
The continuing discovery of the
neural pathways underlying
depression’s many forms has

helped drive a deeper understanding
of how some treat-
ments work to change
the depressed brain.
New insights about
the different mecha-
nisms of psychological
therapies and antide-
pressant drugs—and
how they might syner-
gize in combination—
has refocused atten-
tion on a longstanding
quandary facing peo-
ple with depression:
“Which treatment is
best for me?”

The question is par-
ticularly salient con-
sidering that today’s
depression therapies
can be effective in 80 percent of peo-
ple if used optimally, but “optimal
treatment” is not achieved in about
half of cases. Getting people on the
right treatment early is a critical goal,
and a better understanding of why
people respond to one therapy versus
another is necessary. Without evi-
dence-based guidance, trial-and-error
is the rule in current practice. 

It’s clear that antidepressant drugs
and psychological therapies based on

interpersonal and cognitive-behavioral
approaches work in different ways to
relieve depressive symptoms. Psy-
chotherapy, with its focus on changing

patterns of thinking and
behaving, targets higher
cortical areas, which in
turn influence other
brain regions. Drug
therapy seems to act on
more evolutionarily
“primitive” subcortical
regions involved in
mood and temperament.
These in turn feed back
to the cortex through a
complex neurochemical
pathway.

Depression can devel-
op in various ways and
affects individuals very
differently, both in
terms of symptoms
and, presumably, in

the underlying brain circuits. Some
people may have problems with regu-
lating emotions at the cortical level; in
others, disregulation of core subcorti-
cal regions may trigger a very different
set of symptoms. 

“You have two patterns of circuits
interacting with each other, and dis-
regulation can happen in both
places,” says Jon-Kar Zubieta, a
depression and brain-imaging expert

Different types of treatment for
depression work for different people,
but tailoring treatment to individu-
als has proved difficult.
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News
FROM THE FRONTIER

Treatment Selection in Depression:
Therapeutic Pathways Offer Clues to Who Should Get What

BY BRENDA PATOINE

THE DANA FOUNDATION’S

••• Left-brain Damage May
Impair Immune Function. Research
has shown several distinctions between
the left and right hemispheres of the
brain. One of the newer ones is rather
unexpected.

In the June issue of the Annals of
Neurology, Kimford Meador of George-
town University and colleagues show
that damage or surgery to the left side
of the brain (in right-handed people)
impairs the functioning of the immune
system. Working with epilepsy patients
who had parts of their brains surgically
removed to control seizures, the
researchers found that those whose
surgery was on the left side showed
reduced levels of infection-fighting cells
such as T cells. These patients also
showed diminished responses to skin
tests designed to gauge how well the
immune system functions. Conversely,
patients whose surgery was to the right
side of the brain showed increased
immune system activity.

More research is needed to under-
stand how the brain alters the immune

(Continued on page 7)



at the University of Michigan. “You
can also modulate the system in both
ways, either by boosting those more
primitive subcortical systems [with
drugs], or by boosting the more mod-
ern, more human cognitive systems
through cognitive-behavioral or inter-
personal therapy.” 

The question for an individual,
Zubieta says, is, “What’s driving the
system disregulation? That’s the
conundrum.”

Over the years, researchers have
tried many approaches to better
match depression therapy to individ-
ual needs. Studies that use functional
brain imaging techniques (such as
PET and functional MRI) are begin-
ning to provide clues about how dif-
ferent therapies modulate depression
circuits in the brain. For example,
Helen Mayberg, a neurologist now
with Emory University, has been
using PET scans to get a clearer pic-

ture of what drug and cognitive-
behavioral therapy do to the brain. 

Applying the ‘Medical Model’
A central question driving May-

berg’s current research is, “How do we
establish an evidence-based approach
to depression treatment—like we do in
every other aspect of medicine—to
effectively treat people based on what
their brain needs?” She contrasts
depression to heart disease: “To make
the best decision about how to treat
heart disease, it helps to know if there
is one or four vessels blocked. Why
should depression be any different?
Optimizing treatment requires that we
know something about the brain.”

