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Alzheimer’s disease (AD) and Parkinson’s disease (PD) are progressive brain disorders with no cure. In AD, there is the
buildup of misfolded tau and amyloid-beta (Af3) proteins. In PD, there is the buildup of misfolded alpha-synuclein proteins.
These aggregates contribute to neuronal dysfunction, leading to cognitive and motor impairments. This review examines
the role of Heat Shock Protein 70 (HSP70), a molecular chaperone involved in protein folding, aggregation prevention, and
cellular stress protection. A targeted literature search was conducted using the PubMed database, including only peer-reviewed
experimental studies evaluating the effects of HSP70 on protein aggregation, neuronal survival, or functional outcomes in animal
or human cell models. Across 27 included studies, increased HSP70 activity was consistently associated with reduced protein
aggregation and improved neuronal viability. Approximately 20 of 27 studies (~74%) reported decreased aggregation of tau,
AP, or alpha-synuclein following HSP70 upregulation, while 12—14 studies (~44-52%) reported improvements in functional
outcomes such as cognition, motor performance, or neuronal survival. In contrast, when HSP70 was blocked or reduced,
protein aggregation increased and neuronal damage worsened. These findings provide a quantitative synthesis supporting a
protective role for HSP70 in neurodegeneration. However, most evidence is derived from preclinical models, and variability
across study designs introduces limitations, including potential publication bias. Further research in human populations is
needed to validate HSP70 as a therapeutic target. Overall, this review shows that HSP70 is a promising target for future thera-
peutic development, although additional research is required to validate its clinical and biomarker potential in human populations.
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Introduction heat shock proteins (HSPs), which assist in protein folding as

well as help protect cells under stress®2.
Neurodegenerative diseases such as Alzheimer’s (AD) and

Parkinson’s (PD) affect one’s health both physically and neu-
rologically due to the loss of neurons alongside the deteriora-
tion of protein structures, leading to misfolding and seques-
tration'’?. These chronic illnesses involve the accumulation
of misfolded proteins. Specific proteins, tau and amyloid-
beta in AD, and alpha-synuclein in PD play critical roles in
the development and progression of these neurodegenerative
disorders“*. As the population of older adults increases, the
burden of chronic diseases such as AD and PD will continue
to escalate as well. This has sparked interest in identifying
potential cellular-level therapeutics that could attenuate the
progression of neurodegenerative diseases by targeting key
pathological mechanisms™®. While no cure currently exists
for neurodegeneration, ongoing research continues to uncover
promising therapeutic targets, offering hope for future treat-
ments2Z. A particularly promising area of research involves

Among these, heat shock protein 70 (HSP70) stands out
for its role as a molecular chaperone that interacts with mis-
folded or aggregated proteins implicated in neurodegenerative
diseases!Y. As a key regulator of proteostasis, HSP70 can
either refold damaged proteins or target them for degradation,
thereby potentially mitigating the pathological processes un-
derlying disorders such as Alzheimer’s and Parkinson’s dis-
ease®?. Proteostasis refers to the cellular processes that regu-
late protein synthesis, folding, trafficking, and degradation to
maintain functional protein balance®?. The specific function
of HSP70 in the etiology of neurodegenerative diseases con-
tinues to be unclear, despite increasing interest”. Some studies
suggest that HSP70 assists in the clearance of aggregated pro-
teins deemed harmful, while other reports hold that it impedes
normal degradation processes*Z. Significant gaps in under-
standing HSP70’s function may stem from variations across
disease models, the specific proteins studied, and the type of
! North Allegheny Senior High School, Pennsylvania, USA neurodegenerative disease being examined. This review aims
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to synthesize existing evidence and identify gaps by critically
reviewing recent experimental work on HSP70’s interaction
with tau, amyloid-beta, and alpha-synuclein in the context of
neurodegenerative diseases.

