INNER WORLD of people with
schizophrenia is often a confused one,
punctuated by alien voices, paranoia
and illogical thoughts.

Decoding

Schizophrenia

A fuller understanding of signaling
in the brain of people with schizophrenia
is offering new hope for improved therapy

By Daniel C. Javitt and Joseph 'I. Coyle
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WHY DIiD HE SAY THAT???




Today the word “schizophren

such names as John Nash and Andrea
Yates. Nash, the subject of the Oscar-
winning film A Beautiful Mind, emerged
as a mathematical prodigy and eventual-
ly won a Nobel Prize for his early work,
but he became so profoundly disturbed
by the brain disorder in young adulthood
that he lost his academic career and floun-
dered for years before recovering. Yates,
a mother of five who suffers from depres-
sion and schizophrenia, infamously
drowned her young children in a bathtub
to “save them from the devil” and is now
in prison.

The experiences of Nash and Yates
are typical in some ways but atypical in
others. Of the roughly 1 percent of the
world’s population stricken with schizo-
phrenia, most remain largely disabled
throughout adulthood. Rather than being
geniuses like Nash, many show below-av-
erage intelligence even before they be-
come symptomatic and then undergo a
further decline in IQ when the illness sets
in, typically during young adulthood. Un-
fortunately, only a minority ever achieve
gainful employment. In contrast to Yates,
fewer than half marry or raise families.
Some 15 percent reside for long periods in
state or county mental health facilities,
and another 15 percent end up incarcer-
ated for petty crimes and vagrancy.
Roughly 60 percent live in poverty, with
one in 20 ending up homeless. Because of
poor social support, more individuals
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= Scientists have long viewed schizophrenia as arising out of a disturbance in
a particular brain system—one in which brain cells communicate using a signaling
chemical, or neurotransmitter, called dopamine.

= Yet new research is shifting emphasis from dopamine to another
neurotransmitter, glutamate. Impaired glutamate signaling appears to be a major

contributor to the disorder.
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with schizophrenia become victims than
perpetrators of violent crime.

Medications exist but are problemat-
ic. The major options today, called an-
tipsychotics, stop all symptoms in only
about 20 percent of patients. (Those
lucky enough to respond in this way tend
to function well as long as they continue
treatment; too many, however, abandon
their medicines over time, usually because
of side effects, a desire to be “normal” or
a loss of access to mental health care).
Two thirds gain some relief from an-
tipsychotics yet remain symptomatic
throughout life, and the remainder show
no significant response.

An inadequate arsenal of medications
is only one of the obstacles to treating
this tragic disorder effectively. Another is
the theories guiding drug therapy. Brain
cells (neurons) communicate by releasing
chemicals called neurotransmitters that
either excite or inhibit other neurons. For
decades, theories of schizophrenia have
focused on a single neurotransmitter: do-
pamine. In the past few years, though, it
has become clear that a disturbance in
dopamine levels is just a part of the sto-
ry and that, for many, the main abnor-
malities lie elsewhere. In particular, sus-
picion has fallen on deficiencies in the
neurotransmitter glutamate. Scientists
now realize that schizophrenia affects
virtually all parts of the brain and that,
unlike dopamine, which plays an impor-
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= Drugs are now in development to treat the iliness based on this revised
understanding of schizophrenia’s underlying causes.

* brings to mind

tant role only in isolated regions, gluta-
mate is critical virtually everywhere. As a
result, investigators are searching for
treatments that can reverse the underly-
ing glutamate deficit.

Multiple Symptoms

TO DEVELOP better treatments, investi-
gators need to understand how schizo-
phrenia arises—which means they need to
account for all its myriad symptoms.
Most of these fall into categories termed
“positive,” “negative” and “cognitive.”
Positive symptoms generally imply oc-
currences beyond normal experience;
negative symptoms generally connote di-
minished experience. Cognitive, or “dis-
organized,” symptoms refer to difficulty
maintaining a logical, coherent flow of
conversation, maintaining attention, and
thinking on an abstract level.

The public is most familiar with the
positive symptoms, particularly agitation,
paranoid delusions (in which people feel
conspired against) and hallucinations,
commonly in the form of spoken voices.
Command hallucinations, where voices
tell people to hurt themselves or others,
are an especially ominous sign: they can
be difficult to resist and may precipitate
violent actions.