In a study published in the Archives
of General Psychiatry in January, May-
berg and co-authors reported distinct,
virtually opposite patterns of brain acti-
vation in people with depression who
responded well to either cognitive-
behavioral therapy or drug therapy
with paroxetine (Paxil), a commonly
used antidepressant drug. In line with
the current understanding of how
these therapies work, cognitive-behav-
ioral therapy had the effect of toning
down activity in the higher cortical
regions of the brain, while drug thera-
py appeared as reduced activity in more
primitive subcortical areas. 

Experts find the results intriguing
but not surprising. The “real impor-

tance” of the work,
says University of
Florida psychiatrist
Lewis Baxter, who
conducted some of the
earliest studies looking
at patterns of thera-
peutic response in
mental illness, is: “If
we learn about the cir-
cuits and what con-
trols them, we ought
to be able to design
more rational, quick-
acting, and effective
treatments.” 

Better treatment
selection may be
another benefit, at
least in the long term.
Mayberg’s team has

now gone back to their pretreatment
data on people who responded well to
either therapy to identify markers or
patterns of activation that might yield
clues to understanding why a treat-
ment was effective in one group versus
another. The current focus is to better
define these patterns as a way to guide
therapeutic interventions. 

Synergy in Combination?
Knowing that different depression

therapies affect the brain differently
also raises questions about whether
such therapies might be synergistic in
combination. If each works in funda-
mentally different ways, why shouldn’t
the two together be even more effec-
tive? At the clinical level, if there is a
choice of two therapies that each seem
to help about half of patients, why not
try both and double the chances for
success?

While cautioning that imaging stud-
ies to date have been small and need to
be replicated, Dennis Charney, chief of
the mood and anxiety disorders pro-
gram at the National Institute for
Mental Health (NIMH), says, “If it
turns out to be true, it would suggest
that in many patients, a combination of
therapies might work very well,
because you’re attacking different ele-
ments in the brain circuits involved in
the syndrome of depression.”

Drugs and psychotherapies may
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(DEPRESSION, continued from page 1)

These images show changes in glucose metabolism—increases in
red, decreases in blue—before and after two types of treatment:
cognitive-behavioral therapy, top, and treatment with an antide-
pressant medication, paroxetine, bottom.
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also complement one another in other
ways. “Medication may create a neu-
romodulatory environment in which
new learning can more readily occur,”
says Steve Hyman, provost of Harvard
University and former director of the
NIMH. For instance, by altering neu-
rochemicals such as serotonin and
norepinephrine, antidepressants may
be influencing cellular mechanisms of
learning and memory. Theoretically,
such mechanisms could improve the
effectiveness of learning-based thera-
pies that aim to teach patients new
ways of thinking and behaving. 

Clinical Synergy Still Debated
The idea of complementary mecha-

nisms that induce greater treatment
benefits in combination is appealing,
but there is little consensus on the
more basic clinical issue of whether
combining drug and psychotherapies
is better in any individual. “Clinically,
the real benefit of combination thera-
py over cognitive behavioral therapy
or pharmacotherapy is not so well
established,” says Hyman. 

Each has costs, Hyman points out:
time and physician payment costs with
psychotherapy and side effects and pre-
scription costs with medicine. These all
need to be considered when a doctor
and patient make a treatment choice.
“For the average person with mild to
moderate depression, you probably
wouldn’t start out doing both [types of
therapy] on everybody,” Hyman says.

Ellen Frank, a University of Pitts-
burgh mood disorders expert who is
leading a new NIMH-funded study to
develop guidelines for depression treat-
ment selection, thinks that for adults,
at least, the idea that combination ther-
apy is better is “a myth that’s out there
and is not supported by the data.