This review is guided by a central question: Does HSP70
exert a neuroprotective effect by mitigating the aggregation
of tau, amyloid-beta, and alpha-synuclein in neurodegenera-
tive diseases? While HSP70 is widely regarded as protective,
emerging evidence suggests its effects may vary depending
on the disease context, model system, and stage of pathol-
ogy. Current findings are examined to evaluate HSP70’s ther-
apeutic potential and the factors that may influence its func-
tion. This analysis is based on the protein misfolding and
aggregation hypothesis of neurodegeneration, which states
that neurodegeneration occurs due to an accumulation of mis-
folded proteins*“1Y, These findings may support the HSP70
biomarker hypothesis that changes in HSP70 expression not
only reflect disease processes but also provide a measurable
indicator of neurodegeneration, and position HSP70 for con-
sideration as a treatment in neurodegenerative diseases' 12,
However, current evidence for HSP70 as a biomarker remains
limited, with few studies evaluating diagnostic accuracy (e.g.,
sensitivity, specificity, or ROC analysis), and should there-
fore be considered preliminary. Ultimately, this work aims
to clarify HSP70’s dual role in neurodegeneration and guide
future research toward targeted therapeutic development, in-
cluding the potential use of HSP70 as a biomarker or inter-
vention strategy. This review will (1) determine the effects of
HSP70 on protein aggregation and pathology in neurodegen-
erative disease models; (2) analyze the impact of HSP70’s ac-
tion on tau, amyloid-beta, and alpha-synuclein separately; and
(3) explore the therapeutic consequences of changing HSP70
activity.

Methods

This study was conducted as a structured narrative review
rather than a formal systematic review. A targeted literature
search was conducted using the PubMed database to identify
original research studies examining the role of heat shock pro-
tein 70 (HSP70) in neurodegenerative diseases. The search
utilized specific keywords including “HSP70 AND neurode-
generative disease,” “HSP70 AND Alzheimer’s disease,” “tau
AND HSP70,” and “alpha-synuclein AND HSP70.” The
search was conducted between 1993 and 2023. This review
aimed to identify mechanistic insights while acknowledging
that only the PubMed database was used, which may have ex-
cluded relevant studies indexed in Web of Science, Scopus,
or Google Scholar. Only peer-reviewed, original experimen-
tal studies involving in vitro, in vivo, or human models were
included. Studies were preferentially included if they directly
manipulated HSP70 expression or activity (e.g., overexpres-
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Absence of HSP70 leads to accumulation of
misfolded proteins and neuronal damage.

HSP70 helps maintain protein homeostasis by
assisting in protein folding.

Fig. 1 Illustration of how HSP70 interacts with a healthy neuron
versus a diseased neuron. HSP70 acts as a molecular chaperone that
binds misfolded proteins—such as tau, amyloid-beta, and
alpha-synuclein—preventing their aggregation and promoting
degradation. This mechanism helps maintain neuronal health and
mitigate proteinopathy associated with Alzheimer’s and Parkinson’s
disease. This is a conceptual schematic created by the author.

sion, inhibition, or pharmacological induction) and reported
measurable effects on protein aggregation, neuronal survival,
or functional outcomes. Systematic reviews, meta-analyses,
and non-original works were excluded. Studies were selected
based on their investigation into HSP70’s expression and func-
tional effects, including its inhibition of neurodegenerative
disease pathology, with inclusion criteria requiring measur-
able outcomes related to these aspects. Data extraction was
performed using a standardized approach, documenting each
study’s citation, title, research question, experimental model,
analytical techniques, and key findings. Study selection was
conducted by screening titles and abstracts followed by full-
text review to ensure eligibility based on the inclusion criteria.
While this structured approach improved the ability to com-
pare findings across studies, differences in design, sample, and
disease models posed limitations in drawing universal conclu-
sions 13,

Results

Quantitative Summary of Evidence

Across the 27 included studies, approximately 20 (~74%)
reported that HSP70 upregulation reduced protein aggrega-
tion, while a smaller subset of studies demonstrated mixed or
context-dependent effects. Additionally, approximately 12—
14 studies (~44-52%) reported improvements in functional
outcomes such as cognition, motor performance, or neuronal
survival. ~Studies involving HSP70 inhibition consistently
demonstrated increased aggregation and worsened neuronal
outcomes, although the number of such studies remains lim-
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ited. Effect sizes varied across models, with reductions in ag-
gregation ranging qualitatively from modest (~20%) to sub-
stantial (>60%), depending on the experimental system and
protein studied. These findings support a predominantly pro-
tective role of HSP70, although variability in experimental de-
sign, model systems, and measurement approaches introduces
heterogeneity in outcomes. Importantly, several studies mea-
sured HSP70 expression (mRNA or protein levels) without di-
rectly assessing functional activity (e.g., ATPase function or
substrate binding). Increased expression may reflect a com-
pensatory stress response rather than effective neuroprotection
and therefore should be interpreted cautiously. A structured
summary of the included studies is presented in Table 1.

