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plasma biomarker profiles. However, experiments in 12-month-old TgF344-AD rats revealed that 2X-CCI induced maturation of diffuse plaques into β-sheet 
positive dense-cored plaques, coincident with induction of astrogliosis and tauopathy in the vicinity of the impact site, of which occurred about four months earlier 
than expected from previous characterizations of the TgF344-AD model (Cohen et al., 2013). These data indicate that TBI may not induce detectable AD 
pathologies, but that it may exacerbate or accelerate existing AD pathology, thus providing evidence of mechanisms that may underlie TBI’s risk for the onset of 
clinical presentation of AD and related dementias (ADRD). These data also indicate that the 2X-CCI paradigm of TBI in aged TgF344-AD rats may be a useful 
model for further research studies examining the interrelationship between TBI and subsequent AD/ADRD for the military, Veteran, and civilian communities.  
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1. INTRODUCTION:

The purpose of this project was to develop better models for investigating potential mechanisms by which traumatic brain
injury (TBI) is a risk factor for developing Alzheimer’s disease (AD) and related neurodegenerative diseases, such as chronic
traumatic encephalopathy (CTE). To accomplish the project’s objectives, we proposed to use wild-type (WT) control rats and
a transgenic (Tg) rat model of AD to conduct, compare, and contrast two paradigms of closed-head controlled-cortical impact
(CCI) TBI (CCI/TBI), and one paradigm of repetitive moderate blast TBI (rmTBI), after which cohorts of rats of varying
ages post-injury were to be studied for neuropathological changes and for immune system changes within both the periphery
and the central nervous system (CNS) to determine their potential role(s) in AD pathogenesis. Specifically, immune system
changes were to be determined by examining changes in leukocyte populations, plasma protein biomarkers, and extracellular
vesicle profiles. Neuroimaging was proposed to examine in vivo one-month post-injury chronic neuroinflammatory effects,
together with confirmation by postmortem histochemical analyses. Notably, the study’s scope was to be limited only to
developing and characterizing these new TBI-AD rat models, and the project did not incorporate any treatment regimens or
any other translational efforts towards use in a human clinical setting.

2. KEYWORDS:

Alzheimer’s disease, AD, Aβ, amyloid, blood-brain barrier, chronic traumatic encephalopathy, CTE, closed-head injury,
controlled cortical impact, CCI, gadolinium, mild cognitive impairment, MCI, neurofibrillary tangles, p-Tau, repetitive
moderate TBI, traumatic brain injury

3. ACCOMPLISHMENTS:

o What were the major goals of the project?
§ To develop new models of AD, CCI/TBI, and rmTBI.

§ Milestone target date of 36 months, which included four subtasks: 1) induce 1X- and 2X-CCI
(76% completed), 2) induce rmTBI (0% completed), 3) collecting and analyzing neuroimaging
data (35% completed), and 4) collecting and analyzing post-mortem neuropathology data (46%
completed). Also, milestones for obtaining local IACUC approval at three months and ACURO
approval at six months were achieved.

§ To identify new peripheral immune system biomarkers associated with AD in CCI/TBI and rmTBI-AD.
§ Milestone target date of 36 months (46% completed).

§ To identify novel neuroimmune signaling biomarkers associated with AD in CCI/TBI and rmTBI-AD.
§ Milestone target date of 36 months (0% completed).

o What was accomplished under these goals?

