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Explorations and revelations taking place at the medical school

J. Richard Chaillet studies chemical additions to DNA—like notes

in the margin of a book—that are passed along as DNA replicates.

Most of those notes come exclusively from our mothers. 
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When just about two days
old, a mammal’s embryo
is only eight cells large.

Although at this early stage it’s impossible to
tell what part of the developing embryo one
of those eight cells might become—a
giraffe’s leg or a human’s brain—they’re get-
ting important instructions that will deter-
mine their fate: The DNA they contain is
undergoing genomic imprinting, a process
that places molecular marks on our DNA.
The work of J. Richard Chaillet, a University
of Pittsburgh researcher and scientific direc-
tor of Pitt’s new Transgenic and Chimeric
Mouse Facility, suggests that these chemical
marks greatly impact the survival and health
of the fetus to be—even though they are
made days before the embryo implants in
the uterus and well before critical organs and
systems start to form.

The marks that Chaillet studies don’t
make up the genetic code itself, but chemi-
cal additions to it—like notes in the margin
of a book—that are passed along as the
DNA replicates. 

These genomic notes usually serve to
shut off expression of the genes they mark,
but it’s not yet clear why. Geneticists do
know we each have the same notes on the
same parts of our genomes, and that most of
the notes are first written on the DNA of the
unfertilized egg and inherited from our
mother. Only a few notes (genomic
imprints) are inscribed first on the sperm’s
DNA. Most imprints are passed along the
maternal line to offspring, where they con-
tinue to mark the embryo’s genetic material
from the earliest moments of development. 

To understand how an embryo gets its
genomic notes from its mother, Chaillet, an

associate professor of pedi-
atrics and human genetics,
and colleagues created a line
of mice without a gene that
makes a protein known to
play a part in imprinting
called Dnmt1o (a methylat-
ing protein that female
mice usually develop very
early on). When Chaillet’s
Dnmt1o-free females were
mated, they conceived but produced almost
no live births. Most of the fetuses died dur-
ing the last third of gestation. 

Chaillet traced these deaths back to a fail-
ure to take notes, at the molecular level, that is. 

His experiments showed that imprint-
ing—the chemical marginalia step in DNA’s
editorial process—was not taking place as the
embryos’ eight cells divided into 16: Only
about half of the DNA in embryos without
Dnmt1o had been annotated. Chaillet con-
cluded that Dnmt1o is responsible for jotting
notes on DNA as it replicates and rearranges
into new double helices during that one, short
stage of development. Because all of the
organs and tissues of the embryo eventually
result from the further division of just those
few cells, this single small error in note taking
has devastating results. But not immediately.
It takes some time—many, many cell divi-
sions—for enough nonimprinted cells to
accumulate and compromise fetal develop-
ment. Chaillet suspects that imprinting
blanks such as these might explain some mys-
terious deaths of human fetuses in late gesta-
tion and of infants just after birth. 

In normal mice, the Dnmt1o protein is
made when the mouse mom herself is just an
embryo, when her own eggs are developing.
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With just one more cell division, the protein

(green) will make its way from the cyto-

plasm into the nuclei (blue) to do the crucial

job of imprinting DNA. Chaillet has shown

this very early developmental step helps

ensure that the embryo grows normally.  

2-cell stage
4-cell stage

The protein is stored outside the nucleus of
the cell in the cytoplasm until after the egg is
fertilized, then it goes to work directing
imprinting in the embryo. The Dnmt1o
journey from mother to offspring is an exam-
ple of a larger phenomenon called maternal
effect, the notion that the embryo’s develop-
ment is directed by substances made by the
mother’s DNA (like Dnmt1o) rather than by
the embryo’s own. 

Maternal effect is known to be a factor in
the development of some lower organisms. In
fact, Christiane Nüsslein-Volhard and Eric
Wieschaus earned a Nobel prize for, in part,
their work on maternal effect in fruit flies.
Chaillet and his team are one of the first to
demonstrate it in mammals. �

FOR MORE INFORMATION:

On Chaillet’s recent breakthrough:

http://www.cell.com/content/vol104/issue6

On the Transgenic and Chimeric Facility:

http://www.genetics.pitt.edu/tcmf/
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It was a beautiful morning at
Disneyland, yet she wasn’t
thinking about having fun.

