| CASH ( CASPASE HOMOLOGUE) W TH DEATH EFFECTOR DOVAI N, MODULATORS OF THE
FUNCTI ON OF FAS RECEPTORS Field of the Invention s The present invention
is generally in the field of receptors belonging to the TNF/ NG
superfam |y of receptors and the control of their biological functions. The
TNF/ NGF superfam |y of receptors includes receptors such as the p55 and p75
tunor necrosis factor receptors (TNF-Rs, also called CD120a and CD120b,
respectively, but hereinafter will be called p55-R and p75-R) and the FAS
| i gand recept or (aI so called to FAS/APO or FAS-R or CDO5. but hereinafter
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MORT- 1- bi ndi ng proteins, or, which my also bind MORT-1 directly, and nore
specifically, it relates to one such pr ot ei n, herei n designated G, (which
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and Lyrrphot oxin (TNF-6) (hereinafter, TNF, refers to both TNF-a and

TNF- 13)  apecifically fhstnp:tesqmnalhveptlm ﬁmheammt:@ny neyel aiioreets Whicheind ﬁ%uomﬂy by
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their effects ing to specific cél surface receptors. Sone of the
effects eslpecxﬁtd{lgj iy retmebe) drersath pnoaémt}mremdengrgmﬁ Gha (whidyhas now also been
15 designated ‘CASH’ for ‘CASPASE HOMOLOG’, but which will be called ‘G1" herein
throughout), which binds to the MORT-1-binding protein Mch4 (also designated/called
CASP-10), and possibly also to another MORT-1-binding protein called MACH (also
designated/called CASP-8), and possibly also directly to MORT-1 itself.
Accordingly, the present invention concerns, in general, new proteins which are
20  capable of modulating or mediating the function of MORT-1 directly or indirectly or of
other proteins which bind to MORT-1 directly or indirectly. In particular, the present

invention concerns G1, its preparation and uses thereof, as well as the various novel

isoforms of G1, their preparation and uses.

25 Background of the Related Art
Tumor Necrosis Factor (TNF-o) and Lymphotoxin (TNF-) (hereinafter, TNF,

refers to both TNF-o and TNF-B) are multifunctional pro-inflammatory cytokines formed
mainly by mononuclear phagocytes, which have many effects on cells (Wallach, D. (1986)
In: Interferon 7 (Ion Gresser, ed.), pp. 83-122, Academic Press, London; and Beutler and
30 Cerami (1987)). Both TNF-a and TNF-B initiate their effects by binding to specific cell

surface receptors. Some of the effects are likely to be beneficial to the organism: they



may destroy, for exanple, tunmor cells or virus infected cells and augnent
anti bacterial activities of granulocytes. In this way, TNF contributes to
t he defense of the organism against tunors and infectious agents and
contributes to the recovery frominjury. Thus, TNF can be used as an
~anti-tunor agent in which application it binds to its receptors on 5 the
surface of tunor cells and thereby |n|t|ates the events leading to the
death of the tunor cells. TNF can al’so be used as an anti-infectious
agent. However, both TNF-a and TNF-13 al so have deleterious effects. There
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°Y bind both TNF-oo and TNF-B specifically, initiate and/or mediate the above noted
biological effects of TNF. These two receptors have structurally dissimilar intracellular
20 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 various proteins and possibly other factors, which are involved in the
intracellular signaling of the pS5 an p75 TNF-Rs have yet to be elucidated. It is this
25 intracellular signaling, which occurs usually after the binding of the ligand, i.e., TNF (o or
B), to the receptor, that is responsible for the commencement of the cascade of reactions
that ultimately result in the observed response of the cell to TNF.
As regards the above-mentioned cytocidal effect of TNF, in most cells studied so
far, this effect is triggered mainly by the p55 TNF-R. Antibodies against the extracellular
30 domain (ligand binding domain) of the p55 TNF-R can themselves trigger the cytocidal

effect (see EP 412486) which correlates with the effectivity of receptor cross-linking by



3 the antibodies, believed to be the first step in the generation of the
intracel lular signaling process. Further, nutational studies (Brakebusch
et al., 1992; Tartaglia et al., 1993) have shown that the biol ogical
function of the p55 TNF-R depends on the integrity of its intracellular
~domain, and accordingly it has been suggested that the initiation of 5
intracellular signaling leading to the cytocidal effect of TNF occurs as a
consequence of the association of two or nore intracellular donains of the
p55 TNF-R. Moreover, TNF (a and B) occurs as a honotrinmer, and as such,
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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 appears to be a cell-surface associated molecule carried by, amongst others,
20 killer T cells (or cytotoxic T lymphocytes - CTLs), and hence when such CTLs contact
cells carrying FAS-R, they are capable of inducing apoptopic cell death of the
FAS-R-carrying cells. Further, a monoclonal antibody has been prepared that is specific
for FAS-R, this monoclonal antibody being capable of inducing apoptopic cell death in
cells carrying FAS-R, including mouse cells transformed by cDNA encoding human
25  FAS-R (Itoh et al., 1991).
While some of the cytotoxic effects of lymphocytes are mediated by interaction of
a lymphocyte-produced ligand with the widely occurring cell surface receptor FAS-R
(CD95), which has the ability to trigger cell death, it has also been found that various
other normal cells, besides T lymphocytes, express the FAS-R on their surface and can be

30 killed by the triggering of this receptor. Uncontrolled induction of such a killing process

is suspected to contribute to tissue damage in certain diseases, for example, the



is suspected to contribute to tissue damage in certain diseases, for
exanple, the 4 destruction of liver cells in acute hepatitis. Accordingly,
finding ways to restrain the cytotoxic activity of FAS-R may have

t herapeutic potential. Conversely, since it has al so been found that
certain malignant cells and H V-infected cells carry the FAS-R on their
surface, antibodies against FAS-R, or the 5 FAS-R ligand, may be used to
trigger the FAS-R nedi at ed cytotoxic4effects in these cells and thereby
provi de a neans for conbating such malignant cells or H V-infected cells
(see |t dbstatctiah .of [veOT}s i andia benatitis ot Aegordiagly. fioding iy dionigstraie the
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regulate the deleterious effects of TNF by inhibiting the binding of TNF to its receptors
using anti-TNF antibodies or by using soluble TNF receptors (being essentially the soluble
extracellular domains of the receptors) to compete with the binding of TNF to the cell
20  surface-bound TNF-Rs. Further, on the basis that TNF-binding to its receptors is
required for the TNF-induced cellular effects, approaches by applicants (see for example
EPO 568925) have been made to modulate the TNF effect by modulating the activity of

the TNF-Rs.
Briefly, EPO 568925 relates to a method of modulating signal transduction and/or
25 cleavage in TNF-Rs whereby peptides or other molecules may interact either with the
receptor itself or with effector proteins interacting with the receptor, thus modulating the
normal function of the TNF-Rs. In EPO 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
30  the above domains of the p55 TNF-R were identified as being essential to the functioning

of the receptor, ie., the binding of the ligand (TNF) and the subsequent signal



30 the above domains of the p55 TNF-R were identified as being essential to
the functioning of the receptor, i.e., the binding of the ligand (TNF) and
t he subsequent signal 5 transduction and intracellular signaling which
ultimately results in the observed TNF-effect on the cells. Further, there
is also described a nunber of approaches to isolate and identify proteins,
peptides or other factors which are c%pable of binding to the various
regions in the above domains of the TNF-R, which proteins, peptides and
other factors 5 nmay be involved in regulating or nodulating the activity of
t he TNF- RraAdnctivmerandf inteyogihubac isgoaling whuoh atliimgteindrestitsniimgtheh ebsixed
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receptor Si)e %ggratblrlaeto decrease the amount or the activity of TNF-Rs or FAS-R at the cell
surface, while an increase in the amount or the activity of TNF-Rs or FAS-R would be
desired when an enhanced TNF or FAS-R ligand effect is sought. To this end the
20  promoters of both the p55 TNF-R and the p75 TNF-R have been sequenced, analyzed and
a number of key sequence motifs have been found that are specific to various transcription
regulating factors, and as such the expression of these TNF-Rs can be controlled at their
promoter level, i.e., inhibition of transcription from the promoters for a decrease in the
number of receptors, and an enhancement of transcription from the promoters for an
25 increase in the number of receptors (EP 606869 and WO 9531206). Corresponding
studies concerning the control of FAS-R at the level of the promoter of the FAS-R gene
have yet to be reported.
While it is known that the tumor necrosis factor (TNF) receptors, and the
structurally-related receptor FAS-R, trigger in cells, upon stimulation by

30 leukocyte-produced ligands, destructive activities that lead to their own demise, the

mechanisms of this triggering are still little understood. Mutational studies indicate that in



structurally-related receptor FAS-R, trigger in cells, upon stinulation by
30 | eukocyt e-produced |igands, destructive activities that lead to their
own dem se, the nechanisnms of this triggering are still little understood.
Mut ati onal studies indicate that in 6 FAS-R and the p55 TNF receptor
(p55-R) signaling for cytotoxicity involve distinct regions within their
intracel lular domai ns (Brakebusch et at., 1992; Tartaglia et aI., 1993;
Itoh and Nagata, 1993). These reglons (the 'death donmains' or death
effector domains' calle e sequ |n1Iar|t eath
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ligand molecules to the receptors, the resulting interactions of their intracellular domains

20 (Brakebusch et al., 1992; Tartaglia et al., 1993; Itoh and Nagata, 1993) augmented by a
propensity of the death-domain motifs (or death effector domains, DED) to self-associate
(Boldin et al., 1995a), and induced binding of two cytoplasmic proteins (which can also
bind to each other) to the receptors’ intracellular domains - MORT-1 (or FADD) to
FAS-R (Boldin et al., 1995b; Chinnaiyan et al., 1995; Kischkel et al.,, 1995) and TRADD

25 to p55-R (Hsu et al., 1995; Hsu et al., 1996). Three proteins that bind to the intracellular
domain of FAS-R and p55-R at the ‘death domain’ region involved in cell-death induction
by the receptors through hetero-association of homologous regions and that independently
are also capable of triggering cell death were identified by the yeast two-hybrid screening
procedure. One of these is the protein, MORT-1 (Boldin et al. 1995b), also known as

30 FADD (Chinnaiyan et al., 1995) that binds specifically to FAS-R. The second one,
TRADD (see also Hsu et al., 1995, 1996), binds to p55-R, and the third, RIP (see also



are al so capable of triggering cell death were identified by the yeast

two- hybrid screening procedure. One of these is the protein, MORT-I

(Bol din et al. 1995b), also known as 30 FADD (Chi nnaiyan et al., 1995) that
bi nds specifically to FAS-R. The second one, TRADD (see also Hsu et al.,

1995, 1996), binds to p55-R, and the third, RIP (see also 7 Stanger et
al., 1995), binds to both FAS-R and ph5-R Besides their binding to FAS-R

and p55-R, these proteins are al so capable of binding to each other, which
provides for a functional "cross-talk" between FAS-R and p55-R These
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processes reV| ewed | n Kunar,- 1995 and Henkart 996 There have al so been
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provi de protection to cells against this cell-cytotoxicity (Enari et 25
al ., 1995bothQﬁcegitomlthrpug@%;texﬂ'-(pvv&cm igeragtions. 1995; Xue et al., 1995; Beidler
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structurally related to the Caenorhabditis elegans protease CED3 and to the mammalian

interleukin-18 converting enzyme (ICE) in the onset of various physiological cell death
20  processes (reviewed in Kumar, 1995 and Henkart, 1996). There have also been some
indications that protease(s) of this family may take part in the cell-cytotoxicity induced by
FAS-R and TNF-Rs. Specific peptide inhibitors of the proteases and two virus-encoded
proteins that block their function, the cowpox protein crmA and the Baculovirus p35
protein, were found to provide protection to cells against this cell-cytotoxicity (Enari et
25 al., 1995; Los et al., 1995; Tewari et al., 1995; Xue et al., 1995, Beidler et al., 1995).
Rapid cleavage of certain specific cellular proteins, apparently mediated by protease(s) of
the CED3/ICE family, could be demonstrated in cells shortly after stimulation of FAS-R

or TNF-Rs.
Tt should be noted that these CED3/ICE proteases, also called caspases, are
30  produced as inactive precursors and become activated by proteolytic processing upon

death induction. These caspases are conserved cysteine proteases that cleave specific



the CED3/I1CE famly, could be denponstrated in cells shortly after
stimulation of FAS-R or TNF-Rs. It should be noted that these CED3/ICE
prot eases, also called caspases, are 30 produced as inactive precursors
and becone activated by proteol ytic processing upon death induction. These
caspases are conserved cysteine proteases that cleave specific 8 cellular
proteins downstream of aspartate resigdues thereby playing a critical role
inall known progranmed cell death processes. In addition to their
honol ogous C-term nal region from which the mature proteases are.gghived,
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and its possible uses al so described, as is set forth in detail and
i ncor por adlrdachetradi 499N their entirety by reference, in co-owned, copending
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(Boldin et at., 1996). Another such protease and various isofor t her eof
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al,, 1996)nq itossible idesiil R @istritied, & is GetdFofMIdetaibamtiinbgrppravéchencint thiir20
serves to nodul ate the activity of MORT-1 and hence |ikely also of FAS-R
and p55- Rntiretpdywhiersncerdy catosmedceoriendiap dsrad Ratgnt gppliegtipniNostHls 1488t.ai | s
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hereip i ”NBW&T/@S‘J@/{%@Y, M ih%fr%é?l'ﬂg@blidaﬁm? botHethradenpinbentont @didif et alt,he
caspases, MACH (CASP-8) and Mch4 25 (CASP-10), which have simlar
pr odomai NKY63 eAn@bEdsucheprotease and 9giouslisefornas thereof (ingbgling inhibitory ones),
designated Mch4 (also called CASP-10) has also recently been isolated and characterized
by the present inventors (unpublished) and others (Fernandes-Alnemri et al., 1996;
Srinivasula et al., 1996). This Mch4 protein is also a MORT-1 binding protein which
20 serves to modulate the activity of MORT-1 and hence likely also of FAS-R and p55-R,
and which may also act independently of MORT-1. Thus, details concerning all aspects,
features, characteristics and uses of Mch4 are set forth in the above noted publications, all
of which are incorporated herein in their entirety by reference.
It should also be noted that the caspases, MACH (CASP-8) and Mch4
25 (CASP-10), which have similar prodomains (see Boldin et al., 1996, Muzio et al., 1996;
Fernandes-Alnemri et al., 1996; Vincent and Dixit, 1997) interact through their
prodomains with MORT-1, this interaction being via the ‘death domain motif’ or ‘death
effector domain’, DED, present in the N-terminal part of MORT-1 and present in
duplicate in MACH (CASP-8) and Mch4 (CASP-10) (see Boldin et al., 1995b;

30 Chinnalyan et al., 1995).



Fer nandes- Al nenri et at., 1996; Vincent and Dixit, 1997) interact through
their prodomains with MORT-1, this interaction being via the "death domain
nmotif or "death effector donmamin', DED, present in the N-term nal part of
MORT-1 and present in duplicate in MACH (CASP-8) and Mch4 (CASP-10) (see
Boldin et al., 1995b; 30 Chinnalyan et al., 1995). 9 It should also be
mentioned, in view of the above, that the various proteins/enzynes/receptors
involved in the intracellular signaling processes |leading to cell death,
have been given a variety of nanmes. In order to precent confusion, the
followwng is a list of the various names, including new nanes deci ded upon
by a new conventjon, of each of .these pr.oteips, . o0 rts.theregf,. and the
nanes which are tsgﬁmﬁgﬁgpn%FhF5W6W8 tlnf%?WCSﬂJ@%iéﬁgg }Eﬁbﬂ%DEQ%QEfirst
nane Qt her BaRpEss/ dNehdsREEEI0ts iavblvid e th¥aneacuifta_shanl@igiprodesseplebdiiiNfe ceicept or
p55- R CDI 20a p55-R p75 TNF receptor p75-R CD 120b p75-R. FAS receptor FAS-R
FAS/ APOL CDISHIF Agverdeenyigivrn 4 varhir L naeRyn ordef fecpiepqnt éﬁ}ﬁ,‘s‘%ﬁéf&‘é‘ﬁg MACH 15
Meh4 FLICE2, ¢ inc ) e Qi¥Bh By adRa dontkaeh nofmoti f, -
deat h donaiﬁ?ﬁﬁg§¢9wggpgﬁmﬁ%é{Cﬁ@%%?ﬁ%égﬁgfg&ﬂ%tﬁgﬁ éffector dormai n ( DED)
MORT nodsil esacBf MERT prtdhsl esp-BEDSr¢Crndrtbe passsvitdspayess lemsphompley CE

pr ot eases gS SUWARY OF THE INVENTION It is an object of the invention to
provi de nov8l" BPGPEI s, including all isoforns, analogs, fragments or
derivatives thereuC, which are capable of binding to MORT-1-binding

proteins such as, for exaqPI%y t he above_ noted Mh4 and Nﬂgﬁ 30 .
Common or first nam ther names ew Convention_name ame used herein

10 p55 TNF receptor p55-R CD120a p55-R
p75 TNF receptor p75-R CD120b p75-R
FAS-receptor FAS-R, FAS/APOI CD95 FAS-R
MORT-1 FADD - MORT-1
MACH FLICE1, Mch5 CASP-8 MACH

15 Mche FLICE2 CASP-10 Mch4
G1 - CASH Gl
‘death domain’ death domain motif, - death domain/

MORT motif, death death domain motif/
effector domain (DED), MORT modules

20 MORT modules
CED3/ICE proteases caspases CASP CED3/ICE

proteases

25 SUMMARY OF THE INVENTION

It is an object of the invention to provide novel proteins, including all 1soforms,
analogs, fragments or derivatives thereol, which are capable of binding to

MORT-1-binding proteins such as, for example, the above noted Mch4 and MACH

30



10 proteins and their isofornms, or which are capable of binding to MORT-1
itself. As MORT-1 itself binds to the intracellular domain of the FAS-R

t he novel proteins of the present invention by binding to the
MORT- 1- bi ndi ng proteins and hence indirectly to MORT-1, or by binding
directly to the MORT-1 protein are therefore capable of affecting 5 the
intracel lular signaling process initiated by the binding of the FAS |igand
toits receptor, and as such the new proteins of the present invention are
nodul ators of the FAS-R-nediated effect on cells.. MORT-1 is also_ invol ved
in the nputding aod their tispformyr orewhigh targrrapadile ofvhiading doj MRR Uit i4s t he
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i nducers by f operating via. c rrel L @t Il j.gnal i ng
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are involyed,s Th@sehOoyel RoIMI kS Ok bhedr @sRAtiod NteNinodolatre dfS the
designated "A" proteins, and as noted above include the Gl protein

(exenpl i FiSeR-nhaiaséchpBtcowp cetd. MORY-] ssotlesy wwolvadan Bgsmodulatinsedft@e gNF
deri vat V&gcttog_e%ﬁs?&aﬁrgﬁ%@g{egge? Fctixsgt;;oditg& ioép%i%-'}?erfnd Rerlc8 R R Hfoteins

antagoni% ( rgantc: conpoun or “even sone
i sof or mB) e i frBRnAROURIANE hlsPeomfehleliaR nodula86rs OF ilfe TRIFafRRES mddfaghint s and
derivatives thereof, ich may be used to inhibit the 20 S|gnallng

process, ther p55¥Br ensqelis i Eikewdst.yby tirdogyetd theyabove xneduiationygfethe ftA$Reand A

further object of the dnventipn S to, use above, novel. G i0s,
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regul ation of receptor activity,” e.g., other proteases which cleave the
novel probmimoa droclkeddetracehdar $gmilliogipetivays icwhigh theaputeins tees. i@t ¥ and 25

identify other receptors further u reamin the signalin roce. 0 whi ch
t hese novseforms; BF&eﬁ’%Ye"Hﬂ%PE?g‘QYOIY?CQS[h’ﬁ?ﬁ %ngﬂam&‘é?ﬁ 9% F\Pé%sgﬁtﬁrrl“ée 1§§gatre ot her
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i nvo:??/edfieiggsaﬁcfl furelfrher bbj ect o? t he ivﬁvlenti on is tgFI provi de inhibitors
whi ch camhetembelont)r altiitscisoforms, andegd, Srapmentis od denivativesethateofwi th the G protein
and possible Gl isofaor.nms 0, havin rootease activity .(the G .otein has a
regi on that iéﬂ%‘?‘?ﬁl%%soféhet H’é"eﬂgi’)‘?éﬁlt)‘?t PEOV‘dCe a"taggmgts (e.g” aRfibodies!

peptides, organic compounds, or even some isoforms) to the above novel Gl proteins,

isoforms, analogs, fragments and derivatives thereof, which may be used to inhibit the
20  signaling process, or, more specifically, the cell-cytotoxicity, when desired.

A further object of the invention is to use the above novel G1 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 proteases
which cleave the novel proteins to render then biologically active, and/or to isolate and

25  identify other receptors further upstream in the signaling process to which these novel
proteins, analogs, fragments and derivatives bind (e.g., other FAS-Rs or related
receptors), and hence, in whose function they are also involved.

A still further object of the invention is to provide inhibitors which can be
introduced into cells to bind or interact with the G1 protein and possible G1 isoforms

30 having protease activity (the G1 protein has a region that is homologous to the proteolytic



1 regions of Mch4 and MACH and inhibit their intracellular activity
which, at least for sone possible G isoforns, may be a proteol ytic
activity. Mreover, it is an object of the present invention to use the
above-nentioned novel G proteins, isofornms and anal ogs, fragnents and
derivatives thereof as antigens for 5 the preparation of polyclonal and/or
nonocl onal anti bodi es thereto. The antibodies, in turn, may be used, for
exanple, for the purification of the Hew proteins fromdifferent sources,
such as cell extracts or transformed cell lines. Furthernore, these

ant i bodi asgiony obMaideghdt BIACH pgmb sthitst therrpiotrassliular gictivifyowhidhd enteafty fomg

di sorders related to abpnormal functi oni n.% of. .cellular effects nmedi ated by
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IS to provide pRAECEHI Wbb%&rr@p&iet'&géu ifRNRbA $hBel e BB RROURL O
proteins, isoforns, or anal ogs, fragnents or derivatives thereof, as well
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protei n calutces sWBICH cefirsttrasty oatramsfirenedaphitihes. of bi ndi ng or interacting

directly with MORT-1. G probably functjons a nodul at or conponent of the
cel | -deat h 20 Huthswagre; phese a&“@HO%?S TR Ha?‘ﬁgorofi‘agﬂ‘@ﬁ PRS0 BASIR at
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may ajpso HES-Rore®hérvelatadtreepedrb ul ar prot ease. Further, depending on the
transcription/translation processes in the expressjon of G, especially its
proteol ytic redibithes ohisci 957the iRvesHon is iRy PIYIdex pharmeesntipk AINPOSHIPACT i ve
proteol ytic 25.redi n u Tay i ytic
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CED3/ | CE theebf, s haues pagimacepichicaingbsitions tivepdgapthepbovenaed astivdiasiogger ed
by FAS-R MORT-1 (or FADD) binds to the intracellular domain of FAS-R upon
act i vat i othefantagosistsecept or and the novel Gl protein of the present

LTI, 5 PR AR IR PRI R0 5, hks s
char act erﬂiﬁdiﬂlg it or, or interacting with, Mch4, which itself binds to MORT-1, which binds to
the intracellular domain of the FAS-R, was isolated. G1 also may interact with another
MORT-1-binding protein called MACH, and may also be capable of binding or interacting
directly with MORT-1. G1 probably functions as a modulator component of the cell-death
20  pathway initiated by the binding of FAS ligand to FAS-R at the cell surface, and this by
virtue of the fact that it has a proteolytic region similar to the proteolytic regions of Mch4
and MACH, and hence Gl may also be an active intracellular protease. Further,
depending on the transcription/translation processes in the expression of G1, especially its
proteolytic region, some isoforms of G1 may be expressed without an active proteolytic
25 region and as such may serve as antagonists of proteolytic activity mediated by, for
example, Mch4 and MACH. Proteases of the CED3/ICE family have been implicated in
the apoptopic processes triggered by FAS-R. MORT-1 (or FADD) binds to the
intracellular domain of FAS-R upon activation of this receptor and the novel G1 protein
of the present invention binds to MORT-1-binding proteins such as Mch4 and possibly
30 also MACH or possibly directly to MORT-1. The G1 protein, cloned and characterized in

accordance with the present invention, may exist in multiple isoforms, some of which



accordance with the present invention, may exist in nmultiple isoforns, sone
of which 12 isoforns have a CED3/1 CE honol ogy regi on which has proteolytic
activity (proteolytic donmain), simlar to those of Mh4 and sone isofornms
of MACH, and which may cause the death of cells when expressed in the
cells. Thus, activation of this novel CED3/ICE honolog (i.e., the various
Gl isofornms having the proteolytic dO{Eﬂi n) by FAS-R (via 5 direct or
indirect MORT-1 interaction) appears to constitute an effector conponent of
the FAS-R-nediated cell-death pathway. Mreover, Gl al so appears ii/l?
functi on iseforms vt CED3d6Hpboraplogpeging Wiagh baserforeolypistactimyy (RiPtecatisd by
t he bi ndi of. TNk - t |l Ast1 j Vi LOgi.r ect
mechani srd?’g‘fa”w[ﬁ‘i“-“ift%itﬁ%ﬁn@“ﬁ@“@ﬁﬁ%ﬁ‘eé“g% ern @n@é%ng%ﬁg‘@r{l %alkllgé]ﬁe)
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with Gl binding to MORT-1-binding proteins such as, for,exar’%lﬁx ... Mch4 or
MACH, or Heimmdog§i.¢ othenerpus Gli iseformy hayjingthe msotgeltic gomsi) oty BSihd¥aan
active prptease i.nv in effect] |l ol not ed
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of the fungctirome@ihtetiRel-GEdRBphGvapr ot eases, it does, however, have sone
di stinctive sequence features of its own which may endow it wth_ a unique

and possibly WMoswwer, €8 dlsepraspisite furgionss apetfegar campenent af decsiiyssbe with

the present inventio new .pr ot el-n-desi ted §S Vi is Gl
protein v%h‘f%)'ol“&faé%dqgﬁghecﬁmg’g %f§ et B\D%-lgy%rtlh %eyrséléiﬁlgér)igthgg‘g'ayggnog 20
char act erjj, 720 ageafioh est MO C bidind o MIRADDVEh Srorm Rai@dbialdove, thes a
MORT- 1- bi ndi ng protein which is capable of effecting cell death, although

however , intracelinlontomaih o6 pbe-Rndisecet what 9%Sonfellowed by At tagether Wath{al, binding

opposite effec anely, the i nhi bit the killj of s. Rurther.  the
sequenci ng MOI%;E*R%{ESE% W%‘F”%e%’églaéd o SEamRle, CrP‘lgnor M’/g&h toérlﬁ‘lﬁ(?]lg? Pegi on
two so- C%Sﬁ@r-'l MRTHMIMES aclidMon T G irth @nakiee prwdde ifvoRed tileffecting

MORT- 1- bi ndi ng proteins MACH and Mch4, These MORT MODULES in GL appear to

account feil detth. ability to bind to Mch4, and may al so be the basis for its
posst o bLnd e NOT: ot 851 A% Bhkhou hiT e O g
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distinctive sequence features of its own which may endow it with a unique and possibly
tissue/cell specific mode of action.
Thus, in accordance with the present invention, a new protein designated G1 is
provided. This G1 protein was isolated and cloned by the two-hybrid screening assay and
20  characterized as a molecule which binds Mch4. Mch4, as noted above, is a
MORT-1-binding protein which is capable of effecting cell death, although however, it
should also be noted that some isoforms of Mch4 have the opposite effect, namely, they
inhibit the killing of cells. Further, the sequencing of G1 has so far revealed that it has in
its N-terminal region two so-called ‘MORT MODULES’ (MM) which are also found in
25  the MORT-1-binding proteins MACH and Mch4. These MORT MODULES in G1 appear
to account for its ability to bind to Mch4, and may also be the basis for its possible binding
to MORT-1 directly and for its binding to MACH or to specific MACH isoforms (specific
splice variants of MACH). In the G1 sequence downstream of the N-terminus region
containing the MORT MODULES there also appears to be a long region displaying

30 similarity to proteolytic region of MACH and Mch4. Moreover, from an initial analysis of

the possible location of the G1 sequence in the human chromosomes, it appears that G1 is



30 simlarity to proteolytic region of MACH and Mch4. Mreover, from an
initial analysis of the possible |ocation of the GL sequence in the human
chronosones, it appears that G is 13 |ocated on chronbsone No. 2 very
close to the positions of Mch4 and MACH which is also indicative of a

rel ati onship between A, MACH and Mch4. Mre specifically, at |east three
possi bl e isofornms of G have been fou1 d in accordance with the present
invention (see Exanple | below). Two of these have been 5 isolated and

cl oned and appear to represent two splice variants of a novelq}grot ein,
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portion h ng sequence honology to the caspase protease activity region.
W th respefbroh andGaPdgi CASHRY torvthe yhortdrascfbmm (mho(fngthEEe a;zp@ar(srtmbe miorbi t s
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other types of cells (e.g. HelLa cells). These results indicate that Gl 20

(nanel y, death @canaxoumoufscﬂndrm)alsezcmd a@ Mﬂlqtlt advaHornd Mﬁhﬂ)l\@&)?heafhdﬂéh an
initiator/enhancer ?‘ é‘? E and. FA ned a¢ed SI cel |l death.
It shoul dlomaimeats,dhe doness C1pgsofPHa %émlﬂ’“e SRR Pﬂﬁ‘o\’/‘aQ'i 8?1‘?pi?r§8?or ns
of a, far I Si I
G purtoitpE SRR GIB RrBAt) sfimidle C At pBRich eI S eR Bb bR 0 o1 TP1 Y

G are tgnhbeadpasd prdesisé Elcttvh? rsg_lgaﬂmwghcrfespza to@nologttal Jaatvny hihg shottrdGogan
bot h i nducer s/p nhancers of cytotoxicity as
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i sof or ms i)l wRikS eyefdxityRvdrRldars frdtdade-homBloBy 88gién. However, it should also
be noted that the longer Gla isoform is also capable of inhibiting cytotoxicity mediated by
FAS-R and p55-R in other types of cells (e.g. HeLa cells). These results indicate that G1
20 (namely, its various isoforms) acts as an attenuator/inhibitor and/or an initiator/enhancer
of p55-R- and FAS-R- mediated signaling for cell death.

It should also be noted that for the sake of clarity the various isoforms of G1, for
example Gla and G1, will often be referred to herein as simply ‘G1’, but it is to be
understood that in these cases all the isoforms of G1 are to be included in the meaning of

25 ‘Gl’ so that this could mean both inducers/enhancers of cell cytotoxicity as well as
inhibitors/attenuators of cell cytotoxicity. When a specific G1 isoform is intended, then it
will be named specifically, e.g. Glo or G18, as the case may be). As such ‘G1” when used
collectively to refer to the various isoforms will also often be referred to herein as a
‘modulator’, this meaning that it can be inhibitory or augmentory to the biological activity

30 in question.



"modul ator', this nmeaning that it can be inhibitory or augnmentory to the

bi ol ogical activity 30 in question. 14 1In view of the above-nentioned, it
therefore arises, as noted above and as set forth hereinbelow, that Gl is
apparently a nodul ator of MORT-1 activity and hence a nodul ator of the
cellular effects nediated by the FAS-R and al so the p55-R as wel |l as

possi bly other receptors of the TNF/ receptor famly and others as well
which may 5 share common intracellular signaling conponents and

mechani snms. Thus, as G apparently has a protease-like region (at |east the
| ong i sof or m) Intvievagf theabewsmerinse.dt Hheredere aisgspAs pespFd a\%%/‘tecﬁnéﬁ? settfprting

| nf | ammal on beflol{\?e%a?rGi rﬁg aﬁ)%?ﬁnﬁ;i_l\ﬁ;w ato WEMIO T QC%HR)ltggaﬁ(hq’éﬁce Iay

transn1t€§HHV|a receptors o receptor possi b
ot hers asny®iidtor dDtHelcoliBir affeqs sexdintedby alre FABifblahd)ralsofthe@ISB “Royd ofethsci t y
and inflammation by virtue of its being present as part of a conpl ex of

ot her pr qrossibly ashes raeepsers 10 ivby TREYNGE r@ﬁ@torci?mblwmcqtbfgrs &F WelrWhiRkrERYr y

effects of these ot.h

ul ti mat el Fé?HVTFHng? 3ﬁ¥§ﬁﬁﬁﬁggP% OM$§{%EIF cyFBtOX|ce;§?|ch§ é% t hei r

activity in i nf}h@nﬁf’@xl appardilyGhs BRYot¥@e-liKesexioe (af ¢eadstha lorgibefonry it aray
augnentor of cell totoxicity and inflammtion and this by augnenting the
o

acti vi ty bofresponebleghreetdy fos celécagotomm agf dnfiomopation cawsgd (pr IIRFEd BY B311B¥ ndi ng

to them and ECHJtI themto & y. of
VORT- 1. (e e pkafo o EMutg Perona g RENGE PRPRE B ag,
activi ty Fssib NS | hs%&@ll proteins or to augnent their inflammtory effects.
20 Li kewi'se, in an anal ogous fashion GL nay al so serve as an inhibitor or
an awgment or GinmvhboSeﬂ@waaehmdm@roﬁédl@ﬂ@p§mﬁyaw%aﬁ@aw@ﬂgnh$VFW@Of

h whi
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25 as a nedi ator” or nodul ator of the FAS-R ligand effect oncells by way of

medi at i ngeven MO bY, iuttgnathly resulting il amlnstnblgorg@énhmg CHObRXS 8Ctiyfify cor Usiial | y
occurs foll.om ng e binding of the FAS-R ligand at the cell surface. In
addi t i on gVity o &g)@“ﬂ?tﬁm ng specificity, MORT-1 was shown to have ot her

charagteri sticg; (Rge yEehigs @8R FXaiRhBankks of Qugmentor of cell cytotoxicity and
inflammation and this by augmenting the activity of other proteins (e.g. Mch4 and MACH
or even MORT-1) by binding to them and recruiting them to bind MORT-1 or to act
independently of MORT-1, in either case the recruitment serving to augment the cytotoxic
activity of the various proteins or to augment their inflammatory effects.

20 Likewise, in an analogous fashion G1 may also serve as an inhibitor or an
augmentor of other intracellular mediators or modulators having pathways in which G1 is
actively involved.

MORT-1 (for ‘Mediator of Receptor Toxicity’, Boldin et al., 1995b), is capable of
binding to the intracellular domain of the FAS-R. This FAS-binding protein appears to act

25  as a mediator or modulator of the FAS-R ligand effect oncells by way of mediating or
modulating the intracellular signaling process which usually occurs following the binding
of the FAS-R ligand at the cell surface. In addition to its FAS-binding specificity,
MORT-1 was shown to have other characteristics (see Reference Example 1), for
example, it has a region homologous to the “death domain” (DD) regions of the

30 p55-TNF-R and FAS-R (p55-DD and FAS-DD), and thereby is also capable of

self-association. MORT-1 is also capable of activating cell cytotoxicity on its own, an



exanple, it has a region honol ogous to the "death donmai n" (DD) regions of
the 30 p55- TNF-R and FAS-R (p55-DD and FAS-DD), and thereby is al so capable
of self-association. MORT-1 is al so capable of activating cell
cytotoxicity on its own, an 15 activity possibly related to its

sel f-association capability. It has al so been found that co-expression of
the region in MORT-1 that contains the, "death domai n" honobl ogy sequence
(MOAT-DD, present in the C-termnal part of MORT-1) strongly interferes with
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to isolate, identify and characterize additional proteins, peptides, factors, antibodies, etc.,
which may be involved in the MORT-1-associated or FAS-R-associated signaling process
20  or may be elements of other intracellular signaling processes. Such MORT-1-binding
proteins have been isolated and have been described as noted above in the co-owned
co-pending Israel application Nos. IL 114,615, 114,986, 115,319, 116,588, 117,932 and
their corresponding PCT application PCT/US96/10521 (as regards MACH and its
isoforms), and by others such as Fernandes-Alnemr et al. (1996) and Srinivasula et al.
25 (1996) (as regards Mch4 and other such ‘Mch’ proteins). One of these MORT-1-binding
proteins, and above noted MACH, was initially cloned, sequenced, and partially
characterized as having the following properties : The MACH cDNA encodes the ORF-B
open-reading frame, MACH binds to MORT-1 in a very strong and specific manner; the
MACH binding site in MORT-1 occurs upstream of the MORT-1 “death domain” motif;
30  the ORF-B region of MACH is the MORT-1-interacting part thereof, and MACH is

capable of self-association and of inducing cell cytotoxicity on its own. Further, later



open-reading frame; MACH binds to MORT-1 in a very strong and specific
manner; the MACH binding site in MORT-1 occurs upstream of the MORT-1
"death domain" notif; 30 the ORF-B region of MACH is the MORT-1-interacting
part thereof; and MACH is capable of self-association and of inducing cel
cytotoxicity on its own. Further, later 16 analysis as set forth in the
above co-owned, co-pending patent appljcations as well as Boldin et al,
(1996) showed that MACH actually exists in a nunber of isofornms. Moreover,
the MACH ORF-B noted abgve is in fact one of the MACH i soforns desi gnat ed
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In particular, the present invention provides a DNA sequence selected from the
group consisting of :
(a) a cDNA sequence derived from the coding region of a native G1 protein,
(b) DNA sequences capable of hybridization to a sequence of (a) under moderately
20  stringent conditions and which encode a biologically active G1 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 G1 protein.
Another specific embodiment of the above DNA sequence of the invention is a
DNA sequence comprising at least part of the sequence encoding at least one isoform of
25  the Gl protein. Another embodiment of the above DNA sequence is the sequence
encoding the G1 protein as depicted in Fig. 1, (the Gla isoform). Another such
embodiment is a second G1 isoform depicted in Fig. 2 (the G1B isoform).
The present invention provides G1 proteins, and analogs, fragments or derivatives
thereof encoded by any of the above sequences of the invention, said proteins, analogs,

30  fragments and derivatives being capable of binding to or interacting directly or indirectly

with MORT-1 and/or any of the MORT-1-binding proteins such as, for example, Mch4 or



enbodi nent is a second G isoformdepicted in Fig. 2 (the GL(3 isoforn).
The present invention provides G proteins, and anal ogs, fragnents or
derivatives thereof encoded by any of the above sequences of the
invention, said proteins, analogs, 30 fragnents and derivatives being
capable of binding to or interacting directly or indirectly with MORT-1
and/ or any of the MORT-1-binding proteins such as, for exanple, Mh4 or 17
MACH, and medi ating the intracellul arl’effect nediated by the FAS-R or p55
TNF-R, or any other cytotoxic nediator of inducer to which said G

pr ot ei ns, MAGH, a@d, médiaparhé mtacellulerdfieat mediatedrty thapals-R @fpi5i TWHFRY or
directly or indirectly. A specific enbodipnent of the invention is the G
protein, awatbeyeytatesiemediatorafdnduseriy Whighisgid St REY@BY. apRlBEhdrREBRBS A nent

is any isoformof the I, N : ragments and derivatives
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vari ous uses of the above 'sequences or the proteins which they encode,
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fragment sq@fure medium of said transformed cells or from cell extracts of said transformed cells.
The above definitions are intended to include all isoforms of the G1 protein.

