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Medical Center in Dallas, home of the Harold C. Simmons
Comprehensive Cancer Center. Bottom center: Associate
professor of surgery Dr. Fiemu Nwariaku (photo by
David Gresham). Center right: Angelica Hernandez, a
participant in the After the Cancer Experience, or ACE,
program at Children’s Medical Center Dallas (courtesy of
Children’s Medical Center). Bottom right: A three-dimensional model of normal human colon cells in culture
(image by Andres Roig).
Back cover
A view of the North Campus (photo by David Gresham).
Opposite page
At left: Uptake of peptide-targeted nanoparticles by
H2009 non-small-cell lung cancer cells (image by M.J.
McGuire). Top center: A dividing human cervical-cancer
cell in which the microtubules are stained green, DNA
blue, and a mitochondrial enzyme red (image by Michael
Roth). Bottom center: Assistant professor of surgery
Dr. Rolf Brekken (photo by David Gresham). Top right:
Natalie Grubb was treated for lymphocytic leukemia at
Children’s Medical Center Dallas (courtesy of Children’s
Medical Center). Center right: CML (chronic myelogenous
leukemia) patient Lourdes Cal with Dr. Robert Collins,
director of UT Southwestern’s Hematopoietic Cell Transplant Program (photo by David Gresham).
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message

HAROLD C. SIMMONS
COMPREHENSIVE CANCER CENTER

It isn’t news that The University of Texas Southwestern Medical Center
is a research powerhouse or that it has a tradition of student training and
patient service with its affiliates – Parkland Memorial Hospital, Children’s
Medical Center Dallas and UT Southwestern University Hospitals. But
it was news a little more than four years ago when the leadership at
UT Southwestern decided to capitalize on these strengths to transform
the Harold C. Simmons Comprehensive Cancer Center.
I shared their vision, and signed on to direct the effort as cancer center
director and associate dean for oncology. Now, we are looking back on
our accomplishments and looking ahead to the next steps. I’d like to
share with you some of the excitement of the past few years, as well as
some of our plans for the next few years and for the next generation.
As architects of the cancer center’s future, our challenge has been to
create a structure that could bring together the many different assets
of UT Southwestern, fostering collaboration and discovery. Creating a
structure that linked these assets became a visualization model for
how the cancer center could catalyze the resources here. We would link
early insights emerging from UT Southwestern’s research enterprise
to novel treatments that could be tested and eventually become the newest
line of defense against cancer in our affiliated hospitals and clinics.
This pipeline would first require some additional links, in the form of
new faculty and in new program development.
During the past four years, we have recruited 70 new faculty members
to develop programs complementary to existing research and clinical
expertise. Total clinical and research faculty now numbers 177 and
represents 30 departments across the campus. During this same time
frame, the number of clinical trials has doubled, as has the number of
collaborative publications in scientific journals.

In addition to augmented faculty and programs, we needed a
strategy for creating new collaborations within UT Southwestern So,
another process has been the organization of the cancer center
into transdisciplinary research programs. These programs foster
interactions across departments and build bridges between scientific
discovery and patient care. Three cancer drugs developed at
UT Southwestern are now being tested in patients, and others
are on the way.
We also have developed new training programs that offer doctoral
students the most up-to-date research training in molecular and
cellular aspects of cancer biology, enabling them to develop a breadth
of knowledge in cancer biology before specializing in a particular
area of cancer research. These trainees will be the next generation
of explorers and discoverers. In support of these programs, we
have received new NCI-funded training grants for cancer biologists,
physician-scientists and pediatric cancer researchers.
The dynamic mix of established faculty and those newly arrived also
is reflected in the mix of the program leadership. Each of these leaders
heads one of the transdisciplinary programs. I invite you to meet
them and to learn more about their programs, each highlighted as a
chapter topic in this report.
The cancer center is poised to build on this framework. Our forward
momentum is timely, as both our state and nation are making
commitments to cancer research. The Cancer Prevention and Research
Institute of Texas just began a 10-year initiative in 2009, and increased
NCI funding is priority at the national level. We are mobilized to be
the cancer center that provides Dallas and North Texas with cancer
care of the future.
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Dr. James K.V. Willson is a professor of internal medicine at UT Southwestern and holds the
Lisa K. Simmons Distinguished Chair in Comprehensive Oncology (photo by Brian Coats).

Dr. James K.V. Willson, Director
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built for
the future

THE BLUEPRINT FOR CANCER CENTER GROWTH
OPENS DOORS TO ENHANCED SCIENTIFIC COLLABORATIONS,
BROADER EMPHASIS ON CLINICAL CARE AND MORE.

To erect a building that can scrape the sky, architects start with a rock-solid
foundation. Likewise, in taking the Harold C. Simmons Comprehensive
Cancer Center to new heights of achievement, leaders at UT Southwestern
Medical Center had to start from the ground up.
For the cancer center, a foundation was laid two decades ago, when
generous support from Dallas philanthropists Harold and Annette Simmons
created an institution that became a focal point for cancer care and
disease-oriented research, says Dr. James K.V. Willson, current director of
the center. To date, Mr. Simmons’ family and the Harold Simmons Foundation
have donated more than $97 million to enhance cancer programs at UT
Southwestern, providing pivotal resources to help put the sky within reach.
A cornerstone for the early success was a robust program in translational
lung research, building a bridge from basic laboratory findings to patient
care. The lung-cancer program, developed under the leadership of
Dr. John Minna, professor of internal medicine and pharmacology, has
received continuous funding from a highly competitive National
Institutes of Health initiative known as SPORE – Specialized Program
of Research Excellence. Only a handful of centers nationwide receive lung
SPORE funding, designed to p
 romote interdisciplinary cancer research
and move discoveries from the lab to the clinic.
“The SPORE is a good example of how clinicians can collaborate with
scientists to bring new treatments to patients,” Dr. Joan Schiller, professor
of internal medicine and deputy director of the cancer center, says of
the lung program, which is now entering its 13th year. “That’s an attractive
concept and something that’s relatively unique among many centers.”

Left: The UT Southwestern North
Campus. Right: Dr. David Euhus,
professor of surgery, examines a digital
mammogram in the Center for Breast
Care (photos by David Gresham).
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With that blueprint for collaborative excellence in place, UT Southwestern
leaders set about identifying potential resources and opportunities that
could be put to work to build the cancer center’s vision for the future.
That vision included earning “cancer center” designation from the National
Cancer Institute. Such a designation recognizes a center’s scientific excellence
and extensive resources devoted to cancer and cancer-related problems.
To achieve that pinnacle, senior leaders at UT Southwestern embarked
on a year-long introspective assessment, seeking input from some consulting
architects, of sorts – an advisory panel of leaders from NCI-designated
cancer centers – to help map out the next phases of development. The goal:
a so-called matrix cancer center, where research findings in one discipline
– whether laboratory, clinical or population-based – are translated across
the spectrum of other disciplines to improve cancer care.

People First Piece by piece, based on the new, high-level action plan,
the building blocks for the sweeping vision would be put into place. But
foremost was a focus on people.
To accelerate implementation of the plan, the medical center created
an associate dean for oncology position. With responsibilities that
touched all of the cancer disciplines, the associate dean would leverage
the breadth of the institution’s unique expertise to tackle the challenges
of cancer. The associate dean would also serve as director of the Simmons
Comprehensive Cancer Center.
Enter Dr. Willson. A renowned scientist himself – he is a leader in
the study of colorectal cancer and genetic factors that contribute to
its progression – Dr. Willson was recruited to mold a top-flight research
and care center from the resources that were to come, and from the
talent, ambition and commitment that were already in place.
In fact, it was these outstanding components that attracted Dr. Willson
to UT Southwestern in September 2004. As the former head of the
Case Comprehensive Cancer Center in Cleveland, he had already met the
challenge of leading an institution to achieve the elite NCI distinction.
At UT Southwestern, Dr. Willson launched a five-year plan, now in
its fourth year. One key component was the recruitment of more than a
score of cancer specialists and the assembly of multidisciplinary teams for
each major cancer. By building collaboration between surgeons, medical
and radiation oncologists, pathologists, research scientists and nurses,
the center’s patients could benefit from vast expertise, state-of-the-art
technologies, and a seamless environment with ready access to the latest
scientific developments through clinical trials. Moreover, with Parkland
Memorial Hospital as the medical school’s primary teaching facility,
cancer-center scientists could connect with underserved populations, as
well as investigate and develop more effective ways to disseminate best
practices in cancer detection and early cancer care.
Other building blocks of the cancer center also have been patientfocused. One was the launch of specialized services to help cancer
patients navigate their individual treatment programs, and find expert
supportive and palliative care. Another emphasized cancer prevention,
expanding the clinical framework to better accommodate healthy
populations and cancer survivors.
Such achievements position the cancer center as a leader at a moment
when both state and federal policymakers are stepping up the fight
against cancer. In Texas alone, voters in 2007 approved Proposition 15, a
$3 billion, 10-year initiative devoted to cancer research and prevention.
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LEADERS
at Simmons Comprehensive
Cancer Center

Far left: Cancer center members Dr. Lani
Wu and Dr. Steve Altschuler compare notes
with assistant professor of pharmacology
Dr. Gurol Süel (right) (photo by David
Gresham). Immediate left: Natalie Grubb,
a patient in the Center for Cancer and
Blood Disorders at Children’s Medical
Center Dallas, presented these portraits to
her favorite physician, Dr. Robert Bash, a
pediatric hematology/oncology specialist
at Children’s and an associate professor
of pediatrics at UT Southwestern (courtesy
of Children’s Medical Center).

Strength in the Numbers The structure of
the Simmons Comprehensive Cancer Center
also has been strengthened in broader ways.
The medical center has committed substantial
additional resources for space, program development and continuing support. Among the
space improvements has been the centralization
of radiation oncology, a crucial step in
bringing cancer care together at the university,
Dr. Willson said.
Under the new plan, partitions between
departments have been torn down and bridges
built instead. Such structural changes have
helped create an environment where multidisciplinary care and supportive care specific to
patients’ cancers flourish.
Today, recruitment resources are in place,
and the clinical expertise has been deepened for
all types of cancer. Vital infrastructure – including support for clinical trials, tissue management,
biostatistics, genomics and more – is influencing
the quality and quantity of research across
departments, disciplines and cancer-center
programs (see page 26).
The progress generated by such initiatives
has been measurable, cancer-center statistics
indicate. For instance, since 2006, new patient
visits to the center have shown double-digit
increases, including growth of 20 percent for
2008. Enrollment of patients in clinical trials
doubled from 2006 to 2008. And last year, total

peer-reviewed funding for cancer research at
the center totaled more than $78 million, with
25 percent of that from the National Cancer
Institute and American Cancer Society.
Scientific Structure Underpinning all the
reconstruction has been the essential mission of
the cancer center – forging unprecedented
collaborations among top researchers that can
yield novel insights into the origins, treatment
and prevention of cancer.
“Historically we’ve always been an extremely
strong basic science institution,” Dr. Michael
White, the cancer center’s associate director for
basic science, says of UT Southwestern. “However,
the cancer center has really been an organizational
magnet to bring together dispersed efforts,
each one of which has great value on its own,
but which together generate the synergy required
to impact human disease.”
Much of that synergy springs from the
center’s network of complementary scientific
programs: Cancer Cell Networks, Chemistry
and Cancer, Development and Cancer, and
Molecular Therapeutics of Cancer.
The Cancer Cell Networks Program, for
example, explores normal pathways for cell
communication and how alterations in those
pathways lead to cancer (see pages 28-35). The

Left: The hematology/oncology
clinic at Parkland Memorial Hospital,
the primary adult teaching hospital
for UT Southwestern faculty
(courtesy of Parkland). Right: A
story-and-a-half-high sculpture by
Dale Chihuly greets patients and
visitors to the Seay Biomedical
Building (photos by David Gresham).
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Chemistry and Cancer Program (see pages 10-17)
then uses those altered pathways as targets for new
cancer therapeutics discovery.
Development and Cancer researchers,
meanwhile, study the pathways important in stem
cells and early development, which are key to
understanding and treating cancer (see pages 18-25).
“Here we have a program that has fabulous
expertise in modeling human cancer in other
organisms,” says Dr. White, professor of cell biology.
“We can actually look and see what happens
in an authentic tissue environment,” where
tumor cells, connective tissue and immune components interact.
Finally, the Molecular Therapeutics of Cancer
Program helps tie it all to human cancers through
discoveries in genetics, imaging technology and
clinical trials (see pages 36-43).
“Any one laboratory has a very difficult time
doing all these things together, and it’s maybe
even impossible,” Dr. White says. “What the
cancer center does is create a matrix to bring
those efforts out of their boxes and leverage their
combined capacity to advance cancer research.”
But the scope of the center’s research won’t
stop with these programs. Two vital additions
are emerging: the DNA Repair and Radiation
Oncology Program, designed to shed light on
DNA repair and cell stress responses to radiation
(see pages 52-53), and the Population Science

and Cancer Control Program, which will link the
center’s basic discoveries with populations at risk
(see pages 46-51).
Synergy among the center’s programs, and
across the medical center, is generating research
advances. Groundbreaking work by Dr. White
and colleagues, published in Nature in 2007,
employed RNA-interference-based functional
genomics to explore which genes sensitize lung
cancer cells to chemotherapy (see page 16).
The center is poised to develop exciting new
cancer imaging strategies, based on the medical
center’s Advanced Imaging Research Center and
metabolism expertise. Work such as that of
Dr. Luis Parada, chairman of developmental
biology at UT Southwestern, with n
 ascent types
of brain cells known glial stem cells, showcases
the Development and Cancer Program’s focus on
cancer stem cells and the physiological environment that enables progression to cancer. And
singular work on the role of adiposity, or obesity,
in breast cancer is being generated by Dr. Philipp
Scherer, professor cell biology, Dr. Deborah
Clegg, assistant professor of internal medicine,
and the cancer center’s associate director for
clinical research, Dr. David Euhus.
Simultaneously, the continuing success of
the lung-cancer effort – and its enhanced clinical
reputation with the recruitment of Dr. Schiller
and radiation oncology chairman Dr. Hak
Choy – position the cancer center to become a
national resource for patient care and advanced
research. Breast cancer and other disease types
have the same potential, Dr. Willson adds, by
applying the center’s lung-cancer paradigm.
Just as a skyscraper is much more than
bricks, mortar and steel, the cancer center’s
components, considered individually, don’t
portray the whole story.
“We focus on adding value,” Dr. Willson says,
“making the whole greater than the sum of the
individual components.” D

James K.V. Willson, M.D., Director
Joan Schiller, M.D., Deputy Director
Michael White, Ph.D., Associate
Director for Basic Science
Celette Sugg Skinner, Ph.D., Associate
Director for Population Science

Dr. Joan Schiller, deputy director of the
cancer center (photo by Brian Coats).

David Boothman, Ph.D., Associate
Director for Translational Research
David Euhus, M.D., Associate Director
for Clinical Research
Chul Ahn, Ph.D., Associate Director for
Biostatistics and Bioinformatics
Jerry Shay, Ph.D., Associate Director
for Training and Education
Hak Choy, M.D., Associate Director for
Radiation Oncology
Roderich Schwarz, M.D., Ph.D., Associate Director for Surgical Oncology
Stephanie Clayton, M.H.S.M., Associate Vice President for Cancer Programs
Tim Strawderman, Ph.D., Associate
Director for Research Administration
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STRUCTURAL SUPPORT

focus
BUILDINGS
at Simmons Comprehensive
Cancer Center

Physical setup helps scientists, clinicians and patients connect.
The laboratories of Simmons Comprehensive Cancer Center members do,
of course, have walls. But the physical configuration of the center ensures
that nonetheless, there are no barriers between bench and bedside.
Vital to such seamless collaboration is the cancer center’s hub – an
expanse of several floors of administrative space, offices and labs in three
buildings, plus the connecting radiation oncology building. This contiguous
space on UT Southwestern Medical Center’s North Campus provides a
central identity uniting the cancer center’s manifold activities.
Combined, the space creates an energetic and synergistic environment
ripe for discoveries. The individual buildings are named in recognition
of gifts by key supporters: energy entrepreneur T. Boone Pickens, Nancy
B. Hamon, Deborah and W.A. “Tex” Moncrief Jr., and Harold C. Simmons.
(see page 58 for more about Mr. Simmons.)
“All have contributed to the cancer center individually as well as
collectively by making the whole greater than the sum of the individual
parts,” says the center’s director, Dr. James K.V. Willson.
The North Campus hub connects clinics with basic research labs,
encouraging patient-focused research and an environment of multidisciplinary cancer care.

What results is a feedback loop where basic discoveries inform
clinical care, while clinical issues guide basic and translational research.
At the same time, insights into one type of cancer can be shared and
investigated in others.
Extending off this hub are connections throughout the medical center’s
academic science departments, where many cancer center members
have their labs. Helping tie these far-flung scientists and their endeavors
together is the cancer center’s more than 16,000 square feet devoted to
shared resources. These resources, offering support and expertise, include
the Clinical Research Office and facilities devoted to biostatistics, tissue
management, and live cell imaging, to name a few (see page 26).
Among other advantages, such resources enable better access to
patients, promoting broader participation in clinical research, and they
create wider availability of patients’ tissue samples, allowing the cancer
center to develop specialized tumor banks for research.
Yet the physical setup of the Simmons Comprehensive Cancer
Center isn’t the only element crucial to its success. There is also an element
that any Realtor might tout: location, location, location.
“We are at the center of one of the world’s leading biomedical
research institutions,” Dr. Willson says. D

Nancy B. and Jake L. Hamon
Biomedical Research Building
W.A. Monty & “Tex” Moncrief
Radiation Oncology Building
T. Boone Pickens Biomedical
Research Building
Seay Biomedical Building

Left: Dr. Ondine Cleaver, assistant
professor of molecular biology and
member of the Development and
Cancer Program. Far right: Buildings
on the medical center’s North
Campus, home of the cancer center
(photos by David Gresham).
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Simmons Biomedical Research Building
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AT A GLANCE
GOAL
To discover drug-like chemicals

impact

that impede or enhance
biological processes related to
the development or inhibition
of cancer.

APPROACHES
From chemistry to biology –
starting with a novel natural
product that damages cancer
cells and discovering exactly

CHEMISTRY AND CANCER

translation

how it works; and from biology
to chemistry – starting with
an understanding of a specific

discovery

Top: A type of bone cell known
as an osteoclast (photo by Steve
Gschmeissner). Center and opposite
page: Pipette tips and vials of
chemical compounds in the
high-throughput screening lab.
Bottom: Dr. Xiaodong Wang,
professor of biochemistry (photos
by David Gresham).
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DISCOVERY

biological process related to

Biological insights point the way to development of a cancer-fighting
molecule. Chemists at the Simmons Comprehensive Cancer Center know
that the creation of potential new drugs can be a two-way street: Identification of an anticancer chemical might direct scientists to a new biological
insight based on how the chemical works – or biological knowledge could
lead to development of a new chemical.
In the case of a promising drug candidate known as a Smac mimetic,
the road to chemical progress started with basic biological science – discovery
of a particular mechanism by which cancer cells disrupt a normal process
of cell death known as apoptosis. By defusing this built-in time bomb, a cancer
can continue to reproduce endlessly.
Research by biochemistry professor Dr. Xiaodong Wang and colleagues
has deciphered this strategy. Cancer cells produce an abundance of
proteins known to inhibit apoptosis. But the cells have a countermeasure,
a protein called Smac, which is released under certain stress conditions
and allows the self-destruction to proceed.
Dr. Wang’s research suggested a course for the chemists: develop
a molecule that does what Smac does, but is leaner and meaner, like a
pharmaceutical product. By crystallizing the protein, Dr. Wang’s lab also
provided a roadmap for action, allowing chemists to see exactly where
and how Smac interacted with the apoptosis-inhibiting proteins at
the atomic level.
The team of chemists, including Chemistry and Cancer Program coleader Dr. Jef De Brabander, didn’t have to reproduce the whole Smac
molecule to have an effective potential drug. They just needed to create
and tweak its business end, where it interacted with the apoptosisinhibiting proteins.

cancer and identifying chemicals
that influence that process.

2009 FUNDING
TOTAL
$7.4 million
National Cancer Institute:
$3.9 million
Other National Institutes of Health:
$2.5 million
American Cancer Society:
$224,700
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Re-establishing the apoptotic pathway in cancer cells, allowing them to
die via programmed cell death (illustration by Kim Hoggatt Krumwiede).

