
Not many research labs around the world analyze 

living human brain tissue - and no one is doing it 

like Seattle's Allen Institute for Brain Science 
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ERE'S AN OFFER most people can easily refuse: Donate. pan of 
your brain to science -while you're still alive. 

But in the Seattle area, about SO people every year say, "Swe. � 
Gary Williams is one of them. 

The funner logger and Army veteran suffers from epilep
sy so severe he was forced to give up the job he loved as a 
rattoo � The electrical stonns in his brain robbed him of a 
near-photographic memory. He can't even ride his mountain 
bike anymore for fear the exertion will bring on an attack. 

So on the morning of his 48th birthday, Willi.ams is lying in a bed at Harbor
view Medical Center, waiting to be wheeled into the operating room. Bearded 
and heavily inked with designs that range from Sasquatch and Mount Rainier to 
a pot-smoking gypsy, he als0 spores a smaD checkmark on his left temple. It con
finns the spot where neurosurgeons will soon open his skull and attempt to cut 
out the part of his brain responsible fur seizures that wrack his body and leave ► 
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UW Medicine surgeons 

Robert Buckley, left, and 

Lynn McGrath remove 

a portion of Williams' 

skull in a procedure to 

alleviate his symptoms of 

epilepsy at Harborvievv 

Medical Center. The brain 

tissue was kept alive and 

immediately sent to the 

Allen Institute for Brain 

Science for researc;,. 
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ABOVE: Williams, of Montesano, 

shows off some of i'lis ink before 

brain surgery. Williams hopes ti'le 

operation will eliminate the i'land 

tremors ti'lat forced him to give up 

his career as a tattoo artist. 

RIGHT: A television monitor shows 

UW Medicine neurosurgeon Dr. 

Jeffrey G. Ojemann preparing to 

remove a healthy piece of brain 

tissue in order to reach the 

diseased portion of ti'le brain 

causing Williams' seizures. 

hlm limp and shattered for days at a time. 
In order to reach that faulty patch ofbrai:n, 

Williams' surgeon will first have to snip out a 
marble-siz.ed piece of healthy cerebral cortex 
- the wrinkled, outermost layer of the brain,
where our higher cognitive abilities reside. At
most hospitals, the bits of normal tissue excised
during surgeries for epilepsy or brain tumors
are burned as medical waste. But to scientists in
Seattle, they're a rreasure trove - an astonish
ingly rare opporrunity to peer into the workings
of the living human brain.

By rushing the tissue from the OR to labora
tories in South Lake Union, researchers at the 
Allen lnstirute for Brain Science can study the 
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cells wh.ile they're still alive and connected to 
each other, cradcli:ng with the electrical impulses 
that are the currency of thoughts, memories 
and perception. Many samples remain viable for 
three days. With special handling and treaunent, 
some of the tiny slices will continue to function 
for a month or more. 

If you've watched many horror movies, the 
notion of scientists zapping human brain tissue 
in the lab might conjure images of Dr. Fran
kenstein screaming, "It's ALJVEf' But these bits 
of tissue lack anything approaching sentience, 
and the Seattle work bas more noble goal.s. The 
loftiest is a better understanding of how billiom 
of neurons collectively give rise to human con-

It looks like a food cart, 

but Tamara Casper, of the 

Allen Institute for Brain 

Science, is actually trans

porting a small chunk of 

Williams' brain tissue from 

Harborview to a wailing, 

van that will speed it to 

the institute's South Lake 

Union labs. 

Scientists there can keep 

the tissue alive for days, 

or even weeks, and are 

able to study it in 

unprecedented detail. 

sciousness. Studying live human brain tissue 
is the on]y way to learn how those neurons 
actually function within the body's most 
complicated organ, the researchers say. 
And because decades of mouse studies have 
yet to yield cures for .Alzheimer's, autism, 
epilepsy and a host of other vexing disor
ders, many experts argue that live. human 
brain tissue might offer a more effective way 
to figure out what goes awry in diseases and 
how to fix it. 

"This is very cutting-edge stuff," says 
neuroscientist Jonathan Ting, a leader of 
th.e project. "We don't even know the limits 
of what we can do or the questions we can 

ask with these techniques." 
None of it would be possible without 

people like W� who's happy to see ms
surgica) leftovers put to good use. 

'Why wouldn't I want to help other peo
ple that have the same problems as me?" he 
asks, shrugging. 

F 
OR AMAN about

. 

to have a 3°inch 
hole cut in his head, Williams is 
remarkably calm. 

'Tm a combat veteran," he says, as 
machines beep and monitor his vital signs. 
'Tve been through worne." 

