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Abstract
Heat shock proteins (Hsp) or the molecular chaperones are observed in most cells of humans, microbes, and in extracellular and intracellular fluids. Hsps plays 
an essential role under most stress conditions at the cellular and subcellular levels. It presents cytoprotective properties by the modulation of cytokine release and 
immunity and is involved in various physiological and pathological events. A tight regulation of molecular chaperones monitors the folding/misfolding, internal 
localization, and proteolytic turnover of proteins. Despite their advantageous effects, Hsps also has disadvantageous role in intensifying the inflammation. They are 
potential mediators of oncogenesis as they are the key regulators of cellular growth and differentiation. The authors reviewed, an overview of the role of chaperones, 
with respect to the lesions affecting oral and para-oral structures.
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Introduction
Cells in the human body are exposed to various physical, chemical, 

radiological, environmental and iatrogenic injuries, some of which 
can be withstand and/or some of it produces harmful effects. These 
special challenges are faced by the cell & it’s organelles in the form of 
high protein load, molecular crowding, dynamic oligomerization etc. 
The proteins that are synthesised to overcome such environmental 
stresses have been variously called heat-shock proteins (Hsps), stress 
proteins or molecular chaperones, a family of abundant, evolutionarily 
conserved proteins that directly bind to protein substrates [1].

Molecular chaperones are defined as “any protein that interacts, 
stabilizes, or helps a non-native protein to acquire its native 
conformation, but is not present in the final functional structure”. The 
term molecular chaperone, coined by Laskey and colleagues in 1978 [2], 
occurs in all organisms as they are crucial for the cell survival. In the past 
20 years, it has been established that, within the cytoplasm of the cell, 
the molecular chaperones interact with other proteins to fold, refold or 
maintain the folding of the interacting proteins. Molecular chaperones 
perform some essential cellular functions, such as metabolism, 
growth, differentiation, cell to cell signaling and programmed cell 
death, through protein assembly and transport. Hence, the activities 
of housekeeping tasks and stress protection are based on their ability 
to interact, stabilize and protect bound polypeptides by preventing 
irregular interactions leading to denaturation and aggregation [2-7].

The chaperones are classified according to their molecular weight - 
Hsp40, Hsp60, Hsp70, Hsp90, Hsp100 and the “small” Hsps, less than 
35 kDa. (Table 1) The first molecular chaperone to be identified was 
a 60-kDa protein, which has been given the generic term chaperonin 
60 (cpn60). Till now, 15 different groups of proteins are classified as 
molecular chaperones. In the cell, there is complex interactions among 
several chaperone members to play distinct roles, as they exhibit little 
structural or sequence homology. For example, the function of many 
Hsp40 occurs via their actions on Hsp70 [8,9].

Chaperone role in Protein aggregation 
Chaperones that to become functionally active, newly synthesized 

protein chains must fold to unique three-dimensional structures and 
the method this happens always remains a basic problem in biology. In 
vitro refolding experiments showed that the native fold of a protein is 
encoded in its amino acid sequence. Spontaneous refolding is generally 
efficient for small, single-domain proteins. In contrast, larger proteins 
are composed of multiple domains often refold inefficiently, owing to 
the formation of partially folded intermediates, including misfolded 
states, that tend to aggregate. The nonnative states, being compact in 
shape, often exposes hydrophobic amino acid residues and segments of 
unstructured polypeptide to the solvent. The hydrophobic forces and 
inter chain hydrogen bonding allows the protein to self-associate into 
disordered complexes. This aggregation process irreversibly removes 
proteins from their productive folding pathways, which must be 
prevented in vivo by the molecular chaperones [10,11].

The cellular chaperone apparatus counteracts the aggregation of 
nonnative proteins, both during de novo folding and under conditions 
of stress, such as high temperature, when some native proteins unfold. 
Chaperones that participate broadly in de novo protein folding, such as 
the Hsp70s and the chaperonins, promote the folding process through 
cycles of substrate binding and release regulated by their adenosine 
triphosphatase (ATPase) activity and by cofactor proteins. Chaperone 
binding may not only block intermolecular aggregation directly by 
shielding the interactive surfaces of non-native polypeptides, including 
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unassembled protein subunits, but may also prevent or reverse 
intramolecular misfolding. The small proteins are thought to fold 
rapidly and without assistance, upon completion of synthesis whereas 
longer chains intermingle with members of another class of chain-
binding chaperones. The chaperones assist in co- or posttranslational 
folding, or facilitate chain transfer to downstream chaperones so as to 
stabilizing elongating chains. Chaperones participate mainly through 
two different mechanisms. One by holding newly synthesized chains in 
a state competent for folding upon release into the medium and second 
by providing physically defined compartments inside which a complete 
protein or a protein domain can fold while being sequestered from the 
cytosol. These two classes of chaperone collaborate in a topologically 
and timely ordered manner [12-18].

