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Apoptosis Inducing Molecule I and Methods of Use

Background of the Invention

Field of the Invention

The present invention relates to a novel member of the TNF-Ligand
superfamily. More specifically. isolated nucleic acid molecules are provided
encoding a human Apoptosis Inducing Molecule 11 (AIM ). AIM 11
polypeptides are also provided. as are vectors. host cells and recombinant methods
for producing the same. The invention further relates to screening methods for
identifying agonists and antagonists of AIM II activity. Also provided are
therapeutic methods for treating lymphadenopathy, aberrant bone development.
autoimmune and other immune system diseases, graft versus host disease.
rheumatoid arthritis. osteoarthritis and to inhibit neoplasia, such as tumor cell

growth.

Related Art

Human tumor necrosis factors ¢ (TNF-a) and § (TNF-3, or lymphotoxin)
are related members of a broad class of polypeptide mediators, which includes the
interferons. interleukins and growth factors, collectively called cytokines (Beutler.
B. and Cerami. A.. Annu. Ret,. Immunol., 7:625-655 (1989)).

Tumor necrosis factor (TNF-a: and TNF-f) was originally discovered as
a result of its anti-tumor activity, however, now it is recognized as a pleiotropic
cytokine capable of numerous biological activities including apoptosis of some
transformed cell lines, mediation of cell activation and proliferation and also as
playing important roles in immune regulation and inflammation.

To date. known members of the TNF-ligand superfamily include TNF-c.
TNF-B (lymphotoxin-c), LT-B, OX40L. Fas ligand, CD30L, CD27L. CD40L and
4-IBBL. The ligands of the TNF ligand superfamily are acidic, TNF-like
molecules with approximately 20% sequence homology in the extracellular
domains (range. 12%-36%) and exist mainly as membrane-bound forms with the

biologically active form being a trimeric/multimeric complex. Soluble forms of the
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TNF ligand superfamily have only been identified so far for TNF, LTa. and Fas
ligand (for a general review, see Gruss, H. and Dower. S.K., Blood, 85(12):3378-
3404 (1995)). which is hereby incorporated by reference in its entirety.

These proteins are involved in regulation of cell proliferation, activation,
and differentiation. including control of cell survival or death by apoptosis or
cytotoxicity (Armitage, R.J., Curr. Opin. Immunol. 6:407 (1994) and Smith, C.A..
Cell 75:959 (1994)).

Mammalian development is dependent on both the proliferation and
differentiation of cells as well as programmed cell death which occurs through
apoptosis (Walker. et al., Methods Achiev. Exp. Pathol. 13:18 (1988). Apoptosis
plays a critical role in the destruction of immune thymocytes that recognize self
antigens. Failure of this normal elimination process may play a role in
autoimmune diseases (Gammon et al., Immunology Today 12:193 (1991)).

Itohetal (Cell 66:233 (1991)) described a cell surface antigen, Fas/CD95
that mediates apoptosis and is involved in clonal deletion of T-cells. Fas is
expressed in activated T-cells, B-cells, neutrophils and in thymus, liver, heart and
lung and ovary in adult mice (Watanabe-Fukunaga et al., J. Immunolo. 148:1274
(1992)) in addition to activated T-cells, B-cells, neutorophils. In experiments
where a monoclonal Ab to Fas is cross-linked to Fas, apoptosis is induced
(Yonehara et al., J. Exp. Med. 169:1747 (1989); Trauth ef al., Science 245:301
(1989)). In addition, there is an example where binding of a monoclonal Ab to
Fas may stimulate T-cells under certain conditions (Alderson et al., J. Exp. Med.
178:2231 (1993)).

Fasantigenisacell sufface protein of relative MW of 45 Kd. Both human
and murine genes for Fas have been cloned by Watanabe-Fukunaga et al., (J.
Immunol. 148:1274 (1992)) and Itoh et al. (Cell 66:233 (1991)). The proteins
encoded by these genes are both transmembrane proteins with structural
homology to the Nerve Growth Factor/Tumor Necrosis Factor receptor
superfamily, which includes two TNF receptors, the low affinity Nerve Growth

Factor receptor and the LT, receptor CD40, CD27. CD30, and OX40.
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Recently the Fas ligand has been described (Suda er al., Cell 75:1169
(1993)). The amino acid sequence indicates that Fas ligand is a type Il
transmembrane protein belonging to the TNF family. Fas ligand is expressed in
splenocytes and thymocytes. The purified Fas ligand has a MW of 40 kd.

Recently. it has been demonstrated that Fas/Fas ligand interactions are
required for apoptosis following the activation of T-cells (Ju er al., Nature
373:444 (1995): Brunner ef al., Nature 373:441 (1995)). Activation of T-cells
induces both proteins on the cell surface. Subsequent interaction between the
ligand and receptor results in apoptosis of the cells. This supports the possible
regulatory role for apoptosis induced by Fas/Fas ligand interaction during normal
Immune responses.

The polypeptide of the present invention has been identified as a novel
member of the TNF ligand super-family based on structural and biological
similarities.

Clearly, there is a need for factors that regulate activation. and
differentiation of normal and abnormal cells. There is a need, therefore. for
identification and characterization of such factors that modulate activation and
differentiation of cells, both normally and in disease states. In particular, there is
aneed to isolate and characterize additional Fas ligands that control apoptosis for
the treatment of autoimmune disease, graft versus host disease, rheumatoid

arthritis and lymphadenopathy.

Summary of the Invention

The present invention provides isolated nucleic acid molecules comprising
apolynucleotide encoding the AIM I polypeptide having the amino acid sequence
shown in Figures 1A and B (SEQ ID NO:2) or the amino acid sequence encoded
by the cDNA clone deposited in a bacterial host as ATCC Deposit Number 97689
on August 22, 1996. The present invention also provides isolated nucleic acid
molecules comprising a polynucleotide encoding the AIM II polypeptide having

the amino acid sequence shown in Figures 1C and D (SEQ ID NO:39) or the
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amino acid sequence encoded by the cDNA clone deposited in a bacterial host as
ATCC Deposit Number 97483 on March 15. 1996.

The present invention also relates to recombinant vectors. which include
the isolated nucleic acid molecules of the present invention. and to host cells
containing the recombinant vectors, as well as to methods of making such vectors
and host cells and for using them for production of AIM II polypeptides or
peptides by recombinant techniques.

The invention further provides an isolated AIM II polypeptide having an
amino acid sequence encoded by a polynucleotide described herein.

As used herein the term "AIM II" polypeptide includes membrane-bound
proteins (comprising a cytoplasmic domain, a transmembrane domain, and an
extracellular domain) as well as truncated proteins that retain the AIM II
polypeptide activity. In one embodiment, soluble AIM II polypeptides comprise
all or part of the extracellular domain of an AIM II protein, but lack the
transmembrane region that would cause retention of the polypeptide on a cell
membrane. Soluble AIM Il may also include part of the transmembrane region or
part of the cytoplasmic domain or other sequences. provided that the soluble
AIM I protein is capable of being secreted. A heterologous signal peptide can be
fused to the N-terminus of the soluble AIM II polypeptide such that the soluble
AIM 11 polypeptide is secreted upon expression.

The invention also provides for AIM Il polypeptides, particularly human
AIM-II polypeptides, which may be employed to treat afflictions such as
lymphadenopathy, rheumatoid arthritis, autoimmune disease, graft versus host
disease, IgE-mediated allergic reactions. anaphylaxis. adult respiratory distress
syndrome, Crohn's disease. allergic asthma, acute lymphoblastic leukemia (ALL),
non-Hodgkin's lymphoma (NHL), and Graves' disease. These polypeptides of the
invention may also be used to stimulate peripheral tolerance. destroy some
transformed cell lines. mediate cell activation and proliferation and are functionally

linked as primary mediators of immune regulation and inflammatory response.
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The invention further provides compositions comprising an AIM Il
polynucleotide or an AIM II polypeptide for administration to cells in vitro. to
cells ex vivo and to cells in vivo. or to a multicellular organism. In certain
particularly preferred embodiments of this aspect of the invention. the
compositions comprise an AIM II polynucleotide for expression of an AIM 11
polypeptide in a host organism for treatment of disease. Particularly preferred in
this regard is expression in a human patient for treatment of a dysfunction
associated with aberrant endogenous activity of an AIM II.

The present invention also provides a screening method for identifying
compounds capable of enhancing or inhibiting a cellular response induced by
AIM I1. which involves contacting cells which express AIM II with the candidate
compound, assaying a cellular response, and comparing the cellular response to
a standard cellular response, the standard being assayed when contact is made in
absence of the candidate compound; whereby, an increased cellular response over
the standard indicates that the compound is an agonist and a decreased cellular
response over the standard indicates that the compound is an antagonist.

In another aspect. a screening assay for AIM II agonists and antagonists
i1s provided. The antagonists may be employed to prevent septic shock,
inflammation. cerebral malaria, activation of the HIV virus, graft-host rejection,
bone resorption, and cachexia (wasting or malnutrition).

In a further aspect of the invention, AIM Il may be used to treat
rheumatoid arthritis (RA) by inhibiting the increase in angiogenesis or increase in
endothelial cell proliferation required to sustain an invading pannus in bone and
cartilage as is often observed in RA.

In an additional aspect of the invention, AIM Il may be used to inhibit or
activate a cellular response mediated by a cellular receptor (e.g., LT-B-R. TR2.
CD27.and TRANK) by either inhibiting the binding of a ligand to the receptor or
by binding to the receptor and activating a receptor mediated cellular response.

An additional aspect of the invention is related to a method for treating an

individual in need of an increased level of AIM Il activity in the body comprising
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administering to such an individual a composition comprising a therapeutically
effective amount of an isolated AIM II polypeptide of the invention or an agonist
thereof.

A still further aspect of the invention is related to a method for treating an
individual in need of a decreased level of AIM Il activity in the body comprising,
administering to such an individual a composition comprising a therapeutically

effective amount of an AIM II antagonist.

Brief Description of the Figures

Figures 1 A and B show the nucleotide (SEQ ID NO:1) and deduced amino
acid (SEQ ID NO:2) sequences of AIM II. The protein has a deduced molecular
weight of about 26.4 kDa. The predicted Transmembrane Domain of the AIM 11
protein is underlined.

Figures 1C and D show the nucleotide (SEQ ID NO:38) and deduced
amino acid (SEQ ID NO:39) sequences of a partial AIM Il cDNA that was also
obtained.

Figures2A, B and C show the regions of similarity between the amino acid
sequences of the AIM II protein and human TNF-o (SEQ ID NO: 3). human
TNE-B (SEQ ID NO:4), human lymphotoxin (SEQ ID NO:5) and human Fas
Ligand (SEQ ID NO:6).

Figures 3A-F show an analysis of the AIM Il amino acid sequence. Alpha,
beta, turn and coil regions; hydrophilicity and hydrophobicity; amphipathic
regions; flexible regions; antigenic index and surface probability are shown. Inthe
"Antigenic Index - Jameson-Wolf" graph, about amino acid residues 13-20,23-36,
69-79, 85-94, 167-178, 184-196. 221-233 in Figures 1A and B (SEQ ID NO:2)
correspond to the shown highly antigenic regions of the AIM II protein.

Figures 4A and B show the effect of AIM Il on the in vitro proliferation
of MDA-MB-231 human breast cancer cells. 5,000 MDA-MB-231/WT (circle),
MDA-MB-231/Neo (triangle) or MDA-MB-231/AIM 1I (square) cells were
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plated in triplicate in 24-well plates with IMEM in the presence of either 10% FBS
(filled circle. square or triangle) or 1% FBS (open circle. square or triangle). The
number of live cells were determined by trypan blue exclusion method at day 3,
day 5 orday 7. Cells were fed with fresh medium every two days during this time
course. Figure 4B shows colony formation of MDA-MB-231/WT, MDA-MB-
231/Neo and MDA-MB-231/AIM 11 cells in 0.33% agarose.

Figure 5 (A) shows increased Apoptotic cells in MDA-MB-231/AIM 11
(panel c¢) in 0.5% serum compared with that of the MDA-MB-231/WT (panel a)
or MDA-MB-231/Neo (panel b) cells with Annexin-V FACS analysis as described
in Example 5 Material and Methods. (B) shows the DNA fragmentation assay of
MDA-MB-231/WT,MDA-MB-231/Neo and MDA-MB-231/AIM Il cells in 10%
and 0.5% serum. with or without Paclitaxel (taxol) as described in Example 5
Materials and Methods.

Figure 6 (A) shows an evaluation of the effects of AIM II on growth of
xenograft human breast carcinoma MDA-231 innude mice. Female athymic nude
mice were injected s.c. with 10° cells of parental MDA-23 1 (MDA-23 1 -WT),
or MDA-23 1 stably transfected with AIM I1. or vector control neo (n=10). Mice
were then ear tagged and randomized. Tumor growth was assessed twice weekly
with a caliper in the blinded fashion. This panel represents three experiments each
with ten mice per group. (B) shows the effect of AIM II transduction on
inhibition of growth of MC-38 murine colon cancer in syngeneic C57BL/6 mice.
Female C57BL/6 mice were injected s.c. with 10° cells of parental MC-38 (MC-
38-WT), or MC-38 stably transfected with AIM II. or vector control neo (n=10).
Mice were then ear tagged and randomized. Tumor growth was assessed twice
weekly with a caliper in a coded, blinded fashion. This panel represents four
experiments each with ten mice per group.

Figure 7 (A) shows the pFlag-AIM II plasmid construct and the
polypeptide purified from the conditioned medium of pFlag-AIM II transduced
293T cells. (B) Cytotoxicity of a recombinant soluble form of AIM II (sAIM II)
in MDA-MB-231 cells in the presence or absence of IFNy (panel a) or with IFNYy
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alone (panel b). Experiments were carried out as described in Example 5
Materials and Methods.

Figure 8 (A) Cell surface expression of the LTBR or TR2 by the FACS
analyses using LTBR (A-D)or TR2 (E-H) mAb. MDA-MB-231 (A and E)). HT-
29 (B and F), MC-3 © and G). U93T (D and H). (B) FACS binding analvses of
soluble AIM Il protein alone (A) and blocking of a soluble AIM 11 protein binding
by preincubation with the LTBR-Fc fusion protein (B) or TR2-Fc fusion protein
(C)in MDA-MB-231 cells. (C) Summarizes the surface expression of LTPR and
TR2 in various cell lines. (D) Effects of LTPR-Fc¢ or TR2-Fc fusion protein to
block the sAIM II-mediated cytotoxicity in HT-29 cells. Cells were plated into
96-well plates and sAIM II (10ng/ml) was added in the presence of 5 U/ml of
IFNYy with various amounts of sSLTBR-Fc (open circle with LTBR-Fc alone. filled
circle LTPR-Fc, and IFNy) or TR2-Fc¢ fusion protein (open triangle with TR-2F¢
alone, filled triangle TR2-Fc with sLTy and IFNy). Cells were incubated for five
days and the viability of cells was determined by XTT assays.

