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Abstract

Heat shock proteins (HSPs) behave as molecular chaperones of cell protection, immediately after exposure to external shock/stress. It is
responsible for cellular homeostasis and repair. Various forms of HSPs are correlated with inflammation and neoplasia. HSP70 is a key
molecule that is shown to increase in gingivitis and periodontitis. It is also expressed in gingival crevicular fluids and could be a potential
marker for severity of periodontal disease.
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INTRODUCTION

The heat-shock response or stress proteins were first observed in the fruit fly Drosophila melanogaster. When isolated tissues
or whole flies were heat-shocked, new proteins were produced that were not detectable in unshocked cells. Moreover, after a
heat shock, other particular proteins present in cells not subjected to stress were produced in considerably higher concentrations.
Hence, heat-shock proteins (HSP) encompassed both of these types of proteins. They have evolved as living organisms’ primary
pro-survival biochemical response mechanism of cells to cope with heat stress. HSPs are universal phenomena that have been
observed in all plant and animal species studied, including humans. Various Prokaryotic cells, such as bacteria, also produce
HSPS. This large family of a conserved set of heat shock proteins (HSP) are expressed upregulated during stressful situations
and are stimulated to extremely high levels. HSPs have a pivotal role in protein homeostasis. They act as chaperones and play
roles in protein maturation, aid in conformational folding and assembly of newly synthesized proteins, refolding of denatured
proteins and assist in the degradation of irreparable proteins and toxins and protect against their accumulation. Therefore their
overexpression before an injury has protective effects (1-16).
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Heat-Shock Protein: Structure and Functions
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Figure 1: Schematic of the domain structures of yeast HSP90 (A) and E. coli HSP70 (B) as determined by structural
and limited proteolysis studies. 21
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HSP90 has three structural domains: 1) an N-terminal nucleotide-binding domain (NBD) that also binds HSP90 inhibitors and
may bind peptides, 2) a middle segment that interacts with client proteins; and 3) the C terminus, which is implicated in
homodimerization.

HSP70 has two domains: an NBD and a substrate-binding domain (SBD) . The 44-kDa N-terminal NBD has ATPase activity
and associates with the HSP70 co chaperone. The 27-kDa C terminus is composed of the SBD and a “lid” region. These two
domains are connected by a conserved linker, recently shown to be critical for interdomain communication.

HSP90 has an N-terminal NBD (green) that may also contain a peptide-binding element. The middle segment (yellow) interacts
with client proteins and also contributes a loop that catalyzes ATP hydrolysis. The C-terminal domain (red) is implicated in
homodimerization. HSP70 has two major domains: a 44-kDa N-terminal NBD (green) and a 27-kDa C-terminal substrate-
binding domain (yellow and red). This region comprises the main substrate-binding domain (yellow; 18 kDa) that consists of
two times four antiparallel B-strands and four connecting loops and makes contact with the bound substrate, as well as an a-
helical lid region (red; 10kDa). Both molecules have a linker region (blue) that is thought to mediate communication between
the major subdomains. (16,21)

HSP plays an important role in many physiological processes, inflammatory responses, diseases and neoplasia. Its clinical
implications are summarized in Table 1 and 2.

Table 1 summarizing HSP and its implications in oral diseases

HSP and its associations Clinical Implications Source
HSP and periodontal | HSPs are implicated in human periodontal disease. Ando et al 19955
disease
HSP and periodontal | HSP47 and HSP70 are expressed in PDL fibroblastson | Muraoka et al
disease the pressure side damaged by application of mechanical 2018 17

stress and contribute to the repair of collagen tissue by

activating PDL fibroblasts, supporting recovery from

cell damage
HSP and periodontal | HSP levels increase with periodontal disease. Its levels | Furose et al 2020
disease are low in healthy controls. 18
HSP and periodontal | HSP27 levels varied between aggressive periodontitis | Kaiser et al 2018
disease and chronic periodontitis 22
HSP and oral epithelial | HSP70 and HSP 27 has been assessed as a marker for | Seoane et al 2006
dysplasia oral leukoplakia.
HSP: a double-edged | There may be cross-reactivity of the immune response | Leishman et al
sword linking periodontal | to bacterial HSPs, termed GroEL, with HSPs expressed | 20177
and cardiovascular | by stressed vascular endothelial cells Yamamoto and
diseases Eguchi 20208
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HSP, Periodontal disease
and  Coronary  heart
disease

TLR-4 was recognized by HSP60 and HSP65 in
periodontal disease patients. However cross-reaction of
HSP60 was associated with immune response to
coronary heart disease.

Hasan et al 2005
23

HSP, Periodontal disease
and peripheral  blood
mononuclear cells

Mean responses of peripheral blood mononuclear cells
to human and mycobacterial HSP60 and HSP70 were
lower in periodontitis patients.