HSP70 Prevents Protein Misfolding and Aggregation in
Neurodegenerative Diseases

From the reviewed literature, it is clear that HSP70 and associ-
ated proteins are differentially expressed in neurodegenerative
diseases. This differential expression supports their potential
utility as both biomarkers and therapeutic targets. Yoo et al.
(1999) performed a postmortem study on the temporal cor-
tex tissues of Alzheimer’s disease (AD) patients. They found
that AD patients had significantly greater expression levels of
HSP70 compared to age-matched controls (p < 0.05)"Y. This
finding suggests activation of neuroprotective stress-response
mechanisms in AD, particularly in response to protein mis-
folding and cellular stress. However, it may also reflect the
severity of underlying proteostatic disruption or represent a
complex role for HSP70 that is not uniformly beneficial across
disease contexts. In a separate study, the role of HSP70-1
polymorphisms in the genetic susceptibility of dementia was
explored, highlighting how genetic variation in the heat shock
response may influence disease susceptibility and progres-
sion#,

Differentiating between forms of dementia remains a clin-
ical challenge, often leading to misdiagnosis. As a result,
research has increasingly focused on identifying peripheral
biomarkers that may aid in early and accurate detection. For
example, Lee et al. (2008) examined plasma concentrations of
HSP70 in healthy controls and individuals with vascular mild
cognitive impairment (VaMCI), a condition marked by cogni-
tive decline due to cerebrovascular dysfunction. Patients with
VaMCI showed a significant increase in plasma HSP70 levels
compared to those with AD and healthy controls, demonstrat-
ing its potential as a distinguishing biomarker between demen-
tia subtypes'?. Dong et al. (2013)’s study provided mecha-
nistic evidence for HSP70’s cytoprotective role, showing that
17 -estradiol, a primary female sex hormone in the brain, in-
hibits apoptosis caused by DNA damage in SH-SY5Y neurob-
lastoma cells via HSP70 pathway signaling!’. These findings
further support the role of HSP70 in mediating cellular de-

fense mechanisms under neurodegenerative stress conditions,
even in in vitro models.

Beyond peripheral biomarkers, understanding the regional
expression of HSP70 within the brain is essential for clari-
fying its functional role in neurodegenerative diseases. Us-
ing in situ hybridization histochemistry and Northern blot-
ting techniques, Harrison et al. (1993) studied HSP70 mRNA
expression in postmortem brain tissue. The investigation
demonstrated high levels of hsx70 mRNA expression, gen-
erally termed as HSP70 mRNA expression, in the frontal
cortex white matter compared to controls in patients with
AD and non-AD dementia, while accounting for peri-mortem
variables such as agonal state—the final stage before death,
marked by severe physiological decline—temperature, coma
duration and postmortem interval3. While poly(A)*™ mRNAs
were reduced in the grey matter of dementia cases, indicating
loss of specific gene expression, upregulation of hsx70 mRNA
expression indicates a gene-specific stress response. The pres-
ence of hsx70 in white matter and granule cell layers of
the cerebellum while absent in Purkinje cells—large neurons
in the cerebellum involved in motor coordination—suggests
regionally selective cellular vulnerability to heat shock re-
sponses.

Collectively, these findings indicate that HSP70 family
proteins, including hsx70, are persistently overexpressed in
the context of neurodegenerative damage. Their functional
role in modulating protein folding, degradation, and cellular
stress responses distinguishes them from other heat shock pro-
teins. The diagnostic and pathological significance of HSP70
lies in its central role in maintaining proteostasis and mit-
igating cellular stress. Additionally, variations in expres-
sion across brain regions, dementia subtypes, and experi-
mental models—including human tissue, plasma, and in vitro
systems—provide insight into HSP70’s complex contributions
to neurodegenerative processes.