The negative and cognitive symptoms
are less dramatic but more pernicious.
These can include a cluster called the 4
A’s: qutism (loss of interest in other peo-
ple or the surroundings), ambivalence
(emotional withdrawal), blunted affect
(manifested by a bland and unchanging
facial expression), and the cognitive prob-
lem of loose association (in which people
join thoughts without clear logic, fre-
quently jumbling words together into a
meaningless word salad). Other common
symptoms include a lack of spontaneity,
impoverished speech, difficulty establish-
ing rapport and a slowing of movement.
Apathy and disinterest especially can
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cause friction between patients and their
families, who may view these attributes as
signs of laziness rather than manifesta-
tions of the illness.

When individuals with schizophrenia
are evaluated with pencil-and-paper tests
designed to detect brain injury, they show
a pattern suggestive of widespread dys-
function. Virtually all aspects of brain op-
eration, from the most basic sensory pro-
cesses to the most complex aspects of
thought are affected to some extent. Cer-
tain processes, such as the ability to form
new memories either temporarily or per-
manently or to solve complex problems,
may be particularly impaired. Patients
also display difficulty solving the types of
problems encountered in daily living,
such as describing what friends are for or
what to do if all the lights in the house go
out at once. The inability to handle these
common problems, more than anything
else, accounts for the difficulty such indi-
viduals have in living independently.
Overall, then, schizophrenia conspires to
rob people of the very qualities they need
to thrive in society: personality, social
skills and wit.

Beyond Dopamine

THE EMPHASIS on dopamine-related
abnormalities as a cause of schizophrenia
emerged in the 1950s, as a result of the
fortuitous discovery that a class of med-
ication called the phenothiazines was able
to control the positive symptoms of the
disorder. Subsequent studies demonstrat-
ed that these substances work by block-
ing the functioning of a specific group of
chemical-sensing molecules called dopa-
mine D2 receptors, which sit on the sur-
face of certain nerve cells and convey do-
pamine’s signals to the cells’ interior. At
the same time, research led by the recent
Nobel laureate Arvid Carlsson revealed
that amphetamine, which was known to
induce hallucinations and delusions in ha-
bitual abusers, stimulated dopamine re-
lease in the brain. Together these two
findings led to the “dopamine theory,”
which proposes that most symptoms of
schizophrenia stem from excess dopa-
mine release in important brain regions,
such as the limbic system (thought to reg-
ulate emotion) and the frontal lobes
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PERCEIVING FRAGMENTS as parts of a whole can be difficult for people with schizophrenia. When
normal subjects view fractured images like those above, they identify the object quickly, but
schizophrenic patients often cannot make that leap swiftly.

(thought to regulate abstract reasoning).

Over the past 40 years, both the
strengths and limitations of the theory
have become apparent. For some pa-
tients, especially those with prominent
positive symptoms, the theory has proved
robust, fitting symptoms and guiding
treatment well. The minority of those
who display only positive manifestations
frequently function quite well—holding
jobs, having families and suffering rela-
tively little cognitive decline over time—if
they stick with their medicines.

Yet for many, the hypothesis fits poor-
ly. These are the people whose symptoms
come on gradually, not dramatically, and
in whom negative symptoms overshadow

the positive. The sufferers grow with-
drawn, often isolating themselves for
years. Cognitive functioning is poor, and
patients improve slowly, if at all, when
treated with even the best existing med-
ications on the market.

Such observations have prompted
some researchers to modify the dopamine
hypothesis. One revision suggests, for ex-
ample, that the negative and cognitive
symptoms may stem from reduced dopa-
mine levels in certain parts of the brain,
such as the frontal lobes, and increased
dopamine in other parts of the brain, such
as the limbic system. Because dopamine
receptors in the frontal lobe are primari-
ly of the D1 (rather than D2) variety, in-
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THE BRAIN IN SCHIZOPHRENIA

MANY BRAIN REGIONS and systems operate abnormally in impoverished signaling by the more pervasive neurotransmitter
schizophrenia, including those highlighted below. Imbalances glutamate—or, more specifically, by one of glutamate’s key

in the neurotransmitter dopamine were once thought to be the  targets on neurons (the NMDA receptor]—better explains the
prime cause of schizophrenia. But new findings suggest that wide range of symptoms in this disorder.

