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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



4 26 August 2005 2 autoi mune conditions, the etiology of SLE is
multifactorial entailing genetic, environnental, hornonal and

i mmunol ogi cal factors. No specific treatnment ainmed towards2ahgugaresention
or cure of SLE is available. The human nonocl onal anti-DNA anti body terned
16/ 61d bears a common 5 idiotype (Shoe eld et al., 1983). The idiotype
was found to have clinical relevance in“SLE patients. Thus, the 16/6ld was
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(Abl) and with the murine anti-|6/61d mAbs (Wi sman et al., 1993).
antibodies that bear the 16/6 Id and antlbodles directed against different nuclear

antigens (dsDNA, ssDNA, Sm, ribonucleoprotein, Ro, La and others). The
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
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derived from C3H. SWnice in which experigental SLE was induced. As a rule,
t he nonocl onal autoanti bodi es that were c¢apable of eliciting antibodies
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syngeneic recipients simlarly to the 16/ 61d anti body. _
chain V region gene (Vy) identical to the Vi of anti-DNA mAb isolated from other
lupus-prone mice, namely (NZB x NZW)F;. The light (L) chain V region gene (V)
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
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[ SEQ DNO: 2is0]a26k Frof e NRMAMIYMERR1 SLIE, ah partidiaNsepdides Ia to Iila, based on
the CDR1, CDR2 and CDR3 regions, respectively, of the Vg chain of the murine
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 ID 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 -



GYNMNW/KQSHGKSLEW G (1 Va) [ SEQ DNO. 4] YYCARSGRYGNYWGQTL (Va) [ SEQ DNO. 5]
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al ., 19%8veldpe speptamssusiEiRthand Enpidte weice NZBhe NARVR1 yf MRLA r/lpr
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above- . experimental SLE.

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:
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t he preggiieri nventi on provide a peptide having the sequences as denoted by
SEQ ID NO'6 and SEQ ID NO 7, respectively, as follows:
GYYWsW RQPPGKBEEWmRar] saQnontiong] antikONRSL 1 RERIWaMIhodDiiefSBEQdHided] to as

“human 16/6ld mAb”, is a pathogenic human monoclonal anti-DNA antibody
capable of inducing 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



I n one enbodi ment, the peptide may consist of the peptide of SEQID NO 6
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A nineth aspect of the present invention provides a pharmaceutical composition
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.
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m ce i mmuni zed with human 16161d mAb to various concentrati ons of the

- 16/61d mAb (0.1-10 pglwell), by treatnment with 300 p.g hCDR1. Fig. 2 shows
inhibition of the proliferative responses of |ynph node celfssa®iust 2005 € '
I mmuni zed with human 16/61d mAb to various concentrations of the 16/61d

mAb (0.1-10 pg/well), by treatnent with 50 g hCDRlL. Figs. 3A-C show the
cytokine pattern in BALB/c m ce i muni®zed with human 16/ 61d mAb and
treated with hCDRL or with an irrel evant peptide p259- 271. Fig. 3A - IFNy

pattern; Fig. 3B - TG--13 pattern: Fig. 3C - |IL-10 pattern. Fig. 4 shows
the conBRIFEDESCRIPTION QF-THENRASINGS6 1d mab required for optinal

St ot e TS B SRBRTBL g oAk NS o ronf Pt o
mMAb.  ThenR@NFeMUnEEd® WitH ﬁhmzﬂgmf'@dhwtﬁé Variotid %h&htrﬁmgﬁhéﬁﬁleﬁﬂ

as optimal for triggering a proliferative response. FiIg.

proli ferrﬁAbO(Iﬂ).DﬁGDE?/WéIDUbymmafEMém%itWGOOSﬂQ MODRed with the mtogen
phyt ohemaggl utinin (PHA) in the absence or presence of hCDRL or hCDR3.
.Fig. 6 showFige & shewatnbibiton eBthe pooliferative Rsponsest oklyini aose oelshof

human 16/ 61d. mAb i.n t he apsence qr_ presence of the human peptid h r
hCDR3 orMiCfelMitnZe ¥th BH"W%/GIFH pA t%wmq&%m%ﬁ&fti‘@?ﬁ 9? s*b%ﬁ%?éb(ﬂ\
one SLE i &n i Ul ate Lt hyuma 161 in the absence or

pr esencéﬁ‘gb @h@"ﬁ:ﬂ%@bpﬁ%@q%ﬂiﬂ‘ﬂ? %Bﬂ'ébgg@?"t he murine reversed

pepti des rev VIR cUtdki :nhiRRi /e Iils I

in PBL of SL afi%'fté ?ﬁ’(l ggeregﬁt)(%méhégﬁ%ﬁ'ar%ﬁl %é‘tlgéen&@(t'el r{hyﬁgﬁg{%d;hﬂggpor
pr esencéuphah J&BI® AR tfdled Swith NG DR e avitidtarp iir@levaRpptieler pR69N
in the PBL of one representative SLE patient stinulated with the human
16161d 2¥d.iMigt BA -alisNnceatiem; FigsaBee TGF-RGRRIer. Fig.l5G .~ 16 108ysattern2005 9

Fig. 4 shows the concentrations of the human anti-DNA 16/6 |Id mAb

required for optimal stimulation 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.



Fig. 10 shows anti-DNA autoanti body levels in (NZB x NZWFl m ce untreated
or treated with 300 g hCDRI or with the reversed peptide revhCDRI (used as
control). Figs. 11A-11D are photos show ng representative kié&lagpssaoii ons
of SLE- 5 prone (NZB x NZWF 1 mice that were treated starting at the age
of 5 and half nonths with PBS (I IA 11B) or with 100 g hCORI (I IC |1

I D). The sections are of mce sacrificed at the age of 9 nonths. For the

detection of Ig _deppsits, sectiqQns were incubated with FlITC conjugated
Goat ant - mousoFig Ol pIgHs: ik BRUAT mapaglibady, (CUels o NGR: X LV AEoR

400). 10 Figs. . 12A-12F are.ph S s | representative, kidn S L.ops of
S8 proneuitigned Skoxtia iloson e BEHICE ok SRS W i opss pemie soBER Wi o1
300 pg h Ld 6d 26n &ﬁ]D), or with the reversed peptide revhCDR (12E, 12F).
The sections are 01?- ice sacrificed at the age of 9 nonths. For the

~detection of inFigae 11AcII e thot@PHsdWwing SpeddenBsivaafi8néy sehaiRboMELE-
FI TC- conjugat ed goat anti-nouse 15 1gG (y chain specific) (12A, 12C, 12E x

100; 128, p@be xx NOW)F Fimize (1BAWSE tsdaded stastiny taokheagpasft &ramdakalf
measured by ELISA in_ s f)er natants of Con A-stinulated cul tures of

spl enocyt e@OBmSSEEh;?rQ)%E IAZBLB) onmiprhOGiehGBE (WbEe 140+ Ehe sectinmstareat ed
i th hCDR1 W th t d ti . Fig..13A -- . IFN-y,

pattern: FPpmideiseriied g8 38 pf S Thpyte, b6y the Sosperinetlot i denasits, Seefigas

14A- 14F ' ' We| [ f BA i ce

wth 16/ 6LdcTnsazed W RTTCRIFRERAL bR A RRNE Bl T sl

200 pg hCDRIC &1@; 131BDY 100k 490 h the reversed peptide revhCDR (14E, 14F).

The sections are of mce sacrificed at the age of 9 nonths. For the

det ection of i nRigee 12A-E2Fmkephbpsddpesing scepasentatine kidiey seiont @RIShHEL h

FI TG conj ugated goat anti-nmouse 1gG (y chain specific) (14A, 14C 14E x
100; 14B, nppe x NIOW)F 1 mhigs thatSpere3eatdrtbwithiRB & y12kj h2B pat wéthrd Mspg

o BALEl o HEPR L0 a3bRaor Wl mserinenpide s CRRY (BB 3a0) clbed or
treated w {y;BDRE §208c LackiPRed at the age of 9 months. For the detection of immune
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- 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 r.eversed peptide revhCDRI. Fig. 15A — IFN-y pattern; Fig. 15B —



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

Fig. 15B 26 August 2005 10 TNF-a; Fig. 15C - |1L-10 pattern; Fig. 15D -
TG 3 pattern; Fig. 15E- TG--1li pattern, neasured in super pahadguss2006

16/ 61d-triggered spleen cells. Figs. 16A-16F are photos show ng
representative kidney sections of SLE- prone (NZB x NZWF 1 m ce untreated
(16A, 16B) or mce recipients of spleno es 5 of mce treated either with
300 g hCDR1_(16C, 16D) or with the reverse peptide revhCDRL (16E, 16F). For
the detect &8 Higmh -cdﬂopﬂ@walﬁ@nueﬁkgsiléﬁ ~s ket patternsrig détial ed-f t h

a%éiig%v:%ﬁffga 85l 5‘%‘%@?5‘%%{%@;3%%%% splstioclisor apégg’r‘aﬁﬁg o
- - , a - ]I l!ﬁ - . -
NZWF 1 nmice (181%781"\/1\:@7A dri%%jré rbwer e Elﬁgevgmgt r#h%%ﬁég%\glgﬁé% irgkrr(fcatﬁglgi J#IZSLE'

Pool ed ser prdné (NZB%& NY WOFf maiveeatiatdqUpA, W6B? of ffiteebdipientyMI-sglepytessi on
| evel s using Western blot (Fig. 17A) or for -9 and -2 activities

usi ng gel ol nuge &iehied(dthgr WHRBB00 ThehCBRI (K6C,r B psemtithitiei veme peptide
experiments. 15 Figs. 18A-18B depict kinetics of appearance of MWP-3,

MVP- 2, andravieDIg1 ﬂhﬂr?hb@e d@r ghe gategtion micdmmuen complex ke demmib) seatiose (10
m ce/ group) or. mce . that e i muni zed with PBS/ (10 m ce/ u or
with the 1@'/3&810@’?@‘161&@? F\i\g Fﬁoé’é‘/‘%art?ﬁlzj gpat %%E%‘E‘%‘ﬁ%gét(y 1 ?Rﬁcgtéﬁe@%ﬁ me
poi nts. Pog})ed { 1 AhC 4 fqem each group were tested for MWP-3
expr essi on%gvle s&?gbhé%g?]gr %\6%%‘0%6020 (Fig. 18A) or for NM9 and MWP-2

activities usi nBigel7AVIODHSHRY kiretibs of §fearanRCoMEMMP 135 MIP-DERERAAPAL | Ve
of 3 simlar experinents. Figs. 19A-19C depict immunostaining of kidney

secti ol of iirthersered! (BABBXCNAWE  oricd/MNZB an NAWIF 9. miden¢ ionmicd/gedip)
BALB/c mice or mice that were inmmunized with PBS/CFA or with the 16/61d
(in CFA), werabled ajribe pdicated éins petnds.i Racded serad 4wl tof anicel fromi eaghtgreip

Do0S! W (e ATLETG NHANSYS Yere L STNe e SRS 1o? Pl VA B o
MMP-9 and MMP-2 activities using gel zymography (Fig. 17B). The results
represent 4 similar experiments.

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)



9 (19B). A control staining to the efficiency of blocking, was perforned
(19C). (x200). The results are representative of 3 simlar experinents.

Fi gs. 20A-20B depict levels of MW-3 and MWP-9 in sera of (MA&igyst2865 NZW FI
mce treated with mCDRL. In prevention experinents, mce (10/group) 26
August 2005 11 were given weekly s.c. 'I*HJ ections W|th nCDR1 starting at
the age of 2 nonths during. 10 weeks. e results represent sera taken 4
nonths after the end of the .treatnent t r eat ment eXﬁ}%l ments, mce

(10/ gr oup) W&kt 8, &’@?%‘ér $Cc anWtﬂ(PPSeVth‘llﬁem%Iﬂ%é S(Sﬁ‘m?gOmg ag% oéfi RS
starting af,kt flﬂt e&{ s ea Péstﬁfts Fg-ggfe yéré%gl?en t ; kdea?;-i%v\eeks

after the en

wer e test egledtfifentN- t@edtﬁl\éﬁ{ %XP%lMéﬁﬁseﬁﬁc@kRT/gﬂﬁg? X@ér@ 1ﬁ ﬁ*)d s.8ngith QhithMMP- 9

activity using gel zynography (20B ed. The results are

repr esent aPBSeonR5@ |sg/mduae @(ﬂﬁrlDRenﬁtartn@ g6 the2 hhe 2AB5 d@hils, ITeeteuld
MW-3 and MWP-9 in 16/61d-i nmuni zed 10 BALB/c nmice treated with nCDRI. In

preventy onrepresent Aerat tekemidc weeky glisuthe wedeof theetaeatohent.vPoalid ereCDREagh 00

/ The resul.t hown are aqf r n 4.5 nponths after the_end of
Tt oni rEMRErRTRl: SrolRONPreclein ok MIVIE- BRels Yo PR lp e analy S 20D, o

with 100 pgg{gma(?{.s 0 [

t reat nent ool's 0 ser?}l owgégggé%ﬂ%%hfg@ ug}ﬁepﬁﬂ{%tst?&gﬁf (ER}I% 3

by 15 VestgeRefleténtativd yB2 Sichddr¥xpafighdnes. MVP-9 activity by gel zymography

(2113). UT untreated. The results are representative of 2 simlar

experiments. Filigs. 2PA-22B deppitclevelsnain ViR hiand MoMPMVIr 3 6261d-ilvivRutized

Ki dney se]g s of 16/61d j munized BALB/c mce that were treated with
Qor é@d@ Rice frepted Ayith me PR: f preveption e&peréaas@ﬁs; méeﬁ @ﬂ/gtsme) wore e

ﬁii e %lﬁoé\f?@t TROQRT GRb i he rubeslamarie Phseogkan Ak T or
3. W Sa R fnd O PESRAGSCRL 1) PO RATRL D RPN YR
anti body. tirélﬁed Q.%!J{ﬁiﬁl POC LEAROERCACIDR Y ETRE reults are of sera obtained at the end

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



simlar experinents. 25 Figs. 23A-23B depict |levels of MW-3 and MW-9 in

sera of (NZB x NZWFI mce treated with hCDRL. In treatnent experinents,

- mce (10/group) were injected s.c. with either PBS or 100 % Mlgust@oge)/ nouse
of hCDRl once a week for ten weeks starting at the age of 7 nonths. The -

results represent sera collected at the .mddle of the treatnent. Pool ed

sera of each experinental group were tedfed for 26 August 2005 12 MAP-3

| evel s by bl o | ysi 23A) an VIP-9 activity usi.ng gel
zynogr ap hywﬁ\%g Pevg#e{)y g@%ﬁ%’s’n i’llé,t ?@Y%% Z?ééi iail\?/& %F M@'I% "I‘%’r%@x‘dg?g r&f’it s.
Fig. 24 depj ' I ] "-o%—nNNP—g
i ngsera o?ﬂéﬁ@ggﬁ; g%@ﬂgq‘héeﬁg t%g rg@%?éﬂg{{%@@éir éil#%arl%xljo ' étsla'lndi vi dual
SLE 5 pati ent sFignd4 2kphaahtreyresamtfiot seMVHSviaBHNSRY SOMNVIPE indNivD-9r
MWP-9 activities by geP zynogr aphy. Thé figure shows representative results
wi t h serunnsserpl &SSBE patints wmdghenithy. citgols2Sede s qily of 40 dpdividuaiiSIcE
quantitative analysis of MM2 and MN\W9 activities in sera of SLE patients
(dar k &ol upAtisntseaind Hehealthy ewvitalpmerg apdlysed foo thet WiMP)2 orMMPlyQ grtivisies um
sanpl es of, SL atient serum sanpl es of heal thy .controls re
Cested f orvRR. BibeSy o The feyrE ShoRs Feremutivereals Yifly Scrugusaymhies of
Resul ts arge.g%Br" %%d as the nean s.e.m *P = 0.0302. . Figs. 26A-26B are
gr aphs show ng lﬁé activity levels and disease activity indices (SLEDAI)

in patients w tmgsnﬁdegmw 4 yrdphvshoveing juaaiikies anaB¥iSof MMVPE &8 MU@-0 26A)
and 27 females (Fig. 26B) SLE patients were tested for MW-9 activity by a
speci fi c astivitiasy itaseray dfi SLETpetichtst dadutdobmmos) MiB- Bealthhyi ciohirolsatebiteli Rg
to the SLEDAI of the patients is presented. The dashed |ine represents the
acti vilfy JeWnRY. i IHY-IX Sprewnsgpies ?f §&-E papentspang d Sysetyns sampigsngl

pacter oD Rabl b LSELERH B 7 P BLFEY 0 hoRae L s
ver e test esdPkitdVisalte ard\Ofrdsse8lak hd hitan s EREGP G 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 SLEDALI 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



activity assay kits. The assays were perforned in duplicate. DETAILED
DESCRI PTI ON OF THE | NVENTI ON 25 The present invention relates, in one
aspect, to synthetic peptides conprising a sequence consi Spd Agusf2009r
found within, a CDR found in the heavy chain of the pathogenic human
nonocl onal anti-DNA 16/61d anti body (herein identified as "human anti- DNA
16! 61d mAb" or "human 16/ 61d mAb"), whi anti body i nduces a SLE-1ike

di sease in mce. 30 26 August 2005 13 The CDR regions of the VH sequences
of the human 16/61d mAb are boxed in Fig. 4A of Waisman et al., 1995. The

