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Abstract: One major challenge in developing effective vaccines is to design a vaccine that can induce effective
immune responses to the desired antigen with no or very limited side effects. The immunogenicity can be
improved by using appropriate carriers and adjuvant molecules. Heat shock proteins (HSPs) are some of the
most conserved proteins present in all prokaryotes and eukaryotes which posses highly immunogenic effect
and function as adjuvants that may play a crucial role in integrating innate and adaptive immunity.
Mycobacterium tuberculosis HSP70 (mHSP70) consists of three functionally distinct domains: an N-terminal
44 kDa ATPase portion (amino acids 1-358), followed by an 18 kDa peptide-binding domain (amino acids 359-
494) and a 10 kDa fragment (amino acids 495-610). However, the C-terminal portion (amino acids 359-610) was
proven to stimulate the production of CC chemokines, interleukin-12 (IL-12), tumor necrosis factor-alfa (TNF-á),
nitric oxide (NO) and the maturation of dendritic cells (DCs). In addition, a cytotoxic cell-inducing function was
demonstrated in the ATPase portion (amino acids 161-370) of mHSP70. In this review, we peruse about several
HSP-based vaccines as background for more detailed discussions about M. tuberculosis HSP molecule
structure, function and usage as a novel vaccine adjuvants.
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INTRODUCTION immunizations needed for protective immunity, c) to

The term of adjuvant derived from the latin word or immunocompromised persons and, d) as antigen
adjuvare, meaning help or aid, was first used by Ramon in delivery systems for the uptake of antigens by the
1926 and defined as a group of structurally heterogeneous mucosa [3-5].
compounds that enhance or modulate the immunogenicity
of the poorly immunogenic vaccine proteins or peptides Role of Adjuvants in the Immune Responses: Adjuvants
[1,2]. In vaccine development the choice of the adjuvant as nonspecific enhancers of immune response appear to
is often as important as the selection of the vaccine exert different mechanisms to improve the immune
antigens themselves, which is sufficient to mimic natural response to vaccine antigens, such as: a) Improve antigen
infection or traditional vaccine. delivery to antigen presenting cells (APCs), increase

The most appropriate adjuvant for a given vaccine cellular infiltration, inflammation and trafficking to the
antigen will depend on a large extent on the type of injection site, b) Promote the activation state of APCs by
immune  response  that is required for protective upregulating costimulatory signals or MHC expression,
immunity. Moreover, some adjuvants are strikingly inducing cytokine release, c) Enhance antigen processing
potent, but also very harmful to the host. Therefore, the and presentation by APCs and enhance the speed,
potency of an adjuvant often conflicts with host safety magnitude and duration of the immune response, d)
and tolerability. Modulate antibody avidity, affinity as well as the

Adjuvants can be used for various purposes; a) to magnitude, isotype or subclass induction, e) Stimulate
enhance the immunogenicity of recombinant antigens, b) cell-mediated immunity and lymphocyte proliferation
to reduce the amount of antigens or the number of nonspecifically [2].

improve the efficacy of vaccine in newborns, the elderly
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Classification of Adjuvants: Adjuvants can be classified
according to their source, mechanism of action or
physicochemical properties [6]. They were classified into
three groups based on their principal mechanisms of
action ; a) Immunostimulatory adjuvants, being
substances that increase the immune response to the
selective antigen by directly activating antigen presenting
cells (APCs) through specific receptors, such as toll-like
receptors (TLRs), known as adjuvant receptors, b)
carriers, being immunogenic proteins that provide T-cell
help and c) particulate or vehicle adjuvants (Vaccine
delivery systems), serve as a matrix for antigens, mainly
function to localize vaccine components and to target
vaccines to APCs. So, delivery systems are used to
promote the interaction of both antigens and
immunostimulators with the key cells of the innate immune
system. Immunostimulatory adjuvants provide the
inflammatory context necessary for optimal antigen-
specific immune activation by activating APCs and
amplifying the innate immune response [7]. Fig. 1: A diagram showing interaction between heat-

