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Abstract

Neurotrauma has been well linked to the progression of neurodegenerative disease. Much work has been done
characterizing chronic traumatic encephalopathy, but less has been done regarding the contribution to Alzheimer’s
Disease. This review focuses on AD and its association with neurotrauma. Emerging clinical trials are discussed
as well as novel mechanisms. We then address how some of these mechanisms are shared with CTE and emerging
pre-clinical studies. This paper is a user-friendly resource that summarizes the emerging findings and proposes
further investigation into key areas of interest. It is intended to serve as a catalyst for both research teams and
clinicians in the quest to improve effective treatment and diagnostic options.
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Introduction

Alzheimer’s Disease (AD) remains as the most prevalent cause of
dementia worldwide and continues to be a significant health burden to
society. Research in recent decades has significantly advanced our
understanding of the pathophysiology of AD and its two
neuropathological hallmarks: extracellular aggregations of insoluble
forms of amyloid-p peptide (AP), known as AP or senile plaques, and
intracellular neurofibrillary tangles (NFTs) predominantly comprised of
hyperphosphorylated tau protein (p-tau). [1] First hypothesized by Hardy
and Higgins in 1992, the long-standing amyloid cascade hypothesis
(ACH) postulates that senile plaques are the causative agent of AD and
the neurodegenerative sequelae that follow. 2 While this is the most
favorable explanation for familial AD, studies have yielded conflicting
results as to whether AP plaques are the initiator or consequence of
sporadic AD, but it is generally agreed that they play an unequivocal role
in both forms of AD.

Discoveries in AD research further elucidated the potential mechanisms
behind other neurodegenerative diseases; namely, chronic traumatic
encephalopathy (CTE). CTE is a sporadic tauopathy associated with
repetitive minor head trauma and is most frequently seen in athletes of
high-impact sports, such as boxing or American football, and victims of
domestic violence. [3] While usually clinically indistinguishable, CTE
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and AD are neuropathologically distinct. CTE is characterized by
perivascular p-tau deposition in the sulcal regions of the cerebral cortex,
found irregularly within surrounding neuronal cell and cell process NFTSs.
[3] By contrast, AD demonstrates a progressive but specific distribution
pattern of AP plaques and p-tau NFTs that begins in the transentorhinal
region early on and spreads to virtually all isocortical association areas by
the terminal stages. [4] This distinction led to the recognition of CTE as a
separate diagnosis from AD in dementia patients, although both
conditions may only be confirmed by post-mortem examination. [5,6]

Improvements in our understanding of the pathologic hallmarks of AD
led to the development of multiple antibody drug therapies aimed at
preventing or reducing AP plaque load in the brain, which have proven to
be largely ineffective in altering the course of AD. [7,8] Like other early
models for monoclonal antibody drugs, solanezumab targeted soluble
forms of AP, which proved ineffective in two phase III trials. [8] A phase
11 clinical trial for gantenerumab, a human monoclonal antibody that
instead binds to aggregated forms AP and removes plaques via Fc-
receptor phagocytosis, did not demonstrate efficacy either and was
terminated prematurely for futility.9 Based on compiled statistical data
from clinical trials, the most recent evidence suggests that a general
reduction in AP plaques does not significantly improve cognition,
suggesting that AP alone may not be the right target. [10] Or, as some
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newer articles theorize, we may be targeting the wrong hormetic form of
AB. [11]

Perhaps the most controversial drug is aducanumab, a monoclonal
antibody targeting aggregated forms of both soluble and insoluble Ap.
The drug received accelerated FDA approval for the treatment of AD in
2021[12]. despite conflicting results from its two phase Il clinical trials
and lack of established correlation between reduced plaque load and
cognitive improvement[13]. The decision elicited a substantial outcry
from the research community, and a case for the accelerated withdrawal
of aducanumab was published by early 2022[14]. Despite its controversy,
the drug was found to have a downstream effect on p-tau levels in
cerebrospinal fluid (CSF), which has major implications in the treatment
of other neurodegenerative disorders aberrantly expressing p-tau, such as
CTE [15,16]. These developments have led researchers to explore tau
hyperphosphorylation and other biochemical mechanisms as potential
targets for drug therapies in AD, CTE, and related neurodegenerative
disorders.

Emerging clinical trials in Alzheimer’s Disease

Several emerging treatment targets for AD are currently under early
investigation in clinical trials. Two central themes in AD pathology are
amyloid aggregation and neuroinflammation, which together cause
dysregulation of homeostasis and establish a neurotoxic environment.
Here, we highlight some recent advances in the targeting of these two
domains.

Targeting amyloid pathways

Amyloid-p oligomer (ABO) deposition is thought to promote neuronal
death by disrupting mitochondrial and lysosomal membrane
integrity,[17,18]. causing endoplasmic reticulum dysfunction, [18,19].
inducing a high intracellular calcium state, [20]. and promoting pro-
inflammatory oxidative stress [21]. Targeting this amyloid pathway may,
in turn, confer a neuroprotective benefit in AD patients. To this end,
CT1812 is a small molecule sigma-2 receptor antagonist which is recently
under investigation in a phase 2 trial for its role in synaptic ABO clearance
[NCT03507790]. In preclinical studies, though treating cultured neurons
with human AD-derived APO led to vesicle trafficking deficits, these
deficits were abolished when cultures were pretreated with CT1812.22 In
addition, CT1812 improved synaptic density in neuronal mouse cultures
by displacing ABO from receptors, facilitated ABO clearance into CSF in
vivo mouse models, and improved cognitive performance in a mouse
model of AD [22]. Promising data from a phase 1b trial of 19 patients
receiving placebo or CT1812 for 28 days revealed improved ABO
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clearance into the CSF of patients receiving CT1812 [22]. However,
higher-powered studies with longer treatment durations focusing on
cognitive outcomes are necessary and are already underway.

Other variants of AP have recently come under interest as treatment
targets. In particular, amyloid precursor protein (APP) can be cut by
secretases and modified by glutaminyl cyclase to form pyroglutamylated
forms of AP (pE-AP), a particularly cytotoxic variant of A known to
induce synaptic dysregulation [23,24]. Recently, the small molecule
glutaminyl cyclase inhibitor PQ912 has been explored as a potential
treatment of AD. One preclinical study of a transgenic AD mouse model
treated with PQ912 displayed promising results, both decreasing pE-Af
in vivo and improving cognitive performance [25]. Another recent phase
2 study of PQ912 of 120 patients randomized to PQ912 or placebo groups
reported no significant adverse events (AE) for the PQ912 group, a
significant reduction in glutaminyl cyclase activity, and a reduction in the
glial activation marker YKL-40 [24]. Notably, though PQ912 was
associated with improved performance on the one-back cognitive test,
there were no differences between PQ912 and placebo groups in the mini-
mental state examination (MMSE) scores [24]. A phase 2A study for use
of PQ912 to assess cognitive function in early AD patients is underway
[NCT03919162].

A novel proteopathy has been recently implicated in the progression of
AD. Filamin A (FLNA) is a scaffolding protein thought to be altered in
AD. Altered FLNA allows for Ap and nAChR-mediated neurofibrillary
tangle formation with activation of TLR4 and subsequent
neuroinflammatory marker release [26]. PTI-125 is a small molecule
which resets the altered variant of FLNA back to normal [26] and, in a
transgenic AD mouse model, improved certain cognitive performance
measures, reduced neuroinflammation, and decreased other biomarkers of
AD progression [27]. In a recent phase 2a study consisting of 13 AD
patients treated with 28 days of PTI-125, no drug related AE were
observed [28]. Treatment with PTI-125 was appropriately associated with
the reduced presence of altered conformation FLNA. Importantly,
markers of AD progression including tau, neuroinflammatory cytokines
such as IL-1B, IL-6, and TNFa, neurogranin, and neurofilament light
chain were significantly reduced following 28 days of PTI-125 treatment
in this study [28]. Though cognition was not evaluated in this study, a
current phase 2b study seeks to add to previous work by randomizing a
larger number of participants, assessing CSF markers of AD progression,
and evaluating cognition [NCT04388254].
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Figure 1: Molecular pathways of amyloid-targeting emerging therapeutics. Abbreviations: Ap, amyloid B; pE-ApB, pyroglutamylated forms of Ap;
QC, glutaminyl cyclase; TLR4, toll-like receptor-4; nAChR, nicotinic acetylcholine receptor; FLNA, filamin A; NFT, neurofibrillary tangle

Targeting neuroinflammatory pathways

Neuroinflammatory pathways have become an important drug target due
to their prevalent role in the progression of AD [29]. One hallmark of AD
is an elevated burden of fatty acid oxidation and synthesis. While fatty
acids are crucial for proper brain and neuron function, high levels of fatty
acid oxidation both modulates inflammatory processes and promotes
neurodegenerative mechanisms [30,31]. CMS121 is a small molecule
fatty acid synthase inhibitor which reduces oxidative damage by
preventing excess lipid peroxidation [31]. Administration of CMS121 in
neuronal and microglial cells as well as a transgenic AD mouse model led
to decreased markers of lipid peroxidation and neuroinflammation.
Spatial learning and memory tests of APPswe/ PS1AE9 transgenic mouse
models treated with CMS121 also revealed improved cognitive function
compared to wild type mice [31]. A phase 1 trial is currently underway to
evaluate the long-term safety of this drug in healthy patients
[NCT05318040].

AD has an impact on multiple pathways in the immune response.
Therefore, treatments targeting the immune response from multiple
angles may represent a more promising immunomodulatory approach.
Recently, the antineoplastic TNFa inhibitor lenalidomide has come under
interest for the treatment of AD due to its pleiotropic effects of modulating
both innate and adaptive immune responses [32,33]. Notably,
lenalidomide simultaneously lowers the expression of pro-inflammatory
agents (TNFa, IL-6, and IL-8) and increases the expression of anti-
inflammatory cytokines (IL-10) [33]. Preliminary results in vivo
transgenic AD mouse models treated with lenalidomide showed
significant decreases of key markers of AD progression including BACE1
and AP plaques as well as pro-inflammatory markers such as TNFa [33].
Despite this, special care should be exercised in further work considering
some reports of lenalidomide-induced cognitive impairment [34]. A phase
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2 trial is currently in progress to determine the efficacy of lenalidomide
in reversing cognitive impairment in patients with mild to moderate AD
[NCT04032626].

Despite the predominant view that neuroinflammation leads to
progression of AD, recent work has investigated the pro-inflammatory
cytokine granulocyte macrophage colony-stimulating factor (GM-CSF)
as a potential treatment for AD. Interestingly, studies suggest that
individuals with autoimmune diseases like rheumatoid arthritis (RA) have
a lower risk of developing AD, [35] and GM-CSF has been shown to be
elevated in patients with RA [36]. Sargramostim is an FDA approved
recombinant human GM-CSF, and efforts have been made to determine
the efficacy of this drug for the treatment of AD. Preclinical data of
transgenic AD mouse models treated with sargramostim show improved
cognitive function and increased activated microglia [37,38]. One phase
2 trial of 40 patients receiving either sargramostim or placebo for 3 weeks
displayed its immunomodulatory effects, with upregulation of I1L-6, IL-
10, and TNFa, and downregulation of IL-8. Importantly, a statistically
significant cognitive improvement was seen in the MMSE [37]. A safety
analysis conducted in this study did not display any serious AE or amyloid
changes on imaging [37]. Despite this, future clinical studies are
underway to determine the long-term safety and tolerance of the drug on
patients with mild to moderate AD [NCT04902703].

Alzheimer's: Preclinical studies and potential pathways warranting
further investigation.

Alzheimer’s disease (AD) is biologically marked by B-amyloid plaques
and Tau neurofibrillary tangles [39]. As such, efforts till now have largely
targeted amyloid [40]. Other major targets, according to recent Phase 2
and 3 clinical trial therapies, focus on amyloid, synaptic
plasticity/neuroprotection, Tau tangles, and neuroinflammation [41].
However, anti-amyloid strategies have been largely disappointing [40].
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Several other pathways have come to light recently, warranting further
investigation. These pathways include but are not limited to
neuroinflammation, [42] oxidative stress, [43,44]. efects in mitochondrial
dynamics and function, [45]. cholesterol and fatty acid metabolism,
glucose energetic pathways impairments in the brain, [46,47] autophagy
failure, [48] and others [49,50]. The following paragraphs will describe
major pathways with broad highlights, in hopes of pointing out potential
therapies in pre-clinical models of Alzheimer’s disease.