During the operation, UW Medicine 

neurosurgeon Dr. Jeffrey Ojema.nn will do 
ms best to avoid critical areas of Williams' 
brain. But the procedure carries risks, 
including memory and speech impairment. 
Williams is betting on the upside: that he 
will have fewer seizures and a dearer head. 

'1':m being reborn," he says, with a grin. 
Ninety minutes later, Williams is out cold 

and covered with blue surgical. drapes. Only 
the left side of his cranium is visible. After 
bone is cut and the tough, protective dura 
peeled back, Williams' brain � exposed, glis
tening and pulsing gently. Ojemann slides 
a strip of electrodes into the area where 
he suspects the epilepsy origjna.tes .. EEG ► 
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Research 

associate 

Herman Tung 

uses an 
instrument 
calle<I a 
vibrato me 
to carve fish
scale-sized 
slices from a 
chunk of fresh 
human brain 
tissue. 

After recording the electrical activity of a single, 
living neuron from human brain tissue, Allen Institute 
for Brain Soience research associate Lindsay Ng ex
tracts the nucleus of the cell, and places it in a tube 
so another team -of researchers can determine whioh 
genes are switched on and off - informa1ion that 
might be directly relevant to human brain disorders. 

tracings race across a screen, some jumbled 
and staccato. 

'"That's really abnonnai," Ojemann says, 
pointing to a pattern of frenetic peaks. "It's 
like a mini-seizure_" 

Ojemann was born to the brain busines5. 
His father and brother are neurosurgeons, as 
was his late unde; his mother is a neurolo
gist who specializ.es in epilepsy. When he's 
not operating, Ojemann analyzes brainwave 
record!ings to find better treatmen� for 
stroke and epilepsy. He was eager ro col
laborate when the Allen Institute started its 
human brain tissue initiative five years ago. 

"I hope this helps us treat epi1eJl5Y and helps 
m develop new therapies," he says. "I think the 
sky's the limit on what they can learn." 

Once he's pinpointed the troublesome 
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portion of Williams' bra.in, Ojemann is 
ready to begin cutting. Peering through a 
surgical microscope, he teases away a disc 
of tissue from the outermost layer of the 
temporal lobe, a pan of the cerebral cortex 
involved in memory, speech and compre
hension. He places the pinkish blob in a 
beaker filled with a frozen slurry of artificial 
cerebrospinal fluid. 

It's just the beginning of Williams' sur
gery, which will continue for another two 
hours. But the race is on to get that morsel 
of brain into the lab. 

T
AMARA CASPER, a research associ

i ate at the Allen Institute, is waiting 
in the ball with a wheeled can and 

a small blue cooler. She hooks the beaker 
COURTESY AU.EN INSffiUTE FOR BRAIN SCIENCE 

ABOVE: Allen Institute assistant 
investigator Jonathan Ting pre
pares samples of live human brain 
tissue in the lab. Ting, can targ.et 
specific types of cells by applying 
a specialized virus that makes only 
those cells glow under fluorescent 
light. It's part of an effort to identify 
and characterize all the types of 
neurons in the human brain. 

LEFT: After the larger tissue speci
men is thinly sliced, it's placed into 
a bath of artrficial cerebrospinal 
fluid, which provides nutrients and 
chemicals to protect the tissue and 
keep it alive_ A tube in the bottom 
of the bath bubbles oxygen 
through the mixture_ 

to an oxygen tank, tucks it in the cooler and 
rolls the can into the back of a white van for 
the 1.8-mile n:ip through some of Seattle's 
worst traffic.. 

Abom 15 minmes later, the blob is the 
center of attention in a narrow lab where 
half a dozen people swarm purposefully. 
Some examine the chunk and separate 
it into smaller bits. A technician uses an 
instrument called a VlDratome to slice the 
brain pieces into paper-thin sliveJs the size 
of fish scales. 

"literally, it's like slicing through a hot 
dog," Tmg says. 

The brightly lit room has only one thing 
in common with the dungeons where Hol
lywood's mad scientisrs cackle over brains 
in jars: lots of bubbling fluid. Keeping the 

tissue alive requires constant oxygenation 
and perlusion with a cold broth of nutrienrs, 
chemicals and buffers, Tmg explains. 

