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Abstract 

Heat shock proteins (HSPs) are a diverse group of molecular chaperones that play a crucial role in 

maintaining protein homeostasis. They are involved in the folding, assembly, translocation, and 

degradation of proteins, and their expression is upregulated in response to cellular stress. This review 

discusses the various functions of HSPs in protein homeostasis, their mechanisms of action, and their 

involvement in disease processes. The paper highlights recent advancements in understanding HSP 

biology and explores therapeutic strategies targeting HSPs for treating various diseases. 
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Introduction 

Heat shock proteins (HSPs) are a family of highly conserved proteins that are expressed in 

response to various stress conditions, including heat shock, oxidative stress, and 

inflammation. HSPs function as molecular chaperones, facilitating the proper folding, 

assembly, and degradation of proteins. By maintaining protein homeostasis (proteostasis), 

HSPs play a critical role in cellular function and survival. Dysregulation of HSPs is 

associated with various diseases, including neurodegenerative disorders, cancer, and 

cardiovascular diseases. This review provides an overview of the role of HSPs in protein 

homeostasis and their involvement in disease processes, highlighting recent research 

advancements and potential therapeutic approaches. 

 

Objective of study 

The objective of this study is to review the role of heat shock proteins in maintaining protein 

homeostasis and their involvement in various diseases, highlighting recent advancements and 

potential therapeutic strategies targeting these proteins. 

 

Heat shock proteins and protein homeostasis 

Classification and function of heat shock proteins 

HSPs are classified based on their molecular weight into several families: HSP100, HSP90, 

HSP70, HSP60, and small heat shock proteins (sHSPs). Each family has distinct functions 

and mechanisms of action. 

 HSP100: HSP100 proteins are involved in the disaggregation and refolding of misfolded 

proteins. They work in concert with other chaperones to resolve protein aggregates and 

restore proteostasis. HSP100 proteins are particularly important in stress conditions 

where proteins are prone to misfolding and aggregation [1]. 

 HSP90: HSP90 proteins are essential for the stability and function of many client 

proteins, including steroid hormone receptors, kinases, and other signaling molecules. 

They play a significant role in signal transduction, protein folding, and the cellular stress 

response. HSP90 chaperones work in a multi-step cycle involving co-chaperones and 

ATP binding and hydrolysis to ensure the proper folding and function of client proteins 
[2]. 

 HSP70: HSP70 family members assist in protein folding, translocation across 

membranes, and the degradation of misfolded proteins. They interact with a wide range 

of co-chaperones, including J-domain proteins (Hsp40), nucleotide exchange factors, 
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and other chaperones to facilitate their functions. 

HSP70 proteins bind to nascent polypeptides and 

misfolded proteins, preventing aggregation and 

facilitating proper folding [3]. 

 HSP60: Also known as chaperonins, HSP60 proteins 

are involved in the folding of newly synthesized 

proteins and the refolding of denatured proteins within 

the mitochondrial matrix. They form large, barrel-

shaped complexes that encapsulate unfolded proteins, 

providing an isolated environment for proper folding. 

HSP60 proteins are crucial for mitochondrial 

proteostasis and function [4]. 

 

Small Heat Shock Proteins (sHSPs) 

sHSPs act as holdases, binding to unfolded proteins and 

preventing their aggregation. They form dynamic 

oligomeric complexes and can sequester misfolded proteins, 

thereby protecting cells from stress-induced damage. sHSPs 

play a crucial role in the cellular response to stress and are 

involved in various cellular processes, including 

cytoskeletal organization and cell signalling [5]. 

 

Mechanisms of Action 

HSPs exert their chaperone activity through various 

mechanisms: 

 

Protein Folding and Refolding 

HSPs facilitate the proper folding of nascent polypeptides 

and the refolding of misfolded proteins. HSP70 and HSP90, 

in particular, work together with co-chaperones to ensure 

proper protein conformation. HSP70 binds to unfolded or 

partially folded polypeptides, preventing aggregation and 

facilitating correct folding. HSP90, often acting downstream 

of HSP70, helps in the final maturation and stabilization of 

client proteins [6]. 

