of TC10 promotes neurite
outgrowth through exocytic fusion of
Rabll- and Ll-containing vesicles by
releasing exocyst component Exo70. PL0S
One 8: 79689, 2013,
DO1:10.1371/journal .pone.0079689

7
Chan Carmen
Importance of the inositol
1,4,5-trisphosphate receptor type 3
(IP3R) in growth cone navigation. 37

2014 9 13
D
36
56 23
2013 6 21

Guy AT, The role of
lysophosphatidylglucoside and its
receptor in spinal cord axon tract

formation. 36 56
23
2013 6 20
85
2012 12 15

Lipid-mediated axon

guidance in the developing spinal cord.
27 2012
10 27
( )
~ Lipid-mediated axon
guidance in the developing spinal cord.

US-Japan Brain Research Cooperative
Program “ Growth Cones & Axon
Regeneration: Entering the Age of

Informatics” 2012 10 11
New Orleans / New Orleans, USA

Lipid-mediated axon
guidance in the developing spinal cord.
The 34rd Meeting of the Japanese
Association of Neural Tissue Culture and
The 2nd International Conference of Neural
Tissue Culture 2012 6 16

Hilton

2
: Clinical
Neuroscience 2015 2(474-475)
Springer Methods Mol

Biol 2014 11(17-27)
o
o
@
Kamiguchi, Hiroyuki
10233933
®



®