It's an unusually busy day. 
Another human specimen arrived earlier, 

from an emergency brain surgery at  Swed
ish Neuroscience Institute. "It's always boom 
or bust," Ting says. Sometimes the research
ers pull all-nighters when tissue arrives 
in the evening. 'There's a lot of pressure, 
because you're feeling like this is the most 
precious material you can possibly handle_" 

Eight Seattle neurosurgeons participate 
in the program, and rougb]y 50 pa.tienrs a 
year donate tisrue. That's nearly a fourfold 
increase since Tmg joined the institute to 
help launch the human tissue work after 
several frustrating years in university Jabs ► 
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BRAIN PO\VER 

nying to understand menral illness by study
ing mice. "It's hard to convince yourself, let 
alone anyone else in the academic communi
ty, that these things are reJevant for human 
use," he says. But the new project was so 
risky, even the institute's chief scientist 
wasn't sure it would pan out. 

"He thought it was the craziest idea ever," 
Trng recalls. 

Most studies of the human brain rely on 
organs from cadavers, which can reveal a lot 
about structure and the makeup of neurons. 
MRI scans and other imaging methods can 
measure activity in the living brain, but 
yield only a crude view. Researchers first 
experimented with human brain tissue 
from surgeries more than 30 years ago, but 
the technology didn't exist until recently to 
extract much useful infoanation, says Dutch 
neuroscientist Huib Mansvelder. His lab at 
the Free University of Amsterdam is one 
of a handful around the world reviving the 
approach. But no one does it in a bigger way 
than the Allen Institute. 

'They can achieve things on a sca1e that is 
unthinkable for an ordinary academic lab," 
Man.welder says. 

Founded in 2003 by the late Paul Allen, 
Microsoft's eccenoic co-founder and one of 
the world's richest people, the institute aims 
to advance understanding of the brain by 
generating vast databases on neurons and 
brain regions and developing experimenta! 
tools and techniques - then making them 
freely available through an online brain 
"obseivatory." Their first project was a 
detailed atlas of the mouse brain that was 
consulted more than 220,000 times last 
year by researchers worldwide. But Allen's 
interest in neuroscience was spurred in part 
by his mother's Alzheimer's, and he urged 
the team to move beyond rodents and cackle 
the human brain. He also poured $500 
million into the institute - his single largest 
philanthropic endeavor. 

As part of the federal BRAIN Initiative 
launched by the Obama Administration, the 
institute receru:Jywon $100 million in grants to 
acoelerate its work with live human tissue and 
lead a collaboration to complere an amb� 
atlas of mouse and human brain-cell types. 

T 
HE INS1111.JfE'S industrial-scale 
approach is on display in the elecuo
physiology lab, where a controlled 

frenzy of cell-zapping is underway with the 
fresh tissue. Researchers sit at eight identical 
stations, each with a po·,veiful microscope 
and a tiny, remote-<:ontrolled glass electrode 

Tissue processing 
manager Nick Dee 

eval uat.es the lissue 
sample to get a sense 
of how it was oriented 
in the brain. He's also 

trying to determine 
whethe,r any trimming 

should be done and how 
best to mount the sample 

on the slioer to produce 
optimal pieces for analy
sis. He's pouring chilled, 

oxygenated artificial 
cerebrospinal fluid on the 
sample to l:.eep it healthy 

during his exam. 

focused on a small slice of live human brain, 
some from Williams, some from the patient 
at Sweclish. The research�rs zoom in on a 
single cell, maneuver 1:he electrode until it 
just touches the membrane, then deliver an 
electrical ping and record the cell's response. 
At. other stations, operatms listen in as eight 
separate neurons "talk" to each other. 

"Last year, we recorded from 6,500 cells 
-both mouse and human," says Jim Berg, a
lab manager. "In graduate school, I think my
entire dissertation was maybe 90 cells.�

A neuron's electrical properties are a kind 
of fingerprint that holds fundamental infor
mation about bow the cell functions and how 
it communicates and interacts with other 
neurons. Misfiring neurons play a role in 
many diseases, including epilepsy. Working 
with similar bi.ts of brain tissue, Mansvelder 
found people with higher IQs have larger 
neurons that generate electrical signals more 
quickly. 

The Seattle scientists also inject the living 
neurons with dye, which spreads to the 
tips of the threadlike dendrites that receive 

By injecting dye into 
human brain cells (on 
the left} while they're 
still alive, researchers 
at the Allen Institute for 
Brain Science are able 
to create stunningly 
detailed, 3,D images 
(on the right) that can't 
be produce<! from 
dead tissue. This is 
called a Martinetti cell. 
The axon, which trans
mits signals to other 
cells, is blue; den
drites, which receive 
signals from other 
neurons, are red. 

impulses from other cells. The results are 
stunning, 3-D images that help relate the 
cells' shapes to thcir functions. Some are 
wreathed with so many dendrites they look 
like intricately woven baskets. Others have 
long, sturdy axons, or nerve fibers, that seem 
designed to fast-track signals from one place 
to aoother. 

