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famly of VPi%Q3RE: are char acterized by a short N-terninal FCTUSYIIY, of
normal Iy short hydrophilic am no acids, often containing several |ysine or
argi nine residues thought to serve as stop transfer sequences. Next follows
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transmenbr ane regi on and an extracel lul ar region of variable |ength, that
separates the C-terminal receptor binding domain fromthe nmenbrane.
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20 OX40L:0X40 and 4-1BBL:4-1BB; trance/rankL.: Light and Tweak. The DNA

sequences encoding these ligands have only about 25% to about 30% identity in ev.en

the most related cases, although the amino acid relatedness is about 50%.
The defining feature of this fanﬁly of cytokine receptors is found in the cysteine
rich extracellular domain initially revealed by the molecular cloning of two distinct
25 TNF rece:ptors.i This family of genes encodes glycoproteins characteristic of Type 1
transmembrane proteins with an extracellular ligand binding domain, a single
membrane spanning region and a cytoplasmic region involved in activating cellular
functions. The cysteine-rich ligand binding region exhibits a tightly knit disulfide
linked core domain, which, depending upon the particular family member, is repeated
30  multiple times. Most receptors have four domains, although there may be as few as
three, or as many as six.
Proteins in the TNF family of ligands are characterized by a short N-terminal
stretch of normally short hydrophilic amino acids, often containing several lysine or

arginine residues thought to serve as stop transfer sequences. Next follows a
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formation of the receptor binding site at the junction between the neighboring subunits -

creating a multivalent ligand. The quaternary structures of TNF, CD40L and LT#tjt
20  have been shown to exist as trimers by analysis of their crystal structures. Many of the
amino acids conserved between the different ligands are in stretches of the scaffold B-
sheet. It is likely that the basic sandwich structure is preserved in alt of these
molecules, since portions of these scaffold sequences are conserved across the various
family members. The quaternary structure may also be maintained since the subunit
25  conformation is likely to remain similar.

TNF family members can best be described as master switches in the immune
system controlling both cell survival and differentiation. Only TNF and LTa are
currently recognized as secreted cytokines contrasting with the other predominantly
membrane anchored members of the TNF family. While a membrane form of TNF has

30  been well-characterized and is likely to have unique biological roles, secreted TNF
functions as a general alarm signaling to cells more distant from the site of the
triggering event. Thus TNF secretion can amplify an event leading to the
well-described changes in the vasculature lining and the inflammatory state of cells. In

contrast, the membrane bound members of the family send signals though the TNF type



11 different signaling pathways involving regulation of the inmune system
The w’ggfs%ead expression patterns of TWEAK and TRAIL indicate that
there is ¥O%295 e functional variety to be uncover eFVHSEPOLI
famly. This aspect has been especiaddy 20 highlighted recently in the
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system (LTs and -R) appears to be involved in the devel opnent of
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cells. [erd] & erpfiisignaling Rathays ifvolviag Fegulasion o {he immuRe sty The ncl udi ng
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functional variety to be uncovered in this family. This aspect has been especially -
20 highlighted recently in the discovery of two receptors that affect the ability of rous
sarcoma and herpes simplex virus to replicate as well as the historical observations that
TNF has anti-viral activity and pox viruses encode for decoy TNF receptors (Brojatsch
et al., 1996; Montgomery et al., 1996; Smith, 1994; Vassalli, 1992). TNF is a fnediator
of septic shock and cachexia™, and is involved in the regulation of hematopoietic cell
25 development.i" It appears to play a major role as a mediator of inflammation and
defense against bacterial, viral and parasitic infections” as \'avell as having antitumor
activity.” TNF is also involved in different autoimmune diseases."”! TNF may be
produced by several types of cells, including mac'rbphages,'fibroblasts, T cells and
natural killer cells."® TNF binds to two different receptors, each acting through
30  specific intracellular signaling molecules, thus resulting in different effects of TNF.*
TNF can exist either as a membrane bound form or as a soluble secreted cytokine.”
LT-a shares many activities with TNF, i.e. binding to the TNF receptors,"i but
unlike TNF, appears to be secreted primarily by activated T cells and some B-
xii

lymphoblastoid tumors.™ The heteromeric complex of LT-a and LT-$ is a membrane
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e.g. LTb C@é@ﬂp geneggsnlyy isease known as X-linked hyper-IgM syndrome. ™" The

CD40 system is also involved in different autoimmune diseases™" and CD40-L is |
20  known to have antiviral properties.”™" Although the CD40 system is involved in the
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rescue of apoptotic B cells,”™" in non-immune cells it induces apoptosis™", Many

additional lymphocyte members of the TNF family are also involved in
costimulation.”™*
Generally, the members of the TNF family have fundamental regulatory foles in

25  controlling the immune system and activating acute host defense systems. Given the
current progress in mémipulating members of the TNF family for therapeutic benefit, it
is likely that members of this family may provide unique means to control disease.
Some of the ligands of this family can directly induce the apoptotic death of many
transformed cells e.g. LT, TNF, Fas ligand and TRAIL (Nagata, 1997). Fas and

30 possibly TNF and CD30 receptor activation can induce cell death in nontransformed
lymphocytes which may play an immunoregulatory function (Amakawa et al., 1996;
Nagata, 1997; Sytwu et al., 1996; Zheng et al., 1995). In general, death is triggered
following the aggregation of death domains which reside on the cytoplasmic side of the

TNF receptors. The death domain orchestrates the assembly of various signal
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referred system. as APRIL, which substantially obviates one or nore of the
probl ens due to the limtations and di sadvant ages of the related art.
The inventors have
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Addi tional .feat dvant
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20 SUMMARY OF THE INVENTION
Accordingly, the present invention is directed to a novel polypeptide referred to
as APRIL, which substantially obviates one or more of the problems due to the
limitations and disadvantages of the related art. The inventors have discovered a néw
member of the TNF family of cytokines, and defined both the human and murine amino
25 acid sequence of the protein, as well as the DNA sequences encoding these proteins.

" The claimed invention may be used to identify new diagnostics and therapeutics for -
numerous diseases and conditions as discussed in more detail below, as well as to
obtain information about, and manipulate, the immune system and its processes.
Additionally, the invention may be involved in the induction of cell death in

30 carcinomas.
Additional features and advantages of the invention will be set forth in the.
description which follows, and in part will be apparent from the description, or may be

learned by practice of the invention. The objectives and other advantages of the
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wll be realized and attained by the conpositions and nethods particularly
poi nted om0 9pm2d6be written description and cl ai ns hereof, agrwoknee1in the
appended dr awi ngs. Thus, to achieve these and ot her

advant ages, and in accordance with'?'he pur pose 5 of the invention, as
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20 The invention also contemplates recombinant DNAs comprising a sequence
encoding APRIL or fragments thereof, as well as hosts with stably integrated APRIL
sequences introduced into their genome, or possessing episomal elements. Any suitable
host may be used in the invention, and can easily be selected by one skilled in the art
without undue experimentation.

25 In other embodiments, the invention relates to methods of producing
substantially pure APRILs comprising the step of culturing transformed hosts. In yet
other embodiments, the invention relates to APRIL essentially free of normally
associated animal proteins.

The invention encompasses APRIL ligands having the amino acid sequence

30 identified in SEQ. ID. NO. 2, as well as fragments or homologs thereof.. In various
embodiments, the amino acid and/or the DNA sequences may comprise conservative
insertions, deletions and substitutions, as further defined below or may comprise

fragments of said sequences.
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numer ous ¥s6i ﬁ%thsmasnﬁrwf RheARKers, tumqrp, qrijganipylation of the immunesystem too pe

under gf 00gl lﬁ%ﬂ egoi ng general description and the
foll ol\?vllt ng da(%t al ﬁgfdglé&&a&&r

escription are exenplary and expl anatory, and are
intended to In qulodwémbbdmndm the ipveatiahirelates to triethods of genetherpy kiaged.

20 The ace are cluded to provide a further
under st an@Fﬁﬁ“%sf mﬁﬁé%fsﬁ{%& F‘g‘ic ‘BA ﬁ‘?‘fg M hcorporated in, and
constitute a pFhé pRArmiabbiicaPgiepiratiohd SMthe inventibh hib?t gﬁi&ﬁ?VﬁEﬂde

enbodi ment s of the i nvention, and together with the description serve
to expl ai pharmecetically pecsptable qarrers AfwNangs fillers, or other pharmaceutical

15 compositions, and may be administered in any of the numerous forms or routes known

in the art.

It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory, and are intended to
provide further explanation of the invention as claimed.

20 The accompanying drawings are included to provide a further understanding.of
the invention, and are incorporated in, and constitute a part of this specification,
illustrate several embodiments of the invention, and together with the description serve

to explain the principles of the invention.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Figure legends

Figure 1. (A) Predicted amino acid sequence of human APRIL. The predicted
transmembrane region (TM, boxed), the potential N-linked glycosylation site (star) and

30 the N-terminus of the recombinant soluble APRIL (sAPRIL) are indicated. (B)
Comparison of the extracellular protein sequence of APRIL and some members of the
TNF ligand family. Identical and homologuous residues are represented in black and
shaded boxes, respectively. TNFa, tumor necrosis factor 0, LTa, lymphotoxin O, FasL,
Fas (CD95) ligand, TRANCE, RANK ligand.
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colon tissue were hybridized to antisense APRIL 358-1abeled cRNA, and as control,

colon tumor tissue sections were also hybridized to sense APRIL 338 cRNA (negative
control). The upper panels are dark field micrographs, the lower panels are the

corresponding light field micrographs.
15

Figure 3. APRIL stimulates cell growth. (A) Dose dependent increase of proliferation
of Jurkat (human leukemia T cells), as determined 24 hrs after addition of soluble
APRIL. Controls are Fas ligand (FasL), TWEAK and no ligand (Control) (left panel,
cell viability; right panel, 3H-Thymidine incorperation). (B) Influence of

20 immunodepletion of FLAG-tagged APRIL on tumor cell growth. The proliferative
effect of FLAG-tagged APRIL is neutralized by anti-FLAG antibodies, but not by anti-
myc antibodies. (C) Effect of APRIL on the proliferation rate of Raji (human Burkitt
lymphoma B cells), A20 cells (mouse B lymphoma), BJAB (human B lymphoma),
COS (canine epithelial cells), MCF-7 (human breast adenocarcinoma), HelLa (human

25  epitheloid carcinoma) and ME260 (human melanoma). (D) Inﬂuence of fetal calf

serum concentration on APRIL-induced proliferation of Jurkat cells.

Figure 4. APRIL accelerates tumor growth. (A) Characterization of APRIL-

transfected NIH-3T3 clones. FLAG-APRIL levels of the various clones were analyzed
30 by Western blotting using an anti-FLAG antibody. The arrow points to the APRIL

protein, the high molecular weight protein is detected non-specifically (B) APRIL-

expressing NIH-3T3 clones grow faster than mock-transfeced clones. (C) Increased
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- 9- DETAILED DESCRIPTAON L- expressing NI H 3T3 clones. NIH3T3 cells (1

x 10[err] cellys) _ . ) .
Reference will now be made in detail to the present preferred embodiments of

the invention. This invention relates to DNA sequences that code for human or mouse
APRIL, fragments and homologs thereof, and expression of those DNA sequences in
15  hosts transformed with them. The invention relates to uses of these DNA sequences
and the peptides encoded by them. Additionally. the invention encompasses both
human and mouse amino acid sequences for and APRIL, or fragments thereof, as well
as pharmaceutical compositions comprising or derived from them. The invention o '
relates to methods of stimulating cell growth with APRIL, or. éhematively, methods of
20 inhibiting tumorogenesis using antibodies directed against APRIL or a receptor of
APRIL. |

A. DEFINITIONS
“Homologous”, as used herein, refers to the sequence similarity between
sequences of molecules being compared. When a position in both of the two compared
25 sequences is occupied by the same base or amino acid monomer subunit, e.g., if a
position in each of two DNA molecules is occupied by adenine, then the molecules are
homologous at that position. The percent of homology between two sequences is a
function of the number of matching or homologous positions shared by the two
sequences divided by the number of positions compared x 100. For example, if 6 of 10
30 of the positions in two sequences are matched or homologous then the two sequences
are 60% homologous. By way of example, the DNA sequences ATTGCC and
TATGGC share 50% homology. Generally, a comparison is made when two sequences

are aligned to give maximum homology.

