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COWPRI SI NG THEM FOR THE TREATMENT OF SYSTEM C LUPUS ERYTHEMATOSUS 5 FI ELD
OF THE | NVENTI ON The present invention relates to syntheti c2gpamgustdés8s and,
nore particularly, to synthetic peptides based on the
conpl enmentarity-determ ning region (CDR)lof a human nonocl onal anti-DNA
anti body, to pharnmaceutical conpositions conprising 10 them and to their
use in the i munonodul ati on of system c | upus erythemat osus
(SLE) - associ at ed responses. Abbreviations: 16/6ld: human 16/ 61d mAb; CDR
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mAb: nonocl onal anti body; MVWP:. matrix netall oproteinase; nCDRL: the nurine
peptidé of the SEQ ID NO 1; 20 nCDR3: the marine peptide of the SEQ I D N3;

PBL: peri W ; PBS: phosphate-buffered saline; rev:
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BACKGROUND OF THE T NVENTI ON Systenmi c | upus erythematosus (SLE) is an

aut oi munesyitlseias peptidasabasedi ae dhe pniphlempntesgndetenfiimingarcgayn (CDR) of a
aut oanti bodi es, including antibodies to DNA, antibodies tg nuclear

anti gens aiimammaoneglias! aatiDYonurlasdys i1 pharsnacenbicy GuRRAEION CONPIHBS

et S O e P SOAIC T R
other 4 26 pyuakodea responses.

Abbreviations: 16/61d: human 16/6Id mAb; CDR: complementarity-determining
region; CFA: complete Freund’s adjuvant; hCDR peptide: a peptide based on a
15 CDR region of the human 16/6Id mAb; hCDR1: the huﬁaan peptide of the SEQ ID
NO:6; hCDR3: the human peptide of the SEQ ID NO:7; human 16/61d mAb:
human pathogenic anti-DNA mAb that bears the 16/6ld; ICD: immune complex
deposits; Id: idiotype; LNC: lymph node cells; mAb: monoclonal antibody; MMP:
matrix metalloproteinase; mCDRI1: the murine peptide of the SEQ ID NO:1;
20 mCDR3: the murine peptide of the SEQ ID N3; PBL: peripheral blood
lymphocytes; PBS: phosphate-buffered saline; rev: reversed peptide; SLE:
systemic lupus erythematosus; SLEDAIL: SLE disease activity index; TGF-B:

transforming growth factor-p ; UT: untreated.

25 BACKGROUND OF THE INVENTION
Systemic lupus erythematosus (SLE) is an autoimmune disease characterized
by the presence of an array of autoantibodies, including antibodies to DNA,
antibodies to nuclear antigens and antibodies to ribonucleoproteins. The progression
of the disease is associated with general clinical manifestations and damage to

30  tissues and organs caused by deposition of immune complexes. Similar to other



2 autoi mune conditions, the etiology of SLE is nultifactorial entailing
genetic, environnental, hornonal and i mmunol ogical factors. No specific
treatnment ainmed towards the prevention or cure of SLE is amsaidgadii2ens The
human nonocl onal anti-DNA anti body ternmed 16/ 61d bears a common 5 idiotype
(Shoenfeld et al., 1983). The idiotype was found to have clinical relevance
in SLE patients. Thus, the 16/6ld was found to be expressed on anti- DNA

anti bodi es of 54% of SLE patjents w th actjive di sease (l.senberg et al.,
1664 ang HOURRLRE dpndgioRadhe cilobt MESLE f Sh Rl Ereices.
1985). Mc ' d I. S .

hut o mrunotop A HOLhBRACadd Bl difkal SR EINB W EROMANERIP aimed .
and devel opgerddthePretinttal @ik of 8L ESkfvhilablgnmans  and in the spontaneous
muri ne nodels for this disease (Mendlovic et al., 1988). Thus, follow ng

i mruni zat i on, t'Hee himanpnododedalamiti-bDodA emtibpdyittiroed d6fdld tBérHa lcvmmon

anti bodi es. that bear the 16/6 |d and anti bodies directed against different
nucl ear?  aifiGLyRH ESherinld et@éoarh%?’)sfﬁherlri%m&Wrfp%%mha%?h@&alawgﬂ@mﬁ@r s).

The 15 ser gl Qod - findin SSOGI at w L h | eukopeni v .
erytirooyt 3 e Righear bR B FABIERAT SRR Sl Bl P B ep exes
in the ki dyeyseadst sChaicasd vithl adthe &E%Wﬁdﬂbé@@fjbﬂﬂ%@tarﬂ' in aff9&8Y
which are typical manifestations of SLE. A nurine anti-16/61d mAb (Ab2)
derived framens ofpatidrits evitheSILB¥Iseabergland Qallinas] 3859 oMiapabinbreal straidsitiang

t he experinmental disease in mce (Mendlovic et al., 1989) simlar to the
16/ 61d ( Abdg noligerelppr anya sperthngous rautoibNauRABlisaases wexp Aewmptzehavittolgs | d

ter nod B culsina SR, /i bl ocTRRe GeTaaien b ReeT ST AR on
with the |atd ¢ t@%@@ﬂﬁeéﬁsﬁh}ﬁg ﬁlﬂdélg I RARC HisQAkOfMEX BBV TEN LA 1%@.25
wth simlar manitestations as observe ol Towng i nization wmth the

human 16/ B, (Abwinggnmuhizatibe, thivmhice paodicedtindibddicAlspicifols théba Rl et
al., 1993). These results show the inportance of the 16/61d network in the
i nduct i on anibodmsodrae deanthefl 681 Kl iandnindihodies dirdeted tagaunstialificrond miekear

e S B SRR 65, R "8 i) e
15 serological findings were associated with leukopenia, elevated erythrocyte
sedimentation rate, proteinuria, abundance of immune complexes in the kidneys and
sclerosis of the glomeruli (Mendlovic et al., 1988), which are typical manifestations
-of SLE.

A murine anti-16/61d mAb (Ab2) derived from mice with experimental SLLE
20  was also capable of inducing the experimental disease in mice (Mendlovic et al,,
1989) similar to the 16/6Id (Abl). Morcover, a murine anti-DNA mAb that
expresses the 16/6 1d was prepared from mice afflicted with experimental SLE. The
antibody Ab3 termed 5G12 reacted with antibodics specific to the 16/61d.
Immunization with the latter antibody resulted in the induction of experimental SLE
25 with similar manifestations as observed following immunization with the human
16/6Id (Abl) and with the murine anti-16/61d (Ab2) mAbs (Waisman et al., 1993),
These results show the importance of the 16/6Id network in the induction and

progression of SLE in mice.
In order to understand the mechanism by which self-antibodies associated

30  with SLE arise, the present inventor has produced a variety of monoclonal



26 August 2005 3 autoantibodies derived from C3H SWnice in which
experinmental SLE was induced. As a rule, the nonocl onal autoantibodies
that were capable of eliciting antibodies that bear the 16tGalgdstdos eact
with it were found to be pathogenic and thus capable of inducing
experinmental SLE in mce (Fricke et al.,_1990; Sthoeger et al., 5 1993).
Later on, the variable (V) regions of ninte autoantibodies that bind either
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characteristics of pathogenic anti-DNA antibodies. One of these mAb,
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I dentical to the VH of anti-DNA mAb isolated from other | upus-prone mce,
nanel y 5(NZE93<3)NZV\) FI. The light (L) chain V region gene (VL) 15 of mAb
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of inducing experinental SLE in mce (Waisman. et al.. 1993).. T cells_ that
" react lupus-prone mice, namely (NZB x NZW)F;. The light (L) chain V region gene (Vy)

15 of mAb 2C4C2 is 98% homologous to the Vi of another anti-DNA mAb, also
isolated from (NZB X'NZW)Fl mice. The other two anti-DNA mAb, designated
5G12-4 and 5G12-6, share 93% of their Vy sequences with that of mAb 2C4C2.
Based on the analysis of these mAbs, it appeared that autoantibodies found in mice
with experimental SLE use genetic elements similar to those used by mAb that were

20  isolated from mouse strains which develop lupus spontaneously.

T cells play an important role in the induction and development of
experimental SLE. Thus, T cell lines and clones specific to the 16/6 Id were shown
to induce experimental SLE in syngeneic recipients similarly to the 16/61d antibody.
Therefore, following the inoculation of the activated cells of the lines, the mice

25  developed both the serology and the renal damage which is typical to SLE (Fricke et
al., 1991).

As described above, the mAb 5G12 that was isolated from mice with
experimental SLE and was shown to bind DNA and bear the 16/6 1d, is capable of
inducing experimental SLE in mice (Waisman et al.,, 1993). T cells that react

30  specifically to mAb by proliferation, are probably reacting to peptides representing



30 specifically to mAb by proliferation, are probably reacting to peptides
representing 26 August 2005 4 sequences fromtheir

conpl enentarity-determning regions (COR). It is very |ikel ¥6 Abiduatoobhe T
cells recognize the V regions of the above antibodies since they do not
react wth other antibodies that carry the same constant region but have
different specificities. Wthin the varfabl e region, the regions with the
hi ghest probability to 5 be recognized are the CDR ose are.t

regi ons th%&qv&mse rophiepsmplenFe it ytﬁéﬂmapxngﬁgw.(@éﬁ%)eg ¢ sheryciely

f f h d
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1993, in V\‘ftla%’f‘ xﬁlﬂﬁoﬂ&%ﬁbsm@h‘%ﬁo&dﬁe tﬁ@@aﬂ@%@ﬂnﬂ%@@n l}%@'lﬁvé(iﬁﬁ%f&ﬁs
for the variable heavy chains (VH) the nine mAbs are presented. 10

| nt er nat i ospdciflieRaWethin Blﬂ)mm‘aiﬂe oeglbh thé@e@Rm300HN ted highestpprbability to
applicants describes peptides based on the CDR regi ons_ of t hogeni ¢ mAbs
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termed 2C4 hese pept| es have e sequences substanti y as -denot ed

by SEQ I D MQismhn aBEQMokes, NO935imsvhieh kievsom WW@P%&@%&& hiéinb SEQ
ID NO 1] El NPSTGGTTYNQ(FKAKAT &; a) &SEQ ! 20 YYCARFLWEPYAMDYWEQGS

(111a) [SESnDNC)ENnceYNMNNYKaSHEK (unvéYH} DG HIAbs\ar SARSEREENYWGQT L

(Va) [ SEQ DNG 5 These p es ang, j.n ar ptides | a and

I11a, Herein okt awa%’aﬁln%%& q?‘ﬁéﬁ\?ﬁ W&E ¥ip the) present

respective b r b a .

adm ni sterié‘%(apl E‘ng&qms ﬁepof’c% ng nﬁ%rldnﬁr{]gl% It Btﬁjetﬂ%%c mAbs

appropri at gomé@fifmpﬁh@eew% éx@eﬁﬁfénﬂﬂ (SLEE an ? Rilids T Oia b%'séch Bh

murine or human origin (Wisnman et al The peptldes CDR1

mMCDR3 wer etheuCDiRdr, GIRRGranuly COHRS reglem a’espan:tleeiyhelf the &lte nhaiaroft tl‘earhuane

I d
arreaty mAb termed 5G12, and peptides IVa and Va, based on the CDR1 and CDR3
15 regions, respectively, of the Vi chain of the murine mAb termed 2C4C2. These

peptides have the sequences substantially as denoted by SEQ D NO:1 to SEQ ID
NO: 5 as follows:

TGYYMQWVKQSPEKSLEWIG = (la) [SEQ ID NO:1]

EINPSTGGTTYNQKFKAKAT (Ila)  [SEQ ID NO:2]
20 YYCARFLWEPYAMDYWGQGS  (Ila) [SEQIDNO:3]
GYNMNWVEKQSHGKSLEWIG (Iva) [SEQID NO:4]
YYCARSGRYGNYWGQTL (Va)  [SEQ ID NO:5]

These peptides and, in particular, the peptides Ia and Illa, herein designated

mCDRI1 [SEQ ID NO:1} and mCDR3 [SEQ ID NO:3], respectively, were shown by

25  the inventor to be capable, when administered in PBS, of inhibiting T cell priming to
cither the appropriate mCDR peptide or to the whole anti-DNA 16/61d mAb of
either murine or human origin (Waisman et al., 1997). The peptides mCDR1 and
mCDR3 were further shown by the inventor to either prevent or treat an already
established SLE that is either induced by the human anti-DNA 16/61d mAb or that -



establ i shed SLE that is either induced by the human anti-DNA 16/ 61d mAb or
that 5 26 August 2005 devel ops spontaneously in the SLE prone mce (NZB x
NZW F1 or MRLIlpr/lpr (Eilat et al., 00 and 2001). SUMSRAGgUEt 2864

| NVENTI ON It has now been found according to the present invention that

~ peptides based on the CDR of the human nonocl onal anti-DNA 16/61d anti body
are capabl e of i nmunonodul ati ng SLE-associ ated responses. Thus, peptides

based ordéd@lao;@lgbo@ltwweﬁw :nfththLEUﬁnmel(ﬁm@éd(Nm@( NBNYOF st BIRWApriier
i nhi bi t lEylgE node cell (Km())llferatl on m ce 1 mmuni zed with the nurine

pept i dedFEl (2800 lapdNER01). and nCDRB (SEQ ID NO3) or with the whol e
human anti-DNA 16/ 61d mAb, to inhibit the proliferative response of
peri pheral blood |ynphocytes (PBL) of SLE patients to the hunman anti-DNA

16/ 61d g[???, i se mani festations of mce afflicted with
spont anW%&lg%gm ﬁgﬁgﬁﬁhese findings are conpl etely unexpected
because not & hasG¥iRe bekn @&irﬂp&%ﬁk&in %Wﬁés%qhﬁéﬁﬁﬁﬁh%ﬂﬁéﬂ)ﬁdesr&%&ﬂBh%I?éj
by T cells of patients. As shown préviously in the |aboratory of the
present GCIRentHr thieDalnamart mbdhoclo0@nti-DNA CORE6IA!  dritéboalyt | adNAcapable  of

aut oantibody 2C4C2 are | ess well recognized by T cells of SLE gatl ent s than
the peptifgainomedidaing, Sitcasoratiest repenses: | Thigapsplidesobgsedann t FLKEDRér -

it SO AT 1 FREATE S AR S B st
ok s B B S ISR 88 oo

nmonocl odBl NenB) obNitlanké edtye Q;hrﬁdmeammm 16/a¥emABNto GElbil thet profiferative
predicted or suggested to be efficient. In addi ti on, the use of pepti des

based omesponserah pamphemhlybogﬂ@mphooﬂes: (mBBLaI@f &3 Eapatinmds ¢o dig buman antisANAus e

S basgd on - human ant.i bo ordingly, a

h
:‘inrg? ”23[@'@3 TB}A\Ab: ﬂ%‘ﬁ) 6‘? a Prz}tﬁ\ﬂéﬁﬁaﬁ%ﬁlaﬁﬂ fagiaus S?Wﬁ% ﬁg‘!t]’icée é‘%tﬁﬂﬁ’é’faﬂeous
sel ect e%re%ﬁéﬁﬁq@ﬁtaggﬁﬁp consisting of: 6 26 August 2005

These findings are completely unexpected because not all CDRs of pathogenic
autoantibodies are equally recognized by T cells of patients. As shown previously in the
laboratory of the present inventor (Dayan et al., 2000), the CDRs of the anti-DNA
autoantibody 2C4C2 are less well recognized by T ¢cells of SLE patients than the peptides
based on the CDRs of the anti-DNA antibody 5G12. Furthermore, many of the analogs of
the peptides based on the CDRs of the murine autoantibodies described in the above-
mentioned WO 96/30057 were shown not to be efficient in their inhibitory effects, and
thus the modifications occurring in the sequences of the peptides based on the CDRs of a
human monoclonal anti-DNA antibody of the present invention, could not be predicted or
suggested to be efficient. In addition, the use of peptides based on a human antibody
should be considered as preferable for human use in comparison with peptides based on
non-human antibodies.

Accordingly, a first aspect of the present invention provideé a synthetic

peptide selected from the group consisting of:



(a) a peptide of at leastl9 and at nobst 22 ami no acid residues includi ng'a

sequence sel ected fromthe group consisting of a sequence of SEQID NO 11
and SEQ ID NO 19 or an anmide thereof (lky a dual synthetic peRijust®oos
conprising two different ones of said peptide of (a) covalently linked to
one another either directly or through a short linking chain; (b) a
peptide polynmer conprising a plurality of sequences of said peptide of

(a); and (c) (@) pgqmeptike of at dpastiSaapdmti mesp@Ryaminofadid residueshiadiuding a
macr onol ecul ar carrier. The human nonocl onal antj-DNA 16161d anti body,
her ei n ref er r edSe@uaRCce s@igiedsremythameroup soasidinggkai seaueree PbRRJIRY

pep! .hfﬁ? iP;i a0y Eh AR, SEEL MG Bb e et dr tor or v, of
he prosent ToNGoh /AR peRiaS Coiisifl 1ARAMReREM dnéd ol saRtPeRide of

SEQ 1 D ) éovaalenfbirinkEd O ohe anetipsrcéitiver directly dotHrowgh a short linking7chain;
GYYWSW ROPPGKGEEW G, [ SEQI DNO: 6]  YYCARGLLRGGANDVDYYGVDV [ SEQ DNO: 7] I n_one
enbodi ment, (kA peptidepatupes aesnprisiog a plurplip obisegnesss pbsakipeptide oBEQ

ID NGO 7 _amdated at the Ctermnus. A fourth aspect of the present

I nventi cfﬁ‘ ’p"f“a I des a dual synthetic peptide in which the peptide of SEQ ID

NG 6 is covagarg EknéP{iHQ ‘Eﬁ’gta? Brg‘ﬁeéﬁ@elp%g/rﬁ%g §§§:C)le%)&t?%%g to E%%c['c;ﬂrf)lhfécuiar

aspect, the pres I nve on “pr oV COIposI

conpri stmgiedt | east one synthetic peptide or peptide polyner as defined
above and a pharnmaceutically acceptable carrier. The pharnaceuti cal
conposi tion iThephumatulmonhgciosal wnti-DMAt he/Gid ecantiieody ohegbifi meférred to as

amrel i orgti on of e cljpjcal manifestations of the 7 26 August 2005
di sease’?fuﬂ&ani é@?@ﬁh MGJ A RAthgIenic fyuvenamenedepahaadi-DNAy antibody

down-r eguhahie'8f ihdficing a SLE-like disease in mice.

The peptides of the invention are based on the sequénce of CDR1 or
CDR3, of the heavy chain of the human 16/6ld mAb.

A second and a third aspects of the present invention provide a peptide
having the sequences as denoted by SEQ ID NO:#6 and SEQ ID NO:7,
respectively, as follows: _

GYYWSWIRQPPGKGEEWI!G [SEQ ID NO:6]

YYCARGLLRGGWNDVDYYGMDV [SEQID NO:7]

In one embodiment, fhe peptilde may consist of the peptide of SEQ ID
NO: 6 or SEQ ID NO: 7 amidated at the C-terminus.

A fourth aspect of the present invention provides a dual synthetic peptide in
which the peptide of SEQ ID NO:6 is covalently linked to the peptide of SEQ 1D
NO:7.

In a fifth aspect, the present invention provides a pharmaceutical composition
comprising at least one synthetic peptide or peptide polymer as defined above and a
pharmaceutically acceptable carrier. The pharmaceutical composition is particularly useful

for the treatment of SLE and amelioration of the clinical manifestations of the



| evel s of MW-3 and/or MW-9, and/or IL-2 and/or IFN- y activities, or
up-regulating the level of TGi activity in a patient with SLE. A sixth
aspect of the present invention provides; a pharmaceuti cal cmggttgb@y
conprising the peptide of the sequence of SEQ ID NO 6, and

pharmaceutically acceptable carrier, A seventh aspect of the pr esent

I nvention provides a pharmaceuti cal conposition conprising the peptide of

t he sequBsuase, qiarSEﬂaﬂD BNOméEhdatina St E-associedCredppinses) Usg. dovinaegulating the
pharmaceutical |y acceptable carrier. An eighth aspect of the present

i nvent i devels et/ .’éapda/@r AabBD; ad/ocBndamidl ool N-cpagiivities or tiperegetingehof

t he seq e of SEQ NQ 7, and a_pharmaceutically acceptable carrier. A
ni net h igﬁ@ﬂé?r%w@tm%mpaummﬁhﬁ%r ovi des a phar naceuti cal
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corrposma;coeptiﬂﬂedah@r treatment of system c |upus erythenmatosus (SLE). An

el eventh aspect of the present invention further provides a use of a
peptide or Pepaviedth pereghref thaspresdrit irentiropmyvidesra pharprageatieal composition

phar maceut i cal. t he treatnen m.c lu

ery hen&PH;rarésm@L@% BbR ab e seauenresor SEQLJEL R ok arufaiesk ot ithe.Col e
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a nmethod for assessing the ffectiveness of a drug conprising a peptide or
pepti de qmm;gnrmngathectmmrmm&ﬂweequencew SEERIDMND: 3f andSh Phaamaoeutichilgh
conprises neasuring .at different intervals of tine the |levels of MW-3
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comprising the peptide of the sequence of SEQ ID NO: 7 amidated at the C-
terminus, and a pharmaceutically acceptable carrier.

In a tenth aspect, the present invention provides a use of a peptide or peptide
polymer as defined above, for the preparation of a pharmaceutical composition for the
treatment of systemic lupus erythematosus (SLE).

An eleventh aspect of the present invention further provides a use of a peptide or
peptide polymer as defined above, for the preparation of a pharmaceutical composition
for the treatment of systemic lupus erythematosus (SLE) by immunomodulating SLE -
associated responses in a SLE patient. For example, down-regulating the levels of MMP-
3 and/or MMP-9, and/or IL.-2 and/or IFN- v activities, or up-regulating the level of TGF-

B activity in a patient with SLE.

In a twelfth aspect, the invention provides a method for assessing the
effectiveness of a drug comprising a peptide or peptide polymer as defined above,
in the treatment of a SLE patient which comprises measuring at different intervals
of time the levels of MMP-3 and/or MMP-9 in a blood sample obtained from said
patient being treated with said drug, whereby a decreased level of MMP-3 and/or

MMP-9 correlates with the effectiveness of the drug.



In a thirteenth aspect, the invention provides a nethod for assessing the
effectiveness of a drug conprising a peptide or peptide polyner as defined
above, in the treatnent of a SLE patient which conprises neasigistrgomt
different intervals of tine the level of IL-2 and/or IFN- y in a bl ood
sanpl e obtained fromsaid patient being treated with said drug, whereby a
decreased level of IL-2 and/or IFN- y correlates with the effectiveness of
the drug. | a,f QuRbagAt AsRSPethe fé;k}@nﬁ&wg@tdv%sp LOVhEARSd A fSE LR i@ the
assessing the effectiveness of a drug conprising a peptide or peptide

pol ynerflastiviies efl aadrag econipridigg atpepaitlewitpepiide polympaid definshhbdve; aRhé ses
measuring at different intervals of tinme the Ilevel of TG~ (3 in a bl ood
sanpl e tEBtREI e 2 SbAT palientpahichronpiisey measariang ati diffeseritdniprvals ofiree dby an
i ncreased, |l evel. of TG (3 correlates with the effectiveness of the drug. 26
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pg'“elEhhm@%xﬁ£§éfﬂﬁﬂhu£@th 300 p.g hCDRL. Fig. 2 shows inhibition of the
proliferative responses~of |ynph node cells of mce imunized wth human
16/ 61d mAb tig aY%%Hﬁth%g%%nEH@iﬁlV@ﬁ%rPf)rdd?@esJ@ﬁ@ﬂfbd foaséRsihglfle pg/ wel 1),
by treatment with 50 g h 1. Figs. 3A-C show the cytokine pattern in

BALB/ c effeetévdnent of aedrugi comprivinga feptigiebmpiptitechalymat ad deiihhd REDRE inrthei t h
an irrelevantcggfgiﬁf 5259- 71. Fig, 3A - IFNy pattern; Fig. 3B - TG--13
pat t er Heatggt SLF paleriavhign omprises Mgt # <liHsrad dnteayale of tone the

e A O 4 0 PB4 Sl o e
coneeTRRRHEY Ao 8 LM Ayl i, OS SPRGCAREE o

triggering a proliferative response. Fig. 5 shows proliferation of PBL from
one SLE patient stinulated with the mtogen phytohenmagglutinin (PHA) in
t he absence or presence of hCDR1 or hCDRS. '



.Fig. 6 shows proliferation of PBL fromone SLE patient stinmulated with

- human 16/61d mAb in the absence or presence of the human peptides hCDRl or
hCDR3 or the nurine peptide nCDR3. Fig. 7 shows proliferatima@ust2Bbs from’
one SLE patient stinulated with human 16161d mAb in the absence or
presence of the human peptides hCDRL or hCDR3 or the nurine reversed

pepti des revnCDR1L and revnCDR3. Fig. & shows inhibition of IL-2 secretion
in PBL of SLE patients triggered by the human 16/61d mAb in the absence or

presenc f.h 1 or hCDR3. Fig. 9 shows up-regulation of TGF-R secretion
in the &B@PEF%E%CR@&MQEU IBEé"H&Nﬁg‘ht stinulated with the human
Fig. 10 shovd dnh SENRSabRiarBERF PEORPCY Tagtiolbetitt whtn dB eéeiBL

or treatfigeNmihupiied M@Pﬁhnﬁn WBIAIdL AL &Y SaTRAISPERhESIfra the (16784 as

control). Figs. 11A-11D are ot os show ng representative kidney sections

of SLE- rhAbr@-1( welNZBY frebtmierd witiB0vaig hOBRYed starting at the age
of 5 and half nonths with PBS (I IA 11B) or with 100 g hCORI (I IC, |

| D). The sectRign2 shews dhhibiton ehithe p'r@lia‘erativab r@spdmlsas;] oblymph moderoells bé

d ion of Ig d i ' i FI TC- '

i RSB L PR R il e
SLE- pr gﬂgb?@'zh'%@ ‘rké‘@eﬂﬁ ﬁv@%atﬁﬁnﬁmmgﬁﬁ&ﬁ@ﬁf@ﬁm PBS (I 2A,y12B) or with
300 pg hCDR'Fiéé?CsA-J@QhO\Brth‘@ ;cpg% ﬁg{ Eéﬁéﬁ?%%@&@?ﬁo Wés‘ﬁﬁﬁhphfzﬁegj wit) -

The sections dre of mce sacri € age O

det ect i dyurgani 1818Ie mABNEM@ trddledoRiRi KGDRSEOK I Witls aieireclienanb idel pP59-
FI TG conj ugated goat anti-nobuse 15 1gG (y chain specific) (12A, 12C, 12E x

100; 12R711Hiy. 3AF FMgpattding §ig.13B1 TG Bqvattdr: ¢yg.0kC rellpd Ot patteras
measured by ELISA in supernatants of Con A-stinulated cultures of
spl enocyt es &figsiE-shiawe thRzgorcenirajiens npt dhenbuman @nihbiNAt $8/60ddt idh ed

with _hC[r)eR&uﬁ)'{adwfotrhoﬁtPn%a g%fr%ru?aet?on of PBL of SLE patients and of healthy controls.

PBL were stimulated with various concentrations (0.1-40 ug/well) of the 16/6 Id
mAb. The concentration yielding the highest stimulation index was defined as
optimal for triggering a proliferative response.

Fig. 5 shows proliferation of PBL from one SLE patient stimulated with the
mitogen phytochemagglutinin (PHA) in the absence or presence of hCDR1 or
hCDR3.

Fig. 6 shows proliferation of PBL from one SLE patient stimulated with
human 16/6id mAb in the absence or presence of the human peptides hCDR1 or
hCDR3 or the murine peptide mCDR3.

Fig. 7 shows proliferation of PBL from one SLE patient stimulated with
human 16/6ld mAb in the absence or presence of the human peptides hCDR1 or
hCDR3 or the murine reversed peptides revmCDR1 and revmCDR3.

Fig. 8 shows inhibition of |1L.-2 secretion in PBL. of SLE patients triggered by
the human 16/6ld mAb in the absence or presence of hCDR1 or hCDR3.

Fig. 9 shows up-regulation of TGF-f secretion in the PBL of one
representative SLE patient stimulated with the human 16/6ld mAb in the absence
or presence of hCDR1 or hCDRS3.



peptide revhCDRI . Fig. 13A -- IFNy pattern; Fig. 13B - |1L-10 pattern; Fig.
13C --- 20 TG--3 pattern. Figs. 14A-14F are photos show ng representative
ki dney sections of BALB/c mce with 16/61d-i nduced experi nehiadustSIOES
treated with PBS (14A, 14B) or with 200 pg hCDR1 (14C, 14D), or with the
reversed peptide revhCDRl (14E, 14F). The sections are of mice sacrificed
at the age of 9 nonths. For the det ecti of of irmmune 25 conplex I g deposits,

sections were iﬂgub &eg with Fl TC—contj ugat ed qoat ant i - npuse IRgG (y chain
specific) (14A !ﬁ«.ciﬂl shpws agpDNApautpapibady-Igvelpay  (NECBsx NEAV IHEmiEewW

t he cytokine pattern a asu b | I n_..supernatants of

167 613 ot 1 HoreAesh SF e BAD A0 & nCTIRY ai e e £ Ssed Pardde eevhGRR ke
experi ment gle.SLELh@bpwere untreated or treated with hCDR1L (200 or 300 30 g
) or with the reversed peptide revhCDRI. Fig. 15A - IFN-y pattern; Fig. 15B

26 August 2005 Efps. THR=-RIDFire phbass shdwinkOrepedseifafive iiBneyl 8&tions@F SLE-
pattern; Fig. 15E- TGP pattern, neasured in supernatants of

16/ 61d-1 r i pyecedNAB 2 NZWoF [ gnicki tret WdhA-ttGFed stariing tab the lagei 0fy5 and half

representative kidney sections of SLE- prone (NZB x NZWF | mce untreated
(I 6A, 16BMosthspvil P\rll%%(bh@nllster wpﬂheHgbyg DBI1d{l 1Gi 42D+ Ehe sectionstase

T6F). For ' PREFGTEENIEN 7% het AL DB PGt oertin, of G AFRm: sastions
i ncubat ed wi.th; Bl G0om dC I - I chain BN (16A
160 16 < ghoncpied 3R PTECL ATl ke G0l 4 1Y e SREROL TN T

appear ance] pf xN13B, NEMI,P1dg). and MAV- 10 9 in the sera of (NZB x NZWF |
mce. (NZB x NZWF | mce (10 fice/group) were bled at the indicated tine

poi nt sl0 Pool ed EBigsalZA-12P aod phivtee showingaepregeniafive Wadseyt esdtivms of SNBP- 3
expression levels using Western blot (Vig. 17A) or for NWM4P-9 and MWP-2
activiti esPigse iy Zdek NAWOGH apicy thati wereirpied Wik PRS (124, 12BRpoevatht300 ug

T\ FAREDNER 55 e e iR TR 68 B
m gg | érlgup e%iglpﬂ%m Ql't'éﬁt))ﬁ %écelgc@?%%?l%% L Fe bFOURLAES. Mo e RO S Pnmune
complex Ig deposits, sections were incubated with FITC-conjugated goat anti-mouse
15 IgG (y chain specific) (12A, 12C, 12E x 100; 12B, 12D, 12F x 400).
Figs. 13A-13C show the cytokine pattern as measured by ELISA in
supernatants of Con A-stimulated cultures of splenocytes of SLE-prone (NZB x
NZW)F1 mice that were untreated or treated with hCDRI1 or with the reversed
peptide revhCDRI1. Fig. 13A — IFN-y pattern; Fig. 13B ~ IL-10 pattern; Fig. 13C —
20 TGF-p pattern. |
Figs. 14A-14F are photos showing representative kidney sections of BALB/c
mice with 16/61d-induced experimental SLE treated with PBS (14A, 14B) or with
200 pg hCDR1 (14C, 14D), or with the reversed peptide revhCDRI1 (14E, 14F). The
sections are of mice sacrificed at the age of 9 months. For the detection of immune
25  complex Ig deposits, sections were incubated with FITC-conjugated goat anti-mouse
IgG (y chain specific) (14A, 14C, 14E x 100; 14B, 14D, 14F x 400).
Figs. 15A-15E show the cytokine pattern as measured by ELISA in
supernatants of 16/6Id-stimulated lymph node cultures of BALB/c mice with 16/6Id
induced cxperimental SLE that were untreated or treated with hCDR1 (200 or 300

30 ug) or with the reversed peptide revhCDRI. Fig. 15A — IFN-y pattern; Fig. 15B —



CFA, -10 mce/group), were bled at the indicated tinme points. Pool ed sera of
mce (4 [d) fromeach group were tested for MW-3 expression | evels using
Western blot 20 (Fig. 18A) or for NM9 and NW-2 activiti es268udugt 005 '
zynography (Fig. | 8B). The results are representative of 3 simlar
experinments. Figs. 19A-19C depict immunostaining of kidney sections of

i muni zed BALB/c mice for MWP-3 and MWY%. Non-i muni zed BALB/ ¢ nice or
mce that _were inmunized with PBS/CFA or with the 16/61d (in CFA),G%S

mi ce/ gr oup)INKrgs &1251 3G cr i i@ pattem; o HSD of Tok-b atieen; rFigodSE- T 6F-f he

16/ 61d. Kidneys were removed, .and their 5 Jtm cgrypstat.sections were

i munost ai R%‘ig%mewglf( i%ngﬂ’atslﬂ@-%/ @d(tiyég?)e_ SﬁPet?Brﬁep& staining to the
efficiency of b Kiqra,_ Sngﬁlg : _
representative g 3 1@%119@%@3{)@% mnté&%&?eggés’éé@%ﬁﬁﬁ%?éﬁiﬁvg gu(;:f
MAV- 3 and MdreqNZB SaAWOF 1 (€8 uhtredRdNTWAEI 6B) £ ndié@ AdcisiendstdT spldabtytel N
prevention experinments, mce (10/group) 26 August 2005 11 were given
weekl y 3. cof mipe trertmdseithier wittCBRA 15t hCDRg (B4C,t D )pgewith thenmewtiss pegtide ng.
10 weeks. The results re&gesent sera taken 4 nonths after the end of the
t r eat nent . TOVRGRRL(heB: 1 el dior the dstectipe cof(imongas apmplax ke depesitsesections
with either PBS or 250. g/ se of startin t the age of . t hs.
The resul t ¥°&° %Ba@éﬁiﬂt@gﬁi N ERCRBSRLA TeSe FeG R ensiRddbhent
Pool ed ser f e Iy /RN p were tested for MW-3 | evels by
Western bl g?eh%gil?;%rshloso’?ggﬁ\;@ﬁa?\#f{gli -9 activity using gel zynography

(20B). UT - untFpat W‘A-iﬁ]ﬁdgﬁi@_ﬂkkﬁtic@b?aﬁﬁ&%ﬁ%%m—ﬁMWhﬁ@M;
experi nents. Figs. 21A-22B depict |evels of MW-3 and MP-9 in

16/ 61dt0d mBninzkd sefd oBANER: xnNZAVIF eatieedl (WZB xBDRW)F | mjvee(iéntricelgroup)
experinents, mce (8/group) were treated i.v. with nCDR1 (100 g/ nouse).
The resul t Weshbled airthe dadisaied tmak paints.Poatehsers (4fuld oftrhisediomofachgroup

100 pol mouREER oY VEgl POraE b e Dy b Nonsam abior kElEntAbr for "
by 15 vesi MAAPET ftd, M2 o83eF IRE TR\ Al RIS 1 7BycitsRsion,
(2113). UTrepmkﬁﬁﬁﬁgﬁﬂi.]arTéj@eﬁm@_S are representative of 2 simlar
experinents.
15 Figs. 18A-18B depict kinetics of appearance of MMP-3, MMP-2, and MMP-
9 in the sera of BALB/c mice. Non-immunized BALB/c mice (10 mice/group) or
mice that were immunized with PBS/CFA (10 mice/group) or with the 16/61d (in
CFA; 10 mice/group), were bled at the indicated ﬁme points. Pooled sera of mice (4
pl) from each group were tested for MMP-3 expression levels using Western blot
20  (Fig. 18A) or for MMP-9 and MMP-2 activities using gel zymography (Fig. 18B).
The results are representative of 3 similar experiments.
Figs. 19A-19C depict immunostaining of kidney sections of immunized
BALB/c mice for MMP-3 and MMP-9. Non-immunized BALB/c mice or mice that
were immunized with PBS/CFA or with the 16/6Id (in CFA), (3 mice/group), were
25  sacrificed 5.5 months following their boost with the 16/61d. Kidneys were removed,
and their 5 um cryostat sections were immunostained for MMP-3 (19A) and MMP-
9 (19B). A control staining to the efficiency of blocking, was performed (19C).
(x200). The results are representative of 3 similar experiments.
~ Figs. 20A-20B depict levels of MMP-3 and MMP-9 i sera of (NZB x
30 NZW)FI mice treated with mCDRI1. In prevention experiments, mice (10/group)



Fi gs. 22A-22B depict imunostaining for MWP-3 and MW-9 of kidney sections
of 16/61d i mmuni zed BALB/c mice that were treated with nCDRI for

prevention (22A) or treatnment (22B) of experinmental SLE M meawest®005
sacrificed 8 20. nonths follow ng di sease i nduction, and their Kkidneys were
renoved. Cryostat sections (5 pm weren]ﬂLepared and i nmunost ai ned for
MWP-3, MW-9 and for the presence of i ne conpl ex deposits (x200).

