10

15

20

25

30

35

WO 96/19236 PCT/US95/16596

PEPTIDE p277 ANALOGS, AND PHARMACEUTICAL COMPOSITIONS
COMPRISING THEM FOR TREATMENT OR DIAGNOSIS OF DIABETES

FIELD OF THE INVENTION

The present invention relates to novel peptides
being variants of an epitope of the human 60kDa heat shock
protein (hsp 60) and to pharmaceutical compositions comprising
them and methods for the diagnosis and treatment of insulin-
dependent dfabetes mellitus (IDDM) using such peptides.

BACKGROUND OF THE INVENTION

Type I diabetes, or IDDM, is an autoimmune disease
caused by T cells that attack and destroy the insulin
producing g-cells located in the islets of the pancreas
(Castano and Eisenbarth, 1990). The autoimmune process
culminating in IDDM begins and progresses without symptoms.
The disease surfaces clinically only when the cumulative loss
of B-cells exceeds the capacity of the residual f-cells to
supply insulin. Indeed, the collapse of glucose homeostasis
and clinical IDDM is thought to occur only after 80-20% of the
B-cells have been inactivated by the immune system. Thus,
patients who can be identified as suffering from IDDM are
bound to be in an advanced stage of autoimmune destruction of
their f-cells. Moreover, diagnosis of incipient, pre-
clinical diabetes by the detection of immunological markers of
f-cell autoimmunity can be made only after the onset of the
autoimmune process. Therefore, the therapeutic quest is to
find a safe, specific and effective way to turn off an
autoimmune process that is already well underway.

The present inventors have examined this question
before by studying the spontaneous diabetes developing in mice
of the NOD strain, which is considered to be a faithful model
of human IDDM (Castano and Eisenbarth, 1990). NOD mice
develop insulitis around 4 weeks of age, which begins as a
mild peri-islet infiltrate and progresses to severe intra-
islet inflammation. Hyperglycemia, which attests to insulin
insufficiency, begins in the females in our colony at about
14-17 weeks of age. By 35-40 weeks of age, almost all the
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female NOD mice have develope&'Severe diabetes and most die in
the absence of insulin treatment. Male NOD mice have a lower
incidence of disease, for reasons that are not clear. The
diabetes of NOD mice has been shown to be caused by autoimmune
T cells (Bendelac et al., 1987}.

T cell reactivity and autoantibodies to various
antigens have been detected in human IDDM patients as well as
in NOD mice (Elias, 1994), and it is not clear whether
immunity to any single one of the possible target antigens is
the primary cause of the disease. Beyond the guestion of
causation is the question of therapy.

It has been demonstrated that the initiation of the
autoimmune process in NOD mice can be prevented by subjecting
the mice, before the onset of diabetes, to various
manipulations such as restricted diet, viral infections, or
non-specific stimulation of the immune system (Bowman et al.,
1984). NOD diabetes is also preventable by induction of
immunological tolerance in pre-diabetic mice to the antigen
glutamic acid decarboxylase (GAD) (Kaufman et al., 1993; Tisch
et al., 1993).

The present inventors have found previously that the
diabetes of NOD mice can be prevented by T cell vaccination
using T cells specific for the p277 peptide sequence of the
human hsp60 molecule (Elias et al., 1991). This protein was
formerly designated hspé5, but is now designated hsp60 in view
of more accurate molecular weight information; by either
designation, the proteins are the same.

The p277 peptide, being the epitope of the human
hsp60 involved in IDDM and corresponding to positions 437-460
of the human hspé0 sequence, was first described in Israeli
Patent Application No. 94241 of the present applicant and in
Elias and Cochen, 1994, and has the following sequence:

Val-Leu-Gly-Gly-Gly-Cys-Ala-Leu-Leu-Arg-Cys-Ile-
Pro-Ala-Leu-Asp-Ser-Leu-Thr-Pro-Ala-Asn-Glu-Asp (SEQ ID NO:1)

Administration of the p277 peptide itself at the
onset of insulitis was shown also to prevent the development
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of diabetes, probably by ddwn-regulating the anti-p277
immunity that is essential for NOD diabetes (Elias et al.,
1991; Israeli Patent Application No. 94241). Recent studies
have indicated that the p277 peptide may also be used to
reverse f-cell autoimmunity that has progressed to an
advanced stage (Elias and Cohen, 19%4).

The laboratory of the present inventors has recently
reported that a form of autoimmune diabetes can be induced in
the C57BL/KsJ strain of mice by the administration of a very
low dose of the b-cell toxin streptozotocin (STZ) (Elias et
al., 1994). Whereas the standard low dose of STZ of 40 mg/kg
administered daily for S days usually induces clinical
diabetes within 3 weeks, the administration of 30 mg/kg for 5
days induces clinical diabetes only after a lag period of
about 3 months. This model of induced diabetes is marked by
the appearance in the prodrome period of autoantibodies to
insulin, anti-idiotypic antibodies to the insulin
autoantibodies, and autoantibodies to hsp60. The mice also
manifest spontaneous T-cell reactivity to hspé0 and to its
p277 peptide (Elias et al.,, 1994). Thus, the lower than
standard low dose of STZ appears to trigger an autoimmune
process not unlike that observed in the spontaneous diabetes
developing in NOD mice (Elias et al., 1990).

It is an object of the present invention to provide
variants of peptide p277, such variants being useful for the
diagnosis and treatment of IDDM.

SUMMARY OF THR ITNVENTION
In a study of fragments and variants of the peptide

p277, it was unexpectedly found that the peptides in which the
sole threonine residue was replaced by a lysine residue and/or
one or both of the cysteine residues were replaced by valine
residue(s), were active as p277 in the treatment of diabetes.
These results were even more surprising since the substitution
of the cysteine residues by serine residues resulted in
inactive peptides.

The present invention thus relates to a peptide
comprising the seguence I:

SUBSTITUTE SHEET (RULE 26)

This Sheet Has Been Replaced

[




10

15

20

25

30

35

WO 96/19236 ' PCT/US95/16596

6 11
Val-Leu-Gly-Gly-Gly-xl-Aia-Leu-Leu-Arg-xz-Ile-Pro-
' (I)
19
Ala-Leu-Asp-Ser-Leu-X,; -Pro-Ala-Asn-Glu-Asp (SEQ ID NO:2)

wherein X, and X, each is a Cys or Val residue and X; is a Thr
or Lys residue, but X, and X, cannot both be Cys residues when
X, is a Thr residue:

In specific embodiments of the invention, the
peptide consists of the sequence I wherein both X, and X, are
Cys and X, is Lys, herein p277(Lys'?)} (SEQ ID NO:3) or X, is
Val, X, is Cys and X, is Thr or Lys, herein p277(Val®) (SEQ ID
NO:4) and p277(Valé-Lys!?) (SEQ ID NO:5), respectively; or X,
is Cys, X, is Val and X, is Thr or Lys, herein p277(Val’l)
(SEQ ID NO:6) and p277(Vall?-Lys??) (SEQ ID NO:7),
respectively; or both X; and X, are Val and X, is Thr or Lys,
herein p277(Val®-vall!) (SEQ ID NO:8) and p277(Val®-!?!-Lys!?®)
(SEQ ID NO:9), respectively. The p277(Val®-vall!) peptide is
also referred to herein as p277(V).