BASAL GANGLIA Enables. humans to hear and understand spe:ech,. In schizophrenia,
overactivity of the speech area (called Wernicke’s area) can create
auditory hallucinations—the illusion that internally generated thoughts
are real voices coming from the outside.

Involved in movement and

emotions and in integrating

sensory information. Abnormal
functioning in schizophrenia is

thought to contribute to

paranoia and hallucinations.
(Excessive blockade of 4
dopamine receptors in the ,&'}.
basal ganglia by traditional &
antipsychotic medicines lead
to motor side effects.)

Processes information about
the visual world. People with
schizophrenia rarely have
full-blown visual
hallucinations, but
disturbances in this area
contribute to such difficulties
as interpreting complex
images, recognizing motion,
and reading emotions on
others’ faces.

FRONTAL LOBE
Critical to problem solving,
insight and other high-level
reasoning. Perturbations in
schizophrenialead to

difficulty in planning actions

and organizing thoughts. HIPPOCAMPUS

Mediates learning
and memory formation,
intertwined functions that are

impaired in schizophrenia.

LIMBIC SYSTEM
Involved in emotion. Disturbances
are thought to contribute to the agitation
frequently seenin schizophrenia.

DIFFERENT NEUROTRANSMITTERS, SAME RESULTS

SOME SCIENTISTS have proposed that too
much dopamine leads to symptoms
emanating from the basal ganglia and that
too little dopamine leads to symptoms
associated with the frontal cortex.

.. Lo IN THE REST
Insufficient glutamate signaling could OF THE CORTEX
produce those same symptoms, however. glutamate is

prevalent, but
dopamine is

largely absent.

IN THE FRONTAL CORTEX, where dopamine

promotes cell firing (by acting on D1 IN THE BASAL GANGLIA, where dopamine normally inhibits
receptors), glutamate’s stimulatory signals cell firing (by acting on D2 receptors on nerve cells),
amplify those of dopamine; hence, a shortage glutamate’s stimulatory signals oppose those of dopamine;
of glutamate would decrease neural activity, hence, a shortage of glutamate would increase inhibition,
just asif too little dopamine were present. just as if too much dopamine were present.

B2 SCIENTIFIC AMERICAN JANUARY 2004

ALFRED T. KAMAJIAN



vestigators have begun to search, so far
unsuccessfully, for medications that stim-
ulate D1 receptors while inhibiting D2s.

In the late 1980s investigators began
to recognize that some pharmaceuticals,
such as clozapine (Clozaril), were less
likely to cause stiffness and other neuro-
logic side effects than older treatments,
such as chlorpromazine (Thorazine) or
haloperidol (Haldol), and were more ef-
fective in treating persistent positive and
negative symptoms. Clozapine, known as
an atypical antipsychotic, inhibits dopa-
mine receptors less than the older med-
ications and affects the activity of various
other neurotransmitters more strongly.
Such discoveries led to the development
and wide adoption of several newer atyp-
ical antipsychotics based on the actions of
clozapine (certain of which, unfortunate-
ly, now turn out to be capable of causing
diabetes and other unexpected side ef-
fects). The discoveries also led to the pro-
posal that dopamine was not the only
neurotransmitter disturbed in schizo-
phrenia; others were involved as well.

Theories focusing largely on dopamine
are problematic on additional grounds.
Improper dopamine balance cannot ac-
count for why one individual with schiz-
ophrenia responds almost completely to
treatment, whereas someone else shows
no apparent response. Nor can it explain
why positive symptoms respond so much
better than negative or cognitive ones do.
Finally, despite decades of research, in-
vestigations of dopamine have yet to un-
cover a smoking gun. Neither the en-
zymes that produce this neurotransmitter
nor the receptors to which it binds appear
sufficiently altered to account for the pan-
oply of observed symptoms.

The Angel Dust Connection

IF DOPAMINE CANNOT account well
for schizophrenia, what is the missing
link? A critical clue came from the effects
of another abused drug: PCP (phencycli-
dine), also known as angel dust. In con-
trast to amphetamine, which mimics only
the positive symptoms of the disease, PCP
induces symptoms that resemble the full
range of schizophrenia’s manifestations:
negative and cognitive and, at times, pos-
itive. These effects are seen not just in
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abusers of PCP but also in individuals giv-
en brief, low doses of PCP or ketamine
(an anesthetic with similar effects) in con-
trolled drug-challenge trials.