Heat shock proteins
Hsp40: It represents a large protein family that functions to specify 

the cellular action of Hsp70 chaperone proteins. Hsp40 family members 
have different domain structures and can be divided into 3 different 
subtypes. Type I Hsp40s are descendants of Escherichia coli DnaJ, Type 
II Hsps40 have a domain structure similar to that of DnaJ and Type 
III have divergent structures. Type I and Type II Hsp40s function as 
ATP-independent chaperones that bind nonnative polypeptides and 
protect cells from stress by preventing protein aggregation. Type III 
Hsp40s do not appear to be general chaperones and have evolved to 
contain PPDs (polypeptide-binding domains) that recognize specific 
substrates [19-21].

The major function of Hsp40 proteins is to regulate adenosine 
triphosphate (ATP)–dependent polypeptide binding to Hsp70 protein. 
It regulates complex formation between Hsp70 and polypeptides by 
3 mechanisms. First, Hsp40 proteins have evolved to contain unique 
classes of polypeptide-binding domains (PPDs) that bind and deliver 
specific clients to Hsp70. Second, Hsp40 proteins stabilize Hsp70 
polypeptide complexes by driving the conversion of Hsp70 from its 
ATP. Third, specialized members of the Hsp40 family are localized to 
different sites within the same cellular compartment [19,22-28].

The domain in Hsp40 proteins that is responsible for regulation of 
Hsp70 ATPase activity is the J-domain, and it is present in all Hsp40 
family members. The J-domain was first identified in E coli DnaJ and 
contains a conserved HPD tripeptide that represents the signature 
motif of the Hsp40 protein family. Landry 2003, in their studies on the 
molecular dynamics of J-domain-Hsp70 interactions demonstrated 
that the J-domain exists in a dynamic group of conformations. The 
ability of the J-domain to stimulate Hsp70 ATPase activity is enhanced 

by the presence of peptides bound in the polypeptide-binding site of 
Hsp70. Because ATP hydrolysis leads to a conformational change in 
Hsp70, a mechanism for inter domain communication between the 
ATPase and PPD of Hsp70 appears to exist [29-33].

Hsp60: It is the first molecular chaperones recognized as a 60-
kDa protein and was given the basic term chaperonin 60. Members of 
the chaperonin 60 family have a characteristic double-ring structure 
comprising 14 subunits which forms a large central cavity in which the 
unfolded protein substrate binds via hydrophobic interactions. Hsp 60 
belongs to proteins of the GroE subclass, which is well-characterised, 
sequence-related subgroup of molecular chaperones. Till date, GroEL, 
the E. coli chaperonin 60 protein, is the most extensively studied 
molecular chaperone. Ewalt and colleagues in 1997 experimented 
that under normal growth conditions, GroEL folds 10–15% of all 
cytoplasmic proteins which increases to 30% under heat stress 
conditions [34-37].

The crystal structure of GroEL shows three domains 1) apical 
domain: here both the substrate and GroES bind 2) equatorial domain: 
it contains a binding site for adenosine triphosphate (ATP) and the 
contacts for ring binding 3) intermediate domain - it connects apical 
and equitorial domains. The intermediate domain acts as a hinge, 
effecting conformational changes when ATP is bound, and causing 
the substrate-binding surface to alternate between hydrophobic and 
hydrophilic states. In the hydrophobic state, a protein substrate binds 
to GroEL, therefore checking the misfolding. When ATP binds to 
GroEL, the intermediate domain opens up, changing the substrate-
binding surface so that it becomes hydrophilic and release the protein 
substrate. The Hsp 60 oligomers associate with Hsp 10 oligomers to 
affect their functions. When ATP is bound to Hsp 60, the Hsp10 forms 
a lid on top of the chaperonin 60 barrel and causes the central cavity to 
enlarge, thus aiding protein folding [35,38-41].

Hsp60, after continued research showed that it presents another 
distinct set of functions. The earliest indication presented, other 
than protein folding, was that chaperonin 60 could produce pores in 
membranes. It can stimulate the release of proinflammatory cytokines 
from human monocytic cells (Ref. 44), stimulate leukocytes, fibroblasts, 
epithelial cells and synthesis of adhesion molecules. A very potent 
activity that has been certified to chaperonin 60 is bone resorption. 
Later, other molecular chaperones like Hsp70 and Hsp90 have also 
been found to stimulate bone resorption in in-vitro models [1,42-44].

Hsp70: The Hsp70 family of molecular chaperones is one of the 
most conserved protein families and it is found in all eukaryotic and 

S.No Molecular Cheperones Related proteins Co-cheperons Function
1 Hsp 10 cpn10, hsp10, co-chaperonin, early 

pregnancy factor, GroES
Hsp 60 It promotes folding of substrates that are bound to chaperonin 60

2 Small Hsps - - Diverse class of proteins.
Chaperone function is independent of adenosine triphosphate (ATP)
It binds to non-native proteins

3 Hsp 40 DnaJ related Hsp 70 Co-chaperones that regulate the activity of hsp70 proteins.
It binds to non-native proteins.

