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PEPTI DE p277 ANALOGS, AND PHARMACEUTI CAL COWMPOSI TI ONS COVPRI SI NG
THEM FOR TREAT OR DI AGNOSI S OF DI ABETES FI ELD OpksshDYENTI ON 5
The present 1Tnvention relates to novel peptides bei ng vari ants of an

epi tope of the human 60kDa heat shock protein (hsp 60) and to

phar maceuti cal- conpositions conprising them and net hods for the

di ' d t t .af i Ld- I .
u's?ﬁgoihihagept. EBEY b pfifiveds AR EERFRACRI RO fpifodTatonkts (1200
di abetes, or | CEMPRISING, THERMOFOR TREATMENTS@R DIAGNOSIE 0D PFARRIES, ( hat

attack and 'destroy the insulin producing [err]-cells located in the

i sl ets of tmﬁﬁ%ano and Ei senbarth, 1990). The autoi mmune
process culmnat ns and ogresses w t hout rrptoms
The di sedae surfaces 73’% REESPRY ’d?’(%ﬁt\?cﬁﬁn ?ﬁaet%ur‘fﬁl 2PV HGS Lé ags

[err]-cel | sbekogedrridntsc afagh tgpidfopehetr e duian] pkpa d@ﬂts 9P9Ck suppl y

i nsulin. Ingdeedein hensiolelogpasa odo gJHdG:ﬁSEeheimsto@mpssﬂﬂuami cohpriisatg | DDM
i's thought t gy CEil dilbroal! EEE %ﬁ.é‘gﬂgsigeand teBhthe!ds shigugs hoen

I nacti vat ed ness 0 can be 1dentified
as sufferingd ePFB‘Fﬁ’PtDIﬂe‘Iaa’FEeS m?)’d'dr?ﬂ‘st 4 IpRM) rPSdﬁ‘gaSV% REPAEFe of

aut oi nmuxe destruction of their [err]-cells. Mreover, diagnosis of
I nci pi ent, RA ig¥ ik Shvael by the detection of inmmunol ogi cal

mar ker s of err ut ol nity_c e /made on frer .th set of
t he aut oi mmune prgIS'é’gs? %ﬁ%’?@@r‘exr ggm?helrsaﬁgu ‘l'g mﬁ}nesnte ok ? ¢ find a
saf e, speci FRrusghdP®elT SLLTetRrly atgacls AndfdesHroy t‘aﬁt’d}sd‘ﬁﬂ}ﬁe process t hat
i s al ready wpebSutHrtpravayllsOlocated in thd hbsiyuaseft theenicarashave examn ned

this qua%tlceeas JP&%QI@%‘?L&%&% Ngobh¢, S PR e rmdha it Regdevel oping in

m ce of is considered to be a faithful nodel of

hunan | DDM E%@%%%@%dnﬁg%b%ﬁgﬁ’i‘s T@@O?rowsﬁiscglthmﬂ:e\?é’ﬂg Mzsulitis
around 4 weBhe disempe suitasbedczjiimdcadly B yrivhgnpehe -¢umdatimei legsate and

progresses bLe SENEIR idkickads the icapatitpfdaromt repidldper-geycenta, which
attests to 'sﬂﬁﬁi;i;msuhhns“H&é’éde”%g Qﬁgi%gsejk%ft qu&?s[@'rﬁ%ﬁxebgtgf{s fﬁ'eony
the

at about of "a
and clinical IDDM 1s thought to occur only after 80-80

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-

25 clinical diabetes by the detection of immunclogical 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.

30 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

35 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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-2- femal e NOD m ce have devel oped severe di abetes and nost die in

t he absence of treatment. Male NOD mice have a | owe Gl dence
of di sease, fop brglglus?!(’)ﬁnns that are not clear. The di abet e% 0 %ﬁén ce
has been shown to be caused by autoi mune 55 T cells (Bendelac et al.,
1987). T cell reactivity and autoanti bodies to various
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of di abetes ?gs:/e:lrllous éij n%t Gﬁafli)%g such as restricted diet, viral
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The present i nVERHYY ARvERY RIRELSH 89?0?19"3?‘9( peesible targgtapBEigens iRoD

m ce can b&Oprehemxigayy Fawsd |ofvgbei ddséame. Beyendiglie geebsiempesfific for
the p277 peptidgusaquanes ofe tiRstionhdfBrhdrapg0 nol ecule (Elias et al.
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desi gnat ed hsp60 in vie accurate rnolec
by either YR ORTOF RS r}i"of‘@?n‘sl%ﬁ éaﬂhéeswented bY subjectiypge
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first descrlbed ! I gation . 94241 o present

appl i cant and 7% sPecI’—.’?i“és“a’ﬁ'&‘%&ﬁ@ﬂ ép IRPRR SR {(BPYBRR (i) Séquence:
Val - Leu- G y- @ 32%9)y- 8D M iaketes| éa- N@O Wﬁhéab% by induction of
Pro- Al a- Leu- Asjrnbeiolbglicdhredletrafba- &% prd-di46pt { SHRAdeDtDCOHe antigen

glutamic acid decarboxylase (GAD) (Kaufman et al., 1983; Tisch
20 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
25 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
30 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-
35 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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shown al so to prevent the devel @E@h;{r:‘[ HAS Bu—(b\‘f\ di abetes, probably by

down-r egul at anti-p277 i ty-thatli s essenti al ;P abet es
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have indicated that the p277 peptide may, al so be used to reverse [err]-cell
autoi munity that has progressed to an advanced stage (Elias and Cohen,
1994).
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p277, such Vi é‘rﬁ%%g? ‘éja’ﬁ’sy ¥ oP¥HE &‘F&g o7 Ed 5 tr%é}%?rrgnt of
SUMVARY OF THRbemeBNwithen 3 weeks. the adnigdytertionGed0sManes an énts of
t he pepti de qud&’ indicedSclirqagciedbyrdDwndyt Batet e Jpgppedtsd igk whi ch t he
sole thr eonidd:es! fUECHES il aﬁpaepgog 'nl‘ﬁbQS EEHdE ag%ﬂkecm%yor bot h

of the cystelne resi aues were replace line resid gég were as active

as p277 in tHRe APREEREAES of* &S0 F%grm‘\ehé’?Engs?ﬁ taé"\ﬁ@r“é heSndie
surprising sinmdinheasubsidiarypén abtibweliepstei biee rigsiuddss by serine
resi dues autoantibodies, and autoantibodies to hsp60. The mice also

manifest spontaneous T-cell reactivity to hspé0 and to its
20 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
25 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

30 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

15 of the cysteine residues by serine residues resulted in
inactive peptides.

The present invention thus relates to a peptide
comprising the seguence I:
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resulted in inactive peptides. The present invention thus relates

to a peptide conprising the sequence I: WO 96/ 19236

ECT / US95/ 16596 WO 967192536 : -4- PCTIUSYS/16596
Val -Leu-Ay-Ay-Ay-Xerr]-Al a-Leu-Leu-Arg-.2-11e-Pro-

(1) 19 5

Al a- Leu- Asp- Ser - Leu- X[ err]-Pro-Al a- Asn- GuGAsp (SEQIDNOZ)11 wherein

X[err] and X2 each is a Cys or Val residue and. X3 is_a Thr or Lgs

resi due, but X err] andVRReFPP-FrHnfBY -Go¥ mibehleydePalryid WheAl® P55 is a
Thr residue. 10 I n specific enbodi ments of the invention, (He
pepti de consists of the sequence l;gnherein both X[err] and Xferr] are

and X[ err L, herein p277(L e S [
Vi ert] 1% BaiRl e B R e e SRyt PRRERTE S A5 4
and p277(Val 6-Lys[err]) (SEQ I D NO 5), respectively; or Xerr] 15 is Cys,
Xerr] is Val aﬂﬂef@ﬁfrx] afdTRS &dcn Us, ahey-.eidsr VA7 ealdwes rdnd X, i¢ SEQhD

NO 6) and p277(¥al %gﬁ r%&}ﬁ%% 1?‘}‘2 )§S$ﬁdl er)ot both' B8 PEfd iré8h dued wHeat h

Xerr] and X2 are herein

p277(Val [err] - V& [+% 13 )Thr( IEBLEER NO 8) and p277(VaI [err], 11-Lys[err])

(SEQ I D NO 90 respecti vdany spébif ix2 EnpudliBents [odr thp pemnrd@m,stae al so
referred to hergipe fige ROALLINEs of the sequenceli wherbihtb&fh &) ahgext afe t he

present inventign to provi de 1l f LhYodl fINQSi S
of |1 DDM usi ng 8 %pﬁ’l 38 oYsSerheureer}@ep?%FLﬁn %I n\g/g Jlﬁgr%\ﬁﬁa) eﬁco%'rsse

of devel opi Hgll DDMlsaﬁ:lYﬁaF%d Seprids FhRspb G¥fol Q@EFe‘é Pt (YatebulEe 7%
whi ch are cr ossnoeay:tanﬂe peirenesli & {Lysmii) chsEQ neb iNoeisD) , V\aqsparqtevely tére ¥l ood

and urine of1d hesapdmle. 1L Almp }@X%e%ﬁr or 131 hegé s ;g (Favel) s
directed specifical

t 1k us, h nce of hsp60
(or ol ecul es WHPER yD NO4 rs:i BPd 2t 7e(é'5ﬁ| vel¥herle SFh) %P&%ﬁ?ﬁl ‘bodies or T
cel | s 30 specif respertistedviinobl betth dq apfind; axa Vad avdgh Jd&sIPTioF ¥k
detection of thaer&liMpreass bedrre t(seQJEStINAI@)I andop2TRtval® ! ckyd's )i s

conpl eted and t hgphnfhh WYyl LGB0 | +h&d20Aqvals -val12) peptide is
20 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
25 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
30 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
35 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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di abet es. The presence or incipience of IDDMin a patient can
35 be diagnosed by testing the blood or urine of said patient for t he

presence of | - 60 anti bodies or T cells which are ' sy il gically
reactive w tﬁahlgﬁ’g%eohspm, using as antigen a peptidePo seégge’?lce | of

the invention. Indeed, any of the prpcedures previously described as
bei ng operabl e using . WD 96/ 19236

PCT/ US95/ 16 ; - : Y % | p277,
such as those&cféggr Pﬁéé isn“jStEﬁﬁ 8?%a??socrf§'lbed in % ilggteirgﬁgg%% I shed
under No. WARRAFGFAe0 Pihlisred undeg JqyoM 89/heF41 n HRFEP¥f er ence, can
al so be usedincorrmuwbsedthereign byr refarercepephndaled seoqsedce | of the

present 5 iéﬁ&?dl:tiit:‘a'ﬂin? for p277 a pepffd YrNGbiuehde PRSEAL HAVRIHY ON
provi des a rrer}vheog:. or diagnosing the presence or incipience of IDDMin
a patTent;" Comprising testing said patient for the presence of
anti-hsp60 anti bodi esPeroxsiingly.cthe pysashti invientier PFowidRs 19 metd960,
wher eby a resad taingdbdhhd naget peepentd i ote ipcepeenee of IDDMathi a hsp60
anti bodi es 2nl, CELhp MY Gly LEULARY GAGKS ok ibne £o'UR80prQEedtel d2e! | OF
! tienc, 1 t fo regence g
of a T cell I\SI)J\;{‘II,Ch |rrrrun%r:f,§ag%s W tﬁ% rihssgs |ndf| cat es g ﬁl lﬂc robability
of the prescfttd-3pPe0 anptyhodies ar opf |pPcets which immunorgag od for
di agnosi k¢ 3P0t hepetty entresu)t indimattiegt e fpositiyeppeseence oif
an; i - hsp60 aanﬂibadpes,axy»tcileﬂdgias, of S de@3t wHBER OGarER)Y Thr@QB@é'vSiQ:l'ﬁ |
radl ol nmunoass or._an est . . | may al SO
be tested f%lrs%%)réé 8Fe?seﬁcceeg%f 05 %%) a‘I:['cce'lalllj.' W%Il% ’l‘mm%?r%rg%gg% s"?{vlﬁ h hsp60O.
I n one enbodisRéRy épdicatesmpashighaexobalid it¥set ndih®FeE6RPRi%es a T cel |
proliferati dmcipiehestoampmM.sing the steps: (i) preparing a
mononucl gar cell fracti AheL RREALA! % diaghoS$hd ST Mede bhLOLRAMR)C
obt ai ned frg}rn%l §a| g papient. 25 anl ! ddi ng tg. sai d m)noplucl ear
cel | fracti &It &F%°°< 20k igenPEEPRRID LT PBIN & .%fiadlé BPAERRuSMEE S ot ¢ he
i nvention; said test methqd mpy tememise Agradieimminocassart Poan ELIFE
presence te@h .said antigen for a suitable period of tine and under
The patient may also be tested for the presence of a
20 T cell which immunoreacts with hspé60. 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;
25 (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
30 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;
35 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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30 suitable culture conditi ons; (iv) adding a | abel ed