TRANSLATION
A high-throughput technique yields findings that
can help take basic discoveries into the clinic.
“Dr. Wang had all this biology combined with structural information,”
says Dr. De Brabander, professor of biochemistry.“We tried to mimic this
with a small molecule.”
A Rational Course The molecule that the chemists developed, known as
a Smac mimetic, is considerably smaller than Smac itself, Dr. De Brabander
says. Moreover, it is stable and crosses cell membranes easily, binding
with the apoptosis-inhibiting proteins directly and quickly. This binding ties
up the targeted protein, rendering it ineffectual as a cancer defense.
While drug candidates are sometimes identified by testing masses of
substances to find a few that work, the calculated development of the Smac
mimetic reflects an opposite approach, that of rational drug design based
on a known pathway and the structure of molecules active in that pathway.
“This is pure discovery biology,” Dr. De Brabander says. As a “first-in-class”
anticancer drug candidate, the Smac mimetic has been licensed to the
Dallas-based start-up company Joyant Pharmaceuticals, co-founded by
Dr. Wang and Dr. Patrick Harran, formerly a biochemistry professor at
UT Southwestern. Part of Joyant’s role is to make sure the Smac mimetic
has all the right properties to be a successful drug therapy,
Dr. De Brabander says.
The ultimate hope is to develop a pill that will be a simple cancer
treatment that can work where others fail.
“It’s really bringing together chemistry and biology to tackle problems
relevant to cancer,” Dr. De Brabander says, “but with a small molecule focus.”
The new molecule, while safe in normal cells, “inhibits the inhibitor”
of cell death in cancer cells. “It’s a double negative,” says Dr. John Minna,
professor of internal medicine and pharmacology who has collaborated on
research focused on the Smac mimetic.
The first thing needed is some impetus to drive a cell toward destruction
– an assault such as chemotherapy or radiation – so that Smac, and the
apoptosis-inhibiting proteins that cancer relies on, are released. “There’s
no use in braking a car when it’s parked already,” Dr. De Brabander said.
Twists and Turns Research has revealed other factors that deepen the picture.
“In the end, things are never that simple in biology,” Dr. De Brabander
says, adding that this was a good thing, allowing a feedback loop of discovery,
from biology to chemistry and back to biology.
One of those factors arose during the work with Dr. Minna’s lab. The
researchers found that while most of the more than 80 tested lung-cancer
cell lines required a stimulus along with the Smac mimetic to launch the
cell death process, some didn’t.
This raised the question, why was this subset of tumors – 15 percent
to 20 percent of the cell lines – already primed to die? The answer: These
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Biologists understand that cells can take a multitude

maverick cancer cells produced their own stimulus, a substance known
as tumor necrosis factor-alpha (TNF-alpha). Synergizing with TNFalpha, small amounts of the Smac mimetic could take these cells down.
In further research, these Smac-sensitive cancer cell lines were
introduced in mice and allowed to grow into tumors. When researchers
injected the Smac mimetic into those mice, the tumors on average
shrunk and, in some cases, disappeared. Because TNF-alpha is secreted,
a blood test could detect increased levels in patients and potentially
predict response to treatment with the Smac mimetic, Dr. Minna says.
Patients lacking the needed TNF-alpha would require a combination
therapy – a stimulus, then the Smac mimetic.
“This is important information when you design clinical trials,”
Dr. De Brabander says.
At the same time, in the tumors lacking TNF-alpha, the impact of
the Smac mimetic combined with standard chemotherapy can also be
profound. The molecule makes 30 percent to 40 percent of the lungcancer cell lines tested about 1,000 times more sensitive to normal
chemotherapy, Dr. Minna says. “We’re trying to work on why this occurs.”
Collaborative research like this gives the chemists unique insights
about how their designer molecule might ultimately perform in a variety
of cancer patients, Dr. Minna says. “That’s obviously the great strength
of UT Southwestern. We have these very basic science people coupled
with people who are enablers.” D
Dr. Wang, a member of the National Academy of Sciences and a Howard Hughes
Medical Institute investigator, holds the George L. MacGregor Distinguished Chair in
Biomedical Science.

A Smac mimetic
can have destructive
consequences for
cancer cells (illustration by Richard P.
Howdy Jr.; concept
by Sean Peterson).

of steps to become malignant. Interfering with
even one of those steps could stop a cancer in
its tracks.
The trick is, just which monkey wrench
should researchers throw into a cell to jam up
one of its cancer-promoting mechanisms?
That’s where a technique known as highthroughput screening (HTS) comes in (see
page 26). HTS is a process in which tens of thousands of chemicals are simultaneously screened
to see which ones can impact cells in specific
ways. Once the potential monkey wrenches
are identified, chemists and biologists strive to
understand how they work and to narrow the
field to those substances most likely to become
successful medical treatments.
“This is called discovery research,” says
Dr. Michael Roth, professor of biochemistry, who
co-directs the HTS core at the Simmons Comprehensive Cancer Center with Dr. Noelle Williams,
associate professor of biochemistry.
The approach was developed by pharmaceutical
companies and picked up at research institutions,
including early on by UT Southwestern Medical
Center, Dr. Roth says. Now HTS facilities are
gaining substantial support from the National
Institutes for Health.

Research assistant Mridula Vishwanth operates the BD Pathway screening microscope with the aid of Dr. Michael Roth,
director of the High Throughput Screening Laboratory (photo by David Gresham).

A screen using a library of 200,000 compounds,
like that at UT Southwestern, may yield 1,000
“hits,” compounds that to some degree cause
the effect researchers are seeking.
“You will always find hits in a screen,” says
Dr. Jef De Brabander, co-leader of the cancer
center’s Chemistry and Cancer Program. “The real
problem is, will these compounds be useful?”
A Focus on Follow-up That first screen is just
a beginning, Dr. Roth says. “The reason we
screen 200,000 compounds is that gives us a
very good chance that we’ll get compounds that
are potent enough to be good starting points
for medicinal chemistry to make them better.”
What makes UT Southwestern distinctive is
that it didn’t stop at creating just the screening
lab, Dr. Roth says, but has fostered the expertise
to take those findings to the next levels.
Subsequent collaboration between the biologists
who sought the screen and chemists with HTS
and pharmacological expertise can help sort out

the stronger chemical candidates. For instance,
the structural classes of the promising chemicals
are evaluated to see whether they are potentially
toxic, wouldn’t be absorbed well by the body or
would degrade too quickly.
At that point, the chemists work to build
better molecules, Dr. De Brabander says. They
narrow down the regions of the molecules that
do the work, or that can be tweaked to improve
potency or the chemicals’ behavior in the body.
The result is a slate of 20 or 30 related
compounds that can enter preclinical development,
undergoing refinement and animal testing.
From there, promising molecules are handed off
to the pharmaceutical industry, which can
apply its expertise in drug development and even
partner with UT Southwestern on any resulting
clinical trials.

Left: A 96-well microtiter
plate of cells in the viewing
chamber of the HTS lab’s
BD Pathway screening
microscope. Center:
Research scientist Carolyn
Michnoff removes microtiter
plates from a robotic
liquid handler. Right: Plastic
disposable pipette tips
used by the robotic liquid
handlers (center photo
by Carl Sidle; others by
David Gresham).
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Image of a HeLa cell infected with Sindbis virus
– with markers for viral proteins (red), autophagosomes (green) and nuclei (blue) – captured
with the BD Pathway screening microscope.
Researchers from the laboratory of Dr. Beth
Levine (see page 30) are collaborating with the
High Throughput Screening Laboratory to search
for host genes that are important for targeting
viral proteins to autophagosomes, structures in
which parts of a cell’s own cytoplasm are digested
(image courtesy of Anthony Orvedahl).

Most academic institutions can do highthroughput screening, Dr. De Brabander
notes. “Really, the problem is all this follow-up.”
One example of such follow-up occurs in
Dr. Williams’ pharmacology lab, where she uses
an analytical technique known as mass spectrometry to measure compounds in animal tissue
and blood. A compound might be effective in
cells and culture, Dr. Roth says, but metabolize
too quickly to work in a living creature. Without
such testing, scientists could spend a long time
studying something without knowing it has a
terrible defect.
“Very few HTS labs around the country have
gone in this direction, to provide the downstream
support activities, to take a hit from a primary
assay and turn it into a therapeutic lead,”
Dr. Roth says.
Gene Screens HTS technology has been used
innovatively at UT Southwestern to screen not
just for the effects of certain chemical compounds
but also the effects of genes. In this case, the
monkey wrenches jamming up the works are bits
of genetic material known as siRNAs, or small
interfering RNAs, which inhibit the creation of
certain proteins by blocking the effects of the
genes that oversee their production.
Using RNA interference to tie up a gene is
simpler in mammals than are traditional means of
knocking out the gene. Thanks to the Human
Genome Project, which revealed the genetic coding
of our species, scientists have been able to design
some 22,000 siRNAs, one to knock out each of the
approximately 22,000 human genes. Institutional
support has made a full library of those siRNAs
available to cancer-center researchers.
In a first-in-field experiment led by cell
biology professor Dr. Michael White, scientists
tapped the siRNA library to explore resistance
of a non-small-cell lung-cancer cell line to the
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widely used drug paclitaxel (sold commercially
as Taxol). The researchers exposed the cells, in
the presence or absence of paclitaxel, to siRNAs
one-by-one to knock out various genes, noting
which siRNAs would kill the cells only when the
drug was present.
“Traditionally, the pace of disease-promoting
gene discovery has been limited by what is already
known or suspected. Advances were made in a
step-wise fashion. Here, we have come up with
a way to quickly test pretty much everything in
an unbiased, practical and effective manner,” says
Dr. White, associate director for basic science
at the cancer center. He cites the importance of
collaborations including the HTS core and the
Molecular Therapeutics of Cancer Program, whose
expertise helped maximize the work’s relevance
to a broad variety of patient tumors. “The only
reason we were able to do this was the collaborative context.”
With additional support in biostatistics, the
researchers identified almost 90 genes that, when
rendered inactive, sensitized the lung-cancer
cells to paclitaxel at doses far lower than typically
required to generate a response to the drug.
“The strategy is to knock down these genes
and identify a biochemical pathway that a particular
type of cancer cell requires,” Dr. Roth says.
“Then the fastest path to an anticancer treatment
is to find a drug that is already effective on
that pathway.”

Dr. Michael Roth views cells
being screened by the BD
Pathway screening microscope
(photo by David Gresham).

Steven McKnight, Ph.D., Chairman, Biochemistry
Dr. McKnight (right) has built a program interweaving structural and discovery biology with
synthetic, medicinal, analytical and natural-products chemistry. He has devoted much of his career
to the question of how genes are switched on and off in higher eukaryotic cells, work recognized
by his 1992 induction into the National Academy of Sciences and his 2005 election to the Institute
of Medicine. In 2004 he received a National Institutes of Health Director’s Pioneer Award.
Dr. McKnight holds the Sam G. Winstead and F. Andrew Bell Distinguished Chair in Biochemistry
and the Distinguished Chair in Basic Biomedical Research.

LEADERSHIP

Among the genes that were “hits” in Dr. White’s
experiment were some contributing to a molecular
pathway that produced an enzyme known as
V-ATPase. As serendipity would have it, Dr. De
Brabander and his colleagues had already synthesized a compound that targeted that enzyme (see
page 16). Dr. White showed that doses of the
V-ATPase inhibitor and of paclitaxel that had no
effect when given by themselves could kill lungcancer cells when administered in combination.
Such a finding offers hope that by inhibiting
V-ATPase, physicians could also administer
much lower doses of paclitaxel and dramatically
reduce the toxic side effects of chemotherapy,
Dr. Roth says.
While that work was pioneering, such
RNA screens now are done almost as commonly
as compound screens, Dr. De Brabander says.
“This technology straddles both the chemistry
and the biology,” he says.“Having HTS and
the chemistry program has really transcended
[research interests] throughout the whole cancer
center to start many, many collaborations that
would not have otherwise happened.” D

Jef De Brabander, Ph.D., Professor, Biochemistry

Dr. Roth holds the Diane and Hal Brierley Distinguished
Chair in Biomedical Research.

Dr. De Brabander (left) is a recognized expert in the total synthesis of many complex natural
products that are toxic to cells, work for which he has received National Cancer Institute funding
and an Alfred P. Sloan Fellowship. Two natural products first synthesized in Dr. De Brabander’s
laboratory are in advanced preclinical development at Irving, Texas-based Reata Pharmaceuticals,
a company he co-founded and for which he serves on the Scientific Advisory Board (photo
by Brian Coats).
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Wang L, Du F, Wang X.* TNF-alpha induces
two distinct caspase-8 activation pathways.
Cell 2008;133:693-703.

The same form of an enzyme called V-ATPase that occurs in
a type of bone cell known as an osteoclast (pictured) occurs
in some cancer cells (photo by Steve Gschmeissner).

“Our hypothesis is normal cells
don’t need very efficient pumps, but
cancer cells need efficiency.”
– Dr. Jef De Brabander
Salicylihalamide (left)
and its analog
saliphenylhalamide.

IMPACT
Organic molecules that fight cancer are just
another starting point for scientists. Some
stories of discovery don’t start in the lab, or
even on land, but rather in the sea.
Consider the chemical salicylihalamide.
A metabolic product of a marine creature, the
chemical has journeyed from medical obscurity
to the brink of clinical trials as a potential
cancer-fighting drug.
Like many previously unknown compounds,
salicylihalamide drew scientists’ interest. The
compound was known to be toxic to cells,
but not specifically cancer cells, says Dr. Jef De
Brabander, professor of biochemistry and
co-leader of the Chemistry and Cancer Program
at the Simmons Comprehensive Cancer Center.
How did it work? Did it act on some cellular
process already understood, maybe one that
other chemicals already targeted? Is it relevant
to cancer? If so, how?
Eventually a series of studies validated its
potential as a cancer killer.
By creating cancer cell lines resistant to
salicylihalamide, researchers pinpointed its target:
an enzyme known as vacuolar ATPase. V-ATPase

normally acidifies organelles – small, functional
structures within cells that sometimes need an
acidic environment.
Despite that success, salicylihalamide posed
challenges. It was hard to acquire – and complex
to make. Dr. De Brabander and colleagues,
focusing on the top right portion of the molecule,
set about to improve on nature. The compound
had to be modified chemically to be toxic to
cancer cells but safe for normal cells. It also had
to be easy enough to synthesize so sufficient
quantities could be produced for testing.

The salicylihalamide story is an example of
the “chemistry to biology” strategy employed
by the Chemistry and Cancer Program, where
the discovery process begins with an interesting
compound and leads to biological insights.

Chapters in Biology In the story of V-ATPase and
cancer, salicylihalamide may be the hero, but
acid appears to be the protagonist. Cancer cells
rely more heavily than normal cells on glucose
metabolism for energy, creating more acid as
a byproduct. Because cancer cells grow so fast,
they produce a lot of acid.
“When someone finds an interesting small
Left in the cells, that extra acid would be
molecule, we do have the chemical and pharma- destructive. However, when expelled from the cell,
cological expertise, and medicinal compound
the acid creates an environment that promotes
facility, to get a compound that will be useful in
tumor growth, metastasis and even resistance
their research,” says Dr. De Brabander, whose
to radiation and chemotherapy treatment.
team was first to complete synthesis of salicylihaNormal cells, with less acid, have pumps
lamide and a range of sister chemicals,
to
maintain
pH, but they usually don’t use
or analogs. The team optimized the molecule,
V-ATPase for this purpose.
improving its potency and other properties to
make it a better potential medicine.
Among the resulting analogs, one has shown
particular promise. Cells resistant to radiation
are more sensitive to this compound, and
the compound can also sensitize cancer cells
to radiation.

Salicylihalamide was isolated
from an unidentified species
of the sea sponge Haliclona
(photo by Paul Osmond).
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Back to the Sea The sea has yielded other
anticancer secrets as well. Another compound,
peloruside, is derived from a sea sponge. It
has been found to work similarly to the chemotherapy drug paclitaxel, or Taxol – attacking
the same structures, known as microtubules,
V-ATPase actually serves as such as pump in
in cancer cells, but at unique sites.
cells known as osteoclasts, which cause the
Collaborating across the cancer center’s
breakdown of bone in the body, Dr. De Brabander scientific programs, researchers have identified
says. There, the enzyme acidifies the environment human non-small-cell lung-cancer cell lines
outside the cells to achieve bone absorption,
that are resistant to paclitaxel and another drug,
which in excess can lead to osteoporosis.
vinorelbine, but are sensitive to peloruside.
The UT Southwestern scientists looked at
The scientists have also identified resistant cell
the particular form of V-ATPase that occurs in
lines in which a combination of peloruside and
osteoclasts. They checked for, and found, the
one of the other two drugs is effective. Like
same form in some cancer cells, where it doesn’t
salicylihalamide, peloruside has been licensed to
belong. Similarly, certain kidney and testes
Reata Pharmaceuticals.
cells have forms of V-ATPase that expel acid
Such chemistry-biology collaborations are
from the cell.
the lynchpin of many future discoveries at UT
Southwestern, Dr. De Brabander explains. He
“Cancer cells, as a group, have stolen all
notes the role of Chemistry and Cancer Program
three forms,” Dr. De Brabander says.
leader Dr. Steven McKnight, chairman of bioYet much remains to be discovered about
chemistry, who has emphasized the importance
salicylihalamide and V-ATPase. For instance,
of chemistry in the medical school.
enlisting the expertise of the cancer center’s Small
“That’s where it all started,” Dr. De Brabander
Animal Imaging Resource, scientists plan to use
magnetic resonance imaging with agents sensitive says.“He calls it ‘bringing chemistry back into
biochemistry.’ ” D
to pH to see how the salicylihalamide analogs
“Our hypothesis is normal cells don’t need
very efficient pumps, but cancer cells need
efficiency,” Dr. De Brabander says. “Maybe they
hijack V-ATPase … maybe cancer is stealing
one of these pumps, putting it in the plasma
membrane to pump acid out of the cell.”

perform as anticancer agents in living creatures.
Meanwhile, collaborative efforts involving
the labs of Dr. De Brabander, Dr. Xiao-Song
Xie, a professor in UT Southwestern’s Eugene
McDermott Center for Human Growth and
Development, and Dr. Michael Roth, professor
of biochemistry, all of the Chemistry and Cancer
Program, have carried salicylihalamide from
discovery to the doorstep of Irving, Texas-based
Reata Pharmaceuticals. There, work is proceeding
to bring the “first-in-class” molecule to clinical
trials at UT Southwestern.
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AT A GLANCE
GOAL
To bring together investigators

impact

in the related fields of cancer
biology, stem cell biology and
developmental biology to shed
light on how aberrant developmental processes contribute
to the initiation and progression
of cancer.

APPROACHES
Defining the interactions between

DEVELOPMENT AND CANCER

translation

malignant tumor cells and their
local environment; revealing
molecular mechanisms that

discovery

Top: Fat cells (white) are intimately associated with tumor
cells (dark purple) in a patient’s breast cancer (photo by
David Euhus). Center: Dr. Philip Thorpe, professor of
pharmacology. Bottom: Zebrafish are serving as a model
for testicular tumors (photos by David Gresham). Opposite
page: The roundworm C elegans is helping scientists
understand how cancer cells thwart normal cell safety
mechanisms (image by Scott Cameron).
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DISCOVERY

allow stem cells and cancer stem

Researchers focus on developmental pathways that nature has hijacked
for use in cancer. Creatures great and small contribute to the understanding
of human biology. Simple animals, such as a roundworm or a fish, have

cells to renew themselves and

much to reveal to scientists seeking to grasp the complexities of cancer.

type of cell; and enhancing

“When evolution invents something useful, it applies it in all animals,”
says Dr. Scott Cameron, co-leader of the Development and Cancer Program
at the Simmons Comprehensive Cancer Center. “Many of the most important
discoveries in developmental biology have been made using model
organisms,” including the roundworm Caenorhabditis elegans and the fruit fly
Drosophila melanogaster.

cancer-focused interactions

For biologists, development describes that process that leads from a
fertilized egg to the adult, with all the complexities of making the many
parts of an animal. Among the multitude of mechanisms that control
normal development, there are some that cancer cells have commandeered
to stay alive. That’s why the Development and Cancer Program harnesses
expertise not just in cancer biology, but also in normal development, from
laboratories across the UT Southwestern Medical Center campus.
In C elegans, for instance, researchers are focusing on mechanisms
that circumvent a cell’s usual method for eliminating itself if it becomes
dangerous. Cancer cells turn off these safety measures to survive.
Among the biochemical mechanisms that prevent cells from committing
suicide are the Hox protein complexes. Dr. Cameron’s laboratory recently
discovered that these complexes are an important pathway that is activated
in leukemia, allowing the malignant cells to flourish. Mutations that turn
on the genes responsible for the production of Hox proteins are among the
most common in leukemia, he says.

2009 FUNDING

to develop into more than one

between clinical investigators
and basic scientists.

TOTAL
$17.9 million
National Cancer Institute:
$2 million
Other National Institutes of Health:
$10 million
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“Cancer cells have found a pressure point where they block the suicide
mechanism to ensure their survival, and the Hox genes are that pressure
point,” says Dr. Cameron, who with colleagues has described in detail the
various steps by which Hox proteins prevent cells in the roundworm
and in human leukemias from killing themselves. Remarkably, manipulation
of that pathway induces leukemia cells to kill themselves.
“We know that it’s true in worms and mice, and we know that it’s true
in human tumor samples,” Dr. Cameron says. Ultimately, elucidating
such processes gives researchers new ideas for therapies that head off the
development or progression of cancer.
Underwater Trails Roundworms aren’t the only star in the cancer center’s
developmental research. Zebrafish, too, are helping reveal cancer’s stripes.
Dr. James Amatruda, assistant professor of pediatrics, uses the fish
as a model for human cancers, including testicular tumors, the most
common type of cancer in young men. The work arose from the discovery
of a mutant zebrafish that develops germ-cell tumors, which arise in
the specialized testicular cells that produce sperm. Dr. Amatruda has led
the effort that discovered a gene responsible for the tumors in the fish
and has begun to determine how that mutated gene leads to cancer.

“We can’t ask all the questions we need to ask in a clinical trial,”
Dr. Amatruda says. “That’s why we need the animal models – so we can ask
questions and answer them efficiently.”
The Stem Cell Hypothesis A particular developmental mechanism nature
has used repeatedly, in everything from flies to fish, is a group of
powerful and malleable cells known as stem cells. These cells are precursor
cells that can give rise to a number of different tissues, depending on
the biochemical influences exerted upon them.
Many researchers believe that cancers have their own form of stem
cells, indefatigable cells that can renew themselves even when other
tumor cells are devastated by treatment. This belief, known as the cancer
stem cell hypothesis, is one of the most important research questions
related to conquering cancers today, Dr. Cameron says.
“The idea is that not all of the cells in a tumor are equal,” he says.
“The hypothesis is that there is a very small population of cells in the
tumor that are capable of rebuilding the tumor if they have the opportunity,
and that this population is rare and treatment-resistant.”
One observation supporting the hypothesis is that cancer
cells tend to be primitive, often resembling stem cells more than fully
differentiated cells.
Also supporting the hypothesis is the fact that clinicians have seen
that treatments can kill the vast majority of disease in a patient and induce
remission. But for many patients, the cancer returns, Dr. Cameron says,
perhaps reflecting that the treatments can kill only the tumor cells that
are unimportant. “The promise of the cancer stem cell hypothesis is that
if we can define those stem cells, we can direct therapy at them.”

