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How Do Fruit Flies Grow Legs? Solving a Molecular Mystery

~ Columbia study helps settle long-standing scientific debate about how embryos develop,
offers clues for diseases like cancer, in which normal development patterns go awry ~

News Release
Date: August 27, 2018
Contact: Anne Holden, anne.holden@columbia.edu, 212.853.0171

NEW YORK — What do cancer and the growing legs of a fruit fly have in common? They can
both be influenced by a single molecule, a protein that tends to call the shots inside of
embryos as they develop into living, breathing animals. Present in virtually every creature on
the planet, this protein goes by the name Epidermal Growth Factor Receptor protein, or
EGFR.

Now a team of neuroscientists at Columbia University has figured out how to tease apart the
many roles EGFR plays in the body — challenging conventional wisdom in the process. They
report their findings in PLOS Genetics.

“The results of our research first and foremost solve a long-standing question about the
nature of EGFR signaling and how it drives development,” said Richard Mann, PhD, a
principal investigator at Columbia’s Mortimer B. Zuckerman Mind Brain Behavior Institute and
the paper’s senior author. “But even more importantly, researchers can now use knowledge
gleaned from our work to shed light on the link between EGFR and disease at a level of detail
that until now would not have been possible.”

EGFR signaling is woven into the fabric of development. It guides the formation of many body
parts and has been an intense area of research focus for decades. Indeed, EGFR is so
critical to development that disruptions to its normal activity likely play a role in everything
from developmental disorders to Alzheimer’s disease to cancer.

Scientists long believed that the molecules that bind to EGFR and activate it, known as
EGFR ligands, act as morphogens. Morphogens are a type of signaling proteins that spread
and trigger different responses in the developing tissues depending on their concentration —
high levels result in one outcome while low morphogen levels lead to another response in the
underlying cells.

“‘Morphogens coordinate the development of entire tissues from a single point source,” said
Dr. Mann, who is also the Higgins Professor of Biochemistry and Molecular Biophysics at
Columbia University Irving Medical Center. “Cells closest to a morphogen’s source get the
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largest, most intense concentration of signals, while cells farther away would get
progressively less, like ripples in a pool.”

But some scientists have argued that EGFR signaling worked differently. Rather than sending
out a single signal blast from a specific location, they said, multiple sources of EGFR ligands
at different locations might send their own signals at different points of time — and this
combination of signals together could guide development.

Distinguishing between these competing hypotheses is critical, the researchers point out.
Without knowing how EGFR activation guides development, it is difficult to decipher what
happens when the normal developmental process gets disrupted.

In addition, actually finding a way to test these two hypotheses has proven difficult. Scientists
could not simply switch off EGFR signaling entirely and see what happens, as they often do
to figure out how a protein affects development. Because EGFR signaling is so ubiquitous,
too many other systems would be affected, to pinpoint exactly how it works.

To get around this problem, the Columbia team tried a new approach. They focused on the
EGFR ligands’ many enhancers: small stretches of DNA that govern the ligands’ activity and
trigger EGFR activity in a precise manner in different parts of the body.

“If you think of EGFR signaling as a soundboard, like what you’d find in a recording studio,
enhancers are similar to the soundboard’s knobs and dials,” said Dr. Mann. “Just like turning
those dials up or down changes the output of soundboard, turning up or down individual
enhancers changes the ligand expression and, therefore, the resulting activity of signals.”

In this paper, the researchers first located the specific enhancers of the EGFR ligands that
guided the fly’s leg development. They then switched off only those enhancers.

“In this way, we’ve managed to eliminate one small aspect of EGFR activity, leaving the rest
of the signaling largely intact,” said Dr. Mann.

When doing so, they saw that the growth of the fly leg was not guided by a single source, the
way a morphogen would act. Instead, the researchers found that EGFR sent signals from
multiple different sources, located at different parts of the developing leg — knowledge made
possible by the scientists’ focus on enhancers.

Because EGFR exists throughout the animal kingdom, these findings in the fly can be applied
to studies of EGFR disruptions related to disease, such as developmental disorders and
cancer.
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“The overactivation of EGFR is associated with many different types of cancers, from small
cell carcinoma to some types of breast and brain cancer,” said Dr. Mann. “If we can use our
enhancer method to systematically decode the regulation of EGFR activation, cancer
researchers can then use that knowledge to identify potential targets for further development
of prognostic tests and therapies.”
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Columbia University’s Mortimer B. Zuckerman Mind Brain Behavior Institute brings together a
group of world-class scientists and scholars to pursue the most urgent and exciting challenge of our
time: understanding the brain and mind. A deeper understanding of the brain promises to transform
human health and society. From effective treatments for disorders like Alzheimer’s, Parkinson’s,
depression and autism to advances in fields as fundamental as computer science, economics, law,
the arts and social policy, the potential for humanity is staggering. To learn more,

visit: zuckermaninstitute.columbia.edu.