In another aspect, the present invention also provides antibodies or active

derivatives or fragments thereof specific the G1 protein, and analogs, fragments and
20 derivatives thereof, of the invention.

By yet another aspect of the invention, there are provided various uses of the
above DNA sequences or the proteins which they encode, according to the invention,
which uses include, in general, amongst others :

(A) A method for the modulation of cell death or inflammatory processes,

25  comprising treating said cells with one or more Gl proteins, analogs, fragments or
derivatives of the invention as noted above, wherein said treating of said cells comprises
introducing into said cells said one or more proteins, analogs, fragments or derivatives in a

form suitable for intracellular introduction thereof, or introducing into said cells a
nucleotide sequence encoding said one or more proteins, analogs, fragments, or

30  derivatives in the form of a suitable vector carrying said sequence, said vector capable of



derivatives of the invention as noted above, wherein said treating of said
cells conprises introducing into said cells said one or nore proteins,
anal ogs, fragnments or derivatives in a formsuitable for intracellular

i ntroduction thereof, or introducing into said cells a nucleotide sequence
encodi ng said one or nore proteins, analogs, fragnments, or 30 derivatives
in the formof a suitable vector carngng sai d sequence, said vector
capable of 18 effecting the insertion of said sequence into said cells in
a way that said sequence is  expressed in said cells; and (B) A nethod for
t he nodul effeceng de wesrtion it Widopequpnqeamirattif ycels ot dsway that i BSREREG 1S
treating said clkgsd@%%@aﬁ e or nore inhibitors of one or nore
proteins/%ﬁ??ﬁ%s 59vedr & Ing said cell death or inflammatory processes,
sai d inhibitors bei@y ashatbeebrithomotbiatign ofigelicdvasi 6t inflgmaktory processeg or
more G proteins, analogs, fragments or derivatives of the invention
capabl e ofompisingitteating sad gellsarith ereaarimere inhpitaspaheRsy §f PPIEIEIEHS CNZIMES (i )

i nhi bit f. . Gl. tei i i i
oL Py S5 B B LS, el SRRSO o

i nf | ammat @k ¥ir RIpAsRsisEss oft: Q)N ®r Pire IGIUpratding, atdicusafray@enebhoetdatitestdfe
present invention include the follow ng specific enbodinents : (iq? A

net hod f othetilreentioelu¢apeble rofohhibitiag AR wlf’ﬁgﬁhwrdﬂﬂwam PEgcegsgs.cand 1)
carrying a, FAS-R.or p55-R, ~conprisi treating,said.cell i o] nor e
G pi ot o bMoTet 2haBrgcre £ FERENS o e BERMOAR TR S g o it GG

capabl e of, Binfidrdatces MIRIdidtes 9id ealt H3atObr inﬂskhfrﬁcdrmr&kssféﬁpabl e of binding
to MORT-1 binding proteins such as Mch4 or NMACH, ich MORT-1, in turn,

di rectd y bi ndsMoee tiaetiquiariyadht | abose methads obf thEAgregent oinvertipabinsluge thsi ndi ng
directIyN%r indirecélg &O.NCRTfl or to MORT-1-binding proteins as noted
above, HEWIngrRICEC SPROGIBERES * bi nds t o TRADD which binds to the

intracel lular domain of 20 p55-R, and thereby bei ng capabl e of

nodul ati ng/ nedi ating the activity of said FAS-R or p55 TNF-R, wherein said
treating of saidAcelettedcforphé swsiuiation oofudie EAS-R bgaal ar d&VH sfiecsian cellse or
nore proteins, aﬁgl g[gs, %éﬁgments .0r derivatd'ov s i.p a formsg‘iﬂ abltemfor
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binding directly or indirectly to MORT-1 or to MORT-1-binding proteins as noted above,

which MORT-1, in turn, binds to TRADD which binds to the intracellular domain of

20 p55-R, and thereby being capable of modulating/mediating the activity of said FAS-R or
p55 TNF-R, wherein said treating of said cells comprises introducing into said cells said
one or more proteins, analogs, fragments or derivatives in a form suitable for intracellular
introduction thereof, or introducing into said cells a DNA sequence encoding said one or
more proteins, analogs, fragments or derivatives in the form of a suitable vector carrying

25  said sequence, said vector being capable of effecting the insertion of said sequence into
said cells in a way that said sequence is expressed in said cells.

(il) A method for the modulation of the FAS-R ligand or TNF effect on cells
according to (i) above, wherein said treating of cells comprises introducing into said cells
said G1 protein, or analogs, fragments or derivatives thereof, in a form suitable for

30 intracellular introduction, or introducing into said cells a DNA sequence encoding said G1

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



(it) A nmethod for the nodul ation of the FAS-R ligand or TNF effect on cells
according to (i) above, wherein said treating of cells conprises
introducing into said cells said G protein, or analogs, fragnents or
derivatives thereof, in a formsuitable for 30 intracellular introduction,
or introducing into said cells a DNA sequence encoding said Gl protein, or
anal ogs, fragnents or derivatives in the formof a suitable vector carrying
said 19 sequence, said vector being capable of effecting the insertion of
said sequence into said cells in a way that said sequence is expressed in
sai d cel | ®quéricej Jaid\vemombaing sapahle(dfi effegimy thewinsartipm of adid sequeaté frgo shidsai d
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surface off saidredBs RitharregoibifRne animal vignscelctor andpasisg tersteps@fjuence  encodi ng
a protein selected fromGlL ﬁrotei n nd anal ogs, fragnents .and derivatives

theredf, that when X FOBEEKEHS} ?&P’a‘%@ém animal” ¥y, geclof fartying a sequence
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t he FAS- Rebégandnahe Ehfaef 6 etFAftRe eldr spSSaR fepirpigg acell FAS- R seconsd gBerRe

conprising treating said cells with antibodies or active fra nts.or
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of the Gofat EAS-R 6 go6pRsad on the extracel lular surface, said

conposition is formulated for, extracellular a i cation, and when said G
proteins are enti refb) nfpgtingsaidicglisyith s3d yetahdd@)tion is fornul ated for
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or TNF effect elTs carrying a or p55-R conprising tre g said
cel I's wi thASMR o} agBiuR lcembiisiag sreqtirensad eeltodithgntitrlient aeine dragegusnse of
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said cells, wherein when at least part of the G1 protein is exposed on the extracellular
surface, said composition is formulated for extracellular application, and when said Gl
proteins are entirely intracellular, said composition is formulated for intracellular
application.

20 (v) A method for modulating the FAS-R ligand or TNF effect on cells carrying a
FAS-R or p55-R comprising treating said cells with an oligonucleotide sequence encoding
an antisense sequence of at least part of the G1 protein sequence of the invention, said
oligonucleotide sequence being capable of blocking the expression of the G1 protein.

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

25  other diseased cells, comprising :

(a) constructing a recombinant animal virus vector carrying a sequence
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 G1 protein, analogs, fragments and

30 derivatives of the invention, that when expressed in said tumor, HIV-infected, or other

diseased cell is capable of killing said cell; and



(a) constructing a reconbinant animal virus vector carrying a sequence
encoding a viral surface protein capable of binding to a specific tunor

cell surface receptor or H V-infected cell surface receptor or receptor
carried by other diseased cells and a sequence encoding a protein selected
fromd protein, analogs, fragnents and 30 derivatives of the invention

t hat when expressed in said tunor, H V-infected, or other diseased cell is
capable of killing said cell; and 20 29(b) infecting said tunor or

H V-infected cells or other diseased cells with said vector of (a). (vii)

A method for modul ab) ngfettng; ftStithdri @amoy-Gifect®cals foe Gthed tigegded cell € @AY | Si ng
applying the ribozyne procedure in which a vector encoding a ribozyne 5

sequence sepeistos odfa)i nteracting with a ceI | ul ar n| RNA sequence encoding a

G protein ac rdln i nven |on o d ] g.in a
form t hat perﬁ? égﬁP%Eg$%Rr’%ﬁ ulating’ F 5A§§% ge%%e |n‘%%?ﬁcﬁe $§ and
wher ei n Wﬁ') ridfkOa )Q@EIZYH@HS@,@M%“ %cb&ure&ﬁ%&@ﬁ&ﬁvéﬁoﬁ%h@b b Sribdzyme

interacts w t h sal%lll cel | ul ar nRNAﬁsequence and cl eaves saldg@ nRNA Zequence

r esul t5i ngequencheapabls bf mtesactin: \él)‘(fpﬂe@klvl@ﬁ mRNA segueBce gpeddicnai(pl geiteincel | s.
10 (viii) A ect ed ccor t he invent.ion,
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the invention which are capabl e of blndlng directly or indirectly to
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whi ch t
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MORT- |- bi ndi HQ(VPROA%é?ﬁod whiceh Mfrelmethfd hétoRdin@tddR 1&\%&586%&&5’ sjfpi ch in
turn blnds to the p55-1C. (ix) A method for isolfating and identifying

pr ot ei ns,Ghquotedi egeading bejuemee normprises catplahit eorsf obitha i isptorest lagalogs,
|nd|rectl to the or t - 1- bi ndi n pr ot ei ns,
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encodi ng itk Myt oPriliRkelly b MORTA- B MORG- RbRRINSrokéind 3adH &6l By one
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by the sexamgle, Mdwi mde@ﬁ whick MORTot sint tuem h)edsng:euéiedlytw FA§.f1§f oFrm
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MORT-1-binding proteins, which MORT-1, in turn, binds to TRADD and which in turn
binds to the p55-IC.

(ix) A method for isolating and identifying proteins, according to the invention
capable of binding directly or indirectly to the MORT-1 protein or the MORT-1-binding
20  proteins, comprising applying the yeast two-hybrid procedure in which a sequence
encoding said MORT-1 protein or MORT-1-binding proteins 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, followed by extraction of the said second hybrid vector
25  to obtain a sequence encoding a protein which binds to said MORT-1 protein or said
MORT-1-binding proteins.
(x) A method according to any of the (i)-(ix) above wherein said G1 protein is any
one of the isoforms of G1, analogs, fragments and derivatives of any thereof.
(xi) A method according to any of the above (i)-(x) wherein the G1 protein or any
30  of its isoforms, analogs, fragments or derivatives is involved in the modulation of the

cellular effect mediated or modulated by any other cytotoxic mediator or inducer to which



25 to obtain a sequence encoding a protein which binds to said MORT-1
protein or said MORT-1-binding proteins. (x) A nmethod according to any of
the (i)-(ix) above wherein said GL protein is any one of the isoforns of
G, analogs, fragments and derivatives of any thereof (xi) A nmethod
according to any of the above (i)-(x) wherein the G protein or any 30 of
its isoforns, analogs, fragnents or derivatives is involved in the

nodul ation of the cellular effect netliated or nmodul ated by any ot her
cytotoxic nediator or inducer to which 21 said G protein, isoform

anal og, fsaggGenirotein, deféruathaleg,i feagnemalbl deovative ndcapgbldi afeh'xrndixyg directly or
indirectly. (xii) A nmethod for screening other substances such as, for
exanpl e, 19@& Gthies, organi ¢ conpounds, antibodies, etc. to obtain specific
drugs which ar a f . ;
inhibiting A (?( &%?@%@8%8% ??/'JF%"‘% ﬁteﬂreg%ysglaﬁlﬁ?gs{tl?ﬂn%ycfgf egm ’o?e >§1id§?’t y, or
i nhi bi ti ngrgaic f dniiuhdd, t antibbdies bstcend asteaingspeeitit d:r;agotmhaclmaw caEarlﬂe)dlfrrent S
of the above screening nethod of (xii) include (1) A nethod for. screening
of a I3 ganbibitimgahe ectoiitymindingst Bhikitos %i‘étmﬁqaseoafctwmé tb%?ﬁéfnwh@ﬁmasceHot ed

above, risin tacti an.af f romat g trix 10 to which
sai d prot‘g}t)?fc’?‘@‘ gt‘}ré’gﬂ‘aﬂngvﬁ?ﬁa t“(’fé’ thergé{;@wc%g? gfﬁ&to%m {igand is bound to
said matrix, E‘Bgo&ln'éﬁﬂs%gthe'a%g{/@!idr&gm%ﬁﬂetﬁeéibf’%dnﬁ'%cﬁ@l’ed ligand. (2) A
met hod for screening of DNA sequence coding for a |ligand capable of

binding to a Gl protlgi A nufthadhfer isereemng oha llgmﬁﬁaupsbln@f apgdingitag @heropeiast

t wo- hybri d d whi ch d
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librafy oewﬁx@ﬁ 518 r¥int 8 Gtea@e@nAtY REN dxiy£s titlerebyt thaMgh@y mmnare@%ald host
cells with said tors, isolating the positively transfornmed cells, and

ext ract i ngatsixi m@@mrgjishgpting dnd/zedyamgtseiddigand.n a sequence encodi ng said
ligand. 20 (3) A nmethod for identifying and producing a |ligand capabl e of
nodul ating the cellular activity nodul ated/ nedi ated by MORT-1 or

MORT- 1- bi ndi ng pr ot %‘P%meﬁl@ﬁ%ﬂs@f&&n g oth mA%@cqueﬂge é&ﬁncﬁfolr'ag%%h @@aalal e of
bi nding to a pol ype conprising at |east a portion of

MORT- 1- bi ¢ftbindingrtoteeGispretdireof €t nvention2 Somp@hgp rpplgingsthe iyokst tp)/lOdly@rlds and
ot her MORT- 1-bi ndin Er ot ei ns;
15  procedure in which a sequencé encoding said protein is carried by one hybrid vector and
sequences from a cDNA or genomic DNA library are carried by the second hybrid vector,
transforming yeast host cells with said vectors, isolating the positively transformed cells,

and extracting said second hybrid vector to obtain a sequence encoding said ligand.

20 (3) A method for identifying and producing a ligand capable of modulating
the cellular activity modulated/mediated by MORT-1 or MORT-1-binding proteins
comprising :

a) screening for a ligand capable of binding to a polypeptide
comprising at least a portion of MORT-1 or MORT-1-binding proteins selected from

25 MACH proteins, Mch4 proteins and other MORT-1-binding proteins;

b) identifying and characterizing a ligand, other than MORT-1 or
said MORT-1-binding proteins or portions of a receptor of the TNF/NGF receptor family,
found by said screening step to be capable of said binding; and

¢) producing said ligand in substantially isolated and purified form,

30



b) identifying and characterizing a |ligand, other than MORT-1 or said
MORT- 1- bi ndi ng proteins or portions of a receptor of the TNF/ NG receptor
famly, found by said screening step to be capabl e of said binding, and c)
producing said ligand in substantially isolated and purified form 30 22
(4) A nmethod for identifying and producing a |ligand capabl e of nodul ating
the cellular activity nodul ated or negi ated by a GL protein of the
invention, conprising : a) screening for a |ligand capable of binding to a

pol ypeptide conprigsing at l.east a.portion of the d e n depicted in
Fig. 1 or at |east @I)&)V‘F{h(?ﬂ%r@d%’%fﬁﬁ%agpﬁdggﬁégnh 39%3?3[%&%%%06 G2 2. b
identi fyipg aARTrGREVIACHEAIFeNSr MetiabRING, a Gl PesteintafhdVEEntibn Ofomprising :
MORT- | - bi ndi ng protei'ns or portions of "a receptor of the TNF/ NG~ receptor

fam ly, found by said soreweining $erep lignndecapaplgbble bordingatal bipalperjideand c)
roduci ng said Ii nd in substantij.all i sol at ed and rifi form .. 10 (5
Pt o0 acrorising 0t EoRHA B aienes Bamcred ARERd Gt eanC Boried” { oo

cel | ulsar a?a)tgh‘%?lg]}/seﬁq)eﬂg% ﬁ%ﬁ%é@ﬁcﬁigtfd by Gl conprising : a) screening for a

|l igand c 0 at Pedst a portion of the A a sequence
depicted in Fig. 1 or thi) iditdyiagaquenheradepiopedigandFother than TMORT-1 or
identifying and characterizing a ligand, other than MRT-

1 or .
MORT- 1- bi MR 1 hiestieg REoteins 96 MOrEms @ff @ geqeatas mfoihe o NE/NGETRgeerier frmtept or

famly, ou by.said.sc i be. capa of said binding; and c)
pr oduci nqgoggﬁ?gy F"?{%s‘%{a‘“}“?? %%&%%@W?%@?%ﬁ@a* %ﬁg purified form 20 (6)
A method for identifyingcyangduindiadd igand inlberutiglydsgael andpurtfieddotnhy  or

indirectly nodul ating the cellular activity nodul ated/ nedi ated by G,
conpritsing : a) screening for a nolecul e capable of nodulating activities

and 25 ¢) product ngt S picbEf s L e R PR LB b AR O
form the cellular activity modulated/mediated by G1 comprising :
a) screening for a ligand capable of binding to at least a portion of
the Gla sequence depicted in Fig. 1 or the G1P sequence depicted in Fig. 2;
15 b) identifying and characterizing a ligand, other than MORT-1 or
MORT-1-binding proteins or portions of a receptor of the TNF/NGF receptor family,
found by said screening step to be capable of said binding; and

c) producing said ligand in substantially isolated and purified form.

20 (6) A method for identifying and producing a molecule capable of directly
or indirectly modulating the cellular activity modulated/mediated by G1, comprising :

a) screening for a molecule capable of modulating activities

modulated/mediated by G1

b) identifying and characterizing said molecule, and

25 ¢) producing said molecule in substantially isolated and purified

form.

(7) A method for identifying and producing a molecule capable of directly

or indirectly modulating the cellular activity modulated/mediated by a G1 protein of the

30 invention, comprising :



(7) A nmethod for identifying and producing a nol ecul e capable of directly
or indirectly nodulating the cellular activity nodul ated/ nedi ated by a G
protein of the 30 invention, conprising : 23 a) screening for a nol ecule
capabl e of nodul ating activities nodul ated/ nmediated by said G 1 protein;
b) identifying and characterizing said nolecule; and c) producing said

nol ecul e in substantially isolated angd purified 5 form The present

i nvention al so provides a pharmaceutical conposition for the nodul ation of

Lo A R gand o TN SELSEl: B0 oChdedls WRuRL T 8° el PRY, £
cytotoxi c medi ator or indu : i 7y,

active i plel =l .tgc{?ﬁxedi%%d%ﬁ% [ane ﬁ)rfotghlpe followwng : (i) a Gl protein according
to the invention, and bi oflogl cally 'active fragnents, anal ogs, derivatives
of mi xtures thereof; (iib)identifirgndidrataceenizmglsadimaelscweeandr encodi ng a

protein capable of binding a cell _.surface receptor. and encoding a
protein or biol ogical |y AdtrPdesng éﬂﬁre'ﬂ?@c f "éﬁag%ﬂg‘,aﬂy 1%0?%{8%3P§j?[w&ﬁ% t he
i nventsi on; . iii) an oligonucl eotide sequence encodi ng an anti-sense
sequence of the G protein sequence according to the invention, wherein
said oligonucleotide may be the second sequence of the reconbi nant ani nmal
virus vector of (ii) above. The resen(i i nvention al ocgrovi.des .

20 1.
met hod for thellieodifsatti gryepson AONBFAMIdeS] AdBRIACTRE PORer-for gha nS
prot el N1 AGHESC0! B FASIR 1T dePNFOTMREY oRLARE oFHHOLBKLCOMRA BHiRE OF

i nducer, 0 s conprising“treating sal ells In accordance viuth a

met hod ofcygiiyxiomeedaftor 6 Jndfeer cabaie aswiotdd fHover ctreprisng, analctys ingfedigrent s
or derivaftives thereof or with sequences encoding G proteins, anal ogs or
f r agni¥nt sany leae ebthe fallgvng r eat ment resulting in 25 the enhancenent or

i nhibition of said I}/Cﬁl - i : - Qf AS- R
or p55-R-nedi a(fs)ecf1 gf f ecEe,}n (%?C%(lr)(?hgg? gf]%)?ﬁ}ee?u%{;?a SP(I}??@Q%%@{ gggg %&{réﬁ?‘eﬁl&{cer .

1. a nethedgasiedbaues vhebeimns teiadfG protein, anal og, fragment or
derivative thereof is that part of the G protein which is sﬁgcifichly
i nvol ved in bi (ﬁﬁpmgcopg)mmmmal virus vector encoding a protein capable of binding a ce

surface receptor and encoding a G1 protein or biologically active fragments or analogs,

15  according to the invention;

(iii) an oligonucleotide sequence encoding an anti-sense sequence of the Gl
protein sequence according to the invention, wherein said oligonucleotide may be the
second sequence of the recombinant animal virus vector of (i) above.

The present invention also provides :

20 L a method for the modulation of the MORT-1-induced effect or
MORT-1-binding protein-induced effect, or the effect of any other cytotoxic mediator or
inducer, on cells comprising treating said cells in accordance with a method of any one of
()-(x) above, with GI proteins, analogs, fragments or derivatives thereof or with
sequences encoding G1 proteins, analogs or fragments thereof, said treatment resulting in

25  the enhancement or inhibition of said MORT-1-mediated effect, and thereby also of the
FAS-R or p55-R-mediated effect, or of said other cytotoxic mediator or inducer.

II. a method as above wherein said G1 protein, analog, fragment or derivative
thereof is that part of the G1 protein which is specifically involved in binding to MORT-1
or MORT-1-binding proteins, or said other cytotoxic mediator or inducer, or said Gl

30 protein sequence encodes that part of G1 protein which is specifically involved in binding



or MORT-1-binding proteins, or said other cytotoxic nediator or inducer, or
said G 30 protein sequence encodes that part of G protein which is
specifically involved in binding 24 to MORT-1 or the MORT-1-binding
proteins, or said other cytotoxic nediator or inducer. Ill. a nethod as
above wherein said G protein is any one of the GL isoforns, said isoforns
capabl e of enhancing the MORT-1-assochated effect, or other cytotoxic 5
medi ator or inducer associated effect on cells and thereby al so of

Yt of oxi ceomdAPRTh rite PDELT TR G PSPl o s e BEIRsb

wher ei n Si?.hﬁlcegl protein is any one of the G isoforns, said isoforns
capabl e of Tnhibiting the MORT-1-associated effect, or other cytotoxic 10
medi at or or i nHilces megwdcisatbede eherot sah Cdeproteimsdany ereedythal(Sloisoforms,
b e ol oS RslR ST E55dh dHELL i e B e
above- TNkl AR or dutel Lesadakd MANG Ak aht eptrsald B btAncie kiRl PRSIV GL

may al'so be used in a -1 ependent fashi to treat cefls or 15
tissues. bsphBRimsocited bfedBbnprel, eirribe otheeicytotmlémmiefliatatdrdndwed effect on
characterization may be carried out by any of the standard screening

t echni queeellssed for isolating and identifying proteins, for exanple, the

yeast two-hybr i\l EhG 48kbovY Ll ANPER G aRNY %g%@%f th@Rf APl the

ot her wel | -known stan procedures use l|Ss ur pose. Furthernore,
sonme i sof gidrssoBbrnfsl capayle hetvmhibining the PRMIGIRBS exsbacketed effean of vathdr cy@6toRimnol ogy
to the above nentioned protease_regions of other known protease é but which
has n¥ acmediptoposinaase asaciad §ffechpr Rellrred Bt 2lihak maisie taoF &SR tay
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intracel | gdigr pat hways, G or any of its isoforns may be involved 25 in
t he nodul ati on of the signaling of any other intracellular ,&gt hways. or
mechani sns. O herrisesplsemspllaihe abatrodeniancd. aF wethas frass gha dstalledrdsseiPtione al so

Pnvent t onforproanSy I e Msbaf 1R RORFICHUB AR AU e SR h ng
terns;s "{aded akbl@flon of the Gl proteins, their identification and characterization may be
carried out by any of the standard screening techniques used for isolating and identifying
proteins, for example, the yeast two-hybrid method, affinity chromatography methods,
and any of the other well-known standard procedures used for this purpose.
Furthermore, some isoforms of G1 may have only a protease-like region (with
20 homology to the above mentioned protease regions of other known proteases) but which
has no actual protease activity, with the result that such isoforms may serve primarily an
inhibitory role as noted above.
Moreover, as Gl or any of its isoforms may be involved in modulating
MORT-1-independent intracellular pathways, G1 or any of its isoforms may be involved
25 in the modulation of the signaling of any other intracellular pathways or mechanisms.
Other aspects and embodiments of the present invention are also provided as
arising from the following detailed description of the invention.
It should be noted that, where used throughout, the following terms : “Modulation
of the FAS-ligand or TNF effect on cells”; and “Modulation of the MORT-1 or

30  MORT-1-binding protein effect on cells” are understood to encompass in vitro as well as



of the FAS-ligand or TNF effect on cells"; and "Mdul ation of the MORT-1 or
30 MORT-1-binding protein effect on cells" are understood to enconpass in
vi/ro as well as 25 in vivo treatnent and, in addition, also to enconpass
inhibition or enhancenent/augnentation. BRI EF DESCRI PTI ON OF THE DRAW NGS
5 Figure I A depicts schematically the prelimnary nucl eoti de sequence of
one isoformof the G protein as detailed in Exanple 1. Figure | B depicts
schematically the deduced anmino acidZequence of the isoform depicted in
Fig. IA Figure 2 depicts schematically the prelimnary nucl eotide and
deduced am ngva@acitebatiéhtsegpdencie ofdditien, sealend tos obmecompdsst hmhiBitiqor obei n as
detailed in Exanple 1. Figure 3 depicts schematically a conparison of the
ani no aciethaseeietiEEsmeRtatioe  hunan (hCASHa, hCASH(3) G (or CASH) and nouse
(nmCASHa) splice variants, and conserved notifs found in these proteins. In
Figure 3 there is showm a collinear am no acid sequence alignnent of nouse

Grt (nCAYAE DESTRIPHIO RAWINGE3 15 (hCASH(3), CASP-8
( MACH FL °h5), CASP-10 (Mch4/FLICE2), CASP-3 CP.PSZ/AEO ai n/ Yana) and
CASP-1 (| CE). Fanep- 1A adnpictasrhematicallys jlguprelimingyt nudeptide S5ABeRsRaPh OPegi ons.

Am no aci.d _residues..are nunber s iijght of each sequence. Dotted
lines i ndﬁoé%ffréogt§5?’li ot %ass(geaaﬁfegﬂﬁ:ngi%%ﬁ%fgllow optimal alignment. The “death

domai n'  nodulgs;ré PBDIepite scaadeachlly At dedwet dmindhadid aequencenf iheaboform mor e
than three of the 20 proteins shown are boxed. Wthin the region of
pr ot ease depietsidon¥ig. A% no acids aligned with CASP-1 residues that were

inplicated i talyti LV L - - -ed
ol L ove - The FRUF At strapRolsHyY Rt PaRh AT Wa BB RNEL T3

H 523§ angdgfers28bthk BedohdRotornpsne @1kirstehadathirtth Brarkgld 1by cl osed circles
bel ow the "alignnment. The residues constituting the binding pocket for the
carboxyl at e sifdgure Rafepicss sciBmatiealiyla paipparisop i Ipe AMNNa4id spqugasey ofdhy 238,

Arg341 and Ser 347 P | heavil y _sh .
i Pl os. emainbamat G ghasety GLosE B EER s WRARHAEE B 4L
of ¢l eavaggdauiflofts it il 1RBigRe ShhetShbwAGoRiRadtashino acid

Hori zontal arrows i1ndicate the N and G termnal ends of the small and
| ar ge sulyequidnse allignhbet CASRULe Ghe @€ ABHon; homan helgr A anred detbt ed by
ast erIISSkS(hCASHB), CASP-8 (MACH/FLICE1/Mch5), CASP-10 (Mch4/FLICE2), CASP-3
(CPP32/Apopain/Yama) and CASP-1 (ICE). CASP-1 and CASP-3 are shown without
their prodomain regions. Amino acid residues are numbered to the right of each sequence.
Dotted lines indicate gaps in the sequence to allow optimal alignment. The ‘death domain’
modules (DED) are shaded. Amino acids that are identical in more than three of the
20 proteins shown are boxed. Within the region of protease homology, amino acids aligned
with CASP-1 residues that were implicated in catalytic activity by X-ray crystallography
are denoted as follows : The residues putatively involved in catalysis, corresponding to
His237 and Cys285 in CASP-1, are darkly shaded and marked by closed circles below the
alignment. The residues constituting the binding pocket for the carboxylate side chain of
25  the P1 Asp, corresponding to Argl79, Gin 238, Arg341 and Ser347 in CASP-1, are less
heavily shaded and marked by open circles. Known and suggested Asp-X cleavage sites
and the potential site of cleavage found at a similar location in G1 (CASH) are shaded.
Horizontal arrows indicate the N- and C- terminal ends of the small and large subunits of
the CASP-1. The C-termini of the proteins are denoted by asterisks.

30 Figure 4 (A, B) shows reproductions of autoradiograms of Northern blots

depicting the identification of Gl transcripts in various human tissues (heart, brain,



30 Figure 4 (A B) shows reproductions of autoradiograns of Northern blots
depicting the identification of G transcripts in various human tissues
(heart, brain, 26 placenta, lung, liver, skeletal nuscle, kidney,
pancreas, spleen, thynus, prostate, testis, ovary, snmall intestine, colon
and peripheral blood |ynphocytes - PBL). The Northern blot analysis was
performed as follows : A radi ol abel ed nmRNA probe corresponding to the
“death donmin' (DED) nodul e region of (from nucl eoti de nos 482-1070 in
G P (see 5 Fig. 2), aregion common to both GL (CASH) splice variants

cl oned) was prepared usin the T7 RNA pol ynerase (Promega) and used for
anal ysi s dfladenifaiung|ivep| skeletat swsclyy kidgey.(Ransriee cipjeenc HimisniPReptasel (esig, +

RNA (2 er. lane) .of wvarj j oEl 5 4 i
present at | SRmernedfputi (0TS PRIpHbRE SHER bRty 2 PR THE ARG R ey
GL13 ( CASHR)Iy¥k tWasOpdiSrmed €8 BIIE1OSTRIAN radi OB e BTRIA NirB8e ROAEHOAGing 1 it hi n
transfected yeast (e.g. MORT1l/ FADD, MACHal (CASP-8al), MACHPI (CASP-8131),

MACHP4 ( CABRatB H3dinin’ NDED )(moadie tegjon @ @1 (TasHalcleoGl@noCASAP)Q70 ipSHLAR(see
(p55ic), RI.P, TRADD and Lami n egat iV ontrol)). The bjndin roperties
of GLP (dAgHP) 2 ragonePIMmes t@%%‘iéﬁ(@ﬁ@l&e s dineth o toBATE] Uipss 26
reporter i i.n &31\}5{15 =P ndi i d
t he pGADlC@ F[Zn %&%@%@Qﬁ &%@%@t%@%#ﬁ%gml n %ﬂ@%ﬁ;ﬁg\l@é‘éﬂﬁ ?g?%c%g??on

of the bi ndid@edh), destingpollw)+ RBAgaAl iacpadhn) of variprsemsiaaniskidst er assay
was perfornmed as noted in the Reference Exanples 1-3. Results are
expressed as t Héguleneisraesghematic presentpsips) Sphe rsulss shopring ghecistesctionpigplo

o i bt ai, ned , i he. d
Choerts’: HCASHEDM i H GaSHaMih b B HAE R CRHaRITHE LR bor
S ot | 0 ! . ! .
contr o profui nGafkied dfead” (FE7MORE L PRET, ® MACAEATH EAS S YRk
(CD120a), (pABMRef OPL2AbMPB4 COAGP-Spyl MchadASPPLOY, Gad4C ARRLE)OGE B (BIABHM®, 6

(A-D) are presentations of the results show ng the effects of Ga (CASHa),
G113 ( CASHPS-R(d5%ita RICASRADRandnk amisr{negativedoabpl)) t Theabiadiog| properéies of 25

e R S0 OO ) AL B SRR e
L ana ot | R L B ey orned as
not ed 1sn PGAPGE-GAIGeidiivalidnci@baid 98Ttoce |Quantfica@oh @F thiebiading in yeast by the
B-galactosidase expression filter assay was performed as noted in the Reference Examples
1-3. Results are expressed as the time required for development of strong color. In all
cases tested, identical results were obtained when placing the tested inserts in the
DNA-binding domain and activation-domain constructs in both combinations. None of the
20  examined inserts interacted with several control proteins, including the intracellular
domains of human p55-R (CD120a), p75-R (CD120b), CD40, lamin, and empty Gal4
vectors.
Figure 6 (A-D) are presentations of the results showing the effects of Gla
(CASHo), G1p (CASHB) and Glo (CASHa) mutants on cell viability and cell death
25  induction. Quantification of cell death induced in HeLa-Fas cells (results depicted
schematically as bar-graphs in Fig. 6A) and in 293-T cells (results depicted schematically
as bar-graphs in Figs. 6B and 6C) by transfection of these cells with the indicated
constructs was performed as noted in Example 1. Cells (5x10° 293T cells or 3x10° HeLa

cells per 6-cm dishes) were transiently transfected with the cDNAs of the indicated

30 proteins together with the pCMV-B-gal, using the calcium phosphate precipitation



cells per 6-cmdishes) were transiently transfected with the cDNAs of the
i ndi cated 30 proteins together with the pCW-P-gal, using the cal cium
phosphate precipitation 27 method. Each dish was transfected with 5 g of
t he pcDNA3 construct of interest or, when transfecting two different
constructs, 2.5 g of each, and 1.5 g of (3-gal actosidase expression
vector. Cells were rinsed 6 to 10 h f7ter transfection and then incubated
for a further 14h without additional®treatnent. Anti-CDO5 (Anti-Fas-R)
monocl onal antibody 5 (CHI 1 (Oncor (Gaithersburg, MD))), 0.5 Itg.m) and
human r e oo d didch Thikawad G@nsfeggédrivithwe g elpibkipsPNAS chestaist o interget der wi t h
cycl ohexi m de (CHX, 10 g/,gj) and incupated ffor an a.ldditi rlgl 14h. .%I S
were t herwhengransigctipg wvo dligfeheRmtEHS of 3 -H& Phfdghnand 132 ngfgl EF P NBsi de
(X-Gal) apd exam : {ra } I ; I S
Shoun, | daPis oL e, SEIEWERPring oFf h BREF RS gn ot Men FARITENHS o
20h af t erufkansfhewith@n ddditiodf3iTeati@bits AnbBaCB9S l{Awi-RasaRg morBdjonal amiwdys at
| east three experinent S%ﬂjare t he percent gge of blue cells counted that

showed r(ﬁihﬁﬂa@wbr dBithrysburg M?f 85 ”f‘ kb an¢ @ugﬁﬁmcqr@lﬁﬂ%uﬂlﬂf‘ér@%}f
i icti .. 293-T . i i
The | i cutEd Csstandcd 45 b del dakflerevind e hpfimids, (GRS ¥ bk P 8Bi o5 "

DETAI LED; DESCRIPTION O, THE JWINYENT! Qb Thecailsesertrel NV@RH I ontdigldat eqithi n one
aspect, to novel 3 proteins which are capable of binding to or

i nt er act isagroeio-@chloyo-3rindaxgl-p d¥-higctapylandBiRT-(X-Onl) wand exadungdRby 1pkrsadi ng
proteins such as, for exanpl e, .I\/bh4e%nd MACH and therﬁ%of bi ndi ng to the
i nt r acel lcantRst dHRISFPRYT 11 Al expREMRISshaofeath yagassesse aftepiragplectigp o

ntr FERFORSF I et RAESTIREG of
TraDi b1 teghir eb PR AL PR B e Sl elE sEfaiea £ 35 ROl n

pr ot ei ns Qfalk RE [RAECEREY elperpRitsPare the ettigd f dilcaseligrduatedtbatoshowed
modul ators of FAS-R, having a role in, for exanple, the 25 signaling
process trabrage blebtingt ed by the binding of FAS ligand to FAS-R and

| i kew se al so . having~.a.role_in S| 1.Ag pr.ec IS~pldiated by
t he bi ndi ng ofInT%Fg't gDpEt)%e-rﬁ. Ay Sﬁ%hﬁ% Jé? %Sdﬁ‘%{ﬁcgf}sné’?oﬁc?%%gg‘?ses‘%ﬂ‘f m|1'*';hvtgltr31ti on
are incl yggdnbiagy Bevby-Tdids erasiedtly@xpadsing tthe irdiatedr constridas. ePigrardsivoertar |y,

in accordance wth the present invention, a new protein G
15 taken 20h after transfection. :

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates, in one aspect, to novel Gl proteins which are

capable of binding to or interacting directly or indirectly with MORT-1 or with

20 MORT-1-binding proteins such as, for example, Mch4 and MACH and thereby qf binding

to the intracellular domain of the FAS-R receptor, to which MORT-1 binds, or of binding

to the intracellular domain of the p55 TNF-R, to which the protein TRADD binds and to

which TRADD protein MORT-1 binds. Hence, the G1 proteins of the present invention

are considered as mediators or modulators of FAS-R, having a role in, for example, the

25  signaling process that is initiated by the binding of FAS ligand to FAS-R, and likewise also

having a role in the signaling process that is initiated by the binding of TNF to p55-R. Of

the G1 proteins of the present invention are included the newly discovered Gl and its
isoforms.

