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Abstract

Alzheimer’s disease (AD) is considered a global health issue with a high social burden due to the level of disability it causes
in those who suffer from it. In the absence of a therapeutic alternative for this disease, we will follow one of the biochem-
ical pathways involved in the development of AD, which is related to molecular chaperones. The molecules are respon-
sible for eliminating toxins and misfolded proteins at the cerebral level. These chaperones are a set of proteins from the
heat shock proteins (HSPs) family, which, among their functions, help maintain homeostasis and protect cells against
stress. Various authors have described the activity of HSPs in different neurodegenerative diseases, highlighting the activity
of heat shock protein 70 (HSP70) in the presence of aberrant proteins characteristic of neurodegeneration, such as amyl-
oid-B (AB) and tau. The role of HSP70 in AD and other dementias lies in its mechanism, which, along with other proteins
from the HSP family, has the capacity to eliminate AP aggregates by promoting catalytic pathways. In this review, we

explore the biological role of the HSP70 protein in AD and other dementias and its potential therapeutic use
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Introduction

Dementia is a term used to encompass a group of symptoms
that affect thinking skills, limiting people from performing
their everyday activities. There are many factors that condi-
tion its development. Currently, approximately 55 million
people worldwide suffer from some form of dementia,
with Alzheimer’s disease (AD) being the most prevalent
with approximately 70%,' representing an economic
impact both worldwide and for healthcare systems.”
Cognitive functions are modulated by synapse processes
that involve different pathways responsible for releasing
chemical substances that allow the connection between
neurons, thus enabling neurocognitive abilities. In the
case of dementia, there are anatomical changes at the
brain level that interrupt these processes. Thus, vascular
dementia is the result of one or more cerebral vascular
lesions, of any etiology, that cause brain tissue to
be injured, also causing difficulties in motor function,

heat shock protein 70, heat shock proteins,

especially in walking and loss of balance. This type of
dementia occurs in approximately 5% to 10% of individuals
with dementia.>~ However, it is more common to find it as
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Figure |. Participation of HSP70 on Alzheimer’s disease. HSP70 has the ability to prevent neuronal loss and/or neurodegeneration by
inhibiting the oligomerization of ABPP and/or the phosphorylation of tau protein. It has also been proposed that HSP70, in the presence
of AP oligomers, increases its expression by interfering with the homeostasis of these oligomers and preventing their aggregation on

neuronal structures. Created with BioRender.com.

a mixed pathology, showing at the brain level both changes
in cerebrovascular disease and AD.

AD is a neurodegenerative disease that requires many
years for changes in the brain to affect people who suffer
from it and to start having problems with memory and lan-
guage.® Among the changes observed in the brain are an
excessive accumulation of the protein fragment amyloid-f§
(AP) outside of neurons and an abnormal form of the
strands of the tau inside neurons, as well as a notable neur-
onal damage that ends up damaging brain tissue,’ such as
consequence of the interruption of chemical signals that
maintain cognitive functionality.

In vivo findings have shown the toxicity of A, resulting
in the cell death of neurons deactivated with tau, indicating
that tau is essential for neurodegeneration and cytotoxicity
induced by AP.® However, despite these studies, the
results are still limited, not allowing us to identify all the
biochemical pathways involved.

The appearance of AP and hyperphosphorylated tau,’
has also been implicated in neuroinflammation mechanisms
that involve different neuronal action pathways mediated
for innate immunity'®~'?%; A aggregates can activate pro-
inflammatory reactions by causing damage to neurons,
leading to ischemia or hypoxia'*'®; Thus, neuronal damage
in dementia is a consequence of the stress to which neuronal

cells are subjected as a consequence of the misfolding of the
tau protein, which generates toxic products and accumulation
of Ap plaques.'"'®!®

Thus, the heat shock proteins (HSPs) known as molecu-
lar chaperones HSP60, HSP70, and HSP90, play an
important role since they allow cells to protect themselves
against stressors. These biomolecules are a series of highly
conserved proteins whose functions include maintaining
cellular homeostasis,19 and they also allow the regulation
of protein folding both inside and outside the cells, and
participate in other cellular mechanisms such as the trans-
location and degradation of proteins and cellular degrad-
ation.?~%?