Figure 9 shows secretion of IFN-y by sAIM II treated human PBL cells.
Human PBLs (5 x 10° cells per well in the 96 well plate) were treated with or
without anti-CD3 mAb and 1L-2(20 U/ml) in the presence or absent of sSAIM II
for 5 days. The supernatants were then collected from the following groups of
cells: PBLs in the presence (filled circle) or absence (open circle) or SAIM 11, or
the resting PBLs with (filled triangle) or without (open triangle) sAIM I1. Human
IFNYy concentration were determined by ELISA.

Figure 10 shows a schematic representation of the pHE4-5 expression
vector (SEQ ID NO:50) and the subcloned AIM Il cDNA coding sequence. The
locations of the kanamycin resistance marker gene, the AIM II coding sequence,
the oriC sequence, and the /aclq coding sequence are indicated.

Figure 11 shows the nucleotide sequence of the regulatory elements of the
pHE promoter (SEQ ID NO:51). The two lac operator sequences. the Shine-
Delgarno sequence (S/D). and the terminal Hindlll and Ndel restriction sites

(italicized) are indicated.
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Figure 12 shows a sensorgram of specificity of binding of MCA-38 AIM 11
conditioned media to LTBR-Fc versus MCIF-Fc immobilized on BIAcore chip.
Conditioned media was analyzed on a BlAcore instrument flowcell derivatized
with lymphotoxin beta receptor Fc fusion protein. The conditioned media (100
pL) was flown over the chip at 5 pL/min and washed with HBS buffer also at 5
puL/min. The shown data represents the net bound (off-rate) region of the plot
after binding of AIM II to immobilized receptor and is measured in relative mass
units (RU) versus time. The binding conditions were performed at high receptor
chip densities under diffusion-limited conditions. Legend: LTBR-Fc and MCIF-Fc
refer to binding data from LTBR-Fc or MCIF-Fc immobilized BIAcore chip
surfaces, respectively.

Figure 13 shows the determination of the LTBR binding by AIM Il eluted
from LTBR-Fc column. Binding conditions were as described in Figure 11.
Legend: LTBR and MCIF refer to binding data from LTBR-Fc or MCIF-Fc
immobilized BIAcore chip surfaces, respectively. Undiluted Conditioned media
from MCA38 cells was analyzed before (pre) and after passage through MCIF-Fc
(post-MCIF) and LTBR-Fc (post-LTBR) affinity columns. Fractions (1 mL)
eluted from the LTBR (E4-6) and MCIF-Fc (E1-3) affinity columns were diluted
3-fold and tested for binding to LTBR BIAcore chip.

Detailed Description

The present invention provides isolated nucleic acid molecules comprising
apolynucleotide encoding an AIM II polypeptide having the amino acid sequence
shown in Figures 1 A and B (SEQ ID NO:2), which was determined by sequencing
a cloned cDNA. The AIM Il protein of the present invention shares sequence
homology with human TNF-o (SEQ ID NO: 3), human TNF-f (SEQ ID NO:4).
human lymphotoxin (SEQ ID NO:5) and human Fas Ligand (SEQ ID NO:6)
(Figures 2A-C). The nucleotide sequence shown in Figures 1A and B (SEQ ID

NO:1) were obtained by sequencing the a cDNA clone. which was deposited on
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August 22, 1996 at the American Type Culture Collection. 10801 University
Blvd.. Manassas. VA 20110-2209. USA. and given accession number 97689. The
deposited clone 1s contained in the pBluescript SK(-) plasmid (Stratagene, La
Jolla. CA). The nucleotide sequence shown in Figures! C and D was obtained by
sequencing the a cDNA clone, which was deposited on March 15. 1996 at the
American Type Culture Collection. 10801 University Blvd., Manassas. VA 20110-

2209, USA. and given accession number 97483.

Nucleic Acid Molecules

Unless otherwise indicated, all nucleotide sequences determined by
sequencing a DNA molecule herein were determined using an automated DNA
sequencer (such as the Model 373 from Applied Biosystems, Inc.), and all amino
acid sequences of polypeptides encoded by DNA molecules determined herein
were predicted by transiation of a DNA sequence determined as above.
Therefore, as is known in the art for any DNA sequence determined by this
automated approach, any nucleotide sequence determined herein may contain
some errors. Nucleotide sequences determined by automation are typically at least
about 90% identical, more typically at least about 95% to at least about 99.9%
identical to the actual nucleotide sequence of the sequenced DNA molecule. The
actual sequence can be more precisely determined by other approaches including
manual DNA sequencing methods well known in the art. Asis also known in the
art, a single insertion or deletion in a determined nucleotide sequence compared
to the actual sequence will cause a frame shift in translation of the nucleotide
sequence such that the predicted amino acid sequence encoded by a determined
nucleotide sequence will be completely different from the amino acid sequence
actually encoded by the sequenced DNA molecule. beginning at the point of such
an insertion or deletion.

Using the information provided herein. such as the nucleotide sequence in
Figures 1A and B, a nucleic acid molecule of the present invention encoding an

AIM I polypeptide may be obtained using standard cloning and screening
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procedures, such as those for cloning cDNAs using mRNA as starting material.
[llustrative of the invention. the nucieic acid molecule described in Figures 1A and
B (SEQ ID NO:1) was discovered in a ¢cDNA library derived from human
macrophage ox LDL (HMCCB64). The gene was also identified in cDNA
libraries from activated T-cells (HT4CC72). The determined nucleotide sequence
of the AIM II ¢cDNA of Figures 1A and B (SEQ ID NO:1) contains an open
reading frame encoding a protein of 240 amino acid residues. with an initiation
codon at positions 49-51 of the nucleotide sequence in Figures 1A and B (SEQ
[DNO:1). an extracellular domain comprising amino acid residues from about 60
to about 240 in Figures 1A and B (SEQ ID NO:2). a transmembrane domain
comprising amino acid residues from about 37 to about 59 in Figures 1A and B
(SEQIDNO:2), aintracellular domain comprising amino acid residues from about
1 to about 36 in Figures 1A and B (SEQ ID NO:2) and a deduced molecular
weight of about 26.4 kDa. The AIM II protein shown in Figures 1A and B (SEQ
ID NO:2) is about 27% identical and about 51% similar to the amino acid
sequence of human Fas Ligand (Figure 2A) and is about 26% identical and about
47% similar to the amino acid sequence of human TNF-« (Figure 2B). TNF-
ligand like molecules function as dimers, given that AIM II is homologous to
TNF-ligand like molecules. it is likely that it also functions as a homodimer.
As one of ordinary skill would appreciate, due to the possibilities of
sequencing errors discussed above, the predicted AIM II polypeptide encoded by
the deposited cDNA comprises about 240 amino acids, but may be anywhere in
the range of 230-250 amino acid. It will further be appreciated that, depending
on the criteria used, concerning the exact "address" of the extracelluar,
intracellular and transmembrane domains of the AIM I polypeptide differ slightly.
For example, the exact location of the AIM 1II extracellular domain in Figures 1A
and B (SEQ ID NO:2) may vary slightly (e.g., the address may "shift" by about
1 to 5 residues) depending on the criteria used to define the domain.
Asindicated, nucleic acid molecules of the present invention may be in the

form of RNA, such as mRNA. or in the form of DNA. including. for instance,
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c¢DNA and genomic DNA obtained by cloning or produced synthetically. The
DNA may be double-stranded or single-stranded. Single-stranded DNA or RNA
may be the coding strand, also known as the sense strand, or it may be the
non-coding strand. also referred to as the anti-sense strand.

By "isolated" nucleic acid molecule(s) is intended a nucleic acid molecule,
DNA or RNA. which has been removed from its native environment For example,
recombinant DNA molecules contained in a vector are considered isolated for the
purposes of the present invention. Further examples of isolated DNA molecules
include recombinant DNA molecules maintained in heterologous host cells or
purified (partially or substantially) DNA molecules in solution. Isolated RNA
molecules include in vivo or in vitro RN A transcripts of the DNA molecules of the
present invention. Isolated nucleic acid molecules according to the present
invention further include such molecules produced synthetically.

Isolated nucleic acid molecules of the present invention include DNA
molecules comprising an open reading frame (ORF) shown in Figures 1A and B
(SEQ ID NO:1) or Figures 1C and D (SEQ ID NO:38); DNA molecules
comprising the coding sequence for the AIM II protein shown in Figures 1A and
B (SEQ ID NO:2) or Figures 1C and D (SEQ ID NO:39); and DNA molecules
which comprise a sequence substantially different from those described above but
which. due to the degeneracy of the genetic code, still encode the AIM II protein.
Of course, the genetic code is well known in the art. Thus, it would be routine for
one skilled in the art to generate such degenerate variants.

In addition, the invention provides a nucleic acid molecule having a
nucleotide sequence related to a portion of SEQ ID NO:1 which has been
determined from the following related ¢cDNA clone: HT4CC72R (SEQ ID
NO:20).

In another aspect, the invention provides isolated nucleic acid molecules
encoding the AIM I polypeptide having an amino acid sequence encoded by the
cDNA clone contained in the plasmid deposited as ATCC Deposit No. 97689 on
August 22, 1996 or by the cDNA clone contained in the plasmid deposited as
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ATCC Deposit No. 97483 on March 15. 1996. Preferably. this nucleic acid
molecule will encode the polypeptide encoded by the above-described deposited
cDNA clone. The invention further provides an isolated nucleic acid molecule
having the nucleotide sequence shown in Figures 1A and B (SEQ ID NO:1) or
Figures 1C and D (SEQ ID NO:38) or the nucleotide sequence of the AIM II
cDNA contained in the above-described deposited clones. or a nucleic acid
molecule having a sequence complementary to one of the above sequences. Such
isolated molecules, particularly DNA molecules, are useful as probes for gene
mapping, by in situ hybridization with chromosomes. and for detecting expression
of the AIM II gene in human tissue, for instance, by Northern blot analysis.
The present invention is further directed to fragments of the isolated
nucleic acid molecules described herein. By a fragment of an isolated nucleic acid
molecule having the nucleotide sequence of the deposited cDNA or the nucleotide
sequence shown in Figures 1A and B (SEQ ID NO:1) is intended fragments at
least about 15 nt, and more preferably at least about 20 nt, still more preferably
at least about 30 nt, and even more preferably, at least about 40 nt in length which
are useful as diagnostic probes and primers as discussed herein. Of course, larger
fragments 50, 75, 100, 125, 150, 175. 200, 225, 250, 275, 300, 325, 350. 375,
400, 425, 450, 475, 500. 525, 550, 575. 600, 625, 650, 675. 700, 725. 750. 775,
800. 825, 850, 875, 900, 925, 950. 975. 1000, 1025, 1050, 1075, 1100, 1125 or
1150 nt in length are also useful according to the present invention as are
fragments corresponding to most, if not all, of the nucleotide sequence of the
deposited cDNA or as shown in Figures 1A and B (SEQ ID NO:1). By a
fragment at least 20 nt in length. for example, is intended fragments which include
20 or more contiguous bases from the nucleotide sequence of the deposited cDNA
or the nucleotide sequence as shown in Figures 1A and B (SEQ ID NO:1).
Preferred nucleic acid fragments of the present invention include nucleic
acid molecules encoding epitope-bearing portions of the AIM Il protein. In
particular, such nucleic acid fragments of the present invention include nucleic

acid molecules encoding: a polypeptide comprising amino acid residues from
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about 13 to about 20 in Figures 1A and B (SEQ ID NO:2); a polypeptide
comprising amino acid residues from about 23 to about 36 in Figure 1 (SEQ ID
NO:2); a polypeptide comprising amino acid residues from about 69 to about 79
in Figures 1A and B (SEQ ID NO:2); a polypeptide comprising amino acid
residues from about 85 to about 94 in Figures 1A and B (SEQ ID NO:2);a
polypeptide comprising amino acid residues from about 167 to about 178 in
Figures 1A and B (SEQ ID NO:2);a polypeptide comprising amino acid residues
from about 184 to about 196 in Figures 1A and B (SEQ ID NO:2); and a
polypeptide comprising amino acid residues from about 221 to about 233 in
Figures 1A and B (SEQIDNO:2). The inventors have determined that the above
polypeptide fragments are antigenic regions of the AIM II protein. Methods for
determining other such epitope-bearing portions of the AIM II protein are
described in detail below.

AIM II polynucleotides may be used in accordance with the present
invention for a variety of applications, particularly those that make use of the
chemical and biological properties of the AIM II. Among these applications in
autoimmune disease and aberrant cellular proliferation. Additional applications
relate to diagnosis and to treatment of disorders of cells. tissues, and organisms.

This invention is also related to the use of the AIM II polynucleotides to
detect complementary polynucleotides such as, for example, as a diagnostic
reagent. Detection of a mutated form of an AIM Il associated with a dysfunction
will provide a diagnostic tool that can add or define a diagnosis of a disease or
susceptibility to disease which results from under-expression, over-expression or
altered expression of AIM II, such as, for example, autoimmune diseases. The
polynucleotide encoding the AIM Il may also be employed as a diagnostic marker
for expression of the polypeptide of the present invention.

Inanother aspect, the invention provides an isolated nucleic acid molecule
comprising a polynucleotide which hybridizes under stringent hybridization
conditions to a portion of the polynucleotide in a nucleic acid molecule of the

invention described above. for instance, the cDNA clone contained in ATCC
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Deposit 97689. By "stringent hybridization conditions" is intended overnight
incubation at 42°C in a solution comprising: 50% formamide, 5x SSC (750 mM
NaCl. 75mM trisodium citrate), 50 mM sodium phosphate (pH 7.6). 5x
Denhardt's solution. 10% dextran sulfate, and 20 pg/ml denatured. sheared salmon
sperm DNA. followed by washing the filters in 0.1x SSC at about 65°C.

By a polynucleotide which hybridizes to a "portion" of a polynucleotide
is intended a polynucleotide (either DNA or RNA) hybridizing to at least about
15 nucleotides (nt). and more preferably at least about 20 nt, still more preferably
at least about 30 nt. and even more preferably about 30-70 nt of the reference
polynucleotide. These are useful as diagnostic probes and primers as discussed
above and in more detail below.

By a portion of a polynucleotide of "at least 20 nt in length," for example,
is intended 20 or more contiguous nucleotides from the nucleotide sequence of the
reference polynucleotide (e.g., the deposited cDNA or the nucleotide sequence as
shown in Figures 1A and B (SEQ ID NO:1)).

Of course, a polynucleotide which hybridizes only to a poly A sequence
(such as the 3" terminal poly(A) tract of the AIM II cDNA shown in Figures 1A
and B (SEQ ID NO:1)), or to a complementary stretch of T (or U) resides, would
not be included in a polynucleotide of the invention used to hybridize to a portion
of anucleic acid of the invention, since such a polynucleotide would hybridize to
any nucleic acid molecule containing a poly (A) stretch or the complement thereof
(e.g., practically any double-stranded cDNA clone).

