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lass | phosphoinositide 3-kinases (class | PI3Ks) may be the
Einstein most important molecules you've never heard of. These
cellular proteins serve mainly as signaling nodes, meaning
ResearCherS they sense when certain receptors on the cell membrane receive
signals and then relay those signals into the cell.
AttaCk The class | PI3Ks accomplish that latter step by adding a phosphate group
(an amalgam of phosphorus and oxygen atoms) to specific lipid molecules in
° cell membranes—which sounds simple. But this modest action, known as phos-
Cancer'caUSIng phorylation, has profound consequences for a cell’s health, since it can activate
pathways involved in growth, proliferation, motility, survival and the transport of
Proteins substances within the cell. Not surprisingly, glitches in PI3K pathways can cause
things to go very wrong. Indeed, class | PI3Ks have been linked to the genesis
and spread of various cancers.
Given the importance of class | PI3Ks, several Einstein researchers are study-
ing these proteins and the genes that encode them. Two of those researchers
—Jonathan M. Backer, M.D., and Anne R. Bresnick, Ph.D.—recently received

a four-year, $1.2 million National Institutes of Health grant to investigate the
mechanisms that govern the activity of p110p, one of the four class | PI3K

members.
Newsletter of the On the cover: Drs. Jonathan Backer, left, Anne Bresnick and Kira Gritsman are
Albert Einstein Cancer Center studying Pl 3-kinases, a family of enzymes that play essential roles in the life of a

ISSUE 10 * WINTER/SPRING 2016 cell. Abnormal Pl 3-kinases can start a chain reaction that leads to cancer.
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e are now firmly in
a new era of cancer
therapeutics, the result

of decades of basic research and
technological breakthroughs. We
understand the genetic changes in
cells that result in cancer; we have
identified the immunologic defense
mechanisms blunted in cancer

and ways to activate them, and we
have translated these insights into
practical approaches to treating
cancer. These technologies have
facilitated the rapid and increasingly
cost-effective sequencing of the
genome of cancer cells and allowed
us to design drugs and antibodies
that specifically block structurally
defined targets in cancer cells.

This issue of the Albert Einstein
Cancer Center News describes basic
studies on pathways that can initiate
cancer and drive its progression
and spread—the objective being
to identify vulnerable elements that
are targets for drug development.
Other studies, closer to the clinic,
are exploring how to inhibit these
pathways to selectively kill primi-
tive leukemia-initiating stem cells
while minimizing damage to normal
blood-forming stem cells. The
annual Advances meeting, described
briefly on page 4, illustrates how the
Albert Einstein Cancer Center brings
together laboratory and clinical
scientists to foster collaboration
and translation so that insights from
the laboratory can rapidly advance
to the clinic, and observations and
clues that arise in the clinic can be
deciphered in the laboratory.

I. DAVID GOLDMAN, M.D.

Einstein Researchers Attack Cancer-Causing Proteins (continued from page 1)

Blocking a Cancer-Causing
Signal

In normal cells, a gene called PTEN
keeps class | PI3Ks in check. But it's
not uncommon for PTEN to undergo
damaging mutations that take the
brakes off Pl 3-kinase signaling and
send cell growth into overdrive—
which, of course, is one of the
hallmarks of cancer. p110p excites
cancer researchers because it specifi-
cally activates cell growth in a subset
of tumors—those that contain PTEN
mutations.

“The question we want to answer
is, exactly how does p110p drive cell
growth in tumors with PTEN muta-
tions?” says Dr. Bresnick, a profes-
sor of biochemistry and director of
the Belfer Institute for Advanced
Biomedical Studies. “Most research-
ers have focused on p110p’s kinase
activity and have looked for com-
pounds that can inhibit this process.
The idea is that if you can block this
function of p110, you can slow
or stop cancer progression.” This
approach is currently being explored
in clinical trials testing the effective-
ness of kinase inhibitors. However,
tumors develop resistance due
to mutations in the target kinases
that make them insensitive to the
inhibitors.