The final step in the Allen lnstirute's furur
istic ceU assembly-line is perhaps the most 
extraordinary. 

Researcher Lindsay Ng demonsrrates, 
manipulating controls to plunge the elec
trode deep into a cell, spear its nucleus, then 
slowly ease the probe out. The shadowy 
microscope image shows the cell membrane 
stretching like a soap bubble, then snapping 
back as the electrode exits. Ng deposits the 
nucleus -invisible to the naked eye - into a 
plastic tube tinier than a doll's cup. Now the 
researchers have the neuron's genetic blue
print, which they will analyze to see which 
genes are switched on and off- information 
that could be directly relevant ro human 
brain disorders. 

Collecting data on individual 
neurons might seem esoteric, but 
there's no other way to under
stand the building blocks of the 
brain - many of which are still 
unknown, says instirute investi
gator F.d Lein. 

"Most research doesn't rreat 
the brain with enough granu
larity to understand what goes 
wrong in disease," he says. '°They 
treat it as a series of regions 
without understanding which 
cell types are affected." 

With the detailed cell profiles, 
the researchers are assembling 
a first-of-its kind "periodic table" 
of neuron types in the human 
brain and their properties, says 
Lein, who leads that effort. No 
one l<flows how many there are, 
but estimates scan at 1,000 and 
go up. So far, the institute has 
identified 75 in the temporal 
lobe alone, most of which have 
never been described in such 
detail before. Toe team recently 
ma.de the first electrical record
ings of spindle-shaped brain cells 
called von Economo neurons -
believed to be pivotal to complex 
social emotions, like empathy 
and guilt - in a snippet of tissue 
taken from deep in a patient's 
brain during an unusual surgery 
at Swedish. 

The work also is uncovering 
telling differences between 
mouse and human brains that 
might help explain why mouse 
studies often fail to translate to 
human disease. Among them is 
the fact that human tissue seems 
sturdier and survives much lon
ger in the Jab than mouse brain. 

"That was one of the great 
surprises, n Ting says. 

I 
N ANOTIIER lAB upstairs. 
Ting is preparing slices of 
Williams' brain for long

term culture, which can keep 
them alive for weeks. 'That extra 
time allows Tmg to treat the 
tissue with inactivated viruses 
that deliver fluorescent tags to 
specific types of neurons. 1be 
technique, which causes the 
labeled cells to glow bright green 
under a microscope, lets Ting 
locate needle-in-a--hay"Stack neu
rm� that might play key roles in 

orchestrating mental and disease 
processes. 

"Some of these cells are so rare 
that (without the labeling) you 
might sample for five years and 
only encounter one of them," 
Tmg explairn. 

Someday, he hopes his tech
nique will be adapted to go far 
beyond labeling cells to one of the 
ultimate goals of medical science: 
gene therapy for diseases like 
Parkinson's, AIS, schiwphrenia 
and other debilitating brain condi
tions.1f viru5eS can be engineered 
to target specific types of re& 
in the living human brain and 
deliver fluorescent rags, then they 
probably also can be engineered to 
deli1,1er other types of cargo- like 
missing genes, or repJacemeots for 
defective genes. 

"At. the moment, it's science fic
tion," says Mansvelder, who is col
laborating with the Allen Institute. 
"But that's our business, to make 
science out of science fiction." 

T
wo WEEKS AFTER Wil
liams' surgery, the tissue 
he donated to the Allen 

Institute has been used up-every 
la5l bit of infoanation wnmg from 
the cells and added to a data� 
that includes genetic analyses of 
2.5 million living human brain 
cells and electrical mea.5llrelil.eDt 
from more than 13,000. 

Williams is still grappling with 
the trauma of today's blunt-force 
approach to brain disorders like 
epilepsy. He has a hard time 
carrying on conversations and 
will start speech therapy soon. It 
could take month.5 for his energy 
to come back and even longer 
before he sees improvements 
from the operation.. 

Ojemann estimates the 
surgery has a SO to 70 percent 
chance of eliminating Williams' 
seizures .. Williams' dearest hope 

is that it will stop the tremors in 
h.is right hand so he can get back 
to the tattoo business. If that 
happens, he's promised Ojemann 
and bis staff free ink work - if 
they're game. I= 

Sandi Doughron is a Pacific NW 
mag;ume S1afl writer. Reach her at 

sdoughton@seattJetimes.com 
or 2(](;.;IU2491. Mike Siegel is a 
Searlfe Trmes staff phorogmpher. 




