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Abstract

Non-communicable diseases (NCDs) include metabolic syndromes, cardiovascular diseases, and
neurodegenerative disorders. Together, these deleterious health conditions pose a significant threat to global
health. The precise requlation of proteostasis at the cellular level is essential for the development and
advancement of non-communicable disorders. It regulates fundamental processes such as protein synthesis,
folding, trafficking, and degradation. Molecular chaperones of the heat shock superfamily play a crucial but
often overlooked role in maintaining proteostasis within this intricate biological network. The review focuses on
understanding the complex functions of heat shock proteins (HSPs) in preserving cellular homeostasis and their
significant involvement in treating NCDs. In this review of existing literature, we investigated the intricate
processes via which HSP dysregulation causes proteotoxic stress, hence contributing to the onset of non-
communicable diseases. In addition, we explored the potential therapeutic uses of targeting heat shock
proteinsto improve the therapeutic outcome of major NCDs. There is a favourable prospect in the fight against
NCDs that holds great potential for improving human health. By acquiring a more profound comprehension of
the interrelated function of heat shock proteins (HSPs) in maintaining protein homeostasis, substantial
advancements can be achieved.

Key Words: Non-communicable diseases (NCDs), Proteostasis, Heat Shock Proteins (HSPs), Metabolic
syndrome, Neurodegenerative disorders, Cardiovascular disorders.
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l. Introduction

Proteostasis is a vital component of the complex network of biological processes, as it regulates the equilibrium
of protein levels(Verma et al., 2021). Proteins are essential for biological processes and must undergo proper
folding to carry out their jobs effectively (Adeoye et al., 2023). Managing environmental stress and genetic
alterations is a recurring obstacle that requires attention. These problems frequently cause misfolding and
malfunction, ultimately leading to the emergence of chronic diseases(Labbadia & Morimoto, 2015). Heat shock
proteins (HSPs) are essential for maintaining cellular homeostasis and serve as a critical defence mechanism
against diverse stressors (Daniyan et al., 2022). These chaperones, initially identified in connection with heat
stress, have a vital function in maintaining the integrity and activity of proteins. Recently, there has been
growing interest in the role of Heat Shock Proteins (HSPs) in maintaining cellular homeostasis in chronic
diseases, which are also referred to as non-communicable diseases (NCDs)(Dubey et al., 2015). A multitude of
diseases, including cancer, neurological disorders, cardiovascular diseases, and metabolic syndromes, are
impacted by an intricate interplay of genetics, environmental variables, and personal lifestyle choices(Adeoye et
al., 2022). HSPs, or heat shock proteins, have lately been recognised as significant factors in the progression and
treatment of non-communicable diseases (NCDs). Therefore, exploring HSPs could lead to the discovery of new
therapeutic approaches for these conditions.

The current literature review specifically examines the complex functions of Heat Shock Proteins (HSPs) in
protecting against stress and maintaining cellular equilibrium in Non-Communicable Diseases (NCDs). Our goal
is to enhance our comprehension of the diverse ways in which HSPs influence disease outcomes and examine
new therapy possibilities by conducting a thorough analysis of existing literature and doing in-depth research on
the underlying mechanisms. The purpose of this extensive literature search is to acquire additional knowledge
about the processes via which HSPs protect cellular balance in non-communicable diseases (NCDs). The
objective is to promote additional investigation and advancement in the utilisation of HSPs for the identification
and therapy of persistent illnesses.