§ Major activities: The major activities of the project included the breeding and aging of AD and WT
control rats until either 6 or 12 months, at which age the animals underwent either two paradigms of closed-
head controlled cortical impact TBI (i.e. 1X-CCI and 2X-CCI), or one paradigm of repetitive moderate
blast TBI (i.e. rmTBI). There were a total of 600 experimental animals included in this project, of which
360 were assigned to the CCI procedures and 240 to the rmTBI procedures. The updated Statement of
Work (SOW) is included below in Appendix 1 and shows that 274 animals completed the 1X- and 2X-CCI
procedures. However, because there were no rmTBI experiments performed, and because their total of 240
animals were used in the updated SOW to calculate percentages completed, we included an alternative
SOW in Appendix 2 to show percentages completed for just the CCI cohorts. Thus, the 274 animals that
completed the study comprise 76% of those Subtasks. We have also included below in Appendix 3, the
tables that show exactly which cohorts remain. As we have reported previously, issues with generating
enough animals to conduct these TBI experiments impacted the early part of the project, and as described
in detail below in Section 5, the pandemic greatly inhibited our ability to complete project goals. Although
we were unable to complete any animals in the rmTBI cohorts for various reasons described in previous
reports and below in this report, the rmTBI part of this project was in fact the catalyst for perhaps one of
this project’s greatest achievements, in that a dedicated TBI blast room has now been constructed within
the University of Colorado Anschutz vivarium, which will have a lasting impact in the scientific field by
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enabling these blast types of research projects to be performed on our campus for years to come. More 
discussion on this achievement is provided below in the “Other Achievements” part of this Section 1. 

Additional major activities of this project included MRI neuroimaging and proteomic analyses of blood 
sample components, in an attempt to measure and potentially identify specific biomarkers that may 
correlate with TBI damage or the progression of AD pathologies. Below in Appendix 4, we have included 
some MRI results of the 42 animals that underwent imaging. As described below, we are not confident that 
MRI neuroimaging generates reliable data that can provide live in vivo data as a proxy for determining 
leakage of the blood brain barrier (BBB). For instance, preliminary 1X-CCI data suggest that AD animals 
had increased BBB leakage, whereas there were no significant differences between any of the 2X-CCI 
groups, and possibly even a diminutive trend in the 2X-CCI WT animals, as compared to WT sham 
animals. These MRI data do not correlate with the histochemical pathology data of the project. However, as 
described below, ongoing immunohistochemical analyses of these animals’ brain tissues will clarify 
whether or not CCI does in fact cause damage to the BBB. Also, with many of the 30-day post-CCI cohorts 
not being performed yet, including all 6-month-old 2X-CCI cohorts, these preliminary results and our 
conclusions of MRI not being very useful may change. 

Similar to the MRI results, our analyses of blood plasma biomarkers using the Meso Scale Discovery 
(MSD) proinflammatory cytokine panel also did not reveal any reliable data towards being useful in 
monitoring TBI damage or AD disease progression (see Appendix 5). Again, we conclude that we are not 
confident that these proteomic analyses will be very useful in new research experiments using our TBI-AD 
model. In addition to these MSD results, we also do not have confidence that we can reliably isolate and 
measure brain-derived exosomes in these rat models. The field of exosomes in still in its infancy, and we 
have not yet been able to identify specific rat brain exosome markers or to validate procedures for their 
isolation. As such, we are continuing to work with human blood samples to validate neuronal, astrocytic, 
and microglial exosome isolation procedures, and we chose not to perform non-validated exosome isolation 
procedures on the biobanked rat plasma samples, until we are confident that these procedures are reliable. 

§ Specific objectives: The overall objectives for all three major goals were dependent upon performing the
sham, CCI/TBI, and blast rmTBI procedures, and then aging the animals to scheduled time points,
perfusing them, and collecting tissues, including blood processing procedures for obtaining plasma and
leukocyte populations. Thereafter, these tissues (i.e., brain and blood components) were examined for
neuropathology and both peripheral and CNS immune effects due to the three TBI paradigms in an AD
versus control setting, to identify potential mechanism(s) by which TBI is a risk factor for AD and related
dementias, and to determine which was the optimal TBI paradigm, including animal TBI model, age, and
time point post-injury wherein the findings were best elucidated.