Subst ant al 1y asngsnoragepe diin? o B HEPRE MRl i G s AL SRR 2
CDRL: FSGYiVBid, SQfDVMBma et AIDRA9EMHISCORNYETiSh ST thSERPchiIns Ut theDR3:
GLLRGGAWNDVDYYYGWDV [SEQ I D NO 10] 10 The hCDR peptides of the invention

cont ai n at hfimagtl 6i6ldamdbehaveoidie s2quentiencubstantlaliyas dapsted gyl SBONDD ANO: 8

sequence sel fromthe group consisting of SEQID NO 11, and SEQ ID
NO. 19 -or E’rﬁgﬁble[g)emelroe% f‘%ﬂ% in one enbodi ment, the present invention

provi des a synt j G pepti : on the CDRl of theq@m i p, of the
human 16/ 61d m@f’t i @R%‘eﬁ%gﬁo‘ﬁg 15 bei ng of the se AL &) y
as denoted by SEQRAD NO 5. EISESTNTRTBEIY  sel ect eqdiuamine: of oup

e

consisting of: (a) a peptide consisting of SEQ I D NO or an am

thereof; (b) a GDR3:synt hetGELREGEWNDVIIPYISGMDVwWo di [SE) ENINOne] of sai d
peptide of (a) covalently linked to one another either directly or through
a short linking chain; 20 (c) a peptide polynmer conprising a plurality of

Sequenfes of Sa’i‘lqe ﬁ&ﬁli %gpt(l)cfles éﬁ%‘le ir?\pe%tion contain 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]



(d) a peptide of (a) or a peptide polyner of (c) attached to a
macr onol ecul ar carrier. In one preferred enbodi nent of the invention, a
peptide based on the CDRI  25. of the heavy chain of the huppayglelmbgd mMAb
is a peptide of the sequence substantially as denoted by SEQ ID NO 11:
XLYYWBW X2 QX3PX4AX5GX6EW G [ SEQ | DNO 11] 26 August 2005 14 wherein X1 is G
or TG; X2 is Ror K X3is P or S X4i Gor E; X5is Kor D and X6

isE, LorS. In a of . SEQ | 1

t he 19- ner pepg}?‘& “Eéf dgé' lﬁgyp‘ﬁ]%gﬁ* 5Cor 751% of
t he sequen Xséqutg i@lly as denot ed by SEQ I D NO 6: GYYWSW RQDPGKGEEWG
[ SEQ DNC. 6%%} n-one e odl ment, the peptide of SEQID NO 6 is am dated at

the Cterminus. Im@mdre@%ﬂmdtehﬂ)meﬁmne@@ﬁ/& SOIP CD%mpermhg theSHnid?

NO 8, is followed by the natural sequence of the of the heavy chain
of the hunﬂ@tI%h%m dﬂlgn&ted ﬁ‘hﬂﬂRbmppde’bm tsfrmplyt HeCBR(Lr af thesequanceL)

resi due_ of the enc d by a glutam c acid residue (E)
(bol d) =t PosAt S’YV\@% ﬁmg hCDRL. | n another enbodi ment, the
pepti de of SEQ ID NO 1 is an anal og of the hCDRL peptide obtained by
repl acenent and/or addition of amno acid residues to the sequence of the

hCDRI pept i de, eanDGe?YWSeWIRQQM@KG%)E' Wepof trgse%e
substantially as denoted by SEQ ID NO 12 to SEQ ID NO 1 erel n 20 t he

am no acids replaced or added are represented in bold) :
CYYVEW wﬁ%%%?d:m%e plgl?t?d?éf S%V(\S cI;D I%Y\t/i\sls agl?g;gg%t%\g é; 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 the
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]



25 GYYWSW KQPPCGKGEEW G GYYV\SW'RQDPGKGEEWG GYYWEW RQPPEKGEEW G

TGYYWSW RQPPGKGEEW G [SEQ ID NO 121 [SEQ ID NO 13] [SEQ ID NO 14] [ SEQ
ID NO. 15] [SEQ ID NGO 16] [SEQ ID NO 17] [SEQ ID NO 18] 26amigusts 2005
15 1In a further enbodinent, the invention provides a synthetic peptide
based on the CDR3 of the heavy chain of the human 16/ 61d mAb, said CDR3
regi on being of the sequence subst ant i a-) y as denoted by SEQ ID NGO 10,
sai d peptide bejng . selected fromthe group consisting of. 5 (a) .a peptide
consi sting of -SHOA fythes embodimenh, theipnentioaraeyides B)syathetis pepjide hasedon
pepti de copprtsinad different es of sgi epti de a) coval.ent .y
P hked t o SRECEICERME S B4R ot 3B6 BroBhant iy BARRY. SHOR ORIl BeiGR ot
(c) a pept iie spplenBB! stREMfibfy g AeRbiddabyt SEON 1PEMUEN0SSaR] rplile PERA} de
of (a); and 13@1( d) aS peptildeyof (g) or aypepg de g‘:)(?yrrér aof p(%?)1 gttac ed
to a macr osdbetedfimm tleagroupiconsistinnef:pr ef erred enbodi ment of the invention,
t he peptide based on the CDR3 of the heavy chain of the human 16/6ld mAb
is a pebtide of (@epopiidasanustingpESER IRNG: Horamamids therestD | D NO 19: 15

YYCARXILLXZ2X3 X4é5)§16(91\é?\s(3)((gt%%9c[) XL}%E(% (%Nrr%rji'sglllg 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.
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 [SEQIDNQO: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



wherein Xi is Gor F; X2 is Ror A, X3is Gor AL X4 is Gor A X5is Wor
A, X6is Nor A, X7 is Yor W and X8 is Mor Q 20 In a nore preferred
enbodi nent, the peptide of SEQ ID NO 19 is the peptide heseAyusesognat ed
"hCDR3 peptide" or sinply "hCDR3", of the SEQ ID NO 7:
YYCARGLLRGGWNDVDYYGVDV [ SEQ DNO 7] In one enbodi nent, the peptide of SEQ ID
NO 7 is anmidated at the C terminus. 2589 n hCDR3, the sequence

GLLRGGWNDVDYYYGWDV [ S 10] of the CDR3 region_of the heavy chain of
the human %67 §CHH 0%&?3@@%&%3}@%@%@13&5 tlsrﬁreéﬁé?eémg ithe pephides é they)

resi dues a i r ence her
rbodt ment kB SERRS v ablB ST N2 {heinths bn Agias sfp ReRkeT
pept i de obj@ddieseR¥pre&Rh@rgBAl) and/ or addition of amino acid residues to
26 August 2005 16 the sequence’ of the hCDR3 peptide, exanples thereof
being the peptides of the sequences SEQID NO 20 to SEQID NO 27 (wherein
the am no acids_replaced or added are re resent ed in bold 5

YYCARGL RGGWADVEBYYEVB\R G Lty BAR® IRESAN AND0YYGVDV

AR P Tt T e
[SEQ ID NGO 20] viPEQARMNPER G AWERD P DY2EMDV  [SEQ ID NO:22)
YYCARGLLRAGWNDVDYYGMDYV [SEQIDNO:23]
YYCARGLLAGGWNDVDYYGMDYV [SEQID NO:24]
10 YYCARFLLRGGWNDVDYYGMDV [SEQID NO:25]
YYCARGLLRGGWNDVDYYGQDV [SEQID NO:26]
YYCARGLLRGGWNDVDYWGMDYV [SEQIDNO:27]

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



[SEQ ID NG 23] [SEQID NGO 24] [SEQID NO25] [SEQID NO26] [SEQID

NG 27] 15 The synthetic peptides of the present invention may be

manuf actured by chemical synthesis or by reconbi nant techngd agyustposret hods
wel | known in the art. When preparing anal ogs as descri bed above obtai ned
by substitution of am no acid residues, is inmportant that the
substitutions be selected fromthose V\:hll ch cunul atively do not

subst anti al,| hange the val.u 20, hydrophilic pa.ttern and
charge of SFRAVAEHT &Pﬂéﬂﬁg&ﬁ‘a‘% P aelastsduts cobias or perspgl rseiiese.
Thus, a hy e t pki_l | due,
or Vi ce- Veﬁégﬁﬁ%bﬁoé oE P Rplh o 4By ¥ oty %%tf;‘l‘lg figp ol dhge

the vol nga tméctb(lﬁﬁibli’ﬂ d@iﬁﬂa@%b'ﬁoﬁ%éﬁe‘"‘r Zgﬂqs%ktﬁﬂ?@yt@f(m'fe@%cretmn of T
correspondi ng unsubstltut ed parent peptid The présent invention al so
i ncl udes clymphmbztedeof waiice vidmt gire ainghpﬁesﬂmdm’rs tth eSLErndun¢ingnautdineibodiesmi cal
deri vat | ve cont | ns addi tjonal chem cal .noieties not nornall [\; a part of
the pept cerhcamsakaasv iy ce.Hbe ippder arérofé@rm@ﬂgr inderest, betéramides at
Ieastapo fthef nofthe t|d ts its.util] ty|n
or event i hoo b PaR Dl AP Reriph ! Fnd BRIOE 0 LERE BBkl droute b

di sease. Fgrgi3hn@i%aRR fosi h v, tion
of an organi c 26 August 52(%1(56% ?ghﬁ%g?(?g%}%e@%lg&g{g%%l%%ggg%?%ﬁgqg react |n%

wi t h sel ectheth &edecltkhadws iothd gt nal resi dues of said peptide, and wll
preferably retain at |east a portion of the function of the peptide to

i nhi bit specif |161§I0I inclugedpino khe éﬁ%ﬁﬂ v€ thedpendionants saltsokf e peptidesi amd of T

| h th d d

aut bar botedees'bf Rifo iy croBe AEME APeder 1 A1 DoSaIE haCier G o aalty of d
| b

g%_r é;guo?r?dfgé’%g%?%%ﬂéj@%yg%g tgésnpg Mm%r HBEs BF thd e ftideShblcRtR. an

Salts of a carboxyl group may be formed by means known in the art and include
inorganic salts, for example, sodium, calcium, ammonium, ferric or zinc salts, and
the like, and salts with organic bases such as those formed for example, with
15 amines, such as triethanolamine, arginine, or lysine, piperidine, procaine, and the
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 which 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



.or glutamc acid residues. Many such chem cal derivatives and nethods for
making themare well known in the art. Also included in the scope of the
invention are salts of the peptides and 10 anal ogs of the igwgndtcots As

used herein, the term"salts" refers to both salts of carboxyl groups and
to acid addition salts of am no groups ﬂ% the peptide nolecule. Salts of a
carboxyl group may be forned by neans kridwn in the art and include
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exanpl e, s@tedrod, O anid®loaks, a8 BemakshioRsy, 192, 92X988)8., CONHhRCHiRIKES téci d
or sulfa is acid, and salts with organic acids, such as, for exanple,
acetic aciiheostimwating awtibhdySpee¢sentednionalrratbated asyngesemndpkeant eellsr m the

f | d t dify the ph tical t] f th i d
ot a apreseice clfticne ruEuR Yy v ook B by Rsik aeh arpridopRibhy s ed
tid 10 tBe . .56l t asting-f.o6 (L hei
Dorent ol St Behifile difiiof (63iad, The AEHRGHTFE BlpPses) GHhHBET FEL ype'
mce that @ideclahed afe RGP ck@mpldEHyntheChRehRUHORMCAAH RO 9N, in |

peptide in accordance with the present invention is produced, 1ts ability
to i nhi bi tMatesiabbarpl Mdthedsaséotmar@3ponse of T | ynphocytes of nice that are

hi gh responders, to SLE- induci ng autoanti bodi es rrade;)ebe readily determ ned
by those of ordhiethgr &st which qafebe spndugitedh sy orderd@esalsgicanatbegs: bavipg thei ng

Eﬁﬁlfjﬁfcltﬁgﬁh#e‘é‘ﬁﬁé?@ o S50 eptop AR R pF g tetr“ﬂﬁpgﬁé"s‘?‘ﬂ wighfAR¢ ey .
ucted _ _ _ Y
501 nduci rey ot Santy hadh agd ‘Geh& T brfih HIPAR PR IR RERL fn e

exanpl e, tpresefice @iflthe paheigysiptid@0Fhd 8ynihictie peplides naieslss (rcCickied oo théie
16/6 Id mAb (Fricke et al., 1991) established from inmmunized |ynph node
cel s of rAblétybio hiediditestly, fobowing binduylationoty MK Classl, Il oprodnets Moz es,

. ' 7 99 (198 . | | . d .
E | mmnObaln(ﬁlgglg}f)’res%n ihg celﬁs of6 )tl)le r%ﬁ:varslt %rtr%fs)f pg&? thgso purpose, N-terminal
15  biotinylation 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



the stinmulating anti body presented on irradiated syngeneic spleen cells in

the 5 presence of enriched nmediumevery two weeks. The T cell lines are
cloned by the standard limting dilution technique. The prgdAfgsatooye
responses of these T cell lines and clones are tested, for exanple, by the

met hod described in WO 96/ 30057, in WMaterials and Methods, section (9Q).
Anot her test which can be conducted in der to sel ect anal ogs having the

10 desired tivity is ta test for the ahility, of the n ic peptides to
Foni bt ¢ nesidres i thenafiaus S ekies (PRuEnhnen. SRt 0ot by AbssDr o
pepti de-s I.£ c 3 t '

synt het | cp%%p% efgcﬁl%}]’s;]lnéguggﬁ}ségi g@lﬁﬁ grﬁ’ ﬁ?e%dr’iﬁt}ggf ﬁ%t%/e?)f[ﬁ g%?‘ﬁ%‘eglgr%et?f ly,
fol I owi ng Rivel bMskéretioh oft heMftmubb@pprdssivel SR POE-BtahI60 aBRS&I by NI
cells of the relevant strains. For this purpose, N-termnal 15

bi ot i nyl at EBIS Afastdescriteddelvarain ipah¢ Estespiess. performed at OC with an excess of
bi oti n-_N-hydroxysucci nimde in aqgueous sol ution Ell\/bz_es et al., 1989).
Mouse splenic Beptedesivhighi¢st pesitivalin aok or anerec] these( i ime tedsipiill pravide

et e LG DA 5 S
h t hgd =@t di ey 4 f el | | th
Col 15 are TRRRAE RAEMAP il Rl Frut A oty I RICE Sl el €

anal yzed binjédtedvveit e tandidsiengeptieSeagithdrnd8ac oanitlyy8] The aniteNaréLifen Of
5000 cells are exam ned (for above procedures, see, for exanple, Mzes et
al ., 1989mmpnizgdtwith thegliseské-trdusamg aetaaotibody ext withtthe tpeptidéoil ch hdays

[ne o0 bylaier phbetesels iy misce e Jop he abilihde Dipbierpigro he
oponcer syhiiuhfed AYRLOR, SHASENHCIFR D e AR uhE Lo o
e 54|70, oL Aspegy aRpine syl wiubel g[Sl ot Habgdd e
| L-4, 30 |dct®jtyl diredly inNRe ynmaniet ke hiz wivo Her shepprodatdon of S1E aetescribedd by
ELISA usi na dve?gfhéugeli)ifdeg%%g l}eginjected 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.



anti bodies to the various cytokines (Pharm ngen, San D ego, Ca., USA)
~according to the manufacturer's instructions. In addition, the ability of
the peptides to elevate the |evel of secretion of the i MmumswIpr@esi ve
cytoki ne TG~ (3 can be assessed by ELISA as described herein in the
Exanpl es. 5 Peptides which test positiv;toi n one or nore of these in vitro
tests will provide a reasonable expectation of in vivo activity. However,

in vivo tests c aksq he ..conduct.ed without. undque exper,i neptatio Thus,
for exanpl e, adﬁﬁ? @@ep%@%@ccqrﬁju&w%% Ve ’é’ncﬁﬂg?lﬁtﬁt QPp‘&ﬁ i‘ﬁgeg?#
ei t her day i hol: j: I ’T‘f“zgi A :
di sease-i n%%pg}dr%é’ gﬁ%lgglnﬁgi %?gghg‘? 0%%}(5{1 ?;Np%pt i éi.z ﬁ%e(?]ﬂl%g)?éﬁ 0a ng}(; té(rief 0Fyrrph
node cel | sSBQ Hh&N@i16¢ nesre prefetabdy fope ﬁdgﬁidé seldctddt ftoinother@biip %ﬁ&i@tigg ofhe
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i mmunogen in order to find out the inhibitory capacity of the candidate
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t herapeuti ¢ fyity . dire Al he nurine nodel in vivo for the .
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anal ogs which will also be operable follow ng't 51 gui del i nes presented
herei n w tépitpewsndtle peptide comptiaingon nuinbeanbtiesany of diff@dnepfniticg®itthe t he
present invention provides a nulti- epitope single peptide such as a dual
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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.




