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TECHNI CAL FI ELD The present invention relates generally to inproved fusion
pr ot ei ns woanjppp48st ng a tunor necrosis factor receptor noi @Cy/E0zZ13Mm0

i mmunogl obulin noiety. In 10 particular, the present invention relates to
i nproved TACI -i mmunogl obul in fusion proteins. BACKGROUND OF THE | NVENTI ON
Cytokines are soluble, small proteins that nediate' a variety of biological
15 effects, including the regulation of the growth and differentiation of
many cell types (see, for exanple, Arai et al., Annu. Rev. Biochenz.

59: 783 (1990); Msmann, Curr. Opin. bmunol. 3:311 (1991); Paul and Seder,
Cell 76:241 (1994)). Proteins that constitute the cytokine group include
interl eukins, interfer r necrosis
factors, and ot her reggpé{ory nDIecu es. o?ﬂgﬁé Eﬂﬁ%ﬁgﬁ i nterl eukin-17
is a 20 cytokine which stinmulates the expression of i nterl eukin-6,
intracel lul ar adhesion nolecule 1, interleukin-8, granulocyte macrophage
colony-stipnulating. factor, and prostaglandin E2 expression, and plays a
role in thgﬁﬁ 1 %%ﬁ%ﬁ mat urati on of CD34+ henatopoietic precursors into
neut rophils (Yao et @he ,prdsenbrimumcibn r]:fa‘.ﬁes5g&&rilﬂ§9%)1mprms fisonefpradtbins J.
Exp. Med. 59 1996 S a hind cytokines.are t cally
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t he cytoplﬁ§ﬁm% portions of the certain receptor subunits. Cytokine
receptors have been grouped into several classes on the basis of
simlarities in their extracellular |igand binding domains. For exanpl e,
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di fferent Hematopoietic cell |ineages WO 02/ 09485
for exanpl @Cf@&fﬁﬁwm @t%ﬁtheétegglam modecpleso e empé%thuatanameﬂewm- iihe
G ow iy FagfiekindRewhich Ostibulakf 9, eXgldssedn af. intQMIUROE, ilReAtelldIed: B8si6d 999) ;

ldriss andmolecule 1, interleukin-8, granulocyte macrophage colony-stimulating factor, and

prostaglandin E2 expression, and plays a role in the preferential maturation of CD34+
hematopoietic precursors into neutrophils (Yao et al., J. Immunol. 155:5483 (1995);
Fossiez et al., J. Exp. Med. 183:2593 (1996)).

25 Receptors that bind cytokines are typically composed of one or more
integral] membrane proteins that bind the cytokine with high affinity and transduce this
binding event to the cell through the cytoplasmic portions of the certain receptor
subunits. Cytokine receptors have been grouped into several classes on the basis of
similarities in their extracellular ligand binding domains. For example, the receptor

30 chains responsible for binding and/or transducing the effect of interferons are members
of the type I cytokine receptor family, based upon a characteristic 200 residue
extracellular domain. ‘

Cellular interactions, which occur during an immune response, are
regulated by members of several families of cell surface receptors, including the tumor

35 necrosis factor receptor (TNFR) family. The TNFR family consists of a number of
integral membrane glycoprotein receptors many of which, in conjunction with their

respective ligands, regulate interactions between different hematopoietic cell lineages



Nai smth, Mcrosc. Res. Tech. 50:184 (2000)). One such receptor is TAC,
transnenbrane activator and CAM.- 5 interactor (von Bul ow and Bram Science
228: 138 (WOIZp9488r am and von Bulow, U S. Patent No. 5, 962CTABR0Z/1999)) .
TACI is a nenbrane bound receptor, which has an extracellular domain
contai ning two cysteine-rich pseudo repeats, a transnenbrane domain and a
cytoplasm c domain that interacts with @AI\/L (cal ci um nodul at or and
cyclophilin ligand), an integral mnmenbrane protein |located at intracellul ar
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| ocati ons t he cysteine-rich _pseu eats are indicate b shadi ng,
t he transnesdh jeandy nﬁﬂzﬁme et al., J. Exp. Med. 188:1185 (1998); Kelly et al., Cancer Res.

60:1021 (2000)). The amino acid sequence of ZTNF2 is provided as SEQ ID NO:4.
Both ligands are also bound by the B-cell maturation receptor (BCMA) (Gross et al.,
Nature 404:995 (2000)). The nucleotide and amino acid sequence of BCMA are

25 provided as SEQ ID NO:26 and SEQ ID NO:27, respectively.
The demonstrated in vivo activities of tumor necrosis factor receptors
illustrate the clinical potential of soluble forms of the receptor. Soluble forms of the
TACI receptor have been generated as immunoglobulin fusion proteins. Initial versions
resulted in low-expressing, heterogeneous protein. The heterogeneity was observed at
30 the TACI amino terminus, at the Fc carboxyl terminus, and in the TACI stalk region. A

need therefore exists for pharmaceutically useful TACI receptor compositions.

BRIEF SUMMARY OF THE INVENTION
35 The present invention provides improved TACI-immunoglobulin fusion
proteins suitable as therapeutic compounds.



is boxed, and the stalk region is indicated by hash marks. 5 Figure 2 is a
schemati ¢ di agram of an i nmunogl obulin of the IgGL subclass. CL: |ight
chai n corwDani94ssyi on; CHI, CH2, CH3: heavy chai n constanPCragoyn®10 VL:

i ght chain variable region; VH heavy chain variable region; CHO
carbohydrate; N amno term nus; C carboxyl term nus. Figures 3A, 3B, 3C
and 3D show a conparison of the mﬁld-tyée human 10 yl constant region Fc
am no acid sequence with variants Fc-488, Fc4, Fc5, Fc6, Fc7, and Fc8. The

CH1 domai ”BREFDES@H]P‘PIGNMHE@BRAWG@ is not part of the Fc and is
t herefore not shown. . | ocation of the hinge regl on, the CH2, and t he CH3
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Al ternative Y, the c tJd on an .. a ar 21 0S at
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tunor. The subj ect §|1y e a mammallan s nistration o
phar maceut PrOEINsCRAthaSiAChmoisin Wlﬂhﬁrbiﬂltac"-fsé%lk asgipp | (EACGIHE1-29)-Fc5), whereas

three of the TACI-Fc fusion proteins had TACI moieties with various deletions in the
stalk region (TACI (d1-29, d107-154)-Fc5; TACI (d1-29, d111-154)-Fc5; TACI (d1-29,
d120-154)-Fc5). Experimental details are described in Example 4.

25

DETAILED DESCRIPTION OF THE INVENTION

1. Overview

As described below, the present invention provides transmembrane

30 activator and calcium modulator and cyclophilin ligand-interactor (TACI)-
immunoglobulin fusion proteins, and methods for using TACI-immunoglobulin fusion
proteins. For example, the present invention provides methods for inhibiting the
proliferation of tumor cells, comprising administering to the tumor cells a composition

that comprises a TACI-immunoglobulin fusion protein. Such a composition can be

35 administered to cells cultured in vitro. Alternatively, the composition can be a

pharmaceutical composition that comprises a pharmaceutically acceptable carrier and a



proliferation of B |ynphocytes in a manmalian subject. 5 The present

i nvention also provides nethods for inhibiting ZTNF4 activity in a manmal,
conpri si ryoadwv4ssst ering to the manmal a conposition that PCEArspr/i®es a

TACI -i nmunogl obul in. The ZTNF4 activity can be associated with various

di seases and di sorders. For exanple, a pharnmaceutical conposition that
conprises a TAC -i munogl obulin fusion®rotein can be used to treat an
aut oi nmune di sease, such 10 as systenic | upus erythematosus, nyasthenia

gravis, nuirhiailignimoeIoBalis  fukios U;Bﬂofbm d@r&?@ﬂ@'ﬁhaﬁhﬁ@ﬁﬁ&? dBRhosHiR, cdd BRN' S
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di sorder s bronchitis and end stage renal
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the circul %HC rfy 518938?1 OreP2 LY e e NERNGES, BV ch’r?e N8§pPedt . As
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circulating | evel s of ustrative net S are
Exanpl e 4 B ELiRpIce0s dispidep 2pt9gintuh WEETINUSOYSIBT e 05 gadft deisefahealbel ow,
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disorders such as joint pain, swelling, anemia, and septic shock.

25 The present invention also provides methods for reducing circulating
blood levels of ZTNF4 in a mammalian subject, comprising administering to the
mammalian subject a pharmaceutical composition that comprises a pharmaceutically
acceptable carrier and a TACI-immunoglobulin fusion protein, wherein administration of
the pharmaceutical composition reduces the circulating level of ZTNF4 in the blood of

30 the mammalian subject. As an illustration, the administration of such a pharmaceutical
composition can reduce circulating blood levels of ZTNF4 by at least 10%, by at least
20%, by at least 10 to 60%, by at least 20 to 50%, or by at least 30 to 40%, compared
with the blood level of ZTNF4 prior to the administration of the pharmaceutical
composition. Those of skill in the art can measure circulating levels of ZTNF4.

35 Ilustrative methods are described in Example 4 and Example 5.



pol ypeptide that has the am no acid sequence of am no acid residues 30 to
5 154 of SEQ ID NG 2, wherein the TACI receptor noiety conprises at |east
one of (iwoanionssaci d residues 34 to 66 of SEQ ID NO 2, amdT(Usnd/159am no
acid residues 71 to 104 of SEQ ID NO 2, and wherein the TACI receptor

noi ety binds at | east one of ZTNF2 or Z§\|F4 and (b) an inmunogl obulin

noi ety conprising a constant 10 region-of an imunoglobulin. Suitable TAC
receptor noieties include: polypeptides that conprise am no acid residues

34 to 66 of SEQ I D N®sZjesaxitskdapdlow, aARistatiRs N@Smﬁuﬁo%loia@ﬂn GhsiSF@réBinkO 2;
pol ypeptides that conprise amno acid residues 34 t 04 of SEQ I'D NO 2;

pol ypept i d€¥?P¥§at conprise the am no acid sequence of amino acid resi dues
30 to 110 of SEQ ID 15 NO(&);a BAGI potptpepioiety that badsisiaviea fagmentrod aaci d

sequence consi Sh’ol g?p%de?l[lgt %I%Iagmn(]; gcc'ld%o elnge o# é)mn%oacpd(r(%?g%slﬁ NO 2. The

i rmunogl obul i n nmunogl usion n conpri se
a heawy chain cbiﬂsloér&EQ &gi A2, swi@melasth@ Tiﬁmhr@cmgwmm&mlcnmpun@t ant

region. An 190G chaaye Gha Qmﬁfana%@%sl&ﬁglmo'és eﬁsﬁ m@zoa ui tabl e
heavy chain 20 constant e [ ustrative heavy c al const ant
F“é@fg@ﬁt71ttﬁa]{04dtf

region is an | g@inecaciq MFQR PN, anéﬁﬂhewa thoddids. The
g3 Fc fragmnfec@ﬁ@rﬂ&e@ylﬂnﬂﬂaﬁl&ﬁ@oné S TRE2 bf ZUNEAL aftt @ mMutated 19gG Fe

fragment, such as the Fe f C in the amno acid se uence of
SEQ'1D N0 33, Cne exenpl af) PACHTIRAIGEN DI FUBPOR b e ol

prot ein t hat hafegmmcﬁrdnnmrmmogloebemmence conprising the amno aci d 25

seauence o, SR HRARL S or I TARITNOORLARL LD LURhn BERD S5 dgRer | bed

herein can |nven i Oh
provi des ndkiteits ef i SEQEDeNO!: %sartdhamnr@n@@dereadueﬁA@ -tO nkfdnoly SERUID IN@Psi on

protein. Agoibdpatd ﬁarai YSnAiel 805 d6d38MRE @Q t(t) ﬁ% OPQ%Q%'SNO@ g@ly_]igeptldes

TACI - i m"runog obulin fusion protein is provid esent
i nventi on 9RSEOTRESE HEsAARR) Ackh FENIERCE @’cé@m gm@ Hatidees i) & 1H} of EQ Hdnent

of a ppl ypEpL2;dénd ballypsaniet higataHitive Gnagihthosaqd e8geeneé condiftthedst emiRshddes 30
to 154 of SE@H’F %d\g ﬁéj) %@Hﬁﬁd\;z TACl sol ubl e receptor conprises at |east
one of (|) H to 66 of SEQID NO 2, and (ii) am no
acid residues 71 to Thd imnudbglBbadid Braddy Df aa?ﬂAGmmmjnpglobeliﬂ' A@liors ptatdih e
o PRl A SRSt £ Rt WK SO 0k O SRS
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fs?s'ug%@pr (r)@cﬁﬁi%f) hSgi6RN BE HRGHadve TRINAS ydesah i RRdafiote ACks lAMgRAgEebul i n
%ragment that comprises Cyy, and Cyz domains. The IgG1 Fc fragment can be a wild-type
IgG1 Fc fragment or a mutated IgG1 Fc fragment, such as the Fc fragment comprising
the amino acid sequence of SEQ ID NO:33. One exemplary TACI-immunoglobulin
fusion protein is a protein that has an amino acid sequence comprising the amino acid
25 sequence of SEQ ID NO:54.
The TACI-immunoglobulin fusion proteins described herein can be
multimers, such as dimers.
The present invention also provides nucleic acid molecules that encode a
TACI-immunoglobulin fusion protein. An illustrative nucleotide sequence that encodes
30 a TACI-immunoglobulin fusion protein is provided by SEQ ID NO:53.
The present invention also includes TACI soluble receptors that consist of
a fragment of a polypeptide that has the amino acid sequence of amino acid residues 30
to 154 of SEQ ID NO:2, wherein the TACI soluble receptor comprises at least one of (i)
amino acid residues 34 to 66 of SEQ ID NO:2, and (ii) amino acid residues 71 to 104 of
35 SEQ ID NO:2, and wherein the TACI soluble receptor binds at least one of ZTNF2 or
ZTNF4. Additional TACI soluble receptors are described herein as suitable TACI



These and ot her aspects of the invention will becone evident upon 5
reference to the follow ng detail ed description and drawi ngs. In addition,
vari ous wefoenensses are identified below 2. Definitions PaTiUse2/tscri ption
that follows, a nunmber of terns are used extensively. 10 The foll ow ng
definitions are provided to facilitate %nderstandi ng of the invention. As
used herein, "nucleic acid" or "nucleicacid nol ecule" refers to

pol ynucl eoti des, such as deoxyri bonucleic acid (DNA) or ribonucleic acid

( RNA% ol( rggqnulc hﬁgﬁtifg e?r, TAcagrﬁﬁmmglgsmar alsesh Protdine PRIdUVRF, IYECTfihble
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conposed of nononers that are naturally occurring nucl eotides (such as DNA
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conbi rfat i of¢fesendsotch thavifallowiag deieilasodeaptionradadevangser taddntson, nvasiogar

noi eties aR@LOfce2Brd iReMiiddPefiyie or purine base noieties. Sugar
nodi fications include, for exanple, replacenment of one or nore hydroxyl
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azido groups, or sugars can be functionalized as ethers or esters. Moreover, the entire

sugar moiety can be replaced with sterically and electronically similar structures, such as

aza-sugars and carbocyclic sugar analogs. Examples of modifications in a base moiety

25 include alkylated purines and pyrimidines, acylated purines or pyrimidines, or other well-

known heterocyclic substitutes. Nucleic acid monomers can be linked by phosphodiester

bonds or analogs of such linkages. Analogs of phosphodiester linkages include

phosphorothioate, phosphorodithioate, phosphoroselenoate, phosphorodiselenoate,

phosphoroanilothioate, phosphoranilidate, phosphoramidate, and the like. The term

30 “nucleic acid molecule” also includes so-called “peptide nucleic acids,” which comprise

naturally-occurring or modified nucleic acid bases attached to a polyamide backbone.
Nucleic acids can be either single stranded or double stranded.

The term “complement of a nucleic acid molecule” refers to a nucleic acid

molecule having a complementary nucleotide sequence and reverse orientation as

35 compared to a reference nucleotide sequence. For example, the sequence 5'
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A “nuclelc acid molecule construct” is a nucleic acid molecule, either
single- or double-stranded, that has been modified through human intervention to contain
segments of nucleic acid combined and juxtaposed in an arrangement not existing in

25 nature. '

“Linear DNA” denotes non-circular DNA molecules having free 5' and 3'
ends. Linear DNA can be prepared from closed circular DNA molecules, such as
plasmids, by enzymatic digestion or physical disruption.

“Complementary DNA (cDNA)” is a single-stranded DNA molecule that is

30 formed from an mRNA template by the enzyme reverse transcriptase. Typically, a primer
complementary to portions of mRNA is employed for the initiation of reverse transcription.
Those skilled in the art also use the term “cDNA” to refer to a double-stranded DNA
molecule consisting of such a single-stranded DNA molecule and its complementary DNA
strand. The term “cDNA” also refers to a clone of a cDNA molecule synthesized from an

35 RNA template.
A “promoter” is a nucleotide sequence that directs the transcription of a

structural gene. Typically, a promoter is located in the 5’ non-coding region of a gene,
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As anot herselqlulen%%t rl‘q’jle;[tI Bllids 2 lehlA cgﬁular tlactors enabling transcription exclusively or
preferentially in particular cells, tissues, or organelles. These types of regulatory

25 elements are normally associated with genes that are expressed-in a “cell-specific,”
“tissue-specific,” or “organelle-specific” manner.

An “enhancer” is a type of regulatory element that can increase the
efficiency of transcription, regardless of the distance or orientation of the enhancer relative
to the start site of transcription.

30 “Heterologous DNA” refers to a DNA molecule, or a population of DNA
molecules, that does not exist naturally within a given host cell. DNA molecules
heterologous to a particular host cell may contain DNA derived from the host cell
species (i.e., endogenous DNA) so long as that host DNA is combined with non-host
DNA (i.e., exogenous DNA). For example, a DNA molecule containing a non-host

35 DNA segment encoding a polypeptide operably linked to a host DNA segment
comprising a transcription promoter is considered to be a heterologous DNA molecule.

Conversely, a heterologous DNA molecule can comprise an endogenous gene operably
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25 of an essential biological function of the vector, as well as nucleotide sequences encoding a
marker gene that is suitable for use in the identification and selection of cells transformed
with the cloning vector. Marker genes typically include genes that provide tetracycline
resistance or ampicillin resistance.

An “expression vector” is a nucleic acid molecule encoding a gene that is

30 expressed in a host cell. Typically, an expression vector comprises a transcription
promoter, a gene, and a transcription terminator. Gene expression is usually placed under
the control of a promoter, and such a gene is said to be “operably linked to” the promoter.
Similarly, a regulatory element and a core promoter are operably linked if the regulatory
element modulates the activity of the core promoter.

35 A “recombinant host” is a cell that contains a heterologous nucleic acid

molecule, such as a cloning vector or expression vector. In the present context, an example
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PDGF receptor, growth horrnone receptor, IL-3 receptor, GM-CSF receptor, G-CSF

25 receptor, erythropoietin receptor and IL-6 receptor). Membrane-bound receptors are
characterized by a multi-domain structure comprising an extracellular ligand-binding
domain and an intracellular effector domain that is typically involved in signal
transduction. In certain membrane-bound receptors, the extracellular ligand-binding
domain and the intracellular effector domain are located in separate polypeptides that

30 comprise the complete functional receptor.

In general, the binding of ligand to receptor results in a conformational
change in the receptor that causes an interaction between the effector domain and other
molecule(s) in the cell, which in turn leads to an alteration in the metabolism of the cell.
Metabolic events that are often linked to receptor-ligand interactions include gene

35 transcription, phosphorylation, dephosphorylation, increases in cyclic AMP production,
mobilization of cellular calcium, mobilization of membrane lipids, cell adhesion,
hydrolysis of inositol lipids and hydrolysis of phospholipids.



