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◄▼ Non-functional 4-shank
probes were implanted into
the mouse visual cortex and
observed using two-photon
microscopy through a chronic
imaging window setup
developed in our lab. Angle of
insertion is 30º to image 300-
500 µm below brain surface.
Scale bar = 1 mm.

9 m.o. mouse (APP/PS1)

Accumulation of aging pigment lipofuscin following brain injury in aged WT mice

Device injury promotes early amyloid aggregation in young AD mice prior to onset of neuropathology

Device injury promotes Aβ growth and CAA burden in AD mice

Ø Future work understanding the mechanisms governing
accumulation of age- and disease-related pathology following
brain injury will lead to development of targeted interventions
for both device biocompatibility and brain disease

Ø Using in vivo longitudinal imaging, we revealed that device
injury leads to an accumulation of lipofuscin pigment and
amyloid plaques within the mouse brain.

Ø Brain injury from intracortical devices has been shown to
accelerate growth of pre-existing amyloid plaques and even
promote formation of new amyloid clusters.

◄ Z-projections along the probe surface reveal an
increase in amyloid clustering following chronic
device implantation in young APP/PS1 mice.
▼ Amyloid clusters ranged from 2-15 μm in diameter
and in close proximity to device surface (<30 μm).
Larger clusters had a tendency to appear further
away from the electrode compared to smaller clusters
by 21 d post-insertion.

Ø Following device implantation within aged (18 m.o.) wild-type mice, we observed an apparent increase in the amount and
area of lipofuscin aggregation with close proximity to microelectrode surface over a chronic implantation period (>4
months). Scale bar = 50 μm.

Ø NOTE: aggregation of lipofuscin pigments near multi-shank microelectrode compared to distal regions of tissue.
Ø While the pathological significance of lipofuscin accumulation in the aged and injured brain has yet to be determined, it
suggests an impairment in clearance of metabolic waste from the brain tissue.

▲ To determine whether device injury
exacerbates the growth of existing amyloid
plaques around the implant, devices were
implanted within aged (9 m.o.) APP/PS1 mice,
which readily present senile plaques.
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Alzheimer’s disease (AD) is a gradually progressive and age-dependent neurological
disorder afflicted by currently unidentified causes of local inflammation, vascular
abnormalities, and glial dysfunction, ultimately contributing to large-scale
neurodegeneration that precedes cognitive and behavioral impairment. In some ways,
brain trauma induced by neural interface technologies, such as penetrating
microelectrode arrays, produces similar neuropathology while also suffering from end-
stage neuron loss and tissue failure. To understand whether there may be parallel
neurodegenerative mechanisms at play between device-implanted brains and those
of neurological disease, we used two-photon microscopy to visualize the aggregation,
if any, of age- and disease-associated factors around implanted devices in both wild-
type (WT) mice and genetically susceptible AD models. With this method, we
observed that device injury leads to aberrant accumulation of lipofuscin, an age-
related pigment, in both older WT and AD subjects. Advancing our understanding of
fundamental biological mechanisms occurring at the intersection of brain injury and
disease will have a profound impact on development of future treatments and
intervention strategies for both implantable technologies and dementia.
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Ø Two-photon microscopy was used to visualize
lipofuscin accumulation in aged wild-type (WT)
mice and amyloid deposition in young and aged
APP/PS1 mice around intracortical devices.

Ø Amyloid was visualized by intraperitoneal injections
of Methoxy-X04 (2 mg/kg) 24 hrs prior to every
imaging session. Aged APP/PS1 mice (9 m.o.)
demonstrate severe amyloid deposition within the
brain compared to younger AD mice (2 m.o.).
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▼ To determine whether device
implantation accelerates the
onset of amyloid pathology prior
to typical phenotype expression,
devices were inserted into young
APP/PS1 mice (2 m.o.) which do
not yet present amyloid plaques.

Ø Lipofuscin is an age-
dependent pigment that
occurs naturally in the
aging brain.

Ø Lipofuscin can be readily
observed using two-
photon microscopy due to
natural autofluorescence
(green). Blood vessels are
visualized here with an
intravascular dye (red).

► Device implantation induced growth of nearby
plaques (yellow arrows) compared to plaques on
contralateral tissue, which demonstrated no
growth over a 1-week implantation period.
▲ Additionally, vascular injury during device
implantation promoted the progression of
cerebral amyloid angiopathy (CAA) along
surface arterioles (white arrowhead).
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