nucl eotide to the incubated cell culture of (iii) at a suitable tine
before the endyRfosngazsSaid incubation period to provide fgerffisseses
I ncor poration of said | abel ed nucleotide into the DNA of proliferating
T cells; 35 and (v) determ ging the anount of proliferating
T cells by anal ysis of the anount of |abel ed nucleotide incorporated
{/\;];SGIS?IQSB-EI; cells. " In step (iv), ®bove, saz.&Li%SQlEH-Srgu&/ ﬁEEGS-g.éi(eRQEE 26)

| ¥ preferaply off (tmuda%%VeThsaPat?%%%ue et qopge of

preferably [er Prrlifigrtdinge T TRelg et madeaby ofrlsfulatdornefifthef
proliferating Btifblsticn nadexbyf cie ut alds ¥ ddaddard BéthBdsati on i ndex

of the T Celé S by st andaflp a%EHggs?lﬁ)ﬁlment of thcf.sl g.s QQEhC?{a&%bOdI ment  of

this aspect of the I nventi on rrses cel |

cyt oki ne ré‘é‘ﬁﬁﬂ%t‘a"’%'estth,e FRShHRehag éﬁg‘PrH?S & (T ERti)cEhokiRe in the

above T celrespoos$e fterst,i an vhith suegsi Mih foulitihi)saep s vip the above

ng g[senc]e of _?_YHOKEB]E p&meaﬁthgm[ﬁgd ahb- Zn d ledhrehlafe Ihv)lQnelg o
err] or err S e esponding iy o the

medi um is det gLFSEJ’%f, e{é:ﬁ’éggﬁn%bt%c& ?ﬁg Jé‘o%?re?g Z Islg)" 3\7a# abl e

kits. 10 10, TNFq ofJCHEr Bepeated biethe\xafHosdipy olmRiwcysesn

vivo net hod whemnebntize medigenis edemdoredf bpnswanizpd decnddsl vithequence | is

i nj ected subcutc@;pnggygﬁ/lllwtaqaglmié q,_qttsand t he occurrence of a
resent

detectabl e skin reaction (DT H%l . The B

i nvention al so rel ates tI(Sl ES gef oarsPeCt pE?‘F o’r’?ﬁeﬁélgﬂcﬂr%g’s%%, "ad?wel | as
kits for perfordivag merdipd whezeimyan antdgrintselrorefefperpameptiide ehirrying
out any of ishe s2guyidd QUY sASHJYEt &t fhipkatanss Iy iabbng pdia aptespatthe

| nvent I on. oEBG - SHaD Jf 4 hQE%&%%ﬁbaLkl Tl 1R l‘gﬁ&ﬁ)' S 'ep8aRLd, L O

conduct a S|ngle assay or a fIXx assays. a
kit for deternining the JHeeBEREEPOIIDYERLIAR PO rEléﬁ?‘F b‘iﬁl“@énﬁangméont ain a
sol i d- phase i nwebfbdrmiow pachi desays ,2@ssequbrnoe Kitandon patfpethiagt dodidy
capabl e of recagbhagsNg THeEkits may be prepared for carrying out any of the
20 wvarious 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
25 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
30 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
35 for the presence of anti-hsp60 antibodies comprises:
(i) an antigen selected from a peptide of sequence
I; and
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non-vari abl e regi on of t“he anti-hsp60 anti body to be detected, such as
tagged anti-human Fab. The kit may al so contain directions for using
the kit and cg rs to hold the materials of the k|

conventi onal tggaogrgﬁsl abel may 30 be used, such as a radioi 35?/%9%”659?1
enzynme, a chronophore or a fl uoropho_r¢ A typical radioisotope is

i odi ne-125 or sul fur- 35. Typical enzynes for this purpose include

hor seradi sh perOX| [ &L d.al S t ase.
A kit for diagnosin qai?r%se CSJ ?hﬁmd&?’?ﬁ? of %g%éog{}ﬁzﬁggp?}ggence of
anti - hsp60 .antPhHodReSPeEnprItes of %aid anti: hsPs(’l )m HooFsHER 88l ected from

a peptide of detpmiwh l; and WO 96/ 19236

PC?/U893/16?96 Alkltffor diagnosing the presende of IﬁﬁM by test1nd||)
a tagged aptib GaRabl &, 9f I eqogni.z non-vari.a i O

said anti-Rsp6 ant%b glrgge T b°cei=0% T ﬁﬁglec"fqéld:h immunoreacts mﬁ{leg? {bor

di agnosi ng th‘é""{lﬂ%ﬁ?ﬁée of IDDMby testing 5 for the presence of a T
cell which i mMmunoreact i &4 1{iGen seleogy |fs:em a peptide of sequénde an

antigen selecied froma pepti de of sequence (i) a
suitabl e medium for cul ture of hoc es (T 10

(iii) either a |abel ed‘hd I%oﬁ"’fld"&b ‘Is‘n’é"’"f & Fulturep %ﬁ |%P5‘P?’6‘?‘F5[ ddt . or
a cyt oki né%® ecetls)iiFAmBerr], IL-2, IL 4, | L-6, IL-10, TNFa or TGH[err],

assay kit, for the cyt@kiDp eithelrest1aBéled nucleotid&Ofort RBei N ¥dMO test,
the kit Wil SOMNESS 00LVedbe oPEPEY BBl SBIYCICEnt. N33 sui habj e form

for injectio es I'nvent rt'Her rélatés to neans
f or pr evehti®g I&r 1Pr eBEn P SBFA’ BRI FFontoF 1] K¥takEiPYen
peptide of sewmpsnce | of the present invention can provide a 20 specific

down regui@tion of autpbimiy tin thvBh@eé"Wt 'tgl%nklé-n&illl coﬁtiafr:??é'd&ﬁ)y aCreates
a resistance to the autoi nmune proces . rrFlstrue with
respect to vatEmn: fel 8h WTHre lEeTl%mstﬁé)&l f F8r'f'o %’ﬁ@ﬁ”gﬁ i in
attenuated or avirul enfhe preseng dpvertign tfalVithgrbE@rqurseéPeﬂec‘tftﬁ |ft?6r ove

their 25 antpgeentihy, oPrcdfdardHBNISDMS akidciciAat i & twidks thBedwnigen | f

peptide of sequence I of the present invention can provide a

20 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

25 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

30 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

35 Cohen, 19%84).

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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the patient is shown to already be in the pre cllnlcal I nci pi ent stages
of |1 DDM injectlon with such an antigen or T cell (or fraction) can
create a down rggyl hgn of autoi munity for this antlgenm$%%3%£ 5
arrest the aut0|nnune O process before significant, pernmanen éé IS
done. The peptide can al so be used as g therapeutic agent to arrest

t he aut oi mune process even after it is far advanced, as shown

recently by the fkgﬁe@ﬂgr%&fp tcggspg@%gtof nvg |1,99nar egaégif%% nicnt N€

treat ment of g Eeptl i'as an 1994).
Accordingly, t hg‘aﬁ? §‘7§?1ts5?er'f\7'§r‘lf: 7 sequenEBaPht husmRY 6'|5P5°
preventing or t WeAEh need Iss iaive- Uegermritrated oy abetubatiey | id ihe bPEMnce

conprising a T eel bapi qshittiaeebeCidfhence I; (b) sa\'i@ ﬁﬁﬁﬁzﬁ@ells of e
PCT/U895/165%6 w h have h?en radiated or otherw t é; T‘ 9
consi sting of: g % hunan el TR ER HEnt JTSSSF EPRRTIY 'Y 1 87 ‘?he
p277 sequence o h rdg6oot () W%lcéhhé‘é?lge%\?@bbe@@%dﬂ PIEEEUDY

i ncubating in theeptemENdy means off hydetopeptiderelssaed) et trentbyicri
human T cells Of:héxaica15 d&*&lsghlb@yﬁa %@Entréﬁéi}&t ?%eQ mQA@ &‘Mnsﬁ att enuat ed;

el | have been su to pressure

(c) said
treatnent b gﬁso% SA8FE ogfaé? chﬂké?gu?%em't'r &y mgﬁ?é'v\ﬂtr? &%, Or cRERiFCH
cross- i nki ﬁ@ a@Eﬂ'ﬁeJd%ﬁj/S@th fremnaie R calbs of (@Yt oskkelat dic)er osséd) rki ng

agent; (d) fragpeptiefconetssitid aseeh@ifl Df dNthehedridwia rb Beod &€ldne Of
(a), (b) or (c)reeépécﬁ)o@ (2) @?ocf'fqe sgpsg.;}a g,qugntara' §9L the

vari abl e region_o sal prbteln or a
sal t, f unct F‘élﬁcétrl%&ll 98??“(7% -1V6r o PEPSSFSQR OFc BFVEVE (THACtEAN HRsRRsIE -
In a preferred enbodi nenfinoé piefarmednemboodinidne 35 phepavaenitabnc otk | Ses

aut ol ogous hﬁﬁaﬂilréb&%ldz.&nobbxﬁﬂnﬂ%sf aeablogodéﬂ‘?thQ'\’r P18 bpt Q1 P& df’z%% ed,
which T cells haye J@fiﬁﬂpatle téo %/t Vi tr ontlal ct . wt sal pepti de
of sequence |. Speclfic and ac é"&‘lf eI‘fes r 84V Re

admi ni stered t *CtiVated BEnER Bt GTonEORERFE \M’}Gﬁ SAEY BRRTAAEr P§i peduepce I.
obtai ned. 20 Such specifhe gndsentivatednt icellal ape priwa damiAistered to

pharmaceuti cal the <:@RPESELEM £k {h6m pir?é{,»e%k_—gnoﬂg r{a%&”ﬁmaﬂied DOM
conprising 2o @ phar macgyl i cal I =T %f'%d’l e _carrier 228 active

principle, an effective anpuitcof a*Be 58 Bt aH sI pharmaceyticgl 4
functional deri%MRAAd tiRBr EOF . thFh rpveRtiRie @i §apayment 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
25 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
30 human use because the mineral o0il 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
35 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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25 acceptable carrier is preferably an oil vehicle such as an enul si on

of mneral oil known as inconplete Freund s adjuvant (I'FA). However,

| FA, as wel | yagq&p8R ete Freund' s adj uvant (CPA;, a prepe.f,ggds?&gpf

m neral oil contalning various anmounts of killed organisns o
Mycobacterium) are not allowed for 30 human use because the mneral oil is
not netabolizabl e and cannot be degraded by the body. |t

has now*been dyudad, b¥o£h§ ﬁ@%ﬁ\ﬂﬁswﬂeﬁprﬁt&ﬂ%nous RRhRiEnf at emul sions,
whi ch have benlnu ntfave nwtrltlon of

e ear s
human pati ent®¥>%F4R® Ié%q‘ésctpaé\én 8- v ﬁgf‘Or pe T e %tlﬂer;a?)y usi ng t he
pepti des of t#ﬂslﬁrtéﬁﬁttrademaﬁ\]ﬁeﬁﬁl Bn Breng MedApngen.ofcesmeny emBatitons are
t he ?vahl abl econtai@OBBPbeanioiflaksesat S{XUT dkNRLO &Sid Nt 0abi Pl daderilled
Li pof undi ng o.nt nsl S ¢ gﬁlpj i a,
SUBSTI TUTE sﬁf?ée RUEEL ‘g’)l%# rgsﬁg&%ﬁé@/ 195@%%%@35 g2y W3
PCT/ US95/ 1659:@e s emulsifiers in Intralipid (12 g/1 ghstlllegvmfeed:) 258 a
fat enul si on €a9-yohkr dgeihin dot LipoHimdin (1degll idetilhe@Svapegont no.

