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DNA VACCINES ENCODING HSP60 PEPTIDE FRAGMENTS FOR
TREATING AUTOIMMUNE DISEASES

FIELD OF THE INVENTION

The present invention relates to HSP60 fragments and to recombinant constructs
encoding the active HSP60 fragments effective in preventing or treating T cell-mediated
inflammatory autoimmune diseases by DNA vaccination. The present invention further

relates to compositions and methods for preventing or treating T cell mediated diseases.

BACKGROUND OF THE INVENTION

While the normal immune system is closely regulated, aberrations in immune
responses are not uncommon. In some instances, the immune system functions
inappropriately and reacts to a component of the host as if it were, in fact, foreign. Such
response results in an autoimmune disease, in which the host's immune system attacks the
host's own tissue. T cells, as the primary regulators of the immune system, directly or
indirectly affect such autoimmune pathologies. T cell-mediated autoimmune diseases
refer to any condition in which an inappropriate T cell response is a component of the
disease. This includes both diseases directly mediated by T cells, and also diseases in
which an inappropriate T cell response contributes to the production of abnormal

antibodies.

Numerous diseases are believed to result from autoimmune mechanisms. Prominent
among these are rheumatoid arthritis, systemic lupus erythematosus, multiple sclerosis,
Type I diabetes, myasthenia gravis and pemphigus vulgaris. Autoimmune diseases affect
millions of individuals worldwide and the cost of these diseases, in terms of actual

treatment expenditures and lost productivity, is measured in billions of dollars annually.

Adjuvant arthritis (AA) is an experimental autoimmune disease that models several
features of human rheumatoid arthritis. AA is induced in experimental animals by
immunization with heat killed Mycobacterium tuberculosis (Mt) suspended in Incomplete
Freund’s Adjuvant (IFA). T-cell reactivity against the mycobacterial 65 kDa heat shock
protein (HSP65) is involved in the progression of AA. HSP65-specific T-cells directed
against an epitope formed by amino acid residues 180-188 (van Eden ef al., 1988) cross-
react with a self-antigen present in cartilage (van Eden ef al., 1985) and can adoptively

transfer AA (Holoshitz et al., 1984; Holoshitz ef al., 1983). Vaccination with HSP65 or
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HSP65-peptides can also prevent the development of AA (Billingham et al., 1990;
Hogervorst, et al., 1991; Ragno et al., 1997; Moudgil et al., 1997, Anderton et al., 1995;
Yang et al., 1992). The regulatory properties of HSP65 in AA are thought to involve the
activation of T-cells cross-reactive with the endogenous mammalian 60 kDa heat shock
protein (HSP60) (van Eden et al., 2000), which is the mammalian analog of this
evolutionally conserved molecule. This hypothesis is supported by the finding that
immunization with a recombinant vaccinia virus encoding human HSP60 (about 95 %
homologous to rat HSP60) prevents (Lopez-Guerrero et al., 1993) or treats (Lopez-
Guerrero et al., 1994) AA.

The inventors of the present invention have recently reported that DNA vaccination
with DNA encoding human HSP60 prevents AA (Quintana et al., 2002). Protection from
AA was associated with the activation of T-cells responding to HSP60 (Quintana et al.,
2002). The human HSP60 molecule was formerly designated HSP65, but is now
designated HSP60 in view of more accurate molecular weight information; by either
designation, the protein is the same. The inventors of the present invention further
disclosed that DNA fragments and a regulatory peptide fragment of the human 60-kDa
heat shock protein (HSP60) vaccinate against adjuvant arthritis (Quintana et al., 2003).

A preferable method for treating autoimmune diseases includes modulating the
immune system of a patient to assist the patient's natural defense mechanisms. Traditional
reagents and methods used to attempt to regulate an immune response in a patient also
result in unwanted side effects and have limited effectiveness. For example,
immunosuppressive reagents (e.g., cyclosporin A, azathioprine, and prednisone) used to
treat patients with autoimmune diseases also suppress the patient's entire immune
response, thereby increasing the risk of infection. In addition, immunopharmacological
reagents used to treat cancer (e.g., interleukins) are short-lived in the circulation of a

patient and are ineffective except in large doses.

EP 262710 of Cohen et al. discloses the use of HSP65, or fragments thereof for the
preparation of compositions for the alleviation, treatment and diagnosis of autoimmune
diseases, especially arthritic conditions. EP 322990 of Cohen et al. discloses that a
polypeptide having amino acid sequence 172-192 of HSP65 is capable of inducing
resistance to autoimmune arthritis and similar autoimmune diseases. WO 92/04049 of

Boog et al. discloses peptides derived from Mycobacterium tuberculosis protein HSP-65
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containing at least 7 amino acid residues that inhibit antigen recognition by T

lymphocytes in treatment of arthritis and organ rejection.

WO 01/57056 of Karin discloses a method of treating rheumatoid arthritis. The
method comprises a step of expressing within the individual at least an immunologically
recognizable portion of a cytokine from an exogenous polynucleotide encoding at least a
portion of the cytokine, wherein a level of expression of the at least a portion of the
cytokine is sufficient to induce the formation of anti-cytokine immunoglobulins which -
serve for neutralizing or ameliorating the activity of a respective and/or cross reactive
endogenous cytokine, to thereby treat rheumatoid arthritis. US 6,316,420 to Karin and
coworkers further discloses DNA cytokine vaccines and use of same for protective

immunity against multiple sclerosis.

WO 02/16549 of Cohen et al., assigned to the assignee of the present invention,
relates to DNA vaccines useful for the prevention and treatment of ongoing autoimmune
diseases. The compositions and methods of the invention feature the CpG oligonucleotide,
preferably in a motif flanked by two 5' purines and two 3' pyrimidines. The vaccines
optionally further comprise DNA encoding a peptide or a polypeptide selected from the
group consisting of HSP60, p277 or p277 variants. That disclosure is directed to methods
and compositions for the ameliorative treatment of ongoing autoimmune disease in

general and Insulin Dependent Diabetes Mellitus IDDM) in particular.

US 5,993,803 discloses that when HSP60, or peptides and analogs thereof, are
administered in a recipient subject before transplantation of an organ or tissue,
autoimmunity to HSP60 is down-regulated, resulting in the prevention or suppression of

graft rejection of the transplanted organ or tissue.

WO 00/27870 of Naparstek and colleagues discloses a series of related peptides
derived from heat shock proteins HSP65 and HSP60, their sequences, antibodies, and use
as vaccines for conferring immunity against autoimmune and/or inflammatory disorders
such as arthritis. These peptides are intended according to that disclosure to represent the
shortest sequence or epitope that is involved in protection of susceptible rat strains against
adjuvant induced arthritis. These sequences further disclose what the inventors identify as

the common “protective motif”.
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Due to the medical importance of immune regulation and the inadequacies of
existing immunopharmacological reagents, reagents and methods to regulate specific parts

of the immune system have been the subject of study for many years.

There exists a long-felt need for an effective means of curing or ameliorating T cell-
mediated inflammatory autoimmune diseases. Such a treatment should ideally control the

inappropriate T cell response, rather than merely reducing the symptoms.

SUMMARY OF THE INVENTION

The present invention identifies novel compositions and methods for the treatment
of T cell mediated diseases and symptoms. The present invention provides compositions
comprising the novel fragments of heat shock protein 60 (HSP60) useful for the treatment
or prevention of T cell mediated diseases. In particular, the present invention provides
compositions comprising DNA constructs encoding active fragments of HSP60, useful for
DNA vaccination to prevent or treat T cell-mediated inflammatory diseases. These
constructs are novel in that they encode HSP60 fragments identified by their reaction with

T cells previously sensitized to HSP70.

DNA vaccination provides an unexpectedly effective means of expressing antigen
in vivo for the generation of both humoral and cellular immune responses. The present
invention utilizes this technology to elicit protective immunity against T cell-mediated
autoimmune diseases using DNA constructs encoding active fragments of heat shock
protein 60 (HSP60).

The inventors have unexpectedly discovered the existence of an immunological
inter-relationship, or cross talk, between different heat shock proteins (HSPs) in eliciting
protective immunity against T cell-mediated autoimmune diseases. The novel HSP60
fragments are capable of inducing Th2/3 T-cell responses associated with the arrest of
experimental arthritis specifically in cells isolated from animals vaccinated with DNA
constructs encoding HSP70. As disclosed herein for the first time, lymph node cells
(LNC) from pHSP70-vaccinated rats exposed to specific HSP60 fragments exhibited
increased secretion of IL-10 and TGFB1 and decreased secretion of IFNy. These altered
patterns of response are considered beneficial in arresting deleterious autoimmune

reactions.
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In one aspect, the present invention provides DNA vaccines encoding HSP60
fragments for preventing or treating T cell-mediated inflammatory autoimmune diseases.
The HSP60 fragments of the present invention are characterized in that they react with T
cells isolated from an animal vaccinated with DNA constructs encoding HSP70 to induce
Th2/3 T-cell responses. The HSP60 fragments are derived from mammalian, preferably
human HSP60. However, HSP60 fragments derived from other mammalian HSP60 are

within the scope of the present invention.

Preferred fragments of human HSP60 (SEQ ID NO:14) correspond to amino acids
271-290 (SEQ ID NO:1), amino acids 346-365 (SEQ ID NO:2), amino acids 361-380
(SEQ ID NO:3), amino acids 391-410 (SEQ ID NO:4), amino acids 406-425 (SEQ ID
NO:5), amino acids 436-455 (SEQ ID NO:6), amino acids 466-485 (SEQ ID NO:7),
amino acids 481-500 (SEQ ID NO:8) or amino acids 496-515 (SEQ ID NO:9). It is noted
that both shorter active fragments derived from the peptides denoted as SEQ ID NOS:1-9
and longer peptides comprising these sequences are within the scope of the present
invention. The HSP60 fragments according to the present invention are preferably 7-30

amino acids in length.

The compositions and methods of the present invention are effective in many T-cell
mediated inflammatory autoimmune diseases including but not limited to: rheumatoid
arthritis, collagen II arthritis, multiple sclerosis, autoimmune neuritis, systemic lupus
erythematosus, psoriasis, juvenile onset diabetes, Sjogren's disease, thyroid disease,
sarcoidosis, autoimmune uveitis, inflammatory bowel disease (Crohn's and ulcerative

colitis) and autoimmune hepatitis.

The treatment with the DNA vaccines of the present invention provides long-term
expression of the active HSP60 fragments ranging from several days to several months.
Such long-term expression allows for the maintenance of an effective dose of the encoded
fragments sufficient to prevent or treat the disease with few or no side effects. The use of
DNA vaccines limits the frequency of administration of the pharmaceutical composition
needed to treat a subject. In addition, because of the lack of side effects in the host, the

pharmaceutical compositions of the present invention can be used in repeated treatments,

In another aspect, the present invention provides novel recombinant constructs
comprising a nucleic acid sequence encoding an HSP60 fragment according to the present

invention, being operatively linked to at least one transcription control element. The
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HSP60 fragments according to the present invention are preferably derived from human
HSP60, however other mammalian HSP60 fragments are within the scope of the present

invention.

In a preferred embodiment, the recombinant constructs encode expressible active
fragments of human HSP60 (SEQ ID NO:14), said active fragments selected from: amino
acids 271-290 (SEQ ID NO:1), amino acids 346-365 (SEQ ID NO:2), amino acids 361-
380 (SEQ ID NO:3), amino acids 391-410 (SEQ ID NO:4), amino acids 406-425 (SEQ ID
NO:5), amino acids 436-455 (SEQ ID NO:6), amino acids 466-485 (SEQ ID NO:7),
amino acids 481-500 (SEQ ID NO:8) and amino acids 496-515 (SEQ ID NO:9). 1t is
noted that both shorter active fragments derived from the peptides denoted as SEQ ID
NOS:1-9 and longer peptides comprising these sequences are within the scope of the

present invention.

According to various specific embodiments, the constructs of the present invention
comprise at least one transcription control element selected from the group consisting of:
RSV control sequences, CMV control sequences, retroviral LTR sequences, SV-40

control sequences and B-actin control sequences.

In another aspect, the present invention provides an eukaryotic expression vector
comprising the recombinant constructs of the present invention. According to various
embodiments, the eukaryotic expression vector is selected from pcDNA3, pCR3.1,
pcDNA3.1(+/-), pZeoSV2(+/-), pSecTag2, pDisplay, pEF/myc/cyto, pCMV/myc/cyto,
pCL pBK-RSV, pBK-CMV and pTRES.

Another aspect of the present invention provides a pharmaceutical composition
effective for prevénting or treating a T cell-mediated inflammatory autoimmune disease,
the composition comprising (a) a recombinant construct comprising an isolated nucleic
acid sequence encoding a fragment of HSP60 according to the present invention, the
nucleic acid sequence being operatively linked to one or more transcription control

sequences; and (b) a pharmaceutically acceptable carrier.

The pharmaceutical compositions comprising the recombinant constructs according
to the present invention may advantageously comprise liposomes, micelles, emulsions or
cells. Still further embodiments utilize a virus as is known in the art in order to introduce

and express the nucleic acid sequences according to the present invention in the host cells.
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In another aspect, the present invention is related to a method of inhibiting or
preventing the symptoms of a T-cell mediated inflammatory autoimmune disease, the
method comprising administering to a subject in need of such treatment, preferably a
human subject, a pharmaceutical composition comprising a recombinant construct, said
recombinant construct comprising an isolated nucleic acid sequence encoding a fragment
of HSP60 according to the present invention, thereby inhibiting or preventing the

symptoms of said autoimmune disease.

According to various embodiments, the compositions and methods of the present
invention are effective in T-cell mediated inflammatory autoimmune diseases including
but not limited to: rheumatoid arthritis, collagen II arthritis, multiple sclerosis,
autoimmune neuritis, systemic lupus erythematosus, psoriasis, juvenile onset diabetes,
Sjogren's disease, thyroid disease, sarcoidosis, autoimmune uveitis, inflammatory bowel

disease (Crohn's and ulcerative colitis) and autoimmune hepatitis.

The present invention is particularly exemplified by the animal disease model of
adjuvant arthritis (AA), a T cell-mediated autoimmune disease that serves as an
experimental model for rheumatoid arthritis. This model is intended as a non-limitative

example used for illustrative purposes of the principles of the invention.

In one embodiment, the pharmaceutical composition of the present invention is
administered to a subject at risk of developing a T-cell mediated inflammatory
autoimmune disease, thus serving as a preventive treatment. In another embodiment, the
pharmaceutical composition of the present invention is administered to a subject during

the initial stages of the disease or after the appearance of disease symptoms.

According to another aspect, the present invention provides a method for preventing
or treating a T cell-mediated inflammatory autoimmune disease comprising the steps of
(a) obtaining cells from a subject; (b) transfecting the cells ex vivo with a recombinant
construct comprising an isolated nucleic acid sequence encoding an HSP60 fragment
according to the present invention, the nucleic acid sequence being operatively linked to
one or more transcription control sequences; and (c) reintroducing the transfected cells to
the subject. The cells obtained from the subject for ex-vivo transfection are preferably T
cells, however, the use of other cells for ex-vivo transfection is within the scope of the

present invention.
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According to another aspect, the present invention provides a method for preventing
or treating a T cell-mediated inflammatory autoimmune disease comprising the steps of
(a) obtaining cells from a subject; (b) infecting the cells ex vivo with a virus comprising a
recombinant construct comprising an isolated nucleic acid sequence encoding an HSP60
fragment according to the present invention, the nucleic acid sequence being operatively
linked to one or more transcription control sequences; and (c) reintroducing the infected
cells to the subject. The cells obtained from the subject for ex-vivo infection with a virus
are preferably T cells, however, the use of other cells for ex-vivo infection is within the

scope of the present invention.

According to another aspect, the present invention provides a method for preventing
or treating a T cell-mediated inflammatory autoimmune disease comprising administering
to a subject in need thereof a pharmaceutical composition comprising (a) a fragment of
mammalian HSP60 according to the present invention capable of inducing Th2/3 T-cell
responses in T cells isolated from an animal vaccinated with DNA constructs encoding
HSP70; and (b) a pharmaceutically acceptable carrier. Preferred HSP60 fragments are
human HSP60 fragments having an amino acid sequence as set forth in any one of SEQ
ID NO:1 through SEQ ID NO:9. It is noted that both shorter active fragments derived
from the peptides denoted as SEQ ID NOS:1-9 and longer peptides comprising these

sequences are within the scope of the present invention.