Tracy Davido, MD ’02, was thinking
about how to describe, in just 10
minutes, a new method for early
detection of bladder cancer. 

She had checked out of her hotel,
but she still had some time before
her presentation. So there she stood,
dressed in a business suit, practicing
her delivery out loud—amid bikini-
clad vacationers at one of the resort’s
swimming pools. It turns out she
had a poolside audience of one, who
interrupted her to make a comment:
“Ahuh, Ahuh,” said Goofy, “you’re
working too hard.” 

Davido laughed. Then, the
University of Pittsburgh medical
student resumed practicing for a
research contest presentation at an
American Medical Student Assoc-
iation meeting. Goofy shouldn’t
take it personally. It’s not easy to
derail Davido. 

Just a year before she’d had some
significant distractions. That’s about
the same time the business major
from Cleveland State started think-
ing about trying her hand at research.
Her third year of med school was
concluding, but unlike her classmates
she wasn’t filling out residency appli-
cations. “I needed to bide some

time,” she admits. She told Peter
Ferson, a professor of surgery who
advises her, that she wanted to take
time off to do research. He suggested
she put in a couple of months of
research rotations. She had been
thinking of more like a year. Davido,
34, didn’t want to delay her schooling
longer than necessary, yet her life had
become complicated. Her husband feared he
was about to lose his job because his company
was for sale. She explained to Ferson, “My hus-
band is interviewing all over the country. How
can I apply for residency when I don’t know
what city he will be in?” 

“Maybe you can work it out so he can join
you in a city like New York? There are so
many hospitals there,” answered Ferson.

There was another problem. The Davidos
had just been awarded custody of two school-
age children from a previous marriage. They
weren’t sure they were ready to uproot just then. 

Ferson needed no further explanation.
This seemed the perfect time for Davido to
take a year exploring the research world.

Davido looked around and learned Robert
Getzenberg at the University of Pittsburgh
Cancer Institute wanted a research assistant.
Then she started to have doubts. She remem-
bered the Yale and Hopkins bio majors she sat
beside in class and began to think Getzenberg
wouldn’t be interested in her.

“When I met him,” says Davido, “I just
blurted out, I’m 34, I’ve never done research;
I was a business major. I'm willing to work
for just about nothing, but if you don’t want
me I understand.”

“I don’t care how old you are,” he replied.
“If you’re willing to put in a year of research, I
think you will pick it up as you go. And, as a
business major, maybe you can provide a
unique perspective.” 

Less than a year later she was at the
Disneyland meeting. When the moment

arrived for her presentation, she
was nervous. “Robert had loaned
me his laser pointer, but when I
reached in my pocket to get it, I
realized my hands were shaking. So
I just left it in there and did the
Vanna White thing.”

Vanna never had to explain
“Utilization of urine-based BLC-A4

nuclear matrix protein assay in early detection of
bladder cancer in an MNU animal model.”
Davido did. She explained that before bladder
cancer is detectable, a protein in the cell becomes
aberrant. Getzenberg has developed an antibody
that can detect this protein. Davido injected rats
with a carcinogen to find out when that protein
could be detected. “Cells fall off the bladder into
the urine, and that isn’t such a great environ-
ment for a cell,” she says, “so they open up and
spill out their proteins. I treat a urine sample
with antibodies and, Bang!, if that protein is
there, we’ll see it.” In rats, she saw it at week
eight—12 weeks before cancer can be detected
in cells, and long before any symptoms develop.  

“It’s incredible,” she says of Getzenberg’s anti-
body. She foresees a noninvasive, completely
risk-free test: “With a little urine in a cup, we
can find out if bladder cancer is imminent.” A
clinical trial is now under way. 

Davido won first prize for a basic research
presentation in the national competition.
(Two other Pitt med students, Morad Askari
and Susan Morine, also were invited to present
at the meeting.) 

This summer, it’s back to medical school for
Davido. Things have settled down. Her hus-
band’s company is no longer for sale, and the
children are adjusting. But Davido still isn’t
sure where she will apply for a residency: “A
year ago I was thinking solely clinical, now I’ve
become a physician researcher. 