Overview of Heat Shock Proteins in Non-Communicable Diseases

Heat shock proteins (HSPs) play a crucial role in various physiological activities that are associated with several
non-communicable diseases (NCDs). Theseinclude cancer, neurological disorders, cardiovascular illnesses, and
metabolic syndromes(Boopathy et al., 2022). These proteins play a vital role in maintaining cellular equilibrium
and orchestrating cellular responses to disease-causing factors. ThusHSPs play a remarkable roles in the onset of
non-communicable diseases (NCDs). Certain HSPs, like HSP90 and HSP70, have been found to contribute to
the growth and survival of tumours by aiding oncogenic proteins and inhibiting apoptotic pathways. However,
various Heat Shock Proteins (HSPs), including HSP27 and HSP60, possess the capacity to inhibit tumour
growth by impeding the metastasis of cancer cells and rendering them more vulnerable to cell-killing
treatments(Yun et al., 2019). The intricate interplay between different HSPs that either facilitate or hinder
tumour growth underscores their wide-ranging roles in cancer development and treatment response(Chatterjee &
Burns, 2017).

Neurodegenerative diseases, like Alzheimer's and Parkinson's disease, are characterised by the improper folding
and buildup of proteins(Adeoye et al., 2022). These processes are controlled by heat shock proteins (HSPs) such
as HSP70 and HSP90n(Beretta & Shala, 2022). These chaperones play a crucial role in the process of protein
restructuring and breakdown, ensuring the smooth functioning of neurons by preventing the buildup of protein
clusters(Gupta et al., 2020). In addition, neuroprotective heat shock proteins (HSPs) like HSP27 and HSPB5
(oB-crystallin) play vital roles in preventing programmed cell death and maintaining the well-being of
neurons(Navarro-Zaragoza et al., 2021). These proteins show great potential for therapeutic interventions in
neurodegenerative disorders.
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HSPs play a crucial role in promoting the health of blood vessels and supporting the proper functioning of the
heart, particularly in cardiovascular conditions like atherosclerosis and myocardial infarction(Patnaik et al.,
2023). HSP27 and HSP70 play a crucial role in safeguarding endothelial cells from the harmful effects of
oxidative stress and inflammation(Bellini et al., 2017). This helps to maintain the optimal functioning of blood
vessels and minimise the formation of atherosclerotic plaques. Furthermore, HSPB1 (HSP27) and HSPB6
(HSP20) contribute to the contraction and relaxation of the heart, safeguarding the functionality of heart muscle
cells and minimising harm resulting from insufficient blood flow(lkwegbue et al., 2018).

The cellular responses mediated by HSPs are of utmost importance in understanding the link between metabolic
disorders such as obesity and type 2 diabetes(Moin et al., 2021). These responses, particularly in relation to
insulin signalling and glucose metabolism, play a critical role. HSP70 and HSP90 play a crucial role in
maintaining insulin sensitivity by managing insulin receptor signalling pathways(Esmaeilzadeh et al., 2023).
Additionally, HSP27 and HSPB1 provide protection to pancreatic beta-cells, preventing apoptosis and
preserving their capacity to secrete insulin.

The functional network of heat shock proteins (HSPs) in non-communicable diseases (NCDs) underscores the
diverse and context-specific roles they play in the progression and manifestation of diseases. Understanding the
molecular pathways that contribute to HSP-mediated cellular responses holds promise for developing targeted
treatment strategies to mitigate the effects of non-communicable diseases (NCDs) and improve patient
outcomes(Rowles et al., 2020).