3,169,094. " Lnda%umem; te%u'its £r&f Ot 1ed %rd‘aQtE.E:ﬁd@fT%fl cekoB. (B ayn)

Mel sungen, n n an Qi | at (100 or 200 g in
1,000 m di stl én Eﬁ’é llrpld 8&3#’1%@6 res ectlvel Egg- yol k

phosphol i p? ds are TB%GF“A@%HBT*SW#% TR Pﬁ?? #9 Bi aeEhod pf distill ed
water) and preeggtyngkod etiekliingi TOBM pofidhd compdikey/ hddisistdichgrabes) .

| sotoniol ty iatubhe 14Mdderaddht| pilimalouter ol (pdbldson  DOLD 1D

|-ntralipid and ofu I nvent | further relates to
a met hod of °mpﬁf‘§?7%$1t‘-’f rﬁp&ﬁdﬁrgﬁt?%qnﬁﬁwm{& REGRAFAELY® SRTETSLBP i ng
to a pat iTeselila wekch thaveedevel goed specdficktly donpasitpeptide of

conpri si nIp a seegpthde DfoBaydeAffeht dn.a preparati on conpri sing T cells
whi ch have devel oped specificity to said peptide of 15 sequence | of the

i nventi on. o BRI EF DESCRI PTI C]\l CF THE DRAW NGS Fig. 1is

a graph sho 2 p277(Val [err]-Val[err]). The
closed circles de5| gnaz‘:sg.r asmlsta PrEply shbwpﬁé’?tmdstlahelnpzemﬁ:|p2(7l7esnd

p277(Val [ err [p2Yaliigie 1va11The | @hge-xdded @3rcles designate results using
20 p277 and the open circles p277(Val®-Val!!). 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
25 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
30 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?).
35 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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represent results after 1 week of storage, the nediumsize
after 9 weeks, and the smallest circles after 20 weeks.

Fig. 2 shows th cells of the diabetogenic 25 clone | ate
in response to t oe pepti des p277 (cl osed circles) and pggpf%}r(}}agll’%'fesgg?]
-Val[err]) (open circles). Fig. .3 shows that NOD spleen T
cells proliferate in the presence of the peptide p277(Lys[err]). The
spleens Qf & female NOD mice were tested i'n each age group for T cell
30 proliferation in response to the peptides p277(Lys[err]) (closed
circles), p277 CEFEHLERECRIPTION QF THE INVENTION ,078 (cl osed
squares) . ' MhgnefeshawspaptddeNOD Feqeddce G §{hemehthmiedgeni c
E! oneSCQ prol i f @hat enbéhﬁiefﬂoasg?tgaim a&@pthgért%ﬁ( @é%l-iﬁf.fi\)ets %fﬁeof

i g. is a graph.s e | veness, of. . retreatment w
p2$7(\/) in Il%rA !g%et _Egmbr_ vlggt%fibna%?i%’lgz.as %hei?\b‘?}&_&c&., a%cé?’e‘éﬂ'ays “EofPar ed
to control treaPfRhid®vitheZefeact to diabrtepppsMaintained.

SUBSTI TUTE SHEET (RULE 26)salts" of the YWBp864&9P3ontemplated by the

PCT/ US95/ 16596 jnvention are physiologically %ﬁc$Ffaﬁyg organic AQEEQLL ic
DESCRI PTI ON OF THE_| NVENTI ON eriever a "geptlcre of seguence
1" is mentioned®™N -  the inventi on, also salts and functional derivatives
thereof 5 &% contenpl at"@nchsopanferdivahives bladfyitbal peptide tTy asf uséd
peptide with reapeeintsovilirababesvdsivigy whatRefhy be prepared fromoghts" Of
the peptide | cephLeopl _1e%x18¥ LNghicn &c@%‘?“;élgé‘m%r enRENS' & ‘FL%'ecaL'SYd es
acceptabl e organic _and i n r%aﬁl c . _salts. _unctrl ona
derivatives" of °FhE'9dht ifdetr S&™MRRd ITOURRs dith MEERE! knRMt iipatheedTthhi ch
may be preparedahdomre Hacludefiuimttiiendinvgnoigrs ashilohgoas wheys remdénchai ns
on the resi gﬁesph_amﬁedtﬁé_a.wi{ﬁéc&ptta%!}@, nﬁ!eg,lr RS dg%’né@%tli'_e?"\flhén the
art, and ar e i.nventiop_ as |aqng as ey, .remain

phar maceut i cal | gdé%gf{e‘%:% g’,ﬂei P%‘?Elr%ehé'f}sagaﬂo s d‘é%t Fﬁml?#e/ltif Lo EPF 3fr_ﬁymof
the peptide insBFERIVHY iHsPEV i arqanFerBeg hedk m@hnconter toxic properties

on compositions containing it and do not adversely affect the

circles

Adbad bt

antigenic properties thereof. Such "functional derivatives"
20 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

25 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

30 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

35 1IDDM. 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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activity of p277 is concerned, do not confer toxic properties on
conpositions containing it and do not adversely affect t he antigenic
properties thgpegtezsSuch "functional derivatives" 20 are n%r)u%s‘ﬁ@éj)@d to
conpr ehend such changes which effectively convert one amno acid to
anot her. Subj ect to the abgye- qualifications, these
derivatives may, for exanple, include aliphatic esters of the car boxyl

groups, anides of the %@Q%yéd%diuﬁﬁei?ﬁﬁ&@fcd cméa@ﬁeﬁ@a&.r Ia@nathh anmoni a
or with prlma rﬁ% ondar erivatives_ of ee, am no

groups of the¥a 18 Vagc’l’ré g"%gsp?%?:r‘%ed %tpgagf?%?ﬁmltnﬁ’eﬁgl?nnﬁ eties
(e.g., al kanopreferalﬁa' éambatwmqsi aniéplagbkq}mceﬂlnwvedéarvaﬂves of
free hydrekisdh grmomptesothe Xanpirazt fri fofofs ehgl antoidimmenyl c801¢ esi dues)
formed by seagtéon dideh cgeYepdBdipe?Stype are cla591f1J&1%1P%%' Eolbs
sequence | of the4nvent|on usecr as |rrrrun?/r?en I.n g rmaceutlcal
conposi ti ons, 2pEFET &P Yhe CY‘\Pg‘(,lE’FﬁeEh?lbrseccl’r'@tSI VRST AGI2ERE t r eat nent
of IDDM as WeNo StEgn andafiofifnismei98n) di aifioseild scoepostie iI3R8 and IEN
\OAIAI1 agROSI s of B AN Tﬁbeéélm%ré@%%gl[( 163 aad E%L@@n?%u&; @OyBRSEid ons .
ic nmay P, I i novvn in _the orm 0
the present Iﬁgéﬁ%ﬁﬂéaggy J A8 u@@} qIPFAsing fﬁ 20% trlgi erﬁ?
PCT/ US95/ $859%f plant and/or animal origln, 1.2-2.4% phospholipids of plant\\\hen
used for therapbidrn antimeatorigimr 2ag5a4.5% demophygariticr,vacol 58, antie
peptide of th&cﬂfﬁftenhnhné!@é‘ﬁn@whﬁeé to Pfo%f*erabkxnaﬂém@l%t ¢LEflod¥ th a

bi ol ogically act ronotes the T ft of .the
aut oi mune T RgtjeFab %‘“E‘éarlllspléif OF WA RGP e U ??/p%léﬁué: cl Js‘f]fe?sed‘sl n two
gr oups ackeRQgiikgdt dnt v kssna@RnnE@tetrtrewp@éepeteomh@meacnfMéw

(Mosmann and dgfificanr ' 898 eretide 08b3 5 fslqc‘erdebﬁ tter? qtd WEBh the daler],

while TH2 celds sqgGgt sf'%nezolg}qehk %,%e “%51 o xgwf@ %re{se dywe%if ably a

fat emul sion {: ri,sin or_ani ral
origin, 1.2-2'F5H6<H olPlrp%&;&l&ﬁngr%rﬁeferenaﬁdml%. e fD oFP‘@uEf?mez 25-4.5%
osmo-r egul at o‘ﬂﬂpl(i-c@ns%anthe presepki appliicazddnst eie |antisreecontoemtBOUE Such

vehicle is mglich arB’ BELSRP | McbrbbRAddY %&élhlﬂpffw&@ncbﬁe of such
vehicles bg descri hed an 1S raeléﬁ% g L f’g Jgation ( Btg':[ L ed by
15 applicant's reference td'gef?f’ PFH R LBROBIEARate AGTHIPRE
filing of thePHeSERE] Fn&?)‘ﬁ)ﬂ%mnbér\awlﬁl’;éé‘éﬁtOWWnPFoﬁarenterally ,
such as subcutaneously, intramuscularly, intravenously,
intranasally or intrarectally.
The examples herein establish the effectiveness of
25 therapeutic treatment with the compounds and compositions of
the present invention in scientifically accepted animal models
of human IDDM.

EXAMPLES
30 Materials and Methodsg
(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
35 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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“(identified by applicant's reference 9451A), with the sane appl i cant as

the present application, the entire contents of whi ch are hereby

I ncor por at ed heygigghdds I €f erence. 20 The t her apeuptfusRgesi tion
i n accordance with the present invention nay be adm nistered orally or
parenterally, such as subcut aneously, istsyamuscul arly, intravenously,
intranasally or intrarectally. The exanpl es herein establish
the effecti Veneﬁér@fc&ffltzhﬁﬁ Sftamﬁmt @%aan&mlyu ish Tthe EQMRAMRESpaPdides
conpositions of were Dresent ven5|79n I n | en i ficall cC ed i mal
nodel s of hiREh pept e *he' o6 %XR EIE:‘%E

Mat eri al s and M hgtls sequence: Asn-GluyAsp\fle Lys|-gbec@ly dihel-61ur Eke vile-he
NODY Lt St r ai Dysverey -Thpp Leaduy- ke (ABONED N&Y:a@di, NgoLEsEgindahgt e

Vi zmann | nski ty asea%f ,ﬁ;ugacm TR pundh Aeloeo hERECE EF rashBAEd AOUS | Y

devel op autoi rrrrune tes, at

in humans. grrpe l?é‘ﬂ‘.t °§e8277 PERAT T4 - V\E}P% @rrershatl oy
st andard Fnoc clhé?ﬁ sta2y 7uS) ngart PRBI7REDoRYyimdte siizhr p2 FRAP23TdC-p2Pair;i fobed

on HPLC by revepest g p2 70Nt pse )00 aaBNYep SR 2G9S with various RSO/ 23436
PCT/ US95/ 16596 wer e confi rned

by am no aci d ana Stslltsutl?ﬁe tgl\/ﬁ ﬁwo ?t%me remvx%?% 4 ﬁpﬁeg T RE
p277 peptidé? tFet ‘ronﬁép‘t”rHé by 83‘3 S}bfgl’toh‘é’sséa%é%%m%d Cys-

Asn- A u- Asp- G ncysgis-;l p27@ yith eodBhuciybeeihe-residuky SréplgcBdr bevalitse | | e
(SEQ I D NO 10), (&ﬁi@%ﬂﬂﬂ%m Ho oz5b90§él-i&ns(p‘é58(§2flﬁ @exﬁh%humn hsp60

nol ecul e; fragnents of (4 g 77, the am no 2 I\Q 4
carboxy hal f of p277 (th2r7 TEea d Wi 278 tredte

(p277. C-p278) ; WHa& emulgépns def @77( LoE[ ke ]gtheangeptemasde opzw kvimpe
various amn md aséshm albSmbft (BSK, @dech@sed rdmVBig)S] edtne UbasSE JUEs, iusal he

sequence as 10 IxQ'Jcﬁh esPSf oW L} 11%99@&1 ﬁ'ﬂﬂcﬁggﬁg Veﬁ@ﬂ@@%ﬂ&%c@ﬁ'

, p277 th b t .
(b2r7(Val Lerr] - CERHAEFRa orts, AIHFRS thIPR SBPosRATAALER) Jn an equa

(iii) Treat nentolume ol mdnexgl oill déneempletecrednd’ s afijumasbuf{ BiAJns of
p277, of the otdwfmapepti d6€, IdraQfiph@Vi Nfhe mice were tested for blood

20 glucose levels at 10 A.M. in a non-fasting state as 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

25 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

30 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

35 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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15 serum al bum n (BSA, purchased from Sigma, St. Louis, MO, USA) I n

volunmes of 0.1 m injected subcutaneously into the back. The anti gens
were dil uteg,ddansBe and enulsified in an equal vol umepcfusgsivessal oi |
(inconplete Freund's adjuvant (IFA); . .5 Si grra) or 10% Intralipid. The mce
were tested for blood 20 glucose | evel s at 10 In a non-fasting state
as descrl be I 91) rre 0 tment (7, 12, 15,
or ﬁsem%g Arasab%eace 'g‘%‘orsleu% %rer S é-’lurvf’lg/la,f at the age of

