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Mini-chaperones
Potential immuno-stimulators in vaccine design
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The immunogenic properties of heat shock proteins (HSPs)
have prompted investigations into their application as
immuno-modulatory agents. HSPs have been used as potent
adjuvants in immunotherapy of cancer and infectious diseases.
Some studies showed that immune activities reside within
N- or C-terminal fragments of HSPs. These small fragments
are sufficient to link peptides, to bind and be taken up by the
receptors CD91 and scavenger receptor type A on antigen
presenting cells (APCs). Thus, these mini-chaperones can be
used in immunotherapy of tumors and vaccine development.
The data clearly demonstrated the potential of using HSP
fragments as a possible adjuvant to augment CTL response
against infectious diseases. Some HSP domains have been
shown toinhibitendothelial cell growth, angiogenesis or tumor
growth. In this review, we describe the immuno-stimulatory
activities of various mini-chaperones in development of
different vaccine strategies (DNA-based vaccine and protein/
peptide-based vaccines).

Introduction

New efficient vaccines against infectious diseases are in demand.
Major challenge in developing effective vaccines is to induce
effective immune responses to antigen of interest with no or very
limited side effects. The immunogenicity can be improved by
using appropriate carriers and adjuvant molecules.! Adjuvants
can be used for various purposes including: (1) enhancement of
the immunogenicity of antigen (as a DNA, peptide or protein
form); (2) reduction of the quantity of antigen or the number of
administration for eliciting immune responses; (3) improvement
of the vaccine potency in subjects with different conditions (e.g.,
newborns, the elderly or immuno-compromised persons) and (4)
uptake of antigen by the mucosa as an antigen delivery system.
Adjuvants can be classified according to their source, mechanism
of action or physicochemical properties.?

It is obvious from different studies that the currently licensed
vaccine adjuvants are not sufficiently effective for the induction
of potent immune responses. Currently, heat shock proteins
(HSPs) have known as an efficient adjuvant in vaccine develop-
ment. Heat shock proteins are highly conserved, stress-induced
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proteins and function as chaperones stabilizing and delivering
peptides.? Mammalian HSPs have been classified into several
families according to their molecular weights: HSP100, HSP90,
HSP70, HSP60 and small molecular HSPs (e.g., HSP27).? HSPs
have been involved to elicit both innate and adaptive immunity.
The capacity of HSPs to bind antigenic peptides and deliver
them to antigen presenting cells (APCs) is the basis of the gen-
eration of peptide-specific T lymphocyte responses both in vitro
and in vivo.? Stressful conditions (e.g., hypoxia, nutrient depri-
vation, etc.) induce HSP synthesis, and several types of cancer
cells expose HSPs on their surface. These cells are recognized and
killed by the cytotoxic T cells (CTLs). Regarding to current stud-
ies, the levels of heat shock proteins are elevated in some cancers
including breast cancer and are molecular targets for novel thera-
pies.* HSP-peptide complexes extracted from tumors have been
extensively studied in the preceding two decades, confirming to
be safe and effective in treating a number of malignant disorders.
However, these complexes target a range of antigens expressed in
tumors of each patient, individually.’ Currently, the HSP-peptide
vaccine designed by in vitro reconstitution is one of many prom-
ising immunotherapeutic strategies being evaluated in preclinical
as well as clinical trials ¢'° (Fig. 1).

HSPs were first observed as proteins induced in massive
amounts in normal cells exposed to stresses that lead to protein
denaturation. Their expanded expression in mammary carci-
noma appears to be largely due to the proliferation of mal-folded
mutant proteins and overexpressed oncoproteins that trigger
transcription of HSP genes.* HSPs play major roles in malignant
transformation and progression mediated through their intrin-
sic molecular chaperone properties. These permit the emergence
of new malignant traits through the facilitated accumulation
of altered oncoproteins. The elevation of HSP concentrations
in mammary carcinoma is at least partially dependent on heat
shock transcription factor 1 (HSF1), a protein that responds to
unfolded proteins and leads to HSP transcription. HSF1 activa-
tion has additional downstream activities, crucial for emergence
of the breast cancer phenotype including activated cell signal-
ing; HSP-mediated ability to evade apoptosis and an HSFI-
dependent bias in transcriptional activity toward a metastatic
phenotype.*