4 Hsp 60 cpn60, hsp60, hsp65, GroEL Hsp 10 ATP-dependent pathway causing assemble/disassembly of proteins.
5 Hsp 70 - Hsp 40 Prevent the aggregation of unfolded polypeptides

Refolding multimeric protein complexes Protein trafficking Regulate the heat-shock 
response

6 Hsp 90 - Hsp 70 Regulate signal transduction pathways, Might have ‘general’ chaperone activity
7 Hsp 100 - Hsp 70, 90 Disassemble protein oligomers and aggregates
8 Hsp 110 - - High degree of homology with the hsp70 family. 

Functions are less known.

Table 1. Chaperones classified with different molecular weight.
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prokaryotic organisms apart from some hyperthermophilic archaea. 
The characteristic, non-ribosome-binding members of the Hsp70 family 
happen to occur in the cytosol as well as within eukaryotic organelles, 
such as mitochondria and endoplasmic reticulum. The cytosol appears 
to contain Hsp70 homologs (Hsc70) and stress-inducible forms 
(Hsp70) of Hsp 70. Hsp 70 family members co-localizes in the same 
subcellular compartment with multiple members of the Hsp40 family 
(co-chaperones) that have specialized individual functions. Single 
Hsp70 (DnaK) interaction with multiple Hsp40s (DnaJ, a 75-residue 
protein) produces Hsp70-Hsp40 pairs that facilitate specific processes 
at distinct locations within the cell and assist in capturing substrate 
proteins [12,20,45-51].

Hsp70s have two major functional domains, an ATPase domain (or 
nucleotide binding domain, NBD) of around 40 kDa at the N-terminal, 
and a C-terminal peptide binding domain (PBD), of approximately 25 
kDa. The Hsp70-Hsp40 pairing starts, when DnaJ binds a segment of 
misfolded protein and transports it to DnaK at peptide-binding groove. 
ATP hydrolysis at N-terminal domain of Hsp70 locks the protein in its 
groove. Then DnaJ dissociates and the substrate is released by binding 
GrpE chaperone to Hsp70. DnaK system with its co-chaperones barely 
change the configuration of misfolded protein instead it provides a 
protected milieu for complete folding of substrate (Figure 1).

The human Hsp70 family consists of 13 different proteins observed 
within the cytosol and nuclear compartment which became apparent 
upon completion of the human genome project. Albanese, et al. 
suggested two distinct groups of Hsp70s: 1) Stress chaperones that 
are induced in periods of stress and 2) “Housekeeping” or “CLIPS” 
(chaperones linked to protein synthesis) are repressed by stress, and 
transcriptionally co-regulated with the translational apparatus [52-55].

Gabai and Mosser, et al. showed incredible Hsp70 cytoprotective 
properties. Overexpression of Hsp70 alone can prevent stress-induced 
apoptotic death. Hsp70 has been demonstrated to affect processes 
regulating apoptotic signaling, effector molecule activation, and events 
downstream of caspase activation. On the other hand, the Hsp70 can 
also be traced in upstreaming apoptosome formation. It is achieved due 
to overexpression of Hsp 70 which prevents the release of cytochrome c 
and apoptotic induced factor from mitochondria. Li, et al. contradicted 
by suggesting that overexpression of Hsp70 have no effect on stress-

induced cytochrome c release in the experimented cells, although it did 
prevent caspase-3 activation [56-60].

Hsp90: Hsp90 is abundant in eukaryotic cells and its expression 
increases when cells are exposed to a variety of stresses. It is a key 
regulator of folding of newly synthesized or misfolded proteins, 
preventing their aggregation and regulates various other cellular 
proteins called as ‘clients’. Hsp90 contains three domains: N-terminal 
ATP-binding domain, middle domain and carboxy-terminal domain. 
All examined forms of Hsp90 bind and hydrolyze ATP. After hydrolysis 
Hsp90 returns to its vulnerable conformation. 

Hsp90 and co-chaperone proteins interact with client proteins 
in systematic pathway involving ATP-dependent interactions of the 
client protein. Hsp90 is called ‘molecular chaperone machine’, because 
no evidence supports that Hsp90 exists alone as one large complex. As 
an alternative, Hsp90 and co-chaperone proteins interact with client 
proteins in an ordered pathway. Wegele H, et al.  and Zhao R, et al. 
in their study showed that the newly synthesized or misfolded client 
interacts first with Hsp40 and Hsp70 later transfer this client protein 
from Hsp70 to Hsp90. Co-chaperone binding varies due to varied 
conformational changes of Hsp 90 [61,62].

