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Abstract
Successful vaccine development requires knowing which adjuvants to use and how to formulate adjuvants and antigens to
achieve stable, safe and immunogenic vaccines. There is growing literature on immuno-regulatory and adjuvant functions
of heat shock proteins (HSPs) in the development of preventive and therapeutic vaccines against cancer and infectious
diseases. These extremely conserved molecules associate with antigenic peptides from tumor, virus and intracellular
bacteria, present these loaded antigens to both MHC class I and class II molecules and activate specific T cells. This review
aims to summarize the data on the HSP roles as the efficient tools in cancer. The ability of heat shock proteins to chaperone
peptides (e.g., antigenic peptides); interact with antigen presenting cells (APCs) through a receptor; stimulate APCs to
secrete inflammatory cytokines; and mediate maturation of dendritic cells, permit the utilization of these proteins to
develop a new generation of prophylactic and therapeutic vaccines against cancers and infectious diseases. Furthermore,
some cancers demonstrate elevated levels of HSPs and their expression has been associated with cell proliferation and
disease prognosis. New adjuvant development is needed to identify novel combinations of adjuvants and formulations
capable of inducing strong, long lasting humoral and cellular immune responses in humans. Numerous challenges remain
related to adjuvant development. Among efficient adjuvants, it has been shown that heat shock proteins induce
cross-presentation of antigens by dendritic cells (DC) as well as DC maturation. These properties make HSP-antigen
complexes good candidates to prime CD8+ T cell responses against tumor-associated antigens. Moreover, these conserved
proteins can be used as diagnostic biomarkers in various cancers.
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Introduction
Heat shock proteins (HSPs) are members of a number of families of stress-induced proteins, whose main intracellular
functions are as molecular chaperones [1]. HSPs are classified into different families on the basis of their apparent
molecular size, structure and function. Those families include HSP100 and higher molecular weight (MW), HSP90,
HSP70, HSP60 (chaperonin) and small HSP [2].
Heat shock proteins (HSPs) are potent inducers of an antigen-specific immunological response. HSPs are capable of
promoting antigen presentation of chaperoned peptides through interaction with the receptors on APCs (i.e., antigen
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cross-presentation). In previous animal studies, immunization with HSP-peptide complexes purified from tumor cells
provided protection against tumors from which the complexes were derived. In addition, the utilization of this vaccine to
treat mice with established tumors could slow the rate of tumor growth1. In clinical trials, autologous tumor-derived
Gp96-peptide complexes were used to treat a variety of malignancies, including melanoma, colorectal cancer, and renal
cell carcinoma with immunological and clinical responses in a subset of patients. But, however, the clinical response was
silent in the randomized phase III trial. These results suggested a need for enhancement in the potency of such vaccines [1].
Recently, it has been found out that immunization with antigens genetically fused to HSP70 elicits strong and long-lived
humoral and cellular immune responses in the absence of adjuvant. In addition, HSP70 fusion proteins elicited
antigen-specific CTL responses and protected mice from tumor challenge. Indeed, chemical conjugation or genetic fusion
of antigens to mycobacterial HSP70 has created potent immunogens that can elicit MHC class I-restricted, CD8+
cytotoxic T cell responses sufficient to mediate rejection of tumors expressing the fusion partner [2]. Most of this work has
been done in mice, however, HSP conjugate vaccines have elicited immune responses in monkeys and HSP fusion
vaccines are being tested in humans. The objective of this review is to summarize the HSP functions in cancers.

