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Scientists reveal first structure of a class of
proteins that help guide blood cell movement

October 7 2010

This is a structure of a pair of linked CXCR4 molecules (blue and gold) bound
by loop-shaped peptide inhibitors (red and magenta). Credit: Raymond Stevens,
the Scripps Research Institute, La Jolla, Calif.

Researchers have determined the structure of a protein that helps guide
blood-forming stem cells, or hematopoetic stem cells. The protein is also
one of the main receptors used by the human immunodeficiency virus
(HIV) to get inside blood cells.

The findings are described in the October 7, 2010 issue of the journal
Science.

The structure offers a detailed view of how the cell surface receptor,
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called CXCR4, interacts with molecules outside the cell. The results
have implications for developing new drugs for hematopoetic stem cell
transplantation, a therapeutic path to treat cancer and immune disorders,
as well as for treating HIV infection.

"The structures open up entire new areas for understanding fundamental
principles in chemokine GPCR signaling," said Scripps Research
Professor Raymond C. Stevens, who is senior author of the collaborative
study.

Sniffing Out Signals

CXCR4 belongs to a large family of more than 700 proteins known as G
protein-coupled receptors (GPCRs). These proteins sit in the cell
membrane and sense various molecules outside the cell, including odors,
hormones, neurotransmitters, and light. After binding these molecules,
GPCRs trigger the appropriate response inside the cell.

"My lab is really interested in how this one protein family recognizes
millions of different types of ligands with incredible specificity," said
Stevens, "and how when one ligand binds a receptor it may have one
intracellular effect such as activation and a closely related ligand can
have an opposite effect such as antagonism."

To understand how these receptors function, the Stevens group has
already determined the structures of two other GPCRs: the adrenergic
receptor, involved in the fight-or-flight response, and the A2A adenosine
receptor, sometimes also referred to as the "caffeine" receptor. The
newly solved protein CXCR4 belongs to a different group of GPCRs,
one that binds to protein molecules called chemokines, which primarily
function to steer the movement of blood and immune cells to their
appropriate locations in the body.
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Comparing Wine Glasses

To get the first-ever glimpse of a chemokine receptor bound to a ligand,
Stevens and colleagues turned to GPCR biochemistry, receptor
stabilization and X-ray crystallography.

"One challenging aspect of this research is the biochemistry—Ilearning
what the receptor likes and dislikes," said Stevens. "Each receptor and
receptor-ligand complex has a distinctly different biophysical
personality."

The crystal structure of CXCRA4, just like that of other known GPCRs,
resembles a wine glass stuck inside the cell membrane, with the glass
opening (where the ligands bind) facing the outside of the cell and the
stem portion the inside. But there are important differences.

"The adrenergic receptor looks like a pinot noir glass that curves inward
towards the top to hold in the wine vapors; the A2A receptor looks like a
champagne flute," explained Stevens. "The CXCR4 structure looks like
chardonnay glass with a wider opening and shorter depth."

The wider mouth allows CXCR4 to bind to its chemokine ligand,
CXCL-12, which is a protein and thus a larger molecule than the ligands
that bind the adrenergic and A2Areceptors. CXCL-12 is the signal in the
blood that guides hematopoetic stem cells to the bone marrow, a process
known as homing.

Finding Therapies

One of the biggest surprises of the CXCR4 structure was that this
receptor, unlike the adrenergic and A2A receptors, likes to form pairs or
dimers.
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"The dimerization observation was very intriguing," said Stevens. "We
solved five different crystal structures in multiple crystal forms, and
each one had the same dimer interface. It has long been debated how
GPCRs might dimerize, if they did at all. This is the first solid
observation about a consistent structural GPCR dimer."

Preventing dimerization might provide a new way to block CXCR4
function. Drugs that block CXCR4 appear to be capable of releasing
hematopoietic stem cells from the bone marrow into the bloodstream—a
step that is critical for stem cell transplantation. Only one such drug,
called Mozobil, is currently on the market. In addition, drugs that block
CXCR4 are useful in treating HIV infection.

Having determined the structure of CXCR4, Stevens and colleagues
were able to determine which portions of the protein are critical to
chemokine recognition. This knowledge can now be used to understand
basic principles of chemokine recognition and signaling, as well as to
design new therapeutic candidates or improve the affinity and efficacy
of existing drugs.

Like all membrane proteins, GPCRs are notoriously difficult to
crystallize, but CXCR4 was a particularly difficult structure to crack,
according to Stevens.

"Each GPCR structure is a tour de force and this one took a team of
several people three years to complete," he said. " I wish I could identify

one step that was the most challenging, but I would say every step was
hard."

More information: "Structure of the CXCR4 chemokine receptor
with small molecule and cyclic peptide antagonists," Science, October 7,

2010.
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