According to another aspect, the present invention provides a method of preventing
or treating arthritis, said method comprising administering to a subject in need thereof a
pharmaceutical composition comprising (2) a fragment of mammalian HSP60 according
to the present invention; and (b) a pharmaceutically acceptable carrier, thereby preventing
or treating arthritis. According to various embodiments, the carrier comprises a delivery
vehicle that delivers the fragment to the subject. Preferred HSP60 fragments are human
HSP60 fragments having an amino acid sequence as set forth in any one of SEQ ID NO:1
through SEQ ID NO:9. It is noted that both shorter active fragments derived from the
peptides denoted as SEQ ID NOS:1-9 and longer peptides comprising these sequences are

within the scope of the present invention.

The pharmaceutical composition of the present invention may be administered
according to known modes for peptide or nucleic acid administration, including oral,
intravenous, subcutaneous, intraarticular, intramuscular, inhalation, intranasal, intrathecal,

intradermal, transdermal or other known routes.
8
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According to another aspect, the present invention provides a method of preventing
or treating arthritis, said method comprising the steps of (a) obtaining T cells from a
subject; (b) contacting the T cells ex vivo with an active amount of a fragment of HSP60
according to the present invention; and (c) reintroducing the treated T cells to the subject,
thereby preventing or treating arthritis. Preferred HSP60 fragments are human HSP60
fragments having an amino acid sequence as set forth in any one of SEQ ID NO:1 through
SEQ ID NO:9. It is noted that both shorter active fragments derived from the peptides
denoted as SEQ ID NOS:1-9 and longer peptides comprising these sequences are within

the scope of the present invention.

According to another aspect, the present invention provides a method of screening
for active fragments of HSP60 capable of inducing Th2/3 T-cell responses. The method
comprising: (a) administrating a DNA construct encoding HSP70 to an animal in a
sufficient amount to induce expression of HSP70 in the animal; (b) obtaining T cells from
said animal; (c) contacting the cells with a candidate HSP60 fragment for sufficient time
for inducing cytokine secretion in said cells, and (d) determining the secretion of IL-10,
TGFB1 and IFNy from said cells, wherein if the secretion of IL-10 and TGFB1 is
increased and the secretion of IFNy is decreased than the candidate HSP60 fragment is

capable of inducing Th2/3 T-cell responses.

These and further embodiments will be apparent from the detailed description and

examples that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 demonstrates the In vitro expression of pHSP70 and pHSP90 vectors in
the presence of [3°S]-methionine. The newly synthesized proteins were analysed by
PAGE-SDS followed by autoradiography.

Figure 2 demonstrates the induction of specific immune responses in pHSP70 or
pHSP90-vaccinated rats. IgG antibodies to HSP70 (A) or OVA (B) were studied in
pcDNA3- or pHSP70-vaccinated rats; antibodies to GST-HSP90 (C) and GST (D) were
studied in pcDNA3- or pHSP90-vaccinated rats.

Figure 3 demonstrates the inhibition of AA by vaccination with pHSP70 and pHSP90.
(A) Time course of AA. Lewis rats were vaccinated with pHSP70, pHSP90 or pcDNA3 as
described in Figure 2, AA was induced, and arthritis scores were assessed every two or
three days starting at day 10. (B) Leg swelling measured at day 26 after AA induction.

9
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Figure 4 demonstrates the T-cell proliferation in response to Mt-derived antigens in
LNC collected from pHSP70 or pHSP90-vaccinated rats. Lewis rats were vaccinated with
pHSP70, pHSP90 or pcDNA3 as described in Figure 2 and AA was induced. Twenty-six
days later LNC were collected and the proliferative responses to PPD (A) or HSP65,
Mt176-90 and HSP71 (B) were studied.

Figure 5 demonstrates the cytokine secretion in response to Mt-derived antigens in
LNC collected from pHSP70 or pHSP90-vaccinated rats. Lewis rats were vaccinated with
pHSP70, pHSP90 or pcDNA3 as described in Figure 2 and AA was induced. Twenty-six
days later LNC were prepared, stimulated in vitro for 72 hr with PPD, HSP71, HSP65 and
Mt176-190, and the supernatants were tested for the amounts of secreted (A) IFNy, (B)
IL-10 or (C) TGFBL.

Figure 6 demonstrates the T-cell proliferation in response to HSP70, HSP90 and
HSP60 in LNC collected from pHSP70 or pHSP90-vaccinated rats. Lewis rats were
vaccinated with pHSP70, pHSP90 or pcDNA3 as described in Figure 2 and AA was
induced. Twenty-six days later, LNC were collected, and the proliferative responses to

HSP70, HSP90 and HSP60 were studied.

Figure 7 demonstrates the cytokine secretion in response to HSP70, HSP90 and
HSP60 in LNC collected from pHSP70 or pHSP90-vaccinated rats. Lewis rats were
vaccinated with pHSP70, pHSP90 or pcDNA3 as described in Figure 2 and AA was
induced. Twenty-six days later LNC were prepared, stimulated in vitro for 72 hr with
HSP70, HSP90 and HSP60, and the supernatants were tested for the amounts of secreted
(A) IFNy, (B) IL-10 or (C) TGFpB1.

Figure 8 demonstrates that pHSP60 and pHSP65-vaccination activates in vitro T-
cell proliferation in response to HSP70 and HSP71. Lewis rats were vaccinated with
pHSP60, pHSP65 or pcDNA3 as described in Figure 2 and AA was induced. Twenty-six
days later, LNC were collected, and the proliferative responses to HSP70 and HSP71

were studied.

Figure 9 demonstrates that pHSP60 and pHSP65-vaccination activate cytokine
secretion in vitro in response to HSP70 and HSP71. Lewis rats were vaccinated with
pHSP60, pHSP65 or pcDNA3 as described in Figure 2 and AA was induced. Twenty-six
days later, LNC were prepared and stimulated in vitro for 72 hr with HSP70 or HSP71

10
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and the supernatants were tested for the amounts of secreted (A) IFNy, (B) IL-10 or (C)
TGFp1.

Figure 10 demonstrates that pHSP70 vaccination up-regulates serum HSP60. Lewis
rats were vaccinated with pHSP60 or pcDNA3 as described in Figure 2 and AA was
induced. 26 days later, blood samples were collected and serum HSP60 was quantified.
Mean HSP60 levels (= SEM) in serum. *p < 0.05 compared with the pcDNA3 group.

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention it is now disclosed that it is possible to treat or
prevent T cell-mediated inflammatory autoimmune diseases by using DNA vaccines
encoding active fragments of HSP60 that react with T cells isolated from an animal

vaccinated with DNA constructs encoding HSP70 to induce Th2/3 T-cell responses.

The present invention is based in part on studies of the role of DNA vaccines
encoding HSP60 fragments in adjuvant-induced arthritis in experimental rats. The present
invention is based on the unexpected discovery that specific HSP60 fragments are capable
of inducing Th2/3 T-cell responses associated with the arrest of experimental arthritis
specifically in cells isolated from animals vaccinated with DNA constructs encoding
HSP70, as disclosed herein for the first time. Specifically, lymph node cells (LNC) from
pHSP70-vaccinated rats exposed to specific HSP60 fragments exhibited increased
secretion of IL-10 and TGFB1 and decreased secretion of IFNy.

The present invention is based in part on studies of the role of the immune response
to HSP60 in adjuvant-induced arthritis in experimental rats, using DNA vaccines
encoding HSP60 fragments. The results led to the identification of novel constructs
encoding fragments of the HSP60 sequence that could effectively suppress AA.
Surprisingly, immunization with pHSP70 or pHSP90 induced a T-cell response to HSP60.
However, the T-cell epitopes targeted by pHSP70-vaccinated rats were different than
those targeted by pHSP60 vaccinated rats: HSP60 DNA vaccination induces a response to
the Hu3 peptide alone, while HSP70 DNA vaccination induces responses to several
HSP60 peptides, but not to Hu3 (Table I).

Thus, the results led to the identification of novel fragments of human HSP60 (SEQ
ID NO:14), useful for treating or ameliorating symptoms of autoimmune diseases,
namely: amino acids 361-380 (SEQ ID NO:3), amino acids 391-410 (SEQ 1D NO:4),
amino acids 406-425 (SEQ ID NO:5), and amino acids 496-515 (SEQ ID NO:9).
11
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The results also led to the identification of novel uses for known peptides of HSP60
in treating autoimmune diseases other than insulin-dependent diabetes mellitus (IDDM),
specifically exemplified as useful for arthritis. HSP60 fragments comprising amino acids
271-290 (SEQ ID NO:1), amino acids 346-365 (SEQ ID NO:2), amino acids 436-455
(SEQ ID NO:6), amino acids 466-485 (SEQ ID NO:7), and amino acids 481-500 (SEQ ID
NO:8) were previously implicated in the diagnosis and treatment of insulin-dependent
diabetes mellitus (WO 97/01959), and were herein unexpectedly found to react with T
cells sensitized to HSP70.

HSP60, HSP70 and HSP90 share no sequence homology and are not
immunologically cross-reactive. One possible explanation for the induction of HSP60-
specific T-cell responses by pHSP70 or pHSP90 is self-vaccination with endogenous self-
HSP60 induced and/or released as a result of DNA vaccination. Without wishing to be
bound by any particular hypothesis or mechanism of action, this hypothesis is supported
by the detection of increased levels of circulating HSP60 in pHSP70-vaccinated rats. In
addition, vaccination with pHSP60 induced a T-cell response to HSP70.

The term “Th2/3 T-cell responses™ refers to increased secretion of IL-10 and TGFp1
and decreased secretion of IFNy by T cells considered to be beneficial in arresting

deleterious autoimmune reactions.

The term “T-cell mediated autoimmune disease” refers to any condition in which an
inappropriate T cell response is a component of the disease. The term is intended to
include both diseases directly mediated by T cells, and also diseases in which an

inappropriate T cell response contributes to the production of abnormal antibodies.

The compositions and methods of the present invention are effective in many T-cell
mediated inflammatory autoimmune diseases, including but not limited to: rheumatoid
arthritis, collagen II arthritis, multiple sclerosis, autoimmune neuritis, systemic lupus
erythematosus, psoriasis, juvenile onset diabetes, Sjogren's disease, thyroid disease,
sarcoidosis, autoimmune uveitis, inflammatory bowel disease (Crohn's and ulcerative

colitis) and autoimmune hepatitis.

The present invention provides an effective method of DNA vaccination for T cell-
mediated inflammatory autoimmune diseases, which avoids many of the problems
associated with the previously suggested methods of treatment. By vaccinating, rather

than passively administering heterologous antibodies, the host's own immune system is

12
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mobilized to suppress the autoaggressive T cells. Thus, the suppression is persistent and
may involve any and all immunological mechanisms in effecting that suppression. This
multi-faceted response is more effective than the uni-dimensional suppression achieved
by passive administration of monoclonal antibodies or extant-derived regulatory T cell

clones.

In one aspect, the present invention is related to novel recombinant constructs
comprising a nucleic acid sequence corresponding to HSP60 fragments, the nucleic acid
sequence being operatively linked to at least one transcription control element. Preferably,
the recombinant constructs of the present invention correspond to human HSP60
fragments. However, recombinant constructs corresponding to the rat or mouse HSP60

may also be used in the present invention.

In a preferred embodiment, the recombinant constructs encode expressible active
fragments of human HSP60 (SEQ ID NO:14), said active fragments selected from: amino
acids 271-290 (SEQ ID NO:1), amino acids 346-365 (SEQ ID NO:2), amino acids 361-
380 (SEQ ID NO:3), amino acids 391-410 (SEQ ID NO:4), amino acids 406-425 (SEQ ID
NO:5), amino acids 436-455 (SEQ ID NO:6), amino acids 466-485 (SEQ ID NO:7),
amino acids 481-500 (SEQ ID NO:8) and amino acids 496-515 (SEQ ID NO:9). It is
noted that both shorter active fragments derived from the peptides denoted as SEQ ID
NOS:1-9 and longer peptides comprising these sequences are within the scope of the

present invention.

For the preparation of recombinant constructs, nucleic acid sequences encoding
the HSP60 fragments of the invention may be synthesized according to the native
nucleic acid sequence of HSP60 (SEQ ID NO:15). In addition, it will be appreciated by
those skilled in the art that as a result of the degeneracy of the genetic code, a multitude
of nucleotide sequences encoding the HSP60 fragments of the invention, some bearing
minimal homology to the nucleotide sequences of the naturally occurring gene, may be
produced. Thus, the invention contemplates each and every possible variation of
nucleotide sequence that could be made by selecting combinations based on possible
codon choices. These combinations are made in accordance with the standard triplet
genetic code as applied to the nucleotide sequence of naturally occurring HSP60
fragments of the invention, and all such variations are to be considered as being

specifically disclosed.
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The nucleic acid sequence corresponding to mammalian heat shock proteins may
include DNA, RNA, or derivatives of either DNA or RNA. An isolated nucleic acid
sequence encoding heat shock proteins can be obtained from its natural source, either as
an entire (i.e., complete) gene or a portion thereof. A nucleic acid molecule can also be
produced using recombinant DNA technology (e.g., polymerase chain reaction (PCR)
amplification, cloning) or chemical synthesis. Nucleic acid sequences include natural
nucleic acid sequences and homologues thereof, including, but not limited to, natural
allelic variants and modified nucleic acid sequences in which nucleotides have been
inserted, deleted, substituted, and/or inverted in such a manner that such modifications do
not substantially interfere with the nucleic acid molecule's ability to encode a functional

heat shock protein or an active fragment thereof.

A nucleic acid sequence homologue can be produced using a number of methods
known to those skilled in the art (see, for example, Sambrook et al., 1989). For example,
nucleic acid sequences can be modified using a variety of techniques including, but not
limited to, classic mutagenesis techniques and recombinant DNA techniques, such as site-
directed mutagenesis, chemical treatment of a nucleic acid molecule to induce mutations,
restriction enzyme cleavage of a nucleic acid fragment, ligation of nucleic acid fragments,
polymerase chain reaction (PCR) amplification and/or mutagenesis of selected regions of
a nucleic acid sequence, synthesis of oligonucleotide mixtures and ligation of mixture
groups to "build" a mixture of nucleic acid molecules and combinations thereof. Nucleic
acid molecule homologues can be selected from a mixture of modified nucleic acids by

screening for the function of the protein encoded by the nucleic acid.

The present invention includes a nucleic acid sequence operatively linked to one
or more transcription control sequences to form a recombinant molecule. The phrase
"operatively linked" refers to linking a nucleic acid sequence to a transcription control
sequence in a manner such that the molecule is able to be expressed when transfected (i.e.,
transformed, transduced or transfected) into a host cell. Transcription control sequences
are sequences which control the initiation, elongation, and termination of transcription.
Particularly important transcription control sequences are those which control
transcription initiation, such as promoter, enhancer, operator and repressor sequences.
Suitable transcription control sequences include any transcription control sequence that
can function in at least one of the recombinant cells of the present invention. A variety of

such transcription control sequences are known to those skilled in the art. Preferred
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transcription control sequences include those which function in animal, bacteria,
helminth, insect cells, and preferably in animal cells. More preferred transcription control
sequences include, but are not limited to RSV control sequences, CMV control sequences,
retroviral LTR sequences, SV-40 control sequences and B-actin control sequences as well
as other sequences capable of controlling gene expression in eukaryotic cells. Additional
suitable transcription control sequences include tissue-specific promoters and enhancers
(e.g., T cell-specific enhancers and promoters). Transcription control sequences of the
present invention can also include naturally occurring transcription control sequences

naturally associated with a gene encoding a heat shock protein of the present invention.

The present invention is further related to an expression vector comprising the
recombinant constructs of the present invention. Suitable eukaryotic expression vector is
for example: pcDNA3, pcDNA3.1(+/-), pZeoSV2(+/-), pSecTag2, pDisplay,
pEF/myc/cyto, pCMV/myc/cyto, pCR3.1, pCIL, pBK-RSV, pBK-CMYV, pTRES or their

derivatives.

According to the present invention, a host cell can be transfected in vivo (i.e., in an
animal) or ex vivo (i.e., outside of an animal). Transfection of a nucleic acid molecule into
a host cell can be accomplished by any method by which a nucleic acid molecule can be
inserted into the cell. Transfection techniques include, but are not limited to, transfection,
electroporation, microinjection, lipofection, adsorption, and protoplast fusion. Preferred

methods to transfect host cells in vivo include lipofection and adsorption.