Dr. James Amatruda, assistant professor of pediatrics, and his laboratory’s zebrafish
facility (photo by David Gresham).

“What’s exciting about this is that there are no really good animal models
of germ-cell tumors,” says Dr. Amatruda, whose research facility on campus
houses 20,000 zebrafish.“That really made me determined to find the gene.”
Instead of knocking out one particular gene to gauge its effects, the
researchers created a multitude of mutations, allowing the biological impact
of those mutations to signal which genetic changes might be significant.
From this they found a fish that developed these tumors and could
pass that predisposition from parent to offspring. The culprit gene was one
affecting a bone morphogenetic protein receptor, or BMPR, a molecule
on the surface of a cell that translates signals from the outside to the interior.
Dr. Amatruda is working with pathologists at Children’s Medical
Center Dallas, and with the Children’s Oncology Group, a nationwide
cooperative group of investigators, to shed more light on germ-cell tumors
in children and to see how the zebrafish finding translates to humans.
“We’re looking right now to learn whether the exact same protein
is implicated in human germ-cell tumors,” Dr. Amatruda says. “We’re also
trying to understand as much as we can from the fish about how these
tumors start, and what makes them more or less aggressive.”
While a problem with BMPR might not itself be cancer-related in humans,
the finding might steer scientists to some related process on this biochemical
pathway that could be crucial for human tumors to develop. Yet figuring out
just what that is would be much harder to do in people than in fish.
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More than a half-dozen researchers in the Development and Cancer
Program are focusing efforts on understanding the normal biology of
stem cells in developing animals and looking for aberrations that might
give rise to cancers. A promising area of stem cell research involves
gliomas, which collectively are the most common type of brain cancer
and are usually difficult to treat. Dr. Luis Parada, chairman of developmental
biology and co-leader of the Development and Cancer Program, is using
sophisticated mouse models that he developed to investigate neural
stem cells as the cells that originate development of one fast-growing
type of glioma, known as glioblastoma multiforme.
The mouse models offer many advantages, Dr. Cameron says. For
example, human patients usually don’t show up in the clinic until symptoms
are obvious, but by using advanced magnetic resonance imaging techniques in mice, scientists can watch a brain tumor develop from its early
stages. Malignant neural stem cells from the mice also can be purified, so
scientists can study how to disrupt their biochemical processes and kill
them, Dr. Cameron says. “Then we can take those ideas very quickly into a
mouse and ask, does it work well?”
The mouse model provides a critical opportunity to test the cancer
stem cell hypothesis, he says.“Can we target specifically the malignant
neural stem cells? And is that effective at eradicating a tumor?”
Dr. Parada’s research on mouse gliomas has found that neural stem
cells that contribute to brain development are converted into malignant
neural stem cells. In humans, evidence suggests that gliomas likewise
have malignant stem cells.
Certain processes – such as those influencing cell survival and death
and blood vessel growth – are important in both mouse gliomas and human
tumors. “There are many parallels between human gliomas and the mouse
gliomas, which suggests that these mice are an exceptional opportunity
to make progress in a terrible disease,” Dr. Cameron says. D

IMPROVING
CLINICAL CARE

Tumor cells isolated from a patient who
underwent surgery for glioblastoma multiforme.
Genetic analysis reveals that small c olonies
of tumor cells express various biochemical
markers: green indicates anti-Nestin, a marker
of normal stem cells; red signals anti-GFAP,
a marker of normal astrocytes, a type of cell in
supporting tissue of the nervous system; and
blue labels anti-Tuj1, a marker for the early
progenitor cells of neurons. Observations such
as this suggest that glioblastoma multiforme
tumor cells can behave like normal neuronal
stem cells (image by Steven Cho; courtesy of
Drs. Robert Bachoo and Elizabeth Maher).

THE CHALLENGE
To understand factors that promote
cervical cancer progression and
identify women with tumors that
may recur.

THE APPROACH

TRANSLATION
Innovations in cancer models and treatment
yield insights – and hope. In the fight to conquer
brain cancer, the mouse is growing mightier.
Members of the Simmons Comprehensive
Cancer Center’s Development and Cancer Program
have been devising and refining characteristics
of mice that serve as authentic models of human
gliomas, a type of tumor that accounts for about
80 percent of brain cancers. Combining their
efforts with the expertise of the cancer center’s
Small Animal Imaging facility, the researchers
can progressively monitor tumor development
from its earliest stages in a living animal.
Yet even in light of such efforts, the field of
cancer research has been criticized for having
cured cancer in mice but not in people, notes
Dr. Scott Cameron, co-leader of the Development
and Cancer Program.“Much of cancer research
has revolved around using cancer cell lines
that grow in a plastic dish and then, for instance,
implanting a tumor under the skin of a mouse
and treating it. But this doesn’t mimic circumstances
in the real world. For one thing, cell lines in a
dish are very different from cells in a patient.”
Another challenge is the setting in which
such tumors are grown. “Brain tumors develop
in the brain, not under the skin of a mouse,”
Dr. Cameron says. “We’ve learned that cancer
cells depend on interactions with their host
tissue, and the old mouse models don’t model
that symbiotic relationship.”
To overcome such problems, Dr. Robert
Bachoo, assistant professor of neurology, and Dr.
Elizabeth Maher, associate professor of internal
medicine, working with neurosurgeons and the

cancer center’s Tissue Management Resource,
have been acquiring human glioma tissue from
patients right after surgery. They make note of
key characteristics of the samples (such as which
genes are active) and promptly implant the tissue
much closer to where it belongs – in mouse
brains. These so-called orthotopic transplants offer
researchers key advantages, Dr. Cameron says.
“The genetic characteristics of human orthotopically maintained gliomas are like the gliomas in
the patient and are not like the glioma cells
in a plastic dish,” he explains. They also are not
like the human tumors implanted under mouse
skin; they differ according to which sets of
genes are at work.
Due to a significant expansion of capabilities
within the Small Animal Imaging facility, the
researchers are able – with the aid of bioluminescent
imaging techniques – to monitor the growth
of these tumors. Ultimately, by comparing these
orthotopic mouse models of glioma with the
sophisticated mouse models produced in the
laboratory of Dr. Luis Parada, the researchers can
fine-tune their models and highlight mechanisms
of tumor development found in both mice and men.
Disrupting Supply Lines Other work in the
Development and Cancer Program is seeking to
halt tumor growth by cutting off its blood supply.
Tumors require blood vessels to bring in nutrients
and carry off wastes, and must create new vessels,
in a process called angiogenesis, to grow.

Bavituximab (red) localizes on the
blood vessels in a rat’s prostate
tumor (courtesy of Ralph Mason,
Marc Jennewein and Philip Thorpe).

Preparing DNA from tumor-tissue
samples and searching for mutations
in the LKB1 genes.
While scientists have long known
that the human papillomavirus, or
HPV, causes cervical cancer, they have
known little about why only some
women infected with the virus go on
to develop cancer. New research may
solve that puzzle in part.
In a collaboration between Dr. Shana
Wingo, a gynecologic oncology fellow
at UT Southwestern, and Dr. Diego
Castrillon, assistant professor of
pathology, research into a gene known
as LBK1 has revealed its role in some
cervical cancers. “Mutations in this
gene cooperate with HPV infection in
some way to result in invasive lethal
cancers,” Dr. Castrillon says.
Working with clinicians treating cervical
-cancer patients, and with the cancer
center’s Tissue Management Resource
to procure samples, the researchers
found that about 20 percent of cervical
tumors display mutations in this gene.
Furthermore, when Dr. Wingo compared
the clinical outcomes of women whose
tumors had LBK1 mutations to those
whose tumors didn’t, she found a
strong association between mutations
and likelihood that the tumor would
recur within several years.
“This allows you to identify women
whose tumors are likely to recur and
thus might need more aggressive therapy
of some sort,” Dr. Castrillon says.
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Luis Parada, Ph.D., Chairman, Developmental Biology
Dr. Parada (left) is a leading international authority on cancer biology, particularly on sophisticated
mouse models of cancer. Using these mouse models, he has discovered important properties of the
brain tumor glioblastoma, including that it derives from abnormal neural stem cells. His laboratory
also has made important advances in plexiform neurofibroma, a nerve-derived tumor that afflicts
people with neurofibromatosis. He is a member of the Institute of Medicine and the American Academy
Tumors generate new blood vessels in a
process known as angiogenesis (illustration
by Scott Bodell).

Scientists have noted differences between
blood vessels in tumors and those in healthy
tissues, differences that can be exploited to
target the tumor vessels. The goal, Dr. Cameron
says, is to selectively kill the tumor vessels
while sparing those in the normal tissue.
Several researchers in the Development and
Cancer Program are focusing on interfering
with angiogenesis. Among the most promising
efforts are those of pharmacology professor Dr.
Philip Thorpe, whose laboratory has developed
an agent that targets the tumor blood vessels.
The agent, known as bavituximab, is a type
of therapy called a monoclonal antibody. It
exploits the fact that the endothelial cells that
line the blood vessel have different fat molecules
on their surface when the vessel is in a tumor
rather than in normal tissue.
“Bavituximab recognizes the molecular
difference,” Dr. Cameron says. “Bavituximab binds
to the endothelial cells in a tumor and induces a
local immune response against the blood vessels
that causes tumor-vessel damage and cessation
of blood flow to the tumor.”
While normal blood-vessel cells generally
don’t have the fat that bavituximab targets on
their surface, stressed cells do. Fortunately, most
of the normal cells aren’t stressed – but most
of those cells in tumors, starved for oxygen
and nutrients, are. In addition, Dr. Thorpe has
found in stressing the tumor cells further by
administering radiation, even more of the target
fats are exposed, suggesting that combining
bavituximab with conventional cancer treatments
may be especially successful.
Animal testing reveals that bavituximab
(or a related antibody) masks that particular fat
on the surface of tumor blood vessels, leaving
the vessels vulnerable to immune attack. The
treatment has been shown to be effective against
human breast, prostate, lung and pancreatic
tumors that were implanted in mice.

Bavituximab has been licensed to Peregrine
Pharmaceuticals, a California-based company
for which Dr. Thorpe consults and in which he
holds an equity interest. Peregrine has been
testing bavituximab overseas in various solid-tumor
cancers, and UT Southwestern participated
in the multicenter U.S. phase 1 trial that was
recently completed, paving the way for phase 2
trials of the antibody. So far, it has been
well-tolerated in the safety trials.
One phase 2 trial overseas is testing bavituximab and the chemotherapy drug docitaxel
in patients with locally advanced or metastatic
breast cancer. So far, 10 of 14 patients had partial
responses. Another phase 2 trial, in patients
with locally advanced or metastatic non-small-cell
lung cancer, is testing bavituximab plus the
chemotherapy drugs carboplatin and paclitaxel.
About 40 percent of patients in that trial have
shown a partial response, and one a complete
response. “It’s really getting exciting when
agents are achieving that kind of response,”
Dr. Thorpe says.

of Arts and Sciences. He holds the Southwestern Bell Distinguished Chair in Basic Neuroscience
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also directs the Kent Waldrep Center for Basic Research on Nerve Growth and Regeneration.

“SBRT is a phenomenally effective new treatment, and bavituximab should make it even better,
if experiments in animals are any indication,”
Dr. Thorpe says.
Dr. Thorpe also is collaborating with Dr. Rolf
Brekken, assistant professor of surgery, to assess
the impact of bavituximab combined with
conventional chemotherapy in mouse models
of various cancers including pancreatic cancer,
which in humans is very frequently fatal.
“Because bavituximab targets the blood
vessels, it’s generic – it applies to different cancer
types, because the vasculature is the same,”
Dr. Thorpe says.

Separate research also is focusing on other
agents that target blood-vessel formation.
For instance, Dr. Brekken is working to disrupt
angiogenesis in mice with cancers, including
human pancreatic tumors, using a monoclonal
antibody that is similar to bavituximab but
targets a different blood-vessel molecule, vascular
endothelial growth factor. VEGF is a signaling
protein responsible for triggering development
of tumor blood vessels.
Expanding Possibilities Previous work in mice
In an additional innovation, Dr. Brekken has
has found that treatment with bavituximab
attached
microbubbles, a tiny tracing agent
and radiation together was more effective than
consisting of albumin, sugar and an inert gas, to
either treatment alone, reducing lung-tumor
his monoclonal antibody to watch its impact on
growth by 80 percent. Currently, Dr. Thorpe’s
the tumors. In one study, blocking VEGF’s vesselteam is collaborating with the cancer center’s
radiation oncology program to study the impact promoting activity achieved a 40 percent reduction
in average tumor size after four treatments.
of bavituximab combined with stereotactic
Dr. Thorpe’s antibody, meanwhile, may also
body radiation therapy (SBRT), in which doses
turn
out to have more than just therapeutic
of radiation from multiple directions converge
uses.
He and colleagues reported recently that by
precisely on a tumor while minimizing damage to
linking minute amounts of arsenic to bavituximab,
surrounding tissue (see page 52). That research
focuses on patients with inoperable non-small-cell they were able to produce remarkably vivid
images of prostate tumors in rats. D
lung cancer.
Dr. Bachoo holds the Miller Family Professorship in NeuroOncology. Dr. Maher holds the Theodore H. Strauss
Professorship in Neuro-Oncology. Dr. Thorpe holds the
Serena S. Simmons Distinguished Chair in Cancer
Immunopharmacology.

Scott Cameron, M.D., Ph.D., Assistant Professor, Pediatrics
Dr. Cameron’s (right) primary research interest is the developmental control of programmed cell
death and cell lineage. His studies focus on the mechanisms that regulate programmed cell death using
the roundworm C elegans as a model and how mutations that affect these mechanisms contribute
to cancers. He is a Children’s Cancer Fund Scholar in Biomedical Research and an attending pediatric
hematologist-oncologist at Children’s Medical Center Dallas (photo by Brian Coats).
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IMPACT
Researchers are exploring environments that
contribute to tumor development. Like many
other things, tumors are at least partially products
of their environments, so efforts to conquer
a particular type of tumor must be focused on
more than just the cancer itself.
Investigators in the Simmons Comprehensive
Cancer Center are digging deep into the relationship
between a tumor and its environment, learning
how so-called host tissue, acting like fertile soil,
can nurture a tumor’s growth – and how medical
science might someday prevent this.
“The old observation from clinicians is that
certain tumors spread to certain sites, so people
have long known that there’s something special
being provided by those sites to specific types
of cancer cells,” says Dr. Scott Cameron, assistant
professor of pediatrics and co-leader of the
Development and Cancer Program. Epidemiological
data, meanwhile, have shown that people have
broad general risk factors that increase their odds
of developing cancer.

Development and Cancer Program, and pharmacology chairman Dr. David Mangelsdorf, a
member of the Cancer Cell Networks Program.
Dr. Shaul is an expert on cardiovascular
risk factors, while Dr. Mangelsdorf is an expert
on nuclear hormone receptors, proteins that
respond to the presence of steroid hormones
such as estrogen (see page 37). Together they
identified a byproduct of the liver’s cholesterol
One such risk factor is obesity, also known as metabolism known as 27-hydroxycholesterol,
adiposity, which is an area where research is heating or 27HC, as a molecule that promotes cancer
up. Several cancers are known to be adipositygrowth in breast cell lines. Adiposity is known
related, including breast and prostate, and adiposity to alter the body’s metabolism of fats, including
also can affect treatment outcomes, says Dr.
27HC, causing high levels of circulating fatty
David Euhus, professor of surgery and associate
acids in the bloodstream.
director for clinical research at the cancer center.
The researchers found that 27HC is a
“Recurrence rates for many types of cancer are
selective estrogen receptor modifier, or SERM.
higher in overweight individuals,” he says.
SERMs act like estrogen in some tissues and like
A concerted effort to pinpoint how obesity
anti-estrogens in other tissues. Specifically, 27HC
contributes to tumor creation and development acts like an anti-estrogen in the blood vessels,
is leveraging expertise from across the cancer
blocking estrogen’s cardiovascular benefits, but
center and the UT Southwestern campus. The
like an estrogen in estrogen-receptor-positive
effort has included a seminal collaboration
breast cancer, promoting tumor growth. Estrogen
by two well-established labs, those of pediatrics promotes tumor growth in about two-thirds of
professor Dr. Philip Shaul, a member of the
human breast cancers.
Such selective modification of estrogen
receptors was not a new concept to researchers.
For example, the drug raloxifene (marketed as
Fat cells (white) have a close relationship with the
Evista) behaves like an estrogen in bone tissue,
breast epithelium (purple), from which breast cancer
preventing bone loss, while blocking estrogen’s
arises (photo by David Euhus).
enabling effects in cancer. The 27HC receptor,
however, is the first SERM known to be produced
in the body.
“This is a window into an area that we suspect
is important, but we don’t know the details,”
Dr. Cameron says.“The question is whether altered
levels of 27HC predispose women to breast
cancer or treatment-resistant breast cancer.”
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This “heat map” reveals
patterns of gene expression
based on the proportion of
fat, or adipose, tissue in the
breast. Data from each patient
(horizontal axis) ranges from
those with less adipose and
more dense breast tissue at
left to more adipose and less
dense breast tissue at right.
Genes are represented on
the vertical axis (analysis by
David Euhus).

“The question is whether altered levels of
27HC predispose women to breast cancer or
treatment-resistant breast cancer.”
– Dr. Scott Cameron

By tapping the expertise of the center’s
disease-oriented team focused on breast cancer
(see page 44), Dr. Shaul has linked the basic science
on 27HC to that tangible clinical question.
Among the collaborations to arise, Drs. Shaul
and Mangelsdorf are working with Dr. Euhus to
study blood and breast tissue of post-menopausal
women to see whether levels of 27HC affect
risk of developing estrogen-receptor-positive
breast tumors.
Ultimately, 27HC may help explain the link
between obesity, elevated levels of fats in the
blood and breast cancer risk, Dr. Cameron says.
Other Obesity Connections The center’s adiposity
research has many tendrils. For instance, Dr. Philipp
Scherer, professor of internal medicine and
director of the Touchstone Center for Diabetes
Research, is leading a team that is deciphering
the links between fat cells’ signaling, metabolism
and breast cancer. Other work is developing
better mouse models to solve the adiposity puzzle.
Imaging advances also are allowing researchers
to view metabolic events in live cells.
“Adiposity and breast cancer, I think, is a
tremendous example of how the existence of the
cancer center has catalyzed a research program
that probably could not have existed without the
cancer center,” Dr. Cameron says.
Dr. Euhus’ laboratory, meanwhile, is exploring
another factor that may explain the link between
obesity and breast cancer: insulin resistance.
While monitoring certain biological markers has
been somewhat revealing about breast cancer
risk, “insulin-resistant women had the most
significant cancer-associated changes in their
breast tissue,” Dr. Euhus says. “Obesity is a marker
for insulin resistance, which is a marker for
breast cancer.”
Women with insulin resistance are producing
more estrogen, he says, and their breast cells,
which show evidence of more oxidative stress,
are dividing too fast. Moreover, even among

thin women with insulin resistance, changes
in the breast cells are seen, while among obese
women without insulin resistance, the changes
don’t occur.
Dr. Euhus and colleagues at the cancer center
are developing a study that will first screen a
population of post-menopausal women to
determine with blood tests how common insulin
resistance is. Next, women with insulin resistance
will be given the diabetes drug pioglitazone
(marketed as Actos), which restores insulin
sensitivity, and scientists will measure the effects
on breast cells. The goal is to see whether,
in principle, treating insulin resistance could
prevent post-menopausal breast cancer.
Expanding Clinical Reach Another group of
tumors in which host tissue interactions play a
key role are plexiform neurofibromas, which are
nonmalignant but often very painful and
disfiguring tumors that form along the roots of
nerves. The tumors are a hallmark of the
genetic disease neurofibromatosis, which afflicts
about one in 3,000 people and for which there
is no cure. The disease also predisposes patients
to cancers including gliomas.
Dr. Luis Parada, chairman of developmental
biology and co-leader of the Development and
Cancer Program, has spearheaded research into
how plexiform neurofibromas arise and has
established that nonmalignant host immune
cells are attracted into the tumors to promote

growth. Dr. Parada’s lab has developed mouse
models of type 1 neurofibromatosis; these mice,
like humans, develop plexiform neurofibromas
and gliomas.
As the researchers learn more about the host
tissue signaling that leads to development of the
tumors, they are beginning to find methods to
disrupt that signaling, which ultimately will lead
to ways to treat plexiform neurofibromas more
effectively, Dr. Cameron says.
“To do that we need patients, and a forum
where we can provide state-of-the-art care and
access to emerging treatments,” he adds.
Helping to bridge basic research with clinical
care, Dr. Parada is working with Dr. Laura Klesse,
assistant professor of pediatrics, Dr. Lu Le, assistant
professor of dermatology, and other collaborators
to implement plans to vastly expand care for
neurofibromatosis in both adults and children
with the advent of a new, robust clinic. The current
clinic is able to see only 50 new patients a year,
and has a long waiting list. The depth of basic
research into neurofibromatosis at UT Southwestern
is unique, Dr. Cameron says. “Now we can couple
that to a first-class clinical facility.” D
Dr. Euhus holds the Marilyn R. Corrigan Distinguished Chair
in Breast Cancer Surgery. Dr. Shaul holds the Lowe
Foundation Professorship in Pediatric Critical Care Research.
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Interactions between tumor-creating cells and their surrounding microenvironment are critical for the progression of plexiform neurofibromas. The two images at left show normal nerves branching off from the spinal cord, while the two images
at right show thickened nerve roots typical of plexiform neurofibromas (image courtesy of F.C. Yang and colleagues).

