Il MAR 2005 | MODULATORS OF THE FUNCTI ON OF RECEPTORS OF THE TNF/ NG
RECEPTOR FAM LY AND OTHER PROTEINS Field of the Invention 5 The present
invention is generally in the field of receptors belonging to the TNFIM&R005
superfam |y of receptors and the control of their biological functions. The
TNFI NGF superfam |y of receptors includes receptors such as the p55 and
p75 tunmor necrosis factor receptors (TNF-Rs, hereinafter called p55-R and
p75-R) and the FAS |igand receptor (aldo called FAS/ AP01 or FAS-R and
hereinafter will be called FAS-R) and others. Specifically, 10 the present

i nvention concerns novel proteins which bind to other proteins which
thenselves bind directly or indirectly to nenbers of the TNFI NG~ receptor
famly and other intracellular nodulatory proteins. Mre specifically, it

relates to ondVIQRHLFABORNOMEE FINECTIJRY &F RECEPHORS GFAHEsoci at ed

protein-2), and its isoforns, fragnents, derivatives, and as well as to

proteins 15 bi n#INYNGF RECEPTRAR- RAMITAE ANDRDFHERERROIEINSt er acti ng
protein") and is capable of nodulating or nediating the function of RIP
and thereby al so capabl e of nodulating or nmediating, directly or

indirectly, the function of other proteins which bind to RIP directly or

i ndi rect Yerq R [¢adi ng proteins are nodul ators/ nedi ators of RAP-2
function: ojd B¥fredav il of the Related Art Tunor Necrosis Factor (TNF- a)
and Lynphot oxi TNF-13) (hereinafter, T refer 0, bot h TNF-
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Acadeni CSlmeéfggljlyqurfg@ﬁp,tor&ﬁ@llg@gtrp@qptgﬁdu@gasathe g5tosH) p7 tumor necrosis factor
receptors (TNF-Rs, hereinafter called p55-R and p75-R) and the FAS ligand receptor (also
called FAS/APOI or FAS-R and hereinafter will be called FAS-R) and others. Specifically,

10 the present invention concerns novel proteins which bind to other proteins which themselves
bind directly or indirectly to members of the TNE/NGF receptor family and other intracellular

modulatory proteins,

More specifically, it relates to one such protein, herein designated RAP-2 (for

RIP-associated protein-2), and its isoforms, fragments, derivatives, and as well as to proteins
15  binding to RAP-2,

RAP-2 binds to RIP (“receptor interacting protein™) and is capable of modulating or
mediating the function of RIP and thereby also capable of modulating or mediating, directly
or indirectly, the function of other proteins which bind to RIP directly or indirectly. RAP-2

binding proteins are modulators/mediators of RAP-2 function.

Background of the Related Art

Tumor Necrosis Factor (TNF- «) and Lymphotoxin (TNF-B) (hereinafter, TNF, refers
to both TNF-a and TNF-) are multifunctional pro-inflammatory cytokines formed mainly by

mononuclear phagocytes, which have many effects on cells (Wallach, D. (1986) In: Interferon



Both TNF-a and TNF-B initiate their effects by binding to specific cell
surface receptors. Sone of the effects are likely to be beneficial 19 ¥ikenw
organi sm they may destroy, for exanple, tunor cells or virus infected

cells and augnent antibacterial activities of granulocytes. In this 5 way,
TNF contributes to the defense of the organi smagainst tunors and

i nfectious agents and contributes to the recovery frominjury. Thus, TNF
can be used as an anti-tunor agent in Zwhi ch application it binds to its
receptors on the surface of tunor cells and thereby initiates the events

| eading to the death of the tunor cells. TNF can al so be used as an
anti-infectious agent. 10 However, both TNF-a and TNF43 al so have
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and/ or i eveatstepdingevie drstieel e droei edls. diVferrnalerbeTuerd aype grtianfgctious
receptorg,have structurally dissimlar intracellular domains suggesting
that they~signal differently (See Hohmann et al., 1989; Engel mann et al.,

1990;, Brockhaus et al ., 90; cher et al., 1990; Schall. et..al. 990;
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15 was thus called cachetin. It was also described as a mediator of the damage to tissues in
rheumatic diseases (Beutler and Cerami, 1987) and as a major mediator of the damage

observed in graft-versus-host reactions (Piquet et al., 1987). In addition, TNF is known to be

involved in the process of inflammation and in many other diseases.

Two distinct, independently expressed, receptors, the p55 and p75 TNF-Rs, which

20 bind both TNF-a and TNF-8 specifically, initiate and/or mediate the above noted biological
effects of TNF. These two receptors have structurally dissimilar intracellular domains
suggesting that they signal differently (See Hohmann et al., 1989; Engelmann et al., 1990;
Brockhaus et al., 1990; Leotscher et al., 1990; Schall et al., 1990; Nophar et al., 1990; Smith

et al., 1990; and Heller et al., 1990). However, the cellular mechanisms, for example, the

25  wvarious proteins and possibly other factors, which are involved in the intracellular signaling of

the p55 and p75 TNF-Rs have yet to be elucidated. It is this intracellular signaling, which



responsi bl e for the commencenent of the cascade of reactions that

ultimately result in the observed response of the cell to TNF. As req

the above-rmentioned cytocidal effect of TNF, in nost cells studied’sb W@ HMS
5 this effect is triggered mainly by the p55 TNF-R Anti bodi es agai nst the
extracel lul ar domain (ligand binding domain) of the p55 TNF-R can

thensel ves trigger the cytocidal effect (see EP 412486) which correl ates
with the effectivity of receptor cross-3inking by the antibodies, believed
to be the first step in the generation of the intracellular signaling
process. Further, nutational studies (Brakebusch et al., 1992; Tartaglia

et al., 1993) have shown that the 10 biol ogical function of the p55 TNF- R
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apopt opi dn&asellulaedemaips of the HSAW Far Mpirenyes dNIS (o @yt Bheacurs as a homotrimer,

and as such, has been suggested to induce intracellular signaling via the p55 TNF-R by way of

15 its ability to bind to and to cross-link the receptor molecules, i.e., cause receptor aggregation.

Another member of the TNF/NGF superfamily of receptors is the FAS receptor

(FAS-R) which has also been called the FAS antigen, a cell-surface protein expressed in
various tissues and sharing homology with a number of cell-surface receptors including
TNF-R and NGF-R. The FAS-R mediates cell death in the form of apoptosis (Itoh et al.,

20 1991), and appears to serve as a negative selector of autoreactive T cells, i.e., during
maturation of T cells, FAS-R mediates the apoptopic death of T cells recognizing
self-antigens. It has also been found that mutations in the FAS-R gene (Ipr) cause a
lymphoproliferation disorder in mice that resembles the human autoimmune disease systemic

lupus erythematosus (SLE) (Watanabe-Fukunaga et al., 1992). The ligand for the FAS-R

I
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appears to be a cell-surface associated molecule carried by, amongst others, killer T cells (or

cytotoxic T lymphocytes - CTLs), and hence when such CTLs contact cells carrying FAS-R,



nonocl onal anti bodi es have been prepared that are specific for FAS-R these
nonocl onal anti bodi es bei ng capabl e of inducing apoptopic cell death in
cells carrying FAS-R, including nouse cells transformed by cDNA &ntdifngys
human FAS-R (Itoh et al., 1991). 5 A nunber of approaches have been nade by
the applicants (see for exanple, European Application Nos. EP 186833, EP
308378, EP 398327 and EP 412486) to regqulate the deleterious effects of
TNF by inhibiting the binding of TNF t@ its receptors using anti-TNF

anti bodi es or by using soluble TNF receptors to conpete with the binding of
TNF to the cell surface-bound TNF-Rs. Further, on the basis that
TNF-binding to its receptors is 10 required for t he TNF-i nduced ceIIuIar

ef fects, proach b i cant see f ex I P, 568925
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const r uctliNtgrexpressi on 11 MAR 2005 5 vectors for the production of these
proteins and peptides; and for the preparation of antibodies

Briefly, EP 568925 relates to a method of modulating signal transduction and/or

cleavage in TNF-Rs whereby peptides or other molecules may interact either with the receptor

15 itself or with effector proteins interacting with the receptor, thus modulating the normal
function of the TNF-Rs. In EP 568925, there is described the construction and
characterization of various mutant p55 TNF-Rs, having mutations in the extracellular,
transmembrane, and intracellular domains of the p55 TNF-R. In this way, regions within the
above domains of the p55 TNF-R were identified as being essential to the functioning of the

20 receptor, lLe., the binding of the ligand (TNF) and the subsequent signal transduction and
intracellular signaling which ultimately results in the observed TNF-effect on the cells.
Further, there is also described a number of approaches to isolate and identify proteins,
peptides or other factors which are capable of binding to the various regions in the above
domains of the TNF-R, which proteins, peptides and other factors may be involved in

25  regulating or modulating the activity of the TNF-R. A number of approaches for 1solating and

cloning the DNA sequences encoding such proteins and peptides; for constructing expression



or fragnments thereof which interact wwth the TNF-R or wth the above
proteins and peptides that bind various regions of the TNF-R, are al so set
forth in EP 568925. However, EP 568925 does not specify the actdal MAR 75
proteins and peptides which bind to the intracellular domains of 5 the
TNF-Rs (e.g., p55 TNF-R), nor does it describe the yeast two-hybrid
approach to isolate and identify such proteins or peptides which bind to
the intracellular domains of TNF-Rs. Qimlarly, in EP 568925 there is no
di scl osure of proteins or peptides capable of binding the intracellular
domain of FAS-R. While it is known that the tunor necrosis factor (TNF)
receptors, and the 10 structurally-related receptor FAS-R, trigger in
cells, upon stinulation by |eukocyte-produced |igands, destructive
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(Brakebusch et al., 1992; Tartaglia et al., 1993; Itoh and Nagata, 1993). These regions (the
15 'death domains’) have sequence similarity. The 'death domains' of both FAS-R and p55-R
tend to self-associate. Their self-association apparently promotes that receptor aggregation
which is necessary for initiation of signaling (see Song et al,, 1994; Wallach et al., 1994;
Boldin et al., 1995), and at high levels of receptor expression can result in triggering of

ligand-independent signaling (Boldin et al., 1995).

20 Like other receptor-induced effects, cell death induction by the TNF receptors and
FAS-R occurs via a series of protein-protein interactions, leading from ligand-receptor
binding to the eventual activation of enzymatic effector functions, which in the case studies
have elucidated non-enzymatic protein-protein interactions that initiate signaling for cell
death : binding of trimeric TNF or the FAS-R ligand molecules to the receptors, the resulting

25  interactions of their intracellular domains (Brakebusch et al., 1992; Tartaglia et al., 1993; Itoh

and Nagata, 1993) augmented by a propensity of the death-domain motifs to self-associate



to each other) to the receptors' intracellular domains - MORT-1 (or FADD)

to FAS-R (Boldin et al., 1995b; Chinnaiyan et al., 1995; Ki schkel Et ﬁ%R’
1995) and TRADD to p55-R (Hsu et al., 1995: Hsu et al., 1996). Thréd MAR 2ms
proteins that bind to the intracellular domain of FAS-R and 5 p55-R at the
“death domain' region involved in cell-death induction by the receptors

t hrough hetero-association of honol ogous regions and that independently

are al so capable of triggering cell gath were identified by the yeast
t wo- hybrid screening procedure. One of- these is the protein, MORT-1
(Boldin et al. 1995b), also known as FADD ( Chi nnaiyan et al., 1995) that

bi nds specifically to FASS- R The second one, TRADD (see also Hsu et al.,
1995, 10 1996), binds to p55-R and the third, RIP (see also Stanger et
al ., 1998poldhi Ads, tWshRthd FASck blﬁ@ﬂgW%ch@‘éﬁﬂsﬂ dprbt&msr(whicndjamglsbmﬂS;R
and p55-R these proteins are also capable of _bin each ot her, which
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FAS-R as wel I as their hree "associ ated proteins MORT-1, RIP and TRADD
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three profeins tm}g‘c’ept@rspanadn il %@gc))[c)ialte prro%ecntls WL rrghetn?l%re}? %ﬁﬁcﬁlg%nﬁjl the yeast
15 two-hybrid test MORT-1 was shown to bind spontaneously to FAS-R, in mammalian cells,
this binding takes place only after stimulation of the receptor, suggesting that MORT-1
participates in the initiating events of FAS-R signaling. MORT-1 does not contain any
sequence motif characteristic of enzymatic activity, and therefore, its ability to trigger cell
death does not seem to involve an intrinsic activity of MORT-1 itself, but rather, activation of
20 some other protein(s) that bind MORT-1 and act further downstream in the signaling cascade.
Cellular expression of MORT-1 mutants lacking the N-terminal part of the molecule has been
shown to block cytotoxicity induction by FAS/APO1 (FAS-R) or p55-R (Hsu et al., 1996;
Chinnaiyan et al., 1996), indicating that this N-terminal region transmits the signaling for the

cytocidal effect of both receptors through protein-protein interactions.

25 Thus, the ‘death domain® motifs of the receptors p55-R and FAS-R as well as their
three associated proteins MORT-1, RIP and TRADD appear to be the sites of protein-protein



FAS-R intracel | ul ar domai ns by the binding of their death domains to those
of the receptors, and for both RIP and TRADD t heir death domains al so

sel f-associate, (although MORT-1 differs in this respect in that its rﬂﬁagﬂla,j
dormai n does not self-associate). Further, MORT-1 and 5 TRADD bi nd
differentially to FAS-R and p55-R and al so bind to each other. Moreover,
both MORT-1 and TRADD bind effectively to RIP. Accordingly, it would seem
that the interaction between the three, proteins MORT-1, RIP and TRADD is
an inportant part of the overall nodul-ation of the intracellular signaling
medi ated by these proteins. Interference of the interaction between these
three intracellular proteins will result in nodulation of the 10 effects
caused by this interaction. For exanple, inhibition of TRADD binding to
MORT- 1 niaferavdidod. afle thnee PASIR PHSRTNE-IHP atde TRADDnntetdck evidhsthe pIRR indi on
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ef fect asIREAt B RA%Bbove Van Antwerp

Monoclonal antibodies raised against the ‘death domain’ of p55-R, specifically against
15 the binding site of sites of TRADD and RIP can also be used to inhibit or prevent binding of

these proteins and thus cause modulation of the interaction between FAS-R and p55-R.

It has also recently been found that besides the above noted cell cytotoxicity activities
and modulation thereof mediated by the various receptors and their binding proteins including
FAS-R, p55-R, MORT-1, TRADD, RIP, MACH, Mch4, and G1, a number of these receptors

20 and thetr binding proteins are also involved in the modulation of the activity of the nuclear
transcription factor NF-kB, which is a key mediator of cell survival or viability, being
responsible for the control of expression of many immune- and inflammatory- response genes.
For example, it has been found that TNF-a can actually stimulate activation of NF-xB and
thus TNF-u 1s capable of inducing two kinds of signal in cells, one eliciting cell death and

25  another that protects cells against death induction by inducing gene expression via NF-kB (see

Beg and Baltimore, 1996; Wang et al., 1996; Van Antwerp et al., 1996). A similar dual effect



et al., 1996). It would therefore appear that there exists a delicate

bal ance between cell death and cell survival upon stinulation of various
types of cells with TNF-a and/or the FAS-R ligand, the ultimte opﬁq@ﬂp of
the stinulation depending on which intracellular pathway is 5 stimula 20y
a greater extent, the one leading to cell death (usually by apoptosis), or
the one leading to cell survival via activation of NF-KB. In addition, the
present inventors have also recently further elucidated the possibly

pat hway by which nenbers of the TNF/ NGE receptor famly activate NF-KB (see
Malinin et al., 1997 and the various relevant references set forth
therein; and co-owned, co-pending 10 Israel Patent Application Nos. IL
117800 and IL 119133). Briefly, it arises that several nenbers of the

TNF/ NG 16CERS. @ hds @l Bee R FpoRBPARE fefBen@lioiNRFBG Asradd ih RN BAnGRATON
adaptor protein, TRAF2. A newly elucidated protein kinase called NIK (see

above Mgl ilnilf96) lawould Tegdiosmabpedr thatBee eamts 4 telica@1BBince Setpapmbtlbdwth

bi ndi ng to,TRAF2 and of stipnulati.ng.NF-xB activjty. act ., i own
Cooe of o B EG SR oRbn st PR g Qs &S baflsoty el Shaor el BB
celI's of lighmRsk: deihiaéd kot K et pittSaticdsdtpbidihd) oh R @einkracdl@in @athivagapabl e
of having stimulation of NF-KB in a normal endogenous manner and also in

the cél| stifualatadgos wpaekexienti theeoe ieeingfto kel Renth cusuelly §y BRoprogs), o the ent her

FAS-R, an I i.n: F- KB. 1 nducti y TRADD, RIP and MORT-1 (which are
adapt or &%@?@ﬁ%ggfﬁgF“%?ﬁaa5h ggnoégggﬁgand/or FAS-R receptors). Al of the
‘receptors p55-R, _,p75-R, FAS-R and their adaptor 20.protejn; -1, TRADD
ind R P bi nd i FABERY W RRINT BUCTGR: e ROEDIeoTH DAY FUSCAST At ARty
to NIK a@@@l&%?tbwﬂmdme%eﬁ dffige TREHGGE O&keBilor MiniBact Ghtel L kBROMEMARAH 2T OF
proteins involved in the fine balance between cell death and = survival

fol | owi n@l-st?%uhed ithenvafous AgleRard e fepencps SetRorth hb ey taed rcoRMedp pe-@eading

have ,an ] tant.raole. RLP ( er .et n 95, and al so, Nalinin et
o 350 Rt mblichios Nasdk 1 Th R 18 1 Blapharisg b AR B SARN o
it to indusehegLbl thy IIKIGH téteptdr %m‘ilxdﬁr@e{h@%ﬂe of\\ativafse alBRBbMrough a
associ ation with the death donmains of T-1, p55-RFAS-R and TRADD. 11
MAR 2005 C9mRIoR agRBler hepdcin. PROFEI A nevdnskiciierpdimoin kingseNatled Mlkdbea &givon
and an i REALRE At §odPTRA ML 117800 and IL 119133) is capable of binding to TRAF2 and of
stimulating NF-xB activity. In fact, it was shown (see aforesaid Malinin et al. and IL
15 applications) that expression in cells of kinase-deficient NIK mutants results in the cells being
incapable of having stimulation of NF-kB in a normal endogenous manner and also in the cell
having a block in induction of NF-kB activity by TNF, via either FAS-R, and a block in
NF-xB induction by TRADD, RIP and MORT-1 (which are adaptor proteins that bind these
p55-R and/or FAS-R receptors). All of the receptors p55-R, p75-R, FAS-R and their adaptor
20 proteins MORT-1, TRADD and RIP bind directly or indirectly to TRAF2, which by its

binding ability to NIK apparently modulates the induction of NF-xB.

Of the above modulator proteins involved in the fine balance between cell death and
survival following stimulation of FAS-R and/or p55-R, the protein RIP appears to have an
important role. RIP (see Stanger et al., 1995 and also Malinin et al., 1997) has a ‘death

25  domain’ in its C-terminal region which enables it to induce cell cytotoxicity in an independent

way and also by association with the death domains of MORT-1, p55-R, FAS-R and TRADD.



which is believed to enable its intersection (binding) with TRAF2 and
thereby its involvenent in NF-KB induction. Accordingly, details
concerning the characteristics and sequences (DNA and am no acid)?1af MR By
are set forth in the above noted publications (in particular, Stanger et g
al ., 1995) which are incorporated herelu in their entirety by reference.
TNF is also one of the cytokines involved in initiation and nodul ati on of
the host anti-viral defense. Simlarly viruses have evolved to express
genes whose proteins regulate activity of the cytokines, and these
cytokine-regulatory viral proteins are thought to pronote persistence of
the virus within the animal host. One of the best-studi ed exanples of such
a 10 protein is E3-14. 7K fromthe group C human adenoviruses (Ad) of types
2 and 5 vRiPcilsabisa paseia lahaserniprant aganidstermiall Meioredidasre thtayptediayesd@naii t h

the ai mof isolat.ing nolegular conponents. of the T si.gnal i ng .cascade t hat
becone v BEr & Wﬁ?@é@f&&?kﬂ&%ﬁ%% bip pgm%ﬁ;b@% TR DYRVEP I ng
protein VYﬁfr\JF-l’cE(iﬁcHIcth.'é@o%iﬁgy,b{qtéi}@%ohg%?ﬁ!fg tlzelcék%%'té?ﬂtiéﬂlﬁ‘s%qﬁé%es (DNA,

Fourteen-K Interacting Protein; Li 1998). FIP-2 was found to
be non-t eudenone adid) oWAIP andettforth ev gresbovheotpd ptidohiioe (@f pattulanStdagerlet. 7K

on cytotoxicjty, .i.nduced by over-expression of TNER-I or RI P, wthout

bi ndi g 'o(f%él%ji‘iv&lc“oq‘ref%8r¥%e‘§€5%91é‘-lﬂ§}ﬁﬁ THEDY BY GIFERE FIP-2 was found to
have some horTQJIéh?]Tgy to RAP-2, the protein of the Fr esent inventiaon, The
degree of overdlf 1sakp 08giof yhsyigkeas raplved igrgitinhen 2ndgyasuiation ¢d hy gost

fairly | ow.as agenke §§-§i-ﬁ'ar%gﬂh§e|§%ﬁgég§@ﬂ¢edatbieQB%EQ erl whidg ﬁml%orfe?‘%%? in

aci d sequences (Figure ono owever COMes nore signi
speci fi c acegitonstheawearkies drel tGetearymilinisreghilatdng viralogreiens. are tHougatoi pngmote

virtual identit f. the 30 Ctermnal amno acids. It is note rchh t hat ,
besi des tﬁ?glﬂgﬁ%éﬁé]ﬁ‘i By R Frﬁ“ﬁ’é‘fﬁ hoﬂbﬁ%ﬁerf’% tbﬁzeﬁiff%iﬂqd\/%‘aﬂél\{% e%zlil Bper
not i f1oi N JrbRimdisiEs-1a78om H{eeg?glgp/ @%dnﬁn%@ﬁ@viﬁﬁé@@ﬂﬂ offypes an il £whRnALR
substitution). 25 A simlar sequence named HYPL -" encodi'ng a protein
rel at ed tasadtmng agjegoms ofli[b¢asediatethaytobppears to be a di stant honol og of
RAP-2 was recently submtted in GenBank under the 11 MAR 2005 10 title
"huntingtin invehaod aimy of iwlieing, mbl¥BllEr (@ap@eaisT the MOE siikflAR6d43ade that
However, .a .
become targets for E3-14.7K upon viral infection, a human E3-14.7K binding protein was
recently 1solated by two hybrid screening (FIP-2 for Fourteen-K Interacting Protein, Li. Y. et
15 al. 1998).  FIP-2 was found to be non-toxic on its own, and to reverse the protective effect
of E3-14.7K on cytotoxicity, induced by over-expression of TNFR-I or RIP, without binding
to either of the two above-mentioned proteins. FIP-2 was found to have some homology to
RAP-2, the protein of the present invention. The degree of overall similarity between RAP-2
and FIP-2 nevertheless is fairly low, as can be seen from the global alignment of the two
20 amino acid sequences (Figure 3). The homology however becomes more significant in
specific regions towards the C-terminus of the proteins, culminating in virtual identity of the
30 C-terminal amino acids. It is noteworthy that, besides the abovementioned C-terminal
domain, the putative Leucine Zipper motif in FIP-2 is largely preserved in RAP-2 (except for

an lle to Ala substitution).

25 A similar sequence named HYPL — encoding a protein related to Huntington's disease

that appears to be a distant homolog of RAP-2 was recently submitted in GenBank under the



publ i cation describing the function of the protein not yet been published A
recent publication by Yanaoka S. et al. (1998), reports the identifi c%i on
of a nurine RAP-2 honol og. The nurine honmol og NEMO (for NF-KB Ess nt 4R 2005
Modul ator) was 5 identified in a search for the key nol ecul es that regul ate
the activation of NF-xB signaling. A flat cellular variant of HTLV-I
Tax-transformed rat fibroblasts was characterized, denom nated 5R, which
was unresponsive to all tested NF-iB- a(l:(lji vating stimuli (LPS, PMA, IL-1I,
TNF), and performed its genetic conplerentation. As a result of this
procedure, a cDNA encoding the NEMO 48kD protein was recovered. Based on
this data, this protein is 10 said to be absent from5R cells, is part of

t he hi gh nol ecul ar wei ght | x B-kinase conplex, and is requested for its

f or mat i onitle | 'Mhumiididto, inNCAAngaprofdMOHNPIET (a2eesaibfl dinftRe tAF04961 81 dhiveeved, th

| KKJi . Israel patent specification No. 120485 disclgses a Rl P-associ ated
prot ei n, PERYSEEAN deapbinghcciinetinncgfithe protgn petrigs beed mPPshsAd i nhi bits NF- KB

i nduction. 15 Israel patent specificaion No. 123758 and this application

rel ate to anotthescentRpybligsac but ¥ampket &i e tle(h98).RAPo2s thwhidehtifssion vd sane

or siml td Vb tises. . RAR; 2 accor,di ng t LN ti IS || ed 303
or rap. 309 BF HaE BRI M oRERafus ReMG AT Ep Hsorliof R BES
herei . 2denftedrar y seafchtfbeihe e Mdl@uldstihdtSe@atd Bicastivaiont dTeNH-RB @ nk iy 120
provi de a novel protein RAP-2, including all isoforms, anal ogs, fragments

or derivael vedlulrerasm! ehpdblY¥-lof Tasimisigmed 4 e fiRToblasisotveisn chameeated,
o LRb ) o I * ; © oy brotern - oh
T N e R T T

the intrace jators o e XI Ci c€l'l "déat h,

such as pb3; Eﬂﬂ@mdmﬁbxﬁerﬁraﬁdﬁim géregic Fclo@ﬁﬁ@ﬁérﬂitﬁﬁl. agaptresultos! ixdptoatditre, a ]

proteins such as, for exa e, MORT-1, TRADD, | _T MAR 2005 Il MACH, Mh4,

G 1 and 65%% gncoding the PEIMirBid) protedn wap seqoverednBased warfhisalatan JpPFIFIRGS t o

RIP gre.t: - NG j [ | i cess

i 1100 e B B 2B ianR SRCee L ol ERER R o B PSS A B RGP

r ecept or i yebbeskyd, foans famasoe Hn tvireo, MNEMPr @incioiSo-dimerize and directly interacts with
IKK}.

Israel patent specification No. 120485 discloses a RIP-associated protein, termed

RAP, which specifically binds to RIP and inhibits NF-xB induction.

15 [srael patent specificaion No. 123758 and this application relate to another

RIP-associated protein termed RAP-2, which has the same or similar activities.

RAP-2 according to the invention is also called 303 or RAP-303 or RAT-303. For

consistency’s sake, it will be calied RAP-2 herein.

20  Summarv of the Invention

[t is an object of the invention to provide a novel protein RAP-2, including all
isoforms, analogs, fragments or derivatives thereof, capable of binding to the RIP protein
(herein after ‘RIP’). As RIP is capable of interacting directly or indirectly with the
intracellular mediators of inflammation, cell cytotoxicity/cell death, such as p55-R and FAS-R

25 and their associated adaptor or modulator proteins such as, for example, MORT-1, TRADD,



of the present invention are nodul ators of the p55-R and FAS-R-nedi at ed
effect on cells. RIP 5 is also capable of interacting with TRAF2 and
thereby is capable of interacting directly or indirectly with N I{Tamm_RamS
such RIP acts as a nodul ator of inflammtion and of cell survival pathways
i nvol ving NF-KB i nduction, thus the new proteins of the present invention
are nodulators of RIP-related inflammation and cell survival activity.

Li kewi se, by way of the FAS-R p55-R apd their nodul ator proteins MORT-1
and TRADD bei ng capabl e of inducing 10-NF- KB and cell survival either
directly or indirectly by binding to RIP or by binding to TRAF2, to which
RI P binds, the proteins of the present invention may al so be nedi ators of
cell survival processes by way of operating via common or rel ated

i ntracel IMAEH, M@maﬁil regd opteetr$) ikzey sovieh pwhléinin of the presentoiuseraiooby pnatgitmBIP
operate to | ce ce ival, Simlarly, a 75- R .bi.nd TRAE2 t

ot ch R BRERGETE bl e e FArasE M e ey mm Progres dy et & Chobindige of
modul at org. PAS |ﬁ|g£)ncf &l %tr%E’ep'EG%dérﬁitTIQP 18fts Pelepr f%@ﬂ@)t efdas kihoh thy nevﬁ@%t&%
object of the invention Is to provide antagonists (e.g., antibodies,

pept i des of tf@ngaaantlnwmowﬂjmpdldatoew@nhs pﬁfeRl esldderSnR)m«thatt&leff@;bov echnRep
RAPZprote ns anal o andd tives. th

ohi oh Sy B0 GARATS BF IHHBIE CHe TR Do Je Gt s ingURERY S8 1y,
the infl aparRbiewi®alic s O @xh RIIP Yets @8 aql%dmawaﬂ N B E RSSO, cell%@r\fi\ﬂ?n
desired. A further object of the invention is to use the above novel RAP-2
"pr ot ei ns paihsaysnm]ving M -sG sindetmgnintssthanevd pratsing pf dlee preserdonyention el at e

Rt B O R T C  T ER

RAP- 2 pr gtaS-Rsp R dnﬂft}hd;lﬁﬂﬁ&llﬁtlaﬁpfotélﬁé MORY-1 a30d/RADDDeirklaphige anthdugagt i fy
ot her 25 receptors further upstream or downstreamin the signaling

pr ocdfs ( &9y xBanghsethsurrigakeitisy direstly pnrRndioesy 1y blrnétnél ﬁQsRIPaﬁalbéig'@ndmg to
fragment g %%Z, A& LY, thﬁ@ﬁBé QHI I%I:[]gnshgpgl% Sprlﬁ%ﬁ,%’\h Eho(rjnu n%; LiQ0 b DSy A oS o SO

i nvol ved. i nven 86 provi proteins |ch ar

capabl e etll soptdl grodegdenedi a:hy rmg dRARtidg Wi ebm@idn or related intracellular signaling
pathways in which the various above proteins operate to induce cell survival. Similarly, as
p75-R binds to TRAF2 to which RIP binds, the novel proteins of the invention may also be

15 modulators of RIP-related mediation of p75-R mediated activity.

Another object of the invention is to provide antagonists (e.g., antibodies, peptides,
organic compounds, or even some isoforms) to the above novel RAP-2 proteins, isoforms,
analogs, fragments and derivatives thereof, which may be used to inhibit the signaling

process, or, more specifically, the inflammation cell-cytotoxicity, or cell-survival processes,
20 when desired.

A further object of the invention is to use the above novel RAP-2 proteins, isoforms,
analogs, fragments and derivatives thereof, to isolate and characterize additional proteins or
factors, which may be involved in regulation of receptor activity, e.g., other proteins which

may bind to RAP-2 proteins and influence their activity, and/or to isolate and identify other

o
U

receptors further upstream or downstream in the signaling process(es) 1o which these novel



5 Astill further object of the invention is to provide inhibitors which
can be introduced into cells to bind or interact with RAP-2 and posisiaReys
RAP-2 isoforms which inhibitors may act to inhibit RIP-associated activity
in cell cytotoxic processes and hence, when desired, to enhance cel
survival, or which may act to inhibit R P-associated activity in

cell -survival processes and hence, when desired, to enhance cel
cytotoxicity. 10 Moreover, it is an objgct of the present invention to use
t he above-nenti oned novel RAP-2 proteiis, isofornms and anal ogs, fragnments
and derivatives thereof as antigens for the preparation of polyclonal
and/ or nonocl onal anti bodies thereto. The antibodies, in turn, may be
used, for exanple, for the purification of the new proteins fromdifferent
sour ces, soemsamalage) fragndntaatdsdedivativeansid) rang dege| In Whase Sunclibn syt henklor e,
t hese antib?dips may be used for diagnostic purposes, e.g., for
identifyi'RY'Wsorders related to abnormal functioning of cellular effects
medi ated by the p55-R FAS-R or other related receptors. A further object
of the inventild® inverwomiloyiadke prreideacBafiz dlindiegrposseing oMsich gonpepdiln @it he
above nov P- .t el isoforns, or anal ogs, fragments or derivatives
20 thereo %dégngépgﬁﬁg%b a?ﬁgﬁgﬂ?Pbal conpositions conprising the above
not ed ,anti bodi gs_.or. other a onists.. I n accordance with the present
ovent on, . riootl {55t bl AR S Guis 0 P AP ORARIIS: 4 pblgBR el
binding tigio @lls kbREask ihBcMvith R AP and s 5B GEAP-S i ERAUNRER intRbitdFe Hadt Or
of RIP intracellular activity. RIP is involved in the nodul ati on or

medi at i orkchio inhibitaRE-agbaiied Betpiiyrialdel gypattinaysesses gnd héreecwhdn desired, to

cyt ot oxi cj or cell .death gssoci ate at.h i,n which R P.11 MAR 2005 .13
s oyt orBne e oD oP A Fef o B R S Fbiyngiel- vl
i ndi r ect Iptoceddes An@ honbEbRherDdesiret, ReENGALS cdEakMtoissPCi at ed proteins, such
as, for exanple, MORT-I, TRADD, MACH, Mh4, Gl, p55-R and FAS-R, with

whi chigRl P can i.a i i i : i ndi f i i, 4 the
ichy M8RBGat8s A JBidfof el fle ﬁﬁéﬂvgﬁ%orpfo ﬁﬁ'%ld(h% ﬁﬁ&ve};xﬁ@ﬁﬂo‘?@% n¥l&

“deat h donmai n' nntlenDduIe present 1n nd 1n a e aforesa

pr ot ei ns;RaRdtfreteirs, patdmmayntenaiges, Hegmehisamialeriontves éidrecfuss entigdnsdir the
viabilit ypr p%tramf\)%yofl p%l}\flc\:kl]cgn%Parlﬂ/oPr Hgl){ocli]c?n\é?ar?t%odies thereto. The antibodies, in turn, may
be used, for example, for the purification of the new proteins from different sources, such as

cell extracts or transformed cell lines.

15 Furthermore, these antibodies may be used for diagnostic purposes, e.g., for
identifying disorders related to abnormal functioning of cellular effects mediated by the

p35-R, FAS-R or other related receptors.

A further object of the invention is to provide pharmaceutical compositions
comprising the above novel RAP-2 proteins, isoforms, or analogs, fragments or derivatives

20 thereof, as well as pharmaceutical compositions comprising the above noted antibodies or

other antagonists.