HSP70 Inhibits a-Synuclein Aggregation and Neurotoxic-
ity in Parkinson’s Disease Models

Multiple investigations have shown that HSP70 inhibits the
aggregation of «-synuclein, a key pathological feature of
Parkinson’s disease (PD). Molecular chaperones such as
HSP70 are known to prevent the misfolding and accumulation
of alpha synuclein through multiple mechanisms within the
protein quality control system. Evidence supporting HSP70’s
protective role against o-synuclein toxicity comes from di-
verse experimental approaches: animal models, human cell
culture systems, and in vitro biopsychical and computational
studies.

HSP70’s ability to inhibit alpha-synuclein fibril formation
was first demonstrated by Luk et al. (2008). The study
reported that HSP70 co-expressed in a cellular model de-
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Author (Year) Disease/Model HSP70 Manipulation Primary Outcome Effect (Qualitative) Study Quality*
1 | Yoo (1999) Human AD brain Expression only 1T HSP70 levels Mixed (compensatory) Low
2 | Hoshino (2011) | Mouse (AD) Overexpression 1 AR plaques, T cognition Strong positive High
3 | Luk (2008) Cell (PD) Co-expression | a-syn aggregation Strong positive Moderate
4 | Patterson (2011) | Mouse (AD) Overexpression 1 tau aggregation Strong positive High
5 | Chiang (2019) Cell/animal HSP70 agonist | aggregation, T survival Positive Moderate
6 | Petrucelli (2004) | Cell HSP70 + CHIP t tau degradation Strong positive Moderate
7 | Shao (2021) Cell Inhibition 1 tau aggregation Negative Moderate
8 | Magrané (2004) | Cell Overexpression 1 AP toxicity Positive Moderate
9 | Tsai(2013) Cell Activation 1 AB toxicity Positive Moderate
10 | Dong (2013) | Cell Induction 1 apoptosis Positive Moderate
11 | Wang (2017) Cell Induction | a-syn accumulation Positive Moderate
12 | Lee (2008) | Human plasma Expression only t HSP70 in VaMClI Mixed (biomarker) Low
13 | Harrison (1993) Human brain Expression only 1 hsx70 mRNA Mixed Low
14 | Fung (2005) | Human Genetic association HSP70 pelymorphism effects | Mixed Low
15 | Scordino (2023) Cell Expression modulation | oxidative stress damage Positive Moderate
16 | Auluck (2002) | Drosophila (PD) Overexpression 1 a-syn toxicity Strong positive High
17 | Dedmon (2005) In vitro Binding to intermediates L fibril formation Strong positive Moderate
18 | Sun (2017) | Mouse Pharmacologic induction 1 AB, t cognition Strong positive High
19 | Evans (2006) In vitro Aggregation inhibition 1 AR formation Strong positive Moderate
20 | Dou (2003) | Cell Chaperone interaction 1 tau stability Positive Moderate
21 | Elliott (2007) Cell Co-chaperone pathway 1 tau degradation Positive Moderate
22 | Jinwal (2009) | Cell ATPase modulation | 1au stability Strong positive High
23 | Jinwal (2010) Cell Pharmacologic modulation | | tau accumulation Positive Moderate
24 | Sahara (2005) | Mouse CHIP upregulation 1 tau aggregation Strong positive High
25 | Zhang (2008) Rat Degradation pathway 1 tau levels Positive Moderate
26 | Kundel (2018) | In vitro Aggregation inhibition | tau nucleation + elongation | Strong positive High
27 | Voss (2012) Drosophila Overexpression 1 tau toxicity Positive High

Table 1. Summary of Studies Examining the Role of HSP70 in Neurodegenerative Diseases. Studies span human, animal, and
cellular models and evaluate the effects of HSP70 expression, activation, inhibition, or functional interaction on protein
aggregation, neuronal survival, and disease-related outcomes. *Study quality was qualitatively assessed based on model

relevance, presence of appropriate controls, and inclusion of functional or in vivo validation. Human and in vivo studies with

functional outcomes were considered higher quality than in vitro or expression-only studies.

creased the accumulation of detergent-insoluble alpha synu-
clein species. This observation provides evidence that HSP70
acts during early stages of aggregation, limiting the forma-
tion of toxic ¢-synuclein species. These findings are further
supported by in vitro studies demonstrating that HSP70 both
inhibits fibril elongation and promotes the disassembly of ex-
isting aggregates.

