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Regulation of Immune Responses by Modulation of
the Function of Antigen Presenting Cells

Field of the Invention

The present invention relates generally to the regulation of immune responses by
modulation of the function of antigen-presenting cells (APCs). In particular, the present
invention relates to the use of chaperonin 10 in the modulation of APC function such as
cell surface expression of major histocompatibility complex (MHC) molecules, for
example, HLA, and to associated methods, uses and compositions for the treatment of
diseases, and to processes for screening modulators of APC function.

Background of the Invention

A central component of host defence systems against invading bacterial and viral
pathogens involves the successful recognition of the pathogen, or components thereof, by
cellular receptors which induce a signalling cascade resulting in stimulation of the
immune system. An essential aspect of this system 1s T-cell recognition of major
histocompatibility complex- (MHC)-peptide complexes.

CD4" T-cells are able to recognize pathogen-derived peptides when such peptides
are displayed in the context of MHC class Il molecules, which are composed of an a- and
B-chain originally assembled in the endoplasmic reticulum. These o- and [-chains
associate with the invariant chain (Ii) which protects the peptide binding groove and
facilitates trafficking of MHC class II molecules to endosomal compartments. In the
endosomal compartments, Ii is cleared, leaving a peptide (CLIP) in the binding groove.
The chaperone molecule HLA-DM facilitates replacement of CLIP by antigenic peptides.
Mature MHC class II molecules loaded with antigenic peptide then migrate to the cell
surface where they can be presented to CD4" T-cells.

This system of antigen processing and the presentation of mature MHC class 11
molecules occurs in dendritic cells (DC), which are the only APC that can stimulate naive
T cells and induce a primary immune response. Thus, DC play a pivotal role in antigen-
presentation and the induction of adaptive immunity. The capacity of DC to induce an
immune response is dependent on their maturation state. It is thought that immature DC
expressing low levels of MHC and T cell co-stimulatory molecules such as CD40, CD30,
CDS83 and CD86 on the cell surface capture antigens in the periphery. They then migrate
to secondary lymphoid tissues and undergo a maturation process. Upon maturation, MHC
molecules are redistributed from intracellular compartments to the cell surface which

results in an increased capacity to present antigens. Concomitantly, the surface expression
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of co-stimulatory molecules which promote T cell activation is up-regulated. The
cytokine profile secreted by DC is also dependent on their maturation stage. Cytokines
produced by mature DC include IL-12, IL-10/B, IL-18, IFN-o/f, IL-6, TNF-a, IL-10, and
TGF-B. The DC cytokine profile finally determines the Th1/Th2-outcome of the immune
response. That is, antigens that induce IL-12 secretion by DC induce Thl differentiation
while antigens that do not induce IL-12 production promote Th2 differentiation.

Many of the regulatory processes involved in DC maturation remain unknown. In
particular, many of the molecular signalling pathways that are involved when MHC class
IT molecules undergo changes in localization from endosomal structures in immature DC
to the plasma membrane in mature DC remain unclear.

Chaperonin 10 (Cpn10) is a highly conserved mitochondrial chaperone playmng an
essential role in protein folding. Cpnl0 has also been shown to be involved in a number
of immunomodulatory activities, for example, inhibition of nuclear factor-kxB (NF-kB)
activation and production of pro-inflammatory cytokines, both ix vitro and in vivo.

The present invention is predicated on the surprising and unexpected finding that Cpnl0
has the capacity to modulate APC function, including redistribution of MHC molecules
from intracellular compartments to the cell surface in DC, and APC-mediated activation
of T cells.

Summary of the Invention

According to a first aspect of the present invention, there is provided a method for
modulating an immune response in a subject or in at least one cell, tissue or organ thereof,
by modulating the level of cell surface expression of at least one MHC molecule, wherein
said method comprises administering an effective amount of chaperonin 10.

The method may further comprise modulating an immune response in a subject or
in at least one cell, tissue or organ thereof, by modulating the level of cell surface
expression of at least one other cell surface molecule, comprising administering an
effective amount of chaperonin 10.

The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

The chaperonin 10 may be a naturally-derived, recombinantly produced or

synthetically produced chaperonin 10. The chaperonin 10 may be of eukaryotic origin.
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The chaperonin 10 may be of mammalian origin. The chaperonin 10 may be human
chaperonin 10.

