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EXECUTIVE SUMMARY
The Pediatric Low-Grade Astrocytoma (PLGA) Program at Dana-Farber Cancer
Institute is committed to improving outcomes for young patients battling
brain tumors. Accounting for approximately 35 percent of all pediatric
nervous system tumors, low-grade gliomas are the most common childhood
brain tumor. Despite many important advances, additional studies are
needed to uncover novel therapies for the most challenging forms of disease
and fine-tune treatment plans to minimize long-term treatment effects.
Under the direction of Mark Kieran, MD, PhD, and Charles Stiles, PhD,
investigators in the Program are leveraging genomic technologies to address
some of the greatest treatment challenges for patients with PLGAs. As the
only dedicated pediatric low-grade glioma program in the world, the Program
is leading the fight against these diseases and has established an array of
collaborations across disciplines at Dana-Farber and with other institutions
across the globe. This report highlights several projects, including studies to
explore the importance of the tumor microenvironment and identify
effective ways to hit key molecular targets. Your partnership is helping to
drive these critical efforts and expedite the discovery of novel, leading-edge
therapies and treatment strategies for patients.

Mark Kieran, MD, PhD, Director
of Pediatric Medical NeuroOncology

LEADING THE WAY THROUGH DISCOVERY SCIENCE
Uncovering the drivers of PLGAs

Charles Stiles, PhD

As researchers develop increasingly effective and efficient genomic
technologies, Dana-Farber physician-scientists are empowered to learn more
about the mechanisms and alterations responsible for tumor development
and progression. To this end, Dana-Farber investigators are leading
innovative research to elucidate the specific mutations driving pediatric lowgrade gliomas (PLGGs), a highly complex and genetically heterogeneous
group of tumors.
Rameen Beroukhim, MD, PhD, recently conducted genomic profiling of more
than 150 PLGG samples from patients of various ages and tumors from
diverse locations. In the March 2015 Neuro Oncology, Dr. Beroukhim published
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his discovery of significant differences in gene expression and key alterations
across various tumor subtypes. These findings could help researchers to
stratify patients based on the genetic makeup of their individual tumor,
pinpointing where novel therapies are needed and identifying the most
promising treatment options. Since many PLGA patients live long lives posttreatment, investigators also aim to learn if there are genomic indicators that
could identify patients that might benefit from less intense therapy. Tailoring
treatments in this way could help minimize long-term side effects while
maintaining positive outcomes.

MYBL1: Exploring a potential new target
Having identified the MYBL1 gene as a potential driver of pediatric diffuse
astrocyomas, Keith Ligon, MD, PhD, and his colleagues are conducting
studies and developing research models to uncover the specific mechanisms
through which MYBL1 impacts pediatric brain cancer. For instance, Dr. Ligon
and his team found that expression of the truncated form of MYBL1
increased cellular growth in tumor cells. In addition, Dr. Beroukhim’s screens
(described above) identified an MYB-QKI fusion gene—an abnormality that
occurs when two genes fuse together. Dr. Ligon and Pratiti Bandopadhayay,
MBBS, PhD, then conducted analysis of cells that express this fusion gene to
learn more about its function and influence on tumor growth. They
discovered that two known oncogoenes—CDK6 and KIT—are regulated by
MYB-QKI. Since there are existing compounds that target CDK6 and KIT, Drs.
Ligon and Bandopadhayay are exploring whether these drugs might be useful
to help treat pediatric gliomas. These findings demonstrate how the highly
collaborative nature of the PLGA Program can expedite critical discoveries.

P53: Protecting the guardian of the genome

Keith Ligon, MD, PhD

Pratiti Bandopadhayay, MBBS,
PhD

Genetic sequencing studies have revealed that many cancer-causing
mutations occur across various forms of disease. For instance, scientists now
know that p53 is one of the most commonly altered genes linked to cancer.
As a tumor suppressor gene, p53 plays a key role in protecting cells from
uncontrolled cell division. Due to its role in preventing unchecked growth and
tumor formation, p53 has been nicknamed the “guardian of the genome.”
Errors along the cell signaling pathway, however, can inactivate p53 and
prevent it from regulating this vital process.
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Dr. Stiles and his team recently began to examine the role of MDM2, a protein
involved in repressing p53 activity and function. Since MDM2 inhibitors were
not successful against brain tumors, Dr. Stiles is exploring strategies to target
various components of the MDM2 pathway such as the USP7 enzyme. USP7
supports and stabilizes MDM2, so the investigators aim to inhibit USP7—and
thereby indirectly inhibit MDM2. This chain of activity could allow p53 to fulfill
its role in preventing uncontrolled cell growth. Dr. Stiles and his team are
testing several USP7 inhibitors and will continue to evaluate these potential
drugs in research models in the coming year.