Considering these biochemical mechanisms involved in
the development of dementia, which involve incorrect
protein folding and tau phosphorylation processes to
avoid neuronal toxicity, molecular chaperones could
represent an alternative in the search for new therapeutic
targets for a disease for which there is no real cure to
date. Therefore, this review focuses on describing the rela-
tionship between dementia as an entity and HSPs, with
emphasis on HSP70 for its role in regulating tau stability
and its phosphorylation dynamics as well as its ability to
inhibit oligomerization and aggregation of both AP and
tau proteins to identify its possible clinical application.
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Role of HSP70 and in dementia

Dementia is a complex disease with a high prevalence
among older adults; it is said that approximately 25% of
people over 55 years of age have a history of dementia
being the major cause of disability and dependency
among elderly people.”® The changes observed at the
microscope level show the presence of plaques and neuro-
fibrillary tangles (NFTs), and may be present in other
types of dementia such as mixed dementia plaques are
extracellular AP peptide, whereas the intracellular NFTs
mainly are composed of hyperphosphorylated forms of
the microtubule-associated tau protein®* as well as the
defective cleavage of amyloid-f protein precursor (ApPP)
and the consequent AP plaque formation giving rise to a
downstream cascade that leads to tau pathology.?

APPP is a transmembrane protein with extracellular and
intracellular domain and a hydrophobic transmembrane
domain. Its participation in neurite outgrowth, synaptic
plasticity, and cell survival has also been noted and it inter-
acts with other receptors to maintain intracellular calcium
homeostasis.***’

APPP can be cleaved by a combination of different
secretases complexes, following two pathways the amyloi-
dogenic APPP processing in which a- and y-secretases par-
ticipate and the amyloidogenic processing of APPP in
which the B-secretase participates instead of o-secretase
producing mainly AP;_4 and, to a lesser extent, the most
amyloidogenic APy 4».2®

These are some of the proteins involved in the accumu-
lation of AP/tau. However, to date no mechanisms have
been established that would allow them to be influenced
to modify this process. The protein HSP70 plays an import-
ant role in this process due to its ability to inhibit oligomer-
ization and aggregation of both Af and tau and its ability to
maintain homeostasis.

HSP70 is a family of 17 members that can be induced by
stress or expressed constitutively, as in the case of Hcs70,
which is responsible for assisting in protein folding. The
HSP70 chaperone can collaborate with both the HSP40
and HSP90 chaperones in various cellular compartments
actively participating in cellular apoptosis processes.” It
has been reported that in AD the levels of HSP70 are
altered, in postmortem brain tissue these levels have been
reported increased, which suggests that HPS70 is present
in these areas with the intention of solubilizing protein
aggregates to prevent cellular damage.”!

On the other hand, it has also been pointed out that
among the functions of these chaperones is helping proteins
to acquire their conformation, so in neurodegenerative dis-
eases such as dementia, where an incorrect packing of one
or more proteins is observed. The HSP70 chaperone plays
an important role allowing regulating the assembly of
newly generated polypeptides, refolding of aberrant pro-
teins or targeting them for elimination.**-*

Biological role of HSP70 in dementia

Some studies have shown in animal models how the vari-
ation in HSP70 levels conditions the degradation of the
AP protein in microglial cells.>> HSP70 has also been
shown to decrease the number of oligomers through the
refolding of misfolded proteins.** On the other hand, the
HSP70 chaperone has also been associated with a reduction
in the levels of the tau in different in vivo models. HSP70
binds to tau, prevents its aggregation and facilitates its deg-
radation by means of E3 ubiquitin ligase. On the contrary,
the inhibition of HSP70 can hinder the proper folding of
the molecule, facilitating its cellular degradation.

HSP70 also interacts with other chaperones such as
HSP40, enhancing their activity and affecting the catalytic
activity of polypeptides mediated by adenosine triphos-
phate (ATP), protecting neurons from stress.*® Thus we
can say that in this mechanism the role of HSP70 is rather
passive and repetitive, allowing to maintain the concentra-
tions of substrate in optimal conditions to avoid native
folding and substrate splitting, the energy of ATP is used
in both processes.