In accordance with the present invention, a novel protein RAP-2 has been isolated.
RAP-2 is capable of binding to, or interacting with, RIP, and hence is a modulator or mediator
of RIP intracellular activity. RIP is involved in the modulation or mediation of intracellular

25 signaling pathways, e.g. the cell cytotoxicity or cell death associated pathway in which RIP



activation role, directly or indirectly by virtue of the presence of a
kinase notif or domain present in RIP and RIP's ability to be capﬂbl e of

bi nding to TRAF2 which can bink NIK which, in turn, is directly i v olbie doos
in activation of NF-KB which plays a central role in inflammation and cell
survival. Further, p55-R is also capable of interaction with TRADD and 10
TRAF2 (via TRADD) and is also inplicated in NF-KB activation and thereby in
the cell survival pathway, and hence RyP by bei ng capable of binding to or
interacting with, FAS-R, TRADD and p55-R (via TRADD) as well as with

TRAF2 may al so be inplicated in the nodulation of inflanmmation, cell
survival activation by these proteins. Accordingly, RIP is a nodul ator or
medi ati or of these pathways, and |ikew se, the new RAP-2 of the present 15
i nvent i orhabyyugtcmn Agjivily | psalSangd irpawspeipten, glireatdioatnstiregy. tids a number of
intracell P- |_at I peast

t wo- hybri Eb sf/:%]F g'%‘]{h\]’%%séﬁlgﬁg‘ dgt glrrllgf ghgsr’g%’ﬁ%ra%' @%@qagﬁﬁ?ﬂdw%ﬁ g\ﬁ %éj’re in
bel ow, RAR- 25Rpaalr BAS R, hethawhicly RIY capesbéibe or Bidd-biindidivgctr ofdirent ABidohence
a specific R P nodul ator/nedi ator. RAP-2 does not bind to  TRADD, MORT-1,
p55- R, p?"?i'f’- Iﬂzeaﬁ@tfm@wmtmiﬁgwduhetpr%ﬁ@ﬁte@r%lﬁfwéitmRﬂphqalb&ééldr%@tewawongo

char agt e a9 lgg@%t He dﬁ’ﬁﬁf t1 lllesuWw atbll g;) th% AP psélﬁtrr?ﬁth&s% taﬁ' t he

flndlng 2°does no uce ce City oni1ts own
be used heui\eitmntrb]repdgtmlyt or Bﬂi?ecﬁl@tbwvitrmelfﬁ“ theprikerice dfrckivighe mbts @C(ﬂﬂn\(alﬁy in
nodul ati on/ medji ation _in | ammati on and cell _deat h/ survi val

‘pat hways Prefresie B and BJ%§ abbh*lé t§ hgieRtkle oh dindirgBoTBARR VINER &7mh BERoW s
vel | as & lintihs, ?pw}:r@ct MvbRREAL PR GAL | gpﬁg:r_el n\ﬁﬂ)ﬁ}l ?}f’ﬂ%@@t Rl kgatihons,

the full contents 0 are i ncoroporate eference.

Li kew se mfifsnmstam dndreel] sutvivab tRylchert, pBRAR- i2 aotchpableyofi iateraediot with TIR¥ACDUckedi t s
11 MAR 2 4 no n/ nedi t|on of RLP actjivity by virtue of

specilfic hg2 ?@“%{)bg apgjlg 2 SHdHlﬂl‘ﬁi“F‘é)HV‘ MearEL dehHam M‘{DthSVbMP t%e cell

i ncl udi nguRRdubahia /fm%%&é RIp 8 %?éatﬁnﬂmil
survi val L|5at hwabys [ g which RIP ?g b}aﬁvodaeékgégf@ect ytoc?rg%lhtl?lrgl rectl 1y, and "as
such RAP-IRARY dnd ponBi(der eRARYD )ams WﬁﬂllaSek&lUZh ﬁﬁﬁiﬂbm;r/at@dbaumph@tedainl thehe

above nentiphed o RLoLel n5,and BOSSLPLY, 2, upber. of others WLeh 308 i o
modulator or mediatior of these pathways, and likewise, the new RAP-2 of the present

15  invention by binding to RIP is a modulator or mediator of these intracellular pathways.

RAP-2 has been isolated and cloned using the yeast two-hybrid system, sequenced and
characterized, and as is detailed herein below, RAP-2 appears to be a highly specific
RIP-binding protein and hence a specific RIP modulator/mediator. RAP-2 does not bind to
TRADD, MORT-1, p55-R, p75-R and MACH. Further, it appears that RAP-2 does not have a

20  characteristic death domain module or motif, this being consistent with the finding that

RAP-2 does not induce cell cytotoxicity on its own.

As will be used herein throughout, RIP activity is meant to include its activity in
modulation/mediation in the inflammation and cell death/survival pathways. These activities
are indicated hereinabove and hereinbelow as well as in all the above-mentioned publications

25 and patent applications, the full contents of which are incoroporated herein by reference.

Likewise, as wused herein throughout RAP-2 activity is meant to include its



cell survival and to which RIP binds, or with which RIP interacts in a
direct or indirect fashion. This invention also discloses two noyel yRAR,
bi nding proteins, identified by two hybrid screening using the full |ength
RAP- 2 protein sequence as bait. 10 Applying the full-length RAP-2 protein
as bait in tw-hybrid screen a novel RAP-2-interacting protein denoted
her eabove or hereafter clone #10 (or clone #10-encoded protein or

RAT-bi nding protein # 10 or RBP-10). Thg sequence of the cDNA obtai ned was
further extended by comon sequenci ng met hods known in the art towards the
5" end, to reconstitute a partial open reading frame of the protein which
however |acks a start codon. 15 Two-hybrid assay of the binding repertoire
of clone #10 revealed that this protein, not only binds RAP-2, but

exhi bi t s mdddatwnmagharonstof oREP afcfivity thy tvartiRARE2its Gperifc #aiadingwisy &1P, dbies

t bind to, R.P, , TRADD, I, .. TNER-1, Tl P60 d N K wel | t
ggver;P éB%??%FmﬂP%ﬁ%ﬁ%&ﬁﬁﬁﬁﬁwéggﬁgﬂadPQW%ﬁﬁ%Wﬂ‘%%%ﬁ% Opofﬂ%éﬁﬁﬂB?% %ﬂgver
be excl uded deldtandReNdGuRGyAfpativane#d Ghid NKsThedled@ rdcaynd indircbByTERk I8N

cells, considering the peculiaritfies 20 of NIK' s behaviour in yeast. C one
#10 was SHOMRATG2 biasiderapsideradl ehinindivectTnedratbriaedi200 of all the abpve mentiopeder

i.e. % reqi .on _not necgssaril %ﬁg)ciat?p with the bjndh%g of RI P, d&hﬁqg,

NIl K and %ﬁ?ﬁa?ﬂﬁgﬁé ﬁbﬁgg,ahomef%?“zH%b%EH%Y%Ya%WdB mﬁgo’ge%arry out

several reunasviofl andedBanichSRIP Bhes @& WithOyvidth RARNhicfdckain oriireét dromairegues
of clone #10. The only protein that exhibited a substantial degree of
‘simlaritfshi@rt he protein encoded by C one #10 was 25 F40F12.5 - a
hypot eti cal nol ecule from C. El egans, to which no physiological role is

assi gned. 1 1 TWARIR@6%or Blsh ntietasss itwg InpyelFRRAPI2 bidingsprowinsd ideptified py dywosome

simlarity,.to several .nenpbe of i del.y conserved.fam |y of
ubiquitiHﬁﬁpﬁégFan%F%P%gE%éjlWﬂﬁggﬂghg%ﬁﬁﬁgéﬁﬂﬁP@?%ﬁ?&nce the destructive
effect of the ubiquitinatio chinery, which ijs known tq be in charge of
the Majority Ad?pllﬁP%t@Fn}LH%@PgtgaWn? eVBIfES asnbait dB| [wo-ifiride seBFly i (PKE!

|1 gases ot peARANSHPIRoLN denoRllREDLOR LGB HBIUWT (o ddr%H1bRnloded
protein predestined For degragat|on, ubi quitin proteases’ prevents an

ef f ecti verbeanahRAG-bhadibh@rgeiovi IfgprtRBR-105UKMe eresuapt itencDEgaptiangdtes
function further extended by common sequencing methods known in the art towards the 5° end, to

reconstitute a partial open reading frame of the protein which however lacks a start codon.

15 Two-hybrid assay of the binding repertoire of clone #10 revealed that this protein, not
only binds RAP-2, but exhibits also a rather strong affinity to TRAF2. Clone #10 however
does not bind to RIP, TRADD, MORTI1, MACH, TNFR-I, TIP60 and NIK as well as to
several control proteins (for example lamin and cyclinD). It cannot however be excluded that
binding of clone#10 to NIK might be found in mammalian cells, considering the peculiarities

20 of NIK's behaviour in yeast. Clone #10 was shown to bind RAP-2 within the C-terminal 200
a.a. of the latter, i.e. a region not necessarily associated with the binding of RIP, TIP60, NIK
and JKKf. This sequence, however inaccurate, enabled us to carry out several rounds of
GenBank searches aiming at identification of homologues of clone #10. The only protein
that exhibited a substantial degree of similarity to the protein encoded by Clone #10 was

25  F40F12.5 - a hypotetical molecule from C.Elegans, to which no physiological role is assigned.



of F40F12.5 based on the simlarity to the abovenenti oned
ubiquitin-directed proteases however is questionable, as it has pot Xet
been exam ned whether this particular protein posesses any enzy {1 AR 2005
activity toward ubiquitin polyners. Furthernore a couple of points 10 nake
such a coincidence quite unlikely: a) Residues which are believed to
constitute the core catalitic region in either subclasses of ubiquitin
prot eases are not conserved neither in1F40F12.5, nor in Cone #10; b)
Except fromtheir catalytic sites, enzy%es of the ubiquitin-directed
protease famly derived fromvarious species (frombacteria to hunman)
display virtually no sequence simlarity while 15 F40F12.5 and cl one #10
di spaly a certain degree of honology. It thus appears that RAP-2 is a
speci fic Rl P-Bhredstigglpy PAGH . sands Reindao displyditnad ginilaidi @teverall mBhBers of
intracellular activity. The RAP- 2 blndjg& roteins, by their abilit¥ to
bi nd RAP-tE? vids/® cpriwTYeg demilpifqf pbiinofireeied Bigirassse Theresengyges counterbalance
nodul at or I af Nk racel | (SRR ;i

appar ont | Raah ek Frret o e b AES rteBlineR Wrlle Kokotbn $048in PRkt o
and/ or cehbjordgatthpratin dedradsionrevedis ¢in aReR. Mehilenwbdduigd lidhdee atd yes@msible for
indirectly especially those related to cytotoxicity and inf|lammati on
caused orﬁiaﬁlaﬁ%élzf BRIY VRiGUEB strest Prupteteith Bredestingd e erdphom dauttgProtegses

recept or sp0fenths, éﬁﬂ%ﬁ%raﬁ&ﬁﬁ@bpfhef . 1ln¥ tﬁ@.dSﬁFlls%%:QHbtiQB b@aﬁiﬁ%thﬁ%ﬁction( For

a schene of RIP' s involvenent i n thhese rntrace ar ‘events an ence

‘RAP-2' s @bF4(1a15v baedt on slee siRiitprityl to nthévebbvenmentioned ubiqhBBi#jirecled| piv&RSB005

16 RAP-2 may al so serve_as an inhibitor of cell cytotoxicity an :

ot | amra HOTP By AT UERbER s o PRl B Bt eRnGh g Dt SRR OB her
prot ei ns, pfRedes MyPeYthalt QLGRS 1AM HoilyQiR! FolymBRIF@theSHER AMBYupH b£Féinishe
cytotoxicity or i'nflammatory éffects of these other proteins (é€.g. p55-R
FAS- RO nvageke svelha coigtidamat QMDRTnlilgly:ul ti mately resulting in an inhibition of
their 5 cytotoxic activity or their activity in inflammtion. RAP-2 may
yet al so mteseluas waithesrthdalievedos canginmatiey cat caelitic eydiod axeidiet yutatalses of

i nflammtion . and this bg augnenting.the activity of aqther Broteins, e.g.
R P and Olflzﬁ%tptubp%f@isq:]ssar not conserved nieither in F40F12.5. nor in Clone #10;

b) Except from their catalytic sites, enzymes of the ubiquitin-directed protease family derived
from various species (from bacteria to human) display virtually no sequence similarity while

15 F40F12.5 and clone #10 dispaly a certain degree of homology.

It thus appears that RAP-2 is a specific RIP-binding protein and hence a
modulator/mediator of RIP intracellular activity. The RAP-2 binding proteins, by their ability
to bind RAP-2, have indirect influence on RIP and are this also modulators/mediators of RIP

intracellular activity.

20 Thus, as RAP-2 apparently has a role in modulating/mediating inflammation, cell
survival and/or cell death activities in which RIP is involved directly or indirectly especially
those related to cytotoxicity and inflammation caused or induced by various stimuli including
those transmitted via receptors of the TNF/NGF receptor family and possibly others as well.
(For a scheme of RIP’s involvement in these intracellular events and hence RAP-2’s

25 involvement, see Fig. | in Malinin et al., 1997).



bound to RIP as noted above aiding in the recruitnent of these proteins by
RIP, the recruitnent serving to augnent the cytotoxic activity of th

vari ous proteins or to augnent 10 their inflammatory effects. Liﬂéw#ggfmﬁn
an anal ogous fashion RAP-2 nmay al so serve as an inhibitor or an augnentor
of the cell-survival pathway as noted above by virtue of RIP' s invol venent
inthis pathway. Accordingly, the present invention provides a DNA
sequence encoding a 15 RIP-associatedIprotein (RAP-2), isoforns, anal ogs
or fragments thereof, capable of binding to RIP and nodul ati ng or mnedi ating
the intracellular activity of RIP, said intracellular activity being a
nodul ati on/ nedi ati on of inflammtion and/or cell death andl or cel

survival. In Leul ar, the present .jnvention provides .a,DNA sequence

el ect od 1 romIHE gPBUHS SONG PSET RYTHH 6504 oYt R ErAmddEIaNBe Gt Vade  r om
the codi ngf ifs@@in@Pr&bntausPakiora BBtk dfroﬂ{e%fbteiﬁé?)e.g]DMP SEAIPRRERSHRAPaPR P, Of
hybri di zation to a seggence of (a) under noderately stringent conditions

and whi cHndrie ste rmapiadeigine alvlojoxaaityi areinfmprtapy effe¢tn of drede CBFr PREIReGNCes

whi ch are t 0 netic .code.to .the.DNA. nces
ot i ned (o ik CBfCHreRRtehe B e 87 Bt Sy aa b v it SFED
proteisn. cyictoVORRAYSr Ikiraiigin Beeniatien embodi ment of the above DNA
sequence of the invention is a DNA sequence conprising at |east part of

the sequence quemdi Ady afer la@ASEerANgs 128 OfkRePor t ﬁ%mﬁﬁ%‘r Zof &ﬂlo&ﬁbtexic%hb er
~enbodi ment of the above DNA sequence is the sequence encoding the P- 2
pr ot ei n asflefepacdreahdi thiskygugmentyieg thaadivigrofetiso dioteng, eigs RihendMberquefamace

shown in 5 Fig.,2 _The present i.nvention pravides P- 2 prateins n

anal ogs, WradidRE af Ml SETR el HeiorReRma b esnyrurng 1 Blfoie
sequenceseghithb@ dePMENtd @llgm&dithe BHBIRINSotivAP A AUS varius 3FFRIE Sr a0 dugment
derivatives being capable of binding to RIP and nodul ating/nediating its

bi ol ddi caheiapdiamajory gfigets| death and/ or cell survival pathways
intracellularly.
Likewise, in an analogous fashion RAP-2 may also serve as an inhibitor or an

augmentor of the cell-survival pathway as noted above by virtue of RIP’s involvement in this

pathway.

Accordingly, the present invention provides a DNA sequence encoding a
15 RIP-associated protein (RAP-2), isoforms, analogs or fragments thereof, capable of binding to
RIP and modulating or mediating the intracellular activity of RIP, said intracellular activity

being a modulation/mediation of inflammatjon and/or cell death and/or cell survival.

In particular, the present invention provides a DNA sequence selected from the group

consisting of:
20 (a) a cDNA sequence derived from the coding region of a native RAP-2 protein;

(b) DNA sequences capable of hybridization to a sequence of (a) under moderately

stringent conditions and which encode a biologically active RAP-2 protein; and

(c) DNA sequences which are degenerate as a result of the genetic code to the DNA

sequences defined in (a) and (b) and which encode a biologically active RAP-2 protein.



10 A specific enbodi nent of the invention is the RAP-2 protein, anal ogs,
fragments and derivatives thereof. The RAP-2 protein sequence as, S ﬂﬂf
fromthe DNA sequences of Fig. | and 2 is shown in Fig. 3. Anothe 2005
enbodi nent is any isoformof the RAP-2 protein, analogs, fragnents and
derivatives thereof. Al so provided by the present invention are replicable
expression vehicles conprising 15 the above DNA, these replicable
expressi on vehi cl es being capabl e of berng expressed in suitable eukaryotic
or prokaryotic host cells; transformed eukaryotic or prokaryotic host cells
cont ai ni ng such replicable expression vehicles; and a nethod for producing
the RAP-2 protein, or analogs, fragnents or derivatives of the invention

by growi ng such transfo ost ce|ls under conditiopns suitable f t he
expressi on of “PRHYT 65’5'6?15% ﬂﬁlb%raﬁlagcsf thy phaykeM'4 ssguepee AePevarnURs s LPNeet i ng

post-tr a@@cﬁlﬁhb@&ﬁ% rlmﬁi;' driCRE b st Ak s&ﬁfegceoénggﬁhg g@%gﬂ%ﬁ@%?&% JfQﬁe RAP-2

obt ai ning said proteln and extracting said expr protein, anal ogs,
f r agment graeind émothat |evé>9dmiemormf tthe abovd nmm reeglicnoe qn‘ tf&asadluerwars{fcoqhngdh@el S

or fron1q{%# extracts g tra sfor eIIs ﬁ B ve definjitions are
"ht endod AT PR bR Secieddh St SF tHasap! gdla}eaf@.t SHRERESPINR Bt |
the psesgmt 2i nvention also provi des anti bodi es or active derivatives 25 or
fragnents thereof specific for the RAP-2 protein, and anal ogs, fragnents

and derivativ ' 15 Y, @Rt her
~aspect of theqﬁﬁvgﬁgﬁgﬁwmnﬁ %ﬂg#%Q%?%&ﬂ%@%“%d%ﬁ%ﬁgoégggtﬁ% ?ﬁgmg d@ggéDNA

sequenceshapeoft ¢neogadobeiang ofhihe Mbbhey;e@rmoed;eof gecovelitivg, tadt reteinsy endlogsn,

whi ch uses include.anongst, ot hers A. net hod_for the duI ti n.of .t he
i ntracel I"fBRERE aﬁlﬁ%ﬁaf“g?? bedrg IcaEFé’ H &H&T‘/‘Qﬁ to RIReand modup Cﬁi‘%&}%

modul at eghiQbeiBRALHENn ¥ HE‘eﬁh RAAOLELN ﬁkfval%gmagﬂnﬂg digAt ng said cells

with one or hore RA%gZ proteins, 1soforns, "anal rag nts or

deri vt i ves heLgo. c0aRaRle o2l 100l 09 P WIELELD b BRI 05"

said cells conprises 1n GRT0 Shi'a e ¢ K]

pr ot ei ns detisnives twreofrteRUSE- 7fp’r6t@ﬁﬂ’¢hﬁer@é adleeduead frv@sché a2 edquiiiced of Bign

suitable for intracellular introduction thereof, or |ntrodUC|n%)|nto said
cells a Mcg%qlaéﬁegn in Fig. 3. Another embodiment is any isoform of the RAP-2 protein,

analogs, fragments and derivatives thereof.

Also provided by the present invention are replicable expression vehicles comprising

15 the above DNA, these replicable expression vehicles being capable of being expressed in
suitable eukaryotic or prokaryotic host cells; transformed eukaryotic or prokaryotic host cells
containing such replicable expression vehicles; and a method for producing the RAP-2
protein, or analogs, fragments or derivatives of the invention by growing such transformed

host cells under conditions suitable for the expression of said protein, analogs, fragments or

20 derivatives, effecting post-translational modifications of said protein as necessary for
obtaining said protein and extracting said expressed protein, analogs, fragments or derivatives

from the culture medium of said transformed cells or from cell extracts of said transformed

cells. The above definitions are intended to include all isoforms of the RAP-2 protein.

In another aspect, the present invention also provides antibodies or active derivatives
25 or fragments thereof specific for the RAP-2 protein, and analogs, fragments and derivatives

thereof, of the invention.



10 encoding said one or nore proteins, isoforns, anal ogs, fragnents or
derivatives in the formof a suitable vector carrying said sequenge aid
vect or being capable of effecting the insertion of said sequence int'87 b d
cells in a way that said sequence is expressed in said cells. (ii) A nethod
for the nodul ation of the inflammtion, cell death and/or cell surviva

pat hways nedi ated by ligands of the TNF famly by effect on cells via the
action of the RIP 15 protein, accordind8to (1) above, wherein said treating
of cells conprises introducing into said cells said RAP-2 protein, or

i sof orms, anal ogs, fragnents or derivatives thereof, in a form suitable
for intracellular introduction, or introducing into said cells a DNA

sequence encogjn said G pr in, or isoforns, analogs, fra ts.or
Gorvat tvee s Sk aREbe Gped SRt DoellivhdfoP oriuep PR dRanBRRT Bt o
vector ba@IMg seqRAbdseorahe Prdtek ivtdcht BRyl dhs6dd LedrAhg SRkt SCBMRAC YhichQiskt O
said cells in a way that said sequence is expressed in said cell's. (i) A

met hod aé“‘il‘iﬁﬂe(ﬁf’fﬂc)ng%imﬁhﬁés Wherein said treating of said cells is by
transfection of said cells with a reconbinant ani mal virus vector
conpri si ng t hél)st epshodffor teanodoaton ot thenigtracetlelao idflanandtican icath ldeath rud/or

vector carfgyin sequence , encoding. ,a viral surface protei.n (ligand).that
is caEabICE[r1 5\"rvﬂiaﬁ8?tﬁg'a¥%mé’d§lﬁ5’éi i @g@éﬁeg by ?Qécﬁelﬂgxlﬂ)eeg‘ﬁf”&?m ﬁre?tl‘fég %aﬂﬁ face
of a FAStBis KithRaS oRnkaé RAMY h&kins 2360AmS SEAMEs, SRRURAGEENGRHING Bereof,
.protein selected fromRAP-2 protein, and Isofornms, anal ogs, fragnents and
deri vat i vegablelofiimling 05 RIB wihesnie ofi¢ ttehtng othenl etlsrrospedes intredicingiatd sid s
capabl e %f 1m)dcpl at i nrg/ nmedi at i ng %he i nt[ac | ul ar inflammation, .ceIfI deat h
and/ or c&T 1> LT VIS S RGIGIS, SaFsHpalogh dremegtsidgrivaives tredl 18 &iform

vector ofsuif@ble fdriivtacAlluTet Heddh@lonmerdbabl Ndrodb&ng Mtb aBMBde119R, DINA! deqbaad h
and/or cell survival 5 pathways nediated by the |igands of the TNF famly

ef f edf ofneQsingssad enetdyanaie PrapinafisafhanRemlpsofregmertonpddrsiativestin gt fomy of ai d

cells w i ies_or active fra nts or .derivative t her eof , .

cocor di ng P 2R g AR JER egrob b g CanrB RO € Bsegon of

sui t abl e saideapestd inrsatDalRIi Nk MGy Skt daiaRbdRACH i@ Sxprasikll “esdid agikent s or
derivatives thereof to said cells, wherein when at |east part of the RAP-2

protein is exp@s&ndRod 8 RXHARAGRHH R hSHALARG 05 el death and/or cell survival
pathways mediated by ligands of the TNF family by effect on cells via the action of the RIP

15 protein, according to (i} above, wherein said treating of cells comprises introducing into said

cells said RAP-2 protein, or isoforms, analogs, fragments or derivatives thereof, in a form

suitable for intracellular introduction, or introducing into said cells a DNA sequence encoding

said G1 protein, or isoforms, analogs, fragments or derivatives in the form of a suitable vector

carrying said sequence, said vector being capable of effecting the insertion of said sequence

20 1nto said cells in a way that said sequence is expressed in said cells.

(i) A method as in (ii) above wherein said treating of said cells is by transfection of

said cells with a recombinant animal virus vector comprising the steps of :

(a) constructing a recombinant animal virus vector carrying a sequence
encoding a viral surface protein (ligand) that is capable of binding to a specific cell surface
25 receptor on the surface of a FAS-R- or p55-R-carrying cell and a second sequence encoding a

protein selected from RAP-2 protein, and isoforms, analogs, fragments and derivatives



10 conposition is fornulated for extracellular application, and when said
RAP-2 proteins are entirely intracellular, said conposition is fPrnH at ed
for intracellular application. (v) A met hod f or nodul ating the R 2005
i nfl anmation, cell death and/or cell survival pathways nedi ated by the

| igands of the TNF famly effect on cells via the action of the RP
protein conprising treating said cells with an oligonucl eoti de sequence
encodi ng an antisense 15 sequence of aiogl east part of the RAP-2 protein
sequence of the invention, said oligonucleotide sequence being capabl e of
bl ocki ng the expression of the RAP-2 protein. (vi) A nethod as in (ii)
above for treating tunDr cells or HV-infected cells or other diseased
cells, conpr|5|ng constructing. a reconhi nant ani Vi rus vec

carryingt r%ﬁh@n\&@n Bzf@f‘-’éﬁf‘@dalsﬁkﬂ cglly isrpaliy of Hedulghpywe aﬁ%ﬁaﬁ‘ﬁll’étm&f"ﬁ‘g%%di ng
Lo @ SPeGiffind DLl CEhlh ST ROP I REPHARWALS égéldV-' nfected cell surface

receptor or receptor carried by other cells and a sequence
encoding a protein,selgcted fro p- 2 pro anal ogs, fragnments and
derivatives of the(bsj'?rf\e;i%tm%%‘ﬁf a@ﬁ&? §9 gga%ed in said tunor,

HI V-i nf ect ed, ot he iseased cell is abl.e said cell wvia
the action of(Wi @L%fé?%Pﬁmugﬂacfhi Nﬁﬁgﬁﬁﬁ@lzﬁﬂkE?MFﬁT &Fi 1% §%W8mrunnr
or Hy-i Eet %Iggéj €&k eﬁé)grthghgﬁ{ds %'f%%aﬁﬁﬁ fﬁ:rﬁllk%fﬂ%ttolﬂ R3:1 ‘JIa\&E@E&{oanf tRARIP

(vii) A | ating the cell death and/or cell survival pathways
medi at ed prcnsylnlaogmdmcofreathlg %NFCf:iahsnmw efitftedics o awtive sfragmentsher detyasiyenf

‘the RIP in co ing.the riboz rocedure

vect or eﬁ%&ﬁi ﬁcﬁn %&E@ égﬁﬁgﬂﬁe %QpHB@E@o$E%EnPgr%%fF#ﬁme ﬁyghgﬂ?fular
MRNA Sequ&ﬂﬁ@s@cﬂﬁ&ﬂitzﬁ&n sFAPRibBdied, Rlliva 6 agheito or Herivakifes thereentd euid celk;,
introduced into said cefls in a formthat permts expression of said

ri bozyme wheesiiusher af lsag piag of élhd BAPa%ﬁerm@ﬂFeﬁ‘aWOWﬁe@n @&leﬁtrﬁﬂi%kﬁyﬁg fagsgiihce

and” aPeasag e Rrka Sl xRl BF ko il Op oy, WL AT WpRRa ueece

expr essi eftiefy inthetlRAP-sdidoat éﬂblﬂohlﬂsf@ﬂh@la&@'fbﬁlmrﬁd&ﬂlhla} applivetifind sel ect ed
fromthe above met hods accor ing to the invention, wherein

(v) A method for modulating the inflammation, cell death and/or cell survival
pathways mediated by the ligands of the TNF family effect on cells via the action of the RIP
protein comprising treating said cells with an oligonucleotide sequence encoding an antisense

15 sequence of at least part of the RAP-2 protein sequence of the invention, said oligonucleotide

sequence being capable of blocking the expression of the RAP-2 protein,

(vi) A method as in (ii) above for treating tumor cells or HIV-infected cells or other

diseased cells, comprising :

(a) constructing a recombinant animal virus vector carrying a sequence

20  encoding a viral surface protein capable of binding to a specific tumor cell surface receptor or
HIV-infected cell surface receptor or receptor carried by other diseased cells and a sequence
encoding a protein selected from RAP-2 protein, analogs, fragments and derivatives of the
invention, that when expressed in said tumor, HIV-infected, or other diseased cell is capable

of killing said cell via the action of the RIP protein; and



said RAP-2 protein encodi ng sequence conprises at |east one of the RAP-2

i sof orms, anal ogs, fragnents and derivatives of any thereof according to
the invention which are capable of binding to RIP. 15 (ix) A net Aot MABr2005
isolating and identifying proteins, according to the invention capable of
binding to the RIP protein, conprising applying the yeast two-hybrid
procedure in which a sequence encoding said RIP protein or is carried by
one hybrid vector and sequence from a20DNA or genomic DNA library is
carried by the second hybrid vector, the vectors then being used to
transform yeast host cells and the positive transforned cells being

i solated, 20 followed by extraction of the said second hybrid vector to

obtain a sequence co roteln i.ch bi,n to sai r (x)
A net hod accor di ngeigl) %ﬁé}%ﬁsa{ FEmEf I Hi\?'l %8’&‘7@ %fﬁ?fé???f égieﬁseﬁl%,&%-l ﬁﬁ‘ g

is any Oﬂﬁu@ﬁf@?e i sofornms of RAP-2. anal ogs, fragnments and derlvatlves of
any thereof. (x1) A nethod according to any of the above (i)-(x) wherein

the RAP-2 protgjn A)ane fof o(atxlah Iiesc%iloé ’trﬁmcg? ﬁvg\{a"flggfﬁalt& Akdiated

deri vatives |s I hvo int atlon o) R 2005 21
ef f ect nﬂ@athMS@fthnmmwa&ﬁdyhyﬂanynathenmnﬁﬂuanmnoﬁMu1RHUpandn®owmﬁdhgsaid

RAP- 2 pro i soform anal o ment or derivatjve is capable of
bi ndi g eplis (e gibor¥iar P@&?‘% 8iornef Fodeint ePW&&%B#’P%W&%‘F’@W gaRgolg of

phar rrace%te%t n& QWRPSI ¢ ucarhrfrﬁﬁmheec{ﬁeﬂw hiRihg fRAPR! | QBbrdfnderoChlk!
deat h and/ or ceT survi val pat hways' nedi at ed 6@ the TNF famly 5 effect on

‘cel | s vi anvéngiongcisi iotrodfced hntoF%laR’l pedkstlelmfmm thhe pefifiscixpafssiamyof oidenbarpaeat or
or inducer on cell %F no above (g? i sing, as active | redlenh %
ce s( Mand

one of t REIELF Sl ‘?52\115 Whon BT PRBE oF ARG tsoe"PFFései {}é?\‘filcfi

bi ol ogi cahieyactCkitly aid EAANMBNMHMRNA RAHRIEnd eh%e\g %&M‘ﬁ%\lﬁ%e&ﬁéﬁ%&'f&&ﬂh@ﬂ{ aef |
(ii) a reconmbinant animal virus vector encoding a protein capable of

bi ndi g ankibjtion of gxmrassicrcef seisldepP-Grpratih iprseiddichly a RAP-2 protein or
biologically active fragments or anal ogs, according to the invention;
(iii) an oligdmugl &otdtbed sdetreinten encadivagnalvdanticrsiegse tiecqueanior, whertine
RAP- 2 said RAP-2 protein encoding sequence comprises at least one of the RAP-2 isoforms, analogs,

fragments and derivatives of any thereof according to the invention which are capable of
binding to RIP.

15 {(ix) A method for isolating and identifying proteins, according to the invention
capable of binding to the RIP protein, comprising applying the yeast two-hybrid procedure in
which a sequence encoding said RIP protein or is carried by one hybrid vector and sequence
from a cDNA or genomic DNA library is carried by the second hybrid vector, the vectors then
being used to transform yeast host cells and the positive transformed cells being isolated,

20  followed by extraction of the said second hybrid vector to obtain a sequence encoding a

protein which binds to said RIP protein.

(x) A method according to any of the (i)-(x) above wherein said RAP-2 protein is any

one of the isoforms of RAP-2, analogs, fragments and derivatives of any thereof.

(xi) A method according to any of the above (i)-(x) wherein the RAP-2 protein or any

25  ofits isoforms, analogs, fragments or derivatives is involved in the modulation of the cellular



protei n sequence according to the invention, wherein said oligonucleotide
may be the second sequence of the reconbi nant animal virus vector of (ii)
above. 15 The present invention also provides : 1. a nethod for the1 MAR 205
nodul ation of the inflammtion, intracellular cell death and/or cel
survival pathways nodul ated/ nedi ated by the RIP protein, or the effect of
any other nediator or inducer, or any other NF-KB inducer or inhibitor, on
cells conprising treating said cells hp accordance with a nmethod of any
one of (I)-(x) above, with RAP-2 proterns, 20 isofornms, anal ogs, fragnents
or derivatives thereof or wth sequences encodi ng RAP-2 proteins,
i sof orms, anal ogs or fragnents thereof, said treatnment resulting in the
enhancenment or inhibition of said RI P-nediated effect, and thereby al so of
t he FAS- Rffeet p&Hatid pediodtlettd befang other onedidtoisar iddwreh sy whishlisaitl YA hirelgncer |
or other .NE-KB inducer or inhibitor. 11. a nethod, as above. rein said
RAPC 2. pr RGP AR GG GARGre aerres e et Be T db it iBha "part of
t he RAP-2 proé_%n which is, specifically jnvolved in bindi n? tg RIP, . or | 1
MAR 2005 22 sdifl PEiSRRY IHEMIOAREY REpVIeict BRI MARUtiGRIHoMPREURE 19T iAE Bordtigrion
i nhi bi t oryf; j S i ; f 1R
protein \/c\)kf{illgﬂri]an?[ghtgoprg@% ?‘E:lgla yﬁiaﬂtygfggggﬁﬁﬁgfﬁgtﬁﬁvgﬁ %ﬂg%:atﬁ,e%%trhgsgﬁl?%rtg%}ér
medi ator effiectianchetlervia dre atiheof HEFHR Protachuaahe effedt nhayi ¢tber. médidtor ar imdudeod as
above wherein said(ﬁAP—Zﬁgrotejn i s any. one.of the P-thsofonns, 5 said
i sof or ms P&HLbIF VI TONGFOMHG S PRARBYQREH R 8rY A Udre 1™ ‘net hod as
‘above wherein said RAP-2 protein_is any one of the RAP-2 isoforng, said
i sof orns capalle adfAP hPIStaR Aecordiag fp %W@Bﬁl%ﬁsef’@dekﬂ@lé%@?”)bﬁaéieg?‘gr?fé‘éﬁ’ at or
or induc oy |1's and thereby also of inhibiting the
FhloBS BORLANED OBl Bt

FAS-R- o assocl at e on cells, or the other cytotoxic

medi ator or inducer effect on gells. 10 V. a.nethod .as _ahgve er e| id
RAP. 2 pr ot ei n 01| ETETIHTAhARBYT PR yRERt SoroRutit PO dar i ab e e ¢ o2
enhan@i nGukicel l@bdpdbrt ddi0erlcbinRlaFR AB OBk er Bidl@G¢allghctibe fiaphbarREhBgs, and
cell survival pathway by way of direct or indirect inhibition of NF-KB or
di rect oracsaiding éethe igeantigait i on of JNK or p38 ki nase.

