Fnl4/ TRAI L FUSI ON PROTEINS 5FI ELD OF THE | NVENTION This invention relates to
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both tissue honeostasis and pathogenesis, via effects on cell survival and
death, cellular differentiatio and in At i romthe standpoi nt of

aut oi nmune pat hogenesi s, | R‘A‘I!; FERIQ SPB?)%QHETNF | i gand superfamly are
TNF-rel at ed apopt osi s-inducing ligand (TRAIL), 20 and TWEAK (TNF-rel at ed weak
i nducer of apoptosis). TRAIL binds to a nunber of different cognate receptors
of the INF receptor superfadlELD QFRTHEINNENTION | ggering of intracellular

si gnal i ng : r i t] . O S he triggering
25 recept oﬁgﬁlglwq%%ansrég%%%m{@l%%iﬁgﬁg?dtg%g&%lgb 3%%?%1?1 gg?lnz%r, and in mce
t he sol e t mepedsng tretept oertas) @RBasds stickalasyaabimoslnsdakasteandmune system
(T I'ynphocytes, B.l hocytes, natural killer cells, dendritic cells,

nonocyt es, C&Pﬁﬁﬁf”bﬁ//ﬂ:gessf %8?%851 ate surface TRAIL and/or rel ease sol uble TRAIL
stored in secretory vesicles in response to interferon and 30 other activation

signals, TRAIL inhibits autoinmunity in several animl nodels. Evidence for
TRAI L' 40capacity to inhibi t%QM%!INFORMATION

A complex interplay of positive and negative signals regulates T cell

activation and maintenance of T cell effector function. Members of the
TNF ligand/TNF receptor superfamily figure prominently in this matrix of
signals, bridging cells of the immune system, as well as with cells of

15 other organ systems. In so doing, TNF superfamily members contribute
to both tissue homeostasis and pathogenesis, via effects on cell survival
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),

20 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

25 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

30 other activation signals. TRAIL inhibits autoimmunity in several animal

models. Evidence for TRAIL’s capacity to inhibit experimental



aut oi nmmune encephalitis (EAE), a murine nodel for MS, has cone from
experinments invoking TRAIL-/- knockout mce, soluble TRAIL receptor (sDR5) or
neutralizi ng"AAUWY%RIA L nmAb capabl e of bl ocking TRAIL f F&EtUSHRIVUERRE enbryoni c
stemcell-derived dentritic cells co-expressing 5 TRAIL and pat hogeni ¢ MOG
(nmyelin oligo-dendrocyte glycoprotein peptide). Interestingly, in M5 patients,
sol ubl e TRAIL has energed as a response narker fortherapy, with those npst
likely to respond to treatnent ing early and su i ped sol upl e TRAIL
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Both TRAIL asL have, been inplicated in negative regulation of T cells.
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kDa pr ot ei Hhnatién 2808 ReibriNG;d 8t8rh ¥elll BRRRAW KGAPHRY AR Eo-BXPFRSRRL 1 N a range
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ki dney cel Irssporescamgirikér ool IFN-Briberamaglwitkelthese MOst dikedy torperpoyides) . TWEAK

stinul ates ,product,i on aof varjous.infla to c Lnes, chenokines and
adhesi on ﬁ?ﬁme&.SM$§Ffi%%dfﬂé&?ﬁ%&f&@?lﬁﬁ%ﬁg‘n&kﬁc RAF fects that go
beyond cel Ithpfayi. f e¢ QTR LaNGh sadtalkd VS [EAD UL BB.mbrd e6@pldx)gby. the richer

set of 25 functions linked to TWEAK over the years include ones that tie into
aut oi mifni tSFamBAEAIRS $igggsstien thad Tt iaapy reinose brag pellpBORESS-ar unit, and

its endogensis FRNCSSH FhsL Bl Linplicdtig iR AW NE R ANgr Reut € cer ebral
i schem a. Moreover, TWEAK has pro-angi ogenic activity, Ich 1s of interest

gi ven the #§88ci ati on between angi ogenesis 30 and aut oi nmune pat hogenesi s.
TWEAK i ncreases EAE severity and associ at ed neurodegenerati on. The induction
of inhibitory anti-TWEAK or Fnl4 Ab, via vaccination with the extracellular
domai n of dAWRAK avEME aurfnt-4eceptel iForladt @Edbrafasthgrowes fattosisdudibieat and

R i PR T DN C MR R T
pressi ng neegarfgerof immune and non-immune cell types, including 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
20 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
25 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
30 and autoimmune pathogenesis. TWEAK increases EAE severity and

associated neurodegeneration. The induction of inhibitory anti-TWEAK



nore effective therapeutic agents. Wile the precise etiology of M5is
unknown, key features of its pathogenesis and clinical evolution are energing.
Pat hogeni c eVPaYPBIS5P cel Is are thought to be pivotal i PCAUSHONEOEE t he

di sease, and thus many therapeutic paths are converging on these cells, wth
goal s such as blocking their activation and re-activation, elimnating them
fromthe larger T cell reservoir, and interfering with their tra?sit t(F)e sites
of pat hoge ' . hi . CNs TWEAK/ Fnld and .TRAI L/ TRAI L
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15 Both the TWEAK/Fn14 and TRAIL/TRAILR signaling axes have been
implicated in cancer. See, e.g., “TRAIL receptor signalling and
modulation: Are we on the right TRAIL?”, Cancer Treatment Reviews 35
(2009) 280-288; and “The TWEAK-Fn14 cytokine-receptor axis:
discovery, biology and therapeutic targeting”, Nature 7 (2008) 411-425.

20

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

25 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

30 first domain is at least a portion of the extracellular domain of a Fn14



15 The invention is further illustrated by the foll ow ng draw ngs in which:
Figure 1. ression and functional analysis of Fn 14-TRAIL A) Western bl ot
anal ysi s mas P2419P8¢%Ed on conditioned media from 293 celACI/USERNEEE¥t ed Wit h
expression constructs for Fnl4, Fnl4-TRAIL, 20 Fnl4-19gd (mut) and TRAIL
bserved bands were consistent with the expected sizes of 8.7 kD, 27.5 kD,
34.1kD, and 19.0 kD, respectively. B) CHO ceIIs mere transiently transfected

with a nmurine, TVEA expressi on.co re i ncubat ed
at AC wi th IS i seepeR FOBRR Al ash Bnerih Sl Dorrer
The presenckRhmainodf ATRBIBREofeomNd TWEAK on transfectants, and the binding of
Fnl4- TRAIL to them was verified by flow cytonetry, using anti-nmuse TWEAK Ab
(B.1) and anti-nmouse TRAIL Ab (B.2-5) as detecting Ab, respectively. (B.1)
TVEAK is exXprfssthdr Q8pddtaned g?éénc‘fllt% 84 Profifed alRGIGH pHStelty _anti - TWEAK AD
(solid black line) versus isotype control (filled histog ra%; 30 (B.2) TRAIL
is not et @omyiisinga ﬁ}@dmhalgl an@ @nsen. airsi woergtn itha M_dma(nSol id black

line) vers |IIe | L epitopes
e enhancdd ARGHPRRIEE Myints b ATWEAK IRERR and hé seBf Bofllal B 5 70
TMEAK—negaklp@WpébﬁHeabhﬁu;énhnhﬁﬂ&hyfAhcand.|sotype control are represented
by solid black line and filled histogram respectively. (B.5)
TWEAK-transfected cells do not bind 5 k) anti-TRAIL Ab (solid black line) in
the presenghandcEBAichl cd:Pb¥RPriz0fihplisirfs SOMBi@S prbldigs dd dfGisam C) L929
cells were cultured in flat-bottom 96-well plates at 2 x 104 cells/well, in
100 pl 1R methodisthtreating sanags A 4neses SUckhcas ABEYIBIAUDelseasdgand o t he

cul tures atcahcBB/Wkh!thed0diot %J&emr&r {B4lihYESHoA O ela@scfppaﬁ&édZ h. Fnl4-TRAIL
or rTRAIL, as positive control, was then added, and ures were maintained
for an additional 5 It The percentage of dead ceIIs was determ ned by an MIT
assay, as described in Materials and Met hods.

BRIEF DESCRIPTION OF THE DRAWINGS

15 The invention is further illustrated by the following drawings in which:

Figure 1. Expression and functional analysis of Fn14-TRAIL
A) Western blot analysis was performed on conditioned media from 293
cells transfected with expression constructs for Fn14, Fn14-TRAIL,
20 Fnl4-IgG1l(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
25 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);
30 (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



15 Figure 2. Functional validation of the dual cassette pSBC21 vector A) As
schematically depicted, the pSBC21 plasm d incorporates in tandem a transposon
cassette (V\A‘{ﬂz?lﬂfé"sﬁﬁl a pronoter driving the trans signdCTAEHPEBEOng protein
- TSRP) and a transposase expression cassette (driven by the UBC pronoter). 20
B) Mce were hydrodynamically injected with either pSBC21 vector only (right
panel) or the indicated concentrations of pLuciferase. SBC21. Bi ol um nescent

ays o tor BraerdnEcttlon® 45 SRPe PaeP ERUNL ThATL 1PaBka R 'S gnal i

radi ance (WWEAKGéBﬁ)desmhg, ab o@)po§edum’11WEAKSn@§atm LHORRIL. watie determ ned by
ELI SA 20 d after the injection of 5 or. 20 pgdof Fnl4- TRAI LTSBC21

pl asmi d. Fi Iéﬁsbapﬁ lﬁawoetwrﬁaﬁégg&sem cﬁ%léobae
encephal omyglekthisto Og%nﬁ'%g,gedtﬁw s (©k) Fﬁ%mf%s?&%a,ceﬁg% h8Giddt) and

TRAIL were neasure A 20 “days after hydrodynam cal Iy injecting 50 pg of
the r es§ecttp\?@tp§w11f\l§a(§ehdé)lﬁ¢léé@ﬁbm prapristoce B DYRMe Iswyeechal | enged

with MOO i t ubercul osis as described in Mteri al
and Met hodsrlogg‘@ﬁygﬁ{) %cﬂ#%e%eﬁﬁ’ m ce were hydrodynam cal | y-injected
with 50 pg Cc)fLQQQecelmjwem eﬂltpﬁﬁﬁiﬂb&mmmﬁﬁewsllmamm&tz sci@. | ndivi dual
mce were sc CCo linic | e described. in Materials and
Met hods. P§Fﬁﬁg‘f"éﬁ i/(g(;) Hgt/{(@l R’hanFa P lsaé%raé?t’(“l?mﬂﬂﬁ 10 panel ),
di sease i neidleadded B tﬁ@w@rtup@gth,mgywehaawe:en@mreldlﬂtmh fegore (C) and
mean clinical score on day 35 (D) e difference between the

Fnl4- TRA| L-ancsheed hyeFadd- T}%Itloqm BrRAILG gstpasitivg semtrrl wasithen pddedy
si gni fi cantyRCeAkdiOwER MaiReRid wayaha%or(a h05he E’ef‘cfe t&%@ ofll fTerences

bet ween the ot her groups shown and the vector- y grou not
signifi cantdead cells was determined by an MTT assay, as descrlbed in Materials

and Methods.

15 Figure 2. Functional validation of the dual cassette pSBC21 vector
A) As schematically 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).

20  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?2 /sr).

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

Figure 3. Fn14-TRAIL suppresses MOG-induced autoimmune

encephalomyelitis



Figure 4. Fnl4 and TRAIL in conbination do not achieve Fnl4-TRAIL'Ss
therapeutic efficacy A-C) 48 h after MOO chal | enge, m ce were hydrodynam cally
inj ected 20 WPEHVYE'SPngl e dose of Fnl4- TRAI LSBC21 pl asmiP§¢T(RHBYPHSuse), or a
single dose of a mxture of Fnl4.pSBC21 and TRAILTSBC21 plasm ds (25 pg

each/ nmouse). Mean clinical scores for the indicated groups over 40 days (A),
and on days 16, 23 and 40(B) are shown. Currul ative MCS of indicated groups at

day 40 is sho C RAI L-treated
ver sus vec?b‘clsé)e mS % ng‘?’ouﬁil s St | snf aq%?l %rgl én?‘?ﬁli:g'ﬁ\ Ié’&%r(?r ding to
Mann- Wi t neyeé.édreatby( EEISJO&D dayesfert hydfbcfyfrﬁhﬁﬁﬁﬂﬁ imjeEMAagIva g ot her groups
shown and t&g vect or S\%ggr Qup %re not si g i cant. D) Serum | evel s of

Fnl4- TRAI L ¢ rrésfr‘%?tt’é(ferﬁ B;b@? %ps‘ssaaw S:the injection of conbined
Fnl4. pSBC21. %i%g)we#eﬁﬂlie}'é@@%tﬁ%o@g)n CPA fdﬁﬂefﬂ%ké&' SRE2#.(25 pg). B
MOG-chal | enged ni ce that had"been hydrodynami cally-injected wth 5 pSBC21

vect or onl yubﬁrquiqmsmispmgllmmnaéers@camd Mfébods d&yk adferMOCecei vi ng t he

t her apeuti e n the presence
or absence%h%ﬂg%? el?ﬁgéﬁtéagggnéga{gdtl ﬁggg?’%%% 556{%%(;1@&1 and proliferation
was eval uatirdicasedipSBOXeHased Maprrsisadrs camstrivetsh ddsliviReatihiise areee shown as nmean
SD froma total, of ni.n er rou Figure 5. Fnl4- TRAILTSBC21 inhibits
oyt oki e preGtiHEt T B OIS baCHE LA ShH EE VB A HATE 2Mod wi th- N | n GFA
suppl ement edlethiokd8. NMarddteiesvlhatddirtihdd & YWHLOYIRAIFhE 8édé-[BNiugipepd W t h pSBC21
vector only or Fnl4-TRAI LSBC21. Animals were sacrificed 43 day after

recei villg mMeE@clneissast incidgent (Balayesmanitde presiiptigmrase chpifd sgefe cul tured
in the pr e?éﬂ&ﬁd%e&?%ﬁﬂf&l QkofH &fl%{a 5 o CeRE d RR8e %feu%@Qégnggepggt I de.

Cultured nedia were collected 40 and concentrations o
i ndi cat ed d\ntlokTRASLirgadedoeesus Vi@dob‘;@nELPSAtml 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

15 are not significant.

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
20 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
25 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.



Figure 6. Fnl4-TRAILTSBC21 treatnent reduces activated and cyt oki neproduci ng
cells in spinal cords of MOO-challenged mce Infiltrating cells from spinal
cords of pSBYQ20W)EEPHr-only and Fnl4- 25 TRAI LTSBC21-t r #&TEH21P/PW88ker e

i sol ated an anal yzed as described in Material and Methods. The nunber of the
cells was calculated by nmultiplying the total nunber of live cells by % of
each indicated cell type. The percentages and nunbers of cells are

t atd f t d of Jthe.indi gated |t
ncquired T R at®ls BERRIE AR GIRE e R LR SBevacdisunber o
activated (RPdertibnfdfaomasiaey Keld-sSBC2AaRs5M1Pos TRUIGHSEED F@wg)p D)

Per cent age and absol ute nunber of CD4* and CD8 cells, and of IL-17, and
| L- 10 expr &5dimg-EBAIL pERG s {2%E8).vat ed 0D69', cells or the total cell pool)

on day 7 p tg@p_ . e. n r of CD8t cells
and of | FNy%; N[[ - 1?35%&0’1‘ %%g %&é}%ﬁé;@%@%géggﬁdgagﬁﬁgé% 6 élcgggt“-’%&; chal | enge
10 Fi gube DPSHEAUvIRAF LABCAE FrvldaTRAINL pSBlXlewespsaalificat 43 idafyksaifrat i on in
MOO-chal | enged mic chal |l enged mice, hydrodynamically injectyed with SBC21
vector 15 GHSViEE t%ﬁltgﬁmlt%éﬂ{lt-m%wrﬁ%ﬁe&sfé%?%mpd’mry with PBS and
10% f or mal iQiRRed RAahe prefiritR oo s RITRIITTERRN @ncEHErakiBhQ ofiNMORI;ECES,
enbedded in paraffin, transversely sectioned at 5 pm and stained wth | uxol

fast blue an@cpidsyand pepleferation Weservapanier ashdorcrrteqst wsMatenialsearspi nal cord
sections OyAAGHO! e ¢ ISR od fbas Mebiramd Ji dr RRRShiscgees of 2. 3.5

and 1 from to right, respectively. Lower pane OWsS representative
spi nal 1@or greept i ons of Fnl4-TRAIL-treated mce with nmaxi num di sease scores of
0, 1 and 3 fromleft to right, respectively.

Figure 5. Fn14-TRAIL-pSBC21 inhibits cytokine production in MOG-

challenged mice

Mice were challenged with MOG in CFA supplemented with M.

15 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 MOGss-so peptide.
Cultured media were collected 40 h later, and concentrations of the

20 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-

25 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



25 B) Tissue sections fromeach of the six spinal cord segnents were anal yzed
for each animl. Scores of inflanmmtion were assigned to individual sections
based on t heVP3MP8WPHg criteria: 0, no inflammation; 1, PEEGS2099/03885004 3,
20-50% and 4, >50% of the white matter is infiltrated by | eukocytes. For each
nouse, the histological score is the sumof 30 scores fromthe 6 spinal cord
sections. The difference between the Fnl4- TRAIL-treated group versus the

st oty & Redaigih B e e e B0 AR B S, ot
per meabi | i oy tiMee &@l.| enged m ce, hydrodynam cally-injected with SBC21 vector

only or Fnl4-TRAILTSBC21, were injected with Evans bl ue dye on days 6 (A or
13 (B) postr-Rbberssartpgshaed ahpehateppumbes of getinatad(GRRY Y iaflamypalery n extract s

of the indigat g6d ddvSsURSt-MOIESSId in Materials 10 and Met hods. The
results regresent tyflelf%%eé\??i c absorbance of Evans blue at 630 nm cal cul at ed

as ng/ gbamG-Ds Peecertthge asideahstitgtd ndindaereo{tGRa4* ahéd(éﬂi)Bf eekbncaw af e
i stical - gnif ] ) 0. 05 t. i t's t test. |
I T Y e

(©, concentrations’ of absor n-sp S or Vver usus
Fn14- TRAI Lth¢ eatia¢ deliippel)veri Hapat pbstdMUGG rbatdieagée ni cal scores (0 or 1) on day

13 post - | | enge. Figure 9. Structural del ~of th - Fnl14- TRAI L; DR5
conpl ex mﬁ? © Pg?lép%n%lﬁ%ﬁ‘sﬁe ge eé{tcgd:]gg_ Bﬁ%fpﬂég Igméﬁl als and

Met hods, ap@dsinoyo ekﬁfeé%ﬁécéi@bh&a%r @4@%@?‘1\&_@%&1&%@ Fnl4 in 20 blue and
TRAIL in white), the Fnl4-TRAIL triner (B, as ribbon nodel; C, as

space-1P11ing nodel ), and the TWEAK: Fn14- TRAI L: DR5 conplex (D, with Fnl4- TRAIL
as space-filling nodel, TWEAK trimer as ribbon nodel at top, and DR5 trinmer as
ri bbon nodel bel ow). .

Figure 7. Fn14-TRAIL-pSBC21 treatment reduces spinal cord

inflammation in MOG-challenged mice _
MOG-challenged mice, hydrodynamically injectyed with SBC21 vector
15 only or Fn14-TRAIL-pSBC21, were perfused transcardially with PBS and
10% formalin phosphate. 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-
20 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.

25 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: O, 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

30 scores from the 6 spinal cord sections. The difference between the Fn14-



25 Figure 10 is a Western blot analysis of human Fnl4-TRAIL fusion protein.
Figure 11 is an SDS- PAGE anal ysis showi ng the products at different sequenti al
steps duri ngVPRYMEMSPA- TRAIL purification process. 30 MFCH(HS&09/9038% 5 graph of
data indicating that Fnl4-Trail decreases the total nunber of splenocytes
harvested from MOO-i rmuni zed mce. Figure 13 is a graph of data showi ng in
vivo Fnl4-Trail treatnment 5 reduces the ex vivo recall response to ex vivo

antigeni c kg St i f I from.| h des. Figures
14A-14B are grfép‘%ksglt%1 %g%l Ysér%g\npr?gg%é gl'?mlr]—'%?(i%s ']‘?gltqtlsg%%ﬁlgr(r}}?% %’fl{e@agiE di sease
pr ogr essi orccordiiptc Maherbdney dé tetQpkDdB)e 15 is a graph of data indicating

that Fnl4-Trail inhibits collagen induced arthritis in DBAL mce. Figures
16A- 16D are graphs of data froma SK-HEP1 Hepatoma cell line 15 (A), Raji

mal i gnant Bigeld 8 ina 4 BRATRBEEtRR N GRATBES BRAALbAGAM A Fiecel | | ines NKNT3 (C)
and FH-B (D) cultured in the presence of different concentrations of

Fnl4- TRAI L PesmeaRiliyurs. Fol | owi ng i ncubation, cells were collected, stained
Wi th Uy PaElueyaifithddl it H6an SRl AL LML EE withe 8B BN T
presentative of two i ndependent experi nents.
only or Fn14-TRAIL-pSBC21, were injected with Evans blue dye on days
6 (A) or 13 (B) post-MOG challenge. Evans blue was quantitatively
analyzed in extracts of the indicated tissues, as described in Materials
10 and Methods. The results represent the specific absorbance of Evans
blue at 630 nm calculated as ng/gram tissue. The asterisks indicate
that the differences are statistically significant. (p< 0.05), as determined
by Student’s t test. In (C), concentrations of absorbed dye in spinal
cords of vector only verusus Fn14-TRAIL-treated mice with matched

15 mean clinical scores (0 or 1) on day 13 post-MOG challenge.

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
20  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).

25 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.
30



Figure 17 is a graph of data froma SK-HEP1 Hepatoma cell line cultured in the
presence of different concentrations (as shown) of Fnl4-TRAIL, sTrail, Fnl4-Fc
or the conbiWaeBM0bY the latter two. Fol |l owi ng 24 hour PCAASEREPEREC cel Is were
coll ected, stained with trypan blue, and |live and 25 dead cells were counted.
The data shown is representative of three independent experinments. Figure 18
is a graph of data froma SK-HEP1 Hepatona cell line cultured in the presence

of different NCek LONS - I I Fnld- 30 Fc,or the
conbi nat i orr%;tl %l?r%t ﬁ%?% égr ‘Lélgﬂtoﬁatgg%ﬁbcv%%@ﬁﬁgﬁlriﬁ%ﬁ?bigflfec?ﬁFSgBFI s were
col | ect ed aothl mashbel; ofispleapopes Hiavestedtfesined Ay-iamranizd\thie. st ai ni ng and

flow cytonetry. The data shown is representative of two i ndependent
experiments. DETAILED DESCRI PTION OF THE I NVENTION 5 As used herein in the

speci fi cat iFgu@NIB ¢ aigFiphidTelasishbwifig Uk 86bd Pn i Beranarph@sednd unl ess
ot herw se expressly specified, all nun%ers may be read as if prefaced by the

wor d " aPoutredugssetiq ex pive neeahresRensfoto ex giusssttigenp sarstimasionaf, nuneri cal
range reci qﬁgﬁhggﬁeg ]jigo";é}ggr}p&g 1%&6m858€§ al | sub-ranges subsuned therein.
i

Where any am ho aci sequence Ts specifically referred to by a Swiss Prot.
or NCBI Accession nunber, the sequence is incorporated herein by reference.

The present..inventjo ovides, | e gspect, .a fusio otein which acts on
t he TWEAK Eall?ﬁ%u F “_A'g f}gl?ﬂel %r&pgbfe(gf, (?Ept&ﬁb(g’gﬁﬁ thag P?ﬁs“(@’ﬁ@i%“ﬁh&r%f% havi ng a
first donmaiBAE dideasompogeesion poOMPERHAdRNgedtmidends to a TWEAK |igand; and a

second 8omai n that conprises a polypeptide that binds to the TRAIL receptor.
I n pari cular, the first donmain is a polypeptide that has the capacity to 20

interfere WighhreVENG Sraphldridath IndidagoRy tHARFHIN TS iditkds &ARREAr . and

induced arthritis in DBA1 mice.

Figures 16A-16D are graphs of data from a SK-HEP1 Hepatoma cell line
15 (A), Raji malignant B cell line (B), and the non-malignant hepatic cell
lines NKNT3 (C) and FH-B (D) cultured in the 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.
20
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
25 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-
30  Fc or the combination of the latter two. Following 24 hour incubation,

cells were collected and washed, and apoptosis was tested by annexin

10



the second domain is a polypeptide that can direct inhibitory signals through
cognate receptors on T cells or other cells bearing the TRAIL receptor. 25
Suitable fir¥e248#8Hs in the context of the TWEAK and 'FQNIEZ@P/%%% ng axes

i nclude, for exanple, the Fnl4 protein, variants or derivatives of the

w | d-type Fnl4 protein, or other polypeptides or proteins specifically
tailored to bind TWEAK and prevent this ligand fromsignaling through its Fnl4

receptor, s. antibqdies that bind,to, TWEAK., parts of 30 antibodi es that
bi nd to TwedE! s BAIE cHiPhe M ad B3 e Beni e otk

Pr ef er abl y twbhadépésdertton@ienimgéntshe fusion protein of this enbodinent is at

| east a portion of the extracellular donmain of the Fn 14 protein, specifically
that portion of the extracellular domain which is necessary for binding to the
TVEAK ligand and int pheNi kD WESCRIPTRYN lO0F YrHP 1RVISN PRGN T i gger a

menbr ane- bound Fnl4 Teceptor. Vartants of the 5 wid-type formof the

ext r acePl ulAgrustshiaerein on theeppeificetianaind pleimst irdduding as useddnrtheesponsi bl e
for TWEAK hindi ' ' t_i ' sq long as the
vari ant. prosasies adl ke pLIEMEP b oS BB HRET all BRI B nad e T ype
protein. 1l0e#tasnflprafhged bhehe evond' fabloyp’s mvieddf tihaterm ddss ttmta TWEAK | i gand”
as used herein incl udesv\;ﬁg Fn14d§)r ot el Ny t he extrg(rhel | ul ar. dorr&i(? of the Fnl4
protein: aCSpBISSEptPRE W SR> PBY StWINERSE! NS 19CHRAICTEHb IS FREeT | ul ar domai n
of the Fn 14 imslateian smmaﬁgéé 5QBshARRONErEIe Wierfiat§ 8id®adidTVEAK | i gand;
anti bodies or parts of antibodies to TWEAK; 15 |ipocalin derivatives; and

vari antQ@ afangenefels sraciiedlyorefangd s by savissReot o NERhAgeessiomnder st ood to
enbrace po!n)({?ﬁ@éﬂ,QEé_sﬁaﬁéﬁé@@fiﬂc‘%gp&%t&ﬁ'%e?&%f%%fe%ﬁ&@ acid sequence of the
Fnl4 protein, including the cytoplasmc, transmenbrane and extracel | ul ar

domai ns, as well as polypeptides corresponding to smaller portions of the

protein, s r I i 0 .pQrti aof. t he
extracel | u:ulg'\llrt'g @%%&I tnm?ﬁla)éhe&g)%&o%’?rﬁer? %t @%F F’r%{&dgﬁﬁrﬁ%o}P ‘?’]ﬁleCEl'FnM/ TRAI L
fusi on protetmon shatTWEAKt arad ARATL crigrdlingdhexesstfoaerhinplan fdsiai n of t he human

Fn 14 ?éOt %rgt'ein having a first domain that comprises a polypeptide that binds to

a TWEAK ligand; and a second domain that comprises a polypeptide that
binds to the TRAIL receptor.