Inventory and Classification of Molecular Chaperones

Hsps were the first known molecular chaperones, and they play an essential part in both the normal and stressed-
out processes of cellular proteostasis (Moayed et al., 2020). The correctly folded form of a protein does not
contain the hydrophobic patterns that can be found in misfolded forms of the protein(Atkin et al., 2021).
Chaperones are able to identify these patterns. Holdases only require binding in order to perform their activity;
otherwise, they are able to function independently of ATP(Graff et al., 2020). However, in many instances, the
ATP-dependent cycle that enables recurrent binding and release of chaperones is necessary for protein
(re)folding (Bolhassani and Agi 2019). This cycle is known as the folding cycle. The latter task is performed by
chaperones that are dependent on ATP, and these chaperones require specialized co-chaperones that regulate the
ATP cycle (binding, hydrolysis, and release) in order to establish substrate specificity and destination(Hall,
2020). The molecular weight of the initial member that established each family of molecular chaperones served
as the inspiration for the names of those families. There are four primary families of chaperones that are found
in metazoans. These are the Hsp60s, Hsp70s, Hsp90s, and the small molecular weightHsps (sHsp) (Wu et al.,
2017).sHsps typically function as more conventional holdases due to the absence of an ATPase domain in their
structures. Oligomeric complexes are very prevalent, and when they do occur, they frequently exist in a dormant
form, waiting for an opportunity to respond to a misfolding event. sHsps are activated in response to stress and
assist in the re-folding of proteins that have become misfolded. They frequently work in conjunction with other
chaperones, such as Hsp70s, to accomplish this task (Lianos et al., 2015).

HSP 70

The Hsp70 family, which includes both heat shock-inducible and constitutively expressed members (such as
HSP70-1/HSPALA and HSC70/HSPAS8), performs a variety of functions(Radons, 2016). Some of these include
protein synthesis, folding, refolding, disaggregation, membrane translocation, endocytosis, and the degradation
of terminally misfolded proteins. These are just some of the many functions that the Hsp70 family is responsible
for (Martine andRébé, 2019). This functional diversity is due, in part, to the involvement of a large number of
different co-chaperones. The Hsp70 ATPase cycle is typically regulated by a nucleotide exchange factor (NEF),
in collaboration with a J-domain protein (DNAJ), and a member of the J-domain protein (DNAJ) family(Mayer
&Gierasch, 2019). Humans have been found to have a total of 49 DNAJs, but E. coli only has a total of six. It's
probable that the enhanced malleability of Hsp70 machinery has anything to do with this rise in
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complexity(Mayer, 2021). After Hsp70s and their co-chaperones have completed their work with a client, they
are able to pass that client along to chaperonins and the Hsp90 family (Carra et al., 2017).

HSP60

The heat shock protein HSP60 has a high degree of evolutionary conservation. There are two subfamilies that
make up the ATP-dependent Hsp60 family, which is often referred to as the chaperonins or Cpn60(Zhang et al.,
2016). Group | HSP60s can be found in prokaryotic mitochondria (as GroEL) as well as eukaryotic
mitochondria and chloroplasts. HSP10 serves as a cofactor for these HSP60s (GroES in prokaryote) (Ciocca et
al., 2013). Members of Group |1, which can also be found in the cytoplasm of archaea, can also be found in the
cytoplasm of eukaryotic cells. Eukaryotic chaperonin is a multiprotein complex that can also be referred to as t-
complex 1 (TCP1) or chaperonin containing TCP1(Trdsch et al., 2015). It is comprised of two rings, each of
which contains eight subunits that are distinct from one another but are functionally analogous (CCT). Subunits
will bind ATP and then hydrolyze it so that a central folding chamber may be opened and closed. This will
allow substrate proteins to be folded (Mymrikov et al., 2011). To keep its double ring shape intact, the HSP60
protein found in eukaryotic cells needs both a cofactor and an interaction with a nucleotide (Chatterjee and
Burns, 2017).

In the absence of HSP10 and ATP, the heat shock protein HSP60 exists as a solitary heptamer ring. Combining
HSP60 with HSP10 results in the formation of complexes in the shape of footballs, with ATP-dependent
mechanisms leading to the formation of double-ring structures between single rings. Even in the absence of
HSP10, Group Il chaperonins have the potential to benefit from TRiC(Dawood, 2020). GroEL is responsible for
the transport of substrates into its lumen, which is then followed by the coupling of the heptamer HSP60
complex with HSP10 on the head region to ATP. Incorrectly folded proteins, on the other hand, can be re-
encapsulated in GroEL and sent back to the folding process for further processing. The protein chaperonin is
essential to a variety of different cellular activities (Kurop, et al., 2021). According to the findings of a recent
piece of research, the correct folding of around ten percent of all newly generated proteins requires TRiC.
Chaperonin is a protein that helps prevent proteins from clumping together and aids in the refolding of proteins
when they are under stress. HSP60 is absolutely necessary for the proper operation of the respiratory chain that
is housed within mitochondria. In response to both exogenous and endogenous stress, HSP60s act as
bidirectional regulators of the apoptotic process (Zhang et al., 2021).

