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LUB-DUB OF A HEALTHY HEART Q

teach us

What the embryo can

the group is eagerly examining the hearts and asking questions — even the man who
originally sat down is back on his feet. These on-air radio personalities and producers
will be conducting the Children’s Miracle Network radiothon in the coming weeks; they
are looking at hearts in a Vanderbilt conference room to learn a bit about how biomed-
ical research leads to new therapies.

Barnett, who also is vice chair of Pharmacology, is a good teacher. His hands-on heart
tutorial evolves naturally into a discussion of his quest to discover the genes and signaling
pathways that build the developing heart and its blood vessels — research that could make it
possible to grow replacement heart valves in the laboratory, from a patient’s own stem cells.

“Here’s the fantasy,” Barnett says. “If you need a valve, we take your circulating or
bone marrow-derived stem cells, have tissue engineers sculpt the right shape and size
matrix, grow the cells on the matrix, and give the complete heart valve to the surgeon.

“Wouldn’t that be amazing?”

An outrageous hypothesis
It’s the valves in action that give the heart its characteristic lub-dub sound. With

each beat, these one-way fibrous doors open and close in a synchronized fashion to keep

DEAN DIXON

blood flowing in a forward direction.

The “lub” happens when the mitral
and tricuspid valves — the valves separat-
ing the atria and ventricles — close. The
“dub” corresponds to the closing of the
aortic and pulmonary valves.

Valve failure — because of a develop-
mental defect or disease — forces the heart
to work harder to compensate for the
defective blood flow, leading in many
cases to congestive heart failure.

About one in 100 children is born
with a congenital heart defect, the leading
cause of death in the first year of life.

“Depending on the numbers you use,
somewhere between 60 and 80 percent of
these kids have an abnormal valve,” says
Scott Baldwin, M.D., chief of Pediatric
Cardiology at Vanderbilt who, with
Barnett, is leading the charge to grow
replacement heart valves in the lab.
Children with valve defects often require
multiple valve replacement surgeries as
they grow.

“On the flip side, up to 4 percent of
the population over the age of 60 will
need to have a valve replaced because it’s
calcified and thickened,” Baldwin says.
More than 100,000 valve replacement sur-
geries are performed each year in the
United States, according to the American
Heart Association.

“Heart valve problems have become
epidemic; it’s an important issue,”
Baldwin says.

So why grow valves in the lab?

Existing options for valve replace-
ments are not ideal, Baldwin and Barnett
argue.

Artificial (mechanical) valves are
durable, but patients require lifelong
blood-thinning therapy. Tissue valves —
from pig, cow or human hearts, sometimes
with artificial parts — don’t usually neces-

STITCHES IN TIME

A preserved human heart (also pictured on page
23) displays its history: a variation of the exten-
sive Ross procedure, in which surgeons
replaced a diseased aortic valve with the heart’s
own pulmonary valve. An artificial valve (shown
here) was then stitched in its place.



sitate blood-thinning treatment, but they
will only last a decade or so.

“In both young and old patients, if we
had a durable valve product that doesn’t
require anti-coagulation or replacement,
that would be huge,” Barnett says.

Enter SysCODE (Systems-based
Consortium for Organ Design and
Engineering), an interdisciplinary group
that will work toward growing heart
valves — and also teeth and pancreatic
islets — in the lab.

Led by Richard Maas, M.D., Ph.D.,
chief of the Division of Genetics at
Brigham and Women’s Hospital in
Boston, SysCODE was awarded a five-year,
$24 million grant last year as part of a
National Institutes of Health “Roadmap”
initiative that is designed to speed the
movement of scientific discoveries from
the bench to the bedside.

The premise of the SysCODE program,
Baldwin explains, is that development fol-
lows a “blueprint” for forming complicated
organs from a single cell type. It’s up to the
investigators to decipher this blueprint —
determine which genes are the essential
ones — and use that information to push
the appropriate stem cell populations to
form heart valves, teeth or pancreas.