26 August 2005 20 The dual peptide according to the invention consists of
two different peptides, one being a peptide of SEQID NO 11 and the ot her
being a peptide of SEQ ID NO 19, nore preferably one pepti deas@lsezioed from
the group consisting of SEQ ID NO 6 and NO 12-18 and anot her pepti de
selected fromthe group consisting 5 of %EQ D NO 7 and NO 20-27, nost
preferably one peptide being the pepti delof SEQ ID NGO 6 and the ot her

being the peptide of .SEQ ID.NO 7, the two different peptides being
covalently |inkE§oPEingh &0 gnBirthsr eanberlimeyt %éL?Wr%ﬁenEyn&e@mstonei ok e

chai n such o fi..alaning resi gu 0 I ve.s] f.Qr
pr ot eol ysi g@%‘i/eapgétﬁfﬁeép@? .begg@?élﬁgr {Oe>% asgrlplfﬁggl,e @agf’o@%]{%%@} §a%é% éflgm%nge
Eur opean PabBmierfy2dGd he pRsidebiigdafentieiRiesuch sites. In yet another
preferred enbodi nent, the present inventi'on provides a multi- epitope

si ngl e peptide Thepmeptides,a pulyders ofherdod sanetheir didjegaes et i deigaldé t he
present _invention in the formof a peptide polyner, obtained, for exanple,
by pol yneflAEEIMelsCHipr CAEIgEpRicdedinigtared toypatigits i@l {orer ithait inswrea dheir
such as 0.:19% 15..gl-ut ar al,dehy,de ibert et al., 1981 _Nature 289:5 . The
ol yror i PloaIAbiNtE R BRe tin SRR Tet husfugiringe (BB Qb tideatahanl y
a peptide 266 | n A o 24 be
formed by g{vgssl i rllglfﬁg}l? ﬁg %ae"%t iggre]gfgcgr% h%‘?tﬁ ggﬂ?ﬁgﬁ{“ ’t?%%%%@%?.é’%?ﬁt 29

macr onol ecgivan to patieds $n a Soirhalation ceatabiing aqnixaire théebfers are, for
exanpl e, proteins, such as tetanus toxoid, and linear or branched 20
copol yners of akhedrvestign thuBnthes relates te phamogssutinalrcampasitidonsntoneprising

1 Co B R e . By BB S BB A G,
pol y- DL- al gh iSel . Am .. Chem Soc. 77:6175). The
conj ugat es@%ﬁé@&?ﬁgﬁ%?@é&g%ﬁ%?é%);gblF icfg}sr%eg(;oupl ing the peptide with a

wat er - sol ubl e chy m?fﬂé@@d efitboliraént] 18! PAmBrcbdiical Rompositions comprises at
di met hyl am no- propyl ) ear bodi i m de hydro-chl oride, and then perform ng the

conj ugat i oleasii arte symthateqraptideedthaineationemoss prdembiba peptiddilbeted oM et
al. (1982) Proc. Natl., Acad. Sci. USA _79:569. The contents of the coupled
pepti de i nthe group consisting o peptides hCDR1 [SEQ ID NO:6] and hCDR3 [SEQ I
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



each conjugate are determ ned by am no acid analysis, in conparison to the
conposition of the carrier alone. 26 August 2005 21 According to a further
enbodi ment of the present invention, one or nore active pepbd A@fstays be
attached to a suitable nmacronol ecular carrier or may be polynerized in the
presence of gl utaral dehyde. The peptide pol ymers thereof or their
conjugates with suitable 5 nacronol eculdr carriers, are admnistered to

atients i a,formithat insures thejr. bioavailabjlity, nmaking them
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optional |y w t hEfeptiree doses wifitbapeptidasad ghiabirecrt i foguse imtreating SEEeare éul
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pharmaceutical conposition conprises a peptide I sting of QID

NO 6 or SHA@tieDiN@Ee7yamgiwostnathat haveta be ticated, foamkny yerrsand dbe cinrently
acceptgble carrier. An ui le route of adm nistration is enconpassed by
t he i nfent #sEpted; tratime, 3%5@%, InvRtYes AR DIStration (it IBHRBRRSUPPHRSEIYSragents ar |

kel o ke hORE RIS S SHHCER porb P RSIACA B b
route. |In pigifeaadergbiiidiRts. the peptides of the ,

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, 1L.-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.



invention are adm nistered by oral, intranasal or subcutaneous routes. The
dose ranges for the admnistration of the conpositions of the present

i nvention should be | arge enough to produce the desired effgpmgu&bgmpby,
for exanple, an immune response to the SLE-inducing autoantibody, as
measured by T 30 cell proliferation in tro, is substantially prevented or
inhibited, and further, where 26 August 2005 22 the disease is
S|gn|f|cantly treated. The doses Shﬁﬁ%géigiggf so large as to cause
adverse side effects, such as unwan eactions, generalized

I MuNosuppr essi on, anaphylactic reactions and the |like. Effective doses of
the peptides of this invention for use in treating SLE are in 5 the range

of about IMVg@etiglslantbMetodp to 100 ng/ kg body weight. The synthetic human
peptides of the invention are aimed at inhibiting or suppressing specific

antigen r e%@h Jiesnale (Bl4B paNZEWIS] mvice voure cbtdiecd ifrgnahe Jocksen Latmratoey
responses [ is of the nce.since nost d|agn sed
pat | entsSs aﬁB@ }%ﬁgpmﬁ?f{%}? Iﬂ‘&?é’fﬁbengzhtﬁ@ﬂ rsfrainghiheags of a%éque &
currently tratio

[ rmunosupp‘%g%sg\ﬁlgﬂgeggrﬁ{&?%%érﬂﬁmﬁ fl cos %e\r/[gﬁl& iﬂgn‘gﬁeé%rﬁém% 2{1 1tu ¢ 8fugs,
that are bRdibndQRehBe6l, Tirgeland have nultiple adverse side ef fects. The

i nvention prOV|des net hods for assessing the effectiveness of a drug

conprising a peptide or peptl de polyner of the invention in the treatnent
of a SLE- 15 patient which conprises nmeasuring at different intervals of

time the |&&IANd mﬂw@nawﬂéody | The hummay 1A omAgthat beprs the m%ad

docr caded TEIEM HANBRYBRRL B ptenStd Fshp SRt RE Rl Ao, B, WolkBhnedt 1wl
of TGF - R99s rTI‘?é LB Whd E'eér@t%dq; ﬁ Efla@rﬁﬁsc%llgfthﬁﬂqﬁegé Eﬂ%wn 29 clifre and

i nvention sti further relates t e use of a pepti or peptide

pol yrer ofweﬂ&q)urrﬁ/&ﬂlby QiSirfgod pt*di’tﬁrp@@épiﬁmsemcﬂﬁnﬁ (PharmaceUFineaChemicals,
conposition, in particular for treatment of SLE, nore particularly for

i mrunonodUVBRsali SoredsnE- associ at ed

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



responses in a SLE patient such as down-regul ation of N'-3 and/or NVAP-9
and/or 1L-2 and/or IFN-y or up-regulation of TG--P levels in a SLE-patient.
In one 25 preferred enbodi ment, the peptide of the SEQ | D N AGgustpbs onal |y
am dated at the C-termnus is used. In another preferred enbodi nent, the
peptide of the SEQID NO 7, optionally amdated at the Ctermnus is
used. The present invention wll now be Xescribed in more detail in the
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| srael . Anti-DNA nonoclonal antibody. The human anti-DNA mAb that bears the
16/ 6 1d 190e¢kiychetepliomborgr weekau Slrgatoient af tordstdish@h diseise stased three ahd82;

' e 1995) . mAb 3 by hybrid , || hat .
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identified herein as revnCDRL [SEQ ID NO 28], revnCDR3 [SEQ ID NO 291,
and revhCDRI [SEQ I D NO 30], respectively, used as control, 20 were
prepar ed aBravewtion wsid/trdeearitiof oS L Bdila6dB3easE7in (NABI xNAW) Rt raivet with the

o 5 2 P Db oo S Bl B o B

have the SgaYRNGRRase manifestations are observed, were injected s.c. with hCDR1 (or

mCDRI1 in Example 12, 250 pg/mouse) once a week for 10 weeks. To treat an
established disease, mice at the age of 5-7 months were 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



25 G VELSKEPSQKVWQWYGT revnmCDRL [SEQ I D NO 28] SGQGAYDVAYPEW.FRACYY
revmCDR3 [SEQ I D NO 29] G WEECKGPPQRI WBWYYG revhCDR1 [ SEQ | D NG 30]
I nduction and treatnment of experimental SLE. In order to inghi&gust2005
experinmental 30 SLE, BALB/c mice were imunized with 1-2 pg of the hunman
mAb 16/ 61d and 26 August 2005 24 Dboost 3 weeks later. For the prevention
of experinental SLE, mce were given h or hCDR3 (nCDR1 or revnCDRl as

control peptide in Exanple 12 i nt.ravenousl i..VY.)..0r s.c. caqncomtant
with the iSeRSfered iaon?SE@YFdI’%B%’BSq EES%IE%S’[ aﬁeéﬂ‘ﬁ@) {itibgign e rrgtiomlymena
Tr eat ment ; Lshe ' I f t

fol | ow ng g?g/gzg% Zﬁél ﬂ%’l&c@f“bogf \iﬁ\}ets ﬁé‘@ﬁlﬁ&@%@@@%@%@?ﬁ(@% H&‘%?amnﬁ{e}s@gﬁ ons
ver e al r eadpM kg #RAL6/6 d Exiakditahd TDRLERed %@ﬁﬁ&@dabb%w}slwas LONErE@NS
(i.v. or s.c.) of nCDR1 or revnCDR at a dosé of 100 g/nouse. Prevention
and treat neosiirad. SLE-1i ke disease in (NZB x NZ1F1 mce with the 10 hCDR1

or nCDR1 peptide. For prevention of SLE, mce at the age of 2 nonths,
 before i sease manifestations are observed, were injected s.c. with hCDRl

(or nCDRI 4 . 25 / nouse). onge. a week for. 1 ks. Jo treat
an est abl{’ls@gﬁé g%?gé&lw cgr o4 cipg. %'«?eo a%-v‘?erﬁﬂmlﬂgn\@ae‘%ﬁﬁj ¢ BEGR ¢ 1
hCDRI (in 142RIMRAD bad HHRIredted or %éPwiflﬂ{H@e bR QQtY&’e?Kvér‘érkii]le eks.
15 Proliferative Responses. PBL were Isolated from epgr

by Fi col | diffeparperiplh duningior)aftbe nedatmenr withahe gepﬁdé.ismﬁﬁéd)@ﬂs ard lyrapsays
were performed, in triplicate, in flat-bottonmed mcrotiter plates (Falcon,

Bect on  DiRddernesdhks, (LdIGhwere Iovesigd)andningabated 85 x 1074mBED theresance wfdbe i n
enriched 2 - 1640, as descri.be an et , 2000). The PBL were
exposgg’ toPQ//gﬂYI GW%WFF%??I&?SG‘%%%-%W%M) of the human anti- DNA
16/6 1d mAb with and w thout the addition of the various CDR-based
peptides at a concentration of at |east 10-fold excess over that of the

16/6 1d. Phaysesrnemasy QiroRines (it SapoRidikhis) SWRsmatants were collected 48 hours
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-Bl1 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
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used as a control for culture conditions at each experinment. The cultures
were 25 incubated in 7.5% CO2 at 37C for 6 days. Eighteen hours before the
cells were harvested, [3H -thymdine (0.5 G of 5 G| mol P¢ Nugke2905
Research Center, Negev, Israel) was added to all cultures. Results are
expressed as the mean thym dine incorpgjation in counts per mnute (CPM
of triplicate culture SD, or as stinulation index (S.I.; the ratio of

mean CPM afriykq. ep}i tHREA fogt .6/ 6 t an
CPMI i 1 1 he bt 0 SBL AsuBR SRR PRLA Pbsy og et MaBOR mifofluc bt 6ug
consi der edwarposited witl eshansethyRaydBSA orlpoly20Péhe (Siphdl Theplatehevdrat i
of mean CPMin the presence of the 16/6 Ié)a%d vari (guggm(%R- bagped peptri des
to the meathenCRiblwid hnd hepatél 6vitld eifhiehollt pphal CGIRdb@setdpealti teinua bDIWRA 50%
was considered positive. 5 Induction of t oki ne Production. Mce that

ver e i mun{Sigamahior A-phrgendorhle-stranddi DN (Bodhdingdraannbeingd pg/mijt Aier h

the CDR-based, peptide, were killed at different periods during or after
treat neht WeHhaig wighditfaentshilations, o seran goatyanshrmaisa dg6e (Y-shqin Npyeifis) e

h ted d. i d (5.x 106/ [ h f 10 /61d.
ro st B0 G Rl OB b T BR GRS Bl ST S e
the S ts. t d f ol ] t
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| L- 10, | FNethylbengthTMoliacseesidf@se fa@fdj‘{@}%ﬁa)ERle&ﬁtiseb@fdhﬂ By asihgl VIS ALS
standards, capture and detecting Abs (Pharm ngen) according to the

nmanuf act ureder. instructions.. TGF-13 was determn ned by an ELI SA. Briefly,
pl ates, were coated with the reconbi nant human TGF- (31 sRII/Fc chinmera (R &
D Syst]é)ms Inc., Mnneapolis, M\, USA), and the second Ab used was the

subst 1t o TsreienoH Flachies B JME 2 g NEvfeo. RSP TEAVEY v (o8B s
ggg r ﬁge ?ut ?%eeiérﬁ? ZyBRGrABY TOAED s¥at ¥f WRBvidaXRhHEs 8¢ thyY dftRAt %PeriMBrkal
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



Det ection of SLE-Associated Cinical and Pathol ogi cal Manifestations

Protei nuria was neasured sem quantitatively by using Conbistix kit (Anes 25
Di vision, Bayer Diagnostics, Newbury, U K ). Wite blood cepd suguBGpsf or

| eukopeni a) were counted after a 10-fold dilution of heparinized blood in
distilled water containing 1% acetic acizg (vol /vol ). For i nmunohi st ol ogy
anal ysis, frozen kidney sections (6 n e fixed and stained with
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10 g/ m  of bibehed Uiedr cal fodoh emperh¥re) (Wit MBdlaBéled- PhaIantilentise - BG-ARAgd
DNA ( Boehri nger nnheim 5 g/mriw?). Af%er i ncubatei o%ds%vith di fferléér%
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activity wasiBRBt @ity in 99 BYAPRYWREFAMYCd P Bl0SiS &% 206t teRfeMdiinalpom ce
of the different experimental groups were separated by an 8% SDS- PAGE

pol yner i zedll wirmmirosteaghinig preicadures, FHWC-lawiled) gobe antiaphuweeRiGHIgde|(Sacksor
washed once for 30 min in 2.5%Triton X-100 15 to renove the SDS, and once
for 30 ni nimmuppReseaseh ilabormipriey), doted A3ty isol %BSA/PBSHEO0, nipcatnwaad |
10 mM 2% W/a%/'%1 Brij 35 (pH 7.5). The reaction buffer was

ﬁﬁCl% and tO.
changet” t o"“FHTFULYF/oN@> US¥ the gel s were incubated at 37 C for 24 h.
CGel atinolytic activity was visualized by staining the gels with 0.5%

Coomassie brilliant blue.
Statistical analysis. Results are 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).