PEER-REVIEWED
PUBLICATIONS, 2006-08:

132

25

Live Cell Imaging There is definitely more than one way to look at a cell.

Biostatistics and Bioinformatics Behind every significant piece of
empirical research is a numerical framework for evaluating and supporting the
evidence. As research efforts grow more complicated, broad and high-level
biostatistical expertise is vital to ensuring their success.
The cancer center’s Biostatistics and Bioinformatics Resource provides
access to such comprehensive expertise. Experts for the resource ensure studies
are designed optimally at the outset to yield meaningful analysis. They
also help in the evaluation and illumination of large data sets, and in the
preparation of research reports. The resource members also help train
oncology students, fellows and cancer center investigators in biostatistics
and bioinformatics. Dr. Xian-Jin Xie, assistant professor of clinical sciences,
is the resource’s director.
Biostatistics doesn’t just smooth out collaborations; it can help foster
them as well, says Dr. Tim Strawderman, associate director for research
administration at the cancer center. “Biostatisticians look at data in a whole
new light and are mining the data for more information and hypotheses,”
he explains. The Biostatistics and Bioinformatics Resource is also vital to
doing research efficiently. “Every cancer center needs one,” Dr. Strawderman
says. “Without it, a researcher may spend months trying to analyze data on
his own, whereas a biostatistician could analyze it much more quickly.”

focus
SHARED RESOURCES
The cancer center’s support structures add
power and reach to research efforts. The
increasingly complicated demands of biomedical

Experts in the Live Cell Imaging Core help cancer investigators figure out the
best way to see the subtleties of cell pathways and proteins that promote cancer.
The resource provides a centrally located site on campus for high-end
microscopy access, support and training, says Dr. Kate Luby-Phelps,
associate professor of cell biology and director of the resource. “A lot of our
microscopes are very expensive or require special expertise to use,” she says.
“We provide consultation from beginning to end to make sure researchers
get the best use out of the equipment.”
That equipment can see fine details down to about 0.2 microns,
Dr. Luby-Phelps says, and can take images that capture events that occur
within milliseconds, such as transport of molecules or complexes of molecules
within cells. Before such microscopes were invented, researchers had to
photograph different cells at different times and piece together pictures
of a process. “Now we can watch the whole course in a single cell,”
Dr. Luby-Phelps says. The facility can keep cells alive and functioning
for lengthy periods, with some researchers monitoring functioning stem
cells for as long as three weeks.

research could be crushing for investigators trying to
generate sound studies. But some key support
structures in place at the Simmons Comprehensive

Clinical Research Office Staff members in the Clinical Research Office
support a mission central to the vision of the cancer center – helping UT
Southwestern and community physicians deliver the most cutting-edge clinical
care. “First and foremost, what they do is put patients in trials,” says Dr.
Joan Schiller, medical director of the office and deputy director of the center.
Research coordinators seek out eligible patients at UT Southwestern’s
clinics and from among the diverse and underserved clinical population at
the medical center’s primary adult teaching hospital, Parkland M
 emorial
Hospital. At the same time, regulatory coordinators secure government
approval for trials; manage regulatory procedures, budgets and informed
consent requirements; and coordinate among other institutions or with
trial sponsors. This allows researchers to focus more on the scientific, and
less on the bureaucratic, aspects of research, Dr. Schiller says.
Research nurses or research coordinators report not just to the Clinical
Research Office, but also work closely with the center’s disease-oriented
teams, or DOTs (see page 44), to stay on top of clinical issues related to
the research. “There is a smooth handoff when someone goes on a clinical
study or off a clinical study,” Dr. Schiller says. “It really is a team.”

Genomics As researchers strive to better treat individuals’ cancers, it is

Cancer Center have created an environment

crucial to understand the genetic influences that make each tumor a challenge.
The Genomics Core allows cancer center researchers access to state-of-the-art
technologies to achieve just that.
The core provides analysis of whole genomes – the entirety of an organism’s
genetic material – or specific genes, and members assist researchers with the
technologies, which can be used on human, mouse or even zebrafish models,
says Dr. Michael Story, associate professor of radiation oncology and director
of the core. The principal technology used is large-scale gene expression analysis,
in which 50,000 transcripts – copies of genetic instructions for building proteins –
are examined. The technology allows scientists to see what many genes are doing
at the same time. “We can also examine the expression of a few specific genes
but in a highly quantitative fashion,” Dr. Story says. The facility also can examine
a genome for regions of amplification or deletion. In addition, personnel with the
Genomics Core facilitate data analysis, sometimes coordinating with experts in
the Biostatistics and Bioinformatics Resource to glean deeper insights.
“Genomic technology in combination with proteomics [the study of
proteins encoded by a genome] is allowing researchers to understand how cancer
is generated and ultimately how it will be controlled,” Dr. Story says.

where researchers can readily access the highly
specialized expertise they need to succeed.
The cancer center’s Shared Resources, a collection
of facilities offering assistance in areas such as
biostatistics, genomics and imaging, provide low-cost
services that are used by many investigators,
encouraging them to delve deeper into scientific
questions and maximize their research’s impact,
says Dr. Tim Strawderman, associate director for
research administration at the cancer center.
Also, by consolidating resources such as high-tech
equipment, the specialized services are conducted
more efficiently, preventing individual labs, for instance,
from having to go out and buy their own equipment.
“It’s like a co-op,” Dr. Strawderman says.
Seven Shared Resources are supported by the
cancer center: Biostatistics and Bioinformatics; the
Clinical Research Office; Genomics; High Throughput

Clockwise, from above left:
Computer-generated graphic
showing DNA structure (courtesy
of the National Cancer Institute);
Dr. Kate Luby-Phelps, director
of the Live Cell Imaging Core
(photo by David Gresham); a
close-up view of a cell captured
in the middle of dividing, with
the DNA in blue and the mitotic
spindle in green (image by
Jerry Shay/Woodring Wright
laboratory); a stained section of
prostate tissue showing midgrade
adenocarcinoma (image by
Jennifer Sayne); a robot delivering
a microtiter plate of cells to
the viewing chamber of the
BD Pathways 855 cytometer, a
sophisticated, automated microscope in the High Throughput
Screening Laboratory (photo by
David Gresham).
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Small Animal Imaging Tracking the progress of tumors in small animals has
taken off in recent years with developments in optical imaging instrumentation.
The cancer center has exploited this progress through the Small Animal Imaging
Resource, which provides guidance, access and training to researchers who wish
to monitor deep-seated tumor growth in living animals noninvasively.
Optical imaging involves the introduction of “reporter genes,” such as the
bioluminescent luciferase gene from the firefly or the green fluorescent protein gene
isolated from jellyfish, into cells such as tumor cells, allowing scientists with the
imaging technology to see the tumors as they grow, spread and possibly regress
with therapy. Support from the cancer center and a U24 grant from the National
Cancer Institute have propelled use of this technology at the medical center
forward, says Dr. Ralph Mason, professor of radiology and the resource’s director.
Experts at the Small Animal Imaging Resource have pioneered threedimensional bioluminescence imaging and, more recently, chemiluminescent
imaging inside live creatures. Recent acquisition of small animal PET and MRI
capabilities complements the optical imaging.
With the latest instrumentation, researchers can see masses inside an
animal that cannot be felt from the surface. “You can track tumor growth in an
animal over a period of weeks, and should it metastasize to unexpected places,
that would become revealed,” Dr. Mason says. “Ultimately it’s these small
volumes, these metastases, that kill a patient.”

Screening; Live Cell Imaging; Small Animal Imaging;
and Tissue Management. Several of these resources also
High-Throughput Screening In the search for possible new drugs to treat cancer, an
innovative approach called high-throughput screening (HTS) tests tens of thousands of chemicals
systematically to see which ones yield a desired effect on cells. The High Throughput Screening
Laboratory at the cancer center offers researchers a library of 200,000 compounds to use in
the screens, as well as approximately 22,000 bits of genetic material known as small interfering
RNAs to test the impact on cells of disabling different genes.
Once promising chemicals are identified, chemists and biologists at the cancer center work
to determine how the chemicals exert their effects, and how the molecules can be tweaked to
work better. From there, preclinical pharmacology research at the center tests how the improved
compounds work in living creatures.
Proposed HTS projects are vetted by a committee of senior faculty. “The goal of the experiment
has to be important, and it has to be practical,” says Dr. Michael Roth, professor of biochemistry
and director of the HTS Laboratory.
Development of the HTS Laboratory began in 2001 as part of a National Cancer Institute (NCI)
P01 program project grant, designed to combine chemistry, biochemistry and biophysics efforts to
find new cancer therapies, Dr. Roth says. “At UT Southwestern, we started doing it fairly early.”

are supported as UT Southwestern Medical Center
Core Facilities, including Genomics and Live Cell
Imaging. The cancer center works collaboratively with
these facilities to leverage institutional resources,
adding benefits and services to cancer center members.

Tissue Management Like other resources, the Tissue Management Resource helps
connect researchers from different departments who have similar interests.
This resource has consolidated a collection of tissue banks scattered across
individual departments into one-stop shopping. Moreover, support from the cancer center
makes the tissue available at nominal cost, offering an advantage to freshman faculty
working only with start-up funds.
The resource personnel procure and preserve tissue specimens, manage consent
forms and otherwise facilitate tissue-based research. They also ensure all samples
are preserved with the same high quality. Most of the tissue is procured from surgical
settings, although some, mainly blood and marrow, come from clinical settings.
Personnel also track whether the cancers of patients who donated the tissues recurred,
and what treatment was offered before (and after) the tissue procurement. Dr. Richard
Scheuermann, professor of pathology, directs the facility.
Experts at the Tissue Management Resource can construct microarrays showing up to
825 samples on a single slide, allowing comparative analyses across a large sampling of
tumor and normal tissue. They also perform laser capture microdissection, which separates
out specific cells of interest from a mixed population – for example, removing blood vessels
from a tumor sample – so that resulting data are for a homogeneous cell population.
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Top: Dr. Steven Altschuler, assistant
professor of pharmacology (photo by David
Gresham). Center: Adrenal metastasis of
a patient’s clear-cell renal-cell carcinoma that
was implanted in a mouse (image by Aneesa
Husain, courtesy of James Brugarolas).
Bottom: Activation of autophagy in cells
from the lung-cancer cell line HCC827 upon
treatment with the EGFR inhibitor erlotinib
(courtesy of Beth Levine). Opposite page:
Normal human colon cells in culture (image
by Andres Roig).

DISCOVERY

behavior contribute to the

Gene by gene, scientists sort out factors behind the individuality of tumors.
Although people typically embrace their own individuality, physicians treating
cancer patients have found it to be a continuing frustration.
Cancer therapies that help many people can inexplicably fail in others, or
cause more severe toxic side effects. Researchers at the Simmons Comprehensive
Cancer Center are hard at work developing strategies to sort out who should

genesis of cancer; and to foster

get what treatment, when and how, individual by individual.

manipulating cell regulation.

“One of the frustrating aspects in terms of treatment is that the best
chemotherapy agents available have very diverse efficacy in patients,” says
Dr. Michael White, professor of cell biology and associate director for basic
science at the cancer center.

2009 FUNDING

Dr. White has been a leader in employing a technique known as RNAinterference-based functional genomics to help sort out the nuances of
individuality in tumors. The technique systematically and comprehensively
identifies which genes contribute to the creation and the immortality of
cancer cells through the aberrant proteins whose production is dictated by
those genes. The ultimate goal: to develop new and effective treatments
that target those proteins.
Serving as a model for this approach was an experiment led by Dr.
White. He utilized the cancer center’s High Throughput Screening Laboratory
to shed light on the resistance of non-small-cell lung-cancer cells to a
common chemotherapy drug, paclitaxel (see page 14). The experiment identified
a handful of genes that, when knocked out, made cancer cells far more
sensitive to the drug.

collaborations with translational
and clinical scientists to test
the therapeutic benefits of

TOTAL
$22.7 million
National Cancer Institute:
$4.2 million
Other National Institutes of Health:
$9.8 million
Howard Hughes Medical Institute:
$3.66 million
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Deregulated pathways in kidney cancer
that are the target of new drugs: von
Hippel–Lindau protein (VHL); hypoxia-inducible factor (HIF); transforming growth
factor α (TGF-α); vascular endothelial
growth factor A (VEGF); platelet-derived
growth factor β (PDGFβ); epidermal
growth factor receptor (EGFR); VEGF
receptor 2 (VEGFR2); PDGF receptor β
(PDGFRβ); phosphatase and tensin homologue (PTEN); tuberous sclerosis complex
1 and 2 (TSC1 and TSC2); FK506-binding
protein 12 kD (FKBP12); mammalian
target of rapamycin complex 1 kinase
(mTOR); eukaryotic translation initiation
factor 4E (eIF4E); and S6 kinase (S6K)
(image courtesy of James Brugarolas and
Massachusetts Medical Society).

“The ones we became most interested in were genes that sensitized
cancer cells but not normal cells,” says Dr. White, noting that treatments
targeting the protein products of these genes could allow paclitaxel to
pack more punch at much lower, less toxic doses.
The landmark research, involving collaborations with the cancer
center’s Chemistry and Cancer and Molecular Therapeutics of Cancer
programs, set conceptual and practical precedents that other researchers
at UT Southwestern and across the country have adapted to their own
work. At UT Southwestern, “there’s an extensive effort among all the
cancer center programs to use this functional genomics approach to
identify linchpin proteins required for cancer-cell but not normal-cell
survival,” Dr. White says.
Studies based on the same research platform are ongoing in lung
cancer (using the drug erlotinib) and melanoma (with the drug dacarbazine).
In the melanoma research, led by Dr. White, work so far has identified
genes that unleash dacarbazine’s ability to kill cancer cells. Now researchers
are following up to figure out exactly how to make melanoma more
vulnerable to the drug.
The functional genomics approach also is important in illuminating
pathways involved in kidney cancer development, where newly discovered
chemicals could synergize with currently available drugs, such as sunitinib
or temsirolimus, says Dr. James Brugarolas, assistant professor of internal
medicine. “Those pathways may serve as targets for the development of
new drugs that could be used in combination with currently existing drugs.”
Combination therapies are the only treatment modality that can
eliminate metastatic tumors, Dr. Brugarolas adds. “To cure cancer we
typically need to combine drugs with different mechanism of action.
Despite the approval by the Food and Drug Administration since 2005 of
four new drugs for kidney cancer, none of these drugs cures patients.”
Meanwhile, researchers are following up on what they’ve learned in
their functional genomics research about a protein called ACRBP, which
plays a role in lung cancer as well as some 70 percent of ovarian cancers,
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Dr. White says, but has no impact on the behavior of normal ovarian
cells. The protein acts as a “patch” to suppress cell division defects that
occur during the course of disease development.
Analyses of gene-activity patterns in patients’ ovarian tumor samples
have helped reveal that high levels of this protein are predictive of a
rapid disease recurrence, within about five months of surgery, compared
with 26 to 30 months for those in which the protein is not prominent.
“This protein is a poster child, if you will, for the intervention targets
we are looking for – aberrantly active proteins in disease tissue that can be
attacked with little consequence on normal cell function,” Dr. White says.
Barriers in Cancer’s Path Scientists in the Cancer Cell Networks Program
are discovering other novel ways to activate biological processes to
destroy or suppress cancer. For instance, Dr. Beth Levine, professor of
internal medicine and microbiology and chief of infectious diseases at
UT Southwestern, has discovered that the activation of a process known
as autophagy, in which a cell cannibalizes itself, can suppress tumors.
Normal autophagy breaks down and recycles the cell’s worn-out
organelles, tiny functional structures within the cells. However, Dr. Levine
and her colleagues have found that autophagy can be a process by which
cells completely destroy themselves. When autophagy is functioning
properly, it is harder for cancer cells to develop. But if the pathway that
enables autophagy is disrupted, cancer can develop more easily.
Dr. Levine’s team uncovered the first autophagy protein in mammals,
called beclin 1. Mutations in the gene that orchestrates production of the
beclin 1 protein have been found in human breast and ovarian cancers.
One focus of Dr. Levine’s lab is to measure beclin 1 levels and autophagy
activity in tissue biopsies from women who have breast cancer or who are
at high risk of developing it.
Like her colleagues, Dr. Levine is deploying cancer center resources
to initiate RNA-interference-based functional genomics screens to better
piece together the puzzle of autophagy in humans.
Meanwhile, Dr. Lawrence Lum, assistant professor of cell biology, is
using such genome-wide screens to understand better a biochemical
pathway known as Wnt, which commonly plays a role in the initiation

of human tumors, particularly colon cancer.
The work has revealed all the genes necessary
for the Wnt pathway to function in human cells.
In addition, by screening an entire library of
200,000 chemical compounds to find substances
that inhibit this cancer-development pathway,
Dr. Lum has uncovered some promising leads for
potential drug development.
Dr. Lum’s work is a hub for a host of
collaborations across cancer center programs. In
addition to the expertise lent by the Chemistry
and Cancer Program’s High Throughput Screening
Laboratory for the genetic and chemical screens,
members in the Molecular Therapeutics of
Cancer Program have developed an immortalized
human colon cell line to facilitate experimentation.
In addition, investigators in the Development
and Cancer Program are using zebrafish as a
model for screening chemicals that affect the
Wnt pathway. Also, other collaborators in the
Chemistry and Cancer Program are synthesizing
compounds based on the initial chemical
screens that can be used in further chemical
testing aimed at disrupting the Wnt pathway.

TRANSLATION

Research builds better mouse models of human
kidney cancer. Before possible cancer drugs
ever reach clinical trials in humans, they have
to make the grade in animals. But findings from
animal studies often are only as good as the
animal model in which the drug is tested.
Typically, preclinical studies have been
conducted on cells that were derived from
tumors in patients. The effects of a particular
cancer drug are tested on multiple cell lines
grown in lab dishes, as well as in mice in which
the cells are injected and develop into tumors.
The results with such a system, however, have
been quite discouraging, says Dr. James Brugarolas.
Fewer than 25 percent of drugs that are active
in these cells are eventually found to be active
against the tumor in humans.
Much of this preclinical work involves cell
lines that were established from tumors years
or decades ago, says Dr. Brugarolas, noting that
extensive propagation of the cells in cow
serum (which is what routinely is used) can lead
them to diverge markedly from the original
tumor. “This might explain why the success
Immunity Gone Awry When it comes to promoting cancer, genes can generate their mischief rate in trials is so low,” he says.
Another approach that addresses that problem
in a variety of ways – some of them unexpected.
involves the study of tumor tissue collected
Consider a common cancer-promoting
from patients during surgery and implanted
gene known as the Ras oncogene. The quest
into immunodeficient mice. This is often done
to understand just how this gene turns normal
out of context, however. For instance, a kidney
cells into tumor cells, led by UT Southwestern
researchers, found that it corrupted an immune tumor might be placed under the skin of the
mouse, where its growth can be monitored
mechanism – the ability of cells to recognize an
infection and respond to it – in order to survive
conditions under which the cell would normally
be instructed to commit suicide.
This finding could have a very broad impact,
given that the Ras oncogene is mutated in almost
all pancreatic cancers, as well as a majority of
bladder cancers. “It probably has a role to play in
most solid malignancies,” Dr. White says.

visually, rather than in the kidney, which is its
natural environment but would require surgery.
The tumor’s placement, however, is likely to
affect its characteristics, Dr. Brugarolas notes.
Researchers at the Simmons Comprehensive
Cancer Center are improving this mouse model,
creating one in which tumors are implanted
orthotopically, that is, in the same organ on
a mouse as the tumor came from in the human.
These tumors are then followed, with the aid
of the Small Animal Imaging facility, using
techniques such as magnetic resonance imaging.
“The objective is to improve preclinical
models available for drug development,” says
Dr. Brugarolas, who is spearheading the research
in mouse models of kidney cancer, which affects
more than 50,000 Americans each year. He
notes that more than 75 percent of anticancer
drugs given to patients in clinical trials fail to ever
receive federal approval as cancer treatments.
“The idea is, can we improve that rate of success
by having better preclinical, better animal models,
so that we are more selective in the drugs that
are eventually used in patients?”
In Dr. Brugarolas’ kidney-cancer effort,
which is supported through an American Cancer
Society Research Scholar Award and is done in
close collaboration with members of UT Southwestern’s Department of Urology, tumor samples
from each participating patient, many of whom
he also follows in his clinic, are implanted in the
kidneys of several mice, typically within three
hours of surgery. Importantly, tumors that develop
in the kidney of the mice appear indistinguishable
from the tumors in the patients from whom
they were derived. Dr. Brugarolas says, “We asked
a pathologist to look at the tumors, and she
could not tell the difference.”

Dr. Pier Paolo Scaglioni, an assistant professor
of internal medicine, has assembled a multidisciplinary working group of experts to learn more
about the mechanisms by which Ras promotes
tumor development. “If we can understand how
to reverse its consequences on cell behavior,
that might have a very big impact on being able
to reverse tumor survival and proliferation,”
Dr. White says. D
Dr. Levine is a Howard Hughes Medical Institute investigator
and holds the Jay P. Sanford Professorship in Infectious
Diseases. Dr. Lum and Dr. Brugarolas are Virginia Murchison
Linthicum Scholars in Medical Research.
Dr. James Brugarolas, assistant professor of internal medicine (photo by David Gresham).
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Far left: MRI showing a renalcell carcinoma in a mouse
kidney arising from a human
tumor implant. Center: Image
of the kidney after removal
from the mouse, showing a
large tumor. Right: The tumor
in the mouse is indistinguishable at the microscopic level
from the patient tumor, which
is shown in the image below
(images by Aneesa Husain,
courtesy of James Brugarolas).