Starting with embryonic stem cells
from mice, “we’re going to figure out
every gene involved in each of those
developmental programs,” Baldwin says.
“Ultimately, I would like to be able to
take patients’ own stem cells and give
them back a valve.

“It’s an outrageous hypothesis,” he
adds, laughing.

The investigators already know a lot
about the cells that will multiply, trans-
form and become heart valves. They are a
special subset of the endocardial cells that
will line the heart.

Let’s back up.

When the heart initially develops dur-
ing the third week of human embryogenesis,
it is a simple tube with two epithelial lay-
ers of cells: an inner endocardium, which
will form the inner lining of the heart, and
an outer epimyocardium, which will
become the heart muscles that will pump
for the lifetime of the individual.

In between the two layers is extracel-

=
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“We think we’ve got the building blocks; now

we’ve got to figure out how to put them together.”

lular matrix, gelatinous material void of
cells called “cardiac jelly.” At the sites
where the heart valves will take shape,
Barnett explains, the tube constricts and
the cardiac jelly expands, becoming a
bulge called the cushion.

“If you look at a heart at this stage of
development the bulge is already func-
tioning as a valve,” Barnett says. “It’s very
resilient, so when the heart pumps, the
blood moves through and then this bulge
snaps back into place to prevent blood
from flowing backwards.”

Next, a signal (or signals), most likely
made by muscle cells, causes some of the
endocardial cells to change from epithelial-
type cells to connective tissue mesenchy-
mal-type cells, migrate into the cardiac
jelly and populate it. This change in cell
type, known as “epithelial-mesenchymal
transformation” (EMT), is a crucial step in
the formation of each of the tissues — heart
valves, teeth and pancreas — that the
SysCODE consortium will attempt to
build in the lab.

Barnett’s group and others have exten-
sively studied the EMT process in valve-
forming cells in embryonic chick hearts.

His team removes the cushion region
from a 2-day-old developing chick
embryo, grows it in culture, and adds or
subtracts growth factors to evaluate which

factors affect cell invasion and prolifera-
tion. The group also injects viruses into
chick embryo hearts, which are the size of
a comma on this page, in order to change
gene expression and assess the impact on
transformation.

“We know a lot about the transforma-
tion process,” Barnett says, “but then next
we talk about magic happening. You've
got the cushion full of cells, and by some
combination of genetic and hemodynamic
forces, that cushion gets remodeled into
what we call a heart valve.

“That’s where we’re heading with
SysCODYE, is to understand — and eventu-
ally replicate in vitro — that remodeling
process.”

Heart in a Petri dish

Barnett, who earned his Ph.D. in
Pharmacology from Vanderbilt in 1986,
remembers exactly when he fell in love
with the idea of studying the heart. He
was visiting Harvard cardiovascular
researcher Jonas Galper, M.D., Ph.D., to
talk about a postdoctoral fellowship when
Galper suggested they take a look at the
embryonic chick heart cells the group was
just beginning to grow in culture.

“When I saw those beating heart cells,
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I knew immediately that I would be work-

ing with Jonas,” Barnett recalls. “Here was
a cell that was beating in culture, that had
a biological response that you could meas-
ure — a cell that you could use to really ask
questions about how signaling molecules
affect and regulate the biology.”

Barnett and Galper followed gene
expression and protein changes at a partic-
ular stage in chick heart development to
discover how the heart muscle begins to
respond to hormones that regulate heart
rate. Before day 3, drugs that normally
change the heart rate have no effect; in
the next day or so, “those systems come
online, and you've got a heart that behaves
like an adult heart,” Barnett says.

“You can let the embryo tell you: in
order to do this biology, these are the tools
I need, these are the genes I need to
express,” Barnett says. “This is one of the
great advantages of developmental studies —
depending on the model system, you can
actually watch the embryos develop and
you can see how manipulations alter the
biology.”

As Barnett was finishing up his post-
doctoral studies, a chance elevator conver-
sation with Maas, a friend from graduate
school at Vanderbilt, led to a collaboration
between the two that kindled Barnett’s
interest in how the heart’s structure forms.