HSP70 interferes with the homeostasis of AP aggregates.
Soluble A oligomers, which become toxic in their oligo-
meric form, tend to form fibrils that eventually aggregate
into stable p-sheet plaques®’; several authors have demon-
strated that abundant expression of HSP70 effectively pre-
vents the accumulation of AP in neurons in AD mice
models, as can be seen in Table 1. This is achieved
through HSP70’s stimulation of cytokines such as
TGF-B1 and insulin-degrading enzyme (IDE),*® stimula-
tion of microglia and astrocytes for the enzymatic elimin-
ation of Ap, and suppression of AP production by
preventing its assembly upon recognizing its aggregated
form.*™* Tt is well known that Ap plays a fundamental
role in the histopathology and progression of AD, so it
can be deduced that HSP70 plays an important role in AD
progression by directly interacting with AP proteostasis,
as be seen in Figure 1. Specifically, HSP70 is a potent
inhibitor of apoptosis.*®

HSP70 consists of a characteristic structure composed of
three domains: N-terminal, substrate-binding domain, and
C—terminalso; due to this characteristic, it can recognize
hydrophobic amino acid sequences that have been recently
synthesized by ribosomes. In AD, HSP70 has the specific
function of stabilizing proteins, which gives it a neuropro-
tective role,*® various studies have reported a direct correl-
ation between HSP70 dysfunction and the deposits of Af
and NFTs.*

HSP70 interferes with the homeostasis of AP aggregates.
Soluble AP oligomers, which become toxic in their oligo-
meric form, tend to form fibrils that eventually aggregate
into stable p-sheet plaques®’; several authors have demon-
strated that abundant expression of HSP70 effectively pre-
vents the accumulation of AP in neurons in AD models.
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Table I. HSP70 models in various neurodegenerative diseases and their results.

Route of
administration &
Disease Model Results dosage Conclusions
Alzheimer’s Adult male transgenic -Regulation of genes 2 pg/mouse Regulation of multiple antigen
Disease 5XFAD and involved in antigen presentation processing genes mediated
non-transgenic mice presentation. by HSP70 in old TG 5XFAD animals, it
-Increase in cellular In 4 pl intranasal is suggested that HSP70 has therapeutic
reactivity application in neurodegenerative
-Reduction of AP plaques. Injection diseases such as AD by activating
adaptive immunity.47
Alzheimer’s Neuroblastoma cells -Decrease in AB 125 pg/ 3 mL The authors suggest an important
Disease N2A oligomerization mechanism of HSP70 in the cytotoxicity
-Reduction of A toxicity Direct insertion given by AP effect in AD.*
into the
medium
Alzheimer’s Adult males of NMRI -Prevent memory 2 pg/mouse HSP70 treatment protects memory in
Disease mice and transgenic deterioration 5XFAD and OBX mice. HSP70 has
5XFAD mice -HSP70 treatment In 4 pl been shown to be an important
reduces the neuroprotector in Alzheimer’s
accumulation of AR disease.*’
peptides in mouse brain
-Improves neuronal Intranasal
morphology and injection

neuronal survival in
mouse brain

5XFAD: Familiar Alzheimer’s disease transgenic mouse model with 5 AD linked mutations (3 mutations in APP695 (1716 V, Kn670N/Mé71L, V7171) and 2

mutations in PSENI (M146L, L286 V)).
N2A: mouse neuroblastoma cell line.
NMRI: Naval Medical Research Institute outbread mouse model.