WO 02/ 094852 PCT/ US02/15910 11 The term "secretory signal sequence"
denotes a DNA sequence that encodes a peptide (a "secretory peptide")
t hat, as wooenpssent of a | arger pol ypeptide, directs thecCrarsge15910

pol ypeptide through a secretory pathway of a cell in which it is
synthesi zed. The |arger polypeptide is ¢gpmmonly cleaved to renove the
secretory 5 peptide during transit through the secretory pathway. An

"i sol ated pol ypeptide" is a poI ypeptide that is essentially free from
cont ami nati ng cel | ul &he dempoRemetery sigohl sejucasotigndtat &, DNAprd;ueme dtaher

pr ot ei nacegiiydes @%ti&e' @S sBFSRH géﬁﬁle Ftytag'% o%ﬁ{?éggrﬁtdgﬁaﬁlsaﬁ%%ﬁ @@ 1de

Typically, a preparation of isol pepti pebtl de
in a hi ghl $irsst the Bagsr opqlypeptide thegugh e9a§%CT%f96’uPat9U% 16 pgel ingwhickaistis about

90% pur e, @htﬂe@@&d a’blﬁwllarggrtypél%@udgrlgaéo%ﬁméﬁlﬁrbl&'i/%/@l P RmoVE  t8E 88ERfory t han
99% pure. aﬁ articul % §)r otein preparation cont ar ns an
i sol at’ed p%q@ﬁ}m%'i’/{l%tr?@“ﬁ?mﬂl “}fp%&fér%eé 3fYa single band fol | owi ng sodi um
dodecyl sulfate (SDSh- ps_nilgtad:_rpply@apt ”Ig,ela pdlepﬁpnd@hl@artes|e§seﬁf1a113h&e@rfﬁmel n
prepar at i e e

term"isol g} g%ﬁnat@ei ﬁltﬂr @%@ %mt%eéut E e ?@%pﬁ ]hp{%gr SOQ%é pﬁ%?@ﬁ%e&l? de i n
al t er nat i vienpimjiss essiocitedrgith theaiolyeptide menaiumr Wptoeﬂna?t preprrtiogl qfamiglcbrét ed

or derivat r

are used h%"rqg‘?éﬁﬁ% BBl e %tp 8o e, lﬁ%ﬂ?ﬁaﬁbed ea at?8\%)e§re t e cont ext

enote IoNs Wt ypep tl

al | owdd t HdYE® atdeassaboue FYeare. gt dagst aroat 35%6’“{% gé@ﬂfﬁéﬁbﬂ%%ﬁqapueeqnme@r or

portion of than POy rpa&t | @het Raglenchewphaxh r’ﬂaWchr tefire |p?épaifa@ioﬁ Q:%'niehr%n an For
exanpl e, tal ggencgﬂg S|t|oned ca rbox er, ref ce

sequence V\]ns? ?Qpﬁ’et%aél%(ﬁ’ Br 9Rgl ﬁxﬂanflrrip ﬁﬁ’r‘@lr‘éaﬁogﬂﬁl 0 "é‘ry nus
of ther eétéﬁamc(sweqpub/amelanbm ged alat:trmpmeesssardf I ;heatprcbtlale cpwplafmxbh ted M nus

of the CO”@&&B{‘ssmF’ﬁhMﬁﬁP%ﬁ% sttal-ﬁﬂéogfa E@Sgeqx%&?édegnthe t%frr? r“?sofa?edt’ (ﬁ)es not

bi osynt hesis of a gene p
st r uctiur al exglile, thexpesssed oh thmemw@gbmﬁam@cm plt¢rontivef plnyse:ab tfcrrmst quh as gene

into rrRNAeﬁﬁﬁrst&edn%rrﬁﬂ%@tgr}gesﬁéte@%ﬂv%eecpﬂaﬁnQr mor e pol ypeptides. The

term"splice variant! is uUsed ‘herein to denote alternative forms of RNA
transcribed from a gEMeteray ppgncyigrminal oppdarGaskoxyhisrmimal| gretused bgreinge of

al t er nat i v@eno&ppdsitiond \ﬁlltﬁlﬁ%)onEﬁﬂldbsa WhaRsthE icBeEx Ry W ek 1@ msOdre [uBES
comonl y betme n s

eparatel.y .30 transcri result in
several  mRART PSH% i Bb%a&u%/‘}l%{rﬁewf’élce g‘éﬂ‘ér?aleggApg@PWf@e\}%ij%‘? Bﬂ’fé‘?“léﬂ%ode
pol yp#pt i dektivaposigioal t Boreekaanle)ca aeitain ss@epmen ositidiegl ba&bmﬁ@émﬁﬁal\/tard ant

e e ¢ SERRE L 0. (RAN €08 BIMRSPIARATIRAHRT e BHRRl ERAHBLERT O]

an nRNA transcri be roma &m foddt at or "
i ncl udes cifie aricreage setuenge, i@gt tsendt ngrawrﬂyfaaélneowgbow igrhonusxefribe complete
co- sti mul gigypeptidd.ecul es, hemat opoi etic factors, and

The term “expression” refers to the biosynthesis of a gene product. For
25 example, in the case of a structural gene, expression involves transcription of the structural
gene into mRNA and the translation of mRNA into one or more polypeptides.
The term “splice variant” is used herein to denote alternative forms of
RNA transcribed from a gene. Splice variation arises naturally through use of alternative
splicing sites within a transcribed RNA molecule, or less commonly between separately
30 transcribed RNA molecules, and may result in several mRNAs transcribed from the
same gene. Splice variants may encode polypeptides having altered amino acid
sequence. The term splice variant is also used herein to denote a polypeptide encoded by
a splice variant of an mRNA transcribed from a gene.
As used herein, the term “immunomodulator” includes cytokines, stem
35 cell growth factors, lymphotoxins, co-stimulatory molecules, hematopoietic factors, and
synthetic analogs of these molecules.
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25 As used herein, a “therapeutic agent” is a molecule or atom, which is
conjugated to an antibody moiety to produce a conjugate, which is useful for therapy.
Examples of therapeutic agents include drugs, toxins, immunomodulators, chelators,
boron compounds, photoactive agents or dyes, and radioisotopes.

A “detectable labe]” is a molecule or atom, which can be conjugated to an

30 antibody moiety to produce a molecule useful for diagnosis. Examples of detectable
labels include chelators, photoactive agents, radioisotopes, fluorescent agents,
paramagnetic ions, or other marker moieties.

The term “affinity tag” is used herein to denote a polypeptide segment
that can be attached to a second polypeptide to provide for purification or detection of

35 the second polypeptide or provide sites for attachment of the second polypeptide to a
substrate. In principal, any peptide or protein for which an antibody or other specific
binding agent is available can be used as an affinity tag. Affinity tags include a poly-
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An “antigenic peptide” is a peptide, which will bind a major

histocompatibility complex molecule to form an MHC-peptide complex, which is

25 recognized by a T cell, thereby inducing a cytotoxic lymphocyte response upon
presentation to the T cell. Thus, antigenic peptides are capable of binding to an
appropriate major histocompatibility complex molecule and inducing a cytotoxic T cells
response, such as cell lysis or specific cytokine release against the target cell, which
binds or expresses the antigen. The antigenic peptide can be bound in the context of a

30 class I or class II major histocompatibility complex molecule, on an antigen presenting
cell or on a target cell.

In eukaryotes, RNA polymerase II catalyzes the transcription of a
structural gene to produce mRNA. A nucleic acid molecule can be designed to contain
an RNA polymerase II template in which the RNA transcript has a sequence that is

35 complementary to that of a specific mRNA. The RNA transcript is termed an “anti-

sense RNA” and a nucleic acid molecule that encodes the anti-sense RNA is termed an



structural gene to produce nRNA. A nucleic acid nol ecul e can be designed to
contain an RNA polynerase Il tenplate in which the RNA transcript has a
sequence wbai/0943585 conpl enentary to that of a specific MREANUSTHEIRNA
transcript is terned an "anti- sense RNA" and a nucleic acid nol ecul e that
encodes the anti-sense RNA is ternmed an WO 02/ 094852 PCT/US02/ 15910 14
"anti-sense gene." Anti-sense RNA nol eclfes are capabl e of binding to nRNA
nol ecul es, resulting in an inhibition of NMRNA translation. Due to the
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Bram, Science 278:138 (1997)). This initial construct, designated as “TACI-Fc4,”

included amino acid residues 1 through 154 of the TACI polypeptide, and a modified

human Fc region, described below. The fusion point of residue 154 was chosen in order

25 to include as much of the stalk region of TACI as possible while not including any
potential portion of the predicted transmembrane domain.

Since native TACI polypeptide does not contain an amino terminal signal
sequence, an amino terminal signal sequence was added to TACI in order to generate a
secreted form of the TACI-Fc fusion protein. The signal sequence was a modified pre-

30 pro sequence from human tissue plasminogen activator. The modifications were
included to enhance signal peptidase cleavage and furin protease-specific processing and
for that reason this sequence has been referred to as the “optimized tPA (otPA) leader.”
The ofPA sequence (SEQ ID NO:25) is illustrated below; modified amino acid residues
are shaded. The recombinant TACI-Fc fusion protein coding sequence was inserted into

35 an expression vector, which was transfected into Chinese hamster ovary cells.



The ot PA sequence (SEQ ID NO 25) is illustrated below, nodified am no acid
resi dues are shaded. The reconbi nant TACI -Fc fusion protein coding
sequence wa2imssrted into 35 an expression vector, whiclrCrasor/1zansf ect ed
into Chinese hanster ovary cells. W 02/094852 PCT/US02/15910 15 -35 -30
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NO 2, the maj or amk§omtebhd Mzgwar€ found at ami no acid residues 1, 10, and
13. @ fferences in the carboxyl termnus reflect the natural heterogeneity
of reconbi nant i munogl obul i ns and i mmunogl obul in fusion proteins, which

i ncludes the inconplete 30 renoval of the carboxyl-term nally-encoded
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termini were found at amino acid residues 118 and 123, although, proteins were also

cleaved at amino acid positions 110, 139, and 141.
25 In addition to heterogeneity caused by cleavage in the stalk region,
heterogeneity was also observed at the amino and carboxyl termini. With reference to
SEQ ID NO:2, the major amino termini were found at amino acid residues 1, 10, and 13.
Differences in the carboxyl terminus reflect the natural heterogeneity of recombinant
immunoglobulins and immunoglobulin fusion proteins, which includes the incomplete
30 removal of the carboxyl-terminally-encoded lysine residue. Another source of
heterogeneity was found in the variable nature of the carbohydrate structure attached to
the Fc encoded immunoglobulin Cy, domain.
New versions of TACI-Fc were generated to address the observed
heterogeneity. Constructs were designed that included at least one of the following
35 variations in the TACI moiety: (1) portions of the TACI stalk region were deleted, (2) a
portion of the TACI stalk region was replaced with a portion of the BCMA stalk region,
(3) the arginine residue at position 119 was mutated to eliminate a potential furin
cleavage site, (4) the glutamine residue at position 121 was mutated to eliminate a
potential furin cleavage site, (5) the arginine residue at position 122 was mutated to
40 eliminate a potential furin cleavage site, (6) amino acid residue at positions 123 and 142
were mutated to amino acid residues found in corresponding positions of murine TACI,

(7) the human otPA signal sequence was replaced with a human heavy chain variable
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antibody mediated effector functlons The primary effector function that may be most

25 useful in an immunoglobulin fusion protein is the ability for an IgG1 antibody to mediate
antibody dependent cellular cytotoxicity. On the other hand, this could be an undesirable
function for a fusion protein that functions primarily as an antagonist. Several of the
specific amino acid residues that are important for antibody constant region-mediated
activity in the IgGl subclass have been identified. Inclusion or exclusion of these

30 specific amino acids therefore allows for inclusion or exclusion of specific
immunoglobulin constant region-mediated activity.

Six versions of a modified human IgG1 Fc were generated for creating Fc
fusion proteins. Fc-488 was designed for convenient cloning of a fusion protein
containing the human y1 Fc region, and it was constructed using the wild-type human

35 immunoglobulin y1 constant region as a template. Concern about potential deleterious
effects due to an unpaired cysteine residue led to the decision to replace the cysteine
(amino acid residue 24 of SEQ ID NO:6) that normally disulfide bonds with the
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t he above ¢slonr wbl;chcmasfqhanged from TGA to TAA to eliminate a potentlal dam methylation

25 site when the cloned DNA is grown in dam plus strains of E. coli.

In Fc35, the arginine residue at EU index position 218 was mutated back to
a lysine, because the BgllI cloning scheme was not used in fusion proteins containing
this particular Fc. The remainder of the Fc5 sequence matches the above description for
Fc4.

30 Fc6 is identical to Fc5 except that the carboxyl terminal lysine codon has
been eliminated. The C-terminal lysine of mature immunoglobulins is often removed
from mature immunoglobulins post-translationally prior to secretion from B-cells, or
removed during serum circulation. Consequently, the C-terminal lysine residue is
typically not found on circulating antibodies. As in Fc4 and Fc5 above, the stop codon

35 in the Fc6 sequence was changed to TAA.

Fc7 1s identical to the wild-type y1 Fc except for an amino acid
substitution at EU index position 297 located in the Cy, domain. EU index position
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Illustrative TACI-Fc constructs are described in Table 1.



TACI (1-104)-BCMVA (42-54)" Fc5 TAC (d143-150) Fc5 TAC (R142G d143-150)
Fc5 TACT (R119G QL21P, R122Q S123A) Fc5 TAC (R119G R122Q Fc5 TAC
(dl -28, waoMp/osss2 TACT (dl-29) Fc6 TACH (dl-29) Fc5 TACTT(uhoz/2010
d107-154) Fc5 TAC (dl-29, d111-154) Fc5 TACT (d1-29, d120-154) Fc5 5

"I nformation about | ocations, nutationsi9 and del etions of am no acid
sequences is provided within parentheses in reference to the amno acid
sequence of SEQ ID NO 2. b Includes acid residues 1 to 154 of SEQ ID
NG 2. This construct includes am no :?@O eS| dues | to 104 of SEQ ID NG 2
(TACI) and ami no aci ds IKRtrativE TAGH-IBFndion RépteRi7CoBTMgts 10 The TACI - Fc
proteins were produced by recombinant Chinese hanmster ovary cells,

i solated, and analyzed using Wstern blot analysis and am no acid sequence
anal ysis. Surprisingly, deleti on of the fi rst_29 arri no _acids fromthe

N-term nus jof the TA M nen in the
producti on lef—TACL—tFe—fusi-oh—l—prote —ahtese—nanpter—ovary—t ells.
This del etijonT&Co reduced the cleavage nf , i ot h s egi on.
In addition, TWe3Vage within the TAC stalk rlegi on was F&Suppressed |ei t her

by truncati ngTikmg® TACI stalk region, or by replacing tieyTACI stalk region
w t hi n anot S AR H)7@PS sequence (e.g., the am no acigtssequence df the
$glé:/:A I:stal k | e 4, _funcglonar anal'ylses of
-FC congst 1 f —oh i =

(di-29, dI O IMI(L—AM) EW&M% ”%.".J’h‘é;,‘ 235,‘“;;,.1&&”\.‘”5,4?"3 TAC

dl 20- 154) - Fc5 TA&I4AEBE I bi ndi ng affinities| for WO 0204850 :
PCT/ US02/ 15910“AC2(QRZ4NFAd14BIeW@Wer constructsl TACT (dIF@Q) Ec5, TACT

(dl -29, d11f- 12461(Re G0N IPTRAT2008123) dl 20F 154) - Fc5 Byfpear to bijnd nore
ZTNF4 per nbl @i RAYG, Ra2008n construct T (dl-29,Pehl07-154) - AcS.

Dopendi ng uporf ACHA{ B EUGGgy Use (e " TheTapentic, diagnostic o
, ca au t or—t ow Ta acCT ’ACI-F STOm 5 pT e
can be enpl W\ITA@II(M'QQ i A o T obee :,)V e
capacity TIACITAE (81:29hn pr oteins enables thel titrationtS ZTNE2 ZTNE4.
TACI (d1-29, d107-154) Fc5
TACI (d1-29, d111-154) Fc5
TACI (d1-29, d120-154) Fc5
5 3 Information about locations, mutations, and deletions of amino acid sequences is provided within

parentheses in reference to the amino acid sequence of SEQ ID NO:2.
Y Includes amino acid residues 1 to 154 of SEQ ID NO:2.
°This construct includes amino acid residues 1 to 104 of SEQ ID NO:2 (TACI) and amino acids
42 to 54 of SEQ ID NO: 27 (BCMA).
10
The TACI-Fc proteins were produced by recombinant Chinese hamster
ovary cells, isolated, and analyzed using Western blot analysis and amino acid sequence
analysis. Surprisingly, deletion of the first 29 amino acids from the N-terminus of the
TACI polypeptide resulted in a ten-fold increase in the production of TACI-Fc fusion
15 proteins by Chinese hamster ovary cells. This deletion also reduced the cleavage of the
full-length stalk region. In addition, cleavage within the TACI stalk region was
suppressed either by truncating the TACI stalk region, or by replacing the TACI stalk
region within another amino acid sequence (e.g., the amino acid sequence of the BCMA
stalk region).
20 As described in Example 4, functional analyses of TACI-Fc constructs
indicate that fusion proteins TACI (d1-29)-Fc5, TACI (d1-29, d107-154)-Fc5, TACI (d1-
29, d111-154)-Fc5, and TACI (d1-29, d120-154)-Fc5 have similar binding affinities for



The present invention contenplates TACI-i nmunogl obulin fusion proteins
that conprise a TACT receptor noiety consisting of amno acid residues 30
to 106 oWOSEQ48E2 NO. 2, 30 to 110 of SEQ ID NGO 2, 30 to 1P@TafSo8E9M D NO 2,
or 30 to 10 154 of SEQ ID NO 2. The present invention also includes

TACI - i mmunogl obulin fusion proteins th% conprise a TACT receptor noiety
consisting of amno acid residues 31 to“¥106 of SEQID NGO 2, 31 to 110 of
SEQID NO 2, 31 to 119 of SEQID NG 2, or 31 to 154 of SEQID NO 2. Mre

genter al |'y, ZTKe4, er@ﬁB‘l’lerl ByRRE®) n;mml (uq;l@s)-"ﬁéﬂ TAmtltapfgboa]ytl -M54)Ie5f wgd on
rot eins, r or ety co of a fr am no
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moi ety bi netmisatct) EBSCI (dbe290fdIBTNGE)-BES. ZD‘@IEéndHSglCtipohr a}gmmesdadompe i (se a
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one of an rm h niant an am
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resi des '”r&c?@t’:%?gfa/ﬂ to%lﬁ@&able%?e 913 0P ZiRoC SA1ayae- i ch pseudo- repeat
3 id

region. Suitable cysteine-rich _ pseudo-repeat regions |ncI ude pol ypepti des
that (a) conprise &ke| %%nto%"eatlo%n?%ela@iatfsr dshduisamauoglepubs” GRSISEQ | D

and d@mem B8 Ebmprae aﬂmmtﬁcegmlﬂét g%‘coﬁﬁghﬁ Nedntho 4dM r&ERIES BE]o bot h

2170 30 SN0l Wy i SR W B W SRR T A L

SEQ | D NO 34 GHEBEQIED N2t dhripnakbntsegaeioh alsonnd] udks IAKéI-i‘nﬁxhhﬁxygldslgthwftléion
reference . no acl 32 to
o1 nce ifeyel Oy LTI 80 iy LR CEIS L ERLLLRY,

Sui t abl e stGfl &f SHQAPNO:3, d1t0da0 of SE& 2, %lntmbl%@ﬁ QAP N@ior atite

resi dues 105 (;fCSEt?fD@fO SEQ I D NO 2. For exanpl e the stal k 30 segnent can

consist of the followng with reference to SEQ am no acid residue
105, amino aci d resi Mi9Es sepesally, theepresen rﬁ’é)veéEP’éi lﬂ%@fl‘?fugécﬂﬂglfft@%@?mnam no

aci d 1¥ esi fisies pl&émts Oowh&8in @MI%t@téﬁﬁbﬁﬁf@n@@@ dfQ £98ner IBF BRIRCAEd

resi dues 105 .to esi,duyes .1 am no si dues
o8 10T 128 Qs W SER BEND SR A TR R L B e fads 408 o
114, am noorecod Z@gi2d oe LTI t Suth Sragnmdnto campﬂseBE cyaglimtugch pendbaechb,

am no aci 8%1%?()9‘%9 1]0(1)1%11%| a;tjilzcaumtrl s@%h%&.ﬁtf@%}%ﬁtn%p?eg {@nt 1“% ch %n}d 9 aci d

residues 1 /0 acl d residues . meno acl d resiGles
105 to 121, amggnheo-teeinghal gosidigastol1ths aysteiaichapsendo-aeiedt regiond s 4 G8lk o

123, g NOxeaRkhh W@@%’e@%@@ﬁza &gdﬁﬁ%%ﬁ?égsm@r;tcf the 'c%ﬂ&ﬁe-l‘i@ﬁ %Eéﬁd% Z8peafMm NO

aci d residues 10% , amna acid residues no ac
resi dues 16800 Pyitab ﬁrﬁﬁﬁ’l%ﬁlﬂ‘ PEdquereat (58i08s IQ@UdearﬁOH@eﬁt&eé haki @les

105 to 12mpaie a0least sher @Sdniite 3ciliGBsiliges BA0o mmcg@m@ezs, Al 8Sink0Rid 0
;gll q ?rensp grﬁgi 4 O751 f 21(%@%5 S]%(SﬁDtIQOJZ’S%b) &)nn]qpr}t()se d rgn%%l adc?cF rsesga(t)lgs 54? tolgg) of amno
SEQ ID NO:2, and amino acid residues 71 to 104 of SEQ ID NO:2, or (c) comprise
25 amino acid residues 34 to 104 of SEQ ID NO:2.
Suitable N-terminal segments include the following with reference to
SEQ ID NO:2: amino acid residue 33, amino acid residues 32 to 33, amino acid residues
31 to 33, and amino acid residues 30 to 33. Suitable stalk segments include one or more
amino acids of amino acid residues 105 to 154 of SEQ ID NO:2. For example, the stalk
30 segment can consist of the following with reference to SEQ ID NO:2: amino acid residue
105, amino acid residues 105 to 106, amino acid residues 105 to 107, amino acid
residues 105 to 108, amino acid residues 105 to 109, amino acid residues 105 to 110,
amino acid residues 105 to 111, amino acid residues 105 to 112, amino acid residues 105
to 113, amino acid residues 105 to 114, amino acid residues 105 to 115, amino acid
35 residues 105 to 116, amino acid residues 105 to 117, amino acid residues 105 to 118,
amino acid residues 105 to 119, amino acid residues 105 to 120, amino acid residues 105
to 121, amino acid residues 105 to 122, amino acid residues 105 to 123, amino acid