(iii) an oligonucleotide sequence encoding an anti-sense sequence of the RAP-2
protein sequence according to the invention, wherein said oligonucieotide may be the second

sequence of the recombinant animal virus vector of (ii) above.
15 The present mvention also provides :

I. a method for the modulation of the inflammation, intracellular cell death and/or
cell survival pathways modulated/mediated by the RIP protein, or the effect of any other
mediator or inducer, or any other NF-xB inducer or inhibitor, on cells comprising treating
said cells in accordance with a method of any one of (i)-(x) above, with RAP-2 proteins,

20 isoforms, analogs, fragments or derivatives thereof or with sequences encoding RAP-2
proteins, isoforms, analogs or fragments thereof, said treatment resulting in the enhancement
or inhibition of said RIP-mediated effect, and thereby also of the FAS-R or p55-R-mediated

effect, or of said other mediator or inducer, or other NF-xB inducer or inhibitor.

II. a method as above wherein said RAP-2 protein, analog, fragment or derivative

25  thereof is that part of the RAP-2 protein which is specifically involved in binding to RIP, or



| solation of the RAP-2 proteins, their identification and characterization
may be 15 carried out by any of the standard screening techni ques used for
i solating and identifying proteins, for exanple, the yeast two-hyBri &R 2005
met hod, affinity chromatography nethods, and any of the other well-known
standard procedures used for this purpose. In yet another aspect of the
invention, the RAP-2 protein itself, or an isoform fragnment or
derivative thereof, is used as bait inZ23 yeast two-hybrid screen for
proteins 20 binding thereto. Proteins which bind to RAP-2, isoforns,
fragnents or derivatives thereof, are also part of the present invention.
QG her aspects and embodi ments of the present invention are also provided as

arising shigadmhiNgediobl %Wuﬁﬂmﬂri%@b e ngess | cﬂIcePBr ﬂﬁlbﬂ{é? 4 rg\é%n ?rb \A})r]ote]in MAR

2005 23 It should be noted ere use t'hr oughou he fo

terms: ‘skpuotaticonéMbel prt diRAf-2tpheteil Whichis Jpa&Gficaleindolvear inTHNding ferIP on
cells"; and ot h such "Mdul ation/ Medi ati on" pentioned in the
speC|f|cé¥F%ﬁoﬁF ﬁ@gFé?SHHC?bmeﬁ SEES nduce g inBibHer- wel | as in vivo

treatment and, in addition, also to enconpass inhibition or 5
enhancenent / abBneninatipe as aboseivérraeeid RetH-a ﬂ?I‘QS‘Fmtlh@YFqng of & BARdrisofarnisy,  B)

(SEQ 5D NoHors Jg.%vepmsop 6844 e R%%gatgg&%&eeg BAP-2, the start  and stop

codons being u ned e arrow 1 ndicates e start of the 1.5 Kb cl one

: ? lroltealntrjlgldeoéL ?dly 58q ueetﬁ% i’%g’ grgiﬁp %ﬁ)gﬁ‘%u% B@éelék%ﬂ?g)%g %F%etmlé‘gff’ SiN

stop codemd iBsfboAgs b6l bmﬂlbnﬁiggmeqz@ aﬁs,s&él&ted leBkcts Bp\eﬁleié %d@%ﬂ%eﬂdeé@r nO

aci d sequences of the human (20 and Human shrt) and nurine (ME
full and2Msg@tedsateey orsiﬂlhsei@d rqulsg ccfﬂnlmmng oA BRE 51 pFLR- a{szgcmm)eﬁeon he

publ i she Lgned usi.ng t sof t ware package avail abl e at
t he BCM gggﬁgﬂgﬁﬁc erckn(% C&GS{P l&gu‘gef’ %g?ﬁo@lcﬁ ' Houst on, TX).

Honol,qgous ami no
189 mvn a method as above wherein said RAP-2 protein, isoform, analog, fragment or

derivative capable of enhancing or inhibiting the RIP-associated effect on the inflammation
and cell survival pathway by way of direct or indirect inhibition of NF-kB or direct or indirect

activation of JNK or p38 kinase.

Isolation of the RAP-2 proteins, their identification and characterization may be
I5  carried out by any of the standard screening techniques used for isolating and identifying
protens, for example, the yeast two-hybrid method, affinity chromatography methods, and

any of the other well-known standard procedures used for this purpose.

In yet another aspect of the invention, the RAP-2 protein itself, or an isoform,

fragment or derivative thereof, is used as bait in a yeast two-hybrid screen for proteins

20 binding thereto.

Proteins which bind to RAP-2, isoforms, fragments or derivatives thereof, are also part

of the present invention.

Other aspects and embodiments of the present invention are also provided as arising

from the following detailed description of the invention.



acids are boxed, identical am no acids are gray-shaded. Asterisks in (B)
denote a putative |eucine-zipper (LZ)-like notif in FIP-2. Figurﬁ AR
describes the nol ecul ar characterization of RAP-2. In A Northern bilo 385
hybridi zati on of Human MIN Blot | (C ontech) with a DNA fragnment of RAP-2.
In B RAP-2 binding to RIP is analysed as detailed in Exanple 3. In C

Nl K- RAP-2 interaction was detected as in (B), except that anti-FLAG

anti bodi es were used for Western blotti¥g followed by inmunoprecipitation
with anti-H s6. An arrow marks the position of the i nmunoprecipitated
proteins. 1 1 MAR 2005 24 Figure 5 is a graphic representation of the
massi ve downregul ati on of NF-1<B and c-Jun activation by various stinuli,

by ectopic expkess d b nkﬁﬁ%ﬂe éﬂﬁﬁgT S
wer e transien?Fy%ﬁggﬁsg%ct o ﬁﬁttﬁg&ﬁgpgg?%rt sn# }ﬁ Vﬁﬁ c tfifs
CW- Luc f‘EMOMFatKB(M):diatim GAUA:—KIIC of A Sigamd, (oB)TI\ﬁ%:tffe/catanoatllaSm;isa)ny

wth an 5 e % éictor for the ind categ_lnducer nd either the enpty
vehicl e (%‘8%!\1&%’ 1atign 5 enj lﬂnetdﬁét )CaB‘P“ ey %fﬁ’ioad EhBHAMRESS He
ful'l -1 enggifo Pﬁp\k?ell( RERAPy%0 - rfBhKRd af, US: 'aH‘dltlF)Itf'e bgﬂdr Elconfpald Yiibibn Ofr the
reporter gene luciferase activity is éxpressed |n Rel at1ve  Luciferase

Uni t s X R dnhehoemeRi/augneentatwhows t hat RAP-2 exhibits simlar repressive
behavi or toward NF-KB and 10 c-Jun in a wi de concentration range. TRAF2
was transiently expressed in HEK-293T cells along with the various

indi cated amounts of either pcRAP-2 (sense) or pcRAP-2-a/s (antisense)
const r uct Brieféscpipsio s e FielirdF- KB (A) and c-Jun (B) activation

pH VLTR- Luc and pGAL4-Luc reporter plasm ds were included respectively.
Luci ferase assg ui’\@? éAg%zf(S’EQQ@ R®): 06360k qg@nu&éqtﬁb%@cﬁ&n@e bf‘R@Paﬁrpthg sthrt 19
Figure 7 shows strongly potentiates signal-i1nduced

phosphor wndt&‘tq;mcod@ﬁs beingd wundaslinddo dihe mnberindicatag thei stdrt 3NKe /12 Kb telonatobtamed
IeveI0 ( Tot,al gellular | ysat es of HEK-293T cells, transfected with the
i ndi cat ed e ebEds SR8kt ruct s together mnth ei t her pcDNA3-carri er

denoted in tthflgure b¥3 m_nus _si g -) _
igure 2 (A, B) (SEQ ID NG:2) shows the nucleotide sequence of clone # 41072

(see Example 1), the start and stop codons being underlined;

Figure 3 A (/1, /2) shows the deduced amino acid sequences of the human (20.4 full

and Human shrt) and murine (NEMO full and Mouse part) splice variants of RAP-2 and B

15 (/1,/2) shows the published sequence of FIP-2 aligned using the software package available at
the BCM Search Launcher (Baylor College of Medicine, Houston, TX). Homologous amino
acids are boxed, identical amino acids are gray-shaded. Asterisks in (B) denote a putative

leucine-zipper (LZ)-like motif in FIP-2.

Figure 4 describes the molecular characterization of RAP-2. In A Northern blot

20 hybndization of Human MTN Blot I (Clontech) with a DNA fragment of RAP-2. In B RAP-2
binding to RIP is analysed as detailed in Example 3. In C NIK-RAP-2 interaction was
detected as in (B), except that anti-FLAG antibodies were used for Western blotting followed

by immunoprecipitation with anti-His6. An amow marks the position of the

immunoprecipitated proteins.



Wi th pcRAP-2 denoted in the figure by a plus sign (+), were identified by
Western blot 20 analysis wth anti phospho-Jun anti bodi es as described in
Exanpl e 5. The control nenbrane shown on the |ower panel was re-Ipt M88d205
with anti-total-c-Jun Abs (NEB); (B) Activated JNK1/2 from HEK-293T cells
transfected with either pcDNA3 or pcRAP-2, treated with hrTNFa for

i ncreasing periods of tinme were detected by Western blotting of total

| ysates with Abs to phospho-JNK as detauled in Exanple 5. 11 MAR 2005 25
(C) HEK-293T cells, co-transfected with enpty vector, pcRAP-2 and pcRIP in
various conbinations together with HA-JNK1-expressing plasmd. JNKI was
then imunoprecipitated via its Ntermnal HA-tag and its ability to
phosphoryl ate _ bacter.ially-produced purified GST-Jyn was deter ed. in_ an
in vitro kinadd a'érsfsgys aa’ééléf? 6??%%%?%&&%6 eV AarEedaiyn o F&%

GST-Jun i Nl

conpet e ﬁ{tﬁ%ﬁﬁ@%@?ﬁﬁ@u% for1‘?zrjlzlrnecﬁtd:é;(g!t:l)Eo‘ﬁ %@%ﬁ gaa%‘fi vvtlalr gdﬁ)gﬁgﬁ@%t ed
with the 4.nHEKa1®Ed pallstvedrnsraesietibyr tralsmeeed (wikth dre fepoyedripdasmid (HIVIGERARe 21 ( +) .
Nucl ear repa fr cells 0- i ncubat ed th . the

325. | abel G Vaht G SR d"bﬁ‘-gﬁ ilsin et %.ﬂgaﬁcvwaww 28dqUEHE 88 for
AP- 1( A) Chrxpre%QoxNEedf& {BXne RAAGTHGRECHIELiShe rﬁ?@ chﬂz Q¥DRAB- deRAkHr | Ng
PAGE. Figure 9 shows that RAP-2 affects the T’ ev NF- KB in

HEK- 293 T aderg 1highafigwe) bsa plaamsd envliypg tthafgh leugnhMPﬂr(pv&APébJ makeo phis iof

either nse RAP— anti sense mani uI at i re

ber for od el Cr AR OF BTt RES RS S e IO TER TBES | D
NO 3) showset:heuUpas tR.alupucl eotide sequence of clone #10. 15 Figure 11
shows the functional properties of serial deletions of RAP-2. In A there

is a schematigog &P SREN At RS emslt&eﬁg%gq%ﬁr\égﬁ& wlmbwwa%h\ﬁi LN qof

RAP-2. Al truncatlons share the 1 ntac termnus, while their
C t erl¥i nak-Juenidsa aide dﬁsm@rﬂioedalbge dRdReheas sransidiily cﬁtlpl%bssé\dl i, HEKKIB Taoss!s

TI' P60 bindi ng region is unde ed. Three. hajched es correspo o, the
Ut at i ve TUROIIES e safoyy KU FEolES PRt BT eo o Tr o d e RaF ebefon
of the de{bﬁlsbﬁ)sl%% 2O OBE! FYCsSesHBSA df l?@dKB AR08 NGn IB) 8GhvaN&t PAVILTR-Luc
HEK- 293T cells by RelA, TRAF2 TNF and

and pGAL4-Luc reporter plasmids were included respectively. Luciferase assay was

performed as described for Figure 5 in Example 4.

15 Figure 7 shows that RAP-2 strongly potentiates signal-induced phosphorylation of

c-Jun without interfering with JNK1/2 activation level.

(A) Total cellular lysates of HEK-293T cells, transfected with the indicated expression
constructs together with either pcDNA3-carrier denoted in the figure by a minus sign (-) or
with pcRAP-2 denoted in the figure by a plus sign (+), were identified by Western blot
20 analysis with anti phospho-Jun antibodies as described in Example 5. The control membrane

shown on the lower panel was re-probed with anti-total-c-Jun Abs (NEB);

(B) Activated INK1/2 from HEK-293T cells transfected with either pcDNA3 or pcRAP-2,
treated with hrTNFao for increasing periods of time were detected by Western blotting of total

lysates with Abs to phospho-JNK as detailed in Example 5.



NI K using the HI V-LTR luciferase reporter plasmd for NF-KB. Activation of
the reporter gene luciferase activity is expressed in Relative Luciferase
Units (R L.U). Figure 12: shows mappi ng of RAP-2 functional and i pdiargoygs
regions. (A) Various deletions of RAP-2 were tested for their ability to
bind the indicated proteins 25 within transfected yeast (odd colums) and
manmmal i an HEK- 293T cells (even colums). The I 1 MAR 2005 26 two ri ght nost
col ums show the ability of the sane dégbetions transfected at high amounts
as detailed in exanple 9 into HEK-293T cells, to inhibit NF-i B activation
and potentiate c-Jun hyperphosphorylation (c-Jun) in response to TNF-a
treatnent. Bol dness of the crosses is proportional to the intensity of a

gi ven effect. i.sks indicate that, K the observed ef cts of

Pabel ed. (ostHICLEt Sl oS IR Pt o0 Ve pY ThEAT Aok SeRIP g iFiges

1113) . (Bombuiamehiy abpdihe CRAf reRLBBEINGIPAGsnCablagmtd. onaK 1t hevabi ndeng
(upper part) and func%lonal (botton1ﬁ?rt) regirons of RAP-2 as inferred

from t he idareppaiphsad yyis Showhtermingh) HAaldggrrad ikl oamhtnfhetOerbpmhﬁrylate

backb Th bl e, |
Dk T AR5 LS AL ROREU 1 Lo et pLenRll,

i's esse nf&lr@duufs%erb biSa) ek byt D -0 AIGEN G- Grndib har YRS ranphesRed.y| ation at
ser-63. Western blot is shown in which wt neans wild type, S 148A neans

that the ser %ourlQCBS'shb@QtHa‘e‘M&ﬂ§ doePhacashpud QltHfoakEanaf)@P N g6f Ginding thhe
enpty control vector. 15 Detailled Description of the Invention The present

‘i nventi orPDNXal HE§s293TnNcrneraasfp@cd wnﬂldhmmvlezlateﬁe,gﬁ;t@npcldnemalmle\m|0c togather with
capabl e of he R P rotel d t here of nedi at i r..

ol at | T5RERES | (1 Allert) SiecBe Pieppitg BPmts Getcvat g0 fisePleRy i ghe

i nvol ved 3op.1a0dad alib@ucRotidBdahpAin®fcldsBthianuBidionh sedit@csekdr Apath) and/ or
cell survival athmays as detail ed herein above. Thus P-2 may inhibit 20
Rl P dét i Wk-¥Bi(B)-tReactew prodecis weierdnabyaedaby non-danaiunng|PAdalthway, RAP-2 may
enhance RIP activity in the inflanmation or cell death survival pathway,

or it may enheﬁig;larem fhoactthati R4PiZnaffretsehobatahese fafFwByis MBK12931 mhd bielang
It in the Hs tran51ent1y transfected with variable amount of either RAP-2 (sense) or RAP-2-antisense

(a/s). All manipulations were performed as described for Figure 6 in Example 4.
Figure 10 (A, B) (SEQ ID NO: 3) shows the partial nucleotide sequence of clone #10.

15 Figure 11 shows the functional properties of serial deletions of RAP-2. In A, there is a
schematic representation of the consecutive C-terminal deletions of RAP-2. All truncations
share the intact RAP-2 N-terminus, while their C-terminal ends are designated by arrowheads.
The RIP, NIK, IKKB ans TIP60 binding region is underlined. Three hatched boxes correspond
to the putative leucine-zipper-like motifs. B shows the effect of overexpression of the deletion

20 constructs described in A on NF-xB activation in HEK-293T cells by RelA, TRAF2 TNF and
NIK using the HIV-LTR luciferase reporter plasmid for NF-xB. Activation of the reporter

gene luciferase activity is expressed in Relative Luciferase Units (R.L.U.).
Figure 12: shows mapping of RAP-2 functional and binding regions.

(A) Various deletions of RAP-2 were tested for their ability to bind the indicated proteins

25 within transfected yeast (odd columns) and mammalian HEK-293T cells (even columns). The



More particularly, in accordance with the present invention, a new protein
RAP-2 is provided. RAP-2 has been sequenced and characterlzed andjutmma%m5
found that RAP-2 is a 25 RIP-binding protein having high specificity for
RI P, but does not show binding towards a 1 1 MAR 2005 27 nunber of proteins
knomn to be involved in the intracellular signaling pathways which lead to
i nfl ammation, cell death or to cell survival. RAP-2 al so apparently has
none of the domains comon to proteingéwhich are active in either of these
pat hways, i.e. RAP-2 does not have a “death domain' notif or nodule, it
does not have a kinase notif or domain and it does not 5 have a protease
domain or notif. The RAP-2 sequence determned is also a uni que seguence

et ud g PHE CaRLRARERS Aol GRGRL (DEvae JeIie TeRvered Ach AR ATanS Ag
det ai | ed RROVE id at3I0tiRorBERIBAT ] t@'ullmbt@‘l@l m%éﬂl@'ﬁ%n and p@@hﬁ’d’té c-Jun

applications as noted) RIPis involved in the inflammtion, cell death and
cel | sur iypeiphgsphbmydaponi (etluak él raspamseyto Fl‘éﬁmetreattargul Adldnespof dontiostes G the

t t f R.LP eith |1 th
Dt hiay s PRSI oa{TBENeR o G BRBHBIESS AERESISH HAFHG T TNEGP SR 44T Ghnd
to their (hereatPESshas tc;RM: ds RQeA shmaraloh AreRBS i C@E AR burHB). My play a key
role in determ ning which pathway is activated to a greater extent and this
virt ,L@ Qimdafy B lh@%h%?lreﬁ; n%‘ém%l%‘léc HSEPSl‘%bem%Y&% g)gér;pa&@%%ﬂt%u&?a‘l' ng

_death do ns an elns avi n trvit

Accor di ndbytionp Ip@xtt)etegﬁ),ns Dl RABS ak h&"etRAPferptrhetdelenoxi5nﬂ951§ bigovat @s@nt all gned
i nvention, which can bind speC|f|call to RLP may an i ortant role in

modul at | PRl e REYER bapkhens: tlterfetflw%attt indies P‘Pr“élbé@( QRO AT PAYGEL Fohe of

the one Q%E@%ﬁ%dh?nnﬁﬁﬁﬂ?&ﬁ&%” to the others. Thus, the RAP-2 protein of
the present 1'nvenlion represents an i nportant intracellular si gnal

nodul at or or t .. engt of el t he
prese?t |nven?ﬁ%h%éﬁgh§#Qg$ggkkﬁgq§ ﬁ%gﬁgNSﬁ@%m[ :¥rﬁ§ lﬁ Eé %@1 cHhn
conposed Igpergegusidedatidt ackss3.deri ved from several renDte reglons of t he
“full™ cDNA, apparently resulting fromalternative splicing of the sane
gene. The marAd meeseuBlRNPHIwPf HHRh MMBERARI Pty WeSS 148Ntk idadlad te 8er at
simlar search of the nmouse ESTs collection. Thé partial nurine cDNA was
found t o nositigndf8 aab yeplaged widian alz and sedhrathe empty control vector.

15  Detailed Description of the Invention

The present invention relates, in one aspect, to novel RAP-2 proteins which are
capable of binding to the RIP protein and thereby of mediating or modulating the intracellular
activity of RIP especially where RIP is involved in modulation or mediation of inflammation,
the cell death and/or cell survival pathways as detailed herein above. Thus RAP-2 may inhibit

20 RIP activity in the cell death/inflammation survival pathway, RAP-2 may enhance RIP
activity in the inflammation or cell death survival pathway, or it may enhance RIP activity in

one of these pathways while inhibiting it in the other.

More particularly, in accordance with the present invention, a new protein RAP-2 is
provided. RAP-2 has been sequenced and characterized and it was found that RAP-2 is a

25  RIP-binding protein having high specificity for RIP, but does not show binding towards a



counterpart throughout the coding region. 25 The physi ol ogi cal rel evance of
the RIP-RAP-2 interaction was further confirnmed in transfected HEK-293T
and HeLa cells. However, formation of such a conplex did not result MR MR
2005 28 in RIP enzymatic activity, as evidenced by over-expressed RI P not
phosphoryl ati ng RAP-2. Transfection experinents in manmmal i an HEK- 293T
cells also resulted in stable formation of a RAP-2-N K conpl ex. RAP-2
appears to be a crucial elenent of the;NF- KB and c-Jun signal transduction
5 pathways, as it binds NIK [1KKJ3 and TI P60 (a histone acetyltransferase)
and nodul ates NF-KB and c-Jun dependent transcription. In fact, enhanced
ectopi c expression of RAP-2 |eads to inhibition of the NF-1<B response,

while its depletion fromthe cell, by nmeans of an_ antisense construct,
resul ts iNNERRaHTEEInGKnRENAnEe volyed i Hisgngacelules genalingpathvwiiss which dead deind

act | vi y. "R geh Ge N aPERRE R PP R Bp-p oo MG R O, N
and f unctdoamedn @aireiins vaficRAR-a2tiweine:ithdeof thtdeeshtibyays o @ H-aldockeh@thaona

anal yses. , These sgudi%s have i ndicated that the binding region_fgr Rl P,
NI K and TA#8D demam apesif onanqdyle. flodasa nrf baYh2 Smaromalf g domaidgmddt dpgapIos.

The d%““%%@é%‘é&éﬂ}g%%ﬁl' r""rﬁ&@l‘??fﬁe 't-%tesg%e%e dRAET ZeQWRNE! uMGlEsc B tO

| ocalize to t N-term nal donmain o rotern, enconpassi hg am no
aci ds 1- 264risdsriron ewooparidoe vathmequdRaBs i aappetar of taalmesaincludingabe Geretemt, of
the signagl-attenuation ircuit of the stress-response netwrk; ecto

‘expr essi on'iBtn @ﬁ%%%f?gel- ﬁﬂ&%of}%t GaBREoh . {gEponCaciegtce & ol
expr essi YubREatdAS bﬁcﬁﬁb’i&ﬂ%@ﬁl‘?&'ﬁﬁﬂs gsof{biécr)qgm i€ mwe??gll Eﬂ%%ﬁ%ﬁﬁﬁﬁéﬁ-ceh Reathact,

RAP-2 is also known 1n the inventor's I'ab as RAT s Attenuator), and

may t her efdrcell se@ivaé pitbweyninahsdlutbelyotledca sedrbefioarnd contr AT -BO Sctamiy/od RIB| one
303. [Jhe existence ,of tiple splice variants |ndicates.th t least in
par t 10t he T aTE BT S ot et S gt e RuP PRI PO PPt GfEend
on the prpsemnameods TIF lRIFAs-SRAHERCRR 10 trs (MPITEY, AepLRaasAricul 2. Ribe
protein binding tar%etlng/ transl ocation/ nodification, in a _

may play a key role in determining which pathway is activated to a greater extent and this by

virtue of its being able to bind a number of cytotoxic proteins having death domains and also

a number of proteins having kinase activity. Accordingly, proteins, such as the RAP-2 protein

15 of the present invention, which can bind specifically to RIP may play an important role in
modulating RIP activity and thereby modulating the extent of induction of the one pathway in

comparison to the others. Thus, the RAP-2 protein of the present invention represents an

important intracelfular signal modulator or mediator.

In addition to the RAP-2 full-length protein of the present invention a shorter cDNA

20 was cloned that was found to be composed of sequence “blocks™ derived from several remote
regions of the "full" cDNA, apparently resulting from alternative splicing of the same gene.

The murine counterpart of the human RAP-2 was identified in a similar search of the mouse
ESTs collection. The partial murine ¢cDNA was found to be virtually identical to its human

counterpart throughout the coding region.

25 The physiological relevance of the RIP-RAP-2 interaction was further confirmed in

transfected HEK-293T and Hela cells. However, formation of such a complex did not result



preval ent isoform For instance, if, indeed, binding of RAP-2 to TIP60

all ows nuclear 25 localization of the forner, it could be hypothesized that
variants of RAP-2 with spliced-out nuclear |ocalization signals?({iN#S) 2005
m ght becone defective, or, conversely, overly active in 11 MAR 2005 29
NF- KB/ AP- 1 repression. Sequence anal ysis does show that RAP-2 harbors
several clusters of positively charged amno acids (E, K and R)
characteristic of nost of the known NLSg. RAP-2 binding to RIP has been
mapped to a region of the RAP-2 proteinthat begins between am no acids
177-218 and ends at am no acid 264. The RIP binding domain within 5 RAP-2
did not overlap neither the IKKI3 nor the NIK binding sites. Binding to

TI P60, a nenber of a fam |y of nuclear proteins called histone

acet yl t r aRd¥IBeazuBaticashyieas Fyidenssd bitiovei-expresesd R noh PRsRAMY e firdo2-aci ds

95-264. The regi i lLved. | - di neri zgti -0/ f ound al.l in
bet ween am no ag?%‘gfefﬁég‘?%ﬁ&%gﬁgﬁf ag@ ha%ﬁggggggﬁg%%s#%t ﬁetgi}“%dloﬁj %thlél@
funct i onaforrefitiecifs FAPRARHRcdmpleel y NF-KB 10 inhibition and induction of
c-Jun hyper-phosphoryl ation) map to the same region. The protein encoded by

clone 410, appRAPm hppehisngev bhicRl dlchRAt 8N REQFAD A chel weam @iMsB@tiaai ds
218-309 and ending at amno acid 416 and thus, its binding site may

conprise mlsvdyapps nigbindgyiNKs [WKPhanch&IRihGi hgteetasstyltmmsiRiaee) prk madritesand
TI P60. F hernmore,, it. i s possible that the reqgion suff.icient .for fective
modul at | oFor kv ishiiaBRE Tl dndre. PERARRYL ek SRENRL o KA
'segnment  Otadsh® ipibiiRhbL HORFLEDRPorBRCARNARS QeplBorAffbMGhe ekl hydhesht@f daes
have an effect although it is significantly weaker, as conpared to the one

caused byantigense gepsiiusty psRltpinenbinged i -« ped c-Jwmijansp@iighien-f r om enf or ced
aggregation of the endogenous RAP-2. Mreover, with the exception of Rel A
all effects i nIABEdvian abur frewgetoi petattsate anlupehyRphosiostl attbrpywhish freay =g

i mat el. 0 i nal , agi-no. .aci ds, of. RAP- 2. fact,.
oot LRl 49 RS AP S e i S fie BRut B ONE. e
fairly moglgdial @nd QnditlBalo8Lsinh 8nNRASY R’gé'r@%%én?ﬁe@fby F&%h&elﬂ(‘t}aﬂ datesh ehdget.

requires a much | onger portion of RAP-2. ar we could define the
boundar i eEhast stufics hpeggingisaigil that theabindingaegids for RIP, NIK and TIP60 overlaps and is

found within amino acids 95-264 of RAP-2. The downstream functional effects mediated by
RAP-2 however were found to localize to the N-terminal domain of the protein,

15 encompassing amino acids 1-264.

In view of the above RAP-2 appears to be a crucial element of the signal-attenuation
circuit of the stress-response network: ectopic expression of the sense-encoding construct
inhibits response, while expression of antisense-encoding construct enhances the response. In
fact, RAP-2 is also known in the inventor’s lab as RAT (RIP's Attenuator), and may therefore

20 be herein also denoted as RAT and/or RAT-303 and/or clone 303.

The existence of multiple splice variants indicates that, at least in part, the net effect of
RAP-2 under given conditions is likely to depend on the presence of certain sequence blocks,
which are necessary for the protein binding/ targeting/ translocation/ modification, in a

prevalent isoform. For instance, if, indeed, binding of RAP-2 to TIP60 allows nuclear

D
L

localization of the former, it could be hypothesized that variants of RAP-2 with spliced-out

nuclear localization signals (NLS) might become defective, or, conversely, overly active in



11 MAR 2005 30 1-264 which apparently endows the regi on between am no aci ds
157 and 264 with sonme specific, Rel A-associated, binding properthquAhg

vi ew of the above observations, it appears that: a. Wth the exception PO
RelA, RAP-2 binding to RIP, clone#10 and, nost likely, to NNK and 5

TI P6Care not required for the function of the protein, as inhibitor of
over-expression induced NF-KB. b. The effect of RAP-2 on Rel A

over - expression-induced activation is gpviously nediated, at |east partly
by different binding events. Essential Fy, all of the above-nentioned
proteins may be found to contribute to the given activity, as deduced from
the experinents carried out to 10 date. Due to the unique ability of FAS-R
and the TNF receptors to cause cell death, as well as the ability of the
TNF r ecepilorB/AR | treprggem. Sequcocesamtysisr ddek shae tlda Red-h farhotsi sevdraledysters of
aberration .of the function of se receptors can. be particul a
deIeteri6ﬁ§%¥gyfﬁ@gﬁ$8gﬂpéﬁ¥B(ﬁﬂﬁéﬁﬂﬁgﬁgﬁﬁw@%géé FW@taﬁ QEB?WE' - function
of these receptors have been shown to 15 contribute to the pathol ogi cal

/ ] p |
mani f est at i onS4ot-2\Padieg e RiPskeasheen magped iof 4 ragéprngd] the BiAds2 preagin ﬂ%@é%églﬁ&r t
in the si i : LMLt r I.S: d-f | Rek 1l at e
the | unceieh difhblt 1r-2ls kAR R 3RRhE pEy RATTHL A Bibdlfly Sorhn TRE
t her apeutRARL dappstaretgsnditer thE@SKf dios 82K bihdingisew. of t he suspected

inmportant role of RIP in FAS-R and p55-R toxicity, and hence the suspected

A mportant regdigdigg Yior allR600f 2 RAENEeri Bf RASaRi@NEf Tl rlinsOehlleat heonof
RIP, it seens particularly inportant to design drugs that can bl ock the
cyt ot oxi @c¢thiensferisest appPenthoseph Wity thayegien ishaalkien gmitveadidln ddg4ofhRAP- 2

2P ot 8 SIS LA D058 05, DL TELL 0 DERED, AR 00 PRy

t hose con Ions 1n serv e

Conj unet | on’ wilth BersrBrgtasheseerie At be TRt aliie ol Ry gty Wopke

2005 181 inhibition and induction of c-Jun hyper-phosphorylation) map to the same region.

The protein encoded by clone #10, apparently binds within a region beginning
between amino acids 218-309 and ending at amino acid 416 and thus, its binding site may

comprise overlapping regions with the binding sites for RIP, NIK, IKKf and TIP60.

Furthermore, it is possible that the region sufficient for effective modulation of

15 signaling by all inducers localizes to the N-terminal segment of the protein.

The region encompassed by amino acids 95-416 does have an effect although it is
significantly weaker, as compared to the one caused by the full-length protein and, thus, may

resutt from enforced aggregation of the endogenous RAP-2.

Moreover, with the exception of RelA, all effects induced in our experiments can be
20  mediated by as few as approximately 100 N-terminal amino acids of RAP-2. In fact even the

fragment encompassing amino acids 1-102 mediates a distinct effect, albeit fairly moderate.

On the other hand, suppression of RelA-mediated effect requires a much longer

portion of RAP-2. So far we could define the boundaries of this region within amino acids



Likewse, it is also known (see above) that FAS-R and p55-R are invol ved in
the activation of NF-KB and thereby of cell survival. Accordingl W@ﬁn

is desired to kill cells, for exanple cancer cells, HIV-|nfected cbl P
the like, it would be desirable to enhance the cytotoxic effects of FAS-R
and p55-R (and their associated proteins such as, for exanple, 5 MART-1,
MACH, Mch4, Gl, TRADD), while at the sane tinme to inhibit their ability to
i nduce NF-KB. Hence, when the RAP-2 interaction or binding to RIP results
in an augmentation of RIP's possible role in enhancing NF-KB induction
(possibly via TRAF2 and possibly via the kinase domain and/or internedi ate
domain of RIP), then it would be desirable to block this interaction

bet ween Rl P t ibit, or at least to prevent 10_a ation,
of NF- KBFngé‘ﬁz \@tq oFPPAFFEL VW@Q%‘B%/ ﬂwegtont hevisan anere aidsTiL apd 2%5’ some

FAS- 11 gandsdinduced_ £l cﬁﬁ&ﬁbﬁﬁn% of cell cytotoxicity to uItlnater
provi de for increase imlarly, in the opposite situation (to

that noted ab M@@ P actual ly causes inhibition
of FAS-R and qég '$?ann§fégﬂvgumgyF%F§§Fc effects and it is 15 desired

to block t e.cyt ot C var.io a Di

di seases * gﬁﬁj §X?‘? 18“\%2\:3[%4 %@P @}gg%n%kﬂ rm% sm%td E‘F‘Eu
| mpor tsantTIPe) SRS c8Redird@orhd fhctinPst de %&h@ﬁ% 1§1Hi%1tbrn6f5{fv%%k;9€'ss%tm@1%d
RAP-2 and RIP to enhance the overall inhibition of cell death and shift

‘the bal andexBowards cell survival. It also follows in Ilght of the above
that in the event that RAP-2's interaction with RIP causes an inhibition
in R P s bt dhetffeet of mzmgmmomgemsmnanﬂmoearab@mion eesbwhely wedikted, at
survival |is de ired g% IS necessary to bhock t |nteract|§P bet ween

RAP- 2 and®& P Héwedd ERhRIALNE §VRtp sseptiatly; 4y of ﬁlieah@,\f?erﬁfn?twge prQkgins may
activati oR.fohfl ¥ EMtGhutehd efgildiea Rl Y efE 'u@éllef?%m athe @fﬂe?ffr?eln%sh@atmﬂ fuhgs a

key role in the bal ance betveen |nduct|on tio | ammat i on,
cel | l§eatdateor cel|l survival pathways and 25 hence RAP-2 has an equally
inportant role by being a nodulator of RIP. Influencing the RAP-2-RIP
i nteraction/ bilhei toghe usigagabiktyi dFHABRUGE th TNFaatdpent & assaadledbadhay evelind

bel ow 11 a%ﬁe Eﬂnhty of the TNF receptors to trigger various other tissue-damaging activities,
aberration of the function of these receptors can be particularly deleterious to the organism.
Indeed, both excessive and deficient function of these receptors have been shown to
15 contribute to the pathological manifestations of various diseases. Identifying molecules that
take part in the signaling activity of these receptors, and finding ways to modulate the
function of these molecules, constitutes a potential clue for new therapeutical approaches to
these diseases. In view of the suspected important role of RIP in FAS-R and p55-R toxicity,
and hence the suspected important regulatory role of RAP-2 in FAS-R and TNF via
20 modulation of RIP, it seems particularly important to design drugs that can block the
cytotoxic function of RIP, possibly by way of blocking the binding of RAP-2 to RIP or
otherwise inhibiting the interaction between RAP-2 and RIP under those conditions in which

RAP-2 serves to enhance RIP-mediated cytotoxicity (as noted above RIP is cytotoxic on its

own and in conjunction with other proteins that have death domain regions).