30



20 Western blot analysis of MWP-3 in sera. Sanples of 5| of each serum
were | oaded on 12 % SDS/ PAGE, separated under reducing conditions, and
transferred to nitrocellulose. The blots were probed (0.5 p6gdgukt 2005 hr,
roomtenperature) with anti- MW-3 anti bodi es (Oncogene Research Products,
MA, USA) and devel oped using 25 chem | wg nescence. | mmunostaining of

ki dney sections for MVWP-3 or MVWP-9. For 1 munostaining of MW-3 or MWP-9,
ki dney sections (5 m were fixed with cold acetone (5 mn at room
tenperature), washed twice in PBS, perneabilized (1 mn at room 30 _
tenperature) in 0.05% Triton X-100 (diluted in PBS), and washed twi ce in
PBS. In 26 August 2005 27 order to get a specific anti-MVW staining and to
avoi d the Eﬁamﬂlﬁ.é_of i mmune conpl ex deposits by the FITC- | abel ed goat
anti - nouse ' HI oc| e 1 rgom terrper ature), (\;\nmt h

unl abel ed &6 4] 1
%ont al ning 0.05%
, Inc.) or

| mmnolges el )
anti - MVP 3 (1: 50 oﬁmqgmrﬁﬁﬁ@mé:h]h%f@&%m)cacya%@m@ﬁﬁnﬂh'pﬂp%eé ACHR]

Tween.

BSA/ PBS were added for 30 min, at roomténperatiure. For Il i munost al ni ng
pr ocedur esgndFhCORZbae éh‘stg@sﬁed dheir -abilitydolighibligite (i2acks pnmlhgmf nnide sl ch
Labor at ori n 1% BSAIPBS (30 mn at room 10 terrperature)

|
was used. '%Fd’é‘?’g;ﬂ?gé&?%%éﬁgg& PR 3ar e presented as nean
I - d t
statiorrcal anafgang eplZEguRIC ARY S0 ik Bt MGhRnEaR, At 1@@%?@1
Synt hegj s ﬁtﬂaﬂa@ %%ﬂ%&“ 488 gxg@ﬁh%% Mt TPEp TRy PR ebeF (1 & NO

1) and hCDR3 (SEQ pept i
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.



were prepared by nethods well-known in the art, for exanple, by chem cal
solid 20 phase or solution phase synthesis using an automated synthesi zer
by using the manufacturer’'s protocols for t-butyl oxycarbony}s Alqu26ds

fl uor enyl met hoxycarbonyl (Fnoc) or other al pha-am no acid protecting group
procedure essentially as described (see, for exanple, Peptides: Synthesis,

Structure and Applications, ed. by B. te, Academ c 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- chem stry solid

phase peptide synthesis. Rapid, high ’l"i gi d]fgssenbl y of difficult

sequences. Int. J. Pept. Protein Res. A8 ¥80- 193 1992). 30 26 August 2005
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~mce imunized 5 w and treated wth hCDRI an CDR3 In
order to deternmne the inhibitory efficacy of the human peptides hCDRL and
hCDR3, we first tested their nhlll'r\/ to inhibhit the in vivo nrlmnn of- m ce
with the ]ﬁhiblﬁ@' pept i des nmCDR1 and nCDR% Imbibitions end BALE/ ¢ and SJL| mice
wer e i mmup w-th—EBRT—and-—10—+1EbR3; |JC\.:L; v-el y Hhre—+Arat2 R3%)
muri ne pept‘CE’&l were injected (10 gg/m:tﬁsse@ in CFAintradermally in the
hi nd f ot pads. Concom tant W thr the T nmunizattomn, groups of BACB/T 1mice
were injected subcutaneously (s.c.) with 200 g in PBS of hCDRL and groups
of SJL mce were simlarly injected with hCDR3. Ten days after the

i mruni zation, mce were sacrificed and their |ynph nodes were 15 harvested
and the cells were tested for their abableddBto proliferate foll ow ng
triggerin with the_ i nmmunizi ng peﬁtl des. Briefly, LNCs of inmunized m ce
(0.5 X 1oglﬂ\héblt50n he h€ BRBafithe prp fqrﬂilpnmfaﬁﬂs-)ierweﬂMﬁségme@m
different concentrations (1-20 g /well) of the nurine inmmnizing peptides
in enriched RPM -1640 nedi um supplenented with 1% normal nouse serum

Fol | owi ng f.@iifiifays of incubation, 3H % Inhibition

hCDR3 : 55%
10
Example 3.
In vive inhibition_of LNC proliferation. of mice immunized with the human
anti-DNA 16/61d mAb and treated with hCDRI1 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



20 thym di ne was added for additional 16 hours. Cells were then harvested
and radioactivity was counted using a a-counter. The results in Tables I A
and 1B represent the maxi num % i nhi bition of proliferation2®Audub@e0®Hf m ce
i mmuni zed with nCDR1L and nCDR3 and treated w th hCDR1 and hCDR3,
respectively. The inhibition was cal cul ayed based on the 25 proli feratlon
of LNCs of mice that were not treated vmth the inhibitory peptides

and hCDR3. i ng
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August 200%WitR%hd pbpidds/hCDRI 10aid BODRA ﬁ@ﬁﬁg@kdﬁbﬁh RhRkithe wbiedifiBimized
BALB/ c-derived LNCs to nCDR1 I nhibitor % | nhi bi ti on 55% Tabl e 113
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treated w HS@:@ 15 Because our aimwas to test the inhibitory
capaci t%y %h tl% pep(?l gjes dsed on the CDR of the hurman 16/61d _
aut oanti body, it was of inportance to find out

Table 2A
Inhibition by hCDR1 of the proliferation of BALB/c-derived LNC to the
human 16/61d mAb.

10
Inhibitor % Inhibition
hCDR1 88%
Table 2B
Inhibition by hCDR3 of the proliferation of SJTL-derived LNC to the human
15 16/6Id mAb.
Inhibitor % Inhibition
hCDR3 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



whet her peptides hCDRL and hCDR3 are capable of inhibiting the primng to
the whole nol ecule of the human 16/61d mAb. To this end, BALB/c and SJL
mce were primed with the human 16/61d mAb (2 tg/ nouse) i npdkfyust 2005
intradermaly in the hind 20 footpads. The primng was done concomtant with
the s.c. admnistration in PBS of 200 g/lrmuse of hCDR1l to groups of BALB/c
m ce and of hCDR3 to SJL mce. Ten days follow ng i mmunization, the mce
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16/61d mAb of |ynph node cell's of mce inmuni zed and treated wth the
pept i des hibeRastdchducDBS irmmbatiopaldtd wedelthen harvebrt andrredioavtivity esunted.t h

the 16/ 61d mAb but were not treated with the peptides. As can be seen, both
peptides hCDR &i& hehraswee scsulip i sachexpanmsntsi and dempasteated that hETIR1 ni ng

:)(r)o! |5f ;Pgt %%ﬂq&%ﬁ(’g O |i)/r12) lf%ﬁl @‘f’ gg%]ﬁ?gsg’%(éﬁé%!?g% %t gfeiglel Wﬁ"i‘t_ﬁ?lt or %
o0 e R Al o SRR TS Shyn Pt AG™
was as follows: 0.1 pg/well — 47%; 1 pg/well — 66%; 5 ng/well — 76%; and 10
ng/well — 62%.
10 The same experiment above was repeated with 50 ug hCDR1/mouse
in PBS. Fig. 2 shows that hCDR1 is very effective in inhibiting the in vivo priming
of mice with the whole anti-DNA 16/6Id macromolecule and even a s.c. injection
with as little as 50 pg of hCDR1 inhibited significantly the abilify of lymph node
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.



% | nhi bition 68% Further experinments denonstrated that a nasal

adm nistration of as low as 10 20 or even 2 g/ nouse of the peptide hCDRl or
hCDR3, concomitant with the inmunization with the human 16/ 84 dugustro0s
inhibited by up to 100%the proliferative responses of |ynph node cells to
the immuni zing antibody. In another expeyi nent, BALB/c mice were inmunized
with 1pg human 16/61d in CFA, intradermally in the hind footpads, and
either were injected with 25 hCDRL s.c., 300 pg/ nouse in PBS, or were not
further treated. Ten days later the mce were sacrificed and their LNC were
tested forExhaigledbility to proliferate. in 26 August 2005 31 vitro to the
human 16/ 61d. Thus, popliteal LNCs (0.5x106) were incubated in the
presence oPeptideh€THRhandt hEDRM nlfibit theOprplifertiveofespbasé ofiBlanf iISIINA
16/61d rrAb.ﬁ@t thet end of 4 days incubation, 3Hthym dine was added to the

cul tures fBf MADycubation. Cells were then harvested
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10 The sane experinent above was repeated with 50 g h nouse ~ S.
Fig. 2 shopatiantsafulfillBRat leastveofithef Ameticme Coblcpebf Ribeimatdlbgy (ACR)weviged m ng
of mce with the whqole anti-DNA |6/6ld nacronol ecul e and even a s.c.
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and 10 g/ well -" 64%
index (Bombardier et al., 1992). A control group of 36 sex- and age-matched

heaithy control volunteers was studied concomitantly with the SLE patients. The
study was approved by the Ethical Committee of the Medical Center.

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 sectetion
(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
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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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did not reach statistical significance. Mreover, relatively |ess responder
patients were determ ned between those treated with either steroids or
cytotoxic agents at the tinme of the study. It is noteworthysAd@bt 2005
significantly nore patients who never received steroids responded to the
16/6 1d in conparison to the non-respondar group 20 (54%vs 21 %
P=0.023). It is noteworthy that the efficacy of the CDR-based peptides to

i nhi bit the~y; Is ' PBL o eal,t donors_to .the 16/6
|0 vas mucrClieal iFHRkER WESRRIRGE Aocgringllo, MREACK AEPBRY Srb e Sl
26 August Z2@9Bar3dntieiése (ANAY hid Gati-AINhahaiRsQsy w‘éﬁé\r&@érﬁﬁhé@tblapﬂggé SLE
patients. A Diagnostic Criteria* Al PatientsRespondersNon- responders
Nunber of @&dls:0d) 488, A8{kik) raspedtbrdp. Affi-phakpliolipdé biGbédies (APLA) were
(30.1)8/ 24 3f3. 3) 11/ 38(29) .Di scoid rash9/62 (115)_3/ 24 (12.5)6/38 (16

Phot osensi ¢§ Wﬁ@%ﬁ@gtl(@)l@m& qravos) ebtlesiqlpyingasesyst falbe positive6¥DRL,

(2788 240 B A S MRS Bkl A4 02, 2271 (1
(228 el e ot RS 6 R 1 6 A0
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
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bet ween the two groups of responder and non-responder SLE patients.
test the ability of the peptides hCDR and hCDR3 to inhibit the
proliferative response of PBL of SLE patients to the human 16/ 61d mAb, PBL



15 (2x105/well) of SLE patients were stinulated in vitro in triplicates _
with different concentrations (0.1-20 fig/well) of the human 16/61d mAb in
the absence or - presence of the peptides hCDR and hCDR3 (ei 3d18lgusQoes 100
g/well). Following 6 days of incubation, 3Hthymdine (0.5 VG of 5

C /mmol) was added to each well for ad i,’.ti onal 18 hours of incubation.
Cells were then harvested and radioactivi'ty was 20 counted using a
R-counter. Results were expressed as E@H?counts per mnute (cpn) of

triplicate cultures. Stinulation indi fhe ratio of nean cpm at the
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to the 16/61d mAb. The ability of the peptides hCDR and hCDR3 to inhibit
the proliferative responses to the whol e nolecule of the 16/61d

aut oanti body was tested—enPBLof 19 responders SLE patients. Table 4
shows the results|dumbeise ¢lpiialsent 4 Pargembiti on of above 50% of the
proliferative capacity was ¢onsi dered ﬁ%t.i ve. The Table fepresents the
hi ghest 30 posit{ve inhibition capaci ﬁ?‘ WHOB,ch peptide.| It can be seen
that the human hCDRI 26 August 2005 3 hCDR ited the
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5. N.N 88.5 87.5

6 S.S. 80 80

7 S.H. 76 70.4

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

MeantSD 68.12+9.57 | 71.82+8.44
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ecifici of the inhibito capacity of h and hCDR3 It iz irrporftgnt to
denonstr at he inhibitory effects of the hCDR-base pepti des are
specific t%@@g;ﬁéoci ated responses. To this end the peptides hCDRI

Specificity of the inhibitory capacity of hCDR1 and hCDR3
It is important to demonstrate that the inhibitory effects of the hCDR-based

peptides are specific to SLE-associated responses. To this end the peptides hCDR1
5 or hCDR3 were added to cultures of PBL of SLE patients that were stimulated with
the mitogen phytohemagglutinin (PHA, 2 pg/ml). The results of such an experiment
performed with PBL of one SLE patient is shown in Fig. 5. The peptides hCDR1
and hCDR3 could not inhibit the proliferative responses (expressed in cpm) of the
PBL to the mitogen PHA and the proliferative responses were similarly high in the

10 absence (black column) or presence of either hCDR1 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.