Inflammation, especially in the central nervous system, is an acute process
that physiologically provides protection against infection, toxins, and
injury [40,49]. However, when the balance between pro- and anti-
inflammatory signals is disrupted, this can lead to chronic
neuroinflammation, [51,53] which has been strongly linked to AD
[54,55]. In a pro-inflammatory state, the increased levels of
proinflammatory cytokines can cause mitochondrial stress via A
signaling as well as increase oxidative stress and subsequently, blood-
brain barrier (BBB) permeability [56,57]. Moreover, a major pro-
inflammatory cytokine, 1L-18, leads to increased Cdk5 and GSK-38, both
of which are key players in Tau hyperphosphorylation [57]. While
neuroinflammation may not trigger AD onset, it seems to play a
significant role in exacerbating AD progression and/or symptoms via Ap
and Tau pathologies [58]. Recent pre-clinical studies have investigated
curcumin, a polyphenol fund in turmeric, to be potently antioxidant and
anti-inflammatory [59]. Further investigation is ongoing in terms of its
role with regards to AD pathogenesis [59]. Another physiologic system,
that if overactivated, can lead to AD symptoms is the complement system
[60]. An overactive complement system influences AP, Tau, and APOE4,
which can lead to AD progression [61,62]. Both pathways are propagated
by non-neuronal supportive cells, which normally protect
neurotransmission. However, in the setting of inflammatory cytokines
(e.g.: IL-1B and TNF-a), the physiologic protection of neurotransmission
is inhibited, leading to AD-related symptoms [52,63].

Another major focus of pre-clinical research is oxidative stress (OS),
which has been linked to the prodromal phase of AD and not necessarily
AD onset [64,65]. Increased OS, due to mitochondrial dysfunction,
energy metabolism imbalances, or natural aging, can impair several key
neuronal physiologic functions — namely, neuronal plasticity, cytoskeletal
structure, and cellular communication [49,66-69]. Neurons, in specific,
are quite sensitive to OS since the normal antioxidant is low [70].
Increased levels of reactive oxygen species (ROS) and reactive nitrogen
species (RNS) leads to Tau phosphorylation and eventual destabilization
of microtubules. This causes a major disruption in neuron polarity and
intracellular trafficking, leading to decreased function of synapses
[Munoz 32433996]. [66] In addition, A is also tied to ROS and RNS and
other mediators of OS (e.g.: NOX, TGF-B, NF-kf, Nrf2). [64,71,72]
Excess ROS causes oxidization of nucleic acids (which leads to lethal
damage and promotes protein aggregation) as seen in post-mortem reports
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of AD patients [73]. OS is also tied to several other pathways and thus, is
an area of further investigation.

One area that OS is linked to is glucose hypometabolism. High ROS
levels reduces the concentration/availability of enzymes in the glycolytic
cascade, leading to glucose hypometabolism [74-76]. In AD, this is
confirmed via intracellular lesions in a subset of neurons with the highest
metabolic requirements, that morphologically have elongated, thin axons
and reduced or absent myelin sheaths [77]. Insulin signaling is another
area of significant interest due to its association of AD, as AP oligomers
bind insulin receptors, causing internalization of them [78-80]. The
association of insulin signaling to AD is further supported by observing
increased AD risk in populations affected by insulin-related comorbidities
(e.g.: diabetes mellitus) [81]. Ultimately, altered insulin signaling can lead
to neuroinflammation, which is tied to increased levels of Ap and GSK3p,
leading to Tau hyperphosphorylation, as previously mentioned
[80,82,83]. Thus, insulin signaling is another area that warrants further
investigation with relation to AD.

Furthermore, vascular dysfunction or cerebrovascular abnormalities are
common comorbidities noted with AD, although the precise correlation
with onset and/or progression of AD symptoms needs to be further
elucidated [84]. The general principle is thought to stem from the altered
homeostasis that arises from disrupted blood flow and/or pressure. This
can lead to microfractures in the BBB also, which lends itself to
neuroinflammation risk and eventual AD-related symptoms as previously
mentioned [47,85-87]. In AD specifically, animal models link ROS to
causing increased levels of advanced glycation end products (AGE) and
their receptors (RAGE) in vasculature, which is linked to AP plaques.
This is an active area of research, with drugs targeting AGE and/or RAGE
being tested in clinical trials [41,88-91]. RAGE is also categorized as a
pattern recognition receptor and is tied to innate immunity and
inflammation. Lastly, increased levels of AGE and RAGE are tied to AD
but are also found due to natural aging. This provides another clue as to
why aging is a risk factor for AD [88,89,92].

Lastly, impaired autophagy has been linked to AD, based on animal
models and AD patients [64]. APOE4 overexpression leading to AP
accumulation within lysosomes causes neuronal death in the
hippocampus, especially CA2/3 regions in animal models [93,94].
Furthermore, high levels of ROS inhibit autophagosome fusion with
lysosomes [64]. These two pathways link impaired autophagy to AD. As
such, current preclinical studies are further looking into restoring
physiologic autophagosome clearance to curb the progression of
cognitive symptoms [95]. All in all, AD pre-clinical research spans a wide
array of topics, including altered neurotransmission and more, displaying
the complex, multifactorial pathogenesis of AD, lending itself to multiple
potential therapeutic targets in the future.
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Figure 2: Summary of Select Pre-Clinical Alzheimer’s Disease Pathways

Chronic Traumatic Encephalopathy
Diagnostic and Management Considerations

Chronic Traumatic Encephalopathy (CTE) is a neurodegenerative
condition characterized by an accumulation of hyperphosphorylated tau
protein depositions throughout the brain.96 Microscopic and gross
neuropathological changes originate from exposure to repetitive head
impacts, leading to a progression of cognitive and neurobehavioral
deficits [97]. Due to the unique neuropathological phenotype associated
with CTE, confirmational diagnostic strategies currently require post-
mortem examination [98,99]. Overall, these diagnostic limitations present
challenges for adequate management and therapeutic intervention. Thus,
there is a critical need to improve diagnostic strategies through
comprehensive psychiatric guidelines, imaging modalities, and biomarker
analysis (Figure 3).

Neuropsychiatric Diagnosis and Symptomatic Management

Psychiatric evaluation of neurodegenerative diseases offers valuable
preliminary diagnostic guidance. Previous studies have examined clinical
features associated with CTE symptomatology to identify criteria
correlated with cognitive and behavioral dysfunction [100,101]. Clinical
guidelines were established in 2014 for diagnosis of Traumatic
Encephalopathy Syndrome (TES), used as a proxy to describe the clinical

Auctores Publishing LLC — Volume 7(3)-128 www.auctoresonline.org
ISSN: 2692-9406

symptoms of CTE [102]. Patients with TES present with progressive,
cognitive deficits and/or neurobehavioral dysfunction associated with a
prior history of repetitive head impacts [103]. Past exposure to repeated
head trauma is of particular significance and the association between
repeated mild TBI and neurodegenerative diseases is currently being
investigated [NCT04124029]. Neurological deficits associated with TES
can be classified into four symptomatic categories, including: cognitive,
behavior, mood, and motor deficits [104]. Clinical assessments for these
sequalae include evaluations for memory impairment and executive
functioning, aggression and depression, and ataxia and dysarthria,
respectively [100,105]. TES guidelines were validated for diagnostic
efficacy in 2021, and researchers determined only cognitive symptoms
were significantly associated with CTE [106]. However, these
comprehensive criteria do provide useful methodology for excluding
other neurological disorders and have been beneficial in establishing
relevant management protocols. Current management strategies involve
various forms of clinical intervention, including cognitive rehabilitation,
behavioral therapy, as well as vestibular and ocular therapy [104].
Pharmacological agents have also been used for managing CTE,
including stimulants, dopamine agonists, selective-serotonin reuptake
inhibitors (SSRI’s [104]. These current management strategies have
shown success for alleviating the cognitive and neurobehavioral deficits
experienced clinically, however, none have shown efficacy for treating
the disease. Thus, current limitations associated with TES guidelines must
be overcome to ensure the development of effective therapeutic strategies.
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Diagnostic Imaging Modalities

Several imaging modalities have been utilized to assess the diagnostic
efficacy of examining neuropathological features associated with CTE.
T1- and T2-weighted magnetic resonance imaging (MRI) are particularly
useful in identifying gross structural changes associated with the disease
[107]. Indeed, structural MRI indicated ventricular enlargement, cavum
septum pellucidum and cortical atrophy were all significantly correlated
with CTE [108]. Cortical atrophy was also shown to be correlated with
AT8-immunostaining for tau pathology. Diagnostic efficacy for structural
MRI is currently being investigated to determine how neurostructural
changes are associated with chronic neurological outcome
[NCT05235802]. In contrast, diffusion tensor imaging (DTI) may provide
unique insight into identifying axonal integrity, and the dysfunction
associated with repeated head impacts, specifically diffuse axonal injury
(DAI) [109]. Using fractional anisotropy as a metric for evaluating axonal
integrity, previous DTI studies showed that increased axonal disruption is
associated with regions of hyperphosphorylated tau deposits [110].
Previous studies have also used imaging modalities to identify changes in
metabolic profiles. Results from magnetic resonance spectroscopy (MRS)
concluded metabolic changes in the anterior cingulate gyrus; including
glutamate, glutathione, and myo-inositol, were all significantly correlated
with behavior and mood domains [111]. Positron emission tomography
(PET) has also been studied for confirming CTE diagnosis due to the
molecular specificity associated with ligand binding. Former professional
National Football League players were shown to have increased uptake in
Flortaucipir in bilateral superior frontal, bilateral medial temporal and left
parietal regions when compared against controls [100]. However, uptake
was not significantly correlated with neuropsychiatric examinations.
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Other imaging molecules, including AV1451 and T807 have been
validated for diagnosing CTE, but with variable success [112,113].
Currently, PET analysis using AV1451 is being investigation through the
DIAGNOSE-CTE Research project, to be completed in 2023
[NCT02798185] [114].

Pathophysiological and Genetic Biomarkers

Fluid biomarkers, through collection of saliva, blood, and cerebrospinal
fluid (CSF), have also been examined in patients suspected of CTE to
assess diagnostic efficacy. Biomarkers associated with axonal injury,
including tau, and neurofilament proteins light and heavy (NfL and NfH)
have each been widely studied and associated with CTE [115].
Additionally, NfL has shown to be correlated with fractional anisotropy
measurements from DTI studies, providing further rationale for usage in
CTE diagnostics [116]. Other biomarkers including glial acidic fibrillary
protein (GFAP) and s100b have also shown promise for validating
pathophysiological features associated with CTE, specifically astrogliosis
[117]. However, phosphorylated tau and amyloid beta remain primary
diagnostic markers for discerning between CTE and AD [6]. Validation
of fluid biomarkers is still an area of active investigation and current
clinical trials are determining the proteomic and transcriptomic profiles
associated with CTE [NCT04928534]. Additionally, genetic markers,
including APOE&4 and TMEM106B may also be useful for diagnosing
CTE, specifically for establishing links between genetic predispositions
and CTE [118,119]. However, pathophysiologic, and genetic biomarkers
alone do not possess adequate power for definitively diagnosing CTE.
Thus, there remains a critical need to optimize and validate effective
diagnostic and therapeutic protocols through pre-clinical studies.

Diagnostic and Managment Considerations for
Chronic Traumatic Encephalopathy
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Preclinical Models

The development of preclinical animal models of CTE is challenging but
necessary for the further investigation between the pathophysiological
link between repetitive head trauma and chronic neurodegenerative
tauopathy. While there are many different preclinical models of TBI, only
a small subset has utilized repetitive and often mild injury to characterize
chronic timepoints post-injury where the development of tauopathy is
predicted to occur in CTE. Preclinical models of repetitive mild TBI
(rmTBI) to investigate CTE are also a relatively recent development, with
most experimental models being created in the past fifteen years. The
experimental models that have investigated tau pathology following
rmTBI have mainly been conducted in rodents utilizing diverse brain
injury induction methods with or without genetic modifications in the tau
gene, transgene expression of human tau (hTau), or overexpression of tau.
Brain injury induction methods in rodent CTE models include both
diffuse injuries, such as the fluid percussion injury (FPI), rotational injury
to include the closed-head impact model of rotational acceleration
(CHIMERA), and exposure to blast, and more focal brain injuries such as
closed head injury (CHI), controlled cortical impact (CCI), or weight-
drop models.

