
 

Antibody-based COVID-19 treatments work
best in concert with immune cells
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Of the nine treatments and preventives for COVID-19 authorized for
emergency use by the Food and Drug Administration, three are drugs
made from so-called monoclonal antibodies. Such drugs provide patients
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with ready-made antibodies that neutralize the virus, bypassing the
body's slower and sometimes less effective process of making its own
antibodies.

But such therapies were developed without detailed information about
how antibodies interact with the rest of the immune system during
COVID-19. Faced with a new, deadly and fast-spreading disease, drug
designers started work without knowing whether antibodies' ability to
activate a variety of immune cells would aid or hinder efforts to control
the disease. Such abilities are collectively known as antibody effector
functions.

A new study from researchers at Washington University School of
Medicine in St. Louis has shown that antibody effector functions are a
crucial part of effectively treating infections with SARS-CoV-2—the
virus that causes COVID-19—but are dispensable when the antibodies
are used to prevent infection. The findings, available online in the
journal Cell, could help scientists improve the next generation of
antibody-based COVID-19 drugs.

"Some of the companies removed the effector functions from their
antibodies, and other companies are trying to optimize the effector
functions," said senior author Michael S. Diamond, MD, Ph.D., the
Herbert S. Gasser Professor of Medicine. "Neither of these strategies is
backed by data in the context of SARS-CoV-2 infections. Based on our
findings, if you have a potently neutralizing antibody without effector
functions and you give it before infection, as a preventive, it will
probably work. But if you give it after infection, it won't work well; you
need to optimize effector functions to get maximal benefit."

Antibodies are shaped like the letter Y. The tips of the two short arms
are almost infinitely changeable, giving antibodies the ability to
recognize virtually any molecular shape. The short arms attach to foreign
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molecules and target them for clearance. The long arm is where the
effector functions are located. It attaches to receptors on immune cells,
inducing them to kill infected cells and release molecules that sculpt the
immune response.

But this process can go wrong. In a process known as antibody-
dependent enhancement, interactions between the long arm of antibodies
and immune cells can worsen some viral infections, notably infections
with the tropical dengue virus. People who have antibodies against one
strain of dengue virus are at risk of developing life-threatening dengue
fever if they become infected with another strain of the virus.

To avoid the danger of antibody-dependent enhancement, some
companies developing antibody-based COVID-19 drugs changed the
sequence in the long arm of the antibodies to prevent it from interacting
with immune cells. Other companies took the opposite tack:
strengthening antibody effector functions to potentially boost the
potency of their drugs.

To determine the role of antibody effector functions in COVID-19,
Diamond and colleagues, including first author Emma Winkler, an
MD/Ph.D. student in Diamond's lab, and co-senior author James E.
Crowe Jr., MD, of Vanderbilt University Medical Center, started with an
antibody that is very effective at recognizing and neutralizing SARS-
CoV-2. They eliminated the antibody's effector functions by mutating its
long arm so that it could not stimulate immune cells.

The researchers gave separate groups of mice the original or the mutated
SARS-CoV-2 antibodies, or a placebo antibody that does not recognize
SARS-CoV-2. The antibodies were given to the animals one day before
they were infected through the nose with the virus that causes
COVID-19. Regardless of whether the effector functions of the
antibodies were intact, the SARS-CoV-2 antibodies protected the mice
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against disease. Mice that had received either of the SARS-CoV-2
antibodies lost less weight and had lower levels of virus in their lungs
than the ones that received the placebo antibody. Importantly, there was
no sign of antibody-dependent enhancement of disease.

Then, the researchers investigated whether antibody effector functions
are needed for treatment after infection. They gave mice the virus that
causes COVID-19 and treated them one, two or three days later with the
original or mutated SARS-CoV-2 antibodies, or a placebo antibody.
Compared to the placebo, the original SARS-CoV-2 antibody protected
mice against weight loss and death, but the one without effector
functions did not.

Further experiments with different antibodies with and without effector
functions, and in a different animal—hamsters—yielded the same result:
Effector functions are an indispensable part of effective antibody
treatment for COVID-19.

Some antibody-based drugs for COVID-19 are being developed as
preventives for use in high-risk environments such as nursing homes. But
most such drugs are geared toward treating people who are already
infected. For that purpose, optimizing antibody effector functions could
be the key to making a powerful drug, Diamond said. As part of this
study, the researchers discovered that the loss of effector functions
changed the kinds of immune cells that were recruited to fight the
infection and how they behaved.

"'Effector functions' refers to a complex set of interactions between 
antibodies and other elements of the immune system," said Diamond,
who also is a professor of molecular microbiology and of pathology &
immunology. "You can introduce different point mutations to augment
certain kinds of effector functions, and some might be harmful to the
immune response while others might be beneficial. There's a lot of
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nuance. We are still learning how to harness effector functions so you
get what you want but not what you don't want."

  More information: Emma S. Winkler et al, Human neutralizing
antibodies against SARS-CoV-2 require intact Fc effector functions for
optimal therapeutic protection, Cell (2021). DOI:
10.1016/j.cell.2021.02.026
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