
New Maps of the Human Brain 
A whole generation of imaging methodc are now coming of age-and will soon provide the best 
look yet at how structure andfirnction match up in the human brain 
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THREE YBA~S AGO, SUIR Zsg~ got a 
surprise. Zcki, a ncurobiologist at Universi- 
ty College, London, had a brain 
imaging workshop at the Neurosciences In- 
stitute in New York He envisioned that at 
the workshop the participants would talk 
about the big picture-using imaging to 
understand the work+ of the human 
brain. But it wasn't so. In fact, much of the 
discussion bogged down in embamssiiy 
simple problems such as how to hold pa- 

~~mplnproccsses such as language isdearly 
a long way off, but thc mapping of simpler 
operations, such as vision, has moved for- 
ward very quickly. 

One of the maal themes of thc Hopkins 
workshop was using what has been learned 
in animals to improve our understanding of 
the human brain. Much of what is known 
about brain architecture and circuitry comes 
from animals, which can be studied with 
invasive methods unacceptable in humans. 

The current dderige, accodhgto many 
at the workshop, is to find out how relevant 
such knowledge is for the human nervous 
system. "How do we extrapolate what we 
have leaned from the monkey brain to thc 
ten times b i  human brain?" asks Van 
Essen. And this is not likely to be an easy 
question to answer. So far, thc record of 
corrdating findings between animals and 
humans has been dismal. One reason is that 
the human brain is tremendously complex 

tients' heads still when they were and variable. 
being scanned by positron emis- 
sion tomography (PET). 
How di&ent the picturr was 

at h e r  workshop devoted to 
making images of the brain, this 
one held at Johns Hopkins UN- 
versity." At that recent gathering, 
workers in the field displayed 
their most colohd wares: slides 

But another, and perhaps more 
critical, drawback has been the 
limits on the techniques for get- 
ting inside the human brain. Tra- 
ditional methods such as studies 
of brain lesions are too crude to 
measure the d - s c a l e  work+ 
of the brain. Electrical recordings 
of neural activity in humans un- 

of the human brain at work. Us- dergoii brain surgery are &- 
ing PET scanning, magnetic reso- cult to trace to s p d c  brain re- 
nance imaging (MRI), and other gions. Furthermore, scientists 
methods, the slides illustrated spe- can't do manipulative, ongoing 
cific brain regi01ls lighdng up as studies in the living human brain, 
humn~-rocogniadWOrds 1 asth~y~aninulimalp. 
or colors, moved their arms, or And that's where the newly re- 
concentrated on s w c  tp** i fined mapping methods come in. 
"Images like these would have 1 Of these, the one that got the 
been impossible a kw years ago," 1 most discussion at the confknce 
says Wi. "The technology has wasPETscanning,partlybcoa~~~ 
improved grcatly. We're on the 5 it is the only technique now capa- 
dueshold of a fantastic takaoff of E bleofgivingimagesofactivity 
mapping in humans." across the entire brain. Other 

And, indcad, although some MonW map. The 32 areas in the cerebral cortex of the matape h t  methods, such as MRI, show 
q- &, t h a  have been associated with visual pro-ng. suuuure but not activity, while 
scan to be a growing commm others, inchrding dcctroenceph- 

alography and nqmmenccphalography 
measure neural activity in local areas only. 

PET works by measuring gamma rays 
emitted by radioactive tracers attached to 
substances such as blood or glucose as they 
move through the target organ. The method 
hasbeenusedforclinicaldiagnosissincethe 
early 1980s, but has ficed obstacles in gain- 
ing respect as a research tool. "The trouble 
with PET in the past is that it's been a look- 
see method, with people using it as sort  of a 
candid camera," says Dr. Guy McKhann, 
director of the year-old Zanvyl Krieger 
MindlBrain Institute at Hopbins, where the 
workshop was held. 'Then, they'd go back 

that brain imaging is coming of age. A f k  
&cult times in the early 19809, when the 
new methods were plagued by uneven appli- 
cation and by technical problems, hag- 
ing-particularly PET scaming-seuns 
ready to move out of clinical settings into 
basicd.Largclyonthebasisofworlc 
in animals, much more precise correlations 
are bang established between brain regions 
and specific functions. The un-ding of 

Tmaiad W ofthe H- BninP a -- 
sboporgvlizcdbyZpmrylKricgpMind5~lMt.i~ 

Jdw Hoplrins Univcrs*y bdd in Baleumc 29 
ud30Junc. 

