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ImmBioVax Vaccines - A Scientific Primer |\:

ImmBioVax vaccines are pathogen-derived multi-subunit vaccines isolated from cell substrates
stressed to mimic the inflammatory response to infection. The vaccines are enriched in heat shock
proteins complexes (hspCs) that directly target Dendritic cells (DCs) and facilitate both their
capture of chaperoned antigen and maturation.

Hsps are molecular chaperones that bind polypeptide chains, prevent aggregation, and support
protein folding (Hartl and Hayer-Hartl 2002). Their expression is increased with stress (eg heat,
anoxia, glucose starvation, inflammation) and can comprise up to 15% of total cell protein. In
addition to their cellular role as chaperones, hsps have now been shown to have important
immunological functions acting as the link between the innate and acquired immune responses to
pathogens (Colaco 1998; Bolhassani and Rafati 2008; Murshid et al. 2008; Dhodapkar et al. 2008;
Oglesbee et al. 2002).

Hsps can induce a number of innate immune responses, activate dendritic cells (DCs), upregulate
surface expression of MHC class II and stimulate secretion of pro-inflammatory cytokines (eg IL6,
IL12). Hsps can also stimulate the production of chemokines (eg RANTES) which attract other
immunological cells (Lehner et al. 2004; Wang et al. 2002).

As chaperones, hsps in situ are found complexed to cellular proteins and these hsp-antigen
complexes (hspCs) are capable of delivering peptides to DCs leading to MHC presentation for
priming of adaptive immunity (Castellino et al. 2000, Singh-Jasua et al. 2000). Hence, pathogen-
derived hspCs are naturally recognized by the immune system and their uptake by DCs enables
them to efficiently capture pathogen-specific antigens and mount both specific CD4 and CD8 T cell
responses against the infectious agent (Tobian et al. 2004a, 2004b).

HspCs and chaperone-rich cell lysates have been extensively studied as potent multivalent
anticancer vaccines (Srivastava 2002, 2006; Murshid et al 2008). The use of specific antibodies to
deplete these lysates of intact proteins or HspCs has unequivocally demonstrated that the protein
fragments chaperoned by Hsp and not intact proteins were both necessary and sufficient for the
efficient cross-presentation of antigens and the specific priming of CD8+ T cell responses (Binder
and Srivastava 2005). Moreover, when compared to antigenic peptides, unfractionated lysates or
purified Hsps, these HspC preparations demonstrated superior ability to activate DCs and were
able to induce potent, long lasting and tumour-specific T-cell-mediated immunity (Zeng et al.
2006; Srivastava 2006; Murshid et al 2008).

Similarly, hspCs from pathogen-derived lysates can be used as effective infectious disease
vaccines and early work on the development of hspC™ technology at ImmBio, showed that
candidate TB vaccines, enriched for BCG hspCs, gave protection against TB in the mouse aerosol
challenge model (Colaco et al. 2004) which is the basis of the ImmBioVax™ vaccine platform.

IMMBIO PROPRIETARY TECHNOLOGY

Conserved features of pathogens
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(eg Bacterial cell wall or viral RNA)
recognised by cells of the ‘innate’
immune system (eg macrophages)
leading to release of signals that mediate

inflammation

Inflammation induces
stress response
in pathogens

Hsps from pathogens are
produced complexed with
antigens from
the pathogen (hspCs)

APCs decide what
T-cells see or don't see

HspCs captured by Antigen
Presenting Cells (APC),
notably Dendritic Cells

T-Cells need 2 signals
to be activated

DCs take antigens
complexed in HspCs and
load them onto their surfaces
thus enabling them to give
both signals to activate
antigen-specific T cell
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What to do
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T-cells orchestrate the
immune response:
Loss of T-cells in AIDS
= no immune system
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<+ Technology platform uses DC targeting
complexes, manufactured using
» Bacterial cells
» Mammalian cells
~ Baculovirus expression system
+ Vaccine trehalose shelf-stabilisation
*+ Vectors for multivalent vaccines
% Identification of novel vaccine target antigens

VACCINE CHARACTERISTICS

++ High level of efficacy, including against
strain variation & antibiotic resistance:
efficient & appropriate presentation of
multiple antigens

