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1 Yo, Emiic FERRERO obrando como apoderado del solicitante en & asunto antes

Identficado, me refiero al oficio numero 9142 notificado por filacion en lista el 18 de agosto de 2006

2 Mediante el oficio nimero 9142 se puso en conocimiento del solicitante el informe que
contiene las observaciones hechas por su Despacho sobre el examen de fondo de la presente
solicitud de patente

3 Allendo a las observaciones reallzadas medlante el oficio nimero 9142 de la manera
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Functional Analysis of TRAIL Receptors Using Monoclonal
Antibodies

Thomas S. Gnflith,'* Charles T Rauch,’ Pam J. Smoluk,* Jenmifer Y. Waugh,!
Norman Bolany,Y David H. Lynch,® Craig A. Smith,* Raymond G Goodwin,? and
Marek Z. Kubin*

mAbs wers generuted against the extracellular domain of the fouwr known TNF-relatcd upoptusis-inducing bigand {TRAIL) re-
ceplory and tesied oo @ paned of human medanoma cell lines. The specificity of the mAb permitted a precise evalustion of the
TRAIL receplors that induce apoptosis (TRAIL-R]1 and R2) compared with (be TRAIL receplory that potentiully reguluie
TRAIL-medinied apoptosis (TRAIL-R3 und R4). Immobllized uatl-TRAIL-R1 or -R2 mAbs were cytotoxie to TRAIL-seusitive
tumer ceila, wherens lumor cells resistant Lo recombinent TRAIL were uiso resistunt (o these mAbs und only becume seraitive
when cullured with activomycin D. The antl TRAIL-R] sod RI mAb-loduced deuth was charucierixed by (ke uctivation of
ntrucellolur caspusys, which could be blocked by curbobensyloxy Val-Aln-Asp (OMe) Busromethyl ketone (xVAD-Imk) und
curbobensyloxy-lle-Glu(OMe)-Thr-Asp (OMe) Guurometbyl ketone (BIETD-fmk). When used in solution, cae of the ant-
TRAIL-R2 mAhs was capabie of blocking lencins sipper-bwosn TRAIL binding te TRAIL-R2-expresung cells and prevented
TRAIL-indured denth of these cells, wherens iws of ibe snth-TRAIL-R1 mAbs conld {nhubit leneine zipper-humun TRAIL bindisg
1» TRAIL-R1 Fe. Furthermore, use of the blucking soll-TRAIL-R2 mAb sllowed w 1o demonstrute thad the signaly trensdwced
through either TRAIL-RL or TRAIL-R2 were necesary und sulficient io mediate cull desth. In cunirast, the expression of
TRAIL-R3 or TRAIL-R4 did oot appesr t be a algnificuo? factor in determining the resistunce or sensitivity of three lamor larget

cetly 1o the efiects of TRAIL. Yhe Joarnal of Immusciogy, 1999, 162: 2597-2608.

munological functioms, such as cell ocuvauon and death

{1 2). TNF and Fas hgand whch are buth cupuible of
uxiucing apoptosis, huve recerved the most ntense study due 1o
thelr panicipation m auiimmune duorders. Bctivation-iaduced
tell deph, unmune privilege, awd tumur cvasn from the Immaume
sysem (3-7) TNF related apupwsis-inducing ligand (TRAILY
(4} w another family memnber that 1 cupuble of miducing apoptoses
TRAI wteructs with fve distinet receptors  DR4 (93 DRY/
TRAIL-R2 {10-12) TRID (TRAIL receptor withoul un utracel-
tular domainyDuR UTRAIL-R3 (10, 11 13}, TRAIL-RVDcR2
(14 13) (hercafter rufermed 10 a8 TRAIL-RI R2, R3 and R4,
respectively). and oteoprotcgenn (OPG) (16). Both TRAILL-RI]
und TRAIL-R2 contun cytoplagmoc Jeath dommns, wnd ther gver-
expresyion awndwtey i apoptosis af gersive celly (9-12). Incon-
tram, neither TRAIL-R3 (which s glycosylphosphaudylincsltol-
hnked) nor TRAIL-R4 {whch Is 8 type | membrane prten)
cunluins & complete cyloplasmn deuth domain, and negher cun
measale Rpoptosls upun igetion with TRAIL (10, t1 13-15) OPG
bs & suluble recopor tht is capuble of binding o TRAIL m vitro
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und biocking 1 RAIL-Induced upoptoss ¢ 16). Beeouse they bind w
TRAIL whhout dinwtly signuling for cell death. TRAIL R3.
TRAIL-R4 and OPG inay by pruteviive reveplors scsing enther as
menbrane-bound vr soluble aningonisti receplors (10, 1) 15. 16)
ur vin the Wunsdislion of an antupopiain. signal (14) Therefure.
tho presence or sbsence of TRAIL-R3 TRAIL-R4, and/ur OPG
may deiermune whether o cell 18 realstant or sensitive respecuwly
w TRALL-induced opoposws (10, 11 13 16)