Wi ll possibly allow for a shift in the intracellular signaling pathways
fromcell death to cell survival or vice versa as is desired. The present
i nvention al so concerns the DNA sequence encodi ng a RAP-2 protei n fafdMAR ppes
RAP- 2 proteins encoded by the DNA sequences. 5 Moreover, the present
invention further concerns the DNA sequences encoding biologically active
anal ogs, fragnents and derivatives of the RAP-2 protein, and the anal ogs,
fragments and derivatives encoded thergby. The preparation of such anal ogs,
fragnents and derivatives is by standard procedure (see for exanple,
Sanbrook et al., 1989) in which in the DNA sequences encoding the RAP-2
protein, one or nore codons nmay be del eted, added or 10 substituted by

anot her, to yield anal ogs having at | east one am no acid residue change
with respect lilewibg ihat alve kppot dise. atidive) Het dRER ﬂ&ﬂp%e&wemdm@l\@ﬂ inktbe

i nvention whic rotein, of or.m an t

derivati \?gmft'ﬁaroz[llﬁo%gla%%eﬁ?ﬁy&&éﬂ swyival ‘g ?fﬁﬁ’n‘f’ gfsrf{ffs”&ﬂ@gﬂltl Co% DA
sequenceSoCaRaplEcbedtiens, 'I@I'Vzln'f'&té@‘ dells an@ NG e VRARELL@LIMAE 1 EdahdeGe 15
coding region of a native RAP-2 protein, in which such hybridization is

per f or nedyiptntes effpggof At - agrﬂrnbnd?erﬁand:dwdl assfam@;d arudeinh sush a‘sylﬁm e, e

ybr | i 2B B chua cbaraMett CharRar PRk Bigk Bat G Rar PR eoiy

rel ati veliyduet gRFh@TOHERK, t0hdnh e RAPLE RAPacticR DHA b'iﬁﬁhl%%emfaﬁésu&@ ﬁluahl
represent RAP-2-1like sequences which may be, for exa nat ur al | )égderl ved

20 sequerdgBeEAtEdehRIR heossdls wlsinpabaxing Wmdugmom@pwldy [wa BR&
sequence%ogsnlg:lgq 4¥fe Pna% (%1‘{1 1 g&/ i ﬁke?ngleél%%eaqs%ﬁougf }ngr)Sﬁ\%I} 1% \A{%E:Fbes&gﬂgﬁges

n
encodi ng-a tein e ac 1 VI ese sequences

may al so,to flﬂbcle)tmﬁpir@era¢tm| Yeto/cBOMR ARDURAA | RITOGE Uinhlgk, orSHNBet it6apreyent
produced sequences, that are simlar to the native RAP-2 eDNA sequence but
i ncorlfor aArementaifberc! oNFiEBi Peidvateni Bnéatheehy, Bifeh they nbakace ¢ o§edibnc &8

theref OV%AS"géagl%né’ﬁéed%?fe&fs fté %ﬁﬁ?@s&gﬂl%ﬁ?% Al ey 1§m§t%ﬁ) 8y %rgﬁcgre%sfed

fragments an rivatrves o have the”acti vi
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Similarly, in the opposite situation (to that noted above) where RAP-2’s binding to

RIP actually causes inhibition of FAS-R and p55-R inflammatory or cytotoxic effects and it is

15 desired to block these cytotoxic effects, e.g. in inflammation, various autoimmune diseases
and the like where increased cell survival is sought, then it is important to design drugs which
would enhance the interaction between RAP-2 and RIP to enhance the overall inhibition of

cell death and shift the balance towards cell survival. It also follows in light of the above that

in the event that RAP-2’s interaction with RIP causes an inhibition in RIP’s function in

20 augmenting NF-xB activation, then when cell survival is desired, it is necessary to block this
interaction between RAP-2 and RIP thereby enhancing RIP’s activity in augmenting NF-«xB

activation.

In view of all of the aforementioned, it arises that RIP has a key role in the balance

between induction or mediation of inflammation, cell death or cell survival pathways and

[Re]
wn

hence RAP-2 has an equally important role by being a modulator of RIP. Influencing the

RAP-2-RIP interaction/binding using various drugs or treatments as noted above and below



To obtain the various above noted naturally occuring RAP-2-1ike sequences,
standard procedures of screening and isolation of naturally-derived DNA or
RNA sanpl es from various tissues may be enpl oyed using the naturgl RAP-2
cDNA or portion thereof as probe (see for exanple standard procegu1é@R§@m
forth in Sanbrook et al., 1989). 5 Likew se, to prepare the above noted
various synthetic RAP-2-1ike sequences encoding anal ogs, fragnents or
derivatives of RAP-2, a nunber of standard procedures nmay be used as are
detail ed herein bel ow concerning the preparation of such anal ogs, fragnents
and derivatives. A polypeptide or protein "substantially corresponding” to
RAP-2 protein includes not 10 only RAP-2 protein but also pol ypeptides or
proteins that are anal ogs of RAP-2. Anal ogs that substantiallﬁ correspond

t o RAP- 2 WHdrossihlyad ko vt fissesid iy Brepiniraredlulan signplizhpahwaxsr frerpcell degthdo gelld of
t he RAP- ok el 1 No..aci.d sequence has been replaced w th another

anm no ac%ﬂsﬂﬁgﬁ£?ggvggéf%Fcgﬁggfted, provided that the resulting protein
exhibits substantially the same or higher biological activyity,.as the RAP-2
oot n t o i i Artsenivitiop sl gnaterny B S s rete e iRt p RAR 2 St BSntng
to RAP- 2 tpd RWPLDprotddes GRADLES, th@DNl@seﬁ?Qﬁt%Q.Ce of RAP-2 proteins, such as
isofornms are generally relati'vely mnor. Although the nunber of changes
my bg more URaBobfh. B SELAPIN AR Fulf. ABIRE Gnl NBUA! E0,ERR00ER B! ©
preferably no nore than five, and host preferably no nore an three stich
changes. bifibgiealROacivy ahgloly)ifggmentannd detirgaides of fhie A Patpesttinabidythe analogs,
"biologically active, proteins iich substantiall correspond to RAP-2

prot ei ns, TAHENE AP dEBYARY &@cc\r&d Ehracts oot PiEBHAMN POTE AP &Y EH8TIea!s and

t echni queR PRVl & %m%&@g}oegdlﬁége@’f t%%}ﬁ'lglljeg QsibidoRG+t b 1@8%)9?{’( which in the

nodi fications. The ‘protein expr esse h clones can then be screened
for thei rDIdAIseqignctoermiodohgttbe RAP-2Apobidio, oneded mbe coRbi mey bwidelgtednadded or

nodul ati on/ nedi ati on of the. intracell ul ar pat hways noted, aboye. 11 MAR 2005
34 " s SPRHTTEE Y cage 40 il aSes kaigesicanioah JHEM BRI BE LEBRETAA to

change t Respe@Qhinhd daivehrdilig. pProtein and are usually the first to be
screened as these woul d not be expected

Of the above DNA sequences of the invention which encode a RAP-2 protein,
isoform, analog, fragment or derivative, there is also included, as an embodiment of the
invention, DNA sequences capable of hybridizing with a ¢cDNA sequence derived from the

15 coding region of a native RAP-2 protein, in which such hybridization is performed under
moderately stringent conditions, and which hybridizable DNA sequences encode a
biologically active RAP-2 protein. These hybridizable DNA sequences therefore include
DNA sequences which have a relatively high homology to the native RAP-2 ¢cDNA sequence
and as such represent RAP-2-like sequences which may be, for example, naturally-derived

20 sequences encoding the various RAP-2 isoforms, or naturally-occuring sequences encoding
prote;ns belonging to a group of RAP-2-like sequences encoding a protein having the activity
of RAP-2. Further, these sequences may also, for example, include non-naturally occuring,
synthetically produced sequences, that are similar to the native RAP-2 cDNA sequence but
incorporate a number of desired modifications. Such synthetic sequences therefore include all

25  of'the possible sequences encoding analogs, fragments and derivatives of RAP-2, all of which

have the activity of RAP-2,



to substantially change the size, charge or configuration of the protein
and thus woul d not be expected to change the biol ogical properties
thereof . 5 Conservative substitutions of RAP-2 proteins include an &WBI%@
wherein at | east one amno acid residue in the pol ypeptide has been
conservatively replaced by a different amno acid. Such substitutions
preferably are made in accordance with the following list as presented in
Tabl e I A, which substitutions nay be dggerm ned by routine experinentation
to provide nodified structural and functional properties of a synthesized
pol ypeptide nolecule 10 while maintaining the biological activity
characteristic of RAP-2 protein. 15 20 11 MAR 2005 35 Table A Oiginal
Exenpl ary Resljd e Substitution Ala @y;Ser 5 ArgRA p Lys dn;Hs
G u Cys Ser R oHN the varipus @)@,ve nqted mqtlérally occuring RAP-2- 11ke sequences standard

procedures of screening and isolation of naturally-derived DNA or RNA samples from
various tissues may be employed using the natural RAP-2 cDNA or portion thereof as probe

(see for example standard procedures set forth in Sambrook et al., 1989).

5 Likewise, to prepare the above noted various synthetic RAP-2-like sequences
encoding analogs, fragments or derivatives of RAP-2, a pumber of standard procedures may
be used as are detailed herein below concemning the preparation of such analogs, fragments

and derivatives.

A polypeptide or protein "substantially corresponding” to RAP-2 protein includes not
10 only RAP-2 protein but also polypeptides or proteins that are analogs of RAP-2.

Analogs that substantially correspond to RAP-2 protein are those polypeptides in
which one or more amino acid of the RAP-2 protein's amino acid sequence has been replaced
with another amino acid, deleted and/or inserted, provided that the resulting protein exhibits
substantially the same or higher biological activity as the RAP-2 protein to which it

15 corresponds.

In order to substantially correspond to RAP-2 protein, the changes in the sequence of

RAP-2 proteins, such as isoforms are generally relatively minor. Although the number of
changes may be more than ten, preferably there are no more than ten changes, more
preferably no more than five, and most preferably no more than three such changes. While

20 any technique can be used to find potentially biologically active proteins which substantially
correspond to RAP-2 proteins, one such technique is the use of conventional mutagenesis
techniques on the DNA encoding the protein, resulting in a few modifications. The proteins
expressed by such clones can then be screened for their ability to bind to RIP and to modulate

RIP activity in modulation/mediation of the intracellular pathways noted above.



Leu 15 Lys Met Phe Asp Ala;Pro Asn; d n Leu; Val | 1e; Val Arg; dn;

Au Leu; Tyr;lle Met ; Leu; Tyr Ser Thr Thr Ser 20 Trp Tyr Tyr T[ip; Phe 1 1
MAR 2005 36 Val |le:Leu Alternatively, another group of substituti ondABf200s

RAP-2 protein are those in which at |east one amno acid residue in the
pol ypepti de has been renoved and a different residue inserted in its place
according to the follow ng Table I B. The types of substitutions which 5 may
be made in the polypeptide nmay be based,on analysis of the frequencies of
am no acid changes between a honol ogous protein of different species, such
as those presented in Table 1-2 of Schulz et al., GE. , Principles of
Protein Structure Springer-Verlag, New York, NY, 1798, and Figs. 3-9 of
Creighton, T.E., Proteins: Structure and Ml ecul ar Properties, WH.

Freeman & Co. ,"(SaserFatayel ichanges @A the8ThaBas edidnveuwd hotdre expedtgdioshange the

al ternatiyve .conservati.ve
acgwf’y geits protein and are usually the first to be screened as these would not be expected
to substantially change the size, charge or configuration of the protein and thus would not be

expected to change the biological properties thereof.

5 Conservative substitutions of RAP-2 proteins include an analog wherein at least one
amino acid residue in the polypeptide has been conservatively replaced by a different amino
acid. Such substitutions preferably are made in accordance with the following list as
presented in Table 1A, which substitutions may be determined by routine experimentation to
provide modified structural and functional properties of a synthesized polypeptide molecule

10 while maintaining the biological activity characteristic of RAP-2 protein.

15

20



10 substitutions are defined herein as exchanges within one of the
followng five groups: TABLE IB 1. Small aliphatic, nonpolar or slightly
pol ar residues: Ala, Ser, Thr (Pro, Gy); 15 2. Polar negatively ghangedys
residues and their am des: Asp, Asn, Qu, G@n; 3. Polar, positively charged
residues: H's, Arg, Lys; 4. Large aliphatic nonpolar residues: Met, Leu,
lie, Val (Cys); and 20 5. Large aromatic residues: Phe. Tyr, Trp. The three
am no acid residues in parentheses abovg have special roles in protein
architecture. Gy is the only residue l-acking any side chain and thus
inparts flexibility to the 11 MAR 2005 37 chain. This however tends to
pronote the formation of secondary structure other than a-helical. Pro,
because of its unusual geonetry, tightly constrains the chain and generally
tends to pronote I3-turn-like strucshiedés, although in some cases Cys can be
capable of participating in disulfide bond formation which is inportant in
protein folding. Note thatigipalSchul z et @xempipra, would nmerge G oups | and
2, above. Note also that Tyr, because of its hydrogen bondi ng potential,
has significant kinship méstdneSer, and TRypho8h§on Conservative ani no acid
substitutions according to the present invention, e.g., as presented
above, are known in the gt and woul d bQﬂfﬁgpcted to mai ntain biological
and structural properties of the polypeptide after am no acid

substiq ution. Most deley&gps and 30 substjtutions according to the present
invention are those whi ch®o not produc P adi cal changes in the
characteristics of the protein or polypeptide nolecule. "Characteristics"”
is defined in a non-ind%ﬂ%ive manner t o @eff ne both changes in secondary
structure, e.g. a-helix  or 13-sheet, as well as changes in biol ogical
activity, e.g., binding 4% R P and/or médiation of RIP's effect on cel
deat h. 15 Exanpl es of production of am no acid substitutions in proteins

whi ch can be used for Cys Ser

Gln Asn

10 Glu Asp
Gly Ala;Pro
His Asn;Gln
Ile Leu:;Val
Leu lle;Val

15 Lys Arg;Gln;Glu
Met Leu;Tyr;lle
Phe Met;Leu;Tyr
Ser Thr
Thr Ser

20 Trp Tyr

Tyr Trp;Phe



obt ai ni ng anal ogs of RAP-2 proteins for use in the present invention

i ncl ude any known nethod steps, such as presented in U S. patent RE
33,653, 4,959,314, 4,588,585 and 4,737,462, to Mark et al.; 5,116, g4 YAR 2005
Koths et al., 4,965,195 to Nanen et aI.; 4,879,111 to Chong et al.; and
5,017,691 to Lee et al.; and lysine substituted proteins presented in U S
20 patent No. 4,904,584 (Shaw et al.). Besides conservative substitutions
di scussed above which woul d not signifizantly change the activity of RAP-2
protein, either conservative substitutions or |ess conservative and nore
random changes, which lead to an increase in biological activity of the
anal ogs of RAP-2 proteins, are intended to be within the scope of the

i nvention. 25 Wen the &X ct effect of the substitution or deletion is to
be confirnmed, one skilled"i the art wiFil€lppreci ate that the effect of

t he substltutlon(s) deletlon(s) etc., will be evaluated 11 MAR 2005 38 by
routine bi ndi riyteapdiivels Pnﬁéﬁt&fo%géwﬂlg@p@%ﬁf Ré\Pud prideis wehihase tranligh dit t est
does not r t e table RAP- 2. an t hose
wni oh r et SR EE Y S R g B R ol b A U ReT ey b

not ed abouama@dm ak @letchacaﬂﬂungltb yheofoliRlvthd flTaH)lBQBI nIHeat\ﬁfI(ﬁésl off absiratibhwayBicas 5
not ed _above. au ch_a way, anpal ogs can be produced ich have a so-called

domi nant fﬂ"’evg%ﬁ mgge &y ?héd%olb'ma%%q Way B basps) gyanahysehol the dispeencios ©f @mineacid n

bi ndi ng t he@l i |

-such blgnd@ﬁ@eggﬁ%heeg%aqo%@@?gyﬁ@%\elag ggﬁﬁr%? 58 %Ci% % a@%ég‘é élslgltlt% tl Iﬁe egf ect
of RIP, dr2 toﬁ Schddi lek tl. t GE. hﬁaﬂé@lemdﬁérmn(miurcm Spﬁngelﬁd.ldﬂegtl)leweﬁre;:NYQf

Rl P, dep %d]o]g‘v\/gjfg Ié ese |V|t|eS|sthemaor one. nodul at ed by
the 10 | e 8S-of 7 RAP-19i28i08: R ?@é%n%tﬁéwsure arfi Mdgaulas Prapreesa fatbgs
conpet | ng:rt‘!\'!lﬁzl?l &he., S&ﬁtpﬂérﬁliscw}'\a%?r 9&8%’&9 dﬁ a0 1§Agltérﬁﬁlxg%'aﬁ§e'r&fulvgvel
t hese anal ogs are generally prepared y Sit Ir ed Pl t agenesi s

nucl d8t i gubstitytionkereDifinedbodinrg et(ct’rangek%ﬂnprooe ef uhf: folheviapfivpeadpsi ng DNA

encodi ng the analog, and thereafter synthesizing the DNA and expressing

t he pol ypeptide in reconbinant 15 cell culture. The anal ogs typically
exhi bit the sane or increased qualitative biological activity

TABLE 1B
1. Small aliphatic, nonpolar or slightly polar residues: Ala, Ser, Thr (Pro, Gly);
15 2. Polar negatively charged residues and their amides: Asp, Asn, Glu, Gln;
3. Polar, positively charged residues:
His, Arg, Lys;
4. Large aliphatic nonpolar residues:

Met, Leu, lle, Val (Cys); and

20 5. Large aromatic residues: Phe, Tyr, Trp.

The three amino acid residues in parentheses above have special roles in protein

architecture. Gly is the only residue lacking any side chain and thus imparts flexibility to the



as the naturally occurring protein, Ausubel et al., Current Protocols in
Mol ecul ar Bi ol ogy, G eene Publi catl ons and Wley Interscience, New York,
NY, 1987-1995; Sanbrook et al. Mol ecul ar Cl oning: A Laboratory MR ,20[15
Col d Spring Harbor Laboratory, CoI d Spring Harbor, NY, 1989. 20
Preparation of a RAP-2 protein in accordance her evvith, or an alternative
nucl eoti de sequence encodi ng the sane pol ypeptide but differing fromthe
natural sequence due to changes perm tted by the known degeneracy of the
genetic code, can be achieved by site-specific nmutagenesis of DNA that
encodes an earlier prepared analog or a native version of a RAP-2 protein.
Site-specific nmutagenesis allows the production of anal ogs through the 25
use of specific oligonucleotide sequences that encode the DNA sequence of

t he desi robatn. nilihiat howgveasenel o pomates tef faimatitn rmtﬁrmamdafry stdjcacentther than
nucleotldagée toc%rogi de a {)l’l mer sequence 1 1 MAR 2005 ﬁf suffici eﬂ

si ze and 286N RGeS Pt YIS UBusHgh H‘F‘H“fgfyama@ﬂ&?ﬁ{l%’i? ’Hnt b5EH Sl EEngrllY he
del et i on ymch ,l%nte)@e Mhubd- AELEEuredYRGREL Vin Sl balet ®fs RO AAHO ofS
nucl eotides in Is preferred, wth~about 5 to 10 "‘conpl enenti ng

nucl eot i d}@mcqmtlegoﬂn muﬁmmbondhﬁ)rmamjewh&hnelmmortaittxer}:ectcml fmlcgngleﬁ\halt@ thahe
technl gfl site- suBecifi nmut agenesi vveII kn wn in th?F art i‘-‘:
exempPi f RSEUBY! Bt PEn o MEHE RSPl &P lote plep that {5 b(e‘i%%.f Fhe
di scl osungdRfzen Whdiiy b&eﬁtmma@g@aﬁf%tmsﬁwww sexeﬁf%{ ERCEc. AS Wil be
appreci ated, the site-specific nutagenesis techni'que typically enploys a
prage vect o AL EXIR SnlrB ROl RufkeRliGL SBhuandR0 A daNbh &aR A0dods
form Typical vectors usefu S|te i rected*mut agenesi s |nc ectors
such as tphneseht® apbegere knowexarrbd: art a8l Wouldi l&ch;q&et&dhy Masmimbiosdgicl .and

Third C eveland S 0 cul es and Reconbin r A
Wl t on, f&%ﬁaﬁrprgpgﬁﬁeﬁ %gﬁgat}gn ?ﬁ% Ynige | G FePsHItgR; ﬁﬁwt%ﬂom 'and

i ncorjpor %ﬁ@s‘i‘ﬁﬁlﬁfn@'d&c@rﬁlﬂge{oe E}%nﬁl%sen]_hﬁ@é?ltleﬁaﬁ? fH5€ HARA do ndY pidaakd @adlcal
commercially and their “use 1s generally wel nown to those skilled in the
art. Al t ehirges velthe cdragenisiicy ef thor protdimtor p@@megnde aloiﬂcnkgl e"@taw;rcmlsdcthage

ori 0 n of,epl hoation (Yelre et sl o et Enzyrol /13213, 1 1987 ey be

or [I-sheet, as well as changes in biological activity, e.g., binding to RIP and/or mediation of

RIP’s effect on cell death.

15 Examples of production of amino acid substitutions in proteins which can be used for
obtaining analogs of RAP-2 proteins for use in the present invention include any known
method steps, such as presented in U.S. patent RE 33,653, 4,959,314, 4,588,585 and
4,737,462, to Mark et al.; 5,116,943 to Koths et al., 4,965,195 to Namen et al.; 4,879,111 to
Chong et al.; and 5,017,691 to Lee et al.; and lysine substituted proteins presented in U.S.

20 patent No. 4,904,584 (Shaw et al.).

Besides conservative substitutions discussed above which would not significantly
change the activity of RAP-2 protein, either conservative substitutions or less conservative
and more random changes, which lead to an increase in biological activity of the analogs of

RAP-2 proteins, are intended to be within the scope of the invention.

25 When the exact effect of the substitution or deletion is to be confirmed, one skilled in

the art will appreciate that the effect of the substitution(s), deletion(s), etc., will be evaluated



In general, site-directed nutagenesis in accordance herewith is perforned
by first obtaining a single-stranded vector that includes within its
sequence a DNA sequence that encodes the relevant polypeptide. A T MAR 2005
ol i gonucl eoti de prinmer bearing the desired nutated sequence is prepared
synthetically by automated DNA/ ol i gonucl eotide synthesis. This primer 20 is
then annealed with the single-stranded protein-sequence-containing vector,
and subjected to DNA-polynerizing enzyjres such as E. coli polynerase |

Kl enow fragnent, to conplete the synthesis of the nutation-bearing strand.
Thus, a nutated sequence and the second strand bears the desired nutation.
Thi s heterodupl ex vector is then used to transform appropriate cells, such
as E. coli JMLOL cells, and clones are selected that include reconbi nant
vectors BRbrasaeitigdihgenduweitddihs egugncecreniagasimnduch k. dtadddiRl 28030&40néf t er
such a clone is selected, the nutated RAP-2 protein sequence may be renoved
and pIaceWVWHe&Wi§§HP@WPP§@@MVeCtor, generally a transfer or expression
vector of the type that nmy be enployed for transfection of an appropriate
host . Accor di ndytsgptaglenRABr2 maddesiate hobadwhishadiaingtfleast the RaprbRlity 0dbEidmaEn

I be d 5 obt ai d/ di fied, i ' ' | [
vivo, by Cho e RobeDifo B e TR+ b s Klp Ve Mienrghudte Byl g

and chem gatd odbogeinug! eedn de wynt Beséd. BERbal hweced! avhiéhehadphi to-eallddon

(i ncrease in nunber) of specific DNA sequences by repeated DNA pol ynerase
r eact i onsdomiRpyY-neaaiete iect aamply. g arpleswhichepefedtivsrritheion tundrg WRIPapr it hat
s  requi i : ] ei c_ac sequenc r rry
out pore S eesp i aR R B et el A Pl B B R ot R BB B
i nt er est . exbhplgnd Eibit ake effb o RIPNSr &d @chibly tRUNOES eeiubiNA (Eiradt e sindirect)
Because priner% can be designed to hﬁfridize_to,any part of theggene,
condi t i on¥fChR! BeP c feppndmeson Whidhae! thesmastonées isnthe gRHPE A Mdylatsdsty the

pai ri c 68 ApE ificati e | e LONS;t

| ead pg tﬁ@“@%ﬁ@ﬁtsusp%gFmgﬁﬁgﬁgﬁéﬂ%?ggf%@dﬁghﬁffggﬁ?@?ﬁg gﬁ&%%gggé&gﬁgiion
of a peptna@alWRAR-TewbprdopentiIles (i.e., site 15 directed nutagenesis). See
al so, e.g., Ausubel, supra, Ch. 16. Also, by coupling conplenentary DNA

(cDNA) synt hesAsthe gghdtd [E@IEHER dnbRBS Gl dehasBy pwphitd RSRite RiMActe@ mukgzenesis
of nucleotides in the DNA encoding the RAP-2 protein, thereby producing DNA encoding the
analog, and thereafter synthesizing the DNA and expressing the polypeptide in recombinant

15 cell culture. The analogs typically exhibit the same or increased qualitative biological activity
as the naturally occurring protein, Ausubel et al., Current Protocols in Molecular Biology,
Greene Publications and Wiley Interscience, New York, NY, 1987-1995; Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY, 1989.

20 Preparation of a RAP-2 protein in accordance herewith, or an alternative nucleotide
sequence encoding the same polypeptide but differing from the natural sequence due to
changes permitted by the known degeneracy of the genetic code, can be achieved by
site-specific mutagenesis of DNA that encodes an earlier prepared analog or a native version
of a RAP-2 protein. Site-specific mutagenesis allows the production of analogs through the

25 use of specific oligonucleotide sequences that encode the DNA sequence of the desired

mutation, as well as a sufficient number of adjacent nucleotides, to provide a primer sequence



used as the starting material for the synthesis of the extracellular domain
of a prolactin receptor without cloning. Furthernore, PCR priners be
designed to incorporate new restriction sites or other 20 featu?ejsi@gczﬁﬂ%s
term nation codons at the ends of the gene segnent to be anplified. This

pl acement of restriction sites at the 5 and 3' ends of the anplified gene
sequence allows for gene segnents encodi ng RAP-2 protein or a fragnent
thereof to be customdesigned for |[|igghion other sequences and/or cloning
sites in vectors. PCR and ot her nethods—of anplification of RNA and/or DNA
are well known in the 25 art and can be used according to the present

i nvention w thout undue experinentation, based on the teaching and gui dance
presented herein. Known nmethods of DNA or RNA 11 MAR 2005 41 anplification
i ncl ude, duuffamant sote dridnrbdqaendeocqraplynir as Eormhai smbie doplen mn( RER)sidendfribt at ed
anplificatjon processes (see, ., U.S. patent Nos. 4,683,195, 4,683,202,
2 B0, 160 0n Gt eing gvEe. dJkcaly, & prpneon 508 Hhid 2 SisicoRdes dotbor
et al.; 3 %&?@rl@a,:;wﬁf’?alljdu"t”ssté 10%01%?!%nﬁ§f}né Rudlldi$000 L ach side of 1R3Lqihle bAng
Innis; 5,066,584 to Gyllensten et al.; 4,889,818 to 5 Gelfand et al.;

4, 994, 37@ltersd Silnvgsnerel, tht techiqu66f 0BF-speoifBi smagenedisesBydBindve: R thgairtd;as and

Innis. et _al...eds., PCR.Protocols; A Guide t th R | Lcations). and
R e e BRPERG R prBlReas arirchs At s DALE ZRA A58HNER: gighnte's
sequence \asclaistigisphrited hokidulkgencet randed DNA synthesis (U S. patent No.
5,130,238 to Malek et al., wi'th the tradenane NASBA); and inmuno-PCR which

“conbi nes the e 0} qf | ¥ i j : - ,cka et
o e ence 280 LbP P RBERIea N AL R dRlc At b Bl ey CHE,
al ., Bi otpbegmiaptresh®: ekBTSin( 4@ b)singld-kieanded and dowlni¢-emirgled formhilypigehtemntrs and
ref erence . enti.rely incorporated herein by reference. In_an anal ogous

F 2h on. 8] 5T EA Tl P OEErEr A GO 10 RAP DALt AL dor PHOGE ot

any afp t escRAR: ZbyorMb;I,s?n]%%gf ar ”ﬁ%irﬂatla%laﬁﬂeﬂgﬁqﬁgsi%% RAt &gk ARV EcMst Bind

respect to the anal ogs I5 of RAP-?2 protelns. table fragnents of RAP-2
pr ot ei ns RacembinerdMAL ERiteret aiValioh &ElRaier, A metapiaii (1P$ 1), tiedisstvisetde of awhich is

modul at e i8&’0I'I:Jrrt}%eclitlegl thgreEnhgy l%ﬁlt elleggé. Cﬂes@% !':Lé/el etn% r(e)e]:diﬁl a%aﬁeliblg tcgglrmepcﬁﬁfyeénr}istheir
use is generally well known to those skilled in the art. Alternatively, plasmid vectors that
contain a single-stranded phage origin of replication (Veira et al., Meth. Enzymol. 153:3,

15 1987) may be employed to obtain single-stranded DNA..

In general, site-directed mutagenesis in accordance herewith is performed by first
obtaining a single-stranded vector that includes within its sequence a DNA sequence that
encodes the relevant polypeptide. An oligonucleotide primer bearing the desired mutated
sequence is prepared synthetically by automated DNA/oligonucleotide synthesis. This primer

20 1s then annealed with the single-stranded protein-sequence-containing vector, and subjected to
DNA-polymerizing enzymes such as E. coli polymerase I Klenow fragment, to complete the
synthesis of the mutation-bearing strand. Thus, a mutated sequence and the second strand
bears the desired mutation. This heteroduplex vector is then used to transform appropriate

cells, such as E. coli JIM101 cells, and clones are selected that include recombinant vectors

25  bearing the mutated sequence arrangement.



associated with RIP directly or indirectly. Accordingly, RAP-2 protein
fragnents can be prepared which have a dom nant-negative or a

dom nant -positive effect as noted above with respect to the anahongRI@%
shoul d be noted that these fragnments represent a special class of the 2
anal ogs of the invention, namely, they are defined portions of RAP-2
proteins derived from the full RAP-2 protein sequence (e.g., fromthat of
any one of the RAP-2 or its isoforms), 4each such portion or fragment
havi ng any of the above-noted desired activities. Such fragnment may be,
e.g., a peptide. Simlarly, derivatives may be prepared by standard
nodi fi cations of the side groups of 25 one or nore am no acid residues of
the RAP-2 protein, its analogs or fragments, or by conjugation of the RAP-2
protein, its ahBd¢roysh ercldnedgnelatied, thomatatchBAPrbpotaih eequence may ba rawRe2005
42 anti body, .enzynme, receptor, etc. are |1 known in the art

Accor di ngts PIRGEIT o EPRIEERaE abcrl BharaPer rabuver S HEP PO FRol T R be
prepar ed haoBR éﬁﬂopm&k@ﬂg&qt@hw@ﬁaw}bﬁrlilat@ﬁ@ﬁ.r as side chains on the
resi dues or the or C-term nal groups, by neans known in the art, and

are included iQ:.dRfndOVEREILRuciER MY ES s THYa RAYS) GG €8] AfPbEHEESeFUCh
as carbohydrate 5 o?égﬂggpﬁhtgcreé# ue§¥ pggefhgg su a fra%tion hasefhe
sanme or hilgdired bidddrogodifitd,ac tvitwd, iy sias andRAFR Viv, by ehasse Hdmoemadhegr RNA

derivatives .include aliphati sters of the carboxyl groups m.des of
the car bR &%Bﬂb?_cgwq?eéaé‘%ho% %fﬁ“‘gﬁﬁﬁﬂ‘l‘:éj ‘g’rg“’{/\)ij%]?f’tl‘#is%gﬁhﬁslgr ng‘caé dary
am nes, i Ay hmdBfitARh MRFeRE ih REMRA HOsHAPENN stdifndddl K0 rRhdd masadues
formed with acyl noieties 10 (e.g., alkanoyl or carbocyclic "aroyl groups)
?L (o} ac?/l padenérass Tﬁa?tmmf d"fh@gt;&u:ﬁdn l(@Wlb_Cg{Sle s (afTﬁplatcenarltP%)e cldang; ofl tb@tr ¥l or
reonyl residues or ne a i eties. e, term"der,i ives" is
 nt ended "EETTEF SaeoBIRE oy Gl ot FOUETEN P O TP TBhaNgE LR
aci d to angighed wifich hee URRIYnHAMAB| e OLGHIDLE NI Medéti al TR PRneRE iatts theRAP- 2
is a protein or polypeptide, i.e.” a sequence of am no acid residues. A 15
pol ypept i gfacieiddiysiuiareated DR A ainfessiss Egouse primerscianiaclesigeed tohybadies oeany
sequence ;?af(gt B, ﬁléﬁg%ﬁprc@%aﬁmé@ﬁi &, eg%geégpgs%%h%éthmfs&%tc%gé LDL LR b Rse

i nt ended dé
pairing can be tolerated. Amplification of these mismatched regions can lead to the synthesis

is

of a mutagenized product resulting in the generation of a peptide with new properties (i.e., site
15 directed mutagenesis). See also, e.g., Ausubel, supra, Ch. 16. Also, by coupling
complementary DNA (cDNA) synthesis, using reverse transcriptase, with PCR, RNA can be
used as the starting material for the synthesis of the extracellular domain of a prolactin

receptor without cloning.

Furthermore, PCR primers can be designed to incorporate new restriction sites or other

20 features such as termination codons at the ends of the gene segment to be amplified. This
placement of restriction sites at the 3' and 3' ends of the amplified gene sequence allows for

gene segments encoding RAP-2 protein or a fragment thereof to be custom designed for

ligation other sequences and/or cloning sites in veclors.