5 or hCDR3 were added to cultures of PBL of SLE patients that were
stinulated with the mtogen phytohemagglutinin (PHA, 2 g/m). The results
of such an experinment perforned with PBL of one SLE patlerﬁeA@u&mw in
Fig. 5. The peptides hCDR1 and hCDR3 could not inhibit the. proliferative
responses (expressed in cpm of the PBL to the mtogen PHA and the
proliferative responses were simlarly 9gh in the 10 absence (bl ack

col um) or presei\nce of either hCDRL or hCDR3. |n another experinent,

cul tures SLE patients were stinmulated with the human 16/6Id mAb
and then igeul .
muri ne pepttec

per f or nmed wsena%fﬂie gﬂg;&sﬁl@ﬁmemdﬁm)ﬁbom in Fig. 6. As shown 15 in
Fig. 6, whereas pPEP based on the human ‘
aut oant i body i nhi Wa$ ed midresdi ‘mnﬁhyl odutewbethicr fthe HCOR pasplessas afpabRof o
the human | 16/61d mAb, the peptide nCDR3 based on the CDR3 of the rrurlne
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hCDRI and hCDR3 did inhibit efficiently t he proliferation, denonstrating
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f tid tth SLE- ted T cell
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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. |



human 16/ 61d mAb. Such inhibition mght al so suggest that the human

CDR- based peptides inhibit the proliferative responses to the 16/61d nmAb
at least partially by down-regulating IL-2 secretion. To t 2 &ugsic200%BL of
SLE patients were incubated wth the human 16/6/d mAb in the absence or
presence of the peptides hCORI or 10 hCDR3. Supernatants of the cultures
were collected follow ng 48 hours of incubation. Assays to determ ne

| evels of IL-2 in .ant £ or i n LL IL-2
dependent |i ne. Br?@?‘F??Elg%ﬁqégﬁP?tI#? g‘?‘f‘%‘f’fﬂ?ﬁ%@oﬂﬂ@@%w e

i ncubated in the presence of the different supernatants for 24 hours,
followed by the addition of 3Hthym dine for an additional 18-hour

i ncubation perilkaptideel | s 15 wer gnHiboryhar vest edviagiintimdi oactivity count ed
using a n-counter. Results were calculated based on reconbi nant human |L-2
used as a standard. The abilityAstivitig pepti deighibitiomhi bit the |L-2
secretion of PBL of 23 respondeg/s stimul ated by the human 16/6 Id was
tested. The results, summarized’fn Table 5, sho® that hCDRI and hCDR3

i nhibited the tion of IL-2 of 21/2 19/ 23 patients, 20
respectively. ﬁﬁ%]ir) |1t i on of pro?lPX%irD/g?? ve respggn% of PBL directly
correlated w t hCIDR32 i nhibiti 093(q>9/2_4;)e CDR- basggl.3@ept i des. Thus,
inhibition of 1L-2 secretion was observed in all cases where inhibition of
proliferatflhn2 secretidetietin pedencEhef 1@8Udtgombivas enkidérel ASRI0004. TaRbifbiE
patient represented in Fig. 8 (secretion of IL-2 is expressed in pg/m)
show t hat ®HotYeeomreavas ¢ropRBredsignifidantt ed 100% of the 1L-2 secretion by
PBL of .a SLE patient triggered by the human 16/61d mAb. 26 August 2005 40
Tabl e § I nhibition of I1L-2 secretion by hCDRL and hCDR3 Pepti del nhi bitory
Maxi mum ACEJ;:YﬁthSQ.”hi bi ti on hCDR191(21/23)8431 hCDR383(19/23) 7834

‘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



*|L-2 secretion in the presence of 16/6 1d al one was considered as 100%

I nhibition of 50% or nore was considered significant. 5 Exanple 8. '
Up-regul ation of the secretion of the inmunosuppressive cytmiuaesttéds by
CDR- based peptides In attenpts to shed |ight on the nmechani sns by which the
human CDR-based 10 peptides inhibit the_ proliferative responses to the
human nonocl onal anti-DNA 16/61d anti b&];ly, the levels of the

i mrunosuppressive_cytokine TG--P in the supernatants of the cell cultures

ver e det erlpgagent (Helx Pignostics asdrmngymerissiaity esxarervahusied by she dey B Sdur
previous fjndings o vat ed .|l evel s TGR-P_ i cultures.of, s ogytes
b i oo wieRoS g e 70 B A elens et FesrRarige BTLAHR o
spont aneous {(I‘ﬁ@f&{}g%/\] Fic." 861 | : | SR g@% S
based on nouse CDR _(gEl al% et a?._,oé%%dg‘.@#ﬂ)gbg gévg_té?jo%%&thhe !3eve ér%f
TGF- (3 cory sigaifeshnWivphreaiRitionr it iRNscRbetiinS A TGIBN{@sésabd 9Apg/mMI) BE the
treated mce. For this purpose, supernatants were renoved from cul tures of
PBL of SvarPBusof SuErgaesanatsvd SLIFopatientdiat overe stinculbidi withwibiehpathegdnicran
16/ 61d inth 20 absence or presence of the peptides hCDRL or hCDR3.
TG--3 vvamsa‘blﬂ’é’{"‘@f H&ﬁ%nb@b-ELl SA according to the manufacturer's instructions.
Briefly, Maxisorb plates (Nunc) were coated with reconbi nant human
TG-(3sRII/Fc chimera (R&D Systens) diluted in PBS (100 ng/m ). After

bl ocki ng, cell supernatants were addegq,pfkter 18 hours incubation the
detecting biotinylated anti-human TG--P anti body 25 (R&D Systens) was
added. The UpyesalationdfTGINSkeerttitmsof 196 THBndalced stinfulation vf PRI0ef 41
Reagent (Helix Dragnostics) and enzynme activity was eval uated by the MRX
ELI SA10reader using tHLBjttiemtandtloBODRA andtkCPR3Theptidesul t s ar e

summari zed i n Jable—b—The—tesultls.in Eig.. Q9 deponstrate that peptides
hCDR1 and hCDR®eptiflggered a signitegelationup- r eddbsiiem i n the secretion of

TG-- (3 (expressed in pg/m) by (gth’FGEB o 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



5 PBL of one representative SLE patient that were stinulated wth the
- pathogenic human 16/61d mAb. 10 Table 6 Up-regul ati on of TGF-P secretion
of 16/6 Id-induced stinulation of PBL of SLE patients w th2h.0RREt 2008 hCDR3
pepti des. PeptideUp-regul ati on Maxi mnum of TG-- P %Jp-regul ati on % hCDR1100
(19/19) 305221 hCDR3100 (19/19) 338242 Segpetion of TGF-1i in the presence of
16/6 1d al one (nean 63625 pg/m) was considered as 100% Results are
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15 Exanpl e 9. I nmmunonodul ation stations

Anel i or at | miceowereliregted evititd BSDR 1 pfideodt! thwiags dfrLaidrehalfrthohiiéBwhen
NZW F1 mce with hCDRL. As shown above, the peptides based on the CDR of

t he human BMpifegiiony of 1he SLE-Hke disrase dantdsBNA, proteinutiangid) e prlicailpg of
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LAt e M ions, O valhes Of 0.58640.1 0027601, 037011 and 029501 ek
measured at the end of the treatment 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.




mani f estations of the SLE-Iike disease (anti-dsDNA, proteinuria, etc) are
al ready ' observed. The hCDRI peptide was adm nistered in PBS s.c. weekly,
for 10 weeks. 5 The efficacy of different doses (50, 100 angh 2Q@st{2084 nouse)
of the hCDRL peptide was tested. Control groups were injected with the
vehicle PBS. The treatnent led to a noderate reduction in the anti-dsDNA
autoanti body titers. Thus, at a 1:1250 &ra dilutions, OD. values of
0.5860.1, 0.270.1, 0.370.1 and 0.290.1 were  neasured at the end of the
treatment for s¥¥& aneniditienal expedmentsiag 40t e/ mxmse @ g/ Lse,
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o1 10, ekl o0 Aol LA PASR S OOk b 8o b iShin
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a reduction in proteinuria and in a significant decrease in the irmmune
conpl exs depas kinsildr t6RIt dbReivied fhiiRYSreAtnidde wilteE SO0 L doseThe results in
the Table express the intensity of 1'CDs where 0=no I CD;, 1=noderate |CD,
2=severe I CD and 3=severe and extrenely intense ICD. 20 Table 7 dinical
mani festations of (NZB x NZWF1 mce treated with hCDRI at the age of 7
nont hs | mmune Conpl ex Treat nent Pr ot ei ﬁcﬂl?lﬁsg/ L SEMDeposits SEM

Untr eat ed4 . 2.562..57 .0 2 11 1.44Q.41 30Q. 04/ ep=, 0.035 p
wns cal cul STRieAmanetpidior (NZ S NAWaFfonfes it ok I TRT R tne 088>, 5

- W then perforned an additional expegfgangnthsi N9 400 gg/ nouse of hCDRL

10
Immune Complex
Treatment Proteinuria g/L. £ SEM Deposits £ SEM
Untreated 4.99 +2.53 2+0.29
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.




to find out if nore beneficial effects can be achieved 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 seen2f Augiatd0658, t he
effect on the kidney disease 5 was simlar to that observed foll ow ng
treatment with the 300 gg dose. Table 8 i ni cal mani festations of (NZB x
NZW F1 mce treated wwth hCDR1L at the age of 6 nonths 10 | mmune Conpl ex
Treatment Proteinuria glL SEMDeposits SEM Untreated4.99 f 2.532 0.29
hCDR11.42 0.19 0.77 0.32 400 g/ nousep= 0.05 p was calculated in
conparison to untreated group of mce.T\¥§jelave therefore perforned an

addi tional experinent in which mce were treated with 300 g of hCDR1 at
the age of Clinicaltmhsniestations ofi(NAB x NZWoP1 imiiee trewtedwith hiGDRe @ thedge
hCDRI. The aimof the experinment was to find out if, in 15 addition to t he
amelioration in the clinical nmani fes?ﬁﬂmﬂmhst r eat rrent wi th hCDR1L

| mmunonodul gtes L.yLUKI me—productiom: g€ t the—m d
reduction i anti-DNA autoantibpdy I evzlirg%L “Tﬁ’é‘laéjg‘ ﬁEM t he prot einuria
measured at |differ tnhd poi nt s. le 9 djinical
mani f estati gns of R&b xé'ﬁ‘Z?V\) F1 mce trea edfnﬁ%ﬁ%@{lﬁgt the age of 7

nmonths Proteginuria glL f SEM Treat negt Fol | ow ng treat mentg No

Untreated 265+1.76 3.89+£273 7.55+3.95
hCDR1 1.02 £ 0.39
0.61+:023 0.65+0.32
300 pg/mouse p=0.05
revhCDR1

6.94+2.53 676+291 599+3.08
300 pg/mouse

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).



57 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/rmousep = 0.05 revhCDRI 6.942.53 6.76 2.91 5.991 3.08 300
g/ mouse 5 The effect of the treatment with hCDRL can be seegs &lgudJdoos
measurenents. Kidney danage is one of the main manifestations of the
SLE-li ke disease in the (NZB x NZWF1 Q’ce. Ten-week treatnment with the
hCDRI peptide reduced significantly th Xi dney di sease. The 50 g dose was
| ess efficient thap the 100 and 1Q 200 g doses in treating the kidney

di sease. The | aptiB artmué%wgemaén ihea, grpupg of i (NZdhx NEWATL mige Wase ar e
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FI TC-conjugat ed goat anti-nouse 1gG (y-chain specific). Figs. 11A and IIB

show ki fineguteaxtibahstiets, simitantwethofabbhe dERSitedaasidtt. gr mdpcticont pritginutiar eas
Figs. 11C and | I D show kidney sections of a nouse treated with 100 g of
hCDRI . |t EafPiBBad¥entq et FBStireptederaupavap maaneredrasavelbnt he kiglney dlisense

116,110 xHoosiebE e EToS8e8 s MRl Rith AU el el o s
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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.



observed. The mice were treated for 10 weeks with either 100 g/ nouse or 300
gg/ nouse. Treatnent with both doses led to a noderate reduction in the
anti-DNA 5 autoantibody titers, simlar to the above descrifgfduesabss. A
reduction in proteinuria in conparison to the PBS-treated group was
measured as well. The kidney di sease was aneliorated foll ow ng treatnent
with both doses; nevertheless, a nore s’|i6gnifi cant effect was determned in
the group of mce treated with the 300 g dose. Figs. 12A-12F are

r epr esent aPNG &rowy ves ot tiegtede el seond fgrewe wag rttﬁa;ﬁdmaihem& pugmaise apribe ent
an untreated npuse; C, D represent a kidney hCDRI -t reat ed nouse _and
E F repre@ngRIamkd dbfe Phisd @IPem Vs fae%@ﬁ@r tlpea'@@lés Wl"thh3@¢1élg/@@éﬁ%@§ theDR1.

N R AT O PO
A-stimulated cuphyfeef) q%asérﬁg hﬁ§ OB{alnécﬁm"i‘eg?né’{ndﬁvhﬁué ARURInE @K&’BF \E- y

the end of treatnent I njection an be seen that
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the treated mce. An increased secretion of TG--(3 could be seen in the
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hCDR1 peptide is capable of treating experinental SLE induced in mce with

t he hufan mAb aro\wetchol aeatddh. In qdrgrast, dnenuBAL@hplax deposits evdrenoba¢rred imnd

boosted wi th the 16/61d patho enl ¢ autoantibody. Three and a half nonths
fol | owi ng 1@3@6}50@% $/Aﬁeaé1d| 9, mygeethat H@Tgemﬁﬂ%z%\?féﬂho%dl@{ﬁ%w andease

mani fest att'ré)art]ed Wlﬁle %Oﬁe{tg/n(ljcl)uvslede% 58 Opgt/pr{o%%e%&ﬂﬁi respeéu\%i %ggsl:) 1%%5
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



One group was not treated, the second group was treated with 100 g/ nouse of
the hCDR1 and the third group was treated for 10 weeks with 300 g/ nouse of
the hCDRl peptide. The mice were followed for disease manijeqiatioans-

Tabl e 10 presents the results obtained in testing individual mce at the
end of 5 treatnent. An anelioration was,_observed for all neasured clinical
mani festations with both doses used fof*’t he treat ment [ ant i - dsDNA
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treated w thbirld@ngysneereeinahicked or ghmuneeconigdek dep@seThe redults, Iiamarizeédi s
shown that the human peptide hCDRLl is capable of treating an established
exper i rent il Tahle 113 show poellat phircatment tonghe tlp4dd speeifisfanBhogy cespoose.
afflicted with experinental SLE w th 100g or 300g hCDR1l pepti de.
Control, 16/ 61 d16/61d16/ 61d heal t hy m cei nj ect edi nj ect ed+i nj ect ed+
MeanSDMeanSDhCDR1100ghCDR1300g Mea gnSb Prot einuri a

g/10.120. 160. 650. 360. 30. 020. 340. 25 4401960326092060902160* 58902660*
Anti - dsDNA 0. 1 B3fdep bf LitabeR of BABBR Micafflicted with e*xgérmﬂthp SMHE Y
different (p<0.05) from 16/61d injected group. In another experinent,
BALB/c m ce were inmuni ndth 2004 B ecod0ug REDR1 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




human 1 6/61d for induction of experinental SLE. Two nonths after the

boost, m ce 26 August 2005 47 were divided into groups (8 mice per group).
The mice were treated with 200, 300 or 400 pg/nouse for 10,¢\epkstoodhe mce
were followed for antibody production, |eukopenia, proteinuria and, whe
sacrificed, two nonths after the end of té}great ment, their kidneys were

anal yzed for inmmune conpl ex deposits.

results, summuarized 5 in Table

n

11, show no effect of treatnent on the 16/61d specific antibody response.
Table 11 Effect of treatnent of BALB/c mice afflicted with experinental

wi th 200g

) 61010 51001 ol e tec ARl PR Bnri AR A anribads, tiersed RRkoReRio 4550 O 4
Vg pg/ Musgloi@iH&es FRES thdYBampltan g%ﬁﬁiﬁ@ dInPpI8k Mépbsits in the kidneys. The

g/10.130. 160. 160. 160. 110. 150.°030. 0

0. 50. 34

p=0. 0131 p=00r0a0 Ywelp 00 ThpeRp&iiant is of BALB/c mice of the same age that were not
VBCYnn287112055625165946771508401214217280352
p=0. OO@p—WﬂO@E eravee-et aboThusexpseimept suggested that hCDR1 is effective in

T I
ap=0. 0189p=0. 0003z, 0603z RLA00N Uikt Al forARATA “HEh mice were

| d2. 550. 092. 70

10

15

20

25

treated with 200 and 300 pg /mouse. A control peptide was used in this experiment,
the reversed hCDR1. The aim of this experiment has been, in addition to the
comparison between the 200 and 300 ug treatment doses, to study the effect of
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
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
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).