- :.;—,,5”# -
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aligned to_give, maxi mum honol ogy. . ]
acid which is one or both of: (1) not immediately contiguous with either one or both of

the sequences, e.g., coding sequences, with which it is immediately contiguous (i.e.,

20  one at the 5" end and one at the 3' end) in the naturally-occurring genome of the
organism from which the .nucleic acid is derived: or (2) which is substantially free of a
nucleic acid sequence with which it occurs in the organism from which the nucleic acid
is derived. The term includes, for example, a recombinant DNA which is incorporated
into a vector, e.g., into an autonomously replicating plasrhid or virus, or into the

25 genomic DNA of a prokaryote or eukaryote, or which exists as a separate molecule
(e.g.,acDNAora geﬁonﬂc DNA fragment produced by PCR or restriction
endonuclease treatment) independent of other DNA sequences. Substantially pure
DNA also includes a recombinant DNA which is part of a hybrid gene encoding
APRIL.

30 The terms "peptides”, “proteins”, and "polypeptides” are used interchangeably
herein. |
“Biologically active” as used herein, means having an in vivo or in vitro activity
which may be performed directly or indirectly. Biologically active fragments of

APRIL may have, for example, 70% amino acid homology with the active site of
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APRIL on tumor cells in vitro and in vivo suggests that APRIL is implicated in

tumori genesxs

20 APRIL appears to be unique among the mémb_ers of the TNF family as it is both
abundantly expressed in tumor cells and stimulates growth of many different tumor cell
lines given the apparent rqle of APRIL is tumorigenesis, the antagonistic antibodies to

APRIL, or the APRIL receptor, will provide novel approaches to cancer treatment.

B. DNA SEQUENCES OF THE INVENTION

25 As described herein, one aspect of the invention features a substantially pure (or
recombinant) nucleic acid which includes a nucleotide sequence encoding APRIL, such
as the DNA described in SEQ. ID. NO. 1 and/or equivalents of such nucleic acids. The
term nucleic acid as used herein can include fragments and equivalents, such as, for
example, sequences encoding functionally equivalent peptides. Equivalent nucleotide

30  sequences may include sequences that differ by one or more nucleotide substitutions,

additions or deletions, such as allelic variants, mutations, etc. and include sequences
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used herein, refers also to biologically active derivatives, fragments or homologs
15  thereof.

The DNA sequences of the invention coding on APRIL can be employed to
produce the claimed peptides on expression in varioﬁs prokaryotic and eukaryotic: . -
hosts transformed with them. These peptides may be used in anti-cancer, and
immunoregulatory applications. In general, this comprises the steps of culturing a host

20  transformed with a DNA molecule containing the sequence encoding APRIL,
operatively-linked to an expression control seqﬁence.

The DNA sequences and recombinant DNA molecules of the present invention
can be expressed using a wide variety of host/vector combinations. For example,
useful vectors may consist of segments of chromosomal, non-chromosomal or synthetic

25 DNA sequences. The expression vectors of the invention are characterized by at least
one expression control sequence that may be operatively linked to the APRIL DNA
sequence inserted in the vector, in order to control and to regulate the expression of the
DNA sequence.

Furthermore, within each expression vector, various sites may be selected for

30 insertionof a sequence of the invention. The sites are usually designated by a
restriction endonuclease which cuts them, and these sites and endonucleases are well
recognized by those skilled in the art. It is of course to be understood that an
expression vector useful in this invention need not have a restriction endonuclease site

for insertion of the desired DNA fragment. Instead, the vector may be cloned to the



20 APRIL appears to be unique anmong the menbers of the TNF famly
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20 to simplify production, refolding or stability problems.

Thus, not all host/expression vector combinations function with equal efficiency
in expressing the DNA sequences of this invention. However, a particular selection of
a host/expression vector combination may be made by those of skill in the art. Factors
one may consider include, for example, the compatibility of the host and vector,

25  toxicity to the host of the proteins encoded by the DNA sequence, ease of recovery of
the desired protein, expression characteristics of the DNA sequences and expression
control sequences operatively linked to them, biosafety, costs and the folding, form or
other necessary post-expression modifications of the desired protein.

APRIL produced by hosts transformed with the sequences of the invention, as

30  well as native APRIL purified by the processes of this invention, or produced from the
claimed amino acid sequences, are useful in a variety of compositions and methods for
anticancer, antitumor and immunoregulatory applications. They are also useful in

therapy and methods directed to other diseases.
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D

An antisense construct of the present invention can be delivered, for example, as

20  an expression plasmid, which, when transcribed in the cell, produces RNA which is
complementary to at least a portion of the cellular mRNA which encodes APRIL.
Alternatively, the antisense construct can be an oligonucleotide probe which is
generated ex vivo. Such oligonucleotide probes are preferably modified
oligonucleotides which are resistant to endogenous nucleases, and are therefor stable in

25 vivo. Exemplary nucleic acids molecules for use as antisense oligonucleotides are
phosphoramidates, phbsphothioate and methylphosphonate analogs of DNA (See, e.g.,
5,176,996; 5,264,564; and 5,256,775). Additionally, general approaches to constructing
oligomers useful in antisense therapy have been reviewed, for example, by Van Der
Krol et al., (1988) Biotechniques 6:958-976; and Stein et al. (1988) Cancer Res 48:

30 2659-2668, specifically incorporated herein by reference.

C._APRIL AND AMINO ACID SEQUENCES THEREFOR
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-14- %Jﬁﬁén%&hgﬁéﬁ?s i nvention also relates to the use of the DNA
sequences di scTixsddiniedripventiop in certain embodiments includes peptides derived from

D

APRIL which have the ability to bind to its receptors. Fragments of APRIL can be
produced in several ways, e.g., recombinantly, by PCR, proteolytic digestion or by

20 chemical synthesis. Internal or terminal fragments of a polypeptide can be generated
by removing one or more nucleotides from one end or both ends of a nucleic acid
which encodes the polypeptide. Expression of the mutégenized DNA produces
polypeptide fragments.

Polypeptide fragments can also be chemically synthesized using techniques

25  known in the art such as conventional Merrifield solid phase f- moc or t-boc chemistry.
For example, peptides and DNA sequences of the present invention may be arbitrarily
divided into fragments of desired length with no overlap of the fragment, or divided
into overlapping fragments of a desired length. Methods such as these are described in

more detail below.

30 D. Generation of Soluble Forms of APRIL
Soluble forms of APRIL can often signal effectively and hence can be
administered as a drug which now mimics the natural membrane form. It is possible
that APRIL as claimed herein is naturally secreted as a soluble cytokines, however, if

not, one can reengineer the gene to force secretion. To create a soluble secreted form
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Bi ot echniociw@f.e@nmsmelhhm\mmtheeﬂ al . (1988) Cancer Res 48 30
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presence of an adjuvant. The progress of immunization can be monitored by detection

20  of antibody titers in plasma or serum. Standard ELISA or other immunoassays can be

used with the immunogen as antigen to assess the levels of antibodies.
In a preferred embodiment, the subject antibodies are immunospecific for

antigenic determinants of APRIL, or its receptor, e.g. antigenic determinants of a
polypeptide of SEQ. ID.NO.: 2,ora closely related human or non-human mammalian

25 homolog (e.g. 70, 80 or 90 percent homologous, more preferably at least 95 percent
homologous). In yet a further preferred embodiment of the present invention, the anti-
APRIL or anti-APRIL-receptor antibodies do not substantially cross react (i.e. react
specifically) with a protein which is e.g., less than 80 percent homologous to SEQ. ID.
NO. 2; preferably less than 90 percent homologous with SEQ. ID. NO.: 2; and, most

30  preferably less than 95 percent homologous with SEQ. ID. NO.: 2. By "not
substantially cross react", it is meant that the antibody has a binding éffinity for a non-
homologous protein which is less than 10 percent, more preferably less than 5 percent,
and even more preferably less than 1 percent, of the binding affinity for a protein of
SEQ. ID. NO. 2. -
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In addition, recombinant “humanized antibodies” which recognize APRIL, or

20  its receptor can be synthesized. Humanized antibodies are chimeras comprising mbéfly
human IgG sequences into which the regions responsible for specific antigen-binding
have been inserted. Animals are immunized with the desired antigen, the
corresponding antibodies are isolated, and the portion of the variable region sequences
responsible for specific antigen binding are removed. The animal-derived antigen

25  binding regions are then cloned into the appropriate position of human antibody genes
in which the antigen binding regions have been deleted. Humanized antibodies
minimize the use of heterologous (i.e. inter species) sequences in human antibodies,
and thus are less likely to elicit immune responses in the treated subject.

Construction of different classes of recombinant antibodies can also be

30  accomplished by making chimeric or humanized antibodies comprising variable
domains and human constant domains (CH1, CH2, CH3) isolated from different classes
of immunoglobulins. For example, antibodies with increased antigen binding site

valencies can be recombinantly produced by cloning the antigen binding site into
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det er m naghsseNeqdlences differ from the sequence given in SEQ. ID NO. 2, by one or more
conservative amino acid substitutions, or by one or more non-conservative amino acid
substitutions, deletions or insertions which do not abolish the biological activity of |
APRIL. Conservative substitutions typically include the substitution of one amino acid
20  for another with similar characteristics, e.g. substitutions within the following groups:
valine, glycine; glycine, alanine; valine, isoleucine, leucine; aspartic acid, glutamic
acid; asparagine, glutamine; serine, threonine; lysine, arginine; and, phenylalanine,

tyrosine.
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Useful methods for mutagenesis include PCR mutagenesis and saturation

mutagenesis as discussed in more detail below. A library of random amino acid
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-Cgaturat?[)n Mutagenesis

Saturation mutagenesis allows for the rapid introduction of a large number of
single base substitutions into cloned DNA fragments (Mayers et al., 1985, Science
229:242). This technique includes generation of mutations, e.g., by chemical treatment
or irradiation of single-stranded DNA in vitro, and synthesis of a complimentary DNA
strand. The mutation frequency can be modulated by modulating the severity of the
treatment, and essentially all possible base substitutions can be obtained. Because this
procedure does not involve a genetic selection for mutant frdgments both neutral -
substitutions, as well as of a protein can be prepared by random mutagenesis of DNA
which those that alter function, can be obtained. The distribution of point mutations is
not biased toward conserved sequence elements.

-Degenerate Oligonucleotides

A library of homologs can also be generated from a set of degenerate
oligonucleotide sequences. Chemical synthesis of degenerate sequences can be carried
out in an automatic DNA synthesizer, and the synthetic genes then ligated into an
appropriate expression vector. The synthesis of degenerate oligonucleotides is known
in the art™* Such techniques have been employed in the directed evolution of other
proteins™™.

