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F E A T U R E

efore I was born, my grandfather developed Parkinson’s disease.
I grew up retrieving things that had fallen from his trembling fin-
gers, helping him in and out of chairs, adjusting my little-boy
strides to his shuffling gait. “Granddaddy” had survived the 1918

flu, but like many victims of that worldwide pandemic, later contracted a
brain inflammation that led to the Parkinson’s symptoms. 
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Back then, conventional wisdom said that
Parkinson’s was confined to the flu victims, an unfortu-
nate artifact of the pandemic. Once that generation
passed away, the disease would pass with it. “One spe-
cialist staked his whole career on the idea that
Parkinson’s would disappear by 1980,” notes neurolo-
gist J. William Langston of the Parkinson’s Institute in
Sunnyvale, California. As today’s half-million
American victims—some estimates count as many as
1.5 million—attest, there was no such vanishing act.
Further, the characteristic tremors, rigid posture, and
halting speech of Parkinson’s are seen, or at least diag-
nosed, more and more frequently. As flu victims died
off, new cases appeared, new explanations for the dis-

ease were offered, and new mysteries about it arose.
Why, in one of the more bizarre puzzles, are cigarette
smokers less likely to show Parkinson’s symptoms
than nonsmokers? Why is the disease found more
often in rural populations than urban, in northern
latitudes than southern, in white populations than
many others? Is it genetic? Environmental? Both?
“Parkinson’s disease,” states the website of the
National Institute of
Neurological Disorders
and Stroke (NINDS),
“may be one of the most
baffling and complex of
neurological diseases.”
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What causes Parkinson’s symptoms is well
known. Certain cells in a brain area called the
substantia nigra (“black substance”) begin to
die off. These cells normally produce
dopamine, a neurotransmitter, or brain chem-
ical, which carries messages between neurons;
dopamine feeds the motor-system autopilot,
controlling skills we have learned to perform
automatically, like walking. As their
dopamine supply declines, people shuffle,
stumble, rise from a chair only with difficulty,
and assume rigid postures and frozen facial
expressions. The best, if only semisuccessful,
treatment, the “gold standard” Langston calls
it, has been a medication to boost dwindling
dopamine called levodopa, a.k.a. L-dopa. L-
dopa works wonders at first but over time
produces side effects that require less effective
dosages. Eventually the symptoms may
return, sometimes more violently than before.

But what causes these cells to die? At the
very basic level, what derangement of human
chemistry disrupts and brings on the death of
the dopamine-producing cells? 

In a set of laboratories sandwiched be-
tween Scaife Hall and UPMC Presbyterian,
Charleen Chu, a 36-year-old University of
Pittsburgh assistant professor of pathology, is
energetically pursuing that question. Chu, in
her third year at Pitt, is zeroing in on the
molecular mechanisms by which brain cells
tell each other what they need to know to stay
healthy and functioning and what, in the case
of dopamine-producing cells, could push that
process off track. She is determined to uncov-
er where the communication breaks down. 

Chu has a theory about what might be
gradually killing off bits of substantia nigra:
Her favorite potential villain is oxidative
stress—a case of the routine bodily event of
oxidation getting out of hand. 

When a substance combines with oxygen,
as occurs continually in every cell in the body,
one chemical byproduct may be an unstable
molecule called a free radical. Free radicals lack
an electron, and in their zeal to gain a new one
they are likely to raid other molecules. These
raiders are produced more in the substantia
nigra because dopamine is found there and
known to be easily oxidized. Chu thinks that
these oxidizing molecules can alter the func-
tion of proteins designed to decode messages
that keep neurons healthy. Alterations in the
brain’s ability to sequester them from sensitive
proteins, or to compensate for their effects,
could contribute to Parkinson’s. 

If stockpiled free radicals are stealing

electrons from proteins that help to amplify
and relay messages within the neuron, those
neurons will have difficulty interpreting mes-
sages from other brain cells. (The intercellular
signaling process acts as sort of a language sys-
tem.) And if they can’t communicate, those
neurons aren’t going to last long.

Further, it’s known that Parkinson’s
patients have elevated levels of brain iron,
which may somehow exacerbate the oxidation
process. Anyone who has been in the dismay-
ing position of watching a car fender rust has
observed that iron is easily oxidized.

Chu’s goal, she says, is to map out the
pathway and mechanism by which the oxida-
tive molecules directly affect the neuronal
signaling process. She pauses and smiles.
“But we’re not quite there yet.” 

Chu has been exploring the brain’s signal-
ing system since her postdoctoral days at
Duke University in Durham, North Carolina,
where she investigated signaling in brain

tumors. The Carson, California, native once
aspired to be a science journalist, “at Banning
High School, put that in.” Chu later switched
to pursuing science itself, garnering an AB
from Harvard, then an MD, PhD, and neu-
ropathology training at Duke. She chose Pitt,
she says, “because of the incredibly diverse
array of research being done in neuroscience
here—applied, basic, developmental.”  

The other practical reason, she reveals,
with another smile, is Tim Oury, her hus-
band. Oury also received his MD and PhD
from Duke, and came to Pitt with her as an
assistant professor of pathology. (Chu’s sis-
ter, an orthopaedic surgeon, ended up at Pitt
as well.) Oury is investigating oxidative and
inflammatory processes in lung and brain
diseases. The couple’s research interests over-
lap. In her office, Chu waves toward por-
traits of their children, Kevin, at 5, and
Nadine, at four months. “Our hobbies are
our research and our kids,” she says. 