The chaperonin 10 may comprise the polypeptide sequence as set forth in SEQ 1D
NO:1, SEQ ID NO:2 or SEQ ID NO:3. The chaperonin 10 may be acetylated or non-
acetylated.

The chaperonin 10 may be administered in the form of a polynucleotide encoding
chaperonin 10. The polynucleotide encoding chaperonin 10 may be located in a genetic
construct, operably linked to a promoter. The polynucleotide may comprise the sequence
as set forth in SEQ ID NO:4.

According to a second aspect of the present invention, there is provided a method
for treating or preventing a disease or condition in a subject by modulating the level of
cell surface expression of at least one MHC molecule, wherein said method comprises
administering to the subject an effective amount of chaperonin 10.

The method may further comprise treating or preventing a disease or condition in a
subject by modulating the level of cell surface expression of at least one other cell surface
molecule, comprising administering an effective amount of chaperonin 10.

The MHC molecule may be an MHC Class I molecule, an MHC Class 11 molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

The disease or condition may result from, or be otherwise associated with, intection
of the subject by a viral or bacterial pathogen. The disease or condition may be cancer, an
autoimmune disorder, inflammation, allergy, asthma or infectious disease.

The chaperonin 10 may be a naturally-derived, recombinantly produced or
synthetically produced chaperonin 10. The chaperonin 10 may be of eukaryotic origin.
The chaperonin 10 may be human chaperonin 10.

The chaperonin 10 may comprise the polypeptide sequence as set forth in SEQ 1D
NO:1, SEQ ID NO:2 or SEQ ID NO:3. The chaperonin 10 may be acetylated or non-
acetylated.

The chaperonin 10 may be administered in the form of a polynucleotide encoding
chaperonin 10. The polynucleotide encoding chaperonin 10 may be located in a genetic

construct, operably linked to a promoter. The polynucleotide may comprise the sequence
as set forth in SEQ ID NO:4.
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According to a third aspect of the present invention, there is provided a method for
modulating the level of cell surface expression of at least one MHC molecule in a subject,
or in at least one cell, tissue or organ thereof, wherein said method comprises
administering an effective amount of chaperonin 10.

The method may further comprise modulating the level of cell surface expression of
at least one other cell surface molecule in a subject, or in at least one cell, tissue or organ
thereof, comprising administering an effective amount of chaperonin 10.

The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

According to a fourth aspect of the present invention, there 1s provided a method for
modulating the function of an antigen-presenting cell in a subject, or in at least one tissue
or organ thereof, wherein said method comprises administering an effective amount of
chaperonin 10.

The antigen-presenting cell may be selected from the group comprising a
macrophage, dendritic cell or B cell.

The function may be selected from the group comprising migration to a lymph
node, T cell activation or T cell proliferation.

According to a fifth aspect of the present invention, there is provided a composition
when used for the treatment or prevention of a disease or condition, wherein said
composition compﬁses chaperonin 10 together with at least one pharmaceutically
acceptable carrier, diluent or adjuvant, and wherein the chaperonin 10 modulates the level
of cell surface expression of at least one MHC molecule.

The chaperonin 10 may further modulate the level of cell surface expression of at
least one other cell surface molecule.

The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule, or a
non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA may
be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell

or B cell.
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According to a sixth aspect of the present invention, there is provided a composition
when used for the treatment or prevention of a disease or condition, wherein said
composition comprises chaperonin 10 together with at least one pharmaceutically
acceptable carrier, diluent or adjuvant, and wherein the chaperonin 10 modulates the
function of an antigen-presenting cell in a subject, or in at least one tissue or organ
thereof.

The antigen-presenting cell may be selected from the group comprising a
macrophage, dendritic cell or B cell.

The function may be selected from the group comprising migration to a lymph node, T
cell activation or T cell proliferation.

According to a seventh aspect of the present invention, there is provided the use ot
chaperonin 10 for the manufacture of a medicament for the treatment or prevention of a
disease or condition, wherein the chaperonin 10 modulates the level of cell surface
expression of at least one MHC molecule.

The chaperonin 10 may further modulate the level of cell surface expression of at
least one other cell surface molecule.

The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

According to an eighth aspect of the present invention, there is provided the use ot
chaperonin 10 for the manufacture of a medicament for the treatment or prevention of a
disease or condition, wherein the chaperonin 10 modulates the function of an antigen-
presenting cell in a subject, or in at least one tissue or organ thereof.

The antigen-presenting cell may be selected from the group comprising a
macrophage, dendritic cell or B cell.