In particular, the first domain is a polypeptide that has the capacity to
20 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:

25 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

30 antibodies that bind to TWEAK, and lipocalin derivatives engineered to
bind to TWEAK. Preferably, the first domain of the fusion protein of this

11



Sui tabl e second domains in the context of the TWEAK and TRAIL 25 signaling
axes include, for exanple, the TRAIL protein itself, variants or derivatives
of the TRAI IVPRPUPEIA? or ot her pol ypeptides or protei ns PCAAS2QP/R038%eci fi cal | y
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. 30 Preferably, the second donain

of the fusi . Nl i i i t ar td f,the
ext racel | ulo iRt s o8 ol R0 BP e bRueaLolh RS oPuRR O AR 414 i ch 1 5
necessary forptdinnsipargfi¢adlyathERANdrtioaceipther extivarellatdrsdomatihevhichdst ype for m of

the extracellul ar domain..of 5 the TRAL]L .protein,. or the partion of. the
extracel | ul"SF S ﬂ%&‘fiﬁ‘ﬁs‘f’t}&%\ggﬁ@gimﬁ @ng‘f‘g'?rfﬁlﬂai‘ﬂ&‘ ltz?r%bljalﬁéo i ncl uded
in the presemind RveNirigder aSPehMan@sSbéied FaylidaniceptaYi WeSaatsbinar | evel of
bi ol ogi cal acti vi t%] as the wild-type protein. 10 Accordi n%I y, the term

[

"pol ypept i dald-fare foranet the extrapgliulag depraipy onghe pertioreogthe i ncl udes the TRAIL
protein; tRgwexkhiace! hQ; 0k b M tde which is
at least a p(t)rti oﬁfaofdt g{negét% a?gftfiglf%{?g]ormi rl? 1@?%3?3_%059%?@?%? lrlfq t he
portion reshomsedirg ihgenbondsntpngas thiRkahtiane peprides aasimibodeesl ¢fand parts of

ant i bodi es),.. TRAI L rece r,_and variants and/or derivatives of any of
t hese. The)ql(gelrgﬁ%%aj}%ﬁlwtyﬁg tuﬁa’glrrlés)_t G PF U hbr ace pol ypepti des corresponding to

the conplete am no acid sequence of the TRAIL protein, including the
cytoplasmc, trans rane gnd extracel | ul ar domain as_wel | as pol ypeptides
corr gsgéndiﬁ?ﬁof%n.gg;{gﬁ‘érte%r pPhRePLide; tﬁ’ll%‘il%f?l,a %‘&E@I%Eg%’@dt A& extracel | ul ar
donai n, or \@efGidreMNiriudéetiexFhaaghloutial 160 BRifcellRLHHRAROS RNt the second
domain of Enl4-TRAIL fusion protein is at |east a portion of the extracellular

domai n of e HhRrRiAITRAPOIYpEBEEE Which is at least a portion of the
extracellular domain of the Fn14 protein, the portion responsible for

binding to a TWEAK ligand; antibodies or parts of antibodies to TWEAK;

15 lipocalin derivatives; and variants and/or derivatives of any of these. The
term “Fnl4” is understood to embrace polypeptides corresponding to the
complete amino acid sequence of the Fn14 protein, including the
cytoplasmic, transmembrane and extracellular domains, as well as
polypeptides corresponding to smaller portions of the protein, such as

20  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

25 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.
30

12



I n one enbodi ment, the present invention conprises a Fnl4/ TRAIL 25 fusion

protein. In another enbodi nent, the term"Fnl4/ TRAIL fusion protein” refers to

the specifi VA8 Protein identified by SEQ I D. NO : 1: PSEQSIOY/RGSSS HUMAN

Fnl4- TRAI L 30

MARGSLRRLLRLLVLG. WAL L RSVAGEQAPGT APCSRGSSWSADL DKCVDCASCRARPHSDFCL GCAAAPPAPFRL L

W RGPQRVAAH | TGT RGRSNTLS SPNSKNEKALGRKI NSWES SRSGHS FLSNLHLRNGELVI HEKG FY Y
YS TYF ENTKNDK! YKYT PDPI .L L VKSARNS KDAE YSI  YQGAE

FEL KENDR! PO SO TR | BP the Rigion RIBHaR 15 iaseie imept ter m

"Fn14/ TRA lis hitifda@ apprtinnof trr@f@{tﬁadeohﬁaxt deneRe of the TRAIL ProriAat ei n identified

by SEQ ID NQ_2; SEQID. NO.2 HUMAN Fnl1l4- TRAI L

MARGSL RRL L RPESHiepily Ahet m@mmmmmmmmqmppwmu

W 10 ETI STV g:g@l SRLMRERGPRRVAA. p@g}ﬁ@t SSRSGHSFLSNLH
LRNGELVI HEKGFYYT YSQTYFREQEEI KENTK QWQYI YKYTSYPDPI L WKDAEYGL
YSI YQGGP FELKENMILWSWNEMLtwmrpmvgragclmlszgomﬁnmspmname SEQ 1D,

NO. 2 incl g e ese epfides can be varied
accor di ng ?&ﬁﬁéhhgée%? S Q‘?ﬁﬁn%s%e "Qltgﬁeméglp#eslgl %lne ?gﬁi Va?ﬁl Br & factors,
as woul d béonmdertké¢ eactiahy ppoedskial élﬁdlarrievéi&)fa:nbl.ogﬁjaglaahvnﬂasl es are wel |
known in thekggi[r{et and any desired si gnal peptl de can be used, including those

recogni zedM Bt 157 publicly available signal peptide recognition software
known to those 20 skilled in the art.

10  Accordingly, the term “polypeptide that binds to a TRAIL receptor” as
used herein includes the TRAIL protein; the extracellular domain of the
TRAIL protein; a polypeptide which is at least a portion of the
extracellular domain of the TRAIL protein, the portion responsible for
binding to a TRAIL receptor; antibodies (and parts of antibodies) to a

15 TRAIL receptor; and variants and/or derivatives of any of these. The
term “TRAIL” is understood to embrace polypeptides corresponding to the
complete amino acid sequence of the TRAIL protein, including the
cytoplasmic, transmembrane and extracellular domains, as well as
polypeptides corresponding to smaller portions of the protein, such as

20  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
25 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

30 MARGSLRRLLRLLVLGLWLALLRSVAGEQAPGTAPCSRGS SWSADLDKCMDCASCRARPHSDFCLGCAAAPPAPFRLLW
RGPQRVAAHITGTRGRSNTLSSPNSKNEKALGRKINSWESSRSGHSFLSNLHLRNGELVIHEKGFYYIYSQ

13



In additio
derivati ve
25 I n yet

i nhibitory

dendritic

with antig
anti gen- pr
i nhibitory
B7x, B7-H3

nal enbodi nents, the Fnl4/ TRAIL fusion protein is a variant and/or

of the am no acid sequence shown in SEQID. NO.1 or SEQ ID. NO : 2.

arVaauPdal aspect of the present inventionPGIAB20PRN3E86conponent
of any of the fusion proteins described herein can be substituted with another
protein, i.e. a protein which prevents activation of an imune
response and/or induces apoptosis in T cells or 30 other cell types,

cell's, nat uratrobtde@fxDRiMvE By 85y BNETLIER AR scrxPRReL £ IREQE R AP GE! | S,

cel | C crophages, tissue-based nmacrophage |ineage cells
%kmﬁ&x&R@E@%&%%%g ity, and any one of a nunber of non-professional

en- pr esent 1 ng

such as

esenting cells, for exanple, endothelial cells. Exanples of

i i b i ted " PDL-1, PDL-2,
Igi?gqtogbgﬁ ?h'lr%%:‘#%ggf‘rpq%, taeré%_%or% ]s‘1 )ﬁ’%ﬁp%{s?% E?ﬁ?ﬁ'?m -!I;’Tl\é?%rrsytor ecept or,

and B7x5maythbepecifitefulsigppebteimidadifiddopy SE@IIMRINOI:gands as yet to be

. Simlarly, CTLA-4 is another inportant inhibitory receptor, and
at_drive this_inhibitory CILA-4 receptor include sonme of the BY7
SER 81 NCa% PG Fnlds TRAIL: hi s case the fusion proteins woul d be
Fnl4/ B7x and Fnl4/B7 agoni st fusion proteins, respectively. 10 There is

gr owi ng apprrssLReLIRONLA Wl LRBVAGebAPs TAFBYRGadvEsaDLDRCMoeyscRarPHEHFC M g PraeitRRIvITTLIN T Y.

Addi ti qoal erpdrivBEtgRkYs HLl @RS vih MSedrdr@N TR s hdknt Kb r EinsNEs sSBs @&l Lsnahi bi t ory

di scover ed
ligands th
nmol ecul es,

receptors,
(binds to
PDL-1, PDL

HE

Y5 IYEPRREA N

present invention.
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25

30

Both SEQ. ID NO. 1 and SEQ. ID. NO. 2 include original signal peptides;
these signal peptides can be varied according to the needs of the user,
the expression system, and other factors, as would be understood by one
skilled in the art. Signal peptides are well known in the art, and any
desired signal peptide can be used, including those recognized/predicted
by publicly available signal peptide recognition software known to those
skilled in the art.

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

14

SRS R Bl Ehor et B IRl B
PRI LAPMPHEREECA HYFuded within the scope of the

CD72
CD22,

B



The literature is replete with additional exanples, such as those listed in
Sinclair, N "Wiay so Many Coi nhi bitory Receptors?, Scand. J. Imrunol. 20 50,
10-13 (1999)WORHPES!Y | . et al. "I munostinul atory nmonodCAARPOYMBIBodi es for
cancer therapy", Nature Rev. Cancer 7:95-106 (2007); and Zang, X. et al., "The
B7 Fam |y and Cancer Therapy: Costinulation and Coinhibition", Cin. Cancer
Res. 13: 5271-5279 (2007), all incorporated herein by reference. Any of the

above ment icanachiL I8 B ebRSndics P SIBRASEHIY NS Juslan,protel ns and

met hods of e prresent 1 nvention are refe erein cdllectively as
"pol ypepti des niod \linmigedno | Pds 1l i NG ,yPD LiNIG tRIDIN 2, B7x, BACDaddrgDgl. i n addi ti onal
enbodi nents the present invention provides 30 Fnl4/inhibitory protein fusion
pairs, such as Fnl4/FasL, Fnl4/PDL-1, Fnl14/PDL-2, Fnl4/TNF, Fnl14/CD100,

Fnl4/ CD5 l%rb%/xﬁﬁi Emﬂ,AllE&T%oﬁaMhﬁﬁbﬁ@me&ﬂtor FHd B2 ay el 4/ CD66a,
Fn14/ Pl R-B, Fnl4/ Fnl4/B7- H3 and Fnl4/CD31. Any of the fi rst domai ns

descri bed éb@&lsanﬁ trhédétﬂﬂré%t ogert IiganrspErKy ate e éi%ﬁ%[?f% Sirgiledy, e. g.
pol ypepti d tmtls%aqh&ouﬂﬁgéé%ﬁmh Sty rBOUBr Pend ELABL Gpht fiffyedomai s i n

t hese enbodi ments. In one e ment on pr ot &'ns o e present
i nvention |thhs| mmblacm UaLAoh r@feptthlemqirnrdﬂsosgfsofetrheb$7pnekcentqsngtsovelt educi ng

prollferatlon 10. dif ferenti tlo ,n sone
enbodi ment s tehgenfus nl%rtg Se?ahsse 0 {aﬁémbgg%tg Wr%bli(%ﬁ) g‘?*%t’ff‘ Sr oducti on of
pro-i nf| amPailer/ BT ygakishéssianprobdnskigspsctiselgh as 1L-6, 1L-8, RANTES, |P10,

and MCP-1, or inhibit potentiation of other cytokines/chenokines, such as
TNF- aanf IL 113; or inhibit induction of matrix 15 netall oprotei nases such as

MWP-1 and NWRr&is Bfowinll diifrebla@dinad AN chlEd SeaIs8 BORey QafilRobl asts and
synovi ocytes. The present invention enbraces inhibition/down-regulation of any

and al | cyrskpresiumat additianalénhihitrpizangy (fugeskta Faafbithat davhBrodul at ed
by the TRAlcl:lllthﬁﬂlfbrK%Qcé o% r@ﬁcf?ﬁ?%#@@&lﬁifﬁge‘tcf 7o (E)J':)gt gisas of the

present invention i bIt" aut’oreactive pr oI erdtion, autoreactive
anti body praddste &R7HnE€0H (indattoGDdledip-Cans (bizsis! to aAlR- ﬂ) onal enbodi nents,

the f “?‘50” a% 8 s% BSr 9 grpl?nﬁil?,SEBEQi, %‘ir!ﬁ! BBL—Q, CD66a, and PIR-B are

also included within the scope of the present invention.

The literature is replete with additional examples, such as those listed in
Sinclair, N. “Why so Many Coinhibitory Receptors?, Scand. J. Immunol.

20 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

25 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

30 Fnl4/inhibitory protein fusion pairs, such as Fn14/FasL, Fn14/PDL-1,

15



reduce inflammation as determned in in vitro and in vivo assays that neasure
i nhibition of pro-inflammatory cytoki ne and chenoki ne producti on and/ or

el evati on of WARPOESAY ammat ory cyt oki ne production; in PETHSYW/MIRE systens
of inflamrmation, such as autoi mmune di sease 30 nodels, for exanple, EAE and
col l agen-i nduced arthritis, and del ayed-type hypersensitivity and ot her nodels
in which pro-inflammatory agents are introduced locally or systemcally into

axam nat | oo Er ki oy ARG ER A RO P GRS R P T 171 Fom o seased

tissues, arldumqwcemnpnp&/m—gaﬁ&ﬂarmw Fa$4 pCDERS Fr 49ideégd ani mal s. The
fusion 5 proteins of the present invention, 1n other enbodinents, inhibit the

proliferat |Fc§H4/é°IRf%rE’hHé37énFﬁhﬂ/87 4B gk Bﬁlﬁﬁﬁ@ﬁlonf\m’ ohahadlshi c T cells
such as autQheank (1@301(}%5 aT)og? t?F@%n%ﬁ)oftheﬂWEA @Ip%lgﬁqé]tllq genl ¢ inmmune

cells such as nat ur a l'er (NK) cells

progeni bor axes) sg. peky@ﬁpti'dcs tleht bi,ndmgd“WEéKrﬂmrﬂbha@ekl bdeultabl.ﬂ:e apopt osi s
in pat hoge c |mmne ce&r SEP g l?eneratl on of immne cells with regul atory
properties ‘(rghgﬁmﬁl Jn 8 iR ory T cells, Trl cells, CDBE, NK NKT, and
dendritic cells wth immunoinhi b| tory activiti es) decrease perneability of

t he bl ood-hrain bagzrl er, and t hereby restrict access of inflanmmtory cells to

the ONS; déRP@ssEnpgdimentshefUsion Rioteinsrqf thEIRTESER! BIVRBLOR HHAYE sites: and

decrease angtiQg668DfthaTHAThAL egisﬁerﬁ Byl ;S}felv@xmé Iow}edﬁénféeﬁfmifaeadmapove TVEAK
ligand is expressed on a range of immune and non-immune cell types, including

NK cel 19, mack diffsaereisatiore allpyalia-speabe Tscellsi clmog?maler@mm@lergrslthp cel I s and
endot hel i alg romthese cells,
Fnl4- beari nggﬁhs&oﬁa%rggo?etpgg) Egﬁi%@%ﬁ'kg d signa &F%kéléect ed by each of
t hese cell mg@mmat@ry hetalanc@asdmim@eaﬁsnwdelalsslu@;ely 8,nRANﬁ‘ﬁS MPth. As al so
nment i oned oV es the prolif tiaon of 4- 25 bearing

cel | typesal% as a t %é’ét p%tﬁ% 1é)lnl(§e°t &f Icgt ?{éﬂ e{%? fi8man t unor
cell Ii nes,suahch§’unpr<%r&E$L-QBhelfthﬂ:\ichaca:sctﬁfrybhﬁ&bhﬁst s ki dney cells,

mesangi neuronal cells, NK cells cytes, and hence,

Ils,
Fn14- céﬁt aicrﬁ? OPTRICHIRSSS SRS yﬁﬂ%a@fié\é%ierw RFGSFREAHAN ogi cal
effects. Furd 548868 fréthTasoblHAs TR syriditb@Redr Theigies@h€invention

embraces inhibition/down-regulation of any and all cytokines that are
either promoted by TWEAK ligand or down-modulated by the TRAIL
ligand.

20
In other embodiments the fusion proteins of the present invention inhibit
autoreactive T cell proliferation, autoreactive antibody production, and

inflammatory reactions.

25 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

30 models, for example, EAE and collagen-induced arthritis, and delayed-

type hypersensitivity and other models in which pro-inflammatory agents
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30 functioning to exchange and re-direct intercellular signals, other cell
targets are TRAIL-receptor bearing cells that are being actively inhibited
such as T ceVPI0IGAYSEr her TRAIL-R bearing cells includi r?&T(}%?F‘IOEPP/VS%f t unor
cell types, such as breast, ovarian, prostate, colon, nyeloma, glioblastona
and | eukem a cancers. 5 Fnl4 Fnl4 is a plasma nenbrane-anchored protein and a
TNFR (TNF receptor) superfam |y nenber of 129 amno acids in length (Sw ss

Prot Accessign NP84 ( hu Two variants of Fnl4
v e known. ArganPoRREr RN SRR ARG Bt IF Bissel 1980 and coNPea. 2
(NCBI accesnod¢lsniffenmation NRa3eEIRBbantdsBMHdAXkamespRetl of@lfimed’ he Fnl4
sequence has al so, been determned in %Bﬁyf}rmh I species, including Xenopus

| aevis ( NCBISSHEEeiseiaiip\s! indlgpmeseny gl digepredhiisedes.ando. NP ' 851600] .

15 Most TNE&MH&M%&@J&%%%%&M&% Sddt8E Bhlimh®. FREFSihhat is
structurally characterized by the presence of one to six C{V)StEI ne-rich domains

( CRDs) . SThevrpiging &f tiorRpréserdpproxiiemt il 9theg canborimesitdsinhibitehgt h and cont ai ns
Si x Cons.e“slp‘?ﬂ 1ﬁa¥§{1 h”&ffe ?ﬁﬁéﬁ'ﬁén 0 d/ofr%[}"%&[} %8hB[n o%ccp{é%{)guc%“w hfe bridges.

The CRD it bl ca ose ‘Tur &’ hodul es.
Fnl4 is a Byph AS auansamm @ﬁ)e}*‘plr otlés aﬂdt(]tias+ Tarilaiaisl atted-@arhogenie d

oxtacel] e SRR LT 85 28500 N EEhGPLR, " chr 0ed am e

lymphoid progenitor cells, dendritic cells, monocytes/macrophages;

10 induce apoptosis in pathogenic immune cells; promote generation of
immune cells with regulatory properties (such as CD4*CD25* regulatory
T cells, Trl cells, CD8*, NK NKT, and dendritic cells with immuno-
inhibitory activities); decrease permeability of the blood-brain barrier,
and thereby restrict access of inflammatory cells to the CNS; decrease

15 access of inflammatory cells to other disease sites; and decrease

angiogenesis associated with inflammation.

As described above, TWEAK ligand is expressed on a range of immune
and non-immune cell types, including NK cells, macrophages, dendritic

20  cells, microglial cells, glial cells and endothelial cells. Hence, by
interfering with TWEAK signals from these cells, Fnl4-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-

25 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

30 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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25 particularly critical for an effective TWEAK-Fn 14 interaction. Brown, S A
et al., Tweak binding the Fnl 4 cysteine-rich domai n depends on charded

resi dues | ocHPaH0HSHot h the Al and D2 nodul es, J. Bi ocH&HUS3YY0038897. 304
(2006), incorporated herein by reference. 30 Based on the information provided
in the Brown et al. article, for exanple, one skilled in the art can determ ne
whi ch variants of the Fnl4 protein will retain TWEAK binding activity and

whi ch ones M bl t FeTgasl e | . ific,variants prepared by
Si t e- speci fS:Mé: hrr%étugtclegrggna ZSposi ; I 01?1‘3ﬁ%éa%tm\%gegisnl&d%v%]lgu‘fa}rbeﬁcgrol?I y conserved
wer e found thondrasadl (HREAKsbemdisrigreast, ioviatian, iprostand raton, miyelozasf three am no

acids in the 5. CRD reqi re.critical for TWEAK binding. By conparing the
ani no acid @831?@68‘5’? %?8?‘?%@%%‘:%?%& nin avariety of species one can
determ ne which amino acid positions are not highly conserved, and woul d be
good candi dates for substitution/addition/deletion.

Substit ati diR¥Hel eti ons/ additions in hi ghly conserved regions, 10 particularly

in the TNF@‘H‘IQIT@&%Yasrrﬁgirﬁ&nb%«l:-%ngﬂ%ﬁée@g?%ﬁ{ dRRSOTNAREIPEand: dates Tor

preparation of variants according resent 1 nventio TRAIL TRAIL is a
Type |1 merbeepter)psunariambzvhemb2e dbf 4 2Pramaw dsidand lhagthl BwissPreequenced in a

. . . e : ) Brot. A ,
o P50302 T Eenann IAbHF R POl R SENRRL RIRGD W Bateditus. NoBl
Accessi on NPFed374x; k&whpﬁi&iﬁiﬁwﬁy g?ié?kms@ﬁﬁgggggggbbgﬁm%éﬁi ?n (i)
AAX77404: Gl | i n).: NCBI . Accession . Sus Scrofa i g):
NCBI 28@&@3@%3‘%&%3‘1@%@%‘7% RABPREFTH GEEON-CRE1723 378 ass Carp): NCBI

Accessi on AMBPEES0, RRPeBASIJAUTHE FnGatl $dflenchithls A166aehMeXPnddde50249.

in many other species, including Xenopus laevis (NCBI Accession No.
AAR21225) and rat (NCBI Accession No. NP_851600].

15 Most TNFR superfamily members contain an extracellular domain that is
structurally characterized by the presence of one to six cysteine-rich
domains (CRDs). The typical 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

20 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

25 particularly critical for an effective TWEAK-Fn14 interaction. Brown,
S.A. et al., Tweak binding the Fnl4 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.

30 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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The extracel lul ar domain of TRAIL conprises amno acids 39 - 281, and 25 the
TNF domai n responsible for receptor binding is amno acid 121-280, based on
TNF honol ogyWRBHEIES19The portion of the protein that isPOAASPEYUPHEPIY i nport ant
for conferring activity has been identified. See, e.g., "Triggering cell

deat h: The crystal structure of Apo2L/ TRAIL in a conplex with death
receptor”, Hynowitz SG et al., Am Ml .Cell. 1999 30 Cct; 4(4):563-71),

i ncor porated herei.n by .r i C 0 he nost i.npor.tant am no aci ds
or TRal L BadTh g PoHaib TERE Binds Sl RO i BRES TRk, Biroting ne
zinc area spamps, sovierd gricific (4:94n80preidved 29 7=iB36p&3Hi¢ mathtisrisw aci ds
(150-216), incorporated herein lfy reference. See alsg 1) Krieg A et al 2003
Br. J of ChRsEtonssthaggerg ot YA eHORRES: FHEETY S WG TRAP haVSr i ant' s wi t hout

apopt oti ¢ FGYEXK!Mindnd Ritity. #¢ohBAlsk, hBlead) thicbf BhaRHaCR¥ahaRE
trimerization increases the activi té of the TNF ligand famly nenbers TRAIL
and CD95L" CRD Begignevers criticyl for JMRENKabigndang f Byegrrnparing the@erinmg, 2021- 2034;
and 3) "Cr fo Iy - . i iE itical role of
fhe uni que FioneTi G rhe Pt oo ey o SBELER Bt 1 *%5. e ot
al ., J. Bi deterbin€hemch2ahin@ atifl p8ditions (260, highly ¢corsetrpat,atretl her ei n by
reference. TRALL is knpown,to |ligate._t ypes .,of . re tors: death receptors
triggering Wﬂbei %Qﬁﬁjg%?fl%‘ﬁl&ﬁso rg@%g@%ﬁ?ap@gm@ﬁﬁeq%t possi bly inhibit
this pat hwatbsteutions @¢leties s piddisionerinHighly baverbeeregidnsdentifi ed,
including TRAILR I, TRAILR2, TRAILR3 and TRAILR4. TRAIL can alsg bind to

ost eophBt egertiptleabdn ths RYFRoheologghregion eQaldr reteht spasisseh kaly

vel | - char achalidREs foiefrepardtion of VariHRRS lacBPRRhL D Qhﬁ?r@%ﬁ‘t ijeRBRREr Onset,
progression and therapy", Nature Reviews Cancer Volu 8 (2008) 782-798. 20

Addi ti onal Definitions
TRAIL

TRAIL is a Type Il membrane protein having 291 amino acids and has

15 been sequenced in a number of species, including, but not limited to,
mouse: Swiss Prot. Accession No. P50592: human: Swiss Prot.
Accession No. P50591; Rattus norvegicus: NCBI Accession NP_663714;
Siniperca Chuatsi (Chinese Perch): NCBI Accession AAX77404; Gallus
Gallus (Chicken): NCBI Accession BAC79267; Sus Scrofa (Pig): NCBI

20  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
25 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
30 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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As used herein, the term"fusion proteins” refers to chinmeric proteins
conprising am no acid sequences of two or nore different proteins. Typically,
fusi on prot eVA3VIPEENI%t fromin vitro reconbinatory techACHHE300Y803F{8 | known in
the art. As used herein, "biologically active or immnologically active"
refers to fusion proteins according to the present invention having a simlar
structural function (but not necessarily to the sane degree), and/or 30

iml I iy t , and/or
Sim i ar bi ook auit dolE b And MHE R AREESIR Es g AR TR and or
i mmunol ogi @&I7-2864287) yar(cbaininetcitekc @RLRi b)Y, ihocotgeatrhkeftegbge) as the

individual wld t r ot ej whi ch bui | di ng bl ocks of the fusion
prot ei ns ofr\‘%eﬁ%n ggg‘gﬁpﬁ%b«g{g’fl%ﬁ eﬁsgféoég&- ﬁeqfe¢?'F?ce§ Sl P8y i s defined
as a changevhibhal8sBAbaS itio FAAMBACERAIL WiHERtORRhBL %gtéﬁé Rei@ey,d residues
are absent as conpared to the wild-type protein. 10 used here€i'n an

"i nsert Pon'TRHLvaand (TRAL (;s2)a Ferfaragd qovalantdninesizaéion isegasaséhe hat has

resulted Ty, apdht TR BlarRifufly WREALEI TRAACHAL (B8P, B3 porPar ed 10 the

wi | d-type prote As used herein strtution” sults fromthe repl acenent
of one or &b, GElidenthrndadifflsebiiation {20@TNt 452000 2881kd andrPsfiegystaiel y, as

conpared tq.th wi%fjﬂ%xgg rotein. As used herein the.term'variant" neans
any pol ype&trucfzurhea i1y Igggsﬁ%é}f{g%ergff?esd%ICQ?IF%HOZ? oLeIfE W Pon of one (or
nor e) am ngrane thddrtibh in conferring recognition specificity”, S. Cha et al., J. Biol.