This is achieved through HSP70’s stimulation of cytokines
such as TGF-B1 and IDE,38 stimulation of microglia and
astrocytes for the enzymatic elimination of A, and suppres-
sion of AP production by preventing its assembly upon rec-
ognizing its aggregated form.**~* It is well known that Ap
plays a fundamental role in the histopathology and progres-
sion of AD, so it can be deduced that HSP70 plays an
important role in AD progression by directly interacting
with AP proteostasis. Specifically, HSP70 is a potent inhibi-
tor of apoptosis.*®

Biological role of HSP70 in other dementias

While most studies on late-onset dementias have focused
specifically on AD, it has been discovered that AD shares
pathophysiological characteristics with vascular dementia
and mixed dementiaSI; In animal tissue models, it has
been suggested that areas with hypoperfusion, ischemic
damage, or trauma-induced lesions show the presence of
APPP,>? which may suggest that patients with vascular
dementia have AP accumulations similar to the aggregates
observed in AD. Evidence has been found that ischemic
events lead to an increase in AD markers>>>*; age plays
an important role in cerebral vascularization, as it can con-
tribute to the development of small vessel disease, causing

white matter lesions or other vascular alterations,”>>® in the

elderly, these events occur early, which may promote the
expression of AP characteristic of AD.

In the case of mixed dementia, it is composed of a com-
bination of AD with vascular-origin lesions or vascular
dementia®; given the evidence that both AD and vascular
dementia involve active participation of HSP70 in the pres-
ence of AP aggregate markers, it can be inferred that HSP70
plays an important neuroprotective role in mixed dementia,
given this relationship and previous evidence on the eti-
ology of mixed dementia.®*®!

Therapeutic advances

Molecular chaperones have been extensively studied for
their direct neuroprotective role in neurodegenerative dis-
eases. Based on this, various studies have explored the
potential of activating or inhibiting these highly specialized
proteins to develop drugs targeting molecular chaperones.®>
Understanding the biochemical composition of HSPs and
the epigenetic factors that modulate different HSPs has
led to innovative strategies for a variety of diseases that
depend on aberrant proteins in their progression, such as
chronic degenerative diseases.®® The main goal is to modu-
late HSPs expression with clinically useful drugs that
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interact with the HSP of interest without affecting other
HSPs involved in normal daily activities.

Among the reported advances, the development of
HSP90 inhibitors has been approved by the FDA as a
cancer treatment®>~®> which could lead to the approval of
these same molecules for the treatment of AD; however,
there is extensive research into developing new molecules
targeting other HSPs, such as HSP40, HSP60, HSP70,
and small molecule HSPs.%%%°

HSP70 as a therapeutic target

The specific mechanism of HSP70 involves its ability to
form complexes with other HSP-type proteins and ATP to
target specific proteins.”” It has been demonstrated that
the inhibition of HSP70 through HSP70 ATPase modula-
tors significantly reduces tau levels. Similarly, the same
study suggests that a combination of HSP90 and HSP70
inhibition could be a promising pharmacological target for
treating AD, specifically targeting reactive tau protein
species.”! Other studies have suggested that HSP70 can
be used not only as a potential therapeutic target in AD
but also for modulating the heat shock factor 1 (HSF-1)
transcription factor, which increases the expression of
HSP70 and other HSPs. Various molecules, such as carbe-
noxolone and arimoclomol, have become strong candidates
for modulating HSP70 expression,’*’® These molecules
have been tested in animal models focused on Parkinson;s
disease, AD, and amyotrophic lateral sclerosis74*76; while
these drugs have reached preclinical trials with promising
results, a long road remains to prove their effectiveness, espe-
cially in human models. Studies have also been conducted
using HSP70 directly in animal models, as shown in Table 1.

Discussion

Dementia represents a complex pathophysiological process
that conditions the functionality of the person who suffers
from it due to the loss of cognitive functions, limiting
their quality of life. These pathologies have been linked
to the accumulation of AP and tau protein that causes syn-
aptic loss because of imbalances in homeostasis.

Although there has been progress in identifying the
mechanisms involved and the related biochemical path-
ways, there is still no specific treatment for these patholo-
gies, so there is still a pressing need to develop and assess
effective treatment strategies, as well as predict the treat-
ment response. Therefore, given the cellular mechanisms
in which the HSP70 protein and its co-chaperones are
involved, they constitute an alternative due to their capacity
to modulate the folding of proteins at the brain level and
their degradation and elimination.

