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INTRODUCTION

PATHOPROFILE

0-NEUROGENESIS

NEO-NEUROGENESIS

Neo-neurogenesis is a process resulting in
tumour innervation due to factors sectret-
ed by tumour cells that initiate stem cell
differentiation into neurons.! During neo-
neurogenesis, cancer cells release signal-
ing molecules known as chemotropic cues
that act on nearby neurons to direct their
growth towards the tumour.

PERINEURAL INVASION

Through a process known as perineural in-
vasion, cancer cells infiltrate neurons and
migrate to distant sites.! There is a recip-
rocal interaction between cancer cells and
neurons, wherein cancer cells secrete sig-
nals that cause neuronal growth and neu-
rons secrete signals that can enhance can-
cer cell proliferation.

GENERAL ANATOMY & PHYSIOLOGY OF THE AXON

Axonal growth is necessary to form neuronal connections
in order to facilitate communication in the human body.?
During axonal growth, the neuron extends its axon to
reach a specific destination. Axon growth occurs through
the growth cone, located at the tip of the axon,via growth
cone advancement.> Formed from actin bundles, filopo-
dia are located at the axon terminus and are finger-like
projections that detect the surrounding environment.

F-Actin Bundle
F-Actin Network

Dynamic Microtubule

Stable Microtubule

Microtubules comprise the main part of the axon and are
mostly found as stable bundles at the core.® Dynamic mi-
crotubules project into peripheries and their function is
to detect the surrounding environment via the filopodia.

Axon Shaft

Growth cone advancement involves a balance between
actin polymerization for protrusion and retrograde flow
for retraction. Polymerization involves linking actin
monomers to form actin polymers. * Actin Retrograde
flow is the movement of actin back to the core of the
growth cone, mediated by actin-myosin contractions.’
/) Both protrusion and retraction are important for growth
cone movement.

Filopodium
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CANCER-MEDIATED AXONAL GROWTH: OVERVIEW

Tumours direct growth cone navigation by secreting chemotropic cues, which may act as attractive or repulsive signals.* These molecules, including
semaphorins and netrins, play a role in axon guidance by regulating actin dynamics. This occurs through signaling involving the Rho family of GT-
Pases. The Rho GTPases are G-proteins that control cytoskeletal rearrangements to promote either protrusion or retraction.

ALTERNATE PATHWAY OF AXON GROWTH: RETRACTION VIA SEMAPHORINS

1. There are a variety of semaphorins. Class
3 semaphorins (Sema3A) are found in verte-
brates and bind to neuropilin 1 (NP1),activat-
ing a receptor called plexAl. NP1 is part of a
preformed complex with PlexA1.6

2. In absence of semaphorin, the sema do-
main of plexAl, which is semaphorin-specific,
auto-inhibits activation of the plexAl recep-
tor via phosphorylation.

3. Binding of semaphorin to NP1 induces a
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conformational change in the plexin that re-
moves this auto-inhibition, resulting in the
activation of plexAl.”

4. This binding activates p190 Rho-GTPase
activating protein (p190RhoGAP), which then
inactivates Ras homolog gene family mem-
ber A (RhoA), a Rho GTPase, via hydrolysis of
GTP to GDP.

5. Normally, RhoA activates Rho-associated
protein kinase (ROCK) via phosphorylation,
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which in turn activates LIM domain kinase 1
(LIMK1).2 However, since RhoA has been inac-
tivated by p190RhoGAP,ROCK and LIMK1 are
also left inactivated.

6. LIMK1 is responsible for inhibiting the
actin-degrading enzyme cofilin via phos-
phorylation.’ In the absence of active LIMK1,
cofilin is activated.
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PATHWAY OF AXON GROWTH: NETRINS

Depending on which recep-
tors they activate, netrins
promote either protrusion or
retraction. Netrins interact
withthe deleted in colorectal
cancer (DCC) receptor to
cause chemoattraction, and
they interact with UNC-5
receptors to cause chemo-
repulsion.t®

Protrusion: Activation of DCC Receptor

1. Binding of netrins to the DCC receptor elevates cAMP levels,
thus activating protein kinase A (PKA) via phosphorylation. In
turn, PKA activates triple domain binding protein (Trio).!

2. Trio then activates the Rho GTPase Racl.

3. Racl targets downstream effectors involved in cytoskeletal
remodeling, which include ENA/VASP proteins, which promote
protrusion.?

4. However, PKA itself can also activate ENA/VASP without go-
ing through the Rho GTPase pathway.
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Retraction: Activation of UNC-5 Receptor
1. Binding of netrins to the UNC recep-
tor elevates cGMP levels.’

2. This activates protein kinase G (PKA),
which inactivates ENA/VASP proteins via
phosphorylation.

3. This promotes capping which in-
volves the cessation of actin polymeriza-
tion, resulting in retraction.!*
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