+ Scope in a prime or boost regimen where
other approaches confer only limited or
waning protection but where a second
dose is ineffective

++ Approach largely mirrors normal course of
infection but without the consequences, as
well as unaided by the addition of
adjuvants: expected to provide an
excellent safety profile

++ Number of manufacturing methods
including using expression systems which
can achieve high yields & rapid adaptation
against new pathogens

1 | ImmunoBiology Ltd



References

Binder RJ and Srivastava PK. Peptides chaperoned by heat-shock proteins are a necessary and
sufficient source of antigen in the cross-priming of CD8+ T cells. Nature Immunol 2005; 6(6):
593-599.

Bolhassani A and Rafati S. Heat-shock proteins as powerful weapons in vaccine development.
Expert Rev. Vaccines 2008; 7(8): 1185-1199.

Castellino F, Boucher PE, Eichelberg K, Mayhew M, Rothman JE et al. Receptor-mediated uptake
of antigen/heat shock complexes results in Major Histocompatibility Complex Class I antigen
presentation via two distinct processing pathways. ] Exp Med 2000; 191: 1957-64.

Colaco CALS. Towards a unified theory of immunity: dendritic cells, stress proteins and antigen
capture. Cell Mol Biol 1998; 44: 883-890.

Colaco CA, Bailey CR, Keeble ], Walker KB. BCG (Bacille Calmette-Guérin) HspCs (heat-shock
protein—-peptide complexes) induce T-helper 1 responses and protect against live challenge in a
murine aerosol challenge model of pulmonary tuberculosis. Biochem Soc Trans 2004; 32: 626-
628.

Colaco CALS. Why are dendritic cells central to cancer immunotherapy. Opinion, Molecular
Medicine Today, Jan 2009.

Dhodapkar MV, Dhodapkar KM, Li Z. Role of chaperones and FcyR in immunogenic death. Current
Opinion in Immunology 2008; 20: 512-517.

Hartl F U and Hayer-Hartl M. Molecular chaperones in the cytosol: from nascent chain to folded
protein. Science 2002; 295: 1852-1858.

Lehner T, Wang Y, Whittall T, McGowan E, Kelly CG, Singh M. Functional domains of HSP70
stimulate generation of cytokines and chemokines, maturation of dendritic cells and adjuvanticity.
Biochem Soc Trans 2004; 32: 629-677.

Murshid A, Gong ], Calderwood SK. Heat-shock proteins in cancer vaccines: agents of antigen
cross-presentation. Expert Rev Vaccines 2008; 7(7): 1019-1030.

Oglesbee MJ, Pratt M, Carsillo T. Role of heat shock proteins in the immune response to measles
virus infection. Viral Immunology 2002; 15(3): 399-416.

Osterloh A, Bleloer M. Heat shock proteins: Linking danger and pathogen recognition. Med
Microbial Immunol 2007; 197: 1-8.

Srivastava P. Roles of heat shock proteins in innate and adaptive immunity. Nature Review
Immunology 2002; 2: 185-194.

Srivastava P. New jobs for ancient chaparones. Scientific American, July 2006.

Tobian AAR, Canaday DH, Boom WH, Harding CV. Bacterial heat shock proteins promote CD91-
dependent class I MHC cross-presentation of chaperoned peptide to CD8+ T cells by cytosolic
mechanisms in dendritic cells versus vacuolar mechanisms in macrophages. J Immunol 20043;
172: 5277-5286.

Tobian AAR, Canaday DH, Harding CV. Bacterial heat shock proteins enhance class II MHC antigen
processing and presentation of chaperoned peptides to CD4+ T cells. J Immunol 2004b; 173:
5130-5137.

Wang Y, Kelly GC, Singh M, McGowan EG, Carrara A-S, Bergmeier LA, et al. Stimulation of Thl-
polarizing cytokines, C-C chemokines, maturation of dendritic cells, and adjuvant function by the
peptide binding fragment of heat shock protein 70. J Immunol 2002; 164: 2422-2429.

Zeng Y, Graner MW, Katsanis E. Chaperone-rich cell lysates, immune activation and tumor
vaccination. Cancer Immunol Immunother 2006; 55: 329-338.

2 I ImmunoBiology Ltd