General biochemical aspects of HSPs in cancer
Heat shock proteins are of potential interest to cancer researchers. Some researchers have focused on the use of heat shock
proteins in the treatment of cancer. The researchers have shown that HSPs may be involved in binding protein fragments
from dead malignant cells and presenting them to the immune system [2]. HSPs are highly abundant proteins in eukaryotic
cells that are highly conserved during evolution and protect cells from damage through their function as molecular
chaperones. Some cancers demonstrate elevated levels of HSPs (e.g., Hsp70), and their expression has been associated
with cell proliferation, disease prognosis, and resistance to chemotherapy [3]. HSPs represent about 1%-2% of total
proteins in un-stressed cells and increase to 4%-6% of cellular proteins under stress. Under stress conditions, HSPs are
rapidly induced through transcription and translation mechanisms. The transcription of HSP genes is regulated by a family
of heat shock transcription factors (HSFs) including HSF1 [4]. Recent reports demonstrated that HSF1 plays a key role in
the development of tumors associated with activation of Ras or inactivation of p53 and HSF1 inactivation inhibits the
progression of a wide spectrum of cancers [4].
Among heat shock proteins, HSP27, HSP60, HSP70 and HSP90 have been investigated in clinical settings using samples
of human cancers. During carcinogenesis, the expression levels of HSPs can either increase or decrease. For example, the
expression of HSP27, HSP60, HSP70 and HSP90 was increased in human bladder cancers [5]. Also, HSP70 was
over-expressed in malignant melanoma and in renal cell cancer [6]. In other studies, altered expression of calreticulin
(CRT) has been detected in melanoma and in liver, bladder, prostate, lung, pancreatic and breast cancers [7].
HSP70 and HSP90 were known to act as anti-apoptotic factors [6]. Hsp90 participates in many key processes in
oncogenesis such as self-sufficiency in growth signals, stabilization of mutant proteins, angiogenesis and metastasis.
HSP60 is also a mitochondrial protein involved in activation of apoptosis. Recently, the role of small heat shock proteins
(e.g., HSP27, αA/B-crystallins) has been widely recognized in cancer research. Small HSPs are tumor protective
molecules via various mechanisms such as: Oxidative stress, prevention of protein denaturation, anti-apoptotic activity
and likely direct suppression of the immune system [6]. Briefly, the properties of important HSP families are individually
described:

HSP70
Human cells include several HSP70 family members; the stress-inducible HSP70 (HSP72 or HSPA1), the constitutively
expressed heat shock cognate 70 (HSC70, HSP73 or HSPA8) in the cytosol and nucleus, mitochondrial HSP70 (Grp75,
Mortalin or HSPA9) and glucose regulated protein 78 (Grp78, HSPA5) in the endoplasmic reticulum [4]. Under normal
conditions, HSP70 plays multiple roles such as the folding of newly synthesized proteins, the transport of proteins and
vesicles, the assembly and dissociation of multi-protein complexes and the degradation of denature proteins. HSP70 is also
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powerful anti-apoptotic protein that acts at different key points, affecting both the extrinsic and intrinsic pathway of
apoptosis. HSP70 regulates apoptosis by inhibiting stress-induced signals, by preventing mitochondrial membrane
permeabilization and by suppressing caspase activation and DNA fragmentation [4].
HSP70 is expressed at high levels in a wide spectrum of cancer cells and HSP70 expression has been routinely associated
with poor prognosis. The exact role of the HSP70 in cancer remains to be elucidated. However, in cancer cell, HSP70
over-expression is thought to provide a survival advantage due to its ability to inhibit apoptosis and senescence. Many
studies reported that HSP70 over-expression has also been correlated with therapeutic resistance due to the reduced
activation of ERK, NF-κB and JNK pathways [4].

HSP90
HSP90 is a highly abundant and evolutionarily conserved protein in the all eukaryotic cell. Five HSP90 isoforms have
been identified to date such as the two major cytoplasmic isoforms, HPS90α (HSPC1) and HPS90β (HSPC3),
endoplasmic reticulum localized glucose regulated protein 94 (Grp94), mitochondrial tumor necrosis factor
receptor-associated protein 1 (TRAP1) and membrane-associated HSP90N. Despite their different cellular localization,
these isoforms have a similar structure and function as chaperone [4].
HSP90 functions as a part of a multi-chaperone complex via association with a variety co-chaperons and client proteins
that rely on the complex for maturation and stability. More than 200 client proteins have been identified so far. Its client
proteins include BCL-ABL, SRC, HER2, EGFR, CRAF, BRAF, AKT, MET, VEGFR, FLT3, androgen and estrogen
receptor, hypoxia-inducible factor (HIF)-1α, and telomerase that are directly involved in malignancy and mutated
oncogenic proteins that are required for the transformed phenotype. These include important proteins in breast cancer
progression such as HER2 and c-SRC. Indeed, HSP90 over-expression has been observed in a variety of human
malignancies including breast cancer. In addition, HSP90 may inhibit apoptosis through numerous interactions [4].

HSP27
HSP27 is a member of the small HSPs family that acts as an ATP-independent chaperone and mainly localized in the
cytosol. They are potent mediator of protein folding and also involved in architecture of cytoskeleton, cell migration, cell
growth/differentiation, and tumor progression. HSP27 also has anti-apoptotic property. High levels of HSP27 have been
observed in many cancer cells including breast carcinoma as compared to normal cells [4]. Recently, several studies
demonstrated that the over-expression of HSP27 seems to be correlated with increased resistance to chemotherapeutic
drug-induced apoptosis in cancer cells [4].