More particularly, in accordance with the present invention, a new protein Gl

30  (also called CASH), which is apparently a homolog of the nematode protease CED3 has

been disclosed. This new G1 protein which, although being closely related, does however



30 (also called CASH), which is apparently a honol og of the nematode

prot ease CED3 has been disclosed. This new @ protein which, although
bei ng closely rel ated, does however 28 display sonme differences of
structure and of substrate specificity, and as such may serve sonewhat
different functions in manmalian cells. Indeed, two different activities of
the proteases are known. The main role of ICE (also called CASP-1) seens
to be the processing of the IL-1P pr&cursor, while CED3 has been clearly
shown to serve as an 5 effector of programred cell death. This latter role
al so appeptayt @nkedittbenéesd| of selictate hhsE sutsoar pecifitie), madERIsudnmaprBaivegs,
for exanple sonme of the MACH (al so called CASP-8) isaoforns of the above
not ed co-somswhatcdifferent fungtipes ianammphianceglis olsleed twredlifferest apfavitiogfitbe

menti oned rel at ed h4 ( o.called - t [ > r nt
vent o BERGs Haoan nosaefif SECoESE Sibe ARG, Sherh o B GE
resenbl anggeds@nd 8f GRP3ZL (1! srecuzdr] QuilEAID Bhas bde didadigaBbwl o verveRsTAIl i an
honol og of CED3” The substrate specificity of MACHis also simlar to that
of CPPR32 effextoepf ptapaamidiilll deagte Shhds tatteh sale alsorappears 6 be itha wde slipislersat e
specificity than that of CPP32. P32 cl eaves [ tially ¢ strate
pepti de 68#@38%%@?%13%‘ horpelags, Lyeexample ﬁoﬁnep%fltge W&?fﬁgsc%%d %%?g’lrégr ase
(PARP),  Yelromhsor Bas asRen b0 t6wtel Ccafdridiist Yatdmadpptitatidne, ReRklidg the
corresponding to the ICE cleavage site in the IL-1(.3 precursor. MACHa]
seenms, hbwvey enentibnedoeelstotl eMgh4 dplab| elled (E:A%Br\thQOtWbiCE’A@P-Qfethevmsent

. Th | at i hi ps, f MA |t 3 d D3, it
i So1 | ARYeRT a8 DS O STae SEi 16FeTEnEL e ACKEL | PSS YAREE! ORI 4P ves,
simlarl =g CEIB, 884" E€Q4P 35 Ofhe Odjo &6 Ikﬂgxlgt?trgam gEanéorgﬁgg Ry Epst @ggh,

sonme sequéencé features which”distinguis rom from 20 P32, as

wel | as fypsraed bp&dithay JTEVIBEIS isOdlsd RieniQERS/th&Eoff @AP3Y,. extég tBat BIAGCHaAl part
of MACHal, upstreamto its CED3/|CE honol ogy regi on, shows no resenbl ance
at al |l tceemhto haysts mam resgictad wbstaaty specifigly thhihat RbBP3GsCPRHetleagfe al so

i f he. CED3/ | ogy: - .
oot ei n. PHrERBTAN et AL RIS S Fmel TR IR o rs Y PR bT
evol uti onRIYmBERNGhARP) t Ret fa 1has asing hpdotddlyRicC @Biivityb Uighinse 2he t peptidk |

death sonevhat differs fromthat of the previously described CED3/ICE
honol 16gs .cordespeavdingeta Hbe GCEpclsawign ofe tithahpridsthipreeweait iMACHsd iseans,

possi bl e i sof orns, al show s di sti differences i - |
honol ogy }}‘)@6’!"% tPe Fﬁﬁﬂy f’ﬁ@\e’@ O%Ege&&&ﬁz’ie E%BP a e_rwgcijfifﬁlu? hes gh‘%’f?? ?lgtlrl:_ (glﬁéél&gz may
repr esent,cuth @i, f RAEPP LS af LEERBT LMD it BRSilafilidytoCICERGKE ¥odsktdn®Rvith the

idea that MACHal serves, similarly to CED3, as regulator of cell death. MACHal

displays, though, some sequence features which distinguish it from CED3 and from

20  CPP32, as well as from all other members of the CED3/ICE family. The C terminal part
of MACHa 1, upstream to its CED3/ICE homology region, shows no resemblance at all to
the upstream region of any of the other homologs. There are also some unique sequence
features to the CED3/ICE homology region of the protein. These differences suggest that
MACHGu 1 belongs to a distinct evolutionary branch of the family and that its contribution

25 to cell death somewhat differs from that of the previously described CED3/ICE homologs.
Likewise the G1 protein of the present invention and its possible isoforms also show some
distinct differences in the CED3/ICE homology region within the G1 sequence and as
such these differences may represent unique features reflecting specificity of activity for
G1 in mammalian cells.

30 One important difference may concern the way in which the function of the

protease is regulated. Being involved both in developmentally related cell death processes



Gl in manmmal i an cells. 30 One inportant difference may concern the way in
whi ch the function of the protease is regulated. Being involved both in
devel opnental ly related cell death processes 29 and in receptor-induced

i mmune cytolysis, the cleavage of proteins by proteases of the CED3/ICE
famly should be anenable to regulation both by signals that are forned
within the cell and by signals enan%%ing fromcell surface receptors. In
devel opnental cell death processes, “‘the activation of such proteases seens
to involve nechanisns that affect gene 5 expression, resulting in enhanced
synt hesi andfin révepiorotdwed smmage witolysigs thenclervese of edoteiny by magiegsegfofghot ei ns

the- case CHRABE Ao SR Ankgets Ry RPRF pgl &fplrnd 4 il
recept or $pe cdHeddShyCdthalienkdnb 9t Elisufacd RBeftoR: f Hé@Ripheatue Beld&ith t hei r

protein synthesis activity is fully blocked (they are in fact killed nore
ef f ect i vekycesdesnthe antivationaif suchOprotaasaes| sgsmsl ép adbnatmenhareipms Has effedrmgne i ons.

ég\tsl_ \é?ﬁr;;,?pq%fgg%grt@gﬁﬁ@ irgfeﬂlt%aglﬁg ngD’%‘éWCﬁE Bﬁftﬁersﬁ plrc;/teab s,t z?se W-Ie-hu:e-lsr i Sgc;[rgarsgd and
protein- \%}ﬁlﬂ%l&‘?fgﬁ?ﬂo&‘é%%om&dﬁ_@bzihﬁ Mﬂh@iﬁ?ze&ﬁ&k‘%ﬁ%?oﬁi{c%%&&' ThisqQb MGV |

may all o ake part in such a nechanism mlarly, the unique
sequence npt apecdseebowdvet, hfer Ghe cptottxadity toifggerded byr BASR or nhediNForecaptprsal so

endow it with an abiljt o tak . in,such a 5 nmechani sm . Thus, the
o piCas P bbby SRS EARTE gkttt BHER i BB AR Rur s of
r ot eases, i uali h o eNnti-.pn a I i r :Mch4
a/hi ch hzsveﬂ@ge%!#ga&nd&%l aés/rgog? afalg,p g?ﬁ'? %@%&érgg%dluyagrqﬁln?o%% ggaélg/gpter

prot abn, sWinufustidependent nadeelthesearondvivas.n Adtivaticrelof psotedses of tbe €Y ICHBy

inference fromthe way of actio f 20 receptor-assgoci ate rot ej.ns .t hat
have ot hé@m@hi)yn*ﬁ?iENécrleﬁﬂt‘?’Fe@g PSR IRY HUsuRIeBr Ytﬁdf‘ec(?‘?‘ﬁémbWh‘ﬁﬁriﬁ of Gl

to Mch4 or of GL.to | isQf L i\pdi ng of
Voha of RERRTgnEy HapbtigBh, 1R AAHeNRNALS pARGrick Br M Chige Py, Mol 12
sti mul at it9naief pirben GichanedeonaniidASimilaprht eigVBGegysnot easperidest dfvihtyG Lipon
triggering of FAS-R by Fas ligand. It may also al]low actjvatiqn of the

pr ot ease poyteinhef theBraenttinyesntigh maylinendsvn i v as alibixTte tabe PRADDSUSR ch

bi nds tOfKr’;ﬁiS?_R' O her nenbers of the CED3/ICE famly were found to exhibit
full BctiWA™M3R1y after proteolytic processing, which occurs either by
their self-cl egygodfe abwltyl pilotde iy ®F yet another member of the recently found group

of proteases including the above mentioned MACH (and its isoforms) and Mch4 which
have been found to associate, either directly or through an adapter protein, with the
intracellular domain of a cell surface receptor. By inference from the way of action of
20  receptor-associated proteins that have other enzymatic activities, it seems plausible that
the binding of G1 to Mch4 or of G1 to MACH (or isoform Machal) and, in turn, the
binding of Mch4 of Mach to MORT-1, or the direct binding of G1 to MORT!1 allows the
stimulation of the G1 and/or Mch4 and/or the MACH protease activity upon triggering of
FAS-R by Fas ligand. It may also allow activation of the protease by the p55-R, through
25  the binding of MORT1 to TRADD, which binds to p55-R.

Other members of the CED3/ICE family were found to exhibit full activity only
after proteolytic processing, which occurs either by their self-cleavage or by effects of
other proteases of this family (reviewed in Kumas, 1995; Henkart, 1996). For example, as
detailed in the above mentioned co-owned and co-pending patent applications regarding

30 MACH, the cytotoxic effect resulting from co-expression of the two major potential

self-cleavage products of MACHal, as opposed to the lack of cytotoxicity in cells that



ot her proteases of this famly (reviewed in Kumas, 1995; Henkart, 1996).
For exanple, as detailed in the above nentioned co-owned and co-pendi ng
pat ent applications regarding 30 MACH, the cytotoxic effect resulting from
co-expression of the two najor potential self-cleavage products of MACHal,
as opposed to the lack of cytotoxicity in cells that 30 express the
full -1 ength CED3/I CE honol ogy region,;is consistent with the possibility
that al so MACHal gains full activity only after its processing. The

ongt h r epises HsuiHEn CEER 168 hRToe pétnre Sotamg G BHE Ui BPS A BtLC e
under L NGRS, SRLC Wi OhIPRARGS LAY MerSRIBOACHEL ! atno REMARSATvi " uhat

way this prOCGSSI ng rs w e marmallan C Wit can

brought apestvedin ysitegef bagerdd thaf\Sxfreantie fblb1digth scgimat apgraosmtly refdect issifi t
clear yet what relative contribution the protease activity of MACHal nakes
to the FAs@ssiagdl thepoteindRiediped yadar dhese |<:99d1t1<m;sacmpa9?fa§ﬁng>by $ping bacterial

tri_but I t I Bl ,
oot adketeis EERR 68 B Bbeby e Rt Wit o D URRSRE, B R ek
cyt ot oXi Geth¥oudht @m@ltﬂgoénhg%fﬁx&sm@m ph3-R, isafdt kabwn} e iahicleat yetafhaVACHO |

to bind to CHal . Due to this ability, transfected MACH nol ecul es nmay
i npose, uglotive agyiridytion dhe pIotease eetiratyi oh AVAEKEHganakes ttﬁethVAWrRm?hécul es

that are ogenoys to .the_transfe Such n

acoount - ANIGTRBPSY ReoRel ok DN BB GEls it Ml g Bl R e
upstreamyjg M%%]oﬁWCﬁM%QH 14dk8 tHe AEDI/PCE M dISeyOfegint REJIENE PS5-R
or FAS- R) are over-expressed in cells. At the nonent, Thowever, one cannot
excl ude trhaked momytcuyo?re:sumyblmbhercv@domgmeﬂmmd@ohbéxppé&bﬁ@ﬁﬁbfo biMACH or

of nolecules that act upstreamto it refle eS| esthe roteolytic
activi ty tof MAGHC bEBYE| ety 1‘3’gy“?11=§gel W@ﬁ olegiles, f’{}%‘?ﬁe P8R some

of the ot he eige{gfcgf 'nﬁmat?&‘ Al ‘EP@g i} HeAWA AR po csfastfﬁre{m@ge 315

a
cyt ot oxi Cg% or exanp I vation o e neutral or~aci

sphi ngomygd itnaseited Q. esuan zC&rEH&B:imSMQh&;d@vdllha&cohhe alspr ﬁirembyctyt@tomity vity
of the CED3/1CE honol ogy region serves other functions_besi

cyt ot oxi mbsgrvemmhe@ imseculgs ¢has ackppstigam ©f ML s (AORTdn W@I‘lléhe derdhil d be

d by, identi t
Oreavad oo VHEF She 35 SR RERASREAFEBYE- SN M0 &L IR ABRln( 0
MACHal  athoWel/br, oB@rcamb@réﬂbledé)mae&eeéwét@S&lt?rmb@efrvetdﬁhpd)l indogednexipessibef Wi l |

al so contribute to understanding of the function of this protein, and
serve as MAGE) or of moleguleathahget yrstrgamitoiit (ligpie Residasi the groteolytic activity of

the CED3/ICE homology region in MACH, also activation of some of the other

mechanisms believed to take part in the FAS-R and p55-R cytotoxic effect (for example,

20 activation of the neutral or acid sphingomyelinase). One also cannot exclude that the
proteolytic activity of the CED3/ICE homology region serves other functions besides
cytotoxicity induction. A clearer idea of the function of MACHa1 should be gained by
identification of the endogenous substrate proteins that are cleaved upon activation of
MACHa1. Finding ways to ablate the activity of MACHal at will, for example by

25  expression of inhibitory molecules, will also contribute to understanding of the function of
this protein, and serve as a way for regulating its activity when desired.

Hence, the G1 protein of the present invention and its possible isoforms may
behave in an analogous fashion to that mentioned for the above MACH proteins with or
without direct interaction with other proteins, namely, G1 may act directly via binding to

30  MORT-1 or may act indirectly via binding to Mch4 and/or MACH and in turn by the
binding of Mch4 and/or MACH to MORT-1 or in some other as yet not elucidated



Hence, the Gl protein of the present invention and its possible isoforns
may behave in an anal ogous fashion to that nentioned for the above MACH
proteins with or wthout direct interaction with other proteins, nanely,

G may act directly via binding to 30 MORT-1 or may act indirectly via

bi nding to Mch4 and/or MACH and in turn by the binding of Mch4 and/or MACH
to MORT-1 or in sone other as yet not,,elucidated 31 nechanism specific for
G. Simlarly, the regulation of G dctivity may be anal ogous to that

envi si oned above for MACH protein regulation. There may well exist within
cel | s t hatechupsrespecdic featQl aAimilarhi e Breslagpn o & hagivitigeay heriquessded in

this protein. .Existence .of, al Jvel liced isofornms for sonme of the
5 ot her r'rgarrrt‘fBY@OB? t eéﬁ%%ldé[)&g%lh@’%%@been shown to constitute a way
of physi ol 0gi c@lerd @8} el lekigwRhinichits fhuN&tpres GIf ndthabRhibitoisesfIRS proteuse of
the isoforns of these other proteases were reported to act as natural

i nhi bi t orescarfipaskesl ithis-pretei hExistencs: efsalternasively satiged Bgforms Frmgmerfdhe ve

hetergdiners, with th ; N h . f
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N-t er m nghygbiegiadestsitlich bSthehgtiog of e potdages. orsdietht ivofdrivis @if Yhess of or ms
may consti %’ute a mechani smof cellular self-protection against the FAS-R

and TNF oyhatprieesdasywere repagtechsw dcy @s netuielr inhipietsi ehshe fidirlergthdsnfarmsg or

any of its isofo may have .an enhancin [_augnentin ffact her
prot ei ns Wﬂrﬁ“ti‘hémm"{g Aty fegerodimers, tvﬁg’ f rrn'otjghd Yty cvgeélglﬁ @‘l%tﬁagé;alg§
various N5hdand sORACHE it 98 stidBoforib Sfof BXERIE BbsO fsofdBRENvhiRg tAdp@ehdali ty
bei ng via a nmechani sm whereby G serves to recruit other proteins to bind

MORT-12 ( eN-germiizh dleavage MO muissitgei Frepressitwraftseeh inibitory iapfprros may soiséisfter ns

may al so serve roles not related to cytotoxicpt rat her may act as

docki ng i'pecbapign %Plgﬂ‘iﬂSgg'pr?tﬁ‘ﬁfonaﬁgé‘%h@Smkiaﬁd aﬂ%?yt%(%’f&/t ot oxi ¢,

effects of FA%Rnﬁg(ﬂaJé\y;et om&ggﬁf%rsﬁlﬁﬁi]pfd, €1 @ dn§ O Ak Wofdrihs e Hatlance
[

w th the present vention are exenplified in Exanple 1 below. One of
t hese caldneshh@haingd GASHghentingl effest! oir otireth prodieins avith enaygeti¢ RAdlvh GASHES and

A T R MEN G L
oI S Mt IRy 0) S kst |
regi on andORH-t lfe.g25lché tand MLACHNpriotinsy. Bthierd@tom asy gh alls iisagorpast e glso
serve roles not related to cytotoxicity, but rather may act as docking sites for molecules
that are involved in other non-cytotoxic, effects of FAS-R and TNF.
Some of the specific G1 isoforms in accordance with the present invention are
20  exemplified in Example 1 below. One of these called Glo. (CASHa) isolated from human
and mouse (hGlavhCASHo. and mGla/mCASHa, respectively) is apparently a 1 mg
splice variant having a protease homology region and, at least in some cells (e.g. 293
cells), has cytotoxic activity. Another of these is called G1B (CASHP) isolated from
human, is apparently a short splice variant without a protease homology region and which
25  actually inhibits cell-death signaling pathways.
Due to the unique ability of FAS-R and the TNF receptors to cause cell death, as
well as the ability 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
30  shown to contribute to the pathological manifestations of various diseases. Identifying

molecules that take part in the signaling activity of these receptors, and finding ways to



Due to the unique ability of FAS-R and the TNF receptors to cause cel
death, as well as the ability of the TNF receptors to trigger various

ot her tissue-damagi ng 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 30 shown to
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receptors, and finding to 32 nodulate the function, of the

ways e
mol ecul egnodidaiet theufunstian pof dhse amolgeyless SPNHEWES t hePAPRIA | elue éﬁ)pf‘%‘éc hes
to these disea . i pect. | t A1 FAS- R
o Tee” B ARARGH e Ralhto Rt NBcPUE PBF e RO pRf el Bl of 0172 1
bl ock t hg FRSOR @@l INFCtdkiig] it seensfpatthiutarlydmportht, toatesibadrizs eimt damblokr some

ot her menbers of the 5 CED3/]1CE famly. The uni que sequence featu%ﬁﬁ of the
CED3/ | CE thopsiterdyticefinefinnaefdbia malequlfe achaskses dane ©orsape At ingesr i 19§ dr ugs

t hat [ .nr ot i an: i ; ) : it
w thodr 1GRRTACE KEnBY ok Ak, Sigps o RAUFRECRINSS | BTUAE. CRAAIEE, fothabgn! o1 1Y
ot her nendgsmpsbed MahCBERINbIERIdsatmayl Mloar eesighitg] drads thAs cameaffeconegroaove, G

or any of its isoforms may al so be involved in the 10 nodul ation of other
i nt r acel frdmexedsgralimmyneameriptagscyteigeinity dvithogt insstigripeevity physiiegical Gpll ot oxi ¢

medi ators, or inducers, or, other ' i -, NIReq1- bi ndi ng

pr ot ei n- i4FABHERERNE Wa‘gwf%%&le‘i:'ﬁl?{%h%rs %kg% %I?]Dg/tl \ | eansl{ly ?{esl o5 ms whi ch
have a prot eagenldnkénddeghR, @1t BPWhy asft it isofdris easE alot beviitviplvedyinbihe
involved in primarily an inhibitory function, nanely, inhibiting t hose

pat hway s, medujaticsii ghattiengntsenehwiay sighilinge pathwrysi sush asytfor exaneplpaphwihies in
particular, in which G or iits isoforng _are inv €i _1.bindi ng
directly Ctytf’tﬂ’:é‘ﬁﬁ%?‘ga%’fs ?rh@8?$%t%M® d 8?06% 1§s BY rzllgllk/fr%‘fg}~ ﬁdwg@?@y‘ k %n:d}g Rer

prot ei ns, ;o H-mlepenBerdt Ukd3hioRi Mirther, TETO&) S aofledsheise ipstbmawshichl use hhe
present invention also concerns the DNA sequence encoding a G,  protein and

the G prpbehseslilengied withonthactiilprotegere aetddty 2oy Nisr igoleed in sinarids ant

invention furth concerns t.he, . equences encodi n .ol 0gl ca ctive
nalogs, bR NG RV AEP RS BRI Y B defifog RS B el
fr agngnt s, aR8h188k 1 a8 Sn PRARIRE hNeKERYG1 dh&s WoBRMsadrk Gfivaledseitier apal 0gs,
fragnents nd derivatives is by standard procedure (see for exanple,

Sanbr ook tendiag directl980)mémbersipf dise pathweyspNbyskindieg dndiresthe tpihgr piageins,
protein, v%]lgh,?rrl tqu,rbei‘n ?odr%g%ber}? bt Rl%se pathways.
Thus, the present invention also concerns the DNA sequence encoding a Gl
protein and the G1 proteins encoded by the DNA sequences.

20 Moreover, the present invention further concerns the DNA sequences encoding
biologically active analogs, fragments and derivatives of the G1 protein, and the analogs,
fragments and derivatives encoded thereby. The preparation of such analogs, fragments
and derivatives is by standard procedure (see for example, Sambrook et al., 1989) in
which in the DNA sequences encoding the G1 protein, one or more codons may be

25  deleted, added or substituted by another, to yield analogs having at least one amino acid
residue change with respect to the native protein.

A polypeptide or protein "substantially corresponding” to G1 protein includes not
only G1 protein but also polypeptides or proteins that are analogs of G1.
Analogs that substantially correspond to G1 protein are those polypeptides in

30 which one or more amino acid of the G1 protein's amino acid sequence has been replaced

with another amino acid, deleted and/or inserted, provided that the resulting protein



25 del eted, added or substituted by another, to yield anal ogs having at

| east one amno acid residue change with respect to the native protein. A
pol ypeptide or protein "substantially corresponding” to GL protein includes
not only G protein but also polypeptides or proteins that are anal ogs of
G . Anal ogs that substantially correspond to G protein are those

pol ypeptides in 30 which one or norg,am no acid of the Gl protein's am no
aci d sequence has been replaced wth another am no acid, deleted and/or
inserted, provided that the res Ithi ng, Protafi n. 33 eghi its subst n&li.al |y
the sanecwibiky ghsentigly thgisems oa8tangs by AEEY 35r1BE S11nPTOlImAT Riigngit
correspo!z!grsr IOHdsorder to substantially correspond to G protein, the
changes i'n Fire sequence of Gl proteins, such as isoforns are generally

rel atively mi ngobrdeflté bshsgantiblhecartsspend af G1 protemngeschanges e theosequencanf't en,
preferably there are no mpre than ten ch nge?, nor e ferably P@ nor.e than
five, an@ lnpeteipy speh aplispiorasniie ceperally FHpREhs MBPrch E‘é‘iﬁhtWﬂu e&ﬁ@
technique, can be use ind p Lal bl al 0gi agti ot.ej.ns

wni ch s GBEEan T 56 ok s Rab BLEGAIT thire e ROER: tndleh SRNBEIIIES e
use of coprafgRblyoRAmoreUbAYaNESing inesthpietiraisly oo trioee BidA tnexoslichgctiahges.
protein, resulting in a few 10 nodi fi cations. The proteins expressed by
such cl oVékilecany tegbmqus cat peaised to dindt proeruially duqlpgicallyoaqhive Protging ay el s

MORT- 1- bi ndi ng. i . | :
i roct |y TR SRR 30 AR ahe B ARR Eepnlfidts A prq DT BaAE"

medi at i Ngyagtdnudis Veeoini@ty ohhede IDMAaGatddih@rthpaplotely, imsuldys inohedevabove.
"Conservative" changes are those changes which would not be expected to 15
change t meodificetiont y Tof prhateinsr awesssedahyl skl clpnanicry thesebs sergenedofopdheier eened

as these ul not . be expeg . Subst 1 al change i rge or
confi gur ﬁmﬂ%g%fbl dnie ﬁ?rbqlgwg%rﬁ&d%g Rﬁﬁ%‘&gnio hb%’ S%p%%a?g) 1 ’t@%gﬁcge t he
bi ol ogi caARHOREEdESirdche tEEROICPNS Bfid/af FXE-TS iid b 3-RimedistingfactBlitprand/et ns

include an anal og wherein at |east one amino acid residue in the
pol ypept itdemedasinpectivitymfisny oder intagelkutas padedy iy waydrqtedaaYe: 20 ani no aci d.

st a5 presont CareRore) erimkel afs TR HEpRRCRRERCSRUY fot bR RN 0T

list as present ons my etefm ne

routi;ge  GXRRMhEBREAL @Nhé Prdtéiaunderérpslially ek fist us belkereerrd thsfthigse twaiidl
properties of a synthesized {)ol ypeptide nol ecul e whil e mai ntai ni ng the
bi ol ogi caiot hetekpédtgd tchsubatantiallysehapgo theGizgyrchargepr configuration of the protein

and thus would not be expected to change the biological properties thereof.
Conservative substitutions of G1 proteins include an analog wherein at least one
amino acid residue in the polypeptide has been conservatively replaced by a different
20 amino acid. Such substitutions preferably are made in accordance with the following list
as presented in Table IA, which substitutions may be determined by routine
experimentation to provide modified structural and functional properties of a synthesized

polypeptide molecule while maintaining the biological activity characteristic of G1 protein.

25

30



25 30 34 Table A Oiginal Exenplary Residue Substitution 5 Ala dy; Ser
Arg Lys Asn @n;Hs Asp Qu 10 Cys Ser Gn Asn Gdu Asp dy Ala;Pro
Hs Asn;A@n 15 Ile Leu;Val Leu Ile;Val Lys Arg;dn;du Mt Leu;Tyr;lle
Phe Met; Leu; Tyr 20 Ser Thr Thr Ser Trp Tyr Tyr Trp;Phe Val Ile;Leu 25
Al ternatively, another group of substitutions of G protein are those in
which at |least one amino acid residugt in the pol ypepti de has been renoved
and a different residue inserted in its place according to the foll ow ng
Tabl e I B. The types of substituti onsrggﬁé@ 30 may be nade in the

pol ypepti de may be based on anal ysi e frequencies of am no acid

Original Exemplary
Residue Substitution
5
Ala Gly;Ser
Arg Lys
Asn Gln;His
Asp Glu
10 Cys Ser
Gin Asn
Glu Asp
Gly Ala;Pro
His Asn;Gln
15 Ile Leu;Val
Leu Ile:Val
Lys Arg;Gln;Glu
Met Leu;Tyr;lle
Phe Met;Leu; Tyr
20 Ser Thr
Thr Ser
Trp Tyr
Tyr Trp;Phe
Val Ile:Leu
25

Alternatively, another group of substitutions of G1 protein are those in which at
least one amino acid residue in the polypeptide has been removed and a different residue
inserted in its place according to the following Table IB. The types of substitutions which

30 may be made in the polypeptide may be based on analysis of the frequencies of amino acid

changes between a homologous protein of different species, such as those presented in



changes between a honol ogous protein of different species, such as those
presented in 35 Table 1-2 of Schulz et al., GE., Principles of Protein
Structure Springer-Verlag, New York, NY, 1798, and Figs. 3-9 of Creighton,
TE., Proteins: Structure and Mol ecular Properties, WH. Freenman & Co., San
Franci sco, CA 1983, Based on such an analysis, alternative conservative
substitutions are defined herein as exghanges within one of the 5
following five groups: TABLE IB 1. Small aliphatic, nonpolar or slightly

P as dues SRR T SaiHTaaL al AGgE - REROPGP T Projet Sutof sPnol e o

char ged r??fkd‘ﬁ? 17¢ﬂ! Sandﬁﬂ-‘lgs j-ysof Arightorar g¢ mbiphatsuGcPdRAd Aole@sdues:
Met, Leu s), and 5. Large aromatic residues: Phe, Tyr, Trp. 20

The t hr eePmpenies, aWId Fesmdméestn S@arFemdmge§Aab‘2ﬁBe Based (Bp%@hailn anelysis, i n
protein archltecture E ¥e5|gue Iackl §v§§de cﬁgln and
thus inpa# {egna,qvg)aomqrya(tye SB St‘ct‘i’f t?é? rﬁle’ rﬁBv@éveéﬁg g BPHRbEE ¢ he
forrrat o] sStructure other than a-helical, Pro because of its
unusua 3%0net§§ qgégﬁly constrains the chain and generally tends to
pronote B-turn-like structures, although in some cases Cys can be capable
of 25 participating in disulfide bond fOéﬁtion which is inportant in
protein folding. Note that Schulz upra, would nmerge Goups 1 and
2, above. Note also that Tyr, because of its hydrogen bondi ng potential,
has significant kinship wwth Set, and Thr, etc. Conservative amno acid
substitutions according Small htipipties eotpdlarvandligbtly pelag residues: AraesSent Blat
above, are known in the art and woul d be expected to nmai ntain biological
and B0 structural Pr8pEMies of the polypeptlde after amino acid
substitution. Most del et L 0 e nt

i nvention are thosegvxlm CRBQFH%MVQ?Q%%?E% ca 3glegcaﬁg%%e§s nA;tle gﬁ@
characteristics of Ghe protein or pol ypeptide nolecule. "Characteristics”
is

3. Polar, positively charged residues:
His, Arg, Lys;
15 4. Large aliphatic nonpolar residues:

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

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

20 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 chain. This however tends to promote the formation of secondary structure other than
a-helical. Pro, because of its unusual geometry, tightly constrains the chain and generaily
tends to promote B-turn-like structures, although in some cases Cys can be capable of

25  participating in disulfide bond formation which is important in protein folding. Note that
Schulz et al., supra, would merge Groups 1 and 2, above. Note also that Tyr, because of
its hydrogen bonding potential, has significant kinship with Ser, and Thr, etc.

Conservative amino acid substitutions according to the present invention, e.g., as
presented above, are known in the art and would be expected to maintain biological and

30 structural properties of the polypeptide after amino acid substitution. Most deletions and

substitutions according to the present invention are those which do not produce radical



defined in a non-inclusive manner to define both changes in secondary
structure, e.g. a-helix or 13-sheet, as well as changes in biol ogical
activity, e.g., binding of MORT-1-binding proteins or of MORT-1 or

medi ati on of FAS-R ligand or TNF effect on 5 cells. Exanples of production
of am no acid substitutions in proteins which can be used for obtaining
anal ogs of Gl proteins for use in the3present invention include any known
met hod steps, such as presented in U S. patent RE 33, 653, 4,959, 314,

4,588, 585 1800, i tHShatfferistiOs MK pRdtedl or; podypkpRd O thdldeie KOURraBleridtos! is

4, 965, 195 to°ﬁarren et al.; 4,879, fll lo to ong et al.; and 5,017,691 to
Lee et al definaddnlay sdbmnchistystrndnnee do plebneibath phangenine sedondary), sguciysg. ehg. No.
4,904, 584 (Shaw et al 1i) Besi des conservative, substit.utions di sc(yssedf above

whi ch’ woutteliotorsifyierh cant Wil ehFhgRsshdn PIOBRY BV Srior % Pher
conserval g PYDRRAi bIRARs & o MPRTCP 02 GlciAkiol B FARCR MRARI SandPRIehahges,

whi ch | ea O an 1 ncrease 1 n biological activity of the analogs 15 of G

prot eiNns, calke i ntended to be within the scope of the invention. Wen the
exact effect of the substitution or del gti on is to be conf

! : j.red, , one
skilled in thBxamplesp] prodpssionaf #ming il sybraitwons & PteRTRhishsed be H¥9%n(s)
del etion(s), ,et.c. | ; " ' hiAditing imdnsheCaly krideat h
assays. Sﬁgfeoggz}lrrl{m&é\%lé%s %%Ilﬁ%g&gg{gtrﬁg? ltn etg%%kﬁgnet?hﬂ%{tleigrllvol ve a,ndue
exper i menfnathodnstepd0 sithcappebdneedaimlUof)spaee RE0Ee038hi 49 % Btdaidb 88t 58 easlt t he
capability of binding to MORT-1-bindin rot ei ns as t ed ove,.nr. hi ndi ng
to MORT- | 43B746hdp Metbebphis>, | 3 ttoﬂ‘g?tégﬁ, 2l ad 060183 18 “ﬁggbé‘tsﬁt ’hlg
activity of -the EAS- R r r ' : such
2 ey 1 2l SR T G332 ot AR R BB B3 FRue iRt pREed 1 T
effect, nanelpitendaNoan3bogsmisinky étaldlef ective either in binding to 25
MORT- 1- bi nding proteins (e.,g. Mh4 or MACH or binding to MORT-1, or other
proteins, or i Besidgssemeanative yhsitnipsohseystsderbone él‘g‘(“i}\/'fvf’vdf"(?lt SigRifise uch
bi ndi ng. Such nal ogs sed.. for exam I i i +Jd gand-
effect or aéafng,g&ﬁe S?tw%?' hogf& g’?%t? lz’i ggh%ygoggrrpet ieﬁsgb\%\tﬁ%&?h@l ltrelsé% E@&Eﬁn}e‘

MORT- 1- bi peli ASrFat6hthafies OWhieh iqadabeinriscredserin bitayital activity aftpeanaogs kel y
that the MACH i sof orns, CHa2 and MACHO are 30 "natural" anal ogs which
servelio phillproteimaie miended tabeyithidipessong ohtherinYsHoBi ndi ng of the active

(protease) NAC'\_/{’lile%%g Exhet ét?ecm'e Isu%itlﬁ[bna&%ﬂ:ﬁén {0l LRffMd Bhe igfied he 37

in the art will appreciate that the effect of the substitution(s), deletion(s), etc., will be
evaluated by routine binding and cell death assays. Screening using such a standard test
does not involve undue experimentation.

20 Acceptable analogs are those which retain at least the capability of binding to
MORT-1-binding proteins as noted above or binding to MORT-1 or other proteins, and
thereby, as noted above mediate the activity of the FAS-R and p35-R or other proteins as
noted above. In such a way, analogs can be produced which have a so-called
dominant-negative effect, namely, an analog which is defective either in binding to

25 MORT-1-binding proteins (e.g. Mch4 or MACH) or binding to MORT-1, or other
proteins, or in subsequent signaling or protease activity following such binding. Such
analogs can be used, for example, to inhibit the FAS-ligand- effect or effect of other
proteins by competing with the natural MORT-1-binding proteins or other proteins. For
example, it appears likely that the MACH isoforms, MACHa2 and MACHa3 are

30 “natural” analogs which serve to inhibit MACH activity by competing with the binding of

the active (protease) MACH isoforms to MORT-1 which appears to be essential for the



activation of these MACH isofornms. Once the active MACH isoforns cannot bind
to MORT- 1, the intracellular signaling pathways nedi ated by FAS-R and p5
5-R will thereby also be inhibited. In a simlar fashion G1 or any of its
isoforms may al so serve as inhibitors of the FAS-ligand effect by conpeting
wi th various of the MORT-1-binding proteins to 5 bind MORT-1 or by
interacting with themin a way that prevents their binding to MORT-1.