5 amino acid residues 105 to 135, am no acid residues 105 to 136, am no
acid residues 105 to 137, amno acid residues 105 to 138, am no acid

resi dues WwO920048389, am no acid residues 105 to 140, am moTASV2I139¢Gi dues
105 to 141, amino acid residues 105 to 142, amno acid residues 105 to
143, amino acid residues 105 to 144, an'zfo acid residues 105 to 145, am no
acid residues 105 to 146, amno acid reStdues 105 to 147, amno acid 10
resi dues 105 to 148, am no acid residues 105 to 149, am no acid residues
105 to 150r,es1da®§ hes eccilm ramsind wesl E8iduén1dBt 1287iandnaatid resigudurss bR g, o

d
At ¢ onay b AelEUIHEN 018 12) R ac AE B I0S 36 1 00 L ER RO HER sisiRied S0P
BCVA st al ktor BXjl, @migo aeld realdum)l@i:t(d 13@simimesaci® rasplubd 106 tSHQL) BmNO &1d For
exanpl e, lﬂeédaesswd K 159 Biho Gen I%gaaééi%soio i85 doghd ngr}%s'ghéshl(zftf LWe{gnce to

SEQ ID NO 27: am no acid resi cid resi ani no
aci d resi cABIgO 491G Tgsidues Kitad 3 acimino peidireniduesJ95te 126, amine add aesidies 483 dues

42 to 46, d@mmgﬁﬁh@ abﬂsteﬁﬁgg& 135 191499, arﬁ@ib%uﬁ?ésﬂiuef» a5 %6@9431111& 4&’@
amino acid resi 0 ani no, .aci eS| ues no aci

resi dues 4%% BCSSE&S Eﬂ’ri‘ﬁ appg apigstesidues ﬂgz{ 5 aHHPr‘? ﬁ‘c‘)ldarEFlElu‘?SgLQSd@e%“zdlz to
53, and ananmno 2210 residdesr BSitdues, ﬁﬂnb901H4e31dﬁ1{saoge@e4f&|ah‘r)dno acidralidoes egirent

i d Th t f
S on o P ind el BINA0) FELS 148 SShRETRI KMl THRSS BA o R Y
of anld nmuesigheshlls o 149, eaﬁlanalablyl residges U tomirith egliobatidresidiest 105 ept®sent s
a segnent ofing abfar@adhécs:ﬁéﬁqsh@inﬂﬂnﬂo adi G%eﬁmg&q w&gs&hﬁﬁ&wa rSEARERE Can

be a wil d-type am no uence am no aci
sequence, HDShaamize apidgesidensd 0gfto 11% amino aci d mutations di scussed

above. The human lma@ﬁb@mhitﬁblaeﬂam%gﬁﬂeﬂtssmu@m dr@hordlaifin &ids dfitRgn 30

w | d-type av one nore mu atl a known

o 1ot yorc DM HAICERh Ganhe SR BRS AL ST 5hSELIH Sobih ot exRpiene
humanisl gGyd stalknsdzarent caregomsist (oPuhefrﬁo‘llowThg vRthasef@eReoibeS BIQ, ]D\/ND 2N anpages 43
to 140 (Ac r8s n X ns 6, 358, an
431 defl(neﬁ PQS rlllgv‘l\% m@ aCCI fejsfd%@eéz té%%’s?@ g aE’ rﬁgllchgeslétnzz 4 %Iﬁﬂod%; in of
the | gQyl r@@deSaﬂ% torddg pno @rcﬁrestdnesr/é% or4s, anbuesaqmrbtes@!ﬁeav é%tcnl@ winiv acid he Fe
sequence. Thaud 40l emiih REANSAGE: 2 toS@Qa@d\Ql@résmky%& 30)8mirf3 %&@ and

Adn(2-) allotypes. However, the nol et%%3 rotein can
modi fi ed tTSSIFhé‘?SI Beho %w@w%md@ﬁs 4 tq breaming a@éw@es WD1953.codaspno
PCT/ U022/ 1&£2siddes 2R ®.2 Al ot yp| c Determ nants of the Human

nmunogl lin yl t ant
| ogl obu y Col('/lsore genera?y a stalk segment can consist of two to 50 amino acid

residues.
The immunoglobulin moiety of a fusion protein described herein
comprises at least one constant region of an immunoglobulin. Preferably, the
25 immunoglobulin moiety represents a segment of a human immunoglobulin. The human
immunoglobulin sequence can be a wild-type amino acid sequence, or a modified wild-
type amino acid sequence, which has at least one of the amino acid mutations discussed
above.
The human immunoglobulin amino acid sequence can also vary from
30 wild-type by having one or more mutations characteristic of a known allotypic
determinant. Table 2 shows the allotypic determinants of the human IgGyl constant
region (Putman, The Plasma Proteins, Vol. V, pages 49 to 140 (Academic Press, Inc.
1987)). EU index positions 214, 356, 358, and 431 define the known IgGyl allotypes.
Position 214 is in the Cy; domain of the IgGyl constant region, and, therefore, does not
35 reside within the Fc sequence. The wild-type Fc sequence of SEQ ID NO:6 includes the
Glm(1) and G1m(2-) allotypes. However, the Fc moiety of a TACI-Fc protein can be
modified to reflect any combination of these allotypes.



Al'l otype Amino Acid Am no Acid Position Residue EU Index SEQ I D NO 6

d m1l) Asp, Leu 356,358 160,162 dAn(l-) du, Mt 356, 358 160, 162 d m(2)
Ay 431 2306 02/@b4862-) Ala 431 235 dm(3) Arg 214 --- 4 m( BCr/usym1R1e --- 5
The exanpl es of TACI-Fc proteins disclosed herein conprise human |1 gGl
constant regions. However, suitable innzgoglobulin noi eties al so include
pol ypeptides conprising at |east one cohstant region, such as a heavy
chain constant region fromany 10 of the follow ng i munogl obulins: |1gQ&,
1gG3, 1gA4, IgAl, 1gA2, I1gD, I1gE and IgM Advantageously, inmunoglobulin
noieties derived fromw | d-type 1g& ol e,lld-type | g&4 offer reduced

ef fector function, conpared with wld- ?9%4 lgG@ or wild-type 1gG. The
present i nvenAllotypi¢ Petecoimaattp bfithed dman dmnpurdgbondin YlaConsiagtrRedorn TACI
receptor noiety, as described above, and either albumn or

(32-macroglo i } } bi nds
ZTNF2 or ZTNi4 lAslloaypeBCl\/ iAmimooiidbul i n f usi Amigr Atiell Positiinudi es have been
gfer;(r)rir ggda\(/:v: (,hrg‘,!sg‘\,/?s 504 fg%éu?ﬁ% prof ei ME@«X@ ckclt he %%%ty consi sts
phar macoki net idmg¢i)udi es Aqnﬂme revearéd Eﬁﬁt3£EWA-Pc4 ﬂm@;nﬁZprotein had

a half-life th%?P— t 101 RURBot wher eps a jkA C_prjptei n kad.A hal|f 20
life of 25 h . , i ion

protein may 63H%2kferredth certain [clinicdBlsettings. Mg2abver,

conmbi nation @ %@Q RRgl obulin td BCVA nnunoglobullg usion proteins
may be advanlfGl b HWHIUQL bCILaIi al 33 t her apy

geous LU
can be achi ey&dm6%) adni nj&f%ring TAd -i m’ruﬁéﬂll obulijn and -
BCVA- i mmunogll g3y fusifopygproteins, pr by Qlenlsterlng 25_heterod|ners of
TACI - i rmunogl i =1 ||||uuug| tr-t-r—ftston otetriuss ArotHer type

of redeptor fusion protein that binds ZTNF4 is an inmunogl obulin fusion
protein conprising an extracellular domain of a receptor designated as
"zZtnfrl2." Ztnfrl 2 no acid and nucl eoti de sequences are provided as WO
02/ 094852 PCT/ US02/ ?’5’ @‘an%ess%@f%@ Repwtsing s PeyeNIcT BRRTISE Bupar {sGk| v .

Sui t abl e deﬁﬁﬁahﬁregmepmﬁvenﬂl glita®fe inGddglebupialy@emds dl@smﬁmﬂ@pbl?%é}ﬁld@én no
acid residues 1.to to 35 of

SEQ 1 D N BOPAE PdeD R roruh e hd o EERATY Pilpcssbr R EaRn R S
form Bf siofghe following immunoglobulins: IgG2, 1gG3, IgG4, IgAl, IgA2, IgD, IgE, and IgM.

Advantageously, immunoglobulin moieties derived from wild-type IgG2 or wild-type

IgG4 offer reduced effector function, compared with wild-type IgG1 or wild-type IgG3.
The present invention also contemplates fusion proteins that comprise a TACI receptor
moiety, as described above, and either albumin or B2-macroglobulin.
15 Another type of receptor fusion protein that binds ZTNF2 or ZTNF4 is a
BCMA-immunoglobulin fusion protein. Studies have been performed with a BCMA-
Fc4 fusion protein in which the BCMA moiety consists of amino acid residues 1 to 48 of
SEQ ID NO:27. Surprisingly, pharmacokinetic studies in mice revealed that BCMA-Fc4
fusion protein had a half-life of about 101 hours, whereas a TACI-Fc protein had a half-
20 life of 25 hours. Thus, administration of a BCMA-immunoglobulin fusion protein may
be preferred in certain clinical settings. Moreover, a combination of TACI-
immunoglobulin and BCMA-immunoglobulin fusion proteins may be advantageous to
treat certain conditions. This combination therapy can be achieved by administering
TACI-immunoglobulin and BCMA-immunoglobulin fusion proteins, or by administering
25 heterodimers of TACI-immunoglobulin and BCMA-immunoglobulin fusion proteins.
Another type of receptor fusion protein that binds ZTNF4 is an
immunoglobulin fusion protein comprising an extracellular domain of a receptor
designated as “Zinfrl2.” Ztnfrl2 amino acid and nucleotide sequences are provided as



5 chain pol ypeptides, diners, trimers, or multiples of dinmers or trinmers.

D mers can be honodi ners or heterodiners, and trinmers can be honotriners

or het er owpioaes4852 Exanpl es of heterodi mers include a TACPCrmsonayh®bul i n

pol ypeptide with a BCVA- i mmunogl obul i n pol ypeptide, a TACI-i rmunogl obul i n
pol ypeptide with a Ztnfrl 2- innunoglobq%'n pol ypepti de, and a

BCMA- i nmmunogl obul i n pol ypeptide with a Zt nfrl 2-i mmunogl obul i n

pol ypepti de. Exanples of heterotrimers include a TACI- inmmunogl obulin

pol ypeplt I ﬁ@nwm Bﬁmﬂgﬂqm? WJQb%spfbtiﬁgl psmtabqiseZtnfﬂsz%@pmr mmeugs
n e W WO nr.r 0 |1 des,
BovA | U HEBS BITERE B BEIe SR §4 SR b oS Egbr FROR0! ©

pol ypept i desinotacial reSidds-1i9o36 of SEQUID NOp@).ypept i des with a

B L Tunog) obul | 1 B KRER! iRl Al BolAN L OTUASAh ARUL WL BALMRSRLALeS
pol ypépt i ddginnpelspeptizienfdimprs, Mmmgolomultnmem@ﬂ §ipeps pri&imensd Dimery ¢anebe of a

TACI - i mmmh&ﬁﬁ%fsn oP%éf&%Hﬁﬁéi‘? aﬁd BEiMRsd raneg! fhHbiiterP by Htgtefdtﬁlﬁersand a

Zt nfrl 2-i mmunogl obul i n de. In such fusjon protelns,
recept or ngtésiElecahh %@ﬁﬁﬂ%H@!udle@a@éCIMﬁ@glebultmeolmnﬁéwﬁ@ 2B MAaci d

Sequgnceségfntq dﬂallwqacayp@ﬁuaoa@}é@l-ﬁlﬁﬁiuﬂ?g&i%gq tpelypéptide aagihn@ mgﬁdz- .
resi daues 0 aci d, resi due 0 no a Sl es

10 62, andrminchll PRYPGRIGE Bk & TOMATRT MR sRGiRife Yt o
conpriose &tnfrll 2asimumoglobblin hpelfpeplidam n@xmiplem oﬁdldﬂerseqmmmaﬂﬂudﬁ aSEQJID

NO 27 4 am no
N oot dnmuSlH g S ERpid, L o, BEMIR 1Bk BEBURY B3 Red el TRV,

| east one iofmuttngldtylinpelypgptade ish aee Ztlﬁ@@u@mw@g&ﬁb@E@Olmm@stCMﬂo

aci d resi dugsurbolhufifl P@l@/ﬁ F;ﬁfahn%mc worzﬁl'ﬁqg%n%% ?R)b%ﬁn @smémd@sr Ofyid NS

can be praoduced uma& CR nmet hods used to construct I'ITustrative

TAC - Fc ol @Ehteaunggpbying pelygeptides path p BeNMe-tanpegebulippelyirtidehpse  of
skillisin tMCEEIhnﬁﬁﬁgluslﬁlrpphl@pepﬁﬁa@d‘ﬁfhda %ﬂﬂr@ﬁhﬁﬁnoﬁ@hulﬁ% b@udeuazbcel c

d I 30 frl
ol ypept | dEGNEAABEGRP A LB B HGES B O Pl R ERA B BERBATIde: B i es
usi ng pol ynutireat i de @rdb’déhh&nmtbgmhn gedypeptdes di sBCMzedmhmneglnbuﬁlfhese
t echni f , | e, Ausubel et
ol (ods. rRaRpR e R AR M R R AIE" 51 0 et on, pagos 4. 1
to 4-6 (John W ey &nSwsk fu9gsprqieing sho dIAQIIgespion moigty ean egmprisvist ferds in

Gene #5 Bi &feecqhﬁekammgaﬂﬁ%o &3d &%@ D N2 &x%%) ac(d }ééldﬁé@%)o
Ausubel (1995) at pages to 5-6;

ol?
5- . ) at pages )).
02/ 094852 PETAIEIA @‘muesz%m%@w&zq gPSlcwm &kif 1421 ﬁ@ﬂnwrgml&e@% Wg
i mmunog| obtulezn ahdishndib pidt&idiss S6an 106 The BoMd ﬂ@&ep‘i(}‘ﬂhﬁﬁ? GAnn@mipuice @t C

A Tk TR TR R R R R TR
1 to 48, amino acid residues 8 to 41, and amino acid residues 21 to 37. The Ztnirl2
25 receptor moiety can comprise at least one of the following amino acid sequences of SEQ

ID NO:60: amino acid residues 1 to 69, and amino acid residues 19 to 35.

Fusion proteins can be produced using the PCR methods used to construct
the illustrative TACI-Fc molecules, which are described in the Examples. However, those
of skill in the art can use other standard approaches. For example, nucleic acid molecules

30 encoding TACI, BCMA, Zinfrl2, or immunoglobulin polypeptides can be obtained by
screening human cDNA or genomic libraries using polynucleotide probes based upon
sequences disclosed herein. These techniques are standard and well-established (see, for
example, Ausubel et al. (eds.), Short Protocols in Molecular Biology, 3 Edition, pages 4-
1 to 4-6 (John Wiley & Sons 1995) (“Ausubel (1995)”); Wu et al., Methods in Gene

35 Biotechnology, pages 33-41 (CRC Press, Inc. 1997) (“Wu (1997)”"); Ausubel (1995) at
pages 5-1 to 5-6; Wu (1997) at pages 307-327)).



Ausubel (1995) at pages 8-8 to 8-9). Established techniques using the

pol ynerase chain 5 reaction provide the ability to synthesize DNA nol ecul es
at | east wam2kodsshbases in length (Adang et al., Plant Mlpeg/USBY/03910 21: 1131
(1993), Barrbot et al., PCR Methods and Applications 2:266 (1993), Dillon
et al., "Use of the Pol ynmerase Chain Reaction for the Rapid Construction
of Synthetic Genes," in Methods in Ml ethl ar Bi ol ogy, Vol. 15: PCR

Protocol s: Current Methods and Applications, Wite (ed.), pages 263-268,

(Hurena 10 Press, |Aﬁem3:t9\9§}) 1m@186111éﬂ0ﬁ09\6@ﬁ§f'1‘thl$tn§§ iftunodtShRINE8H HrAbRs -
4:299 (1995 ) RX cI eic acid nol cuI es of th g pr esent |nvent| on can al so

be synthe FDE‘“PF&E?IH‘%@E@ eiG ACH}y ofsing ually pryming long
phosphor armlcgo&lecleeﬁidwdand ltie @belsbigdd Isyq&w&sheédcﬁeeﬁ detddh &(s&d, rfandgdmpldA i s

d f t f
fragnent, ShefPLOBRSLEaeae RIGA IS dtimuo R i s iad R Gy Plors RS
product i onreaéticatmovidg ehrﬁe@bﬂél@(]o syntBSided3NApaciesyles & least bmo Eddbages in length
stral ghtf"%&%{lg AU 9%'; bﬁlo?e%c%%' ?3?9%21’99?% Ql’f‘xﬁbtz%z“gl tP&‘RCJ%Wz airahyary

strands an en annea uctron o er genes (>300

base pai r sypPlisatienses: 266§ d?lll@tl ehtlegilss Orﬁﬁhye Belymetpge Cél@m raglséortthe
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0 0 oyercone IS vyntpeti c g oupl e- S ange are
assenbl ed ’F?’?ﬁ?éﬁ:l ey wgwslt? C%ff%nﬁ‘@atef éég}neﬁgess 153405, AFanepam 20
to 100 nucPesy, se$993), hlﬁﬁ[gblhwaaﬁl‘k drev) B@RMérh@ﬁlAgipA&l 294 (19e58ynt heSI S, see,
for exanple, dick an Pas er nak f%@ ul ag i otech oI o Pri nci ﬁfﬁand
DA’ (
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USA 87: 63 g‘?&bkhy—g%tﬂesﬂgﬁ%ﬂﬁlg's&ﬂnd%ti ]JI&‘Q E@H‘Q@ %r%lﬂlﬁk)bﬂca? 18h ¥RaPLsies The

pol ypepti resent 1 nvention can econbl nant  host
cells fol |Wh¢@8c@fn@e$ﬁnﬁo@rap 2688 hif s, thpa e P r eseplemaayy- randnisgmesel i n-

encodlbslng E%g?aam%q*?e nph‘éh@étﬁ)tna%fds%&' gentse (ﬁqt@deog?ésale g@&)yge@édhg@anylst be
opera y I nKe o re at or nces at contro ranscri ptil on
expr essi oStk ¥gd and %&‘)h }é‘ﬂalrsﬁ%fﬁw DRdsZing he qoraplementay sfrands endel | |

| nhaddl ti ohett anheadingcthémpt Foneie pregmdt@hwfylonge&cgmeceﬁombmb [ﬁi:‘rs}?rh@mf/@f s and
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Soauonces TEARLSRRLAL, Maphe ey 80, gl iR, LOARRE Nk GRRY of SRS FIRH e  nay
carry t hech@maés]%NArﬁwé@tﬂ@rls S@EOIEXW@ST@nvmecmlertBIStmableml; eyrshﬂttcagﬂnes for
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produgf i on(deable.strgﬁ&edg Ry 5&&&5{&& i m@&[E%r Yk ﬁ@g\%ﬁ@s /sgg%e@ ﬁwsgify 1( 1)

prokaryotic DNA el ements coding for a bacteria 5910
25 repl i ca¥f é’f?%?PQP r]rOQﬁ‘&C]ﬁﬁU%Fﬁth Hength. For geyigya 98 doohaukleptidosyihegisdeses or

t he growt hioaBghm 8|@Hék A1t Rosteb, SHRIAES Bbre MBSy, PRndiphaeheipplicdont: (2)
eukaryotl cf[}le\lA tDQNA Qg&

combmant M Press 1994), Itakura et al., Annu. Rev. Biochemn. 53:323
(1984), and Climie et al., Proc. Nat’l Acad. Sci. USA 87:633 (1990).

25
4. Production of TACI-Immunoglobulin Polypeptides

The polypeptides of the present invention can be produced in recombinant
host cells following conventional techniques. To express a TACI-immunoglobulin-
encoding sequence, a nucleic acid molecule encoding the polypeptide must be operably

30 linked to regulatory sequences that control transcriptional expression in an expression
vector and then, introduced into a host cell. In addition to transcriptionai regulatory
sequences, such as promoters and enhancers, expression vectors can include translational
regulatory sequences and a marker gene, which is suitable for selection of cells that carry
the expression vector.