A host cell may also be infected in vivo or ex vivo by a viral vector comprising the
nucleic acid molecules of the present invention. A viral vector includes an isolated nucleic
acid molecule useful in the present invention, in which the nucleic acid molecules are
packaged in a viral coat that allows entrance of DNA into a cell. A number of viral
vectors can be used, including, but not limited to, those based on alphaviruses, poxviruses,
adenoviruses, herpesviruses, lentiviruses, adeno-associated viruses (AAV) and
retroviruses. Recombinant adenoviruses have several advantages over retroviral and other
viral-based gene delivery methods. Adenoviruses have never been shown to induce
tumors in humans and have been safely used as live vaccines. Adenovirus does not
integrate into the human genome as a normal consequence of infection, thereby greatly
reducing the risk of insertional mutagenesis possible with retrovirus or AAV vectors. This
lack of stable integration also leads to an additional safety feature in that the transferred

gene effect will be transient, as the extra-chromosomal DNA will be gradually lost with
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continued division of normal cells. Stable, high titer recombinant adenovirus can be
produced at levels not achievable with retrovirus or AAV, allowing enough material to be

produced to treat a large patient population.

It may be appreciated by one skilled in the art that use of recombinant DNA
technologies can improve expression of transfected nucleic acid molecules by
manipulating, for example, the number of copies of the nucleic acid molecules within a
host cell, the efficiency with which those nucleic acid molecules are transcribed, the
efficiency with which the resultant transcripts are translated, and the efficiency of post-
translational modifications. Recombinant techniques useful for increasing the expression
of nucleic acid molecules of the present invention include, but are not limited to,
operatively linking nucleic acid molecules to high-copy number plasmids, integration of
the nucleic acid molecules into one or more host cell chromosomes, addition of vector
stability sequences to plasmids, substitutions or modifications of transcription control
signals (e.g., promoters, operators, enhancers), substitutions or modifications of
translational control signals (e.g., ribosome binding sites, Shine-Dalgarno sequences),
modification of nucleic acid molecules of the present invention to correspond to the codon

usage of the host cell, and deletion of sequences that destabilize transcripts.

According to yet another aspect of the present invention there is provided a
pharmaceutical composition suitable for effecting the above methods of the present
invention. The composition includes a recombinant construct including an isolated nucleic
acid sequence encoding an active HSP60 fragment according to the present invention, the
nucleic acid sequence being operatively linked to one or more transcription control

sequences, and a pharmaceutically acceptable carrier.

The composition according to the present invention is useful for treating many T
cell-mediated inflammatory autoimmune diseases, including but not limited to multiple
sclerosis, rheumatoid arthritis, collagen II arthritis, autoimmune neuritis, systemic lupus
erythematosus, psoriasis, juvenile onset diabetes, Sjogren's disease, thyroid disease,
sarcoidosis, autoimmune uveitis, inflammatory bowel disease (Crohn's and ulcerative

colitis) and autoimmune hepatitis.

The pharmaceutical composition of the invention is administered to a subject in

need of said treatment. According to still further features in the described preferred
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embodiments the subject is selected from the group consisting of humans, dogs, cats,

sheep, cattle, horses and pigs.

The pharmaceutical composition of the present invention further comprises a
pharmaceutically acceptable carrier. As used herein, a “"carrier" refers to any substance
suitable as a vehicle for delivering a nucleic acid sequence of the present invention to a
suitable in vivo site. As such, carriers can act as a pharmaceutically acceptable excipient
of a pharmaceutical composition containing a nucleic acid molecule of the present
invention. Preferred carriers are capable of maintaining a nucleic acid molecule of the
present invention in a form that, upon arrival of the nucleic acid molecule to a cell, the
nucleic acid molecule is capable of entering the cell and being expressed by the cell.
Carriers of the present invention include: (1) excipients or formularies that transport, but
do not specifically target a nucleic acid molecule to a cell (referred to herein as non-
targeting carriers); and (2) excipients or formularies that deliver a nucleic acid molecule to
a specific site in an animal or a specific cell (i.e., targeting carriers). Examples of non-
targeting carriers include, but are not limited to water, phosphate buffered saline, Ringer's
solution, dextrose solution, serum-containing solutions, Hank's solution, other aqueous
physiologically balanced solutions, oils, esters and glycols. Aqueous carriers can contain
suitable auxiliary substances required to approximate the physiological conditions of the

recipient, for example, by enhancing chemical stability and isotonicity.

Suitable auxiliary substances include, for example, sodium acetate, sodium chloride,
sodium lactate, potassium chloride, calcium chloride, and other substances used to
produce phosphate buffer, Tris buffer, and bicarbonate buffer. Auxiliary substances can
also include preservatives, such as thimerosal, m- and o-cresol, formalin and benzol
alcohol. Preferred auxiliary substances for aerosol delivery include surfactant substances
non-toxic to an animal, for example, esters or partial esters of fatty acids containing from
about six to about twenty-two carbon atoms. Examples of esters include, caproic,
octanoic, lauric, palmitic, stearic, linoleic, linolenic, olesteric, and oleic acids. Other
carriers can include metal particles (e.g., gold particles) for use with, for example, a
biolistic gun through the skin. Pharmaceutical compositions of the present invention can

be sterilized by conventional methods.

Targeting carriers are herein referred to as "delivery vehicles”. Delivery vehicles of
the present invention are capable of delivering a pharmaceutical composition of the

present invention to a target site in an animal. A "target site" refers to a site in an animal
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to which one desires to deliver a pharmaceuﬁcal composition. Examples of delivery
vehicles include, but are not limited to, artificial and natural lipid-containing delivery
vehicles. Natural lipid-containing delivery vehicles include cells and cellular membranes.

Artificial lipid-containing delivery vehicles include liposomes and micelles.

A delivery vehicle of the present invention can be modified to target to a particular
site in an animal, thereby targeting and making use of a nucleic acid molecule of the
present invention at that site. Suitable modifications include manipulating the chemical
formula of the lipid portion of the delivery vehicle and/or introducing into the vehicle a
compound capable of specifically targeting a delivery vehicle to a preferred site, for
example, a preferred cell type. Specifically targeting refers to causing a delivery vehicle to
bind to a particular cell by the interaction of the compound in the vehicle to a molecule on
the surface of the cell. Suitable targeting compounds include ligands capable of
selectively (i.e., specifically) binding another molecule at a particular site. Examples of
such ligands include antibodies, antigens, receptors and receptor ligands. Manipulating
the chemical formula of the lipid portion of the delivery vehicle can modulate the
extracellular or intracellular targeting of the delivery vehicle. For example, a chemical can
be added to the lipid formula of a liposome that alters the charge of the lipid bilayer of the
liposome so that the liposome fuses with particular cells having particular charge

characteristics.

According to one embodiment, fat emulsions may be used as a vehicle for DNA
vaccines. Two examples of such emulsions are the available commercial fat emulsions
known as Intralipid and Lipofundin. "Intralipid" is a registered trademark of Kabi
Pharmacia, Sweden, for a fat emulsion for intravenous nutrition, described in U.S. Pat.
No. 3,169,094. "Lipofundin" is a registered trademark of B. Braun Melsungen, Germany.
Both contain soybean oil as fat (100 or 200 g in 1,000 ml distilled water: 10% or 20%,
respectively). Egg-yolk phospholipids are used as emulsifiers in Intralipid (12 g/l distilled
water) and egg-yolk lecithin in Lipofundin (12 g/l distilled water). Isotonicity results from
the addition of glycerol (25 g/1) both in Intralipid and Lipofundin.

According to another embodiment, the delivery vehicle of the present invention may
be a liposome. A liposome is capable of remaining stable in an animal for a sufficient
amount of time to deliver a nucleic acid sequence of the present invention to a preferred

site in the animal. A liposome of the present invention is preferably stable in the animal
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into which it has been administered for at least about 30 minutes, more preferably for at

least about 1 hour and even more preferably for at least about 24 hours.

A liposome of the present invention comprises a lipid composition that is capable of
fusing with the plasma membrane of the targeted cell to deliver a nucleic acid molecule
into a cell. Preferably, the transfection efficiency of a liposome of the present invention is
about 0.5 microgram (ug) of DNA per 16 nanomole (nmol) of liposome delivered to
about 10° cells, more preferably about 1.0 pug of DNA per 16 nmol of liposome delivered
to about 10° cells, and even more preferably about 2.0 pg of DNA per 16 nmol of

liposome delivered to about 10° cells.

A preferred liposome of the present invention is between about 100 and 500
nanometers (nm), more preferably between about 150 and 450 nm and even more

preferably between about 200 and 400 nm in diameter.

Suitable liposomes for use with the present invention include any liposome.
Preferred liposomes of the present invention include those liposomes standardly used in,
for example, gene delivery methods known to those of skill in the art. More preferred
liposomes comprise liposomes having a polycationic lipid composition and/or liposomes

having a cholesterol backbone conjugated to polyethylene glycol.

Complexing a liposome with a nucleic acid sequence of the present invention can be
achieved using methods standard in the art. A suitable concentration of a nucleic acid
molecule of the present invention to add to a liposome includes a concentration effective
for delivering a sufficient amount of nucleic acid molecule to a cell such that the cell can
produce sufficient heat shock protein to regulate effector cell immunity in a desired
manner. Preferably, from about 0.1 pg to about 10 pg of nucleic acid sequence of the
present invention is combined with about 8§ nmol liposomes, more preferably from about
0.5 pg to about 5 pg of nucleic acid molecule is combined with about 8§ nmol liposomes,
and even more preferably about 1.0 pg of nucleic acid molecule is combined with about 8

nmol liposomes.

According to another embodiment, the delivery vehicle comprises a recombinant
cell vaccine. Preferred recombinant cell vaccines of the present invention include cell
vaccines, in which allogeneic (i.e., cells derived from a source other than a patient, but
that are histiotype compatible with the patient) or autologous (i.e., cells isolated from a

patient) cells are transfected with recombinant molecules contained in a pharmaceutical
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composition, irradiated and administered to a patient by, for example, intradermal,
intravenous or subcutaneous injection. Pharmaceutical compositions to be administered

by cell vaccine, include recombinant molecules of the present invention without carrier.

In order to treat a subject with disease, a pharmaceutical composition of the present
invention is administered to the subject in an effective manner such that the composition
is capable of treating that subject from disease. For example, a recombinant molecule,
when administered to a subject in an effective manner, is able to stimulate effector cell
immunity in a manner that is sufficient to alleviate the disease afflicting the subject.
According to the present invention, treatment of a disease refers to alleviating a disease
and/or preventing the development of a secondary disease resulting from the occurrence
of a primary disease. An effective administration protocol (i.e., administering a
pharmaceutical composition in an effective manner) comprises suitable dose parameters
and modes of administration that result in treatment of a disease. Effective dose
parameters and modes of administration can be determined using methods standard in the
art for a particular disease. Such methods include, for example, determination of survival

rates, side effects (i.e., toxicity) and progression or regression of disease.

In accordance with the present invention, a suitable single dose size is a dose that is
capable of treating a subject with disease when administered one or more times over a
suitable time period. Doses can vary depending upon the disease being treated. Doses of a
pharmaceutical composition of the present invention suitable for use with direct injection
techniques can be used by one of skill in the art to determine appropriate single dose sizes
for systemic administration based on the size of a subject. A suitable single dose of a
pharmaceutical composition is a sufficient amount of the HSP60 fragment-encoding
recombinant sequence to reduce, and preferably eliminate, the T-cell mediated
autoimmune disease following transfection of the recombinant molecules into cells. A
preferred single dose of heat shock protein-encoding recombinant molecule is an amount
that, when transfected into a target cell population leads to the production of from about
250 fentograms (fg) to about 1 pg, preferably from about 500 fg to about 500 picogram
(pg), and more preferably from about 1 pg to about 100 pg of a heat shock protein or

fragment thereof per transfected cell.

A preferred single dose of heat shock protein-encoding recombinant molecule
complexed with liposomes, is from about 100 pg of total DNA per 800 nmol of liposome

to about 2 mg of total recombinant molecules per 16 micromole (umol) of liposome, more
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preferably from about 150 pg per 1.2 pmol of liposome to about 1 mg of total
recombinant molecules per 8 pmol of liposome, and even more preferably from about 200
pg per 2 pmol of liposome to about 400 pg of total recombinant molecules per 3.2 pmol

of liposome.

A preferred single dose of heat shock protein-encoding recombinant molecule in a
non-targeting carrier to administer to a subject, is from about 100 pg to about 4 mg of
total recombinant molecules, more preferably from about 150 pg to about 3 mg of total
recombinant molecules, and even more preferably from about 200 pg to about 2 mg of

total recombinant molecules.

It will be obvious to one of skill in the art that the number of doses administered to a
subject is dependent upon the extent of the disease and the response of an individual
patient to the treatment. Thus, it is within the scope of the present invention that a suitable
number of doses includes any number required to cause regression of a disease. A
preferred protocol is monthly administrations of single doses (as described above) for up
to about 1 year. A preferred number of doses of a pharmaceutical composition comprising
heat shock protein-encoding recombinant molecule in a non-targeting carrier or
complexed with liposomes is from about 1 to about 10 administrations per patient,
preferably from about 2 to about 8 administrations per patient, and even more preferably
from about 3 to about 5 administrations per patient. Preferably, such administrations are
given once every 2 weeks until signs of remission appear, then once a month until the

disease is gone.

A pharmaceutical composition is administered to a subject in a fashion to enable
expression of the administered recombinant molecule of the present invention into a
curative protein in the subject to be treated for disease. A pharmaceutical composition can
be administered to a subject in a variety of methods including, but not limited to, local

administration of the composition into a site in a subject, and systemic administration.

Pharmaceutical compositions to be delivered by local administration may be
selected from: (a) recombinant molecules of the present invention in a non-targeting
carrier (e.g., as "naked" DNA molecules, such as is taught, for example in Wolff et al.,
1990); and (b) recombinant molecules of the present invention complexed to a delivery

vehicle of the present invention. Suitable delivery vehicles for local administration
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comprise liposomes or emulsions. Delivery vehicles for local administration may further

comprise ligands for targeting the vehicle to a particular site.

Pharmaceutical compositions useful in systemic administration, include
recombinant molecules of the present invention complexed to a targeted delivery vehicle
of the present invention. Suitable delivery vehicles for use with systemic administration
comprise liposomes comprising ligands for targeting the vehicle to a particular site.
Systemic administration is particularly advantageous when organs, in particular difficult

to reach organs (e.g., heart, spleen, lung or liver) are the targeted sites of treatment.

Preferred methods of systemic administration, include intravenous injection,
aerosol, oral and percutaneous (topical) delivery. Intravenous injections can be performed
using methods standard in the art. Aerosol delivery can also be performed using methods
standard in the art (see, for example, Stribling et al., 1992, which is incorporated herein
by reference in its entirety). Oral delivery can be performed by complexing a
pharmaceutical composition of the present invention to a carrier capable of withstanding
degradation by digestive enzymes in the gut of an animal. Examples of such carriers,
include plastic capsules or tablets, such as those known in the art. Topical delivery can be
performed by mixing a pharmaceutical composition of the present invention with a

lipophilic reagent (e.g., DMSO) that is capable of passing into the skin.

According to various embodiments, suitable doses, single dose sizes, number of
doses and modes of administration of a pharmaceutical composition of the present
invention, useful in a treatment method of the present invention, are disclosed in detail
herein. Alternative regimes, doses and the like are within the skill of the medical

practitioner as required, taking into consideration the condition and subject to be treated.

A pharmaceutical composition of the present invention is advantageous for the
treatment of autoimmune diseases in that the composition suppresses the harmful
stimulation of T cells by autoantigens (i.e., a "self", rather than a foreign antigen). DNA
constructs encoding HSP60 fragments in a pharmaceutical composition, upon transfection
into a cell, produce HSP60 fragments that reduce the harmful activity of T cells involved
in an autoimmune disease. A preferred pharmaceutical composition for use in the
treatment of autoimmune disease comprises HSP60 fragment-encoding recombinant
molecule combined with a non-targeting carrier of the present invention, preferably saline

or phosphate buffered saline.
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A single dose of heat shock protein-encoding nucleic acid molecule in a non-
targeting carrier to administer to a subject to treat an autoimmune disease is preferably
from about 0.1 pg to about 200 pg of total recombinant molecules per kilogram (kg) of
body weight, more preferably from about 0.5 pg to about 150 pg of total recombinant
molecules per kg of body weight, and even more preferably from about 1 pg to about 10

pg of total recombinant molecules per kg of body weight.