Heat shock proteins (HSPs) have a dual function depend-
ing on their intracellular or extracellular location. Intracellular
HSPs (e.g., HSP70 and HSP90) have numerous cyto-protective
roles described by their anti-apoptotic properties. In tumor cells,
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Figure 1. Heat shock proteins bind the antigenic repertoire of cancers or pathogen-infected cells. These molecules can bind to synthetic or natural
peptides in vitro/ in vivo (A/B). They deliver antigenic peptides and maturation signals to antigen-presenting cells (Macrophage/ Dendritic cell) and
induce release of cytokines. DC, dendritic cell; HSP, heat shock protein; ER, endoplasmic reticulum; M, macrophage; N, nucleus.

the unusual high expression of HSP70 and/or HSP90 leads to
oncogenesis and resistance to chemotherapy. Regarding to these
functions, the inhibition of HSPs has been applied as an effi-
cient strategy in cancer therapy.! In contrast, extracellular or
membrane-bound HSPs are potent inducers of innate and adap-
tive immune systems. Most immunotherapeutical approaches
based on HSPs utilize their role as a carrier for immunogenic
peptides."

Heat shock proteins have been described in vaccine develop-
ment for cancer and infectious diseases in preclinical and clini-
cal trials. HSPs chaperone antigenic peptides that are generated
intra-cellular, increase presentation of antigens to effector cells
and augment cellular and humoral immune responses against
their associated antigens. Indeed, they act as a strong modula-
tor, as well as potentiator of the immune system. Some studies
showed that all immuno- stimulatory properties of HSPs reside
within various domains of HSPs.!? These small fragments so-
called “mini-chaperones” can be used in immunotherapy of
tumors and vaccine development. These mini-chaperones have
been described to enhance fusion vaccine potency.”® In this
review, we describe immune-modulatory properties of different
domains of HSPs.
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Chaperone Molecules as the Efficient Vaccines

Immunization with purified gp96 and heat shock protein 70
bound to synthetic or natural peptides (as in vitro/ in vivo gen-
eration) has been shown to induce peptide-specific cytotoxic T
lymphocytes (CTL)."" The peptides chaperoned by heat shock
proteins are taken up by APCs, migrated to the endoplasmic
reticulum (ER), loaded on MHC I and transported as MHC
I- peptide complexes to the cell surface as shown in Figure 1.'°
Different vaccination strategies have already been employed by
HSP molecules.”” These methods contain (1) the use of purified
HSP-peptides from infected tissues; (2) DNA vaccination by
antigen/HSP covalent linkage or non-covalent co-administra-
tion; (3) protein vaccination using HSP or its fragments as an
adjuvant; (d) prime-boost vaccination using HSP or its fragments
(e.g., DNA/ protein).”

Generally, the immuno-modulatory functions of HSPs are
based on two intrinsic properties: (1) HSPs are potent adjuvants
due to their ability to activate dendritic cells (DCs); (2) HSPs can
bind directly to their receptors on DCs to load HSP-associated
peptides on MHC molecules.® The existence of heat-shock pro-
tein (HSP) receptors on antigen-presenting cells (APCs) was
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hypothesized in 1994. The first receptor, CD91 or LRP, was iden-
tified in 2000. Six putative HSP receptors have been identified
including CD40, LOX-1, CD36, TLR-2, TLR-4 and SR-A."8"

Several in vitro studies have revealed that independent of their
bound peptides, Gp96, HSP90 and HSP70 are able to induce
macrophages to produce the pro-inflammatory cytokines such as
interleukin (IL)-1B, TNF-a, IL-12 and GM-CSF as well as C-C
chemokines such as MCP-1, MIP-1 and RANTES.® Furthermore,
HSPs induce DC maturation as determined by their upregulation
of MHC class II and the co-stimulatory molecules CD86 (B7-2)
and CD40 and promote their accumulation in draining lymph
node in vivo. Interaction of Gp96 with murine DC or HSP70
with human monocytes also triggers the translocation of NF-kB,
a key signaling transduction pathway in immune responses.®

The HSP-peptide complex can elicit a potent specific cellular
adaptive immune response that depends on its ability to chaper-
one a large variety of peptides. The reported data have indicated
that APCs (e.g., peritoneal macrophages and DC) internalize
purified or artificially reconstituted HSP-peptide complexes by
receptors-mediated endocytosis such as CD91 and/or LOX-1.82

