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Fnl 4/ TRAIL FUSI ON PROTEINS FI ELD OF THE | NVENTI ON Thi s

invention relates to Fnl 4/ TRAIL and rel ated fusion
w@r@avmiissy and nmet hods of treating certain di SPEBES2009/003886

such as autoi nmune di seases and cancer with these

protei ns. BACKGROUND | NFORMATI ON A conpl ex interplay

of positive and negative signals regulates T cell

activation and mai ntenance of T cell effector

function. Menbers of the TNF |igand/ TNF receptor

superfamly figure promnently in this matrix of

signals, bridging cells of the imune system as well

as with cells r t o doi ng, TNF
o i Iy ﬁl&@’i‘m FRSION PROTEI g0 ¢

honeost asi s and pat hogenesis, via effects on cell

survival and death, cellular differentiation, and
i nfl ammat i on. FFSELDLOE BHE INVENTION oi mune

. . . : TINE | i aan
Thid YRR CRues i P TRATE R PofBled Mol phoRRg amd
methdBAldf) treatielg VA N( diYeakes alirth wealutohducene diseases and
apoptosis). TRAIL binds to a nunber of different
canggigiatie theseproteinss the TNF receptor superfamily,
some leading to triggering of intracellular signaling
pat hways and others sinply acting a s decoy receptors.
The triggeri ng BACKGROUND INFORMATIONAI L- R,
TRAI L- R2, and osteoprotegrin, and in mce the sole
A camppigeitsgplascebpesitive DI nogativgasignals regelates dt celhe

actik?ﬂﬁ@farg% ﬁ%{ﬂt&éﬁh%gpoqolc Xéﬁlsegfe%ﬁl%% [égé](?tgéltl N %epnatgeurrsa(l)f the

rrtic ce

TNRi gad pTNFeEdceitd £ gulpat-Rar il ffaf re A hi 19 fin 1@l & a8&trix of
. soluble TRAIL stored in secretory vesicles in response
signeds i hridging enllamd tbeHarmaindg sestesn 2% grell 8s wigaigells of

i.nhi hj ' | W] ral ani mal nodels. :
otnd B ST to L, SBYETSlp AT AREbrs contriut
to bexipeidsirnhahiidsth siLied paeBpRahktiss vidAE:ct2oAWdINSurvival
nodel for MS, has conme from
and death, cellular differentiation, and inflammation. From the
standpoint of autoimmune pathogenesis, interesting members of the TNF
ligand superfamily are TNF-related apoptosis-inducing ligand (TRAIL),

and TWEAK (TNF-related weak inducer of apoptosis).

TRAIL binds to a number of different cognate receptors of the TNF
receptor superfamily, some leading to triggering of intracellular signaling
pathways and others simply acting as decoy receptors. The triggering
receptors in humans are TRAIL-R1, TRAIL-R2, and osteoprotegrin, and in
mice the sole triggering receptor is DR5. Virtually all cells of the immune
system (T lymphocytes, B lymphocytes, natural killer cells, dendritic
cells, monocytes, granulocytes) upregulate surface TRAIL and/or release
soluble TRAIL stored in secretory vesicles in response to interferon and
other activation signals. TRAIL inhibits autoimmunity in several animal

models. Evidence for TRAIL’s capacity to inhibit experimental
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experinments invoking TRAIL / - knockout m ce, soluble
TRAIL receptor (sDR5) or neutralizing anti-TRAI L mAb
w@apads1of bl ocking TRAIL function, and enbr yRCI/TSHDEM3886
cell-derived dentritic cells co-expressing TRAIL and
pat hogeni ¢ MOG (nyelin oligo-dendrocyte glycoprotein
peptide). Interestingly, in M5 patients, soluble TRAIL
has energed a s a response marker for |IFN-b therapy,
auteirhimur®sacaphtlitisk@BAE) @ masfinadnodel foralliss tias bomienfrom
early and sustained soluble TRAIL induction_after

CXPEHBIEYY. InYeKIng RRAILY i kpneiownmigs, solpble Rid Lscsptor

(sDRSFBE Fe i FEATRTRITE ANBEHANE of ook IR,
funoen, andl ¢rmdirgonidsregaiclvderiegd dnteiticoéells eeld:gpressing
TWEAK and its counter-receptor Fn 14 (fibroblast
TRAJL A prdbpgeniq Nedei (Breelm okiga-gendraqyte sleceproteisy
NE.  ani . ) . ,
pep b ML VSLERTE SRERLPECRA) L BHAE SHRER, A3 k@ as o

resptdes marker JPhABNSP tthepdpy | Wit ehdse niBgiaRlyab eelbosd to
lial cells and endothelial cells. TWEAK pronotes the
treagmﬂntf shewingearlysumd spstpinegheelutde (AL sxduction after

the Byl TRALE PR 57 BRI phiifREe Eoripla for

exafRlé sthéreagpgsibn alalt SSRABVHRAbré@ldts brilin ¢elll $poptosis.
monocyt es). TWEAK stinul ates production of various

Bothrﬁ%ﬁhmndr@a%lymed@@qn emehsRied $n aregedticeimtation of T

cell£m| ecul es. However, the TWEAKi Fn 14 signaling axis has
ef fects that go beyond cell proliferation and cytokine
production. Interestingly, the richer set of functions

| i nked to TWEAK over the years include ones that tie
TWEAKaRdtibs aaunptesreqamtar Hmis dakecblant gpewhle 4ot tartindcible

1o 05 YR SRR g A BRSSP S0BE BB
a rangehsfhinamuvie aavdehon IEA AR seRtPpesdinkdadiis NK cells,
macrophages, dendritic cells, microglial cells, glial cells and endothelial
cells. TWEAK promotes the proliferation of some cell types (astrocytes,
endothelial cells, and certain human tumor cell lines), and suppresses
others (erythroblasts, kidney cells, mesangial cells, neuronal cells, NK
cells, monocytes). TWEAK stimulates production of various
inflammatory cytokines, chemokines and adhesion molecules. However,
the TWEAK:Fn14 signaling axis has effects that go beyond cell
proliferation and cytokine production. Interestingly, the richer set of
functions linked to TWEAK over the years include ones that tie into
autoimmunity. TWEAK increases the permeability of the neurovascular
unit, and its endogenous expression is elevated in the CNS during EAE
and acute cerebral ischemia. Moreover, TWEAK has pro-angiogenic
activity, which is of interest given the association between angiogenesis
and autoimmune pathogenesis. TWEAK increases EAE severity and

associated neurodegeneration. The induction of inhibitory anti-TWEAK
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activity, which is of interest given the association
bet ween angi ogenesi s and aut oi nmune pat hogenesi s.
WaYHAMIsmer eases EAE severity and associ ated PCT/US2009/003886
neur odegeneration. The induction of inhibitory
anti - TWEAKor Fn 14 Ab, via vaccination with the
extracel lul ar domain of either TWEAK or Fnl 4,
amel i orates EAE manifestations in rat and nouse
or FrddeAd, vidivacpinatsm svidsithe (d¥byadcedlwladelirhatrabf Bither
rol ggi.cal disease, and despjte an expandi ng set of
TWEAR LT B %5 ginelrates éfl‘lél%rréﬁ’é‘iﬂt‘?§t%t1‘b‘f‘§é§irﬁg§ ansbangase
modd@§e effective therapeutic agents. Wiile the precise
etiology of M5 is unknown, key features of its
pat hogenesi s and clinical evolution are energing.
Pat hogeni c_ effector T cells are thought to be pivotal
MultiplgsPigragis NSHIs 8 Aebiliplang menedegiceheisgase: rad despite
. j e I .such
an GRRAESAUHEAHIpP O RERE (HEH Tentlihl ARSI Heed for
morel dffdctiviel thprabeoicr ageritse WeHiBethd peetiselssibypiof Mand
interfering wth their transit to sites_ of )
unkpeipderie Gaiures il ity patiopasnasds iandhelimigeAieveiutionane

el PO 5B, B B L 100, i
the dixbalsal boad thAl€ menprhthependbipatR8ldre  cortdietig on these

Treat ment. Reviews 35 (2009) 280-288; and "The —
cellsp\yrsh-goala suahors Rlockiuptlarir actiyatiginsapdereractivatiogy

: : ' i pg’ 7.(2008), 4.11-425.

el AR EET o, MTLRTRER e Pl R Bt g o

theit heampsie seniitdsyepa itopeiiedrs eeshin s ONB protein
conprising a first domain and a second domain, wherein

the first domain is a polypeptide that binds to a
TWEAK | i gand and the second domain is a polypeptide

Both the TOVEAK f Bnd4 g TRASFRAILR signalingliaxesddve been

. . regent i nventi rovides a fusion

imp SRt in LIRCPLERED. eulienl RATEyREFE S eBalihdA and o
modiflaeiné: daeaie onvies eighttTRAIL?”?, Cancer Treatment Reviews 35
(2009) 280-288; and “The TWEAK-Fn14 cytokine-receptor axis:

discovery, biology and therapeutic targeting”, Nature 7 (2008) 411-425.

SUMMARY OF THE INVENTION

Accordingly, in one aspect the present invention provides a fusion
protein comprising a first domain and a second domain, wherein the first
domain is a polypeptide that binds to a TWEAK ligand and the second
domain is a polypeptide that binds to a TRAIL receptor.

In an additional aspect, the present invention provides a fusion protein
consisting essentially of a first domain and a second domain, wherein the

first domain is at least a portion of the extracellular domain of a Fn14
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first domain is at least a portion of the
extracel lul ar domain of a Fn 14protein and the second
waelemaiosssis at | east a portion of the extracel | BEHIS2009/003886
domain of a TRAIL protein. In another aspect, the
present invention provides a fusion protein conprising
a first domain and a second domain, wherein the first
domain is a pol ypeptide that binds to a TWEAK | i gand
prot@id dritk theseoondatmhain $s ait jehypa pordenhaelvilig eRrtracellular
inhibitory function. Pharmaceutical conpositions
domaymef & TRARNBIatgiR.on proteins, as wel | as methods of
treating various illnesses such as autoi mmune di seases
and cancer, with the fusion proteins of the invention
In adiothat sepeEgUheesre 2Rt ERvERECH Fidvilie & Mo DRAMMES
The invention is further illustrated by the follown )
comprasings firat damsin angd @ seqonddemaayl, oiharrin thechirgndemain

. nal vsi f.Fnl4- TRAL L rn_hlo | ysis .
is adBHERBaR sHRR it o WERK. BePal s gL ohd"85main is
dlypeptigetiedinktdh exRIsIsShyofE@nsh r ucts for Fn 14,
apFKFﬁ'I}RAI L, ﬁgﬁl 4-19gd (mut) and TRAIL. OQbserved bands
were consistent with the expected sizes of 8.7 kD

27.5 k 4. 1kD..,and 19.0 kD, respectively, .B) CHO
Phaffiats sl omehhEr S e ae SR TR o Prie Pre avieal as
metBldS GXRELEHZOMEARS iNHEsseP8dcRidsLaufGhmiediseases and

incubated a t 4Cwith purified Fnl4-TRAIL or rTRAIL in

cangexi WithatiecdBisientprioteims dlthemnvernéoneesaise pppvided.
menbr ane- bound TWEAK on transfectants, and the binding
of Fn 14- TRAIL to them was verified by flow
cytonmetry, using anti-nouse TWEAK Ab (B. | ) and
anti-nmouse TRAIL Ab (B. 2-5) a s detecting Ab,
respect i v&RIEK DESC) |QF R Fo (NGS

. d I d [ Li- TWEAK .
The g 9PRHBH e Phastrold 1 Sk ha e i T gich:

hi stogram; (B.2) TRAIL is not detectable on CHO

cells, when analyzed using anti- TRAIL Ab (solid black

Figuiend) Kxprassionenghbirenenal analysieof FirstodROy. (B.

A) V?é&%agetgl}){; gﬁéh§sig%£g %%%foqﬂrrr?e %%aggr?git\lwnee% 1Er|116|: 1éTro}nL293
cells transfected with expression constructs for Fn14, Fn14-TRAIL,
Fnl14-IgG1(mut) and TRAIL. Observed bands were consistent with the
expected sizes of 8.7 kD, 27.5 kD, 34.1kD, and 19.0 kD, respectively.
B) CHO cells were transiently transfected with a murine TWEAK cDNA

expression construct, and after 48h, were incubated at 4°C with purified
Fn14-TRAIL or rTRAIL in sodium azide-containing buffer. The presence
of membrane-bound TWEAK on transfectants, and the binding of Fn14-
TRAIL to them, was verified by flow cytometry, using anti-mouse TWEAK
Ab (B.1) and anti-mouse TRAIL Ab (B.2-5) as detecting Ab, respectively.
(B.1) TWEAK is expressed on transfected CHO cells, as detected using
anti-TWEAK Ab (solid black line) versus isotype control (filled histogram);
(B.2) TRAIL is not detectable on CHO cells, when analyzed using anti-
TRAIL Ab (solid black line) versus isotype control (filled histogram). (B.3
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TWEAK- expr essi ng, as opposed to TWEAK- negative, CHO
cells. Anti- TRAIL Ab and isotype control are

w0 epoeesm ed by solid black Iine and filled hiBEDYS209/003886
respectively. (B. 5) TWEAK-transfected cells do not
bind to anti-TRAIL Ab (solid black line) in the
presence of rTRAIL. |Isotype control is shown as filled
hi stogram C) L929 cells were cultured in flat-bottom

and9B-4)eTRAML apiopat adererilfdnesad mdierwdin14-TRAIQGsrAddddvky
nedium Sixteen hours later, actinomycin D was added .
TWEAKr exprassing.cas aProseg/tnel WEAKegative, (e eells.uhrt-

fipr 4- 0§j §:i.ve
TRATE B AR Rotspl conb i HinreBEntelT BY souPE oM it e
fille@ diisedgrada) tésgmltivslm (BB)eTMEaBhtiagssfedtedeed s ablsot bind
was determ ned by an MIT assay, as described in

to agirERAALA RGP ling) gntheprasgneeicd TIRALY. | thatypa

- e 1 vector A) As schematically
Con%&%)itl%tglelgw ﬁéqjggﬁé"cﬁ‘?it%%%m d incorporates in tandem a

C) Do2Ene@its arereasfiehte] (niflah-BdteofdFbe-weRPlheds 8t vk N4
the trans signal redirecting protein - TSRP) and a )
cells fupld pss 490 1Bk A Y| mediars eBietecnrhears kater hactiBomycin D

wasB§ 4B % ke g5, AP SRR e e A

anothél 2ai eFreleNQRARILASH FTRADL, 8¢ poisitereaeonBf2das then added,
Bi ol um nescent jmages were acquired after intra-

andpapltusfenieradnfinl teined ifonanfadditissialdy hn Phe dwgrsentags of

I i.d injection, | or s represent Dbi,ol um nescent
dead], el Wan Ueleimiried B3 20 MTT Agsays 23 descrled i Mo thidnls
andaliebindéds TRAI L were determ ned by ELI SA 20 days after

the injection of 5 ng, 10 ng or 20 ng of
Fnl 4- TRAI LpSBC2 1 plasm d. Figure 3. Fnl4-TRAIL

A OB R B

A) ABRAlHem&tieally depicted, the pSBC21 plasmid incorporates in
tandem a transposon cassette (with the EFla promoter driving the trans
signal redirecting protein — TSRP) and a transposase expression cassette
(driven by the UBC promoter).

B) Mice were hydrodynamically injected with either pSBC21 vector only
(right panel) or the indicated concentrations of pLuciferase-SBC21.
Bioluminescent images were acquired after intra-peritoneal
administration of D-Luciferin 22 days after plasmid injection. Color bars
represent bioluminescent signal in radiance (p/sec/cm? /sr).

C) Serum levels of Fn14-TRAIL were determined by ELISA 20 days after
the injection of 5 pg, 10 pg or 20 png of Fn14-TRAIL-pSBC21 plasmid.

Figure 3. Fn14-TRAIL suppresses MOG-induced autoimmune

encephalomyelitis
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measured by ELI SA 20 days after hydrodynamcally

injecting 50 mg of the respective pSBC2 1-based
wezpomssion pl asmids. B-D) M ce were chal | engePCTMs1909/003886

MOG i n CFA supplenmented with M tubercul osis as

described in Material and Methods. 48 h after MOG

chal | enge, m ce were hydrodynam cally-injected with 50

m g of the indicated pSBC2 1-based expression

A) Seonsi lewells of IFidli4/ B a4 -TiRAEL V\Ené4sl(gﬂb(im&ﬂ:)3 ahdi TRATD were
the clinical scale described in Materials and Methods.
megsyrgadie FEdledapd days atier Mélrﬁé&ﬂamlpﬁllx anjestingSppag of

the &‘Q%E{ctﬁ?enééiacéii Sq%as%ﬁé e‘l‘éﬂﬁ? g‘s r_panel),

mean I'nirca ‘mean clinical

B-D§ Mice werelahiaBengédl WffheMd)Gflﬁr(E‘F\AQsd}Qﬁl\&ﬁ%hﬁeﬂew&% M
14- TRAI L-treated versus vect or-onl y control group

tubegcatlpsisi %\QaﬂWC@bgﬁllﬂ Maveriat epddMiegheds vgtth hvften M,OG

chafl ke (50 Gtk WIEIENIDEILILEBRERS BEHISEN,LNT RLer

he-“vect or -

indishestd bS@IL‘YEl BB ex reé@%ﬂ%o@@@rﬁ&@ Uﬂdﬁvml mddd Qere
do not achieve Fnl 4-TRAIL'Ss therageutl c efficacy A-Q

scorggl acegndéng vocherelinisagscals deserbed hlydvl@é@m&hﬁ zad| y

PR S AL 080 8 0y B 8,
panef), BidehseSBeZddnan(s, TB%ch 1@55@@ dupld@isitivésmedd Bnical score

each/ nouse). Mean clinical scores for the indicated

(C) gndupsan\dinigal gegrse ea)dasadd (BN diys dlﬁerez&eah@twrsyhe

| at MCS of d
P 3 S RBE e TV AL T iR i bl B R Rl
s1grﬁﬁcaﬁ%hbc<t)fcﬁﬁge@ VRIS W M Bele9 U aBkY (mtﬂsyl wle@d Rhes
statistically significant according to Mann- \Witney U

differegces pedwosh, thehethen groups showmcasdidemesgtortomlytgreup

and the vector-only group are not
are% ?%ﬁ)gnlea%\ﬂm Serum | evel s of Fnl4-TRAIL were

det erm ned by ELISA 30 days after
Figure 4. Fnl4 and TRAIL in combination do not achieve Fn14-TRAIL’s
therapeutic efficacy
A-C) 48 h after MOG-challenge, mice were hydrodynamically injected
with a single dose of Fn14-TRAIL-pSBC21 plasmid (25 pg/mouse), or a
single dose of a mixture of Fn14-pSBC21 and TRAIL-pSBC21 plasmids
(25 ug each/mouse). Mean clinical scores for the indicated groups over
40 days (A), and on days 16, 23 and 40(B) are shown. Cumulative MCS
of indicated groups at day 40 is also shown (C). The difference between
the Fn14-TRAIL-treated versus vector-only control group is statistically
significant according to Mann-Whitney U test (p<0.05), where the
differences between the other groups shown and the vector-only group

are not significant.
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the injection of conbined Fnl4 pSBC2 1 (25 ng) + TRAIL
pSBC2 1 (25 ng), or Fnl4-TRAIL pSBC2 1 (25 ng). E)
woRG oY enged m ce that had been PCT/US2009/003886

hydrodynami cal l y-i njected with pSBC21 vector only or
Fnl 4- TRAIL pSBC21 were sacrificed 43 days after
recei ving the therapeutic agent. Spl enocytes from each
nouse were cultured in the presence or absence of

D) stirtine devdls adiret I TRANs/e0é dRERBiné&d byePLISI 30Rddys after
proliferation was evaluated a s described in Materials

the gygcipneiccomiined Fa1 kt-pSEeRh (25 18eadRASD pSBR2d (25 ng),
t f ni i . Fi 5. Fnl 4- TRAI L

orF%%é%ER%JF%#QEP§QC@§?§éWggog?oduL?FLﬁ in NEEbhallenged

E) %@?ﬁc%g@n 8 SnfafHANESd Bédh aﬁﬂn%@w}éﬁgé‘&%ﬂm

M tubercul osis and hydrodynamTal ly-1nje
pSBfi2 hvpSREorilyvercFal 46TRAIbipIBC21 TRad spGhi2éd 43 days after
Ani mal s were sacrificed 43 days after receiving the
receiHEgodlf therapemtic agents pPelerRYtEssHrem eath miise wWesee

[ r .. di

cugith 1o, Brothl SRR P IIRISR: Py kATl o MOGas
so peetide cahd quiotiferd@idn haiseevalanded eizcéeddribéd ivs Mitdrivs and

Lndicated cyt oki nes were determ ned by ELISA. Figure 6
Methogy; Requits asssbpwn asemeqint Sl dirmsa setalfiiacandce per
gro%ki neproducing cells in spinal cords of

chal l enged mice Infiltrating cells from spina
cords of pSBC2 1 vector-only and Fn 14- TRAIL pSBC2
l1-treated mce were isolated an anal yzed a s descri bed

Figure 3/BFa14aRAMND p¥BORUSnhlbRs RineChrdd\&ctih ik M&G-
cal cul ated by nmultiplying the fotal nunber of Iive

challemged pyice of each indicated cell type. The
percent ages and nunbers of cells are representative of

ick YRR SR CARITMUET PO bt o e
tuberculosis and hydrodynamically-injected with pSBC21 vector only or
Fn14-TRAIL-pSBC21. Animals were sacrificed 43 days after receiving the
therpeutic agent, and splenocytes from each mouse were cultured in the
presence or absence of different concentrations of MOGass-so peptide.
Cultured media were collected 40 h later, and concentrations of the

indicated cytokines were determined by ELISA.

Figure 6. Fn14-TRAIL-pSBC21 treatment reduces activated and cytokine-

producing cells in spinal cords of MOG-challenged mice

Infiltrating cells from spinal cords of pSBC21 vector-only and Fn14-
TRAIL-pSBC21-treated mice were isolated an analyzed as described in
Material and Methods. The number of the cells was calculated by
multiplying the total number of live cells by % of each indicated cell type.

The percentages and numbers of cells are representative of the
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A-B) Percentage and absol ute nunber of activated

(CD69+) inflammtory cells on day 7 post-MOG chal |l enge
w@Op/osicent age and absol ute nunber of CD4+ apdI/CER®89/003886

cells, and of IFNg, IL- 17, and IL-10 expressing cells

(am dst activated CD69+, cells or the total cell pool)

on day 7 post-MXG chall enge D-E) Percentage and

absol ute nunmber of CD8+ cells and of IFNg, IL- 17 and

perdeln-tége xRl asshber o€kths indiciard lklotygessdcdbifed Hadbineggips
igure 7. Fnl4-TRAI LpSBC21 treatnent reduces spinal
oftl'tr(@pqu;m ammation in MOG chal | enged m ce

A-BERE g MY aleGltue HPR0 A e &t BB b etory
celld bANSEATAbG - MOGt th&lRSh@nd 10% for mal i n phosphat e.
Spi nal cords were renpved, cut into siXx gl eces,

C-Dp Fseeriziagerapd earsolute npmberepgamgéadi R&J cellss amel of
i i, 1-h | . fast..b
1Nt R D R RS i BR SO C g el or
the ﬂftave@anodmbyltd&@vego@ﬂ MOW ERall@xgérum di sease scores
2, and 1 fromleft to right, respectively

b- Ewmelm |andhahsolets syenber pUERD aells amddoggmv s 17
14- TRAI.L- di
andd} B0 ¥ipliibize R B T4 re T IARRAIERE 5

Ti ssue sections fromeach of the six spinal cord
segnents were anal yzed for each animal. Scores of
i nf | arrmati on were assigned to individual sections

i t iteria: O i of |
Figuf LR 14 TRALO S HE S P habmant radicBR saral fa chin 1 &
1nﬂe{fﬁ¥ﬁ£ﬁoﬁ§n'lﬁb(§1&?§1%é®6 hfwkocytes. For each nouse,

the histological score is the sumof scores fromthe 6
MOGpihrllengedi nsieet hydsodFhendicallginjerdybd twith rSBEE 1Rrector

onlyipi Frdft- LR R Ry U BECUPARGEPSCMEH AV e and
10% ﬁﬁrmélﬁ’r?%}p@phate. Spinal cords were removed, cut into six pieces,
embedded in paraffin, transversely sectioned at 5 um and stained with
luxol fast blue and cresyl violet. ‘

A) Upper panel shows representative spinal cord sections of vector only-
treated mice with maximum diseése scores of 2, 3.5 and 1 from left to
right, respectively. Lower panel shows representative spinal cord
sections of Fn14-TRAIL-treated mice with maximum disease scores of O,

1 and 3 from left to right, respectively.

B) Tissue sections from each of the six spinal cord segments were
analyzed for each animal. Scores of inflammation were assigned to
individual sections based on the following criteria: 0, no inflammation; 1,
<5%; 2, 5-20%; 3, 20-50% and 4, >50% of the white matter is infiltrated
by leukocytes. For each mouse, the histological score is the sum of

scores from the 6 spinal cord sections. The difference between the Fn14-
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Figure 8. Fnl4-TRAIL treatnent reduces bl ood-brain
barrier perneability MOG chal |l enged m ce,
whgdoooessman cal | y-injected with SBC2 1 vector PREI/YS2909/003886

Fnl 4- TRAI L- pSBC21, were injected with Evans bl ue dye
on days 6 (A) or 13 (B) post-MOG chal | enge. Evans bl ue
was quantitatively analyzed in extracts of the
i ndi cated tissues, as described in Materials and

TRAlkttneatted Frmup ecosts theproeseok gtdup spstatisticalby sidraficant

of,.Evans bl ue_at. 630 cal c d as ng/gramti ssue.
acc ﬁénaéPz\ﬂﬁ%“?*H&P%t@T?Walpiﬂ&ﬁi fferences are

statistically significant. (p< 0.05), as detern ned by

Student's t test. In (C, concentrations of absorbed
FigutygeB.i irrsipt-TRA Mot tnfentactdurcesriblpodebrtsinsb&irier

14- TRAI L-treated mce with matched nmean cli ni cal
peregPddy (0 or 1) on day 13 post-MOG chal | enge. Figure

MO8 Bl UG S S B vocor

onlydes Ehilde TRATLSBCRA|, svérrdirlyet teddwithAEgask el @ye b days
14-TRAI L as a_nonomerjc unit (A, Fn 14 in blue and
6 (ArpailS (B) nest-MOG: elealtenge TRvans bluewasBiuastitatively

anafi;%fqagﬁl ‘%‘tﬁ% tsigﬁp ée iﬁ%lﬁ'a@%d {Igsdsilhe)s’i ﬁl%n tqur?t&%m I%:/lgperials
and atitods.| Mhegremded regidfsdiitithiengiecific HIDY¥RBafRd)If B¥ans

top, and DRS trinmer as ribbon nodel below). Figure 10
blug gt §3(ermeealasilatechasingigrasn tingven Fhe labtTRAKS ihdécate

t Q] i i SDS- P is~show ng the
tha i Bl G Ou e B Ry SRRl S 36 % e e
by SthdERMsLt @wsti fnc@)] eBneeAcRASorts B80EBsdPbéd 0y ednAPbir]

data indicating that Fnl4-Trail decreases the total
cordg plhercter osly dssusueF mhs vERAH treasad D¢ mithnimatthed

mes B HEFoE R L1 IR0, B8 RIS
response to ex vivo antigenic re-stinulation of
Figure 9. Structural model of the TWEAK:Fn14-TRAIL;DR5 complex
Three-dimensional models, generated as described in Materials and
Methods, are shown for Fn14-TRAIL as a monomeric unit (A, Fnl4 in
blue and TRAIL in white), the Fn14-TRAIL trimer (B, as ribbon model; C,
as space-filling model), and the TWEAK:Fn14-TRAIL:DR5 complex (D,
with Fn14-TRAIL as space-filling model, TWEAK trimer as ribbon model

at top, and DRS trimer as ribbon model below).

Figure 10 is a Western blot analysis of human Fn14-TRAIL fusion

protein.

Figure 11 is an SDS-PAGE analysis showing the products at different
sequential steps during the Fn14-TRAIL purification process.
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| ynphocytes recovered from | ynph nodes. Figures 14A-
14B are graphs of data showi ng that Fnl 4-Trail
wa@puabiaisst es EAE di sease progression i n MOG chedT/espeed003886

mce. Figure 15 is a graph of data indicating that Fn
14-Trail inhibits collagen induced arthritis in DBA
m ce. Figures 16A-16D are graphs of data from a
SK- HEPI Hepatona cell line (A), Raji malignant B cell

Figurienk2 (1§)a, graph ohdatanndidatgngthah&pdid-Traitldedreasss the

KNT3 F cultured in the presence_ of
total itk Pé of éBﬂ%‘é?ﬁﬁSé Ef)%ﬁré'eﬁe dHfiroan MRG-imupupzeb ghise.