The number of doses of heat shock protein-encoding recombinant molecule in a
non-targeting carrier to be administered to a subject to treat an autoimmune disease is
preferably an injection about once every 6 months, more preferably about once every 3

months, and even more preferably about once a month.

A preferred method to administer a pharmaceutical composition of the present
invention to treat an autoimmune disease is by direct injection. Direct injection techniques
are particularly important in the treatment of an autoimmune disease. Preferably, a
pharmaceutical composition is injected directly into muscle cells in a patient, which
results in prolonged expression (e.g., weeks to months) of a recombinant molecule of the
present invention. Preferably, a recombinant molecule of the present invention in the form

of "naked DNA" is administered by direct injection into muscle cells in a patient.

According to another aspect, the present invention provides a method for preventing
or treating a T cell-mediated inflammatory autoimmune disease comprising administering
to a subject in need thereof a pharmaceutical composition comprising (a) a fragment of
mammalian HSP60 according to the present' invention capable of inducing Th2/3 T-cell
responses in T cells isolated from an animal vaccinated with DNA constructs encoding
HSP70; and (b) a pharmaceutically acceptable carrier. Preferred HSP60 fragments are
human HSP60 fragments having an amino acid sequence as set forth in any one of SEQ
ID NO:1 through SEQ ID NO:9. It is noted that both shorter active fragments derived
from the peptides denoted as SEQ ID NOS:1-9 and longer peptides comprising these

sequences are within the scope of the present invention.

Preferred peptides according to the present invention may be synthesized using any
method known in the art, including peptidomimetic methodologies. These methods
include solid phase as well as solution phase synthesis methods. The conjugation of the
peptidic and permeability moieties may be performed using any methods known in the art,

either by solid phase or solution phase chemistry. Non-limiting examples for these
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methods are described hereby. Some of the preferred compounds of the present invention
may conveniently be prepared using solution phase synthesis methods. Other methods
known in the art to prepare compounds like those of the present invention, can be used

and are comprised in the scope of the present invention.

The amino acid residues described herein are preferred to be in the "L" isomeric
form. However, residues in the "D" isomeric form can be substituted for any L-amino acid

residue, as long as the peptide retains the desired functional property.

The amino acids used in this invention are those which are available commercially
or are available by routine synthetic methods. Certain residues may require special
methods for incorporation into the peptide, and either sequential, divergent and

convergent synthetic approaches to the peptide sequence are useful in this invention.

Conservative substitution of amino acids as known to those skilled in the art are
within the scope of the present invention. Conservative amino acid substitutions includes
replacement of one amino acid with another having the same type of functional group or
side chain e.g. aliphatic, aromatic, positively charged, negatively charged. These
substitutions may enhance oral bioavailability, penetration into the central nervous
system, targeting to specific cell populations and the like. One of skill will recognize that
individual substitutions, deletions or additions to peptide, polypeptide, or protein
sequence which alters, adds or deletes a single amino acid or a small percentage of amino
acids in the encoded sequence is a "conservatively modified variant" where the alteration
results in the substitution of an amino acid with a chemically similar amino acid.
Conservative substitution tables providing functionally similar amino acids are well

known in the art,

The following six groups each contain amino acids that are conservative

substitutions for one another:

1) Alanine (A), Serine (S), Threonine (T);

2) Aspartic acid (D), Glutamic acid (E);

3) Asparagine (N), Glutamine (Q);

4) Arginine (R), Lysine (K);

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).
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The pharmaceutical composition will be administered according to known modes of
peptide administration, including oral, intravenous, subcutaneous, intraarticular,
intramuscular, inhalation, intranasal, intrathecal, intradermal, transdermal or other known
routes. The dosage administered will be dependent upon the age, sex, health condition and

weight of the recipient, and the nature of the effect desired.

The peptides of the invention for use in therapy are typically formulated for
administration to patients with a pharmaceutically acceptable carrier or diluent to produce
a pharmaceutical composition. The formulation will depend upon the nature of the peptide
and the route of administration but typically they can be formulated for topical, parenteral,
intramuscular, intravenous, intraperitoneal, intranasal inhalation, lung inhalation,
intradermal or intra-articular administration. The peptide may be used in an injectable
form. It may therefore be mixed with any pharmaceutically acceptable vehicle which is
suitable for an injectable formulation, preferably for a direct injection at the site to be

treated, although it may be administered systemically.

The pharmaceutically acceptable carrier or diluent may be, for example, sterile
isotonic saline solutions, or other isotonic solutions such as phosphate-buffered saline.
The peptides of the present invention may be admixed with any suitable binder, lubricant,
suspending agent, coating agent, solubilizing agent. It is also preferred to formulate the

peptide in an orally active form.

Tablets or capsules of the peptides may be administered singly or two or more at a
time, as appropriate. It is also possible to administer the peptides in sustained release

formulations.

Typically, the physician will determine the actual dosage which will be most
suitable for an individual patient and it will vary with the age, weight and response of the

particular patient.

There can, of course, be individual instances where higher or lower dosage ranges

are merited, and such are within the scope of this invention.

Alternatively, the peptides of the invention, can be administered by inhalation or in

the form of a suppository or pessary, or they may be applied topically in the form of a

lotion, solution, cream, ointment or dusting powder. An alternative means of transdermal

administration is by use of a skin patch. For example, they can be incorporated into a

cream consisting of an aqueous emulsion of polyethylene glycols or liquid paraffin. They
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can also be incorporated, at a concentration of between 1 and 10% by weight, into an
ointment consisting of a white wax or white soft paraffin base together with such

stabilizers and preservatives as may be required.

For some applications, preferably the compositions are administered orally in the
form of tablets containing excipients such as starch or lactose, or in capsules or ovules
either alone or in admixture with excipients, or in the form of elixirs, solutions or
suspensions containing flavoring or coloring agents. For such oral administration, the
peptide may preferably formed into microcapsules or nanoparticles together with

biocompatible polymers such as poly-lactic acid and the like.

The compositions (as well as the peptides alone) can also be injected parenterally,
for example intravenously, intramuscularly or subcutaneously. In this case, the
compositions will comprise a suitable carrier or diluent. For parenteral administration, the
compositions are best used in the form of a sterile aqueous solution, which may contain
other substances, for example enough salts or monosaccharides to make the solution

isotonic with blood.

For buccal or sublingual administration the compositions may be administered in

the form of tablets or lozenges which can be formulated in a conventional manner.

A composition according to the invention can be formulated for parenteral
administration by injection or continuous infusion. Compositions for injection can be
provided in unit dose form and can take a form such as suspension, solution or emulsion
in oil or aqueous carriers and can contain formulating agents, such as suspending,
stabilizing and/or dispersing agents. Alternatively, the active constituent can be present in
powder form for constitution with a suitable carrier, for example sterile pyrogen-free
water, before use. The composition of the invention may be administrated directly into a
body cavity adjacent to the location of the inflammatory area, such as the intraperitoneal

cavity, or injected directly into or adjacent to the inflammatory area.

According to another aspect, the present invention provides a method of screening
for active fragments of HSP60 capable of inducing Th2/3 T-cell responses. The method
comprising: (a) applying a DNA construct encoding HSP70 to an animal in a sufficient
amount to induce HSP70 expression in the animal; (b) obtaining T cells from said animal;
(c) contacting the cells with a candidate HSP60 fragment for sufficient time for inducing

cytokine secretion in said cells, and (d) determining the secretion of IL-10, TGFf1 and
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IFNy from said cells, wherein if the secretion of IL-10 and TGFp1 is increased and the
secretion of IFNy is decreased than the candidate HSP60 fragment is capable of inducing
Th2/3 T-cell responses.

It is to be noted that the compositions and methods of the present invention do not
include the obligatory presence of the CpG motif disclosed in WO 02/16549, in DNA

vaccines suitable for the treatment of ongoing autoimmune diseases.

The following examples are presented in order to more fully illustrate certain
embodiments of the invention. They should in no way, however, be construed as limiting
the broad scope of the invention. One skilled in the art can readily devise many variations
and modifications of the principles disclosed herein without departing from the scope of the

invention.
EXAMPLES
Animals

Female Lewis rats were raised and maintained under pathogen-free conditions in the
Animal Breeding Center of The Weizmann Institute of Science. One-month old rats were
used for DNA vaccination experiments. The experiments were performed under the

supervision and guidelines of the Animal Welfare Committee.
Antigens and adjuvants

Peptides were synthesized as previously described (Quintana et al., 2002). The
HSP65 peptide Mt176-190 used in these studies is EESNTFGLQLELTEG (SEQ ID
NO:11), which contains the 180-188 epitope of HSP65 (van Eden et al., 1988). The panel
of overlapping peptides spanning the whole HSP60 sequence has been described
previously (Abulafia-Lapid et al.,1999). Purified recombinant HSP65 was generously
provided by Prof. Ruurd van der Zee (Institute of Infectious Diseases and Immunology,
Faculty of Veterinary Medicine, Utrecht, The Netherlands). Recombinant HSP60 was
prepared in our laboratory as described (Quintana et al., 2000). Human recombinant
HSP70 was purchased from Sigma (Rehovot, Israel). Recombinant glutathion-S-
transferase (GST) and GST-HSP90 were prepared in our laboratory as described (Nemoto
et al., 1997). M. tuberculosis Strain H37Ra and incomplete Freund’s adjuvant (IFA) were
purchased from Difco (Detroit, MI, USA). Tuberculin purified protein derivative (PPD)
and mycobacterial 71kDa heat shock protein (HSP71) were provided by the Statens
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Seruminstitut (Copenhagen, Denmark). Ovalbumin (OVA) and Concanavalin A (Con A)

were purchased from Sigma (Rehovot, Israel).
DNA plasmids

The vector containing the human Asp60 gene (pHSP60) has been described
(Quintana et al., 2000). The construct encoding Mycobacterium leprac HSP65 (pHSP65)
was kindly provided by Dr. Douglas Lowrie (Medical Research Council, London, UK).
Both vectors have been shown to be effective in inhibiting AA (Quintana et al., 2002;
Ragno et al., 1997).

The full length cDNAs of the human %sp70 (accession number M11717, SEQ ID
NO:12) and Asp90« (accession number NM_005348, SEQ ID NO:13) genes were cloned
into the pcDNA3 vector (Invitrogen, NV, Leek, The Netherlands). In brief, human Asp70
¢DNA in pHLTR-HSP70 and hsp90 c¢cDNA in pGEX-HSP90 were amplified by PCR
using specific oligonucleotides containing restriction sites for the enzymes BamHI or
Xbal. The amplicons and the pcDNA3 vector were purified and digested with BamHI and
Xbal. The digested PCR products coding for HSP70 or HSP90 and the linearized
pcDNA3 vector were ligated using a Rapid DNA Ligation Kit (Roche Diagnostics GmbH,
Mannheim, Germany), according to the standard protocol given by the manufacturer. The
ligated plasmids were transformed into Escherichia coli, and later, sequenced to confirm
correct insertion of the cDNA. The pHSP70 and pHSP90 plasmids were checked in the
TNT® Quick Coupled Transcription/Translation System (Promega, Madison, USA)
according to the manufacturer’s instructions using [>>S]-methionine (Amersham,
Buckinghamshire, UK). The >*S-labeled transcription products were analyzed by SDS-
PAGE and autoradiography.

Plasmid DNA was prepared in large scale and injected after pretreatment with
cardiotoxin (Sigma, Rehovot, Israel) as previously described (Quintana et al., 2002).
Briefly, rats were vaccinated in the quadriceps three times (on days -40, -26 -12 relative to
AA induction) with 150 pg of pcDNA3, pHSP60, pHSP65, pHSP70 or pHSP90.
Endotoxin levels were checked by Limulus Amoebocyte Lysate and found always to be
under acceptable levels for in vivo use (less than 0.02 EU / ug DNA). AA was induced 12
days after the last injection of DNA. The empty vector pcDNA3 was used as a DNA

vaccination control.

Detection of HSP70- and HSP90-specific antibodies
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Blood samples were collected at the beginning and 12 days after the end of the
regime of DNA vaccination, and 12 days after the induction of AA. Serum was prepared
as previously described (Quintana et al., 2002) and kept at —20°C until used. HSP70- or
HSP90-specific antibodies were measured using an ELISA assay in flat-bottom microtiter
plates (Maxisorb, Nunc, Denmark) coated overnight with 500 ng/well of HSP70 or OVA,
or 1 pg/well of GST-HSPI0 or GST in carbonate buffer at 4°C. Non-specific binding was
blocked by incubation with 1% skim milk for 2 hr at 37°C and serum sampleé were added
diluted 1/100 and incubated 3 hr at 37°C. Bound IgG antibodies were detected using
alkaline phosphatase-conjugated goat anti-rat IgG (Jackson ImmunoResearch, USA)

together with Sigma’s substrate for alkaline phosphatase.
AA Induction and Assessment

AA was induced as described (Yang ef al., 1992), by immunizing Lewis rats with 1
mg per rat of heat-killed Mt strain H37Ra (Difco). Each experimental and control group
contained at least 8 rats. The day of AA induction was designated as day 0, and disease
severity was assessed by direct observation of all 4 limbs in each animal. A relative score
between 0 and 4 was assigned to each limb, based on the degree of joint inflammation,
redness and deformity; thus the maximum possible score for an individual animal was 16
(Quintana et al., 2002). The mean AA score (+ SEM) is shown for each experimental
group. The person who scored the disease was blind to the identity of the groups. Arthritis
was also quantified by measuring hind limb diameter with a caliper. Measurements were
taken on the day of the induction of AA and 26 days later (at the peak of AA); the results
are presented as the mean + SEM of the difference between the two values for all the
animals in each group. The experiments were repeated at least 3 times and produced

similar results.
T-cell proliferation

T-cell proliferation assays were performed at day 26 after the induction of AA,
when the disease is at its peak, as previously described (Quintana et al., 2002). Briefly,
popliteal and inguinal lymph node cells (LNC), were cultured in quadruplicates in 200 pl
round bottom microtiter wells (Costar Corp., Cambridge, USA) at 2 x 10° cells per well
with or without antigen. The T-cell mitogen Concanavalin A (Con A) was used as a
positive control for T-cell proliferation. Cultures were incubated for 96 hr at 37°C in a

humidified atmosphere of 5 % CO,. T-cell responses were detected by the incorporation
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of [methyl->H]-thymidine (Amersham, Buckinghamshire, UK; 1 uCi/well), which was
added to the wells for the last 18 hr. The stimulation index (SI) was computed as the ratio
of the mean c.p.m. of antigen- or mitogen-containing wells to control wells cultured with
medium alone. The results of T-cell proliferation experiments are shown as SI + SEM, T-

cell responses with SI <2 were considered not significant.
Cytokine assays

Supernatants were collected after 72 hrs of stimulation with each of the antigens
tested. Rat IL-10 and IFNy were quantitated in culture supernatants by enzyme-linked
immunosorbent assay (ELISA) using Pharmingen’s OPTEIA kit (Pharmingen, San Diego,
USA) as described (Yang et al., 1992). Rat TGFbl was quantified using the TGFB1 Emax
ImmunoAssay System (Promega, Madison, USA) according to the manufacturer’s
instructions. Cytokine levels are expressed as pg/ml based on calibration curves
constructed using recombinant cytokines as standards. The lower limits of detection for

the experiments described in this paper were 15 pg/ml for TGFB1, IL-10 and IFNy.

Statistical significance

The InStat 2.01 program was used for statistical analysis. Student’s /-test and the
Mann-Whitney test were carried out to assay significant differences between the different

experimental groups.
Example 1: pHSP70 and pHSP90 are expressible and immunogenic

The pHSP70 and pHSP90 constructs were transcribed/translated in vifro in the
presence of [**S]-methionine, and the products of translation were analysed by SDS-
PAGE followed by autoradiography. No 35S-labeled protein was detected in the
transcription/translation products induced by the control pcDNA3 vector, but products of
70 and 90 kDa were present in the samples induced by pHSP70 and pHSP90, respectively
(Figure 1). A few minor bands were also detected, both for the HSP70 and the HSP90
preparations, but they were likely to be degradation products because they were

recognized by specific antibodies directed against HSP70 or HSP90.