To date known forms of Hsp90 perform role in supporting client 
folding and stimulating to maintain the general biosynthesis and 
homeostatic cell needs towards varied array of stress conditions. Pandey, 
et al. in 2000 observed Hsp90 in the stress-induced apoptotic pathway 
where it binds to Apaf-1(Apoptotic activating factor) and prevents the 
cytochrome c mediated oligomerization of Apaf-1. Also, suggested 
that under stressed condition, Hsp90 competes with cytochrome c to 
bind with Apaf-1, thereby the amount of Hsp90 associated with Apaf-1 
decreases and the cytoplasmic levels of cytochrome c increase. Thereby, 
confirming that Hsp90 might inhibit premature activation of Apaf-1 [63].

Hsp100: Proteins of the Hsp100 family, also called as Clp proteins. 
Hsp100 are implicated in the re-solubilization of protein aggregates 
and in the unfolding of proteins. Hsp100 also assist the degradation of 
irreversible damaged polypeptides by specific proteolytic machineries. 
It cooperates closely, both in structure & in function, with specific 
proteases mediating protein turnover. It is thought that Hsp100 in 
cooperation with Hsp70 supply an unfolding activity required for the 
efficient and complete proteolytic degradation of misfolded substrate 
proteins [64].

Hsp100, high molecular weight heat shock protein, exists in 
homodimeric form under physiological conditions. It has similar 
physiochemical properties with Hsp90. Koyasu S, et al. in 1986, 
suggested that Hsp 100 are actin-binding proteins that can cross-link 
actin filaments. This cross linking is accelerated along with Hsp 90. Both 
Hsp90 and Hsp100 increase the low-shear viscosity of filamentous actin 
solutions in a dose-dependent manner. Also some molecular properties 
and the effects of Hsp90 & Hsp100 resemble those of α-actinin. These 
Hsps were distinguished from α-actinin by various means such as 
visualization of molecular shapes by electron microscopy with the aid 
of the low-angle rotary shadowing technique [65].

The first member of the Hsp100 family identified in mitochondria 
is Hsp78. Under normal growth conditions, mutants of Hsp78 do 
not show major defects. Under severe temperature stress, Hsp78 
becomes more important for the maintenance of mitochondrial 
function. Especially reactivation of the mitochondrial protein synthesis 
machinery is dependent on the presence of Hsp78 [66].Figure 1. Photograph showing Hsp70–Hsp40 pairing with Dnak System.
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Small heat shock proteins
Small heat shock proteins (sHsps) have multiple cellular functions 

including modulation of cytoskeletal dynamics, balance of membranes 
and apoptosis. Small heat shock proteins do not have an ATP binding 
site like other Hsps, however, most of the studies showed that ATP 
somehow affects the structure of sHsps and their interaction with 
protein substrate. These may partially interact with denatured proteins, 
prevent their aggregation and under required situation transfer 
partially denatured substrates to other chaperones possessing ATPase 
activity [67,68].

The sHsp family is characterized by the presence of a “α-crystallin” 
domain, derived from the eponymous mammalian sHsp. This central 
domain is flanked by N and C-terminal region. The C-terminal region 
is generally considered to have two segments, termed as “tail” and 
“extension”. The extension appears to be present primarily in higher 
eukaryotes. The N-terminal region is however essentially omnipresent 
and is longer. It shows almost no sequence conservation, and is 
responsible for the majority of the sequence variation between sHsps 
in the same organism. Also, sites for post-translational modification 
appear largely in this portion of the protein. Hence, it is possible that 
the variability at the N-terminus may have a part to play in cell’s unit 
of sHsps which can recognize a wide range of target proteins [69-72].

Five major classes of small heat shock proteins are synthesized by 
vertebrates. These are αA and αBcrystallin, small heat shock proteins 
with molecular weight 25 - 27kD (Hsp25/27), small heat shock proteins 
with molecular weight 20 kD (Hsp20), small heat shock proteins with 
molecular weight 17 kD (HspB3), and HspB2 (activator of myotonic 
dystrophy protein kinase). Hsp27, a small Hsp, in contrast to the other 
major chaperones, can efficiently associate with unfolded proteins and 
preserve them in a folding competent state. The chaperone activity of 
Hsp27 is regulated by heat-induced changes in phosphorylation and 
oligomerization. It is a potent cell survival factor that contributes 
to thermotolerance. Guay, et al. in 1997 revealed that Hsp27 binds 
to F-actin and can prevent disruption of the cytoskeleton resulting 
from either heat stress or cytochalasin D-induced disruption of actin 
filaments. In a study by Garrido, et al. in 1999, Hsp 27 inhibited 
components of stress and death-receptor induced apoptotic pathways. 
The cells expressing higher levels of Hsp27 showed caspase activation 
not cytochrome c release in the apoptotic pathway. Kamradt, et al. in 
2001 suggested that the small Hsp family have α - crystallin proteins 
that have chaperone activity and can protect cells from apoptosis [73-76].