Fol | owi ng i ncubation, cells were collected, stained
with trypan blue, and |ive and dead cells counted. The

Figutet K3 $é faV\grdIﬂ'l bé daes eshicatingeirobivovion 1 adbpéhteatment
exper.i nments. gure 17 is a graph of data from a
reduges s exdper B‘ﬁ%ﬁlk EESPPNHR t@mwe@ntpgqrn@ Isredandation of

RO LH S e OB iR IRB BRAEION Of the Tatter tvo,

Fol |l ow ng 24 hour incubation, cells were collected,
st ai ned vvlth trypan bl ue, and |ive and dead cells were

Figuresrt A 1 4 ara grapdisowndata sbprasgihat iRrel ‘bfrrari][@xﬁlehorates
h t
EAE BRERe e BB TR0 Ch e Rt el ST the

presence of different concentrations of Fnl 4-TRAIL,
STRAIL, Fnl4- Fc or the conbination of the latter two.
Figurs| 1 if aggrarel datadndigatsng that Fa ldeTsaid dnhebite ¢odlagen

]y}?&p S s tested by annexi nV/ Pl
lnds al %&%gﬁg%éﬁ%%\vqchﬁgg\ngtry The data shown is

representative of two mdependent experinments.
. DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein
FigyrgstiRA sifde iare ek ahdata fiam,a ScHFER hlepatoseal cell line

- 0 rwW_s r I eC| fied
. 45 AR B9 AR BB SR R
line$ QUONT 3, (O \ee1d F‘H B D) enlaugedsinndie presence of different
concentrations of Fn14-TRAIL for 24 hours. Following incubation, cells
were collected, stained with trypan blue, and live and dead cells counted.

The data shown is representative of two independent experiments.

Figure 17 is a graph of data from a SK-HEP1 Hepatoma cell line cultured
in the presence of different concentrations (as shown) of Fn14-TRAIL,
sTrail, Fn14-Fc or the combination of the latter two. Following 24 hour
incubation, cells were collected, stained with trypan blue, and live and
dead cells were counted. The data shown is representative of three

independent experiments.

Figure 18 is a graph of data from a SK-HEP1 Hepatoma cell line cultured
in the presence of different concentrations of Fn14-TRAIL, sTRAIL, Fn14-
Fc or the combination of the latter two. Following 24 hour incubation,

cells were collected and washed, and apoptosis was tested by annexin
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expressly appear. Also, any nunerical range recited
herein is intended to include all sub-ranges subsuned
w0 bapeds19 Where any am no aci d sequence i s speRCTUS209/§03886
referred to by a Swiss Prot. or NCBI Accession nunber,
the sequence is incorporated herein by reference. The
present invention provides, in one aspect, a fusion
protein which acts on the TWEAK and TRAIL signaling
V/Phsesinihgrarek flopi eyt@rhetiyonThe aagarsHwovhig représeitative of
donai n that conprises a polypeptide that binds to a
two mgependeahgxpeHmen$econd dommi n that conprises a
pol ypepti de that binds to the TRAIL receptor. In
particular, the first domain is a pol ypeptide that has
t he capPETAILED DESCRIPTION ORMENE INVENTION O
trigger through its Fn 14 receptor, and the second
As Lhﬁmglg‘ﬁrmgl in Y spepificatiomanddaimpr lreluding s vsgd in the

: exaril??(%%iaédt Gﬁpe%%h%tgl%%gﬁ\%f e%@?ggélg :s%e%uﬂ'llér%g:felg lnﬁ.lr%rbfs% t1]rrels[1y be

earing t cep Irs

readlagaf psefated g ceatdd efbdle, EVEAKS el tdifAldoes not
signaling axes include, for exanple, the Fnl 4 protein,

expreghlyappPpear. ddsevany vuamericalgamgederytgd rerein is intended

. [ { t | t el . .
o B BHE L5k, P50 BRGRER 65 IAEe B s
sequiérganik _é%@élﬁ&hﬂ?&lefé}@eﬂhb%@ﬁ $iwssSPrd¢ dreNEBINecetdidn
a s antibodies that bind to TWEAK, parts of antibodies

numbes, therfqusPAEAKNCERBOratsechcTaindsr refsrenes.
engi neered to bind to TWEAK. Preferably, the first
domai n of the fusion protein of thisenbodi nent is at

The lpgaséntip@rition prbvids, extd@e akpetara degmnnpaitelhevitienh
rotein, specifically that portion of the

14
actsega Eb§e’ﬁ WAt agshBRAl4figRalingrastass dor gxamplbiafisignt o

pro R BRGSO Dol L b

a TWBRAKalipandf afltea Wecdnldy@enfahrehelt dorepeisks ac pblyeptide that
domai n, or the portion of the extracellular donmain

bindsetg e MRAILf tcePP@RK bi nding, are al so included in

In particular, the first domain is a polypeptide that has the capacity to
interfere with TWEAK’s ability to trigger through its Fn14 receptor, and
the second domain is a polypeptide that can direct inhibitory signals
through cognate receptors on T cells or other cells bearing the TRAIL

receptor:

Suitable first domains in the context of the TWEAK and TRAIL signaling
axes include, for example, the Fnl4 protein, variants or derivatives of the
wild-type Fn14 protein, or other polypeptides or proteins specifically
tailored to bind TWEAK and prevent this ligand from signaling through
its Fn14 receptor, such as antibodies that bind to TWEAK, parts of
antibodies that bind to TWEAK, and lipocalin derivatives engineered to

bind to TWEAK. Preferably, the first domain of the fusion protein of this

11
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the present invention, so |long as the variant provides
a simlar level of biological activity as the
wowdidoesppe protein. Accordingly, the term " pol REEPS100€003886
that binds to a TWEAK |igand” as used herein includes
the Fn 14 protein; the extracellular domain of the Fn
14 protein; a polypeptide which is at |east a portion
of the extracellular domain of the Fn 14 protein, the
embpolimant isespleast bl porftion loif iberaxtracadlwEAOGhaganfithe Fn14
anti bodi.es qr parts of anfibodies t VEAK; |.ipocal.in
Protgan; %B??lgééﬁyé t\R.?Fi%é’n’i’t 9} R rFstrags PI%W%@J&W &%
e o b L S B YRR R o BRI s pbility
to bsed @ent triggert AenEmbird ner-boaink, Fhbdl nedepgort. h®¥ariants of the
., cytoplasm ¢, .  transnmenbrane, and. extracel |l ul.ar donmai ns,
wildt Riafqin the|sxsERts Helar dppaihovd Hig PestieR:el e
' : [ race l.ar .
extrg SRS i 8PS, (BE T EAK bR "Rl iflbluded in
the pnesamntbiodientitin, tdreldrig as tthemeimant ptévedes dl 4irhilRAlével of
. fusion protein is at_least a portion of the
bld%&‘lcﬁgé‘@ WiyAS HoeraV it dYPERIOkeHan Fn 14 prot ei n.
Sui tabl e second domains in the context of the TWEAK
and TRAIL signaling axes include, for exanple, the
Accdifihiglhyribiecierm ¢ pelypeptite tdtsbardses aVEWIBAK lidaridreas
;RAI L. protein, or other pol ypeptides or proteins that
useq herge il f;i"edg§i16nlé‘69t?81;i the extragelvlan demain of the

_ . . | icsy.Lhr ough
F1fptdielh £ FOSpaRAe iith Fat HANER ABARE U 25
extrandllubr donmiand/thie Bal AvaddteiRs tble powtiort responsible for

. these.Preferably, the second domain of the fusion
bmcaf.n&féa 3 TWEAL Sgapde @inkibrdies ogtpaeas antbediesntooT WEAK;
. ul ' f . [
ipotdin AR Bla S8BRSod At JEAVLIRLLLP Ry o these. The

ternbi“Rdildg is arad eifdfddd teaanbedice Walhymptidey conespondihi¥ a6 the
formof the extracel lular domain of the TRAIL protein,
Com&?e%%%la?t% sSAUCRE et thec Bnil ¢ protgbheinys e HRE bl e

cytofgri’%sry;‘)él ﬂrah@ﬁ’?&hﬁ?ag% %(ﬁ' gxtxaic%llﬂlélo dioﬂ%lilﬂ%? dclsi Vel tbes

sent’ i nventi on,
polypeptides corresponding to smaller portions of the protein, such as

the extracellular domain, or a portion of the extracellular domain. In one
embodiment the first domain of the Fn14/TRAIL fusion protein is at least

a portion of the extracellular domain of the human Fn14 protein.

Suitable second domains in the context of the TWEAK and TRAIL
signaling axes include, for example, the TRAIL protein itself, variants or
derivatives of the TRAIL protein, or other polypeptides or proteins that
are specifically designed to inhibit activation of T cells or other cells
and/or induce apoptosis through the TRAIL receptor, such as agonistic

anti-TRAIL Ab, and variants and/or derivatives of any of these.
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long as the variant provides a simlar |evel of
bi ol ogi cal activity as the wild-type protein.

we\ewoneisnyl y, the term "pol ypepti de that bi ndsPE€DUS2009/003886
TRAIL receptor” a s used herein includes the TRAIL
protein; the extracellular domain of the TRAIL
protein; a polypeptide which is at |east a portion of
the extracellular domain of the TRAIL protein, the

Prefpoaibbliypthe agpondi ddmalinrofithediusfont ratdiRAN tHi8caAbBHIiment
anti bodies (and parts of antibodies) to a TRAIL

is at le@shpportien of she gxtsacelinler drppinof fhe THAHnprefiein,
. m." " |t
speqifiEafty hHE dothilh dBi is IR oSS ERE A il A TRAlL o

receptdtie Veg i tst betheR@ild-py9¢ €brin dfnbleUsktidcdiNglar domain of
cytoplasm c, transmenbrane and extracellul ar domains,
the ﬁwgmroagnparytpk@pppm@n drthespondeeiiiles domhpirresponsible
ions af the .protein,,such,as the extracellular ..
for TSAH RESesttor B, e T Rt dF, FHeab At ¥epfion, so
longoA¢ tRERREH ATRNprdvige S BCHIREi18P [diel o@fbi&a;lgécaﬂi%%tkzilfyi akQhe

_protein is at least a portion of the extracellular
wilddbtagi Brefeinhe human TRAIL protein. In one enbodi nent,
the present invention conprises a Fn 14 /TRAIL fusion
protein. In another enbodi nent, the term"Fn 14 /TRAIL
AccédtEh8ly, Rheteirm “Erﬁ&?géﬁg”d% e SRR d § ’IFMIIPFeéHI{:I%?" Bs
identified by SEQID NO :1: SEQ ID. NO 1 HUWA
usegheseirrmaeludes the TRAIL protein; the extracellular domain of the

TRA@RGS%%%é?@L VXLRGLSB H{Té %\};@ %%ngelrs F>ac%or 1%\1/1\80 %KCNDCAS
extrREEIRAI rhaliRGRINE LISSRNS NG AL Cké Wéﬁﬁ%ﬁ%ﬂs‘%ﬂ&%
NGEL VI HEKGFYY!1 YSQTYFRFQEE KENTKNDK QI

bindirg e YPHRAILMCSARMSC\EBKIDhEY @sYBnQpa t sFef «ENDRHIGSY to a
WTNEHLI [ EASEFGAFLVG | n anot her enpodi , th
TRATL o F R et B B BT EP LAy igiese. “The
terns PERATLT i UsideRs ool & Brisieitel po19pepYidesork&pdAird to the
SEQ |D, NO 2 HUVAN Fnl 4-TRAIL o .
compiFHESURRLQ RCi/IsenenAE [FHIUACERAPC DAPGIRGHSVIBAI N BORDCA
cyto%%rﬁ%ﬁ%%r%%@ﬁé?g@g ';%Lc{'\e/\}/(tracellular domains, as well as
polypeptides corresponding to smaller portions of the protein, such as
the extracellular domain, or a portion of the extracellular domain. In one

embodiment the second domain of Fn14-TRAIL fusion protein is at least

a portion of the extracellular domain of the human TRAIL protein.

In one embodiment, the present invention comprises a Fn14 /TRAIL
fusion protein. In another embodiment, the term “Fn14/TRAIL fusion

protein” refers to the specific fusion protein identified by SEQ.ID.NO.:1:
SEQ.ID.NO.1l HUMAN Fnl4-TRAIL

MARGSLRRLLRLLVLGLWLALLRSVAGEQAPGTAPCSRGSSWSADLDKCMDCASCRARPHSDFCLGCAAAPPAPFRLLW
RGPOQRVAAHITGTRGRSNTLSSPNSKNEKALGRKINSWESSRSGHSFLSNLHLRNGELVIHEKGFYYIYSQ

13
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ETI STVQEKQONI SPLVRERGPQRVAAHI TGTRGRSNTL SSPNSKNEKAL GRKI
NSWESSRSGHSFLSNLH
WO BENGRAFIHEKGFYYI YSQTYFRFQEEI KENTKNDKQWQYI PCT/US2009/003886
YKYTSYPDPI LLMKSARNSCWEKDAEYGL
YSI YQGE FELKENDRI FVSVTNEHLI DVDHEASFFGAFLVG Bot h SEQ
IDNO 1 and SEQ ID. NO 2 include original signal
pepti des; these signal peptides can be varied
TYFREQEBFHERNA GNRKOMY Prel Y&l BEP D LEMFS ARNEISKPAE CE X PYESST [T KENDRIFV
svrgysteMpuEaskkcatheyr factors, a s woul d be understood by
one skilled in the art. Signal peptides are well known
in the art, and any desired signal peptide can be
i effer bAObA PR OBRIATIR LRSS S ey efers o
the kpeuifid fudibngerotéin idethtified by SEQ. IDn NOdRt i onal
enbodi ments, the Fn 14 /TRAIL fusion protein is a
vari ant and/or derlvatlve of the am no acid sequence

SEQSEB\,\,HO.R BEMAN] Bn@-TRML SEQ ID. NO.:2. In yet a n

addi tional aspect of the present invention, the TRAIL
ARGEIREDQNEAE WRALL RAM EIAPE T CEALEISRBATRPIMBE AT RS SE hHREChAAPPAPFRLLWY
ETI§}§%§%de9Q§LJ§ER§¥§%§EA&fyt?g?#EQ?Es§¥H§kn?3 Hgg i§§ %ggﬁéqgéE%FNLH

otelin I'va
LRNGELY HHNGEY Y ISP HEE CAREHEOT KN PPy @51 AI 6P RIS BLYHFARNG@ESKBAEYGL

vSIYQG Ot MEENSElr st ees i ovuehs ercarBveel |'s, natural killer
(NK) cells, NKT cells, |ynphoid progenitor cells,
dendritic cells, nonocytes/ nacrophages ti ssue-based

BotHRSEOPIRIRO, | nﬁﬁQGSE@ II?) wWybh Qail?fcjl'%gg ﬁﬁp% e%l'gal 2 6Rtldes

capaCity, and any on€ of 'a number pro
thesams]lggmm -pmpegkm cany bbedzdusedfamcexdmg 0 tleel deichlsl ofathe user,
ells. |l es of ?r}oryrgrotelns i.ncl ude, but

the gfcgrqﬁﬁlopl Ster, 1351 p Ft$ woulgrhe anqgﬁtood by one
skllﬁa i3 11804 0% ngpéeﬁﬁa lg‘;'x v%_lll-/l}bdoﬁv rin'ﬂm:oé Ja%ﬁl any

I nhibitory recepto e |1 gan
desaddigignal peptitiherarl bgansksd, dﬂcj/lﬂadilrtg)tl’ﬁmejramg\rﬂzaﬂ/ predicted
LA-4 is anaqgther inportant inhibjitory

|.arl
by 9%@?}? #vailahie siganlpePhde TaFPERIHGHR SOftHRANS lsrawn to those
Skﬂﬁ&}ﬁﬁﬂhé%§gptor i ncl ude some of the B7 nol ecul es, as
wel |

In additional embodiments, the Fn14/TRAIL fusion protein is a variant
and/or derivative of the amino acid sequence shown in SEQ.ID.NO.1 or
SEQ. ID. NO.:2.

In yet an additional aspect of the present invention, the TRAIL
component of any of the fusion proteins described herein can be
substituted with another inhibitory protein, i.e. a protein which prevents
activation of an immune response and/or induces apoptosis in T cells or
other cell types, such as B cells, natural killer (NK) cells, NKT cells,
lymphoid progenitor cells, dendritic cells, monocytes/macrophages,
tissue-based macrophage lineage cells with antigen-presenting capacity,

and any one of a number of non-professional antigen-presenting cells, for
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as agonist Ab. In this case the fusion proteins would
be Fnl 4/ B7x and Fnl 4/ B7 agoni st fusi on proteins,
WO eapeetsivel y. There is grow ng appreciati on tPer/US009/003886
cells my al so be key for driving autoi nmunity.
Addi tional inhibitory Iigands (fused to Fn 14) that
drive B cell inhibitory receptors, such as CD QO
(binds to CD72), CD5 (also binds to CD72), CD72 (binds
examplEDadoteli@dmellsi nBsamplesioRihhjbiagonpsoeifsinclude, but

Fc Rl | , - PDL- 2, , | R-
arc B¢ GTTER ed Ani4 INT - RRLE bopOLof: Exfat s badniand CDS1.
invention. The literature is replete with additional
exanpl es, such as those listed in Sinclair, N "Wy so
For Eramnile; BTLA ioay iRepertbortsfhilsitandreceptorranddB7x50ay be
| Mmunost |

the #géégb él% %Q%Ahf)%bgfgt@gerf légalaéﬁ @é'ryettr%@r‘a%yisléclq”«u&{rgitigr%&)ﬂaﬂy,
CTSS T B AR 0% o g

thisGaihibitbry ICTLA-4Céceptéameeludiesomb3of ﬁﬁ:?B?SﬂﬁﬂecﬁtZl@@Y}as well
al | mcorporaﬁed herei n_by reference. é the ab
as ageRistofBd InHiisi qase,ths BidpRPmitens o dveoﬁntlﬁé B7x and

0] present invention,
Fnlgzg;ar ﬁ ngga??%OEEbgrgé%égﬁtiﬁyvely as
polypeptldes havi ng an inhibitory function®

Accordingly, in addjtianal enbodl ments the present
Therqizarowhgreprecation that Bralls meyalsedbekeyiosidsiving

s DB bRl B Lo 1L P e

cell Enhtmﬁpzy%\depEﬁ sﬂ;/s!i(bl'gam”@DRDD (b‘fﬂaéltGDZDm‘fnCﬂﬂﬁ@a,
Fnl 4/ Pl R- B, Fnl 4/ B7x, Fnl 4/ B7-H3 and CD31. Any of
bing o (GREL), &lﬁ‘ﬁ?n@%é?,épu%@é) aBBveeAM (blﬁéiScm]LéiR bk

! P L

asof s DERLIRRLRTL AR B P L, ERPTIR O Bk

alsodiordiided iwithire ske mbpéldfwhiéprds&mnﬁveﬁﬁoﬂli. ment, the
fusion proteins of the present invention inhibit

The literature is replete with additional examples, such as those listed in
Sinclair, N. “Why so Many Coinhibitory Receptors?, Scand. J. Immunol.
50, 10-13 (1999); Melero, I. et al. “Immunostimulatory monoclonal
antibodies for cancer therapy”, Nature Rev. Cancer 7:95-106 (2007); and
Zang, X. et al., “The B7 Family and Cancer Therapy: Costimulation and
Coinhibition”, Clin. Cancer Res. 13: 5271-5279 (2007), all incorporated
herein by reference. Any of the above mentioned inhibitory proteins are
embraced by the fusion proteins and methods of the present invention,
and are referred to herein collectively as “polypeptides having an

inhibitory function”.

Accordingly, in additional embodiments the present invention provides

Fnl14 /inhibitory protein fusion pairs, such as Fnl14/FasL, Fn14/PDL-1,
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activation of the i mune system by preventing or
reducing proliferation and differentiation of
worpabisssspeci fic T cells. I n sone enbodi nent s PEEUS2009/003886
fusion proteins of the present invention inhibit
production of pro inflammtory cytoki nes and
chenoki nes, such as IL-6, IL-8, RANTES, IP- 10, and
MCP-1, or inhibit potentiation of other cytokines/
Fn 1ahemikion s 1 U TNFagFnfiM/@BNA0, Fn 14 f)CDF, R pCD72,
i nduction of matrix netal| oproteinases such as MVP- |

Fnlgl&mOAN; Forl4 /fdta-srmmpeoBiladimifti GDE2, Jurk el CB®Ga,om

f ast SY0VYi T i nyent i
P g B R R T SRR a0 o et BLE 2 E B "0 B e first
donfath8kddiRpiBiPrAbaVE i ithReiorteRBrf €He MW EMENTR AR R 94ling
down-nodul ated by the TRAIL |igand. In other )
axesnbgdpebmeptides that binptoeT WEAK ligandgrwowid be suitable
f i pvent.i on i Elhi bit gutoreag%i ve T cell proliferation,
lrSta(a?%lraéléﬁtl?\} €A™ 89”8?8 ction, and inflammtory
reactions. In additional enbodinents, the fusion
proteins of the present invention reduce inflammtion
In oas etebedminead, the fusivint protemas oh thé wreasshysvarttaon inhibit

st R A0 e ot PGB €t A0 5 eraion

andadifferéAfih BERBG Oy e BXL 8KEAGCPT @EHS! I18Nsorhe drib¥lYRients the
nodel systens of “i nfl anmati on, such as aut oi nmrune

fusidnsprateinsdetlys prescrexianysingjorEAEh It pcodihatjen- ofnpreed

i AR SRR e R o 3R Bk T, 1
10, heeeMOoP-ar, 1YisltEBItCEd dehtidtich 3MoIRES cytdkihBe3ehbmdfes,

model s, inflanmation is assessed by histol ogical
suchamT N&t-aanddiL- il Af banelibit edestionsef atatox of

inflammatory cel]s f di sea | ssues, , an :
metg DR ERRo P ah e LEVRS h e MM 35 OF st arggteglandin
E2 $EU:BB0R: (roRP TLWBDRIIBIRIESDA0PIoc IS, PTRESHic R 4L Afon

in other enmbodinents, inhibit the proliferation,
embiacteishibistonydoawm/regulatiér st anyf andtalbcytdkines that are

eithBf tp@”g Toted gy ‘i‘%fiiK ligand or down-modulated by the TRAIL

ligand.

In other embodiments the fusion proteins of the present invention inhibit
autoreactive T cell proliferation, autoreactive antibody production, and

inflammatory reactions.

In additional embodiments, the fusion proteins of the present invention
reduce inflammation as determined in in vitro and in vivo assays that
measure inhibition of pro-inflammatory cytokine and cherhokine
production and/or elevation of anti-inflammatory cytokine production; in
in vivo model systems of inflammation, such as autoimmune disease
models, for example, EAE and collagen-induced arthritis, and delayed-

type hypersensitivity and other models in which pro-inflammatory agents
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such as autoreactive CD4+ T cells and CD8+T cells and

ot her pathogenic imune cells such as B cells, natura
wWh20108055(NK) cells, NKT cells, |ynphoid progenP@DUS2009/003886

cells, dendritic cells, nonocytes /macrophages; induce

apoptosi s in pathogenic i mune cells; pronote

generation of immune cells with regulatory properties

(such as CD4+CD25+ regulatory T cells, Trl cells,

are GbfodusédNKEallpnd siendriitally értd anwinills. In these in vivo
I mrunoi nhi bi tory activities); decrease pernmeability of
mode{s, BHilamatien ipAsseeped dydhistelagsal eamination efdsflamed

ssBlke DEOAIBL Tt Bk LDy 1, gk ey et

mediRoeedGet aNdiseaesannnifestaions ed affddied RiHiataTs! iTHe flsion
descri bed above, TWEAK ligand is expressed on a ran

e
protsins whihe piissenbinyemiias, deothey garbodimenig, Aghit the

prfyfl g RIS RN i e Aot

suchtdieahiesidag tivet ODAVEAKeBS gl €118 0Mdeliesth@ ®lthér pathogenic
Fnl 4-bearing fusion proteins bl ock TWEAK- nedi at ed

immgpgagclsdudcaed ipllsaviaterak kides (NY) (cellpp 8KT eellre

i Fnl 4- bear,i l)s & i nt t with. al so
ympBid shebtiiar SeIsudaRabE AR PR Mhpdrodiedis
indseerapbptddis ihegd iHigeeft indnibe® cals hramaet gatett@on of

. endothelial cells, and certain human tunor cell |ines,
imngyuge sePsresbeegotlatary, prpsrtigs (sughtaoRETED 2RI dagylatory

| .S, angi.al neurgnal, cell s, NK cells
T coifin iy SO T8 KB NReT, 7 RAAr iR 5805 ef S Bbcns
inhﬁﬁfbrz%/cﬁthﬁﬁie*sﬁ ereréEAediiasdili) of a9k GdbodfHraeh Harrier,
Furthernore, since Fnl 4/ TRAIL fusion proteins are

andf ipgebyreatriehaesetrapgn tammatogy rasdls tonther €&$;udlegrease

i gnal other cell.targgets are TRALL-receptor bearing
aceqy PLirfaprislorg ity Geoti JIseaRr mitesaaiehIgtrrEel | s
angser¥ishe b sIbhbkedRvideR ihflEng@laltiord.ncl udi ng variety of

tunor cell types, such as breast, ovarian, prostate,

col on, nyel oma, glioblastoma and | eukeni a cancers.

As described above, TWEAK ligand is expressed on a range of immune
and non-immune cell types, including NK cells, macrophages, dendritic
cells, microglial cells, glial cells and endothelial cells. Hence, by
interfering with TWEAK signals from these cells, Fn14-bearing fusion
proteins block TWEAK-mediated signals directed by each of these cell
types to the various Fnl4-bearing cells they interact with. As also
mentioned above, TWEAK promotes the proliferation of some Fn14-
bearing cell types, such as astrocytes, endothelial cells, and certain
human tumor cell lines, and suppresses others, such as erythroblasts,
kidney cells, mesangial cells, neuronal cells, NK cells, monocytes, and
hence, Fnl4-containing fusion proteins can reverse these TWEAK-driven
biological effects. Furthermore, since Fn14/TRAIL fusion proteins are
functioning to exchange and re-direct intercellular signals, other cell

targets are TRAIL-receptor bearing cells that are being actively inhibited
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Fnl4 Fn 14 is a plasma nenbrane-anchored protein and a

TNFR (TNF receptor) superfamly nenber of 129 am no
wW@eid®oism | ength (Swi ss Prot Accessi on nunber EOCBRIH09/003886

(rmouse) and QNP84 (human). Two variants of Fnl 4 are

known, identified by Swmss Prot. Isoform | D Nos.

ONP84. 1 and (ONP84.2 (NCBI accession nunbers are

NP_057723 and BAB17850, respectively). The Fn 14
Sucbm@@lﬁmd athor BRAIHR bemmgd:ellls mﬂnydm@ eariety of

eC| I ncl udi Xeno us | aevis Acce33|on No.
@@ﬁ q} ‘A‘E’é’é%%a BﬁO%ater lgn; paygloma,
ghoM?:i%ttoMEnEMQ%rkfe%@al é’a ers contain an extracel | ul ar
domai n t is structurally characterized by the

presence of one to six cystelne rich domains (CRDs).
T"Qe typical CRD is approximately 40 am no acids in
ngth and contains six conserved cystei ne residues
hat Lh r CRD
PlaE P b SR R Ck Bl 2 AR (IR
recegitorjcswpertfamitiy hesmben of4 2% amifiyppecil stinalesigeRSanss Prot
rqteins that _contains a 53-anj no-acid extracel | ul ar
Accg%sﬂﬁ

PrVUERAQRS RS aogise) mQ&M?@’Rﬁlue@m)a. Rwo variants
of F‘ﬁh@,rgf‘éjkﬁ%ﬂp iAehti e%ist)gﬁls\éﬁ I-t’xlzitn §&b§m Veg@ﬁ%%‘tl
shown to be garticular critic or an effective

andTQENlP&ZhIA(NOBEaacéssmn Biewers Safe N&t 085772 waidk
%?'ng t he Fnl stei ne- ch domain depends on
BAE&]h %%dr?%%ﬁqﬂwwn oFhe &in i seauAnendas alsedbesn determined

e PREC ST Br Ty Pt 2 M IRt pggession No.

AAnglfmmmdrrapr(NﬂBieﬁcwsmbﬁ Nis.OMP_851600].article, for
exanple, one skilled in the art can determ ne which
variants of the Fn 14protein wll retain TV\EAK bi ndi ng

G t 1 3

Mo IR SR IS b o S TR AN Bhar i

strua:ltup@ﬁy t:hamactdmzted/\by ghegiresenkeiof @y td ¥ixc @j‘fl§t%ﬁ1\i€r&ich

und to hav
domams C?Q . The typlcal CRD is approximately 40 amino acids in

length and contains six conserved cysteine residues that form three
intrachain disulphide bridges. The CRD itself is typically composed of

two distinct structural modules.

Fnl4 is a Type I transmembrane proteins that contains a 53-amino-acid
extracellular domain, amino acids 28-80, with one CRD. Certain
charged amino acid residues within this CRD have been shown to be
particularly critical for an effective TWEAK-Fn14 interaction. Brown,
S.A. et al., Tweak binding the Fn14 cysteine-rich domain depends on
charded residues located in both the A1 and D2 modules, J. Biochem.
397: 297-304 (2006), incorporated herein by reference.