40 weeks SF’@'HH?%%ﬂﬁlqﬂ/ﬁéFgF%%%ﬁe@ mstb@nmm@erafé%eoa [*Hl-gl ucose
concentr at i ahymidilre linmed DNArdwriart ehebeiratseal 2 hhlrs o2Sifemsaiiiont | Phe Of
bl'ood gl ucosgsuass %éﬁ@%@a{o&%fvasafthgn%bm%latq CinhbRD U TR, ?b@od

gl ucose oncgnt ration neasur m ce (not
Hi st ol ogPcal*&x8i™hdtS56n “BF ’t"hethe PIPSPREE aﬂ‘iégﬁanﬁ? e W880qone on
sections st bapkground cpm ihethd @bslengeantl ausigen . Thetaeddrd ewiet tossor ed

i ndependent b¥t39erbyq11a\€ﬁ‘u9@§@£ﬁ/§ we0a DRi s varoe; BRAVRE Gndin taaﬁ\ idepdity of
est, was, used to ascertain

t he groy The

St sti oo BRPReER dasy SHRLE CoBh 4oy BRI SRR YO sRRERLRORYE WA <200 ;)
T-cel | prol FPeréttloFoasedys. g spdeen| oficeach mogsenehrs fesesdcel |
suspensionssepiratwd .f r agstibr@lc Nabhngesus oiWeh eeasbaysrbwroasTeRe! |

proliferat|1q aS;glescribed previousty (Elias et al., 1991). Briefly, 1
x 10[err] clone Tells/m or 1 x 106 spl enocytes/m were incubated in
quadruplicate for 72 hr in 0.2 mM of culture mediumin mcrotiter wells
in the EXAMPLE \AD 96/ 19236

PCT/ US95/ 16’59 tment of NOD nu.ce wi
absencelgf vari ous al;}t | gens

the incofporation of

fragments theredd €SENce or
on ,wWas rregsured by

t?‘ﬁt B“"Irbl\?ﬁ? AMRRG2EHR final 12

ERSAT T
hr of incubk@l s Ulfhéhe P27'éslﬁpttsdmr@1mmxt edmbinede agtel mfEactbve i ndex:
the ratio oin Nop infieeMBaNid §A77GPFemAL L h@)ﬂ)hﬁéénﬁ&@ftﬁé&tﬂeaeatt&é he mean

backgr Ounda%généﬁn '7t bl% ﬁgsgngsl Lt? %%tgse 1nocu ard dtevgo t;xlggg varlob s Ween

(¢

quadruplic were a nean cp m roun
<1000 cpm i RERpIFodPt @ity pdHemBaRE A RE émmlce ’élprﬁ%"‘teﬁk€9° 9%, The
spl een 8P ecexzd denmeswmined.tested 10 separately. Results of each group of

mce are shown as thene redlBd@d 2Pe shown iWMBLE 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,

25 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

30 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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Treatment of NOD nice with p277 or ffaqrrents t hereof 15 To test

whet her either of the two 12-amno acid hal ves of the p277 pepti de,

al one or conbi effective in NOD mice as i s p277pctpsiRhEsodNOD
mce were trea@gmé%s{he age of 7 weeks by subcut aneous ICIF’IOCU| ation of
50 pg of various peptides in oil. Thé%status of the mce by 40 weeks of
age 20 was determ ned. The results. are shown in Table 1. It
can be seen that the control hsp60$&é§i—§e p278 had no effect on

devel opnent of di sease; 9_7 ,_Irl \\er g di abetic and
- 90% ®qBec dead by 40-wEEt I : 0 25—t 271 pept i de
conpletely prevented death and QY fbek i 29 treated mce. The
fragnents of p277 were | ess effective: the amno half of p277 (p277.N),
t he car boxys hdleptide of p277 Np@AP¥dx ©f andlealuhxt uypetgbptdmip27Debkh
p277. C) wor kedreatmappyt hal f ®agewel | as di¥ the intact¥p277. Pept¥de
p277. C was 30 “2Syfthesized—attaches reptde—pRre—te—pred .
pepti de; hovve\bgnm p277. C p278éwas not P2{do C al ogg.
ot
20

LES, et

I~ oo a W e

Therefore, it y2gp be concl udedgthat the ful g« therapeujpc effect gequires

the intact p2g27penti de. 20 8o SUBSTI TUT&0*SHEET
(RULE 26) ,, P277.C WD 96/ 19286 . 30 70 40"
PCT/ US95/ 1659®277.N, p277.C 20 35" . 14 - 65 40"
Table 1 P277.Cp2 ment 8P NOD M ce with p277 or it% FragnentsS©

Status at 40

0 Weks—Brabetes——SPeptide . Nomber—of Heatty
Hypergl ycemc- Peatéh comgar@d! f8Nhe group Fi&fed with contrdl peptide %
% (50 pg) p278.

15
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 -
20 Serti).

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.

25 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

ap Cys-Cys) nor p277(Ser®-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.

35 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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p278 40 0 100 90 p277

20 60* 40 o* p277. N 20

20 wo038619236 50* 10 p277.C 20 30

70 40 p277.N, p277.C 20 35x FOTTUSISNES6 - o

40* p277. C-p278 20 - 15 25 75 50*
p<0.01 conpared to the group treated with control peptide p278. 15
EXAMPLE 2 Treatment of NOD nmice w377 substitution peptides

The foll ow ng peptides vvere tested i n NO : p277 p277(bridged
Cys-Cys), p277(\Val [Exse ) ¥i EhSpP 87 sutE 3).

NCD femal es were treated with 100 pg of peptlde in a 0.2 cc enul sion of

m neral oil P PEAT g aﬁégly M ce We‘F‘é"lterre&lfed at 12
weeks of gage and tf S immvimn. g=weeks
25 nonAs shown in TabI e 2, p277(9‘dal [err]- VaI [err]) wai%oas
effective a®2(277 in treatnent of diabetes, the incidence of 200 diabetes
in untreat e(!’zl?Véérb%H %V@Yﬂhl | e p2777amd p277(Val [err] dal [err])
treated m c ! ence of 22% aﬁé 23% respectlvel-"y? On the

ot her hand, nelt ( ri dged 30 Q/s ?)!/s) nor p277(Ser[err]2 Ser[err])
had any therapeutlc efTecr. Two agditTomat——varramnts—of—p277—i™m whi ch

t he cystle0 ne rpsd dueccdipared $9SindidenBeadtl dilaniRe8 L8PhACLERY¥ralani ne or
[err]-am nobut yitlke adjuvaoktdalese dues, were al so not effective when tested

I n wtrg both on the clone C9 cells and on NOD splenic T-cells. 35 As
these two p pt ge%igﬁé'{écﬁ b bl nfédc p3FRd LepFncidenegadi fliiabqtes | s
(not shown), thHey Wer e hd ‘Fu‘?” dtJBg? #Pne- yivo for therapeutic
effect. WD 96/ 19236

PCT/ US93516ERAMPLE 3 - 15 -

Stability of p277(val®-va]l!

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

20 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
25 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
30 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
35 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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Table 2 Treatnment of NOD mce wth p277 substitutions

Pept i de I nci dence of Number of

t r eat ment di abetes (% Reci pi e none
80 WORIBBE 100 p277 Petmsysggsss

200 p277(bridged Cys-Cys) - HE - 10
p277(Val 6-Val [err]) 23* _ 52
p277(Ser[err]-Ser[err]) ' 85 20 10 * p<0.o0l
conpared to ingjdence of diabetes in mce treated wi t h adj uvant

al one. nificant difference conpared to incidence of diabetes

in mce treat cBregtmensdpf\A0R femghe mice WithxpRPY OB P277 (Yakbi Vak'y )of
p277(Val [err] -Xe¥gr8egynsulitis g pee +he reasen—fer—eplacing the

cysteines wgs the pN@lbeEematllecmsd:abrénd yrehtédaatp2A27 wpeks i o ageh@ith
stability of 109 tp.l@«;rmsazz(aaauzﬁealfy@a 5777 by ARhedvat: spugl 3.t g
points after 20 |ts Ségthesm bfﬂﬁ ggt de 1 s unstable d _
deteriorates JRTIeTA 8?‘ cHRATPoRES (FLOPK 'S 284K in

vacuum zsyb[cezrtua epusly. Control miden recdéved A @mpasdon hef sFtBesbandty of
pP277 with its mmerazmwal GatVal mentld dMalgey, sbaide REPERERSIYSUE were

synt hesi zed atsééﬁfééedsa{‘fﬁal hg‘ia&l}‘&'aétz%ﬁn%@e Safd yfm@c%‘édﬁh Bhuif U 11C Al

1, 9 and 20 s after ate of synthesis,” an a uot was .wei ghed,
di ssol ved and SESEHOAS WRES (WRATEE PHOIREOXY AhR | $98iTof ?H% insuld&ds; §as was
its ability toextrieduliat® bhiadl feshior] 08dn€s. the cdritgol Imilesrviestelaped t he

Ires;JIts ;)f ]'Eh%éi‘)é&f%r biEbéted ! tﬁé @&é%aﬁemcé@% swa.bh@hmef el \ées f2t77

ost nost of its e s after
synt hesi s, thseiﬁ g al 2 Vaﬁ#e %ﬁﬁﬁgﬁgﬂs%ﬁevﬁq& o me(k%‘eofas?or age.
AS it is bebi Qfe@drAitmmee/L- nsfi‘§9|¥¢ﬂ1§?—t@f ape79hewp in Tahleed: by the

cysteine residues, it is expected that any of 35 the anal ogs of the
present invention which retain the #b' gkogi cal activity of p277 will

have an |rrproved stabl lity over p2 |n a manner si m | ar to that
denonstrat ed | Toehts gy iz’ ¥ ah Ge2/tl [ogr pl = 5
SUBSTI TUTE SHEET ( RULE 26) zgxg;agg_igsnlinig
20 peptide number of
treatment islets Hi ic amination (22 w
(12 weeks) Insulitis intra-
clear peri-islet islet
% % %
None 83 10 23 67
25 Pp277 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
30 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
35 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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WD 96/ 19236 PCT/ US95/ 16596

- 16 - EXAMPLE 4 Treatnent of NOD female mce with p277 or
p277(Val [ err wosshbser]) reverses insulitis 5 PCI‘(M]JS mal e
mce were treated at 12 weeks of age with 100 pg/ nouse of unnodified
p277 or p277(Val[err]-Val[err]) in 0.1 ¢ - enmul sion of mneral oil

(i nconpl ete Freund's adjuvant), subcut aneously. Control mce received

an emul si onlng v%%i_s?ad age, W arRl whkh alil &t 'Eﬁgtlh§%@;we%@§ovérgiﬁe of Sach
group were 10. sacrific r papcreas, renmoyed and fixed.ip bouin an

" sections wer_elagf%g_:llr‘féd %élh%%?t%ofgl Hie sglierfsfégw‘raas’tﬂtiziai %s\%ﬁg scored in

a blind fashitirligigcat iR wasksr andnike TRFRAPAPBR3Y ofsdher éstehet es, t hey

wer e sacrif i steswest pBriroidler dhsafjétidy In cohemast heheonticel tfeawedl| ood

gl ucose | avebsn@Rer Br e 399 (+210fvA%148 oHBRLd L SiRe LESEhLS are shown
in Table 3. Treat nent of

. Tabl e
NOD fermal e MPERSEP: RE By 153958 VARG oesR %&F[%ﬁ“&]-’)ﬁ) and a fall in
rever ses i nsilie mugbgp ofgisiliefs with intranusber ofisulitisr dhenwern 6%

islets Hisd al7egi. ¢ thandlatsoRitR perBekSlet induhd tWaeksse to about
LQEF[:E:S 3%%3%%?1 Thus, p277 and p277(Val®-vall!l) tre%&fgﬁts were
% hgheéassociated with agsimproved higtglogical pictpze consistegrz 25 p277
49 26th reversal of6®he degree df insup2ti{ (ersescinyatdrerovieyr 3 62
52 month3lafter treathént. . _At 12 weeks of age, the
time of treatnent, about 60% of the islets in the untreated m ce showed
intra-islet 30 insulitis, about 20% of the islets had peri-islet insulitis,
Additional results using p277 (v) in female NOD mice.
15 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,

20 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.

25 EXAMPLR 5
Peptide therapy of type I diabetes using p277(vals-vall!) in
lipid emulsiong

Autoimmune destruction of the insulin-producing 8-

cells in the pancreas is mediated by T-lymphocytes. An

39 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.

