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Proj ect Description

I ntroduction: Traumatic brain injury (TBI) is a major cause of disability and
is associated with [ ong-term neurol ogi cal conplications, including

neur odegenerati ve di seases such as Al zheinmer’s di sease and chronic traumatic
encephal opathy. TBI triggers a cascade of nolecular and netabolic events that
are anplified by interactions between different brain cell types. Wile the
initial injury is significant, secondary processes such as mtochondri al
dysfunction, netabolic alterations, neuroinflanmmation, and protein
aggregation largely determ ne | ong-term outcones. Mtochondria are key

regul ators of cellular function and are inplicated in injury-induced

neur odegeneration. Followi ng TBI, mitochondrial bioenergetic and netabolic
dysfunction is associated with neuroinflammuation and di sease progression. In
addition to intracellular changes, mtochondria can be transferred between
cells, altering the function of recipient cells. However, the cell-specific
dynam cs, timng, and nechanisnms of mtochondrial involvenent in injury
progressi on remai n poorly understood.

Project Description: This project ainms to determne how traunmatic brain
injury induces cell-specific mtochondrial dysfunction and how intra- and
extracel lular mtochondria contribute to neurodegenerati on. W hypot hesi ze
that injury-driven dysregul ation of mtochondrial bioenergetic and netabolic
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functions pronotes neuroinflammuation, neuronal damage, and di sease
progression. To test this, we will use a human three-di nensional triculture
brai n nodel conposed of neurons, astrocytes, and mcroglia with fluorescently
| abel ed mtochondria. Aim1 will define injury-induced intracellular and
extracellular nmitochondrial alterations. W will deternine the tenpora
profile of mitochondrial dysfunction, assess cell-specific bioenergetic and
met abol i ¢ changes, quantify intercellular mtochondrial transfer, and

eval uate the rel ease and neurodegenerative potential of extracellular
mtochondria. Alm2 will investigate the nol ecul ar nmechani sns of

m tochondrial reuptake. W will determ ne whether mtochondri al
internalization is nmediated through integrin ?1 and annexin 2 pat hways and
assess how nodul ati on of these pathways affects nitochondrial transfer and
neur odegenerati on progressi on

The student involved in this project will participate in the devel opnent and

anal ysis of the human three-di nensional brain nodel, including cell culture,
controlled injury experinents, and nol ecul ar and i nagi ng- based assessnents of
m t ochondri al function and neuronal health. The student will also contribute

to data analysis, integrating cellular, nolecular, and nmetabolic nmeasurenents
to understand injury progression. A basic understanding of cell culture and
nmol ecul ar bi ol ogy techniques is reconmended.

The expected outcone of this work is to define cell-specific mtochondri al
mechani sns that drive secondary neurodegeneration following traumatic brain
injury. This work will provide nechanistic insight into how mtochondri al
dysfunction and intercellular transfer contribute to di sease progression and
may identify targets for therapeutic intervention
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