Based on the information provided in the Brown et al. article, for

example, one skilled in the art can determine which variants of the Fn14
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TWEAK bi nding activity. In contrast, at |east three
amno acids in the CRD region were critical for TWEAK
whendioeg1o By conparing the am no aci d sequenceBCDS1008003886

Fn 14 protein in a variety of species one can
determ ne which am no acid positions are not highly
conserved, and woul d be good candi dates for
substitution /addition /deletion. Substitutions/

proteéh etilloresAira@WEAEhbindinty gbtivity amskwbddh roegisowsl] not. For
partlcularly in, the TNFR honol ogy. regi on, woul d not, be
xample, seesal sprefis Wﬁﬁ?&%@%ﬁfﬁa’ Byéﬂgﬁrgppeﬁi%mutauons at

[
posff%’zd‘{*ﬁ?%t GEE0 B Aol ubhary SORREr N QR 1By ¥ have

Tmedsmﬁﬂglmnb@enIﬁ Qe nasty atﬂeasmtlma:eramﬁné Reid€e$n the
i ncl udi ng, but not limted to nmouse: Swi ss Prot.
CRD\segions wRTNSTitmsdgop TWHAdR binging Byotompasing tlm amgino

ac1d3§:’<9cf|§er"llceﬁ@\I % Fﬂ’ﬁ%@?é}féﬁ?é lBeI\J‘%?hfém% Qlespegg % 1

erca ccéssion
dete%ﬁiiﬁ‘é%ﬁlclﬁahhllﬂﬁ) é?aﬂd p@s(tfb‘ﬂ§&ﬁé1hot M@ﬂyﬁﬁé}ﬁmﬂ and
BAC79267; Sus _Scrofa (PigQ): Accession NP_00 10

would dgrgoey eﬁeﬂh@amﬁg@mﬂ%ﬁémtaore (addiiaatgsletings

SubREREEBRS] MBS AAd RO B edrifdi P raelind, of

partTEWlar]y jiphé SRSFRTHOD0ACEEH Se@8n; wiild AeEbt enBifered likely
domai n responsi ble for receptor binding is am no acid

candilatesdor praBath den PlraTirmisoygeardieg 40 thkepissenit onvention.
the protein that is particularly inportant for
conferring activity has been identified. See, e.g.,
TRAIL i ggering cel | death The crystal structure of
02L/ TRAIL in conplex with death receptor”,
T ms\fai ?ypedi neqmélranemﬁqmn aving 28dgmine acids and has

herel ref e
been é’ut%%%lﬁé m)s r%npor c1e nogggdlal§ qéglgl%e& to
mOIIBeﬁdSKAQsi ®rbt. SAé@w@ﬁrN@ansangv hiyaaa: sﬁmee RBeitds

Acceasrs?gquN(t) hSS(Z)ISB(i ?Qraet?ug lil'i:ohrvgzlc%rg rf\(l)C]%(I: IAdc%e(ssll%%l 1%%16%%’57-14
Siniperca Chuatsi (Chinese Perch): NCBI Accession AAX77404; Gallus
Gallus (Chicken): NCBI Accession BAC79267; Sus Scrofa (Pig): NCBI
Accession NP_001019867; Ctenopharyngodon Idella (Grass Carp): NCBI
Accession AAW22593; and Bos Taurus (Cattle): NCBI Accession

XP_001250249.

The extracellular domain of TRAIL comprises amino acids 39 - 281, and
the TNF domain responsible for receptor binding is amino acid 121-280,
based on TNF homology models. The portion of the protein that is
particularly important for conferring activity has been identified. See,
e.g., “Triggering cell death: The crystal structure of Apo2L/TRAIL in a
complex with death receptor”, Hymowitz SG, et al., Am.Mol.Cell. 1999
Oct; 4(4):563-71), incorporated herein by reference, which reports the

most important amino acids for TRAIL binding to its receptor and activity
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207-236-237) and am no aci ds (150-216), incorporated
herein by reference. See also 1) Krieg A et al 2003
w®r010905519 Cancer 88: 918-927, whi ch descri bes P@DURINEONILE6
TRAIL variants wi thout apoptotic activity, TRAIL-Y and
TRAIL b; 2 ) "Enforced covalent trinerization
i ncreases the activity of the TNF Ug and famly
menbers TRAIL and CDO5L", D Berg et al., Cell death
are amingi d¢idsearioiatd tihe 200 aytd 2aH af@ddin@adidd) (191-201-205-

2or P8 S e AT, SRl
rrFBRET SRRISS gL PRSP S g Shevod,

which cespoibeisenivd BrrehanPRAEE eneizaets WiRAblutiapdptowe ddtivity,
gate two types . of receptors: death receptors

TRA'tIll«r\g@Efim@A b 2 i FeMeERe oIS st SAeT ARy INcaeepe e

_ . RS F h
cct i ofBREIP ok A DAY CBTRE: o pors
al., Uelll dédith dRAldiffererifzdtibR32000) TRAOFU-20BRAIAnE 3) “@rgstal
bi nd to osteqprotegerin (OPG. Binding to each of .
StruchEGeOk E@é&-&?@S saguesidartiies Karrtieel 1ofe @f theanigue

LThe T | c..pat Ll D £akC onsgt, .
el e T R S e e L
Chetn (2P88B1182~398 7 7AQ2000)¢ adll indetpoid tednise asn Usedeference.
herein, the term"fusion proteins” refers to chineric
proteins conprising am no acid sequences of two or
r: ' r ' Typi fugl r (s
TR S O e e b Pt e roe SRRt B8R
triggering TRAM A duided Apopsesishen@idecoyhicekpadtatiat peédivey
) _g)r, i.nmmunol ogi cal ly active" refers to fusion proteins
inhipit-Hgi RRthvay-hEoprdReman goeertoss fhadikfy Lehaveibesn
: t:ur al [ 4b t N
oS HER R SRATTRG e BT SOFRRTEES dpd A 60T an
can rse saditbyosteophetepenin (BBGEe)Bianlihgab ¢dH bfithese
bi ochem cal function (but not necessarily to the sane
receptors has been well-characterized. See, e.g., “The TRAIL apoptotic
pathway in cancer onset, progression and therapy”, Nature Reviews

Cancer Volume 8 (2008) 782-798.

Additional Definitions

As used herein, the term “fusion proteins” refers to chimeric proteins
comprising amino acid sequences of two or more different proteins.
Typically, fusion proteins result from in vitro recombinatory techniques

well known in the art.

As used herein, “biologically active or immunologically active” refers to
fusion proteins according to the present invention having a similar
structural function (but not necessarily to the same degree), and/or

similar regulatory function (but not necessarily to the same degree),
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degree) and/ or immunol ogical activity (but not
necessarily to the sane degree) as the individual wld
wa ype/opset ei ns whi ch are the buil di ng bl ocks oPCT/082009/003886
fusion proteins of the present invention. As used
herein, a "deletion" is defined as a change in am no
acid sequence in which one or nore am no aci d residues
are absent as conpared to the wild-type protein. As
andjieedimdaeitioahetiiogkefuncmndn ¢gbut addineamssargdy 4o chamgane
in.an am no acid seguence, that has resulted.in tt‘ﬁa
degregh pPrdderdm iR APsissd @chivito(ba 1ot BEPERRATYsto the same
] ol , ¢ . _—
degrERIRS R SRR wfid PE RIS wHien SE MHeEpallling blocks
of thofuesieni prtanmisief tiye girésemeimvertioro. aci ds,
respectively, as conpared to the wild-type protein. As
used herein, the term"variant" means any pol ypepti de
As R4 figrdnd USILIERP T, Aknpdel &L LathaleOtn A4 aBi0T
one (or nbre) am no acl romor to the sequence (or
sequatycec diriiahi e of rhbas aminonatiddresjdats elrecabsent as
variations, as conpared with the wild-type protein, so
compgrgd 48 thigeWHEstREARTOtgHR | ant fusi on protein retains
at least 75% 80% 85% 90% 95% 99% or nore of the
bi ol ogi cal or inmunol ogic activity as conpared to the
As Wdddhtpfia 4 Siresersions arstiditionfids el ehankeiinvantamino acid
Typically, variants of the FN14/ TRAIL fusion praotein .
sequsRre et Bgstrsuliedsienthe Additenliane oRaveraaniggsicid
. 80%. Qf. i ' honol ogy, as those
rest e‘{%saﬁrﬁﬁﬁgée‘? P Hy Wid; ﬂ?gai?{‘?(te 0 SEQ ID. NO. 1 or
SEQ ID. NO 2, nore preferably at |east 85% 86%
87% _ 88% 89% 90% 91% %20/ 93% 94% 95% 96% 97%

As usgd, hereipy s bsgugdn eifsatl g bem theirg pdregmept ofonejor

r L ' t i
morBigE ot 1P fcr AR RS, Al A 0Rrfilied o
the anild-typpee praseihhe Best Fit sequence program

As used herein, the term “variant” means any polypeptide having a
substitution of, deletion of or addition of one (or more) amino acid from
or to the sequence (or any combination of these), including allelic
variations, as compared with the wild-type protein, so long as the
resultant variant fusion protein retains at least 75%, 80%, 85%, 90%,
95%, 99% or more of the biological or immunologic activity as compared

to the wild-type proteins as used in the present invention. Typically,

. variants of the FN14 /TRAIL fusion protein embraced by the present

invention will have at least 80% or greater sequence identity or
homology, as those terms are understood in the art, to SEQ. ID. NO. 1 or
SEQ. ID. NO. 2, more preferably at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or even 99% sequence
identity to SEQ. ID. NO. 1 or SEQ. ID. NO. 2.
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descri bed by Devereux et al., Nucl. Acid Res.
12:387-395 (1984) or the BLASTX program (Al tschul et
W@bk01p/005519 Mol . Bi ol . 215, 403-410). The al i gnneeit/Uszg9/003886

i nclude the introduction of gaps in the sequences to

be aligned. In addition, for sequences which contain

either nore or fewer amno acids than the proteins

di scl osed herein, it is understood that the percentage
Seqaénbeid¢rgyy vr Horheloist edmibeede teastitednusiigy StarEirOf

haonol ogous amino acids in relation to the total nunber
techa¥iques rgawnde. thedart issiedt ay theiBest i spavange program

i rjant hEi r

des%i‘f%;ﬁ 2’? ﬁgbgiedf\éggg At i@, ARy ﬁ%%%ﬁgib‘ge(gpgﬁ or the

nol ecul &, 1 n sonme "emo

BLAGTIK pibgraray(Abescirgi angld, W MolsBightd 15,r40BIcErD). The

activity as conpared to other fusion proteins of the
alignmesytingy, inchadexhgpnérodyction of gaes imthdiseuenees to be

. 1 4. p seful |y want t tenuat e .act.ivit f or
alighl9d ApBRaRERE tor ek bl YO Bt Mol b frrwer
amifib Leds \thhinvefe padtedes tRSCIbaLAthdreat, WdslihdéRdosat®at the

selectively to one of the TRAIL receptor variants

perqeriage odmomplagy wihbe detcapiioed basddipandle number of

Fyrthernmore, varjants or.derivyatiyv can .be ner.at ed .
homqlbeos Srhtie ST I Pelltict be 185 B oS & arubo Feids.

When engi neering variants, this could be done for

either the entire TRAIL extracellular domain, or for
Additienaldpnybilenn génerad ibxs dasuiable for verants thathdw

L NCoLpar.at e i thi.n the fusion protein itself. .
enhaiERARRHTL Rorabintlig €F= lferd TpRlrbi i héfie gmppdiments
vari@hed ehdyp befdddigned asRAt sligh@pre@0ce@idtitaliy A8®ompared to

hydr ophobi ci ty/hydrophilicity of the am no acid ) )
otheyelinsepia drotoinseri/tdie investtiomn, Wriekasupla,.iinunséascaaynpehich

| e

made, , for _ex fr 1..2 or, 3.t 0, .20 or 3
one 3T PP ERbGrrbEdoreh rbfriv e icefimile ©
dim{rgibBi Méutdiexadity.i Worcdves! vasiants bsiR RN Bahlbe

accordance with present invention. Amno acid
genengtedithgt iveigldrhind more selectively to one of the TRAIL receptor
variants (there are three TRAIL receptors in humans). Furthermore,
variants or derivatives can be generated that would have altered
multimerization properties. When engineering variants, this could be
done for either the entire TRAIL extracellular domain, or for that
component of the extracellular domain that is incorporated within the

fusion protein itself.

Preferably, variants or derivatives of the fusion proteins of the present
invention maintain the hydrophobicity/hydrophilicity of the amino acid
sequence. Conservative amino acid substitutions may be made, for
example from 1, 2 or 3 to 10, 20 or 30 substitutions provided that the
modified sequence retains the ability to act as a fusion protein in
accordance with present invention. Amino acid substitutions may

include the use of non-naturally occurring analogues, for example to
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i nclude the use of non-naturally occurring anal ogues,
for exanpl e toincrease blood plasma half-life.
W@018/003589 | ve substitutions are known in the apCT/US2909/003886

exanpl e according to the table below. Amno acids in

the same block in the second colum and preferably in

the sane line in the third colum may be substituted

for each other: The term "derivative" as used herein
incriease dladd grlasma helfalifeno aci d sequence neans chenica

nodi fication of a fusion protein of the invention.

Non-limting exanples of such nodifications may

: ‘ g , Ny _
CorlsBpdife BHbsBHELBRS snekhBld fh the WO fof AEkADR bcording
to tlhenhblenbelgpweariming asidieire e BamEObdaskt itlehevwidovelscolfumn

hydr oxyl group-contaj ning residues,  and N-ac%l i
andqieferahly dn thee saraedineg dortbenihisd cahimn maxbersubstituted

for AN 9LQUP containing residues, e.g., lysine or
argi niné.” Additional nodifications can include, for

ALIPEXAND| €, prodydidnopoladf a| f usi on @ARILEI h conj ugat ed

wi th pol yet hyl|gtargl ycol | (PEG) ,| @TMddijti on of PEG
during [chenm cdlurshatdedsi 5 of a |p¥@ypepti de of the

i nventijon. ModiHolagat i ons| of pol yipepti des or portions

t her eof| can al|shataed] ude| reduct|i¥f/ al kyl ati on;
AROMAdHY call couplling to an appropriBf¥Ycanrier or mild

formalin treatnent. Other derivatives of the fusion
Thepeotrefderivdtitdieapusednherainant redationcioude amino acid

i ncorporatiop of. upnatural amn ci d residues,_or
Seq‘ﬁﬁ%%%%‘?%ﬂ%\?ga’éﬁﬁ?ﬁ “&&‘1&1 C?é’&nd%‘gé?klﬁlﬂ? rgotein of the
invéigsphot yr osi ne, phosphoserine or phosphot hreoni ne

resi dues. O her potential nodifications include

sul fonation, biotinylation, or the addition of other

ieties, particularly those which have | ecul ar
Nongﬁgaé@gs?ﬁm&ﬁe%a PHsBomadklicn dops mekingkds Bitgrsgnot
. . . e
imgsydeppolupesticden il of B dlseenlaniene Jhere
residyies egitaimaimg carboxyl side chains, O-acyl derivatives of hydroxyl
group-containing residues, and N-acyl derivatives of the amino-terminal

amino acid or amino-group containing residues, e.g., lysine or arginine.

Additional modifications can include, for example, production of a fusion
protein conjugated with polyethylene glycol (PEG), or addition of PEG

during chemical synthesis of a polypeptide of the invention.
Modifications of polypeptides or portions thereof can also include
reduction/alkylation; chemical coupling to an appropriate carrier or mild

formalin treatment.

Other derivatives of the fusion proteins of the present invention include

incorporation of unnatural amino acid residues, or phosphorylated
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processing in various alternative eukaryotic host
expression systens, or during further processing
W@ @aps0ssiet hods for producing gl ycosylation  PCT/US2009/003886

nodi fi cations include exposing the fusion proteins to

gl ycosyl ating enzynes derived fromcells that normally
carry out such processing, such as manmal i an

gl ycosyl ati on enzynes. Alternatively, deglycosylation

amiapzuidreshude sushchd phosphotywsihehyhoaphesatihaared

during production in eukaryotic expression systens.
phogeapflpmmy,reéwgl%n%&s pasantial 13“&9@11:}9@1%%3@%&
hat i REYA ) .
sulGRoloR, 1AL ARARAIAL, 50 o SRR AR SR, partcutart
thodauwhlieh Meve, mdledwlagl sheqssd simidar te plirsiplede gro@ps.
proteins can be produced in a prokaryotic host
expression system Variants and/ or derivatives of the

; > . ; b
DerlAShR 08 AR b HA 8 P BLRSHALSSh Pinese
can B8 AgRIEBY b fyin@mphiosglatiosaetérnSld (119693 yn e bard

et al., Nature 328:731 (1987) or Innis (Ed.), 1990,
proqasRIng éf yesiodls Alternatve gukaretis host agpreissian skstems, or

aurfEARThEs FrP8SssEsPrrattulads fr PG EIGTEL RS lation
modiB0afi8Hs(ihORRIE expBsRILTM Ihibivth Protoang ke iclyclylaling

[Nucleic Acids Res. 19:2471 (1991)] to nodify nuclelc
enzypicgsl eivast fiogn el scidvad reenaly e oy oUtAdHih Poaegssing,

i ficatian i.ntroduced sugh, as those that
sucll HiAb) e SAGM RS HcS A ARANAIE (Do
degl?rlﬁ_f)isﬁl'attibrpfan ydisneart ®etiged BArkni®Reegidichyaitdtépactiched

|
d

[linkers can be added to alter the distancebetween the
uringpseductiondn ewkeomdin expressien systanspratditipnally one

con b S R B s i o

addpd eseglycosylaiorositere Welérd 6o apidisiedoneupthei®icre, if no
addi t1 onal pol ypeptide domains added to facilitate )
glycpsplagion pudesirgd: the proteinscrarabe rogshucest hagprakegyotic

host expression system.

Variants and/or derivatives of the fusion proteins of the invention can be
prepared by chemical synthesis or by using site-directed mutagenesis
[Gillman et al., Gene 8:81 (1979); Roberts et al., Nature 328:731 (1987)
or Innis (Ed.), 1990, PCR Protocols: A Guide to Methods and
Applications, Academic Press, New York, N.Y.] or the polymerase chain
reaction method [PCR; Saiki et al., Science 239:487 (1988)], as
exemplified by Daugherty et al. [Nucleic Acids Res. 19:2471 (1991)] to

modify nucleic acids encoding the complete receptors.
Additional modifications can be introduced such as those that further

stabilize the TRAIL trimer and/or increase affinity of binding to the

TRAIL receptor; and spacers/linkers can be added to alter the distance
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reconbi nant protein, or to increase the solubility of
the reconbi nant protein. Such purification/
wezpoeesion/ solubility facilitating domai ns i PCT/US®NI/003886
but are not limted to, netal chelating peptides such
as histidine-tryptophan nodul es that allow
purification on imobilised netals (Porath J (1992)
Protein Expr Purif 3-.26328 1), protein A donains that
betwé¢mshpumid straidtapalocomporbients s€dhenfinshag lppbtding asanell as
the domain utilised in the FLAGS extension/ affinity
altep the dlesabiligy of s FE€I0RwNex Corp, Seattle, Wash.).
The inclusion of a cleavable |inker sequence such as
Factor Xa or enterokinase (lnvitrogen, San D ego,

In a@alitibnhl batbwEimdits, pHEiflistat peotedasRifthansrdsehd/inRéhtion
is useful to facilitate purification. Additional
may {laitheT SoPpRRESE omeyet tepks additinnalgeExpeptidlendemains added

I - N, J. New Engl and_Bi ol abs, ..Beverly,
to FiBERE WRfe kit ioinat BeoeRdk RS SoR 5F sih T
recdriibeh g tpadteiigner o iharsdRr afesdlability BRthO¥EcEmbinant
bi ndi ng protein, or protein A respectively, to the

protean gaiucle pyriieation pexprdssioERluBiity favdlitting domains

. iS | _expressi.on,yectors nvi.trogen). can al,so be

incift BUE B XRE CRELED (S hGiAL Ehalad O REPlidea i &

histediplee&§ipedpMaatRbe ied tRhsallbe paelicakivi BAr MR bIRSY
one of a nunmber of in vivo expression systens desi gned

metaky (Fargih | (PO 2xBratein dxpt Pusié Sl Iyr pretaig A

1.t hi rgani sne.can.be invoked f.or .producin h
oS e AR BB SN OF T HRF IS PR o b, and the
dontithogdtiliead ia theSFOAGY ek&irsich / iTehiky SIRMicd thvie Rk ein
may contain _a heterol ogous signal sequence at itsS
(ImmuinexnauB. SeattéerWaish - hodhednchugiongof, a eigawabiladirdosnt

X Lon,and/ or, secretion of the fusion.
seaffpEbeBRt BBt S isiPE e d D rbRene ParoDisss
Cali$.?1 mbveemmgpariﬁ%agmi dsathiene®d B B4 I VRACR LS Yaseful to

characterized by a core of hydrophobic am no acids,
facilipfiterpwriicginBral |y cl eaved from the mature

Additional fusion expression vectors include pGEX (Pharmaci, a
Piscataway, N.J.), pMAL (New England Biolabs, Beverly, Mass.) and
pPRITS (Pharmacia, Piscataway, N.J.) which fuse glutathione S

transferase (GST), maltose B binding protein, or protein A, respectively,
to the target recombinant protein. EBV, BKV, and other episomal
expression vectors (Invitrogen) can also be used. In addition, retroviral
and lentiviral expression vectors can also be used. Furthermore, any one
of a number of in vivo expression systems designed for high level
expression of recombinant proteins within organisms can be invoked for

producing the fusion proteins specified herein.

In another embodiment a fusion protein of the present invention may

contain a heterologous signal sequence at its N-terminus. In certain host
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protein during secretion in one or nore cleavage
events. Such signal peptides contain processing sites
wo bav/oadshow cl eavage of the signal sequence frpor/ukm09/003886
mat ure proteins as they pass through the secretory
pat hway. Thus, the invention pertains to the described
pol ypepti des having a signal sequence, as well as to
pol ypeptides from which the signal sequence has been
cellpf{ogeonpmmalian bpsheels) iexpressipa andAongecmmtoduof the

In order to enhance stghility,and r reactjvity, the
fusipfl el tRa e iur epnedrsobih G ehe BfEEloeas sigaal
sequiBiitd.| SHoh A AN P PhLe OPSicAllyEHEaREENIET PR £ ¥Bré Bf

the am no aci d sequence resulting fromnatural allelic
hydvephebicomminddicidsnwhiigh abegenesallyiaddeavarbfromttheanature

am 211[) acids or..nonanm no acid anfal oaées can b&f . 1
Protep YT SECHTUAY B P10 Oproaiic 64 VABEIFFEES 1 idh signa
pepHHeS Rioh thir Bk&égﬁngw& Hat Mswi AWEMASOBS tHOGiGHEINO

aci d sequences of the present invention may be
sequemck frodn Bheexptess pootafisantidepassd¢hsegge ibe swaoetory

for s in.a suitabl e expr.ession syste n additij.qn,
pathiphy  Hhas oo Ht AR N Coo e HEeahed el Pertifes
i . . ; .
e e e es B o Gy RO R B
signeyt segluencpdiapbpen devtealytivallyyrichesd tieel , e sdtavage
hase techni ques, cleaved fromthe resin, and purified
proc&b)’fldﬁfepar ative high performance |liquid chromatography

(e.g., Creighton (1983) Proteins Structures And

Mol ecul ar Principles, WH Freeman and Co, New York
In oNdat Jo ehancemtadbilityoandf ot meastivithethe fpsibypppitedes of the

Nf i rrredlg% am no fe}ci d anal ysis or

may .be ¢ )

PresethBRERGPCAT Alth bepmedined dpdagelBorase suuer syore
polyAdgihiRRad by thERenatd BeidskdusRENGREE1RH ?rcfr#’lsﬂlé’ﬁlr ] allelic
protein of the invention, or any part th%reo , ay abe
variatiper efdditiomallyli Peamingradidsj soamatwral cannmeadidsongon-
.chem’.aal rIet hods . .
amino acid analogues can be substituted or added to produce a modified

fusion protein within the scope of this invention.

The amino acid sequences of the present invention may be produced by
expression of a nucleotide sequence coding for same in a suitable

expression system.

In addition, or in the alternative, the fusion protein itself can be
produced using chemical methods to synthesize the desired amino acid
sequence, in whole or in part. For example, polypeptides can be
synthesized by solid phase techniques, cleaved from the resin, and
purified by preparative high performance liquid chromatography (e.g.,
Creighton (1983) Proteins Structures And Molecular Principles, WH
Freeman and Co, New York N.Y.). The composition of the synthetic

polypeptides may be confirmed by amino acid analysis or sequencing
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with a sequence from other subunits, or any part

thereof, to produce a variant pol ypeptide. Assays for
woreasieisng t he i mmunol ogi ¢ activity of any honmedDy$2009/003886

derivative or variant of any fusion protein of the

present invention are well known in the art. For

exanpl e, any one of several conventional assays for

noni tori ng cytoki ne production, as a neasure of i mmne
(e.gcelhesEdniary aegead ation dhrfocedent). ahidditionally pehé¢ aveiledacid

For ex np&eh for tracking T cell activation,
SEqUARES 0b GkiURIoN RIRtee ehfioirvenidon, ah ARy Patihihareehmay be

: i.hed. ] tl. I: . USA
alted e BT RLE DR el LBT CSmilsd, uSR phficeL Methods
with acseqsradecfiohe behér Bubiefied, ediCeny dtt ttheedofdfo FFda¥ice a

for the production of interferon Is also avallable
varigng RatEpeRHEe Cor por ati on (Canbri dge, Mass.). One can

al so enpl oy i mmunof | uorescence and flow cytonmetry to

nmoni t or cyt oki ne production on a cellular basis, and

Asshps Iﬁ@:ﬂfﬁéﬁs&@h# tBihaeerimb el Sctiviey of ﬁfriyeﬁbrrﬁﬂb%,udié‘ﬁvative
activation and/ or differentiation states. A host of

or vagiemtafray fusioa RrGn ofdheriesgnamnyedppargreell known

hltﬂé%?gly commercially available, and the markers are
WelT "known in the art. Acommon assay for T cell
proliferation entails neasuring tritiated thym dine
incorporation. The proliferation of T cells can be

For exasupled any ene pb spyexdicanventinnalassaysuior ropnitoring

I thymdine incorperated into the.replicatjng
ey LR LR tReh O RE PR Briing e, A itieguaid
differ¢nitheiirs @idbeiinvbied, Foeekahlef forelrhcRiyg T @11 can

.be quantified. Another assay for nonitoring cel
actigagpnf epterleakins2 sase be simplagichgs @ meirkerwivbiich lvan be

Y, U eqt Ly Jnony tori Yokl

sl ae T TS BRRBH ARdl o PR Boconm o) the
pertstenepsiiens Aflwilich at®nscorporatet hiePdirl By FereRickNA kit

the inhipition of T cell proliferation, the
for g @gsayfpt fhe production of interferon is also available from
Genzyme Corporation (Cambridge, Mass.). One can also employ
immunofluorescence and flow cytometry to monitor cytokine production
on a cellular basis, and to monitor cell surface markers that reflect
cellular activation and/or differentiation states. A host of such markers

are known, detecting antibodies are broadly commercially available, and

the markers are well known in the art.

A common assay for T cell proliferation entails measuring tritiated
thymidine incorporation. The proliferation of T cells can be measured in
vitro by determining the amount of 3H-labeled thymidine incorporated
into the replicating DNA of cultured cells. Therefore, the rate of DNA

synthesis.and, in turn, the rate of cell division can be quantified.
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of the fusion protein can also be nonitored by
evaluating its capacity to induce apoptosis in TRAIL
WO e@epos19 positive tunor cell lines in which TRAI/LS2009/003886

receptor triggering |leads to apoptosis. By conbining
these cells with other cells that have TWEAK on their
surfaces, one can assess whether new fusion protein
derivatives both anchor to TWEAK and t hereby have

Anothert asgayp{@apnpiitordingRALEH proliferaamin 18 bysed ankediihg T
thi,s way. Pharmaceutical conpositions and dosjing

celly wathntRg CHPki dies tangd sHRssaUEREYHRpotaring by Bewigitemetry

the Hﬂk\g‘i{&i 8 thid cﬁ?’é’%ﬁ&é 5&&?[ AHiEL @hbgggsikrg.t({eﬁvgﬂfﬁéﬁns. In
subcut aneous, 1 ntranuscul ar, Or Intraperitonéa

additijrees irponitoringy thafnisibitioArofoy canyproliferatascepiabldctivity
system ¢ nmethod. Adm ni stration bé I ntravenous )

of the:fusipprpratgpn eanl 3isevrg monitoredcbyicyaleatingots capasity to

. u [ S.:pr.ef d n di ti-on her .a._varj et

i 20 Bopl 3y BTG ASARE o BP0 A ASOEEPE TR L

TRATheeagptsr tcri%gre@hag adsatslapbpsssisarBpeoampiniag thesthells
t herapeutic fusion proteins of this invention. Oten,

with pthgmesiis Hiathave AMEAK pat it pualares; omeacanassese|

tinze safety. and .eff.icacy., Gener al I !
whelel BEN h oA T B Tk Rpun PRt b VB EAR ang
ther@byH Dt tieip @roka bogforie TRAIDAYriveh Glttivithy@hBahk¥d ihhthis
dosage range will be fromabout 0.1 to 5 ng protein
wayper kil ogram of body wei ght. Various nodifications or
derivatives of the fusion proteins, such as addition
of pol yethyl ene gl ycol chains (PEGyl ation), nay be

PhaPmdeelifical bempesitidi®l an8hBssmhg Fepibhs. and/ or _
phar macodynam c properties. To adm nister the fusion

Adnpnasteptiopyolothreeompasipens mfdhis inntivs tis aypmallyi t
pardBReo B MFERETENGS, SOBIR S R BSE o cven
intrapéritdracdli ivgédtosh, GObyaxEIBios oP bYtHhy ofByr BBceptable
systemic method. Administration by intravenous infusion, typically over
a time course of about 1 to 5 hours, is preferred. In addition, there are a
variety of oral delivery methods for administration of therapeutic
proteins, and these can be applied to the therapeutic fusion proteins of

this invention.

