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7) ABSTRACT

B-cell epitope peptides of HSP 65, particularly the peptides
comprising the amino acid sequence substantially as denoted
by SEQ ID: Nos. 1-5 and their biologically functional
homologues and derivatives thereof. Also included are poly-
clonal and monoclonal antibodies directed against them and
their compositions for passive immunization against inflam-
matory and autoimmune diseases and in the treatment of
inflammatory and autoimmune diseases. Also encompassed
are diagnostic uses of these antibodies, for identifying
people at risk of developing arthritis or diabetes, and a
method of monitoring progress of the disease conditions and
disease prognosis.
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The effect of immunization with peptide 6 on
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NOVEL AMINO ACID SEQUENCES, DNA
ENCODING THE AMINO ACID SEQUENCES,
ANTIBODIES DIRECTED AGAINST SUCH
SEQUENCES AND THE DIFFERENT USES
THEREQOF

RELATED CASES

[0001] This application is a continuation-in-part of appli-
cation Ser. No. 10/853,567, filed May 24, 2004, which is a
continuation of application Ser. No. 09/847,637, filed May
2, 2001, now U.S. Pat. No. 6,770,281 B2, which is a
continuation-in-part of Intl. application Ser. No. PCT/IL.99/
00595, filed Nov. 4, 1999, claiming priority of Provisional.
Appl. No. 60/107,213, filed Nov. 5, 1998, the contents of all
named related cases being here incorporated by reference in
their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to various peptides,
homologous to regions of heat shock protein (HSP), to DNA
sequences encoding such peptides, to DNA constructs com-
prising the DNA sequences, to antibodies directed against
peptides of the invention. The invention also relates to active
vaccines comprising the said peptides, a DNA sequence
encoding a peptide of the invention, and to a passive
immunization composition comprising at least one antibody
of the invention.

BACKGROUND OF THE INVENTION

[0003] Throughout this application, various publications
are referred to by Arabic numerals in parentheses. These
publications are incorporated herein in their entireties and
constitute part of the description.

[0004] Adjuvant Arthritis (AA) is an experimental model
of autoimmune arthritis which can be induced in susceptible
strains of rats such as inbred Lewis or Wistar strains upon
vaccination with heat-killed Mycobacterium tuberculosis
(MT) in complete Freund’s Adjuvant (CFA) [1-3]. The
disease cannot be induced in resistant strains of rats (e.g.,
Brown-Norway; Fisher [5,6], and Lewis rats develop resis-
tance to re-induction of the discase after recovery from
arthritis.

[0005] The inventors have previously shown that resis-
tance to AA can be transferred to a susceptible strain of rats
by intravenous infusion of immunoglobulins from resistant
strains, and that resistance is associated with the presence of
antibodies against the 65 KD MT heat shock protein (HSP

65) [4].

[0006] Heat shock proteins are a family of highly con-
served proteins. There is ~50% amino acid identity between
the Mycobacterial HSP 65 and the mammalian HSP 60 [21].
The role of the 65 KD heat shock protein (HSP 65) of MT
in the pathogenesis of autoimmune arthritis, both in experi-
mental animals [7, 8] as well as in humans [9-11], has been
investigated intensively in the past several years. For
example, Barker et al. [32] describe the suppression of
arthritogenic immune responses in mice given HSP 65 and
pristane. The antigen used to elicit the response was full-
length HSP 65, and no attempt was made to investigate the
effect of specific sub-domains or peptides deriving from this
protein.
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[0007] AA can be passively transferred by a T-cell clone
reactive to residues 180-188 of the MT HSP 65, and in
patients suffering from rheumatoid arthritis (RA), an asso-
ciation between T-cell responses to HSP 65 and early stages
of joint inflammation has been found [7, 12-14]. Paradoxi-
cally, pre-immunization with the mycobacterial HSP 65
leads to resistance to induction of the disease by MT and this
protective effect is believed to be mediated by T cells
specific for HSP 65 [7, 15-16]. Likewise, although arthritic
rats develop vigorous T cell responses to self-HSP and to
peptide 180-188 of the MT HSP, neither of these is arthri-
togenic when injected to arthritis-susceptible rats [15, 17].
These results and other suggest that HSP may contain
epitopes that are disease-related and other epitopes that
confer resistance [5, 19, 20]. Both the pathogenic immune
response as well as the protective effect were attributed to
anti-HSP T-cells. The examples of the present application
illustrate the fine epitope specificity of the anti-HSP anti-
bodies of arthritis-susceptible and resistant rats.

[0008] In addition, the inventors have found that naive
Lewis rats lack antibodies to certain epitopes of the myco-
bacterial HSP 65 which are found naturally in young BN and
old naive Lewis rats, and that are acquired by young Lewis
rats after recovery from the disease. Analysis of the primary
and tertiary structure of the whole MT HSP 65 KD molecule
indicated that these “protective” epitopes are potential B-cell
epitopes with a non-conserved amino acid sequences that are
found on the outer surface of the molecule.

[0009] Pre-immunization of Lewis rats with one of the
“protective” epitopes prior to induction of the disease
induced antibodies against the whole molecule as well as
resistance to disease induction. This peptide (SEQ ID: No.
2) corresponds also to the self-HSP 60 epitope to which
antibodies were found in the arthritis resistant rats, but not
in the arthritis-susceptible naive Lewis rats.

SUMMARY OF THE INVENTION

[0010] The present invention relates to a peptide compris-
ing the amino acid sequence substantially as denoted by
SEQ ID: No. 1 and biologically functional homologues and
derivatives thereof.

[0011] More particularly, the invention relates to a peptide
having the amino acid sequence substantially as denoted by
SEQ ID: No. 2 and biologically functional homologues and
derivatives thereof and to a peptide having the amino acid
sequence substantially as denoted by SEQ ID: No. 3 and
biologically functional homologues and derivatives thereof.

[0012] In addition, the invention relates to a peptide com-
prising the amino acid sequence substantially as denoted by
SEQ ID: No. 4 and biologically functional homologues and
derivatives thereof.

[0013] The peptides of the invention can be synthetic
peptides and chemically modified peptides.

[0014] The peptides of the invention are capable of con-
ferring immunity against autoimmune and/or inflammatory
disorders.

[0015] Ina further aspect, the invention relates to a nucleic
acid sequence encoding a peptide of the invention and to
DNA constructs comprising the same.
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[0016] In yet a further aspect, the invention relates to
vaccines comprising as active ingredient an effective vac-
cinating amount of at least one peptide of the invention, or
anucleic acid according to the invention. The vaccines of the
invention are particularly useful in conferring immunity
against autoimmune or inflammatory disorders.

[0017] Stll further, the invention relates to antibodies
directed against the peptides of the invention and to com-
positions comprising them. The compositions of the inven-
tion are particularly useful for the passive vaccination
against autoimmune or inflammatory disorders.

[0018] In addition, the invention also relates to new meth-
ods for diagnosis, prevention and treatment of inflammatory
and autoimmune disorders.

DESCRIPTION OF THE FIGURES

[0019] FIG. 1 Amino Acid Comparison of Three HSP 60
Sequences

[0020] Mycobacterium Tuberculosis, rat HSP 60 and
human HSP 60 (reference sequences P06806, P19227 and
P10809, corresponding to SEQ ID: Nos. 6, 7 and 8 respec-
tively), were compared with pileup program from GCG-
Wisconsin Package v9.0. The conserved regions are indi-
cated (consensus). Bold, underlined residues represent the
preferred peptides.

[0021] FIG. 2 Three Dimensional Structure of the E. coli
GroEL-GroES Complex

[0022] The GroES heptameric ring is shown in dark gray.
The two GroEL heptameric rings are shown in light gray.
Peptides 6-7 (amino acids 31-52) and 31 (amino acids
181-197) are also indicated.

[0023] FIGS. 3a-3b The Location of Peptides 6, 7 and 31
in the HSP 65 Monomer

[0024] The location of peptides 6, 7 and 31 in the HSP 65
monomer is indicated in a secondary structure configuration
(FIG. 3a) and in the space filling mode (FIG. 3b).

[0025] FIG. 4 AA Development in Lewis Rats After
Vaccination with HSP Peptides

[0026] Measurement of AA discase score in Lewis rat
immunized with HSP peptides 6, 7 and RS prior to AA
induction. PBS was used as control.

[0027] FIG. 5 The Protecting Motif within Peptides 6, 7
and RS

[0028] A common motif within peptides 6, 7 and R5,
V-E-WG-P is shown.

[0029] FIG. 6 pTARGET Plasmid Map

[0030] Description map of the pTARGET plasmid is
shown.

[0031] FIG. 7 Effect of Peptide 6 Immunization on the
Onset of Diabetes in NOD Mice

[0032] Naive NOD mice were immunized 3 times intra-
dermally (LD.) with 100 ug peptide 6 (SEQ ID: No. 2) in
CFA and IFA. Control mice received PBS. Mice were
monitored for the onset of diabetes by glucose test and for
anti-peptide 6 or anti-HSP 65 antibodies by ELISA. Mice
immunized with the peptide developed anti-peptide 6 as well
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as anti-HSP 65 antibodies as detected by OD (1.52+0.07 and
1.4320.13 respectively) in comparison to CFA immunized
mice (0.0520.01 and 0.01+0.01) and control mice
(0.09+0.06 and 0.16x0.16).