Such studies first drew parallels be-
tween the effects of PCP and the symp-
toms of schizophrenia in the 1960s. They
showed, for example, that individuals re-
ceiving PCP exhibited the same type of
disturbances in interpreting proverbs as
those with schizophrenia. More recent
studies with ketamine have produced
even more compelling similarities. No-
tably, during ketamine challenge, normal
individuals develop difficulty thinking
abstractly, learning new information,
shifting strategies or placing information
in temporary storage. They show a gen-
eral motor slowing and reduction in
speech output just like that seen in schiz-
ophrenia. Individuals given PCP or keta-
mine also grow withdrawn, sometimes
even mute; when they talk, they speak
tangentially and concretely. PCP and ke-
tamine rarely induce schizophrenialike
hallucinations in normal volunteers, but
they exacerbate these disturbances in

those who already have schizophrenia.

The ability of PCP and ketamine to in-
duce a broad spectrum of schizophrenia-
like symptoms suggests that these drugs
replicate some key molecular disturbance
in the brain of schizophrenic patients. At
the molecular level the drugs impair the
functioning of the brain signaling systems
that rely on glutamate, the main excitato-
ry neurotransmitter in the brain. More pre-
cisely, they block the action of a form of
glutamate receptor known as the NMDA
receptor, which plays a critical role in
brain development, learning, memory and
neural processing in general. This receptor
also participates in regulating dopamine
release, and blockade of NMDA recep-
tors produces the same disturbances of do-
pamine function typically seen in schizo-
phrenia. Thus, NMDA receptor dysfunc-
tion, by itself, can explain both negative
and cognitive symptoms of schizophrenia
as well as the dopamine abnormalities at
the root of the positive symptoms.

One example of the research impli-
cating NMDA receptors in schizophrenia
relates to the way the brain normally pro-

Drug Classes in Development

Unless otherwise noted, the compounds mentioned below are in the early stages
of human testing. Their developers or producers are listed in parentheses.

Stimulators of NMDA-type glutamate
receptors aim to overcome the signaling
deficits that apparently contribute to many
schizophrenic symptoms.

Examples: Glycine (Medifoods), D-serine
(Glytech). As natural substances, both these
compounds are already available, but they are
also being evaluated specifically for their value
in treating schizophrenia.

Stimulators of AMPA-type glutamate
receptors—also called AMPAkines—

may improve some aspects of memory

and cognition in people with schizophrenia.
Example: CX-516 (Cortex Pharmaceuticals)

Modulators of a third class of glutamate
receptors—metabotropic receptors—can
regulate glutamate release and potentially
restore the balance between the activity of
NMDA and AMPA receptors.

Example: LY354740 (Eli Lilly)

Inhibitors of glycine transport reduce

glycine removal from synapses, which should
increase signaling by NMDA receptors.
Example: NPS 1000 (NPS Pharmaceuticals)

Stimulators of alpha 7 nicotinic receptors,
the same receptors activated by the nicotine
in cigarettes, indirectly stimulate the brain’s
NMDA receptors. People with schizophrenia
tend to smoke heavily, probably because the
nicotine, working through alpha 7 receptors,
helps them to focus. Example: DXMB-A
(University of Colorado School of Medicine)

Stimulators of D1 dopamine receptors

are being developed mainly for Parkinson’s
disease and have passed initial safety trials.
Some researchers suspect that these agents
may also correct dopamine deficiencies in
schizophrenia, although clinical trials for
that purpose have not yet been performed.
€Example: ABT-431 (Abbott Pharmaceuticals)
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cesses information. Beyond strengthening
connections between neurons, NMDA
receptors amplify neural signals, much as
transistors in old-style radios boosted
weak radio signals into strong sounds. By
selectively amplifying key neural signals,
these receptors help the brain respond to
some messages and ignore others, there-
by facilitating mental focus and attention.
Ordinarily, people respond more intense-
ly to sounds presented infrequently than
to those presented frequently and to
sounds heard while listening than to
sounds they make themselves while speak-
ing. But people with schizophrenia do not
respond this way, which implies that their
brain circuits reliant on NMDA receptors
are out of kilter.

If reduced NMDA receptor activity
prompts schizophrenia’s symptoms, what
then causes this reduction? The answer
remains unclear. Some reports show that
people with schizophrenia have fewer
NMDA receptors, although the genes
that give rise to the receptors appear un-
affected. If NMDA receptors are intact
and present in proper amounts, perhaps

Steep Social Costs

the problem lies with a flaw in glutamate
release or with a buildup of compounds
that disrupt NMDA activity.