Benndorf, et al. stated that unphosphorylated monomeric forms of 
Hsp25 effectively block actin polymerization, whereas phosphorylated 
monomers and unphosphorylated oligomers are ineffective in 
preventing actin polymerization. This lead to accept the fact that Hsp25 
is an inhibitor of actin polymerization. Under normal conditions 
Hsp25 is diffusely distributed in the cytoplasm. Certain hormones such 
as cholecystokinin, endothelin, angiotensin II, growth factors, and 
ceramides causes redistribution and migration of Hsp25 to membranes 
where it is co-localized with actin filaments and stress fibers. If the 
heat shock activity occurs under depletion of ATP, the Hsp25 do not 
migrate instead forms large aggregates (granules) in the nucleus or in 
the cytosol. Heat shock induces aggregation of intermediate filaments 
and Hsp25/27 as well as αB crystallin interacts with these aggregates 
[77-81]. 

Role of heat shock proteins
Heat shock proteins are now known to occur in all organisms 

and are essential for the cell survival. As with recent advances, more 
information about Hsp functions became available. The heat-shock 
proteins serve as cellular housekeeping, safeguards to protect the 
interaction with proteins that are either unfolded or have not acquired 
their native conformation. As chaperones can act at multiple points to 
ensure stress-induced damage, it has been difficult to understand its 
specificity in the oral related lesions. 

Physiological role in oral cavity
In the oral cavity, saliva is the prime area of acquiring numerous 

defense proteins. These proteins are like salivary immunoglobulins, 
and salivary chaperones which are involved in both innate and 
acquired immunity. The other important sources of salivary HSP70 
/ HSPAs are mucosal cells, gingival crevicular fluid, the oral mucosal 
transudate, and intraoral bleeding (i.e., bleeding periodontal pockets, 
wounds, ulcers). Saliva secretes Hsp70 as major molecular chaperones 
which are involved in a number of physiological and pathological 
events. Hsp70 can enter the bloodstream, and possess the ability to act 
at distant sites of the body as an ancestral danger signal triggered by cell 
injury, immune-inflammatory reactions, and physical or behavioral 
stress of the organism. Salivary Hsp70 may play a role in the prevention 
of bacterial infections and maintaining mucosal and periodontal health 
due to a continuous unspecific defensive alert [82,83].

Hsp70/HspAs induces the release of proinflammatory cytokines 
from several immune cells such as monocytes, dendritic cells, 
macrophages, T lymphocytes and release of nitrous oxide from 
macrophages, activation of natural killer cells and activation of 
complement system via an alternative pathway. Another important 
function of Hsp70/HspAs is defense against bacteria, and an initiator 
of immune defense against tumor cells and virus-infected cells. This is 
achieved by its chaperoning ability where the un-complexed Hsp70/
HspA binds with other peptides, and as complex induces receptor-
mediated uptake on to antigen-presenting cells and to further cross-
present this complex as an antigen to cytotoxic T cells and NK cells. 
The recent finding showed its opsonizing effect on bacteria, which 
in turn activate the killing activity of polymorphonuclear neutrophil 
granulocytes. These cytoprotective effects occurs either by aspecific 
binding of Hsp70/HspA on mucosal cell surfaces or specific adhesin-
type binding to sulfoglycolipid structures of mucosal cells or by direct 
surface receptor binding of Hsp70/HspAs [84-87].

Dental structures like odontoblasts (dentin forming cells) and 
pulpal cells (chiefly fibroblasts) showed to have high level of heat shock 
proteins. In vitro study by, Chen Z, et al. revealed some expression of 
Hsps in the cultured dental pulp cells. Also, an animal study on rats 
indicated high level of HspAs in the odontoblast process following 
tooth dentin cavity preparation. HspAs are also thought to play an 
important role in the differentiation of newly formed odontoblast-like 
cells, which in turn play a major role in formation of reparative dentin 
[88].

Inflammatory role
Hsps play an important role in the harmful extension of 

inflammatory response of pulp arising from bacterial carious 
lesion in dentin and with several other restorative dental materials. 
Henderson B, et al. stated that the majority of immune stimulatory and 
modulatory functions of human and microbial Hsps come into action 
with a shifted balance toward immune activation and inflammation. In 
chronic periapical inflammation, the expression of Hsps appeared to 
be increased in inflammatory cells ie, lymphocytes and the endothelial 
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cells present in the granulation tissues. Hsps can also stimulate bone 
resorption, probably by the initiation of pro-inflammatory cytokines, 
to activate osteoclastic activity [89,90].

Literature reviewed data evidently specified that there are antibodies 
against human Hsps which may assist as autoantigens and initiate an 
autoimmune response that contributes to the initiation of gingivitis. 
The bone-resorptive action of Hsps also plays an important role in the 
progression of severe periodontal bone defects with pocket formation 
and the irreversible destruction of the periodontal bone. Vivas JR, et al. 
demonstrated increased Hsps level of mucosal cells in non-specific oral 
ulcerations and during gingival wound healing [90,91].