He began to pursue the role of TGF-
beta, a widely expressed growth factor
involved in cell proliferation and matura-
tion. It was first described in the early
1980s by Mayo Clinic researchers led by
Harold Moses, M.D., who later directed
the Vanderbilt-Ingram Cancer Center.

TGF-beta also is one of the factors that
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Barnett and Galper identified as key to
turning on the hormone response in chick
heart muscle. At Vanderbilt, Barnett and
colleagues found that a particular TGF-beta
receptor — the type III receptor — is essen-
tial for the transformation of endocardial
cells in early heart valve formation.

Interestingly, the chromosomal region
that is home to the type III TGF-beta
receptor gene has been linked to congenital
defects in the valves and dividing walls of
the heart. Other scientists are looking for
the variants that cause the defects.

Barnett and colleagues continue to
tease apart the complexities of TGF-beta
receptor signaling. They recently discov-
ered that the type III TGF-beta receptor
also has a role in the development of
coronary blood vessels.

“It’s a recurring theme in developmen-
tal biology that nature uses the same, or
similar, molecules over and over again in
slightly different contexts,” Barnett says.

Bit of serendipity

Baldwin traces his research path back
to a lecture at a Society for Pediatric
Research meeting that he attended during
his residency. At the meeting, Merton
Bernfield, M.D., a Harvard neonatologist
and pioneer on studies of the extracellular
matrix who died in 2002, talked about
how organs take shape.

“I was mesmerized,” Baldwin recalls.
“I had already committed to a cardiology
fellowship, and I remember sitting there
thinking ‘T want to know how the extracel-

NATURE’S MARVELOUS PUMP

Cut-away of the heart shows how it works: De-oxygenated blood
from the body flows into the right ventricle, which then squeezes
it through the pulmonary valve and on to the lungs. Meanwhile,

the left ventricle pushes newly oxygenated blood from the lungs
through the aortic valve back to the tissues.

lular matrix influences heart development.”

During his fellowship research at the
University of Iowa, Baldwin published the
first paper demonstrating that a component
of the extracellular matrix, hyaluronic
acid, is important for heart development.
And he became intrigued with the ques-
tion of what patterns the heart — how the
single tube loops and twists into an organ
with chambers and valves. He suspected
that the endocardial lining was involved
in laying down the template for the heart.

At the time though — the late ‘80s —
it wasn’t possibly to identify endocardial
cells, or even their endothelial cell precur-
sors, in the embryo, Baldwin notes.
Undeterred, he joined a lab at the Wistar
Institute in Philadelphia, where over the
next several years he cloned a mouse gene
that identified endothelial cells.

Then came a bit of serendipity. In the
late 1990s, Harvard immunologist Laurie
Glimcher, M.D., knocked out the gene for
a transcription factor in mice to study its
effect on immunity and found that the
mouse embryos died 7z utero. She suspected
a heart defect and asked Baldwin to take a
look. It turned out that the mice didn’t
form aortic or pulmonary valves.

Since that discovery, Baldwin and
colleagues have found that the gene for
this “nuclear factor of activated T cells”
(NFATc1) is expressed not only in the
subset of endothelium that will become
endocardium, but also in the particular
endocardial cells that will become the
heart valve.

By fusing the gene for a fluorescent
protein to the portion of the genome that
regulates expression of the NFATcl gene
and then inserting this “marker” into
mouse embryos, the investigators can now
track — by their glow — cells that are des-
tined to make up the heart valve, isolate
them for 7z vitro studies, and even use the
system to understand what factors are
essential for heart valve formation.

“So we think we’ve got the building
blocks; now we've got to figure out how to



put them together and get them to do what
they’re supposed to do,” Baldwin says.

Part of the “putting them together”
means getting the matrix right.

“If you look at a heart valve, it’s
mostly not cells; it’s mostly matrix,”
Barnett says.

“We know a lot about the cells — we
know one when we see one, and we know
a lot about the factors that make those
cells transform,” he continues. “But as far
as what’s in that matrix, I could fall in a
bucket of it tomorrow and not really know
what I was in.