Diverse findings regarding rmTBI and tau pathology have been reported
in preclinical models. Previous literature reviews have extensively
covered preclinical CTE model findings from the years 2019 and prior
[120-124]. Here, we have summarized here additional findings in CTE
preclinical rodent models from 2020 to the present in Table 1. It is of
interest to note that there is still conflicting evidence regarding presence
and pathological severity of tauopathy following rmTBI among
preclinical studies, with some studies identifying neuronal tau
accumulation and others finding no differences in tau pathology. These
differences are likely due to comparisons between models of different TBI
injury paradigms and differences in TBI severity, timeline of repetitive
injuries, and selected endpoints.
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In modeling rmTBI with the goal of understanding the etiological link to
CTE, there should be enhanced care taken in the field regarding
consistency of parameters between models and a more stringent focus on
translational capabilities of specific models. For example, rodent
modeling of repeated rotational TBI may not be optimal in recapitulating
the same forces and outcomes as human rotational brain injury due to the
size of the rodent brain and lack of gyri and sulci [126,127], which are
important not only in altering the way physical forces from the injury are
distributed across the brain, but sulci and associated gray-white matter
ratios are also highly associated with tauopathy in human patients
[127,128]. Another important point in preclinical modeling of CTE is
translatability in choice of brain injury induction method. Recent
evidence has demonstrated that the risk of developing CTE is more
associated with impact TBI, such as concussion events experienced in
sports, versus blast TBI as experienced due to occupational exposure
within the military [129]. Therefore, it may be critical to choose brain
injury induction methods more associated with CTE like focal brain
injury. Translation of preclinical research findings to better understanding
of human CTE may also mean expanding the typical CTE model to new
species whose brains are larger, gyrencephalic, and/or protected by a skull
whose anatomy is more similar to humans [130,131]. Additional
parameters to carefully consider in modeling CTE is the spacing of rTBI
injuries, the age of the rodent during rmTBI, and the endpoint(s) at which
pathology is assessed [102,122,132,133]. To better replicate the human
timeline of rTBI, injuries should be spaced over a long period of time
during adolescence to young adulthood, and chronic endpoints should be
used for evaluation of CTE pathology. Currently, most models of rmTBI
and CTE utilize short spacing of injuries and endpoints in rodents are
typically chosen at 1-1.5 years of age, which only equates to mid-life in
humans [134]. Overall, while preclinical studies of CTE represent one of
the most favorable methods by which to investigate the
pathophysiological link between rmTBI and CTE, there are key avenues
to be addressed to enhance the translational capacity of preclinical models
and enhance the investigation of causative mechanisms of CTE.

Study Animal rTBI model Injury Paradigm | Age Tau Detection Endpoint(s) Findings
Tadepalli et | Wild-type Mild  weight | Single mild | 8-10 months | Enzyme-linked 8 weeks post- | No differences in
al. 2020 | (WT) malerats | drop (mWD) (mTBI), re- immunosorbent injury (PI) phosphorylated tau
[135] petitive mild assay (ELISA) (pTau); rmTBI
(rmTBI — 5 hits, group  decreased
24 h apart), rapid performance in
repetitive  mild Novel Object
(rapTBI -5 hits, 5 Recognition
min apart) or a (NOR) test
single severe
(sTBI) TBI
Chengetal. | Tau- rmTBI via | 42 impact (6 | 3-4 months Immunohistochemis | 1 month Pl No differences in
2020 [136] | overexpressing | closed head | impacts/day for 7 try (IHC) pTau, oligomeric
male mice | impact (CHI) | days) Tau; rmTBI Tau-
(Tau58.4) overexpressing
mice had enhanced
gliosis and
peripheral immune
cell infiltration
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(24 injuries, 2 per
week, with a 3-4
day interval) with
or without 3
month  delayed

Bachstetter | WT orrTg4510 | CHI Singleor2nd CHI | 4 months | ELISA, Western | 7 days Pl | Increased pTau and
et al. 2020 | tauopathy male exposured 1 day | (WT), 2 | Blot (WB) (WT), 13 days | total Tau in 2 hit
[137] mice or 7 days Pl months Pl (rTg4510) | WT CHI mice;
(rTg4510) increased
pS396/S404
positive tau in 1
and 2 hit rTg4510
CHI  mice, no
difference in total
tau
Niziolek et | Male mice with | Moderate WD | Single 8-10 weeks IHC 1 day or 30 | TBI increased
al. 2020 | or without days Pl hippocampal pTau
[138] either i at 30 days PI and
pharmacologic this accumulation
al depletion of is partially
acid prevented by Asm
sphingomyelin inhibition
ase (Asm) or ii.
genetic ablation
of Asm (Asm™)
Tang et al. | WT or | CHI with or | 14 hit (1 per day) | 2 months IHC 5.5 months Pl | Injury  increased
2020 [139] | transgenic Tau | without over alternating pTau but not total
male mice | chronic hemisphere tau; Fyn inhibition
(P301S) with or | variable stress rescued pTau
without  Fyn | (CVS) levels to Sham
kinase
inhibition
Angoa- WT male mice | WD Exposed to a total | 8 weeks IHC 0, 45, or 90 | Increased pTau at
Perez et al. of 20 head days PI 90 days PI
2020 [140] impacts (1 per day
for 5 days
[Monday-Friday
with  weekends
off])
Bugay etal. | WT male mice | Blast 3 exposures, 1 per | 10 weeks wB 7 days Pl Increased tau and
2020 [141] day over 3 pTau in rmTBI
consecutive days group
Ojo et al. | hTau mice CHI 2 injuries/week | 3 months Ex vivo tau uptake | 3, 6, or 12 | Decreased tau
2020 & for 3 months by cerebrovascular | months Pl uptake in rmTBI
Eisenbaum cells mice
et al.
[142,143].
Garciaetal. | Male rats Blast 3 exposures, | 10 weeks wB 10 days PI Elevated pTau in
2021144 l/day for 3 blast animals and
consecutive days correlating
neurobehavioral
deficits
Dickstein et | Male rats Blast 3 exposures, | 10 weeks WB, IHC 6 weeks or 10 | Elevated pTau at
al. 2021 l/day for 3 months PI both endpoints in
[112] consecutive days certain brain
regions; no
changes to total tau
Morin et al. | hTau mice CHI Either i. 5 hit | 12-14 weeks | IHC 6 months PI Increased pTau in
2021 [145] rmTBI (5 injuries both rmTBI
over 9 days with a models; anatabine
48-hr interval) or decreased pTau to
ii. chronic rmTBI sham levels
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anatabine
treatment for 3
months
Xu et al. | WT male mice | Closed skull | 5 impacts, 1/day | 8-10 weeks IHC 1, 4, and 10 | Increased pTauat 4
2021 [146] controlled for 5 consecutive weeks Pl and 10 weeks Pl in
cortical days rmTBI mice
impact (CCI)
Hiskens et | WT male mice | WD i) a single impact | - ELISA 2 days or 3 | No differences in
al. 2021 (2-IMP); ii) five months PI pTau or tau
[147] total impacts (5- pathology
IMP); iii) 15 total
impacts (15-1IMP)
Kahriman WT male mice | CHI 5 hits, 1/day for 5 | 8-12 weeks IHC 1, 4, or 24 | Increased pTau-
et al. 2021 consecutive days weeks PI immunoreactive
[148] astrocytes and
neurons and
cortical pTau at 4
weeks and 24
weeks Pl
Kahriman WT male mice | WD 5 hits, 1/day for 5 | 9-12 weeks IHC 28 days PI Increased tau
et al. 2022 consecutive days pathology in rTBI
[149] mice
Wu et al. | WT and | CHI 3 hit, 1 per | 38days WB, IHC ~13 months Pl | Increased tau
2022 [150] | Interleukin 1 consecutive  day hyperphosphorylati
Receptor 1 over alternating on and aggregation
kockout hemisphere in male neurons but
(IL1IR1) mice beginning  with not female
right neurons; no
differences in total
tau
Yoon et al. | WT male mice | WD 5 hits, 1]- IHC 3 days Pl Increased pTau in
2022 [151] administered the olfactory bulb
every 3 days
Juan et al. | WT mice CHI Single or 5 hits | 12 weeks WB, IHC 1 month PI No tau pathology
2022 [152] administered differences, but tau
every 48 hours regulatory proteins
significantly
altered in rmTBI
mice
Morin et al. | hTau mice CHI 5 consecutive | 3 months Mass spectrometry | 3 or 24 weeks | Increased tau
2022 [153] mTBI over 9 days of isolated cortical | PI associated protein
(48 h interval proteins and in rmTBI group
between the phosphoproteins along with
injuries) alterations to
phosphoproteins;
same model
previously
demonstrated
increased tau
pathology up to 2
years Pl

Table 1: Literature on CTE preclinical rodent models. Search terms for table: (chronic traumatic encephalopathy) AND model* OR (repetitive
traumatic brain injury) AND tau on Pubmed.gov; refined by years 2020-2022 with focus on tau pathological assessment

Conclusion:

Alzheimer’s disease and CTE both have strong connections with
neurotrauma. Emerging data has looked at preceding inflammatory
cascades that contribute to disease progression. In this review, we
highlighted the novel clinical trials, innovative pre-clinical studies, and
shared mechanisms between the disease states. This review offers a
concise resource for clinicians and research personnel.

Auctores Publishing LLC — Volume 7(3)-128 www.auctoresonline.org
ISSN: 2692-9406

Declarations of Interest: None

Funding: This research did not receive any grant from funding

agencies in the public, commercial, or not-for-profit sectors.

Page 9 of 14




Biomedical Research and Clinical Reviews

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bondi MW, Edmonds EC, Salmon DP. Alzheimer's Disease: Past,
Present, and Future. J Int Neuropsychol Soc. 10 2017;23(9-
10):818-831.

Hardy JA, Higgins GA. Alzheimer's disease: the amyloid cascade
hypothesis. Science. Apr 10 1992;256(5054):184-185.

McKee AC. The Neuropathology of Chronic Traumatic
Encephalopathy: The Status of the Literature. Semin Neurol. Aug
2020;40(4):359-369.

Braak H, Braak E. Neuropathological stageing of Alzheimer-
related changes. Acta Neuropathol. 1991;82(4):239-59.
Katsumoto A, Takeuchi H, Tanaka F. Tau Pathology in Chronic
Traumatic Encephalopathy and Alzheimer's Disease: Similarities
and Differences. Front Neurol. 2019;10:980.

Turk KW, Geada A, Alvarez VE, et al. A comparison between tau
and amyloid-B cerebrospinal fluid biomarkers in chronic
traumatic encephalopathy and Alzheimer disease. Alzheimers Res
Ther. 02 09 2022;14(1):28.

Salloway S, Sperling R, Fox NC, et al. Two phase 3 trials of
bapineuzumab in mild-to-moderate Alzheimer's disease. N Engl J
Med. Jan 23 2014;370(4):322-33.

Doody RS, Thomas RG, Farlow M, et al. Phase 3 trials of
solanezumab for mild-to-moderate Alzheimer's disease. N Engl J
Med. Jan 23 2014;370(4):311-21.

Ostrowitzki S, Lasser RA, Dorflinger E, et al. A phase Il
randomized trial of gantenerumab in prodromal Alzheimer's
disease. Alzheimers Res Ther. Dec 08 2017;9(1):95.

Ackley SF, Zimmerman SC, Brenowitz WD, et al. Effect of
reductions in amyloid levels on cognitive change in randomized
trials: instrumental variable meta-analysis. BMJ. 02 25
2021;372:n156.

Jeong H, Shin H, Hong S, Kim Y. Physiological Roles of
Monomeric Amyloid-B and Implications for Alzheimer's Disease
Therapeutics. Exp Neurobiol. Apr 30 2022;31(2):65-88.
Dhillon S. Aducanumab: First Approval. Drugs.
2021;81(12):1437-1443.

Budd Haeberlein S, Aisen PS, Barkhof F, et al. Two Randomized
Phase 3 Studies of Aducanumab in Early Alzheimer's Disease. J
Prev Alzheimers Dis. 2022;9(2):197-210.

Whitehouse PJ, Saini V. Making the Case for the Accelerated
Withdrawal of Aducanumab. J Alzheimers Dis. 2022;87(3):999-
1001.

Silvestro S, Valeri A, Mazzon E. Aducanumab and Its Effects on
Tau Pathology: Is This the Turning Point of Amyloid Hypothesis?
Int J Mol Sci. Feb 11 2022;23(4)

Vaz M, Silva V, Monteiro C, Silvestre S. Role of Aducanumab in
the Treatment of Alzheimer's Disease: Challenges and
Opportunities. Clin Interv Aging. 2022;17:797-810.

Han XJ, Hu YY, Yang ZJ, et al. Amyloid -42 induces neuronal
apoptosis by targeting mitochondria. Mol Med Rep. Oct
2017;16(4):4521-4528.

Umeda T, Tomiyama T, Sakama N, et al. Intraneuronal amyloid 8
oligomers cause cell death via endoplasmic reticulum stress,
endosomal/lysosomal leakage, and mitochondrial dysfunction in
vivo. J Neurosci Res. Jul 2011;89(7):1031-42.

Soejima N, Ohyagi Y, Nakamura N, et al. Intracellular
accumulation of toxic turn amyloid-p is associated with
endoplasmic reticulum stress in Alzheimer's disease. Curr
Alzheimer Res. Jan 2013;10(1):11-20.

Alberdi E, Sanchez-Gémez MV, Cavaliere F, et al. Amyloid beta
oligomers induce Ca2+ dysregulation and neuronal death through
activation of ionotropic glutamate receptors. Cell Calcium. Mar
2010;47(3):264-72.