Some evidence supports each of these
ideas. For instance, postmortem studies of
schizophrenic patients reveal not only
lower levels of glutamate but also higher
levels of two compounds (NAAG and
kynurenic acid) that impair the activity of
NMDA receptors. Moreover, blood lev-
els of the amino acid homocysteine are el-
evated; homocysteine, like kynurenic
acid, blocks NMDA receptors in the
brain. Overall, schizophrenia’s pattern of
onset and symptoms suggests that chem-
icals disrupting NMDA receptors may ac-
cumulate in sufferers’ brains, although
the research verdict is not yet in. Entirely
different mechanisms may end up ex-
plaining why NMDA receptor transmis-
sion becomes attenuated.

New Treatment Possibilities

REGARDLESS OF what causes NMDA
signaling to go awry in schizophrenia, the
new understanding—and preliminary
studies in patients—offers hope that drug

SCHIZOPHRENIA, which affects about two million Americans, takes an enormous toll on
society. Because it tends to arise in young adulthood and persist, it rings up a huge tally
in health care bills and lost wages and ranks among the costliestillnesses in the U.S.

Treatment and strong social support enable some individuals to lead relatively
productive and satisfying lives, but most are not so lucky. Fewer than a third can
hold a job, and half of those do so only because they have intensive assistance. Men
(who tend to become symptomatic earlier than women) usually do not marry, and
women who tie the knot frequently enter into marriages that do not last. Because
individuals with schizophrenia often isolate themselves and lack jobs, they
constitute a disproportionate share of the chronically homeless population.

People with this disorder also have a high likelihood of becoming substance
abusers. More than 90 percent of symptomatic individuals smoke cigarettes, and half
abuse alcohol, marijuana or cocaine. Such activities can lead to poor compliance with
treatment and exacerbate psychotic symptoms, increasing propensities toward
violence. (Abstainers, however, behave no more violently than the general population.)
Homelessness and substance abuse combine to land many with schizophrenia in
prisons and county jails, where they often fail to get the treatment they require.

The grim figures do not end there: roughly 10 percent of people with
schizophrenia commit suicide (usually during the iliness’s early stages), a higher
rate than results from major depression. But there is one bright note: clozapine, the
atypical antipsychotic introduced in 1989, has recently been shown to reduce the
risk of suicide and substance abuse. Whether newer atypical agents exert a similar
effect remains to be determined, however. —D.C.J. and J.T.C.
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therapy can correct the problem. Support
for this idea comes from studies showing
that clozapine, one of the most effective
medications for schizophrenia identified
to date, can reverse the behavioral effects
of PCP in animals, something that older
antipsychotics cannot do. Further, short-
term trials with agents known to stimulate
NMDA receptors have produced very en-
couraging results. Beyond adding support
to the glutamate hypothesis, these results
have enabled long-term clinical trials to
begin. If proved effective in large-scale
tests, agents that activate NMDA recep-
tors will become the first entirely new class
of medicines developed specifically to tar-
get the negative and cognitive symptoms
of the disorder.

The two of us have conducted some
of those studies. When we and our col-
leagues administered the amino acids
glycine and D-serine to patients with
their standard medications, the subjects
showed a 30 to 40 percent decline in cog-
nitive and negative symptoms and some
improvement in positive symptoms. De-
livery of a medication, D-cycloserine, that
is primarily used for treating tuberculo-
sis but happens to cross-react with the
NMDA receptor, produced similar re-
sults. Based on such findings, the Nation-
al Institute of Mental Health has orga-
nized multicenter clinical trials at four
hospitals to determine the effectiveness of
D-cycloserine and glycine as therapies for
schizophrenia; results should be available
this year. Trials of D-serine, which is not
yet approved for use in the U.S., are on-
going elsewhere with encouraging pre-
liminary results as well. These agents have
also been helpful when taken with the
newest generation of atypical antipsy-
chotics, which raises the hope that thera-
py can be developed to control all three
major classes of symptoms at once.

