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Peter W. Baas, Ph.D

Drexel University College of Medicine

Are Microtubules a Key to
Understanding Nerve Degeneration
during Gulf War lliness?

Soldiers serving
in the first Gulf
War -
Neurological
Disorders that
are difficult to
diagnose,
including twice
the frequency
of ALS
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The Nervous System

Made up of nerves that extend

from the brain and spinal cord

Neurodegenerative Diseases

ALS

Alzheimer’s disease

Hereditary Spastic Paraplegia What causes
Parkinson’s disease them, and what

Huntington’s disease can we do to treat
Many others them?
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University of Wisconsin,
Madison, Wisconsin

o Drexel University College
Temple University School of of Medicine, Philadelphia
Medicine, Philadelphia, PA PA

Michigan State University
East Lansing, Michigan

Delivering on the
Promise

A story about one neurodegenerative disease: Hereditary
Spastic Paraplegia

Completely genetic

Degeneration of
corticospinal tracts

Typically adult onset

Studies on
neurons from lab
rats
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Molecular motors move
vesicular organelles
along microtubules

But how do the
microtubules
themselves enter
the axon and get
organized?

Where do short N;;-— T
microtubules r’ ‘
come from? :

Long ones are

chopped.

Elongation
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Navigation 2. Site of
branch
1. Cell Body formation
(centrosome)
rowth Cone
Key sites of
microtubule
severing
Are Neuronal and Mitotic Microtubules Organized Where do short microtubules come
by Similar Mechanisms? from? The Cut and Run Model
Nucleation proteins , Microtubule-
Assembly proteins ; ;
Disassembly proteins t Severlng Proteins
Motor proteins " _
Bundling proteins Katanin
Severing proteins »
Crosslinking proteins AAA ATPase
Small G-proteins
Other cytoskeletal proteins
Microtubules are severed into short iieces Katanin inhibition with function

fibroblasts induced to overexpress katanin

blocking antibody
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Katanin Severs Microtubules in
the Growth Cone

Overexpression of katanin doesn't increase axonal branching
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Hereditary Spastic Paraplegia
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Spastin:

another protein with
microtubule-severing properties
(Elena Rugarli)
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Katanin and
spastin
overexpression
produce
different
patterns of
microtubule
severing

Depletion of
spastin (by
SiRNA)

Overexpression
of spastin
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Spastin concentrates at branch points and growth
cones but katanin does not

Katanin Mode Spastin Mode

Microtubules @ Tubulin Subunits \\E‘:‘ Katanin 7 Spastin

—" Dephosphorylated Tau 1/ Phosphorylated Tau

What about
HSP?
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Our Theory:
M MBS 614 M1
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M85
M85 Mutant
Not Toxic

Spastin-M85-stop
Spastin-M1-stop

What about Alzheimer’s Disease ?

Microtubule Subunits Fall Apart

2 _ Tangled Clumps
Disintegrating of Tau Proteins

Microtubule

The Alzheimer's Diseate Education and Referral Center, NIA

Too much microtubule-severing in Alzheimer’s

disease?
Alzheimer's Disease Alzheimer's Disscase Alzheimer's Discase
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Stretch causes
microtubules to
break-

Are microtubules a
“weak link” in the
axon?
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Model for Gulf War lliness: Expose lab rat to Conclusions
same toxins as soldiers

¢ The “cut and run” model for
axonal microtubules

Plus
stress by « Central for axonal
restraint development and relevant
to robust health of adult
neurons
» Understanding what goes
Now we can wrong in various diseases
study what’s and injuries is dependent
going wrong upon intimate knowledge of
with the what happens with the
microtubules microtubules

in the nerves

Why does all this

CREDITS
matter to our veterans?
Joanna Solowska

Wengian Yu
Prevention Liang (Oscar) Qiang
Aditi Falnikar
Rapid Response Gerardo Morfini and Scott Brady (UIC)

Min Tang-Schomer and Doug Smith (UPenn)
Therapy