The function may be selected from the group comprising migration to a lymph
node, T cell activation or T cell proliferation.

According to a ninth aspect of the present invention, there 1s provided a method for
modulating the production, localization within a cell and/or cell surface expression of one
or more immunomodulators in a subject, or at least one cell, tissue or organ thereof,

wherein said method comprises administering an effective amount of chaperonin 10, and
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wherein the chaperonin 10 modulates the level of cell surface expression of at least one
MHC molecule or at least one other cell surface molecule.

The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

According to a tenth aspect of the present invention, there is provided a process for
identifying a compound that modulates an immune response, wherein said process
COMPriSEs:

(a) contacting a cell or cell extract with a candidate compound in the presence of
Cpnl0; and

(b) determining whether expression on the surface of said cell of at least one
MHC molecule is modulated upon contact with said candidate compound.

The process may further comprise:

(c¢) determining whether expression on the surface of said cell of at least one
other cell surface molecule is modulated upon contact with said candidate compound.

The MHC molecule may be an MHC Class I molecule, an MHC Class 11 molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

According to an eleventh aspect of the present invention, there is provided a process
for screening a plurality of compounds to identify a compound that modulates an 1mmune
response, wherein said process comprises:

(a) contacting a cell or cell extract with said plurality of compounds in the
presence of Cpnl0; and

(b) determining whether expression on the surface of said cell of at least one
MHC molecule is modulated upon contact with said plurality of compounds.

The process may further comprise:

(c) determining whether expression on the surface of said cell of at least one

other cell surface molecule is modulated upon contact with said plurality of compounds.
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The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA

may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-

presenting cell may be selected from the group comprising a macrophage, dendritic cell

or B cell.

According to a twelfth aspect of the present invention, there is provided a process
for inducing modulation of the level of cell surface expression of at least one MHC
molecule in a subject, or in at least one cell, tissue or organ thereof, wherein said process
comprises administering an effective amount of chaperonin 10.

The process may further comprise modulation of the level of cell surface expression
of at least one other cell surface molecule in a subject, or in at least one cell, tissue or
organ thereof, comprising administering an effective amount of chaperomn 10.

The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell. |

According to a thirteenth aspect of the present invention, there is provided a process
for identifying a compound that modulates an immune response, wherein said process
COIprises:

(a) contacting a cell or cell extract with a candidate compound in the presence of
Cpnl0; and

(b) determining whether the migration of said cell to a lymph node or the ability
to activate and/or cause proliferation of T cells is modulated upon contact with said
candidate compound.

The cell may be an antigen-presenting cell. The antigen-presenting cell may be
selected from the group comprising a macrophage, dendritic cell or B cell.

According to a fourteenth aspect of the present invention, there is provided a
process for screening a plurality of compounds to identify a compound that modulates an
immune response, wherein said process comprises:

(a) contacting a cell or cell extract with said plurality of compounds in the

presence of Cpnl0; and
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(b) determining whether the migration of said cell to a lymph node or the ability to
activate and/or cause proliferation of T cells is modulated upon contact with said plurality
of compounds.

The cell may be an antigen-presenting cell. The antigen-presenting cell may be
selected from the group comprising a macrophage, dendritic cell or B cell.

According to a fifteenth aspect of the present invention, there 1s provided a process
for modulating the function of an antigen-presenting cell in a subject, or 1n at least one
tissue or organ thereof, wherein said process comprises administering an effective amount
of chaperonin 10.

The antigen-presenting cell may be selected from the group comprising a
macrophage, dendritic cell or B cell.

The function may be selected from the group comprising migration to a lymph
node or T cell activation.

According to a further aspect of the present invention, there 1s provided a use of a
human chaperonin 10 or a polynucieotide encoding a human chaperonin 10 for inhibiting
an immune response in a subject by inhibiting cell surface expression of at least one of
HLA, HLA-DR, HLA-DP, and HLA-DQ 1n at least one of a macrophage, a dendritic cell
and a B cell.

According to a further aspect of the present invention, there 1s provided a use of a
human chaperonin 10 or a polynucleotide encoding a human chaperonin 10 for inhibiting
an Immune response in a subject by at least one of: (1) reducing dendritic cell maturation
and activation; (i1) reducing cell surface HLA-DR expression; and (i11) reducing TNF-a

release in response to agonist stimulus with LPS, wherein the human chaperonin 10

comprises a polypeptide sequence that has at least 70% sequence i1dentity with one or

more of the following polypeptide sequences: SEQ ID NO:1, SEQ ID NO:2, SEQ 1D
NO:3 and SEQ ID NO:5.