HSP90

With the exception of archaea, members of the Hsp90 family have been extremely well conserved throughout
the course of evolutionary history. In order to regulate a wide variety of cellular activities, members of the
Hsp90 family, including those that are induced (such as HSP90OAAL) and those that are constitutively generated
(such as HSP90B1), interact with over 20 co-chaperones and adaptors (Mymrikov et al., 2011). Hsp90s have a
wide variety of various clients, including protein kinases and steroid hormone receptors, which makes them key
regulators of many distinct signaling cascades. There are six distinct human genes that code for heat shock
protein 90 (HSP90) (Li et al., 2020). Two of these genes are located in the cytosol (induced expressed
HSP90AA and constitutive expressed HSP90AB), two are located in the endoplasmic reticulum (GRP94), and
two are located in the mitochondria. There is a lot of structural similarity across different HSP90 homologues,
especially in terms of the properties that are conserved(Zuhelke et al., 2018). These domains are located at the
beginning, middle, and end of the monomer, respectively. Because of a series of ATP-dependent dynamic
conformation alterations, HSP90 is able to assist in the folding process. These modifications are themselves
regulated by an abundance of cochaperones. Because it does not contain a nucleotide that is attached to it,
HSP90 always assumes a conformation in which the NTD is open, and it forms dimers by utilizing the CTD
domain (Bakthisaran et al., 2015). The MD domain of HSP90 is used to load client proteins in an open
conformation onto the protein, and the binding of ATP is what drives the NTD dimerization. As a consequence
of the hydrolysis of ATP, HSP90 assumes a closed conformation, which allows it to maintain its flexibility.
When the ADP is withdrawn from HSP90, the protein goes back to the open form in which it was found. After
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the client proteins have been folded and unfolded multiple times, their natural states are reverted to their original
form (Leak, 2014). About ten percent of the proteins that make up the human proteome cannot develop without
the help of HSP90. Interacting with a wide variety of proteins, such as transcription factors and ubiquitin
proteins, in addition to more than sixty percent of the kinase proteins found in the human kinome, is one of the
many functions of the heat shock protein HSP90. In addition to their role as protein foldases, members of the
heat shock protein 90 (HSP90) family are also important contributors to the maturation of protein structures in
their final stages (Zininga et al., 2018). To give one example, in order to keep their structure intact, active
oncogenic kinases are dependent on the HSP90 chaperon. Kinase clients are rendered unstable when they are
subjected to an HSP90 inhibitor and are subsequently degraded by the proteasome. HSP90 plays a variety of
roles in cell survival that originate from its function as a chaperone. These responsibilities include cell signaling
and the regulation of the cell cycle. HSP90 is involved in a wide range of processes involving the stability and
activity of proteins (Kennedy, et al., 2014).

Large Heat Shock Proteins such as HSP 110 and Grp 170

Large heat shock proteins are common in eukaryotic organisms and include proteins such as HSP110 and
Grpl70. Grpl70 is localized only in the endoplasmic reticulum, in contrast to HSP110, which is ubiquitous
throughout the cell and even in the nucleus (ER). They have been demonstrated to be evolutionarily conserved
and are therefore commonly grouped with the HSP70 family since they are homologous to that family and have
the same structure (Daniyan et al., 2019). Each of these is regularly produced within cells and has the potential
to be rapidly triggered in response to various stressors in order to keep proteostasisintact They function as
holdases, preventing substrates from adhering to one another. The yeast HSP110 protein controls the
degradation of ubiquitin-dependent as well as -independent substrates through its interaction with the 19S
component of the 29S proteasome(Kandasamy & Andréasson, 2018). In the meantime, HSP110 participates in
the ADPATP exchange as a cochaperon of HSP70. In this role, HSP110 plays the role of the NEF. The HSP-
110 cochaperone plays an important part in the HSP70-mediated degradation process and is essential for
HSP70's ability to fold proteins in cells. This is due to the fact that HSP70 is dependent on HSP-110 (Milano et
al., 2020).