Often, treatment dosages are titrated upward from a low level to optimize
safety and efficacy. Generally, daily dosages will fall within a range of
about 0.01 to 20 mg protein per kilogram of body weight. Typically, the
dosage range will be from about 0.1 to 5 mg protein per kilogram of body

weight.

Various modifications or derivatives of the fusion proteins, such as

addition of polyethylene glycol chains (PEGylation), may be made to
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adm ni stered in an inconpl ete adjuvant,
co-adm nistered with enzyne inhibitors or in
WO 2poseises. Enzyne inhi bitors include pancreatPCI/US2009/003886
trypsin inhibitor, diisopropylfluorophosphate (DEP)
and trasylol. Liposones include water-in-oil-in-water
CG- enul sions as well a s conventional |iposones
(Strejan et al., (1984) J . Neuroimmunol. 7:27). An
infliefiée cheireplaammnatoknfetic andyosigharmadodeaimiv @rbpefties.
is an anount that will ameliorate one or nore of the
wel | known paraneters that characterize nedica

To :f(n%ﬁ?rlln%lt&nﬁif fYseth By?\%n%y %gﬁgﬁ{kgr H=58 ﬁaant;‘eﬁév a@ninistration,

I'é sclerosis: arameters
it megnick hecossdigve beantiie protdiadwitAn oefdeeatinviei i@ thle, protein
in the context of multiple sclerosis, will be the

withy itesialftopravept dteinnctivation. dgrfexample, tprotein may be

: ' . fall ow ng: .decyrease the
adn P T AL TlmRe € Arh e Bl SR FARF sl
inhidiesrerdialn Bpssomes! EBaLyhteidHiBHdes GMcRItE BHhatéMic @fypsin
di sease rem ssion/ synptomfree periods; prevent fixe

inhibitos; dispprepvimorepnospiratadBEd) andiearylohtlipasemes

. ; . : 4 R ncall .
inclf¥e0b ferPBURS Wlle S OB R bRSSR S as Wel At baven oial
lipokostes (Btpdjani &) al. JAIISHi $ONaFSiniMRAKANETS27RXi al

instability, sensory |loss, spasticity, hyperreflexia,
| oss of dexterity), upper extremty dysfunction

An IRRRE Sng AL et STR B8 e BHPA B an amount tha
willigi enplat OBt YhOD of BeORRIEkaBwEPRFARRAErd Al i tY,

and cognitive inpairnment. Pathologically the treatnent
chaggpetgrizgsnedigal sosidisions ¢aiesqst by arttoimyerneatiscages ssich as

ol MRS M bt B Rer g M Potlioe i been

destribed! rad ieffeceile rnetne! aakhe@bntext of multiple sclerosis, will
i mmunol ogi cabnormalities, gliotic scar formation and

be theta Privisior paotan, thedt isl swiicknd isasecempdistt ona,0r
T N T
duration of disease exacerbations; increase the frequency and duration of
disease remission/symptom-free periods; prevent fixed impairment and
disability; and/or prevent/attenuate chronic progression of the disease.
Clinically, this would result in improvement in visual symptoms (visual
loss, diplopia), gait disorders (weakness, axial instability, sensory loss,
spasticity, hyperreflexia, loss of dexterity), upper extremity dysfunction
(weakness, spasticity, sensory loss), bladder dysfunction (urgency,
incontinence, hesitancy, incomplete emptying), depression, emotional
lability, and cognitive impairment. Pathologically the treatment with
fusion proteins of the present invention reduces one or more of the
following, such as myelin loss, breakdown of the blood-brain barrier,

perivascular infiltration of mononuclear cells, immunologic
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sinmple solution, they are nore typically used in
conbi nation with other materials such as carriers,
w@eahmeessd y phar maceutical carriers. Useful PCT/US2009/003886
pharmaceutical carriers can be any conpati bl e,
non-toxi ¢ substance suitable for delivering the
conpositions of the invention to a patient. Sterile
wat er, al cohol, fats, waxes, and inert solids may be
abnbnnmalitéess ighicticcacar formatian raod astoalylte paotiﬁacrhjaibhe
adj uvants (buffering agents, dispersing agents) may
metaﬂ{@ar%@maé% paefialpy%m grﬁfté {Rpaincst seladyetipn velocity:
conposition. Generally, conpositions useful for
parenteral adm nistration of such drugs are well
Althouginthe comhegitiogisosl thiBlavendeut daaabeSudwiiastede th
. Ed. (Mack Publishing Conpany, Easton, Pa., 1990).
simple splWHiqruethey atshEgie ypneally ussd inncembipatigaywish other
P04k d_ | . ' ' iRl .e dr
matgE G SHER ot Bafrrfb ity PG TR AL AR 6 e
phabPhaiomeial cherieedlcan?Be B35, dPhitible Thenhamsut istibstance
_formul ati ons may be adm njstered in_nmany conventional
suitadle fr delivenagitbscormppritians ehshe ypyention tecpaticat.

st LT, ARSRAELLE, | ASEE LS el A el HR 80k i o

carrrof. "Phatrhtie utidallynst celstaine seljsvah ab{uff@ingzdents,
rectal, nasal, or parenteral (1 ncluding subcutaneous,

dispessingpgentdrmay mlpakenieorangaiest inte harmaceutical
R st ral i he L ations conveniently be
coml ﬁbfié d@éhgfhlll , c(%{lgogﬂ orgé ugﬁf(}ﬁﬁ%}; poaerebl?:%

r
resen rn un sag orm red by

adnéinystiatibadst yeth detgenaiewells@éwnot. fIREmBE¥torSse,
e.g., Glman et al. (eds. ZM(1990), _The Phar macol ogi cal
Phapgiaceugicatiigieneet 1 ¢4, Edt iMeak PulelishimgnCompany dhaston,

h At Qn C ical. Sci es, supnra, FEaston,

pa., £SO RLeZpBHPERR ERhL6Rion) SHRES Iniidh srBi%hse
intrbatioed iRes enpLtieht’ ¥sbdBabl afsplRekkle, dMig delibke £ 8y §Rins

et al.(eds.) (1990) Pharnaceutical Dosage Forns:
[Urargppiti & ddekken, Revy Phampacole Jorienl. 8¢: 599 (1884))

(1990), Pharmaceuti cal Dosage Forns: Di sperse
Therapeutic formulations may be administered in many conventional
dosage formulations. Formulations typically comprise at least one active
ingredient, together with one or more pharmaceutically acceptable
carriers. Formulations may include those suitable for oral, rectal, nasal,

or parenteral (including subcutaneous, intramuscular, intravenous and

intradermal) administration.

The formulations may conveniently be presented in unit dosage form and
may be prepared by any methods well known in the art of pharmacy.
See, e.g., Gilman et al. (eds.) (1990), The Pharmacological Bases of
Therapeutics, 8% Ed., Pergamon Press; and Remington’s Pharmaceutical
Sciences, supra, Easton, Pa.; Avis et al. (eds.) (1993) Pharmaceutical

Dosage Forms: Parenteral Medications Dekker, N.Y.; Lieberman et al.

30



10

15

20

25

30

Systens Dekker, N. Y. In additional enbodinents, the
present invention contenplates adm nistration of the
WO eE00055pY ot ei ns by gene therapy nethods, e.g,PCT/US2009/003886

adm ni stration of an isolated nucleic acid encoding a
fusion protein of interest. The protein building
bl ocks (e.g., first and second donai ns) of the fusion
proteins of the present invention have been

(edswe(11996)) Rlaatreaceaeticabbidsags Rarmée Takbdets Dekéied, N.Y.; and

eS8 2 TR B P B DS RS ppocrs

S op lynucl ei ¢ aci ds by reconbi nant DNA net hods
ysﬁgﬁmlﬁa&vﬁ’ﬁ\??t he ability of one skilled in the art.

Codon optim zation, for purposes of maxim zing

r.econbi hant protein yjelds in particular cell
In asg&tk@%ﬂﬁlasho 1§1‘fé}t§o¥bélﬂreﬁﬂlhth"ftrﬁéo%lﬂolnit??l%ﬁt%e

. . _ o : :

ccnf ol S Bllon BINEIELE7SAN Bl AR c
admansinprsaedl diy isdlated pnedsicoacidaginaodisiged fagioa protein of
.  therapeutically effective amunt of a fusion protein
integgsty hehe pretginopuildme dlodks g fiskedd seeond domaig of

kL , 7 l.Gh. i
the KB HENE e ERNIAE] Rt o SRUOSRRE S rice

botlaatitbatieenuclstoacidaegpynees kedsdiny ehal motéesnand the
uccessful ly denonstrated in human patients. See,

reS@tfﬂlj?t, apHDRFHE Reauanegs, of e pretginen Eygingeringiafsuch

. X Ea ! .

ol A o By st PR PR NP Eb dk T v $80fin the

abilityrafroneReRilletBinl bh@ @r(.2@gon apdiniz&tidrgtfentpu¥poses of
7,378089, both incorporated herein by reference. See )

maxMigi Ng-reaom Bantypretein yieldstinepartifulgs relk hackgrpunds, is

atso Sl ichhe Ayl ERTE SBBRTA e v B Rifrpelp of an
isoldtsdf mtigledndicéd Ehecadingthgdasidn pastedn is @ndoghpassed by the

Congeni tal Amaurosis". N Engl J Med 358:2240-8, )
eXPrESSThAd MiRIeriNg adhsranpptisalinedfecsivei ampyantafiy fasion

proteHf bithe 3AbEnHBRCYI H8ne therapy methods are well known in the
art. See, e.g., WO96/07321 which discloses the use of gene therapy
methods to generate intracellular antibodies. Gene therapy methods
have also been successfully demonstrated in human patients. See, e.g.,
Baumgartner et al., Circulation 97: 12, 1114-1123 (1998), and more
recently, Fatham, C.G. ‘A gene therapy approach to treatment of
autoimmune diseases’, Immun. Res. 18:15-26 (2007); and U.S. Patent
No. 7,378089, both incorporated herein by reference. See also
Bainbridge JWB et al. “Effect of gene therapy on visual function in Leber’s
congenital Amaurosis”. N Engl J Med 358:2231-2239, 2008; and Maguire
AM et al. “Safety and efficacy of gene transfer for Leber’s Congenital
Amaurosis”. N Engl J Med 358:2240-8, 2008.
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the fusion protein (optionally contained in a vector)
into a patient's cells; in vivo and ex vivo. For in
W@ e0mo/00sshd very the nucleic acid is injected di PEDUE2009/003886
into the patient, usually at the site where the fusion
protein is required. For ex vivo treatnment, the
patient's cells are renoved, the nucleic acid is
introduced into these isolated cells and the nodified
Therehre tacemagion appreaches éort hretrpdticeng aentitleic dcidkehkygding
r.. for exanple. encapsul ated wi thin porous nmenbranes )
the fsion BRICIHARHPRALY HOSEHE ) 48 FoFCPEERITOE gatients cells;
in vRR} andiRsk vido8 o aS virsd d@li@@@t 8 huc__f@i%re?cdarig iRjected
vari ety of techniques available for introducing
direntlylinite theiptiemt, axsually et ¢belsite Fhere abkrugi®s pretsin is
dependi ng upon whet her the nuclei¢ acid is transferred
reqyigeq 3‘&3&% biyo Berbmant, e PN HCEHY 8T Fempyachithe
nucfic b 'i§"il?ﬁ‘%a Sinto (B3R 9ERd eﬁl@beliﬁdftﬁré gnlaﬁiﬁ?d cells
transfer of nucleic acid into mammualian cells in vitro
are adolindsteré@ togheopatieposities, dietety bopforadstaanple,
m Cr Oi n%ec,t' on, cell fusion, DEAE-dextran, the cal cium
Gt ViprEt

enCapRHIIE POFOYE DRSS Whieh acsriiippted aato the
pati¥ﬁ?$§€e§ efgr’ alﬁ.§.‘@é@.l\f{%.'éfl,g%é$§8t4}%r%z?§§,?fe%7 ). There are a

retrovira 'entivira ors. N VvIvo
variagcobtectatpdesrantfabletfoe intrpdesingalwslieid 4eidsf iextbleiable

Wi viral vectors (such as adenovirus, Herpes sinplex.
cellg. &ﬂeu@cgmﬂeﬁygwdﬁwwgm@ Whethesddeanyglaie geid is

. ! . . . .' _ . A f
rorfSerkd IR 2L, e Sl Sl By
inteadddthests phecimn rpsadseitpbs $o10th e yisiresfer oFdrudlen avidahnto

the currepntly known gene narki ng and gene therapy )
magmala csils 4t vagemcdnde: the use ofjliposemes: deglrgpgration,
A . J d e I ed
micl SRR SRRSO LB AL A0 AL B SR SSRA
predpitativhenspiiodhete @otmabnhyg waktiendictbss fmhéeveeb Bylidery of

single treatnent, and the adm nistration of gene
the geng are retrov1raq ang lentiviral vectors. ' J

Preferred in vivo nucleic acid transfer techniques include transfection
with viral vectors (such as adenovirus, Herpes simplex I virus, adeno-
associated virus), lipid-based systems (useful lipids for lipid-mediated
transfer of the gene are DOTMA, DOPE and DC-Chol, for example),

naked DNA, and transposon-based expression systems. For review of the
currently known gene marking and gene therapy protocols see Anderson
et al., Science 256:808-813 (1992). See also WO 93/25673 and the

references cited therein.

“Gene therapy” includes both conventional gene therapy where a lasting
effect is achieved by a single treatment, and the administration of gene
therapeutic agents, which involves the one time or repeated

administration of a therapeutically effective DNA or mRNA.
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t herapeutic agents, which involves the one tinme or
repeated adm nistration of a therapeutically effective
wORA00055MRNA. A | gonucl eoti des can be nodifi ed BPEI/US2009/003886

enhance their uptake, e.g. by substituting their
negati vely charged phosphodi ester groups by uncharged
groups. Fnl 4/ TRAIL fusion proteins of the present
i nvention can be delivered using gene therapy nethods,
Oligbancteatigdsechadal modifieiwonenbadse theimaptes|d. g, bor
| e. via vectors that selectivel£y

/stem cal |  y )
Subgfﬁftgi{lngigégﬁﬁ(:gafgv@glfélqrﬁ@ésph%r»h@slw%grweg
anchSR6) BLCyBE TarREPPRAE MYl S R T el SRR jmvention
can $eedeldwired)udihgnad e thekipy ehuethodan fbeekaaiisié ast &ty ex

vivo with a %ene encodi ng any of the fusion proteins
tumgr hedls, pprashecalhy.cpr ppsteraisalbniens s stavaciagstthat

e SRS SELER A0 5 0y R0 e

assoo @t vieal aE€tot).t Bblseni@entbediri@nts, Priind@NRIRYSIRM as
di seases or disorders, including, but not ITmted to,

lympheeytemarestsamseils) froandhicandividyiahnare badsanskdcted ex vivo

ot ' i di hic thr C eni a r.opura,.
witt, SEBRROGLORED, g A1 BB Ty LIRS RGBT Ry i,
and ahefil @tuahin g F1es phoh éfet e & vols @BRhed@idivididl s b&Hyt en-

sensitive enteropathy, allergic encephalonyelitis,
myocarditis, relapsing polychondritis, rheumatic heart

| se L u phritis (€. Q. A nephr opat h
tn sQl R BT R MRalan bratTolof thE hasERL RFMen are
suitZbley®rdeeatnenaiofiefmulier fisten eishasedest adbrdepsnl ei n
rpura), Reiter's Disease, Stiff-Man Syndrone,

. pu tel . :
including, rhiineoPlirpiged ty, pRtpHRmIANe hemolytkr dnemsa, | gA

R T e

purpersnietinthaket 8sutdentih s audditn AHirtddTepenia, hemolytic
I nf | ammat orybg(.e,, aut oi mune thyroiditis, o
anemyacrRyphogPEelipid synduasee ndemhatitisy gbiin-isspsitive

ente?gﬁgagg',calllé@li'é encephalomyelitis, myocarditis, relapsing

polychondritis, rheumatic heart disease, glomerulonephritis (e.g., IgA
nephropathy), Multiple Sclerosis, Neuritis, Uveitis Ophthalmia, Polyendo-
crinopathies, Purpura (e.g., Henloch-Scoenlein purpura), Reiter’s
Disease, Stiff-Man Syndrome, Autoimmune Pulmonary Inflammation,
myocarditis, IgA glomerulonephritis, dense deposit disease, rheumatic
heart disease, Guillain-Barre Syndrome, insulin dependent diabetes
mellitis, and autoimmune inflammatory eye, autoimmune thyroiditis,
hypothyroidism (i.e., Hashimoto’s thyroiditis), systemic lupus
erythematosus, discoid lupus, Goodpasture’s syndrome, Pemphigus,
Receptor autoimmunities such as, for example, (a) Graves’ Disease, (b)
Myasthenia Gravis, and (c) insulin resistance, autoimmune hemolytic
anemia, autoimmune thrombocytopenic purpura, rheumatoid arthritis,

schleroderma with anti-collagen antibodies, mixed connective tissue
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eryt hemat osus, discoid |upus, Goodpasture's syndrone,
Penphi gus, Receptor autoi mmunities such as, for
wWeanpds19 (a) G aves' Disease, (b) Mastheni a BIHUBZ09/003886

and (c) insulin resistance, autoimune henol ytic

anem a, autoi mmune thronbocytopeni c purpura,

rheumatoid arthritis, schleroderma with anti-coll agen

anti bodi es, m xed connective tissuedi sease,
disepstypyhsnyositisgeerhiaaonoriditis, ppehiticnsuhediRillidiopathic

i di gpat hi c Addison's disease, Infertility,

Addashe disesisy Anfartditg yglorasrpionephyitys @z@{nua@ PEPREXY | s
oINS r ,
alorfbAERRPRIL RRRIE Pt USRI g FhRYER], Sirens

synd®sihe} didsetes maeNdLBY aadr 2apsrrgic HeagRsisthaveqindltding
asthma or cystic fibrosis), chronic active hepatitis,
adregiargig drugiresisfanre Miskiasthoraer eystisclibrasig), ahronic active

i.lure, vitiligo, vasculiti ost-M , cardj pt. iieqs

hepafliay bRl A otFEHs btier RERbeIe GBFRHESRIRE, vittieo,
vasduliti S HGStoM, B AdiatdisSsy@debrak e ticAiHaa MBpRS dermatitis,

granul omat ous, degenerative, and atrophic disorders).
asthmappflampedtoryrmyophshiess ieovd pthrreinfiammatesypr esent

.nvention aje used.to treat, nultiple sclerosis. In
grar AR, stk h ARl he of ¢ he

present invention can be used to treat various types

of cancer. Soluble TRAIL has been associated with the
In opadusbpdiment.afupiusips protems af thkiprdsent invargion are used

cells. I&/bllreo er. .for certain tunor types, inflanmation
to t Itr%]é%tﬁ%elf/cglédsb?’otunori genic. Hence, a TRAIL fusion

protein can be used to kill tunor cells directly,

bl ock pro-tunorigenic inflammation, and furthernore,
In additigralgadodimsnisk the disigenpsoteinTioé the preseoipoviention

can HignTotd o5 R odre VRO S ER GRSy SIS ARAT bl een
asscigdeidediih the tlduetiofnof apBHtdses 1§ dehBTBEk YRR of fldRior cells.

ternms "cancer" and "cancerous" refer to or describe
Moreoeth K95 icertedgn daimen hgibe s, dnilamnmatian snayactislly be pro-

tum%¥%e%‘rf‘cl.l )Hecrpcaer, %C&‘ﬁwlf%s?gn %@5&%‘ caatﬁ ecslscled to kill tumor
cells directly, block pro-tumorigenic inflammation, and furthermore, can
be used to block angiogenesis. The Fnl4 component (the first domain) in
this case would localize the TRAIL to TWEAK-positive cells (for example,

on tumor endothelium and/or on tumor cells themselves).

The terms “cancer” and “cancerous” refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell
growth. As used herein, the term “patient” refers to a mammal, typically
but not exclusively human, having cancer or other autoimmune disease
and therefore in need of treatment by the methods of the present
invention. The term “mammal in need of treatment” is used

interchangeably with “patient”.
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gromh. As used herein, the term"patient" refers to a
mammal , typically but not exclusively human, having
W@ 2010805507 ot her aut oi mune di sease and t her ef BEEUBI909/003886
need of treatnment by the nethods of the present
invention. The term"mammal in need of treatnment” is
used i nterchangeably with "patient". Exanpl es of cancer
include but are not |imted to, carcinom, |ynphona,
Exanples afecarsgrdachuda it aekeot Hndted yﬂpb?)i‘cdno;na, lymphoma,
mal i gnanci es. Mre particul ar exanp] es of such cancers
blastﬁm%o%lrppmm lwghamleaqﬂrclamplw@amalmlp%dw@ﬁe
p r r r; I
parfERRRTERBIA, of SFRcarira e M. KMNEY or i RAREEL,

brestneAiceradehat aancepNeceal taeceynplaruttaoanoes lung cancer
carci noma_of the |lung, squanous cell cancer (e.g.

inclagding small-csljamsicarest, remseryll cellringragesier ,
adergé@éfc‘?ﬂoﬁ@f;{a the ?ﬁﬁ%tﬁ& s&?ﬁ?ﬁ&&s lc'ﬁﬁ(gfnto‘iﬁgc 1o e?fuargéj,er

ncer, cancer O € peritoneum epatoceltuta

SqQUARTHEY celfasaiicee (Olg. TpdtFRtial cRfirehouBWeldeMfcer), cervical
gastroi ntestinal cancer, gastrointestinal stromal

canggmpEvariay sancepaprasdats eangpcdivernanraeindladdrr cancer,

Li et i I ast.rocyt o
cantIGE i PeLBhERLD Reeh fEMORARSHOFE, ARHERSH §ffnacn
cand@t {rgiladin € gab @it stthdldhriddg kaBerdid tadtan@ $tibkial tumors
mul ti pl e nyel oma and acute henatol ogi ¢ mal i gnanci es,

(GIH d paBcrealic sangesr haad @and neskecangate ghipblasfioma,

£ 1o 0 | ocarcinoma, saliv | and
retif O R T Al PR A Rekb Bl oSl hgparoma.
heneablddio raalighenaidsCinkndino idn- Hodigkeas ¢y mMPomAgNHE),
carci noma, naso haré?geal carci noma, | aryngeal _
mulgiple myplesa acute bgmatwiogiasnalgranciyd, endometrial or

uterf Bl PR, ERUB IR B APRIRIEO B Sl ecesiname:

salivatyopiesbeSiBs malviiaay chhaef, €direidieARser | dydhdkeal
carcinomas, Wlnms tunor, a s well as B-cell |ynphoma

carqippglafiRpatmcaranema.ornpkbofegingeg, penile carcinoma,

nasopharyngeal carcinoma, laryngeal carcinomas, Kaposi’s sarcoma,
melanoma, skin carcinomas, Schwannoma, oligodendroglioma,
neuroblastomas, rhabdomyosarcoma, osteogenic sarcoma,
leiomyosarcomas, urinary tract carcinomas, thyroid carcinomas, Wilm’s
tumor, as well as B-cell lymphoma (including low grade/follicular non-
Hodgkin’s lymphoma (NHL); small lymphocytic (SL) NHL; intermediate
grade/follicular NHL; intermediate grade diffuse NHL; high grade
immunoblastic NHL; high grade lymphoblastic NHL; high grade small
non-cleaved cell NHL; bulky disease NHL; mantle cell lymphoma; AIDS-
related lymphoma; and Waldenstrom’s Macroglobulinemia); chronic
lymphocytic leukemia (CLL); acute lymphoblastic leukemia (ALL); Hairy
cell leukemia; chronic myeloblastic leukemia; and post-transplant
lymphoproliferative disorder (PTLD), as well as abnormal vascular

proliferation associated with phakomatoses, edema (such as that
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Hodgki n's [ ynphoma (NHL); small |ynphocytic (SL) NHL;
internmedi ate grade /follicular NHL; internedi ate grade
waeledhesINHL; hi gh grade i mmunobl astic NHL; hi BEI/GR208003886

| ynphobl astic NHL; high grade small non-cl eaved cel

NHL; bul ky di sease NHL; mantle cell |ynphons;