With the help of signaling receptors such as CD14 and TLR-
2/4, the antigenic peptides carried by HSP are then channeled
into the endogenous presenting pathway and presented to the
surface of APCs and recognized by CD8+T cells as a peptide-
MHC class I complex.*>?! The cross-presentation of peptides
chaperoned by HSP are approximately 200-400 more efficient
than loading antigenic peptides directly to class MHCI onto live
cells. Interestingly, this process is not observed in B-cells or fibro-
blasts. Then, potent cytotoxic T lymphocyte response toward the
target cell is primed. The unique ability of the HSP-peptide com-
plex to prime a robust T cell response from minute amounts of
chaperoned antigenic peptides is thought to result mainly from
the specific interaction of HSPs with APCs.®

Autoimmune responses are a possible concern for using HSP70
family. Indeed, anti- HSP60, HSP65*** and HSP70%% immuni-
ties have been revealed in some autoimmune diseases. Some char-
acteristics of HSP70 families including a high degree of sequence
homology between different species and intrinsic immunogenicity
have suggested that inappropriate immune reactivity to HSP70
might lead to pro-inflammatory responses and subsequently the
development of autoimmune disease.”’ The investigators have
shown that the degree of homology varies between different regions
of HSP70 especially C-terminal domain.”® Thus, the C-terminal
domain of HSP70, with a lower degree of homology, may repre-
sent an advantage in vaccine design to avoid possible autoimmune
reactions.?® Indeed, the determination of the effective domain of
HSP70 rather than the native HSP70 as an adjuvant is a vital issue
in vaccine design against various disorders.

In addition, some scientists believe that heat shock proteins
alone are not efficient for vaccine development in clinical trials.
Therefore, they tried to potentiate their functions. For instance,
the researchers have shown that a B-class CpG ODN (BW006)
as a TLRY agonist, could enhance anti-tumor activity of the
recombinant HSP65-Her2 fusion protein, accompanied with
improved HSP65-Her2 specific Thl response in mice bearing
Her2 (+) B16 melanoma.”

www.landesbioscience.com

Mini-Chaperones are Potent Inmuno-Adjuvants
in Vaccine Development

Several studies indicated that immune activities of HSPs reside
within their N- or C-terminal fragments known as mini-chaper-
ones. These potent regions of HSPs are involved in development
of various vaccines including DNA-based vaccine and protein/
peptide-based vaccine (Fig. 2).

The mini-chaperone is a useful practical tool for the refolding
of proteins in vitro.*® For example, the fragments surrounding
the apical domain of GroEL, called mini-chaperones, facili-
tate the refolding of several proteins in vitro without requiring
GroES, ATP or the cage-like structure of multimeric GroEL.%!
These minimal constructs of heat shock proteins (e.g., Gp96 or
HSP70) can augment peptide presentation in culture and induce
antigen-specific CTL in naive mice only because it loads APCs
with the relevant peptide. For example, the N-terminal of Gp96
(sequence 1-355 aa) is the immunologically sufficient module of
Gp96 and this ‘mini-chaperone’ can be used in immunotherapy
of tumors and vaccine development. Indeed, the N-terminal frag-
ment binds to DCs and macrophages via the same CD91 and
SR-A receptors previously reported to mediate binding of the
full-length protein (Gp96)."* Herein, we will describe the use of
these efficient regions in numerous immunotherapies.

DNA-Based Vaccines

DNA vaccines represent an attractive approach to therapy of
infectious diseases as well as cancer, autoimmune diseases and
allergy because of its ability to generate antigen-specific immu-
nity (Fig. 2). However, their potency has been insufficient to
elicit the efficient protective immunity in human clinical trials.
Several strategies have been applied to enhance the potency of
DNA vaccine including the use of various adjuvants e.g., heat
shock proteins.?> We describe some recent advances in upgrading
the efficiency of DNA vaccines using different fragments of HSPs
(N-/C-terminal) in animal models.

Heat shock protein 70 (HSP70) has been shown to be an
excellent candidate, capable of cross-priming tumor-associated
antigen (TAA) by APCs leading to a robust T-cell response.
Mycobacterium tuberculosis HSP70 has been shown to act as an
adjuvant when co-administered with peptide/ protein antigens.*