(WO- control staini to the efficiency_of blocking, wthout the fjrst
ant i body. YWHE S5&H W§Q]g|é’es-FeB?J€%té‘?ﬁsaW&e“&Dlil $atngadt thepags mind gnonths

Fi . 23A- [ - d -9 | f B F
m oo troat SaTh R ek T rEbY RO aion 4 AEhtaey Bt SENE
i njected Str@atrﬂ@n‘t."lnetirédiﬁfenf’%é}ﬁméﬁ% ﬁ17i9é m() ﬁ?ﬁ@ﬂ@%@ iRfechdL. FRARither ek

for ten weeks starting at the ag results represent sera

col | ect ed BBSt tve 2501 wigheowst sthe@CDRAt statting Rothedgs asfas oofarh Tepasipent al
group were tested for 26 August 2005 12 NMAP-3 |evels by Western bl ot

anal ysids (ZBrgseahaerhdieken 3 megks eftevithy endiofgthgetreatment gPaglhd se2BBJ cadtne
results are representative of 2 siml perinments. Fig. 24 depi.ct

repr esent a?’?R%l%féﬁaelsﬁW n”ﬁe‘-?ctte?t\?at ff}?f M lgvgggay@&_s@rg ifloanalyss @@%
patients aﬁfaﬁﬁaﬂﬁﬁp_ : . eV« Lents
and 25 healthy controglzgs?&\i/\‘/;e1 eﬁgﬁgﬁ%egezgﬁnga@h’e@w’g %Ta}g %gf’ftt“’r es
by gel zynmgiepRyentdige bf BYirgil ringfesentative results with serum
sanples of the two groups. Fig. 25 depicts a graph show ng quantitative
anal ysi s of MMBigan21 MR depidti leivelsesf MM®e3 andf MSUE- D at i1érdld-ifrdandized

col ums aﬁ ealthy controls (white_ 10 colums). Thirty-six serum sanpl es
of SLEOat »gl«%éc HHge tnsated i sarbRds In preveation gxparimentssMigg &/ gusippwerer

e on M A IR BE Y eS8 Seb S Eiophina™

pat i ent's vt RStk 1 6t heaRRu Rl B frop i EihdraBil” Hloe Breni) vty

o 7, LRV 5L SI0ZEO) g IR, v L A sl G e
of treatment. Pools of sera of each experimental group were tested for MMP-3 by

15 Western blot analysis (21A) and for MMP-9 activity by gel zyfnography (21B). UT
—untreated. The results are representative of 2 similar experiments.

Figs. 22A-22B depict immunostaining for MMP-3 and MMP-9 of kidney
sections of 16/61d immunized BALB/c mice that were treated with mCDRI for
prevention (22A) or treatment (22B) of experimental SLE. Mice were sacrificed 8

20  months following disease induction, and their kidneys were removed. Cryostat
sections (5 pm) were prepared and immunostained for MMP-3, MMP-9 and for the
presence of immune complex deposits (x200). (W/O)- control staining to the
efficiency of blocking, without the first antibody. The results are representative of 2
similar experiments.

25 Figs. 23A-23B depict levels of MMP-3 and MMP-9 in sera of (NZB x
NZW)F1 mice treated with hCDR1. In treatment experiments, mice (10/group) were
injected s.c. with either PBS or 100 pg or 30 pg/mouse of hCDR1 once a week for
-ten weeks starting at the age of 7 months. The results represent sera collected at the

middie of the treatment. Pooled sera of cach experimental group were tested for



according to the SLEDAI of the patients is presented. The dashed |ine
represents the activity of M¥9 in healthy controls. Figs. 27A-27B are

- graphs showi ng pattern of MvP-2 (white circles) and 20 Mg Aigistlzaek
circles) activities in sera of two SLE patients sanpled during 4-6 years:
of disease. The sera were tested for MVR.2 or MWP-9 activities by specific
activity assay kits. The assays were perlﬁormed I n duplicate. DETAILED

aspect, 1 OVRJREREEL BEQFIEE: Pl gHTErn G2 3k SR i SNBSS iy it el

i . man
monoc! onal 2uneEafRR L TheTells e Hes AT 82 AT ot - oua
16! 61d mAb" or Figuanrdeiaﬁitéiacfem%géﬂtaﬁw;lg@hsh@aﬁhgb&@mﬂynﬁtm@ atdEMNPEY

di sease in mce. 30 26 August 2005 13 The CDR regionS of the VH sequences

of the hunmnser/ @l SLEApatieres madelealihy EbgroldASefa Vhidhwf 40 iadividub® Bi.E The
CDR regions of the heavy chains of the human 16/61d mAb have the sequences
subst a%t i apatignissangleivhedl thyycammls penornagysel fop tisEOMMPNDor MIMPa8 atgvitiess :

OO LS T SR o e

contain at St nd at nost 22 amno acid residues including a
seqguence sﬂel}agﬁt égé&]?qsgm the group consisting of SEQID NO 11, and SEQ I D

NO. 19 or an arFige2$kdepres a g?é}ﬂﬁshdvﬁngﬂ{%aﬁﬁﬁ@i@'b%ﬂlysist SEMNIPSERd MMPDY i ONn
provides a synthetic peptide 'based on the CDRLl of "t he heavy chain of the
human 16/ 6xdiviins, irsseth ODRELEegatents 1Glabei codumbs) hadsbepltnc eontrblst Gwmhital |y

as denot ed SEQ.L.D NO.,8, said peptide_being .selected fromthe group
consi Qﬁi ngcog%/mnga)ﬁyrtﬁe% f&féﬂ@oﬁ@nﬁi%n@f ot-Espetipmsnand 11f serugn sampdes of

e P o by YRtroR RERE o RN\ SPEPNINPRY dohQiff i SPEcif0 GR1iHhy o' ¢
assay kits. Results are expressed as the mean + s.e.m. *P = (.0302.-
Figs. 26A-26B are graphs showing MMP-9 activity levels and disease
activity indices (SLEDALI) in patients with SLE. Thirty-five serum samples from 8
15 males (Fig. 26A) and 27 females (Fig. 26B) SLE patients were tested for MMP-9
activity by a specific activity assay kit. The distribution of MMP-9 activity
according to the SLEDAI of the patients is presented. The dashed line represents the
activity of MMP-9 in healthy controls. |
Figs. 27A-27B are graphs showing pattern of MMP-2 (white circles) and
20 MMP-9 (black circles) activities in sera of two SLE patients sampled during 4-6
years of disease. The sera were tested for MMP-2 or MMP-9 activities by specific

activity assay kits. The assays were performed in duplicate.

DETAILED DESCRIPTION OF THE INVENTION

25 | The present invention relates, in one aspect, to synthetic peptides
comprising a sequence consisting of, or found within, a CDR found in the heavy
chain of the pathogenic human monoclonal anti-DNA 16/61d antibody (herein
identified as “human anti-DNA 16/6Id mAb” or “human 16/6Id mAb”), which
antibody induces a SLE-like disease in mice.

30



(a) covalently linked to one another either directly or through a short
linking chain; 20 (c) a peptide polynmer conprising a plurality of
sequences of said peptide of (a); and (d) a peptide of (a)z@Augasirepside

pol ymer of (c) attached to a nmacronol ecular carrier. In one preferred
enbodi nent of the invention, a peptide Q3sed on the CDRI 25. of the heavy
chain of the human 16/61d mAb is a peptide of the sequence substantially
as denoted by SEQ ID NO 11: XLYYWSW X2QX3PX4X5GX6EW G [ SEQ | DNO 11] 26
August 2005 14 wherein X1 is Gor TG; X2 is Ror K, X3is Por S; X4is G

E, X5is K - X6 i i nent
Che pepti te of - SRGRREes A i Vi, BlauBnod of TRl A6RIGHARTREHIRA o)
peptide" ofn BigiA of WBRman of alt hmaeq%nem %egzéﬁ%&fltﬁé hads cHEMStdTtkhlY
SEQ I D NO 6: W RQPPGKGEEW G [ SEQ DNO 6] | n one embodi ment, the peptide

of SEQ I D hgnas liogoldnmddx kv cathetsequées sobstastiall as deh@eRby SE@ HedN@n8e
GYYWS corrprlglﬁé ﬁsﬁ@rn SEQID NGO 8, is followed by the natural sequence of
the CDR I 10085 FolWShe human 16/61d mdb, with the exception

ol utam ¢ acid reBe (£) (O EY W hosi tion 15 of the Ir TG coRs”

| n anot her enbodpyent, the pPRrAsdeTYREQIIKR NG 11 is @189eg: QL t he

hCDRL pepti de obtained by replacenent and/or addition o am no aci

residues to théDd¥quence GGLLRGGWDRDVIEYY YA eMIBYanpl eSEQEDAID: hb8] ng t he
peptides of the sequences substantially as denoted by SEQ ID NG 12 to SEQ
I D NO 18 (wherein 20 the am no aci ds repI aced or added are represented in

bol d) 10 GYYV\BWJﬁ%Dﬁgf)% %\e/:gt?des W € Ve t10n con%/l\!l at least 19 and at most 22 amino

acid residues including a sequence selected from the group consisting of SEQ ID
NO:11, and SEQ ID NO: 19 or an amide thereof.

Thus, in one embodiment, the present invention provides a synthetic peptide
based on the CDR1 of the heavy chain of the human 16/61d mAb, said CDR1 region

15  being of the sequence substantially as denoted by SEQ ID NO:8, said peptide being
selected from the group consisting of:
(a) a peptide consisting of SEQ ID NO: 11 or an amide thereof;
(b) a dual synthetic peptide comprising two different ones of said peptide of
(a) covalently linked to one another either directly or through a short linking chain;
20 (c) a peptide polymer comprising a plurality of sequences of said peptide of
(a); and |
(d) a peptide of (a) or a peptide polymer of (¢) attached to a macromolecular
carrier. |
In one preferred embodiment of the invention, a peptide based on the CDRI1
25 of the heavy chain of the human 16/6Id mAb is a peptide of the sequence
substantially as denoted by SEQ ID NO:11:

XiYYWSWIX, QX3P Xy XsGXgEWIG [SEQ ID NO:11]



GYYWSW RQPPGDGEEW G 25 GYYWSW KQPPGKGEEW G GYYWBW RQPPGKGEEW G
GYYWSW RQPPEKGEEW G TGYYWBW RQPPGKGEEW G [ SEQ ID NO 121 [SEQ I D NO 13]
[SEQ ID NO 14] [SEQ ID NGO 15] [SEQ ID NO 16] [SEQ I D NOyd Llgus{ 568 | D
NO 18] 26 August 2005 15 1In a further enbodi ment, the invention provides a
synt hetic peptide based on the CDR3 of tthe heavy chain of the human 16/ 61d
mAb, said CDR3 region being of the sequ]ence substantially as denoted by

SEQ ID NGO 10, said.peptide heing, .se|ected, f.ramthe groyp consisting of. 5
(a) a peptide cgﬁi"ﬁeéﬁ?ﬁds g"r°%§%=%%§“l > 0¥3 1§ %ré]ééﬂskér"é%g; Xlﬁ%gg&al
synt hetic ' C rg sing two different ones of said peptide of (a)
coval ent | y&?ﬁ?%ﬂ?gﬁ% grggnsé another either directly or through a short I|inking

chain; (c) a pﬁpahﬁtﬁeg@éﬁeﬁeﬂ eBsidiineht) ShepOptilerd s SEQAD ReEnuens e M-niei d
peptide of (a); and 10 (d) a peptide of (a) or a peptide polynmer of (c)
attached tpeptideabersirdesighated “b&IDR bpeptidedve spmplhe Fh@BRahoflithe sequdncehe

I nvention, the peptide bas 0 of the heavy chain of the human
16/ 6l d-SﬁAbquQStaéR‘&@b’tqsd]@nB‘Fe%ﬂWeg@éQ&N 6: substantially as denoted by SEQ ID
NO 19: 15 YYCARXLLLX2X3X4X5X6DVDYX7GXgDV] SEQ DNO. 19] wherein Xi is G or F;
X2 is Ror AA X3is Gor AL X4 is Gor A, X5is Wor A

GYYWSWIRQPPGKGEEWIG [SEQ ID NO:6]

In one embodiment, the peptide of SEQ ID NO: 6 is amidated at the C-terminus.
10

in hCDRI1, the sequence GYYWS comprised within SEQ ID NO:8, is
followed by the natural sequence of the CDRI1 of the heavy chain of the human
16/61d mAb, with the exception that the natural leucine (L) residue of the mAb
sequence was replaced by a glutamic acid residue (E) (bold) at position 15 of the

15  peptide hCDRI.

In another embodiment, the peptide of SEQ ID NO:11 is an analog of thé
hCDR1 peptide obtained by replacement and/or addition of amino acid residues to
the sequence of the hCDRI peptide, examples thereof being the peptides of the
sequences substantially as denoted by SEQ ID NO:12 to SEQ ID NO:18 (wherein

20  the amino acids replaced or added are represented in bold) :

GYYWSWIRQPPGKGLEWIG [SEQ ID NO:12]
GYYWSWIRQPPGKGSEWIG [SEQID NO:13}
GYYWSWIRQPPGDGEEWIG [SEQ ID NO:14]
25 GYYWSWIKQPPGKGEEWIG [SEQ ID NO:15]
GYYWSWIRQSPGKGEEWIG [SEQ ID NO:16]
GYYWSWIRQPPEKGEEWIG [SEQ ID NO:17]
TGYYWSWIRQPPGKGEEWIG [SEQIDNO:18]



X6 is Nor A, X7 is Yor W and X8 is Mor Q 20 In a nore preferred

enbodi nent, the peptide of SEQID NO 19 is the peptide herein designated
"hCDR3 peptide" or sinply "hCDR3", of the SEQID NO7: 26 August2005
YYCARGLLRGGWNDVDYYGWVDV [ SEQ DNG: 7] I n one enbodi nent, the peptide of SEQ I D
NO 7 is amdated at the G termnus. 25 In hCDR3, the sequence
GLLRGGANDVDYYYGWVDV [ SEQ | D NO 10] of t N® CDR3 regi on of the heavy chain of

t he human 16/ 6l j s modified by .deletion of one of the tyrosine (Y)
residues and i sﬂbgﬁaﬁﬁfoﬁ%ﬂlﬂ@nﬁ finyendionuap¥ies asypthetigyaeptids basesd par

embodi nent ;. .t ept f I 19 | anal o e 30 hCDR3
oontt e opihs BBl el S 'R g Al AR, SR DR e PELL
26 August h f h i 16X her

i G-t he Lo Seciionch MUSAANENG Sa0dehHEATEPTSEOPRD 300: (0X IR RRpb0E She |
the am no selecsd fieph doeghoap consiginl afie represented in bold) : 5
YYCARGLLRGGANDVDYYGWDV  YYCARGLLRGGANDVDYYGVDV  YYCARGLLRGAWNDVDYYGVDV Y Y
C ARCGL L R Aaagamtide yonsishimy/of YEQANRENAGSwvDamckDvenef;

e R o B T AR BRI R Lo
[SEQ ID No(a%"_él)valently linked to one another either directly or through a short linking chain;
(c) a peptide polymer comprising a plurality of sequences of said peptide of
(a); and
10 (d) a peptide of (a) or a peptide polymer of (c) attached to a macromolecular
carrier.
In one preferred embodiment of the invention, the peptide based on the
CDR3 of the heavy chain of the human 16/61d mAb is a peptide of the sequence
substantially as denoted by SEQ ID NO:19:
15 |
YYCARXLLX X3 XX XsDVD Y X;G Xy D V[SEQID NO:19]

wherein X, is GorF; X,isRor A; X3is Gor A; Xy is Gor A; Xsis Wor A;
Xe¢isNor A; X;is Y or W; and Xgis M or Q.
20 In a more preferred embodiment, the peptide of SEQ ID NO:19 is the peptide
herein designated “hCDR3 peptide” or simply “hCDR3”, of the SEQ ID NO:7:
YYCARGLLRGGWNDVDYYGMDYV [SEQIDNO:7]
In one embodiment, the peptide of SEQ ID NO: 7 is amidated at the C-
terminus.

25 " In hCDR3, the sequence GLLRGGWNDVDYYYGMDYV [SEQ ID NO:10]
of the CDR3 region of the heavy chain of the human 16/6Id mAb is modified by
deletion of one of the tyrosine (Y) residues and is preceded by the natural sequence
of the mAb.

In another embodiment, the peptide of SEQ ID NO:19 is an analog of the

30  hCDR3 peptide obtained by replacement and/or addition of amino acid residues to



[SEQ ID NG 26] [SEQ I D NO 27] 15 The synthetic peptides of the present

i nvention may be manufactured by chem cal synthesis or by reconbi nant
technol ogy by nethods well known in the art. Wen prepari ng2@RausigBoss
descri bed above obtai ned by substitution of amno acid residues, it is

i nportant that the substitutions be selected fromthose which cunulatively
do not substantially change the vol une, 1ﬁydrophobi c 20 hydrophilic pattern
and charge _of the corre portion of the_ unsubstituted arent

4
pept :j de. THEsSCRICAGRIOS %r}%bﬁgspedﬁ@en&w@@f@u?fmﬁ%% whe per iﬁ%p‘ém: : c
Change. t e edfEACEYSEOND RSB SEQrINGRE (ofktaR e ATtad abis 18plgRLor ¥

cor r espondjdded AHasebeidied ﬁ%&@; ent peptide. 25 The present invention also
i ncl udes chem cal derivatives of a peptide of the invention. The "chem cal

derivative" contains additional chem cal noieties not normally a part of
the peptide and_is enco%upassed by the invention as Ionglsas it retains at

| east & portionYoY & ARuhd: Rold GiWihd NelptY deGuMilRtV pdSiQ BDINQ:28i 1ity in
i sease. For 30 eam 6L Erti BER Maf Vbt S bR s I B P3RS cact i on
of an organic 2¢ ﬁ@ﬁSR@E%R%A%rNWVBQWG%% \P?gﬁ%tg{ﬁg\lé%i“ ng
with selected side chains or termnal residues of saia peptide, and wll

preferably retaiynya AIR®L. [2RPArGIWN 0 Viihey ugaiilory of[SEXRID papisge to
i nhibit specifical B the proliferative response and cytoki ne secretion of T

| ynphocytes of WiX& AHRIG brle AnGgh Wes pbivdery ¥t & M8UB-V ndSEChED NO:24]

part |l ar 1 nt oYX AR Ankded W Dy By P AT aTsERIENG R nus and
o des o {1 e 900k 9L AURGR WIRH 1 ¥ 376 Gl SHRE NNV v
ko s 58 T ROLITRATG Wa0n WD rueey v SEERNOSN L1
refers to both salts of carboxyl groups and to acid addition salts of

am no groups of the peptide nolecule.

15 The synthetic peptides of the present invention may be manufactured by

chemical synthesis or by recombinant technology by methods well known in the art.

When preparing analogs as described above obtained by substitution of
amino acid residues, it is important that the substitutions be selected from those
which cumulatively do not substantially change the volume, hydrophobic-

20  hydrophilic pattern and charge of the corresponding portion of the unsubstituted
parent peptide. Thus, a hydrophobic residue may be substituted with a hydrophilic
residue, or vice-versa, as long as the total effect does not substantially' change the
volume, hydrophobic-hydrophilic pattern and charge of the corresponding
unsubstituted parent peptide.

25 The present invention also includes chemical derivatives of a peptide of the
invention. The “chemical derivative” contains additional chemical moieties not
normally a part of the peptide and is encompassed by the invention as long as it
retains at least a portion of the function of the peptide which permits its utility in
preventing or inhibiting T cell proliferative responses and autoimmune disease. For

30 example, a chemical derivative may result from the reaction of an organic



Salts of a carboxyl group may be forned by neans known in the art and

I nclude inorganic salts, for exanple, sodium calcium anmonium ferric or
zinc salts, and the like, and salts wth organic bases suchegudulreses f or ned
for exanple, with 15 am nes, such as triethanol am ne, arginine, or |ysine,
pi peridine, procaine, and the |ike. Acid_addition salts include, for
exanple, salts with mneral acids such , for exanple, hydrochloric acid
or sulfa is acid, and salts with organi ¢ acjds,, sych as, for exanp|e,
acetic aci teTayatigig @%ené&pagblgﬁgﬁe%q{ i Wih Sai@ﬂq&iaila%@éalaﬁ&r§%rm1§alal;eéldues

preferably -dj - ceut-1 cal perti es t ti

pr et er ebl Yob S5 AbyRObLY i yRIARUR Y S e BRSO AR e
pepti des apgAlddi tddnhibit éﬁciﬁ%@liftﬂh@f})rﬂﬁiérﬁﬁ/esl%lsﬁ%s%chrﬁb’glytbﬁﬁk's'égrefti@h dfhei r
potential 1n inhibiting the proliférative response of | ynphocyt es of

m ce that bmephuicytesr ef poiedethat tave SiiEhi redpandegs dot 8BRtindocing sautGaaébodlies.
peptide in, accordance with the present invention is produced, its ability

to i nhidbi t ApHmethess ehamigebderpvativesdba emides are|of martipiarinteestabeth amiges ar e

hi gh SLE- | I bodli b dily d . ned
oyt hose off SPBrh ol by AeheRil? ARG RGO R e Bel el ol GF RITIE  ng
tests suchp@siutheRGciPRSIdRed l\ﬁﬁﬂiﬁ kilch gﬁ};%(ljicﬁle&éri\%fﬁhkf{ég Pg@?‘r}]&ﬁodseﬁﬁ ihaking

conducted is for the ability of thhe peptides to vitro the
prol i feratthem arespedhkeswafintlez 4@ n T cell lines and clones specific to SLE
30 i nduci ng autoantibodies. The T cell |ines and clones may be, for

exanpl e, the T Aol ingbidedginstheecepel 8f the devemdion atcopalts epdks peptides amd
16/6 I.d mAb (Fricke et al., 1991) established from  itmuni zed. |ynph node
ool Us 10K °g§y°€ i"b‘(?é’it‘;?ndé%scbﬁediheﬁ%‘%»h%ﬂo@ﬁ&y SaftE ap By 0 polaRasg es,
E. | nmunobi , - [ j.ng
anti body péragiégb%%ie%&&oﬁs ?rr?(?gé%étﬁ S%}h é@%éﬂ%@%ﬁ%@gf thklmtnb] %g&egﬂgireg’éfgme
of enri cheghlsedf broatayY drolp WedKkbe foRfed byebahd RESWATR ®kaRednd)indlbae
standard limting dilution technique. The proliferative responses of these
T cel | | i nasrgaaiasaltsodes exareples sbdishm,f aalciemampimonioyn,t feericret oo shdtscanded

i n WO 96/ 30057, in terials and Methods, section (g). Another test which
can be cordfickky md saliewvit %’8?‘%‘8![\/&%%&%'@3 Falhers %Qf@ledl@rd%@m@&: aethvity

Is to ltseStarflﬂlres,t Nfendl lttjiétﬁaﬂélaﬁﬁl?e,séfﬁ}nqgé,i & B%Pl{ei, Clia?ﬁerscﬁmia,ngrio Ezutnef gﬁd ?ﬁél 'ty
like. Acid addition salts include, for example, salts with mineral acids such as, for
example, hydrochloric acid or sulfuric acid, and salts with organic acids, such as, for
example, acetic acid or oxalic acid. Such chemical derivatives and salts are
preferably used to modify the pharmaceutical properties of the peptide insofar as

20  stability, solubility, etc., are concerned.
_ The hCDR based peptides according to the invention may be selected by
testing for their potential in inhibiting the proliferative response of T lymphocytes of
mice that are high responders to SLE-inducing autoantibodies. Once a peptide in
accordance with the present invention is produced, its ability to inhibit the
25  proliferative response of T lymphocytes of mice that are high responders to SLE-
| inducing autoantibodies may be readily determined by those of ordinary skill in the
art without undue experimentation using tests such as those described herein. One
test whi_ch may be readily conducted is for the ability of the peptides to inhibit in
vitro the proliferative responses of certain T cell lines and clones specific to SLE-

30  inducing autoantibodies. The T cell lines and clones may be, for example, the T cell



of the T cell lines and clones to provide help to peptide-specific B cells
In the presence of the parent peptide. The synthetic peptides nay al so be
tested for their ability to bind directly, follow ng biotimydatdteoes to MHC
Class Il products on antigen-presenting cells of the relevant strains. For
this purpose, N-term nal 15 biotinyl atiﬂg of the relevant peptides is
performed at OC with an excess of biotin- N hydroxysuccinimde in aqueous

PoL haner IS bofes tpdrBe i S TR I rels (radRO el ALL1 TS v Rished st es
in PBS hh8d OrhyBboN i ,
o1 | oed” pinfthlnB8d 1B Hode SREUT it pibcEAG) d@erite hitinedhloby:

After 20 e@oteliods abagtridoMozteﬂ@cmmﬁn@maldrg@,s hed, 09i(TeRoN.t HelldBread@iBed to
solution. Thereafter, the cells are analyzed by flow cytonetry using
FACScan. |theestbnulatiagysntshody presented oof irBgigtedesyrgeacis spkeai naalls( frorthabove

procedyres, see, for exanple, Myzes et al., 89) . .urther tesf whjch
ban be TcondfGeEHER qfEished dnedim Fry 4B Wpyk%glgh%i ﬁ?@p{m%ﬁe%re ek by i bi
cytoki ne s | Dy the - N r T 1 S I R

CYL oK1 e Sl 4 e b S Bl VPP el TR IS
cytoki nes @iecidateate testdl, ot leQumpld, byl tiRChieMddy dbfrbedaaswd) o/ FddsFAinsi ng
a pair of capture and detecting antfibodi es (as descri bed bel ow for |L-4,

| L- 6, | L- Jepterials and Methodsesedtiondg)ect ed using the 1L-2 dependent CTLL |ine

or by ELISA. Levels of I1L-4, 30 IL-6, |L-10, INF-y and TNF-a in the
super nat ant s arnQfbepfest yeichcap hespondnoiy in pedesugusalectonmlags haiing Hbeli es

to the varjous,cytokine Phar i n San D e . Ca. . JUSA) .accordi ng.to
the mafur SRR B 8 B B e T ooy T herie BanideR 0 st SER et Bk e
to el evat I ; C ' : eﬂgl{ eSS | E -(3
can be as goettsglngb(ge\Ip hEIE?ésE\i gsélgfégsg?? %fé%‘%ﬁg rlJ(Ial Pgﬁ%tﬁgfeggﬁp@egkgﬁggtﬁgs
whi ch t estprpsesict iofethe ipaecie eptider Thefsyhihesie poptides htnyt 8lsb benekledfop\thele a
reasonabl e expectation of in vivo activity. However, in vivo tests can al so
be conductbélitynia fded diredtly, dobewing tietindatiomhte, MIKE Gleasdll eproductst omi ce
may be injected with the cfanc¥' ate peptjde at either, day -3 or _day 0. The
mice are tHUSCIPRRIRIDEACHHE Ph e Feleyant St RET % AMPRRSeyNIE the

Peptiq8. hghkifASon of the relevant peptides is performed at 0°C with an excess of biotin-

N-hydroxysuccinimide in aqueous solution (Mozes et al., 1989). Mouse splenic

adherent cells or PBL-adherent cells ( 1x106/samp1e) are incubated with biotinylated

peptides in PBS containing 0.1% bovine serum albumin (PBS/BSA) at 37°C for 20

hr, followed by incubation with phycoerythrin-streptavidin for 30 min at 4°C. After

20 each incubation, the cells are washed twice with the above solution. Thereatfter, the

| cells are analyzed by flow cytometry using FACScan. In each analysis, a minimum

of 5000 cells are examined (.for above procedures, see, for example, Mozes ¢t al.,
1989).