Al DSr el at ed | ynphoma; and WAl denstroni s

Macr ogl obul i nem a); chronic | ynphocytic | eukem a
assddiated wathibealry tphuliisisangd Meigse syadfdnlk) ; “THamoy” ce$ used

|.eukem a; chronic_nyel obl astic_ | eukem a; and

hergjps reteraiomlhReopiasito pediarpeithiane nphirasion, prheghery
| | . ; .
malffrid o pEnf AR alh BREblcePbds o EanCl AR BENE LR,

tissedi n tunors), and Meigs' syndrone. "Tunor", as used
herein, refers to all neoplastic cell growh and
proliferation, whether malignant or benign, and all

e TG i PP G TR RUE RS el DT Yirananic

trealb@ieh ttdred gRepghitadtieat PRBlvedtdivy ARA¥IAes] WHrein the object
prevent ative neasures, wherein the object is to

is tppesrant @ slovodosawiesserlsdm tangetedpgehetbgachnidigpn or

. ndi ty on.,.or disorder. subject .4 $ successf.ull

disof R, A SRt ARl ea B L, AHECFRE vt o

ther@ pedti OAMY R edbNa Ghisidie prouaitdfamedigiehdididatfofdifg to the
met hods of the present invention, the subject shows

methpderafdblecprasentanventions dbkesulydotshowsi obsarvabieand/or
of . o or .nor.e_signs_and s tons of the.partic

meaurdBfe LRty IR BRen S TR B o st By BR S ard

of tiépaeticafarcaizeake C gt dSeRAmPpIs e L celrNee§aBE6H iEEIHES;
reduction in the tunor size;, inhibition (i.e., slowto

numglpeieobganaer gelds pr efneasieyolsthupyanten celbs; mestuntiarin the

i nhi.-bit.ieon,..to sone extent, of tuno roow h. _i,ncreas
ol Wi diiigich o TS i WisprRs HUERT aPelHf oS8R or
tum@temetastakhs; Ahhibiicty, et Surheasgest addiol krbligh; increase

specific cancer; reduced norbidity and nortality, and

in lengthovlerasnission gaadi/ py refief td somssemtentRedge mrprefof the

syrntpl%gms associated with the specific cancer; reduced morbidity and

| ar
ﬁgmptoms

mortality, and improvement in quality of life issues. Reduction of the
signs or symptoms of a disease may also be felt by the patient.
Treatment can achieve a complete response, defined as disappearance of
all signs of cancer, or a partial response, wherein the size of the tumor is
decreased, preferably by more than 50 percent, more preferably by 75%.
A patient is also considered treated if the patient experiences stable
disease. In a preferred embodiment, the cancer patients are still
progression-free in the cancer after one year, preferably after 15 months.
These parameters for assessing successful treatment and improvement
in the disease are readily measurable by routine procedures familiar to a
physician of appropriate skill in the art. The fusion proteins of the
present invention are administered in amounts effective to provide

improvement in any of the above parameters used to measure success in
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signs or synptons of a disease may al so be felt by the

patient. Treatnent can achi eve a conpl ete response,
waledivnesdias di sappearance of all signs of cancRCT/US00H003886

partial response, wherein the size of the tunor is

decreased, preferably by nore than 50 percent, nore

preferably by 75% Apatient is also considered treated

if the patient experiences stable disease. In a

treaphefrar sfashec8r0 AintEBin BehEe LA detdrahirfid by asree Skilldd in the
progression-free_in the cancer after one year,

art.pFef @%amryleaﬁtnee q@lvﬁ;ﬁm@ntrma‘d@atpamm@wéml@ns effective

f t t d
in iG0ER Ao BUAISH S mb RIAE e ) O oL RIARETEY B skt Sells,
or sﬁ@’ﬂtéﬁﬁéll?ihlﬁop 6 ipgitRte caReEPBEllat ©tdler!dxampldiof an
art. The fusi on(gr oteins of the present inventi on are

effegldve amewntin¢lndgnpmermntsfwhich ase teﬁfeptweudereducmg

bove araneters used.t
profiFRef¥E S rbuP B2, of MER ARG BRLE T oR R U Wi Tnvasion
of of}%ﬂ}dtlbyuéﬁl%rdﬂdiﬁ? dNgiBpenssis| e félilﬁ(flﬁgai"ntﬂangﬁ{atlon
exanpl e, an effective am)unt s that anount which is

effective in inducing apoptosis in some cancer ceIIs
or. substant i al

i B BTBAH S Sl SR o b e

inveRfticie ChneoptivHAlly ITCAYAANPREEY S0 Whaieat $n %fofrﬁﬁfﬂé’t?on with
in reducing proliferation of tunour cells, of halting

othqru@@@mophegermm@ Agenss.i Buitible dicropheerapesiesgents
dugi n ne and r.educi,ng i.pflammation. In

inclFEY foyl S SRRe ST Gne Heer St s P dPiaend

cycl@&ph@sﬁﬁaﬁildm@wcgmm (TVY-Lalidy® R GRMABE IR LY Bif‘sulfan

adm nistered to a patlent I'n conbination with other
impgpsaibah emap pipe suldgenasiridinesablah abdmizuetogee wieirboquone,

ents incl,ude,, for al k tin ents such as
metPRE808aL A5H 1 i ST iR s A ol A S e
incladih® agdretarbiued ﬁfl&h@lﬂ’éﬂ’érfn%!hmhﬂ@rﬁ%ﬂyiéﬁb% horamide,
pi posul f an; aziridi nés such as benzodopa carboquone

trl@ﬁ@l@m@@npahoaphagr@mm anst hirethylolesielathine; nitrogen

rnu{%%@% s |n ql§%9altr tamnglcgmcggmsphannde

estramustine, ifosfamlde, mechlorethamme, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, ranimustine;
antibiotics such as aclacinomysins, actinomycin, authramycin,
azaserine, bleomycins, cactinomycin, calicheamicin, carabicin,
caminomycin, carzinophilin, chromomycins, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin,
epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins,
mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin,
puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as

methotrexate and 5-fluorouracil (5-FU); folic acid analogues such as
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triethyl enet hi ophosphaor am de and

trinmet hyl ol onel am ne; nitrogen nustards such as
webdtonessiouci |, chl or naphazi ne, chol ophospham deCT/US2009/003886

estranustine, ifosfam de, mechl oretham ne,

mechl or et ham ne oxi de hydrochl ori de, nel phal an,

novenbi chi n, phenesterine, predninustine,

trof osfam de, uracil nustard; nitrosureas such a s

denoptémia] nfethothdeitez ptewpteringiteimtistreRgte; | tiSkI d¥ealogs such
ni mustine, raninustine; antibiotics such as _ L
as fludarahingy Srmercaptamiaripei thiaaitineydlinguanirer pyrmidine

gonycins, _cactinonycin,...calicheam ci carabi cin,
anafod RHEh s AR P bR At AR Sy fipe, BafmlotF,
cytdtadih8ofidoiyudriine! dRixeflBridaeé it Bine, floxuridine, 5-FU;
6- di azo- 5- ox0- L-nor [ euci ne, doxor ubi cin, epirubicin,
andgegendistich, a$ dalugticcone, dromeistanglone, prapionpts,epitiostanol,

cophenol i ¢ acid, nogal agyci ol i.vomnyci ns o
melioRle et SRR Sq e thimide,
mit6QERY, Ubil64taneS tH PR Fepbnishe £BUCROLE MrolirHBEddi N,

ubeni nex, zinostatin, zorubicin; anti-netabolites such
aceglatome haldoplurspharide glywosude;amin¢svalinic fasid camsiagrine;
nal ogues such a sdenopterin, thotrexate, ., . .. . )
bes AR BTl Bt bR AL BRI RE s g cleine dliaziquone;
elfofxln_li'ﬁﬁhépbﬂﬁ)tix@hﬂ_ﬁré_‘&ﬁh%i%tb?ﬁmiﬁb L@ Nfrate; hydroxyurea;
t hi oguani ne; pyrim di ne analogs Such as ancitabi'ne,
lentananj tardidasming; audoghdzone; vutersnroney tregpidiameo!; nitracrine;
I deoxyur,i di ne, doxifl uri.dine, enoci.tabine, .
PenfOYRHT U IS P aRHPUY A SodsBISINn Ear Bk & sHayIhydrazide;
pro€AHSh &PSRIRTN.OPhERR fe; SiRblit£3! §PRbgeRRANIHAST ane,
testol actone; anti-adrenal’s such as am nogl utethim de,
tenpazenisgrasids tiihssuons; 3,022 -tochlareptiettiydhenineyciretlsan;

. froliniic acid;. acegl atone; al dophosphani de cosi,de;
vindgitng! U ATt ng PR B ARG G- UGt Fitoiaetol
pipSbiHHIANE BRCy @A E 24 AL Binoded O [ AFaDE?); dGBRGM S pamide;

_diazi quone;” el form thine; elliptinium acetate, ]
thioepgl trsiahesy &l g1 pachiaxed(EAXIOdRBM yrBrstdleMiyenaBquibb

e R T
Poul&WORdYEl | Ahfordf] Brardcdt BMlddhBatAegemcitabine; 6-
thioguanine; mercaptopurine; methotrexate; platinum analogs such as
cisplatin and carboplatin; vinblastine; platinum; etoposide (VP-16);
ifosfamide; mitomycin C; mitoxantrone; vincristine; vinorelbine;
navelbine; novantrone; teniposide; daunomycin; aminopterin; xeloda;
ibandronate; CPT-11; topoisomerase inhibitor RFS 2000;
difluoromethylornithine (DMFO); retinoic acid; esperamicins;
capecitabine; and pharmaceutically acceptable salts, acids or derivatives

of any of the above.
Also included in this definition are anti-hormonal agents that act to

regulate or inhibit hormone action on tumors such as anti-estrogens

including for example tamoxifen, raloxifene, aromatase inhibiting 4(5)-
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procar bazi ne; PSK RTM ; razoxane; sizofiran;

spi roger mani um tenuazonic acid; triaziquone; 2,
w@2018/003519 chl orot ri et hyl am ne; urethan; vi ndesPEEDS2009/003886

dacar bazi ne; mannonustine; mtobronitol; mtolactol;

pi pobroman; gacytosi ne; arabinoside ("Ara-C');

cycl ophospham de; thiotepa; taxanes, e.g. paclitaxel

(TAXOL. RTM, Bristol-Mers Squi bb Oncol ogy, Princeton,
imidazhlgs aﬁdndhmyeaueiox@féﬁxwﬁsiﬁeﬁféwkﬁoﬂfene L?Qllf?m@

Ror er, n Fr.anc chl oranmbugci | ; i t abi ne;  6-
OnaPﬁ}ScSaﬂ%m?ﬂ t%méa%é*&rﬁﬁ@n w@ﬂ‘%’of“ﬂ@x gt ogang FHEM aS
TucBRALPIANBNERMIAE. BlERPMENRONAE, Ahikoscrelin; and.
phamtaareytioal iy, acmdpmbm salts; acidwor sierivativesrsirahponehe

navel bi ne; novantrone; teni posi de; daunonyci n;
abo¥ei nopteri n; xel oda; ibandronate; CPT-11;

t opoi sonmerase i nhi bitor RFS 2000;

di fl uoronet hyl ornithine (DMFO); retinoic acid;
Alseapdnadeddinnthis ciifnitiabiare; clestofitaapreaiv agahtsy that are

acceptabl e salts, acids or derivatives of any of the
ableyp vensikjzedumentssd site TRALL @ard avercomedRAIL resistance,

suc 'Hé P@{egg ﬁ'le ﬁ'%%ﬁﬁ)rts%d qlcl totnoe §&8 ét@i wa&)bi t
et il

ne ac on tunor

mhllmtﬁrsldbﬁ@loh@mmm’mhﬁatlﬁm mé@‘latd ahdmﬂl'féﬁ?q»ro&éﬂﬂWMe
i nhi biting 4&5) -1 m dazol es, 4- hydr oxyt anmoxi f en,
kinasq Bhipiess, kéoaliylamaino-¥i 1demgth mwdgn@mycm@rsemc

trlo% ereeg'l(fi gg ?m(lf%lr frﬁ&ﬁ)n‘gorsa(ﬁdAﬁgﬂo Y (yr8 e u ST %ﬁgm%?e

bica am de,

antmﬁs&i iamd mmmwmfy eaktisteasie %@U@Na@n@@'dr&ierlvatives
acids_or derivatives of any of the above. Al so

of any Qi ffesei n this defiinition are chenotherapeutic
agents that are able to sensitize tunour cells to
TRAIL and overconme TRAIL resistance, such as

Addptiohabitfoemianturbohottfe atethbdstsineardeacetytasat (5PAGYided in
i nhibitors gcl ohexi m de, imatinib nmesylate and ot her
U.SpPatenthNey o8 P22, incorporated by reference in its entirety.

Accordingly, in a preferred embodiment, the fusion proteins of the
present invention can be used to treat breast cancer. In another
preferred embodiment, the fusion proteins of the invention can be used
to treat colon cancer. In another embodiment, the fusion proteins of the
invention can be used to treat liver cancer. In another preferred
embodiment, the fusion proteins of the invention can be used to treat
ovarian cancer. In another embodiment, the fusion proteins of the

invention can be used to treat leukemia. In another embodiment, the

. fusion proteins of the invention can be used to treat melanoma.

In further embodiments, the fusion proteins of the present invention can
be used to treat alloimmune diseases, for example graft rejection, or

graft-versus-host or host-versus-graft disease.
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ki nase inhibitors,
17-al |l yl am no- 17- denet hoxygel danamyci n, arsenic

wao pi100033@ and X-1i nked I nhibitors of Apoptosi SPEr/USM0$003886
smal | nol ecul e antagoni sts; and pharnaceutically
acceptable salts, acids or derivatives of any of
these. Additional information on the nethods of cancer
treatment is provided in U S. Patent No. 7,285,522,
i ncorporated by reference in its entirety.

Accordingly, in a preferred enbodi t, the fusion .
In f‘yb‘i éieﬁ%g%%rf’ﬁ’étﬁa rtg'@e‘{‘w{s@’ﬂ\%ﬁ[t?lé‘r? gﬁ‘%@‘”i&f‘éﬁ nyeption can
be YRR niciftigte ahBiGRMIN vy SASHARACARROM BiRLrivE Mnount
of tloohosioagmarein,las dasttibed extioat. "Ehe ;udehef TUHLAK and other

proteins of the j nge&{{i on ca? be used to treat |iver
Fnlgagonists i daemesd plosr erameplenboti freRatentilor Hst@fy 151,

incoggg}gﬂe'asﬁ)gfrefé}?ﬂgg\fgé%hpﬂl‘}?éqeﬁﬁﬁé’@ed to treat ovarian

ncer. ano odi nent , e fusi on proteins of
the invention can be used to treat | eukema. In

anot her epbodi nent, the_fusion proteins of the .
In the psas¢phinvgntin,Reyinameatonysl Wish signaks, crpapating
. Co . ;
fronf SRMAEO Twit AR-bUS AR AU Infl ol SnBhERRICell types, are
con¥@te@XanPhe 4gTRAIL irje dtihibitorgr TRANL onesr sSprlifisanty, the
host - versus-graft disease.ln further enbodi nrents, the .
oppesiIgRN-srdamumatonyhERA bk BAe-Signals: ahb¥ deiputiggeirning

_ . 5 by RS . o
the TR/ ERRULELARB VAP0 BT ot o AU Th YR el Mt SRR,
fromu$ 16F TRAEAKRa tsl Fei e TRANL AR agotivate] Tscalsdrivieg, for
exanple, in U S. Patent No. 7,208, 151, incorporated
autgnmang pALROgRNGSIH 1The funepenakpleioirapise of hsent

i ' (1 { 't T Lgn . [
TWRKR L DR RIS Sl A L LS I A mer,
spanfaing aypp@sayasfantmnmvses had hynAm#AuRALElL ithpes (Burkly LC,

inhibitory TRAIL ones. Significantly, the opposin

Michagtson )91 Biabandf y FRAPLY S & ot iyerat I S lBWEAKIng tissue
remgagliﬂg%}p A h¥ifii¥%ctional cytokine: role of TWEAK/Fn14 pathway

in health and disease, Cytokine 2007, 40:1-16; Winkles JA: The TWEAK-

Fnl14 cytokine-receptor axis: discovery, biology and therapeutic targeting,
Nat Rev Drug Discov 2008;.Zauli G, Secchiero P: The role of the
TRAIL/TRAIL receptors system in hematopoiesis and endothelial cell
biology, Cytokine Growth Factor Rev 2006, 17:245-257; Vince JE, Silke
J: TWEAK shall inherit the earth, Cell Death Differ 2006, 13:1842-1844,;
Cretney E, Shanker A, Yagita H, Smyth MJ, Sayers TJ: TNF-related
apoptosis-inducing ligand as a therapeutic agent in autoimmunity and
cancer, Immunol Cell Biol 2006, 84:87-98), inheres in Fn14-TRAIL
extensive functional possibilities for impacting and expanding cellular

networking.
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the TWEAK-bearing cell's attention, and in effect
redirecting signaling, fromFnl 4 +TRAIL-R- to Fn 14
WA BADALesR activated T cells driving aut oi MunePCT/US2009/003886

pat hogenesis. The functional pleiotropismof the
TWEAK: Fnl 4 and TRAI L: TRAI L-R si gnal i ng axes,
especially the fornmer, spanning an array of imune and
non-i mmune cell types (Burkly LC, M chael son JS, Hahm

Unlike d POV EAK Bisuleer ISuchVEAKRNG: - 1$@$aﬁ Jnm@@rng;

a multifunctional cytokine: role Fnl 4
TRAéétfHW prioteda| subsiiantas sadsenflayioriory PBAIL mp-signals for

Twigk proghafind O Epgl afiimsr I T SF R TV EAK

are aks&eNc wgv&t%awoao oniihd TWERRCERivRNOiflarhf®ation
role of the TRAIL/ TRAIL receptors systemin

andmwmpmcéscdlranbbct tewahds inhititing DRAIbd-beayingk cakds with

h 2006, .1 45-257; Vi
which et ot RirispHB AT Rouny U Sy tpe cdlls)
The 39%&]& thESTRAIBARA TR & %Yla’ﬁn Rk iMladABhtérykvents
h MJ, Sayers TJ: TNF-re€l ated apopt osi s-i nducli ng

is lalrggla'n‘daaml'abttm apeutdngeagbimmunadtiochiomsi-+ § earibicycle

proé%%%%rm' BERReHes Vecdth e fBatiopostprn eimé@i‘t%%i?%yté‘kme
prow@@@ﬁl R dhAg 1ﬁﬁ|a|rﬂﬁ1%!'toﬂew@édfbﬁ§ LI’ﬁ'llhéf
npl € TWEAK bl ocker (such a s Fnl4-Tgd (nut)), el‘—“n

Wllrman ARBeided &5 lom PBoCaike BulbHtdrn ¥t &Jlasnorf TNeraIatador y
TRALL .neo- si for TWEAK pr.o-inflammtory signals.
ap%%és-le@rﬂcgﬂ%3&?%%9%?5@@%@@%@% MBEdence

SpIeNRMPEliths QMR O OMEAs dr3 1ven 31, 13ifRL hedyand
are i nstead redirected towards inhibiting

Cherrndil SE; Bél@ngr@ TeidhsRM t Ghehi XH: ﬂ]'etycalﬂ] gies mxﬁttumor

othervvlsel ct ctivat. ffector Tc | |
necisi faaE et S Ebabfidls FRARCITE LEGRD by Sh i cligRete?,
Diabées0®3 059 Wzszm CASOR YEVNFbQﬁQIth ULOK Rfaddiki N,

range_of i mmune functions - cell cycle progreSS|on

Yagidatldy Becnand CC cerewpt 5) Aethnam, ApSeny th MumENGrselated
apopyosm-mceiucmg ligand (TRAIL)/Apo2L suppresses experimental

autoimmune encephalomyelitis in mice, Immunol Cell Biol 2005, 83:511-
519; Hirata S, Senju S, Matsuyoshi H, Fukuma D, Uemura Y, Nishimura
Y: Prevention of experimental autoimmune encephalomyelitis by transfer
of embryonic stem cell-derived dendritic cells expressing myelin
oligodendrocyte glycoprotein peptide along with TRAIL or programmed
death-1 ligand, J Immunol 2005, 174:1888-1897; Lamhamedi-Cherradi
SE, Zheng SJ, Maguschak KA, Peschon J, Chen YH: Defective thymocyte
apoptosis and accelerated autoimmune diseases in TRAIL-/- mice, Nat
Immunol 2003, 4:255-260; Song K, Chen Y, Goke R, Wilmen A, Seidel C,
Goke A, Hilliard B, Chen Y: Tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) is an inhibitor of autoimmune inflammation and
cell cycle progression, J Exp Med 2000, 191:1095-1104; Mi QS, Ly D,
Lamhamedi-Cherradi SE, Salojin KV, Zhou L, Grattan M, Meagher C,
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production, Ab production, and inflammatory reactions.

Hlliard B, WIlnen A Seidel C Liu TS, Goke R, Chen
Wr201R00%5$9 of TNF-r el at ed apopt osi s-i nduci ng | i B@&RtiS10n9/003886

experi nmental autoi nmune encephal onyelitis, J | munol

2001, 166: 1314-13 19; Lanhamedi - Cherradi SE, Zheng

S, Tisch RM Chen YH. Critical roles of tunmor necrosis

factor-rel ated apoptosis-inducing ligand in type 1
Zuclealbh t@sen BiRbNage J003ubDR;, Dxlovize 8L B ktokeylebof tumor

nec%%%%ﬁ%&h%%ltegggﬁglﬁ%sighi Y. Bgé*Hg&tnéﬁ{ngcr:grbat’es %Sg'a !
diaRRERLANSD Adeel Plablaaobd Rébtigéﬁpfg?issmg%%%% of

experi nent al aut oi mmune ‘encephal onyel itis in mce,
immumuindiibGelry cffecits 20ly 8Xt&idd bejdAd EDUatR cElls $anjge,

cnopERaITROIF SIS Ttelr BapoPHiamand DC. Zauli G,
Sec F’B gffl’lq{%’ 'F!)lé:t 6§tl’¥é’T§ﬁﬁﬂ? TRAIP e far%néxj trs;h? Th
cell-derived dendritic cells expressSing

hendd togoitesis boely endgtlyelipl adlbbivlpgpt CoeokinenGraiwth FeRAbE Rev
%r gré)%ram’red deat h- 1 ligand, J Imunol 2005, 174:
200 Sé :

89/ ’Léﬁ%é?f% Mn¥pmagudd NzAbsMsHireg Ss Hkai T,
Sgrodeofagid 1 SOPRrelsilPoPahlikedl IR o RIPPRE' ©

relabm apoptosik-i2Nging: I%&ﬁDRAHo)n Ceall Irbhenndl 200ke 2R.9:82-
Il men A _Seijdel C . Goke A Hilliard B, Chen Y: Tunor
gg@ﬁ’%a ¥aQXBEPRBItRY e Y 28HSpHe Sitainshenihglivingsren HG,

St e e
cellslilr@mvthndﬂlmlﬂ;s @endﬁﬂhﬁﬁﬁd ivaCberatish eﬂ&a@@'&lmmlﬁ‘{ol '

l,% Grattan Mea er C.Zucker P, Chen_YH, Nag
2003 1 ?ab%3ﬂ2%e1169§§%1h > Djoie MiMe L@mm@rﬁﬁEﬁealagp§kl MJ,

Bengﬁ-g% : yhg&%%pg&@@@g&g&%# §8§g8§f6%?§érb§b?%m+

abetes | abett
T- ceﬁﬂhéﬁﬁé’eﬂﬁ‘ﬁﬂis CIb8s ’JraeganefndnyrmaommIbirhedi,ateﬁfee;ﬁt@tion-
ext ends beyond CD4+ T | 1's per

|
indiheh el ERn, Basrd A1, % BEB0s YonBly ChaneXe, hen
PM,Z\W&%I WS, Hsu TL, Yang CY, Lee CT, Hsieh SL: Apoptosis of

dendritic cells induced by decoy receptor 3 (DcR3), Blood 2008,
111:1480-1488. While there is evidence that TRAIL can induce apoptotic
cell death in macrophages and neutrophils under certain conditions
(Smyth MJ, Takeda K, Hayakawa Y, Peschon JJ, van den Brink MR,
Yagita H: Nature's TRAIL--on a path to cancer immunotherapy, Immunity
2003, 18:1-6; Kaplan MJ, Ray D, Mo RR, Yung RL, Richardson BC:
TRAIL (Apo2 ligand) and TWEAK (Apo3 ligand) mediate CD4+ T cell
killing of antigen-presenting macrophages, J Immunol 2000, 164:2897-
2904; Renshaw SA, Parmar JS, Singleton V, Rowe SJ, Dockrell DH,
Dower SK, Bingle CD, Chilvers ER, Whyte MK: Acceleration of human
neutrophil apoptosis by TRAIL, J Immunol 2003, 170:1027-1033), its
pro-apoptotic activity is less clear for T cells. Lunemann JD, Waiczies S,

Ehrlich S, Wendling U, Seeger B, Kamradt T, Zipp F: Death ligand TRAIL
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Secchiero P: The role of the TRAIL/ TRAIL receptors

systemin hemat opoi esis and endot helial cell biology,
W@i10ko33e G owm h Fact or Rev 2006, 17:245-257; Kyuaszk9/003886

N, Yamaguchi N, Abe M Hirose S, Shirai T, Okunura K

Yagita H Suppression of antibody production by

TNFr el at ed apoptosi s-inducing ligand (TRAIL), Cell

| mmunol 2002, 219:82- 91; Hayakawa Y, Screpanti V,

inday ha apgopoaixdbath ikhibifsiagtivatiodGf Bayhdn I(/Hutd)tlaamilgrehs
Bl: NK cell TRAIL I|mna i mature dendritic cells
speqthe i el ITTAHRST A 16840 - ARSE: SRR RENE, Zhang LY,

j , 2 1
Dot et I 2808l S iRBaRRlyPrgag. an
CD9HI, irGMHIf ahd Tnfaz cellse nolafbf @bpwﬂie igelr helper@EUbset
hel p con Vi a

diffey P%Flenl‘?@dlés)ﬁlb@e@éhl Qbffqro%pﬁauéQdQQ%’r? 1éeat h, Nature

2005, 434:88-93; You RI, Chang YC, Chen PM Wang W5,

Hsu TL, Yang CY, Lee CT, Hsieh SL: Apoptosis of
Chndehﬁ[mg ithe @&l 14 andtlTRAILyorpeayntsadhier adia@eRRision

Bl ood 2008, 111: 1480-1488. Wiile there is evidence
proteppmaralicitespediabiapd samgtlmqrs:cgmplemtary functional

prop e oy Ay el G s B B1 S5 e mask
nega&ﬁVeﬂkff&Rs obghé a)thel\laﬁhHreme}Rﬁh otaePaide lithi€dReRT
i mmunot her.apy, | mmunity 2003, 18:1-6; Kaplan M, Ray
thergpensicratiligyngcontet RRFEied RdBEN tABAF L (hm@zmchgdmhe
follo@sﬂﬂ TWEAK (Apo3 ligand) nediate CD4+ T cell killing of
ggen presenting nmacrophages, J I mmunol 2000,
164: 2897- 2904; Renshaw SA, Parmar JS, Singleton V,

Rowe SJ, Dockrell DH, Dower SK, Bingle CD, Chilvers
1) Bpainkipg B jgk; aA@I&%ﬁm shabis oRtATARN heremepi, to TRAIL

170 1027-.10 ,
(matPRRY BUTRRK) K8 bl /PPy CPachidd bty G riaRE .
As il umeraont JErubsi £l @ﬁ)c@hr@éu bEdstS, thékndlis e 14 neee@eher
B, Kanradt T,  Zi F. Death |1 %and TRAI Li nduces no
coulgraentdyi ockvith RNt nadvr ey tomenc AINEAK counter-

receﬁ)%'lI ﬂalgnbﬁ.gﬁé&%‘v&,’ fhe other end of the Fn14-TRAIL fusion
protein, the trimeric TRAIL is docking with the trimeric DR5 receptor for

TRAIL. Hence, these structural complementarities, generated de novo by
chimerizing monomeric Fnl4 to trimeric TRAIL, may actually be creating
a uniquely stable TWEAK-Fn14-TRAIL-DRS molecular bridge allowing for
greater potency in blocking TWEAK and driving DRS5 on cells facing each
other. Furthermore, the modeling suggests that the chimera is rather
rigid and thus might act like a spacer (of about 60A), limiting cell-to-cell
contact locally between TWEAK-bearing cells and activated effector T
cells. It is conceivable that local separation by 60A might interfere with
other co-stimulatory molecules driving inflammatory responses, for

example, within immune synapses.
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T cells, J Inmunol 2002, 168:4881-4888; Zhang XR
Zhang LY, Devadas S, Li L, Keegan AD, Shi YF:
wor@opostal expression of TRAIL and CDO5L in TPCT/EHBZH09/003886
Th2 cells: role of apoptosis in T hel per subset
differentiation, Cell Death Differ 2003, 10:203-2 10.
Chinmerizing the Fn 14 and TRAI L conponents within a
single fusion protein may elicit special and sonetines
2) TRédbllmaend & in £lfect beag apicheed itesthichad]l saufateavigremtFn14
[ , mask negative

.1 he efficacy of_the two conponent
‘bridge &&%fs onetiset erigrmeREng s @ﬁféﬁflyﬁtvaémémlg@ sense,

i . ' L Co b bk V3 .

this}is Teplicdhbly HC6RARMOR Wil DI fooPbRRRIL SHRRRATRAIL,

whié¢in hbedve beqt sheinm thdie éffectinteuiralipprossinigr EAE. t BlifRAl §,
one_is in effect. creatin

t [ tri , [ )
Senl(‘{] %ni\flgksu%%haﬁ%ngl 3D, Wemyra %Sbup}l@ﬂ?tu%fwtwn

. : . e | _
of A RSy Belenk BTy RS AR G oo
stent @elitderieed pleovdr{tic geliS)expressingemyeliteoligbéénrstyat

the Fnl 4-TRAIL fusion protein, the trimeric TRAIL is
glycapeRieiy RARtie along i TR/Bksor pregfiesnmest depplp1l ligand, J
hnnh§H8F2095e§94sfé§8IPé@# conpl enentarities, generated d

e nouo by’ chimerizing nononeric Fn 14 to trineric

TRAIL, may actually be creating a uniquely stable

TWEAK- Fn. 14- TRAI L- DR5 nol ecul ar bridge allowing for
3) ThpdeedipiednighiPHion sery dgnriemkremaGh of tlae diriming

I : ' L. 9 NORK e dek i
phaSedarkd T RN R kel and ULOASLOR) torbife RSN Oater ur,
Kayagahi Na¥tagltiakH, Beapacer CCoiG it ] K @ShkdnditA n"Smyth MJ:

cell-tpo-cell contact .|ocally_ between TWEAK-beari ng
TNFeeglatedapoptesivansnangdigasid fTRAILY Ana2l; suppresses

exp%%ﬂt&ﬁgh?oi %#ﬁ@%ﬂ%gf&@%ﬂ%&%@ﬁsq}’l qé%,ﬂrgg{lé??lv?ﬁg Biol

Intertere wt e ory nol e

2005 nBBadhiDIY), mdseascBWHAK - shoakpde’s behéfinmayrbeanore
synapses.2 ) TRAIL ligand is in effect being anchored.
focusgdide dodynstegrmaREOVNHagmAtony events (including preventing

breakdown of the blood brain barrier). Desplat-dego S, Creidy R, Varriale
S, Allaire N, Luo Y, Bernard D, Hahm K, Burkly L, Boucraut J: Anti-

TWEAK monoclonal antibodies reduce immune cell infiltration in the
central nervous system and severity of experimental autoimmune
encephalomyelitis, Clin Immunol 2005, 117:15-23. Thus, by combining
the two, one has a single agent that could in principle impact both

priming and later phases of the disease.