Aug

Auctores Publishing LLC — Volume 7(3)-128 www.auctoresonline.org
ISSN: 2692-9406

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Copy rights@ Brandon Lucke-Wold et.al.

Cheignon C, Tomas M, Bonnefont-Rousselot D, Faller P, Hureau
C, Collin F. Oxidative stress and the amyloid beta peptide in
Alzheimer's disease. Redox Biol. 04 2018;14:450-464.

1zzo NJ, Yuede CM, LaBarbera KM, et al. Preclinical and clinical
biomarker studies of CT1812: A novel approach to Alzheimer's
disease modification. Alzheimers Dement. 08 2021;17(8):1365-
1382.

Nussbaum JM, Schilling S, Cynis H, et al. Prion-like behaviour
and tau-dependent cytotoxicity of pyroglutamylated amyloid-p.
Nature. May 02 2012;485(7400):651-5.

Scheltens P, Hallikainen M, Grimmer T, et al. Safety, tolerability
and efficacy of the glutaminyl cyclase inhibitor PQ912 in
Alzheimer's disease: results of a randomized, double-blind,
placebo-controlled phase 2a study. Alzheimers Res Ther. 10 12
2018;10(1):107.

Hoffman JW. Age and Sex-related Analysis of Normative
Pediatric Spinal Motion and Comparisons with Adolescent
Idiopathic Scoliosis. Drexel University; 2018.

Burns LH, Wang HY. Altered filamin A enables amyloid beta-
induced tau hyperphosphorylation and neuroinflammation in
Alzheimer's disease. Neuroimmunol Neuroinflamm.
2017;4(12):263-271.

Wang HY, Lee KC, Pei Z, Khan A, Bakshi K, Burns LH. PTI-125
binds and reverses an altered conformation of filamin A to reduce
Alzheimer's disease pathogenesis. Neurobiol Aging. 07
2017;55:99-114.

Wang HY, Pei Z, Lee KC, et al. PTI-125 Reduces Biomarkers of
Alzheimer's Disease in Patients. J Prev Alzheimers Dis.
2020;7(4):256-264.

Hensley K. Neuroinflammation in Alzheimer's disease:
mechanisms, pathologic consequences, and potential for
therapeutic manipulation. J Alzheimers Dis. 2010;21(1):1-14.
Garcia Corrales AV, Haidar M, Bogie JFJ, Hendriks JJA. Fatty
Acid Synthesis in Glial Cells of the CNS. Int J Mol Sci. Jul 29
2021;22(15)

Ates G, Goldberg J, Currais A, Maher P. CMS121, a fatty acid
synthase inhibitor, protects against excess lipid peroxidation and
inflammation and alleviates cognitive loss in a transgenic mouse
model of Alzheimer's disease. Redox Biol. 09 2020;36:101648.
Martiniani R, Di Loreto V, Di Sano C, Lombardo A, Liberati AM.
Biological activity of lenalidomide and its underlying therapeutic
effects in multiple myeloma. Adv Hematol. 2012;2012:842945.
Decourt B, Wilson J, Ritter A, et al. MCLENA-1: A Phase Il
Clinical Trial for the Assessment of Safety, Tolerability, and
Efficacy of Lenalidomide in Patients with Mild Cognitive
Impairment Due to Alzheimer's Disease. Open Access J Clin
Trials. 2020;12:1-13.

Rollin-Sillaire A, Delbeuck X, Pollet M, et al. Memory loss during
lenalidomide treatment: a report on two cases. BMC Pharmacol
Toxicol. Aug 12 2013;14:41.

McGeer PL, Schulzer M, McGeer EG. Arthritis and anti-
inflammatory agents as possible protective factors for Alzheimer's
disease: a review of 17 epidemiologic studies. Neurology. Aug
1996;47(2):425-32.

Bhattacharya P, Budnick I, Singh M, et al. Dual Role of GM-CSF
as a Pro-Inflammatory and a Regulatory Cytokine: Implications
for Immune Therapy. J Interferon Cytokine Res. Aug
2015;35(8):585-99.

Potter H, Woodcock JH, Boyd TD, et al. Safety and efficacy of
sargramostim (GM-CSF) in the treatment of Alzheimer's disease.
Alzheimers Dement (N Y). 2021;7(1):e12158.

Boyd TD, Bennett SP, Mori T, et al. GM-CSF upregulated in
rheumatoid arthritis reverses cognitive impairment and

Page 10 of 14


https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1016/j.jalz.2018.06.2589
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1016/j.jalz.2018.06.2589
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1016/j.jalz.2018.06.2589
https://www.science.org/doi/abs/10.1126/science.1566067
https://www.science.org/doi/abs/10.1126/science.1566067
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0040-1713632
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0040-1713632
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0040-1713632
https://link.springer.com/article/10.1007/BF00308809
https://link.springer.com/article/10.1007/BF00308809
https://www.frontiersin.org/articles/10.3389/fneur.2019.00980/full
https://www.frontiersin.org/articles/10.3389/fneur.2019.00980/full
https://www.frontiersin.org/articles/10.3389/fneur.2019.00980/full
https://link.springer.com/article/10.1186/s13195-022-00976-y
https://link.springer.com/article/10.1186/s13195-022-00976-y
https://link.springer.com/article/10.1186/s13195-022-00976-y
https://link.springer.com/article/10.1186/s13195-022-00976-y
https://www.nejm.org/doi/full/10.1056/nejmoa1304839
https://www.nejm.org/doi/full/10.1056/nejmoa1304839
https://www.nejm.org/doi/full/10.1056/nejmoa1304839
https://www.nejm.org/doi/full/10.1056/NEJMoa1312889
https://www.nejm.org/doi/full/10.1056/NEJMoa1312889
https://www.nejm.org/doi/full/10.1056/NEJMoa1312889
https://alzres.biomedcentral.com/articles/10.1186/s13195-017-0318-y
https://alzres.biomedcentral.com/articles/10.1186/s13195-017-0318-y
https://alzres.biomedcentral.com/articles/10.1186/s13195-017-0318-y
https://www.bmj.com/content/372/bmj.n156.full
https://www.bmj.com/content/372/bmj.n156.full
https://www.bmj.com/content/372/bmj.n156.full
https://www.bmj.com/content/372/bmj.n156.full
https://www.en-journal.org/journal/view.html?uid=586
https://www.en-journal.org/journal/view.html?uid=586
https://www.en-journal.org/journal/view.html?uid=586
https://link.springer.com/article/10.1007/s40265-021-01569-z
https://link.springer.com/article/10.1007/s40265-021-01569-z
https://link.springer.com/article/10.14283/jpad.2022.30
https://link.springer.com/article/10.14283/jpad.2022.30
https://link.springer.com/article/10.14283/jpad.2022.30
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad220262
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad220262
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad220262
https://www.mdpi.com/1422-0067/23/4/2011
https://www.mdpi.com/1422-0067/23/4/2011
https://www.mdpi.com/1422-0067/23/4/2011
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9124475/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9124475/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9124475/
https://www.spandidos-publications.com/mmr/16/4/4521
https://www.spandidos-publications.com/mmr/16/4/4521
https://www.spandidos-publications.com/mmr/16/4/4521
https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.22640
https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.22640
https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.22640
https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.22640
https://www.ingentaconnect.com/content/ben/car/2013/00000010/00000001/art00003
https://www.ingentaconnect.com/content/ben/car/2013/00000010/00000001/art00003
https://www.ingentaconnect.com/content/ben/car/2013/00000010/00000001/art00003
https://www.ingentaconnect.com/content/ben/car/2013/00000010/00000001/art00003
https://www.sciencedirect.com/science/article/pii/S0143416009002048
https://www.sciencedirect.com/science/article/pii/S0143416009002048
https://www.sciencedirect.com/science/article/pii/S0143416009002048
https://www.sciencedirect.com/science/article/pii/S0143416009002048
https://www.futuremedicine.com/doi/full/10.2217/bmm-2017-0456
https://www.futuremedicine.com/doi/full/10.2217/bmm-2017-0456
https://www.futuremedicine.com/doi/full/10.2217/bmm-2017-0456
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/alz.12302
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/alz.12302
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/alz.12302
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/alz.12302
https://www.nature.com/articles/nature11060
https://www.nature.com/articles/nature11060
https://www.nature.com/articles/nature11060
https://alzres.biomedcentral.com/articles/10.1186/s13195-018-0431-6
https://alzres.biomedcentral.com/articles/10.1186/s13195-018-0431-6
https://alzres.biomedcentral.com/articles/10.1186/s13195-018-0431-6
https://alzres.biomedcentral.com/articles/10.1186/s13195-018-0431-6
https://alzres.biomedcentral.com/articles/10.1186/s13195-018-0431-6
https://search.proquest.com/openview/4bc5d03b50df4abc6ec5968108366e5c/1?pq-origsite=gscholar&cbl=18750
https://search.proquest.com/openview/4bc5d03b50df4abc6ec5968108366e5c/1?pq-origsite=gscholar&cbl=18750
https://search.proquest.com/openview/4bc5d03b50df4abc6ec5968108366e5c/1?pq-origsite=gscholar&cbl=18750
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8294116/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8294116/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8294116/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8294116/
https://www.sciencedirect.com/science/article/pii/S0197458017300878
https://www.sciencedirect.com/science/article/pii/S0197458017300878
https://www.sciencedirect.com/science/article/pii/S0197458017300878
https://www.sciencedirect.com/science/article/pii/S0197458017300878
https://link.springer.com/article/10.14283/jpad.2020.6
https://link.springer.com/article/10.14283/jpad.2020.6
https://link.springer.com/article/10.14283/jpad.2020.6
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad01414
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad01414
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad01414
https://www.mdpi.com/1422-0067/22/15/8159
https://www.mdpi.com/1422-0067/22/15/8159
https://www.mdpi.com/1422-0067/22/15/8159
https://www.sciencedirect.com/science/article/pii/S2213231720308533
https://www.sciencedirect.com/science/article/pii/S2213231720308533
https://www.sciencedirect.com/science/article/pii/S2213231720308533
https://www.sciencedirect.com/science/article/pii/S2213231720308533
https://www.hindawi.com/journals/ah/2012/842945/
https://www.hindawi.com/journals/ah/2012/842945/
https://www.hindawi.com/journals/ah/2012/842945/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7051033/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7051033/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7051033/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7051033/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7051033/
https://bmcpharmacoltoxicol.biomedcentral.com/articles/10.1186/2050-6511-14-41
https://bmcpharmacoltoxicol.biomedcentral.com/articles/10.1186/2050-6511-14-41
https://bmcpharmacoltoxicol.biomedcentral.com/articles/10.1186/2050-6511-14-41
https://n.neurology.org/content/47/2/425.short
https://n.neurology.org/content/47/2/425.short
https://n.neurology.org/content/47/2/425.short
https://n.neurology.org/content/47/2/425.short
https://www.liebertpub.com/doi/abs/10.1089/jir.2014.0149
https://www.liebertpub.com/doi/abs/10.1089/jir.2014.0149
https://www.liebertpub.com/doi/abs/10.1089/jir.2014.0149
https://www.liebertpub.com/doi/abs/10.1089/jir.2014.0149
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/trc2.12158
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/trc2.12158
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/trc2.12158
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad091471
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad091471

Biomedical Research and Clinical Reviews

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

amyloidosis in  Alzheimer mice. J Alzheimers Dis.
2010;21(2):507-18.

Knopman DS, Amieva H, Petersen RC, et al. Alzheimer disease.
Nat Rev Dis Primers. 05 13 2021;7(1):33.

Calsolaro V, Edison P. Neuroinflammation in Alzheimer's
disease: Current evidence and future directions. Alzheimers
Dement. 06 2016;12(6):719-32.

Cummings J, Lee G, Zhong K, Fonseca J, Taghva K. Alzheimer's
disease drug development pipeline: 2021. Alzheimers Dement (N
Y). 2021;7(1):12179.

Heneka MT, Carson MJ, El Khoury J, et al. Neuroinflammation
in Alzheimer's disease. Lancet Neurol. Apr 2015;14(4):388-405.
Wang X, Wang W, Li L, Perry G, Lee HG, Zhu X. Oxidative
stress and mitochondrial dysfunction in Alzheimer's disease.
Biochim Biophys Acta. Aug 2014;1842(8):1240-7.

Chen Z, Zhong C. Oxidative stress in Alzheimer's disease.
Neurosci Bull. Apr 2014;30(2):271-81.

DuBoff B, Feany M, Goétz J. Why size matters - balancing
mitochondrial dynamics in Alzheimer's disease. Trends Neurosci.
Jun 2013;36(6):325-35.

Dik MG, Jonker C, Comijs HC, et al. Contribution of metabolic
syndrome components to cognition in older individuals. Diabetes
Care. Oct 2007;30(10):2655-60.