A further test which can be conducted is to test for the ability of the peptides

25  to inhibit cytokine secretion by the T cell line or by T lymphocytes or lymph node

cells of mice that are high responders to SLE-inducing autoantibodies. The

cytokines are detected as follows: IL-1 activity is assessed by ELISA using a pair of

capture and detecting antibodies (as described below for IL-4, IL-6, IL-10). IL-2 is

directly detected using the IL-2 dependent CTLL line or by ELISA. Levels of I1-4,

30 IL-6, IL-10, INF-y and TNF-o in the supernatants are determined by ELISA using



10 later, lynph node cells of the mce are tested for their ability to
proliferate to the imunogen in order to find out the inhibitory capacity
of the candi date peptide. Another such in vivo aninmal testgsanfksioss of
measuring the therapeutic activity directly in the nmurine nodel in vivo for
the production of SLE as descri bed abov%. The peptides can be injected
into the mce in which experinental SLE s 15 induced by different routes

at different . dosages,and .at differe time schedules. FEur nore, .t he
treated m CEIQOME tpﬁé’f‘@ﬂ“ﬁ)@ﬂ"%meéﬁ) hmlﬁgg},%n%%?gae ér terordipeda
of the pepi 1 FWole] NONSES i i t.ations
of e PepliiinMch e AHLRAA RO AATRRTARSAANG, AR ARRRE: FRRICL 5P
procedur e RQBFbEsteRtioaSTeaR! fﬁgnﬁﬁss@@ﬁsysﬂét %rt@ﬁﬁfe' gerahi daht e adQsb& byeat
m ce that spontaneously develop SLE e.g. (NZB x NIWF 1 mce, as described
herei n i n Eb#SAxanigb@sbed heremnnttheExbmpdeen that, besides the preferred
enbodi nents whi ch have been shown to be operable in the exanples herein,

t hose of ordi naP§ptidesiwhich tesh positivein oneloe mersl of thesedist witraitesss sl iprovidal

anal o which will, al so . operabl e foll.owi ng.the 25 guidelines presented
et 0w 1 h ot nablso e RnsEi DA 28 G Ao LISt 2 S sk o R Do ko

present in | Fo\vql LLAp L e..peptld al
Pept i de. 1 SotoucR RI@LEERAR: BibdrimetibRP Thot A SRR, R Slef i B
peptides biagaded withh ehes anmdidiiB wéptidecatheither ddiaid opfddyhe. The TaiteldrebihdnmAb.
26 August 2005 20 The dual peptide according to the invention consists of
two di fferigamupizedi wih, tho nhsdast-mpwinge ptitaiatibbdBE@ wibhNie peptidad Tehedaysher

bei tid f. SEQ I 1 19, f bly. X tide selected f
tﬁ:e“%ﬁfel?sﬁss sgﬁpla.@ns £ cellscol e m@c%‘;raiﬁﬁé ZQ. Ilf% 1%1%3&3\5:%8@ h»@Sm%égp; J.?éf o
sel e ] £ . NO: 1, 20- 27..

pr ef er abl y]"(': ﬂé‘hgg%ﬁna%m Bﬁﬁ’@@h‘é{%&{]ﬁ%@%@f ?a@éﬁ%tﬁﬁﬁ@%ﬂ%&ﬂ?@jﬂg’?her

bei ng the peptifgodier Jaeh! B Mido/ anthifl t¥@ Eidsits 1 mdaSRing afie bﬁie?z%eutic

covalently linked to one another either directly or by a short IinKing
chai n suchactityity ditecthycin thé nahirdmé medebsi dive Sopthebyroduptiv vl $& Fsad dedopibed
proteolysis by _cathepsin. See, for exanple, U S, Patent 5,126,249 and
Eur opean vkt Theopepgides can be injected into the mice in which experimental SLE is

15  induced by different routes at different dosages and at different time schedules.
Furthermore, the treated mice can be tested periodically in order to determine the
effect of the peptides on the autoantibody responses and on disease manifestations
-elicited in the mice by the SLE-inducing autoantibody.

Another in vivo procedure consists of assessing the candidate peptide ability

20  to treat mice that spontaneously develop SLE e.g. (NZB x NZW)F1 mice, as
described herein in the Examples.

It can thus be seen that, besides the preferred embodiments which have been
shown to be operable in the examples herein, those of ordinary skill in the art will be
able to determine additional analogs which will also be operable following the

25  guidelines presented herein without undue experimentation.

In another preferred embodiment, the present invention provides a multi-
epitope single peptide such as a dual peptide. In one embodiment, the dual peptide
consists of two different peptides based on the same CDR of the heavy chain of the
‘human 16/61d mAb.



10 with respect to such sites. In yet another preferred enbodi nent, the

_ present invention provides a multi- epitope single peptide conprising a
nunber of the same or different peptides of the present inenidusteobs the
formof a peptide polyner, obtained, for exanple, by polymnerization of the
peptides with a suitable polynerization.agent, such as 0.1% 15

gl ut ar al dehyde (Audi bert et al., 1981, ture 289:593). The polyner wll

r ef er abl cont-ain,fromAh.1o0 20 pepti,de.residues, pref.erab a i de of
SEQ D NG 6, DY ol SRR e esongig (G theo Hy YRR nrr@i?“%lﬁéoohg“’f‘b%ﬁﬂl&m&@
crossl i nki ' : i i1l tl [ | ar
cnrrer o DA, BRELARC) Bepridé LR ARQATTNOLR MPER' SliEr bh "R PR 60

such as t eSBQUED NQOd mars gréferstdy one pupeide kelbcd fomolhyEBoap Qonsigiing of
acids, such_as a_linear copol i:rrer of L-alanine, L-glutamc acid an

L-1ysi ne anBQAIhNEN6rad NMOpcl-Jfrend another peplidanssledted iona thiecgravpdonkisting

| ani d. Lz j T, G = A= L, ltichaj | y-DL-al ani M, t

2 "Ro5eor SEOU WAl kN0 Bimest brefratb i e pansbe REHIE 0B
e, byncfi . . ; | bad i mi de,

ctcn a5 1-SERE SYQSPHELMoOE HRER DAl & SBBRD N0 o 575 Akl e

and then pesptidlesibetng beval&nl kifladd RNoié hiothBe cilGT PRGN B aGROF 1BikiAS

described by Muller, GM et al. (1982) Proc. Natl. ACad. "Sci. USA 797 569.

The cont enthaimfuena@s cosipitell of eyhariive residuaach by anputgtive site dfod gtretendysisdbipy

am no acid alysig, in conparison to the_ conposition of the carrier
al one. 26 ﬂ-z@% fgi expEpls. dVny Kaent P26 anth Sarapean Batenhd99P4Rent

I nvent4on, r ctive peptides may be attached to a suitable
macr orrloof)ecvtfﬂg?e%ﬂl esﬁm rsstjﬁ%‘y be polynerized in the presence of

gl ut ar al dehyde. ;nA8 p8fidr $esrer@tiBidinihe tﬁ‘é’%_ré%ntt iﬁgkftﬁi&? g’tkékaae@é kD

;
suitable 5 macronol ecular carriers, are admnistere 0 patients in a form
t hat i nsurestapeesingle lpeptilacompiisinigys nomiben of tiesameiof diff@chopepiidestorahe . | f
more than one peptide of the _invention is found to have significant

i nhi bi t or yPr&s&utvinventiem ds thgefsrmded anpgpiide pylymar,t obtpinedefor example, by
formul ati on cont.aitni ng gle xture thereof. The :lnvent lon. thus furt h8r0

rel ates topodﬁ%eﬁﬁ?:é?ﬂlg © DRSS Vi8S ¢ ipolyfgerization agent, such as 0.1%

15 glutaraldehyde (Audibert et al., 1981, Nature 289:593). The polymer will preferably
contain from 5 to 20 peptide residues, preferably a peptide of SEQ ID NO: 6, 7 and
11-27. Such peptide polymers may also be formed by crosslinking the peptides or
attaching multiple peptides to macromolecular carriers. Suitable macromolecular
carriers are, for example, proteins, such as tetanus toxoid, and linear or branched

20 copolymers of amino acids, such as a linear copolymer of L-alanine, L-glutamic
acid and L-lysine and a branched copolymer of L-tyrosine, L-glutamic acid, L-
alanine and L-lysine (T,G)-A-L-, or multichain poly-DIL-alanine (M. Sela et al.,
1955, J. Am. Chem. Soc. 77:6175). The conjugates are obtained, for example, by
first coupling the peptide with a water-soluble carbodiimide, such as 1-ethyl-3-(3’-

25  dimethylamino-propyl)carbodiimide hydro-chloride, and then performing the
conjugation with the macromolecular carrier as described by Muller, G.M. et al.
(1982) Proc. Natl. Acad. Sci. USA 79:569. The contents of the coupled peptide in
each conjugate are determined by amino acid analysis, in comparison to the

composition of the carrier alone.




10 at | east one synthetic peptide or peptide polyner according to the
Lnvention, optionally with a pharnmaceutically acceptable carrier. In one
preferred enbodi nent, the pharmaceutical conpositions conprbsaggit200beast
one synthetic peptide of the invention, nore preferably a peptide selected
from the group consisting of peptides [ SEQ I D NG 6] and hCDR3 [ SEQ
I D 15 NO 7] and peptides obtained by substitution and/ or addition of am no
aci d residues

, - T cul Cd
sel ected 1rom ¢ RGO oeTier Bl TERhOT GBS ToFesEan e orz %;rﬁ?r%t@el D
NO 18 D_NQ: i nen

phar macglrjlt F@Ea‘fesg‘%%@g i%&ﬁ%c%ﬁ%%%sgeéso g'\%aé% %ed@%°%ﬁ%%§§@g{ﬁgﬁ3 IJo }géé Pf)

NO 6 or SEgbivihdiZed inMdiplcsch@toftdltatalti€iydenus, and a pharnaceutically
acceptable carrier. Any suitable Toute of° adm nistration is enconpassed by

the invention, Thaclpegtides, orpmilymerst r theeeufusor stheirut eogogates i witlaastitable ar ,
I ntramuscul ar, inhal ation, intranasal, intrathecal, intraperitoneal, .
i nt r adet raMackoRASaElARERTIRTS oRlseRdRMAs ATedstor paticsds in e faran hgatt insursh theis|

i i st or oGRS bR ol Bie 1BR il mie. AR ibederattbe.

for the admivRhfibh %ifﬁﬁn&’ftotlf[if/gcﬂglgﬁ?dgg{ g@ﬁbﬁw aﬁtiﬂ ;ﬁfag.% rdeBﬁaég bl ﬁggul d

be | arge enough to produce ect, er exanpl e,

i mune r espiveado patitite irbk Fotomdlution gontaldag ainbixtiyre theregBasured by T 30 cel |
proliferation in vitro, is substantially prevented or inhibited, and
further, where The mugotion zingsfizther relatedite phamnicsuticgridmponitions ¢oteprisiog The
doses é(goul d no% be sgmlgar. e as. to cause, adverse side effects, .such.as
unwant B cfiod<ast Q& ?Ugel?f‘é’PQFi e PCPH XS r ¥Sording %aﬁwvlmtm
reactions g]tgﬁio ke | - heptides of this invention
for use in reﬁél?lszn\gkﬂéﬁ@hgffﬂélglge%]dt%gllg%égﬁé%gtcgﬁlegbout | ggtol ng and up to

100 ng/ kg body eb@hprefdied sxiboaahest, MuBharRRRENGET BinddiRididvVeithprases ik e

aimed at inhibiting or suppressing specific antigen responses of SLE

pati ents, leasthane syatliatictpapgidaldf the rerentionymuoee prdembies peftids sdpgeddicimi s
f th t t o t ' t di d

o e R eroup consisting of peptides hC DRI 1SEQ ID NO:6] and hCDR3 [SEQ ID

15 NO:7] and peptides obtained by substitution and/or addition of amino acid residues

in the hCDR1 and hCDR3 sequences, in particular a peptide selected from the
group consisting of peptides of SEQ ID NO:12 to SEQ ID NO:18 and of SEQ ID
"NO:20 to SEQ ID NO:27. '
In one embodiment, the pharmaceutical composition comprises a peptide
20  consisting of SEQ ID NO:6 or SEQ ID NO:7 amidated at the C-terminus, and a
pharmaceutically acceptable carrier.

Any suitable route of administration is encompassed by the invention,
including oral, intravenous, subcutaneous, intraarticular, intramuscular, inhalation,
intranasal, intrathecal, intraperitoneal, intradermal, transdermal or other known

25 routes, including the enteral route. In preferred embodiments, the peptides of the
invention are administered by oral, intranasal or subcutaneous routes.

The dose ranges for the administration of the compositions of the present
invention should be large enough to produce the desired effect, whereby, for
example, an immune response to the SLE-inducing autoantibody, as measured by T

30  cell proliferation in vitro, is substantially prevented or inhibited, and further, where



patients are young wonen that have to be treated for nmany years and the
currently 10 accepted treatnent for SLE involves adm nistration of

| Tmunosuppr essi ve agents, such as corticosteroids and/ or cyd aligaiasosir ugs,
that are both non-specific and have nultiple adverse side effects. The

I nvention provides nethods for assessi ngzg} he effectiveness of a drug
conprising a peptide or peptide polyner the invention in the treatnent

of a SLE- 15 patient which c ri se asuring at,difterent intervals of
ot tho 1 EelBoE e SRRy Bleate AT H6igs, henl Got berso ks 5 19, s

sanpl e obt g fr, saj ti [ e .4 h ' ru y a
de(r:nr) eased ?%‘\F/kz ofs@ﬁVP?éggc%P-g{&l L-Q g r\gnrﬁd;;ng?ﬁl W%/st orrégéﬁ[ﬂ)lngtr egé%ﬁ%g@el
of TGF - Pimgenodlppresion, bhapidacid eattimangsistheflikkhe drug. 20 The
invention still further relates to the use of a peptide of or peptide

pol ymer of the Efieetivé dosesaf thtpeptidgsarfdbisanvaftion fonasec tetiingBLE are in
conposition, in particular for treatnment of SLE, nore particularly for

i munonbduthigpsge of anut-lasg bl segand ppip e sxe/ka badgveight: i ent such as
down-regul ati on

f N'-3. / NVAPR-.9 / | L:2 d/ FN-y, or.
o et fon oTRE shnistig i he WERRaRy of 1 Shyentidh ik agbed, abikpipuips or

- enbodi nent ' [ | F ) .

&t or m nus PG BEF ST aplith Sspohs b SEE IRy WAL B ofief o
ID NO 7, impuhe nespoyiseiThis gshrabc eofGht @tmbstUisnpditanse dincEBofIdssidked
invention will now be described in nore detail in the follow ng
non- | i m t i pajlcBihas yeungndottiea et bayeatoyba trefieduioe snamdoy ¢y asd thO06rratly
EXAMPLES Mater{eal s and thggEM CF. Femgl e (NZB x, NZWF1 mice were
obt aj f $EFPIEHTeRmERD o1 by BVEHKEs adnpipistratign (0 IMINRYOSUPPFRESIY e ALy

t he BALB/ c_jhbre L. . 6 S e obtain fr t he
Experi nent P CﬂAaE]Sl %ﬁrﬁkéjﬁ#&l&ﬁéﬁ]@@?&?ﬁﬁ%{cIq{ggs\fcﬁﬁ%tearg},\&’t@é}o -%)Cegfﬁjchgwﬁ@]g ©

| srael . Aninuitiie 00896 kimealffpd. i body. The human anti-DNA mAb that bears the
16/6 Id 10 (I'g@/k) was previously characterized (Shoenfeld et al., 1982;

Wai sman et al ., The invention provides methods for assessing the effectiveness of a drug
comprising a peptide or peptide polymer of the invention in the treatment of a SLE-

15 patient which comprises measuring at different intervals of time the levels of MMP-
3, MMP-9, IL-2 , IFN-y and/or TGF-P in a blood sample obtained from said patient
being treated with said drug, whereby a decreased level of MMP-3, MMP-9, IL.-2
and/or IFN-y or an increased level of TGF-p,correlates with the effectiveness of the

| drug.

20 The invention still further relates to the use of a peptide of or peptide polymer
of the invention for the preparation of a pharmaceutical composition, iﬁ particular
for treatment of SLE, more particularly for immunomodulation of SLE-associated
responses in a SLE patient such as down-regulation of MMP-3 and/or MMP-9
and/qr IL-2 and/or IFN-y or up-regulation of TGF-§ levels in a SLE-patient. In one

25  preferred embodiment, the peptide of the SEQ ID NO: 6, optionally amidated at the
C-terminus is used. In another preferred embodiment, the peptide of the SEQ ID
NO: 7, optionally amidated at the C-terminus is used.

The present invention will now be described in more detail in the following

non-limiting Examples and the accompanying figures.



1995). The nmAb was secreted by hybridoma. cells that were grown in culture
and were purified by using a protein G Sepharose colum (Pharrnacia, Fine
Chem cal s, Uppsala, Sweden). 15 Synthetic peplides. The synmiAigtiteogsiri ne
pepti des nCDRL (SEQ I D NO I) and nCDR3 (SEQ ID NO 3) as well as the
reversed peptides that were synthesi zedr?:3 the reversed order of nCDR1 and
nNCDR3 and in the reversed order of the man peptide hCDRL, identified
herein as revnCDRL [SEQ I D NO 28], [SEQ ID NGO 291, and revhCDRI
[ SEQ I D NO 30], respectively, used S 20 were prepared as

previ ously descri bed (WD 96/ 30057 or using an automated synthesizer
(Applied Biosystens nodel 430A, Cermany) by using the conpany's protocols

for t-but yMatydalsbaithMdtho@9c) techni que. The reversed peptides have the

sequences: 25 G V\ELSWGT revimCDRL [ SEQ I D NO 28]

SGQOWDVAYHESR Hiraeyy WﬂE}lege N@re 2Bjtaingd mﬁmmmramy\com
[ SEQ I QR NO. 30 treat peri ment al I n _order

i nduce “ex %{B 1@& CHACE B%%@éﬂhﬁﬁﬁm%at talgei’-fﬁ Sy St he

human mAb 16/6),gh ?rﬂa% AL RRefd. ARRR %nﬁ,h@ng§}ﬁth%%%for

prevent i on of. experi nment al were gl ven

r evnCDRI agqgﬁu@t RehoPeplidel. i n Exanple 12) intravenously (i.v.) or s.c.
conconitant with the innunization, and were injected weekly thereafter for

5 weeks. Treatnment of an establi shed di sease started three and 5 a hal f
nont hs foll owi.ng di sease i nduction with the 16/61d, when clinica

mani f est atA#D rBOBP RS aBtbedy ckhe hyme antitlaNPomAp that heatsi 'Bhéd 61 1d

o/ mousd ' MIEGLIDTBat mrkviePiay Fﬁﬂ%‘“&?zﬁ-@ﬁf’%&ﬁf e 19 AR b B ce
with the @SE%nﬂﬁ&b ARl ekl &orﬂﬁeééﬁgttg&n\n@fe shdwn T Caltibe %{5}@ age

of 2 nonths ef ore di sease mani f t| ons are observed,” were inject

wi t h hCDRlwérerpurifiddrby umr@(@pmtemlersaﬂﬁrw colusR) P(hﬁﬁﬁa@aV\Eiﬂe Clemitdls,
weeks. To treat an established disease, mce at the age of 5-7 months were

i nj ect ed  ViVppsaleciSireden

15 Synthetic peptides. The synthetic murine peptides mCDR1 (SEQ ID NO:1) and
mCDR3 (SEQ ID NO:3) as well as the reversed peptides that were synthesized in
the reversed order of mCDR1 and mCDR3 and in the reversed order of the human
peptide hCDR1, identified herein as revmCDR1 [SEQ ID NO: 28], tevmCDR3
[SEQ ID NO: 29], and revhCDR1 [SEQ ID NO:30], respectively, used as control,

20 were prepared as previously described (WO 96/30057 or using an automated
synthesizer (Applied Biosystems model 430A, Germany) by using the company’s
protocols for t-butyloxycarbonyl! (t-Boc) technique.

The reversed peptides have the sequences:

25 GIWELSKEPSQKVWQMYYGT revmCDR1 [SEQ ID NO: 28]
SGQGWYDMAYPEWLFRACYY  revmCDR3 [SEQ ID NO: 29]
GIWEEGKGPPQRIWSWYYG revhCDR1 [SEQ ID NO:30]

Induction and treatment of experimental SLE. In order to induce experimental

30 SLE, BALB/c _mice were immunized with 1-2 ug of the human mAb 16/61d and



Exanple 12, nCDRI s.c., 250 .tg/nouse) once a week for 10 weeks. 15
Proliferative Responses. PBL were isolated from heparinized venous bl ood by
Fi col | - Hypaque (Pharmaci a) density-gradi ent centrifugation.2e®lguat®ays were
perfornmed, in triplicate, in flat-bottomed mcrotiter plates (Falcon,
Becton Dickinson, Oxmard, CA, USA) in %i ch 2 x 105 PBL were cultured in
enri ched 20 RPM -1640 as descri bed (Day et al., 2000). The PBL were

Tor6 . et e el oner (e Patirtion ob P hsheiel STE CHRETGERNE
epti des 0 (3] t..l - Lol Qye t-he
pepLi oS AoPEOnBE DR ACPIRRr ATICDNT. Lol oty SR, Eiahufl 12

cul ture cointiaveRnslRli 3t ey pedicdtitant Fokh GHé Hin@Snivaich, 2nd Werdatjestedn

7.5% C2 at 37C for 6 days. Eighteen hours before the cells were
har vest ed, Wpaldy-theneafidi fie Y oesks. Gircatineht Oif lanmastghlished discaiRestered thréeahdr |

Ne , J dded to .all | tur.es. Result d th
by di%ne. 4 et pERBEFDROl B EeRs: R (vt (B (WPl obtes el

SD, ' ' ' b ' f .CPM at_ t t Lnal
concent  at P EHA@H Yk b aabshaen'sty oh ksl CErRi o Mt T0REHTS:
di | o : R ' iti
response. (s Fdiors.c FROTTI BB CEIN D ar? dorOOE | L EmABLT, ) e
presence of the 16/6 Id and various CDR-based peptides to the nean CPM

with the 16/6 1d without the CDR-based peptide) above 50% was consi dered
posi tive. Brevaution iamd treateyerdiafnSL Brlidudisease. in(NEBt h NZW@FE miveumithafiewi t h

wer e 10 1 HCBRY Gr prEPBY peptdeclior e GRBicB obBL By e Al Kb BEGiOR MBS,
pept e AR LT s SBtg OSSR, CHUR0 GRS AR e
colLected LU 48 B . ASPSSATBIL oGy Wil MR i
cul tures assthidisheddihse, Mdice MthedRNBNEST dlonths Bvere injected with hCDR1 (in
Example 12, mCDR1 s.c., 250 pug/mouse) once a week for 10 weeks.
15
Proliferative Responses. PBL were isolated from heparinized venous blood by
Ficoll-Hypaque (Pharmacia) density-gradient centrifugation. All assays were
performed, in triplicate, in flat-bottomed microtiter plates (Falcon, Becton
Dickinson, Oxmard, CA, USA) in which 2 x 10° PBL were cultured in enriched
20 RPMI-1640 as described (Dayan et al., 2000). The PBL were exposed to various
concentrations (0.1-40 pg/well) of the human anti-DNA 16/6 1d mAb with and
without the addition of the various CDR-based peptides at a concentration of at least
10-fold excess over that of the 16/6 Id. Phytohemagglutinin (PHA; 2 pg/well) was
used as a control for culture conditions at each experiment. The cultures were
25  incubated in 7.5% CO, at 37°C for 6 days. Eighteen hours before the cells were
harvested, [*H]-thymidine (0.5 p Ci of 5 Ci/mmol)(Nuclear Research Center,
Negev, Israel) was added to all cultures. Results are expressed as the mean
- thymidine incorporation in counts per minute (CPM) of triplicate culture + SD, or as

stimulation index (S.I.; the ratio of mean CPM at the optimal concentration of the

30 human 16/6 Id to the mean CPM in the presence of medium alone). A S.I. > 2 was



IL-10, IFN-y, and TNF-a were perforned by ELISA by using the rel evant 15
st andards, capture and detecting Abs (Pharm ngen) according to the
manuf acturer's instructions.. TGF-13 was determ ned by an #d Afgfist 2805 ef | y,
pl ates were coated with the reconbi nant human TG~ (31 sRII/Fc chinera (R &
D Systens Inc., Mnneapolis, M\, USA), .and the second Ab used was the
biotinylated anti-human TG (31 anti bo (R & D Systens Inc.). The

substrate solution used.was TMB 20 _col or a | | x Diagnhostics, West
Saor anment oooNer e A SRR sRERIS (P Hiagt Ay 400l: debibyiars (1hg 190.olaprgan
630-nm fi | : ' j -6 al o] ogi cal

Mani f est at ?gp{g m ﬁéoﬁ ié%srb]ﬁ% gf\stvgs_ %N@Eﬁ%%&gg%%qgaﬁllgﬁagﬁg’gﬁ @a%yiou |en]§em_1
Conbi sti X &PM GAiethe2fo/BITMIvitaut tBEYEDRDAGAPLhIiES), abMIUY% whd Konsidefi t e
bl ood cells (WBC, for |eukopenia) were counted after a 10-fold dilution of
heparini zeposiiedd in distilled water containing 1% acetic acid (vol/vol).
For i munohi stol ogy anal ysis, frozen kidney sections (6 n) were fixed and
~stained with FI TC-conj ugated goat Abs to nouse 1gG (y-chain specific;

Sigma). 30 Augu 26 | SA. r asuring anti - S, 96-wel |
Vet obr bl lsPRBCRF S9Hn? (Reqiction Mice RRL S diBibize WRhGe aRulhs
or pol yL-I ysbne i b : 1 ; A

ci ther 10 by ol oy/eh B iR el B n0E Al MEPDITRARE PR TGE ML at
doubl e- st rdifidecht PefioBdahing ngerftevitrvagen withgheipeptidé.tSplenddieedatd dymph t h
different di|lutions of sera, goat anti-nouse Ig 7-chai n specific)

conj ugat ediads ¢Rbls(EMN) wiergbayesigd sad(inaubateh (3 mifférbsimatheresense addhe t o
th | at e Il owed, by the additipn_of. fhe strate, 2,2'-azino-bis(3-
et ﬁyl Elé)ﬁztfﬁ/géﬁlsiuﬂgg@taé% Y& (&&%Eﬁg)m?’%%d §%Bsul ts were read by usi ﬁlg an

ELI SA reader. 10 Measurenent of activities of MW-2 and MW-9. MW
activity was tested by gelatin zynography. Pooled sera of individual mce

of the di fAgeesthenpdfoCytoRines in thé SHPperniifts SSRHFAMaRsBYerdtoB % B FifdEs
polynerized with 1 ng/m gelatin.

following the initiation of the cultures and stored at -70°C. Measurements of IL-2,

IL-10, IFN-y, and TNF-o. were performed by ELISA by using the relevant

15  standards, capture and detecting Abs (Pharmingen) according to the manufacturer’s

instructions.. TGF-B was determined by an ELISA. Briefly, plates were coated with

the recombinant human TGF-B1 sRII/Fc chimera (R & D Systems Inc.,

‘Minneapolis, MN, USA), and the second Ab used was the biotinylated anti-human

TGF-B1  antibody (R & D Systems Inc.). The substrate solution used was TMB

20  color Reagent (Helix Diagnostics, West Sacramento, CA), and enzyme activity was

evaluated by using 570- and 630-nm filters.

Detection of SLE-Associated Clinical and Pathological Manifestations.
Proteinuria was measured semiquantitatively by using Combistix kit (Ames

25 Division, Bayer Diagnostics, Newbury, U.K.). White blood cells (WBC, for
leukopenia) were counted after a 10-fold dilution of heparinized blood in distilled
water containing 1% acetic acid (vol/vol). For immunohistology analysis, frozen
kidney sections (6 pm) were fixed and stained with FITC-conjugated goat Abs to
mouse IgG (y-chain specific; Sigma). |

30



Fol | ow ng el ectrophoresis, gels were washed once for 30 min in 2.5% Triton
X-100 15 to renove the SDS, and once for 30 min in the reaction buffer
containing 50 M Tris-HC, 200 nM NaCl, 10 mM CaCl2 and 0. Q2%uduat 20P5Br i |
35 (pH 7.5). The reaction buffer was changed to a fresh one, and the gels
were incubated at 37 C for 24 h. Celatiqolytic activity was visualized by
staining the gels with 0.5% Coonassie brilliant blue. 20 Western bl ot

analysis o - 3ok § _ : I 12
ot S8 PAGE A et of B3 lAne FHEDRE i - PRI AAERSH HILig: pufaighat

ni trocel | ulesecodibd wWittoeghwemethglatbé BIA .op ﬂblﬂ-girsiné (Bfgmd)@%%ﬂ@@@%@rb” e)
wth anti- MWP-3 antibodi es (Oncogene Research Products, MA USA) and

devel oped thenngasizsl ahénidated rveitic enither 10nmghadtatfi demguet] kaldndbynme cDNMS
for MW-3 or. MVP-9. For inmmunostaini n%mgf MWP-3 or MWP-9, Kkidney sections
(5 nm) wer e(Siewad onir-phagsl doudestardgdbDNA (Bochringen Maenpeinat U pgjml)wAdteed
twce in PBS,, perneabiljzed (1.mn at _room 30 tenperature) in 0.05% Triton

X-100 (i | cubation ) diffgrent,didwéens; of seraj gogpmti-mouse 1ty (sehaoopecific)
order to get .a ific ant.i-MVP staining and to avoid t st ai nj 0
Crmune cofon s BE b HofPRAR Herotddeiioan tyuduioifiscoied st sl dy the
sections ’ bl (1ybr r ;ﬁ.gp t ) nl | C .
anti - mus\é\ﬁllage(%il gi?/lmsﬁgidl upgd ?:iel ?ﬁi tEo S%%Bg?@(ﬁygég%%’ I alnggnggggg)g%@h
Labor at or i ethylbengthiwrsliad-bsid féricasidM(BlynRBSResmiaveld foad. b UGIIVRAELISA
Monocl onal anti-MW-9 (1:100; Chemcon International, Inc.) or anti-MW-3
(1:50; Onclfﬁgéﬁé Research Products) antibody diluted in 1% BSA/ PBS were

added for 30 mn, at roomtenperature. For all inmunostaining procedures,
FI TC- | bel ed goat anti-nouse |1gG+l gM (Jackson | munoResearch

Labor at or | gl hdlesf dertboF BBRALE R GBS0 Nk SRMcd Qb SRR ©

was used. . cal “anal'ysr's. are pre
Chi - squar egel¥ifh ¢9uRErapHya Tl saaYoRiiVidhes hfcdVOF the MIeNat ekPbrimental
statistical analysis. P < 0.05 was considered significant.
groups were separated by an 8% SDS-PAGE polymerized with 1 mg/ml gelatin.
Following electrophoresis, gels were washed once for 30 min in 2.5% Triton X-100
15 to remove the SDS, and once for 30 min in the reaction buffer containing 50 mM

Tris-HCl, 200 mM NaCl, 10 mM CaCl2 and 0.02% (w/v) Brij 35 (pH 7.5). The

reaction buffer was changed to a fresh one, and the gels were incubated at 37° C for
24 h. Gelatinolytic activity was visualized by stairﬁng the gels with 0.5% Coomassie
brilliant blue.
20
Western blot analysis of MMP-3 in sera. Samples of 5 ul of each serum were
loaded on 12 % SDS/PAGE, separated under reducing conditions, and transferred to
nitrocellulose. The blots were probed (0.5 pg/mi, 1 hr, room temperature) with anti-
MMP-3 antibodies (Oncogene Research Products, MA, USA) and developed using

25  chemiluminescence.

Immunostaining of kidney sections for MMP-3 or MMP-9. For immunostaining of
MMP-3 or MMP-9, kidney sections (5 um) were fixed with cold acetone (5 min at
room temperature), washed twice in PBS, permeabilized (1 min at room

30  temperature) in 0.05% Triton X-100 (diluted in PBS), and washed twice in PBS. In



15 Exanple |. Synthesis of the human peptides hCDR1L and hCDR3 The human
hCDR1L (SEQ ID NO 1) and hCDR3 (SEQ ID NGO 3) peptides were prepared by

met hods wel | -known in the art, for exanple, by chem cal sol pglaugd& Jpbsise or
sol uti on phase synthesis using an automated synthesizer by using the

manuf acturer's protocols for t-butyloxyggrbonyl (t-Boc),
fluorenylnethoxycarbonyl (Frmoc) or oth al pha-am no acid protecting group

. d | f Pept d Synt hesi s,
B Poetur e SRETAS S PRAOCIEMYP a%hhe i X GHBi InchSBINSS Tfoin e%f!ée
Synthesis B ﬂgféiMdégos‘?& b9y H ﬁ?@%ﬂ&%&n ¢ Za?ﬂ[g dusBUWdn

1994; Schn n situ neutra nin Boc- h ry SOFId
phase pept biekeyntihasig. ro%@pltemphfamﬁreylwitﬂ aslebaRl Y&t gt Eicﬁidlet TgG+gM
sequences. Int. J. Pept. Protein Res. 40: 180-193, 1992). 30 26 ugust 2005
28 Exanpl e(diluted 14 unl‘VmBSBl/PBSn(JatkmﬁﬂmnundReth thl)l]atcn‘ias]i andtwashedf

d 5 d d h hCDR d hCDR3 |
or dor ' 1o det BF¥F e BB “saerang "UPHVe Pyear Virmorlnah PeMMES HAHRD: and
hCDR3, ' '

wth the GemiedRhEmaliBRU LAY of b ol 0oy OReb@rtcReRien hiRulo T Co
wer e | munigshayl it PERY R A/PB STHERCddRSRE 0! . Yot (SOHS HeIRIAL For
murine peptides were injected (10 gg/ nouse) in CFA’intrader ly 1nt

hi nd f oot paldisnnﬁmmlnmh@npromednhres hEIT(D-rlaheM:(t @babantl-gnmmslgo}ﬂgmwmlqsme
were injected subcutanequsly with 200 g in PBS of hCDRL and groups
of SJL m chﬂW@ﬂ@R@Wﬁrﬂarh%bomtp@@&)edth%Ih?@m 1%TBRARDS G0t arint aferoom

i muni f) m,ce .\were Sacf“ ficed and their |ynph nodes were 15 harvested
and th cee@%@é)tg@?éﬁe or their ability to proliferate follow ng
triggering wth the inmmunizing peptides. Briefly, LNCs of inmmunized m ce
(0.5 x 106/well) were cultured (in triplicates) in the presence of

different SeasApdl ahilpsis. Resdls Gre presented as mean + SD. Chi-square, Wilcoxon,

Mann-Whitney and #-tests were employed for statistical analysis. P < 0.05 was
considered significant. |
15
Example 1.
Synthesis of the human peptides hCDR1 and hCDR3
The human hCDRI1 (SEQ ID NO:1) and hCDR3 (SEQ ID NO:3) peptides

were prepared by methods well-known in the art, for example, by chemical solid

20 phase or solution phase synthesis using an automated synthesizer by using the
manufacturer's protocols for t-butyloxycarbonyl (t-Boc), fluorenylmethoxycarbonyl
(Fmoc) or other alpha-amino acid protecting group procedure essentially as
described (see, for example, Peptides: Synthesis, Structure and Applications, ed. by
B. Gutte, Academic Press, 1995; Peptide Synthesis Protocols, ed. by M. Pennington

25  and B. Dunn, Humana Press, 1994; Schnolzer M. et al., In situ neutralization in Boc-
chemistry solid phase peptide synthesis. Rapid, high yield assembly of difficult
sequences. Int. J. Pept. Protein Res. 40: 180-193, 1992).
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/well) of the nurine inmmunizing peptides in enriched RPM -1640 nedi um
suppl enented with 1% normal nouse serum Follow ng four days of incubation,
3H 20 thym di ne was added for additional 16 hours. Cells we2eAildust2005
harvested and radioactivity was counted using a a-counter. The results in
Tables | A and 1B represent the maxi mum %g nhibition of proliferation of
LNCs of mce immunized with nCDR1 and nCDR3 and treated wth hCDRl and
hCDR3, respectively. The inhibition was cal cul ated based on the 25
proliferation of LNCs of mce that were not treated with the inhibitory
peptides hCDR1L and hCDR3. It can be seen that hCDR1L and hCDR3 were capabl e
of inhibiting the proliferative responses to the i mmnizing nmurine CDR
peptides. Ezampledi 2005 29 Tabl e 1A Inhibition by hCDRL of the

prollferat'on of R1 I nhibitor hCDRL 5 %
I nhibitio ' pration| off Rieg immunized

SJL- dery Ve@gm}?ﬁlﬁéﬁﬁﬁﬂﬁgbﬁ{&tr@aﬁi i ho ! bit, % Exanple 3. In
vi vo i nhi t he human
anti - DNA 16/ 61d[imikieand det@alifsl thd ithibiebiple @Rdc) GPR Bﬁm%ﬁ ﬁegmmg‘ was
to test the inhibitory capacity of the peptldes based on CDR of the
human 16/ 64l AGTDRG twe dutst, tested whair (abﬂltynormhlweﬂmanfumdpnn’ung of mice with

the murine peptides mCDR1 and mCDR3.