BRAF: Testing novel therapeutic strategies
Dana-Farber investigators continue to learn more about mutations in the
gene BRAF—the most common genetic alterations linked to PLGA. Since cells
with the BRAF fusion gene do not respond to traditional BRAF inhibitors, Dr.
Stiles is collaborating with Dana-Farber medicinal chemist Nathanael Gray,
PhD, and Nathalie Agar, PhD, to use research models to test compounds for
their ability to inhibit cell growth and reach their intended target. The team is
investigating the mechanisms behind the most promising compounds,
ultimately aiming to expand the therapeutic window for this disease and
uncover innovative ways to inhibit the BRAF fusion gene.
In 2013, the Center for Neuro-Oncology at Dana-Farber was awarded a
prestigious SPORE grant from the National Cancer Institute (see below),
which is supporting a new project focused on the role of the BRAF fusion
gene in juvenile pilocytic astrocytoma. Working with Dana-Farber structural
biologist Michael Eck, MD, PhD, Dr. Stiles and his team have uncovered
information about the BRAF cell signaling pathway that suggests that the
BRAF fusion mutation may lead to abnormal activity in a downstream gene
called MEK, causing uncontrolled cell division. The team now plans to screen
various molecules to learn if they can restore BRAF and MEK to their inactive
state and help to prevent tumor growth.

Nathanael Gray, PhD

Nathalie Agar, PhD
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UNDERSTANDING THE TUMOR MICROENVIRONMENT
Breaking through the blood-brain barrier
Once Dr. Stiles and his colleagues uncover drug candidates and test them in
preclinical studies, it is critically important to learn whether these therapies
can make it through the blood-brain barrier (see sidebar). While this layer
offers vital protection, it can present a challenge for investigators hoping to
send therapeutic compounds to the brain. Dr. Agar has developed a
sophisticated method for determining whether drugs get into the brain, as
well as how and where these therapies function once they arrive. Using novel
mass spectrometry technology, Dr. Agar is able to trace drugs as they travel
through the body and develop clear images showing their movement into
brain blood vessels.
Screening potential drugs for their ability to cross the BBB in research models
helps investigators to learn which compounds should undergo further testing
in clinical trials. This technique is more efficient and accurate than previous
strategies, and produces clearer images due to a number of advances
spearheaded by Dr. Agar and her team. As described above, this technology
is currently empowering investigators to evaluate the most promising drug
candidates to target the BRAF fusion gene.

Establishing improved research models
The tumor microenvironment—the area surrounding a tumor—can play a
major role in the development, progression, and treatment of a malignancy.
Tumor location can be particularly important for patients with central
nervous system tumors due to the potential surgical, drug delivery, and longterm treatment challenges associated with these tumors. One challenge that
the tumor microenvironment presents in PLGAs is that low-grade glioma cells
do not grow under standard culture conditions, making it challenging to
develop biologically relevant research models to evaluate potential therapies.

Rosalind Segal, MD, PhD

Rosalind Segal, MD, PhD, discovered an innovative way to overcome this
issue through her “slice overlay” method, which provides a way for these
tumors to progress in the laboratory as they normally would in actual
patients. This useful strategy allows investigators to observe the progression
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of PLGAs and explore how various drugs impact tumor growth. In fact, the
PLGA Program team recently used Dr. Segal’s slice overlay strategy to learn
more about the BRAF fusion gene and test the team’s most promising drug
candidates, allowing them to pinpoint compounds that demonstrate
inhibition of cell growth. The team continues to use this inventive tactic to
test additional compounds of interest.

LEVERAGING DISCOVERIES INTO CLINICAL TRIALS
As Clinical Director of the PLGA Program, Dr. Kieran spearheads clinical trials
aimed at delivering laboratory findings to patients. In 2015, Dr. Kieran
launched a new, multi-center trial to test the drug MEK162 in patients with
the BRAF fusion gene. Preclinical studies have revealed that this novel drug
might be able to penetrate the blood-brain barrier, which has encouraged
investigators to explore this therapeutic candidate. As part of this trial,
patients receive MEK162 prior to surgery, enabling investigators to analyze
both its efficacy in crossing the BBB in patients and its ability to inhibit BRAF.
In a separate study, Dr. Kieran continues to help lead an international clinical
trial of the drug dabrafenib for patients with advanced tumors that express
BRAF V600E mutations. After their phase I trial resulted in a much higher than
expected response rate, Dr. Kieran and his colleagues recently launched the
phase II trial to further test the appropriate dose and activity of dabrafenib
across several types of pediatric cancer. Dr. Kieran presented these very
promising early results at the June 2015 American Society of Clinical Oncology
meeting.

A SINCERE THANK YOU
Thank you for your commitment, which has helped Dana-Farber investigators
to establish pioneering projects to advance our understanding of PLGAs.
Their discoveries strengthen the foundation for uncovering new targets and
tailoring treatment plans, keeping Dana-Farber at the forefront of pediatric
cancer research and care. Our patients and their families truly appreciate your
generous support in these critical efforts.
Report written by Brittany Flaherty.
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