To further study the function of the denth-imluang TRAIL. re-
ceplorz {TRAIL-RI and R2) dlone or 10 combunstion with the
receptors that do nut induce death (TRAIL-R3 and R4}, mAbs
were generated sgaunst cach of the human TRAIL receptors and
wed w0 souly u panel of TRALWL-scngtive and -resistant buman
oelanuma cell lines churucienzed previously for mRNA expres-
swm of the (our known TRAL receptars (17) These mAbs wore
evaluated in levms of thewr sbility W induce wpoptoss m 1be mel
snurna cell Lnes {when added m sohutson or when snmobiled on
culture pistes) 10 block the binding of TRAIL Io meisnoma cells
expresing TRAIL-R] undior K2 and to inhibi the Jemth of
TRAIL-senaliive lurget cells upsn caposure 10 TRAIL. Theso
mAbs also allowod us w lest whether remsiance 1o the cytoloxxe
clucis of TRAIL 18 influenced by the expreasion of the putative
"decoy recepions”™ TRAIL-R3 andfor TRAIL-R4,

Matenals and Methods
Cell hines

Tha bumun melanorm cell lines (WM 9 35 V8-1 ol 793 I341-D, and
3211) ware provicd by Dr M Ieriya (Wisaw lnginac, Philadelphm, PA)
wad callared tn DMEM supplemenied with 10% FBS, penxcillin, sircpw-
wyc and plutamioo.

Ceneration of ann-TRAIL recepror mAb

BALRX mx'e (The Jackson Luborstory Bar liarbor MUY) were htmurnuncd
with a penled fuslon prows consinlag of i extracylbular dooun of
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bumm TRAIL-R B2, -RJ or R4 coupled W the coraiand zojpon of
bamaa [pO1 (TRAIL-RFe) Ia Tilermas (Cytx Corporsuon, Nosoruds,
QA) Mz, were boasted threg bnes wnd splecn cells were fised whb the
onrine myelogm N3I in the proscoce of 30% polyethykne giyeol = FBS
Tullowed by culture In DMEM/HAT and DMEMAIT sclccuve media. Su-
pemalant fum posiive wells were ieticd for e abntity W bind e 4p-
proprate TRALL receptor m s B [SA {cell based BLISA vmg CV1 s
transfiected with TRAIL reveptar civA) and for ractivaty 1o buTRAIL-
RFc m Western blute, (lytrooss that podued Al thad bowmd o
buTRAIL-R Fe but oot lnsman 1p01 were cloned by Lhree sounds of Iin-
iiog diluhon. mAb otypes were decermmed W be I3Q1 (MTT). MITZ,
AMIL MA1) MA3l aod MHS) G2 (MZ7] MI73), snd IgQ2b

(M4L1) ull mAte were purified by peowin A sifnty chromaograpiy
Leucine vipper-human TRAIL (LZ-huTRAIL)

The LZ-hTRAIL cxpreasun pisdond (12) and 1he prochuction and ponfi
canan of [Z-beTRAIL baw. been dacnbed chewhere (28).

Analyny of IZ-huTRAIL binging 10 melanum cefls

Toe surface expresiam of TRAIL novepion(s) was determined by fow cy
wmetne annlyin by measurayg the bodmyg of LZ-BuTRAU (17) Brefly
cells were incubuicd with 10 pg/ml LZ-WuTRAL (o 3% BSA i PBS
(FHSA) for W mm an low The cells were wmbed la PBS, followed by s
ahfinon of 3 busioylanx] aalr-laxiee xipper mAb (M3 10 up/ml 10 3%
PRSA) for 30 min tm iy Afler mosbaion cells wore winhed m PRS s
then meubmied [ur 30 min un e with phycoerythris-conyupnied swepia-
veim {SA} (diimed 17200 o J% PHSA Sgma 3L Loun, MO). In some
cexs cclls were proincubuted with tie TRALL receplor-specific mAb (1O
pgml for 30 mm m k) W dewennme which mAb couk) inbebit LZ-
MUTRAIL blodmg. Cells were smulysad an w FACScan {Becwon Dickomua,
3w km. CA).

Inhibition of LZ-haTRAN bwmding 10 TRAIL-RI Fe

To tetemune whether any of tw ant] TRAIL-Rt mAb crobd bluck the
binding of LZJuTRAIL 1o TRAIL-R! a modified ELISA was usal We
voaled 96-well ELISA plaics (Coming. Curning, NY) wuh | ugiml gout
antbkbumm 10 Ustlson inmseolesearch, Wem Orove PA) fir 4 b at
4°C {all subseyuant sieps were alsw perfurmed at 4°C), followed by the
mckliwn of TRAU-RI Fe {1 ug/ml o 5% ooalsl &ry mitk (NFDM) b
P85-Toeen X (0.05% viv)) ovorught Wells were weashed wub PBS-
Tween and subseymemtly blocked with ¥5 NFDM Io PBS-Tween. Allr
1 b the mulk was removed and the si-TRAIL-R]1 mAbs were added (10
ppimi sarung conceatration dilsted m 5% NFOM 1o PBS-Tween) fix | b
Wells were washed, folluwed by the addllion of L7Z-AwTRALL (1 pg/ml
diluted 1n 5% NFDM o PBS-Tween) for | b After wahing, by ks
smrleonne zpper mAb (MI3 1 up/ml dibted o 3% NFDM o PRS
Term) wi sdied for | b Followisg the washmy of the welks, berseradoh
paoakius (HHRP-SA (dilued 17500 m 3% NFOM i FBS Twem Zyined,
Son Fracusco, CA) waa sdded for | b Wells were waahed, and colon-
metne subsirase (TMP microwell prraxdese: subsmie sysiem  Kukegasrd
an) Perry Laburstones Gauthershung. MD) was addel. Upon colur devel-
opment, 11,50, was aded to stop th resctxm and (he plate was aulysed
on an HLISA piate resder o OD 0, The poyermt mbibution of LZ-MUTRALL
nmling wes dytevmined weing the follrwing cquaton 100 X (1 — [e
pnaxnisl gowp OD — backgrom) ODY{untreased proup 0.D. — back-
ground OD))