Petit et al 1999 24

HSP and Periodontal
disease

Salivary levels of HSP70 were higher in patients with
chronic periodontitis than healthy controls.

Motahari et al
2021 25

Table 2: Role of HSP in systemic diseases

HSP and cardiovascular diseases Antibodies to HSP60 have been associated

with carotid stiffness, hypertension and
atherosclerosis

Zhu et al 20016

HSP and acute conditions

Several studies have observed a decrease in
intracellular HSP 70 and HSP 90 levels in
monocytes and polymorphonuclear cells,
along with a pattern of early extracellular
induction in acute conditions like sepsis

Kaiser et al 2018 22

(RA)

HSP and Rheumatoid Arthritis HSP 96 is Elevated in RA

Elevated HSP levels are noted in the
synovium of smokers with RA.

Huang et al 20099
Furose et al 2020 18

HSP and Preghancy

HSPs have been found to be associated with
decidualization, implantation and
placentation, with their dysregulation
associated with implantation failure,
pregnancy loss and other feto-maternal
complications

Jee et al 202110

healing

HSP in diabetes and wound The numerous defects in the function of

HSPs associated with diabetes could
contribute to the commonly observed
complications and delayed wound healing
in diabetics

Atalay et al 200911

HSP and liver regeneration

HSP70 is required for optimal liver
regeneration

Wolf et al 201412

HSP and cancer

HSP are overexpressed in a wide range of
human cancers and are implicated in tumor
cell proliferation, differentiation, invasion
and metastasis. HSP27 and HSP70 are
implicated in resistance to chemotherapy in
breast cancer, HSP27 predicts a poor
response to chemotherapy in leukemia
patients, whereas HSP70 expression
predicts a better response to chemotherapy
in osteosarcomas. HSP could be targeted as
pharmacological modification of HSP
expression or molecular chaperone activity
and using the immunological role of HSPs
as anticancer vaccines.

HSP70 is associated with  poor
differentiation, lymph node metastasis,
increased cell proliferation, block of

Ciocca and
Calderwood 200513
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apoptosis, and higher clinical stage, which
are markers of poor clinical outcome.

Host HSP 90 and Human HSP90 inhibitors can be repurposed as a Li et al 202014
coronavirus potent and broad-spectrum antiviral against
human coronaviruses

HSP and renal ischemia- The concept that HSPs are cytoprotective Zhang et al 200815
reperfusion injury after IRI

Heat-Shock Proteins in Periodontal inflammation

Periodontal disease is a chronic inflammatory disease initiated by microbial infections that leads to a host response resulting in
inflammatory breakdown of tooth-supporting osseous and soft tissues. (20) There are three basic types of periodontitis: chronic,
aggressive, and as a symptom of another disease. Periodontitis is an inflammatory condition that causes the resorption of
connective tissue and alveolar bone as a result of mononuclear cells invading the gingival tissue. Although periodontal bacteria
are the cause of periodontitis, the human immune system controls the disease's progression and severity. It is still unclear how
precisely periodontal tissue is destroyed. The basal layer of periodontal pockets exhibits positive expression of (HSPs).
Increased infiltration of mononuclear inflammatory cells in periodontal pockets beneath the basal layer. As a result, periodontal
bacteria induce the development of HSPs in the periodontal cells, which in turn triggers the production of pro-inflammatory
cytokines by macrophages and other inflammatory cells. (25)

In order to maintain homeostasis, the periodontal tissue reacts to various stimuli, such as mechanical stress and inflammation,
and expresses a variety of proteins to cause dynamic remodeling of the periodontium. Traumatic occlusal stress led to
modification of the periodontal connective tissue. Heat-shock proteins (HSPs) are known to be the primary protein exhibited
by numerous systems and organizations. HSPs respond to mechanical stress. Inflammation, physical stress, chemical stress,
and a pathological alteration in heat shock all contribute to HSP. But it's still unknown what each HSP does. HSP plays a key
role in cellular defense and remodeling of periodontium (17)

Both bacterial and host HSPs are hypothesized to contribute to pathogenesis of periodontal disease. Limited studies have
investigated the potential role of circulating levels of HSPs in periodontitis. HSP regulate the intercellular signaling activities
with properties similar to both pro- or anti-inflammatory cytokines. (22)

Conclusion

HSP are implicated in periodontal disease. Future research should be directed to estimate the levels of HSP in health and in
periodontal disease. Once the base levels are established, HSP levels could be estimated to assess the response to periodontal
therapy. HSP targeted therapy could reduce the overall inflammatory load in the oral cavity, which is also implicated in oral
carcinogenesis.
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