Non-random or directed, mutagenesis techniques can be used to provide
specific sequences or mutations in specific regions. These techniques can be used to
create variants which include, e.g., deletions, insertions, or substitutions, of residues of
the known amino acid sequence of a protein. The sites for mutation can be modified

individually or in series, e.g., by (1) substituting first with conserved amino acids and

| ysi ne,

pa%bn? hfﬂey bﬁ/@p it to be mu{a%?xﬁéiﬂgﬁfx be amphF q{ls&ijgg Wﬂ‘ﬁs?/E
AM NO ACI dhaitiadidMENTR) urldef carditiensAtibttreduce the ﬁdeﬁﬁ}d@f DNA synthesis by Taq

On
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D- Asn, Aswp 9dA2965 PCT/US98/1919D- G U,
G@n, DAn Cyst ei ne 22C D Cys,

S- Me-Cys, Met, D Met ,

1[1],&5 D- gﬂ'ien w@x wick8xdical choices depending @pon results achieved, (2) deleting the @rcgbt Asn,
n, u

u )
D- Asp @:s;dmc (3dnserting residues ofthe same or a different class adjacem-tgjthe logated p, AFSJ P,
Asn, } D-Asn, Gn, . D-A@n
d yci ne site, or combullanons o&optxonsl 3.. Ala DA a Pr o, D Pro. -
Ala, Acp | solgagihéScanning Mutagenesis D-lle, Val,
D-val, Leu, D . Leu, Met,

D- Met 5 Leuci neAlanine scanning mutagepesis is a useful method for identificpfionoof ceglain D val |
Leu, residues or regions of the desired protein that are preferred locations & dn%’a.mévfotr D- et
mutagenesis, Cunningham and Wells (Science 244:1081-1085, 1989) speciﬁcal]y.

incorporated by reference. In alanine scanning, a residue or group of target residues are
identified (e.g., charged residues such as Arg, Asp, His, Lys, and Glu) and replaced by

10  aneutral or negatively charged amino acid (most preferably alanine or polyalanine). |
Replacement of an amino acid can affect the interaction of the amino acids with the
surrounding aqueous environment in or outside the cell. Those domains demonstrating
functional sensitivity to the substitutions can then be refined by introducing further or
other variants at or for the sites of substitution. Thus. while the site for introducing an

15 amino acid sequence variation is predetermined, the nature of the mutation per se need
not be predetermined. For example, to optimize the performance of a mutation at a
given site, alanine scanning or random mutagenesis may be conducted at the target
codon or region and the expressed desired protein subunit variants are screened for the
optimal combination of desired activity.

20 -Oligonucleotide-Mediated Mutagenesis

Oligonucleotide-mediated mutagenesis is.a useful method for preparing
substitution, deletion, and insertion variants of DNA, see, e.g., Adelman et al., (DNA
2:183, 1983) incorporated herein by reference. Briefly, the desired DNA can be
altered by hybridizing an oligonucleotide encoding a mutation to a DNA template,

25  where the templéte is the single-stranded form of a plasmid or bacteriophage containing
the unaltered or native DNA sequence of the desired protein. After hybridization, a
DNA polymerase is used to synthesize an entire second complementary strand of the
template that will thus incorporate the oligonucleotide primer, and will code for the
selected alteration in the desired protein DNA. Generally, oligonucleotides of at least

30 25 nucleotides in length are used. An optimal oligonucleotide will have 12 to 15
nucleotides that are completely complementary to the template on either side of the
nucleotide(s) coding for the mutation. This ensures that the oligonucleotide will
hybridize properly to the single-stranded DNA template molecule. The

oligonucleotides are readily synthesized using techniques known in the art such as that



PCT/ US98/ 19191 - 20- Lysi ne

K _ D-Lys, Arg, D-Arg,

Hono- ar g, VBHAHES Ar g, PCT/US98/19191

Met, D-Met, Ile, DIle, : -23-

On, DOn Met hi oni ne M D- Met,

S- Me- Cys, deseribedrhy Crea et al. (Proc. Natl. Acad. Sci. USA, 75: 5765[1978)) incorporated Il e,
Leu, D- Lelﬂzrel}{"ﬂy reférence. val

Phenyl al ant n F D Phe, Tyr, DThr, L-
Dopa, His, D I—hGass&terMut}genesis -
Trp, Trans-3, 4 or

phenyl prol i ne, A@pgmgmegmd(fpr preparing variants, cassette mutagenesis, is based on the

S- F[]tehoa%ﬁﬁxgﬁﬁ% diflgﬁﬂéd B¢ Wells et al. (Gene, 34:31571985]) incorporated hereinby .- D-Pro,
car boxyl i referenct, Thecstarting material can be a plasmid (or other vector) which includes the -
g)c( ?ém | glelr)]qe 3 Ct?bum@%ij tobe mutateg The codon(s) in the protein subun@_])}éﬁ to ?ﬁr
g -II\-/Q'[ :‘/L i[n?toasted are identified. There must be a unique restriction endonuclease site on t:ac-ljxhr Met,
D- Met ( O , sitle Gfthe 1d§r¢;ﬁ§d mithtiewsite(s). If no such restrictionTites exist, they may be
_I[?h'rl'hr Ms‘ts ' g4t D SS ! mg (1‘5) above-described oligonucleotide-mediated mutagenesis method to
D-Met (O, m‘ﬁil:lducepch\'fﬁi at appropkiaee 10€ations in the desired protdin subunit DNA. Afier the
&gﬁr H:DQ reesm[%qngesites have been introduced into the plasmid, the plasmid is cut at these sites
to linearize it. A double-stranded oligonucleotide encoding the sequence of the DNA
between the restriction sites but containing the desired mutation(s) is synthesized using
15  standard procedures. The two strands are synthesized separately and then hybridized-
together using standard techniques. This double-stranded oligonucleotide is referred to
as the cassette. This cassette is designed to have 3’ and 5 ends that are comparable
with the ends of the linearized plasmid, such that it can be directly ligated to the
plasmid. This plasmid now contains the mutated desired protein subunit DNA _
20 sequence.
| -Combinatorial Mutagenesis
Combinatorial mutagenesis can also be used to generate mutants. E.g., the
amino acid sequences for a group of homologs or other related proteins are aligned,
preferably to promote the highest homology possible. All of the amino acids which
25 appear at a given position of the aligned sequences can be selected to create a
degenerate set of combinatorial sequences. The variegated library of variants is
generated by combinatorial mutagenesis at the nucleic acid level, and is encoded by a
variegated gene library. For example, a mixture of synthetic oligonucleotides can be
enzymatically ligated into gene sequences such that the degenerate set of potential
30 sequences are expressible as individual peptides, or alternatively, as a set of larger
fusion proteins containing the set of degenerate sequences.
Various techniques are known in the art for screening generated mutant gene
products. Techniques for screening large gene libraries often include cloning the gene

library into replicable expression vectors, transforming appropriate cells with the
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rel at i veldetconal. dEavhtdfake rthrighesaibucritial edow $amenabléitel likh Giteughlpe DNA
region to be putageni zed can be anplified using the pol ynerase - chain
r eact iSon 30AkIYS ff?ﬁ Sapening kargs wHEbers of sequeness areated, e bt sandemanutagsnesisesi s
by Tag spol ymerase, e.g., by using a dGIP/dATP ratio of five and
addi ng l\/hgfer to the 10 PCR reaction. The pool of anplified DNA
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1985, Sci'ence 229: 24 Thi's technique In S on o
mut at I0onstespectjve réggpioneThe atitical eesiduestof the APRIL invohebiddinimeleaflar

I ngl e- st d ' Ltr and, synthesis of a.co I rent ary DNA
S PN e A ARl SRR Rt o ever 1y
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be obtai ned. Because this Br_ocgadure does not involve a genetic

sel ect i orcampetiiyelrAr nopgerpetitive bitbinding GfAPRIbwith auecapter, (sae, fael | has

of a protgj M - Or. Led - r t agenesi s .of . D whi ch those
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IS 15 retinoblastoma gene protein” European patent applications EP-412,762A and EP- -
B31,080A), specifically incorporated herein by reference.

By making available purified and recombinant APRIL, the presegt:_.
invention provides assays which can be used to screen for drug candidates which are .
either agonists or antagonists of the normal cellular function, in this case, of APRIL or
20  its receptor. In one embodiment, the assay evaluates the ability of a compound to
modulate binding between APRIL and a re‘céptor. A variety of assay formats will
suffice and, in light of the present inventions, will be comprehended by the skilled
artisan.
In many drug screening programs which test libraries of compounds and natural
25  extracts, high throughput assays are desirable in order to maximize the number of
compounds surveyed in a given period of time. Assays which are performed in cell-
free systems, such as may be derived with purified or semi-purified proteins, are often
preferred as "primary” screens in that they can be generated to permit rapid
development and relatively easy detection of an alteration in a molecular target which
30  is mediated by a test compound. Moreover, the effects of cellular toxicity and/or
bioavailability of the test compound can be generally ignored in the in vitro system, the
assay instead being focused primarily on the effect of the drug on the molecular target

as may be manifest in an alteration of binding affinity with other proteins or change in

enzymatic properties of the molecular target.
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ligand. Cells with bound ligand are identified in a FACS experiment by labeling the
myc tag with an anti-myc peptide antibody (9E10) followed by phycoerythrin (or a
similar label) labeled anti-mouse imm’undglobulin. FACS positive cells can be readily
identified and would serve as a source of RNA encoding for the receptor. An

20  expression library would then be prepared from this RNA via standard techniques and
separated into pools. Pools of clones would be transfected into a suitable host cell and
binding of the tagged ligand to receptor positive transfected cells determined via
microscopic examination, following labeling of bound myc peptide tag with an enzyme
labeled anti-mouse Ig reagent, i.e. galactosidase, alkaline phosphatase or luciferase

25 labeled antibody. Once a positive pool has been identified, the pool size would be
reduced until the receptor encoding cDNA is identified. This procedure could be
carried out with either the mouse or human APRIL, as one may more readily lead to a

receptor.

30

G. METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITIONS
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CheSoar BRREBRORTR Mkl s BOR drdieir Which can RSt A bl HHdAD | "

nucl eod i dRfiown td thogé B skilt inigechrt. An opti mal ol i gonucl eotide will have 12 to
15 nucl eotides that are conpletely conplenentary to the tenplate on

either side of the ucl eoti de(s). coding.far the nutation. This
ensures that the ol i%ﬁﬁ%‘ﬂ%@i?‘?}ge W P2‘°“ are “S%%??W‘Tzaé‘“ﬁraﬁ}rféfl??&t o the
si ngl e- st Ex&”i\i’cﬁﬂg,%n&ﬁ!ﬁ’ﬂit@d o, 'E!Pl!hﬁﬁluéli‘é‘ordzﬁ%s, for exaxﬁbleg%‘dpéépédngﬁxz . are

readily synthesized using techniques known in the art such as t
PCT/ US98/ Kapodi’s sarcoma, chronic leukemia, breast cancer, sarcoma, ovarian 2&cinoma, ragtgdcr i bed

by Crea et_al. (Proc. Natl. Acad. Sci. USA . 75 5765[1978 | ncor por at ed
er oi - by CPBPEyBigag Sance weladdiA coldh cappeh, Dififer B Badbitont BB, 00
met hods f ocaiegpahaifharipidenadéfcinofRs hirgngaal iseellicarchiifd a8@ the 5

techni que described by Wells et al. (CGene, 34:315(1985]) incorporated

her ei n by gastrointestinal of stomach cancer. Ad tionally, such blocking agents are useful for
the treatment of proliferative conditions that are not considered to be tumors, i.e.
cellular hyperproliferation (hyperplasia), such as, for example, scleroderma, pannus .
formation in rheumatoid arthritis, postsurgical scarring and lung, liver and uterine

20 fibrosis.

Pharmaceutical compositions of the invention may comprise a
therapeutically effective amount of APRIL, or its receptor, or fragments or mimetics
thereof, and, optionally may include pharmaceutically acceptable carriers. _
Accordingly, this invention provides methods for treatment of cancer, and methods of

25  stimulating, or in certain instances, inhibiting the immune system, or parts thereof by
administering a pharmaceutically effective amount of a compound of the invention or
its pharmaceutically acceptable salts or derivatives. It should of course by understood
that the compositions and methods of this invention can be used in combination with
other therapies for various treatments.

