
Will New Dopamine Receptors 
Offer a Key to Schizophrenia? 
T h e  search for a cause 
and ultimately a cure for 
schizophrenia has been a 
classic example of the 
street-light paradigm of 
scientific research, says 
neuropharmacologist Ar- 
vid Carlsson of the Uni- 
versitv of Gothenbere in 
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And that, says Carlsson, could be hap- 
pening to neuropharmacologists working on 
schizophrenia. For the past 20 years, he says, 
the light has been shining most brightly on 
dopamine, because this neurotransmitter 
and its receptor molecules seem to play some 
role in the disease. Yet during all those years, 
researchers had very little success at showing 
just how the dopamine system was tied to the 
symptoms of the illness. Over the past four 
years, however, the discovery of three new 
receptor subtypes has rekindled hopes that a 
key to schizophrenia may finally have turned 
up--right in the street light. 

The discoveries have also touched off a 
race by researchers and pharmaceutical com- 
panies to produce antipsychotic medications 
that would bind specifically to two of the 
most promising of the new receptors, known 
as D3 and D4, perhaps controlling schizo- 
phrenia more effectively and with fewer side 
effects than existing drugs. "If we can find a 
drug that works," says Carol Tamminga of 
the Maryland Psychiatric Research Institute, 
who is starting clinical trials of one of the 
new drugs this summer, "that will also give us 
additional clues to the disease." 

Researchers caution, however, that the 
latest excitement over dopamine receptors 
could be just one more false dawn in research 
on schizophrenia-one of many in the cen- 
tury since the term was coined. Although 
one in every 100 individuals is afflicted with 

amine system. h p a -  
mine itself is a small, adrenaline-like mol- 
ecule that acts both as a hormone, helping to 
regulate blood pressure, and as a neuro- 
transmitter in the brain. Released into a syn- 
apse by one neuron, it binds to receptors on 
other neurons and influences their activity. 
One thing implicating it in schizophrenia, 
says Seeman, is the fact that the antipsychotic 
drugs that blunt symptoms have been shown 
to bind preferentially to dopamine receptors 
and block them. And the side effects of those 
drugs, known as neuroleptics, seem to mim- 
ic Parkinson's disease, which is caused by 
degeneration of dopamine-synthesizing neu- 
rons. "Everyone agrees the dopamine system 
is overactive" in schizophrenia, says Seeman. 

But no one knows why-whether the 
fault lies in the receptors or in some other 
molecule-or how the overactivity could 
produce the symptoms of schizophrenia. 
What's more, the only dopamine receptor 
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subtypes known until recently, called Dl and 
D2, had features that seemed at odds with 
what is known about the disease. Both sub- 
types are concentrated in the basal ganglia- 
knots of neurons involved in controlling 
movement. Yet schizophrenia is marked pri- 
marily by cognitive and emotional effects, 
not by effects on movement. 

What's more, the net effect of dopamine 
on D2 receptor-anying neurons is to acti- 
vate psychomotor pathways in the brain. 
Overactivation of those pathways could re- 
sult in what are known as the positive symp- 
toms of schizophrenia-hallucinations, de- 
lusions. and varanoia. But vatients also ex- 
hibit negative symptoms, such as withdrawal 
and lack of emotional rmnse .  that are harder . , 

to explain with the D2 receptor, says Carlsson. 
New clues, new targets. What may 

unknot these puzzles is a series of findings 
that began in 1990, when Pierre Sokoloff and 
his colleagues at INSERM in Paris identified 
and cloned a third dopamine receptor, D3, 
using a nucleic acid probe taken from D2. 
Oliver Civelli of the University of Oregon 
and Hubert Van Tol, who is now at Toronto, 
brought the number to four the following 
year. And a fifth receptor, similar to Dl in its 
DNA sequence and chemical activity, was 
cloned by groups led by Hyman Niznik in 
Toronto and Marc Caron at Duke. 