None of the agents tested to date may
have the properties needed for commer-
cialization; for instance, the doses re-
quired may be too high. We and others
are therefore exploring alternative av-
enues. Molecules that slow glycine’s re-
moval from brain synapses—known as
glycine transport inhibitors—might en-
able glycine to stick around longer than
usual, thereby increasing stimulation of
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NMDA receptors. Agents that directly ac-
tivate “AMPA-type” glutamate recep-
tors, which work in concert with NMDA
receptors, are also under active investiga-
tion. And agents that prevent the break-
down of glycine or D-serine in the brain
have been proposed.

Many Avenues of Attack
SCIENTISTS INTERESTED In easing
schizophrenia are also looking beyond
signaling systems in the brain to other fac-
tors that might contribute to, or protect
against, the disorder. For example, inves-
tigators have applied so-called gene chips
to study brain tissue from people who
have died, simultaneously comparing the
activity of tens of thousands of genes in
individuals with and without schizo-
phrenia. So far they have determined that
many genes important to signal transmis-
sion across synapses are less active in those
with schizophrenia—but exactly what this
information says about how the disorder
develops or how to treat it is unclear.

Genetic studies in schizophrenia have
nonetheless yielded intriguing findings re-
cently. The contribution of heredity to
schizophrenia has long been controver-
sial. If the illness were dictated solely by
genetic inheritance, the identical twin of a
schizophrenic person would always be
schizophrenic as well, because the two
have the same genetic makeup. In reality,
however, when one twin has schizophre-
nia, the identical twin has about a 50 per-
cent chance of also being afflicted. More-
over, only about 10 percent of first-degree
family members (parents, children or sib-
lings) share the illness even though they
have on average 25 percent of genes in
common with the affected individual.
This disparity suggests that genetic inher-
itance can strongly predispose people to
schizophrenia but that environmental fac-
tors can nudge susceptible individuals
into illness or perhaps shield them from it.
Prenatal infections, malnutrition, birth
complications and brain injuries are all
among the influences suspected of pro-
moting the disorder in genetically predis-
posed individuals.

Over the past few years, several genes
have been identified that appear to in-
crease susceptibility to schizophrenia. In-
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OBJECTS often have hidden meanings to people
with schizophrenia, who may hoard news items,
pictures or other things that would seem useless
to others. This wall is a re-creation.

terestingly, one of these genes codes for
an enzyme (catechol-O-methyltrans-
ferase) involved in the metabolism of do-
pamine, particularly in the prefrontal
cortex. Genes coding for proteins called
dysbindin and neuregulin seem to affect
the number of NMDA receptors in brain.
The gene for an enzyme involved in the
breakdown of D-serine (D-Amino acid
oxidase) may exist in multiple forms,
with the most active form producing an
approximately fivefold increase in risk
for schizophrenia. Other genes may give
rise to traits associated with schizophre-
nia but not the disease itself. Because
each gene involved in schizophrenia pro-
duces only a small increase in risk, ge-
netic studies must include large numbers
of subjects to detect an effect and often
generate conflicting results. On the oth-
er hand, the existence of multiple genes
predisposing for schizophrenia may help

explain the variability of symptoms
across individuals, with some people per-
haps showing the greatest effect in dopa-
mine pathways and others evincing sig-
nificant involvement of other neuro-
transmitter pathways.

Finally, scientists are looking for clues
by imaging living brains and by compar-
ing brains of people who have died. In
general, individuals with schizophrenia
have smaller brains than unaffected indi-
viduals of similar age and sex. Whereas
the deficits were once thought to be re-
stricted to areas such as the brain’s frontal
lobe, more recent studies have revealed
similar abnormalities in many brain re-
gions: those with schizophrenia have ab-
normal levels of brain response while per-
forming tasks that activate not only the
frontal lobes but also other areas of the
brain, such as those that control auditory
and visual processing. Perhaps the most
important finding to come out of recent
research is that no one area of the brain is
“responsible” for schizophrenia. Just as
normal behavior requires the concerted
action of the entire brain, the disruption
of function in schizophrenia must be seen
as a breakdown in the sometimes subtle
interactions both within and between dif-
ferent brain regions.

Because schizophrenia’s symptoms
vary so greatly, many investigators be-
lieve that multiple factors probably cause
the syndrome. What physicians diagnose
as schizophrenia today may prove to be
a cluster of different illnesses, with simi-
lar and overlapping symptoms. Never-
theless, as researchers more accurately
discern the syndrome’s neurological bases,
they should become increasingly skilled at
developing treatments that adjust brain
signaling in the specific ways needed by
each individual. 1]
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