The effects of two truncated HSP70 molecules, N-terminal
domain (HSP70 | ., amino acids 1-360) and C-terminal
domain (HSP70 . ., amino acids 359-610) of mycobacterial
HSP70 have been evaluated on the potency of antigen-specific
immunity generated by a chronic hepatitis B virus (HBV) DNA
vaccination. The data showed that only the HSP70 ;. -fused
HBYV DNA vaccination resulted in a significant increase in hepa-
titis B surface antigen (HBsAg)-specific humoral response.?
HSP70 ,  ,-fused DNA vaccine not only enhanced HBsAg-
specific cytotoxic lymphocytes (CTL) responses but also did not
induce anti-HSP70 antibody. In addition, HSP70 ., mediated
T helper (Th) cell balance toward Th1 pathway. In a HBV trans-
genic mouse model, the HSP70 . “fusion vaccine facilitated
clearance of circulating HBsAg and downregulation of HBV
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Figure 2. Production of recombinant vaccines: The recombinant vaccines such as DNA and protein -based vaccines combined with the potent immuno-
.) are designed to stimulate host immune system to recognize and destroy infectious/cancer cells.

replication. These results suggested that C-terminal domain of
mycobacterial HSP70 molecule could be a potent candidate to
induce the adjuvant effect in HBV DNA vaccination in contrast
with the full length HSP70 molecule.?® In this line, it was shown
that the C-terminal fragment of mHSP70 acts as a carrier in mice
when fused to the malarial antigen EB200 (HSP70-EB200) and
considerably induces the efficient immune responses.* In other
studies, the effects of HSP70 ;. ~on foot and mouth virus
(FMDV) and Japanese encephalitis virus (JEV), individually
indicated that this fragment of HSP70 markedly enhances both
the humoral and cell-mediated immune responses in mice.*>*
Currently, the researchers have evaluated the immune effects
of a fusion DNA vaccine encoding mycobacterial HSP70 and
MPT51, a major secreted protein of Mycobacterium tuberculosis.
The data indicated that mice immunized with fusion HSP70-
MPT51 DNA produce a higher amount of IFN-vy than mice
immunized with MPT51 DNA alone.”” In continuation, the
domains of HSP70 responsible for its enhancing effect [i.e., the
N-terminal ATPase domain (NT- HSP70) and the C-terminal
peptide-binding domain (CT-HSP70)] were identified. The
fusion DNA vaccine encoding the CT-HSP70 and MPT51
induced a higher MPT51-specific IFN-y production by CD4+
T cells than the vaccine encoding MPT51 alone or MPT51-
NT-HSP70. Similar results were obtained by immunization with
the fusion proteins. These results suggested that the DNA vac-
cine encoding a chimeric antigen molecule fused with mHSP70,
especially with its C-terminal domain, can induce a stronger
antigen-specific Thl response than antigen DNA alone.’”
HSP70 fused to downstream of Her2/neu as DNA vaccine
has been shown to be efficient against Her2-expressing tumors.
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Following this investigation, the researchers have examined if
N-terminally fusion of Her2/neu to HSP70 can improve effi-
ciency of Her2/neu DNA vaccine. Surprisingly, HSP70 fusion
to N-terminal of rat Her2/neu led to tumor progression. These
results propose that fusion direction of biologic adjuvant as well as
different domains are important issues when Her2/neu is used.?

Briefly, microbial HSP70 contains three functionally dis-
tinct domains: an N-terminal 44 kDa ATPase domain (amino
acids 1-358), followed by an 18 kDa peptide-binding domain
(amino acids 359-494) and a C-terminal 10 kDa domain (amino
acids 495-609). Immunological functions of different HSP70
domains in stimulating antigen presenting cells have not been
fully defined. Most studies have indicated that the C-terminal
fragment as well as peptide binding domain (i.e., amino acids
359-610) stimulate the generation of CC chemokines, IL-12,
TNF-a, NO and maturation of dendritic cells (DCs). In addi-
tion, this fragment can act as an adjuvant to elicit the immune
responses.”

The glycoprotein 96 (Gp96/GRP94) is an important member
of the HSPI0 family located in the endoplasmic reticulum (ER).
This protein possesses the N-terminal fragment with signal pep-
tide of 21 amino acids which is cleaved co-translationally and
the C-terminal fragment containing an ER-retention sequence,
KDEL. This chaperone has been proved to increase peptide
presentation to T cells. It can link antigenic peptides, bind to
receptors on APCs, activate these cells and after internaliza-
tion, transfer the peptides to MHC class I for T cell activation.*’
Adjuvant activity of Gp96 with some viral, bacterial and tumor
antigens has been reported in DNA vaccination. Previously, our

group studied the immunity of HPV16 E7 along with Gp96 as
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an adjuvant in C57BL/6 mice model.”" Human papillomavi-
ruses, especially type 16 (HPV16) is an important cause in more
than 99% of cervical cancers. E7 is the major oncoprotein pro-
duced in cervical cancer-associated HPV16. Evaluation of cel-
lular immune responses demonstrated that DNA vaccination
using co-administration of E7 and Gp96 induces Thl response.
Moreover, co- delivery of naked DNA E7 + Gp96 plasmid was
immunologically more effective than E7 alone.*!