35 Expression vectors that are suitable for production of a foreign protein in
eukaryotic cells typically contain (1) prokaryotic DNA elements coding for a bacterial



control initiation of transcription, such as a pronoter; and (3) DNA

el ements that control the processing of transcripts, such as a

transcri pwooR/0948521 nat i on/ pol yadenyl ati on 5 sequence. EXPCE&FASIDISIVECE Or S
can al so i nclude nucl eoti de sequences encoding a secretory sequence that
directs the heterol ogous pol ypeptide in&gathe secretory pathway of a host
cell. For exanple, an expression vector y conprise a nucl eotide sequence
that encodes TACI -i mmunogl obulin and a secretory sequence derived from any
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cells (%e%en&ﬁ%r%m%@@ Y NRBE AW s, ﬁﬁm&;)’d?@ﬁ%f??ﬂd%) (ﬁihltﬁrﬂ%,an{%ic CRL

1658). For a ma | ian_ host, the transcri Btl onal . and transl ati onal
regul at or Y& pRhaPslentide BraupRaes WEQ PRERS ¢PT1Al Vi Signab sequsngenars Pravesthby r us,
bovi ng pap$EQADEN®:61usnd SBQ B N5, tedpdstivedy. SBO 1D kD:62 [lisotisediht henino
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sequences shsencean be obtai ned from nmanmal i an genes such as actin,

col I agen, nyosin, a”?AE?H&&ﬂﬁB@bB&ﬁlgﬁ% AT of ﬁgzﬁkk E %R%bu gHLﬁt?|at|on

sequences include a pronoter I on irec
of RNA syridpeaspasi lrsmztr@mleanemihr y Bk amples ma@eun@rmmbam thest ¢allsnipelade of

the mpuse AR{cahloplchi Ao wd&?r&%ué Haéfsr AFCCERL 1]587Wu%n oniCRBEy
b2 (iosa) etk piami et ol erges s, (K o Bl B
ATCC CRL 8544, ATCC CRL 10314), canine kidney cells (MDCK; ATCC CCL 34),
Chinese hamster ovary cells (CHO-K1; ATCC CCL61; CHO DG44 (Chasin et al., Som.
Cell. Molec. Genet. 12:555, 1986)), rat pituitary cells (GHI; ATCC CCL82), HeLa S3
25 cells (ATCC CCL2.2), rat hepatoma cells (H-4-II-E; ATCC CRL 1548) SV40-
transformed monkey kidney cells (COS-1; ATCC CRL 1650) and murine embryonic
cells (NIH-3T3; ATCC CRL 1658).

For a mammalian host, the transcriptional and translational regulatory
signals may be derived from viral sources, such as adenovirus, bovine papilloma virus,
30 simian virus, or the like, in which the regulatory signals are associated with a particular
gene which has a high level of expression. Suitable transcriptional and translational
regulatory sequences also can be obtained from mammalian genes, such as actin,

collagen, myosin, and metallothionein genes.
Transcriptional regulatory sequences include a promoter region sufficient
35 to direct the initiation of RNA synthesis. Suitable eukaryotic promoters include the
promoter of the mouse metallothionein I gene (Hamer et al., J. Molec. Appl. Genet.
1:273 (1982)), the TK promoter of Herpes virus (McKnight, Cell 31:355 (1982)), the



SV40 early pronoter (Benoist et al., Nature 290:304 (1981)), the Rous
sarcoma virus pronoter (Gorman et al., Proc. Nat'l Acad. Sci. USA 79:6777
(1982)), whe2ogsssnnegal ovirus pronoter (Foecking et al., @emaSis1od
(1980)), and the nouse mamary tunor virus pronoter (see, generally,

Et cheverry, "Expression of Engineered 5. Proteins in Mammalian Cell
Culture,” in Protein Engineering: Pri ncggl es and Practice, Celand et al.
(eds.), pages 163-181 (John Wley & Sons, Inc. 1996)). One useful
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sui tabl e spiseco-ahgwarker is a gene that provides resistance to the
antibiotic neonycin. In this case, selecti oaul s carried out in the presence
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can also b rnativ rst i nt.roduce tered
phenot ype, ﬁg%ha@s%ﬁ\g‘é‘ﬁaﬁ {G&Sr @E@%“’b‘%ﬁ ‘é’i‘£ RJiessie IP”Otgff? § ddemppaoFPEshs
such as CO#91xXD8, C ass | MHC, pl acental al kal i ne phosphat ase may be 35

used to sort transfel_c,ted cell s fron\F% elcted cells b S as
86?8% s

FACS sorting or magnet| )&mﬂ%ado%eeﬁﬁ ﬁnlalf‘%‘&Q S\io g‘"ﬁf%@“ €

PCT/ US02/ 1rs94@nce to the antibiotic neomycin. In thls case, selection is carried out in the presence
25 of a neomycin-type drug, such as G-418 or the like. Selection systems can also be used
to increase the expression level of the gene of interest, a process referred to as
“amplification.” Amplification is carried out by culturing transfectants in the presence of

a low level of the selective agent and then increasing the amount of selective agent to

select for cells that produce high levels of the products of the introduced genes. A

30 suitable amplifiable selectable marker is dihydrofolate reductase, which confers
resistance to methotrexate. Other drug resistance genes (e.g., hygromycin resistance,
multi-drug resistance, puromycin acetyltransferase) can also be used. Alternatively,
markers that introduce an altered phenotype, such as green fluorescent protein, or cell
surface proteins such as CD4, CDS8, Class I MHC, placental alkaline phosphatase may be

35 used to sort transfected cells from untransfected cells by such means as FACS sorting or

magnetic bead separation technology.



27 TAC -i nmunogl obul i n pol ypepti des can al so be produced by cul tured
manmmal i an cells using a viral delivery system Exenplary viruses for this
pur pose Woakwogssadenovi rus, herpesvirus, vaccinia virus 20w/US02/15910
adeno-associ ated virus (AAV). Adenovirus, a double-stranded DNA virus, is
currently the best studied gene transf\% 5 vector for delivery of

het er ol ogous nucleic acid (for a review' see Becker et al., Meth. Cell
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25 vectors, is sold in the BAC-to-BAC kit (Life Technologies, Rockville, MD). This system
utilizes a transfer vector, PFASTBAC (Life Technologies) containing a Tn7 transposon
to move the DNA encoding the TACI-immunoglobulin polypeptide into a baculovirus
genome maintained in E. coli as a large plasmid called a “bacmid.” See, Hill-Perkins
and Possee, J. Gen. Virol. 71:971 (1990), Bonning, et al., J. Gen. Virol. 75:1551 (1994),
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35 encodes a TACI-immunoglobulin protein is transformed into E. coli, and screened for

bacmids, which contain an interrupted lacZ gene indicative of recombinant baculovirus.
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typically grown up from an inoculation density of approximately 2-5 x 10° cells to a
25 density of 1-2 x 10° cells at which time a recombinant viral stock is added at a
multiplicity of infection (MOI) of 0.1 to 10, more typically near 3.
Established techniques for producing recombinant proteins in baculovirus
systems are provided by Bailey et al, “Manipulation of Baculovirus Vectors,” in
Methods in Molecular Biology, Volume 7: Gene Transfer and Expression Protocols,
30 Murray (ed.), pages 147-168 (The Humana Press, Inc. 1991), by Patel et al., “The
baculovirus expression system,” in DNA Cloning 2: Expression Systems, 2nd Edition,
Glover et al. (eds.), pages 205-244 (Oxford University Press 1995), by Ausubel (1995) at
pages 16-37 to 16-57, by Richardson (ed.), Baculovirus Expression Protocols (The
Humana Press, Inc. 1995), and by Lucknow, “Insect Cell Expression Technology,” in
35 Protein Engineering: Principles and Practice, Cleland et al. (eds.), pages 183-218 (John
Wiley & Sons, Inc. 1996).
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glycolytic enzyme genes (see, e.g., Kawasaki, U.S. Patent No. 4,599,311, Kingsman et
25 al., U.S. Patent No. 4,615,974, and Bitter, U.S. Patent No. 4,977,092) and alcohol
dehydrogenase genes. See also U.S. Patents Nos. 4,990,446, 5,063,154, 5,139,936, and
4,661,454.
Transformation systems for other yeasts, including Hansenula
polymorpha, Schizosaccharomyces pombe, Kluyveromyces lactis, Kluyveromyces
30 fragilis, Ustilago maydis, Pichia pastoris, Pichia methanolica, Pichia guillermondii and
Candida maltosa are known in the art. See, for example, Gleeson et al., J. Gen.
Microbiol. 132:3459 (1986), and Cregg, U.S. Patent No. 4,882,279. Aspergillus cells
may be utilized according to the methods of McKnight et al., U.S. Patent No. 4,935,349.
Methods for transforming Acremonium chrysogenum are disclosed by Sumino ef al.,
35 U.S. Patent No. 5,162,228. Methods for transforming Neurospora are disclosed by
Lambowitz, U.S. Patent No. 4,486,533.
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25 Expression vectors can also be introduced into plant protoplasts, intact plant
tissues, or isolated plant cells. Methods for introducing expression vectors into plant tissue
include the direct infection or co-cultivation of plant tissue with Agrobacterium
tumefaciens, microprojectile-mediated delivery, DNA injection, electroporation, and the
like. See, for example, Horsch et al., Science 227:1229 (1985), Klein et al., Biotechnology

30 10:268 (1992), and Miki et al., “Procedures for Introducing Foreign DNA into Plants,” in
Methods in Plant Molecular Biology and Biotechnology, Glick et al. (eds.), pages 67-88
(CRC Press, 1993).

Alternatively, TACI-immunoglobulin proteins can be produced in
prokaryotic host cells. Suitable promoters that can be used to produce TACI-

35 immunoglobulin polypeptides in a prokaryotic host are well-known to those of skill in
the art and include promoters capable of recognizing the T4, T3, Sp6 and T7
polymerases, the Pr and P;, promoters of bacteriophage lambda, the trp, recA, heat
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from the periplasmic space in a soluble and functional form by disrupting the cells (by,

for example, sonication or osmotic shock) to release the contents of the periplasmic
25 space and recovering the protein, thereby obviating the need for denaturation and
refolding.

Methods for expressing proteins in prokaryotic hosts are well-known to
those of skill in the art (see, for example, Williams et al., “Expression of foreign proteins
in E. coli using plasmid vectors and purification of specific polyclonal antibodies,” in

30 DNA Cloning 2: Expression Systems, 2nd Edition, Glover et al. (eds.), page 15 (Oxford
University Press 1995), Ward et al., “Genetic Manipulation and Expression of
Antibodies,” in Monoclonal Antibodies: Principles and Applications, page 137 (Wiley-
Liss, Inc. 1995), and Georgiou, “Expression of Proteins in Bacteria,” in Protein
Engineering: Principles and Practice, Cleland et al. (eds.), page 101 (John Wiley &

35 Sons, Inc. 1996)).

Standard methods for introducing expression vectors into bacterial, yeast,
insect, and plant cells are provided, for example, by Ausubel (1995).



30 DNA C oning 2: Expression Systens, 2nd Edition, G over et al. (eds.),
page 15 (Oxford University Press 1995), Ward et al., "Genetic Manipul ation
and Expr eweioen4ss2 Anti bodies,” in Mnoclonal Antibodies: PPriuso/pives and
Applications, page.137 (Wley- Liss, Inc. 1995), and Ceorgiou, "Expression
of Proteins in Bacteria," in Protein \Ii? i neering: Principles and Practice,
Cleland et al. (eds.), page 101 (John ey & 35 Sons, Inc. 1996)).
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25 (1998)).

5. Assays for TACI-Immunoglobulin Fusion Proteins

The function of TACI-immunoglobulin fusion proteins can be examined

using a variety of approaches to assess the ability of the fusion proteins to bind ZTNF4
30 or ZTNF2. As an illustration, Example 4 provides methods for measuring ZTNF4
binding affinity and binding capacity.

Alternatively, TACI-immunoglobulin fusion proteins can be characterized
by the ability to inhibit the stimulation of human B cells by soluble ZTNF4, as described
by Gross et al., international publication No. W0O00/40716. Briefly, human B cells are

35 isolated from peripheral blood mononuclear cells using CD19 magnetic beads and the
VarioMacs magnetic separation system (Miltenyi Biotec Auburn, CA) according to the
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25 hyperactivity leads to overproduction of autoantibodies. The deposition of these
autoantibodies, particularly those directed against single stranded DNA, is associated
with the development of glomerulonephritis, which manifests clinically as proteinuria,
azotemia, and death from renal failure.

Kidney failure is the leading cause of death in mice affected with
30 spontaneous SLE, and in the NZBW strain, this process is chronic and obliterative. The
disease is more rapid and severe in females than males, with mean survival of only 245
days as compared to 406 days for the males. While many of the female mice will be
symptomatic (proteinuria) by seven to nine months of age, some can be much younger or
older when they develop symptoms. The fatal immune nephritis seen in the NZBW mice
35 is very similar to the glomerulonephritis seen in human SLE, making this spontaneous
murine model very attractive for testing of potential SLE therapeutics(Putterman and
Naparstek, “Murine Models of Spontaneous Systemic ILupus Erythematosus,” in
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25 Murine models for experimental allergic encephalomyelitis have been
used as a tool to investigate both the mechanisms of immune-mediated disease, and
methods of potential therapeutic intervention. The model resembles human multiple
sclerosis, and produces demyelination as a result of T-cell activation to neuroproteins
such as myelin basic protein, or proteolipid protein. Inoculation with antigen leads to

30 induction of CD4+, class I MHC-restricted T-cells (Th1l). Changes in the protocol for
experimental allergic encephalomyelitis can produce acute, chronic-relapsing, or passive-
transfer variants of the model (Weinberg et al., J. Immunol. 162:1818 (1999); Mijaba et
al., Cell. Immunol. 186:94 (1999); and Glabinski, Meth. Enzym. 288:182 (1997)).

Gross et al., international publication No. WO00/40716, describe one

35 approach to evaluating the efficacy of TACI-immunoglobulin proteins in the
amelioration of symptoms associated with experimental allergic encephalomyelitis.

Briefly, 25 female PLXSJL F1 mice (12 weeks old) are given a subcutaneous injection of
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Gross et al., international publication No. WO000/40716, describe a
method for evaluating the efficacy of TACI-immunoglobulin proteins in the amelioration
of symptoms associated with collagen-induced arthritis. In brief, eight-week old male
30 DBA/1J mice (Jackson Labs) are divided into groups of five mice/group and are given
two subcutaneous injections of 50 to 100 ul of 1 mg/ml collagen (chick or bovine
origin), at three week intervals. One control does not receive collagen injections. The
first injection is formulated in Complete Freund’s Adjuvant, and the second injection is
formulated in Incomplete Freund’s Adjuvant. TACI-immunoglobulin protein is
35 administered prophylactically at or before the second injection, or after the animal
develops a clinical score of two or more that persists at least 24 hours. Animals begin to

show symptoms of arthritis following the second collagen injection, usually within two
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25 muscle weakness. In the experimental autoimmune myasthenia gravis model, mice are

immunized with the nicotinic acetylcholine receptor. Clinical signs of myasthenia gravis

become evident weeks after the second immunization. Experimental autoimmune

myasthenia gravis is evaluated by several methods including measuring serum levels of

acetylcholine receptor antibodies by radioimmunoassay (Christadoss and Dauphinee, J.

30 Immunol. 136:2437 (1986); Lindstrom et al, Methods Enzymol. 74:432 (1981)),

measuring muscle acetylcholine receptor, or electromyography (Coligan et al. (Eds.),
Protocols in Immunology. Vol.3, page 15.8.1 (John Wiley & Sons, 1997)).

The effect of TACI-immunoglobulin on experimental autoimmune

myasthenia gravis can be determined by administering fusion proteins during ongoing

35 clinical myasthenia gravis in B6 mice. For example, 100 B6 mice are immunized with

20 pg acetylcholine receptor in complete Freund’s adjuvant on days 0 and 30.

Approximately 40 to 60% of mice will develop moderate (grade 2) to severe (grade 3)
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TACI-Fc, and group D is injected with 20 ug TACI-Fc three times a week for four
weeks. Mice are weighed and bled for serum before, and 15 and 30 days after the start of
the treatment. Serum is tested for anti-acetylcholine receptor antibody and isotypes as
described above. Muscle acetylcholine receptor loss can also be measured.
30 Other suitable assays of TACI-immunoglobulin fusion proteins can be
determined by those of skill in the art.

6. Production of TACI-immunoglobulin Conjugates
The present invention includes chemically modified TACI-
35 immunoglobulin compositions, in which a TACI-immunoglobulin polypeptide is linked
with a polymer. Typically, the polymer is water-soluble so that the TACI-
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PEGylation of TACI-immunoglobulin can be carried out by any of the PEGylation
reactions known in the art (see, for example, EP 0 154 316, Delgado et al., Critical
25 Reviews in Therapeutic Drug Carrier Systems 9:249 (1992), Duncan and Spreafico,
Clin. Pharmacokinet. 27:290 (1994), and Francis et al., Int J Hematol 68:1 (1998)). For
example, PEGylation can be performed by an acylation reaction or by an alkylation
reaction with a reactive polyethylene glycol molecule. In an alternative approach, TACI-
immunoglobulin conjugates are formed by condensing activated PEG, in which a
30 terminal hydroxy or amino group of PEG has been replaced by an activated linker (see,
for example, Karasiewicz et al., U.S. Patent No. 5,382,657). .

PEGylation by acylation typically requires reacting an active ester
derivative of PEG with a TACI-immunoglobulin polypeptide. An example of an
activated PEG ester is PEG esterified to N-hydroxysuccinimide. As used herein, the

35 term “acylation” includes the following types of linkages between TACI-
immunoglobulin and a water-soluble polymer: amide, carbamate, urethane, and the like.
Methods for preparing PEGylated TACI-immunoglobulin by acylation will typically
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lysine residues and the o-amino group of the N-terminal residue of the protein. By such
25 selective derivatization, attachment of a water-soluble polymer that contains a reactive
group such as an aldehyde, to a protein is controlled. The conjugation with the polymer
occurs predominantly at the N-terminus of the protein without significant modification of
other reactive groups such as the lysine side chain amino groups. The present invention
provides a substantially homogenous preparation of TACI-immunoglobulin
30 monopolymer conjugates.
Reductive alkylation to produce a substantially homogenous population of
monopolymer TACI-immunoglobulin conjugate molecule can comprise the steps of: (a)
reacting a TACI-immunoglobulin polypeptide with a reactive PEG under reductive
alkylation conditions at a pH suitable to permit selective modification of the a-amino
35 group at the amino terminus of the TACI-immunoglobulin, and (b) obtaining the reaction
product(s). The reducing agent used for reductive alkylation should be stable in aqueous
solution and able to reduce only the Schiff base formed in the initial process of reductive



derivative of PEG with TAC -i mmunogl obulin in the presence of a reducing
agent. PEG groups can be attached to the pol ypeptide via a -CH2-NH group.
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25 (1997)).

The present invention contemplates compositions comprising a peptide or
polypeptide described herein. Such compositions can further comprise a carrier. The
carrier can be a conventional organic or inorganic carrier. Examples of carriers include
water, buffer solution, alcohol, propylene glycol, macrogol, sesame oil, corn oil, and the

30 like.

7. Isolation of TACI-immunoglobulin Polypeptides

The polypeptides of the present inyention can be purified to at least about

80% purity, to at least about 90% purity, to at least about 95% purity, or greater than

35 95% purity with respect to contaminating macromolecules, particularly other proteins
and nucleic acids, and free of infectious and pyrogenic agents. The polypeptides of the



the typical nolecular weight is about 2 kDa to about 100 kDa, about 5 kDa
to about 50 kDa, or about 12 kDa to about 25 kDa. The nolar ratio of
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to 5:1 for nonoPEGyl ati on. Ceneral neth %is for produci ng conjugates
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These and other solid media are well known and widely used in the art, and are available

25 from commercial suppliers. Selection of a particular method for polypeptide isolation
and purification is a matter of routine design and is determined in part by the properties
of the chosen support. See, for example, Affinity Chromatography: Principles &

- Methods (Pharmacia LKB Biotechnology 1988), and Doonan, Protein Purification
Protocols (The Humana Press 1996).

30 Additional variations in TACI-immunoglobulin isolation and purification
can be devised by those of skill in the art. For example, anti-TACI or anti-Fc antibodies
can be used to isolate large quantities of protein by immunoaffinity purification.

The polypeptides of the present invention can also be isolated by
exploitation of particular properties. For example, immobilized metal ion adsorption

35 (IMAC) chromatography can be used to purify histidine-rich proteins, including those
comprising polyhistidine tags. Briefly, a gel is first charged with divalent metal ions to
form a chelate (Sulkowski, Trends in Biochem. 3:1 (1985)). Histidine-rich proteins will
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25 TACIHimmunoglobulin polypeptides can be used for the treatment of
autoimmune diseases, B cell cancers, immunomodulation, IBD and any antibody-
mediated pathologies (e.g., ITCP, myasthenia gravis and the like), renal diseases, indirect
T cell immune response, graft rejection, and graft versus host disease. The polypeptides
of the present invgntion can be targeted to specifically regulate B cell responses during

30 the immune response. Additionally, the polypeptides of the present invention can be
used to modulate B cell development, development of other cells, antibody production,
and cytokine production. Polypeptides of the present invention can also modulate T and
B cell communication by neutralizing the proliferative effects of ZTNF4.

