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Jun Chen sat near the man’s bedside, struggling to find a way
to tell him there was no more the doctors could do. Paralyzed
down the right side of his body by a stroke, the patient could 
never hope to regain an active life. And though his mind

remained sharp, the 50-year-old could no more communicate his
thoughts than could a young child. 

As a neurosurgery resident at Beijing Neurosurgery Institute, Chen
felt helpless each time a stroke patient was brought to the hospital. At
the time, during the late ’80s, there were no methods to prevent or 
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Explorations and revelations taking place at the medical school

Jun Chen figured out how to

take an intact and functional

protein across the blood-

brain barrier. This image

shows neurons that have

absorbed a brain-protecting

protein (green). 
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interfere with the development of symptoms
following cerebral ischemia or stroke.
Eventually, his frustration led Chen to give
up the bedside for the lab bench. 

Now Chen, an associate professor of neu-
rology at the University of Pittsburgh, stud-
ies how cells die in cerebral ischemia. In this
type of stroke, the blood supply to major
brain vessels is blocked. Without sufficient
blood, brain cells die a messy death, necro-
sis, caused by a lack of oxygen and glucose.
Scientists once believed that necrosis was the
only way cells died during and after a stroke.
But Chen is among the first to accumulate
evidence that cerebral ischemia also activates
apoptosis—in other words, some cells die
not from lack of blood, but because they
commit suicide. 

The only drugs currently available to
treat stroke aim to open the blood vessels
and re-establish normal blood flow. If cells
are dying from apoptosis, reasoned Chen,
there might be other ways of treating the
disease. 

Chen’s lab has recently focused on Bcl-xL,
an anti-apoptotic protein normally expressed

second part, mice were first induced with
ischemic stroke and then treated with the
fusion protein. The protein provided protec-
tion to neurons in both cases, even when
administered 45 minutes after the onset of
ischemia. That’s very promising in terms of a
future clinical application, Chen says. The
results were published in the July 2002 issue of
the Journal of Neuroscience.

Chen’s research is the first to show that it
is possible to take an intact and biologically
functional protein across the blood-brain
barrier. The new type of therapy is called
peptide-mediated protein transduction. 

Stroke is one of the top three causes of
death in the United States, with medical costs
of $20 billion each year. The National
Institutes of Health and the American Heart
Association have awarded Chen and his col-
leagues $4.6 million to study stroke and
Parkinson’s disease. 

“This technology potentially can be used
not only for ischemic stroke,” Chen says, “but
for other types of stroke and neurological dis-
orders such as traumatic brain injury and
epileptic seizures.”  ■ 

No  protein lasts forever. Each
has its own life span. When
it’s time, each is degraded

and replaced. 
The agent of destruction is the proteo-

some. Its octopus-like tentacles wave and
grasp and beckon—pulling proteins into one
end of a cylinder. The proteins enter whole
and come out the other end chopped into
bits and pieces. Think of the cylinders, the
proteosomes, as a bunch of shredding
machines inside the cell. 
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at high levels in the brain. Previous studies
showed that following ischemic stroke,
Bcl-xL levels in the brain were much lower
than normal. Administering the protein,
Chen thought, might help prevent brain
damage from stroke. But since a protein
cannot be injected directly into the brain,
the researchers needed to find a way to
cross the blood-brain barrier. Protein mol-
ecules, in general, cannot cross this barrier
because they are too large or are otherwise
ill equipped.  

So Chen and his colleague, Guodong Cao,
research assistant professor of neurology, con-
structed a fusion protein. They took the
Bcl-xL molecule and latched onto it a
sequence of 11 amino acids from HIV, a virus
known to cross the blood-brain barrier. (The
small HIV sequence does not contain a path-
ogenic domain of the virus.) 

Once Chen and his colleagues had creat-
ed the fusion protein, they tested it in a
mouse model. 

In the first part of the study, mice were
injected with the Bcl-xL fusion protein before
being induced with ischemic stroke. In the

Protein-shredding proteo-

somes get involved in

important cellular events

like chromosomes being

pulled toward opposite

poles (shown here).