According to a further aspect of the present invention, there 1s provided a use of a
human chaperonin 10 or a polynucleotide encoding a human chaperonin 10 for the
preparation of a medicament for inhibiting an immune response in a subject by inhibiting

cell surface expression of at least one of HLA, HLA-DR, HLA-DP, and HLA-DQ 1n at

least one of a macrophage, a dendnitic cell and a B cell.
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According to a further aspect of the present invention, there is provided a use of a
human chaperonin 10 or a polynucleotide encoding a human chaperonin 10 for the
preparation of a medicament for inhibiting an immune response in a subject by at least one
of: (1) reducing dendritic cell maturation and activation; (ii) reducing cell surface HLA-DR
expression; and (111) reducing TNF-a release in response to agonist stimulus with LPS,
wherein the human chaperonin 10 comprises a polypeptide sequence that has at least 70%
sequence 1dentity with one or more of the following polypeptide sequences: SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3 and SEQ ID NO:5.

According to a further aspect of the present invention, there i1s provided a
composition for the treatment of a cancer, an autormmune disorder, inflammation, allergy,
or asthma in a subject, said composition comprising:

(a) a human chaperonin 10 or a polynucleotide encoding a human chaperonin
10; and

(b) at least one pharmaceutically acceptable carrier, diluent or adjuvant;

wherein the human chaperonin 10 inhibits cell surface expression of at least one of
HLA, HLA-DR, HLA-DP, and HLA-DQ 1n at least one of a macrophage, a dendritic cell
and a B cell.

According to a turther aspect of the present invention, there 1s provided a process
for identifying a compound that inhibits an immune response, wherein said process
COMprises:

(a) contacting a cell or cell extract with a candidate compound in the presence
of a human chaperonin 10; and

(b) determining whether expression on the surface of said cell of at least one of
HLA, HLA-DR, HLA-DP, and HLA-DQ 1s inhibited upon contact with said candidate
compound.

According to a further aspect of the present invention, there is provided a process
for screening a plurality of compounds to identify a compound that inhibits an immune
response, wherein said process comprises:

(a) contacting a cell or cell extract with said plurality of compounds in the
presence of a human chaperonin 10; and

(b) determining whether expression on the surface of said cell of at least one of

HLA, HLA-DR, HLA-DP, and HLA-DQ is inhibited upon contact with said plurality of

compounds.
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According to a further aspect of the present invention, there is provided an in vitro
process for identifying a compound that inhibits an immune response, wherein said
Process CoOmprises:

(a) contacting a cell with a candidate compound in the presence of a human
chaperonin 10; and;

(b) determining whether the ability said cell to activate and/or cause
proliferation of T cells 1s modulated upon contact with said candidate compound.

According to a further aspect of the present invention, there 1s provided an in vitro
process for screening a plurality of compounds to 1dentify a compound that inhibits an
immune response, wherein said process comprises:

(a) contacting a cell with said plurality of compounds in the presence of a
chaperonin 10; and

(b)  determining whether the ability of said cell to activate and/or cause
proliferation of T cells 1s inhibited upon contact with said plurality of compounds.

According to a further aspect of the present invention, there 1s provided a use of a
biological system for determining whether a candidate compound can inhibit an immune
response, wherein the candidate compound 1s for contacting a cell, and inhibition of
migration of said cell to a lymph node or inhibition of activation and/or proliferation of T
cells in said biological system, when said cell has been contacted with said candidate

compound, 1s indicative that said candidate compound can inhibit an immune response.

Definitions

In the context of this specification, the term "comprising" means "including
principally, but not necessarily solely"”. Furthermore, variations of the word "comprising",
such as "comprise" and "comprises", have correspondingly varied meanings.

As used herein the terms "treatment”, "treating” and variations thereof, refer to any
and all uses which remedy a disease state or symptoms, prevent the establishment of
disease, or otherwise prevent, hinder, retard, or reverse the progression of disease or other
undesirable symptoms 1n any way whatsoever.