Asindicated, nucleic acid molecules of the present invention which encode
an AIM II polypeptide may include. but are not limited to those encoding the
amino acid sequence of the polypeptide, by itself; the coding sequence for the
polypeptide and additional sequences. such as those encoding a leader or secretory
sequence. such as a pre-, or pro- or prepro- protein sequence; the coding sequence
of the polypeptide. with or without the aforementioned additional coding
sequences, together with additional. non-coding sequences, including for example,

but not limited to introns and non-coding 5’ and 3’ sequences, such as the
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transcribed. non-translated sequences that play a role in transcription, mRNA
processing. including splicing and polyadenylation signals. for example - ribosome
binding and stability of mRNA: an additional coding sequence which codes for
additional amino acids. such as those which provide additional tunctionalities.
Thus. the sequence encoding the polypeptide may be fused to a marker sequence,
such as a sequence encoding a peptide which facilitates purification of the fused
polypeptide. In certain preferred embodiments of this aspect of the invention, the
marker amino acid sequence is a hexa-histidine peptide, such as the tag provided
in a pQE vector (Qiagen. Inc.), among others, many of which are commercially
available. As described in Gentz et al., Proc. Natl. Acad. Sci. USA 86:821-824
(1989), for instance, hexa-histidine provides for convenient purification of the
fusion protein. The "HA" tag is another peptide useful for purification which
corresponds to an epitope derived from the influenza hemagglutinin protein, which
has been described by Wilson ez al., Cell 37: 767 (1984). As discussed below,
other such fusion proteins include the AIM II fused to Fc at the N- or C-terminus.

Nucleic acid molecules according to the present invention further include
those encoding the full-length AIM-II polypeptide lacking the N-terminal
methionine.

The present invention further relates to variants of the nucleic acid
molecules of the present invention, which encode portions. analogs or derivatives
of the AIM II protein. Variants may occur naturally, such as a natural allelic
variant. By an "allelic variant" is intended one of several alternate forms of a gene
occupying a given locus on a chromosome of an organism. Genes I1, Lewin, B.,
ed..John Wiley & Sons, New York (1985). Non-naturally occurring variants may
be produced using art-known mutagenesis techniques.

Such variants include those produced by nucleotide substitutions, deletions
or additions which may involve one or more nucleotides. The variants may be
altered in coding regions. non-coding regions, or both. Alterations in the coding
regions may produce conservative or non-conservative amino acid substitutions,

deletions or additions. Especially preferred among these are silent substitutions,
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additions and deletions. which do not alter the properties and activities of the
AIM 11 protein or portions thereof. Also especially preferred in this regard are
conservative substitutions.

Further embodiments of the invention include isolated nucleic acid
molecules comprising a polynucleotide having a nucleotide sequence at least 90%
identical. and more preferably at least 95%, 96%. 97%. 98% or 99% identical to
(a) a nucleotide sequence encoding the AIM Il polypeptide having the complete
amino acid sequence in Figures 1A and B (SEQ ID NO:2); (b) a nucleotide
sequence encoding the AIM II polypeptide having the amino acid sequence in
Figures 1A and B (SEQ ID NO:2), but lacking the N-terminal methionine; (c) a
nucleotide sequence encoding the AIM II polypeptide having the complete amino
acid sequence encoded by the cDNA clone contained in ATCC Deposit No.
97689; (d) a nucleotide sequence encoding the AIM II polypeptide extracellular
domain; (e) a nucleotide sequence encoding the AIM II polypeptide
transmembrane domain; (f) a nucleotide sequence encoding the AIM II
polypeptide intracellular domain; (g) a nucleotide sequence encoding a soluble
AIMII polypeptide having the extracellular and intracellular domains but lacking
the transmembrane domain; and (h) a nucleotide sequence complementary to any
of the nucleotide sequences in (a), (b), (c), (d). (e). (f) or (g) above.

By a polynucleotide having a nucleotide sequence at least, for example,
95% "identical" to a reference nucleotide sequence encoding an AIM II
polypeptide is intended that the nucleotide sequence of the polynucleotide is
identical to the reference sequence except that the polynucleotide sequence may
include up to five point mutations per each 100 nucleotides of the reference
nucleotide sequence encoding the AIM II polypeptide. In other words. to obtain
apolynucleotide having a nucleotide sequence at least 95% identical to a reference
nucleotide sequence, up to 5% of the nucleotides in the reference sequence may
be deleted or substituted with another nucleotide, or a number of nucleotides up
to 5% of the total nucleotides in the reference sequence may be inserted into the

reference sequence. These mutations of the reference sequence may occur at the
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5" or 3’ terminal positions of the reference nucleotide sequence or anywhere
between those terminal positions. interspersed either individually among
nucleotides in the reference sequence or in one or more contiguous groups within
the reference sequence.

As a practical matter. whether any particular nucleic acid molecule 1s at
least 90%, 95%. 96%, 97%. 98% or 99% identical to. for instance. the nucleotide
sequence shown in Figures 1A and B or to the nucleotides sequence of the
deposited cDNA clone can be determined conventionally using known computer
programs such as the Bestfit program (Wisconsin Sequence Analysis Package,
Version 8 for Unix. Genetics Computer Group, University Research Park, 575
Science Drive. Madison, WI53711. Bestfituses the local homology algorithm of
Smith and Waterman, Advances in Applied Mathematics 2: 482-489 (1981), to
find the best segment of homology between two sequences. When using Bestfit
or any other sequence alignment program to determine whether a particular
sequence is, for instance, 95% identical to a reference sequence according to the
present invention, the parameters are set, of course, such that the percentage of
identity is calculated over the full length of the reference nucleotide sequence and
that gaps in homology of up to 5% of the total number of nucleotides in the
reference sequence are allowed.

By a polynucleotide having a nucleotide sequence at least. for example,
95% "identical" to a reference nucleotide sequence of the present invention, it is
intended that the nucleotide sequence of the polynucleotide is identical to the
reference sequence except that the polynucleotide sequence may include up to five
point mutations per each 100 nucleotides of the reference nucleotide sequence
encoding the AIM II polypeptide. In other words, to obtain a polynucleotide
having a nucleotide sequence at least 95% identical to a reference nucleotide
sequence, up to 5% of the nucleotides in the reference sequence may be deleted
or substituted with another nucleotide, or a number of nucleotides up to 5% of the
total nucleotides in the reference sequence may be inserted into the reference

sequence. The query sequence may be an entire sequence shown in Figures 1A
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and B. the ORF (open reading frame), or any fragment specified as described
herein.

As a practical matter. whether any particular nucleic acid molecule or
polypeptide is at least 90%, 95%. 96%. 97%. 98% or 99% identical to a
nucleotide sequence of the presence invention can be determined conventionally
using known computer programs. A preferred method for determining the best
overall match between a query sequence (a sequence of the present invention) and
a subject sequence. also referred to as a global sequence alignment, can be
determined using the FASTDB computer program based on the algorithm of
Brutlag et al. (Comp. App. Biosci. 6:237-245 (1990)). In a sequence alignment
the query and subject sequences are both DNA sequences. An RNA sequence can
be compared by converting U's to T's. The result of said global sequence
alignment is in percent identity. Preferred parameters used in a FASTDB
alignment of DNA sequences to calculate percent identity are: Matrix=Unitary,
k-tuple=4. Mismatch Penalty=1, Joining Penalty=30, Randomization Group
Length=0, Cutoff Score=1, Gap Penalty=5, Gap Size Penalty 0.05, Window
Size=500 or the length of the subject nucleotide sequence. whichever is shorter.

If the subject sequence is shorter than the query sequence because of 5' or
3" deletions. not because of internal deletions. a manual correction must be made
to the results. This is because the FASTDB program does not account for 5' and
3' truncations of the subject sequence when calculating percent identity. For
subject sequences truncated at the 5' or 3' ends. relative to the query sequence. the
percent identity is corrected by calculating the number of bases of the query
sequence that are 5' and 3' of the subject sequence, which are not matched/aligned.
as a percent of the total bases of the query sequence. Whether a nucleotide is
matched/aligned is determined by results of the FASTDB sequence alignment.
This percentage is then subtracted from the percent identity, calculated by the
above FASTDB program using the specified parameters, to arrive at a final
percent identity score. This corrected score is what is used for the purposes of the

present invention. Only bases outside the 5' and 3' bases of the subject sequence,
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as displayed by the FASTDB alignment. which are not matched/aligned with the
query sequence, are calculated for the purposes of manually adjusting the percent
identity score.

For example, a 90 base subject sequence is aligned to a 100 base query
sequence to determine percent identity. The deletions occur at the 5’ end of the
subject sequence and therefore, the FASTDB alignment does not show a
match/alignment of the first 10 bases at the 5' end. The 10 unpaired bases
represent 10% of the sequence (number of bases at the 5' and 3' ends not
matched/total number of bases in the query sequence) so 10% is subtracted from
the percent identity score calculated by the FASTDB program. If the remaining
90 bases were perfectly matched the final percent identity would be 90%. In
another example, a 90 base subject sequence is compared with a 100 base query
sequence. This time the deletions are internal deletions so that there are no bases
on the 5' or 3' of the subject sequence which are not matched/aligned with the
query. In this case the percent identity calculated by FASTDB is not manually
corrected. Once again, only bases 5' and 3' of the subject sequence which are not
matched/aligned with the query sequence are manually corrected for. No other
manual corrections are to made for the purposes of the present invention.

The present application is directed to nucleic acid molecules at least 90%.
95%. 96%, 97%, 98% or 99% identical to the nucleic acid sequence shown in
Figures 1A and B (SEQ ID NO:1) or to the nucleic acid sequence of the deposited
cDNA. irrespective of whether they encode a polypeptide having AIM I] activity.
This is because even where a particular nucleic acid molecule does not encode a
polypeptide having AIM II activity, one of skill in the art would still know how
to use the nucleic acid molecule, for instance, as a hybridization probe or a
polymerase chain reaction (PCR) primer. Uses of the nucleic acid molecules of
the present invention that do not encode a polypeptide having AIM 11 activity
include. inter alia, (1) isolating the AIM II gene or allelic variants thereof in a
cDNA library; (2) in situ hybridization (¢.g.. "FISH") to metaphase chromosomal

spreads to provide precise chromosomal location of the AIM 11 gene, as described
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in Vermaef al., Human Chromosomes: A Manual of Basic Techniques. Pergamon
Press. New York (1988): and (3) Northern Blot analysis for detecting AIM 11
mRNA expression in specific tissues.

Preferred. however. are nucleic acid molecules having sequences at least
90%., 95%., 96%. 97%, 98% or 99% identical to the nucleic acid sequence shown
in Figures 1A and B (SEQ ID NO:1) or to the nucleic acid sequence of the
deposited cDNA which do. in fact, encode a polypeptide having AIM II protein
activity. By "a polypeptide having AIM II activity” is intended polypeptides
exhibiting activity similar. but not necessarily identical. to an activity of the AIM 11
protein of the invention, as measured in a particular biological assay. For
example, AIM II protein cytotoxic activity can be measured using propidium
1odide staining to demonstrate apoptosis as described by Zarres et al., Cell 70:
31-46(1992). Alternatively. AIM Il induced apoptosis can also be measured using
TUNEL staining as described by Gavierli et al., J. Cell. Biol. 119: 493-501
(1992).

Briefly. the propidium iodide staining is performed as follows. Cells either
from tissue or culture are fixed in formaldehyde, cut into frozen sections and
stained with propidium iodide. The cell nuclei are visualized by propidium iodide
using confocal fluorescent microscopy. Cell death isindicated by pyknotic nuclei
(chromosome clumping. shrinking and/or fragmentation of nuclei).

Of course, due to the degeneracy of the genetic code, one of ordinary skill
in the art will immediately recognize that a large number of the nucleic acid
molecules having a sequence at least 90%. 95%, 96%, 97%, 98%, or 99%
identical to the nucleic acid sequence of the deposited cDNA or the nucleic acid
sequence shown in Figures 1A and B (SEQ ID NO:1) will encode a polypeptide
"having AIM Il protein activity." In fact, since degenerate variants of these
nucleotide sequences all encode the same polypeptide, this will be clear to the
skilled artisan even without performing the above described comparison assay.
[t will be further recognized in the art that. for such nucleic acid molecules that are

not degenerate variants, a reasonable number will also encode a polypeptide
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having AIM Il protein activity. This is because the skilled artisan is fully aware
of amino acid substitutions that are either less likely or not likely to significantly
effect protein function (e.g.. replacing one aliphatic amino acid with a second
aliphatic amino acid).

For example. guidance concerning how to make phenotypically silent
amino acid substitutions is provided in Bowie, J. U. et al, "Deciphering the
Message in Protein Sequences: Tolerance to Amino Acid Substitutions." Science
247:1306-1310 (1990), wherein the authors indicate that proteins are surprisingly

tolerant of amino acid substitutions.
AIM II "Knock-Outs" and Homologous Recombination

Endogenous gene expression can also be reduced by inactivating or
"knocking out" the gene and/or its promoter using targeted homologous
recombination. (e.g., see Smithies ef al., Nature 317:230-234 (1985); Thomas
& Capecchi, Cell 51:503-512 (1987); Thompson et al., Cell 5:313-321 (1989);
each of which is incorporated by reference herein in its entirety). For example, a
mutant, non-functional polynucleotide of the invention (or a completely unrelated
DNA sequence) flanked by DNA homologous to the endogenous polynucleotide
sequence (either the coding regions or regulatory regions of the gene) can be used,
with or without a selectable marker and/or a negative selectable marker, to
transfect cells that express polypeptides of the invention in vivo. In another
embodiment, techniques known in the art are used to generate knockouts in cells
that contain, but do not express the gene of interest. Insertion of the DNA
construct. via targeted homologous recombination, results in inactivation of the
targeted gene. Such approaches are particularly suited in research and agricultural
fields where modifications to embryonic stem cells can be used to generate animal
offspring with an inactive targeted gene (see. e.g., Thomas & Capecchi 1987 and
Thompson 1989, supra). However this approach can be routinely adapted for use

in humans provided the recombinant DNA constructs are directly administered or
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targeted to the required site in vivo using appropriate viral vectors that will be
apparent to those of skill in the art. The contents of each of the documents recited
in this paragraph is herein incorporated by reference in its entirety.