[0033] FIG. 8 Modulation of AA by Rat Anti-Peptide 6
Monoclonal Antibody R53F

[0034] Lewis rats were immunized with MT in CFA and
treated with the monoclonal rat anti-peptide 6 R53F immu-
noglobulin, a control rat monoclonal antibody R83D or PBS.
Two injections were given, the first intravenously (I.V.) and
the second intraperitoneally (LP). Discase severity was
evaluated every other day. Arthritis score expresses the mean
result of 5 animals. *p<0.05 compared to PBS treated rats.

[0035] FIG. 9 Modulation of Collagen Arthritis by Rat
Anti-Peptide 6 Monoclonal Antibody R34C

[0036] Collagen arthritis was induced in DBA/1 mice.
Mice were then treated with either rat anti-peptide 6 mono-
clonal antibody R34C or PBS. Arthritis was evaluated by
measuring feet diameter.

[0037] FIG. 10 Induction of IL-10 Secretion in Macroph-
ages Incubated with Rat Anti-Peptide 6 R53F Monoclonal
Antibody

[0038] Naive human macrophages were incubated (24 h,
37° C.,, 5% CO,) in RPMI with LPS (10 ng/ml) or with the
rat monoclonal anti peptide 6 R53F antibody (8 and 16
ug/ml). Untreated cells served as control. IL-10 secretion to
the medium was measured by ELISA.

[0039] FIG. 11 Induction of I1.-10 Secretion in Macroph-
ages Incubated with Mouse Anti-Peptide 6 MF9 Monoclonal
Antibody

[0040] Naive human macrophages were incubated in
RPMI with LPS (10 ng/ml), the mouse monoclonal anti
peptide 6 MF9 antibody (25 pg/ml) or with mouse unrelated
monoclonal antibody (25 ug/ml). Untreated cells served as
control. IL-10 secretion (pg/ml) to the medium was mea-
sured by ELISA.

[0041] FIG. 12 Binding of Rat Anti-Peptide 6 Antibodies
to Human Macrophages Cell Extract

[0042] FIG. 124: Human macrophages were fractionated
to nuclear, cytoplasmic and membrane fractions. The frac-
tions were resolved by SDS-PAGE and subjected to Western
blotting using the monoclonal rat anti-peptide 6 R34C (10
ug/ml) antibody. The monoclonal antibody bound to 19 KD
and 30 KD nuclear bands and to a 19 KD membrane band.
Control polyclonal rat antibodies (10 ug/ml) did not bind to
these bands (not shown).

[0043] FIG. 12b: Human macrophages purified from
human peripheral blood were fractionated to Hydrophilic
membrane, Hydrophobic membrane and Cytoplasmic pro-
teins. Ten micrograms (ug) of each macrophage protein
fraction were resolved by 9% SDS-PAGE under denaturing
conditions and subjected to Western blot analysis using 10
ug/ml rat monoclonal anti-peptide 6 antibody (clone B-24).
B-24 monoclonal antibody showed a 120 KD, a 100 KD and
a 55 KD bands in the Hydrophilic membrane fraction and a
55 KD band in the Cytoplasmic fraction. Control polyclonal
rat antibodies (10 ug/ml) did not bind to these bands (not
shown).
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[0044] FIG. 13 Antibodies to Peptide 6 and to HSP 65 in
RA Patients and Healthy Donors

[0045] Sera from healthy donors (n=17) or rheumatoid
arthritis (RA) patients (n=25) were tested for antibody
binding to peptide 6 and HSP 65 by ELISA and for immu-
noglobulin G levels. Anti-peptide 6 antibodies were found to
be significantly lower in the RA patients (*p<0.01)

[0046] FIG. 14 Antibodies to Peptide 6 and to HSP 65 in
Diabetic Patients and Healthy Donors

[0047] Sera from healthy donors (n=11), type 1 diabetes
patients (n=10) and type 2 diabetes patients (n=10) were
tested for antibody binding to peptide 6 and HSP 65 by
ELISA. Anti-peptide 6 antibodies were found to be signifi-
cantly lower in type 1 diabetes patients (*p<0.05) compared
to type 2 diabetes patients and healthy controls.

DETAILED DESCRIPTION OF THE
INVENTION

[0048] The present invention relates to peptides compris-
ing the amino acid sequence substantially as denoted by
SEQ ID: No. 1, and biologically functional homologues and
derivatives thereof.

[0049] Preferably, the peptide according to the first
embodiment of the invention has the amino acid sequence
substantially as denoted by SEQ ID: No. 2 or the amino acid
sequence substantially as denoted by SEQ ID: No. 3.

[0050] The invention further relates to a peptide compris-
ing the amino acid sequence substantially as denoted by
SEQ ID: No. 4 and biologically functional homologues and
derivatives thereof.

[0051] The invention also relates to a nucleic acid
sequence which encodes a peptide according to the inven-
tion.

[0052] More particularly, the invention relates to a DNA
sequence comprising the nucleic acid sequence substantially
as denoted by SEQ ID: No. 5 and biologically functional
derivatives thereof. This nucleic acid sequence encodes a

peptide having the sequence substantially as denoted by
SEQ ID: No. 4.

[0053] The invention further relates to vaccines compris-
ing as active ingredient an effective vaccinating amount of
at least one peptide of the invention, or a nucleic acid
according to the invention. The vaccines of the invention are
particularly useful in conferring immunity against autoim-
mune or inflammatory disorders.

[0054] Still further, the invention relates to antibodies
directed against the peptides of the invention and to com-
positions comprising them. The compositions of the inven-
tion are particularly useful for the passive vaccination
against autoimmune or inflammatory disorders. In addition,
the invention also relates to new methods for diagnosis,
prevention and treatment of inflammatory and autoimmune
disorders.

[0055] The amino acid and nucleic acid sequences of the
invention are presented in Table 1.
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TABLE 1
SEQ ID Peptide Amino Acid or
No No. Nucleic Acid Sequence
1 GPKGRNVVLEKKWGAPTITNDG
2 6 GPKGRNVVLEKKWGAP
3 7 VVLEKKWGAPTITNDG
4 R5 TVIIEQSWGSPKVIKDGVTV
5 GCCGCCATGGGACCARAGGGACGCAACGIGG
TACTAGAGAAGARATGGGGCGCGCCGTAGCT
CGAGA
[0056] By the term “biologically functional homologues

and derivatives” is meant any variations, including deletion,
substitution and/or insertion of an amino acid residue in the
amino acid sequences or a nucleic acid in the nucleic acid
sequences of the invention which would not alter the bio-
logical activity of the peptides, or peptides encoded by the
nucleic acid sequences, against autoimmune diseases. Thus,
this term is to be taken to mean peptides with similar
structure, peptides or their derivatives that are recognized by
the protective antibodies and/or peptides or their derivatives
that can induce protective antibodies upon immunization.

[0057] The invention further relates to DNA constructs
comprising the nucleic acid sequence of the invention or
functional homologues and derivatives thereof. The con-
structs of the invention may further comprise additional
elements such as promoiters, regulatory and control ele-
ments, translation, expression and other signals, operably
linked to the nucleic acid sequence of the invention.

[0058] The invention also relates to a vaccine comprising
as active ingredient an effective vaccinating amount of at
least one peptide of the invention. The vaccines of the
invention are particularly intended to confer immunity
against inflammatory and autoimmune discases, for
example, rheumatoid arthritis or adjuvant arthritis.

[0059] By the term “effective vaccinating amount” is
meant an amount sufficient to stimulate the immune system,
directly or indirectly, and confer immunity against inflam-
matory and autoimmune diseases. Such effective amount is
determined the severity of the disease, age, sex and weight
of the patient, as well as the patient’s general condition, and
by other considerations known to the attending physician.
Preferred doses, per injection, may be 0.02-2 mg/Kg body
weight.

[0060] The vaccines of the present invention may alter-
natively comprise as the active ingredient at least one
nucleic acid sequence according to the invention.

[0061] The vaccines according to the invention may
optionally further comprise pharmaceutically acceptable
carriers, diluents additives, excipients and adjuvants. By the
terms “pharmaceutically acceptable carriers, diluents addi-
tives, excipients and adjuvants” is meant any inert, non-toxic
material that may assist in the efficient delivery of the active
ingredient.

[0062] The term “antibody” as used in connection with the
present invention refers to both polyclonal and monoclonal
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antibodies. Polyclonal antibodies may be generated in rab-
bits, chicken, mice, rats, sheep, or similar mammals. The
generation of polyclonal antibodies against peptides is
described in the above-noted Current Protocols in Immu-
nology, Wiley and Sons Inc. Chapter 9, fully incorporated
herein by reference.

[0063] Monoclonal antibodies may be prepared from B
cells taken from the spleen or lymph nodes of immunized
animals, in particular rats or mice, by fusion with immor-
talized B cells under conditions which favor the growth of
hybrid cells. For fusion of murine B cells, the cell line Ag-8
is preferred.

[0064] The technique of generating monoclonal antibodies
is described in many articles and textbooks, such as the
above-noted Chapter 2 of Current Protocols in Immunology.
Chapter 9 therein describes the immunization of laboratory
animals with peptides. Spleen or lymph node cells of these
animals may be used in the same way as spleen or lymph
node cells of protein-immunized animals, for the generation
of monoclonal antibodies as described in Chapter 2 therein.

