:e3eR'R| d6T'S Reversal of Viral-Induced Systenic Shock and Respiratory
Di-stress by Bl ockade of The Lynphotoxin Beta Pathway Rel ated Applications
This is a continuation-in-part of prior US. Provisionals S.N 60/103, 662
filed 5 Cctober 9, 1998. The teachings of the earlier-filed “mmm\m\mm\\w
patent application are . incorporated herein by reference. _ | e
I nvention This invention relates generally to nethods of induci ng«@ase*
antiviral response in an individual. In particular) this invention provides
met hods for treating viral-induced lo system c shock and respiratory

di stress in an i viistii!ViralMedured Badémic SHoEV AR R&PirAiosy Distie@byRloSide ai N
"I ynphot oxi n- beta bl ocki ng agents". Background of the Invention Several
viruses including Sin Nombre (SN§The EymphotoxinBata Bathwa¥sa and Dengue al |
cause acute diseases with many of the follow ng synptons: rapid onset, 15
fever) system c shock, and pul monary pdiapdd’ £5lichfiéifsy €t al . ( 1997) Adv.
"Ped. Inf. Dis. 12:21 ). Another commbnalTty anong these infections is the
system c distribution of viral infection, targeting endathelial cells and
macr ophages (Lacy et T&is.is ¢ conigyationgin;partefprioy H%: Prgvisiongls SN, 69/103862 filgd { hese
emer gi ng Vi r usesgciilel b, 1098, B8R hInG ofthe cablier-fEN Fovifibidl Patbnt apiRRtidnldred
decades ago. In the years since their discovery these pathogens have 20
re-energed i-n- ouf¢oreoared hesein Byedieencas of June 1998 there have been 183
confirnmed cases of SNV, the causative agent of Hantavirus Pul nonary Shock
Syndrone, in the southwestern Unit edrigidaifeme Biventioa @n | ncrease in deer
mouse popul ations. Only 55% of these cases have survived infection (Centers

for Disease Control and .Preventjon. . 47, 449 (, 1998)).. Little is

currently known about'biSHRYepURns @ﬁsme%mﬁég@ s*dv?lpsjgrﬁ%ﬂﬂﬁ'aﬁﬂfmwsw

ef fect i Vel y {1 eqh iidiadkdlOARRSISR thiPmé:ith Brovike b @AMy viRRHRNGR!
an

suffering fromviral -i nduced system c shock and respiratory distress.
Thus) there Bxi $ysempicsheck apdrespiatary distress {ncan ipdividuals h@mewéawoh‘@s

viral -induced S%ﬁ&ﬁﬂyﬁmsﬁgﬁ%naﬂdwﬁﬁﬁﬂ&&a%gﬁ$kghﬁg&&ﬁgmin an individual .
Summary of the Invention The presSent 1 nvention solves the problemreferred
to above by providing 5 pharmaceutical conpositions and nethods for
treating viral-induced systenm ¢ shockR2SHRIC ¢ stress in an

i ndi vi dual. The net hods and conpositions of this invention capitalize in

part on the di scover gedehaivireRs indlulind S&IMISMbrd €SNV Ebble MarBurgSLassa, and
| ynmphot - xi n-beta_ (LT-B) bl ocking agents may be used in treating
viral - i nduced -syngys 2l copssaruts Aseasessytty manyraf the fellovang symptoms: rapid onset,

15 fever, systemic shock, and pulmonary distress (Lacy et al. (1997) Adv. Ped. Inf. Dis.
12:21). Another commonality among these infections is the systemic distribution of
viral infection, targeting endothelial cells and macrophages (Lacy et al. (1997) Adv.
Ped. Inf. Dis. 12:21). Most of these emerging viruses, with the exception of SNV, were
initially identified decades ago. In the years since their discovery these pathogens have

20 re-emerged in outbreaks worldwide. As of June 1998 there have been 183 confirmed
cases of SNV, the causative agent of Hantavirus Pulmonary Shock Syndrome, in the
southwestern United States due to an increase in deer mouse populations. Only 55% of
these cases have survived infection (Centers for Disease Control and Prevention.
MMWR. 47, 449 (1998)). Little is currently known about the pathogenesis of these

25  viruses nor how to effectively treat the thousands of patients infected globally each year

suffering from viral-induced systemic shock and respiratory distress.
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10 an.individual. In a one enbodi nent, the LT-B bl ocking agents is a

| ynmphot oxi n-beta receptor (LT-B-R) bl ocking agent. In a preferred

enbodi ment) the LT-B-R is an anti body against a |ynphotoxin-B receptor or a
sol ubl e I ynphotoxin B receptor. In a nost preferred enbodi nent, the LT-B-R
bl ocki ng agent is a reconbi nant LT-B-R fusion protein that has an LT-B-R
extracel lular ligand binding domain fused to an 15 i nmunogl obul i n const ant
heavy chain domain. The foregoing and other objects, features, aspects and
advant ages of the pr lnyention v, Ltsel wil |
be nore fully under stﬁ%s hF?eocr’ﬁsFS neFd foqg?/ﬁwﬁbnodgg%érﬂﬁ%%sl on&gém \a! _é[?‘]r%gcg

enbodi ments. Br isgdterile Shock phd @spintory Histréss guanciadiRidudli gure 1 shows t hat
infection of NZB mice with Clone 13 LCW results in nortality. Mrtality
curve of NZB mice infected with L - 13 ﬁnE‘i JI4§e Zlgd viral titers in
various tissues of LCW-13 (n = days post-infection.
Figure 2 shows the histol ogi cal proflle of LCW-13 infection in NZB m ce.
(A) Normal |ung at (TOpfeschkHiyentiB) sdlmsehmroblmalrefpmeimnmvlclbg providing
nmononucl ear cell_ 25 |nf|Itrate and r. wal . | n th

day 5 post-i %f e PPABROUtISY SmPositops m‘i‘ﬁ?f%ﬁ%’i FFay vg ‘Bc*'cccgﬂsfeﬁﬂl &oﬁlécr osi s
and obliterati onan®fespitdtdry Qistréss irtdnGiRdiviadiure in -2 the spleen (25X, H+E)
(D) Hi gher magnification show ng cellular .necrosis and karyonrhectic debris
in the spleen (158) H+E) (E) LCW-13 positive endothelial cells (arrows)
and nmacrophages (whi ﬂ‘bemcthod@)ldicwmpds'aiohuo@ﬂﬁ(smm)omddﬁl)ali@&m paew-tne positive

dot hel i al | d |ial el |
heads) . and maciBRRLOLATeE: afells el bR R OBEnAER Rt Pfockis Do 13
posic ]E ive elnldot ha%emd mqeﬂeluged inlﬁehﬁmghelal-fnd(xceal@ﬁnenub H(é)ck{aﬂrfkﬂdkbqllﬁé@mi;:ﬁ ive
K er ce s an I In cells 1ver 1 gure
3 Shows ¢ hat 0| R EABYE!. [ihene pbeimert SR HAkna Ry & sdyghhars Ko
| Mproves sur Vi Vadceptdi @T- mbﬁcﬁgﬁﬁnﬂ&nh'ﬁf&&%@@nﬂ@m&h@&eM-‘I@Js'aﬁy curves

for t o Clone 13 infected NZB mice treated as descri bed are presented here.
NZB nice were gishiéipdyagpinst 3 tymppetgxiatB reeentoror a seluble lgnphptpxingfhrepepsor. Ina
i nj ections cont id3i fefe Réﬁéiﬂodﬂm&%e]@r B2R BloLLRY Q%En! i9 2 fREMbNACT T-BGe PBS

(see reference S) on days post infection. Control mce were

injected with tﬁ@lw@méﬁl%hﬁs %fLTF%SE‘ ¢xsaralivlar Heand hindingslemaincfusedite agjay s .
Mce were tr atcﬁgm %@P For the triple treated 15
group, TNFR5 Ig aﬁg gé?b‘?gggdrt%t %}h?fn\%‘#%n; ven on day 0 and day 3
post -i nfection, in 200ug amounts. Control mce were given human

anti body used In theTE&f&E&@SﬁnFin@éth&r%j‘b@tsfﬂﬁthﬁB aﬁélg@lfs‘ﬁh@ﬁvw eﬁ%ﬁ?m%&)se&n the

same days in identical ampun M ce Teceiving rYR1g only were
treated identi camveytionesscqlt asttheinveqtin Bselfy wilhbemere Sely understopdiremdee  Dat a was

conpi l ed from sg ﬁfvﬁllxg&? EhiblE xéfeﬂ'Eﬁé bodbmndntd\3- 19. 12) alone, n = 20 16 for
C

LT(err)R-1g al one or the trlp e treatment group) (n=10 for the
triple treatment group) n=22 for LT(err)R-1g alone, n=10 for the

LT(err)R-1g + TNFR55-1g group)  Brief Description of the Figures

"

20 Figure 1 shows that infection of NZB mice with Clone 13 LCMYV results in
mortality. Mortality curve of NZB mice infected with LCMV-13 (n = 14) and viral

titers in various tissues of LCMV-13 (n = 7) infected mice six days post-infection.

Figure 2 shows the histological profile of LCMV-13 infection in NZB mice.
(A) Normal lung at (100X, H+E) (B) Interstitial pneumonitis with mononuclear cell
25 infiltrate and alveolar wall thickening in the lung, day 5 post-infection (100X, H+E)

(C) Lymphoid depletion, cellular necrosis and obliteration of follicular architecture in
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n=9 for the anti-TNF and TNFR55-1g treated group, n=6 for anti-TNF
(TN3-19.12) alone) and n=25 for Control). Figure 4 shows that blockage of
the LT(err)R pathway results in a decrease in CD8 25 T cell function

Spl enocytes frommce in different treatnent groups were harvested on day 6
post-infection and stained with an Ld tetranmer containing a NP 118 9ner
peptide as previously described. Values given are adjusted for non-specific
background staining. To nonitor interferon gamma production in response to
t he sane peptide) cell i ted for.5 .hours.at 37C in the presence
of NP 118 at 0. the tRpenf2sf i) T6) MR mainchupt okl s simitiand oV en

helr e are adj ufst Gdr}foﬁ'hechad&ﬁi’sﬁwmd s;bl&ge{llss, ':]-M-ED (1)) HFM@/nmpdsftiveemdudﬁal cfusd

Spl eenocytes fromthree mce treated with contro r ed as
were t hose from @Y $14 ‘ﬁ?‘ir@’hﬁ%‘ézw?wgﬁé‘“#hﬁlgﬁ‘g.UW%@W‘& are
fromindividual pkiGee erfdbiblia® célls Shivielibinafls @RBWSan® MetdthdHabcelld (#RW HeadsNOt
CD4+ T cells, reverses the lethal effects of LOW-13 infection in NZB m ce.

M ce were tréat efid gacrgehages (Hbie parwsyiphesnlesn (X.dEC) (FobtMM-1bpasitive vi vo. ~1
nortality curve qha.pRae&il Bidnd Mar GRX, Bic) 19 Lt(fl\ﬁ_@'iﬁ%olgi'ii%’ﬁgpﬁé? cdilshhd

Detail ed Description of the I'nvention to Definitions In order to nore
clearly and concimedidal iningtellsin the iver{IMXe 8 Chat t er of the cl ai med
invention, the following definitions are provided for specific terns used

inthe follow ng wi it i 4 f axi n-beta
(LT- beta ) is g rren‘g%rﬁ{éoﬁﬁtﬁﬁge Iltﬁk ég%ﬁq% 'i | q%‘r?g}s‘gb %?h“l‘%@‘%g‘“gg
includes the i gmptdxses]csorvﬁhmaﬁaai;lgm:xe gﬂg&)ct;%cilmg rg?& éMoSmw céh;nileBB:t;

t Smt t . (0, . - I I
Coveral mevblr o Gaphe aira R micy rohli andesiyopie mresetcs pore 302 R, g
Fas-can induce tgivgRn.56el0° pReati i.b)’fon&ﬁédlgjt&oq’.b. LI Thiftaib g 280 BIAN3CEl |
death). In non-tunorigenic cells, TNF and many of the TNF famly

| i gand-r ecept or 1PAR entthody irendetatin frenBBS {seprtafesency S) emdays 1dnd davobpasiat  and

responses to varlﬁ'fg% [ - a : ?M}g}“ LR Sl ed
p33)) has been i'dent PT%@H‘Q{%&{@%F%%% 3%@5’5&?2@8(@@& Fﬁes, B
cell lines and loptigsae daysMdice wateartated by dascritied\i refeedrice R. [Fobihe &riplestreated

subj ect of pli cant.s, -pend; int ernational application . .

BT USo1 04585, S5R) TGRS 20 LR JbrBlei o Brerhiion 4 S8Rk mpmintssiom 1 g0,
25 publ i shed Jupp, &3ooddAlodss. €SB mits FER giveh htafifinb8y &ed jd thE Qhiesiat ed
by reference. The LT- beta receptor, a nenber of the TNF famly of
receptors, speciof thesel fhsjorbprowgins (Y E9431290 en (h¥ sirngydays én idedficalpatounts RMidends LT

het eroneri c conpl exes . edom nant.ly .L.T- al 2.and LT- al pha
7 bera 1y bor et aiR e ol e jachtally, GoBitthe ot ste Tugincere 2 B
pp. 707-10 ( 199higed. Shgwat tongpiled frbm-sevegdl @xpeniniend apli-IWF(TNGL 19. 12haleiy, h pher al
| ynphoi d organ devel opnent and in hunoral imune responses. LT- beta -R

nRNAs are f cddnd 16 fordTRBrIL alone ayr 1 foythe drinle Heasment eroug; (G 1Qfog thedtiple T- peta - R
expression patt GLRgeAotoup! f2o36: PR IRGhe! RABTSHe L2ER A2 TIMRSRISHEGHL L hat
n=5 for the anti-TNF and TNFR55-Ig treated group, n=6 for anti-TNF (TN3-19.12)
alone, and n=25 for Control).