SLE

400
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anti bodies at a dil uti.on of 1:1000 26 August 2005 48 However,

affected anti-DNA anti body titers,
i mmune conpl ex deposits in the kidneys.
is of BALB/c mce of the sane age that were not 5
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I nmuni
the mc
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proteinuria and,

experiment was perforned in
A control

pepti de was

m_of t hil’;ﬁgég i gent

zed and
e were

divided into groups (15 mice per group) that either were not further
treated of were weekly ti@élded W t16/6106 of 3JA6GBIJ+of | hCHRId+An} addentralnal
group wasjtreated 15 wth 30019 of reversed hCDRL. A fifth g[o &Mécontrol)
was not ipmunized and | vi¥§amD 1 ir tidPRLy eht dMEDRY ce| trCP
anti body production ang di sease festa X in Table 12, the
anti-16/6{ld antibody |evels (at angg* o?ﬂﬁh“&ooooﬁﬁodﬁéer of the nilce
did not djffer between{groups. T Egﬁl Wt 00 g reduced
the anti-DNA anti body |evel s as ca? egéee hhﬁﬁ% ab“e ?g% 20 sera werne
diluted 1} 1250). Table|12 al so SuUNBiAZTS | esiiS CRIVBRRIS®SE ations in
the different groups of mce. It{can be seen that, aJ]though both doses were
ef f ect i ve| Piotcinedagiing| | eukopeni a Gahd-(pi Ht p01B35HR,01t he 0862t of the 200 |g
dose in this experinent0.88t0.3bt} reach significance (nice were 950G a
nonth aftler the end of | treatment)p=(8366 " p=0.0088 p>0.5
WBC/mm® 4900800 | 5800+300 | 4180+831 | 7900+400
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
L 0.23+0.1 0.2+0.1 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 Id
antibodies 0.89+0.1 0.96+0.2 0.93+0.1 0.95+0.13 0.03+0.1
1:10000
5
~ 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
10 represent a kidney section of a mouse treated with the reversed hCDRI. 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



26 August 2005 49 Table 12 Effect of treatnment of BALB/c mice afflicted

wth experinmental SLE w th 200g or 300g hCDRI or 300g revhCDRI

16/ 61d16/ 61d+16/ 61d+16/ 61 d+Cont rol MeanSDhCDR1IhCDRI r ev- hCDR3MVRags20480
gg300 g300 gg / nouse/ nouse/ nobouse MeanSDMeanSDMeanSD Protei nuria

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

VBC/ mm900800580030041808317900400 2800 p=0. 004p=0. 004p=0. 0079 Intensity

of 10. 630. 50,.50. 850,75 1.60.550 ] CD i n ki dneysp=0. 0887p=0. 0152p=0. 0628
Anti -ds DNAab.thi@f QG?tI‘@Pnﬁ@g%’ Ja{hflﬁ%‘&‘?fgéﬁleﬁt?@n oltospcbpeeen tiat treatment

Bt bod 650 BetCPR lodBodn0658 40" asped B o ¥ (g ok dLriQFiey J3Ckand
represent gfg: ki Eiﬂgh?f;).eéﬁﬂhg "o P} H\Qﬁf, ql(ﬁ‘)ﬁlrlﬁﬂ'eeﬁﬁé}&d e levels of TGE-8.
Because splenocytes usually secrete more TGF-§ (Fig. 15D) than lymph node cells,
5 TGF-PB was also measured in supernatants of 16/61d triggered spleen cells of mice of

fhe different groups (Fig, 15E). |
Thus, hCDR1 ameliorates disease manifestations and immunomodulates

cytokine production in mice afflicted with an induced experimental SLE.

10 Example 11.
Transfer of the beneficial effects on lupus manifestations by splenocytes of

hCDRI1-treated mice.

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



untreated nmouse; C, D represent a kidney of a hCDRI-treated nouse and E, F 10
represent a kidney section of a nouse treated with the reversed hCDR .
Pictures A CE x 100 and B, D, F x 400. Figs. 15A-E shows | exgAguefobhe
different cytokines in supernatants of 16/61d stinulated |ynph node
cultures of the treated mce. The latter_ tests were perfornmed 26 August
2005 50 at the end of treatnent (after 19 treat nent injections). It can be
seen that treatment wth hCDRL (both _doses) down regulated INF-y (Fig.
15A), IL-10 (Fig. 15C) and TNF-a (Fi&2blsBy. on the other hand, hCDRL

- I Ay | f. =P . . spl |
e 19" (Fi o.Chefe! BBk nghisiTatin indRRE REMERES B mlrelfend, ™ °
supernatants of 16/61d triggered splygh RebRy of nmice of the different

groups (Fig. I5E). Thus, hCDR1l aneliorates di sease manifestations and

i mmunonodul ates cytokine production in mce afflicted with an induced
experinmental..SLE. 10 Exanmple 11 Transfer of the heneficial effects on

| upus manj f esGapupM¥o.by g | erfsatmendt hCBRoteinedagini|ce. LCiDaSEM
i nportance to investigate whet her the benefici aéﬁ fects| of treatment wth
hCDR1, that are manifested by the down-regul at¥ f di slease

mani f est af 1 ons; ,I5 can Ne. transferred by Spj Celis of 1T I ce | To

this end,| we have1 perforrg\a‘)lgﬁe@‘?aeri ment |ﬁ§ﬁ%ﬁl =nont h o?gtsgﬂlfg‘ X

NZW F1 m ce, that—suf fer (s gad [romy e futt=btrownr—tupus=tTke diseas

were divijded into 2 gr OUF?_OX@ﬂ{R}e?n@ls not eahgg and mce of group !
th

were transferreds th 204 Q6G, sweisen cel | $ of 0?-'7m)nt ol|d (N5 x Neyy F1
mce that| were injected 3 tinmes ( s.c., every pihgy day) with 20 300

g/ mouse of hCDRI. Al spllerand@icenere injected intraperfitonep=D¥s M ce
were testled for anti-dsDNA autoantibody production, disdase manifestations,

and  wér e Baepivalugschira colsalasedain empasionttoagns oguntrgatedshise of cel |'s of
hCORL-treated nmige . caused a mld reduction in.the Levels ot anti DA,
The results were similar to those in the first experiment, namely, cell transfer of the

NV

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



Tabl e 13 dermpnstrates that transfer of spl enocytes of hCDRl-treated mce

25 resulted in a significantly |l ower proteinuria and in a reduction in

i mmune conpl exes in the kidneys. 30 26 August 2005 51 Tabieem?gﬁst%édﬂ cal

| upus mani festation in mce recipient of spleen cells of mce treated wth
hCDR1 Group No. TreatnentProteinuria g/L LC.D SEM SEM

1Non-t r eat ed15. 07+4. 922. 250. 47 20x10 splX&en 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
conparison to grl of untreated mce The experinment was repeated a few nore

ti Si CDR1 I Th | t L.m | to t in th
S e S s SAHP e RISk SR B T RheduihoRCu. ™
slightly a&ﬁdlfi @%aﬁ?’feﬁm'lté% egsétlgé{ éel%%ﬁé%bfe‘dclﬁmel. y proteinuria and kidney

damage. The clinica ations of a representative experinment are 10
shown in Tabl e Eigs. TOALE rdpreSentrkidady b?}d@iﬂ)ﬁs Ethicesdfadrop I (ANBCeungedted ent

of spleen cells of mce treated with hCORL Group No. Treatnent Protei nuria
g/Ll.C5D msiEs)savup 2 (C, D — recipients of splenocytes of 2-month old mice treated with
hCDR1) and group 3 (E, F — recipients of splenocytes of 2-month old mice treated
with revhCDR1). A,C,E x 400; B,D.F x 100.
The results of the above experiments indicate that the ameliorating effects on
disease manifestations of hCDR1 can be transferred by immunocytes of healthy

10  mice that were treated with hCDRI.

Example 12,
Down-regulation of MMP-3 and MMP-9 by the murine mCDR peptides.

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



1Non-treated10.9 3.052.3 0.26 20x10 spleen cells 2.91 1.61.330.35 2from
hCDR1 p=0. 0402p=0. 034 treated m ce 20x10 spleen cells 5.382.341.70.23 3from
revhCDR 1 p=0.0931p=0. 065 treated mice 15 The p-values are sahgusiabes in
conparison to grl of untreated mce 26 August 2005 52 It can be seen that

t he down-regulating effect of treatnent with hCDR1, could be transferred
by spleen cells of the treated m ce. Fléé 16A-F represent kidney sections

' , group 2 (C,_ D - recipients

of mice of rolu dl(A, -.untreated 5 mce

of spl enoc?‘%@g agq by st #ethiationi e Pro-MYIEGO by reomjessenys Qﬁdherniaﬁsnmog@ F -
recipients e ated with revhCDRl).

A C E X 40%)&{‘@&%“%%8% otgﬁlé]%{l\@akage%efz ‘?Tﬁi A%% e experinents indicate
that the aneli [ qm\f[plﬁ; f e
transferred byorl?né*rﬁﬁg%lsyggﬁ%f%fhea ﬁ%%ﬁlﬁgﬁfﬁféiﬁaﬁzvéﬁrgate w?ﬂlﬁ
hCDR1. ExawvqicslitoiRownnée dipehsesisach QE nidVEpR: subetoMyHRzehyi ¢thed., MODDNendEBDR

peptldes Matri x netal | opr ot ei nases (MVPs) (Shingleton et al., 1996; Coetzl
et al. 1@14%@0Ms®m¢anmntd| automs)le mﬁgphalgmehus a(EAE/) sijbelnet al,

ot LB TS R (P o A Pt S
pat hol ogi C&ireﬁ!{é&c%?%?f-19§biye)§ﬁlf?ﬁﬁerﬁ5f BﬁHUﬁé'peﬂﬂﬂmg&ﬁ (Liu et al., 1998) and
experimental autoimmune neuritis (Hughes et al., 1998). Serum levels of MMP-3
and TIMP-2 in patients with lupus nephritis were reported to be significantly higher
10  than those of healthy controls, but no correlation with disease activity was noted
(Zucker, 1999; Keyszer et al., 1999).

The potential importance of the many activities of MMPs. in inflammatory
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.



but differ in substrate specificity, cellular sources and inducibility. The
MWPs are synt hesized as zynogen-li ke |atent precursors and are 20
converted subsequently to an active form MWP-2 and MM9, whjahgafoBot h
gel ati nases, can degrade type IV collagen, denatured collagens, types V,
VI, X and Xl collagens, vitronectin, aggrecan, galectin-3 and elastin.
MWP-2 is the nost widely expressed MWt s produced by a variety of
cells and is frequently elevated in malignant tunor netastasis. 25 In
terns of pEsamMed2fi) domain structure, MWP-9 is the largest and nost
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of disease, until the age of & months. It is also seen in Fig. 17B that levels of MMP-

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



structures in several inflammtory and autoi nmune di seases (G jbels et al.,
1994; Wallace et al., 1999; Conway et al., 1995). According to the present
i nvention, we show that |evels of MW-3 and MW-9 are el evaé_ggdsoddosi n
sera and in kidneys of mce afflicted with either the 20 spontaneous or

t he i nduced experinmental SLE. We al so degonstrate that treatnent of
SLE-afflicted mce with the CDR- based | ne peptides, that aneliorate

mani f estati ons of lupus in mce, dimnished the |evels of MWP-3 and MW-9
in the. serum and ki dneys of the treated mce and al so caused anelioration

of di seaseE%']qug@- ions. The same effects. are expected to be presented
by the hum@n peptides of the invention. 26 August 2005 54 Exanpl e

12(i) Ki nel{insticf obppearance od VM3 M INMIAR2 2 nd MIVIPE th 5éraSef BA¥IB/c mice
(NZBXxNZW FL mice. W first examned If the devel opnment of spontaneous SLE
in (NZB x MMﬂmmmdwlthslﬁﬂsht ed with changes in the |levels of

MWP- 3, -2 an RAP- 9 hei r hus .f ol | vel s of .the
latter dtarti nggﬁﬁ l?lfﬁereﬁ szo PFPsforyb%? &'é’égl-ﬁﬁ% g iBquSHdn ar e

obser ved, @ELI!S/ct Cé%l%ﬁ%\m %a%ﬁr\yzthhﬁxenl5/%1%‘!&{6?1@15\;18 "%.}a ol Uyé;g | own

di sease. e results are s seen
both the 31Waki§knaﬁd:t tahe 19@3}<¢hfeﬁ5mﬁ Qif Wl Inichest 26 qesfif thel thdiesd fﬂn&leﬂﬂ JFi ce
are very low as detected by Western bl ot analysis. The levels of all forns

are gr aduaBL{ msemblosdhe ¢NABox NAW)HGenodelwithmesmet tdvthd alsinges e MMMS
Sty . B S5 i St
Fer .ol Mgt LB 78E SOLSRRA sl HEARE  0e ARTo Rl RSB0
si gni fi cangl yalw {sBfdrfif) Piees esisvA8d OfIGd'dﬁ?ésﬁﬁe@ GhéUBHSE €485 weks post-
immunization), and were higher than in control unimmunized or CFA-immunized

BALB/c mice of the same age (Fig. 18A). The levels of MMP-3 increased with

aging in all groups, however, the latter were always higher in the 16/61d immunized

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



increased W

Example 12(ii) Kinetics of appearance of MW-3, MW-2 and MW-9 in sera of
BALE/c mce that were inmmunized with 16/61d. 5 Previous results from our

| aboratory have shown that SLE can be induced in BALB/c m seaffkd 0w ng

i mmuni zation with the 16/61d (Mendlovic et al., 1988; Wiisnman et al.,
1993). Therefore, it was of interest to test if the induced nodel of SLE
resenbles the (NZB x NZWF 1 nodel with 3espect to the changes in MWP-3
and MW-9. W thus | ooked at |evels of MW-3 and M/P-9 in this experinental
10 nodel ofmosths affdhe beogtiveitly donohd . kidnesxds¢otions gf mige weeé snmamppiatnedfor

| evel s of - | isofor were el.evated.10, days. after the boost. (4.5
neoks post MYR3 et BIVESES i tebr e cRi R MO 18 B SRS TR o7
CFA- i muni ] : GEI . 2 EAP- 3
&l (RAILE AR 68 B S8 AT (AR, ffani ity of Wich S TEOL ofE TS
in the 16/ fdgGhldteareiy I\%ﬂes%ﬁaﬂ@ﬂ@othmﬂ @DQ)%HMMP-QV(QD_ in (e KidREyRgh ., NO
I nduced changes in -9 activity could be'detected until 2 nonths after
t he bodst (e glomedB) andHimgthersuactindingytissiic. NbvfRertheless) embBization iwithu ho/Hédi
mce than |n_non_i nmmunj zed m,ce, could be observed at about 4 nmonths .after

the boost . IGFABwhce cleyated signtficantly the expaension levels of thawe o MMRa/ATGs | n
ki dney sectq of BALB/c 1.ce.that were | lL.zed W t h / . .S nce
mun zat 1 ST R Rb R ed TeEfn PR miis AR HoPs Wi he g bia ddla ndk
mani f est at igfgn ) mfeaﬁér%{pbéiﬁccbégkg%ﬁld rwegdbﬁwgﬁﬂﬁﬂ%dﬁm adeRHL PG et
al ., 25 1988; isman et al., 1993), and because kidnéy damage in (NZB x
NZW FI m c@9&)s reported to be associated with elevation in the |evels. of
MAP-3 and MW-9 (Nakanura et al., 1993), we |ooked at the expression of
t hese Hhzynes in kidneys of BALB/c mice that were i muni zed with 16/61d.
As controIEk we!uigg mce that were inmunized with CFA and aged matched
uni nuni ze £ control 30 groups were injected with PBS at the tine

poi nt of t e 4RfAFHre MDREBidd Aowr’ FedtHPiS1e649DF MMP-3 and activity of
MMP-9 in sera of (NZB x NZW)F1 mice.
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.



56 nonths after the boost with 16/61d, ki dney sections of mce were
i mmunostained for MMP-3 or MWP-9. Fig. 19 represents i mmunohi stol ogy of
ki dneys taken 5 nonths after the boost. As can be seen in $dwugust@uos,
i mruni zation of mce with CFA up- regul ated the expression of both Mw-3
(19A) ‘and MWP-9 (19B) in the kidneys, in 5 the gloneruli and in the
surroundi ng tissue. Neverthel ess, | mmuni¥ation with 16/61d in CFA further
el evated significantly the expression |evels of these two M\_/Es Thi s

1

el evati on Aksdlothiseright), Mcatment efwsickumnigeswath mICHRE, bubaet with reweChE s d

(data not h .. The non ific back I s _qf. the.st ai pi e
al so dermo ngﬁercgf\['ﬂé;%‘ly %ﬂ%f?g@ggﬁ‘hﬁﬁ%&i 2 ? :[\@])Hﬂ)‘?'ﬁ eﬁﬁ'g‘b iaﬂg tpr‘fﬁ?&“bé 8? M@ngvm
regul at es [x)ia (B sMYP-3 and activity of MW-9 in sera of (NZB x NZWF1
mce. Since we could show that |evels of NEAP-3 and MWP-9 are el evated in
both 15 experinental nodels of SLE, it was of interest to examne if the
anelioration in the clinical synptons of SLE observed foll ow ng treatnent
with the nExempled2(We (Eilat et al., 2000; Eilat et al., 2001), is

0 - a1Nnd - Q. .
e iy bR 56y B el S
age of 2 MO f -0l £al: ni festations are 20 observed) by
i njecting uneﬁffvlv(gZK d;{ w}nﬂﬂ'u} t‘ﬁ‘fcgﬁ PBS (250 g/ nouse) s.c. for 10 weeks.
This preventi onARr efedCipdve afdphdiftratad, t BetiviE! bPr NP Ofs allévatdd NinC Moth
synptons (Eilat et al., 2000). As can be s€en in Fig. 20, there is a
reduct i on éxperimeentalvoodelse (INZdh asNEW NPad (18008 -iaddced] WEEB. Betausetthe
(20B) f’é]n L&ﬁﬁérum .This reduction j s associated with the reduction in the
clinic PR psptide vaseshoxin o amgelioratethexpgnse indodeaipdets, png to gown-t he

45 kd for v S f | L. was. al s inter t.0.f4 ut
whet her thrq‘ee [l . pepi ilg&%!ssﬁgg é90a}ctt1v\§§m F%rgu(?é{rfafgtaﬁe t’%ﬁ%@fs of
MVP- 3 and gdd, Wé YutheMold ¢ hBUSTRRQ@UfCHeatient R 1RYE IRz PneMNR-RrfRE at
MWP-9 activity in the sera of (NZB x NZWF 1 m ce -
16/61d immunized BALB/c mice. Fig. 21 represents results of a prevention and a

treatment experiments. The figure shows that mCDRI1 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).