“It’s the missing component right

»

now.

Richard Caprioli, Ph.D., who directs
the Vanderbilt Mass Spectrometry
Research Center, will lead efforts by the
SysCODE consortium to de-mystify the
matrix by identifying the proteins in the
cardiac jelly that are important in valve
development.

Already, tissue engineers in Boston are
making “gel substrates” of hyaluronic acid —

n GRIDLOCK KEEPS BLOOD FLOWING, HEARTS IN CHECK

the matrix component Baldwin identified
as important for heart development.

“As we learn what other components
are in the matrix, and how they’re organ-
ized, our Boston colleagues can make and
incorporate those things into the gel,”
Barnett says, to create the best “scaffolding”
for a heart valve.

Ultimately, to grow a valve in the lab
may take more than the right scaffolding
and the right cells, Barnett and Baldwin
acknowledge. The remodeling that takes
place after the cells are in the cushion
matrix in vivo may require pulsatile blood
flow, and the investigators are in conversa-
tion with the tissue engineers about how
to potentially replicate that flow iz vitro.

The parts will come together, these
investigators say.

“It sounds like science fiction, but it
will happen in my lifetime, there’s no
question,” Baldwin says. “There’s no
inherent design limitation; the only thing
we don’t have is all the information,
which is what we need to get.”

The investigators are also optimistic
that SysCODE’s unraveling of the devel-
opmental biology “programs” for heart
valves, teeth and pancreas will turn up
common signaling pathways and explain
why it looks like valves turn into bone —
become stiff and calcified — when they’re
diseased.

“We think that maybe when the
valve is injured, it reactivates develop-
mental programs to try to repair itself;
only now these are not appropriate,”
Baldwin says. “If we understand the
developmental program, I think we’re also
going to figure out what the pathological
program is ... and if you can find some-
thing to prevent aortic valve calcification
as people age, that’s going to have a huge
world health impact.”

The radio folks leaving the conference
room seem convinced.

“That was cool,” says one. “It’s incred-
ible what these researchers can do.” Lens

Tao Zhong, Ph.D., peers through
a tank of zebrafish.
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THE SCIENTIST
IN SOCIETY

A conversation with S.K. Dey

LENS/SUMMER 2008

What do you consider to be your
most important scientific contribu-
tions to date?

The most significant contribution
from our group is the establishment of a
novel concept that during early pregnancy,
a short delay in the attachment of the
embryo to the wall of the womb adversely
affects later developmental processes lead-
ing to defective feto-placental growth and
poor pregnancy outcome.

The state of uterine receptivity, also
termed the window of implantation, lasts
for a limited period, and it is only during
this time that the womb is conducive to
support normal embryonic growth.
Therefore, the quality of implantation
determines the quality of pregnancy and
fetal well-being; failure to achieve on-time
implantation is a risk factor for an adverse
pregnancy outcome.

The birth of this concept is the result of
a series of genetic and molecular studies that
used genetically engineered mouse models.

Why is developmental biology critical
for understanding human disease?

There is emerging evidence for an
association between early development and
the onset of diseases such as coronary and
heart diseases, obesity and diabetes and
osteoporosis in adult life. The quality of
pregnancy is a critical factor, since subtle
changes during 7z utero fetal life can have
profound consequences later in life.

Early onset of intrauterine growth
restriction, recurrent abortion, preeclampsia
(a hypertensive disorder of pregnancy) and
preterm delivery are important develop-
mental and reproductive health issues, and
are associated with uterine and placental
deficiencies. A transient postponement of
blastocyst attachment in mice produces
detrimental ripple effects throughout preg-
nancy, indicating that one cause of these
end results is defective implantation.

Understanding preimplantation
embryo development, implantation of
embryos in the uterus, postimplantation
embryonic growth and how the placenta
forms also will advance our knowledge in
several basic physiological processes.