—

Figure 4 shows that blockage of the LTBR pathway results in a decrease in CD8
25 T cell function. Splenocytes from mice in different treatment groups were harvested on
day 6 post-infection and stained with an L? tetramer containing a NP118 9mer peptide
as previously described. Values given are adjusted for non-specific background
staining. To monitor interferon gamma production in response to the same peptide,

cells were incubated for 5 hours at 37°C in the presence of NP118 at 0.1 pg/ml final
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_ _ LT-beta -Ris lacking on peripheral blood_T cells and T cell lines. The
term"LT- beta - blocking agent” refers to an agent that can di m nish
ligand binding to LT- beta, cell surface LT- beta clustering or LT- beta
signalling) or that can 10 influence how the LT- beta signal is interpreted
within the cell. Exanples of LT- beta blocking agents include anti-LT-
beta , soluble LT- beta -R-Fc nolecules, and anti-LT alpha , anti-LT- al pha
/| beta and anti-LT- beta -R Abs. Preferably, the antibodi es do not
cross-react wt I d, f . -2l . YT -
recept or bl ocki ?\zaﬁégg%%@ﬁ arﬁéeg'ézr'se?gésgﬁvéggﬁtap?ﬁdﬂmggﬁr l%aglE%{) urﬁld-rg?vs? Eq{l ?hgeand
binding to LT- hbscaced®peptislel Splacrfoaytes frdm thyed mice Regtdiwitecontygl nmadnTig weet a R
signalling, or that can influence h e LT- ta R sjgnal is int reted
w Ehin the cel | POk pest Hope Ea5 B PABRIE pyes ok By 42 B AR Pl i Bisrh
LT- beta -R-Fc nppiiRguH 850 and and anti-LT- beta -R Abs. Preferably, the
anti bodi es do not cross-react with the secreted formof LT-alpha . 20 The
term"anti-LT- beta receptor antibody" refers to any _antibody that

+

speci fi cal | y3bi nds t Bigdfe 3 sbgws thafeplehien oifePHT ealle: 1oTCDFef gelfsetedpptsithe The

term"anti-LT andhddeffcrs SrEicars-18 tnfédhionInNZBGhire. | iRk weRAedated @abiésyribidTes t o
at |east one epitope of LT- alpha , LT- beta or a LT- alpha / beta conpl ex.
The term "LT |i geaplefionofeed} populgtiens|in vivaremeriglity eurygisprassated fogeach phthey e
thereof 25 that (g4 ihiG@l Iy bind to the LT- beta receptor. The term
"LT- beta -R si gna?‘f%‘gﬁﬁsr(ef g?s to nol ecul ar reactions associated with the
LT- beta -R pathway and subsequent nol ecul ar reactions which result

therefrom -5 The term"LT- Mleﬂ@&&#ﬂﬂ&itﬁ@iﬂ%mi n" refers to the
portion or portions of the LT- beta - at are 1nvolved in specific
recognition of and ipnteraction with a LT ligand. The terns "LT- al pha /
beta heteronfric cor@?@—t&‘énd "LT heteroneric 5 conplex" refer to a stable
associ ati on between at | east one LT- al pha and one or nore LT-beta

subuni ts) includi ng B@rdddkEmoritleany anddon€ikaty péificbut thie RBYject nfaférds tief one or
r
ore claimed invention, the following definitions are provided for specific terms used in the

following written description and appended claims.

Lymphotoxin-beta (LT- beta ) is a member of the TNF family of ligands, which
15  also includes the ligands to the Fas, CD27, CD30, CD40, OX-40 and 4-1BB receptors
(Smith et al., Cell, 76, pp. 959-62 (1994)). Signaling by several members of the TNF
family-including TNF, LT- alpha , LT- beta and Fas-can induce tumor cell death by
necrosis or apoptosis (programmed cell death). In non-tumorigenic cells, TNF and
many of the TNF family ligand-receptor interactions influence immune system

20 development and responses to various immune challenges.

Lymphotoxin- beta (also called p33), has been identified on the surface of T
lymphocytes, T cell lines, B cell lines and lymphokine-activated killer (LAK) cells. LT-
beta is the subject of applicants’ co-pending international applications
PCT/US91/04588, published Jan. 9, 1992 as WO 92/00329; and PCT/US93/11669,

25  published Jun. 23, 1994 as WO 94/13808, which are herein incorporated by reference.

The LT- beta receptor, a member of the TNF family of receptors, specifically
binds to surface LT ligands. LT- beta -R binds LT heteromeric complexes
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__, of the subunits. The subunits can associate through el ectrostatic, van
der- Waal s, or covalent interactions. Preferably) the LT- al pha /62

het eronmeric conplex has at |east two adjacent LT- beta subunits and | acks
adj acent LT- al pha subunits. Wen the LT 10 al pha / beta heteroneric
conpl ex serves as a LT- beta -R activating agent in a cell growth assay)
the conplex is preferably soluble and has the stoichionmetry LT- al pha 1/
beta 2. Soluble LT- alpha /62 heteroneric conplexes |ack a transnenbrane

domain and can b ecr et ed Py, an ropriate, ho el ich s;gﬁgn

engi neered to ex peagungpt f‘ﬂb agﬁm H %%ggfbdrﬁtﬂpmﬁﬁ%‘&%bbb \rqh?egn?%“}? et’ al )
J. Immunol. Met h[dﬂ&)phi@&owlam alYSeBEce( 264981 J707-10 hE%)arSi‘glaJxﬁng)f Eb®efaFR al pha
/62 conpl ex" and ' rfac C fer to ri.sing LT-

o pha. and ey JFELH A F PR SRR SEy RS RAn ROor P and
chinmeric forns qgspaﬁ@sor nore of the subunits-which is displayed 20 on the
cell surface. Surface LT Iigand" refers to a surface LT conpl ex or

derlvatlvethereof t S jfic ndt the LT- beta receptor

"ef fective arbunt"” Bﬁ%ﬁ@éﬁ.ﬂ‘?? %Wtq’ E’Wﬁ@ﬂ%‘?eéfnaﬁf B’iﬁé%sr red
clinical result SLT-/BBtaeﬁfeﬁﬁEésKﬁ R re SigfilaPR @&B}dﬁbﬁé@ﬁﬁﬁ‘s}mﬂlﬁxﬁ t that €
adm ni strations. For purposes of this invention, an effective anmount of an

agent which 25 HF’Z)E‘K%'R!@M'\S&PWQ"HF@9‘1?%3@6‘9@ﬁ\ﬁd§qeﬁhmss receptor is an
amount of the agent that is sufficient to aneliorate, stabilize, or delay

the devel opment of aTé teth "Leswmﬁockmg @t fefeid @lan agéht BEEAN dinliaish lifand
sufficient to aneljorate, stabjlize, el ay the devel opnent of

viral -i nduced syrnding to Ldn getp cgH qurface Hrr ‘?sﬁ‘%‘l"l?s“?ﬂngﬁ Edsbetipsigpallings or thptgan
neasurement @f tih@g8cd m ﬁamr sctmlg@aﬁ fsli me@yetar Wit haRel. OE)EaBﬁ;&%‘ ofLTSdetd. in

the art. -6 An "individ refers to vertebrates) E‘Hrtlcu arly menbers

of a manmal i an dqb@,c&nsglgemclp%rr\yde% betat, selublp b- bqtfmli- molgcilesngnsanti-LT-
ani mal s, sports TRAEL T Aibhd F?rble(igh&:?mn L?Q%eﬁdknﬁoshm%iy gﬁaﬁﬁ%ﬁ&gﬁ@ﬂ&
equi valent" of arf amno acid residue Is an ‘am no aci‘d havi ng stmlar
reactive proper teressreast withethe sécratedsfoim of EB-algh®. t hat was repl aced by the
functional equivalent; (ii) an amno acid of an antagonist of the

| nvent i on, Lhe am Ol Y i Skl AIRLARSEL} SRS W Seehil G ¢

resi due that was replaced by the functiona ent a non-am no
aci d nol ecul & ha:h«mgihéugmd bindipg @;ie’l'r tbpfesR,aDsﬂtsh@caWﬂbﬁtadi dustwg@ubT-tm was

rept aced by the df UARLGNY A MALEL ok thel 1 bhs Lr RN RUELARLLIGARGRJ no @

pr ot ei naceous antago nvention I's unc equl va
conpared with a w&cﬁxmhphslojweb@mm blleclemg:aylntnglclddesdublagmnbwt -ReFotein if it

satisfies at |east o e of .t functi opal
equi valent" is ‘flfcl"‘ a6’8I (2 lgt) che ‘%bét @&%9 é‘?‘%’%dlfsrflg’né’%%fﬁdeacp

pol ynucl eot i de uvithahe sccrepeddoth &§I0T-highoat i on condi ti ons and/or is degenerate
to 15 the first polynucl eoti de sequence. Mst preferably, it encodes a

mutant prot el havi gy e aghd v tote.ObecBlhe hARA Dk 24Py QT o1

specifically binds to at least one epitope of the LT- beta receptor.

The term "anti-LT antibody" refers to any antibody that specifically binds to at
least one epitope of LT- alpha , LT- beta or a LT- alpha / beta complex.

The term "LT ligand" refers to a LT heteromeric complex or derivative thereof

25  that can specifically bind to the LT- beta receptor.

The term "LT- beta -R signaling" refers to molecular reactions associated with

the LT- beta -R pathway and subsequent molecular reactions which resuit therefrom.
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(b) the "functional equivalent” is a first polynucleotide that codes on
expression for an am no acid sequence encoded by the second pol ynucl eoti de.
"functional equivalent” of an amno acid residue is (i) an am no acid
having simlar zo reactive properties as the amno acid residue that was
repl aced by the functional equivalent; (ii) an am no acid of an antagoni st
of the invention, the amno acid having simlar properties as the am no
acid residue that was replaced by the functional equivalent; (iii) a

non-am no aci d nol ecyl e, havi i il ar . pr L1l eS e { d.residue
t hat was repl aced by%ﬁgrﬁumﬁ%ﬁg hg%ﬁ%l&\l/‘gﬁg%%b‘%%?%ré ?ﬁgﬁgﬁ{g&yﬁﬁgﬂ écgl i de
encodi ng a pr ot aif misedel bstaaR il av il ved i dpecifin yeeogriten of and intenation math|ayl. T

equi val ent” conpared with a second pol ynucl eoti de encodi ng the antagoni st
protein if it sat®8%ies at |east one of the follow ng conditions: (a): the
"functional equivalent"” is a first polynucleotide that hybridizes to the

second pol ynucl eot i dGhe rgias "ISIt-aiptar betdhyd¢roneradongplext andl LT eegomadd or i s
degenerate to 30 the first polynucl eotide sequence. t. preferabl it
encodes a rrutsant°°B’Pg‘l‘ef°FFr Iﬂ°a‘§§ °?Sﬁ@‘%’_(9f‘i%ﬁ“fe§“ ﬁﬁeaawqeﬁglrpﬁﬁﬂﬁﬁi"a@aﬁ%
protein; -7  (T-bdi£sublMiBCintRBiBg sGIGBIE, yRtaHI] altete8 afd ElifnSitic PBhY HiisHe @B riotte
t hat codes on expression for an am no acid sequence encoded b&vthe second

pol ynucl eot i de. Ofthe sphunis.fihs sybuniss cagasiosiatetbroughelegirostatic, aan des\Vaale Pluide)  but
are not limted 3 ' j [ icponal
equi val ents. As Cﬁ’gae‘?ﬁ‘ e?r%?ig’?g' fiﬁgér?cgf'rqnhéger ?‘h L}Elhéta?z o%%lr&gg%i J\?gﬁ g?\‘th'fgy%kﬂgdrsgf ore
refers to a LT-Bwbhdietennigl-dgtarsubunits andlathksradiatend LT dadpkasubetiitagWherethe TTB

bl ocki ng agept t h j d. henefj.cl. ct..qn the
recipi ent asn)t heanﬁ'%‘ ! B&%P%%%n?{gé%g gl"txasgf‘,e%a%'ﬁﬁ’teg‘l geaa{é‘grtr’g%agq lﬁ'naccielﬁonal
equi val ent. As \grdwthlassay phereeaiplex dxiprisferablyssobiblecand hasthg steichiomeirn LThapba t/, a
functionally eq%iet\éazl ent protein can be produced by reconbi nant techni ques,
e.g., by expressing'a "functionally equival ent DNA". Accordingly) the

i nstant invention enbraces LT-B bl ocki ng agent encoded by

natural | y-occurring Bblablp Lds alphd /62 hetetomerio nomplexes ddck y-tragsmembnape @spinihi ch

encode t he sane in coded by nat u -occurrin eto
t he degeneracy ﬁﬁg%:bcnsﬁ%?%oﬁ TP lggﬁﬁ%lﬂgsetﬁgﬂeﬁfé@s' Xsotfc e?ngbdo r?/(riluc? é’(g%?lgjdes
may be used 150 &Tsalpha hnb/ds UT- betk subynisn@nédwse et hh,ds bnmamd]Methads| 1680 pp.[#9¥89i ons
of the above segij?egagfs 15 which are altered by the substitution of

di fferent codon encode the sane amno acid residue within the
sequence, thus producing a silent change. Such altered sequences are
regarded as equi val eMhstenfs tsindse LTeapba/o2 somplex” anddsqfacd LPbamplex” refer mxded

for by two codons, TTC or .TTT), Tyr. (~.i s coded fo TAC or. TAT and Hi s
(H is coded forcw-[wngfls’&& T- %ﬂ“’taﬂg "l?f'}i’é"r“e}?@'l*ﬂfh‘%{’ﬁ‘a( unitE-ine for by
a single 20 codafutant Gleredasdéitnédd frms df onk bl mbe ofl felsefinas-Sdichhiadisplayeda

gi ven DNA sequence encodi.ng a particular integrin there will be man
degenerate s qu@ﬁé‘é"scepﬁ‘é‘ifa‘"‘g)i Pprfacsdd liggpd';reter éé@%@g@ﬁ@?‘a{eé °Eﬂﬁ‘v§3f\é%
are consi dered \Méxéuf'&xai%@mlfﬁinalfﬁﬁmm\lsa&te@ébtgﬂ'he term"fusion”
"fusion protein" refers to a co-linear, covalent |inkage of 25 two or nore
proteins or fragments thereof via their individual peptide_hackbones) nost
preferably through géfef ‘EF“@‘E(?)‘P‘@%‘EPBF\“6'?‘0‘&“5@%%?6?E‘g‘{)cfh@eﬁﬂaét‘tﬁlf’%tegncodi ng
those proteins. clihichiSest&f £h Efédtivd\@hounb BanHeQliRidistered inf i@ @FRBEes t hereof are
fromdifferent sources so that this type of fusion protein is called a '
"chimeric" nol e@dministragions, Fer purpqseeef ti;esrrvenqu #h effeqtvegmouatefasragent sthighe ns

t hat i nclude = [ w;@y, . | ] {0 a
second noi et %/Sat hLb-zli-?clﬁf gie%g{&irg%ﬁ - %Toggkliglri]g age %&%Pér}%@ru ?%t%‘[euelsglegdgﬁ%r%t ei ns
of the inventi orsufftejent tecimgtiorateostabiilinesoradelaythedsvelapmens ofia wical résponseelmi n
antigen _g bingi LEG Gt [ | Fah.fr Fal!
fragnents, F(ab’' %Qg lragtglg n%%e{néﬁma{g%%fﬁ&g ‘é‘éﬁen éé?atﬁ’ggaggiz g’flogiqgl%'oﬁjﬁgﬁgéﬁ %pncl)crnt

di mers, |ight chdiviralinhessystetic shockeam] reshinaersdistesss iDetdction @fd measurtamant\of and
one light chain,,and the |i The st prefer fusion proteins are
chimeric and corp?f &t tW%%maWchgo%“@dE Oﬁrﬁﬁ(ﬁéﬂfﬁ?ﬁ%ed or otherw se
linked to all or part of the hinge and consiant regions of an

i mmunogl obulin I'ight chain, heavy chain) of“both. Thus, this invention
features a nol ecule which includes: (I ) a LT-B bl ocking agent noiety, (2)
a second peptide, e.g., one which increases solubility or in vivo life time
of the LT-B bl ocking agent noiety, e.g., a nenber of the inmunogl obulin
super famly or fragnent or portion thereof, e.g.) to a portion or a
fragnent of 1gG e.g., the human 1gd heavy chain constant region) e.g.,
CH2, CH3, and hinge regions. Specifically) a "LT-B or LT-B-R/Ig fusion" is
a protein conprising a biologically active LT-B bl ocking of the invention

o o g e gy ge—) - - o Y 1 v

DNA
ences
or




-9  sonicated salnon spermDNA at 55 C for 12-20 hours, and washing with
300 mM NaCl/30nM sodiumcitrate (2.0 X SSC)/ 1% SDS at 55 C. See also
Current Protocols in Ml ecular Biology, John Wley & Sons, Inc. New York,
Sections 6.3.1 6.3.6, (1989). A "therapeutic conposition” as used herein is
défined as conprising the proteins of the invention and other biologically
conpati bl e ingredients. The therapeutic conposition nay contain excipients
such as water, mnerals and carriers such as protein. Il. Description of

the Preferred Embodi fem s HELER T bed BNARLLARAAAD RNl b RGN e

di scovery that LT-B Dbl'oCKing agents can i I'viral “response in an
I ndi vi dual . It wasidspanddndiduas butiemit limitedio dondstici aliradls, ispdreahimechisppddy a vi r us
can greatly increase t.hei urvival rate of the individual. Specifically, it
was shown t hat tpr“é‘}fﬁsﬁﬁc\‘_%ﬂﬁ}-‘%nf'nf ected NZB mice with a LT-B 15 bl ocki ng

agent, such as LT~i R-| gfunddnareqpivalefd’ of d@hifa scd rdsidat fis @1 dnimiad adidhfing3%
Currently treatnent for Ebol a, Dengue, SNV _and ot her viruses nentioned
herein is préverftmiar gactiyeprengtiiesss Beamino arid mesidue thapWanieplared by dhe furetioptlnes

do not exist foleqkiDASR; @) SAink 8did OEE Hnfaghi&ess BR-inVBnR&HY tHel ahinPaciHidingi Ne
anal og, has been enpl oyed as a generic antiviral drug to several of these
i nfections wi t h Sheijsr propertipy as the aminaacidresiduothatyes serizeed By the funcienahent of