§ Significant results or key outcomes: The major findings of this project are that 2X-CCI in 12-month-old
TgF344-AD rats led to exacerbation or acceleration of AD amyloid pathology and the early induction of
tau pathology, which was paralleled by the global activation of astrocytes. As we reported previously in our
quarterly report on 12/16/2020, immunohistochemical analyses by our collaborator, Dr. Natalia Vergara,
demonstrated within eye tissues through co-staining with the immunohistochemical markers, 6E10 or 4G8,
which label amyloid-beta (Aβ) species (including Aβ fibers, amorphous plaques, and dense-core plaques
containing β-pleated sheet motifs), plus staining with specific dyes (Thio-S or NIAD-4), which only label
β-pleated sheets, that there was increased Thio-S and NIAD-4 staining in the 2X-CCI animals. These
results indicated that repeat moderate TBI may induce the maturation of amorphous Aβ plaques into dense-
cored plaques with β-pleated sheets. These data also indicated that TBI, by itself, may not be sufficient to
induce AD amyloid pathology, but that it might exacerbate or accelerate progression of existing AD
amyloid pathology, since we did not observe any amyloid within the 2X-CCI 6-month-old cohorts. Our
initial immunohistochemical analyses of brain tissues from 2X-CCI in 12-month-old TgF344-AD rats,
using the 6E10 marker, did not reveal increased amounts of amyloid deposition. However, we did discover
that there was global induction of astrogliosis and impact site-specific induction of tauopathy, which
occurred earlier than had been characterized in the Tg-F344-AD rat model (Cohen et al., 2013). These
results were presented at the 2020 Alzheimer’s Association International Conference (AAIC) and are
included below in Appendix 6. In subsequent analyses with our other collaborator, Dr. Mingxia Huang, we
found that there was increased Thio-S staining in the 2X-CCI animals at specific time points after injuries
(at 30 days and 60 days post-TBI), as compared to 12-month-old TgF344-AD sham procedure animals.
Specifically, at the 30-day time point, we observed that the Thio-S plaque load was increased in the
ipsilateral impacted hippocampus, as compared to the non-impacted contralateral hemisphere, thus
indicating that repeat moderate TBI may also be inducing the maturation of amorphous Aβ plaques into
dense-cored plaques with β-pleated sheets in the brain, similar to the results that we found in the eyes. In
correlation with these amyloid results, we also found that 2X-CCI induced the expression of C-terminal
binding protein (CtBP)-2, which is an early inflammation mediator after injury, in the brains at three days
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post-TBI, as well as global induction of astrogliosis. These results were shown in our 3/15/2021 quarterly 
report. All of these results taken together indicate that repetitive moderate TBI induces the maturation of 
existing amyloid plaques and the local induction of tauopathy, along with global astroglial 
neuroinflammation that may be playing a significant role in these pathogenic processes. Ongoing additional 
analyses of these CNS tissues are expected to reveal further biological mechanisms that may underlie TBI 
as a risk factor for AD and ADRD, and we conclude that 2X-CCI in 12-month-old TgF344-AD rats is an 
appropriate new TBI model in which to conduct further TBI studies. Thus, these findings directly address 
one of the overarching FY16 PRARP CSRA challenges and provides evidence for a new research resource 
to counteract the paucity of research resources for examining the interrelationship between TBI and 
subsequent AD/ADRD for the military, Veteran, and civilian communities.  

Additional key outcomes from this project include the use of these neuropathological findings as 
preliminary evidence for new grant applications and for peer-reviewed manuscripts. Both Dr. Vergara and 
Dr. Huang are in the revision process for resubmitting their manuscripts, and both have submitted NIH 
grant applications to continue these studies, which unfortunately did not get funded on their first 
submission, but are being resubmitted in Q1 2022. 