These include: paracrine and jux-
tacrine epithelial — epithelial interactions
and epithelial — mesenchymal-extracellular
matrix interactions, involving cell migra-
tion and invasion, the formation of blood
vessels from bone marrow-derived precursor
cells (vasculogenesis) and from pre-existing
vessels (angiogenesis), and vascular
permeability, as well as regulated growth
(proliferation, differentiation, polyploidy
and apoptosis).

These processes involve numerous sig-
naling pathways that are common to many
other systems under either normal or
pathological conditions. For example, many



of the characteristics and signaling
pathways that are operative during early
development are also active during
tumorigenesis — the difference being that
tight regulation occurs during pregnancy,
while dysregulation of the same pathways
occurs in tumorigenesis.

Another interesting area of research is
the similarities in plasticity of both multi-
potent tumor cells and embryonic stem cells
(ES). Both these cell types are profoundly
influenced by bi-directional microenviron-
ment for expressing specific phenotypes
and are amenable to reprogramming.
Therefore, understanding the intricacies
of early development might help to better
understand the complexities of tumorigen-
esis, and might one day reveal that “life
and death are linked by a common
thread.”

What are some of the challenges to
making further progress?

The entire research enterprise in the
United States is at a crossroad.

On the one hand, enormous techno-
logical advances have set the stage for
ground-breaking discoveries, but on the
other hand, dwindling federal research
dollars for basic research make it difficult
for scientists to take advantage of this
opportunity.

In addition, federal, state and institu-
tional bureaucratic regulatory burdens (for
example, compliance with animal protocols
and institutional review boards) are creating
a tremendous stress on investigators and
raising the levels of despair and frustration
in them, resulting in reduced scientific
innovation and productivity. Investigators
are spending more and more time in writ-
ing and rewriting grants and addressing
and untangling bureaucratic red tape.

Like adding salt to the injury,
increases in research costs are passed on
to investigators by institutional leadership
in the face of shrinking federal research
dollars provided through the National
Institutes of Health (NTH). Investigators,
especially junior and mid-career scientists,
are increasingly worried that they will be
unable to put bread and butter on the
table for their families if they fail to
receive grants that provide a major portion
of their salaries.

These are not the only challenges
the scientists are now facing. Federal

restrictions on human stem cell research
in the United States are also hindering
progress in a field that has enormous clini-
cal applications in regenerative medicine
and correcting genetic errors that lead to
various diseases.

Scientists here and in Japan have
circumvented some of these obstacles by
creating induced pluripotent stem (iPS)
cells in mice and humans through the
ectopic expression of four transcription
factor genes (Oct4, Sox-2, KlIf4 and Myc)
in non-embryonic cells. While this is a
huge breakthrough in the field, iPS cells
must be compared alongside with human
embryonic stem cells to determine their

utility as true pluripotent cells.

The unwillingness of the U.S.
government to allow the expansion of
the repertoire of human stem cell lines is
having dire consequences on stem cell
research and it is driving prominent
scientists to pursue their work outside
the country.

There is a move by the Center for
Scientific Review at the NIH to reorgan-
ize the peer review process to reduce the
length of grant applications, to ensure
high-quality review by experienced
reviewers and a quick turn-around time
of reviews for new investigators, and to

provide an open deadline for submitting
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grants by reviewers. All of the changes
that are being implemented or planned to
be implemented have good intentions.

While some of the changes will be
welcomed by the investigators, if the
funding situation does not significantly
improve, we scientists can be listed as an
endangered species. This is a very difficult
time for the entire research enterprise in
the United States, and we — meaning the
government, general public, scientists and
their institutional leadership — must work
together to address these issues.

What is the responsibility of the
scientist to speak up, to challenge
government policies and society
itself?

The scientific community should
forcefully articulate the problems to the
leadership at the institutional, state and
federal levels without any reservation.

The scientific societies should follow the
same suit which they do by lobbying to
Washington. These are good practices,
but often do not meet with success.

What we need is a “million scientists
march” to Washington involving scientists,
educators, graduate students, postdoctoral
fellows, research personnel, people from
biotech and pharmaceutical companies, and
citizens who care for scientific discoveries
that improve health and mankind. This
approach may educate the society at large,
draw the attention of decision-making bod-
ies and raise the stature of scientific research
and the benefits society reaps from it.