Most Commonly Used Adjuvants: Adjuvants, currently folding. The figure was derived from the web site
licensed for human use include alum, squalane oil/water (http://www.palaeos.com/Eukarya/Lists/EuGloss
emulsion (MF59), influenza virosomes and some ary/Images/Hsp70.gif).
cytokines as IFN- _and IL-2. A number of adjuvants are
currently under investigation as DNA motifs, to nascent polypeptide chains and partially folded
monophosphoryl lipid A, cholera toxin (CT), E. coli heat intermediates of proteins, preventing their aggregation
labile toxin (LT), Flt3 ligand (a pleotropic glycoprotein), and misfolding HSPs also participate in protein synthesis,
immunostimulating complexes (ISCOMs), liposomes, suitable protein folding, assembly, trafficking and
saponins and non-ionic block copolymers [1, 3]. degradation [13-16]. Under stress situations, including

The Limitation of Currently Used Adjuvants: It is or UV radiation), pathological (infections or fever,
obvious from different studies that the currently licensed malignancies, inflammation or autoimmunity) or
vaccine adjuvants are not sufficiently effective for the physiological stress (growth factor deprivation, cell
induction of efficient  and  appropriate  immune differentiation, hormonal stimulation or tissue
responses. Several adjuvants, including microbial development) [17-19], synthesis of HSP is markedly
components have been evaluated for their ability to increased to protect cells from damage [14, 20-21]. HSPs
induce  efficient   immune  responses  in  animal  models are classified based on their homology, related function
as well as in preclinical/clinical studies. HSPs are one of and molecular mass. The most studied HSP families are
the widely studied vaccine candidates [8-11]. HSP60, HSP70 and HSP90 [15].Among different studied

Heat Shock Proteins (HSPs): Heat shock proteins (HSPs) has attracted much attention because of its versatile
are some of the most conserved proteins present in all functions in the immune system. It is considered as the
prokaryotes and eukaryotes. These proteins undertake ‘workhouse’ of the chaperons, because of its promiscuity
crucial functions in maintaining cell homeostasis and are to assist in folding new polypeptide chains [22-24]. 
essential for life since they behave as chaperons [12]. 

HSPs are expressed both constitutively (cognate M. tuberculosis HSP70 Structure: Microbial HSP70
proteins) and under stressful conditions  (inducible
forms). Constitutively expressed HSPs appear to serve as
molecular chaperons (Figure 1), recognizing  and  binding

shock proteins and a chaperonin in protein

environmental  (heat  shock,  exposure  to  heavy metals

HSP families, the HSP70 family is well characterized and

especially that derived from Mycobacterium tuberculosis
(mHSP70) is a 70 kD molecular chaperone possessing
three  functionally  distinct domains: an N-terminal 44 kDa
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Fig. 2: Crystallogrphic structure of HSP70. NTD= N-
terminal domain (red), MD=middle domain (green),
CTD=C-terminal domain (blue). The figure was
derived from the web site (http://www-
personal.umich.edu/~zuiderwe).

ATPase portion (amino acids 1-358), followed by an
18 kDa peptide-binding domain (amino acids 359-494) and
a 10 kDa fragment (amino acids 495-610) (Figure 2). The
amino-terminus of HSP70, with mixed alpha-helices and
betapleated sheets, binds and hydrolyzes ATP molecules
which were driven from folding action of HSP70 [25]. The
carboxy-terminal domain of mHSP70 (28 kD) is a loose
beta barrel which binds 6-amino acid hydrophobic protein
motifs, the object of folding activity [26].

HSP 70 as Adjuvant and Carrier: Besides the chaperone
activity, HSP70 molecules  can  function  as  adjuvants
[27-28]. HSP70s prepared from tumor cells or virus-
infected cells are capable of eliciting CD8  CTL responses+

in vivo and in vitro against a variety of antigens
expressed in the cells from which these immunogenic
proteins have been purified [29]. Extremely small
quantities of HSP70 bound peptide, around 120 pM, can
generate a CTL response in vivo, whereas 2000-fold
higher concentrations of free peptide was unable to do so
[30-31]. However, a mutated mHSP70 with markedly
decreased peptide binding affinity due to a point mutation
in the peptide binding domain, could still induce the
production of pro-inflammatory cytokines by Dendritic
cells (DCs), but did not lead to CTL generation. Thus, the
delivery of antigen can be independent of DC stimulation

[32]. Extracellular mHSP70 can complex with antigenic
peptides and simultaneously activate professional APCs.
This interaction triggers a cascade of events, including re-
presentation of chaperoned peptides to MHC I restricted
CD8 and MHC II restricted CD4  T cells, secretion of+ +

proinflammatory cytokines and phenotypic and functional
maturation of DCs [28, 33-37]. These properties combine
to make mHSP70 a potent adjuvant that integrates innate
and adaptive immune responses.

mHSP70 contains strong T-cell epitopes and serves
as a carrier of antigens, effectively inducing antigen
specific B cells as well as CD4  and CD8  T-cell responses+ +

without requiring an adjuvant [38- 45].