To this end, BALB/c and SJL. mice were immunized with mCDR1 and

10 mCDR3, respectively. The immunizing murine peptides were injected (10
ug/mouse) in CFA intradermally in the hind footpads. Concomitant with the
immunization, groups of BALB/c mice were injected subcutaneously (s.c.) with 200
ug in PBS of hCDR1 and groups of SJL mice were similarly injected with hCDR3.
Ten days after the immunization, mice were sacrificed and their lymph nodes were

15 harvested and the cells were tested for their ability to proliferate following triggering
with the immunizing peptides. Briefly, LNCs of immunized mice (0.5 x 10%well)
were cultured (in ftriplicates) in the presence of different concentrations (1-20 pg
/well) of the murine immunizing peptides in enriched RPMI-1640 medium
supplemented with 1% normal mouse serum. Following four days of incubation, *H-

20 thymidine was added for additional 16 hours. Cells were then harvested and
radioactivity was counted using a B-counter.

The results in Tables 1A and 1B represent the maximum % inhibition of
proliferation of LNCs of mice immunized with mCDR1 and mCDR3 and treated
with hCDR1 and hCDR3, respectively. The inhibition was calculated based on the

25  proliferation of LNCs of mice that were not treated with the inhibitory peptides
hCDR1 and hCDR3. It can be seen that hCDR1 and hCDR3 were capable of

inhibiting the proliferative responses to the immunizing murine CDR peptides.



whet her peptldes hCDR1 and hCDR3 are capabl e of inhibiting the primng to
the whole nol ecule of the human 16/61d mAb. To this end, BALB/c and SJL
nmce were primed with the human 16/61d mAb (2 tg/ nouse) i mpeCkfust 2005
intradermaly in the hind 20 footpads. The primng was done concomtant with
the s.c. admnistration in PBS of 200 nmouse of hCDR1 to groups of BALB/c
m ce and of° hCDR3 to SJL mice. Ten day % ol | owi ng i mruni zation, the mce
were sacrificed and their LNCs were tested in vitro for their ability to
proliferate to different concentrations (0.1-10 g/well) of the hunman
anti-DNA 16/ 61d mAb. 25 Represent ativ,f Lges ts of these experinents are
shown in Tables 2A and 2B. The resul t8 presented as nmaxi mnum %

i nhi bi ti Onllﬂﬁbithﬁl BY CPJG]BRﬂQiﬂtﬁ@ gr'alﬁ‘éi%n%ﬁ MMEB/@-W&?W%@ LN@L&B!&U&RPUWH
216/ 61d mAb of | ynph” node cel m ce | muni zed treated wt

pepti des hCDR1 and hCDR3 as corrpared with mce that were imunized wth
the 16/61 } the peptides. As can be seen both
peptides h hﬂ]ﬂl’lt%fnd hCDR3 were capabl e of %dhhltblltll@mg effici ently the prjmng

to 5 the 16+ 6tc—mAb—Tabl-e—2A1nki HOR—BY hCbRt—ef—the

proliferag bgp‘gj'lf BALB/ c-derived LNC to tl'%uz’hurran 16/ 61d mAb. 10 Inhibjtor%
| nhi bi t4 on”NCDRIB8% 15 Tabte 2B nhi bitionm by MCOR3 of the protiferation of
SJL-derived LNC to the human 16/61d mAb. | nhibitor hCDR3 % I nhi bition 68%

Table 1B
Inhibition by hCDR3 of the proliferation of STL-derived LNCs to mCDR3

Inhibitor % Inhibition
hCDR3 : 55%

10

Example 3.

In vivo inhibition of LNC proliferation.of mice immunized with the human
anti-DNA 16/61d mAb and treated with hCDR1 and hCDR3

15 Because our aim was to test the inhibitory capacity of the peptides based on

the CDR of the human 16/6Id autoantibody, it was of importance to find out

whether peptides hCDR1 and hCDR3 are capable of inhibiting the priming to the

whole molecule of the human 16/61d mAb. To this end, BALB/c and SJL mice were

primed with the human 16/6Id mAb (2 pg/mouse) in CFA intradermaly in the hind

20 footpads. The priming was done concomitant with the s.c. administration in PBS of

200 pg/mouse of hCDRI1 to groups of BALB/c mice and of hCDR3 to SJL mice.

Ten days following immunization, the mice were sacrificed and their LNCs were

tested in vitro for their ability to proliferate to different concentrations (0.1-10
ng/well) of the human anti-DNA 16/61d mAb.

25 Representative results of these experiments are shown in Tables 2A and 2B.

The results are presented as maximum % inhibition of the proliferation to the



Further experinents denonstrated that a nasal adm nistration of as |ow as
10 20 .or even 2 g/ nmouse of the peptide hCDRl or hCDR3, concomtant with the
i mruni zation with the human 16/ 61d mAb, inhibited by up to 208%usi?e05
proliferative responses of |ynph node cells to the imunizing antibody. In
anot her experinent, BALB/c mice were inmggnized with 1pg human 16/61d in
CFA, intradermally in the hind footpads, and either were injected wth 25

hCDR1
‘ater ¢he madRiRGL ABMSR 6IDIRARTIT DR 2R Gl PRk iR Bf-of ol B8R, |
to prolifewithahe popResHODR1 ZDBCBR3 ¥4 EdmphRdtWRh e RhAHOWELImA NS ed

popliteal LNCs (0.5x106) were incubated in the presence of various
concent r at Wﬁhéﬁh?d6161ﬂ0nélh/\}euﬂ yerst nohtrestadawitiathe pEpAdess/26) can heseenitbdthe

end of 4 da m di ne dde .to the cultures fqor the

| ast 18 hoﬁ‘%/ 138? ‘iﬁﬁﬁ%h doﬁgbg;’ly?@r%ma hOhT Sﬁi‘éﬁ%ﬁfﬂéﬁﬁﬁﬁﬂﬂglt@y
count e ]ﬁ]H] 1 ﬂhe results of such experinments and denonstrates

t hat h%DRStE %LFDQ ICiently the proliferative responses of |ynph node
cells of the treated mce. The %inhibition of proliferation at the

various concentrations of 16/61d mAb was as follows: 0.1 pg/well - 47% 1
gg/well - 66% 5 g/well - 76% and 1C0Taklg/2¢el| - 62% 10 The sane
experiment above was re eated with 50 g hCDRI/nmouse in PBS. Fig. 2 shows
that hCDR1 i nbél?lyw@fb)é GDR1 jof thhnmlilf%m@on (o8 BALBY¢-depivedilNC t@fthm ce

with the whole anti-DNA I6/61d crorml gg&& %d even a s.c. injection
with as little as 50 g of hCDRI rl iYmi cantly the ability of

| ynph pode cells to prollferate to the 16/ 61 d autoanti body. The %
inhibition of proliferation at 15 the various concentrations of 16/61d mAb
was as follows: 0.1 gg/well| mho&6r 1 {pg/iv&bition 16% 5 gg/well - 73% and
10 g/well - 64% Exanple 4. Peptide h | __i munonodul at es cyt oki ne
production 20 The | ynph nodehCPRIs of {1888 BALB/c [mice treated with 50 g of
hCDRI of Exanple 3 were al se-stimylatled-with the human 16/ 61d mAb for
cyt.oki ne production and the supernatants were tested for cytokine (INF-vy
TG (3 and 1L-10)

Table 2B
Inhibition by hCDR3 of the proliferation of SJTL-derived LNC to the human
15 16/6Id mAb.

Inhibitor % Inhibition
hCPbR3 68%

Further experiments demonstrated that a nasal administration of as low as 10

20 or even 2 pg/mouse of the peptide hCDRlor hCDR3, concomitant with the

immunization with the human 16/6Id mAb, inhibited by up to 100% the
proliferative responses of lymph node cells to the immunizing antibody.

In another experiment, BALB/c mice were immunized with lug human

16/61d in CFA, intradermally in the hind footpads, and either were injected with

25  hCDRI s.c., 300 pg/mouse in PBS, or were not further treated. Ten days later the

mice were sacrificed and their LNC were tested for their ability to proliferate in



secretion, by ELISA Fig. 3 shows results of a representative experinent.
It can be seen that 25 hCDR1 down-regul ated the production of INF-y (Fig.
3A) and up-regul ated the secretion of TG--P (Fig. 3B) and 3dadfdstbbg. 3C).
It should be noted that a peptide used as control (p259-271, that was

shown to be a nyast henogeni c pepti de) di3 not affect significantly INF-y
and |1 L-10 production and was | ess effecti've in up- regulating TG~ (3. 26

or ol 11 erau P olFoRuGagi 168R: oS, Bootieef ENG T 3eh D iwbrsrimiirsed inbe s
et i pac By stV iR Ohebdtuiotl @ISR ST L g sh NG st
(range 12-m@lp, AefeSerdNSf Y hfaygreﬁéhﬁaﬁbhp*mﬂyﬁ%ihe@va@g@d%@-t8_8the Jeﬁ%gﬁs(f‘o%nge

1-32) years. Al patients fulfilled at |east 4 of the Anerican ege of
Rheunat ol oty 1¢AdR) hawey bf attubdiiagiOdls wererther hhavebied atldkadibactieity abunted.982) .
Patients were recruited fromthree 10 |sraeli Medical Centers é;gzll an,
Rehovot> | chi | oFigThishews she resaits adsuel expetisiests andedemapstrabes CIRivity

was det erm ned. accQs di 0 the  .SLEDAl |lupus activiiy Jnd nbardi er et
e Toony el el ol brTisgalek rosntfby BF nkahphihoder Gl o HECREee

vol unt eers i;ed; | - W . I . was
approved b‘?yﬁﬁ Eﬂi%&%ﬁmanﬁﬁcg{eﬁ%%ow&%g%a nt gﬁgﬁq%s %-f?%éga (5)@3( b
interest twaé By gBllbeat &).Whes/hell 1 AgopeptigasnCiaBb,.a9diGEIR3. 769 41y 2o e
based on the CDRI and of the human 16/ 61d mAb, aré capabl e of

i nhi bi tingug/mesllspé294.i c proliferative responses of PBL of SLE patients to
the human 16/61d mAb. To this end, we first had to identify the patients

whose MBL coul d be Fhé sahateagetimept abo¥emak acpyated evithu fangl RCEIRI /miluse
(responders). 20 Therefore, PBL of 62 consecutive SLE patients were

cul tured iR B Bige dethowvsothat hePRiuisavery atfective andnhihiding hedrier priming
[eoPonses ol et nSEr SO oL S SR B, 52 deios
responded i a3 Jitfle ds269 012 PhEDRY inlfiGitid STt S e Woifidy 6 BEGHEHLAE
cells to proliferate to the 16/61d autoantibody. The % inhibition of proliferation at

15  the various concentrations of 16/61d mAb was as follows: 0.1 pg/well — 98%; 1

pe/well — 76%; 5 ug/well — 73%; and 10 pg/well — 64%.

Example 4.
Peptide hCDR1 immunomodulates cytokine production

20 The lymph node cells of the BALB/c mice treated with 50 pg of hCDR1 of
Example 3 were also stimulated with the human 16/6Id mAb for cytokine

production and the supernatants were tested for cytokine (INF-y TGF-B and 1L-10)
secretion, by ELISA.
Fig. 3 shows results of a representative experiment. It can be seen that
25 hCDRI1 down-regulated the production of INF-y (Fig. 3A) and up-regulated the
secretion of TGF-B (Fig. 3B) and IL-10 (Fig. 3C). It should be noted that a peptide
used as control (p259-271, that was shown to be a myasthenogenic peptide) did not
affect significantly INF-y and IL-10 production and was less effective in up-
regulating TGF-f3.
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(SI > 2, range 2-60), respectively. The frequency of responders in the
group of SLE 25 patients was |ower than that observed in the group of

heal thy donors that was tested as control. Thus, PBL of 2l2®abguef20ast ot al
of 36 (58% healthy donors responded by proliferation to the 16/6 Id. The
extent of proliferation (Sl levels) was simlar for the SLE patients and
for the healthy controls who responded to the 16/6 Id. However, as shown
in Fig. 4, the optimal response to the 16/6 Id of PBL of the 26 August 2005
33 control donors was observed at higher concentrations of 16/6 Id as
conpar ed t Bxhfimple SLE patients. No differences could be denonstrated between
gender and age o LE patients that responded to the 16/6 Id and of the
non- r esponBeptideohE DR pardi REDR3 irhibitviheeprolifoeativat respoasevod PBIPBE SLE
proliferated.in resogﬁge t e 16/6 1d were sick for a shorter period of

0.t
jatigatsgofhe hugma 16d mAb. 06 years for responders and non-

responders, res Lyel y. .- .83 Tab sSu rezes .t | { ni.cal

char ac'?ﬁgr-i zati oﬁS&OS% W@eg afbefplgsolg rrgélseﬁoﬂglef%inﬁlﬂgﬁ- f%g%g%f@? 5&?1)0’9@1 &L%LE
patients. iCRAtE; Ly t fahl t Si ' t SLE
rel ated 1019%fui icéaalsmsrrgt%??‘tgs aitﬁ%pns. %ﬁg _L@%@é@%&g\gg%%ﬁi‘ yj 'g%glragg%g%EDAl)
and the nugbeyeé andlife Hical TORSWFpérisd WasWIgR al 19076 Q%éé‘ﬁ&?[} Jeags, LAWY
groups. Neverthel ess, a higher frequency of neurological “(both 'seizures
and psychopitsntafidfiledrat lehstgl ofdhe Ameokwe Golicgand Rhclimatrlosp(ACH) reeRad

I nvol venent, were, noted in the responder ]&%{rgou of patients in conparison to
the group Peepestic edissiader SLIEdWeneat, alpr KM gatl@ﬁbéw@s@cnﬂteldoﬁonuﬂtee of

C a1 oA oMo B KR RRABIRT Rehaforf iRy el & VTR Srtodhiofili R
R e i S A T i R SRR B E L

pati ents windexegBambardieei steal. S1292). ds cRpvINEGRUpt 6f BECsAE/ Snd dgelmatched
conparison to the non-responder group 20 (54%vs 21 % P=0.023). It is
not ewor t hyhaalihy ednérodfvidléniesrsovas ismdBaRcbasmditpehyt mdts theo SLith phti¢nts.nEhe

proliferative responses .of PBL of althy donars . to.the 16/6 1d was nuch
Pover ¢ hars Uiy 6S BRBER 5 PvrtbF Epical Oeveitiss of She Medicol Cotiin)
15 It was of interest to investigate whether the peptides hCDR1 and hCDR3,
which are based on the CDR1 and CDR3 of the human 16/6Id mAb, are capable of

inhibiting the specific proliferative responses of PBL of SLE patients to the human
16/61d mAb. To this end, we first had to identify the patients whose PBL could be
stimulated to proliferate by the human 16/61d mAb (responders).

20 Therefore, PBL of 62 consecutive SLE patients were cultured in the presence of
the human 16/6 Id and their proliferative responses and ability to secrete I1-2 were
determined. PBL of 24 out of the total of 62 (39%) and of 23 out of 55 (42%) SLE
patients tested responded (SI > 2, range 2-5.6) by proliferation and by IL-2 secretion
(SI = 2, range 2-60), respectively. The frequency of responders in the group of SLE

25  patients was lower than that observed in the group of healthy donors that was tested
as coﬁtrol. Thus, PBL of 21 out of a total of 36 (58%) healthy donors responded by
proliferation to the 16/6 Id. The extent of proliferation (SI levels) was similar for
the SLE patients and for the hcalthy controls who responded to the 16/6 Id.
However, as shown in Fig. 4, the optimal response to the 16/6 Id of PBL of the



26 August 2005 34 Table 3. dinical and |l aboratory characterization of SLE
patients. A Diagnostic Criteria* Al PatientsRespondersNon- responders
Nunber of 62(100)24(39).38(61) Patients (% Malar rashl9/ 6226 August 2005
(30.1)8/24(33.3)11/38(29) Discoid rash9/62 (15)3/24 (12.5)6/38 (16)

Phot osensi tivity21/62 (34)9/24 (37.5)12/38 (32) Mucosal ulcersl7/62
(27.4)8/ 24 (33.3)9/38 (23.7) Arthriti s46¥62 (74.2)19/24 (79.2)27/38 (71)
Serositis.1l4 /62 (22.6)5/24(20.8)9/38 (23.7) Neurologic 5/62 (8.1)4/24
(16.7) 1/ 38%@?%(1%0&%%% 9served b highcs spaesiigtigns pﬁégéﬁ I sucomparyltotheg
(44.8) Hengt I Jeggl 44/ 62 (71)19/24 (79.2)25/38 (65.8) Disorders$ ANA61/62
(98.4)24/ 2 %11%85 /38 (92.1) cc-dsDNA54/62 (87.1)19/24 (79.2)35/38 (92.1)

e 23 N OL A (SalR et AR
di agnost i cpatiértte tha resgéndedrtoethe 1to/@dd raadt 61 the non-responder group of patients.
5 However, the patients whose PBL proliferated in response to the 16/6 1d were sick
for a shorter period of time (a mean of 9.78+8.36 vs. 11.73+£12.06 years for
responders and non- responders, respectively; P<0.036). Table 3 summarizes the
clinical characterization of the 16/6 Id responder and non-responder groups of SLE
patients. As can be seen in the Table, both groups were similar in most SLE related
10 clinical manifestations. The SLE disease activity score (SLEDAI) and the number of
SLE diagnostic criteria were also similar in the two groups. Nevertheless, a higher
frequency of neurological (both scizures and psychosis) and hematological
involvement and a lower rate of renal involvement were noted in the responder
group of patients in comparison to the group of non-responders. ITowever, probably
15 because of low number of patients in the relevant subgroups, the above differences
did not reach statistical significance. Moreover, relatively less responder patients
were determined between those treated with either steroids or cytotoxic agents at the
time of the study. It is noteworthy that significantly more patients who never
received steroids responded to the 16/6 Id in comparison to the non-responder group
20 (54% vs 21%; P=0.023).
It is noteworthy that the efficacy of the CDR-based peptides to inhibit the
proliferative responses of PBL of healthy donors to the 16/6 Id was much lower than

that obse;ved for PBL of SLE patients (not shown).
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NSAI DS17/ 62 (27.4)6/24 (25)11/38 (29) Anti-Malarial 37/62 (59.7) 15/ 24
(62.5)22/38 (57-9) Steroidsl33/62 (53.2)

1/ 2 4 (45.8)22/38 (57.9)

cytotoxic:10/62 (16.1)2/24 (8.3)8/38 (21) 26 August 2005 3526 Adguitroos
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on PBL of 19 responders SLE patients. Table 4 shows the results of these
experiments. Inhibition of above 50% of the proliferative capacity was
considered positive. The Table represents the highest 30 pzsiddguse00s

i nhi bition capacity for each peptide. It can be seen that the human hCDRI
26 August 2005 36 and hCDR3 inhibited the proliferation of PBL of 16/19
(84.2% and 15/19 (78.9%, respectively,” of the 19 responders tested. Both

epti des i ghi:hj r.oJ L.fer atd Bl of .18/ (95% ,of .respanders
Pooted 1t cunicaP dubalfeEnt Wat" Qi ool & o %meyi?a@scerla- A
I nhi bi ti ongusieireasividied Iea. adtib§died R5$
t hat pepti dltlas bagedmodrll ﬁ%ﬁgﬁ%%%[ﬂ?heaﬁamﬁeélg%ggkﬁgﬁarebg’gﬁég?ent
i nhi bi t or scadls andeCypt/olliaf lecdideprespéctRly oA ntdlphopptiolgid antibodibe( ARDAY vt 61d
mAb. 26 Au utst 005 37 . Table 4 Inhibition of proliferation of PBL of SLE
patients b@e Hz@;s‘tz pgEsgctineDma oag Preprsof tgmballawingi assayme fden positive bV DRER

6. 3. 5. sos0 P8 FE5a sl SR BRI A dok AnBcugto i pnbaicn 1 s
11.L.J. <50 Zrhe anti-malarial agent, hydroxychloroquine, was used at a dose of 200-400
mg/day; Steroid treatment was defined as a daily dose > Smg of prednisone;
cytotoxic agents used were cyclophosphamide (0.75-1.0 g/m* monthly) or
azathioprine (100-150 mg/day).
10 *Parameters for which tendency was observed towards differences between the two

groups of responder and non-responder SLE patients.

To test the ability of the peptides hCDRland hCDR3 to inhibit the
proliferative response of PBL of SLE patients to the human 16/6Id mAb, PBL
15 (2x10°/well) of SLE patients were stimulated in vitro in triplicates with different
concentrations (0.1-20 pg/well) of the human 16/61d mAb in the absence or
presence of the peptides hCDR1and hCDR3 (either 50 or 100 pg/well). Following 6
‘days of incubation, 3H—1:h1m1idine (0.5 pCi of 5 Ci/mmol) was added to each well for
additional 18 hours of incubation. Cells were then harvested and radioactivity was
20 counted using a B-counter. Results were expressed as mean counts per minute (cpm)
of triplicate cultures. Stimulation indices (the ratio of mean cpm at the optimal
concentration of 16/6Id to mean cpm without 16/61d) were then calculated. A

stimulation index (SI) > 2 was considered positive.
PBL of 24 out of the total of 62 (39%) SLE patients were found to proliferate
25  to the 16/61d mAb. The ability of the peptides hCDR1and hCDR3 to inhibit the
proliferative responses to the whole molecule of the 16/61d autoantibody was tested

on PBL of 19 responders SLE patients.

Table 4 shows the results of these experiments. Inhibition of above 50% of
the proliferative capacity was considered poéitive. The Table represents the highest

30  positive inhibition capacity for cach peptide. It can be seen that the human hCDR1



12.V. L. 8286 13. M S. 6364 14.D. S. 5674 15.Z. A. 6369 16. B. M <5068

17.S.N. 70.577.8 18. G M 51. 5<50 19. N.J. 6360.8 MeanSD68. 129.5771. 828. 44 26
August 2005 38 Exanple 6. S ecifici of the inhibito capacitys AfgutCREEl and
hCDR3 It is inportant to denonstrate that the inhibitory effects of the
hCDR- based peptides are specific to SLE- assom ated responses. To this end
the peptides hCDRI 5 or hCDR3 were add ¥ to cultures of PBL of SLE

i) ?hteg‘l?c@ﬁﬁ@ e il fsvdorcal PBIRT LR AP st 5107 i °
Phe. “prol | FPaeh i 12 restPROBRRELEE b BChaBF SRR s Reiation

PHA and t hpBPr&ff 18/2Dqb5¥8 drashsirRes WRtRl. It Bad alsbYbécdd inntheNPabld Shatlipence
(black colum) or presence of ‘either hCDR1L or hCDR3. In another experinent,

cul tures omap@itudsds (ﬁi.}ﬁhﬂnlﬂommra/\mnalatﬁonbbﬁt peptmeBhThuahat bhambe cbtBiddd mAb
and then i ncubat Hﬁgﬁé%th t he human éﬁﬁ@ or or with the
mur i ne peptiakee %‘-‘@dao%@QRblaﬂ R-’e@éﬁ@% W%éﬁ’ﬁé@ mAppaic; phdigient
per f or med h PBL n a shown, i.n Fi 15 in
e, 6 woilhiBhrE oy e BRRrctaltoR BhRBT. ofSHEBE s o i fumin 1RIRIRAS

aut oanti body inhibited efficiently the proliferative responses of PBL to
the human 16/61d mAb, the peptide nCDR3 based on the CDR3 of the nurine
anti body did not inhibit the proliferation. Two additional control

pepti des were used in these experinents, nanely 20 peptides synthesized at
the reversed order of the nurine nCDRI and nCDR3



peptides (revnCDRI and revnCDR3), and the results are showmn in Fig. 7. It
can be seen that the two reversed peptides failed to inhibit significantly
the proliferative responses of the PBL of the SLE patient oalysmaod6/ 61d
mAb while peptides hCDRI and hCDR3 did inhibit efficiently the
proliferation, denonstrating that the 2§7inhibition of proliferation by the
human hCDR- based peptides is specific to'the peptides and to the

SLE- associated T cell responses. 26 Aﬁ%ﬂﬁt 2005 39 Exanple 7.
Down-regul ati on of the secretion of IL* Bﬂ PBL of SLE patients in the

presence of the o . . CEP? t i find out
whet her the h@R@Z‘EW@’Z%W%%b‘P‘e 0 Bis”%?ﬁé%‘?%%ﬁ%@@&? etion by
PBL of SLE patients follow ng stiguubRii 44 KCODR3.he human 16/ 61d mAb. Such
i nhibition m ght also suggest that the human CDR-based peptides inhibit
the proliferative responses to the 16/61d mAb at |east partially by
down-regul ati ng | k-2seereti-on—Fothis—end—PBL of SLE patients were

i ncubated with t hNwher 1¢Asitinlspnn i|Pemsentibsence or presence of the
pepti des hCDRI or |10 hCDR3. |Super nat ant f. the cultures were collected
fol l owi ng 48 hours of incubation. Assal?fyﬁflgoﬂet ermne levels of IL-2 in

the supernatants Were perfofnmed uSI nd TCCl pendent 1|i ne.
Briefly, cells offthe CILL lline (2x 1CE(EV\!EH(I) l#(e:ﬂllgiubated in the

presence of the d|iferent sugeLnpatantggor 24 hquesy followed by the
addition of 3Hthym dine for an additilonal 18-hdur incubat)on period. Cells
15 were then harve3ted and f &ibacti vi{tA counted 1&ing a nFcounter. Results
were cal cul ated pased-on—+recombinantthumanJtL-2 used as a standard. The
ability of the ppdtides tofilnkibit thd9 L-2 sedréll on of PBL of 23
responders sti nmul gted by thcy utran 1(/% Hi—was-tested—TFhe results,
summari zed in Tabl €& 5, show|ttdt hCDR <fnd hcorathhi biteld the secretion
of 1L-2 by PBL of [ZI/Z3 and ‘Néd patijgpts, 20 res@?pgcrivei . Inhibition of
proliferative responses of PBL directliy correlatled™with [|L-2 inhibition by
the CDR-based peptgdes. Thusg gnhibitijgg of IL-2 ggecretion was observed in
all cases where iphibition of prolifenation werg determ ned. The results
obtained with PBL &f one SLESdAii ent né&eresenteq 704 Fig. 8
| 8. S.D. 58 56

9. A.N. 69.5 65

10. LJ. 68.2 71.8

11. L.J. <50 |72

12. V.L. 82 86

13. M.S. 63 64

14. D.S. 56 74

15. Z.A. 63 69

16. B.M. <50 68

17. S.N. 70.5 77.8

18. G.M. 51.5 <50

19. N.J 63 60.8

Mean+SD 68.12+9.57 | 71.82+8.44




(secretion of IL-2 is expressed in pg/m) show that both hCDRI and hCDR3
25 inhibited 100% of the IL-2 secretion by PBL of a SLE patient triggered
by the human 16/61d mAb. 26 August 2005 40 Table 5. Inhibi éaagusf2dok- 2
secretion by hCDR1 and hCDR3 Peptidel nhibitory Maxi mum Acti vity*inhibition
hCDR191( 21/ 23) 8431 hCDR383(19/23) 7834 *lJl,2 secretion in the presence of
16/6 Id al one was consi dered as 100% | nrhibition of 50zbor nore was .
consi deredgsidnifi.cant. 5 Exanple 8. Up-regul ation of the secretion of the
innunosuppgéggﬁgéggytokine TG-- by CDR-based peptides In attenpts to shed

|1 ght on t BBefeRPUIINE iMbHIre RabAGH HIRC IR ANAFEDRP peptides inhibit

the proliferalrtve Tesponses 10 the nuram nmonoct onat_antt - DNA - 16/ 61d

anti body, the | Bvislimpottahhto demonstsatp phigtsihe ighibyoeK cifecE @t the HCIDREbased
supernatants of the cell cultures were determ ned. The rational e behind

these expBfRifsHase speqifisda Sdi-anocited respensasndioribis o1d Beepeptidds hEIBRE of
human aht | SLRGIFE 11 R Shitescot ERES IR wponS baiywese Swoapeonibui ng
ol ovat on T fitbath phABhbAeEeARREATTAT BN A R rbreafls Fhofhian Sotfpanlice
T eoved 11 o e o SES: piioe iR RO, 57 TR FRROC RO

i ncubat i onand bR chuldemotlihiititheAtroliferatiee r&poabsefesprasediespmgofahet he

peptides hCDR1L or hCDR3. TG--3 was determ ned by ELISA according to the
manuf act ur BBPL0j the taifeganoRHA and the proliferrtive responaesewerq siomikariyweigh indhe ed

with rﬁfonms%ﬁ@et (br]%féf{a 901-1591?1() %% lslrés/elﬁge 8P ei:irtﬁerr%(ﬁﬁ%'? or hCDR3.
In another experiment, cultures of PBL of SLE patients were stimulated with
the human 16/6Id mAb and then incubated with the human peptides hCDR1 or
hCDR3 or with the murine peptide mCDR3 as a control. The results of such an

experiment performed with PBL of one SLE patient are shown in Fig. 6. As shown

15 in Fig. 6, whereas both peptides hCDR1 and hCDR3 based on the human

autoantibody inhibited efficiently the proliferative responses of PBL to the human

16/61d mAb, the peptide mCDR3 based on the CDR3 of the murine antibody did not
inhibit the proliferation.

Two additional control peptides were used in these experiments, namely

20  peptides synthesized at the reversed order of the murine mCDR1 and mCDR3

peptides (revmCDR1 and revinCDR3), and the results are shown in Fig. 7. It can be

seen that the two reversed peptides failed to inhibit significantly the proliferative

responses of the PBL of the SLE patient to human 16/61d mAb while peptides

hCDR1 and hCDR3 did inhibit efficiently the proliferation, demonstrating that the

25  inhibition of proliferation by the human hCDR-based peptides is specific to the

peptides and to the SLE-associated T cell responses.



Systens) diluted in PBS (100 ng/m ). After blocking, cell supernatants were

added. After 18 hours incubation the detecting biotinylated anti-hunman
TGP antibody 25 (R&D Systens) was added. The substrate sopgidgas 268d was

‘the TMB Col our 26 August 2005 41 Reagent (Helix Diagnostics) and enzyne

activity was evaluated by the MRX ELI SA_ reader using the 570 nm and 630 nm
filters. The results are summarized in Pdble 6. The results in Fig. 9
dem)nstratE tha’; pleptides hCDR1 and hCDR3 triggered a significant

up-regul at €the secretion of TGF-(3 (expressed in pg/m) by the 5 PBL
of one rep \ L[%‘Elgtth ti pgat ed wid h the a.thgnic
human 16/ 6Fc—mAb——1o—tabte—o—Yp=—tegurat oo P —sed SH—6

I d-i nducedlp_lsgsieﬂy‘l, af{@nﬁﬁ(fgql@fnu% ReipRYts with hCDRI and hCDR3

pepti des. PeptideUp-regu | X -P %Jp-regul ati on % hCDR1100
(19/19) 305221 hIEDR34 Q@A inid£ioo3 HadddutSatetier the HCDRFpdptides drbecapabkenfe of

16/ 6 1d al one _g_mean 63625 pg/m was considered as 100% _ Results are
expr essed BMuBERE dhr2 seeresiondpy of SR tpatigntshiollovang ritenyationveitly the one.