Lassa Fever whe I Joum3 | . . . 0,
Aiv. ped i iy AEh A RhoRAghin kldfnbitcyNiSing tnher BRYENE R o YR

pat hol ogy associresidud that whs replaced by ithelfunationad gquiealéntarune nedi at ed. Bl ockade of
the LT system could gqr |y I ncr. . ] far VAR b ansiently
reduci ng vi r]lr(Fs speci gi%&é&nw@éﬁ?g&ﬁ%ﬂ %ﬁ@%g%ge%“gg? trgéj usr“l8&]'[“(3ln"?’;({f"rlE °§/l .ISS
Cinical trials "funedonaliyéquivaleny eoraparébwiteasegomf pdiynuckotids endwalingMhas pat hway

are already underway.for the.treatnment of sever ailments (H L Pass, D
Ve H A Pase. supedpist ropgb e st deaptpne pf i iontag 3glignsi oo, " e
believe the LT(3R | g {d)ané randtiosdl eghivalért € anfscilpaclbaidel Mathybiiditedss th8g i n
ani mal nodels for eventual use in hupan trjals involving patients with
acute, rapidly popteIggleotideunder;siandard hyhridizationgopditignssg{or isfeggnsrate to

pul monary digt r @girstpollfucleotide sequence. Most preferably, it encodes a mutant protein having

the activity of an integrin antagonist protein;

(b) the "functional equivalent" is a first polynucleotide that codes on expression
for an amino acid sequence encoded by the second polynucleotide.
“functional equivalent” of an amino acid residue is (i) an amino acid having similar

20  reactive properties as the amino acid residue that was replaced by the functional
equivalent; (ii) an amino acid of an antagonist of the invention, the amino acid having
similar properties as the amino acid residue that was replaced by the functional
equivalent; (iii) a non-amino acid molecule having similar properties as the amino acid
residue that was replaced by the functional equivalent.

25 A first polynucleotide encoding a proteinaceous antagonist of the invention is
"functionally equivalent" compared with a second polynucleotide encoding the
antagonist protein if it satisfies at least one of the following conditions:

(a): the "functional equivalent” is a first polynucleotide that hybridizes to the
second polynucleotide under standard hybridization conditions and/or is degenerate to

30 the first polynucleotide sequence. Most preferably, it encodes a mutant protein having
the activity of an integrin antagonist protein;
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' (LT-B-R) bl ocki ng agéhithe [fipcio

LT-B Bl ocki ng_A~ents I n one enbodi nent of this invention) the LT- beta

bl ocki ng agent conprises an anti body (Ab) directed against LT- beta that
inhibits LT- beta signaling. Preferably, the anti-LT- beta Ab is a

nmonocl onal anti body (mAb). Inhibitory anti-LT- beta Abs and other LT- beta
bl ocki ng agents can be identified using screening nethods that detect the
ability of one or nore agents to bind to a LT ligand, or to inhibit the
effects of LTheta signalling on cells. - |n another enbodiment of this
invention) the LT- beta bl ocking agent comprises an LT-bheta receptor .

R g S IR U
agent i s an antiogdyantifPicidlidqB&ice Bncddd Bysthe bebondsdlphuciBotidaat i nhibits LT-
beta R signaling. Preferabl z the anti-LT- beta -R Ab is a nonocl ona
anti body (mAb). One JheHl-T-Bikidskingpgentssed imthe prensiorineiyde, byt gpngt liiked to,

I nhibitory anti-4T- . = g%@, b ' g can
be identified ué#%ﬁ”@%?ggﬁﬁﬁégﬁ%?ﬁg§§$gﬁg¥k‘%?gc fﬁeséé?ﬁ%?eggg’@ﬁgﬁgr
nmore agents 6it Hémctienabéquivalent"t therefore refrss to a IIT-Bbldckinigiagent o a palynuBleotide

inhibit the effects, of. LI+ - ' i cel ' t hod
makes use of th@%%/dtm&%églf‘%tﬁgﬁl&gﬁsa%%%q@ﬁl L{)kgf gagneFﬁs# %H%\rﬂ)eﬁnb%ﬁ%f%?@ hﬁ%rt EHgel S
be?yi n?. the LT- tdm:eapgeﬂdasThHiT_ﬂfEBmgiczcmgagmtpkwmis?ﬁis meeméagxncﬁmagccjuﬁza.ldnez a -R
activating agents tao.induce LT- beta -R sign ng. - beta - ctivating
Bgent o i nol ude (e vl PPy oF ot Rt b g agpastieRa egeiedlfaibl o L
20 al pha 1/ bet graldin cih b fRodiceS By reCormBinddt bechil QidsFe.g., B expissiipld "fitictibgally
anti-LT- beta -R Ab (see bel ow;, al so described in applicants' co-pending

U. S. applical® ofquizalent RNA'Gdceordinglycthe insiapg ‘BYR&‘P@%“&E@“&M@ blogkipg agephat can

bl ock LT- Dot a <k Bphdriealy sloirig/ieA£d: AP Ebyibaldikdly@kbliby DAs] nhi bi
the cytotoxic effect of LT- beta - S|gnalllng on tunor 5_5 cell's in the
fol | owi ng assay:Whichenqagghe sagpe peotein ahengedad iy shepatyraliyzecsursigs DiNAe dDYete thehr ee

to four days in d@%e%_gr{s}.:)ﬁéf td n&ieﬁﬁ&tecoﬁmtgts%lﬁ{n‘#g,l difer @gﬁ%@é]&h@& Fesditd at

| east one LT- bet activating agen pre e or absénce of seri al
di l uti ons of t hencgehT-Mhblocking agente.dThesg includg pil.orpprtiohs ofythe ahous sequéricesh

nmeasures mtQch i.a (Welyg) . as [ ] { r | |
m xture and ISeag{bﬁei% a{%arlfeéég\%&rﬂg suﬁ%ﬁ&o;% %;X[E%ﬁéé‘%og@ggg@t%%én%ﬁeys% afngrgo
_Ir[ihxt & 6535 (I’)l each awdlréstid_ue wiml anht ¢ ieﬁmﬂe;a[;gus'iﬁﬁnfmitigmﬂaitell?gh SutlgilterddOD 55g) -

e i s proportiona e nunber unmor cells re 'pl'g,egth's” e
oresence of t he SPaPEngss s Fesardid ag cavaleats.of e sedFress. Foerample, Py
bl gcki nETaggnE icadeaafsﬂby\wtblcgdoha, 6 TTT, 'rltylennii?addee_n’orgb@ Tagmb H?“It Mﬁﬁeggw _
reduce LT- beta -R-activated, - - r.c cyto i \ eas oinN
this assay is a@?’-s °B%1d£°r-tﬁ %‘58((&%?%’&5? °W‘¥W‘$‘r%ﬂ&i%&ﬁéd§f“ 94 dUngle
invention. Apy @& TGG. QRobinglyl @ Wildbe asiRdtidted thttforrdivenddRA bdqueR@t 2 - R
signalling can be io0 used in the above assay to identify LT- beta -R

( : . . y S

bl ocki ng agent s enqoginggpagicular ntagriy herewilhgamny DN degenerate sequynces thabwillx

si gnal I'ing (suchogstopft! THAL l@naitk DNA sediiicls arlcoRiRftledSathiliGe SGpe6E A based
on their ability-alone or 1nconbination wth other agents-to potentiate
tunor cell cytotis¥endny using the tunor cell assay described above. Another
met hod for selectingqan LT-« a -k (ieTe I8 1 Gy io] kS
ability of the putati veclé%eﬁ‘%?tnooﬁﬁlge%[??}&%trgggg’gc\é\/ih%‘%arﬁ%%lgéln -gé’(%:ept or
bi ndi ng. An Zigenwo or momIpooteias ordragoentagendos viahbdir individuhlgpehtide tgckbdaesemeogit or

bi nding by at least 20%is.an LT-_ beta -R blocking.agept wthin the scope
of "this i mvant i GrEerably (e Bhes srogieend a peSR R Bk b e it o
| i gand-recept or ppotéids. Mds preferiod tHasthe piadeipesrftigments dpedol hre Gonpdiffay®t soircés
putative LT- beta -R_ bl ocki .agents., 2 he strength of the binding

bet ween a rec_ept‘Bl‘haéWbs WE@“%"’B’@ ‘ﬁﬁéﬁ?&ae&t‘%’ﬂﬁg‘“ ﬁc“i“nzﬁ’h‘é'-ﬂr‘?r}mq

i munoadsor pt i OfuA&SEYteinEble SMmePic protéiRslingr inbHatCEBModkiigAbent 9P Begrhdrk

bi ndi ng may al so be neasured by fluorescently |abelling antibody-antigen

conpl exes ar@ pepvasently higkdd togsecond moietyides iy aeted-1CBI blockngtapeny Rreferps) fusion
Pvi s, b PRl _ e o AL af which
e Y echni ques JATFSG e BudedRimag Hihd BOURAC 1 b AN S ghuh ' ©

interaction may al so be neasured with the Bl Acore TM i nstrunment (Pharnmacia

Bi osensor) which exploits plasnmon resonance®detection (Zhou et al.)
Bi ochem stry, 32) pp. 8193-98 (1993); Faegerstram and O Shannessy, -12




"Surface plasnon resonance detection in affinity technologies", in Handbook
of ‘Affinity Chromatography, pp. 229-52, Marcel Dekker, Inc., New York
(1993)). The Bl Acore TMtechnol ogy all ows one to bind receptor to a gold
surface and to flow ligand over it. Plasnon resonance detection gives
dirrect quantitation of the 5 ampbunt of mass bound to the surface in real
time. This technique yields both on and off rate constants and thus a

| i gand-receptor dissociation constant and affinity constant can be directly

determned in the prese nd abse f tative LT- , - R bl ocki ng
~agent. Wth anyQIth%? ﬁ%cgﬁﬁgy»%g&%grpplfgﬁaﬁgﬁgfgﬁgflﬁ? %igéns?ﬁﬁ;ll_%ab %g%%&e@rs “ligand
10 i nt er act i onsF(vpfiggmehis, Bdavl vigdirembieneadord dithyrs dfghacHalh méiehRrs-ordimeps ki ng
agent ,- al one or _in conhipation with qther agents, .to_ jnhibit binding of
surface or sol uﬁ‘F”érsLe?n‘f‘?L@’&l‘?&g“cr&?a‘giﬂ”g&%{‘%t}tgg%?'&ﬂ?glcll‘f-e' beta -R nol ecul es.
Such assays may al sorfendsepidfeted fuddh ploleindRé ehimBHidARCHmPHseAUENB Hldeking
derivatives of such agents (e‘.wgq.: fusions, chineras, nmutants) and chem cally
al tered fornB) - 2deaiaoigly fused eborbervite ligkedte alh ot past ofhe Hegeand ponsianigpgionsal
altered 15 agen ihgnﬂogﬁguﬂn-ﬁi%xpﬁ{aﬁi, h&vEhdint 8F bR ThESGhit Fivedtfoh Featdestd OCKI Ng
agents in one enbodi nent of thhis invention conprise soluble LT- beta

recept or nol ecumelsculdwhich énplidas; €1)@fLT-Bdlagking agest malety (2) @rsedopdhpeptide, e human

of US patent. o5 WINEBEERE] RO Rid1gt 0 BERLY.S Bopllficioib 1 0 2

sequence 20 i nfeg.ramember of theiipmueogdotadin Susr fandlyen fragment by Aitfion3hdreafnelg.,

reconbi nant DNA t echni s wel | own jn the functional fragnments
Ecodtng. t hdd L e bEEemorhiERmER of 169, 2. e e 80 e i GG e SEv et or
and expressed | OH2/CHRRh®RingEegiond Spetificdlly (AHICIEBar BTIBIRIIE filsibn” R&tploteilk
nmol ecul e. Sol ubl e LT- b%ta -R . nmol ecul es. that can conpete with_ native LT-
beta recept ors foPrsipgabiplogically active & TR Blorking, gt ths 1qvgation e g Asolbled F-Ba g
herein 25 are SR]gabeslogéally hctive Slagmen® thirédf Minked RAEN-fermidusstiaibl € LT- beta

receptor conprising amno acjd sequences sel ected _ fromthose shown in
Figure 1 of U. S@%&Pé‘ﬁﬁ’“lﬂ’gﬁha'ﬁ,v@!&}ls%wwfﬁ@ %{tt%%‘_ﬁléd’f ths I’BWé“Qﬂl?bHB? ¥

het er ol ogougs pr@higidd witithé NB-Bblbdkdgigefl O BBpEcids JF.TLE 6f EABERAZ RsibAis\ahV O
stability of the receptor fusion protein) or to nodulate its biological
activity or | ocdiT-B&R/Fofusiop whigh isial pyotein romprisingan leT-BrR ohthe inventioh hiskegttp ch
typically have | £ oLl dRUEb Stobdlint | L Oon-are
used to constr uégtlagthaep alrté{gglﬁtq: %?%Eg?%ﬂégfr%‘tqm ns?élghtgﬁ' ‘B‘ﬁ’é@%ﬁﬁ" 0 éé‘?‘ns

i nclude but ar ecompris¢siafiE-Bdldcking iagamtiofithé tiverition dinkexito afraginknt iof an antibody

| i poproteins, apolipoptoteins d trapsferrin. Se nces, that can target
the sol ubl e LT-p%gf'g"é?%g”d"éaig?’gmf’fgpée ﬁafvf'il%ﬁ’l"%?ag&lof:lbé'fwc‘éﬁnsti ssue type nay
jal so be attached to the LT- beta -R Iligand binding donmain to create a
specificall ¢8| ocal i Z'standacd hybFidization corditions|R shlg gidemperatues qondigpds or a