Maps of animal brains remain far morc 
sophisticated than those of the human 
brah-as was shown in a workshop report 
by David Van Essen of the Caiihrnia Insti- 
tuteofTachnology. 

Van Essen displayed a computerized data 
basedcsaibingthearrangementofcortical 
areas associated with vision in the ma- 
caque-a database so complex he called it a 
"subway chart." Van Essen's chart reveals 
that d e r s  have identified 32 areas of 
the macaque's cerebral cortex zPsociatcd 
with some aspax of vision and 305 circuits 
connecting those areas-far more detail than 
is known about the human visual system. 
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workshop tbcwd on the methods of imag- 
ing themselves. Some concentrated on ce6n- 
ing the analysis of data from those methods. 
One of those doing such work on MRI is 
Michael Gazzdga, a Dartmouth ncurosci- 
entist. A significant limitation of MRI scans 
is that it remains difticult to q u a n q  the 
exact size and scope of a lesion or other 
structure in the brain. To overcome this 
limitation, Gazzaniga has developed a meth- 
od fbr making two-dimensional computer- 
ized images from the MRI d o n s ,  which 

and figure out what kind of biological ques- 
tion to ask. That's changing." 

Part of the problem has been that PET 
doesn't necessarily provide images that cor- 
relate directly with brain activity. PET scan- 
ning can measure blood flow. But some 
d e r s ,  including Vernon Mountcastle, 
university professor ofneuroscience at H o p  
kins, are concerned that blood flow doesn't 
always represent an increase in neural activi- 
ty-that it's too crude a measure for the 
subtle processes neurologists are trying to 

guagc and perception. In pathbreaking 
work, a team of researchers fiwn Washing- 
ton University and Johns Hopkins, indud- 
ing Raichle and Peter Fox of the MindIBrain 
Institute, has used PET to watch how the 
brain processes individual words that are 
spoken or read; their d t s  suggest that 
separate regions of the cerebral cortex are 
involved in processing written and spoken 
language. They have also traced the response 
of the brain in anxiety-provoking situations 
such as the application of a painhl electric 

trace. Mountcastle is also concerned that improve spatial resolution. 
PET just isn't fast enough-that changes "Ultimately, people have to get these 
in neural activity happen long before methods right, because I'm convinced 
there's any change in blood flow. that if you want to understand the hu- 

Furthermore, the people who jumped man brain, you have to study the human 
on the PET bandwagon in the early '80s brain," says -a. "There are just 
weren't h a y s  the most rigorous investi- too many discontinuities between hu- 
gators. Y get discouraged when I see bad mans and animals." 
science with PET," says Marcus Raichle, And indeed, the thrust of the work- 
a pioneer in research with PET and a shop lay in getting things right in human 
profasor of neurology and radiology at beings. In all probabity that task will 

Left ah rlpM brain. vemm IL4-t.e (If$) q- com, , i ig  from a variety me Washin*n University Medical ten- 
says maps have a long way to go; ~ u y  M- think 

"The key isnte is to innoduce rigor they've a l a g  way of diffirent methods, including PET 
scanning, MRI, NMR, and the newer 

techniques such as the optical work pioneer- 
ed by Blasdel. 

"No single technique here is going to give 
us what we want to know," says McKhann. 
"It's going to be the utilization of these 
various techniques, understanding the limi- 
tations of each one of them, that will give us 
a functional map of the human brain." 

