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I determined that the axon guidance cue LysoPtdGlc can exist as one of two biologically active
isomers: R-LysoPtdGlc and S-LysoPtdGlc. I found that downstream of GPR55, R-LysoPtdGlc activates
Galphal3 whilst S-LysoPtdGlc activates GalphaS, strongly suggesting that they are biased ligands of
GPR55.

I previously found that lysophosphatidylglucoside (LysoPtdGIc) is a lipid
axon guidance cue required for the development of nociceptive axon circuits in spinal cord. In this
project, | have discovered that radial glial LysoPtdGlc can exist in two isomeric forms,
R-LysoPtdGlc and S-LysoPtdGlc. I found that whilst both R- and S-forms activate the orphan receptor
GPR55, they signal via different downstream intracellular cascades: R-LysoPtdGlc induces Galphal3
activation, whilst S-LysoPtdGlc activates GalphaS. In an assay of axon chemotropism, | discovered
that the two isomers, although they both activate GPR55, induce cellular chemotropic response of
opposite polarity: R-form induces chemorepulsion, S-form induces chemoattraction, strongly
suggesting a mechanism of functional selectivity or ligand bias at GPR55. Neither form induces a
response 1n neurons genetically lacking GPR55. 1 have also obtained preliminary data for R- and
S-forms in an in vivo model of mouse neuropathic pain.
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(1) To build a functioning nervous system, nascent neurons must extend axons and
form the appropriate synaptic connections required for life. One mechanism by which
organisms achieve this is called axon guidance, a form of chemotropism where
signaling molecules at midway choice-points or at the innervation target tissue guide
extending axons to their correct position. In 2015 I discovered a novel axon guidance
cue called lysophosphatidylglucoside (LysoPtdGlc), that is a diffusible lysolipid and the
endogenous ligand for the orphan G protein-coupled receptor GPR55. In developing
spinal cord, GPR55 is activated by its endogenous ligand LysoPtdGle, which is a
derivative of the membrane lipid phosphatidylglucoside (PtdGlc) produced by radial
glia. Since then, I have discovered that in addition to the spinal cord, PtdGlc is
expressed in multiple regions of the brain, including olfactory bulb and the cerebellum,
where PtdGlc levels are highest. However, the biological significance of high levels of
PtdGlc in different brain regions is completely unknown.

(2) Endogenous phospholipids are highly heterogenous in chemical composition, such
as differences in fatty acid chain length and composition, and 3D structure (isomerism),
with different structural isomers often possessing different chemical properties. Since
isomers often have different biological activities in living organisms, I hypothesized
that different isomers of LysoPtdGlec may have different functions or interactions with

GPR55 receptor.

2. WHEOBER
The objective of this study was to gain insight into mechanisms of cell signaling

mediated by LysoPtdGle activation of GPR55, with respect to nervous system
development. GPR55 was cloned in 1999 yet its biology is poorly understood and it
has remained enigmatic and controversial, particularly the identity and activity of its
endogenous ligands in vivo. In particular, the existence of R- and S-configuration
structural isomers of PtdGlc (the precursor of LysoPtdGlc) was described when PtdGle
was first reported by Y. Nagatsuka and co-workers in 2006, yet the significance of this
has never been elucidated in the lab. This study sought to identify a biological
significance of isomeric LysoPtdGlc and shed light on their activities at GPR55.
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I will use an in vitro axon growth cone turning assay to assess the chemotropic
signaling activities of different isomers of LysoPtdGlc acting on primary cultured chick
embryonic dorsal root ganglion (DRG) sensory neurons. This assay is a
well-established technique to analyze chemotropic responses of neurons expressing
normal levels of endogenous receptors including GPR55. Neurons can be treated with

pharmacological agents or inhibitory peptides that interfere with Ga protein function,



to further probe the intracellular pathways downstream of GPR55 activation by
LysoPtdGle. 1 plan to establish a timecourse of cerebellum development in the chick
correlated to PtdGlc expression as visualized using antibody staining, with the
objective of identifying the exact cell type that produces PtdGlec and therefore,
LysoPtdGle. Compared to mammals, the cerebellum of chick develops rapidly during

embryonic stages, making it easier to study and a suitable model for my experiments.
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(1) Discovery of a novel signaling mechanism at GPR55 with characteristics of biased

agonism.
I discovered that two isomers of LysoPtdGlc called R-LysoPtdGlec and S-LysoPtdGle
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induced differential cellular responses, but 2 V2
both were mediated by activation of GPR55.
I therefore concluded that this was evidence

of biased agonism (sometimes called ligand
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downstream pathways. In my experiments,
I observed that R-LysoPtdGlc induced chemorepulsion in the growth cone turning
assay, a test of chemotropism of axonal growth cones in response to a microscopic
concentration gradient of signaling molecules in the culture dish. In contrast, in the
same assay S-LysoPtdGlc induced chemoattraction in axonal growth cones, indicating

positive chemotropism. In neurons in which GPR55 was genetically deleted,

Gpr55'- PO mouse

S-LysoPtdGle had zero chemotropic effect on Wildtype PO mouse

the axonal growth cones, indicating that in the
wild-type, chemoattraction was mediated by
S-LysoPtdGlc activating GPR55,
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signals via Gaus, S-LysoPtdGlc induces chemoattraction via activation of Gas. Taken
together, these data strongly suggest that the two isomers were functioning in a biased
agonism mechanism. These data are currently in preparation as a manuscript for

submission to a peer-reviewed international journal.



(2) In cerebellum development, PtdGlc is produced by a non-neuronal population

separate from Bergmann glia. Using antibody

staining in parasagittal sections of developing
chick cerebellum, I found that
PtdGlc-expressing cells in the developing
cerebellum are distributed mostly in the
granular layer with weak expression of GLAST,
although a few PtdGlc* cells can be detected in

the  prospective  Purkinje cell layer.

Unfortunately, due to the temporary shutdown

of my institute in 2020 due to pandemic conditions and reduction of possible laboratory
work, and then my subsequent move to Kyoto University in 2021, I did not have
enough time to gather sufficient data for the next experiment, which was
FACS-isolation of PtdGlc-expressing cells and cell culture for cell identification and
fate mapping analyses in vitro. I am currently performing this experiment now, after
the end of the period funded by this grant-in-aid. I am now also investigating the
effect of LysoPtdGlc on the migration of cerebellar granule cells using a transwell
migration assay, since the distribution of PtdGlc (in the deep inner granular layer)
suggests that is may be involved in the radial migration of granule cells from outer to

inner cerebellar layers.
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