 

Prevention of protein aggregation 

sHSPs and HSP70 prevent the aggregation of unfolded or 

misfolded proteins by binding to exposed hydrophobic 

regions and maintaining them in a soluble state. This 

activity is crucial in conditions of cellular stress, where the 

risk of protein aggregation is high. sHSPs, in particular, 

form large oligomeric structures that can sequester 

misfolded proteins, preventing their toxic aggregation [7]. 

 

Protein degradation 

HSPs are involved in targeting misfolded proteins for 

degradation via the ubiquitin-proteasome system or 

autophagy. HSP70 and HSP90 play key roles in recognizing 

and delivering substrates to degradation pathways. HSP70, 

in conjunction with co-chaperones like CHIP (C-terminus of 

Hsc70-interacting protein), can ubiquitinate misfolded 

proteins, marking them for degradation by the proteasome. 

HSP90 also interacts with various co-chaperones and E3 

ligases to facilitate the degradation of client proteins [8]. 

 

Stress response 

In response to cellular stress, HSPs are upregulated to 

protect cells from damage. This stress response is mediated 

by heat shock factor 1 (HSF1), which binds to heat shock 

elements (HSEs) in the promoters of HSP genes and 

activates their transcription. HSF1 is maintained in an 

inactive state under normal conditions but becomes 

activated in response to stress, leading to the rapid induction 

of HSP expression [9]. 

 

Heat shock proteins in disease 

Neurodegenerative diseases 

Neurodegenerative diseases, such as Alzheimer's disease, 

Parkinson's disease, and Huntington's disease, are 

characterized by the accumulation of misfolded and 

aggregated proteins. HSPs play a protective role in these 

diseases by promoting the refolding or degradation of 

misfolded proteins. 

 

Alzheimer's disease 

HSPs, particularly HSP70 and HSP90, have been shown to 

interact with amyloid-beta (Aβ) peptides, promoting their 

clearance and reducing amyloid plaque formation. 

Enhancing HSP expression or function has been proposed as 

a therapeutic strategy for Alzheimer's disease. Studies have 

demonstrated that upregulating HSP70 can reduce Aβ 

aggregation and toxicity in cellular and animal models [10]. 

Additionally, HSP90 inhibitors have been shown to promote 

the degradation of tau protein, another pathological hallmark 

of Alzheimer's disease, through the proteasome and 

autophagy pathways [11]. 

 

Parkinson's disease 

HSP70 and HSP90 are involved in the refolding and 

degradation of alpha-synuclein, a protein that aggregates in 

Parkinson's disease. Modulating HSP activity to enhance the 

clearance of alpha-synuclein aggregates is a potential 

therapeutic approach. HSP70 has been shown to inhibit the 

fibrillization of alpha-synuclein and promote its degradation 

via the proteasome and autophagy pathways [12]. HSP90 

inhibitors can also reduce alpha-synuclein levels and protect 

against neurotoxicity in models of Parkinson's disease [13]. 

 

Huntington's disease 

In Huntington's disease, HSPs interact with mutant 

huntingtin protein, promoting its degradation and reducing 

aggregate formation. Upregulating HSP expression has been 

shown to alleviate symptoms and improve cellular function 

in models of Huntington's disease. HSP70 and HSP40 have 

been found to suppress polyglutamine toxicity by promoting 

the clearance of mutant huntingtin through the proteasome 

and autophagy pathways [14]. Pharmacological induction of 

HSP expression has shown promise in reducing huntingtin 

aggregation and improving motor function in animal models 
[15]. 

 

Cancer 

HSPs are often overexpressed in cancer cells, where they 

support the stability and function of oncoproteins and 

promote cell survival under stressful conditions. HSP90, in 

particular, is a key player in cancer biology. 