30 The compositions can be formulated for a variety of routes of administration,
including systemic, topical or localized administration. For systemic administration,
injection is preferred, including intramuscular, intravenous, intraperitoneal, and

subcutaneous for injection, the compositions of the invention can be formulated in



reference. The starting material can be a plasmd (or other vector) which

I ncl udes t he protein subunit DNA to be nutated. The codonés% i n the
protein SHRPRILIBNA to be nutated are identified. Ther& 8/p9%
uni que restriction endonucl ease siteynn each side of the identified

mutation site(s). If no such restriction sites exist, they may be 10

gener at edliqsisglutions, givefembliemcphiysimdogitalyocnnepasible bietfers sucht axdHank’agenesi s

nmet hod to . _introdyce.them at ropriate lqcations in the desir

pr ot oi n- StAPR OLRFREEH salpiti, i additin; e Bitpostieds mity e Bemplund i sofd auced
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with the bamist & be permeatedare need ipithe farmulationn Suehpenetrangsars&kngwvndn they
ligated tqQ.the,. ' ThI ' -] t at ed.desired
protein sggu%fd[ mﬂ{.}ge%?té%lgh{%%aﬂ&ﬁﬁéﬂsg] Mn?s@@’@%eo%%%@ca%é%esi )
Conbi nat odefivatives apddesdrgemta NTAmSBubssall addiniragien e e tidup sasallspgays t he
am no acid sequences_faqr a group of honplogs or other related proteins are
al i gnd@|, or using supRAsHAYICS. {RoT e AdminisHation. dhecompRsdeNsFFe frgullapdinte) | of
Lhe am nO oafydifiohfl &bl #HininRRAESH foHns3ubh YSBaRARA! bBIOhnd R IFRSbical
sequences can be selected to create a egenerate set of conbimatori al
sequences adibhsistrations ¢t cothjasisioms pf die insentaomt &e famulated g0 eimtedtsbyalves,

conbi natori al nutagenesis at the nucleic acid level, and is encoded by a
vari egat e@eGeﬂ‘éch $ 3% KOV IR e A e a nixture of synthetic '

ol i gonucl eot i degeCfi3e Bfid dosing %Bﬁ‘x_@ﬁ%ﬂ@ebéhd &Q%Q%é S nB&) theSRIHERNGRS such
that the degenerate set of potential 30 sequenceS are expressible as

i ndi vildualthepgsientie bistery. dheamaunt yaisybe effeciivede treht, buppgess, or alterfthsi on

protei ns containing the set of degenerate,sequences,.. . \ari ous
Fechni que P B RIbL PRET Hbeeses BAY B P FEHHS oF Bhuials daereadt mytinl
product s. dbessuit @iployed| asssrefegridthe fisugfcgeN@iminbtatioe widegend, il ude

cl oning the gene library into replicabl e expression vectors,

t r ansf or mreXABRIBr BpihedyRe Qfel}qsgaw an¢l type of cancer, dosage amounts etc. For some.

types of cancers or cancer lines, dily administration wil be effective, whereas for others,

20 administration every other day or every third day will be effective. The amount of
active compound administered at one time or over the course of treatment will depend
on many factors. For example, the age and size of the subject, the severity and course
of the disease being treated, the manner and form of administration, and the judgments
of the treating physician. However, an effective dose may be in the range of from

25  about 0.005 to about 5 mg/kg/day, preferably about 0.05 to about 0.5 mg/kg/day. The
dosage amount which will be most effective will be one which results in no tumor
appearance or complete regression of the tumor, and is not toxic to the patient. One
skilled in the art will recognize that lower and higher doses may also be useful.

Gene constructs according to the invention can also be used as a part of a gene

30  therapy protocol to deliver nucleic acids encoding either an agonistic or antagonistic
form of APRIL.

Expression constructs of the APRIL can be administered in any biologically
effective carrier, e.g., any formulation or composition capable of effectively delivering

the gene for APRIL to cells in vivo. Approaches include insertion of the gene in viral
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resulting library of vectors, and expressing the genes under conditions in
whi ch waoleseeés on of a desired activity, e.g., in this caggmusikisiopg to
APRIL or its receptor, facili taéfs relatively easy isolation of the
vect or encodi ng the gene whose produd€t” was detected. Each of the

t echni que | ' e | t Pt . nal ysis for
screeni ng% ar gsg‘;’iﬁ%ﬁn%%? El‘l% eést %8%%?‘2%@”&?‘2%?‘@&%@ Pg*{s%g@ b?‘gﬁﬂmg’g@esi s

t echni quegor example, liposomds) er inmaeelhilarcantiers, 4wl dediréc? inje@ibicsfi (RO g@ife t he
protein binding d |ns of th cl ai med pol ypeptides or their

recept or s COB én%@‘éﬁ%frﬁ‘ﬁ&,fne@%s% g&dr non- pepti de agents.
The peptide m ' : i { el GL ] jts 10
respective rec re%?%@#ﬁ%‘%ﬁ%?é%fﬂrlgg P%Lgec?ho rt e&kﬁéﬁ& ‘%aﬁ‘\\llggﬁl\g}ged in

nol ecubar essentialeobipeigenodeldferpsysteana i an agnzptabbpdilubat, o cah comghvas slogam -

I ntracel lul.ar protei.n, .cgn.be .determ ned _and used.to generate APRIL or
its recepttFatfdrrEiRdn SQB‘?‘? %W%@?‘b@%?@ﬁ{é 15 1m efilie ¢lypwhere the
nonconpet ichinfidy gt idtiveryiyBtlindearitbe ABThbed hidlt froffiEEsthBinan A7, 0"
exanpl e, "Peptide Inhibitors of humeh papilloma virus protein binding to 15
r et i nobl ageweniral¥petors; thegihatmaagntical prepasation canmolmprist ione sr ffereldéllsABRIAh and

EP- B3 Q80A) ., specifically incorporated herein by reference.

By maki ng pé\),%t}c!eg%éérﬁdfeﬁy?rg&yglﬁ “reconbi nant APRIL, the present :

| nventipon pr ovildeadRady sl BbrapAthb 8liysmers!dr (B¢ i fidiPhal blGsGRACI dat es
which are ei ther agoni sts or antagonists of the normal cellular

functi on, diagnopiicreagems ixdetgqoehe prgsenze or pbsenece ofthedargel DNen RMNAtowdimient |

t he assa R nd. .t o dyl at e .bi ndi n
pet weon AR TSs I ERER ey soefineng BIHE b et M pffel sveiiicn o
and, in | imiyt bobsethe epalaste atchemicah thdvy<or it hbilibetocatepice hangded., mind be
skilled 'afrﬂijif san., ) I n, many drug screeni ng prograns which
test |ibr Aysically assgripisuritdy ARRAL o5 & fragment thegsaf; Jheanethodmcludesughput

N B : i o q
assay§sar @ofl@etih g Heheicd Q@?tyt\ﬁntﬂé%,z%& é\%ld(}‘hﬁﬁgﬁiée %iaﬂrlp of thé BHRQHRS

surveyed in a given period ays whi orned 1 n-cell -
free syst danteract with ARRHayAtditideally, &PRUL danrhenistd étmethotle of epalnatiriged

proteins, are pften . ferred as ;pLioary” reens jn tgf;t .they can be
gener at ed "\ “rﬁ& ﬂ?c[un?%fs(lj&rlﬁ °”%°8%¥%%»§H‘@%‘_W§faﬂw aleiemiedlect i on of
an al t er atenifies Whith"#scedtt of binareek reo@ﬁb@fk SlOAPRA.. "R A/ ROdd¥able t6 Bke
conmpound. Moreover, the effects of cellular toxicity and/or

bi oavai | apggedyvestionsf ARRIL wiapilitaiel theadetgssiogof ABRILbindingte its receptos, i n
vitro st s ] ' o) i_nar i on the.effect
ot e R posive SRS Yo, SLORRRG ORUBEL B ARl Ryt

al ter at i orblodk the XRRIf, ligahdrAPRTIVdeceptot interapticn. cAdditionally) 9R€ endyruse

APRIL transfected cell lines that have increased growth rates as the basis for screening

assays for molecules that block APRIL activity.
In certain aspects, the claimed invention features a method for evaluating a
25  chemical entity for the ability to modulate the interaction between APRIL and its
respective receptor. The method includes combining a receptor for APRIL, and APRIL
under conditions wherein the pair is capable of interacting, adding the chemical entity
to be evaluated and detecting the formation or dissolution of complexes. These
modulating agents may be further evaluated in vitro, e.g. by testing its activity in a cell
30 free system, and then, optionally administering the compound to a cell or animal, and

evaluating the effect.
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- 25- | sol ation of a receptor binding to APRIL Li %ands of
t he TNF f‘gﬂigP’)’”éﬁn be used to identify and cl one receptors. PRI{USIS/IIN ¢ 1o
descri bed APRI L sequences, one coul @%use the 5 end of the extracellular .
domai n whi ch constitutes the receptor binding sequence to a marker or
t aggi ng sequenEcEXAMBLEShen add a | eader sequence that will force
secretion of Ag)lgjintl %r& any of a numnber of expressi on systens. One
exanpl e of thi BiSrol ogy is described by Browning et al., (1996)
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sequence Is used to force secretion of I0 the nornally nmenbrane bound
LT-[ery] kiomweoeifomnd ihthequostatecwheneas EBhs rexegleds shontpr tranggript of 1.8kbt he

N-term nu i ch.,does, not inpair t abi | i t 0 hi,nd, t.o. _a receptor Sucﬁ a
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cell's or Pagd 0 (Ciéntech #7760 &8 #7759-1), HRbAnCrickedeN EaicWETN BIGect -

cel | / bacul ovi rus, gl cchia etc. The unpurified cell supernatant can be

used as a(Clontesh #37571-Arandyman TugrgrdangbBlot V (Invigegen D35APLN3 Thg t he

receptor can | Lt i m:1 9. {gand.

Col 15 wi ¢ PR ne ik oot BXPRSER bbbl iR Clopeech MO 1
nyc tag WidratddhsaNhourat&2pEPThel@andoin-fadyd cDN Al fjobe ¢Bbelixeh Maiheidey yt hrin
(or a simlar |abel) labeled anti-nouse i munogl opulin. FACS positive

cel | s canWss syrihgsized using cDYArgarraspending to g eytragsiipdardomain of APRILas Ry

ding for th tor. A ion.ljh | d, then b d
From t s Wplatgs The Beftenar RN AREbERFS Sdded S ¥ 0P Rl s Pool <
of cl ones RABHSHYE. THeAN MBS s HyBridizel 1220Y 1§ AE2°C ORhdhed Mhkee timeslth Ndi ng

of the tagged ligand to receptor positive transfected cells determ ned via

m cros cop%SSCZ&l@hﬁmina 0,05 8 PSwindexpasasl 4tnd0%:. Nowthemn biot apalysis 06 APRJLwi t h
I - ' . | ' -al kal i
ohospiit adevesied fRpE Pulal B ABRIL 3R ng e i oG BN 32068 o

been i dentlivié @ansciips dI@01 kis a2 WY Weledound in thesucstrate) WhckedsRBLseCcept or

encoding cDNA is identified. This %r ocedure coul d be
revealed a shorter transcript of 1.8 kb.

A longer exposure time revealed the 2.1 kb APRIL mRNA in colon, spleen, and
pancreas (data not shown). This restricted distribution of the APRIL mRNA is

20 consistent with the origin of cDNA clones currently available in the EST database. Of
the 23 clones identified only two were derived from normal tissues (pregnant utéfus,
pancreatic islands). Remarkably, the remainder of the EST-clones (21 clones, 91%)
were present in cDNA libraries generated from tumors or tumor-derived cell lines
(Ovary tumor, 11; prostate tumor, 3; Gessler Wilms tumor, 1; colon carcinoma, 1;

25 endometrial tumor, 1; parathyroid tumors, 1; pancreas tumor, 1; T-cell lymphoma, 1;
LNCAP adenocarcinoma derived cell line, 1). This prompted us to test transformed
cell lines for the expression of APRIL mRNA (Figure 2B), and indeed, all cell lines
strongly expressed the 2.1 kb transcript of APRIL.