“Combination therapy may be
more effective in the hands of inexpe-
rienced practitioners, because they’ve
got two shots at getting it right,” she

says. “But in controlled studies where
psychotherapy is being done effective-
ly and pharmacotherapy is maximized,
you do not see it.” 

John Markowitz, a psychiatrist and
clinical researcher at Cornell University
and the New York State Psychiatric
Institute, acknowledges that “the litera-
ture has problems,” but among the few
large studies, he says, “none has ever
shown the combination to be worse
than monotherapy. More studies show
no difference than show a difference,
but many of those were too small to
find a difference. The bigger, better

studies have tended to find an
advantage for combined treat-
ment.” Markowitz was
involved in one the largest
clinical studies on the topic,
which was published in the
New England Journal of Med-

icine in 2000. In adolescents, at least, a
somewhat clearer picture is beginning
to emerge from a long-term, NIMH-
funded study whose preliminary results
were reported at a scientific meeting in
June, as BRAINWORK went to press. A
combination of cognitive-behavioral
therapy and the antidepressant fluoxe-
tine (Prozac) was significantly more
effective in lifting depression among
teenagers: Almost three-quarters of the
adolescents who received both therapies
improved, versus less than half of those
who received either therapy alone.

‘What Kind of Depression?’
In the end, the best choice of treat-

ment may depend upon each individ-
ual’s symptoms. “One of the first
questions in depression is: What kind
of depression are we talking about?”
says Baxter. His group and others
have shown that “different brain cir-
cuits are operating in agitated, anxious
depression versus psychomotor-
retarded, energy-strained depression.
There tend to be certain groups of
symptoms that improve with the [dif-
ferent types of] antidepressants.”

“In practice, we see that psychother-
apies and medication seem to affect dif-
ferent symptoms at different times,”
says Markowitz. “Medication is better
for some things, and psychotherapy is 

We human beings like to
admire the human brain,
marveling at its efficiency,

versatility, and intricacy; and yet we
hold some systems of the brain in
lower esteem than the rest. For exam-
ple, much as we prize our five senses,
we tend to consider olfaction as some-
how simpler than the other four. A
faculty that hardly varies from house-
flies to humans, we feel, must be
primitive indeed. No wonder it occu-
pies relatively little space in our own
highly evolved neural network.

Recently, however, a spate of stud-
ies of olfaction have begun to under-
mine this notion. To meet the chal-
lenge of perceiving and decoding
many thousands of different odors,
the olfactory system carries out a
unique process for developing a full
array of receptors in each species—a
process that, in its elegance, is rivaled
only by that of the immune system. 

The special pathway of develop-
ment in the olfactory system has even
proved useful in experiments involv-
ing the cloning of whole mice from a
single olfactory neuron, to gain
insight into the cell cycle that under-
lies the growth of all living things.
Clearly, this simple sensory system has
much to tell us.

One reason that olfaction may have
received less respect than other senses
is that brain researchers have tended to
judge its importance by measuring its
size—a common human foible. The
observation that the mouse brain has
about 1,000 different types of odorant
receptor (OR) genes, whereas the
human brain has only about 300, sug-
gests that humans do not depend
much on smell as a means of gathering
information about our environment. 

Newer studies, however, reveal that
the human brain carries about 1,000
OR genes after all, but that about 700

Uncovering 
Complexity in the
Sense of Smell

BY SANDRA J. ACKERMAN

(Continued on page 4)(Continued on page 8)
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“Psychotherapies and medication
seem to affect different symptoms 
at different times.”



of them are “pseudogenes” that were
active at an earlier stage in our evolu-
tion but now no longer express a func-
tional receptor.

Whatever we smell—coffee, fresh-cut
grass, or a trace of Chanel No. 5—
comes to us courtesy of hundreds of
different types of neurons; they differ in
that each neuron expresses a different
OR gene. The olfactory neurons send
signals through their axons, which con-
verge into clusters called glomeruli;
groups of glomeruli, in turn, coordinate
signals in each of the brain’s two olfac-
tory bulbs, one in each hemisphere. 