In further embodiments of the invention. cells that are genetically
engineered to express the polypeptides of the invention: or alternatively, that are
genetically engineered not to express the polypeptides of the invention (e.g.,
knockouts) are administered to a patient in vivo. Such cells may be obtained from
the patient (i.e.. animal. including human) or an MHC compatible donor and can
include, but are not limited to fibroblasts, bone marrow cells. blood cells (e.g.,
lymphocytes), adipocytes, muscle cells, endothelial cells etc. The cells are
genetically engineered in vitro using recombinant DNA techniques to introduce
the coding sequence of polypeptides of the invention into the cells, or
alternatively, to disrupt the coding sequence and/or endogenous regulatory
sequence associated with the polypeptides of the invention, e.g., by transduction
(using viral vectors, and preferably vectors that integrate the transgene into the
cell genome) or transfection procedures, including. but not limited to, the use of
plasmids, cosmids, YACs, naked DNA, electroporation, liposomes, etc. The
coding sequence of the polypeptides of the invention can be placed under the
control of a strong constitutive or inducible promoter or promoter/enhancer to
achieve expression, and preferably secretion, of the polypeptides of the invention.
The engineered cells which express and preferably secrete the polypeptides of the
invention can be introduced into the patient systemically, e.g.. in the circulation,
orintraperitoneally. Alternatively. the cells can be incorporated into a matrix and
implanted in the body, e. g., genetically engineered fibroblasts can be implanted as
part of a skin graft; genetically engineered endothelial cells can be implanted as
part of a lymphatic or vascular graft. (See, e.g., Anderson et al. U.S. Patent No.
5,399.349; and Mulligan & Wilson, U.S. Patent No. 5.460,959, each of which is
incorporated by reference herein in its entirety).

When the cells to be administered are non-autologous or non-MHC

compatible cells, they can be administered using well known techniques which
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prevent the development of a host immune response against the introduced cells.
For example. the cells may be introduced in an encapsulated form which. while
allowing for an exchange of components with the immediate extracellular
environment. does not allow the introduced cells to be recognized by the host

immune system.

Vectors and Host Cells

The present invention also relates to vectors which include the isolated
DNA molecules of the present invention, host cells which are genetically
engineered with the recombinant vectors. and the production of AIM II
polypeptides or fragments thereof by recombinant techniques.

The polynucleotides may be joined to a vector containing a selectable
marker for propagation in a host. Generally, a plasmid vector is introduced in a
precipitate, such as a calcium phosphate precipitate. or in a complex with a
charged lipid. If the vector is a virus, it may be packaged in vitro using an
appropriate packaging cell line and then transduced into host cells.

The DNA insert should be operatively linked to an appropriate promoter,
such as the phage lambda PL promoter. the E. coli luc, trp and tac promoters, the
SV40 early and late promoters and promoters of retroviral LTRs. to name a few.
Other suitable promoters will be known to the skilled artisan. The expression
constructs will further contain sites for transcription initiation, termination and, in
the transcribed region, aribosome binding site for translation. The coding portion
of the mature transcripts expressed by the constructs will preferably include a
translation initiating at the beginning and a termination codon (UAA, UGA or
UAG) appropriately positioned at the end of the polypeptide to be translated.

As indicated, the expression vectors will preferably include at least one
selectable marker. Such markers include dihydrofolate reductase or neomycin
resistance for eukaryotic cell culture and tetracycline or ampicillin resistance genes

for culturing in £. coli and other bacteria. Representative examples of appropriate
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hosts include, but are not limited to. bacterial cells, such as E. coli. Streptomyces
and Salmonella typhimurium cells: fungal cells. such as yeast cells: insect cells
such as Drosophila S2 and Spodoptera S9 cells; animal cells such as CHO. COS
and Bowes melanoma cells: and plant cells. Appropriate culture mediums and
conditions for the above-described host cells are known in the art.

In addition to the use of expression vectors in the practice of the present
invention, the present invention further includes novel expression vectors
comprising operator and promoter elements operatively linked to nucleotide
sequences encoding a protein of interest. One example of such a vector is pHE4-5
which is described in detail below.

As summarized in Figures 10 and 11. components of the pHE4-5 vector
(SEQ ID NO:50) include: 1) a neomycinphosphotransferase gene as a selection
marker, 2) an E. coli origin of replication, 3) a T5 phage promoter sequence,
4) two lac operator sequences. 5) a Shine-Delgarno sequence, 6) the lactose
operon repressor gene (/aclq). The origin of replication (oriC) is derived from
pUCI19 (LTI, Gaithersburg. MD). The promoter sequence and operator
sequences were made synthetically. Synthetic production of nucleic acid
sequences is well known in the art. CLONTECH 95/96 Catalog, pages 215-216,
CLONTECH, 1020 East Meadow Circle. Palo Alto. CA 94303. A nucleotide
sequence encoding AIM I (SEQ ID NO:1), is operatively linked to the promoter
and operator by inserting the nucleotide sequence between the Ndel and 4sp718
sites of the pHE4-5 vector.

As noted above, the pHE4-5 vector contains a laclq gene. Laclq is an
allele of the /acl gene which confers tight regulation of the lac operator. Amann,
E. et al., Gene 69:301-315 (1988); Stark, M., Gene 51:255-267 (1987). The
laclq gene encodes a repressor protein which binds to Jac operator sequences and
blocks transcription of down-stream (i.¢., 3') sequences. However, the /laclq gene
product dissociates from the /ac operator in the presence of either lactose or
certain lactose analogs, e. g, isopropyl B-D-thiogalactopyranoside (IPTG). AIM 11

thus is not produced in appreciable quantities in uninduced host cells containing
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the pHE4-5 vector. Induction of these host cells by the addition of an agent such
as [IPTG. however. results in the expression of the AIM 1l coding sequence.

The promoter/operator sequences of the pHE4-5 vector (SEQ ID NO:51)
comprise a TS phage promoter and two /lac operator sequences. One operator is
located 5' to the transcriptional start site and the other is located 3' to the same
site. These operators. when present in combination with the /aclq gene product.
confer tight repression of down-stream sequences in the absence of a lac operon
inducer, e.g.. IPTG. Expression of operatively linked sequences located
down-stream from the lac operators may be induced by the addition of a lac
operon inducer. such as IPTG. Binding of a lac inducer to the laclq proteins
results in their release from the /ac operator sequences and the initiation of
transcription of operatively linked sequences. Lac operon regulation of gene
expressionis reviewed in Devlin, T., TEXTBOOK OF BIOCHEMISTRY WITH CLINICAL
CORRELATIONS, 4th Edition (1997), pages 802-807.

The pHE4 series of vectors contain all of the components of the pHE4-5
vector except for the AIM II coding sequence. Features of the pHE4 vectors
include optimized synthetic T5 phage promoter, /ac operator. and Shine-Delgarno
sequences. Further, these sequences are also optimally spaced so that expression
of an inserted gene may be tightly regulated and high level of expression occurs
upon induction.

Among known bacterial promoters suitable for use in the production of
proteins of the present invention include the E. coli lacl and lacZ promoters, the
T3 and T7 promoters. the gpf promoter, the lambda PR and PL promoters and the
trp promoter. Suitable eukaryotic promoters include the CMV immediate early
promoter, the HSV thymidine kinase promoter, the early and late SV40
promoters, the promoters of retroviral LTRs, such as those of the Rous Sarcoma
Virus (RSV), and metallothionein promoters, such as the mouse metallothionein-I
promoter.

The pHE4-5 vector also contains a Shine-Delgarno sequence 5' to the

AUG initiation codon. Shine-Delgarno sequences are short sequences generally
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located about 10 nucleotides up-stream (i.¢.. 5") from the AUG initiation codon.
These sequences essentially direct prokaryotic ribosomes to the AUG initiation
codon.

Thus. the present invention is also directed to expression vector useful for
the production of the proteins of the present invention. This aspect of the
invention is exemplified by the pHE4-5 vector (SEQ ID NO:50).

Among vectors preferred for use in bacteria include pQE70, pQE60 and
pQE-9. available from Qiagen; pBS vectors. Phagescript vectors. Bluescript
vectors. pNH8A, pNH16a, pNH18A, pNH46A, available from Stratagene: and
ptrc99a, pKK223-3, pKK233-3, pDR540, pRITS5 available from Pharmacia.
Among preferred eukaryotic vectors are pWLNEO, pSV2CAT. pOG44, pXT1
and pSG available from Stratagene; and pSVK3, pBPV, pMSG and pSVL
available from Pharmacia. Other suitable vectors will be readily apparent to the
skilled artisan.

Introduction of the construct into the host cell can be effected by calcium
phosphate transfection, DEAE-dextran mediated transfection, cationic
lipid-mediated transfection, electroporation, transduction, infection or other
methods. Such methods are described in many standard laboratory manuals, such
as Davis et al., Basic Methods In Molecular Biology (1986).

The polypeptide may be expressed in a modified form. such as a fusion
protein. and may include not only secretion signals, but also additional
heterologous functional regions. Forinstance. a region of additional amino acids,
particularly charged amino acids. may be added to the N-terminus of the
polypeptide to improve stability and persistence in the host cell, during
purification, or during subsequent handling and storage. Also, peptide moieties
may be added to the polypeptide to facilitate purification. Such regions may be
removed prior to final preparation of the polypeptide. The addition of peptide
moieties to polypeptides to engender secretion or excretion, to improve stability
and to facilitate purification, among others. are familiar and routine techniques in

the art. A preferred fusion protein comprises a heterologous region from
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immunoglobulin that is useful to solubilize proteins. For example. EP-A-O 464
533 (Canadian counterpart 2045869) discloses fusion proteins comprising various
portions of constant region of immunoglobin molecules together with another
human protein or part thereof. In many cases, the Fc part in a fusion protein is
thoroughly advantageous for use in therapy and diagnosis and thus results, for
example. inimproved pharmacokinetic properties (EP-A 0232 262). On the other
hand. for some uses it would be desirable to be able to delete the Fc part after the
fusion protein has been expressed. detected and purified in the advantageous
manner described. This is the case when Fc portion proves to be a hindrance to
use in therapy and diagnosis. for example when the fusion protein is to be used as
antigen forimmunizations. In drug discovery. for example. human proteins, such
as, hIL5-receptor has been fused with Fc portions for the purpose of
high-throughput screening assays to identify antagonists of hIL-3. See, D.
Bennett et al., Journal of Molecular Recognition, Vol. 8:52-58 (1995) and K.
Johanson et al, The Journal of Biological Chemistry, Vol. 270, No.
16:9459-9471 (1995).

The AIM I protein can be recovered and purified from recombinant cell
cultures by well-known methods including ammonium sulfate or ethanol
precipitation, acid extraction, anion or cation exchange chromatography,
phosphocellulose chromatography, hydrophobic interaction chromatography,
affinity chromatography, hydroxylapatite chromatography and lectin
chromatography. Most preferably, high performance liquid chromatography
("HPLC") is employed for purification. Polypeptides of the present invention
include naturally purified products, products of chemical synthetic procedures, and
products produced by recombinant techniques from a prokaryotic or eukaryotic
host, including. for example. bacterial, yeast, higher plant. insect and mammalian
cells. Depending upon the host employed in a recombinant production procedure,
the polypeptides of the present invention may be glycosylated or may be

non-glycosylated. In addition, polypeptides of the invention may also include an
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initial modified methionine residue. in some cases as a result of host-mediated
processes.

In addition to encompassing host cells containing the vector constructs
discussed herein. the invention also encompasses primary, secondary. and
immortalized host cells of vertebrate origin. particularly mammalian origin. that
have been engineered to delete or replace endogenous genetic material (e.g..
AIM 11 coding sequence). and/or to include genetic material (e.g.. heterologous
polynucleotide sequences) that is operably associated with AIM II polynucleotides
of the invention. and which activates. alters, and/or amplifies endogenous AIM 11
polynucleotides. For example. techniques known in the art may be used to
operably associate heterologous control regions (e.g., promoter and/or enhancer)
and endogenous AIM II polynucleotide sequences via homologous recombination
(see, e.g.. U.S. Patent No. 5,641,670, issued June 24, 1997; International
Publication No. WO 96/29411, published September 26, 1996; International
Publication No. WO 94/12650, published August 4, 1994; Koller er al., Proc.
Natl. Acad. Sci. USA 86:8932-8935 (1989). and Zijlstra et al., Nature
342:435-438 (1989), the disclosures of each of which are incorporated by

reference in their entireties).

Transgenic Non-Human Animals

The polypeptides of the invention can also be expressed in transgenic
animals. Animals of any species, including. but not limited to, mice, rats, rabbits,
hamsters, guinea pigs, pigs, micro-pigs, goats, sheep, cows and non-human
primates, e.g.. baboons, monkeys. and chimpanzees may be used to generate
transgenic animals. In a specific embodiment. techniques described herein or
otherwise known in the art, are used to express polypeptides of the invention in
humans. as part of a gene therapy protocol.

Any technique known in the art may be used to introduce the transgene

(i.e., polynucleotides of the invention) into animals to produce the founder lines
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of transgenic animals. Such techniques include, but are not limited to, pronuclear
microinjection (Paterson et «l.. Appl. Microbiol. Biotechnol. 40:691-698 (1994);
Carver et al., Biotechnology (NY) 11:1263-1270 (1993). Wright er al.,
Biotechnology (NY) 9:830-834 (1991). and Hoppe er al.. U.S. Pat. No. 4.873.191
(1989)): retrovirus mediated gene transfer into germ lines (Van der Putten er al.,
Proc. Natl. Acad. Sci., USA 8§2:6148-6152 (1985)). blastocysts or embryos: gene
targeting in embryonic stem cells (Thompson et al., Cell 56:313-321 (1989));
electroporation of cells or embryos (Lo, Mol Cell. Biol. 3:1803-1814 (1983));
introduction of the polynucleotides of the invention using a gene gun (see. e.g.,
Ulmer et al., Science 259:1745 (1993); introducing nucleic acid constructs into
embryonic pleuripotent stem cells and transferring the stem cells back into the
blastocyst; and sperm-mediated gene transfer (Lavitrano er al., Cell 57:717-723
(1989); etc. Forareview of such techniques, see Gordon, "Transgenic Animals,"
Intl. Rev. Cytol. 115:171-229 (1989), which is incorporated by reference herein
in its entirety. Further, the contents of each of the documents recited in this
paragraph is herein incorporated by reference in its entirety.

Any technique known in the art may be used to produce transgenic clones
containing polynucleotides of the invention, for example, nuclear transfer into
enucleated oocytes of nuclei from cultured embryonic, fetal. or adult cells induced
to quiescence (Campell et al., Nature 380:64-66 (1996); Wilmut et al.. Nature
385:810-813 (1997)). each of which is herein incorporated by reference in its
entirety).

The present invention provides for transgenic animals that carry the
transgene in all their cells, as well as animals which carry the transgene in some,
but not all their cells, i.e., mosaic animals or chimeric. The transgene may be
integrated as a single transgene or as multiple copies such as in concatamers, e.g.,
head-to-head tandems or head-to-tail tandems. The transgene may also be
selectively introduced into and activated in a particular cell type by following, for
example, the teaching of Lasko er al. (Lasko et al., Proc. Natl. Acad. Sci. USA
89:6232-6236 (1992)). The regulatory sequences required for such a cell-type
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specific activation will depend upon the particular cell type of interest. and will be
apparent to those of skill in the art. When it is desired that the polynucleotide
transgene be integrated into the chromosomal site of the endogenous gene. gene
targeting is preferred. Briefly, when such a technique is to be utilized, vectors
containing some nucleotide sequences homologous to the endogenous gene are
designed for the purpose of integrating, via homologous recombination with
chromosomal sequences. into and disrupting the function of the nucleotide
sequence of the endogenous gene. The transgene may also be selectively
introduced into a particular cell type, thus inactivating the endogenous gene in
only that cell type, by following, for example, the teaching of Guet al. (Guer al..
Science 265:103-106 (1994)). The regulatory sequences required for such a
cell-type specific inactivation will depend upon the particular cell type of interest,
and will be apparent to those of skill in the art. The contents of each of the
documents recited in this paragraph is herein incorporated by reference in its
entirety.