Understanding how these

shredders work could lead

to new cancer therapies.L
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Cut off a cancer’s lifeline and the tumor will die.  

That lifeline sprouts up as cancer cells trick the body into growing

new blood vessels to feed their incessant division. Controlling the

development of those blood vessels has been a focus of new cancer

treatment strategies. 

Normally, blood vessels form in two steps. In the first stage, a spider

web-like network of microscopic capillaries forms. In the second stage,

the network is remodeled to include large blood vessels. Yong Tae

Kwon, an assistant professor in the School of Pharmacy who recently

came to Pitt from the California Institute of Technology, has managed

to stop the network’s development in its tracks. He has created

mutant mice that form the initial network of capillaries but are unable

to accomplish the remodeling—they can’t form mature blood vessels.

The mice, who also have deformed hearts, die as embryos.

Kwon’s work could put a gash in cancer’s lifeline. His mice lack

what’s considered an E3 enzyme (called ATE1). If researchers could

inhibit this enzyme in human adults, he explains, they might be able

to prevent tumor-feeding new blood vessels from developing—without

affecting existing circulatory structures. Kwon’s insight was reported

in Science last July 5.

His findings came about from his investigation of proteosomes—

cell structures that do away with proteins by chopping them into bits.

In Kwon’s knockout mice, the proteosome isn’t able to shred certain

proteins, leading to deformed hearts and blood vessels.   —DH 

A mutant mouse (right)

was unable to develop the

larger blood vessels

found in the normal

mouse on the left. The

ability to interfere with

the development of blood

vessels that feed tumors

may be relevant to new

cancer therapies. 

In cancer cells, some proteins have a drasti-
cally shortened life span. Normally, tumor-
suppressor proteins would help stop the 
out-of-control growth of the cell. But in the
case of cancer, the cell degrades the tumor-
suppressor protein almost as fast as it is
produced. It’s as though the cancer cell has
put out a contract on all the good guys. 

One novel cancer treatment strategy pre-
vents the proteosome from functioning.
This is like taking the gun away from the hit
man. Without the proteosome, the tumor-
suppressor proteins cannot be destroyed.
They keep trying to stop the cancer cell
from dividing, while the cancer cell’s own
deviant proteins try to speed division. Then
the cancer cell becomes confused from the
conflicting messages it receives—Divide!
Don’t divide! In response, it self-destructs. 

But drugs that inhibit the proteosome
affect both cancerous and healthy cells.
Imagine a more sophisticated approach—one
that would have less impact on the function
of normal cells. Instead of knocking out the
proteosome altogether, what if you could pre-
vent just the tumor-suppressor proteins from
being destroyed? 

This is where a sophisticated understand-
ing of the steps that lead to a protein’s being
degraded could prove handy. Yong Wan, an
assistant professor of cell biology and physi-
ology, is helping the cancer community bet-
ter understand those predegradation events.
He joined the faculty this spring after com-
pleting his postdoc at the Harvard School of
Medicine. 

Wan explains that the cell has a system for
letting the proteosome know which proteins

to destroy—it tags them with a marker (the
protein ubiquitin). Marker molecules form a
chain on the ill-fated protein. One enzyme,
E3, plays the critical role of linking this mark-
er to proteins. There are some 250 different
types of E3—each one specialized, attaching
the marker only to certain types of proteins.
Say you could inhibit a type of E3 that works
only on tumor-suppressor proteins. You
would stop the destruction of those proteins,
but otherwise proteosome degradation would
continue as normal.

Wan has identified four activators and one
inhibitor of a type of E3 called anaphase-pro-
moting complex, which is a master regulator
for cell division. 

“Future therapeutic drug design could be
focused on E3,” says Wan. 

“This field is very hot.” ■ 
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Holly Scott didn’t know what to
do. Her research had hit a wall.
A few years ago, the graduate

student was studying how immune cells move to
the lungs to fight tuberculosis infection. To con-
tinue her project, however, she needed to dissect
a small cluster of inflammatory cells, called a
granuloma, from a diseased lung using a laser-
capture microscope. Just one problem: The high-
powered microscope was in New York City. 