Since then. savs Caron. researchers have 
found that, unlike the earlier subtypes, D3 
and D4 are concentrated in the part of the 
brain where the symptoms of schizophrenia 
are thought to originate: the limbic system, 
which controls cognition and emotion. 
Meanwhile Sokoloff and his colleagues have 
concluded that when D3 receptors bind 
dopamine, they tend to suppress behavior 
rather than stimulate it. That finding, says 
Carlsson, may explain how an overactive 
dopamine system "can give you a mixture of 
positive and negative symptoms" like those 
of schizo~hrenia: behavioral inhibition (that 
is, negative symptoms) mediated through D3 
and stimulation (positive symptoms) medi- 
ated through other receptors. 

The D4 s u b m  has its own set of circum- , . 
stantial evidence pointing to a key role in the 
disease. In varticular. the neurole~tic cloza- 
pine, the current drug of choice for schii 
phrenia-what Seldane is to allergies or Prozac 
is to depression, as one researcher put it- 
seems to have a high affinity for the D4 re- 
ceptor. And last September Seeman and Van 
To1 reported that they had found six times 
the normal density of D4 receptors in the 
autopsied brains of schizophrenic patients. 

Intriguing as it is, however, that result 
remains controversial, even among devotees 
of the dopamine hypothesis. Some question 
the technique used to measure the receptors, 
and Tamminea notes that the neurolevtics " 
taken by schizophrenic patients throughout 
their lives could modify dopamine receptor 



density. Hence the overabundance of D4 re- 
ceptors might be a result of treatment rather 
than a cause of the disease. 

Still, researchers are pressing ahead with 
plans to test drugs aimed at the new recep- 
tors. The D3 receptor is proving a popular 
target, in part because a drug specific for it 
might fill a gap in current therapies, which 
are generally more efficient at alleviating 
positive symptoms than controlling negative 
ones, says Sokoloff. "This may be a conse- 
quence of the fact that they have a prefer- 
ence for the D2 receptor over the D3 recep- 
tor," he explains. 

Sokoloff s lab is working on comnounds - 
with the opposite preference, and Carlsson's 
group has devised a D3 blocker they call 
UH232. That  experimental compound has 
alreadv been tested in healthv volunteers, 
where, Carlsson says, "it has some kind of 
mixture of stimulant and depressant effects." 
And at the Maryland Psychiatric Research 
Center, Tamminga has started a clinical trial 
of UH232 in a small number of schizo- 
~ h r e n i c  natients: if the initial results look 
promising, she says she will quickly increase 
the number of ~a t ien ts .  

Meanwhile, Carlsson has an  even more 
specific drug in the pipeline, one with a 20- 
fold higher affinity for D3 than D2, as op- 
posed to the 3- to  5-fold preference of 
UH232. Other groups have their eye on the 
D4 receptor, hoping to devise a drug that 
binds to it more selectively than clozapine 
does. While no D4 blockers have made it to  
the clinical trial stage, says Dean Wong of 
Johns Hopkins University, a specialist in 
PET studies of the brain in schizophrenia, 
"pharmaceutical companies and universities 
are all now trying to get [drugs targeted to] 
D4 set up and running." 

Cause or consequence? Even if one or 
another of these compounds proves superior 
to existing treatments, researchers are quick 
to point out that the mystery of schizophre- 
nia may not be solved. The success of a drug 
aimed at D3 or D4 would confirm the impor- 
tance of those receptors in producing the 
symptoms of the disease, they say, but the 
cause might still lie elsewhere. Indeed, stud- 
ies of the D3 and D4 genes suggest that it 
does. Schizophrenia's tendency to be inher- 
ited implies that at least part of its cause has 
to lie in the genes, but the studies found no  
signs of abnormality in the D3 and D4 genes 
of schizonhrenics. 

One possibility is that the underlying pa- 
thology lies not in the receptors but in the 
molecules that regulate them-a possibility 
that gained ground last winter when See- 
man and his colleagues turned up hints that 
dopamine receptors in schizophrenics are 
locked in  a high-affinity state. Normally, 
he explains, regulatory molecules known as 
G proteins rapidly switch dopamine recep- 
tors back and forth between states of high 

and low affinity; in the latter state, he says, 
"the receDtor is essentiallv out of business." 
When the group took autopsied brain tis- 
sue from schizonhrenics and controls and 
tested the receptors' ability to switch, says 
Seeman. "we found that there's somethine 
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wrong-only in schizophrenia-with that 
regulation control." - 