It is further an object of the present invention to
provide methods and kits for the early diagnosis of IDDM using
a peptide of sequence I of the invention. In the course of
developing IDDM, animals express hsp60 molecules, or molecules
which are cross-reactive therewith, which find their way into
the bloocd and urine of the animals. They also express
antibodies and T cells directed specifically to such
molecules. Thus, the presence of hspé0 (or molecules which
are cross-reactive therewith) or antibodies or T cells
specific thereto in blood or urine, serves as an assay for the
detection of the IDDM process before the destruction of beta
cells is completed and the individual is doomed to life-long
diabetes.

The presence or incipience of IDDM in a patient can
be diagnosed by testing the blood or urine of said patient for
the presence of anti-hsp60 antibodies or T cells which are
immunologically reactive with human hspé0, using as antigen a
peptide of sequence I of the invention. Indeed, any of the
procedures previously described as being operable using
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‘peptide p277, such as those described in PCT International

Application publishéd under No. WO 90/1044%, hereby
incorporated herein by reference, can alsoc be used
substituting for p277 a peptide of sequence I of the present
invention.

Accordingly, the present invention provides a method
for diagnogﬁng the presence or incipience of IDDM in a
patient, comprising testing said patient for the presence of
anti-hsp60 antibodies or of a T cell which immunoreacts with
hsp60, whereby a result indicating the positive presence of
anti-hsp60 antibodies, of a T cell which immunoreacts with
hsp60, or a T cell or of a T cell which immunoreacts with
hsp60, indicates a high probability of the presence or
incipience of IDDM.

In the method for diagnosing IDDM, the patient may
be tested for the presence of anti-hsp60 antibodies, wherein
said test method may comprise a radioimmunoassay or an ELISA
test.

The patient may also be tested for the presence of a
T cell which immunoreacts with hsp60. In one embodiment of
this aspect, the test method comprises a T cell proliferation
test comprising the steps:

(i) preparing a mononuclear cell fraction containing
T cells from a blood sample obtained from said patient;

(ii) adding to said mononuclear cell fraction an
antigen selected from a peptide of sequence I of the
invention;

(iii) incubating said cell fraction in the presence
of said antigen for a suitable period of time and under
suitable culture conditions;

(iv) adding a labeled nucleotide to the incubated
cell culture of (iii) at a suitable time before the end of
said incubation pericd to provide for the incorporation of
said labeled nucleotide into the DNA of proliferating T cells;
and

(v) determining the amount of proliferating T cells
by analysis of the amount of labeled nucleotide incorporated
into said T cells.
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In step (iv), ®bove, said labeled nuclecotide is

preferably 3H-thymidine. The determination of the amount of
proliferating T cells is made by calculation of the
stimulation index of the T cells by standard methods.

In another embodiment of this aspect of the

invention, the test method comprises a T-cell cytokine

response test, in which steps (i) to (iii) are as in the above

T cell proliferation test, and in a fourth step (iv) the
presence of cytokine, such as IFN-y, IL-2, IL-4, IL-6, IL-
10, TNFe or TGFA, secreted by the responding lymphocytes
into the medium, is detected by standard methods with

commercially available kits.

In another aspect, the invention provides an in

vivo method wherein an antigen selected from a peptide of

sequence I is injected supcutaneously into a patient and the

occurrence of a detectable skin reaction (DTH) is observed.

The present invention also relates to means for

performing such assays, as well as kits for performing such

assays.

The kits may be prepared for carrying out any of the

variocus assays used for accomplishing the present invention.

Each such kit includes all of the materials necessary to

conduct a single assay or a fixed number of assays. For
example, such a kit for determining the presence of anti-hspé0

antibodies may contain a solid-phase immobilized peptide of

sequence I and a tagged antibody capable of recognizing the
non-variable region of the anti-hsp60 antibody to be

detected, such as tagged anti-human Fab. The kit may alsoc

contain directions for using the kit and containers to hold
the materials of the kit. Any conventional tag or label may
be used, such as a radioisotope, an enzyme, a chromophore or a
fluorophore. A typical radicisotope is iodine-125 or sulfur-

35.

Typical enzymes for this purpose include horseradish

peroxidase, B-galactosidase and alkaline phosphatase.

A kit for diagnosing the presence of IDDM by tesgting

for the presence of anti-hsp60 antibodies comprises:

I;

and

(i) an antigen selected from a peptide of sequence
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'(iii a-tagged antibody cépable of recognizing the
non-variable region of said anti-hsp60 antibodies to be
detected.

A kit for diagnosing the presence of IDDM by testing

for the presence of a T cell which immunoreacts with hspé60
comprises:

(i) an antigen selected from a peptide of sequence
I;

-+{ii) a suitable medium for culture of lymphocytes (T
cells); and

(iii) either a labeled nucleotide for the T cell
proliferation test, or a cytokine, e.g., IFN-y, IL-2, IL-4,
IL-6, IL-10, TNFa or TGFA, assay kit, for the cytockine
test.

For the in vivo test, the kit will comprise only a
peptide of sequence I in a suitable form for injection.

The present invention further relates to means for
preventing or treating IDDM. Vaccination with the antigen
peptide of sequence I of the present invention can provide a
specific down regulation of autoimmunity to the antigen, and
effectively creates a resistance to the autoimmune process of
IDDM. The same is true with respect to vaccination with T
cells specific to such antigens, in attenuated or avirulent
form or after having been treated to improve their
antigenicity, or fragments or active fractions thereof. If
the patient is shown to already be in the pre-clinical
incipient stages of IDDM, injection with such an antigen or T
cell (or fraction) can create a down regulation of
autoimmunity for this antigen and thus arrest the autoimmune
process before significant, permanent damage is done. The
peptide can also be used as a therapeutic agent to arrest the
auvtoimmune process even after it is far advanced, as shown
recently by the inventors of the present invention regarding
the treatment of NOD mice with the peptide p277 (Elias and
Cohen, 1994).

Accordingly, the present invention provides a
preparation for preventing or treating insulin-dependent
diabetes mellitus (IDDM), comprising a T cell product selected
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from the group cdnsisting of:- (a) human T cells which
manifest specificity for the p277 sequence of human hspé60,
which cells have been activated by incubating in the presence
of said peptide of sequence I; (b} said human T cells of (a)
which have been irradiated or otherwise attenuated; (c¢) said
human T cells of (a) which have been subjected to pressure
treatment by means of hydrostatic pressure, treatment with a
chemical cross-linking agent and/or treatment with a
cytoskeletal cross-linking agent; (d) fragments of, or surface
proteins shed from, the T cells of (a), (b) or (c); or (e) a
peptide consisting essentially of the variable region of the
receptor of {(a) specific for said protein, or a salt,
functional derivative, precursor or active fraction thereof.

In a preferred embodiment of the invention, the
preparation comprises autologous human T cells obtained from
the IDDM patient to be treated, which T cells have been
activated by in vitro contact with said peptide of sequence I.
Such specific and activated T cells are then administered to
the same patient from whom they were originally cbtained.

