
 

Exposure to environmental PCBs impairs
brain function in mice
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PCB warning label affixed to a railroad signal power supply transformer dating
from the 1930's at CP-SLOPE interlocking, west of Altoona, PA on the Norfolk
Southern Pittsburgh Line. Credit: Sturmovik/Wikipedia

Human-made toxic chemicals that linger indefinitely in the environment
disrupt the performance of critical helper cells in the mouse brain,
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leading to impaired function over long-term exposures, say
neuroscientists at Georgetown University Medical Center.

Their study, believed to be the first to test polychlorinated biphenyls
(PCBs) in astrocytes—cells that support neurons and are critical for
homeostasis throughout the central nervous system—suggests that this
persistent environmental toxicant could be a contributing factor in the
development of neurodegenerative disorders. They report their findings
at the annual meeting of the Society for Neuroscience in Chicago.

The research, conducted in laboratory tests of mouse brain cells, shows
how a once widely used mixture of PCBs turns on pathways in astrocytes
that attempt to neutralize the toxins. Many antioxidant genes known to
be relevant to neurodegeneration in humans are aberrantly activated in
the mice cells, says the study's lead researcher, Mondona McCann, a
Ph.D. candidate in Georgetown's Interdisciplinary Program in
Neuroscience.

"Our findings to date show strong connections between these toxins and
the health of astrocytes. They also contribute to our understanding of
how crucial these astrocytes are to maintaining brain functioning," says
McCann, who is conducting her research in the lab of Kathleen Maguire-
Zeiss, Ph.D., chair of Georgetown's Department of Neuroscience.

These star-shaped cells maintain the blood-brain barrier, support
neurons, regulate communication between neurons, and repair nervous
tissue following injury, among many other supportive tasks. "If
astrocytes fail, neurons die. They are key to maintaining
homeostasis—physiological stability—throughout the brain," she says.

PCBs are known to cause cancer, suppress the immune system, disrupt
hormonal signals and impair reproduction. In postmortem studies, they
have also been correlated with death of nigral brain cells—dopamine-
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producing cells—in patients with Parkinson's disease.

PCBs were globally manufactured and widely used in the 20th century
because the chemicals are stable, heat-resistant and electrically
insulating, which made them ideal for use in coolants, flame retardants,
lubricants, paints, adhesives and many other industrial products. Because
of their toxicity, some countries began banning their use in the 1970s
and 1980s, but worldwide production only ended in 2001.

The effect of these toxins continues, McCann says. "The same stability
that made PCBs so useful also made them persist in the environment."

In addition to several human diseases, PCBs have recently been linked to
the decline in the killer whale population; McCann suspects that a
combination of environmental stressors such as PCBs and genetic
predispositions are linked to neurodegeneration.

"People in certain regions are constantly exposed to a low dose of PCBs
and other similar compounds for a long time over their lives," McCann
says. "Our lab findings suggest that such an accumulation can lead to
oxidative stress in astrocytes, which could not, then, support the neurons
they maintain."

It is unlikely that we will ever be able to remove accumulated PCBs
from a person, but if research in humans uncovers the specific pathways
affected in the brain, "it maybe possible to compensate, clinically, for
the deficits seen in functioning of astrocytes. We might be able to
engage compensatory mechanisms to increase the cells' capacity to
buffer these toxicants and promote survival," she says.

"This concept that environmental stressors impinge on astrocyte health is
a fairly understudied area," says Maguire-Zeiss.
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