Li kewi se, so-called dom nant-positive Gl anal ogs may be produced which

L or i SRR AE R oG P FOFSR et B
better -blndi oy t ¢ i
oroperti o TORT AR APTRAIAR (AlhddincaRIE (Y FRSH Bhd 5 ORI groby,

anal ogs anieo geirthitddel yInpr @qpdarefdshioon Gil e anly ofict Boformsmagaveseseas imhitafoeot | des
in the DNA encoding the Gl protei

n, thereby producing DNA. encoding the
anal og, affithenepedigard eligeh ON coMmPrigs ‘@Nﬂu%ﬁgﬂ&%’r(g%£1lriﬂn‘g%p%?‘8bé‘bti de
in reconbi, | I £, U - I yRI ol :

i ncr ea%edbéggﬂqlgtilvgyfg nlf\eé?c-éggc\gmatgt&?vhg ‘g@ {t %aéeﬁr({g{t/%{rtilt*éfgg@u r %g
protein, MGRDEl Igkewise, sdotdlleéndontinaitgositise iG] akbloes mayr bBippdbdgyd vGiidene

Publications and Wley Interscience, New York, NY, 1987- ]}%3(5; Sanbr ook et
al |, Mol edgnls seyoin eipange thsdctaiigsd amblE) effeep| Jthr?rWﬁE)ld B BT SAHBF at or y,

Col'd Spripgfiargot, Y. uidP8Ro ﬂ%ﬁ@é&ogb&éiné d At ghd LdmACGOTHlaEre

herewi t h, "or an al‘ternative nucl eot sequence encodi ng the sane

pol ypept i NEORWL|-binfihg fpirdygerii¢scimd tthe samed o bdttes eghaingeprdpertieof thhanyed G1

perm tted by the known degeneracy of the genetic code, can be achi eved by
si t e- $pechrateinirut agenesi s of DNA that encodes an earlier prepared anal og or

. Ut age DNA that encodes an earlier prepa
o oduct 1 on' of - AtaltBgetierh, Bl ThRe MASKT RS bl PATRTE Bt B fences

t hat encodfitddege IV RRRUBNGEN Bife BN A iR odBEithe G | iPpabiRin, eieretypradhdinggBNA
sufficient nunber of adjacent nucleotides, to provide a prinmer sequence of
suf fi ci enenasiding thpdnalegyrad dbereafinp sExthesjzing thedP A angtexpressing gieadselpertidot h

S5 2L \iecHBhAbSI HIFL, g9 500 L 5 5y Y el vl 200w
conpl gsrenbiogicauateatyl Mabe aftuRdg beogtide pedteinhaustglenss heatdng Padtbesieth | n
general, the techni clue of site-specific r,rlut agenesi ‘s ‘.S':%in‘s WS' I (I()’nkO\_An in the
art, as eMoteduldri Biolpgy. p(Gistene aPublicatiensc iwnds Waliy| defersetengd, . NepnKorky: Vg3
(1983), t IiISS‘/d—llé‘S;.‘JO a%bef\oc())lz eyw}lllle\dé)lgcdlﬂcero%?r{gat/@ ia@gfa?érp I@IXnJa?,f Ebfa"8Fring
Harbor Laboratory, Cold Spring Harbor, NY, 1989.
Preparation of a G1 protein in accordance herewith, or an alternative nucleotide
20 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 G1 protein. Site-specific mutagenesis allows the production of analogs
through the use of specific oligonucleotide sequences that encode the DNA sequence of
25  the desired mutation, as well as a sufficient number of adjacent nucleotides, to provide a
primer sequence of sufficient size and sequence complexity to form a stable duplex on
both sides of the deletion junction being traversed. Typically, a primer of about 20 to 25
nucleotides in length is preferred, with about 5 to 10 complementing nucleotides on each
side of the sequence being altered. In general, the technique of site-specific mutagenesis

30 is well known in the art, as exemplified by publications such as Adelman ef al, DNA

2:183 (1983), the disclosure of which is incorporated herein by reference.



38 As will be appreciated, the site-specific nutagenesis techni que
typically enploys a phage vector that exists in both a single-stranded and
doubl e-stranded form Typical vectors useful in site-directed nutagenesis
i ncl ude vectors such as the ML3 phage, for exanple, as disclosed by
Messing et al., Third Cevel and Synposi um on Macronol ecules 5
andReconahi nant DNA, Editor A. WAl ton,3gsEl sevier, Ansterdam (1981), the

di scl osure of which is incorporated herein by reference. These phage are

readily avail a Ner ci. V, . to
t hose skilled ‘%1 fﬁ %-‘%thec‘ (#eﬂrlfngig \Pt fic m‘#ﬁ ene% ge\(jcg@t{]gér ﬁ%c\éﬁ% Eméf&?ﬁ’?n a
singl e-s gﬁh% dedciBhanR &idt9in befh ae@rhglééﬁramw(é/ﬁl déubdd-stednded wemn Tyfiicay nol .
153: 3, 1 may be enployed to obtain single-stranded DNA. 10 In ¢ neraI

si t e- di r ectds nﬁﬂfalglerﬁetsr@r ected auwagangpie an victais isucipas thsy YHd BRpegi
obtal Nl NG Adle"H G b A e RE Ly PRLy CIGL UGS Wb B (»map%wg%sa DNA

sequence ¥ pol ypept | onucl'eot’i de pri ner

bearing the ﬂ%%hfbﬁgmﬂm EditoS AAWAIKGR, EReé Paistetdsn fM‘bﬂt)l whaldisgidsyre of
aut omat ecf DNA/ ol i gonucl eoti de synt hesis. This prinmer is then annealed with

t he si nglwhish rsandedorptedtferﬂm bﬁtﬁfﬂﬁ@@— chesaphisagreeedibr avagafie eommgrialyt ed to

DNA- pol ynerl enz to
conpl et e "c"lq g’tgﬁéss %“efﬁn%' gl Eﬂ?‘?ﬁ? |t%gﬁ%s§arllpr%gel s? E%ﬁﬁ KF%H}%%&& ﬁﬁ?‘%‘ b,
sequence gars ttl'ﬁ?t SR §ﬁgl@'§@arﬁl%ar1§1atr@%r%ﬂ§ bf esplidatict (Welra dhub, Meth.

het er odupl ex vector is then used to transformappropriate cells, such as

E. coli 7BADbotdlSBS, 1981 nrdydreesnpoyedde obtairesingleratranded diNidte r econbi nant

vectors bearing the mutated s ence arf an nent lone is
sel eclded, the ﬁ‘lﬁ%??@ Sgf- dHF‘E}F‘z?‘W ??ﬁ{)esbsemraec ﬁgwiﬁgc Cffisoyf%gd By first
appropri a%lﬁal“ﬁ%g%r&gl@%ﬁ{d@h L¥ctdr tHap RRfRtes Wlthﬁ?ﬁ&f @ﬁ[ﬁér@@ aVBNIAOfeqOénck Batt ype

t hat may for transfection of an appropriate host. Accordingly,
a gene oremudésethe relevarlt poigpefitidg nmrolago@uclpqt@p@rmec@narmgstbe desiredemutatedd,

obt ai ned and/or nodified, in VI ViV th se of
known 25SCORENCE(S maé‘?ﬁipFX“Fl?eélﬁ"El yoﬁy Pé@mﬁ“‘q‘ﬁ@%‘? féo%? esis he%hf(.:gal
ol i gonucl LGE ¢ éﬁn&x{ﬂ]\ﬂbé with@the Sk RWSrah@d E)J@)@elﬁ-[ﬁ)ﬁgeﬁéé:@dﬂt&ﬁng ivegbeamd i n

nunber) speC| sequenceS by repeated ner ase reactions.
Thi s reacdubjectedan Aystymazig enzepenswieast. faoys mlmrw I KlenowHaagmest,

out PR SR Ao pBesg AR RCHoPe s ey RN Bt E B 5D o

:BQLSLESt - theNBedild HRhE 1RhR thBeRsBeNRLAISH. PHis E}iéie@@&ﬁp‘%i A¥orsiy Ihdiegded - to
transform appropriate cells, such as E. coli JMI01 cells, and clones are selected that
include recombinant vectors bearing the mutated sequence arrangement.

20 After such a clone is selected, the mutated G1 protein may be removed and placed
in an appropriate vector, generally a transfer or expression vector of the type that may be
employed for transfection of an appropriate host.

Accordingly, a gene or nucleic acid encoding for a Gl protein can also be
detected, obtained and/or modified, in vitro, in situ and/or in vivo, by the use of known

25 DNA or RNA amplification techniques, such as PCR and chemical oligonucleotide
synthesis. PCR allows for the amplification (increase in number) of specific DNA
sequences by repeated DNA polymerase reactions. This reaction can be used as a
replacement for cloning; all that is required is a knowledge of the nucleic acid sequence.
In order to carry out PCR, primers are designed which are complementary to the sequence

30  of interest. The primers are then generated by automated DNA synthesis. Because

primers can be designed to hybridize to any part of the gene, conditions can be created



prinmers can be designed to hybridize to any part of the gene, conditions
can be created 39 such that m smatches in conplenentary base pairing can
be tolerated. Anplification of these m smatched regions can lead to the
synt hesi s of a nutageni zed product resulting in the generation of a
peptide with new properties (i.e., site directed nutagenesis). See also,
e.g., Ausubel, supra, Ch. 16. Al so, B coupling conplenmentary DNA (cDNA)
synthesis, 5 using reverse transcriptase, with PCR, RNA can be used as the

starting Jiah efak %lsélaahishﬁ co Mﬁﬁ'r? b@fe S LA BE BibiteA ﬂ%ﬁﬁ&n@ﬂ &

prol actin receptor wt onl ng.” Furthernore, PCR priners can
desi gned th@elmmat{abﬂar@mmewam &t 1to ¢thd pmtisstsed acnutamdmd freduay rrwltslgoh as

term nati on codons at the_ends of the gene segnment to be anpl| Thi s
pl acenentthegenegadion;of giRsRtidg WEE ngy pﬁ’féerges @ﬁd ‘g“ng‘é‘?’f’é%‘f)@f‘tagﬁ'g‘éitpﬁef?l%d gene
sequence 10 a|,L awe s{ﬁw , B8N Fs S RMEBY %og@aﬁ@%ﬂq)l&en@g@tmn (EDNA) fsREERNL

t hereof t&be custo esl gne tiron to other sequences and/or
cl oni ng ajstn@Srevase/aaﬂmnptaseP@Rt}aHdRoRM camtbla@xdsd of thengpéritthg oeatérinh forf thRNA
and/ or DNA are well known in can be used agcor ding to the

t he
present i%ivéats ehthgertiistiulandrmaaiee %Pf 't“arF‘Pe(S’FPr WIEHQUL 10818t he t eachi ng and
gui dance pr eseﬂltrggr §EPER edéﬂr%@g@ @9& nefi tﬁ?‘lﬁo orﬁ%e%eﬁﬁ?ﬂléﬁc titdtgron

i nclude, but are not limt yrrerase c n reaction (PCR) and rel ated

anpl i fi cajth@fef20RE 8SEHES téreifation. ogdonsi_ht?ohe pmtse:rftthd\g)me s4g1668,10 96 amp|if83, 202,
4,800, 159, 4,965,188, to Miullis et al. 795, 699 and 4 9(%1 794 to Tabor
et al.: STmStlEfaQQBerttcPflrﬁﬂP%t*on sites 2 thesa' %’51 Wy gnds Pt dhe gmplifiechgenesseguense| nni s:

5,066, 584 .t 0 enst : Eitobe9dd0 to

Si | velrﬂ et “8?”5 gfgg gg‘?géts aéﬁf%%%@lg pgétgm éﬁ asgh% ngo gre%ZOO ar?d Innis et

at, eds. ,deE’gl?edeo@mgmdrsto obhddseglente d)dEldﬂ@d)nmgchnApﬂﬂvecairs ons) and RNA

rredl ated anplification which uses anti-sense RNA to the targeti sequence as

a tenpl ate fd?CI&l@ud)lowesmeéhmiéwam 1§%t°ﬁé§|%Nf‘@n§/°rd%NérﬁreNf? lgoyagnosg t o

use of o A i A S AR MRk BREhd VAR CpRFERRIGET "

260: 487 (ph8&Bodn t}ﬁat@@clﬁt &td Lﬁ@aneapmsax&eaﬁ&eﬁﬁmmdxsﬂaexhoﬂamDNAa,lr RNA
Bi ot echni ques 9:1378 1991) , the entire contents, of which RS nts
r ef erlénc@naﬂléi%tmn ingluge, by aFepent dimitedrig mobangsgserchpig tgption (PR felpts ous

fashi on, lf,]c ‘Ca ' Ssrs%;)(é’% Eragﬂ%"eﬁaté}ftdl@&sspi BE£1 8 4889202 hpgey, po, any

of the GI Se pr epar e not'éd dabcove 'wi th 'respect to
the anal agees, Pfis % Mhﬁlﬁi el &S .4, ml g zf 9BEMENiSTafor G apr 61142033 as énrfihose

which retain'the Gl
5,122,464 to Wilson ef al.; 5,091,310 to Innis; 5,066,584 to Gyllensten et al.; 4,889,818
to Gelfand et al.; 4,994,370 to Silver et al.; 4,766,067 to Biswas; 4,656,134 to Ringold;
20 and Innis ef al., eds., PCR Protocols: A Guide to Method and Applications) and RNA
mediated amplification which uses anti-sense RNA to the target sequence as a template
for double stranded DNA synthesis (U.S. patent No. 5,130,238 to Malek ef al., with the
tradename NASBA); and immuno-PCR which combines the use of DNA amplification
with antibody labeling (Ruzicka ef al., Science 260:487 (1993); Sano et al., Science
25 258:120 (1992); Sano et al., Biotechniques 9:1378 (1991)), the entire contents of which
patents and reference are entirely incorporated herein by reference.
In an analogous fashion, biologically active fragments of G1 proteins (e.g. those of
any of the G1 or its isoforms) may be prepared as noted above with respect to the analogs
of Gl proteins. Suitable fragments of Gl proteins are those which retain the Gl

30  capability and which can mediate the biological activity of FAS-R and p55-R or other

proteins as noted above. Accordingly, G1 protein fragments can be prepared which have



30 capability and which can nedi ate the biological activity of FAS-R and
p55-R or other proteins as noted above. Accordingly, G protein fragnents
can be prepared which have 40 a dom nant-negative or a dom nant-positive
effect as noted above with respect to the analogs. It should be noted that
these fragnents represent a special class of the analogs of the invention,
nanely, they are defined portions of gl proteins derived fromthe fill 4
protei n sequence (e.g., fromthat of any one of the G or its isoforms),
each such portion 5 or frag ove ted des d
activiti «?SBO@H‘@W BIERLYRAL 2 ngim%“q pé)sﬁlg'e e?%cbg?) tcfg [§Pe% |t$1at| ves

may be pra‘?lQl%%?.dItQ}ioﬁB%@(ﬂéfe‘a tﬁadhésh%gm@ﬂ@ r@fredeRifa §;bééﬁ11 clggscbmrse @rial@g%e)for
nore anm no a residues of the G 1 proteln its analogs or fragnents or

by conj ught irventidn, tnhmel@ t}pycat@dtﬁnedtmml dds! @rotﬁmag%‘rﬂdsﬁomdh@ﬁé& Her

he-art . REEsK ARG (= adiary et DEew on SRR Y o B Foronf, B MR bpnfO" '

whi ch ;may, Uerﬁpﬁ‘efafr% Jng%ptﬁehﬁ)ofv%%%édmﬂrec%&ﬁm&s WRLEN fra@fi€idimagSeS b de
chains on thé resi he N- or C-term nal groups, by neans known in

the art, apgtidee included in the |nvent| on. Deri vat| ves may have chemi cal

nnletles such as. carbohydrate or phos resi.d ovi ded ch. a
fraction has tYiiladyedgvagyehwpy be p{ﬁp Te ?%a?fang Otdgl calony 0{)?@ &d6s. For

exanpl e, gg}% V@ftd i ahfid &go;reﬁidw@sé th€ cﬂ%r%fes»n QJS dnhiBgsBF b@gmémgr&ups

am des of carb oxy groups reaction with amonia of with primry or
secondar yby esmjupasion Nf aley G1droteimtits \anslogs o’r rﬁeagmamsnm gmqjhmsmolbculhe ZARNNO
acid residues formed with acyl noieties

g al k nog . or qgrbocxcllc

ar oy| 10gr ARgEYdxs enTymes Yeceger | §fat AVES V! lfr}oé@ Shgtir g’)&? PV anpl e

t hat of ser r I J erm
et vat |G ubkd Plreinto8aR kil ERECUARA nid t’@?"%ﬁ#ai%ff%@ﬂ’ﬁ%‘*s?@“{” Aok

change ongcanisid@chainst én tidatdiduesafr thddl-toselitermomirgomipy, lucmaarrsl lmg»wmanur al

am no acids. Although G protein iis a_protein or oI ept It
sequence th¢ ?ﬁnﬁﬂﬁ’oﬁraéﬂc@deﬁ é‘é’ih@d’é‘éem‘%@ pBEYRES H’éy %@FM; mgjetigs F"é??‘gf‘ér
sequence wh ﬂxlaltﬁclopg)%ésx}hﬁ Ieegltdl]% rgédé@gb@lnﬁ%;ngtloﬁ Hak tRE QABE or AiBher

accordancé W i n| i ons e| n, 1s inten to be included w thin

t he spopevislogulcdttiditpsd Gpepdteide as | ong as the additions do not affect the
basi ¢ and novel characteristics of the | nve%l on, i. ei t her

retain or incriefsexanile. dsrypivgs cary dralyds piphatic @stepy 8f éh"n 8 0% n81P8PE| eaved
to leave SniBELLE {2 c%rrbogcgl gl%%BE ‘09%4}?%11 RBth ammonia or with primary or secondary

amines, N-acyl derivatives or free amino groups of the amino acid residues formed with

acyl moieties (e.g., alkanoyl or carbocyclic aroyl groups) or O-acyl derivatives of free

20 hydroxyl group (for example that of seryl or threonyl residues) formed with acyl moieties.
The 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.
Although G1 protein is a protein or polypeptide, it is a sequence of amino acid

residues. A polypeptide consisting of a larger sequence which includes the entire

25 sequence of a Gl protein, in accordance with the 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 G1 protein or can be cleaved to leave a protein or polypeptide having

the biological activity of G1 protein. Thus, for example, the present invention is intended

30 to include fusion proteins of G1 protein with other amino acids or peptides.



the biological activity of G protein. Thus, for exanple, the present
invention is intended 30 to include fusion proteins of GL protein with

ot her am no acids or peptides. 41 The new G protein, their anal ogs,
fragments and derivatives thereof, ha\ﬁ? a nunber of possible uses, for
exanple: (i) G protein, its analogs, fragnments and derivatives thereof,
may be used to mmc or enhance the function of MORT-1-binding proteins
such as, for example, 4 a5 W ( i b Sy Rk drsef@y gs), or
even of MORT-1 |tsée‘lgf(,}1 i’ﬁ%ﬁ’ertll?:%dta e AS-%%}e:ﬂgan gr Ylg\I(IF,Eé gllrrb?%ther
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el : Yy
FAS-R or wh&-tRe QlOproteit istansirely ingrapedipdari phsspecied) pad wbeyld beviptrodused ealyap) e
of binding such FAS-R-  or R -carfyi ells; ing the
G pr ot ei o thadel Wie SBEFBR Ho et Tef 17 ot afoucfuish S 6RR, Ra6adh R
surface of; theind intksdwdtibh of igBlotdiRentyitheBelS peaddebsanl. | Pné ovaytdfidoingrrhis cel |
or other FAS-R- or p55-R- carrying cell, follow % whi ch the Gl protein
encodisng is byuentiag ecqpmbiiapt animgUanGed cwione dpevedrifem dNrcedia  hedNA] | s

via the viyu 25 once expr.essed in the cells A: . N
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Is tol ntlgglge%gs),t (r)]reany other ligand that binds specifically to cells carrying a FAS-R or p55-R,

its

20 such that the recombinant virus vector will be capable of binding such FAS-R- or p55-R
—carrying cells; and the gene encoding the G1 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 G1 protein
encoding sequence (e.g. Glo sequence) will be introduced into the cells via the virus, and

25  once expressed in the cells, will result in enhancement of the FAS-R ligand or TNF effect
leading to the death of the tumor cells or other FAS-R- or p55-R -carrying cells it is
desired to kill. Construction of such recombinant animal virus is by standard procedures
(see for exafnple, Sambrook et al., 1989). Another possibility is to introduce the
sequences of the G1 protein (e.g., any one of the GI or its isoforms) in the form of

30  oligonucleotides which can be absorbed by the cells and expressed therein.



sequences of the @ protein (e.g., any one of the G or its isofornms) in
the formof 30 oligonucleotides which can be absorbed by the cells and
expressed therein. 42 A further way of enhancing such cell cytotoxicity
woul d be to inhibit the activity of G isofornms (e.g. G P) which

t hensel ves are inhibitory on cell cytotoxicity. Ways of inhibiting such G
i sofornms are numerous and include thoge listed under (ii) below as applied
specifically to inhibit such inhibitory GL i soforns such as, for exanple,

G (3. 5 (ii) They may be used.to iphipit the FAS-R |ligand .or TNF or ot her
protein effech fuidheg wayi of whswinmpich sl ¥ioetidtay éﬁqtﬁlg@gﬁt%e 8K,
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possible, for exanple, to introduce into the cells, By standard procedures,
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ol i gonucl eotides may be introduced into the cells using the above
r econmbi naruteviepatitis, apwhiomths dashied seblogkithedteRdwasdor TR induceh EAP-RWS bei ng

t he oligonucl eotide sequence 15 Further, as. nated abo d exenplified
bel ow, _atPeRdprERLuIgk SR o B Proterkmegiafed; aaling oin (10 ghiarich 105
I nhi bi tors,ghieCR |eé£}§é19,tt8)fﬁt%c§u¥e RGO dells, By(sandhlRiNGBeeddbN oligbnilebtidrk Or m

may be aopm nistere rectly to cells, or a suitable vector carrying a
nucl ept i dewisgqtenst-sense ediling sedieacd foftbe filnprptdie Wwinth vuldeeftactively blicks, so
that when expressed. in the cells th

. i, G isoformwl erve to inhihit
cel | cyt ohesiagsiagon obmRNAs ¢gpding dhs gﬁlﬁrf"ﬂ?‘q g the glé biﬁ@i TFotiPESS'OP&Er i ¢
for the Gk Db R NIEE FASR HiBAIRGETNE. 36 SihgPPhdtef- Afebt/| tShch Yet
anot her mqé@do(%(g tlﬁéﬁh? l|9t1%)ng ?he FAS- lei& gand or TNF eff g)lét is by the recently
devel opedbligohodyutiien pptyobe hntrddubed ymre sthar e@lls atsalk ythi cabRNA reeindgudne svitus at
specifically cleave RNAs. R bozynes nay. be eirlgi neer ed i}o -ﬁ' eave target
RNAs of cgreash. ige gecont serusacerfRriied RyHREirHY Pe e e LIPS oG FeqUfRee
i nvenfd on. Suc, fDOzYIRS: WM edadtaY Lo tmptiBaY BBI6R, SPEGLT bfie TAI isbidPm Has
pr ot elltsn MRNA allrglbd—mv?gu%sydﬁge capaeb e of e)lﬁrﬂpzlr acting therew th (conplenentary
bi ndi ng) Beeh lisoteet Bitichlicauaaaaohhibher dRNA cytesaxidityngarmely,aG te ddems esucbr
conplete loss) in the expression of the G protein, the | evel of decreased
expr essi oh (Hejisgfiorm may be administered directly to cells, or a suitable vector carrying a

nucleotide sequence encoding this isoform may be introduced into cells, so that when
expressed in the cells this G1 isoform will serve to inhibit cell cytotoxicity..

20 Another possibility is to use antibodies specific for the G1 protein to inhibit its
intracellular signaling activity.

Yet another way of inhibiting the FAS-R ligand or TNF 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

25 mRNAs encoding the Gl protein of the invention. Such ribozymes would have a
sequence specific for the G1 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 G1 protein, the level of decreased expression being
dependent upon the level of ribozyme expression in the target cell. To introduce
30 ribozymes into the cells of choice (e.g., those carrying FAS-R or p55-R), any suitable

vector may be used, e.g., plasmid, animal virus (retrovirus) vectors, that are usually used



dependent upon the |level of ribozyne expression in the target cell. To
i ntroduce 30 ribozynes into the cells of choice (e.g., those carrying FAS-R
or p55-R), any suitable vector may be used, e.g., plasmd, animl virus
(retrovirus) vectors, that are usually used 43 for this purpose (see also
(i) above, where the virus has, as second sequence, a cDNA encoding the

ri bozynme sequence of choice). (For rey;ems, nmet hods etc. concerning

ri bozymes see Chen et al., 1992; Zhao and Pick, 1993; Shore et al., 1993;
Joseph and Burke, 1993; Shimayama et al., 1993; Cantor et al., 1993;
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such as FAS R .p55- R, involved in the intracellular signaling
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non-stringent Southern hybridization followed by PCR cloning (WI ks et
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identificatio nd, cl onin f two putative 1 rotepn-tyrosi i s by
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sequence. This approach fmay be used, in accordance with the present

i nventd onrelsédhgecepiors suejLesnicAS -6 _amdeGi{,pa_ndtiquive;cbiq theninirpsellalat siehding t hose
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chromat ography to 1solate and identify other protéins or factors to which

t hey are hybpididation dblldvetibygPCB. glopinyORYilks eMRRT- 1988) ndimdgherWilks 8t al.or

orne D LS A% L el NEL VAR Al AL L 308 oSS

e T PSS el Bygsany veniuaea it it
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' nvol ved ;ercllug#c%. iTrflEsrz%)%?éalch lrr?agr be used, in accordance with the present invention using the
sequence of the Gl protein to identify and clone those of related MORT-1-binding
proteins.

20 (iv) Yet another approach to utilizing the G1 protein, or its analogs,
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, MORT-1, MORT-1-binding proteins, or other proteins or factors
involved in the intracellular signaling process. In this application, the G1 protein, its

25 analogs, fragments or derivatives thereof, of the present invention, may be individually
attached to affinity chromatography matrices and then brought 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 proteins or
factors which bind to the G1 protein, or its analogs, fragments or derivatives thereof of

30  the invention, can be eluted, isolated and characterized.



signaling process. Follow ng the affinity chromatography procedure, the
other proteins or factors which bind to the @ protein, or its anal ogs,
fragnents or derivatives thereof of 30 the invention, can be el uted,

i sol ated and characterized. 44 (v) As noted above, the G protein, or its
anal ogs, fragnents or derivatives thereof, of the invention may al so be
used as i mmunogens (antigens) to proguce specific antibodies thereto.
These anti bodies nmay al so be used for the purposes of purification of the

@ protein (e.g., or .any of its igofarnms) either.fromcell. extracts 5 or
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itsel f, such antli es woul d” serve as an inportant diagnostic tool. It
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any of t hebngemgl ﬁé%%ﬁ‘%t%fﬁ%ﬁég‘%h%@@rﬁr PHEEBLT &5 9"‘?”—%‘?t“’§>5’§r‘rﬁfig?°tbvﬁe of
these scrggai (40 e B Ltrdeds. UPRishyul Csukh QB CoRlatd et
forth hergﬁgg Iﬁ&%& Sﬁgg@u?%&%%%@gntffﬁs'tmsm-l protein and
subsequen malfuh@ioniigi i0usceMIRTsigndding diysigmpnatleng sheaM®RHé pBdtepr, of ermowf t he

i nvention. Likew se as noted above and bel ow, ot her €‘Eqroc dur.%s maé bﬁ

enpl oYed etlier ahave aated MK Tonbiadiag SERtaiBhPr CONXOHIb I S4% phist &tiides,
etc. as are wel| . ¥ . ar to isolate, identify and characterize
the A pr%etr‘é? w %nflhﬁﬁ}gg?tn@%éﬁ]tg?%cﬁtoé% to isolate, identify 20 and characterize
addi ti onal prottehssld alsatieaiosed theceptiosisiongidentifidatioh aad eharagedidationof Biendi ng
to the GL proteins of the invention. As set forth herei ngbove, the G

protein ny wetaisef the ingerignamay Petpestoamed uswgerysoictheovey kpewe stapdards ¢
A and itg_isoforns. serpant,i L,es or i he Yih ed as
set forth AeFeimBbe CS\(}VJJiag d]e:@gie}(mg '%3 ’ E)glgn%iaf E%ggtr?sa%%gﬁgt él%tg g?urﬁ&?htes :yédgtS

appl i gat i pshitiei pricedadimss get fordgh@Esinsbdlter eat waed to hidsifis pecMORTHlor G

proteins. Based on the findings in accordance with the g}reﬁent i.nv gﬁi on
that at | petein gagraubsequenthe thevagpus MObdshipdiag peqseias and bpstengtine

related t %vgrn%npiﬁge\%%%%§ n8€edta98ve%la?b/eio% 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 G1 protein of the invention or to isolate, identify

20  and characterize additional proteins, factors, receptors, etc. which are capable of binding
to the G1 proteins of the invention.

As set forth hereinabove, the G1 protein may be used to generate antibodies
specific to G1 proteins, e.g., G1 and its isoforms. These antibodies or fragments thereof
may be used as set forth hereinbelow in detail, it being understood that in these

25 applications the antibodies or fragments thereof are those specific for G1 proteins.

Based on the findings in accordance with the present invention that at least some
of the G1 or its possible isoforms are proteases related to the proteases of the CED3/ICE
family of proteases, the following specific medical applications are envisioned for these
G1 proteins and isoforms: it has been found that specific inhibitors of other CED3/ICE

30  proteases, some of which are cell permeable, already exist, which can block effectively

programmed cell death processes. Hence, it is possible in accordance with the present



famly of proteases, the follow ng specific nedical applications are

envi sioned for these G proteins and isoforns: it has been found that
specific inhibitors of other CED3/1CE 30 proteases, sone of which are cell
per meabl e, al ready exist, which can block effectively programed cell
death processes. Hence, it is possible in accordance with the present 45
invention to design inhibitors that cé#n prevent FAS-R |igand- or

TNF-i nduced cell death, the pathways in which the GL protease isoforns are
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graft rejectl on e.g., &i ney, eart and liver); the death of
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cell suicide which causes proljferatio
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more of its Si [,S0 : t | §OHPEMheTRY., 8s aslis of
"nat uf al "h‘llelrlﬁl i tagérogmgp ﬁeﬂ%@{l@ %?o#ggs%%%% B]Cﬂ ééSE o{)f?alge igo (F)ﬁrérr% asn%l t hese
may thus e Rnpleay abata@silizeinalidhecesn dieedeasipeticéliscin grafii dejetoors (of., khinse Gl
proteases. Likew se, other substances such as pebg_t.i des, o.rgan'c .conmpounds,
ant i bodi ekearieprd liwery: Hleséeape of Oligedragdracytespiahh Myadps Myt uifler%?*car? are

20 capabl b biti - - A iforAYi leM D N GireX PR cOfnehowW
pepti de i%Hi? %il?hg?llse%o'# Cgﬁse&l%ﬁe ﬁ“gﬁ gg‘g%g%\ﬁ%hff@lﬁ&ggf tlﬂgsr?ikgjnsgdl and scrgeneed IS
based on piEYidadssest udi es on peptide inhibitors of I1CE or [ICE-Iike

proteases, the substrate specificity of | CElFﬁ?g strat e?rléﬁs faor. e it.B e
anal y§i s  usi ngspegitioned Berainpayesit iyRessifinit b 85 9PF SRR r Y SIS RICent

cLeavage, oL RetL £ il R Tl PN SuLUC M 240 A 00 s 0, (e
the Pl pogit j@fkadd Gsofbrdy, ARA Ridsanmnie thel BE efipldyiedi Bnthet abovbenoted specific
inhibitors of these G1 proteases. Likewise, other substances such as peptides, organic
compounds, antibodies, etc. may also be screened to obtain specific drugs which are

20  capable of inhibiting the G1 proteases.

A non-limiting example of how peptide inhibitors of the G1 proteases would 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 peptide synthesis. The minimum requirement for efficient cleavage of peptide by
25 ICE was found to involve four amino acids to the left of the cleavage site with a strong
preference for aspartic acid in the Py position and with methylamine being sufficient to the
right of the P, position (Sleath et al., 1990; Howard et al., 1991; Thornberry et al., 1992).
Furthermore, the fluorogenic substrate peptide (a tetrapeptide),
acetyl-Asp-Glu-Val-Asp-a~(4-methyl-coumaryl-7-amide) abbreviated Ac-DEVD-AMC,
30 corresponds to a sequence in poly (ADP-ribose) polymerase (PARP) found to be cleaved

in cells shortly after FAS-R stimulation, as well as other apoptopic processes (Kaufmann,



right of the P1 position (Sleath et al., 1990; Howard et al., 1991,
Thornberry et al., 1992). Furthernore, the fluorogenic substrate peptide
(a tetrapeptide), acetyl-Asp-d u-Val-Asp-a-(4-nethyl-coumaryl-7-am de)
abbrevi ated Ac- DEVD- AMC, 30 corresponds to a sequence in poly (ADP-ribose)
pol ymerase (PARP) found to be cleaved in cells shortly after FAS-R
stinulation, as well as other apoptopic processes (Kaufmann, 4() 1989;
Kauf mann et al., 1993; Lazebnik et al., 1994), and is cleaved effectively
by CPP32 , er. of th b3/ | r ot | es
(and i ke\ll\(as @elﬁg“fls%ampect)s?gi E?‘)?E?gée p&oa?'ezg%@) g% c%g&?%ﬁ%%’f E’%%@f}% on of
the subst{AhemBaPeRie CEDYECE rofehs familyPahi@ PERCHIpS eabeshamil iedisp o t he
fourth amno acid residue and various conbinations of amno acids in the
first thrpessibbshGé ppsaseslons can be rapidly screened for binding to the

active site of A, protegses.using, fo | h by
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cl eavage by Gl proteases w thout being cleaved by other CED3/ICE

pr ot eases capRbletdf dessiny/hi leist 40@0 peptteleseavhdvarbingalaysel ecti vel y cl eaved by the
G proteases, can then be dified to enhance. cel . per bility.20, and
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i nhibit I Ima et at., _
being cleaved by other CED3/ICE proteases. Peptides which are determined to be

selectively cleaved by the G1 proteases, can then be modified to enhance cell permeability

20 and inhibit the cell death activity of G1 either reversibly or irreversibly. Thornberry et al.

(1994) reported that a tetrapeptide (acyloxy) methyl ketone Ac-Tyr-Val-Ala-Asp-CH,0C

(0)-[2,6-(CF3),] Ph was a potent inactivator of ICE. Similarly, Milligan et al. (1995)

reported that tetrapeptide inhibitors having a chloromethylketone (irreversibly) or

aldehyde (reversibly) groups inhibited ICE. In addition, a benzyloxycarboxyl-Asp-CH,OC

25 (0) -2,6-dichlorobenzene (DCB) was shown to inhibit ICE (Mashima et al., 1995).

Accordingly, tetrapeptides that selectively bind to G1 proteases can be modified with, for

example, an aldehyde group, chloromethylketone,(acyloxy) methyl ketone or a CH,OC
(0)-DCB group to create a peptide inhibitor of G1 protease activity.

While some specific inhibitors of other CED3/ICE proteases are cell permeable,

30  the cell permeability of peptide inhibitors may need to be enhanced. For instance, peptides

can be chemically modified or derivatized to enhance their permeability across the cell



Accordingly, tetrapeptides that selectively bind to G proteases can be
nodified wth, for exanple, an al dehyde group,

chl or onet hyl ket one, (acyl oxy) nethyl ketone or a CH2OC (0)-DCB group to
create a peptide inhibitor of A protease activity. Wile sone specific

i nhibitors of other CED3/I|CE proteases are cell perneable, 30 the cel
pernmeability of peptide inhibitors need to be enhanced. For instance,
peptides can be chemically nodified or derivatized to enhance their
perneablllty across the cell 47 nmenbrane and facilitate the transport of
such pepterebyanegng fafiliirehadipironeofsyah pertistes Hgouﬂthéﬂ%@ﬁ?“%‘tddﬂﬁostﬁ? et

al . (1991 or i r | auric
2ci d to FOIHAM MR Y a(00s) Hathel RV FRTAANCUERAE, bl
characteﬁmatu@ﬁuaq&as&ocetmnnxnmn@mes ldacakedvagive awith( £98d) pedesatipeport ed
the oxidation of 5 nethionine to sulfoxide and the replac f th

pepti de Kbardcwlﬁtws|a?@skéﬂlldﬁ§ﬂl?fﬁp@n@acha§éé&%let 9@%‘%3?986‘? g@. Q’ﬁ“fa&f’éo
transport pt] d r [ &

the knowi" 8gplé%§,dﬁ%&%g erlﬁdgﬁ&%g hat ?ge&gﬁ?Qwal |E&Pﬁ&ﬂ§EHFI of
those i Rsdebter BCOCHEO AEARY €anspdti @f Peptizptiirdegh thei dell tneensbraveh Thkseaare
capable of inhibiting the cell 10 death activity of G or its ssi bl e

i sof or s jeinoe of thej knganeepditicag enfansdedvaiies th%f“e‘c‘!&li withinhe Slf‘ﬁ@?mol?%tt e
entry |nto the cell. U S. Patent 5,149,782 discloses conjugating a nol ecul e
to be trd gﬁﬁ?ted across the cell nenbrane wth a nenbrane bl endi ng agent

such as f usogegnirtheRr¥PERN ﬁa:aep;epude ettsifrg N@hich @rma(}gbnotfympttmgase cell her
menbr ane pol ypepti des, | ong chain fatty 15 aci nyristic aC| d,

pal niti c @athdactfpﬁes@f ﬁén@fr aﬁmobtﬂ@ﬂdwfgﬁa@éﬁ'@ e ﬁ@wgat%@r Gpainkexar awith

conjugates ,in of cellular menbranes and facilitate
their ent”i‘?}ec H?ﬁthr}tefﬁ%fltgéfteggwé%ﬁt%i%% et al., US Patent 5 108,921,

revi ews avail gblse parh94%9 1788 discRB&S EIHAILAMNLy adRdledes Yo Bé traBspReteli @srastich as,
but not linited to, proteins and nucleic acids by the 20 mechani sm of

recept or theeheﬁttredn@ach)wthotu werlrane iblepdinghegsat suefe st diisespsicepriyRaRtiferde
AT TR ST N R e
5, S oy g, A R, o, Stk i
biotin annlolé@jlatce)mugaws luéo alap/limd s of gelldasdngmbranes and facilitate thetr entry
into the cytoplasm.
Low et al., U.S. Patent 5, 108,921, reviews available methods for transmembrane
delivery of molecules such as, but not limited to, proteins and nucleic acids by the
20 mechanism of receptor mediated endocytotic activity. These receptor systems include
those recognizing galactose, mannose, mannose 6-phosphate, transferrin,
asialoglycoprotein, transcobalamin (vitamin By;), 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 for biotin and folate, can be advantageously used to
25  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 folate receptors to initiate the receptor

30  mediated trans-membrane transport mechanism and thereby permit entry of the desired

compound into the cell.