10 Chem. 275: 31171-31177 (2000), all incorporated herein by reference.

TRAIL is known to ligate two types of receptors: death receptors
triggering TRAIL-induced apoptosis and decoy receptors that possibly
inhibit this pathway. Four human receptors for TRAIL have been

15 identified, including TRAILR1, TRAILR2, TRAILR3 and TRAILR4. TRAIL
can also bind to osteoprotegerin (OPG). Binding to each of these
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.

20

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

25 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

30  similar regulatory function (but not necessarily to the same degree),

20



20 or to the sequence (or any conbination of these), including allelic
variations, as conpared with the wild-type protein, so |long as the resultant
vari ant fusiWA2HPBt81n retains at | east 75% 80% 85% FGIHUSYNYP0388904 or nore
of the biological or imunologic activity as conpared to the wild-type
proteins as used in the present invention. Typically, 25 variants of the

FN14/ TRAI L fusion protein enbraced by the present invention wll have at |east

80% or gre r - . understood in
the art "t angzer STHAK RN ARG R TuRtor AScdsang LPBIPSARE [0St =580,
86% 87% 88gteeavd/D0UNNIINGlo8RUA aB88Yity YUt nOE UecOGHrilP T8(thO8%Umer even 99%
sequence 30 identity to,SEQ ID. NO 1 or.SEQ..ID. € nce identity
or honol og e%?r‘??ﬁé %‘Et"éfl}ﬁl‘géﬂl nglﬁﬁpgtpéﬂ{fé?ﬁ%@ﬁﬁrﬁrg‘&g%Bﬁﬂgiﬁoéﬁ art, such
as the Besbf bhd f@ﬁgﬁqj}@&iﬁgwmmpq@@;{tiiblegnﬁynDever eux et al., Nucl. Acid Res.
12: 387-395 (1984) or the BLASTX program (Al tschul et al., J. Mdl. Biol. 215,

403-410?. The 5 alignnent may include the introduction of gaps in the

sequences i ReAhE@iets <4fCAHA’ Id ABfinl@hsSPONSNEEHm WHIAB faptai n ei ther more

or fewer am no aci t’han the proteins disclos ereln, it 1s understood that
t he per censagecnde howblidyygneiorimbee detino ricik dedidses ane abhenhasber of

honol ogous gpn‘i n?eﬁ%céﬁeivﬂlcg%e“ or}eto the total nunber of am no acids. 10

Addi ti onal Icy, KT e%itn gen Pt desirabl e for variants to show enhanced
ability for binding to a given nolecule, in sone enbodi nents variants may be

designed with slightly reduced. agtivjty. as conpajed to other fusion proteins
of thefgnvé\ﬁﬂﬁﬁﬁf, g?r&ﬂ@%ﬁﬁ%ﬁﬂ%ﬁ qrreChieaR 7 RRRERC 15 SR Al ur posef ul Iy

want to atkepueh& afdtindd YosullQd BXaTBPA&dition &l FANLS MU ALRXAEt Y. Moreover,
variants or derivatives can be generated that would bind nore selectively to

one of therTRANES as@FrPRred to the wild-type protein.

As used herein “substitution” results from the replacement of one or
15 more amino acids by different amino acids, respectively, as compared to

the wild-type protein.

As used herein, the term “variant” means any polypeptide having a
substitution of, deletion of or addition of one (or more) amino acid from

20 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,

25 . 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

30 identity to SEQ. ID. NO. 1 or SEQ. ID. NO. 2.
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variants (there are three TRAIL receptors in humans). Furthernore, variants or
derivatives can be generated that would have altered 20 nultinerization
properties. ‘Vﬂé‘ﬁ“’@??gpneeri ng variants, this could be doR&THSROORPBEREr t he
entire TRAIL extracellular domain, or for that conponent of the extracellul ar
domain that is incorporated within the fusion protein itself. 25 Preferably,
variants or derivatives of the fusion proteins of the present invention

mai ntain t hydr ophohi city/ hydrophiligity, of the am no aci.d sequence.

Conser vat i equé{“ﬁ%ﬁge(ﬂqbty sclfybl/%‘?%?[ﬁ orre? ﬁsf%ﬁ%f%g,“?lz}s L2BARTE from 1, 2o0r 3
to 10, 20 eeckifiqaybkiniot irdttte RGBS e BeSEFiRdiqlieade peageise retains the
ability to act as_a fusion protein in 30 accordanc i esent invention.

h
Ani no aci d €a0Ebeq byiRererady ot aéh Dl ﬁ@du@%s-o]le:’f@%::\flﬁm%% l(#%‘ﬂyoro@t?ur ring

anal ogues, HINSEXBPBLAN PAItsEIRNIEASA. RF 9adl. BiBE o alds-bibp: THenservati ve
substitutions are known in the art, for exanple according to the table bel ow.

Ani no a@i delignmemd mayengudekherintipsiussioonef gapsumt!s senhqrassdodisl y in t he

S ool ar eghfid, ' dcfhiiSh f8R JBeRE.S WA LBh M AR bR e ! PHATI C

amino acids than the proteins disclosed herein, it is understood that the
percentage of homology will be determined based on the number of
homologous amino acids in relation to the total number of amino acids.
10
Additionally, while in general it is desirable for variants to show
enhanced ability for binding to a given molecule, in some embodiments
variants may be designed with slightly reduced activity as compared to
other fusion proteins of the invention, for example, in instances in which
15 one would purposefully want to attenuate activity, for example, to
diminish neurotoxicity. Moreover, variants or derivatives can be
generated that would bind 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
20 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.

25 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

30 accordance with present invention. Amino acid substitutions may

include the use of non-naturally occurring analogues, for example to

22



Pol ar

10

15

20

25

uncharged CSTM NQ Polar - charged DE KR AROVATI C

WO 2010/005519 PCT/US2009/003886

increase blood plasma half-life.

Conservative substitutions are known in the art, for example according
to the table below. Amino acids in the same block in the second column
and preferably in the same line in the third column may be substituted

for each other:

ALIPHATIC Non-polar GAPILV
Polar — CSTM
uncharged NQ
Polar — DE
charged KR

AROMATIC HFWY

The term “derivative” as used herein in relation to the amino acid
sequence means chemical modification of a fusion protein of the

invention.

Non-limiting examples of such modifications may include but are not
limited to aliphatic esters or amides of the carboxyl terminus or of
residues containing 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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HFWY The term "derivative" as used herein in relation to the am no acid
sequence neans chem cal nodification of a fusion protein of the 10 invention.
Non- 1 i mti ngv@XUAPIEY of such nodifications may include PSRUSHIOYOEE |imited to
al i phatic esters or am des of the carboxyl term nus or of residues containing
car boxyl side chains, 0O-acyl derivatives of hydroxyl 15 group-containing

resi dues, and N-acyl derivatives of the am no-term nal am no acid or

am no- group_cont ai.ni_ng .resi S Sj or. i nihe ditiona
nodi ficati 81%m8aahm?l A& ﬁlblg,s %r% %%(gﬁgf%h&%’f o%ﬁgt Pgﬁé@#@%@%es;&gn protein
conj ugat ed phiosphpthreehing ssxdgey.c OithéPp&entizl mddifichtionsfin®k@e20 duri ng

chem cal synthesis of . a. pql ypeptide of .the invention. Modifications of
pol ypept i dééﬁigpab‘BPt L&ﬂ%‘“ﬁﬁé&éo‘?r g%a‘aﬁi’ét?ri PIhEE TRYIGLES BRATUAWST Nt i on;

chem cal cQHPéd WhidiP hdle @ﬂ&%@ﬁfdr%@ﬁ;ﬁ_@@iﬁﬁl&r‘@ﬁ pHdsphbhed BRbwps.t reat nent. 25

O her derivatives of the fusion proteins of thé present invention include
i ncor poPation of unnatural amino acid residues, or phosphorylated anmino acid

resi dues S‘ﬁé?'xﬂ.ﬁ'v%% RIS 13 eﬁ%@]‘ﬁ 81HeRS P E1RBSTARBHNT AgMlNe resi dues.
Gt her potenti al” o %ﬁ?c{(ﬁ | onslpi ﬁfﬁ e su ?onaet [ oﬁé yl%l oflianybét 1'on, or the
addi ti on ofcantbemaniei et meslifypag glycokplatipnt patsenshdehingayathediseaudar shapes
simlar to hossphate graups. . : .
pr)‘oce sing 1n various alternative eukaryotic host expression systems, or
during further processing steps. Methods for producing glycosylation
10 modifications include exposing the fusion proteins to glycosylating
enzymes derived from cells that normally carry out such processing,
such as mammalian glycosylation enzymes. Alternatively,
deglycosylation enzymes can be used to remove carbohydrates attached
during production in eukaryotic expression systems. Additionally, one
15 can also modify the coding sequence so that glycosylations site(s) are
added or glycosylation sites are deleted or disabled. Furthermore, if no

glycosylation is desired, the proteins can be produced in a prokaryotic

host expression system.

20 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

25 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

30 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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5 Derivatives also include polypeptides nodified by glycosylation. These can
be made by nndifying gl ycosyl ation patterns during synthesis and processing in
various alt VRaPYBBukar yoti c host expression systens, PSH/UEHOPHYSHur t her
processi ng steps. Methods for producing glycosylation 10 nodifications include
exposing the fusion proteins to glycosylating enzynes derived fromcells that
normal ly carry out such processing, such as mammal i an gl ycosyl ati on enzynes.

Al t tivel d | at i d t bohydr at
attached dHeENEe AN ERD IR o APl REPRRe S e Rinr SR SR tnal |y, one

15 can al saltedht Yiekitsligoof tigssegioance so that gl ycosylations site(s) are
added or glycosylation sites are deleted or disabled. Furthernore, if no
gl ycosylation is desired, the proteins can be produced in a prokaryotic host

expr essi on 1a%{RAbn20e MBLHARE StARHE %_si@ﬁlrﬁx‘b%éih‘ﬁ%?‘_tﬁfe g@geyﬁﬂmv@ﬂﬁehot eins of

the invention can be prepared by chemni cal” synthesis 0 using site-directed
mut agen®si snpGiuTthan cempaise, orgeae n® g ladditgnyl pelybeptide glonzding adatedr e 328: 731

hppl 1 Lat or PGS rorst S fRgdR b MRl iy b b B o e " thai n 25
reaction rrarb’tmdb[rBGR; proaeiki, oéttoa'hc:eaSeithﬂcsehﬂﬁiﬁtﬂBVt}(elﬁﬂﬁ)ﬂbir@&texerrpl i fied by
Daugherty et al.. ucl ei c..Acj.ds ,Res. 19:2471 (199 .to nodify nucleic acids
encodi ng tiPéogedﬂpl é{‘%‘ P'éﬁlgg? PR/ EXPTeRyigTy, §81r%’aq(ﬂll%gcllft€5f‘lgcff@“ 4 be introduced
such as t hogeludeabut uiré ket 1i30ited 8] MieZa &fé@a&?\bépﬁahé@ﬁpﬁ@y or 1ncrease
affinity of binding to the TRAIL receptor; and spacers/linkers can be added to

al ter tHe distdmceyBEmigenmadelesthat aliey poaificasipporre amamerilise@ f usi on
protein, asnh¥@ld (Rzadl bgiobbeptdeid @x‘rﬁktﬁﬁrﬁfslﬁ%@é a9 OteihnAadd' tional

embodi ments, the fusion proteins of the present inve n 5 may further

conpri se orfemaingghat alldivt pertapon ppeipringbiltedameuadgbulin,faul the at e
protein purjficatiof Myle i f the.4 econbinant protein, or to
Mner case ¢ s &R pifsed, o FERBS: SHBHERH, Aoy bARAGIRE L0

puri fi cati dmexprexsGongn/Swaittib] Watsh.)f dthé indtisiog cftareleasabhclinkke; but are not

limt e(iiSt O’se(r]rﬁgr%e g&celll %tsl ]peg:tgle &tal gregntsélflglgngge (Invitrogen, San Diego,
Calif.) between the purification domain and Fn14/TRAIL is useful to

facilitate purification.

Additional fusion expression vectors include pGEX (Pharmaci, a
20 Piscataway, N.J.), pMAL (New England Biolabs, Beverly, Mass.) and
pRITS (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
25 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.

30 In another embodiment a fusion protein of the present invention may

contain a heterologous signal sequence at its N-terminus. In certain host

25



10 histidine-tryptophan nodul es that allow purification on imobilised netals
(Porath J (19923 Protein Expr Purif 3-.26328 1), protein A domains that allow
purificatiofV8RVIWABYI | i sed i nmunogl obulin, and the dom@CA/WRIPPEER in t he
FLAGS extension/affinity purification system (I munex Corp, Seattle, Wash.).
The inclusion of a cleavable linker 15 sequence such as Factor Xa or

ent er oki nase (Invitrogen, San Diego, Calif.) between the purification domain

d Fria/T ; '  Lipat ) f usi
and Fn Ralis (é.g.,qﬁﬁfﬁﬂ&%fé& ié%é(t %:%lﬁﬁ, %xﬁwslsfdrp%ﬁ PP& S&qghghqgl‘\fﬁb-e) tJSI on

expression vectors inc p armaci, a 2 I scat anay, pMAL ( New
Engl and Bi dhaies, piRésiardan bakierepsad dhpRigisusplod aneetemlogpss atgnsdy, N. J.) which

fuse gl utat S &r ferase i.ndin rotein, or protein A
respecti velsg,hggrgc%hglgt%a%?gsg u?%%éos%g%ta}’r#{g%kg?@?%&%&d ,C%4H& ot her epi sonal
expr essi on hyelcdphebiclamino agas) which aks geberaliyadeaad frddi theomatueé roviral 25
and lentiviral .expressi on vectors can al so_be used. Furéhernure, any one of a

nunber 8f ATOMHIDSUENNE BRIFHANSP AR MU SHAY2LE VAN Eh PEGRISIEN®r essi on of
reconbi nantpepkidesicBa tath! ftobe S4iH2 i @B hGRAIBS E18Y ff@e fEALUCI Nng the fusion
proteins specified herein. 30 In another enbodi ment a fusion protein of the
present i nFEAVERCE frajn EemmEtira Phetedn® e dbay reisyiarougty tlemsecrgtonyt s

N-t erm nus. r tray . : grg,rltgra LAk . expr essi on
and/ or secpg{t?‘g(‘r%?bfﬂlﬁé@%g?%%ﬁ%% g?tr?g%%ﬁ e | lrsléc?g%éslgggpﬁr%éhgﬁsuse of a

het er ol ogolmvsigjasigrsdgegnence, igwall segqupolypspades frpph edlitly thhar act eri zed by

f hyd hohi ' id I I d f th t
5 protsPn AR GeakRed Mo bR THEA ERBR Bl e ble LSRG, gl ” T

pepti des cqirbanctspr ocessing sites that allow cl eavage of the signal sequence
fromthe mature proteins as they pass through the secretory pathway. Thus, the
invention pertains to the described pol ypepti des having a signal sequence, as

well as toRdrieers tARSnES SMABMICANE N6r A Eivithaths RAYSA TR oRBas RE SR
proteolytically cleaved (i.e., the cl eavage products). I'n order to enhance

stability REFOI IpEeREPY cap alspdefmefsiedtmingionBomgite Ohe Prageat i nventi on can
al so besModj it B9 sHAGRr RR : [ ' amno acid
R e R e A L TR
aci ds, non-vaatioal Additionalydb-aminorcals, nwranathmhauigoexidanr bersubst i t ut ed
or added {9 DLOMGE ohalBAlley &h LY RLRLBLI a8hEd Y pHOGuEE QRBo IR ©

fusion protein within the scope of this invention.

20 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

25 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

30 Freeman and Co, New York N.Y.). The composition of the synthetic

polypeptides may be confirmed by amino acid analysis or sequencing

26



20 The am no acid sequences of the present invention nmay be produced by
expression of a nucl eotide sequence coding for sanme in a suitable expression
system |n a¥@APUP8Hor in the alternative, the fusion FIOtERHW/PEEEIf can be
25 produced using chemi cal nethods to synthesize the desired am no acid
sequence, in whole or in part. For exanple, polypeptides can be synthesized by
solid phase techni ques, cleaved fromthe resin, and purified by freparative

hi gh perfor ce |4+ gui d chronmat.ograph €.0.n .ei ghton (1983) Proteins
Struct ures (g\%?f t%Slltecu élr& f 8%181965‘%%9-}&%‘ ﬁ\rdéjg“r%gf;)ﬁdt "‘,‘leb‘%/\F‘?‘_G'r k NY.). The
conposi t i orseghiehbe of yifibRin pradeinypePid @esnnvy, be aggridrt MBerddy, @al ke aci d

anal ysis or ,sequencing.. (e.g., the Edman degradati on procedure). Additionally,
t he )ellm' no %}qe@@wg}é’@r&@t %Y?%PWW%%‘FWBW%ESWW’@H methgdy part

thereof, mayithe sHhRMRE tlthidiHeALLBGhiSRY BE BESI ard ML, oQRHLF%i ng chemi cal
met hods with a sequence from other subunits, “or any part thereof, to produce a

5 vari aRt perigsémalaeeptilesays for measuring the i munol ogic activity of any
honol og, derivative or variant of any fusion protein of the present invention
are well known in the art. 10 For exanple, any one of several conventional
assays for Amsays ori mgasytiolithe iprraduoldgin actisity offeagui@nolog) detivatice! | s
activation and differentiation, can Eﬁél nvoked.. For  exa for tracking T

. |
cel | activ&iBRENH VSR PrUgH BE tRGBFRFAY 'RLenioR Ak P’V%”veﬂ?%‘ﬁncan be

in the art.

10
For example, any one of several conventional assays for monitoring
cytokine production, as a measure of immune cells activation and
differentiation, can be invoked. For example, for tracking T cell
activation, interleukin-2 can be employed as a marker, which can be

15 assayed as described in Proc. Natl. Acad. Sci. USA. 86:1333 (1989) the
pertinent portions of which are incorporated herein by reference. A kit
for an assay for the production of interferon is also available from
Genzyme Corporation (Cambridge, Mass.). One can also employ
immunofluorescence and flow cytometry to monitor cytokine production

20 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.

25 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.

30
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15 assayed as described in Proc. Natl. Acad. Sci. USA. 86:1333 (1989) the
pertinent portions of which are incorporated herein by reference. A kit for an
assay for tHEORMBENEY on of interferon is al so avail abl @GRS e

Cor poration (Canbridge, Mass.). One can al so enpl oy inmunofl| uorescence and
flow cytonetry to nonitor cytokine production 20 on a cellular basis, and to
nonitor cell surface markers that reflect cellular activation and/or

differentiagti states, A host .of .su rker.s are, kno det.ecting anti bodi es
are broadl S oRRERSI oy M0 e R Rl bA RO PR i he ar
25 A commoreds sdth tioe CFSEYe,pird shibsedueaitlyefioriitcrinmgeds Ulown gy fonhdti-at ed

t hym di ne iﬁﬁcor poration. The proliferation of T cells_can be neasured in vitro

by det er ni ARRGHSONPiHE dYF tHRE pesInBANIGhTHEEREVE SEBBESINST Ithto the

replicatingqBi¥oRto AbAitdesls €8¢ LishibItish 8F o' &1l pidfifrRk_OthPMosURtifesi s and,
inturn, the rate of cell division can be quantified. 30 Another assay for

moni t or Png of tiee fpsipp airiotan ganoalsp Pepmoadtosed byaviatigating élis| eapwicitly tohe CFSE dye,
and subseqy i i A Y, i LOF this dye that
acconpant e aBRR I AN, HAEY BRI S, Eh HEEER, Sinkll 7, C

i nhi bi ti onTRAIL ree¢ptoprtuggémngisaals td dysortossct By icoyntinaig thesefaedlison pr ot ei n

can al so be .nonjtored b al uatj jts capaci to i nduce apoptosis in TRAIL
recept o_r-pé‘é‘m)f) erﬁfﬁ'ﬁr%@gl aVF?ME i ?%ﬁﬁlﬁ G€Sy 888§?Bra§$ﬁggeri ng |eads to
apopt osi s. whethermhewl m@idraﬁs&eﬁeakﬁvmi&és BéEanEkb} B ThaEtARaYRI TWEAK on their
surfaces, one can assess ether new fusion protein derivatives both anchor to

TVWEAK 4fd theiehyrhaye thelePitiaperintis BROPr-erivenpRAIVE e hastcesciry thisy enhanced
in this way,,/Pharmaceutical conpositions and dosing reginmens. Adm nistration
of the compositions of this invention is typically 15 parenteral, by

i ntravenous, subcutaneous, intramuscular, or intraperitoneal injection, or by

i nfusi on or e S em c.nethod. Adm nistration by
intravenousP I'n %lgfglolﬁ%&t{?;')'%o;ﬁ %/r%g%/'gcrl d)aéghgn%gé%[g?%‘e of about 1 to 5 hours, is
pr ef er r ed. Admindsliration of tthe cengrositdorvanf giig inferntieh islefpivally net hods for

adm ni stration of therapeutic 20 proteins, and these can be applied to the
F her apdiit | EFUREERH: BIPRATENGHS, FRRCH RPERRFoM tramuseufa, of

intraperitoneal injection, or by infusion or by any other acceptable
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

20 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
25 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

30 addition of polyethylene glycol chains (PEGylation), may be made to
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Oten, treatnent dosages are titrated upward froma low |l evel to optim ze
safety and efficacy. Cenerally, daily dosages will fall within a range of 25
about 0.01 tVﬁOQ@O/ﬁéﬁé‘r otein per kilogram of body wei ght PCFHSPOYPPFS t he dosage
range will be fromabout 0.1 to 5 ng protein per kilogram of body weight.
Various nodifications or derivatives of the fusion proteins, such as 30

addi tion of polyethylene glycol chains (PEGyl ation), may be made to WO

21110/ 0055]i95CT/ US21111 /11038@6 itnfl u%nce t heir ‘? ar macoki net j.c

andphar macodyhante ?158253’““@9 S ISR Lt RPATRRCH DR BRICHARET Ty ot her t han
parenteral admnistration, it may be necessary to coat the protein with, or

co-adm ni ster the .probgli n5wth, amterial to prevent its_inactjivation. For
exanpl e, pr RRSIETHE cAH BreEy by pthar than paretteralgdmipistration,

co- admi ni StiepAg, ¥h hBcARAHTRo cBAE Phé BFSteRt wifh, ldrRRSAIRNI L tbj;pi tors

i ncl ude par?c;rgeg'ti C trypsih inhibi tprB, dii sopropyl f1 uor%ﬁ%é%ﬁ?g&?%r}éP) and
trasyl ob. Withsameateriad ko pecwpmtdts inncsivation- areexap@plee pudtsinmmsayabewnel | as
convention A . ' . 1 roj munol . 7:27). An
"effecti veadéjrrr%%ﬁ%ﬂﬁp%f&gggd%%éﬁl?%nae%}ﬁ%ﬁté Cl(on%gn ?%%eﬂggl{ﬂéﬁhae%me that wll
amel i or at e inhbitursnria lgdosbheesieEhzkmevinhijdtasahehgliet patcrehacaeyesihze nmedi cal

condi ti ons .caysed hy autoi ne di seases h as 15 ltiple sclerosis. Mny
such par anéflg#)étoéng}gé%ﬁﬂﬁym%r%g\?épﬁé%([g‘g@cﬁ‘?‘%é’iffsyﬁ' L”f‘?oéé’fri‘% amount, in

t he cont extineludeuyiieplia-Gtherages COF kinlisidnRaawel s @nvensiopal prot ei n t hat
is sufficient to acconplish one or nore of the follow ng: decrease the

severi 1§ ofiROgAPESHR eIt ebak e (Y3RH dliMigweimstunRls €526 exacer bati ons: i ncrease
the frequency and duration of 20 di sease reni ssion/synptomfree periods;
prevent fixed inpairnment and disability; and/or prevent/attenuate chronic
progr essi orirbfeffastiveiageerset” afia epmpobition of thenowkedtipasalan amoumgrtbaenent in

visual SYMRLATEnEd @ bnk X Snofll BEAR! Bty 18RWn BLROARLS dipakness, axia
y, sensory [o0ss, spastrcity, hyperreffexia, TosS of dexterity),
upper ext r efaryctdyigé unedicahconditions caused by autoimmune diseases such as
15 multiple sclerosis. Many such parameters and conditions have been
described. An effective amount, in the context of multiple sclerosis, will
be the amount of fusion protein that is sufficient to accomplish one or
more of the following: decrease the severity of symptoms; decrease the
duration of disease exacerbations; increase the frequency and duration of
20 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
25 (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,

30 perivascular infiltration of mononuclear cells, immunologic
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25 (weakness, spasticity, sensory |oss), bladder dysfunction (urgency,

i nconti nence, hesitancy, inconplete enptying), depression, enotional lability,
and cogni ti WVEORHPESPHent . Pat hol ogi cal |y the treat nent WAHSPYEPEEopr ot ei ns of
t he present invention reduces one or nore of the follow ng, such as nyelin

| oss, breakdown of the bl ood-brain barrier, 30 perivascular infiltration of
nmononucl ear cells, imunologic abnormalities, gliotic scar formation and

astrocyte proI|fer@{|onhogg%g£{ﬁgn%u Ip%ﬁgEPQHgg%%%OQHgéﬁﬂﬁénpalred conducti on

vel ocity. corrp03| 1ons 0 I'nven admnistered in 5
si npl e sol uheuanipptrdﬂemaweepmhﬁ:tﬁoylplamﬂ inypaised! condaotitn valdcity. W t h ot her
materials such as carriers, preferably pharmaceutical carriers. Useful
pharmaceutical carriers can be any conpatible, non-toxic substance suitable

for deli VefAlﬂ%délﬁtK@B&?@bEitw}ﬁ; S tHid enveMRAH LD bboacﬁnﬁﬁgte%@a inSterile water,
al cohol, fats, waxes, and inert solids may be included in a 10 carrier.