§ Other achievements: Perhaps the most important achievement of this project is that it initiated the
construction of a blast room within the CU Anschutz vivarium, which is a critical infrastructure resource
for all current and future CU Anschutz researchers who want to investigate blast-induced
pathophysiological diseases, including other affected organ systems throughout the body, as well as in the
CNS. Moreover, these new facilities allow for translational therapeutic studies of blast injuries, which
require behavioral studies and/or animal imaging procedures to be conducted with the experimental animal
cohorts. It should be noted that blast experiments were not previously possible in the CU Anschutz
vivarium, because the very loud noise that comes from performing the blast procedures would affect
numerous other animals in the vivarium, and therefore, any blast experiments were required to be
performed only in designated research laboratories outside the vivarium. Accordingly, animal behavior
experiments in blast studies were also not feasible, as the animal behavior rooms and testing apparatus
reside within the vivarium, and because of strict quarantine procedures for reintroducing animals back into
the vivarium space after they have been exposed to the outside environment. Furthermore, due to the 30-
day required quarantine for reintroducing animals back into the vivarium, any small animal imaging (i.e.,
MRI, PET, etc.) studies could not be performed on blast-exposed animals until at least 30 days post-injury,
thereby severely limiting research capabilities during the critical timeframe post-injury, in which
interventions and therapeutics might be best employed. Currently, there are very few vivarium facilities
within the United States, wherein these types of blast studies can be conducted. Therefore, with this
project’s grant being awarded in 2017 and coinciding with a planned vivarium expansion at CU Anschutz,
a unique opportunity became available for us to develop collaborations with other interested research
colleagues and to lobby for the special construction of facilities within the new vivarium space wherein
blast experiments could be performed. We are happy to report here that construction of the blast room has
already been finished and that planning for the additional construction of the noise attenuation chamber
within the room is nearing completion, along with additional collaborating researchers joining these efforts.
Thus, above all else, this project has generated a significant lasting accomplishment through its initiation
and development of critical infrastructure, which is already showing success by attracting new researchers
who are interested in conducting blast experiments within the new vivarium blast room, as well as
strengthening their new grant applications and development of projects. These ongoing new research
projects, and many others anticipated in the future, are expected to help generate valuable preclinical data
needed for the translation of therapeutics into human trials, which will not only lead to advancements in
medical research for battlefield blast injuries affecting soldiers, but also be applicable to Veteran and
civilian communities as well, such as in studies investigating CTE and other AD related dementias.

o What opportunities for training and professional development has the project provided?

§ Nothing to Report

o How were the results disseminated to communities of interest?

§ Nothing to Report.

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

§ Nothing to Report.



7 

4. IMPACT:

o What was the impact on the development of the principal discipline(s) of the project?

§ As mentioned above in Section 3, the construction of the blast room within the new vivarium space is
already beginning to have a positive effect on research focused on blast-induced injuries. New researchers
have recently expressed interest in contributing to the final construction of the blast attenuation chamber to
support their new research projects for which they are actively developing and writing grants. We are also
working to continue this project’s research into mechanisms underlying traumatic brain injury (TBI) as a
risk factor for Alzheimer’s disease (AD) and AD-related dementias (ADRD), including translational
research for interventions that may ameliorate controlled cortical impact (CCI)- and blast TBI-induced
pathogenesis. We expect that these new vivarium research facilities will continue to positively impact and
enable expansion of the scientific field’s base of knowledge, theory, and research in blast-induced damage
to the central nervous system (CNS), as well as to other organ systems.

o What was the impact on other disciplines?

§ This project led to a research collaboration with Dr. Natalia Vergara to study TBI-induced changes in AD
pathologies within the eyes of the 12-month-old Tg-F344-AD rats that had undergone 2X-CCI procedures.
Immunohistochemical studies of the animal eyes revealed that 2X-CCI induces the maturation of amyloid
plaques in the eyes, as demonstrated by evidence of dense core staining within diffuse amyloid
accumulations, as compared to sham injured Tg-F344-AD rats, which was not observed by 2X-CCI in the
WT rats. These data indicated that TBI, by itself, was not sufficient to induce AD amyloid pathology, but
that it could exacerbate or accelerate the progression of existing AD amyloid pathology. These data from
Dr. Vergara also correlated with our data showing that 2X-CCI induced tauopathy and astrogliosis at the
CCI impact site in the 12-month-old Tg-F344-AD rats, which occurred earlier than had been characterized
in the Tg-F344-AD rat model. With these findings, a manuscript is currently in preparation for peer review,
and a grant was submitted to the NIH for expanded research into TBI-induced exacerbation of AD
pathologies in the eye, as well as for testing proposed therapeutics. Although the grant was not awarded,
favorable scoring has led to its revision and plans to resubmit in Q1 2022. As such, this project is impacting
new research in the ophthalmic field, which is not typically studied in correlation with neurodegenerative
diseases or with TBI and other injuries to the CNS. Thus, the findings from this project are helping address
the overarching FY16 PRARP CSRA challenge of a paucity of research resources for examining the
interrelationship between TBI and subsequent AD/ADRD for the military, Veteran, and civilian
communities, and if the resubmitted grant is awarded, we are hopeful that one of the proposed therapeutic
will provide positive and translatable data towards addressing the paucity of clinical studies for examining
the interrelationship between TBI and subsequent AD/ADRD for the military, Veteran, and civilian
communities.