As used herein the term "effective amount” includes within its meaning a non-toxic
but sutficient amount of an agent or compound to provide the desired therapeutic or
prophylactic effect. The exact amount required will vary from subject to subject depending

on factors such as the species being treated, the age and general condition of the subject,
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the severity of the condition being treated, the particular agent being administered and the
mode of administration and so forth. Thus, it is not possible to specity an exact "effective
amount”. However, for any given case, an appropriate "effective amount” may be
determined by one of ordinary skill in the art using only routine experimentation.

The term "polypeptide" means a polymer made up of amino acids linked together
by peptide bonds. The terms "polypeptide" and "protein" are used interchangeably herein,

although for the purposes of the present invention a "polypeptide” may constitute a portion

of a full length protein.



10

15

20

23

30

33

CA 02644058 2008-08-29

WO 2007/098557 PCT/AU2007/000254

-9 -

The term “polynucleotide” as used herein refers to a single- or double-stranded
polymer of deoxyribonucleotide, ribonucleotide bases or known analogues or natural
nucleotides, or mixtures thereof.

As used herein the terms “modulating”, “modulates’ and variations thereof refer to
increasing or decreasing the level of activity, production, secretion or functioning of a
molecule in the presence of a particular modulatory molecule or agent of the invention
compared to the level of activity, production, secretion or other functioning thereof in the
absence of the modulatory molecule or agent. These terms do not 1imply quantification of
the increase or decrease. The modulation may be of any magnitude sufficient to produce
the desired result and may be direct or indirect.

The term “immunomodulator” as used herein refers to a molecular mediator that
plays a role in the activation, maintenance, maturation, inhibition, suppression or
augmentation of an immune response.

The term “MHC molecule” refers to any molecule complexed to, associated with or
forming a part of a major histocompatibility complex. An “MHC molecule” may
therefore include a human leukocyte antigen (HLA) of any description, for example,
including but not limited to HLA-DR (MHC class II), MHC class I molecules, or non-
classical MHC molecules such as, for example, CD1a, CD1b or CDlIc.

The term “other cell surface molecule” refers to any molecule expressed on the
surface of a cell, and may or may not include a co-stimulatory molecule. The term “co-
stimulatory molecule” refers to any molecule capable of contributing to, directly or
indirectly, the transduction of signalling involving an MHC molecule.

Brief Description of the Drawings

The present invention will now be described, by way of non-limiting example only,
with reference to the accompanying drawings.

Figure 1. Cpn10 significantly reduces HLLA-DR expression on DC

Human DCs were differentiated from monocytes in the presence of GM-CSF and
[I-4 for 5 days. Conversion of monocytes into DC with LPS was verified by flow-
cytometric analysis of CDla and CD14 cell surface expression. CDla” CD14 DC were
further analysed for cell surface expression of the maturation marker HLA-DR. Cultured
monocyte-derived DC were used to assess the capacity of Cpnl0O to modulate LPS-
induced DC maturation. The expression of HLA-DR was unchanged on immature DC
incubated with Cpnl0 (A). However, LPS-induced up-regulation of HLA-DR expression
was significantly reduced by Cpnl0 (A vs. B, p=0.0408; A vs. C, p=0.0324; A vs. D,
p=0.0161) (B). Representative of 3 independent experiments.
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Figure 2. Cpnl0 diminishes constitutive TNF-a release by DC

Cultured monocyte-derived DC were used to assess the capacity of CpnlO to
modulate constitutive TNF-o release. DC were incubated with a concentration range of
Cpnl0 for 20 hours. TNF-a accumulation in culture supernatants was measured by
ELISA. Data shown are representative of 4 independent experiments.

Figure 3. Cpnl0 reduces IFN-y production in a primary mixed-leukocyte reaction
(MLR)

Cultured monocyte-derived DC were used to assess the capacity of CpnlO to
modulate T cell activation by DC in a primary mixed-leukocyte reaction (MLR). DC were
co-cultured with allogeneic CD™ T cells for 6 days and IFN-y production was measured in
the culture supernatants by ELISA. IFN-y accumulation was significantly reduced by
Cpnl0. Data are representative of 2 independent experiments.

Figure 4. Cpnl0 does not affect T cell proliferation in a primary mixed-leukocyte
reaction (MLR)

Cultured monocyte-derived DC and isolated allogeneic CD4" T cells were co-
cultured in the presence or absence of Cpnl0 for 6 days. Proliferation was measured using
a CyQUANT cell proliferation assay kit according to the manufacturer’s instructions.
Representative of 2 independent experiments.