The present invention also provides a pharmaceutical
composition for the prevention or treatment of IDDM comprising
a pharmaceutically acceptable carrier and, as active
principle, an effective amount of a peptide of sequence I, a
salt or a functional derivative thereof. The pharmaceutically
acceptable carrier is preferably an oil vehicle such as an
emulsion of mineral oil known as incomplete Freund's adjuvant
(IFA}. However, IFA, as well as complete Freund's adjuvant
(CFA; a preparation of mineral oil containing various amounts
of killed organisms of Mycobacterium) are not allowed for
human use because the mineral oil is not metabolizable and
cannot be degraded by the body.

It has now been found by the present inventors that
certain fat emulsions, which have been in use for many years
for intravenous nutrition of human patients, can also act as a
vehicle for peptide therapy using the peptides of the present
invention. Two examples of such emulsions are the available
commercial fat emulsions known as Intralipid and Lipofundin.
"Intralipid" is a registered trademark of Kabi Pharmacia,
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Swedén, for a fat emulsion for intravenous nutrition,
described in US patent 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/1 distilled water).
Isotonicity results from the addition of glycerol (25 g/1)
both in Fntralipid and Lipofundin.

The invention further relates to a method of
preventing or treating IDDM which comprises administering to a
patient in need thereof a pharmaceutical composition
comprising a peptide of sequence I or a preparation comprising
T cells which have developed specificity to said peptide of
sequence I of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph showing the stability of p277 and

P277(val®-valil), The closed circles designate results using
p277 and the open circles p277(Val®-Vallt!). The large circles
represent results after 1 week of storage, the medium-size
circles after 9 weeks, and the smallest circles after 20
weeks.

Fig. 2 shows that NOD T cells of the diabetogenic
clone C9 proliferate in response to the peptides p277 (closed
circles) and p277{val®-valll) (open circles}.

Fig. 3 shows that NOD spleen T cells proliferate in
the presence of the peptide p277(Lyst?). The spleens of 5
female NOD mice were tested in each age group for T cell
proliferation in response to the peptides p277(Lys!®) (closed
circles), p277 (open circles) and control peptide p278 (closed
squares) .

Fig. 4 shows that NOD T cells of the diabetogenic
clone C9 proliferate in response to the peptide p277(Lysi?).

Fig. 5 is a graph showing the effectiveness of
pretreatment with p277(V) in IFA in the prevention of STZ-
induced diabetes as compared to control treatment or treatment
with GADp34.
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DETATILED DESCRIPTION OF THE INVENTION

Whenever a "peptide of sequence I'" is mentioned in
the invention, also salts and functional derivatives thereof
are contemplated, as long as the biological activity of the
peptide with respect to diabetes is maintained.

"Salts" of the peptide I contemplated by the
invention are physiologically acceptable organic and inorganic
salts.

"Functional derivatives" of the peptide I as used
herein covers derivatives which may be prepared from the
functional groups which occur as side chains on the residues
or the N- or C- terminal groups, by means known in the art,
and are included in the invention as long as they remain
pharmaceutically acceptable, i.e., they do not destroy the
activity of the peptide insofar as its similarity to the known
activity of p277 is concerned, do not confer toxic properties
on compositions containing it and do not adversely affect the
antigenic properties thereof. Such "functional derivatives"
are not intended to comprehend such changes which effectively
convert one aminc acid to another.

Subject to the above qualifications, these
derivatives may, for example, include aliphatic esters of the
carboxyl groups, amides of the carboxyl groups produced by
reaction with ammonia or with primary or secondary amines, N-
acyl derivatives of free amino groups of the amino acid
residues formed by reaction with acyl moieties (e.g., alkanoyl
or carbocyclic aroyl groups) or O-acyl derivatives of free
hydroxyl group (for example that of seryl or threonyl
residues) formed by reaction with acyl moieties.

The peptide of sequence I of the invention can be
used as immunogen in pharmaceutical compositions, particularly
vaccines for the alleviation and treatment of IDDM, as well as
an antigen in diagnostic compositions for the diagnosis of
IDDM. These pharmaceutical and diagnostic compositions, which
may be prepared in a manner known in the art, also form part
of the present invention.
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When used for therapeutic treatment or as a

-prophylactic vaccine, the peptide of the present invention is

preferably administered with a biologically active carrier
which promotes the TH1-+TH2 shift of the autoimmune T cells.
T cells of the CD4 helper type are classified in two groups
according to the cytokines they secrete when activated
(Mosmann and Coffman, 1989): TH1l cells secrete IL-2 and IFN-
v, while TH2 cells secrete.IL-4 and IL-10. Such a vehicle

-+ is preferably a fat emulsion comprising 10-20% triglycerides
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of plant and/or animal origin, 1.2-2.4% phospholipids of plant
and/or animal origin, 2.25-4.5% osmo-regulator, 0-0.5% anti-
oxidant, and sterile water to 100%. Such vehicle is most
preferably Intralipid or Lipofundin. Use of such vehicles is
described in an Israeli patent application (identified by
applicant's reference 9523) filed on even date with the date
of filing of the Israeli application on the present invention
(identified by applicant's reference 9451A), with the same
applicant as the present application, the entire contents of
which are hereby incorporated herein by reference.

The therapeutic composition in accordance with the
present invention may be administered orally or parenterally,
such as subcutaneously, intramuscularly, intravenously,
intranasally or intrarectally.

The examples herein establish the effectiveness of
therapeutic treatment with the compounds and compositions of
the present invention in scientifically accepted animal models
of human IDDM.

EXAMPLES
Materials and Methods
(1) Mice. Inbred female mice of the NOD/Lt

strain were supplied by the Animal Breeding Center of the
Weizmann Institute of Science, Rehovot, Israel. These mice
spontaneously develop autoimmune diabetes at 14 to 17 weeks of
age that mimics IDDM in humans.

(ii) Peptides. Peptides were synthesized by
standard Fmoc chemistry using an ABIMED synthesizer (FRG) and
purified on HPLC by reverse phase chromatography. Seguences
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were confirmed by amino acid analysis. The following peptides
were synthesized: the p277 peptide; the control peptide p278
of the sequence: Asn-Glu-Asp-Gln-Lys-Ile-Gly-Ile-Glu-Ile-Ile-
Lys-Arg-Thr-Leu-Lys-Ile (8EQ ID NO:10), corresponding to
positions 458-474 of the human hspé0 molecule; fragments of
P277: the amino half of p277 (p277.N), the carboxy half of
P277 (p277.C), and p277C combined with p278 (p277.C-p278); the
peptide p277(Lys'®); and peptide p277 with various amino acid
substitutions for tha two cysteine residues in the sequence as
follows: p277 with bridged -SH groups (p277(bridged Cys-
Cys)); p277 with both cysteine residues replaced by valine
(p277(val® -valll)) or by serine (p277(Serf -Sexil)).