35 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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and about 20%.of the islets showed no insulitis. Intra-islet

infiltration is considered to be a severe formof insulitis associ at ed
with lack of [ewbhgfeld function. As shown in Table 3, apPPh¥RLsos

di vergence in the appearance of the islets 35 developed in the two treated
groups conpared to control mce treateag with the oil alone. The mce
treated with the oil (control) showed a progressive fall in the
prOpoLtl on of pnoéﬂ%&igfa@daﬂdslzebgs;%éwox 19xe AOTiPRla,| ’hB1 SpiitladiRe
seen hy

PCT/ US95/ 16596 A2+ sweden) - 17 - 22 weeks of

age, a tinme when all of The ificideneecob\diabepes at ¢ gigmthe. ofAbrag a@Asbé
the islets shomduatﬁanicsf einti- pZiWIWH.]i“t 'rvalat ) 2ZnIEE eaNdad eowIRRRENI NG

23% of the isl oyed per , m ce
treated 5 wit l%\bﬁ?sor W t al%?%?;é% LJ, ; %}‘-”Cl%%&‘g;a kfllc%g in the
nunmber s of norrﬁ%l“"‘l°§F’e}§v?]b?(at%§n 53%“3‘1‘&} atyipaph twicq RE nunber
of islets wth waekly- intetvilsswhikhi Becélbem/\@éncG% AnalyizeérlY¥Y) . Surzessfels

vvlzt7 g(eglrl[elrﬂ et ép&%!rd%i Efﬁt_g\%iﬁ tnvtﬁgai)é’éayed by3x1\%.1§t9e{9an-93_u§f Q?\r?c?nﬁr'igblood
I \4
p Fni;géose zonce 1on Y%%ﬂﬁ1%%g $§31 P {ﬁ% dérulséno o?

hé st ol ogi cal urée cOonsi s
insulitis pafsitds HgtFérl%\Fé’f lgflam#ﬁrﬂqm’fafib%rp%w&ﬁﬁéﬁt 1513t5

Addi tional resulinsulistig) phé/ ipdhctiod efahacNobiiesLao the therapeuticFi fteen
addi ti onal eXp%fép’E?HESaQaééﬁ ﬁﬁ%agé?f‘eo % TH2- F%éﬂln%ﬂ'é%f a?ri!s% NOR, L enal e

m ce each were treated (ﬁl}‘ I n oi r wth ol one at the
ages of 12-15 \ﬁeegk@ are gPRet go'f%ﬁl 150 mice treated with oil al one,
90% devel oped di abet es and 85% di ed by the age of 32 weeks. In
contrast, 205the p277(V) treated m ce skhawed 4n i nci dence of di abetes of
only 50%(p<0 01) and only 20% d| ed of sever e d| sease (p<0.01).
Therefore, |late treatnent g 1e g \0L Bas 2:3s & Ta shén arresting the
devel opnment of .| ethal diabetes. 25 EXAI\/P E S5 Peptl de thera type
| di abetes usi r'lrlg BQ‘? 'fVaI [err] -Val[err]), abetes igpi d enul sig) o ?’I)

dence '(
20
p277(Val® -valll) /PBS 9Q 80
p277(Val® -valll) /Intralipid 45" 20*
none 100 90
" p<0.01 compared to untreated NOD mice

25
' 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

30 1ineffective,

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

35

circles), p277(Va15-Va111} {open circles), p277(Ser®-Ser!?)
(closed squares) and p277(bridged Cys-Cys) (open lozenges).
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Aut oi mmune destruction of the insulin-producing [err]- cells in the
pancreas is nediated by T-1ynphocytes. An 30 inflammatory infiltrate
devel ops ar owods/id2es pancreatic islets at 5-8 weeks of

. . : . S 596 .
[err]-cell destruction leading to i nsulin deficiency and overt di abetes
becones mani f ested at 14- 20 weeks- afg age affecting al nost 100% of
femal e NOD m ce by 35-40 weeks of age. 35 NOD fenal e m ce

were treat edhai trbswes RErefsneRt isderig. zp27%ﬁéfoaéi&fer looVahs Sfdda Y MOUse
subcut aneougl.y ;i 2% L L §r8{1fe%9f5871i%0/ol |G_p|only ul siOn % conmposed of

10% soybean aql I
PCT/ US95/ 165)&8 and p27 al®-vall!). This proves thatgp277 and phosphol i pi ds

and 2. 25% glpaanBal{(1val'a)i pird, cieds - idaaerasi #nd thaABth&Vp@iﬁr!)d
The i nci denge70fsdiahad09 jaknf Wmlggfagﬁy@r}%st) w&;c%pa{&d% |on of

anti-p277(Val8 -V L[ er ant| | es was es was di agnosed
as persi st ent é‘ J’ rg}’gé: UEhEHL ¢ aregf‘%o%‘@“"}wéﬁécﬁw SEPSE - ol / L
measured at rFéﬁE%V@Wl ce at weekly intervals with Beckman d ucose

Anal yzer 11. Successful pepti de treatnment was assayed by mai ntenance of
a normal bl egfmprg 9l ucose concentration (less than 11.1 mol /L), rem ssion
of 10 t intra-1sTet inflamuation of the pancreatic islets (insulitis)
and i nduct i % AT e 2 PP, Pate etnﬁg[’ T-&elllpﬁebﬁ%@tdyean i ndi cat or
of a TH2-type tm DU ia () - atee ~—Fabl e 4. 15
Table 4 Ne"’ly dlﬁlm&?@ndé éfW{#lﬁdetI@L‘)Mapa@mst were

Treat nent tested in a prollferatﬂanaEEE Perlpheral bi%ﬁﬂ'iy&p%ocytes

| nci dence ({Rre Zﬁolateazﬁzgz cfi'l;],[ Il;xa%@i-lnggéd) Ef%gg on ficol- hypaqléso.*

80 p277£VgliceI[erJn Val

none tro foioero iferation, measured gg *H-

thymidine incorporation, induced by hap60 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

20 @and background (no antigen added) thymidine incorporation by
the T cells.

Table 5
Newl iagn d _IDD] i ow T-cell proliferativ
25 _ responses to both p277 and p277(Val® -valll)
Patient T cell proliferation (SI)
p277 p277{(Vals-Valil) pP278
IDDM#68 3.5 . 3.2 0.8
IDDM#69 2.5 5.0 0.5

30

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

35 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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p<0. 01 conpared to untreated NOD mce 25 As can be seen from

Table 4, treatnent with a peptide of the present invention adm nistered
inIntralipid weogeg effective in reducing the incidence ofp&iiabeicess and
deat h. On the other hand, treatnment administered in PBS was 30

i neffective. EXAMPLE 6 Pepti desp277 and p277(Val [err] -Val[err])
are i mmunuol ogi cally cross- reactive Cells of the T-cell
clone C9 isolated from 35 predi abetic NOD m ce were incubated with
pepti des p277 | circles), p277(Val6-Val[err]) (open circles),
p277(Ser[err] = ) (cl osed squares) and p277(bridged Cys-Cys)
(open | 02enges)1‘~cell responses\\Cp ORgn6D amd peptide in IDDM and healthy

PCT/ US95/ 16596 iadividuals 19 Fhe—esul ts

are shown ing Fig. 2. Thelwdnkyeofi® ImMM fpatientsd and fqmneémsneaatpgsbnou@—
pr2 $I7I( {/ elr?tl o]n 'ﬁ%lﬁ[BQQS@eﬁﬂs\érE@nQ&pﬁéxd?%tl -hs @87a7naa@,d77 (V) by means of

p al [err err proves 2

p277(Val [err] - \Y}% Jj’))fera *CF o3 r’%e?g%?gglﬁ s ?‘natTaP%e pep ndids Shog the
p277(Ser[err] - B&P éf—?i}'étlé*f?d Tp2e¥} resRpageCf st Oysdatigni dndere STot of each
effective therapait-iasdl y—,o zbathel ddPvideal egbstddly AgN 0SS:e., tethfasti ve.

EXAVPLE 7 19 Neubygdiag qqehﬁ\ﬁ%y ens f@:ﬁ L;ﬁe' LoRmglid erative
responses t¥ bot 277 an 2(/(Val]err Newl
di agnosed (2- 4*RE8 3“"’} éf’l 709 dRLBRS LhrbI9% EFS?F%?I

assay. Peri phewakebtorgidenedhbeyitepositiwere i sol ated from whol e
hepari ni zed bl ood on ficol-hypaque, 15 and screened in vitro for

proliferation, measured as 3H t hym, di i ncor poration, induced by
hsp60 pepti des p277, p277(Val [err] - ]) and control peptide p278.
The T cell 15 Proliferativ 1l responge of IDDM patient
Patient Age Time sgince T-cell responses (stimulation
diagnosis index) to:
(years) (weeks/months) control hspe0 p277(V)
Ag
20 1 M 32 3.5 months + + -
2 G 25 24 months + + -
3 H 23 é months + + -
4 Dv 20 3 weeks + + -
5 weeks + + +
S SD 15 6 weeks + + +
6 P 15 4 weeks + - -
7 G 60" 5 weeks + + +
25 7 weeks + + +
8. F 45" 6 weeks + + +
9. IS 53 2 weeks + + -
10. T 20 4 weeks + + +
11. KK 21 4 weeks + + -
12. RI 40 6 weeks + - -
13. MS 5 1 week + - -
3g 14. KB 5 2 months + + +
15. BI 11.3 3 weeks + - -
l6. YY 60 2 months + + -
17. KA 12 4 weeks - - -
18. ZzZA 12 4 weeks + + +
19. A 17.5 11.5 years + + +
20. N 17.5 7.5 years + + +
21, 1A 19.7 5.7 years + + +
35
* Patients positive for anti-GAD antibodies, are type I and

not type II diabetics despite advanced age of onset.
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proliferative response is depicted as stinulation index (Sl): the ratio
bet ween peptide-stinulated thym di ne i ncorporation 20 and background (no

ant i gen addedyodsysmei ne i ncorporati on by the T cells.

Table 5 Newl y di agnosed | DDM patients show T-cel | profast¥ss¥i ve 25
responses to both p277 and p277(Val 6-Vatierr]) Pat i ent

T cell proliferation (SlI) _ . p277

p277(Val [err]-Valll) p278rable 7 DDM{68 3.5

3.2 0. 8 | DDVE69 2.5 5.0

0.5 30 MEeLh TTed Yetol 908 X8 patients

respond to p277(VaI[err] err]) s " as toth
Therefore, p277(Val[err]- tﬁi‘i“ err]) is %& 5§§§ sﬁfp LZJ 3?%?&01}0 35
p277. Sinee the therapeutic effect of JuhééohS NE @3 p277(V)

i mmunol ogi cal recognition, the fact that as277(Val [er r]- VaI [err]l is

i mmunol ogically cross-reactive with p277, indicates it can be used
i nstead of p277 in treating 1d| abet es. + WO 96/ 19236 -
PCT/ US95/ 16596 N - . EXAMPLE 8
T-cell responses to hsp60 aqd peptide in |,DDM and hea thy I ndividual s
5 10 Twenty one | DDM patients and +f ourteen heal thy bl apd-
donors were screened for antsi-hsp60 and p277(V) by nreans of - the
prollferatlon assay of Exanple 7. Tables 6 and 7 show the proliferative
T cell response (stinulati oﬁ i ndex; Sl) of: each i i
10 + - -
11 + + -
12 + - -
15 13 + + -
14 + - -

nd:not done

Table 8 is a summary table showing that 86% and 52%
20 of the patients responded to hspé0 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
?5 patients than among healthy people.