HSP70 Receptors and Mechanism of Adjuvanticity: The
immunomodulatory functions of HSPs are based on the
specific interaction of them with the receptors present on
professional APCs (such as dendritic cells and
macrophages) having three distinct consequences: (i)
stimulation of chemokines production which attract
immunological cells; (ii) activation of dendritic cells (DCs),
thus initiating innate immune responses; and (iii)
capability of delivering peptides to major
histocompatibility complex molecules for the priming of
adaptive immunity, therefore integrating innate and
adaptive immune events [8,46-47].

The use of novel vaccine adjuvants or carrier
proteins, which are known to enhance the immunogenicity
of the subunit antigens and provide T-cell help, can
improve the potency of vaccines based on small and low
immunogen antigens. The potential of mHSP70 to
function as adjuvants when fused to or co-delivered with
protein antigens, make them attractive vaccine candidates
[48-49].

Fusing mycobacterial HSP70 to HIV-1 gag p24 [41,50],
Influenza M2e [9-11] and synthetic malarial antigen
(NANP) a synthetic peptides consisting of 40 (Asn-Ala-40,

Asn-Pro) repeats, [38], enhanced the immunogenicity of
the antigens and obviated the need for adjuvant.

Mice immunized with a kineto plamid membrane
protein-11 (KMP11) covalently fused to HSP70 from
Trypanosoma cruzi elicited a CTL response against the
Jurkat-A2/Kb cells expressing the KMP11 protein [51].
Moreover, HSP70 has been used as a carrier for group C
meningococcal oligosaccharide, inducing antibodies
against oligosaccharide in mice [52]. Furthermore, chimeric
proteins formed by antigens coupled to the C-terminal
fragment of HSP70 from M. tuberculosis [53-54] and N-
terminal fragment from Leishmania infantum [44], induced
humoral and cell mediated immune responses to the
coupled antigens.
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It was shown that the C-terminal fragment of mHSP70 small and low immunogen antigens as described above
acted as a carrier in mice when fused to the malarial have persuaded researchers to consider them as attractive
antigen EB200 (HSP70-EB200) and considerably induced vaccine adjuvants. 
MHC responses [55]. The effects of two truncated HSP70
molecules, N-terminal domain HSP70 , amino acids 1- CONCLUSIONS1-360

360 and C-terminal domain HSP70 , amino acids 359-359-610

610, of mycobacterial HSP70 was evaluated on the One major challenge in developing effective vaccines
potency of antigen-specific immunity generated by a is to design a vaccine that can induce effective immune
hepatitis B virus (HBV) DNA vaccination. It was shown responses to the desired antigen with no or very limited
that only the HSP70 -fused HBV DNA vaccination side effects. Poor immunogenicity and MHC restriction359-610

resulted in a significant increase in hepatitis B surface hamper the potential of many candidate antigens. The
antigen (HBsAg)-specific humoral response, while the immunogenicity can be improved by using appropriate
HSP70  -fused vaccine did not. Moreover, HSP70 - carriers and adjuvant molecules. 1-360 359-610

fused DNA vaccine did not induce anti-HSP70 antibody So, it seems by linking some antigen with limited
[48]. In other studies, the effects of HSP70  on foot potency to an appropriate carrier such as c-terminal 28-359-610

and mouth virus (FMDV) and Japanese encephalitis virus kDa domain of mHSP70 (HSP70 ), containing an 18-
(JEV) in mice were evaluated separately and the HSP70 kDa peptide binding region (aa359-540), we can render it
markedly enhanced both the humoral and cell-mediated very immunogenic and increase the potency of these
immune responses [56-57]. vaccines, without any side effects. 

We expect several vaccines HSP-based adjuvant will
Hsp70 in Association with Autoimmunity: One of the be considered as a novel vaccine strategy toward
concerns for the use of HSPs as adjuvants in human effective controlling of infections of global importance. 
vaccines is the association of HSPs with the induction of
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