15 EX le 9. | | at i,or . SLE | festati ' ] b | :

Avel 1 or at B8 TOHTIGIRAD- ik LS PRGRER AT wsss mabheohiner Gdaed

NZW F1 m ! : : t | f
the hurmn BB o R PR s e Ry SR T P R AR O o
| ynph nodedewhirsgilating 41 -2 6é&tdon™Do ahid érte ABIOloffSIrRipatients as@enisesbaéd PBL

of SLE patients to the 16/6ld mAb with simlar efficiency. It was thus of
i nt erest twithithe homan 16/6hé seAbépithelebsanga or presence of the peptides hCDR1 or

10 hCDR3. Supernatants of the cultures were collected following 48 hours of

incubation. Assays to determine levels of IL-2 in the supernatants were performed
using the CTLL IL-2 dependent line. Briefly, cells of the CTLL line (2x10*well)
were incubated in the presence of the different supernatants for 24 hours; followed
by the addition of 3H—thymidine for an additional 18-hour incubation period. Cells
15 were then harvested and radioactivity counted using a B-counter. Results were
calculated based on recombinant human IL-2 used as a standard. The ability of the
peptides to inhibit the IL-2 secretion of PBL of 23 responders stimulated by the
human 16/6 Id was tested. The results, summarized in Table 5, show that hCDR1
and hCDR3 inhibited the secretion of IL-2 by PBL of 21/23 and 19/23 patients,
20 respectively. Inhibition of proliferative responses of PBL directly correlated with
IL-2 inhibition by the CDR-based peptides. Thus, inhibition of IL-2 secretion was
observed in all cases where inhibition of proliferation were determined.
The results obtained with PBL of one SLE patient representéd in Fig. 8
(secretion of IL-2 is expressed in pg/ml) show that both hCDR1 and hCDR3
25 inhibited 100% of the IL-2 secretion by PBL of a SLE patient triggered by the
human 16/61d mAb. |



i mmunonodul ate an SLE-Iike disease in aninmal nodels. The experinents ai ned
at addressing the ability of the human peptides to 25 treat an established
SLE . di sease were perfornmed first with the hCDRI peptide. T& 2@usiR§ost 2005
42 this end, a few experinments were designed in which SLE-prone (NZB x
NZWF1 mce were treated with the h eptide at the age of 5 and a half
nont hs, when nmanifestations of the SLE-11ke di sease (anti-dsDNA,

proteinuria, etc) . V. Li adm ni st ered
in PBS s.c. weekl yﬂlﬁg;%l'i mete‘ﬂ‘g?’?gi?ﬁge%';p?&g’ﬁE&Pﬁf??@ﬁ’e@rﬁﬁéoses (50,
100 and 200 [.g/nmouse) of the hCDRl peptide was tested. Control groups
were injected with the vehicle PBS. The treatnent led to a noderate
reduction in theepidkei - dSDNA aut beibitbgdy titer sMathiem at a 1: 1250 sera
dilutions, O D. values of 0.5860.1, 0.270.1, 0.370.1 and 0.290.1 were
measured at the end of the treafedinityfor sera chhib$onreated mice, mce
treated with 10 50 tg/nouse, 1 g/ mouse and 200 g/ mouse hCDR1,
respectively. We perforned anot h®r experi nment i# which 7-nonth ol d (NzZB x
NZWF 1 mce treated week 0 weeks j.t-h 300 g of hCDR1 injected
s.c. in PBS. Xﬁfn]?}{é reducti on ?%@ﬁ%ﬁ;nti -DNA%.MI’:lIi?’iqudy titers could be
observed i n seri@COR3 hCDRI-treaggggmig,)e. Never tglzgass, Table 7 shows that
treatment with hCDR1 15 resulted in a reduction in proteinuria and in a

si gni fi cantILd2seaation iim thdpresemaensf 16/6/Tdl oncieao sbhsidéde@ds) 1009 tTadibkiicmey s
of the treated mce. The results in the Table express the intensity of

| CDs wher e010Re or omre pesrasidesed signifieagbver e 1 CD and  3=severe and
extrengly intense I1CD. 20 Table 7 Cinical manifestations of (NZB x NZW F1
mce treated with hCDRI at the age of 7 nonths | mmune Conpl ex

Tr eat ment | ia g/L SEMDeposits SEM Untreated4.80 2.562.57 0.29
hCDR11. Osm.h% 41

‘Up-regulation of the secretion of the immunosuppressive cytokine TGF-B by
CDR-based peptides

In attempts to shed light on the mechanisms by which the human CDR-based

10 peptides inhibit the proliferative responses to the human monoclonal anti-DNA

16/61d antibody, the levels of the immunosuppressive cytokine TGF-B in the

supernatants of the cell cultures were determined. The rationale behind these

experiments is based on our previous findings of elevated levels of TGF-p in

cultures of splenocytes of mice with SLE either induced with the human anti-DNA

15 16/61d mAb or spontancous {(NZB x NZW) F1 mice} following treatment with the

peptides based on mouse CDR (Eilat et al., 2001). The elevation in the levels of
TGEF-P correlated with amelioration of disease manifestations in the treated mice.

For this purpose, supernatants were removed from cultures of PBL of various

SLE patients following 48 hours incubation with the human 16/61d mAb in the

20  absence or presence of the peptides hCDR1 or hCDR3. TGF-B was determined by

ELISA according to the manufacturer’s instructions. Briefly, Maxisorb plates

(Nunc) were coated with recombinant human TGF BsRH/F ¢ chimera (R&D

Systems) diluted in PBS (100 ng/ml). After blocking, cell supernatants were added.

Aﬁ@r 18 hours incubation the detecting biotinylated anti-human TGF-p antibody

25 (R&D Systems) was added. The substrate solution used was the TMB Colour



300 pg/ mousep= 0.035 p was cal culated in conparison to untreated group of
m ce. 26 August 2005 43 W then perforned an additional experinent using
400 gg/mouse of hCDRL to find out if nore beneficial effects aghstbeos

achi eved by increasing the dose of the peptide. Treatnent with 400

gg/ nouse of hCDR1 had no greater effect on the anti- DNA antibody titers

and, as can be seen in Table 8, the effdét on the ki dney di sease 5 was

simlar to that qgbserved follaowi ng treatment with the 300 % dose. Table 8
dinical nisageasthelrohagiostisppnd azyyrenachiviy Waseeitabantod by ﬁ@bﬁiXaﬁLm age

o O ead . LIS ST ST SR ey RS TN
was cal cul at ed i &R Eﬂe% ¢ QerHBhdtRAL %tﬂj’eﬁ]’dﬂeé)ﬁcﬁfﬂeancyﬁdg?% _txiiég‘e%%%oge

performed an additiona riment 1n whic ce were treat

of hCDRL af sightfic@e upiregulBivhhin @e0scesfbniof TUF-P (PPésse® in prAiE) Yy the
rever sed hcﬁlh. Theugi méof t he experinent was to-%fl(dr%g out if, 1n 15y

addi ti én tRBELhe amelremprestitanve SLEhpati¢ritnihatweranitiedbtedi with, thier mehogatic wi t h
hCDR1 im‘runormﬂéll ai es, cytokine production. Fig. 10 denonstrates the mld
reduct i on Juna, Fe/6l But oanti body levels. Table 9 shows the proteinuria
neasured at different tinme points. 26 August 2005 44 Table 9 dini cal

mani f estations of (NZB x NZWF1 mice treated with hCDR1 at the age

Table 6
Up-regulation of TGF-p secretion of 16/6 Id-induced stimulation of PBL of
10 _ SLE patients with hCDR1 and hCDR3 peptides.
Peptide Up-regulation Maximum
of TGF-B % Up-regulation %
hCDR1 - 100 (19/19) 305+221
hCDR3 100 (19/19) 338+242

Secretion of TGF-f in the presence of 16/6 Id alone (mean 636+25 pg/ml)
was considered as 100%. Results are expressed as percent secretion above

that in the presence of 16/61d alone.

15 Example 9.

Immunomodulation of SLE manifestations in mice by hCDR1: Amelioration of

disease manifestations following treatment of (NZB x NZW)F1 mice with
hCDR1.
As shown above, the peptides based on the CDR of the human anti-DNA
20 16/61d mAb were capable of inhibiting the priming of lymph node cells to the
16/61d mAb and the proliferative responses of PBL of SLE patients to the 16/61d
mAb with similar efficiency. It was thus of interest to find out if these peptides can
immunomodulate an SLE-like disease in animal models.
The experiments aimed at addressing the ability of the human peptides to

25  treat an established SLE disease were performed first with the hCDR1 peptide. To



of 7 nmonths Proteinuria glL f SEM TreatnentFollowing treatment No: 5 7 9
~Untreated2.65 1.76 .3.89+2.73 7.55 3.95 hCDR11.02 0.39 0.61 0.23 0.65
0.32 300 g/ nousep = 0.05 revhCDRI 6.942.53 6.76 2.91 5.99128A@R:isBWOS5

g/ mouse 5 The effect of the treatnment with hCDRL can be seen at all
measurenents. Kidney damage is one of tfpe mai n mani festations of the
SLE-like disease in the (NZB x NZWF1 mce. Ten-week treatnment with the

hCDRI pept jif€ ch@d4 o8 e}ﬁilfggﬂécni& %%é gg%g:ge& Ldna%cHIgR one;mgo)&% 2 f1\\as

| ess efficient than the and 1 doses ITh treatin

di sease. Tindcd afctetreatod with e WEDR IspeptiR dtythe @kt iofi £add a HalSmothd: wWhenar e
phot os showi ng representative kidney sections of mce treated w th the 100

g dose of FanEestatipas of rﬂl@eSIngli]g{heiimet} c(ﬂntg-_dsﬂhfms pm:ei_ﬂurigaetci) fSa'rcezdraadyl
heir kid . in liquid .15-
I Foganeeel el ROl SOl Pardo Sl Eols bty 0 vk
FI T ooh ugtt SHIGAT R Slost™ YR e 6 Gl e EDRI el o
show ki dneya§ eGtdd Torol %ron%&%&e%j[éc% whth thé §@hfd PRIV ﬁ”hé %{r&ell%lgnhsr cas
| dney W T g of

Figs. 11C and | I D show sections of a nouse treate

hCDRI . |t aamdeeatseedudtion methki agti-&DNBasutdBntibwlyt fivad. MEats, bedUcEIs¢ haa
nunber of i nmune conpl exes as well as their intensity (I A1 1C x 100;
11B, | | D xdiigons, 2613y giees2 @550 486+8i 1gi 027H0ek ul0t3 el earubt G2 9l Iwtvesre
groups of I(ﬂNZB X

casured 'e\tL[Z‘\L/[YeFelndrng t%e"ﬁ%%?ment for sera of PBS-treated mice, mice treated with

10 50 pg/mouse, 100 pg/mouse and 200 ug/mouse hCDR1, respectively.
We performed another experiment in which 7-month old (NZB x NZW)F1
mice were treated weekly for 10 weeks with 300 pug of hCDR1 injected s.c. in PBS.
A mild reduction in the anti-DNA antibody titers could be observed in sera of
hCDR1-treated mice. Nevertheless, Table 7 shows that treatment with hCDR1
15  resulted in a reduction in proteinuria and in a significant decrease in the immune
complex deposits (ICDs) in the kidneys of the treated mice. The results in the Table
express the intensity of ICDs where O=no ICD; 1=moderate ICD; 2=severe ICD and

3=severe and extremely intense ICD.

20 ' Table 7
Clinical manifestations of (NZB x NZW)F1 mice treated with hCDR1 at the age

of 7 months
Immuhe Complex
Treatment Proteinuria g/L. + SEM Deposits £ SEM
Untreated 4804256 2.57+0.29
hCDR1 1.08 £ 0.38 1.44 +0.41
300 pg/mouse p=10.035

p was calculated in comparison to untreated group of mice.



treated with hCDR1L at the age of 7 nonths when their full blown disease is
al ready observed. The mce were treated for 10 weeks with either 100

g/ mouse or 300 gg/nouse. Treatment with both doses |led to g ARdsabs
reduction in the anti-DNA 5 autoantibody titers, simlar to the above
described results. A reduction in proteinuria in conparison to the
PBS-treated group was neasured as wel | . Yhe ki dney di sease was aneliorated
followi ng treatnent with both doses; neverthel ess, a nore significant
effect was det eWf thea nesformed gncdsibonaliezperiment vaingi40R ngimmee of h§daRl

% 13" B PR PR Sl SRR A A
A L e e S M et

cyt oki ne ( DNFA ¥intibbdyl Htcd dnd, &s-dgh AR Bible TRARWIREL BY the kRfheyisease

supernatants of Con A-stinul’ated cultures of splenocytes of 15 ce of the
3 groups takesindlarttoeh@&rsbseifvetrfoRbWRAY tréditheig @Kitythe 300 [igilestions). It can
be seen that INF-y (Fig. 13A) and IL-10 (Fig. 13B, to a lesser extent) were
down- regulated in the treated mce. An increased secretion of TG~ (3 could
be seen in the supernatants of non-stimulated cells (Fig. 13C, left). Con
A did not trigger the cells to secretEablgde TG 3 (Fig. 13C, right). 20
The result [z ve | Rdiypat | ong ,termtr. wi.th hCDR1
anel | or at SN TRRARERUENT of (7BY N2V S LFRL v G eIk 1 s e 2P
- Exanpl e 10. Treatnent of BALB/c m ceypy borithe human hCDR1 peptide fol | owi ng
25 induction of experinental SLE It was of Interest to find out whether the
hCDR1 peptide is capable of treating experinental SLE induced in mce with
t he human—anti-DNA_16/61d mAb Therefore, BAILB/c mce were mmini zed and
boosted wth the 16/61d pat hogeni c autoanti body. Thr edmmune Granplexont hs

]
foll owi ngl the bqooster injectiagn, when the 30 devel gped alr di sgase
mani f est af i ons, rﬁ@g"\ﬁme di vi|oddrateinyri igﬂgﬁps. 26%%9@%5 i% 46 (ne
group was| not ”@?ﬁr%gtedt he secjond OrQuy yassyreare Wi th 1§0ig{'2@ouse of |t he

hCDR1 1.42 +0.19
0.77 £0.32
400 pg/mouse p=0.05

p was calculated in comparison to untreated group of mice.

We have therefore performed an additional experiment in which mice were
treated with 300 pug of hCDR1 at the age of 7 months and used a control peptide,
namely, the reversed hCDR1. The aim of the experiment was to find out if, in

15  addition to the amelioration in the clinical manifestations, treatment with hCDR1
immunomodulates cytokine production. Fig. 10 demonstrates the mild reduction in
anti-DNA autoantibody levels. Table 9 shows the proteinuria measured at different

time points.



hCDR1 and the third group was treated for 10 weeks with 300 g/ nouse of the
hCDR1 peptide. The mce were followed for disease nmanifestations. Table 10
presents the results obtained in testing individual mce at2§BAeguerf0df 5
treatnment. An anelioration was observed for all neasured clinical

mani festations wth both doses used forythe treatnment [anti-dsDNA

ant oanti bodi es, white blood <cells counts ()VBC) and urine protein].

Anal ysi s of kidneys of mce sacrificed at the end of the experinment (7
nont hs after booster injections) denonstrated i nmune conplex deposits in
ki dneys of 9/10 mice that were inmuni zpghjaigt h the 16/ 61d 10 mAb and were
not treated. In contrast, inmune conplex deposits were observed in kidneys
of only 3/ (Jirdcal AApifestations af (MEBex NEW)F1 anliceiti-énted avith hEIDRMM thedge
treated with 100 g/ nouse and 300 g/ nmouse hCDRI, respectively. Thus, it is
shown that the hunman peptide hCDRL i 8f ¢apemhs of treating an established
experi nent al[StE—15 Tablte10-Theeffect—oftreatnent—of_BALBf-e-mM ce
afflicted wilth experinental SLE |with 160gtIpusy pepti de|.
Control, 16/ gl d16/ 6 5 heal t hy m cejpy i ni i nj ect ed+
NEanSDIVEanSDhCDRllrggéfﬁ/& 3009 MaanSDIVEFa‘?\’g%%; rgllaﬁﬁéz?gﬁb.

g/ 10.120. 16Q. 650. 360. 30. 020. 340. 25 WBC/ m74401960326092080902160 58902660*
Anti-dsDNA 0.-110.051.10 60.30.2*0.550.3* O D._(1:50) *=significantly

di fferent (p<0.05) Utegatd®d/ 61d i nj OUR.gglN ot ijment,
BALB/ c m ce |were i muni zed and b302§§§e%q\i\ﬁh ?ﬁgi%ﬁf@n&nhﬁs%% Iggfor

i nduction of| experi ggWyR] SLE. Tjwo nonths after the boogfy 1M §6¢ 126 August
2005 47 0614023 0.65+0.32

300 pg/mouse p=0.05

revhCDR1
300 pg/mouse

6.94+2.53 676+291 599+3.08

The effect of the treatment with hCDR1 can be seen at all measurements.
Kidney damage is one of the main manifestations of the SLE-like disease in the
(NZB x NZW)F1 mice. Ten-week treatment with the hCDR1 peptide reduced
significantly the kidney disease. The 50 pg dose was less efficient than the 100 and

10 200 pg doses in treating the kidney disease. The latter two doses were similarly
efficient.

Figs. 11A-11D are photos showing representative kidney sections of mice
treated with the 100 pg dose of hCDR1. Thus, mice at the age of 9 months were
sacrificed and their kidneys were removed and frozen immediately in liquid

15 nitrogen. Frozen cryostat sections of 5 pm were-air dricd and fixed in acetone. For —

| the detection of Ig deposits, sections were incubated with FITC-conjugated goat
anti-mouse IgG (y-chain specific). Figs. 11A and 11B show kidney sections of a

mouse of the PBS-treated group (control) whereas Figs. 11C and 11D show kidney
sections of a mouse treated with 100 pg of hCDRI. It can be seen in the figures that

20 the treatment reduced the number of immune complexes as well as their intensity

- (11A,11C x 100; 11B,11D.x 400).



were divided into groups (8 mce per group). The mce were treated with
200, 300 or 400 pg/nmouse for 10 weeks. The mce were followed for antibody
production, |eukopenia, proteinuria and, when sacrificed, gwuguertiohs after
the end of treatnment, their kidneys were analyzed for imune conpl ex
deposits. The results, sunmarized 5 in Tgble 11, show no effect of
treatnent on the 16/61d specific antibo response. Table 11 Effect of

T ot oS e S B S ) 1200
Dh 0030 4 Vi .

VeanSDiean CREARED: Begtiel ALME o Taos gnbR ke PBMEeI4 e 5. o4

p=0. 0131p:9b&%9§9’ﬁh@9¥i9§;€%%g§%a{%% Brl;g 8‘6%%1? with either 100 pg/mouse or 300

VBC/ m287112055625165946

p=0. 0047p=QgRAO9R~TrEARRAT Wifl0Rdth! ds89 8 d ¥ a moderate reduction in the anti-DNA
of 1. 860. 380.°570. 970. 750. 710. 710. 760 1 CD I n ki dneysp=0. 0189p=0. 0047p=0. 0055

Ant i - dsDNAdutbeOLEIBHD, 6805, 390ild50. thé @b80e desrib28@efilfs. Antednoddrein peoteinuria
ap=0. 0189p=0. 0003p=0. 0603p=0, 0001 dilution of: 1:250 Anti-16/6 ,
| d2. 550. 091 gempansaptol the PBS-treatethgrawpawas meaasaredi asuvelbnlla¢ kidnegolisease

August Zooévaésameliorated following treatment with both doses; nevertheless, a more

significant effect was determined in the group of mice treated with the 300 j1g dose.
Figs. 12A-12F are representative mouse kidney sections of each group where A, B
10 represent an untreated mouse; C, D represent a kidney of a hCDR1-treated mouse
and E, F represent a kidney section of a mouse treated with the reversed hCDR1. A,
C,Ex100 and B, D, F x 400.
Figs. 13A-13C show the cytokine (INF-y, IL-10 and TGF-B) pattern as
measured by ELISA in supernatants of Con A-stimulated cultures of splenocytes of
15  mice of the 3 groups taken at the end of treatment (10 weekly s.c. injections). It can
be seen that INF-y (Fig. 13A) and IL-10 (Fig. 13B, to a lesser extent) were down-
regulated in the treated mice. An increased secretion of TGF-B could be seen in the
supernatants of non-stimulated cells (Fig. 13C, léft). Con A did not trigger the cells
to secrete more TGF-$ (Fig. 13C, right).
20 The results summarized above indicate that long term treatment with hCDR1

ameliorates disease manifestations and immunomodulates cytokine secretion.

Example 10.
Treatment of BALB/c mice with the human hCDRI1 peptide following

25 Induction of experimental SLE

It was of interest to find out whether the hCDR1 peptide is capable of treating
experimental SLE induced in mice with the human anti-DNA 16/6Id mAb.
Therefore, BALB/c mice were immunized and boosted with the 16/61d pathogenic
autoantibody. Three and a half months following the booster injection, when the

30 mice developed already discase manifestations, they were divided into three groups.



However, treatnent affected anti-DNA antibody titers, |eukopenia, |evels of
proteinuria and, nore inportantly, imune conplex deposits in the kidneys.
The control group of the experinent is of BALB/c mice of theagpseosge that
were not 5 inmmunized or treated at all. This experinment suggested that
hCDR1 is effective in treating experinental SLE and no advantage of the
400 .tg dose could be seen. Therefore, %¥n addi tional experinment was
performed in which mice were treated with 200 and 300 pg /nouse. A control
pepti de waldnegeseup was miot trgrisdr theesecond gieup asrtecatecheiviil 00Thg nzouse off theii s
experi ment been, in addition to the_ 10 .conparison between the 200 and
300 g tr eah@ﬁi%sl aRss dhe ﬂp&? Sronry wasctreated dpr 30 weeks wath 39 ngimonss ekithe

production insthe tre d mce, Si B/¢ mce e ..immuni zed and
boost ed wi dr“uﬁﬁ}epefélldgﬁﬁe ?HF%@IG%%@F%”%% r‘ﬁsfei"l‘ée H@%?tapﬂ%s'm ce were
divided into gr ! : W f.yr

treated or Wgr'gﬂﬂmgeﬁ({lércﬁrggglgegfevsmﬁ{tﬁHg%éﬁégf%?}%%ﬁlgf{%&l‘ﬁ%’lmc nEHzE %I@{l(ll ggal
group fas tr¢ataictl Ab amhiliordfién gva obsereed dor ATDR&asufed iclibitaD hedmifesrgiohs ol )

was not inmmunized and was not further treated. Mce were followed for
anti body pwsHueathodpsgadisgd Sendke treatneats fanti-dsiaNAasnwestibodicTawhie fdood he

B L S
e o By 13558 DSBS OB Gl S

the di fferqmplek QposRE ifkG8neyst of N (Penis€qRat Wate imbhiexghvwiel thed06/83d wer e
effective in reducing | eukopenia and proteinuria, the effect of the 200 g

dose ilf t hitdb sxbwerareot trefitdd.nmt cordeash isirguid comphs deposits were obsgrved iced a
nont h af:rgé, the epd of  treatnent). 25 26 August 2005. 49 Table 12 Effect
of treat mefngys eapplyc3/ andad/P) megecthahiviare aspamisgchvath thed 6/6kd mAtperd or

ﬁ/gggsr[;hmwﬂl %&Sﬁor R}% rlﬁlegg%y%% G;iLgd/;rnloElsl/Sg ]h%ﬁﬁll,e ll*gs}r)ce:gt?\tfél?! Thus, it is
shown that the human peptide hCDR1 is capable of treating an established

experimental SLE.
15 Table 10
The effect of treatment of BALB/c mice afflicted with experimental SLE
with 100pg or 300pg hCDRI1 peptide.

Control, 16/61d 16/61d 16/61d

healthy mice | injected injected+ injected+
MeantSD Mean+SD hCDR1 100pg | hCDR1 300ug
MeantSD Mean+SD

Proteinuria g/l 0.12+0.16 0.65+0.36 0.3+0.02 0.34+0.25
WBC/mm® 74404960 32604920 6090£2160% | 5890+2660%
Anti-dsDNA

0.1+0.05 1.1£0.6 0.3+0.2% 0.55+0.3%
0.D. (1:50)

*=gignificantly different (p<0.05) from 16/61d injected group.
20
_ In another experiment, BALB/c mice were immunized and boosted with the

hu_man 16/61d for induction of experimental SLE. Two months after the boost, mice



200 gg300 g300 gg /nmouse/ nouse/ nouse MeanSDMVeanSDMeanSD Protei nuri a

g/ 10. 170. 150. 0850. 010. 80. 3 0. 580. 340. 0310. 09 p=0. 0366p=0. 0088p>0. 5

WBC/ mmi900800580030041808317900400 2800300 p=0. 004p=0. 004p=g} QS 2beY ensi ty
of 10. 630. 50.50.850.75 1.60.550 I CD in kidneysp=0.0887p=0.0152p=0. 0628

Ant i - dsDNA 0. 230. 10. 20. 10. 350. 3 ant i bodi gs0. 470. 30. 0020. 002

p=0. 0234p=0. 0145p=0. 343 1: 1250 Anti- 16 I d

S s By b IR B e
C D | | - F 10. .

i dney socth 0 48Rk, & T dndkh The MR E NG g toBR RER G ¢
x 100 and Ryldpents,4H8tei dﬁ%ﬁ&ﬁhﬁf&g} % el eNed a'xeo‘ﬂfélllﬁ A¥eerdhb! Ht tréafBi, nes

I n supernatant’s of "16/ 61 ynph no tures o e treatéd

m ce. The thairtlddndygsyerevimatyzedfop imemnd@ofuytus depdis. Dle atsuliagsemnthadized
treatnent (after 10 treatnent injections). It can be seen that treatnent

wi t h hCDR1in(bakle 1deoskesy ngsffect eftrcatmaent onrhy 16/61d specifie antibody r¢spogse. 150)
and
Table 11
Effect of treatment of BALB/c mice afflicted with experimental SLE
with 200pg, 300p.g or 400pg hCDR1 peptide.

10

16/61d 16/61d+ 16/61d+ 16/61d+ Control
Mean+SD hCDR1 hCDR1 hCDR1 Meant+SD

200 300 pg 400 pg
ng/mouse /mouse /mouse
Mean+SD | Mean+SD | Mean+SD
Proteinuria g/l 0.1320.16 | 0.16x0.16 | 0.11x£0.15 | 0.03+£0.09

0.5+0.34
p=0.0131 | p=0.0209 | p=0.0070 p=0.0002

WBC/mm’ 2871£1205 | 5625+1659 | 4677+1508 | 4012+1421 | 7280352
p=0.0047 | p=0.0209 | p=0.0760 p=0.0001

Intensity of 1.86+0.38 | 0.57+£0.97 | 0.75x0.71 | 0.71+£0.76 0
ICD In kidneys p=0.0189 | p=0.0047 | p=0.0055
Anti-dsDNA 1.16+0.37 | 0.69£0.39 | 0.45+0.24 | 0.8+0.39 | 0.029+0.025
antibodies at a p=0.0189 | p=0.0003 | p=0.0603 p=0.0001
dilution of:
1:250
Anti-16/6 Id | 2.55£0.09 | 2.7+0.12 2.8+0.11 2.75+0.1 0

antibodies at a
dilution of

1:1000




TNF-a (Fig. 15B). On the other hand, hCDRL up-regul ated the levels of -

TG--P. Because splenocytes usually secrete nore TG--13 (Fig. 15D) than

| ynph node cells, 5 TGF-(3 was al so measured in supernat ant g Qfgud®b8sLd
triggered spleen cells of mce of the different groups (Fig. I'5E). Thus,
hCDR1 anel i orates di sease nmani f estations_and i nmunonodul ates cytoki ne
production in mce afflicted with an i néﬁced_ experinmental SLE. 10 Exanpl e
11. Transfer of the beneficial effects on |upus nanifestations by s | enoc
tes of hCDRl-treated mice. It was of inportance to investigate whether the

beneficial eff eﬁb‘?ﬁre%r %e%%gﬁnéf;%éﬁ%?p@—@,ﬁ% q@@gya%%fﬁgﬁﬁ Bhii eﬁ ?& een

down-regul ati on of di Sease mani ansrerre

celI's of tpepifGidiagd, mdetiftipor@atly, ﬁﬁxﬂﬁﬁ&%o%@ﬁl%ﬁrdérp@sﬁ@i@mkidﬁgé. TRe
whi ch 8-nonth old (NzZB x N\ZWF1 m ce, that suffer afready fromthe

ful | - bl owncdniml erouk ef dhe eapariment 5 ai BAdRIcimice o thesaps:. agar thap werevamt not
treated and mce of group 2 were transferred with 20x106 Sﬁ| een cells of
3- mont ¥ olmvmzedﬁr%m}@l ahpld e Thisagxpraiment spagester thatihtddR{ is effectivgdny

nt aper | BV GRPeRpstalig, L andapadvrneant AERAE Ao sRebsagen.
roper { B el o )

[ anster . Trane oy e ke & Ry eyl SRER T, Wi bfke 5,

in the | eveége®lyidimog %390?%3%1%%: Al@R®I t?jaﬁaﬁ'@é%?shrs@&%?. i?%%g%rf@@?%%r

of splenocytes of hCDRl-trea mce 25 res ed inasignific
pr ot ei nur i thearegretsed ahCBRUCt Tl aid bfmhikeegph@reBas baeii,hén ldditRns to 3Re 26

August 2005 51 Table 13 dinical lupus manifestation in mce recipient of

spl eenlOcel ¢ampdrisonceetiveentthd 200 ahd I3ODR1Lg Greatmenb dosesattoetodyr theieffiect afg/ L

LC.DSEM treatment on the cytokine production in the treated mice. Sixty BALB/c mice were
immunized and boosted with the 16/61d. Three months after the boost, thé mice
were divided into groups (15 mice per group) that either were not further treated or
were weekly treated with 200 or 300 ug of hCDR1. An additional group was treated

15 with 300 pg of reversed hCDRI1. A fifth group (control) was not immunized and

was not further treated. Mice were followed for antibody production and disease

‘manifestations. As seen in Table 12, the anti-16/6Id antibody levels (at a dilution of

1:10000) in sera of the mice did not differ between groups. Treatment with both 200

and 300 pg reduced the anti-DNA antibody levels as can be seen in the Table (the

20  sera were diluted 1:1250). Table 12 also summarizes the clinical manifestations in

the different groups of mice. It can be seen that, although both doses were effective

- in reducing leukopenia and proteinuria, the effect of the 200 pg dose in this

experiment did not reach significance (mice were sacrificed a month after the end of
treatment). |

25



SEM 1Non-treat ed15. 07%4. 922. 250. 47 20x10 spleen cells 0.97 0.67 2from

hCDR10. 75 0.47 P=0.05 treated m cep=0.05 5 The p-values are calculated in
of untreated m ce The experinent was repegs_&Gywat Jodw nore
The results were simlar tot
treated mce affected
nificantly proteinuria and kidney
esentative experinment are

conparison to grl
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nanel y,

cel |

transfer

t he
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shown in Table 14. Table 14 d i nical I@Bl&l

Etlpet W5 NPl 1 p AL B2 Rac g o,
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s 2.91
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of untreated mce 26 August

p-val ues are calculated in conparison to grl

2005

10

16/61d 16/61d+ 16/61d+ 16/61d+ Control
Mean+SD | hCDR1 hCDR1 | rev-hCDR1| MeantSD
200 ng 300 pg 300 pg
/mouse /mouse /mouse
Mean£SD | Mean+SD | MeantSD
Proteinuria g/t . 0.1720.15 | 0.085%0.01 0.8+0.3
0.58+0.34 0.031£0.09
p=0.0366 { p=0.0088 p>0.5
WBC/mm® 4900+800 | 5800300 | 4180+831 7900400
2800+£300
p=0.004 p=0.004 p=0.0079
Intensity of 1+£0.63 0. 5+0.5 0.85+0.75
o 1. 6£0.55 0
ICD in kidneys p=0.0887 | p=0.0152 p=0.0628
Anti-dsDNA
o 0.23+0.1 0.240.1 0.35+0.3
antibodies 0.47+0.3 0.002+0.002
p=0.0234 p=0.0145 p=0.343
1:1250
Anti-16/6 1d
antibodies 0.89+0.1 0.96+0.2 0.93+0.1 0.95+0.13 0.03+0.1
1:10000

~ Figs. 14A-F represent one kidney of each group where A,B represent an

untreated mouse; C,D represent a kidney of a hCDR1-treated mouse and E,F

represent a kidney section of a mouse treated with the reversed hCDR1. Pictures

A,C,E x 100 and B,D.F x 400.