o What was the impact on technology transfer?

§ Nothing to Report.

o What was the impact on society beyond science and technology?

§ Nothing to Report.

5. CHANGES/PROBLEMS:

o Changes in approach and reasons for change

§ Nothing to Report.

o Actual or anticipated problems or delays and actions or plans to resolve them

§ As noted in previous reporting, the SARS-CoV-2 pandemic greatly interfered with the performance of this
project. The University of Colorado Anschutz Medical Campus was shut down at the beginning of the
pandemic, which prevented any further CCI experiments from being performed. However, we were
allowed to complete our work on the majority of the experimental animals that had already undergone TBI
procedures. When personnel were allowed back on campus and laboratory activities could resume,
personnel numbers were still reduced and social distancing rules mandated. Because at least two personnel
are required to conduct the TBI experiments for the perfusion and post-mortem collection of tissues,
including a dedicated person for timely blood processing procedures and a second person for perfusing the
animals and collecting their tissues, the uncertainties of the duration of social distancing and reduced
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personnel number mandates also impacted our decisions for when to resume conducting TBI procedures on 
new animal cohorts. The pandemic also hindered our ability to analyze tissues for neuropathology from 
animals that had already completed the study, because our laboratory shares the immunofluorescence 
microscope with other laboratories, who similarly had backlogged experiments waiting. Additional 
pandemic-related issues included impacts on animal husbandry, breeding, and generating sufficient colony 
numbers to resume TBI experiments, especially because a large colony size is required to have enough 
breeders producing offspring to generate progeny of correct genotypes for specified experimental groups 
and to then age them according to our protocol’s procedures. As this is the final report of this project and 
there are no actions or plans that can currently resolve these ongoing pandemic issues, we do want to note 
that we have stored all of the tissues from animals that completed the study in the University of Colorado 
Alzheimer’s and Cognition Center (CUACC) Biorepository, and which we are continuing to analyze and 
study. The data that we are generating from these experiments are being used to support new grant 
applications that will allow us to continue this research and pursue the remaining goals of this project. 
When laboratory conditions allow, we intend to resume TBI animal experiments and to complete many of 
the cohorts that remain (as shown in experimental animals tables in Appendix 3), and conduct blast TBI 
experiments when the new vivarium blast room and noise attenuation chambers are completely finished 
and available for use.  

o Changes that had a significant impact on expenditures

§ As just mentioned above, this project requires the breeding and maintenance of large animal colonies to
generate enough progeny of the correct genotype, which then need to be aged to 6 and 12 months before
TBI procedures can be performed on them. As such, a large number of animals that are not be used in the
study are generated, as well as per diem costs for the ones that are selected for these aging time periods,
which together generate a significant amount of expenditures to resume and complete this project’s
experiments. As we have previously reported and can be seen in the Quad Chart below (Appendix 7), we
have supplemented this project’s expenditures with other funds that were available to our laboratory, and
that were raised through philanthropy and other sources. We are also continuing to analyze the tissues from
the animals that have already completed the study, and we will be using these data as well as data from our
collaborators’ projects as preliminary evidence for new grant applications. While the pandemic effects
described above caused changes to our project and resulted in significant impacts on our expenditures, we
are confident that new grant awards and obtaining other funding will allow the resumption of TBI
experiments and continuance of this project.

o Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or select agents

§ Nothing to Report.

o Significant changes in use or care of human subjects

§ Nothing to Report.

o Significant changes in use or care of vertebrate animals.

