
 

Researchers turn the body's B cells into tiny
surveillance machines, antibody factories
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Genome editing at the constant region of the IgH locus. a, Antibody H chains are
encoded by a rearranged variable domain (VH) spliced to a constant region that
can be altered by class switch recombination. b, K562 cells were edited with
Cas9 RNPs programmed by gRNAs targeting the IgG1 CH1 intron and indels
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measured at on-target (IGHG1) and off-target (IGHG2-P) genes. c, K562 cells
were edited by Cas9 RNPs plus AAV6 homology donors containing a GFP
expression cassette, matched for each gRNA. d, On- and off-target activity of
sg05 was measured for the indicated IGHG genes in primary human B cells.
Credit: Nature Biomedical Engineering (2024). DOI:
10.1038/s41551-024-01240-4

USC scientists have discovered a way to turn the body's B cells into tiny
surveillance machines and antibody factories that can pump out specially
designed antibodies to destroy cancer cells or HIV, two of medicine's
most formidable foes.

The research, published Monday, July 22, in Nature Biomedical
Engineering, describes a technique for editing the genes of immune cells
called B cells, turbocharging them to fight even the sneakiest invaders.
The work is an important advance in harnessing the power of antibodies
to treat conditions ranging from Alzheimer's disease to arthritis.

"In some diseases or conditions, the natural antibodies made by B cells
are just not good enough," said senior author Paula Cannon, a
Distinguished Professor of Molecular Microbiology & Immunology at
the Keck School of Medicine of USC.

"HIV is a very good example of that. It mutates constantly, keeping one
step ahead of whichever antibodies are being thrown at it. We thought a
checkmate move might be persuading B cells to make an antibody that
was so broad in its ability to 'see' HIV that HIV couldn't easily mutate
around it."

The beauty of the technique, the researchers said, is it can be adapted to
produce a broad range of different antibodies.
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"It's a technology for reprogramming B cells that could be applied to
almost anything you can imagine dealing with an antibody," said first
author Geoffrey Rogers, a research associate and senior postdoctoral
fellow in Cannon's lab. "We think we'll be able to completely customize
everything about the antibody."

For this project, the researchers took inspiration from chimeric antigen
receptor (CAR) T cells, "living drugs" designed to target specific things.
They've revolutionized treatment for blood cancers like leukemia and
lymphoma.

With CAR T treatment, T cells—sister cells to B cells—are removed
from a patient's blood and genetically modified to identify cancer cells
by recognizing a marker on their surface. Millions of the cells are then
infused into the patient's body, where they fight disease and then fade
away.

How B cells behave

B cells behave differently, making them more suitable for fighting
chronic conditions. They function as both a security system and antibody
factory, residing long-term in the bone marrow, lymph nodes and
spleen—and firing up when needed.

To make these tiny fighters, Cannon and Rogers used CRISPR gene
editing methods to place the instructions for custom antibodies at the
exact site in the B cell's DNA where antibodies are naturally made. This
trick means that B cells can be reprogrammed as biofactories making the
custom antibodies. And just as regular antibodies respond to vaccination,
the reprogrammed B cells could also be stimulated to increase their
output.

Researchers were able to observe the antibodies at work using tonsil
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tissue to replicate an immune system in a dish.

The team is working with the USC Stevens Center for Innovation to
license the technology for commercial use. The USC Stevens Center
helps scientists shepherd their discoveries from the lab to the market.

"We're really excited to help try and bring this to biotech companies,"
said Erin Overstreet, executive director of the USC Stevens Center.
"This could be a fundamental shift in how we approach certain diseases."

  More information: Geoffrey L. Rogers et al, Reprogramming human
B cells with custom heavy-chain antibodies, Nature Biomedical
Engineering (2024). DOI: 10.1038/s41551-024-01240-4
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