PCR and other methods of amplification of RNA and/or DNA are well known in the
25 art and can be used according to the present invention without undue experimentation, based

on the teaching and guidance presented herein. Known methods of DNA or RNA



of such a pol ypeptide as long as the additions do not affect the basic and
novel characteristics of the invention, i.e., if they either retain or
increase the biological activity of RAP-2 protein or can be cleay egh}@

| eave a protein or polypeptide having the biological activity of f @mi
protein. Thus, for exanple, the present invention is intended to include
fusion proteins of RAP-2 protein wth other am no acids or peptides. The
new RAP-2 protein, their analogs, fraggpnts and derivatives thereof, have a
nunber of possible uses, for exanple: (r) RAP-2 protein, its analogs
fragnents and derivatives thereof, my be used 25 to nodulate the function
of RRP in either of the inflannation cell death or the cell survival 11
MAR 2005 43 pat hways as noted above. For exanple, if RAP-2 can nodul ate

Rl P's ef eepiiliegricacnflvdg, i tow apd noNEmiBd td Nkl mdarssekihams @aciom FER kindasdatedbot h

such RAP- cts |l eading to enh such RAP-

vould b eGP EE e PIREaH tetenrp, Unrs DR BosalensnBhmartmi oo, diuishy,
appl i cat i4gigs,188t & Mulid Bi 8. cas% tsb@ P, é‘zlmatﬁo‘l Tabor e ANal 0RN33f khagpRNt s
or 5 derlvatlves t her eof , which nodul at € i nfl anmati on, enhance t he

cyt ot oxi §.1@RH68 o Wilsobl esak; BRG], ad@ltb Isnif3, 066, 5% foeGyllensien dval.i ﬁt&%ﬂl&@d to

or ot e e AT S0P RTQREANGT 51 Ay AeMeBh et By el S el Pilicea

only intet tahe el PERWARKGOIdIEA F@«&d@ tol BRADd04nd T NBpRdatiohd)esind RINA Cr?iédiatcd
protein effect, nediated by RIP, is desired, a systemfor specific

i nt r oduc&MpHfigFiophivaich tseseri-Famse RN tmh@éarg@ jequance &8 sa fynplapdonagubs

doi 19, & iyl 9 A BRUIAG 41 SCRAT AN 30Tl MihD ey 1 winORR llBidned

fron1vaCC|n|a W hg

i nt roducethSBAR angemmmnmnm r\vgmal bmrga;rnés tH‘eaﬁsebjfrDtSAt @n}ﬁlﬁﬁdatlsnll\?flﬂ:ﬁﬁlﬂbb@ﬁ ei ns
speci ficall ressed such as the Al Ds §HIV%
darflo €

Vi ru%ogpi@@}/’@% ‘gilcrlfa\ﬁhﬁleﬁctﬁnﬁ%lgéosﬁ%%ﬂﬁ%hlsﬁ@ﬁ %téll sonBIE B 20((E792);

I hoc a b

shoci 1 A PR atREL 00T NKED b e Rt BE v SR R eflnce are

r econbi nantirelyi incapaett dieram by rdieresapabl e of blndlng such FAS-R- or p55-R
-carrying cells; and the gene encoding the RAP-2 protein. Thus, expression

of the cell-sug ﬁ@@@{&gonﬁfdagloarlﬂbwc&anyl atthe fFghleAGRf RAH- h?:r(ytblrnbl& Withdse bar get
the vir u?my of the RAP-2 or its isoforms) may be prepared as noted above with respect to the analogs
15 of RAP-2 proteins. Suitable fragments of RAP-2 proteins are those which retain the RAP-2
capability and which can modulate or mediate the biological activity of RIP or other proteins
associated with RIP directly or indirectly. Accordingly, RAP-2 protein fragments can be
prepared which have a dominant-negative or a dominant-positive effect as noted above with
respect to the analogs. It should be noted that these fragments represent a special class of the
20 analogs of the invention, namely, they are defined portions of RAP-2 proteins derived from
the full RAP-2 protein sequence (e.g., from that of any one of the RAP-2 or its isoforms),

each such portion or fragment having any of the above-noted desired activities. Such

fragment may be, e.g., a peptide.

Similarly, derivatives may be prepared by standard modifications of the side groups of
25 one or more amino acid residues of the RAP-2 protein, its analogs or fragments, or by

conjugation of the RAP-2 protein, its analogs or fragments, to another molecule e.g. an



specifically to the tunor cell or other FAS-R- or p55-R- carrying cell,
follow ng which the RAP-2 protein encodi ng sequence wll be intrqa#%ﬁ@
into the cells via the virus, and once 20 expressed in the cells, I 2003
result in enhancenment of the RIP nmediation of the FAS-R ligand or TNF
effect or independent RIP. Construction of such reconbinant animal virus is
by standard procedures (see for exanple, Sanbrook et al., 1989). Another
possibility is to introduce the sequenges of the RAP-2 protein (e.g., any
one of the RAP-2 or its isofornms) in the formof oligonucleotides which
can be absorbed by the cells and expressed therein. 25 (ii) They may be
used to inhibit the FAS-R ligand or TNF or related protein effect,

medi ated by RIP or independent RIP effect, e.g., in cases such as tissue
damage i rnfitodyARIZ0G5 retdptenptd. cassarocte]l Igposnt invle arhodecardingbt i"derivaresagut e
hepatitis, in which it is .desired to block t FAS-R | igand or TNF | nduced
FAS R or Usebleiprut b S whEhad g BrpriicreRtanbcand Berroith gielEy Fer
pr ot ei n- nBd|datBgns by BRI tHGuand tad Nt BECSEAEInkl ¢¥BupsOby MEARASRWNNE teehd, and
survival pathway. In this situation, it is possi bl'e, for exanple, to

i ntroduceér¢ mcbidehan thelinentipy Deriretied nByplrave ebemies!, meikiigomgh [2e sabargiHayi ng

the anti-sense,coding sequence fqr the. -2.protein, . . whi.c e
o Tectt vl BIER ey BSRET sl &P iiiRnb B R biab B Y &t 25
t her eby HAERR prétsinexpression and | ead to the inhibition of the FAS-R
| igand-or TNF- or RIP or other protein- effect. Such oligonucleotides may

‘be introduced fypt.Qahfig, &E_@i'vhﬁvéésrheﬁ‘;giﬂchﬁieaalﬁgﬂzﬁic dsREOFMILB ARt o¥ T MSupDRMARSE N,
t he second sequence carried by thHe virus being the 10 oligonucleotide

sequence.oflthk@nibory] aoupobedeattionewitdependiingr orvith hemagt o seghdetyeamines,

RAP-2-RI P interaction, [t nay be possible by the. of (i), an I
Rbove o NARMRERTSIT ikt s e dpma g sed e Syporvd Vi A e o
desi red. (ABoth@hoRas Thidbbbidi¥ a'r&yltg(?odﬁ?oﬁotdc?pﬂ'ér%ﬂ%% fEdeChyldedxyl ReouRART 2
protein toinhibit its 15 intracellular signaling activity. Yet another
way of i ritewpleithe) of by RirRhugedylacnduas) faswed voth aRyIPngipidespendent effect is by
the recently devel oped ribozyne approach. Ri bozynes are catal ytic RNA

mol ecul es t hatThe term "derivatives" is intended to include only those derivatives that do not change

one amino acid to another of the twenty commonly occurring natural amino acids.

RAP-2 is a protein or polypeptide, i.e. a sequence of amino acid residues. A

15  polypeptide consisting of a larger sequence which includes the entire sequence of a RAP-2
protein, in accordance with ihe definitions herein, is intended to be included within the scope

of such a polypeptide as long as the additions do not affect the basic and novel characteristics

of the invention, i.e., if they either retain or increase the biological activity of RAP-2 protein

or can be cleaved to leave a protein or polypeptide having the biological activity of RAP-2

20 protemn. Thus, for example, the present invention is intended to include fusion proteins of

RAP-2 protein with other amino acids or peptides.

The new RAP-2 protein, their analogs, fragments and derivatives thereof, have a

number of possible uses, for example:

(i) RAP-2 protein, its analogs, fragments and derivatives thereof, may be used

25  to modulate the function of RIP in either of the inflammation, cell death or the cell survival



specifically cleave RNAs. Ri bozynes may be engineered to cleave target RNAs
of choice, e.g., the nRNAs encoding the RAP-2 protein of the invention.
Such ri bozynes woul d have a 20 sequence specific for the RAP-2 proqe n mqw%
and woul d be capable of interacting therewith (conplenentary binding)

foll onwed by cl eavage of the nRNA, resulting in a decrease (or conplete

| oss) in the expression of the RAP-2 protein, the | evel of decreased
expression being dependent upon the | gyel of ribozyme expression in the
target cell. To introduce ribozynes imto the cells of choice (e.g., those
carrying FAS-R or p55-R), any suitable vector may be 25 used, e.g.,

plasm d, animal virus (retrovirus) vectors, that are usually used for this
purpose (see also (i) above, where the virus has, as second sequence, a
cDNA encpdihngys h@n@tﬁda@lzqmel:qr KaVIRR, zf)EBPAchu@tﬂ@te RIP’sceffsiccen) actpvaiien of

revi ews, cerni ri bozynes | . 9 h o0 and

ook "3 obIREniRe Th i8S 36 858 Rirbkd PN BFh & Ml S leadiggrip ke AR

1993; CerAm Fapb d@bect I3t vRAI RadRsirdfI93n HKilteabl, Bti- k. prol ¥dBnandory,

Koi zum et al., 1993). This approach is suitable when the RAP-2-RI P
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15 carrying a FAS-R or p55-R, such that the recombinant virus vector will be capable of binding

such FAS-R- or p55-R -carrying cells; and the gene encoding the RAP-2 protein. Thus,
expression of the cell-surface-binding protein on the surface of the virus will target the virus
specifically to the tumor cell or other FAS-R- or p55-R- carrying cell, following which the
RAP-2 protein encoding sequence will be introduced into the cells via the virus, and once
20  expressed in the cells, will result in enhancement of the RIP mediation of the FAS-R ligand or
TNF effect or independent RIP. Construction of such recombinant animal virus is by standard
procedures (see for example, Sambrook et al.,, 1989). Another possibility is to introduce the
sequences of the RAP-2 protein (e.g., any one of the RAP-2 or its isoforms) in the form of

oligonucleotides which can be absorbed by the ceils and expressed therein.

[
wn

(i) They may be used to inhibit the FAS-R ligand or TNF or related protein

effect, mediated by RIP or independent RIP effect, e.g., in cases such as tissue damage in



cl one those of related RIP-binding proteins. (iv) Yet another approach to
utilizing the RAP-2 protein, or its analogs, 20 fragnents or derivatives
thereof, of the invention is to use themin nethods of affinity 11 MAR 2005
chromat ography to isolate and identify other proteins or factors to mhicﬁ
they are capable of binding, e.g., other proteins or factors involved in
the intracellular signaling process. In this application, the RAP-2

protein, its anal ogs, fragments or derjyatives thereof, of the present
invention, may be individually attached-to affinity chromatography matrices
and then brought 25 into contact with cell extracts or isolated proteins or
factors suspected of being involved in the intracellular signaling

process. Followi ng the affinity chromatography procedure, the other 1 1 MAR
2005 46 pepticeshnsk, graff-acthostsreydeiion dri aditd bepabias, RARvIAclpitos elemredoto blpsk the

anal ogs, _fr ents or_derivatives thereof. of the invention, can be ut ed,
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used as inmunogens ‘(antigens) to produce specific 5 antibodies thereto.
These anpitbedy.edn tysimbsan, bieis pessibl.ofor keenplertpostesiuot intw thef debattivortandfrd he

RAP- 2_pr ot ei e.q., P-2 or any, of its isofornms) either fr cell . .

xt 1 2t s PR mO By U e L B 1121 ey GU Rgepis, oF GORaTHE PEYets
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purposes for identifying disorders related to abnornal’ functlonlng of the
" RI P- medi gteesdy BA®kRts| dxgreation andrikgd gyde émhibisen phthe féridBrtgami-pr 38T of Rifesr, 10

e.g., overactiye or..u ractive FAS-.R ligand- or TNF- induced.cell r

o fect o R Biolgrethy Bl LR chB frute] Bio O SFREVEE Wbl
shoul d sugbmdingef d8hs BEpH&INAL 8@ becodd RBIIHEL ldaidGyl Nk acials! Weilp the
signaling systeminvolving the RIP protein, or various other, above noted
Rl P- B ndPhgenyelspedansaesncRAP- 2 protein itsel f, such antibodi es woul d serve
as an inportant diagnostic tool. 15 It should also be noted that the

i sol ation, i déikeirMsecat notd aboves ldapaings ¢z dtei mire fof tthe RARAP-RIP pnigtagtion.of t he

i ti be . f d I K .of th |1 Kk .St andard i
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t wo- hybr kghvival pathways where desired.

Another possibility is to use antibodies specific for the RAP-2 protein to inhibit its

15 intracellular signaling activity.

Yet another way of inhibiting the RIP-mediated effects or RIP independent effect is by
the recently developed ribozyme approach. Ribozymes are catalytic RNA molecules that
specifically cleave RNAs. Ribozymes may be engineered to cleave target RNAs of choice,
e.g., the mRNAs encoding the RAP-2 protein of the invention. Such ribozymes would have a

20 sequence specific for the RAP-2 protein mRNA and would be capable of interacting therewith
(complementary binding) followed by cleavage of the mRNA, resulting in a decrease (or
complete loss) in the expression of the RAP-2 protein, the level of decreased expression being
dependent upon the level of ribozyme expression in the target cell. To introduce ribozymes
into the cells of choice (e.g., those carrying FAS-R or p55-R), any suitable vector may be

25  used, e.g., plasmid, amimal virus (retrovirus) vectors, that are usually used for this purpose

(see also (i) above, where the virus has, as second sequence, a cDNA encoding the ribozyme



procedure as is set forth herein below, was used to identify the RIP
protein (see Stanger et al., 1995) and subsequently the various RAP-2
proteins of the invention (besides various other 20 new proteins ofl t MR 2005
above and bel ow noted co-owned co-pendi ng patent applications). Likew se
as noted above and bel ow, other procedures may be enpl oyed such as affinity
chromat ography, DNA hybri di zati on procedures, etc. as are well known in the
art, to isolate, identify and characteggize the RAP-2 protein of the
invention or to isolate, identify and Tharacterize additional proteins,
factors, receptors, etc. which are capable of binding to the 25 RAP-2
proteins of the invention. 11 MAR 2005 47 As set forth hereinabove, the

RAP-2 protein may be used to generate anti bodies specific to RAP-2
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Al DS di sed@seng (Wilks et al.,, 1989). In the Wilks et al. publication, there is described the

identification and cloning of two putative protein-tyrosine kinases by application of

15 non-stringent southern hybridization followed by cloning by PCR based on the known

sequence of the kinase motif, a conceived kinase sequence. This approach may be used, in

accordance with the present invention using the sequence of the RAP-2 protein to identify and

clone those of related RIP-binding proteins.

(iv) Yet another approach to utilizing the RAP-2 protein, or its analogs,

20 fragments or derivatives thereof, of the invention is to use them in methods of affinity
chromatography to isolate and identify other proteins or factors to which they are capable of
binding, e.g., other proteins or factors involved in the intracellular signaling process. In this
application, the RAP-2 protein, its analogs, fragments or derivatives thereof, of the present
invention, may be individually attached to affinity chromatography matrices and then brought

25 Into contact with cell extracts or isolated proteins or factors suspected of being involved in the

intracellular signaling process. Following the affinity chromatography procedure, the other



It is possible that RAP-2 or one or nore of its possible isoforns may serve
as 20 "natural"” inhibitors of RIP in one or nore of the above pat vvays and
t hese may thus be enpl oyed as the above noted specific inhibitors o TRIAB. 2005
Li kew se, other substances such as peptides, organic conmpounds,

anti bodies, etc. may al so be screened to obtain specific drugs which are
capabl e of inhibiting the RAP-2-RIP interaction. A non-limting exanple of
how peptide inhibitors of the RAP-2-RIRginteraction would 25 be designed
and screened is based on previous studl-es on peptide inhibitors of ICE or

| CE-1i ke proteases, the substrate specificity of ICE and strategies for

epi tope analysis using 1 1 MAR 2005 48 peptide synthesis. The m ni num

requi renent for efficient cleavage of peptide by ICE was found to involve
four am npotuisds feaorsveittebindad thBACHRZ proagie, iitseanalioph feagaientng deriedtercence

for asp dinthe PL p and th met hyl am ne bei ng sufficient
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Thornberry et al., 1992). Furthernore, the 5 fluorogenic substrate pepti de
(a tetrapeptide), abé’tswot&d@ﬁygthﬁ RAP-2eygtean, mtma%@a er deriyp e)

abbrevi at,g r
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Kauf mann 1993; L bn| k et al.., 1994), and is cle ved ef f ect vel y
by CPP32 %Pﬁem% in 1(§-2of Reie? GEDBI €E ipr 56 PHbr| Jymafil rvmw PBHEHE o
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Geysen et al 87) where a | arge nunber of peptides on solid sup
were scrdRifeor Rd)l? sscpzamslbeccﬁc cellBaraefiféooms Thins,hshanldi boti @sorda'r‘aéaebreMﬂmJ of

MACH prot eases .t o speci fj etldes can be _detect by a.variety of well
known' ot SRT MBS RO IR RIEHE SRR oo PRbLE RIP tHelin for BHEHS oher

above noted RIP-binding proteins or RAP-2 protein itself, such antibodies would serve as an

important diagnostic tool.

15 It should also be noted that the isolation, identification and characterization of the
RAP-2 protein of the invention may be performed using any of the well known standard
screening procedures. For example, one of these screening procedures, the yeast two-hybrid
procedure as is set forth herein below, was used to identify the RIP protein (see Stanger et al.,
1995) and subsequently the various RAP-2 proteins of the invention (besides various other

20 new proteins of the above and below noted co-owned co-pending patent applications).
Likewise as noted above and below, other procedures may be employed such as affinity
chromatography, DNA hybridization procedures, etc. as are well known in the art, to isolate,
identify and characterize the RAP-2 protein of the invention or to isolate, identify and
characterize additional proteins, factors, receptors, ete. which are capable of binding to the

25  RAP-2 proteins of the invention.



as radiol abeling of the G proteases, etc. This nethod of Geysen's was
shown to be capable 20 of testing at |east 4000 peptides each worki ng day.
In a simlar way the exact binding region or region of honol ogy wHi tHAR 05
determnes the interaction between RAP-2 and RI P can be el ucidated and

t hen peptides may be screened which can serve to block this interaction,
e.g. peptides synthesized having a sequence simlar to that of the binding
region or conplenentary thereto which n conpete with natural 25 RAP-2
for binding to RIP. 1 1 MAR 2005 49 Drug or peptide inhibitors, which are
capabl e of inhibiting inflammation or the cell death activity of RAP-2 by
inhibiting the RAP-2-RIP interaction can be conjugated or conplexed with
nol ecul es that facilitate entry into the cell. U S. Patent 5,149,782

di scl oses conjAsgsdtifogh ehepmhabout etheoRAE-2 panspaniede asedss deherateSamtibbdies
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cel | ul ar appidatianethe amtbodasior fitaaments Nieireofard thyse speafit e RA/P-Gplratsins. Low et
al., US Patent 5, 108,921, reviews avail abl e nethods for transnmenbrane
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such as receptors 15 for biotin and fol ate, can be advantageous|ly used to
enhance tl\isms fdrand JEWEQ iR ﬁ%ﬁ geath pathways aneithd&ATF ipisll |SB'a’a\ﬁ?8ﬁhyﬁ55 It s
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pr ocesseslesifdiusd depening ex whahnmedhdze thashenyaae enbaitadiinhibited Wgethe RevyPeiRilAt 0

the cytopl asm. d,..such as piotin aor fol ate, }Ee%{)gglact d wth a
T

cel | mnﬂpt&ﬁgtl%&gl?qrgg@llreib?rg?ly figgases in which such drugs can be o p. Amongst

others, acute hepatitis in which the acute damage to the liver seems to reflect FAS-R
ligand-mediated death of the liver cells; autoimmune-induced cell death such as the death of
15  the B Langerhans cells of the pancreas, that results in diabetes; the death of cells in graft
rejection (e.g., kidney, heart and liver); the death of oligodendrocytes in the brain in multiple
sclerosts; and AIDS-inhibited T cell suicide which causes proliferation of the AIDS virus and

hence the AIDS disease.

ft is possible that RAP-2 or one or more of its possible isoforms may serve as

20 “natural” inhibitors of RIP in one or more of the above pathways and these may thus be
employed as the above noted specific inhibitors of RIP. Likewise, other substances such as
peptides, organic compounds, antibodies, etc. may also be screened to obtain specific drugs

which are capable of inhibiting the RAP-2-RIP interaction.

A non-limiting example of how peptide inhibitors of the RAP-2-RIP interaction would
25  be designed and screened is based on previous studies on peptide inhibitors of ICE or

ICE-like proteases, the substrate specificity of ICE and strategies for epitope analysis using



20 folate receptors to initiate the receptor nedi ated trans-nenbrane
transport mechanismand thereby permt entry of the desired conpound into
the cell. In addition, it is known in the art that fusing a desired 1pEpRige
sequence with a |eader/signal peptide sequence to create a "chinmeric
peptide" will enable such a "chineric peptide" to be transported across
the cell nmenbrane into the cytoplasm 25 As will be appreciated by those of
skill in the art of peptides, the pepti4§1e inhibitors of the RAP-2-RIP
interaction according to the present inrvention is neant to include 11 MAR
2005 50 peptidom netic drugs or inhibitors, which can also be rapidly
screened for binding to RA P-2/RIP protease to design perhaps nore stable
inhibitors. It will also be appreciated that the sane neans for

faci | it atpepigdeosynérbiantTha gutieim reqmepent foofeffpeaiti daveghohpémirds taciiiswasel |
menbr anes. as, di.scyssed above are also applicable to 5 the RAP-2 or it
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Protocol's in | amynology, & eene Publishing, Assac.  ang Wl ey, | ntersclence
having Asp as the fourth amino acid residue and various combinations of amino acids in the
first three residue positions can be rapidly screened for binding to the active site of the
15 proteases using, for example, the method developed by Geysen (Geysen, 1985; Geysen et al.,
1987) where a large number of peptides on solid supports were screened for specific
interactions with antibodies. The binding of MACH proteases to specific peptides can be
detected by a variety of well known detection methods within the skill of those in the art, such

as radiolabeling of the G1 proteases, etc. This method of Geysen’s was shown to be capable

20  of testing at least 4000 peptides each working day.

In a similar way the exact binding region or region of homology which determines the
interaction between RAP-2 and RIP can be elucidated and then peptides may be screened
which can serve to block this interaction, e.g. peptides synthesized having a sequence similar
to that of the binding region or complementary thereto which can compete with natural

25  RAP-2 for binding to RIP.



20 (1992-1996), the contents of which references are incorporated entirely
herein by reference. Such antibodies may be of any imunogl obulin class
including 19G 1gM IgE, 1gA GLD .and any subclass thereof. A hybrjgoss:
producing a mAb of the present invention may be cultivated in vitro, in
situ or in vivo. Production of high titers of mAbs in vivo or in situ

makes this the presently preferred nethod of production. 25 Chineric
antibodi es are nol ecul es of which diffggent portions are derived from

di fferent ani mal species, such as those-having the variable region derived
froma nmurine mAb 1 1 MAR 2005 51 and a hurman i mmunogl obul i n const ant
region. Chineric antibodies are primarily used to reduce inmunogenicity in
application and to increase yields in production, for exanple, where
nurine mAbs héveg bi ghgideyihiebdesrsf mainhhatb e pitiima s! mhtbxdmyhﬂamnmmnagem cilky in

humans, thaI h hi ner.i c_mAb used ric antlbodles
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Tani ghic hlcelemeaibraneEumﬂopﬂ&lmH?ateelﬂénd‘iW@ hiena bidhinas fiddod 96 c (poisplepisdea diokehernal y
19, 1985); 10 Morrison et al., European Pat ent pllcatlon 173494
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" (publish t
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137: 1066hmﬁMﬂb@mgﬁﬁkummnhcmbﬁmefmuhﬁcﬂnmm&enmaﬁyumaﬂmEgk@hmnﬁpplication No.
W8702671 (published May 7, 1987); Liu et al., Proc. Natl. Acad. Sci USA
84: 3439- 3443 (Lb98) al.,30IS. Phatehb 5al108,9P1 Ofevieat dvailMd@Gnethsds {dBAraBdmehbrard 8
(1987éb Better et al., Science 240:1041-1043 (1988); and Harl ow and, Lane,
ANTI BODI B8 very aEoRiErarssugnRet ngibmyed top prcieing adawglsiceasidsr by BRMecRAnsm

i ncor por Y. I i's
B o A LA
the anti gellaetbsendnm@oSet tmamfosarﬁ ﬂEﬁspbﬂd,ytraijﬁerfld, asialoglycoprotein, transcobalamin

(vitamin BI2), a-2 macroglobulins, insulin and other peptide growth factors such as
epidermal growth factor (EGF). Low et al. teaches that nutrient receptors, such as receptors
15 for biotin and folate, can be advantageously used to enhance transport across the cell
membrane due to the location and multiplicity of biotin and folate receptors on the membrane
surfaces of most cells and the associated receptor mediated transmembrane transport
processes. Thus, a complex formed between a compound to be delivered into the cytoplasm
and a ligand, such as biotin or folate, is contacted with a cell membrane bearing biotin or
20 folate receptors to initiate the receptor mediated trans-membrane transport mechanism and

thereby permit entry of the desired compound into the cell.

In addition, it is known in the art that fusing a desired peptide sequence with a
leader/signal peptide sequence to create a “chimeric peptide” will enable such a “chimeric

peptide” 1o be transported across the cell membrane into the cytoplasm.

25 As will be appreciated by those of skill in the art of peptides, the peptide inhibitors of

the RAP-2-RIP interaction according to the present invention is meant to include



20 anti body can be prepared by i mmunizing an animal of the sanme species and
genetic type (e.g. nouse strain) as the source of the mAb to which an
anti-ld is being prepared. The inmmunized aninmal will recognize and ﬁﬁﬁgﬁ&p
to the idiotypic determ nants of the inmmunizing anti body by prod c?ng a
antibody to these idiotypic determnants (the anti-ld anti body). See, for
exanple, U S. Patent No. 4;699;880, which is herein entirely incorporated
by reference. 25 The anti-Id antibody ngy al so be used as an "imunogen" to
i nduce an immune response in yet another animal, producing a so-called
anti-anti-ld antibody. The anti-anti-l1d | 1 MAR 2005 52 may be epitopically
identical to the original mAb which induced the anti-ld. Thus, by using
antibodies to the idiotypic determnants of a mAb, it is possible to

i dent i f y mephéomicietinedrugexpriekibitog, artticihedn edsoobe irgediyi satenspeior fhindibgy to
Accordin S generated agaj nst the P-2 proteins, anal ogs, fragnents
or 5 de%#%%@ﬁ@@é“gﬁﬁﬁé%ﬂ?$%ﬁg%h@“ﬁ?@?éﬁgg‘Wé@ﬁ?ﬁon may be used to induce
anti-ld antibodies in suitable animals, such as BALB/c mce. Spleen cells
from such i mmihivaBcrlsH be appeciaiaddthep thg sare decaantor fagiligibig dosakans@ertBe i ng
anti-Id : Lz e, I I ch
2 keyhol Srrorn s Pep e ahihfo A 0blsh e TR 8 RE R avd S P aREI HhgRY e
m ce. 5Serthe RAd®a2 bhisBoftrne theniselveons aiel agdther peptided shdambiehmdiigsh thmat thikave
t he bindiggglo progerties of the original mAb specific for an epitope of
the above!RAPIBIESEGHaIH  or analogs, fragments and derivatives thereof.
‘The anti-Id mAbs thus have their own idiotypic epitopes, or "idiotopes"
structural |y 4Ajd feighge thecantihediep neopendsidianen évralghatedhe wmh'apbadmi 1s meant

pr ot ei n- T erm "anti bady".is al so, neant .t o.incl baoth intact ..

ol eoul o2l P8’ FRas dBoR@oBE Tt Ritsalr Pl "ol Rbationng
F(ab') 2, aniiididvtypie(madaphiboticbiihdhtiishdaditthgenn bEadberddn KoRble) & Bouadiant, s

| ack the Fc fragnent of intact antjbody, clear nore rapidly fromthe

ci r cdPat idsnvelhadiragenatherqol 5ovider Bpapy fnewn iteckniaupi swab g, et dinifedttact
ant i body

oo oot a2t TR Tl peti TN pdREsPREPREGREREE Y e ant bod es

usef ul Polyclonal antibodies are heterogeneous populations of antibody molecules derived

from the sera of animals immunized with an antigen. A monoclonal antibody contains a
substantially homogeneous population of antibodies specific to antigens, which populations
15  contains substantially similar epitope binding sites. MAbs may be obtained by methods
known to those skilled in the art. See, for example Kohler and Milstein, Nature, 256:495-497
(1975); U.S. Patent No. 4,376,110; Ausubel et al., eds., Harlow and Lane ANTIBODIES : A
LABORATORY MANUAL, Cold Spring Harbor Laboratory (1988); and Colligan et al., eds.,
Current Protocols in Immunology, Greene Publishing Assoc. and Wiley Interscience N.Y.,
20 (1992-1996), the contents of which references are incorporated entirely herein by reference.
Such antibodies may be of any immunoglobulin class including IgG, IgM, IgE, IgA, GILD
and any subclass thereof. A hybridoma producing a mAb of the present invention may be
cultivated in vitro, in situ or in vivo. Production of high titers of mAbs in vivo or in situ

makes this the presently preferred method of production.

25 Chimeric antibodies are molecules of which different portions are derived from

different animal species, such as those having the variable region derived from a murine mAb



20 in the present invention nmay be used for the detection and quantitation
of the RAP-2 protein according to the nethods disclosed herein for intact
anti body nol ecul es. Such fragnents are typically produced by protgqlmgﬁQWS
cl eavage, using enzymes such as papain (to produce Fab fragnments) or
pepsin (to produce F(ab')2 fragnents). An antibody is said to be "capable
of binding" a nolecule if it is capable of 25 specifically reacting with
the nol ecule to thereby bind the nolecwie to the anti body. The 1 1 MAR 2005
53 term "epitope” is neant to refer to That portion of any nol ecul e capabl e
of being bound by an antibody which can al so be recogni zed by that

anti body. Epitopes or "antigenic determ nants"” wusually consist of

chenicaléé active surface groupi ngs of nolecules such _as am no acids, or
¢h

sugar si RN AREURALEIP W InFtapt 195 GiDiRHY ¥rikpdiss arrcprpanly used to
char act erL.gtJ-C: ). LT har c teristies. fAn,,. i gen"
s a ol dens. ool slpRRAGh bl " RLAGIRIAT, FrbBlqeh, (aRle

ant i body wiere mirincanhdibk i lamalhighee apabs erafi Hybddahagbanhighermahmtuwogenodyde
anti body .capable of binding . to an epitope of that antigen. An antigen may
have one [BFaRSruch HRhNYRRYBBTIPG e ment fA Bh¥e psd QLJB%'E’P? Srodies AP @I ibove

is nmeant o dhdicahiddate hewaANhi G&Na '(b'abiﬁlﬁaat al,,ilﬂroé KRuhighhy sselgeti ve
manner, with its corresponding anti body and hot wth the nultitude of other
ant i bodi 68 3B 7TAHY980; BMooked dyalot Revc. Ahtl gend. SThESANE11688i-6855 {1¥8#)adi ng

; y : ; . . )
quant 1 achORGTOF Brat P Uttt o B EaRle.cs B Bl e AT e8P o
detect  prEeENGRush&r NoveMBEC N eXPEAS NuBErBAR: 2] Piahek ™ 1at2dsherop| B8snt
invention. This can be 15 acconplished by i mmunofl uorescence techni ques

enpl oyi nglaiguchioeestefiurgpermistad applidatidy 17196e (pablohyd disbplacy M t 1861 ght
' 1S ish) g f ] uo L £ det.ection  The,ant (podi
' aorint o nisbagt S ediR: rhephbrpltRlaR P E LR A eh Soafty b (©f

hi st ol ogictal.l YCTagphlftatisAWOT§5005 BS GRISIBHEd MATER N9e] |Beh:I REddTECEIOSE@BYeanf OF
in situ detection of the RAP-2 Froteln of the present invention. In situ
1

det ecti orf Yy BHeprleetonpl§4dRedpuhlishedr éwrsyilig 28R sEdlagg cdl abpdeilmsmnplom a
patient, 1%9?‘1 O%Bgﬁi?gi(?%tﬁt);hﬁotlai%sbo%l gtdalﬁ nite%)é%%nglf Pgtgrﬁ Application No. WO8702671
(published May 7, 1987); Liu et al., Proc. Natl. Acad. Sci USA 84:3439-3443 (1987); Sun et
15 al, Proc. Natl. Acad. Sci USA 84:214-218 (1987); Better et al., Science 240:1041-1043
(1988); and Harlow and Lane, ANTIBODIES:A LABORATORY MANUAL, supra. These

references are entirely incorporated herein by reference.

An anti-idiotypic (anti-Id) antibody is an antibody which recognizes unique
determinants generaily associated with the antigen-binding site of an antibody. An Id

20 antibody can be prepared by immunizing an animal of the same species and genetic type (e.g.
mouse strain) as the source of the mAb to which an anti-1d is being prepared. The immunized
animal will recognize and respond to the idiotypic determinants of the immunizing antibody

by producing an antibody to these idiotypic determinants (the anti-Id antibody). See, for

example, U.S. Patent No. 4,699,880, which is herein entirely incorporated by reference.

e
Lh

The anti-Id antibody may also be used as an "immunogen" to induce an immune

response in yet another animal, producing a so-called anti-anti-Id antibody. The anti-anti-Id



present invention to such a specinmen. The antibody (or fragnment) is
preferably provided by applying or by overlaying the | abel ed anti body (or
fragnent) to a biol ogical sanple. Through the use of such a proceqU{qARuh%
is possible to determ ne not only the presence of the RAP-2 protein, %ut
also its distribution on the exam ned tissue. Using the present invention,
those of 25 ordinary skill will readily perceive that any of wi de variety
of histol ogi cal nmethods (such as staimnjng procedures) can be nodified in
order to achieve such in situ detection- 11 MAR 2005 54 Such assays for the
RAP-2 protein of the present invention typically conprises incubating a

bi ol ogi cal sanple, such as a biological fluid, a tissue extract, freshly
harvested cells such as |ynphocytes or |eukocytes, or cells which have
been i ncubat belepippidaly udengigdlitarles originaltthabprledemdecedfthaanteid s Py luabgl ed

anti body capable of identifyjng the - 2 otein d, 5 .detectin h

ant i body DU & e el T piRi aladmRel I RIBHRAFo T HERHE P eldets

bi ol ogi calxp&ating entiRMiRef IdeaadLdpidifiditya solid phase support or carrier such
as nitrocellulose, or other solid support or carrier which is capable of

i mobi I'i zi ng cgeld&iinf8! lhaRakd in§O LS. nENG s SHRRQELs
carrier may theﬁ%bén%gbhé&gmgfﬁﬁgﬁffg%Pg hgf ergfgkﬁ?ﬁ%m%h §’trg§tn%ng
with & detesgatalss\thirablld dhamrésoodinvientiac oay daenoedwiot indudeearp- s emtibodi@s in

i nvention, . not ed abgve._The solid ase support or carrier . may then be
washed viiATRATELY PO & RALORII S A oo UB A HEo A CBAES Bityre g fo
‘amount  ofprh@nR CAnﬂiQ@jﬁ&er{bn%'sgcr&%g £hii-RURRBE.t F@thef 3hd ART- 10K bE BEbP&upled
detect ed by conventional neans. By "solid phase support”, "solid phase

carrier" to"selrridr sughpay kéyholesbinpet bemedyanin, (KEuppbused tr imwanize edditipsal

i nt ended upport, or. carrier.capabl e of hindi ant i.ge 1 -

ot § bod LR RRE e Felip it i P ot R EEtheChare s Yrdive,

pol ypimopyirefsties dfahy 6higiAIGNRD sPRXd fR an RYIQR: AT A208 RATAD BidAtinastichralgs,f | ed
cel | ul oses, potéﬁé%élarnldes, gabbros and ‘nagnetite. The nature of the

carrier dmgnsat rivgbicaBlcecofo some extent or  insoluble for the purposes
of the present invention. The support material may have virtually any
possi bl e st r uckheraiti-klomfibg it hagn thar benddmsypidepicpap| e didioloped| strucimrally

Cap a0l € a8 0 AR o bl e the suppor o
The term "antibody" is also meant to include both intact molecules as well as
15  fragments thereof, such as, for example, Fab and F(ab')2, which are capable of binding
antigen. Fab and F(ab'); fragments lack the Fc¢ fragment of intact antibody, clear more rapidly

from the circulation, and may have less non-specific tissue binding than an intact antibody

(Wahl etal., ]. Nucl. Med. 24:316-325 (1983)).