TACT-immunoglobulin polypeptides of the present invention can be

35 useful to neutralize the effects of ZTNF4 for treating pre-B or B-cell leukemias, such as

plasma cell leukemia, chronic or acute lymphocytic leukemia, myelomas such as
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Such methods would also be useful for treating immunologic renal diseases. Such

methods would be would be useful for treating glomerulonephritis associated with

25 diseases such as membranous nephropathy, IgA nephropathy or Berger’s Disease, IgM

nephropathy, Goodpasture’s Disease, post-infectious glomerulonephritis,

mesangioproliferative disease, chronic lymphoid leukemia, minimal-change nephrotic

syndrome. Such methods would also serve as therapeutic applications for treating

secondary glomerulonephritis or vasculitis associated with such diseases as lupus,

30 polyarteritis, Henoch-Schonlein, Scleroderma, HIV-related diseases, amyloidosis or

hemolytic uremic syndrome. The methods of the present invention would also be useful

as part of a therapeutic application for treating interstitial nephritis or pyelonephritis

associated with chronic pyelonephritis, analgesic abuse, nephrocalcinosis, nephropathy
caused by other agents, nephrolithiasis, or chronic or acute interstitial nephritis.

35 The methods of the present invention also include use of TACI-

immunoglobulin proteins in the treatment of hypertensive or large vessel diseases,

including renal artery stenosis or occlusion and cholesterol emboli or renal emboli.
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protocol s $Idf in humans. The offspring mice, known as NZBW begin to develop IgM

25 autoantibodies against T-cells at 1 month of age, and by 5-7 months of age, Ig anti-DNA

autoantibodies are the dominant immunoglobulin. Polyclonal B-cell hyperactivity leads

to overproduction of autoantibodies. The deposition of these autoantibodies, particularly

ones directed against single stranded DNA is associated with the development of

glomerulonephritis, which manifests clinically as proteinuria, azotemia, and death from

30 renal failure. Kidney failure is the leading cause of death in mice affected with

spontaneous SLE, and in the NZBW strain, this process is chronic and obliterative. The

disease is more rapid and severe in females than males, with mean survival of only 245

days as compared to 406 days for the males. While many of the female mice will be

symptomatic (proteinuria) by 7-9 months of age, some can be much younger or older

35 when they develop symptoms. The fatal immune nephritis seen in the NZBW mice is

very similar to the glomerulonephritis seen in human SLE, making this spontaneous
murine model useful for testing of potential SLE therapeutics.
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Experimental autoimmune myasthenia gravis (EAMG) is an antibody mediated disease

25 characterized by the presence of antibodies to AChR. These antibodies destroy the

receptor leading to defective neuromuscular electrical impulses, resulting in muscle
weakness. In the EAMG model, mice are immunized with the nicotinic acetylcholine
receptor. Clinical signs of MG become evident weeks after the second immunization.
EAMG is evaluated by several methods including measuring serum levels of AChR
30 antibodies by radioimmunoassay, measuring muscle AChR, or electromyography.
Generally, the dosage of administered TACI-immunoglobulin protein will
vary depending upon such factors as the subject’s age, weight, height, sex, general
medical condition and previous medical history. Typically, it is desirable to provide the
recipient with a dosage of TACI-immunoglobulin protein, which is in the range of from
35 about 1 pg/kg to 10 mg/kg (amount of agent/body weight of subject), although a lower or
higher dosage also may be administered as circumstances dictate.
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A pharmaceutical composition comprising a TACI-immunoglobulin
25 protein can be formulated according to known methods to prepare pharmaceutically
useful compositions, whereby the therapeutic proteins are combined in a mixture with a
pharmaceutically acceptable carrier. A composition is said to be a “pharmaceutically
acceptable carrier” if its administration can be tolerated by a recipient patient. Sterile
phosphate-buffered saline is one example of a pharmaceutically acceptable carrier.
30 Other suitable carriers are well-known to those in the art. See, for example, Gennaro
(ed.), Remington's Pharmaceutical Sciences, 19th Edition (Mack Publishing Company

1995).
For purposes of therapy, TACI-immunoglobulin proteins are administered
to a patient in a therapeutically effective amount. A TACIl-immunoglobulin protein and
35 a pharmaceutically acceptable carrier is said to be administered in a “therapeutically
effective amount” if the amount administered is physiologically significant. An agent is

physiologically significant if its presence results in a detectable change in the physiology



based systens (see, for exanple, D Base and Morrel, "Oral Delivery of 10

M croencapsul ated Proteins,” in Protein Delivery: Physical Systens, Sanders
and Hendwen2feds2), pages 255-288 (Pl enum Press 1997)). TPha/useasiobd | ity of
an intranasal delivery is exenplified by such a node of insulin

adm nistration (see, for exanple, Hi nc)&gl iffe and Ilium Adv. Drug Deliv.
Rev. 35:199 (1999)). Dry or liquid particles conprising

TACI - i nmunogl obul in can be prepared and inhaled with the aid of dry 15
powder di sgferaseegpiehti quatiehtaer Boolexgmpler adnoragentomsarkltol irzatr $nflaenmatjonPas t i t

o R RgE BPREO BN RBRL
mRnagenent anoer erpmple éh aB@tdlsh(érﬁ@Hﬂ‘éblﬂ theegr@wlﬂ @ﬁ |t'4:mi>1hﬁ%ﬂselﬁ physielogishily er s

aer 0sol i zegdodifaHt ithk AkMidifieatiod Qﬁ%e a%eHﬁe@@tﬂ%Vaede%%K@m tthQ %hmBéloéfqhﬂl%r as
| arge as 48 ave been delivered across skin at therapeu 20

00
concentr at ?egﬁs‘?e\ﬂetaﬁe‘{1lﬁ‘€ta§?§is o A9CERRsE FeBGsHE P ohddBnaY, Or\}JPﬁr‘?fﬁe P?Cﬁi%%l? at es
t he feasi bifl htiyimosf Fﬁﬁmuteamougenadmmltstﬁmlsy@teﬁﬁd uﬁp\gowytheﬁiatcahs is

Sci ence 26 95 rapsder el very. usin tro oration
provi des aﬁﬁ’ts gqgg??ilg 5)%%’?”3(: r‘}‘F rsﬁ esf‘g]?nné&m?ﬂﬁl Of 8[] %:Péeia?f’ ehot t s
et al., PharcwatiBgcintiedmuble. stidded PNA OBTipydies q:l“fadmeasﬂtlncealle:xsowpesuf tthon

conpri si ng, owﬁﬁg] F}) Ao Qgileﬁ%r"bmgtea%ﬁ &&ﬁl%ﬁfafbsﬁ??lﬁpqesfl&{sn%% %Eh%g 1K v\h%%g ng to

known net hods e Ic use
t her alfeut i Wsi§RdE Supis qw@ea@tﬁﬁuﬁeoonm eaarﬁpb@t ofr @ general andlshtarrmﬁ@ém ffc\é;IPr y

accept abl einﬁﬁxﬁr{dgﬁfbuhﬁ ﬁ%ﬁp%' hdBihidtGe®dh & theraBButfall Weﬂﬁ@@h‘&b&&' ik Yhat,
acceptable. carrier ts adm ni.stration can be toler yareC| | ent

patient. SPEPFME ad;swagsaﬁ%%t%wlf ivcbfherg i§ Adlepigatsia ey rl% IyFlspf Z
phar maceut(BiafS).y acceptable carri er 30 QO her suitable carriers are
wel | -known to those | Bhe art., exa

Rem ngt on' s Phar mac e%t P caIFnaéclftleC% C esO mpf@’tnlgi)n E&%P%ﬂn% Nﬁci@&ﬁﬁ(‘lfryﬁz’%@b%any
1995) 15 Forprpigfparids: fofnishedimigyidTo@h,-in mmasmgdlo buini solig fotnei hslumirfenns are

adm ni st er; I r ﬁflTPde{;

TACI - i mmnggftr%ﬁ ?)(1 rd(;?gé ﬁblgtﬁgnst%? (ﬁapﬁgk&n%cder%ut %ﬁgﬁﬁﬁ&gcce tabl e cacrlrl er
i s said tcapailedniahie eanédcq>rﬁrqileﬂtrﬁléas&p&msCa|T@¢ éﬁtﬁécﬁomelsaﬂbﬁﬁﬂtﬁdl by t he
anount adrﬂlﬁh&s&lﬂftﬁzd urp BYS i Elg?ﬁtscéﬂrEMeﬁleﬂﬂl f pans.. Brﬁfbcﬁﬂ&ntm'z% (1997);

physi ol ogi ¢al | |f|c Its presenc esults in bl e change
in the phylg f%gjl%n&zlpggwg IpEsy Ugbgﬁi%gféve"ﬁBgyﬁf?mé ﬁ@@g ’é‘L 0 Hdeeent |

For e?coanpl (eds. pIpagges-125 (i(dRCdTrteisem%b nBﬂeﬁrﬂmt ]Ez?,n“frrsteanva egilchifhson
significa ,lt S 8,3 v].at t he a ry respanse.

anot her - oduiprte, NPT HGL R, RGN RS SelesS SR RGP IREY s S0

physi ol ogi 2 (IPgbenum Bress 199§htY¢WeYL ettell adhelivesy ofPiotmnofromreCayeiled Rebuakd s i n
a decreas e[nje@tai)aelngﬁlﬁg@rm quofemlz\;’erf;eﬁ Sﬁ cfag SRS %nﬁ@f‘:rg %& ?I\%héren "(’e(ﬂ%,cr ease

in the size of nor, or I NCrea Necr osi' s
Fur t her norR&gesPs- éb@ﬁﬁleﬂ%gquﬁl?97éht systenic |upus eryt hemat osus is

25 Liposomes provide one means to deliver therapeutic polypeptides to a
subject intravenously, intraperitoneally, intrathecally, intramuscularly, subcutaneously,
or via oral administration, inhalation, or intranasal administration. Liposomes are
microscopic vesicles that consist of one or more lipid bilayers surrounding aqueous
compartments (see, generally, Bakker-Woudenberg et al., Eur. J. Clin. Microbiol. Infect.

30 Dis. 12 (Suppl. 1):S61 (1993), Kim, Drugs 46:618 (1993), and Ranade, “Site-Specific
Drug Delivery Using Liposomes as Carriers,” in Drug Delivery Systems, Ranade and
Hollinger (eds.), pages 3-24 (CRC Press 1995)). Liposomes are similar in composition
to cellular membranes and as a result, liposomes can be administered safely and are
biodegradable. Depending on the method of preparation, liposomes may be unilamellar

35 or multilamellar, and liposomes can vary in size with diameters ranging from 0.02 pm to
greater than 10 pm. A variety of agents can be encapsulated in liposomes: hydrophobic
agents partition in the bilayers and hydrophilic agents partition within the inner aqueous
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25 For example, liposomes, prepared with a high content of a nonionic surfactant, have been
used to target the liver (Hayakawa et al., Japanese Patent 04-244,018; Kato et al., Biol.
Pharm. Bull. 16:960 (1993)). These formulations were prepared by mixing soybean
phospatidylcholine, a-tocopherol, and ethoxylated hydrogenated castor oil (HCO-60) in
methanol, concentrating the mixture under vacuum, and then reconstituting the mixture
30 with water. A liposomal formulation of dipalmitoylphosphatidylcholine (DPPC) with a
soybean-derived sterylglucoside mixture (SG) and cholesterol (Ch) has also been shown

to target the liver (Shimizu et al., Biol. Pharm. Bull. 20:881 (1997)).
Alternatively, various targeting ligands can be bound to the surface of the
liposome, such as antibodies, antibody fragments, carbohydrates, vitamins, and transport
35 proteins. For example, liposomes can be modified with branched type galactosyllipid
derivatives to target asialoglycoprotein (galactose) receptors, which are exclusively

expressed on the surface of liver cells (Kato and Sugiyama, Crit. Rev. Ther. Drug
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25 -components. For example, liposomes may comprise lipid derivatives of poly(ethylene
glycol) (Allen et al., Biochim. Biophys. Acta 1150:9 (1993)).

Degradable polymer microspheres have been designed to maintain high
systemic levels of therapeutic proteins. Microspheres are prepared from degradable
polymers such as poly(lactide-co-glycolide) (PLG), polyanhydrides, poly (ortho esters),

30 nonbiodegradable ethylvinyl acetate polymers, in which proteins are entrapped in the
polymer (Gombotz and Pettit, Bioconjugate Chem. 6:332 (1995); Ranade, “Role of
Polymers in Drug Delivery,” in Drug Delivery Systems, Ranade and Hollinger (eds.),
pages 51-93 (CRC Press 1995); Roskos and Maskiewicz, “Degradable Controlled
Release Systems Useful for Protein Delivery,” in Protein Delivery: Physical Systems,

35 Sanders and Hendren (eds.), pages 45-92 (Plenum Press 1997); Bartus et al., Science
281:1161 (1998); Putney and Burke, Nature Biotechnology 16:153 (1998); Putney, Curr.
Opin. Chem. Biol. 2:548 (1998)). Polyethylene glycol (PEG)-coated nanospheres can
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Delivery,” in Protein Delivery: Physical Systens, 35 Sanders and Hendren

(eds.), pages 45-92 (Plenum Press 1997); Bartus et al., Science 281:1161
(1998); Pﬁ%ney and Bur ke, Nature Bi_ot echnol og% 16: 153 (1998); Putney, Curr.
Qpi n. Chen?- Bi ol hesapgigi Uses)of TAGI-ramunaglebylipNucleptide Seauences

nanospheres can WO 0200948g4 RGIARSOR{cARRE Ghe Ade of nucleic acid molecules that

encode TACI-immunoglobulin fusion proteins to provide these fusion proteins to a

25 subject in need of such treatment. For veterinary therapeutic use or human therapeutic
use, such nucleic acid molecules can be administered to a subject having a disorder or
disease, as discussed above. As one example discussed earlier, nucleic acid molecules
encoding a TACI-immunoglobulin fusion protein can be used for long-term treatment of

- systemic lupus erythematosus.

30 There are numerous approaches for introducing a TACI-immunoglobulin
gene to a subject; including the use of recombinant host cells that express TACI-
immunoglobulin, delivery of naked nucleic acid encoding TACI-immunoglobulin, use of
a cationic lipid carrier with a nucleic acid molecule that encodes TACI-immunoglobulin,
and the use of viruses that express TACI-immunoglobulin, such as recombinant

35 retroviruses, recombinant adeno-associated viruses, recombinant adenoviruses, and

recombinant Herpes simplex viruses (see, for example, Mulligan, Science 260:926
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260: 926 WP/ a4B8A2alPCH. UIR /702920 (1982)), pox viruses, such as canary pox virus or
vaccinia virus (Fisher-Hoch et al., Proc. Nat’l Acad. Sci. USA 86:317 (1989), and
Flexner et al., Ann. N.Y. Acad. Sci. 569:86 (1989)), and retroviruses (e.g., Baba et al., J.

25 Neurosurg 79:729 (1993), Ram et al., Cancer Res. 53:83 (1993), Takamiya et al., J.
Neurosci. Res 33:493 (1992), Vile and Hart, Cancer Res. 53:962 (1993), Vile and Hart,
Cancer Res. 53:3860 (1993), and Anderson et al., U.S. Patent No. 5,399,346). Within
various embodiments, either the viral vector itself, or a viral particle, which contains the
viral vector may be utilized in the methods and compositions described below.

30 As an illustration of one system, adenovirus, a double-stranded DNA
virus, is a well-characterized gene transfer vector for delivery of a heterologous nucleic
acid molecule (for a review, see Becker et al., Meth. Cell Biol. 43:161 (1994); Douglas
and Curiel, Science & Medicine 4:44 (1997)). The adenovirus system offers several
advantages including: (i) the ability to accommodate relatively large DNA inserts, (ii) the

35 ability to be grown to high-titer, (iii) the ability to infect a broad range of mammalian
cell types, and (iv) the ability to be used with many different promoters including
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(1989), and E/I exner_et al. nn.. N.Y. Acad. Sci. 569:86 (1989)),. and
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PCT/ Ug02/ 1ﬁ§rlgxample, recombinant herpes simplex virus can be prepared in Vero cells, as
described by Brandt ez al., J. Gen. Virol. 72:2043 (1991), Herold et al., J. Gen. Virol.
75:1211 (1994), Visalli and Brandt, Virology 185:419 (1991), Grau et al., Invest.
Ophthalmol. Vis. Sci. 30:2474 (1989), Brandt et al., J. Virol. Meth. 36:209 (1992), and
by Brown and MacLean (eds.), HSV Virus Protocols (Humana Press 1997).
30 Alternatively, an expression vector comprising a TACI-immunoglobulin
gene can be introduced into a subject’s cells by lipofection in vivo using liposomes.
Synthetic cationic lipids can be used to prepare liposomes for in vivo transfection of a
gene encoding a marker (Felgner et al., Proc. Nat’l Acad. Sci. USA 84:7413 (1987);
Mackey et al., Proc. Nat’l Acad. Sci. USA 85:8027 (1988)). The use of lipofection to
35 introduce exogenous genes into specific organs in vivo has certain practical advantages.
Liposomes can be used to direct transfection to particular cell types, which is particularly

advantageous in a tissue with cellular heterogeneity, such as the pancreas, liver, kidney,
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For purposes of therapy, a therapeutic gene expression vector, or a
recombinant virus comprising such a vector, and a pharmaceutically acceptable carrier
are administered to a subject in a therapeutically effective amount. A combination of an
expression vector (or virus) and a pharmaceutically acceptable carrier is said to be
30 administered in a “therapeutically effective amount” if the amount administered is
physiologically significant. An agent is physiologically significant if its presence results
in a detectable change in the physiology of a recipient subject. For example, an agent
used to treat inflammation is physiologically significant if its presence alleviates the
inflammatory response. As another example, an agent used to inhibit the growth of
35 tumor cells is physiologically significant if the administration of the agent results in a
decrease in the number of tumor cells, decreased metastasis, a decrease in the size of a

solid tumor, or increased necrosis of a tumor.
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25 For example, a method for producing a transgenic mouse that expresses a
nucleic acid sequence that encodes a TACI-immunoglobulin fusion protein can begin
with adult, fertile males (studs) (B6C3fl, 2 to 8§ months of age (Taconic. Farms,
Germantown, NY)), vasectomized males (duds) (B6D2f1, 2 to 8 months, (Taconic
Farms)), prepubescent fertile females (donors) (B6C3£1, 4 to 5 weeks, (Taconic Farms))

30 and adult fertile females (recipients) (B6D2f1, 2 to 4 months, (Taconic Farms)). The
donors are acclimated for one week and then injected with approximately 8 IU/mouse of
Pregnant Mare’s Serum gonadotrophin (Sigma Chemical Company; St. Louis, MO) 1I.P.,
and 46-47 hours later, 8 IU/mouse of human Chorionic Gonadotropin (hCG (Sigma)) LP.
to induce superovulation. Donors are mated with studs subsequent to hormone

35 injections. Ovulation generally occurs within 13 hours of hCG injection. Copulation is

confirmed by the presence of a vaginal plug the morning following mating,
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25 The following day, two-cell embryos are transferred into pseudopregnant
recipients. The recipients are identified by the presence of copulation plugs, after
copulating with vasectomized duds. Recipients are anesthetized and shaved on the
dorsal left side and transferred to a surgical microscope. A small incision is made in the
skin and through the muscle wall in the middle of the abdominal area outlined by the

30 ribcage, the saddle, and the hind leg, midway between knee and spleen. The reproductive
organs are exteriorized onto a small surgical drape. The fat pad is stretched out over the
surgical drape, and a baby serrefine (Roboz, Rockville, MD) is attached to the fat pad
and left hanging over the back of the mouse, preventing the organs from sliding back in.