Western blatiing

TRAIL Mot Mchnoma ceils were lysed i PBS conmamyg
19k Noakict 1-$0, 035 mg/ml PMSI? 9.5 ug/ml kvpepin smd 13 7 pp/mal
popstalin A The hnies were ceunfuged 2 14,000 X g o neaneve cellular
debrn, and the protem vourcatraigns of the camis were determmed by
colonmetne bechbomiue aewl salyss (Piesee, Ruckiond L)  Equal
smounn of prowka wete sepanucd by SDS-PAQE. tramsferred (o u pitro-
cellulnge meadas (Novex San Divgo, CA), 20d blocked wih 3% NFDM
 PBS-Tween 20 ovemnight & 4°C The membrase was mcubated with
TRAIL receptor mAb (L pp/ml la $% NFDM io FBS-Twaz) or OFO
molyclosal Ab (dilnted 1/10UD ko $% NFDM o PBS-Twuen. provaded by
Dr E. Churk, Univergity of Washington Scattle, WA) for | b After wash-
g, the merobrane wes Incubased fix 1 b with an anh-momse HRP Ab
{Amersham, Asfiagion Helpiu IL). Pollowing acversl washes, the blol
were deviloped by cheniluninescence accanding 10 the mmsulacturer’s
ponxcy] {Rensasance cherllumanescemee ogenl. DuPont-New Englitd
Nuckwr Boson MA).

Pulp(Al)ribese) polymernne (FPARF) Nt Melanonm cell wers oxu-
botd with |0 ug'ml TRAIL-R] andfor K2 mAb for 30 mm, fulkrwied by

TRAIL RECHPTOR ANALYSIS WITH mAb
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FIGUME 1 Spxithny of TRAIL recepur mAb and Westxn biut unal
ysis of TRAIl receptor expressiod la homes swhwmoms ccfl lney A
TRAIL recephr mAb spectiicity was confinned wilng ihe forr Glferent
MTRAIL-R P choneric molecuks by Westein blol mmlyys. HalFaFe
was wied =9 & pegative control 8, TRAIL recepior expresion m husnan
mxcluoma cells was detcrminal by Westero blotimp an desnbed in Ma-
ierials end Methods

the widdilon of 100 ng/mil LZ-buTRAIL. Cells wrete hymed alter 4 b, and
proteln concenimiiony were determaed, clectrophonesed, and runsfrred
w a vitrocelinlose membmae &3 owtimed abuve The mewbmoe was ipeg-
baiex] with a rabbli sxel-PARP Ab (Research Dmgnosiscs, Finadurs, NJ) fer
| b Afker wishung, the membrane was wevbuied for 1 b wit m set-rabbn
HRP Ab [Arscrslsimn). Follbwing several washes, (he bioes were develope:d
by cheimummestoncy a8 described sbove

Cysotancity axrays

Tumer vell emadtvity 10 TRAIL or TRAIL-RLAR2 mAb wi sssayed by
Incubstmg U cells In 96-well phures with the inuscated pmonnt of purifed
LZAuTRAIL, TRAIL receptor-specific mAb, or both m soluthm er 1m-
mohifsd 1o te curure phic. ba some mAb 1o TRALL-RE
sy B2 cmbobenrylosy-Vel-Al-Asp (OMe) Ouoromethyl ketune
{zVAD-fmk). carhubairyloay-lle-Ok{OMc)-Thr-Asp [Obe) Ouoran-
iyl ketome (ZIETD-fouk) (20 uM Enxyme Systest Prudoew, Lrvermore
CA), or srtinomyem D (Act D) (30 op/ml) was addesd ip dhe cubure me-
dumn before moubation with LZ-buTRAIL or mAh. Cell denth was deter-
mined by chwominm retewse (3) or cryatal vioks salalag (18) after 8 or
34 b nspectyvely w deacribed prevansly Resulis are presented ns the
perceatage of cell demih uring the follewing exualis: 10 X (lovpen
meatal group cpm — background cprl/imazunien rpm = backproum)
cpm]) for the vhromlum releaic experkments o 1U0 X {) = [experumsntal
groug QODJfunreted group OD]} for e crystel vivlet expesinens