Phar mac 8ut istapls selucion; 4bey aseimarsriypiqebyfused mgcambinationswitheptiang agent s)
may al so b%na{}s:fez.fwgﬁgﬁ od dM-Rrd ggﬁe@%% @ﬁg}hﬁ@éuﬁ&;@sucﬁw Nyssfaperally,

conpositions us par ent €l ratron o drugs are well
known; e.g ptﬁemamguana}scﬂrm‘rsamubc aaly cﬁmmmmlelp, théhkhtokit: sﬁlb&haklcE’ubl i shing

Conpany, Easton ., 199 Al t er.nat i ve OSI i ons of the invention
may be int rsbléltt"i‘é%%}qr Cfegl‘fgr%ti%n(forgpﬁﬁlw tﬁﬁl“&?‘ﬁ tl?)cl’ré WPRPHE S very systenms
[Urquhart eStedle wat¥i) aldseiol, BAGwRLe, an@?ﬁe@@bolu?érrﬂa?ﬁbé #28d4nkd idher apeutic

formul ati ons may be adm ni stered in many conventional 20 dosage fornul ati ons.

For mul &Pi oﬁé‘r’f‘?‘bl EQPFW%%WBF?%"‘%"EGH"@%@( adjzyants (RHtering eEPR% , together with
one or nor @lmiwgsgggﬂt@ph{a»y ﬁ%@%%bﬁp&%éd 6169 thleq éml%zmﬂy i ncl ude

those suitable for oral, rectal, nasal, or parent eralﬂ%gl ncl udi ng subcut aneous,
intr arruscu|carnpqaml@ravé?mnpsfah\yﬁ,dcqmp@@@@mans)eﬁahfwmasf:nmrabn 25

administration of such drugs are well known; e.g. Remington’s
Pharmaceutical Science, 17t Ed. (Mack Publishing Company, Easton,
15 Pa., 1990). Alternatively, compositions of the invention may be
introduced into a patient’s body by implantable drug delivery systems
[Urquhart et al., Ann. Rev. Pharmacol. Toxicol. 24:199 (1984)].

Therapeutic formulations may be administered in many conventional

20 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.

25
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, 8t Ed., Pergamon Press; and Remington’s Pharmaceutical

30 Sciences, supra, Easton, Pa.; Avis et al. (eds.) (1993) Pharmaceutical

Dosage Forms: Parenteral Medications Dekker, N.Y.; Lieberman et al.
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The fornul ati ons may conveniently be presented in unit dosage form and may be
prepared by any nethods well known in the art of pharmacy. See, e.g., Gl nman
et al. (eds.YOga99EF1? The Pharnmacol ogi cal Bases of Ther é’ﬁg{}{s?@%/‘m%h Ed.

Per gam)n Press; and Rem ngton's Pharmaceutical 30 Sciences, supra, Easton

Pa.; Avis et al. (eds) (1993) Phar maceuti cal Dosage Fornms. Parenteral

I\/edl cati ons Dekker, Li eberman et al. (eds.) (1990) Pharnaceuti cal

Dosage For Y. er. t ) 990) ,

Phar maceut i ca &%%h%ﬁ%eu gl eD,rossgggxlj%bg%s %ﬁﬁ% Dgiﬂ“?( q€§I nargdédl tional
enbodi nent i,lcbdnmapf esaht(edsy Ar990) nPhanhaophdtasDashigenietmset iDispafset he f usi on
proteins b ene ?{l)%gy thods, e.g, admnistration of an isolated nucleic
aci d encodi ﬁ'g ‘ein of interest. The protein building blocks (e.qg.,
first and second dormai ns) of the fusion proteins of the present invention have
been well-characterized, 10 both as to the nucleic acid sequences encoding the
protei nS ahd adqétional gmhadinenise tla%me%féqu@ﬁ%@fsowont@npkaéﬁél ns. Engi neering

of such i S%h?ﬁlﬁ t J)I?'o? tﬁgﬁ%ohypﬂfogtglgo %é}‘li A zat %)d'sS \r% within the

ability of one s ed 1n the art or purposes of
maxi m zi ng adaoorﬁirartacm Of)aotleo}altw‘l @Iustéeii: mchenécadingra fm‘hdm lparotegm @finds, is 15
al so wel | WI t 'r"ésr{ tﬂg? abi |

rotem gs | ed 1Ln the art. %%151”15” tion of an
i sol ated nlcieie aci dPencodirn ({f dﬁ gp’r ]isélaﬁlq ! ?éré% y the
expr essi OP thafusiohgiret¢ing of tth;fraﬁ@ui 1In®ahh§6n€1‘fafvecl§de\tﬁwlall lDihk blra@ﬁer&eﬁﬁSi on
rotelno e invention" ne therapy ne re we nown in the art.
gee b@%@@ﬁd‘?é £ RGIRi qﬁlgépggggg%/q]gngggngft gareteing Ayth%0 et hods to
gener ate | gk Alndho apld baflidresGNBetPIBIARY. Midindsihavesatgo been
successfully denmonstrated in human patients. See, e.g., Baungartner et al.

Gi r cul at i ofS®@Ftedipucleiciacids by r(efggfgamaah@%m@eth@één@ wiell withiathe C. G ' A gene

t herapy ap t f e Jges. 18:15-26
(2007); ant%%%?cgbftggltee%fqﬂ%g?ﬁghg r%%%&%t iZl%‘r%lg%lr’ E%IF g#%&%erel n by

r ef er ence. nSedmELiog IBaDmhlndlngﬂMBHeyie&cﬂs irt phftectlaofcel dreekghanagy, isn vi sual

;Egcf\/;iggl ' alé'oe&gﬁ “%ﬂ%%n&enl ttn?iky éﬁgﬂé% lfed in thEengrt Ag/b (iinigs r8at120%3c]>'f 2439, 2008;

1solated nucleic acid encoding the fusion protein is encompassed by the
expression “administering a therapeutically effective amount of a fusion
protein of the invention”. Gene therapy methods are well known in the
art. See, e.g., WO96/07321 which discloses the use of gene therapy

20 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

25 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.

30
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AM et al. "Safety and efficacy of gene transfer for Leber's Congenital
Amaurosis". N Engl J Med 358:2240-8, 2008. 30 There are two nmj or approaches
for introduc¥VPgV &'t ei ¢ aci d encoding the fusion prot &CHUSHIPERRI | y
contained in a vector) into a patient's cells; in vivo and ex vivo. For in
vivo delivery the nucleic acid is injected directly into the patient, usually
at the site where the fusion protein is 5 required. For ex vivo treatnent, the

patient's ved, i g ls i uced intq.these

i sol at ed Cgﬁelgégﬁ%%&?ﬁ%ﬁ%égﬁ%@%gﬁé%%%% 11r11$ gtﬁelééelgl%taom ﬁgcﬁéf?gent ei t her
di rect |y orthe flosioaxarmptie, (ophoapiylcanesinedtini anvepaoolis toanpataaeds wdigh are
inplanted i.nto the,pati.ent (see,.e.q., U. Pat .. Nos. . 4,892, 538 and

5, 283, 187) [N TRE 209 F8 VéV(?L'OF\%ér”il etyp g‘?h‘feéXI‘SmFdl}écéelﬁ\f’é:i“il hieetsd i ntroduci ng
nucl ei ¢ aciditectigtiaty tiebbatiest,sudlitat e it wfervany rdsRengidiginiaon whet her
the nucleic acid is transferred into cultured cells in vitro, or in vivo in

the celPs sPaeRedi Kosrsedvaseaatmradnfiqpatents cabs are semptied.tthensf er of
nucl i ¢ ackfhldit QeRITRIt L&A Itol thell i PatcaCloifedditndSfodilicd [BASOTES,

el ectroporation, 15 mcroinjection, ce f usi on, extran, the cal cium
phosphat e preedpiinisterad tethirogatient eitlendoetily wsefbrexatmpls, f or ex vi vo

delivery of e.retroviral _and lenti.viral .vectors.. Preferred in vivo
nucl ei c acieatcgﬁsalglg?egc} a{lglclﬂrﬁo(qrﬁlelg rpﬁc%ﬁage? Pansh &geit %te%i lpﬁoﬁl?al vectors
(such as aghemient (se2, eher PeS. BatnmNe@x 4,892 /588, ard 286 487) atle@rd bi¢la)

| i pi d-based syste useful lipids for |ipid-nmediated transfer of the gene are
DOTMVA, ?@@E‘a‘&ﬁ’ AL BHAUFORVEARIBIR) }“tﬁ%ﬁ%ﬁn&%“ﬁ%&ql%P@t&o‘élahleoas ed

expr essi on ceyst ae. teERAILR! Ry Afe Jen@li S LpBRt WM e HROWA 3R idBIdili Ry and gene

t herapy protocaol s see Anderson 25 et al., Science 256:808-813 (1992). See al so

VO 93/ 2567 8ra1deTrAd iRk enlineed cells & vither @i i vivedndhelssHam thencl udes bot h
convent | Ongheeg@ll KK ARLHIRGIS Suldbld 08 BLIER S SoPANLRYCA Mool Ol @

treatnent, and the admi nistration of gene erapeuti c agents, which

i nvol ves t meamnealidnrecly inr eiteniredudd thniustereltlimsooiesa eldvergpeational | y

effectiye %&Ejé@%, cell fusion, DEAE-dextran, the calcium phosphate
precipitation method, etc. Commonly used vectors for ex vivo delivery of

the gene are retroviral and lentiviral vectors.

Preferred in vivo nucleic acid transfer techniques include transfection
20  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
25 etal., 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
30 therapeutic agents, which involves the one time or repeated

administration of a therapeutically effective DNA or mRNA.
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A i gonucl eoti des can be nodified to enhance their uptake, e.g. by substituting
their negativelgl charged phosphodi ester groups by uncharged groups. Fnl4/TRAIL
fusi on prot éVA3Y8P0¥He present invention can be deliver &4TSFHYG#e t her apy
nmet hods, for exanple locally in 5 tunor beds, intrathecally, or systemcally
(e.g., via vectors that selectively target speci fic tissue types, for exanple,
ti ssue-specific adenoassociated viral vectors). In sone enbodi nents, primry

cells (such,;as_l| tes or st |1s)y fraomthe individual can be
transf ect eg)l n\llll}é\ifgéu\%e a3 Pefh Cgﬁ%(gg?ng Y o thdPFRS: 6% ot ei ns of the

present |msabtsuamIag.&leadleghaaenyeinurge@@Hdsphbdwssélegz&eqascejI s to the
i ndi vi dual one_enbodi nen e qu|onﬁgrote|ns of the present

0
i nventi on é‘tnép‘élﬁlqda%‘[%‘ﬁsor}?‘f‘}‘éé'{%m }%?loprﬁfﬁﬁ%% P SEHSIBECBHORB| sor der s,

i ncl udi ng, chHth@livelr8a Lethg gcn@'tﬁ]i&'a %tmlf&t tkaAp %ﬁ&all&%nam oi mune
neonat al thronbocytopeni a, i opat hi ¢t hr ombocyt openi a purpura, autoinmune

neut r openi éume?lﬁtwm 6@981711 ar syrtepligally (agemiayeetars phatsphol i pi d syndr one,
dermati ti Ssel%ﬂ%ag tﬁﬁ%& gni&éﬁ‘h d&ﬁefggﬁe'lyﬁ fa&%%gieh tﬁ@ﬁ@p Al HYehiLds.

nyocarditis euna ear I'Sease,
gl onmer ul onepbodisiesl \(1ealgzectcbxg;A 20 snawemm@ﬂhyl)antsl\/lﬁﬁmakﬁc&é enadi as Neuritis,

Weitis Ophthal ma, Palyendo I es ur a ) Henl och-.Scoenl ei n
pur pur a) , EPCBZ&‘&% e% C%Sb ?rl‘oeﬂ/ﬁﬂ ﬂ’d’r“g‘ﬁ@ CaRy Blt Hected| SroHEPy

| nfl ammat i With mgeﬁaredicbuﬁqg éﬁfr\ogltnerqrﬁgﬂoen@mémtsl of theéghesefERREhtiod, sease,
rheumatic heart disease, CQuillain-Barre Syndr one, insulin dependent di abet es

25 nel 19t §ndaﬁl?6naﬁ‘}f‘6’frﬁﬁﬂﬁbe trap efffiacors)isetpet hezigdévidtahe boRyr oi di ti s,

hypot hyroi dism (i.e., Hashinoto's thyroiditis), systemic |lupus eryt hemat osus,
di scoi d | upus, Good asture's syndrone, Penphigus, Receptor autoinmunities such
as, for ex&mpbme gmpodimeets, t fesion, pr(ommlwsfehhmaer@r mwiegtioanare( c) i nsulin

resi stance . Qubel (e MR o ihfin AR ARSI A oi QU QLTIUAR L gnbocyt openi ¢

pur pur a, erma W anti - agen anti bodi es,
m xed connamludmg,ltaﬁumtdlmﬁadetp, pokyimyasinte sdrdelytiatangmid, ti s, pernici ous

anem a, i di o athlc Addi son' s,.di s |nfert one uI onephritis such as
pri mar ¥° gl R TIFBRESHG AL HHW@X’% PRT YR at 9pa%uﬂ%a PRPEBIY, Sjogren's

syndr one, @uabﬂfaisautelﬂqtﬂwﬁe naneko@ehﬂlewbcmd{modye@p@ﬁ@neen(dlyrﬁ& udi ng

anemia, antiphospholipid syndrome, dermatitis, gluten-sensitive
enteropathy, allergic encephalomyelitis, myocarditis, relapsing
polychondritis, rheumatic heart disease, glomerulonephritis (e.g., IgA

20 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

25 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

30 anemia, autoimmune thrombocytopenic purpura, rheumatoid arthritis,

schleroderma with anti-collagen antibodies, mixed connective tissue
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5 adrenergic drug resistance with asthma or cystic fibrosis), chronic active
hepatitis, primary biliary cirrhosis, other endocrine gland failure, vitiligo,
vascul i tis, ‘ﬁ%é?m%ﬁ?l%ar di ot oy syndrome, urticaria, at&STASHEPHHRES0t s,
asthma, inflammuatory nyopathies, and other inflammatory, granul omatous,
degenerative, and atrophic disorders). 10 In one enbodi nent, the fusion
proteins of the present invention are used to treat nultiple sclerosis. In

addi ti onal enbodi nents, the, fusign proteins of .the presenf. .invention 15 can be
PR B R T R e T ot Mo LA R R R e s
the i nduct iAidistn’e Be§¥age] trfeMtilig ERinflerlBleplafitis WRh £Lptitnarybr eover, for

certain turrﬁ)r types, inflammtion nmay actual l}r/ be protunorigenic. Hence, a
TRAI L fusi 8PTpFBLensPREHSs mad kedgnephignathy yrgHows pemphigeist [Sognendt k

pro-tunori HEorhBf i -:and r : | ock
angi ogenesiggﬁafrohﬁel_g’FJril%%érr%%Hg%{g ’ ? %Eeé%%gglgodggﬁ)eglgﬁ t%#gﬁglgggngoul d
| ocal i ze t hdrarRAgic doagwWEiktapesiwitly astiainasor ¢ymticefilrgsis), clorprtiamotivendot hel i um
and/ or on ..cel]. The terns 'cancer” J"cancer.ous" refer to
or descri btglégﬁ{em%hblél?%% S*.%W%%*%%Sﬁ% ol Bhdof o Hand e Yl |y

char act er i rascudytisj eV Bteadd medbmygsyautromedrtisadiahakepio derheatites,m " pat i ent "
refers to a mal Qatéé ically but not excglusively human, having cancer or

ot her aut o?ﬁ&ﬁﬁ@ t lORuMYReALRIsS eaNd B IR PMAPRENt by the met hods of

the presengramyRMdtels, dogeri@hfive BidBkrdphid@eshrakrd)r eatment” is used 30
i nterchangeably with "patient”. Exanples of cancer include but are not

linite#Oto, carcinom, | ynphonma, bl astoma, sarcoma, and | eukem a or | ynphoid

mal i gnanci e§ onMU BN FULRE EXBAML SRt TURE Q&?@%Hﬁbugfremwy or renal

cancer, breast cancer, colon cancer, rectal cancer, or ect cancer, |ung
cancer 5 i iheltredit mgulinde Iscleabsisl ung cancer, non-small cell |ung cancer,
adenocar ci noma of the lung and squanous carci nonma of the |ung,

In additional embodiments, the fusion proteins of the present invention
15 can be used to treat various types of cancer. Soluble TRAIL has been
associated with the induction of apoptosis in certain kinds of tumor cells.
Moreover, for certain tumor types, inflammation may actually be pro-
tumorigenic. Hence, a TRAIL fusion protein can be used to kill tumor
cells directly, block pro-tumorigenic inflammation, and furthermore, can
20  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

25 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

30 interchangeably with “patient”.
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squanmous cell cancer (e.g. epithelial squanmous cell cancer), cervical cancer,
ovarian cancer, prostate cancer, liver cancer, bladder cancer, cancer of the
peritoneum "WeRHPBEEIN ul ar cancer, gastric or stomach 1FCEAREWPOPPRI udi ng
gastroi ntestinal cancer, gastrointestinal stromal tunors (G ST), pancreatic
cancer, head and neck cancer, glioblastoma, retinoblastoma, astrocytons,

t heconas, arrhenoblastonas hepat onm, henatologic mal i gnanci es i ncl udi ng

non- Hodgkl NS nlgo%rf’r%agg{;l} icl %I tigle r}%‘? IMHe ”8' gagrléifg?{glg“ydgpggma

nmal i gnanC| es, metri ut el‘l e carcin
fibrosar cortﬂzsstoﬁhaqwa@e@ha; aﬁdaeuﬁaﬂma{ar )Yy:gbhbﬁ:l ﬁ'm‘lfgrﬁ@ni&:s vMoral cancer,

thyroid cance esophage ﬁarc nonas atl ar ci noma,, anal carci nonsg,

penil e car cﬂaﬁﬁﬁﬁlarﬁé@ﬁ%ﬂﬁf’? gHs C@é’tcéf% ‘g‘h@é% renalGanseis, Kaposi' s
sarcoma, NYraf@@hncek] ébleﬁr&h@emsectaﬁcéamwmoré&w@ﬂmr Aghd O8Bcer20

neur obl ast omas, rhabdonyosar coma, osteogenic sarcomm, |ei omyosarconms, urinary

tract carciinokging smalosell bang rapeers nonrsmed celieng eanagsl | as B-cel | | ynphona

(including] | 1. cul I snmal |

| ynphocytic d%ﬁg%ﬁ%%ﬁé&?éféﬁ%éhg% g{ligrgglg&ﬁp I Ia&‘é{%@&%ﬁ{“‘}?h% ®redi at e gr ade
di f f use NHsguhnghusgyceddea?&eri (mplrpithatitl sqidnoulsi gl caradte), logmpbabl asti ¢ NHL;
hi gh grade small non-cl eaved cel |l gln—L bul E% di seasepgg_%mant | e cell

| ynphorm; APDSE™ PP LPE LA BRI R R d BhST TN |G neni a) ;

chronic | yrmheelybf thd peti@etint ChépatossliiRr lcamebpdattit orl uki®ha (ALL); Hairy
cell |eukem a; ni.c nmyel ohl astic | eukem a; and post-transpl ant 30

| ynphopPol |°P8F%EH u@ﬁ%o%%féfm{lﬁﬁfﬁ)a %Cﬁblgasé@lﬁEﬁ%WIStm%hﬂHﬁors .
proliferati Qtsﬂsﬁaﬁb?éa%fi aar{&rpﬂég@%u%&%q cEH&Ro(iSHERtGRal hat  associ ated

W th bralntum)rs) and Meigs' syndrone. "Tunor' as used hereln refers to
all neopl agﬁiIEOQ@SFOTQ&OQMﬂOQYt@Hm dhietemasi srhenioblastomes, |h§n$ammar beni gn, and

all pre-ca ) real ijgr, or "treatnment”
or "allevi %{%%%B%ﬁ?ers@%%ﬁﬁl %%éragq{](?’ll g—k%%&tﬁnjrppgngﬁ H?I actic or
pr event at i weulrgds mﬁs}onmcéanutmheuiatel@gm maﬂlgnpnemnbndbrmdtnwl down (| essen)
the taiget eqepat hol 0 ic con i.s successfully

ngso
"treat g?tchm ik \f’ n&etiﬁ’sfsh ’réB@%‘i‘i‘)@%ﬁﬂ%‘r‘#ﬁrm&F‘rﬁl &on protein of
the invent Is@ﬁv@@cglbﬂdrtgirbﬁlddi@ VEVADESn @, tirod e586ér,isdvpRhbed, the subj ect

shows observahl e and/or neasurable reduction in or absence of one or nore

signs and S¢RPPEMas: hepatic carcinoma, anal carcinoma, penile carcinoma,
nasopharyngeal carcinoma, laryngeal carcinomas, Kaposi’s sarcoma,
melanoma, skin carcinomas, Schwannoma, oligodendroglioma,

20 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

25 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

30 lymphoproliferative disorder (PTLD), as well as abnormal vascular

proliferation associated with phakomatoses, edema (such as that
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of the particul ar di sease. For exanple, for cancer, reduction in the nunber of
cancer cells or absence of the cancer cells; reduction in the 15 tunor size;

i nhibition (WO@MMEFHW to sone extent and preferably st &6/ fFE}0
nmetastasis; inhibition, to sone extent, of tunmor growh; increase in |length of
rem ssion, and/or relief to sone extent, one or nore of the synptons
associated with the specific cancer; reduced norbidity and nortality, and

i mprovenent in.quality of .life issues edyctiqn of the 20,signs qr synptons
of 5 df seacsseg e with B bR P R MRER SVndPede A Brddin. adiRede 2 compl ot e
response, drfréingdefess € adppRplasteecal gpdwtis hgad profifezatiof] whethér parti al
response, wherein the size of the tunor is decreased, preferably by nore than
50 per cent MAMFATN T ReIBNy aRY atbpre-gapegtorgtand caneyoss relly treated if
the patient;@ypgri ences stable 25 disease. In a preferred enbodi nent, the

cancer patients are still progression-free in the cancer after one year,
preferaply after 15 nonths. These paraneters for assessing successful

t r eat ment i > O\ & in.the.dhse A eadi | e by routine
pr ocedur esa?gerﬁt I ro\ft gpe %ttrﬁﬁq/llsti'g?a%ﬁ%?&g%%rI(E)eg?{sa%gws% {ffe%?ﬁéﬁﬁ% art. The fusion
prot ei ns oftrdaimedd gprepryphyilacténot prevrgatdemdasteesdvhardnuhotobjedtf ective to

provi de inprovenent in an f the abqve paraneters used to measure success in
treat nent of ?%Bﬁ%veﬁp,t O&r?io% g F%%Fdﬁﬁgle&@f%ﬁlﬁﬁ& REGhR\PEIHEORMEIONRS i n the art.
For exanpl eliscideef fAesiibjeer RO HeskfullyhateABBUIT albl 6dbeivingfd ective in inducing

apoptosis in sonme cancer cells, or a majority of cancer cells, or
subst ah®i althgrapentisrampeng of pdisian prgtet of H1q Kiventiveracopansiiigty Bt an 5

effective amuRlisigItht e MMURLEnWBHhC hatEbREE @ﬁ&&g%ﬂs@r&ae&e%i{{egtogr oliferation

of tumour cells, of hal'ting tunmour progression via invasion o er tissues,
reduci ng amytasyeabl rduntivrr edecabsenad dfaommor ororelsignhendmyreptonas t r eat ment

for cancer, f US| . i.NS. Q resent 10 invention can optionally be
adm ni st er é)éttﬁgpgi’%%l?llﬂéﬁlé’%aﬁsec?%x{#ﬁqlﬁg%,\%I)rt ot relfeaé%cgh%rf e a%euti c agents.
Sui t abl e chembérobpautercellgertabdenck wdehe icanhcexedipd; acdatyhahithg agents such