In this review, the HSP70 protein was analyzed as a
potential therapeutic target associated with AD and other
dementias. HSP70 is a crucial molecular chaperone in

cells that protects them from misfolded or denatured pro-
teins and fulfills protein degradation functions when neces-
sary. In the context of AD and other late-onset dementias,
we found that the role of HSP70 is fundamental both in
the onset and progression of the disease.

The neuroprotective activity of HSP70 has been demon-
strated in various chronic neurodegenerative diseases, such
as Parkinson’s disease, Huntington’s disease, and condi-
tions involving aberrant proteins that cause neuronal
stress.”’~’” Numerous studies have shown that HSP70 pre-
vents the formation of toxic Ap aggregates, NFTs of tau and
promotes their elimination through various mechanisms,
culminating in proteolysis mediated by autophagy or the
proteasome. Additionally, HSP70 has indirect neuroprotec-
tive effects* due to its role as a modulator of the cellular
stress response, including vascular and inflammatory
effects, as seen in vascular dementia and mixed dementia.
It is suggested that HSP70 may offer neuroprotective
effects against cellular stress derived from vascular pro-
cesses or mixed events, potentially reducing cell death
and promoting neuronal survival in this context.

Although the vast majority of studies supporting this
hypothesis are primarily animal models, there are genetic
models and protein measurements that substantiate this
theory with direct evidence in humans. However, these
are still in the early stages of experimental investigation.
In some animal models, exogenous intranasal administra-
tion delivery®® has shown promising results in AD
models, suggesting the potential for developing drugs and
molecules that can cross the blood-brain barrier (BBB). It
is noteworthy that the specific mechanisms involved in
transporting HSP70 across the BBB are not well understood
but involve receptors, neuronal terminals, vascular spaces,
and/or specific lymphatic channels.®' This model demon-
strated improvements in characteristic dementia symptoms
and a reduction in Ap plaques.®®

APPP is also recognized by HSP70, which prevents the
formation of A monomers. Similarly, APPP is expressed
under conditions of tissue damage, such as in small vessel
disease, as previously mentioned. This supports the theory
of HSP70’s role in dementias not correlated with aberrant
proteins, as in the case of AD, but rather significantly
related to the deterioration of brain cells and the neurovas-
cular system. This reinforces the important role of HSP70 as
a neuroprotector in late-onset dementias, positioning it as a
promising therapeutic target by influencing various
mechanisms among the different late-onset dementias that
are likely highly interconnected.

Conclusions

The emergence of aberrant proteins is a common theme in
neurodegenerative diseases. The formation of AP and tau
aggregates in AD, as well as regions with tissue damage
due to ischemia, positions HSP70 as an interesting
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candidate for mitigating the toxicity of these proteins. New
therapies based on HSP70 could be proposed for use in AD
and other late-onset dementias. Among the results obtained
from various studies are the modulation of HSF-1 to over-
express HSP70, HSP90 inhibitors, and/or the combination
of these mechanisms to prevent early pathological events
caused by AP, its precursors, or tau.>*** While there is evi-
dence from various studies of HSP70’s fundamental role in
the pathophysiology of dementias, there is very little evi-
dence in in vivo models due to the limitations applied to
these types of investigations.*” It would be interesting to
consider whether a single agent aimed at increasing
HSP70 expression has the desired effectiveness given its
mechanism with the disease, or if various targeted agents
complement the effect of HSP70. Addressing these and
other questions related to dementias not only offers the
opportunity to correctly intervene in this disease but also
provides the opportunity to delve into other chronic-
degenerative diseases and reveal the importance of HSPs
in the neurodegenerative process. Research on HSP70 in
neurodegeneration is ongoing and promising for future clin-
ical use.

The study and understanding of HSP70 still have a long
way to go. The field of study on HSP70 in chronic neurode-
generative diseases represents an area of opportunity full of
new possibilities. The new knowledge about HSP70 and its
pathways of action reveals its therapeutic potential for the
benefit of human health. This review opens new doors in
the quest to find new therapeutic avenues for better treat-
ment of these diseases in their various contexts.
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