 

HSP90 inhibitors 

Targeting HSP90 with small-molecule inhibitors disrupts its 

chaperone function, leading to the degradation of client 

oncoproteins and the inhibition of tumor growth. Several 

HSP90 inhibitors, such as geldanamycin and its derivatives 

(e.g., 17-AAG), have been developed and tested in clinical 

trials for various cancers [16]. These inhibitors bind to the 

ATP-binding domain of HSP90, preventing ATP hydrolysis 

and disrupting the chaperone cycle. This results in the 
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degradation of HSP90 client proteins, including many 

oncogenic proteins, and induces apoptosis in cancer cells 
[17]. 

 

HSP70 and cancer 
HSP70 supports the survival of cancer cells by inhibiting 
apoptosis and promoting the degradation of tumor 
suppressor proteins. Inhibitors of HSP70 are being explored 
as potential cancer therapies. For example, the small-
molecule inhibitor PES (2-phenylethynesulfonamide) has 
been shown to disrupt HSP70 function, leading to the 
accumulation of misfolded proteins and induction of 
apoptosis in cancer cells [18]. HSP70 inhibitors can also 
sensitize cancer cells to chemotherapy and radiation therapy, 
enhancing their efficacy [19]. 

 

Cardiovascular diseases 
HSPs play a protective role in cardiovascular diseases by 
reducing protein aggregation, enhancing proteostasis, and 
mitigating stress-induced damage. 
 

Ischemia-reperfusion injury 
HSPs, particularly HSP70 and HSP27, are upregulated in 
response to ischemic stress and protect cardiac cells from 
damage by promoting protein refolding and inhibiting 
apoptosis. Enhancing HSP expression or function may 
provide therapeutic benefits in ischemia-reperfusion injury. 
Studies have shown that overexpression of HSP70 or HSP27 
can reduce infarct size and improve cardiac function 
following ischemia-reperfusion injury in animal models [20]. 
HSPs achieve this protective effect by stabilizing 
mitochondrial function, reducing oxidative stress, and 
inhibiting apoptotic pathways [21]. 

 

Atherosclerosis 
HSPs are involved in the cellular response to oxidative 
stress and inflammation in atherosclerosis. HSP60 has been 
implicated in the immune response to oxidized low-density 
lipoprotein (LDL), a key factor in atherogenesis. 
Autoantibodies against HSP60 and oxidized LDL have been 
found in patients with atherosclerosis, suggesting a role for 
HSP60 in the development of the disease [22]. Targeting 
HSP60-mediated pathways may offer new therapeutic 
avenues for atherosclerosis. For example, inhibiting the 
interaction between HSP60 and its receptors on immune 
cells could reduce inflammation and plaque formation [23]. 
 

Therapeutic strategies targeting heat shock proteins 

Pharmacological modulation 
Pharmacological modulation of HSP activity represents a 
promising therapeutic approach for various diseases. 

 

HSP90 inhibitors 
Several small-molecule inhibitors of HSP90, such as 
geldanamycin and its derivatives, have been developed and 
tested in clinical trials for cancer. These inhibitors disrupt 
the chaperone function of HSP90, leading to the degradation 
of client oncoproteins and inhibition of tumor growth. 
Geldanamycin and its derivatives (e.g., 17-AAG) bind to the 
ATP-binding domain of HSP90, preventing ATP hydrolysis 
and disrupting the chaperone cycle [24]. This results in the 
degradation of HSP90 client proteins, including many 
oncogenic proteins, and induces apoptosis in cancer cells. 
HSP90 inhibitors have shown efficacy in various cancer 
models and are being evaluated in clinical trials for multiple 
cancer types [25]. 