Calreticulin
Calreticulin (CRT) is a chaperone protein located in the lumen of the endoplasmic reticulum. The association of
calreticulin with pathological conditions such as autoimmune disorders and certain types of cancer has been reported. The
data suggest that calreticulin expression is associated with more advanced tumors and is a potential prognostic biomarker
(e.g., breast cancer) [8]. Interestingly, lower expression of calreticulin was observed in human colonic cancer cell lines than
in preparations of isolated human normal colonic epithelial cells. Some results also showed that calreticulin is likely to
play a pivotal role in the differentiation of human colonic adenocarcinomas [9]. Furthermore, the studies have indicated that
the recombinant calreticulin NH2 domain (Amino acids 1-180), but not calreticulin P domain (Amino acids 181-189), can
inhibit endothelial cell proliferation in vitro and angiogenesis in vivo [10].
Liu et al. showed that soluble calreticulin (sCRT) concentration in sera of lung cancer patients is higher than that in sera of
healthy individuals, and CRT expression level on lung cancer cell membrane is associated with tumor pathological
classification and grade. These findings suggest that CRT may be used as a biomarker in lung cancer prediction and
diagnosis [11].
Published by Sciedu Press

49

www.sciedu.ca/jst

Journal of Solid Tumors, June 2012, Vol. 2, No. 3

Immunological properties of HSPs in vaccine design
Several studies have suggested that HSPs can interact with and inhibit both intrinsic and extrinsic pathways of apoptosis at
multiple sites. The authors have shown that inhibition of HSPs induce apoptotic cell death in cancer cells suggesting that
inhibition of HSPs has a potential to use as novel anti-cancer therapy, either as mono-therapy or in combination with other
chemotherapeutic agents. Besides the anti-apoptotic role of HSPs, recent studies demonstrate that they play a role in the
generation of anti-cancer immunity, suggesting the use of this property of HSPs in the design of anti-cancer vaccines [12].
There are various experiments in order to present immunological properties of HSPs and their use in vaccine development
as follows.
In a study, the relative immunogenicities of gp96, hsp90, and hsp70 derived from the Meth A sarcoma have been
compared. The proteins gp96 and hsp70 were observed to be highly and equally immunogenic, whereas the
immunogenicity of hsp90 was approximately 10% of that of gp96 or hsp70. These data suggested that the poor
immunogenicity of hsp90 results from its lack of a measurable ATPase activity, which has been implicated in the ability of
HSPs to transfer peptide to acceptor molecules [13].
Heat shock proteins including calreticulin (CRT), HSP70 and gp96, have been shown to act as potent immuno-adjuvant to
enhance antigen specific tumor immunity (Figure 1). Several studies have shown that gp96 as an adjuvant induces antigen
specific T cell responses against cancer and infectious diseases. Heat shock protein gp96 is a highly conserved and
mono-morphic glycoprotein in the endoplasmic reticulum. It functions as molecular chaperone and can associate with a
variety of antigenic peptides non-covalently in vivo and in vitro [14]. Recent studies have indicated that gp96 molecules
participate in major histocompatibility complex class I-restricted antigen presentation pathway. Immunization of mice
with gp96 preparations isolated from cancer cells could elicit a cancer-specific protective T cell immune response,
suggesting the use of gp96 as a therapeutic vaccine against cancers [14]. Indeed, HSP-peptide complexes bind to endocytic
receptors including CD91 and are taken up by DCs via receptor-mediated endocytosis. Peptides carried on HSP are
delivered to the MHC I presentation pathway and are represented on the cell surface in association with MHC class I
antigens for recognition by antigen-specific CD8+ T cells via the TCR and associated molecules. HSP also delivers
maturation signals to the DCs and induces the expression of MHC antigens, co-stimulatory molecules (Such as B7, which
binds to CD28) and ICAM-1. Simultaneously, the induction of pro-inflammatory cytokines promotes the generation of
immune responses to HSP-chaperoned peptides (Figure 1). The induction of cytokines especially IL-12, leads to CTL
responses and IFN-γ production. Some cytokines including IL-2, IFN-γ and IFN-β stimulate NK-cells to produce IFN-γ.
IFN-γ can affect DCs for maturation and more cytokine release such as IL-12 and active CD8+ T cells.
Regarding to previous data, there is no efficient method to obtain high amount of full-length gp96 by in vitro expression.
Currently, the yeast Hansenula polymorpha was used as an efficient host for gp96 recombinant protein production.
Moreover, the H. polymorpha expressed recombinant gp96 could effectively induce HBV-specific CTL response in
immunized mice while Escherichia coli-expressed gp96 could not. Thus, these results may provide bases for structure and
functional studies of gp96 and thereby potentially accelerate the development of gp96-based vaccines for immunotherapy
of cancer or infectious diseases [15].
Active immunotherapy using peptide vaccines is expected to induce specific, cytolytic T cells in the patient, which destroy
malignant cells. Although, the identification and low immunogenicity of tumor-specific peptides still remain a serious
problem. Gp96-peptide complexes extracted from cancer cells harbor the tumor-specific peptides and are immunogenic,