Once transgenic animals have been generated, the expression of the
recombinant gene may be assayed utilizing standard techniques. Initial screening
may be accomplished by Southern blot analysis or PCR techniques to analyze
animal tissues to verify that integration of the transgene has taken place. The level
of mRNA expression of the transgene in the tissues of the transgenic animals may
also be assessed using techniques which include, but are not limited to, Northern
blot analysis of tissue samples obtained from the animal, in situ hybridization
analysis, and reverse transcriptase-PCR (rt-PCR). Samples of transgenic
gene-expressing tissue may also be evaluated immunocytochemically or
immunohistochemically using antibodies specific for the transgene product.

Once the founder animals are produced, they may be bred, inbred, outbred,
or crossbred to produce colonies of the particular animal. Examples of such
breeding strategies include, but are not limited to: outbreeding of founder animals
with more than one integration site in order to establish separate lines: inbreeding

of separate lines in order to produce compound transgenics that express the
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transgene at higher levels because of the effects of additive expression of each
transgene; crossing of heterozygous transgenic animals to produce animals
homozygous for a given integration site in order to both augment expression and
eliminate the need for screening of animals by DNA analysis; crossing of separate
homozygous lines to produce compound heterozygous or homozygous lines: and
breeding to place the transgene on a distinct background that is appropriate for an
experimental model of interest.

Transgenic and "knock-out" animals of the invention have uses which
include, but are not limited to, animal model systems useful in elaborating the
biological function of AIM Il polypeptides. studying conditions and/or disorders
associated with aberrant AIM II expression, and in screening for compounds

effective in ameliorating such conditions and/or disorders.

AIM II Polypeptides and Fragments

The invention further provides an isolated AIM Il polypeptide having the
amino acid sequence encoded by the deposited cDNA, or the amino acid sequence
in Figures 1A and B (SEQ ID NO:2), or a peptide or polypeptide comprising a
portion of the above polypeptides.

It will be recognized in the art that some amino acid sequences of the
AIM II polypeptide can be varied without significant effect of the structure or
function of the protein. If such differences in sequence are contemplated, it should
be remembered that there will be critical areas on the protein which determine
activity.

Thus. the invention further includes variations of the AIM II polypeptide
which show substantial AIM II polypeptide activity or which include regions of
AIM 1I protein such as the protein portions discussed below. Such mutants
include deletions, insertions. inversions. repeats, and type substitutions. As
indicated above, guidance concerning which amino acid changes are likely to be

phenotypically silent can be found in Bowie, J.U., et al, "Deciphering the
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Message in Protein Sequences: Tolerance to Amino Acid Substitutions." Science
247:1306-1310 (1990).

Thus. the fragment. derivative or analog of the polypeptide of Figures 1A
and B (SEQ ID NO:2), or that encoded by the deposited cDNA. may be (i) one
in which one or more of the amino acid residues (e.g.. 3. 5. 8, 10, 15 or 20) are
substituted with a conserved or non-conserved amino acid residue (preferably a
conserved amino acid residue) and such substituted amino acid residue may or
may not be one encoded by the genetic code, or (ii) one in which one or more of
the amino acid residues includes a substituent group (e.g.. 3. 5, 8, 10. 15 or 20).
or (ii1) one in which the mature polypeptide is fused with another compound, such
as a compound to increase the half-life of the polypeptide (for example.
polyethylene glycol), or (iv) one in which the additional amino acids are fused to
the mature polypeptide, such as an IgG Fc fusion region peptide or leader or
secretory sequence or a sequence which is employed for purification of the mature
polypeptide or a proprotein sequence. Such fragments. derivatives and analogs
are deemed to be within the scope of those skilled in the art from the teachings
herein.

Of particular interest are substitutions of charged amino acids with another
charged amino acid and with neutral or negatively charged amino acids. The latter
results in proteins with reduced positive charge to improve the characteristics of
the AIM 1l protein. The prevention of aggregation is highly desirable.
Aggregation of proteins not only results in a loss of activity but can also be
problematic when preparing pharmaceutical formulations, because they can be
immunogenic. (Pinckard et al., Clin Exp. Immunol. 2:331-340 (1967). Robbins
et al., Diabetes 36:838-845 (1987); Cleland et al. Crit. Rev. Therapeutic Drug
Carrier Systems 10:307-377 (1993)).

The replacement of amino acids can also change the selectivity of binding
to cell surface receptors. Ostade er al., Nature 361:266-268 (1993) describes
certain mutations resulting in selective binding of TNF-« to only one of the two

known types of TNF receptors. Thus, the AIM II receptor of the present
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invention may include one or more (e.g.. 3. 5. 8, 10, 15 or 20) amino acid
substitutions. deletions or additions. either from natural mutations or human
manipulation.

As indicated, changes are preferably of a minor nature, such as
conservative amino acid substitutions that do not significantly affect the folding

or activity of the protein (see Table 1).

TABLE 1. Conservative Amino Acid Substitutions.

Aromatic Phenyialanine
Tryptophan
Tyrosine

Hydrophobic Leucine
Isoleucine
Valine

Polar Glutamine
Asparagine

Basic Arginine
Lysine
Histidine

Acidic Aspartic Acid
Glutamic Acid

Small Alanine
Serine
Threonine
Methionine
Glycine

Of course, the number of amino acid substitutions a skilled artisan would
make depends on many factors, including those described above. Generally
speaking, the number of substitutions for any given AIM-II polypeptide will not
be more than 50, 40, 30, 25, 20, 15, 10, 5 or 3.

Amino acids in the AIM 1l protein of the present invention that are
essential for function can be identified by methods known in the art, such as site-
directed mutagenesis or alanine-scanning mutagenesis (Cunningham and Wells,

Science 244:1081-1085 (1989)). The latter procedure introduces single alanine
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[

(9]

N
1

mutations at every residue in the molecule. The resulting mutant molecules are
then tested for biological activity such as receptor binding or in vitro. or in vitro
proliferative activity. Sites that are critical for ligand-receptor binding can also be
determined by structural analysis such as crystallization. nuclear magnetic
resonance or photoaffinity labeling (Smith et a/., J. Mol. Biol. 224:899-904 (1992)
and de Vos ef al. Science 255:306-312 (1992)).

Amino and CarboxyTerminal Deletions

Also included in the present invention are amino terminal deletion mutants.
Such mutants include those comprising the amino acid sequence shown in SEQ
ID NO:2 having a deletion of at least first N-terminal amino acid but not more
than the first 114 N-terminal amino acid residues of SEQ ID NO:2. Alternatively,
the deletion will include at least the first 35 N-terminal amino acid residues but not
more than the first 114 N-terminal amino acid residues of SEQ ID NO:2.
Alternatively, the deletion will include at least the first 59 N-terminal amino acid
residues but not more than the first 114 N-terminal amino acid residues of SEQ
ID NO:2. Alternatively, the deletion will include at least the first 67 N-terminal
amino acid residues but not more than the first 114 N-terminal amino acid residues
of SEQ ID NO:2. Alternatively, the deletion will include at least the first 68 N-
terminal amino acid residues but not more than the first 114 N-terminal amino acid
residues of SEQID NO:2. Alternatively, the deletion will include at least the first
73 N-terminal amino acid residues but not more than the first 114 N-terminal
amino acid residues of SEQ ID NO:2. Alternatively, the deletion will include at
least the first 82 N-terminal amino acid residues but not more than the first 114
N-terminal amino acid residues of SEQ ID NO:2. Alternatively. the deletion will
include at least the first 100 N-terminal amino acid residues but not more than the
first 114 N-terminal amino acid residues of SEQ ID NO:2.

In addition to the ranges of N-terminal deletion mutants described above,

the present invention is also directed to all combinations of the above described
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ranges. For example. the deletions of at least the first 59 N-terminal amino acid
residues but not more than the first 67 N-terminal amino acid residues of SEQ ID
NO:2: deletions of at least the first 59 N-terminal amino acid residues but not
more than the first 68 N-terminal amino acid residues of SEQ ID NO:2: deletions
of at least the first 59 N-terminal amino acid residues but not more than the first
73 N-terminal amino acid residues of SEQ ID NO:2; deletions of at least the first
59 N-terminal amino acid residues but not more than the first 82 N-terminal amino
acid residues of SEQ ID NO:2; deletions of at least the first 59 N-terminal amino
acid residues but not more than the first 100 N-terminal amino acid residues of
SEQIDNO:2; deletions of at least the first 67 N-terminal amino acid residues but
not more than the first 73 N-terminal amino acid residues of SEQ ID NO:2;
deletions of at least the first 67 N-terminal amino acid residues but not more than
the first 82 N-terminal amino acid residues of SEQ ID NO:2; deletions of at least
the first 67 N-terminal amino acid residues but not more than the first 100 N-
terminal amino acid residues of SEQ ID NO:2; deletions of at least the first 68 N-
terminal amino acid residues but not more than the first 73 N-terminal amino acid
residues of SEQ ID NO:2; deletions of at least the first 68 N-terminal amino acid
residues but not more than the first 82 N-terminal amino acid residues of SEQ ID
NO:2; deletions of at least the first 68 N-terminal amino acid residues but not
more than the first 100 N-terminal amino acid residues of SEQ ID NO:2;
deletions of at least the first 73 N-terminal amino acid residues but not more than
the first 82 N-terminal amino acid residues of SEQ ID NO:2; deletions of at least
the first 73 N-terminal amino acid residues but not more than the first 100 N-
terminal amino acid residues of SEQ ID NO:2; deletions of at least the first 82 N-
terminal amino acid residues but not more than the first 100 N-terminal amino acid
residues of SEQ ID NO:2; etc. etc. etc. . . .

Preferred AIM II polypeptides are shown below (numbering starts with

the first amino acid in the protein (Met):

Glin(residue 60) to Val(residue 240) Leu(61) to Val(240)
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His(62) to Val(240)
Trp(63) to Val(240)
Arg(64) to Val(240)
Leu(65) to Val(240)
Gly(66) to Val(240)
Glu(67) to Val(240)
Met(68) to Val(240)
Val(69) to Val(240)
Thr(70) to Val(240)
Arg(71) to Val(240)
Leu(72) to Val (240)
Pro(73) to Val(240)
Asp(74) to Val(240)
Gly(75) to Val(240)
Pro(76) to Val(240)
Ala(77) to Val(240)
Gly(78) to Val(240)
Ser(79) to Val(240)
Trp(80) to Val(240)
Glu(81) to Val(240)
GIn(82) to Val(240)
Leu(83) to Val(240)
Ile(84) to Val(240)
GIn(85) to Val(240)
Glu(86) to Val(240)
Arg(87) to Val(240)
Arg(88) to Val(240)
Ser(89) to Val(240)
His(90) to Val(240)
Glu(91) to Val(240)

Val(92) to Val(240)
Asn(93) to Val(240)
Pro(94) to Val(240)
Ala(95) to Val(240)
Ala(96) to Val(240)
His(97) to Val(240)
Leu(98) to Val(240)
Thr(99) to Val(240)
Gly(100) to Val(240)
Ala(101) to Val(240)
Asn(102) to Val(240)
Ser(103) to Val(240)
Ser(104) to Val(240)
Leu(105) to Val(240)
Thr(106) to Val(240)
Gly(107) to Val(240)
Ser(108) to Val(240)
Gly(109) to Val(240)
Gly(110) to Val(240)
Pro(111) to Val(240)
Leu(112) to Val(240)
Leu(113) to Val(240)
Trp(114) to Val(240)
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Particularly preferred embodiments include the AIM II N-terminal
deletions Gln-60 to Val-240 (AIM 11 (aa 60-240)). Met-68 to Val-240 (AIM 11
(aa 68-240)). Val-69 to Val-240(AIM 11 (aa 69-240)). Asp-74 to Val-240 (AIM I
(aa 74-240)). Leu-83 to Val-240(AIM II (aa 83-240)). and Ala-101 to Val-240
(AIM II (aa 101-240)).

Even if deletion of one or more amino acids from the N-terminus of a
protein results in modification or loss of one or more biological functions of the
protein, other biological activities may still be retained. Thus. the ability of
shortened AIM II muteins to induce and/or bind to antibodies which recognize the
complete or mature forms of the polypeptides generally will be retained when less
than the majority of the residues of the complete or mature polypeptide are
removed from the N-terminus. Whether a particular polypeptide lacking
N-terminal residues of a complete polypeptide retains such immunologic activities
can readily be determined by routine methods described herein and otherwise
known in the art. It is not unlikely that an AIM Il mutein with a large number of
deleted N-terminal amino acid residues may retain some biological or
immunogenic activities. In fact, peptides composed of as few as six AIM Il amino
acid residues may often evoke an immune response.

Accordingly. the present invention further provides polypeptides having
one or more residues deleted from the amino terminus of the AIM II amino acid
sequence shown in Figures 1A and B (i.e., SEQ ID NO:2) up to the phenylalanine
residue at position number 235, and polynucleotides encoding such polypeptides.
In particular, the present invention provides polypeptides comprising the amino
acid sequence of residues n-314 of Figures 1A and B (SEQ ID NO:2), where n is
an integer in the range of 2 to 235, and 236 is the position of the first residue from
the N-terminus of the complete AIM I polypeptide believed to be required for at
least immunogenic activity of the AIM II polypeptide.