It was also tested whether vaccination with the pHSP70 or pHSP90 constructs could
induce antigen-specific antibodies. Eight rats were vaccinated three times (5, 19 and 33
days after the pre-treatment with cardiotoxin) with pHSP70, pHSP90 or with the empty
vector pcDNA3. Serum samples were collected at the day of the first DNA vaccination,
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and 12 days later, and IgG antibodies to HSP70, OVA, GST-HSP90 or GST were
quantified by ELISA. DNA vaccination with pHSP70 or pHSP90 induced significant
levels of IgG antibodies specific for HSP70 (Figure 2A) or GST-HSP90 (Figure 2C).
None of the experimental groups had significant levels of IgG antibodies to OVA (Figure
2B) or to GST (Figure 2D).

To test the effect of AA induction on these antibodies, the rats were immunized with
Mt, and the serum IgG antibodies were measured 12 days later. The levels of the
antibodies induced by DNA-vaccination were further enhanced by the induction of AA
(Figures 2A and 2C). These results demonstrate that the pHSP70 and pHSP90 constructs
are functional in vitro and can induce antigen-specific immune responses in vivo.

Moreover, AA induction seems to boost the antibodies.
Example 2: DNA vaccination with HSP70 or HSP90 inhibits AA

The effects on AA of DNA vaccination with pHSP70 or pHSP90 was investigated.
The empty control vector pcDNA3 had no effect on the development of AA (Figure 3A),
as previously reported (Quintana et al., 2002). But, pHSP70 or pHSP90 vaccination
induced a significantly milder arthritis, in onset of disease, clinical score (Figure 3A) and
ankle swelling (Figure 3B). The mean maximum score was 14.7 £ 0.9 in the pcDNA3-
treated rats, compared to 4.5 £ 1.1 in the pHSP70-treated rats and 4.5 = 1.2 in the
pHSP90-treated rats (p<0.001 for both test groups compared to the pcDNA3 group). The
mean day of onset was 12.1 & 0.1 in the pcDNA3-treated rats, compared to 16.3 £ 1.5 in
pHSP70-treted rats and 16.2 + 1.8 in pHSP90-treated rats (p<0.001 for both test groups
compared to the pcDNA3 group). Thus, DNA vaccination with vectors encoding
mammalian HSP70 or HSP90 can significantly inhibit AA.

Example 3: Arthritogenic immune response in vaccinated rats: T-cell

proliferation to Mt antigens.

The inhibition of AA by DNA vaccination (Quintana et al., 2002; Quintana et al.,
2003) or other means (Yang et al., 1992) has been associated with increased proliferation
to Mt-derived antigens. The LNC proliferative responses were studied, 26 days after the
induction of AA, of rats vaccinated with control pcDNA3, pHSP70 or pHSP90, to a panel
of relevant mycobacterial and mammalian antigens. Figure 4 shows that the LNC of the
rats protected by pHSP70 or pHSP90 vaccination (Figure 3) showed stronger proliferative
responses than did the control rats to PPD, mycobacterial HSP71, HSP65 and peptide
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Mt176-90 — antigens known to be targeted or associated with AA (van Eden et al., 1988,
Holoshitz et al., 1983). None of the experimental groups showed significant T-cell
responses to OVA, and they did not differ in their responses to Con A. Thus, inhibition of
AA by vaccination with pHSP70 or pHSP90, have been found by the present inventors
following pHSP60 vaccination (Quintana et al., 2002), is associated with increased T-cell

proliferation against a variety of mycobacterial antigens associated with AA.

Example 4: Arthritogenic immune response in vaccinated rats: Cytokine

secretion to Mt antigens

The induction of AA has been reported to up-regulate antigen-specific IFNy
secretion, while immunomodulation of AA has been associated with the down-regulation
of IFNy secretion and the up-regulation of Th2/3-like cytokines in response to relevant Mt
antigens (Quintana et al., 2002). The effects of DNA vaccination with pHSP70 or
pHSP90 on the profile of cytokine secretion 26 days after the induction of AA were
studied.

LNC from pHSP70 and pHSP90-vaccinated rats secreted significantly lower
amounts of IFNy upon stimulation with mycobacterial PPD, HSP71, HSP65 or its T-cell
epitope Mt176-90 than did control pcDNA3-treated rats, with unmodified AA (Figure
5A). In contrast, LNC from pHSP70- and pHSP90-vaccinated rats secreted IL-10 in
response to stimulation with PPD, HSP65 or HSP71 (Figure 5B). Stimulation with PPD,
HSP71, HSP65 or MT176-90 led to the secretion of significant amounts of TGFB1 from
LNC of pHSP90-vaccinated rats, in particular against HSP65 and its peptide Mt176-90
(Figure 5C). LNC of pHSP70-vaccinated rats only secreted TGFB1 upon activation with
PPD (Figure 5C).

In summary, inhibition of AA by pHSP70 or pHSP90 vaccination was associated
with a decrease in the secretion of IFNy and an increase in IL-10 and/or TGFp1 secretion

in the Mt-specific T-cell response.
Example S: Mammalian HSP-specific immune responses

It has previously been reported that the inhibition of AA by HSP60 DNA
vaccination involves the activation of T-cells reactive to HSP60 (Quintana et al., 2002;
Quintana ef al., 2003). The effect of pHSP70 or pHSP90 vaccination on T-cell responses
to HSP70, HSP90 and HSP60 was studied. Both DNA vaccines, pHSP70 and pHSP90,
induced antigen-specific proliferative responses: pHSP70-vaccinated rats manifested T-
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cell responses to HSP70 (Figure 6) and not to OVA, and pHSP90-vaccinated rats
manifested T-cell responses to GST-HSP90 (Figure 6), and not the control protein GST.
Unexpectedly, DNA-vaccination with pHSP70 or pHSP90 induced modest but significant
T-cell proliferative responses to HSP60 (Figure 6).

The effect of pHSP70 and pHSP90 vaccination on the cytokine responses to HSP70,
HSP90 and HSP60 was studied. Figure 7 shows that vaccination with pHSP90 induced
HSP90-specific cells that secreted IFNy, IL-10 and TGFB1 following stimulation with
HSP90. LNC from pHSP70 rats secreted IL10 upon stimulation with HSP70, but not
IFNy or TGFB1 (Figure 7). Strikingly, LNC taken from pHSP70-vaccinated rats secreted
IFNy, TGFB1 and a lesser amount of IL-10 upon activation with HSP60 (Figure 7). Thus,
vaccination with pHSP90 or pHSP70 induced T-cell responses against the HSP encoded
by the DNA, but also activated HSP60-specific T-cell immunity. The cross-modulation
with HSP60 was apparently stronger following vaccination with pHSP70.

Example 6: pHSP70- and pHSP60-vaccinated rats recognize different HSP60
T-cell epitopes

It was previously reported that the suppression of AA by pHSP60 DNA vaccination
was associated with T-cell reactivity to a single HSP60 peptide epitope, Hu3 (Quintana ef
al., 2003). Since pHSP70-vaccination induced strong T-cell responses to HSP60 (Figures
6 and 7), the proliferation of LNC to a panel of overlapping peptides spanning the human
HSP60 sequence (Abulafia-Lapid ef al.,1999) was studied. Control LNC were prepared
from rats vaccinated with pcDNA3 (negative control) or pHSP60 (positive control). The
rats were challenged with Mt to induce AA, and the responses were assayed on day 26.
Table I shows that the LNC taken from pHSP60-vaccinated rats responded only to peptide
Hu3 (aa 31 - 50); LNC from pHSP70 or pcDNA-vaccinated rats did not respond to Hu3;
the LNC from pHSP70-vaccinated rats responded to several other HSP60 peptides: Hul9
(aa 271-290), Hu24 (aa 346-365), Hu25 (aa 361-380), Hu27 (aa 391-410), Hu28 (aa 406-
425), Hu30 (aa 436-455), Hu32 (aa 466-485), Hu33 (aa 481-500) and Hu34 (aa 271-290).
In summary, these results show that LNC from rats vaccinated with pHSP70 recognized
different HSP60 T-cell epitopes than do LNC from rats vaccinated with HSP60 itself.
Vaccination with pHSP70 does activate T-cells reactive to HSP60, but the T-cells respond
to peptides other than peptide Hu3, which is the epitope characteristic of pHSP60

vaccination.
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Table I: LNC proliferative response to overlapping peptides of HSP60.

Antigen SEQID Sequence pcDNA3 pHSP60 pHSP70
NO: Stimulation Index (SI)
Hu3 (31-50) 10 KFGADARALMLQGVDLLADA - 45+0.8 -
Hul9 (271-290) 1 LVIIAEDVDGEALSTLVLNR . g 3.6+ 0.3
Hu24 (346-365) 2 GEVIVTKDDAMLLKGKGDKA - - 43+0.6
Hu25 (361-380) 3 KGDKAQIEKRIQEITIEQLDV - - 35+04
Hu27 (391-410) 4 NERLAKLSDGVAVLKVGGTS - - 32404
Hu28 (406-425) 5 VGGTSDVEVNEKKDRVTDAL - - 32+03
 Hu30 (436-455) 6 IVLGGGCALLRCIPALDSLT 3 . 31405
Hu32 (466-485) 7 EIIKRTLKIPAMTIAKNAGV ) . 34406
Hu33 (481-500) 8 KNAGVEGSLIVEKIMQSSSE ) ) 4.1+04
Hu34 (496-515) 9 QSSSEVGYDAMAGDFVNMVE - - 34+£03

Example 7: DNA vaccination with HSP60 or HSP65 boosts immune responses

to both mammalian and mycobacterial HSP70

To further investigate immune cross-talk between HSP60 and HSP70, T-cell
reactivity to mammalian HSP70 and mycobacterial HSP71 26 days after the induction of
AA in rats that had been vaccinated with pHSP60, pHSP65 or pcDNA3 was studied. LNC
taken from pHSP60- or pHSP65-vaccinated rats manifested increased proliferative
responses to HSP70 and HSP71 (Figure 8); the rats did not show significant T-cell
responses to OVA, and the groups did not differ in their responses to Con A. Moreover,
LNC taken from pHSP60- or pHSP65-vaccinated rats secreted significantly less IFNy
upon stimulation with HSP71 (Figure 9A), while they secreted detectable amounts of IL-
10 upon stimulation with HSP70 (Figure 9B), and significantly higher levels of IL-10
upon activation with HSP71, compared with LNC taken from pcDNA3-vaccinated rats
(Figure 9B). Only LNC taken from pHSP60-vaccinated rats secreted significant amounts
of TGFB1 upon stimulation with HSP70 or HSP71 (Figure 9C). Thus, DNA vaccination
with pHSP60 or pHSP65 activates Th2/3 T-cell responses to HSP71 and to HSP70. The
cross talk between HSP60 and HSP70 is mutual.
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Example 8: DNA vaccination with pHSP70 triggered the release of endogenous
HSP60 to the circulation.

Serum HSP60 has been linked to inflammation, therefore HSP60 levels in serum
after the induction of AA in rats vaccinated with HSP70 or pcDNA3 were assayed. Blood
samples were collected at day 26 after the induction of AA, and serum HSP60 was
quantified in serum as reported (Quintana et al., 2002). Figure 10 shows that AA itself
increased serum HSP60, and the HSP60 levels were further increased by vaccination with
pHSP70. Thus, self-vaccination with endogenous HSP60 triggered by the pHSP70 and
pHSP90 DNA vaccines might play a role in the inhibitory effect of HSP70 DNA

vaccination on AA.

Example 9: DNA vaccination with recombinant constructs encoding HSP60

fragments.

A recombinant construct is prepared, comprising the nucleic acid sequence:
ATTGTTTTGGGAGGGGGTTGTGCCCTCCTTCGATGCATTCCAGCCTTGGACTC
ATTGACT (nucleic acids 1351-1410 of SEQ ID NO:15) encoding amino acids 436-455
of human HSP60 (SEQ ID NO:6), incorporated into pcDNA3. Lewis rats are vaccinated
with the resulting recombinant construct or with the control vector pcDNA3, AA is

induced, and arthritis scores are assessed every two or three days starting at day 10.

The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying current knowledge, readily
modify and/or adapt for various applications such specific embodiments without undue
experimentation and without departing from the generic concept, and, therefore, such
adaptations and modifications should and are intended to be comprehended within the
meaning and range of equivalents of the disclosed embodiments. Although the invention
has been described in conjunction with specific embodiments thereof, it is evident that
many alternatives, modifications and variations will be apparent to those skilled in the art.
Accordingly, it is intended to embrace all such alternatives, modifications and variations

that fall within the spirit and broad scope of the appended claims.
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CLAIMS:

1.

A DNA vaccine for treating a T cell-mediated inflammatory autoimmune disease
comprising a recombinant construct comprising a nucleic acid sequence encoding
a fragment of heat shock protein 60 (HSP60) characterized in that it reacts with T
cells isolated from an animal vaccinated with HSP70 to induce Th2/3 T-cell

responses.

The DNA vaccine of claim 1, wherein the fragment is derived from human

HSP60.

The DNA vaccine of claim 2, wherein the fragment comprises amino acid
sequence selected from: amino acids 271-290 of human HSP60 (SEQ ID NO:1),
amino acids 346-365 of human HSP60 (SEQ ID NO:2), amino acids 361-380 of
human HSP60 (SEQ ID NO:3), amino acids 391-410 of human HSP60 (SEQ ID
NO:4), amino acids 406-425 of human HSP60 (SEQ ID NO:5), amino acids 436-
455 of human HSP60 (SEQ ID NO:6), amino acids 466-485 of human HSP60
(SEQ ID NO:7), amino acids 481-500 of human HSP60 (SEQ ID NO:8) and
amino acids human 496-515 of HSP60 (SEQ ID NO:9).

The DNA vaccine of claim 1, wherein the nucleic acid sequence is operatively
linked to one or more transcription control sequences in a suitable expression

system enabling in vivo expression of the encoded fragment in a human host.

The DNA vaccine of claim 4, wherein the transcription control sequences are
selected from the group consisting of: RSV control sequences, CMV control
sequences, retroviral LTR sequences, SV-40 control sequences and B-actin control

sequences.

The DNA vaccine of claim 1, wherein the recombinant construct is incorporated

into an eukaryotic expression vector.

The DNA vaccine of claim 6, wherein the eukaryotic expression vector is selected
from the group consisting of: pcDNA3, pcDNA3.1(+/-), pZeoSV2(+/-), pSecTag?2,
pDisplay, pEF/myc/cyto, pPCMV/myc/cyto, pCR3.1, pCI, pBK-RSV, pBK-CMV
and pTRES.

A recombinant construct comprising a nucleic acid sequence encoding a fragment

of HSP60 characterized in that it reacts with T cells isolated from an animal
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10.

11.

12.

13.

14.

15.

16.

17.

vaccinated with HSP70 to induce Th2/3 T-cell responses, the nucleic acid

sequence being operatively linked to one or more transcription control sequences.
The construct of claim 8, wherein the fragment is derived from human HSP60.

The construct of claim 9, wherein the fragment comprises amino acid sequence
selected from: amino acids 271-290 of human HSP60 (SEQ ID NO:1), amino
acids 346-365 of human HSP60 (SEQ ID NO:2), amino acids 361-380 of human
HSP60 (SEQ ID NO:3), amino acids 391-410 of human HSP60 (SEQ ID NO:4),
amino acids 406-425 of human HSP60 (SEQ ID NO:5), amino acids 436-455 of
human HSP60 (SEQ ID NO:6), amino acids 466-485 of human HSP60 (SEQ ID
NO:7), amino acids 481-500 of human HSP60 (SEQ ID NO:8) and amino acids
496-515 of human HSP60 (SEQ ID NO:9).

The construct of claim 8, wherein the transcription control sequences are selected
from the group consisting of: RSV control sequences, CMV control sequences,

retroviral LTR sequences, SV-40 control sequences and B-actin control sequences.

The construct of claim 8, wherein the recombinant construct is incorporated into

an eukaryotic expression vector.