Melanie Cobb, Ph.D., Professor, Pharmacology
Dean, UT Southwestern Graduate School of Biomedical Sciences
Dr. Cobb is a leader in efforts to understand the molecular biology of signal transduction, the relaying
of chemical signals from a cell’s exterior to alter function inside the cell. She holds the Rolf Haberecht
and Ute Schwarz Haberecht Deanship of the UT Southwestern Graduate School of Biomedical Sciences,
in honor of Olga and Max Haberecht and Anna and Hans Schwarz; and the Jane and Bill Browning Jr.
Chair in Medical Science. She was elected to the National Academy of Sciences in 2006 in recognition

LEADERSHIP
So far researchers have orthotopically transplanted more than 80 patient tumors in mice. It
can take several months for the tumors to grow,
and the success rate is variable. Nevertheless,
Dr. Brugarolas says, “To be able to study how the
tumors respond to different drugs in the mice is
a great asset.”

Dr. Brugarolas notes that analyses of the
genome, the entire sum of human DNA, have
indicated that between 10 and 15 mutations
are needed to drive tumor development, and in
kidney cancer scientists know of only two
pathways. In work supported by a Doris Duke
Clinical Scientist Development Award and a V
Dr. Brugarolas’ work is important because it
Foundation Scholar Award, Dr. Brugarolas
aims to develop a model as close to the human
also is using genomic studies and functional
disease as possible, says Dr. Michael White, the
cancer center’s associate director for basic science. genomics techniques (see page 30) in an effort
to identify new pathways. The hope, he says,
“Now he has an experimental model system to
evaluate novel therapeutic interventions.”
is that shedding light on new pathways will lead
Pathways to Progress Work within the Cancer to new treatments.
That hope comes into play across cancer
Cell Networks Program is also focusing on
types.
Research into a substance still in the pharwhat it is that happens to a normal cell in the
maceutical pipeline is yielding insights into
body to make it start growing uncontrollably
the workings of some pathways implicated in
and form a tumor. Typically, this involves
non-small-cell lung cancer. Dr. Pier Paolo Scamutations that affect the DNA, which can be
glioni, assistant professor of internal medicine,
triggered by tobacco and other chemicals, but
which also sometimes occur during the normal uses a mouse model of lung cancer induced by
RAS gene mutation to investigate a drug
process of cell growth.
candidate called BEZ235, which interferes with
Researchers are studying the biochemical
the mTOR pathway and a pathway called PI3K.
pathways that contribute to development of
The substance can markedly inhibit lung-tumor
kidney cancer, specifically the clear cell type
that accounts for 80 percent of all kidney cancers. development, Dr. Scaglioni and his colleagues
have found. But BEZ235 appears to work quite
Two different pathways, referred to as the
differently in mouse-tumor cells than in human
pVHL and mTOR pathways, have to date been
ones, triggering cell death in the mouse cells and
implicated, and this knowledge has led to
halting the cell division cycle in human ones.
four groundbreaking drugs entering the clinic
In consultation with other cancer center scientists,
in just the past four years. While none of
these drugs results in a cure, they clearly delay Dr. Scaglioni has learned how the human tumor
cells prevent BEZ235 from triggering cell death –
tumor growth, says Dr. Brugarolas, who is
also studying these pathways in research funded by inducing autophagy, a process by which the
cell essentially cannibalizes itself. Armed with
by a National Cancer Institute R01 grant.
that knowledge, Dr. Scaglioni and his collaborators
“What’s exciting is that until four years ago,
hope to figure out how to make BEZ235 and
there was only one drug approved. We now have
related compounds into even more powerful drugs.
four drugs available, and all these advances
were made possible from research into the biology Watching Drugs at Work Enhancing the power
of kidney cancer.”
of drugs that interfere with the mTOR pathway
is the goal of at least one kidney-cancer trial
in the works at the cancer center. This pilot
study, examining blood and tumor tissue from
advanced kidney-cancer patients treated with
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of pioneering work on a class of enzymes known as MAP kinases.

a drug that blocks mTOR – an mTOR inhibitor – aims to shed light on the characteristics of
patients’ tumors that are related to sensitivity,
as well as resistance, to the drugs.
The blood analyses will monitor circulating
levels of the mTOR inhibitor, whether the mTOR
pathway is being inhibited in lymphocytes, a
type of blood cell, and whether the drug is
affecting any proteins secreted by the kidney
tumor. The researchers will collect tumor tissue
before the patients start treatment, while they
are on treatment, and when the cancer starts
growing, which unfortunately is the case despite
treatment. Each time, researchers will examine
whether the pathway that the drug targets really
is blocked, or whether, despite a dequate levels
of the medicine in the bloodstream, the pathway
is back in action. They also will explore whether
reactivation of the pathway could explain why
the tumors eventually grow despite treatment.
“By doing comparative studies, we may be
able to determine what has led to development
of resistance,” Dr. Brugarolas says. “And if the
pathway has been reactivated, we are going to
pursue genomic studies to try to understand
what the cause of the reactivation might be.” D

Michael White, Ph.D., Professor, Cell Biology
Dr. White, associate director for basic science at the Simmons Comprehensive Cancer Center, is
an expert in the cellular and molecular biology of oncogenes. Dr. White’s work is shedding light
on the critical regulatory control points that may be targeted to impair formation and growth of
cancers in humans. He holds the Hortense L. and Morton H. Sanger Professorship in Oncology
(photos by Brian Coats).
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“These are readouts of how individual
cells are interpreting and responding
to their environment.”
– Dr. Steven Altschuler

IMPACT
Images, mathematics help reveal whether
differences among ‘like’ cells matter. Even
when cancer cells are alike, differences among
them confound clinicians.
Cells from the same tumor, for instance,
can respond very differently to chemotherapy,
making it hard for physicians to predict which
patients will benefit most from the treatment.
Even cloned populations of cancer cells derived
from the same parent culture, grown in similar
laboratory environments and treated with the
same dose of a drug, can vary in their response
in ways that make the overall impact of the
treatment unpredictable.
Ongoing research at the Simmons Comprehensive Cancer Center is exploring how to
finely discern these differences among cells and
determine which variations are important when
it comes to treating cancer. Ultimately, using
samples of cells from patients’ cancers, scientists
hope to better predict which treatments are
most likely to succeed in which tumors.
Differences in the behavior of cells can be
due to genetic mutations, says Dr. Lani Wu. But
researchers also have learned that internal and
environmental factors – for instance, a cell’s
metabolic state, or whether one cell is near
blood vessels in a tumor while another one isn’t
– can cause genetically similar cells in the same
population to behave differently.
To better understand these different states
that cells can experience, Drs. Wu and
Steven Altschuler, both assistant professors of
pharmacology and members of the Cancer
Cell Networks Program, are probing cancer cells
with fluorescent stains and using automated
microscopy to capture variations in proteins
involved in the cells’ chemical signaling before
and after drug treatment. The technique allows
the researchers to characterize the behavior of
many different signaling proteins in individual
cells at the same time, providing snapshots of
the different states that cells are in.
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“These are readouts of how individual
cells are interpreting and responding to their
environment,” Dr. Altschuler says.

50%

Above: HeLa cells are probed with fluorescent stains to
capture variations in proteins involved in cell signaling before
and after drug treatment. Below: An algorithm is applied
to search for visually distinct “stereotypes” among the cells
(circles denote regions of cell-feature space that contain
each stereotype); five stereotypes are apparent. Top right:
Effects of different drugs at different doses are evident
in changes to the proportions of cells belonging to each
subpopulation. For each drug dose, the lengths of stacked
bar graphs represent probabilities for each subpopulation
within the overall populations. Below right: A sampling of
stereotypes identified in the process, with the color of each
box corresponding to the color of the identified stereotypes
(courtesy of Steven Altschuler and Lani Wu).

Next, the researchers mathematically analyze
the protein markers that are lit up in the images.
The team developed algorithms – inspired by early
work in the field of human face recognition –
1
to automatically search for visually distinct cellular
“stereotypes” defined by patterns of particular
markers observed in the cells. The scientists have
sidestepped the question of what exactly is
0.5
causing the signaling patterns. Instead, they are
focused on whether the het-erogeneity that
the patterns reflect, regardless of cause, could
provide important information, Dr. Wu says.
0

By graphing how frequently each of the cellular
stereotypes is observed, the scientists can visualize
a cancer population as a single data point. Clusters
-0.5
of data points suggest commonality – that is,
the occurrence of the same cellular stereotypes
among different cancer populations, Dr. Altschuler
says. “The next question is, what does that
commonality mean?”
A Search for Meaning In many cases, the
commonality won’t be relevant and the data will
be winnowed. “Upfront, you just don’t know what
the right markers are to look at,” Dr. Wu says,
noting that for practical reasons, only about four
markers can be easily monitored with standard
microscopes. “It’s hard to pick which four – from
among hundreds – to monitor.”

Chen B, Dodge M E, Tang W, Lu J, Ma Z,
Fan C-W, Wei S, Hao W, Kilgore J A, Williams
NS,* Roth MG,* Amatruda JF†, Chen C,*
Lum L. Small Molecule-mediated Disruption
of Wnt-dependent Signal Transduction in
Tissue Regeneration and Cancer. Nature
Chemical Biology 2009:5;100-107.

-0.5

0

0.5

1

The next step is to determine whether
different mixes of stereotypes behave differently,
and whether this information is applicable
to different types of cancers. Eventually, the
researchers hope to link these various cell-signaling
stereotypes to the different ways actual tumors
respond to chemotherapy.
The work is detecting a host of differences
among cells that in other contexts would generally
be considered to be alike. “The big question
is: Are the differences important?” Dr. Altschuler
says. “So far our conclusions are that these
differences can contain important information.”

The researchers use the winnowed data to
describe a seemingly very complicated population
of cells as particular mixes of stereotypes that
occur in particular contexts, Dr. Wu says. “Cancer
heterogeneity seems to be very complex. But
In one experiment, using a cell line known
in a very confined study we can summarize all
as HeLa (derived from cervical cancer cells),
the complexity into very simple descriptions, and
Drs. Altschuler and Wu administered 25 cancer
extract information from that.”
drugs from five categories of drugs and identified
signaling-marker stereotypes that for the most
part were similar within each category of drug
that was administered, and different across

0%

low dose		

high dose

low dose		

Metaphase chromosome
spreads were prepared
for quantitative fluorescence in situ hybridization
(Q-FISH) analysis using
oligonucleotide N3’→P5’
phosphoramidate probes
specific for telomere
DNA sequences (green
color), centromeric DNA
sequences (red color)
probe, and the general
DNA dye DAPI (blue color).

categories. But within one category of drugs, the
stereotypes varied considerably, indicating
that the drugs within this category may actually
be exerting their effects quite differently.
In another study, the researchers examined
lung-cancer cell populations arising from one
parent in a cell line known as H460, plus 49
clones. Although all these cells should be quite
similar, the researchers found that the cloned
populations could be grouped according to similar
signaling-state patterns – and that within those
groups, levels of sensitivity or resistance to
the chemotherapy drug paclitaxel were similar.
For their work, the researchers use millions
of cells, individually identified and analyzed
by networks of high-performance computers, to
determine whether differences among the cells
matter statistically. “You have to do that to find
patterns that are meaningful,” Dr. Altschuler says.
Potential to Personalize Efforts to predict
chemotherapy response traditionally have
involved cell populations as a whole, for instance
by averaging the percentages of cancer cells
that die when the populations are treated.
“That lacks the resolution that’s really required
to understand which cells are dying and whether
those are the tumor-generating cells,” as opposed
to tumor cells that are essentially nonthreatening,
says Dr. Michael White, co-leader of the Cancer
Cell Networks Program and the cancer center’s

high dose
associate director for basic science. But the
Altschuler-Wu approach addresses the problem
of exactly which cells are vulnerable to treatment,
he says. “This experimental platform has great
potential to provide physicians with that information.”
Dr. White notes that the research team’s
efforts are working remarkably well in cell
cultures derived from tumors. “The idea now is
to get back as close and as quickly as possible
to patient samples.”
To that end, a collaboration with physicians
in the gynecological oncology department and
the cancer center’s Tissue Management Resource
(see page 26) is under way to obtain tissue
samples from human ovarian tumors. The longterm goal is to tailor treatments for individual
patients by identifying subpopulations of cells in
each of their tumors, and comparing those subpopulation profiles with a database the researchers
hope to develop that would list levels of drug
sensitivity or resistance for each profile.
Such collaborations and the support of the
cancer center have been vital to the success
of the researchers’ work so far, Dr. Wu says. “I
honestly don’t think we could have done this
anywhere else.” D
Dr. Wu and Dr. Altschuler are affiliated with the Cecil H.
and Ida Green Comprehensive Center for Molecular,
Computational and Systems Biology. Dr. Altschuler is a
W.W. Caruth Jr. Scholar in Biomedical Research. Dr. Wu
is a Cecil H. and Ida Green Scholar in Biomedical Comp
utational Science.

Schwartz JC, Younger ST, Nguyen NB, Hardy
DB, Monia BP, Corey DR,* Janowski BA.*
Antisense transcripts are targets for activating
small RNAs. Nature Structural & Molecular
Biology 2008;15:842-848.
Umetani M, Domoto H, Gormley AK, Yuhanna
IS, Cummins CL, Javitt NB, Korach KS, Shaul
PW†, Mangelsdorf DJ.* 27-Hydroxycholesterol
is an endogenous SERM that inhibits the
cardiovascular effects of estrogen. Nature
Medicine 2007;13:1185-1192.
Potts PR, Yu H.* The SMC5/6 complex
maintains telomere length in ALT cancer cells
through SUMOylation of telomere-binding
proteins. Nature Structural & Molecular
Biology 2007;14:581-590.
Whitehurst AW, Bodemann BO, Cardenas
J, Ferguson D, Girard L, Peyton M, Minna
JD†, Michnoff C, Hao W, Roth MG†, Xie XJ†,
White MA.* Synthetic lethal screen identification of chemosensitizer loci in cancer cells.
Nature 2007;446:815-819.
Loo LH, Wu LF,* Altschuler SJ.* Image-based
multivariate profiling of drug responses from
single cells. Nature Methods 2007;4:445-453.
Qu X, Zou Z, Sun Q, Luby-Phelps K, Cheng
P, Hogan RN, Gilpin C, Levine B.* Autophagy
gene-dependent clearance of apoptotic
cells during embryonic development. Cell
2007;128:931-946.
Chien Y, Kim S, Bumeister R, Loo YM, Kwon
SW, Johnson CL, Balakireva MG, Romeo Y,
Kopelovich L, Gale M, Jr., Yeaman C, Camonis
JH, Zhao Y,* White MA.* RalB GTPase-mediated activation of the IkappaB family kinase
TBK1 couples innate immune signaling to
tumor cell survival. Cell 2006;127:157-170.
*Cancer center members in the Cancer Cell
Networks Program
†Members affiliated with another scientific
program within the cancer center

PEER-REVIEWED
PUBLICATIONS, 2006-08:

194

35

AT A GLANCE
GOAL
To advanced “personalized medicine”

impact

in cancer care by understanding
how gene-related processes lead to
cancer, and how genetic variation
among individuals affects tumor
growth and response to treatment.

APPROACHES
Applying basic knowledge of tumor
genetics to early detection, risk

MOLECULAR THERAPEUTICS
OF CANCER

translation

assessment, and new treatment
development; fostering preclinical
testing of new drug candidates,
treatment targets and radiation

discovery
Top: Dr. Joan Schiller and patient
Leslie Kirkland compare hair styles
(photo by David Gresham). Center:
Uptake of peptide-targeted
nanoparticles by H2009 non-small-cell
lung-cancer cells (image by M.J.
McGuire). Bottom: Pathology slide
of non-small-cell lung cancer (photo
by Chandana Padukudru). Opposite
page: Colored X-ray of the chest
of a patient with small-cell lung
cancer (photo by Pr. M. Brauner).
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DISCOVERY

therapy approaches; and developing

Molecular sleuths exploit patterns unique to, and among, tumors. Like
code breakers scanning for meaning in snippets of text, scientists in the cancer
center’s Molecular Therapeutics of Cancer Program search the chemical
language of biology for patterns revealing how cancer might be cracked.
One code they’ve been breaking is that of nuclear hormone receptors,
proteins inside the cell that respond to the presence of steroid hormones
(such as estrogens and androgens) as well as some other molecules.
When activated, the receptor proteins can bind to portions of DNA in the
cell nucleus, flipping particular activity in the cell on or off like a switch.
Teamwork across the Simmons Comprehensive Cancer Center has been
shedding new light on these “switches.” The work is rooted in previous
research by Dr. David Mangelsdorf, chairman of pharmacology at UT Southwestern and an expert on nuclear receptors, who helped lead an effort to
develop an atlas charting the daily ebb and flow of their activity throughout
the body. Instead of focusing on the effects of individual genes’ expression,
as many studies do, the atlas research approached nuclear receptors and
their impact on genes as a group.

nanotechnology insights to advance
cancer imaging and treatment.

2009 FUNDING
TOTAL
$28.1 million
National Cancer Institute:
$8.6 million
Other National Institutes of Health:
$7.4 million

“Our question was, what if we studied all of them as a family, as a unit
– does that tell us more about biology, pathology? And the answer was yes,
indeed it does,” says Dr. Mangelsdorf, who is affiliated with the Cancer Cell
Networks Program. For instance, the researchers found that reproductive
processes aren’t just governed by the usual nuclear receptor suspects, but a
few unlikely ones as well. They also learned that some subgroups of receptors
were having an impact by working in concert.
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TRANSLATION

A collaboration between Dr. Mangelsdorf and Dr. John Minna, a
lung cancer expert and leader of the Molecular Therapeutics of Cancer
Program, was forged when a graduate student assisting Dr. Mangelsdorf
wanted to work on lung cancer, and Dr. Minna became the student’s
co-mentor. The collaboration provided access to large numbers of patient
samples and cell lines.
Moreover, cancer was an area ripe for research into nuclear hormones,
Dr. Minna says.
“We know, for example, in breast cancer and prostate cancer that hormone
receptors are very important for tumor growth and can be targeted for
therapy,” using drugs that take aim at estrogen or androgen receptors, says
Dr. Minna, professor of internal medicine and pharmacology. The goal of the
work with Dr. Mangelsdorf would be to discern different on/off patterns in
lung cancer with the hope of learning how scientists themselves could flip
those switches.“This would give us a whole new type of hormonal manipulation
in human tumors,” Dr. Minna says.
The study found some revealing nuclear receptor on/off patterns in
60 samples of different lung tumors. For instance, the scientists could
discern what subtype of non-small-cell lung cancer the sample was, with
findings more accurate than those in previous research using different
methods, Dr. Mangelsdorf says.
The on/off patterns also could distinguish which patients were more
likely to reach a five-year survival mark, Drs. Minna, Mangelsdorf and
David Euhus, professor of surgery, have found. In addition, by studying
nuclear hormone receptors instead of individual genes, the research
revealed ready potential therapeutic targets, some of which might
be vulnerable to drugs currently in use. The findings might also help
show how a particular tumor forms and how it will progress. “It gives
us a foothold to go in and look at the biochemical mechanisms,”
Dr. Mangelsdorf says, “and that’s something we’re doing right now.”
The scientists believe a similar story may be true for breast cancer,
that a multiplicity of hormonal on/off profiles, and not just the
handful currently recognized, may be fruitful targets for therapy. The
profiles might even reveal when two drugs combined, at lower doses,
can be more effective (and safer) than one drug alone.
Such research could also help explain the high variability in
treatment responses among breast-cancer patients who test positive for
estrogen-receptor expression. “So far the pattern of expression has
been quite robust, and it’s revealed things the traditional experiments
have not,” Dr. Mangelsdorf says.
As for lung cancer, the leading cancer killer of men and women in
the U.S., further, preliminary research has led to the development of
models using human cell lines that respond to hormonal manipulation
tailored to their nuclear receptor on/off profiles. The cell lines have been
injected under the skin of mice and allowed to grow into tumors like
those that result from metastasis. The tumors also are being tested for
responsiveness to hormone manipulation. “That’s proof of principle
… that would show that this idea would work,” Dr. Mangelsdorf says.
Other Vulnerabilities Simmons Comprehensive Cancer Center
researchers are cracking cancer’s secret codes in other ways as well. One
line of research focuses on epidermal growth factor receptor, or EGFR,
a protein of interest in lung cancers and glioblastomas. Only in recent
years have scientists shed light on how a particular type of mutation
in the EGFR gene impacts the protein in lung-tumor cells.
This EGFR anomaly – which occurs in 10 percent to 15 percent of lung
cancers, typically those in women who never smoked or who are
of Asian ancestry – is the molecular target exploited by drugs such as
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This mosaic “heat map” captures expression patterns of the entire superfamily of nuclear
receptors (horizontal axis) in each of 30 tumor samples from lung-cancer patients (vertical
axis). The tumor samples form two distinct clusters (colored red and blue); the red cluster
represents patients whose disease progressed faster and who consequently had a shorter
survival time than the patients represented in blue. The map demonstrates that nuclearreceptor expression patterns can help predict disease progress and patient survival time
in lung cancer (analysis by Yangsik Jeong, image courtesy of David Mangelsdorf).

once-a-day pills known as tyrosine kinase inhibitors, including gefitinib
(marketed as Iressa) and erlotinib (Tarceva). These drugs can lead to
dramatic remissions in patients.
Molecular Therapeutics of Cancer Program member Dr. Adi Gazdar,
professor of pathology UT Southwestern, has helped quantify the frequency
of EGFR mutations among different ethnicities. Dr. Gazdar and his colleagues
used lung tumor and nonmalignant tissue samples from hundreds of
patients to determine the types and frequency of EGFR mutations in
various populations. Among the findings: EGFR mutations were relatively
rare among East Asians compared with other ethnicities, but in tumor
samples from this population, the key mutation was especially likely to be
amplified, meaning the EGFR protein was produced in abundance.
The lung tumor’s cells depend on this extra EGFR to thrive, Dr. Minna
says. “They’re addicted, and because they’re addicted, if you take it away
with a drug, the cells just die.”
Other UT Southwestern work on EGFR is shedding light on the seeming
capriciousness of radiation therapy, a common first-line treatment – and
often the only one – appropriate for patients with non-small-cell lung
cancer. Sometimes radiation works well; often it doesn’t.
Researchers led by Dr. Chaitanya Nirodi, assistant professor of radiation
oncology and a member of the Molecular Therapeutics of Cancer Program,
have studied 20 different non-small-cell lung cancer cell lines and identified
a dozen that are exquisitely sensitive to radiation treatment. EGFR mutations
were found in 10 of those 12 lines.
Radiation treatment is particularly potent in the sensitive cells because
the mutation inhibits their ability to repair the DNA damage the radiation
causes, while in noncancerous cells, that damage can be repaired.
This vulnerability among select lung tumors has the potential to quickly
impact care, Dr. Minna notes.