[0065] The term “antibody” is also meant to include intact
molecules, as well as fragments thereof, such as, for
example, Fv, Fab and F(ab")2, which are capable of binding
antigen. Fab and F(ab")2 fragments lack the Fc fragment of
intact antibody, clear more rapidly from the circulation, and
may have less non-specific tissue binding than an intact
antibody. An Fv fragment of an antibody is the smallest unit
of the antibody that retains the binding characteristics and
specificity of the whole molecule. The Fv fragment is a
non-covalently associated heterodimer of the wvariable
domains of the antibody heavy chain and light chain.

[0066] A “therapeutic antibody” is a single clone of a
specific antibody that is produced from a cell line, including
hybridomas. Humanized and immortal fusion cell lines that
effectively and efficiently fuse with a mortal antibody pro-
ducing human lymphocytes (B cells), create human hybri-
doma cells (hu-hybridomas) which have the antibody pro-
ducing characteristics of the human lymphocytes.

[0067] The therapeutic antibodies in the invention can be
murine antibodies; chimeric antibodies (combine the speci-
ficity of the murine antibody with the efficient human
Immune system interaction of a human antibody); human-
ized antibodies (the minimum mouse part from a murine
antibody is transplanted onto a human antibody); and fully
human antibodies (antibodies derived from transgenic mice
carrying human antibody genes or from human cells). Tran-
sChromo (TC) technology allows to generate a wide variety
of fully-human monoclonal antibodies using mice which
carry the whole human immunoglobulin loci.

[0068] Human immunoglobulin phage display libraries
are an additional source for isolation of human monoclonal
antibodies to be used for therapeutic purposes.

[0069] An antibody is said to be “directed against” a
molecule if it is capable of specifically reacting with the
molecule to thereby bind the molecule to the antibody. The
term “epitope” is meant to refer to that portion of any
molecule capable of being bound by an antibody which can
also be recognized by that antibody. Epitopes or “antigenic
determinants” usually consist of chemically active surface
groupings of molecules such as amino acids or sugar side
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chains and have specific three dimensional structural char-
acteristics as well as specific charge characteristics.

[0070] An “antigen” is a molecule or a portion of a
molecule capable of being bound by an antibody which is
additionally capable of inducing an animal to produce
antibody capable of binding to an epitope of that antigen. An
antigen may have one or more than one epitope. The specific
reaction referred to above is meant to indicate that the
antigen will react, in a highly selective manner, with its
corresponding antibody and not with the multitude of other
antibodies which may be evoked by other antigens.

[0071] The antibodies of the invention may be provided in
the form of compositions for use in passive immunization.
While such compositions are generally administered by
injection, it is not intended that the present invention be
limited to this route alone. In general, however, the compo-
sitions of the invention are administered by intramuscular or
subcutaneous injection. Occasionally, the intravenous or
intraperitoneal routes may also be used to administer the
compositions of the invention.

[0072] In addition to the active ingredient (i.c. the anti-
body), the compositions of the invention may also comprise
a buffering agent, an agent which adjusts the osmolarity
thereof, and optionally, one or more further additives, such
as carriers, as known in the art.

[0073] A preferred buffering agent is phosphate-buffered
saline solution (PBS), which solution is also adjusted for
osmolarity.

[0074] A preferred composition is one lacking a carrier.
Such formulations are preferably used for administration by
injection, including intramuscular and intravenous injection.

[0075] The preparation of pharmaceutical and immunizing
compositions is well known in the art and has been described
in many articles and textbooks, see e.g., Remington’s Phar-
maceutical Sciences, Gennaro A. R. ed., Mack Publishing
Company, Easton, Pa., 1990.

[0076] The amount of the therapeutic or pharmaceutical
composition of the invention which is effective in the
treatment of a particular disease, condition or disorder will
depend on the nature of the disease, condition or disorder
and can be determined by standard clinical techniques. In
addition, in vitro assays as well as in vivo experiments may
optionally be employed to help identify optimal dosage
ranges. The precise dose to be employed in the formulation
will also depend on the route of administration, and the
seriousness of the disease, condition or disorder, and should
be decided according to the judgment of the practitioner and
each patient’s circumstances. Effective doses may be
extrapolated from dose-response curves derived from in
vitro or animal model test systems.

[0077] For administration by injection, the formulations
may be presented in unit dosage form, e.g. in ampoules or
in multi-dose containers with an added preservative.

[0078] The compositions of the invention can also be
delivered in a vesicle, for example, in liposomes. In another
embodiment, the compositions can be delivered in a con-
trolled release system.

[0079] As used herein, in the specification and in the
claims section below, the term “treat” or treating and their
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derivatives includes substantially inhibiting, slowing or
reversing the progression of a condition, substantially ame-
liorating clinical symptoms of a condition or substantially
preventing the appearance of clinical symptoms of a condi-
tion.

[0080] Therefore, in a further embodiment, the composi-
tions of the invention may be useful for treatment of or
amelioration of inflammatory symptoms in any discase,
condition or disorder where immune and/or inflammation
suppression is beneficial such as, but not limited to, Rheu-
matoid arthritis and diabetes.

[0081] It has been shown that the development of autoim-
mune diabetes in the NOD mouse is marked by the presence
of T-cells reactive to the p277 peptide of the HSP 60. It has
further been shown that the p277 peptide can be used as a
therapeutic vaccine to arrest NOD diabetes [28]. The p277
peptide has been shown to arrest also autoimmune diabetes
induced by the Streptozotocin toxin [29]. Likewise, the
vaccines according to the invention may also be used to
suppress an autoimmune disease.

[0082] Furthermore, the vaccines of the invention may
also be used to prevent relapses of autoimmune diseases,
which characterize many autoimmune diseases. Prevention
of a relapse 1s therefore part of the therapeutic approach to
these disorders. The above peptide p277 has been shown to
prevent NOD mice diabetes by turning off the anti-p277
immunity early in life. It was later shown to arrest autoim-
mune process even after it is far advanced [28].

[0083] Another possibility is that antibodies against the
HSP molecule suppress inflaimmation by inhibiting the
proinflammatory effect of the HSP on the innate immune
system. Mycobacterial HSP 65 has been shown to induce
release of pro-inflammatory cytokines from human mono-
cytic cells [18] and the mammalian HSP 60 has been shown
to synergize with IFN-y and to promote pro-inflammatory
cytokines like IL-12 and IL-15 [31]. Induction of anti-
Mycobacterial/anti-self HSP antibodies may suppress those
proinflammatory effects.

[0084] Specific immunoglobulins (antibodies) are com-
monly used for prevention and treatment of infectious
diseases (i.e. viral hepatitis). This is termed passive vacci-
nation. Immunoglobulins can also be used to suppress or
prevent relapses of autoimmune diseases like [TP (Immune
Thrombocytopenic Purpura), Myasthenia Gravis (MG), and
other autoimmune diseases [30].

[0085] Thus, in yet a further aspect, the invention relates
to an antibody directed against at least one peptide according
to the invention or functional homologues and derivatives
thereof, which can induce the production of said antibody.

[0086] The antibodies of the invention may be polyclonal
or monoclonal antibodies.

[0087] In yet a further aspect, the invention relates to a
composition for the passive immunization comprising at
least one antibody according to the invention, and may
optionally further comprise pharmaceutically acceptable
carriers, diluents, additives, excipients and adjuvants. The
composition of the present invention is particularly intended
for the passive vaccination or immunization against, and
treatment of autoimmune or inflammatory disorders, for
example, rheumatoid arthritis.

Jun. 9, 2005

[0088] By the term “therapeutic or immunological effec-
tive amount” is meant an amount sufficient to stimulate
directly or indirectly immunity against inflaimmatory and
autoimmune diseases. Such effective amount is determined
the severity of the disease, age, sex and weight of the patient,
as well as the patient’s general condition, and by other
considerations known to the attending physician. Preferred
doses, per injection, may be 0.1-20 mg/Kg body weight.

[0089] The vaccines according to the invention may
optionally further comprise pharmaceutically acceptable
carriers, diluents additives and excipients.

[0090] The term “monitoring” used in connection with the
present invention relates to a close ongoing medical surveil-
lance complemented with periodical medical tests, to asses
the disease course and severity.

[0091] The term “diagnosis” refers to the act of recogniz-
ing the presence of a disease from its signs or symptoms. In
the present invention, diagnosis for Rheumatoid arthritis can
be performed based on the results obtained using any
immunological assays (calorimetric, fluorescent, magnetic,
chemoluminescent or radioactive) capable of measuring
antibodies amount, such as ELISA.

[0092] By the term “prognosis” used in the present appli-
cation is meant predicting the course and termination of a
disease.

[0093] The following Examples show the anti-MT HSP
antibody response of various rats and its correlation with
susceptibility to induction of arthritis. Only a limited num-
ber of epitopes in the bacterial HSP molecule is recognized
by rat antibodies. The repertoire of this antibody differs
between resistant and susceptible strains. Resistant strains
were found to respond to peptides that are found on the outer
surface of the molecule, as well as to the whole molecule.
On the other hand, antibodies from naive Lewis rats reacted
with a smaller number of peptides, which are less exposed
on the outer surface of the molecule and did not react with
the intact HSP. The presence of antibodies against some of
the epitopes, as well as the whole MT-HSP, may be associ-
ated with resistance to the induction of arthritis and they
were therefore named “protective” epitopes.