Several studies showed that the N- or C-terminal fragments
of gp96 as mini-chaperones are better choice for immunization.'
The studies have indicated that co-administration of Gp96 +
Her2/neu DNA vaccines led to the decreased CD4+ CD25+
Foxp3+ naturally occurring regulatory T cells (Tregs) at the
tumor site and increased IFN-y/ IL-4 level.*? The data demon-
strated a bi-phasic pattern of tumor size in which partial inhi-
bition of tumor growth initially occurred when the tumor was
small, but finally its preventive effect was reversed by increasing
tumor size.” The other study also indicated that HSP110/Her2
vaccine was not effective by the end of tumor growth similar to
this observation.” There are two possible reasons: (1) failure of
the immune system at the final stages due to antigen loss and
tumor escape. It has been reported that IFN-v could cause tumor
escape from anti-tumor immune responses;*** (2) a kinetic in
regulatory burden and tumors may weaken the immune system
to facilitate disease progression.

With regard to previous studies indicating potent adjuvant
activity of the full length Gp96, the immune responses of two
DNA vaccines containing C-terminal fragment of gp96 fused
to the C-terminal end of transmembrane and extracellular
domain (TM+ECD) of rat Her2/neu as well as N-terminally
fusion of gp96 C-terminal domain to TM+ECD were evaluated
in tumor mice model. The results showed that adjuvant activ-
ity of C-terminal domain is enhanced when fused N-terminally
to TM+ECD of rat Her2/neu. Therefore, the adjuvant activ-
ity of C-terminal domain of gp96 toward Her2/neu is fusion
direction-dependent.” Moreover, pHer2/CT was able to increase
IFN-y/IL-4 secretion and CD8+ cell proliferation at the tumor
site along with an increase in the percentage of specific cell lyses
(CTL activity). Decline in Tregs was observed at both spleen and
tumor site of pHer2/CT-vaccinated mice, in comparison with
pCT/Her2-vaccinated group. All these properties indicated the
potent adjuvant activities of C-terminal domain of gp96 when
fused down-stream of Her2/neu and the significance of fusion
direction in DNA vaccine. It seems that conformational changes
and different ubiquitination pattern in pHer2/CT may increase
its efficiency in comparison with pCT/Her2.¥ It is likely that
N-terminally fusion of Her2/neu to C-terminal domain of gp96
might have caused conformational change or steric hindrance,
led to the decrease of Her/neu DNA vaccine potency. On the
other hand, different fusion direction might have induced dif-
ferent pattern of ubiquitination on the product of each construct
(i.e., pCT/Her2 and/or pHer2/CT).*

A study has shown the adjuvant activity of both domains of
gp96 toward Her2/neu, as DNA vaccine in a Her2/neu-positive
breast cancer model. Immunological test indicated that treat-
ment with Her2/neu fused to N-terminal domain of gp96 led
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to significantly lower survival rates, higher IFN-vy secretion and
induced infiltration of CD4+/CD8+ cells to the tumor site. But,
it could not induce CTL activity, did not decrease regulatory T
cell percentage at the tumor site, and finally led to tumor progres-
sion in comparison with the groups vaccinated with pCT/Her2
or pHer2. Therefore, N-terminal domain of gp96 did not have
adjuvant activity toward Her2/neu. According to the obtained
results, immune-stimulatory properties of different gp96
domains may be affected by the antigen of interest.”” Even, the
reports on the adjuvant activity of C-terminal domain of gp96
are controversial, depending on the antigen.’”' The data showed
that the construct containing the C-terminal of gp96 fused with
Her2/neu, but not the co-administration of the two separated
constructs, decreased CD4+CD25+foxp3+ regulatory T cells at
the tumor site and enhanced CTL activity as well as IFN-y secre-
tion. Therefore, the C-terminal of gp96 can be used as molecu-
lar adjuvant along with other tumor/ bacterial/viral antigens for
improving vaccine potency.”