More in particular, the invention provides polynucleotides encoding
polypeptides comprising, or alternatively consisting of. the amino acid sequence

of residues of E-2 to V-240; E-3 to V-240; S-4 to V-240: V-5 to V-240: V-6 to
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V-240: R-7 to V-240; P-8 to V-240: S-9 to V-240; V-10 to V-240: F-11 to
V-240: V-12 10 V-240; V-13 to V-240: D-14 to V-240; G-15 to V-240; Q-16 to
V-240: T-17 to V-240; D-18 to V-240: I-19 to V-240; P-20 to V-240: F-21 to
V-240: T-22 to V-240; R-23 to V-240: L-24 to V-240; G-25 to V-240: R-26 to
V-240: S-27 to V-240; H-28 to V-240: R-29 to V-240; R-30 to V-240; Q-31 to
V-240: S-32 to V-240; C-33 to V-240: S-34 to V-240; V-35 to V-240: A-36 to
V-240: R-37 to V-240; V-38 to V-240; G-39 to V-240; L-40 to V-240: G-41 to
V-240: L-42 to V-240; L-43 to V-240; L-44 to V-240; L-45 to V-240; L-46 to
V-240; M-47 to V-240; G-48 to V-240; A-49 to V-240; G-50 to V-240; L-51 to
V-240: A-52 to V-240; V-53 to V-240; Q-54 to V-240; G-55 to V-240: W-56 to
V-240:; F-57 to V-240; L-58 to V-240; L-59 to V-240; Q-60 to V-240: L-61 to
V-240; H-62 to V-240; W-63 to V-240; R-64 to V-240; L-65 to V-240; G-66 to
V-240: E-67 to V-240; M-68 to V-240; V-69 to V-240; T-70 to V-240; R-71 to
V-240; L-72 to V-240; P-73 to V-240; D-74 to V-240; G-75 to V-240; P-76 to
V-240; A-77 to V-240; G-78 to V-240; S-79 to V-240; W-80 to V-240; E-81 to
V-240; Q-82 to V-240; L-83 to V-240; 1-84 to V-240; Q-85 to V-240; E-86 to
V-240; R-87 to V-240; R-88 to V-240: S-89 to V-240; H-90 to V-240; E-91 to
V-240; V-92 to V-240; N-93 to V-240; P-94 to V-240; A-95 to V-240; A-96 to
V-240; H-97 to V-240; L-98 to V-240; T-99 to V-240; G-100 to V-240; A-101
to V-240: N-102 to V-240; S-103 to V-240: S-104 to V-240; L-105 to V-240:
T-106 to V-240; G-107 to V-240; S-108 to V-240; G-109 to V-240; G-110 to
V-240; P-111 to V-240; L-112 to V-240; L-113 to V-240; W-114 to V-240;
E-115 to V-240; T-116 to V-240; Q-117 to V-240; L-118 to V-240; G-119 to
V-240; L-120 to V-240; A-121 to V-240; F-122 to V-240; L-123 to V-240;
R-124 10 V-240; G-125 to V-240; L-126 to V-240; S-127 to V-240; Y-128 to
V-240; H-129 to V-240; D-130 to V-240; G-131 to' V-240: A-132 to V-240;
L-133 to V-240; V-134 to V-240; V-135 to V-240; T-136 to V-240: K-137 to
V-240; A-138 to V-240; G-139 to V-240; Y-140 to V-240; Y-141 to V-240:
Y-142 to V-240: I-143 to V-240: Y-144 to V-240; S-145 to V-240; K-146 to
V-240; V-147 to V-240; Q-148 to V-240: L-149 to V-240; G-150 to V-240:.
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G-151 to V-240: V-152 to V-240; G-153 to V-240: C-154 to V-240: P-155 to
V-240; L-156 to V-240: G-157 to V-240; L-158 to V-240: A-159 to V-240;
S-160 to V-240; T-161 to V-240; I-162 to V-240: T-163 to V-240; H-164 to
V-240: G-165 to V-240; L-166 to V-240: Y-167 to V-240: K-168 to V-240;
R-169 to V-240; T-170 to V-240; P-171 to V-240; R-172 to V-240; Y-173 to
V-240; P-174 to V-240: E-175 to V-240; E-176 to V-240; L-177 to V-240;
E-178 to V-240; L-179 to V-240; L-180 to V-240; V-181 to V-240; S-182 to
V-240; Q-183 to V-240; Q-184 to V-240; S-185 to V-240: P-186 to V-240;
C-187 to V-240; G-188 to V-240; R-189 to V-240; A-190 to V-240: T-191 to
V-240; S-192 to V-240; S-193 to V-240; S-194 to V-240: R-195 to V-240;
V-196 to V-240; W-197 to V-240; W-198 to V-240; D-199 to V-240: S-200 to
V-240; S-201 to V-240; F-202 to V-240; L-203 to V-240: G-204 to V-240;,
G-205 to V-240; V-206 to V-240; V-207 to V-240; H-208 to V-240; L-209 to
V-240; E-210 to V-240; A-211 to V-240; G-212 to V-240; E-213 to V-240;
E-214 to V-240; V-215 to V-240; V-216 to V-240; V-217 to V-240; R-218 to
V-240; V-219 to V-240; L-220 to V-240; D-221 to V-240; E-222 to V-240;
R-223 to V-240: 1.-224 to V-240; V-225 to V-240; R-226 to V-240: L-227 to
V-240; R-228 to V-240: D-229 to V-240; G-230 to V-240; T-231 to V-240;
R-232 to V-240; S-233 to V-240; Y-234 to V-240; and F-235 to V-240 of the
AIM II sequence shown in SEQ ID NO:2 (which is identical to the sequence
shown as Figure 1 A-B, with the exception that the amino acid residues in SEQ ID
NO:2 are numbered consecutively from 1 through 240 from the N-terminus to the
C-terminus). Polynucleotides encoding these polypeptides are also encompassed
by the invention.

Asmentioned above, even if deletion of one or more amino acids from the
C-terminus of a protein results in modification or loss of one or more biological
functions of the protein. other biological activities may still be retained. Thus, the
ability of the shortened AIM II mutein to induce and/or bind to antibodies which
recognize the complete or mature forms of the polypeptide generally will be

retained when less than the majority of the residues of the complete or mature
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polypeptide are removed from the C-terminus. Whether a particular polypeptide
Jacking C-terminal residues of a complete polypeptide retains such immunologic
activities can readily be determined by routine methods described herein and
otherwise known in the art. It is not unlikely that an AIM II mutein with a large
number of deleted C-terminal amino acid residues may retain some biological or
immunogenic activities. In fact, peptides composed of as few as six AIM Il amino
acid residues may often evoke an immune response.

Accordingly. the present invention further provides polypeptides having
one or more residues deleted from the carboxy terminus of the amino acid
sequence of the AIM II polypeptide shown in Figures 1A and B (SEQ ID NO:2).
up to the valine residue at position number 6. and polynucleotides encoding such
polypeptides.  In particular, the present invention provides polypeptides
comprising the amino acid sequence of residues 1-m of Figures 1A and B (i.c.,
SEQ ID NO:2). where m is an integer in the range of 6 to 239, and 6 is the
position of the first residue from the C-terminus of the complete AIM II
polypeptide believed to be required for at least immunogenic activity of the AIM
11 polypeptide.

More in particular, the invention provides polynucleotides encoding
polypeptides comprising, or alternatively consisting of, the amino acid sequence
of residues M-1 to M-239; M-1 to F-238; M-1 to A-237; M-1 to G-236; M-1 to
F-235; M-1 to Y-234; M-1 to S-233; M-1 to R-232; M-1 to T-231; M-1 to
G-230; M-1 to D-229; M-1 to R-228; M-1 to L-227; M-1 to R-226; M-1 to
V-225; M-1 to L-224; M-1 to R-223; M-1 to E-222; M-1 to D-221; M-1 to
L-220; M-1 to V-219; M-1 to R-218; M-1 to V-217; M-1 to V-216; M-1 to
V-215; M-1 to E-214; M-1 to E-213; M-1 to G-212; M-1 to A-211; M-1 to
E-210; M-1 to L-209; M-1 to H-208; M-1 to V-207; M-1 to V-206; M-1 to
G-205: M-1 to G-204; M-1 to L-203; M-1 to F-202; M-1 to S-201; M-1 to
S-200; M-1 to D-199; M-1 to W-198; M-1 to W-197; M-1 to V-196; M-1 to
R-195; M-1 to S-194; M-1 to S-193; M-1 to S-192; M-1 to T-191; M-1 to
A-190; M-1 to R-189; M-1 to G-188; M-1 to C-187; M-1 to P-186; M-1 to
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S-185; M-1 to Q-184: M-1 to Q-183: M-1 to S-182; M-1 to V-181: M-1 to
L-180; M-1 to L-179; M-1 to E-178; M-1 to L-177; M-I 10 E-176: M-1 to
E-175; M-1 to P-174; M-1 to Y-173; M-1 to R-172; M-1 to P-171: M-1 to
T-170; M-1 to R-169; M-1 to K-168; M-1 to Y-167: M-1 to L-166: M-1 to
G-165;M-1to H-164: M-1t0 T-163: M-1 to [-162; M-1 to T-161: M-1 to S-160;
M-1to A-159; M-1 to L-158; M-1 to G-157; M-1 to L-156: M-1 to P-155; M-1
to C-154; M-1 to G-153; M-1 to V-152; M-1 to G-151; M-1 to G-150; M-1 to
L-149; M-1 to Q-148; M-1 to V-147; M-1 to K-146; M-1 to S-145;: M-1 to
Y-144; M-1 to 1-143; M-1 to Y-142; M-1 to Y-141; M-1 to Y-140; M-1 to
G-139; M-1 to A-138; M-1 to K-137; M-1 to T-136; M-1 to V-135; M-1 to
V-134;: M-1 to L-133; M-1 to A-132: M-1 to G-131; M-1 to D-130: M-1 to
H-129; M-1 to Y-128; M-1 to S-127; M-1 to L-126; M-1 to G-125; M-1 to
R-124; M-1 to L-123; M-1 to F-122; M-1 to A-121; M-1 to L-120; M-1 to
G-119; M-1 to L-118; M-1 to Q-117; M-1 to T-116; M-1 to E-115; M-1 to
W-114; M-1 to L-113; M-1 to L-112; M-1 to P-111; M-1 to G-110; M-1 to
G-109; M-1 to S-108; M-1 to G-107; M-1 to T-106; M-1 to L-105; M-1 to
S-104; M-1 to S-103; M-1 to N-102; M-1 to A-101; M-1 to G-100: M-1 to T-99;
M-1 to L-98; M-1 to H-97; M-1 to A-96; M-1 to A-95; M-1 to P-94; M-1 to
N-93: M-1 to V-92; M-1 to E-91; M-1 to H-90; M-1 to S-89; M-1 to R-88; M-1
to R-87; M-1 to E-86; M-1 to Q-85; M-1 to 1-84; M-1 to L-83: M-1 to Q-82;
M-1 to E-81; M-1 to W-80; M-1 to S-79; M-1 to G-78; M-1 to A-77;, M-1 to
P-76; M-1 to G-75; M-1 to D-74; M-1 to P-73; M-1 to L-72; M-1 to R-71; M-1
to T-70; M-1 to V-69; M-1 to M-68; M-1 to E-67; M-1 to G-66; M-1 to L-65;
M-1 to R-64; M-1 to W-63; M-1 to H-62; M-1 to L-61; M-1 to Q-60; M-1 to
L-59; M-1 to L-58; M-1 to F-57; M-1 to W-56; M-1 to G-55; M-1 to Q-54; M-1
to V-53; M-1 to A-52; M-1 to L-51; M-1 to G-50; M-1 to A-49; M-1 to G-48;
M-1 to M-47; M-1 to L-46: M-1 to L-45; M-1 to L-44; M-1 to L-43; M-1 to
L-42; M-1 to G-41; M-1 to L-40; M-1 to G-39; M-1 to V-38: M-1 to R-37; M-1
to A-36; M-1 to V-35; M-1 to S-34; M-1 to C-33; M-1 to S-32: M-1 to Q-31;
M-1 to R-30; M-1 to R-29: M-1 to H-28; M-1 to S-27; M-1 to R-26: M-1 to
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G-25: M-1to L-24: M-1 to R-23; M-1 to T-22: M-1 to F-21: M-1 to P-20: M-1
to [-19: M-1 to D-18: M-1 to T-17; M-1 to Q-16: M-1 to G-15; M-1 to D-14:
M-1to V-13: M-1 to V-12: M-1 to F-11; M-1 to V-10: M-1 to S-9; M-1 to P-8:
M-1 to R-7: M-1 to V-6 of the sequence of the AIM II sequence shown in Figures
1A and B (which is identical to the sequence shown as SEQ ID NO:2. with the
exception that the amino acid residues in SEQ ID NO:2 are numbered
consecutively from 1 through 240 from the N-terminus to the C-terminus).
Polynucleotides encoding these polypeptides also are provided.

The invention also provides polypeptides having one or more amino acids
deleted from both the amino and the carboxy! termini of an AIM II polypeptide.
which may be described generally as having residues n-m of Figures 1A and B
(i.e.. SEQ ID NO:2). where n and m are integers as described above.

The natural processed form of AIM II that was affinity purified on an
LT-p receptor column from conditioned media of MCA-38 cells transformed with
full length AIM II ¢cDNA is Leu-83 to Val-240 in SEQ ID NO:2. (See Example
10). However. it appears that AIM II is processed differently in COS cells,
producing an AIM II that is cleaved between Glu-67 and Met-68 to yield a
polypeptide having amino acids 68-240 in SEQ ID NO:2. In addition. COS cells
also cleave the AIM I1 between Met-68 and Val-69. resulting a polypeptide having
amino acids 69-240 in SEQ ID NO:2.

The polypeptides of the present invention are preferably provided in an
isolated form. By "isolated polypeptide" is intended a polypeptide removed from
its native environment. Thus, a polypeptide produced and/or contained within a
recombinant host cell is considered isolated for purposes of the present invention.
Also intended as an "isolated polypeptide" are polypeptides that have been
purified, partially or substantially, from a recombinant host. For example, a
recombinantly produced version of the AIM 11 polypeptide can be substantially
purified by the one-step method described in Smith and Johnson, Gene 67:31-40
(1988).
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The polypeptides of the present invention include the polypeptide encoded
by the deposited cDNA. the polypeptide of Figures 1A and B (SEQ ID NO:2). the
polypeptide of Figures 1A and B (SEQ ID NO:2) lacking the N-terminal
methionine, the extracellular domain. the transmembrane domain, the intracellular
domain. soluble polypeptides comprising all or part of the extracellular and
intracellular domains but lacking the transmembrane domain. as well as
polypeptides which are at least 80% identical. more preferably at least 90% or
95% identical. still more preferably at least 96%, 97%., 98% or 99% identical to
the polypeptide encoded by the deposited cDNA, to the polypeptide of Figures 1A
and B (SEQ ID NO:2), and also include portions of such polypeptides with at
least 30 amino acids and more preferably at least 50 amino acids.

By a polypeptide having an amino acid sequence at least, for example,
95% "identical" to a reference amino acid sequence of an AIM II polypeptide is
intended that the amino acid sequence of the polypeptide is identical to the
reference sequence except that the polypeptide sequence may include up to five
amino acid alterations per each 100 amino acids of the reference amino acid of the
AIM I polypeptide. In other words, to obtain a polypeptide having an amino acid
sequence at least 95% identical to a reference amino acid sequence, up to 5% of
the amino acid residues in the reference sequence may be deleted or substituted
with another amino acid, or a number of amino acids up to 5% of the total amino
acid residues in the reference sequence may be inserted into the reference
sequence. These alterations of the reference sequence may occur at the amino or
carboxy terminal positions of the reference amino acid sequence or anywhere
between those terminal positions. interspersed either individually among residues
in the reference sequence or in one or more contiguous groups within the
reference sequence.

