
 

Complement inhibition reverses mental losses
in preclinical traumatic brain injury models
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Hippocampal slices of an uninjured brain (top) or a brain three months after TBI
(bottom). There is an increase in astrocytes (green) following a brain injury.
Credit: Dr. Stephen Tomlinson of the Medical College of Wisconsin.
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Traumatic brain injury (TBI) is a major cause of disability and a risk
factor for early-onset dementia. The injury is characterized by a physical
insult followed acutely by complement driven neuroinflammation.
Complement, a part of the innate immune system that functions both in
the brain and throughout the body, enhances the body's ability to fight
pathogens, promote inflammation and clear damaged cells. Complement
plays a role in the brain, regardless of infection or injury, as it influences
brain development and synapse formation. 

In TBI, complement- induced inflammation partially determines the
outcome in the weeks immediately following injury. However, more
research is needed to define a role for the complement system in
neurodegeneration following head injury, specifically in the long-term,
chronic phase of TBI. Furthermore, therapeutic management of TBI
patients is limited to the acute phase following injury, as little is known
about the link between the initial insult and the chronic
neurodegeneration and cognitive decline in the months and years that
follow.

Researchers at the Medical University of South Carolina (MUSC), the
Ralph H. Johnson VA Medical Center and elsewhere have reported a
link between the complement system and the chronic phase of TBI.
Their results, published online on Jan. 12 in the Journal of Neuroscience,
showed that inhibition of complement at two months after TBI disrupts
neurodegeneration and improves cognitive function.

"TBI is associated with cognitive decline and dementia, and there are
zero pharmacological treatments to prevent that cognitive decline," said
Stephen Tomlinson, Ph.D., a professor and interim chairman of the
Department of Microbiology and Immunology, who studies brain injury
and the complement system.

"The vast majority of studies that have been done investigating different
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therapeutics in TBI have all been done with acute treatments, within
hours of the initial insult. Our study is significant because we are starting
treatments out to two months after TBI."

To understand more fully the timing of complement and chronic TBI,
the Tomlinson Lab first looked at the body's response to the damaged
area. They showed that certain brain cells, called microglia, destroy
neuronal synapses that have been marked by complement for
degradation. This process reduces the overall number and density of
synapses in the brain. Further, they reported ongoing complement
activation up to three months after one initial TBI insult, with expanding
neuroinflammation across brain regions. This inflammatory response
promotes degeneration of synapses and was predictive of progressive
cognitive decline.

The researchers then explored the therapeutic effects of blocking
complement. They used a complement inhibitor that specifically targets
sites of complement activation and brain cell injury. Inhibiting
complement interrupted the decline in brain cell function and reversed
mental losses on tasks that evaluate spatial learning and memory, even
when delivery of the inhibitor was delayed until two months after the
injury.

"One big advantage of our approach is that we do not systemically
inhibit complement," said Tomlinson.

"With acute treatments, it is not that big of an issue but chronically
treating someone with a complement inhibitor systemically is not
optimal because complement does other important things, ranging from
host defense to controlling homeostatic and regenerative mechanisms."

Thus far, therapeutic investigations in preclinical models have focused
almost entirely on acute treatments for TBI. With this new insight into
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TBI pathology, the Tomlinson team suggests that all phases of injury,
including chronic time points, may be responsive to therapeutic
treatments, specifically those involving complement inhibition.

These findings are critical, as rehabilitative interventions are the only
available management strategy for TBI to improve cognitive and motor
functions. Additionally, cumulative evidence shows that rehabilitation is
likely to speed up recovery but not change long-term outcomes.

"It gives us a new way of perceiving TBI management. Really, the only
therapy at the moment is rehabilitation therapy, which clinically has very
little benefit. We have found that rehabilitation and complement
inhibition have additive effects," said Tomlinson.

Looking forward, Tomlinson wants to take the translational approach of
complement inhibition in the chronic phase of TBI out further, past that
two-month window, and is investigating whether the treatment will still
work in mice if it is begun six months to a year out from the initial TBI.
Additionally, Tomlinson is developing models of repetitive TBI and
plans to investigate anxiety and depressive behaviors in addition to early
onset dementia, a significant concern in regard to veterans, soldiers and
athletes.

Currently, multiple complement inhibitors are in various stages of
clinical development, including those that are targeted specifically to
sites of injury and disease. Tomlinson himself is a co-founder of a
company that is investigating targeted complement inhibition, leading to
the potential of incorporating complement inhibition into the clinic.
Thus, studies undertaken in the Tomlinson lab could have deep and
lasting impacts at the clinical level, where complement inhibition could
eventually help the thousands of patients that suffer from TBI each year. 

  More information: Ali Alawieh et al, Complement Drives Synaptic
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