~that were treated wit'h NMCDR1 at the tinme that di sease mani festati ons were

al ready 30 observed. As a control peptide we used the reversed nCDRI. As
can be seen (Fig. 26 August 2005 57 20, at the right), tregdaRutt0bssick
mce with nCORI, but not with revnCDRl, specifically down-regul ated the

| evel s of MW-3 (20A) and the activity of MMWP-9 (20B) in the sera. 5
Exanpl e 12(v) The nCDRI peptide down-regifl ates levels of MWP-3 and activity
of MPP-9 in sera of 16/61d i mmunized m ce. As we have denonstrat ed,
activity of MWP-9 is elevated in both experinental nodels [(NZB x NZWF 1
and 16/ 61dy.i ndugegégoi SLE. Because the 10 nCDR1 peptide was shown to

anel i or at in both nodels, and to down regulate MWP-3 |evels

and MVP-9 pefeict io} ytrbﬂtlﬁ viih tth@%@b enh@\&f the 1VES: of 8

| ooked f or

i mruni zed BIVP-8 mlni@nesteg:tmﬂ& omﬁrﬁaeimmumemll Bami/canizeevent ion and a
treat rrent experinments. The figure shows that nCDRI coul d down regul ate
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reduction in MMP expression correlated with the reduction in staining for immune

complex deposits using anti-Ig (Fig. 22B).
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.



58 EXarrpIe 12(vi) Effect of treatment with the nCDR1 peptide on the levels

of MWP-3 and MWP-9 in kidney sections of 16/61d i mmuni zed BALE/c mce. 5
Because MWP-3 and MWP-9 were shown to be elevated in kidneyg Qf, 66 Wth
i nduced experinental SLE, it was of interest to |look for the e Fect of
treatment wth the nCDRL peptide on the expression of the latter MWPSs in .
the kidneys of the treated mice. Fig. 22 denonstrates that in both
prevention (Fig. 22A) and treatnent (Fig. 22B) experinents, nCDRI

down- r equl &isepssion expression |levels of both 10 MW-3 and MWP-9 in the
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conpl ex deposits using ant ecause ppar ent

i nvol venengegafatd/NMR- Bvals b MINFL.9i andt MBVIP-Boinpigdth agenarl BidabySbESLEeaffkatéd
whet her the human hCDRI peptide is capable of down-regulating the |evels

of t he 3 atmége. Ihisclsmasistraiedrihali inthe spontantousrmoiddrof HLE, dipseegutation of both
mani f est at To .t n ool ed sera of 0 of

t hat were Wﬁr%&%%ﬁ% erff}{p CEUIS; 3 %@tf& 3- %1‘15(1“65% Iﬂ% use
once I ri.Qds
during t he'%éggﬂhgaﬁq&]%@%k‘é e lgﬁélgg’tﬁg@ﬂ? SMr\é:g‘au :'Ste‘\;&%fe afP( gx pe th8
whi ch m cepymi Sith §Ré q@/sm awmle Gthat elbﬁﬁuﬁg efmevﬁetfﬁtwfeeéuﬁl elbo‘iﬂt I304 cal
mani f est ati ons were observed. The results are of sera collected at the

m ddl e of moatisnieter, Badddeon ¥he rgsalit ivatls thef 166DRinductld enodd uhbsalbbwiing.to 23

indicate that treatnment of mce with 300 hCDRI down requlated the |evels
of MAHO3 aﬂﬂloeher%@ﬁseﬁuawh%ﬁrwwa@s ofithg &li weewt seanethal risdpEQVed; t h

the signi ficant. el oration oh @i sease maniteslall sns fqllowng  treat ment
Our results showing the elevation of MMP-3 in the mouse models of SLE,
are in agreement with results demonstrating that MMP-3 is significantly 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 optie 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).



The above results show that both MW-3 and MNU-9 are elevated in sera and

I n kidneys of murine nodels of SLE. The nmurine nCDRLl peptide could down
regulate the levels of M¥9 and MW-3 in both sera and ki dngygqaf: 2005
SLE-afflicted 5 mice. It is denponstrated that in the spontaneous nodel of
SLE, up regulation of both MM9 and NANAP-3 in the serumoccurs at the
first 3.5 nonths. In the induced nodel ®he el evation in the |evels of
MWP-3 in sera is very early (10 days after the boost with the 16/61d),

whi l e the el evaViNR-%oactingy: o aerai was peisberureporbdin 8.1 patients mor| intanimaBased
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of SLE, aiffli¢td aticeeEitioudht the eRsvhiisn danTle tappehROrdi@elYMate3 (adund 4
significantly increased in sera of patients with SLE (Kotajima et al.,
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SLE. These results are conpatible wth those reported previously (Zucker,
1999) t hatkiihe¥y2 Thevatter data evenotisbrsappasediby préinnafy eesudts ngdiyg thienVBVIP-
enzyme was not nodul ated by treatnment with the CDRI-based peptide (data not
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control s (tgc}iélpglf aﬁ IG%EISZ(%fLPH%?I%lU lgﬁmamceet al., 1994). Interestingly, the

nCDR1 pept speciticalTy an Irectly affects SLE- associ ated
T-cel | responses s glylddntigviateddidratier tRVidlss tinfe tHAVMBVIRAS aMYRMRDadiffenr e

already up regul ated (treatnent protocol) as well as to prevent their
el evat i on in3be kpretics wfitheir prdiationl in. experimental models of autoimmune discases 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 60 MWP-9 activity in sera was neither reported in SLE
patients nor in animl nodels of SLE. This is the first tine that a

correl ati-on between SLE and MP-9 is shown and that MWP-9 i 96aegshdi0bat ed
to be elevated in sera and kidneys of SLE- afflicted m ce. Al though the

el evation in sera appears relatively Iayﬁr(around 4 5 nmonths after the
boost), the elevation of MW-9 in the kidneys is observed at early stages
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in mce (HWSLE%dtihﬁ?B&t}@S 1o0p Wi n#l@y8ientd! so down regul ate MAM9 both in
sera and in kidneys. The Ia%ter data were al so supported by prelimnary

results, using the MW 10 9 activity assay systemthat showed that
I muni zat | wWifh the 16/61d el evated MW-9 activity, whereéas treatnent
with the tepiadsamd Methedsgown regul ated it to the activity levels of
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the present exanple, we determned the Tevels of MW-9 and MWP-2 in séra

of 40 pati aad dyvthe BISAG dndexvéHaewbabs 1993). (Thet stMifP-veasbapprootd MyRhe ethic
ﬁg;: ;”h;y | gonslin t?{iagi’) ﬁj%tﬁgplgzll i)[lgc}igzﬂ (L,e%tesr?i{%hngot,sll_sgaglét ents conpared to

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



controls. Hgh MW-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 additi ted

| evel s of MW-9 correlated wth SLE activity in the group %6?%%%%“@
patients. Materials and Methods 5 Patients. Forty patients, 32 fermal es and
8 males with SLE participated in this sttddy. .Al patients reveal ed at

| east four of the revised diagnostic criteria of the American Coll ege of
Rheumat i snvigp@ijeds by stamidgathsogel withSIOES YonwGrsheassisr brillggd) blueTandt yasi ve
sex- and age- ched heal thy volunteers served as a control group in our
st udi es. T%‘éﬂlg&téeﬁl éelmfoggﬁvems at di agnosis was 299.7 (range 15-48)
years 10 and the nean foll owup period was 1110 (range 1-32) years. Disease
activity was determ ned according to the SLEDAlI |upus activity index
(Bonbar di esraistight andiPses) THRGhtdWekdevaLhRS dshteshilddurredr Bisher $82B)estsThe
study was approved by the ethic conmttee of the Kaplan Medical Center,
Rehovot5 |smpated ¥Sedtbandr evenhiled RAvRlRsandeawddr:, OSpyarawni wndymgteridet s.
Activities of MWP-2 and MVP-9 were neasured by specific Biotrak MW-2 or
MVP- 9 act i dalysesseerg alsg wsed( Aner sham Phar maci a Bi otech UK Limited, UK)
according to the manufacturer's instructions. Sera were diluted 1:100 and
1:32 for the determnation of MWM2 and MW-9 activities, respectively. The
appropri at gxshiiiga were 20 added in each assay. In order to nmeasure the
total cont MWPs, activation of the pro formof the MWs was
perfornmed AstivitypfNIMPEhBiyhoes CMVP-20célet fted (ARNAL. Measurenent of MWP-2
and MWP-9 activities by gel zynography. MW-2 and 25 MW-9 actjvities were
t est edlby gel at A8 dyswsthedptapova Yapise sbovwertombiadnedped atedbegrabn 8%

SDS- PAGE I I .zed with /m. | ati.n. . hed. f
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reaction byf (e GaNLAHSAAINRIPIMid 1o 'didvarad th TRINIE SLEdM¥nts. 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



CaCl 2 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 37C for 24 h. Gelatinolytic
activity was 26 August 2005 62 visualized by staining the ;_gseA%ugyizb& 0. 5%
Coomassie brilliant blue and was quantified by densitonetry. Statistical
anal yses. The data were eval uated using chi-square or Fisher exact tests,
5 unpaired t-test and two tailed P-val u€d. Pearson, Spearman and

nmul tivariate_ analyses were also used. Exanple 13 i Activity of MW-9 but
not of Mvisiatistisally esignidtrant (BEE.0BO2As [nlexoniriable dhabdifsrenveyip- thewleyclshohn t o
be invol ved i veral . autoi nmune di seases. as I i n ani mal nodel s of
S "Thus MMPZ BN B S aTOUR At P RGTIABE [Er0-MRe i o al 0 of evar eq
in sera of SLE ' S ' e ' :

[0 sera of SLE SBEL SOk oy BN Aberf KEBRRR o100 15 RS BBl - o
and MVP- 2 RVIPY Idves BRserl@f\fatidatsl WRH noh-$BEr @Rbsic a8hal faVlerd el gl giab&eyn in
Fig. 24. As can be seen in this figure, levels of MW- 9 are elevated in

the sersa aieBltEs, ypesansomhenobablypdircet tho rbteation pf tentnzyhe, weDeradystedrtbe ri c
anal ysis of the zynograns of sera of 40 SLE patients, and 25 healt

. . ang h
control s i FRITCaiY berseen kyekeah MMEQ ard iKidngy figctionein g grewp ST
5.6 densitqonetr i and (for the healthy,controls..76.5 1.4, 2
densi t ometn et testedo No 8380 YR AR bR Yefetndls gl MVB -2 1y
uni ts (meagyef (W&@l.ﬁlf)ﬁin(ﬁ@d’iﬁfgoﬂhﬁt theZelSvated 1WRILE of MMSIPIS IR ST Bhtientt vere
results denonstrated "high activity levels of NIIVIP-9 in 68% of the SLE
patients. rfatlthe 8&%uitfofiretentiby of oind emtyanerhe b feeal hpdirmdP- 9 activity
(P=0.001). Densitonetric analysis of MWP-2 levels In the sanme serum
sanpl d9 reveal ed that the differences in MWP-2 activity between sera of SLE
25 patients and. o althy controls were not significant. Thus val ues of
109 7 an m I (nmean activity densitometry units s.e.) were
det er m nedch prelGdh b NIVl iy Wit Uinila difilfbor b5+ Felralifdedrd F=0- 0531).

To quanti fythe acttvrity revel
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



of MW-9 and MMWP-2 in the serumfurther, we used activity assay kits. Fig.
25 shows that the activity of MW-9 is elevated by threefold in sera of 30
SLE patients conpared with sera of healthy controls, and thiGAwueh288% on is
26 August 2005 63 statistically significant (P=0.0302). In contrast, the
differences in the levels of MW-2 betv;?;en the two groups are not
significant (P=0.1254). Since we, as well as others (Ebihara et al., 1998

d 1999 ' - ' ' ¥ -
chroni c 1 enat T kethehoinolMRoh khichibn (R, €1 REESSRE poth B Aidigs
due to thewitht diigh oNINMP-9 hl%vel‘sz)(F&0.0@eIa%ﬁHYSQHWDere%EéétﬁJe@ﬂ. OTh baindse)

|l evel s of MVP-9 and kidney function in the group of E patients tested.
No corr el aph@fasensiiotys ertheitis kot heemtologital disoeddreued pegativelfVPodelatedvelth

(r2=0.01),,.jndicating th h | evat | evel s of MW-9 in SLE patients
were not MF%%WYI%'OIﬁv%t@ﬁT&@rﬁos'ﬁ& a@ﬁ&‘i@%ﬁ@ﬁeétl’f’%lﬁ&l i npai rnent. 10
Exanpl & 1300 Correlation of MW-9 activity with clinical and | aboratory
paramet'ers The elevation in the activity levels of MAP-9 in sera of SLE
patients pronpted us to | ook for posgigpjeigorrel ation between clinical and
| aboratory 15 paranmeters, and serum MW-9 levels. Statistical analysis

(chi -squar e orChinitad chexateristied f Shlispatderite witd high and esirngdtVIMiPi%he -
nunber of patients with high and normal MW-9 levels for each clinical

mani f est ati on (Tabl e 15) 2gdvifies acgerdipgitakheig YIMB-9 leyelsi der ati on t he

22& 'ltjg! nrrgﬂln?;;i VIS;/?IrpEt ;\rln‘:I ?I'h:a,f rg’:\s‘ﬁl tgsfmnﬁgﬁ I ’yﬁm It is
20 noteworthy that for arl crinical Syp& . thepe Bent of —patTent]s with
el evated | MM9 | evels is nuch higher th hat in t Eﬁﬂéép of heal t|hy
i Sease L HE e e e T (o LS ) mar) T2l e 16 Showd the
clinical [Pllotostsitivityy charact é8i stics8o{62)he SLE |pm{i®nts

Mucosal ulcers 9 8 (89) 1 (1)

Malar rash 9 7 (78) 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



25 according to their MW-9 activity 1evels (I|ower or equal to heal thy

control s=nornmal ). H gh levels of MWP-9 correlated significantly with the
presence of Raynaud phenonenon (P=0.013 8) and APLA (P:0.0gﬁlAuguézggg ong
‘correlation could be observed with pneunonitis, discoid rash, "neurol ogi cal
di sorders and nucosal ulcers. However, the nunmber of patients wth the

| atter manifestations was 30 too small 8 performa statistical analysis.
Mul tivariate analysis reveal ed that 26 August 2005 64 Raynaud phenomenon
and | ow cowpreedeiermingd, byaysing i¢pe gelds pugi Crividin deritiet.atasgectivielh Anth

phot Z)li ekizﬁ'm%p GIiDTAARIORISS GH-ALISTORDGIELES e P PRE b are i e
' = Q. LA LY =Q. 1 .
¢ aspecti vel g ge TAEDE: TR L, Wi, AP loadlip gl ACH o RRON, f

hi gh and ngitigatdiMiPmantiteldiesl ties according to their MWP-9 [evels. MW-9
LEVELS (9% H ghNornmal Nunber of Patients (%40 (100)27 (68)13 (32)
Phot osénsi tivityl38 (62)5(38) Micosal ulcers98 (89)1 (11) Ml ar rash97

2 (20 bR 00 S S B LI, s,
Pneunoni t1 gc%ﬁfitgrl&)no)rgalgoklhﬁ? %@A)O%inﬁafen%lg Oﬁz&ﬁern 5;4 %Fﬁglo%ﬁ)( Pﬂterestingly, the
correlation coefficient was significant and positive for men (= 0.6333) but
insignificant and negative for women (r’= 0.0571). Similar results were obtained
10  using the BILAG scoring system. Thus, a positive correlation coefficient between
MMP-9 activity and BILAG scores was observed for men _(r2=0.6442) and an

insignificant one for women.