The NIH Roadmap and its emphasis
on big science and translational research are
good concepts, but these concepts should
only be pursued if Washington appropri-
ates separate funding to NIH for these
purposes, not at the cost of investigator
initiated basic science research projects.
Otherwise, we may lose a generation of
young and mid-career investigators.

As Judith Bond, Ph.D., former presi-
dent of the American Society for
Biochemistry and Molecular Biology,
wrote in 2006: “Funding strategies must
provide opportunities for exploring new
ideas, taking advantage of an unexpected
finding or serendipitous discovery. There
is no single path to discovery, problem-
solving and knowledge creation.”

Is the preeminence of U.S. science
being threatened by the “globaliza-

tion” of biomedical research?

Surely, the current bureaucratic regu-
latory burdens and dwindling funding

LENS/SUMMER 2008

environment in the United States have cre-
ated a great deal of anxiety in the scientific
community. Our preeminence in scientific
leadership is being threatened by increasing
research investments in Europe, Japan,
China, India, Singapore and South Korea.
This rise in research growth in other
countries will boost the U.S. scientific
enterprise only if we embrace and partner
with them from our strengths, not from
our weaknesses.

If we increase our investments in sci-
ence and take our research to a new level,
then scientific interactions and exchanges
will bring benefits globally to humankind.
In failing to do so, we will face a reverse
brain drain, meaning that U.S. scientists
will relocate their research programs in
those countries.

This has already started. Several U.S.
scientists have relocated their programs in
other countries, and many foreign-born sci-
entists who settled in the United States for
the quest of science are now returning to
their home countries to further their scien-
tific pursuits. The scientific environment
here is becoming less attractive to them.
The situation is likely to get worse, since
fewer U.S. students are interested in pursu-
ing a science career. There should be an
all-out effort at the national and local levels
to combat this deteriorating situation.

What must we do to protect and nur-
ture quality science in this country?

If we want to maintain our leadership
position in science and technology, there
has to be a radical change in our culture
at all levels. There has to be an infusion
of resources for pursuing careers in science
and to convince our young generation that
pursuit of science is noble and serves
humankind.

We need to see substantial increases
in federal funding to stop further erosion
within the scientific community. There are
now remarkable opportunities to establish
scientific exchange programs with other
countries which are substantially investing
on science and technology.

Does the United States have a
responsibility to aid the scientific
enterprise in developing countries?

Absolutely. One major objective of
scientific discoveries is to fulfill human
needs and curiosity. Everyone in the world
should have that privilege and opportunity,
especially in these days of globalization.
The only way this objective can be fully
realized is if the developing countries also

engage in scientific pursuits, but they
will, of course, require help from other
advanced countries.

Where will we be in 10 or 20 years
in our ability to understand human
health, and intervene to treat or
prevent disease?

My guess is that molecular and per-
sonalized medicine will take center stage.
There will be significant advances in our
understanding of the genetic and epigenetic
causes of human diseases, such as cancer,
Alzheimer’s, Parkinson’s, diabetes, obesity
and infectious diseases like HIV. The success
of these research initiatives will, however,
depend upon the national investment in
basic sciences.

What advice do you have for the
young person who is considering a
career in science?

Have dreams and passion for knowing
the unknown. It should be made clear that
doing research is not a glamorous profes-
sion or hobby, it is a passion.

Upon taking office as president of the
American Society for Cell Biology in
1997, Mina Bissell, Ph.D., said, “If bio-
medical research is truly what you want to
do, then you must be willing to pay the
price ... It takes time, patience, stubborn-
ness, years and years of seven-day weeks
and 18-hour days, years of poverty-level
wages, predictions of doom and failure,
rejections of papers and grants, depression
and self-doubt ... But one persists. One
continues because this is what one must
do. This is what you want to do.”

The passion for research needs to be
seeded when students enter high school
and college. It should be made clear that
the pursuit of scientific research is only for
those who are truly dedicated to this
endeavor. The students should be reminded
that the pursuit of science is a wonderful
world if you love it.