As a practical matter, whether any particular polypeptide is at least 90%.
95%. 96%. 97%. 98% or 99% identical to. for instance, the amino acid sequence
shown in Figures 1A and B (SEQ ID NO:2) or to the amino acid sequence

encoded by deposited cDNA clone can be determined conventionally using known
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computer programs such the Bestfit program (Wisconsin Sequence Analysis
Package. Version 8 for Unix. Génetics Computer Group. University Research
Park. 575 Science Drive. Madison, WI 53711. When using Bestfit or any other
sequence alignment program to determine whether a particular sequence is, for
instance, 95% identical to a reference sequence according to the present invention.
the parameters are set. of course, such that the percentage of identity is calculated
over the full length of the reference amino acid sequence and that gaps in
homology of up to 5% of the total number of amino acid residues in the reference
sequence are allowed.

By a polypeptide having an amino acid sequence at least, for example,
95% "identical”" to a query amino acid sequence of the present invention. it is
intended that the amino acid sequence of the subject polypeptide is identical to the
query sequence except that the subject polypeptide sequence may include up to
five amino acid alterations per each 100 amino acids of the query amino acid
sequence. Inother words, to obtain a polypeptide having an amino acid sequence
at least 95% identical to a query amino acid sequence, up to 5% of the amino acid
residues in the subject sequence may be inserted, deleted. (indels) or substituted
with another amino acid. These alterations of the reference sequence may occur
at the amino or carboxy terminal positions of the reference amino acid sequence
or anywhere between those terminal positions. interspersed either individually
among residues in the reference sequence or in one or more contiguous groups
within the reference sequence.

As a practical matter, whether any particular polypeptide is at least 90%,
95%., 96%, 97%, 98% or 99% identical to, for instance, the amino acid sequences
shown in Table 1 or to the amino acid sequence encoded by deposited DNA clone
can be determined conventionally using known computer programs. A preferred
method for determining the best overall match between a query sequence (a
sequence of the present invention) and a subject sequence. also referred to as a
global sequence alignment, can be determined using the FASTDB computer

program based on the algorithm of Brutlag ez al. (Comp. App. Biosci. 6:237-245
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(1990)). In a sequence alignment the query and subject sequences are either both
nucleotide sequences or both amino acid sequences. The result of said global
sequence alignment is in percent identity. Preferred parameters used in a
FASTDB amino acid alignment are: Matrix=PAM 0, k-tuple=2. Mismatch
Penalty=1. Joining Penalty=20, Randomization Group Length=0. Cutoff Score=1.
Window Size=sequence length, Gap Penalty=5. Gap Size Penalty=0.05, Window
Size=500 or the length of the subject amino acid sequence, whichever is shorter.

If the subject sequence is shorter than the query sequence due to N- or
C-terminal deletions, not because of internal deletions, a manual correction must
be made to the results. This is because the FASTDB program does not account
for N—and C-terminal truncations of the subject sequence when calculating global
percent identity. For subject sequences truncated at the N—and C-termini, relative
to the query sequence, the percent identity is corrected by calculating the number
of residues of the query sequence that are N~ and C-terminal of the subject
sequence, which are not matched/aligned with a corresponding subject residue, as
a percent of the total bases of the query sequence. Whether a residue is
matched/aligned is determined by results of the FASTDB sequence alignment.
This percentage is then subtracted from the percent identity. calculated by the
above FASTDB program using the specified parameters, to arrive at a final
percent identity score. This final percent identity score is what is used for the
purposes of the present invention. Only residues of the query (reference)
sequence that extend past the N- or C-termini of the subject sequence are
considered for the purposes of manually adjusting the percent identity score. That
is, only residues which are not matched/aligned with the N— or C-termini of the
query sequence are counted when manually adjusting the percent identity score.

For example, a 90 amino acid residue subject sequence is aligned with a
100 residue query sequence to determine percent identity. The deletion occurs at
the N-terminus of the subject sequence and therefore, the FASTDB alignment
does not show a match/alignment of the first 10 residues at the N-terminus. The

10 unpaired residues represent 10% of the sequence (number of residues at the N—
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and C- termini not matched/total number of residues in the query sequence) so
10% is subtracted from the percent identity score calculated by the FASTDB
program. If the remaining 90 residues were perfectly matched the final percent
identity would be 90%. In another example. a 90 residue subject sequence is
compared with a 100 residue query sequence. This time the deletions are internal
deletions so there are no residues at the N— or C-termini of the subject sequence
which are not matched/aligned with the query. In this case the percent identity
calculated by FASTDB is not manually corrected. Once again. only residue
positions outside the N—and C-terminal ends of the subject sequence, as displayed
in the FASTDB alignment, which are not matched/aligned with the query
sequence are manually corrected for. No other manual corrections are to made
for the purposes of the present invention.

Asused herein the term "AIM II" polypeptide includes membrane-bound
proteins (comprising a cytoplasmic domain, a transmembrane domain, and an
extracellular domain) as well as truncated proteins that retain the AIM II
polypeptide activity. In one embodiment, soluble AIM II polypeptides comprise
all or part of the extracellular domain of an AIM II protein. but lack the
transmembrane region that would cause retention of the polypeptide on a cell
membrane. Soluble AIM Il may also include part of the transmembrane region or
part of the cytoplasmic domain or other sequences, provided that the soluble
AIMII protein is capable of being secreted. A heterologous signal peptide can be
fused to the N-terminus of the soluble AIM II polypeptide such that the soluble
AIM II polypeptide is secreted upon expression. |

The polypeptide of the present invention could be used as a molecular
weight marker on SDS-PAGE gels or on molecular sieve gel filtration columns
using methods well known to those of skill in the art.

In another aspect. the invention provides peptides and polypeptides
comprising epitope-bearing portions of the polypeptides of the present invention.
These epitopes are immunogenic or antigenic epitopes of the polypeptides of the

presentinvention. An "immunogenic epitope" is defined as a part of a protein that
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elicits an antibody response in vivo when the whole polypeptide of the present
invention. or fragment thereof. is the immunogen. On the other hand. aregion of
a polypeptide to which an antibody can bind is defined as an "antigenic
determinant" or "antigenic epitope.” The number of in vivo immunogenic epitopes
of a protein generally is less than the number of antigenic epitopes. See, e.g..
Geysen. et al.. Proc. Natl. Acad. Sci. USA §1:3998-4002 (1983). However,
antibodies can be made to any antigenic epitope, regardless of whether it is an
immunogenic epitope, by using methods such as phage display. See. e.g.. Petersen
G. et al., Mol. Gen. Genet. 249:425-431 (1995). Therefore, included in the
present invention are both immunogenic epitopes and antigenic epitopes.

Asto the selection of peptides or polypeptides bearing an antigenic epitope
(i.e., that contain a region of a protein molecule to which an antibody can bind).
it is well known in that art that relatively short synthetic peptides that mimic part
of a protein sequence are routinely capable of eliciting an antiserum that reacts
with the partially mimicked protein. See, for instance. Sutcliffe, J. G.. Shinnick,
T. M.. Green, N. and Learner, R.A. (1983) Antibodies that react with
predetermined sites on proteins. Science 219:660-666. Peptides capable of
eliciting protein-reactive sera are frequently represented in the primary sequence
of a protein. can be characterized by a set of simple chemical rules. and are
confined neither to immunodominant regions of intact proteins (i.¢., immunogenic
epitopes) nor to the amino or carboxyl! terminals.

Antigenic epitope-bearing peptides and polypeptides of the invention are
therefore useful to raise antibodies, including monoclonal antibodies, that bind
specifically to a polypeptide of the invention. See. for instance, Wilson et al. Cell
37:767-778 (1984) at 777.

Antigenic epitope-bearing peptides and polypeptides of the invention
preferably contain a sequence of at least seven. more preferably at least nine and
most preferably between about at least about 15 to about 30 amino acids

contained within the amino acid sequence of a polypeptide of the invention.

PCT/US99/03703



10

15

20

25

30

WO 99/42584

-49.

Non-limiting examples of antigenic polypeptides or peptides that can be
used to generate AIM Il-specific antibodies include: a polypeptide comprising
amino acid residues from about 13 to about 20 in Figures 1A and B (SEQ ID
NO:2): a polypeptide comprising amino acid residues from about 23 to about 36
in Figure 1 (SEQ ID NO:2); a polypeptide comprising amino acid residues from
about 69 to about 79 in Figures 1A and B (SEQ ID NO:2): a polypeptide
comprising amino acid residues from about 85 to about 94 in Figures 1A and B
(SEQIDNO:2): a polypeptide comprising amino acid residues from about 167 to
about 178 in Figures 1A and B (SEQ ID NO:2); a polypeptide comprising amino
acid residues from about 184 to about 196 in Figures 1A and B (SEQ ID NO:2);
and a polypeptide comprising amino acid residues from about 221 to about 233
in Figures 1A and B (SEQ ID NO:2). As indicated above. the inventors have
determined that the above polypeptide fragments are antigenic regions of the
AIM 11 protein.

The AIM II polypeptides of the invention may be in monomers or
multimers (i.e.. dimers, trimers, tetramers and higher multimers). Accordingly. the
present invention relates to monomers and multimers of the AIM 11 polypeptides
of the invention. their preparation. and compositions (preferably. pharmaceutical
compositions) containing them. In specific embodiments, the polypeptides of the
invention are monomers, dimers. trimers or tetramers. In additional embodiments,
the multimers of the invention are at least dimers, at least trimers, or at least
tetramers.

Multimers encompassed by the invention may be homomers or heteromers.
As used herein. the term homomer, refers to a multimer containing only AIM II
polypeptides of the invention (including AIM II fragments. variants. splice
variants, and fusion proteins. as described herein). These homomers may contain
AIM 1I polypeptides having identical or different amino acid sequences. In a
specific embodiment. a homomer of the invention is a multimer containing only
AIM Il polypeptides having an identical amino acid sequence. In another specific

embodiment, a homomer of the invention is a multimer containing AIM II
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polypeptides having different amino acid sequences. In specific embodiments. the
multimer of the invention is a homodimer (e.g.. containing AIM II polypeptides
having identical or different amino acid sequences) or a homotrimer (e.g..
containing AIM II polypeptides having identical and/or different amino acid
sequences). Inadditional embodiments, the homomeric multimer of the invention
is at least a homodimer. at least a homotrimer, or at least a homotetramer.

As used herein. the term heteromer refers to a multimer containing one or
more heterologous polypeptides (i.e., polypeptides of different proteins) in
addition to the AIM II and AIM II polypeptides of the invention. In a specific
embodiment, the multimer of the invention is a heterodimer, a heterotrimer, or a
heterotetramer. In additional embodiments, the homomeric multimer of the
invention 1s at least a homodimer, at least a homotrimer. or at least a
homotetramer.

Multimers of the invention may be the result of hydrophobic, hydrophilic.
ionic and/or covalent associations and/or may be indirectly linked, by for example,
liposome formation. Thus, in one embodiment, multimers of the invention, such
as, for example. homodimers or homotrimers, are formed when polypeptides of
the invention contact one another in solution. In another embodiment.
heteromultimers of the invention. such as. for example. heterotrimers or
heterotetramers. are formed when polypeptides of the invention contact antibodies
to the polypeptides of the invention (including antibodies to the heterologous
polypeptide sequence in a fusion protein of the invention) in solution. In other
embodiments, multimers of the invention are formed by covalent associations with
and/or between the AIM II polypeptides of the invention. Such covalent
associations may involve one or more amino acid residues contained in the
polypeptide sequence (e.g., that recited in SEQ ID NO:2 or SEQ ID NO:39, or
contained in the polypeptide encoded by the clones designated as ATCC
Accession 97689 and 97483). In one instance, the covalent associations are
cross-linking between cysteine residues located within the polypeptide sequences

which interact in the native (i.e.. naturally occurring) polypeptide. In another
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instance. the covalent associations are the consequence of chemical or
recombinant manipulation. Alternatively. such covalent associations may involve
one or more amino acid residues contained in the heterologous polyvpeptide
sequence in an AIM 1I fusion protein. In one example, covalent associations are
between the heterologous sequence contained in a fusion protein of the invention
(see. e.g.. US Patent Number 5.478.925). In a specific example. the covalent
associations are between the heterologous sequence contained in an AIM II-Fc¢
fusion protein of the invention (as described herein). In another specific example.
covalentassociations of fusion proteins of the invention are between heterologous
polypeptide sequence from another TNF family ligand/receptor member that is
capable of forming covalently associated multimers, such as for example.
oseteoprotegerin (see, e.g., International Publication No. WO 98/49305. the
contents of which are herein incorporated by reference in its entirety).

The multimers of the invention may be generated using chemical
techniques known in the art. For example, polypeptides desired to be contained
in the multimers of the invention may be chemically cross-linked using linker
molecules and linker molecule length optimization techniques known in the art
(see, e.g..US Patent Number 5,478,925, which is herein incorporated by reference
in its entirety). Additionally, multimers of the invention may be generated using
techniques known in the art to form one or more inter-molecule cross-links
between the cysteine residues located within the sequence of the polypeptides
desired to be contained in the multimer (see, ¢.g.. US Patent Number 5.478,925.
which is herein incorporated by reference in its entirety). Further, polypeptides
of the invention may be routinely modified by the addition of cysteine or biotin to
the C terminus or N-terminus of the polypeptide and techniques known in the art
may be applied to generate multimers containing one or more of these modified
polypeptides (see, e.g., US Patent Number 5.478,925. which is herein
incorporated by reference in its entirety). Additionally, techniques known in the

art may be applied to generate liposomes containing the polypeptide components
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desired to be contained in the multimer of the invention (see. ¢.g.. US Patent
Number 5.478.925. which is herein incorporated by reference in its entirety).

Alternatively. multimers of the invention may be generated using genetic
engineering techniques known in the art. In one embodiment. polypeptides
contained in multimers of the invention are produced recombinantly using fusion
protein technology described herein or otherwise known in the art (see, e.g., US
Patent Number 5.478.925. which is herein incorporated by reference in its
entirety). In a specific embodiment, polynucleotides coding for a homodimer of
the invention are generated by ligating a polynucleotide sequence encoding a
polypeptide of the invention to a sequence encoding a linker polypeptide and then
further to a synthetic polynucleotide encoding the translated product of the
polypeptide in the reverse orientation from the original C-terminus to the
N-terminus (lacking the leader sequence) (see, e.g., US Patent Number 5,478,925,
which is herein incorporated by reference in its entirety). In another embodiment,
recombinant techniques described herein or otherwise known in the art are applied
to generate recombinant polypeptides of the invention which contain a
transmembrane domain (or hyrophobic or signal peptide) and which can be
incorporated by membrane reconstitution techniques into liposomes (see, e.g., US
Patent Number 5.478.925. which is herein incorporated by reference in its
entirety).