Unlike hearing and vision, which use
space in the neurons system to encode
physical stimuli, the sense of smell
etches its own kind of map in
the brain based on stimuli that
are chemical in nature. In the
olfactory system, all the
glomeruli that receive input
from the same type of receptor
are linked together. 

The result, says Duke profes-
sor and Howard Hughes Med-
ical Investigator Lawrence Katz,
“is a high degree of specifici-
ty”—that is, the ability to distin-
guish among many different
odors—“in the olfactory bulb
itself, as well as in the input to
the bulb.”

Scientists who study olfaction
usually account for this specificity
by explaining that each olfactory
neuron expresses only one of about
1,000 OR genes. But the one receptor-
one neuron hypothesis, as it is known,
fails to show how each neuron “choos-
es” which of the thousand OR genes to
express. 

This spring, Rockefeller University
professor Peter Mombaerts challenged
the conventional reasoning with a
developmental hypothesis of his own.
He proposed that at an early stage in
the animal’s development the immature
olfactory neurons may express more
than one OR gene, and that the ulti-
mate choice of receptor for each olfac-
tory neuron is determined afterward by
a particular process of selection. 

This process, he argued, works in
two ways: Negative selection weeds

out the neurons with two or more
odorant receptors, and positive selec-
tion strengthens the signaling path-
ways of neurons on which only one
receptor is expressed. Similar selective
forces have been identified in the
immune system, in the development of
B- and T-lymphocytes. 

Two separate research teams, Mom-
baerts’ group and another led by
Rudolf Jaenisch of the Whitehead
Institute at MIT, have investigated
another possible similarity between the
immune and the olfactory systems in
an unusual study that called for the
cloning of mice from an olfactory neu-
ron. Scientists have known for some
time that each of us carries a tremen-
dous and unique assortment of

immunoglobulins in our blood stream,
thanks to a mechanism known as DNA
rearrangement. Could the same mech-
anism also be responsible for the great
diversity of OR genes expressed on
olfactory neurons?

In the immune system, the DNA
rearrangements take place in post-
mitotic cells (that is, mature cells that
have stopped dividing), and the effects
are irreversible. However, when the
two research teams cloned normal
mice from a post-mitotic olfactory
neuron that had already “chosen” a
single OR gene to express, they found
that each of the cloned offspring car-
ried the complete array of OR genes,
any one of which could be expressed
on any given neuron. 

“This result argues against [the selec-
tion of one particular OR gene] being
an irreversible process,” says Jerold
Chun, molecular biologist at Scripps
Research Institute. It suggests, too, that
the process of DNA rearrangement is
not needed for the normal develop-
ment of the olfactory system. 

For Jaenisch, whose work centers on
cloning and transgenic science, the
experiment answers a longstanding
question: Under certain circumstances,
a post-mitotic cell can re-enter the
cycle and regain all its original potential
for development. Mombaerts adds,
“This finding may prove to be impor-
tant in the nascent field of therapeutic
cloning to produce custom-tailored
cellular therapies for people with dia-

betes and other disorders.” 
Current investigations of

the olfactory system promise
many such insights, enough to
keep scientists busy for some
time. Katz and his colleagues,
for example, are now using
electrophysiology and gas
chromatography to study how
the olfactory system processes
the smells that animals
encounter in nature, such as
urine, rather than synthetic
compounds presented in a lab-
oratory setting. With hundreds
of different chemical factors
indicating an individual’s sex,
sexual receptivity, and domi-
nance status, Katz says, “Urine

is an olfactory object equivalent to the
human face: a critical means to detect
social information.” 

The idea that the extraordinarily
expressive human face can be com-
pared to the dampness near the bottom
of a telephone pole may take some get-
ting used to. Likewise, a thorough
understanding of how we perceive,
identify, and glean information from
the odors of the world around us may
be a long time in coming. Clearly,
though, researchers now are willing to
follow their noses into the mysteries of
olfaction.