Of course, there must be in place the
resources and infrastructure to nurture the
dreams, imagination and passion in young
men and women who are considering
careers in science. LENS



Riding the
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Studies that track cell migration, fate illuminate gut disorders
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The migration of neural crest-derived cells in
the developing gut is revealed in a transgenic
mouse embryo by the Cerulean Fluorescent
Protein, a marker of Phox2b expression. The
transcription factor Phox2b guides development
of the enteric nervous system, which controls
motility and other gut functions. By tracking
migration of early nerve progenitors that
express Phox2b, scientists hope to identify,
and eventually correct, abnormalities that can
cause gastrointestinal disorders in humans.

Confocal microscopy image by Vanderbilt
research assistant Ashley Cantrell.
Courtesy of Michelle Southard-Smith, Ph.D.

Reprinted from Developmental Dynamics,
Vol. 237, No. 4, 2008, pages 1119-1132.
Copyright 2008, John Wiley & Sons, Inc.
Reprinted with permission of Wiley-Liss, Inc.,
a subsidiary of John Wiley & Sons, Inc.
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ANNE RAYNER

The next
generation

By Lillian Gu

Uyen Pham spent part of her summer vacation in 2007 counting fruit fly eggs.

The high school senior participated in a research study at Vanderbilt University
Medical Center to better understand the link between nutrition and fertility.

“I liked counting the eggs,” said Pham, who graduated in the spring of 2008 from
Hillwood High School in Nashville. “It was very relaxing.”

Pham was a member of the inaugural class of seniors in the School for Science and
Math at Vanderbilt, a research-centered learning experience offered to high school stu-
dents in Metropolitan Nashville Public Schools by the Vanderbilt Center of Science
Outreach (www.scienceoutreach.org).

During the school year, students receive college-level instruction and participate
in research at Vanderbilt one day a week, while keeping up with their regular high
school classes.

“One of the primary goals of this center is to connect university scientists and K-
12 education,” explained center director Virginia Shepherd, Ph.D., professor of
Pathology. “The school is a unique model of how that can be accomplished.”

Pham moved to the United States with her family from Vietnam six years ago.
“Like all immigrants, we were looking for a better life,” she said. “My parents were
hoping that my sister and I would receive better education ... and we did.”

When she was in ninth grade, a dedicated biology teacher, Cathy Morgan,
inspired Pham with her hands-on approach to learning. Pham was fascinated with
DNA extraction and other techniques, and was immediately interested when she came
across the School for Science and Math while surfing the Internet for summer intern-
ship opportunities.

“I like the fact that science is always changing and growing,” commented Pham.
“It’s intriguing and fun!”

LENS/SUMMER 2008

Uyen Pham (seated) with her mentor,
Daniela Drummond-Barbosa, Ph.D.

Pham requested the field of develop-
mental biology when she applied, and was
pleased to be placed in the lab of Daniela
Drummond-Barbosa, Ph.D., assistant pro-
fessor of Cell and Developmental Biology.

It is well known that poor diet nega-
tively affects fertility. In the fruit fly,
Drosophila, a protein-poor diet causes egg
production to drop. The Drummond-
Barbosa laboratory has shown that this
ovarian response to diet involves the
insulin signaling pathway.

Under the guidance of postdoctoral
fellow Hwei-Jan Hsu, Ph.D., Pham stud-
ied a family of transcription factors called
FOXO. These proteins regulate insulin’s
effect on cell growth by turning genes on
and off, but their effect on egg production
is largely unknown.

During her seven-week-long research
project, Pham counted eggs produced by
normal flies when they were given pro-
tein-rich and protein-poor diets, and eggs
produced by mutant flies, in which the
genes for the transcription factors had
been “knocked out.”

Normally, flies lay many eggs on a
rich diet and only a few on a poor diet. If
FOXO were required to repress egg pro-
duction on a poor diet, Pham hypothe-
sized, the mutants without FOXO should
not respond to dietary changes.