Figs. 15A-E shows levels of the different cytokines in supernatants of 16/61d

stimulated lymph node cultures of the treated mice. The latter tests were performed




52 It can be seen that the down-regulating effect of treatnent with hCDR1,
could be transferred by spleen cells of the treated mce. Figs. 16A-F
represent kidney sections of nice of group 1 (A B - untreap@fygudt Jose),
group 2 (C, D - recipients of splenocytes of 2-nonth old mce treated with
hCDR1) and group 3 (E, F - recipients of_splenocytes of 2-nonth old mce
treated with revhCDRl1l). A C E x 400; B,qﬂF x 100. The results of the above

R s e
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struct us al TEIMBIWEs alfe ncdiirkdrin Sip&HAGhIA 1 6/6RFir{dosiddyspl &l deflsaff RuIFeS
and inducibility. The MWs are synthesized as zynogen-|ike |atent .

pr ecur sor sthendifferent p2Gupsaifi@rit5€). subsequently to an active form MW-2 and
MM 9, which are_both el ati nases, can degrade type |V collagen, denatured
col | agens, typedhys, RK agpefiorydep é@ﬁﬁ@g@ﬁ@pfe\ﬁ@o@ﬁe@d Amnagrgraedates

gal ectin-3 and. el ast,in. MVP-2 is.the nmist w.dely expres It is
roduced by Ry BEYior Romics SR WAt Bibeod oGBS S | gnant
tunor netastasis. 25 In terns of protein and donmain structure, MW-9 is the
| argest and nost conpl ex nenber identified so far. MVW-9 expression is
charact@®ri Egdnijediconpl ex regulation with tight control at the levels of

gene transcription and protein secretion (such as cytokines, chenokines,
ei cosanoi ddxansfer sofvtheo beneficiahteffects andlwutsi vranifestatioosubyi splebocvtes off

nmet al | opr of gj es (TILMPs). In addition, MW-9 activity is 26 August 2005
53 nodul a -t ¢ tion of pro-Mw-9, by conponents of the

pl asm nogen

It was of importance to investigate whether the beneficial effects of treatment

with hCDR1, that are'manifested by the down-regulation of disease manifestations,

I5  can be transferred by spleen cells of treated mice. To this end, we have performed

an experiment in which 8-month old (NZB x NZW)F1 mice, that suffer already

from the full-blown lupus-like disease, were divided into 2 groups. Group 1 was not

treated and mice of group 2 were transferred with 2‘0};106 spleen cells of 3-month

old (NZB x NZW)F1 mice that were injected 3 times ( s.c., every other day) with

20 300 pg/mouse of hCDRI. All splenocytes were injected intraperitoneally. Mice

were tested for anti-dsDNA autoantibody production, disease manifestations, and

were sacrificed 4 weeks after cell transfer. Transfer of cells of hCDR1-treated mice
caused a mild reduction in the levels of anti-DNA antibodies. |

Table 13 demonstrates that transfer of splenocytes of hCDR1-treated mice

25  resulted in a significantly lower proteinuria and in a reduction in immune complexes

in the kidneys.

30
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The results were similar to those in the first experiment, namely, cell transfer of the

treated mice affected slightly anti-DNA antibody titers and significantly proteinuria

and kidney damage. The clinical manifestations of a representative experiment are

10  shown in Table 14,
Table 14
Clinical lupus manifestation in mice recipient of spleen cells of mice treated
with hCDR1
Group No. Treatment Proteinuria g/L I.C.D £ SEM
+ SEM
1 Non-treated 10.9+£3.05 23+0.26
20x10° spleen cells |
291+ 1.6 1.33+0.35
2 from hCDR1
p=0.0402 p=0.034
treated mice
20x10° spleen cells
_ 538+2.34 1.7+0.23
3 from revhCDR1
p=0.0931 p=0.065
treated mice _
15 The p-values are calculated in comparison to grl of untreated mice

anges in the



RAP-9 in their sera. W thus foIIowed the | evel s of the latter starting at

the age of 2 nonths, before disease manifestations are observed, until the
age of 8 nmonths when the mce suffer froma full blown dis tPh&
results are shown in Fig. 17. As can be seen in Fig. 17A, bot the 34 kd
and the 40 kd forms of MW-3 in sera of 2 10 nonth old mce are very |ow as
detected by Western blot analysis. The |%®vels of all forns are gradually
el evated towards the age of 8 nonths, the last tine point tested.

Simlarly, Fig. 17B shows that MW-9 activity, assessed by gel zym)graphy,

w th e pr ogr eS0F8h becroed (BRARL dwi-feeiitg, bnfel PG amen ik ECpRIc®

seen in Fi changed significantly
wWith the p%ouéééggagﬁk§e%§ﬁ§é§%n% &?thﬁusta%gdgﬁ%S Exanpl e 12(ii) Kinetics
of appearance oFj A8-F geratddAdPs & tions DETmaicelofBALEP O (ACB — Lhatatver e

i muni zed with 16/61d. 5 Previous results from our Iaboratory have shown
t hat SISE cacedegiongud €d, Dh— meipBinds of splehotytesiof @-menthn okhtrion treatet witke

16/ 6ld t WA t. al., T f t
i nt e§ es@gbg{lbé‘gﬁ grgug I;fe(]ﬁgffgucréﬁlp:’t%ggg gP e%ggge;; % eE’ Or‘?&ﬁéﬁe&?\sl\) F
1 nodel m MW&?E ghg‘%}e@ﬂ? WB03 and MVP-9. V\e t hus | ooked at

| evel s of ITnTthis exgerinental 10 nodel of SLE. The results
denonstrat ed i NTiE fhsultS of M SBGR é}i}}%hrﬁé?ﬁs {rRN&tS tIRdt t%/ﬁmeﬁofa'ﬁﬂ éf?é?sfté)bﬁm)
were el evated 10 days after the boost (4.5 weeks post- inmmuni zat| on), and
wer e hi ghedis¢dsamamifestations ofi hiGHDR i caadborraisferiedrbyi inadun®ALS of rheahhy)f
the sane age (Fig. 18A). The |levels of NEAP-3 increased with aging in all
gr oupst? hdﬁ/@%ﬁ’éhat‘t"ﬁ@tr%&t@‘ewlﬂ)eh@& ways higher in the 16/61d i munized 15
mce than in the control groups. In contrast, no induced changes in MW-9
activity could be detected until 2 nonths after the boost (Fig. 18B).

H gher actm@u}l 1@i2. MP-9 in the 16/61d inmunized mce than in non

i muni zed | d be observed at about 4 nonths after the boost. 20

E?agg Lg/ 12()&Wil)re§nm6n of MMVERIG! aid MIVIBE-9 WY rnsindBCDRDppitilirgy sections
0 C

Matrix metalloproteinases (MMPs) (Shingleton et al., 1996; Goetzl et al.,
15 1996; Massova et al., 1998) constitute a family of zinc containing endoproteinases
that play an important role in the remodeling of extracellular matrix in normal
tissues, and also contribute to pathological processes. They share structural domains

but differ in substrate specificity, cellular sources and inducibility.
The MMPs are synthesized as zymogen-like latent precursors and are
20  converted subsequently to an active form. MMP-2 and MMP-9, which are both
gelatinases, can degrade type IV collagen, denatured collagens, types V, VII, X and
XII collagens, vitronectin, aggrecan, galectin-3 and elastin. MMP-2 is the most
widely expressed MMP. It is produced by a variety of cells and is frequently

elevated in malignant tumor metastasis.

25 In terms of protein and domain structure, MMP-9 is the largest and most
complex member identified so far. MMP-9 expression is characterized by a complex
“regulation with tight control at the levels of gene transcription and protein secretion
(such as cytokines, chemokines, eicosanoids) inflammatory mediators, and action of

tissue inhibitors of metalloproteinases (TIMPs). In addition,” MMP-9 activity is



m ce that were immunized wth the 16/ 61d. Since inmmunization of BALB/c m ce
with the 16/61d |l eads to clinical manifestations characteristic of SLE

i ncluding kidney damage (Mendlovic et al., 25 1988; Vi smanyehygabt-2008993) ,
and because ki dney damage in (NZB x NZWFI m ce was reported to be
associated wth elevation in the levels of MAP-3 and MW-9 (Nakanura et
al., 1993), we | ooked at the expression 58f these enzynmes in kidneys of

BALB/ c mice thf;\t \Aﬁre i muni zed with 16/61d. As controls, we used mce that
vere i munitodBlafgd hydhe agivalige ohare NP hinsameenesic of theiawamogsn 30

groups wer g _jnj.ect w th PB t fLe _poin f the boost. Two nonths
and 5 26 A%c&hfgtlgﬁaggcgbér ?ﬁﬁ‘ﬂ@@? (Gpdretilodvoll 1 s6/ 61d, ki dney
sections of M CEh&GhEIVEREAP D NINELS i TautdibdYRarte Qﬁ%éé{%’s- YrasFidmorsirated in
represents i mrunohi stol ogy of kidneys taken 5 nonths after the boost. As
can be seevaricustdmoitnigune diseasassuzhias aultpleddderowist(Dzehéi etal., 1099) ai@itst he
expressi on of both MW-3 (19A) and MWP-9 (19981% in the kidneys, in 5 the

gl oner i i Hmal qnedal experimanddlnaptoiremuse aneophalpetyelitis (BAdn(Gibels et vils h

16/61d in further .el evated si.gnificantly expr essi | evel s of :

t hese two ; f%ﬁ}lglat%}ﬁe\?gﬁﬂﬁﬁ @Ig S&B"se‘?a)‘v >aw§9§dy s SSPCEYMEhe

boost wit 1LpLa ( : Ciaf WG D r el s
of the st gﬁ(?’]rlg%l aF {g ag'l’ SI?QZW%%I}@%@?%?QQF%E .ﬂé%gﬁjgglﬁp{%ulgt(c ?g’) ?‘2@ hﬁéril ne
nMCDR1 pept éxgrerigiomtalr aguimingse rRveikis @fug®d®e8 and 998).1 Sdrih BvelSMPVIVIPA3 ser a
of (NZB x NZV%Fl mce. Since we could show that |evels of NEAP-3 and MWP-9
are el evatadl THVBel in patierdx path lwpns abplmideivsrofepSirted totbevsgnidicanthy bigher t o

examne if _the aneligoration in th clinical ,synmptons of SLE observed
fol | ovithg thpa dhess, ot Bealiny Kentrels uh g Goeelation vth discase achyigo wasi nefed ot

oL, 200D REIOSE A et on 1 Tvel s of TIARS and s, ve
eI L o S T T
for 10 responses has been suggested by the inhibitory effects of MMP inhibitors in several
animal models of autoimmune diseases. Specific inhibition of MMPs in vivo
15 suppresses edema, pathologic tissue proliferation, and damage to specialized tissue
structures in several inflammatory and autoimmune diseases (Gijbels et al., 1994;
Wallace et al., 1999; Conway et al., 1995).
According to the present invention, we show that levels of MMP-3 and
MMP-9 are elevated both in sera and in kidneys of mice afflicted with either the
20 spontaneous or the induced experimental SLE. We also demonstrate that treatment
of SLE-afflicted mice with the CDR-based murine peptides, that ameliorate
manifestations of lupus in mice, diminished the levels of MMP-3 and MMP-9 in the
serum and kidneys of the treated mice and also caused amelioration of disease

manifestations. The same effects are expected to be presented by the human hCDR

- 25 peptides of the invention.



weeks. This prevention protocol resulted in the anelioration of all

clinical synptons (Eilat et al., 2000). As can be seen in Fig. 20, there
is areduction in the two [ower bands of MWP-3 (20A) and i bg MMisPocagt i Vity
(20B) in the serum This reduction is associated wth the reduction in the
clinical manifestations (Eilat et al. 25 2000). As seen in Fig. 20A, the
45 kd form of MW-3 was not affected. It54vvas al so of interest to find out

whet her t he nCDR1 Be tide is capable of down regulating elevated | evels of
MVP- 3 andE&EEB_&)LBf MWP-9. W thus |ooked at the levels of MW-3 and at
NfP§ treated Wit h

ngactig'lg%ﬁlntge ser a_of (ﬁm! A . r
nNCDRL at t S 72088l ed? As
a control @EmMmﬂgﬁﬂ% the reversed nCDRI As can be seen (Fig. 26
August 200 & right), treatment of sick mce with nCDRI, but
not with revnCDRE firspegaminsl lify thioweveRguhait el tétxaenﬂaﬁmiss SOE WF(NEZBZQA)

and the activity of MW-9 (20B) in the sera. 5 e 12 vg The nCDRI
pepti ded doWWEéh maice ds | asvedistedf willvietgingesl imdhe Vevsls dffwmé nMIMNBr2 apfl

é?’eﬁi?eh”“?ﬁrﬁ\qée@ﬂln”ﬁm%\mﬁ R GUEF BRI il ot i peiot 2o

of SLE. Be S r se
'n both mogarar Refre el i BERER MR, LAuRRAR & Soldifhl YiER

sera of trertmite(NERr MW full blowicdiseae. THE rbailtsl felshewhan Ribe1?f ASGhnof
treatnment on these enzynes in sera of 16/61d i munized BALB/Cc mce. Fig.

21 represehe searepuFig bTA,abqﬂhdherﬁtm kd aaddha 40t kdzzfmmm)f éeﬂvﬁ? Brmrdesa oflze

figure shovvsthg]éil coul d down_  regu] ate. MVP- 3 9.in_this
exper i Hent BonHyekd mice %@wery Wsrdé&iﬂ%%ﬂ bﬁﬁNeﬁemeb]ént@n@lﬁfsmvﬁheée%owl

or ot ocol s, TAnseE RriAR SfivaiR bPlnts BFad¥ SHERIOARR AL i ﬁg‘@%"iegsiedof

P
the Tevel oo bR TIe 18 08 T E D Suapio Bsdhy ??‘??mv%g%é‘ﬁy dFmee

since tr eamtrthmagwolf 2 mbath @nday grz&hdlly@lﬂate:ﬂ th seph ofibdiee witi\iBe progrebdibn 9

activity (not. shown).
of disease, until the age of 8 months. It is also seen in Fig. 17B that levels of MMP-

15 2 are not changed significantly with the progression of disease.



Prelimnary results, using the MMW-9 activity assay system (from Anersham
Pharmaci a Biotech UK Limted, England) show that the activity of sera from
uni mmuni zed BALB/c mice is conparable to 7 ng/m of pure achéxegufdoos.

| muni zation with the 16/61d el evates the activity to 16 ng/m and
treatment with 25 the nCDR1l peptide dov& regulates it alnost to the normnal
l evels (8.5 nglm). 26 August 2005 58 Exanple 12(vi) Effect of treatnent
with the nCDRL peptide on the levels of MW-3 and MWP-9 in kidney sections
of 16/61d i nmuni zed BALE/c mi ce. 5 Because MW-3 and MW-9 were shown to be
el evat ed i'Eﬂﬁ'ﬂg@nggﬂ{ mce wth induced experinmental SLE, it was of

I nterest to 100 he effect of treatnent wth the nCDR1L peptide on the
expr essi on Kifietitscof appeirabdPst MIVEFL3, MMPel sindf MVP-9 i Sétacst BAISB/c hige 22
denonstrates that in both prevention (Fig. 22A) and treatnent (Fig. 22B)
exper i nent hatiyeys i e expression |evels of both 10 MW-3

t
d MWP:9 in thg ki.d f.the t t 1 ce. Th d ' in the | evel
o WP Bias. obsof VAT ioALo BReFlPD e ivut D SLnFar e 10bkeABa
e _congl on cannas roto e A e R i) 4021 SAREIMAI, At SR o

i nvol vemenWaitmbivRet 31.2099 VAT rdford, hewad Dfiatcheg e0 ¢t S tHe BldaceddRslord
whet her the human hCDRI peptide is capable of down-regulating the |evels

of the | at BBE reseroblosdha(NdB wiNAWHE modtli withtrespecofo thii clemges in MMP-3
N il N T P T
aur gt netbgeE PR, el Gulrilsad Moy T8 sp i in g mi Tously ReRibary

whi ch m ce3wedlp kbhR) weltdrélePated! 10NAag0CaRr 1hEORLAE 1SN kscbbﬁ%cal

mani f est ati ons were observed. The resul'aggare of sera colléected at "t

m ddl e of Immanirtibn),aditdewete higher thaanimn obniddDRhimmilfiged esUCE A-@hmbhged 23
indicate that treatment of mce with 300 g hCORI down _regul ated the |evels
of MAP-3 aﬁglth(é miqe of the samenaeoFighd8A)+ Ebellevelaod MMES% apreasedrivithi t h

the 1N T L 5RB ' ATEb8hE HoMevel, il TARS VIR MNESS Aighdth £ 16 d Fhmunized

15 mice than in the control groups. In contrast, no induced changes in MMP-9 activity

could be detected until 2 months after the boost (Fig. 18B). Higher activity of
MMP-9 in the 16/6I1d immunized mice than in non immunized mice, could be

observed at about 4 months after the boost.

20 Example 12(iii)
Specific up regulation of MMP-3 and MMP-9 in kidney sections of BALB/c

mice that were immunized with the 16/61d.

Since immunization of BALB/c mice with the 16/61d leads to clinical
manifestations characteristic of SLE including kidney damage (Mendlovic et al.,

25 1988; Waisman et al., 1993), and because kidney damage in (NZB x NZW)F1 mice
was reported to be associated with elevation in the levels of MMP-3 and MMP-9
(Nakamura et al., 1993), we looked at the expression of these enzymes in kidneys of
BALB/c mice that were immunized with 16/61d. As controls, we used mice that
were immunized with CFA and aged matched unimmunized mice. Both control

30  groups were injected with PBS at the time point of the boost. Two months and 5



i nduction e

treatment with hCDRI. 26 August 2005 59 Di scussion The above results show
that both MW-3 and MNU-9 are elevated in sera and in kidneys of nurine
nmodel s of SLE. The murine nCDRL peptide coul d down regul at g5 Afifisd RYE! s of
MM9 and MWP-3 in both sera and ki dneys of SLE-afflicted 5 mce. It is
denonstrated that in the spontaneous nodel of SLE, up regulation of both
MM 9 and NANAP-3 in the serumoccurs at Xhe first 3.5 nonths. In the
i nduced nodel the elevation in the levels of MWP-3 in sera is very early
(10 days amosths after the beestwyithh 16/6dd, ligdaaxisectinns b€ mipe were immusasieinegNpr 9
activity o s.about 3-4_ nmonths | ater.. Based on the.results with th
16/ 61d | nalHBaMMPRS Fig) Rasprscpts impmyislogyldsdaeysdakeha ombs
st ages of ' VAL IS ] [ IS; _
6 SeNERRE s b BETeoh JR 0y b, e BHBGE of eoBAFRTET A i
showi ng t hﬁ:gﬁlleﬁa@meoéx;@éssbdwoﬁbmﬁ_mmswawm (IOB) in &cckidReys, in
agreenent with results denonstrating tha -3 is significantly increased
in sera ofhepdoimentls amd iththSlsBriokiatla)g issuet Naverthcl @8 8immudizatiat wikhP16/61d

transcript is .1 ignjficantly .increased with the progression of nephritis
in (NZB x NE‘?W 1f5umsh@éefeymaasﬁgnlﬁcmthérhe, expyesgion waﬁlémfgb@s@ttﬂ@rl}fﬂ\ﬂ%%s 15
results su t tha ESAP; 3. ma contripute t he devel f

o oner ol ar Aentd VS oPtstEd ARy pFEMarh b e e SOBORN P TR TN noLy e
of  NANW2 Uibvoff AR RorfipkeiticeNatkafourtd @l 6P Yatlibh b A5 BeloAdiASe! on
in both the induced and t he spontaneous 20 nodels of“SLE. These results
are conpat (I9).wi th those reported previously (Zucker, 1999) that MWP-2

| evel s were not increased in SLE. Accordingly, this enzyne was not
nmodul atkd by treatment with the CDRI-based peptide (data not shown).

Level s of Kﬁzlﬁiﬁf secreted constitutively and did not change in other
pat hol ogi ca&2 FeMBhs (like optic neuritis and nmultiple sclerosis) as
?ﬁlnlt’rof“@eE e dnr miCDRY MWde f5Wh Pt delal 3 $ GG
NCOR1 pept MIVIP-0 hiakeSperiNZBal NZWIE] dhiect | y af fects SLE- associ at ed
T-cell responses, could down regulate Tevels of MAV-3 and MVP-9 t hat
Since we could show that levels of MMP-3 and MMP-9 are elevated in both

15  experimental models of SLE, it was of interest to examine if the amelioration in the
clinical symptoms of SLE observed following treatment with the mCDR1 peptide
(Eilat et al., 2000; Eilat et al., 2001), is accompanied by a reduction in levels of
MMP-3 and MMP-9. We thus treated (NZB x NZW)F1 mice that develop SLE-like
discase spontaneously, at the age of 2 months (before clinical manifestations are

20  observed) by injecting them weekly with mCDR1 in PBS (250 pg/mouse) s.c. for 10
weeks. This prevention protocol resulted in the amelioration of all clinical
symptoms (Eilat et al., 2000). As can be seen in Fig. 20, there is a reduction in the
two lower bands of MMP-3 (20A) and in MMP-9 activity (20B) in the serum. This
reduction is associated with the reduction in the clinical manifestations (Eilat et al.,

25 2000). As seen in Fig. 20A, the 45 kd form of MMP-3 was not affected.

It was also of interest to find out whether the mCDR1 peptide is capable of
down regulating elevated levels of MMP-3 and activity of MMP-9. We thus looked
at the levels of MMP-3 and at MMP-9 activity in the sera of (NZB x NZW)F1 mice
that were treated with mCDR1 at the time that disease manifestations were already

30  observed. As a control peptide we used the reversed mCDRI1. As can be seen (Fig.



are already up regulated (treatnment protocol) as well as to prevent their
el evation. 30 (prevention protocol). 26 August 2005 60 MWP-9 activity in
sera was neither reported in SLE patients nor in animal nodgd sugoét28b4&. This
is the first tinme that a correl ati on between SLE and MP-9 is shown and
that MVWP-9 is denpnstrated to be elevated in sera and ki dneys of SLE-
afflicted mce. Al though the elevation iH sera appears relatively late

(around 4 5 nonths after the boost), the elevation of MWP-9 in the ki dneys
i s observedOal ther right)s{regtnenit ol picki misgs withnmGddR bn byt ngb ety yeymrGPR lnot

shown) . It uri her sho rei f.or hat at
anel 1 07 at eSISCH o T A UDRET Gellpra®or o () BB b T afiVt RS
al so down ¢ ﬁﬂ;c?hﬁttﬁe MM9 both in sera and in kidneys. The latter data were
al so support by prelimnary results, using the MW 10 9 activity assay

system that showed that inmunization W|th the 16/ 61d el evated MWP-9
activi t% Wnereas treatnent with the CDRl-based peptide down regulated it
Ct

to the s of uni mmuni zed mce. It is also denonstrated here
for the first tj hat, - 3 and di.ff in the kinetic f their
i nducti on ~AE %‘ IYNP% acfavity af IuBre

speci fi cal f % .ndicate the different roles of the above
MWPs in l;éfa(ﬂ'rm H;m‘ K"eilg{&sease Qur results denonstrate that

pept i des that Aswionisitd adedndilshrabis oatidied df CRIMPLESRONGSmt&! dind Bih
regul ate di sease nanifestations can control the secretion (although not

necessari I%MIMM&HMEI%[(NZ&WBNM}Bl ofid tli6dEd-iniRsed] rofs8lLE. Bedalsedheys.
These re ndlcatethat MVP320 and MWP-9 play a role in the
pat hog@n | geptide vareshozar (Peargelicrate @@ai@asw et merdets, gad e down-

progressio | i orati nt,
on the ot h%sﬁﬂagéSMQ ol R MEMIET G5 o bl & e Q215 RB T S

el evat ed um&er@e q{mﬁaEmﬂ&edemrsmb%ﬂfé& d}f&é&ﬁ{en@@nﬂlege éﬁ%yﬁ’l%& %@e&?%ft he
| evel s of MMP-9 and MVMP-2 in sera of 40 patients with SLE

denonst r at B6/6hhimvidifecbBAIBic tide. Figa2l irepiegents resigisi 6 aq:médrc;nt@heamt gd in

sera of SLE patients conpared to healthy
treatment experiments. The figure shows that mCDR1 could down regulate MMP-3

15 and MMP-9 in this experimental model as well. Down regulation of levels of MMP-
3 and of MMP-9 activity was observed for both the prevention and the treatment
protocols. Thus, in vivo administration of mCDRI, either at the stage of disease
induction or at the stage of a full blown disease, could reduce the levels of MMP-3
(21A) and MMP-9 (21B). This reduction was specific, since treatment with the

20 reversed mCDR1 did not affect MMP-3 or MMP-9 activity (not shown).
Preliminary results, using the MMP-9 activity assay system (from Amersham-
Pharmacia Biotech UK Limited, England) show that the activity of sera from
unimmunized BALB/c mice is comparable to 7 ng/ml of pure active MMP-9.
Immunization with the 16/61d elevates the acﬁvity to 16 ng/ml and treatment with

25  the mCDRI1 peptide down regulates it almost to the normal levels (8.5 ng/ml).



.controls. Hgh MWP-9 activity correlated with the presence of discoid rash,
30 Raynaud phenonenon, pneunonitis, nucosal ulcers and the presence of anti
26 August 2005 61 phospholipid antibodies (APLA). In addit@rugusieust ed

| evel s of MW-9 correlated wth SLE activity in the group of male
patients. Materials and Methods 5 Patients. Forty patients, 32 femal es and
8 males with SLE participated in this stifdy. .Al patients reveal ed at

| east four of the revised diagnostic criteria of the American College of
Rheurmati sm (ACR) for the diagnosis of SLE (Wnchester, 1996). Twenty-five

sex- and age- magcq;gg .fealthy vol unteers served as a control group in our

studi es. THE2 of patients at diagnosis was 299.7 (range 15-48)

years tlg apfeb of Hefthond Wil Rhe ShlCIRICHegtid dn Hele3'é1§f ¥eR{E3 bhgease
A get er 1M nea a Ol U U U C [J e V X

( Bonbar di eMMP-8lin kid®&23ectivng o\l 6/61d iBtibAvizeddBAL(B/eYnRe. al ., 1993). The

study was approved by the ethic commttee of the Kaplan Medical Center,
Rehovot3, | sr ael BeamistdMR-8ranst MivIPavepe shewmip-be dlgvated iiv kidneys odymicet s.
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appropri atgesibdntias. dPignal eledtbrtided thit @Asdthrevention(FgIEIAT SndBatHicntt he
total content of the MWs, activation of thé pro formof the MWs was

per f or ned (Bgng@2P) aerpeomens, méIoR1 i downeegtiated ARMEKprageimsu teetsn of dfothivP- 2
and MVP-9 tiviti el zynpgraphy. MW-2 and 25 MWP-9 activities were
t est ed%by @i\ﬁ%ﬁ ﬁn@ﬁ@éﬁ—gﬂwﬁe bzlcgleyﬁ of the teated @mfﬁiﬁe@d@wm@& Isyelsn 8o
SDS- PAGE ¢ ' 1.5h. 1 gel ak il n: s. were. washed on f,or
30 mn in (Stl %@g’w ;(’te{‘)gn@gilgsat & rbg;%;ae"et ﬁg)niel[ggh gﬁ% lgﬁe%gt?tflgp. € rﬁ%ﬁgﬁ%ﬁdt he
reaction bgfihietiof HIMMP BgpressisiVedfrbftddlviti?@R RELORG in $Qidié SafhAuaed
0.02% (W v) Brij 35 (pH 7.5). The reaction buffer was changed'to a fresh 30

one, and tdwenpleksieposits using batidg (Rig.228)f or 24 h. Celatinolytic activity
was

Because of the apparent involvement of MMP-3 and MMP-9 in the

15 pathogenesis of SLE, we tested whether the human hCDR1 peptide is capable of
down-regulating the levels of the latter in correlation with the amelioration of
disease manifestations. To this end, pooled sera of groups of (NZB x NZW)F1 mice

that were treated with the hCDR1 by s.c. injections of 100ug or 300 pg/mouse once

a week for ten weeks were tested for MMPs levels at various periods dﬁring the

20  treatment. Fig. 23 represents results of an experiment in which mice were treated
starting at the age of 7 months when all clinical manifestations were observed. The
results are of sera collected at the middle of treatment, after 5 injections of hCDRI.

The results of Fig. 23 indicate that treatment of mice with 300 ug hCDR1 down
regulated the levels of MMP-3 and the activity of MMP-9. These results are in

25 agreement with the significant amelioration of disease manifestations following

treatment with hCDR1.



26 AUgust 2005 62 visualized by staining the gels with 0.5% Coonassi e

brilliant blue and was quantified by densitometry. Statistical analyses.
The data were eval uated using chi-square or Fisher exact tez%tﬁxgust%éﬁﬂ'pa' red
t-test and two tailed P-val ues. Pearson, Spearman and nultivariate

anal yses were al so used. Exanple 13 i Activity of MW-9 but not of MW-2 is
elevated in SLE 10 As described above, MPVIP-9 was shown to be involved in
several autoinmune di seases as well as in animal nodels of SLE. Thus, we
wer e i nt er dyseapsiam studyi ng whether MW-9 is also elevated in sera of SLE

e T cone ol o A b 8 it
acti vi ti esyfflh Phin kngf‘ e n 6Peve %ﬁ{%—i&f‘e &@qRP t%gg&@ cbﬂ dd&yn 24

As can be seen In this are elev |nteseraof

SLE pat i engeguldie theclenpialof dvIMP- Demkitrbﬂwla%rmﬁ seralafibkidasyd of SLEraliaed of

the zynograns of sera of 40 SLE patients and 25 healthy controls indicated
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of MW-2 levels in the sane serum sanples reveal ed that "the differences in
MVP- 2 act i miohthsHetereBasesleom thef reSuls 24tlpdid 6/63d amdhced rhedeltthyt aldows akdower e
not signifjcant. Thus val ues of 109 7 and of 123 5 (nean_activity

densi t et 1oJloghpragesses it thedirg S%eérqﬁthédhife@ﬁe Hb seerps thag MM slSdnaolsEé

W o and B %C%hn@féoﬁémwr%w R da%s?%?fq%%?éi Kits. Fg. 25
shone that, Lhe ot s ShVAEIR Lelsyiedi i o€ ali om0,
26 August ##@Qb agreement with results demonstrating that MMP-3 1s 31gn1ﬁcantly increased in
sera of patients with SLE (Kotajima et al., 1998) and that MMP-3 transcript is
15 significantly increased with the progression of nephritis in (NZB x NZW)F1 mice
(Nakamura et al., 1993). Taken together, these results suggest that MMP-3 may
contribute to the development of glom.erular injury in lupus nephritis.
Our results show that activity levels of MMP-2 in sera are not elevated
significantly with disease progression in both the induced and the spontaneous
20 models of SLE. These results are compatible with those reported previously
(Zucker, 1999) that MMP-2 levels were not increased in SLE. Accordingly, this
enzyme was not modulated by treatment with the CDR1-based peptide (data not
shown). Levels of MMP-2 were secreted constitutively and did not change in other
pathological conditions (like optié neuritis and multiple sclerosis) as well, whereas
25 levels of MMP-9 were elevated relatively to the healthy controls (Gijbels et al.,
1992; Paemen ct al., 1994).
Interestingly, the mCDR1 peptide, that specifically and directly affects SLE-
associated T-cell responses, could down regulate levels of MMP-3 and MMP-9 that
are already up regulated (treatment protocol) as well as to prevent their elevation

30  (prevention protocol).



63 statistically significant (P=0.0302). In contrast, the differences in
the levels of MW-2 between the two groups are not significant (P=0.1254).
Since we, as well as others (Ebihara et al., 1998 and 1999),dlejg&tees hi gh
MWP-9 levels in sera of patients with non-SLE chronic renal farlure (e.g.
di abetes 5 nellitus, hypertension) probably due to the retention of the
enzyme, we anal ysed the correl ati on betWen | evels of MW-9 and ki dney
function in the group of SLE patients tested. No correlation was observed
bet ween creat i nN&éPI%mI\Q%HUSW@S ngighes rporteddn BDE petients ararny aimel t he

| ted | | f -9 i.n SL tiept t. th t tenti
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possi bl e caffi@kathie. Detvwen td bltaliornd $aboppelisy reldBvdlpr Rte(&oand and
serum MWP-9 levels. Statistical analysis (chi-square or Fisher exact tests)

was pers ormodthisyafienvls booggst),ithg etdvatinn mif VMR- 9 pntthe fidneys tik ohsghedaticarty mal

MWP-9 | evels for, each cljnical panifestation (Table 15) as well as_ by,
taki ng i ntYagescier 3&6&%@ Buehen é%mpalthéiéﬁta showy). IIEIﬁeI%ghSI shven fefeig

patients w .t h tal.n_clinical the_ re

i Far  byloba ffulelar rpHAL BP abletidisie iy RbRRatafs ERG nfBi&1
Synptons, i hEPREYs sHovRlabBOES aé Move Yahfste MNIP-O ©)fth Sin! SerUsid i gher
than that 1n the group of healthy controls. Tevels of MW-9 did not

correl at e kidhéyydhedatierdiatatriesnaldb sdppenseby prélimimge results) ssing et MMP-
(Pearson, Spearman). Table 15 shows the clinical and | aborator

char actler | S tacH¥itpfassae spitempthat showedothap deenuiizasiono withe the Wﬁ{d devated t vy

I I I I heal t h A | 5= I Hi I I f -9
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8) and APLA tﬁgﬁgﬁ@ﬁ;kveﬁ (;‘;f{L{Iﬁngmﬁﬁﬁé(F don could be observed wth

pneuroni tis, discoi'd rash, mneurologica disorders-and nmucosal ulcers.
However, the numbeslsofdchminsentcd hdré ot e it tifile tianMMFL ahaMPS diffet 00

small to performa statistical analysis. Miultivariate analysis reveal ed
t hat in the kinetics of their induction in experimental models of autoimmune diseases as
15  shown here specifically for SLE. This may indicate the different roles of the above

MMPs in the pathogenesis of the disease. Our results demonstrate that peptides that
immunomodulate SLE-associated T-cell responses and down regulate disease
manifestations can confrol the secretion (although not necessarily by the T cells

themselves) of those MMPs in sera and kidneys. These results indicate that MMP-3

20 and MMP-9 play a role in the pathogenesis of SLE and may serve as surrogate

markers of disease progression on one hand, and of disease amelioration by a given

freatment, on the other hand.