Pat . no5, obe. supsty uvalep: LSS AT RY S ind & CRrEMi o n ey be
fused to an i MiyBAGzatYAland wash) Théuetm "Qgidard HybKdizdtion chiditibneBdsiuséd hegeifignan

| gG 1 heavy chain 10 (Browning.et .al., J. | munol.) 154, ). 33-46 (
1995)). Soi ubl eherefopt %Owa@?agé?gm?%raaﬁévﬂi?@aﬁses T BReRA Pﬂ%ﬁs%gi cal

reagents and nedongidiend, Highdr Siringéne} Sdrditions Ry, FoCexbMPMNintldd KyBridizing wWiBE €. 0.)
U S Pat. No. 5,225,538). A functional LT- beta -R_I1gand binding donain
may be fuse@ t oplegveiseraemintien A% polyvigylpyreolidonen 03 %ol 409; 0.2 Grhoyine serum

i mmunogl obul i n liﬂ.&-L [ L : h.NSgz, OF

anti bodi es 15 bag %ﬁg’l% to |?§§(Pgtn7{']ﬁf é@?gglég'?%spdgsﬁﬁgpﬁgg%g%’gn%acti vat e
di ver se seconda$BsS)eld% dextranfsulfiase,iand $00 g/l denhiucsd, somioated salinen spelme DINA ekonmai n
is bound by a cognate Fc receptor. Secondar ffectar functions include the
abi 1Tty 10 act Gate erHe- 200 R MEsEE My > 1M UL S oo Spfameties Ortd t o

bi nd various m i r ISy e} j Lfer: cl asses
and subcl asses g%é}?%%géf%%u '%ﬁggﬂ'%%ggéé%dgg’n?%a%gﬁ%héélghlﬁa{fdez0

| mmunol ogy, 3@. kybAdizivigwith-pYeme sdieamibulfar, dp% dettehn, sufate entl 1 109GANL defidvered,

conpl ement enzynme cascade can be activated by the Fc domai ns of
antigen-bound 1gG 1, 1gG3 and I1gM anti bodjes. The Fc domain of Ig&
appears to be less effective, and the Fc démains of 1g&, I1gA 1gD and IgE
are ineffective at activating conplenent. Thus one can select a Fc donain
based on whether its associ ated secondary effector functions are desirable
25 for the particular i mune response or disease being treated with the LT-
beta -R-Fc fusion protein. If it would be advantageous to harmor kill the
LT ligand-bearing target cell, one could select an especially active Fc
domain (IgG 1) to nake the LT- beta -RFc fusion protein. Alternatively) if
it would be desirable to target thelLT- beta -R-Fc fusion to a cell w thout

o o, ~ A p— o - ”~ o




Fc) is described in Exanple 1 of U S. patent no. 5,925,351 incorporated by
reference herein. One CHO |i ne made according to Exanple 1 that secretes
hLT- beta -R-Fc is 10 called "hLT beta ; R-h@ CHO#14". A sanple of this

| ine was deposited on Jul. 21, 1995 with the Anerican Type Culture

Col I ection (ATCC) (Rockville, Ml.) according to the provisions of the
Budapest Treaty and was assi gned the ATCC accessi on nunber CRL 11965. The
production of a soluble murine LT- beta -R fusion nolecule (nLT- beta -R 1s
Fc) is described in Exanple 2 of U S. patent no. 5,925, 351 incorporated by
reference herei rﬁonnamelmpﬁ@erm@é%etcﬁmmlzxsoﬂsztarﬁsﬁnéwzsmgw &blﬂMent no.

Gionn 3 Ber A SRRy Rl B . DX SO P3P G SATRCURAE 1y ¢ e

Aneri can Type Ormalsﬁi)McﬂaixmrméwﬂiQﬁ)hn(Wﬂe)k&lsbhﬁ IncVNewy Yotk Sectiong 613a1-t he
provi sions of the Budagest Treaty and was 20 assigned the ATCC accession
nunber CRL 11964-3-Bi#%%€}ent amino acid residues forni ng the junctl on point

of the receptor-1g fﬂﬁthé}ﬁbeﬂfn@&&ﬁﬂbsﬁﬁﬁf‘ ﬁ'u&é’d he?éﬁ?xs%l%ﬁﬁlﬁtak'& J: xfo)énﬁnd
ultimate biological activity of the soluble LT- beta recep or fu5|on

protein. One or Qﬁh@nm%m&ﬁtmbmgl%ﬂy eeaRatibledngrefiens. ffb? therapentisf ¢ he
| ected LT- bt ’Eﬁ’% i 25
§§| th :d fusi oﬁ &1&5@@&?&% tern m?fssysg{:ﬁfs M{%TH g@gsgﬁh% éy’gits'gbn Jé(raqt ein

may al so be varlmdeiny changi ng the position at which the selected LT- beta
-R DNA fragnent is cleaved at its 5 end for insertion into the reconbi nant
expression vector. The stability and activity of each LT- beta -R fusion

protein may Ime test &Dasedptiot ofnherRreferrad Bmbodimentne - 15 experinentation and
the assays for selecting LT- beta -R blocking agents described herein.

Using the LT- beta - i t t .
extracel |l ul ar domain s%h Mmg%%%qu{@ gngﬁ(lgh;&'ﬁggﬁ%og ém\?g"rrflgﬁltmh%y al so
be constructed tagerss candnduge ammtmfrﬂlrenpbgsemianindivmhluhlms folind timt aeamgamtor or
fusion protein fo The. sol ubl e LT- be R.nmpl ecul es. is
venti bn_can cdmele R alE Bnipen BisshiReresi At HG R it L RrcBBsbe e
surface LT-_bet Sp&ﬂﬁwlgrmms dhbwhShaeﬁUduagQM-ﬂE&Ifeo‘mehn&|vﬂth@L'B®| e
conprising a LT- beta - nd bi ndi ng donain that can conpete with cell
surface LT- Het é’l‘?’-‘é‘@éﬁﬁ‘iﬂ‘ s*“?qbqs LTPRrIg fusitp iptet inggeased dieir yurvisgirate 78%| ocki ng

lo agent that falls wthin the scope of the present invention.
Currently treatment for Ebola, Dengue, SNV and other viruses mentioned herein

is preventative via education on transmission of disease. Vaccines do not exist for
these highly pathogenic viruses. Ribavirin, a guanidine analog, has been employed as a
generic antiviral drug to several of these infections with reproducible success only

20 documented in treatment of Lassa Fever when used carly on in the illness (M.D. Lacy
and R.A. Smego, Adv. Ped. Inf. Dis., 12,21 (1997). Our data indicate that some of the
pathology associated with these viruses may be immune mediated. Blockade of the LT
system could greatly increase the chance for survival by transiently reducing virus
specific CD8 T cells numbers and their functionality. Clinical trials that employ several

25 means of blocking the TNFo. pathway are already underway for the treatment of several
ailments (H.L Pass, D. Mew, H.A. Pass, et al., Chest Surg. Clin. N. Amer. 5,73
(1995). We believe the LTBR-Ig treatment should be considered for further testing in
animal models for eventual use in human trials involving patients with acute, rapidly

progressive viral infections involving shock and/or pulmonary distress.

-10-



I n .another enbodi ment of this invention, antibodies directed against the
hunan LT- beta receptor (anti-LT- beta -R Abs) function as LT- beta -R

bl ocki ng agents for use in treating conditions that place individuals,

i ncluding human, in, or at risk of) viralinduced system c shock and
respiratory distress. The anti-LT- beta -R Abs of this 15 ~ invention can
be pol yclonal or nonoclonal (mAbs) and can be nodified to optimze their
ability to block LT- beta -R signalling) their in vivo bioavailability,
stability, or other geoygetild Rbdsy POl yclonal antibody sera directed

agai nst the human LT:—D'ET'a“r‘L%E%m‘r areprepared using conventi onal

techni ques by injecting ani mals such as goats) rabbits, 20 rats, hansters
or nuce subcut aneousfryoneiBodimBit TR thid-ihvenB6h, dhd EEMREMockng fapst OfmpHsed & N
(Exanple 1 of US pat. no. 5,925,35 | in conplete Fr eur_lg' S adj uvant,

fol | owed by boogatehody (Al direqted agaiast LTo betg thafinhibitsdels beta) signaliegs Preferably.onpl et e
Freund's. Pol ycl .yt Al . h ant | hodias, di ed
agai nst the LY e iACbka bk £RBhaLNRubG (A 1R WiCE R hbahl
procedures. 235 ktesET+ieroblbcking agems candwiidentifiedining sdieeniog mdthadsathatsieteat human

LT- beta receptgr-Ec. fusion protein are nr I escL.l bed.in

pat ent nunber 5%5?5?%&';0“@%%?3&5@ ‘Rbﬁ’fﬁ? ?g‘gr@g%cg?f %I I néllt ?‘éﬁffﬁ%‘? ‘i}égsl) whi ch
produces the nobew signkllinfoaeellsl T- bet a-- R-mAb BDA8 was deposited on Jan.

12, 1995 with the American Type Culture Collection (ATCC) ( 10801

Uni versity Boul evard, Manassas, Va. 20110-2209) - 16 according to the
provi sions of the Bublapetbtr embediment cfithis inxentmasthe hE dbathblodkii@Rgantcomprises

nunber HB 11798, rious for ti.-LT- ta -R antibodi es, ca 0 be
Tde. ust g st andab i oriabt AT B Ak frenh da ol bR BEATB X
Nat ure, 349,10ppblodkidg 8fentis 2D htibpdy (Ab) Hivecteabagaipit&)T- beth i Rehat mhibRNLT it €S can

be constructed i,n.whj.ch_the antiqgen._hi ndi omai n from an ani nal ti body
'S inked to a BRI RtEam: s R, By A F rinoctond) gt Bhey.
4,816, 567; Morr sgdBfiniEbitosy anti=1E¥-eta-RiAb. is BDAR. mAY: i Inhiblitdry Antl-181betPR ABSS51- 55
( 1984)). Chineric antibodies reduce the observed. i nmunogeni c responses

elicited by ani f#folsrdiThbiis Rbigrkine 3eenlg cambejdsnsified ping tcrsening asthodythat |
addi tion, to regquRkiRaBiiity sHRB B A6 adtitd S@EH B BindWD HRILT- BER I bFET lifddldr
beta -R can be synthesized. Humani zed antibodies are chineras conprising
nmost |y hunmants| g8 ishibiséeetfects oft Iof-bita dhsigradlingagicshss r esponsi bl e for specific
anti gen-bi ndi ng have been inserted (e.g. WO 94/04679). Aninmals are

i muni zed with the desired anti en,glaf(he CO{ es)gondi n& ant j bodi es_are

i sol ated, and the poPRssiFeRing maiod mekesdise of thgripioxie sHiesttdd TrBe2 R ponsi bl e
for specific antiggihdUntethéitens BeafifFThy T - beth R AMIR Ll Afel Mk Bked B R

bi nding regions are then cloned into the appropriate position of human
anti body genes Mers¥l-datarRactiatingResnts it RaAvs IrTeSFten%swa%na@éEnb%%t ed.
Humani zed ant i bagivagngdUgiilinéRiad [E- A5t /63 héiﬁblﬁéﬁﬂ Qeiieked pRf&abIS BAGIEE-

sequences in human antibodies) and are less likely to _e1 icit 1immune
responses i r20t halphz Vherd) inth¢ presencoef IFYngamme t ¢r@n agtivating angirlehtbetal-Redes of
reconbi nant ant I ant J ! I . |d d by making
chinmeric or hu sﬁ%_ g%%‘p’ga?ﬁ%id-ﬁg&ﬁ gﬁsfnggﬁ%cg;ﬁtgfcggbe ?41“2? g%?@?%ﬁa‘i- “vari abl e
domai ns and hun@8/3e&9a8).ant domains (CHl) CH2) CH3) isolated fromdifferent
cl asses of immnogl obulins. For exanple) anti-LT- beta -R IgM anti bodi es

W th increased anti gﬁ&ibl&hféghﬂbgmﬁérfagen\{s%ﬁ’l 550 -&?a-kes?%-gﬁﬁlg tsL%c j oduced
25 by cloning the antigen binding Site 1nto vectors carrying e hunman nu
chai n const ant bagd omgeit Abilityan inhitatrthe tytetbxiy effect BKT- eadR)signalling jop tundet39- 50
(1993); Laneg_ et céiji} Iggno J. Ignmnol ., 22) pp. 2573-78 ( 1993 ); Traunecker
et al., Nature, d ‘hps oS eAS afv 1989)). In addition) standard reconbi nant
DNA t echni ques can be used to alter the binding affinities of reconbinant

anti bodi es wi t h1} Temor callx sugeassHTR9 all$ areicnlgnredhion threxad four dayisdnie serido of tisstehe
vicinity of the ti bi ndi ng sites.  [The aniige inding affini of
uman zed - 17 colles A EmRRea AP s ba oBOL hiHeka b r4fs dkeat ohe

mol ecul ar nodel pREencEbieMEenes oftderial dluG6ns olleelagenbBéidg teSiel; U. S. A., 86, pp.

| 0029- 33 ( 1989?; WO 94/04679). It may be_desirable to increase or to
decrease the affinity of anti-LT- beta -R Abs for the LT- beta -R depending
on the targeted tissue type or the particular treatnent schedul e

envi si oned. For exanple, it may be advantageous to treat a patient with
constant |l evels of anti-LT- beta -R Abs wth reduced ability to signal

t hrough the LTbeta pathway for sem -prophylactic treatnents. Likew se)
inhibitory anti-LT- beta -R Abs with increased affinity for the LT- beta -R
may be advant ageous for short-termtreatnments. to By testing other

anti bodi es directed agai nst the human LT- beta receptor, it is expected

g, e - . -~ 4 " - 2 1. .




beta 2 conpl exes are used as the antigen. As discussed above, it is
preferred that the resulting anti-LT- alpha 1/ beta 2 antibodies bind to
surfacelLT |ligand without binding to secreted LT- al pha and w t hout
affecting TNF-R activity. The production of polyclonal anti-human LT- al pha
anti bodies is described in applicants' co-pending application (W

94/ 13808). Mbnocl onal anti-LT- al pha and anti-LT- beta anti bodi es have al so
been described (Browning et al., J. Imunol.) 54, pp. 33-46 (1995)) l\/buse

anti-human LT- Qe ared as . desc

AL IR § i T S Y

nouse ant i - humathe kumorlell mixtite @breBQed\fas sedefabbduked on Jul . 21, 1995 to with
the American Type Culture Collection (ATCC) ( 10801 University Boul evard)

Manassas, Va. 2 0- 220 according to.the provisions udape

Troatys and mas L o ey B Lo Ml i breRitied ot S E R
hanster anti - rmugﬁ(cbﬁss@l vli@obfszoasrzﬁx BURELnABLo WY funite® PROMOr @8ls efsdedihdRd 1 N
Exanple 7 of U S patent nunb 5,351. A hybridoma cell line 15 (BB.F6.1

) whi ch pr odlice®e preenpaphihe FTobeta Rm&wns?gena%t&e tesbLTndistapB bierkingpsent

deposited on Jujy. eaa#welﬂ%%%gwtbhc&ﬂmnaﬁeﬁbf@ﬂmmwean%d Wi §- 6&h Ligsddvaea (ATCO)
( 10801 University Boul evard, Manassas) Va. 20110-2209) according to the

provi si ons of - t WEopeellaytetexicitydsat dask A0 im hisessaydna BTt bata Rigorking-agerti on

nunber MB 11963, 4P E vated cell sorting (FACS) assay was
devel oped to scrlggﬂ 46 6 o %ﬁﬁ‘éoglués directed against LT subunits and LT

conpl exes that can act as LT-beta -R bl ocking agents as described in
Exanpl es 6 and 7 of Any3gemsar eambiration of agenty timt anivate|LT- bpfpa R signalling eapibabl e

human LT- beta e a
cgl | s- whi ch%ex pl#sg(']sgﬁls% ag%sﬂﬁﬁé%f’}e@éy%érﬂé’a‘ﬁf‘ﬁ% ggﬁ%:ﬁ) ﬁeﬁg'l%krr&rrﬁﬁ%qg. ,
154, pp. 33-46 é(gent@mé)mduqeHThbcthlésigmlb?ngﬁsudhrast&tingamhbTﬂtea -BfmAb® t est

anti body. An antl f t LT- eptor-1i ng

"t eract i on by i o sleefed gnion el el lone i 9ShRpli ¥ el e

Using a LT- al pﬂsumMaﬂoatrmrccenrpﬁanxmmﬁ using thé aiiod célllassayndesdribedisbaad. anti gen to

i mmuni ze an animal may lead to nore efficient inmmunization, or may result

In Another method for selecting an LT- beta -R blocking agent is to monitor the

15  ability of the putative agent to directly interfere with LT ligand-receptor binding. An
agent or combination of agents that can block ligand-receptor binding by at least 20% is

an LT- beta -R blocking agent within the scope of this invention.