However, she found that the mutants
did, in fact, produce fewer eggs when
given a poor diet, indicating that FOXO
is not necessary for the response of the
fruit fly ovary to diet.

For her research project, Pham was
recognized last fall as one of seven
Tennessee semifinalists in the prestigious
Siemens (formerly Westinghouse)
Competition in Math, Science and
Technology.

“Uyen is participating in research
which is often reserved for undergraduate
and graduate students,” said Glenn
McCombs, Ph.D., director of the School
for Science and Math. “She exemplifies
what we envisioned would be possible for
students attending the school.”

Accepted into Vanderbilt’s class of
2012, Pham wants to major in biology,
and is contemplating a career in develop-
mental biology. Lens



NEWS ABOUT LENS

To the Editor:
As always, you have published

another excellent issue of Lens with the
picture on the cover and its title, “How
to Build a Stronger Heart.”

Prior to opening it, I thought that
the issue would cover the non-technical,
non-pharmaceutical means of achieving
heart-health. On pages 25-27 of your
excellent article, you seemed to be get-
ting close, but you never quite made it.
Vanderbilt remains a high tech place and
will mostly likely remain so.

I would like to make a slight criti-
cism of the box entitled, “The importance
of knowing your numbers” (page 27).
You missed a real opportunity to educate
your readers.

Although I am sure that they are
well educated scientists, far and away the
majority of physicians with whom I have
discussed their own “numbers” don’t
know which numbers to measure.

Jeffrey R. Balser, M.D., Ph.D.
Anesthesiology, Medicine, Pharmacology
Associate Vice Chancellor for Research
Interim Dean, School of Medicine

Gordon R. Bernard, M.D.
Medicine
Assistant Vice Chancellor for Research

Randy D. Blakely, Ph.D.
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Director, Center for Molecular Neuroscience

Peter I. Buerhaus, Ph.D., R.N.
Nursing

Director, Center for

Interdisciplinary Health Workforce Studies

Richard Caprioli, Ph.D.
Biochemistry, Chemistry, Pharmacology
Director, Mass Spectrometry Research Center

Dr. Potts was quoted, “Know your num-
bers — blood pressure, cholesterol level,
weight and blood glucose.” More specifi-
cally, he should have said, “Blood pres-
sure, waist circumference, triglyc-
eride/HDL ratio and HgbA1C.”

Patients understand with a little
explanation. And, the more information

we can give them, the better they will do.

RICHARD C. ADLER, M.D.

Alumnus, Vanderbilt University

(B.A., 1955; M.D., 1959)

Clinical Assistant Professor of Preventive
Medicine, University of Tennessee

School of Medicine

Medical Director, Alpha Maxx Healthcare, Inc.

Erratum

An illustration of ion channels by J.P.
Cartailler, which appeared on page 14 of
the last issue, “How to build a stronger
heart,” should have included the following
information: © 2007 by Symmation LLC

Letters to the editor may be e-mailed to:
lens@vanderbilt.edu;

Faxed to (615) 343-3890; or mailed to
Editor Bill Snyder c/o

Vanderbilt University Medical Center
D-3237A Medical Center North
Nashville, TN 37232-2390
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NOwW on
the web

Check out the new Lens Web site at
www.mc.vanderbilt.edu/lens or
www.lookatscience.org
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Footprint on the moon

This photo taken by Apollo 11 astronaut Buzz Aldrin
is now an iconic image of the first manned mission to
land on the moon on July 20, 1969.

IN THE NEXT ISSUE.

Science’s uncertain footing
Beset by budget cutbacks and a skeptical public,
biomedical research enters the lean years.

Eating the seed corn
A research “brain drain” imperils the nation’s
security and prosperity, and the search for cures.

What to do?
Innovation and leadership in the private sector —
and in other countries — may point the way.

Lens

Vanderbilt University

VUMC News and Public Affairs
D-3237A Medical Center North
Nashville, TN 37232-2390

PRSRT STD
U.S. POSTAGE
PAID
NASHVILLE TN
PERMIT NO.
777