[0094] It has been previously reported that the T cell
response to bacterial HSP shows determinant spreading. The
present data, given in the following Examples, show that
there is a clear B cell determinant spreading as well, and this
spreading can occur also spontaneously, namely without
intentional vaccination. The B cell epitopes, as will be
shown, are different from the T cell epitopes. This observa-
tion 1s of particular significance to the present invention.

[0095] Young naive Lewis rats recognized only two bac-
terial epitopes; peptides 40 and 63. Four months Lewis rats
recognized, in addition, peptides 6, 36 and 45 and nine
months Lewis rats recognized peptides 7 and 31, in addition
to all the other mentioned peptides. Recognition of these
peptides is also associated with recognition of the whole
bacterial HSP molecule.

[0096] The B cell epitope repertoire of the young BN rats
is similar to that of the old Lewis rats including only one
additional peptide, peptide 59. Lewis rats that were immu-
nized with the CFA responded to all the aforementioned
peptides, as well as to two additional peptides, namely 21
and 84.
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[0097] Although all the anti HSP peptide antibodies found
in naive old Lewis rats and in naive young BN rats are
referred to as natural antibodies, it is possible that they are
elicited as a response to the exposure of these rats to
environmental pathogens (as “natural” antibodies may
indeed always be) and that the epitope spreading in response
to these pathogens occurs in the BN rat more rapidly, earlier
and in more strongly than in the Lewis rat. Lewis rats have
to be immunized with CFA in order to mimic the natural
response of the BN rats. The similarity of the antibody
repertoire of the naive BN rats to that of the immunized
Lewis rat supports this possibility.

[0098] The nature of the B cell epitopes and the correla-
tion between recognition of certain epitopes and the whole
molecule can be better understood from primary and tertiary
structure analysis of the molecule, shown hereafter.

[0099] To see whether the anti-HSP protective antibodies
can be induced by immunization with the “protective”
peptides, Lewis rats were immunized with the various
peptides, without Freund’s Adjuvant. Immunization with
three peptides, the bacterial peptides 6 and 7, and the
mammalian peptide 5, led to production of antibodies
against bacterial peptide 6, as well as to an anti-HSP
response, showing that antibodies against an “external”
peptide will lead to recognition of the whole molecule.
Induction of these antibodies also led to disease resistance.

[0100] Although the mechanism of discase resistance
induced by the natural as well as the induced anti-HSP
antibodies has not been yet clarified, it is possible that the
antibodies against the MT HSP inhibit the early steps of
induction of pathogenic T cells to the peptide by intervening
in the antigen processing or the T cell recognition of the
pathogenic epitopes. Alternatively they may prevent the
effector steps of the pathogenic response by binding to the
self HSP-cross reacting target antigen.

[0101] The T cell response of AA susceptible Lewis and
AA resistant WKA Wistar rats to the bacterial HSP 65 KD
has been thoroughly studied. It has been shown that in the
early post immunization stages the Lewis T cells respond to
several determinants found in the N terminal, as well as in
the carboxy terminal of the molecule, whereas later a shift
to carboxy terminal epitopes has developed. The early T cell
response of Wistar rats was similar to that of the late
response of the Lewis rats. As the 3D structure of the
molecule does not show the carboxy and the N terminal sites
to be in different locations of the molecule, it is not surpris-
ing that the B-cell epitopes were found all along the mol-
ecule without any selection of either the carboxy or the N
terminal of the molecule.

[0102] A comparison between the published dominant T
cell epitopes and the present B cell epitopes did not reveal
common epitopes. To the contrary, the lack of natural
antibodies to certain epitopes like 6, 7 or 31 in the naive
Lewis rat is associated with an early T cell response to these
epitopes, whereas the presence of antibodies to epitopes like
40 and 63 is associated with lack of an early T cell response.
Based on these correlations, it may be suggested that the
presence of natural antibodies to certain epitopes may actu-
ally inhibit T cell response to them, whereas the lack of
antibodies enables the T cells to respond to these epitopes.
For example, AA susceptible Lewis rats that do not have
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natural antibodies to the bacterial peptide 31 can develop a
T cell response to this peptide, and these pathogenic T cells
can induce arthritis.

[0103] As previously mentioned, there was a clear corre-
lation between disease resistance and the presence of anti-
HSP antibodies. Young naive Lewis rats did not have
detectable antibodies against the HSP molecule whereas
nine months old Lewis rats developed these antibodies in a
significant titer. Parallel to the development of the anti-HSP
response, the old rats also became resistant to induction of
arthritis. Young Lewis rats acquired both the antibodies and
disease resistance after immunization with CFA and the
naturally resistant BN rats had anti HSP antibodies sponta-
neously, without the need for immunization. It is possible
therefore that these antibodies bind the bacterial HSP imme-
diately after immunization and prevent it from becoming
accessible to the cellular arm of the immune system.

[0104] As noted previously, the epitopes “chosen” by the
B cells from the bacterial HSP are epitopes that have
relatively little homology with the self HSP, most probably
as a result of tolerance to self antigens.

[0105] Analysis of the anti self (rat) HSP antibody reper-
toire indeed showed that there is a limited number of
epitopes recognized by the rat immunoglobulins in the self
HSP molecule. Naive young Lewis rats did not respond to
any sclf peptide neither did they respond to the whole self
HSP 60 molecule. BN and post-AA Lewis rats that reacted
with 8-10 bacterial HSP epitopes responded to only two
epitopes in the self HSP, peptides M5 and M30, as well as
to the whole self HSP molecule.

[0106] Expression of the mammalian (or self) HSP is
upregulated in inflamed synovia of rats with AA [22] and
cross-reactive immune recognition has been found between
the Mycobacterial HSP 65 KD and endogenous self HSP 60
KD at the T-cell level [23-25].

[0107] As the anti self antibodies were found only in the
resistant rats, it is possible that antibodies that cross react
with the self HSP may conceal it from the pathogenic T cells
and thus act as protective antibodies.

[0108] It is interesting to note that one of the two self
protective epitopes is the self peptide 5, which is the
homologous rat epitope to the bacterial protective peptide 6.
Moreover, immunization with the bacterial peptides 6 and 7
and with the mammalian peptide 5 led to the production of
anti bacterial HSP 6 and anti bacterial HSP antibodies, as
well as protection against disease induction. Observing the
primary structure of these three peptides leads to the con-
clusion that they express a common motif (V-E-W G-P)
which might be the protective motif of these peptides (FIG.
3).

[0109] Therefore, the humoral immune response to the
bacterial HSP may be aimed at a limited number of potential
B-cell epitopes. These epitopes are peptide stretches located
between amino acids that serve as bends and spacers, and are
found in non-conserved parts of the molecule. Recognition
of B-cell epitopes that are exposed on the surface of the
molecule leads to binding to the whole molecule and is
associated with resistance to induction of arthritis.

[0110] This resistance occurs naturally in some strains of
rats whereas in others it can be acquired with age or upon
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immunization with HSP. Immunization with some of the
“protecting” epitopes can lead both to disease resistance as
well as to the serological profile that is present in the
resistant strains.

[0111] The present invention can also provide a method
for the prediction of susceptibility/predisposition to develop
autoimmune arthritis. In the rat system, it has been shown
that naive young Lewis rats do not have antibodies against
peptide 6 of the HSP and that they are susceptible to the
development of arthritis after exposure to or immunization
by HSP. In a similar manner, healthy individuals that lack
sub-groups of antibodies against HSP specific peptides may
be susceptible to onset of arthritis.

[0112] “Naturally” occurring anti-peptide 6 and anti-HSP
antibodies are found in serum samples of normal controls
and RA patient Although total immunoglobulin G amounts
as well as anti-HSP antibody level are similar in both groups,
anti-peptide 6 antibodies were found to be significantly
lower (by 3 fold) in RA patients.

[0113] The present invention also provides an assay for the
assessment and determination of susceptibility/predisposi-
tion to arthritis. The assay can be performed by ELISA, in
which the peptides are bound to the solid phase and serum
samples added, followed by adding anti human immunoglo-
bulins. Other known immunological analysis techniques can
also be used.

[0114] This invention provides a method for monitoring
the patients’ disease development and the possibility to
evaluate the prognosis. This information can be of major
importance in the decision of patient treatment course and
the doses of the medication to be used. Assessment of
anti-peptide 6 in patients’ serum can be performed by
ELISA or any other sensitive immune assay capable to
detect antibodies.

[0115] In the animal models for arthritis, high level of
anti-peptide 6 antibodies in rats prevented the induction of
AA. The presence of anti-peptide 6 antibodies confers
“protection” from arthritis and therefore passive vaccines
based in humanized and human monoclonal anti-peptide 6
antibodies, as well as active vaccines using the peptide itself,
should be considered as a new therapeutic approach for
Rheumatoid arthritis.