4) TRAIL may contribute to death of neurons after the priming phase
(Nitsch R, Pohl EE, Smorodchenko A, Infante-Duarte C, Aktas O, Zipp F:
Direct impact of T cells on neurons revealed by two-photon microscopy in
living brain tissue, J Neurosci 2004, 24:2458-2464; Aktas O,
Smorodchenko A, Brocke S, Infante-Duarte C, Topphoff US, Vogt J,
Prozorovski T, Meier S, Osmanova V, Pohl E, Bechmann I, Nitsch R, Zipp
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tiridge', which is in effect augnenting its effective

valency. In a sense, this is replicating the situation
wowRdh/oBE1neo- expressi ng surface TRAIL, whi ch hBBEUR®E003886

shown to be effective in suppressing EAE. Hirata S,

Senju S, Matsuyoshi H, Fukuma D, Uenmura Y, N shinmura

Y. Prevention of experinental autoinmune

encephal onyelitis by transfer of enbryonic stem

F: Negirbndé davieagel éndnitbiranceh e mexisfisimeatiosl iMediated by the
Ql i.godendr ocyte gl ycaopr ot ei ndPe tide along wwth TRAIL
deatdy ligaggy Nedron 209930 ¢ 2 Ir 434 uHbkeeposg with previous

s R o EPPRAP B R A LS80, mecman
I, DeREIRA | Hager D Uehhthdn e s Whd kg 1, 1 Wa lm%a&i Bfain-cell

JL, Kayagaki N, Yagita H, Bernard CC, e 1S, )
deatdy Hxdnged bx tusrptir-McrophNEiactost rede tosoppoeptaesisrindeiomsg

. ' TRAI / L ' {
e AR08, B s
(MaBisthk M0Juré&FidelAl JadlplsMB! 8abma)\RAIA NS kadi8css death of

benefit may be nore focused on downstream
humgap oligpdgraaeeyiesaselated(fran adiigbpaisy draing2002,

1255 ER A0 Vrer G SIS T RaTRTinEis CHERRAN BV
coupbBhg a1 B KIRAIL, J3edltd pHdviding Amt h%eﬂ_ﬁ/\ﬁvﬁ!ft §08e4hANHe

ant I bodi es reduce immune cell Tnfilfration in the

integafy phlthadloedsbraistleanrigrd(vie TAWEAK blodksasts)ianathereby

‘s Qi encephal oqyelintd Sa,Clin | munaol
mit Gt TR RS G - 0l e L BT RER has been
repdtitéd |t togest rihabna@ et déndy (Ftre¥iea 1M2AGN PBurkly L,
prinming and | ater phases of the disease. 4) TRAIL may
Hahaw i.riipgeeum Jo dMangdfiZn davner M eRoshaepM nBahngidereA,

it i hl EE, Snoredchenko A Lnfante-Duarte C .
SchigriBes M Ttorm gl PhAGRIG; SeabOirtlids bERpERsis-
inducateakadodygdrvdrapitit, QN NeUGORSE 0PV4|, B4:B2B798DA3) NFn14-

tissue, J Neurosci 2004, 24:2458-2464;, Aktas O,
TRAIL would be expected to protect neurons by blocking this TWEAK

activity as well.

S5) During EAE, the number of vessels correlates with both disease scores
and pathological measures for inflammation, leukocyte infiltration and
demyelination. Kirk SL, Karlik SJ: VEGF and vascular changes in
chronic neuroinflammation, J Autoimmun 2003, 21:353-363. Since
TWEAK promotes angiogenesis (Jakubowski A, Browning B, Lukashev M,
Sizing I, Thompson JS, Benjamin CD, Hsu YM, Ambrose C, Zheng TS,
Burkly LC: Dual role for TWEAK in angiogenic regulation, J Cell Sci
2002, 115:267-274) and TRAIL inhibits it (Cantarella G, Risuglia N,
Dell'eva R, Lempereur L, Albini A, Pennisi G, Scoto GM, Noonan DN,
Bernardini R: TRAIL inhibits angiogenesis stimulated by VEGF
expression in human glioblastoma cells, Br J Cancer 2006, 94:1428-

1435), Fn14-TRAIL may inhibit angiogenesis at inflammatory sites by a
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Snmor odchenko A, Brocke S, Infante-Duarte C, Topphoff
US, Vogt J , Prozorovski T, Meier S, Gsmanova V, Pohl
w@201Beetsmann 1, Nitsch R, Zi ppF: Neuronal danmaR@r/Us2009/003886
aut oi mune neur oi nfl ammati on nedi ated by the death
i gand TRAIL, Neuron 2005, 46:421-432), in keeping
W th previous studies show ng that both primary human
neurons (Nitsch R, Bechmann |, Deisz RA, Haas D,
dual eledrenishy, theatds] by dhtagoppzifig TRMEAKY pidragglibgelsiat h
. nduced by tunmour-necrosis-factor-related )
actigihy s ﬁxr-ylﬁ&m@%@y|rpg&f§acml§)qffq_c&ﬁ@épugbol‘)RAIL’s anti-

358, - and ol i godendrocytes (Matysiak M
ang%%?;g\?mgégﬁi’ Jaskol ski D, Selmaj K: TRAIL induces death

of human ol i godendrocytes isolated fromadult brain,
Brai n 2002, 125:2469-2480) are susceptible to )
6) YeRanother syaersereulibatem fpgm: sipshulagiomof andethetial cell

AR = 4 . he.intear
run 6 BRI RO Pk SUELEIR LRI L
TWEAKrneby initéifgsd adtl BAindkiarcessrdssidh&yCnd Milenyae,

since TWEAK has been reported to trigger neuronal cell
adhggighntq, msidasietial psfllzhél?%f\w ipatsa inkedHghhease processes.

i r ner Schnej der
AL GERHER et AN B MOLET M R ERSTo M SHOFRER cens
by dowdiaabdalating [ OB sl ¢oedLnewasdagrnes akpbéssidn and

Neur osci 2004, 24:8237-8244), Fnl4- TRAIL woul d be

relegsge Sesahiesop oEeralling Jf, shislasio MGe angeltinh sBaveakotto E,

I M L . _the.number of vessels
zaufiSh YRAL R ac i BLOSaRESye R BE Infrmifaey
cytokeass! e enidothelial asm@ibyodewheoiylbeingh 018 ahdooxad o

denyelination. Kirk SL, Karlik SJ: VEGF and vascul ar

chegyelige sxprestpprinrd relaesienBlapded0@m, 105484 b3#flP. Thus,

@
o AOBRAE koA 1P TR BV R EERED' o Bl PR BB
bothl itenips 04 alsl TBLaehds. CD, Hsu YM Anbrose C, Zheng TS,

Burkly LC. Dual role for TWEAK i n angi ogenic
regul ation, J Cell Sci

EXAMPLES
The following examples are intended to illustrate the invention and

should not be construed as limiting the invention in any way.

Materials and Methods

Mice

4-6 week old C57BL/6 female mice were purchased from the Jackson
Laboratory (Bar Harbor, Maine), and were maintained under pathogen-
free conditions at the University of Pennsylvania Animal Facility. All

animal experiments were approved by the University of Pennsylvania

Animal Care and Use Committee.
Reagents
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2002, 115:267-274) and TRAIL inhibits it (Cantarella
G R suglia N Dell'eva R, Lenpereur L, Al bini A
w@e0100635195, Scot o GM Noonan DN, Bernardi ni R PARB$1009/003886

i nhi bits angi ogenesis stinulated by VEG-F expression in

human gl i obl astoma cells, Br J Cancer 2006, 94:1428-

1435), Fnl4-TRAIL may inhibit angi ogenesi s at

i nflammatory sites by adual nmechanism that is, by
PlasanichgpfiRZ B adFANESB 198 LiinGi SBéNni wers p'rwlt:&dalmyi Dr. Perry

Stl cally reinforcing this effect through
Hackgh(Uhsy edﬁttiyef?fgl}%@@ﬁ%taaé\(l}m@@po &), sad mpineTRAIL and

W meagm%omaﬁe § f L IP P, 347 @égl%g gg&g%m& L?r?llvlersny

unction an I ne expression.

Schbbbok Mteiioi‘neTVSENyd;rabapaﬁ)erTleé Plasinid gMFakbneas obtained
expression b and | eukocyt e adhesi on to, endotheli al
fromg &y11. Herrpan Weddmaan (VA sity affastorgs ddosds UKiRAVipuse

MOGOYBLE8 kAN IOSHESRVHKP UL IS A g o
solid e methsgds estl puriiel byl HREE aShodhioped Eife
Corallini_F, di lasio M5 Gondii A, Barbarotto E,

Tecbmelogies (Gmﬂ\ﬁbaéo@ﬁt)er%@ﬁgsﬁﬁet%ﬁaaﬂﬁ%ﬂuféh%t?d\fmvl BEMD

mio RSB 640 SN Ol s e

froraBD rRHaesthgedl sgahznego COY: FLIBX AblBair§us mouse IL-2, IL-
Fnl 4- TRAI L coul d i npact | eukocyte attraction and
4, Lah dENow anst secpmbbiant meowse 14-2adb-4R4-0, Billsy. An IL-17

cus SN T UL B0 .
andagcbhibinahg rhbestLedY iveds ipurehysearoMB&idAlzed@amarillo,

Met hods M ce 4-6 week old C57BL/6 fenale m ce were
CA) p tetrrziednersm iR Lo aprsE-anBonatsey! VELK pegngopurchased

fronYRE164cicARE (@’SBGD{E@O”J@A)U eﬁeg&qﬁﬂ’mQ@& r’ﬁ@ﬁﬁf (Selfper Killer
TRAIL™) was purchased from Axxora Platform (San Diego, CA).

Plasmid construction

Chimeric Fn14-TRAIL and Fn14-IgG1(mut) coding cassettes were
constructed by PCR, using partially overlapping synthetic
oligonucleotides. cDNA encoding amino acids (aa) 1-79 of murine Fn14
(Swiss-prot accession number Q9CR75) was joined to cDNA encoding
either aa 118-291 of murine TRAIL (Swiss-prot accession number
P503592) or a mutated human IgG1 Fc (Fc,1) segment, respectively. For
the latter, a cDNA encoding human Fc,1 (Brunschwig EB, Levine E,
Trefzer U, Tykocinski ML: Glycosylphosphatidylinositol-modified murine
B7-1 and B7-2 retain costimulator function, J Immunol 1995, 155:5498-
5505) was modified by PCR-based site-directed mutagenesis, using
oligonucleotides configured to mutate C220—S, C226—S, C229-S,
N297—-A, E233—P, L234—V, and L235—A. To express soluble TRAIL,
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conditions at the University of Pennsylvania Ani mal
Facility. Al aninmal experinents were approved by the
wopiweesiey of Pennsyl vania Aninmal Care and UsSBCT/US2009/003886

Committee. ReagentsPlasm ds pT2/BH and pNEB193

UbC-SBI| were provided by Dr. Perry Hacket (University

of M nnesota, M nneapolis), and nmurine TRAIL and TWEAK

cDNAs were obtained fromDr. Hi deo Yagita (Juntendo
cDNUnemeodirtgyasSchi29df oMedniheelRAHk yas Uapdn)All dhichese cDNA

| asm d pMFne Ci was .obtai ned fromDr. Herman \Wal dmann
segr?xgﬁp% & Ft%}ﬂ?ﬁ opgeAREL ag¥Eingo ‘?)K}fa%tf‘s EXRESSign 5GCtor

dOWpl%PIt @q{g JradY B)%DFOS%%%}O @@?e | egééa&%E%ahggFE 3‘3")? fuciferase

sol'l hase net pur rogen

waslmbilizechwidlogiind 3¢ Gard BaadH 1Gkbm BGWIHWCS(BD)BIBSMCCS‘
purchased fraom EMD Bi osci ences (San D ego, CA).

Sanfnmeomﬂ@ ?@ﬁg%ﬁ?‘“sloﬂéfiénﬁmrﬂaﬁﬁéHeWYﬁ‘frrSEBSP}fd?Wﬁ’@@n cDNA

S L- 4,
enc 9, RYERRg o L Ty PO, bl
subtloied mtArthlechDNAEa.bﬁkaﬁﬁot@@ekprmmb&ajwe@Ilrfvﬁﬁﬂgen Life
Sout hern Bi otech (Al abama, USA), and reconbi nant nouse

TechnpologresyfsardgbadaSdy- f r om Bi osource (Camarillo, CA).
PE-anti-nmouse TRAIL and PE-anti-nouse TWEAK were
pur chased from eBi osci ence (San D ego , CA).
Reconbi nant TRAIL (Super Killer TRAIL(tn)) was
To gemechtesedler i\(ﬂﬁwsmiﬁ’gﬂémm @samassicag Gfgc’@ﬂ{) incorporating
. F.>| md con ructlon ic Enl 4-T
within e s Rlesagdbo C?r AL REl RN gaspsttes,

tranBpBsayé icodin rte @Jeh)é qvaﬁrnkam SRR §biquitin C
S ?BSgnugI eclnt?go?eg cDﬁlA encodi N %&gm no%gm dsl 1{alal)n 1-79

prombtmwaﬁ@ememﬂeql Sy BERpirom apddeBiP3UhCGrB81 IQICR73B2-
T T R e RS L Uy
Vectgg{ Wheeh RemRid Q4 trERspbsah chs88&BEM hisl 88RaSIPré8kion
vector, incorporating both transposase and transposon expression
cassettes, was designated pSBC21. Next, cDNAs corresponding to Fn14-
TRAIL, soluble Fn14, Fn14- IgG1(mut), soluble TRAIL, or luciferase, each
linked to the EF1la promoter, were subcloned from their respective
pMFneo expression constructs into the transposon cassette of pSBC21,
downstream of the transposase expression module. All subcloned cDNAs

were oriented in the same direction as the transposase.

Cell culture and transfection

Human 293 kidney cells and CHO cells were cultured in DMEM and
HAM’S F-12, respectively, supplemented with 100 pg/ml penicillin, 100
U/ml streptomycin, 2 and 10% heat-inactivated fetal bovine serum. 293
cells were transiently transfected with the Fn14-TRAIL, soluble Fn14,
Fnl14-IgG1(mut) and soluble TRAIL pMFneo expression plasmids, using
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the latter, a cDNA encodi ng human Fcgl (Brunschwi g EB

Levine E, Trefzer U, Tykocinski M.:
w@ot0083siphosphat i dyl i nositol - nodi fi ed nmuri ne BT7FUS2N2003886

B7-2 retain costinulator function, J |Inmunol 1995,

155: 5498- 5505) was nodified by PCR-based

site-directed nutagenesis, using oligonucl eotides

configured to nutate C220 S, C226 S, C229 S, N297 A

Lipdi2SRAMINE?B4eXgenn(inv23ogén [ife Tephrokbged ubhflsbad, CA).
TRAI L, cDNA encoding a a 118-291 of nurine TRAIL was
Protging in gonditiongg Jecdpwesgdissatvediry o ahGReandflefegted

o RRERSA UGS SKRESIRAR NS00 RUSLLERD P 3

pr onot er e

TRAMSvémbplireiessed fifontleBidscizmdeBamdHR&Dof infdapolis, \BR),
Bi osci ences; San Jose, CA ), and subcloned into the
respestiysbt.i ¢HO) eddls were rarvensipNsaasiesdedgvithl a pcERyAR-

rine T te l.oned .into
basc ShBguE N AR R RREE b FaBY b, Et BB Er gl

trarisféctahes wad ogiified KaimshadoflGbresdeh@eagdal®w &ytometry.
derivative Sl eeping Beauty expression vector

incorporating within the same plasmd both transposon
and transposase cassettes, a transposase coding

Inde&iE R &ﬂs@&%@%d&?ﬁ&fi@ﬁ"aj@AE ubi qui tin C pronoter
was generated by PCR from pNEB193 UbC-SBl 1 (b.p. 432-

EAE%?I%%) fﬁ%&é\%%?%éﬂcg%e@ DetNREAd ﬂ?dﬁ@ﬁbn;tg%gﬁégf. Stidtines

ich contains a trans
IM, Gaszehian JMii Actiesvirdpreosi oflexeatimrentahatiepgicat i ng

e e
C57_:F%4 6;'__ B‘ﬁgrbwélcg ?ﬂgéﬁeﬁge&%vitﬁ y ﬂtﬁt’al lo@@OQ?ﬂHé?g lnﬁ?dt%'_s% peptide

[ ucl rase; each linked to the
(diviteshptter twavsnbcsitidintons dnjaatiortd)eirre onsaett doesgiMianek) in

e sion consjructs intp the transposon cassette of
0.1 5 ;GBI e Vel TP ségéglgf\és@a}tes@%‘* mg/ml
My 82k Erinfl buBERGLIBRARIHENES §WC§, P teEk R N THYRSRTE were

irection a s the transposase.

simultaneously injected intravenously with 100 ng of pertussis toxin in
0.2 ml PBS. A second intravenous injection of pertussis toxin (100 ng
/mouse) was given 48 h later. Mice were examined daily for signs of EAE
and scored as follows: O, no disease; 1, tail paralysis; 2, hind limb
weakness; 3, hind limb paralysis; 4, hind limb plus forelimb paralysis; 5,

moribund or dead.

Cytokine and proliferation assays

For cytokine assays, splenocytes were cultured at 1.5 x 100 cells per well
in 0.2 ml of DMEM with 10% FBS, in the presence or absence of different
concentrations of MOGas-so peptide, or 1 ug/ml Con A (Sigma-Aldrich, St.
Louis, MO). Conditioned media were collected 40 h later, and cytokine

concentrations were determined by quantitative ELISA, using paired mAb
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CeZZ culture and transfection Human 293 kidney cells
and CHO cells were cultured in DVMEM and HAM S F- 12,
w0 eapeetsivel y suppl emented with 100 ng/ m  peni BCT/UE2909/003886
100 U m streptonycin, 2 and 10% heat -i nacti vat ed
fetal bovine serum 293 cells were transiently
transfected wwth the Fnl 4-TRAIL, sol uble Fnl 4,
Fnl 4-1gd (mut) and sol ubl e TRAIL pMrneo expression
spegifasfordhe ecmiregpondirgetyidikdiaes mper elagenan(ifastiviresgen
Li fe Technol ogi es, Carlsbad, CA). Proteins_in

recigmsndatiens (B mangégm (Pea Bjesps AhcBraliferation
wss L SRE S LoDl 5 1O NNy L

[BH]eBiyeailinseeaaad dB&Ro( tHverpets sit 48\h, arRBBEIS megty .
CHO cells were transiently transfected with a pcDNA3-

haryested Hohi laterrRakieaphieisy iveas determrinad usinsnr flatbed B-
on transfectants was verified by
Couﬁ%@al‘%@r‘ escence and flow cytonetry. I|nduction and
di sease eval uati on of EAE EAE was i nduced according to
a standard i nduction protocol. Strommes I M Governan
i M Active i n?uctl on of experinmental allergic
Y @W'Sﬁi}ﬁq ¥s, Nat Protoc 2006, 1: 1810-18109.

. Briefly, | e C57BL/6 m ce were challenged with a
Micg gyefie leslﬂe%t@ga hops%%lsvsetqse%lpmeor( HSﬁCg%hhafﬁeé t wo

expﬁé&q&ﬁ %%&gﬁléey ifl k?&éatlnggg“r% Bt o%at,lef #g@w p*rm-
Ing:(mtm) rsioingb ke ’ﬂBAIiIL wm@mmu wdlhgtr&rcmdrﬂ:ﬁss mﬁi@ssmn

Def.r oi t hese m ce were simultane

pla%fﬁ}fl»w(@ae idizsalyed das?a;llrw tth aoR vige 6 gt FQES‘{%CPBJ%@ 0% of
bodr&)r trnn gﬁi n’ﬂz%%&l‘?ﬂg \}dﬂlh?é’?&oé@clﬁ @nqﬁ{dig{)%grlré}eecrt?d

ert SIS / mouse iven
withiince seéenea eaidniaird, decdndihgrtosa gubliszhddApratodos.c vied,a8Song

Y, h&%@ﬁéanﬁcgﬁa?%aews&ﬁé&@sﬁ?‘rhaf’élé.bésy&%%‘fm
adriniStrhfbs! MPLRIA BNA Gene i LPY9890k. {1888:1266. Retro-
orbital blood samples were collected using heparinized glass capillaries.
After centrifugation, plasma was recovered and kept at -20°C until ELISA

assays were performed.

Measurement of recombinant proteins in serum

ELISA assays were performed in 96-well microtitration plates. For Fnl4-
TRAIL, soluble Fn14, and Fn14-IgG1(mut), purified anti-human/mouse
Fn14/TWEAK receptor Ab from eBioscience (San Diego, CA) was used as
capture Ab; for soluble TRAIL, anti-mouse TRAIL Ab from R&D Systems
(Minneapolis, MN) was used as capture Ab. Detecting Ab were: biotin-
anti-mouse TWEAK receptor Ab from eBioscience for Fn14; biotin-anti-

mouse TRAIL Ab from eBioscience for Fn14-TRAIL and soluble TRAIL;
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Cytokine and proliferation assays For cytoki ne assays,
spl enocytes were cultured at 1.5 x 106 cells per well
WO e010/0@55m4 of DMEM with 10% FBS, in the presenk&r/vg2009/003886
absence of different concentrations of MOG38-50
peptide, or 1 ng/m Con A (Sigma- Aldrich, St. Louis,
MO). Conditioned nedia were collected 40 h later, and
cyt oki ne concentrations were determ ned by
antiqhambah dgGy & dyLir@fmentti §15e difit sl frofsketgorc for the
correspondi ng cytokines, per the manufacturer's
Immynghssereah gﬁbow@rmsaé%ﬁ@@ﬁpv?,s%) ferelp 1 4dgG 1(mut).
Proliferation assays were performed using 0.5 x 106
cells per well in 96-well plates. [3H thym dine was
added to the cultures at 48 h , and cells were
Captare édt ddutdd lin lcaaéng Baffieo40tl M carbasatetpdl 8.28pwas

. usi a fl atbed b-. counter | ] ac),. drodynam c .
distiihulgd B g Pees af r{%}%E%at %ﬁpaprm%ﬁe After
wasHinp TRt wilR 9ed5 X Phessl 90 iflqﬂBS[ W‘e?f% WHFO ﬁﬁf\ﬁ%%té&gfor an

Fnl4- TRAIL, soluble Fnl4, Fnl4- 1gd (nmut), soluble
additivmal 2 dr at R Heta 864 mdbaagnetacblkckEmpnspscific binding

.. pl i ds re dissolved i aline in a volume (inm
Slteg-q Diten washing IYY%eo?g%BByP o3 iy 19f Sermy ﬁfmﬁiﬁé VEGHS; «'fl@)ied
vol . . al it hi L
AN T el o T Reury Bensay SREriisgd four
timeéSoagdVvncuibatéd fely dr bdyithrbviosinydseed detmasioec AbonFon the

enrBRberinat iy giviain potoisgse e ROBRU ROVt bparoxidase

subS&RE ¢RI t)?al%’éxls%ﬁ,{rgg tl\)fi’%ﬂgnaf Rk ry[pgpg%acg &gﬁﬁentially.

capill'arres. After c ugation, p
recovered and kept at -20 C until ELISA assays were
perforned. Measurenent of reconbinant proteins in

: 2 performed in 96-wel |
In ”ﬁ?@’%’?ﬁ%ﬁ%ﬂ%@@@m Fn 14- TRAIL, soluble Fnl 4,

All éﬂi’dllﬁgéélé %grf(rrv%g pePfjorrin];(ie(f gt z%ﬂteis_nhlléllﬁaﬁ%lirrqgﬁr%aging Facility
(SAIF) in the Department of Radiology at the University of Pennsylvania.

Images were acquired at 5 h, 24 h, 5 days, 22 days, 34 days, 51 days,
and 1 year after injection of the luciferase expression plasmid. At the
time of imaging, mice were anesthetized with ketamine/ xylazine. D-
luciferin (Biotium, Hayward, CA) was dissolved in saline and delivered via
intraperitoneal injection before imaging. Mice were then placed in an
imaging chamber in which the temperature was maintained at 33°C.
Bioluminescent images were acquired using the Xenogen in vivo Imaging
System (IVIS; Xenogen Corp, Alameda, CA). Imaging parameters were
field of view of 8 or 10 cm, exposure time of 4 minutes, number of
binning 16, and f1/stop of 1. For display, the luminescent image
(pseudocolor) was overlaid on a photographic image, which delineated

the anatomic landmarks..
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Fnl 4/ TWEAK receptor Ab from eBi osci ence (San D ego,
CA) was used a s capture Ab; for soluble TRAIL,
wa@pioasuse TRAIL Ab from R& Systens (M nneapeldi/E520MM)03886

was used a s capture Ab. Detecting Ab were:

bi oti nanti- nmouse TWEAK receptor Ab from eBi osci ence

for Fn 14; biotin-antinouse TRAIL Ab from eBi osci ence

for Fnl4-TRAIL and sol uble TRAIL;anti-human 1gG Fey
Medswaghedit-ofdflecdibraiibdriienBBEY) permeubiligResear ch

Laboratories (West Gove, PA) for Fnl4-1gQd (nut).

BBW&H’(@%b‘mtﬁ Wdd #6kdJ3edoadderdidIlif 46 ue@@n%eﬁb@rraeaatle Giri

H 8.2) was distributed in mcrotitration plates an
atbuNaBeaglad, 5018l i @fﬂmlm@mndam%ﬂﬁgaltmwwq—ﬂ -beta-4-

05% T. PBS, wells r ncubat ed n .
ribo Hm?%ﬁ?f sépusfesdExhetdsial ShaiBiieae ehchPhalomyelitis
via ﬁﬁlﬁﬂﬁ@lbfd &f @hagtmlaqtmoc&fté e tarasibAY Jt NEGEoSEaREs 2006,

of serum sanpl es weré added and i ncubated at 4C

84: @b@r&ﬁ@hmth\fspme m@alutfm:atmns V\Blrieﬂyv\@medaysuéealndom after

d ted ated .
MOG SRR A B 36 e, ittty ALk Bn Stal Paisy MO) was
injeBRIPK dagR anfvd¥R M el )6 &%f%@x'&'ﬁéﬁ 151'=1' bshiabes were
(KPL, Gaithersburg, Maryland) were applied
anesgierad ahdwanncardnallm pxtnﬁusﬁémelmwlmmgl nemAvE t he

f t.the .S Al [ 1 [
intrplReriiey Bie EpTpRTone BhaabimnPiBA REHIS ogy at he
ceré%ll\(ﬁh§/ Bi/al‘i’lfstg’ﬁﬁn§ﬂa\’rﬁ'&1ﬁs \)&é‘f%gt?oﬁléﬁ%é(? Mu&ﬂt@étﬁe

days, 22 days, 34 days, 5 days,
meq;seaﬁnam&sr spmpakcots vlere ﬂrmrhqgemerzdsa bvqirl&S: cSamples

lasm.d. At the ti mc
werl cESPHB SNG4 ko BIP T BSOS ticaats of the
sup@:?}h&iéd&%ei’@% Sollcbledasddh 8804 t6 QSOG‘ WY BORNECA
delivered via intraperitoneal 1 njection before
(Slgmm@mgchl\ﬁit: dovise MO Tihiscetution avas mgibgteachawtaright,
h th rr=ra vvas intained at 33C
andi e aHERed dinl S, EJohaI FiEq EPeas BRR G AR Badtinga s

quahmlﬁed@péwgpﬁetmkﬁahﬂyYé;?cltaﬁ‘aﬁQ%b PR RenEAT8ERN 680
CA). I nmagi ng paranmeters were

nm) in the supernatants.