Highest APRIL-specific signals were 'detected in the colorectal
. 30 adenocarcinoma SW480, the Burkitt's lymphoma Raji and in the melanoma G361. To
corroborate this finding, we measured APRIL mRNA expression levels in several
tumors and compared them to normal tissues. APRIL mRNA was abundantly detected

in thyroid carcinoma and in lymphoma, whereas in the corresponding normal tissues,



carried out wth either the nmouse or human APRIL, as one may nore readily
lead to a receptor. 30 G METHODS OF TREATMENT AND
PHARVACE N 68¥k2965 COVPCSI Tl ONS PCT/ US98/ 19191 pCT/US98/19191

- 26- The nmethods of thgginvention for the treatnent of cancers
I nvol ve the adm nistration to a patient, preferably a mammualian host,
such as aorflpGicak df no BybHdIERTLN signals a:areetfoixﬁ@mgezannmhe &lvo dttel AlfiSd
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conprise a receptor usion protein, which can be constructed by nethods

10 knownform Qfmbﬂ?lfmx@@ﬂmat dompia of APRIL (sAPRIL) encompassing amino atidshods of

the i nven f r | u but not
1t adr SO Achip 258 cdls (] The A lefln KPR ARERFas amoliiddYobuti thil BT
Kaposi's é&loh€,aiing adpedifices’ Wﬁﬁmebﬂﬁﬂ&ﬁw&:edjmﬁw(gonﬁ ovari an -
car ci nona rect al cancer roat cancer el anoma col on cancer,

bl adder cERAGCCREH QHTG’IIE%C -89 ang 4/ FpEFific araYarsy Pairendlaaked hyam,

phar ypgea U aghé 2 ch

OB PR AGTRIP ARRACRCAGD S9°ThE B ety °

treat me nt wuxh Eno&lw{bfai[ ahd viened into tinpodified s¢rsmnef paR Ifof@Esvitegar), indfrdme t unor s,

L oder Mo AN HSARE ST RS e CENBR Bha Hor ke L1 2! e
generated using the two primers (5’-AAACAGAAGAAGCAGCACT CTG-3") and (5-
TCACAGTTTCACAAACCCCAGG-3) containing a Pstl and Xbal site, respectively,

15 and subsequently cloned into a modified pCRIII vector, containing both a HA signal for

protein secretion in eukaryotic cells and an N-terminal Flag epitope (15).

Example 2 _
The widespread expression of APRIL in tumor cells and tissues suggestéd to us
20  that APRIL may be associated with tumor growth, and we therefore incubated various

tumor cell lines with purified recombinant Flag-tagged sAPRIL (10).

Human embryonic 293T cells, human leukemia Jurkat T-cells, human Burkitt
lymphoma B-cells Raji and melanoma cell lines were grown as previously described
(16, 17). Other cell lines referred in this paper are déposited in and described by the

25  American Type Culture Collection (Rockville, Maryland). All cell lines were cultured
in RPMI or DMEM medium supplemented with 10% fetal calf serum.

Flag-tagged versions of the extracellular domain (residues 103-281) of human
FasL and TRAIL (residues 95-281) were recently described (15). Flag-tagged soluble
human TWEAK (residues 141-284) was produced in 293 cells (P. S. manuscript in
30 preparation). The anti-Flag antibody M2 were obtained from Kodak International
Biotechnologies. An increase in proliferation of the Jurkat T lymphoma cells in the
presence of APRIL was observed in a dose dependent manner as detected by an

increase in number (approximate_ly 50%) (11) of viable cells 24 hrs after ligand



formation in rheumatoid arthritis, postsurgical scarring and lung, |iver

and uteripe 20 _ fijbrosis. Phar maceuti cal conpositions
of the i nY&@M85may conprise a t her apeutical | y ef f ect iREEHSR$AANO10f
APRIL, or its receptor, or fragments3br mnetics t hereof , and, :

optionally may include pharmaceutically acceptable carriers.
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subcut aneous for injection, the conpositions of the invention Tan be
f or mul at eas ianti-CD3 antibodid3OF/otigg 8y tkitks. As expected, the addition of identically
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are al so i(#0%yaEedthymidine indovsorhiiein APRIL-treated cklle (FigNPAS Inh@dfodepletin
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supposrt T ESCoRY SYPe lXﬁ‘RP?ﬁ"éf aﬁ?%ﬁélgﬁﬁoﬁ?d%@%ﬁoh%t W@“F@F‘rﬁ]&)ed
i né o @ gym%mmaa blf epitlelianohigih Shémhd COS AldHelSd! G vAl £3RSHhGRas (8R! et S,
and tonics. For topica

3C). The brel:aast carcinoma cell MCF-7 did not respond. The effect on Jurkat cells was

even more pronounced when the fetal calf serum was reduced from 10% to 1% (Fig.

3D).

20 Recombinant sAPRIL has forms aggregates which may explain the rather high
concentrations needed to detect a proliferative effect with SAPRIL. We therefore transfected
NIH-3T3 cells with full-length human APRIL .(12) and obtained several APRIL-expressing
clones (Fig. 4A). NIH-3T3 APRIL clones were established using the calcium phosphate
method of transfection and the full-length FLAG-tagged APRIL containing pCRIII

25  expression vector. Cellular proteins of about 2 x 106 cells per lane were electrophoretically
separated on a 12% polyacrylamide gel in the presence of SDS under reducing conditions and
subsequently transferred to nitrocellulose. Immunoblot analysis of Flag-tagged APRIL was
conducted using 5 pg/ml of the rat monoclonal anti-Flag antibody M2 (Kodak International
Biotechnologies). First antibodies were detected using affinity purified anti-peroxidase-

30 conjugated donkey anti-mouse antibody (Dianova, Hamburg, Germany) followed by a

chemiluminescence reaction using the ECL system (Amersham).

Interestingly, APRIL transfectants proliferated faster than mock-transfectants
(Fig. 4B). We reasoned that the APRIL-transfected NIH-3T3 cells might also have a



adm ni stration, the conpositions of the invention are fornulated into

oi ntnments, salves, gels, or creans as known in the art.
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Gene constructs according to the invention can also be used as a part of a
gene {J) t herapy protocol to deliver nucleic acids encodi ng either an

agoni stic_or antagonistic form of APRIL. ' Expressi on
const ruct §X3mplend” APRI L can be adninistered in any biol ogically

effective_carrier, e.g., any formul ation or conposition capable of
ef f ect i vellsplatian ofey tepeptor bindingite AFRIE. f or APRIL to cells in vivo.

roaches i ncl ' t -t he gene jn.yiral PCT/ 8/ 19191
08 veot an 8 0T e 1P £tk e BE Bed @ ity ang clogp seseplart, AR pi asm ¢
DNA wi th theeddsetibedAPRIL sequbftespordidud fikseRRS ST@ ofthe EXttdcRNElal Hbbin
carriers, gs wel | ss direct injection of the gene construct. Viral

vect o’ t r ShABRILwhich ronsitates thy recepigr binding sequence 0 praskerens daaging|
prepar at i offhed B 8RAG44 ReLARY séé;?@ﬁéer t&‘ri{e wgfﬁr&os%aegiﬁmgf APRE. H.tahglog y of

9
the gene delivery systemin an accepta uent, an conpris sl ow
number of expression systems. One example of this technology is described by
Browning et al., (1996) (JBC 271, 8618-8626) where the LT-B ligand was secreted in
such a form. The VCAM leader sequence was coupled to a short myc peptide tag

20 followed by the extracellular domain of the LT-B. The VCAM sequence is used to

force secretion of the normally membrane bound LT-B molecule. The secreted protein
retains a myc tag on the N-terminus which does not impair the ability to bind to a
receptor. Such a secreted protein can be expressed in either transiently transfected Cos
cells or a similar system, e.g., EBNA derived vectors, insect cell/baculovirus, picchia
25 etc. The unpurified cell supernatant can be used as a source of the tagged ligand.
Cells expressing the receptor can be identified by exposing them to the tagged
ligand. Cells with bound ligand are identified in a FACS experiment by labeling the
myc tag with an anti-myc peptide antibody (9E10) followed by phycoerythrin (or a
similar label) labeled anti-mouse immunoglobulin. FACS positive cells can be readily
30  identified and would serve as a source of RNA encoding for the receptor. An
expression library would then be prepared from this RNA via standard techniques and
separated into pools. Pools of clones would be transfected into a suitable host cell and

binding of the tagged ligand to receptor positive transfected cells determined via



rel ease matrix in which the gene delivery vehicle is inbedded.

Al ternati re the conpl ete gene delivery system can be produced
i ntact fr%gélggﬁi nant cells, e.g. retroviral vectors PqI{gs98/19191
pharmaceutical preparation can conpr-8%e one or nore cells whi ch

produce the gene deli verémsystem 10 In addition to use in therapy,
t he ol i goNHFEPSEAPIE ARAINIRY »lfeﬂo‘f@; lpkelingof beynd myc peptide tagt with auagqnms to

detect th

sequences %&iﬁﬁ%ﬁﬁoﬁgy@?ﬁ%ﬁ %IQ&B&Q%& %‘lk%%wgﬁ%ﬁgtﬁ?ﬁgaﬁ ai rred

i nvent i onlabeled amipoly. Onecla posmvabuattms dearhitithtified, @ podol s whihig webi ity to
interact w cally. associate with APRIL or :a

fragnent W@CE‘E‘)P“&WE r?@?%&“?%?%ﬁggmi’ﬁ ld%}ﬁeécﬁmbpmﬁedm@num&e entity
Wi th APRI leqrrfadGug Udthb th&u e ct vvlth
APRI L. hu t1onal ﬁih ef fhe i sgg’lr hggﬁ"%lpﬁrr@‘t 8 Gne Infy ffor ﬁd‘%’ea“?

nat ur al I y raeptorri ng APRIL or receptors of APRIL, as well as to eval uat e
chem cal entities which associate or bind with receptors -of APRIL. It
may be desirable to use t agged versions of APRIL to faci litate the
detection of ARRWHIBE Bﬁbdiéhttte tl'xds% skifle@ R fHe artar veﬁ'iours o‘ﬁ‘{g%@' ve
cells, such as, for exanple, the purpose of screenlng or agen hat
bl ock the VAPNIIQ;HSIqagémdn RnlAl?leepomPOSmOmradmmhodS\dﬂlmalpmmht invexxien may

use | transfected.cell.|ines t have.ingreased gro rates as
e b8 o Yoifons bR b e Sy oy B e iR Fiae FRE: B Becidodihl
activity. present invention cover @RthédificRfH8 Gha - vahlitﬁnrﬁ'o’f'tﬁﬁ‘i'm}éﬁﬁ%ﬁﬁjr&ﬂdé@?ﬁw es a
met hod for evaluating a 25 chemcal entity for the ability modul ate the

i nt eract i ¢heyoramewithinthe scenefithe appended elapae and theireguivatents. The net hod
i ncludes conbining a receptor for APRIL, and APRIL under conditions
wherein the pair is capable of i nteracti ng, adding the chem cal entity
to be evaluated and detecting the formati on or dissolution of conplexes.

These nodul ati ng agents may be further evaluated in vitro, e.g. by
testing its activity in a cell 30 free system and then, optionally
adm ni stering the conpound to a cell or animal, and eval uating the
effect. PCT/ US98/ 19191
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Example 1 Northern blot analysis of APRIL reveal ed that the
expr essi on of APRI L was weak and restricted only to a few tissues
(Fig. 2A)wobsnz2desanscripts of 2.1 kb and 2.4 5 kb were foupé«rmggg,mgl
prostate, whereas PBLs revealed a shorter transcript of 1.