Table 8

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

30 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-
35 p277 (V) responders in healthy blood donors.
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I ndi vidual to control antigen (control Ag), i.e., tetanus 10 toxoid and

I nfl uenza virus - Texas strain, to whole reconbi nant hsp60 and to
p277(v). Sl val uRgeffeak Or greater were considered to be

Table 6 15 Proliferative T cell response of | DDM pat P‘%ﬁ#?&"“’”

Pat i ent Age Ti me since T-cell respgnses (stinulation

di agnosi s I ndex) to: (years) (weeks/nonths)

contr ol hs%m,gg g(v) ' Ag 20
1. LM nont hs - 2. G

25 24 mnt@uﬂl_l_ngf_eg;igg_m__mxﬂ_)g H 23 6
nont hs Bhe p277(Lys'®) fpeptiPW diffe2® from pB7wdokone

+ + amino-acid. 1In‘order to confirm théi‘@@@babysl9) istan

; p * 15 aUt°§nal%WP f% NOD IDD Wﬁf%émpared T- cell prollferftlonGFo+
66[err] 5 BRPEpde p277 and+to peptlde 9277(Lysl?g -o5Fig. 3 demonstrates

7 weeks that T cells ©f female NOD sPleen$ prolifébated to Gheeeks

+ 10 _':'_ p277($ys19) %eptlhg‘ to th same ex@eﬁ’{?%lésto p277. "I'here was +
kK Zi ng ﬁsgggnse to %ge ,control pepglde p278._ 12 RI 40

6 weeks 0 The above results wgge coyfirmedfusing clong GReka

+ 30 14. KB diabetogenic N@D”@nééﬁﬂ clone that was found to respbnd tolfhe

BI 11.3 hu%aﬂeggsilde 277 (Elias et T%:' 1&?1) ) E% céfas €}¥e fﬁuég)

2 nmont hs

. . to prollferqgg tozphe pZ?EzLysls) PERtddesto the samp extent +
+ 19. A as t3. 6he IfR75 ypeptide (Fig. 4%. + + 20. N
17.5 7.5 years + + + 21. A 19.7 5.7
years + 35 * Patients positive for

antl-GADantlbo LE 20 ype | and not type Il _diabetics despite
advanced age of gﬁ;@ﬂ_mmm

The present inventors have previously reported that
advanced insulitis present in 3 month old female NOD mice

20 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

25 female NOD mice with 100 pug 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

30 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

35  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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WD 96/ 19236 - | PCT/ US95/ 16596

- 21 - : Table 7 Proliferative T
cel | respongg, &feddgal t hy bl ood donors PCTONE Rx06
T-cel | responses stinmulation 23 - :
I ndex) to: control hsp60

277 Al 1
E (V) The refults are shown ip TabléJB. At 6 months of 3
+ agd, 90% of the control mice were overtly]hyperglycemic and 10
5 60% had died of diabetes. 1In cofitrast, treatment with eithfr
I p277 or p277(py579) prevented both diabegss (40% and 50%
. 5 incidence, respectively) andjdeath (10% and 2Q% incidence,
_ respectively). Thus, the mouse sélf peptide p277(Lys'®) seems
12 +

to be ds effective’ as]é%e for n p277 in th éhera of

+ eﬁ P 1 © PY °%hd: not done

Tabl e 8 |sa9"§ﬁ?ﬁ%r‘3}15t‘%5ftésshovm ng that 86% and 52% 20 of the patients
responded to hsp60 and to p277(v) conpared to 21% and 14% of the
controlsg (p<0.05). Thus, the I DDM g was significantly positive for
T cell responses to hsp60 and [%%%%V% Thi s Ieads to t he concl usion
that the incidenca (b ey R © dual s i s higher
anong | DDM 25 patlents t han armng healthy _eopl e.

Tabl e 8 l#ici dence of positive : and

heal t hy in@irg%%@ié ‘at 30months uPRePQIVIEL S a (%) ”}ﬁdr‘iggﬁy fxyT-cel |

responsgs to

p277( V) p277 (Lysi®) | DDM 50* 18/ 21 (86)20* 11/ 21 (52)*
p277 40" 10*
PBS 90" 60
* p<0.05
20

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

2 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

3o Sbontaneous 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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Heal t hy 3/14 (21) 2114 (14) p<0. 05 by x2

anal ysis, conpared to the incidence of anti- 35 p277(V) responders in
heal t hy bl ood WO 96/ 19236

heT] Usbs] 10906 WSk Bass - 22 - BB eSS

NOD T-cell proliferation to R277(Lys[err] s - The p277(Lys[err])
peptide differs fromp277 by one = amno-acid. In order to confirmthat
p277(Lys[err]) flr 12 autoantigen in NOD | DDM we conpared T-cell
proliferation ept| e p277 and to pept i de 277 Lys[err]). Fig. 3

denonstrates L ARRERR Ve 4L LIV i ferated to the
p277(Lys[err]) pept i de tatrepeosm:em(sm) abs tao he2Aa7ceThespeaiddc toxim
response to thengentél daepki dex? dabébes by destro}mﬁ a@m/ebertasuéiﬁs wer e

confirmed usn [ t gge. Tice e
found to re?po%ég%%%{lc%a B ﬁf onéi d%%% 9 %@f%g 1§ jec‘%t o %
cells were foufiall sykfaxig PP%‘F%t’é tlé?dtlﬁés p12‘7'ﬂ(°£‘;¢§[16?H>) Sp’@[?PPH ® the
sanme extent mias imsulieig?2¥dadqiapt itdediaberes)) . The inflanméAPiFpidcess
Treatment of Nebhfeqed ezoﬁhﬁedﬂéhdé%éﬁﬁkﬁé[&{rdﬂe dose of STZ. TROE present

I nventors have re |ous 90% %T Z%l‘ % nsuljtis Eﬂrg ent in 3
nmonth ol d femaf 058 il l?elﬁp}"éﬁ a%? BPed ihFPReChi 2 liT h a
single inj efi 5?1‘2 per dﬁg PERENWeIIE, ghvenr it edwrd cdeRese|Updd ng/ikgwan

i nci dence of congeétutioRd Adysvetikelianlekessid death dddroneewmesel is

hyper gl ycem a. callegciéwe gs\é’h@f‘f’er ﬁeh?m??cﬁ)tﬂrgaec H%72£éy§4glr ]d%set P@t is the

t1ve, m)nhold 25

sel f nouse ! |

femal e NOD ni cégé)l‘ﬁfpfgb 15§ ‘Bgﬁéq t'3&r mﬁﬁ’ﬁ%n" p???%f‘betes ;5]?7"? PHE TP | 1y

| FA. 80-10(Pejstvisdes ThLY Blowly2predsasEdngat oum coh Gdta-Aadnesd of 2

my/m in phésphaisedulf frodbspl bt ePBSIeblel @Me! 8 dREnite! Biaberd @qual

vol une of '”Coﬂﬁkéﬁéféﬂagﬁgdo§ éﬁgl££ﬁgtd&££%¥dn 920933 preclinical stage of
the spontaneous diabetes in NOD mice (Castano and Eisenbarth,
1990). Moreover, the acute toxic effects are diminished as

the dose is reduced.

20 The 60 kba 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

25 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

30 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

35 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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30 of 10 fermale 3-nmobnth old NOD mice were injected subcutaneously wth

0.1 m (100 pg peptide) of emulsion containing either pepti de. Control
mce were i NG th an enul sion of PBS and | FA ,dgﬁg ql ed
every 4 weeks an@ﬂé{mood gl ucose | evel s were determ necﬁ% l%eckmamn
d ucose Analyser I1. The 35 incidence afs hypergl ycem a and death from

di abet es was scored at 6 nonths of age. M ce were considered diabetic
i f their 10 QR 0h HEP Yo MR EA LT (R34 T Ta LBy £ VO

06/ 19236 o) . - cHFBolty (GB3e} ta iRy %8573{6 o ©

- 23 - al, 1993, asrheingsdpyelvsd hGhe fHABeHRA% 8. NeP BiGHmOfs of

age, 90% of aifeadoner olThe tareacmentwas Irepegped ghry cayi 85andon daysa¥Phad
di ed of di ak@leehicé w128 andl 1M1 bkt Pediddi@®or h @29717ydyma

277(L re e 0
Feapect  vol yPangeY LRtARahRs h TRl NS ity (e s,
t he mouse s&# ﬁ@ﬂ#ﬁé%‘zﬂ( FYy8l eF 1] )FtsE@Rsbe seqn that gEhemean ?{’\}8"35 t he
forei gn p27d@lunosacof hareagyoops of msicdheamcesdt edsaltht GADp34 1dr untreated

Table 9 vere 1n tﬂ-é %Bi @bm %‘?&QS Wik hedddiase! PR 7n(éa\f§ bebba)

Di abet es at at me

3 erglycem.a (%
Vortal |y, (G038 52 cngypreE LRad it "5 L, e R HeaE ()
p277 range Thwygy* p277 (V) can be effec;{ﬂqnqq treating dipketes
90[ err] induced in n@le C57BL/ksP#1c@Sby28rz as well as thelhese results

ﬁnﬁg%tE2LGBQ§DPeCU 2%5%3té§5&55§?§? 18f ﬁé{%éﬂe&?kéfdﬂ J%§£§Qt€5|ng the
aut oi nmune Fgg‘ﬁbﬁs%oq Jice. nghe ARS8 é Ht¥o°§ﬁ’§ %H%e%bez"?WL??[ﬁ? 1)

sequence. Thiimitved to diabetes of only one cause or to only one genotype
15 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,

20 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.

25 ~ 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.

30 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

35 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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25 denonstrated for the diabetogenic C T cell clone as well as for the

spont aneous response devel oping in the spleens of pre- di abetic m ce.
Mor eover , pZK&SJ,yé‘[gggr]) was as effective as p277 i n t hecfdseaisgent of
di abetes in mce. Spleen T cells of age and sex matched m ce of

2

other strains did not manifest a 30 sp'ontsaheous T-cell proliferative

response to p277 (not showné. ) The finding of autoinmunity
to a nouse hSP6GTIIVRERRIEhOE £AR RIH PP HRRA YD S Fa8ed 1 SHFports the
gener al baleaghinhgaand RQDNdRsce aprsasenitpdaheseiroi mItnés prodess.

V\D236/ 19236 understood that the hraseolfogg_l_%r temilﬁgﬂawgﬁégéﬁzg@.s for

MPLE 11 Treatment o - ced,d| abetes 277(V)
St ept 070t oci e BIOTS OF FEPEELETIon 384 PPE Todinicatigl el BELIC]
t oxi ¢ di abet éhepferminelngyn@rt Reraraalogy| PE tin: \gnesent 2dpesifidatieneigiose
of 200 miJ{ kg dcﬁbianji.ﬁﬁelﬁ@ket@'dVBﬁ tie skil3eal drsigan0incligsesos tthenduces in
genetically i « [ i%%;éll' I N9 340 Ghset Tk
ianannatory%%%%ggégg)éhd(ﬁgﬁg%g ® -f%kggy%,_ égeﬁkiﬁg on fﬁ%mdggghof STZ.
The regultR® BREYIRAAS Ofr 0BT 2T (RAFIBATY Abitled ™ §P8 ¥ose of 200 ny 10
STZ per kg body weight, given in 5 equal doses of 40 ng/kg on
consecutive days (Like and Rossini, 1976) and the nodel is cal |l ed
| ow-dose STZ. W found that if the total dose is reduced to 150 ngy/kg
(30 nmg/ Kg x 5), diabetes devel ops within 80- 100 days. This slowy
progressing formof STZ-induced 15 di abetes probably better resenbles the
aut oi nmune di abetes in humans and is of the sanme duration as the
preclinical stage of t he spont aneous di abetes in NOD mi ce (Castano and
Ei senbart h, 1990). Moreover, the acute toxic effects are dimnished as
the dose is reduced. 20 The 60 kDa heat shock protein (hsp60)
plays a role in both NOD (Elias et al., 1990) and STZ-induced (Elias et
al ., 1994) di abetes. W have previously shown that both anti body and T
cell proliferative responses to hsp60 occur before the onset of overt
di abetes. T cell clones specific to 25 hsp60 were derived from predi abetic
NOD m ce and could adoptively transfer insulitis and hyperglycema in
young NCD (Elias et al., 1991)) or [err] NOD mce. The NOD di abet ogenic
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T cell clones recognize a 24 anmno acid |ong peptide of the hsp60
sequence 437-460 we call p277. STZ-induced di abetes is 30 al so acconpani ed

by anti-p27%ydes@iis responses at the preclinical stagepcruses/ii6596

Previ ous exanpl es have shown that the p277(Val[err]- Val [err]) peptide
protects NOD mice. The present experingft- tests the efficacy of p277(V)
treatnent in the | ow dose STZ 35 nodel. Mal e m ce, 10 per

group, wer eriFgRigstsM th a dose of STZ 30 rrg/ kg, daily for 5 days. One
week | ater, the mce ghere t ed h pq af th p27 inoil,
a peptide of dw 61-5,18%.5 uyé Bl arge ch e.JrF. (Zgé/‘))

PCT/ US95/ | 68pBgeneic transfer of autoimmune diabetes2from diabe@ﬁgtggwc aci d

decar boxyl asee ({5ADER4 xhgteaesndra . b;teliﬁui-éméntetfor botih , L3IA33 anaSLPpei 29

i nvol ved s not hgy (i age% Rlg ngsmsgg oil alone. The treatnent was
repeated on day 85 t%e m ce were bled and their bl ood
tested for hyperglycem a 5 (gI ucose concentration greater than 15 nnol/L).
The results. are SowmaniMAd ledtPrgEH 53nd Atkdnsbe Meen PB4t t he nean

bl ood Obb&est: idh bbedﬂéﬁéﬁé‘-‘s QB fhéendD arhugd : W irﬁbﬁ‘ﬂgﬁéngrfé%‘t reat ed

were in the. e ran h n bl oo | ucose of
the mce treﬁgggﬁé%EX% nbg Wﬁ? ﬁc?$ﬁa %bﬁﬁ% %Onffhmunog 77(v) can
be effeéplvéﬁi%ﬂﬁlaéatlng dlabetes i nduced in nale C57BL/ij m ce by STZ
as well as the spont aneous di abetes devel oping in the genetically

di sparate ferralecamlmqe elBEnBPRIH @Di I(hbYo PITRAEl 1( M} abb&EAPY &l S not

limted to dhabet es % € cause_qr to onlx one genotype, 15 qQr gender.
Al referentesti% 38tﬁé?“8‘i' TRERERI 7 TERMaftous EPEs AREbSMact s,
publ i shed o%@%esﬂ@ﬁél?nﬁu S. or forei gn patent appl i cations, i ssued
U.S. oriBoreign patents, 20 or any other references, are entirely

i ncor por at ed by égigé e{l%%aher(%éh) ! bngo%dédl dataa ]iapéles figures,

and t ext presente d ref'erences t1 ona

entire contZHETBRILH LY g -GsPeadent ¢HahetRen tW cited

herei n are Médedson®i Guidebouknr por 342bby reference. 25 Ref erence
to known net hod steps, conventional nethod
20 Elias D, Markovits D, Reshef T, van-Der Zee R and

Cohen IR (1990) Induction and therapy of autoimmune diabetes
in the non-obese diabetic (NOD/Lt) mouse by a 65-kDa heat
shock protein. Proc Natl Acad Sci USA, 87:1576-80.