Sandra J. Ackerman writes about sci-
ence and medicine from Durham, N.C.
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A smell receptor of a rat is highlighted in blue in this image. All
species undergo a unique process in which they develop a full array
of such receptors, allowing them to perceive and decode different
odors.



Estrogen, lauded as the answer to
hot flashes and other menopausal
woes as well as a possible benefit

against heart disease and Alzheimer’s
disease, has since been maligned as
research indicated health risks for
women. Amid the controversy, a
growing body of research indicates
that estrogen has neuroprotective
effects.

The hormone’s stock sank thanks to
the news that research from the
Women’s Health Initiative (WHI)—a
large, multicenter study sponsored by
the National Institutes of Health
(NIH)—showed increased risks of
breast cancer and cardiovascular dis-
ease for women taking an estrogen-
plus-progestin compound. The NIH
stopped the study in 2002, causing
concern among neuroscientists explor-
ing estrogen’s role in brain function.
BrainWork covered that concern,
which increased when a WHI study of
estrogen-only therapy was halted this
year after showing an increased stroke
risk and no reduction in coronary
heart disease.

The estrogens used in the WHI
clinical studies and many hormone
replacement therapies differ measur-
ably from estradiol, the most potent
natural form of estrogen. Estradiol—
which circulates in the body—is what
most laboratory studies examine. 

While the future of estrogen
replacement therapy may be uncertain,
estradiol is showing greater complexity
and more neuroprotective potential
than ever. Research demonstrates that
estrogen provides neuroprotection in
brain injury, stroke, and aging. It also
supports plasticity, the ability of the
brain’s circuits and synapses to grow
and change. 

One recent study established that
the brain produces its own estradiol, in
addition to being a target for the hor-

mone. The study, published earlier
this year in the Proceedings of the
National Academy of Sciences, found
that—in addition to arising from the
ovaries before menopause—estradiol is
also made from cholesterol by
enzymes in neurons in the brain’s hip-
pocampus. That makes estrogen, or at
least the amount of it manufactured in
the brain, a neurosteroid. Before this,
it was seen as only a sex hormone.

True neurosteroids are hormonal
compounds synthesized in the brain
rather than just active there, says study
co-author John H. Morrison, director
of the Neurobiology of Aging Labora-
tories at Mt. Sinai School of Medicine
in New York. Finding a new source of

natural estradiol synthesis may help
explain how estrogen works as a neu-
roprotector. “This could be an inter-
esting way for the brain to adjust to
the loss of ovarian estrogen (from
menopause),” Morrison says. 

Estrogen affects the hypothalamus
for sexual and reproductive function,
but it also acts in, and protects, much
more of the brain and its functions. In
the hippocampus, where important
steps in cognitive processing take
place, estradiol promotes the growth
and stability of spines on the main
neurons of the cortex. These spines,
located on neuronal extensions called
dendrites, are the sites for NMDA (N-

methyl-D-aspartate) receptors, which
assist in learning and memory. Estro-
gen keeps both spines and receptors
healthy and dynamic. Without it,
according to another study Morrison
co-authored, the number of spines
drops by as much as 30 percent. 

Research indicates that the hor-
mone also protects against stroke and
its outcomes. Younger women have a
lower risk of stroke than men, an
advantage they lose after menopause,
when their estrogen levels fall. 

In laboratory studies of stroke,
estradiol given to animals just before
or just after stroke or cerebral ischemia
reduces brain injury from the loss of
oxygen or glucose. “Can we shape the

amount of damage and avoid loss of
neurological function? The answer is
definitely ‘yes,’” says Patricia D. Hurn,
vice chair for research in Anesthesiolo-
gy and Perioperative Medicine at Ore-
gon Health Sciences University in
Portland. “If I give (laboratory
rodents) estradiol at levels women
would normally produce, we can
reduce damage from stroke.”   