25 enhance transport across the cell nenbrane due to the | ocation and
multiplicity of biotin and folate receptors on the nenbrane surfaces of
nost cells and the associated receptor nediated transmenbrane transport
processes. Thus, a conplex fornmed between a conpound to be delivered into
the cytoplasmand a |igand, such as biotin or folate, is contacted wth a
cell nmenbrane bearing biotin or folatg receptors to initiate the receptor
30 nedi ated trans-nmenbrane transport mechani smand thereby permt entry of
the desired conpound into the cell. 48 I1CE is known to have the ability
to tol erate |il6&riakngwhdeibpva thembilihta trderptz libeel substtudioas thihg Fedositighce t o

| i beral substitutions expl.oi-ted to de ighl

sel ecti vémgft%"is ﬁpﬁeyanpgﬁéﬁ%ggﬁ?%s lfuglé) "3 “f)ag&ﬁfr?ﬂg %180 %ﬁ%&%gw(@&e&ga‘%gwyww) .
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"chineri peptide"” to be transported across the cell nmenbrane into the
cyt opl asm 10 IAsadditlon, ieis kppwadn abeart Whatt fisiag aodesised Peptide serengewig a

eptides, the peptide.inhibitors f Q@,.proteolvtic.activi G l.ng to
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I nhi bi to:{ﬁgtiﬁ\%’i ©beGPRs IR Rfosk i i eeNae t}hleeytlabm@khng to G protease
er

to desig aps nore stable inhibitors. It wi al so be appreciated that
the smne meansA$ will eaaiprédiaed mgthose ehskilhii thg atthnd pentidesy tha ppptide iphibiserpt i de
i nhi bitors, across cell nenbranes as discussed above.are also apmci %:étbl eto

the G orofj {d P%?‘?JYWE; aﬁﬂﬂ%é??}’égmés“\/\éﬁlq PREeRt ENREh dgesanénta pr élt &i ns
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menti one erein tlhrou hout, the term "anti body” is meant to include

pol ycl onajroteatd toattsigs periepombonsitblamhibifoti es (mAbs), chineric 20

anti bodies, anti-idiotypic (anti-ld) antibodies_to.antibodies that can be
| abel ed in soI]tE_tYY‘iel akyo leoH?ng‘f“HFﬁ!lnthaésthﬁé?Te a¥ert gﬂn%ﬁ‘ﬂéatlphé’rr &Bp s t|(1?18|ed by
any .ki(}omrzlngﬁ&w &ugeptﬁféc thihtorLYUEros§ Uejl| inBinbRfled Qs CNZNRTIA Gbdlecaradno
peptide synthesis Or reconbi nant techniques. Polyclonal antibodies are
het er ogenaplicabpopukiat Gons itf isaferinkabigmsebles el ves] as other peptides and proteins

which exerts their effects intracellularly.
As regards the antibodies mentioned herein throughout, the term "antibody" is
meant to include polyclonal antibodies, monoclonal antibodies (mAbs), chimeric
20 antibodies, anti-idiotypic (anti-Id) antibodies to antibodies that can be labeled in soluble or
bound form, as well as fragments thereof provided by any known technique, such as, but
not limited to enzymatic cleavage, peptide synthesis or recombinant techniques.
Polyclonal antibodies are heterogeneous populations of antibody molecules
derived from the sera of animals immunized with an antigen. A monoclonal antibody
25  contains a substantially homogeneous population of antibodies specific to antigens, which
populations 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);
30 and Colligan et al., eds., Current Protocols in Immunology, Greene Publishing Assoc. and

Wiley Interscience N.Y., (1992-1996), the contents of which references are incorporated



derived fromthe sera of animals immunized with an antigen. A nonocl onal
anti body 25 contains a substantially honbgeneous popul ati on of anti bodi es
specific to antigens, which populations contains substantially simlar

epi tope binding sites. MAbs may be obtained by nethods known to those
skilled in the art. See, for exanple Kohler and M| stein, Nature,

256: 495-497 (1975); U.S. Patent No. 444376, 110; Ausubel et al., eds., Harlow
and Lane ANTIBODIES : A LABORATORY MANUAL, Cold Spring Harbor Laboratory
(1988); 30 and Col.ligan et al.,,eds.. Current Protocols in | nol :
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presergtlyprggggt ed method of 5 production. Chineric antibodies are

nol ecul es” o Ich different portions are derived from different animal
speci es, such @bintehiosmtibediengretmelendes abmwdichedjiferent ppitiossl afe denieedniipinne

mAb and a_hunan i. nogl obul j n constant region.  Chineric. anti bodi es. are
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from hybridomas but hi gher %rmunogenl city 1n humans, such that

human/ murigsee tohiedetd enmodogediciey s egpliciivnmend ¢co imntast ydildssingprdduaiohofly f or
their production are known in the art_ (Cabi I,Ig % al ., Pcioc. Natég. Acad.
Sci . USA gamper3wherer murgss mAND have ohigder giclds prom hippidomage byt kigher s
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1984); Neahipoges aad ln@dthod_s fbla;l;u;ﬁ%rfgﬂiéctﬂﬁﬁ?r_ﬂﬁogvhgi&ghe aTtamlayﬂbrrln'gtBaé.t Fabe., _

Eur n Pat ent ication ubl I she ruar , 2. Morrison
t o " e ot SR SR AN 1 S Nl s SAoBRS.
Neuber ger §ﬁ§8 %‘déss P g%%zp h'oﬁﬁ%&lgg Nt .8@9?1%3?1%%69?%1)65 !@%4&;'\/@5&% 18 a11986) ;

Kudo et a rope t ent pl i cat’i on publ i'shed June” 11, 20
1986) 15 SaE@@?BarBPataﬂ\t. Applicaliérn 125023. (phBlichdd bvanBer (4, 988%); NRabergsoat alt, al .,
I nternati ona

Pat ent Application No, W8702671 (published My 7 7);
Liu et atNamreod14N88t270 E@%)?S&m‘%}&h‘ & a4 3fourgpers P i@B‘?)‘Atppgﬁm%ét 1?1114%% Proc.

Natl. Aca&'ubI%s%ied Li’%n%}y %234-18%3 Morrison et al., European Patent Application 173494
(published March 5, 1986), Neuberger et al., PCT Application WO 8601533, (published
March 13, 1986); Kudo et al., European Patent Application 184187 (published June 11,

20 1986); Sahagan et al., J. Immunol. 137:1066-1074 (1986), Robinson et al., International
Patent Application No. W08702671 (published May 7, 1987); Liu et al., Proc. Natl.
Acad, Sci USA 84:3439-3443 (1987); Sun et 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

25  incorporated herein by reference.

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

30  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



(1987); Better et al., Science 240:1041-1043 (1988); and Harl ow and Lane,
ANTI BODI ES: A LABORATORY MANUAL, supra. These references are entirely 25

i ncorporated herein by reference. An anti-idiotypic (anti-Id) antibody is
an anti body which recogni zes unique determ nants generally associated with
the antigen-binding site of an antibody. An Id antibody can be prepared by
i mmuni zi ng an ani mal of the same species and genetic type (e.g. nouse
strain) as the source of the mMAb to which an anti-ld is being prepared. The

det er m naATEoRR. { REe. FimeHr ol ant [ 6ty By prEdiic ngsh ArbdBBa5EeYt hese
i di otypi qn&zﬁ%gg% B}Ei%mﬁlﬁpe anti-Id 50 antibody). See, for exanple, U.S

Pat ent ch is herein entirely incorporated by reference.
The anti-1d arTleadyldayibaly mabeisosedused zaran"'hmnmnomﬁ 10t1mducndtuomnmme| mrune
response in yet .another animal, producing a so-called a ant i
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ant i bodi ephuef by clemd hr(tmlod&pamlfendmtwpxc @aemmhmgbg/a b & igenssitdd edidagtaiy nst
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i nvent i orPth‘%fka@S GWSSSI% qnﬁh & efrifenticl sRA¢iEidi es in 10 suitable ani mals,
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and used to i mmuni ze additional BALB/c mce. Sera fromthese mce WI [ 1
cont ali'n asuithble apimalsy sught asRAR RS ket Splesy selfsHEom sweh ynpizsdapics @& wedt he
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analoge, PoabRnbE Bl fuRbERE b G NG e inRiEhP caflhe

their owougie@ttypd cariet bydess kdholel Kihpdtopaicyast (KLHYraatlyseditoiilatunize t he
epi tope bei ng eval uated, such as GRB protein-a. The term"ant] body" is also
meant t o dddiionaleBABAC migeacSerdiase thass maise wall conain Ftisgyisk antbRdied dhat such

f Fab and t
Fab and AApTEbingRe Eieitant Rotte Mol hebRBaR i Bandbelfh BB v OF 0o
mor e ysapigbieid, bp AhdIbEs, Grhgmedtabadderivativesithdtedive | ess non-specific tissue

bi ndi ng than an intact
The anti-Id mAbs thus have their own idiotypic epitopes, or "idiotopes"

structurally similar to the epitope being evaluated, such as GRB protein-a.
The term "antibody" is also meant to include both intact molecules as well as
fragments thereof, such as, for example, Fab and F(ab')2, which are capable of binding
20  antigen. Fab and F(ab")2 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 (Wabhl et al., .J. Nucl. Med. 24:316-325 (1983)).
It will be appreciated that Fab and F(ab")2 and other fragments of the antibodies
useful in the present invention may be used for the detection and quantitation of the G1
25  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')2 fragments).
An antibody is said to be "capable of binding" a molecule if it is capable of
specifically reacting with the molecule to thereby bind the molecule to the antibody. The
30 term "epitope" is meant to refer to that portion of any molecule capable of being bound by

an antibody which can also be recognized by that antibody. Epitopes or "antigenic



anti body (Wahl et al., J. Nucl. Med. 24:316-325 (1983)). It will be

appreci ated that Fab and F(ab')2 and other fragnents of the anti bodies
useful in the present invention may be used for the detection and
guantitation of the G 25 protein according to the nethods di scl osed
herein for intact anti body nol ecul es. Such fragnents are typically produced
by proteol ytic cleavage, using enzynmeg such as papain (to produce Fab
fragnents) or pepsin (to produce F(ab')2 fragnments). An antibody is said to
be "capable of bijnding" a nmolecule. if it.is abl e .of ecifically
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det ecisi ondgp@yioRe acconplished by renoving a histol ogical specinmen froma

patient, and providing the 20 | abel ed anti baody. of the gr esent, i nvention to
such a speci nehhe Fhiibogies| (96 diagmsntst theggpphpyeful in the present invention may be

employed histologically, as in immunofluorescence or immunoelectron microscopy, for in

situ detection of the G1 protein of the present invention. [n situ detection may be

accomplished by removing a histological specimen from a patient, and providing the

20 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 G1 protein, but also its distribution on the examined tissue.

Using the present invention, those of ordinary skill will readily perceive that any of wide

25  variety of histological methods (such as staining procedures) can be modified in order to
achieve such in situ detection.

Such assays for the G1 protein of the present invention typically comprises

incubating a biological sample, such as a biological fluid, a tissue extract, freshly harvested

cells such as lymphocytes or leukocytes, or cells which have been incubated in tissue

30 culture, in the presence of a detectably labeled antibody capable of identifying the G1



is preferably provided by applying or by overlaying the | abel ed anti body
(or fragnent) to a biological sanple. Through the use of such a procedure,
it is possible to determne not only the presence of the @ protein, but
also its distribution on the exam ned tissue. Using the present invention,
those of ordinary skill will readily perceive that any of wide 25 variety
of histol ogical nethods (such as staidji ng procedures) can be nodified in
order to achieve such in situ detection. Such assays for the G protein of
t he present jnvention typically conprises ubating a bi gl ogi cal sanpl e,
such as ®ToeE a6¢ éﬁtle“f‘}&ﬁ‘é anﬁb?qys%@‘yeﬁft"?‘ ﬁﬁft"gerf ?@?H}I“W‘{’Fér rigvn 'é‘e‘?‘Fs such
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The nat uripbditd)e WeHLirio®n ﬁ@?oﬁ@ oﬁlcﬁﬂﬁﬁfs sludel gaiso p8E BB eyt polypropyléie,
i nsol ubl e for the purposes of the present invention. The support nateri al

may have polyethyleel 9e>amyx pﬂgslamb@sﬁﬂ magiewralraad m@ﬁﬁec{;mﬂms{gﬁ cheﬁ@md%s t he

coupl ed nol ecul e,i s capa ing to an.,a 0 us,
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cylindri GRlolutAs fétHehBurbBsds A Gl fredest QﬁveﬂtléﬁStTﬂdJ oftr mh&ﬁabﬁa?rlfa&b
surface of a rod. Alternatively, the surface may be | at such as a sheet,

test str nprtuaélwny 20sdiblefstrnetuchl gqrpfgg'glmt@no&o loag ef éh%cqwéqduaeleﬁé? Aseapalipe
beads. -I-h(%st)(lendS ing lol aergj arlltpge%hoef‘ an{lgocw ’i"hus 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.
20  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 experimentation.
The binding activity of a given lot of antibody, of the invention as noted above,
may be determined according to well known methods. Those skilled in the art will be able
25  to determine operative and optimal assay conditions for each determination by employing
routine experimentation.
Other such steps as washing, stirring, shaking, filtering and the like may be added
to the assays as is customary or necessary for the particular situation.
One of the ways in which an antibody in accordance with the present invention can

30 be detectably labeled is by linking the same to an enzyme and used in an enzyme

immunoassay (EIA). This enzyme, in turn, when later exposed to an appropriate



know may ot her suitable carriers for binding anti body or antigen, or wll
be able to ascertain the sane by use of routine experinmentation. The

bi nding activity of a given |Iot of antibody, of the invention as noted
above, my be determ ned according to well known nethods. Those skilled in
the art will be able 25 to determ ne operative and optimal assay
conditions for each determ nation by enploying routine experinentation.

O her such steps as washing, stirring, shaking, filtering and the |Iike may
be added to the assays as is customary or necessary for the particular
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entltled "An Introduction to \9 %Z cl\/Tr?c ni ques"” by
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counter
Techmques by Chard, T., incorporated by reference herein. The radioactive isotope can
be detected by such means as the use of a g counter or a scintillation counter or by
20 autoradiography.
It is also possible to label an antibody in accordance with the present invention
with a fluorescent compound. When the fluorescently labeled antibody is exposed to light
of the proper wavelength, its presence can be then detected due to fluorescence. Among
the most commonly used fluorescent labeling compounds are fluorescein isothiocyanate,
25 rhodamine, phycoerythrine, pycocyanin, allophycocyanin, o-phthaldehyde and
fluorescamine.
The antibody can also be detectably labeled using fluorescence emitting metals

such as 152Eu, or others of the lanthanide series. These metals can be attached to the

antibody using such metal chelating groups as diethylenetriamine pentaacetic acid

30 (ETPA).



20 aut oradi ography. It is also possible to |abel an antibody in accordance
with the present invention wth a fluorescent conpound. Wen the
fluorescently | abeled anti body is exposed to Iight of the proper

wavel ength, its presence can be then detected due to fluorescence. Anobng
the nost comonly used fluorescent |abeling conpounds are fluorescein

i sot hi ocyanate, 25 rhodani ne, phycoerdtt hrine, pycocyanin, allophycocyanin,
o- pht hal dehyde and fluorescam ne. The anti body can al so be detectably

| abel ed usi ng THelmtibsdyeoealsnbé tetegtablptiaeted Sucdupliag tSBEUchenmiluatifescent of t he
| ant hani de series. These netals can be attached to.the K antibody, using such
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the present imny&mkd aNbioBinfhestdh eagidaad infayabd Mitd ©f labdlant labtibodgssfethe e
found in biol ogical rs%stems in which a catalytic protein increases the
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invention may be adapted for utilization in an inmunonetric assay, also
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Fo a sof 1% Loyt e iR wiiafl & quanti ty of “detectably | abel ed sol ubl e
anti body is addegdntitoRy RRNIdHule SRh&pisaN iRRAloN maydphiimed ot welizdtla ih annary
conpl ex fornmed between solid-phase antibody, antigen, and | abel ed
ant i body.imfypbwmatric assay, palef &noed, asi anftwosie’t ot "aanslaiehi #reduddn”# dyrigal d”
assayI% | r}mvnvlrtllinggle%rpceassay, a quantity of unlabeled antibody (or fragment of antibody) is bound
to a solid support or carrier and a quantity of detectably labeled soluble antibody is added
to permit detection and/or quantitation of the ternary complex formed between
solid-phase antibody, antigen, and labeled antibody.
Typical, and preferred, immunometric assays include "forward" assays in which the
20  antibody bound to the solid phase is first contacted with the sample being tested to extract
the antigen from the sample by formation of a binary solid phase antibody-antigen
complex. After a suitable incubation period, the solid support or carrier is washed to
remove the residue of the fluid sample, including unreacted antigen, if any, and then
contacted with the solution containing an unknown quantity of labeled antibody (which
25 functions as a "reporter molecule"). After a second incubation period to permit the
labeled antibody to complex with the antigen bound to the solid support or carrier through
the unlabeled antibody, the solid support or carrier is washed a second time to remove the
unreacted labeled antibody.
In another type of "sandwich" assay, which may also be useful with the antigens of

30  the present invention, the so-called "simultaneous" and "reverse" assays are used. A

simultaneous assay involves a single incubation step as the antibody bound to the solid



20 anti body bound to the solid phase is first contacted with the sanple
being tested to extract the antigen fromthe sanple by formation of a

bi nary solid phase antibody-antigen conplex. After a suitable incubation
period, the solid support or carrier is washed to renove the residue of
the fluid sanple, including unreacted antigen, if any, and then contacted
with the solution contalnlng an unknoyn quantity of | abeled anti body (which
25 functions as a "reporter nol ecul e” After a second incubation period to
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carrier i'$ortwaed!' atedygr m ned as in the "sinultaneous” and "forward" assays.
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of the encoding for the proteins. Accordingly, the present invention also concerns such
expression vectors and transformed hosts for the production of the proteins of the
invention. As mentioned above, these proteins also include their biologically active

20  analogs, fragments and derivatives, and thus the vectors encoding them also include
vectors encoding analogs and fragments of these proteins, and the transformed hosts
include those producing such analogs and fragments. The derivatives of these proteins,
produced by the transformed hosts, are the derivatives produced by standard modification
of the proteins or their analogs or fragments.

25 The present invention also relates to pharmaceutical compositions comprising
recombinant animal virus vectors encoding the G1 proteins, which vector also encodes a
virus surface protein capable of binding specific target cell (e.g., cancer cells) surface
proteins to direct the insertion of the G1 protein sequences into the cells. Further
pharmaceutical compositions of the invention comprises as the active ingredient (a) an

30 oligonucleotide sequence encoding an anti-sense sequence of the G1 protein sequence, or

(b) drugs that block the proteolytic activity of G1 or its isoforms.



invention. As nentioned above, these proteins also include their

bi ol ogically active 20 anal ogs, fragnments and derivatives, and thus the
vectors encoding them al so i nclude vectors encodi ng anal ogs and fragnents
of these proteins, and the transformed hosts include those produci ng such
anal ogs and fragnents. The derivatives of these proteins, produced by the
transforned hosts, are the derivatives produced by standard nodification
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found to block death
co-expressed MACHa1 or MACHa2 molecules; they are also found to block death
induction by Fas/APO1 and p55-R. Expression of such inhibitory isoforms in cells may
constitute a mechanism of cellular self-protection against Fas/APO1- and TNF-mediated
20 cytotoxicity. An analogous inhibitory effect of at least some Gl isoforms is thus
suspected. The wide heterogeneity of MACH isoforms, and likewise the suspected,
analogous 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 in
25  accordance with the present invention.

It is also possible that some of the possible G1 isoforms serve other functions. For
example, the previously found (present inventors as noted above) ability of MACHSB1 to
bind to both MORT1 and MACHu 1 suggests that this isoform could actually enbance the
activity of the enzymatically active isoforms. The mild cytotoxicity observed in

30 293-EBNA and MCF7 cultures transfected with this isoform and the rather significant

cytotoxic effect that it exerts in Hela cells are likely to reflect activation of
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at least some G isoforns is thus suspected. The w de heterogeneity of MACH
isoforns, and |i kew se the suspected, anal ogous heterogeneity of G

i sof orms, which greatly exceeds that observed for any of the other proteases
of the CED3/ICE fam |y, should allow a particularly fine tuning of the
function of the active MACH isoforns, and by anal ogy al so the active Gl
isofornms in 25 accordance with the present invention. It is also possible

that sone of ¢fdy emwebdr@ss@lwnmaomc@ef MBorObiR@ihg kI fEt BBt RACEXKANP! €,
the previously tound (present inventors as noted above) ability of MACHOL to

bi nd to bot hmiierates. §ﬁdcqm@b‘la1°”‘§t9§§@s‘flécﬁhéﬂfomﬁl@uwwpéﬁfrﬁscd@ek% sies fal |y
h th { h
enhance the m%getulyg e Ofe LRVBIENZY WRL CQAA\' Saddbhil ediS U HRpol h%th i s

CytOtOXI city observed in 30 293-EBNA 'an tures transfe
i sof orm and tehantvlat Hercesingani fnialogoits fash}qnoﬁdmndfoeftﬁ aoformhatay iatsoexed tighi n HelLa

cells are_li k TY)C”%'?dacm %s ogtsﬂge {S aki S”te?d)r Fm%Fnll(ausl y-expressed | vl ACHot

mol ecul es’ upon ranste (761 &cul es. Concei vably,
some of the MACH Dtsaotbohmmwmbdityadfs}ias/aeolasd d'NFkrledfbgtcﬁsl toediu§ech’ell dedh eeul es t hat
are invol ved '1? the bm ol Gyt Xi € effe as/.APO. and. TNFE . receptors.
Hence, in an"“&nd ogoﬁs ashion Gl "&ndPor fré&’ia 8?’8 Hﬁsuﬁﬂy"ﬁ’@oa%‘é\/‘@ such
enhanci ng acievafion@sSn Qlie SN @fSthehacﬂetdﬁ;garslcbles Heofart@ufagy dsle@houstloeel es. Due
to the uni que abi I| % od{ F%S/APO]. a a'NF receptors to cause cell death, as
vel | as the YBrP§Ty HEed R 'Ffﬁﬁfssr‘vé’caé‘gtdﬁ erg FIeonsed! tBSRECeRPS I ResPagi ng

activities, sHabarsdabh@bsteid padﬂelofnuﬂ%dnq&tmoni besgiolearRtar &/acaul dode
particularly deleterious to organi sm |ndeed, both excessive and

deficient fublefidbrdgolsring H%%’é W@E@ﬁ’ﬂ&ﬁ@ Helow!lssdbH PROICRGWA tho siseling i bute t o

pat hol ogi cal e st aldepldss, afd Nkl oSy sdb SERARRR HYASSAY ok theddRiecudlegat a and
Gol st ei n, 1995Q¢I dentifying the nolecules that participate in the si gnal i ng
1

activity of ¥ @é@mﬁhgrap@ﬁ@lannrwh%g Inenesy efheresngcsadecentrd rele of Gil tiy of t hese
nol ecul es, di e i suspect ed
FRABD 1ah AN DIRRENY GeRDREARGNAS mAoRant ! 6 Welln b, SUSP

central role o in FaslAPO Iate city, see
parti cul & | ythatngportlegkt thepodsilé grotenhiigsfutdion hdtGLaas Whsoddeet foe spos sitlet e

OO I Sy oy SOEE G LR L1,
, 1995; Milligan et al., 1995; Enari et al., 1995, Los et al,, 1995). The unique sequence
features of the CED3/ICE homolog apparently existing within G1 molecules could permit
the design of drugs that would specifically affect its activity. Such drugs could provide
20 protection from excessive immune-mediated cytotoxicity involving G1, without interfering
with the physiological cell-death processes in which other members of the CED3/ICE
family are involved.
Other aspects of the invention will be apparent from the following examples.
The invention will now be described in more detail in the following
25 non-limiting examples and the accompanying d;awings.
[t should also be noted that the procedures of:
1) two-hybrid screen and two-hybrid B-galactosidase expression test; (ii) induced
expression, metabolic labeling and immunoprecipitation of proteins; (iii) in vitro binding;
(iv) assessment of the cytotoxicity; and (v) Northern and sequence analyses, as set forth in
30 Reference Examples 1 (see also Boldin et al., 1995b) 2, and 3 (see also Boldin et al.,

1996) below, with respect to MORT-1 and a MORT-1 binding protein, (e.g. MACH),
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MORT-11  Prigh @i Eb%i‘kllﬁhacélﬁnﬂ Ddﬁmhpothﬁ FAS-IIBC6| I uI ar Domal n of the FAS R (i)

Two- hybri"@ screen and two-hybrid 1S- %al act osi dase expression test
(i) Two-hybrid screen an two-hvbrid alactosidase expression test

To isolate proteins interacting with the intracellular domain of the FAS-R, the
yeast two-hybrid system was used (Fields and Song, 1989). Briefly, this two-hybrid
system is a yeast-based genetic assay to detect specific protein-protein interactions i vivo

20 by restoration of a eukaryotic transcriptional activator such as GAL4 that has two
separate domains, a DNA binding and an activation domain, which domains when
expressed and bound together to form a restored GAL4 protein, is capable of binding to
an upstream activating sequence which in turn activates a promoter that controls the
expression of a reporter gene, such as lacZ or HIS3, the expression of which is readily

25  observed in the cultured cells. In this system, the genes for the candidate interacting
proteins are cloned into separate expression vectors. In one expression vector, the
sequence of the one candidate protein is cloned in phase with the sequence of the GAL4
DNA-binding domain to generate a hybrid protein with the GAL4 DNA-binding domain,
and in the other vector, the sequence of the second candidate protein is cloned in phase

30 with the sequence of the GAL4 activation domain to generate a hybrid protein with the

GAL4-activation domain. The two hybrid vectors are then co-transformed into a yeast



To isolate proteins interacting with the intracellular domain of the FAS-R,
the yeast two-hybrid systemwas used (Fields and Song, 1989). Briefly,
this two-hybrid systemis a yeast-based genetic assay to detect specific
protein-protein interactions in vivo 20 by restoration of a eukaryotic
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The above hybrid (chimeric) vector was then cotransfected together with a cDNA
library from human HeLa cells cloned into the pGAD GH vector, bearing the GAL4
20  activating domain, into the HF7c yeast host strain (all the above-noted vectors, pGBT9
and pGAD GH carrying the HeLa cell cDNA library, and the yeast strain were purchased
from Clontech Laboratofies, Inc., USA, as a part of MATCHMAKER Two-Hybrid
System, #PT1265-1). The co-transfected yeasts were selected for their ability to grow in
medium lacking Histidine (His" medium), growing colonies being indicative of positive
25  transformants. The selected yeast clones were then tested for their ability to express the
lacZ gene, i.e., for their LACZ activity, and this by adding X-gal to the culture medium,
which is catabolized to form a blue colored product by B-galactosidase, the enzyme
encoded by the lacZ gene. Thus, blue colonies are indicative of an active lacZ gene. For
activity of the lacZ gene, it is necessary that the GAL4 transcription activator be present
30 in an active form in the transformed clones, namely that the GAL4 DNA-binding domain

encoded by the above hybrid vector be combined properly with the GAL4 activation



that the FAS-1C extends fromam no acid residues 175-319 of the intact
FAS-R, this portion containing residues 175-319 being the FAS-IC inserted
into the pGBT9 vector. The above hybrid (chinmeric) vector was then
cotransfected together with a cDNA |ibrary fromhunman HelLa cells cl oned
into the pGAD GH vector, bearing the GAL4 20 activating domain, into the
HF7c yeast host strain (all the abovgsnoted vectors, pGBT9 and pGAD GH
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plasm d (hybrid pGIB9 carrying the FAS-1C) into yeast strain HF7 as set
forth protein (i.e.,

MORT-1)-encoding plasmid. The cotransformed yeasts were then tested for growth on
His medium alone, or with different levels of 3-aminotriazole; and
20 (b) retransforming the plasmid DNA and original FAS-IC hybrid plasmid
and control plasmids described in (a) into yeast host cells of strain SFY526 and
determining the LACZ" activity (effectivity of B-gal formation, i.e., blue color formation).
The results of the above tests revealed that the pattern of growth of colonies in
His” medium was identical to the pattern of LACZ activity, as assessed by the color of the
25  colony, i.e., His' colonies were also LACZ". Further, the LACZ activity in liquid culture
(preferred culture conditions) was assessed after transfection of the GAL4 vDNA—binding
and activation-domain hybrids into the SFY526 yeast hosts which have a better LACZ
inducibility with the GAL4 transcription activator than that of the HF7 yeast host cells.
Using the above procedure, a protein previously designated HF1, and now
30  referred to as MORT-1 for "Mediator of Receptor-induced Toxicity", was identified,

isolated and characterized.



15 herei nabove. As controls, vectors carrying irrelevant protein encoding
sequences, e.g., PACT-lam n or p@BT9 al one were used for cotransformation
with the FAS-I1CGbinding protein (i.e., MORT-1)-encoding plasm d. The
cotransforned yeasts were then tested for growh on H's' nedium al one, or
with different |evels of 3-amnotriazole; and 20 (b) retransformng the
plasm d DNA and original FAS-1C hybrid plasmd and control plasm ds
described in (a) into yeast host cell s of strain SFY526 and determ ni ng

t he LACZ activitgeé effeC|V|t f B— ({ rmation

| ue, co
formation). TH& r¢ & syeuldplso a ‘é‘\ﬂe‘&inétifrf’ﬁﬁ}e AL Pt tl}(é}?fﬁj of
growth o )éﬁ?és Edesqfl by ACZ
activity b- f’gg&%gfsdgiesée)@r%sybﬁ ﬁ{eg?sg?)% of SlIto ﬁ?ﬁmzéﬂc%ésgdnats@%a??% %HI g (?gl oni es
were al Sprel-:e‘x‘@ filfedagsaer In theacleditdg, &otei ofiabyuti Fx10f qlDNekscw&re found(tpreefitai ed
cul ture conditions) was asses?ed after_transf ion of the GAL4 DNA- |nd| ng

and act i thetVIOR T mser. AyesPaolated elonelaMEIREIRNA dnsers syere thep SRIYFEY

better LACZ [ [ 4 [ mfr.tlh\aggthat
o tre 1y ST TR sbehihg kit TREARAAS b sETLcAE: b BIGRT-)

previ ousjydudes fr@ﬁﬂmed)ﬂﬁﬁkﬁqmde rtbmheBIOIOIéferIDNA drd zamnMﬁEiﬁi s@qliempeS" Mfdl at or
of Receptor-induced Toxi ci tg , was identified S§0 (ﬂ %g g: eri zed.
61 Furt beomved, cd- pe@m&ﬂswe AppligEomdyrs dhed2?: h]a]'c2 4% andhd " above
t wo- hybrid B-ga S

B- gal act S%rlr%fggeél was al S@ﬁ%@&éﬁfg}‘éﬁ%@%/ﬁgé&@f erred g??‘?r?’%rﬁh%sr}lsgi/e prI()Flelrtlshe
screeni Ngpcoldbd By @le EMNMtinsdxdQre &:dJNAEe \wls Hroudata thanic o Dieletinn nivhantvioRTe 1
insert. The so- |soI ated cloned MORT-1 ¢DNA inserts were then sequenced 5
usi ngo st predaeet W@ecﬁﬂérRSJi"ﬁgmﬁ)tla@ééd’u?@““q‘ﬁ@‘@rﬁ‘%teélcmatag%’tfﬁ’é riget MORT- 1
was ded ce d fro E@}Q'\'ﬁfd%ﬂ ence (for the MORT-1 DNA and am no acid
sequence g‘éoéSI co26vined zendi ng | srael Application Nos. 112,022,

112, 692, and 114, 615 and thelr correspondi ng PCT application No.
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t he FLAG oct apepti de (FLAGIVL‘RT ; East man Kodak,
domain of p55-R (amino acids 1-168) fused to the transmembrane and intracellular

domain of FAS-R (amino acids 153-319), and the luciferase cDNA which serves as a
control, were expressed in HeLa cells. Expression was carried out using a
tetracycline-controlled expression vector, in a HeLa cell clone (HtTA-1) that expresses a
20 tetracycline-controlled transactivator (Gossen and Bujard, 1992; see also Boldin et al.,
1995). Metabolic labeling with [**S]methionine and [P*S]cysteine  (DUPONT,
Wilmington, DE, USA and Amersham, Buckinghamshire, England) was performed 18
hours after transfection, by a further 4h incubation at 37°C in Dulbecco's modified Eagle's
medium lacking methionine and cysteine, but supplemented with 2% dialyzed fetal calf
25  serum. The cells were then lysed in RIPA buffer (10 mM Tris-HCl, pH 7.5, 150 mM
NaCl, 1% NP-40, 1% deoxycholate, 0.1% SDS and 1 mM EDTA) and the lysate was
precleared by incubation with irrelevant rabbit antiserum (3 pl/ml) and Protein G
Sepharose beads (Pharmacia, Uppsala, Sweden; 60 ul/ml). Immunoprecipitation was
performed by 1h incubation at 4°C of 0.3 ml aliquots of lysate with mouse monoclonal
30 antibodies (5 pl/aliquot) against the FLAG octopeptide (M2; Eastman Kodak), p55-R
(#18 and #20; Engelmann et al,, 1990), or FAS-R (ZB4; Kamiya Southand Oaks, Ca.,



15 New Haven, C., USA), Fas-1C, FAS-R p55-R a chinmera conprised of the
extracel lul ar domain of p55-R (am no acids 1-168) fused to the
transmenbrane and intracellular domain of FAS-R (am no acids 153-319), and
the luciferase cDNA which serves as a control, were expressed in HelLa
cells. Expression was carried out using a tetracycline-controlled
expression vector, in a HeLa cell clene (H TA-1) that expresses a 20
tetracycline-controlled transactivator (Gossen and Bujard, 1992; see al so
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MORT-1, Fas-IC, p55-IC and luciferase cDNAs were inserted into a
tetracycline-controlied expression vector and transfected to HtTA-1 cells (a HeLa cell
line) (Gossen and Bujard, 1992) together with the secreted placental alkaline phosphatase

20 c¢DNA, placed under control of SV40 promoter (the pSBC-2 vector, Dirks et al., 1993).
Cell death was assessed 40 hours after transfection, either by the neutral-red uptake assay
(Wallach, 1984) or, for assessing specifically the death in those cells that express the
transfected cDNAs, by determining the amounts of placental alkaline phosphatase (Berger
et al., 1988) secreted to the growth medium at the last 5 hours of incubation.

25 In another set of experiments to analyze the region of the MORT-1 protein
involved in the binding to the FAS-IC, the following proteins were expressed transiently in
HeLa cells that contain a tetracycline-controlled transactivator (HtTA-1), using a
tetracycline-controlled expression vector (pUHD10-3): Human FAS-R alone; Human
FAS-R as well as the N-terminal part of MORT-1 (amino acids 1-117, the "MORT-1

30 head"); Human FAS-R as well as the C-terminal part of MORT-1, which contains its
'death domain' homology region (amino acids 130-245, the "MORT-1 DD"), FLAG-55.11



15 (iv) Assessnent of the cytotoxicity triggered by induced expression of
MORT-1 MORT-1, Fas-1C, p55-1C and luciferase cDNAs were inserted into a
tetracycline-controll ed expression vector and transfected to Ht TA-1 cells
(a HeLa cell line) (Gossen and Bujard, 1992) together with the secreted
pl acent al al kal i ne phosphatase 20 cDNA, placed under control of SVv40
pronmoter (the pSBC-2 vector, Dirks egzal., 1993). Cell death was assessed
40 hours after transfection, either by the neutral -red uptake assay
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being a peci fic binding protein. Twelve hours after transfection,
t he cel | thandné beeppsicnbated] witid aycdobeduald alone @ortbernabsendeonf @ntiFADHBO

cells/well, A&%gr f?{gﬁd gﬁfl urther incubation, the cells were treated for 6
hrs W t hmanaRierse PRHPRAY &dtilbbdy against 5 the extracel lul ar domain of FAS R

(rmonocl onal anti body CH 11, Oncor, Gaithersburg, MD, USA) at various
concentrations (0.001-10 pg/m nonocl onal antibody), in the presence of 10

pg/ m cygloNerthetrdend Gejuenvé ailysesy was then deternined by the neutral-red
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the M]bf({:'IDI-\IIsz?ssde?erpmrir%%ein \tl)vgtsh directions by the dideoxy chain termination method.
Sequence analysis of the MORT-1 c¢cDNA cloned by the two-hybrid procedure
indicated that it encodes a novel protein. Applying the two-hybrid test further to evaluate
the specificity of the binding of this protein (MORT-1 for "Mediator of Receptor-induced
20 Toxicity") to Fas-IC, and to define the particular region in Fas-IC to which it binds, led to
the following findings : (a) The MORT-1 protein binds both to human and to mouse
Fas-IC, but not to several other tested proteins, including three receptors of the TNF/NGF
receptor family (p55 and p75 TNF receptors and CD40); (b) Replacement mutations at
position 225 (Ile) in the 'death domain' of FAS-R, shown to abolish signaling both in vitro
25 and in vivo (the [pr® mutation (Watanabe-Fukunaga et al., 1992; Itoh and Nagata, 1993),
also prevents binding of MORT-1 to the FAS-IC, (c) The MORT-I binding-site in
FAS-R occurs within the 'death domain' of this receptor; and (d) MORT-1 binds to itself
This self-binding, and the binding of MORT-1 to FAS-R involve different regions of the
protein: A fragment of MORT-1 corresponding to residues 1-117 binds to the full-length
30 MORT-1, but does not bind to itself nor to the FAS-IC. Conversely, a fragment

corresponding to residues 130-245 binds to FAS-R, yet does not bind to MORT-1.



