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ABSTRACT 

This article is a review of stress proteins, produced by our body and its immune response. Heat shock proteins (HSPs) are present in 
all living organisms, from bacteria to humans under normal conditions, immunological functions are conserved. Heat shock proteins 
are an evolutionary conserved family of proteins whose expression increases in response to a variety of different metabolic insults. 
In addition, heat shock proteins have been shown to participate in protein assembly, secretion, trafficking, protein degradation, and 
the regulation of transcription factors and protein kinases. Heat shock proteins (hsps) are among the most abundant intracellular 
proteins. Their synthesis is rapidly up-regulated by various ‘stressors’ including temperature, glucose deprivation, infection and 
cancer.  
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INTRODUCTION 

eat shock proteins was accidentally observed by 
FM Ritosa in 1960when the Incubation 
temperature of Drosophilia was accidentally 

increased and when he examined the chromosomes, he 
found “puffing pattern” which indicated the elevated 
gene transcription of an unknown protein 1 the stress 
induced in the drosophilia cell was accident heat and 
thereby it got the name “Heat Shock Proteins” 
(HSPs).2The main function of these proteins is to make 
sure that the cellular proteins are functioning properly. 
HSPs are expressed more in wide range of human cancers 
and are implicated in tumour cell proliferation, 
differentiation, invasion, metastasis, death and 
recognition by the immune system. 

Types of Heat Shock proteins 

Heat shock proteins are classified based on their 
molecular weight into various classes namely, HSP27, 
HSP60, HSP70, HSP90, HSP100 and the small heat-shock 
proteins (sHSPs).3 

HSP 27 

HSP27 is well expressed in several organs and tissues like 
eye, nervous system, heart, blood and blood vessels, lung, 
bladder, colon, stomach as well as in oestrogen 
responsive organs such as uterus, vagina, cervix and 
placenta. HSP27 levels are elevated in different tumours 
like breast cancer, prostate cancer, gastric tumours, head 
and neck cancers, uterine and ovarian cancers as well as 
cancers in urinary system and the nervous system 
(meningiomas, astrocytomas and neuroblastomas).HSP27 
interacts with actin and intermediate filaments and 
protects actin filaments from fragmentation.4 It is also 
involved in process of celldifferentiation.5 

HSP 60 

HSP60 can activate the monocytes, macrophages and 
dendritic cells and also increases the secretion of a wide 
range of cytokines.6 The cytoplasmic HSP60 forms a 
complex with proteins responsible for apoptosis and 
regulates the activity of these proteins thereby 
preventing apoptosis. It also plays role in a “danger signal 
cascade” immune response.6, 7 Bacterial HSP60 play a role 
in autoimmunity causing the immune system to create 
anti-chaperonin antibodies. These new antibodies then 
recognize and attack human HSP60 which causes an 
autoimmune disease. 

HSP70 

It is mainly localized in the cytosol, mitochondria and 
endoplasmic reticulum and exhibit constitutive and 
inducible regulation. It is expressed at high levels in stress 
conditions and not during normal times. Under stressful 
conditions, elevated HSP70 levels allow cells to cope with 
increased concentrations of unfolded or denatured 
proteins.8 It also inhibits apoptosis.9 It is seen to be over 
expressed in conditions like malignant melanoma10and is 
under expressed in renal cell cancer.11 

HSP90 

HSP90 is one of the most abundant proteins expressed in 
cells.12In unstressed cells, it helps in folding, intracellular 
transport, maintenance and degradation of proteins as 
well as facilitating cell signalling. It acts as a general 
protective chaperone.13 In oncogenesis it participates in 
processes such as self-sufficiency in growth signals, 
stabilization of mutant proteins, angiogenesis and 
metastasis.14, 15 
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HSPS and Immune response 

Hsps are immune dominant molecules, and a significant 
element of the immune response to pathogenic 
microorganisms which is directed toward hsp-derived 
peptides.16The proposition that immunologic recognition 
of cross-reactive hsp epitopes might provide a link 
between infection and autoimmunity17has been 
supported by studies implicating immunity to hsps in 
arthritis,18multiple sclerosis,19and diabetes20 Evidently, 
due to their high conservation among various microbial 
pathogens, hsp are major antigens. They are known to 
induce very strong humoral and cellular immune 
responses in numerous infections. 