25 Elias D, Pr19021n H, Polak N, Rapoport M, Lohse AW,
Cohen IR (1994) Aut01mmune dlabetes induced by the b-cell
toxin streptozotocin. Diabetes, 43:292-98.

Elias D, Reshef T, Birk 0S8, van der Zee R, Walker
30 MD, Cohen IR. (1891) Vaccination against autoimmune mouse
diabetes with a T-cell epitope of the human 65 kDa heat shock

protein. Proc Natl Acad Sci USA, 88:3088-91,

Elias D. and Cohen IR. (1994) Peptide therapy for
35 diabetes in NOD mice. The Langcet, 343:704-06.
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steps, known nethods or conventional nethods is not in any way an

adm ssi on t hat any aspect, description or enbodi nent of the pr esent
invention is dy 68 g taught or suggested in the rel e%qh,sﬁr,,gs%SO
The foregoing 3 ion of the specific enbodi ments will so fully
reveal the general nature of the i niveédtron that others can, by applying
know edge within the skill of the art (including the contents of the
ref erences cited hefziiman pbadflararddilkzyeand/ iaaddpt Fexgthpderols 35
appl i cations smgly 8pe¢i RéwindROd| NENihson MAQUSertd3UC EE, PBI iAdENt ati on,

wi t hout departln]g om,th ne t e eic]; ent.i on.
Ther ef or e, suc %%t%l oﬁ'gg% Es&n&g‘g&%ﬁ a?%%n%f élpgelgr% g c##\oé gé W thin
the nmeaning a UF&HQE acid decarb9§y¥ﬁ§e1923@ur1ne insulin- dependent

PCT/ US95/ 1659@iabetes. Nature, 366:69-72. 26 - of equival ents of

t he di scl osed enbodinents based on t he t eachi ng and gui dance presented

herein. It is to be erstood t t t he seol o or term.,n herein
is for the purpose of® ﬂ%@h pf‘? d?ggg) I%trﬁ%f’%ﬁ“’s’b %Pﬁ% 5 the
t er mi nol ogy orraplerasedt opsudfitibe mm&elspécdiamsmell:;tus oSkaence,

interpreted bwstshgigkifl ed artisan in light of the t eachi ngs and gui dance

presented hgrein, in conbination wth t he know edge of one of ordinary
skill in the art.

Mosmann T.R. and Coffman R.I. (1989) Ann Rev
Immunol, 7:145-73.

Tisch R, Yang XD, Singer SM, Liblav RS, Fuggar L,
15 McDevitt HO. (1993) Immune response to glutamic acid
decarboxylase correlates with insulitis in non-cbese diabetic
mice. Nature, 366:72-75.
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Bendel ac A, Gpog44es¢C: Boitard C, Bach JF. (1987) Syngeppuseshésspst er of

aut oi mmune di abetes fromdiabetic NOD _ ,hce to heal thy neonates.
Requi rement for both L3T4+ and Ly+-2+ 5 12 cells. J Exp Med, 166:823-32.
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(1) GENERAL INFORMATION:

(i) APPLICANT:
{(A) NAME: YEDA RESEARCH AND DEVELOPMENT CO. LTD.
{B) STREET: P.0O. Box 95
(C) CITY: Rehovot
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(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 READABLE FORM:
(R) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
{C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D} SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO)

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

{vi} PRIOR APPLICATION DATA: -
(A) APPLICATION NUMBER: IL 114460
{B) FILING DATE: 05-JUL-1955

(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 15
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Prevention of diabetes in the NOD nouse: inplications for t her apeutic
intervention in human di sease. | mmunol ogy Today, 10 15:115-20.

Castano L, Eisggbgshdt GS. (1990) Type-1 diakgtes: a chrg @hﬁssgr%ts%' nune

di sease of human, nouse, and rat. Annu Rev | mmunol , 8:647-7

El i as, Dana. (1994) The NOD nouse: A nodel for aut oi mmune

i nsul i n- dependent di2b&l os: pAUAQI RBRIEBR: RigSease Model s, A Cui debook, pp
147-61. 20 Elias D, Markovits D, Reshef T, van-Der Zee R and
Cohen IR (1990),) ndkuiha8n 368 skdepapy N0f autoi mune di abetes in thé
non- obese di abetic (NOD/Lt nouse by a 65-kDa heat shock protein. Proc
Nat| Acad Sci USA, ‘87°F rﬁégzgii Elias D, Prigozin H Pol ak

N, Rapoport M Lohse A mpsC@hﬁia &(1994) Aut oi mrune di abetes induced by
the b-cell toxin stf® % : sppedpet es, 43:992-98.

Elias D, Reshef T, BirK van mea‘2ee R V&l ker 30 MD, Cohen IR (1991)
Vacci nati on agai nstl)amI@FWLmEmmde di abetes with a T-cell epitope of

t he human 65 kDa heat shock protein. Proc Natl Acad Sci USA, 88:3088-91.
Elias D. and Cohem*)Rz-‘mgrm&Q Pepti de therapy for 35 diabetes in NOD mce.

The Lancet, 343:704-06{p) mmm*;g;; Sfeggf % SUBSTI TUTE SHEET
(RULE 26) VD) ST 28EDRMATION : /note= “Xaa at pos. 6/11 = Cys or
PCT/ US95/ 16596 Val; Xaa at pos. 19 = Thr or Lys; wherein Xaa at pos. 5/11 .

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 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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- 28 - Kaufman DL, Clare-Salzler M Tian J, Forsthuber T,
Ting GSP, Robi nson P, Atkinson MA, Sercarz EE, Tobin AJ, Lehmann PV.
(1993) SponwawAwss! oss of T-cell tolerance to gl ut am o&)16596

decar boxyl ase in nurine insulin-dependen3! -5 di abetes. Nature, 366:69-72.
Li ke AA, Rossini AA (1976) Streptozotocin-induced pancreatic insulitis:
new nodel of di ghetsegusiet beédrSrriSE] €BEEp vo: 4L93: 415-17. 10

nol , 7:145-73.

Mosmann T. R andg gloff n R 1, (198%; Ann. Rev | nu

Tisch R Yang XS SPHGEF SSKSY BF A1~Re™ Fighes OF D5 BV MR0. ( 1093)

| mmune response to glutam c acid decar boxyl ase correlates with insulitis
i n non-obese di &6Bt'FE X2 Brp Ada ARSI LP366: 72- 75. WO 96/ 19236

PCT/ US95/ 16596 - 29 -

SEQUENCE LI Sl NEFORMATION (RORESRR 10 REFORMATI ON: (i) APPLI CANT:

(A) NAME: YEDA RESEARGRCAMARRENRLSIIMENT CO. LTD. (B) STREET: P.O
Box 95 ( CYAICLENETH R@h apirto acids (E) COUNTRY: I srael

(F) POSTAL CODE (ZI BB} stdbiisees: singie (A NAME: Irun R COHEN

(B) STREET: 11 Hanki(m Spgosedy: linear (G dATY: Rehovot

(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

SUBSTITUTE SHEET (RULE 26)



(E) COUNTRY: |Israel (F) POSTAL CODE (ZI P): 76354 (A
NAME: Dana ELI AS (B) STREET: 57 Derech Yavne (O AaTy:
Rehovot wo dsFd236CUNTRY: | sr ael (F) POSTAL CQErsdd Rios
76344 NAME: Matityahu FRIDKI N2 - (B) STREET: 23 Ml er
Street (C) CI TY: Rehovot (E) COUNTRY: I srael

(F) POSTAL CODE (ZI B)y 146284 pro a1a bbd 5adhJd-E OF 1 NVENTI ON: PEPTI DE p277
ANALOGS, AND PHARMACEUTI CAL 20 COVPGCSI TI ONS COWPRI SI NG THEM FOR
TREATVENT OR DI AGNGRL o son smp 3p xo: LABETES  (i11) NUMBER OF
SEQUENCES: 10 (rv) UTER DABLE FORM (A) MEDI UM TYPE:

Fl oppy di sk (i) gWﬁﬁ@ﬁE conpati bl e (O
OPERATI NG SYSTEM PC ino acid (D) SOFTWARE: Patentln Rel ease
#1.0, Version #1.30 (EP% STRAND Sp: PRAOR APPLI CATI ON DATA: (A

APPLI CATI ON NUMBER: 2"6‘?52“"‘* et (B) FILING DATE: 21-DEC- 1994

(vi) PRI OR APPLI| CATEONMDATRE TYPE: peptide (A) APPLI CATI ON NUMBER | L 114460
(B) FILING DATE: 05;,3Ubs:k395  (2) | NFORMATION FOR SEQ ID NO 1: (i)
SEQUENCE CHARACTERI &T1 Cht waom/key: repeid) LENGTH: 24 ani no aci ds

(B) TYPE: amino acid (B} LOCATI DNE, e, : (D)
TOPOLOGY: | i near (|’1’)°W§i§§ﬁﬁ'§’¥5@g"° & §a gtq’(” *SERUENCE

DESCRI PTI ON: SEQ | [?xﬂ SEQUENCE DESCRIPTICON: 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: amino 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 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
1 10 15

Ile
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Val LeuGIyGIyGIyQ/sAIaLeu LeuArgQ/sIIeProAIaLeuAsp 1

5 WD 96/ 19236

- 30 - WO 96/19236 PCT/ US95/ 16596 Ser Leu T%T}i}rsg,legga Asn GQu

Asp 20 (2) INFORMATION FOR SEQ I D NO 2: (1)

SEQUENCE CHARACTERI STI CS: {A)3 LENGTH: 24 am no aC| ds

(B) TYPE: am no acid (C) STRANDEDNESS: single (D)

TOPOLOGY: | id183%s (1i) MOLECULE TYPE pept i de (1 x) FEATURE:

(A) NAME/ KEY: Pepti de %E)th ON:6,. 11, 19 (D)

OTHER | NFORMATI ON: / not e 'BeR5ide %/sff“en?f/s ‘or Val :

Xaa at pos. 19 = Thr or Lys; wherein Xaa at pos. 6/11 are

not both Cys when Xaa at pos. &9 is Thr. 11 xi ) SEQUENCE DESCRI PTI ON:

EEQ /IA\EDNQ %I.all-Leu—Gi/?lGllyelélg X %a QJQ{J XRa- A‘L‘Q—)&-Qlilleeﬁrg‘fg Xaa |le PI‘O Al a
u

Ser Leu Xaa Pro Ala Asn G u Asp 20 (2) INFCRMH’?O\I FCR

SEQ ID NO 3: 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.

SUBSTITUTE SHEET (RULE 26}
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(1) SEQUENCE CHARACTERETI CS: (A) LENGTH: 24 ami no aci ds

(B) TYPE: am no acid (C) STRANDEDNESS: single (D)

TOPOLOGY: i neﬁbssmm (ii) MOLECULE TYPE: peptide ( $EtusisAddNCE
DESCRI PTION: SEQ I'D NGO 3: Val Leu Ay Ay Gy Cys Ala Leu Leu Arg
Q/sIIeProAIaLeuAsp 1 - 34 -5 10

15 Ser Leu Lys Pro Ala Asn G u Asp 20 (2)

LE;:OI?'I\EAIQEFS\I SCR SEQ I'D NoUs‘b of a pep&iae 35%% ARAGTER Jd Raims 1 o
a a
STRANDEDNESS: &1 an ter héaiagnos; B)°frd5’d)l‘&;9 g?‘i’?fgaer”% %lage‘(?? )’“%EiEEfJLE

TYPE: peptide (heremaEF% IfEMURE (A) NAVE/ KEY: Pepti de
(B) LOCATI ON: 19 (D) OTHER | NFORMATI ON: / not e= "Xaa at position 19
'38 :I'hr WO 96/.1 1 09'a 'rﬁé%hod for diagnosing the é;fesence or

PCT/ US95/ 165961nc1p1ence 6of IDDM in a patient, compr:.slng testing the blooQ
or urine of said patient with a peptide according to any cne
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.