Fábián TK, et al. showed marked overexpression of Hsps in cells 
located at the base of gastric ulcer and the level decreased with the 
progression of healing. It was suggested that both the extracellular 
and intracellular Hsps are coupled to work for defense mechanism 
in either of the following way: 1) Involuntary intracellular expression 
of Hsps increases the secretion of Hsps in extracellular space 2) The 
regulation of intracellular & extracellular Hsps are mediated by alpha 
1A-adrenoceptors 3) Extracellular Hsps are released by white blood 
cells present in wound fluid 4) In vivo transfer of Hsps increases the 
wound healing efficiency by the stimulation macrophages present in 
wound debris 5) Extracellular Hsps activate epidermal growth factor 
(EGF) receptors and related signaling pathways, which fastens the 
healing process [83,92].

Role in infection
Microorganisms depend on host cell apparatus for productive 

infection. Like for many other processes, various organisms have been 
shown to evolve mechanisms to utilize or destabilize the host protective 
machinery to support the completion of their life cycle. Recent studies 
showed that some viruses encode for their own chaperone-like proteins 
to enhance their infectivity.

Lamb JR suggested that apart from the physiological roles, Hsps 
are implicated in the pathogenesis of various immune - mediated 
disorders such as infections (tuberculosis, chlamydia), autoimmune 
diseases (rheumatoid arthritis, multiple sclerosis), vascular thrombosis 
(atherosclerosis) and malignant disorders. Lehner, et al. suggested 
a molecular pathogenic mechanism of Hsps in Bechet’s disease, 
wherein human Hsp responsive T cells are stimulated by microbial 
counterparts’ triggered T cell activation and memory responses, thus 
influencing the chronicity and relapsing-remitting nature of this 
disease. Animal model study by Isogai E, et al. in 2000, presented that 
Hsp to oral mucosa increases Streptococcus sanguis colonisation, oral 
inflammatory cytokine expression (IL-2, I L - 6, IFN-γ and TNF-α) 
and mild iridocyclitis, indicating that stress might be critical to the 
breakdown of mucosal defences and anti-Hsp reactivity [93-95].

Several investigations have been established presenting a connection 
between Hsps of pathogenic microorganisms and their virulence 
potential, including Hsp90 and Hsp70 in the human fungal pathogen 
Candida albicans. Susek RE in 1990, unexpectedly demonstrated Hsp26 
in non-pathogenic yeast ‘Saccharomyces cerevisiae’ which is neither 
required for growth at elevated temperatures, nor for thermotolerance, 
spore devolpment, or germination, although it showed accumulation 
in the cells during thermal and other stress conditions as a result of 
transcriptional derepression. Three sHsps have been identified in C. 
albicans i.e., Hsp10, Hsp12 and Hsp30/Hsp31 but the exact function 
remains unknown. Of these only Hsp12 has been characterized on 
a transcriptional level. Mayer FL, et al. demonstrated that sHsp is 

involved in Candida albicans adaptation to specific environmental 
stresses, homeostasis of intracellular stress protectants, immune 
evasion, as well as pathogenicity [96-99].

sHsps like Hsp21 contributes to adaptation to thermal and 
oxidative stress, but not to osmotic or cell wall stress and plays only a 
minor role in the unfolded protein response. Hsp21 acts in adaptation 
to nutrient limited conditions, which could be of importance during 
in vivo infections. It was postulated that Hsp21 may also play a role 
in morphogenesis of some of the fungal hyphae. The hsp21 mutant 
cells formed filamentous colonies under embedded conditions and 
on serum-containing agar; however, colonies appeared to be smaller 
than those of the wild type. The reduced colony size appeared to be 
mainly due to shorter radial filaments produced by the hsp21 mutant 
in comparison to the wild type. Cowen and colleagues recently showed 
that heat-shock protein Hsp90 acts as physiological link between fungal 
morphogenesis and temperature [99,100].

Increased expression of heat shock proteins is considered to 
be biomarkers for some viral infections. Viruses can regulate host 
chaperones at different levels, including transcription, translation, 
posttranslational modification, and cellular localization. Zhu, et 
al. expressed elevated expression of the heat shock protein GRP94 
significantly correlating with the disease progression of hepatitis B virus 
(HBV) and suggested Hsps as a prognostic or diagnostic biomarker for 
HBV-induced diseases. Also, the upregulated expression of Hsp90 was 
reported in hepatocellular carcinomas or HBV-induced hepatic cancer [101].