With a fine transfer pipette containing mineral oil followed by alternating

35 W640 and air bubbles, 12-17 healthy two-cell embryos from the previous day's injection

are transferred into the recipient. The swollen ampulla is located and holding the oviduct



to i nduce superovul ation. Donors are mated with studs subsequent to hornone
35 injections. Ovulation generally occurs within 13 hours of hCGinjection.
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incision is skin an I'n the | e of
t he abdonP#&Es a@rS@aar@tﬂil @Wef&elbial}csﬁélm?edfqrtg@a@féplnghe saddl e, and the hind

| eg, 201 dway between T%n@l%cﬁnﬂ)rs&lpﬁ@dﬁlon-rh? 4 eRhQEHEtih Ve lnfér G/l ah Epartial
exteriori ﬁed onto a egﬁlarlng gi cal .drape. The fat pad stret'ched out over

the  sur g ERISCHImE PeRingmed v AT el P ' anaORABAY: UHRGERHOPISD, dieyy pelow
attached tie typhofdagrogad. Using sterile technique, a small 1.5-2 cm incision is made below

the sternum and the left lateral lobe of the liver exteriorized. Using 4-0 silk, a tie is made
around the lower lobe securing it outside the body cavity. An atraumatic clamp is used

25 to hold the tie while a second loop of absorbable Dexon (American Cyanamid; Wayne,
N.J.) is placed proximal to the first tie. A distal cut is made from the Dexon tie and
approximately 100 mg of the excised liver tissue is placed in a sterile petri dish. The
excised liver section is transferred to a 14 ml polypropylene round bottom tube and snap
frozen in liquid nitrogen and then stored on dry ice. The surgical site is closed with

30 suture and wound clips, and the animal’s cage placed on a 37°C heating pad for 24 hours
post operatively. The animal is checked daily post operatively and the wound clips
removed 7-10 days after surgery. The expression level of TACI-immunoglobulin fusion
protein mRNA is examined for each transgenic mouse using an RNA solution
hybridization assay or polymerase chain reaction.

35 Using the general approach described above, transgenic mice have been
produced that express significant levels of TACI-immunoglobulin fusion protein in milk.
In this particular case, the TACI-immunoglobulin fusion protein encoding sequence
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One approach that was used to produce TACI-Fc fusion proteins is

25 illustrated by the method used to construct TACI-Fc4. Other TACI-Fc fusion proteins

were produced by inserting nucleotide sequences that encode a TACI-Fc fusion protein

into a mammalian expression vector, and introducing that expression vector into
mammalian cells.

30 A. Ig y1 Fc4 Fragment Construction

To prepare the TACI-Fc4 fusion protein, the Fc region of human IgGl
(the hinge region and the CH, and CH; domains) was modified to remove Fcyl receptor
(FcyRI) and complement (C1q) binding functions. This modified version of human IgG1
Fc was designated “Fc4.” :
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Ser (amino acid residue 135 of SEQ ID NO:6, which corresponds to EU index position
331) to reduce complement Clq binding or complement fixation (Duncan and Winter,
25 Nature 332:788 (1988)). Two first round reactions were performed using the FcyRI
binding side-mutated IgFc sequence as a template. To a 50 wl final volume was added 1
ul of FcyRI binding site mutated IgFc template, 5 wl of 10x Pfu Reaction Buffer
(Stratagene), 8 pl of 1.25 mM dNTPs, 31 of ul distilled water, 2 pl of 20 mM 5'
GGTGGCGGCT CCCAGATGGG TCCTGTCCGA GCCCAGATCT TCAGACAAAA
30 CTCAC 3' (SEQ ID NO:11), a 5' primer beginning at nucleotide 36 of SEQ ID NO:5,
and 2 pl of 20 mM 5' TGGGAGGGCT TTGTTGGA 3' (SEQ ID NO:12), a 3' primer
beginning at the complement of nucleotide 405 of SEQ ID NO:5. The second reaction
contained 2 wl each of 20 mM stocks of oligonucleotide primers 5' TCCAACAAAG
CCCTCCCATC CTCCATCGAG AAAACCATCT CC 3' (SEQ ID NO:13), a 5' primer
35 beginning at nucleotide 388 of SEQ ID NO:5 and 5' GGATGGATCC ATGAAGCACC
TGTGGTTCTT CCTCCTGCTG GTGGCGGCTC CCAGATG 3' (SEQ ID NO:14), a 3'

primer, to introduce the Ala to Ser mutation, Xbal restriction site and stop codon. An
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TCCAACAAAGinutes, and a final 7 minute extension at 72°C. A portion of the reaction was
visualized using gel electrophoresis. A 789 base pair band corresponding the predicted
size was detected.
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B. TACI-Fc4 Expression Vector Construction

Expression plasmids comprising a coding region for TACI-Fc4 fusion
protein were constructed via homologous recombination in yeast. A fragment of TACI
cDNA was isolated using PCR that included the polynucleotide sequence from

30 nucleotide 14 to nucleotide 475 of SEQ ID NO:1. The two primers used in the
production of the TACI fragment were: (1) a primer containing 40 base pairs of the 5'
vector flanking sequence and 17 base pairs corresponding to the amino terminus of the
TACI  fragment (5' CTCAGCCAGG AAATCCATGC CGAGTTGAGA
CGCTTCCGTA GAATGAGTGG CCTGGGCCG 3'; SEQ ID NO:15); (2) 40 base pairs

35 of the 3' end corresponding to the flanking Fc4 sequence and 17 base pairs corresponding
to the carboxyl terminus of the TACI fragment (5' GCATGTGTGA GTTTTGTCTG



CCCTCCCATC CTCCATCGAG AAAACCATCT CC 3' (SEQ ID NO 13), a 5 priner 35

begi nning at nucleotide 388 of SEQ ID NO 5 and 5 GGATGGATCC ATGAAGCACC
TGTGGTTCWOGINMBIIECTG GTGGCEECTC CCAGATG 3' (SEQ | D NO 14pCTAISB2/159p0 | Mer
to introduce the Ala to Ser nutation, Xbal restriction site and stop codon.
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mineral oil was added and the reaction was heated to 94°C for 2 minutes, then 25 cycles

~ at 94°C for 30 seconds, 65°C for30 seconds, 72°C for 1 minute followed by a 5 minute
extension at 72°C.

Ten microliters of each of the 100 ul PCR reactions described above were

25 run on a 0.8% LMP agarose gel (Seaplaque GTG) with 1x TBE buffer for analysis. The

remaining 90 ul of each PCR reaction was precipitated with the addition of 5 ul of 1 M

sodium chloride and 250 pl of absolute ethanol. The plasmid pZMP6 was cleaved with

Smal to linearize it at the polylinker. Plasmid pZMP6 was derived from the plasmid

pCZR199 (American Type Culture Collection, Manassas, VA, ATCC# 98668) and is a

30 mammalian expression vector containing an expression cassette having the

cytomegalovirus immediate early promoter, a consensus intron from the variable region

of mouse immunoglobulin heavy chain locus, multiple restriction sites for insertion of

coding sequences, a stop codon and a human growth hormone terminator. The plasmid

also has an E. coli origin of replication, a mammalian selectable marker expression unit

35 having an SV40 promoter, enhancer and origin of replication, a dihydrofolate reductase

gene and the SV40 terminator. The vector pZMP6 was constructed from pCZR199 by
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CCCTTCCGWOGAMATIMEAITGG CCTGEECCG 3'; SEQ I D NG 15); (2) 40pPobassopsiones 35 of
the 3' end corresponding to the flanking Fc4 sequence and 17 base pairs
corresponding to the carboxyl term nus6of the TACI fragnment (5 GCATGIGIGA
GTTTTGTCTG WO 02/ 094852 PCT/ US02/ 15910 %61 AAGATCTGGG CTCCTTCAGC CCOGGGAG
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25 aliquots on four LB AMP plates (LB broth (Lennox), 1.8% Bacto-Agar (Difco), 100
mg/L. Ampicillin).

Individual clones harboring the correct expression construct for TACI-

Fc4 were identified by restriction digest to verify the presence of the insert and to
confirm that the various DNA sequences have been joined correctly to one another. The
30 insert of positive clones were subjected to sequence analysis. Larger scale plasmid DNA

is isolated using the Qiagen Maxi kit (Qiagen) according to manufacturer’s instructions.

C. Construction of Fc5, Fc6, and Fc7
In Fc5, the Arg residue at EU index position 218 was changed back to a
35 Lys residue. Wild-type human Ig y1 contains a lysine at this position. Briefly, nucleic

acid molecules encoding Fc5 were produced using oligonucleotide primers 5'
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Fc7 was generated by overlap PCR using a wild-type human IgGyl Fc cDNA as the
template and oligonucleotide primers 5' GAGCCCAAATCTTGCGACAAAACTCACA
25 3' (SEQ ID NO:22) and 5' GTACGTGCTTTGGTACTGCTCCTCCCGCGGCTT 3
(SEQ ID NO:23) to generate the 5' half of Fc7, and oligonucleotide primers 5'
CAGTACCAAAGCACGTACCGTGTGGTCA 3' (SEQ ID NO:24) and 5
TAATTGGCGCGCCTCTAGATTATTTACCCGGAGACA 3' (SEQ ID NO:20) to
generate the 3' half of Fc7. The two PCR products were combined and amplified using
30 oligonucleotide primers 5' GAGCCCAAATCTTGCGACAAAACTCACA 3' (SEQ ID
NO:22) and 5' TAATTGGCGCGCCTCTAGATTATTTACCCGGAGACA 3' (SEQ ID
NO:20). |
All the resultant PCR products were gel purified, cloned, and verified by
DNA sequence analysis.
35
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Gel Extraction Kit (Q agen) accordin he manufacturer's instructions.
Fc6 id0identical to Fc5 except tHACkIsiouPbugis terninal |ysine codon has
been el i m nat ed. As in Fc4 and Fc5 above, the stop codon in the Fc6

sequence was fiIS—changed—to—TAA—Fc6—was—generat et—+em-t-enplate— BNA t hat
encoded Fc5 usgi ng MSiMalﬂédiA@prrl Br s 5TAGlI@m®AAAiﬂ @'E‘EEMEACAA

MCTCACAGA. TG 05FG 1D N0 1) afd 5 CUEr e TRGace |

Tt

Fc except for éFA@Kﬂh@%dﬂiQi ISZQ}Fsﬁubstl { ut i 0RO 40 1@ Jof SIE@ADISSI i on |asn 297
| ocated in the 1%@1(&?@@1 1A155q2%8§ was rrut 3{)%’116’0?5&2%%6'2?“6 tlo prevent

t he attachnent Nnked—carbohydrate¢ tHhat— o5itH-en— As
above, the stcﬁfl%@Héthndlt?ﬁel%be eque 1ce mé@t@hb%gﬁ‘&iEQdDm2 Fc7 was
generated by overlap PCR using a wild-type human 1gGy/I Fe cDNA as the
tenpl ate and ol i gonucl eotide primers 5 GAGCCCAAATCTTGCGACAAAACTCACA 25 3
(SEQ I D NO 22) and 5PrasipnGor@iTg FeBrACTECTSEIESOPeRGEIRTagd by SEQap PG 23)

t o gener at gsihH8taddatdakt n t 5,
o ge Gy %G’gl_ Adaﬂa hif} ueFC(Ze,e apgd efazlrhdﬂe HBh)@ﬁ’ o O WézzW%l (1989)). A

TAATT&iaoec@tﬁé?F&? @d ¢ BpRlpic BCNb@@fulceoenC@@ﬁérF&ﬁ evarpe 3'
hal f of Fcased“ﬁb@Gman@ﬁ?eqor@@g@nslewwpmmhfbeiderafﬁtdaﬂmabfeb adndsi ng

I

Table 4
Oligonucleotide Primers Used to Produce TACI Fusion Proteins
20
Designation of TACI-Fe¢ Oligonucleotide Designations
5'TACI | 3'TACI | 5'Fc5 3'Fe5
TACI(d1-29)-Fc5 ZC24,903 || ZC24,955 | ZC24,952 | ZC24,946
TACI(d1-29, d107-154)-Fc5 ZC24,903 | ZC24,951 | ZC24,949 | ZC24,946
TACI(d1-29, d111-154)-Fc5 ZC24,903 | ZC28,978 | ZC28,979 | 7C24,946
TACI(d1-29, d120-154)-Fc5 ZC24,903 || ZC28,981 | ZC28,980 | ZC24,946




30 oligonucleotide primers 5 GAGCCCAAATCTTGCGACAAAACTCACA 3' (SEQ ID
NO 22) and 5 TAATTGGCGCGCCTCTAGATTATTTACCCGGAGACA 3' (SEQ ID NO 20). Al
t he resulwene/oPBR products were gel purified, cloned, andpe¢egrisht/ediby DNA
sequence anal ysis. 35 WD 02/094852 PCT/ US02/ 15910 64 D. Construction of
Am no- Truncat ed TACI - Fc Fusi on Protei ns,four amno term nal truncated
versions of TACI-Fc were generated. All~~ four had a nodified human tissue
pl asm nogen activator signal sequence (SEQ ID NO 25) fused to anmino acid
resi due nunmber 30 of SEQ ID NO 2. HowgwBle,5the four 5 proteins differed in
the location of point in which_he FCIIS Sqfused to the TACI amno acid
sequence of SEQ ID NO 2. Table l%?ﬂ’flfe?lt\(ﬁ@e%fgmgf?%ctures of the four fusion
proteins. Table 3 10 TACI Fusion Proteins Designation of TACI-Fc TACI am no
acid residues TJAC (dl-29)-Fc5 30 o 154 of SEQTD NG 2 TA({ %I-Z ,

jd Lssﬁ‘:)-ll'—;c 30 to

dl 07-154) - Fcq F0™F 106 of SEQ | D NEFOUIerREy P - 29, dl | |-

110 of SEQ ID NO 2 TAC (dl-29, d120-154)-Fc5 30 to 119 of BHENOD NO 2

Prot ei n encodi exprlessi t oveflap.P usin

ct andar d t ol dece, * d48 RS G e RPN oRE, L T Tl " Tos0))

15 nucl ei ¢ adji denglsequl e encadicagTTAGICEIT TEABACKCRGGGAGI d MYl eaul e [encodi ng

Fc5 were wuse€d_as PCH tem onuc] eotldejj%rl ners ar¢ identified in
4

Tabl es 4 and RZC2I429Y§FP ?’!T%%ﬁﬁpp%gr%G%qut 4444 Prnillr‘éz TA Fusi on

Proteins 20 |Desiagnat|i omaatTtddédedartOraganusteidadescResicgrsal i ons 5| TAC 3
TACI 5" Fc5 Cr{dl -29)-FCc5 ZC24. 903 7C24 "955 7C2479%2 ZC24 946

TACI (dI - 29, 1'6_((7;5419'522) L EcR GO CHSACGRICHAS A NMSTAD 4 ahs Hadl (dl - 29,

dil'l-154)-Fcy Z&E249Q3 Z@ZA&A%%GCMA@H&(Z@ECQ&@TCW@MN -9, 4
d120- 154) - Fc§ZC24, 903 E8, 981 7C28, 980 ZC24, 946 WD 02/ 09485) I-’El,SI/U:SOZ/ 15910

65 ZC28,978 5' TTTGGGCTCGCTCCTGAGETTGTTCTCACA 3
ZC28,979 5'CTCAGGAGCGAGCCCAAATCTTCAGACA 3 46
ZC28,981 5 TTTGGGCTCCCTGAGCTCTGGTGGAA 3 47
ZC28,980 5' GAGCTCAGGGAGCCCAAATCTTCAGACA 3 48
5 The first round of PCR amplifications consisted of two reactions for each

of the four amino terminal truncated versions. The two reactions were performed

separately using the 5'and 3' TACI oligonucleotides in one reaction, and the 5' and 3' Fc5

oligonucleotides in another reaction for each version. The conditions of the first round

PCR amplification were as follows. To a 25 pl final volume was added approximately

10 200 ng template DNA, 2.5 wl 10x Pfu reaction Buffer (Stratagene), 2 pl of 2.5 mM

dNTPs, 0.5 ul of 20 uM each 5' oligonucleotide and 3' oligonucleotide, and 0.5 ul Pfu

polyrﬁerase (2.5 units, Stratagene). The amplification thermal profile consisted of 94°C

for 3 minutes, 35 cycles at 94°C for 15 seconds, 50°C for 15 seconds, 72°C for 2

minutes, followed by a 2 minute extension at 72°C. The reaction products were

15 fractionated by agarose gel electrophoresis, and the bands corresponding to the predicted

sizes were excised from the gel and recovered using a QIAGEN QIAQUICK Gel
Extraction Kit (Qiagen), according to the manufacturer’s instructions.

The second round of PCR amplification, or overlap PCR amplification

reaction, was performed using the gel purified fragments from the first round PCR as

20 DNA template. The conditions of the second round PCR amplification were as follows.

To a 25 ul final volume was added approximately 10 ng template DNA each of the TACI

fragment and the Fc5 fragment, 2.5 pl 10x Pfu reaction Buffer (Stratagene), 2 pl of 2.5

mM dNTPs, 0.5 pl of 20 uM each ZC24,903 (SEQ ID NO:40) and ZC24,946 (SEQ ID

NO:20) and 0.5 ul Pfu polymerase (2.5 units, Stratagene). The amplification thermal



Table 5 digonucl eotide Sequences Primer Nucl eotide Sequence SEQ ID NO
ZC24,903 5' TATTAGGCCGGCCACCATGGATGCAATCGA 3' 40 ZC24,955 5
TGAAGATTWOGZILBIT GAGACCTGCCGA 3' 41 ZC24,952 5 PCT/US02/15910
TCCCAGGTCTCAAGGAGCCCAAATCTTCA 3' 42 ZC24,946 5
TAATTGGECGCGCCTCTAGATTATTTACCCGGAGACA 3' . .20 ZC24,951 5'
TGAAGATTTGGGCTCGTTCTCACAGAAGTA 3' 43 fé24 949 5'
ATACTTCTGTGAGAACGAGCCCAAATCTTCA 3' 44 z7C28,978 5'

TTTGEECT CratleTtoAskitd GT PETCAGAL 3hindte, 3ZCREe 4098°C for 15 seconds, 55°C for 15

?c,:'T %ﬁ%‘%@%ﬁ&%@%&ﬁ%ﬁ %ﬁé&a gg&%r %grfl s round of

PCR anpl i friredicisoneredomsiosated byfagemes gdadtdtopboresis, aalcthe bafds dperefpandingmi no
term nal tt%”tﬂ@iﬁr%&lct\éﬁrﬁké%n%eonuﬁiﬁéﬁo rgﬁ@a{e' QBIS e, @c&efeh%ﬁﬁga BFRAE: ERtely

using the eot1 des 1 n-one reactjon, the 5 and 3'

Fc5 8l i gSHa ik @@hEﬁﬁacéWBtIﬁé{rQlﬁéf‘a’é{4%‘?@&%%%&%%@?@%% s 1@5‘@"%‘2}1@d| tions
of the first round mReRAMY FdurGREIANR ofkiCammof efrhi@uWStruntated WACLFE POR

{eact fon BUPIER VSR EPRERLS o HinpimaNessi ZARFBLUT 8 GHO BRGBPiteach

5' ol i gonucik efotlbaengamisk ham&amaﬂsl:ecﬂmﬁemdedngrdbocﬁll Hfable poldgniifiess ehe( 2. 5
units, Strat The (@i!% f consi sted of 94C for
3 m nutes nuﬁ%%{gyc% es éue%%s’ és)fgtg%sg‘é{ %&%SH] seconds, 72C for 2

m nutl®s, followed by a 2 m nute extension at 72C. The reaction products
were 15 fractionated by agarose gel epggkigophoresis, and the bands
corresponding to the predicted sizes e excised from the gel and
recovered using a Q AGEN Q ASevgucesef T \AEQIITF&Y?W%H (Q agen), according
to the manufacturer's instructions. The second round of PCR anplification,
or overlap PCRanpiTficatro_ Teactio Was per.or Sing tne gel
purified fragfent esigpatiomel TAdFe Olnja]d PCR as SW‘{SEWI ate. The
condi tions of |the second round PCR anp| i f Neelebtide Werle aSmfrilMAﬂWS To a 25 |
final vol une yWas _gdded cEpprom mater y 4o ng [Eﬁpl ate |DNA eag e TAC
fragment and ROCGHH-3DAisent . 2 5 1 1lox Pfu*feactidn Buff (qrr t agene),
21 of 2.5 rﬂvﬁ‘@l@[&ﬁrzg)d@oT 191;)&95 t M each ZC84, 903 (JSEQ I m;NO 40) jand

ZC24, 946 ( SE
The anpl i 1£| CS JTK,CId

O).an PiU poly iSe (4.5 uni Strat agene) .
ifi e ﬂ?inﬂﬁwﬁqmm PCT/ 2/ 159 consi st ed
of 94C for 1 prawdiell-Bh degclies)-Bé5 94C |f or 1555econds, 55C f®r 15

15 After the nucleotide sequences were verified, plasmids comprising each

of the four versions of the amino terminal truncated TACI-Fc fusions were digested with
Fsel and Ascl to release the amino acid encoding segments. The Fsel - Ascl fragments
were ligated into a mammalian expression vector containing a CMV promoter and an
SV40 poly A segment. Expression vectors were introduced into Chinese hamster ovary

20 cells as described below.



seconds, 72C for 2 mnutes, followed by a 2 mnute extension at 72C. The
reaction products were fractionated by agarose gel electrophoresis, and

t he bandswoarnesponding to the predicted sizes were exci Pea/dsopnidihe gel
and recovered using a QAGEN 5 Q AQUTCK Gel Extraction Kit (Q agen),
according to the manufacturer's instructions. Each of the four versions of
the amno termnal truncated TACI-Fc P products were separately cloned
using Invit rogen s ZEROBLUNT TOPO PCR C on Kit follow ng the

manuf acturer's reconmended pr ot ocoEXAMFPbEGgi dentifies the nucleotide and

am no acid seque es of, t Fc.canstyucts 10 T equences of
TACI - Fc Vari ants HOGEFEpLLS ffﬁcg?c‘lpﬂﬁel 3’3’ F%IF(E')' ster vﬁ’lye‘(ﬁ)"tlgs Sde Anino Acid