It will be appreciated that Fab and F(ab'"), and other fragments of the antibodies useful

20 in the present invention may be used for the detection and quantitation of the RAP-2 protein
according to the methods disclosed herein for intact antibody molecules. Such fragments are
typically produced by proteolytic cleavage, using enzymes such as papain (to produce Fab

fragments) or pepsin (to produce F(ab'"), fragments).

An antibody 1s said to be "capable of binding" a molecule if it is capable of

25  specifically reacting with the molecule to thereby bind the molecule to the antibody. The



bead, cylindrical, as in the inside surface of a test tube, or the external
surface of a rod. Alternatively, the surface may be flat such as a sheet,
test strip, etc. Preferred supports or carriers include polystyreng beRdgs
Those skilled in the art will know may other suitable carriers for binding
anti body or antigen, or will be able to ascertain the same by use of
routine 25 experinentation. 1 1 MAR 2005 55 The binding activity of a
given lot of antibody, of the invention,as noted above, nay be determ ned
according to well known net hods. Those2&killed in the art will be able to
determ ne operative and optiml assay conditions for each determ nation by
enpl oying routine experinentation. 5 Qther such steps as washi ng,

stirring, shaking, filtering and the like may be added to the assays as is

cust omar Yedt "gpee d@es S@eahtQd réfBetoRBALoRtidAGf MiylrhiditduleapeBe oFbeinB®oWeY By hm
whi ch an anti bo in accordance with the present invention can be

det ect abwﬁb%@cyewl@ah Fag 4o b reRe gvdzed ey thmenwyarﬁpéﬁwr@é 'al e egtarRingnts”
enzyme ' g/al'go%?ll)éta?i( Eleﬁ’?l?alll-ghz[cﬁvf @&I‘)f{r% g{{é Lér&’ (Sur] J ?i}c%raseefﬁ? 85 %gdg g an

appropri ate r'eac ih Buch a “manner as

t o producega didetiadal arm)haﬁleysp&/ﬁllﬁféhthﬁe%“dﬁ@nﬁ@ﬁa@%’trﬁdurafl Qﬂhara@@éﬁm‘,ﬂs&s Wil as
spectrophotopetric, fluoronmetric or by visual neans. Enzynmes which can be
used Po &EF%5E§B¥$3¢@H€W“ﬁW§ antibody include, but are not limted to,

mal at e dehydrogenase, staphyl ococcal nucl ease, delta-5-steroid isoneras,
yeast al cohol ‘delatigoganageqlecis phapgttymecrfcqomobpwatcepdémﬂb@ggrbag@ bx et ose

~ phosphat r.seradi sh, peroxi dase, 15 a kal i

aspar agi ﬁaa{sgg \F’lgcgzl(])és adg $oFaLe capﬁlgﬁa Of{éﬁ?‘%ﬁﬂ%@ %@8 € RIB%LH:G ﬁﬁ@g CE\W@S%
cat al ase bug:lmgIQ)S@r épifope S iRt entledty dAQ RN Emag hdeO Ay bAKRré@fithn one epitope.
acetyl chaolin-esterase. The detectlon can be acconplished by colorinetric

met hods viHECRE@Hp IeRgtian eq%%@eahoefe is gisent tot ladicate thatche aptjean wibtegel itod nay
al so lbe G, )ggésl%%t}? 'v\ﬁtllln% go?{gg}gd’nﬁn%[ %1?1139%? %é L &tﬁ% th%fmglr%%/dgﬁo é)

reaction o e i Compar I 8on W y prepare

Det ect i orannmdlé:sauiaclmﬂplbesmdwdﬂlgaaﬂy @k a variety of other lrmunoassays
For exanple, by radioactive |abeling t%e anti bodi es or antibody fragnents,

it is possibl eht@n@RIdRG! including fragments of antibodies, useful in the present invention may
be used to quantitatively or qualitatively detect the RAP-2 protein in a sample or to detect

presence of cells which express the RAP-2 protein of the present invention. This can be

15 accomplished by immunofluorescence techniques employing a fluorescently labeled antibody

(see below) coupled with light microscopic, flow cytometric, or fluorometric detection,

The antibodies (or fragments thereof) useful in the present invention may be employed
histologically, as in immunofluorescence or immunoelectron microscopy, for in situ detection
of the RAP-2 protein of the present invention. In situ detection may be accomplished by

20 removing a histological specimen from a patient, and providing the labeled antibody of the
present invention to such a specimen. The antibody (or fragment) is preferably provided by
applying or by overlaying the labeled antibody (or fragment) to a biological sample. Through
the use of such a procedure, it is possible to determine not only the presence of the RAP-2
protein, but also its distribution on the examined tissue. Using the present invention, those of

25  ordinary skill will readily perceive that any of wide variety of histological methods (such as

staining procedures) can be modified in order to achieve such in situ detection.



R- PTPase through the use of a radioi munoassay (RIA). A good description of
RIA may be found in Laboratory Techni ques and Bi ochem stry in Ml ecul ar

Bi ol ogy,. by Work, T.S. et al., North Holland Publishing Conpany, INYM:RIWE)
with particular reference to the chapter 25 entitled "An Introduction to
Radi oi mune Assay and Rel ated Techni ques” by Chard, T., 11 MAR 2005 56

i ncorporated by reference herein. The radi oactive isotope can be detected
by such nmeans as the use of a g counter or a scintillation counter or by
aut oradi ography. It is also possible t$ | abel an antibody in accordance
with the present invention with a fluorescent conpound. \Wen the
fluorescently | abel ed anti body is exposed to light of the 5 proper

wavel ength, its presence can be then detected due to fluorescence. Among

the mst commp) ylisedf LHOKESESNL o Abe)d A9 (OBROYAMRGH SLyer esealy
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The anti body can al so be det'ectably | abéled by coupling it to a

cheni Punideestenthe agomplybydiny Phe npmésesidectoiqueheelt kaeriih unthaégcent - t agged
antibody is then determ ned by detecting the presence of | um nescence that
ari ses duri ng Theeviclogicslesaafplanaherd sedted edabtd onid pHaxasyipes: @f capaert suclulaar |y
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the present invention. Biolum cence I's a em | um nescence
found i n fhilevalybe ateatnsens tvarts a i detaohibii lebetedt @ltipbiyc ipmotcedance n&ntlea]magresm

ef fici.ency of. the chenllunl sce eaction, The res .
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are luciferin, luciferase and aequorin. “An antibody nolecule of the

pr esent isapget progarmrayndygherdegpdedettécoby erniventail meansn an

By "solid phase support", "solid phase carrier", "solid support”, "solid carier",

"support” or "carrier" is intended any support or carrier capable of binding antigen or

15 antibodies. Well-known supports or carriers, include glass, polystyrene, polypropylene,
polyethylene, dextran, nylon amylases, natural and modified celluloses, polyacrylamides,
gabbros and magnetite. The nature of the carrier can be either soluble to some extent or
insoluble for the purposes of the present invention. The support material may have virtually

any possible structural configuration so long as the coupled molecule is capable of binding to

20 an antigen or antibody. Thus, the support or carrier configuration may be spherical, as in a
bead, cylindrical, as in the inside surface of a test tube, or the external surface of a rod.
Alternatively, the surface may be flat such as a sheet, test strip, etc. Preferred supports or
carriers include polystyrene beads. Those skilled in the art will know may other suitable
carriers for binding antibody or antigen, or will be able to ascertain the same by use of routine

25  experimentation.



i mmunonetric assay, also known as a "two-site" or "sandw ch" assay. In a
typical inmmunonetric assay, a quantity of unl abel ed antibody (or ftagW&ht200
of antibody) is bound to a 25 solid support or carrier and a quantity of
detectably | abel ed soluble antibody is added to 1 1 MAR 2005 57 permt
detection and/or quantitation of the ternary conplex forned between

sol i d- phase antibody, antigen, and | abel ed anti body. Typical, and
preferred, immunonetric assays include "forward" assays in which the

anti body bound to the solid phase is fP¥st contacted with the sanpl e being
tested to extract the 5 antigen fromthe sanple by formation of a binary
solid phase anti body-antigen conplex. After a suitable incubation period,
the solid support or carrier is washed to renove the residue of the fluid
sanmpl e, includhg %1mge@&mg ofAtdigeNot bf arﬁfb\éd?f adTdhd heentiRsatk@tabuve mihe
sol ution_ containing an unknown quantit abel ed anti body (mhlch

f unct i ondedistegminedpseerding tﬁo\h’@lbhh@wl) meshadsr Bhose skitlgd iim dhebart ivoH Ysedtiloeh t o

I bod h b
o1 10 susgsrPg S PR Yol he Stlibh do SF B0y A Hisd Mok por

or carrle@nhﬁeM@@hﬁanamﬁecond tinme to renove the unreacted | abel ed
antibody. In another type of "sandw ch" assay, which may also be useful

with the anti grRs Qfh thss asp\ﬁrﬁ's‘h s!1HM1%n§HaQH‘1g, GE i Paratht §ille ndy T RS QYS”
and "reverse" assays are used i mul t anedUs assay i nvol ves "a single

i ncubat i 6l Ftays aass quemant orbcedyssbtydndthteqnaﬂMIasatuadomS support or carrier
~and | abel ed anti body are both added to the sanple being tested at the sane
time. After timeiofchedasysdn vitschconpitidbeédin ddaerdandei vitlsthp pogstntonveamionicen be s

washed t the resi f fluid sanpl e and unconpl exed | abel ed
ant i body%e%tgg rakedsitis byl ’H?‘Hl&e‘ﬁ%éaf%ttq B BYZY e 53t HORTWFAZE M BN IABIORY2Y

suppor t ?r:m@)arm%nzy%let ﬂ?ﬂxg@e&k?ernnfhﬁﬁgxﬁcﬁed to ngﬁég a@‘?dté DiRu&RNWANdaeNRim

"forward” sandw ch assay reverse st epw se addition
firstOof te sibktate om soth 4 abehedisantirbddy 4 chentieal ridiety dviselmpire bé ditcotnedioby
t he addition ,of. unl a?eled bound tp a. SO|Id support or ,.carri

anti bqd
after a SUTTRE! B PREEEET GRS, TOOREtR T Py Sivaea. BCa@snd hine GBROF on,
the soli @sﬁ“@)s&tedtﬁoly\@a%léﬁgle'éﬁnﬁw ﬁl@fdd@nﬁﬂt F@8bi PRittPtd, TRfatk ldeRfdrbb@ase,

resi due of the sanple being testéd and t
staphylococcal nuclease, delta-5-steroid 1someras yeast alcohol dehydrogenase,
alpha-glycerophosphate dehydrogenase, triose phosphate isomerase, horseradish peroxidase,
15 alkaline phosphatase, asparaginase, glucose oxidase, beta-galactosidase, ribonuclease, urease,
catalase, glucose-6-phosphate dehydrogenase, glucoamylase and acetylcholin-esterase. The
detection can be accomplished by colorimetric methods which employ a chromogenic

substrate for the enzyme. Detection may also be accomplished by visual comparison of the

extent of enzymatic reaction of a substrate in comparison with similarly prepared standards.

20 Detection may be-accomplished using any of a variety of other immunoassays. For
example, by radioactive labeling the antibodies or antibody fragments, it is possible to detect
R-PTPase through the use of a radioimmunoassay (RIA). A good description of RIA may be
found in Laboratory Techniques and Biochemistry in Molecular Biology, by Work, T.S. et al.,
North Holland Publishing Company, NY (1978) with particular reference to the chapter

25  entitled "An Introduction to Radicimmune Assay and Related Techmiques" by Chard, T.,



solution of unreacted |abeled anti body. The determ nation of | abel ed
anti body associated with 25 a solid support or carrier is then determ ned

as in the "simltaneous" and "forward" assays. 1 1 MAR 2005 58 Theg %;@@
proteins of the invention may be produced by any standard reconblnant
procedure (see for exanple, Sanbrook, et al., 1989 and Ansabel et al.

1987- 1995, supra) in which suitable eukaryotic or prokaryotic host ceIIs
well known in the art are transforned by appropriate eukaryotic or
prokaryotic vectors containing the sequences 5 encoding for the proteins.
Accordingly, the present invention also concerns such expression vectors
and transfornmed hosts for the production of the proteins of the invention.
As nentioned above, these proteins also include their biologically active

anal ogs, ihéapimit oyaBftrerde hiréat | ViaSradaadtivdidstobd anvieC i EGe ERE Ocbhngednb am
al so include vectors encodi ng _anal ogs and fragnments of these proteins, and

t he tranghorseed atpoeuster et srdeiiliaher eowrerdudiyrigiaybieerapial ogs 10 and
fragments. The derivatives of these proteins, produced by the transformed
hosts, are thdtiscésd pasibleds lgbebatuaretbody iis benoddance wollitife matdnbmvolfitiqrheith a

proteins or their analogs.or fra nts. e i nvention al.sp r Iates
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protein capabl e of ndi n ecific target cell (e.g., cancer cells)

surface postedmy ussl ﬂuordsqeet: beling ¢msmdamreoﬂumrh@empotmopmtaéﬁ nhedaguehces
into the gells.  Further phar utical i.ti.ons f t he i.nvention
conpr i sed ST HE e PRD: AP ER Ty P DRGSR e FEL L P Wlifence
encodi ng an anfi - se seq ence of t ei n sequenc b rugs
that  block t hEFRBDSDRFS s B Q%te?ta@y lg\é?ﬂﬁag% F%rafr?cee&ﬁagf&% BiFE's duch
accor di ng;sh8r ke ks §ﬂlhe hAUBRde QBrids) Cﬁgﬂg@m@taﬁl&lﬁ b€ h@fthed rPth@ ARYdyQkinkhe
active ingredient to achieve its Inten purpose. In addition, thé
phar niélc e stutle miletat ogpatsigt grours andietigdertctiamise perethdcetipivad (RICRAIY | cal | y
acceptable carriers conprising excipients and auxiliaries which facilitate
processi ng of Theeamibbiy @af alpoiendSedtatilo lapplapay abusing nhb Cﬁﬁcl&aﬂi’ihbﬁinessad
pharnaceuticallg and which can stabilize such preparations

0

adni ni st rRMRgHY-o hEePreshfeet theF heBUT PRsp et flaggsd \méllboqa/nﬁme% determingd oy

skill i n dheyff the presence of luminescence that arises during the course of a chemical reaction,
Examples of particularly useful chemiluminescent labeling compounds are luminol,

15 isoluminol, theromatic acridinium ester, imidazole, acridinium salt and oxalate ester.

Likewise, a bioluminescent compound may be used to label the antibody of the
present invention. Bioluminescence is a type of chemiluminescence found in biological
systems in which a catalytic protein increases the efficiency of the chemiluminescent reaction.
The presence of a bioluminescent protein is determined by detecting the presence of

20 Iuminescence. Important bioluminescent compounds for purposes of labeling are luciferin,

luciferase and aequorin.

An antibody molecule of the present invention may be adapted for utilization in an
immunometric assay, also known as a "two-site" or "sandwich" assay. In a typical
immunometric assay, a quantity of unlabeled antibody (or fragment of antibody) is bound to a

25  solid support or carrier and a quantity of detectably labeled soluble antibody is added to



25 The RAP-2 protein and its isoforns or isotypes are suspected to be
expressed in different tissues at markedly different |evels and aqparentlg
also with different patterns of 1 1 MAR 2005 59 isotypes in an anallogdti§ 2005
fashion to the expression of various other proteins involved in the
intracel lular signaling pathways as indicated in the above |isted co-owned
co-pendi ng patent applications. These differences may possibly contribute
to the tissue-specific features of response to the Fas/APOl-1igand and
TNF. As in the case of other CED3IICE honologs 5 (Wang et al., 1994,

Alnenri et al., 1995), the present inventors have previously shown (in the
above nentioned patent applications) that MACH i soforns that contain

i nconplete CED3/I1CE regions (e.g., MACHa3) are found to have an inhibitory
ef f ect ompetrhié detclivn tapdef queostitespr e gbe tMa@satompleMAdiHad beiveorulselsd-phasey
are also found to. bl oc eath induction by Fas/AP0O1 and p55-R Expression
of such iaﬁHF‘%ﬂq’t Wtﬁepsﬁé&g@eq}]ﬁ?t’g@%{'s may constitute a 10 mechani sm of
cellular self-protection against Fas/APOl- and TNF-nmedi ated cytotoxicity.
A similar inHivpicebrapdgrefesed, gmmnomee asayeingude Skropis apsayain yhidisBect ed

brot of . a8l R e R A s B et e
prot edse adtgai from geesaapiobnedrmaignentia igndrk sbROIHdJe. antibbéy-antiten complex.

het erogenejty of MACH jsoforns, and |ikew se the suspected, anal pgous 15
het er ogerf‘«s}!itﬁtryi syitakeq H}Cgemnr%,nomﬁ% poly ppey cpsEBEdS WaphRd 1B BERYYFLAC FSIdusNy

of the otjpefe ﬂﬁa%ﬁlg&%mmdiﬁgﬁgm%@gd %rggefvl,gi@‘k%jna *méfﬁ' é&n?a!c{eg\#gﬁb&érgoiu%har ly

fine tuning of the function™© I sof or s, y anal ogy
al so t he castinmg Gh uslofosymenatiencef, lasladotetibodabomeach tthectRAP- 2 pr tiepirtes or

ossi bl e i sof or, have varying effects in different tissues S regards
Pher 1 1 neRRGEL o ARE R SRIOPC S5rAPEHE) PorcH P G THERUB EROnE Bar e
bet wagn t@@aﬁﬁkhW%hhﬁQoQﬁe@&himﬂ%@ﬁth%n%ﬁthﬁgﬁgh&éﬁaﬁﬁ&hﬁﬁﬁiﬁﬁggyfohd

described above. It is also possible that some of the possible
i sof or s syppareorgtatiedr if wagted ansconBdime oxamplethe RARaRed fabglsdentfiA®y?2 i sof or s
may al so act as docking sites for nolecules that are involved in other,
non- cyt ot oxi ¢ Iebheabttstypd ofFasdddO" s, Wich eeepit®bsusehid witt the antigenn ofvikeh
RI P or even independent]y of RIP. |
present invention, thé so-called “simultaneous" and "reverse" assays are used. A
simultaneous assay involves a single incubation step as the antibody bound to the solid
15  support or carrier and labeled antibody are both added to the sample being tested at the same
time. After the incubation is completed, the solid support or carrier is washed to remove the
residue of fluid sample and uncomplexed labeled antibody. The presence of labeled antibody
associated with the solid support or carrier is then determined as it would be in a conventional

"forward" sandwich assay.

20 In the "reverse” assay, stepwise addition first of a solution of labeled antibody to the
fluid sample followed by the addition of unlabeled antibody bound to a solid support or
carrier after a suitable incubation period is utilized. After a second incubation, the solid phase
is washed in conventional fashion to free it of the residue of the sample being tested and the

solution of unreacted labeled antibody. The determination of labeled antibody associated with

jCn]
I

a solid support or carrier is then determined as in the "simultaneous” and "forward" assays.



25 Due to the unique ability of Fas/APO and TNF receptors to cause

i nflammation, cell death, as well as the ability of the TNF receptors to
trigger other tissue-danaging activities. 1 1 MAR 2005 60 aberr ak E)dWﬁ 10Bp
the function of these receptors could be particularly deleterious to the
organi sm | ndeed, both. excessive and deficient functioning of these
receptors have been shown to contribute to pathol ogical nanifestations of
vari ous di seases (Vassalli, 1992; Nagatg and GColstein, 1995). Identifying
t he nol ecul es that participate in the stgnaling activity of the 5
receptors, and finding ways to nodul ate the activity of these nvol ecul es,
could direct new therapeutic approaches. Qther aspects of the invention
wi Il be apparent fromthe fol | owing exanples. The invention will now be
described in r"ﬁﬁlﬁM%ﬂavrbteim af ke fnoykhidwi mgy eerproduced bmgnyesaaﬁqiﬂéscommﬂatﬂhe

?;:c?mrrgaﬂﬁ scr egfsgﬁt]‘jort \llx%?n-?ﬂ}h% %ltgrl()@& egcat1 gbg‘gsatgg%yﬁl?e |oh ? Cl |)

i nduced expriapssiviich stitadeliksydtabel iphekasyidic RaxHREPS @llPkicd an tef art are
proteins; (ili) in vitro binding; (iv) assessnment of the cytotoxicity; and

(v) Nort Hepsfomnell Do qarnTeRriam Auasyetic (0§e1él’0li$f§@ﬂ<80‘le@ﬁ0ﬁ eentaiping thgospsyences 3

(See % E(Qm% ﬁ)grqﬁe otdmslg}?gc)or(%n%ﬁd%e prés%\ll'l\[f lnlviantﬂ)n O%E Vél %&ke@%@g

pr ot ei n Gectoseend krah20304) haste foﬁQl:!@MrNd@lﬂbhlﬁHMCeprVUMShoEQlﬁQ invention. As
nodi fications) for the correspondi na isol ation, cloning and
‘char act erm%pn%awemﬁﬁezaraﬁwwsg inglyds Blew higlegistiisaiive pRAOES é@éments and

' nvent i Orﬂerl%lﬁ!%ﬁ arkl! RG€ ?Hér oo dﬁg %néo%ﬂ%d{hgmbggﬁ?%ﬁcfeﬁ‘eg eﬁc%@ U:Halogs : 8d

di sclosure o e sane procedures us |on n|ng a

char act erﬁagatenmmfohes%ﬂat&nis nand ahi© trebdsfiorenadi Hdatstinelugdd &&@d‘lproﬁmmgltsuajnanakgs 20
detail ed e. in the_sanme or equivalent formin the co- owned(ﬁo pendi

I srael ﬁ%@gmeaﬁﬁ T gleriyatwes Q%theaelwogw pofcesh by theg hosgggre iy
120367 a%e%étlve?? é)tdt]@ehdctﬂf I\it BRNAL B catid ﬁﬂ@éx’ofe‘?ﬁ d #hdanald | 8 %{'1319§21-

Further, as rega proteln an |ts 0 in activ -"B and
hence cell SUI’T\H valesg th

pat hway, for exar‘rB{ lnwerEttloenr e‘ilg i (@X Sett\/ove ﬁ%ﬁgp (r;cloﬁ'lp@ 3 St)&towé)}{igilng
pr ot eins ,reddﬁﬂﬁﬂanmaﬂﬂqal virus vectors encoding the RAP-2 proteins, which vector also encodes a
virus surface protein capable of binding specific target cell (e.g., cancer cells) surface proteins

15 to direct the insertion of the RAP-2 protein sequences into the cells. Further pharmaceutical
compositions of the invention comprises as the active ingredient (a) an oligonucleotide

sequence encoding an anti-sense sequence of the RAP-2 protein sequence, or (b) drugs that
block the RAP-2-RIP interaction.

Pharmaceutical compositions according to the present invention include a sufficient

20 amount of the active ingredient to achieve its intended purpose. In addition, the
pharmaceutical compositions may contain suitable pharmaceutically acceptable carriers
comprising excipients and auxiliaries which facilitate processing of the active compounds into
preparations which can be used pharmaceutically and which can stabilize such preparations

for administration to the subject in need thereof as well known to those of skill in the art.

25 The RAP-2 protein and its isoforms or isotypes are suspected to be expressed in

different tissues at markedly different levels and apparently also with different patterns of



25 been detailed by the present inventors in co-pending co-owned IL 117800,
IL 119133 and Malinin et al., 1997. 1 1 MAR 2005 61 Exanple 1: O oning and
| sol ation of the RAP-2 Protein which binds to the RIP Protein Two-MRbypg
screeni ng, sequencing and prelimnary analysis Using the two-hybrid screen
with RIP as the bait (see e.g. Fields and Song, 1989, WD 96/18641) in a
B-cell library, a clone of about 1.5 Kb size was isolated. This 1.5 Kb 5
clone (see arrowin Figs. | and 2) wasysed for screening a phage cDNA
library, yielding an about 2.0 Kb clone, the sequence of which is shown in
Fig. 1. By enploying EST matching wth the sequence of the 1.5 Kb cl one, an
EST fragnent was obtained which constitutes the 3" end of | .MA GE
consortiumclone # 41072 (Research Genetics Institute). O this clone,

whi ch or ilgfityees es afi roatogoifsefastiiomtaathe dxiphessioy of eatigusk@hdrvwotsimalihva eguiertbe
fragments_at jts 3' and 5. ends ar ubl i shed. After obtaining the clone it
was sequaRts!WRE Epdtiig nity Aa s et b tAGH GospRF G patent
fragnment Sap?ﬁéhfti@h@ecthe% B@fcSencdd) 8125 ESHIEBELERHONE 1§ Fhd tissik-sp¥Bhc frosnds e be
identical to the clone of Fig. 1 in its” coding region, buP showed

di f f er endesponse tohthe Fas/ATENcbghindgpndegNBn. Ad in ths tabeoéotre CGRI3MHEY homhkigs bot h

DNAs | t tiwel | j f the. .15 lysis. of th
sequerice WRSHE! 0T Kt Rt Sal RS  SpCprat it i ariins Prauis N hdehs o
“death infEBizd’l'meﬂtioné@eﬁatélﬁtcaéﬂ?fé@ti@lsmt MPROEE, isbfbrrkP aBatN @bntARY Enddnipl &k ease

.domain like those of the I amly, it does not have a kinase donmain, nor
“does it HAUB/IRARgiduraignM§E3a oy Bundtielacoamehibitg, effert onlexlagievite of

applications and .t rious ferences, especially Malinin et al., 1997
vﬂ) hr _esﬁaeeﬁpfeasegﬂﬂﬁﬁ?ﬁ@ﬂv%rﬁ\%@%wa eﬁ_glefrjrté%)gfi‘ﬁ a?sa_fé@dttﬁ@waﬂqea@épﬁwlap
si gnal i g,y PALSIWEY 5 and NG5 RIEE: r&%nqm%tﬁ%ﬂﬁ:ugﬂ TR fnosend (rﬁ% pc_ﬁlsﬂfl’u?e; g,nt

within thé given sequence, except for three Cci ne zi pper
bl ocKé evesthynisiftoellbat edf-plotmegon kegaipstdtaeiAP Qo dind @ NG giediatedThyestoxiniy.eA

Subst | uCTBE AP TSI LSUEI PSP SOE CHlop BlmEs Rorsepied 11 Pane Ageoaar
ir fe t Z :Jﬁhi ?Eslﬁﬂg@ﬁeWMémn abhdBodsBUEMIECHAL BRI FRERINN R AIWIBET AUREELR pkfein
that has MORT MODULES and a protease domain - see co-owned co-pending IL 120367).
The wide heterogeneity of MACH isoforms, and likewise the suspected, analogous
15 heterogeneity of G1 isoforms, which greatly exceeds that observed for any of the other
proteases of the CED3/ICE family, should allow a particularly fine tuning of the function of
the active MACH isoforms, and by analogy also the active G1 isoforms. Hence, as noted
above, the RAP-2 proteins or possible isoforms may have varying effects in different tissues

as regards their interaction with RIP and their influence thereby on the balance between

20 activation of cell death or cell survival pathways, as described above.

It is also possible that some of the possible RAP-2 isoforms serve other functions. For
example, RAP-2 or some RAP-2 isoforms may also act as docking sites for molecules that are

involved in other, non-cytotoxic effects of Fas/APO1 and TNF receptors via interaction with

RIP or even independently of RIP.

25 Due to the unique ability of Fas/APOl and TNF receplors to cause inflammation, cell

death, as well as the ability of the TNF receptors to trigger other tissue-damaging activities,



25 functional activity i.e. binding to other LZs. Binding studies reveal ed
that RAP-2 essentially binds to RIP, RAP-2 being unable to bind to T%@D
MORT-1, p55-R, p75-R and MACH 11 MAR 2005 62 (in studies performed to 2005
date). These results support the fact that RAP-2 is apparently devoid of
“deat h donmai ns' and MORT MODULES. Therefore, it appears that RAP-2 is a
specific RIP-binding protein that interacts/binds to RIPin a very
specific way. Thus RAP-2 appears to be 4 specific nodul ator/ medi ator of RIP
5 intracellular activity having an inportant role in RIP' s

nmodul ati on/ nmedi ati on of the inflammtion and the cell death/cell surviva
pat hways. Briefly, a clone of the RAP-2 was obtained by two-hybrid

screenin - - I ' i ng.: f tein
O R L S FE S
St anger dnded, both9eesavd amd dpfiesenfuncrionihe oBahBankcdasraliase bkon yhelen to
accessi on No. U 25994 whjch is, the human RI P sequence (also Bresent was the
mouse  RIPERYIfe e Batpiggicah peadesiaionng!l griogn grrasced Vagpalhi 1§93 Nagsie @nd

i nformati @ppr ' ; el g L T. t and
he DNA f e g S B R b8 PR tne n e R e 92y
PCR usi ngeespiarangidafimdicDNay$ tomadatatd dteabctiRNA of Hhigsa méetrlebicasiti @edel new
l'ibrary (using,.standard procedures).. Thi.s cadin art of RLP was then 15

cl oned i ntt‘l%ralf’% Cﬁwﬁ@ﬁe@tﬂﬁ afﬁc%?fe‘gﬁ)ln‘éﬁ?ﬂoﬁé’gﬁ%Ssaplﬁéﬁef“, %rﬁ’gl feleip8ve,
in the tweahyhsi d screening procedure. In this two-hybrid screen a clone
was obtained coding for a RIP-binding protein that interacts with R P.
This clone, a : u : ] r nd an
EST dat abank. T oo the (Bt 18O AEb SERERE oBaft R, o NAIARE O
of the twxamplsaesd teec@fnpaieinpideakingswhi | e the 5' -non coding regions differ.
Thus we are probably concerned with alternatively spliced forns. The

clone® are of lakutd AsPbddbtid thht BB pfREdGepen reading frame) of about 1.5
Kb, which account for a nolecul ar wei ght of about 50 Kd for the protein

B U T e Jo e
“dbest' metabolic labeling and immunoprecipitation of proteins; (iii) in vitro binding; (iv) assessment
of the cytotoxicity; and (v) Northern and sequence analyses, (see also Boldin et al., 1995b) 2,

3 (see also Boldin et al.,, 1996) and 4, below, with respect to MORT-1 and a MORT-1

I5  binding protein, (e.g. MACH), as well as the newly isolated protein G1 (see IL 120367) are
equally applicable (with some modifications) for the corresponding isolation, cloning and
characterization of RAP-2 and its possible isoforms of the present invention. These

procedures are thus to be construed as the full disclosure of the same procedures used for the

isolation, cloning and characterization of RAP-2 in accordance with the present invention, as

20 detailed e.g. in the same or equivalent form in the co-owned co-pending Israel Application

Nos. 114,615, 114,986, 115,319, 116588, 117,932, and 120367 as well as the corresponding

PCT application No. PCT/US96/10521. Further, as regards the NIK protein and its role in

activating NF-0OB and hence cell survival and the role played by TRAF?2 in this cell survival

pathway, for example the interaction between TRAF2 and RIP and other proteins, these have

S
A4}

been detailed by the present inventors in co-pending co-owned IL 117800, IL 119133 and
Malinin et al., 1997.



25 dat abase, Human Genone Dat abase | evel 1 and GenBank dat abase reveal ed
that the RAP-2 1 1 MAR 2005 63 sequence was a uni que (novel) sequejgﬁe 2s no
known sequence showed any significant honology to this RAP-2 sequ ¥R 2005
After filing of IL 123758, fromwhich this application <clains priority,
Yamaoka S. et al. (1998), reported the characterization of a nmurine cDNA
encodi ng a 48kD protein, which was designated NEMO (for NF-xB Essenti al
Modul ator). 5 (See background) Additigpal database (in silico) searches
identified FIP-2 - a protein with unknéwn functions originally cloned, by
Li Y. et al. (1998, see background). As can be seen fromthe gl obal
alignnment of the RAP-2 and the FIP-2 sequences (Figure 3B), the degree of
overall simlarity is fairly low (it is therefore not surprising the 10
sequence Exampiol: Cldeintg frideldolasion @f sloeRA PR exdeianvigclo baldsab gios RIThBegteinThe
honol ogy between RAP-2 and FIP-2 increases towards the C-term nus of the
proteins, cul Fwoaiybied sdtemiing,babuer ci@nind Yredinihng Lraly@ign nal 30 ami no
acids. Noteworthy, beside the latter region, the putative LZ-notif in

FIP-2 is lar gﬁﬂshﬁgﬁh@%%lhggriﬁ ReRAPvAtH RXE @Pthd Bt Ade 'éﬁl FbRs SHPShhE Uidgan) .
An additional shorter RAP-2 cDNA of approxinmately 0.5kb was al so Tdentified

(1D 15868863 1)ancd Rhietlhlibwiatyl, abdontes] grat dF Kbrsezef wey isellateain Tohrt.5 Kithi s

vari ant ri sed codisn se nce "blocks" deriving f everal . renote
Vol o EBMPIR ROt g 1RBRRR it B SreefiBk ity tRRIL PR Sl R
~spli ci ngabdut LIVEK S alFRe, IBO SoqubRIetJTOFHICHTY BR Wk iéﬂii%Olr.‘ anal ysis of a Miltiple

Ti ssue Northern blot (Clontech) with a 0.9kb Bglll-fragnent of RAP-2 cDNA,

exposed a conplex OmigEQT%atgfﬁl‘ﬁ’%% cqﬁ%nég???ﬁe lg(?(bB%lﬁhJ faﬁﬁ%ﬁtfrg{gglsﬁsﬁ?,

ranging in sizé f b up , were detected w fore or
ubi qui t owas priradde mdechofcondtigut®s Shkd 3anchd6kd DNAALGE. scnkdgiume clbA) . #£XAAPL e 2:
1 1 MAR 2Q05 64 A simlar. arch of the

Identification of the . nurin p- 2 \ |
mouse ESTCSEHPR DEPFS TBSUET I Qhbe deter e A T ga 4| dpain 1brary, only
10 two small sequence fragments at its 3’ and 5’ ends are published. After obtaining the clone it
was sequenced and it turned out that even these published sequence fragments contained
errors. The sequenced clone (Fig. 2), was found to be identical to the clone of Fig. 1 in its

coding region, but showed differences in the 5°- noncoding region. It is therefore assumed

that both cDNAs are alternatively spliced forms of the same gene.