The construct of claim 12, wherein the eukaryotic expression vector is selected
from the group consisting of: pcDNA3, pcDNA3.1(+/-), pZeoSV2(+/-), pSecTag2,
pDisplay, pEF/myc/cyto, pCMV/myc/cyto, pCR3.1, pCI, pBK-RSV, pBK-CMV
and pTRES.

A pharmaceutical composition comprising (a) a recombinant construct comprising
an isolated nucleic acid sequence encoding a fragment of HSP60 characterized in
that it reacts with T cells isolated from an animal vaccinated with HSP70 to induce

Th2/3 T-cell responses; and (b) a pharmaceutically acceptable carrier.

The composition of claim 14, wherein the carrier comprises a delivery vehicle that

delivers the nucleic acid sequences to a subject.

The composition of claim 15, wherein the delivery vehicle is selected from the

group consisting of liposomes, micelles, emulsions and cells.

The composition of claim 14, wherein the nucleic acid sequence is operatively

linked to one or more transcription control sequences
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18.

19.

20.

21.

22.

23.

24.

25.

The composition of claim 17, wherein the transcription control sequences are
selected from the group consisting of: RSV control sequences, CMV control
sequences, retroviral LTR sequences, SV-40 control sequences and p-actin control

sequences.

The composition of claim 14, wherein the recombinant construct is incorporated

into an eukaryotic expression vector.

The composition of claim 19, wherein the eukaryotic expression vector is selected
from the group consisting of: pcDNA3, pcDNA3.1(+/-), pZeoSV2(+/-), pSecTag2,
pDisplay, pEF/myc/cyto, pCMV/myc/cyto, pCR3.1, pCI, pBK-RSV, pBK-CMV
and pTRES.

The composition of claim 14, wherein the fragment is derived from human

HSP60.

The composition of claim 21, wherein the fragment comprises amino acid
sequence selected from: amino acids 271-290 of human HSP60 (SEQ ID NO:1),
amino acids 346-365 of human HSP60 (SEQ ID NO:2), amino acids 361-380 of
human HSP60 (SEQ ID NO:3), amino acids 391-410 of human HSP60 (SEQ ID
NO:4), amino acids 406-425 of human HSP60 (SEQ ID NO:5), amino acids 436-
455 of human HSP60 (SEQ ID NO:6), amino acids 466-485 of human HSP60
(SEQ ID NO:7), amino acids 481-500 of human HSP60 (SEQ ID NO:8) and
amino acids 496-515 of human HSP60 (SEQ ID NO:9).

A pharmaceutical composition comprising (a) a peptide fragment of HSP60
characterized in that it reacts with T cells isolated from an animal vaccinated with
HSP70 to induce Th2/3 T-cell responses; and (b) a pharmaceutically acceptable

carrier.

The composition of claim 23, wherein the fragment is derived from human

HSP60.

The composition of claim 23, wherein the fragment comprises amino acid
sequence selected from: amino acids 361-380 of human HSP60 (SEQ ID NO:3),
amino acids 391-410 of human HSP60 (SEQ ID NO:4), amino acids 406-425 of
human HSP60 (SEQ ID NO:5), and amino acids 496-515 of human HSP60 (SEQ
ID NO:9).
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26.

27.

28.

29.

30.

31.

32.

33.

34.

A method of treating a T cell-mediated inflammatory autoimmune disease,
comprising administering to a subject in need thereof a therapeutically effective
amount of a pharmaceutical composition comprising a recombinant construct, the
recombinant construct comprising an isolated nucleic acid sequence encoding a
fragment of HSP60 characterized in that it reacts with T cells isolated from an

animal vaccinated with HSP70 to induce Th2/3 T-cell responses.

The method of claim 26, wherein the nucleic acid sequence is operatively linked to

one or more transcription control sequences.
The method of claim 26, wherein the fragment is derived from human HSP60.

The method of claim 28, wherein the fragment comprises amino acid sequence
selected from: amino acids 271-290 of human HSP60 (SEQ ID NO:1), amino
acids 346-365 of human HSP60 (SEQ ID NO:2), amino acids 361-380 of human
HSP60 (SEQ ID NO:3), amino acids 391-410 of human HSP60 (SEQ ID NO:4),
amino acids 406-425 of human HSP60 (SEQ ID NO:5), amino acids 436-455 of
human HSP60 (SEQ ID NO:6), amino acids 466-485 of human HSP60 (SEQ ID
NO:7), amino acids 481-500 of human HSP60 (SEQ ID NO:8) and amino acids
496-515 of human HSP60 (SEQ ID NO:9).

The method of claim 26, wherein the T cell-mediated inflammatory autoimmune
disease is theumatoid arthritis, collagen II arthritis, multiple sclerosis, autoimmune
neuritis, systemic lupus erythematosus, psoriasis, juvenile onset diabetes, Sjogren's
disease, thyroid disease, sarcoidosis, autoimmune uveitis, inflammatory bowel

disease (Crohn's and ulcerative colitis) or autoimmune hepatitis.

The method of claim 26, wherein the subject is selected from the group consisting

of humans and non-human mammals.

The method of claim 26, wherein the pharmaceutical composition is administered

to said subject at the time of appearance of disease symptoms.

The method of claim 26, wherein the pharmaceutical composition is administered
by intravenous injection, intramuscular injection, aerosal, oral, percutaneous or

topical administration.

A method of preventing the symptoms of a T cell-mediated inflammatory

autoimmune disease, comprising administering to a subject in need thereof a
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35.

36.

37.

38.

39.

40.

41.

42.

prophylactically effective amount of a pharmaceutical composition comprising a
recombinant construct, the recombinant construct comprising an isolated nucleic
acid sequence encoding a fragment of HSP60 characterized in that it reacts with T
cells isolated from an animal vaccinated with HSP70 to induce Th2/3 T-cell

Tesponses.

The method of claim 34, wherein the nucleic acid sequence is operatively linked to

one or more transcription control sequences.
The method of claim 34, wherein the fragment is derived from human HSP60.

The method of claim 36, wherein the fragment comprises amino acid sequence
selected from: amino acids 271-290 of human HSP60 (SEQ ID NO:1), amino
acids 346-365 of human HSP60 (SEQ ID NO:2), amino acids 361-380 of human
HSP60 (SEQ ID NO:3), amino acids 391-410 of human HSP60 (SEQ ID NO:4),
amino acids 406-425 of human HSP60 (SEQ ID NO:5), amino acids 436-455 of
human HSP60 (SEQ ID NO:6), amino acids 466-485 of human HSP60 (SEQ ID
NO:7), amino acids 481-500 of human HSP60 (SEQ ID NO:8) and amino acids
496-515 of human HSP60 (SEQ ID NO:9).

The method of claim 34, wherein the T cell-mediated inflammatory autoimmune
disease is theumatoid arthritis, collagen II arthritis, multiple sclerosis, autoimmune
neuritis, systemic lupus erythematosus, psoriasis, juvenile onset diabetes, Sjogren's
disease, thyroid disease, sarcoidosis, autoimmune uveitis, inflammatory bowel

disease (Crohn's and ulcerative colitis) or autoimmune hepatitis.

The method of claim 34, wherein the subject is selected from the group consisting

of humans and non-human mammals.

The method of claim 34, wherein the pharmaceutical composition is administered

to said subject prior to the appearance of disease symptoms.

The method of claim 34, wherein the pharmaceutical composition is administered
by intravenous injection, intramuscular injection, aerosal, oral, percutaneous or

topical administration.

A method for treating a T cell-mediated inflammatory autoimmune disease
comprising the steps of (a) obtaining cells from a subject; (b) transfecting the cells

in vitro with a recombinant construct comprising an isolated nucleic acid sequence
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43.

44,

45.

46.

47.

48.

49.

encoding a fragment of HSP60 characterized in that it reacts with T cells isolated
from an animal vaccinated with HSP70 to induce Th2/3 T-cell responses; and (c)

reintroducing the transfected cells to the subject, thereby treating the disease.

The method of claim 42, wherein the nucleic acid sequence is operatively linked to

one or more transcription control sequences.

The method of claim 42, wherein the transfected cells are administered to said

subject at the time of appearance of disease symptoms.

The method of claim 42, wherein the T-cell mediated inflammatory autoimmune
disease is theumatoid arthritis, collagen II arthritis, multiple sclerosis, autoimmune
neuritis, systemic lupus erythematosus, psoriasis, juvenile onset diabetes, Sjogren's
disease, thyroid disease, sarcoidosis, autoimmune uveitis, inflammatory bowel

disease (Crohn's and ulcerative colitis) or autoimmune hepatitis.

The method of claim 42, wherein the subject is selected from the group consisting

of humans and non-human mammals.
The method of claim 42, wherein the fragment is derived from human HSP60.

The method of claim 47, wherein the fragment comprises amino acid sequence
selected from: amino acids 271-290 of human HSP60 (SEQ ID NO:1), amino
acids 346-365 of human HSP60 (SEQ ID NO:2), amino acids 361-380 of human
HSP60 (SEQ ID NO:3), amino acids 391-410 of human HSP60 (SEQ ID NO:4),
amino acids 406-425 of human HSP60 (SEQ ID NO:5), amino acids 436-455 of
human HSP60 (SEQ ID NO:6), amino acids 466-485 of human HSP60 (SEQ ID
NO:7), amino acids 481-500 of human HSP60 (SEQ ID NO:8) and amino acids
496-515 of human HSP60 (SEQ ID NO:9).

A method for preventing the symptoms of a T cell-mediated inflammatory
autoimmune disease comprising the steps of (a) obtaining cells from a subject; (b)
transfecting the cells in vitro with a recombinant construct comprising an isolated
nucleic acid sequence encoding a fragment of HSP60 characterized in that it reacts
with T cells isolated from an animal vaccinated with HSP70 to induce Th2/3 T-
cell responses; and (¢) reintroducing the transfected cells to the subject, thereby

preventing the symptoms of the disease.
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54.

55.

56.

57.

58.

59.

The method of claim 49, wherein the nucleic acid sequence is operatively linked to

one or more transcription control sequences.

The method of claim 49, wherein the transfected cells are administered to said

subject prior to the appearance of disease symptoms.

The method of claim 49, wherein the T-cell mediated inflammatory autoimmune
disease is theumatoid arthritis, collagen II arthritis, mulﬁple sclerosis, autoimmune
neuritis, systemic lupus erythematosus, psoriasis, juvenile onset diabetes, Sjogren's
disease, thyroid disease, sarcoidosis, autoimmune uveitis, inflammatory bowel

disease (Crohn's and ulcerative colitis) or autoimmune hepatitis.

The method of claim 49, wherein the subject is selected from the group consisting

of humans and non-human mammals.
The method of claim 49, wherein the fragment is derived from human HSP60.

The method of claim 54, wherein the fragment comprises amino acid sequence
selected from: amino acids 271-290 of human HSP60 (SEQ ID NO:1), amino
acids 346-365 of human HSP60 (SEQ ID NO:2), amino acids 361-380 of human
HSP60 (SEQ ID NO:3), amino acids 391-410 of human HSP60 (SEQ ID NO:4),
amino acids 406-425 of human HSP60 (SEQ ID NO:5), amino acids 436-455 of
human HSP60 (SEQ ID NO:6), amino acids 466-485 of human HSP60 (SEQ ID
NO:7), amino acids 481-500 of human HSP60 (SEQ ID NO:8) and amino acids
496-515 of human HSP60 (SEQ ID NO:9).

A method of treating arthritis, comprising administering to a subject in need
thereof a therapeutically effective amount of a pharmaceutical composition
comprising a recombinant construct, the recombinant construct comprising an
isolated nucleic acid sequence encoding a fragment of HSP60 characterized in that
it reacts with T cells isolated from an animal vaccinated with HSP70 to induce

Th2/3 T-cell responses.

The method of claim 56, wherein the nucleic acid sequence is operatively linked to

one or more transcription control sequences.
The method of claim 56, wherein the fragment is derived from human HSP60.

The method of claim 58, wherein the fragment comprises amino acid sequence

selected from: amino acids 271-290 of human HSP60 (SEQ ID NO:1), amino
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60.

61.

62.

63.

64.

65.

66.

acids 346-365 of human HSP60 (SEQ ID NO:2), amino acids 361-380 of human
HSP60 (SEQ ID NO:3), amino acids 391-410 of human HSP60 (SEQ ID NO:4),
amino acids 406-425 of human HSP60 (SEQ ID NO:5), amino acids 436-455 of
human HSP60 (SEQ ID NO:6), amino acids 466-485 of human HSP60 (SEQ ID
NO:7), amino acids 481-500 of human HSP60 (SEQ ID NO:8) and amino acids
496-515 of human HSP60 (SEQ ID NO:9).

The method of claim 56, wherein the pharmaceutical composition is administered

to said subject at the time of appearance of disease symptoms.

The method of claim 56, wherein the pharmaceutical composition is administered
by intravenous injection, intramuscular injection, aerosal, oral, percutaneous or

topical administration.

A method of preventing the symptoms of arthritis, comprising administering to a
subject in need thereof a prophylactically effective amount of phmnacéutical
composition comprising a recombinant construct, the recombinant construct
comprising an isolated nucleic acid sequence encoding a fragment of HSP60
characterized in that it reacts with T cells isolated from an animal vaccinated with
HSP70 to induce Th2/3 T-cell responses.

The method of claim 62, wherein the nucleic acid sequence is operatively linked to

one or more transcription control sequences.
The method of claim 62, wherein the fragment is derived from human HSP60.

The method of claim 64, wherein the fragment comprises amino acid sequence
selected from: amino acids 271-290 of human HSP60 (SEQ ID NO:1), amino
acids 346-365 of human HSP60 (SEQ ID NO:2), amino acids 361-380 of human
HSP60 (SEQ ID NO:3), amino acids 391-410 of human HSP60 (SEQ ID NO:4),
amino acids 406-425 of human HSP60 (SEQ ID NO:5), amino acids 436-455 of
human HSP60 (SEQ ID NO:6), amino acids 466-485 of human HSP60 (SEQ ID
NO:7), amino acids 481-500 of human HSP60 (SEQ ID NO:8) and amino acids
496-515 of human HSP60 (SEQ ID NO:9).

The method of claim 62, wherein the pharmaceutical composition is administered

to said subject prior to the appearance of disease symptoms.
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69.

70.

71.

72.

73.

74.

The method of claim 62, wherein the pharmaceutical composition is administered
by intravenous injection, intramuscular injection, aerosal, oral, percutaneous or

topical administration.

A method for treating or preventing a T cell-mediated inflammatory autoimmune
disease comprising the steps of (a) obtaining cells from a subject; (b) infecting the
cells in vitro with a virus comprising a recombinant construct comprising an
isolated nucleic acid sequence encoding a fragment of HSP60 characterized in that
it reacts with T cells isolated from an animal vaccinated with HSP70 to induce
Th2/3 T-cell responses; and (c) reintroducing the infected cells to the subject,
thereby treating the disease.

the method of claim 68, wherein the nucleic acid sequence is operatively linked to

one or more transcription control sequences.

The method of claim 68, wherein the infected cells are administered to said subject

at the time of appearance of disease symptoms.

The method of claim 68, wherein the T-cell mediated inflammatory autoimmune
disease is rheumatoid arthritis, collagen II arthritis, multiple sclerosis, autoimmune
neuritis, systemic lupus erythematosus, psoriasis, juvenile onset diabetes, Sjogren's
disease, thyroid disease, sarcoidosis, autoimmune uveitis, inflammatory bowel

disease (Crohn's and ulcerative colitis) or autoimmune hepatitis.

The method of claim 68, wherein the subject is selected from the group consisting

of humans and non-human mammals.
The method of claim 68, wherein the fragment is derived from human HSP60.

The method of claim 73, wherein the fragment comprises amino acid sequence
selected from: amino acids 271-290 of human HSP60 (SEQ ID NO:1), amino
acids 346-365 of human HSP60 (SEQ ID NO:2), amino acids 361-380 of human
HSP60 (SEQ ID NO:3), amino acids 391-410 of human HSP60 (SEQ ID NO:4),
amino acids 406-425 of human HSP60 (SEQ ID NO:5), amino acids 436-455 of
human HSP60 (SEQ ID NO:6), amino acids 466-485 of human HSP60 (SEQ ID
NO:7), amino acids 481-500 of human HSP60 (SEQ ID NO:8) and amino acids
496-515 of human HSP60 (SEQ ID NO:9).
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82.

83.