(iii) Treatm d follow-up. Mice were treated
with emulsions of p277, of the other peptides, or of bovine
serum albumin (BSA, purchased from Sigma, St. Louis, MO, USA)
in volumes of 0.1 ml injected subcutaneously into the back.
The antigens were diluted in PBS and emulsified in an equal
volume of mineral oil (incomplete Freund's adjuvant (IFA);
Sigma) or 10% Intralipid. The mice were tested for blood
glucose levels at 10 A.M. in a non-fasting state ag described
(Elias et al., 1991) at the time of treatment (7, 12, 15, or
17 weeks of age) and, in those mice that survived, at the age
of 40 weeks. Significant hyperglycemia was considered to be a
glucose concentration of 11.1 mM/L or greater because this
concentration of blood glucose was 3 standard deviations
higher than the mean blood glucose concentration measured in
100 healthy mice (not shown). Histological examination of the
islets of the pancreas was done on sections stained with
hematoxylin and eosin. The sections were scored independently
by two observers who both were unaware of the identity of the
groups. The chi sguare test was used to ascertain the
statistical differences between the various treatments.

(iv) T-cell prcliferation assay. Cells of clone
C9 and spleen-cell suspensions obtained from female NOD mice
were assayed for T-cell proliferation as described previously
(Elias et al., 1991). Briefly, 1 x 10° clone cells/ml or 1 x
10%® splenocytes/ml were incubated in quadruplicate for 72 hr
in 0.2 ml of culture medium in microtiter wells in the
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presence or absence of various antigens at Sug/ml.
Proliferation was measured by the incorporation of [®H]-
thymidine into DNA during the final 12 hr of incubation. The
results were computed as the stimulation index: the ratio of
the mean test cpm in the presence of antigen to the mean
background cpm in the absence of antigen. Standard deviations
between quadruplicates were always <10% of the mean cpm. The
background was <1000 cpm in splenocyte experiments and <200
cpm with C9 cells. The spieen of each mouse was tested
separately. Results of eatch gfoup of mice are shown as the
mean 1SD.

EXAMPLE 1
Treatment of NOD mice with p277 or fragments thereof

To test whether either of the two 12-amino acid
halves of the p277 peptide, alone or combined, are effective
in NOD mice as is p277, female NOD mice were treated at the
age of 7 weeks by subcutaneous inoculation of 50 pg of various
peptides in oil. The status of the mice by 40 weeks of age
was determined.

The results are shown in Table 1. It can be seen
that the control hsp60 peptide p278 had no effect on
development of disease: of the 40 mice treated, all were
diabetic and 90% were dead by 40 weeks of age. In contrast,
the p277 peptide completely prevented death and cured 60% of
the 20 treated mice. The fragments of p277 were less
effective; the amino half of p277 (p277.N), the carboxy half
of p277 (p277.C) and a mixture of both (p277.N, p277.C) worked
about half as well as did the intact p277. Peptide p277.C was
synthesized attached to peptide p278 to produce a longer
peptide; however, p277.C-p278 was not any better than p277.C
alone. Therefore, it can be concluded that the full
therapeutic effect requires the intact p277 peptide.
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Table 1
Treatment of NOD Mice with 227710: its Fragments
Status at 40 Weeks Diabetes
Peptide Number of Healthy  Hyperglycemic  Death
treatment mice % % %
{50 ug)
p278 40 0 100 80
p277 20 60" 40 0"
p277.N 20 20 80 50°
p277.C . 20 - 30 70 40"
p277.N, p277.C 20 3s* 65 40"
p277.C-p278 20 25 75 50"

»

p<0.01 compared to the group treated with control peptide
p278.

EXAMPLE 2
Treatment of NOD mice with p277 subptitution peptides

The following peptides were tested in NOD mice:
p277, p277(bridged Cys-Cys), p277(Valf-vall?!) and p277(SerS -
Serii)

NOD females were treated with 100 ug of peptide in a
0.2 cc emulsion of mineral oil (IFA) administered
subcutanecusly. Mice were treated at 12 weeks of age and the
incidence of diabetes was performed at 30 weeks.

As shown in Table 2, p277(Valf®-valll!) was as
effective as p277 in treatment of diabetes, the incidence of
diabetes in untreated mice being 80%, while p277 and
pP277(Valf -vall!) treated mice show an incidence of 22% and
23%, respectively. On the other hand, neither p277(bridged
Cys-Cys) nor p277(Serf -Ser!!) had any therapeutic effect. Two
additional variants of p277, in which the cysteine residues at
position 6 and 11 were replaced by alanine or y-aminobutyric
acid residues, were also not effective when tested in
vitro both on the clone C9 cells and on NOD splenic T-cells.
As these two peptides were not recognized by anti-p277
specific T cells (not shown), they were not further tested in
vivo for therapeutic effect.
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Treatment of NOD mice wi 277 titutions

Peptide Incidence of Number of
treatment diabetes (%) Recipients
none 80 100
p277 22* 200
p277 (bridged Cys-Cys) 709 10
p277(Val® -valil) 23 52
p277 {Ser® -Serll) 85¢ 20

" p<0.01 compared to incidence of diabetes in mice treated
with adjuvant alone.

Y No significant difference compared to incidence of diabetes
in mice treated with adjuvant alone.

EXAMPLE 3
Stability of p277(val®-valll)

Since the reason for replacing the cysteines was the
problematic stability of the p277 peptide, the stability of
the p277(Val®-vall!) was tested at several time points after
its synthesis. The p277 peptide is unstable and deteriorates
even under strict conditions (lyophilized powder in vacuum,
-20°C) .

In order to compare the stability of p277 with its
p277(Val®-vall!) analog, both peptides were synthesized at the
same time and stored as dry powder at -20°C. At 1, 9 and 20
weeks after the date of synthesis, an aliquot was weighed,
dissolved and tested. The readout for the stability of the
peptide was its ability to stimulate the T cell clone C9.
Fig. 1 demonstrates the results of the experiment. It can be
seen that, while the native p277 lost most of its effect
within 9 weeks and all of it by 20 weeks after synthesis,
p277(Val® -vall!) was unchanged after 20 weeks of storage.

As it is believed that the instability of p277 is
caused by the cysteine residues, it is expected that any of
the analogs of the present invention which retain the
biological activity of p277 will have an improved stability
over p277 in a manner similar to that demonstrated in this
example for p277(vVal®-valli),
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EXAMPLE 4

Treatment of NOD female mice with p277 or p277{val®-vall?!)
reverges ingulitig

NOD female mice were treated at 12 weeks of age with
100 ug/mouse of unmodified p277 or p277(Val®-vall?!) in 0.1 cc
emulsion of mineral oil (incomplete Freund's adjuvant),
subcutaneously. Control mice received an emulsion of PBS and
mineral oil. At G'months of age, 5 mice of each group were
sacrificed, their pancreas removed and fixed in bouin and
sections were stained by hematoxylin:ecosin. The insulitis was
scored in a blind fashion. Since the contrel mice developed
severe diabetes, they were sacrificed at 5 months of age. By
then, the control mice blood glucase levels were in the range
of 29-48 mmol/L. The results are shown in Table 3.