Furthermore, our research group applied two strategies includ-
ing linkage of immune- stimulatory molecules (N-terminal of
gp96), accompanied with PEI600-Tat as non-viral gene delivery
system to evaluate DNA vaccine efficacy against HPV infections.
It was found that immunization with E7-NT (gp96) fusion gene
led to increase IFN-vy level as compared with E7 alone. This
fusion showed considerable protective potency in tumor mice
model. In addition, delivery of E7-NT (gp96) with PEIG00-Tat
was further protective against E7-expressing tumors. These data
indicated that fusion of NT (gp96) to E7 delivered by PEI600-
Tat can enhance the potency of HPV DNA vaccines.”® In con-
tinuation, we generated DNA construct encoding HPV16 E7
linked to C-terminal of gp96 and evaluated immune responses
after delivering with electroporation in C57BL/6 tumor mice
model. Immunization with E7-CT (gp96) fusion gene led to
increase IFN-vy level and protective efficacy as compared with
E7 or E7- NT (gp96) DNA against E7-expressing tumors
(Immunology Letters 2012, in press). Thus, the importance of
different domains of gp96 is still open to discussion.

Protein/Peptide-Based Vaccine

Protein-based vaccines are capable of generating CD8+ T cell
responses in vaccinated animals and humans as well as humoral
immune responses (Fig. 2). Therapeutic protein vaccina-
tion has been limited by insufficient antigen-specific immune
responses. Thus, development of novel strategies that enhance
protein vaccine potency is important for generation of effective
cancer immuno-therapies. Among these strategies, HSPs espe-
cially CRT, HSP70 and Gp96 have been known to act as potent
immuno-adjuvant to enhance antigen-specific tumor immunity.

Calreticulin (CRT) binds to mis-folded proteins and prevents
their export from the ER to the Golgi apparatus. Calreticulin is
expressed in many cancer cells and plays a role to promote APCs
e.g., macrophages to overcome tumor cells. Herein, one question
is why the cells are not destroyed by CRT. The reason is the pres-
ence of signal CD47 blocking CRT. Therefore, antibodies block-

ing CD47 might be useful as a cancer treatment. For instance,
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in mice models of myeloid leukemia and non-Hodgkin’s lym-
phoma, anti-CD47 antibody was effective in killing tumor cells
while normal cells were unaffected.”® The studies have shown
that the purified recombinant NH -terminal domain of calretic-
ulin (amino acids 1-180 named vasostatin) inhibits the prolifera-
tion of endothelial cells and also angiogenesis in vivo. Vasostatin
is a small, soluble and stable molecule that is easy to produce
and deliver in comparison with other inhibitors of angiogenesis.
When vasostatin inoculated into athymic mice, it significantly
reduced growth of human Burkitt lymphoma and human colon
carcinoma.”

Previous studies have indicated that N-terminal of CRT
(NT-CRT) or C-terminal half of HSP70 (CT-HSP) linked with
HPV16 E7 is capable of inducing potent antigen-specific CTL
activity in animal models. NT-CRT and CT-HSP synergisti-
cally exhibited significant increases in E7-specific CD8+ T cell
responses and notable antitumor effects against E7-expressing
tumors. Indeed, the recombinant NT-CRT/E7/CT-HSP fusion
protein as a novel therapeutic vaccine generated potent anti-
tumor immunity and anti-angiogenesis.”®

In viral systems, the identification of serological markers would
facilitate the diagnosis of virus-related diseases. The changes in
HSP levels have been shown in some diseases including para-
site, virus and tumor model systems. However, the quantity of
immune response to gp96 has been rarely studied. In our previ-
ous study, the recombinant (r) proteins of E7, NT (gp96) and CT
(gp96) were expressed in E. coli and seroreactivities of patients
with invasive cervical cancer against these recombinant proteins
were examined as diagnostic markers. The aim of the present
investigation was to determine and search for serologic markers
in cervical cancer patients associated with HPV. Our findings
indicated that patients with an anti-HPV16 E7 response had a
high reactivity to INT (gp96) or rCT (gp96), but there was no
seroreactivity in control sera. Moreover, there was not any signifi-
cant difference in seroreactivities between normal and patients in
adenocarcinoma cases. The results indicated that patients with
high antibody response to HPV16 E7 had significant seroreactiv-
ity to CT-gp96 fragment as well. Indeed, the fragments of gp96
especially CT (gp96) besides viral oncogenic protein could be
used to screen the patients suffering from squamous cell carci-
noma (SCC).>’