“I want to be part of pushing the science for-
ward and then see the end result of all that effort
when the patient comes to my office.” �
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Only eight weeks after rats re-

ceived a carcinogen, an antibody

fingerprinted a marker protein in

the still symptom-free rats (faded

IDs may mean there’s less tissue in the

dying rats). Tracy Davido estimates the

antibody could detect cancer two years

before a human patient exhibits symptoms.

Davido
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Your bladder is filling, filling,
filling.

Yes, you may be excused. But
if you would like to learn about the very
basics of how we normally are able to post-
pone such necessities, you should find out
more about the work of Gerard Apodaca.
Apodaca, associate professor of medicine
and cell biology and physiology at the
University of Pittsburgh, is figuring out how
the lining of the bladder works. His focus is
its innermost cell layer. These “umbrella
cells” have a dome-like region facing the
urine and a smaller stalk region protruding
into the intermediate cell layer. Not much is
known about them. 

“If you look at the number of papers that
deal with the umbrella cells and their cell
biology, there’s very few, less than 100
papers, whereas with other topics there can
be thousands of papers,” says Apodaca. 

To understand his work, picture the
bladder: When the onion-shaped organ is
empty, its tissue is full of folds. The part of
the umbrella cell that faces the urine, called

the apical surface, is also wrinkled with folds.
As the bladder starts to fill, the folds in the
tissue open, as an umbrella would, to accom-
modate increasing volume. Next, the apical
surface unfolds, becoming smooth and flat,
and the cell elongates. Then, a third mecha-
nism for further expanding the holding
capacity of the bladder comes into play.  

Imagine a table with a leaf lying in wait
just underneath the surface. The leaf can be
pulled from below to expand the surface area
of the table as needed. 

The umbrella cells have a similar reserve
capacity—in the form of thousands of vesicles
that are concentrated below the apical surface.
As the need arises to fit more in the bladder,
the vesicles are pulled up and fused into the
membrane, expanding its surface area. 

To study these vesicles, Apodaca created an
experimental model that allows him to mimic
the bladder filling. He takes a rabbit bladder,
cuts a piece of the tissue, and places it in a
chamber. The chamber enables him to stretch
the tissue, subjecting it to the same amount of
pressure that is present as the bladder slowly

fills. He stretches the cells for five hours. As a
control, he uses rabbit bladder tissue that is
not stretched. He compares the stretched cells
to those that have not been stretched. 

Previous researchers had calculated that
the vesicles have the ability to expand the
surface area by 300 percent. Using his exper-
imental model, Apodaca was able to study
what really happens in the cells. After
stretching the cells for five hours, nearly all
the vesicles had fused into the membrane—
yet the surface area of the membrane had
increased by only 50 percent. 

“Where’s the other 250 percent? That’s the
question we had to answer,” says Apodaca. 

He did additional studies and found the
answer: Stretching sets in motion an internal-
ization process. Bits of membrane from the
urine-facing surface are pulled into the cell
and taken to degradation compartments
where they can be broken down.

“At this surface that’s facing the urine, if
you don’t stretch the cells, they don’t internal-
ize anything,” he says. 

“It’s only when you stretch them that that
process gets turned on.” 

The two processes happen simultaneously.
As the bladder is stretched, vesicles go out to
the membrane. At the same time, bits of
membrane come into the cell. The resulting
increase in surface area is only 50 percent. 

The two processes may serve to continually
“rebuild” the membrane—limiting the
amount of time it is exposed to urine, which
has toxic elements. 

Apodaca’s work in the long run may lend
insight into illnesses such as interstitial cysti-
tis, a painful disease caused by abnormalities
in the bladder lining. What fascinates him,
however, are the mysteries of the umbrella
cells—which face a noxious environment
and the day-in, day-out routine of being
stretched. He is determined to figure out
how they work. �

FOR MORE INFORMATION: 

http://apodaca2.dept-med.pitt.edu/
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Our bladders are made up of umbrella-like cells that

endure repeated stretching and a noxious environment.
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