HSPS as inducers of vascular diseases 

Hsp gene transcription in response to stress is regulated 
by the interaction of heat shock factor (HSF) transcription 
factors (mainly HSF1)with heat shock elements in the hsp 
gene promoter regions.21The stress response is only 
transient, because of a prolonged and inappropriate 
presence of protein-binding. They may be involved in the 
initiation of atherosclerosis via nonspecific inflammatory 
events or its progression via the induction of adaptive 
immunity either to themselves or to homologous 
molecules derived from infective organisms. Serum hsp60 
levels increases with the presence of early 
atherosclerosis, 22 and levels of hsp70 are raised in 
patients with peripheral and renal vascular disease.23 Risk 
factors for atherosclerosis such as hyperlipidemia, 
diabetes, smoking and hypertension cause oxidative 
stress, and oxidative stress leads to the induction of hsp 
expression in vascular smooth muscle cells which says it 
all.24 

Role of Heat Shock Proteins in protection from 
pathogenesis of infectious diseases 

Both host cells and microbes are confronted with 
dramatic alterations in their living conditions during 
infection. With these changing conditions, induction of 
hsp synthesis is vital for pathogen survival. Subsequently, 
increased pathogen hsp levels in cells lead to rapid 
degradation of hsp by the host processing machinery. 
Pathogen-derived determinants may then be efficiently 
presented by host cells and promote recognition of 
infected cells by the immune system. Although the exact 
role of hsp in immunity to microbial infection is 
incompletely understood, hsp apparently serve as 
important antigens in defense against infectious 
agents.25Immune responses to hsp have been observed in 
infectious diseases caused by bacteria, protozoa, fungi, 
and nematodes, as well asin various experimental 
infection models.26 At least two factors contribute to the 
fact that hsp represent major antigens in a wide spectrum 
of infections: first, these proteins are abundant in the 
pathogen, especially under stress conditions; and second, 
immunologic memory for cross-reactive determinants of 
conserved hsp is generated during life based on frequent 
restimulation by subsequent encounters with microbes of 

with different degrees of virulence.27 Under these 
conditions, infection of an individual with a virulent 
pathogen would enable the already prepared immune 
system to react quickly before the immune response to 
more pathogen-specific antigens develops. An immune 
response to conserved determinants of hsp shared by 
different microbes may, furthermore, prevent 
colonization of the host by microbial pathogens. 
Increased antibody levels to hsp70, for example, have 
been identified in sera of patients suffering from malaria, 
leishmaniasis, schistosomiasis, filiariasis, and 
candidiasis.28 The hsp90-specificantibodies contributed 
directly in the protection against Candida albicans 
infection. 29 

Relation with autoimmune diseases 

In healthy individuals, there exists a well balanced 
network of potentially self-reactive antibodies and T cells 
that have evaded deletion processes. In this situation, the 
immune system responds to its own hsp in a manner that 
could promote the recognition and elimination of 
aberrant cells. However, when hsp expression and hsp-
specific immune responses are regulated inappropriately, 
autoimmune reactions may follow. Tolerance to self 
antigens in particular may become distorted by the 
frequent encounter of the immune system with foreign 
(e.g., microbial) antigens with high similarity to self. 30 

Infact, molecular mimicry is widely discussed as one 
mechanism responsible for the induction of autoimmune 
disease.31 Immune responses to conserved regions shared 
by pathogen and self hsp in individuals during active 
infection were not unexpected. Hence, in several 
infectious diseases, increased titers of antibodies reactive 
for conserved regions of hsp shared by the pathogen and 
host have been identified. For example, increased levels 
of antibodies against self hsp60 have been found in sera 
of patients with Lyme disease, suggesting an association 
between self-reactive antibodies and infection with 
Borrelia burgdorferi. 32 Involvement of hsp in autoimmune 
responses depends on two criteria: first, hsp need to be 
expressed by cells of the target organ in a different way 
from at other tissue sites to allow organ-specific 
recognition by T cells and antibodies; and second, control 
of natural regulatory mechanisms for organ-specific 
inflammation must be disturbed. 