thus offering a tool for active immunization against the tumor. Currently, Vitespen, a commercial HSP-peptide complex
vaccine based on tumor-derived gp96, was found to induce an improved survival for subsets of early stage melanoma and
kidney cancer patients [16]. However, the immunogenicity of gp96 molecules has been attributed to the antigenic peptides
associated with them (Figure 1) [14]. Previously, a 7-mer HLA-A11-restricted peptide (YVNTNMG) of HBV core Ag
(HBcAg 88-94) associated with heat shock protein gp96 was reported in liver tissues of patients with HBV-induced
hepatocellular carcinoma (HCC). This peptide was highly homologous to a human HLA-A11-restricted 9-mer peptide
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(YVNVNMGLK) and to a mouse H-2-Kd restricted 9-mer peptide (SYVNTNMGL). To further characterize its
immunogenicity, BALB/c mice were vaccinated with the HBV 7-mer peptide. A specific CTL response was induced by
the 7-mer peptide [17]. To evaluate the adjuvant effect of gp96, mice were co-immunized with gp96 and the 9-mer peptide,
and a significant adjuvant effect was observed with gp96. These results clearly demonstrated the potential of gp96 as a
possible adjuvant to augment CTL response against HBV infection and HCC [17]. In other study, the elevated expression of
gastrin releasing peptide (GRP) in various types of cancer suggested that GRP might be a putative target for
immunotherapy in neoplastic diseases. Based on six copies of the B cell epitope GRP 18-27 in a linear alignment as an
immunogen, several anti-GRP DNA vaccines were designed using different combinations of immune-adjuvants, such as
HSP65, tetanus toxoid 830-844 (T), pan HLA-DR-binding epitope (PADRE) (P), and mycobacterial HSP70 407-426 (M),
on a backbone of pCR3.1 plasmid vector with eight 50-GACGTT-30 CpG motifs and the VEGF183 signal peptide (VS).
Immunization of mice with pCR3.1-VS-HSP65-TP-GRP6-M2 elicited much higher levels of specific anti-GRP antibodies
and more effectively inhibited the growth of a GRP-dependent tumor RM-1 in vivo. On the other hand, plasmids encoding
for 2HSP70 407-426 showed stronger immune stimulatory potential as well as impressive antitumor activity, suggesting
that 2HSP70 407-426 is an efficient molecular adjuvant for developing self-epitope vaccines [18].
Currently, our research group has focused on different vaccine modalities including DNA vaccines, protein vaccines, live
vaccines and the combined approaches (e.g., prime-boost vaccines) against HPV infections. Human papillomaviruses
(HPV), particularly HPV16, is considered a necessary cause of cervical and oral cancer. Thus, the development of an
efficient vaccine against HPV is important for the control of cervical cancer. In our studies, various strategies were applied
to enhance DNA vaccine potency including the utilization of adjuvants especially heat shock proteins (e.g., gp96) and/or
different delivery systems. In a study, the levels of humoral and cellular immune responses were compared using HPV16
E7 + gp96 co-injection as DNA/DNA and prime-boost (DNA/protein) immunization strategies in C57BL/6 mice model.
Assessment of cellular immune responses against E7 antigen indicated that co-delivery of naked DNA E7 + Gp96 plasmid
is immunologically more effective than E7 alone and induces Th1 response [19, 20].
The purified recombinant NH2-terminal domain of calreticulin (Amino acids 1-180 named vasostatin) inhibited the
proliferation of endothelial cells and also angiogenesis in vivo. Compared with other inhibitors of angiogenesis, vasostatin
is a small, soluble, and stable molecule that is easy to produce and deliver. As an angiogenesis inhibitor that specifically
targets proliferating endothelial cells, vasostatin demonstrated a unique potential for cancer treatment. When vasostatin
inoculated into athymic mice, it significantly reduced growth of human Burkitt lymphoma and human colon
carcinoma [21]. In addition, the researchers have shown that N domain CRT (NCRT) or C-terminal half of HSP70 linked
with HPV16 E7 are capable of inducing potent antigen-specific CTL activity in experimental animal models. NCRT and
hsp synergistically exhibited significant increases in E7-specific CD8+ T cell responses and notable antitumor effects
against E7-expressing tumors. Furthermore, the NCRT/E7/hsp fusion protein generated potent anti-angiogenic effects.
These results indicated that NCRT/E7/hsp fusion protein is a promising therapeutic vaccine for treatment of cervical
cancer through a combination of antigen-specific immunotherapy and anti-angiogenesis, with possible therapeutic
potential in clinical trials [22].
In another study, a fusion protein was designed including heat-shock protein 70 (Hsp70) and the C-terminal 34 amino
acids of herpes simplex virus VP22 protein (VP22 268-301), the former having a peptide binding domain and an ability to be
recognized by APCs, and the latter able to achieve cell penetration. Hsp70-VP22 268-301 fusion protein was efficiently taken
up by mouse dendritic cell (DC) line DC2.4. Electroporation-assisted injection of naked plasmid vector expressing
Hsp70-VP22 268-301 into subcutaneous tumors of EG7-OVA, a mouse lymphoma-expressing OVA, significantly increased
the survival of mice compared with the same treatment with a plasmid expressing Hsp70. These results indicated a new
therapeutic method to induce tumor-specific antitumor immunity without identifying isolating tumor-associated
antigens [23].