2= L BhePR, a0 cyclasphesplan d6, (CTIOAN (T, ko sl opayes such as
car boquone tuifprivattdseasippintabBiicH, ad e ekttt £6f N6 gAsetHTEHBYd Rl am nes
including altretam ne, triethyl enenelam ne, trietyl enephosphoram de,
in length of remission, and/or relief to some extent, one or more of the
symptoms associated with the specific cancer; reduced morbidity and
mortality, and improvement in quality of life issues. Reduction of the
20 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 S0 percent, more preferably by 75%.
A patient is also considered treated if the patient experiences stable
25 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
30 present invention are administered in amounts effective to provide

improvement in any of the above parameters used to measure success in

36



triethyl enet hi ophosphaoram de and tri net hyl ol onel am ne; nitrogen nustards such
as chl oranbucil, chl ornaphazi ne, chol ophospham de, estranustine, ifosfam de,
mechl or et hartWABIVAEER! or et hani ne oxi de 20 hydrochl ori de PCHEISHRPUPRO

novenbi chin, phenesterine, predninustine, trofosfamde, uracil nustard,

ni trosureas such as carnustine, chlorozotocin, fotenustine, |onustine,

ni mustine, raninustine; antibiotics such as acl acinonysins, actinonycin,

aut hr anyci zaserine, bleomycin cactin cin | i cheanmjcin, carabicin, 25
cani nomyci &Teacheﬂ ﬁJmFﬁ,arﬁ%ﬂmWY FPH??&{’}@Y 896&%‘:1.%4 Hhiks n,

det or ubi ci rart.6 Far @zanfpleXxen kffeetivedfiditt idaKar Hridint wBRIH 8RiffdcBive€Sor ubi ci n,

i darubi cin, marcellonycin, mtonycins, mycophenolic acid, nogal anycin,

ol i vonyci nd™ IREBFBIRRPIPLOBISH N $BRY CRRCCH G MmAFi nmajer hash eanterasisr ubi ci n,
strept oni gry i47, £Cl g ni J j zor ubi ci n;
anti - met abéilr{btugs%ttéﬁ@%@%gﬁgttﬂgﬁag%g%ﬁﬁgfgﬁﬁo%%?58%%&?@%1%% ;an ol k acid
anal ogués sifchtivg adenvptiaciude aptoheits exzch, arptedfecpyvein medticinget r exat e; puri ne
anal ogs su . r-akine.. 6541er oputrine. thiamprine, thioguanine;

pyrim di ne%ﬁgf%%é&gg’éﬁg%wéncﬁlgﬁf%é?tl BUPPREI QST ESITL YA BVAS® X ar nof ur

cyt ar abi ne of ditheotysuds]iraducit@xarigivgénksie, arehoed idhinaflafdmausn di ne, 5-FU, 5
androgens such as cal usterone, dronostanol one propionate, epitiostanol,
mepitiostane, testol actone; anti-adrenals such as am nogl utethi m de, mtotane,

trilostanenfikiconditthirtepd iRl canebr atelfiQldmMpfotefidof @eesieatRNE;
al dophospham de gl ycosi de; am nol evulinic acid; ansacrine; bestrabucil;

bi sant #Ene INETHIHLAR OPtivaRYyhA Admidistecdl toi hpatigntin qgaerkination stitlor mi t hi ne;
el 1R Nl UBREELRL Ao IR ABLHEL Geclf.| S ERL Ao AMALRRN SN Nt | nan,

| oni dam ne; mtoguazone;  mtoxantrone; nopi itracri pentostati n;
phenanet ; pheladebiai exampltopHgilaiing @gavisisuch eshhlidtggaazidde; procar bazi ne;

PSK. RTM ; r S Z0f | . I meni.u t enuazonj ¢ aci d;..triazi quone;
PR OING f  a Fe a ERAS  EEE RN
mannonust i merprosifdn anidt pippsuifan] agitrielinepspobnerdtizodapi| estbdeuomeabi nosi de
("Am C).; cycl ophospham de, .t hi ot ; .ta.xanesg, e.g. paclitaxel (TAXOL.RTM,
Bri st oﬂéwéﬂ){%ﬂ% Ao %ﬂ%blrswa,pﬂlﬁ%@ewewgaynamlm&rams ( TAXOTERE. RTM
Rhone- Poul eRelulon€ altr&Rhany, tffé emERLAhRMBYEH e ngiFsbhaPARRIe, 6- 20 _

t hi oguani ne;. nmercapt opurine; methotrexate; pi ati num anal ogs such ‘as cisplatin

and car bopltEethvleRsthiprResphworamide aog) trineudelomelaming) nitidessf ani de;
mtonyci n Gu&ide ~hibk LSt RRioril i RE, LRey.novant r one;
eni posi der dmas o e BN, e g BRR el oAb i,

t opoi somer &Strampstiie, sfosREgidHgoechlorethamine, mechlorethamine oxide

20  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,

25 caminomycin, carzinophilin, chromomycins, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-o0xo-L-norleucine, doxorubicin,
epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins,
mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin,
puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin,

30 tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as

methotrexate and 5-fluorouracil (5-FU); folic acid analogues such as
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25 difluoronmet hyl ornithine (DVFO); retinoic acid; esperam cins; capecitabine;
and pharnmaceutically acceptable salts, acids or derivatives of any of the
above. A¥B 20108t ed in this definition are anti-hor RSAAIS2YRREE t hat act
to 30 regulate or inhibit hornone action on tunors such as anti-estrogens

i ncluding for exanple tanoxifen, ral oxifene, aromatase inhibiting 4(5)-

i m dazol es, 4-hydroxytanoxifen, trioxifene, keoxifene, LY117018, onapri stone,

and torem fene (Fareston); and anti-androgens such as flutanjde, nilutam de,
bi cal Ut am dENOPLTROMCHROt Rty BLEBIT, LIS HRER i BT C ARFIPES St abl o
salts, aci df Phda@biNald-Vesrcaptanyrifg, ﬁlﬁ@rrﬁ’pﬁﬁ@yﬁxio#%rﬂef‘%fﬁ%@iﬁ@ this

defiinition are chenotherapeutic agents that are able to sensitize tunour
cel | s to TRAAoghHUGY e eneitabing. azasiidingnbeazasyidingscaympeiddsome i nhi bitors

and hi ston I %H%-)nl LI Bht.ar vol.ohexim dg: 1 magkni b nesyl ate
and ot her Sckg%%ﬁ)ﬁﬁ%/’yégg? AR ngégo:xm%ih%lgf E?O&l{%l_ﬁg’_ _ﬁb%ﬂalr.lé’@w
|17h falb! %/ISam ar?"lrmgem?maph@;;y@téug@maw,ﬁmm?staarlmet 1¥napmrmtteaanltiosltan<kled
nhibitors g Qpt 0si.s otein s mol ecu ant agoni st s:, .an
B e e Tt D LY, e, o,

I t1onal mitetirmatritgstane;t fiolic rRid o€Sieqls eh ad 1 cid$ provided I1n U o
Patent No. 7,285,522, incorpor at%(stl g(y reference in its entirety. Accordingly,
in a pref erd&8aemodiAgrhosphamide glyfopidsi amieolsruline 2eidypEREST NG vent i on can

be used to HdsaibulRiledsdarRtAli ledatfaol MabiRh Rl WetttBIhAd aBBIqudde fusion
proteins of the invention can be used to treat colon cancer. |n another

embodi A€t eliormithiseoplliptiaiemmacaipte; ietoglngishtgaditmanitipteubpdraxyureat | i ver
cancer. | N 1BRAHAAY 1@ BEAE InRBRALL AR mitbEn{Uik S M ARl thillacklfe; | NVent i on

can be used to treat
pentostatin; phenamet; pirarubicin; podophyllinic acid; 2-ethylhydrazide;

procarbazine; PSK.RTM.; razoxane; sizofiran; spirogermanium;
tenuazonic acid; triaziquone; 2, 2',2"-trichlorotriethylamine; urethan;

15 vindesine; dacarbazine; mannomustine; mitobronitol; mitolactol;
pipobroman; gacytosine; arabinoside (“Ara-C”); cyclophosphamide;
thiotepa; taxanes, e.g. paclitaxel (TAXOL.RTM., Bristol-Myers Squibb
Oncology, Princeton, N.J.) and docetaxel (TAXOTERE.RTM., Rhone-
Poulenc Rorer, Antony, France); chlorambucil; gemcitabine; 6-

20 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;

25 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

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

including for example tamoxifen, raloxifene, aromatase inhibiting 4(5)-
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25 ovarian cancer. In another enbodinent, the fusion proteins of the invention
can be used to treat |eukem a. |In another enbodinent, the fusion proteins of

t he inventi oh02HA81%sed to treat nel anona. I n furt REA/USHIYONSPRENt s, t he
fusion proteins of the present invention can 30 be used to treat alloi mune

di seases, for exanple graft rejection, or graft-versus-host or

host - versus-graft disease. |In further enbodinents, the fusion proteins of the

present inv j | t Q.;pdul.-at - j esi i nistering an
Ot focti ve ADaRRles P HBr e m iR, Mokl RO RBRREEE Qe bV IO 0 Ue' of “rvea
and ot her riaptitagerirsd soresifieac(Fabeston),candxatiphedrdgent.sachPag ent  No.

7,208, 151, jncor.porated by reference. herein in its entirety. In the present
i nventi on, 43“}3??1 £ gﬁ?ﬁm&g‘? Ranide, leurrolids a pRAEOseEHE anthge of

TVEAK- bear igHhrhiBBe@icang akedptabiaiBg1ts ehdids R Rerivatifed Of afp\dthed by Fnl4- TRAIL
into inhibitory TRAIL ones. Significantly, the opposing (anti-inflamrmatory

TRAI L) ﬁeo-@%{ﬁal s are by definition turning the TWEAK-bearing cell's
attention, and in effect redirecting signaling, fromFnl4+TRAIL-R to

Fnl4- TRAI L- RE activated T cells driving autoi mune pat hogenesis. The

functi onal Albeimtindpil smtbis déf@nitiorTAEAKhEmbAherapeTiRRl dgeTRAlthaRasd gnal i ng axes,

especially the. forner. anni ng.a of .imune a n-i.mune cell types
(Burkly LCAHF E%ggﬁx%%lﬁe %@?%h%”ﬁ%ﬁ@‘ﬁb%%w%c%%ﬁgﬁ TEFREMGg ti ssue
renodel i ng siehaas1ptdtehsorat inhiitoryktakd ARtonedeaedty BAEAKIAGY pat hway in heal th
and di sease, . Cyt oki ne 2007, .40:1-16; Wnkles JA.. The TWEAK- 20 Fnl4

cyt oki ﬁ -t éEE%{'Eﬂrsa‘kY%‘?h%ﬁlE‘EéﬁeW?mBi%F’(S’éylaé?l&nfjtﬂatlhéf)éﬁﬂeénttﬁﬁ’@é‘fl? ng, Nat Rev
Drug Di sCcoV%iBR8inHaBibis, G7-2RGHMRI01 T-deMahoRY el@hnh AR IRAlAsEARAI L receptors

system in hemat opoi esi s and_endot hel i al cell biol ogy, t okine G-owt h Factor
Rev 2006, 1riozils oy X-Inke [gkibigirsied ApopryEaRretrinismahenoleculee earth, Cel |

Death D ff . = X n i Snyth M,
Sayers TJ: %[flﬁ%g(?’gfgstl’%ﬁ%%%ﬁé?%q%%&%%%ﬁ?ggn% @%é ﬁg{q{%? g‘gﬁ%?\é&agent in
aut oi nuni tof amycofdhrser, | mmunol Cell Biol 2006, 84:87-98), inheres in
Fnl4-TRAIL extensive functional possibilities for inpacting and expanding

cel l ul ar networki ng. 30

Additional information on the methods of cancer treatment is provided in

U.S. Patent No. 7,285,522, incorporated by reference in its entirety.

Accordingly, in a preferred embodiment, the fusion proteins of the

20 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

25 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

30  be used to treat alloimmune diseases, for example graft rejection, or

graft-versus-host or host-versus-graft disease.
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Unli ke a sinple TWEAK bl ocker (such as Fnl14-1gd (nut)), the Fnl4- TRAIL fusion
protein substitutes anti-inflammatory TRAIL neo-signals for TWEAK

pro-infl anma¥@r810895§Hal s. Thus, cells bearing surface TWEASHVYOBEBoessence
prevented from pronoting TWEAK-driven inflammation 5 and are instead
redirected towards inhibiting TRAIL-R-bearing cells with which they m ght not
otherwi se interact (e.g., activated effector T cells). The inpact of the
TRAIL: TRAIL-R signaling axis on inflammatory events is largely via inhibition
of a range of immune functions - T cell cycle progression, autoreactive T cell
proliferat ilmﬁurtheoehrﬁdcﬁmmﬂg,rmec&ﬁsm«i peot}:mqoobﬂwcpfamnt Abveprtaducanon, and

i nfl anmat o re ctlona Hilliard VE Sei del Liu TS, ke R, Chen
Y: Roles oftH¥Ed 9 Bedllats ﬂ%%@qsfﬁj X%Wﬂﬁﬁ&glaﬁl e RPEP aut of nmune
encephal ompekhé BSsiod ﬂrBfEiﬁohs 409dribd66bdvd 4 Th31%e éﬁDW@mdbﬁhﬂfth@él SE, Zheng
S, Tisch RM Chen YH Cri tical roles of tupor 15 necrosis factor-rel ated

apopt osPs- F@d&cﬁtwlﬁﬁsgérﬂfsmb??p@riemét 85 U. P Baend N (63085513274- 2278;
Cretney E, Wﬂ% Yagi Bernard CC, Grewal IS, _
Ashkenazi A g#ygl‘%t%mﬁ rel at ed g&pglp?gse}r@l-ri ducing ligand (TRAIL)/Apo2L

suppresses experinental autoi rrrrune encephal onmyelitis in mce, |Immunol Cell
Bi ol 2005, 8 511- 20 .519; .Hr Senj.u_S uy Fukuma D, Uenura
Y, Ni shi nur a%}qe BhF¥ q n ?’%frlltlg? %xopler% T Hent tP%E%"}(\)ﬂra‘;ﬁ‘?m agn’ce mgel itis by

transfer offrcﬁmmrmecnfsnwmeiebéaﬂﬁg|1Mﬁﬂudermd1rd| thn-lﬁﬁhhﬁeexnrtyﬁs$,ru}enyel in
oligod droc rotein peptide alon TRAI rammed deat h-1

| i gand Hﬁﬁ%g %’Q&g"‘ ‘ﬁMggg QLB‘g’i‘% teaﬂﬁgééﬂ Onéﬁelrslgﬁi %gE N&heng S,
Maguschak KhpoERBCRAN-hilaeh@R tot: T@szqu{dovgghamw deRarias terang

accel erat ed aut oi mmune di seases in I'- 'mice, Nat | munol 2003, 4:255-260;

Song K, Chéhe FWighKebqring relbn attensigng@ndon ik redingeting sign@inghen Y: Tunor
necrosis f rFrleP"l‘R?@LQ@ t I4$)F Hel qaédvqwﬁ(&ﬁ/*'d%mgg an i nhi bitor of
p

aut oi nmune I'anmmat | on an cycl e progression Med 2000,
191: 1095- 113@4@1%11@@ pagtylog?ntsasmé‘ﬂr@dﬁur@hl@méme@EOpM@jf ithe KV, Zhou L, Grattan

M Nbagger ’I‘%/EA% kﬁ{ anyd ’@E@ ’Hi‘AI 1 nah T%lilcte)sD sp[()e%ll 3Yy E}(fehfo-l;l‘ B OCkade of
tunor neécrosis tactor-relate apop ost P NaES NG & gand ‘exacer Bites type 1

di abet es i sphiobing aa ar&ﬁbéhﬁﬁq&(ﬁ)ﬁnd&ﬂnﬁﬁﬁ?n&&?&ll Thes (Bangey b,
| munol nht B L Yo Sh R  a kR Sk SRS SARPAPEYNG P EaRSh TisBEE S©
remodeling by a multifunctional cytokine: role of TWEAK/Fn14 pathway
in health and disease, Cytokine 2007, 40:1-16; Winkles JA: The TWEAK-
20 Fnl4 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;
25 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.

30
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5 enconpassing CDS+ T cells, B cells nonocytes, and DC. Zauli G Secchiero P:
The role of the TRAIL/ TRAIL receptors systemin henatopoi esis and endot hel i al
cell biol ogyVOMWBIFHe G owt h Factor Rev 2006, 17:245- 2FFT/URZPYGERSS N
Yamaguchi N, Abe M Hirose S, Shirai T, Okunura K, Yagita H Suppression of
anti body production by TNF- 10 rel ated apoptosis-inducing ligand (TRAIL), Cell
| mmunol 2002, 219:82- 91; Hayakawa Y, Screpanti V, Yagita H, G andien A

Lj ren . Snyt h , rs BJ: NK cel ture
dendri i ¢ GRS oA HigoHer faiich peifen EorRCYaREIhREd BT cacy, 1

| munol ZO@ﬂAIE?asbeﬁpﬂ&@m §@B§t$t¢ﬂe§%t1[%f¥la@m|ﬁ%t0@emﬂ§ngg~s Adlkgski M), 15
Bensi nger ., _Ehst BD, Giffith TS, G een DR, Schoenberger SP. CD4+ T-cell

hel p contrc’IV% ERgroTindlammgiemst ignals- THARS ¢allsi beasengsvriase ﬂWAKduchd %E”
deat h, R
eath, Nat lélfr@ lgggéenc%%;g%gn% erHPPSl% PG@%"%\/EQK SH%% Mla%ﬁ-@e d&\gy u

Yang CY Le opt os rtic ce s decoy
recept 0b 3 a@@cﬁ@)lnsatanbrt@fm&?d 2owardds 8B IS BRAVHR- bealhag@ells vavh dence t hat

cortai - cotlERONEY CaRpt ks Tl SR e oL R O CaURR 5 5o an”den B i nk

MR, YagitaTHe 1Nﬂ$aﬁte)f3h3'R>NA,IL*’IRlAIEL Radifindldn€ arzesn mmamméftefﬁeyendsmmni ty
2003, 18:1-6; | an . I\/g Rayr?g Mo RR _.Yung RL, Richardson BC. 25 TRAIL (Apo2
li gand) and® ViASBaIiHgY )alf?ereﬁea?feﬂremmefueéppnmﬂ‘i%ﬁ cyele

ant i gen- pr @36Meis8i ”%Q{t&l%'&%ﬁ%ﬂ‘ dell BRaIetate BbrolitfiaddRatodd8AokiReNshaw SA,
Par mar JS, %%I %&t&set gn V, Rowe , Dogmrle . q)mwer aSK B? ngl eOCD, Chil vers

E(F)aosvw%/gg modme%@me&amr@ﬂugﬁlongmﬂ m@W reRmiinss| hhlbyrcrlﬁéx; rL fg r | mgﬂ .
wl%% h &%eldgéEﬁﬂr hz@@&% ‘51“. ngﬁ Mg& %f rRE i

Lunemann JD, &l cZies eeger nradt T, Zipp F
Deat h | i gargopRAi$-indwndngdsgams! apexpasinsnbltautohnbidrse acti vati on of human

(5680 ant | GRASREE oo e IO GEOP P09 ey, zhang . znang
CDO5L in ijheamthm ZRthgS, Todoh RV ,apiogn ¥$i: Criticdl dogdpef ngubset 5
differ ?gt | %teicrqons’is cltlor E‘)gl%ttehd [a)lp]:){)t%rsm? ?r(l) u01]rig I?g%%dzﬂr'lotype 1 diabetes,
Diabetes 2003, 52:2274-2278; Cretney E, McQualter JL, Kayagaki N,
Yagita H, Bernard CC, Grewal IS, Ashkenazi A, Smyth MJ: TNF-related
apoptosis-inducing ligand (TRAIL)/Apo2L suppresses experimental
autoimmune encephalomyelitis in mice, Immunol Cell Biol 2005, 83:511-
20 519; 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
25 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
30 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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Chinerizing the Fnl4 and TRAIL conponents within a single fusion protein may
elicit special and sonetinmes conpl enentary functional pr o[%erti es that could
augment t he WPLYIEAEY1%f the two components, mask 10 negdCHHE2WPPER0s of one or
the other which mght otherwise Iimt their therapeutic utility, and confer
speci al advantages. These include the following: 1) By linking Fnl4, a protein
that is naturally nmononeric, to TRAIL 15 (naturally a triner), one is in

effect cr e%d&g ELHé?P?EC N’%é gn&\agg Ignﬂ)élovﬁ%hl -8 ﬁa‘%lto(f;ﬁSt ruct ural

nodel i ng sugges neo-triner coul nea Ch Fnl4's
natural |l y- trracms factvEAK ated mipeptosisdrdtiomg(lkgand 93achb&&z@W§pe ¥ he other end

of the Fnl4.TRAIL.fysiqn pr.o i t i e T Js.docking with the
trimeric DRE2 l?eet(c,ﬁb?glféﬁcfp ﬁﬁﬁﬁfsh&%ﬁﬁthé@#uﬁ‘m Hn&oMpl enent ari ti es,
gener at ed d@rROMEINbREHEféE RUcAMM eRRINGS Beyohd ¢D4t M FABI ferlRAI L, may
actually be creating a uni %el # st abl e TWEAK- Fn14- TRAI L- DR5 nol ecul ar bridge

al | owi ng f GRCHPRRASEMSHEPS 5 selts meprosrrgs, and BG- vZagliths on cel |'s faci ng
each ot Ner sdEbhidnG T rid1Bf ARAFRATD)/ ”PNH??F%&HEJ}%O iste&rﬁﬁ mera is rather 25

rigid and thus mght act |ike a spacer imting cell-to-cell
contact | ommvopetmand\mdahémhq@gl lmeldgf, é)ydolanbl@/mvetﬁh BadtectRev T cells. It

IS conceiv t i 60 g fer i.t.h ot her

co-sti mul at%g)'rog%/s r%olaﬁée%%%g dgl 5&%&1 n’fnTaa'ﬁlﬁﬁl"%gNr g&’ﬁdﬂs IZOSF%’V%‘&%’FE, wi thin

i mune synapjeeaurd®, Ya@taTRASh.qdprgegidnlcﬁ antibeidiyesiodoetiog wneNered to the cel |
surface.via an Fn 14 'bridge in effect augnenting its effective

val enc$O I ﬁe]%t%‘gﬁ%pto[sﬁ? ém?‘émpgghg%‘ Ill‘hec"slﬁrﬂéilﬂ%ﬂ 9% PO Aeo- expr essi ng
surface TRéllL,Hmk@mahavsc&%&tsvowagﬁg }beGFéﬁcﬁ@ﬁ'A/%hﬂﬁg%?Pmﬁs' ng EAE.
Hrata S Senj Mat suyoshi H, Fukuma Uenur a shimura Y: Prevention

of experi nepegh Mult&hﬁmh@r%ﬁéeyﬁaﬁﬁwgﬁﬂﬁbﬂbyatqsalﬁmléltutﬁ d@m@myem c stem
cel | 'de”V%@llg?x‘i‘@f\}otéﬁd%%lléd%}‘lafﬁﬁ:séenéﬂvdﬁ{egaé%étnmf!ef g9”§r1f}ﬁx{1%o ycoprotein

pepti de along with TRAIL or programre rmuno 2005,
174: 1888- 18994, 102: BY3-TRA; Jamsdentidd, DmbirbNM, dwnmmpnfstElEI Porkoski WREi |y at the

/S D18 PR (SR dpeellkhA0eing ARTsERESLO) SESRRY B,
MJ: TNF- r elTatethalpogdrosols-CD8ucT-rgll Irhgamdy @mlu-mahtéﬂa@tﬁ@&ﬁs
induced cell death, Nature 2005, 434:88-93; You RI, Chang YC, Chen
PM, Wang WS, Hsu TL, Yang CY, Lee CT, Hsieh SL: Apoptosis of
dendritic cells induced by decoy receptor 3 (DcR3), Blood 2008,
20 111:1480-1488. 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:
25 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
30  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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15 experinental autoi nmune encephal onmyelitis in mce, Imunol Cell Biol 2005,
83:511-519), whereas TWEAK- bl ockade's benefit may be nore focused on

downst r eam pVO2¢1MP58hat ory events (i ncl udi ng prevent i ndBABAYBAREOOf t he

bl ood brain barrier). Desplat-Jego S, Creidy R, Varriale S, Allaire N, Luo Y,
Bernard D, Hahm K, Burkly L, Boucraut J: Anti- 20 TWEAK nonocl onal anti bodi es
reduce immune cell infiltration in the central nervous system and severity of
experi ment O, C al din 005...117: 15-23. Thus,
by conbi ni %lé l?‘#’le x%%@%tom g)gll?éngﬁg %&évaetﬁ %h coukadl2t ﬁﬁt%geﬁ’m pl e i npact
bot h pri m sgeaifid T edlhy, mhaﬁammmadm Jcﬁ&ease 4888; ZhandRAR|. Ziyngdont ri bute to

death of neurons afte e primn s Nitsch R Paohl EE Sm)rodchenko A,

| nf ant e- Du Végrt‘f %Aﬁt‘i‘s&%,eg P;ﬁrﬁ'th%l?? g’ipil?ﬁ%ﬂ‘:lt"”‘cl’fre"1’518’@-Iq A ons

reveal ed bypo®l; phohe Al ThOSEIRY rble df'aXidﬂﬁoQ%@th thF‘p%H%ub%eNeur osci 2004,
24:2458-2464: Aktas 0, 30 Snorodchenko Br ocke fante-Duarte C, Topphoff

US, Vog? JdiffargntiptonkCelt DeathePiffer 200@nb¥2309:2phl E, Bechmann |, Nitsch R

Zipp F:. Neuronal damage in autoi mmune neuroi nfl ammati on nedi at ed by t he death
| igand TRAIL, Neuron 2005, 46:421-432), in keeping with previous studies
showi ng th@ﬂﬂim@tﬂzirpg thraF;nIHLathRémL@nm;(dklidrﬂshviﬂ;inmshrgmmd;ianei sz RA, Haas

D, Leh T F:_Humen b I th d b
Curmur - mooPROELE Pt 8P SbediaRBaf st iR R A e §RhE TeHeRH) . Lancet 2000,

356: 827- 82§}o;&md1e§|thgt)déﬁm’ gayieat (Naleyidaly M théuntsapbnedaskphski D, Sel maj
K: TRAJ L induces dea 4§f human ol i godendrocytes isolated fromadult brain,