But the Molecular Therapeutics of Cancer
research
team has gone one step further. InvesNew therapeutic approaches aim to exploit
tigators
transplanted
more than 20 cell lines of
individual differences in tumors. A diagnosis of
non-small-cell lung cancer – optimized for
cancer can be a very personal matter. So can its
imaging by the inclusion of luciferase, a gene
optimal treatment.
that helps tumor cells “light up” – to the lungs
Research at the Simmons Comprehensive
of mice, allowing tumor development to be
Cancer Center is helping to sort out exactly
followed and treatments to be tested in a natural
how different one person’s tumor can be from
setting. “We call these our mouse hospital trials,”
another’s. The goal is to identify vulnerabilities
and challenges that vary from patient to patient, says Dr. Minna. UT Southwestern’s Cancer
Imaging Program, supported by National Cancer
and to develop treatments that exploit each
cancer’s weaknesses and overcome its strengths. Institute grants, provides sensitive imaging
instruments to detect disease status, just as a
To reveal how different lung and breast
tumors will respond to treatment, scientists with radiology department does for humans.
the Molecular Therapeutics of Cancer Program
Tumor ‘Smart Bombs’ Overcoming tumor
are peering at tumors’ control panels – their
variation isn’t the only treatment challenge
genetic blueprints – to understand not just
for oncology.
the role of single genes, but how all the genes
In administering chemotherapy, physicians
together are behaving in different tumors.
have struggled with how to deliver enough mediThe group has been working for several
cine to kill tumor cells without causing extensive
years with panels of more than 200 lung cancer, damage to healthy cells. Solutions so far have
and about 30 breast cancer, cell lines, first testbeen various forms of biological “smart bombs”
ing how they respond to common therapeutic
to target cancer cells while sparing other tissue.
agents or combination treatments.
Dr. Kathlynn Brown, assistant professor of
“Let’s say you take a tumor and you see it’s
sensitive to Therapy A but resistant to Therapy B,
and another tumor may be just the opposite,”
says Dr. John Minna, leader of the Molecular
Therapeutics of Cancer Program. “If we look at
the expression of all human genes at the same
time, do we see different patterns that go with
those two situations? The answer is yes.”
Working with the cancer center’s biostatistics
resource, the scientists converted the wide
range of treatment responses they found into
numerical ratings that gauge how resistant
cancers were likely to be.
Now the trick is to match full genetic
profiles of each of those cancers with the most
effective treatment. At the same time, the UT
Southwestern team and collaborators have
been applying the findings to more than 400
real-world lung tumors, testing whether what
was learned in the lab about the different
genetic profiles can predict a patient’s treatment
response – and they are finding that it can.
Both lines of study are important steps for
oncologists toward “personalized medicine,” in
which treatment decisions are tailored to traits
specific to a patient’s cancer.

internal medicine at UT Southwestern, and her
colleagues are pioneering a particularly advantageous approach to this problem, piggybacking
treatment molecules onto peptides, or small
protein fragments. The peptides, tethered to a
drug, serve as a homing device to target treatment. Her team recently has managed to load
up to four molecules of the chemotherapy drug
doxorubicin onto one such delivery molecule.
“That was proof of concept,” Dr. Brown
says. Using longer chains of the delivery molecule,
“we could get up to hundreds – that payload
could be increased.”
The research team had already discovered
that the delivery molecule, known as H2009.1,
binds to a specific receptor protein, known as
alphavbeta6, on the surface of non-small-cell

IMPROVING
CLINICAL CARE
THE CHALLENGE
To knock out cells that sustain
and renew lung tumors.

THE APPROACH
Drug candidate GRN163L
combined with chemotherapy.
Dr. Joan Schiller, deputy director of
the cancer center, is leading the phase
1/2 study at four sites of GRN163L,
combined with a chemo-therapy regimen of paclitaxel and carboplatin, in
patients with advanced non-small-cell
lung cancer. The study will determine
the safety and appropriate dose of
GRN163L, administered intravenously
with the paclitaxel and carboplatin.
“The only side effect we have noticed
to date is that patients seem to be
having a bigger drop in their blood
counts than what we would have been
expecting to see with chemotherapy
alone,” Dr. Schiller says, noting
that the anemia (a decrease in red
blood cells) and neutropenia (a
decrease in white blood cells called
neutrophils) are being managed
with other medicines.
Preclinical testing has shown GRN163L
gradually attacks tumors by inhibiting
the action of the enzyme telomerase,
which promotes immortalization of
cancer cells. Twenty-one patients have
been recruited for the phase 1/2 trial,
including 10 at UT Southwestern,
says Dr. Schiller, who expects to report
results in 2009. If all goes well, phase 3
trials could begin in another year.

“That’s a basic discovery,” he says,“that should now move into the clinic.” D
Dr. Mangelsdorf, a member of the National Academy of Sciences, is an investigator of
the Howard Hughes Medical Institute and holds the Beatrice and Miguel Elias Distin
guished Chair in Biomedical Science. Dr. Gadzar holds the W. Ray Wallace Distinguished
Chair in Molecular Oncology Research.

Uptake of peptide-targeted
nanoparticles by H2009
non-small-cell lung-cancer cells
(image by M.J. McGuire).
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An imaging technique dubbed FREDOM reveals changing
oxygenation levels of large prostate tumors in rats in
response to breathing oxygen or a mixture of carbon
dioxide and oxygen. While the different tumors on each
row show similar baseline patterns of oxygenation,
breathing gas with high levels of oxygen evoked different
responses – in the AT1 tumor (top row), only regions that
initially were well-oxygenated respond, while in the HI
tumor (bottom row), all regions become well-oxygenated.
Researchers suspect the difference is due to a more
developed network of blood vessels in the HI tumors
(courtesy of Ralph Mason).

One of the potential drugs the researchers
have encapsulated, a powerful antitumor agent
known as beta-lapachone, targets a form of an
enzyme that can be induced by radiation. Levels
of the enzyme are elevated in breast, prostate,
By attaching the homing peptide to an imaging
colon and pancreatic cancers as well as in nonagent, the technique could also let physicians
small-cell lung cancer. The enzyme provides
learn more about a tumor without having to do
a different therapeutic target than most chemoa biopsy. “If we could see accumulation of the
peptide in the tumor, we could say this is a good
therapy drugs on the market, possibly someday
homing reagent to use for this patient” in treatoffering an alternative to patients who are
ment, Dr. Brown says. “The nice thing about this
resistant to standard treatments.
is that you can use basically the same molecules
The researchers have also encapsulated iron
for diagnosis and therapy.”
particles, which can be used as imaging agents,
The researchers hope eventually that by
along with the drug doxorubicin, and attached
monitoring patients at risk for lung cancer, “we the spherical nanocapsules to the homing
may be able to detect the start of a formation
molecules. This allows the scientists to literally
of a tumor,” Dr. Brown says.
see using magnetic resonance imaging whether
One exciting aspect of this approach involves the drug is hitting its target, an approach currently
how the delivery molecules were identified –
being tested in small animals.
with a process known as phage panning, in
“The eventual goal is to be able to incorpowhich millions of peptides were tested simultarate many different features in a single particle,”
neously for their binding potential. With this
Dr. Brown says.
technique, promising peptides can be pinpointed
A Clearer Picture Molecular Therapeutics of
even without knowledge of the proteins found
Cancer Program members have developed other
on the surface of cancer cells, speeding the
MRI techniques that can enhance understanding
process of discovery and development.
of cancer biology. These agents aren’t just
Some big achievements may arise from
revealing the anatomy of a tumor and its
small things. Working in the supertiny realm of
surrounding tissue, but also its physiological
nanotechnology, where particles measure just
state. For instance, a team of investigators led by
billionths of a meter, Drs. David Boothman and
Dr. Dean Sherry, radiology professor and
Jinming Gao, both of the cancer center, have
director of UT Southwestern’s Advanced Imaging
developed nanoparticles that can encapsulate
Research Center, is developing methods to
treatment agents.
look at factors such as acidity and oxygen levels
“If you imagine a very tiny ball, the inside of
in a tumor and its environs.
the ball has the drug,” Dr. Brown says,“and that’s
Oxygen levels, which can vary greatly in a
good because it protects it from being rapidly
tumor,
affect treatment in several ways, Dr. Minna
cleared from the body, and hopefully it protects
said.
For
instance, oxygen-deficient parts of a
it from nonspecific uptake in the tissues.” To
tumor
are
not as responsive to chemotherapy
increase the amount of drug that reaches the
tumor, a homing agent such as H2009.01 can be
and radiotherapy as are parts that are rich in
attached to the outside of the ball.
oxygen. Moreover, scientists see great promise in
therapies that aim to starve a tumor of oxygen
by plugging up the blood vessels that fuel it (see
page 22). “What we don’t have is an imaging
lung cancer cells. That receptor protein, associated
with a relatively shorter patient survival time,
is prominent earlyi n a cancer’s development
and increases as the tumor progresses.
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John D. Minna, M.D., Professor, Internal Medicine and Pharmacology
Dr. Minna is well-known for his study of the molecular processes that contribute to the genesis of lung

technique to know what the oxygen status in
the tumor is, as well as in different parts of the
tumor,” Dr. Minna says.
Radiology professor Dr. Ralph Mason and
his colleagues are combining an assortment
of imaging techniques to tackle the oxygenation
challenge noninvasively. One strategy being
developed is dubbed FREDOM (Fluorocarbon
Relaxometry using Echo planar imaging for
Dynamic Oxygen Mapping). This technique,
employing a molecule called hexafluorobenzene,
tracks changes in tumor oxygenation and has
revealed the impact of tumor oxygen levels on
radiation response.

cancer and for his research translating basic laboratory findings into clinical applications. He is principal
investigator for the National Cancer Institute’s Specialized Project of Research Excellence (SPORE) in
lung cancer, leading the joint UT Southwestern and M.D. Anderson Cancer Center SPORE for more than
a decade. Dr. Minna is director of the Nancy B. and Jake L. Hamon Center for Therapeutic Oncology
Research, and director of the W.A. “Tex” and Deborah Moncrief Jr. Center for Cancer Genetics. He
holds the Sarah M. and Charles E. Seay Distinguished Chair in Cancer Research and the Max L. Thomas

LEADERSHIP

Distinguished Chair in Molecular Pulmonary Oncology (photo by Brian Coats).

“Through the Small Animal Imaging program,
FREDOM is routinely used to characterize tumor

growth and response to therapy in preclinical
models, and to aid the development of new drugs,”
Dr. Mason says. “More significantly, it serves as a
gold standard foundation for a new approach to
characterizing patients’ tumors prior to therapy.”
That new approach, called DOCENT (Dynamic
Oxygen Challenge Evaluated by NMR T1 and
T2* relaxation), allows scientists to noninvasively
evaluate patients before therapy. It promises
to become a prognostic test that would allow
radiologists and oncologists to predict response
to therapy in advance.
As with other work in the Molecular
Therapeutics of Cancer Program, tracking each
tumor’s physiology someday will help oncologists
handpick, from their menu of treatment options,
a mix that will best attack each patient’s cancer.
With such imaging advances, they will be able
to keep an eye on each treatment’s progress.
“In essence, imaging of the future will not
only be used to diagnose patients and locate
their tumor, but allow us to predict how they will
respond to therapy,” Dr. Mason says. “We are well
on our way to personalized medicine with the
promise of smarter choices, greater efficacy and
reduced cost.” D
Dr. Boothman holds the Robert B. and Virginia Payne
Professorship in Oncology.
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“We want the cancer
cells to commit suicide,
like normal cells
do when damaged.”

Patient Leslie Kirkland consults
with Dr. Joan Schiller about
treatment options for her
non-small-cell lung cancer.
She elected to participate in
a research study (photo by
David Gresham).

Production of monoclonal antibodies
(courtesy of National Cancer Institute).

Udugamasooriya DG, Dineen SP, Brekken RA†,
Kodadek T.* A peptoid “antibody surrogate”
that antagonizes VEGF receptor 2 activity.
Journal of the American Chemical Society
2008;130:5744-5752.

– Dr. Joan Schiller

IMPACT
Key molecular discoveries put cancer in the
crosshairs of clinical trials. For scientists developing an all-out assault against cancer, one thing
they need is a practice range. As it turns out,
some key cancer-related discoveries made at
UT Southwestern are providing that range, plus
some ammunition for the actual assault.

“Virtually everyone in the world is shifting
over to use these to study cancer pathogenesis,”
Dr. Minna says. The genetic alterations in these
simple models can be compared with patients’
tumors bearing the same mutations and used to
test potential therapies.

While providing that practice range for
cancer research, scientists’ growing understanding
These discoveries involve an enzyme known
of telomerase also has yielded a potential therapy
as telomerase, which is active in cancer cells and
allows them to reproduce indefinitely, while other now in early clinical trials at UT Southwestern.
cells, without this activity, eventually die a natural Along with scientists from the biotechnology
company Geron, Drs. Shay and Wright have
death.“Telomerase is a hallmark of 90 percent
of cancers,” says cell biology professor Dr. Jerry
built on their knowledge of telomerase to develop
Shay, who with cell biology professor Dr. Woodring a drug candidate, GRN163L, that inhibits
Wright has helped pioneer the discovery and
telomerase activity.
understanding of telomerase’s role in cancer.
“The whole underpinning of the drug is that
Although the enzyme is an enemy in the
it was based upon the biology. So in order to
cancer fight, Drs. Shay and Wright, along with
design the drug they had to understand exactly
Dr. John Minna, have turned it into an ally by
how telomerase worked,” says Dr. Joan Schiller,
using it, along with some other molecular tricks, deputy director of the Simmons Comprehensive
to immortalize normal lung epithelial cells.
Cancer Center and chief of hematology/oncology
Scientists then can genetically manipulate these at UT Southwestern.
cells to understand the significance of various
Dr. Schiller is leading a multisite clinical
genes that promote or suppress tumors. The
trial of the drug, combined with a chemotherapy
work has yielded more than 40 “normal” cell
regimen, in patients with advanced non-small-cell
lines so far, plus others with specific cancerrelated genetic modifications.

An image of human chromosomes arrested in metaphase
(a stage of cell division). Highlighted in green are
special DNA sequences called telomeres – structures that
“cap” the ends of chromosomes. Telomeres gradually
become shorter as cells divide. The enzyme telomerase
maintains the telomeres in cancer cells (keeping them from
diminishing), but telomerase is not expressed in normal
cells. When normal cells have short telomeres, the cells
stop dividing (something that would be desirable in cancer
cells). Thus, inhibitors of telomerase result in the demise
of telomeres in cancer cells. Blue is a stain for DNA, pink
for centromeres (image by Ying Zou; courtesy of Jerry
Shay, Woodring Wright).

lung cancer (see sidebar, page 39). Scientists
hope that a subset of tumor cells that act like stem
cells – and can renew a cancer when medicines
have killed more sensitive cells – can be
eradicated by the addition of GRN163L therapy.
“We want the cancer cells to commit
suicide, like normal cells do when damaged,”
Dr. Schiller says.
As a therapeutic target, telomerase may
prove fruitful not just in lung cancer but also in
some of the other deadliest cancers, including
those of the pancreas, brain and colon, Dr. Shay
says. “All four of those have robust telomerase in
their tumors, and that’s why we’ve focused on
those,” he says.
Building Better Molecules Other research
enlisting a different form of weaponry is likewise
bringing basic scientific discoveries to the clinic.
Dr. Ellen Vitetta, professor of microbiology and
immunology and director of UT Southwestern’s
Cancer Immunobiology Center, is leading
an effort to develop monoclonal antibodies,
biological molecules that can seek out and bind
to cancer cells.
Such molecules are already a success story
in cancer treatment, with therapies including
Rituximab (marketed as Rituxan) for lymphomas
and trastuzumab (Herceptin) for breast cancers.
“We know that antibodies like these make
good drugs, and they’ve already been given to
thousands of people,” Dr. Minna says.
By altering the antibodies chemically or
genetically, or creating so-called chimeric molecules
with components from humans and from mice,
the researchers have been able to hone the
molecules’ ability to bypass natural immune
defenses and hit their tumor targets.
One promising tumor target is CD54, a
cell-surface receptor found in many normal tissues
but also prominent in human cancers, including

Gao B,* Xie XJ†, Huang C, Shames DS, Chen TT,
Lewis CM, Bian A, Zhang B, Olopade OI,
Garber JE, Euhus DM,* Tomlinson GE,* Minna
JD.* RASSF1A polymorphism A133S is associated
with early onset breast cancer in BRCA1/2 mutation carriers. Cancer Research 2008;68:22-25.

myeloma, lymphoma, breast, prostate, pancreatic,
melanoma and non-small-cell lung, Dr. Vitetta
says. Research in rheumatoid arthritis has
demonstrated that an anti-CD54 monoclonal
antibody could suppress the immune reaction
without other side effects. Other studies have
revealed that another anti-CD54 antibody,
known as chimeric UV3, developed in Dr. Vitetta’s
lab, recognizes human but not mouse CD54 and
can slow the growth of the various human tumors
in mice that lack functioning immune systems.

“This is important because patients with ALL
are not candidates for the approved [monoclonal
antibody treatment] Rituximab,” Dr. Vitetta says.

“It has excellent antitumor activity,” Dr.
Vitetta says. “In the case of lung and pancreatic
tumors, it works as well as chemotherapy and
even better when used in combination.” The first
clinical trial of chimeric UV3 is likely to be done
in patients with resistant, relapsed myeloma or
melanoma, she adds.

“We need more drugs that hit different
targets, to use when nothing else works,”
Dr. Shay says. D

The research team is working with the drug
company Abiogen Pharma to advance these
molecules, as well as the chimeric UV3 monoclonal
antibody, into clinical trials.
Ultimately, such collaborations between
basic and translational scientists and clinicians
seek to beef up medical science’s arsenal in the
war on cancer.

Dr. Shay and Dr. Wright each hold the Southland Financial
Corporation Distinguished Chair in Geriatrics. Dr. Schiller
holds the Andrea L. Simmons Distinguished Chair in Cancer
Research. Dr. Vitetta is a member of the National Academy
of Science and holds the Scheryle Simmons Patigian
Distinguished Chair in Cancer Immunobiology, as well as a

Working with Dr. Joan Smallshaw, assistant
professor of microbiology, and assistant professor distinguished teaching chair.
Dr. Jim-Jyi Chang of the Cancer Immunobiology
Center, Dr. Vitetta is also developing and producing a variety of immunotoxins, tumor-specific
antibodies from mice that deliver a natural
poison known as ricin A chain. Once tumor cells
bind with the immunotoxins, the attached ricin
A chain kills them. These immunotoxins have
been used in more than 300 patients thus far.
Several show promise in treating T-cell or B-cell
leukemias, or in heading off an immune system
attack by T cells that are transplanted along with
stem cells during bone marrow transplants.
Two immunotoxins, aiming at cell receptor targets known as CD19 and CD25, work well
both together and separately in non-Hodgkin’s
lymphoma and AIDS-related lymphoma,
Dr. Vitetta says. In addition, a combination of
Ribbon model of an IgG monoclonal antibody
the anti-CD19 molecule and an immunotoxin
(courtesy of RCSB Protein Bank).
aiming at another target, CD22, has been tested
in children and adults with pre-B-cell acute
lymphocytic leukemia (ALL) and has been found
to be safe and efficacious.
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M, Wistuba II, Fong KM, Lee H, Toyooka S, Date
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cancers. Cancer Research 2008;68:6913-6921.
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DISEASE-ORIENTED TEAMS
DOTs

focus

at Simmons Comprehensive
Cancer Center
Bone Marrrow Transplantation –
Hematologic Malignancies
Breast Cancer

Multidisciplinary groups use an array of talent and perspectives to tackle
disease-focused challenges. In confronting challenges as complicated as
cancer, 10 or 20 or 40 heads are better than one.
That’s the idea behind the Simmons Comprehensive Cancer Center’s
disease-oriented teams, or DOTs, an initiative that assembles senior cancer
center physicians, basic scientists, clinical research staff and other care
providers into groups that focus on questions specific to different tumor
types. The center features eight such teams, plus one focused on challenges
in radiation oncology, another on pediatric oncology and a melanoma
group that is developing.
The teams, which have coalesced into formalized groups in the past
three years, took root in an existing environment at UT Southwestern that
encouraged multidisciplinary collaboration, says Dr. David Euhus, professor
of surgery and leader of the breast cancer DOT.
For instance, researchers and clinicians interested in breast cancer
previously would gather regularly in the pathology department and review
the previous week’s diagnoses.
Now, the groups’ interactions – and meetings – are more structured.
Medical, surgical and radiation oncologists; translational and basic
scientists; clinical and research nurses; study coordinators; data specialists;
and social workers, psychologists and others may take part. The groups
discuss clinical scenarios or noteworthy cases, share treatment knowledge,

sound out research protocols and grant proposals, and interact “in
ways you don’t normally get to interact,” says Dr. Euhus, associate
director for clinical research at the cancer center.
“One of the most important goals of the teams is to stimulate
interaction between basic and clinical scientists, leading to better treatment
of cancer,” he says.
DOT members also pool their expertise to discuss and establish

practice guidelines in their targeted area. Some of those guidelines
have been exported to private cancer groups in the community.
Recent work by the breast cancer DOT, one of the oldest disease-oriented
groups, has included: compiling a program project grant targeting the
particularly difficult-to-treat triple negative breast cancer; providing basic
scientists with breast cancer tissue from patients with advanced metastatic or
recurrent cancer before and after treatment, in order to monitor response;
and developing a clinical trial aimed at shutting down cancer cells’ stress
response after chemotherapy, to try to keep the cancer from spreading.
The central goal of the DOTs is to make sure appropriate clinical trials
are available to cancer patients at different stages of disease, says Dr. Yair
Lotan, an associate professor of urology who heads the genitourinary cancers
DOT. “We take a disease process like prostate cancer, and the different
people on our committee – urologists, oncologists, radiation oncologists and
others – talk about how we want to manage patients,” Dr. Lotan says. The

group discusses whether it is possible to have particular studies aimed at
patients who have, say, recurrent cancer, or whose chemotherapy has failed.