Roles of Heat Shock Proteins in Diabetes Mellitus

Diabetes is a multifaceted condition that encompasses disturbances in insulin function and the control of glucose
levels(Owigho et al., 2022). Heat shock proteins (HSPs) are essential for safeguarding and adjusting to the
demands of this complex situation. While HSPs have long been acknowledged for their expertise in addressing
cellular stress, there has been a surge of interest in their role in diabetes and its related complications. This has
opened up fresh avenues for exploring potential treatments(Hooper & Hooper, 2009). The role of HSPs in
diabetes is intriguing, as they have a significant impact on the regulation of glucose levels and the body's
response to insulin. As an example, we can examine the protein HSP70(Esmaeilzadeh et al., 2023). Key
elements in insulin signalling pathways, like insulin receptor substrate-1 (IRS-1), have the ability to interact
with it(Sharma et al., 2022). The role of HSP70 in the control of IRS-1 folding and transportation results in
improved glucose absorption in tissues and heightened insulin sensitivity(Ernst et al., 2017). Insulin resistance is
a common feature of type 2 diabetes, and the malfunction of HSP70 could potentially exacerbate this condition.

Importantly, HSPs have a significant impact on insulin sensitivity and are essential for maintaining the insulin
production capacity of pancreatic beta cells. The cells in diabetes undergo prolonged metabolic stress, which
results in their dysfunction and eventual death(Zilaee& Shirali, 2016). Heat shock proteins (HSPs), such as
HSP27 and HSP70, play a crucial role in safeguarding beta cells from protein misfolding induced by stress.
Additionally, they activate pathways that enhance cell survival. The Heat Shock Proteins (HSPs) have a vital
function in ensuring the accurate production and release of insulin in response to changes in blood sugar levels.
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They function as molecular chaperones, ensuring the proper structure and functionality of crucial proteins in the
beta-cells(Nakhjavani et al., 2010).

In addition, diabetes is strongly linked to oxidative stress and inflammation, and HSPs have fascinating
connections to both of these processes. This condition is marked by the presence of persistent, mild
inflammation and oxidative stress, resulting in tissue damage and a diminished capacity of the body to react to
insulin(Bahadoran et al., 2023). Nevertheless, heat shock proteins (HSPs) such as HSP60 and HSP70 possess
the capacity to reduce inflammatory responses and combat detrimental reactive oxygen species (ROS) owing to
their antioxidant and anti-inflammatory characteristics(Tanju et al., 2009).

Regrettably, diabetes has the potential to cause issues with the function of the endothelium and the development
of atherosclerosis in blood vessels(Adeoye et al., 2023). There is a growing body of evidence indicating that
heat shock proteins (HSPs) may play a role in the development of these conditions. For instance, HSP27
potentially plays a significant role in promoting the health of endothelial cells, which are vital for the optimal
functioning of blood arteries. When heat shock proteins (HSPs) are not functioning optimally in individuals with
diabetes, it can result in the decline of vascular health and the progression of heart-related conditions(Batulan et
al., 2016).

