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I determined that a single isoform of secreted PLA2 enzyme, sPLA2 V, is required for normal
embryonic development of nociceptive axon tracts in spinal cord. sPLA2/LysoPtdGlc-signaling is
required for normal nociception, therefore this mechanism may play a role in disorders such as
neuropathic pain.

Axon guidance cues are signaling molecules that instruct growing axons to

form the correct connections within the developing nervous system. | previously have determined that

lysophosphatidylglucoside is an axon guidance cue required for the development of nociceptive
(pain-sensing) axon circuits in the spinal cord. |In this project I have discovered that radial
glia, the progenitor cells in the nervous system, possess an enzyme called secreted phospholipase A2

(sPLA2), specific isoform V, which produces lysophosphatidylglucoside (LysoPtdGlc). Spinal cords
that lack the gene for sPLA2 V develop nociceptive axons in the wrong position. Therefore, radial
glial sPLA2 V 1s required for correct nociceptive axon tract formation.
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(1) To build a functioning brain and nervous system, neurons must extend axons and form
the correct synaptic connections during embryonic development. One mechanism by
which this is achieved is axon guidance, where signaling molecules guide extending axons
to their correct ultimate position within the nervous system. In my previous research, |
determined that the novel lysophospholipid lysophosphatidylglucoside (LysoPtdGlc) is a
novel axon guidance cue. In this project | hypothesized that a phospholipase enzyme
produces LysoPtdGlc that acts as a guidance cue for nociceptive axons in developing spinal
cord.

(2) Secretory phospholipase Az (sPLA2) is a family of ten enzymes that specifically
hydrolyze the ester-linked fatty acid chain at the sn-2 position of glycerol backbone in
glycerophospholipids. It is the most likely candidate enzyme responsible for production of
LysoPtdGlc. Many sPLA2 enzymes have been implicated in pathological conditions such as
anaphylaxis, asthma and obesity. However, no role for sSPLA2 enzymes has been found in

nervous system during development or non-disease states.

The objective of this research project is to determine which isoform(s) of sPLA2 are
required for the axon guidance of nociceptive sensory afferents in spinal cord development.
To achieve this, | aim to identify specific isoforms of SPLA2 enzymes that are expressed by
embryonic spinal cord radial glial cells at the appropriate developmental stage. Then,
analyze the projection and layout of nociceptive axon tracts in knockout mice that lack
specific sPLA2 enzymes identified in screening of spinal cord radial glia cultures to

determine which are necessary for normal development.

This research is in collaboration with Prof. Makoto Murakami (Tokyo University) and Prof.
Kei Yamamoto (Tokushima University). | utilized a loss-of-function approach to determine
the isoform of sPLA2 required for normal development of nociceptive circuitry in spinal
cord.

(1) Analyses of sPLA2 enzymes that are expressed in spinal cord at the developmental
stage when axon guidance is taking place utilizing RT-PCR or where possible, by specific
monoclonal antibody staining. The developmental stage when sensory afferents are
entering the spinal cord and making synaptic connections with interneurons in the
superficial dorsal horn is approximately around E12-E15.

(2) Analyses of knockout mice genetically lacking specific sPLA2 enzymes using
immunofluorescence staining and laser scanning confocal microscopy. These knockout
mice lines are already made and provided by my collaborators Prof. M. Murakami and Prof.
K. Yamamoto. | imported three mouse lines to RIKEN animal facility and established
breeding colonies for two. These are analyzed at the same developmental stages identified
in (1).



Discovery of radial glia-specific secreted phospholipase A2 (sPLA2) isoform V that

modulates LysoPtdGIc/GPR55 signaling in development of nociceptive circuitry in

developing spinal cord

(1) Radial glia specifically express sPLA2 V (gene name: plaZg5)

My earlier research found that spinal cord radial glia specifically express the membrane
glycerophospholipid phosphatidylglucoside (PtdGlc) during embryonic development (Ref.1).
In this current project | discovered that sPLA2 expressed by these radial glia hydrolyzes
membrane PtdGlc to release the water-soluble lysolipid derivative

lysophosphatidylglucoside (LysoPtdGlc) into

the extracellular space. After dissecting, 4007
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radial glia and not by other cells in the spinal Figure 1: digital PCR quantification of SPLA2

messenger RNA in spinal cord radial glia
cord. In contrast, sPLA2 X (gene name:

pla2g10) is expressed by non-glial spinal cord cells, whilst pla2g1b and pla2g3 are detected
at very low levels in both glial and non-glial cells. The sPLA2 with the highest level of
expression in spinal cord was sPLA2 XII (plaZ2g12a) but this isoform is an atypical sPLA2
that lacks lipase activity and so was not pursued further in this project. plaZg2d, plaZg2e
pla2g2f, pla2g10 mRNA were not detected in radial glia at the stages examined.

(2) Loss-of-function of sPLA2 in vivo induces axon guidance errors in nociceptive sensory
circuitry

Since | had previously demonstrated that glial-derived LysoPtdGlc signaling at GPR55 is
an in vivo axon guidance mechanism (Ref. 1), I hypothesized that spinal cord lacking glial

sPLA2 V may have a phenotype

similar to GPR55
loss-of-function. Using a
knockout  mouse line, |

discovered that embryos with

genetic deletion of sPLA2 V

(plazg5') enzyme have a defect Figure 2: TrkA-expressing nociceptive axons form thickened

abnormal tracts in spinal cord of sPLA2 V (pla2g5) knockout mice
in nociceptive axon (identified (right) compared to wildtype embryos of the same stage (center).
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formation. Specifically,

TrkA-expressing axons show an abnormal expansion into the medial spinal cord from



which they are absent in wild-type (Fig.2) as usually proprioceptive axons predominate in
this region. In conclusion, the presence of radial glial sPLA2 V activity modulates the
LysoPtdGIc/GPR55 signaling mechanism that is required for spinal cord sensory axon tract
development. | am currently carrying out behavioral analyses in adult mice lacking sPLA2

V to test if they possess persistent functional defects in nociception.
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