Campos-Pefia V, Toral-Rios D, Becerril-Pérez F, et al. Metabolic
Syndrome as a Risk Factor for Alzheimer's Disease: Is AP a
Crucial Factor in Both Pathologies? Antioxid Redox Signal. 04 01
2017;26(10):542-560.

Whyte LS, Lau AA, Hemsley KM, Hopwood JJ, Sargeant TJ.
Endo-lysosomal and autophagic dysfunction: a driving factor in
Alzheimer's disease? J Neurochem. 03 2017;140(5):703-717.
Calabrdo M, Rinaldi C, Santoro G, Crisafulli C. The biological
pathways of Alzheimer disease: a review. AIMS Neurosci.
2021;8(1):86-132. doi:10.3934/Neuroscience.2021005

De-Paula VJ, Radanovic M, Diniz BS, Forlenza OV. Alzheimer's
disease. Subcell Biochem. 2012;65:329-52.

Ferreira ST, Clarke JR, Bomfim TR, De Felice FG. Inflammation,
defective insulin signaling, and neuronal dysfunction in
Alzheimer's disease. Alzheimers Dement. Feb 2014;10(1
Suppl):S76-83.

Kinney JW, Bemiller SM, Murtishaw AS, Leisgang AM, Salazar
AM, Lamb BT. Inflammation as a central mechanism in
Alzheimer's disease. Alzheimers Dement (N Y). 2018;4:575-590.
Rubio-Perez JM, Morillas-Ruiz JM. A review: inflammatory
process in  Alzheimer's disease, role of cytokines.
ScientificWorldJournal. 2012;2012:756357.

Mengel-From J, Christensen K, McGue M, Christiansen L.
Genetic variations in the CLU and PICALM genes are associated
with cognitive function in the oldest old. Neurobiol Aging. Mar
2011;32(3):554.e7-11.

Mhatre SD, Tsai CA, Rubin AJ, James ML, Andreasson KI.
Microglial malfunction: the third rail in the development of
Alzheimer's disease. Trends Neurosci. Oct 2015;38(10):621-636.
Oakley PA, Harrison DE. Radiophobia: 7 reasons why
radiography used in spine and posture rehabilitation should not be
feared or avoided. Dose-Response.
2018;16(2):1559325818781445.

McColl BW, Rose N, Robson FH, Rothwell NJ, Lawrence CB.
Increased brain microvascular MMP-9 and incidence of
haemorrhagic transformation in obese mice after experimental
stroke. J Cereb Blood Flow Metab. Feb 2010;30(2):267-72.
Zotova E, Nicoll JA, Kalaria R, Holmes C, Boche D.
Inflammation in Alzheimer's disease: relevance to pathogenesis
and therapy. Alzheimers Res Ther. Jan 22 2010;2(1):1.

Auctores Publishing LLC — Volume 7(3)-128 www.auctoresonline.org
ISSN: 2692-9406

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Copy rights@ Brandon Lucke-Wold et.al.

Darvesh AS, Carroll RT, Bishayee A, Novotny NA, Geldenhuys
WJ, Van der Schyf CJ. Curcumin and neurodegenerative diseases:
a perspective. Expert Opin Investig Drugs. Aug 2012;21(8):1123-
40.

Morgan BP. Complement in the pathogenesis of Alzheimer's
disease. Semin Immunopathol. 01 2018;40(1):113-124.

Bonham LW, Desikan RS, Yokoyama JS, Initiative AsDN. The
relationship between complement factor C3, APOE &4, amyloid
and tau in Alzheimer's disease. Acta Neuropathol Commun. 06 29
2016;4(1):65.

Bonham LW, Geier EG, Fan CC, et al. Age-dependent effects of
APOE &4 in preclinical Alzheimer's disease. Ann Clin Transl
Neurol. Sep 2016;3(9):668-77.

Koenigsknecht-Talboo J, Landreth GE. Microglial phagocytosis
induced by fibrillar beta-amyloid and IgGs are differentially
regulated by proinflammatory cytokines. J Neurosci. Sep 07
2005;25(36):8240-9.

Llanos-Gonzalez E, Henares-Chavarino A, Pedrero-Prieto CM, et
al. Interplay Between Mitochondrial Oxidative Disorders and
Proteostasis in  Alzheimer's Disease. Front Neurosci.
2019;13:1444.

Butterfield DA, Bader Lange ML, Sultana R. Involvements of the
lipid peroxidation product, HNE, in the pathogenesis and
progression of Alzheimer's disease. Biochim Biophys Acta. Aug
2010;1801(8):924-9.

Mufioz P, Ardiles A, Pérez-Espinosa B, et al. Redox
modifications in synaptic components as biomarkers of cognitive
status, in brain aging and disease. Mech Ageing Dev. 07
2020;189:111250.

Arias-Cavieres A, Adasme T, Sanchez G, Mufioz P, Hidalgo C.
Aging Impairs Hippocampal- Dependent Recognition Memory
and LTP and Prevents the Associated RyR Up-regulation. Front
Aging Neurosci. 2017;9:111.

Wilson C, Gonzélez-Billault C. Regulation of cytoskeletal
dynamics by redox signaling and oxidative stress: implications for
neuronal development and trafficking. Front Cell Neurosci.
2015;9:381.

Quintanilla RA, Orellana JA, von Bernhardi R. Understanding
risk factors for  Alzheimer's disease: interplay of
neuroinflammation,  connexin-based  communication  and
oxidative stress. Arch Med Res. Nov 2012;43(8):632-44.

Miller VM, Lawrence DA, Mondal TK, Seegal RF. Reduced
glutathione is highly expressed in white matter and neurons in the
unperturbed mouse brain--implications for oxidative stress
associated with neurodegeneration. Brain Res. Jun 18
2009;1276:22-30.

Chen YY, Yu XY, Chen L, Vaziri ND, Ma SC, Zhao YY. Redox
signaling in aging kidney and opportunity for therapeutic
intervention through natural products. Free Radic Biol Med. 09
2019;141:141-149.

Bruce-Keller AJ, Gupta S, Knight AG, et al. Cognitive
impairment in humanized APPxPS1 mice is linked to AB(1-42)
and NOX activation. Neurobiol Dis. Dec 2011;44(3):317-26.
Wilkinson BL, Landreth GE. The microglial NADPH oxidase
complex as a source of oxidative stress in Alzheimer's disease. J
Neuroinflammation. Nov 09 2006;3:30.

Chen YY, Wang MC, Wang YN, et al. Redox signaling and
Alzheimer's disease: from pathomechanism insights to biomarker
discovery and therapy strategy. Biomark Res. 2020;8:42.

Grant CM, Quinn KA, Dawes IW. Differential protein S-
thiolation of  glyceraldehyde-3-phosphate  dehydrogenase
isoenzymes influences sensitivity to oxidative stress. Mol Cell
Biol. Apr 1999;19(4):2650-6.

Page 11 of 14


https://content.iospress.com/articles/journal-of-alzheimers-disease/jad091471
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad091471
https://www.nature.com/articles/s41572-021-00269-y
https://www.nature.com/articles/s41572-021-00269-y
https://www.sciencedirect.com/science/article/pii/S1552526016301856
https://www.sciencedirect.com/science/article/pii/S1552526016301856
https://www.sciencedirect.com/science/article/pii/S1552526016301856
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/trc2.12179
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/trc2.12179
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/trc2.12179
https://www.sciencedirect.com/science/article/pii/S1474442215700165
https://www.sciencedirect.com/science/article/pii/S1474442215700165
https://www.sciencedirect.com/science/article/pii/S0925443913003232
https://www.sciencedirect.com/science/article/pii/S0925443913003232
https://www.sciencedirect.com/science/article/pii/S0925443913003232
https://link.springer.com/article/10.1007/s12264-013-1423-y
https://link.springer.com/article/10.1007/s12264-013-1423-y
https://www.sciencedirect.com/science/article/pii/S0166223613000404
https://www.sciencedirect.com/science/article/pii/S0166223613000404
https://www.sciencedirect.com/science/article/pii/S0166223613000404
https://diabetesjournals.org/care/article-abstract/30/10/2655/30196
https://diabetesjournals.org/care/article-abstract/30/10/2655/30196
https://diabetesjournals.org/care/article-abstract/30/10/2655/30196
https://www.liebertpub.com/doi/abs/10.1089/ars.2016.6768
https://www.liebertpub.com/doi/abs/10.1089/ars.2016.6768
https://www.liebertpub.com/doi/abs/10.1089/ars.2016.6768
https://www.liebertpub.com/doi/abs/10.1089/ars.2016.6768
https://onlinelibrary.wiley.com/doi/abs/10.1111/jnc.13935
https://onlinelibrary.wiley.com/doi/abs/10.1111/jnc.13935
https://onlinelibrary.wiley.com/doi/abs/10.1111/jnc.13935
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7815481/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7815481/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7815481/
https://www.scielo.br/j/rbp/a/HBvmXvBGzwbvksYBfNjd7Vf/abstract/?lang=en
https://www.scielo.br/j/rbp/a/HBvmXvBGzwbvksYBfNjd7Vf/abstract/?lang=en
https://www.sciencedirect.com/science/article/pii/S1552526013029245
https://www.sciencedirect.com/science/article/pii/S1552526013029245
https://www.sciencedirect.com/science/article/pii/S1552526013029245
https://www.sciencedirect.com/science/article/pii/S1552526013029245
https://www.sciencedirect.com/science/article/pii/S2352873718300490
https://www.sciencedirect.com/science/article/pii/S2352873718300490
https://www.sciencedirect.com/science/article/pii/S2352873718300490
https://www.hindawi.com/journals/tswj/2012/756357/
https://www.hindawi.com/journals/tswj/2012/756357/
https://www.hindawi.com/journals/tswj/2012/756357/
https://www.sciencedirect.com/science/article/pii/S0197458010003246
https://www.sciencedirect.com/science/article/pii/S0197458010003246
https://www.sciencedirect.com/science/article/pii/S0197458010003246
https://www.sciencedirect.com/science/article/pii/S0197458010003246
https://www.sciencedirect.com/science/article/pii/S0166223615001812
https://www.sciencedirect.com/science/article/pii/S0166223615001812
https://www.sciencedirect.com/science/article/pii/S0166223615001812
https://journals.sagepub.com/doi/abs/10.1177/1559325818781445
https://journals.sagepub.com/doi/abs/10.1177/1559325818781445
https://journals.sagepub.com/doi/abs/10.1177/1559325818781445
https://journals.sagepub.com/doi/abs/10.1177/1559325818781445
https://journals.sagepub.com/doi/abs/10.1038/jcbfm.2009.217
https://journals.sagepub.com/doi/abs/10.1038/jcbfm.2009.217
https://journals.sagepub.com/doi/abs/10.1038/jcbfm.2009.217
https://journals.sagepub.com/doi/abs/10.1038/jcbfm.2009.217
https://alzres.biomedcentral.com/articles/10.1186/alzrt24
https://alzres.biomedcentral.com/articles/10.1186/alzrt24
https://alzres.biomedcentral.com/articles/10.1186/alzrt24
https://www.tandfonline.com/doi/abs/10.1517/13543784.2012.693479
https://www.tandfonline.com/doi/abs/10.1517/13543784.2012.693479
https://www.tandfonline.com/doi/abs/10.1517/13543784.2012.693479
https://www.tandfonline.com/doi/abs/10.1517/13543784.2012.693479
https://link.springer.com/article/10.1007/s00281-017-0662-9
https://link.springer.com/article/10.1007/s00281-017-0662-9
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-016-0339-y
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-016-0339-y
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-016-0339-y
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-016-0339-y
https://onlinelibrary.wiley.com/doi/abs/10.1002/acn3.333
https://onlinelibrary.wiley.com/doi/abs/10.1002/acn3.333
https://onlinelibrary.wiley.com/doi/abs/10.1002/acn3.333
https://www.jneurosci.org/content/25/36/8240.short
https://www.jneurosci.org/content/25/36/8240.short
https://www.jneurosci.org/content/25/36/8240.short
https://www.jneurosci.org/content/25/36/8240.short
https://www.frontiersin.org/articles/10.3389/fnins.2019.01444/full
https://www.frontiersin.org/articles/10.3389/fnins.2019.01444/full
https://www.frontiersin.org/articles/10.3389/fnins.2019.01444/full
https://www.frontiersin.org/articles/10.3389/fnins.2019.01444/full
https://www.sciencedirect.com/science/article/pii/S1388198110000314
https://www.sciencedirect.com/science/article/pii/S1388198110000314
https://www.sciencedirect.com/science/article/pii/S1388198110000314
https://www.sciencedirect.com/science/article/pii/S1388198110000314
https://www.sciencedirect.com/science/article/pii/S0047637420300464
https://www.sciencedirect.com/science/article/pii/S0047637420300464
https://www.sciencedirect.com/science/article/pii/S0047637420300464
https://www.sciencedirect.com/science/article/pii/S0047637420300464
https://www.frontiersin.org/articles/10.3389/fnagi.2017.00111/full
https://www.frontiersin.org/articles/10.3389/fnagi.2017.00111/full
https://www.frontiersin.org/articles/10.3389/fnagi.2017.00111/full
https://www.frontiersin.org/articles/10.3389/fnagi.2017.00111/full
https://www.frontiersin.org/articles/10.3389/fncel.2015.00381/full
https://www.frontiersin.org/articles/10.3389/fncel.2015.00381/full
https://www.frontiersin.org/articles/10.3389/fncel.2015.00381/full
https://www.frontiersin.org/articles/10.3389/fncel.2015.00381/full
https://www.sciencedirect.com/science/article/pii/S0188440912002986
https://www.sciencedirect.com/science/article/pii/S0188440912002986
https://www.sciencedirect.com/science/article/pii/S0188440912002986
https://www.sciencedirect.com/science/article/pii/S0188440912002986
https://www.sciencedirect.com/science/article/pii/S000689930900777X
https://www.sciencedirect.com/science/article/pii/S000689930900777X
https://www.sciencedirect.com/science/article/pii/S000689930900777X
https://www.sciencedirect.com/science/article/pii/S000689930900777X
https://www.sciencedirect.com/science/article/pii/S000689930900777X
https://www.sciencedirect.com/science/article/pii/S0891584919308159
https://www.sciencedirect.com/science/article/pii/S0891584919308159
https://www.sciencedirect.com/science/article/pii/S0891584919308159
https://www.sciencedirect.com/science/article/pii/S0891584919308159
https://www.sciencedirect.com/science/article/pii/S0969996111002385
https://www.sciencedirect.com/science/article/pii/S0969996111002385
https://www.sciencedirect.com/science/article/pii/S0969996111002385
https://link.springer.com/article/10.1186/1742-2094-3-30
https://link.springer.com/article/10.1186/1742-2094-3-30
https://link.springer.com/article/10.1186/1742-2094-3-30
https://link.springer.com/article/10.1186/s40364-020-00218-z
https://link.springer.com/article/10.1186/s40364-020-00218-z
https://link.springer.com/article/10.1186/s40364-020-00218-z
https://journals.asm.org/doi/abs/10.1128/MCB.19.4.2650
https://journals.asm.org/doi/abs/10.1128/MCB.19.4.2650
https://journals.asm.org/doi/abs/10.1128/MCB.19.4.2650
https://journals.asm.org/doi/abs/10.1128/MCB.19.4.2650