Disrupting a Cancer-Causing
Protein Complex

Drs. Bresnick and Backer are inves-
tigating a different approach to

inhibiting p110p signaling. In cells,
p110p activity is regulated by its
binding to another signaling mol-
ecule, a two-protein complex called
G-beta-gamma. A few years ago,
Dr. Backer identified the site on
p110p to which Gy binds. He then

In normal cells, a gene
called PTEN keeps class
| PI3Ks in check. But it's
not uncommon for PTEN
to undergo damaging
mutations that take the
brakes off Pl 3-kinase
signaling and send cell
growth into overdrive—
one of the hallmarks of
cancer.

created a mutation in the gene for
p110p that prevents it from hooking
up with Gfy—a genetic engineer-
ing feat that provides a novel way
to examine the combined roles of
p110p and Gy in cancer.

“It turns out that disrupting bind-
ing between p110p and Gfy works
to prevent normal cells from becom-
ing cancerous, at least in tissue
culture,” says Dr. Backer, chair and
professor of molecular pharmacol-
ogy and a professor of biochemistry.

A

Q: What is the status of kinase inhibitor therapy?

A: Quite a few kinase inhibitors are already approved for treating a range

of cancers. These drugs interrupt the activity of kinases at different points in
the signaling pathway. One of the best-known kinase inhibitors is imatinib
(Gleevec), approved for treatment of chronic myeloid leukemia and gastroin-
testinal stromal tumors. Other kinase inhibitors include erlotinib (Tarceva) for
lung cancer, and lapatanib (Tykerb) for HER2+ breast cancer. One of the most
noteworthy kinase inhibitors is vemurafenib (Zelboraf), for treatment of late-
stage melanoma. Responses are dramatic but can be short-lived.



Drs. Backer and Bresnick are now studying
whether this will hold true in mouse models of
prostate and endometrial cancers driven by PTEN
mutations. If so, the next step will be to identify
compounds that inhibit the coupling of p110f and
Gpy. “That's the hard part, since the region of p110
that binds to Gy cannot be seen in crystal struc-
tures of p110f, making it difficult to design a drug,”
says Dr. Bresnick.

Precision Medicine

Any drug that might emerge from this study would
probably be effective against a very specific set

of cancers. While this may sound like a drawback,
it's exactly the point of precision medicine, which
departs from the traditional “one-size-fits-all”
approach to therapy.

“Until recently, most cancer therapy has been
aimed at a general property of all tumors—they
grow fast,” says Dr. Backer. “Unfortunately, treat-
ments that disrupt cell division have lots of side
effects, because they also impact other parts of
our body that have high rates of cell turnover, like
the gut and bone marrow. It's becoming increas-
ingly clear that knowing the mutational status of
a patient’s tumor will be critical to deciding what
drugs to use. Studies that explain how different
members of the PI3K family contribute to tumor for-
mation and metastasis are a step in that direction.”

PI3Ks and Leukemia

Class | PI3Ks may also hold the key to new treat-
ments for acute myeloid leukemia (AML), the most
common bone marrow cancer in adults. AML has

a five-year survival rate of only 25 percent. Making
matters worse, current therapies are extremely
toxic and debilitating, and some patients die due to
treatment-related complications.

While many different genetic abnormalities can
lead to AML, up to 80 percent of AML cases have
a common feature: activation of the PI3K pathway.
This would seem to suggest that inhibiting PI3K
signaling could help treat AML. Yet studies show
that this treatment approach may harm normal bone
marrow stem cells as well as the “bad” stem cells
that form leukemic blood cells—an unacceptable
trade-off, since stem cells are needed to create new
normal blood cells.

So how does one target this pathway only in
diseased cells? Kira Gritsman, M.D., Ph.D., an assis-
tant professor of medicine (oncology) and of cell
biology, who joined Einstein in 2014, is working
on an answer.

Targeting Precise Proteins

“It's now known that all four of the class | PI3K family
members are found in blood cells, so blocking all

at once could harm normal blood cells,” says Dr.
Gritsman. “However, there is evidence to suggest
that these individual PI3K proteins can substitute for
one another in normal blood stem cells, but not in

Any drug that might emerge
from this study would probably
be effective against a very
specific set of cancers. While this

may sound like a drawback, it's
exactly the point of precision
medicine, which departs from
the traditional “one-size-fits-all”
approach to therapy.

some leukemic cells. So maybe we could stop AML by
targeting one protein particularly crucial for survival of
leukemic cells.”