Example 13.
25  Activity of MMP-9 (but not of MMP-2) is elevated in sera of SLE patients

In the present example, we determined the levels of MMP-9 and MMP-2 in
sera of 40 patients with SLE and we demonstrate that MMP-9 but not MMP-2

activity is significantly elevated in sera of SLE patients compared to healthy
controls. High MMP-9 activity correlated with the presence of discoid rash,

30 Raynaud phenomenon, pneumonitis, mucosal ulcers and the presence of anti-



26 August 2005 64 Raynaud phenonenon and | ow conplement (C3, C4) levels
are positively correlated with high MW-9 levels (P-0.0001 and 0.0137,
respectively). In contrast, photosensitivity, arthritis and®RAegrt#l06gi cal
di sorders are negatively correlated with MW-9 activity |levels (P=0.0381,
0.0014 and 0.0065, respectively). 5 Tablg 15 dinical characteristics of
SLE patients with high and normal MWP-9 activities according to their

MWP-9 | eve - - ixgh - Nu f I ent % 40 0Q) 27
(68) 13 ( 32;‘3ﬁ9>?ﬁo”t¥oh§’gdn ?@‘*5 %véui?é/ ﬁ%@ﬁﬁgzﬁ%‘g@%“’%g@%ﬁeﬁdf’g@% s?gg\%)@f’o(“iéiﬁ]“e&l ar
rasho7 (78 SR Biiehp s Uiexh of 1M Bad@lis Raynaud phenorenongs_(100)0 (0)
Vascul i tis1814 (78)4 (22) Arthritis3121 (68)10(32) Serositis97 (78)2 (22)
Pneunoni tis44 (100)0 (0) Neurol ogical disorders44 (100)0 (0) Renal

Hemat ol ogi cal Di sorders2918 (62)11(38) ANA4027

((jlsg?rlgez %3%&?‘%&&81 ethods12 (33) APLA2520 (80)5 (20) Low conpl enent
e N S R i R R SR
and anti - da 1D rRRE1e@Sat least four of the revised diagnostic criteria of the American
College of Rheumatism (ACR) for the diagnosis of SLE (Winchester, 1996).
Twenty-five sex- and age-matched healthy volunteers served as a control group in
our studies. The mean age of patients at diagnosis was 29+9.7 (range 15-48) years
10 and the mean follow-up period was 11+10 (range 1-32) years. Disease activity was
determined according to the SLEDAI lupus activity index (Bombardier et al., 1992)
and by the BILAG index (Hay et al., 1993). The study was approved by the ethic

committee of the Kaplan Medical Center, Rehovot, Israel.

15 Measurement of MMP-2 and MMP-9 by activity assay kits. Activities of MMP-2

~ and MMP-9 were measured by specific Biotrak MMP-2 or MMP-9 activity assay

kits (Amersham Pharmacia Biotech UK Limited, UK) according to the

manufacturer’s instructions. Sera were diluted 1:100 and 1:32 for the determination

of MMP-2 and MMP-9 activities, respectively. The appropriate standards were

20  added in each assay. In order to measure the total content of the MMPs, activation

of the pro form of the MMPs was performed using p-aminophenylmercuric acetate
(APMA).

Measurement of MMP-2 and MMP-9 activities by gel zymography. MMP-2 and
25  MMP-9 activities were tested by gelatin zymography. A 5 pl sample of serum was
separated by an 8% SDS-PAGE gel polymerized with 1 mg/ml gelatin. Gels were
washed once for 30 min in 2.5% Triton X-100 to remove the SDS, and once for 30
min in the reaction buffer containing 50 mM Tris-HC], 200 mM NaCl, 10 mM
CaCl2 and 0.02% (w/v) Brij 35 (pH 7.5). The reaction buffer was changed to a fresh

30 one, and the gels were incubated at 37°C for 24 h. Gelatinolytic activity was



26 August 2005 65 were determ ned by using Hep2 cells and Crithidia
luciliae, respectively. Anti- phospholipid antibodies (APLA) were defined
as reactivity with one or nore of the follow ng assays: f inhi Ve
VDR, |upus anti-coagulant (LAC) or ELISA for anticardioli g#ezﬁuadg%%%i es. 5
W al so | ooked for a possible correlation between SLEDAI and MWP-9
activity in male (Fig. 26A) and female fdtients (Fig. 26B). Interestingly,
the correlation coefficient was significant and positive for men (r2=
0. 6333) buvisuilizdidg iyt samingatie gelgawite G5 Woesmssie2 brifliag 7hlue  gnei was
results were o ined 10 using the BILAG scoring system Thus, a positive
correl ati oﬁ“%&%%i‘&){&?ﬂsnﬁ&e\%’en MM 9 activity and BI LAG scores vvgs
observed for nen (r2=0.6442) and an insignificant one for wonmen. It was
al so of interest to determ ne whether a correlation exists between the use
of vari oussigrRaALARMalyRI2I THe @Fa Meré Bealpaicdanise aickqiiz & Righévéxatt tedts, can
be 15 seen in Table 16(A), there was no significant correl ati on between
t he cur¥ entnpairest mdest ahdt tveo patlednPsyahna. NRdar@orgcSpedarman Hodewmltivavkede we
| ooked at treatnment of patients at any tine during their disease course
(Tabl e 16(®B)alysasiwere algrusgd) evel s were associated with usage of cytotoxic
agents (82% . 26 August 2005 66 Table 16 Treatnent nodalities of SLE
patients according to their MW-9 |evels. Total MW-9 Levels (% Nunber of

PatientsH g li344) Current treatnment. Cytotoxic agents86 (75)2 (25)
St er oi ds2 )
Activity of MMP-9 but not of MMP-2 is elevated in SLE

10 As described above, MMP-9 was shown to be involved in several
autoimmune diseases as well as in animal models of SLE. Thus, we were interested
in studying whether MMP-9 is also elevated in sera of SLE patients. For this
purpose, we examined sera of 40 SLE patients and of 25 healthy controls by gel
zymography, in which both MMP-9 and MMP-2 activities can be visualized. A

15  representative gel is shown in Fig. 24. As can be seen in this figure, levels of MMP-
9 are elevated in the sera of SLE patients when compared to healthy controls.
Densitometric analysis of the zymograms of sera of 40 SLE patients and 25 healthy
controls indicated that the mean MMP-9 activity for SLE patients was 109 + 5.6
densitometry units and for the healthy controls, 76.5 + 4.2 densitometry units

20 (P=0.0001). Activity values of above 85 densitometry units (mean of healthy
controls + 2 s.e.) were considered high. The results demonstrated high activity levels
of MMP-9 in 68% of the SLE patients. Only 3% of healthy controls exhibited high
MMP-9 activity (P=0.001). Densitometric analysis of MMP-2 levels in the same
serum samples revealed that the differences in MMP-2 activity between sera of SLE |

25  patients and of healthy controls were not significant. Thus values of 109 = 7 and of
123 + 5 (mean activity densitometry units + s.e.) were determined for healthy
controls and SLE patients, respectively (P=0.0531). To quantify the activity levels
of MMP-9 and MMP-2 in the serum further, we used activity assay kits.

Fig. 25 shows that the activity of MMP-9 is. elevated by threefold in sera of

30 SLE patients compared with sera of healthy controls, and this elevation is



Anti-Ml arial 2114 (67)7 (33) NSAIDr5 (71)2 (29) B. Treatnent along the
follow up period. Cytotoxic agentsl714 (82)3 (18) Steroids2919 (66)10 (34)
Anti-Mal arial 2616 (62)10(38) NSAID1812 (67)6 (33) The anti -mb@ﬁgt@bo@gent
hydr oxychl or oqui ne was used at dose of 200-400 ng/day. 5 Sterdid treatnent
was defined as a daily dose _5ng of prednisone. Cytotoxic agents used were
cycl ophosphami de (0.5-1 g/ n2 nonthly) orf3azat hi opri ne (100-150 ny/ day).
Exanple 13(iii) 10 Variations in MW-9 activi in serum sanples taken from

i ndi vi dual st@igticafyt signtftcant (8-P10308nt In icpntnast, rthe difietences seathe bevelsviofy

vari es ov t we neasured the activity,level -9 and MWP-2 in

t he serumew{b%bmﬁltﬁ?)ﬁwgm@st%‘ép%@gél é‘?ﬁf)ﬁ%‘&ﬂi@ ng 4- 6 years of
fol |l owup. Ser | ne e i.ffer t {\N :

(o1 o Up- | Ser st W S DUNEA A Bbalcf L 1005 gl B UALELBidR
heal thy cRINMPD fovelsinbsepbllof Patith RitAAHInESLE deshiedenyefailaid QNs. diabde- 9
activity in serum sanples of individual patients could be observed with
ti me. TPhe meHiths,hypertedsion) prohably AGOH thE retcapor of tHicatrizyemeSe prlyseditbe ar e

shown in Fig. 27. As can be se MVP-9 activity, but not MW-2 actjvity,

{ en, I

has been cEREFIHAQN etwesn heyveis, of AMMEnPe apdkidagys fungtiogein & giy W&ot
associ ated_w t I.sea acti.wvi-ty indi,ces a eterm ned.by,either

S DAl or it BRETRG Eoatitbby A AR ERER R PO el e M-,
sera 5 of mvERalHN g?ﬂ&@dtﬁlrgfﬂﬁaf tHREEIRVHRANERDs BF MIMPLE £ NI pifeR? WS
(data not shown). In”" 4 other SLE patients, no substantial changes in Mw-9
or MWP-2 agdtithie tesultesfaetentionof ¢l emtymé doeto eondl Mvphifmest. i vity level s .
remai ned either high or ow, depending on the individual patient. 10

Di scus$i on
Example 13(i1)

Correlation of MMP-9 activity with clinical and laboratory parameters

The elevation in the activity levels of MMP-9 in sera of SLE patients

prompted us to look for possible correlation between clinical and laboratory

15  parameters, and serum MMP-9 levels. Statistical analysis (chi-square or Fisher exact

tests) was performed by investigating the number of patients with high and normal

MMP-9 levels for each clinical manifestation (Table 15) as well as by taking ito

consideration the actual mean activity levels of MMP-9 for patients with or without

a certain clinical symptom. The results were similar by both analyses. It is

20 noteworthy that for all clinical symptoms, the percent of patients with elevated

MMP-9 levels is much higher than that in the group of healthy controls. Levels of

MMP-9 did not correlate with gender, duration of disease or the age of its onset
(Pearson, Spearman).

Table 15 shows the clinical and laboratory characteristics of the SLE patients

25 according to their MMP-9 activity levels (lower or equal to healthy

controls=normal). High levels of MMP-9 correlated significantly with the presence

of Raynaud phenomenon (£=0.0138) and APLA (P=0.041). A strong correlation

could be observed with pneumonitis, discoid rash, neurological disorders and

mucosal ulcers. However, the number of patients with the latter manifestations was

30 too small to perform a statistical analysis. Multivariate analysis revealed that



The present study denonstrates for the first time the involvenent of MW-9
in human SLE. W show that the activity of MW-9, but not MW-2, is
significantly elevated in sera of 68% of SLE patients conpaztetuousttzitheal t hy
controls. H gh MWP-9 |evels correlated with Raynaud phenonenon,

pneunoni tis, 15 neurol ogical disorders, 4hiscoid rash and the presence of
APLA. Changes in MWP-9 activity were observed in serum of the sane patient

t diff |
correl are. YRR AhoBierbitnddoRanfiolelhit Bl i Y okl Mblared
but correl withd high hVBUE-Sclebvelst YP=0.000¢ GhAUD.01Y, MRsBedidlENt Bn  AtrhBE

present study shows that activity levels of MWP- 2 are not el’evat ed
si gni fi canphgtopensgirity, efthstie apdthwmtelogi‘daédmor@su lates negativedyrpertrelated with h

those rep previ ousl| MWP-2 | evel s were not

i ncr eased %%Mgcl'_i% t“ﬂ@'v]@i‘@%c(%‘bké%z‘ Qé)%ii B)Q%%F?WPFV@Y&M unchanged in
ot her Qﬁt hol ogi cal conditions (like optic neuritis and nultiple sclerosis)
in which levels of MWP-9 25 were elevated relatively to the healthy
controls (G jbels et al., 1992, Paenemgple .. 1994). Involvenent of an
addi ti onal MWP, nanmely, MM3 was suggested in the pathogenesis of SLE,
since it was sClinidal chatdgteristiceafsSHE patiarie with pigli and wovnidl MME9 -
(Kotajima et al., 1998). The frequency of SLE patients with el evated MvP-9
30 activity (68% shown FlﬁtlY!ﬁ@S@ﬂée’éH!lgéﬂéhﬂlré\’lMBs%mbs the frequencies:

I’epOI’ted 0 /'\UQUDL LUUD UO € I\UL a] —ra—e 1998) fH ull MV 3 } 6V6| S.
in SLE (76% and in RA (82% patl ents. Wt‘ﬂepmst(lg@ MVWP-3 trangcript
was shown To I ncrease significantty lrlne progr oy of mephritis in
(NZB x NZAW F1 nmice (Nakamura et al. 19 - The ongﬁﬁ#the el evatjed MWPs
in sera of Nehiberalf Fitients 240t Koqu)) 7Mé3)9 has ﬁfg hown to be
secreted |hy peripheral blood cells such as T cells,| neutrophils, and
nacrophageBhéﬂosenmawtyw, see CpéBzl et| 8l (62)1996). |ThgHact that no
correl ati lop—was-found hetween MWP-9 activitv |evels and the nunbher of
peri pher al Mll?pé%‘dlléélrsl s in the|PRatient “Sn@)‘?j'suggest t HAd) MVWP- 9 was not
secreted eripheral—blood—{rune—e ' Hs—hut—rat-he by—SkE-—atfectied
organs |i Il:%[aﬁ‘? or |ungs/pl éura. i 85 2 (22?

Discoid rash 5 5 (100} 0 (0)

Raynaud phenomenon 8 8 (100) 0 (0)

Vasculitis 18 14 (78) 4 (22)

Arthritis 31 21 (68) 10 (32)

Serositis o 7 (78) 2(22)

Pneumonitis 4 4 (100) ¢ O

Neurological disorders 4 4 (100) 0 O

Renal disorder 16 11 (69) 5(31)

Hematological Disorders | 29 18 (62) 11 (38)

ANA 40 27 (68) 13 (32)

ads-DNA 36 24 (67) 12 (33)

| APLA 25 20 (80) 5(20)
Low complement (C3,C4) | 30 21 (70) G (30)

Clinical involvement was defined according to the ACR revised criteria

10 (Winchester, 1996). Anti-nuclear antibodies (ANA) and anti-ds DNA antibodies



10 The observation that all SLE patients with pneurmni tis. exhibited high

- MWP-9 - activity levels may suggest the diseased |ung as a source of high
MNVQ levels. Mreover, the association between cytotoxic tjealfdoes Wi ch
‘represents the severity of SLE-related organ inpairnent, and high | evels
of MWP-9 in the sera may al so support the notion that the diseased organs
are the source of MM9 15 activity in SI6€ patients. Neverthel ess, the
possibility still exists that |ess peripheral blood |ynphocytes secreted
hi gher actweiet detcamiied by wame dlepPNrelds and Critidie fecibowespectpicly. Anti-

inportant role in the patho sjs of . SLE both in the human di seas Dean
et Tl 20RO T b W delied 25 HactiviB gl R Of HIBSTIDS . o
al., 1999;cH . tz;lﬁﬁ WA, | 0/ ral

t hat thesefoﬁfﬁﬁgﬁégﬂshgﬁ%g%tﬁ%- pr’og'ﬁjgltgi %ﬁ?% %Igt gfﬁgﬁd’il E]%%%)ef&and
thus, it isthasdiblip® dfiodidie i nduction of the latter MWs is part of the
pat hogeni c effect of these cytokines in SLE. It has been reported that

| evel s f MI\4P-9, that are secreted spontaneously by peripheral bl ood
nonocytes of health inﬂi vi dual s, were upr eftgul ﬁ)ted upan exposure_to TNF-a

and 1L- | 3 (SaWénalsp lgoked dor mopessiblencormlation Petwie ERH pnd MMPs9 ang

ronbr oSSV B GG oAT ARt rehbl habienfy TROZ68). Iitfssinely, the
dermonst  at gortdiidh! dREERAL AL erfhER! S pdROMof hen Pri2k 6 basspiiany

cytokines and vice versa. Nevertheless, the fact that 1n the sera of sone
of the patineighifiddne andt hetativel fov akomef (M¥POD37¢ yabineilaridshlts vdre otnainat
range 30 during the follow up period, whereas high activity |evels of MW-9
wer e nidas uiser %lee Ribdds sooneg evsteinn Tiwe, 8 qrosittre agrselajion icopflicicntaletsiggnest

the i I t, of . ti t inth | at.i f th . Ih
rosul 1o haviiRS AGEEY e HIERP. Sorghes e Spo ah (a0 suind qiidedfe
of SLE, anﬂgfgﬂ?ﬁca’ﬁ?%ﬁé’?@ﬁ%ﬂ pf plasnma/serum activity levels of this 5

met al | oprot ernase may provide inportant information when nonitoring
patients treatledvay dlbo @TUBRrédhad dettrMinevhetlicrh d0delftian leikistd PetwdRnAtiguSt

2005 ?0 use of various treatment modalities by the patients and MMP-9 activity. As can be
15 seen in Table 16(A), there was no significant correlation between the current
treatment of the patients and MMP-9 activity. However, when we looked at
treatment of patients at any time during their disease course (Tablé 16(B)), high

MMP-9 levels were associated with usage of cytotoxic agents (82%).
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B. Treatment along the follow up period.

Cytotoxic agents

17

14 (82)

3(18)

Steroids

29

19 (66)

10 (34)

Anti-Malarial

.26

16 (62)

10 (38)

NSAID

18

12 (67)

6 (33)

A,

din.
et al.

s 59:243-51

m crdal bum nuri a

32:544-50
adsor bent
r of
phron
A. and
ase in
of a

The anti-malarial agent hydroxychloroquine was used at dose of 200-400 mg/day.

Steroid treatment was defined as a daily dose >5mg of prednisone. Cytotoxic agents

used were cyclophosphamide (0.5-1 g/m’ monthly) or azathioprine (100-150

mg/day).

Example 13(iii)

10

Variations in MMP-9 activity in serum samples taken from individual SLE

patients at different time points

Since disease activity varies over time, we measured the activity levels of

MMP-9 and MMP-2 in the serum of individual patients that were sampled during 4-

6 years of follow-up. Sera of nine patients taken at different time points were

15

analysed. Levels of MMP-2 did not vary significantly between patients and healthy

controls. In 5 out of the 9 patients tested, variations in MMP-9 activity in serum

- samples of individual patients could be observed with time. The results for 2
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US A, 98, 1148 10 (2001). Fricke, H, Ofen, D., Mendlovic, S,
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experi nental systemic |upus erythematos® in mice by immunization with a
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GMA Vells, '11}46 p(I;IeseerrTfta gttu%y d%iﬁ]dns%%rsifgg tthﬁf]S’[ tir'?l%dtfl'l%rigw)l'\vﬂement of MMP-9
in human SLE. We show that the activity of MMP-9, but not MMP-2, is
significantly elevated in sera of 68% of SLE patients compared with healthy
controls. High MMP-9 levels correlated with Raynaud phenomenon, pneumonitis,

15 neurological disorders, discoid rash and the presence of APLA. Changes in MMP-9
activity were observed in serum of the same patient at different periods of the
disease. MMP-9 activity levels did not correlate with disease activity index
(SLEDAL, BILAG) in female patients, but correlated with SLE activity in the group
of male patients.

20 The present study shows that activity levels of MMP-2 are not elevated
significantly in sera of SLE patients. These results are compatible with those
reported previously (Zucker, 1999) that MMP-2 levels were not increased in SLE.
Levels of MMP-2 were also constitutive and unchanged in other pathological
conditions (like optic neuritis and multiple sclerosis) in which levels of MMP-9

25  were elevated relatively to the healthy controls (Gijbels et al., 1992; Paemen et al.,
1994).

Involvement of an additional MMP, namely, MMP-3 was suggested in the
pathogenesis of SLE, since it was significantly increased in sera of patients with
SLE (Kotajima et al., 1998). The frequency of SLE patients with elevated MMP-9

30 activity (68%) shown in the present example, resembles the frequencies reported
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severity of SLE-related organ impairment, and high levels of MMP-9 in the sera
may also support the notion that the diseased organs are the source of MMP-9

15  activity in SLE patients. Nevertheless, the possibility still exists that less peripheral
blood lymphocytes secreted higher activity levels of MMP-9.

TNF-o and 1L.-1 were shown to play an important role in the pathogenesis of
SLE both in the human disease (Dean et al., 2000) and in murine models (Segal et
al., 1997; Theofilopoulos ct al., 1999; FEilat et al., 2001). It has been shown in

20 several systems that these cytokines induce MMP-9 production (Guedez et al.,
1996), and thus, it is possible that the induction of the latter MMPs is lpart of the
pathogenic effect of these cytokines in SLE. It has been reported that levels of
MMP-9, that are secreted spontaneously by peripheral blood monocytes of healthy
individuals, were upregulated upon exposure to TNF-o and IL-1p (Saren et al.,

25 1996). In addition, MMPs of both T cells and macrophages facilitate secretion of
TNF-a by cleavage of the membrane-bound form (Gearing et al., 1994). Thus, these
examples demonstrate the mutual regulatory effects of MMP on the
proinflammatory cytokines and vice versa. Nevertheless, the fact that in the sera of
some of the patients the activity levels of MMP-9 remained within the normal range

30  during the follow-up period, whereas high activity levels of MMP-9 were measured
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5 26 August- 2005 77 CLAIMS: 5 1. A synthetic peptide selected fromthe
group consisting of: (a) a peptide of at |least 19 and at nobst 22 am no acid
residues including a sequence selected fromthe group consk&aigugt 2805 a
sequence of 11 and SEQ ID NO 19 or an am de thereof. (b) a dual synthetic
peptide conprising two different ones ofyisaid peptide of 10 (a) covalently
| inked to one another either directly or through a short |inking chain;

(c) a peptide polyner conprising a plurality of sequences of said peptide
of (a); and (d) a peptide of (a) or a peptide polynmer of (c) attached to a
macr onol echilat, EgrZinger, H5, Nyska syt hed i Mlobent EdPracsicihl B9 dyRtcthidl Mphs

sel ected fromthe group consisting of (a) a peptide consistiing of a"SEQ ID
NO 11 or W@m@sw&hﬁéaﬁseaw)na{mzmemice peptreating ovithr iGEDRG- tnd

di fferent @ %f sai d tide of a). coval eg;({ﬁiy | i nked to one_ anot her
either dir ?ﬁ% 8$cd RP gl & ppthopenig; agoamzhady. Je Glia bapuned gty gadr
conpri sjng(@ burality of sequences of said peptide of 20 (a); and (d) a
pepti de of (é@'or a peptide polyner of (c) attached to a macronol ecul ar
carrier. 3. A synthetic peptide according to claim2, consisting of a
peptide of SEQID NO 11. 25 4. A synthetic peptide according to claim3
sel ected fEdat, theDpppt,iMe<Ziogas iHit ambMfzes t BeThe aieehagisnoby twitciBEQdpRdO

12 to NO 1%3 Thtﬁ peptide consisting of the _seqll;ence of SEQID NO__6. 30
26 August o8 thg complepepiariy detesnining regioat hioh 8, patbagenie i angi-BNA he

peptide of , iEitR N Am&iodEs b nithedl N 17 Ao VA Acad. Sci. US.A., 98, 1148
10 (2001).

~ Fricke, H., Offen, D., Mendlovic, S., Shoenfeld, Y., Bekimer, R., Sperling, J. and
Mozes, E. Induction of experimental systemic lupus erythematosus in mice by
immunization with a monoclonal anti-La autoantibody. Int. Immunol. 2, 225 (1990).

15
Fricke, H., Mendlovic, S., Blank, M., Shoenfeld, Y., Ben-Bassat, M. and Mozes, E.

Idiotype specific T-cell lines inducing experimental systemic lupus erythematosus in
mice. Immunology. 73, 421 (1991).

20 Gearing AJH, Beckett P, Christodoulou M et al Processing of tumour necrosis
factor alpha precursor by metalloproteinases. Nature 370:555-7(1994).

- Gijbels K, Masure S, Carton H ef al. Gelatinase in the cerebrospinal fluid of patients

~with multiple sclerosis and other inflammatory neurological disorders. J
25 Neuroimmunol 41:29-34 (1992).
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encephalomyelitis with a hydroxamate inhibitor of matrix metalloproteinases. J.
Clin. Invest. 94: 2177-82 (1994), o
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7. A synthetic peptide according to claim1l selected fromthe group

consisting of: 5 (a) a peptide consisting of SEQ ID NO 19; (b) a dual

synt hetic peptide conprising two different ones of said pepﬁéﬂ%ﬁgfzogg a)
covalently linked to one another either directly or through a short |inking
chain; (c) a peptide polynmer conprising a plurality of sequences of said
peptide of (a); and 10 (d) a peptide of/l2(a) or a peptide polymer of (c)
attached to a macronol ecular carrier. 8. The synthetic peptide according to
claim7, consizitli.hgBahda Mehandé cppetthe., ddgrixDnetadiopt@cingSesoin immymithdt i ¢

pepti de acgcordin ¢l ai , selected fromthe peptides consisting of the
sequences ﬁ?“ﬂﬁ‘ﬁ@ﬁééélrﬂ)?k@f’%m to NO 27. 10. The peptide consisting of the
sequence of SEQ ID NO 7. 20 11. The peptide according to claim 10,
consisting of the peptide of SEQID NO 7 amdated at the Ctermnus. 12.

A dual syngedé£ IRERih dR1.9CHAT Siclidr-Stevendodh W.Gi, ¥ 16 of nRkQRlldsiBtedtdzes di ng
to claim3 is covalently linked to a peptide according to claim8 either

di rect |5 oand 2heir mlgbizbrsa iis hemiatdlogikahdisotders .Crit3 ReVh ©ndougénesisnT H215-225
pepti de according claim 12, in which a peptide of SEQID NO 11 is
coval ent | y(199%ked directly to a peptide of SEQ ID NO 19. 26 August 2005 79
14. The dual synthetic peptide in which the peptide of SEQID NOG6 is
covalently |linked to the peptide of SEQ ID NO 7. 15. A peptide polyner
accordi ng ] [ afRi ahinky i i n

sel ected fﬁg%clﬁgén%%cqotﬂlg?@égegw@Eg ?E%IQO%EB?T’A%?“%& %.re%%bj@%ﬁ% vAtid
phar maceut insghimearfmsmeairingoglitic sl digeRt dedely iangseuit Nepuseryemmaiosay.
pepti de pol ynmer according to any one of clains 1 to 15 and a

phar neldeut QdaMied Sﬁc%gpﬁgbl@ﬁar rier. 10 I T A pharmaceutical conposition
conprising the peptide of the sequence of SEQ ID NO 6, and a

phar maceutical ly acceptable carrier.
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Davies, K.J. Smith, R.A. Hughes, M.C. Brown, and K.M. Miller. Matrix

metalloproteinase expression during experimental neuritis. Brain. 121, 481 (1998).
15

Isenberg, D.A., Shoenfeld, Y., Madaio, M.P., Rauch, J., Reichlin, M., Stollar, B.D.

and Schwartz, R.S. Anti-DNA antibody idiotypes in systemic lupus erythematosus.

Lancet. 2,417 (1984). '
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idiotypes of renal tissue-bound immunoglobulins from lupus patients. J. Clin. Invest.

76, 287 (1985).

Keyszer, G., I. Lambiri, R. Nagel, C. Keysser, M. Keysser, E. Gromnica-hle, J.
25  Franz, G.R. Burmester, and K. Jung. Circulating levels of matrix metalloproteinases
MMP-3 and MMP-1, tissuc inhibitor of metalloproteinases 1 (TIMP-1), and MMP-
1/TIMP-1 complex in rheumatic disease. Correlation with clinical activity of

| rheumatoid arthritis versus other surrogate markers. J. Rheumatol. 26, 251 (1999).



18. A pharmaceutical conposition conprising the peptide of the sequence of
SEQ 15 ID NO 6 amdated at the C-term nus, and a pharnmaceutically '
acceptable carrier. 19. A pharnaceutical conposition conpriséRguth®opeptide
of the sequence of SEQ ID NO 7, and a pharmaceutically acceptable
carrier. 20 20. A pharmaceutical conposition conprising the peptide of the
sequence of SEQ ID NO 7 amidated at th® C-termnus, and a
pharmaceutically acceptable carrier. 21. A pharnmaceutical conposition

accor di ng Ketaiimaohe, dfotsukai s, Toyjiman0 M obkewe-Takatsaiingvlt, Kineshiae iV

| upus erythemat osus. 25 _22. armaceyti cal conpositi according.to any
one of ¢l aSHENY® Mo a@%, Oéerép SPMF%%SCSﬂsY@S ioft g H{?&@P@ﬁ%maaﬁ-ggws?era Y
intraartic i S P {4 0fAq:.. HDLT a2 Lar At

i1 aner i ¢ o patidHs ST KR Tupd BB OP1g ERRT RASRAL 1640AABN) )

August 2005 80 23. The pharnmaceutical conposition according to claim 22,
for intranasal admnistration. 24. Use of a peptide or a peptide pol yner
accor di g f,ahy Shigenf].M.aVums TIHt, &hbl, X.pDiazyd . A5 Weepal atnidblemior,aR.M.,

phar naceutigc?zi,corrposi tion for the treatnment of system c_ | upus o

er yt hemat o$1§satingpe)B-dgtcienp, anigs carg desisanh 4o taxperigiantal sotousherpphigoid by
t he SEQ | D:No. opt I hgated at the Gtermnus. 10 26. The use

accordi ng%&‘%ﬁ%ﬁ%@ﬁ%ﬁ"@?ﬁg@gﬁ de of the SEQ ID No.7, optionally

am dated at the C-termnus 27. Use of a peptide or a peptide polyner

according to any one of claims 1 to 15, for the 15 preparation of a

phar maceut Makowq i dSattd, GNP S, Gridintad, R aall obashbryg s eatrix mepl®proteinases:
erythemat osus (SLE) by inmmunonodul ati ng SLE -associ ated responses in a SLE
pati eni0 28ructhecsueeolution endidivprsibication. hasgh. madr B07H-1625 { HAdonodul ati on
conprises down- regulating the levels of matrix netall oprotei nase MW-3
and/or MW-9 activities in a SLE
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20 patient. 29. The use according to claim27, wherein the inmunonodul ation
concerns the level of a cytokine activity in a SLE patient. 25 30. The use
according to claim29, wherein the i munonodul ation conpri sgsagR¥dnos

regul ating the level of I1L-2 and/or IFN-7 activity in a SLE patient. 31.
The use according to claim 29, wherein the i munonodul ati on conprises up-
regul ating the level of TGF- (3 activi ty7i4n a SLE patient. 30 32. The use
according to any of clains 27 to 31, of the peptide of the SEQ.ID No.6. 26
August 2009Zeacig3V..THe RmaldicoNei dglasBosmy Ig-f Magisgiicps, t §- 3Kivisek.t

tid fo-th ID No, 7., 34., Anet hod f i ng. t ff. i f
0eBL1 e SRS IRt 1. i ANEB AR i B iy WA TGRS, ©
| ai 1- 1541 t ; E jognt  whi ch i i
1 L Lo Sk (2Ll 5257 BRIISTL WD Corpr s st g

sanpl e obtained fromsaid patient being treated with said drug, whereby a
decreased | evel of MW-3 and/or MM9 correlates with the effectiveness of

the drdg. Beemen, h.nelssen, flar SedersemngVi.hd asf Peomigeheand &Ppdenakkey, G.,

i si i d ‘ | di f.. cl aj.
Rt T e T
di ff t | ti : : . : i
sanpt e opt Ul Fhifilo lsolBoi ard YiHe? Mflatrmdif Seflologight Misdh? B2

decr eased Ney®l. b651d3Q99a%l/ or 1FN-y correlates with the effectiveness of
15 the drug. 36. A nethod for assessing the effectiveness of a drug
conprising a peptide or a peptide polyner according to anyone of cl ains
1-1'5 in the treatnent of a SLE patient which conprises neasuring at

di f f erlént Sarend,aVeleys HinKovaeen BlelNIf-ormdl.-EBrsglectivelyninduee sxprgssion
obt ai ned fr i d tien eing treated w sai d.drug, an
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ABSTRACT The invention provides synthetic peptides of at least 19 and at
nost 22 amno acid residues based on a conplenentarity-determ ning region
(CDR) found in the heavy chain of the human anti-DNA 16/ 6] d26vugoeti260fal -

anti body, and pharmaceutical conpositions conprising themfor treatnent of
system c | upus erythematosus. 26 August752005 WO 02/ 067848PCTI | LO2100148

. -<110>SEQUENCE LI STING YEDA Research and Devel opnent Co. Ltd MXZES, Edna
<120> synt heti ¢ Human Pepti des' and Pharmaceuti-cal Conpositions' Conori
sing- them for the Treatnent of System C LUPUS Eryt henmat osus <130>

TEVA- 003 PTdn E#.500hdn ASAEGRY, TAHABN> Wid0He#aRE The3tRPredscd btReridairant i n
version 3.1 <210> 1 <211> 20 <212~- PRT <213~> Murine <400> 1 Thr Gy

Tyr Tyr Metlaggificatiqn affystepsc GipusSenytirmeatahus. WrthrBisrRheun 25: R7107161982) U
Trp lle Ay 20 <210> 2
5  Theofilopoulos AN, Lawson BR. Tumor necrosis factor and other cytokines in
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(1995).
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<211> 20 <212> PRT <213> Murine <400> 2 Qu lle Asn Pro | Ala LYS Ala
Thr 20 <210> 3 <211> 20 <212> PRT <213> Murine <400> 3 Ser Thr Ay’
Ay Thr Thr Tyr Asn G n Lys Phe LYS 5 10 15 Tyr Tyr Cys Alzag)ﬁ[ggstlab@g LeU
Trp QU Pro Tyr Ala Met Asp Tyr Trp | S 10 15 Gy Gdn dy Ser 1/8 WD
021067848 20 <210> 4 <211> 19 <212> PRT <213> Murine <400> 4 dy Tyr
Asn Met Asn Trp Val Lys Gn Ser H's Gly7l§ys Ser LeUdu 1510 15 Trp Ile
Gy <210> 5 <211> 17

Zucker, S. Increased serum stromelysin-1 levels in systemic lupus erythematosus:

lack of correlation with disease activity. J. Rheumatol. 26, 78 (1999).