019
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FIGURE 2 Cymioal efivce of soluble anil-TRAIL-R] and -K2 mAD u bumas nxbusons celb A twaad of 10000 **Cr labekad wiclinoms cellr were
wided 10 each well of $6-well mucrother placs coutaining soluble sotl TRAL-RI mAb (M270, 271 272, or 773), TRAIL-R2 mAb (M411 412 or41])
or LZ-huTRAIL Each value represenss lhe mesn of taee welb. Hor clarky SE bars were amitied from the graph bul were < 10% For all data ponns

Expenments were parfonned 31 heest theoe Umes with each cell llne,

Revults
Production of TRAIL mAb

haperimens analyzing the TRAIL necepor famuly howe beun fim-
ned by the lack of roccpiur-speaific Abs. Thus, mAba were gen-
erated that cold yerw. 83 loods 10 Ineasure proteln expression and
dissect Individhunl receptor fusction Soluble fion peoiems con-
sisting of the cximeeliular portion of each buman TRAIL receptor
coupled to the Fe domnan of buman igG) (WTRAL-R.Fc) wen
used to ymunnee muce and gencrate mAbs that were rescibve with
the apecific huTRAIL-R I but not human IgQ1 by ELISA (daia
ot shown) or Western blorung (Fig. [A). In sddion, the ant-
TRAIL receplor mAb vnly remcted with the appropnsie CVI/
EBV-tncoded micicar Ag cells ransfecied with cDNAs for cach of
the four TRAIL receptors in 8 slde binhng asmy (data not
shown), further domonstrating recuptor specifloity and na cross-
venctivity with the wher dee TRAI reveptors,

These mAbs were then used 1o screen & panel of human mels-
mma cell lincs by Westen blot amlysls {Fig. 18) this panel hod

been chanucinnesd previowly for us expresson of TRAIL rocepor
mRNA (17). The resulia of this screenung whontfied several paurs of
TRAIL-senstrve and resistant cell lmey a1 having the same
TRAIL receplor cxpresson patiom. kor caample WM 33 (scnm
tive) wnd WM 3211 (remstum) omly eaprczsed TRAIL-RI
TRAIL-R2 md R3 were expressed by WM 3 (senstive) und
WM 164 (repszant) whereas WM 838 | (scasiive) and WM
1341 D (ressiant) capressed both TRAIL-RL and TRALL-R2
Lastly the TRAIL-sensitive line WM 9 was found to express all
four TRALL nxeptons The acven melanoma cell lines wore also
snalyzed fur OPG expressxun. and none were found to express this
protesn {daia not shown) The doublet scen in the bt wath the
anti-TRALL-R2 mAD (M41)) 13 connisient with provious observa-
vors predicting two variants of TRANL-R2 resulting from an 11
dekton & the amune termious (12). These resulls on TRAIL re
ceplor prot i expressiun wre concurdant with the RT-PCR resulus
exammug TRALL receptor mRNA exprexsion (1 T) amd excend the
erher obsurved tack of cormelation between decoy TRAIL recep-
lor (TRAIL-R3 and Rd4) mRNA expression and TRAIL resistaxe
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FIGURK 3, Cywknlr cffects of mmubilized 30U-TRAIL-H| sad -R2 mAb un humas mclanoms eclls. For immobeleaium 96-well microtier plates
were Incwhaied avernight st 4°C with the differcnt mAbs dlared in 0.1 M soduum incarbonade buffer  After washing wrils with PBY  10* *'Crolabolal
neckmoma celln were ndded 1w each well of macrotler platcs consinng kmmobutinsd son-TRAIL-R] mAb (M2, 271 272, ar 773), TRAIL-R2 mAb
(M1 412 or 41)) ur LZ-wTRAIL. Each value represesis the pexn of dwoc wells. For chrity SE bave were osusterd frumn e graph bul were <109
for all dam posots Expenmenis were performed st keast (hree choes with cach cell How

Anth-TRAIL-R! and R2 mAi-induced apopiorls

The results of previous studhes using Fas-specific mAbs huve dem-
onsirated thit although they may act as anmgonuas when aiklod 1n
suluble form, these mAbs con act as potend agonuts when appro-
pristely cross-linked (1Y), Thus, 1t was of interest to determine
whether the wt-TRAIL R) and R2 mAbs scted in a sumins fush-
on Nome of the ani TRAL-Rl and oaly one of the anb-
TRAIL-R2 mAbs {M412) wsted were sble to Induce lyss ol
TRAIL-scnuuvwe melanoma cetls when added 10 culiures 1o solu-
than In an $-b 'Cr relcase assay and e lyss muduced by M412
wes weak (T'ig 2). Moreover the TRAIL-resistam melanoma lincs
(WM 164 131] D amd J211) were uiso resutan W soluble ant-
TRAIL-RI and R2 mAb-induced lysss. Interesungly all of the
unir FRAIL-R2 md 1wo of the TRAIL-K | mAbs tha faibed to or
mmunally muluced lysw of TRAIL-sensutive melanoma oclls when
mhicd n solution displayed increused lytic ability when inmobl

liged to the culture plute (Fig. 3} Agmn. ths lysis wes only seen
wih tho TRAIL-setmibive melanoma hines and not with the