But which one? By studying mouse knockout models,
each lacking the gene for a different class | PI3K pro-
tein, Dr. Gritsman found that one—p1100—is vital for
leukemic stem cell survival and much less important for
normal blood stem cells.

Next, she determined that those leukemias driven
by mutations in the RAS gene seemed most dependent
on p110a. “To test this hypothesis, we crossed a mouse
model of RAS-induced leukemia with p110a knockout
mice, which mimics the effect of using a p110a inhibitor
to treat AML. And this led to a doubling in survival,”
she says.

A Two-Pronged Therapy

That wasn't the end of the story, since the mice even-
tually succumbed to leukemia. Dr. Gritsman surmised
that it might be possible to strengthen p110a inhibition
by simultaneously inhibiting another common cancer
pathway—the MEK pathway. And in fact, this inhibitor
combination proved to be a potent one-two punch in
both tissue culture and mouse models of AML.

The results were so compelling that Dr. Gritsman was
able to persuade the pharmaceutical company Novartis
to expand an ongoing trial combining treatment with
p110a and MEK inhibitors to include patients with RAS-
mutated AML or myelodysplastic syndrome, another
blood stem cell disease that frequently progresses to
AML. Montefiore, Einstein’s University Hospital and
academic medical center, has just joined this
multicenter trial. Dr. Gritsman was recently awarded
a 5-year, $2 million grant from the National Cancer
Institute to support this research.

ON THE WEB

To learn more about the
Albert Einstein Cancer Center, please visit
www.einstein.yu.edu/cancer.



WELCOME

Edward M. Wolin, M.D., has been recruited as
director of the neuroendocrine tumor program
at Einstein and Montefiore. Previously, Dr. Wolin
directed the neuroendocrine and gastrointesti-
nal tumor program and was director of clinical
research at the Markey Comprehensive Cancer
Center of the University of Kentucky. Dr. Wolin
is internationally recognized for his research

contributions on the treatment of neuroendo-
crine tumors. These are a group of rare, often
hormone-producing malignancies such as
carcinoid, insulinoma and gastrinoma. Dr. Wolin
brings a robust portfolio of clinical trials with a
recent focus on drugs targeted to receptors on
the surface of this family of cancer cells.

AECC ADVANCES

The topic of Balazs Halmos, M.D.’s
keynote speech was precision cancer
medicine. Dr. Halmos, recently recruited
from Columbia University, is director of
the multidisciplinary thoracic oncology
program, director of clinical cancer
genetics and a professor of clinical medi-
cine at Einstein and Montefiore.

ALBERT EINSTEIN
CANCER CENTER

Our mission: to promote and conduct
research that will elucidate the origins
of cancer and lead to effective new

approaches for the prevention, diagnosis

and treatment of malignant diseases

Each year, the AECC brings its mem-
bers together for a daylong meeting
of formal scientific presentations and
informal exchange. It's an oppor-
tunity for the members to learn of
the diverse scientific interests of the
Einstein faculty, from which collabora-
tions are generated that often blos-
som into highly productive projects.

With 135 attendees, last year's
Advances meeting at the Glen Island
Harbour Club in New Rochelle was
the largest ever. The agenda high-
lighted areas of particular importance
and potential at the center. Sessions
focused on basic immunological
studies, urological cancers (bladder
and prostate), new technology devel-
opment at Einstein to visualize the
cell’'s genetic machinery and mobility
apparatus, and chemical modifications
of genes that alter their function and
can cause cancer.

Finally, the keynote address
focused on personalized medicine in
cancer—how the burgeoning identi-
fication of new targets that drive can-
cers, and the drugs that inhibit these
targets, can be applied in the clinic
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as cancer treatments. This reflects the
evolving approach to cancer therapeu-
tics in which genetic and immunologic
aberrations in a cancer cell—beyond
its visual characteristics under a micro-
scope or even its tissue of origin—
increasingly determine treatment.

This year's Advances meeting is
on July 21.
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