15 perfornmed by conventional nethods (see Boldin et al., 1995). The

nucl eoti de sequence of MORT- | was determned in both directions by the

di deoxy chain term nation nmethod. Sequence analysis of the MORT-1 cDNA
cloned by the two-hybrid procedure indicated that it encodes a novel
protein. Applying the two-hybrid test further to evaluate the specificity
of the binding of this protein (MORTzl for "Medi ator of Receptor-induced 20
Toxicity") to Fas-1C, and to define the particular region in Fas-ICto
which it_binds, ledt foI ow n eln
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domain construct. The intracellular domains of human p55 TNF receptor (p55-1C

residues 206-426), human CD40 (CD40-IC, residues 216-277) and human p75 TNF

20 receptor (p75-IC, residues 287-461) as well as lamin, cyclin D and "empty" Gal4

(pGBT9) vectors served as negative controls in the form of DNA-binding domain

constructs. SNF-1 and SNF4 served as positive controls in the form of

DNA-binding-domain (SNF1) and activation-domain (SNF4) constructs. "Empty" Gal4

vectors (pGAD-GH) also served as negative controls in the form of activation domain

25  constructs. The symbols "++" and "+" used in the presentation of the results of the above

analysis denote the development of strong color within 30 and 90 min of the assay,
respectively; and "-" denotes no development of color within 24h.

Expression of MORT-1 molecules fused at their N-terminus with the FLAG

octapeptide (FLAG-MORT-1) yielded in HeLa cells proteins of four distinct sizes - about

30 27, 28, 32, and 34 kD. The interaction of MORT-1 with Fas-IC in vitro was observed by

performing an immunoprecipitate of proteins from extracts of HeLa cells transfected with



mut ati ons at position 225 (1225N and 1225A, respectively), and three MORT-1
15 constructs. The activation-domain constructs included three MORT-1
constructs, the MORT-1 portion being as in the DNA-bi ndi ng-domain
constructs; and a full-length human Fas-1C construct, the Fas-1C portion
being the same as in the above DNA-binding domain construct. The

i ntracel lul ar domai ns of human p55 Tk receptor (p55-1C residues 206-426),
human CD40 (CD40-1C, residues 216-277) and human p75 TNF 20 receptor
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as af USIp(r)o ein. Ks in t%e y%fégtwo hybrid test, MORT-1 did not bind to a GST-Fas-IC fusion
protein with a replacement at the /pr*® mutation site (1225A).

The proteins encoded by the FLAG-MORT-1 c¢cDNA showed also an ability to

20 bind to the intracellular domain of FAS-R, as well as to the intracellular domain of FAS-R

chimera whose extracellular domain was replaced with that of p55-R (p55-FAS), when

co-expressed with these receptors in HeLa cells. In this case, interaction of MORT-1 with

FAS-IC in transfected HeLa cells, i.e., in vivo, as observed with immunoprecipitates of

various transfected HeLa cells demonstrated the in vivo interaction and specificity of the

25  interaction between MORT-1 and FAS-IC in cells co-transfected with constructs

encoding these proteins. Thus, FLAG-MORT-1 fusion protein was expressed and

metabolically labeled with [**S] cystein (20 pCi/ml) and [**S]methionine (40 uCi/ml) in

HeLa cells, alone, or together with human FAS-R, FAS-R chimera in which the

extracellular domain of FAS-R was replaced with the corresponding region in the human

30 p55-R (p55-FAS), or the human p55-R, as negative control. Cross immunoprecipitation

of MORT-1 with the co-expressed receptor was performed using various specific



oct apepti de (FLAG MORT-1), to GST, GST fusion with the human or nouse

Fas-1C (GST-huFas-1C, GST-nfFas-1C) or to GST fusion with Fas-1C containing
alleto Ala 15 replacenent nutation at position 225. It was shown that all
four FLAG MORT-1 proteins showed ability to bind to Fas-1C upon incubation
with a GST-Fas-1C fusion protein. As in the yeast two-hybrid test, MORT-1
did not bind to a GST-Fas-1C fusion e¢protein with a replacenent at the /pr"
mutation site (1225A). The proteins encoded by the FLAG MORT-1 cDNA showed
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anal ysis using the MORT-I cDNA as probe revealed a single hybridizing to
transeri pboutr2Sdedmingeicids. I theaatiayetdvepvingst oe-peadingpplicauens. the MORTd 3 q)
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'death domain' motif is underlined, as is a possible start Met residue (position 49; bold,
underlined M) and the translation stop codon (the asterik under the codon at position
769-771). This 'death domain' motif shares homology with the known p55-R and FAS-R

20 ‘'death domain' motifs (p55DD and FAS-DD). In order to determine the precise
C-terminal end of MORT-1 and to obtain evidence concerning the precise N-terminal
(initial Met residue) end of MORT-1, additional experiments were carried out as follows:

Using the methods described above, a number of constructs encoding MORT-1
molecules fused at their N-terminus with the FLAG octapeptide (FLAG-MORT-1) were

25 constructed and expressed in HeLa cells with metabolic labeling of the expressed proteins
using 33S-cysteine and 35S.methionine. The MORT-1-FLAG molecules were encoded by
the following cDNAs containing different portions of the MORT-1-encoding sequence:

i) The FLAG octapeptide cDNA linked to the 5' end of the MORT-1
c¢DNA from which nucleotides 1-145 were deleted,

30 i) The FLAG octapeptide cDNA linked to the 5' end of the MORT-1 full

length cDNA,



(about 1.8 kb) was found to be close to the size of the MORT-1 cDNA (about
1702 nucl eotides). In sequence analysis, the cDNA was found to contain an
open reading frame of 15 about 250 amino acids. In the above co-owned

co- pendi ng applications, the MORT-1 DNA and ami no acid sequences are shown
(see W96/ 18641). In these sequences the 'death domain' notif is
underlined, as is a possible start Npt residue (position 49; bold,
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nucl eoti des were deleted and the co osition 142-144

was Mut aVIERTE-6 andoreddyst exjdanee shahthe Brterpigplsn tqr}dﬂeggﬂalt"%ysbesqttpé’m@“

Fol | owi %) fégressul on of the above FLAG MORT-1 fusion products,

I mrunopr et &¥4USH-Swas carried out as mentioned above, using either

anti - FLAG nopgedddnelhadtetdQHd WS byr additienal Gikpression axperimetits HRAMIRRT-1

anti bodi es, followed by SDS-PAGE (10% acryl ani de) and autor adi ogr aphy The
results wftthﬁehaFnlaA@sQOﬁanﬁptIQ*ﬁ fuped toatﬁoi/@nﬁLi@WT SEIVeS A5 3@@%%‘6&%{35"

confi rrred (si/al i date{-%) the Ctermnal end of 10 MORT-1 and provi ded evi dence
that the™NSEEPRHUYO8nd of MORT-1 may be at position

15 A search conducted in the 'Gene Bank' and 'Protein Bank' DataBases revealed that
at the time, there was no sequence corresponding to that of the above isolated MORT-1
sequence. Thus, MORT-1 represented a new FAS-IC-specific binding protein.

High expression of p55-IC results in triggering of a cytocidal effect (Boldin et al.,
1995). The expression of Fas-IC in HeLa cells also has such an effect, though to a lower

20 - extent, which could be detected only with the use of a sensitive assay. The ligand
independent triggering of cytocidal effects in cells transfected with MORT-1, as well as
human p55-IC and FAS-IC, was thus analyzed. The effect of transient expression of
MORT-1, human Fas-IC, human p55-IC, or luciferase that served as a control, on the
viability of HeLa cells was assessed using a tetracycline-controlled expression vector. Cell

25  viability was evaluated 40 min after transfecting these cDNAs either in the presence or
absence of tetracycline (1 pg/ml, to block expression), together with a cDNA encoding
the secreted placental alkaline phosphatase. Cell viability was determined either by the
neutral red uptake assay or, for determining specifically the viability of those particular
cells that express the transfected DNA, by measuring the amounts of placental alkaline

30 phosphatase secreted to the growth medium.



49 of the sequence. Indeed, it has been shown by additional expression
experinments of MORT-1 w thout the FLAG octapeptide fused to its 5 -end,
that Met49 serves as an effective site of translation initiation. 15 A
search conducted in the ' Gene Bank' and 'Protein Bank' DataBases reveal ed
that at the tine, there was no seque corresponding to that of the above
i solated MORT-1 sequence. Thus, MORT-1 represented a new FAS-1C-specific
bi ndi ng protein. H gh expression of p55-1C results in triggering of a
cytoci dal ef fidetabpmorfilysisaevesied thatithesypressina @%p&ifsil@h}iega rellsrewited HeLa
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the gro medi tim © e above anal ysis reveal ed that the expressjon of
MORTH1 ithatHélsaproadin playeaubteeid the seinglingf octipgedey bf dehdeath.gridést eetionhan t hat

d by FAS-I1C i . Th i ffect || af 5-1C,
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to 5 seltf-assocl ate, y possibly pronmpting the cytotoxic effects.
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8 ol addionsl BRLF 4B R FHAEE! Brive dtSRnBcrage: {han 00er BTt
change Shodyf i a1 HERIAD. 1D Sl BESRRSShGOTFAS (b )
protein qnsitated paalof aidistinbiesigrialjmasystegn drat intérggewith§ AS-Rognklingeat h.  Thi s
notton Is In order to further analyze the regions of MORT-1 involved in FAS-IC binding
and modulation of the FAS-R-mediated cellular effects (cytotoxicity), the
above-mentioned experiments were carried out, using vectors encoding portions of
20 MORT-1 (the 'MORT-1 head', amino acids 1-117 and the 'MORT-1 dd', amino acids
130-245) (separately), with a vector encoding the human FAS-R for co-transfections of
HeLa cells. In these experiments, the various proteins and combinations of proteins were
expressed transiently in HeLa cells that contain a tetracycline-controlled transactivator
(HtTA-1) by inserting the sequences encoding the proteins into a tetracycline-controlled
25  expression vector pUHD10-3. Control transfections employed vectors encoding only the
FAS-R and vectors encoding the FLAG-55.11 fusion protein (the 55.11 protein being a
p55-IC-specific binding protein of which a portion containing amino acids 309-900 was
fused (at its N-terminal) to the FLAG octapeptide).
Following the transfection and incubation periods, the transfected cells were

30 treated with various concentrations of an anti-FAS-R monoclonal antibody (CH-11)

which binds specifically to the extracellular domain of FAS-R expressed by cells. This



further supported by the observed ability of MORT-1 to trigger by itself a
cytocidal effect. Thus, MORT-1 may function as (i) a nodul ator of the

sel f-association of FAS-R by its own ability to bind to FAS-R as wel | as
toitself, or (ii) serve as a docking site for additional proteins that
are involved in the FAS-R signaling, i.e., MORT-1 may be a 15 'docking
protein and may therefore bind othero6¥yeceptors besides FAS-R, or (iii)
constitutes part of a distinct signaling systemthat interacts with FAS-R
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These results therefore also provide a basis for the use of different parts (i.e.,

active fragments or analogs) of the MORT-1 protein for different pharmaceutical

20 applications. For example, the analogs or fragments or derivatives thereof of the MORT-1

protein which contain essentially only the C-terminal portion of MORT-1 inclusive of its

'death domain' region may be used for inhibiting FAS-R-mediated cytotoxic effects in

FAS-R containing cells or tissues and thereby protect these cells or tissues from the

deleterious effects of the FAS-R ligand in cases such as, for example, acute hepatitis.

25  Alternatively, the analogs or fragments or derivatives thereof of the MORT-1 protein

which contain essentially only the N-terminal portion of MORT-1 may be used for

enhancing the FAS-R-mediated cytotoxic effects in FAS-R containing cells and tissues,

thereby leading to the enhanced destruction of these cells or tissues when desired in cases

such as, for example, tumor cells and autoreactive T and B cells. As detailed herein

30  above, the above uses of the different regions of MORT-1 may be carried out using the



to domai n' honol ogy region and FAS-R strongly interferes with FAS-induced
(i.e. FAS-R nediated) cell death as woul d be expected fromthe ability of
the MORT-1 'death domain' (DD) region to bind to the FAS-R death domain'
(FAS-DD). Moreover, co-expression of the Ntermnal part of MORT-1 and
FAS-R does not interfere wth FAS-R-nedi ated cell death and, if at all,
sonewhat enhances the cytotoxicity (imge., slightly increased cell death).
15 Thus, the above results cI early indicated that the MORT-1 protein has
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det ailfed herein 30 above, the above uses of the different regions of MORT-1
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identical nucleotide sequences at the 5' end (see co-owned, co-pending WO96/18641 and

PCT/US96/10521).

20 (i) Binding properties of the newly cloned cDNA. in two hybrid screens

Using the above-mentioned yeast two-hybrid procedure a construct containing the
new MORT-1-binding protein cDNA was used as a "prey" to which were added
constructs of a number of "baits" in separate reactions, to determine the binding specificity
of the MORT-1-binding protein encoded by this cDNA. These "baits" included constructs

25  encoding MORT-1, portions of MORT-1 (MORT ‘head', aal-1 17, MORT 'tail', aa
130-245), the p55 IC (206-426 p55) or portion thereof (the 'death domain', 326-426 p55;
and others upstream of the 'death domain' i.e. 206-326). The results are shown below in

Table 2.



10 REFERENCE EXAMPLE 2: Isolation of a MORT-1 Binding Protein (i)
Two- hybrid screen and two-hybrid | S-gal act osi dase expression test In a
manner anal ogous to the procedure described in Reference Exanple 1, using
the intracellular domain of p55 TNF-R (p55 IC) and MORT-1 as baits, and
screening a 15 human B-cell library, two cDNA cl ones were obtained, which
encode a protein product capable of bjnding to both MORT-1 and p55-1C. Both
cl ones were shown to have identical nucleotide sequences at the 5 end
(see co-owned, co-pending W96/ 18641 and PCT/US96/10521). 20 (ii) Binding
properties of the newy cloned cDNA. in two hybrid screens Using the
above- nenti oned yeast two-hybrid prn&Berp a construct containing the new
MORT- 1- bi ndi ng protein cDNA was used as a "prey" to which were added
constructs of a nunber of "baits” |n separate reactions, to determne the
blndlng speC|f|, ty——af=—the=—HORF—t=—brndrag—protern encoted by—t++5 CDNA.
These "baits" ifhcl udeB2onstructs 25 ercodPredlagtestdase nortions of | MORT-1
(MORT ' head', apl-117, MORT 'tail', as p55 1 C (2069426 p55)
or portion thergof (the 'death domain', 32§gﬁg%L"%&@§ and ot hers upstream
of the 'death dpREORT-T . €. 206-326). THe reswkts are shown below §n Table
2. 71 TABLE 2 Bait 0O-galactosidase —expression data MRT-1 i+ 1130-245
MORT-1 + 1-117 MORIR245-MOBG-426 p55 ++4 326-426 p55 +++ 206-326[p55 -
206- 308 p55 - 2p6—345—p55 p55—+-254-N
1-117 MORT-1 -

206-426 pS5 ot

326-426 p55 +++

206-326 p55 -

206-308 p55 -

206-345 p55 )
p55 L3SINI -
Fas IC -
233-319 Fas -
p751C -
CD40 IC -
pGBT10 -
SNF1 -
Cycline D -

Lamin -

The above results of the two-hybrid B-galactosidase expression test of the binding
of the clone to a large panel of baits confirmed that the protein encoded by this clone
binds specifically to the death domains of both the p55 TNF-R and MORT-1.

In general, the MORT-1 binding protein may be utilized directly to modulate or

10  mediate the MORT-1 associated effects on cells, or, indirectly, to modulate or mediate the

FAS-R ligand effect on cells when this effect is modulated or mediated by MORT-1. The



Fas I1C - 233-319 Fas - p75 IC - CD40 IC - pGBTIO - SNF1 - Cycline D - Lamn
- 5 The above results of the two-hybrid 13-gal actosi dase expression test of
the binding of the clone to a |large panel of baits confirmed that the
protein encoded by this clone binds specifically to the death domai ns of
both the p55 TNF-R and MORT-1. In general, the MORT-1 binding protein may
be utilized directly to nodul ate or 710 nedi ate the MORT-1 associ at ed
effects on cells, or indirectly, to nodul ate or nediate the FAS-R |igand
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the procedure set forth in Reference Exanples 1 and 2 above, a full length
construct encodi ng human MORT-1 proteln was enployed as a "bait" in the
yeast I1REFRRENOE EXAMPBE3: Mmhn : edVIA( E Pratéan.t i onal
new {\(/)ERT 1 bindi 89{191%%1?1 P-I;me?n new prot ei n was ori gi naI | y desi gnat ed

(i) Two-hybrid screen, two-hybrid f-galactosidase test. sequencing and sequence

analysis
Using the procedure set forth in Reference Examples 1 and 2 above, a full length

construct encoding human MORT-1 protein was employed as a "bait" in the yeast

15  two-hybrid system to isolate a cDNA clone encoding an additional new MORT-1 binding

protein. This new protein was originally designated MORT-2, and now

redesignated and referred to as MACH (for MORT-1 associated CED3 homolog), by
virtue of its characteristics as detailed herein below.

This cDNA clone was sequenced by standard procedures as set forth in Reference

20 Examples 1 and 2 above. Sequence analysis by standard procedures and computer

programs (see Reference Examples 1 and 2) revealed that this c¢cDNA has a novel

sequence and encodes a novel protein (neither the DNA nor the amino acid sequences was

found in GENBANK or PROTEIN BANK sequence databases). Further, the cDNA

encoding MACH revealed an ORF-B open reading frame which has strong homology to

25  the region preceeding (5' upstream) the 'death domain' motif of the MORT-1 protein (see

Reference Example 1). In co-owned co-pending Israel Application Nos. 114615, 114986,

115319, 116588 and 117932 as well as their corresponding PCT application No.

PCT/US96/10521 there is shown the structure of that part of the MACH cDNA clone

which contains ORF-B (235 aa residues); the deduced amino acid sequence of the MACH

30  ORF-B: and the nucleotide sequence of the MACH cDNA molecule. A region of ORF-B



redesi gnated and referred to as MACH (for MORT-1 associ ated CED3 honol og),
by wvirtue of its characteristics as detailed herein below. This cDNA clone
was sequenced by standard procedures as set forth in Reference 20 Exanples
1 and 2 above. Sequence anal ysis by standard procedures and conputer
prograns (see Reference Exanples 1 and 2) revealed that this cDNA has a
novel sequence and encodes a novel Brotein (neither the DNA nor the am no
aci d sequences was found in GENBANK or PROTEI N BANK sequence dat abases).

Fur t her shirBe hedBNRomelpgediitlg tMACHise wENIORTah (pisfredin ajfethe N IORTHY *Eiéaahre whi ch
has strong honol ogy to 25 the region preceeding (5 upstrean) the 'death
domai n' depwirn’ mdtift he MORT-1 protein (see Reference Exanple 1). In co-owned
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particular, to define the region in to which MACH 5 binds, as well

as to deﬂne«sdndnb,y whé @aI@fDNAeblm dorpin jand eactvatpnyiomaipgonstructs feithin

pr ocedur es et for h herein, abgv nd 2.
Briefly, ra\?é’r% g% €35t SR ARt dn@‘f gﬁe[% %Q\z}\%tr elgasg%?{ re'?%&?@itgrts%sé ing the
i nt gpacthRHRK-8iR@nP 48MeinNDnstAREPHE: f1¥p ér@&uﬁs’rGBTDNéctthdﬂﬁe dedivation and
activation domain constructs within transf ected SFY526 yeast cells as

assess ecﬂomalrt lnenst@icaivanst peparad enexphbseMovestors el oggBeactiyasionhgomain

DNA- bi ndi t GBT9 t d

act] var (o aomare g SEACHATNA SR EMAT B et veBrBr SRR e
activatign GRBRE-B (RISCHUSE fegidnNeChbirbr AGRAGSh MBREINCIMAAS weseehdsVACH) |
as was a construct encodi ng onI y the ORF-B (MACH B) region. Control

act i vat i contaitommitie fdkiengib MORR ecadirgs eequencet EVIORAY 1t mesmm Icomteqﬂ@;tand MORT- 1
e 157 o ey e A, e PO RHECHR R ha g e r ki APl S, ¢ he
full-Tength MRt GRNAMEMORED CHRAT waks. uRe (\I‘@GRTCWJSH-srwﬁﬂeSconstructs
encoding only the MORT-1 upstream region (MORT- 1DD aa 130-245). Control
DNA-binding domain constructs, which were constructed to determine also the specificity
of the MACH binding, included constructs encoding lamin (Lamin), residues 287-461 of
20 the intracellular domain of the human p75 TNF-R (human p75 IC), cyclic D (cycD),
SNF1, residues 206-426 of the intracellular domain of the human p55 TNF-R (human p55
IC), the 'death domain' region of the intracellular domain of the human Fas-R (human Fas
DD), residues 216-277 of the intracellular domain of the human CD40 (human CD40 IC),
vectors without insert or "empty" pGBT9 vectors (pGBT9, negative control), and a
25  construct encoding the ORF-B region of MACH (MACH B). In the assay, the
development of color was determined, where the greater the color development, the
greater the interaction between the constructs encoded by the DNA-binding domain and
activation domain. Color development was depicted by symbols, where "+++" and "+"
indicate the development. of a strong color within 30 and 90 min. of the assay,
30  respectively, and "---" indicates the lack of development of color within 24 hrs. of the

assay. In cases where interactions were not tested, no symbol was indicated. The results



encodi ng only the MORT-1 upstreamregion (MORT- ] DD as 130-245). Control
DNA- bi ndi ng domai n constructs, which were constructed to determ ne also the
specificity of the MACH binding, included constructs encoding |amn

(Lam n), residues 287-461 of 20 the intracellular domain of the human p75
TNF-R (human p75 1C), cyclic D (cycD), SNF1l, residues 206-426 of the
intracel lul ar domain of the human p55;,,TNF-R (human p55 1C), the 'death
domai n' region of the intracellular domain of the human Fas-R (human Fas

DD) , 216-277 of || | d i f th 0.(h
Dub 10y ot R oanees ot ol e e i Kty T otaBs 3 R iegat e
control),.apd & t@év&‘rﬁﬂﬁﬁx’it@ﬁ‘aﬁm&ﬁ%@h@%AUﬂ SHorBs hRroieMnoh aWbtdimeMsdddB) . I n

t he assay, the developnent of color was determ ned, where the greater the
col or dewe-opnsido-pérdeg RETAISEO/ 10h2] and @ Hetoumterbastsveen t he construct s
encoded by the DNA-bi nding domain and activation domain. Col or devel opnent
was depicted by synbols, where "+++" and "+" indicate the devel opnent of a
strong color within 30 and 90 m n. of the assay, 30 respectively, and "---"
i ndi cates the | ack of devel opnent of color within 24 hrs. of the assay. In
cases where interactions were not tested, no synbol was indicated. The
results 74 of the various interactions for the above case are set forth in
Table 3 below, and the results of the various interactions of the MACH

i sofornms are shown in above nentioned co-owned co-pendi ng PCT/ US96/ 10521
and its IL counterparts. 75 CDCL H O+z U+ Az M+ N



Ogqg ~, yqguU eno.. ti UUQ. ~GU~ -oF~FFc¢c"~"*"~~~FU t
COOQzE8HPQ76 Thus, as arises fromthe results shown in Table 3
above, it is apparent that: (a) MACH binds to MORT-1 in a very strong and
specific manner; 5 (b) The MACH binding site in MORT-1 occurs before
(upstreamof) the 'death domain' notif in MORT-1, i.e., it is in the

regi on of MORT-1 defined by as 1-117 78f MORT- |: (c) The ORF-B regi on of
MACH is the MORT-1-interacting region of the MACH protein; and 10 (d) The
MACH ORF-B region is capable of self-association. (ii) Cell-cytotoxic
effects nediated by the self-association capability of the MACH protein
The observation that MACH can sel f-associate, in particular, that the ORF-B

15 regi on of MACH gelt=ras s—=gefr el ati on bet ween
sel f-association apd ¢el i gi served|far the intracellular
domai ns of p55 TNFR apd ved fol NORT-1 (see Reference
Exanpl e 1), suggesi®d {ha tijon] mhy fal so be involved in
cell-cytotoxicity.|En D1 ibil|ty,:|constructs encoding
MACH were preparedj@itlh ' ntyrof | ¢d [lexpressi on vector
(for details see Pn'ﬁ:r o clonstdudts were used to
transfect HeLa cel|s if V e trangigntly expressed.
Besi des the MA@ cpnst jf ud nsitructs were used to eval uate
the ef fect of tEansT;ent g bilifyloff the HeLa cells to
whi ch the effe@ Oofe th cqul|d el conpared. These ot her
constructs i nclmdedf=2MORF-|1, | € dnd| | bici|f'dr ase (Luc). In
addition, co-trans{®ctilon aof fhe lHella cells vas | 40 |t ested by using
MORT-1 and MACH copstrlict|s |t of det ¢r i ne what |effectg tlhe interaction
bet ween t hese Ry ot i ns|wqul|d capse¢. [Affef trgnsfectijon the HeLa cells were
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i ncubated and cell viability was evaluated 48 hrs, after transfection
either in the presence or the absence of tetracycline (I g/m) to block
expression. Cell viability was determined 30 by the neutral red uptake
assay. 77 Fromthe results of the above analysis, it was apparent that
MACH i nduces a dramatic cytotoxic effect in HeLa cells, i.e., the induced
overexpression of MACH cDNA in Hela,gells, results in a dramatic cytotoxic
effect. This cytotoxic effect is likely to be related to the

sel f-association capability of MACH 5 (iii) Northern analysis Using

wel | - known procedures (see Reference Exanple 1), Northern analysis of
several cell lines was carried out using the MACH cDNA as a probe. The
results of this analysis showthat in a |arge nunber of cell lines, in
particul ar, CEMs, Bapiises Baudlhge rédeltashdven Al Tebkentarove Jitiskpparenictha673 cel |

l i nes, there exist two h i Zi nscrl ts of proxi mately 3.2kb in
size. In view of tfeMpE mfsrre Mﬁ&h Ef"b% YOIy Strgug W?Cﬁlgﬁé‘?hmaf‘ﬂg MACH! 3l

pr ot (ORF-B of ]:W-ei) rﬂ‘rp,gy ate
t he %O?T 1 associ ga }‘;ect ?ﬁlgg{glcgelﬁezlﬁ#\d%ﬁ? 5??%%6@@6%%‘%1&% ate or
medi at e Hbgh dABaR' ogandMER B¢} 1.6l 5it dninctk Iregiohn eAMORE- leda‘ﬁaed by sa redd| at ed

or nedi ated I%IFTMRT 1. The fact that MACH binds specifically to the
upst r ean?irM§Fekrlof MORT-1 and shares honology with MORT-1 provides for a

specific way in mh d: d S
specific region of Wgrewme tﬁgﬁsgggf Sﬂgﬂgglt llnsﬁ?zti{/m fe ﬁo-f&}{y
det er m nRAGH prétBinganipst ream regi on. Further, MACH or MACH ORF-B may be
used as a nodul ator or 20 mediator of intracellul ar effects in an anal ogous
way t MORT-1 it seld) ThsddAGBLOBY-Thyegion 18caRADET OINIBIEISOCHEPN ty t o

sel f-associ ate and induce cell-cytotoxicity on its own. Further anal yses of
the MACH protein and the DNA sequences encoding it have been perforned as
set fortfyher gien-chaltovic Efdctanedinfedwas _kiey salfedsdchaionOrkpabilify MiCHe
represents but one of a nunber of MACH isoforns. Hence, the MACH protein
and the M&mﬁﬂﬂences encoding it have now been renaned, as wl| becone

o 1+ ovihe Sos iR A0 MACH TP SBY Q0 EhaRC it P Rar PIHRE SO DRAB! I N

15  region of MACH self-associates and the previous correlation between self-association and

cell-cytotoxicity as observed for the intracellular domains of p55 TNF-R and FAS-R, and

as observed for MORT-1 (see Reference Example 1), suggested that MACH
self-association may also be involved in cell-cytotoxicity.

In order to test this possibility, constructs encoding MACH were prepared with a

20 tetracycline-controlled expression vector (for details see Reference Example 1). These

constructs were used to transfect HeLa cells in which the vectors were transiently

expressed. Besides the MACH constructs, other control constructs were used to evaluate

the effect of transient expression on the viability of the HeLa cells to which the effect of

the MACH constructs could be compared. These other constructs included MORT-1,

25  human FAS-IC and luciferase (Luc). In addition, co-transfection of the HeLa cells was

also tested by using MORT-1 and MACH constructs to determine what effects the

interaction between these proteins would cause. After transfection the HeLa cells were

incubated and cell viability was evaluated 48 hrs. after transfection either in the presence

or the absence of tetracycline (1 pg/ml) to block expression. Cell viability was determined

30 by the neutral red uptake assay.



whi ch shares a sequence notif with MORT-1: 30 As nentioned above, to
identify proteins which participate in the induction of cell death by
MORT-1, the two-hybrid technique was used to screen cDNA |ibraries for 78
proteins that bind to MORT-1. A two-hybrid screen of a human B cell library
(Dufee et al., 1993) using MORT-1 cDNA as bait yiel ded cDNA cl ones of
MORT-1 itself, reflecting the abilitty of this protein to self-associate as
wel | as clones of TRADD, to which MORT-1 binds effectively (see Reference
Exampl e 2). S I [ : nge whose
product speci ?@aﬁ%ﬁﬁgﬁl&%n th%/) aﬁ/%%%@%éﬁg%t ??\ieﬁ{\t/\},ﬂﬁtﬁxﬁﬁ ?FgF ygwas

cal | ed MAGHhticadytbtbait @ffectdh HRLafckliwli ag thehatiudet! cvernpesiion bEIMA@H eDNA of or ns
(see bel'o&, renaned MACHBLl, showed alsqg an ability to bind in at hybri d
test toinHsbpfeellygesulindn arspnaicy YIYPRE ati§ci- ABbIR CytopRriaBiits ih kb1 BS ovmod

co- pendi PCT USHE 52 [ if3cl udes all of the follow ng
anal yse§agtﬁ’8 tgléeuéﬁgséq%faﬁ”ﬁgwb?gy téltulz/fr}}adfj?bn). MORT-1 and MACHBI and their
del eti on constructs, as well as MACHa!, a MACHal nutant in which the

catal yti c cysteine Cys360 is replaced by Ser (MACH(XI (C360S)) and the
i nt r acel(liiyl NertHenmpaualysis hunman FAS-R (Fas-1C), were expressed wthin

transfect ed Y526 ast in | 4 i_pdi [ j v.ati onai n
Conatr uct o 183 Beal dRtm ol U6k ReRARE KIable) 7 Moffeh (AL A0 foF
f 3- gal agLRshIdRR FEnEXNEE SO ouf idiiEihed 3@ aDNdesCH bhrd. iTheBehulisrfetisal . |,

(1995b). The results are presented in terns of the tine required for the
devel oprmaltysipthay Hond &diree numbsieof sl fines, im petiewlan XEHInBal. PardsrBelided wit h

| oprpasiofaot trahip e opll s, e A rlidlied |
o " RumeesSrE o B 8670981 WS ahelEy AP ot Qb BARG Sttt BT 1%

and " enp ;Oxggat@?b{lz%qgtsggs. MACHf 31 was cl oned by two hybrid screening of
a Gal4 AD-tagged” human B cell library (Durfee et al., 1993) for proteins
that bind to IMOREW1of tisi shpvehehe MEYCHyprpdeine ppoievlerly she NMACHBL cpoteivher e

t her wi se_j ndi | | i ment al d for_the findi
o osent ORI GEMEACHT, hsh PR aURES Blecul 0§ CBRMIRS o0mg e ThOHORTL o, o,
anal ysi Sdsﬁz\%e eftdead o VIR L iRirBels), £ nidaflabé bemalinrl the FAS-RlighhRaffet whi ch

25 is inv in cell death induction (Chinnaiyan et al., 1995). MACH(31
al sasseldn edls odieatthi effent tshmodulatad fosonediatgd yt MOB by dhe faat that Hbind to

I trol [ | i. k - I i - R
sever al CopLyolsRU0t e\ s Shd unli koo NOIETE 1 465, 0P Subgy DRbRIERS
provides for a specific way in which MACH or MACH ORF-B may be used to modulate

this specific region of MORT-1 and hence the specific activity of MORT-1 determined by

this upstream region. Further, MACH or MACH ORF-B may be used as a modulator or

20 mediator of intracellular effects in an analogous way to MORT-1 itself (see above) by
virtue of MACH's ability to self-associate and induce cell-cytotoxicity on its own.

Further analyses of the MACH protein and the DNA sequences encoding it have

been performed as set forth herein below. Further, it was revealed that ORF-B of MACH

represents but one of a number of MACH isoforms. Hence, the MACH protein and the

25 DNA sequences encoding it have now been renamed, as will become apparent from the

following.

(a) Two_hybrid screen for proteins that bind to MORT-1 reveals a_novel protein

which shares a sequence motif with MORT-1:

30 As mentioned above, to identify proteins which participate in the induction of cell

death by MORT-1, the two-hybrid technique was used to screen cDNA libraries for



cells yielded a 34 kDa protein that bound to MORT-1 nol ecul es co-expressed
withit. It was also able to bind to a GST-MORT-1 fusion protein in vitro.
30 Conparison of the am no acid sequences in MACHB1L and MORT-1 reveal ed a
shared sequence notif (designated "Mt nodule”) in these two proteins,
distinct fromthe 79 death notif through which MORT-1 binds to FAS-R This
notif occurs once in MORT-1 and twce in MACH31. The sane notif is found
al so in PEA-15, an astrocyte phosphoprotein of unknown function.