15 Analysis of the sequence shows that like RAP, RAP-2 protein apparently does not
have a ‘death domain’, it does not have a MORT MODULE, it does not have a protease
domain like those of the ICE family, it does not have a kinase domain, nor does it have TRAF
domains (see above noted co-pending, co-owned patent applications and the various
references, especially Malinin et al., 1997 with respect to all the various domains present in

20 the intracellular signaling pathways). Nor were any considerable motifs found to be present
within the given sequence, except for three leucine zipper (LZ) -~ ‘like’ blocks evenly
distributed along the protein coding region. These were termed 'like', because two of them
contain Leu to Val, Met or lle substitutions. Although usually considered conservative, it is
not clear 1f such changes within the leucine zipper domain allow the protein to retain its

25  functional activity i.e. binding to other LZs. Binding studies revealed that RAP-2 essentiaily
binds to RIP, RAP-2 being unable to bind to TRADD, MORT-1, p55-R, p75-R and MACH



cDNA of 1.6kb (Mouse part. I1D:761011, Figure 3) probably corresponding to
the nouse RAP-2, since it is virtually identical (95% to its human
counterpart throughout the coding region (see Figure 3). 5 NevertHel 888 2005 -
the differences between the human and nurine RAP-2 and NEMO sequences
ext ends beyond what can be unequivocally attributed to a regular
inter-species difference. In fact, a mssing block of 7 amno acid
(position 249 in 20.4) fromnurine RAP62 and fromthe NEMO sequence and
the insertion of 3 amno acids (KLE at position 111) in the NEMO open
reading frame as conpared to the full-length human variant and to the
partial 10 nurine sequence are only the nost noticeabl e exanples. (Figure

of e prBt R R i SNar Mol FRpor lp B B Har REMBRRRPFodE ok |

appear ed draddag dohrgiprasMER PMbDos &St ound for human RAP-2, al t hough the
fractionation anal ysi s reported for NEMO confirns that it I ocalizes to the

si gnal sore. 15hELATP! i aeaRl R ABING oL Be BAPRID b JTATHRA: R Mhaf fdrciEbibber

proof of the phys ‘ogl evance of nteraction was
obt ai ned to RIR meanedre spieeificHiz¢. ZDBT RAME2 hfglearsaebe s Spdcﬁﬁexeddulaﬂoe/mdtam opRO? ei ns

coul d_be .easi | co-precipitated from cel | ul ar sates of HEK-293 TCC No.
CRL 1873)MHasel! éaft rﬂa‘i’m‘é‘fyeﬁ?g‘&gaén 2RI dpled ih é’é%l jlgRangal Uﬁi“géééh‘ﬂs

and i MUREILSAATRIntANSKE Wit dRaAeh)- sﬁhﬁ@lgﬁmayé Kodak) | rmunoconpl exes wer e
~then analysed for the presence of H S RAP-2"by conventional Westen bl ot

procedure wit tﬁrﬁﬂ% #1‘51?&60%::3%\?%}52 gﬂ?)}%&ﬁeglﬂ ?wé%aﬁrn(g Qﬁ@&ta hm\@ldl

However, formati o such a conpl ex res enzynme
activity:cDNA libleey exihenhe W] dmngtlﬂRj[Rqugﬂeibwsaham N The tRI® saqntmqmmdmﬁaﬁie nase

assay, over-ex ress R.P 25 did not phosphoryl ate RAP-
MAR %005 T pe mUﬁauﬂgC%W(s@t t%?rectﬁgrlf%?p aré@dv%praa@@émﬁhﬁg?%ﬁé gga]w\@ 2
bi ndggt 0 @B% REestibf Noor{j@@dﬁr@l‘mh i E BGERLh WiBSe 00 A A% PR §hd e thdhst NEse

tests the proteins
RIP sequence under accession No U 25995). Using this sequence information appropriate

PCR-primers were designed by OLIGO4™ software and the DNA fragment corresponding to
the coding part of RIP was obtained by PCR using as template cDNA from the total RNA
Human Fibroblast Cell library (using standard procedures). This coding part of RIP was then
15 cloned into the pGBT-9 vector (Clontech) and used as bait, as noted above, in the two-hybrid
screening procedure. In this two-hybrid screen a clone was obtained coding for a RIP-binding

protein that interacts with RIP.

This clone, as noted above, was used to screen a phage ¢cDNA library and an EST

databank. It can be seen from Figs. 1 and 2 that the coding sequences of the two clones are

20 identical, while the 5’-non coding regions differ. Thus we are probably concemed with
alternatively spliced forms. The clones are of about 2.0 Kb with an ORF (open reading frame)

of about 1.5 Kb, which account for a molecular weight of about 50 Kd for the protein itself.

The deduced amino acid sequence of RAP-2 is shown in Figure 3.

Analysis of the above sequences of the RAP-2 clone and sequences in the ‘dbest’

25  database, Human Genome Database level | and GenBank database revealed that the RAP-2



p55-R, p75-R, MACH were tested for their ability to bind to RAP-2. However,
it was found that RAP-2 was incapable of binding to any of these proteins.
RAP-2 also did not bind to any 5 of the control proteins, e.g. |afmniar 905
cyclin D. All of the above results therefore indicate that the new RAP-2
protein possibly interacts wwth RIP in a very specific manner and as such
it represents a specific nodulator/nmediator of RIP. 10 Exanple 4: RAP-2
interacts with NI K and nodul ates the NF3xB and c-Jun-dependent
transcription. Although no RAP-2-NIK interaction was detected in the
two-hybrid tests in yeast (see above) transfection experinments of HEK-293T
mammal i an cells indicated stable formation of this conplex. N K-RAP-2
interactié%nué/vas \%etected &é défcri bed in Exanple 3 except that 15 anti-FLAG
ant i bodi ¥ Wele Weel e Vigsy ﬁeqL@PF%ﬁéﬁob@'QWﬂwﬁ%ﬁ?@c Yedt fBnSepRant
anti - H sGhonfdtb@uiortOR A PSU G Rh &S TARA R DS e e Bk NehRgwhiRh MR SIpp AR oh N
manmal i an cel s was not surprising, since full-length N K tends Po | oose

i ts bi ndi HgmMsrRseEitt i Yamagkerd. ex pt.d 888, rapoyteddite. cHarclariewtiarf of hendrmctcOMAt i n

T | naucBa L RE K0! POATR oA e e AoRBa T HeTRE A0 Ml ok b ek 2

20 in5cel(Seebidkpfornds capable of interfering with this particular signaling
pathway. An initial set of experiments was carried out in HEK-293T cells

transiently trangfiset ‘agtaﬂﬁélste:kt\f}&;r epehy _esrefu%iéf’émegﬁﬁedc LSO s (e hlgbhar ase

gene under control of the HV-LTR m n pronoter. ITn a simlar setup,
RAP- 2 wasfupetions atipmaliodnoed, by dowheegu(1868, seabmbgtovhdck to the basal |evel,
reporter activation caused by both over-expression of various known

NF- KB- i nducer sAf5anrbeodegr drdnn tHNElobhlOsigdninigt OGNIHE, RARAF2ad RlePFIPE? Gequeadtd
treat enent.. of &Ee cells by external 1 1 MAR 2005 66 stimuli (TNF and PMA,
Fi gure SAY8UERBhdherdesars of querall smailasitedy fajrly fownshileisthereiire ROt neprisngbiet er
pl asniod (4 MnTRrukblfiotQf o' 6B g GALS- LG 006 B)
activati oégl11 assays) ,0 an%nq#%i hﬁgﬁ Sgéngrl\ﬂ gi‘ésé:%(l)lr1éi 63%1(1:?1 ngﬁ%ﬁt r?eh%ihr? |O(I: éogg’l”ér? ucer
and ei t hdtAPfleandehifty invetrsed e vgudDNASY -temmisuspbatig ornsodilngniting in virtual
full-1 englhgnt%ﬁ\ Ic::f" ?hé(?—%e%l?ﬁa%)m amino acids. Noteworthy, beside the latter region, the putative

LZ-motif in FIP-2 is largely preserved in RAP-2 (except for an Ile/Ala substitution).

An additional shorter RAP-2 ¢cDNA of approximately 0.5kb was also identified (ID:
15 1469996} and which will be designated hereafter Human shrt. This variant comprised coding
sequence “blocks” deriving from several remote regions of the 1.5kb "full" ¢cDNA, probably

derived from alternative splicing of the same gene.

Northern hybridization analysis of a Multiple Tissue Northern blot (Clontech) with a
(1.9kb BgllI-fragment of RAP-2 ¢cDNA, exposed a complex pattern of RAP-2 mRNA. At least
20 5 different mRNAS, ranging in size from <lkb up to >7kb, were detected with more or less

ubiquitous prevalence of the 2.5kb and 6kb variants (Figure 4A).

Example 2: Identification of the murine RAP-2



5 Remarkably, the fact that RAP-2 is able to exert its effects as far down
the signal transduction pathway as RelA, inplies that part of this protein
action could be commobn to various, and otherw se divergent, signﬂiﬂumgzm5
pat hways (see below). At the sane tine, KB-independent (CW early
pronoter-driven) transcription of luciferase was not conprom sed (Figure
5A), and we thus believe that possible generic disarrangenent of the basal
transcription/translation 10 nachi nery éby RAP-2 can be rul ed out. These
results were subsequently, fully confirnmed in HelLa cells (not shown).
However, as further titration assays reveal ed, the actual phenonenon was
far nore conplex. In fact, when TRAF2 was transiently expressed in

HEK- 293T cell s, al a with the various ampounts of pcRAP-2 indicated in
Fi gure 6, RAP /> STIGE srael] ?{ﬁh&%ﬁ‘éﬁgﬂw iy icrblisned 8t TR exysrleh £attidns

(around 29na4 1861 e8h |(§/)0fusee BBI?.”@:'?QI dlﬁAll_:i?%dNE Bﬁgfdb?ﬁlgc&%eg}gcﬁﬂﬁ%r tioptﬁlia %usé see

Figure 6A). Moreover, by replacing the origi ert wth ohe In the

reverse F@ntined itam viranllgfifetica V@S5 RARe Atsannians@nsesexpthesghog tiekodhe was
desi gned and ﬁBAEZ W@% transiently expressed in HEK-293T cells along with
OF 16T EHED/a

the vari du® nmounts of pcRAP-2-a/s (antisense) constructs, and

the effect of}g;ogressive depl eti on of RAP-2 was 20 anal ysed, |eading to
the odt i ni ng "brerhdlesiclbatdieicases atwean the Aypamand Hawve Rt -2 t4entEMO t he
pl ot indig t 8y I o r.s > to
The ampurprere; paimds X ol P IR SRR RE g Socafly AT o Rl E T FLRLES
whi ch befdaff¢rsnabbufiaciaa nassigy blpdi off 7 araoiorezi@osiiog 24 Dint 40et)rfamm pakine RAP-2
endogenous ,|.eve| ﬁ&atbe Erotein Figure 6). It should be noted that

down- r egif' &£ il PE AENY SPREet b fhe nsgTHABPT deamen goiftntti o acRasdipnok! Lafh the

ant i 5ensQ\IEIﬁozépdﬂrr%ﬂ-iﬂ??ﬂla%en?Rrc%n{p%fédnt%q}le FS1-RRBASE IOV RiaR P BFP o the partial

over -expression. An antisense in fact does not~ involve artificial

prodd@t i grurste ssayerfcoraet gnlypthotnedsh matitdable ¢haeptesl (Figamed)t Abeef mveveckead| y 1
1 MAR 20 7. underscores the validity .of the RAP-2 inhibjtor apacity.
Never t nelged in BRGHREP iSR Hovice iredctbive ABes Bine | Jiolnrisis! JIOFBIEY
concent r akpoafRd fbs NEMO A 68kt, AiYealcAMEHEMe ob?&@tetdﬁhosf'é%ﬁ@md?@nf rAb-2 he
chart (F%?ure 6). To assess the diversity of transcriptional systens in

whi ch RaRItbowhythg fiectiongiginy ens!ysis reported for NEMO confirms that it localizes to the

signalsome.

15

Example 3: RIP binding to RAP-2 in mammalian cells

Further proof of the physiological relevance of the RAP-2-RIP interaction was
obtained in transfected HEK-293T and Hel a cells. Indeed, these two proteins could be easily
co-precipitated from cellular lysates of HEK-293 (ATCC No. CRL 1573) cells transfected as

20 indicated below each lane in Figure 4B and immunoprecipitated with anti-FLAG mAbs
(Kodak). Immunocomplexes were then analysed for the presence of HIS-RAP-2 by
conventional Westen blot procedure with anti-Hisé mAbs (Sigma) (Figure 4B and data not
shown}. However, formation of such a complex did not result in RIP enzymatic activity: to

the extent we could judge by an in vitro immunocomplex kinase assay, over-expressed RIP

25 did not phosphorylate RAP-2 (not shown).



5 we shifted to the study of c-Jun, a nuclear factor whose role in
establ i shing and mai ntai ni ng an adequate stress-response is proven to be
al nost as crucial as that of NF-KB. Using conponents of the conmdrtiMiR 2005
"Path Detect' system (Stratagene), we confirnmed a simlar bi-phase
performance of RAP-2 in relation to several recognized activators of AP-1
in HEK-293T and HelLa cells (see Figures 5B & 6B). 10 Exanple 5. RAP-2
potentiates c-Jun hyper-phosphoryl atiorng without altering JNK activity.
To study the nechani smunderlying such a profound effect on transcription,
it was essential to determ ne the precise |evel at which normal signaling
crunbles. It is 15 acknow edged that the trans-activation potential of
c-Jun is regul ated by extracellular signal-induced phosphorylation of two
serine resi duddindipgassay desrsBere) pasforined tadetaonine miethal RAZE? binds toansdohthen.

The JNKI roLei I s e nsi:bl e for th bovenent
phosphory a%#§ﬁ9@5h§?#%@?%%gmﬁgﬁ$§§§%?%ﬁg&ﬁﬂ%d%§%3w5FOeﬁg'U§§5§$ﬁg2§Tﬂani|y
and are pSSeREESVRSMACH watedsid foihes Pty takihefo ’iaP-A83dFdveandwas Tyuhd
medi at ed Fé further upstream 20 dual -specificity kinases. Therefore,
t

phosphor yP#tiofr2syastingapable oh bindbsr ey &f thess poicing Ribn2 plse Hid rothind @ray
JNKs %an(ﬁﬁhyﬁﬁﬂoﬁ%o%hﬁaé eﬁﬂﬂﬁ¥§9®hbng the activation state of the

protein. Western I'ot anal ysis w [ysates of transiently transfected

HEK- 293T cel | st eveal ed t hat t wi. t hst andi i pai r f_c-Jun- i at ed
_transcriptionf“kﬁ%ﬂge Pﬁ%d?ﬁﬂ%gﬁgﬁ%F%fB Cgﬁﬁggpﬁ%rW?gﬁg%%goPK@%ﬁéﬁg% tis
c-Jun at inRZoer Widw®apdiy dcAURENfiOf makdeiUidd GSeichi AUFrdstats 2 Ssptatial
cellular lysates of HEK-293T cells, transfected with the indicated

expr essi SROBbHeYmedinwr of Bfet her with either pcDNA3-carrier denoted in
figure 7 by a mnus sign (-) or with pcRAP-2 1 1 MAR 2005 68 denoted in the
sane figure by a plus sign (+), were resolved on SDS-PAGE, transferred onto
t he ECL- nenbrane and probed with anti-phospho-63Ser-c-Jun Abs (NEB). The

menbrldne sholxamiplé he: | RAPr2 pimtdacRf Wit UNEK 7 Andasddaifeobdd WR-RB and

anti-total-c-%un Abs as control (NEB)
c-Jun-dependent transcription.

Although no RAP-2-NIK interaction was detected in the two-hybrid tests in yeast (see
above) transfection experiments of HEK-293T mammalian cells indicated stable formation of
this complex. NIK-RAP-2 interaction was detected as described in Example 3 except that

15 anti-FLAG antibodies were used for Western followed by immunoprecipitation with anti-His6
(Figure 4C). Such discrepancy between binding in yeast and in mammalian cells was not

surprising, since full-length NIK tends to loose its binding properties when expressed in yeast.

In view of the fact that in vivo both RIP and NIK are believed to be indispensable

mediators of TNF-induced NF-kB activation, we examined whether overexpression of RAP-2

20 1n cell culture is capable of interfering with this particular signaling pathway. An initial set of
experiments was carried out in HEK-293T cells transiently transfected with reporter plasmids
comprised of the luciferase gene under control of the HIV-LTR minimal promoter. In a
similar setup, RAP-2 was initially found to downregulate, almost back to the basal level,
reporter activation caused by both over-expression of various known NF-xB-inducers

25 involved in TNF signaling (NIK, TRAF2, RIP, etc.) and treatement of the cells by external



5 The total anobunt of c-Jun however, remained unchanged excl uding el evation
of c-Jun levels as a possible source of nodification. Antibodies specific
to the phosphorylated formof JNKI/2, did not detect any substanti al

i ncrease in amobunt of these activated kinases in response to RAP12 MAR 2005
over-expression indicating that the additional phosphorylation of c-Jun did
not result from a RAP-2-dependent boost of JNKs activity (Figure 7B)
Activated JNK1/2 10 from HEK-293T cells transfected with either pcDNA3 or
pPcRAP-2, treated with hrTNFa for increéasing periods of tine were detected
by Western blotting of total |lysates with phospho-(183Thr/'8 Tyr)-JNK Abs
(NEB) as shown in figure 7. In further support of the latter notion, in
vitro kinase assay wth i munoprecipitated JNK1 and purified GST-c-Jun as

a substr gtieuRrUHUCGRd BIBeFidat IS )t HEKS@EFIH E@RBUNdre (tﬁhgh'ﬁt%' #@sfecldl WEKRO3T
cells, were co- transfected with e i vector, pcRAP-2 and pcRIP in various
B

conbi nat TenRestex @g%ﬂﬂdéHIMLtT R-lre onNRYDexpe Ewdy lFrng(ISéé o) GAiPQK uGES Ctiie o B)

i mrunopr termnal HA—ta ad N o}
phosphor??a@gggbgsgf’éh at | y pragdﬂ(@é%fslﬁﬂr iF 0& %chat\‘?\g C%ile%{eénr% %Hec?r e
32P- i ncoep@tyatichiale MpAINAB) Vdrt RO plakntB SR ceEB@Yihe Rﬁﬂlcliehgth RAQdRIC(EpsRmEFE
anal yzed by SDS- PAGE as shown _in figure 7. 20 RAP-2 becones phosphoryl at ed
when RAPK Emam@@@&iﬁﬁiﬂ“éihah%ﬁé%ﬁ@% peeatiseiicsts gnardaner E“eﬁléEPIHEI@Q‘SU%I s,

Functi ondr et 8¢ arrietis %@?yf’ﬁﬁﬁ%ﬁ%%@ﬁ PLUOR corfp A TN Ee i o

- one par to'tlem:iae dbergene $1@ndliﬂtlg$p2ph®ﬁ3e;l (e |brelo|w;s iAti the shéh) tithel kB-iadepbidehes
"the activ f Jun ({105 phoryl ati on % As illustrated i

Fig.. 13,
whi l e ové F% SPE OG- AT YEN W RIS CHLt R C@e%" Vas It COIremise glilrgéAj)
i ncrease §‘Fglt9 ot
af f ect atE1 hgrﬁlqﬁhﬁ?& ghospatyé Fat erﬁle%ﬁag fﬁﬁé%?ég% gFI%%P 4%?‘[1’-\'&'51%1(??

however , maakinmot b){I_RAIB’N?cﬂDBS rged afif. é‘d}tﬁdre&nltsa\lvéretmbstdqumt}yutﬁaty omfirmbé sre
findings.jndicate that phosphorylation of serine 148 in RAP2 is

speci fi cﬁe%CFlﬁ\/&PRf%WPE its effect on Jun phosphorylation. Exanple 6:
RAP-2 does not_inhibit c-Jun and Rel A binding to DNA. 5 In view of the fact
that the expeFioNENes ay dpdier dtrafipn prspprevesled) derrstuet @hergmenge was far more

complex. In fact, when TRAF2 was transiently expressed in HEK-293T cells along with the
vartous amounts of pcRAP-2 indicated in Figure 6, RAP-2 drastically changed its behavior at
15  low concentrations (around 20ng/ 10 cells), enhancing TRAF2 NF-xB induced transcription
(see Figure 6A). Moreover, by replacing the original insert with one in the reverse
orientiation, an effective RAP-2 antisense-expressing vehicle was designed and TRAF2 was
transiently expressed in HEK-293T cells along with the various indicated amounts of
pcRAP-2-a/s (antisense) constructs, and the effect of progressive depletion of RAP-2 was
20 analysed, leading to the outlining of a concentration-related diagram. The overall trend of the
plot indicates that cell responsiveness is roughly inversely correlated to the amount of
transfected RAP-2 DNA, except for a characteristic region which befalls about a 'zero'-point
corresponding to the nominal, endogenous level of the protein (Figure 6). It should be noted
that down-regulating the expression of a given gene by introduction of an antisense 1is
25  presumably more refined, as opposed to a sense over-expression. An antisense in fact does not

involve artificial production of any foreign protein within the cell, and therefore, clearly



cytosolic nodul ating target of RAP-2 over-expression of NF-KB- and
AP-1-signaling cascades, we investigated the integrity of the nuclear
processes required for transcription. Electra mobility shift assay ,\(,ﬂ\/%ﬁg
performed with nucl ear extract of transfected HEK-293T cells

unequi vocal |y denonstrated that RAP-2 did not interfere with binding of
c-Jun and Rel A 10 to the oligonucl eotides corresponding to their classical
recognition sequences (Figure 8). In fact, a several-fold enhancenment in
efficiency of the DNA/AP-1 conplex formation in RAP-2-transfected cells
was observed. Furthernore, no interaction was observed between RAP-2 and
c-JunlRel A that could result in sterical obstruction of activation domains
of the latter. It is suggested that, if any, the effect of the entrance of
RAP- 2 i ntuodersciresuthe ivalidigy getledRAPE athitione cgacint. Mowrtbtlesam gbuldhe noted
enhancer - pi ndi ng events. le 7: RAP-2 interacts in-vivo with histpne
acetyltr ﬁaéf ngeveﬂﬂ%@m%fggg ot BN BINRING PR &% YLBTegn §&! t“bvefsﬁg’ r“@%éﬁ?l y

descri be@nfignkd valodf tRuG8ATFioupE 6f. €1 ns cal | ed histone acetyltransferases
(HATs). The enzymatic activity of these proteins is 20 associated with the

state of chro Pf%tz{-sgés? H{eutﬁwfféiﬁve hfg&g&gifﬁ%‘%p&lsteﬁ%mlmﬁ RﬁW%oﬁH%efiﬁ\ﬁ)%%gf’ Ly

associated with certain e anscri ptional "apparatus a
capabbe ofe shiftibahd sgdy bé cylahea aficléardnser whdse aole ihlafabadiindynd mbiawimgg a

chromatin package in the wvicinity of initiation sjites by s of .
tr ansf er AP \_tag? §iresgrEIRRESOHt BrOYpR AP fhccalmpsl HooREs dace Bt %g@or‘#%g
“thereby Q:bﬁ‘l%ﬁén'&goﬁlﬁfée@tﬁm%rcYa@r’Té%H%Dét@ét'a‘f}@fénf gér%gagae%%nsp WNBonflrineliS similar

apparently one 25 of those auxiliary nuclear ns, nmeant to facilitate
cross t altk-pbastweefvrmireceoh &de? -ini rettitiog b £vMARr&08bizZ0 dcHedtorssofaAd- IRNA

pol ymer a I ﬁ i nvestigat ed ﬁlgig ]Ber TI P60 coul d conplex with

RAP- 2. Imgﬁﬁ%’?‘% E];%?eglﬁ (f‘?edﬂﬂmié % 5 followed by two-hybrid tests

concl ysively showed that RAP-2 strongly interacts with TIP60 in both

systé . Nevertheless, we were not able to see any considerable alteration

of RAP-2-nediated effect on NF-kB and c-Jun upon 5 co-expression of TIP60

i n HEK- 2d2mAmgde |55 RABt2 gredemtiatesTioe una hppéraptiosphonyhatinge switheut elerdng VK n

t he cont raoli xperiment, i.e. stinulation TIP60 (W o RAP-2), leading to the

concl usi 8 tW4t the short tine readout (20-30hrs after transfection),

r obabl recludes the e
P y P 0 study the mechanism underlying such a profound effect on transcription, 1t was
essential to determine the precise level at which normal signaling crumbles. It is

15  acknowledged that the trans-activation potential of c-Jun is regulated by extraceliular
signal-induced phosphorylation of two serine residues (**Ser & "Ser) of its amino-terminal
activation domain. The JNK/SAPK protein kinases responsible for the abovementioned
phosphorylation constitute a fairly distant subset of the MAP kinase family and are
themselves activated via phosphorylation at "**Thr and '®*Tyr mediated by further upstream

20 dual-specificity kinases. Therefore, phosphorylation status of the appropriate sites within both
c¢-Jun and JNKs can be used as a marker reflecting the activation state of the protein. Western
blot analysis with lysates of transiently transfected HEK-293T cells revealed that,
notwithstanding impairment of c-Jun-mediated transcription, RAP-2 markedly potentiated
phosphorylation of endogenous c-Jun at *Ser induced by a number of stimuli (see Figure 7A).

25 Total cellular lysates of HEK-293T cells, transfected with the indicated expression constructs

together with either pcDNA3-carrier denoted in figure 7 by a minus sign (-} or with pcRAP-2



chances of the reporter DNA to beconme chromatinized, |eaving no sufficient
time for HAT-like enzynes to perform 10 Exanple 8: C one#l0 - a novel
proteins interacting with RAP-2 Applying the full-length RAP-2 protein as
bait in two-hybrid screen of a B-cell cDNA library, we have isol &tN& 2005
novel protein interacting with RAP-2 denoted hereafter clone #10 or clone
#10- encoded protein or RAT-binding protein #10 or RBP-10 (Figure 10). The
15 original clone (about 2.2 kb) was found to encode a putative pol ypeptide
of apparent MV of 60kDa. However, theSbhutative ATG first codon is
apparently mssing fromthis sequence. Despite its considerable |ength,
the obtai ned cDNA has therefore to be expanded further towards the 5 end
to reconstitute the entire open reading frame. Two-hybrid assay of the

bi ndi ng rep&Ls ﬁi fh€ sthe § %%ﬁalﬁluﬁ %‘gﬁ%@%érg?és%w& SnRTALBABE, wakiOes Aes
RAP-2, has rather strong affinity for TRAF2. one #10 however does not
bi nd to RhePECTRABDbraMOBAA profa@HyitH MRRphpsphbP&Rr-calnd AbsK(MEEBWelHe membrene

several control _proteins ( r exanmple lam n and cyclin). It cannot
owver , SDBvRpeI BB T nBRHE T s RGeS B
mammal i apngghl s, considering the peculiarities of NIK's ~ behaviour in
yeast. Clone #10 was shown to bind RAP-2 within the CGtermnal 200 a.a. of

RP T peo. - ik e RBb PR P b5 EoaRY e A RRELEbE Al dlodien BEEALED ©
TRAF- 2 i nevelyased pcasibRI3irce of hivdificuent egibodRAzecifdioahe gh@phory aitddoiormo fof

-NF- KB, whereas coexpression of clone #10 with NIK strongly . el evated NF-KB
‘act i vat i dWKdy2.t e nohrdegget any, sebstantiedingy§ase onl Aoyl of atheseaActivisisdr Eagses 1o

regul at or, i of .cl Q. LSt nct j ) -yed
coul d pr5%%%F§ﬁ5§@9%%P§&§%?§$§§8éﬁgﬁﬂﬁ??%%?%ﬁ??ﬁﬁg?§%5§9F§g%ﬁ%%&§?$§§ﬁ%f
t he pr ot eichraak ifmm wiRAR-A-depeedeht bSev ef ANKs autidsy dFigBen BBhkAseatedh@E 1d2 m ng

at identification of ose . RBP-10-honol ogues led_to the identifi i on of

F40F12. 5 f(%?@%?%}? F@%@S@ﬂtﬁémﬁi @lgﬁ_rp 69@ﬁp&%r%%d{eaeﬂ Phom et Bgans,

to whi Chiﬂ(gez&m{gs'pgﬂic?&' ¢! ! @ex\@a%eﬁééhg&ed\'\’cstem biotting of total lysates with
phospho-("* Thr/'**Tyr)-INK Abs (NEB) as shown in figure 7.

In further support of the latter notion, in vitro kinase assay with immunoprecipitated

JNK1 and purified GST-c-Jun as a substrate produced essentially the same result (Figure 7C).

15 HEK-293T cells, were co-transfected with empty vector, pcRAP-2 and pcRIP in various
combinations  together with HA-JNKl-expressing plasmid. JNKI! was then
immunoprecipitated via its N-terminal HA-tag and its ability to phosphorylate
bacterially-produced purified GST-Jun was determined by **P-incorporation in an in vitro

kinase assay. Reaction producis were analyzed by SDS-PAGE as shown in figure 7.

20 RAP-2 becomes phosphorylated when RAP-2-IKK1 complex, immunoprecipitated
from transfected HEK293 cells, is incubated under in vitro phosphorylation conditions. A
search for the functional role of the phosphorylation of RAP-2 revealed that mutation of one
particular serine in this protein (in position 148) fully abolishes the activation of Jun
phosphorylation by it. As illustrated in Fig. 13, while overexpression of the wild type RAP-2

25  resuited in a massive increase in Jun phosphosylation, overexpression of RAP2 (S148A) did

not affect at all the phosphorylation of Jun. The effect of RAP2 on NF-xB, however, was not



Interestingly, F40F12.5 was found to display sone simlarity to several
menbers of the 10 widely conserved famly of ubiquitin-directed proteases.
These enzynes counterbal ance the destructive effect of the ubiquHHiH§§ion
machi nery, which is known to be in charge of the nmmjority of protei 2005
degradation events in a cell. Wile ubiquitin |igases are responsible for
attaching the poly-ubiquitin tree to a protein predestined for degradation,
ubiquitin proteases prevents an effective branching of the growi ng tree.
Such presunption 15 regardi ng the funcffon of F40F 12.5 based on the
simlarity to the abovenentioned ubiquitin-directed proteases however
appears to be questionable as it has not yet been exam ned whether this
particul ar protein posesses any enzymatic activity toward wubiquitin

pol yrer s affested REANBY SiPmaRHBh eT1RE: BRHILS ifRRAhat tholFHEey 1ateNoBsctiak 148 gence
quite unlikely: 20 aé Resi dues which are believed to constitute the core
cat al i ti &ARisepecifirady irtvetved bt afexw ondfin phdsplprilaiion.pr ot eases are not
conserved neither in F40F12.5, nor in RBP-10; b) Except fromtheir
catalytic sites, enzynes of the ubiquitin-directed protease famly derived
fromvarious species (frombacteria to human) display virtually no sequence
sim | ari Bxawpild & RADD dods Roafithibilt R:infhkE RéEIAMAKYiIna t6 BNAI N degree of

honol ogy. 25 ] 1 MAR 2005 72 Exanple 9: Cone 9 84: a RAP-2 i nteracting
protein An adgh binaf 1HRARc it Rk BehPihfnel Rp¥RSt indEMhbik o akly n@PRY ¥4l HEe t he
full-l1ength RAP-2 rotein as bait in the two-hybrid screen of the B-cel
"cDNA | i blcmoyolia?ndlqd@ﬁlﬁ‘a@ etasheof#BAP-T) ovee-ciB4ssivas of ouhaB- oargh &kl istzneling bi nd

to the f L engt h_RAR- il e displayin 0 5 interaction.wth any. other
otorn arertSedetalafed e A SR ok Rier e AR
The part BMctd' mEREY REEsSy (ENMIL) ﬁ&m&@& viGudlebexB@ct dfephbfeated HER-Pe3 T
sequence of a previously cloned c encoding the Cell G owh Regul atory

prot ei n CAR usquivpedidemprsraes hat RARSi{l pot injs+ferguitabiadingpd etun @ad Ryl4A n
ngilg%;]ar[ g%h@%géﬁlgﬁoﬁdgg?én‘%%gnﬁgg :thgeg {I%é%gzcﬁjlgr%cosgnit%n géq‘uer%c%??l:ig%?ecﬁ.s %’Il on #
fact, a several-fold enhancement in efficiency of the DNA/AP-1 complex formation in
RAP-2-transfected cells was observed. Furthermore, no interaction was observed between
RAP-2 and c-Jun/RelA that could result in sterical obstruction of activation domains of the
latter. It is suggested that, if any, the effect of the entrance of RAP-2 into nucleus is targeted

15 at some point downstream of the enhancer-binding events.

Example 7: RAP-2 interacts in-vivo with histone acetyltransferase TIP60.