Hurn and others are now exploring
the cellular and molecular mechanisms
by which estrogen exerts stroke-relat-
ed neuroprotection. One study she
co-authored found that the hormone
increases the level of Bcl-2 genes. 
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Estrogen’s 
Neuroprotective
Potential Widens

BY ROBIN WARSHAW

The hippocampus is not what first comes to mind as a producer of estrogen, but it produces
estradiol, the most potent natural form of the hormone.

(Continued on page 8)



For years, doctors have been
telling us that exercise is good
for our heart and lungs. Now,

evidence is growing that exercise is
also good for our brains.

In separate studies, researchers at
the University of Illinois at Urbana-
Champaign and Ohio State University
report that exercise, in addition to
staving off the physical effects of aging,
can also help older adults maintain or
improve their cognitive function.

The Illinois researchers studied 124
previously sedentary adults, age 60 to
75, to determine whether greater aero-
bic fitness would result in improve-
ments in executive control processes,
including planning, scheduling, inhibi-
tion, and working memory. The par-
ticipants were randomly assigned to
either aerobic exercise in the form of
walking or anaerobic exercise such as
stretching and toning.

Each of the study subjects was
given a cardiorespiratory test and a
variety of tasks to perform that require
executive control processes. The
researchers found that participants in
the aerobic exercise group showed
significant improvement in perform-
ing these tasks while those in the
anaerobic group did not. 

“These data suggest that increased
cardiovascular fitness can affect
improvements in the plasticity of the
aging human brain, and may serve to
reduce both biological and cognitive
senescence in humans,” the researchers
wrote in the March 2004 Proceedings
of the National Academy of Sciences.

“These results are scientifically
important because they provide
glimpses into the neural basis of cogni-
tive enhancement through cardiovas-
cular fitness training in aging humans

and establish a direct link between
aging, brain health, and cardiovascular
fitness,” lead investigator Arthur
Kramer says.

Similar studies have not been done
on younger populations, Kramer says,
so it is not known how his team’s find-
ings translate to people under 60.

At Ohio State University,
researchers found similar results: Exer-
cise increases cognitive, psychological,
and physical function as we age.

Twenty-eight people with chronic
obstructive pulmonary disease
(COPD) participated in a 10-week
exercise program consisting of daily

aerobic workouts, strength training
and stretching. They exercised daily
for the first five weeks, then cut back
to three sessions a week. At both the
beginning and end of the training

period, the participants took a number
of physical, psychological, and cogni-
tive tests. Upon completion of the ses-
sion, the participants were given home
exercise programs to follow for the
next year.

The researchers studied individuals
with COPD because chronic lung dis-
eases influence many of the changes
that occur with normal aging, includ-
ing cognition. The average age of the
participants was 65.

By the end of the initial session, all
participants in the study showed gains
in cognitive and psychological func-
tion, as well as physical endurance. A
year later, the participants were given
the same battery of tests, with the
expectation that those who exercised
would continue to show improve-
ments in cognitive function.

“We found that people who main-
tained the exercise program during the
intervening year maintained the gains
in cognitive function they achieved
during the initial 10-week interven-
tion,” says the study’s lead author,
Charles Emery, an Ohio State psychol-
ogy professor. “People who did not,
however, returned to their baseline
level of cognitive performance.”

Emery says that exercising can help
both sick and healthy older adults
maintain cognitive ability as they age.
The results, he says, “are evidence that
across-the-board declines occur when
people stop exercising.”

In a related study, researchers at
New York University’s Center for
Brain Health found that poor glucose
tolerance or out-of-control diabetes is
associated with diminished memory
among older adults.

“Our research is absolutely related
to the recent studies on exercise and
memory,” says Arthur Convit of NYU.
“In people with diabetes, we know that
blood glucose control improves
through exercise. Our findings suggest
that better lifetime management of
blood sugar may improve memory in
old age and perhaps even reduce the
risk of Alzheimer’s disease.”

