
 

Scientists find antibodies that prevent most
HIV strains from infecting human cells
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This image shows the atomic structure of the antibody VRC01 (blue and green)
binding to HIV (grey and red). The precise site of VRC01-HIV binding (red) is a
subset of the area of viral attachment to the primary immune cells HIV infects.
Credit: NIAID VRC

Scientists have discovered two potent human antibodies that can stop
more than 90 percent of known global HIV strains from infecting human
cells in the laboratory, and have demonstrated how one of these disease-
fighting proteins accomplishes this feat. According to the scientists,
these antibodies could be used to design improved HIV vaccines, or
could be further developed to prevent or treat HIV infection. Moreover,
the method used to find these antibodies could be applied to isolate
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therapeutic antibodies for other infectious diseases as well.

"The discovery of these exceptionally broadly neutralizing antibodies to
HIV and the structural analysis that explains how they work are exciting
advances that will accelerate our efforts to find a preventive HIV
vaccine for global use," says Anthony S. Fauci, M.D., director of the
National Institute of Allergy and Infectious Diseases (NIAID), National
Institutes of Health. "In addition, the technique the teams used to find
the new antibodies represents a novel strategy that could be applied to
vaccine design for many other infectious diseases."

Led by a team from the NIAID Vaccine Research Center (VRC), the
scientists found two naturally occurring, powerful antibodies called
VRC01 and VRC02 in an HIV-infected individual's blood. They found
the antibodies using a novel molecular device they developed that homes
in on the specific cells that make antibodies against HIV. The device is
an HIV protein that the scientists modified so it would react only with
antibodies specific to the site where the virus binds to cells it infects.

The scientists found that VRC01 and VRC02 neutralize more HIV
strains with greater overall strength than previously known antibodies to
the virus.

The researchers also determined the atomic-level structure of VRC01
when it is attaching to HIV. This has enabled the team to define how the
antibody works and to precisely locate where it attaches to the virus.
With this knowledge, they have begun to design components of a
candidate vaccine that could teach the human immune system to make
antibodies similar to VRC01 that might prevent infection by the vast
majority of HIV strains worldwide.

NIAID scientists Peter D. Kwong, Ph.D., John R. Mascola, M.D., and
Gary J. Nabel, M.D., Ph.D., led the two research teams. A pair of
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articles about these findings appears today in the online edition of 
Science.

"We have used our knowledge of the structure of a virus—in this case,
the outer surface of HIV—to refine molecular tools that pinpoint the
vulnerable spot on the virus and guide us to antibodies that attach to this
spot, blocking the virus from infecting cells," explains Dr. Nabel, the
VRC director.

Finding individual antibodies that can neutralize HIV strains anywhere in
the world has been difficult because the virus continuously changes its
surface proteins to evade recognition by the immune system. As a
consequence of these changes, an enormous number of HIV variants
exist worldwide. Even so, scientists have identified a few areas on HIV's
surface that remain nearly constant across all variants. One such area,
located on the surface spikes used by HIV to attach to immune system
cells and infect them, is called the CD4 binding site. VRC01 and VRC02
block HIV infection by attaching to the CD4 binding site, preventing the
virus from latching onto immune cells.

"The antibodies attach to a virtually unchanging part of the virus, and
this explains why they can neutralize such an extraordinary range of HIV
strains," says Dr. Mascola, the deputy director of the VRC.

With these antibodies in hand, a team led by Dr. Kwong, chief of the
structural biology section at the VRC, determined the atomic-level
molecular structure of VRC01 when attached to the CD4 binding site.
They then examined this structure in light of natural antibody
development to ascertain the steps that would be needed to elicit a
VRC01-like antibody through vaccination.

Antibody development begins with the mixing of genes into new
combinations within the immune cells that make antibodies.
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Examination of the structure of VRC01 attached to HIV suggested that,
from a genetic standpoint, the immune system likely could produce
VRC01 precursors readily. The researchers also confirmed that VRC01
does not bind to human cells—a characteristic that might otherwise lead
to its elimination during immune development, a natural mechanism the
body employs to prevent autoimmune disease.

In the final stage of antibody development, antibody-producing B cells
recognize specific parts of a pathogen and then mutate, or mature, so the
antibody can bind to the pathogen more firmly. VRC01 precursors do
not bind tightly to HIV, but rather mature extensively into more
powerfully neutralizing forms. This extensive antibody maturation
presents a challenge for vaccine design. In their paper, Dr. Kwong and
colleagues explore how this challenge might be addressed by designing
vaccine components that could guide the immune system through this
stepwise maturation process and facilitate the generation of a
VRC01-like antibody from its precursors. The scientists currently are
performing research to identify these components.

The discoveries we have made may overcome the limitations that have
long stymied antibody-based HIV vaccine design," says Dr. Kwong.

  More information:
-- Wu X et al. Rational design of envelope surface identifies broadly
neutralizing human monoclonal antibodies to HIV-1. Science. 2010.
-- Zhou T et al. Structural basis for broad and potent neutralization of
HIV-1 by antibody VRC01. Science. 2010.
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