TRAIL-vesstan) ines. Thus, these rosults demopstraie thul mels-
noma <ol semmvay W anti-TRAILL recepor mAb Is comparuhle
with thut of TRAIL, and lurther suggest thal the nonsignaling
TRAIL-R3 and R4 do not play a mipur role m rosistance o
TRAIL-unuhwod wpoptosia

Inkibition of TRAIL bending and TRAIL imdwed apoptosis by
anil TRAIL RI and -R2 mAb

Threo methods were empluyed W determine whether the ant-
TRAIL-RL and R2 mAbs wevs sble lo blovk LZ-buTRAL bund-
ing 1o the appropriste receptons and provenst TRALL-induced apo-
posis. Unng the TRAIL-seisuve melanoni cell Iines shown w
express only TRAIL R2 (WM 33), TRAIL-R) and R2 (WM 58-
1) or TRAIL-RZ ad R3 (WM 793) the unl-TRAIL-R2 mAbe
wore it apsessed for their abilty to block the binding of 1Z-
huTRAL =3 measured by flow cylometry Cells were ncubuted
with the anti TRAIL-RY mAb, control mAb, or oo mAb for 20

o
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FILURE 4. Inbibidon ofLZ-huTRAIL kindiag by st
TRAIL Rl and -K2 mAb. A. WM 35 (TRALL-R2 ).
WM ¥8-1 (TRAIL-R!  -H2"), m) WM 793 (TRAIL-
W2' -R37) celk were ocubshd for 20 min with
TRAIL-RZ mAb M412 M-1). comirol mAb W82 wr
o Ab Call were wasbed nod subucyueantly Loeubuted
with 1LDUTRAIL, notinynie] monsn astl-leciee rip-
per Ab MIS, zad phycocrythrio-conjugnted SA =s de-
senbed 19 Maserinly and Mrthois Cells were analyacd
by flow cylometry w messore LZ-DUTRAIL baxhog. 5
and C' Ishibdlon of LZIWTRAIL hinding 1o TRAIL-
R Fe amd TRAIL-R2]® napectively by the recepor-
specific mAb a8 deseribed 10 Afmeriulr coul Methods

Finovescance Inteonlly

1 - - mn
WM X
— ] - mn
-—-:n o -~ gy
— WM !lw - mn
— R [T
— Nedb
2"
=4
(]
me 33 1 uw on
JgAT and-TRAR-F1 mAD
c
mn 150 1 - w2
- 13

LZ-TRAIL binding

min fullowed by Incubatun with EZ-hTRAIL Sccomlwy re-
ugents were then added 10 mowsure Lthe level of LZ-buTRALL umd-
ing 1o the celln M413 mAb wes found to completely b LZ-
huTRAIL binding to WM 33 (Fig. 44). However as expecicd
M413 could nat fully whibit LZ-WTRAIL binding to either WM
98-1 or WM 793 cells, which express widitional TRAIL receplors
The anr-TRAIL-R2 mAb, M412 was umble lo wiubll LZ-
MTRAIL binding ar scen with M413

To determmne whether any of the aot-TRAIL-R1 mAb also dlis-
played o mrmlar ainlity o biock LZ-wTRAIL biniing to TRAIL-
Rl » modificd ELISA was used with tho TRAIL-R] F. finkn
protein  This axsay was uscd because none of the melsnomu cell
Imnes evailsbic expresscd TRAIL-R] in the absence of TRAIL-RL
Two of the snii-TRAIL-RI mAbs (M27] and M173) sigmficanly
Inhibsted the binding of LZ-WWTRAIL to TRAIL-R| Fe {Fig. 48).
In siditon. M270 could ulso whibit LZAwTRAILL binding, b
only st the highea Ab concentration. To confirm that this assay
acvurutely measurcd the inhintion of LZ-buTRATL binding, 2 om-
tlur experument was performed wing TRALL-R2 Pe and the antl-
TRAIL-RZ mAbs M412 und M41) tha are shown i Fig 44
Indeed. unly M413 anhubiied LZ-buTRA binding 1o TRAIL-R2.
. whoreas M312 Jul aol (Fig 4C). Collecuvely these resuhs
demonsirute that two of the anti TRAIL-R] mAbs and om. of the
ant-TRAIl R2 mAbs ure cupable of inhabiing the buwing of LZ-
hTRAIL to ther respective feccpions.

Next we temed the capabniny of the M27) und M413 mAbs to
uct 35 anlagomsts by protecting these TRAIL -senantsve melonoma
cell Iwoes from TRAIL-induced dewth The duia demonstraie thu
the sddition of M413 sigauficantly decrensed the amoum af death
scen following LZuTRAIL addson o WM 35 and WM 793
target cells, buth of which express TRAIL-R2 but not TRAIL-R]
(Fig 54). Wheress the preincubaiion of M412 was onable (o pre-
vend the TRAIL -mduced death of the motanoma cells, there was an
increune m ovll dewth upon incubsixn wib M412 and 1Z-
BuTRAIL. This increase probably remlicd from the cytotozs: ac-
Uvhy of both M412 pnd LZ-hoTRAIL, becano M+ 12 waa the only
ant-TRAIL-RZ mAb thun demonsguted this sctivity when in so-
fution {Fig. 2) The fact thut no such ighibttin wes observed with
WM 98-1 wrges cells soggests that death in this case was medisterd
via TRAIL-R1 signaling. Based on the rosults from Fig. 458 dem-
onstratang that the antk-TRALL-Rt mAb M271 cuuld miubi LZ-
huTRAIL bindwg to TRAIL-RI k¢ we tegied whether tho coin-
cubation of M271 and M413 could whibit the TRAIL-induced
death of WM 98-1 Wherews no mbibuion of desth wes seen with
the imdividual mAb, thore wes mgnificam Inhiblion whea buth
mAbs were added before LZ-buTRAIL (Fig. 58)