Biomedical Research and Clinical Reviews

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Avery SV. Molecular targets of oxidative stress. Biochem J. Mar
01 2011;434(2):201-10.

Morrison BM, Lee Y, Rothstein JD. Oligodendroglia: metabolic
supporters of axons. Trends Cell Biol. Dec 2013;23(12):644-51.
Talbot K, Wang HY, Kazi H, et al. Demonstrated brain insulin
resistance in Alzheimer's disease patients is associated with IGF-
1 resistance, IRS-1 dysregulation, and cognitive decline. J Clin
Invest. Apr 2012;122(4):1316-38.

Han X, Yang L, Du H, et al. Insulin Attenuates Beta-Amyloid-
Associated Insulin/Akt/EAAT Signaling Perturbations in Human
Astrocytes. Cell Mol Neurobiol. Aug 2016;36(6):851-864.

Ng RC, Chan KH. Potential Neuroprotective Effects of
Adiponectin in Alzheimer's Disease. Int J Mol Sci. Mar 09
2017;18(3)

Garcia-Casares N, Jorge RE, Garcia-Arnés JA, et al. Cognitive
dysfunctions in middle-aged type 2 diabetic patients and
neuroimaging correlations: a cross-sectional study. J Alzheimers
Dis. 2014;42(4):1337-46.

Pei JJ, Khatoon S, An WL, et al. Role of protein kinase B in
Alzheimer's neurofibrillary pathology. Acta Neuropathol. Apr
2003;105(4):381-92.

Anderson NJ, King MR, Delbruck L, Jolivalt CG. Role of insulin
signaling impairment, adiponectin and dyslipidemia in peripheral
and central neuropathy in mice. Dis Model Mech. Jun
2014;7(6):625-33.

Purnell C, Gao S, Callahan CM, Hendrie HC. Cardiovascular risk
factors and incident Alzheimer disease: a systematic review of the
literature. Alzheimer Dis Assoc Disord. 2009 Jan-Mar
2009;23(1):1-10.

de la Torre JC. Cardiovascular risk factors promote brain
hypoperfusion leading to cognitive decline and dementia.
Cardiovasc Psychiatry Neurol. 2012;2012:367516.

Klohs J. An Integrated View on Vascular Dysfunction in
Alzheimer's Disease. Neurodegener Dis. 2019;19(3-4):109-127.
Popovic M, Laumonnier Y, Burysek L, Syrovets T, Simmet T.
Thrombin-induced expression of endothelial CX3CL1 potentiates
monocyte CCL2 production and transendothelial migration. J
Leukoc Biol. Jul 2008;84(1):215-23.

Yan SD, Chen X, Fu J, et al. RAGE and amyloid-beta peptide
neurotoxicity in Alzheimer's disease. Nature. Aug 22
1996;382(6593):685-691.

Miller MC, Tavares R, Johanson CE, et al. Hippocampal RAGE
immunoreactivity in early and advanced Alzheimer's disease.
Brain Res. Sep 16 2008;1230:273-280.

Lue LF, Walker DG, Brachova L, et al. Involvement of microglial
receptor for advanced glycation endproducts (RAGE) in
Alzheimer's disease: identification of a cellular activation
mechanism. Exp Neurol. Sep 2001;171(1):29-45.

Carnevale D, Mascio G, D'Andrea I, et al. Hypertension induces
brain B-amyloid accumulation, cognitive impairment, and
memory deterioration through activation of receptor for advanced
glycation end products in brain vasculature. Hypertension. Jul
2012;60(1):188-97.

Srikanth V, Maczurek A, Phan T, et al. Advanced glycation
endproducts and their receptor RAGE in Alzheimer's disease.
Neurobiol Aging. May 2011;32(5):763-77.

Ji ZS, Millendorff K, Cheng IH, Miranda RD, Huang Y, Mahley
RW. Reactivity of apolipoprotein E4 and amyloid beta peptide:
lysosomal stability and neurodegeneration. J Biol Chem. Feb 03
2006;281(5):2683-92.

Belinson H, Lev D, Masliah E, Michaelson DM. Activation of the
amyloid cascade in apolipoprotein E4 transgenic mice induces
lysosomal activation and neurodegeneration resulting in marked
cognitive deficits. J Neurosci. Apr 30 2008;28(18):4690-701.

Auctores Publishing LLC — Volume 7(3)-128 www.auctoresonline.org
ISSN: 2692-9406

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Copy rights@ Brandon Lucke-Wold et.al.

Friedman LG, Qureshi YH, Yu WH. Promoting autophagic
clearance: viable therapeutic targets in Alzheimer's disease.
Neurotherapeutics. Jan 2015;12(1):94-108.

McKee AC, Stein TD, Kiernan PT, Alvarez VE. The
neuropathology of chronic traumatic encephalopathy. Brain
Pathol. May 2015;25(3):350-64.

Alosco ML, Cherry JD, Huber BR, et al. Characterizing tau
deposition in chronic traumatic encephalopathy (CTE): utility of
the McKee CTE staging scheme. Acta Neuropathol. 10
2020;140(4):495-512.

McKee AC, Cairns NJ, Dickson DW, et al. The first
NINDS/NIBIB consensus meeting to define neuropathological
criteria for the diagnosis of chronic traumatic encephalopathy.
Acta Neuropathol. Jan 2016;131(1):75-86.

Bieniek KF, Cairns NJ, Crary JF, et al. The Second
NINDS/NIBIB Consensus Meeting to Define Neuropathological
Criteria for the Diagnosis of Chronic Traumatic Encephalopathy.
J Neuropathol Exp Neurol. 02 22 2021;80(3):210-219.

Stern RA, Daneshvar DH, Baugh CM, et al. Clinical presentation
of chronic traumatic encephalopathy. Neurology. Sep 24
2013;81(13):1122-9.

Montenigro PH, Bernick C, Cantu RC. Clinical features of
repetitive traumatic brain injury and chronic traumatic
encephalopathy. Brain Pathol. May 2015;25(3):304-17.
Montenigro PH, Baugh CM, Daneshvar DH, et al. Clinical
subtypes of chronic traumatic encephalopathy: literature review
and proposed research diagnostic criteria for traumatic
encephalopathy syndrome. Alzheimers Res Ther. 2014;6(5):68.
Katz DI, Bernick C, Dodick DW, et al. National Institute of
Neurological Disorders and Stroke Consensus Diagnostic Criteria
for Traumatic Encephalopathy Syndrome. Neurology. 05 04
2021;96(18):848-863.

Cantu R, Budson A. Management of chronic traumatic
encephalopathy. Expert Rev Neurother. 10 2019;19(10):1015-
1023.

Baugh CM, Robbins CA, Stern RA, McKee AC. Current
understanding of chronic traumatic encephalopathy. Curr Treat
Options Neurol. Sep 2014;16(9):306.

Mez J, Alosco ML, Daneshvar DH, et al. Validity of the 2014
traumatic encephalopathy syndrome criteria for CTE pathology.
Alzheimers Dement. 10 2021;17(10):1709-1724.

McKee AC, Cantu RC, Nowinski CJ, et al. Chronic traumatic
encephalopathy in athletes: progressive tauopathy after repetitive
head injury. J Neuropathol Exp Neurol. Jul 2009;68(7):709-35.
Alosco ML, Mian AZ, Buch K, et al. Structural MRI profiles and
tau correlates of atrophy in autopsy-confirmed CTE. Alzheimers
Res Ther. 12 07 2021;13(1):193.

Graham NSN, Jolly A, Zimmerman K, et al. Diffuse axonal injury
predicts neurodegeneration after moderate-severe traumatic brain
injury. Brain. 12 01 2020;143(12):3685-3698.

Holleran L, Kim JH, Gangolli M, et al. Axonal disruption in white
matter underlying cortical sulcus tau pathology in chronic
traumatic encephalopathy. Acta Neuropathol. 03
2017;133(3):367-380.

Alosco ML, Tripodis Y, Rowland B, et al. A magnetic resonance
spectroscopy investigation in symptomatic former NFL players.
Brain Imaging Behav. Oct 2020;14(5):1419-1429.

Dickstein DL, De Gasperi R, Gama Sosa MA, et al. Brain and
blood biomarkers of tauopathy and neuronal injury in humans and
rats with neurobehavioral syndromes following blast exposure.
Mol Psychiatry. Oct 2021;26(10):5940-5954.

Gandy S, DeKosky ST. [18F]-T807 tauopathy PET imaging in
chronic traumatic encephalopathy. F1000Res. 2014;3:229.