Prelim nar i ng of
VRGH(31 | B H e DS TAEIL OB Rickep 4 WAdOB IR e (LR 18
sequence an 1MHUSIhg | BIQRBS ECDEA afn Haheyﬁhl@&ecDmAedlonRCB/f UeRT-0528ifand its

cor r espondi ng IL counterparts particularly IL 117932. The two . hodul es
are showneffasting the abilitephihisi profein teesekwesavats-s3rel i denes of FRANPsto whigh oy ed

are indi h d S Iyﬁﬁl 1 and
t he PEA- %@bg\ghbg @scﬁgéﬁgﬁ ?}se%%@ke?%g%@ﬁb&% arﬂshg Sﬁ}reggen?-%gll%ﬁdt above

i N CO30WRRFheE Bf RYBUEINGq@MRE mbhatd prvsluct spediiically baddtto MORANY Jihei ;iratrem

resi dues were denoted bf/ boxed and shaded areas, respectively

di agr ametiich nmmlb'se’m aallesh MACHh eind elater, aberafiAdiag ¢ hAORTOGAYER I"bémé‘r’iﬂe of
the CED3/ lo?Erlxp (ng g%%\\/'ge amed Cﬁ-ﬁ!lAFs) hvbed Cg%gﬂ‘d[lﬁgg DRHERE twb i#9

present ed® mSined applicat i ons region in -1 that

cont ai ns s£it§ itsMEREt WM Ulnable 8 bike &N FASIMTsdeOatiork @otdaatd-ovned eblpetidiag h
induction by this protein (see Reference Exanple | above). It has been

shown al QD@TE/US@@/df)ﬁIlbm'lech also irsbidgh all Gif the fadloing andlyses @%reéélft‘% obtawséi at i on

of F\’g Ref erence Exanple I). Analysis of the binding properties of
del et‘i“on”é‘?f ?PUcts of MACHEl in transfected yeasts reveal ed simlar

| nvol verent Oé\/IblRel" N%Im@ﬁfﬁsaﬂmﬂ?& satdornssreuas] an well MG as wel |
as inits binding to . Deletion constructs, in which the region

bel ow (dQMASHoaamum‘n) i h\&nm datmilyilcecy,smmenCsmomg replecal by et éMPcCH(bl nd to
each ot her, mai ntained the abjlity to bin e full length . -1
and to tK€36g ) land ghegintrasailelar demain of funag, F a3+ %1&05’?35?1 Ve \PEh a"r"‘lt Bf the
D e
nodul 8s i(PGBITOSRdip® 4D aGH). ONiseir i &tionrwasuibssested byfa B-AlEkloSidasef expedsint h t he
FLAG oct g ltipggsgf as de%é%e%r?gfo?dm et al., r(le99%)t§§”%?esr%gu1{snare pl_e%ented in terms of the
time required for the development of strong color. None of the inserts examined
interacted with a number of tested negative controls, including the intracellular domains of
human p55 TNF receptor, p75 TNF receptor and CD40, and lamin, cyclin D and ‘empty’
20 Gald vectorss. MACHB1 was cloned by two hybrid screening of a Gal4 AD-tagged
human B cell library (Durfee et al., 1993) for proteins that bind to MORT-1, using the
HF7c¢ yeast reporter strain. Except where otherwise indicated, all experimental
procedures for the findings presented are as described above (see also Boldin et al., 1995).
Deletion analysis showed that MACHP1 binds to the N-terminal part of MORT-1, which
25  is involved in cell death induction (Chinnaiyan et al., 1995). MACHP1 also self-associated
in the transfected yeast. However, it did not bind to several control proteins and unlike
MORT-1 was unable to bind to FAS-R. Expression of MACHPB1 molecules in mammalian
cells yielded a 34 kDa protein that bound to MORT-1 molecules co-expressed with it. It
was also able to bind to a GST-MORT-1 fusion protein iz vitro.
30 Comparison of the amino acid sequences in MACHB1 and MORT-1 revealed a

shared sequence motif (designated "Mort module") in these two proteins, distinct from the



cells and assessed for their binding in vi/ro to bacterial -produced

gl ut at hi one- S-transferase-MORT-1 fusion protein (GST-MORT-1). Simlarly to
the binding observed in the yeast two-hybrid test, this in vitro binding
was found to depend 30 on interaction of the region wthin MACHf 31 nodul es.
35[S]-Metabolically | abeled MACH 31, MACHf 31 fused at its N-termnus to

t he FLAG oct apeptide 80 (FLAG MACHGb), C-term nus truncation nmutants of
FLAG MA. CH 31, and, as a control, luciferase, were produced in transfected

HelL |l i Si Li-ne- | i
LS el B PNERTS] VRO ashe AR ML DEOTAISh Mdrpepr essi or

t et racyghd NGO NMAICRIB It r anacihy ahetif i fAsEes8aERt PBA-1heaexsiressgs on of
the proteins and their nolecular sizes was performed by .
i munoppeaspbopetéin e unkmver finctign; Rrekmingsi defa snggesrthactienM QB ynotifie

Nere r imebansie it MAGHT: AR 3 buf MAG RS O PTG, Wovse -
monogl onal %%ic}%ggée%sarﬁﬂ@iagﬁlt seﬁbﬁxc&kﬁ‘gﬁé{%@}ﬁﬂeﬁtﬂr%dm}l tAd db@@andted

FAS/ APOL ( CHI Yonehara 10 et al., ) were purchased from East nman
Kodak amCTOO806/1082i ridtsstvnregponiiid 1Ly @sipteepartseiagticubtslyde IHgA3E| Shatwant i - HA

it tibody (12CAS, Field et al...19 i TNE _ant i bod
oD o0 RO 201 Sl it SR SR TN R
EJ;? %@?@ggtae %tbg&%t&ﬂ FiesedlidrcBinbinoRigydifBe RlodtiaeinPRAGHRE NORT-1

sorbed to glutathione-agarose beads (or, as a control, to GST
or 15 GSfd ftis REA-A 5t fenei atceasion | nuinder FO3ABI0R) ofas False ARESENted andthe bove

i mruno- preci pitations of _the various l\g]?[- and. MACH f usi on constructs
usi g t ke-avgiedgipsPLdE anplicalions HB gyiueh | e&P@*ﬁP%é&WNﬁédeﬁ“ﬁ‘ef H‘ée’%g‘S\‘/%e ot ed
Cco- owne - i I cat oS, N particular, in PCTIUS96/ 10521 and IL
117932. %ﬁ%g{gf%%%d%dg%hésé%h&%ﬁf% pl e isoforns: Northern anal ysis using

MACHf 31 cDNA Adliagramaii reprsaitetdbd ofttebdratiadomain rand ;MORFE (reylules and of

approximately 3 kb in size in several different cell lines. Briefl
Nor t her rihe BE§3/leggbmgt%t1&F agfRO( 1&4%1715 5%? MGCEIR 1 s A‘&?emﬂsffﬁg%) from

several .cell .lines, using. | 31 cDNA as probe was perfornmed. The cell
l'i nes ek‘é&eﬁga‘,’e ﬁ?ﬂnewlcg@ aj i, Daudi, HelLa, Al exander, Jurkat and
AB673s are al ITHRfreflBARNMDR Tl nhardnikisehid eMORH mokluleimhas tbes shdwit ar mkeona of

the breast, an acute |ynphoblastic T cell |leukema, a B rkl)ttI
part in cell death induction by this protein (see Reference Example 1 above). It has been

shown also to contribute to, though not to suffice in, the self association of MORT-1 (see
Reference Example 1). Analysis of the binding properties of deletion constructs of
MACHSR! in transfected yeasts revealed similar involvement of the MORT modules in
20  self-association of MACHB1, as well as in its binding to MORT-1: Deletion constructs, in
which the region below (downstream of) the MORT module was missing, were unable to
bind to each other, yet maintained the ability to bind to the full length MORT-1 and to the
full length MACHB1. A further truncation in which part of the MORT module sequence
was also deleted, resulted in loss of the binding ability of the proteins. To further assess
25  the involvement of the MORT modules in these interactions, deletion mutants of
MACHB1, fused with the FLAG octapeptide (FLAG-MACHB1), were expressed in HeLa
cells and assessed for their binding in vitro to  bacterial-produced
glutathione-S-transferase-MORT-1 fusion protein (GST-MORT-1). Similarly to the
binding observed in the yeast two-hybrid test, this in vitro binding was found to depend

30  on interaction of the region within MACHB1 modules. [S]-Metabolically labeled
MACHB], MACHB! fused at its N-terminus to the FLAG octapeptide



| ynphoma, a Burkitt |ynphoma, an epitheloid carcinoma, a human hepatona, an
acute T cell |eukem a and a rhabdonyosarconma, respectively. The rather

di ffuse shape of the hybridizing band on Northern bl ots suggested that
these transcripts are of heterogeneous 30 sizes rangi ng between 2,85 and
3.5 Kb. Both the ambunts and the sizes of the transcripts varied anong
different human tissues and were notxocorrel ated with the expression of R
MORTI or of FAS/ APO (Watanabe et at., 1992). In the testis and skel etal

nmuscle, for exanple, MACH transcripts were barely detectable, even though
these t (Blsh@ 9 sC-tenmmastiringatiommytaN Ot PR A CHBd naid: sepyontidst i ng

peri pheral. bl ood nononu S, .l } iQn,is very
ow, verirana el Beareet Ml e ARy, opl, SRR NS IRETSOR P 1

| eukocy t&pcy@meldositrbiledtexpréskied vehiands al Mellheclisilam (FRANL- Y thaDéxiets a
transcripts; along with an induction of MORT-1. Exploring the nature of this

si ze hetaraydmeicoptrolgiNmnsidiivaiores were screened for transcripts that

hybridi ze with the 1¢ .prao r I d from
ayChér on BS ésﬁﬁﬁ&s@?"?\){f%éedg?%éﬂp n; P gﬁ%h? %S%A%onf tW?w\ﬁrugfz&lg’gg}he

li brary Juasms&r 6¢HRthurbstetipiitidnngent cabRdares, onsndvaiith Fa AAGHMody DNAher obe,
| abel ed"using a random prim ng kit (Boehringer Mannheim . The other MACH
i sof or mantivwies eiedrrsel abyfolTwPCRabbie renrVAGTEH st anti-RORT } ARt ifesf ivrRACHU. |,

.2, 0, 133 and di 132. 1 134, n
:Jyrrphoblr%@%do pgpIRt @@‘%@Eﬁﬁa“‘% gﬁ ggr%ﬁ{p-{ la:s%ues’lorneggc{t?%% V\I\/é[gun%eé]? g(%crlr%gl qr\lem th an
ol i go- dTadaRleluaRti (N8 FLAG 6&rap&phidt 6T AT PANZAPDL TC31 1)1, AMdlelidie

Super Script Il reverse transcriptase G BCO-BRL), used according to the
nmanubactetirat( ' 198Phstereipuirdased fiom Haptetanr Kadek ohd GeRrvimitheispyi Wi th the

enao aREPPAHINeRbn BIGEF FHEPUo G A BB TRk T 14 S B S88hndi g

to nucl I8 S Qatirotly Whert BeoRCedVCEUSIAL GBIy addifilding to the usual methods
5'- GACT%&%&Q@TAGAG%’CGA& 3", IBr espectively. The second round was perforned

wi th Ventelpahywer ms ¢he( WEB) Resilhg shhwirfeoitheowifiratys dindmgané thanpriokaiss &0 nest ed

primers: 5 GAGGATCCCCAAA GGATGATGAG: 3", and

5 - GCCAW%C%?M Q”Eg‘ﬁli%‘?"r%a&"%er fads ﬁ(gr’s%sqﬁe%oélém(ljf ORSh9  cona,
respgct ic‘é’ﬁ J 9o N8Rt o MAEH SBasaRPOMAGHH 3 thehimruronpredipititivns @ddons,  a
25 I[rét)re '\g%sg]ue%ce cr)lf at hese isof orns fromly?he RNA of Raji_ cells was

cl oned. th¥earflisABRT-1 and MACH fusion constructs using the various specific antibodies,

are presented in the above noted co-owned co-pending applications, in particular, in

PCT/US96/10521 and IL 117932.

20 (b) MACH occurs in multiple isoforms:

Northern analysis using MACHB1 cDNA as a probe revealed low abundant
transcript(s) of approximately 3 kb in size in several different cell lines. Briefly, Northern
blot analysis of total RNA (14 pg/lane) or poly A'RNA (2 pg) from several cell lines,
using MACHB1 cDNA as probe was performed. The cell lines examined, T47D, CEM,

25  Raji, Daudi, HeLa, Alexander, Jurkat and A673, are all of human origin and were derived
from a ductal carcinoma of the breast, an acute lymphoblastic T cell leukemia, a Burkitt
lymphoma, a Burkitt lymphoma, an epitheloid carcinoma, a human hepatoma, an acute T
cell leukemia and a rhabdomyosarcoma, respectively. The rather diffuse shape of the
hybridizing band on Northern blots suggested that these transcripts are of heterogeneous

30  sizes ranging between 2.85 and 3.5 Kb. Both the amounts and the sizes of the transcripts

varied among different human tissues and were not correlated with the expression of



reaction, perforned using the oligo-dT adapter prinmer as described above,
was followed by two rounds of PCR (wth Vent polynerase (NEB)) using the
foll owi ng sense and antisense oligonucl eoti des:

5' - TTGGATCCAGATGGACTTCAGCAGAAATCTT- 3" and 5' - ATTCTCAAACCCTGCATCCAAGTG 3,
derived fromthe sequence of MACHRI. 30 The latter oligonucleotide is
specific to the 13-isoforns. Anong thie clones obtained in this way, those
found to contain the nucl eotides encoding for the am no acids of 'block 2
92 (whose presence distingui shes MACH133 and MACHB4 MACH31 and

MACHI 32)MORdrleort off FAS/dd Qe eanabrist ab ol 9% §%tﬁ%‘rﬁ’é‘é%af}dr§?‘émal EMSRE N sof or s

det t
ot hod. ATy ACE) B LR el e P R e PP B8 i

scr eeni ngrif4aalaadubfieoS MORENCE Cohvendély| pésting peiphertrblaid nm@olnm. The
am no acid sequences of seven of these |sof ornms were_ studied in detail
The res ueul@catree, in| whigh MORA] (ﬁxa@ﬁfaﬁﬁrﬁt Y%I <|>\y WAt xadpe iekpsss Mﬁ@ﬁé‘tabove

di
007095 hiLiRERT LRt RRvaAR bP 2 \BROLKE I AN ik TodRaAPcifiae b 3RE izt
conpar eq)a‘ﬁ’eﬁhom%@]{ B@I@h@l@salorlgﬂﬁkh@ﬁ 1ridilet1&50ﬂMCjIHDﬂl des which in MACHal
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( MACH( X2ramBeriptBe , rautiond ¥a5) PedPBRfhg Witbm ahe f HECRAjANMERd Daudi

o B3 SRS S eSS Rt ©
1. The BUGIBRde?&dOzfccéffdﬂ{gG&) mesmlamfe@lureﬂs tildductens. | Thé Hestefoané dfocat ed
wehin tPgRS?V(;(s)nSerformed w1th the Expand Long Template PCR System (Boehringer
Mannheim) using the following sense and antisense primers:
5. AAGTGAGCAGATCAGAATTGAG-3', corresponding to nucleotides 530-551 of the
20 MACHB! cDNA, and 5-GACTCGAGTCTAGAGTCGAC-3', respectively. The second
round was performed with Vent polymerase (NEB) using the following sense and
antisense nested primers: 5’GAGGATCCCCAAATGCAAACTGGATGATGAC-3' and
5. GCCACCAGCTAAAAACATTCTCAA-3', derived from the sequence of MACHSI
cDNA, respectively. To confirm that MACHB3 and MACHSB4 have initiation codons, a
25  more 5' sequence of these isoforms from the RNA of Raji cells was cloned. The RT-PCR
reaction, performed using the oligo-dT adapter primer as described above, was followed
by two rounds of PCR (with Vent polymerase (NEB)) using the following sense and
antisense oligonucleotides: 5-TTGGATCCAGATGGACTTCAGCAGAAATCTT-3' and
5 ATTCTCAAACCCTGCATCCAAGTG-3', derived from the sequence of MACHB1.

30  The latter oligonucleotide is specific to the B-isoforms. Among the clones obtained in this

way, those found to contain the nucleotides encoding for the amino acids of 'block 2'



25 The sequences in the different isoforns relate to each other as foll ows:
(a) All the MACH isofornms share a conmon 182-amno acid N-term nal region
whi ch enconpasses the MORT nodul es, yet vary carboxy termnally (3
downstream to these nodules, as well as in their noncoding regions. (b)
On the basis of their Cterm nal sequences, the isofornms fall into two
subgroups: four isoforns defined as ggubgroup B, have different 30 CGtermni
due to alteration in the reading frane. Two (MACHBI AND 32) share the

C-termnus found in the i.sof Qrm-.tial i i creen
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resenbl e proteases of the CED3/I famly (see below); (c) The regions
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cl osely Pesefle proteases of 'the (‘Bé I amly. A sequence conparison of
this regiiaeh iogetMCEbranthtd their vaiqhe CsteknmanrepionrO miaaiberes hawf, in MACHBN |y as

wel | as the Caenorhahditis el egans ced3 protein was perfao d (Elljs and
Lot vi £ nd 068CTRIRC Seedie FamSYByociamde PRBKMWA HESEREeT PE SIS  ho

CED3/ | t ] - P _ . . a4l
oa Ted AR GETCE et daRedg e e ATy rebuoin bERlion 1,50
Mh2a (RethardgampgAtaeaol nedledides fik8R5)Xpownbtedanil BAknge ef thib alterhOOd;the he

human honol og of the nouse Nedd2 protein, Kumar et al., .1994), ICE'1ll1l
( <unday meast & part xghis nonewding dpWngtiasA EsE!R degs encedmydy aming geids WRIgh X and

L“Ch? ggg:gfﬁs}}ﬁhjteeiﬁe él-térmi%ggrggio#ﬁmﬂétoetthe?ettwo itA8mhg. and | CE (Thornberry et
The isoforms were cloned from a human B cell ¢cDNA library (MACHB1), from a
human thymus cDNA library (MACHal and o2) and from the mRNA of the human

20 lymphoblastoid cells Raji (MACH2al, a2, a3, B3 B4, and B5) and Daudi (MACHa2, B2,
B3 , B4 and B5). Cloning from the mRNA of the Raji and Daudi cells was done by
RT-PCR, using oligonucleotides corresponding to a 3’ noncoding region and to a
sequence within the second MORT module in MACHB1. The starting codon of clones
isolated in that way is therefore located within the second MORT module.

25 The sequences in the different isoforms relate to each other as follows: (a) All the
MACH isoforms share a common 182-amino acid N-terminal region which encompasses
the MORT modules, yet vary carboxy terminally (3' downstream) to these modules, as
well as in their noncoding regions. (b) On the basis of their C terminal sequences, the
isoforms fall into two subgroups: four isoforms defined as subgroup B, have different

30  C-termini due to alteration in the reading frame. Two (MACHB1 AND B2) share the

C-terminus found in the isoform initially cloned in the two-hybrid screen and two



Cerretti et al., 1992). 25 The above C-term nal region of MACH nost closely
resenbles CPP32 (with 41% identity and 62% honol ogy) and CED3 (with 34%
identity and 56% honol ogy). It shows a significantly lesser simlarity to
ICE (with 28% i dentity and 50% honol ogy) and to its closely rel ated

honol ogs ICE. 111 (also called TX and Ich2) and ICErellll. The simlarity
was observed throughout alnost the whole region starting from Tyr226 within
30 block 3, to the C termnus of the I\/ACHa i soforms. Two points of

simlarity are particularly notab]e: a) Al kno ot eases of the
CED3/ I d%’lf\&iﬁﬂ-"ya'@l %@vséaﬁ?r%?’éﬁef?é‘t gt’teé‘i“t“é% éffq g3, %@e‘i)%ﬁﬁ HPe%of Asp
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proces simlarly, depend on this processing
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of this family as well as the Caenorhabditis elegans ced3 protein was performed (Ellis and
Horvitz, 1986; Yuan et al., 1993), and the known human proteases of the CED3/ICE
protease family : CPP32 (Fernandes-Alnemri et al., 1994), also called apopain (Nicholson
20 et al., 1995) and Yama (Tewari et al., 1995b), Mch2a (Fernandes-Alnemri et al., 1995),
Ich-1 (Wang et al., 1994; the human homolog of the mouse Nedd2 protein, Kumar et al,,
1994), ICEII (<umday et al., 1995), ICEl1 (Munday et al., 1995), also called TX and
Ich2 (Faucheu et al., 1995, Kamens et al., 1995), and ICE (Thornberry et al., 1992;

Cerretti et al., 1992).
25 The above C-terminal region of MACH most closely resembles CPP32 (with 41%

identity and 62% homology) and CED3 (with 34% identity and 56% homology). It

shows a significantly lesser similarity to ICE (with 28% identity and 50% homology) and

to its closely related homologs ICElI (also called TX and Ich2) and ICE4IIl. The

similarity was observed throughout almost the whole region starting from Tyr226 within
30 block 3, to the C terminus of the MACHa. isoforms.

Two points of similarity are particularly notable:



MACHal al nost at the sane locations as in the CPP32. The site correspondi ng
to the N termnus of the pl7 subunit of CPP32 is |ocated in the second
conserved bl ock of amno 25 acids, just a few anmi no acids upstreamto the N
term nus of the CED3/I1CE-honol ogy region (below Asp216). The site
corresponding to the point of cleavage between the two subunits of CPP32
is located, as in all other nenbersgef the CED3/ICE famly that are known
to be cleaved, a few am no acids downstreamto the catalytic cyst ei ne

residue (bel ow This conservat i that t

horol ogy regi on ﬁzg))%ﬁ?m Ipr?tfasfﬁﬁ)fé@? C?@”Zﬁ%g ’?V lsavﬁr%rgge EB35'tesl'he
sizes ofi.£Nq thﬂe%a?r%‘én%s' oPRlUE R 1®1f $ifdbs$ asd @@M@% aroghatﬁts xmﬁiooa@dto t hat
of the two subunits of the processed E:PPSZ nol ecul e. (c) The CED3/1CE
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(Tewari et al., 1995b), as well as in other ﬁopt opi c processes ( Kauf mann,
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(Thornberry et al, 1992). The proteol ytic act|V|t¥ was bl ocked by iqdacetic
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displaying maximal catalytic activity. Their fully bioactive form is composed of two
noncovalently-associated cleavage products, which differ in size (p20 and p17 in ICE; p17
20 and p12 in CPP32). Presence of potential sites of autocleavage in other members of the
family suggests that they are subject to similar processing, and, similarly, depend on this
processing for exhibiting maximal activity. Such potential sites of autocleavage occur in
MACHa 1 almost at the same locations as in the CPP32. The site corresponding to the N
terminus of the p17 subunit of CPP32 is located in the second conserved block of amino
25 acids, just a few amino acids upstream to the N terminus of the CED3/ICE-homology
region (below Asp216). The site corresponding to the point of cleavage between the two
subunits of CPP32 is located, as in all other members of the CED3/ICE family that are
known to be cleaved, a few amino acids downstream to the catalytic cysteine residue
(below Asp374). This conservation suggests that the CED3/ICE homology region in
30 MACHul is subject to proteolytic processing. The sizes of the two expected products of

this cleavage are very close to that of the two subunits of the processed CPP32 molecule.



catal ytic cysteine residue Cys360 was replaced by Ser. Also, |ysates from
bacteria that expressed the full-length MACHal protein as a GST-fusion
protein did not cleave 25 Ac-DEVD- AMC, probably because of the absence of
bacterial enzynes capable of processing the full-length nolecule. Nor did
cl eavage occur with |lysates containing either of the two potenti al

cl eavage products of the CED3/1CE hdfvol ogy region. The kinetics of cleavage
of the PARP sequence-derived fluorogenic substrate, Ac-DEVD-AMC (50M, by
extracts of E. coli expressing a GST-fusion protein of the 30 CED3/ICE
honol ogy region in MACHal (Ser217 through the C-term nus of the protein)
was shotin Hie CERIACIh gy region i MACIE basproteolytie Aglivity. of pacteri a
expressing 9 1 i =N - - VEOGH Q{%@g% e or of
ei t her one oﬁot@ ?l\if\tlcb)lﬁ;Iﬂger(;tcgfr?tg|hglllE %?rg 18 ?5?%“1’:“ }onr %Fuctgpo t gp@@ﬂi’&

horol ogyctivegi appl(ceats 26kprdsidd thasegith diad exdapd Tbnt iicopotentidieci€@vage siteius of
the protein). Further, the substrate concentration-dependence of the

cl eay agépyfeanstoghispeRipn.Agtvean B p and der2 17g il fhenC tegmipisedithe prageipsin

bacteri XPI ess] - I\/&gt—%l B : : ' ' jr: ith GST
was sho&ﬂ&etﬁ% a%l Aeggs%g% Was® obser vedéécgfaﬂgy%g{eggiﬁég&g@n}eg Sgggitllwgt%mci d
(5mV) . TheveRtogtsc Pagtideosubetrated, thoan befcre WAL AbAvedebyf bther QEDB/ICE
substrate corresponding to a substrate site for ICE in the [IL-113

precur sbpmolb@s.Br i ef | yTwehe @ibptrptgsi opepiidssei navelier e wedducekhe n Mirst, bl ue

bacteri g usi e 3 eX ssion_vect.of. . The bacter| d by
coni oat PSR AR BB e TR RGOSR B o 7 5) (ALY B-AMRS

3- [ 30 chebedpdasy apy Istdlien®d ypai(ADIP-Abvep paRaktdst GRAR®), HRbtiIERTHoand 2mV
DDT, followed b?/ centri fus(%atl on at 16, 00 X? for 10 m n. SDS-PAGE anal ysis
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wer e in&%ﬁla?tgﬁf POPIBERP 8enspesr(a aﬂf’%anflo?%fgau?%a |ncegtale‘trjrp%d§1r |L§7CF§) “?(neqé‘l‘soo I
total veboyre rgagt fledtowddid shbi®ratd UOTRGOBd Ceflebidly alyeSPPaL. t Mhe dcdGndat ed
concentrations. AMC rel ease was neasured bé spectro-fluoronmetry at an
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(Gsaka, 1@gpany) ysafds " bdekdR/ éxpressing the CED3/ICE homology region in MACHa 1

cleaved effectively the PARP sequence-derived fluorogenic substrate. They had no

measurable proteolytic activity, though, against the IL-1B-precursor sequence-derived
fluorogenic substrate (controls), Ac-YVAD-AMC, which is an ICE cleavage site in IL-18
20 precursor (Thornberry et al, 1992). The proteolytic activity was blocked by iodacetic acid
(5 mM), confirming that it is mediated by a thiol protease. No cleavage was observed with
lysates containing the GST-fused MACH CED3/ICE-homology region in which the
catalytic cysteine residue Cyssqo was replaced by Ser. Also, lysates from bacteria that
expressed the full-length MACHal protein as a GST-fusion protein did not cleave
25  Ac-DEVD-AMC, probably because of the absence of bacterial enzymes capable of
processing the full-length molecule. Nor did cleavage occur with lysates containing either

of the two potential cleavage products of the CED3/ICE homology region.
The kinetics of cleavage of the PARP sequence-derived fluorogenic substrate,
Ac-DEVD-AMC (50uM), by extracts of E. coli expressing a GST-fusion protein of the
30  CED3/ICE homology region in MACHa1 (Ser217 through the C-terminus of the protein)

was shown as compared to the lack of cleavage by extracts of bacteria expressing



prot eases were shown to exhibit full activity only after proteolytic
processi ng, which occurs either by self-cleavage, or via their cleavage by
ot her proteases (reviewed in Kumar, 1995; Henkart, 1996). Applicants
observation that |ysates of bacteria that 25 express GST- MACHal nol ecul es
do not possess enzymatic activity, as opposed to the activity observed in

| ysates of bacteria that express thegs CED3/ | CE honol ogy region, suggests
that processing is also required for MACHa activity. The way in which MACHU
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indicated concentrations. AMC release was measured by spectro-fluorometry at an

excitation wavelength of 380 nm and an emission wavelength of 460 nm. The
20  concentration of AMC was determined from a standard curve. Both fluorogenic substrate
peptides were obtained from Peptide Institute Inc. (Osaka, Japan). Other CED3/ICE
proteases were shown to exhibit full activity only after proteolytic processing, which
occurs either by self-cleavage, or via their cleavage by other proteases (reviewed in
Kumar, 1995; Henkart, 1996). Applicants’ observation that lysates of bacteria that
25 express GST-MACHo.1 molecules do not possess enzymatic activity, as opposed to the
activity observed in lysates of bacteria that express the CED3/ICE homology region,
suggests that processing is also required for MACHa. activity. The way in which MACHa
processing occurs within the mammalian cell, and how this processing is brought about by
FAS-R or p55-R triggering, is not known. MORT-1 has been shown to bind in cells to
30 activated FAS-R together with some other proteins (Kischkel et al., 1995). These proteins

are likely to include MACHa1 and other MACH isoforms. It seems plausible that the



| CE cl eavage as well as antisense |ICE cDNA, to protect cells from FAS-R and
TNF receptor-induced toxicity (Witzen and G anger, 1980; Ruggiero et al,,
1987; Enari et al., 1995; Los et al., 1995). A variety of other enzynes,

i ncl udi ng phosphol i pases, sphingonmyelinases and 25 protein kinases, may
participate in cell death induction by the TNF receptors and FAS-R (see

Ei schen et al., 1994; Vandenabeele &t al., 1995; C fone et al., 1995 and
references therein). Sone of these enzynes nay becone activated by the
proteol ytic cl .00 L by. t, .a .kl wever,
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receptor-triggering (Miura et al., 1995; Schlegel et al., 1996, Chinnaiyan et al., 1996).
Perhaps proteases that do not belong to the CED3/ICE family are also activated by
MACHLG, either directly or through the action of other CED3/ICE proteases. Involvement
of multiple proteases in the cell death process is consistent with the reported ability of

20 inhibitors of various proteases, including inhibitors of serine proteases and an inhibitor of
ICE cleavage as well as antisense ICE cDNA, to protect cells from FAS-R and TNF
receptor-induced toxicity (Weitzen and Granger, 1980; Ruggiero et al., 1987, Enari et al.,
1995; Los et al., 1995).

A variety of other enzymes, including phospholipases, sphingomyelinases and

25  protein kinases, may participate in cell death induction by the TNF receptors and FAS-R
(see Eischen et al., 1994; Vandenabeele et al., 1995; Cifone et al., 1995 and references
therein). Some of these enzymes may become activated by the proteolytic cleavage
initiated by MACHa. It also seems possible, however, that at least part of these other

death-related activities are stimulated by distinct signaling routes, independently of

30 MACHo stimulation. Involvement of more than one signaling cascade in the induction of



MACHal either in conmbination with MORTI or in conbination w th MACHBI
scored clearly positive for interaction of the transfected proteins.

Unli ke MACHI 31, MACHal did not exhibit self-interaction in the two hybrid
test. Both MACHal (C360S) and MACH(31 coi nmunoprecipitated with MORT-1 25
fromlysates of human enbryoni c ki dney 293-EBNA cells, indicating that they
bind to MORT-1 also in mamralian cesls. Testing further ifMACI-lal can
bind to MORTI also wthin rrarmalian cells, I\/ACHaI or MACHI 31, fused vvith

t he FLAG,oct ti de was e

nol ecul %%1 S@FS‘?’m&?Oa%IBPné %?’S%&%Szgﬁf&’%d m&gﬁg&?% gr%’e%%ggpt hei r
N-term fent QudultebEbbiaisest aamapielpdﬂ &Db&tﬁtsﬂﬁemmlstmdfeaﬁores anetIMIH f used
at its Ntéermnus to the HA epitope (Field 99 et al,, 1988) were expressed

i N Helapmebdsss indneadniypthedivi neeaptens (Gielt tealprigPe Mufm&ﬁtm@%@leslg(?f‘ t he
cells vva perf g oc o odi es agai nst the FLAG
oct apep ﬂ/ginggglt Er%d} Ego fan SR Vb(éal?% 5 Field et al., 1988) or

the p75 TNF receptor (#9, Bigda et al., 1994) as a control. The proteins
wer e anal yzed by 5 SDS-pol yacryl am de gel el ectrophoresis (12% acryl am de),

f ol | oned)MATH®@! hitidsgp MORT1 Bowéll gﬂfgﬂ GH81MACH 31 co-i mrunopr eci pi t at ed
wth MORTI fromlysates of the «cells, indicating t bind to MORTI.
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|soforms on cell viability was exam ned. The test was _perforned by
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expressi.on ve r,as.2a transfecti.on,m ke n h r
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MCF7 hu hr(gﬁﬁb GBE6HN IR HeCdthsr am hahaHsiTAr vacﬁedhbsca R GysteME i N

Dul beccg&g I f )d Eagg le's mininal essent |Hat% medi um supp‘lmyrtrentg%d with 10%
fetal cadsfduseCym,, nanegdanet ivth Sei @aAGEIods(C3H08))Uvad n@esyitatiokicitn eher 100
pg/ M 20 streptonycin. Cell tissue culture dishes (5x105 293- cells,

: B
3x105 Nmammélaw (segybrlv)HEr yeast| ILekg MACHR ¢ 1 3809} gﬁ%‘i Hly
tr a?sf e%rgu?s ecte yea t hE/I(?Iﬂ" ClI Y also to itself, It also bound to MACHB1. Also, yeast

expressing the wild-type MACHal together with MORT-1 or MACHBI exhibited
interaction of the transfected proteins. The intensity of the lacZ-product color varied,
however, among the yeast colonies; in yeasts transfected with MACHal in both the AD
and the DBD vectors no color product was observed, probably because of the cytotoxic
20  effect of the wild-type MACHal. Yet, in spite of this variation, yeasts expressing
MACH1 either in combination with MORT1 or in combination with MACHB1 scored
clearly positive for interaction of the transfected proteins. Unlike MACHB1, MACHall

did not exhibit self-interaction in the two hybrid test.
Both MACHal (C360S) and MACHPB1 coimmunoprecipitated with MORT-1
25 from lysates of human embryonic kidney 293-EBNA cells, indicating that they bind to
MORT-1 also in mammalian cells. Testing further if MACHal can bind to MORT1 also
within mammalian cells, MACHo1 or MACHB1, fused with the FLAG octapeptide was
expressed, together with HA epitope-tagged MORT1 molecules. #[S] metabolically
labeled MACHol and MACHB1 fused at their N-termini to the FLAG octapeptide
30 (FLAG-MACHal and 1), and MORT]1 fused at its N terminus to the HA epitope (Field



phosphate precipitation method, with the cDNAs of the indicated proteins
together with the f3-gal actosi dase expression vector. In one set of
experinments, each dish was transfected with 15 g of the MACH construct and
1.5 g of pSV-13-gal; and in another 25 set of experinments, each dish was
transfected with 2.5 Vg of the indicated MACH or MORT | construct (or, as
control, enpty vector) and 1.5 pg of? pSV-8-gal. The cells were rinsed 6 to
10 h after transfection. The 293-EBNA and MCF7 cells were incubated for a
furt heretl8.,| 1988) thayetexpaietli iorfd¢La celbst dmntunoffiseipitticn of ithes prageins iflogubat ed
for 26 Jt after transfection and then for 5 h jn the presenc | t her
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expressing the enpty vector remained viable. To exam ne the invol venment of

t he CEDS#AthGEORJHmIppeared tegheolawiar than shat ipé MAGHRICHa i soforns in their
apoptopic effects, cells were transfected with the expression vector for
the MACHBI isoform which | acks the CED3/I1 CE honol ogy region, as well as

Wity ex P@%ﬁi@@ YS164BEsSthia@ CoNAHBR CHINPITE ﬁﬁkﬁl@(i %w dinkdae telpf t he
region, and W th expression vectors for an or a

C-term dedthy truncated nutant of MACHal (MACHal(1l-415)), which |acks one
of the residuyes belieyed to be crifi or D3/ | rot ea fupction
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obser ved i o, £ell JARSHEMAASH Wb o BB ViaGiKi S&SEx@MiedC I PHe) te@CHEY red i n
293- EBNA or 7 cells transtected wth the expression vectors for MACHa3,

MACHal ( perfdrijedoby hatifedting3BR)H dvpressivarvectes ltegetheanaitie ot 8cakictasiderCHal
together with these vectors also exhibited very little c h,

| Dot PRI VERRERS SOIMHREE B REn® LoRENPRUNRNE kiEies PR BRI e
regi on ngrégﬁtgg&%%%@@mcgﬁgt effect on the activity of the wld-type

nol ecul es. tures expressing MACHB 1, which does not
In brief, 293-EBNA cells, MCF7 human breast carcinoma cells and HelL.a HtTA-1

cells were grown in Dulbecco’s modified Eagle’s minimal essential medium supplemented
with 10% fetal calf serum, nonessential amino acids, 100 U/ml penicillin and 100 pg/ml
20 streptomycin. Cell tissue culture dishes (5x10° 293-EBNA cells, 3x10° MCF7 cells or
3x10° HelLa cells in 6-cm dishes) were transiently transfected, using the calcium
phosphate precipitation method, with the cDNAs of the indicated proteins together with
the B-galactosidase expression vector. In one set of experiments, each dish was
transfected with 3.5 pg of the MACH construct and 1.5 pg of pSV-B-gal; and in another
25  set of experiments, each dish was transfected with 2.5 pg of the indicated MACH or
MORT]1 construct (or, as control, empty vector) and 1.5 pg of pSV-B-gal. The cells were
rinsed 6 to 10 h after transfection. The 293-EBNA and MCF7 cells were incubated for a
further 18 h without additional treatment. The HeLa cells were incubated for 26 h after
transfection and then for 5 h in the presence of either anti-Fas.APO1 antibody (CHI11, 0.5
30 pg/ml) or TNF (100 ng/ml), together with cycloheximide (10 pug/ml). The extent of cell



contain the CED3/I1CE region at all, did exhibit sone slight cell death.
This effect of MACHBI, which nost probably results from activation of
endogenous MACHal nol ecul es, was for some reason nore pronounced in
transfected HeLa cells. Mreover, 25 in HeLa cells MACHa3, MACHal(1-415)
and MACHal(C360S) were al so sonmewhat cytotoxic. MACHa activity appears to
constitute the nost upstreamenzymatic step in the cascade of signaling
for the cytocidal effects of FAS/ APOL and p55-R The ability of MACHBI to

bind to, both T-1 an CHal . suggest.s .that this isqformenhapces the 30
activi 938t hé eeneﬁ‘}né’? i g@l ARPuBaHan, Perigds o‘?’?wss.asfetssﬁd:%ﬂosdg}eﬁ’in & aﬁ?\%t Oftsom&* of
the MAGH s RIRfe0nMBesS6h, VR dRsldibkd 8P RlunfadREsl Q084 The ability of MACH(31 to
bi nd t(?glg’gl'gaﬁtoﬁlu%gr- fggeﬁd "MACHal suggesut sa that this isoformm ght enhance

t he acti vit yCakureheraasfastadtithadnl gxpagssionevecios aff eitiver. MA(eHm lod MACHodxi city

observed in 293-EBNA and MCF7 cultures transfected wth this isoform and
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i nvol ved in other, non-cytotoxic effects_ of FAS/ A]||1301 and TNF receptors. 10
(t) Bl owRimiglasy trpicHot paAROFON T FRIETR CEUS GRPFeFSIRg|the SRR IYeFiRn fepdiet py
Fas/ APQ. 1and y55-R To assess the contribution of MACHa to Fas/ APO and
p55- R c‘{/‘f‘%?oxi city, MACHO, as well as the nonfunctional MACHa! nutants,
MACHa1( 1- 415Y o asehmiM QiR (1G36RHent WET the eBEDSHSEN hbmotraly| segtdnatvithier ¢hd nduced
to exhibit this cytotoxicity. 15 p55-R-induced cytotoxicity was triggered
in tthe RUSCHBNofowhy in thyirtapapwpieneifects, celle et ansbistesk thhitge EERIEFFHBY

(Bol di n et 1 and. Fas/ AP: ot OXI-C] er-.exp i of

chi neri Xecﬁ?f?ittgf:meﬁmrlﬂf@ﬁnb‘f’ﬁf%acg{Ehrea(g%];)?)&ﬁgrh o) 100\§nl%%1§ é‘t%s?%lsgs?l? and
the traps enhla06n ddolsthy ROREHYS ahidR TR an N-tdrAilal\PioL of Tt Bgiohi sy a had a
far greater cytotoxic effect than that of the normal Fas/APOL. Cytotoxic
acti vit ivixh ekprekibravéedors € 1 AlEBo HIC3 608 nahddfed a Iiitermimally tryndateshmuianhofTNF or
anti-Fas/APO antibody in the presence of theﬁ&r ot el n-&gn})hesi.s | ocker
cycl oheMAfHe] (VHACHRL(A-HE)) shighrlackseqns ofrthe sesifiiey belicyed A pasefical jor

tr a?ss i eEEDe..S)fI%rEe}S)rsoitga@e %nctti%ins(cér?gs%%a)lﬁg tJ) %eﬁlul inSYéé).e”ﬁoed(é%m wond the
slight amount observed in cells transfected with an empty expression vector) occurred in
293-EBNA or MCF7 cells transfected with the expression vectors for MACHa3,
MACHa1(1-415) or MACHa1(C360S). Moreover, cells transfected with MACHal
together with these vectors also exhibited very little cell death, indicating that MACH
20 molecules that contain an incomplete CED3/ICE region have a negative dominant effect
on the activity of the wild-type molecules. Cultures expressing MACHB1, which does not
contain the CED3/ICE region at all, did exhibit some slight cell death. This effect of
MACHSB1, which most probably results from activation of endogenous MACHal
molecules, was for some reason more pronounced in transfected HeLa cells. Moreover,
25 in HeLa cells MACHo3, MACHa1(1-415) and MACHa.1(C360S) were also somewhat
cytotoxic.
MACHGu activity appears to constitute the most upstream enzymatic step in the
cascade of signaling for the cytocidal effects of FAS/APOI1 and p55-R. The ability of
MACHSB1 to bind to both MORT-1 and MACHo1 suggests that this isoform enhances the

30 activity of the enzymatically active isoforms. It is possible that some of the MACH



MACHa3 and t he nonfunctional MACHal nutants provided effective protection
against the cytotoxicity induced by Fas/APO or p55-R triggering. Such
protection was al so 25 observed, as previously reported (Hsu et al., 1996;
Chi nnaiyan et al., 1996), in cells transfected with a MORT-I N-term nal
del etion mutant that |acks the MACH binding region (MORT1(92-208)). These
protective effects indicate that MACH3 is a necessary conponent of both
the Fas/ APA - and the p55-R-induced signaling cascades for cell death. 92
MACH is expressed in different tissues at narke different | evel s and
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regions (e.g. MACHa3) are found to inhibit the activities of coexpressed
MACHa! orwitAdiaBofawineand s rathie yignifisant| eytotpwigradfectothet dcxertgdattielianepliet i on
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of the active MACH isoforns. Exanple 1 : doning and Isolation of the G
prot ei n HAYAPHIAad TN fa§8PtONORT- 1- Bi ndi ng Protein Mch4 15 (i) Two- hybrid
screen and two- hybrid p-gal act osi dase expression test Using the procedures
set forth hereinabove in the Reference Exanples 1-3, a new protein

desi gpat gf gibcNing drMhTIed mihiedh intedpRaNE ki Bexth! ingatsor By Fwd/A®OLe
possi bly a menber of the tamly of ICE-11ke proteases. The GL protein

cont ai ns amgpSABdul es with honol ogy to the MORT nodul es, nanely wth

honol ogy to t MORT-1 20 N-termn t, .t nodul of . the .MACH
prot ei ns (seeh§b85§“¥éFb?@ﬁE@““ﬁx%ﬁé4€8%93“é%gyggﬁgiﬁmgfsgﬁ%Fyfgﬁg?ggnd t he
MORT nody| 0 r t MRk el eiMaAMERA ((9¢ d

Fer nandesli\ﬁ%%r}lgir%f ?ﬁe%&gl a{ q‘i%é%gﬁlélrl ni 6%&%?%@5% 11\886) . Iéurtﬁ)era,n the GL
protei n haCHw(ERBYSRiete bxpredsedsiecdliskiyt wegiindudetiad exbibhahislcgpoardcitit o t he

enzymati c gprotease) regi ons of proteases of the CED3/I|CE fanily (for
exanpbe, p55-R-induced * cytotoxicity was triggered in the 293-EBNA cells by transient

over-expression of this receptor (Boldin et al., 1995a), and Fas/APO1 cytotoxicity by

over-expression of chimeric molecules comprised of the extracellular domain of the p55-R
and the transmembrane and intracellular domains of Fas/APO1. This chimera had a far
greater cytotoxic effect than that of the normal Fas/APO1. Cytotoxic activities in HeLa

20 cells was also induced by treating them with TNF or anti-Fas/APO1 antibody in the
presence of the protein-synthesis blocker cycloheximide. The HeLa cells were made
responsive to Fas/APO1 by transient expression of this receptor. In all systems examined,
MACHGo3 and the nonfunctional MACHco1 mutants provided effective protection against
the cytotoxicity induced by Fas/APO1 or p55-R triggering. Such protection was also

25 observed, as previously reported (Hsu et al., 1996; Chinnaiyan et al, 1996), in cells
transfected with a MORT-1 N-terminal deletion mutant that lacks the MACH-binding
region (MORT1(92-208)). These protective effects indicate that MACHa is a necessary
component of both the Fas/APO1- and the p55-R-induced signaling cascades for cell
death.