Viruses are known to gain cellular entry by using viral un-coating 
mechanism or by conformational changes or by viral receptors. 
After internalization within host, viruses make their genome to be 
imported into the nucleus, for the replication. Cripe TP, et al. in their 
in vivo and in vitro study showed Hsp70 role in polyomavirus genome 
nuclear import through its association with viral capsid proteins. 
Replication of the viral genome with the expression of viral proteins, 
are well enhanced by host chaperons. Hsp90 has been demonstrated 
to be involved in the reverse transcription of HBV genome. Hu J and 
Anselmo D suggested that Hsp90 helps bridge the two separate reverse 
transcriptase domains of HBV together to enable the formation of a 
ribonucleoprotein complex with the HBV RNA. Few researchers 
showed that Hsp60 participate in the activation of HBV polymerase 
prior to its encapsidation into the core particle, which is required for 
initiating HBV replication in newly infected cells [102-105].

Chaperones assist the major function of folding and assembly of 
viral proteins and virions into functional conformations. Geller R, 
et al. recently suggested, Hsp90 to be involved in the process of viral 
capsid protein folding and assembly of various picornavirus, including 
poliovirus, rhinovirus, and coxsackie virus. A virion morphology 
study by Streblow DN revealed that the chaperone cyclophilin A 11 
modulates HIV-1 infectivity through its interactions with viral gag 
structural proteins. Studies have also admitted that HIV-1 infection 
induces overexpression of Hsp70, which interacts with Hsp27 to 
protect cells from virus-induced G2 arrest and apoptosis. Tanaka, et al. 
reported that during HBV infection, HBx interaction with chaperone 
Hsp60 brings about their colocalization in the mitochondria, where 
Hsp60 promotes HBx-induced apoptosis. All these studies remarked 
chaperones role which can be utilized by viruses to participate in 
regulating cell apoptosis [106-108].

Role in odontogenic cysts and tumors
Hsps play an essential role at different stages of tooth development 
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associated with cell proliferation, differentiation and death. It appears 
to be involved in the balance between differentiation and apoptosis, 
during the formation of calcified tissue. Hsps in odontogenic cyst and 
tumors are the most promising field of research. Kumamoto H, et al 
revealed that sHsp 27 localized in human tooth germ is essential for cell 
growth. Also the expression of Hsp27 in ameloblastoma in his study 
was attributed towards tumor development. Fujita M, et al emphasize 
the role of Hsp 27 in differentiation of tumor cells after observing the 
localization and differential expressions in histopathological subtypes 
of ameloblastoma [109,110].

Andisheh-Tabdir A & Fakharian M proposed the role of Hsp 70 in 
the aggressive behavior of ameloblastoma and the high recurrence in 
odontogenic keratocyst. The high expression of Hsp 70 have a possible 
role in pathogenesis of odontogenic cyst and tumors. Lorenzo LM, 
et al. analyzed immunohistochemical positive staining of Hsp 27 in 
proliferating epithelial cell rests and radicular cysts with or without 
inflammatory cells. Most of the cyst types presented cytoplasmic 
immunolabelling of epithelial cells, which might interplay in the 
pathogenesis of periapical orodental lesions including the induction 
of epithelial cell rests migration and the increased resistance both to 
necrosis and apoptosis [111,112].

Role of Hsps in the cell differentiation was studied by Fujita M, 
et al. in 2013. Hsp 27 was detected in odontogenic epithelium of 
tooth germ, dental lamina, enamel organ, slightly in dental papilla 
and mesenchymal cells of dental follicle and in benign and malignant 
odontogenic tumors. In the study, Hsp27 was strongly expressed by 
tumor cells of ameloblastoma but not by fibroblasts and vascular 
endothelial cells present in the stroma. High positive reaction rate in 
stellate-shaped cells and those cells undergoing squamous metaplasia 
in the parenchyma of follicular type was evident. It is considered that 
Hsp27 were involved in the transformation of tumor cells to squamous 
metaplasia. Tumor cells in ameloblastoma have short life span with 
cells mostly having squamous characteristics, in primary cultures 
collected from the lesion. He believed that injury to the tumor cells 
occurred during tissue collection resulting in activation of Hsps. 
Also, suggested that Hsps are involved in the differentiation of the 
columnar and cuboidal tumor cells to squamous cell in tissue cultures 
of ameloblastoma. This was in supported by Muraki, et al. [113,114].

Role in pre-malignancy and malignancy
Hsps are released and are present in the extracellular environment 

under physiological/pathological conditions. They can elicit cytokine 
production and adhesion molecule expression in various cell types, and 
can deliver maturation signals and peptides to antigen presenting cells 
through receptor-mediated interactions. The overexpression of Hsp in 
tumor cells, help in the exposure of accumulated hidden mutations in 
tumors and further progression to more aggressive types of malignant/
metastatic cells [115,116].