Nort hern bl ot anal ysis was perforned % Using Human Ml ti pI e—'Fl SSHe—

Northern Blots | and Il (Contech #7760-1 and #7759-1), Cancer
Cel | " Li ne 1iEinBl ot (d ontech #7757-1) and Human Tunor Pan ' eenRe placed
(I'nvitrogen D3500-01). The menbranes were incubated in Exp

hybridi zation solution (C ontech #8015-1) 10 for at |east 1 ho '”,”"’
62[err] C. 1The rRmINAsEG umeM§OMMGBQQﬁMthe nhei m

synt hesi zed using cDNA corresponding to the éxtracellular domain of APRI L

as tenpl ate. The heat-denatured cDNA probe was added at 1.5 x106
cpmiml i nofreshy DNA sERhes ehdoRi Am!egm%e i

62[err] C, washed three tines in 8 2xSSC c@uta;éﬁﬁéégnygoeé%y posed
at -70Perr]C. NB-.N@2n bl ot analysis of APRIL 15 reveal ed that the
expression of APRIL was weak and restricted only to a few tissues. Two

transcripts of 2.1 kb and 2.4 kb were found in th eprostrate, whereas PBLs
reveal ed 3. shorADNArsaqmnce ponsisting. e@sdnlually of SEQAIDDN@erl sﬁidJDN!Aréhcbdﬁig
ata

revealed the 2.1 kb AP i n _col on, | een, ancreas

not shown). Thi%P e%"'tﬂ”i 5?519? 3??3"5&@8??5 g gssent IQfSrﬁ@V{E

consi st ent vvith the origin of cDNA clones currently avail able |n the EST
dat abase. he 23 cl on entified only two were derived from
normal ti ssues ‘%Bl‘ééﬁa%enﬁ?m ybn CStor?&llﬁ?Pb%lf‘PEmP%‘l‘grﬁm IDNRPadisald v, the
remai nder of t gadaseln ebip ﬁ&n&%@le%toﬂﬁ.sons&ém@ bases, s: NAREGRGEE 10 CDNA

| i brari es generated fromtundrs or tunor-derive nes (Ovary

t unor,1011; pr osngoding @pelypeptidctims iscat laast %%thmmlogmsvudhmaaanesua@ﬁa 1;
25 endonetrlaIAf,ﬁﬁlt) 1; parathyroid tunors, 1; pancreas tunor, 1; T-cell-:
| ynphoma, 1; NCAP adenocar ci noma derived cell i ne, 1). Thi s

pr onpt ed us to test transforned cell Iines for the expression of

APRIL RS (F1 N BBy i kD980 o BehaFhheleh 5 secpengeracn gLy, £XPr essed
signal s were dedsesritRtlyiof SEQE IDONO. qGWﬂlco&QWﬁﬂ@@QEﬁﬁ&id?ﬁ”ﬁtemgmt he

Burkitt's Iyrrphoma Raji and in the nelanoma G36 1. corroborate
this finding, vielsHORSur ed APRI L mRNA expression | eveI s in several
tunors and conpared themto normal tissues. APRIL nRNA was abundantly
det ect ed in thyroid carcinoma and in | ynphoma, whereas in the
corr esifondt-ng ndregembinant JANA molecule comprising a DNA sequence encoding APRIL

said sequence operatively linked to an expression control sequence.
7. The molecule of claim 6 comprising SEQ. ID. NO. 1.

8. A unicellular host transformed with a recombinant DNA molecule of claim 6 or
' 7.

20 9. A DNA sequence encoding APRIL having the amino acid sequence of SEQ. ID.
NO. 2.

10. A method for producing substantially pure APRIL comprising the step of

culturing the unicellular host of claim 8.

11. APRIL essentially free of normally associated animal proteins.

THIS SHEET HAS BEEN

N Hlll 0| _REPLACED




PCTI US98/ 19191 - - 30- only weak
or no hybridization signals were found (Fig. 20 . In the two other tunors
nal yzed bYONBARRRE n blots (adrenal and paratoid tunors), APRGIURRAIMs not
el evated. However, in situ hybridizatgen reveal ed abundant APRI L nessage in

human col on adenocarci noma as conpared to normal colon tissue (Fig.
2D). 5 12. The APRIhef claimedopsisting ssseptiallyef SEQ: IRNGF 2.APRI L, we
expressed a reconbi nant form of soluble extracellular domain of APRIL
(SAPRI L) enconpassi ng am no acids 110 to 250 in 293 cells (9). The ful

| engt h APARBL geh@hamracgniical compositionremprising a therapeytisally effesting amoymsof f i ¢
5'forward prine : | N ( T TTCTTGC- 3)
and a specific éP{rdeI\’?e%Fgg %ﬁﬁﬁ?&ﬁ%ﬁ%@&g%ﬁgﬁ pf@"“%@%@&%c%gﬁz

(5" - TCACAGTTTCAfafedCCCCAGG- 3) . The anplified fragnent was cut ~ with
EcoRI/ Xbal and cloned into a nodified version of pCRIII (lInvitrogen), in
frame with an N-term nal Flag peptide (15). The soluble formof APRIL
(SAPRI'k) vais A mélﬁé@f%’fpﬁdlehﬁhgﬁr tddacingQhe EévEityof an autoimmune disease

(5" - AAACAGAAGAAGCACGCACTCTG-3) and (5'-, TCACAGT TTCACAAACCCCAGG 3)

contai ni ng a Pseamprisingdhgistep af administesingiathesapeutally gffectivesamenntiof g cl oned

cont ai ni ng a Ps _ Bisisee fosiita ! one
ecretion in ol arynttEiiofipos i AeRa: MR LT 2 T ope (15). O "

Exampl e 2 The wi despread expression of APRIL in tunor cells and
tissues s est to us 20. that APRIL . be, associ at. L h tumor grow h,
and we. t heler or % Pl Rraicel Aibeiuta of Ginp s BBERG PRE AR of #TRE 2
recombi nant Fl afagrageberséfidnbpristd SEQ. ID. NG12Gta lﬁﬂt@fgﬁﬁﬂ&&cﬁ%ﬁa%ﬂbﬁt&

human | eukem a Jurkat T-cells, human Burkitt | ynphoma B-cells Raji and
nel anot®a cel | | heE9fvere grown as previously described (16, 17). Cther
cell lines referred in this paper are deposited in and described by the

16. A method for preventing or reducing the severity of an immune response to a
~ tissue graft comprising the step of administering a therapeutically effective

amount of a pharmaceutical composition according to claim 13.

17. A method for stimulating the immune system comprising administering the

15 composition of claim 13.

18. A method for suppressing the immune system comprising adrhinistéﬁng an

effective amount of the pharmaceutical composition according to claim 13.

19. A method for treating cancer comprising administering a therapeutically

effective amount of the pharmaceutical composition according to claim 13.

. ep s This Sheet Has Been Replaced
20 20. A method for identifying a receptor for APRIL comprising: l ‘II|| |III|| I I |I| |II

c. screening a composition to detect receptors which bind to the detectably

labeled of step b.

a. providing APRIL or a fragment thereof,

b. labeling said APRIL or fragment thereof with a detectable label;

25 21, A soluble biologically active fragment of the APRIL of claiin 11.

) THIS SHEET HAS BEEN
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25 Anerican Type Culture Collection (Rockville, Maryland). Al cell lines

were cul tured in RPM or DMEM nedi um suppl enented with 10% fetal calf
Serum WO 99/12965 Fl ag-tagged versions of the extracel | ul per/dsysone:
(residues 103-28 1) of hunman Fast and TRAIL (residues 95-281) were
recently described (15). Flag-tagged Ql-ubl e human TWEAK (resi dues

141-284) a@s PAGSHIGRPLLE caBPriGifk b afffho Soid FBEUEREE tHAt isi dhcdfed BY SDHNAL i ON) .
The anti-Flag antibody M2 were obtained from Kodak International
Bi ot echnol ogi egelecigd framythe geoupicopsisting efat i on of the Jurkat T |ynphona

cells in the p . Sﬁf % 40 a dose dependent, manner
as detected bya'an Emlﬂﬁgﬂ%égé?&ﬁbﬂ%mnger 'gfp?brﬁgilr’ratel y 50 (1 1) of

viable cells 24 hrs r_ligan . 1 P 9191 .

-31- ndd B on eﬁfé.ﬁs .Cerﬁ@‘ BVBW‘%“F%%‘&‘%#@%/E%W@%@%?@HS fBd by

i ncubaging cells at expressiéifd? @Qobffleptid® at Wit lledst 408 honfilb FoutamithitRe th the
i ndi cated concentrations of reconbi nant APRIL, TWEAK, "TRAIL, FasL and
by deternining the ARIEr obglaim 43| e . cells using the Celltiter 96 AQ
proliferation assay (Pronmega) after 24 hrs, following the 5

manuf acturer's instructions, or by 3Hthym dine incorporation. For the

i munodep®dt i oAngintibpdy)prepmiation that is reaciiveclo PRI ovitsagaeptoronkiolagimally

The increase in | f han s i ndependent of a co-stinulatory signals
such as aﬁfﬂ%&ﬁ'ﬁ‘{ﬁ%ﬁﬁ%@ or other cytokines. As expected, the

addition of identically produced and purified FasL to Jurkat cells
decreased,} he nmber. of viable cell.s. whereas T K had.ng.effect. The
i ncr easedzé'el I qﬁﬁﬁﬁ‘é@@&’%ﬁ%ﬁﬁlw égﬁﬂ@ﬂf’@&g monoc ‘{"&g%t‘ Shyni di ne

i ncorporation in APRIL-treated cells (Fig. 3A). Immunodepl etion of
FLAG t agged APRI L-contai ni .condi ti.oned nediym by anti - ant i bodi es,
it 160078, "o mefipd o piefGeEah sntBRIBPHENDH BRPR e o APRTLPT Be: (Fi g
3B), indicati ngedepdk chid@rising thd$t8p bf Riudlihiztheedd Gighnid@swiR APHIL Grgfed due to
APRIL. Increased proliferation rates were 1 al So seen i n sonme B | ynphomas

(human Raji, miersPlORGy apcAntigenip fragment therepf. BJAB)

26.  An antisense nucleic acid against APRIL comprising a nucleic acid sequence

hybridizing to at least a portion of SEQ. ID. NO. 1.