Scott Edwards is a freelance medical
writer based in Holliston, Mass.
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The results “are evidence
that across-the-board
declines occur when 
people stop exercising.”

Add your brain to the list of areas in your
body in which exercise is of benefit as you
get older.

A Good Run 
for Your Brain:
Exercise Improves 

Cognitive Function 

in Older Adults
BY SCOTT P. EDWARDS



response. For example, the effect of
left-brain surgery on left-handed or
ambidextrous patients is unclear.
However, earlier studies have shown
that having a stroke on the left side
leaves the patient more susceptible to
infection. 

“The present work indicates that
doctors may need to be more aggres-
sive in protecting patients from infec-
tion following left-sided brain damage
or surgery,” Meador says. 

••• “Trojan horse” targets brain
cancer. Brain tumors present a formi-
dable obstacle to treatment: Most
drugs cannot cross the blood-brain
barrier (BBB), a fence of blood vessels
that protects the brain and, ironically,
cordons off tumors as well. Researchers
have devised a new approach that
evades this difficulty while delivering,
straight to the tumor, an intriguing
new form of treatment called RNA
interference (RNAi).

RNAi is a mechanism that cells use
to recognize and destroy unwanted
RNA, be it from a poorly functioning
protein or an invader such as a virus.
Since RNA is the template used to pro-
duce protein from DNA, its destruc-
tion prevents the gene from being
expressed. In the June 1 issue of Clini-
cal Cancer Research, William Pardridge
and colleagues at UCLA mimicked this
process with a plasmid—a strand of
RNA designed to “silence” the gene
for the epidermal growth factor recep-
tor (EGFR), which tumors use to gen-
erate new blood vessels. Next the team
attached two customized or “mono-
clonal” antibodies, which carried the
plasmid to its target like two sealed
envelopes, each with a different
address. One attached to the transfer-
rin receptor on blood cells, allowing
the package to cross the BBB; the sec-
ond latched onto the insulin receptor
on the cancerous cell. Inside the cell,
the plasmid delivered its dose of RNAi,

which cut off the production of blood
vessels and consequently the tumor’s
food supply.

Mice with brain tumors, given a
weekly intravenous injection of the
RNAi package for three weeks, showed
an 88 percent increase in survival time,
with no side effects from the treatment.
“This ‘Trojan horse’ approach is the
first drug delivery system to use RNAi
technology to prolong life threatened
by cancer,” Pardridge says.

••• Molecular “switch” in alco-
hol abuse. The idea that some people
use alcohol to cope with anxiety might
be considered a no-brainer, but alco-
hol’s precise effects—on anxiety and in
the brain—remain a puzzle. Many
studies have shown that anxious people
are more likely to drink to excess. Now
a team of researchers from the Univer-
sity of Illinois, Chicago, provides the
first evidence that both traits may share
a common molecular pathway.

Subhash Pandey and colleagues had
already shown that a protein known as
CREB is found at lower levels in the
brain during alcohol addiction and
withdrawal. In the May 26 issue of the
Journal of Neuroscience, the team estab-
lished cause and effect. Mice without
one version of the CREB gene showed
a preference for alcohol when given a
choice of either water or alcohol; they
also showed more “anxious” behavior
than normal mice, as measured by their
performance in an open, elevated maze
(an intimidating environment for ani-
mals that normally seek cover).

The role of CREB is to switch on
other genes. When the researchers
examined the brains of the CREB-defi-
cient mice, they found that two target
genes in particular, NPY and brain-
derived neurotrophic factor (BDNF),
were also diminished. Other studies
show that animals with lower-than-
normal levels of these substances are
more anxious and more likely to opt
for alcohol. The new results show a
pathway through which alcohol may
help lessen the rats’ anxiety. According
to Pandey, the results probably have
implications for humans. 

“Some 30 to 70 percent of alco-
holics are reported to suffer from anxi-
ety and depression, particularly when

they are trying to stop drinking,”
Pandey observes, adding that interven-
tions that elevate levels of CREB and
BDNF—such as antidepressants—may
be helpful for treating alcoholism.