Page 12 of 14


https://portlandpress.com/biochemj/article-abstract/434/2/201/45329
https://portlandpress.com/biochemj/article-abstract/434/2/201/45329
https://www.sciencedirect.com/science/article/pii/S0962892413001207
https://www.sciencedirect.com/science/article/pii/S0962892413001207
https://www.jci.org/articles/view/59903
https://www.jci.org/articles/view/59903
https://www.jci.org/articles/view/59903
https://www.jci.org/articles/view/59903
https://link.springer.com/article/10.1007/s10571-015-0268-5
https://link.springer.com/article/10.1007/s10571-015-0268-5
https://link.springer.com/article/10.1007/s10571-015-0268-5
https://www.mdpi.com/185158
https://www.mdpi.com/185158
https://www.mdpi.com/185158
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad140702
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad140702
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad140702
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad140702
https://link.springer.com/article/10.1007/s00401-002-0657-y
https://link.springer.com/article/10.1007/s00401-002-0657-y
https://link.springer.com/article/10.1007/s00401-002-0657-y
https://journals.biologists.com/dmm/article-abstract/7/6/625/3564
https://journals.biologists.com/dmm/article-abstract/7/6/625/3564
https://journals.biologists.com/dmm/article-abstract/7/6/625/3564
https://journals.biologists.com/dmm/article-abstract/7/6/625/3564
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3689425/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3689425/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3689425/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3689425/
https://downloads.hindawi.com/archive/2012/367516.pdf
https://downloads.hindawi.com/archive/2012/367516.pdf
https://downloads.hindawi.com/archive/2012/367516.pdf
https://www.karger.com/Article/Abstract/505625
https://www.karger.com/Article/Abstract/505625
https://jlb.onlinelibrary.wiley.com/doi/abs/10.1189/jlb.0907652
https://jlb.onlinelibrary.wiley.com/doi/abs/10.1189/jlb.0907652
https://jlb.onlinelibrary.wiley.com/doi/abs/10.1189/jlb.0907652
https://jlb.onlinelibrary.wiley.com/doi/abs/10.1189/jlb.0907652
https://www.nature.com/articles/382685a0
https://www.nature.com/articles/382685a0
https://www.nature.com/articles/382685a0
https://www.sciencedirect.com/science/article/pii/S0006899308016053
https://www.sciencedirect.com/science/article/pii/S0006899308016053
https://www.sciencedirect.com/science/article/pii/S0006899308016053
https://www.sciencedirect.com/science/article/pii/S0014488601977325
https://www.sciencedirect.com/science/article/pii/S0014488601977325
https://www.sciencedirect.com/science/article/pii/S0014488601977325
https://www.sciencedirect.com/science/article/pii/S0014488601977325
https://www.ahajournals.org/doi/abs/10.1161/HYPERTENSIONAHA.112.195511
https://www.ahajournals.org/doi/abs/10.1161/HYPERTENSIONAHA.112.195511
https://www.ahajournals.org/doi/abs/10.1161/HYPERTENSIONAHA.112.195511
https://www.ahajournals.org/doi/abs/10.1161/HYPERTENSIONAHA.112.195511
https://www.ahajournals.org/doi/abs/10.1161/HYPERTENSIONAHA.112.195511
https://www.sciencedirect.com/science/article/pii/S0197458009001432
https://www.sciencedirect.com/science/article/pii/S0197458009001432
https://www.sciencedirect.com/science/article/pii/S0197458009001432
https://www.jbc.org/article/S0021-9258(20)70691-5/abstract
https://www.jbc.org/article/S0021-9258(20)70691-5/abstract
https://www.jbc.org/article/S0021-9258(20)70691-5/abstract
https://www.jbc.org/article/S0021-9258(20)70691-5/abstract
https://www.jneurosci.org/content/28/18/4690.short
https://www.jneurosci.org/content/28/18/4690.short
https://www.jneurosci.org/content/28/18/4690.short
https://www.jneurosci.org/content/28/18/4690.short
https://link.springer.com/article/10.1007/s13311-014-0320-z
https://link.springer.com/article/10.1007/s13311-014-0320-z
https://link.springer.com/article/10.1007/s13311-014-0320-z
https://onlinelibrary.wiley.com/doi/abs/10.1111/bpa.12248
https://onlinelibrary.wiley.com/doi/abs/10.1111/bpa.12248
https://onlinelibrary.wiley.com/doi/abs/10.1111/bpa.12248
https://link.springer.com/article/10.1007/s00401-020-02197-9
https://link.springer.com/article/10.1007/s00401-020-02197-9
https://link.springer.com/article/10.1007/s00401-020-02197-9
https://link.springer.com/article/10.1007/s00401-020-02197-9
https://link.springer.com/article/10.1007/s00401-015-1515-z
https://link.springer.com/article/10.1007/s00401-015-1515-z
https://link.springer.com/article/10.1007/s00401-015-1515-z
https://link.springer.com/article/10.1007/s00401-015-1515-z
https://academic.oup.com/jnen/article-abstract/80/3/210/6145887
https://academic.oup.com/jnen/article-abstract/80/3/210/6145887
https://academic.oup.com/jnen/article-abstract/80/3/210/6145887
https://academic.oup.com/jnen/article-abstract/80/3/210/6145887
https://link.springer.com/article/10.1007/s11910-013-0407-7
https://link.springer.com/article/10.1007/s11910-013-0407-7
https://link.springer.com/article/10.1007/s11910-013-0407-7
https://onlinelibrary.wiley.com/doi/abs/10.1111/bpa.12250
https://onlinelibrary.wiley.com/doi/abs/10.1111/bpa.12250
https://onlinelibrary.wiley.com/doi/abs/10.1111/bpa.12250
https://alzres.biomedcentral.com/articles/10.1186/s13195-014-0068-z
https://alzres.biomedcentral.com/articles/10.1186/s13195-014-0068-z
https://alzres.biomedcentral.com/articles/10.1186/s13195-014-0068-z
https://alzres.biomedcentral.com/articles/10.1186/s13195-014-0068-z
https://n.neurology.org/content/96/18/848.abstract
https://n.neurology.org/content/96/18/848.abstract
https://n.neurology.org/content/96/18/848.abstract
https://n.neurology.org/content/96/18/848.abstract
https://aditum.org/images/currentissue/1621585679Chronic_Traumatic_Encephalopathy_An_Update_Review.pdf
https://aditum.org/images/currentissue/1621585679Chronic_Traumatic_Encephalopathy_An_Update_Review.pdf
https://aditum.org/images/currentissue/1621585679Chronic_Traumatic_Encephalopathy_An_Update_Review.pdf
https://link.springer.com/article/10.1007/s11940-014-0306-5
https://link.springer.com/article/10.1007/s11940-014-0306-5
https://link.springer.com/article/10.1007/s11940-014-0306-5
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/alz.12338
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/alz.12338
https://alz-journals.onlinelibrary.wiley.com/doi/abs/10.1002/alz.12338
https://academic.oup.com/jnen/article-abstract/68/7/709/2917002
https://academic.oup.com/jnen/article-abstract/68/7/709/2917002
https://academic.oup.com/jnen/article-abstract/68/7/709/2917002
https://link.springer.com/article/10.1186/s13195-021-00928-y
https://link.springer.com/article/10.1186/s13195-021-00928-y
https://link.springer.com/article/10.1186/s13195-021-00928-y
https://academic.oup.com/brain/article-abstract/143/12/3685/5939813
https://academic.oup.com/brain/article-abstract/143/12/3685/5939813
https://academic.oup.com/brain/article-abstract/143/12/3685/5939813
https://link.springer.com/article/10.1007/s00401-017-1686-x
https://link.springer.com/article/10.1007/s00401-017-1686-x
https://link.springer.com/article/10.1007/s00401-017-1686-x
https://link.springer.com/article/10.1007/s00401-017-1686-x
https://link.springer.com/article/10.1007/s11682-019-00060-4
https://link.springer.com/article/10.1007/s11682-019-00060-4
https://link.springer.com/article/10.1007/s11682-019-00060-4
https://www.nature.com/articles/s41380-020-0674-z
https://www.nature.com/articles/s41380-020-0674-z
https://www.nature.com/articles/s41380-020-0674-z
https://www.nature.com/articles/s41380-020-0674-z
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4240239/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4240239/

Biomedical Research and Clinical Reviews

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Alosco ML, Mariani ML, Adler CH, et al. Developing methods to
detect and diagnose chronic traumatic encephalopathy during life:
rationale, design, and methodology for the DIAGNOSE CTE
Research Project. Alzheimers Res Ther. 08 12 2021;13(1):136.
Zetterberg H, Blennow K. Chronic traumatic encephalopathy:
fluid biomarkers. Handb Clin Neurol. 2018;158:323-333.
Ljungqvist J, Zetterberg H, Mitsis M, Blennow K, Skoglund T.
Serum Neurofilament Light Protein as a Marker for Diffuse
Axonal Injury: Results from a Case Series Study. J Neurotrauma.
03 01 2017;34(5):1124-1127.

Hsu ET, Gangolli M, Su S, et al. Astrocytic degeneration in
chronic traumatic encephalopathy. Acta Neuropathol. 12
2018;136(6):955-972.

Atherton K, Han X, Chung J, et al. Association of APOE
Genotypes and Chronic Traumatic Encephalopathy. JAMA
Neurol. Jun 27 2022;

Cherry JD, Mez J, Crary JF, et al. Variation in TMEMZ106B in
chronic traumatic encephalopathy. Acta Neuropathol Commun.
11 04 2018;6(1):115.

Turner RC, Lucke-Wold BP, Logsdon AF, et al. Modeling
Chronic Traumatic Encephalopathy: The Way Forward for Future
Discovery. Front Neurol. 2015;6:223.

Griffiths DR, Law LM, Young C, et al. Chronic Cognitive and
Cerebrovascular Function Following Mild Traumatic Brain Injury
in Rats. J Neurotrauma. May 20 2022;

0jo JO, Mouzon BC, Crawford F. Repetitive head trauma, chronic
traumatic encephalopathy and tau: Challenges in translating from
mice to men. Exp Neurol. Jan 2016;275 Pt 3:389-404.

McAteer KM, Turner RJ, Corrigan F. Animal models of chronic
traumatic encephalopathy. Concussion. Jun 2017;2(2):CNC32.
Hiskens MI, Angoa-Pérez M, Schneiders AG, Vella RK, Fenning
AS. Modeling sports-related mild traumatic brain injury in
animals-A  systematic review. J Neurosci Res. 10
2019;97(10):1194-1222.

Vink R. Large animal models of traumatic brain injury. J Neurosci
Res. Apr 2018;96(4):527-535.

Schwerin SC, Hutchinson EB, Radomski KL, Ngalula KP,
Pierpaoli CM, Juliano SL. Establishing the ferret as a
gyrencephalic animal model of traumatic brain injury:
Optimization of controlled cortical impact procedures. J Neurosci
Methods. Jun 15 2017;285:82-96. 127.

Babcock KJ, Abdolmohammadi B, Kiernan PT, et al. Interface
astrogliosis in contact sport head impacts and military blast
exposure. Acta Neuropathol Commun. Apr 13 2022;10(1):52.
Shively SB, Horkayne-Szakaly 1, Jones RV, Kelly JP, Armstrong
RC, Perl DP. Characterisation of interface astroglial scarring in
the human brain after blast exposure: a post-mortem case series.
The Lancet Neurology. 2016;15(9):944-953.

David S. Priemer MD, Diego lacono, M.D., Ph.D., C. Harker
Rhodes, M.D., Ph.D., Cara H. Olsen, Dr.P.H.,, and Daniel P. Perl
MD. Chronic Traumatic Encephalopathy in the Brains of Military
Personnel. The New England Journal of Medicine. June 9 2022
2022;386(23)

Ackermans NL, Varghese M, Wicinski B, et al. Unconventional
animal models for traumatic brain injury and chronic traumatic
encephalopathy. J Neurosci Res. Oct 2021;99(10):2463-2477.
Hollin G. Consider the woodpecker: The contested more-than-
human ethics of biomimetic technology and traumatic brain
injury. Social Studies of Science. 2022;52(2):149-73.

Kelly M McAteer RITFC. Animal models of chronic traumatic
encephalopathy. Concussion. 19 May 2017 2017;2(2)

Turner RC, Lucke-Wold BP, Logsdon AF, et al. The Quest to
Model Chronic Traumatic Encephalopathy: A Multiple Model and
Injury Paradigm Experience. Front Neurol. 2015;6:222.

Auctores Publishing LLC — Volume 7(3)-128 www.auctoresonline.org
ISSN: 2692-9406

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

Copy rights@ Brandon Lucke-Wold et.al.

Sengupta P. The Laboratory Rat: Relating Its Age with Human’s.
International Journal of Preventive Medicine. 2013;4(6):624-30.
Tadepalli SA, Bali ZK, Bruszt N, et al. Long-term cognitive
impairment without diffuse axonal injury following repetitive
mild traumatic brain injury in rats. Behav Brain Res. Jan 27
2020;378:112268.

Cheng H, Deaton LM, Qiu M, et al. Tau overexpression
exacerbates neuropathology after repeated mild head impacts in
male mice. Neurobiol Dis. Feb 2020;134:104683.

Bachstetter AD, Morganti JM, Bodnar CN, et al. The effects of
mild closed head injuries on tauopathy and cognitive deficits in
rodents: Primary results in wild type and rTg4510 mice, and a
systematic review. Exp Neurol. Apr 2020;326:113180.

Niziolek GM, Boudreau RM, Baker J, et al. Acid
Sphingomyelinase Inhibition Mitigates Histopathological and
Behavioral Changes in a Murine Model of Traumatic Brain Injury.
J Neurotrauma. Sep 1 2020;37(17):1902-1909.

Tang SJ, Fesharaki-Zadeh A, Takahashi H, et al. Fyn kinase
inhibition reduces protein aggregation, increases synapse density
and improves memory in transgenic and traumatic Tauopathy.
Acta Neuropathol Commun. Jul 1 2020;8(1):96.

Angoa-Perez M, Zagorac B, Anneken JH, et al. Repetitive, mild
traumatic brain injury results in a progressive white matter
pathology, cognitive deterioration, and a transient gut microbiota
dysbiosis. Sci Rep. Jun 2 2020;10(1):8949.

Bugay V, Bozdemir E, Vigil FA, et al. A Mouse Model of
Repetitive Blast Traumatic Brain Injury Reveals Post-Trauma
Seizures and Increased Neuronal Excitability. J Neurotrauma. Jan
15 2020;37(2):248-261.