~

Preparation and analysis of infiltrating cells from spinal cords

Single cell suspensions of spinal cords were prepared as described
previously. Hilliard B, Samoilova EB, Liu TS, Rostami A, Chen Y:
Experimental autoimmune encephalomyelitis in NF-kappa B-deficient
mice:roles of NF-kappa B in the activation and differentiation of
autoreactive T cells, J Immunol 1999, 163:2937-2943. Briefly, mice were
sacrificed and spinal cords were removed, placed in ice-cold RPMI
medium containing 27% Percoll, and pressed through a 70-um Falcon
cell strainer. The resulting cell suspension was brought to a volume of
50 ml with additional 27% Percoll, mixed, and centrifuged at 300 x g for

15 min. The pellet was kept on ice, while the myelin layer and
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field of viewof 8 or 10 cm exposure tine of 4

m nut es, nunber of binning 16, and fl/stop of 1. For
waeleaEphess1o t he | um nescent i mage (pseudocol or) MEEUS2009/003886

overl aid on a photographic i mage, which delineated the

anatom c | andmar ks. Measur enent of bl ood-brain barrier

(BBB) perneability BBB perneability was assessed

essentially as described (Prasad R, Gri S, Nath N,

sup&mafiant, wéi're’l'gian%lferred to a new 50-ml tube, homogenized by
5- am noi m daz car boxam de-1 - bet a- 4-

Shak}%fqn%ﬁsgrrd&%aq agau as 30y g feenkminyt Sheaghepellets

wer PEERISHAENALY AL VaSnRALeL 802 n e meciam i
For 8léwb¢ptdinliric wnhmyﬁe nrelrrgld idellcati $1sioB6I dffdeyoveredieyiss

6 and 13 after_ MOG chal | engf 4% Evans_bl ue dye
werg inghaimdifarchS nein wighiithe 9@3%& Abij BidiGanthigouses IFNy,

PEréﬁh {rhoet%&leOfl ocﬂ%’a%t%ﬁg fye{7 1aBc- gm@ﬂ%}@@o anti-

I'zed ‘and transcar pertuse sal

modsa: Cmvreencpt@aw&sgﬁhafnm clEm | avd FE-ey7hantsmause
inal cords, cerebel | uns/ brainstens and brains were
CDQ:%I%%@HS@ haped fepranePiafcieRcareasur enent s, spinal cords
wer e honogeni zed in I PBS. Sanples were centrifuged

once at 15,800 g for 30 mn. 600 m aliquots of the
supernatant were then collected and added to 600 ul of
Mola@dea nead¢iBiaynfitive dhirnbriStFn 1 TRAILMDptei®hi s sol uti on

was i ncubated overnight, and centrifuged at 15,800 ¢
A thiree-dithensionkV ansddll afethexFnd da¥RAID rpmﬁsinqwastg’aﬁe&relted

BB S SRR O e TR AR 20
Chrfgtlﬂglafﬂ ks aﬁhﬁ%cﬁjl{ﬁ%}f W@)@améu QP! ﬁéug, §ﬁi<é%aﬁl A,

suspensit ons of spi na COI‘ wer e repar e SCI‘I
de \@seAlVdeﬂlggemhglqedﬂr de®h: Smmcrr}mtal gRyictitce 68Apla®.t/a?RAIL in

a corhplp-Ritpdcalabesaneno e el Loofr TRbeRappl and
modd1€d ¥ 14 Fhb1ePufNd AdiH Rl &thEALIdHAL Yhodel of the hgand
binding domain (LBD) of Fn14 was generated using MODELLER. Marti-
Renom MA, Stuart AC, Fiser A, Sanchez R, Melo F, Sali A: Comparative
protein structure modeling of genes and genomes, Annu Rev Biophys
Biomol Struct 2000, 29:291-325. Briefly, the starting model of the LBD
of Fn14 was obtained based on the template structure of human TACI
(1XU1) and BCMA (1XU2). Hymowitz SG, Patel DR, Wallweber HJ,
Runyon S, Yan M, Yin J, Shriver SK, Gordon NC, Pan B, Skelton NJ,
Kelley RF, Starovasnik MA: Structures of APRIL-receptor complexes: like
BCMA, TACI employs only a single cysteine-rich domain for high affinity
ligand binding, J Biol Chem 2005, 280:7218-7227. The extended region
of Fn14 was treated as a linker between Fn14 and TRAIL. To obtain a
stereochemically and energetically favored model, the linker
conformation was optimized by short molecular simulation studies using

Insightll (Accelrys, Inc. San Diego, CA) as described before.
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autoreactive T cells, J Immunol 1999, 163:2937-2943.
Briefly, mce were sacrificed and spinal cords were
WO 20100e$19 pl aced in ice-cold RPM nedi um cont aP@i/ns208ye63886
Percol |, and pressed through a 70-mm Fal con cel |
strainer. The resulting cell suspension was brought to
a volunme of 50 M with additional 27% Percoll, m xed,
and centrifuged at 300 x g for 15 mn. The pellet was
Swakeptathan BeHarhadmart M, MyghilinR| Syregh &lds Mademalaandtructure,
re transferred to a new 50-m tube, hqnogenized by
Conﬁﬁmtﬁ@}alawaaw#ﬁ,rw@@éﬂl@@gﬁnafattwl%@tsad&sr@feredﬁpﬁ?xm
I j r .
and {16 0loBBEs Ul pliBloc i SREPh At e SRBREAS S Ramics

techariqligs) S, Med rChencebbes 3op2ngilonssSsf recovered cells
were incubated for 45 mn with the foll ow ng Ab:
FI TC-anti - mouse-1 FN g, PE-anti-nouse |L-10,
APC-anti-mouse I L- 17, APC Al exa flour 750-antinouse

Flo%to,ﬁ@f,?paﬁawmgdy@use CD8, and PE-cy7-anti-nouse
9, all" purchased from eBi osci ence. Ml ecul ar

i..ng: ' e 0oAd-: i .

R R 0 TR ) M ppenacgn

PB Sgenretaan gz 0s3%gBSAeand y& 08% sodiatuazidef (NERN)L Alp dlow
code; | DOG mow t z. SG Chri stjnger. HW Fuh G .

Cytoep?fgt%aﬂﬁb)@e F‘%ﬁ’é‘-} PererrRad ep areE,ACg% (GadHaT appagatupwith

j i : I [ £.0
Celi sl SEARREREPLLARLY (4P 4EiyR89 ) el eyplen
BiosCetthces)9Thel MBBB-2582Y wasl perfordet@dcEordingptethd e. A

t hr ee- di pensi ona f the |igand bindi ng donain
mar’(‘%@}“’iﬁ@ﬁ@@%ﬂé&&%r Pé‘&saéﬁng LLER Marti -
Renom MA, Stuart AC, Fiser A, Sanchez R Melo F, Sali
A. Conparative protein structure nodeling of genes and
genomes, Annu Rev Bi ophys Bionol Struct 2000,
Statisgicsd pradysisprj ef |y, the starting nodel of the LBD of
Fn 14 was obtained based on the tenplate structure of
The fitwgleTEAQ tasitxa Yl agnd VBainey 1Xet wiapnaeed o Sgtermairt the

statglztaica\f@iérm%rncléudf differences. A p value of <0.05 was considered

to be statistically significant.

Results
Production of functional Fn14-TRAIL protein

Recombinant Fn14-TRAIL, along with related control proteins (soluble
Fnl4, Fn14-IgG1(mut), soluble TRAIL), were produced using a pMFneo
eukaryotic expression system. The chimeric Fn14-TRAIL coding
sequence linked the full extracellular domains of the Fnl4 type I and
TRAIL type Il membrane proteins, thereby creating a hybrid soluble type
I-type II fusion protein. To generate the Fn14-IgG1(mut) coding
sequence, several amino acids within the human IgG1 component were

mutated (see Material and Methods) in order to block FcyR binding (and
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Runyon S, Yan M Yin J , Shriver SK, Gordon NC, Pan B,
Skelton NJ, Kelley RF, Starovasnik MA: Structures of
WARRDAeISerept or conpl exes: |i ke BCVA, TACH enpPCESINY/§03886
a single cysteine-rich domain for high affinity |igand
bi ndi ng, J Biol Chem 2005, 280: 7218-7227. The extended
region of Fn 14 was treated as a |inker between Fn 14
and TRAIL. To obtain a stereochemcally and
consapuaget hoaldpedifiv aepletiodalf, lyhiyghbdytes) andnfooiitetfepd with
was optim zed, by, short nol ecul ar simy| ati on studies
N-glyspsigatioss il saupppriant fosdn wiye etestey, fumgtiar of human
esgLihedihe i Ra j Mur al i
tec 4 a8 I PR En SR oW ian ki, FAEAIp it ifbhoflonal

antibodiess 1B, Tl dositribeitiore o8 Gl gdrn s rgdeptordbinding and the
Dendrot oxi n and its honol ogues usi ng nol ecul ar

inflygngeapd €6HEhansoCed)d demgimsnere dntaep gifigeter funggien, J
Imn}%n&?é'f i@?g 1%%5%@%-%@?0 rfrﬂéééw%f%ﬁl%n%ﬁj{ﬁhn%ge il\s/gl eg‘:spigggion

nostai ning was per e

const#apeNdette ithaMBe mBNtRINN{BEted BifoBRIS 2ells) afe% g9@diseiBn
azi de (NaN3 Al'l flow cytonetric anal yses were

and secrefipn Pl dher aspestizs| pioieingpasdemonstrated) by Besfern

blot o B B e SRas portormea

according to the manufacturer's protocol (ATCC,
Manassas, VA). Statistical analysis The Student's t

To vPgtS thE anealn ot Famnessen Pk SR Lo Sts Kby up it to
Fn13% 02aM@s TOPRAKIGI L akQe S Bt 8L #Hib €M d YCHiPRERS Gitte:

Resufts Production of functional Fn14-TRAIL protein
tranRegroiipitremsfeEtdd A-itiRAl inurahe AGV WA cDN Atexghre ssibnotonstruct

(in tglrﬁ%cﬁ#ﬁi\;é?%cl%ﬂjmé%ﬁr 4,31%%5&%}%2&&3Svsér%bgnecubated at
4°C with purified Fn14-TRAIL or soluble TRAIL. Immunofluorescence
and flow cytometric analysis of these cells, using anti-mouse TWEAK and
anti-mouse TRAIL as detecting Ab, showed significant binding of Fn14-
TRAIL, but not soluble TRAIL, to cell surface TWEAK on transfectants
(Fig. 1B). |

The functionality of the TRAIL component of Fn14-TRAIL was determined
by evaluating its capacity to induce apoptosis in L929 cells, using an
MTT assay. As shown in Fig. 1C, Fn14-TRAIL induces apoptosis of L929
cells in a dose-dependent manner in the presence of actinomycin D.
Recombinant TRAIL (Super Killer TRAIL™) was used as a positive control
in this experiment. Of note, no TWEAK was detected by
immunofluorescence and flow cytometry on these L929 cells (not shown),
arguing against the possibility that the Fn14 component of Fn14-TRAIL
drives apoptosis through some kind of back-signaling through surface
TWEAK.
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eukaryotic expression system The chinmeric Fnl 4-TRAIL
codi ng sequence |inked the full extracellular domai ns
wo@RowhessEn 14 type | and TRAIL type || nenbraneCT/US2009/003886
proteins, thereby creating a hybrid soluble type I
type Il fusion protein. To generate the Fnl 4-1gQ (nut)
codi ng sequence, several amno acids within the human
| gd conponent were nutated (see Material and Mt hods)
in order to block FcyR binding (andconsequent
non-speci fic depletion of |ynphocytes) and to
Devklipehiént 6f aitkdnSpdBorcbasbdtd@reb¥ldinCsydtent m&&ﬁ%né& lin
. in vivo effector function of human 1gd@). 1saacs JD,
vivo@gaassion & FnidildddHn H Therapy wi th nonocl onal
anti bodies. Il. The contribution of Fc gamra receptor
To epiatdié sgsdaichedha Vvl expressioin 6f Hn 14 -TRAIC( (e8] dontiohs

orotg ) s G S L AT, system
wasggl’i}léisiéélptﬁqi‘é’esry%t&ﬁf‘eéfrﬁﬂh% thiea$f Het sldltadfdd-mediated

, and expression and secretion of the respective
gengpdetlieens tageshde motls taraabilityytdstegratebindd theatlysirmosbme
conditipned nedia,(Fig. IA). To validate the identity
and froy g%"s%‘ds%ﬁmd %ﬁﬂqﬁgeﬁl% SXRETFTIPY- ?to FPAHZS 4's
fficid ' s da JQivdti
ol TN rpsSrRs s pRinla i ot SRl s
genengpe@d sdesignaded tpSBEC2(, thaheopthigd wittinrg sirggid pdhserd

48h, transfectants re incubated at 4C with purified
both BnEBARARY (A OBUPEBPEIERNIE. Lo AT PLNSEESh BB

i i s @it Base j :
rerb RGOSR, Mgl 15 oL Sheflat congsson

levekfrome dhsitym €assaitedintdnpgrentym admbB&ALGL prontotant

luple TRAIL, t |l face T on transfectant
comPRpgiORBVERRACTEGRECh Gal (E (ISR oK PR CORBGHINR CBUBC
pror e S S Poa b A P T el BefARREY

tranAposbnvenssette) garrb@edAm tarldRAN, dffeddeestrangprassgernd

L92
express?on (not shown).

The functionality of this unique dual-cassette transposon/transposase
vector derivative (with a UBC/EF1la promoter combination) was validated
using a luciferase reporter. A pLuciferase-SBC21 plasmid, at varying
concentrations, was administered by hydrodynamic injection to C57BL/6
mice. Hydrodynamic injection of transposon-based expression
constructs provides for sustained gene expression in mouse hepatocytes
in vivo. Liu F, Song Y, Liu D: Hydrodynamics-based transfection in
animals by systemic administration of plasmid DNA, Gene Ther 1999,
6:1258-1266. Bioluminescent images acquired after administration of

luciferase’s substrate, D-Luciferin, revealed luciferase expression at 22
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cells in a dose-dependent manner in the presence of
actinonmycin D. Reconbi nant TRAIL (Super Killer
wWaRAbk¢IsmM ) was used as a positive control in RPEI/ES2009/003886
experinment. O note, no TWEAK was detected by
i mmunof | uorescence and flow cytonmetry on these L929
cells (not shown), arguing against the possibility
that the Fn 14 conponent of Fnl 4-TRAIL drives
days(Big 2Bj swithr sigplificame]dvietsi still detekted afteal sirgndhtlesighot
surface TWEAK. Devel opnent of a transposon-based
Sho%%%fession system for sustained in vivo expression of
Fnl 4- TRAIL To enabl e sustained in vivo expression of
Fnl 4- TRAIL (and control proteins), the
transposon- based ' Sl eepi ng Beauty (SB)' expression
Havgyg d@mmmnuad\/tik@ funqtipsabis béthe slewivadive expression vector

usirfy BrUSTER ToRPREH USgrarY PR RE BB s haoan 1 4-

TRAH’LOSpQ@if car %@ilﬁgnﬁﬂefﬁé}“ﬁgﬁf@oﬂ*ﬁﬂaS$R9HL ifOserum
optim ze the effi Ciency of this expression system a

corrdtatevaithviheed pse of injected tpdin MWESB(Q}IL pdimnmhat ed
BC21,. t hat conhi ne thin a sj pl asm_ d both
057%53/% FYSEAIT s&esﬁ%ﬁiﬁwﬁom ol fl&wsrb meoefaqhqfr&aégei)wﬂh a
singtffﬁ% rr?ﬁ?ﬂaﬁﬁ%‘% fé&&io%?%¥% | fice
I've expression Féve from tvvo casse ’tes

escdlatingpdssean(s, 0 ouBeng S plasutpr Sé@t]ibm Nedd1e T MYET£-TRAIL
screened, and determ ned that a conbi nati on of UBC

were magaveicd By LIS twenty éﬁyﬁéﬁa@"eplaeﬁmlctadmwmt@m, and
a ddell 4¥hOSLIERASRIAN 35 YL LITRATE AXRE Wb 888 ed,
at f ords showh) ¢ e

fransgene éexpression

startingcwitdnehe 19 ©f plasmidriopegFigapeyassette transposon/
transposase vector derivative (wth a UBC/EFl a

pronot er conbi nation) was validated using a |uciferase
reporter. A plLuciferase-SBC21 plasm d, at varying

Fn19OTRAN kap {geégsesvwmcadﬂuabéaeiﬁezrhwwedéﬁeaﬁﬁmosnyezms
injection to C57B

The therapeutic potential of Fn14-TRAIL in a murine EAE disease model
was investigated next. To this end, a single encephalitogenic dose of
MOGss-s0 peptide was administered to C57BL/6 mice. Two days after
peptide injection, a single dose of pFn14-TRAIL-SBC21 plasmid (50
ug/mouse), or one of four control plasmids (pFn14-SBC21, pFn14-

Igle (mut)-SBC21, pTRAIL-SBC21, and pSBC21) was administered by
hydrodynamic injection. By ELISA, comparable serum levels of
expressed proteins in animals hydrodynamically-injected with each of the
respective plasmids (Fig. 3A) were detected. Disease progression in the
treated mice was monitored by both physical examination and
histological analysis of recovered spinal cords. Fn14-TRAIL expression
significantly attenuated EAE manifestations, with decreases in both
mean clinical scores (calculated over a 43-day period post-MOG

administration; Fig. 3B, upper panel) and cumulative mean clinical score
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m ce. Hydrodynam c injection of transposon-based
expressi on constructs provides for sustained gene
WE@2oeesion i n nouse hepatocytes in vivo. Liu PFCT/B82999/003886

Y, Liu D Hydrodynam cs-based transfection in aninmals

by system c adm nistration of plasm d DNA, GCene Ther

1999, 6:1258-1266. Bi ol um nescent i nmages acquired

after admi nistration of luciferase's substrate,
(cal®ulated fozer m, 40edanipediddipobeMOE& admiassﬁranoad; T2hdaylsand

W th si |f|cant | evel s s ect ed after

Fig. s‘{d)‘()gn%bn'(%fmé HSease 3P gVad ieautieRBay lower in
the FGL *r LL ttr afdd gP&u eéb%&ﬁ%ﬁﬁréﬁ(% ‘%@é 'v%rllld{?sCEBflﬁrods

usi ng a uci eras orter I'S vector was 1nvo
(Tablerl) e>€51|neﬁan‘1yg tive dideasER¥ddre sipday 3T aldsyaiddksiggificantly

whet level s _of Fnl4-TRAIL in _serumcorrelate with
lowgthordbiselBl 31 NRAdk EHORP AbRAF FISE0D) 1 pl asi .

C57BL/ 6 mice (in experinental groups of four) were

each treated with a single hydrodynam c injection of

pFnl 4-TRAIL SBC2 1 plasmd, in escalating doses (5, 10
Fn lé}rTB@Ihg thfergpauticdyeneletr was| alve leyidgn Friom FRARDalgsiS of

oy TATHERH: BYp Bl BB a:cfﬁam%@&éiwnggme

mea’fﬂﬂéf/m/&beé@é/ 8hSepps ‘Sbs ey y&thy s} e6iipied tohcd G ol Pnice
asm d dose (Fi FnI RAI L “suppr esses
treamlﬁi@l @@éﬁt}am@iom{'g ReS etn‘d: clstys) oamyté Ity picalljhthe latter mice

devBRAREA el gt Fln Sevyduisy Wels e peniiyStigtion
(TabsieNg! erted eeqialdal gggt‘é@is%age%s‘éft f&pﬁéﬁ%e%cemhgde was

adm nistered to L/ 6 mce days after peptide
PFnilA;$BEC2dn pEn 54 nig@ 1 los)- 3B O2Hn | pFRARAL- PSERC21 plp’smadsdvere

u on u ntrol pl asm Fnl 4
13 4RLAWa, TEB)4 1% 0Py el 94 Gatale BB, D
all RpBEdsed presiad 'Peﬂ'u%%@r(ﬁ@egéfe lfﬂ?iﬂ%%@% Sornd %&Eh@ Nonly
By ELI SA conpar abl e serum | evels of expresse
S0%pobFaildsTRAIbrirrate] Andmedy shomea Mgnmq)ﬁﬁtcedlsmash: (Fig. 3B,

loweeraggnglf) dtuhr?ng the course of this experiment.

Fn14-TRAIL is more effective than its component parts, in combination

Having shown that neither of the components of Fn14-TRAIL, when
administered as soluble agents one at a time, are as effective as Fn14-
TRAIL in suppressing EAE, the question of whether the Fn14-TRAIL
fusion protein’s therapeutic efficacy can be recapitulated by
administering soluble Fn14 and TRAIL proteins simultaneously was
evaluated, using the same EAE model. Two days after administering a
single encephalitogenic challenge of MOGss-so peptide to C57BL/6 mice,
single doses of either pFn14-TRAIL-SBC21 plasmid (25 pg/mouse) or a
mixture of pFn14-SBC21 and pTRAIL-SBC21 plasmids (25 ug

each/mouse) were hydrodynamically injected into the animals. While
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respective plasmds (Fig. 3A) were detected. Disease
progression in the treated m ce was nonitored by both
w@boyisioessho exam nati on and hi stol ogi cal anal ysi BCD1S2009/003886

recovered spinal cords. Fnl4-TRAIL expression
significantly attenuated EAE manifestations, with
decreases in both nean clinical scores (calcul ated
over a 43-day period post-MOG adm ni stration; Fig. 3B,

Fn 1dpPBRAI parighificamdt]yc suppat sseal B asl befora| with decreases in

bot e STRAIEOTPRIFIZS 4@ 45T st CEAMES meen clinical
scmg (88T Rl U ﬁhﬁ%rﬁbﬂé‘blﬁiﬁié% V4 gﬁwﬂé Wb1E RRATL
L treated

group, a s conpare e varil ous

showedt nolsigriifiebne therapeuticatiect. tSerudhdedds sfabieseatarious
day 35 was also significantly [ower for the Fnl 4-TRAIL
pr Ow%ﬁ»pe’(m?éﬁédlby hygr a arrpﬁpmegferOg the EEapREiive

i ceibeans ol s vl ety

by EXiS#n(eig. ©wiDy. mesikenaygethed shase dans ekstdB4s18 that Fnl14-
ared to control mce treated with enpty

d ,
ngg%? S@nPegltlal therapeudiubeppiit i pPyeyertingtEAE lmdéé?tlon

anc{YE KBBES BT 1 o8, U PRl AL A usion

protefnst tw® toffipih draceledigt spds s i€ 2agentB iRl dombination.
lgd (nut) SBC2 1, pTRAIL pSBC2 1 plasmds were 13.63
2.72, 11.66 1.2 and 13.42 2.2 days, respectively.
Al t hough all expressed proteins reduced di sease

Fn I4PTRAEN S0 kS SRITHe LSRN tan P Aliffe PR 0T 0 autoreactive T cells
4- TRAI L-treated ani mal s showed signs of the disease

Fn14ETRAIBR eﬂfé&’teén @HQ%&)I@@M‘L% Lhe (?Rféﬁ"éﬁtlﬁft tnhbfsmsyelin—

experinment. Fnl i's nmore effective than it
specificpbrelis rpaoveredi frooo txatatli aminiabei wgs sissensedhatTo this

her of the co one Fnl

endp SRIGTIAeHEr S ke T eOBT TR S GRS BE M Cot o lghes, feorg both
Fn19LTRAIL MSedted Eﬂd](fbnggﬂrhcé rfeéé’ﬁﬁ’r'i?%@bﬂﬂ‘ A%y, ThEse

question of whether the Fnl'4-TRAI'L fusion protein's
splenveybpeutere evbduatelyirc aitrd for duepiprolifdradiony and cytokine
production in response to MOGas-so peptide. Splenocytes from control
animals proliferated vigorously in response to MOG peptide (Fig. 4E) and
produced significant amounts of Th1l (IL-2 and IFN-y), Th2 (IL-10, IL-4
and IL-6) and Th17 (IL-17) cytokines (Fig. 5). By contrast, splenocytes
from Fn14-TRAIL-treated animals proliferated to a lesser extent in
response to MOG stimulation (Fig. 4E) and produced significantly less of
these various cytokines (Fig. 5). Taken together, these results indicate

that both T cell proliferation and the expression of an array of T cell

cytokines are attenuated by in vivo treatment with Fn14-TRAIL.

Fn14-TRAIL reduces infiltration of inflammatory cells into CNS
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adm ni stering soluble Fn 14 and TRAIL proteins
si mul taneously was eval uated, using the sanme EAE
woredelosstwo days after administering a single PCT/US2009/003886
encephal i t ogeni ¢ chal | enge of MOG38-50 peptide to
C57BL/ 6 m ce, single doses of either pFnl4-TRAIL SBC2
1 plasmd (25 ng/ nouse) or a m xture of pFnl4 SBC2 1
and pTRAIL SBC2 1 plasmds (25 ng each/ nobuse) were
A kéyy patldylogiv feathye iofjRAEdd infil tratioe efinfidramatory cells into

N TR TR S
o (6 8l S By 0 U TEP St S o,

alorepivith ehd Bakterstapeest ¢rrlg iagniviaite@ D4 hanapelis ccells and of
t. Serum | evels of these various proteins,

ffect.
IF Ngxdﬁgk%eanéﬂhw:-w@&mreg celackl He spindlecorsispelckngd-

a - Fon. nl ' , r r ,
TRAILIDERINE Ve bR R Bt i g1 Bt 7 VRIS RIRENRIE
challehge eaisahidde) Oratlafv, 14l tRBé pahamevhs wattimhrkedly

therapeutic benefit 1 n preventi n&BEAE i nducti on, and

redyegds i the &in it Lptraadpd igravedtigs soAgPy At day 14 (peak
t 0l r WS i on. pr N’ comanent

of t}z?gﬁn%ﬁ%%ﬁaﬂg{%ggbggl gﬁz\%%n S |Cgét%gn%el%r%ci |Ool}1?n If%sﬁ’?]’f’ﬁl L

nunbbeeksf Eytolkihelexipressiapdedlld heisestiil ahhnifeof (Fiﬁs. 6E-F).
autoreactive T cells Fnl4-TRAIL's effect on the
proliferation and differentiation of nyelinspecific T
cells recovered fromtreated ani mals was assessed. To

Thesdiind@ALs vibh SRAGYS@% VR Bel1§ GR¥ST AL B Ypidd Il &rd¥Were
chal l enge fromboth Fn I4-TRAIL-treated and control

consgiistent weldi histgpatholwgicnall gramiatéos pif spongt esrdwissues

eval ed invitrg for . their proliferation and
reco P o BT RIS F AL pBRe Nt REss8 Pt Iptastpronty
treaBfdl QPR S i if I BOAII Ay @l T8 tSp T Bl #HRItB Y foci within

vigorously in responsé to MOG peptide (Fig. ) and
theipspinalecorsisy i 1 ¢+ ARAHrbreated ohickhexlfibitez] ardtiaEhitig)

ok it e s A0 bt b i 72

B). 14-TRAIL-treated animals proliferated to a | esser
extent in

Fn14-TRAIL attenuates blood-brain barrier permeability

TWEAK is known to increase the permeability of the neurovascular
membrane unit, by inducing MMP-9 (metalloproteinase-9) expression.
Polavarapu R, Gongora MC, Winkles JA, Yepes M: Tumor necrosis factor-
like weak inducer of apoptosis increases the permeability of the
neurovascular unit through nuclear factor-kappa B pathway activation, J
Neurosci 2005, 25:10094-10100. The decreased infiltration of
inflammatory cells into the CNS seen in Fn14-TRAIL-treated mice could
be a consequence, at least in part, of a reduction in TWEAK-dependent

enhancement of blood brain barrier (BBB) permeability. BBB integrity
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response to MOG stinmulation (Fig. 4E) and produced
significantly | ess of these various cytokines (Fig.

WG 2010/0685¢Nn t oget her, these results indicate the€T/b82009/T03886
cell proliferation and the expression of an array of T
cell cytokines are attenuated by in vivo treatnent
with Fn 14-TRAIL. Fnl 4-TRAIL reduces infiltration of
inflammatory cells into CNSA key pathol ogi c feature of

waskARluatédbyl a4 cahventiohal afpproaeh paygcerling tionwhi¢t€NS

Fnl 4-TRAIL's effect on this infjltrative process
penﬁfa@tl&éﬂs@%ggaa"%mﬂﬁ\f slrgﬁ‘agua gl}he gyetifanonitored.

Pra R R T TR Db e%‘“yéﬁﬁ%'ﬁa‘ fodfitdle g

cartaixarhide- 1 -béta-#7ribafdrdriosife extperasatesgegsdimental t he
spi nal cords of Fn 14- TRAIL- versus vector- treated

aut@apmynecpaepRYOmyelids via saedulation ﬁ&ﬁm@gbewakm@mcyte

intef¥e R, [NGYaddii0 DROBTRUCE PatORE BULROLKL BARELNS of
EAElLfitpesks ahederedi befase)o ddis ﬁ@wmﬁel adaﬁﬁmrah@ﬁ) or
reduction in absol ute nunbers of cytokine-expressing

during (13 days Qqsth%|qdé@tmmagpn)etflaﬁppeakwégbefdlﬁqaﬁgs Dye
2dyf
wasbdn AR ol s SRFFARAIGAMAPLIR, R fFges

Wheaphsahecorwhd hosdighifieaavéiiRadcAde daytetbotiblMdye between
chal | enge. \Wereas contral vect or-only treated animals

bral@ﬁ. qfoq‘fqntyowwoa;@alyn%mqi. MARntreaded afrucmalw atm:mher

i 415 AR TR B e

vectbﬂ—dﬂi?#trreawdﬂahlmawSn ('cﬁb&ﬁ;he?@ S d'_tﬁuétﬁﬁ%é'(_l_ nal cord and
attenuates bl ood-brain barrier perneabilit Kis

cerePRUN{ TR 16881 AttRothorpEa S (Rigy86) anee13 (Fig. 8B).

neur ovascul ar rrerrbrane unit, by inducing MW-9
(et al | opr ot ei nase-9) expr essi on. Pol avarapu R,
Gongora MC, Wnkles JA, Yepes M Tunor necrosis
The fegarcentradeonved idyienpemetragid apiptivs spinalcceatsewashmorrelated

Wltlfg’&%rg?agfkéal t:f %A;?tahe neu ova gqlogiras %g{ Ehe gr ou d}peucl ear
application. Significantly, even for mice with the same EAE mean clinical
scores (0 or 1) on day 13, control vector-only-treated mice showed higher
concentrations of dye in their spinal cords compared to Fn14-TRAIL-
treated mice (Fig. 8C). This finding, coupled with the findings of reduced
inflammatory cell infiltration in Fn14-TRAIL-treated spinal cords,
provides evidence that Fn14-TRAIL attenuates infiltration of
inflammatory cells across the endothelial BBB by suppressing the
progressive increase in BBB permeability that accompanies

encephalomyelitis.