Western blot ssalyss of PARP cieavage In these three lines
found that M4 |3 could prevent ths upuptutic cvent i WM 35 and
WM 793 cells but oo mm WM 98-1 cclis (Fig. 6) Thua, these
results demonsirate thi the addiuon of M413 mADb In solwtion can
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FIGUKRE 8. lnhbhics of LZ4uTRAIL-indecyd deth with solobke Md 13 mud MI7] A The S8-well mbcrolitir plaics were seedded wab 5 X 10° WM
45 (TRAIL-R2 ), WM 98-1 (TRAIL-RI™ -R27). or WM 193 (TRAIL-R2* R3}") cells'well and allowed to schere for 6 b M412 (10 ag/ml), M4LY
{10 ug/mi), WHA2 (10 pp/ml) o medion was mlded o cach well 30 mun before sidding LZ-IuTRAIL. B LZ-hoTRAIL -mdinced deah of WM $3-1
{TRAIL-R1* R2 ) following riment wuh soluble Md)3 (10 pg/ml), MZ7] (10 pgfml), o M43 and 271 (10 up/ml exch). Protwction agales
LZ-DUTRALL -Induced desath was only proviied by protemting wih both M]3 and M271 Bach valu: reprepenty the mean of three wells For clarky S
bers were omined from e goaph bt were < 10% for all data polots, Hxpenmenty were performed threw (ones with coch cell line,

block LZ-mTRAIL busding to TRAIL-R2 and nhiblt TRAIL-m-
duced death i colls expressing TRAIL-R2 In the sheence but not
e presence of TRAIL-R] The nmults sl show tha L7-
buTRAIL binding o TRAIL-R] can be blucked by two of the
anti TRAIL-R] mAbs (M271 and M273). and that the sddwon of
buth M27) and Md1L) can Infubu the TRALL-induced death of
colls expresuing both TRAIL-R] and R2

Restuance o ani-TRAIL recepror mAb-induced biliing Is
mediuted by on intrecellulor imkibsior of raspase acrivation

Previous swdies cxaminmg TRAIL-induced apuptusls revealed the
wetrvahion of seviral caspases and determned that TRALL -resistomt

FIGURK o. Solubk M413 iphibhs PARP cleavags Ia TRAIL-A2- b
0ot TRAIL-R J-R-expregamy melasoma cells. Fiagks containing § X 10¢
WM 33 (TRALL-R2'), WM %8-I (TRAIL-RI R2') or WM ™)
(TRALL-E1 -R3 ) cells were swcubmied] with W12 (10 ugfml), M412
L10 ughnt), ar M413 (10 g/l for 30 min LZ-buTRALL (100 ng/mi) was
then aded 0 the cribs for 4 A, gl whach ool lymby were prepared sad
PARP chavage wis determmed by Wosters blos mmlysis.

cells could be converted to TRAIL-sensitive upot the addruon of
Act D(17). To dutermitee whether these events also uccured Jur-
ing antl TRAIL-R) uml R2 mAb-Inducod desth. the sensurve
melnooma line WM 98-] was icubsied with ummaobiilzed LZ-
MWTRAIL, M271 or M413 mAb slong wah the caspuse miibitors
*VAD or ziETD (20-23). The death Induced by cach resgent waa
inhibiled by the widuwn of 2VAD or tIETD (Fig. 7). Next the
TRAIL-naistant fmos WM 164 and WM 1341 D were incubated
with immobilized LZ-BUTRAIL, M413 or M27] 1 the presunce
or abaener of Av1 D bignuftennt cell death was Induced only in the
presence of Act D whareoa munimal desth ovrurred i rts absence
(Fig. 8). Stmilur resulia were also secn whea other anti TRAIL-R1
and R2 mAbs were used wih Act D (dala not shown) These
results indicaie thwt mAb crss-linking of the demb-inducung
TRAIL receptors does not slways lead W apoptotic cell death and
thut the mAb-Induced death results {rom the activation of the uig-
naling cascade soen dunng TRAIL-mduced spoplosis

Discussion

The four TRAIL receptors bunl TRAIL with comparuble uffirutees
{14), and when this fact s comblned with the observatlon duut
TRAIL-R) anl -Ré wre primanly capressed in nucmmt tssucs and
shaent  twincr ceils {10 11 135}, onc could conclhude thay the
expresswon of esther or both of these receplors would provude re
sutance (0 TRAIL-muuced apoptoss. However, it 18 imponan w
remembeor that the ntial reponts azumimng the distnbution of the
different TRAIL receptors weve a1 the transcript level via Norbern
biot enalysls (9-15). Akbough these reparts imbicsted the cells and
Lssues that could putenially express one or mon. of the TRALL