Any of a number of assays that measure the strength of ligand-receptor binding
can be used to perform competition assays with putative LT- beta -R blocking agents.
20  The strength of the binding between a receptor and ligand can be measured using an
enzyme-linked immunoadsorption assay (ELISA) or a radio-immunoassay (RIA).
Specific binding may also be measured by fluorescently labelling antibody-antigen
complexes and performing fluorescence-activated cell sorting (FACS) analysis, or by
performing other such immunodetection methods, all of which are techniques well

25  known in the art.

The ligand-receptor binding interaction may also be measured with the BIAcore
TM instrument (Pharmacia Biosensor) which exploits plasmon resonance detection

(Zhou et al., Biochemistry, 32, pp. 8193-98 (1993); Faegerstram and O'Shannessy,
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anti bodi es having higher affinities for surface LT ligand. It is

coficei vabl e that by - 19 i muni zing with the LT- al pha /62 conpl ex,
ant i bodi es whi ch recogni ze am no acid residues on both the LT- al pha and
the LT- beta subunits (e.g., residues that forman LT- al pha /62 cleft) can
be isolated. By testing antibodies directed agai nst human LTal pha /62

het eroneric conplexes) it is expected that additional anti-LT anti bodies
that function as LT- beta -R bl ocking agents in hunmans can be identified

usi ng routine experinmentati on and the assays. described, herein. - -

Adni ni stration Tﬁé’faﬁ'b “trF?:?H%"cﬂg%‘&?‘l%é’&ig%@%feﬁh‘wllqgfesbé“ gmﬁgﬂ?ks‘ffer ed at an
effective dose lAﬂrﬁﬂgtd:m&ﬁattgﬁpﬂy, ﬁatzwgz ,\Widrad] DeRiekd Taél, N6 tyerk @ossmock and
respiratory distress in an lo individual. Determ nation of a preferred

phar maceutical for ation a apeutically. efficient dpse re nent
for a given appli Cﬁ‘&ﬁ#ﬁg Rﬁgﬁ‘f‘“ﬁfﬂ‘ﬁ? aﬁﬁ‘?%’l?‘?%‘“ﬁf“f?f& Q280 daf’mf?f“ﬁ%'“

i ntoconsi der at i @'flow REan@%eFH. BlasthbiEreSetafdel deRbtich dvesRiredt iquahitdibe ot i ent
the extent of desired treatnent and the tol erance of the patient for the

treatment. Désesmewnt ghuats bounfio Ky syrfacs is sl tpe Tqu&tccﬁl@tqae y#dabeh enpeteifd to
be suitable sta 3 tdn&dh cplgﬁ@

Det erm nati on o?gtéé&%erg%gd&?{mg‘gf y ef Fe Lgﬂtclﬁ%/sga tonn:C%cggﬁﬂgﬁl é'cglslss%nstg%nd by
per form ng in_vbe dicecdy geterminedtis thelpzasenve asdiatserich of the putetiver IE-ibota -B blackieg L T-
beta -R bl ocki ng %Pent required to coat target cells (LT- beta -R or LT

| i gand- positive %e | s dependi ng on the blocking agent) for 1 to 14 days.
The receptor-ligand binding assays 20 described herein can be used to

moni tor the cell coaWithgny efabest enothertechhigues foRmensuiing re¢egtondisindsi ti ve cel | s
can be separgte t i A@ .Based on
the results gf Ehn é%mllsggé%%ﬁgeﬁ?éﬁ%@ggﬁﬁégg?gﬂpg& t?a%gféglgpié%?tt’ QB = L'T- beta
-R bl ocki ng agem:mlmmlmenumatheoagntsam imhabis bindiog eﬂsurﬁacetcarsolubln Lanigamds o

according to the be Adm ni stra on f t ol ubl e
bt ne- R ol SPed URELT AR TR RRlrhity Shih s Bag alsbe BT el R

i nvention) al oneR bll‘oclhﬁg mﬁ@bﬂdﬁﬂv@lmes ofisuchl dgen (. g.cﬁxﬁbmdclﬁmdmgmuﬁnmdn& or e
of the antlbodl c eir,salts qor pharmaceuticall abl e
Geri vat | ves s heriegnsalalerERoRd slase ok bt By v PR A O AIRRE |
accept ed nodes g&nagmkﬁkanraagqnmmﬁm@gents whi ch exhi bi t |nnunosuppre55|ve
activity. -20 The pharnaceutical conpositions used in these therapies may

al so be in a variety,of e se include, for, exa

senm -solid and |iqui B d‘(}j §§’é IFBPﬁ@”%ﬁ%‘Htsdg o?ea‘fﬂ‘@fignenbfr’?j‘}“s‘ m"ﬁ%ﬁ&‘éf’ﬁ’!’“fﬁ qui d
sol utions or SusiHSLP eta ﬁ@wmol&mbesmeaézﬁeﬂoejoembabdr@emnd poﬂifou%fbﬂee
solutions. The preferred form.d egoﬁn s on the intended nod

admi ni stration afernlsbsiael Vhichensrdes the ligand Rigdiag de!rmamﬁhﬂwgﬂ%ts‘rrsﬁ fray
include oral, p@@g&@:&%smtﬁw@ bme?aa&eﬁeﬁm' U&ﬁgheseqae@e or

typi cal admi nistration he sol uble LT- beta -R nol ecul es, antl-LT | i gand

and anti - LT20 peinformationyia Figurg hpkU Sppatent pey?. ‘#éy?fl past reeomalipane PNyet
well known in the art, functional fragments encoding the LT- beta -R ligand binding

C:

domain can be cloned into a vector and expressed in an appropriate host to produce a

soluble LT- beta -R molecule. Soluble LT- beta -R molecules that can compete with

native LT- beta receptors for LT ligand binding according to the assays described herein
25  are selected as LT- beta -R blocking agents.

A soluble LT- beta receptor comprising amino acid sequences selected from
those shown in Figure 1 of U.S. patent no. 5,925,351 may be attached to one or more
heterologous protein domains ("fusion domain") to increase the in vivo stability of the

receptor fusion protein, or to modulate its biological activity or localization. Preferably,

-13-



into sterile, isotonic fornulations with or w thout cofactors which
stinulate uptake or 10 stability. The fornulation is preferably liquid, or
may be |yophilized powder. For exanple) the soluble LT-beta -R nol ecul es)
anti-LT ligand and anti-LT- beta -R Abs of this invention may be dil uted
"with a formul ation buffer conprising 5.0 ng/m citric acid nonohydrate, 2.7
mg/mM trisodiumcitrate) 41 ng/mM mannitol, 1 ng/mM glycine and 1 ng/ n

pol ysorbate 20. This solution can be |yophilized) stored under

refrigeration 15 and reconstitute riqr to ad | stratjon Sterile
Wt er - For - | nj ectﬁg’#’ RIR5818 Protgifss W Sgﬁg’é y be ag}agdﬁ figteptepthag %&ﬁa%lrvnl%| ude
conventi onal pha&mwa@ Atdd¥o BsiR@ Bl receRE fusRIh roteihs. SkENEsmaprblms ar t
('see for exanple Rem ngton's Pharmaceutical Sciences, 16th Edition, 1980,

Mac Publ i shing GaehdaByf areggelimitsdde iguppeslebyling. SS’E%‘E?JE"&B‘I"&R?&W?%% s may
i ncl ude ot her g‘:a%bﬁ%(@ﬂételﬁ‘gﬁﬂtt@lsfﬁﬁﬁ@eﬁﬁ&)ce%&@ah &r%‘e@&fe sBluble 130b&dLIvant s,

exci pi ents) et human serum™al bum n or asnma preparations. The
conposi tions fr enqdp@ﬂ@mamaylculnr cefieor tissuetypt Hai)’@hptbe ddachecndbediT-lbetasRal | y be

adm it er ed ong gt (RARE WS «FLrdfYa LORANLIRSEH AR L EWOR dGNS O

this invention usi m Cr ospheres posones)
ot her m cropart |protbmt e&lmlalﬁmuynakpmtlemf the L@ub&tmkmdraﬁeﬂlutaelregme{FIG 1 of

formul ati ons pl in, or_ ot herw i n muni.cat n with ec

ti ssues or the gﬁégﬂs‘ﬂ%w%m% S@gé‘}&‘?r%b&? 'gf 1 15? iR Eﬁ%gﬁgﬂsﬁ ers
i ncl ude sem per neakimpiglobelin ¢oaktantGegion likd AeFE Gormain bf Shanmdg@I héavy eRaisuch
as suppositories_or mcrocapsul es. |nplantable or m.crocapsul ar sustained

‘rel ease mat r 1% e<BFOYRgRE 2ydlt ];FF%‘L‘P? gk PRy 334665395 @oluble segeptardeGrfpsia 481 |

copol ymers of L- ;ﬂ&t&ﬁh@ﬁi’c%oﬁﬁxbﬁim%ﬂ& 1&!1 i‘é‘é;!enlesa&h%eﬁ{&ts for theirdORdtruefiorPdre -
Bi opol yners, 22, pp. 547-56 (1985

hydr oxyet hyl - e tkaawn i the an (SG‘F .84 H))ﬁ{ é’ﬁ‘er 5!1%25 ﬁ@ét@fugct(q_nalrlélérbe@t-qugagd J.
Bi omed. Mater. %ﬁtngpci]oimrpﬂa &%&?3 ad i Olﬁaog?dle:uf{d?ﬂéb c’dogigﬁen?_ ks marl'z) Pp-

98-1 Os ( 1982)) osones ‘contal ning s bet a
anti-LT |igand amhuaeglobulificlagsedrgubdisp\btherthart IgiGd. Thwl’wrttomm)s oaarmbedlgs in

Epstein ot b . oo e (Rt i g of VBRI e sl Belngpnberfes” 121
Havang et al ., PrfosctioiailctivatiomdccufSovhen theFcAlomaitivis bmnd b@(h?‘ﬁgtﬁt& Kc r&%(b) ﬁ S.
i | (about 208 ERURRRGEr PN ST A ARUDYY st s bl G PRI Kot e

i s greater than cadsethe phldert®)land %biiidﬂrmﬁﬁm&lrobnéﬂpmtaﬁpmﬁé pﬂopéi'n&fof@iw| ester ol
is selected to control. 1 o the rate&‘usolule LT- beta -

mol ecul e, anti - 14fHeTERy & eamsahﬁgssw igmpnoglobulips gre desqribed iny @t'sféﬁhm e LT-
beta -R nol egul g;munblofy, lp14.8 (M3¢H- PeAFBEEK Eurbpe LIRS Bded. 998)SThe complement

enzymeé cascade can be activated by the Fc domains of antigen-bound IgG1 , IgG3 and

IgM antibodies. The Fc domain of IgG2 appears to be less effective, and the Fc domains
of 1gG4, IgA, IgD and IgE are ineffective at activating complement. Thus one can select
a Fc domain based on whether its associated secondary effector functions are desirable
25  for the particular immune response or disease being treated with the LT- beta -R-Fc
fusion protein. If it would be advantageous to harm or kill the LT ligand-bearing target
cell, one could select an especially active Fc domain (IgG1 ) to make the LT- beta -R-
Fc fusion protein. Alternatively, if it would be desirable to target theL.T- beta -R-Fc
fusion to a cell without triggering the complement system, an inactive IgG4 Fc domain

30 could be selected.
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of this invention may al so be attached to |iposones containing other LT-
bet'a - R bl ocki ng agents, i mmunosuppressive agents or cytokines to nodul ate
the LT- beta -R 15 blocking activity. Attachnment of LT- beta -R nol ecul es,
anti-LT ligand and anti-LT beta -R Abs to |iposones nmay be acconplished by
any known cross-I|inking agent such as heterobifunctional cross-Linking
agents that have been wi dely used to couple toxins or chenotherapeutic
agents to anti bodies for targeted delivery.conjugation to |iposonmes can

al so be acconplished_ using t car bohydr gt e-di . ect ed. cross-| i nking reagent
4-(4 zo mal ei ni dopheﬁ%‘ﬁt“’gﬁt‘{ﬁi@Wg%h?g?%r&m%‘ﬁd“@ﬁﬁfﬁﬁﬁ%mg?mgl ) Jd.
Cel |. Bi ochem AggiplemebitRlivatibf have bebrl &3erlbed (3. Morkidon, Rgh& ReR IhinfiakI NG, agent s

of the conpositions and nethods of this invention can be nodified to obtain
a desirabl e | evdP- $19-65719973) Thesror pheranytatings sarherigedh gloap o ip gombiagtian; ¥n,

i sorder or i SeBafde b iaARER. ddndifusEli ShaRe(nt DRl rRBuahpOl L1 €

| evel of LT- be signal I'i ng can ne-tun mani pul ati ng the
concentratiorf arpdoteihe affinities of the LT- beta -R bl ocking agents for
their respective nolecular targets. For exanple, in one enbodi nent of this

i nvention, conpositi | Si T S - : .ar e

adm nistered to a sugjﬂigt. ihgsgg%dﬁiﬂﬁ@%eﬁtg%@g@ r %:lg%b&g?l?sé%i vel y
conpet e wit h- celligard hifdiegseqiencesdtisedte e byrnay isnfuspglabulisi Fedlomgind bk T-aheta -RT

| i gands. The abid { A r L ' =22

the relative cor#giefﬁ%é?%ﬁ P%ﬁg%géﬁ?l é°2% %tgﬁglﬁd{?#éﬂ’?gﬁ ﬁ%@ﬁiﬁf‘g@éﬁ%ﬁ'@ “beta -R
nmol ecul es, and dareith One CHE) latei magle atdording fodixaiple 1l thay acorletés hidl heta -FSét isbl e LT-
beta -R nol egul e a i.n i that ingrease or decrease bi ndi ng
affinity of hatcgqﬁl}t Eﬁf"%‘%?‘ﬁ%ﬁ@@“ﬁe&@ﬁﬁwﬁ“ﬁs Eﬁ?‘?’?c%”.“l‘“??’b‘%’%‘%tan be
made usi ng st andegsiwitk therindiizad TIPICulRRTollgetem (AFCC) KRiwille, Md.hagerdiafg ski l |
in the art. Large nunber s o; rml&;:ul es wWth site-directed or random

mut ati ons can be° the2fayEpiqns ef thy Budapes;Treaty and yvag assigned the ATLG apcesgiop ngrpsry g

agents using rogRiNgogxperi mentation and the techni ques described herein.
Simlarly) in another enbodi nent of this invention, antibodies directed

agai nst either the L]: beta receptor_ or one_or no of the LT | igand 10
subunits function as:l[\‘_ m%'&f“a“‘-’ffﬁﬂ?@mwea@‘éﬁ?‘éfﬁ%ﬁ@%‘?‘ﬂ“ﬁﬂ%?%?tﬁéé'e
anti bodi es t@ blpgrig destribddah Exafgle RO U.S batbtinbi 51925:351 iRRrpiRdsd tyasteRyice
mut ation) chem cal  nodification or hy other nethods that can var

. t he
ef fective conceRerl AdH® linemas seegrding o Framplh 7 Biids- Aot pRSo@SCal b
subj ect. Uses  gecretes mLT- beta -R-Fc is called "mLT beta ;R-hG1 CHO#1.3.BB". A sample of this

line was deposited on Jul. 21, 1995 with the American Type Culture Collection
(ATCC) (Rockville, Md.) according to the provisions of the Budapest Treaty and was
20 assigned the ATCC accession number CRL 11964,

Different amino acid residues forming the junction point of the receptor-Ig
fusion protein may alter the structure, stability and ultimate biological activity of the
soluble LT- beta receptor fusion protein. One or more amino acids may be added to the
C-terminus of the selected LT- beta -R fragment to modify the junction point with the

25  selected fusion domain.

