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No Blind Mice, Thanks To
UF Scientists

University of Florida stem cell scien-
tists reported in January that they have
prevented blindness in mice afflicted
with a condition similar to one that robs
thousands of diabetic Americans of their
eyesight each year.

Writing in the Journal of Clinical
Investigation, researchers describe for
the first time the link between a protein
known as SDF-1 and retinopathy, a
complication of diabetes and the lead-
ing cause of blindness in working-age
Americans.

Scientists explain how they used a
common antibody to block the forma-
tion of SDF-1 in the eyeballs of mice
with simulated retinopathy, ending
the explosive blood vessel growth that
characterizes the condition. Research-
ers effectively silenced SDE-1’s signal
to activate normally helpful blood stem
cells, which become too much of a good
thing within the close confines of the
eyeball.

“SDE-1 is the main thing that tells
blood stem cells where to go,” said
Edward Scott, an associate profes-
sor of molecular genetics at the UF
Shands Cancer Center and director of
the Program in Stem Cell Biology and
Regenerative Medicine at UF’s College
of Medicine. “If you get a cut, the body
makes SDF-1 at the injury site and the
repair cells sniff it out. The concentration
of SDF-1 is higher where the cut occurs

and it quickly dissipates.
~— But the eye is
such a
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unique place, you've got this bag of jelly
— the vitreous — that just sits there
and it fills up with SDF-1. The SDF-1
doesn’t break down. It continues to call
the new blood vessels to come that way,
causing all the problems.”

Diabetic retinopathy causes 12,000
to 24,000 cases of blindness each year,
according to the American Diabetes
Association.

UF researchers analyzed samples of
the vitreous gel taken from the eyeballs
of 46 patients undergoing treatment
for diabetic eye disease, including 24
patients with retinopathy. They found
SDEF-1 in each of the patients, with the
highest amounts detected in patients
with the worst cases. No traces of SDF-
1 were found in the vitreous samples
of eight nondiabetic patients who were
treated for other ailments.

With the hypothesis that SDF-1 is
at the heart of the problem, scientists
tested to see whether the addition of the
protein would call stem cells and spur
extraordinary blood vessel growth in the
eyeballs of 10 laboratory mice. They suc-
ceeded, creating mice with retinopathy-
like conditions. Then, as a treatment,
scientists injected an SDF-1 antibody
directly into the afflicted eyes. The anti-
body — which is simply another protein
that binds to the SDF-1 — disabled
SDE-1’s ability to summon stem cells,
effectively halting the growth of almost
all new blood vessels, said Jason M. But-
ler, a graduate student in the Interdisci-
plinary Program in Biomedical Sciences
and a member of the research team.

Scientists next want to test the tech-
nique in monkeys, and if it continues
to be successful, to test the therapy in
human clinical trials, said Scott, the
senior author of the paper. The National
Institutes of Health funded the research

in mice.
Edward Scott, escott@ufl.edu
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“Brain” In A Dish Acts As
Autopilot Living Computer

A University of Florida scientist has
grown a living “brain” that can fly a
simulated plane, giving scientists a novel
way to observe how brain cells function
as a network.

The “brain” — a collection of 25,000
living neurons, or nerve cells, taken
from a rat’s brain and cultured inside
a glass dish — gives scientists a unique
real-time window into the brain at the
cellular level. By watching the brain cells
interact, scientists hope to understand
what causes neural disorders such as epi-
lepsy and to determine noninvasive ways
to intervene.

As living computers, they may some-
day be used to fly small unmanned air-
planes or handle tasks that are dangerous
for humans, such as search-and-rescue
missions or bomb damage assessments.

“We're interested in studying how
brains compute,” said Thomas DeMarse,
the UF assistant professor of biomedi-
cal engineering who designed the study.
“If you think about your brain, and
learning and the memory process, I can
ask you questions about when you were
5 years old and you can retrieve infor-
mation. That’s a tremendous capacity
for memory. In fact, you perform fairly
simple tasks that you would think a
computer would easily be able to accom-
plish, but in fact it can’t.”

While computers are very fast at
processing some kinds of information,
they can’t approach the flexibility of the
human brain, DeMarse said. In particu-
lar, brains can easily make certain kinds
of computations — such as recognizing
an unfamiliar piece of furniture as a
table or a lamp — that are very difficult
to program into today’s computers.

“If we can extract the rules of how
these neural networks are doing compu-
tations like pattern recognition, we can
apply that to create novel computing
systems,” he said.



DeMarse’s experimen-
tal “brain” interacts with
an F-22 fighter jet flight
simulator through a spe-
cially designed plate called a
multi-electrode array and a
common desktop computer.

“It’s essentially a dish
with 60 electrodes arranged
in a grid at the bottom,”
DeMarse said. “Over that
we put the living cortical
neurons from rats, which
rapidly begin to reconnect
themselves, forming a living
neural network — a brain.”

The brain and the simu-
lator establish a two-way
connection, similar to how
neurons receive and inter-
pret signals from each other
to control our bodies. By
observing how the nerve
cells interact with the simu-
lator, scientists can decode
how a neural network
establishes connections
and begins to compute,
DeMarse said.

When DeMarse first puts the neurons
in the dish, they look like little more
than grains of sand sprinkled in water.
However, individual neurons soon begin
to extend microscopic lines toward each
other, making connections that represent
neural processes. “You see one extend
a process, pull it back, extend it out
— and it may do that a couple of times,
just sampling who's next to it, until over
time the connectivity starts to establish
itself,” he said. “(The brain is) getting
its network to the point where it’s a live
computation device.”

To control the simulated aircraft, the
neurons first receive information from
the computer about flight conditions:
whether the plane is flying straight and
level or is tilted to the left or to the right.
The neurons then analyze the data and
respond by sending signals to the plane’s

controls. Those signals alter the flight
path and new information is sent to the
neurons, creating a feedback system.

“Initially when we hook up this brain
to a flight simulator, it doesn’t know
how to control the aircraft,” DeMarse
said. “So you hook it up and the aircraft
simply drifts randomly. And as the data
come in, it slowly modifies the (neural)
network so over time, the network grad-
ually learns to fly the aircraft.”

Although the brain currently is able
to control the pitch and roll of the
simulated aircraft in weather conditions
ranging from blue skies to stormy, hur-
ricane-force winds, the underlying goal
is a more fundamental understanding
of how neurons interact as a network,
DeMarse said.

“There’s a lot of data out there that
will tell you that the computation
that’s going on here isn’t based on just
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The “brain” — a collection

of 25,000 living neurons,

or nerve cells, taken from
a rat’s brain and cultured
inside a glass dish — gives
scientists a unique real-
time window into the

brain at the cellular level.

Thomas DeMarse holds a glass dish
containing a living network of 25,000
rat brain cells connected to an array
of 60 electrodes that can interact with
a computer to fly a simulated F-22
fighter plane.

one neuron. The computational prop-
erty is actually an emergent property
of hundreds or thousands of neurons
cooperating to produce the amazing
processing power of the brain.”

With José Principe, a UF distin-
guished professor of electrical engineer-
ing and director of UF’s Computational
NeuroEngineering Laboratory, DeMarse
has a $500,000 National Science Foun-
dation grant to create a mathematical
model that reproduces how the neurons
compute.

Thomas DeMarse, tdemarse@bme.ufl.edu
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