[0116] The present invention can provide a method for the
treatment of inflammatory and autoimmune disease. Active
and passive vaccination using peptide 6 (SEQ ID: No. 2) or
anti-peptide 6 antibodies induce a specific immune response
that upon restriction to the inflammatory sites, may provide
a specific localized treatment for inflammatory and autoim-
mune diseases. This specific treatment, in contrast to com-
monly used generalized anti-inflammatory drugs, may allow
the use of small therapeutic doses and to avoid the drugs’
secondary effects.

[0117] Active immunization with the bacterial HSP pep-
tide 6 (SEQ ID: No 2) is also beneficial in autoimmune
disorders, for instance autoimmune diabetes. NOD mice
immunized with the mycobacterial peptide 6 produced anti-
bodies against the peptide 6 and the whole HSP 65. The
protective effect of these immunoglobulins is reflected by
the delayed appearance of the diabetic symptoms and the
significantly lower number of sick mice in the vaccinated

group.
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[0118] Resistance to AA is due to the presence of natural
as well as acquired anti-heat shock protein (HSP) antibodies.
Acquisition of these antibodies can be achieve by active or
passive vaccination.

[0119] Active vaccination with peptide 6 induced anti-
peptide 6 antibodies and suppressed the severity of AA.
Lewis rats treated for AA induction and concomitantly with
an anti-peptide 6 monoclonal antibody (R53F) showed up to
65% reduction in arthritis.

[0120] Similarly, treatment of DBA/1 mice, induced to
develop Collagen arthritis (another animal model for arthri-
tis), with an anti-peptide 6 monoclonal antibody (R34C)
reduced arthritis severity.

[0121] Active vaccination with peptide 6 as well as pas-
sive vaccination with monoclonal anti-peptide 6 antibodies
suppress significantly AA in Lewis rats and collagen arthritis
in mice, proving evidence for the efficacy of the treatment.

[0122] Treatment of arthritis susceptible animals with
anti-peptide 6 antibodies leads to the suppression of arthritis.
Passive vaccination with human monoclonal anti-peptide 6
antibodies provides a new therapeutic tool for selective
anti-inflammatory suppression of human arthritis.

[0123] The anti-inflammatory effect of these antibodies is
obtained by the induction of the anti-inflammatory IL-10
cytokine. Exposure of macrophages to anti-peptide 6 anti-
bodies elicits sequential events resulting eventually in the
up-regulation of the IL-10 gene expression. The increase of
IL-10 secretion in the inflammatory site can divert the local
cytokine profile from an inflammatory to an anti-inflamma-
tory response and thus explain the mechanism of protection
against inflammation rendered by these antibodies.

[0124] Induction of IL-10 secretion is a direct effect of the
interaction of the antibodies with macrophage proteins and
does not require the presence of any HSP antigen. The
anti-peptide 6 monoclonal antibodies bind specifically to
human macrophage membrane proteins, as further described
in page 23 and illustrated in FIGS. 12¢ and 12b.

[0125] The present method for the treatment of inflamma-
tory and autoimmune disease can be provided by injection
(c.g. sub dermal or intramuscular) or by any conventional
approach to deliver active peptides or antibodies.

[0126] The invention will be described in more detail on
basis of the following Examples, which are illustrative only
and do not in any way limit the invention. Many modifica-
tions and variations of the present invention are possible in
light of the present teachings. It is therefore understood, that
within the scope of the appended claims, the invention may
be practiced otherwise than specifically described.

EXAMPLES

[0127]

[0128] Animals: Female inbred Lewis rats, 6 weeks or 9
months old, were obtained from Harlan Lab. Israel. Female
Brown-Norway (BN) rats, 6 weeks old, were obtained from
Harlan Sprague-Dawley, USA.

[0129] Antigens and antibodies: Recombinant HS P65 of
Mycobacterium Tuberculosis was a gift from Dr. M. Singh
(The WHO Recombinant Protein Bank, Germany). Recom-
binant mammalian HSP 60 was purchased from StressGen

Materials
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Biothec. Corp. (Victoria, BC, Canada). Synthetic peptides of
MT HSP 65 were a gift from Dr. L. Adorini (The Roche
Milano Ricerche, Milano, Italy). Synthetic peptides 6 and 7
of MT HSP 65 and R5 of mammalian HSP 60, (SEQ ID:
Nos. 2, 3 and 4 respectively) were synthesized by standard
solid phase 9-FMOC technology. The peptides were purified
by reverse phase HPLC and analyzed by Fast Atom Bom-
bardment Mass spectrometry at the Weizmann Institute,
Rehovot, Israel.

[0130] Synthetic peptides of the mammalian HSP 60 were
a gift from Dr. I. Cohen (The Weizmann Institute, Rehovot,
Israel).

[0131] Goat anti Rat IgG conjugated to alkaline-phos-
phatase was purchased from Jackson ImmunoResearch Lab.
Ine. (Avonsdale, Pa.).

[0132] Methods

[0133] Induction and Clinical Assessment of Adjuvant
Arthritis: Lewis rats were injected with 1 mg of Mycobac-
terium Tuberculosis H37Ra (Difco, Detroit, Mich.) in Com-
plete Freund’s Adjuvant (Difco) subcutaneously at the base
of the tail. Severity of Arthritis (arthritis index) was assessed
blindly as follows: 0—no arthritis; 1—redness of the joint;
2—redness and swelling of the joint. The ankle and tarsal-
metatarsal joints of each paw were scored. A maximum
score of 16 can be obtained, but a score above 8 indicates a
severe disease.

[0134] Dot Blots assay: Antigens were dissolved in PBS
and samples of 1 ug were adsorbed on Nitrocellulose paper.
The paper was air-dried and incubated with BSA 1% in PBS
for 20 min. to block non-specific binding. The samples were
then washed in PBS-Tween 0.05% and incubated with rat
sera diluted 1:100 in BSA-PBS, for 90 min. at room temp.
Samples were washed and incubated with goat anti rat
antibody conjugated to alkaline phosphatase diluted 1:1000
in BSA-PBS for 90 min. at RT. After re-washing the color
reaction was developed by adding a mixture of BCIP-NBT
(Sigma-Fast, Sigma) to the cells for 15 min. The reaction
was stopped by the addition of tap water.

[0135] ELISA: Flat-bottomed 96 well plates (Corning)
were coated with mammalian HSP 60 or Mycobacterial HSP
65 (10 ug/ml) in carbonate buffer pH 9.6 overnight at 4° C.

[0136] After extensive washing with PBS-Tween 0.05%
plates were incubated with blocking buffer containing 1%
BSA (Sigma) for 60 min. at RT.

[0137] HSP peptides were attached to plates pre-treated
with glutaraldehyde according to Kasprzyk et al. [26]
Shortly, plates were coated with 100 ul/well of 5% w/v of
glutaraldehyde in PBS for 1 hour at room temp. Plates were
washed thoroughly with PBS and peptides (1 ug/100 ul)
were added to each well, incubated overnight at 4° C. Plates
were shaken dry and blocked with BSA 1% in PBS.

[0138] Plates coated with either HSP or peptides were
washed again and incubated with rat sera diluted 1:100 with
PBS-Tween 0.01% for 90 min. at room temp. After re-
washing the plates were incubated with Goat anti rat IgG or
[gM conjugated to alkaline-phosphatase for 60 min. at room
temp. The presence of antibodies was revealed by addition
of the substrate PNP (NP 100, Chemicon, Temecula, Calif.)
to the plates. Optical density was measured photometrically
at 405 nm.
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[0139] Preparation of human monoclonal anti-peptide 6
antibodies: Human monoclonal anti-peptide 6 antibodies are
prepared by the following technique: blood samples are
collected from healthy volunteers and they are tested for the
presence of anti-peptide 6 antibodies (by a specific ELISA
for peptide 6). B cells from positive individuals are trans-
formed by EBV according to the method of Steinitz et al.
[34]. Anti-peptide 6 positive clones are re-cloned and
expanded.

[0140] Western blot analysis of human macrophages pro-
teins fractions using anti-peptide 6 Monoclonal Antibodies

[0141] Human macrophages are purified from human
peripheral blood. The WBC are separated from RBC by
Ficoll and incubated in RPMI medium containing 2%
human serum at 37° C. for 9 minutes. After the incubation,
non-adherent lymphocytes cells are washed away with PBS,
leaving only adherent macrophages cells in the tissue culture
plate.

[0142] Hydrophilic Membrane, Hydrophobic Membrane
and Cytoplasmic proteins, are purified from the human
macrophages cell using ReadyPrep™ Protein Extraction kit
(Membrane I) and ReadyPrep™ Protein Extraction kit
(Cytoplasmic) (Bio-Rad Laboratories, Inc., Hercules, Calif.
94547, USA).

[0143] Ten micrograms (10 ug) of each macrophage pro-
tein fractions are boiled in sample buffer containing SDS and
[-mercaptoethanol and resolved at 9% SDS-PAGE The
separated proteins are transferred to nitrocellulose by the
Western blot technique and incubated with supernatant from
a rat anti-peptide 6 antibody secreting hybridoma (clone
B-24). Total rat IgG (10 pg/ml) are used as negative control.
The binding intensity was detected by Goat anti-rat IgG and
IgM Fc Peroxidase conjugated (HRP) (Jackson Immunore-
search Laboratories, Inc., West Grove, Pa. 19390, USA)
were used as secondary antibodies and the signal was
developed using a chemiluminescence detection system.