§ Nothing to Report.

o Significant changes in use of biohazards and/or select agents

§ Nothing to Report.
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6. PRODUCTS:

o Publications, conference papers, and presentations.

§ Journal publications.  Nothing to Report.

§ Books or other non-periodical, one-time publications. Nothing to Report.

§ Other publications, conference papers, and presentations. We presented an abstract and poster at the
2020 Alzheimer’s Association International Conference (Poster # 46103) showing neuropathology findings
of 2X-CCI-induced tauopathy and astrogliosis in 12-month-old TgF344-AD rats. This poster is appended
below in Appendix 6.

o Website(s) or other Internet site(s)

§ Nothing to Report.

o Technologies or techniques

§ Nothing to Report.

o Inventions, patent applications, and/or licenses

§ Nothing to Report.

o Other Products

§ As mentioned above in Section 3, this project initiated the construction of a blast room within the CU
Anschutz vivarium, which is a critical infrastructure resource for all current and future CU Anschutz
researchers who want to investigate blast-induced pathophysiological effects, including other affected
organ systems throughout the body, as well as the CNS. Moreover, these new facilities will also allow for
therapeutic studies of blast injuries, which require behavioral studies and/or animal imaging procedures to
be conducted with the experimental animal cohorts.

§ We collected peripheral and CNS tissues and whole blood components from all animals that underwent
sham or CCI/TBI procedures. These biospecimens will continue to be banked within the CUACC
Biorepository, which includes digital specimen management and continuous temperature-monitored
refrigerators and freezers, until these specimens are used in biomarker assays and histochemical analyses.
The results from these tissues will continue to be used by our laboratory and our collaborators to provide
preliminary data for future grant applications and publications.
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7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

o What individuals have worked on the project?

 

o Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since the last
reporting period?

§ Nothing to Report.

o What other organizations were involved as partners?

§ Nothing to Report.

§ Organization Name.  Nothing to Report.

§ Location of Organization.  Nothing to Report.

Name:     Huntington Potter, PhD 
Project Role:     Principal Investigator 
Researcher Identifier (e.g. ORCID ID):   N/A 
Nearest person month worked:  no change 
Contribution to the project: no change 

Name:     Timothy Boyd, PhD 
Project Role:     Co-Principal Investigator 
Researcher Identifier (e.g. ORCID ID):   N/A 
Nearest person month worked:  0.0 
Contribution to the project:  Dr. Boyd resigned from his position at the University of 

Colorado for an industry position. Although he has provided 
some unpaid consulting time, he did not contribute to any 
person month time since the previous reporting period. 

Name:   Neil Markham, MBA 
Project Role:   Senior Professional Research Assistant 
Researcher Identifier (e.g. ORCID ID):   N/A 
Nearest person month worked:  no change 
Contribution to the project: no change 

Name:     Athena Ching Jung Wang, PhD 
Project Role:     Post-Doctoral Fellow 
Researcher Identifier (e.g. ORCID ID):   N/A 
Nearest person month worked:  no change 
Contribution to the project: no change 

Name:     Vanesa Adame 
Project Role:     Professional Research Assistant 
Researcher Identifier (e.g. ORCID ID):   N/A 
Nearest person month worked: no change 
Contribution to the project: no change 

Name:     Polly Serrano 
Project Role:     Administration 
Researcher Identifier (e.g. ORCID ID):   N/A 
Nearest person month worked:  no change 
Contribution to the project: no change 
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§ Partner's contribution to the project. Nothing to Report.

§ Financial support. Nothing to Report.

§ In-kind support. Nothing to Report.