25 the protease regions of the MACH proteins and Mch4, and others).
Briefly, a clone of protein Q@ ('clone Gl') was obtained foll ow ng

two- hybrid screening of a human Jurkat T cell cDNA |ibrary using the
protein Mch4 as "bait'. A Gl4 activation domain-tagged human Jurkat T
cell cDNA library was used, and screening was performed using the HF7c
yeast reporter strain (Contech, PaloAlto, Ca.) in the absence 30 of
3-ami notriazole according to the Matchnaker Tt Two- Hybrid System Prot ocol

(Contech). T 1.a] f t ENBL e. i ng
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as a priner an oligonucleotide containing a |5dT stretch and, antadapt or
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synt hesi i gonucl eoti des having a sequence obt ai ned
fromjghe 5 nqn-TRALIGbrRPédredd andwaRedbad BEARtLEiIdaSIM@RERion fegSe pri mers
being used in a first-round PCR reation. Subsequently 1n the second-round

of the above PCR rdasing tba paeigiiuies setl fosh hgeimabeomitheRefsranae Esamples 1 ds ed
having a asn%gvugrr]o?gn fd[aggl]u;[tgcfe G? we?sqgc!)lgt%d R}Vahrigh Psfapgarelna}(lz lh(l)Jl%lol\()%oﬁ)sf tot z@n% hence

possibly a member of the family of ICE-like proteases. The G1 protein contains two

modules with homology to the MORT modules, namely with homology to the MORT-1
20 N-terminal part, the MORT modules of the MACH proteins (see above reference

Example 1-3 and Boldin et al., 1996) and the MORT modules of another related

MORT-1-binding protein Mch4 (see Fernandes-Alnemri et al., 1996; Srinivasula et al.,

1996). Further, the G1 protein has an enzymatic (protease-like) region that is homologous

to the enzymatic (protease) regions of proteases of the CED3/ICE family (for example,
25  the protease regions of the MACH proteins and Mch4, and others).

Briefly, a clone of protein G1 (‘clone G1’) was obtained following two-hybrid
screening of a human Jurkat T cell cDNA library using the protein Mch4 as ‘bait’. A Gal4
activation domain-tagged human Jurkat T cell cDNA library was used, and screening was
performed using the HF7c yeast reporter strain (Clontech, Palo Alto, Ca.) in the absence

30 of 3-aminotriazole according to the Matchmaker’™ Two-Hybrid System Protocol

(Clontech). The Mch4 sequence was obtained from the EMBL database. Using this



initiator ATG as well as an adaptor sequence. In this way it was possible
to obtain the full 25 sequence of an apparent splice variant of GL protein
whi ch contains the enzymatic (protease-like) region. This represents but
one of the suspected G isofornms. A prelimnary sequence of one such G
isoform a G splice variant, is depicted in Fig. 1, in which the upper
sequence is the nucl eotide sequence 2ﬂd the | ower sequence is the deduced
am no acid sequence of an ORF starting from ATG (nucl eoti de No. 482) and 30

termnating at TAA (nucleotide 1921), these start apd term nator
nucl eot i dbtainedi seguense, PRBrrimass vsye alesigngds by QLIGG4  t Soéivie ped thg PNA

sequence.. The G splice.variapt of Fig. has sQ _bee ativel
desi gnat SFSMEN cl?,rr.%_qurﬁmlgi §° g‘et FRARE; Qaéc I‘?gn%cﬁcalwla?/ 8@6&%@ e%yt eélgrse
prelim n@faﬁs&%@d&@m TIR)REmGhe tbEPRNATOb@RIBAqDY sfhd & h&Bodsd rficumt

havi ng two LES, putatively designated 5 'G P, in which the
upper seguence Henanhembilickle¥eindendshglieh cellsarddist pedinpnert efelighth arasi ther he

deduced am ng.acid s e o ORF . starting at .nucleotjde,No, .4 (ATGQ
and fer r?wﬁlﬁgll?fﬁ t_g? pgﬂ@f@%t‘fe&gor%@mﬂ%@ a(’f?’é‘»&?, a3 ﬁebaét 4 fogﬁaabpg?’nﬁnﬁé? or
codons belBGybiiAdheatifd phicedskeld BfS thohybild k&8eMUE! GHek Afers @EHARAE all
Furthermore, it shoul d be noted that the originally isolated G clone

obt ai ned codidigfsi agrethia Wiibhl wee gpeareslyas splisaiviatianeed the prassigtcopeningdiwe he

hor t [ i ant of lled, 4 . Fig. 2).,Thi i gi.nhal
0ol at of Mt O et 20 SIPRED b drend Drdiet shdal SoiPes b S
( CASP- 8) (sg@nwshﬂ\ £h9A%Bes%0hatas&e.taidnﬁqn¢aD\£DGéxﬂﬁ% DAEOAR bvelTPldrabled/thé

Modul es deat h effector domains' - D) just downstreamof its

N- t erimi nuwbtensior ofilasmnfbeg of &Ypressisd pgjuehiestags { gt )naintadhiog eaits ofvths seheance
possible to isola nd 15 characterize the cl.ones for .the |arqger
splice vafitkmeloes é'?a YA %‘ﬁg’rs‘tsé}f t eﬁFieé‘ereV?/ai%\@]ﬁf thefepare-pRasiply AJUIMEE]) j ce
vari ant raighdl if @ OMal b diail ANRL AGe RetbREodiRE WroRS@idiedioaR Of
caspases%Zg@%gﬁglgﬁtglgpﬁl}oﬁée‘ﬁ$ lt@aﬁ/&e&galﬁgvrsa rrbeer %f t(ﬁe1 %aspa@g flam'ol y. As
such G hhks iahanolbgars tdd€Egikatpecte3aShhd trat thiasgasee syawh agocatéd 3'owphe i son

of the Ga (CASHct) .and (3 (CASH(3) sequences with other caspase
sequencesG]vv%f‘éluE%FFrqtbéaﬂ"egOngtf’ttw@rl?ﬁb”fi&f”ﬁeﬁ’émg-det ails, especially the isolation

of tB? mouse G, SEAMP AR seasglcgfdgfgw%g%mgppm WREE ContBit &he PREEKEMKE ON Of

t he Diaw ngs' w respect to results of this conparison are
set fort knsgheivatekoa) keveiss thingeripBaset deactioni Whs pefaides @f taskdi RNA obtained
particular, the key to the indicated sequer]ces in this fi I &, are n(({)t ed
above undem vgiqussce 8BS YSHS 35 primer an oligonucleotide containing a 1 stretch an

an adaptor sequence to yield cDNA molecules. These cDNA molecules were then used as

templates in a PCR reation in which the PCR primers were designed and synthesized in

20  the form of oligonucleotides having a sequence obtained from the 5’ non-coding part of

G1 and an adaptor sequence, these primers being used in a first-round PCR reation.

Subsequently in the second-round of the above PCR reaction additional oligonucleotide

primers were used having a sequence from the 5’ coding part of Gl inclusive of the

initiator ATG, as well as an adaptor sequence. In this way it was possible to obtain the full

25  sequence of an apparent splice variant of G1 protein which contains the enzymatic
(protease-like) region. This represents but one of the suspected G1 isoforms.

A preliminary sequence of one such G1 isoform, a G1 splice variant, is depicted in

Fig. 1, in which the upper sequence is the nucleotide sequence and the lower sequence is

the deduced amino acid sequence of an ORF starting from ATG (nucleotide No. 482) and

30 terminating at TAA (nucleotide 1921), these start and terminator nucleotides being



of the Drawings'. 25 Follow ng the above initial cloning and sequenci ng of
A, in particular the Aa and G P isoforns, further analysis of these
proteins was performed (ii) Northern analysis and additional Sequence

Anal ysis Northern blot analysis revealed that the G protein exists in at
| east three distinct transcript sizes, 2, 2.4 and 4.4 kb, whose
proportions vary greatly anong differ®nt 30 tissues (Fig. 4). To obtain
the full-length cDNA of A (CASH), a human skin fibroblast cDNA |ibrary

(C ont echyqvwasd %ﬁ@ﬂi&%@'(w hhh@ neEBMdRr RBgencer TiRSBONGiiedvdrant BEFIE 1%as
sequence. Two c species, apparently corresponding to two splice variants

of GL waise lmbm;iunaevbljdaegrmt&ddebvae) The proteins encoded by these two

cDNAs sharedthe deat heff ctor taining N-term nal regio but
Chey ot i T i g chemacalpInErg She Aiemich sterd B a0
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(d a=CAS term nus e amno acid sequence in thi's | onger

Cterni naGmegn Whldhfthﬁl@paheq\&dcdf stthe nuclotgle sequmankcegyd the Ibhes sequeéndehie
pr ot ease recursor regions in MACH (CASP-8) and Mh4  ( CASP- 10‘% &see al so
Fig. 3). thiodedused aming pcid keavesesyef &t OFF %thrémgéémae}é%tl%lrfpeé%( EGhend

g;gg'eﬁ'neft%, FRLERS BB Ny SHIOPRIANSuRn Ak B RERIRD: ToRe0dRYO! O O

ease ac I'VI a contal ns

caspase- Shm%técﬂbyeaﬁﬁﬁléﬁnf)@nﬂienﬁ.xbl@oﬁcﬂdﬁquémer espondi ng to the
proteol ytic-processing site wthin the protease regions in MACH (GASP-8)

and Mch4 ( CASPurdprierhatledonld g goteé)thatpﬂw @rhglﬁ%lkyylsalateé QU it O?tﬁ@tﬂ Gla

can indeed. b ed at th| it th
macl bt | aemgant B G Rher Baferd i abYeali ot o B eRLipu Rty pLOT IR (o°
honol ogues; gf (s@é”F Q Tﬁ?orl&ﬂlﬂs&@féﬁ'@i cloRER)as aqai@dD cldhe GF.a Advel EIDNAS Of
both the nouse H(3 splice variants were cloned from nouse

liver nRNhitly 11kR'I‘Ml¥‘@fH (A}AS’SG’) @hd)rMCb‘GE(ﬁB&ﬂd%)cc@S@mmd o ‘AstbgdR®in was

dentified t. f t Based
on Thi s SeRIERbET oeteuSe et CRadhy BRmiR o E DR BRI ant
from mouse o ingls RN ERe3 1! thmorﬁnmtﬁ% whb EheheeREiBIe thisulaehhdt ase

reaction was perforned vvlth an oligo- adapter priner
(5' - GACT GRAGHETAGHGET NG dippes7R)y the darkéresphivk vasasr S o tandrtbe rshpitersgplice
$ Enge g? )\p@;ﬁﬁ%&gc%ﬁé ?zlirggr gpcl)lcg Q/%ng%n}llgdagtcu E[e(?{nnisal IngSKt”E %E}; gomologr] ?o fthr st
protease region of caspases and hence is likely to be a new member of the caspase family.
As such G1 has also been designated CASH for ‘caspase homolog’. A comparison of the
Glo (CASHa) and G1P (CASHP) sequences with other caspase sequences was carried
20 out (for further details, especially the isolation of the mouse G1 sequence, see below and
above under ‘Brief Description of the Drawings’ with respect to Fig. 3). The results of
this comparison are set forth schematically in Fig. 3, the full details of which, in particular,
the key to the indicated sequences in this figure are noted above under ‘Brief Description
of the Drawings’.
25 Following the above initial cloning and sequencing of G1, in particular the Gla

and G1p isoforms, further analysis of these proteins was performed

(ii) Northern analysis and additional Sequence Analysis :

Northern blot analysis revealed that the G1 protein exists in at least three

distinct transcript sizes, 2, 2.4 and 4.4 kb, whose proportions vary greatly among different

30  tissues (Fig. 4). To obtain the full-length cDNA of G1 (CASH), a human skin fibroblast
cDNA library (Clontech) was screened with a cDNA probe corresponding to the Gl



carried out wth the Expand Long Tenpl ate PCR System (Boehri nger Mannhei m
using the follow ng sense and anti sense priners :

5' - GGCTTCTCGTGGTTCCCAGAGC- 3", 25 and 5' - GACTCGAGTCTAGAGTICGAC- 3' (adapt er)
respectively. The second round was performed with Vent pol ynerase (NEB)
usi ng the nested sense prinmer 5 -TGCTCTTCCTGIGTAGAGATG 3', and adapter.
Sequence conparison reveal ed high conservation throughout the da (CASHa)
nol ecule (71% identity in DED region and 59% i n protease honol ogy region),
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pr obabl y [o) i r shared DED regions. t apl al-t hough. dnitially

El oned byOTheC ASHRY Ha o S8 i Snts sPBRar ety Hion & cBF HeHnabCilh® o)
GL(3 <( - j § i weakly to Mch4 (CASP-10) and
da (ﬁgﬁgﬂégg\ggﬁ?&g?j iggsyrﬁ)glag\gz{’{?%/ett%nﬂw@l&. It should however be noted
that the initiTak airind weid Ryduence Bctheclngea Cltanend regith of Gbeshosvedirhther ed
fromthis two-hybrid screen to assay binding specificity and hence, |

in
real ity ihighhomdogypecheserafbe proseagerarashmsopmgensiihy A6H ( -BINRR as t he

origi nal gl api resul t.s show The G, vari ant - - ci.at ed
and boungﬁefs‘gpé@g Igse taxsé)rlfs'g'b{}t Ylfggi’iw V%rotal% lﬁﬁ(eélasﬁv%?l ifﬁﬁ%%%{dggg%%lg?g&gor% ei ns
which, | ickRidVI6T WrElhde, Rty alsiodedich tiche ik ol magChe RIBY, oMeystelhel t hey
15 bind to a nunber of irrelevant proteins (e.g. lamn) used as specificity
cont nol s profeasexativite Intarestioglyt 168 of aomainera ofsp@k;substgate \soquears ahtthe wte e

expressed transi.entl in HeLa and 293-T cells and there was as t he
o et oGP eninG e e PR OT BT BIRESe St B hBsTA et ot Jn g atH

signalin Gyt Ll i TNF; ; i t he
oL anal | nGChSp RGP XSIUPISREG I rINE), BiiibacoURRSpLaF Sl
cyt ot oxi e¢hi indeed Iggaeadd aythiandite bo WA CHOGIatd iatlshaowvgn)of FAS- R, or by

domai n - of - pSBAREd EBORYCaEeRE A (O SBOFY LISHC O P 65 RSR'Y ChDs)
e N e X IR
the mouse CASHo and CASHP splice variants were cloned from mouse liver mRNA by
RT-PCR. An EST clone (GenBank accession no. AA198928) was identified as the mouse
homologue of part of the DED region in G1. Based on this sequence the mouse Gla
(CASHo) and G1B (CASHP) splice variants from mouse liver mRNA were cloned by
20 RT-PCR. The reverse transcriptase reaction was performed with an oligo-dT adapter
primer (5’-GACTCGAGTCTAGAGTCGAC(T), 7-*) and the AMYV reverse transcriptase
(Promega), used according to the manufacturer’s instructions. The first round of PCR was
carried out with the Expand Long Template PCR System (Boehringer Mannheim) using
the following sense and antisense primers : 5’-GGCTTCTCGTGGTTCCCAGAGC-3,
25 and 5’-GACTCGAGTCTAGAGTCGAC-3’ (adapter) respectively. The second round
was performed with Vent polymerase (NEB) using the nested sense primer !
5’-TGCTCTTCCTGTGTAGAGATG-3’, and adapter.

Sequence comparison revealed high conservation throughout the Gla (CASHo)

molecule (71% identity in DED region and 59% in protease homology region), suggesting



cell death by p55-R (CD120a) as well as by FAS-R (CD95). Expression of the
G a 25 (CASHa) variant affected the two cell lines very differently. In
HeLa cells it inhibited the cytotoxicity of p55-R (CDl120a) and FAS-R
(CDO5), simlarly to A (3 (CASH(3). In the 293-T cells, however, it
resulted in marked cytotoxicity. Simlar cytotoxicity was observed when
the da protein was expressed in 293-dsBNA cells (not shown). This
cytotoxic effect could be conpletely bl ocked by coexpression of p35 a 97
bacuIOV|r 1991;
Xue and TaPUR 4E SHEERPAREen ERLRLIRL rbaidh Bl PRTITORERUETLES sfcgen
protease (Mg @y in Ga (CASHa) to its cytocidal effect, the functi ons of
two mutants of the protein were exanlned These 5 nutants were
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expr d8sedwadiyhgd tséreen mmnf( Bxedél pm@m@dlfie at)ns thr})ybrlrﬁécrﬁarm agsAbr yoni c
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fetal calstlf-assooiated mmhbsm&hto ahchammq bwl did, ndtObxndJ/RﬂP periIiItADDl fedaptér 100
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To examine further the function of G1, its two variants were expressed transiently

in HeLa and 293-T cells and there was assessed the effects of the transfected proteins on
the p55-R (CD120a)-induced signaling for cytotoxicity triggered by TNF, or by
overexpression of the receptor as well as on the FAS-R (CD95)-induced signaling for
20  cytotoxicity triggered by antibody cross-linking of FAS-R, or by overexpression of a
chimeric receptor comprised of the extracellular domain. of p55-R (CD120a) and the
intracellular domain of FAS-R (CD95) (see Fig. 6). In both cell lines, expression of G1§
(CASHBP) by itself had no effect on cell viability, but it strongly inhibited the induction of
cell death by p55-R (CD120a) as well as by FAS-R (CD95). Expression of the Gla
25  (CASHq) variant affected the two cell lines very differently. In HeLa cells it inhibited the
cytotoxicity of p55-R (CD120a) and FAS-R (CD95), similarly to G1p (CASH). In the
293-T cells, however, it resulted in marked cytotoxicity. Similar cytotoxicity was
observed when the Glo. protein was expressed in 293-EBNA cells (not shown). This

cytotoxic effect could be completely blocked by coexpression of p35, a



25 depending on the identity of the splice variant of O and on the cell
type in which it is expressed. The inhibition of cytotoxicity induction by
G (i, and in the case of the HeLa cells also by Aa, is apparently

medi ated by the "death domain' (DED) region in this protein. It probably
reflects conpetition of the DED of G wth the corresponding regions in
MACH 30 (CASP-8) and Mch4 (GASP-10) $por binding to MORTI/FADD. 98 Wth
respect to the way in which CASHct causes death of the 293 cells, the
ability of the. p3 rotein to b i 0 i ff i,adi.c s, tihat
the cyt o?l%ﬁ?f’ .V{‘{y?s'?%‘%r?@d?aé?aesé 1nB1>bR§§é%ogC§3|5$i¥%eyta§§ @gglpg{ss(é%g’. 12%{%3(@?,@ a,
even thoughnrglizspasyi ng mar ked sequence honol ogy to the caspases, may
actual ly lack cysteine-protease activity since it does not 5 have several
of the conservEd asgsptieecoatribution of the regsindefepsoteder homalpey eGesdEASERY) by

activating other ml ecul es that do_.have caspase actjvity. Another
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prot ease gidbeylb Sorréspeadif pr thatemseds the pestzyserioare filemiwtech fesmallisshuntct
proenzyne nol ecul es (Wl ker et al. &994; Wlson et al., 1994, M¢ttl et

al ., 1997of thet MAYES gfotegse 15 99@@%: Bath ynuants fverp sleypid ol ity GEpOifeitst of t he

G a cytotpxic actdyi i i i _khhe
a1 pr obios€a® ik i COSHD A Rt hPBoS Rl AEAFTRANAEY bR
(CASHa) carp pRRYehdF ASW {95 @id ®C0nd Bubunit region of certain caspase(s)
in away that results in reconstitution of an 15 enzymatically active

mol ectl e. The heshoutd he natadi thet Het dreopkaveaproceditiguthe fallowinge meshods and of

activating other cas es, thus triggering cell death. Further, it also
ari ses (rglét?r‘f"g%%?e‘gﬁ%%‘i that G has at |east sone honology to another

protein cal | ed;WERBGRI(CA SHE:)i d¥dloh afuthits tahe tid Ewki/mgspxag(tmmarrﬂdwt ed by
IL-1. Thus, G may also be involved in other pathways initiated/ nmedi ated by
ot her  20chiytakiereprodused bpRCBf andies cabwergionelrlorongtechwaessr kheg1t(kevdDoni ng

d isolation of G i | t Q. | . thereof) the. fol low
char act er it carianty s BASH (€hB5 peBS R (D10 SeMBbitatrag PPl o
screep, ?;P&néﬂ%ﬁgm &nd 1RbaBhiBdisust f53 ;fn%ﬁ?g whrdbRHesed B flhfinfaliM bdisanthghence

is possibly invofved in nodulation o .
the pcDNA3 expression vector (Invitrogen). fB-galactosidase was expressed using the

pCMV-B-gal vector (Promega).

(i) The human embryonic kidney 293-T and 293 EBNA cells and human cervical

carcinoma HeLa cells (HeLa-Fas; the HtTA-1 clone) stably expressing transfected human

20 FAS-R (CD95) (established in present inventor’s laboratory) were grown in Dulbecco’s
modified Eagle’s minimal essential medium supplemented with 10% fetal calf serum,
nonessential amino acids, 100 U/ml penicillin and 100 mg/ml streptomycin.

The above findings indicate that G1 can interact with components of the signaling
complexes of pS5-R and FAS-R and that it affects death induction in a way that may differ

25 depending on the identity of the splice variant of G1 and on the cell type in which it is
expressed.

The inhibition of cytotoxicity induction by G1B, and in the case of the HelLa cells
also by Gla., is apparently mediated by the ‘death domain’ (DED) region in this protein. It
probably reflects competition of the DED of G1 with the corresponding regions in MACH

30 (CASP-8) and Mch4 (CASP-10) for binding to MORT1/FADD.



25 activity of Mch4 and MORT-1, and hence, by the nmechani sns indicated
above, G is possibly involved in the nodul ation of cellular events
initiated by the FAS-R and p55-R. As Mch4 is capable of binding to MORT-1
and is directly involved in cell cytotgxicity and ultimately cell death,
and al so as sonme isoforns of Mch4 are“known to inhibit cell death, it
arises that A including its various isofornms may be directly or indirectly

involved in both 30 cell cytotoxicity and cell death, as well as,
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Further, it also arises (results not shown) that G1 has at least some homology to
another protein called MYD88 which is involved in the signaling pathway mediated by
IL-1. Thus, Gl may also be involved in other pathways initiated/mediated by other

20 cytokines.

In view of the above mentioned concerning the cloning and isolation of G1 protein
(at least two isoforms thereof) the following characteristics and uses of G1 arise :

() Gl was cloned by a two-hybrid screen as a molecule that binds the
MORT-1-binding protein Mch4 and hence is possibly involved in modulation of the

25  activity of Mch4 and MORT-1, and hence, by the mechanisms indicated above, Gl is
possibly involved in the modulation of cellular events initiated by the FAS-R and p55-R.
As Mch4 is capable of binding to MORT-1 and is directly involved in cell cytotoxicity and
ultimately cell death, and also as some isoforms of Mch4 are known to inhibit cell death, it
arises that G1 including its various isoforms may be directly or indirectly involved in both

30 cell cytotoxicity and cell death, as well as, inhibition of cell death.
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(e.g. Gla) indicates that G1 or such isoforms thereof may be directly involved in cell
cytotoxicity and inflammation caused by various stimuli including receptors of the
20 TNF/NGF receptor family (e.g. FAS-R and p55-R) and others as well which act directly
or indirectly via an intracellular protease activity to bring about cell cytotoxicity and
inflammation.
(vi) Gl may act as an enhancer or augmentor of the activity of other proteins,
such as, for example, MACH and Mch4 proteins (inclusive of their various isoforms), in
25  the intracellular mechanisms leading to cell cytotoxicity, inflammation and other related
effects as mediated by receptors of the TNF/NGF receptor family and others sharing
common intracellular effectors. The enhancer or augmentor effect of G1 (or at +least
some of its isoforms) may be by the binding of G1 to these other proteins (as noted above
G1 binds to Mch4 and possibly also binds to MACH and MORT-1), thereby recruiting
30 them to bind to MORT-1 (including MORT-1 self-association), or to act independently of
MORT-1.
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protein isoformof (a) is SEQID NGO 4. 20 6. A nolecule in accordance with
claim1, conprising a DNA sequence encoding a GL protein isoformwhose
sequence is that of SEQID NGO 2 or 4, which GL protein isoformis capable
of binding to MORT-1 and/or MACH. 7. A nolecule in accordance with claim®6,
wherein the DNA sequence encoding said GL 25 protein isoformis that of
SEQIDNO 1 or SEQID NGO 4. 8. A vector conprising the nolecule in
accordance with claim1. 9. A vector in accordance with claim8 capabl e of

bei ng epreeifgaer‘ﬂ/I.i af’.‘(%%gr]mitoi%%%970%955&@5&0. 10. A vector in accordance

with claima8 c¢apabl e of being expreSsed in a prokaryotic host cell. 107
11. A vect@wari, M.agabr todag) Bibh Chkmai AT@18738prd7diing t he nol ecul e in
accordance with claim 6. 5 12. Transfornmed host cells containing the
vector i nleveasbMiaaiak (WI5K) EethBilg0.13. Transformed host cells in accordance

with claijp 12 kN [P9S aggordance with claim11l. 10 14. A
nmet hod foﬂoﬁrrl%egﬁgli\ﬁé' %%géﬁg%gﬁaﬁ&e 3\7%&"61?7(?%&{;@ capabl e of binding to MORT-1

and/ ors  MAib& ST ASétngl (1994 BiochehiiansIp3gmI3B0st cells in accordance with
12 under conditions suitable for the expression of an expression product;
15 ef f ectTrageypddt et tladSBA Nethed 3A8 8021064t i ons of said expression product as

necessary,, f or . obt aini i 2 .de; kol ating said pol ypepti de.
15. A net%%&f'%klgzbecg{r}l'd%%%z%vﬁ)E'O%ﬁ%g?%e 4?‘7‘%\’;112;7?3;3?18'the pol ypepti de has the

am no aci dandeRateel@Urngal i 955) Glerqds @eliBlol. 3G0Qr4nOWhose sequence is that of
SEQ ID NO 2 or 4, said polypeptide is capable of binding to MORT-1 and/ or
MACH, conpassalling:(189Dving Rev-drgnunold® 4ds#5%el |'s in accordance with 13

under,conditlane S HRR! ¢ Niof10bh B R85 AR5, an expression product;
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effecting post-transl ational nodifications of said expression product as
necessary for 25 obtaining said polypeptide; and isolating said

pol ypeptide, 16. A polypeptide which is capable of binding to MORT-1 and/ or
MACH, which pol ypeptide has the am no acid sequence of: 30 (a) a Gl
protein isoformwhose sequence is that of SEQID NO 2 or 4. 17. A

pol ypeptide in accordance with claim 16, wherein said sequence of (a) is
SEQID NO 2. 108 18. A polypeptide in accordance with claim 16, wherein
said sequence of (a) is SEQID NO4. 5 19. A polypeptide in accordance
with claim 16, which has the am no aci dggequence of SEQ ID NO 4. 20. A
pol ypeptide in accordance with claim 16, which has the am no acid sequence
of a 10 C protein isoform whose sequence is that of SEQ ID NG 2 or 4,
whi ch pol de is capable of binding to MORT-1 and/or MACH 21. A
pharmaceutical conposition for the nodul ati on of the FAS-R |igand- or

TNF- effect on cells conpri si nﬂ as active ingredient, the polypeptide
accor di ng'-t & '@P@P?ﬁlﬁf@mpﬂﬁ'”g? DINARSOHBRCS Brcoding %%‘Yﬂeé’tt'p%r‘f"h'(‘rﬂ" i§iqapablgof cel |

deat h sor i niplrRiFgRb MORPI10HRIFS A CH CIHTEH b@ly%?@t’aé(hag tHeOarRinb GckitdehBeé of:
introducing into said cells one or nore de in accordance with

claim16 in(@ fo'?ﬁ’ﬂfp('S‘Pte'inrﬁqf%{Eb‘fVWﬂeafreqPﬁf‘?%@G@tlof)ﬁEPHQr"é‘afZ ordy 23. A nethod
for the nodulation in vitro of the FAS-R or TNF |igand effect on cells
carrying a FAS-R or p55-R, conprises treating said cells with one or nore
pol ypept ideA @8@65"&"P\&C‘EQS"%']%Whl‘éa'ghb'a‘ﬂh%’eb‘fsatﬁ ﬁdl%@tet”dsﬂfﬂ‘-@‘r 0f (is fhat
MORT- 1- bi ndioghgepyioti@d». Wherein said treating of said cells conprising
introducing into said cells one or nore polypeptide in a formsuitable for
intra®llular introduction thereof 25 24. Use of a pol ypeptide in

accordance W hBleelidiimmadéridtce Wit dMiRPANAraR 18 DRRYegasmd encoling@akUG AL i Ng
cell death or inflammtory processes.
protein isoform of (ayls SEQ ID NO:1.

4. A molecule in accordance with claim 1, wherein said G1 protein isoform of (a) is that
15 of SEQ ID NO:4.

5. A molecule in accordance with claim 4, wherein the DNA sequence encoding said G1
protein isoform of (a) is SEQ ID NO:4.

20 6. A molecule in accordance with claim 1, comprising a DNA sequence encoding a G1
protein isoform whose sequence is that of SEQ ID NO:2 or 4, which G1 protein

isoform is capable of binding to MORT-1 and/or MACH.

7. A molecule in accordance with claim 6, wherein the DNA sequence encoding said G1
25 protein isoform is that of SEQ ID NO:1 or SEQ ID NO:4.

8. .A vector comprising the molecule in accordance with claim 1.

9. A vector in accordance with claim 8 capable of being expressed in a eukaryotic host
30 cell.

10. A vector in accordance with claim 8 capable of being expressed in a prokaryotic host
cell.



25. Use of a polypeptide in accordance with claim 16 for the preparation of
medi canent 30 for nodulating the FAS-R or TNF |igand effect on cells
carrying a FAS-R or p55-R '

107

11. A vector in accordance with claim 8 comprising the molecule in accordance with claim
6.

12. Transformed host cells containing the vector in accordance with claim 8.

13. Transformed host cells in accordance with claim 12 containing the vector in
accordance with claim 11.
10
14. A method for producing a polypeptide which is capable of binding to MORT-1 and/or
MACH, comprising:
growing transformed host cells in accordance with 12 under conditions suitable for the
expression of an expression product;
15 effecting post-translational modifications of said expression product as necessary for
obtaining said polypeptide; and
isolating said polypeptide.

15. A method in accordance with claim 14, wherein the polypeptide has the amino acid

20 sequence of a G1 protein isoform whose sequence is that of SEQ ID NO:2 or 4, said

polypeptide is capable of binding to MORT-1 and/or MACH, comprising:

growing transformed host cells in accordance with 13 under conditions suitable for the

expression of an expression product;

effecting post-translational modifications of said expression product as necessary for
25 obtaining said polypeptide; and

isolating said polypeptide,

16. A polypeptide which is capable of binding to MORT-1 and/or MACH, which
polypeptide has the amino acid sequence of:
30 (a) a G1 protein isoform whose sequence is that of SEQ ID NO:2 or 4.

17. A polypeptide in accordance with claim 16, wherein said sequence of (a) is SEQ D
NO:2.
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A polypeptide in accordance with claim 16, wherein said sequence of (a) is SEQ ID
NO:4.

A polypeptide in accordance with claim 16, which has the amino acid sequence of
SEQ ID NO:4.

A polypeptide in accordance with claim 16, which has the amino acid sequence of a
G1 protein isoform, whose sequence is that of SEQ ID NO:2 or 4, which polypeptide is
capable of binding to MORT-1 and/or MACH.

. A pharmaceutical composition for the modulation of the FAS-R ligand- or TNF-effect

on cells comprising, as active ingredient, the polypeptide according to claim 16.

A method for the modulation in vitro of cell death or inflammatory processes,
comprising treating said cells by introducing into said cells one or more polypeptide in

accordance with claim 16 in a form for intracellular introduction thereof.

A method for the modulation in vitro of the FAS-R or TNF ligand effect on cells
carrying a FAS-R or p55-R, comprises treating said cells with one or more polypeptide
according to claim 16 capable of binding to MORT-1 or a MORT-1-binding protein,
wherein said treating of said cells comprising introducing into said cells one or more

polypeptide in a form suitable for intracellular introduction thereof

Use of a polypeptide in accordance with claim 16 for the preparation of medicament

for modulating cell death or inflammatory processes.

Use of a polypeptide in accordance with claim 16 for the preparation of medicament
for modulating the FAS-R or TNF ligand effect on cells carrying a FAS-R or p55-R.