Table 3
Treatment of NOD female mice with p277 or p277(vals-valll)
rev i itd
Peptide number of
treatment islets Histologic Examination (22 weeks)
(12 weeks) Insulitis intra-
clear peri-islet islet
% % %

None 83 10 23 67
p277 49 25 69 6
p277(Val® -valll) 62 52 31 17

At 12 weeks of age, the time of treatment, about 60%
of the islets in the untreated mice showed intra-islet
insulitis, about 20% of the islets had peri-islet insulitis,
and about 20% of the islets showed no insulitis. Intra-islet
infiltration is considered to be a severe form of insulitis
associated with lack of B-cell function. As shown in Table
3, a marked divergence in the appearance of the islets

developed in the two treated groups compared to control mice
treated with the o0il alone. The mice treated with the oil
(control) showed a progressive fall in the proportion of
unaffected islets and only 10% normal islets could be seen by
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22 weeks of age, a time when all of the mice were overtly
diabetic. About 67% of the islets showed intra-islet
insulitis at 22 weeks and the remaining 23% of the islets
showed peri-islet insulitis. In contrast, the mice treated
with p277 or with p277(val® -vall!!l) showed a rise in the
numbers of normal islets (between 25% and 52%) and a fall in
the number of islets with intra-islet insulitis (between 6%
and 17%). The islets with peri-islet insulitis rose to about
31%-69%. Thus, p277 and p277(Valf-Valll) treatments were
associated with an improved histglogical picture consistent
with reversal of the degree of insulitis persisting for over 3
months after treatment.

Additional results using p277 (v) jin female NOD mice.

Fifteen additional experiments have been done in
which groups of 10 NOD female mice each were treated with
p277(V) in oil or with oil alone at the ages of 12-15 weeks.
Of the total of 150 mice treated with oil alone, 90% developed
diabetes and 85% died by the age of 32 weeks. In contrast,
the p277(V) treated mice showed an incidence of diabetes of
only 50% (p<0.01) and only 20% died of severe disease
(p<0.01). Therefore, late treatment with p277(V) was
effective in arresting the development of lethal diabetes.

EXAMPLE S
Peptide therapy of type I diabetes using p277(Val®-vall!) in
lipid emilsjong
Autoimmune destruction of the insulin-producing 8-
cells in the pancreas is mediated by T-lymphocytes. An
inflammatory infiltrate develops around the pancreatic islets
at 5-8 weeks of age and g-cell destruction leading to
insulin deficiency and overt diabetes becomes manifested at
14-20 weeks of age affecting almost 100% of female NOD mice by
35-40 weeks of age.
NOD female mice were treated with 100 ug of peptide
p277(Val® -vVall!) per mouse subcutaneously in 0.1 ml of PBS or

of a 10% lipid emulsion composed of 10% soybean oil, 1.2% egg
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phospholipids and 2.25% glycerol (Intralipid, Kabi Pharmacia
AB, Sweden).

The incidence of diabetes at 6 months of age and the
production of anti-p277(Val®-vVall!) antibodies was followed.
Diabetes was diagnosed as persistent hyperglycemia, blood
glucose levels over 11.1 mmol/L measured at least twice at
weekly intervals with Beckman Glucose Analyzer II. Successful
peptide treatment was assayed by maintenance of a normal blood
glucose concentration (less than 11.1 mmol/L), remission of
the intra-islet inflammation of the pancreatic islets
(insulitis) and induction of antibodies to the therapeutic
peptide as an indicator of a TH2-type immune response. The
results are shown in Table 4.

Table 4
Incidence of Diabeteg at 6 months
Treatment Diabetes Death (%)

Incidence (%)

p277(Val® -valll) /PBS 9Q 80
p277(Val® -valll) /Intralipid 45" 20*
none 100 90

" p<0.01 compared to untreated NOD mice

As can be seen from Table 4, treatment with a
peptide of the present invention administered in Intralipid
was effective in reducing the incidence of diabetes and death.
On the other hand, treatment administered in PBS was

ineffective,

EXAMPLE 6
Peptides p277 and p277(Val®-vall!) are imminologically cross-
reactive

Cells of the T-cell clone €9 isolated from
prediabetic NOD mice were incubated with peptides p277 (closed
circles), p277(Va15-Va111} {open circles), p277(Ser®-Ser!?)
(closed squares) and p277(bridged Cys-Cys) (open lozenges).
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The results are shown in Fig. 2. The clone C9 was found to
manifest a positive proliferation response only to peptides
p277 and p277(Valf-vali!), This proves that p277 and
p277(Val® -Valll) are cross-reactive and that the peptides
p277(Ser® -Ser!'!) and p277(bridged Cys-Cys), which are not
effective therapeutically, are not immunologically cross-
reactive.

EXAMPLE 7
Newly diagnosed IDDM patients show T-cell proliferative

responses to both p277 and p277(Val®-Valll)

Newly diagnosed (2-4 weeks) IDDM patients were
tested in a proliferation assay. Peripheral blood lymphocytes
were isolated from whole heparinized blood on ficol-hypaque,
and screened in vitro for proliferation, measured as *H-
thymidine incorporation, induced by hsp60 peptides p277,
p277(Val® -valll) and control peptide p278. The T cell
proliferative response is depicted as stimulation index (SI):
the ratio between peptide-stimulated thymidine incorporation
and background (no antigen added) thymidine incorporation by
the T cells.

Table 5
New)l iagn d_IDD i ow T-cell proliferativ
responses to both p277 an 277(valb -valll
Patient T cell proliferation (SI)
277 p277(Val6-Valil) p278
IDDM#68 3.5 3.2 0.8
IDDM#69 2.5 5.0 0.5

As shown in Table 5, newly diagnosed IDDM patients
respond to p277(val®-vall!) as well as to the p277 peptide.
Therefore, p277(Val®-Valll) is immunologically equivalent to
p277. Since the therapeutic effect of p277 is mediated by
immunological recognition, the fact that P277(Valé -valil) is
immunologically cross-reactive with p277, indicates it can be
used instead of p277 in treating diabetes.
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EXAMPLE 8
T-cell responses to hsp60 and peptide in IDDM and healthy
ipndividuals

Twenty one IDDM patients and fourteen healthy blood-
donors were screened for anti-hsp60 and p277(V) by means of
the proliferation assay of Example 7. Tables 6 and 7 show the

proliferative T cell response (stimulation index; SI) of each

individual to control antigen (control Ag), i.e., tetanus
toxoid and influenza virus - Texas strain, to whole
recombinant hsp60 and to p277(V). SI values of 3 or greater
were considered to be positive.

Table §
Proliferative T cell response of IDDM patients
Patient Age Time sgince T-cell responses (stimulation
diagnosis index) to:
(years) (weeks/months) control hspe0 p277(V)
Ag

1. LM 32 3.5 months + + -
2. G 25 24 months + + -
3. H 23 6 months + + -
4. Dv 20 3 weeks + + -

5 weeks + + +
S. SD 15 & weeks + + +
6. p 15 4 weeks + - -
7 G 60" 5 weeks + + +

7 weeks + + +
8. F 45* 6 weeks + + +
9. IS 53 2 weeks + + -
10. T 20 4 weeks + + +
11. KX 21 4 weeks + + -
12. RI 40 6 weeks + - -
13. MS 5 1 week + - -
l14. KB 5 2 months + + +
15. BI 11.3 3 weeks + - -
16. YY 60 2 months + + -
17. Ka 12 4 weeks - - -
i8. 2zAa 12 4 weeks + + +
19. A 17.5 11.5 years + + +
20. N 17.5 7.5 years + + +
21, 1A 19.7 5.7 years + + +
* Patients positive for anti-GAD antibodies, are type I and

not type II diabetics despite advanced age of onset.
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Table 7
Proliferative T cell regponse of healthy blood donors
Donor T-cell responses (stimulation
index) to:
control hspé60 p277(V)
Ag

1 + - -
2 + - -
3 + nd +
4 + -~ -
5 + + +
6 + - -
7 + - -
8 + - -
S + - -
10 + - -
11 + + -
12 + - -
13 + + -
14 + - -

nd:not done

Table 8 is a summary table showing that 86% and 52%
of the patients responded to hsp60 and to p277(V) compared to
21% and 14% of the controls (p<0.05). Thus, the IDDM group
was significantly positive for T cell responses to hsp60 and
p277(V). This leads to the conclusion that the incidence of
hsp60 and p277(V) reactive individuals is higher among IDDM
patients than among healthy people.