A method of treating or preventing a T cell-mediated inflammatory autoimmune
disease, comprising administering to a subject in need thereof a therapeutically
effective amount of a pharmaceutical composition comprising a peptide fragment
of HSP60 characterized in that it reacts with T cells isolated from an animal

vaccinated with HSP70 to induce Th2/3 T-cell responses.
The method of claim 75, wherein the fragment is derived from human HSP60.

The method of claim 76, wherein the fragment comprises amino acid sequence
selected from: amino acids 271-290 of human HSP60 (SEQ ID NO:1), amino
acids 346-365 of human HSP60 (SEQ ID NO:2), amino acids 361-380 of human
HSP60 (SEQ ID NO:3), amino acids 391-410 of human HSP60 (SEQ ID NO:4),
amino acids 406-425 of human HSP60 (SEQ ID NO:5), amino acids 436-455 of
human HSP60 (SEQ ID NO:6), amino acids 466-485 of human HSP60 (SEQ ID
NO:7), amino acids 481-500 of human HSP60 (SEQ ID NO:8) and amino acids
496-515 of human HSP60 (SEQ ID NO:9).

The method of claim 75, wherein the T cell-mediated inflammatory autoimmune
disease is theumatoid arthritis, collagen II arthritis, multiple sclerosis, autoimmune
neuritis, systemic lupus erythematosus, psoriasis, juvenile onset diabetes, Sjogren's
disease, thyroid disease, sarcoidosis, autoimmune uveitis, inflammatory bowel

disease (Crohn's and ulcerative colitis) or autoimmune hepatitis.

The method of claim 75, wherein the subject is selected from the group consisting

of humans and non-human mammals.

The method of claim 75, wherein the pharmaceutical composition is administered

to said subject at the time of appearance of disease symptoms.

The method of claim 75, wherein the pharmaceutical composition is administered

to said subject prior to the appearance of disease symptoms.

The method of claim 75, wherein the pharmaceutical composition is administered
by intravenous injection, intramuscular injection, aerosal, oral, percutaneous or

topical administration.

A method of treating or preventing arthritis, comprising administering to a subject

in need thereof a therapeutically effective amount of a pharmaceutical composition
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90.

comprising a peptide fragment of HSP60 characterized in that it reacts with T cells

isolated from an animal vaccinated with HSP70 to induce Th2/3 T-cell responses.
The method of claim 83, wherein the fragment is derived from human HSP60.

The method of claim 84, wherein the fragment comprises amino acid sequence
selected from: amino acids 271-290 of human HSP60 (SEQ ID NO:1), amino
acids 346-365 of human HSP60 (SEQ ID NO:2), amino acids 361-380 of human
HSP60 (SEQ ID NO:3), amino acids 391-410 of human HSP60 (SEQ ID NO:4),
amino acids 406-425 of human HSP60 (SEQ ID NO:5), amino acids 436-455 of
human HSP60 (SEQ ID NO:6), amino acids 466-485 of human HSP60 (SEQ ID
NO:7), amino acids 481-500 of human HSP60 (SEQ ID NO:8) and amino acids
496-515 of human HSP60 (SEQ ID NO:9).

The method of claim 83, wherein the subject is selected from the group consisting

of humans and non-human mammals.

The method of claim 83, wherein the pharmaceutical composition is administered

to said subject at the time of appearance of disease symptoms.

The method of claim 83, wherein the pharmaceutical composition is administered

to said subject prior to the appearance of disease symptoms.

The method of claim 83, wherein the pharmaceutical composition is administered
by intravenous injection, intramuscular injection, aerosal, oral, percutaneous or

topical administration.

A method of screening for active fragments of HSP60 capable of inducing Th2/3

T-cell responses comprising:

(a) applying a DNA construct encoding HSP70 to an animal in a sufficient amount

to induce HSP70 expression in the animal;
(b) obtaining T cells from said animal;

(c) contacting the cells with a candidate HSP60 fragment for sufficient time for

inducing cytokine secretion in said cells; and

(d) determining the secretion of IL-10, TGFB1 and IFNy from said cells, wherein if
the secretion of IL-10 and TGFp1 is increased and the secretion of IFNy is
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decreased than the candidate HSP60 fragment is capable of inducing Th2/3 T-

cell responses.

49



WO 2005/048914 PCT/IL2004/001080

1/10

pHSP7 pHSP9 pcDNA3

103 kDa ==
77 kDa =
60 kDa —
Figure 1
Antibodies to HSP70
1.2 4 O pcDNA3 **
§ | | = pHSP70
m *
© 0.8 -
<
3 0.6
0.4
T
Sl
0 . .
Naive Vaccination AA
Figure 2A
Antibodies to OVA
1.2 | o pcDNA3
g 1 7 m pHSP70
o 0.8
o 0.6 7
<
q 0.4 -
0.2 Ei“i fjii EE_i
O .

Naive Vaccination AA

Figure 2B



WO 2005/048914 PCT/IL2004/001080

2/10

Antibodies to GST-HSPS0

* %k

1o pcDNA3
71 m pHSP90

OD 405 nm

o O B

o W N Ul
1

0.3 - _I]i

Naive Vaccination AA

o

Figure 2C

Antibodies to GST

O pcDNA3
m pHSP90

in N Ws B

Naive Vaccination AA

OD 405 nm
O O O =R
O W oy W N U1
1 1

Figure 2D



WO 2005/048914 PCT/IL2004/001080

3/10

16y —o—pcDNA3
141 _e—pHSP90
121 _m—pHSP70

AA Score
(o]

T T T T T

8 10 12 14 16 18 20 22 24 26 28

Days after AA induction

Figure 3A

o

o
y
1

w
o
1
1

N
(]
'

g

*

A m

pPcDNA3 pHSP70 pHSP90

Leg swelling
|_K
(@)

(0.1 mm)

(@]

Figure 3B



WO 2005/048914 PCT/IL2004/001080

4/10
15 . OpcDNA3
13 pHSP70
11 | B pHSPY0
Y
w7
T
3
1
PPD
Figure 4A
10 -
9 -
8 i
= 7
n 6
5 N
4 i pe
3 1 sk
1 HSP65 ' Mt176-90 '  HSP71

Figure 4B



WO 2005/048914 PCT/IL2004/001080

5/10

2500 1 OpcDNA3 I

P
2000- OpHSP70

mpHSPY90
15004
10004
i
0 -

PPD HSP71 HSP65 Mt1l76- 90

IFNy (pg/ml)

Figure 5A

1200 1

1000 A
800 -
600 1
400 -
0 [l

PD HSP71 HSP65 Mt176 -90

IL-10 (pg/ml)

Figure 5B

7000 1
6000 A
5000 A
4000
3000 +
2000

100(()): lfl -

PD HSP71 HSP65 Mt176-90

TGFB1 (pg/ml)

Figure 5C



WO 2005/048914

ST

6/10

ND ’JWND

PCT/IL2004/001080

1 pcDNA3
1 pHSP70
m pHSP90

HSP70

HSP90

Figure 6

HSP60



WO 2005/048914 PCT/IL2004/001080

7/10

3007 00 pcDNA3
"éT 2504 o pHSPT0
S 200 mPpHSP90 _I.
& 150
E‘ 100 -
H 50-
0 ND_ ND . _
HSP70 HSP90 HSP60
Figure 7A
50-
-y
40
£ T
& 304
o  20-
"
I.:III 10' ;‘5
0 _IND _FEND ]
HSP70 HSP90 HSP60
Figure 7B
1400
"H 1200 -
1000 -
&
800 -
§.600—
0 400
200 4
0 np_ NDEE |
HSP70 HSP90 HSP60

Figure 7C



WO 2005/048914 PCT/IL2004/001080

8/10

0 pcDNA3 74
OpHSP65 6
mpHSP60 5

HSP70 HSP71

Figure 8



WO 2005/048914

IFNy (pg/ml)

TGFB1l (pg/ml)

IL-10 (pg/ml)

9/10
700 1
OpcDNA3
6001 _P¢
OO_ DpHSP65 J;
5007 mpHSP60
4001
300
200 1
1001
1
HSP70 HSP71
Figure 9A
800 1
700 1
600 1
500 1
400 1
3001
200 1
100 1
0 e |
HSP70 HSP71
Figure 9B
3007
250"
2001
1507
1001 T
50 1
OJJ.
HSP70 HSP71

Figure 9C

PCT/IL2004/001080



WO 2005/048914

HSP60 (ug/ml)

PCT/IL2004/001080

10/10
501

40+
30+
20+
104
o+_JiiL,l '

Naive AA  pcDNA3 pHSP70

Group

Figure 10



WO 2005/048914 PCT/IL2004/001080

<110>
<120>

<130>
<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

1

yeda-039.ST25.txt
SEQUENCE LISTING

YEDA Research and Development

DNA VACCINES ENCODING HSP6Q PEPTIDE FRAGMENTS FOR TREATING
AUTOIMMUNE DISEASES

YEDA/039 PCT

15

PatentIn version 3.3
1

20

PRT

Artificial

Human HSP60 epitope
1

Leu val ITle Ile Ala Glu Asp val Asp Gly Glu Ala Leu Ser Thr Leu
5

10

val Leu Asn Arg
20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

20

PRT
Artificial

Human HSP60 epitope
2

Gly Glu val Ile val Thr Lys Asp Asp Ala Met Leu Leu Lys Gly Lys
1 5 10 15

Gly Asp Lys Ala
20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

3

20

PRT
Artificial

Human HSP60 epitope
3

Lys Gly Asp Lys Ala Gln Ile Glu Lys Arg Ile Gln Glu ITe Ile Glu
1 5 10 15

GIn Leu Asp val
20

<210>

4
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<211>
<212>
<213>

<220>
<223>

<400>

yeda-039.ST25. txt
20
PRT
Artificial

Human HSP60 epitope
4

Asn Glu Arg Leu Ala Lys Leu Ser Asp Gly val Ala val Leu Lys val
1 5 10 15

Gly Gly Thr Ser
20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

20

PRT
Artificial

Human HSP60 epitope
5

val Gly Gly Thr Ser Asp val Glu val Asn Glu Lys Lys Asp Arg val
1 5 10 15

Thr Asp Ala Leu
20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

20

PRT
Artificial

Human HSP60 epitope
6

ITe val Leu Gly Gly Gly Cys Ala Leu Leu Arg Cys Ile Pro Ala Leu
1 5 10

Asp Ser Leu Thr
20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

7

20

PRT
Artificial

Human HSP60 epitope
7

g1u Ile Ile Lys ?rg Thr Leu Lys Ile ;50 Ala Met Thr Ile Ala Lys

15

Asn Ala Gly val
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yeda-039.ST25. txt
20

<210> 8

<211> 20

<212> PRT

<213> Artificial

<220>
<223> Humanh HSP60 epitope

<400> 8
&ys Asn Ala Gly ¥a1 Glu Gly Ser Leu {1e val Glu Lys Ile get Gln
5

ser Ser Ser Glu

<210> 9

<211> 20

<212> PRT

<213> Artificial

<220>
<223> Human HSP60 epitope

<400> 9
GIn Ser Ser Ser Glu val Gly Tyr Asp Ala Met Ala Gly Asp Phe val
1 5 10 15

Ash Met val Glu

20
<210> 10
<211> 20
<212> PRT
<213> Artificial
<220>
<223> human hsp60 epitope
<400> 10
Lys Phe Gly Ala Asp Ala Arg Ala Leu Met Leu GIn Gly val Asp Leu
1 5 10 15
Leu Ala Asp Ala
20
<210> 11
<211> 15
<212> PRT
<213> Mycobacterium tuberculosis
<400> 11
Glu Glu Ser Asn Thr Phe Gly Leu GIn Leu Glu Leu Thr Glu Gly
1 5 10 15
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<210>
<211>
<212>
<213> Homo

<400> 12
cgccatggag

12
2691
DNA

cctccagtga
tgattggtcc
acctggcagc
cgacttataa
gacagtccac
ctgtgcggct
tcgcggatcc
ggaaccgcat
tgggggtgtt
cccccagcta
aggtggcgcet
tcggcgaccc
gagacaagcc
agatctcgtc
cggtgaccaa
ccaaggatgc
ccgecgecat
ttgacctggg
aggtgaaggc
tgaaccactt
gagccgtgag
cccaggcecag
ccagggcgag
agaaggctct
ggggctccac
acctgaacaa
ccatcctgat
ccctgtegcet
ccaccatccc

tgctgatcca

sapiens

accaacaccc
atcccagaag
aaggaaggct
ctcatcgagc
aagcccaggg
tacctttttc
gcaggcaccg
agtgttccgt
ggccaaagcc
ccaacacggc
cgtggccttc
gaacccgcag
ggtggtgcag
caaggtgcag
catggtgctg
cgcggtgatc
gggtgtgatc
cgcctacggce
<€gggggcacc
cacggccggg
cgtggaggag
gcggctgegce
cctggagatc
gttcgaggag
gcgcgacgcec
ccgcatcccc
gagcatcaac
gggggacaag
ggggctggag
caccaagcag

ggtgtacgag

yeda-039.5T25.txt

ttcccaccge
actctggaga
ggggggcagg
tcggtgattg
gcaagcggtc
gagagtgact
gcgcgtcgag
ttccagccce
gcggcagtcg
aaggtggaga
acggacaccg
aacaccgtgt
tcggacatga
gtgagctaca
accaagatga
accgtgccgg
gcggggctca
ctggacagaa
ttcgacgtgt
gacacccacc
ttcaagagaa
accgcctgeg
gactccctgt
ctgtgctccg
aagctggaca
aaggtgcaga
cccgacgagg
tccgagaacg
acggccggag
acgcagatct

ggcgagaggg

cactcccect
gttctgagcea
acgggaggcg
gctcagaagg
cggataacgg
ccecgttgtec
tttccggegt
caatctcaga
gcatcgacct
tcatcgccaa
agcggctcat
ttgacgcgaa
agcactggcc
agggggagac
aggagatcgc
cctacttcaa
acgtgctgceg
cgggcaaggg
ccatcctgac
tgggtgggga
aacacaagaa
agagggccaa
ttgagggcat
acctgttccg
aggcccagat
agctgctgea
ctgtgggcta
tgcaggacct
gcgtgatgac
tcaccaccta

ccatgacgaa
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tcctctcagg
gggggcggca
aaacccctgg
gaaaaggcgg
ctagcctgag
caaggcttcc
ccggaaggac
gccgagecga
gggcaccacc
cgaccagggc
c€ggggatgcg
gcgcctgatce
tttccaggtg
caaggcattc
cgaggcgtac
cgactcgcag
gatcatcaac
ggagcgcaac
gatcgacgac
ggactttgac
ggacatcagc
gaggaccctg
cgacttctac
aagcaccctg
tcacgacctg
ggacttcttc
cggggcggcg
gctgctgctg
tgccctgatce
ctccgacaac

agacaacaat

PCT/IL2004/001080

gtccctgtec
ctctggectc
aatattcccg
gtctccgtga
gagctgctgc
cagagcgaac
cgagctcttc
cagagagcag
tactcctgcg
aaccgcacca
gccaagaacc
ggccgcaagt
atcaacgacg
taccccgagg
ctgggctacc
cgccaggeca
gagcccacgg
gtcctgatct
ggcatcttcg
aacaggctgg
cagaacaagc
tcgtccagca
acgtccatca
gagcccgtgg
gtcctggtcg
aacgggcgcg
gtgcaggcgag
gacgtggctc
aagcgcaact
caacccgggg

ctgttggggc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
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gcttcgagcet
acatcgatgc
acaagatcac
tgcaggaggc
agaacgccct
agggcaagat
cgtggctgga
tggagcaggt
ctgggggctt
aggtagatta
tttcctagta
tggtgaagta
gccatcttac
ttacttcaaa
<210>
<211>
<212>
<213>