McKhann is quite positive about the 
ground that has already been gained. "I 
think we are getting ideas about the h c -  
tion of the brain that we just couldn't a p  
proach as recently as 5 years ago, and they 
are giving us totally unsuspected insights," 
he says. Others are a bit more skeptical 
about whether the results achieved in map 
ping can yet be correlated with W o n .  
"I think the whole field is very promis- 

ing," says Mountcastle, of Hopkins. "But 
the problem with this technology is it's still a 
geographic measure. Mapping tells us where 
the parts are and how they are linked togeth- 
er, but it daesn't tell us how the works. It 
tells us the where, not the how." 

Even the most optimistic mappers admit 
that they've got a long way to go before they 
obtain a complete picture of how brain 
regions brain work together when a human 
being uses language or experiences deep 
d o n .  But the optimists argue that in the 
3 years since Scmir Zeki's Surprise, they've 
learned far more than they ever could have 
learned from animals alone. "None of this 
was possible until recently in humans," says 
McKhann. "Now, we're saying that with the 
new technology, we can start to study the 
pnxrsscs that are distinctly human, like 
language." ANN GIBBONS 

into these experiments, such that people 
not direaly involved will understand that 
this is a legitimate scientific tool, that this 
isn't just game playing or picture taking." 

And rigor-particularly in data analysis- 
is precisely the concern of the new group of 
ccseachers who are using PET. Teams b m  
Washington University and the MRC Cy- 
clotron Unit at Hammersmith Hospital in 
London are among those who have devel- 
oped new ways to analyze the data they get 
firm PET. They are also attempting to 
stan* d t s  by labeling parts of the 
brain with coordinates rather than names- 
coordinates that will enable them to adjust 
fbr the diffmnt sizes of human brains and to 
compare data obtained by different tech- 
niques. 

These advances in method have already 
begun to lead to intriguing findings. The 
best d t s  have been obtained in work on 
the relatively simple systems, such as those 
of the visual and motor cortex, where the 
underlying physiology is already fairly well 
understood. And chis approach is the right 
one, says Zeki. T h e  last thing we want to 
do is concentrate on the grand design (ofthe 
brain) to bridge the gap between animal and 
human studies. Instead, we should conccn- 
trate on more trivial problems." His research 
on vision is an example. He began by tracing 
visual centers in the macaque, came up with 
a theory about how different regions of the 
cerebral comx participate in vision, then 
tested that idea in humans by the use of PET 
scanning- 

Yet not all of those working with PET are 
taking Zeki's advice and starring small. 
Some groups arc making forays into lan- 

shockand found that during the antiapa- 
tory anxiety there were significant increases 
in blood flow in the temporal regions. 

Although PET scanning came in for the 
lion's share of attention at the workshop, it 
is by no means the only mcthod contribut- 
ing to better understanding of spatial rela- 
tions in the brain. Several groups reported 
results gleaned fbm epileptic patients un- 
dergoing surgery. Before surgery, electrodes 
are implanted to determine where to opcr- 
ate. The electrical recording arrays o& 
researchers a chance to study basic brain 
activities and to map speech centers and 
other functions in alert humans for up to 
two weeks. A team at Hopkins that indudes 
Barry Gordon and Ronald Lesser has re- 
fined the approach by shooting weak electri- 
cal currents through the brain to stimulate 
specific regions and see how they affect the 
patient's use of language. 

One mapping method that is just begin- 
ning to emerge relies not on high-tech sig- 
rials such as positrons or nudear magnetic 
resonance but on visible light. Gary Blasdel 
at Haward uses light to probe the striated 
visual cortex of monkeys, the structure in 
which light coming from each eye is inte- 
grated stmoscopically. The striated cortex 
is at the back of the brain, and it is exposed 
by removing part of the skull. The beam of 
light penetrates the outer g e l a h  layer of 
the brain, and the pattern of reflection f h n  
the striated cortex underneath gives Blasdel 
a measure of fine s t r u m  making it 
possible for him to "see" in real time how 
local regions participate in vision. 

Not all of the research reported at the 