TIP60 (GeneBank U 74667) belongs to the recently described family of nuclear

proteins called histone acetyltransferases (HATs). The enzymatic activity of these proteins is

20  associated with the state of chromatin structure in nucleosomal complexes. HATSs are
frequently associated with certain elements of the transcriptional apparatus and are capable of
modulating the rate of transcription. HATSs act by relaxing a chromatin package in the
vicinity of initiation sites by means of transferring acetyl groups onto specific lysine residues

of histones, thereby promoting access of various related factors to DNA. It is apparently one

25 of those auxiliary nuclear proteins, meant to facilitate cross talk between the enhancer-binding



10 identification of a C3HC4-Zi nk Finger notif (also referred to as a RING
finger) at its C termnal donain. Expression of CGR19 was found to supress
growth of several cell lines. The involverment of CGR19 protein ilnt NMARKHB0S
regul ati on by neans of binding to RAP-2 could possibly indicate nodul ation
of the cell cycle regulatory network by menbers of the TNF-R famly. 15
Exanpl e 10: Structure-functional relationship of RAP-2 A Binding regions
By enpl oyi ng consecutive del etion analysis, the binding regions wthin
RAP-2 were mapped and RIP, NI K, TIP60sbi nding as well as the

sel f-associ ation donmain(s) were 20 identified (Figure 11). Binding to RIP
has been nmapped to a region of the RAP-2 protein that begins between am no
acids 177-218 and ends at am no acid 264. So far neither the IKKI3 nor the

Nl K bi ndi it i id -264), d . I 1- 264 .
respeLPi@ggvghégzuégg%ﬁﬁ?%g%v rﬁgbt P%mggﬂgégrkggépﬁih%?%ﬁ?ﬁ?ﬁéﬁp§xCﬁﬂbure
11). 1 1RW2.299§M§@>r§iﬁgalti%9 FrtSI’n_-ﬁ-erlllF’g%f@@?%lﬁme‘dybmé-h%ﬁ@'t&té REndI@Sian

spanni ng am no aci 95- 264. interaction Wth the deletion
f ragment skpestinthagR AR 2naroagiydsteBits30Bh T¢RG( o budstystehisk¥kyerthelesheve eeainot of a

S 1 ar PP SHaABY CoBTAT s T WOk ALT SRR R Aot SFodh agberge ShbFor
bi ndi 9 @f.cxPreCdiANEF ﬁiﬁhoaﬁdHtﬁtmq* Eags(gleﬁ KON Ghe RARe acl ST eRRRESHas O

TI P60, however, the fact that full-length RAP-2 binds to the deletion
f ragment obsmvedl mi thg @mirnbegeridgent 18- 4tiewdaionet TR (wo RAB-Leleadingrio the

-fragnment containi,ng _.amng acids 1- LAl Les that .the region i in
oo di mEPTOLSD AR SRR SRr SeBh (e d A B skt pit b G dF
encoded RMafeko®ng thd Qepitd: NDNRE 1@ RRYEMBBINbiIRREHAX ¢@REORo AuPRée@ntily fod 0
binds wthin a region begi nni ng between am no acids 218-309 and endi ng at

am no acittATHiBe ameymesds perfarsl- bi ndi ng site may conprise overl api ng regi ons
with the binding sites for R P,
10

Example 8: Clone#10 - a novel proteins interacting with RAP-2

Applying the full-length RAP-2 protein as bait in two-hybrid screen of a B-cell ¢cDNA

library, we have isolated a novel protein interacting with RAP-2 denoted hereafter clone

#10 or clone #10-encoded protein or RAT-binding protein #10 or RBP-10 (Figure 10). The

15  original clone (about 2.2 kb) was found to encode a putative polypeptide of apparent MW of
60kDa. However, the putative ATG first codon is apparently missing from this sequence.
Despite its considerable length, the obtained cDNA has therefore to be expanded further

towards the 5' end to reconstitute the entire open reading frame.

Two-hybrid assay of the binding repertoire of clone #10 revealed that this protein,

20 besides RAP-2, has rather strong affinity for TRAF2. Clone #10 however does not bind to
RIP, TRADD, MORTI, MACH, TNFR-I, TIP60 and NIK as well as to several control
proteins ( for example lamin and cyclin). It cannot, however, be excluded that binding of
clone#10 to NIK might be found in mammalian cells, considering the peculiarities of NIK's

behaviour in yeast. Clone #10 was shown to bind RAP-2 within the C-terminal 200 a.a. of the

(3]
wh

latter, i.e. a region not necessarily associated with the binding of RIP, TIP60, NIK and IKK].



NI K, | KKf and TIP60 (Figure 11). B. Functional regions. 15 To the extent of
our present know edge, all the functional effects of RAP-2 (nanely NF- KB
i nhibition and i nduction of c-Jun hyper-phosphorylation) map to ﬁquﬁﬁaﬁS
region (Figure 11). Furthernore, it is possible that the region sufficient
for effective nodulation of signaling by all the inducers used in these
experinents localizes to the NNtermnal segnent of 20 the protein. The
regi on enconpassed by am no acids 95-4;? did have an effect, although it
was significantly weaker as conpared to the one caused by the full-length
protein and, thus, may result fromenforced aggregation of the endogenous
RAP-2. 1 | MAR 2005 74 Moreover, with the exception of RelA the effect of
all inducers used in our experinents can be nediated by as few as

appr oxi mat el y CheQprdsi@r @i n@lonaonaviaciTusaP iRATamalidn 98T ealBnpichented
fragment enconpassing am no acids 1-102 nediates a distinct effect, albeit
fairly mide¥a-aedisieducevatioBpf NE-1Gh, whereast doexpragsing, ofslanedd §fwith NHg sleenegdn of
Rel A requires | anger portion of e -2 protein. So far we, could
dof | ne ¢ KIS B8 bArTIoSEeBT A 59 r W1 et o TBEe: AOBBEWEER CafiGte 46 JEPah
264, whi ¢ 2RRRT SRt SNONS b Mend BLAY. BELIREN, A0Ae, kA3 d LadlafdoAfs
with sonme speCific, Rel A-associated, binding p%opertles. 10 C

Bi ndi hAg- fimpytdaxpmance badiffereshinpnfor erajipireg sites of ths psdiewnction Witgoresllll and 12,
it appears that: a) Wth the exception of Rel A, RAP-2 binding to RIP, clone
#10 and, nost Sevdeell yrounds MK @exBahkP66:addhes nafimimgouir efiehoficdtiba dilinlvke on

o fect oFCHAM BORRIORBAG 61 165(SPELSORD | SokLBAL AGETPEHITLAURELB AN S
{"ﬁg' g;gs gl_yﬁ%tﬁi!titfedgiggﬁéﬁtﬂﬂm BYslahf engntuRENdng9 RY&MbSicaES RN Wadl dsigndd | Of

Interestingly, F40F12.5 was found to display some similarity to several members of the

10 widely conserved family of ubiquitin-directed proteases. These enzymes counterbalance the

destructive effect of the ubiquitination machinery, which is known to be in charge of the

majority of protein degradation events in a cell. While ubiquitin ligases are responsible for

attaching the poly-ubiquitin tree to a protein predestined for degradation, ubiquitin

proteases prevents an effective branching of the growing tree. Such presumption

15  regarding the function of F40F12.5 based on the similarity to the abovementioned

ubiquitin-directed proteases however appears to be questionable as it has not yet been

examined whether this particular protein  posesses any enzymatic activity toward

ubiquitin polymers. Furthermore a couple of points appear to make such a coincidence

quite unlikely:

20 a) Residues which are believed to constitute the core catalitic region in either subclasses of

ubiquitin proteases are not conserved neither in F40F12.5, nor in RBP-10;

b) Except from their catalytic sites, enzymes of the ubiquitin-directed protease family
derived from wvarious species (from bacteria to human) display virtually no sequence

similarity while F40F12.5 and clone #10 dispaly a certain degree of homology.

25



proteins may be found to contribute to the given activity, as deduced from
the experinents carried out to date. The exact site of interaction between
RAP-2 and RIPis yet to be deternined but it 20 seens that thisJst MR;2%405
one specific to RIP and RAP-2 and not shared by other proteins known to
interact with RIP, e.g. MORT-1, TRADD, FAS-R and possibly al so TRAF2 (see
Malinin et al., 1997). It also arises that (from sequence anal ysis and
conpari son with sequences in various databases as noted above) that RAP-2
does not have a “death domain', a MORTZ2MODULE, a prot ease domain (e.g.

| CE/ CED3 notif), a kinase domain/notif nor TRAF 11 MAR 2005 75 domains. In
line wwth this, biological activity analysis also reveal ed that RAP-2
apparently has the follow ng characteristics : (i) when overexpressed,

RAP- 2 stmaqiplembiolauﬁmﬁ TKBp aGhterattiipR¥eif NF or by overexpression of
TRADD, RIP RAF-2, NIK or p65 NF-KB subunit; 5 (ii) RAP-2 potentiates

c-Jun hypef-pm%*aﬁfo%%mw M\&h&gk&elﬂ'&eﬁ aéﬁﬂﬁ%&:@je 1A fﬂyefu(mbﬂg)tl« RAP-2, as

shown by del etion anal ysis oes require t domai n of RI P, nor
t he ki nageoteiotas bait \n thé tRd-Rybrad sdoeamcifiibe BeceRl d)N A l\vl)rarlywédemdtchmea‘&)ve
del etion analysis, the binding region of RAP-2 to RIP was narrowed down to

an N-term nal (leg 68 obs fthadto ﬁﬁ&f‘ﬁmmmn&% dﬁ:;full&ngth)RRAB \ﬂhlhsi distdaiog b K i n
transfected manmalian cells, but not in n vi ew of

af or efrentTSRETRABD Any |98ies PEHEn Fpplasd lqcﬁldgét BRhFéHﬂ@PsTde&%QD RiBNKndi ng
POt e B NERE TaRD TROBALOSARALAL Al ibated 8ol IiElayiol B REAHOLYRE 11

-the RIP- | ntrace si‘gnal i ng pat hways. ove
it appearsquehet offARReondy clhivied vBN Al encodichi [t Cﬂtha;dild{dgohtm prat&n RIGR IS,

activities. Intracellularly, these bei RI P s involvenent in the cell.
survi val ! lﬁwiﬁs ENPREB R AP A, Spﬁﬁggﬁﬂm i <Allg ham%mgcfﬂpﬁwne& PH PIRAD)

and its '(gMé@ SEMENL; 4N lbgg,atdhl@%!)dr?rla”?ﬁgj6%%98 NekoG&lde ABALR 8@@@4@9 led Lo the

(i ndependently via its nteractl on
pr ot d0ns idantificasonMIRT - GzHCEFE&ED,Fim@B-rﬁotifF@EoRe&md:datssuca eRIéId} [ﬁmgtréaﬂs ets Such

terminal domain. Expression of CGR19 was found to supress growth of several cell lines. The
involvement of CGR19 protein in NF-kB regulation by means of binding to RAP-2 could

possibly indicate modulation of the cell cycle regulatory network by members of the TNF-R

family.

15
Example 10: Structure-functional relationship of RAP-2
A. Binding regions

By employing consecutive deletion analysis, the binding regions within RAP-2 were
mapped and RIP, NIK, TIP60-binding as well as the self-association domain(s) were
20 identified (Figure 11).

Binding to RIP has been mapped to a region of the RAP-2 protein that begins

between amino acids 177-218 and ends at amino acid 264.

So far neither the IKKf nor the NIK binding sites (amino acids 95-264) and (amino
acids 1-264) respectively were found to overlap RIP's binding site within RAP-2 (Figure 11).



as MACH. Mch4, Gl and the like). The possible ways in which RAP-2 may 20
nodul ate/ nediate RIP's activity are detail ed herei nabove. For exanple the
RAP-2-RIP interaction may | ead to enhancenent of either the ceIH f%?ﬁhm&{
cell survival pathways, or it may lead to the inhibition of eithe e
cell death or cell survival pathways, this enhancenent or inhibition
possi bly being dependent on the relative activities of other nenbers of
these two opposing intracellul ar pathways. RAP-2 nay al so act as a docking
protein to provide for an 25 aggregati & of a nunber of RIP nol ecul es and
other RIP- or RAP-2- binding proteins, which 1 1 MAR 2005 76 aggregate may
then function either in the direction of cell death or cell survival (or
even both) depending on the relative activities/anounts of the other

nmenbers of these,.path inth cell.. b anpl.e 11 :. Preparat. f

Colvel onal anBruh i 1Bt i e ovithn TG pnnineeipy B8 9s Yee.
subcut angRYsdck o ihfaraetifh GhithahPdEleridt BR@h&tt spinie BAftoZcidemsl 39 t@dd infost
conpl ete Freund' s adjuvant. Three weeks |ater, tghe_y_ are injected again

subcut anéielyIbyg thi repulsolp wkcifisobrnplive perfpamnaiion partpiningrie JHppatialrdsiitigns
adj uvant. Two additional injections of RAP-2 as solution in PBS are given
at 10 day i nt éy simliler di¢repanaplo bisdibg tathe deladn frgdays cah benotet dor kisding of

i izatjon.,.Th | t .of antibody |evel i d b
it of el AR EE P BB SR RAERE Ko o8N o N G Yhe G5k e 50
1: 500,  FuhLef RAM-215iHE tggl%l de®dti TP ghRRPEINtS BinY Ainidd £UEPABA1@MRs Nell as to

~protein-G agarose beads (20 I, Pharmacia) is added in a total volune of
200 | . Tilee pelrtion éragmentetentdiomglarhiparacids t-36fn impispehalt eacgichenbelses ar e
then washed 3..tinmes and bound ra%}oactivih¥&h§:¥%unted. Rabbit 15 antiserum
to hunman PRISFIHeT AR deralgesdn Dalvicep aRineddBA " 2Phe titer of the RAP-2
antiserumis asured as ar.ed that of the negative cantrol. MPLE
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i nconpl etasd Frusyftd' endanlj sNeantay chnpeise adelldpinmn edgidnsjwidt ttenkinding sgfev &1 REP, 10

day i ntenygl sy URs AR 1 )"

B. Functional regions.

15 To the extent of our present knowledge, all the functional effects of RAP-2 (namely
NF- kB inhibition and induction of c-Jun hyper-phosphorylation) map to the same region
(Figure 11).

Furthermore, it is possible that the region sufficient for effective modulation of
signaling by all the inducers used in these experiments localizes to the N-terminal segment of

20 the protein.

The region encompassed by amino acids 95-416 did have an effect, although it was
significantly weaker as compared to the one caused by the full-length protein and, thus, may

result from enforced aggregation of the endogenous RAP-2.



PBS. Final boosts are given intraperitoneally 4 and 3 days before the
fusion to the nouse showi ng the highest binding titer as determ ned by

| RIA (see below). Fusion is performed using NSO'| nyel oma cell | ih‘e”dﬁdeggs
| ynphocytes prepared fromboth the spleen and lynph 1 1 MAR 2005 77 nodes
of the animal as fusion partners. The fused cells are distributed into

m croculture plates and the hybridonas are selected in DVEM suppl enent ed
wi th HAT and 15% horse serum Hybridomas that are found to produce

anti bodies to RAP-2 are subcloned by the limting dilution nethod and
injected into Balb/C mice that had been prinmed with pristane for the 5
production of ascites. The isotypes of the antibodies are defined wth the
use of a comrercially available ELISA kit (Amersham UK). The screening of

hybri domas produci ng anti - RAP-2 nonocl | antibodies s erformed as
fol l ows: Hybr Wﬁ%"%uﬁéhn%aﬁ’f‘;@%ﬁ’% Ot(%e}g{;@ﬁ t_ﬁ%ref %k Ogr‘?s‘Léﬂ%'Eegf U5t 1 RAP- 2
anti bodi ez, i LAVEL h%qia%% gg REHCad %ﬁ'r&iﬁﬂé@@@@%teﬁﬁlmaﬁ)}mirﬁ-h% pfates

(Dynat ech 10 Laboratori es, andri a, ) are coated with Talon-purified
| L- | 8BPaRAISS. Ipifect egbmrihe frap@@nt énvehippssitipdrhimoianigs dvid2nnehates mdigbaaticHactat
4C, the plates are washed tw with PBS containing BSA (0.5% and Tween
20 (0.0S@Abcﬁﬁﬂr]BIWﬁ@&&ﬁﬁ%%gﬁhg solution for at least 2 hrs at 37C.

Hybri doma cul ture supernatants %100 A/_Well?{ are added and the PEJ at es. are
i ncubat ed for Op the gthsr hagricsucerwsTiy iadustion PERGIASIEY S & HELIORRT BOTLHH] Jg%te
of 15 go [t | -.1mu i i e]gfi‘&ri( balsyech akOn®00,
100 I/m%}a??lr(g%é}% @gwggﬁ?s&gppﬁegﬁugg%%ggﬁﬁ?é Thg)o%l %?éeés are washed
4 times andstlhe 264] @hichaipderestlp pedbvisythe ABTG b@wakn aminvoadids157 and 264 with
(3-et hyl benzt hi azol i ne-6-sul foni ¢, acid, Sigm) with H202 as a substrate.
The pl at égmél%ect‘fécageb‘%fa%?ﬁmémjo]ﬁﬁg’i“g PEYICERSr eader. Sanpl es gi ving OD t hat
are at least 5 tines higher than the negative control value are considered
positive. 20 The RAP-2 anti bodi es can be enpl oyed for purification of RAP-2
by affinity chromatography. 11 MAR 2005 78

10 C. Binding-function relationship

From the results shown in Figures 11 and 12, it appears that:

a) With the exception of RelA, RAP-2 binding to RIP, clone #10 and, most likely, to
NIK and TIP60 are not required for the function of the protein, as inhibitor of overexpression

induced NF-«B.

15 b) The effect of RAP-2 on RelA over-expression-induced activation is obviously
mediated, at least partly, by different binding events. Essentially, all of the above-mentioned
proteins may be found to contribute to the given activity, as deduced from the experiments

carried out to date.

The exact site of interaction between RAP-2 and RIP is yet to be determined but it

20  seems that this site is one specific to RIP and RAP-2 and not shared by other proteins known
to interact with RIP, e.g. MORT-1, TRADD, FAS-R and possibly also TRAF2 (see Malinin et

al., 1997). It also arises that (from sequence analysis and comparison with sequences in
various databases as noted above) that RAP-2 does not have a ‘death domain’, a MORT

MODULE, a protease domain (e.g. ICE/CED3 motif), a kinase domain/motif nor TRAF



EXAMPLE 13: ELISA test Mcrotiter plates (Dynatech or Maxisorb, by Nunc)
are coated with anti-RAP-2 nonoclonal antibody (serum free hybridoma
supernatant or ascitic fluid inmmunoglobulins) overnight at 4C Thiej i g8s
are washed with PBS containing BSA (0.5% and Tween 20 (0.05% and 5
bl ocked in the sane solution for at least 2 hrs at 37C. The tested sanpl es
are diluted ii, the blocking solution and added to the wells (100
p.l/well) for 4 hrs at 37C. The plates are then washed 3 tines with PBS
cont ai ning Tween 20 (0.05% followed bysthe addition of rabbit anti-RAP-2
serum (1: 1000, 100 I/well) for further Tncubation overnight at 4C. The
plates are washed 3 tinmes and a conjugate of goat-anti-rabbit horseradi sh
per oxi dase (HRP, Jackson 10 Labs 1: 10,000, 100 p.lIwell) was added for 2
hrs at om tenperature,. The p es. were . washed t he c IS
Gevel opedoBy maardng o this Dals B bl ariyt pans n ool nR A8 2 ttreale Mhf o
Si gma) Wit g2 gmgméﬂﬁﬁgrate The plates are read by an automatic ELI SA
y

reader. 15 FBV|n now described this invention, it wll be
appreci atgd by,tho e the ant t a 7 &
w thin akﬁndexﬁg%d%%ﬁ?%gaéﬂvgﬁég@ pg? 1 IBH%tS]@%ﬁ%en P%??%ﬂ@fﬁgad W%ﬂ

condi t i onsenskprogitn cfEPRADDNRIH, TRATE-DENEDbF pd5 MAGBsmbpeit;0of the invention
and wi thout undue experinmentation. While this invention has been descri bed

i n copnegtij on RUH-N psREGAE & Jurdly p@ﬂ?ﬁ)&!}' PSS oh Neitent altdringWNK ad@itunder st ood
that it is capable of further difications. This application is intended

Yo cover @0y, Yali.abl oRSm PSStk 1R ALORS 0Lyt e puENhANSof REL oW N

in genera the prin es’ o Ation and i ncl uding such departures
fron1theth@meaem&nﬂu&ﬁﬂd@dbemaéngmmBDMAth|n known or custonary practice
within the art to which the invention pertains and as may be applied to

t he esserfiv)al bhedt o ele ABs W dblefion anslgtis,f diet bindiag Rpichobl RAP-2 notRiE sespe
of the appended clains. 11MAR 2005 79 All references cited herein,
i ncl udi ngejrevFhar Wik andNdermpal segen atahout MiAmispasds:

10 (v) RAP-2 binds to NIK in transfected mammalian cells, but not in yeast.

In view of the aforementioned RAP-2 therefore appears to be a highly specific
RIP-binding protein and hence RIP modulator/mediator, that is likely to be involved m the

RIP-mediated intracellular signaling pathways.

In light of the above it appears that RAP-2 is involved in modulation/mediation of

15 RIP’s activities. Intracellularly, these being RIP’s involvement in the cell survival pathway
(NF-xB activation, possibly via interaction with TRAF2) and its involvement in the
inflammation and cell death pathway (independently via its ‘death domain’ or via interaction

with other proteins such as MORT-1, TRADD, p55-R, FAS-R and associated proteases such

as MACH. Mch4, Gl and the like). The possible ways in which RAP-2 may

20  modulate/mediate RIP’s activity are detailed hereinabove. For example the RAP-2-RIP
interaction may lead to enhancement of either the cell death or cell survival pathways, or it

may lead to the inhibition of either the cell death or cell survival pathways, this enhancement

or inhibition possibly being dependent on the relative activities of other members of these two
opposing intracellular pathways. RAP-2 may also act as a docking protein to provide for an

25  aggregation of a number of RIP molecules and other RIP- or RAP-2- binding proteins, which



corresponding U. S. or foreign patent applications, issued U S. or foreign
patents, or any other references, are entirely incorporated by reference
herein, including all data, tables, figures, and text presented ih1tm@32m5
cited references. Additionally, the entire contents of the references 5
cited within the references cited herein are also entirely incorporated by
reference. Reference to known nethod steps, conventional nethods steps,
known nethods or conventi onal nethodsTES not in any way an adm ssion that
any aspect, description or enbodi nent of the present invention is

di scl osed, taught or suggested in the relevant art. The foregoing
description of the specific enbodinents will so fully reveal the 10
general nature of the invention that others can, by applying know edge

W t hi n t hggekatk magfthdnfenaidn ihecintte dgedtida of e¢ll énatisoradelltshe/ivef{er«enebsthi t ed
herein),c%eadlly nggif%#and/on_adapt for _various applications, such

speci fi c BRUSHE RIS, relative actvitigimro wip el heehcamemberspk hesh Patiupsripithy
fromthe ggneral concept of the present invention. Therefore, such
adaptations and nodifications are intended to be within the meaning and
range of equival ents of the disclosed 15 enbodi nents, based on the teaching
and gui dance presented herein. It is to be understood that the phraseol ogy
or termnol o rejnis for th ur pose of description and not of

et O AT Tabparagonaf RoReRSG oL Shissds Sl bgy of the presont
specification is to be .interpreted by the skilled artisan in,Iigh%ﬁ%f t he
"t eachi ngs and %EP%& gitislysiarcisd swewansousiy withonts ¢l PWA DiFPRFAUORES! RAGW edge

of one ofeRlidhdaty Skihdie 1 E | nenxi,
e s ot aPtghdtd o pl | Treftes Ao, ST AR00 1 %%55%55@%%%@%*“
Sci ence 26Bcutdntuslbbdth Beg,of AhARAMY dBalatdtionrie, inddmpSek dheend?y 4djudt. 7Bdo 5
Bei dl er, é..et alﬂ,.(lggéaﬁi. Bi ol .. Chem_ 270: 16526- 16528. BErﬁﬁr, %. et
al ., (19885ieadngeions oh Readraselutign 1ahBScp ghen a&10 crygnipryqis pe rabbits
316: 369- 385bled BOIHRs affer 163 1281 imhd294ord ThENPveldSknt DB Andisber A6 is followed
by radioimmuniassay. 1. |abeled RAP-2 is mixed with various dilutions (1:50, 1:500,
1:5,000 and 1:50,000) of the rabbit serum. A suspension of protein-G agarose beads (20 pl,
Pharmacia) is added in a total volume of 200 pl. The mixture is left for 1 hour at room
temperature, the beads are then washed 3 times and bound radioactivity is counted. Rabbit

15 antiserum to human leptin is used as a negative control. The titer of the RAP-2 antiserum is

measured as compared to that of the negative control.

EXAMPLE 12: Preparation of monoclonal antibodies to RAP-2

Female Balb/C mice (3 months old) are first injected with 2 pg purified RAP-2 in an
20 emulsion of complete Freund's adjuvant, and three weeks later, subcutaneously in incomplete
Freund's adjuvant. Three additional injections are given at 10 day intervals, subcutaneously in
PBS. Final boosts are given intraperitoneally 4 and 3 days before the fusion to the mouse
showing the highest binding titer as determined by IRIA (see below). Fusion is performed

using NSO/1 myeloma cell line and lymphocytes prepared from both the spleen and Jymph
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The screening of hybridomas producing anti-RAP-2 monoclonal antibodies is
performed as follows: Hybridoma supematants are tested for the presence of anti-RAP-2
antibodies by an inverted solid phase radioimmunoassay (IRIA). ELISA plates (Dynatech

10 Laboratories, Alexandria, VA) are coated with Talon-purified IL-18BPa-Hisg (10 pg/ml,
100 pl/well). Following overnight incubation at 4°C, the plates are washed twice with PBS
containing BSA (0.5%) and Tween 20 (0.05%) and blocked in washing solution for at least 2
hrs at 37°C. Hybridoma culture supernatants (100 pl/well) are added and the plates are
incubated for 4hrs at 37°C. The plates are washed 3 times and a conjugate of

15  goat-anti-mouse horseradish peroxidase (HRP, Jackson Labs, 1:10,000, 100 pl/well) is added
for 2 hrs at room temperature. The plates are washed 4 times and the color is developed by
ABTS (2,2"-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid, Sigma) with HpOp as a
substrate. The plates are read by an automatic ELISA reader. Samples giving OD that are at

least 5 times higher than the negative control value are considered positive.

20 The RAP-2 antibodies can be employed for purification of RAP-2 by affinity
chromatography.
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' blocking solution and added to the wells (100 pl/well) for 4 hrs at 37°C. The plates are then
washed 3 times with PBS containing Tween 20 (0.05%) followed by the addition of rabbit
anti-RAP-2 serum (1:1000, 100 pl/well) for further incubation overnight at 4°C. The plates
are washed 3 times and a conjugate of goat-anti-rabbit horseradish peroxidase (HRP, Jackson

10 Labs, 1:10,000, 100 pl/well) was added for 2 hrs at room temperature. The plates were
washed 4 times and the «color is developed by ABTS (2,2%-azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid, Sigma) with HpO» as a substrate. The plates are read
by an automatic ELISA reader.

15 Having now fully described this invention, it will be appreciated by those
skilled in the art that the same can be performed within a wide range of equivalent parameters,
concentrations, and conditions without departing from the spirit and scope of the invention

and without undue experimentation.

While this invention has been described in connection with specific

20 embodiments thereof, it will be understood that it is capable of further modifications. This
application is intended to cover any variations, uses, or adaptations of the inventions
following, in general, the principles of the invention and including such departures from the
present disclosure as come within known or customary practice within the art to which the
invention pertains and as may be applied 1o the essential features hereinbefore set forth as

25  follows in the scope of the appended claims.
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Reference to known method steps, conventional methods steps, known
methods or conventional methods is not in any way an admission that any aspect, description

or embodiment of the present invention is disclosed, taught or suggested in the relevant art.

The foregoing description of the specific embodiments will so fully reveal the

10 general nature of the invention that others can, by applying knowledge within the skill of the
art (including the contents of the references cited herein), readily modify and/or adapt for
various applications such specific embodiments, without undue experimentation, without
departing from the general concept of the present invention. Therefore, such adaptations and
modifications are intended to be within the meaning and range of equivalents of the disclosed

15 embodiments, based on the teaching and guidance presented herein. It is to be understood
that the phraseology or terminology herein is for the purpose of description and not of
limitation, such that the terminology or phraseology of the present specification is to be
interpreted by the skilled artisan in light of the teachings and guidance presented herein, in

combination with the knowledge of one of ordinary skill in the art.
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acaaaaagat cct gagaaat 900 tttgct aaaaat aagat cag960 Ltt ggaaaaaaat gagaaagl020

t at caacagt aacct gaaat 1080 atttggaaaagactttaaacll40 oatttacttgaagacacccc 1200
gt aagaat gct acgaccatc 1260 caacact caagtccacclLtcl1320 atccgaagag gctbé At Eal005
aaat at aacc cagtgtcac: tcccaaagac ttaccccgac 1380 tgggagattg gaoacacagc
tgcatccctt gccagaatal. ogagttattt cctgttctct 1440 gCatacaaac aagccaclat
gLtgcttttg tgaagtatgg gaaggacgat tclLgcciggc 1500 tcttctttgg acagcat ogc
cgat ccggga Lggtggtcag aalggctcaa cattccccca 1560 agtcncccnt gscccacaag

Laggagagt a cttt %?Q@&qg QZGLEC ggggqg? Qt gsa. 1620 wLyccttgga atatgtgcca

gaaaggcaaa gLl cac, gaf g Ca cag’ aHdctcadpt e agttattaat 1980
ct gt gcacgaaga g%&t@cgta?ébccé g 5&%3 cgtttcbrégg%ﬁﬁca tacaatttta 2040
c

cacttt gt acaaata AR ﬁlcfiﬁtﬁ%ﬁécab@éaﬂﬁ@c%ag%wg tgtcttertt 2100
ctaacgtt ccat gt Cat 16 @a é‘f*@cgcagl800 ggt ccattgc cggcaat gga 2116
Lgtctttgtggtgatgatccttcagaaaagl860 tLtaaaaaca aalLlgctttt

gtgtccctgagtatt LaaLaagaagcatt 1920 1 1 MAR 2005 89 ttgcactcta gaaagt at gt
ttgtgttggt tttttaagaa gtctaaatga agttattaat 1980 acctgaagct ttaagttaag
tgcattgatc atatgatatt tttggaagca tacaatttta 2090 attgtggaag tttaaagcct
cttttagtcc attgagaatg taaataaatg tgtcttcttt 2100



at ggaaaaaa aaaaaa 2116 1 1 MAR 2005 90 5 CLAIMS 1. An isol ated pol ypepti de
which is capable of binding to RIP (receptor interacting protein), we 6hs
pol ypepti de has the am no acid sequence of: (a) a RAP-2 (RIP-associated
protein-2) protein whose sequence is that of SEQID NO 4; (b) a fragnent
of (a) which is capable of binding to BpP, 10 (c) an anal og of (a) which
differs fromthe sequence of (a) by no nore than ten changes in the am no
aci d sequepcg®s (a), each said change being a substitution, deletion

and/ or inserh on of a single am no acid, which analog is capabl e of
binding to RIP, or (d) a derivative of (a), (b), or (c) by nodification of

a functional gro i rs,.as . i .chai n o - {.er m nal
group of (r)lﬁe g\rn '!rgf@?%e%aﬁw g&gdé %h'r%@s'?(f%g%ﬁ? hoifoéngfn%vﬁt ﬁf(’l):uﬁ ¢ éor{g'lhtr?ga CE)"? am no
aci d to armoteis, vdfich felypeplisiethas denaoinb ypcideseguencagf:nat ur al  ami no aci ds,

which derivative is capable of binding to RIP. 20 2. A polypeptide in

accordanc b RRpS) @i/ yg{fl?fq{ | -t_i)) ol . Mhi ch
differs fﬁgyn\% Fﬁe S quéf"%?(’:oec 0 F?g%mb eptrﬁgmgﬁg)ggisgéﬂeﬁg%'?t%et?g‘?légﬁbg'?)'ﬁhserti on
of a single amno acid residue, which analog is capable of binding to R P.

25 3. A i i [ 1 i , which has the amno acid
p%)’é’ﬁ%ﬁrh%% of N@g{ﬁ%f@;&%@%bﬂa%% RF,  whi !

sequence of SE conposition conprising a pol ypeptide
according to claim1l and a pharmaceutically 30 acceptable carrier. 5. A

pol ypeyt i dg) alla sEAaNGIRcitiErs Fro tht 3eflencd of é?bﬁno ABrd theh BineaR@sypept i de
which is csgabl_e of binding to RIP (receptor interactin protein), which
pol ypept i dBe paing Agid SeAVENCE Of &F)s%%ﬁjheﬁlf‘éc nge being a substitution, deletion and/or

insertion of a single amino acid, which analog is capable of binding to RIP, or

(d) a derivative of (a), (b), or (c) by modification of a functional group which occurs as a side
15  chain or an N- or C-terminal group of one or more amino acid residues thereof without
changing one amino acid to another of the twenty commonly occurring natural amino acids,

which derivative is capable of binding to RIP.

20 2. A polypeptide in accordance with claim 1, wherein the sequence of {(c) is an analog
which differs from the sequence of (a) by the substitution, deletion or insertion of a single

amino acid residue, which analog is capable of binding to RIP.

25 3. A polypeptide in accordance with claim 1, which has the amino acid sequence of SEQ
ID NO:4,

4. A composition comprising a polypeptide according to claim 1 and a pharmaceutically
30  acceptable carrier.

5. A polypeptide in accordance with claim 1(b).

35
6.  An isolated polypeptide which is capable of binding to RIP (receptor interacting

protein), which polypeptide has the amino acid sequence of:

(a) a RAP-2 (RIP-associated protein-2) protein whose sequence is that of SEQ ID NO: 4;
40



(a) a RAP-2 (RIP-associated protein-2) protein whose sequence is that of
SEQID NGO 4; 1 1 MAR 2005 91 (b) a fragnent of (a) which is capabl e of
binding to RIP, (c) an analog of (a) which differs fromthe sequeﬁc‘é‘“’@‘iR 1B
by no nore than ten changes in 5 the am no acid sequence of (a), each said
change being a substitution, deletion and/or insertion of a single am no
acid, which analog is capable of binding to RIP. 7. A conposition

conpri si Ngbpa ﬂ@émmm@wmﬁ@é@b% di ingingitdRfp,and a pharmaceutically 10
acceptabl e carrier . An isolated nol ecul e conprising a DNA sequence
encodi ng a polypeptide in accordance with claim6. 9. A nolecule in

accor dancecyat ndid@oiTa Puhivh@ifférs frobBie BBRUHRE UPRS By RAIMOFH thh fealcﬂand%% 2

pr ot ei 10., A.yector risij ecule

accord ncehé\na%rﬁn%?a&%e%”e"f‘i O}ﬁf‘ v%%ctho?‘a"%{ﬁh%'?ﬂ?oq‘%%%é“%“aﬂ n%l'%‘”i@"é&babl e
of being engriasec dimgicaminkaciolhich BESbg is2apssit bi birdhgdd RI2. A vector in
accordance with claim 10 capabl e of being expressed in a prokaryotic host
cell. 13. An isolated transformed host cell containing a vector in
accordance, w for oduci 0 epti |ch is
capabl o of bi AR e Lingth PGierg el Bfeshiing bl oreB Rt BB el s T
accordleihceaumemthblelcamen 13 under conditions suitable for the expression of
an expression product; 40 thereby producing a pol ypepti de capabl e of
binding to RIP; and isolating said polypeptide capable of binding to RIP.

8. An isolated molecule comprising a DNA sequence encoding a polypeptide in
accordance with claim 6.

15
9. A molecule in accordance with claim 8, wherein the DNA sequence encoding said
RAP-2 protein of (a) is SEQ ID NO:1.
20
10. A vector comprising a molecule in accordance with claim 8.
11. A vector in accordance with claim 10 capable of being expressed in a eukaryotic host
25  cell
12. A vector in accordance with claim 10 capable of being expressed in a prokaryotic host
cell.
30
13.  Anisolated transformed host cell containing a vector in accordance with claim 10.
35

14. A method for producing a polypeptide which is capable of binding to RIP, comprising:
growing transformed host cells in accordance with claim 13 under conditions suitable for

the expression of an expression product;

40  thereby producing a polypeptide capable of binding to RIP; and

isolating said polypeptide capable of binding to RIP.