•••First Evidence of Protein Bio-
marker for ALS. Amyotrophic lateral
sclerosis (ALS) attacks motor neurons
and causes paralysis, muscle atrophy, and
death often in two to five years, though
the sufferer’s mind remains unaffected.
Equally cruel is the absence of a defini-
tive test. Because the one drug approved
for ALS works best in the early stages of
the disease, finding a “biomarker”—a
protein characteristic of the disorder—
remains a top research priority.

In a preliminary study presented at
the April 18 meeting of the Federation
of American Societies for Experimental
Biology, a team of investigators showed
evidence of just such a protein signa-
ture. Pathologist Robert Bowser of the
University of Pittsburgh Medical Cen-
ter and colleagues from Massachusetts
General Hospital and Harvard Univer-
sity examined the cerebrospinal fluid
from 25 ALS patients and 35 control
subjects. Using “protein chips” to fix
and separate the samples, and mass
spectroscopy, which provides a profile
of a protein based on its atomic mass,
the team came up with 10 protein bio-
markers that functioned differently in
the ALS patients versus controls. 

Then, with a computer algorithm
they’d devised themselves, the
researchers analyzed unmarked samples
and distinguished patient-derived fluid
from that of the controls with a high
degree of accuracy.

“The next step is to make sure these
results hold up in a larger patient pop-
ulation,” says Bowser. “We also hope
this pattern will provide new insight
into the biochemical pathways involved
in ALS.”

“News” was written by Elizabeth Nor-
ton Lasley, a freelance science writer in
Woodbury, Conn.
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Correction
Due to an editing error in our May-June
News column, a misused expression declared
prion theory dead. Prion theory is alive and
well and was dramatically demonstrated by
the studies reported in the column.
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probably better for some things.” 
Sorting out the critical issue of who

should get what first is the goal of the
new NIMH clinical trial, which is
enrolling 300 people with depression.
“We want to answer the simple question
for which we have no answer at this
point: In a moderately depressed outpa-
tient, do you begin with pharmacothera-
py or psychotherapy?” says Frank, the
study’s principal investigator. 

Investigators are profiling patients
based on a relatively small number of
variables, including current and lifetime
symptoms, personality and temperament,
co-occurring conditions, measures of life
stress and various measures of drug
action. The goal is to develop a kind of
treatment “tree” for clinicians based on
the patient’s attributes, so that “if patient
has X but not Y, do this; if patient has X
plus Y, do this, and so on,” Frank says.

Brenda Patoine is a freelance science and
medical writer based in LaGrangeville, N.Y.

These genes promote cell survival
and prevent apoptosis, or cellular self-
destruction.

Stroke injury also increases the brain’s
estradiol receptors, according to
research led by Phyllis M. Wise, dean of
the Division of Biological Sciences at the
University of California, Davis. With the
finding of brain-synthesized estrogen,
those additional hormone receptors
have even more to do. 

“It makes us think about other ways
that the brain might be responding to
an injury that would allow this hormone
to be produced there and have actions
that are independent of the ovarian
sources of estradiol,” Wise says.

With estradiol emerging as a neuros-
teroid as well as an ovarian steroid,
research pathways have widened. Scien-
tists might be able to analyze it for ways
to gain the benefits of estrogen without
the risks such as those found in the
WHI study or, for men, feminizing

effects such as breast growth. Defining
the circuits and molecules involved
could result in solutions that produce
estrogen’s neuroprotective actions
without actually using the hormone. 

That’s a large role to fill. “We
thought this was a hormone that had to
do pretty much only with reproductive
function,” Morrison says. “In fact, it is
keeping the brain healthy, keeping the
brain plastic, retaining the ability to
respond to the environment and learn
new things.”

Robin Warshaw writes on topics
including medicine and science from
Elkins Park, Pa.
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