Using Drosophila models, Chiang et al. (2019) extended
these findings by examining in vivo effects. The researchers
reported that overexpression of HSP70 resulted in a signif-
icant decrease in the alpha synuclein mediated neurotoxi-
city and neurodegenerative processes in dopaminergic neu-
rons>. Strikingly, flies that expressed both alpha synuclein
and HSP70 showed improved motor function and reduced
neuronal loss compared to control groups, reinforcing the
functional relevance of HSP70 upregulation. Wang et al.
(2017) provided additional evidence that HSP70 can inhibit -

synuclein oligomerization in human neuroblastoma cells. The
study observed that HSP70 diminished the cytotoxicity and
mitochondrial damage caused by a-synuclein overexpression,
indicating that HSP70 not only limits aggregation but also mit-
igates downstream cellular stress responses--.

Scordino et al. (2023) used in vitro spectroscopy in
conjunction with computational modeling to analyze the
biophysical interactions between HSP70 and «-synuclein.
Their data showed that HSP70 preferentially binds to o-
synuclein monomers and early oligomers, thus stabilizing
non-aggregated forms and preventing the transition into -
sheet-rich fibrillar structures’S. These findings provide mech-
anistic evidence that HSP70 regulates a-synuclein conforma-
tion during early aggregation under stress conditions.

Additional experimental evidence further strengthens the
role of HSP70 in modulating ¢-synuclein aggregation.
Auluck et al. (2002) demonstrated that overexpression of
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Plasma HSP70 Concentration Across
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Fig. 2 Plasma HSP70 concentrations in patients with Vascular Mild
Cognitive Impairment (VaMCI), Alzheimer’s disease (AD), and
healthy controls. Plasma levels of HSP70 were significantly elevated
in the VaMCI group (14.11 ng/mL) compared to both the AD group
(10.16 ng/mL) and healthy group (11.32 ng/mL). These findings
support the interpretation that elevated plasma HSP70 may serve as
a potential biomarker to distinguish VaMCI from AD and
individuals without cognitive impairment. However, sample sizes
(n), variability measures (e.g., SD/SEM), and statistical significance
values (p-values) were not reported and should be included to
improve interpretability. This data is adapted from Lee et al. (2008).

Protective Role of HSP70 in Neurodegenerative Diseases
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Fig. 3 Illustration of the protective role of HSP70 in
neurodegenerative diseases. This schematic illustrates how HSP70
modulates key neurodegenerative mechanisms by promoting the
degradation of misfolded proteins such as tau, amyloid-beta, and
alpha-synuclein, thereby maintaining proteostasis and reducing
neuronal toxicity across Alzheimer’s and Parkinson’s disease
models. This is a conceptual schematic created by the author.

HSP70 suppresses a-synuclein toxicity in Drosophila models,
leading to improved neuronal survival. Similarly, Dedmon et
al. (2005) showed that HSP70 inhibits a-synuclein fibril for-
mation by preferentially binding to early prefibrillar species,
thereby preventing progression into toxic aggregates. These

findings reinforce the concept that HSP70 acts at early stages
of aggregation across multiple experimental systems1%Z,

Collectively, these studies demonstrate that HSP70 sup-
presses ¢-synuclein oligomerization through direct bind-
ing, chaperone-induced conformational changes, and clear-
ance mechanisms. Importantly, the consistency of these ef-
fects across cellular, animal, and in vitro models highlights
HSP70’s role in early-stage aggregation control, although
variability across experimental systems suggests that its ther-
apeutic potential may depend on context and mode of activa-
tion.

HSP70 Reduces Amyloid-3 Plaque Formation and En-
hances Cognitive Function

A pathological hallmark of AD is the development of amyloid-
B (AB) plaques within the brain, which are thought to be neu-
rotoxic, disrupt synaptic transmission, and lead to a decline
in cognitive abilities. Accordingly, a major focus in neurode-
generation research is understanding the cellular mechanisms
responsible for Af3 aggregation. Out of all these mechanisms,
HSP70 has emerged as a key molecular chaperone able to in-
fluence protein folding and aggregation processes. Numerous
studies demonstrate that HSP70 can prevent, inhibit, and even
reverse A3 aggregation, thereby improving neuronal health.