Ojo J, Eisenbaum M, Shackleton B, et al. Mural cell dysfunction
leads to altered cerebrovascular tau uptake following repetitive
head trauma. Neurobiol Dis. Mar 2021;150:105237.

Eisenbaum M, Pearson A, Gratkowski A, et al. Influence of
traumatic brain injury on extracellular tau elimination at the
blood-brain barrier. Fluids Barriers CNS. Oct 26 2021;18(1):48.
Perez Garcia G, De Gasperi R, Gama Sosa MA, et al. Laterality
and region-specific tau phosphorylation correlate with PTSD-
related behavioral traits in rats exposed to repetitive low-level
blast. Acta Neuropathol Commun. Mar 1 2021;9(1):33.

Morin A, Mouzon B, Ferguson S, et al. A 3-month-delayed
treatment with anatabine improves chronic outcomes in two
different models of repetitive mild traumatic brain injury in hTau
mice. Sci Rep. Apr 12 2021;11(1):7900.

Xu X, Cowan M, Beraldo F, et al. Repetitive mild traumatic brain
injury in mice triggers a slowly developing cascade of long-term
and persistent behavioral deficits and pathological changes. Acta
Neuropathol Commun. Apr 6 2021;9(1):60.

Hiskens MI, Schneiders AG, Vella RK, Fenning AS. Repetitive
mild traumatic brain injury affects inflammation and excitotoxic
mRNA expression at acute and chronic time-points. PLoS One.
2021;16(5):€0251315.

Kahriman A, Bouley J, Smith TW, Bosco DA, Woerman AL,
Henninger N. Mouse closed head traumatic brain injury replicates
the histological tau pathology pattern of human disease:
characterization of a novel model and systematic review of the
literature. Acta Neuropathol Commun. Jun 29 2021;9(1):118.
Kahriman A, Bouley J, Bosco DA, Shazeeb MS, Henninger N.
Differential association of baseline body weight and body-weight
loss with neurological deficits, histology, and death after
repetitive closed head traumatic brain injury. Neurosci Lett. Feb 6
2022;771:136430.

Wu L, Kalish BT, Finander B, et al. Repetitive Mild Closed Head
Injury in Adolescent Mice Is Associated with Impaired

Page 13 of 14


https://alzres.biomedcentral.com/articles/10.1186/s13195-021-00872-x
https://alzres.biomedcentral.com/articles/10.1186/s13195-021-00872-x
https://alzres.biomedcentral.com/articles/10.1186/s13195-021-00872-x
https://alzres.biomedcentral.com/articles/10.1186/s13195-021-00872-x
https://www.sciencedirect.com/science/article/pii/B9780444639547000306
https://www.sciencedirect.com/science/article/pii/B9780444639547000306
https://www.liebertpub.com/doi/abs/10.1089/neu.2016.4496
https://www.liebertpub.com/doi/abs/10.1089/neu.2016.4496
https://www.liebertpub.com/doi/abs/10.1089/neu.2016.4496
https://www.liebertpub.com/doi/abs/10.1089/neu.2016.4496
https://link.springer.com/article/10.1007/s00401-018-1902-3
https://link.springer.com/article/10.1007/s00401-018-1902-3
https://link.springer.com/article/10.1007/s00401-018-1902-3
https://jamanetwork.com/journals/jamaneurology/article-abstract/2793575
https://jamanetwork.com/journals/jamaneurology/article-abstract/2793575
https://jamanetwork.com/journals/jamaneurology/article-abstract/2793575
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-018-0619-9
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-018-0619-9
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-018-0619-9
https://www.frontiersin.org/articles/10.3389/fneur.2015.00223/full
https://www.frontiersin.org/articles/10.3389/fneur.2015.00223/full
https://www.frontiersin.org/articles/10.3389/fneur.2015.00223/full
https://www.liebertpub.com/doi/abs/10.1089/neu.2022.0015
https://www.liebertpub.com/doi/abs/10.1089/neu.2022.0015
https://www.liebertpub.com/doi/abs/10.1089/neu.2022.0015
https://www.sciencedirect.com/science/article/pii/S0014488615300157
https://www.sciencedirect.com/science/article/pii/S0014488615300157
https://www.sciencedirect.com/science/article/pii/S0014488615300157
https://www.futuremedicine.com/doi/abs/10.2217/cnc-2016-0031
https://www.futuremedicine.com/doi/abs/10.2217/cnc-2016-0031
https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.24472
https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.24472
https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.24472
https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.24472
https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.24079
https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.24079
https://www.sciencedirect.com/science/article/pii/S0165027017301292
https://www.sciencedirect.com/science/article/pii/S0165027017301292
https://www.sciencedirect.com/science/article/pii/S0165027017301292
https://www.sciencedirect.com/science/article/pii/S0165027017301292
https://www.sciencedirect.com/science/article/pii/S0165027017301292
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-022-01358-z
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-022-01358-z
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-022-01358-z
https://www.sciencedirect.com/science/article/pii/S1474442216300576
https://www.sciencedirect.com/science/article/pii/S1474442216300576
https://www.sciencedirect.com/science/article/pii/S1474442216300576
https://www.sciencedirect.com/science/article/pii/S1474442216300576
https://www.nejm.org/doi/full/10.1056/NEJMoa2203199
https://www.nejm.org/doi/full/10.1056/NEJMoa2203199
https://www.nejm.org/doi/full/10.1056/NEJMoa2203199
https://www.nejm.org/doi/full/10.1056/NEJMoa2203199
https://www.nejm.org/doi/full/10.1056/NEJMoa2203199
https://link.springer.com/article/10.1007/s00401-022-02427-2
https://link.springer.com/article/10.1007/s00401-022-02427-2
https://link.springer.com/article/10.1007/s00401-022-02427-2
https://journals.sagepub.com/doi/abs/10.1177/03063127211052513
https://journals.sagepub.com/doi/abs/10.1177/03063127211052513
https://journals.sagepub.com/doi/abs/10.1177/03063127211052513
https://www.futuremedicine.com/doi/abs/10.2217/cnc-2016-0031
https://www.futuremedicine.com/doi/abs/10.2217/cnc-2016-0031
https://www.frontiersin.org/articles/10.3389/fneur.2015.00222/full
https://www.frontiersin.org/articles/10.3389/fneur.2015.00222/full
https://www.frontiersin.org/articles/10.3389/fneur.2015.00222/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3733029/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3733029/
https://www.sciencedirect.com/science/article/pii/S0166432819311179
https://www.sciencedirect.com/science/article/pii/S0166432819311179
https://www.sciencedirect.com/science/article/pii/S0166432819311179
https://www.sciencedirect.com/science/article/pii/S0166432819311179
https://www.sciencedirect.com/science/article/pii/S0969996119303584
https://www.sciencedirect.com/science/article/pii/S0969996119303584
https://www.sciencedirect.com/science/article/pii/S0969996119303584
https://www.sciencedirect.com/science/article/pii/S0014488620300121
https://www.sciencedirect.com/science/article/pii/S0014488620300121
https://www.sciencedirect.com/science/article/pii/S0014488620300121
https://www.sciencedirect.com/science/article/pii/S0014488620300121
https://www.liebertpub.com/doi/abs/10.1089/neu.2019.6436
https://www.liebertpub.com/doi/abs/10.1089/neu.2019.6436
https://www.liebertpub.com/doi/abs/10.1089/neu.2019.6436
https://www.liebertpub.com/doi/abs/10.1089/neu.2019.6436
https://link.springer.com/article/10.1186/s40478-020-00976-9
https://link.springer.com/article/10.1186/s40478-020-00976-9
https://link.springer.com/article/10.1186/s40478-020-00976-9
https://link.springer.com/article/10.1186/s40478-020-00976-9
https://www.nature.com/articles/s41598-020-65972-4
https://www.nature.com/articles/s41598-020-65972-4
https://www.nature.com/articles/s41598-020-65972-4
https://www.nature.com/articles/s41598-020-65972-4
https://www.liebertpub.com/doi/abs/10.1089/neu.2018.6333
https://www.liebertpub.com/doi/abs/10.1089/neu.2018.6333
https://www.liebertpub.com/doi/abs/10.1089/neu.2018.6333
https://www.liebertpub.com/doi/abs/10.1089/neu.2018.6333
https://www.sciencedirect.com/science/article/pii/S0969996120305131
https://www.sciencedirect.com/science/article/pii/S0969996120305131
https://www.sciencedirect.com/science/article/pii/S0969996120305131
https://fluidsbarrierscns.biomedcentral.com/articles/10.1186/s12987-021-00283-y
https://fluidsbarrierscns.biomedcentral.com/articles/10.1186/s12987-021-00283-y
https://fluidsbarrierscns.biomedcentral.com/articles/10.1186/s12987-021-00283-y
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-021-01128-3
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-021-01128-3
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-021-01128-3
https://actaneurocomms.biomedcentral.com/articles/10.1186/s40478-021-01128-3
https://www.nature.com/articles/s41598-021-87161-7
https://www.nature.com/articles/s41598-021-87161-7
https://www.nature.com/articles/s41598-021-87161-7
https://www.nature.com/articles/s41598-021-87161-7
https://link.springer.com/article/10.1186/s40478-021-01161-2
https://link.springer.com/article/10.1186/s40478-021-01161-2
https://link.springer.com/article/10.1186/s40478-021-01161-2
https://link.springer.com/article/10.1186/s40478-021-01161-2
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251315
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251315
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251315
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251315
https://link.springer.com/article/10.1186/s40478-021-01220-8
https://link.springer.com/article/10.1186/s40478-021-01220-8
https://link.springer.com/article/10.1186/s40478-021-01220-8
https://link.springer.com/article/10.1186/s40478-021-01220-8
https://link.springer.com/article/10.1186/s40478-021-01220-8
https://www.sciencedirect.com/science/article/pii/S0304394021008090
https://www.sciencedirect.com/science/article/pii/S0304394021008090
https://www.sciencedirect.com/science/article/pii/S0304394021008090
https://www.sciencedirect.com/science/article/pii/S0304394021008090
https://www.sciencedirect.com/science/article/pii/S0304394021008090
https://www.jneurosci.org/content/42/12/2418.abstract
https://www.jneurosci.org/content/42/12/2418.abstract

Biomedical Research and Clinical Reviews

Proteostasis, Neuroinflammation, and Tauopathy. J Neurosci. Mar
23 2022;42(12):2418-2432.

151. Yoon Y, Kim S, Seol Y, et al. Increases of Phosphorylated Tau
(Ser202/Thr205) in the Olfactory Regions Are Associated with
Impaired EEG and Olfactory Behavior in Traumatic Brain Injury
Mice. Biomedicines. Apr 7 2022;10(4)

152. Juan SMA, Daglas M, Adlard PA. Altered amyloid precursor
protein, tau-regulatory proteins, neuronal numbers and behaviour,

153.

Copy rights@ Brandon Lucke-Wold et.al.

but no tau pathology, synaptic and inflammatory changes or
memory deficits, at 1 month following repetitive mild traumatic
brain injury. Eur J Neurosci. Jun 29 2022;

Morin A, Davis R, Darcey T, Mullan M, Mouzon B, Crawford F.
Subacute and chronic proteomic and phosphoproteomic analyses
of a mouse model of traumatic brain injury at two timepoints and
comparison with chronic traumatic encephalopathy in human
samples. Mol Brain. Jul 18 2022;15(1):62.

Ready to submit your research? Choose Auctores and benefit from:

This work is licensed under Creative
Y Commons Attribution 4.0 License
To Submit Your Article Click Here:

Y VYV VVYY

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

DOI: 10.31579/2692-9406/128

Learn more https://www.auctoresonline.org/journals/biomedical-research-
and-clinical-reviews-

Auctores Publishing LLC — Volume 7(3)-128 www.auctoresonline.org
ISSN: 2692-9406

Page 14 of 14


https://www.jneurosci.org/content/42/12/2418.abstract
https://www.jneurosci.org/content/42/12/2418.abstract
https://www.mdpi.com/1577488
https://www.mdpi.com/1577488
https://www.mdpi.com/1577488
https://www.mdpi.com/1577488
https://onlinelibrary.wiley.com/doi/abs/10.1111/ejn.15752
https://onlinelibrary.wiley.com/doi/abs/10.1111/ejn.15752
https://onlinelibrary.wiley.com/doi/abs/10.1111/ejn.15752
https://onlinelibrary.wiley.com/doi/abs/10.1111/ejn.15752
https://onlinelibrary.wiley.com/doi/abs/10.1111/ejn.15752
https://www.researchsquare.com/article/rs-1569233/latest.pdf
https://www.researchsquare.com/article/rs-1569233/latest.pdf
https://www.researchsquare.com/article/rs-1569233/latest.pdf
https://www.researchsquare.com/article/rs-1569233/latest.pdf
https://www.researchsquare.com/article/rs-1569233/latest.pdf
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=80