15 27. A pharmaceutical composition comprising an antibody preparation according to

-

claim 24. —
: This Sheet Has Been Replaced
28. A method of expressing APRIL in a mamm. alian cell comprising: \ ‘“‘!“ \“‘“ “‘I‘ m ‘“‘
i 1Bl
a. introducing a gene encoding APRIL into a cell; :
| b. allowing said cell to live under conditions such that said gene is
20 expreésed in said mammal.
29. A method of treating a disorder related to APRIL in 2 mammal
a introducing into a cell a therapeutically effective amount of a vector

comprising a gene encoding APRIL; and

b. cxpressigg said gene in said mammalian cell. , ,!IIIIJ I"I'LI "|"" "IISI " ,!l’

25 30.  The method of claim 29 wherein the mammal is a human. { THIS SHEET HAS BEEN
REPLACED

31. The method df claim 29 ;vherein said vector is a virus.



and on cell lines of epithelial origin such as COS and HeLa, as well as
mel anonmas 8%{9 3C). The breast carcinonma cell MCF-7 did not resgond.
The ef f eWO8¥I2P%Fkat cells was even nore pronounced whBRTUSESIBPY)
calf serumwas reduced from 10%to 1%tFK g. 3D). 20 :

Reconbi nant sAPRIL has _forns agﬂre ates which maaé explain the rather high
concent r a4 onsAreeihed of pdyeng <€ é‘eg‘ﬁ’cﬂ"ﬁ@s&lﬁ% maRstratign of apgment . W\

therefore tran : L ' 5 L human APRIL (12)
and obt ai ned sé{?&?‘gﬁ%ﬁﬁﬁf{*ﬁ%?}%@f %S**ﬁg“%?‘éﬁ‘g??%?%)_ NI H- 3T3 APRI L
cl ones were established using the cal ci um phosphat e met hod of

exr ese! oftvect e mREA YL Rulbef hAARER LAy SR Bh B BBl v

el ectrophoretically separated on a 12% pol yacryl am de gel in the

resence SDS under, reduci ng condi.tiqQn n subseguent |y transferred
PO o LT octh o OB of R SuriBStitd, SA3vARE o slierhig SRIHHTING sporde
condugg ed usi nghwellisg b siEhalin®pathay betweBa PR IINadd ReiieceptofGaidYnbthedy M2

(Kodak International, " Biotechnol ogies). First antibodies were detected
usi ng af fi ni t ycpmprisingthessiep ohadrainistering ameffectivajameantef aibleckingagent nouse

anti body (D an . . ) O(r;% \PHQ a m | um nescence
reaction usi ng%‘ﬂag{@ms%% gﬁxﬁ%gﬁ% Jtﬁ’ t\pé(en APRIL F‘f‘n@?&%“?ﬁ?& y, APRIL
transfectants proliferated faster than nock-transfectants (Fig. 4B).
‘F’,‘eCT/r fg;g,”?@ltg 2%&&%&?@? daitd 38 WreFiS il ifdnibhibe rE§ionse {vaﬂ}ﬁ _%l;?n%nha"gr St h
advant age i n vicu@inodfeeeeli | d-type or nock-transfected NIH 3T3 cells were
injected into nude mce, snmall pal pable tunors were observed after 5-6
weeks (13). In contrast, two clones of NIH3T3 cells stably

transigct 8¢, W tAmeiiddlofieRhting, RdpsResing or a]ftéﬂﬂg[]tﬁe pidgeéssivhl of adcahc¥eeks. After
6 weeks, mice had to be killed due to the high 5 tunor burden (Fig. 4C).

N H 3T3 f FompHfingpdminyieringies palisat ayeffentive@mauat of vhlocking agent between

April and its ' receptor capable of interfering with the association.

37.  The method of claim 36, wherein the blocking agent is a modified inhit_;ifory
form of APRIL, or anti-APRIL antibodies or biologically active fragments thef_é_of.

15 38.  The method of Claim 37 wherein the blocking agent is an anti-APRIL receptor
antibody.

39.  The method of Claim 36 wherein the blocking agent is administered to a patient

in combination with at least one chemotherapeutic agent.

40.  The method of claim 39 further comprising the step of administering radiation
20 therapy to said patient.

THIS SHEET HAS BEEN
REPLACED
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Rockvill e, Maryl-and) and the various transfectants (1 x 10[err] cells) were
suspended in 50 pl PBS and injected subcutaneously into the flank

regi on oVEBRBPE nude nice (Harl an, Zeist, Netherland)PCHUMSMIze was
measured every three days. Mce were age-mat ched (3 ani nmal s per
group). 10 Exanpl e 3: | sol ation of a receptor binding to

APRI L. Li gands of the TNF famly can be used to identify and
clone receptors. Wth the degarg bed APRIL sequences, one could fuse
the 5 end of the extracellular domain 15 of APRIL which constitutes the
receptor binding sequence to a marker or tagging sequence and then add
a | eader sequence that will force secretion of APRIL in any of a

nunber of expression systens. One exgg his technol ogy is described

by Browning et al., (1996) (JBC Jkeaba & 8626) where the LT-[err]

J]

| i gand was secreted in such a .,@.v_

derived vectors, insect cell/bacul ovigs

, BCAM | eader sequence was
coupled to a short myc peptide tag Zo?aif;m;;; by the extracellular domain
of the LT-[err]. The VCAM sequence is:u¥ped {9& agcretion of the
normal Iy menbrane bound LT-[err] noletdlge.: The SRt ei n
retains a myc tag on the N-term nus mhgéhg@b.ﬁ gfhe ability to
bind to a receptor. Such a secrel B Bk & osgr essed in either
transiently transfected Cos cel L A S E e.g., EBNA

ool

cell supernatant can be used as a soFNER

P
-
-

Cells expressing the receptor can be §' themto the
t agged ligand. Cells with bound ; 113 2in a FACS
experiment by |abeling the nyc t&e 2 tide anti body

(9E10) foll owed by phycoerythrin (or rysss J abel ed
anti - mouse i mrunogl obul i n. FACS posi # y 30

i dentified ang woul d _serve as a sour gt he receptor. An
expression |iBrar§ wsul d&t heéd be pre @l st andard

t echni ques ang fe oul d be

transfected i%io

pagat into p
tal e post cel
ragsf

o
oy MoAl
N .
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PCT/ US98/ 19191 - 33- m croscopi c
exam natyensatgakl owi ng | abel i ng of bound nmyc peptide tag wdfusyaeiwny e

| abel ed anti-nobuse I g reagent, i.e. gal actosi dase, al kaline phosphatase or

| uci f erase | abel ed anti body. Once a positive pool has been identified,

t he pool size would be reduced until the receptor encoding cDNA is

i dentified. This procedure could be 5 carried out with either the nouse or
human APRIL, as one may nore readily;l.ead to a receptor.

It will be apparent to those skilled Fn fhe art that various nDdlflcatlons
and variations can be nmade in APRIL, conpositions and net hods of the
pr esent |nvent|on 10 wi thout departing fronlthe spirit or scope of the

i nvention. Thus®,i t the present invention cover the
nodi fications ag@ S invention provided that t hey cone
wi thin the scoﬁgﬁo ‘ ai ns and their equival ents.

PCT/ US98/ 19191 - 34 - | claim

1. A DNA sequgn or a fragment thereof. 2. A
DNA sequence efigfd guence consisting essentially of SEQ 5
ID. NO 2 % consisting essentially of SEQ I'D. NO 1

sai d DNA encodbﬁh,
essentially of

epti de, said polypeptide consisting

9]
@
-
-

&
TN TN TN TN
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4. A DNA sequence that hybridizes to at |least a fragment of SEQ 1D NO

1 said fragnment conprising at | east 20 consecutive bases, said
DNA sequ®ke9/1pg6s encodi ng a pol ypeptide that is at |rEazwss8qdie1
honol ogous with an active site of APRI L. 5. A DNA

sequence according to claim2 wherein said sequence consists
essentially of SEQ ID. NO 1 with conservative substitutions, alterations

or deletions. 15 6. A reconbi nant DNA nol ecul e conprising a
DNA sequence encodi ng APRIL sai d sequence operatively linked to
an expression control sequence. 7. The nol ecule of claimé6 .
conprising SEQ ID. NO 1. 8. A unicellular host transfornmed with a
reconbi nant DNA nol ecul e of cl ai nFéger 2D 7. 20 9. A DNA
sequence encodi ng APRIL having the ami no acid sequence of SEQ ID.

NO. 2. 10. A nmet hod for producing substantially pure APRIL
conprising the step of culturing the unicellular host of claim
8. 11. APRI L essentially free of normally associ ated ani nal
proteins.. PCT/ US98/ 19191 -
35 -

Colon carcinoema Normal tissue

Antisense Sense Antisense

3/6
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12 The APRIL of claim 11 consisting essentially of SEQ ID. NO 2.
Q@6§Bf%%§lca conposition conprising a therapeutically effective
am)unt of APRIL or an active fragnent thereof, anBiICHUS98/19191
phar maceutical |y acceptabl e carrier. 5 14. A et hod for
preventing or reducing the severity of an autoi mune disease
conprising the step of adm nistering a therapeutically effective amount of
a - pharmaceutical conposition according to claim 13. 15.
The pharnmaceutical conposition of claim 13 wherein said APRIL or active
fragment thereof conprises SEQ |D. ®g, Z30r a biologically active fragnment

10 t her eof . 16. A nethod for preventing or reducing the
severity of an inmune response to a ti ssue graft conprising the
step of adm nistering a therapeutically effective anount of a
pharmaceutical conposition according to claim 13. 17. A et hod for
stinulating the i mune system conprising adm nistering the 15
conposition of claim13. 18. A et hod for suppressing the inmune
system conpri sing adm ni stering an effective anount of the
pharnaceu%iqah conposition according to claim13. g 19. A net hod for
treating carger[—eenfsi si nguadr ni STEL ut i cetirt-y Y
effective aﬁburtwﬁfMﬁhe phar ut|QaI“ggnp05|t|o agfo ding to claim[3.
2 2 A ] i dent 4™ r r f APHI L ing: B
0 20. _?et_gq zgtl de 1% yggg a recepto 2 Ljco 9 B
E 14 'E 8 g 1
8 £% g
> = £
04 1 10 100 1000 = (1] 1' ‘I‘O 1!;0 tu;o oS 'g i) L.C - =y
rg/mi ng/mi £ s 3 2
c 8 ig 3 &
g | Pt Rl 3 3" 3 T
8  |=— APRL R 2 .
% 1.5+ o Tweak ,o". a 8’ 13 Agl
'E .- /"' § .“é’ 12+ -
2 0.5+ 2 _g :}3
g e 3 %
i 0.t t 10 100 1000 ‘
ng/mi
D
150

10% FCS 1% FCS

Relative cell number
(% of control)

+§¢,Q¢cpés. 79 S

ng N
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a. providing APRIL or a fragment thereof, b. | abel i ng
said APRIL or fragment thereof with a det ect abl e | abel;

screeni ngva 98a?2898si ti on to detect receptors which bind to ti’EI‘IdSDSi‘IDtlle y

| abel ed of step b. 25 21. A sol uble biologically active fragnent of
the APRIL of claim11. - 36- What is clained is:

1. Nucl ei ¢ acid encoding an APRIL ligand, said |ligand conprising a

pol ypept i de of at | east about 102 am no aci ds. 2. Nucleic acid
of claim 1l encoding SEQ I D No: 2. 3. Nucl ei ¢ acid encodi ng an
APRIL Iigand or a fragnent thereof, wherein said | i gand,
conprises an am no acid sequence found in amno acids 1 to 55 of SEQ I D)
NO: 2. 10 4. Nucl ei ¢ aci d encpilgngdan APRIL |igand or a fragnent

t hereof, wherein said | i gand conprises an am no acid sequence
found in am no acids 157 to 250 of SEQ D NO 2. 5.

Nucl eic acid of clainms 1-4 encoding an am no acid substitution anal og of
SEQ ID No: 2.

A B
. 130
9
=
S 120 -
]
2
S 110 A
Q.
1]
=
<{APRIL 5 100 4
90
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4 - L
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S 34
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15 6. ‘Nucleic acid of claim5 wherein said substitution anal og, when
al i gned

| D No: 2, shares at |east 40%
simlarity ?%eremnth further wherein said sub?ﬁ?ﬁﬁ?ﬁ%ﬁlghalog
shares at | east 80@6of al i gned cysteine residues with said

APRIL |igand. 7. Nucl eic acid of claim5 wherein said substitution
anal og, when aligned wth SEQ 20 I D No: 2, shares at |east 80%
sequence simlarity therewth. 8. Nucl ei ¢ aci d havi ng a nucl eoti de
sequence conpri sing (a) SEQID NG 1; or (b) a
substitution analog of SEQ ID NO 1; or (c) an alteration
analog of SEQID NO 1; or 25 (d) a deletion anal og of SEQ | D NO
1.

- S r - Vv 37 ' 9. A vector having the nucleic acid of
claiml, 2, 3, 4, or 8, present as an insert therein, said
vector optionally conprising an expression control sequence

operably linked to said insert. 10. A host cell conprising the
vector of claim9. 5 FPig. 5A method for producing substantially pure
APRI L conprising the steps of: culturing the host cells of
claim 10. 12. An APRIL |igand pol ypeptide conprising at |east

about 102 am no aci ds.