Table 8

Incidence of positive T-cell responsivenegss in IDDM and
healt individuals:

Responders Incidence of T-cell responses to (%)
hsp60 p277 (V)
IDDM 18/21 (86) 11/21 (52)*
Healthy 3/14 (21) 2/14 (14)

" p<0.05 by x? analysis, compared to the incidence of anti-
p277(V) responders in healthy blood donors.
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EXAMPLE S
N -cell if n 277 19

The p277(Lys'®) peptide differs from p277 by one
amino-acid. In “order to confirm that p277(Lys!?®) is an
autoantigen in NOD IDDM, we compared T-cell proliferation to
peptide p277 and to peptide p277(Lys!®). Fig. 3 demonstrates
that T cells of female NOD spleens proliferated to the
p277(Lys'®) peptide to the same extent as to p277. There was
no response to the control peptide p278.

The above results were confirmed using clone C9, a
diabetogenic NOD T-cell clone that was found to respond to the
human peptide p277 (Elias et al., 1991). (9 cells were found
to proliferate to the p277(Lys!®) peptide to the same extent
as to the p277 peptide (Fig. 4).

EXAMPIE 10
Trea t_of D £ e mice wit 77 19

The present inventors have previously reported that
advanced insulitis present in 3 month old female NOD mice
could be arrested by treating the mice with a single injection
of human p277; the treated mice developed a lower incidence of
clinically overt diabetes and death from severe hyperglycemia.
To test whether the peptide p277(Lys!®), that is the self
mouse p277 peptide, was also effective, we treated 3 month old
female NOD mice with 100 ug of either human p277 or
p277(Lys'®) in IFA.

Peptides p277 or p277(Lys!®) at a concentration of 2
mg/ml in phosphate buffered saline (PBS) were emulsified with
an equal volume of incomplete Freund's adjuvant (IFA). Groups
of 10 female 3-month old NOD mice were injected subcutaneously
with 0.1 ml (100 ug peptide) of emulsion containing either
peptide. Control mice were injected with an emulsion of PBS
and IFA. Mice were bled every 4 weeks and blood glucose
levels were determined with Beckmann Glucose Analyser II. The
incidence of hyperglycemia and death from diabetes was scored
at 6 months of age. Mice were considered diabetic if their
blood glucose was greater than 11 mmol/L.
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The results are shown in Table 9. At 6 months of
age, 90% of the control mice were overtly hyperglycemic and
60% had died of diabetes. In contrast, treatment with either
p277 or p277(Lys!®) prevented both diabetes (40% and 50%
incidence, respectively) and death (10% and 20% incidence,
respectively). Thus, the mouse self peptide p277(Lys'®) seems
to be as effective as the foreign p277 in the therapy of
advanced insulitis.

Table 9
Treatment of diabetes with p277 or p277(Lys!?®)
- Diabetes at 6 months
Treatment at 3 months Hyperglycemia (%) Mortality (%)
p277(Lys!®) 50" 20"
p277 40" 10*
PBS 90* 60

* p<0.05

These results show that the proliferative responses
of NOD T cells detected using the human hsp60 molecule and its
p277 peptide are the equivalent of an autoimmune response to
mougse hsp60 and to the mouse p277{Lys!®) sequence. This was
demonstrated for the diabetogenic C9 T cell clone as well as
for the spontaneocus response developing in the spleens of pre-
diabetic mice. Moreover, p277(Lys'?) was as effective as p277
in the treatment of diabetes in NOD mice. Spleen T cells of
age and sex matched mice of other strains did not manifest a
spontaneous T-cell proliferative response to p277 (not
shown) .

The finding of autoimmunity to a mouse hspé0
sequence targeted by diabetogenic T cells supports the general
belief that IDDM is caused by an autoimmune process.
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LR 11
Treatment of STZ-induced diabetes by p277(V)

Streptozotocin (STZ) is a beta-cell specific toxin
which can cause toxic diabetes by destroying the beta-cells
within 24-48 h if one dose of 200 mg/kg is injected. Given in
small subtoxic doses it induces in genetically susceptible
mice insulitis leading to diabetes. The inflammatory process
can take 20-30 days, depending on the dose of STZ. The
regular protocol for STZ-induced diabetes is a dose of 200 mg
STZ per kg bedy weight, given in § equal doses of 40 mg/kg on
consecutive days (Like and Rossini, 1976) and the model is
called low-dose STZ. We found that if the total dose is
reduced to 150 mg/kg (30 mg/Kg x 5), diabetes develops within
80-100 days. This slowly progressing form of STZ-induced
diabetes probably better resembles the autoimmune diabetes in
humans and is of the same duration as the preclinical stage of
the spontanecus diabetes in NOD mice (Castanoc and Eisenbarth,
1990) . Moreover, the acute toxic effects are diminished as
the dose is reduced.

The 60 kDa heat shock protein (hspé0) plays a role
in both NOD (Elias et al., 1990) and STZ-induced (Elias et
al., 1994) diabetes. We have previously shown that both
antibody and T cell proliferative responses to hspé0 occur
before the onset of overt diabetes. T cell clones specific to
hsp60 were derived from prediabetic NOD mice and could
adoptively transfer insulitis and hyperglycemia in young NOD
(Elias et al., 1991)) or rv:§ NOD mice. The NOD diabetogenic
T cell clones recognize a 24 amino acid long peptide of the
hsp60 sequence 437-460 we call p277. STZ-induced diabetes is
also accompanied by anti-p277 T cell responses at the
pPreclinical stage.

Previous examples have shown that the p277(valf -
Valll) peptide protects NOD mice. The present experiment
tests the efficacy of p277(V) treatment in the low dose STZ
model.

Male mice, 10 per group, were treated with a dose of
STZ 30 mg/kg, daily for 5 days. One week later, the mice were
treated with 100 ug of either p277(V) in oil, a peptide of
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glutamic acid decarboxylase (GADp34) described by XKaufman et
al, 1993, as being involved in the diabetes of NOD mice, or
oil alone. The treatment was repeated on day 85. On day 100,
the mice were bled and their blood tested for hyperglycemia
{glucose concentration greater than 15 nmol/L). The results
are summarized in Fig. 5. It can be seen that the mean blood
glucose of the groups of mice treated with GADp34 or untreated
were in the hyperglycemic range. In contrast, the mean blood
glucose of the mice treated with p277(V) was in the normal
range. Thus, p277(V) can be effective in treating diabetes
induced in male C57BL/ks8j mice by STZ as well as the
spontaneous diabetes developing in the genetically disparate
female NOD mice. The applicability of p277(V) therapy is not
limited to diabetes of only one cause or to only one genotype

or gender.