SUBSTITUTE SHEET (RULE 26)
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 4: Val Leu dy Ay Gy Val A a
Leu Leu Arg Cys Ile Pro Ala Leu Asp I 5

10 WO 96/19236 1O Ser Leu Xaa Pro Ala Asn d 95/1659
20  (2) | NFORVATION FOR SEQ ID NO 5: (i) SEQJEN%?%EAI!?A%TFERI STI CS:

(A) LENGTH 24 am no acids - 48)- TYPE: am no acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: i near (i1) MOLECULE
TYPE: peptide (xi) SEQUENCE DESCRI PTION: SEQ ID NO b5: Val Leu
Ay Gy Gy Vval Ala Leu u, Ar 1le Prq_Ala leu 1 .

5 y y y | . 'I?O k%lt a cg%glng to fgalm lg' %ﬁsﬁeﬁhﬁﬁglrbr%lﬂl a Asn
A u Asp antigen is immobijig zeGopn| AFIRNRTPERSEOR SEQ | D NO  6: (i)
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 24 am no acids

(B) TYPE: am no acidyg: : ; s ele [P (D)
TOPOLOGY: Ijinear . { ﬁgkll\?afﬁa‘)%'%gg\@pﬁ bgﬁgtggﬁéde“s clifs, 15 49 ATine
(A) NAVE/ KE{Hrq%eeﬁt fggtuding instrugplonsnERy| BRE19F the kit in'whg orHER

| NFORMATI ONé¥aamosd s XEalRRM.position 19 is Thr or Lys"
(xi) SEQUENCE DESCRI PTION: SEQ I D NGO 6:

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 periqd of time and under
a 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:

SUBSTITUTE SHEET (RULE 26)

) 0 A



Val LeuGIyGIyGIyQ/"sAIaLeu Leu Arg Val Ile Pro Ala Leu Asp 1
10

5 15 Ser Leu Xaa Pro Ala Asn
Au Asp WO 96/19236 20 (2) I NFORVATI ON FOR SEQ | D NO P&m595,16596 (| )
SEQUENCE CHARACTERI STI CS: (A) LENGTH 24 am no acids

(B) TYPE: am no acid (C) STRANBEDNESS: single (D)
TOPOLOGY: |i near (i1) MOLECULE TYPE: peptide (xi) SEQUENCE

DESCRI PTION: SEQ I D NO (¥} prepar¥Yad 4 @rbrdnicEbyr Ger1C¢sadt fod @lbnkalinfhg Val
IZI_!56 Pro Ala LeIu césllis frot;l‘ a blood %ﬂ%‘ﬁ ,P%.nggﬂéEflro(rrhﬁEédz%?tielnoc; VO

96/ 19236 (ii) adding to said mononuclear cell fragtionsss/ 16596
- 32 - a@erigksuséyescted fAba AgrepdHideAspcording to claim 1; 20 (2)
| NFORVATI ON FOR SEQ | D Mi)B:incmatiné islaiSE&ENqErag%Bé‘q:E@éTbgééence
(Sﬁ?AII;I[E)E%ESSZ%SIF? n@a?e grcx:tl:{jgsen for a suitagbl?t)e ggxl?:lééd acr? rt‘:?mgcalugd under (C
' suitgble 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-10, TNF-«a 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)
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(D) TOPOLOGY: |i near (ii1) MOLECULE TYPE: peptide (i x) FEATURE:

(A) NAVE/ KEY: Peptide (B) LOCATI ON: 19 (D) OTHER

| NFORMATI ONigf "Xaa at position 19 is Thr PCT/US9S/16%66 LYS"
(xi) SECUENEOBERS pTiov SEQ 1D NO. 8! Val Leu @y Ay Gy val Ala
Leu Leu Arg Val Ile Pro Ala Leu Asp - a7l- 5

10 15 Ser Leu Xaa Pro Ala Asn Qu Asp

20 (2) | NFORVATION FOR SEQ I D NO ) (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 24 am no I ds , 0 (O
STRANDEDNESS: si ngl e % method C?&g&oﬁ% Eﬁlr‘l“eég aﬁer?m 526 ECULE

TYPE: pepti gatigen seﬂﬁgtegE@UEN@ IRSEREPTE e disEOtPDeREEm Ot e val Leu
GI y Ay Gy iv3keciba shtdtanednigiywaintd a Paoidtta drdll tAspoccurrence of a

detectable Jdki Ser Leu Lys Pro Ala Asn
GI u Asp etectable “skin, geastion ﬁfaﬁﬁﬁ?ﬁoﬁ? FOR SEQ ID NO 10: (i)
SEQUENCE CHARACTERI STI CS: (A) LENGTH. 17 am no acids

(B) TYPE: anino acid 28. A prepaxafi®RANDEDNESE:ing pyl ereating IDDM(¢ D)

TOPOLOGY: | icte@kising & i1 keMD fkdduetT¥BEcOEP i the group consisting
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.

SUBSTITUTE SHEET (RULE 26)
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(xi) SEQUENCE DESCRI PTION. SEQ ID NO 10: Asn Gu Asp @n Lys Ile @y
5

— e

IIeGIuIIeIIeLysArgThr Leu Lys 1

10 Ile

SUBSTI TUTE SHEE‘P”C’I-‘zBEt 26) WO 96/ 19236 PCT/USIS/165%6

PCT/ US95/ 16596 - 38 - - 33 - CLAM 1.
A peptide of the sequence I: _ 6

11 Val-Leu-Ay-A@y-Ay-Xerr]-Al a-Leu-Leu-Arg-X2-11e-Pro-

(1) 19 Al a- Leu- Asp- Ser - Leu- X3- Pr o- Al a- Asn- Glu

(SEQ ID NO 2)  wherein 3-efr }’h%ﬁEF%Z‘té&Eh ?%mpé’sﬁé"ﬁra‘?/ca‘?rq"é?l HBes

X[err] is a ThBloprlLys, néwireds, sdid pépeiAe md-1E2 peRnhde mqﬂrdbegoy% any
resi dues when ¥3ei §f TdWainmnd sgl§s and functional derivatives thereof.

2. A peptide according to claim1l herein designated p277(VaI [err]) wherein
Xerr] is Val, X2 is Cys and X3 is Thr. . A peptide according
to claim1 herein desi grid-e¥SB29% (VASPELAT)acHRIAIRE %E'e‘?‘?‘lﬂ qn§ ef scladrnsg g
Val and X3 is Theo 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.

SUBSTITUTE SHEET (RULE 26)
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4. A peptide according to claim1l herein designated p277(Val[err]-Val [err])
wherei n both X[err] and X[err] are Val and X[err] is Thr.

pepti de acco {&9/ claim1l1 herein designated p277(Lys| erlfc]r)us%ﬁ‘g'gﬁ' n bot h
X[err] and X2 are s and X[err] is Lys. . A pepti

according to claim1 herein designated p277(Val[err]- Lys[err]) wherein
X[err] is Val, X2 is Cys and X3 is Lys. 7. A peptide according
to claim1 herein designated p277(Val[err]-Lys[err]) wherein Xerr] is Cys,
X2 is Val and X3 is Lys. 8. 1tA/pdptide according to claim1l
herei n designated p277(Val [err]-Lys[err]) wherein both X err] and X err]
are Val and X3 is Lys. SUBSTI TUTE SHEET ( RULE
26) WD 96/ 19236 PCT/ US95/ 16596
- 34 - 9. Use of a peptide according to any one of clains 1 to 8
for the diagnosis of insulin-dependent diabetes nellitus (hereinafter

| DDM) . 10. A nethod for diagnosing the presence or incipience
of IDDMin a patient, conprising testing the blood or urine of said patient
with a peptide according to any one Ff |C|Gi ms11 to 8 as antigen for the
presence of anti bodies or :

PEPTIDE (age)
-@— p277(1 week) —O— p277\V)(1week}

—e— p277(Sweeks) —o— P277(V){Oweeks)
—e— p277(20weeks)  —o—pZTTIVE2Oweeks)

T CELL
PROLIFERATION (SI)

B2 A L I S I A S I B e
0 5 10 15 20 25 30 35 40 45 50 55

ANTIGEN (ug/ml)

SUBSTITUTE SHEET (RULE 26)



T cells which are i mmunol ogically reactive with human hsp60.

11. A nethod accordi ng to claim10 conprising testing said patient for the
presence of Nsp60 anti bodies or of a T cell which i npap@efsss W th
hsp60, where y a result i ndicating the positive presence of anti-hsp60
anti bodies or of a T cell which i munoreacts wth hsp60 indicates a high

probability of the presence or incipi egc/e 12. A nethod
according to claim10 or 11, wherein s ‘gatlent is tested for the
presence of anti-hsp60 anti bodies. 13. A nmet hod according to

claim12, wherein the test nethod conprises a radioi munoassay.
14. A rret hod according to claim 13, wherein the test nethod conprises an

ELI SA test. 15. A kit for diagnosing the presence of |DDM by
testing for the presence of anti-hsp60 antibodies, according to the nethod
of any one of clains 10-ta 14, conprising: (i) n.oantlgen being a
pepti de of sequence (Il)jin claiml; and (i) a t_agged ant i body
capabl e of recognizing the non-variable region of saifd anfiehsp60
anti bodi es to be detectpd. ' 16. A kit accofding &o claim 15,
wherein said antigen isjthe peptide according to any pne pf clains 2 to 8.
WD 96/ 19236 PCT U895/86596
- 35 - i
2= = r.8
ik ;
w X = ]
e &)
Sa > R
~E KK g
o)
v NN -3 o
QJ oo a o 3
. Eg w
) | - ©
— S
e S
ﬁ g
o
- @
-3
Fo
>
i o
= OJ
o
o

(IS} NOI LwH341708d
77130 1

SUBSTITUTE SHEET (RULE 26)



17. A kit according to clain115-or 16, wherein said antigen is imobilized

on a solid phase. | 8. A kit according to any one of clains 15
to 17, furth i ding instructions for use of the kit i | agnosi s
of | DDM Vo szt 19. A kit according to any one of cl Mﬁ%‘%g 18,
wherein the tag is selected fromthe group consisting of radioi sotopes,
enzynes, chronophores and fl uorophores. 20. A method according
to claim10 or 11, wherein said patientq { flested for the presence of a T
cell which inmmunoreacts with hsp60. 21. A nethod according to
cl aim 20, wherein the test met hod conprises a T cell proliferation test
conprising the foll ow ng steps: (i) preparing a nononucl ear cel

fraction containing T cells froma bl ood sanple obtained fromsaid patient;
(ii) adding to said nononucl ear cell fraction an antigen selected froma

pepti de according to claiml1; (ti1) incubating said cell fraction
in the presence of said antigen for a suitable period of tine and under
suitable culture conditions; (iv) adding a | abel ed nucl eotide to

the incubated cell culture of (iii) at a suitable time before the end of
said i‘ncubation period to provide ng f?eiinfgrporation of said | abel ed
nucl eotide into the DNA of proliferating el+5; and (v)
determ ning the amount of proliferating T cells by analysis of the anount
of | abel ed nucl eotide incorporated into said T cells. 22. A
met hod according to claim20, wherein the test nethod conprises a T cel
cyt oki ne respons%;test conprising the follow ng steps:

—Oo— p277 .
8 —e— P277(Lys!9)
—a— p278

T CELL PROLIFERATION (S])
3)
1

4-

3

2._.

0 1 2 3 4 5

AGE (months)
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WD 96/ 19236
- .36 -
cells from

Al bE3da6S

addi ng to sal d nononucl ear cel

according to claima1,

culture conditions; and

secreted by the respondi ng | ynphocytes into the nmedi um

Giii)
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according to claim 20, wherein said antigen selected froma peptide
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a diabeLeD within 3 weeks, the administration cf 30 mg/kg Zor 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 THE INVENTION

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 as 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 sequence I:



pepti de of sequence |
phar maceuti cal

phar maceuti cal

according to claim

conposition conprising a peptide of sequence A&
claiml1 and a pharnmaceutically acceptable carrier. \
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A peptide having the structure of the p277 sequence of hsp60 in which one or both cysteine residues are replaced by valine residues

and/or in which the Thr!? residue is replaced by Lys, has substantially

stability. The novel p277 analogues may be used for every purpose that p277 can be used.
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