Extracellular Heat shock proteins: Alarmins for host 
immune system: 

Several properties would suggest that extracellular HSPs 
are biologically plausible and likely candidates to serve as 
alarmins. First, collectively, the HSPs are the most 
abundant intracellular proteins. Second, several of the 
HSPs are markedly induced in response to a diverse range 
of cellular insults, including increased temperature, 
oxidative stress, glucose deprivation, chemical exposure, 
I/R injury, ultraviolet radiation, and infectious agents such 
as LPS. Third, HSPs are ancient, highly conserved 
molecules that have been identified in virtually every 
organism, both prokaryotic and eukaryotic, that have 
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been examined to date. Fourth, HSPs are highly 
immunomodulatory and have the capacity to mediate the 
induction of peptide-specific immunity. For example, as 
molecular chaperones, HSPs bind to many peptides 
derived from the cells from which they are isolated. HSP-
peptide complexes elicit potent T cell responses against 
the chaperoned peptide as well as the cell type from 
which the chaperoned peptide is derived, including 
tumors and viruses, and vaccination with HSP-tumor 
peptide complexes as an immunotherapy for cancer is an 
active area of investigation. 33, 34Similarly, HSP-pathogen 
derived peptide complexes have the capacity to elicit a 
pathogen-specific immune response. 33 Finally, HSPs 
themselves, especially members of the Hsp70 (HSPA) 
andHsp60 (HSPD) families, have the capacity to activate 
the host innate immune response, resulting in dendritic 
cell activation and maturation, activation of complement, 
and release of proinflammatory cytokines.35, 36, 37 

Stressed apoptotic tumour cells express heat shock 
proteins and elicits tumour – specific immunity: 

The mechanism by which a cell dies determines whether 
an immune response will be generated. 38, 39Recent 
studies have documented that apoptotic tumor cells have 
low immunogenicity in vivo, whereas those that die by 
necrosis can generate an antitumor response. 40 This may 
be due in part to the high expression of inducible heat 
shock protein (HSP) 70 found in necrotic but not 
apoptotic cells.40 Because apoptotic tumor cells 
apparently do not increase the expression of HSPs during 
their demise, we hypothesized that stressing the cells 
before apoptosis may recreate the danger signal to which 
antigen-presenting cells (APCs) are primed to respond. 
Stressed apoptotic tumor cells express HSP72 and HSP60 
on their cell surface, and these cells elicit an antitumor 
response. 

Microbial Heath shock proteins 

Bacterial hsp are examples of bacterial Ags that are 
immunologically dominant, despite a high degree of 
homology with their host self counterparts. It has been 
suggested that the immune system may have a vested 
interest in setting a focus on the recognition of some of 
these conserved bacterial Ags. 41 Evidence is mounting 
that hsp are critical Ags in the regulation of certain 
chronic inflammatory diseases, and are important both in 
disease induction and in protection from disease. 42 
However, it is unknown whether or not such effects of 
immune regulation would be restricted to hsp or that, 
alternatively, all conserved and immunogenic bacterial 
Ags would share these properties. 

CONCLUSION 

This review has attempted to summarize evidence for a 
functional role of hsp and its immune response. And have 
been proved with evidences and references that the HSP 
plays very important role in protecting as well as affecting 
our health. It is also responsible in a way for 
cardiovascular diseases and also auto immune disorders. 

The chaperone which is the word used to describe the 
biological function of HSPs also acts as an antigen in 
infections and in autoimmune disorders. 
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