All references cited herein, including journal
articles or abstracts, published or corresponding U.S. or
foreign patent applications, issued U.S. or foreign patents,
or any other references, are entirely incorporated by
reference herein, including all data, tables, figures, and
text presented in the cited references. Additionally, the
entire contents of the references cited within the references
cited herein are also entirely incorporated by reference.

~ Reference to known method steps, conventional method
steps, known methods or conventional methods is not in any way
an admission that any aspect, description or embodiment of the
present invention is disclosed, taught or suggested in the
relevant art.

The foregoing description of the specific
embodiments will so fully reveal the general nature of the
invention that others can, by applying knowledge within the
skill of the art (including the contents of the references
cited herein), readily modify énd/or adapt for wvarious
applications such specific embodiments, without undue
experimentation, without departing from the general concept of
the present invention. Therefore, such adaptations and
modifications are intended to be within the meaning and range
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of equivalents of the disclosed embodiments, based on the
teaching and guidance presented herein. It is to be
understood that the phraseology or terminology herein is for
the purpose of description and not of limitation, such that
the terminology or phraseology of the present specification is
to be interpreted by the skilled artisan in light of the
teachings and guidance presented herein, in combination with
the knowledge of one of ordinary skill in the art.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:
(i) APPLICANT:

PCT/US95/16596

(A) NAME: YEDA RESEARCH AND DEVELOPMENT CO. LTD.

{B) STREET: P.0O. Box 95

(C) CITY: Rehovot

(E) COUNTRY: Israel

(F) POSTAL CODE (2IP): 76100

(A} NAME: Irun R. COHEN

{B) STREET: 11 Hankin Street
(C) CITY: Rehovot

(E) COUNTRY: Israel

(F) POSTAL CODE (ZIP): 76354

(A) NAME: Dana ELIAS

{(B) STREET: 57 Derech Yavns
(C) CITY: Rehovot

(E) COUNTRY: Israel

(F) POSTAL CODE (ZIP): 76344

(A) NAME: Matityahu FRIDKIN
{B)} STREET: 23 Miller Street
(C) CITY: Rehovot .

(E) COUNTRY: Israel

{F} POSTAL CODE (2IP): 76284

(ii) TITLE OF INVENTION: PEPTIDE p277 ANALOGS, AND PHARMACEUTICAL
COMPOSITIONS COMPRISING THEM FOR TREATMENT OR DIAGNOSIS OF

DIABETES
(iii) NUMBER OF SEQUENCES: 10

(iv) COMPUTER RERDABLE FORM:
(R) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D} SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPO)

{vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: IL 112094
(B) FILING DATE: 21-DEC-199%4

{vi) PRICR APPLICATION DATA: -
(A) APPLICATION NUMBER: IL 114460
{B) FILING DATE: 05-JUL-1%95

(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(AR) LENGTH: 24 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

val Leu Gly Gly Gly Cys Ala Leu leu Arg Cys Ile Pro Ala Leu Asp

1 5 10
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Ser Leu Thr Pro Ala Asn Glu Asp
20

(2) INFORMATION FOR SEQ ID NO: 2:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 24 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear

{(ii) MOLECULE TYPE: peptide

{ix) FEATURE:
(A) NAME/KEY: Peptide
(B) LOCATION:6, 11, 19
{D) OTHER INFORMATION:/note= "Xaa at pos. 6/11 = Cys or

Val; Xaa at pos. 19 = Thr or Lys; wherein Xaa at pos.

are not both Cys when Xaa at pos. 13 is Thr."

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Val_Leu Gly Gly Gly Xaa Ala Leu Leu Arg Xaa Ile Pro Ala leu Asp
1 5 10 15

Ser Leu Xaa Pro Ala Asn Glu Asp
20

{2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 amino acids
(B) TYPE: amino acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide

(xi} SEQUENCE DESCRIPTION: SEQ ID NO: 3:

Val Leu Gly Gly Gly Cys Ala Leu Leu Arg Cys Ile Pro Ala Leu Asp
1 s 10 15

Ser Leu Lys Pro Ala Asn Glu Asp
20

{2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 24 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide
{ix) FEATURE:
{R) NAME/XEY: Peptide
(B) LOCATION:19

(D} OTHER INFORMATION:/note= "Xaa at peosition 12 is Thr
or Lys"

- 30 -
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{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

val Leu Gly Gly Gly Val Ala Leu Leu Arg Cys Ile Pro Ala Leu Asp
1 5 10 15

Ser Leu Xaa Pro Ala Asn Glu Asp
20

{2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

Val Leu Gly Gly Gly Val Ala Leu Leu Arg Cys Ile Pro Ala Leu Asp
1 5 10 15

Sex Leu Lys Pro Ala Asn Glu Asp
20

(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS: single
{D} TOPQOLOGY: linear

{ii) MOLECULE TYPE: peptide
(ix) FEATURE:
(A) NAME/KEY: Peptide
{B) LOCATION:19
(D) OTHER INFORMATION:/note= "Xaa at position 19 is Thr
or Lys"
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

Val Leu Gly Gly Gly Cys Ala Leu Leu Arg Val Ile Pro Ala Leu Asp
1 5 10 15

Sexr Leu Xaa Pro Ala Asn Glu Asp
20

{(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

Val Leu Gly Gly Gly Cys Ala Leu Leu Arg Val Ile Pro Ala Leu Asp
1 S 10 15
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Ser Leu Lys Pro Ala Asn Glu Asp
20
{2) INFORMATION FOR SEQ ID NO: B8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: peptide
{(ix) FEATURE:
(A) NAME/KEY: Peptide
(B} LOCATION:19
{D) OTHER INFORMATION:/note= "Xaa at position 19 is Thr
or Lys"
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

Val Leu Gly Gly Gly Val Ala Leu Leu Arg Val Ile Pro Ala Leu Asp
1 S 10 15

Ser_Leu Xaa Pro Ala Asn Glu Asp
20

(2) INFORMATION FOR SEQ ID NO: $:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 24 amino acids
(B) TYPE: amine acid
{C) STRANDEDNESS: single
(D} TOPQLOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

Val Leu Gly Gly Gly Val Ala Leu Leu Arg Val Ile Pro Ala Leu Asp
1 5 10 15

Ser Leu Lys Pro Ala Asn Glu Asp
20

{2) INFORMATION FOR SEQ ID NO: 10:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 17 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:-

Asn Glu Asp Gln Lys Ile Gly Ile Glu Ile Ile Lys Arg Thr Leu Lys
S 10 15

Ile
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CLAIMS
1. A peptide of the sequence I:

6 11
Val-Leu-Gly-Gly-Gly-X, -Ala-Leu-Leu-Arg-X, -Ile-Pro-
(1)
19
Ala-Leu-Asp-Ser-Leu-X, -Pro-Ala-Asn-Glu-Asp (SEQ ID NO:2)

wherein X, and X, each is a Cys or Val residue, and X; is a
Thr or Lys residue, but X; and X, cannot both be Cys residues
when X, is Thr, and salts and functional derivatives thereof.