Comparison Human and Mouse APRIL

-------------

hAPRIL MGGPVREPALSVALWLSWGAALGAVACAMALLT
MAPRTL . MGGSVREPALSVALWLSWGAVLGAVTCAVALLI
hAPRIL  QOTELOSLRREVSRLOGTGGPSQNGEGYPWQSLPEQSSDALEAWENGERS
MAPRIL QOTELQTLRREVSRLORSGGPSOKOGERPWOSLWEQS PDVLEAWKDGAKS
hAPRTL RKRRAVLTOKOKKQHSVLHLVP INAT SKDDSDVTEVMAOPALRRGRGLOA
MAPRIL  RRRRAVLTQKHKKKHSVLHLVPVNITSKD-SDVTEVMWQPVLRRGRGLEA
hAPRTL QGYGVRIODAGVYLLY SQVLFODVTE TMGOVVSREGOGROETLFRCIRSM
mAPRIL OGDIVRVWDTGIYLLYSQVLFHDVTFTMGOVVSREGOGRRETLFRCIRSM
hAPRTL PSHPDRAYNSCYSAGVFHLHOGDILSVIIPRARAKLNLSPHGTFLGFVKL
MAPRIL PSDPDRAYNSCYSAGVFHLHOGDI ITVKI PRANAKLSLSPHGTFLGFVKL
- 6/6
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13, An APRIL i gand pol ypeptide conpri sing-ar anm n6-acid séquence. f’ound
in amino AC49PCT acids 1 to 55 of ‘8EQ I.D NO 2 or ;a fragfent"t-hereof:

10 14. An APRIL |igand pol ypeptide conprisirg an am o aci-d* sequencer
found in am no acids 157 to 250 of SEQ ID NGO 2 or a fragnent
t her eof . An APRIL ligand selected from (a)
SEQ ID NoWhatdF cla.tmed1s (b) an am no acid substitution anal og of

SEQ ID No:2. 15 16. A soluble APRIL |igand pol ypeptide of clainms 12-15.
17. A pharnmaceuti cal conposition conprising a therapeutically effective
amount of .. _.an APRI L .pol ypeptide of clains 12-15 and a
phar maceutl cal |1‘§/“°A?§Eéﬁa§13? nganA.gﬁ?]g ligand, sqid ligand comprising a polxgepfifleiafody

t hat bisnds speci {dastEHboMt 102 aminbBEgL. | i gand pol ypeptide of claim12, 20
13, 14, 15 or 16. . An anti body that bl ocks binding of an APRIL

| i gand pol ypept.ide to an APRI L recept or pol ypepti de. 21.

An anti body of N}}%ﬁl@rﬁgéofﬁ'atmﬂlmg@ﬂlss)SEQ‘ﬁD:HbiZy to an APRIL pol ypepti de.
- 38- 22. The

use of a @har MG R for .the preparation of a

medi cament for “pr evefglttq{i F\g MdAgl ngﬁg‘ﬁldqggv ?’tﬁqer%qfi E$ Hﬁ?ﬁﬁ

di sease; ligand comprises an amino acid sequence found in amino acids 1 to 55 of SEQ ID
NO:2.

10 4. Nucleic acid encoding an APRIL ligand or a fragment thereof, wherein said
ligand comprises an amino acid sequence found in amino acids 157 to 250 of SEQ
ID NO:2. '

5. Nucleic acid of claims 1-4 encoding an amino acid substitution analog of SEQ ID
No:2.

15 6. Nucleic acid of claim 5 wherein said substitution analog, when aligned with SEQ
ID No:2, shares at least 40% sequence similarity therewith, further wherein said
substitution analog shares at least 80% of aligned cysteine residues with said

APRIL ligand.
7. Nucleic acid of claim 5 wherein said substitution analog, when aligned with SEQ
20 ID No:2, shares at least 80% sequence similarity therewith.
8. Nucleic acid having a nucleotide sequence comprising

(a) SEQID NO:1; or
(b) a substitution analog of SEQ ID NO:1; or
(c) an alteration analog of SEQ ID NO:1; or

25 (d) a deletion analog of SEQ ID NO:1.
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prevent| ng 05 ceducing the severity of an i mwuné resporise to. a . 1 -Ssue.

graft; _stinulating or suppfessing:the lmrune»sy:stem or-- -

tr'eatl ng cancer. 5 23. A nethod for identifying a° ‘recep‘t‘orﬁfor APRI L
provjding APRIL or a fragment thereof,

E?npr: ?bg%. ng A Bctﬁﬂi}"tn%f?leflfls}g id efipdgiant, 2,31 b ox Sipresentab e insatiel ;
Getectaply | | el 8 StbGpidialy barhridifg BBk Girdsetdl Cfgtr%dué&at tot hod of

det ect ably
expr essi ng APRIAperablylinkedrtesaidinsest! | conpri si ng: a.

I ntroduci ng a gene encoding APRIL into a cell; b. al I owi ng
said cell {0 |i ndi L 1.ons suc sald gene i s expressed

in said nalpwml Xﬁow&gﬁ %@8 Hsing e Yegtor 8? Itﬁ"’@éctor conprising a gene encodi ng
APRIL for the preparation of a 15 medi canment for treating a disorder

rel at ed t d1APRIA method forprodicing sabstaatially pure APRIL comlihsmg ﬂlQE{CBgUPI ng into a

cell a therapeuti cal I% S‘ffect I ve amount of said v
and tyring the gosfcells pfelaimyiQ gene in sai d marmal i an cel | .

26. The et hod of claim25 wherein the mammal is a hunan. 20 27. The

net hod: of igl ai m@&p@gﬁgﬁa P%#épﬁ&g%&?%%ﬁ%?at‘élhisﬁbqut AB%QFE”’?O aCédﬁ, The use of

an agent capable of interfering wt ecept or

13. An APRIL ligand polypeptide comprising an amino acid sequence found in amino
acids 1 to 55 of SEQ ID NO:2 or a fragment thereof.

10 14.  An APRIL ligand polypeptide comprising an amino acid sequence found in amino
acids 157 to 250 of SEQ ID NO:2 or a fragment thereof.

15.  An APRIL ligand selected f;om:
(a) SEQ ID No:2; or
(b) an amino acid substitution analog of SEQ ID No:2.
- 15 16. A soluble APRIL ligand polypeptide of claims 12-15.

17. A pharmaceutical composition comprising a therapeutically effective amount of
an APRIL ligand polypeptide of claims 12-15 and a pharmaceutically acceptable

carrier.

19.  An antibody that binds specifically to an APRIL ligand polypeptide of claim 12,
20 13, 14, 15 or 16.

20.  An antibody that blocks binding of an APRIL ligand polypeptide to an APRIL
receptor polypeptide.

21.  An antibody of claim 20 that binds specifically to an APRIL polypeptide.
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f&)r thé pr'eparation of a medi canent for induci_pg cel-i"-death..: .=-. 29. .
The net hod®¥P ai m 28 further conprisi-B8 the adnini stration:of - - .

interferon-[err]. ' - 39- 30. The"use ©f =a=bl ocking
agent capable of interfering with the association between

APRI L and2pts &3t 8f a bR4rndakE ' (R dFelfim B Lf T far trfeati ng,
suppr essi ng, agl'?fiévati nabor aP?Jedr%?ﬁgﬁﬁ fmmné: resppﬁs@@%é\fbalr&oﬁgo & .
signaling .. medicament fqrpréventinget sedecin ARl severity of kb atRRPIUAE diskdseat | Ng,

uppressing or altering the. 5 . rogr essi on of a cancer.

glipp The ?ret h@g‘*‘;S-F‘{‘%&g’iﬁ?a‘éﬁ%stYW%&fan %@B%%ﬁ%ﬁmﬂ%ﬁ human
car ci noma cel | gtimulating or suppfessing HEInIRHNOL sfn; O He it cantlier €i n t he

bl ocki ng agent is a mg)difipreiﬁei nhi bitory f%lrm ggo of APRIL, or

anti-APRIL_antibodies or biologically active fragnments thereof. 10 33.
The net ho§3of & Bethed for ety imgtarecapitardir AFRIgeomprisingn anti - APRI L recept or
ant i body. 34. The nethod of C aim 30 wherein the bl ocking agent

is adninistere& to arqyédinngRIhorafragment thereofonbi nat i on with at | east one
chenot her apeuti ¢ agent. 35. The nethod of claim 34 further

conpri sing t hebst eplabelingisaici APRIL. ion Gragmeiinthereof with a detectable label;

c. screening a composition to detect receptors which bind to the detectably
labeled of step b.

10 24. A method of expressing APRIL in a mammalian cell comprising:
a. introducing a gene encoding APRIL into a cell;

b. allowing said cell to live under conditions such that said gene is expressed
in said mammal.

25.  The use of a vector comprising a gene encoding APRIL for the preparation of a

15 medicament for treating a disorder related to APRIL in a mammal comprising
a. introducing into a cell a therapeutically effective amount of said vector;
and

b. expressing said gene in said mammalian cell.
26. The method of claim 25 wherein the mammal is a human.
20 27. The method of claim 25 wherein said vector is a virus,

28.  The use of an agent capable of interfering with the binding of APRIL to a receptor
for the preparation of a medicament for inducing cell death.

29.  The method of claim 28 further comprising the administration of interferon-y.
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*: The use of 'an'APRIL tl"g"and

15 to said patient. 35 PR

pol ypeptl(fe ofcq‘g%/aj nms 12-15 or an anti b%%ly of ciains Lo - Lo 191- |21.-.-~f0r
the preparation of a nedi canent for suppre55| ng growt h of a tun})lr ceth ]
t hat expr ggses PRI L cg\% isin the . of contacting said cg Wi a

ef fect i ve “ahourtcore 8hA F81%8 egiog yrithethg apsocintion betwreemn

APRI L
antibody 20  APRIL andfitsGbapte: f&19m re aratlonof Q%Fch aﬁk Qlin@"
| i gand %ol ypeptide of clainms 12 15 ér pan ant | g y O %f ﬁfse

19-21 for the [SERIMEISIAS 8¢tivating onelttringranrimnime resgonsmsolvmgl Siphdiingf a tunor

t re a PRI L recepto ol ypepti de, conprising
tcﬁlal step of coﬁ?act?be%é% APRIL and é F‘EFP&%F"'%DSF]S ressing or aliesingtbent of a
sol ubl & APRI L brqgmmqadﬂanﬁmdrde of 25 clainms 12-15 or an anti body

of clainms 19-21 to said subject.

31.  The method of claim 30 wherein said immune response involves human

carcinoma cells.

32.  The method of claim 30, wherein the blocking agent is a modified inhibitory form
S of APRIL, or anti-APRIL antibodies or biologically active fragments thereof,

10 33.  The method of Claim 32 wherein the blocking agent is an anti-APRIL receptor
antibody.

34, The method of Claim 30 wherein the blocking agent is administered to a patient in

combination with at least one chemotherapeutic agent,

3. The method of claim 34 further comprising the step of administering radiation
15 therapy to said patient.

35.  The use of an APRIL ligand polypeptide of claims 12-15 or an antibody of claims
19-21 for the preparation of a medicament for suppressing growth of a tumor cell
that expresses APRIL, comprising the step of contacting said cell with an
effective amount of an APRIL ligand polypeptide of claims 12-15 or an antibody

20 of claims 19-21.

36.  The use of an APRIL ligand polypeptide of claims 12-15 or an antibody of claims
19-21 for the preparation of a medicament for suppressing growth of a tumor cell
that expresses an APRIL receptor polypeptide, comprising the step of contacting
said cell with an effective amount of a soluble APRIL ligand polypeptide of

25 claims 12-15 or an antibody of claims 19-21 to said subject.
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