Then again, the cause might lie elsewhere 
in the dopamine system, says Caron at 
Duke-for example, in  a malfunctioning 
of the "re-uutake" mechanism that clears 
dopamine from synapses after its message 
has been delivered. Or it might be centered 
in a different neurotransmitter system al- 
cogether. "The brain is so complicated," says 
Nancy Andreasen, a University of Iowa re- 
searcher, "that you really wouldn't expect 
a single neurotransmitter system to be the 

sole explanation of a disease process." 
But Carlsson isn't discouraged bv this un- 

certainty. "Even if the cause is-not located at 
the dopamine receptors, we may still be able 
to manipulate the system in a much more 
nrecise wav and avoid the side effects if we hit 
just the right receptor subtype." And if he 
and his colleagues manage to pull off that 
feat, the work under the streetlight will have 
paid off handsomely. 

-Gary Taubes 
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Heating Up Some SQUIDs 
A s  high-temperature superconductors get 
hotter, so does research in related fields. This 
trend started with the discovery of such su- 
perconductors in the late 1980s, which gave 
a major boost to  the design of SQUIDs, or 
superconducting quantum interference de- 
vices. Incorporating high-temperature su- 
perconductors into the design of SQUIDs, 
sensitive magnetic detectors used to study 
everything from gravity waves to heart 
arrhythmias, raised their operating tempera- 
tures so they could be cooled with liquid 
nitrogen instead of liquid helium. This made 
them cheaper and easier to work with and 
opened the door to new applications in areas 
such as geology and medicine. Now, a re- 
search team working with the latest genera- 
tion of high-temperature superconductors at 
IBM's Thomas J. Watson Research Center in 
Yorktown Heights, New York, has taken 
SQUIDs yet another step higher. 

O n  page 1075, Arunava Gupta and his 
IBM colleagues Jonathan Sun and Chang 
Tsuei report making the first SQUID from a 
new class of mercury-based high-tempera- 
ture .superconductors, devices which func- 
tion up to a record-setting 112 K. Commer- 
cial high-temperature SQUIDs, made of 
older materials, maxed out near 90 K. And 
researchers say the success holds out the 
prospect of even warmer SQUIDs down the 
road, since the current temperature record 
for superconductors-about 135 K-is held 
by other mercury-based superconductors. 

"This is a very positive step," says John 
Wikswo, a physicist at Vanderbilt University 
in Nashville, Tennessee, who is investigating 
the use of SQUIDs to look for flaws in mate- 
rials, such as cracks in airplane wings. "As 
the temperature of SQUIDs get higher, the 
technology gets easier to apply and cheaper." 

T o  fabricate the new SQUID, the IBM 

group replaced the yttrium, barium, copper, 
and oxygen (YBCO) used in older supercon- 
ductors with a superconducting thin film 
made from mercury, barium, calcium, cop- 
per, and oxygen (HBCCO). Although the 
new devices can function more than 20 K 
above those made from YBCO, both are typi- 
cally operated at the same temperature, the 
77 K of the liquid nitrogen coolant. But even 
at this operating temperature, HBCCO has 
the potential to improve SQUID perfor- 
mance over the current generation of 
YBCO-based devices, says Gupta, because it 
opens a larger window between the operating 
temperature and the threshold at which the 
material superconducts, also called the tran- 
sition temperature. 

When that window is small, as it is for 
YBCO-based SQUIDS-their transition 
temperature is at about 10 K above liquid 
nitrogen's temperature-small variations in 
the operating temperature can lead to cumu- 
lative measurement errors in the detectors. 
"We expect that this drifting will be reduced 
with mercury-based SQUIDs, because you're 
operating further from the transition tem- 
perature," says physicist Mark Ketchen, who 
heads IBM's SQUID research effort, 

The  new SQUID also represents another 
step toward researchers' ultimate goal of op- 
erating the devices at temperatures near 
150 K. That would enable them to do away 
with the liquid cryogens altogether and re- 
place them with on-chip electronic coolers, 
thereby making SQUIDs smaller, cheaper, 
and more portable. But that will take further 
advances in high-temperature superconductiv- 
ity since neither HBCCO or any other cur- 
rent material operates at such high tempera- 
tures. But if this can be achieved, SQUID 
researchers can look for even hotter payoffs. 

-Robert F. Service 
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