“Tim is a very creative scientist,” she says.
“When I first came here I was undecided
about whether I was going to look at signal-
ing in brain tumors and continue my postdoc
training or somehow think of a way to blend

my training into neurodegenerative disease.”
Her husband pointed out that her knowledge
of signaling might give her an interesting per-
spective on neurodegenerative disease—par-
ticularly since people were beginning to think
that mixed-up signals might play a role. 

“That got me going,” says Chu. “I recog-
nized that Alzheimer’s was being studied all
over, but the actual molecular mechanisms
of Parkinson’s had not been studied much.” 

She leans against a lab bench and gesticu-
lates excitedly as she explains the somewhat
arcane sequence of events that led her to a sur-
prising breakthrough. She was studying the
effects on cells of a chemical called 6-hydroxy-
dopamine, which is related to dopamine and
has a similar molecular structure—though it is
known to be toxic. The chemical has been iso-
lated in the urine of Parkinson’s patients and
appears to be made by the body. For some rea-
son, its presence is elevated in those treated
with L-dopa. Chu hypothesized that the

chemical was interfering with the intricate
cascade that normally activates signaling
pathways. Some researchers have suggested
treating Parkinson’s patients with neuronal
growth factors, which are understood as
necessary for switching on the proteins that,
in turn, activate critical pathways allowing
neurons to receive messages from other
cells. Chu thought 6-hydroxy-dopamine
might be getting in the growth factors’ way. 

“What we found was a quite bit more
interesting,” she says; “6-hydroxy-dopamine
itself activates the pathways.” 

Chu was surprised more than once by
this odd chemical. Signaling pathways usual-
ly switch on and off, but not in this case.
“With 6-hydroxy-dopamine,” says Chu, “the
signal goes on . . . and stays on . . . and stays
on. It stays on for a very long time.” 

This was a revelation. It was understood
that neurons needed to talk to other cells to
stay alive. Now Chu was learning that if they
talked to each other too much, that didn’t
leave them any better off. 

“You know, there’s a golden mean in
biology. Things have to be in balance, nei-
ther too much nor too little,” she says. “We
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It was understood that neurons needed to talk to other cells
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other too much, that didn’t leave them any better off. 
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think the consequences of the sig-
nal’s remaining on could be very
important,” says Chu. “We think it
kind of derails the cell’s metabolism
and sends it down the pathway to
death.” 

There have been many zigs and
zags, derailments, in pursuit of
Parkinson’s since my grandfather’s
day. Indeed, it is now said that
1918-flu victims didn’t suffer true
Parkinson’s at all, but parkinson-
ism, defined as Parkinson’s-like
symptoms triggered by a different
cause. (Many disorders mimic
Parkinson’s; only the most skilled
neurologist can diagnose it correctly
more than 90 percent of the time.)  

In the 1980s, Langston, then at
Stanford University, uncovered the
case of the “frozen addicts,” drug
users who had injected home-
cooked heroin and developed clas-
sic parkinsonism. The offending
contaminant, an industrial com-
pound known as MPTP was isolat-
ed; its discovery gave researchers
an extraordinary tool—they were
able to model Parkinson’s symp-
toms in laboratory animals and
watch the results. Since then, there
has been an avid search for an
environmental cause of the disease.
A recent paper out of Emory
University in Atlanta, Georgia,
reported laboratory animals devel-
oping parkinsonism after being
given rotenone, a common garden-
ing pesticide. Scientists have also
found that 15 to 20 percent of
Parkinson’s patients have a relative
with motor symptoms, such as tremors. And
they’ve identified genes for two rare, early-
onset forms of the disease.

Therapy has had an equally uncertain
course. Great hopes have been raised for cell
transplants to replace the damaged neurons.
Recent efforts have focused on injecting neu-
rons from aborted fetuses into patients’ brains.
The results were not only disappointing but
alarming. About 15 percent of those who
received transplants developed frightening
symptoms—writhing and jerking which could
not be controlled. Transplants, including the
injection of embryonic stem cells that have the
potential to develop into other cells, are
thought to be promising; but investigators

who hoped to harvest stem cells from
human embryos to pursue these research
strategies have run into political opposition.
(New, intriguing sources of stem cells have
been discovered, however, see p. 22). One
National Institutes of Health official noted
recently, “We are nowhere near declaring
victory.” 

My grandfather died at 91, his mobility
gradually declining, yet fortunately he aged
without the dementia that afflicts many
patients in the last stages of the disease. His
mind was clear, but he was saddened and baf-
fled by this seemingly inexorable condition.
Chu is eager to give today’s patients and
researchers some answers and help pave the
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road to effective therapies. Yet she says of her
work, ruefully shaking her head, “I’m afraid
there’s no direct application at this point, but
understanding the [signaling] process could be
very important to designing new therapies.” 

Others think she’s onto something, too.
In its official summary of research into the
causes of Parkinson’s, what does the NINDS
list as the first and most likely explanation for
the disease’s essential mystery? The theory of
oxidative stress. �

Chu thinks that free radicals might behave a

little too freely sometimes and trip a series

of cellular miscommunications contributing

to Parkinson’s.  
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