[0144] Amino Acid Comparison: “Pileup” and “pretty”
programs (GCG—Wisconsin package, v.9.0) were used to
compare amino acid sequences of three HSP 60 (Mycobac-
terium Tuberculosis, rat and human).

[0145] Structure Analysis: RasMol v. 2.6 program and the
3D structure of the E. coli complex GroEL-GroES (pdb ID:
1AON reference) were used to analyze the position of
epitopes.

[0146] Since the crystal structure of MT HSP 65 KD is not
yet completely known, a three-dimensional model for the
tertiary structure of MT HSP 65 KD based on the solved
crystal structure of GroEL from E. coli (pdb ID: 1GRL) was
used as template. This model was built by programs for
comparative protein modeling.

[0147] Modulation of AA by mycobacterial and mamma-
lian HSP peltides: HSP 65 derived peptides were tested for
their ability to modulate the appearance or severity of AAin
Lewis rats. Rats were immunized with 100 ug of each
peptide in PBS, three weeks (3W), 2W and 1W before
induction of AA by MT. Control rats received PBS. Rats
were bled for testing antibody presence before injection of
MT and 30 days post MT injection.

[0148] DNA Vaccine preparation: A synthetic oligoDNA,
having the SEQ ID: No. 5, encoding the oligopeptide
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Mycobacterium Tuberculosis HSP 65 KD No. 6, presented
in Table 1, was cloned into the commercially available
mammalian expression vector, pPTARGET (Promega, Madi-
son, Wis., USA), having the restriction map depicted in FIG.
6. The cloning was carried out according to the manufac-
turer’s instructions.

[0149] The plasmid construct was then transferred into F.
coli IM109 strain and expanded to large scale for further
plasmid purification, using the DNA purification system
Wizard Plus Maxipreps kit (Programa, Madison, Wis.,
USA).

[0150] Animal vaccination: Lewis rats were pre-treated
with Bupivaccine (Astra) two days prior to vaccination and
later disease induction. The rats were then twice injected
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rats and post AA Lewis rats with 90 16-mer synthetic
peptides of the Mycobacterial 65 KD HSP. Immunoglobu-
lins from naive young Lewis rats served as control.

[0156] Only 10 peptides out of the 90 peptides tested
(Table 2) reacted with the immunoglobulins tested. All of the
rats immunoglobulins reacted with two peptides: 40 (resi-
dues 235-250) and 63 (residues 373-388). When these rats
age, they acquire antibodies against additional peptides, and
a similar profile to that of old Lewis rats is found in young
naive BN rats, and Lewis rats that were immunized with
CFA reacted also with peptides 21 (residues 121-136) and 84
(residues 499-514). It is noted that although naive Lewis rats
do not recognize the whole molecule of HSP 65 KD, its
immunoglobulins can interact with certain peptides of this
molecule, without any effect on susceptibility to AA.

TABLE 2

Antibodies to Mycobacterial HSP 65 Peptides

Peptide Sequence

21 84 59 7 31 6 36 45 40 63 HSP Disease
Strain 121-136  499-514  349-364 37-52 181-196 31-46 211-226 265-280 236-251 373-388 65 Susceptibility
Lew-6w - - - - - - - - + + - 810
Lew-4m - - - - - + + + + + - 35
Lew-9m - - - + ++ + + + ++ +++ + 077
BN-6w - - + + + + ++ + ++ + +++ 0/10
Lew-Post + + ++ + ++ +++ +++ ++ ++ ++ ++ 0/10
AA
0.D:
<0.15 = -
0.16-0.45 = +;
0.46-0.75 = ++;
>0.75 = +++
with 100 ug of the DNA construct, into the tibialis anterior ~ [0157] Binding of Rat Immunoglobulins with the Mam-

muscle, with a week interval between the injections.
[0151]

[0152] The Interaction of Rat Immunoglobulins with
whole Mycobacterial HSP 65 and its Peptides

Results

[0153] Previous experiments conducted by the inventors
showed that immunoglobulins from AA resistant naive rats
(i.e. BN or Fisher) as well as Lewis rats that recovered from
AA (post AA Lewis rats), were able to suppress the induc-
tion of AA in naive Lewis rats and bound to the bacterial
HSP 65 in a dot blot assay. To obtain a more quantitative
evaluation of this binding, the interaction of immunoglobu-
lins from these rats with the whole molecule of the Myco-
bacterial HSP 65, known to be associated with AA in Lewis
rats, was tested by Dot-Blot and ELISA.

[0154] It was found that immunoglobulins from 6-8 week
old BN rats, and post AA Lewis rats, reacted strongly with
the HSP while no reaction was found when immunoglobu-
lins from naive Lewis rats were tested. Interestingly, it was
found that immunoglobulins from nine months old naive
Lewis rat also reacted with the HSP.

[0155] To define the epitopes recognized by the anti
bacterial HSP antibodies, the inventors tested by Dot-Blot
the interaction of immunoglobulins from naive young BN

malian HSP 60 and its Peptides

[0158] Previous studies have shown that certain bacterial
HSP peptides may trigger self HSP reactive T-cells with
discase suppressive regulatory potential. To analyze the anti
self-HSP antibody repertoire of these rats, the reactivity of
Ig’s from naive and post AA Lewis rats as well as from naive
BN rats to whole mammalian HSP 60 was tested by ELISA.

[0159] The results presented in Table 3 indicate that that
naive and four months old Lewis rats do not possess anti
self-HSP 60 antibodies, whereas nine months old Lewis rats,
young BN rats and post-AA Lewis rats had significant
binding to the self-HSP (Table 3). Some naive Lewis rats
had very low concentrations of the antibodies.

TABLE 3

Antibodies to Mammalian HSP 60 Peptides

Peptide Sequence Disease

Strain M5 61-80 M 30 436-455 M-HSP 60 Susceptibility
Lew-6w - - - 8/10
Lew-4m - - - 3/3

Lew-9m ++ ++ + 0/7
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TABLE 3-continued TABLE 4
Antibodies to Mammalian HSP 60 Peptides Potential epitopes of MT HSP 65 KD
. . Experimen-
Peptide Sequence Disease Location of tal
the peptide Sequence of peptide
Strain M5 61-80 M 30 436-455 M-HSP 60 Susceptibility (aa residues)the peptide Length matching
BN-6w + + + 0/10 35-43 G-RNVVLEKKW-G 9 6,7
Lew-Post +++ ++ + 0/10
AA 123-132  A-VEKVTETLLK-G 10 21
135-143  A-KEVETKEQI-A 9 21
0.D.:<0.15=-;
0.16-0.45 = +; 319-332  RKVVVTKDAETTIVE 14 none
0.46-0.75 = ++;
5075 = +++ 357-367  S—-DYDREKLQERL-A 11 59
383-396  A-TEVELKERKHRIED-A 14 63
[0160] Immunoglobulins from naive Lewis and BN rats
and post-AA Lewis rats were tested for binding to 38 183-195  G-LOLELTEGMRFDK-G 13 3t
synthetic 20-mer peptides of the mammalian HSP 60 by 259-270  S—TLVVNKIRGTFK-S 12 45

Dot-Blot. It was found that immunoglobulins derived from
BN and post-AA Lewis rats, but not from naive Lewis rats,
reacted with 2 peptides only: peptide 5 (residues 61-80) and
peptide 30 (residues 436-455). Quantitative analysis of this
binding as well as the binding of immunoglobulins from
four and nine month old Lewis rats confirmed the dot blot
findings (Table 3).

[0161] Amino Acid Comparison

[0162] The HSP 60 family is highly conserved: MT-HSP
65 and its mammalian homologues (rat or human) show
48% identity. In FIG. 1, the three amino acid sequences of
the MT-HSP 65, HSP 60 from rat and human are compared.
The consensus sequence of these three proteins is shown too.
The epitopes that were found to be relevant in this study are
shown in Bold and Underlined.

[0163] 3D Structure Analysis

[0164] Tertiary structure plays an important role for B-cell
epitope recognition. In a first approach, a simple computer
program was provided, that could predict where to find
potential B-cell epitopes by screening the primary structure
of the peptide. The algorithm is based on a previous analysis
by Warren et al. [27] of the Myelin Basic Protein to locate
potential epitopes for B-cell. According to their analysis,
two sorts of amino acids can be defined:

[0165] “Molecular spacers”: These are short-chain
residues (side chains of one carbon or less) that could
provide a molecular gap for adjacent long-chain
amino acids. Three amino acids that fit this definition
are: Glycine (G), Alanine (A) and Serine (S).

[0166] “Molecular bends”: Proline (P) residues that
can cause disruptions in secondary structure.

[0167] A minimal length of 9 residues for these potential
epitopes was set. Following these rules, six series of con-
secutive long-chain residues (side chains of two carbons or
more) located between molecular spacers and/or molecular
bends were found (Table 4).

[0168] Five of six series that were identified by these rules
fit amino acid sequences that were found to be experimen-
tally recognized by B-cell antibodies (Table 4). Conse-
quently, in order to find more epitopes, the program was run
with a slight change, namely search of epitopes that contain
at most one molecular spacer (G, S or A). The minimal
length was set at 12 residues (instead of 9 previously) in
order to lower the background (i.c., a penalty of three
residues was set to compensate the gap). Two new sequences
were identified, that were also found to be experimentally
recognized by B-cell antibodies (peptides 31, 45; see Table
4). The molecular spacer was glycine in these two cases.