Gastrointestinal Cancers

“For instance, there are few treatment options for patients with
metastatic prostate cancer who fail chemotherapy,” he says. “So we actively
look for good clinical trials we could open at UT Southwestern that may
benefit difficult-to-treat patients.”
The DOTs also help an investigator optimize a trial protocol before
submitting it for review. Dr. Lotan recently used his DOT as a resource
to develop a protocol for a trial examining molecular markers in patients
whose bladders were removed. The idea is to see which patients are at
high risk for recurrence and then test chemotherapy versus no chemotherapy in those high-risk patients.
“The DOT doesn’t come up with the protocol, but it offers a place
to take it to improve it, or at least get consensus that it’s a good trial to
proceed,” Dr. Lotan says.
Ultimately, the immersion of all team members in clinical research
issues helps trial recruitment and delivers cutting-edge care to patients.
“You can write a beautiful trial, but unless you can get it down to the
patients and engage them, you won’t accomplish anything,” Dr. Euhus says. D
Dr. Euhus holds the Marilyn R. Corrigan Distinguished Chair in Breast Cancer Surgery.
Dr. Lotan holds the Helen J. and Robert S. Strauss Professorship in Urology.
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Clockwise from top left, opposite page:
Dr. Roderich Schwarz, leader of the
gastrointestinal DOT and chief of surgical
oncology; professor of surgery Dr. David
Euhus, leader of the breast-cancer DOT
(photo by Brian Coats); Dr. Robert Timmerman (left), a member of the radiation
oncology DOT and vice chair of radiation
oncology, and Dr. Hak Choy, leader of
that DOT and chair of radiation oncology;
breast-cancer patient Joan Hollers (far
right) consults with surgical oncologist
Dr. Roshni Rao, a member of the breast
cancer DOT, and radiologist Dr. Michael
Ulissey (photos by David Gresham).
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EMERGING PROGRAMS

COMMUNITY IMPACT

POPULATION SCIENCE
AND CANCER CONTROL

The program aims to ensure strategies for preventing and detecting
cancer are as effective as possible. Researchers know that changing the
public’s health behaviors is essential to cancer prevention, early detection
and improved care. What they don’t always know, however, is how best
to change those behaviors.
That’s where the Simmons Comprehensive Cancer Center’s emerging
Population Science and Cancer Control Program comes in. Dr. Celette Sugg
Skinner, associate director for population science and cancer control at the
cancer center, says the new program’s role is to identify problems, such as
which behaviors need to be changed, and potential solutions that will lead
to such change.
“The research we do in clinical settings is to test what is the best program
or method for getting people to change their behaviors to positively impact
their disease outcomes,” says Dr. Skinner, a professor of clinical sciences at UT
Southwestern Medical Center.
For instance, in research on cancer screening, scientists identify groups
of people who need to have a particular screening but haven’t done so yet
(see “Improving Clinical Care,” page 49). The researchers then divide that
population into groups with different interventions tested in each group,
including different screening options, differing presentations of screening
information, or varied means of information delivery, such as face-to-face
consultations versus handing out printed material. The goal is to see which
techniques offer the most bang for the buck.
“Some efforts are more costly than others, but sending people out to
lecture to groups or publishing material or whatever you do, there’s some cost,”
Dr. Skinner explains. “We are dedicated to evaluating effectiveness. We
don’t want to keep doing something that is done with all the best intentions
but really is not very effective in motivating patients.”

Top: Nuclei (blue) with two-photoninduced stripes of DNA damage,
showing DNA repair enzymes in red
and green (image courtesy of Jerry
Shay/Woodring Wright laboratory).
Center: The Susan G. Komen Race
for the Cure in Dallas (courtesy of
The Dallas Morning News). Left:
Dr. Phil Evans, professor of radiology.
Opposite page: The main waiting
room in the Center for Breast Care
(photos by David Gresham).

Reaching the Underserved Because certain cancers are more burdensome
to one racial or ethnic group than to others, the vast socioeconomic and
ethnic diversity in Dallas is a central focus in the mission of the Population
Science and Cancer Control Program.
“Different groups can have different kinds of problems and risks,”
Dr. Skinner says, noting that Hispanics are less likely to get colon cancer than
Caucasians, who are less likely to get the disease than African-Americans.
“But when Hispanics do get colon cancer, it’s more likely to be found when
it’s further along” and harder to treat successfully.
Factors such as lifestyles, school nutrition and physical education programs,
and neighborhood affluence can also contribute to disparities. Consider a
neighborhood without sidewalks and where people generally don’t have
the money to buy treadmills. In such circumstances, convincing residents
that walking is good for them isn’t enough of an intervention, and other
initiatives are needed.
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Mary Underwood, RN, (left)
assists patient Carole Baas
in the Center for Breast Care
(photo by David Gresham).

IMPROVING
CLINICAL CARE
THE CHALLENGE
To increase screening rates for
colon cancer.

Right: UT Southwestern’s mobile
mammography unit. Far right:
Shawna Henderson, RN
(photos by David Gresham).

THE APPROACH

EXTENDING THE CENTER’S REACH
Another area of disparity involves enrollment in clinical trials, where
fewer Hispanics and African-Americans tend to participate. Consequently
those groups lack sufficient access to the latest cancer treatments, and
researchers aren’t able to gather adequate data on how well a new treatment works in one of the underrepresented populations.
“There are disparities all around us that turn out to be cancer-related,”
Dr. Skinner says. “That’s why our research has to go from the test tube,
where we usually think of cancer research, all the way out to the clinics and
to the most broad communities.”
Improving Community Care Collaborating with local partners is vital to
improving health in those broad communities.
“That’s one of the major principles of public health and community
outreach – you don’t just send some people from the university or the
medical center and drop them out in the community,” Dr. Skinner says.
Partnerships can be forged with neighborhood organizations and
leaders, churches, barbershops, community centers, colleges and other
health-related institutions. The idea, Dr. Skinner says, is to find existing
networks that are already doing things well and team up to promote
health education and research.
A partnership among health institutions is tapping UT Southwestern
expertise in topics other than cancer and working with the Cooper
Institute, a Dallas-based research facility devoted to physical fitness
and disease prevention. The effort, aimed at better understanding and
addressing obesity as a cancer risk in the community, is pairing basic
researchers with patient-focused clinical researchers and public health
experts who study community characteristics that are linked to disease risk.
The group is developing a pilot project to examine parcel-by-parcel data
on some of the poorest areas of Dallas to see how far residents live from
grocery stores, planned renewal areas, and sections where commitment to
maintaining affordable housing is high. Researchers also are examining

health data such as levels of overweight and obesity in those areas.
The program’s ultimate goal, Dr. Skinner says, is to improve the health
of community members no matter where they live or receive care.
Meanwhile, an initiative aimed at better promoting vaccination
against the human papillomavirus, which causes cervical cancer, is
reaching out across communities in Dallas.
Led by Dr. Jasmin Tiro, assistant professor of clinical sciences, the
project aims to recruit mothers and daughters from a variety of settings,
including university clinics, private faculty practices, Parkland Memorial
Hospital’s community-oriented primary care clinics and even community
centers in a variety of neighborhoods. The goal is to reach people of different ethnicities, education levels and perspectives in order to better grasp
how people get information and form opinions about HPV vaccination.
Dr. Tiro previously has studied public opinions about HPV on a national
level, examining attitudes and television news presentation of the issue.
That analysis found that stories on the topic were very short, and instead
of focusing on the facts about the vaccine, they highlighted controversy
associated with it. “If you get most of your information about the HPV
vaccine from TV, your decision may be based more on your reaction to the
controversy than on the facts,” Dr. Tiro says.
The new research will seek to understand those attitudes and influences
in Dallas. “We’re guessing that we’re going to have great variation here in
Dallas’ various communities,” Dr. Skinner says.
A parallel study also will examine how Parkland and UT Southwestern
clinics deliver and document vaccination, along with how people pay for
it. The findings will provide a basis for designing an educational program
to help ensure local girls receive all the needed shots, and that young adult
women get the catch-up vaccine at the recommended age.
“These studies are really laying the groundwork for doing something big
in the community,” Dr. Skinner says. D

Left: Medical office assistant Geneva Thomas
(photo by David Gresham). Right: An example
of a family pedigree charting breast and
ovarian cancer (courtesy of Linda Robinson).

cancer genetics practice in the nation in
terms of how many BRCA-1 and BRCA-2 analyses
are performed.
Face-to-face encounters with counselors at a
clinic are vital to ensuring that women understand
the potential pros and cons of testing, and that
they receive help and support in decision-making
based on the testing’s results, says Dr. Celette
Sugg Skinner, a behavioral science expert in
communications aimed at disease prevention
and health promotion. “This is why it’s not good
to just send your blood off to a genetic testing
company,” Dr. Skinner says. “Genetic counselors
understand what’s involved in these decisions.”
The cancer center’s clinical genetics team
has nearly tripled its number of overall patient
encounters in the past five years. Those encounters include counseling not just about risk for
breast cancer but also inherited genetic mutations
related to colon cancer – hereditary non-polyposis
colon cancer and familial a denoma polyposis
– as well as some less common cancers. In
addition, new faculty at the cancer center will
include a clinical psychologist to study psychological issues related to genetic testing and
decision-making, and related family interactions.
The cancer center is extending its reach
in other ways as well. In 2008, Richardson
Regional Medical Center celebrated the opening
of its new cancer center, an affiliate of UT
Southwestern. The new suburban center expands
medical, surgical and radiation oncology services,
as well as provides clinical research, patient edu
cation, genetic counseling and support services.

OVARY @ 50

BREAST @ 35
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Genetic counseling, mobile mammography and
other efforts connect with the community. A
research finding more than a decade ago – that
mutations in genes known as BRCA-1 and BRCA–2
could greatly raise a woman’s risk of breast and
ovarian cancer – has lent new meaning to the old
saying that knowledge is power.
Today, women found to have inherited such
a mutation can manage their risk beginning
in early adulthood with aggressive monitoring
and detection efforts, or can opt for prophylactic
surgery before any cancer has a chance to take
hold. And women who have not inherited the
mutations can rest a little easier.
Experts at the Simmons Comprehensive
Cancer Center are helping women understand
and manage such risks in clinics not just on the
campus of UT Southwestern, but by traveling
across the region, through alliances with cancer
programs including those of the UT Southwestern
Moncrief Cancer Resources and John Peter Smith
Hospital in Fort Worth, Richardson Regional
Medical Center, and Parkland Health and Hospital
System’s community-oriented primary care
clinics. Under the leadership of Dr. David Euhus,
co-director of the Mary L. Brown Breast Cancer
Genetics and Risk Assessment Program at UT
Southwestern, and certified genetic counselor
Linda Robinson, the cancer center’s clinical genetics program has grown to be the third-largest

Left: Dr. Cynthia Lan, a clinical fellow
in hematology/oncology, and certified
genetic counselor Sarah Pirzadeh (photo
by David Gresham).

Broadly promoting a noninvasive
screening method – fecal blood tests
– in a public hospital setting.
Colonoscopy, performed periodically
to scan for tumors or polyps that could
turn cancerous, is a major method
of colon cancer prevention and detection. The problem is the procedure,
which is among several screening
options advised for people 50 or older,
is costly and inconvenient. So with
pilot funds from the UT Southwestern
Moncrief Cancer Resources, Dr. Samir
Gupta, assistant professor of internal
medicine, is testing an intervention
throughout Tarrant County’s John
Peter Smith Hospital system: Everyone
who turns 50 is mailed a fecal blood
test, a screening option that should
be performed yearly, and actively
encouraged to complete the test.
“We’re tracking to see how effective
that is, and screening rates have gone
up,” says Dr. Celette Sugg Skinner,
professor of clinical sciences and
leader of the Population Science
and Cancer Control Program. Next,
researchers will compare this against
inviting people to get a colonoscopy,
something people often say they will
do, but don’t.
“If you could get adherence rates
really high for the fecal blood tests,
then the amount of cancers you would
be able to detect and remove early
could be just about equal to those you
would find through colonoscopies,”
Dr. Skinner says. She notes that even
if colonoscopy is the better screening
method, using another test that
gets more people screened may be
the better public health decision.
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Mammography technologist
Maria J acinta Juarez (photo by
David Gresham).

Simmons Comprehensive Cancer Center
staffers also are taking on cancer in the community,
in outreach efforts at local events including
health fairs, and in deploying the center’s mobile
mammography program. Last year that program
provided almost 2,600 mammograms in Dallas
County, and about 670 in Tarrant County. In
another initiative, at the 2008 Susan G. Komen
Race for the Cure in Dallas, some 175 UT Southwestern physicians, nurses, staff and families
collected blood samples for the Komen tissue
bank at Indiana University, which makes samples
available to researchers nationwide who are
studying breast cancer risk factors and biomarkers.
Outreach coordinator Michele Yates is fostering
relationships with community organizations to
work together on other such cancer initiatives.

MORE THAN JUST CANCER CARE

“This program will help us figure out
in large populations what is the
extent and nature of these problems.”
– Dr. Celette Sugg Skinner

“We want to be the glue for community
partners that are focused on cancer,” says Dr. Tim
Strawderman, associate director for research
administration at the cancer center.
To ensure delivery of cutting-edge care
throughout the community, the center is expanding
its outreach efforts promoting clinical trials,
especially among underrepresented and medically
underserved populations. New faculty member
Dr. Matthew Obinna Nwaneri, assistant professor
of internal medicine-hematology/oncology, is
spearheading efforts to raise awareness of clinical
trial availability among those populations.
Patients may also receive referrals at the cancer
center’s HopeLine, 214-645-HOPE, and other
information at a consumer Web site:
www.utsouthwestern.edu/patientcare/medical
services/cancer.html. Also under development
is a Cancer Information Service for patients and

Dr. Celette Sugg Skinner, associate director for population
science and cancer control at the Simmons Comprehensive
Cancer Center (photo by Brian Coats).

“Not only is it important to offer these services to patients, but we
also make sure that these patient navigators and staff work as multidisciplinary team to meet the needs of patients in a synchronized way,”
says Dr. Tim Strawderman, associate director for research administration
at the cancer center.
Support groups and other programs also are available at the
center, including the American Cancer Society’s I Can Cope curriculum,
held quarterly at varying sites throughout the community and
periodically offered in Spanish.
Separate initiatives focus on helping patients facing other individualized
challenges related to cancer. For example, as part of UT Southwestern
Medical Center’s partnership with Children’s Medical Center Dallas,
hundreds of children and adolescents who have received cancer care
are being educated about their cancer, its treatment and the implications

health professionals throughout North Texas. D
Views from a mammogram (photos
by David Gresham).

50

Support programs provide personal attention to patients’ needs.
While scientists focus on cancer as a complex biomedical problem,
health care providers understand that the disease is also a complex
personal one. That’s why the Simmons Comprehensive Cancer
Center offers a broad supportive care program, to help patients and
their families manage the physical, emotional, social and spiritual
fallout of a cancer diagnosis.
Crucial to this process are the center’s disease-focused patient
navigators – advanced-practice nurses or physician assistants specializing in different types of cancer. The patient navigators help newly
diagnosed patients understand their treatment and communicate
with their physicians; they also review and shape treatment plans,
and remain a resource for patients throughout treatment.
Cancer patients and their families have other advocates as part
of their care team as well. These include:
• a supportive care physician, who can help manage pain and other
physical side effects of the disease or its treatment;
• a psychologist, who can help a patient with anger, depression
or other emotional side effects, as well as help with interpersonal
issues through individual, marital, family or group counseling;
• a social worker, who assists with accessing community resources,
meeting economic needs and planning for care;
• a financial counselor, who helps patients manage insurance coverage
and plan for out-of-pocket expenses;
• a dietitian, who helps manage side effects and who provides
nutritional therapy; and
• chaplain services, to attend to the spiritual needs of patients and
their loved ones.

Angelica Hernandez,
a participant in
the After the Cancer
Experience, or
ACE, program at
Children’s Medical
Center Dallas (courtesy of Children’s).

for long-term health. “Over the long term, they can be at risk for other
kinds of diseases and maybe certain other kinds of cancer,” sometimes
many years down the road, says Dr. Celette Sugg Skinner, professor
of clinical sciences at UT Southwestern and associate director for
population science and cancer control at the cancer center. “What we
need to do is make sure people know what kind of cancer they had,
what kind of treatment they had, and what they may be at risk for in
the future.”
Such survivorship planning is an important issue for adult survivors
as well. “But for childhood cancer survivors it’s especially so, because
a lot of them had cancer a very long time ago and treatments change
quickly. Primary care providers won’t know what kind of treatment
they had 25 years ago,” Dr. Skinner says.
Another program aims to prevent cancer patients from falling off
their treatment plans, something that occurs for reasons as varied as
each individual. To understand those reasons better, and to improve
support for patients throughout treatment, the cancer center is
developing a Cancer Rapid Identification and Tracking, or CRIT, data
mining system to quickly identify people who aren’t managing to
stick with their prescribed treatment schedules.
The aim is to comb patient records to identify predictive factors
– such as financial shortfalls, lack of transportation, or confusion over
their care – that will help physicians spot and solve problems before
they occur. “Our goal is to have a system that can look at the text,
along with the more standard notations in the chart, to try to get a full
picture for each patient, and then look at whether the patient receives
all the needed treatment at the right time,” Dr. Skinner says. “For
the most part, unless you open those charts and go through them, the
information is not well assimilated.”
Launched with pilot funds from the UT Southwestern Moncrief
Cancer Resources and led by Dr. Keith Argenbright, medical
director at Moncrief and an associate professor at the cancer center,
the project is novel in that it looks at factors that interfere with
treatment collectively, instead of one at a time, Dr. Skinner says.
So far the program has found that a large proportion of patients
don’t adhere to their treatment as prescribed.
“This program will help us figure out in large populations what is
the extent and nature of these problems,” Dr. Skinner says. “We think
this is an exciting prospect.” D
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DNA REPAIR AND
RADIATION ONCOLOGY
Study of DNA repair can help further advances
in radiation therapy. Investigators at the Simmons
Comprehensive Cancer Center are tackling the
challenge of improving radiation therapy
from multiple directions – both from inside the
body and out.
From the inside, researchers in the center’s
DNA Repair and Radiation Oncology Program,
in collaboration with biologists and others in
the cancer center’s sister scientific programs, are
peering into tumor and normal cells to understand
better how DNA is repaired when stressors such
as radiation damage it.

“Our goal is to try to provide both
prevention – to protect the normal tissue –
and also to sensitize the tumor, so we’ll
be able to reduce the dose per fraction.”

52

THE CHALLENGE
To develop a convenient and
noninvasive therapy for early stage
prostate cancer.

– Dr. David Chen

THE APPROACH
Dr. Robert Timmerman,
professor of radiation oncology,
with radiation therapist
Sheree Kincaid and patient
Breihan Bridgewater (photo
by David Gresham).

Among the SBRT studies currently recruiting
patients at UT Southwestern is one for patients
This expertise in DNA repair and radiation
with operable lung cancer. Earlier results with
biology is relatively new on campus, notes
SBRT have been so good in patients with medical
Dr. David Chen, professor of radiation oncology
problems precluding surgery, Dr. Timmerman
and leader of the DNA Repair and Radiation
says, that it is reasonable to test the therapy in
Oncology Program. “We’re applying our underAlthough the researchers assumed the higher this new group of patients. Another lung-cancer
standing in DNA repair and radiation biology,
cancer-killing doses would also increase side effects, study is testing whether the targeted therapy
combined, to radiation oncology,” he says.
Dr. Timmerman says, “to our surprise when we
erlotinib (marketed as Tarceva), typically used
From outside the body, investigators are
gave these very focused, very precise, very potent
by itself in lung-cancer patients, can have more
reshaping the ways in which radiation itself is
treatments, the patients actually tolerated it better.”
impact if SBRT can first reduce the burden of
delivered. In particular, they are continually
Advances in the technique have opened the metastatic tumors in patients. While reducing the
testing ways to improve and expand the use of
door for stereotactic body radiation to be used
metastatic tumors could also be done surgically,
a high-dose radiation therapy technique pioto treat not only lung, but also other tumors
the patient would have to recover from multiple
neered at UT Southwestern Medical Center. This
throughout the body. SBRT and radiosurgery are surgeries, whereas SBRT wouldn’t require that
cutting-edge technique, known as stereotactic
used widely in the medical center’s clinics,
recovery period.
body radiation therapy, or SBRT, involves
Dr. Timmerman says, with several patients a
administering highly focused beams of radiaAnother study may soon test SBRT in resectable
day receiving the therapy with the aid of one of
pancreatic tumors, combining modern surgery
tion to a tumor from multiple directions. By
several multimillion-dollar devices, including
with stereotactic radiation to achieve the best
minimizing the area of surrounding tissue that
Gamma Knife, CyberKnife, Synergy-S, Trilogy
possible cancer control in patients. “Surgeons are
might be damaged, this approach allows fewer
and Novalis machines.
quite capable of removing the portion of a
but higher doses of radiation to be administered.
pancreatic tumor with margins especially near the
“Whereas
most
centers
have
one
of
the
With traditional methods, in which radiation is
bowels, but have difficulty near blood vessels,”
machines, we have all of the machines. We can
administered more diffusely, such high doses
pick the machine from our arsenal that best suits Dr. Timmerman says. “We’re the opposite – good
would severely injure patients.
near blood vessels but not the bowels. Together,
the particular problem,” Dr. Timmerman says.
we may find meaningful synergy.” SBRT also is
The stereotactic approach originally was
About a dozen physicists on staff help improve
developed to treat brain tumors, says Dr. Robert
the radiation technology and delivery, as well as being tested against prostate cancer (see “Improving Clinical Care,” page 53) in a high-profile study.
Timmerman, vice chairman of radiation oncology keep the equipment running smoothly.
at UT Southwestern and principal investigator on
At the same time, other studies in lung-cancer
As pioneers in SBRT, experts at UT Southmultiple clinical trials of SBRT. Because the therapy
patients
are about to open, and testing in metawestern conduct symposia and offer other training
is delivered so precisely, it is easier to do in
static
liver
cancer is ongoing. Still another study,
the brain, where movements related to functions to medical practitioners and physicists from
for
which
recruiting
has just begun, aims to
around the world. UT Southwestern also directs
such as breathing and digestion don’t interfere.
use
SBRT
to
treat
patients
with metastatic tumors
“To shoot a bullet at a moving target is a lot more numerous national clinical trials of the therapy.
on their spine that could be causing severe pain
difficult than to shoot a bullet at a static target,”
Dr. Timmerman says.
or paralysis. That trial also will involve measures
Clinical Impact When UT Southwestern researchers began development and early prospective
testing of SBRT more than a decade ago, the
goal was to improve very low survival rates for
diseases like lung cancer by making radiation
therapy more potent.