HSPs with the increased expression are a common feature of both 
solid tumors and haematological malignancies. At proteomic level, 
increased Hsps activities might allow tumor cells to survive with the 
excessive signalling associated with malignant transformation, and 
thus seepage the apoptotic death. Hsp90, Hsp70, and Hsp27 act in 
inhibiting apoptosis by binding to procaspases. Other role suggested 
includes Hsp27 in enhancing the tumorigenicity of colon carcinoma 
cells, HSP70 highly expressed in human breast tumors & HSP90 
in prostate carcinomas. Jameel A, et al and Yano M studied that in 
breast cancer overexpression of HSP70 and HSP90 is suggestive poor 
prognosis. Kimura E, et al. & Nanbu K, et al. showed overexpression 

of HSP70 and HSP27 might contribute to drug resistance and poor 
response to combination-chemotherapy regimens [117-122].

HSP27 expression is known to be associated with increased 
tumorogenicity, growth rate or invasiveness of some carcinomas. 
Zhu, et al. observed overexpression of HSP27 in head and neck 
squamous cell carcinoma & confirmed that reduced HSP27 expression 
is associated with poor differentiation whereas the higher expression 
shows better overall survival. Fan, et al. observed the high expression of 
HSP60 in oral dysplastic lesion such as leukoplakia and oral squamous 
cell carcinoma. HSP60 expressions are thought to be associated 
with histopathological characteristics and clinical features. HSP70 
overexpression was observed in premalignant oral lesions which were 
correlated with a high risk of transition to malignancy. High Hsp70 also 
observed in other oral dysplastic lesions like oral verrucous carcinoma, 
oral verrucous hyperplasia, oral lichen planus [123,124].

Kawanishi, et al. investigated the expression of Hsp 27 and 
Hsp105 in 102 specimens of esophageal SCCs and stated these two 
as valuable prognostic markers. Also, Hsp27 is strongly associated 
with clinicopathologic characteristics and its expression is in reverse 
relationship with clinical stage. Nakajima, et al. found no relationship 
between the rate of Hsp27 expression and histological grading in 
esophageal SCCs which lead Mohtasham N, et al. to conclude that 
tumors with identical pathology may express different biologic 
behaviors when emerge in different tissues [125-127].

Therapeutic approach of chaperones
Various molecular chaperones like (Hsp 70, Hsp 90, Hsp 100, 

Hsp 40), chemical chaperones (glycerol etc.) and pharmacological 
(amyloidoses, capsaicin, cycloporin, Vinblatin, verapamil etc) 
chaperones, have been studied experimentally and reported to reverse 
the mutational effect of the protein conformation and suppress the 
phenotype [128].

Chemical chaperones are low molecular mass compounds known 
to stabilize protein conformation against thermal and chemical 
denaturation. They are effective in inhibiting the formation of 
misfolded structure and subsequent amyloid formation. Chemical 
chaperones have shown to reverse the intracellular retention of several 
different misfolded proteins such as CFTR, α -antitrypsin, aquaporin-2, 
vasopressin V2 receptor, α -galactosidase A, p53 and P-glycoprotein. 
Pharmacological chaperones have proved very effective in rescuing a 
few receptor proteins from proteasomal degradation. Pharmacological 
ligands act by binding to specific conformations of receptor proteins 
and stabilizing them. Model for the mode of action of pharmacological 
chaperones was proposed by Morello, et al. [128-131].

The cytotoxic and cytostatic anticancer activities have been reported 
for Hsp90 inhibitors in cell-culture models and animal tumor models. 
Interruption of anti-apoptotic signaling in tumor cells occurs following 
exposure to Hsp90 inhibitors and can enhance the pro-apoptotic 
effects of cytotoxic agents. Whether such disruption is required and/
or adequate for the anticancer activity of Hsp90 inhibitors, conversely, 
remains less distinct. There exists the possibility that by inhibiting Hsp90 
buffering activity at certain stages of malignant progression might 
reveal mutations that enhance the survival and malignant progression 
of some cells within the population. Although modulation of Hsp90 
function provides a mechanistically attractive target for the treatment 
of cancer. In the recent reports that up-regulation of the Hsp70 can 
somehow subdue the neurotoxicity of certain amyloidogenic proteins, 
thereby aiming toward chaperones, as favorable targets towards 
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treatment of protein misfolding or aggregation or conformational 
diseases [128,132-135].

In cancer therapy, there always remain two important challenges. 
1) Retaining the target specificity by improving the pharmacological 
properties of current agents. 2) Defining the suitable way to administer 
Hsp inhibitors in treating cancers. The known biological activities 
and early clinical results indicate that Hsps will be more useful as 
modulators of response towards cancer and to other therapeutic 
interventions. These might be useful modulators of the tumorigenesis, 
which is a main obstacle to curative therapy.

Conclusion
With the advancements in the genomic and proteomics in 

advanced biomedical sciences, many possibilities have evolved with 
the subsequent discoveries in the clinical cancer research including 
identification of molecular and chemical biomarkers, classification of 
diseases, metastasis, treatment plan and prognosis. Understanding in 
detail the complex functions of the chaperones might be useful in near 
future, for exploring the mechanisms behind the diseases caused by 
either protein misfolding or aggregation.
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