(013
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VIGURK 7 nlubuwn of immobitzed xon TRAIL-R) ol R2 mAD-muuccy apopsosts by oaspase-mhibaing peptides ' We meubstcd 96-wull diwroiier
plilcs overnlght a1 4°C whb M27] uul M413 dibend w 0.) M sodium bvcarhonsie buffir After washing wells wih PSS 10° 3'Cr-lnbeled WM 95-1
melanoms oells wee midhed 1 cach well of sucraher plases contuning 2V AD (30 pM), 2IBTD (20 pxM) DMSO or medis and suoubllixed LZ-BuTRAIL,
M2 or M1, Bach vahm pepresens the mesa of doee wills, For centy SE bars were ombited rom te. graph but were < 10% for all data ponts

Espenments were petformel i koot three mes with each ol line.,

recepions. it was unknown whether thege sume cells ad hissucs
ectually expressed the predwied reperioure of TRAIL receptor pro-
teirs More importuly perhaps, it was wwenan whether the nat
url expression levels of TRALL-RI and R4 were respunmble for
mediatmg nslance (o TRAIL-induced spoptosis, 88 onginally
sugpested (10. 11 13-13).

Using mAbs agaumt the fousr TRAR recepturs, we v ubh o
survey u panel of humen melanuema cell hines for TRAIL recepior
protein expression this pancl hod been charactermead previously
fior TRAIL receptor mRNA by RT PCR (17). We found the ex
pressmon of ihe TRAIL necepior proteins 1o be compleiely concor-
demt with the mRNA expression, such thul no curreletton botween
the cxpression of the presumed decoy TRAIL roveplor prolcins
amd resustance or seasnivity 10 TRAIL was observed. Although a
wer amouni of TRAIL-R3 w -R<4 prutein was detected ln the
vells expressmg these recepiars a5 contpured with TRAIL-R] and
R2 u s difficult 1o determune whethor thes low proten bevel pre-
vems these TRALL reveptors from conferring resistance lo TRAIL-
mediated spoptusis, This unceruunty 5 Jargely duc to the fact th
il 18 aot curently known how the diferent TRAIL receplors -
wmct with une ancther on the vell surface. nor is LI known how
much TRAIL-RY or R4 must be present on the surfaco of normal
(Lo., untransfected) cvlls 10 dusupt the fonnaison of TRAIL-R] or

WM 1341-D

oTR1Gghnl 300 104 133 111 O3 61 004 WX
LZT(nghnl) 9000 333 117 MO 123 4% 14 M

R2 mgnaling compleacs o provide protection (rom the wytotuan
cifcvts of TRAIL. a3 inilially predatted 1n ovenapression eapen
menls (10, [1 13=15), Although MAIL-K3 or R4 may act as
decvy when overeapressed subscrjuent to transfocton the results
preseniod here suggent that they do not eppear (o be proteciive
under physalogicnl vondnions. The mAbs used 18 this paper will
portnu further sivdy of these waes.

in addivuwn 1o snalyying the expression of the different TRAIL

recepiors, the production of agoautx. mAbs that were reactive spe
uficlly agmnst the doxth-mducing recopions TRAIL-RI und R2
mak 1L posssble 10 bypass the propumd prolcouve nature of
TRAIL-R3 and R4, therchy cxamining cell senmuvity sulely
through TRAIL-R1 or R2 cruss-linking. The decuy receptor hy-
pothesis proposed that i inefusmo of these protecuve receplons
o u timeroed receplor cunples bound by TRAIL would pre-
verd dewth-uduning signuling complex formatun und thus cunfer
resistance 1 TRAIL-induced apoptosus (10, 11 13). The lesung of
this decoy receptor hypothess with anti TRAIL-RI or R2 mAb
demonsiraied that mAb-Imduced spopiosis anly occurred m the
melanama cell hines that wen. ale scatilive (0 the neural hgand
TRAIL, regardless of the presenco or sbsence of TRAIL-R3 and/or
R4. Morcover the TRAIL-rasistan cells only became sensiive w
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FIGURE 8. Ad D makes rslsant melasomes scusaiive to both recombmant TRAIL and TRAIL reuepior mAD. The 96-well microvher plxies were
scxaled with WM 1341-1 or WM 163 (8 3 10" cxlishoell) pod allowed to mibere Fior 206 b Act D (30 nphml) wes midd to ench well smmedutely before
miling LZ-WiTRAJL. Bech valoe seprescats tre mesn of Gwee wulls For clulty SE bars were amined from the graph bul voe <10% for 2l dais pouts