The Roles of Molecular Chaperones in Neurodegenerative Disorders

Protein aggregates are typically brought on by a malfunction in the cellular machinery that is responsible for
protein quality control (PQC) (proteostasis). The molecular chaperones are essential nodes in the PQC network
because they support cellular proteostasis by regulating the folding of nascent polypeptides, refolding proteins
that have been misfolded, or eliminating aberrant proteins by degrading them through the ubiquitin-proteasome
system (UPS) or autophagy (ChakafanaandShonhai, 2021). In the case that a protein does not go through the
process of (re)folding or clearance, misfolded forms will begin to accumulate and will eventually merge.
Positively, the fact that amyloid deposits in neurodegenerative disorders tend to grow up over time merely
suggests that PQC pathways, which can prevent aggregation, are active in younger people(Sharma et al., 2014).
The formation of amyloid can be effectively controlled by chaperones due to the fact that they monitor protein
folding and prevent it from becoming disordered and clumped together. Amyloids cannot form or spread
without first going through a number of critical stages (Li et al., 2019). It is believed that the progressive
pathological spread seen in prions and diseases similar to prions is due to the intracellular and intercellular
propagation of aggregated material. Prions are infectious agents that can cause disease in humans. Because of
their ability to protect growing cells from the harm that can be caused by protein aggregation, researchers are
shifting their attention more and more toward molecular chaperones as a potential target for intervention (Barre
et al., 2021). As the basic job of chaperones is to facilitate protein folding and guard it from misfolding and
aggregation, their role in the prion-like spread of misfolded proteins may appear obvious at first glance. There
are, however, other studies that imply the contrary, namely that chaperones actually make the protein more toxic
or induce more misfolding than it would be otherwise. However, under certain physiological conditions,
chaperones may also interact with the natural form of prion-like proteins (Dawood et al., 2020). Patients with
Creutzfeldt-Jakob disease (CJD) and animals that have been infected with prions have an elevated number of
genes that belong to the heat shock protein 70 (Hsp70) family. In addition, numerous models have shown that
chaperone levels can be altered to affect the course of disease, which further highlights the significance of
chaperones for prion disorders. Mice lacking the heat shock factor 1 (HSF1) gene, which is the primary
transcription factor responsible for the creation of numerous chaperones, expire around twenty percent more
quickly than wild-type animals when they are exposed to prions (Kurop et al., 2020). Prion illness also
progressed more quickly when there were lower amounts of Hsp70s in either the cytosol or the endoplasmic
reticulum (ER). The evidence pointing in the opposite direction is more circumstantial. This is necessary in
order to develop effective therapeutic methods (Zhang et al., 2021).

Functional Network of Heat Shock Proteins in Non-Communicable Diseases
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Heat shock proteins (HSPs) play a crucial role in a complex network that impacts various non-communicable
diseases (NCDs), such as cancer, neurological disorders, cardiovascular illnesses, and metabolic
syndromes(Daniyan et al., 2019). This network showcases the diverse roles of Heat Shock Proteins (HSPSs) in
regulating cellular processes and responding to disease-causing factors, making them essential contributors to
the development of Non-Communicable Diseases (NCDs).HSPs in cancer have two distinct roles, exhibiting
both functions that support tumour growth and functions that inhibit tumour growth. Certain Heat Shock
Proteins (HSPs), such as HSP90 and HSP70, are present in elevated levels within cancer cells(Albakova et al.,
2022). These proteins play a crucial role in supporting the growth and survival of tumours. They assist in
folding and stabilising oncoproteins and also prevent cell death pathways. On the other hand, HSP27 and
HSP60, among other Heat Shock Proteins (HSPs), possess the capacity to inhibit tumour growth, hinder the
dissemination of cancer cells, and enhance the efficacy of chemotherapy by facilitating cell death(Choi et al.,
2019). The delicate balance between these contrasting functions determines the overall impact of HSPs on
cancer progression and treatment outcomes(Somu et al., 2024).