Hoshino et al. (2011) showed that the overexpression of
HSP70 in an in vivo mouse model mitigated A plaque ac-
cumulation and cognitive deficits. Their findings suggest that
HSP70 binds to misfolded A peptides, stabilizing them in a
non-toxic, soluble state and preventing aggregation?. Simi-
larly, pharmacological upregulation of HSP70 in AD mouse
models reduced A oligomer levels and significantly im-
proved learning and memory performance!®. Together, these
results indicate that HSP70 not only limits plaque formation
but also preserves cognitive function.

Further supporting these findings, Dong et al. (2013)
demonstrated that HSP70 directly inhibits the fibrillization
of APy, in vitro by binding to aggregation-prone sequences,
thereby preventing the formation of f-sheet-rich structures
characteristic of toxic amyloid fibrils'Y. Additionally, Tsai
et al. (2013) showed that HSP70, together with its co-
chaperones, can actively disaggregate pre-formed A fibrils,
highlighting its role in both preventing and reversing plaque
formation”. Similarly, Magrané et al. (2004) highlighted the
neuroprotective role of HSP70, showing that its overexpres-
sion in neuronal cultures reduced Af-induced cytotoxicity
by preserving mitochondrial integrity and inhibiting apoptotic
signaling pathways®.

Further supporting these findings, Evans et al. (2006)
demonstrated that HSP70 inhibits early stages of amyloid-f3
aggregation by interfering with nucleation processes, thereby
reducing the formation of toxic aggregates. This suggests that
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HSP70 acts at multiple stages of aggregation, consistent with
its effects observed in tau and c-synuclein systems?.
Collectively, these studies underscore the multifaceted role
of HSP70 in amyloid pathology. By directly interacting
with A peptides and enhancing cellular defense mechanisms,
HSP70 demonstrates significant potential as a therapeutic tar-

get for slowing or preventing the progression of AD.

HSP70 Regulates Tau Protein Stability and Mitigates Neu-
rofibrillary Tangle Formation

Tauopathies, including AD, are characterized by the misfold-
ing and aggregation of tau, a microtubule-associated protein
critical for maintaining neuronal stability. When tau accu-
mulates, it forms neurofibrillary tangles that disrupt neuronal
function and contribute to cognitive decline. HSP70 has
emerged as a key molecular chaperone involved in prevent-
ing tau aggregation. Research indicates that HSP70 facilitates
the clearance of misfolded tau and may serve as a potential
therapeutic target for tau-related neurodegenerative diseases.

Patterson et al. (2011) found that increasing HSP70 expres-
sion in a transgenic mouse model expressing human tau sig-
nificantly reduced tau aggregation. This intervention not only
preserved neuronal integrity but also improved cognitive func-
tion, suggesting that HSP70 may play a critical role in modi-
fying disease progression®. Similarly, Petrucelli et al. (2004)
demonstrated that HSP70 promoted the degradation of tau via
the ubiquitin-proteasome pathway in cellular models. Their
work highlighted the dual role of HSP70 in stabilizing soluble
tau to prevent aggregation while also promoting the clearance
of misfolded tau species®.

Additional studies provide deeper mechanistic insight into
HSP70’s regulation of tau dynamics. Dou et al. (2003) re-
ported that chaperone systems enhance tau association with
microtubules, stabilizing its functional conformation and re-
ducing misfolding. Elliott et al. (2007) further demonstrated
that HSP70-associated co-chaperones, including BAG-1, reg-
ulate tau degradation through proteasomal pathways, high-
lighting the importance of co-chaperone interactions in deter-
mining tau fateV21,

Jinwal et al. (2009) showed that modulation of HSP70 AT-
Pase activity directly affects tau stability, emphasizing that
functional activity, rather than expression alone, is a key deter-
minant of its protective effects. Complementing this, Jinwal et
al. (2010) demonstrated that pharmacological modulation of
HSP70 reduces tau accumulation, supporting its therapeutic
relevance4'23,