Ixpenmacnis wero performed tuee umes with each cell Ime.
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the ann TRAL-R1 sl R1 mAbs whon culumed with A D fur-
ther supporing the wicn thet iniracaljuler regulation of TRAL-
induwed wpopiosis plays a greater protectve rolo i TRAIL sens!-
uvity or resistanco. Wy have recently found & comrelution between
high levels of the untispoptotic protein FADD-like IL- ] f-convert
g enzymenhibltory protean {24) in these buman melanoma cell
lines and nsstance tw TRAIL-Induced apoptosis (17). Although
these dmu suggest o ruh. fur FADD-hike IL- ] f-converung enzyme-
mhibiory proieln i the susceptihibity of tumor cells 1o TRAIL, the,
potenual conuibutsun of athey ntraceliutar malecules n regulating
‘TRALL revepror signaling ol apopius:s cnnot be excluded

To our knowledge, the mAbs used 1n this study have also kal 1o
the first demonsirstion thut naturally Lxpressed TRAIL-R | can g~
nal for cull death. Prevsvus studwes with TRAIL-R1 reled on over-
expresiion of the recepior oa tranafected colls 1o demunvirate the
upoplosiy-miducing nature of this TRAIL receptor (3). The ani-
TRAIL-R] mAbs are able 1o directly induce spuptotic ool death In
TRAIL-R1-exprssing, TRAIL-senaltive melanoma cells. Bevause
nonc of the eell linuy available express TRAIL-R) slone we could
not deturmane whether uny of the TRAIL-R]1 mAbs are capahie of
blocking JZ-BuTRATL binding w the colls and whiting cell
death uy seen with M413 However the use of an ELISA-bascd
assny with TRAIL-R| Fe found that two of the anu TRAIL-R]
mAbs could significanly whibi 1.Z-heTRAIL binding mn thus set-
ung suggesing that the mAbs sgainst TRAIL-R] cunld wnhibu the
TRAL-mduced spoprosis of colls that only express TRAIL-R] or
be contblned with M413 1w prevemt the dewsh of colls expresaing
TRAIL-R] and R2. This finding proved W be comat when ex
uwmining the sbiiity of the any TRAIL-R] mAb M271 or anti
TRAIL-R2 mAb M413 o nhibt the TRALL-mduced Jowh of
WM 98-1 (TRAIL-RI* und R2') wiclnnowa cells when addded
indivedully or \ogethur Prutection was only seen when buth
blocking mAbs were audded befure adding L/Z-TRAIL. This pro-
tection was also séen when the uther blockmg anli-TRAIL-R1
mAbs were combined with M413 (data not shown),

Recent findmngs bave demonstrouml that another reouprr OPG
Is cupable of binding TRAIL {16). OPQ u s secreted TNF rovep-
tor-refated protewn thut cen bluk ostéuclasiogeness i vire ond
ncrewse bunc denuty und act o @ prolochive sgenl againgd avan
cctomy-asswiated bone luss tn vivo when overexpreased (25)
Thus, suluble OPG may function as a compeuuwe mhibwor of fiy
cugmais TNF family higand, preventing the ligund from binding to
s cellular receptor In the search fur a hgand for OPG 3l was
determined tha OPG binds TRAIL ond cont tnhabat the TRALL-
Induced apoptours of Jurks cells, even though the binding affinity
of OPQ 15 shghtly weukoer than (he affiniies of the TRALL recep-
tors for TRAIL {16). Further in vitro studies whth OPQ have found
that TRAIL cun inubul Lhe aseoclastogenic obily of OPG (16)
These 1wy obeervations suggest that OPQ and TRAIL may func-
tion o nhibe one unother The roloass of OPQ from & cell moy
also scrve us a catunal nhibitor of TRALL-unhuced death, similer
1o the protection conferred by soluble Pas (26, 27). |t Is unfikcly
that OPG 13 involved m determiming TRAIL reslstance m humen
melanoma cellt, becmuse none of the seven buman meianuma cell
Imes used m this study were found to cxpress OPG prowin as
deterruned by Western blut analyss (data oot thown) 1lowever
OPG mey play a rok in preventing TRALL-induced apoptoss 1n
normal lusies or uther wmor ool types. Addiiwnal sudies will
mwod o be perfurmed W ahiress these posmibilites

The exwience of four TRALL receptory, twn with the ubidity W
signal fur apuptosis (TRAIL-R] ad R2) end 1wo wiilxna
{TRAIL-R3 und R4), ns well 28 the soluble TRALL-binding pro-
el OPG demonstraies the boloywcs! compleshy of ths receplor-
ligand system. The results presented here show that TRAIL-RI or

TRAIL RECEPTOR ANALYSIS WITH mAb

R2 Lgaion docs not alwsys lead o denih and supgent tas
TRA-muuccd apopioss 13 not regulaked ssmply through either
the competitive binding of TRAIL by TRAIL-R3 or R4 or by the
tranaduction of prowective sigonly mediated by either of these re-
coptors. It seems ikely thal multiple fctors function tog ther w
povile reslstance agavist the. oyotuan, cfects of TRALL, the most
mmporiani of whah appears o be inimcellular regulutron of
caspase actlvauon (17). Although many yuestons Mill remam un
answened reganding the brolugueal functvon of each of these TRAIL
recuptors and the signals gunermed upon thelr Iigauon, the TRAIL
recepior-ypeciiic mAbs desenbed here wall serve as valuable wols
i the fixure swdy of these eevplon.
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