HSPs play a crucial role in protecting neurons from protein misfolding and aggregation, which are key factors in
neurodegenerative diseases like Alzheimer's and Parkinson's disease. HSP70 and HSP90, for instance, play a
crucial role in restoring the proper shape of misfolded proteins and identifying damaged proteins for
degradation(Rutledge et al., 2022). This helps prevent the buildup of protein clusters and ensures the optimal
functioning of neurons. Moreover, heat shock proteins (HSPs) like HSP27 and HSPB5 (aB-crystallin) possess
the capacity to inhibit cell death (apoptosis) and promote cell survival pathways, making them potential targets
for the treatment of neurodegenerative diseases(Arrigo & Gibert, 2014).

HSPs have a crucial role in safeguarding the well-being of blood vessels and ensuring the proper functioning of
the heart in cardiovascular conditions like atherosclerosis and myocardial infarction. HSP27 and HSP70 play a
crucial role in protecting endothelial cells from oxidative stress and inflammation, which helps to preserve
vascular integrity and minimise the formation of atherosclerotic plaque(Ferns et al., 2006). Furthermore, HSPB1
(HSP27) and HSPB6 (HSP20) play crucial roles in regulating the contraction and relaxation of the heart,
monitoring the performance of cardiomyocytes, and protecting against harm resulting from insufficient blood
supply(Poznyak et al., 2023).

The functional network of Heat Shock Proteins (HSPs), particularly those related to insulin signalling and
glucose metabolism, also plays a significant role in impacting metabolic disorders like obesity and type 2
diabetes(Oliveira de Souza et al., 2021). HSP70 and HSP90 play a crucial role in regulating insulin sensitivity
by interacting with insulin receptor substrates and boosting insulin receptor signalling. However, HSP27 and
HSPBL1 play a crucial role in protecting pancreatic beta-cells from cell death and preserving their capacity to
secrete insulin(Edkins et al., 2017). Taken together, the intricate involvement of heat shock proteins (HSPs) in
non-communicable diseases (NCDs) highlights their significant contribution to the progression and emergence
of these conditions. Scientists are looking to discover novel therapeutic strategies that focus on chaperones
involved in HSP-mediated cellular responses. Through a thorough analysis of the molecular mechanisms
involved in these reactions, their aim is to alleviate the impact of non-communicable diseases (NCDs) and
improve patient outcomes.