<212> PRT <213> Murine <400> 5 Tyr Tyr Cys Ala Arg Ser Ay Arg Tyr Gy
Asn Tyr Trp Ay Gn Thr 1 5 10 1S Leu <210> 6 <211> 19 <212> PRT <213>

Human <400> 6 Gy Tyr Tyr Trp Ser Trp Ile Arg G n Pro Pro &b yudus2086y G u
Gu 1510 15 Trp lle dy <210> 7 <211> 22 <212> PRT <213> Human <400>
7 Tyr Tyr Cys Ala Arg Gy Leu LeU Arg G'S%G'y Trp. Asn Asp Val Asp 1 5.
10 15 Tyr Tyr Ay Met Asp Val 20 <210> <211> 7 <212> PRT <213> Human
<400> 8 Phe Ser Ay Tyr Tyr Trp Ser 1 5 26 August 2005

CLAIMS:

5 1. A synthetic peptide selected from the group consisting of:

(a) a peptide of at least 19 and at most 22 amino acid residues including a
sequence selected from the group consisting of a sequence of 11 and SEQ ID NO:
19 or an amide thereof.

(b) a dual synthetic peptide comprising two different ones of said peptide of

10 (a) covalently linked to one another either directly or through a short linking chain;

(¢) a peptide polymer comprising a plurality of sequences of said peptide of

(a); and

(d) a peptide of (a) or a peptide polymer of (c) attached to a macromolecular carrier.

15 2. A synthetic peptide according to claim 1, selected from the group consisting of:
(a) a peptide consisting of a SEQ ID NO: 11 or an amide thereof:
(b) a dual synthetic peptide comprising two different ones of said peptide of
(a) covalently linked to one another either directly or through a short linking chain;
_ (¢) a peptide polymer comprising a plurality of sequences of said peptide of
20  (a);and |

(d) a peptide of (a) or a peptide polymer of (c) attached to a macromolecular carrier.

C3.A synthetic peptide according to claim 2, consisting of a peptide of SEQ ID NO:
11.
25
4. A synthetic peptide according to claim 3 selected from the peptides consisting of
the sequences of the SEQ ID NO: 12 to NO:18.

| 5. The peptide consisting of the sequence of SEQ ID NO: 6.
30 |



<400> 9 GQu Ile Asn Hs ser Ay ser Thr Asn Tyr Lys Thr Ser.Leu Lys Ser 1
5 10 15 <210> 10 <211> 18 <212> PRT <213> Human <400> 18 &Ghgisis@bs Leu
Arg Ay Ay Trp Asn Asp Val Asp Tyr Tyr Tyr Gy Met 1 5 10 15 Asp Val
<210> 11 <211> 19 <212> PRT <213> Artificial sequence <220> <223>. A
pepti de based on the CDRL of the human I® 61d mAb. 26 August 2005
PCT/1L02/ 00148 <220> <221> M SC FEATURE <222> (1). . (19) <223> Xaa in
posi tion 16i $heigepbde Aveording txaZaimSpeensisting of ithe meptide of ISFQ HrANG06
position 1gm|i3atep gt t%re (?—%rhﬁé&sg In position 12 is Ay
7. A synthetic peptide according to claim 1 selected from the group consisting of:
5 (a) a peptide consisting of SEQ ID NO: 19;
(b) a dual synthetic peptide comprising two- different ones of said peptide of
(a) covalently linked to one another either directly or through a short linking chain;
(c) a peptide polymer comprising a plurality of sequences of said peptide of
(a); and

10 . (d) a peptide of (a) or a peptide polymer of (c) attached to a macromolecular carrier.

8. The synthetic peptide according to claim 7, consisting of a peptide of the SEQ 1D
NO: 19.

15 9. A synthetic peptide according to claim 8, selected from the peptides consisting of
the sequences of the SEQ ID NO: 20 to NO:27.

10. The peptide consisting of the sequence of SEQ ID NQO: 7.

20 11. The peptide according to claim 10, consisting of the peptide of SEQ ID NO: 7

amidated at the C-terminus.

12. A dual synthetic peptide according to claim 1, in which a peptide according to
claim 3 is covalently linked to a peptide according to claim 8 either directly or

25 through a short linking chain.

13. The dual synthetic peptide according claim 12, in which.a peptide of SEQ ID
NO:11 is covalently linked directly to a peptide of SEQ ID NO:19.



or Qu; xaa in position 13 is Lys or Asp; Xaa in position 15 is den, LeU
or Ser. <400> 11 Xaa Tyr Tyr Trp Ser Trp zle Xaa G n Xaa Pro Xaa Xaa Ay
Xaa- Gu 1510 15 Trp lle @ y <210> 12 <211> 19 <212> PBEA«qik82005
Artificial sequence <220> <223> A peptide of SEQ ID NO 11 wherein xaa(].)
Is Ay, xaa(8) is Arg, xaa(l1l0) is Pro, 7;éaa(lz) is Ay, Xaa(13) is Lys, and
Xaa(15) is Leu. <400> 12 Ay T r Tyr Trp'"Ser Trp Ile Arg G n Pro Pro Ay

5905 w0 o5totbe fabutiddp dz?emz‘%ic}'ﬁé? tide XXEG Iy %éé SeNEnT 2205

<223> A pe ein xaa(l) is Ay, Xaa(8) is Arg,
Xaa( 10) isﬂélr{%?tdzglg %11190 2@?172) Is Lys, and Xaa(15) is Ser. <400>

13 dy Tyr Tyr Trp Ser Trp IIe Arg Gn Pro Pro Ay Lys Ay Ser Qu 1 5 10
15 Trp Ile Gy
15. " A peptide polymer according to claim 1, containing a plurality of identical

5  sequences selected from the sequences of SEQ ID NO: 6, 7, and 11-27.

16. A pharmaceutical composition comprising at least one synthetic peptide or
peptide polymer according to any one of claims 1 to 15 and a pharmaceutically
acceptable carrier.

10
17. A pharmaceutical composition comprising the peptide of the sequence of SEQ

ID NO: 6, and a pharmaceutically acceptable carrier.

18. A pharmaceutical composition comprising the peptide of the sequence of SEQ

15 ID NO: 6 amidated at the C-terminus, and a pharmaceutically acceptable carrier.

19. A pharmaceutical composition comprising the peptide of the sequence of SEQ

ID NO: 7, and a pharmaceutically acceptable carrier.

20 20. A pharmaceutical composition comprising the peptide of the sequence of SEQ

ID NO: 7 amidated at the C-terminus, and a pharmaceutically acceptable carrier.

21. A pharmaceutical composition according to any one of claims 16 to 20, for the
treatment of systemic lupus erythematosus.

25
22. A pharmaceutical composition according to any one of claims 16 to 21, adapted
for oral, intravenous, subcutaneous, intraarticular, intramuscular, inhalation,
intranasal, intrathecal, intraperitoneal, intradermal, transdermal or enteral
administration.

30



<210>14 <211>19 <212>PRT <213>Artifici al sequence 220 < > <223>A Pepti de of
SEQ ID NO 11 wherein Xaa(l) is Ay, xaa(8) is Arg, xaa(1l0) is Pro, xaa(1l2)

is Ay, xaa(13) is Asp, and xaa(15) is Gu. <400>14 Ay TyroglptigustbiosSer - Trp
Ile Arg Gn Pro Pro Gy ASP Ay Gu u 1 5 10 15 Trp Ile Ay <210>15
<211>19 <212>PRT .<213>Artifici al sequence 220 < > <223>A peptide of SEQ ID
NGO 11 wherein Xaa(l) is Ay, Xaa(8) isSIst, xaa(10) is Pro, xaa(l2) is.
Gy, Xaa(1l3) is Lys, and X.aaf 15) is G u. <400>15 d Tyr_Tyr_ Trp Ser Trp
Il e Lys G #-pridiepmbacnasentigsl ggmppsitiony ageording 1o pénmr p22.| dorg Witrapasgh16

< > .. )
211>19 administration.

24. Use of a peptide or a peptide polymer according to any one of claims 1 to 15, for the
5 - preparation of a pharmaceutical composition for the treatment of systemic lupus

erythematosus (SLE).

25. The use according to claim 24 of the peptide of the SEQ ID No.6, optionally amidated
at the C-terminus.

10
26. The use according to claim 24 of the peptide of the SEQ ID No.7, optionally amidated

at the C-terminus

27. Use of a peptide or a peptide polymer according to any one of claims 1 to 15, for the
15  preparation of a pharmaceutical composition for the treatment of systemic lupus

erythematosus (SLE) by immunomodulating SLE -associated responses in a SLE patient.

28. The use acccording to claim 27, wherein the immunomodulation comprises down-
‘ regulating the levels of matrix metalloproteinase MMP-3 and/or MMP-9 activities in a SLE
20  patient.

29. The use according to claim 27, wherein the immunomodulation concerns the level of a

cytokine activity in a SLE patient.

25  30. The use according to claim 29, wherein the immunomodulation comprises down-

regulating the level of IL-2 and/or IFN-y activity in a SLE patient.

31. The use according to claim 29, wherein the immunomodulation comprises up-
regulating the level of TGF-f activity in a SLE patient.

30
32. The use according to any of claims 27 to 31, of the peptide of the SEQ ID No.6.



<212>PRT <213>Artificial sequence 22 < 0> <223>A peptide of SEQ ID NO 11

wherein xaa(l) is ely, xaa(8) is Arg, xaa(l1l0) is ser, Xaa(1l2) is Qy,
xaa(13) is Lys, and xaa(1l5) is GQu. <400>16 Ay Tyr Tyr TrpyRlqudBod | € Arg
GnSerf Prody Lys Ay dudu 1510 15 Trp Ile Ay 4/8 VO 02/ 067848 26
August 2005 PCT/1L02100148 <210> 17 <211> 19 <212> PRT <213> Artifici al
Sequence <220> <223> A peptide of SEQ BD NO '11 wherein Xaa(l) is Gy,
xaa(8) is Arg, xaa(10) is pro, xaa(l2) is du, Xaa( 13 i s Lﬁs, and xaa(15)
is du. <4Po3ha psegoporiyne Wany vf plades 2 7o 11 pethapgpi@erritheSERIDH 47 .Lys Gy
Qu du 1510 15 Trp lle Ay <210> 18 <211> 20 <212> PRT <213>
Artificial Sequence

34. A method for assessing the effectiveness of a drug comprising a peptide or a
‘peptide polymer according to any one of claims 1-15 in the treatment of a SLE-

5  patient which comprises measuring at different intervals of time the levels of MMP-
3 and/or MMP-9 in a blood sample obtained from said patient being treated with
said drug, whereby a decreased level of MMP-3 and/or MMP-9 correlates with the
effectiveness of the drug.

10 35. A method for assessing the effectiveness of a drug comprising a peptide or a
peptide polymer according to anyone of claims 1-15 in the treatment of a SLE patient

which comprises measuring at different intervals of time the levels of IL-2 and/or
IFN-y in a blood sample obtained from said patient being treated with said drug,
whereby a decreased level of IL-2 and/or IFN-y correlates with the effectiveness of

15 the drug.

36. A method for assessing the effectiveness of a drug comprising a peptide or a
peptide polymer according to anyone of claims 1-15 in the treatment of a SLE patient

which comprises measuring at different intervals of time the level of TG
20  F-p in a blood sample obtained from said patient being treated with said drug,

whereby an increased level of TGF-f correlates with the effectiveness of the drug.

25

30



<220> <223> A peptide of SEQ ID NO 11 wherein xaa(l) is Thr Gy, xaa(8) is
Arg, xaa(lO is Pro, Xaa(1l2) is Ay, Xaa(13) is Lys, and Xaa(1l5) is du.
<400> 18 Thr @y Tyr Tyr Trp Ser Trp Ile Atg G n Pro Pro Gy AyRs@s AU 1
510 15 Au Trp Ile Ay 20 <210> 19 <211> 22 <212> PRT <213> Artificial
Sequence <220> <223> Peptide based on CDR3 of the human 16/61d mAb. <220>
<221> M SC FEATUFtE <222> (1)..(22) <28 Xaa in position 6 is Gy or Phe;
Xaa in position 9 is Arg or Ala; Xaa in position 10 is Ay or Ala; xaa in
position 11 is Gy or Ala;, Xaa in poBSTRACTI2 is Trp or Ala; xaa in
position 13 is Asn or Ala; Xaa in position 18 is Tyr or Trp; Xaa in
position 20 is met or-Gn. <400> 19 Tyr Tyr CYS Ala Arg Xaa Leu Leu Xaa Xaa

43,93, DR A s el AR S Moo 0

<211> 22 sequence
residues based on a complementarity-determining region (CDR) found in the heavy

5 chain of the human anti-DNA 16/6Id monoclonal antibody, and pharmaceutical

compositions comprising them for treatment of systemic lupus erythematosus.

10



<223> A pep-tide of SEQ ID NO 19 wherein xaa(6) is Gy, Xaa(9) is Arg,

xaa(1l0) is Ay, Xaa(1ll) is Ay, xaa(l2) is Trp, Xaa(1l3) is Ala, Xaa(1l8)
is Tyr, and xaa(20) is nmet. 5/8 WO 02/067848 <400> 20 Tyr Tygafeus 2008 Arg
Gy Leuweurbsgisdy Gy Trp Ala Asp Val Asp 1 5 10 15 Tywrhiyoz/éiys Met Asp
Val 20 26 August 2005 PCT/1L02100148 <210> 21 <211> 22 <212> PRT-<213>
Artificial Sequence <220> <223> A peptide of SEQ ID NO 19 wherein xaa(6)
is Ay, xaa(9) is Arg, XSWENO) LISTINGy, xaa(l1ll) is Ay, Xaa(12) is Al a,
xaa(-L3y), | )nd (20) is nmet. <400> 21 Tyr Tyr Cys
Al ahk% 02@2@%&3 g‘g?(a}irﬁg[)ééﬁ%@y'@?a‘%ﬂa n Asp Val Asp 1 5 10 15 Tyr Tyr
Gy Met Asp Val 20 <210> 22 <211> 22 <212> PRT <213> Artificial sequence

< > < > i ) - i 6). is- Ay,.-Xaa(9) i
Ar2 29120:»2 Zgyntﬁet%%p&biga% ggpts‘l%gs | a[i)ﬁdN%ar%lgcgmig‘rcg‘l %0%3(%16\:)! DII'ISS C%;mgh s%(gga"(t%)eml S
gfor the Treatment of Systemic Lupus Erythematosus

<130> TEVA-003 pPCYT
<150> TIL 141647
<151> 2001-02-26

<160> 30

<170> PatentIn version 3.1

<210> 1
<211> 20
<212> PRT
<213> Murine
<40Q0> 1

Thr Gly Tyr Tyr Met GIn Trp val Lys GlIn Ser Pro Glu Lys Ser Leu
1 5 10 15

Giu Trp Ile Gly
20

210> 2
<211> 20
<212> PRT
<213> Murine
<400> 2

Giu Ile Asn Pro Ser Thr Gly Gly Thr Thr Tyr Asn Gln Lys Phe Lys
1 5 10 15

Ala Lys Ala Thr
20

<210 3
<Z211> 20
<212> PRT
<213> Murine
<400> 3

Tyr Tyr Cys Ala Arg Phe teu Trp Glu Pro Tyr Ala Met ASp Tyr Trp
1 5 10 ‘ 15 -

Gly Gln Gly Ser
‘ 1/8



xaa(10) is Ay, Xaa(1ll) is Ala, xaa(12) is Trp, xaa(1l3) is Asn, Xaa(1l8) is
Tyr, and xaa(20) is net. <400> 22 Tyr Tyr CYS Ala Arg Ay Leu Leu Arg Ay
Ala Trp Asn Asp Val Asp 15 10 15 Tyr Tyr Ay Mt Asp Val 20DacdG0ed
<211>22 wdli2rpbAls <213>Artificial sequence <220> <223>A pamuti/meofi4ESEQ | D
NGO 19 wherein Xaa(6) is Ay,xaa(9)is Arg, xaa(l1l0) is Ala, Xaa(1ll) is Qy,
xaa(1l2) is T;f, Xaa(1l3)is Asn, xaa(1l8) is Tyr, and Xaa(20) is net. <400>23
Tyr Tyr Cys A& Arg Gy Leu Leu Arg Ala Ay Trp Asn Asp Val Asp 1 5 10 15
Tyr Tyr Ay Met Asp Val 20 <210> 24 6/8 WO 02/0678-18 26 August 2005
PCTL14g02100148 <211> 22- <212> PRT <213> Artificial Sequence <220> <223> A
pept;zilldzﬁ 0fo SEQ ID NO 19 wherein Xaa(6) is Ay, Xaa(9)is Al a,

< >  PRT . . o

<213> Murine
<400> 4

Gly Tyr Asn Met Asn Trp val Lys GIn Ser His Gly Lys Ser Leu Glu
1 5 _ 10 is
Trp Ile Gly

<210> 5
<211> 17
<Z2172> PRT
<Z213> Murine
<400> 5

Tyr Tyr Cys Ala Arg Ser Gly Arg Tyr Gly Asn Tyr Trp Gly Gin Thr
1 5 10 15
Leu

<210> 6
<211> 19
<212> PRT
<213> RHuman
<400> 6

Gly Tyr Tyr Trp Ser Trp Ile Arg Gin Pro Pro Gly Lys Gly Glu Glu
1 5 10 15

Trp Ile Gly

<210> 7
<211> 22
<212> PRT
<213> Human
<400> 7

Tyr Tyr Cys Ala Arg Gly Leu Leu Arg Gly Gly Trp Asn Asp val Asp
1 5 ' - 10 : 15
Tyr Tyr Gly Met Asp val

. 20

<210> 8

<211> 7

<212> PRT

<213> Human
- <400> 8

Phe ser Gly Tyr Eyr Trp. Ser
1 _

278



Xaa(10) is Ay, xaa(ll) is Ay, xaa(l1l2) is Trp, Xaa(1l3) is .As_f, X aa(18)

is Tyr,-and Xaa(20) is Met. <400> 24 Tyr Tyr CYS Ala Arg Ay LeU Leu Al a
Ay @y Trp Asn Asp Val ASP 1 5 10 15 Tyr Tyr Ay Met Asp Mahugue@os210> 25
<211> 2Av04282ms4PRT <213> Artificial sequence <220> <223fcqﬁmﬁmtlugle of SEQ
ID NO 19 wherein xaa(6) is Phe, xaa(9) is Arg, xaa(l1l0) is dy, Xaa(1ll) is.
(]y xaa(12) is Trp, Xaa(1l3) is Asn, x aa(l1l8) is Tyr, and Xaa(20) is net.

yr Tyr cys Ala Arg Phe Leu Leu Arg Ay Ay Trp Aso Asp val ASP 1

%%S i Tyr Ay Met Asp Val 20 <210> 26 <211> 22 <212> PRT <213>

ArLﬁhBSIamms@quence <220> <223> A peptide of SEQ ID NO 19 wherein xaa(6)
is A0 Xaa (9) is Arg, Xaa(l1l0) is Ay, xaa(l1ll) is Ay, Xaa(12) is Trp,

iy XSRS e T o S AN SR TR

<210> 10
<211> 18
<212> PRT
<213> Human
<400> 10

Gly Leu Leu Arg Gly Gly Trp Asn Asp val Asp Tyr Tyr Tyr Gly Met
1 5 10 15
Asp val

<210> 11
<211> 19

<212> PRT

<213> -Artificial Sequence

<220>

<2235 A peptide based on the ¢DR1 of the human 16/61d mab.

«<220>

<221> MISC_FEATURE

<222> (1D..(19)

<223> Xaa in position 1 is Gly ar Thr Gly; Xaa 1in _position 8 is Arg or
Lys; Xaa in position 10 is Pro or Ser; Xaa in position 12 1is Gly
or GTu, Xaa in position 13 is Lys or Asp; Xaa in position 15 is
Glu, iteu or Ser.

<400> 11

Xda Tyr Tyr Trp ger Trp Tle Xaa GIn Xaa Pro Xaa Xaa Gly x§a Glu
1 : 1

Trp Ile Gly

<210> 12

<211> 19

<212> PRT

<213> Artificial Sequence

<220>

<223> A peptide of SEQ ID NO: 11 wherein xaa(l) is Gly, Xaa(8) is Arg,
xaa(lg) is Pro, Xaa(12) is Gly, Xaa(13) is Lys, and Xaa(l5) is Leu.

<400> 12
Gly Tyr Tyr Trp Ser Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu
1 5 10 15 '

Trp Ile 6ly

<210> 13
<211 19

3/8



Tyr Tyr A y G n Asp Val 20 <210> 27 <211> 22 <212> PRT <213> Artificial
sequence <220> <223> A peptide of SEQ ID NO 19 wherein Xaa(6) is Gy,
xaa(9) is Arg, xaa(l10) is Ay, Xaa(1ll) is Ay,..Xaa(1l2) i SH Augu28dsl3) 1s
Asn, Xa welobd7sis Trp, and xaa(20) is nmet. <400> 27 Tyr Tydrfsefs@ Arg Gy
Leu LeU Arg Ay Ay Trp Asn Asp Val ASP 1 5 10 15 7/8 26 August 2005 WO
02/ 067848 PCT/ 1L02/001.48 Tyr Trp Gy Met Asp Val 20 <210>28 <211>20
<212$PRTPR’EJ%E,§{%J ficial sequence 2 <2 0> <223>synthetic peptide prepared

in £hpoy efY r dEfUOFESEQ ID NO 1. <400>28 Gy Ile Trp Gu Leu ser Lys

G u<ss Sarpdatindd v @l 1T :GLD wiekeih SA0(1)5is 61y, Xaa(8) is Arg,
Xaa(10) 1is Pro, Xaa(l2) is Gly, Xaa(13) is Lys, and Xaa(l5) is Ser.

<400> 13
Gly Tyr Tyr Trp Ser Trp Ile Arg Gin Pro Pro Gly Lys Gly ser Glu
1 5 10 15

Trp Ile Gly

<210> 14

<211> 19

<212> PRY

<213> artificial sequence

<220> )

<223> A peptide of SEQ ID NO: 11 wherein Xaa(l) 1is Gly, Xaa(8) is Arg,
Xaa(10) is Pro, Xaa(l2) is Gly, Xaa(1l3) 1s Asp, and Xaa(l5) is Glu.

<400> 14
‘Gly Tyr Tyr Trp §er Trp Ile Arg Gln ;50 Pro Gly Asp Gly géu Glu
1

Trp Ile Gly

<210> 15
<211> 19
<212> PRT
<213> artificial Sequence
<220> ]
<223> A peptide of SEQ ID NO: 11 wherein Xaa(1l) is Gly, Xaa(8) is Lys,
' ¥aa(l®) is Pro, Xaa(l2) is Gly, Xaa(l3) is Lys, and Xaa(l5) is Glu.

<400> 15 .
Gly Tyr Tyr Trp Ser Trp Ile Lys Gln ;ro Pro Gly Lys Gly g%u Glu
1 5 0 ,

Trp Ite Gly

<210> 16

<211> 19

<212> PRT

<213> Artificial Sequence

<220> )

<223> A peptide of SEQ ID NO: 11 wherein Xaa(l) is Gly, Xaa(8) is Arg,
xaa(1l0) 1is ser, Xaa(12) is Gly, Xaa(l3) is Lys, and Xaa(1l5) is Glu.

<400> 16 _
Gly Tyr Tyr Trp Ser Trp Ile Arg Gin ier Pro Gly Lys Gly ggu Glu
1 5 0 : 5 .

Trp Ile Gly

4/8



Tyr Tyr Ay Thr 2.0 <210>29 <211>20 <212>PRT <213>Artifi ci al sequence 220 <

>’'synthetic peptide prepared in reversed order_of SEQ ID NO 3. <223>
<400>29 Ser Ay On Ay Trp Tyr Asp Met Ala Tyr Pro Gu Trp 4g6ldai@2660 1 5
10 15 Ago@Yss7hyy Tyr 20 <210> <211> <212> <213> <23Qﬁn152&ﬁ3830 19
PRT Artificial Sequence Synthetic peptide prepared in the reversed order
of SEQID No: 6. <400> 30 Ay Ile Trp AQu u @y Lys Ay Pro Pro A n Arg
Ile Trg Ser Trp _

<210> 17

<211> 19

<212> PRT

<213> Artificial seguence

<220> . : .. : .

<223> A peptide of SEQ ID NO: 11 wherein Xaa(l) is Gly, Xaa(8) is Arg,. -

Xaa(10) is Pro, Xaa(32) 1is Glu, Xaa(l3) is Lys, and Xaa(15) is Glu.

<400> 17
Gly Tyr Tyr Trp Ser Trp Ile Arg Gln Pro Pro Glu Lys Gly Glu Glu
1 5 10 15

Trp Ile Gly

<210> 18

<211> 20 .
<212> PRT

<213> artificial Sequence
- <220>

<223> A peptide of SEQ ID NO: 11 wherein Xaa(l) is Thr Gly, Xaa(8) is A

rg, Xaa(l0) is Pro, Xaa(12) is Gly, Xaa(13) i1s Lys, and Xaa(l5) is Glu.
<400> 18 '
Thr Gly Tyr Tyr Trp Ser Trp Ile Arg GIn Pro Pro Gly Lys Gly Glu
1 5 10 15

Glu Trp Ile Gly
20

<210> 19

<211> 22

<212> PRT :

<213> Artificial Seguence

<220> - .
<%§g> Peptide based on COR3 of the human 16/6Id mAb.
<220>

<221> MISC_FEATURE
<222> (.. (22) . N _
<223> Xaa in position 6 is Gly or phe; Xaa in _position 9 is Arg or Ala;
' Xaa in position 10 is Gly or Ala; Xaa in position 11 is Gly or Ala;
Xaa in position 12 is Trp or Ala; Xaa in position 13 is Asn or Ala;
Xaa in position 18 is Tyr or Trp; Xaa in position 20 7is Met or Gin.

<400> 19
Tyr Tyr Cys Ala Arg Xaa Leu Leu Xaa ?Sa Xaa Xaa Xaa Asp {g? AsSp
1 5 .

_TYr Xaa Gly xaa Asp val
2

<210> 20

<21l1> 22

<212>. PRT

<213> Artificial Sequence
<220

<223> A peptide of SEQ ID NO: 19 wherein xaa(6) is Gly, Xaa(9) is Arg,
Xaa(10) is Gly, Xaa(ll) is Gly, Xaa(l2) is Trp, Xaa(13) 1s Ala,
Xaa(18) is Tyr, and Xaa(20) s Met.

5/8



1510 15 Tyr Tyr Gy 8/8

26 August 2005
WO 02/067848 : © PCT/IL02/00148

<400> 20
Tyr Tyr Cys Ala Arg Gly Leu Leu Arg Gly Gly Trp Ala Asp gg] Asp
1 5 10

Tyr Tyr Gly ggt Asp val

<210> 21

<211> 22

<212> PRT

<213> Artificial Ssequence -
<220

<223> A peptide of SEQ ID NO: 19 wherein Xaa(6) is_Gly, Xaa(9) is Arg,
xaa(i10) is Gly, Xaa(ll) 1is Gly, Xaa(l2) is Ala, Xaa(l3) is Asn,
Xaa(18) 1is Tyr, and Xaa(20) is Met.

<400> 21
TYr Tyr Cys Ala Arg Gly Leu Leu Arg Gly Gly Ala Asn Asp val Asp
1 5 10 15

Tyr Tyr Gly ggt Asp val

<210> 22

<211> 22

<212> PRT

<213> Artificial sequence

<220> | _ ] _

<223> A peptide of SEQ ID NO: 19 wherein Xaa(6) is Gly, Xaa(9) is Arg,
‘ Xaa{i0) is 6ly, Xaa(ll) is Ala, Xaa(l2) is Trp, Xxaa(l3) 1is Asn,

Xaa (18} is Tyr, and Xaa(20) is Met.

<400> 22
Tyr Tyr Cys Ala Arg Gly Leu Leu Arg Gly Ala Trp Ash Asp val Asp
1 5 . 10 15

TYyr Tyr Gly ggt Asp val

<210> 23

<211~ 22

<212> PRT

<213> Artificial sequence
C<220>

<223> A peptide of SEQ ID NO: 19 wherein Xaa(6) is Gly, Xaa(9) is Arg,
Xaa(l0) 1is Ala, Xaa(ll) 1is Gly, Xaa(12) +is Trp, Xaa(l3) 1is Asn,
Xaa(l1l8) 1is Tyr, and Xaa(20} is Met.

<400> 23

Tyr Tyr Cys Ala Arg Gly Leu Leu Arg Ala Gly Trp Asn Asp Val Asp
1 5 10 15
Tyr Tyr Gly ggt Asp val

<210> 24 ‘
' 6/8



- 26 August 2005
WO 02/067848 PCT/IL0O2/00148

<211> 22

<212> PRT

<213> Artificial Segquence
<220>

<223> A peptide of SEQ ID NO: 19 wherein Xaa(6) is Gly, Xaa(9) is Ala,
xaa(10) is Gly, xaa(ll) is ¢ly, xaa(i2) is Trp, Xaa(13) 1is Asn, X
aa(l8) s Tyr,-and Xaa(20) is Met. o e ST

<400> 24

Tyr Tyr €ys Ala Arg Gly teu Leu Ala Gly Gly Trp Asn Asp val Asp
1 5 10 - 15

Tyr Tyr Gly get Asp val
0

<210> 25

<211> 22

<212> PRT

<213> Artificial Sequence
<220>

<223> A peptide of SEQ ID NO: 19 wherein Xaa(6) is Phe, Xaa(9) is Arg,
Xaa(10) is Gly, Xaa(ll) is Gly, xaa(12) is Trp, Xaa(l3) 1is Asn, X
aa(1i8) +is Tyr, and Xaa(20) is Met.

<400> 25

Tyr Tyr Cys Ala Arg Phe Leu Leu Arg Gly Gly Trp Asn Asp val Asp
1 5 10 15

Tyr Tyr Gly get Asp val
0

<210> 26

<211> 22

<212> PRT

<213> Artificial Sequence
<220>

<223> A peptide of SEQ ID NO: 19 wherein Xaa(6) 1is Gly, Xaa(9) is Arg,
Xaa(1l0) is Gly, xaa(ll) is Gly, Xaa(l2) is Trp, Xaa(l13) is Asn, X
aa(18) is Tyr, and Xaa(20) is Gin.

<400> 26
Tyr Tyr Cys Ala Arg Gly Leu Leu Arg Gly Gly Trp Asn Asp val Asp
1 , 5 10 15

TYr Tyr Gly g]n Asp val
20

<210> 27

<211> 22

<212> PRT

<213> Aartificial Sequence

<220> _

<223> A peptide of SEQ ID NO: 19 wherein Xaa(6) is Gly, xaa(9) is Arg,
xaa(10) is Gly, Xaa(11) is Gly, Xaa(12) 1isTrp, Xaa(13) is Asn, Xa
a(18) is Trp, and xaa(20) is Met.

<400> 27
Tyr Tyr Cys Ala Arg Gly Leu Leu Arg Gly Gly Trp Asn Asp val Asp
1 , 5 10 15

-7/8



26 August 2005
WO 02/067848 | PCT/IL02/00148

Tyr Trp Gly Met Asp val
20

<210> 28

<211> 20

<212> PRT

<213> Artificial Seguence

<220> ‘

<223> sSynthetic peptide prepared in the reversed order of SEQ ID NO: 1.

<400> 28
Gly ITe Trp Glu Leu Ser Lys Glu Pro Ser Gin Lys val Trp Glin Met
1 5 10 15

Tyr Tyr Gly The

20
<210 29
<Z211> 20
<212> PRT
<213> Artiticial Sequence
<220>

<223> Synthetic peptide prepared in reversed order of SEQ ID NO: 3.
<400> 29

ser Gly GIn Gly Trp Tyr Asp Met Ala Tyr fro Glu Trp Leu gge Arg

1 5 10

Ala Cys Tyr Tyr
20

<210> 30

<211> 19

<212> PRT_

<213> Artificial Sequence

<220> L

<223> synthetic peptide prepared in the reversed order of SEQ ID NO: 6.

<400> 30

Gly Iie Trp Glu Glu Gly Lys Gly Pro igo Gln Arg Ile Trp igr Trp
1 5

Tyr Tyr Gly

8/_8