<400> 13
cagttgcttc

13
DNA

atgcctgagg
gcctttcagg
aaagagatct
tatgaaactt
ataccgaaca
gctgacttga
gctttgcagg
gcttatttgg
gcttgggagt
ggtcgtggaa
cgaagaataa
tttgtggaga
aaagaagaag
gttggttctg
aaggaaaagt

cccgacgata

2912

gagcggcatc
caacggcatc
catcaccaac
ggagaagtac
ggagtcctac
cagcgaggcc
cgccaacacc
gtgtaacccc
cggggctcag
ggggectttc
tttctgtttg
ctgaacttgc
gactatttct

gtaaataaac

Homo sapiens

agcgtcccgg
aaacccagac
cagaaattgc
ttctgagaga
tgacagatcc
aacaagatcg
tcaataacct
ctggtgcaga
ttgctgagaa
cctcagcagg
caaaagttat
aggagattgt
aggaacgtga
aaaaagaaaa
atgaggaaga
acatcgatca

ttactaatga

yeda-039.ST25.txt

ccteeggecc
ctgaacgtca
gacaagggcc
aaagcggagg
gccttcaaca
gacaagaaga
ttggccgaga
atcatcagcg
ggtcccaagg
caagattgct
tcagttctca
ctttttttcc
tctttttaat

tttaaaattc

tgtggctgtg
ccaagaccaa
ccagttgatg
gctcatttca
cagtaaatta
aactctcact
tggtactatc
tatctctatg
agtaactgtg
gggatcattc
cctacacctg
gaagaaacat
taaagaagta
agaagagaaa
agaaaagaag
agaagagctc

ggagtacgga

caggcgtgcc
cggccacgga
gcctgagcaa
acgaggtgca
tgaagagcgc
aggtgctgga
aggacgagtt
gactgtacca
gagggtctgg
gtttttgttt
atttcctgtg
ggtttctaca
acacttaact

aagtgatgcc

ccgttggtec
ccgatggagg
tcattgatca
aattcatcag
gactctggga
attgtggata
gccaagtctg
attggccagt
atcaccaaac
acagtgagga
aaagaagacc
tctcagttta
agcgatgatg
gagtcggaag
gatggtgaca
aacaaaacaa

gaattctata
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ccagatcgag
caagagcacc
ggaggagatc
gcgcgagagg
cgtggaggat
caagtgtcaa
tgagcacaag
gggtgccggt
gtcaggcccc
tggagcttca
tttgcaatgt
tgcagagatg
caggccattt
cttttattcc

tgtgcggtca
aggaggaggt
tcaatacttt
atgcattgga
aagagctgca
ctggaattgg
ggaccaaagc
tcggtgttgg
ataacgatga
cagacacagg
aaactgagta
ttggatatcc
aggctgaaga
acaaacctga
agaagaagaa
agcccatctg

agagcttgac
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gtgaccttcg
ggcaaggcca
gagcgcatgg
gtgtcagcca
gaggggctca
gaggtcatct
aggaaggagc
ggtcccggge
accattgagg
agactttgca
tgaaattttt
aatttatact
tttaagttgg
t

cttagccaag
tgagacgttc
ctactcgaac
caaaatccgg
tattaacctt
aatgaccaag
gttcatggaa
tttttattct
tgagcagtac
tgaacctatg
cttggaggaa
cattactctt
aaaggaagac
aattgaagat
gaagaagatt
gaccagaaat

caatgactgg

1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2691

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
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gaagatcact
ctatttgtcc
atcaaattgt
tatctgaact
gagatgttgc
ttagaactct
ttctctaaaa
gagctgttaa
tgcaccagaa
caggtagcta
atgattgagc
ttagtgtcag
caggaagaga
aaaaaagttg
acaagcacat
gacaactcaa
tccattatty
gatctggtca
ccccagacac
gatgacccta
ggagatgacg
acctgttcag
tttgttaata
ctgtctacta
gagtttcatg
gatgttaact
aatcttgtta
cttgtaggat
gtcctctaga
ttttccaaag
aaagctgttc
tctgcttaaa

<210> 14
<211> 573

tggcagtgaa
cacgacgtgc
atgtacgcag
tcattagagg
aacaaagcaa
ttactgaact
acataaagct
ggtactacac
‘tgaaggagaa
actcagcectt
ccattgatga
tcaccaaaga
aaaaaacaaa
aaaaggtggt
atggctggac
caatgggtta
agaccttaag
tcttgcttta
atgctaacag
ctgctgatga
acacatcacg
tactctacaa
ttaaaaagtc
agtgatgctg
ttggttcttt
ttgtgtggtc
ttgaagtgtt
ctactttttg
aataggttaa
aaaagtattg
aaatactcga

gttgtaacaa

yeda-039.ST25.txt

gcatttttca
tccttttgat
agttttcatc
ggtggtagac
aattttgaaa
ggcggaagat
tggaatacac
atctgcctct
ccagaaacat
tgtggaacgt
gtactgtgtc
aggcctggaa
gtttgagaac
tgtgtcaaac
agcaaacatg
catggcagca
gcaaaaggca
tgaaactgcg
gatctacagg
taccagtgct
catggaagaa
ttcctctgat
tgtatggcat
tgatacctta
cacagatggg
taaagtottt
ctgagctgta
aacttttcat
actgaagcaa
tttggaggag
gcccagtctt

atacagatga

gttgaaggac
ctgtttgaaa
atggataact
tcggaggatc
gttatcagga
aaagagaact
gaagactctc
ggtgatgaga
atctattata
cttcggaaac
caacagctga
cttccagagg
ctctgcaaaa
cgattggtga
gagagaatca
aagaaacacc
gaggctgata
ctcctgtctt
atgatcaaac
gctgtaactg
gtagactaat
aatatatttt
gacaactact
ggcactaaag
gtaacgtgca
agctgtcaag
tcttgatgtt
tccctgtagt
cttgatggaa
caaagttaaa
gtggatggaa
gt
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agttggaatt
acagaaagaa
gtgaggagct
tccctctaaa
agaatttggt
acaagaaatt
aaaatcggaa
tggtttctct
tcacaggtga
atggcttaga
aggaatttga
atgaagaaga
tcatgaaaga
catctccatg
tgaaagctca
tggagataaa
agaacgacaa
ctggcttcag
ttggtctggg
aagaaatgcc
ctctggctga
caaggatgtt
ttaaggggaa
cagagctagt
ctgtaagacg
ccggatgect
tagaaaagta
tgacaattct
ggatctctcc
agcctaccta

atgtagtgct

PCT/IL2004/001080
cagagccctt 1080
aaagaacaat 1140
aatccctgaa 1200
catatcccgt 1260
caaaaaatgc 1320
ctatgagcag 1380
gaagctttca 1440
caaggactac 1500
gaccaaggac 1560
agtgatctat 1620
ggggaagact 1680
gaaaaagaag 1740
catattggag 1800
ctgtattgtc 1860
agccctaaga 1920
ccctgaccat 1980
gtctgtgaag 2040
tctggaagat 2100
tattgatgaa 2160
accccttgaa 2220
gggatgactt 2280
tttctttatt 2340
gataagattt 2400
aatgcttttt 2460
tatgtaacat 2520
aagtagacca 2580
ttcgttacat 2640
gcatgtacta 2700
acagggcttg 2760
agcatatcgt 2820
cgagtcacat 2880

2912
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yeda-039.ST25.txt

<212> PRT

<213> Homo sapiens

<400> 14

Met Leu Arg Leu Pro Thr val Phe Arg GIn Met Arg Pro val Ser Arg
1 5 10 15

val Leu Ala Pro His Leu Thr Arg Ala Tyr Ala Lys Asp val Lys Phe
20 25 30

Gly Ala égp Ala Arg Ala Leu Mgt Leu GIn Gly val ﬁgp Leu Leu Ala
4

Asp éga val Ala val Thr ?gt Gly Pro Lys Gly 259 Thr val Ile Ile

Glu GIn Ser Trp Gly Ser Pro Lys val Thr Lys Asp Gly val Thr val
65 70 75 80

Ala Lys Ser Ile Asp Leu Lys Asp Lys Tyr Lys Ash Ile Gly Ala Lys
85 90 95

Leu val GIn Asp val Ala Asn Asn Thr Asn Glu Glu Ala Gly Asp Gly
100 105 110

Thr Thr Thr Ala Thr val Leu Ala Arg Ser Ile Ala Lys Glu Gly Phe
115 120 125

Glu Lys Ile Ser Lys Gly Ala Asn Pro val Glu Ile Arg Arg Gly val
130 135 140

Met Leu Ala val Asp Ala val Ile Ala Glu Leu Lys Lys GlIn Ser Lys
145 150 155 160

Pro val Thr Thr Pro Glu Glu Ile Ala Gln val Ala Thr Ile Ser Ala
165 170 175

Asn Gly Asp Lys Glu Ile Gly Asn Ile ITe Ser Asp Ala Met Lys Lys
180 185 190

val Gly Arg Lys Gly val Ile Thr val Lys Asp Gly Lys Thr Leu Asn
195 200 205

Asp Glu Leu Glu Ile Ile Glu Gly Met Lys Phe Asp Arg Gly Tyr Ile
210 215 220

Ser Pro Tyr Phe Ile Asn Thr Ser Lys Gly GIn Lys Cys Glu Phe Gln
225 230 235 240

Asp Ala Tyr val Leu Leu Ser Glu Lys Lys Ile Ser Ser Ile Gln Ser
245 250 255
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Ile

Ile

Asn

Phe

305

Gly

val

Asp

Lys

Tyr

385

val

Lys

Glu

Pro

Ile

465

Lys

ser

Met

WO 2005/048914

val

Ile

Arg

Gly

Gly

Gln

Asp

Arg

Glu

Ala

Lys

Glu

Ala

450

Glu

Asn

Ser

val

Pro

Ala

275

Leu

Asp

Ala

Pro

Lys

val

Asp

Gly

Leu

Ile

Ala

Ser

Glu
515

Ala

260

Glu

Lys

Asn

val

His

340

Met

Gln

Glu

Leu

Asp

Ile

Gly

Glu

500

Lys

Leu

Asp

val

Arg

Phe

325

Asp

Leu

Glu

Lys

Lys

405

val

val

ser

Lys

val

485

val

Gly

Glu
val
Gly
310
Gly
Leu
Leu
Ile
Leu
390
val
Thr
Leu
Leu
Arg
Glu

Gly

Ile

Ile

Asp

Leu

295

Asn

Glu

Gly

Lys

Ile

375

Asnh

Gly

Asp

Gly

Thr

455

Thr

Gly

Tyr

Ile

yeda-039.ST25. txt

Ala Asn Ala His Arg Lys

Gly

280

Gln

Gln

Glu

Lys

Gly

Glu

Glu

Gly

Ala

Gly

Pro

Leu

Ser

Asp

Asp
520

265

Glu

val

Leu

Gly

val

345

Lys

Gln

Arg

Thr

Leu

425

Gly

Ala

Lys

Leu

Ala

505

Pro

Ala

val

Lys

Leu

330

Gly

Gly

Leu

Leu

ser

410

Asn

cys

Asn

Ile

Ile

490

Met

Thr

Leu

Ala

Glu

Asp

Asp

Ala

395

Asp

Ala

Ala

Glu

Pro

475

val

Ala

Lys
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Ser

val

300

Met

Leu

val

Lys

val

380

Lys

val

Thr

Leu

Asp

460

Ala

Glu

Gly

val

Thr

285

Lys

Ala

Asn

Ile

Ala

365

Thr

Leu

Glu

Arg

Leu

445

Gln

Met

Lys

Asp

val
525

Pro

270

Leu

Ala

Ile

Leu

val

350

Gln

Thr

ser

val

Ala

430

Arg

Lys

Thr

Ile

Phe

510

Arg

Leu

val

Pro

Ala

Glu

335

Thr

Ile

Ser

Asp

Asn

415

Ala

Cys

Ile

Ile

Met

495

val

Thr

PCT/IL2004/001080

val

Leu

Gly

Thr

320

Asp

Lys

Glu

Glu

Gly

Glu

val

Ile

Gly

Ala

480

GlIn

Asn

Ala
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Leu Leu
530

val val
545

yveda-039.ST25.txt

550

Asp Ala Ala Gly \5/e31; Ala Ser Leu Ley

Thr Glu Ile Pro Lys Glu Glu Lys Asp

555

Met Gly Gly Met Gly Gly Gly Met Gly Gly Gly
565 570

<210>
<211>
<212>
<213> Homo

<400> 15
acgacctgtc

15
2246
DNA

acagtctttc
tatgccaaag
cttttagccg
cagagttggg
ttaaaagata
aatgaagaag
gaaggcttcg
ttagctgttg
gaagaaattg
atctctgatg
acactgaatg
ccatacttta
ttgagtgaaa
gctcaccgta
ctcgtcttga
ggtgacaata
ggagaagagg
ggagaggtca
caaattgaaa
gaaaaggaaa
gttggtggga
aatgctacaa
cgatgcattc

gaaattatta

sapiens

tcgccgageg
gccagatgag
atgtaaaatt
atgctgtggc
gaagtcccaa
aatacaagaa
ctggggatgg
agaagattag
atgctgtaat
cacaggttgc
caatgaaaaa
atgaattaga
ttaatacatc
agaaaatttc
agcctttggt
ataggctaaa
gaaagaacca
gattgaccct
ttgtgaccaa
aacgtattca
aactgaatga
caagtgatgt
gagctgctgt
cagccttgga

aaagaacact

cacgccttgce
accggtgtcc
tggtgcagat
cgttacaatg
agtaacaaaa
cattggagct
cactaccact
caaaggtgct
tgctgaactt
tacgatttct
agttggaaga
aattattgaa
aaaaggtcag
tagtatccag
cataatcgct
ggttggtctt
gcttaaagat
gaatcttgaa
agacgatgcc
agaaatcatt
acggcttgeca
tgaagtgaat
tgaagaaggc
ctcattgact

Caaaattcca

cgccgeeccg
agggtactgg
gcccgagect
gggccaaagg
gatggtgtga
aaacttgttc
gctactgtac
aatccagtgg
aaaaagcagt
gcaaacggag
aagggtgtca
ggcatgaagt
aaatgtgaat
tccattgtac
gaagatgttg
caggttgtgg
atggctattg
gacgttcagc
atgctcttaa
gagcagttag
aaactttcag
gaaaagaaag
attgttttgg
ccagctaatg

gcaatgacca

9/10
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Thr Thr Ala Glu val

540

Pro Gly Met Gly Ala
560

Met Phe

cagaaatgct
ctcctcatct
taatgcttca
gaagaacagt
ctgttgcaaa
aagatgttgc
tggcacgctce
aaatcaggag
ctaaacctgt
acaaagaaat
tcacagtaaa
ttgatcgagg
tccaggatgce
ctgctcttga
atggagaagc
cagtcaaggc
ctactggtgg
ctcatgactt
aaggaaaagg
atgtcacaac
atggagtggc
acagagttac
gagggggttyg
aagatcaaaa

ttgctaagaa

tcggttaccc
cactcgggct
aggtgtagac
gattattgag
gtcaattgac
caataacaca
tatagccaag
aggtgtgatg
gaccacccct
tggcaatatc
ggatggaaaa
ctatatttct
ctatgttctg
aattgccaat
tctaagtaca
tccagggttt
tgcagtgttt
aggaaaagtt
tgacaaggct
tagtgaatat
tgtgctgaag
agatgccctt
tgccctectt
aattggtata

tgcaggtgtt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
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gaaggatctt
atggctggag
agaactgctt
gtcacagaaa
ggtggtatgg
ctgtgacagg
aaaatgaaga
caaaatatat
ttttgaataa
actgctttca
tagtgcttgc
tgtgtacaaa

taaagttaaa

tgatagttga
attttgtgaa
tattggatgce
ttcctaaaga
gaggtggcat
aagcccaagg
aaaaggctgg
aatggtttac
aaaacatttg
acttaaatca
caccaccaga
gtagagaagt

daadaaadaa

yeda-039.ST25.txt

gaaaattatg caaagttcct cagaagttgg

tatggtggaa aaaggaatca ttgacccaac

tgctggtgtg
agagaaggac
gttctaactc
cagtgttcct
ctgaaaatca
tgctgtcatt
tacattcctg
ctgaggcatt
tgagaagtta
atccaattat

dadadaa

gcctctctgt
cctggaatgg
ctagactagt
caccaataac
ctataaccat
gtccatgect
atactgggta
tttactacta
agcagccttt

gtgacaacct
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taactacagc
gtgcaatggg
gctttacctt
ttcagagaag
cagttactgg
acagataatt
caagagccat
ttctgttaaa
ctgtggagag
ttgtgtaata

PCT/IL2004/001080

ttatgatgct
aaaggttgtg
agaagttgta
tggaatggga
tattaatgaa
tcagttggag
tttcagttga
tattttgtat
gtaccagtgt
atcaggattt
tgagaataat

aaaatttgtt

1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2246
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