Molecular model of the chimeric Fn14-TRAIL protein
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Neur osci 2005, 25:10094-10100. The decreased
infiltration of inflanmatory cells into the CNS seen

WO p01B003549 TRAI L-treat ed m ce coul d be a conseqRents2009003886
| east in part, of a reduction in TWEAK-dependent
enhancenment of blood brain barrier (BBB) perneability.
BBB i ntegritywas eval uated by a conventi onal approach,
according to which CNS penetration of intravenously

Thei qe stdore @ vitvetberidn 4 dPRAILS’s g ifieaed. thiet-apedtiB efffcaty
, Nath N, Singh I, Singh AK 5-am noi m dazol e-4-
drS6h Atdeapt H?epam frrPHbit]G? Y795 I avhiicheif gargages and

TP AR iy, o
asstesdd)sTo thRes endQGhedn 64 4FRAH. pE&&ﬂﬁ whsienbdelede HOAR as a
of EAE m ce was neasured before (6 days ost-l\/[IB

monemesi (Eig- RA)ornd @s @larmngr (Hig. 8£y§)pééhe potative interaction
f. t
of ofRLTC P13k TR ANk hheins 850 MR v ERK Al BS

respddti@lyf was éﬂﬁ@ veagalifeal ﬁ«‘l‘gagD)O Siggifita8a%! the modeled
di fference in detectable bet ween brai ns of control

TWEAK: EnlénTWh@Rﬁ cmnpmslnovvﬁéaﬁ@d &hi thel TWHEAK-bhreting

dorﬁé&% et ecget(jl:lf ot {cHrg ¢ ng’ttgrg%ﬁ Eﬂa‘;;ﬁ@gf l ’I}% ggu%atlon by

the Tch@rr@:tr%ﬁ @&isusanwﬁuﬁ@ﬁc(mr@ho shaid Gerabstam
brain ste at both days 6 (Fig. 8A) and 13 (Fig. 8B).

positienecd fe éntaract @ﬁtfefthayecqgrmﬁermrénemmtlmetrsmam TWEAK;

| at ed
(2) G BREB GBI B g8 RicdiRAE pr daroigly Positioned
to itegact ndemthyir &meec;saﬁh@fzs Withint hen e DIRS: 48AN3) the
clinical scores on day 13, control

ca b@@f-@@rramlys of thatknil %wmgmmtjwmkgnetha:ﬁmempmtmns

serly /5, PBLE 3PP GEIESERIPRISEE, 1 e e P

dcDRAMEd othathd &paft, MitAAso Propedsiegdor Bblia ry cell
0 infiltration i np%n 14- TRAI ? ?Iraeat gg gpl nal 5?:%?%5

Integeslinglys theiligand bﬂlhdtngdolmamﬁmeFlaﬂﬂeﬁméfF&ML are
sepépe(dfg @?%gﬁ%@%?%s% %e{tlﬁét}‘? ¢3¢ %hls f%smn protein
could act like a spacer between the interacting cells and limit local cell-
to-cell contact. Taken together, the modeling analysis verified that the
Fnl4-TRAIL chimera can indeed simultaneously engage both TWEAK
and DRS5 on opposing cells. Moreover, the enforced Fn14 ‘neo-trimer’
assumes a configuration that allows for binding to the natural TWEAK

trimer, perhaps creating a particularly stable higher order structure.

Table 1.Clinical features of EAE.

maximum score at cumulative
treatment day of onset clinical score day 35 score
groups (mean*SD) * (mean+SEM) (meantSEM) (mean+SEM)**
Vector 12.80+ 4.18 2.44+ 0.359 1.933+ 0.29 48.00+ 9.78
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progressive increase in BBB perneability that
acconpani es encephal onyelitis.

Mbl ecul ar

nodel
w@himeeised Fn 14- TRAI L protei nThe questi on of WheL/l82009/003886

of the

Fnl 4- TRAIL's significant therapeutic efficacym ght

stem at

| east in

part,

fromthe way in which it

engages and bridges TWEAK |igand and TRAIL receptor

(DR5) nol ecul es,

was assessed. To this end,

t he

(n=8nl 4- TRAI L protein was nodel ed,| both as a fononer
{(Fog—9A)—anrt—as—a—trrer—(Fg—9B—C—Theputative
Fniqnt eragtion of trineric Fnl4-TRAIL at its opposite
(n=§nds W43 HNEAK and PRS0 BgSPett | Y8by o s9aS | 880+ 12.52
visuarnzea (Frg. 9pj. Srgnrrrcantry, tne mpdaer ed
Fn1BVEAK: nl 4- TRAI L: ORS conpl ex showed that: (1) the
TRANMEAK- bi ndi ng domdli ns of Fn 14,/ when forced into an
(n=ayr ti fi ¢ir1algostary merji ci.oz00kbgur atd.en1dy.obhe | ClE.oms 7.26d,
naturalfly-trinmeric] TRAIL conponent, are fayorably
FnlpagGt i gned to intgract with their cognate partners
mwythinftrinmeric TWEAK; (2) the|DR5-bindi ng{donai ns of
(n=%)ri merild1TERAIL2 ar e f 2\B3Or&NR86 posl.BAGNGS060 | i AOOSaGL44
with their cognate partners within trineri¢ DR5; and
TRAIRYn3%he 182 @3- tler diddd 42 t hel BA8HQ.448npoAH6+ 11.08

wWithin the fusion protein serves as a surrogate
linker' that is sufficiently rigid to keep the Fn 14
* Dagndf dRé¢d isdthafinst dagraftervinbihutdzatiopewbiehymfie¥ showed
sign%f%f}i mi){]e (@Gly |rﬁ%§ﬂfﬁ§dtl A&l lopéd @Ad:: C%@é}%q Rididyeq).domai ns
o | i sing
Cthrr]ré %gssi bi ietly tk#atéﬁtﬁhiégegﬁgagn prgt e%lr?tcgl%&lgaegt
i ke a spacer between the interacting cells and limt
Prodwstidn arbl purifiecidn ofnhadiumdaken] 4-JRAMSSrotéine
nodel i ng anal ysis verified that the Fnl 4-TRAIL chinera
can i ndeed simultaneously engage both TWEAK and DR5 on
Clor?@@BﬁE%c‘iﬁJr{ s. Mreover, the enforced Fn 14
nmeo-trinmer  assunes a configuration that allows for
bi nding to the natural TWEAK triner, perhaps creating

a particularly stable higher order structure.
The expression cassette used to produce human Fn14-TRAIL was

comprised of coding sequence for the human urokinase signal peptide
followed by coding sequence for human Fn14-TRAIL. The coding
sequences were codon-optimized for enhanced expression in Chinese
Hamster Ovary (CHO) cell-lines. The DNA coding sequence were
synthesized and then sub-cloned into a mammalian expression vector
designed for chromosomal integration and optimized for high level

expression in CHO cells.

The Fn14-TRAIL expression vector was transfected into CHO-S cells, and
a clone pool was isolated for initial expression analysis. Out of this clone
pool, a single high-producing clone was isolated, and expression of the
Fn14-TRAIL protein was analyzed by various methods such as ELISA,
SDS-PAGE and Western Blots (see Figure 10). Production levels were
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Table 1.dinical features of EAE.* Day of onset is the
first day after inmmuni zati on when m ce showed signs of
WE2HOasYy nice that devel oped EAE were i ncl udedl/us2009/003886
Cunul ative score is the sumof clinical score of each
nouse. Production and purification of the human
Fnl 4- TRAIL protein C one construction The expression
cassette used to produce human Fnl 4- TRAI L was
opticuzpd iteetach equiiesgicreqfiappeokionatdie 100 Mg bf B IBIRAIL
| na&r epti de, foll oyed by codi ng sequence for human
perilmgqo % ENtRION FFHG- sequences were codon-opti ni zed
for enhanced expression in Chinese Hanster Ovary (CHO
cell-lines. The DNA codi ng sequence were synthesized

Wesderh bhethanalysis ersed perfoorrse difurmshaled flaxsRr @ slsh 86 nvedi@h
d?si gned, for chroposonal integration and optim zed for
samples, Obtyimedelrpma d8edin I - 184 Lcglons groven fn| varigas media

or BIERES, BB 5 AENEL ST D0 S L roved

usirgnalgeshmerCis] «itithaseat] TRAIDPONFSF 8O AY &s primary
hi gh- produci ng cl one was isol ated, and expressi on of

detectinganibedx [The sedewaked malscyangwejghtef Bod nERAIbSSs
24 ég@‘l a s ELISA, SDS-PACE and Western Blots (see Figure
"10)." Production levels wereoptinzed to reach
expression of approximtely 100 ng of Fnl 4- TRAIL per
liter of fernmentatjon nedia. Western blot analysis was
A higbryisidremulr stopaglromaseeranhio punfication eroscss was

( . A . .

e QHRPATSEE WA e FRALE: 5T o B0 X

chrdtategraphyostefg sarid ohed 4iShal baffeeRihcie %ﬂ,i{ﬁﬁm&@ter
e

TRAI L/ TNFSF10 Ab as primary detecting anti body. Tt
carryyg the deadimst date she fermgrilatien infiert REhis pairficagim.

prod%rsgic%g)sﬁzél\;\ggll Bhe T 1hkoR SPh?gfi{l?I‘S\Sﬁ%éﬁhﬁ f4—pﬁr{}\fﬂ %arlg)j(eqpl.
Western Blot analysis of sample taken from the last stage of purification
(corresponding to Fig. 11, far right lane) showed that the purified protein
is primarily a monomer and partially a homodimer (not shown). The
small amount of degradation product seen on the SDS-PAGE gel was not
detected by the Fnl4-specific Ab, but was detected with the TRAIL-
specific Ab.

A seven-liter production fermentation followed by the above purification
process, have yielded approximately 300mg of the purified Fn14-TRAIL
which was used for a series of in-vitro and in-vivo experiments indicated

below.

EAE expeniments, with Human Fnl4-Trail — Experimental Procedures

EAE was induced in 8-week-old female C57BL/6 mice by injecting

subcutaneously, into the left para-lumbar region, 125 Og of myelin
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devel oped, which included an efficient capture step,
an ani on- exchange chronmat ography step, and then a
wo paraodsud f er exchange step, the latter carryiPQI/UR®09/003886
product into the fornmulation buffer. This purification
process allows for the isolation of highly-purified
Fnl 4-TRAIL protein. Western Bl ot anal ysis of sanple
. taken fromthe last stage of purification
oliggdendrsyde glyepproteEing35135 (MO Gr3 3tiiS)| pamtjd e beymettheshaid by
. th urified protejn is prinmatily a non r and .
Sigmid 1 dbarpiotienolBar e TSI ICh IMPIRKE Sranpdmedievant
(CFALEsRgah sl%g?&‘ﬁi hegekived tMg\%o‘i%-tgﬁ% ertffodio!
etected by the Fnl 4-specific , but was detecte
ImnwidihteleheRaftepeodj agdin, ak 48 \hemilsi the mpicedwetd on
. fer tati foll gwed by the above purjfication .
m%ﬁ%@@ﬁ%{ltmg@&? ’98&?&&“& Sisderiat Y & Hanei Iqjggtion of
MOG%?S-TSE?gegﬂgéTiEF@FA WAl 1WA edSPHAL A fe "?{Ebecﬁeoxfi%&%para-
In-vitr nd i n-vivo experinments indicate el ow.
lumbzapergitrs, Frotrhdarthito Baly48 Thizei Wwere Exjeetédreubalitaneously
E was i nduced, in 8-week-old fema] e

., P ¢ )

Wlthcégéﬁg rﬁf 856&911%%@%@ %QEFM&W of ¥eBlglgein two
e, =4 L r egi,on, 5 :

equadostiiifed HTRALH ST, OfoasP Plhe mise wersdrsated for the
last paptj dad(syorifics] aadhowyr &@ﬂ; Sl;ﬂb?ﬁmrb e?acrg,E)Stthhd

) (fied ] | ete Freund' s adjuvant i )
Welgg%ruﬁi;k)ﬁlp Eyqﬁ%ﬁﬁo %&?HS@MCeSa W@rj@oawaé"ﬁﬁuﬁﬁpm inguinal,

. i . i f LA | ;
axillgh St et HETg A oh Hlddor 68 h Sple N pf ARk et Had
beempénoaskited tOudaps cAnliadaiith MG g@bepfapﬁdedh (Y] wﬁﬁthSdSr

. tide i A delivered 7 days later into the
Wlth?ﬁﬁr# n i%lrﬂ%cﬁbéffméaafta&rbﬂnYT i awy@w@néawfsthﬁ lyapkeeytes

P . .  oro
was RS SROHLARSPUAL b1 Ul 30 Qi 0L HOGATEr 2
10° telid, suspacdedinphR. mORRMY stippienertedweith 1%epdeidillin
time,. and sacrificed an hour |a

for the |ast ter.
stregmrgé(ﬁgq, 2>€glh1§ggg§pé%p qye fetal calf serum (FCS) and beta-

mercapto-ethanol were added to each well. After 48 hrs, 1uCi
3(H)Thymidine (Amersham, UK) was added to each well and the plates
were incubated for an additional 18 hrs. Plates were then harvested with
a semi-automatic harvester onto a glass fiber filter and the radioactivity
was determined by liquid scintillation. The results are expressed as
Stimulation Index (SI) according to the equation: SI=Mean cpm of the

stimulated cells/mean cpm of the unstimulated cells.

Pooled spleen lymphocytes were isolated, using a Ficoll-Hipaque

gradient, on day 9 from MOG-immunized mice treated with Fn14-Trail

(n = 4 animals in each group). Recovered cells were stained with
methylene blue and counted. Mean number of lymphocytes per spleen in

each group is presented.
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wei ghed. Pool ed | ynph node cells (LNCs) were prepared
frominguinal, axillary and nesenteric |ynph nodes or

w0 ecanesieens of mce that had been i nocul at edPEI/tis2089/003886
earlier with MOG 35-55 peptide in CFA wth or w thout
Fnl 4- TRAIL treatnent. The ex vivo response of the
| ynphocytes was assayed in triplicate wells of 96-well
flat-bottomplates. A total of 2 x 105 cells,
suspended in 0.2 mM RPM supplenented with 1%

penicillin styeptonycin, 1% glutam ne and 5% { et al
The data gg(é%w? licats sarampensip{Bgwes it & 2Ry sbgwed

. | e i di .
a sigREART difle deALadtn Belidsc iRl I HHbRE in,the S0
ug te200 iugertradeed for an additional 18 hrs. Plates were
then harvested with a sem -automatic harvester onto a
glass fiber filter and the radioactivity was
¢ : e ST ti |
Poolfd SRIAGE R ipe AERTIhbE ARy TSR 20 or
Fnledhatil oreatblerttanMPG-ohnilieizetl mitaieed ¢aldadh gRap) were
cpmof the unstinulated cells. Pool ed spleen

stimUlath &9t €3 sy withs Wl@Eepeptidend-ultrires ens patpgd with [PHJ-
thyflIqifeph hrhetpre St i ARG BRI SR B 6 s
estiffated &yye Hi ehysidkiecirtdorboestivh tdh dreddyy Egpreddedeagind

. caounted. Mean nunber of [ynphocytes per spleen in each
stimyflgtign dexedagar ErrRoiEiimulatd colbs omsancepm of non-

; ' Saf.H . h a_significant
stimfiRE SEILESh BHbreea s fBdikan S04 EBT " 1 The

50 ug to 200 ug range. Pool ed | ynphocytes isol ated

from Iﬁ%n'ph nodes recovered on day 9 of Fnl4-Trail
The dadat(rhawn i Mreddhishew migndlicart Fid denilgnedigted

. JNBE i.ul i ' I es
inifidh S8 (RERH rRpafSeimb RS FE R iR
maxiinal Rtlgeaionaindd @i frficattt@itedanittis1 00IEMH DY/ mouse.

[ 3H t hym di ne i ncorporation and was expressed as

EAE was induced by MOG challenge, as described abox}e. On day 10
after MOG administration, mice (10 in each group) were treated with
either vehicle or Fn14-Trail at 25, 50 and 100 pg/day, in two divided
doses. Mice were followed daily for the evaluation of their clinical disease
scores. The clinical status of mice was graded as follows: 0, no signs of
disease; 1, tail weakness; 2, hind limb weakness sufficient to impair
righting; 3, hind limb paresis; 4, paraplegia with forelimb weakness; 5,
quadriplegia; 6, death. Treatment was stopped on day 26 after disease
induction (day 16 of Fn14-Trail treatment). A: Mean clinical score of all
experimental groups; B: Mean clinical score of the control group and the

100 pg/d group, in this case showing the S.D.
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stimulation index (nmean cpm of stinulated cells/ nean
cpm of nonstinulated cells; SI>2 represents
w@r@noibiseant stinul ation). The data (shown i n FCUSM®09/003886
13) show significant Fnl4-Trail-nmediated inhibition of
the recall response to MOG peptide rechallenge, with
maxi mal effect obtained for mce treated with 100 ng/
day/ nouse. EAE was induced by MOG chal |l enge, as
Thedigar (shedrahoFigufas dayn-1aBfshew M3Ggadidca sthatipeutic
mce (10 in each group) were treated wth_either i
effectedfi End4oFrathim redicmg the progressieon i dE MG disgase nwithba
RYY 0SES: were followed daily for the
cwag&ékga ?@%8§$H¥%%ﬁ€b%linical di sease scores. The
clinical status of mce was graded as follows: 0, no
signs of disease;. 1, tail weakness; 2, hind linb
Collggenrrndycediarihritins with Frd4-Trai gHixnerimentel Brocedpmes
paresis; 4, paraplegia with forelinb weakness; 5,
quadri pl egia; 6, death. Treatnent was stopped on day
DBAP nedleemich seaseHaltbitdddtw{cdyB week§ dpdrdy Wit 00 Og of
treatnent). A Mean clinical score of all experinmental
typegH cipdlgep: pueidiedcirion bavine erticuian errtilagerand gnoalsified in

con SRR B AL P I AT AR mction

at tisé gaisticTanle ther MiedtwereefdiRstePHalif fhd mbhitobed for
r educi n% the progression of EAE di sease, with a clear
I

swellirgeandl/ r ¢asthgmer meene aomioagdimbadu@adher day iofidisease

i th. E -Tra, 4l _-. rimental Procedures |
onsi, eliciTvére kinbbmjelt A cBRE ek BRH & W, vEBisTegniy
andatedtthent kreapbqens duily Hosd N0 BLYVIOTE D@l/hicel/arof Fnl4-

cartilage and enulsified in conplete Freund' s adjuvant
Traif)cAgotipvebirle #5id Fnd4 Trailruers adminigtesed smbautangously.

T TN —

and|foftrsda® tb hBed200 afg gf&@p.s Mieswtre fbIEGvHB dily for 14 days
random-zed for control group (treated with vehicle

fromy flisgasgnen sete ANk thenryeps I daws daiwsllingsia ail 4 donlbs was
mea%%gegqﬂ%%eé gm%];‘oggfif)'ér, and compared to healthy, age-matched

mice. The delta of swelling in each limb was calculated, and these deltas

were summed into a score (disease index).

The data (shown in Figure 15) show a significant therapeutic effect for
Fnl4-Trail treatment at the 200 ug/day dose. Of special note, the
reduction in disease index persists for at least 7 days after cessation of

Fnl14-Trail treatment.

The human Fnl14-TRAIL protein induces cancer cell death via apoptosis

Fn14-TRAIL-driven cytotoxicity against cancer cells is highly efficient and

specific
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Trail). Both vehicle and Fnl 4-Trail were adm ni stered
subcut aneously. Injections were given daily for 14
wW@l2018/005519 he control and 100 ug group, and f orPQ@I/ti82089/003886
to the 200 u g group. Mce were followed daily for 14
days from di sease onset, and then every 3 days.
Swelling inall 4 linbs was neasured using a
m crocal i per, and conpared to heal thy, age-matched
Tummrceell Thtotoidity ofediated ibygpunifiedcntagdedvasiman Fn14-
| cul ated, and these deltas re sunmmed into a sco
TRATGREBISD Vha Stpdiad, Vi S5V E SRR ™ N FHRe e Cal fyRetw The
hun$d9 Hdja18Ma EQﬁEéP%Hflllﬁ}@gfI&e—ﬁe Rf“éﬁmfhé k?]l'olwn to be
treatment at the 200 ug/day dose. speci al note, the
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d after. cessati f Fnl4-Trail .treatpgent. The
be WEHEnSERFAVERR n&%QT i Waldt B kilhing eldert opdhis tymer
. . : iy e ai .
line ARAAE BR e LI LR 0. FRoR KM’ (ikhle 1637 Sflilar efficacy
wasclidurnghotdfociwy otbdi dtegrhthy tyundrf ¢edtlines agindd 7handrHep-
n 14- TRAI L Br otein was studied with several human

G2 Mtethowphedn comdrast i the sHeshancimrssr hepatic tngeor
hne%fl pres satﬁ%gllof IijFrdelf:Z}e_ pt ors %%ﬁ%)q?t}-was S H own ?gggbg qﬂﬁahl??/n_

canc@Enal hoviehepafiol cellTAES shoivtdd hbekililiih%r iefifgcef flgﬁ’(oeﬁl\?ple we
t hj unor |ine bejng extrenely high (EC50 = 0.04n
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the hepatiatignamrhlihmeas heipatitbadli dimeoNKNT3L-WRAMNK dakes expresses
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candiRAtdlly effmi¢otly aitd gpeeificgBy, nor on the non-nal i gnant
human hepatic cell |ine NKNT3, which does expresses

Fn14-TRAIL’s tumoricidal activity cannot be achieved by simply delivering

its component parts in combination

The tumoricidal effect of the Fn14-TRAIL fusion protein was compared to
the effect of its component parts added in combination. To this end, cell
viability of the hepatoma cancer cell line SK-Hepl was measured
following incubation with either purified Fn14-TRAIL, soluble
extracellular domain of TRAIL (sTRAIL) alone, soluble Fn14 fused to the
Fc domain of IgG1 (Fn14-Fc), or the combination of both (Fn14-Fc +
STRAIL), at similar molar concentrations. Fnl4-Fc displayed no
tumoricidal activity against this cancer cell line, while sSTRAIL showed
some killing effect. However, even the combination of both Fn14-Fc and
sTRAIL did not achieve the tumoricidal effect of the fusion protein (Figure
17).
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the TRAIL receptor DR5 (Figure 16C) and the human
fetal hepatocyte cell line FHB (Figure 16D). These
WO 2B00051€st abl i sh that Fnl 4-TRAIL kills cancePCTEb1089/003886
efficiently and specifically. Fnl4-TRAIL's tunoricidal
activity cannot be achieved by sinply delivering its
conponent parts in conbination The tunoricidal effect
of the Fnl4-TRAIL fusion protein was conpared to the
effect of its conponent parts added in conbination. To
t hj cell viability of the hepatoma cancer cel
Ak kil cangey eallssby dRdugingoapeptasis ubat i on wit h
either purified Fnl4-TRAIL, soluble extracellular
domain of TRAIL (sTRAIL) al one, soluble Fnl4 fused to
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Whereas particular embodiments of this invention have been described
above for purposes of illustration, it will be evident to those skilled in the
art that numerous variations of the details of the present invention may
be made without departing from the invention as defined in the

appended claims.
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activity, but only at the highest concentration, with
dramati ¢ advantage for the fusion protein over the
w@oenpoesne s al one or in conbination at the 30 PQr/ms2009/003886

concentration. Whereas particul ar enbodi nents of this

i nvention have been descri bed above for purposes of

illustration, it will be evident to those skilled in

the art that nunerous variations of the details of the
What ss€haimed ésit i on nmay be made without departing from

the invention as defined in the appended cl ai ns. What

is Clained Is: 1. A fusion protein conprising a first

L SORRAT 008 S5E 0 FAIRLT, HBeUS A b A

whegenotlde dostidomainaispalpaippeprde tthat H@hddStot @ ’I‘aNERrKl hgand

ept or. The fusion protein of cla
andtﬁte E é@ﬂ%ﬁ“ﬁl 1ssa olypertidg tbaﬁthIBHSdp 3 mRAIL receptor
extracel lular domain of a Fn 14 protein and the second
domain is at least a portion of the the extracellul ar
2. doffhienfusiora prBAdih ¢f daéinnl, ¥hefbi thisifiest godhLinnisOht least a
¢l ai V\/nerelnthefusmn protelnls SEQID. NO 1
Porfd?nsg]e}iel gxtraggllylardomagn of @Ffarlatmq{eebﬁ@dsthmgecond
t f [ 0] |
et A p o oL e TR AR I R R TRa0L
protexhr acel | ul ar donmain of a Fn 14 protein and the second
domain is at |l east a portion of the the extracellul ar
domain of a TRAIL protein. 5. The fusion protein of

cl i (0.t kLS L 4 and
3. T ohE sidff bkl dcciabiel, SRR [ite RUERM, Blodin
SEQibi NpDal dreBEQ. IBnodeqgeence identity to SEQ | D NO 1

or SEQ ID. NO 2. 7. A pharmaceutical conposition
conprising the fusion protein of

4, A fusion protein consisting essentially of a first domain and a
second domain, wherein the first domain is at least a portion of the
extracellular domain of a Fnl14 protein and the second domain is at least

a portion of the the extracellular domain of a TRAIL protein.

5. The fusion protein of claim 1, wherein the first domain is human

Fnl4 and the second domain is human TRAIL.

6. A fusion protein having at least 95% sequence identity to SEQ.ID.
NO: 1 or SEQ. ID. NO. 2.

7. A pharmaceutical composition comprising the fusion protein of
claim 1.
8. A method of treating or ameliorating an autoimmune disease in a

patient having autoimmune disease comprising administering the fusion

protein of claim 7.
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claim1. 8. A nethod of treating or aneliorating an

aut oi mmune di sease in a patient having autoi nmune
waeleEaeass1conpri sing adm ni stering the fusion pPOL/ERWYH03886

claim7.9. The nmethod of claim@8, wherein the

aut oi nmune di sease is multiple sclerosis. 10. The

met hod of claim8, wherein adm nistration is

parenteral. 11. A nethod of inhibiting proliferation

and differentiation of T cells in a patient, the

od co i e step .of adm nistering
9. {Fﬁﬁmﬁm qh?i @%%%t%hﬁr@a t&lepeaklt@mnmmq@wa@fs i§ych
multi @EEF&B isk2- Afusion protein conprising a first
maih and & second domai n, wherein the first domain

is a polypeptide that binds to a TWEAK i gand and the

second domain is a pol ypeptide having an inhibitory
10. t yhbeiggthad of ?i@ml%%ﬁemlat ad MRSt ParGRtsEln

t he pol ypeptide having an inhibitory function is
selected fromthe group consisting of FasL, TNF,

11. PDA-theti?0fl o inBTXitiry ptBlifera Bénagodidiffereriih @6h dfdbcells in
Cd72, Ep-CAM Fcgamma-RI1, CD22, CD66a, PIR B and CD31
a patlemt; thrﬁ anethod SOoppIsINg the sten af admipistesing ane

Fnlg:] sl ﬁ.‘l AL a(?]:rl ﬁ}r%lt@in gaﬁ’a{uer}tSI 'ﬁ‘eggto sq,lcch F‘c)rtaﬁaﬁg'%nntg

an a oi‘mrune di sease
havi ng aut oi mmune di sease conpri si ng adn1nistering t he
fu5|on protein of claim7. 16. A nmethod of treating or
2. andlIfUsien PAgtERmeANPrisiag falirgndomain mned angegond domain,

whege@g_aé ting: AgMAILSes B%ﬁréngﬁ%@g Thar b?ﬂ;&% 8 AWEAR fkand

e cancer

and ltheasdcogrhdemali8. isTh @olpbdintid @ haCing AnlthhMiesr§i fihridﬁﬁ)n
cancer is colon cancer. 19. The nethod of C ai m 16,
wherein the cancer is lung cancer. 20. The nethod of

13. @ ?h@f&gio%%)ﬁgiﬂ éih@laqg{]ﬁ%f V&;l'?el%?ljl Qnggiolypeptide having an

inhibitory function is selected from the group consisting of FasL, TNF,
PDL-1, PDL-2, B7x, B7-H3, , B7 agonists, CD100, Cd5, Cd72, Ep-CAM,
Fcgamma-RII, CD22, CD66a, PIR-B and CD31.

14. The fusion protein of Claim 12, wherein the inhibitory protein is
FasL.

15. A method of treating or ameliorating an alloimmune disease in a
patient having autoimmune disease comprising administering the fusion

protein of claim 7.

16. A method of treating or ameliorating cancer in a patient having

cancer comprising administering the fusion protein of claim 7.

17. The method of Claim 16, wherein the cancer is breast cancer.
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21. The nethod of Caim 16, wherein the cancer is a

hemat ol ogi ¢ nmal i gnancy. 22. The nethod of C aim 16,
wobEnedIsie he cancer is ovarian cancer. 23. TherP@EUk®A9/003886

of Claim 16, wherein the cancer is |liver cancer. 24.

Anet hod of treating or aneliorating autoi nmune

di sease, alloi mune di sease or cancer in a patient by

adm nistering to said patient an effective anount of a
18. gefléte methqdesfo@lagnc @ 6, mghéreen ftheic@mgerds @oloRfcaglczirm

7.

19. The method of Claim 16, wherein the cancer is lung cancer.
20. The method of Claim 16, wherein the cancer is melanoma.

21. The method of Claim 16, wherein the cancer is a hematologic

malignancy.

22. The method of Claim 16, wherein the cancer is ovarian cancer.
23. The method of Claim 16, wherein the cancer is liver cancer.
24. A method of treating or ameliorating autoimmune disease,
alloimmune disease or cancer in a patient by administering to said

patient an effective amount of a genetic sequence encoding the fusion

protein of claim 7.
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