Best Mode of Performing the Invention

Using a fluorochrome labelled protein, " the inventors have shown that CpnlO
interacts strongly with antigen presenting cells, primarily dendritic cells. Data from i
vitro experiments, in which either myeloid or plasmacytoid dendritic cells (DC) from
PBMC were specifically depleted prior to stimulating with a range of TLR ligands,
showed appreciably changed dynamics of cytokine production in the presence of Cpnl10.
Moreover, the inventors demonstrated that monocyte-derived DC matured together with
Cpnl0 redistributed a reduced level of HLA-DR and other co-stimulatory molecules from
intracellular compartments to the cell surface. This down-modulation of MHC class 11
molecule expression and reduced antigen-presenting capacity may contribute to the
overall anti-inflammatory effects of Cpnl0.

In particular, to assess the effect of Cpnl0 on DC maturation, the inventors used
monocyte-derived DC which have been characterized extensively in the past (J.Exp.Med.
1994: 179: 1109; Blood 2002; 99: 993; PNAS 1996; 93: 2588; Int.Immunol. 2004, 16:
767). Immature monocyte-derived DC are CD14 HLA-DR" CD1a" cells. Upon activation
with LPS, they up-regulate HLA-DR and express stimulatory ligands for T cells on the

cell surface. Here it is shown that Cpnl0 modulates the extent of DC maturation iz vitro.
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The inventors have therefore shown that CpnlO down-regulates LPS-induced
expression of HLA-DR at the cell surface. This reduced HLA-DR expression may be
consequent to reduced IFN-y production by maturing DC (described 1n J.Immunol 1989;
143:3781). On the other hand, Cpnl0-induced down-regulation of HLA-DR may retlect a
change in the efficiency of the endocytic pathway to transport antigen-loaded MHC class
II molecules to the cell surface. However, data presented herein provide clear evidence
that the prevention of DC maturation and a reduced antigen-presenting capacity of DC
and B cells are a likely mode of action of Cpnl0 in amelioration of autoimmune disease.

Accordingly, the present invention provides methods for modulating an immune
response in a subject or in at least one cell, tissue or organ thereof, by modulating the
level of cell surface expression of at least one MHC molecule, wherein said methods
comprise administering an effective amount of chaperonin 10.

The methods may further comprise modulating an immune response in a subject or
in at least one cell, tissue or organ thereof, by modulating the level of cell surface
expression of at least one other cell surface molecule, comprising administering an
effective amount of chaperonin 10.

The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

The chaperonin 10 may be a naturally-derived, recombinantly produced or
synthetically produced chaperonin 10. The chaperonin 10 may be of eukaryotic origin.
The chaperonin 10 may be of mammalian origin. The chaperonin 10 may be human
chaperonin 10.

The chaperonin 10 may comprise the polypeptide sequence as set forth in SEQ ID
NO:1, SEQ ID NO:2 or SEQ ID NO:3. The chaperonin 10 may be acetylated or non-
acetylated.

The chaperonin 10 may be administered in the form of a polynucleotide encoding
chaperonin 10. The polynucleotide encoding chaperonin 10 may be located in a genetic
conétmct, operably linked to a promoter. The polynucleotide may comprise the sequence
as set forth in SEQ ID NO:4.

The present invention also provides methods for treating or preventing a disease or

condition in a subject by modulating the level of cell surface expression of at least one
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MHC molecule, wherein said methods comprise administering to the subject an effective
amount of chaperonin 10.

The methods may further comprise treating or preventing a disease or condition in a
subject by modulating the level of cell surface expression of at least one other cell surface
molecule, comprising administering an effective amount of chaperonin 10.

The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule, or a
non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA may
be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

The disease or condition may result from, or be otherwise associated with, infection
of the subject by a viral or bacterial pathogen. The disease or condition may be cancer, an
autoimmune disorder, inflammation, allergy, asthma or infectious disease.

The chaperonin 10 may be a naturally-derived, recombinantly produced or
synthetically produced chaperonin 10. The chaperonin 10 may be of eukaryotic origin.
The chaperonin 10 may be human chaperonin 10.

The chaperonin 10 may comprise the polypeptide sequence as set forth in SEQ 1D
NO:1, SEQ ID NO:2 or SEQ ID NO:3. The chaperonin 10 may be acetylated or non-
acetylated.

The chaperonin 10 may be administered in the form of a polynucleotide encoding
chaperonin 10. The polynucleotide encoding chaperonin 10 may be located in a genetic
construct, operably linked to a promoter. The polynucleotide may comprise the sequence
as set forth in SEQ ID NO:4.