Additional in vivo evidence from Sahara et al. (2005)
demonstrated that upregulation of protein quality control path-
ways involving HSP70-associated mechanisms reduces tau
aggregation, while Zhang et al. (2008) showed that chaperone-
mediated degradation of tau can occur independently of phos-

phorylation state. More recently, Kundel et al. (2018) demon-
strated that HSP70 inhibits both nucleation and elongation of
tau fibrils while also sequestering aggregated species, indicat-
ing a multifaceted protective mechanism=4-29,

Supporting this, Voss et al. (2012) explored the impact of
enhancing HSP70 activity in Drosophila models of tauopathy.
Their results showed that boosting HSP70 led to significant
reductions in tau aggregates, improved neuronal survival, and
better overall neuronal health””. These findings reinforce the
idea that activating HSP70 can mitigate the toxic effects asso-
ciated with tau misfolding. In contrast, Shao et al. (2021) ex-
plored what happens when HSP70 activity is inhibited, using
small-molecule inhibitors targeting its ATPase domain. Their
study demonstrated that inhibiting HSP70 increases tau aggre-
gation and neuronal stress, further emphasizing its protective
role in preventing tau-related damage™.

Collectively, these studies indicate that HSP70 is a critical
regulator of tau dynamics. Whether through genetic upregula-
tion or pharmacological activation, enhancing HSP70 function
consistently reduces tau aggregation and improves neuronal
health. These findings position HSP70 as both a key mod-
ulator of tauopathies and a promising target for therapeutic
interventions in AD and related disorders.

Discussion

This review affirms the critical role of the chaperone protein
HSP70 in the pathogenesis of neurodegenerative diseases VL,
Whether examining tau, amyloid-beta, or alpha-synuclein, up-
regulation of HSP70 was associated with favorable outcomes,
while downregulation or inhibition correlated with increased
neurodegeneration=®"Z HSP70 consistently demonstrated
neuroprotective effects across varied experimental models and
protein targets. These effects were primarily observed through
reductions in harmful protein aggregation, improvements in
neuronal survival, and, in some studies, enhanced cognition
or motor performance*>2HL

Although most studies report neuroprotective effects of
HSP70 upregulation, important heterogeneity and potential
publication bias must be considered. Negative or null findings
may be underreported, and variability in experimental design
limits the strength of these conclusions.

The evidence supporting HSP70’s neuroprotective role
across experimental systems is substantial. HSP70 consis-
tently reduced toxic protein accumulation and improved cell
survival across studies*#l. Most studies report neuropro-
tective effects of HSP70 upregulation; however, important
heterogeneity and potential publication bias must be consid-
ered®12. Negative or null findings may be underreported, and
variability in experimental design limits the strength of con-
clusions. These findings suggest that HSP70 is not merely a
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passive responder to cellular stress but an active regulator of
neurodegenerative processes> ..

However, it is important to distinguish between HSP70 ex-
pression and functional activity. Several studies measured in-
creased HSP70 levels without directly assessing its chaperone
activity (e.g., ATPase function or substrate binding). In such
cases, elevated expression may reflect a compensatory stress
response rather than effective neuroprotection, and therefore
should not be interpreted as definitive evidence of functional
benefit.

The integration of additional studies further reinforces the
importance of this distinction. While elevated expression
is often observed in neurodegenerative conditions, studies
demonstrate that ATPase activity and chaperone function are
critical determinants of HSP70’s protective capacity. More-
over, interactions with co-chaperones such as BAG-1 and
CHIP play a central role in directing protein degradation path-
ways, suggesting that HSP70 operates within a broader pro-
teostasis network rather than acting independently 21"

A protein such as HSP70, which can act as an
effective modulator across three major disease-inducing
pathways—protein misfolding, mitochondrial dysfunction,
and neuroinflammation—holds significant promise for future
therapeutic strategies®”. By integrating findings across di-
verse experimental approaches, this review highlights HSP70
as a unifying factor underlying multiple disease mecha-
nisms=H1L,

Although tau, amyloid-beta, and alpha-synuclein were dis-
cussed separately, HSP70 appears to act through shared mech-
anisms across these substrates. These include binding to ex-
posed hydrophobic regions, preventing oligomerization, and
promoting proteasomal or autophagic clearance. However,
structural differences between these proteins—such as intrin-
sically disordered tau versus f3-sheet-rich amyloid-beta—may
influence binding affinity and therapeutic effectiveness.