The N-terminus of the LT- beta -R fusion protein may also be varied by
changing the position at which the selected LT- beta -R DNA fragment is cleaved at its
5’ end for insertion into the recombinant expression vector. The stability and activity of

each LT- beta -R fusion protein may be tested and optimized using routine
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15 As a general matter) the nmethods of the present invention nmay be
utilized for inducing an antiviral response in an individual conprising
adm nistering to the individual an effective anmount of a LT-B bl ocking
agent and a pharnaceutically acceptable Garner. The viral response to be
treated may be caused by any nunber of known viruses) including but not
limted to Sin Nonbre (SNP, Ebola) Marburg, Lassa, 20 and Dengue.
Eaui val ents The invention nmay be enbodied in other specific fornms w thout
departing fromthe spirit or essential characteristics thereof, The

foregoi ng enboderRSHMeniatien anddheasenys fop selecsing L Tr Bta Ry dlacking agents desgibgd ot s
ilTustrative of peeggt her than limting on) the invention disclosed herein.
Scope of the invention thus is indicated by the appended cl ai ns rather than
by the foregoing description, and all changes which come within the neaning

and range of equi val ey thsL-Tr heta (R Hgand biding domapfearengesydthingse seteqeidr ei n.

-23  Exanpl e TypRbin REGWORIFG ] AahBo atiliNEqudhcdNafiits Malf 8i¥o bO¢dstnitted to
facilitating acute shock responses to viral infectiohs and ot her i mmnogens

(K. C. F. Sheehan morifyHtheRifinity of the selulpe DT- bty resenservor fusgon prevginden LY ligasd. Thegg4

(1989); GWH C A | : ; eut | er,
LW Ml sark, A y@@@%%??b@:i\ﬁe%@g@%f ﬂ@%@’v{%gg%&g&ﬂ?&g{%@g@ F}.‘T:{Egaggur don,
D. A. Giffiths) bintlinglwithEnddgenaus oéll sutfabe LBk recep@@s/ Jt is Ehvidioned thaCamywe) T. L.
VanAr sdal e) B. N. lter, et al..Sci e 284. 707 (.1994)).. During epi sodes
of Dengue. Fever S OISRt cpBRiing Al etesR g binding ity pat{anaPmEm o o o
el evated as ar ?wlitﬂ‘éal surfate EDJBéHJr@c;fflﬂfffo?ﬁTﬁil@mgbl'tmm@iseﬂﬂabﬁa -R]bl)ozﬂtiﬁp. | Med
Hyg., 48, 324 (1993); D. B. Bet he K. Flobbe, C X T. Phuong) et al., J.
Infect. Dis.10 1‘7’5'3,““?7‘ sy fhe sope of the preseptHNEA ey el s in the sera of mice

infected with a variant of |ynphocytic chorioneningitis virus, LCW) C one
13 (LCW- 13) (HH, |In]anothédfemblodiwrehsofithis irventioar mtibbdies directed hgairise the \Mitnhn

LCW-13 were fo to be juyst,. ve th vel of detect] f.or the _assay

until day 4 posﬁ??'?ﬁ”e@f?%‘i’ k"\"sﬁ)‘ ?Pﬁ?Tkll‘fg’# E‘\?‘é’fc‘é’ e é‘g ngReepts f¥A a5say
(Genzyme Cor por adelif Rreatisad téddRtibnd thatpladeandisidual 8 Qecitiing huniad, idl2orat Hsledtrivieal- when
the disease is at its peak, soluble TNFa |evels in the serum.increased 3-6

fol d above nor mifdugedsysiemis shock andespidory igkess ol o<k bets BiAjsiof thigra
function by \§Si GefiofREPE gHiRlona drinRd¥ional NAADS) -ahd can¥¥l hbUific 1§ BMizE O i nd

both secreted TNFa, thus causing its depletion fromthe nouse as verified
by ELI SA (K. C. Ftheisiabidityta plogk LT- Frsaid signalling, tkeipin Gyo\biopyaélability Jstabilifsiagtol . ) 20
142, 3884 (1989),G ML, Mg and D.V. Goeddel Nature 323) 819 (1986); B.

Polyclonal antibody sera directed against the human LT- beta receptor
areprepared using conventional techniques by injecting animals such as goats, rabbits,
20  rats, hamsters or mice subcutaneously with a human LT- beta receptor-Fc fusion protein
(Example 1 of US pat. no. 5,925,351) in complete Freund's adjuvant, followed by
booster intraperitoneal or subcutaneous injection in incomplete Freund's. Polyclonal
antisera containing the desired antibodies directed against the LT- beta receptor are

screened by conventional immunological procedures.

25 Mouse monoclonal antibodies (mAbs) directed against a human LT- beta
receptor-Fc fusion protein are prepared as described in U.S. patent number 5,925,351,
Example 5. A hybridoma cell line (BD.A8.AB9) which produces the mouse anti-human
LT- beta -R mAb BDAS8 was deposited on Jan. 12, 1995 with the American Type
Culture Collection (ATCC) (10801 University Boulevard, Manassas, Va. 20110-2209)
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Beutler, LW Mlsark, A Ceranm, Science 229, 869 (1985); F. Mackay) P.R
Bourdon, D.A. Giffiths, et al. J. Inmunol. 159) 3299 ( 1997); P.D. Crowe)
T.L. VanArsdale, B.N. Walter, et al. Science 264) 707 ( 1994); D. Hober, et
al., J. Trop. Med. Hyg., 48, 324 ( 1993}; D.B. Bethell, K Flobbe) C X T.
Phuong) et al., J. Infect. Dis.,177, 778 25 ( 1998)). Serum TNFa | evel s
were nmeasured by ELI SA assay (Genzyne Corporation, catalog nunber
80-2802-00). NZB mice were given 2.5 x 106 pfu d 13 i.v. followed by two
i.p. injections containing 250p,g of TN3-19.12 anti body in endotoxin free
PBS (see ref er encomrdig tonthaaydsionsad thedBudapespbreaty,iand evas assignedtbaATEIC ni ce were
injected wth the sanme v%lggﬁ PI%SPBS Lacki ng anti body on the sane days.
Thi s treat nent (a‘écﬁfﬁ Wﬁ) h Tittle effect on the survival rate of
these mce (Fig. 3). Lynphotoxin al pha (LTa), -24 al so known as TNF(i)

t hough it shares i deNuii@alformsoéaiticlt B beradRrantihodixds carn dsdali»eohnlgius:agsmﬁdasd:ts

wth TNFa, is not Q th nt i F

DA Giffiths)’ regpmn aﬂﬁﬁggﬁﬁﬁﬁ%ﬁesk‘? srag%g%t(eﬁnlgggf?e 5@%?5@3?&’5"{‘ "t hat
t ar get Ih ng EOBh FoiFexampld, 'lclﬁ“ﬂxlegb@aﬁmbﬁﬂitsrced bé Ooumunéaagevr;h)?grtm aélaherﬂﬁhcﬁﬁg To
test this ot hesi,s, we used .t above, TN3-19.1 and a recgeptor

f usi on protan Pfin fTomA 3nppal Ay P%&’é?‘?ﬂﬁ‘fdafP"\‘li‘BWﬁ?ﬁ°n8ﬁm‘tq?§mﬁ\Qﬁg é%’lﬁ) ¥eept or
to CH2 and CH3 dprmsrlsat <No hlsmss% Marrsoh ENERPRyc] Wal. A\AABScl.Fgrm,,sB . Valter,
C. Hessi on, %i ., 155, 5280 (1995); G T. Mller) P.S
Hochman) W |ve| é%-’)l (19%» Fhlmw: antibpgies peflyce they g‘yyrveda IpMUNBERHi TEARPRSES.
Dougas, A NOaTkiiba ) afthal andbed R cd i i ihichiaimenld E)eadHﬁBE treated

as described into reterence R For the tr e treated grou TNFRSS g and
LT[ 3R-1g prdPei mombm@t hm@amzsﬁam@yd@s"avmcmsogBIZpd@tLT-wecRmﬁe i in

200. g anounts. { t synthe5|s
of these fusion pro el ngi'u.%@n é’;&gﬂé}%ﬁﬁg&sam@ #%t%&djﬁp g‘gl anounts.
M ce receiving kehoSied igtoowhigh bhereglons esumdlblecfetmpcmﬁd: b:y;gelehmélpg havedediNFRS5- | g
i njections were, tte) trret al so d| 1 ni.ficantly

a tor survival PR ER Yoo/ R s oitpled iRl e Ukgen 8
TNFR55-1g gr oupicorreﬁxmdhtgrmuitmﬂ&s ﬁmrisMam‘d andpdrpdrtion dsftheivdnﬁblelreyﬂmrseqﬁcnhéﬁa and
LT~i, does not reco 75 or. . TNFR- 55 but rﬁ{?her iinds.to.a third
receptor cal'f ed™® € °‘f§)’° QEPUgPrLbInding pr5 Feoveq §f"(5’?‘?5 BeOEd ARHEEB Nt ai ni ng
the LT~R extracpbi adgldilemeltmnaloied atdtae bBestopriatedéition of KarthndaiiBudy gets  hunan
lgG 1 (LT(3R1g). Treatnment 20 of the mce with anti-TNFa mAb, TNFR55-1¢
and LT(3R-1g (t¥pneh the antigap pipdigg regiqeriizye hesndrletsdr Humaniged nibefissed in a
dramati C i NCr eaggniiniye e e m&e}erélsgoﬁg%ﬁﬂgbezi@&ﬁswﬁa&m Mihah-antibbdied dnaast ,

only 20% of mce treated with anti-T mAb and’ TNFR55I g survi ved

i nfecti on. Receffellsps Hkelpshigit mrgtamtspetrseimq:\tfeamd@mwms identified (D.N.
Mauri) R Ebner, R 1. Mntgonery) et al. Immunity 8, 21 ( 1998); R I.

Mbnt gomery, 285 M S. ONHsR@iibn B ditfereit cBissed lof rebéthbinah hntfET- kel Roankibodits@al has

al so been shown to bind the herpesvirus entry nedi ator (HVEM, a type, |
transmenbr ane pilst be 3rcqimplished by making.chimaris as hiyggnized anubadias somprisingh aptix

famly that is g¥pieserhible a&&m){@mq&uﬁ%c&}@aﬂ%@&ehh SCHP M3 Wapkdd R
Ebner, R I. Mntgonery, et al. Inmunit , 1998 R antgorrery, M S.

Warner, B. Lum frem d@ﬂfm@émsewmmvoalqmw )FOI%E?@&P aui-bF hetasB IgM pr esent ed

ey Pt OBbgk RS BBk A i MM TR0

nost of the zeffbpelomeg:theimﬂgehbin&ngpit@ntamtomm@gMUnmnmfchmnrcanktanhl S

hypot hesis by treati 13 i,n NZ o t the lg
fusi on prot ei n. P88 @%P@F%?‘“F&?‘e]}%pﬁ&fg ﬁjnf’%ﬁég\%r%@&ﬂgg%? e\’\é‘S‘%ﬂ dost as
hi gh as the tri pheuid.e2d, ¢p. mmp(l(m)gTra%heckaedwn Nan@e,t 339/ pp. 68126 €1989)).cn
represent the first denonstration t he 3R and/ or HVEM si g nal i ng

LT
pathway is i nvoPdmdipn sandawd g 6‘?064?5?9?13@1‘\6??“51‘1“ an be; pged o plfes the b

i nvol vi ng syst egfgitR ek comttinanLmbibsddsOkivh Mbis hritfeis by dieAfl £hihehdid 'Eé?.ldues
determ ne the nechani smof survival behind LT~i bl ockage
30 in the vicinity of the antigen binding sites. The antigen binding affinity of a humanized
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treatnment, both CD8 /tetranmer co-staining for NP118 specific T cells, the
dom nant to CD8 epitope in the NZB L system and intracellular staining for
i nterferon gamma production by spl eenocytes stinulated with NP 118 pepti de
were perforned on sanples from LCOW-13 infected NZB m ce who were treated
with control antibody, LT~iR-1g alone, or triple treated. Figure 4
denonstrates a reduction in the nunber of NP 118 specific CD8 T cells with
the greatest effect seen in the triple treatnment mce. In mce 15 treated

wi th control ant;@g I L L . A

produced | 1VF-~! qi%r%n%elxn%ré&ec{ waﬁé@%énm ‘??ﬁ Hgi&ﬁlﬁﬁh{%@mﬁk tectl on
has been previ mPséquuhoAna&rﬁcedU SAd 86spp. |1m9y33c(d|@89z)pwm‘.§ﬂ/04l6é&')el s of viral
antigen in the nouse (Fig. 1 ). Not only has the nunber of NP 118 specific
col 1S decl ined 11 LRl ok e o o RS AT Boal S
pronounced in thfbsiforltmﬂ IéT-tueaaerpﬁndgngcmphe tatgetsd tiksuk ypp osthe bhmemlh:areatdthDB

conpart nment y the squr response t

P Bet i on. THe. FeEARe Rrfbner iR FIAPRSASAYE s\ GlReP o P Fap i Da: | s
consi stent Wwi t hcorstabt By@oOs@EHILY - béia -Rds with réduiced @ility tovsigriabthkcuph €He I0-. |,
Lymph. Ctyok Res., Il, 115 (1992); C.F. Ware, P.D.. Ctowe, MH._ G ayson, et
al ., J. | munol betiaE@hW@B@ise(“Tg’é%hYlaS“q_“aB’E%|1r1’§°“"ﬁ infbitaryearti-13- bog -Raut on,
et al. ) Cell) 7Abs A ifkchASeR) akfinityFoStHP PP! betd IR Ha $§§§d’v¥:ﬁt9§é0u§"ﬁr sepliemed
infected NZB mice of their CD8 or CD4 positive l.s in vivo (Male NZB
m ce were giventpatments.1o6 pfu LCW-13 i.v. followed by two 500al i.p.
injections of anti T cell antibody. The mAb Lyt2.43 was used to deplete
CD8+ T cel |l gowhil e t Bl o'ihe@%ﬁboﬁi%& Hﬂ?&ﬂ%ﬂ a‘éﬁﬁst@ﬁﬁﬂnﬁaﬁl’lc%a recpt6€ klis

depletion. Both anti bod| es were g ared an amoni um sul fate
Aia

preci pitation fEEReFIEd Hat aditional ap peiatR @tﬁioﬂmf Boctiop ag LAt btz R agai nst
PBS. FACS analy %lo%hﬁ‘@%mé_?ﬂtéﬁe:ﬁn‘éﬁﬁ %ey.asme@?&ln%sﬁmohmu&mﬁ@lacpf the

mce.). Depletion of ) _ _ [ I ncrease survival n contrast)
depl eti on of CDidividual, inclyding bumars i, oeat risk of, Yiek-indwoed systeninshohk antdbsence of

i ters in’ sever ket sk pg e pEAR SR B M ShaflscRERINE, Ty

treated, it is likely that death resulted froma toxic i mune response
medi ated by 16D8 T cehnatherpraferredtembadimentofdkis invertiandnvalves compositionpgnd;i r al

i nfection. IFQE a gh
dose of LCW- 13%¥%°§§8%%%§&?€E5eve op g%& ac g?‘gﬂmq%awfhg%g&ro\éﬁé ?‘3 bl
di sease that sheR bloclkingageats. As&)dnmbetllabpwe§omth¢ intEL B beta Ra&bsua@-Lthsm