HSP70 modulators 

Modulators of HSP70, including inhibitors and activators, 

are being explored for their therapeutic potential in 

neurodegenerative diseases and cancer. For example, the 

HSP70 inhibitor PES has shown efficacy in reducing alpha-

synuclein aggregation and toxicity in models of Parkinson's 

disease [26]. HSP70 activators, such as celastrol, can enhance 

the expression of HSP70 and promote the clearance of 

misfolded proteins, offering potential benefits in 

neurodegenerative diseases [27]. HSP70 modulators can also 

sensitize cancer cells to chemotherapy and radiation therapy, 

enhancing their efficacy [28]. 

 

Gene therapy 

Gene therapy approaches to enhance HSP expression or 

function are being investigated for the treatment of 

neurodegenerative diseases and cardiovascular conditions. 

 

Viral vectors 

Viral vectors encoding HSPs have been used to deliver HSP 

genes to target tissues, resulting in increased HSP 

expression and protection against disease-related damage. 

For example, adeno-associated virus (AAV) vectors 

encoding HSP70 have been shown to reduce amyloid-beta 

pathology and improve cognitive function in mouse models 

of Alzheimer's disease [29]. Similarly, AAV-mediated 

delivery of HSP27 has been found to protect cardiac cells 

from ischemia-reperfusion injury and improve cardiac 

function [30]. 

 

CRISPR/Cas9 

CRISPR/Cas9 technology offers the potential to upregulate 

HSP expression by targeting regulatory elements of HSP 

genes. This approach could be used to enhance the cellular 

stress response and protect against protein misfolding 

diseases. For example, CRISPR/Cas9-mediated activation of 

HSF1, the master regulator of HSP expression, has been 

shown to increase HSP levels and protect cells from 

proteotoxic stress [31]. This strategy could be applied to 

enhance HSP expression in tissues affected by 

neurodegenerative diseases or cardiovascular conditions. 

 

Small molecule chaperones 

Small molecule chaperones mimic the function of HSPs and 

can stabilize misfolded proteins, preventing their 

aggregation and promoting proper folding. 

 

Tauroursodeoxycholic Acid (TUDCA) 

TUDCA is a bile acid derivative that acts as a chemical 

chaperone, stabilizing misfolded proteins and reducing 

endoplasmic reticulum stress. It has shown therapeutic 

potential in models of neurodegenerative diseases and is 

being investigated in clinical trials. TUDCA has been found 

to reduce amyloid-beta aggregation and improve cognitive 

function in mouse models of Alzheimer's disease [32]. It also 

protects against neurodegeneration in models of Parkinson's 

disease and Huntington's disease by stabilizing misfolded 

proteins and reducing oxidative stress [33]. 

 

4-Phenylbutyrate (4-PBA): 4-PBA is a chemical 

chaperone that enhances protein folding and reduces protein 

aggregation. It has shown efficacy in models of cystic 

fibrosis and neurodegenerative diseases and is being 

explored as a therapeutic agent. 4-PBA has been found to 
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reduce the aggregation and toxicity of mutant huntingtin 

protein in models of Huntington's disease [34]. It also 

enhances the folding and function of misfolded cystic 

fibrosis transmembrane conductance regulator (CFTR) 

protein, improving clinical outcomes in patients with cystic 

fibrosis [35]. 

 

Conclusion 

Heat shock proteins are essential for maintaining protein 

homeostasis and protecting cells from stress-induced 

damage. Their roles in protein folding, prevention of 

aggregation, and protein degradation make them critical 

players in various physiological processes and disease 

states. Dysregulation of HSP function is associated with 

neurodegenerative diseases, cancer, and cardiovascular 

conditions, highlighting the therapeutic potential of 

targeting HSPs. Advances in our understanding of HSP 

biology and the development of pharmacological 

modulators, gene therapy approaches, and small molecule 

chaperones offer promising strategies for treating these 

diseases. Continued research and clinical trials are needed to 

fully realize the potential of HSP-targeted therapies in 

improving patient outcomes. 
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