[0169] Inorder to better understand the implications of the
tertiary structure of MT HSP 65 KD and to locate these
different amino acid sequences on the whole molecule, a
model for the tertiary structure of MT HSP 65 KD based on
the crystal structure of E. coli GroEL (FIG. 3) was used.

[0170] Structure analysis confirmed that the experimen-
tally recognized epitopes located on the surface of the
protein can provide a potential site to antibodies binding.
Peptides 6, 7,21, 31, 59 were those that were found to be the
most exposed whereas peptides 36, 40, 45, 63 and 84 are
partially exposed.

[0171] The single potential epitope that was not recog-
nized experimentally (residues 318-331) seems to be “bur-
ied” in the molecule.

[0172] Although there is a marked homology between MT
HSP 65 KD and mammalian HSP 60 KD, most of the
peptides that were found to be recognized by the anti-MT
HSP 65 antibodies did not show high residues homology
with the mammalian HSP. This may be due to the tolerance
to self that protects the rats from developing an autoimmune
autoantibody response to their own HSP 60. Two peptides,
6 and 45, did not seem to conform to this rule as they had
sites showing high homology to the self HSP.

[0173] These findings may be explained for both peptides
as follows:

[0174] As to peptide 6 (residues 31-46): antibodies were
found to bind peptide 7 (residues 37-52) which overlap the
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polymorphic part of this peptide, and the mammalian pep-
tide 5 (residues 61-80) representing the region homologous
with the mammalian HSP. It seems, that these antibodies are
directed against the polymorphic (non-self) region of pep-
tide 6 (residues 40-46). It can also provide a hypothesis
concerning the “protective” ability of this peptide, partial
homology to the mammalian HSP 60 sequence may be
responsible for this protective effect.

[0175] As to peptide 45 (residues 265-280): This peptide
can be divided into two consecutive regions: one polymor-
phic (residues 265-271) and the second highly conserved
(residues 271-280). Analysis of the three-dimensional struc-
ture shows that the polymorphic region is the exposed
region, whereas the conserved region seems to be “buried”
in the whole. molecule (not shown). Therefore, it is possible
that the antibodies that bind peptide 45 are mainly directed
against the exposed polymorphic region.

[0176] No particularity concerning the secondary structure
and the repartition of hydrophobic/polar residues in these
epitopes was noticed (both experimentally and computer
recognized). Generally, the experimentally recognized
epitopes tend to be hydrophobic (9-12 hydrophobic residues
out of 16), but for peptide 59 that is highly polar (13 residues
out of 16).

[0177] With reference to the Figures, FIG. 2 shows the
location of bacterial peptides 6, 7 and 31 on the three
dimensional structure of the F. Coli GroEL-GroES complex
and FIG. 3, as stated, shows the same peptides on a model
of the MT HSP 65 based on the structure of GroEL E. Coli
with a space-filling and secondary structure representations.

[0178] Analysis of the Ability of Peptides to Immunize
against AA

[0179] To test whether active immunization with bacterial
or mammalian HSP peptides that are recognized by protec-
tive immunoglobulins can induce protection against AA,
Lewis rats were immunized with the mycobacterial peptides
6,7,21, 31, 36, 45, 84, that bound antibodies from resistant
Lewis rats (“protective” peptides), with some non-reactive
mycobacterial HSP 65 peptides: peptide 26 (residues 151-
166), 28 (residues 163-178) or peptide 70 (residues 415-
430), and with the mammalian peptide 5.

[0180] Rats were injected 3 times intraperitoneally (IP),
with one week intervals between injections before induction
of AA with MT.

[0181] FIG. 4 shows that only pre-immunization of rats
with the bacterial peptides 6 and 7 and the mammalian
peptide 5 resulted in a significant suppression of disease
severity.

[0182] Immunization with these “protective” peptides also
resulted in the production of antibodies against peptide 6 as
well as against the whole MT HSP 65 (Table 5).

TABLE 5

Anti HSP Antibodies in Immunized Lewis Rats

Immunizing Antigen

Peptide 6 7 M5 MTHSP 65
PBS - - - -

6 ++ - - ++
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TABLE 5-continued
Anti HSP Antibodies in Immunized Lewis Rats
Immunizing Antigen
Peptide 6 7 M5 MT-HSP 65
7 + - - +
M5 + - - +
0.D.:
<0.15 =-;
0.16-0.45 = +
0.46-0.75 = ++;
50,75 = +++

[0183] Analysis of the Ability of Peptide 6 to Immunize
against Autoimmune Diabetes

[0184] To test whether active immunization with the bac-
terial HSP peptide 6 (SEQ ID: No. 2) can induce protective
immunoglobulins against other autoimmune disorders, for
instance autoimmune diabetes, NOD mice were immunized
with the mycobacterial peptide 6 (“protective” peptide).
Naive NOD mice were immunized 3 times L.D. with either
100 pg peptide 6 in CFA and IFA or PBS (control). Mice
were monitored for the onset of diabetes by glucose test
(appearance of hyperglycemia) and for anti-peptide 6 or
anti-HSP 60 antibodies by ELISA. Mice immunized with the
peptide developed anti-peptide 6 as well as anti-HSP 65
antibodies as reflected by OD (1.5220.07 and 1.43+0.13
respectively) in comparison to CFA immunized mice
(0.05+0.0land 0.010.01) and control mice (0.09£0.06 and
0.1620.16).

[0185] FIG. 7 shows that in NOD mice immunized with
the bacterial peptide 6, the appearance of the diabetic
symptoms was clearly delayed and the discase severity was
significantly reduced.

[0186] Immunization with this “protective” peptide
resulted in the production of antibodies against peptide 6 and
against the whole HSP 65, which delayed the appearance of
diabetes and significantly lowered the number of sick mice
in the peptide-6 vaccinated group.

[0187] Level of Anti-Peptide 6 and Anti-HSP 65 Antibod-
ies in Diabetic Patients and Healthy Donors

[0188] The presence of anti-peptide 6 and anti-HSP anti-
bodies in serum samples from normal and diabetic patients
(type 1 and type 2) was evaluated. Sera from healthy donors
(n=11), type 1 diabetes patients (n=10) and type 2 diabetes
patients (n=10) were tested by ELISA for the presence of
antibodies that bind to peptide 6 and HSP 65. Anti-peptide
6 antibodies were found to be significantly lower in type 1
diabetes patients (*p<0.05) compared to type 2 diabetes
patients or healthy controls (as shown in FIG. 14). The
difference between diabetic patients and controls was spe-
cific for the type 1 and not for type 2 diabetes patients.
Anti-peptide 6 antibodies level was similar in these two
groups: type 2 diabetes patients and controls. Although
anti-HSP antibody level varied among the groups, the lowest
titer was observed in type 1 diabetes patients.

[0189] Immunization of NOD mice with the “protective”
peptide results in the production of antibodies against pep-
tide 6 and the whole HSP 65. Consequently an attenuation
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of the disease symptoms can be observed. Consistent with
this idea, it was found that patients suffering from type 1
diabetes have low amounts of these antibodies. Therefore,
evaluation of the anti-peptide 6 serum titer level may be
useful for predicting the predisposition of an individual to
develop autoimmune diabetes.

[0190] Treatment of Autoimmune Arthritis by Protective
Antibodies against a Heat Shock Protein Surface Epitope

[0191] Resistance to AA is due to the presence of natural
as well as acquired anti- heat shock protein (HSP) antibod-
ies. These antibodies are directed against peptide 6, a 16
amino-acid peptide from the bacterial HSP (residues 31-46).

[0192] As active vaccination with peptide 6 induced anti-
peptide 6 antibodies and suppressed the severity of AA, the
effect of a passive treatment with a rat anti-peptide 6
monoclonal antibody R53F was tested. Lewis rats were
immunized with MT in CFA to induce AA and concomi-
tantly treated with R53F a rat anti-peptide 6 monoclonal
antibody, with an unrelated rat monoclonal antibody (R83D)
or PBS (control). The antibodies were first administrated IV
and IP the following day.

[0193] Treatment with R53F, a rat anti-peptide 6 mono-
clonal antibody, reduced arthritis severity by 65% on day 25
(FIG. 8). The rat control unrelated monoclonal antibody
R83D, had no significant effect on the severity of AA. Active
vaccination with peptide 6 as well as passive vaccination
with monoclonal anti-peptide 6 antibodies suppressed sig-
nificantly AA in Lewis rats.

[0194] Rat Monoclonal Anti-Peptide 6 Antibody Modula-
tion Effect on Collagen Arthritis Severity (a Mouse Autoim-
mune Arthritis Model).

[0195] DBA/1 mice induced to develop Collagen arthritis
were treated with either anti-peptide 6 monoclonal antibody
R34C or PBS (control). Arthritis was evaluated by measur-
ing feet diameter.

[0196] Treatment with R34C, a rat anti-peptide 6 mono-
clonal antibody, reduced arthritis severity (FIG. 9).