Regarding to previous studies, the N-terminal of gp96 as
an immuno-adjuvant can induce effective immune responses
against clinical disorders, especially cancers. Our group showed
the preventive efficacy of recombinant HPV16 E7-NT (gp96)
fusion protein as compared with HPV 16 E7 protein after chal-
lenging with cancerous TC-1 cell line. The data demonstrated
that vaccination with fused E7-NT (gp96) protein induces high
IFN-y response and delays the tumor occurrence and growth
in comparison with E7 protein alone. These results suggest
that protein vaccination with adjuvane-free E7-NT (gp96) pro-
tein could direct the immune responses toward Thl immunity.
Furthermore, the linkage of NT (gp96) to E7 could increase pro-
tective anti-tumor immunity.’®

Lipophosphoglycan 3 (LPG3), the Leishmania homologous
with Gp96, is involved in assembly of LPG as the most abundant
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macromolecule on the surface of Leishmania promastigotes. Our
group have tested LPG3 as a vaccine candidate in two various
strategies, DNA/DNA and prime-boost (DNA/protein), against
Leishmania major infection in BALB/c mice model. We showed
that LPG3 and its N-terminal fragment (tNT-LPG3) are highly
immunogenic in BALB/c mice and can stimulate the production
of both IgGl and IgG2a.”’

However, the level of antibody response in DNA/protein
vaccination was higher as compared with DNA vaccination.
In addition, the generation of IFN-y in mice immunized with
DNA/DNA and DNA/protein regimens was significantly higher
in comparison with control groups. Indeed, prime-boost vacci-
nation indicated higher ratio of IFN-y/IL-5, suggesting a shift
toward a Thl response.”” However, further investigations are
recommended on the usage of LPG3 co-delivery with candidate
antigens for vaccine development against leishmaniasis.

Identification and selection of immuno-dominant antigens
of Mycobacterium tuberculosis (MTB), capable of efficiently
inducing a protective immune response is the ultimate goal of
TB vaccine development studies. The potential of mHSP70 to
function as adjuvants when fused to or co-delivered with protein
antigens, make them attractive vaccine candidates. Recently, a
novel M. tuberculosis fusion protein has been designed includ-
ing MTB ESAT-6 (eatly secreted antigenic target-6 kDa), as
a potent immunogenic protein, linked to C-terminus of MTB
HSP70 (HSP70 ., .0

showed the efficient induction of specific immune responses in

), as an adjuvant. The results of this study

mice model indicating the ability of fusion protein, as a poten-
tial tuberculosis vaccine candidate.® The studies showed that
fusing mycobacterial HSP70 to HIV-1 gag p24,°"** influenza A
M2-protein (M2e),** HPV16 E7% and synthetic malarial anti-
gen (NANP),® enhanced the immunogenicity of the antigens
and hindered the need for adjuvant. For instance, mice immu-
nized with a kinetoplasmid 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.”” Moreover, chimeric proteins formed by anti-
gens coupled to the C-terminal fragment of HSP70 from M.
tuberculosis®®® and N-terminal fragment of HSP70 and HSP83

’ induced humoral and cell medi-

from Leishmania infantum,”
ated immune responses to the coupled antigens.

In another study by our group, mice immunization was
primed with Leishmania HSP70 DNA and boosted with
recombinant (r) HSP70 protein (or its different fragments)
mixed with Montanide 720. The data showed the highest
immunogenicity with the complete open-reading frame of
HSP70 (amino acids 221-604) and rCT-HSP70 (amino acids
491-604), but not tNT- HSP70 (amino acids 221-291) as a
booster regimen.”!

The humoral immune responses against the different trun-
cated forms of HSP70 suggested a mixed IgG1/IgG2a response
in vivo. Furthermore, the comparative studies in human patient
samples indicated that sera from active cutaneous and visceral
leishmaniasis patients were reactive to all three forms of HSP70.
This study demonstrated the potential of HSP70 in stimulating
humoral responses in humans and mice.”" The similar results were

Volume 9 Issue 1

©2013 Landes Bioscience. Do not distribute.



obtained in vaccine design against HPV infection. In prime-boost
immunization strategies, C57BL/6 mice were immunized with
the complete open-reading frame of E7 and Gp96 as DNA and
then boosted with recombinant E7, NT and CT proteins mixed
with Montanide 720 in different formulations. The humoral
immune responses against rE7 and the different truncated forms
of rGp96 suggested a mixed IgG1/IgG2a response in vivo.*!