-cli-ib\lc: (dl - )29) Fc5 49 Srhe TRAC(HE - 28redtidh7 -cbbdudte Swhbik Gided TACI t(raillserQ via
-154

4 TAC dl -29 0-
CLc] eot HECaRAR Y TSP Red R S oy ROQY Dt Bn in,
\léer Isi an ahirhéleprataiméret enadivral (Urkub eateéd SEFACICchMaAeq drsenel2es 56 §e86xd A\sM ][ h
an
se L6 00) 15@44|£ @élgaga{ 5?&0@3}1&9 W@rﬂ%%@ﬂsé g&m& S0 ddiBGorfsSRboth hscl

fragnents were expressi on _vector containing

pr oot er ahi@iydaﬁol@m@iupmsg/ clyomegprnak IOCE@@ﬁe@PWHl oethesels jipthe Hf‘?ﬁeﬁ‘E?dec ed

i nto Chi Nngg&eNRATHEIenAU@ENS of %%tﬁ&felﬁte%@sﬂ@%mebrﬁgﬂﬁ%hﬁ&ﬁ of¥he %y@%ﬁl‘é%
PCT/ US02/ 15910 67 EXAMPL me{doduct on of TACI-Fc. Protei nsﬁlg%acm nese

Hanst er OVAfXFI€S8 gieTRRd Nk RrQigEnF Odeds S3Rgr @

Eransxfoect ,coMitauct.el ect roporati on, suspen5| on- adapt ed Chi nese hanster ovary
CHO D4 cells gro i a pr.ot ei r (

Soin. Cell. Mdlec. Cgﬁgt BGfg qfénlg ‘(T@é%a)sﬁage Ig‘lrins (#thigpos 1%Irllctsi onal
di hydr of ollanexa, gt amd/ geﬁélt@mmet@RHeB@tSclon@S)atando]tXhhymthﬂ]leimftbyratdene
reduct ase %Egl@fﬁgﬁpgﬁl O’!rl]“cg&lgl 10%%%% 270 QM Pe1ff WEQ‘%ngﬁaalte?l AtrB"fobeanHr%Qf@ eir0df

i ncreased ¢ centr otrexate resu anp i f |cat|on of
the di hydretraingt ehake eldasks 25 el REM 07y 2t Frfating, R]éfﬁ(eF é%ﬁ?%{rhaiﬁte cells were

pr ot ejsn- eﬁ%@fé@teﬂ%@ﬁm@t@lyt Weh %Bﬁl%ﬂle@ﬁresﬁQn ‘E)Ia@ﬁﬁdsUCTG eﬁd@ aa%ycalsingle/\er e
passaged i nléaﬁl@ nedi.a JRH Bi o CI en ?i SP) 2Cgout an% ne
(JRH Bi osc! A BYFCTRIAOT X2R 196 PREATALOL I Pt Buhules by comining
plasmid DNA in an Eppendorf tube Wlth 20 ul of sheared salmon sperm carrier DNA (5'
— 3' Inc. Boulder, CO, 10 mg/ml), 22 ul of 3M NaOAc (pH 5.2), and 484 ul of 100%
ethanol (Gold Shield Chemical Co., Hayward, CA). After incubation, the tube was
20 centrifuged at 14,000 RPM in a microfuge placed in a 4°C cold room, the supernatant

XRI‘BSSIOI’I

removed and the pellet washed twice with 0.5 ml of 70% ethanol and allowed to air dry.
The CHO DG44 cells were prepared while the DNA pellet was drying by
centrifuging 10° total cells (16.5 ml) in a 25 ml conical centrifuge tube at 900 RPM for 5
minutes. The CHO DG44 cells were resuspended into a total volume of 300 wl of
25 PFCHO growth media, and placed in a Gene-Pulser Cuvette with a 0.4 cm electrode gap
(Bio-Rad). The DNA, after approximately 50 minutes of drying time, was resuspended
into 500 pl of PEFCHO growth media and added to the cells in the cuvette so that the total
volume did not exceed 800 pl and was allowed to sit at room temperature for 5 minutes
to decrease bubble formation. The cuvette was placed in a BioRad Gene Pulser II unit set
30 at 0.296 kV (kilovolts) and 0.950 HC (high capacitance) and electroporated immediately.
The cells were incubated 5 minutes at room temperature before placement
in 20 ml total volume of PFCHO media in a CoStar T-75 flask. The flask was placed at
37°C and 5% CO, for 48 hours when the cells were then counted by hemocytometer
utilizing trypan blue exclusion and put into PFCHO selection media without
35 hypothanxine-thymidine supplement and containing 200 mM methotrexate (Cal
Biochem).



suppl ement (Life Technologies), and the cells were incubated at 37C and 5%
C®2 in Corning shake flasks at 120 RPM on a rotating shaker platform The
cel | s werwolb3/0v48ansf ect ed separately with |inearized expr @sgiusn2/pioasm ds.
To ensure sterility, a single ethanol precipitation step was perfornmed on
ice for 25 mnutes by conbining 200 g o plasm d DNA in an Eppendorf tube
with 20 | of sheared sal non sperm carri DNA (5° - 3" Inc. Boulder, CO
10 mg/ M), 22 1 of 3M NaOAc (pH 5.2), and 484 | of 100% ethanol (Gold

Shi tel df Chegi c?l 12060()!7&%&&{0% ryCéY) thepﬁfeﬂfotﬂejla&élthglebﬁ&l pg%%ssr, Ltg@ cbasitidRed
centrifuge in ge placed in a

super nat ant*® £?&?an% ®t¥v re%mré[&v%sﬁ e’P?I\A"(‘f‘?ere\/\ﬂaﬁuﬁecg%% te%"%lgt( hanol
and al | owedalysisai r dry. The CHO D344 cells were prepared while the DNA
pell et was drying by centrifuging 106 total cells (16.5 M) ina 25 m
conical centrifuge tube at 900 RPM for 5 mnutes. The CHO DX44 cells were
resusgended into a total volune of Eﬁg&\#h&fc% 25 PFCHO growt h nedi a, and
pl ace@ in a Gene-Pul ser Cuvette w el ectrode gap (Bio-Rad). The
DNA, after approximately S resuspended into
500 | of PFCHO growth rredl%grdaz%lgjd %g lggltgof?ﬁggclg%llﬁ?t he cuvette so that
the total volume dild desteinesesessdA80BEe fusieid prgeing Mesnpertinldy givified beform

t enper at urgafQf. %dﬂdﬁ&b‘n@é mefdﬁm‘ﬂ %h?@ﬁﬁlegéj%ﬁelf Wa?&&lﬁﬁes GUH@stGHl%%{e%ed’VaS
pl aced in Gene_Pul ser uni.t set 30 at 296 kV (ki lovolts) and

0.950 HC (tﬁfogsh@ %ﬁk@)an&ﬁlae 3 Idiiicoyetelt ¥as FaRTEH fnet yrotemrﬁ\eccé'émns ver e

i ncubmt ed ’HlerfpmﬁlﬁSA%uﬁd)Qﬁ@télﬁ{mﬁsaélweﬂ hef paged| Beemrns-200 niz&0exdlusicat al
vol une of Of m%dlﬁ %\% .CoStar T-75 flask. The flask was placed at 37C
and 5% COF P EPT I THELPENGEE t he cell's were then counted by henocyt omet er

uti Ih| zZi ng trypan bl u&esirol bist enalgng wastperfiotoedPCHOts ebmititiomd cetldinadiwirt hout
35

el P b RETIIAA0 BR BT R AN AL R0 REBRTM B oS! ©
net hot r ex dieteEe P sERERAtHH ceaPies Waie EawEred oﬁ@emtmﬁ@hil%ﬁec@ﬁmbiaﬁ@mgmi e

secr efsed TAKETRE p@ét@ﬁa@'ﬁ@re%‘t&te@ix (g_%@rom/da\.@%bﬁhgatgﬁ Qoat anahneeks Ig@a
EXAMPLE 3(@ ructur ‘H}:il‘t%’t sis of TA Fc Proteins |In certain ses, . TACl - Fc

f usi on pr )alqrypeﬁ%lﬂ?ﬁeeﬁp%‘éga&dego%n%tyléli‘rgan &R sl
medi um f rm@&amﬁsaehamst er ovary cultures was sterile-filter ed t hrough a
rotein was ca umm.

0.22 mfilter and th - Fc

70" The prot e n- A bous@ eeepral g G Pt alarhses SirSeRicRl B BitRls Tt

excl usi on 4768 andh 494r Pfdteinl Squuender chsicon. frovs Perkim Hlmer ayalipd i Biosstems

per f ofgmed 191 HsH @&%%ﬁ&,%ﬁ? §ich amki's' "Was performed with Applied Biosystems
Model 610A Data Analysis System for Protein Sequencing, version 2.1a (Applied

Biosystems, Inc.). Most supplies and reagents used were from Applied Biosystems, Inc.



and purified protein to assess the structural stability of the TAC -Fc
proteins. Briefly, protein or supernatant sanples were transferred to

ni trocel Iwbage94senbr anes and the 15 TACI - Fc protei ns wer e PAFIES0Y/€¥1LSI g
per oxi dase conj ugated goat anti-nmouse |Ig&a (Boehringer Mannheinm, or

per oxi dase conj ugated goat anti-human |1 gG Fc specific antisera (Pierce).
Am no termnal am no acid sequence analyses were perfornmed on Mddels 476A
and 494 Protein Sequencer Systens from Perkin El mer Applied Biosystens 20
Division (Foster City, CA). Data abEXAMBLEad performed with Applied

Bi osystens Mbdel 610A Data Anal ysi s ste Prot el n Sequenci ng, version
2. 1ay(AppI i ed Biosyst em;%“F’ﬁ@‘?’%’“.sll“’%‘i’%;ws‘g%éégcfl’fﬂtei”éageg?s ulseg vveYre :‘rom
éppl E[_ed B: osyst ens, T?@;ﬁp%}@a&%é@&%@ﬁébd&@hiﬁ% tﬂlé%ﬂdﬁingﬁ&a@éﬁbﬁﬁ& (f[ﬂffour _

uncti ona sis 0 < rot ei ns appr oaches re.use xamni ne
Che.bi ndi 5 ChEY st T Z15FE ooine heqath ABRGRARE Wk o RETACHE
appr oach neastucgdtot dvengd With T AEI-¢daed PAGEs for biklicp ok Ydebeded GTNBAPattee wi t h
TACI - t . bindi - 3 :

coa es%c&{d”‘éé) o:Ic?AEI 8%%%%1'[11ggzoﬁéen£%§{gn 1%(15)? Iﬁg%%%&;‘g‘}“ﬁﬁ%&]aqn%ﬁfgﬁﬂgg% ed

approach, 1ncre |;1_% atrons o ) b€ NF4 were 1nc
with eacteagh aththeTASICIEE eenssvetscesd thpdadiectiviyi aweeipieit Yithgyedpisated wit h

preci pi t at 2ANFLINCY-FALmPIExGONR 848miNes 8é arATINR fusitheprbids-1z@ FAST on
proteins had TACI nojeties that | acked thg fi rsél 29,am24) aci d rg_ ues of
i

the ami no BeicHesbaulspkel B Tt Rming aRje rosidessei dhe REOrasly SHUFICE O had a
TACI i etlp WO:D. abnd 6f @et fisioal frotedrgy dal a (TRACH mipikty 2@ e Mtact whek eagon hr ee

f the TAC:F j [ d TACI .noi.eties. wth. vari | et.i i
the. stal k WA CPABE kAl Es5 it ol 15, TARIEY fiien b gl ARG PRl roe: "
TACI (dI - 29ith dh@eusldeldtidas 5 .thel Stalk re€ompE@AC] (Wd-29i, di) g SAsEedy TATNRA L1 ws
radi odi nat‘?ﬂilﬁﬂtﬁ%ﬁ??ﬂ?&e?eﬁ'édoiéﬁﬁ&?%ﬁ)f% owi ng standard nethods. Briefly,

W

50 g of the was i odinaté of 1251 using a single

| odobead. The reaction was quenched with a 0.25% sol uti on of bovine serum
albumin, and the free 1251 was renoved by gel filtration using a PD 10
col ums ( Pi Ar ce) CompettiivesBéndingcAssal oacti vity of 1251-ZTNF4 preparati ons

d ined b i j.c..aci ) i pi i f d_ af h
Gosal ting st ep. An NCTSFRRaY FibSRERT vl TR HEeBE BpS AR BidiF o' he
"TACI - N, " methedadBefly,c5006s we e BTHF4svas 100nated atithod imGighnt’] psiage simglebat ed
over ni ght dl%holélegd. re%&%h?ﬁaév%ﬁcﬁ%%ﬁga 0@5% I§(%1ti8\ﬁ BPb&HH@ Eé?hﬂcifblﬁﬁ'n?r ce),

and washed agal n. constructs, at various concentrations

rangi ng frangh Getfeeel 1 I5wayremovedehie eehi Slbation wsing a PDxHY celypvediios®)i ohhaf

1251- T NFAs e @i@ic RadiBhotivitg il ' PRguBaUeded Ritichs Vo4l R tcddinintddbyomichiBRacetic acid
precipitation before and after the desalting step.

An N-terminal fragment of the TACI receptor, designated as “TACI-N,”
was added to 96-well plates (100 pl at 0.1 pg/ml), and incubated overnight at 4°C. The
plates were washed, blocked with Superblock (Pierce), and washed again. The TACI-Fc

25 constructs, at various concentrations ranging from 0 to 11.5 ng/ml, were mixed with a
fixed concentration of '*I-ZTNF4 (20 ng/ml), and incubated for 2 hours at 37°C on the
plate coated with TACI-N. Controls contained either TACI-N in solution, or lacked
TACI-Fc. After incubation, the plates were washed and counted. Each determination
was performed in triplicate.

30 The results showed that all TACI-Fc constructs inhibited '*’I-ZTNF4
binding completely at concentrations of about 100 ng/ml or greater. The TACI-Fc
proteins, TACI (d1-29)-Fc5, TACI (d1-29, d111-154)-Fc5, and TACI (d1-29, d120-154)-
Fc5, were more effective inhibitors than the TACI-Fc construct, TACI (d1-29, d107-
154)-Fc5. An Fc fragment alone did not inhibit binding. ICsq values were calculated for

35 each construct in three experiments. The average values for the constructs were: TACI



plate coated with TACI-N. Controls contained either TACI-N in solution, or

| acked TACI-Fc. After incubation, the plates were washed and counted. Each
det er m nawpD®R/094885 perforned in triplicate. 30 The result eCThsortsothat al |
TACI - Fc constructs inhibited 1251-ZTNF4 binding conpletely at
concentrations of about 100 ng/m or greater. The TACI-Fc proteins, TAC
(dl -29)-Fc5, TAC (dl-29, dl 1-154)-F and TACI (dl-29, d120-154)- Fc5,
were nore effective inhi bitors than the TAC - Fc construct, TAC (d1-29,

d107- 154)«fck)-rés: £67 ﬁmgmn(dngn@mwﬂmmcsn 105 hiM; Ibwphdmgzs 4080154l ues

were cal c for 3 St periments. The average

val ues for hgq’& ’tarr@cﬁg&u@ﬁ% L%ﬂ%{%‘é/ égi PCT/ US02/ 15910 70

(dl -29)-Fc5: 2.07 nM TACI (dl-29, d107-154)-Fc5: 4.95 nM TAC (dI-29, dI
11-154)- Fc5: 2.31 nM and TACI (dl-29, dl20-154)-Fc5: 2.21 nM B. Solution
Bi ndi ng AsBay SSmtmmmyAgi;@}n of 0.05 nM each TAC -Fc construct was

i ncubated: with O. Mto 1.5 nM 1251 -ZTNF4 for 30 m nutes at room
tenpersature in a tot& a\F@PGﬁ’f’éTaU@F of) 005 A easle TACTHE sostngt ya HisHbatgd

SUSItoe n?I 0Ny RS, 4550 eétﬂsanmdéﬁm | ATNT®, fo@Bdlnﬁflht%E atlr@tonf%ﬂipEN%%re !irh@%o‘iﬂ%ﬁ@ﬁe wer e
centriruge W ce ellets.counte n 1 T1 n
o ot oo e A o PO iy B R i B at Hes-HRBaTL oq rad pger T 9
1251 - ZTNF%IIEMéls- Rbe rTSaanléZspemrél cenlniifindéd) g waslsedc awvine| ainddthey psildit r aaintedg t he
cpm boun t at
coen CconciplpAU S AIEE ShnlhePBL o0 GENEH Jo g pegLita, ARRaR S

ri plidcate. IQTMIF%@ACéfﬁ@smt sSSpeeifis bialding wae daleylategl G’éphimﬂmg’rhhs rapm

software (MRehntOshe Yrestn® omegHtse@ed‘l ZTN98 Ut th Shet ﬂﬁalsé’ﬁ‘rﬁ' bhimdPhn gy of
1251 -ZTNF4 to the varigus -Fc constructs. B| nd |ng aﬁpear ed to

appr oach s¥NGFHEALGA ofi t HZEQE:H &ﬂqgtdre[?gﬁmnagﬁa wagperiermed ) EigHeals ﬁi“{:?d’é% f or
const r uct scoh&iehts(vbire 2:9&1115&5 usﬂiﬁ@raﬁ}ﬂiad%snﬂdoftlﬁaré-m%cﬂf@ﬁn v. 3@ (dl -

dl 20- 154) - Fc5, as c are bi ndi_.ng, of,. TACI 140l - dl 07-154) - Fcb5.
Brax and Kd val ues Bre gl ﬁﬂﬂ?tfﬁteegd eafCifiieinding, ¢ a]?%ﬂgﬁ rtgfz’evdmlohs Tabl e
7. 2015Tabl BAZI-Bt rdnsignctst BﬁﬁingZa'bﬁiEﬁedmo Igiebadhcsa@oasdr woth sachlé@istrict, and

0107 154) - Ls BTG Mg it T 99y B St G0, M Rk
(dl -29, dI'BACI i) 2%¢820:160pF, b2 compargmisblthe binding of TACT (d1-29, d107-154)-

Fc5. Bmax and Xd values were calculated, and the results are summarized in Table 7.

