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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. 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. NFTs like those in AD 

have been reported after a single TBI in humans. 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 [1] that deposits in amyloid plaques. After experimental TBI in animal models, Aβ accumulated 

in injured neurons and axons both acutely and chronically. Similar deposits of Aβ have been observed 

after a single TBI in humans. 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 third year of funding aimed to 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 have tested the oligomer-dependence of 

impairments in behavior and electrophysiology produced by tau purified from shockwave-exposed mice. 

Furthermore, we worked on 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. 

b. What was accomplished under these goals?

To achieve the goal of demonstrating that oligomer-dependence of impairments in behavior and 

electrophysiology produced by tau purified from shockwave-exposed mice, the material derived from 

blasted mice and control animals was de-oligomerized using a reducing agent, DTT, and then re-

oligomerized. Behavioral consisted of the following tasks: Novel open field environment test, radial arm 

1



water maze, contextual fear conditioning, cued fear conditioning, visual platform task, sensory 

threshold. Electrophysiology consisted of investigating LTP. For behavior, we infused the extract of brain 

preparation onto the dorsal hippocampi bilaterally. Infusion of de-oligomerized tau from blasted mice 

did not impair spatial memory and contextual fear memory whereas re-oligomerized tau impaired the 

two types of memory. Control behavioral tasks including novel open field environment test, cued fear 

conditioning, visual platform task, and sensory threshold did not show any effect of the various 

preparations. These data confirmed our hypothesis that the oligomerized preparation (but not the de-

oligomerized one) impairs memory as well as 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 when the preparation was oligomerized (but not de-oligomerized) (Fa’ et al, Sci Rep. 

2016 6:19393), confirming 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 tested the effect of the PP2A methylesterase PME and the PP2A methyltransferase LCMT 

overexpression on sensitivity to cognitive and electrophysiological impairments caused by tau purified 

from shockwave-exposed mice. In a series of experiments, we conducted analysis of the two-day radial 

arm water maze and contextual fear conditioning performance on PME transgenic animals infused with 

purified tau from either shockwave or sham-exposed mice at subtoxic concentrations of 4.59 μg/ml. We 

found that subtoxic doses of blast tau, but not sham tau, were capable of impairing memory tested both 

with the radial-arm water maze and the fear conditioning in the PME transgenic mice, but not in the 

non-transgenic littermates (Fig. 1A-B). Control behavioral tasks including novel open field environment 

test, cued fear conditioning, visual platform task, and sensory threshold did not show any effect in the  

Fig. 1 PME overexpression enhances shockwave-exposed tau ability to lead to the impairing of 

memory and LTP. A) 2-day radial-arm water maze performance in PME transgenic mice infused 

with 4.59 µg/ml tau purified from shockwave-exposed or sham animals (*p<0.05, RM-ANOVA,). B) 

Percent of freezing during contextual Fear Conditioning test in PME transgenic mice infused with 

4.59 µg/ml tau purified from shockwave-exposed, or sham control animals (*p<0.05, Bonferroni 

post-hoc comparisons). C) Amounts of LTP in slices from PME transgenic mice perfused for 20 min 

with 28.7 ng/ml shockwave exposed tau, or sham tau, prior to eliciting LTP (*p<0.05, Tukey’s post-

hoc test). 

A B C 

* 
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various groups of mice. We have also compared the ability of tau to interfere with LTP when bath 

applied to acute hippocampal slice preparations from PME transgenic mice at 28.7 ng/ml. We found an 

impairment of LTP in slices from PME transgenic mice treated with blasted tau, but not with sham tau 

(Fig 1C).  Taken together, these data demonstrate that overexpression of the PP2A methylesterase, 

PME, alters sensitivity to exposure to tau oligomers extracted from blast injured brains. 

In another series of experiments we tested the ability of LCMT overexpression to protect against the 

impairment of memory and LTP produced by blasted tau. Analysis of the two-day radial arm water maze 

and contextual fear conditioning performance on LCMT transgenic animals infused with purified tau 

from either shockwave or sham-exposed mice at concentrations of 22.9 μg/ml showed that toxic doses 

of blast tau were no longer capable of impairing memory tested both with the radial-arm water maze 

and the contextual fear conditioning in the LCMT transgenic mice, whereas memory was impaired in the 

non-transgenic littermates (Fig. 2A-B). Control behavioral tasks including novel open field environment 

test, cued fear conditioning, visual platform task, and sensory threshold did not show any effect in the 

various groups of mice. We have also compared the ability of tau to interfere with LTP when bath 

applied to acute hippocampal slice preparations from LCMT transgenic mice at 114.7 ng/ml. We found 

no impairment of LTP in slices from LCMT transgenic mice treated with blasted tau, whereas slices from 

non transgenic littermates showed an impairment (Fig 2C). Taken all together, these data demonstrate 

that overexpression of the PP2A methyltransferase, LCMT, alters sensitivity to exposure to tau oligomers 

extracted from blast injured brains. 

We are currently testing the effect of LCMT overexpression on the production of toxic tau in shockwave-

exposed mice. To this end we have already collected the brain tissue from LCMT overexpressing 

transgenics and control mice exposed to sham or blast injury.  We have also extracted tau from these 

A B C 

Fig. 2 LCMT overexpression protects against shockwave-exposed tau ability to lead to the 

impairing of memory and LTP. A) 2-day radial arm water maze performance in LCMT transgenic 

mice infused with 22.9 µg/ml tau purified from shockwave-exposed or sham animals (*p<0.01, RM-

ANOVA,). B) Percent of freezing during contextual fear conditioning test in LCMT transgenic mice 

infused with 22.9 µg/ml tau purified from shockwave-exposed, or sham control animals (*p<0.05, 

Bonferroni post-hoc comparisons). C) Amounts of LTP in slices from LCMT transgenic mice 

perfused for 20 min with 14.7 0 ng/ml shockwave exposed tau, or sham tau, prior to eliciting LTP 

(*p<0.01, Tukey’s post-hoc test). 
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samples using fast protein liquid chromatography (FPLC).  In future experiments we will perform the 

behavioral and LTP experiments as detailed earlier.  We will compare the behavioral and 

electrophysiological effect of tau extracted from shockwave-exposed LCMT overexpressing mice to that 

of tau extracted from shockwave-exposed non-transgenic mice that will be adminstred to WT 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 a similar increase in tau phosphorylation contributes to 

cognitive impairments associated with both blast-exposure and Alzheimer’s Disease. Specifically, we will 

continue investigating Aim 3C “Test the effect of LCMT overexpression on the production of toxic tau in 

shockwave-exposed mice“ by examining whether tau derived from the brain of LCMT blasted mice is 

capable of impairing memory and synaptic plasticity in WT mice.   

4 IMPACT 

a. What was the impact on the development of the principal discipline

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. 
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5 CHANGES/PROBLEMS 
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6 PRODUCTS 

Nothing to report 
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