Then, at an annual symposium for University
of Pittsburgh School of Medicine PhD students,
Scott stood next to her poster board in the lobby
of the Biomedical Science Towers explaining her
research—and dilemma—to Sergio Onate, an
assistant professor of cell biology and physiology.  

“No problem,” Onate said. “You can use our
lab.” The machine that Scott thought was hun-
dreds of miles away was within walking distance.
Stunned, she accepted his offer. Since then, the
two labs have formed a strong collaboration. 

The graduate program is set up to spur such
happy happenstances. There was a time, how-
ever, when the multidisciplinary symposium
did not exist. Back then, the many PhD pro-
grams in the medical school were compartmen-
talized. Students went straight into their depart-
ments of choice; nothing existed to bring stu-
dents from different departments together.  

That changed in 1997 with the creation of
the school’s Interdisciplinary Biomedical
Graduate Program. Now, before students
choose a specialty, they spend their first year
soaking up a broad cross section of disciplines
through course work and three research rota-
tions—each in a different field. Only in their
second year do students specialize—choosing
from one of nine PhD-granting programs like
molecular genetics and neuroscience. 

The format requires a little patience for new
students champing at the bit to apply them-
selves to one specialty, but most appreciate the
breadth, and program organizers say it helps

students make informed deci-
sions. “Now students who
think they want to do bio-
chemistry can apply to our
interdisciplinary program and
test that interest—have
research experiences in cell
biology or pharmacology or
immunology,” says Stephen
Phillips, associate dean of graduate studies.

Phillips and others decided to reshape the
program because biomedical research was
evolving, requiring more cross-disciplinary
skills and techniques. For example, genetic
engineering was becoming (and is now) a tool
common to many biomedical fields. Also, by
creating a shared entry point
into the program—replete
with symposia, seminars, and
team-taught courses—stu-
dents and faculty from differ-
ent departments could more
easily establish bonds that
might lead to ongoing scientif-
ic conversations and long-last-
ing research collaborations. 

As part of the program’s
overhaul, the school also
tightened its admission stan-
dards, requiring a more exten-
sive undergraduate research
experience.

The results? In the past
two years, the applicant pool
has more than doubled,
boosted primarily by a larger
number of out-of-state and
international applicants. The
2002-03 pool numbered a
record-high 586. 

In addition, applicants’
GRE scores are up substan-
tially since 1997.

K N E E - K N O C K I N G  
P R E S E N T A T I O N S  

The first poster exhibit we see in the lobby of the Biomedical

Science Tower is “Prolongation of Cardiac Allograft Survival in

CCL19/CCL21–Deficient Mice.” Recognizing only three words—

“cardiac,” “survival,” and “mice”—we read the abstract until

our knees start wobbling. Luckily, Bridget Colvin, an immunol-

ogy PhD student, takes pity on us. She’s one of 170 PhD candi-

dates showcasing work during the annual Biomedical

Graduate Student Research symposium. 

Colvin explains that she tried to determine whether mice lack-

ing two proteins that regulate immune-system response were

less likely to reject transplants. She had a microsurgeon graft tis-

sue from normal mice into mutant mice and found that the grafts

lasted much longer than those implanted into normal mice. 

We walk away, feeling sure of our bearings again, until

David Werner’s presentation has us leaning toward the refresh-

ment table. Then Werner, like Colvin, makes his work sound

simple. The pharmacology PhD student has been investigating

whether a certain amino acid influences how mammals respond

to anesthesia. Using mice that lacked the receptor for that

amino acid, he tested their responses to four chemicals, but

their reactions weren’t consistent with his hypotheses.

“Disappointed?” we ask. 

“Just because you don’t get what you expect to see, doesn’t

mean it isn’t good data,” he replies. “There’s always something

you can see from the experimental process. It can open up whole

new doors, new pathways, new procedures.”   —JT
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Scott says she looked at a lot of schools
before choosing Pitt. The interdisciplinary
nature of the program helped her make up
her mind.

“There were a lot of good collaborations
going on here,” she says, “which is always a
sign of a good program.” ■
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