Additional experimental evidence supports this shared
mechanism across substrates. HSP70 has been shown to bind
aggregation-prone intermediates, prevent oligomer formation,
and promote clearance through proteasomal pathways. How-
ever, structural differences between tau, amyloid-beta, and
alpha-synuclein may influence the efficiency of these interac-
tions and the overall therapeutic impact1017119120/

These findings also highlight that HSP70 does not oper-
ate in isolation, but rather as part of a dynamic and tightly
regulated chaperone system that can produce different out-
comes depending on cellular context and regulatory interac-
tions. While most studies support a neuroprotective role for
HSP70, its effects appear to be context-dependent. HSP70
may facilitate either protein refolding or degradation depend-
ing on co-chaperone interactions (e.g., Hsp40, Hsp90, CHIP)
and cellular conditions. In some cases, increased HSP70 ex-
pression may represent a failed compensatory response rather

than effective protection. Additionally, a U-shaped relation-
ship may exist in which both insufficient and excessive HSP70
activity could be detrimental, depending on disease stage and
cellular environment.

Studies included in this review utilized both genetic overex-
pression models and pharmacological approaches to modulate
HSP70. These strategies differ significantly in translational
relevance. Genetic overexpression provides mechanistic in-
sight but is not feasible in clinical settings, whereas pharma-
cological induction (e.g., HSP70 agonists such as geranylger-
anylacetone) offers more realistic therapeutic potential. How-
ever, drug-based approaches may be limited by factors such as
blood-brain barrier penetration, off-target effects, and dose-
dependent toxicity.

These findings also highlight several directions for fu-
ture research, although they should be interpreted with cau-
tion. First, the development of targeted therapeutics that
elevate or modulate HSP70 levels represents a promising
but still exploratory approach to mitigating neurodegenera-
tion?!2 Second, there is strong potential for HSP70 to serve
as a biomarker for early detection or monitoring of disease
progression'l. However, biomarker validation requires rigor-
ous evaluation, including sensitivity, specificity, receiver op-
erating characteristic (ROC) analysis, and replication in inde-
pendent human cohorts. Current evidence remains limited and
should be considered preliminary. Third, clinical and longitu-
dinal studies in human populations are necessary to determine
whether these preclinical findings translate to clinical benefit.
Together, these findings strengthen the conclusion that HSP70
functions as an active regulator of proteostasis across multiple
neurodegenerative pathways, rather than merely a marker of
cellular stressH 012226/

Several limitations of this review should be acknowledged.
First, only the PubMed database was used for literature search.
Second, the inclusion criteria limited the review to English-
language articles. Third, most of the studies included were
preclinical in nature which limits generalizability because
of the differences in physiological and disease complexity
between animal models and humans®Z, Additionally, ani-
mal models often fail to replicate the complexity of human
neurodegenerative diseases, including late onset, comorbidi-
ties, and heterogeneous progression. Differences in HSP70
isoforms and regulation between species further complicate
translation to human systems.

Furthermore, HSP70 induction is typically regulated by
heat shock factors (e.g., HSF1), which activate broader stress-
response pathways involving multiple heat shock proteins.
As a result, observed neuroprotective effects may not be at-
tributable to HSP70 alone but rather to coordinated activation
of the proteostasis network. Because HSP70 interacts with a
wide range of cellular proteins, global upregulation may also
produce unintended effects, such as stabilizing undesirable
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proteins or interfering with normal protein degradation. Fu-
ture studies should investigate substrate selectivity using ap-
proaches such as proteomics to better understand potential off-
target consequences. Additionally, the variability in study de-
sign presents challenges in making direct comparisons across
studies' 13, Despite these limitations, the overall consistency
of findings supports continued investigation into HSP70 as a
biologically relevant target212,

Overall, HSP70 is not a passive participant in neurodegen-
erative disease progression; it is a dynamic and potentially
therapeutic factor'®l.  However, further investigation and
clinical validation are required to translate these findings into
effective HSP70-targeted interventions. If successfully trans-
lated, this molecular chaperone may represent a viable strat-
egy for alleviating and potentially modifying neurodegenera-
tive disease progression*212,
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