IMPROVING
CLINICAL CARE

DNA repair enzymes (red)

gather at the site of doublestranded DNA breaks (green)
in a cell nucleus, shown in
blue (image courtesy of
Jerry Shay/Woodring Wright
laboratory).

Use of stereotactic body
radiation therapy.
Dr. David Chen, leader of the DNA Repair and Radiation Oncology Program (photo by Brian Coats).

to try to strengthen vertebrae damaged by the
cancer or treatment.
Bringing in Biology While research has found
important benefits from SBRT, the treatment has
its drawbacks. For example, it is still somewhat
toxic, Dr. Timmerman notes, and it cannot be
delivered in as potent a form to tumors situated
near the major airways, ducts or bowels.
That’s where collaboration between the
cancer center’s other scientific programs and the
DNA Repair and Radiation Oncology Program
comes in.
“This is the reason we initiated this program,
to use multiple approaches to figure out a way to
reduce the dose per fraction but still maintain
the same efficacy as high-dose radiation,” Dr. Chen
says. “Our goal is to try to provide both prevention – to protect the normal tissue – and also to
sensitize the tumor, so we’ll be able to reduce the
dose per fraction.”
Critical to protecting normal tissue, and to
making tumor tissue more vulnerable, is an
understanding of how cells repair their DNA.
When DNA is damaged by radiation, most
often both strands of the molecule are broken,
a situation that needs to be repaired quickly for
a cell to survive. The question is, by what
mechanisms does such repair occur, and how
can it be prevented selectively in tumor cells?
Dr. Chen is working to identify substances
that will inhibit DNA repair in cancer cells, and
enhance repair in normal cells. One enzyme
known to be involved in the repair of DNA
double-strand breaks is DNA-dependent protein
kinase, he says. Identifying a useful inhibitor to
block this enzyme’s activity in cancer cells could
sensitize a tumor to radiation. Although some
such inhibitors are commercially available, they
are very toxic, Dr. Chen says.
Other cancer center researchers are likewise
finding ways to sensitize tumors to treatment.

For instance, Dr. Philip Thorpe, pharmacology
professor at UT Southwestern, has developed a
treatment that in its own right targets tumors by
interfering with development of the blood vessels
that supply them. That treatment, combined with
SBRT, also has proved promising in making the
tumor cells themselves more sensitive to radiation
(see page 22). “Here we find a synergy that we
never expected,” Dr. Timmerman says. “That’s
the beauty of collaboration.”
Such synergy could allow patients to receive
the therapeutic benefits of SBRT but not require
such a high dose of radiation.“You try to get the
best of both worlds,” Dr. Timmerman says.
The DNA Repair and Radiation Oncology
Program often lends its expertise to other cancer
center programs and plays a role in a variety
of research projects, including one funded by
NASA. That project, whose principal investigator
is Dr. John Minna, leader of the cancer center’s
Molecular Therapeutics of Cancer Program,
studies biological effects of space radiation to
understand what risks the predominant form of
radiation in space, charged particle radiation, will
pose for astronauts going to Mars.
As for the progress with SBRT, Dr. Timmerman
says UT Southwestern is the only institution in
the region that could develop the therapy so fully,
with a sophisticated clinical operation to conduct
testing, and top-flight basic scientists working
to make the therapy more elegant.“That’s what
synergy is about,” he says. D
Dr. Chen holds the David A. Pistenmaa, M.D., Ph.D.,
Distinguished Professorship in Radiation Oncology.
Dr. Timmerman holds the Effie Marie Cain Distinguished
Chair in Cancer Therapy Research.

Receiving a series of 30 to 40 doses
of radiation is arduous enough for a
cancer patient whose treatment center
is nearby. But for patients who live
farther afield, the disruption of home
and work caused by traveling to a major
center repeatedly, or for an extended
period, can limit their options.
“Patients faced with that often chose
inferior treatments that were logistically easier to get, which is a horrible
shame,” says Dr. Robert Timmerman,
professor of radiation oncology at UT
Southwestern Medical Center.
By increasing dose but dramatically
reducing the number of radiation treatments, or fractions, needed to typically
no more than five, stereotactic body
radiation therapy (SBRT) is putting the
most cutting-edge treatment in reach
of those farthest away.
With support of about $1 million from
the Department of Defense, cancer
center investigators are working to
use SBRT’s highly focused radiation to
treat early-stage prostate cancer
while avoiding the rectum, bladder
and nerves that control potency.
Phase 1 research has found that among
45 patients, the treatment was
tolerated well. Phase 2 trials will begin
shortly, Dr. Timmerman says.
While the treatment still requires longterm evaluation, “it could dramatically
change what men choose for prostate
cancer, if it’s successful,” Dr. Timmerman
says. A similar study soon will be opened
to test the approach in breast cancer.
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education

TOMORROW’S PROGRESS AGAINST CANCER IS
ROOTED IN THE EDUCATIONAL PROGRAMS OF TODAY.

Today’s cancer research leads scientists down a dizzying array of investigative avenues. The challenge for tomorrow’s researchers is to figure out
which avenues their own careers will take.
The Simmons Comprehensive Cancer Center’s Cancer Biology
Training Track allows students to explore multiple routes as they decide
where their interests and inspiration lie. The track, part of UT Southwestern
Medical Center’s Genetics and Development Graduate Program, provides
multidisciplinary training for students interested in a research career in
the molecular and cellular aspects of cancer biology.
Dr. Jerry Shay, professor of cell biology and the track’s chair, notes
that when he first came to the medical center 34 years ago, training
for graduate students was departmentally centered. “Students had to
make a decision very early – ‘I want to be a cell biologist; I want to be a
bio-chemist’ – based on a few undergraduate courses,” Dr. Shay says.
In recent years, students interested in cancer biology were mostly
spread among three programs in UT Southwestern’s Graduate School
of Biomedical Sciences: Genetics and Development, Integrative Biology,
and Cell Regulation. However, Dr. Shay notes that students were
voicing interest in a cancer-focused program, and as the cancer center
mapped its plans for growth, such a training program fit right in.
Dr. Melanie Cobb, dean of the graduate school and co-leader of the
cancer center’s Cancer Cell Networks scientific program, was instrumental
in encouraging and supporting the development of the Cancer Biology
Training Track.

Left: The T. Boone Pickens Biomedical Research
Building‘s Medical Education and Conference
Center during the Simmons Cancer Center’s
annual scientific retreat. Right: Cell biology
professor Dr. Jerry Shay is chairman of the
Cancer Biology Training Track (photos by David
Gresham). Opposite page: First-year medical
student Dulce Carbajal (photo by Brian Coats).
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Today, the curriculum has expanded, and the roster of instructors who
lend their expertise has more than doubled. The broad range of f aculty
interests represented in the track allows students to concentrate on one of
several areas of study in cancer biology, including cancer g enetics, DNA
damage and repair, metastasis, apoptosis (programmed cell death), and
novel therapies such as those aimed at overcoming drug resistance.
The three-year-old track, Dr. Shay says, has grown to be one of the most
popular graduate programs on campus, with 39 students enrolled and
perhaps as many as 50 expected by fall 2009.
An application is pending with the Texas Higher Education Coordinating
Board for the Cancer Biology Training Track to become an independent
program, Dr. Shay says. In addition, in the second year of a five-year T32
grant, the National Cancer Institute is providing funding to train four
postdoctoral students and two graduate students in cancer biology. The
cancer center, meanwhile, finances two more graduate students in a
highly competitive process.
A popular feature of the Cancer Biology Training Track is its weekly
Works-in-Progress session, at which students are encouraged to think
critically about their research and where it fits into a broader picture
of biology. Monthly, students attend the center’s grand rounds featuring
a noted cancer researcher, and have a chance in a separate dinner
session to discuss career struggles and successes. In their second year,
students also receive training in hypothesis-driven grant writing, in which
they work four months to develop a proposal that they have to present
and defend before a committee of cancer center faculty.

Students are aware that cancer is a complex and growing problem, offering
Students in the track benefit from UT Southwestern’s combined
many opportunities for careers that make a difference, says Dr. Shay, the
academic and clinical settings, Dr. Shay says. “Here, the hallmark of cancer
cancer center’s associate director for training and education. The 2007
research is that basic work done in the lab can go all the way to the clinic
passage of Proposition 15 in Texas, providing up to $3 billion for cancer
funding, puts even more opportunities within the reach of students. “They and back.”
see that Texas is where it’s happening in cancer research,” Dr. Shay says.
That’s a powerful draw for students who hope to make a difference.
“That is the hope all these students have, that they can do something
The first step in developing the Cancer Biology Training Track was
taken several years ago when about 20 faculty members, representing areas basic that can have diagnostic, prognostic or therapeutic implications,”
Dr. Shay says.
such as cell biology, genetics, cell regulation, chemistry and pharmacology,
were enlisted to help teach an Introduction to Cancer Biology course.
The popularity of that class led to development of a second – Stem Cells,
Cancer, and Cancer Stem Cells – which likewise was warmly greeted,
leading researchers to propose the track.
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“The fellowship programs give us an opportunity to be
pivotally involved in the next generation of subspecialists.”
– Dr. Jonathan Dowell
Dr. James Amatruda, assistant professor
of pediatrics, and graduate student Rosalyn
Ram work with zebrafish in one of the
tanks in the Amatruda laboratory (photo
by David Gresham).

Fellowship Focus The cancer center and
UT Southwestern offer a slate of clinical fellowships in
which physician-scientists can receive specialized
research training. The program provides unique
exposure to many world-class researchers,
and aims to give fellows as much exposure and
integration with Ph.D. students as possible, “so
they are more aware of how to bring basic science
discoveries to the patients,” says Dr. Joan Schiller,
deputy director of the cancer center.

the fellows are prepared to take both hematology
and oncology board exams, Dr. Dowell says.
Other cancer-related fellowships, funded by
NCI T32 grants, include the Pediatric Hematology
and Oncology Training Program, with four
trainees a year; the Physician Scientist Oncology
Training Program, with six fellows (clinicians
training in laboratory research) each year; and
the six in the Cancer Biology Training Track. In
Fellows benefit from the medical center’s rich addition, two fellows a year are trained in the
tradition of basic science and the cancer center’s Susan G. Komen for the Cure/UT Southwestern
Center for Breast Care Fellowship Program, and
expanding focus on clinical research and care,
says Dr. Jonathan Dowell, associate professor of four in the Gynecologic Oncology Fellowship
Program. The Department of Radiation Oncology
internal medicine, who heads the Hematology
and Oncology Fellowship Program. “That gives has a Residency in Radiation Oncology Program,
accepting two residents a year. And other programs,
our trainees fairly unique opportunities to be
such as the Clinical Gastroenterology and Hepa
involved in clinical trials.”
tology T32, permit fellows to train and conduct
For instance, four fellows a year enter the
Hematology and Oncology Fellowship Program, basic and clinical research in GI-related cancers.
doing inpatient and outpatient rotations among
“The fellowship programs give us an opportunity to be pivotally involved in the next generation
Parkland Memorial Hospital, which is Dallas
County’s public hospital and UT Southwestern’s of subspecialists,” Dr. Dowell says. “We’re trying
to develop these physicians into academic
primary adult teaching hospital; Dallas VA
oncologists and practicing oncologists to serve
Medical Center; and UT Southwestern University
the needs of the community of cancer patients.”
Hospitals. Those facilities offer a diversity of paA new educational opportunity for clinicians
tients and a huge breadth of pathology to learn
interested
in a research career is the Clinical
from, Dr. Dowell says. The fellows also are given
Research
Scholars
Program, which, through the
dedicated research time and choose a faculty
NIH
Clinical
and
Translational
Science Award
member to work with, perhaps in hands-on lab
work, writing protocols or book chapters, or analyzing data. At the completion of the program,

Left photo: Dr. Lani Wu (left),
assistant professor of pharmacology, and colleagues at
the graduate student poster
session at the Simmons
Cancer Center’s annual
scientific retreat. Center and
right: Open courtyards and
study areas on campus
(photos by David Gresham).
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and institutional resources, funds a varying
number of clinical scholars each year. The program
supports multidisciplinary training and career
development of clinical scientists and complements
the established programs in the cancer center.
Nursing Knowledge Two powerful forces are
colliding in the world of oncology nursing – an
impending nursing shortage and a rapidly rising
number of older patients, who have both a higher
cancer risk and more complex medical needs.
“You have to have expert care not just to treat
the cancer but to treat the whole patient,” says
registered nurse Gail Kwarciany, oncology clinical
nurse educator for the cancer center. “You have
to have continuous learning to keep up to date on
new drugs, new treatments.”
To that end, the cancer center has set a goal
that all its nurses earn professional designation
as oncology certified nurses. “We’re providing
a lot of nursing support, education and coaching
to try to help our nurses be successful at that,”
Ms. Kwarciany says, noting, for instance, that
88 percent of nurses in the infusion area have
earned the certification. The initiative will not only
ensure excellent care of cancer patients, but
also will help the cancer center recruit and retain
valuable nursing staff.
Among the support provided is an oncologycertified nursing review course, free for nurses
on staff, who also receive paid time to attend.
Nurses also can borrow study guides covering the
testing requirements. In addition, as it did the

past two years, the medical center is financially
supporting the attendance of 17 nurses at the
Oncology Nursing Society’s annual meeting,
a national educational conference. This group
includes nurses from the inpatient and outpatient
oncology areas at UT Southwestern as well as
four nurses from Parkland.
Overall, the cancer center’s goal is to develop
a team of specialized oncology nurses to provide
educational opportunities at the center and
for the community, says Ms. Kwarciany, who is
an oncology-certified clinical educator and an
advanced oncology-certified clinical nurse specialist.
Texas has fewer than 100 such specialists.
To promote education in the community, the
center has an agreement with Texas Christian
University’s School of Nursing to provide clinical
practicums for students taking the school’s
oncology nursing elective, the only such offering
in the Dallas-Fort Worth area, says Ms. Kwarciany,
who coordinates those clinical experiences.
Community outreach is integral to the cancer
center’s goal of reducing the impact of cancer in
North Texas and beyond. The center’s continuing
education programs on oncology nursing, held
at least monthly and sometimes several times a
month, are actively promoted in the community
so nurses from other hospitals can attend. “We’ve
had nurses from Oklahoma come to some of our
classes,” Ms. Kwarciany says. D

Top: Dr. Luis Parada, chairman of developmental
biology (center), with postdoctoral fellow Dr.
Jing Zhou (left), graduate student Wei Zhang
and postdoctoral fellow Dr. Yuntao Chen, all
members of the Parada laboratory. Bottom: Gail
Kwarciany, oncology clinical nurse educator for
the cancer center (photos by David Gresham).
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DR. EUGENE FRENKEL In more

LEGENDS IN THEIR TIME

focus

HAROLD AND ANNETTE SIMMONS and the
 arold Simmons Foundation have made strategic commitments to
H
UT Southwestern that have been crucial to the advancement of the medical
center over the past two decades and will be for generations to come.
Mr. Simmons’ reputation for creative philanthropy has come to equal
that of his reputation for business acumen, and The Chronicle of Philanthropy
ranks him among America’s most generous donors. His unwavering
personal and foundation support of medical research and clinical care at
UT Southwestern includes funds for cancer, arthritis and kidney disease,
as well as for diseases of the brain and nervous system.
“Annette and I think very highly of UT Southwestern and are honored
to be able to lend our support where there is a need,” Mr. Simmons said.“We
feel certain that the community’s support of UT Southwestern will result in
great discoveries that will help find cures and preventions for many diseases.”
Photo by Michael Maurer.

In 1983 Mr. Simmons pledged $8 million to fund the Harold C. Simmons
Arthritis Research Center at UT Southwestern. In 1988 he committed $41
million (at the time, the largest gift in Dallas history) to help construct
the Simmons Biomedical Research Building, named for his parents, Reuben
Leon and Fairess Clark Simmons; to provide further funding for arthritis
research; to establish the Harold C. Simmons Comprehensive Cancer
Center; and to endow five Distinguished Chairs named for his wife and
four daughters.
In 1988 Mr. Simmons established the Harold Simmons Foundation
as a vehicle for major portions of his and his family’s philanthropy.
Support for the Simmons Comprehensive Cancer Center was
supplemented by Mr. and Mrs. Simmons and the Simmons Foundation

with contributions totaling $20.4 million early in the medical center’s
Innovations in Medicine campaign, which took place from 2002 to 2007.
Then, in 2005, Mr. and Mrs. Simmons committed an additional $50 million to ensure that UT Southwestern could be pre-eminent in clinical
and research programs in all major types of cancer. Later that year they
also gave $500,000 to establish an endowed chair in clinical oncology in
memory of Dr. Charles C. Sprague, the first president of UT Southwestern.
As their culminating contribution to UT Southwestern’s Innovations
in Medicine campaign, the Simmonses committed yet another additional
$50 million to create the Harold and Annette Simmons Comprehensive
Center for Research and Treatment in Brain and Neurological Disorders.
That gift raised the total Simmons contribution to the Innovations in
Medicine campaign to a record-setting $125 million, and their generosity
pushed the campaign total past the $770 million mark – making it the
most successful philanthropic fundraising effort in Dallas history.
The Simmonses’ $125 million commitment to Innovations in Medicine
made them the most generous living donors to a single philanthropic campaign
in Texas history. The lifetime contributions of Mr. and Mrs. Simmons,
the Harold Simmons Foundation, and related entities to the medical center
and Southwestern Medical Foundation now exceed $177 million.
“It is impossible to overstate the impact that the Simmonses’ generosity
has had on UT Southwestern’s ability to maintain its place among the
leading medical institutions in the world,” said Dr. Kern Wildenthal, president
of Southwestern Medical Foundation and past president of the medical
center. “Their desire to support medical research and clinical care has been
unwavering. We are incredibly grateful to Annette and Harold for their
vision and commitment to excellence.” D

than four decades at UT Southwestern, Dr. Eugene
Frenkel has seen many changes in cancer research
and care – and has personally shepherded much
of that growth and change.
Dr. Frenkel, who established UT Southwestern’s
division of hematology/oncology and served as
its chief for 30 years, also has been witness to the
revolutionary growth enabled by the contributions of
Dallas philanthropists Harold and Annette Simmons.
Beginning about two decades ago, support from
the Simmonses and the Harold Simmons Foundation
has transformed what were once individual islands
of cancer care and research, based in various
university departments, into a unified force in the
fight against cancer.
Mr. Simmons recognized that each department’s
accomplishments could not be brought together
without support.
“He wanted to make this possible,” Dr. Frenkel
said. “Harold and Annette provided incredible
opportunities to do something totally different,”
specifically by enhancing the medical center’s
clinical faculty and increasing the emphasis on
translational research, which brings laboratory
findings to a patient’s bedside. The goal: to enable
seamless delivery of cutting-edge clinical care.
UT Southwestern’s cancer efforts started to
coalesce after that early support.
“People began to interact in a very positive
way. That really set the cancer center on its path,”
Dr. Frenkel said.
Substantial additional gifts from the Simmonses
this decade have built on that infrastructure,
broadening its reach, jump-starting its growth, and
paving the way for new levels of state and national
support. Ultimately, the Simmonses’ aim has been
to quietly ensure that cancer care in North Texas is
the best available anywhere.
“Every time they’ve made a contribution in
the community, it has been with that in mind,”
Dr. Frenkel said. “I think without them, we would
not have a cancer center.”
Dr. Frenkel, a professor of internal medicine and
radiology, has been instrumental in the recruitment
of more than 60 cancer researchers and clinicians
to UT Southwestern. His research has elucidated the
mechanism by which vitamin B12 deficiency causes
spinal neuropathy. He also has contributed to the
development of pegylated recombinant methioninase,
a drug candidate in testing that deprives cancer
cells of needed methionine, enhancing the effects
of other cancer drugs. Dr. Frenkel holds the Raymond
D. and Patsy R. Nasher Distinguished Chair in
Cancer Research; the Elaine Dewey Sammons
Distinguished Chair in Cancer Research; and the
A. Kenneth Pye Professorship in Cancer Research.
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