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Highlights
e Statins are the most potent enhancers of neurite elongation
in vitro
e Statins and protein prenylation inhibitors promote CNS axon
regeneration in vivo
e Motor neurons of early-onset ALS patients express high
levels of prenylation enzyme
e Prenylation inhibitors provide a potential therapeutic

approach for CNS regeneration

= Li et al., 2016, Cell Reports 16, 545-558
(W) crossvac July 12, 2016 © 2016 Ce“

http://dx.doi.org/10.1016/j.celrep.2016.06.013


mailto:chris.henderson@biogen.com
http://dx.doi.org/10.1016/j.celrep.2016.06.013
http://crossmark.crossref.org/dialog/?doi=10.1016/j.celrep.2016.06.013&domain=pdf

OPEN

ACCESS
CellPress

Cell Reports

Protein Prenylation Constitutes an Endogenous

Brake on Axonal Growth

Hai Li,"-® Takaaki Kuwajima,'-2 Derek Oakley,®'! Elena Nikulina,* Jianwei Hou,* Wan Seok Yang,?-5-12
Emily Rhodes Lowry,® Nuno Jorge Lamas,57 Mackenzie Weygandt Amoroso,®'2 Gist F. Croft,514
Raghavendra Hosur,? Hynek Wichterle,!-2-6 Said Sebti,® Marie T. Filbin,* Brent Stockwell,-5

and Christopher E. Henderson':2:3.6,10,15,%

1Center for Motor Neuron Biology and Disease, Columbia Stem Cell Initiative, Columbia Translational Neuroscience Initiative,

Columbia University, New York, NY 10032, USA
2Department of Rehabilitation and Regenerative Medicine

3Department of Pathology and Cell Biology, Neurology, and Neuroscience

College of Physicians and Surgeons, Columbia University, New York, NY 10032, USA

4Department of Biological Sciences, Hunter College, City University of New York, NY 10065, USA

5Howard Hughes Medical Institute and Department of Biological Sciences and Department of Chemistry, Columbia University, New York,

NY 10027, USA

SProject A.L.S./Jenifer Estess Laboratory for Stem Cell Research, New York, NY 10032, USA
“Life and Health Sciences Research Institute, School of Health Sciences, University of Minho, 4710-057 Braga, Minho, Portugal
8Moffitt Cancer Center and Research Institute, University of South Florida, Tampa, FL 33612, USA

9Computational Biology, Biogen Inc., Cambridge, MA 02142, USA
10Target ALS Foundation, New York, NY 10032, USA

1Present address: Department of Pathology, Massachusetts General Hospital, Boston, MA 02114, USA

12Present address: Department of Biological Science, St. John’s University, Jamaica, NY 11439, USA

13Present address: Center for Brain Science, Harvard University, Cambridge, MA 02138, USA

14Present address: Laboratory of Stem Cell Biology and Molecular Embryology, Rockefeller University, New York, NY 100665, USA
15Present address: Neurology Research, Biogen, Inc., Cambridge, MA 02142, USA

*Correspondence: chris.henderson@biogen.com
http://dx.doi.org/10.1016/j.celrep.2016.06.013

SUMMARY

Suboptimal axonal regeneration contributes to
the consequences of nervous system trauma and
neurodegenerative disease, but the intrinsic mech-
anisms that regulate axon growth remain unclear.
We screened 50,400 small molecules for their
ability to promote axon outgrowth on inhibitory
substrata. The most potent hits were the statins,
which stimulated growth of all mouse- and hu-
man-patient-derived neurons tested, both in vitro
and in vivo, as did combined inhibition of the
protein prenylation enzymes farnesyltransferase
(PFT) and geranylgeranyl transferase | (PGGT-1).
Compensatory sprouting of motor axons may
delay clinical onset of amyotrophic lateral sclerosis
(ALS). Accordingly, elevated levels of PGGT1B,
which would be predicted to reduce sprouting,
were found in motor neurons of early- versus
late-onset ALS patients postmortem. The me-
valonate-prenylation pathway therefore consti-
tutes an endogenous brake on axonal growth,
and its inhibition provides a potential therapeutic
approach to accelerate neuronal regeneration in
humans.
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INTRODUCTION

Axonal growth is an essential step in the formation of neural
circuits during normal development. In cases of traumatic brain
injury or neurodegenerative disease, axonal damage is among
the first morphological manifestations, and suboptimal regen-
eration is thought to be a major contributor to the low rates
of functional recovery. Enhancing axonal regeneration in a
controlled manner in patients with spinal cord injury may allow
them to regain key lost functions; similar treatment in patients
with amyotrophic lateral sclerosis (ALS) has the potential to
increase muscle strength over the course of the disease. Over
the past few decades, we have gained considerable insight
into the extrinsic factors and intrinsic signaling mechanisms
that affect directional choices taken by the axon growth cone
and govern its reduced ability to advance in the damaged
CNS (Alizadeh et al., 2015). However, we still have little knowl-
edge of the cell-intrinsic mechanisms that drive axonal forward
growth.

Over the past few decades, much insight has been gained
into the low regenerative capacity of the adult CNS (Liu et al.,
2011; Yiu and He, 2006). Most studies have focused on extrinsic
factors that restrict axon regeneration (Filbin, 2003; Thiede-Stan
and Schwab, 2015). Three growth inhibitors—myelin-associ-
ated glycoprotein (MAG), Nogo, and oligodendrocyte myelin
glycoprotein—act through a common receptor complex con-
taining the ligand-binding Nogo-66 receptor (NgR) and its
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