The present invention additionally provides methods for modulating the level of cell
surface expression of at least one MHC molecule in a subject, or in at least one cell, tissue
or organ thereof, wherein said methods comprise administering an effective amount of
chaperonin 10.

The methods may further comprise modulating the level of cell surface expression
of at least one other cell surface molecule in a subject, or in at least one cell, tissue or
organ thereof, comprising administering an effective amount of chaperonin 10.

The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.
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The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

The present invention further provides methods for modulating the function of an
antigen-presenting cell in a subject, or in at least one tissue or organ thereof, wherein said
methods comprise administering an effective amount of chaperonin 10.

The antigen-presenting cell may be selected from the group comprising a
macrophage, dendritic cell or B cell.

The function may be selected from the group comprising migration to a lymph
node, T cell activation or T cell proliferation.

The present invention moreover provides compositions when used for the treatment
or prevention of a disease or condition, wherein said compositions comprise chaperonin
10 together with at least one pharmaceutically acceptable carrier, diluent or adjuvant, and
wherein the chaperonin 10 modulates the level of cell surface expression of at least one
MHC molecule. |

The chaperonin 10 may further modulate the level of cell surface expression of at

least one other cell surface molecule.
The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule,

or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

The present invention also provides compositions when used for the treatment or
prevention of a disease or condition, wherein said compositions comprise chaperonin 10
together with at least one pharmaceutically acceptable carrier, diluent or adjuvant, and
wherein the chaperonin 10 modulates the function of an antigen-presenting cell in a
subject, or in at least one tissue or organ thereof.

The antigen-presenting cell may be selected from the group comprising a
macrophage, dendritic cell or B cell.

The function may be selected from the group comprising migration to a lymph
node, T cell activation or T cell proliferation.

The present invention additionally provides the use of chaperonin 10 for the

manufacture of a medicament for the treatment or prevention of a disease or condition,
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wherein the chaperonin 10 modulates the level of cell surface expression of at least one
MHC molecule.

The chaperonin 10 may further modulate the level of cell surface expression of at
least one other cell surface molecule.

The MHC molecule may be an MHC Class I molecule, an MHC Class 1I molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

The present invention further provides the use of chaperonin 10 for the manufacture
of a medicament for the treatment or prevention of a disease or condition, wherein the
chaperonin 10 modulates the function of an antigen-presenting cell in a subject, or i at
least one tissue or organ thereof.

The antigen-presenting cell may be selected from the group comprising a
macrophage, dendritic cell or B cell.

The function may be selected from the group comprising migration to a lymph
node, T cell activation or T cell proliferation.

The present invention moreover provides methods for modulating the production,
localization within a cell and/or cell surface expression of one or more
immunomodulators in a subject, or at least one cell, tissue or organ thereof, wherein said
methods comprise administering an effective amount of chaperonin 10, and wherein the
chaperonin 10 modulates the level of cell surface expression of at least one MHC
molecule or at least one other cell surface molecule.

The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

The present invention also provides processes for identifying a compound that
modulates an immune response, wherein said processes comprise:

(a) contacting a cell or cell extract with a candidate compound in the presence of

Cpnl0; and
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(b) determining whether expression on the surface of said cell of at least one
MHC molecule 1s modulated upon contact with said candidate compound.

The processes may further comprise:

(c) determining whether expression on the surface of said cell of at least one
other cell surface molecule 1s modulated upon contact with said candidate compound.

The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule,
or a non-classical MHC molecule. The MHC Class II molecule may be HLA. The HLA
may be HLA-DR, HLA-DP, or HLA-DQ.

The cell surface expression may be that of an antigen-presenting cell. The antigen-
presenting cell may be selected from the group comprising a macrophage, dendritic cell
or B cell.

The present invention additionally provides processes for screening a plurality of
compounds to identify a compound that modulates an immune response, wherein said
processes comprise:

(a) contacting a cell or cell extract with said plurality of compounds in the
presence of CpnlO0; and

(b) determining whether expression on the surface of said cell of at least one
MHC molecule is modulated upon contact with said plurality of compounds.

The processes may further comprise:

(¢) determining whether expression on the surface of said cell of at least one
other cell surface molecule is modulated upon contact with said plurality of compounds.

The MHC molecule may be an MHC Class I molecule, an MHC Class II molecule,