Dengue, and Sin J0as dependent
on the presence ol\l%%%fggmq& 1°Ps ?’6 vﬁ? @lgér%ngkaﬁg tsc?nbeég?d'rzgs 0fNFa) LTa,
and LT(3 when aaionociéral] and tanibgmddified acsording &rmomree;godegur'és todhody)atd theiat ment

of viral infection b | eti on of + T cells _ be advi sabl e.
Such ¢ reat ndit  DeR SindB e g MO mRwErES s, Th HrC bR GrREs o GRR
infections. FuryRehtialcan b§fa[§€&agéirfsﬁé1ﬂﬁ} SRR Be@wo LTUb® individudif Snab&ngce
of CTLs the risk of the patient tolerizing to the virus u

r e- est abl i shmenfolghle.mppantraliered and ehimeriq fopns of the L-’Eﬁ‘}bunnédﬂ‘%\?!b%éfeé‘ﬁ%m
that bl ockage ofg#Bgndelaipg ?’Iase?tapef@vsoeaxum rl!‘ﬁ,ﬁ'fﬁﬁﬁa%ﬂblﬂﬁts'a;g(tégd qus

represents a pOV\BI’fU| treat nen Is transient In nature cﬁg

recovery to honrsfargdthat the sesulting getirb At alpha Qﬂ‘lb@cbéscbl(lmékﬁ%eﬁdlmém

unpubl i shed),s  Sybdrye R iP seefefdad o §]|'n§d E”iﬁ?F Y& :gﬁéck&dﬁg?@{t@d
virus fromtissues tested (data not s vvn no [ onger ow si gns of

di sease. 20 ThesssayakescribepindS@mplethef US patent der 823,330 on that LT~R
signaling plays an inportant role in antiviral responses and CD8 T cell
function. The |ynpho . éﬁ{p ly i tion of

| ynphoi d architect uréﬂﬁoﬁf‘%ﬁ e olh\%/? glp%%%ﬁ{dgfm%%g%ég‘r essi gn %f sever al
chenoki nes t hat hderoﬁmhc ﬂIJ]aratth/@e)l dompiega:nmpaslhg)ane(or nidra pT isubuaits édn.beCur r .

foﬁlr In Ct || m(;ﬂdgf)L 10 se?i and £c%3e%§3 Qor acuv% as E‘E‘ beta rli blgélgggsggents ri’?'etgr%hy, ET -alpha 1/
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25 status of follicular dendritic cells is nmaintained by constant B cel
si.gnal i ng and these cells disappear within one day upon cessation of the
LT~iR signaling. These cells are critical for the presentation of antigen
to the B and T cell conpartnments. A reasonable speculation is that sone
aspect of antigen presentation to CD8 cells or the proper positioning of
these cells in a chenokine gradient during maturation is prevented by 30

di sruption of LT(3R signaling. Previous studies of LT function have focused

primarily -27 on B cell bi oli(;gy and the involvenent in a T cell function
was unfor eseen. WEfaifompiexes g ud @ the gntigens Andisqusied a@ﬁ"etlﬁésl’éef%ﬂdéh*}‘él?el ect a

role for the no;eﬁaumé]gsea@rtmgm/bm ﬁﬂédﬁ‘es%'\(b% anWtbQﬁt%dh% the

progressi on of se d nente here i s unc at~ present
CLAI M5 1. Use ofto secrepaddiioalphi andowitlouf affecling BNFiR astikitng agent or a
| ynphot oxi n-beta receptor (LT- beta R) bl ocki ng agent for the preparation of

a medi canent for treqp;,%g,gdyangﬁl erel it VRS - 8 ?& tibBaied s berdhiveadnal -

The use according to c LT-beta I ng agent 1s an
ant i body aga|5nstaPEHCabfetca-pendlm application (Wﬁ%élﬁpsﬁhﬂ@ne@@ah@&&'ﬂlaﬂ@a@m claim

1, wherein the Lot t andi 8
whi ch bi nds LT- t)%; QQIRQ%MJ ?&E% mﬁ?'ggg%eg H%Ed gjr%atq@%eet%g %Plﬁn ég?g’éul in
fusion (1 g fusi @G3)46HtSPHI Mouddanti-hudsm IIF- batalnyﬁdphm@ptbpnrdamsales(chﬁ’edmt a)
bl ocki ng agent n-beta J o} bet agent
for the prepar aﬁxﬁwp%g@teﬁaﬁgﬁﬁ’élﬁﬁerfsoﬁgg% %I?'é‘\'bd(’g’iafﬁl?hﬁ’%@g(@ gﬁv
11 ndi It vi dual 53 ufT 1;] Qii'ddilG:sfﬂliﬁﬁbudSb ml-hmﬂducad:el 2y-Rt1ﬁHb Bgsdat@dépoﬁgﬁlo@nulpgil rmiar y

i stress. e .use accordi 0 C : i a bl ocki ng
agent is an ¥nti'y QB‘c'é‘”g"&lTnﬁg? &'I‘_*Y“’f)gf’ﬁ]“li?“ \QKLE@FJ)J @q%l‘" °BI°V3F e use
according to cl aidRassas, MAEIA1 02268 abchrdif @t frbasibhs umnfapdsﬁ'naﬁty aemal

LT- beta-R anti body which binds LT-beta-R or soluble LT-beta-R, or
LT- bet a was assigned the ATCC accession number 11962,

Monoclonal hamster anti-mouse LT- alpha /62 antibodies were prepared as
described in Example 7 of U.S patent number 5,925,351. A hybridoma cell line
15  (BB.F6.1) which produces the hamster anti-mouse LT- alpha /62 mAb BB.F6 was-
deposited on Jul. 21, 1995 with the American Type Culture Collection (ATCC) (10801
University Boulevard, Manassas, Va. 20110-2209) according to the provisions of the
Budapest Treaty, and was assigned the ATCC accession number MB11963.

A fluorescence-activated cell sorting (FACS) assay was developed to screen for
20 antibodies directed against LT subunits and LT complexes that can act as LT-beta -R
blocking agents as described in Examples 6 and 7 of U.S. patent number 5,925,351. In
this assay, soluble human LT- beta -R-Fc fusion protein is added to PMA-activated II-
23 cells-which express surface LT complexes (Browning et al., J. Immunol., 154, pp.
33-46 (1995))-in the presence of increasing amounts of the test antibody. An antibody
25  that can inhibit LT- beta receptor-ligand interaction by at least 20% is selected as a LT-
beta -R blocking agent.

Using a LT- alpha / beta complex rather than a LT subunit as an antigen to
immunize an animal may lead to more efficient immunization, or may result in

antibodies having higher affinities for surface LT ligand. It is conceivable that by
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R/i mmunogl obulin fusion (l1g fusion) protein. 7. Use of a |ynphotoxin-beta
(LT-beta) blocking agent or a | ynphotoxin-beta 20 receptor (LT-beta-R)

bl ocki ng agent for the preparation of a nedicament for treating
viral -i nduced pul nonary distress in an individual. 8. The use according to
claim7, wherein the LT-beta bl ocking agent is an anti body agai nst LT-beta
or a soluble LT-beta. 29 9. The use according to claim7, wherein the
LT-beta-R bl ocking agent is an anti LT-beta-R antibody whi ch bi nds

LT-beta-R or sol.ubl e LT-het eta L.munogl obulin f.usion (19
fusion) protei n. ™Y ‘Fﬁé”‘ﬁ’stg };Ecag?lﬁa}%g t@ﬂ@‘%?"&&ﬁéﬁcﬂ%ﬂ‘? FUIQART ei n
sai d individual résﬁub@&ﬁlﬁ‘dt@ﬂxeimfalpha sSidnhé\m&He& sMbiiniss (e. gbaklaueslthausonﬂ\&r burg
virus, Lassa virus or %?e virus. 30_.A9. AFu. AFa. A3. A

y. AY. AN. A. AF. A KT, ASL,PhN&A t) gn bed1Qlatgel, By testingansipodig diregted $a“)§lthwlaé1 LEBN. AF;

A 2. Al % Aal Pp. QE}(Q%‘MSi Polnefic Xomnplexes, it ted that additional anti-LT antibodies that
E| vgkf a\ V@ ca] c*daf ca caeca caoc&eﬁsclalsccg cca c%i cé?%aaad]l l(:a] caU]oca] call ca

Ul c”aU] ca] ca 5U| dunsliomad IdkxbealR dbiockiing 2ge}sda lb]zmax]samp@ wigntified using routine

experimentation and the assays described herein.
Administration

The compositions described herein will be administered at an effective dose in
methods for treating viral-induced systemic shock and respiratory distress in an
10  individual. Determination of a preferred pharmaceutical formulation and a
therapeutically efficient dose regiment for a given application is well within the skill of
the art taking intoconsideration, for example, the condition and weight of the patient,
the extent of desired treatment and the tolerance of the patient for the treatment. Doses
of about 1 mg/kg of a soluble LT- beta -R are expected to be suitable starting points for

15  optimizing treatment doses.

Determination of a therapeutically effective dose can also be assessed by

performing in vitro experiments that measure the concentration of the LT- beta -R
blocking agent required to coat target cells (LT- beta -R or LT ligand-positive cells
depending on the blocking agent) for 1 to 14 days. The receptor-ligand binding assays

20  described herein can be used to monitor the cell coating reaction. LT- beta -R or LT
ligand-positive cells can be separated from activated lymphocyte populations using
FACS. Based on the results of these in vitro binding assays, a range of suitable LT- beta
-R blocking agent concentrations can be selected to test in animals according to the

assays described herein.

25 Administration of the soluble LT- beta -R molecules, anti-LT ligand and anti-
LT- beta -R Abs of this invention, alone or in combination, including isolated and
purified forms of the antibodies or complexes, their salts or pharmaceutically
acceptable derivatives thereof, may be accomplished using any of the conventionally

accepted modes of administration of agents which exhibit immunosuppressive activity.
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L a
g?](])?ﬂ wr mhc”Ya] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
aJ cal] c™a] ca] ca]ca]ca] ca]ca]ca]calca]ca]cal 76,/; 4
L[ " b" g##$S$$$2%0R<&&&( O ((~yt 0j e [ Va] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca
U c”a]caV]ca]calca]calcalca]calcal (.)]|))*V]**++S++,[,,-[--.W../T//0?000-1
1227} xsni d_Za] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalca]ca]c
a] cal ca] ca] ca]ca] ca cal cal cal.ca! 71<k FJL PPP RRR3S
ST UCVOV, val gt O phEE S LT pa]ita 25eua ieR) PRy B 50 e day'c" o] ca]
ca] ca] ca] ca] caUlvaridig of ﬁﬁa}xs:a]u@sah@m]de&bﬁ@hﬁxm]ep@haas]eﬁabmqum &fddng b d
eghhi 8k™ mQpaa{{{7| || 1}} gb] Xa]]]ca cal ca] ca] ¢ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] é‘é‘]h@é}‘iﬁ’g]‘%a‘]l PPRAfE il 58 ipB§ Qr AUsPERsiQns\SPBROSKoies  and o~k GyA
"% injectable and mfusnble solutions. The preferred form depends on the intended mode of
D} xsnhc~Ya] ]]1] ca]'ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] éa] edminisratgnenf eherapapticaApplicatien  H>( zB4s&>+4} xsnid_Za]]]]]ca]cal c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca! nt/ §yaks'or ¥einistration may include oral parenteral, subcutaneous,
| wmhc”Ya] ] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]‘ca]lca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca]%}’@@]wla}félaﬂle"@} gmtg@xgq]ladmlmstranon The soluble LT- beta -R molecules,

7 Pzt g (bl aaest sasse sl sal abos] ePpoaalenheal oo co

ni d_Za] cal] caV] ou¢ stex]llcasqtmaq foahulatiqns afithovivithdw avfactaisodiichostiom]ate egitakgloc a) ca] ¢

a] ca] ca] ca] c’\a] %%} % €+
| Jo<t OCH! | v q ifi T %ﬁﬁgg r%féi'ab(l,y liquid, or may be lyophilized powder. For

wj U(\:/]a\/] fJ]a] caJ]U] C axdnnd, mla:ldbha&ld]ma]]etaln] meleguia] ailIChNgand hadadticET -detacRUA s cal] c

a call ca . . . . . -

W] cay] ca] ca! p' quf\‘(?"?r\"?ﬁ My b¢ dilpted with 2 forpulagionRuffer comprising 210me/MA AT cav] ca
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20  adjuvants, excipients, etc., such as human serum albumin or plasma preparations. The

compositions are preferably in the form of a unit dose and will usually be administered

one or more times a day.

The pharmaceutical compositions of this invention may also be administered
using microspheres, liposomes, other microparticulate delivery systems or sustained
25 release formulations placed in, near, or otherwise in communication with affected
tissues or the bloodstream. Suitable examples of sustained releasecarriers include
semipermeable polymer matrices in the form of shaped articles such as suppositories or
microcapsules. Implantable or microcapsular sustained release matrices include
polylactides (U.S. Pat. No 3,773,319; EP 58,481), copolymers of L-glutamic acid and

30 ethyl-L-glutamate (Sidman et al., Biopolymers, 22, pp. 547-56 (1985)); poly(2-
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Liposomes containing soluble LT- beta -R molecules, anti-LT ligand and anti-
LT- beta -R Abs of this invention, alone or in combination, can be prepared by well-

5  known methods (See, e.g. DE 3,218,121; Epstein et al., Proc. Natl. Acad. Sci. U.S.A.,,
82, pp. 3688-92 (1985); Hwang et al., Proc. Natl. Acad. Sci. U.S.A., 77, pp. 4030-34
(1980); U.S. Pat. Nos. 4,485,045 and 4,544,545). Ordinarily the liposomes are of the
small (about 200-800 Angstroms) unilamellar type in which the lipid content is greater
than about 30 mol. % cholesterol. The proportion of cholesterol is selected to control

10  the optimal rate of soluble LT~ beta -R molecule, anti-LT ligand and anti-LT- beta -R

Ab release.