[0197] Active vaccination with peptide 6 as well as pas-
sive vaccination with anti-peptide 6 monoclonal antibody
suppressed significantly murine collagen arthritis.

[0198] The Anti-Inflammatory Effect of Mouse, Rat and
Human Anti-Peptide 6 Antibodies Mechanism.

[0199] To test whether the protective action of anti-peptide
6 antibodies is due to their influence on inflammatory
cytokines, a series of experiments were performed. The
effect of polyclonal and monoclonal anti-peptide 6 antibod-
ies on cytokine secretion was analyzed in vitro.

[0200] In previous experiments [33], supernatant samples
collected from human and naive Lewis rats PBMC incu-
bated with LPS, with naive Lewis rat polyclonal IgG or with
polyclonal anti-peptide 6 antibodies were tested for IL-10
secretion.

[0201] Anti-peptide 6 induced at least a six-fold higher
secretion of IL-10 by rat PBMC compared with the control.
The effect was specific to the anti-peptide 6 antibodies as
IgG from naive Lewis rats did not show a similar effect.
Incubation of murine and human mononuclear cells with the
protective antibodies induced a significant increase in the
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secretion of IL-10. The use of a human monoclonal antibody
induced 15 fold increase in the secretion of IL-10 by human
macrophages. Induction of IL-10 was a direct effect of the
interaction of the antibodies with the macrophages and did
not require the presence of any HSP antigen.

[0202] Induction of IL-10 Secretion upon Incubation with
Rat Anti-Peptide 6 R53F Monoclonal Antibody

[0203] Naive human macrophages were incubated with
LPS (10 ng/ml) or with the rat monoclonal anti-peptide 6
R53F antibody (8 and 16 ug/ml). Untreated cells served as
control. IL-10 secretion to the medium was measured by
ELISA. FIG. 10 shows that IL-10 secretion in the samples
incubated with 16ug/ml R53F antibody was at least 4 times
higher than in the control samples.

[0204] Induction of IL-10 Secretion upon Incubation with
Mouse Anti-Peptide 6 MF9 Monoclonal Antibody

[0205] Naive human macrophages were incubated with
LPS (10 ng/ml), with the mouse monoclonal anti-peptide 6
MF9 antibody (25 ug/ml) or with a mouse unrelated mono-
clonal antibody (25 ug/ml). Untreated cells served as con-
trol. IL-10 secretion (pg/ml) to the medium was measured by
ELISA.

[0206] As seen in FIG. 11, the presence of the mouse
monoclonal anti-peptide 6 MF9 antibody induced 14-15 fold
increase in the secretion of IL-10 by the human macroph-
ages.

[0207] Binding of Rat Anti-Peptide 6 to Human Macroph-
ages Cell Extract

[0208] In order to understand in what manner anti-peptide
6 antibodies induce IL-10 secretion, human macrophage
were fractionated to nuclear, cytoplasmic and membrane
fractions. The different fractions were resolved by SDS-
PAGE and subjected to Western blotting using the mono-
clonal rat anti peptide 6 (10 gg/ml). The monoclonal anti-
body showed a 19 KD and 30 KD nuclear bands and a 19
KD band in the membrane fraction (FIG. 124). Polyclonal
rat antibodies (10 ug/ml) used as negative controls, did not
bind to any of these bands.

[0209] The R34C anti-peptide 6 monoclonal antibodies
bound specifically to a 30 KD surface molecule on the
human macrophages membrane.

[0210] Purified human macrophages were fractionated to
hydrophilic membrane, hydrophobic membrane and cyto-
plasmic proteins, using a different fractionation method. The
different fractions were separated in SDS-PAGE, transferred
to nitrocellulose and incubated with a rat anti-peptide 6
hybridoma supernatant (clone B-24).

[0211] A 55 KD, 100 KD and 120 KD hydrophilic mem-
brane proteins bands were recognized by this antibody. A 55
KD band was also recognized in the cytoplasmic fraction

(FIG. 12b).

[0212] Level of Anti-Peptide 6 and Anti-HSP 65 Antibod-
ies in Rheumatoid Arthritis (RA) Patients and Healthy
Donors

[0213] The presence of anti-peptide 6 and anti-HSP anti-
bodies in normal and RA patient serum samples was evalu-
ated. Sera from healthy donors (n=17) or RA patients (n=25)
were tested for antibody binding to peptide 6 and HSP 65 by
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ELISA and for immunoglobulin G levels. Anti-peptide 6
antibodies were found to be significantly lower (by 3 fold)
in the RA patients (*p<0.01) when compared to control
samples (as shown in FIG. 13). This difference between RA
patients and control was specifically for anti-peptide 6
antibodies, since total immunoglobulin G amounts, as well
as anti-HSP antibody level, was similar in both groups.

[0214] These results are sustained by previously described
experiments in animal models for arthritis, in which high
level of anti-peptide 6 antibodies in rats prevented the
induction of AA. The presence of anti-peptide 6 antibodies
confers “protection” from arthritis and therefore passive
vaccines based in humanized and human monoclonal anti-
peptide 6 antibodies, as well as active vaccines using the
peptide itself, should be considered as a new therapeutic
approach for Rheumatoid arthritis.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 5

<210> SEQ ID NO 1

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 1

Gly Pro Lys Gly Arg Asn Val Val Leu Glu Lys Lys Trp Gly Ala Pro

1 5 10

15
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-continued

Thr Ile Thr Asn Asp Gly
20

<210> SEQ ID NO 2

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 2

Gly Pro Lys Gly Arg Asn Val Val Leu Glu Lys Lys Trp Gly Ala Pro

1 5 10

<210> SEQ ID NO 3

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 3

15

Val Val Leu Glu Lys Lys Trp Gly Ala Pro Thr Ile Thr Asn Asp Gly

1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Rattus norvegicus

<400> SEQUENCE: 4

15

Thr Val Ile Ile Glu Gln Ser Trp Gly Ser Pro Lys Val Thr Lys Asp

1 5 10

Gly val Thr val
20

«210> SEQ ID NO 5

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 5

15

gccgecatgg gaccaaaggg acgcaacgtg gtactagaga agaaatgggg cgcgccgtag 60

ctcgaga

67

1. An antibody directed against a peptide comprising the
amino acid sequence substantially as denoted by SEQ ID:
No. 1 or against biologically functional homologues and
derivatives thereof.

2. An antibody as claimed in claim 1, directed against a
peptide having the amino acid sequence denoted by SEQ ID:
No. 1.

3. An antibody directed against a peptide having the
amino acid sequence substantially as denoted by SEQ ID:
No. 2 or against biologically functional homologues and
derivatives thereof.

4. An antibody as claimed in claim 3, directed against a
peptide having the amino acid sequence denoted by SEQ ID:
No. 2.

5. An antibody directed against a peptide having the
amino acid sequence substantially as denoted by SEQ ID:
No. 3 or against biologically functional homologues and
derivatives thereof.

6. An antibody as claimed in claim 5, directed against a
peptide having the amino acid sequence denoted by SEQ ID:
No. 3.

7. An antibody directed against a peptide comprising the
amino acid sequence substantially as denoted by SEQ ID:
No. 4 or against biologically functional homologues and
derivatives thereof.

8. An antibody as claimed in claim 6, directed against a
peptide having the amino acid sequence denoted by SEQ ID:
No. 4.

9. A composition for the passive immunization against an
autoimmune or inflammatory disorder comprising a phar-
maceutically effective amount of an antibody as claimed in
claim 1.

10. A composition as claimed in claim 9, for the preven-
tion or treatment of autoimmune or inflammatory disorder.
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11. A composition comprising a pharmaceutically effec-
tive amount of an antibody as claimed in claim 1 that inhibits
exacerbation of inflammatory or autoimmune diseases.

12. A composition comprising a pharmaceutically effec-
tive amount of an antibody as claimed in claim 1 that inhibits
recurrence of autoimmune diseases.

13. A method for monitoring prognosis of disecase course
in individuals suffering from arthritis comprising the steps
of:

a) taking a blood sample from patient and separating the
cellular from the sera components;

b) measuring the anti-peptide 6 (SEQ ID: No. 2) antibody
titer in said sera sample by a suitable immune detection
assay;

¢) evaluating disease course by comparing the new results
to previous results obtained from the same patient;

d) relate the anti-peptide 6 antibody titer to the clinical
features in the patient’s medical history.

14. A method for the treatment of autoimmune and

inflammatory disorders comprising the step of administering
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to a subject in need a therapeutically effective amount of at
least one antibody as claimed in claim 1 or a composition
comprising the same, capable of suppressing proinflamma-
tory effects and arresting autoimmune processes.

15. A method for passive immunization against an
autoimmune or inflammatory disease for a subject in need,
comprising the step of administering an immunologically
effective amount of at least one antibody as claimed in claim
1 capable of preventing future disease relapses.

16. A method for predicting the predisposition of an
individual to arthritis by testing a sample of serum from said
individual for the presence of antibodies directed against a
peptide as denoted by any one of the SEQ ID: Nos. 1-4, by
suitable immunoassay techniques.

17. A method for predicting the predisposition of an
individual to autoimmune diabetes by testing a sample of
serum from said individual for the presence of antibodies
directed against a peptide as denoted by any one of the SEQ
ID: Nos. 1-4, by suitable immunoassay techniques.
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