Brai n 2902n€§38veg GPeLte }%eu%@@ﬁt‘?tbllcé mighttheryvisgdied theln death. By 10

coupling F&Mab@uﬁ%tlihtyoaﬁd' SonltéPY leﬁga@&hr?tg 8. fhate %&ghﬂ‘er{ﬁet he integrity
of the blood-brain barrier (via K bl ockade} and thereby mitigates TRAIL'S

access to fHOWING: Moreover, since TWEAK has been reported to trigger neuronal
cell death (Potrovita I, Zhang W Burkly L, Hahm K, LincecumJ, Wang MZ,
Maurer IMH, Rossner M Schneider A, 15 Schwani nger M Tunor necrosis
factor-1lika) Be'dmkingLR‘IeM of peqiroin tsatsis Iilaimhraﬂyl menvradegeteTRAIbN, J Neur osci
2004, 8 37-8244 expected to protect_neurons by

bl ocki ng t Hiad trl 31 Pye éss"i‘/\/S\Aﬁ?Ct ?6a§flgli1 erﬁrlﬁA‘fgprlalrﬁeOflrFJhﬁ‘gr of vessels
correl at eSAwnt butot dsnudlssmaarsmroels:hagdsuggteb@ @@it¢hls FRA8 HeRStrhier

i nfl ammation, %‘Fa@%éte infiltration and denyelination. Kirk SL, Karlik SJ:

VEGF and v&S% gk &1t Fad AchnatwealoirHpeHfmaY EAK conmgroi rmun 2003,

Elk35ﬁ 36:'3/lrec%|plf&e (FIYERK Propstied s 113 HRAGEARE b tH RKYROMRKIL fysifl OWni ng B,
ukashev
protein, the trimeric TRAIL is docking with the trimeric DR5 receptor for

20 TRAIL. Hence, these structural complementarities, generated de novo by
chimerizing monomeric Fnl14 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 DRS on cells facing each
other. Furthermore, the modeling suggests that the chimera is rather

25 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.
30
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25 Sizing |, Thonpson JS, Benjamn CD, Hsu YM Anbrose C, Zheng TS, Burkly LC
Dual role for TWEAK i n angi ogenic regulation, J Cell Sci 2002, 115:267-274)
and TRAI L i nhPBY080SY (Cantarella G Risuglia N, Dell'eP&TRS2Q0¥MI&0ecur L,

Al bini A Pennisi G Scoto GV Noonan DN, Bernardini R TRAIL inhibits

angi ogenesi s stinmulated by VEGF 30 expression in human glioblastoma cells, Br
J Cancer 2006, 94:1428- 1435), Fnl4-TRAIL may inhibit angi ogenesis at

i nf |l ammat or i LES: s ' t IS ant agoni zi TWEAK' s
oro- ang: oo hRAETEhcs H BtecPRENALEAThot< o i ot pRRER PR Ao B i ougn
TRAI L' s anthraags’ oghittcisaiet ¢ffddtyaudmeéntig itseaftdchioe vayaredygylicasedsst em from .
nodul ati on pf .endot.hel.ial. cell functi nd chenoki ne expression. As state
above, bl oéﬁ?dé rSPEI?%@&t]i’r‘éﬁltiuﬁtt‘é’F‘f @’rtg‘nlaﬁt’ﬁe%ﬁ’émﬂ??ﬁtg Budres IRGMLby, and

| eukocyt e agliesitRivettbensiii b IR eff@itive in BN PrebSing! BAE ! itnikggh §0 these
processes. TRAIL counteracts TNF-a-induced | eukocytée adhesi on to endotheli al

cel I's 19 bycasws. MafaaeshigHCEukvany [oXdsmore YetbRhiveusx §r Ssevantiand r el ease.
Secchiero By egﬁ&g“ehg lgutogx'nnjl@ﬁé Qnyg'%l?%agﬁéli'ﬁs%y ﬁagrgﬁrgifté}ngrytgﬂyl I G TRAIL

counteracts the proadhesive activity ammatory c i nes 1 n endot hel i al
cell's by detemrstitderivadgd@gi8tiandll €xEhids sihg mykdlineokgpleasboyteand r el ease,

Bl ood 2005, :3413-3419, Thus, .15 4- TRAIL coul d, i ct ,l eukocyte

at tract | on EARAPRAREL PSR AR T RRATG of Proesmed g LERdaAh s

The fol | onimgnenanpd@s, Br4 1888ehged. to illustrate the invention and 20 should
not be180nstrued as limting the invention in any way. Materials and Methods
M ce

3) TRAIL-mediated inhibition may function primarily at the EAE priming
phase (during T cell triggering and expansion) (Cretney E, McQualter JL,
Kayagaki N, Yagita H, Bernard CC, Grewal IS, Ashkenazi A, Smyth MJ:
TNF-related apoptosis-inducing ligand (TRAIL)/Apo2L suppresses

15 experimental autoimmune encephalomyelitis in mice, Immunol Cell Biol
2005, 83:511-519), whereas TWEAK-blockade’s benefit may be more
focused on downstream pro-inflammatory events (including preventing
breakdown of the blood brain barrier). Desplat-Jego S, Creidy R, Varriale
S, Allaire N, Luo Y, Bernard D, Hahm K, Burkly L, Boucraut J: Anti-

20 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.

25
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,

30 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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4-6 week old C57BL/6 female m ce were purchased fromthe Jackson 25 Laboratory
(Bar Harbor, Mai ne%s,é and were nai nt ai ned under pat hogen- free conditions at
t he Univer siW928P0B8¥nsyl vania Animal Facility. Al ani P&T/ESXPEPPRENt s wer e
approved by the University of Pennsylvania Animal Care and Use Conmittee. 30
Reagents Plasm ds pT2/BH and pNEB193 UbC- SB11 were provided by Dr. Perry
Hacket (University of M nnesota, Mnneapolis), and nurine TRAIL aﬂd ;I'V\E%AK
cDNAs were ained, from Dr.. Hi.deo Yagita (Juntendo, .University.School o

vedi oi ne.  ToRroro5aLdhTRerin 4t EERmIP hhuto HBe EBR PR Ca R Her nran
Wl dmann (\deavetighhyt TRAIO Neugon QJ0S, 4h6:48) -4 3N PEe kbEFIngSwht fepidde
(GW(RSPFSR\NHCE. S synt hesj zg_ﬁ using F-noc solid phase nethods and purified
by HPLC at SFAYIEESHQEANE that bath REIRRIYRUMELy nepeans @asschpRy Bgshmantvxin was
purchased fir pgsEYA Bniaégnﬁm%@ﬁn&%r’rl@weﬁdnﬁég,ﬁ%g %zhkgamgréﬁﬁsaws wer e

purchased 10 from BD Phar i ngen (San Di ego, Ab pairs for nouse
| L- 2, |D-4depth gxdygen by duthouscoaedsoaenfacheiseatdd @poptosis-indudng| FN-y. An

| L-17 ELI Sﬁgégdgzk?\&)ﬁg\%gg %{aggggéégﬂﬁgggggﬁg d léeg%agécNtabam, USA), and

reconbi nant “nou rom Bi osou ritlo, CA) . _
PE- ant i - no(Metydrik M ahadreRiiea Al iJaskokski DARMmag Ke TRAIChaskdted slchtiomf eBi osci ence

hocor a. Pl atHEPH CRERITRLgEY ROl d3r i peih b o rgin 2002, P O Trem

125:2469-2480) are susceptible to TRAIL-induced cell death. By

10  coupling Fn14 to TRAIL, one is providing an agent that sustains the
integrity of the blood-brain barrier (via TWEAK blockade) and thereby
mitigates TRAIL’s access to the CNS. Moreover, since TWEAK has been
reported to trigger neuronal cell death (Potrovita I, Zhang W, Burkly L,
Hahm K, Lincecum J, Wang MZ, Maurer MH, Rossner M, Schneider A,

15 Schwaninger M: Tumor necrosis factor-like weak inducer of apoptosis-
induced neurodegeneration, J Neurosci 2004, 24:8237-8244), Fn14-
TRAIL would be expected to protect neurons by blocking this TWEAK

activity as well.

20  5) 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,

25 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

30 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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Chineric Fnl4-TRAIL and Fnl4-1gd (nut) coding cassettes were 20 constructed by
PCR, using partially overlapping synthetic oligonucl eoti des. cDNA encodi ng

ami no aci ds WYaay109057% of nurine Fnl4 (Swi ss-prot accessiP6d/URHRB88¥OCR75) was
joined to cDNA encoding either aa 118-291 of nurine TRAIL (Sw ss-prot
accessi on nunber P50592) or a nmutated human 1gGlL Fc (Fey') segnent,
respectively. For 25 the latter, a cDNA encodi ng human Feld (Brunschw g EB,

Levine E, Tyef -Tykogc] nski X hatidylinositol-nodified
muri ne B7- f{uga%g’?@%é“?%f gﬁ%pbsols"?:\%‘uﬁa%éfz?‘?%lﬁwg%,s B aieivsr M o9s, 155: 5498-
5505) was metvity eshdoyyrRCRistiaatig reiriferdhpahiseeffentithgengs TRAIUS agti-

ol i gonucl eoti des configured to mutate C220--S, (C226,S, C229-+S, 30 N297- +A,
E233- 43, L2BBNUNECHEYE5- - A To express soluble TRAIL, cDNA encoding aa
118-291 of nurine TRAIL was used. Al of these cDNA segnents were subcl oned
into a gNFneo eukasyotic expression vector downstream of an EFl a pronoter
regi on. °©Co®) 1§t sagtheiceyriesgy could stean drampsnedpiationeef endathelintigell and BanHl
from pTAL- . 11051 ; 0s S into the
respecti velfgfi%tg(gipgﬁ Idp%l%!rggggﬁ% rggéc}géi nﬁs P %%%d Faé%%g?hgl%%ir(?‘ﬁg K was
gener at ed BWIPER rany istdrfdreveth ichediine pebisSiau bgy watlileukapytessi on vect or

(I'nvitrogen [Life Technal agi.es, ri . CA)...1 Q nerate a derivative
Sl eepi ng BESTEFOBSr S8 P%ﬁelﬁ?g(?f?ﬁg‘ iﬁ%@ﬁpﬁﬂ%‘? Hagﬁﬁ-{ttﬂigc CPHETAHMECDH asmi d bot h
t r ansposon TRAILicoanspesss ENFagsatiesd leuks@ns pdsespreasdindodrbuenses f | anked

upstre?m b)() a ubiquitin C promter_ was generated by PCR from pNEB193 UbC- SB11
(b. p. 2 deg'é%gn% dlatingCHlg andh Bt b rhemekipaexprgsgioghandsi t es of pT2/ BH

15 vector, r¥3h6él SRBERERS PACORAMRRES A 18§99MLL Gonkli &, T8N HEXBIESS] on vector,
i ncorporating both transposase and transposon expression cassettes, was

desi gnat ed ZgSBcQ:1 TRAEK counpivastscBre pegrotiising agtiim 4f inflranmatent ubl e Fni4,
Fnl4- 1gd : ) | uc) f ¢ C LN EFl a

pronot er, \(X"g%bte S0 % gﬁégﬁ}%?nhﬁ%by drbg’lélfbg‘}é@@reat%% %%ﬁe&‘g%%%g?on ‘constructs
i nto the tchnspdsoncgpsssidreandl rpsRE6E2;1BlaaiP805 805 X4 1tha41 parRposase

expression u | bel oned DNA% re oriented in the sane direction as
the tr 3?15 pgglgg'e&ﬁé}a}fd@%ﬁm%&gﬁ}}&??% S%ant@ﬁ’ %éﬁ%ﬁ’ﬁﬁl%g‘r f"%ﬁey cells and
CHO cel | s Wwetle iaUih 14 eddi TRAVEM@nd HAM S F- 12, respectively, suppl enented
with 100 pg/m penicillin, 100 UmM streptomycin, 2 and 10% heat-inacti vated

fetal bovine serum 293
EXAMPLES

The following examples are intended to illustrate the invention and

20  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
25 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.
30 Reagents
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cells were transiently transfected with the Fnl4-TRAIL, sol uble Fnl4,
Fnl4-19gGL(mut) and sol uble TRAIL pMrneo expression plasmds, usin

Li pof ect AM AYIPERGENt (I nvitrogen Life Technol ogi es, @F{@%H?“gﬁ). Pr ot ei ns
in conditioned nedia were resolved by SDS- PAGE and detected by Western bl ot
anal ysis. Anti-nmouse Ab used for det ecting Fn 14 and TRAIL were purchased from
eBi osci ence and R&D (M nneapol IS, , b respecti vely. CHO cells were

transient| ne T ressj on
construct . )bﬁl\l{é%@ p%gglél:/%}i’lé] ansﬁ (?%Efﬂ W §e 95?V1¥\E€§y§§p FaRy
i munof | uotesden (Enardsity OfNNtheﬁmiaJ’ Minhedpolis)oandnsugtirecPRallewaduat i on of EAE

10 EAE was .| e cordin tan ard . induction protocol. Stromes IM
Gover man JW&@& %ﬁﬁﬁd‘(&rﬁ ﬁeﬁf‘%ﬁo Yogits fluniendegymiversiY itis, Nat

Protoc 200&chbol 8 rekiife, ﬁskﬁi‘ l3apal tn? H»hé@amﬁéowseo&aﬁ&é&nged with a
total of 300 pg[érof MD&38_50 pept i di VI into two subcutaneous injections,

one on @acHhraididaHenma Valdmesp l;[nmer:pggof @Prfﬂrsib Qxdard,VBh Mowse vol ume of

CFA cont ai {,ti,l?ﬁ troit, M).
These m ce%mgg}egg:%ﬁupkgneous?gﬁﬁag%e trav 'é% 455%%%8 nglgeof pertu33| S
toxi n i n 0.sRlidipHeB8. méttsrtsoqmid ptmd“wzbhxomﬁ?hmpetrhwmmgeﬁ Ipfertussis toxin (100 ng
/ mouse) wa 48 er Ce,er e .exan ned daily for.si f EAE 20 and
scored as ?1‘8?*1 T, (]&r%?g)aéieggﬂ epf oSy t%’éfPa‘f’?%Pél‘rC%anﬁ{ﬁ8“?r%§4)8meakness 3,
hind I'i nb pHoediystess (Shn Diggd, OATD THe®loigh rédedirk atetsipiirchasér i bund or
dead. to§| ne an% proliferation assa s 25 For cytokine assays. splenocytes

were ctPt ulkdn harmingen 5313 e ):i RLESA Al pRiFs ENEMANSEHL1994-FBS, i n t he

presence oy aNELNEN- Afﬁng'rfetgﬁl%@ﬁaﬁpmrlﬁtﬁ OS4 Oft-§F8. O peptide, or 1
pg/ M Con Aﬁ:L&ﬁl gma- Al drich Loui s Condi ti oned msdl a were collected
r

40 h late 4 Aly pekisrieas ohdned drdraroutbesn Baetechi (AabapaqUsidi tati ve ELI SA
usi ng pai r ed ARG HhE hfo @it Eﬁ‘%ﬁ% ?8?8%%@%%}%%@8%& @g& b By oration

manuf acturer’s recomendati ons ( m ngen,
assays wer @merH’EﬁarEdnumswgl‘l@AHJ and (B -eelt]-snqpese TWHAK we%p\mthaﬁmt es. [3H

t hym di to t Lt t48h h ted 16 h
Ia%ltr-:-nr l‘lgadl ooégte’l v??ci/er\c})\%e &e(féfQ u:fe ES|%Cé)r%bﬂaé’g8§§AI§ @&?ﬁf é?‘“ ar?/:azc)e'

TRAIL™) was purchased from Axxora Platform (San Diego, CA).

Plasmid construction
Chimeric Fn14-TRAIL and Fn14-IgG1(mut) coding cassettes were

20 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
P50592) or a mutated human IgG1 Fc (Fc,1) segment, respectively. For

25 the latter, a cDNA encoding human Fc,: (Brunschwig EB, Levine E,
Trefzer U, Tykocinski ML: Glycosylphosphatidylinositol-modified murine
B7-1 and B7-2 retain costimulator function, J Immunol 1995, 155:5498-
S5505) was modified by PCR-based site-directed mutagenesis, using
oligonucleotides configured to mutate C220—S, C226—S, C229—S,

30 N297-A, E233—P, L234—-V, and L235—A. To express soluble TRAIL,
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Hydrodynam c injection Mce were injected with pSBC21 vector al one or

pSBC21- based 10 expression constructs incorporating Fnl4-TRAIL, soluble Fnl4,
Fnl14- 1gd (rﬂ!i?)z?m@@ﬂ?bl e TRAIL, or luciferase coding sed¢dfc&¥Y0BE88r essi on

pl asm ds were dissolved in saline in a volunme (in m) equivalent to 10% of
body weight (in gm. The entire volune for each animal was injected within 5
sec via tail veins, according to a published protocol. Li u F Song 15 Y, Liu

ol acm o DUKDSRCTRER b 398" 47h bER BB AT Rt uiod A A CENA " ore

col | ect ed ysgmgnbepetd Shbehbr@ldaﬁso agiheo Ie&kary‘kfticﬁéxmﬂtsfomf\k@ﬁbt on, plasm
was recover ed and kep

& -20C unti | ELI, SA I{S wer I[%g d 20

Measur enen ﬁ&‘n@ be premedes Feelepy Oél %ﬁe%‘é‘%"&?fé Hel'g&SFor ned in
96-wel | ni Qﬁé%tﬂnbbﬁideaﬂvﬁh@tﬁ%ﬁis Re{d BAAfH 1 TR Al ub! BDEBJ&C@{LQS
Fnl4-19gd (nut), purified anti-human/ mouse Fnld/ TWEAK rece tor from

eBi osci 8ncSansiesepiGeyb, ar@;‘aum@neéedt%ﬁlezsesmpvm sitpp of pYfFrest. LnDI&ATRN L,
ant i -rrpuse&& é%bfleﬁ }B%I%Xéﬁ%%%g%gﬁg} %ﬁ,?m 4ised as capture Ab.

Det ecti ng I ot anti - nouse ecep rom eBi osci ence for
Fni4; rmusesu‘BRlNdchbtcb rtbcnpeBll\U’s?v:eehar:ydtﬁ:re@rtésﬂSRAjdctcan(dlnslmtqgeheLﬂrd?Al L:

anti - human r cific Ab from Jackson I nmunoResearch
Labor at ori 3J§g](§9@f§:>lg}/ &a?g[r%lgﬂy r Fnl4-1gd (mut). Capture Ab diluted in
coating buffer (0.1 M carbonate, pH 8.2) was

10 To generate a derivative Sleeping Beauty expression vector incorporating
within the same plasmid both transposon and transposase cassettes, a
transposase coding sequence flanked upstream by a ubiquitin C
promoter was generated by PCR from pNEB193 UbC-SB11 (b.p. 432-
2958) and then ligated between the Apal and Xhol sites of pT2/BH

15 vector, which contains a transposon cassette. This new expression
vector, incorporating both transposase and transposon expression
cassettes, was designated pSBC21. Next, cDNAs corresponding to Fn14-
TRAIL, soluble Fn14, Fnl4- IgG1l(mut), soluble TRAIL, or luciferase, each
linked to the EFla promoter, were subcloned from their respective

20 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

25 Human 293 kidney cells and CHO cells were cultured in DMEM and
HAM’S F-12, respectively, supplemented with 100 pug/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,
Fn14-IgG1(mut) and soluble TRAIL pMFneo expression plasmids, using
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5 distributed in mcrotitration plates and i ncubated at 4C overnight. After
washing twice with 0.05% Tween-20 in PBS, wells were incubated for an

addi tional 2VR2HPORTIM t h PBS-3% al bumin to bl ock nonspd&&iMfUSgyPHEEieng sites.
After washing tw ce again, 100 pl of serum sanples were added and incubated at
4C overnight. After incubation, wells were rinsed four 10 tinmes and i ncubated
for 1 h with biotinylated detection Ab. For the enzymatic reaction, avidin

per oxi dase ;and. T. wel | oxl dase trate (KP it bur g,

Var y1 and) - Jareeghiius ¥ ecnp R SRS T AP B i e e g 15 AL ¢ he
i magi ng worHsowsas pecbaditkihedt mieléa Gt refIvethby ISBGIFAGEaGId détecfedAl L?) in the
Departnent of Radi ol ogy at. the University of Pennsyl vania. |nages were
acquired atPtyaVgstesn blot anglysis. Antigrouse db ysgdfordetggling Fadd andear after

i nj ection GiRAINGyd MG RHASEd $20th &FRbSREAAHHE R&D! (MiBRehbBEs, AlIN) MBI ng, m ce
were anesthetized with ketam ne/ xylazine. D- 20 luciferin (Biotium Hayward,
CA) wasSdi gsepensiveln SHIQ pellawgre éransertdy tiamsiented peth ropad2NABR] ection before

i mgi ng. M . I i i i i i he tenperature
was nai nt aib%g &ﬁﬁgégﬁ%ﬁﬁﬁ%qﬂggggﬁéqﬁng%% \/\'O/FekrﬁéEA g%a%ﬁ?e‘e@gloﬁg?%g t he Xenogen
in vivo | mgangeSpate maS| WiriiiedXen agenmuaftygreAtanmedand @&y cytoagthg par anet er s
were 25 field of view of 8 or 10 cm exposure tine of 4 m nutes, nunber of

bi nning 16, and fl/stop of 1. For display, the |lum nescent inmage (pseudocol or)
was overlaid on a photographic image, which delineated the anatom c | andmarks.
Measur enentindctiiroand shiseaseherralication BEBAFer neabi | ity BBB perneability was
assessed essentially as described (Prasad R, Gni S, Nath N, Singh I, Singh
AK: 5- afi ndiAl sesondiged ackoxdingde-a stamstaad Andpirton pratesol dSteemansat es

experi ment i n jti I . on of

endot hel i a?t\dﬁn%%l{%‘%l{/ﬁegﬁ n é?%?PPgﬁgﬁggk’lét?r%ggf%kg?qgggggééﬁ: 614-625), with sone
nodi fi cat i ensepBalogiye}itisoNad Brotdx 2006,1 B: 18f1t0e t 8 MDG Ritiellyt, dagle 4% Evans bl ue
dye (Sigma- i St. Louis,, M) . was inject into ail veins of C57BL/6
o ce. att oS e mikinereghanshigt Nah sdhtid dtbe et MGt BSied wth

sal i ne to newnrl ioitor Aaagthasudygjeciohs,om e gneuichadmshpflagR) fial cords,
cerebel Luns/ br aj nst em;b]?%}g brains were collected. For guantitative

measur érent’s! PR CRG HEChAR et 2a AT copsaining fyngd Her e
centrifugedy ctdrid® & r8ufdls B37RADIEQ) i tréik] Mot PhOfe hfige SMpET Nat ant
were then collected and added to 600 ul of 100% TCA

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

20 and scored as follows: 0, 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

25 For cytokine assays, splenocytes were cultured at 1.5 x 106 cells per well
in 0.2 ml of DMEM with 10% FBS, in the presence or absence of different
concentrations of MOGss-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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15 (Sigma Aldrich St. Louis, MJ). This solution was incubated overnight, and
centrifuged at 15,800 g for 30 mn. Evans blue extravasati on was quantified
spect r ophot ONREHPEEPI% (excitation 630 nm and eni ssi on G§H/UYAY*PH8%0he
supernatants. 20 Preparation and analysis of infiltrating cells from spinal
cords Single cell suspensions of spinal cords were prepared as descri bed
previously. Hlliard B, Sampilova EB, Liu TS, Rostam A, Chen Y: Experimental

aut oi nmune enc ta ﬁﬁ‘é litis | . NF- 1&89{89 B- def | CI ent {n ge rol es of NF-kappa B
in the actiSPatt on and® &P f’?eSPSH 12 63255’656 BreAidrE el I's, J I mmunol
1999, 163: HQBJm&%ﬁiatﬁms?(fEDthrﬁﬁngaﬁe(S@@Dlég@E@A)ﬁer(ﬂﬁemiorﬁor ds were

renoved, placed in ice-cold RPM nedi um containing 27% Percoll, and pressed
through a ASSBAS Bere psricsmedsasingibp x TR cslisnes Wel i8d19-wellsplates on was

brought t 043’{-1{’9%&’%19@ wad dddew ttohtlrfédaiﬁu%aét @g % P?lrcic&llis’ waiexed, and
centrifuge 00 for 30 15 mn. Thee:&t et ‘'was kept on ice, while the

myel i n 5ayéral‘aﬁ%t€dsl€pbd@t@rarﬁam@l\tlt}awslfs etininedausiag s0athed fibe,

honogeni zed, % and centrifuged again at 300 x g for 15 mn. The cell
pellets were then co |ned and washed three tinmes in RPM nedium at 4C. For
flow cytonmetric analysis, single cell suspensions of recovered cells 5 were

i ncubated for 45 mn with the follow ng Ab: FITC anti-nouse-1FNy,

PE- ant i 'mbﬁﬁdrlo'd'y;igtmzé‘r;g gt - mouse 1L-17, APC-Alexa flour 750-anti- nouse
CD4, Percp-cy5.5-anti-nmuse CD8, and PE-cy7-anti-nouse CD69, all purchased

from eBi oswﬁe%rekgjé\@é&w{@bsm% béaopglaﬁbeopgsg@mcb&@é& TRAIL protein A

t hr ee-di nensi onal nodel of the Fnl4-TRAIL protel enerated using the
cr ystallostrﬂef@mﬁseo@mf[mts(pwrp@@émgm "J(Mklnwombls@n]@ﬂrffrsl‘}ﬂger HW Fuh

G U tsch n el e S A Tr.iggering cell

deat h: thel\{% tap g’%’ irUtME ure I}61: 6K cﬂﬁ%&ﬁﬁgﬁlﬁ %u%%ggg res?lﬁgdeat h

receptor 5 leIIrthererelé%plvédﬁﬁEsaﬂﬁlk) inaa¢oburne diel Ad) Edilil&atmiteouﬂc% oA

t hr ee-di rre na e ligand, bindin onmai. D). of Fnl4 was

gener at ed dgf Wﬁg I\/EP‘FFI% SMOWG%IP{JE?? mﬁﬁ?’eﬁs)lme%ﬁ?\chez R Melo

F, Sali A vﬁamlas 3kt vea mlpbﬁh@ atédrcliniy lishe rc@@&ﬁs G0dr gSaeges, Annu
ruct 2000 29 291 25. Brie the starting nodel of

Rev BI SY Sri Bi onol
the LBB%o] HMY@H@%CB&?@G otﬁa’tlﬁféCF@ﬁﬁP:ﬁréH?tl‘F By tYSEEBIC human TAC
administration of plasmid DNA, Gene Ther 1999, 6:1258-1266. 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.
20
Measurement of recombinant proteins in serum

ELISA assays were performed in 96-well microtitration plates. For Fnl4-
TRAIL, soluble Fn14, and Fn14-1gG1(mut), purified anti-human/mouse
Fn14/TWEAK receptor Ab from eBioscience (San Diego, CA) was used as
25 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;

S0



(1XUl) and BCVA (1XU2). Hynmowtz SG Patel DR, Wal |l weber HJ, Runyon S, Yan M
Yin J, Shriver SK, Gordon NC, Pan B, Skelton NJ, Kelley RF, Starovasni k MA:
Structures oOVOAPRPSPecept or conpl exes: |ike 25 BCOVA, TAREIUSHI MO0y a
single cysteine-rich domain for high affinity Iigand binding, J Biol Chem
2005, 280:7218-7227. The extended region of Fnl4 was treated as a |inker

bet ween Fnl4 and TRAIL. To obtain a stereochem cally and energetically favored

nodel , the linker conforpation was optiJm b hort nol ecul ar simnul ation
studi es usifg" bmlm?fé?%(g’tllg?\’ trﬁggﬁniﬁgc}fﬁcgggﬁqﬁd%&%ﬁ?nCA) as described before.
Swam nat hannfhuhigResedran IMbovhtadids [Westi GaiveCha) MY e V4 aEGImhuglt ur e,

conformati onal analysis, and structure-activity studies of Dendrotoxin and its

honol ogues usi ng nol ecul ar nmechani cs and nol ecul ar dynam cs techni ques, J Med
Chem 1996, 39:2141-2155. 5 Flow cytonetry and MI7' assays | munostai ni ng was
perfornmed alaptGravAbhdidyediih ehtily Buffpe@leM icarbiEmateo pthasd) vgad. 5% BSA and

0. 05% sadium azi de (NaN3). .All. flow cytonetric analyses were perforned on a
FACS CaPib _S%é’d&Fﬂgﬁénﬁr?er@Oéel?lPt@%%@ SR atrarngfafsef%ﬁ%ngs and 633
nm exci t atwahihBRvRIOSRhan 0890 TwEBR-JNT PRSS eI MaFe REFHRIIAREY srcahding to the
manuf acturer's protocol (ATCC, Manassas, VA). Statistical analysis 15 The

St udent' s taddédenaggr2 Wit &BI3estbumin trsblpckonerspacifigbindiegst at i sti cal
significan f Al S S . f i be
statistical ﬁgsiﬁ*f‘}‘?ﬁgﬁ‘?’ %?é&?%%ﬂzé%é?? %1d%<fgste?§1nﬁ o@“’%ﬁ%@c{t"’?gégﬁdé‘%14- TRAI L

prot ei n Recowbincaatdh a4 TRAVETnightondfwirtihcukbhtordwedstwest rprssdefoms (sol ubl e

Fnl4, 14-1 gd t. 0 e .TRAI.L) . .wer roquced usj.ng neo eukaryotic
expr esgpon tlsrgg éﬁ]ﬁ Jfﬁ‘ég%{?%ﬁlcﬁp\ 1%?1%%&9%%&3;?5%88& 'n(?g’rml‘/gked the full
extracel | uleazygenii reactibn} Aeidon péréyifasd aAddMB Microwell peroxidase

substrate (KPL, Gaithersburg, Maryland) were applied sequentially.

