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• Chronic neuropathological consequences of TBI: CTE and AD

• TBI alters APP metabolism, Aβ concentration and aggregation

– evidence from human studies

– experimental animal studies

• Statin therapy in experimental TBI 

– effects on brain Aβ concentration

– effects on histopathology, inflammation, and behavior

– effects on cerebral blood flow

• Conclusion

Presentation outline



1) Jordan et al., JAMA 1997;278:136-140.
2) Ikonomovic et al., Exp Neurol 2004;190:192-203.

Brain trauma leads to the accumulation
of several neurodegeneration-related
proteins, including p-tau, α-synuclein,
ubiquitin, progranulin, TAR DNA-binding
protein 43, amyloid precursor protein
(APP), and its metabolite, amyloid-β
peptide (Aβ). New research will target

the roles that these abnormal protein
aggregates play in determining the
severity of injury and patient’s ultimate
functional outcome.



Neuronal Protein Aggregates Accumulate
Acutely After TBI in Humans

PHF-1 Syn-202

Syn-303 Ubiquitin

• PHF, α-synuclein, and ubiquitin immunoreaction localized to axons and cell bodies 
in the temporal cortex within hours after injury in severe TBI patients

Ikonomovic et al., Exp Neurol Vol:190, 2004



Altered APP metabolism after acute TBI: 
a biopsy study of severe TBI patients from 

the University of Pittsburgh

A B CBA

• Increased APP protein levels in the temporal cortex biopsies extracted within hours after 
acute severe TBI

• APP accumulations localized to axonal swellings, neurites, cell bodies, plaque-like structures

Source: Ikonomovic et al., Exp Neurol, Vol. 190, 2004



Aβ plaques in acute human TBI: a brain tissue biopsy 
study from the University of Pittsburgh

• Diffuse Aβ-ir plaques in ~30% of acute TBI cases, regardless of age

• Acute TBI plaques resemble “pathological aging” or “early” AD 

(diffuse plaques, Aβ42 predominant)

TBI AD

Aββββ42

Aββββ40

34 y. old male TBI patient
APOE 3/4
GCS 4
2 h post-TBI

78 y. old male AD
APOE 3/4
MMSE=1

Ikonomovic et al., 2004

• Neuritic amyloid plaques contain Aβ peptide and tau-positive dystrophic neurites; 

they define neuropathological diagnosis of AD



Soluble Aβ concentrations in brain tissue 
biopsy samples from acute human TBI

Aβ1-40 and Aβ1-42 = soluble Aβ peptides levels (pmol/ g wet tissue)

• Selective increases in soluble Aβ42 concentration in TBI subjects with diffuse
plaque deposition

DeKosky et al., 2007



TBI studies in adult rats:
APP increases acutely after CCI injury

• Accumulation of APP as early as 24 hrs after CCI injury

Ciallella et al., J Neurotrauma 2002
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Changes in APP and Aβ levels in animal models of TBI

Johnson et al., Nat Rev Neurosci. 2010 May;11(5):361-70.



APPNLh/NLh mouse model of brain amyloidosis: 
TBI-driven increases in both APP and Aβ levels

Abrahamson et al., Exp Neurol 2006;197:437-450.

• APPNLh/NLh mice are “humanized Aβ” animals - human Aβ knocked-in to their endogenous APP gene
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• Increased human Aβ peptide concentration after CCI

• Intraneuronal Aβ42 accumulation
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Shepardson, N. E. et al. Arch Neurol 2011;68:1239-1244.



Wible and Laskowitz, Neurotherapeutics 2010;7:62-73.

Statins as therapeutics in animal models of brain injury



APPNLh/NLh mice (“humanized Aβ” mice)

• human Aβ knocked-in to their endogenous APP gene

• normal levels of APP expression

Controlled Cortical Impact (CCI) injury:

• vertically directed CCI (stereotaxic coordinates of center of impactor tip 

relative to bregma: anteroposterior = -2.0; mediolateral =+1) 

• pneumatic cylinder with a 3mm flat-tip impounder (velocity 5.82m/sec; 

duration 47 msec; depth 1.2mm; driving pressure 73 psi)

Drug treatment:

• simvastatin (3mg/kg) or vehicle (3% methylcellulose) was administered 

daily per os, starting 3 hours after injury 

Statin therapy after TBI in mice expressing human Aβ



Biochemical analysis (ELISA for Aββββ40 and Aββββ42) shows reduced Aββββ levels after CCI and 

simvastatin therapy

A B

Abrahamson et al., Ann Neurol. 2009;66:407-414.

Simvastatin treatment reduces Aβ concentration

after CCI injury in hAβ mice



Simvastatin treatment reduces microglia activation in 
the hippocampus 2 weeks after CCI injury in hAβ mice

Abrahamson et al., Ann Neurol 2009; 66:407-414.
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• IHC for F4/80 antigen

• 150kD membrane glycoprotein

• specific for mature macrophages

Austyn and Gordon (1981) Eur J Immuno 11, 805
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Simvastatin treatment reduces synaptic loss in 
the hippocampus 2 weeks after CCI injury in hAβ mice

Synaptophysin immunoreactivity

Abrahamson et al., Ann Neurol 2009;66:407-414.



Abrahamson et al., Ann Neurol. 2009;66:407-414.

Simvastatin treatment reduces neuronal loss and improves 
memory retention 2 weeks after CCI injury in hAβ mice



• Preclinical studies demonstrate benefits of statins in models of 

cerebral ischemia, intracerebral hemorrhage, subarachnoid 

hemorrhage, and TBI

• Because statin therapy is well tolerated and its side effects are 

well defined, it can be translated into clinical trials in TBI patients

• None of the current therapy interventions effective in restoring 

lost neurological function after TBI

• When administered after TBI, statins target multiple injury factors 

and have multiple effects on improving neurological outcome

Conclusion
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