Most studies on the immune effect of gp96 were focused on
knowing whether the recombinant N-terminal fragment of gp96
(NT-gp96, amino acid 22-355) expressed in E. coli can stimulate
the immune system similar to native gp96 isolated from livers
of normal BALB/c mice.”? Thus, in an experiment, mice groups
received one of the following regimens subcutaneously includ-
ing native gp96; NT-gp96; HBsAg; HBsAg + gp96; HBsAg +
NT-gp96; HBsAg + incomplete Freud’s adjuvant and HBsAg +
NT-gp96 (95°C heated for 30 min). The results demonstrated
that native gp96 or NT-gp96 greatly improved humoral immune
response induced by HBsAg, but failed to increase the CTL
response. These data demonstrated the potential of gp96 or its
N-terminal fragment as a possible adjuvant to augment humoral
immune response against HBV infection.”?

Peptide vaccination is a simple and safe approach in worldwide.
For peptide preparation, protein fragments of any length obtain
from chemical synthesis. One obstacle of using short peptides is
the limitation of the intervention to defined members of the pop-
ulation that carry the MHC antigens which the peptides bind to
it (MHC restriction). This limitation can be improved by using
a physical or chemical mixture of short peptides or to extend the
size of the peptide fragment in order to cover the MHC antigens
of the entire population.” The mycobacterial HSP70 covalently
fused to ovalbumin (OVA)-derived fragments has been shown
to generate MHC class I-restricted CTL responses. Moreover,
five different CTL epitopes, including peptides derived from
Plasmodium yoelii circumsporozoite protein, tumor antigens,
HY antigen and OVA, were genetically fused to either the N- or
C-terminus of murine Hsc70 and expressed in E. coli.”

Vaccination with all five fusion proteins and also bone mar-
row-derived dendritic cells pulsed with Hsc70 fusion proteins
elicited peptide-specific CTL responses.”

In another study, to evaluate the adjuvant effect of gp96, mice
were co-immunized with gp96 or its fragments and human HLA-
All-restricted 9-mer peptide (YVNVNMGLK) of hepatitis B
virus (HBV) core antigen. The results demonstrated the poten-
tial of using gp96 or its N-terminal fragment of gp96, but not the
C-terminal fragment of gp96, as a possible adjuvant to enhance
CTL response against hepatitis B virus infection (HBV) infec-
tion and hepatocellular carcinoma (HCC).” Increasing amounts
of the immunizing peptide resulted in dose-dependent increases
in the CTL response when gp96 or its N-terminal fragment was
used as the adjuvant, indicating that their adjuvant effects were
peptide concentration dependent. One explanation is that the
increased amount of peptide may form more HSP-peptide com-
plex to obtain sufficient cross-presentation. Additionally, HSPs
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might induce an innate immune response to produce an immu-
nological environment optimal for adequate peptide quantities to
be cross-presented.”

Future and Alternative Directions

One of the main topics in vaccine development is the use of
new adjuvants to improve the antigen presentation and elicit
the protective immune response. The structural domains of
immuno-chaperones show the potential of generating effective
immune responses against different clinical disorders as an area
of recent studies. Comparable regions of these immuno-chaper-
ones (N-/C-terminal fragments of HSPs) may have qualitatively
different immunological effects in vaccine design. For instance,
the peptide binding activity of HSP70 (i.e., the C-terminal
domain of HSP70) may have a dual role of eliciting chaperokine
effects as well as adaptive immune responses. In addition, the
N-/C-terminal domain of gp96 has modest antitumor activity
and seems to induce innate immunity via activation of APCs
and generation of cytokines by CD4+ T cells. Therefore, these
mini-chaperones have been suggested as the efficient immuno-
adjuvants in fusion form with antigen. However, type and dose
of antigen, method of injection, and properties of HSP domains
affect immune responses in animal model. With our increasing
insight of HSP structure and function, it will result for efficient
vaccine development in clinical trial.

Perspectives: Myths and Facts

Molecular chaperones are crucial for the protection of our own
life against proteotoxic stress. Chaperones are one of the most
abundant proteins in our cells, and may help to maintain the
structure of the cytoplasm in eukaryotes. Recent developments
in the creation of several clinical methods which utilize the role
of chaperones in peptide presentation make this field an excit-
ing area for future clinical studies. Heat shock proteins (HSPs)
are proposed as natural adjuvants that they can stimulate the
innate and adaptive immune responses against infectious dis-
eases and cancer. Thus, HSPs or different domains of HSPs have
been known as a promising tumor vaccine candidate in animal
models. However, heat shock protein (HSP)-based tumor vac-
cines have not yet succeeded in the clinical trials, involving the
necessity to be formulated with appropriate delivery systems to
enhance their immunogenicity.
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