In vivo bioluminescence imaging

15 All the imaging work was performed at the Small Animal Imaging 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-

20  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

25 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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25 TRAIL type Il nenbrane proteins, thereby creating a hybrid soluble type
|-type Il fusion })I’Ot ein. To generate the Fnl4-1gd (mut) codi ng sequence,
several am NMYOALPELSW t hin the human | gGL conponent wer EGHISAEPee Mat eri al
and Methods) in order to block FcyR binding (and consequent non-specific
depletion of |ynphocytes) and to interfere with N-glycosylation (which is

i nportant for in vivo effector function of human IgGl). |saacs JD, G eenwood

J, wald H. _Th it h | | i bodies...|I. Th tributi f F
gamma  ccepgrP TR g Hitel Res bAtreL e Bl ittand o H) 3 domains on in
i ffectgr function, J | | 1998, 161:3862-3869. Th i

oo, bac bR PRSP et TR ERlst R Ren L 2R SR BRn ReIRLO o 200
cell's, and $XutdsN] Sthghl] SiAghetK 05-a0hiroeidesiedt car®oRhAtigé NS beas4-

denonstrated by Western blot anal ysis of conditioned nmedia (Fig. 1A). 10 To
val i date t H&PQTHEMIGSIYE Gtteakates sERremERtalp oImMune sResRERIPBYGING to Fn14' s

I gand, 5TVEAKm MR a88H 8T8 tHAid 1S n8PHke i%@a@ﬁbh?JW@ro’si{?ﬁéé oiioley

transfected with a nmurine TWEAK cDNA expression construct (in the pCDNA3
vector), arift:alt€238with semsmeedifisationer Briefbulom daywb argl 48 alierh purifi ed
Fnl4- TRAI L T f 1 andf | SYLRYE r.c anal ysis
of these cebﬁpgs%%?ér?%ea% %bqumqgﬁﬁ%qﬁf‘%u% %%L as) ‘&aél%ecti ng Ab,
showed si gnnfectahintbithditag veind-ofl€57BRABLMideUt Aftet 19nl athihealSRAdre, to cel |

surface TVWEAK an transfectants (Fig. 1B). 20. The functionality of the TRAIL
comonent | GRCETIGHAFRAMC (20 aar SR ST A oV itP RGO el et Ly o1 nduce
apopt 08Ds iiAta928wat dse. WlRevian eMtlianasiay spialesbead) in Fig. 1C, Fnl4-TRAIL
i nduces apoptosis of 1,929 cells _ in a dose-dependent nanner in the presence of

acti nonyci FEEFPIBIPRCHARpERS FRAIRrafsupere Rellqcsed TRAF aRftiasvEsed as a
positive CoRtAQirehitdts] %i%P@BHEE%rego RizeBAn MEASRERSSHRTSEL €d by

i mmunof | uorescence and flow cytonetry on these L929 cells (not shown), arguing
agai nst t hevgregsniifuged emest at he,80018 fendP onent 600 HERligUDRAPL thlr | ves apopt osi s

through song Jei-Ag-9f LAKHLIHLAN LA WIS @S &1 3P 1688 ca
15 (Sigma Aldrich St. Louis, MO). This solution was incubated overnight,
and centrifuged at 15,800 g for 30 min. Evans blue extravasation was
quantified spectrophotometrically (excitation 630 nm and emission 680

nm) in the supernatants.

20  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

25 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

30 15 min. The pellet was kept on ice, while the myelin layer and
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Devel opnent of a transposon-based expression system for sustained in vivo
expression of Fnl4-TRAIL To enabl e sustained in vivo expression of Fnl4-TRAIL
(and controlWV82HPBEEns), the transposon-based Sl eepi ng CBER0Y0(38S) -

expressi on systemwas invoked. This system conbi nes the advant ages of

pl asm d- nedi at ed gene delivery together with an ability to integrate into the
chronosone and provide for sustained transgene expression. To optim ze the

efficiency of this expression syste a derivative, expressi vector was 10
gener at ed, SHREIHEREEREATertER0 3 R v (it hOHEE R B asm o bot b
t r ansposon shakbgymmibtémgiftiped bpaisges8o0af g foit B3 agih) FHwlcéll peHprsase

expression cassettes (Fig. 2A). Since the relative expression |evel fromthe
two casset 6g¢ itgeP r?ﬁB?‘t?‘H%@ ,a"’Q Wﬁﬁb%& thressimrs e RRMhBisHRbA Y er e screened,

and  det er mirgediohhay o PR i8N sHleIUBAI LasPERBREof kdverf Lt L1 ansposase)

and EFl a pronoter (driving the transposon cassette), arrayed in tandem

af f or dsSst Mg Ineapatgdrier dopnén svith the fellowiogrb: AIRE-anticnpusell FNy, of this
uni que dual e} t HaNsSpPoseR/ 1 e, 20 c [, Vad b with a
UBC/ EFIl a prp(])ifc_rr%? er }né)gls ilggfclp’oni m%ar{st?\?rz@?%ﬁ‘eé;Ué}éﬁgA%&ﬁﬁg ref%%\é%rtéporter. A
pLuci f er as asBERICplda Ferch-cab. Sranyi-mpuserCle8; and iREysy7wadi-atbnss st er ed by

hydr odynam ¢ injection to 7BL/ 6. m ce. Hydrodynam c injection of
transposon-cg%ég'oﬁg?blpg’é%ﬁeﬁg%g 1FEE S ovi des for sustai ned gene expression
in nouse hepatocytes 25 in vivo. Liu F, Song Y, Liu D: Hydrodynani cs-based
transfection in animals by system c adm nistration of plasm d DNA, Gene Ther

1999, %129@51&%@?{Fﬁ%mgﬁﬁfé?ﬂ%mé%%%%ﬁh{fﬁ’gf Ilt er adm nistration of

| uci ferase"s s erin, revea erase expression at 22

days (Fig %Bihregi&iﬂleﬂs%}i 1ir§8‘8§1 éﬁ%%'%f&-ﬁﬂxﬂ%%@&ﬁ%@é g§£e§téd mont hs (not
shown). Having docunmented the functionality of ‘the derivative expression
vect or 5 usismg th¢ agistalr stsecnepaftBRAIL (pdd ccelet AD0RS(Hymwokad S@r expressi ng

Fnl4- TRAI speci fi |y ,aski | evel f . .Fnld: L in serum

correl ate vlﬁl}rhé)tfr}%er Se F(yﬂh énj@%%ﬂ%@é&p Il\ﬁ’. %%@ik%l’ &Rﬁ‘ﬁp I;BL/ 6 nice
(in experi m?mid Ag/r:_l_dwgl e@i‘éuBgfccﬁzuilr alfmrzgge&@stt'ﬁl)emdul ) émAp%stﬂm,e(ISmmil(r)odyng(r)ﬁ (I\:/g
injection o nl4- - asm d, in escal ati_ng doses (5, or

of plad 'd)a.C%EP{l?ﬁuW’gQé*e?ﬂéfre ter P! Gl & OREadin@troBy) BRASA twenty days

after pl asmhédAEdFN 1St idldRMe. ANthRedaatafigReNdastel sictheasgad) serum
Fnl4-TRAIL | evel s was observed, starting with the locgg@gl asm d dose (Fig.

2C). 15 Fnhbindirg domappildddkel Mokt ivrrugeeeratebnmngnd BRR oMpetii ti s
Renom MA, Stuart AC, Fiser A, Sanchez R, Melo F, Sali A: Comparative
protein structure modeling of genes and genomes, Annu Rev Biophys

20 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

25 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

30 Insightll (Accelrys, Inc. San Diego, CA) as described before.
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The therapeutic potential of Fn 14-TRAIL in a murine EAE di sease nodel was
investigated next. To this end, a single encephalitogenic dose of MOG38 50
peptide was WARMIAPSPEred to C57BL/ 6 mice. Two days aftePCHapPRI0YR3P%Kj ection, a
si ngl e dose of pFnl4-TRAIL. SBC21 plasmd (50 20 ng/ nouse), or one of four
control plasmds (pFnl4-SBC21, pFnl4- 1gd (nut)-SBC21, pTRAIL-SBC21, and
pSBC21) was adm ni stered by hydrodynam c injection. By ELISA conparable serum

| evel s of teins | imal s,. hydr.od ically-injected with h of
the r espect EREARdS Hatfara i MRen R SN Ul ERlecbinbEEkEGD, ' the 25
treated nmi conf@satviidleiredydiy, Hod Btaltareaktionastnaics® Pértitstial ogi cal

anal ysis of recoyvered spinal, cords. Fnl4-TRAIL expression significantly
at t enuat ed APAAHRATIASEES BRI TOlGFHRT esban s irelgdlar dYindreiss scor es

(cal cul at edeMfifuds ABMRY CRehl @99B08H:-2MA] aqBENi stration; Fig. 3B, upper
panel ) and cumul'ative nmean clinical score (calcul ated over a 40-day peri od

post- MO adm nistration; Table 1 and Fig. 3C). Mean naxi mum di sease score was
al so significantly lower in the Fnl4-TRAIL-treated group, as conpared to the

vari ous corpwzglc@td,?{a@y@n@Mﬁ&ggcﬁ;sl y, the disease score at day 35 was al so
significantly 5 lower for the Fnl4-TRAIL group (Table 1; Fig. 3D).

Fnl4- TRAl Limnhesaaaiihigove peffotmedsatad Sowath siestiifidd Al dispeidedshs of day of
di sease onset_ and di-seaseoi nci dence. Fg114- TRAIL extended the nean day of
di sease onS&Y® gantagning Sy BOA and haréuseduapatids (NaNsk A fiaveat ed with enpty

vect or (12 cBrorflel@aYSaly888 we¥Pintfforheléh hqﬁA@ﬂE dﬂf?ﬁl%ﬁiﬁ@@g“ﬁﬁﬁ starting at

n, 10 days post-MOG peptide adm ni stration (Table . The nmean day of disease
onset 10r fAetlQnrestesaffwigrepmnd 4usBteser (AB81and Hg8IMmMLEXciSBEA1 (BBTRAI L. pSBC21

pl asm ds \i\glg §nc6€:§) %hzﬁwg‘i’éats%gx V\J’ag gﬂglﬁgd%%cogdiaﬁé{%ﬁ%b respectively.

Al t hough all expresse S reduce I sease | ficidence to sone extent,
only 50% ofmdanii4cTiRalrls-protatad (ARCOiM snssease¥A3i gns of the disease (Fig. 3B,
| ower panel) during the course of this experinent.

Statistical analysis

15 The Student’s t test or Mann-Whitney U test was used to determine the
statistical significance of differences. A p value of <0.05 was considered

to be statistically significant.

Results
20  Production of functional Fn14-TRAIL protein

Recombinant Fn14-TRAIL, along with related control proteins (soluble
Fnl4, Fn14-1gG1(mut), soluble TRAIL), were produced using a pMFneo
eukaryotic expression system. The chimeric Fn14-TRAIL coding
sequence linked the full extracellular domains of the Fn14 type I and

25 TRAIL type Il membrane proteins, thereby creating a hybrid soluble type
I-type II fusion protein. To generate the Fnl4-IgG1l(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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Fnl4-TRAIL is nore effective than its conponent parts, in conbination 20

Havi ng shown that neither of the conponents of Fnl4-TRAIL, when adm nistered
as sol ubl e MRAVEYIBAY at a tine, are as effective as FnPE&I/UPRIRP/PO3Ste
suppressing END, the question of whether the Fnl4-TRAIL fusion protein's

t herapeutic efficacy can be recapitul ated by adm nistering soluble Fn 14 and
TRAI L proteins sinultaneously was 25 eval uated, using the sanme EAE nodel. Two

days after adm nistering a single encephalitogenic chall.e of | 8 50

penti de + o BETR ok SrBr s i B0E S b bRET s Eatd Tonait et T asmi o (25
pg/ nouse) N-ghcosphtivba (Ofhighris #mpPBEAht 4o irp Fidblefife SREA Lt dandfdsuman P9

each/ m)use%[ re hydrodynam cal ly inj e(féed i nto Lhe animals. Wiile Fnl4-TRAIL
si gni fi cant® ”su%?ﬁ?@%s]&vi (?E‘,’@En&éo%’ef’o{"’é‘, RefR Ié'e_g E%ﬁéwﬂw E’@Pi‘i’_c}ﬁé% clinical
scores (Fi gaitibAicaNdl 4Bl HMrHNERbI K8 HBARaGebOb R IbinaRELakFitle 4C) . the

conbi nation of soluble Fn 14 and sol ubl e TRAIL showed no significant
t her apedt i énfbpgree of Gdf)dmnd ¢éHE3 dpmains @nvigr Yisa fscmrdugichion, dxpr essed by

hydr odynamc i nj ectd . r Ctd : -b sion plasm ds,
wer e corrpg]rI %ﬁ@{l&aisé%’agéulr '?%%gygw'sxh%%%ﬁ%%eﬁg%%gg%ﬁlree%,glot%ese dat a
est abl i sh thastrinfisiwerdfdaln sieastlys tlasisfatitedlintch29apells ) anterptedsiomm preventi ng
EAE induction, and.this effect cannot be replicated b i adm ni stering
This T usi oRMSGeGraie AT 45 serisshue Aahte Bp AR R abo Ut g WHSREE | n
conbi nat i omlotFHAydiBAflcobldoGdkse P hiddih Figt i1@n. and di fferentiation of
autoreactive 7' cells Fnl4-TRAIL's effect on the proliferation and
differeatiation of nyelin- specific T cells recovered fromtreated ani mal s was
assessed. To this

To validate the identity of expressed Fn14-TRAIL, its ability to bind to

Fnl14’s ligand, TWEAK, was assessed. To this end, CHO cells were
transiently transfected with a murine TWEAK cDNA expression construct
(in the pcDNAS3 vector), and after 48h, transfectants were incubated at

15 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). '

20

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.

25 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 Fnl4 component of Fn14-TRAIL
drives apoptosis through some kind of back-signaling through surface

30 TWEAK.
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15 end, splenocytes were recovered 43 days after MOO chal | enge from both
Fnl4- TRAIL-treated and control mce receiving vector only. These spl enocytes
wer e eval uat¥A291W%¥t o0 for their proliferation and cyt STAS2W9PHHE®ti on in
response to MOG38-50 peptide. Splenocytes fromcontrol aninmals proliferated
vigorously in response to MXO peptide (Fig. 4E) and 20 produced significant
anmounts of Thl (IL-2 and IFN-y), Th2 (IL-10, IL-4 and IL-6) and Th17 (IL-17)
cytokines (Fig. 5). By contrast, splenocytes fromFn 14-TRAIL-treated aninals
proliferated to a | esser extent in response to MOO stinulation (Fig. 4E) and

Coget ner - thuelrf Rl o PR BESe BRI AP Ty stefuinativnn and 1 ne

expr essi on virfo exprassiay opfFnl 4€ERAIICYt oki nes are attenuated by in vivo treatnent
with Fnl4-TRAIL. Fnl4-TRAIL reduces infiltration of inflammatory cells into
CNS A key Tpatrablogustdired un @ivaf exdpiEssioni off i 14-8RAID (ahdicehtssimat ory cel | s
into the CNS. Enl4-TRAIL's effect qn.this ipfiltratiye process was assessed.
To. thi SSendroERnH MERPBrORTESSHoSIPI AR DIE) FRPEASATORSER | o - al ong
with the pergenvored Ofrheakysteatbbirdifss ¥ AdaneaGP8 bf pRhdmidntkRhte | FNy-,

I L-17- and |L-10-expressing cells, in the spinal cords of Fnl4- TRAIL- versus

vect or - t r e§€0e delireny; togeBierauifl an ahdity 40 pptagrateanéndhe shgempsemeade. On day

7, all the 3 : 5%11& LN 4 - | L-treated group
(Figs. 6A- [%)fl.dq%{o g%{/ﬁ%}u p%gﬁﬁg?&?ﬁ%éhﬁ S asggl,()ht' hrggll‘@ﬁﬁ%ﬁ%% -associ at ed
reducti on eHicatzol off id @xpradsers sy$teoytalenvavxpeepsisspreeddtor was stil |

mani f e Figs. .6E-F).. These &LAadings with infla taory cells recovered from
spi nal fééoggggg\fe?rtggcg%sé ré%eeﬁtp%\l?gﬁllh?% to%%rpﬁlorfeosg‘lmcalmgxén %a?ll‘r’%ﬁugf spinal cord
ti ssues rebovetethspdsdayacqasinoddGnphiid eagegethef sasraxpnandl vector-only 15

treated animals uniformy displayed nultiple j.nfl tory foci wi.thin their
Spinal cor (ENSPREASTRAPICS SO CRTeresal A (B8 LhF ARRLIE TREEETPB of
i nf 1 ammat ofevet Blom kRé ilvbcakbofed I friBbFtafl] HahureBENSt HFilster /A-B) . 20
Fnl4- TRAIL attenuates bl ood-brain barrier perneability =
combinations were screened, and determined that a combination of UBC
15 promoter (driving the transposase) and EFla promoter (driving the
transposon cassette), arrayed in tandem, affords strong transgene

expression (not shown).

The functionality of this unique dual-cassette transposon/transposase
20 vector derivative (with a UBC/EF la 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
25 inwvwo. Liu F, SongY, 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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TWEAK i s known to increase the perneability of the neurovascul ar nenbrane
unit, by inducing MW-9 (netall oproteinase-9) expression. Polavarapu R,
Gongora MC, WPAKPESSYA  Yepes M Tunor necrosis factor- IFCRSHEYROBYducer of
apoptosis increases the perneability of the 25 neurovascul ar unit through
nucl ear factor-kappa B pathway activation, J Neurosci 2005, 25:10094-10100.
The decreased infiltration of inflanmatory cells into the CNS seen in

Fn14- TRAI L- j 1 dcb | i f
Fedust on (R TIERC L HaS R aRaRsER T AR iR one BN piREihpees) °

per meabi | i tshowBpB i ntegrity was evaluated by a conventional approach,
according to which CNS penetration of intravenously introduced Evans bl ue dye
is nonitored. Prasad R, Gn i S, Nath N, Singh I, Singh AK

5-am noi m dazol e-4- carboxam de-| - bet a-4-ri bof uranosi de attenuates

exper i ment davingdbounranted ehe dphationyléty dfi thewvderivantel edpressiof vector

endot helLi al - nono t% i nteraction, .J Neurosci.Re éOfOG, 84:614- %ﬁ Evans bl ue
Tn the ONS I EARUAIEE SRASPRES IR VBSOS AT pky8 BB SKORISSREIRN At 1 at 1 on) of
during (13TueyMs, Bpedifiddily asiking wheaidragyelt e FREAKTRAIL e sdhs@ase. Dye was

gquantitated in hormggenat es of various dissected CNS structures. 10 \Wereas

there was £Or$lafsi witkdhe deisefadiniected pFadteERABIEBi2d Blesmidn brai ns of
control ve . F - - I i i re- poi nt

(P gs. oA el Egp il ckokbinl il ot b 8% BFIAM) TR Bkt T

vect or - onl irigle diyeldodynaralsinjectidre od pRan 4CNSAHL- $BORUr pkasasidi el cord and
cerebel Jum brain stem) at_hoth days _6 (Fi 8 and 1 i.g. 8B). 15 The
concenH)at ieﬁﬁalﬁ‘fm@fg’sﬁér‘gt }Qtoégzq Hgé’fﬂl%srg%‘)na%)rb‘& g‘?’i%é}:gﬁﬂ?‘e’ﬁg‘f\]éd with the
respecti ve weAE meaiuretivy EBISSERERS; @y HRtef dYahidiNE@nARR L&, Qthd

Si gnlflcantI%, even for mce with the sane E nmean clinical scores (0 or 1)

on day 13, reePendandringriagetipseram findé-SRollelevalsgias obsersicent rati ons of
dye in theigts SRR thC@edfo Pg:ﬁ%ﬁ% H?S%;reo%%cg | Ltreated mce (Fig. 8C). This

finding, coupled wth the dings o inflammtory cell infiltration
in Fn 14-TRAIL-treated spinal cords, provides evidence that Fnl4-TRAIL
attenuates infiltration of inflammatory cells across the endot helial BBB by

suppr essi NgriRETRAIIPEDEHRESEY BIOBSHERER] hiltdARBuDES BRaYHAIbMybhas acconpani es
encephal onmyelitis. Ml ecul ar nodel of the chineric Fnl4- TRAPL protein The

questi on ofTheheiehgpeltid fotRAdl' of Fi IGNTRACB M o heiraReBAICdREREE agdddri ght stem
at least in part, fromthe way in which it engages and bridges TWEAK | i gand

and TRAI L MESeprERUgHR)G1 deuttds enflag singlessisgphalitegandc 8ras of he Fnl4- TRAIL
protein vwag10edetLHept@ WaRSadinistered to C57BL/6 mice. Two days after

peptide injection, a single dose of pFn14-TRAIL-SBC21 plasmid (50

20 upg/mouse), or one of four control plasmids (pFn14-SBC21, pFnl4-
IgG1(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

25 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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5 nmononmer (Fig. 9A) and as a triner (Fig. 9B-C). The putative interaction of
trimeric Fnl4-TRAIL at its opposite ends with TWEAK and DR5, respectively, was
al so vi sual i%W@aM10E¥§!1? 9D). Significantly, the nodel ed TWEALSHNYABEIRA| |: DR5
conpl ex showed that: (1) the TWEAK-bi ndi ng donmai ns of Fnl4, when forced into
an artificial trinmeric' configuration by 10 the chinerized, naturally-trimeric
TRAI L conponent, are favorably positioned to interact with their cognate

partners whi I i V\Eé_ E; lﬁgﬁ i,ndi ng_donmi f ijmeri ¢ TRAIL
are favora {:{}bgloa;tlé? :gg%}eg 4t-E)o [ tpeegé)cdl }I} (%ett t gildl% (rzl(l)sgc:j{ﬁ% l%n’p'g%l?%elr éh\(/i\n thin
trinmeric DESg. 30d Meanthexoanhodisehse scoreswad aldesighiflchrodnonanii wi t hin the

fusion protei 5 ryes a surrogate 'linker' that is sufficiently rigid to
keep the Fﬁ%ﬁ%‘lﬁé‘ 'igﬁhl‘_'%ﬁeo%ﬁ&r%‘)‘%ag? F?Wptaﬁe?@o 5he yeReUsLaYFOlgol | apsi ng.

I nteresti ngtabletihe SingrRAe, thadiseh osire ait ey 3Bl da3ndsd B difisagrigepar at ed by
about 60A, raising the possibility that this fusion protein could act like a

spacer Bet Je®er fndhedinettdRAy srebpdTabie 1:iligt 3Pdcal cell- 20 to-cell contact.