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Sequential immunization with a recombinant DNA vaccine encoding AFP and heat shock protein70 could generate
effective AFP-specific T cell responses and induce definite antitumor effects on AFP-producing tumors, which may be
suitable for some clinical testing as a vaccine for HCC [24]. In addition, SGN-00101 (HspE7, San Diego, CA) has been
known as a novel therapeutic vaccine containing an M. bovis BCG Hsp65 covalently linked to the entire sequence of HPV
16 E7. This trial was designed to evaluate the efficacy and toxicities of HspE7 in women with CIN III. HspE7
demonstrated activity in women with CIN III [25].
Recent studies have shown that another HSP, known as HSP110, exhibits immuno-stimulatory effects when purified from
a tumor. HSP110 has been shown to be representative of a recently discovered HSP family, which is expressed in all of the
eukaryotic cells. A hallmark of HSP110 is its ability to efficiently bind to and stabilize large protein substrates. As just
described, the ability of HSPs to bind short peptides has formed the basis for their use as cancer vaccines. However, HSPs
can also bind to and stabilize large proteins. Indeed, the activity of forming natural chaperone complexes with large
proteins is an essential component of the HSP function in numerous cellular processes [26]. In a study, recombinant
HSP110 was non-covalently complexed during heat shock with a recombinant tumor protein antigen in vitro. This natural
chaperone complex was then evaluated as an effective vaccine. This vaccine was not be patient specific, as is the case with
tumor-derived HSPs/GRPs, but could be applied to any patient with a tumor expressing that protein antigen and did not
require a surgical specimen to prepare. In addition, unlike tumor-derived HSPs, where only a small fraction of chaperoned
peptide would be expected to be immunogenic, this approach will present to the immune system a highly concentrated
tumor protein antigen in a natural chaperone complex with the immunologically active HSP. HER-2/neu was selected as a
protein antigen for current study, because it was highly relevant to breast cancer as well as other cancers such as ovarian,
prostate, lung, and colon. It was shown that a HSP110-ICD of HER-2/neu chaperon complex, without an adjuvant, was
able to elicit both cell-mediated and humoral immune responses against the ICD. Moreover, this natural complex was as
efficient as CFA, eliciting an antigen-specific CD8+ T-cell response, both in a CD4+ dependent and in a CD4+
independent manner. Importantly, no anti-HSP110 cell-mediated or humoral immune responses were observed [26].
The other investigation examined the vaccine potential of hsp110 and glucose-regulated protein (grp) 170. At first, it was
shown that prior vaccination with hsp110 or grp170 purified from methylcholanthrene- induced fibrosarcoma caused
complete regression of the tumor. In a second tumor model, hsp110 or grp170 purified from Colon 26 tumors led to a
significant growth inhibition of this tumor. In addition, hsp110 or grp170 immunization significantly extended the life
spans of Colon 26 tumor-bearing mice when applied after tumor transplantation. Indeed, a tumor-specific cytotoxic T
lymphocyte response developed in the mice immunized with tumor-derived hsp110 or grp170 [27]. Furthermore, treatments
of the mice with bone marrow-derived dendritic cells pulsed with these two proteins from tumor elicited a strong
anti-tumor response. Finally, the experiments showed that mild, fever-like hyperthermic conditions enhance the vaccine
efficiency of hsp110, but not grp170. These studies indicated that hsp110 and grp170 can be used in cancer
immunotherapy and fever-level hyperthermia can significantly enhance the vaccine efficiency of some hsps [27].
HSP 110 has been also used as a chaperone immuno-adjuvant to enhance the immune response to HPV16 E7-derived CTL
epitope E7 (49-57) in a mouse model. Inoculation of the mHSP110-E7 (49-57) complex was capable of priming strong
epitope-specific immune response and IFNγ production. More importantly, immunization of this complex also
significantly inhibited the growth of established tumors and prolonged the survival time of the tumor-bearing animals.
Results also showed that immunization with this complex completely protected mice against subsequent challenge with
tumor cells [28].
As known, the heat shock protein (HSP)/peptides (HSP/Ps) complexes can induce both adaptive and innate immune
responses (Figure 1). Treatment with HSP/Ps in tumor-bearing mice and cancer patients has revealed anti-tumor immune
activity. The authors have indicated that immunotherapy strategies by vaccination with a mixture of HSP/Ps (mHSP/Ps,
HSP60, HSP70, Gp96 and HSP110) enhance with cyclophosphamide (CY) and IL-12. In mice vaccinated with this
enhanced vaccine (mHSP/Ps and CY plus IL-12), 80% showed tumor regression and long-term survival, and tumor
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growth inhibition rate was 82.3% (30 days); whereas, all controls died within 40 days. After vaccination, lymphocytes and
polymorphonuclear leukocytes infiltrated into the tumors of treated animals, but no leukocytes infiltrated into the tumors
of control mice. All ratios of natural killer cells, CD8+, and IFN-γ-secreting cells were increased in the test group, and also
tumor-specific cytotoxic T lymphocyte activity was increased. The regimen may be a promising therapeutic agent against
tumors [29].