It was also of interest to determine whether a correlation exists between the
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%).



Renal disorder1611 (69)5 (31) Hematol ogi cal D sorders2918 (62)11(38)
ANA4027 (68)13 (32) ads-DNA3624 (67)12 (33) APLA2520 (80)5 (20) Low

conpl enent (C3, C4)3021 (70)9 (30) dinical involvenent was @&Ruguweti2005
according to the ACRrevised criteria 10 (Wnchester, 1996). Anti-nucl ear
anti bodi es (ANA) and anti-ds DNA antibodjges 26 August 2005 65 were

determ ned by using Hep2 cells and Crlthl dia luciliae, respectively. Anti-
phosphol i pid anti bodi es (APLA) were d 6?)955 reacti vi ty with one or nore
of the follow ng assays: false positi ve | upus anti-coagul ant (LAC) or
ELI SA for antTreatslet iydalities ob SUIE pationtéércbsdinsae il MMB-PRSRID! €
correl ation between SLEDAI and MW-9 activity in mle (Fig. 26A) and

femal e patients (Fig. 26B). Interesti ngI y, the <correlation coefficient was

signi ficant phog—pesitive—torreRr{+2=—0-6333) but—insignificant and
negative for|wonmen (r2= 0. 057 iISOfaISA m | ar results were obtained %0 using the
Bl LAG scoring system Thus, a tive ﬁiﬁﬁa I ci ent Rhetween
MM 9 activity and BI LAG scor ¢ lf)bS@f &)Iﬁegﬁfs((f’éio 6442) an\(lj\’hanh
i nsignificant one for wonen. Ip‘aﬁ\@ﬁ& al so Rt eres termre whether a
correlation exists between the use of varll&s treaJ; E]p?ﬁr?mdalltles by the
pati ents and| M\VPafrest iréatdentds can be 15 seen in Table 16(A), there was
no significapt _correlation between the current treatnent of theipatients
and MWP-9 aCtCVtQtjDXlCHIW\lSI‘ when we | ookéd(ad) EieaE_r@E) of pgt:entis at
any ti me durlipa—thelr—disease course {Tn'\ln 16( B i u-ah NMAP- evel s were
associ at ed w Pfrodsge of cyt $28xi c agent 51{86%). 2 @(@)st 2005 |
' Anti-Malarial 21 14 (67) 7 (33)

NSAID 7 5 (71) 2(29)

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)

The anti-malarial agent hydroxychloroquine was used at dose of 200-400 mg/day.
5  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



66 Table 16 Treatnent nodalities of SLE patients according to their MW-9
| evel s. Total MWP-9 Levels (% Nunber of PatientsH ghNormal A Current
treatment. Cytotoxic agents86 (75)2 (25) Steroids2317 (74) GQég@JSQUOS
Anti-Ml arial 2114 (67)7 (33) NSAIDr5 (71)2 (29) B. Treatnent along the

foll ow up period. Cytotoxic agentsl714 (82)3 (18) Steroids2919 (66)10 (34)
Anti-Malarial 2616 (62)10(38) NSAI D1812 ©87)6 (33) The anti-numlarial agent
hydr oxychl or oqui ne was used at dose of 200-400 ng/day. 5 Steroid treatnent
was def i netepaesentatiae|SEE patdentsate sowr @MEI&O%%.A@amé@ﬁc@,M@ apteetywer e

cycl ophospham d -1 g/.p2 nont hly) or. azat hi opri.ne, (100-150. lday) .
el o 130 Pt N fefifia 138 DegnishaRaing itk b i it Samsi nticplRedetd om
i ndi vi dual ' - fi4f | fre: poji: ' ' o 1LY
v OU cl5es WA AL a8 Akendd ARG RIS GERRRRANEY Ppldrihd Y
the serum SEEDY o1t BHaA GP&istepid. CThadhdles We MMVEPRgRCA it Wdrd Siof defeciRiPinSseed
foll owup. Sera of nine patients taken at different tinme points were 15
anal ysed. 0B dkslilnf commle thiitdveretsaugisd ati dififerént dimod poimés (b nphishasm)s land
healthy contyols. In 5 out of the 9 patients tested, variations .in MW-9
activity ih o ruﬁLE patients, no substantial changes in MMP-9 or MMS-Z activity were
observed with time, and MMP-9 activity levels remained either high or low,

depending on the individual patient.

10 Discussion
The present study demonstrates for the first time the involvement 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



sanpl es of individual patients could be observed with tine. The results for
2 26 August 2005 67 representative SLE patients are shown in Fig. 27. As
can be seen, MWP-9 activity, but not MW-2 activity, has bggrgubaoes ng
with tine in the sane patients. These changes were not associated with

di sease activity indices as determ ned by either the SLEDAl or BILAG
systens. Changes in MW-9 activity were 9ot detected in sera 5 of 5 healthy
controls that were sanpled at different time points (data not shovvn%. In 4
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Moreover, the association between cytotoxic treatment, which represents the
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



pat hogenesis of SLE, since it was significantly increased in sera of
patients with SLE (Kotajima et al., 1998). The frequency of SLE patients .
with elevated MW-9 30 activity (68% shown in the present #dguble005
resenbl es the frequencies reported 26 August 2005 68 (Kotajima et al.,
1998) for high MW-3 levels. in SLE (76%y and in RA (82% patients.
Furthernore, the MW-3 transcript was shown to increase significantly wth
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t he associ ation betweén cytotoxic treatnent, which represents the severity

of SLE-related organ inpairnent, and high levels of MWP-9 in the sera nay
al so support the notion that the di seased organs are the source of M¥9 15
activity in SLE patients. Neverthel ess, the possibility still exists that

| ess peripheral blood | ynphocytes secreted higher activity |levels of
MWP-9. TNF-a and IL-1 were shown to play an inportant role in the

pat hogenesis of SLE both in the human di sease (Dean et al., 2000) and in

muri ne nodels (Segal et al., 1997; Theofilopoulos et al., 1999; Eilat et
al., 2001). It has been shown in 20 several systens that these cytokines
i nduce ML\ 4P-9 production (Guedez et al., 1996), and thus, it is possible

that the induction of the latter MWPs is part of the pathogenic effect of
these cytokines in SLE. It has been reported that |evels of M\4P-9, that
are secreted spontaneously by peripheral bl ood nonocytes of healthy

i ndi vidual s, were upregul ated upon exposure to TNF-a and IL- | 3 (Saren et
al .,



25 1996). In addition, MWs of both T cells and macrophages facilitate

secretion of TNF-a by cleavage of the nenbrane-bound form (CGearing et al.,
1994) . Thus, these exanples denonstrate the mutual regul atsy ), ebif064s of
MWP on the proinflamuatory cytokines and vice versa. Nevertheless, the
fact that in the sera of sone of the patients the activity levels of MW-9
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high activity levels of MW-9 were neasured 26 August 2005 69 in the sera
of nost patients, may suggest the invol venent of genetic factors in the
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CLAIMS: 5 1. A synthetic peptide selected fromthe group consisting of: (a)
a peptide of at least 19 and at nost 22 amino acid residues including a
sequence sel ected fromthe group consisting of a sequence Ofs Aubu@ReosSEQ | D
NO 19 or an anmide thereof. (b) a dual synthetic peptide conprising two
different ones of said peptide of 10 (7) covalently |inked to one another
either directly or through a short |inki g chain; (c) a peptide polyner
conprising a plurality of sequences of said peptide of (a); and (d) a
pepti de of (a) or a peptide polynmer of (c) attached to a macronvol ecul ar

carrier. ?‘g&?eﬁ r?ctr%]agstf'daseglgﬁtt' de %ﬁﬂﬂg?\% tgqggs lélr@néflrl'ﬂ%}%lcffyied from t he
group cons ] I
am de t herﬁ‘l@f{of@%eﬁh@ﬂ%ﬂ?ﬁ{%&%dc@ Vﬂﬁﬁydﬂﬁem[ b8l géi%%))d' fferent ones

of said peptide of a) cova ently to one andt her ei'ther directly or
t hrough a short I|nk| ng chain; (c) a peptide polyner conprising a
plurality of sequences of sai d peptide of 20 (a); and (d) a peptide of (a)
or a péptide polymer of (c) attached to a macronol ecul ar carrier. 3. A '
synt hetic peptide according to claim 2, consisting of a peptide of SEQ ID
NGO 11. 25 4. A synthetic peptide accordi ng to claim3 selected fromthe
pepti des consisting of the sequences of the SEQID NO 12 to NO 18. 5. The
pepti de consisting of the sequence of SEQ ID NO 6. 30 26 August 2005 78

6. The peptide according to claimb5, consisting of the peptide of SEQ ID
NO 6 amdated at the CGtermnus. 7. A synthetic peptide according to
claim1 selected fromthe group consisting of:



5 (a) a peptide consisting of SEQID NO 19; (b) a dual synthetic peptide
conprising two different ones of said peptide of (a) covalently linked to
one another either directly or through a short |inking chai s Audue)2085
pepti de polynmer conprising a plurality of sequences of said peptide of
(a); and 10 (d) a peptide of (a) or a peptide polyner of (c) attached to a
- macronol ecul ar carrier. 8. The synthetic ‘peptide according to claim?7,
consisting of a peptide of the SEQID NO 19. 15 9. A synthetic peptide
according to claim8, selected fromthe peptides consisting of the
sequences of the SEQ ID NO 20 to NO 27. 10. The peptide consisting of the
sequence of SEQ ID NGO 7. 20 11. The peptide according to claim 10,
-consi sti ngCIfAIVIS: peptide of SEQID NO 7 amdated at the Cterm nus. 12.
A dual synthetic peptide according to claim1, in which a peptide according
to claim3 is covalently linked to a peptide according to claim8 either
nki ng chain. 13, The dual synthetic

directly or, ,25 through short |i

peptid acdoff @Fcal?‘?ﬁt%?,se %t%ﬁem thE ZEOHR BRNBFUISE: D NO 11 i s
covalently link dj | ti de .of [D.NO:. 19. 26 August..2005 79
Ta he dual oy rePPERSEE BELASE POt hateR RS g pesi e SNE B i S
coval ent | yseduenéeseié@ed FOmM et b¢tipUonShihs Qf“p?g uehee oft ﬁ‘f%{[’]ﬁ%@(g?b\/ﬂﬁi:
according to claiml, containing a pluralTty o (%(?entl cal sequences

sel ect ed fi19orahemegiheces of SEQ ID NO 6, 7, and 11-27. 16. A

pharmaceutical conposition conprising at |east one synthetic peptide or
pepti de pol ymer(bdéchiedsyihetsc pegtidsmeomprizingitwe differeni snemaf said peptide of

phar mageut j cal | ceeptable carrier... 10 LT A pharmaceutical..cqonposition
conpri 1'(::\qengtaﬁ ﬁgv%lgﬂﬁy @EP(S‘??? fie apehehcithe dingggly 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 |



ID NO 6, and a pharmaceutically acceptable carrier. 18. A pharnaceuti cal
conposi tion conprising the peptide of the sequence of SEQ 15 ID NO 6

anm dated at the Gternminus, and a pharmaceutically accept abbeagtidons. 19.
A pharmaceutical conposition conprising the peptide of the sequence of SEQ
ID NO 7, and a pharmaceutically acceptable carrier. 20 20. A

phar maceuti cal conposition conprising ths peptide of the sequence of SEQ
ID NO 7 amidated at the C-term nus, and a pharmaceuti cal I¥ accept abl e
carrier. 28 Thepsaptidacmsgoiding te shgins bt comsisiing plithe peptidepl M dD NQi s 16
to 20, for th(? %re@tg nt aof system c |upus erythenmatosus. 25 22. A

phar maceut PELYeS ARSI TIM B¢ or di ng to any one of clains 16 to 21, adapted
for oral, intravenous, subcutaneous, intraarticular, intranuscular,

i nhal ation, intranasal, intrathecal, intraperitoneal, intradermal,

transder naly, o\ spithéti@peptaftadtbadingtd ORim3I0sedértéd Gost (hRAFouSConARing b

phar maceuti cal conposition according to claim?22, for intranasal

admi ni s¥rati on. (D4 pagidesbnsispepdf SECQID NPelt;i de pol ymer according to any
one of clainms 1 to 15, for the 5 preparation of, phar maceut i cal .

conposi tion F or (O sxatbelic P@Ptl‘i,f‘y%q@mlémgﬁﬁ’ﬁs&lffgf% RBfRP LRI PERfids of o5
The use acggrdi i pent §. f i onal |y
am dat ed gaﬁ ‘%%'P]@%&E‘?e“ﬁ’?ﬁ%ﬁl%%ﬁigﬁ‘}‘ﬁé‘&eﬁ‘hﬂg&u‘i&fg&g ¢Or E‘F‘}r‘]‘gﬁg Os!h('c?) ng?%gﬂﬁ%g t he
peptide of the &5Q ddpiie pblymet dfftisiig APIEAIRY of 8équehBeCof RidhBpdLdf Use
of a peptide or a peptide polynmer according to any one of clains 1 to 15,
for the 1Hapramdarati on of a pharnmaceutical conposition for the treatnent

of system c | upus . . .
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.



eryt hemat osus (SLE) by i munonodul ati ng SLE -associ ated responses in a SLE
patient. 28. The use acccording to claim 27, wherein the i nmunonodul ati on
conprises down- regulating the levels of matrix netall oprot 26 nagst NEP- 3
and/or MW-9 activities in a SLE 20 patient. 29. The use according to
claim 27, wherein the i nmunonodul ation cerns the level of a cytokine
activity in a SLE patient. 25 30. The use according to clain129 mherein

P 7 ot i o il s PERiABTniehths Tenlle ol hned 1L aiiwicouleE o n

t he |rrrrun0ﬁggéa§gfhg8, gggp%e ?)SHﬁN(ﬁe}g“' ating the level of TG (3 activity

in a SLE patient e according to any of clainms 27-to 31, of
the peptide of the SEQ ID No.6. 26 August 2005 81 33. The use according to
any of clains 27 to 31, of the peptide of the SEQID No.7. 34. A nethod for
assessing the Afpemidevpolymer giccardingdocdaim ilsicegiznipgps ipderatity af idemticalie
pol yrrer accord n.the treatment_of a SLE 5

pat i ent” whPedhe ég%dﬂ?@éigﬁgﬁgtﬁ%é&%weap%ﬁmm NG:@riand 1dr2%i me the levels

of MW- 3 and/or MM9 in a blood sanple obtained fromsaid patient bel ng
treated with said drug, whereby a decreased | evel of MW-3 and/or

correl ates1gi #ah fphﬁﬁna@fuh@ﬂt béﬁ%ﬁ@ﬁﬁoﬁf cohifristhidat kdst38ne Asﬁﬁ%é?&g E%g%e or

assessing the effectiveness of "a drug conpriSing a pepti

pol yner acpqmdmgoltymeatrqmnﬂhng tol aiymend -of Sclaimst hetot I ®amden tphafmacciitically
patient which nprises measuring at different intervals of time the

| evel s of @qpeptag)i)ﬁjgzq;pem FN-y in a bl ood sanple obtained fromsaid patient
bei ng iJ eat ed with said drug, whereby a decreased |evel of IL-2 and/or

| FN-y correlates with the effectiveness of 15 the drug. 36. A nethod for

assessi ng |neAqfHaembbMRREE S0 %o?ﬁtﬁh%m&@‘@éﬁ ?’},@?ﬁ@@egg 'ttl‘fkese?:fueflce Bg@?die

pol ymer accordi'ng to anyone o al ns
pati ent  IDNO: 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



whi ch conprises measuring at different intervals of tinme the level of TG 20

F-f3 in a blood sanple obtained fromsaid patient being treated with said

drug, whereby an increased |evel of TGF-(3 correlates W thgAiGust 2005
effectiveness of the drug. 25 30

80

23. The pharmaceutical composition according to claim 22, for intranasal

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.
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33. The use according to any of claims 27 to 31, of the peptide of the SEQ ID No.7.

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-

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.

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

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
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.