20 Table 7
Binding of '**I-ZTNF4 to TACI-Fc Constructs

TACI-Fc Construct Kd (nM) Bmax (nM)
TACI (d1-29)-Fc5 0.134 0.023
TACI (d1-29, d107-154)-Fc5 0.121 0.010
TACI (d1-29, d111-154)-Fc5 0.115 0.018
TACI (d1-29, d120-154)-Fc5 0.092 0.021
25
EXAMPLE 5

Measurement of Circulating ZTNF4
Levels of ZTNF4 in individuals with a disease condition (such as SLE,
rheumatoid arthritis for example) relative to normal individuals were determined using

30 an electrochemiluminescence assay. A standard curve prepared from soluble, human



Measurenent of Circulating ZTNF4 Levels of ZTNF4 in individuals with a

di sease condition (such as SLE, rheunmatoid arthritis for exanple) relative
t o nor malwondiosdssual s were determ ned using 30 an el ectr echharsot/iavihescence
assay. A standard curve prepared from sol uble, human WD 02/ 094852

PCT/ US02/ 15910 71 ZTNF4 at 10 ng/m, 17ng/n1, 0.1 ng/m, 0.01 ng/mM and O
ng/mM was prepared in ORIA N buffer (lgen, Gaithersburg, MD). Serum
sanples were diluted in ORIG@ N buffer. The standards and sanpl es were

i nfubﬁt ed mNF@%mme ﬁﬂagumgréﬂ o% 1|tﬁgnm000$ ngMnu hinbl(Dtngﬂij(ﬂ ahe prépbdd in iy
ant | - numan - an | t u er
(1 ceny - ORI RG hittes a8 sonR s Ml Sobuseigtenshep R ups da ORBRY D ooy
di | uted t douffeg/ mheism@JdglamdAamlesMréencdobﬁM) rodrolt¢ropdraigre fre tivochdmas | on

t he sanpl Io!

oot o, Nor vy Blefiny Blrsas: Fihlnh ZBARL 1R BILANLY @ ng(p PO e
and i scubadssdy anffesdIGENh@mésfualenﬂ@@d\ ltabhlpémathylﬂl@n gENEﬂ wef @otyskamal

vort exed %@hbé@ﬁﬁhﬁéd\e@ﬁ%ﬁ% %éﬂnA%Qa ﬁﬁémcéﬂﬁgymno&irgqﬂé iRaeaisi ng to

manuf acturer's 1 nstructi ons, ase
el ect r ochehf leﬁ%g’é@n‘@é‘eé%ar}éjr%ﬂi H&gé%ﬂ éFrfiPéaé’d%ﬂtDﬁnﬁb@éﬁ Dymal. ddo. YQrKpY) an
ﬁlz Sﬁf ;egl I@Mglad%&RdL o N%Fwﬁledﬁﬁm'&@d%d’lsd eS8 80N g/aiel &Rl fnl’c@mé&i)fd'r 3(.jo

an asl pr i ch have sse t o_advance
Stages of GMGHSh LT D DAk Briie oS E gt S on R R  Sssay
was also L@ﬂghnt Anateses (fgen) evelrdingfto Zidwedaciuret hénstiobtomd. oFTheSDE gpatisents,
relative t r i,V S C
brepar od 1514 S8 sBrbin RSy M Bl R &y mef S RAERy YT 02
ng/ M anclevaggy lnvelwefim%w@detmem theNenm s@nples gr@ﬁl)both\ﬂ\lzﬁ) Fil@nand

sanpl es weyRy IR Fi™ biitd Gt ﬁ‘a%‘ ]%Iﬁgl%s%a th afivfiRbd ¥QALAEE oldhersdRpRands and
sanples were in ubated at room 2 enperature for two hours with a capture

ant i body, BduiERNEINEdiseatbi t antl -human ZTNF4- NF BV pol ycl onal anti body,
diluted to lg/ m i n Thd ORIGAS 98BS Bifwsraldd El)to nesadura leledeot 'Z’(BNFarihitb@dy,

Mot o Eod Bh ShEoR e RN Ry ind BRI PR e DBRE it oo
wer e vort exeds p@apated fwnngﬂlmtble,shurmm%ivw at yngbBadsg/fdyhang/mad.0ddgsal t o 25
caeh of  h A0 65, GRRRATRIGRIGIN ROl uihg 0¥ phaskRahel ik 3y nutes
Oigin 1. angﬁaatymnh a 23 gehnalacdonel hbe stendpadrdnsctamnpdas véerp iraupaied |abﬁ§>m Thi's
assay,yd ncl ydpdragBe NOF Mol RODE 'oith SACR)IER %&%oﬂ?”?éld%ﬁyfafe@”}a%glt AL henks

g eanosed O ShEp L Yaed el AT T & BEEErXed 1 g segm o
donors. ZTMd4al @welitn wekiBodal ratheayladdagbbit fantichuiniar EANE4NE BNNpbljckoral s i n

the pati en&ntf%ody,otf lturfe%ll to 1 pg/ml in Origin Assay Buffer (IGEN). Following the incubation

the samples were vortexed, and 0.4 mg/ml streptavidin Dynabeads (Dynal) was added to

25 each of the standards and samples at 50 ul/tube and incubated for 30 minutes at room

temperature. Samples were then vortexed, and analyzed using an Origin 1.5 Analyzer

(Igen) according to manufacturer’s instructions.

This assay included 28 normal control samples and samples from 20

patients diagnosed with SLE. Elevated levels of ZTNF4 were observed in the serum of

30 patients diagnosed with SLE, as compared with normal control serum donors. ZTNF4

levels were calculated as a fold increase of ZTNF4 levels in the patient or control

samples as compared to an arbitrary human reference serum sample. The average of the

28 control samples was 1.36 fold over the human reference sample and the average of

the 20 SLE patient samples was 4.92. Seven out of the 20 SLE patients had ZTNF4

35 levels that were two fold over the average of the control samples, whereas there was only

one control individual that had a greater than two fold level over the control average.



sanpl es as conpared to an arbitrary human reference serum sanple. The
average of the 28 control sanples was 1.36 fold over the human reference
sanpl e amaotopeImser age of the 20 SLE pati ent sanpl es wasPE¢TAR02/BovEen out
of the 20 SLE patients had ZTNF4 35 levels that were two fold over the
average of the control sanples, mherﬁgi there was only one control

i ndi vidual that had a greater than t fold | evel over the control average.
WO 02/ 094852 PCT/ US02/ 15910 72 CLAIMS What is clainmed is 1. The use of a
transmenbrane activator and cal ci um nmpdul ator and cycl ophilin

| i gand-i nteractor (TACI)-|nnunoglobgggﬂwﬁu5|on protein for the manufacture
a nediwpagstlafmdgdisnhi biting the proliferation of tunor cells, wherein the
TACI - i munogl obulin fusion protein conprises: (a) a TACI receptor noiety
that consists of a fragnent of a polypeptide that has the am no acid
sequence of am nd.aci dlheessedobs B@nsnenitfane ActBEQT| Md\NCelgium whetuddtor ehé TACH
recept I dues to 66
of - SEQUYEISRYRY i RRAARRy Ko ACHE Shm ARG R BB oy HERR B2 and
mherelﬁnwh@mxﬂtlﬁﬂéd@b@ﬁﬂ%ﬁdﬁét?“ﬂlﬁ@@oﬁtOfeggﬁmbﬁ@ Ipf whegEp dheziﬁﬁﬁ and

(b) an 1hﬂi§ﬂﬁBgE)|be?ﬁlfdsEbd’@b@th&ﬂﬁSHHkS| ng mﬂe?é’?ﬁt ?Eg rTi%II OPegf ?gr

i mmunogl obul 'n . a\?gfg bg
conprises anino acid F‘)e%l §6C§Rt°tr6n‘8%ty6}f‘at§E@1§tb°f\l@)frfgm8’ﬁto° ARNYPR
residues 71 th& hh@‘ﬂhd)fimﬁEQcisteqh@c% of dmind ecidsesiddes A0ationh5%, of ) EDINDORRe TACI

receptor C\T‘?%e\{?ﬁq ?h%&? Leceptor mmleigfsgmgﬁées du %ﬁst%%e o? (1% gémf%aclc'@gs dlaeé\@ 2 4.

The use of ceptor
sequence of tarfior SR 8D MNQ2d et (iBantipo peid r@*l(@ﬁdh@ mcﬁ @Q'ﬂﬁé\@é’ea@ql

claiml, m%@r&n%ﬁ@TﬁW@ﬁbg’&%&?bﬁﬁé 6l ok BADHS BERFS or RERYM. &A1 N

const ant regi on use o wherei n the | mrunogl obul i n noiety
conprises a human hedby ahianpuRshehuint MEEH GAMPESINGHe CORYATS fTegiOR; 9f &
wher ei n t he jigampglddalin, constant region is an 1g@ heavy chain constant
region. 8. The use of claim7, wherein the inmunoglobulin noiety is an |1gGl
Fc fragment that conprises CH2, and CH3 domai ns. WO 02/ 094852

PCT/ US02/ 15910 78 The use of claim 1, wherein the TACI receptor moiety comprises

amino acid residues 34 to 66 of SEQ ID NO:2, and amino acid residues 71 to 104 of SEQ ID
NO:2.

3. The use of claim 1, wherein the TACI receptor moiety comprises
amino acid residues 34 to 104 of SEQ ID NO:2.

4. The use of claim 1, wherein the TACI receptor moiety has the amino
acid sequence of amino acid residues 30 to 110 of SEQ ID NO:2

5. The use of claim 1, wherein the immunoglobulin moiety comprises a

heavy chain constant region.

6. The use of claim 5, wherein the immunoglobulin moiety comprises a

human heavy chain constant region.

7. The use of claim 6, wherein the heavy chain constant region is an IgG1

heavy chain constant region.

8. The use of claim 7, wherein the immunoglobulin moiety is an IgG1 Fc

fragment that comprises Cyp, and Cyz domains.



9. The use of claim@8, wherein the i munoglobulin noiety is an 1gd Fc
fragnment conprising the am no acid sequence of SEQ I D NO 33. 10. The use of
claim9, wbered4s5TACI - i nmunogl obul in fusion protein has aoTarsOnGIaCi d
sequence conprising the am no acid sequence of SEQ ID NO 54. 11. The use of
claim11, wherein the TAC -i mmunogl obu?%n fusion protein is a dinmer. 12.
The use of claim1l, wherein the conposftion is admnistered to cells
cultured, in vitro. 13. The use of claim1l, wherein the conposition is a
pharmaceutical conposition that conprises the TAC -i nmunogl obul i n fusion
protein and a pharnmaceutically acceptable carrier, and wherein the

phar maceuti cal ca@nPositheaReios cRA ) iwdlefi® thelitnuinodRBIRA hdtlets ¥DeTIG1 Phi ch
has a tunor. 14. The use of cl. im13é ' P@? adm ni stration of the
phar madEghepggom @‘Ftaf%‘?f’ AR PEILECS h? 3tion of B Iynphocytes in
t he manmal i an subj ect. 15. The use of a transnenbrane activator and cal ci um
nodul at or and cygcl ophi.lin | i-gand-d ra F~il.; - | . i i on
protein for the )r@huf glt:}{eudrlg Og%ﬁﬁ@(ﬁ’(%hﬁe%eﬁﬁﬁoqﬁ%ﬁ%@g%ﬁgﬁ? el&gg%)llt%}?g’#%ti on
of tunwen apeho scid sequenemenmhprasmsthbjpaing acihegqaierce af REQTRTNG:ddunogl obul i n
fusion protein has an am no acid sequence conprising the amno acid
sequence of SEQ ID NGO 54. 16. The use of claim 15, wherein the. )

TACI - i munogl obulliln f Jdiedise g stasmnl, wherein dherEACI-{mmunoglobylim fusiqe rptsin
conpri S¢ Agimdra) a transnenbrane activator and cal ci um nodul at or and
cyclophilin |ligand-interactor (TACI) receptor noiety, wherein the TAC
receptor noiety consists of a fragnent of a pol ypeptide that has the am no
aci d sequence of 1&m ndltecusd ofr @sindliewhd@irt the odpokitiSE@ hEnNst2redwberBs n t he
TACI r%ﬁﬁ%ltg r. %9;'1 ety conprises at |east one of (i) am no acid residues 34
to 66 0O %’f IﬁQZ, and (ii) amno acid WO 02/094852 PCT/ US02/ 15910 74
residues 71 to 104 of SEQ ID NO 2, and wherein the TACI receptor noiety

binds at |east ane OfTIZTINE? oPrclATNTA wiRRGh (R BMpbIEUAAY! Lhubin BB Y
t hat conpri ses constant region of an _inmunogl obulin. 18. "The fusion

a )
pr ot ei FOBPORFIGN 2t POMpHEssdhh Trytd-imaginoglobulin Hisiongpraten aph#phargeeculittiy aci d
resi duegscepfatl® Hfi@f pEQwhBreNO tBe FHAGmaEuHEal a6bHipds@sdnd Y€ Sadfdints@reél040 ©f SEQ

IDNO 2. 19 .The tusiagn protein of claim1l17, wherein the TACI receptor
moi et y mammalian subject, which has atumor.

14.  The use of claim 13, wherein the administration of the pharmaceutical

composition inhibits the proliferation of B lymphocytes in the mammalian subject.

15. The use of a transmembrane activator and calcium modulator and
cyclophilin ligand-interactor (TACI)-immunoglobulin fusion protein for the manufacture a
medicament for inhibiting the proliferation of tumor cells in a mammalian subject, wherein
the TACI-immunoglobulin fusion protein has an amino acid sequence comprising the amino
acid sequence of SEQ ID NO:54.

16. The use of claim 15, wherein the TACI-immunoglobulin fusion protein

is a dimer.

17. A fusion protein, comprising:

(a) a transmembrane activator and calcium modulator and cyclophilin
ligand-interactor (TACI) receptor moiety, wherein the TACI receptor moiety consists
of a fragment of a polypeptide that has the amino acid sequence of amino acid
residues 30 to 154 of SEQ ID NO:2, wherein the TACI receptor moiety comprises at
least one of (i) amino acid residues 34 to 66 of SEQ ID NO:2, and (ii) amino acid



conprises amno acid residues 34 to 104 of SEQ ID NO 2. 20. The fusion
protein of claim17, wherein the TACI receptor noiety has the amno acid
sequence WD oanv4862 aci d residues 30 to 110 of SEQ I D NO 2 PCT/UShE1$WEI on
protein of claim17, wherein the i munogl obulin noiety conprises a heavy
chain constant region. 22. The fusion.protein of claim2l, wherein the

i munogl obulin noiety conprises a huhan heavy chain constant region. 23.
The fusion protein of claim?22, wherein the heavy chain constant region is

an 1g@' heavy chain constant reqion. 24. The fusjio rotein of claim?23,
wher ei n t he T8 g1 8O0 YRR @&T(Sg anh Wheien ?béslff?gb%ﬁ?ﬂt% RRtete BRES Ases

_CHZ, anfl g:l—ll?,@g;o@@ 61821“1\_252 orTZfEll\IFﬂé_Sdrﬂn ]E)rot ein of cl a! m 24, Wnere! n the. 4
i mmunogl obul i n noi ety an .fragnment . conpr.i Si ng the, am no_aci
sequence of SEQ I D NQ(ég.an %mugﬂ%bﬁ]g}{?ﬁ g}aélc Wg?seélaa SEa§t SR & A

TACI - i mmunodgmabwbglobiilitsi on  protein has an am no acid sequence conpri sing
the am no acid sequence of SEQ ID NO 54. 27. The fusion protein of claim
17, wherein the TACI-i munogl obulin fusion protein is a dimer. WO

02/ 094852 PCT/ USO8/ 159d® fup®nprotein f (laime 13cwhenssl deul AGIHaeepkicasy t he

fusi on BrOtsdkRho GLRl ﬂgkdiaaes ?42@) 66T HESHY eheaNO:2a6hdl al P ResRiueS T RIIMEB,

wherei n the nucl ei c aci nol ecul e has "a nucl eoti de sequence conprising the
nucl eotqfég(%%h@ﬁ%e of SEQ I D NO 53. 30. A pharnaceutical comnposition,
conprising a pharmaceutically acceptable carrier and a transnmenbrane

activator and cal.ci umgodul ator _and cycl.ophil i | i gand-interactor .

(TACI ) - i mrunogl obut i n %sf%f?npp@?eé? r?? %E{)Z?’nWSWSmT%EI &t SEETBouricy

f usi on cpmptie¢sanhias acid residlues 3dco d0$ef8BQdIP NOrfori si ng t he am no acid
sequence of SEQ ID NGO 54. 31. The pharmaceutical conposition of claim 30,
wherein the TACI - inmmunogl obulin fusion protein is a diner. 32. The use of
a transmenbrane &6 i vakhsriuaied peetriei ralaimdld, athsein e TAGE Keegpior mpiety has

| i gand-( 05 BHRCRS seqidfek ot bATRSRM RBLEMJ 16110 B BY Nd:or the nmanufacture
a nedicament for reducing circulating blood | evels of ZTNF4 in a mamal i an

subj ect, wherein the TAC -i mmunogl obulin fusion protein conprises: (a) a
TACl receptor nmoidty tTiat fusionsprdtesn of chirhrigg whiteio fthaimeuy@dphildemoiehat has
the am no aci dacll‘sleeag’u no acid residues 30 to 154 of SEQ I D NO 2,

C egce o;l arp' o
wher ei rfOPRESFACICAY EERBP SPISBI &Y5 L onpri ses at | east one of (i) amino acid
residues 34 to 66 of SEQID NG 2, and (ii) amno acid residues 71 to 104

of SEQID NG 2, apd  1he fusion protein of claim 21, wherein the immunoglobulin moiety

comprises a human heavy chain constant region.

23.  The fusion protein of claim 22, wherein the heavy chain constant

region is an IgG1 heavy chain constant region.

24.  The fusion protein of claim 23, wherein the immunoglobulin moiety is

an IgG1 Fc fragment that comprises Cip, and Cys domains.

25.  The fusion protein of claim 24, wherein the immunoglobulin moiety is
an IgG1 Fc fragment comprising the amino acid sequence of SEQ ID NO:33.

26.  The fusion protein of claim 25, wherein TACI-immunoglobulin fusion

protein has an amino acid sequence comprising the amino acid sequence of SEQ ID NO:54.

27.  The fusion protein of claim 17, wherein the TACI-immunoglobulin

fusion protein is a dimer.



wherein the TACI receptor noiety binds ZTNF4, and (b) an imunogl obulin

noi ety conprising a constant region of an imunogl obulin. 33. The use of
cl ai m 32, watwenegiss2 t he TACI receptor npiety conprises am RCTASIU1I9¢EI dues
34 to 66 of SEQID NO 2, and am no acid residues 71 to 104 of SEQID NO 2.
34. The use of claim 32, wherein the Cl receptor noiety conprises am no
acid residues 34 to 104 of SEQ ID NGO 27 35. The use of claim 32, wherein
the TACI receptor noiety has the am no acid sequence of am no acid
residues 30 to 110 of SEQ 1D NQ 2 WD 02/094852 PCT/ US02/ 15910 . 76 36. The
use of claim 32, “Rher e AUEIRE aCIHINEEHS B3 FREORSS @F;fusé‘ﬁfhﬁ‘iofeé‘égfo%lamhéivy chain
constant region. 37. The use of claim 36, wherein the i munogl obulin noiety
conprises a hu he chai.n constant .regi gn. . .The .use of cl.aim 37,
wherein the hea\rj?gchai ecB‘hcg?lﬁn?CI é’é‘iﬁBWl?s A & HRSIRY) t?‘ﬁa?‘?’??eé%%{&;nt

r egi on.m@eculdhas aiselaiide kajuen@Bsomphrizingi the hindedtitesaqednobof SIHQADINDY3i s an
lgG@ Fc fragnent that conprises CH2, and CH3 domains. 40. The use of claim
39, wherein the i munoglobulin noiety is an 1gGL Fc fragnent conprising
the amino acid séfuenck ehasECeytDaNOC@Bposition, Tiempsigingf | Bharmaceutighibr ei n
TACH - | nEURRMIORIMHEP bS] Andhabihit BaSvat@ arRNE G uAL h%dm%feme%ﬁmm@ ng
the am_no acid sequence of SEQ | D NO 54. 42. The use of claim 32, V\@erel n

t he TAdERGAIFAEPDOMSh-irgameRlobrbR &sipn pretein. ghpesin thesT AFfampyogpbytin

t r ans MgaHeRPEotEE thay ah Ofimidd deidiadeqiidhae ROt gihg th@ BGindC¥@d 8pdlichédof SEQ ID

i gand-&(gﬁgr actor (TACl)-inmunogl obulin fusion protein for the manufacture
a nedi nt, wherein the TAC -i nmunogl obulin fusion protein has an am no
acid sequence conprising the am no acid sequence of SEQ I D NO 54. 44. The
use of claim 43, jpherepfy LHGMLECichMURBOLRRH drNcThid?! R WAALE' the TR

di mer.
immunoglobulin fusion protein is a dimer.

32.  The use of a transmembrane activator and calcium modulator and
cyclophilin ligand-interactor (TACI)-immunoglobulin fusion protein for the manufacture a
medicament for reducing circulating blood levels of ZTNF4 in a mammalian subject, wherein
the TACI-immunoglobulin fusion protein comprises:

(a) a TACI receptor moiety that consists of a fragment of a polypeptide
that has the amino acid sequence of amino acid residueé 30 to 154 of SEQ ID NO:2,
wherein the TACI receptor moiety comprises at least one of (i) amino acid residues 34
to 66 of SEQ ID NO:2, and (ii) amino acid residues 71 to 104 of SEQ ID NO:2, and
wherein the TACI receptor moiety binds ZTNF4, and

(b) an immunoglobulin moiety comprising a constant region of an

immunoglobulin.

33.  The use of claim 32, wherein the TACI receptor moiety comprises
amino acid residues 34 to 66 of SEQ ID NO:2, and amino acid residues 71 to 104 of SEQ ID
NO:2.

34.  The use of claim 32, wherein the TACI receptor moiety comprises
amino acid residues 34 to 104 of SEQ ID NO:2.

35.  The use of claim 32, wherein the TACI receptor moiety has the amino
acid sequence of amino acid residues 30 to 110 of SEQ ID NO:2
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36.  The use of claim 32, wherein the immunoglobulin moiety comprises a

heavy chain constant region.

37.  The use of claim 36, wherein the immunoglobulin moiety comprises a

human heavy chain constant region.

38. The use of claim 37, wherein the heavy chain constant region is an

IgG1 heavy chain constant region.

39.  The use of claim 38, wherein the immunoglobulin moiety is an IgGl

Fc fragment that comprises Cy, and Cys domains.

40. The use of claim 39, wherein the immunoglobulin moiety is an IgG1
Fc fragment comprising the amino acid sequence of SEQ ID NO:33.

41.  The use of claim 40, wherein TACI-immunoglobulin fusion protein has

an amino acid sequence comprising the amino acid sequence of SEQ ID NO:54.

42.  The use of claim 32, wherein the TACI-immunoglobulin fusion protein

is a dimer.

43. The use of a transmembrane activator and calcium modulator and
cyclophilin ligand-interactor (TACI)-immunoglobulin fusion protein for the manufacture a
medicament, wherein the TACI-immunoglobulin fusion protein has an amino acid sequence

comprising the amino acid sequence of SEQ ID NO:54.

44.  The use of claim 43, wherein the TACI-immunoglobulin fusion protein

is a dimer.