§ Facilities. Nothing to Report.

§ Collaboration. Nothing to Report.

§ Personnel exchanges. Nothing to Report.

§ Other. Nothing to Report.

8. SPECIAL REPORTING REQUIREMENTS

o COLLABORATIVE AWARDS: Nothing to Report.

o QUAD CHARTS: An updated Quad Chart is provided below in Appendix 7.
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9. APPENDICES:

APPENDIX 1. 

Statement of Work (updated 31 December 2021). 

The Statement of Work, as of 12/31/2021, which shows that 274 animals have completed 1X-CCI and 2X-CCI procedures, with 
histochemical analyses performed and MRI procedures performed on 42 of these animals. The CBC/diff data and MSD analyses have 
also been conducted on these 274 animals. 
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APPENDIX 2. 

SOW (Excluding rmTBI Cohorts): 

Alternative SOW concentrating on CCI cohorts. There were 240 animals (40%) of this project that were allocated to undergo 
repetitive moderate blast TBI (rmTBI) or sham control experiments. Because of several technical issues and pandemic restrictions 
during the course of this project, none of the animals allocated to these cohorts underwent rmTBI or sham procedures. However, their 
numbers are included within the calculation for the Statement of Work above in Appendix 1, and also for the results reported above in 
the Final Report. If we were to instead determine our progress just for the 1X- and 2X-CCI cohorts (60%) of the project, calculations 
in this theoretical SOW show that we have completed 69% of Major Task 1 and 76% of Major Task 2.  
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APPENDIX 3. 

Tables for 1X-CCI and 2X-CCI groups. Cells that are filled in show the sacrifice dates of animals that have completed the study, 
and cells with blank spaces are reserved for animals that have not yet undergone CCI procedures. 
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APPENDIX 4. 

Preliminary summary of MRI T1-weighted imaging with Gadolinium contrast. The left panel indicates that 1X-CCI might 
increase permeability of the blood brain barrier (BBB) in the 12-month-old TgF344-AD rats, as compared to 1X-CCI wild-type (WT) 
F344 control rats. However, in the right panel, there were no significant differences between any groups and in comparing sham (S) 
vs. CCI or WT vs. AD groups. There are apparent wide variances between individual animals of each group, and much larger cohorts 
would be needed to determine by MRI whether 2X-CCI can indeed affect BBB integrity. Additional analyses are ongoing, including 
MRI quantification of lesion volumes and immunohistochemistry of brain tissues, in order to verify whether the increased BBB 
leakage by 1X-CC is indeed correct, and whether there was any BBB damage attributable to 2X-CCI that was not able to be detected 
by MRI scans.  
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APPENDIX 5. 

Meso Scale Discovery (MSD) data for 6-month-old cohorts at various time points post-injury. MSD analyses for 12-month-old 
cohorts are not included below as there were no significant differences or consistent trends between any of the groups due to high 
variability for each group across all of the analytes measured below. However, in the results of 6-month-old cohorts below, the 
cytokines, interleukin (IL)-4, IL-10, and IL-13, which have been generally characterized in the literature as anti-inflammatory 
mediators, showed significant differences between some of the 1X-CCI groups at different post-injury time points. However, no 
pro-inflammatory markers, such as IL-6 and TNFα, of which numerous literature indicate should be affected by TBI, showed any 
significant differences between groups. Large variances between individual animals in many groups suggest that much larger cohorts 
of these CCI/AD models would be needed to determine whether any of these circulating biomarkers are indeed reliable proxies for 
monitoring disease progression, either from TBI, AD, or TBI and AD combined. Thus, based on these results below, we are not 
confident that measuring the specific plasma cytokine biomarkers below in our TBI-AD/ADRD models will provide reliable 
mechanistic and/or translational data for enhancing neuropathology and behavioral results in future TBI-AD studies. 
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APPENDIX 6. 

2020 AAIC Poster Presentation: 
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APPENDIX 7. 

Quad Chart (updated 31 December 2021). 




