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1 INTRODUCTION 

Although epidemiological studies find a strong link between TBI and an increased risk for dementia (i.e. 

AD), the molecular mechanisms responsible remain unclear. Evidence continues to accumulate 

highlighting the similarities between AD and post-TBI pathologies. A similarity between TBI and AD-

related neurodegeneration exists at the histological level where both are characterized by the presence 

of aggregates of hyperphosphorylated forms of the microtubule associated protein, tau [1, 2]. Tau 

abnormalities and neurofibrillary tangles (NFTs), the classical histopathological hallmark of AD consisting 

of insoluble aggregated tau, have been reported in multiple animal models of TBI [3-6]. NFTs like those 

in AD have been reported after a single TBI in humans [7, 8]. Evidence also exists in favor of a link 

between TBI and amyloid-β (Aβ), the amyloid precursor protein (APP) proteolytic fragment thought to 

act upstream of tau in AD [9] that deposits in amyloid plaques. After experimental TBI in animal models, 

Aβ accumulated in injured neurons and axons both acutely [4, 5, 10, 11] and chronically [12]. Similar 

deposits of Aβ have been observed after a single TBI in humans [7, 8, 13]. The proposed research project 

seeks to define the toxic molecular mechanism leading to TBI and AD.  

2 KEYWORDS 

Tau, contextual fear memory, spatial memory, synaptic plasticity, traumatic brain injury, Alzheimer’s 

disease 

3 ACCOMPLISHMENTS 

a. What were the major goals?

Work performed during the second year of funding aimed to complete experiments proposed in Aim 1 

of the project “Test the hypothesis that blast induced TBI leads to the production of a toxic form of tau 

that contributes to cognitive and electrophysiological impairments”. We also started to address 

experiments described in Aim 2 “Test the hypothesis that the formation of soluble tau aggregates 

contributes to cognitive impairments associated with both blast-exposure and AD”. Specifically, we had 

to compare within month 16 the tau dependency of the behavioral and electrophysiological 

impairments caused by application of purified preparations in which tau has been excluded. 

Furthermore, we had to establish a dose response curve for the effects of tau derived from shockwave 

exposed mice onto memory and LTP. Finally, we had to identify the presence of tau in the brains of 

blasted mice similar to tau in the brains of AD patients.   

b. What was accomplished under these goals?

To achieve the goal of demonstrating that changes occurring in tau following shockwave exposure are 

responsible for memory impairment we infused the extract of brain preparation normally used to isolate 



tau onto the dorsal hippocampi bilaterally and tested behavior. Infusion of tau from blasted mice 

impaired both spatial memory and contextual fear memory compared with tau from sham-exposed 

mice. However, extracts from tau-KO mice (Jackson Lab (Stock #007251) did not impair both types of 

memory (Fig 1A-B). We obtained similar results when we examined LTP using tau preparation from 

C57Bl6 mice compared with a preparation extracted from tau-KO mice (Fig. 1C). These data suggest that 

shockwave-exposed tau undergoes changes capable of altering memory and synaptic plasticity. 

Interestingly, these results were similar to the effect of tau extracted with similar techniques from the 

brain of AD patients which impaired both memory and LTP (Fa et al, Sci Rep, 2016), suggesting the 

possibility that molecular similarities between tau prepared from shockwave-exposed mouse brains and 

human AD brains may underlie a common ability to produce cognitive impairment when infused into 

normal mice. 

Next, we conducted analysis of the two-day radial arm water maze and contextual fear conditioning 

performance on animals infused with purified tau from either shockwave or sham-exposed mice at 

concentrations of 0.18, 0.92, 4.58 and 114.5 μg/ml. We have also compared the ability of tau to 

interfere with LTP when bath applied to acute hippocampal slice preparations at 0.92, 22.9, 110 and 

573.5 ng/ml. We found a shift in the dose response curve between these two types of preparations.  

Finally, we purified tau from the forebrains of mice subjected to shockwave or sham exposure 24 hrs 

prior to harvesting the brains as described previously. This method produces high quantities of protein 

(0.1-1.5mg tau from 1.5g of frozen tissue), preserves tau phosphorylation, and removes the vast 

majority of other proteins and DNA. When we analyzed the purified samples using non-reducing SDS-

PAGE, we observed the presence of tau in the fractions obtained during chromatography (Fig. 2). 

Fig. 1 Shockwave-exposure leads to the production of toxic tau in mouse brain 

impairing memory and LTP. A) 2-day RAWM performance in mice infused with 4.59 

µg/ml tau purified from shockwave-exposed, tau-KO mice or sham animals (*p<0.05, 

RM-ANOVA, n= 7/10 animals per group). B) Percent of freezing during contextual FC 

test in mice infused with 4.59 µg/ml tau purified from shockwave-exposed, tau-KO or 

sham control animals (*p<0.05, Bonferroni post-hoc comparisons, n= 10/12 

animals/group). C) Amounts of LTP in slices perfused for 20 min with 110 ng/ml 

shockwave exposed tau, extract from tau-KO or sham tau, prior to eliciting LTP (*p<0.05, 

Tukey’s post-hoc test, n= 7/10 slices/group). 
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Interestingly, we obtained similar results when we used similar techniques to analyze tau extracted from 

human Alzheimer’s brains (Fa et al, Sci Rep, 2016), conforming the possibility that molecular similarities 

between tau prepared from shockwave-exposed mouse brains and human AD brains may underlie a 

common ability to produce cognitive impairment when infused into normal mice. 

c. What opportunities for training and professional development has the project

provided

Nothing to Report” 

d. How were the results disseminated to communities of interest?

Nothing to Report” 

e. What do you plan to do during the next reporting period to accomplish the goals?

We will continue working on the hypothesis that blast induced TBI leads to the production of a toxic 

form of tau that contributes to cognitive and electrophysiological impairments. Specifically, we will 

continue investigating aim 2 “Test the hypothesis that the formation of soluble tau aggregates 

contributes to cognitive impairments associated with both blast-exposure and Alzheimer’s disease“ by 

examining whether tau oligomers are responsible for the impairment of memory and synaptic plasticity 

in shockwave-exposed mouse brains.  We will also explore Aim 3 “Test the hypothesis that a similar 

increase in tau phosphorylation contributes to cognitive impairments associated with both blast-

exposure and Alzheimer’s Disease.” by examining whether tau hyperphosphorylation is responsible for 

the impairment of memory and synaptic plasticity in shockwave-exposed mouse brains.  

4 IMPACT 

a. What was the impact on the development of the principal discipline
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Fig. 2 Non-reducing SDS-PAGE analysis of murine tau from 

shockwave exposed animals homogenized in a non-reducing 

buffer, separated at different chromatographic conditions. Anti-

tau immunoreactive bands are visible. Numbers at the bottom of 

the WB correspond to fraction samples obtained during 

chromatography. Brains were harvested 24 hrs after the blast. 



Our studies have provided depth to the identification of tau as a culprit in TBI. 

b. What was the impact on other disciplines?

Our studies indicate a very interesting similarity between TBI and Alzheimer’s disease with tau being 

similarly affected in the two conditions and being held responsible for the cognitive problems linked 

with them. 

c. What was the impact on technology transfer?

Nothing to Report” 

d. What was the impact on society beyond science and technology?

Our studies are important as they are likely to impact the development of therapies against TBI and 

Alzheimer’s disease. 

5 CHANGES/PROBLEMS 
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