2. A peptide according to claim 1 herein designated
p277(vVal®) wherein X, is Val, X, is Cys and X; is Thr.

3. A peptide according to claim 1 herein designated
p277(Valll) wherein X, is Cys, X, is Val and X, is Thr.

4. A peptide according to claim 1 herein designated
p277(Val® -vall!) wherein both X, and X, are Val and X, is
Thr.

5. A peptide according to claim 1 herein designated
p277(Lys'?) wherein both X, and X, are Cys and X; is Lys.

6. A peptide according to claim 1 herein designated
p277(Val® -Lys!®) wherein X, is Val, X, is Cys and X, is Lys.

7. A peptide according to claim 1 herein designated
p277(valll -Lys!?) wherein X, is Cys, X, is Val and X, is Lys.

8. A peptide according to claim 1 herein designated
p277(valt.1!-Lys!?) wherein both X, and X, are Val and X, is
Lys.
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9. Use of a peptide according to any one of claims 1
to 8 for the diagnosis of insulin-dependent diabetes mellitus
(hereinafter IDDM).

10. A method for diagnosing the presence or
incipience of IDDM in a patient, comprising testing the blood
or urine of said patient with a peptide according to any one
of claims 1 to 8 as antigen for the presence of antibodies or
T cells which are immunologically reactive with human hspéo.

11. A method according to claim 10 comprising
testing said patient for the presence of anti-hspé60 antibodies
or of a T cell which immunoreacts with hspé60, whereby a result
indicating the positive presence of anti-hspé0 antibodies or
of a T cell which immunoreacts with hspé0 indicates a high
probability of the presence or incipience of IDDM.

12. A method according to claim 10 or 11, wherein
said patient is tested for the presence of anti-hspé0
antibodies.

13. A method according to claim 12, wherein the test
method comprises a radioimmunoassay.

14. A _method according to glaim 13, wherein the test
méthod domprises an ELISA test.

15. A kit for diagnosing the presence of IDDM by
testing for the presence of anti-hspé60 antibodies, according
to the method of any one of claims 10 to 14, comprising:

(i) an antigen being a peptide of seguence (I) in
claim 1; and

(ii) a tagged antibody capable of recognizing the
non-variable region of said anti-hsp60 antibodies to be
detected.

16. A kit according to claim 15, wherein said
antigen is the peptide according to any one of claims 2 to 8.
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17. A kit according to claim 15 or 16, wherein said
antigen is immobilized on a solid phase.

18. A kit acceording to any one of claims 15 to 17,
further including instructions for use of the kit in the
diagnosis of IDDM.

19. A kit according to any one of claims 15 to 18,
wherein the tag is selected from the group consisting of
radioisotopes, enzymes, chromophores and fluorcphores.

20. A method according to claim 10 or 11, wherein
said patient is tested for the presence of a T cell which
immunoreacts with hspé0.

21. A method according to claim 20, wherein the test
method comprises a T cell proliferation test comprising the
following steps:

{i) preparing a mononuclear cell fraction containing
T cells from a blood sample obtained from said patient;

(ii) adding to said mononuclear cell fraction an
antigen selected from a peptide according to claim 1;

(iii) incubating said cell fraction in the presence
of said antigen for a suitable perigd of time and under.
suitable cﬁlﬁﬁre conditions; '

{iv) adding a labeled nucleotide to the incubated
cell culture of (iii) at a suitable time before the end of
said incubation period to provide for the incorporation of
said labeled nucleotide into the DNA of proliferating T cells;
and

(v) determining the amount of proliferating T cells
by analysis of the amount of labeled nucleotide incorporated

into said T cells.

22. A method according to claim 20, wherein the test
method comprises a T cell cytokine response test comprising
the following steps:
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(i) preparing a mononuclear cell fraction containing
T cells from a blood sample obtained from said patient;

(ii) adding to said mononuclear cell fraction an
antigen selected from a peptide according to claim 1;

(iii) incubating said cell fraction in the presence
of said antigen for a suitable period of time and under
suitable culture conditions; and

(iv) measuring the presence of cytokine secreted by
the responding lymphocytes into the medium.

23. A method according to claim 22, wherein the
cytokine is IFN-y, IL-2, IL-4, IL-6, IL-i0, TNF-o or
TGF§B .

24. A kit for diagnosing the presence of IDDM by
testing for the presence of a T cell which immunoreacts with
hsp60 according to the method of any one of claims 10, 11 and
21, comprising:

(i) an antigen being a peptide according to claim
1;

(ii) a labeled nucleotide; and

(iii) a suitable medium for culture of lymphocytes.

25. A kit for diagnosing the presence of IDDM by
testing for the presence of a T .cell which immunoreacts with
hspé0 acgording to the method of any one of claims 10, 11, 22
and 23, comprising: _

(i) an antigen being a peptide according to claim
1;

(ii) a suitable medium for culture of lymphocytes;
and

(iii) an assay kit for measuring the presence of the
cytokine secreted by the responding lymphocytes into the
medium.

26. A kit according to any one of claims 22 to 25,
further including instructions for use of the kit in the
diagnosis of IDDM.

SUBSTITUTE SHEET (RULE 26)

(AR I



WO 96/19236 PCT/US95/1659%6

27. A method according to claim 20, wherein said
antigen selected from a peptide according to claim 1 is
injected subcutaneously into a patient and the occurrence of a
detectable skin reaction is observed.

28. A preparation for preventing or treating IDDM,
comprising a T cell product selected from the group comnsisting
of: (a) human T cells which manifest specificity for the p277
sequence of human hsp60, which cells have been activated by
incubating in the presence of a peptide of seguence I
according to claim 1; (b) said human T cells which have been
irradiated or otherwise attenuated; (c) said human T cells
which have been subjected to pressure treatment by means of
hydrostatic pressure, treatment with chemical cross-linking
agent and/or treatment with a cytoskeletal cross-linking
agent; (d) fragments of, or surface proteins shed from, the T
cells of (a), (b) or (c); or (e) a peptide consisting
essentially of the variable region of the receptor of (a)
specific for said protein, or a salt, functiocnal derivative,

precursor or active fraction thereof.

29. A preparation according to claim 28, wherein
said human T cells of (a) are autologous T cells obtained from
the IDDM patient to be treated, and said specificity of said T
cells has been developed by in vitro contact with said peptide
of sequence I.

30. A preparation according to claim 28 or 29,
wherein said T cells have developed in vitro specificity to a

peptide of sequence I according to claim 1.

31. A pharmaceutical composition comprising a
peptide of sequence I according to claim 1 and a
pharmaceutically acceptable carrier.

32. A pharmaceutical composition according to claim

31 for the prevention or treatment of IDDM.
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33. A pharmaceutical composition according to claim
31 or 32, wherein said peptide is the peptide according to any
one of claims 2 to 8.

34. Use of a peptide according to any one of claims
1 to 8 for the preparation of a pharmaceutical composition for
the treatment of IDDM.

35. A method for the prevention or treatment of
IDDM, comprising administering to a human subject an effective

amount of a peptide of sequence I according to claim 1 in an
appropriate carrier.
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