The soluble LT- beta -R molecules, anti-LT ligand and anti-LT- beta -R Abs

ofthis invention may also be attached to liposomes containing other LT- beta -R
blocking agents, immunosuppressive agents or cytokines to modulate the LT- beta -R

15 blocking activity. Attachment of LT- beta -R molecules, anti-LT ligand and anti-L.T-
beta -R Abs to liposomes may be accomplished by any known cross-linking agent such
as heterobifunctional cross-linking agents that have been widely used to couple toxins
or chemotherapeutic agents to antibodies for targeted delivery.conjugation to liposomes
can also be accomplished using the carbohydrate-directed cross-linking reagent 4-(4-

20 maleimidophenyl) butyric acid hydrazide (MPBH) (Duzgunes et al., J. Cell. Biochem.
Abst. Suppl. 16E 77 (1992)).

The LT- beta -R blocking agents of the compositions and methods of this
invention can be modified to obtain a desirable level of LT- beta -R signalling
depending on the condition, disorder or disease being treated. It is envisioned that the

25  absolute level of LT- beta -R signalling can be fine-tuned by manipulating the
concentration and the affinities of the LT- beta -R blocking agents for their respective
molecular targets. For example, in one embodiment of this invention, compositions
comprising soluble LT- beta -R molecules are administered to a subject. The soluble
LT- beta receptor can effectively compete with cell surface LT- beta receptors for

30 binding surface LT ligands. The ability to compete with surface LT ligands depends on
-22-
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delivered to the subject.
Uses

15 As a general matter, the methods of the present invention may be utilized for
inducing an antiviral response in an individual comprising administering to the
individual an effective amount of a LT-B blocking agent and a pharmaceutically
acceptable carrier. The viral response to be treated may be caused by any number of
known viruses, including but not limited to Sin Nombre (SNV), Ebola, Marburg, Lassa,

20 and Dengue.

Equivalents

The invention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments are therefore
25  to be considered in all respects illustrative of, rather than limiting on, the invention
disclosed herein. Scope of the invention thus is indicated by the appended claims rather
than by the foregoing description, and all changes which come within the meaning and

range of equivalency of the claims are intended to be embraced therein.
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10%s& ()- 'U 109% ()-!l 109& ()- 10%& ()-f 10( 10( nmmQppqqqqgz[ PE: 10( 10
10
109910%&' ()-!9210% ()-3Y"!10%& ()-!3Y"! 10%&' ‘ -13Y" 1109 () -q' st qvxy{ WG6PE
: 101 M 10%&' () - s- 'IMlO%&'()-s ! Example
| M10%&' ()-s-!'IM 10%, () S-1#cIM10%&' ()-s-!'6l M 109 ()-s- {L{{{{7| | |
101 Y 109%& () - 7 & Tiyaxor pgcrqzslsl faorgr QmFgl)Maéc;y rojeyin fggilitating acute shock responses to

10L" 9109%& () - | 1}v}rh.l’ fecﬁ@g gnd other immunogens (K.C.F. Sheehan, N.H. Ruddle, and R.D.
Schreiber., J. Immunol., 142, 3884 (1989); G.W.H. Wong and D.V. Goeddel Nature
5 323,819 (1986); B. Beutler, LW. Milsark, A. Cerami, Science 229, 869 (1985); F.

Mackay, P.R. Bourdon, D.A. Griffiths, et al. J. Immunol. 159, 3299 (1997); P.D.
Crowe, T.L. VanArsdale, B.N. Walter, et al. Science 264, 707 (1994)). During
episodes of Dengue Fever involving shock, levels of TNFa. in sera from patients are
elevated as are levels of soluble TNFR-75 (D. Hober, et al., J. Trop. Med. Hyg., 48, 324 (1993);

10  D.B. Bethell, K. Flobbe, C.X.T. Phuong, et al., J. Infect. Dis., 177, 778 (1998)). We measured
TNFa. levels in the sera of mice infected with a variant of lymphocytic choriomeningitis
virus, LCMV, Clone 13 (LCMV- 13) (HH, II). TNFa levels in the sera of mice infected
with LCMV-13 were found to be just above the level of detection for the assay until day
4 post infection (Serum TNFa levels were measured by ELISA assay (Genzyme Corporation, catalog

15  number 80-2802-00)). On days 5 and 6, when the disease is at its peak, soluble TNFo
levels in the serum increased 3-6 fold above normal (data not shown). We therefore
chose to block TNFa. function by using a monoclonal antibody, TN3-19.12, which is
known to bind both secreted TNFc., thus causing its depletion from the mouse as
verified by ELISA (K.C.F. Sheehan, N.H. Ruddle, and R.D. Schreiber., J. Immunol.,

20 142, 3884 (1989) G.W.H. Wong and D.V. Goeddel Nature 323, 819 (1986); B.
Beutler, LW. Milsark, A. Cerami, Science 229, 869 (1985); F. Mackay, P.R. Bourdon,
D.A. Griffiths, et al. J. Immunol. 159, 3299 (1997); P.D. Crowe, T.L. VanArsdale,
B.N. Walter, et al. Science 264,707 (1994); D. Hober, et al., J. Trop. Med. Hyg., 48,
324 (1993); D.B. Bethell, K. Flobbe, C.X.T. Phuong, et al., J. Infect. Dis., 177, 778

25 (1998)). Serum TNFa levels were measured by ELISA assay (Genzyme Corporation,
catalog number 80-2802-00). NZB mice were given 2.5 x 10° pfu Cl 13 i.v. followed
by two i.p. injections containing 250g of TN3-19.12 antibody in endotoxin free PBS
(see reference S) on days 1 and day 4 post-infection. Control mice were injected with
the same volume of PBS lacking antibody on the same days. This treatment (anti-TNF)

30 had little effect on the survival rate of these mice (Fig. 3). Lymphotoxin alpha (LTo),
-24-
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M 10%&' ()-"H> dE
Griffiths, et al. J. Immunol. 159, 3299 (1997). It is possible that targeting both TNFo

and LT o are required to increase survival rates. To test this hypothesis, we used the

5 above TN3-19.12 mAb and a receptor fusion protein that fused the extracellular domain
of the TNF p55 receptor to CH2 and CH3 domains of human IgG1 (TNFRS5-Ig)( W.R.
Force, B.N. Walter, C. Hession, et. al., J. Immunol., 155, 5280 (1995); G.T. Miller,
P.S. Hochman, W. Meier, et. al., JE:M.. i78. 211 (1993); J .L. Browning, I. Dougas, A.
Ngam-ek, et al., J. Immunol., 154:33 (1995). Mice were treated as described in

10 reference R. For the triple treated group, TNFR55-Ig and LTBR-Ig proteins were given
on day 0 and day 3 post-infection, i.p., in 200pg amounts. Control mice were given
human antibody used in the synthesis of these fusion proteins (AY1943-29) on the same
days in identical amounts. Mice receiving LTBR-Ig only were treated identically,
except the TNFRS55-Ig injections were omitted). This treatment also did not

15  significantly alter survival rates in LCMV-13 infected NZB mice (See anti-TNF and
TNFRS55-Ig group). The membrane form of lymphotoxin, a heteromer of LTa. and
LTB, does not recognize TNFR-75 or TNFR-55 but rather binds to a third receptor
called LTPR (15). We elected to use a fusion protein containing the LTBR extracellular
domain also attached to CH2 and CH3 domains of human IgG1 (LTBR-Ig). Treatment

20  of the mice with anti-TNFo mAb, TNFR55-Ig and LTBR-Ig (triple treatment or
TNFR55-IG and LTBR-Ig) resulted in a dramatic increase in survival, to 80% and 70%
respectively. In contrast, only 20% of mice treated with anti-TNFo. mAb and TNFRSS-
Ig survived infection. Recently a second ligand for LTBR, LIGHT, was identified (D.N.
Mauri, R. Ebner, R.I. Montgomery, et al. Immunity 8,21 (1998); R.I. Montgomery,

25 M.S. Wamer, B. Lum, et al. Cell 87,427 (1996)). LIGHT has also been shown to
bind the herpesvirus entry mediator (HVEM), a type I transmembrane protein with
significant homology to members of the TNFR farnilﬁf that is expressed on activated
CD4 and CD8 T cells (D.N. Mauri, R. Ebner, R.1. Montgomery, et al. Immunity 8,21
(1998); R.I. Montgomery, M.S. Warner, B. Lum, et al. Cell 87,427 (1996)). Based

30  on results presented here, prevention of LTPR signaling and potentially HVEM
-25-
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signaling by the binding of LTB.c; and LIGHT by LTBR-Ig was likely responsible for

most of the effect seen in the triple treatment group. We affirmed this hypothesis by
r treating LCMV-13 infected NZB mice with just the LTBR-Ig fusion protein. The

survival rate of mice in this group (73%) was almost as high as the triple treated group

5 (Fig. 3). Taken together, these data represent the first demonstration that the LTBR

and/or HVEM signaling pathway is involved in the orchestration of an acute lethal
disease involving systemic shock a.nfi res;_)irgtory distress.
In an effort to determine the mechanism of survival- behind LT blockage

treatment, both CD8 /tetramer co-staining for NP118 specific T cells, the dominant

10  CD8 epitope in the NZB LP system, and intracellular staining for interferon gamma
production by spleenocytes stimulated with NP118 peptide were performed on samples
from LCMV-13 infected NZB mice who were treated with control antibody, LTPR-Ig
alone, or triple treated. Figure 4 demonstrates a reduction in the number of NP118
specific CD8 T cells with the greatest effect seen in the triple treatment mice. In mice

15 treated with control antibody, only 10% of tetramer positive cells actively produced
INFy. The emergence of anergic T cells during LCMV-13 infection has been
previously documented and is likely due to high levels of viral antigen in the mouse
(Fig. 1). Not only has the number of NP118 specific cells declined in the LTBR-Ig
treated mice, but the percentage of those cells producing INFy was also reduced. This

20  effect was even more pronounced in the triple treatment group. Thus it is possible that
the CD8 compartment may be the source of this lethal NZB response to LCMV-13
infection. The fact that activated CD8s are known to display LTB,0u is consistent with
this hypothesis (Y. Abe, A. Horiuchi, Y. Osuka, et al., Lymph. Ctyok. Res., 11, 115 (1992); C.F.

Ware, P.D. Crowe, M.H. Grayson, et al., J. Immunol., 149, 3881 (1992); J.L. Browning, A. Ngam-¢k, P.
25  Lawton, er al., Cell, 72, 847 (1993)). To support this assertion, we depleted infected NZB
mice of their CD8 or CD4 positive T cells in vivo (Male NZB mice were given 2.5 x 10° pfu
LCMV-13 i.v. followed by two 500l i.p. injections of anti T cell antibody. The mAb Lyt2.43 was used
to deplete CD8" T cells while the GK1.5 (M1) antibody was used for CD4* T cell depletion. Both
antibodies were prepared by an ammonium sulfate precipitation from hybridoma supernatants followed

30 by dialysis against PBS. FACS analysis was used to verify the depletion in several of the mice.).
Depletion of CD4 T cells did not increase survival. In contrast, depletion of CD8 T
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higher than those not treated, it is likely that death resulted from a toxic immune
response mediated by CD8 T cells rather than from destruction of tissues by viral

5 infection.

We have reported here that NZB mice when infected with a high dose of
LCMYV-13 intravenously develop an acute, rapidly progressive disease that shares
several common traits with Ebola, Marburg, Lassa, Dengue, and Sin Nombre
infections. Lethality of this illness was dependent on the presence of CD8" T cells

10  which are known to express TNFa, LTc, and LT when activated. Though this is an
encouraging finding, treatment of viral infection by depletion of CD8" T cells would
not be advisable. Such treatment could leave patients vulnerable to other opportunistic
infections. Furthermore, since viral clearance is unlikely in the absence of CTLs the
risk of the patient tolerizing to the virus upon re-establishment of the CD8"

15 compartment is very real. We have shown that blockage of the LTBR/HVEM
pathways by administration of LTPR-Ig represents a powerful treatment that is transient
in nature, with rapid recovery to homeostasis once treatment is stopped (Mackay and
Browning, unpublished). Surviving mice treated in this manner eventually cleared
virus from tissues tested (data not shown) and no longer show signs of disease.

20 These data represent the first demonstration that LTBR signaling plays an
important role in antiviral responses and CD8 T cell function. The lymphotoxin
system is intimately linked to organization of lymphoid architecture most likely via
control of the expression of several chemokines that direct T and B cell organization (.
Chaplin et al. Curr. Opin. Immunol. 10, 289 (1998), J. Cyster, in press). The mature functional

25  status of follicular dendritic cells is maintained by constant B cell signaling and these
cells disappear within one day upon cessation of the LTPR signaling. These cells are
critical for the presentation of antigen to the B and T cell compartments. A reasonable
speculation is that some aspect of antigen presentation to CD8 cells or the proper
positioning of these cells in a chemokine gradient during maturation is prevented by

30  disruption of LTPR signaling. Previous studies of LT function have focused primarily
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role HVEM and LIGHT may play in the progression of the disease documented here is

unclear at present.
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receptor (LT-beta-R) blocking agent for the preparation of a medicament for treating
viral-induced systemic shock in an individual.

5 2 The use according to claim 1, wherein the L T-beta blocking agent is an antibody
against L. T-beta or a soluble LT-beta.
3. The use according to claim 1, wherein the LT-beta-R blocking agent is an anti-
LT-beta-R antibody which binds LT-beta-R or soluble LT-beta-R, or an LT-beta-
R/immunoglobulin fusion (Ig fusion) protein.

10 4. Use of a lymphotoxin-beta (LT-beta) blocking agent or a lymphotoxin-beta
receptor (LT-beta-R) blocking agent for the preparation of a medicament for treating
viral infection in an individual suffering from viral-induced systemic shock and/or
pulmonary distress.

5. The use according to claim 4, wherein the LT-beta blocking agent is an antibody

15  against LT-beta or a soluble LT-beta.

6. The use according to claim 4, wherein the LT-beta-R blocking agent is an anti-
LT-beta-R antibody which binds LT-beta-R or soluble LT-beta-R, or an LT-beta-
R/immunoglobulin fusion (Ig fusion) protein.

7. Use of a lymphotoxin-beta (LT-beta) blocking agent or a lymphotoxin-beta-

20  receptor (LT-beta-R) blocking agent for the preparation of a medicament for treating
viral-induced pulmonary distress in an individual.

8. The use according to claim 7, wherein the LT-beta blocking agent is an antibody

against LT-beta or a soluble LT-beta.
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10.  The use according to any one of claims 1-9, wherein said individual is infected

5  with Sin Nombre Virus, Ebola virus, Marburg virus, Lassa virus or Dengue virus.
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