Figure 1. Immunological properties of HSPs: (a) Peptide-carrier function of HSPs: HSP-chaperoned antigenic
peptides derived from tumor cells are internalized by endocytosis via HSP receptors (HSP-R). After uptake and
processing, the peptides are represented on MHC class I molecules of the APC and thus induce a CD8+ T cell response
against cancer; (b) Cytokine-inducing effects of HSP70: In the absence of antigenic, tumor-derived peptides, HSPs
engage signaling receptors (e.g., TLR2/4 plus CD14) triggering NF-ĸB activation. The APCs release pro-inflammatory
cytokines (e.g., IL-1β, IL-6, TNF-α) leading to a non-specific stimulation of the innate immune system.
Finally, it is worthwhile to know HSPs structure and function due to usage as a novel vaccine adjuvant. For instance,
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). The C-terminal portion (Amino acids 359-610) was proven to stimulate the
production of CC chemokines, IL-12, TNF-α, 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 [30].

Conclusion
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. They are effective biomarkers for carcinogenesis in some tissues and show the
degree of differentiation of certain cancers. In addition, the levels of HSP and anti-HSP antibodies in the serum of cancer
Published by Sciedu Press
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patients are useful in tumor diagnosis. HSP may also predict the response to some anticancer treatments. Implication of
HSP in tumor progression and response to therapy has led to its successful targeting in therapy by two major strategies,
such as: a) Pharmacological modification of HSP expression or molecular chaperone activity and b) Use of HSPs as
adjuvants to present tumor antigens to the immune system. Study of HSP in cancer is still in its early stages, and needs to
obtain more information at the cell and molecular levels involved with tumor growth, invasiveness and metastasis. Such
studies will be necessary in targeting HSPs in cancer therapy and knowing their crucial immunological functions.
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