Heat Shock Proteins with a high sensitivity and risk of cardiovascular illness

There are many different types of cardiovascular disorders, some of which include hypertension, atherosclerosis,
coronary artery disease, arrhythmias, heart failure, and idiopathic LV heart malfunction. Despite the availability
of a wide variety of treatments that are proven to be helpful, cardiovascular diseases continue to be a major
cause of death and disability on a global scale. In addition, HSP is engaged in both normal cellular physiological
activities as well as pathological processes, the most important of which are cardiovascular diseases (Dawood,
2021). HSPs are important immunostimulatory molecules that play a role in both the innate immune response
and the adaptive immunological response to sickness. When inflammation takes place, it sets off a chain
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reaction of cellular stress events, such as apoptosis, oxidative stress, and shear stress, as well as cellular and
humoral immunological responses(Patnaik et al., 2023). These events and responses all have a detrimental
impact on the structure and function of the cardiovascular system (Kennedy et al., 2014). HSPs are associated
with both beneficial and harmful effects in CVDs. HSPs are initially activated as a response to the presence of
stressful stimuli. There is a high level of HSP expression in cardiovascular diseases (CVDs), where these
proteins have a cardioprotective effect by preventing cell death(Pockley&Frostegérd, 2005). According to the
findings of a number of research, there is a connection between the quantity of HSPs that are generated by mild
stress and their protective effect against subsequent exposure to stress that is of a more severe kind (Milani et
al., 2020). The fact that the overexpression of HSPs has a protective effect in cultured cardiomyocytes,
transgenic mice, or intact hearts when it is given by viral vectors provides another evidence that HSPs can
protect cardiac function. There is a possibility that atherosclerosis plays a part in the pathophysiology of HSPs
as well as immunological responses against them(Dabravolski et al., 2022). One potential trigger for cross-
reactive autoimmune responses is the expression of host-protected heat shock protein 60 (hHSP60) on vascular
endothelial cells (Li et al., 2019). As a consequence of the great degree of sequence consistency that exists
between human and microbial HSPs, it is possible for there to be a cross-reaction to the immune response that is
elicited by bacterial HSPs in the course of an infection. Endothelial dysfunction and atherosclerosis are both
caused by GroEL because of its high immunogenicity and its ability to cross-react with hHSP60, which is
expressed on endothelial cells (Yusof et al., 2021). This kicks off a cascading process of inflammation, which
has the effect of accelerating the formation of atherosclerosis. Lesions that initially appeared as fatty streaks
have the potential to transform into atherosclerotic plaques if infections and other risk factors for cardiovascular
disease continue to be present(Luca et al., 2023). HSPs have been shown to perform a protective role in the
arterial wall when exposed to physiological conditions. However, due to the highly conserved nature of their
sequences, HSPs that are produced on the surface of vascular endothelial cells have the potential to act as targets
for detrimental autoimmunity when the body is affected by disease (Kan and Lin, 2021). The majority of HSPBs
are expressed in cardiac and skeletal muscle cells. These HSPBs include HSPB1, HSPB2, HSPB3, HSPBS,
HSPB6, HSPB7, and HSPB8(Bartelt-Kirbach et al., 2017). Because of recent discoveries that point to the
preventive influence that these kinds of relatives have on the cardiovascular system, the majority of studies
regarding cardiovascular disorders center on these sorts of relatives(Luca et al., 2023). HSPBL is a protein
chaperone that performs a variety of roles in the cell. Plaques of human atherosclerosis both secrete less high-
sensitivity protein B1 (HSPB1) and have lower levels of HSPB1 in their plasma than healthy persons do. High
levels of HSPB2 expression in the heart have been associated to having protective effects against myocardial
hypertrophy and ischemia (Chen et al., 2022). Additionally, hypertension is affected by HSP70. An increased
level of HSP70 in the circulation and kidney of hypertensive patients is connected to HSP70 genetic
polymorphisms and essential hypertension(Rodrigues-Krause et al., 2012). This regulation occurs between
chaperones and cochaperones throughout the development of cardiovascular diseases. An accumulation of
misfolded proteins can result in a multitude of cardiovascular diseases if there is an imbalance between the
processes of protein production, folding, and destruction (Franklin et al., 2005). It is essential to keep in mind
that distinct HSP proteins each work in their own unique way to either promote or prevent the development of
CVDs and the symptoms that accompany them. As a consequence of this, it is challenging to develop CVD
therapeutic techniques based on HSPs due to the delicate balancing act that needs to be conducted between the
physiologic and pathologic functions that are associated with them. If the relationship between HSPs and CVDs
were better known, then it would be possible to design new therapeutic procedures in a more expedient manner
(Wang et al., 2022).

Conclusion, Recommendations and Future Perspectives

Together with its co-chaperones, the Hsp protein family makes up an intricate network of folding machineries.
There has been significant development in our comprehension of the mechanical underpinnings of these folding
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devices; nonetheless, there are still a number of essential concerns that remain unanswered. It is not known
whether the activity of Hsp proteins to aid in protein folding depends on the ability to induce conformational
changes in the bound substrates, how the coupling mechanism permits ATP to regulate substrate binding, or to
what extent sequence variations within the family translate into variations in the mechanism. However, it is
known that Hsp proteins are required for protein folding. When medications are used to study the action of
chaperones as possible molecular targets in the process of innovative drug discovery, it is not known to what
extent the medications will be selective for the HSps of infected cells while sparing the HSps of healthy cells.
This is because it is not known. This underscores the necessity for properly planned experimental trials that
compare the expression of heat shock proteins in healthy and infected cells in order to establish the distinct roles
that different drugs play in these critically important interactions.
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