Taken together, the nodeling analysis verified that the Fnl4-TRAIL chinera can

i ndeed sinul taneously engage both TWEAK and DR5 on opposing cells. Moreover,

t he enf orc%g&in%4 “neo-trinmer! assumes a configuration that allows for binding
-

to the nat T HKs theraneutisePeRgY wasalsoyidenhirerananalysisl e hi gher
order st uekyiar didnsEat @1 beld hitkaat idGatie PR ENEAILL ERRLERALLGr OUPS day of
onset (nmeanSD) * maxinmumclinical score (neant SEM score at day 35 (neanSEM
1. 933 0. 29 mean day of disease onset (14.8 + 4.7 days), compared to control mice
10 treated with empty vector (12.8 + 4 days), and typically the latter mice
developed EAE starting at ~10 days post-MOG peptide administration
(Table 1). The mean day of disease onset for mice receiving
pFn14.-SBC21, pFnl14- IgG1(mut)-SBC21, pTRAIL-pSBC21 plasmids were
13.63 £2.72,11.66 + 1.2 and 13.42 £ 2.2 days, respectively. Although
15 all expressed proteins reduced disease incidence to some extent, only
50% of Fn14-TRAIL-treated animals showed signs of the disease (Fig. 3B,

lower panel) during the course of this experiment.

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

20 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

25 evaluated, using the same EAE model. Two days after administering a
single encephalitogenic challenge of MOGas-so peptide to C57BL/6 mice,
single doses of either pFn14-TRAIL-SBC21 plasmid (25 pug/mouse) or a
mixture of pFn14-SBC21 and pTRAIL-SBC21 plasmids (25 g

each/mouse) were hydrodynamically injected into the animals. While
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cunul ative score (nmeanSEM ** 48.00 9.78 Vector 12.80 4.18 2.44 0.359
201011015519PCT/ US2009/ 003886 (n=8)
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WO 2010/005519 PCT/US2009/003886

Fn14-TRAIL significantly suppressed EAE as before, with decreases in
both mean clinical scores (Figs. 4A and 4B) and cumulative mean clinical
score (Fig. 4C), the combination of soluble Fn14 and soluble TRAIL
showed no significant therapeutic effect. Serum levels of these various
proteins, expressed by hydrodynamic injection of the respective
transposon-based expression plasmids, were comparable, as measured
by ELISA (Fig. 4D). Taken together, these data establish that Fn14-
TRAIL has substantial therapeutic benefit in preventing EAE induction,
and this effect cannot be replicated by simply administering this fusion

protein’s two component elements as soluble agents in combination.

Fn14-TRAIL blocks proliferation and differentiation of autoreactive T cells

Fn14-TRAIL’s effect on the proliferation and differentiation of myelin-
specific T cells recovered from treated animals was assessed. To this
end, splenocytes were recovered 43 days after MOG challenge from both
Fnl14-TRAIL-treated and control mice receiving vector only. These
splenocytes were evaluated in vitro for their proliferation and cytokine
production in response to MOGa3s-so peptide. Splenocytes from control
animals proliferated vigorously in response to MOG peptide (Fig. 4E) and
produced significant amounts of Th1 (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

39
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A key pathologic feature of EAE is infiltration of inflammatory cells into
the CNS. Fn14-TRAIL’s effect on this infiltrative process was assessed.
To this end, a comparison of the absolute number of inflammatory cells,
along with the percentage of early activated CD4* and CD8* cells and of
IFNy-, IL-17- and IL-10-expressing cells, in the spinal cords of Fn14-
TRAIL- versus vector-treated EAE mice on days 7 and 14 post-MOG
challenge was made. On day 7, all these parameters were markedly
reduced in the Fn14-TRAIL-treated group (Figs. 6A-D). At day 14 (peak
of the disease), the Fn14-TRAIL-associated reduction in absolute

numbers of cytokine-expressing cells was still manifest (Figs. 6E-F).

These findings with inflammatory cells recovered from spinal cords were
consistent with histopathological examination of spinal cord tissues
recovered 43 days post-MOG challenge. Whereas control vector-only
treated animals uniformly displayed multiple inflammatory foci within
their spinal cords, Fn14-TRAIL-treated mice exhibited a dramatic
reduction of inflammatory cell infiltration in their spinal cords (Figs. 7A-
B).

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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12.52 Fnl4- TRAIL (n=9) 14.80 4.7 1.22 0.465 0.611 0.261 18.60 7.45 Fnl4-19G

(mut) (n=9)
WO 2010/005519 PCT/US2009/003886

was evaluated by a conventional approach, according to which CNS
penetration of intravenously introduced Evans blue dye is monitored.
Prasad R, Giri S, Nath N, Singh I, Singh AK: 5-aminoimidazole-4-
carboxamide-1-beta-4-ribofuranoside attenuates experimental

S autoimmune encephalomyelitis via modulation of endothelial-monocyte
interaction, J Neurosci Res 2006, 84:614-625. Evans blue in the CNS of
EAE mice was measured before (6 days post-MOG administration) or
during (13 days post-MOG administration) the peak of the disease. Dye
was quantitated in homogenates of various dissected CNS structures.

10 Whereas there was no significant difference in detectable dye between
brains of control vector-only and Fn14-TRAIL-treated animals at either
time-point (Figs. 8A and 8B), significantly more dye was detected for the
vector-only-treated animals in the other CNS structures (spinal cord and

cerebellum/ brain stem) at both days 6 (Fig. 8A) and 13 (Fig. 8B).
15

The concentration of dye penetrated into the spinal cords was correlated
with the respective EAE mean clinical scores on the day of dye
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

20 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

25 progressive increase in BBB permeability that accompanies

encephalomyelitis.

Molecular model of the chimeric Fn14-TRAIL protein
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1.438
WO 2010/005519 PCT/US2009/003886

The question of whether Fn14-TRAIL’s significant therapeutic efficacy
might stem, at least in part, from the way in which it engages and
bridges TWEAK ligand and TRAIL receptor (DRS) molecules, was
assessed. To this end, the Fn14-TRAIL protein was modeled, both as a
S monomer (Fig. 9A) and as a trimer (Fig. 9B-C). The putative interaction

of trimeric Fn14-TRAIL at its opposite ends with TWEAK and DR5;
respectively, was also visualized (Fig. 9D). Significantly, the modeled
TWEAK:Fn14-TRAIL:DRS complex showed that: (1) the TWEAK-binding
domains of Fn14, when forced into an artificial ‘trimeric’ configuration by

10  the chimerized, naturally-trimeric TRAIL component, are favorably
positioned to interact with their cognate partners within trimeric TWEAK;
(2) the DRS5-binding domains of trimeric TRAIL are favorably positioned
to interact with their cognate partners within trimeric DR5; and (3) the
carboxy-terminus of the Fnl4 component within the fusion protein

15 serves as a surrogate ‘linker’ that is sufficiently rigid to keep the Fn14
and TRAIL domains apart, with no propensity for collapsing.
Interestingly, the ligand binding domains of Fn14 and TRAIL are
separated by about 60A, raising the possibility that this fusion protein
could act like a spacer between the interacting cells and limit local cell-

20  to-cell contact. Taken together, the modeling analysis verified that the
Fn14-TRAIL chimera can indeed simultaneously engage both TWEAK
and DRS 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.

25

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) (meantSEM)**
Vector 12.80+ 4.18 2.44+ 0.359 1.933£ 0.29 48.00+ 9.78
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purification of the human Fnl4-TRAIL protein C one construction 10 The _
expression cassette used to produce human Fnl4-TRAIL was conprised of coding

sequence for the human uroki nase signa

for human _g; FRAH—The—coti-rg—Sequenrces—were—codop—optim-—zed—f or enhanced
expressi on Chi nese Hanster Ovary (CHO f[cell-lines.| The DNA cod| ng seguence
were 15 sywtheS|zed and then sub-cloned into a manmal | an expressi pn vect or
desi gned f)FnEhronDsonal |ntegrat|on and optim zed fof high | evel|expression
in CHO cel HE=She FRidOHRAIE oxpt @8-83 ve 0 5 ggp &8d2int o CHO S
cells, and|g0,2 clohe pool was|isolated for initial expression anplysis. Qut
of this cl pggapool , |a single hjgh-producing clone was|isol ated, aphd expression
of the Fnl#,IRAI L pl o4 gbhsvas pnpbyzedey Valdi19H6.268t hadsoskcdy as| ELI SA,
SDS- PAGE and Westerp Blots (see Figure I0)| Productioh Tevels werg

Fnl14-I1gG

(mut)

(n=9) 11.66+ 1.2 2.80+ 0.286 1.944+ 0.306 | 60.05% 7.44

TRAIL (n=8) | 13.42% 2.2 1.81+ 0.472 1.438+ 0.448 | 42.06+ 11.08

10

15

20

peptide foll owed by codi ng sequence

* Day of onset is the first day after immunization when mice showed
signs of EAE (only mice that developed EAE were included).
** Cumulative score is the sum of clinical score of each mouse.

Production and purification of the human Fnl4-TRAIL protein

Clone const

ruction

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

Fnl14-TRAIL protein was analyzed by various methods such as ELISA,

SDS-PAGE and Western Blots (see Figure 10).
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optim zed to reach expression of approximately 100 ng of Fnl4-TRAIL per liter
of fernmentation nedia Western bl ot analysis was perfornmed for shake flask
cul ture nmediWHeH8EA es obtai ned fromthe Fnl4- TRAIL clP6A&SOYNRE88on vari ous
medi a fornul ati ons (shown in the various |anes). The Western bl ot was probed
using a commercial anti-human TRAI L/ TNFSF10 Ab as primary detecting anti body.
The cal cul at ed nol ecul ar wei ght of Fnl4-TRAIL is 24.6 kD. 10 A high-yield,

mul ti-step | r i it i . ) devel.o i ch included
an et i of opunapl R0 aRth e Bt LB HBERaR MR CRRERRAIY 11 Then e
final buff geréitehahfgenehneptioh meediiat t er carrying the product into the

formul ation buffer. This purification 15 process allows for the isolation of
hi ghly-purified Fnl4-TRAIL protein. Western Bl ot anal ysis of sanple taken from

the last stpeaed bRt dddigaisiwils PeAbHSATBEsASKE Aabk Gultire hahidhoht | ane)
showed that the purified protein is primarily a nononmer and partially a

horodi mer EABPIeH eRFAIneqd Heors el FrkbUiRAIbiclerg) geaen iin vapiovguoedigeen on t he
SDS- PAGE ¢ tec 4 L.fJ et ected
with the T%ﬁﬂlé\-agagfebg}tsf(l%go .&Aﬁgeg‘\]/%%?l???a erlr:e%r gﬁ%?@%%ﬁ%?ﬁ%ng %tp:ygﬁegol | owed by
t he above psing acanmergabgetshuleneTRAHL/INF PO A aapeinyar300ny of t he

Gxper | mont Qe RO BHORLY oo oA whber g der e chim i mA R | T
Experi nment @24 .#kdxedures 30 EAE was i nduced in 8-week-old female C57BL/6 m ce
by inj?8ting
A high-yield, multi-step chromatographic purification process was
developed, which included an efficient capture step, an anion-exchange
chromatography step, and then a final buffer exchange step, the latter
carrying the product into the formulation buffer. This purification
15 process allows for the isolation of highly-purified Fn14-TRAIL protein.
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
20 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
25 which was used for a series of in-vitro and in-vivo experiments indicated

below.

EAFE experiments, with Human Fn14-Trail — Experimental Procedures

30 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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subcut aneousl y, into the left para-lunbar region, 125 Eg of nyelin

oli godendro copr otein 35-55 (MOO 35-55) peptide é%ynt hesi zed by Sigma
Labor at ori es) OP%I /& enul sified in conplete Freund s X§THPaI/0(3R%6A)
containing 5 ng/m heat -kill ed Mycobacterium tubercul osis. Inmediately
thereafter, and, again, at 48 hours, the mce were 5 inoculated with 300 ng of
pertussis toxin. An additional injection of MOO 35-55 peptide in CFA was

m oo were o oace eyl ey o g S0, PR R0% SRR bEANAR S oy o

Fnl4-Trail Slgma\lahowhmnamI$ml)eqnailsxﬁn:slelsx c(qmplatenFeaaﬂnd granlypivanﬂl day 9 t he

m.ce were ed for. t acrific an hour |ater. Spleens
wer e har vei‘{:ﬁg SPRANRITSn @8@?’8%“"5&&3’@88@“?8”‘@ qjﬁfg’jl OWere prepar e(Fj) from
i ngui nal , erﬂlécﬁakélﬁllﬂﬁeﬂmS@Bt@ﬁdCa%a/iﬁpbt Agdesuy; the emice begens of mce that had
been inoculated 9 days earlier with MO 35-55 peptlde in CFAwth or wthout
Fnl4-T ILH?‘?Cé’g?FﬁSth th30 Bg Qfi Regtugsip bereia- ofn el lqlprm‘gﬁtwq was assayed
in trlplch@Gv@,Js%%Pp@&e wb@&%&&%&%ﬂ&%qat& %aﬁe % ra05 cells,
suspended in O. M suppl enented wth 1% penici | |n str rryC| n, 1%

gl ut ami ne &wabsysregioal Ereinh degrQite @E@@ maee Weee amnettﬁsipmbcslﬂaanouskyere added to

h [ 1 was ,added to each
%FI \Qﬁd t@ﬁ at e§0 Szm(/)eorlggcrocg(f %rgﬁg’r anrhggg!%loér?a etllfél “his tWBI ates were
t hen har vesQedl dbsds (=gieim ezult groip)c Mrardags? ehe amiteo v&rgltmealf@ethelf ilter and
th i t det. rmne scintiII tlon esuts are
exgrtrazgéz gasslt\“ ﬁu?ﬂélsﬁlﬁn e d@?g{ lfctg %’ﬁﬁn?&’e{ﬁ J =Mean cpm of
the stimul alegchee! PsdleBAPIGRIHOHE CERS UNSCEMWEAS ﬁﬁle;fa%asmxﬁﬁngeﬁleﬁd spl een

| ynphocyt es yvere i solated, usjng a Ficoll-H paque gradient, on day 9 from
MOG- i mmruni 23H1a5y @ad meserterig kymmihmd?mnfrqrﬁ splgensmphatiee fhatdaat gr oup) .

Recovered ggbh $n8\@tﬁlﬁtt§i g'cﬂi‘;‘g é’ﬁrhgr MR 688l g@RBHQ i QUK G4en Mpan number  of

| ynphocyt es per spleen in each group is prese
without Fn14-TRAIL treatment. The ex vivo response of the lymphocytes

I

15 was assayed in triplicate wells of 96-well flat-bottom plates. A total of 2 x
105 cells, suspended in 0.2 ml RPMI supplemented with 1% penicillin
streptomycin, 1% glutamine and 5% 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

20 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.

25
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

30 each group is presented.
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The data fromtwo duplicate experinments (Figures 12A and 12B) showed a
significant dose-dependent decrease in splenocyte nunbers, in the 50 ug to 200
ug range. 5 88188 Prphocytes isolated from | ynph nodefHASHVPEoON day 9 of
Fnl4-Trail treatnment in MOG i mruni zed mce (n=4 in each group) were stinmulated
for 72 hrs with MOO peptide. Cultures were pulsed with [3F11- thym dine 18 hrs
before the end of incubation. Proliferation was 10 estinmated by [3H thym di ne
i ncorporation and was expressed as stinulation index (rmean cpm of stinmul ated
cell s/ mean cpm of non-stinulated cells; 51>2 represents significant

stinul ati offhe data Themdatoad@plicae éxperingerits (F@ur&b(ﬁ.\&ﬁshgdi FARB)asHowed

Fnl4-Trail -nediated 15 inhibition of the.rec res onse to, N[ﬁg@ptlde

rechal | eng@ Sighificaph donerdepEpdept desisasedn er?ﬁcé’ée Pé%}Peer& %t

pg/ day/ m)u%g toEAFO WaSraingduced by MOO chal | enge, as described above. On day 10
after m ni stratlon mce (10 in each group) were treated with 20 either
vehi cl eSor Fnl4-Trail at 25, 50 and 100 pg/day, in two divided doses. M ce

were foll O%Qleﬁaigwpﬁ&é/tééqfs’soga\r’t%g‘{?&In%gg{}r %agéé aééddék&%ndd%e@? Scor es The

clinical status ed as no Ssi I sease; 1, tail
weakness; Fnlﬁ'i"ﬁldlll trebtmenk e 340 Suirhincirezdd troce (quad in leaghtgrwgp ) ®erdhind |inb

paresis; a th f s;.. 5, 25 quadripl eqgi a;,,6, death.
Tr eat rrent lf“geégg)&%o%%aﬁ %6%(})52?%}{ égiﬁuﬁéﬁﬁqrgﬁn’ﬁﬁ% W %‘ @ﬁ]Fn 14- Trai |
treat ment) thﬁmd\{aamschmbeﬁire&ﬁereeldoéf 1@1|chbﬁlﬁbﬁrimﬂlféﬂat1@hQN@§; B: Mean
clinical score of escontrol group and the 100 pg/d group, in this case
showi n¥t h&smpted Pyd fd&bmleﬁtﬁmwﬁpwém%mimwsar%ﬁ 8 significant

t her apeut i gtigfifig6ibnahdER Irelhadpmidt sftﬁ‘ﬂﬂfdt&g cENS/REQA §RRIPMoRL EAE di sease,
with a clear threshold dosing effect. Col I agen-i nduced arthritis, with

Fnl4- Trai | stinpiptad aelhy; &1>Prepeehends S1gn1ﬁcant stimulation).

The data (shown in Figure 13) show significant Fn14-Trail-mediated
15 inhibition of the recall response to MOG peptide rechallenge, with

maximal effect obtained for mice treated with 100 ng/day/mouse.

EAE was induced by MOG challenge, as described abox}e. On day 10
after MOG administration, mice (10 in each group) were treated with

20  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,

25 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 ng/d group, in this case showing the S.D.
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DBA1 mal e m ce were challenged twice (3 weeks apart) with 200 Eg of type Il
col l agen purified frombovine articular cartilage and enulsified in conplete
Freund' s adjMQAaHPO6PA: Difco Labs), via intradermal injPedtUSyo4y88¢t t he base
of the tail. Mce were followed daily and nonitored for swelling and/or
erythema in one or nore linbs. On the day of disease onset, nmce were

random zed for control group (treat ed with vehicle only) and treatnent groups
(one daily.das 00 or i,C f Fn14 T arI Bot h_vehi cl e and
Fnl4- Trail @er‘gaa Sﬁow t'er e%u Gmagéé]g VY A B E %‘ﬁg REHYC gi ven daily
for 14 daysffeot mena:Mranlma@duJ:ﬂﬁgugegmgmss@ﬁd)ffmmh&aa@ tatt ke 200 ug
group. Mce were fall qwed dalﬁ{{é for 14 days from di sease onset, and then every
3 days. Svréfq%rrfg‘r?ﬁ"%gld%l’?g Ctas neasured using a nicrocaliper, and
conpared to healthy, age-matched mce. The delta of swelling in each |inb was
cal cul ated, and these deltas 20 were sumed into a score (disease index). The
data (s owrs;orl_lggglgni@ggsﬂtﬁmm_mﬂtEmlﬂrTmﬂr—Emmnerutralerefcéc‘esror Fnl4-Trail
treatment at the 200 ug/day dose. O special note, the reduction in disease

i ndex persists for at |least 7 days after cessation of 25 Fnl4-Trail treatnent.
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mice. The delta of swelling in each limb was calculated, and these deltas

20 were summed into a score (disease index).

The data (shown in Figure 15) show a significant therapeutic effect for
Fn14-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

25 Fnl4-Trail treatment.

The human Fnl4-TRAIL protein induces cancer cell death via apoptosis

Fn14-TRAIL-driven cytotoxicity against cancer cells is highly efficient and

30 specific
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20 The tunoricidal effect of the Fnl4-TRAIL fusion protein was conpared to the
effect of its conponent parts added in conbination. To this end, cell
viability ofW?H‘Eg’ﬁ@é]é’t oma cancer cell line SK-Hepl was me3dFPEYHOBER0 owi ng

i ncubation with either purified Fn 14-TRAIL, soluble 25 extracellular domain
of TRAIL (sTRAIL) alone, soluble Fnl4 fused to the Fc domain of [gGl
(Fnl4-Fc), or the conbination of both (Fnl4-Fc + sTRAIL), at simlar nolar

concentrat i - 5ol cd Cl tivity agaipst this cancer
el T ne, Tepinor CAREpEofba AU ER AP phdTRiA A Mt B ML, PBRLES. 1

conbi nat i o RN LippbkeiRntals Faudiaed vdth sERAlal hdindan atimehdedvgpebe Thenor i ci dal ]
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celI's of t TaWBAKudE s IiRPALEIBLS axsRks TRAIL feBepfs BRS), WaE 8hoRetkat ed with

i ncreasing,concentrations of purified Fnl4-TRAIL, soluble Fnl4 fused to the Fc

dormi n 8f P§EIERIsENivaroRe 1 4 iRATo wishdhekillmgesiientan Homdrmat TRAI L
(sTRAIL) ahi?l!aeoeiﬂ% cRUCHEN, rl’ﬁ%l'l eBc8b '—b@t(ﬂh‘(lﬁg aiﬁglé:lf:e Tgﬁgsﬁﬁﬂlar %%éf%v ng

incubation with the respective proteins, t ate s were 10”anal yzed by
FACS to detm@srdomimpetegefor éwoastdeohepaticgunmeteeglblings,aidopt band H&pgur eI I18), as
assessed b i Pl staining. This,an is jndicgated. that the killing

ef fect of nfq%?%%t\l_g}}ogv njpggtéoomr&g%satsg h e&%e?%to& t}%eSF p@%ﬁ%rfor( sTRAIL) al one
denonst r at ddepy Dapbption af Bel4VIIRAIL diitdenticyl ednddiardbii@hestthcasgaent rati on,

with dramatic 15 advantage. for. the fusio rotein gver the conponents al one or
in corri)élnaf%ﬁera?r Pﬂ‘éﬂfd’g&ﬁﬁ/ il hBﬁ%é P}Vﬁai‘&]gﬂb\ﬂgﬁ get-pHPY Ft‘iwe i¥bodi ment s
of this inwenuipRANAYEsRRELIEES 66IIARHAORMR JPIhPHUPESE N Algrddtust ration, it
wll be evident to those skilled in the )

cell line Raji, which lacks surface TRAIL receptors (Figure 16B), nor on

the non-malignant human hepatic cell line NKNT3, which does expresses

the TRAIL receptor DRS (Figure 16C) and the human fetal hepatocyte cell

15 line FH-B (Figure 16D). These results establish that Fn14-TRAIL kills

cancer cells efficiently and specifically.

Fnl14-TRAIL’s tumoricidal activity cannot be achieved by simply delivering

its component parts in combination

20
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-Hep1 was measured
following incubation with either purified Fn14-TRAIL, soluble

25 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 sTRAIL showed
some Kkilling effect. However, even the combination of both Fn14-Fc and

30  sTRAIL did not achieve the tumoricidal effect of the fusion protein (Figure
17).
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20 art that nunerous variations of the details of the present invention may be
made w t hout deg)artl ng fromthe invention as defined in the appended cl ai ns.
Vhat is cl aiWealpgossid | A fusion protein conprising a fiPCSUSHENEP#Poand a
second domain, wherein the first domain is a polypeptide that binds to TWEAK
and the second domain is a polypeptide that binds to a TRAIL receptor, wherein
the first domain is at |east a portion of the extracellular domain of Fnl4
protein and the second domain is at |east a portion of the extracellulm
domain of a TRAIL protein. 2. A fusion protein conprising a first domain and
a second d@miRTRAMICk#s vahber EllsSby @odiding apoptdad ypept i de that binds to TWEAK
and the second domain is a polypeptide that binds to a TRAIL receptor, wherein
the fusion proteinis SEQ ID, NO | or SEQ ID. NGO 2. 3. A fusion protein
consi sti ng TefmachanidticAN bR &ﬂﬁﬁg@mcﬁieﬁﬁhm -PRENSI RN cher st domain is
at | east a TWEAK-bi nding portion of the extracellular domain of Fril4 protein
and t heSsedowaandenpirnsg canceeast liameTiAiHep beepe onchbatddngithortion of the
extracel lu r rising a
first dom?ﬁérgggq%%gggﬁw&%ﬁoé }B%g?% Fﬁl I?‘h’gﬁf\lE %Oqgg%aﬁ hr}u (ﬁ:g?n nil 4 and
t he second tbeieidomainhoinigt: (FRA4-Fc) aldne, /e\hqs)lsahﬂﬂeeutna@allummatﬂ o

CoTPl ! "I TRMLISFRAI) BIGHE! ot £ ColithBlidn 8 Boln (PR AR IiBLY, 2cceptabl e

Following incubation with the respective proteins, the treated cells were
10  analyzed by FACS to determine the percentage of cells undergoing

apoptosis (Figure 18), as assessed by annexin V/PI staining. This

analysis indicated that the killing effect of Fn14-TRAIL is apoptosis-

based. Of note, soluble TRAIL (sTRAIL) alone demonstrated pro-

apoptotic activity, but only at the highest concentration, with dramatic
15 advantage for the fusion protein over the components alone or in

combination at the 30 ng/ml concentration.

Whereas particular embodiments of this invention have been described
above for purposes of illustration, it will be evident to those skilled in the

20  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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What is claimed is

1. A fusion protein comprising a first domain and a second
domain, wherein the first domain is a polypeptide that binds

to TWEAK and the second domain is a polypeptide that binds
to a TRAIL receptor, wherein the first domain is at least a
portion of the extracetiular domain of Fnl4 protein and the
second domainis at leasta portion of the extracellular domain
of a TRAIL protein.

2. A fusion protein comprising a first domain and a second
domain, wherein the first domain is a polypeptide that binds
to TWEAK and the second domain is a polypeptide that binds
to a TRAIL receptor, wherein the fusion protein is SEQ. ID,
NO: 1 or SEQ. ID. NO: 2.

3. A fusion protein consisting of a first domain and a second
domain, wherein the first domain is at least a TWEAK-bind-
ing portion of the extracellniar domain of Fnl4 protein and
the second domain is at least a TRAIL receptor-binding por-
Hon of the extracellular domain of TRAIL protein.

4. A fusion protein comprising a first domain and a second
domain, wherein the first domain is human Fnld and the
second domain is human TRAIL.

5. A pharmaceutical composition comprising the fusion
protein of claim 1 and a pharmaceutically acceptable carrier.
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