The invention encompasses AIM 11 polypeptides which are differentially
modified during or after translation, e.g., by glycosylation, acetylation,
phosphorylation, amidation, derivatization by known protecting/blocking groups,
proteolytic cleavage. linkage to an antibody molecule or other cellular ligand. etc.
Any of numerous chemical modifications may be carried out by known techniques,
including but not limited. to specific chemical cleavage by cyanogen bromide,
trypsin, chymotrypsin, papain, V8 protease, NaBH4; acetylation. formylation,
oxidation, reduction: metabolic synthesis in the presence of tunicamycin; etc.

Additional post-translational modifications encompassed by the invention

include. for example, ¢.g.. N-linked or O-linked carbohydrate chains, processing
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of N-terminal or C-terminal ends), attachment of chemical moieties to the amino
acid backbone. chemical modifications of N-linked or O-linked carbohydrate
chains. and addition of an N-terminal methionine residue as aresult of procaryotic
host cell expression. The polypeptides may also be modified with a detectable
label. such as an enzymatic, fluorescent. isotopic or affinity label to allow for
detection and isolation of the protein.

Also provided by the invention are chemically modified derivatives of
AIM II which may provide additional advantages such as increased solubility,
stability and circulating time of the polypeptide. or decreased immunogenicity (see
U. S. Patent No. 4,179,337). The chemical moieties for derivitization may be
selected from water soluble polymers such as polyethylene glycol, ethylene
glycol/propylene glycol copolymers. carboxymethylcellulose, dextran, polyvinyl
alcohol and the like. The polypeptides may be modified at random positions
within the molecule, or at predetermined positions within the molecule and may
include one, two, three or more attached chemical moieties.

The polymer may be of any molecular weight, and may be branched or
unbranched. For polyethylene glycol, the preferred molecular weight is between
about | kDa and about 100 kDa (the term "about" indicating that in preparations
of polyethylene glycol, some molecules will weigh more, some less, than the stated
molecular weight) for ease in handling and manufacturing. Other sizes may be
used. depending on the desired therapeutic profile (e.g., the duration of sustained
release desired, the effects, if any on biological activity, the ease in handling, the
degree or lack of antigenicity and other known effects of the polyethylene glycol
to a therapeutic protein or analog).

The polyethylene glycol molecules (or other chemical moieties) should be
attached to the protein with consideration of effects on functional or antigenic
domains of the protein. There are a number of attachment methods available to
those skilled in the art, e.g., EP 0 401 384, herein incorporated by reference
(coupling PEG to G-CSF), see also Malik er al.. Exp. Hematol. 20:1028-1035
(1992) (reporting pegylation of GM-CSF using tresyl chloride). For example,
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polyethylene glycol may be covalently bound through amino acid residues via a
reactive group, such as. a free amino or carboxyl group. Reactive groups are
those to which an activated polyethylene glycol molecule may be bound. The
amino acid residues having a free amino group may include lysine residues and the
N-terminal amino acid residues; those having a free carboxyl group may include
aspartic acid residues glutamic acid residues and the C-terminal amino acid
residue. Sulfhydryl groups may also be used as a reactive group for attaching the
polyethylene glycol molecules. Preferred for therapeutic purposes is attachment
at an amino group, such as attachment at the N-terminus or lysine group.

One may specifically desire proteins chemically modified at the
N-terminus.  Using polyethylene glycol as an illustration of the present
composition, one may select from a variety of polyethylene glycol molecules (by
molecular weight, branching, etc.), the proportion of polyethylene glycol
molecules to protein (or peptide) molecules in the reaction mix, the type of
pegylation reaction to be performed, and the method of obtaining the selected
N-terminally pegylated protein. The method of obtaining the N-terminally
pegylated preparation (i.c., separating this moiety from other monopegylated
moieties if necessary) may be by purification of the N-terminally pegylated
material from a population of pegylated protein molecules. Selective proteins
chemically modified at the N-terminus modification may be accomplished by
reductive alkylation which exploits differential reactivity of different types of
primary amino groups (lysine versus the N-terminal) available for derivatization
in a particular protein. Under the appropriate reaction conditions, substantially
selective derivatization of the protein at the N-terminus with a carbonyl group
containing polymer is achieved.

The epitope-bearing peptides and polypeptides of the invention may be
produced by any conventional means. Houghten, R. A. (1985) General method
for the rapid solid-phase synthesis of large numbers of peptides: specificity of
antigen-antibody interaction at the level of individual amino acids. Proc;. Natl.

Acad. Sci. USA 82:5131-5135. This "Simultaneous Multiple Peptide Synthesis
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(SMPS)" process 1s further described in U.S. Patent No. 4.631.211 to Houghten
et al. (1986).

The present invention further relates to antibodies and T-cell antigen
receptors (TCR) which specifically bind the polypeptides of the present invention.
The antibodies of the present invention include IgG (including [gG1.1gG2. 1pG3.
and 1gG4). TeA (including IgAt and [gA2). IgD. IgE. IgM. and IgY. As used
herein. the term "antibody" (Ab) is meant to include whole antibodies. including
single-chain whole antibodies. and antigen-binding fragments thereof. Most
preferably the antibodies are human antigen binding antibody fragments of the
present invention that include. but are not limited to. Fab, Fab' and F(ab")2. Fd.
single-chain Fvs (scFv). single-chain antibodies. disulfide-linked Fvs (sdFv) and
fragments comprising eithera VL or VH domain. The antibodies may be from any
animal origin including birds and mammals. Preferably, the antibodies are human,
murine, rabbit, goat. guinea pig, camel, horse, or chicken.

Antigen-binding antibody fragments, including single-chain antibodies. may
comprise the variable region(s) alone or in combination with the entire or partial
of the following: hinge region, CH1. CH2. and CH3 domains. Also included in
the invention are any combinations of variable region(s) and hinge region. CHI.
CH2. and CH3 domains. The present invention further includes chimeric.
humanized. and human monoclonal and polycional antibodies which specifically
bind the polypeptides of the present invention. The present invention further
includes antibodies which are anti-idiotypic to the antibodies of the present
invention.

The antibodies of the present invention may be monospecific. bispecific.
trispecific or of greater multispecificity. Multispecific antibodies may be specific
for different epitopes of a polypeptide of the present invention or may be specific
for both a polypeptide of the present invention as well as for heterologous
compositions. such as a heterologous polypeptide or solid support material. See.

c.g. . WO93/17715: WO 92/08802: WO 91/00360: WO 92/05793: Tutt. A. er al..
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J. Immunol. 147:60-69 (1991): US Patents 5.573.920. 4.474.893. 5.601.8109.

4.714.681.4.925.648: Kostelny. S.A. et al.. J. Immunol. 148:1547-1553 (1992).

Antibodies of the present invention may be described or specified in terms
of the epitope(s) or portion(s) of a polypeptide of the present invention which are
recognized or specifically bound by the antibody. The epitope(s) or polypeptide
portion(s) may be specified as described herein, ¢. g.. by N-terminal and C-terminal
positions. by size in contiguous amino acid residues. or as listed in the Tables and
Figures. Antibodies which specifically bind any epitope or polypeptide of the
present invention may also be excluded. Therefore, the present invention includes
antibodies that specifically bind polypeptides of the present invention. and allows
for the exclusion of the same.

Antibodies of the present invention may also be described or specified in
terms of their cross-reactivity. Antibodies that do not bind any other analog,
ortholog, or homolog of the polypeptides of the present invention are included.
Antibodies that do not bind polypeptides with less than 95%. less than 90%. less
than 85%. less than 80%. less than 75%, less than 70%. less than 65%, less than
60%, less than 55%. and less than 50% identity (as calculated using methods
known in the art and described herein) to a polypeptide of the present invention
are also included in the present invention. Further included in the present
invention are antibodies which only bind polypeptides encoded by polynucleotides
which hybridize to a polynucleotide of the present invention under stringent
hybridization conditions (as described herein). Antibodies of the present invention
may also be described or specified in terms of their binding affinity. Preferred
binding affinities include those with a dissociation constant or Kd less than
5X10°M. 10°M, 5X107M. 107M. 5X10*M, 10°*M. 5X10°M. 10°M, 5X10"°M.
10"°M. 5X10""M. 10""M. 5X107""M, 10°M, 5X107°M. 10"°M. 5X10™""M,
10'*M, 5X10"”M. and 10"*M.

Antibodies of the present invention have uses that include. but are not
limited to. methods known in the art to purify, detect. and target the polypeptides

of the present invention including both in vitro and in vivo diagnostic and
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therapeutic methods. For example. the antibodies have use in immunoassay's for
qualitatively and quantitatively measuring levels of the polypeptides of the present
invention in biological samples. See, ¢.g.. Harlow er al.. ANTIBODIES: A
LABORATORY MANUAL, (Cold Spring Harbor Laboratory Press. 2nd ed.
1988) (incorporated by reference in the entirety).

The antibodies of the present invention may be used either alone or in
combination with other compositions. The antibodies may further be
recombinantly fused to a heterologous polypeptide at the N- or C-terminus or
chemically conjugated (including covalently and non-covalently conjugations) to
polvpeptides or other compositions. For example. antibodies of the present
invention may be recombinantly fused or conjugated to molecules useful as labels
in detection assays and effector molecules such as heterologous polypeptides.
drugs. or toxins. See, e.g., WO 92/08495; WO 91/14438; WO 89/12624:; US
Patent 5,.314.995; and EP 0 396 387.

The antibodies of the present invention may be prepared by any suitable
method known in the art. For example, a polypeptide of the present invention or
an antigenic fragment thereof can be administered to an animal in order to induce
the production of sera containing polyclonal antibodies. Monoclonal antibodies
can be prepared using a wide of techniques known in the art including the use of
hybridoma and recombinant technology. See, ¢.g.. Harlow er al., ANTIBODIES:
A LABORATORY MANUAL, (Cold Spring Harbor Laboratory Press, 2nd ed.
1988): Hammerling, et al.. in: MONOCLONAL ANTIBODIES AND T-CELL
HYBRIDOMAS 563-681 (Elsevier, N.Y.., 1981) (said references incorporated
by reference in their entireties).

Fab and F(ab')2 fragments may be produced by proteolytic cleavage, using
enzymes such as papain (to produce Fab fragments) or pepsin (to produce F(ab")2
fragments).

Alternatively. antibodies of the present invention can be produced through
the application of recombinant DNA technology or through synthetic chemistry

using methods known in the art. For example. the antibodies of the present

PCT/US99/03703



10

15

20

25

WO 99/42584

invention can be prepared using various phage display methods known in the art.
In phage display methods. functional antibody domains are displayed on the
surface of a phage particle which carries polynucleotide sequences encoding them.
Phage with a desired binding property are selected from a repertoire or
combinatorial antibody library (¢.g. human or murine) by selecting directly with
antigen. typically antigen bound or captured to a solid surface or bead. Phage
used in these methods are typically filamentous phage including fd and M 13 with
Fab. Fv ordisulfide stabilized Fv antibody domains recombinantly fused to either
the phage gene 11 or gene VIII protein. Examples of phage display methods that
can be used to make the antibodies of the present invention include those
disclosed in Brinkman U. er al.. J. Immunol. Methods 182:41-50 (1995). Ames,
R.S.etal.. J. Immunol. Methods 184:177-186 (1995); Kettleborough. C.A. et al.,
Eur. J Immunol. 24:952-958 (1994); Persic, L. ef al., Gene 187:9-18 (1997);
Burton, D.R. er al, Advances in Immunology 57:191-280 (1994);
PCT/GB91/01134;: WO 90/02809; WO 91/10737, WO 92/01047; WO 92/18619;
WO 93/11236; WO 95/15982:; WO 95/20401; and US Patents 5.698.426,
5,223,409, 5.403.484. 5,580.717. 5.427.908. 5.750.753. 5.821.047. 5.571.698,
5.427.908, 5.516.637. 5.780.225. 5.658,727 and 5,733.743 (said references
incorporated by reference in their entireties).

As described in the above references, after phage selection. the antibody
coding regions from the phage can be isolated and used to generate whole
antibodies. including human antibodies, or any other desired antigen binding
fragment. and expressed in any desired host including mammalian cells. insect
cells, plant cells, yeast. and bacteria. For example. techniques to recombinantly
produce Fab. Fab' and F(ab")2 fragments can also be employed using methods
known in the art such as those disclosed in WO 92/22324; Mullinax. R.L. er al.,
BioTechnigues 12:864-869 (1992); and Sawai. H. et al.. AJRI 34:26-34 (1995);
and Better, M. et al.. Science 240:1041-1043 (1988) (said references incorporated

by reference in their entireties).
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Examples of techniques which can be used to produce single-chain Fvs and
antibodies include those described in U.S. Patents 4.946.778 and 5.258.498:
Huston er al. (1991) Methods in Enzymology 203:46-88: Shu. L. et al. (1993)
PNAS 90:7995-7999: and Skerra. A. et al., Science 240:1038-1040 (1988). For
some uses. including in vivo use of antibodies in humans and in vitro detection
assays. it may be preferable to use chimeric. humanized. or human antibodies.
Methods for producing chimeric antibodies are known in the art. See e.g..
Morrison. Science 229:1202 (1985). Oi et al.. BioTechniques 4:214 (1986);
Gillies. S.D. et al. (1989) J. Immunol. Methods 125:191-202; and US Patent
5.807.715. Antibodies can be humanized using a variety of techniques including
CDR-grafting (EP 0 239 400; WO 91/09967; US Patent 5.530.101: and
5.585.089). veneering or resurfacing (EP 0 592 106; EP 0 519 596; Padlan E.A.,
(1991) Molecular Immunology 28(4/5):489-498: Studnicka G.M. et al. (1994)
Protein  Engineering 7(6):805-814; Roguska M.A. et al. (1994) PNAS
91:969-973). and chain shuffling (US Patent 5.565,332). Human antibodies can
be made by a variety of methods known in the art including phage display methods
described above. See also, US Patents 4.444.887, 4.716.111, 5,545.806. and
5.814.318: and WO 98/46645 (said references incorporated by reference in their
entireties).

Further included in the present invention are antibodies recombinantly
fused or chemically conjugated (including both covalently and non-covalently
conjugations) to a polypeptide of the present invention. The antibodies may be
specific for antigens other than polypeptides of the present invention. For
example. antibodies may be used to target the polypeptides of the present
invention to particular cell types. either in vitro or in vivo, by fusing or
conjugating the polypeptides of the present invention to antibodies specific for
particular cell surface receptors. Antibodies fused or conjugated to the
polypeptides of the present invention may also be used in in vitro immunoassays
and purification methods using methods known in the art. See e.g., Harbor er al.

supra and WO 93/21232; EP 0 439 095; Naramura. M. et al.. Immunol. Lett.
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39:91-99 (1994). US Patent 5.474.981: Gillies. S.O. er «l. (1992) PNAS
89:1428-1432: Fell. HP. er al. (1991) J Immunol. [146:2446-2452 (said
references incorporated by reference in their entireties).

The present invention further includes compositions comprising the
polypeptides of the present invention fused or conjugated to antibody domains
other than the variable regions. For example. the polypeptides of the present
invention may be fused or conjugated to an antibody Fc region. or portion thereof.
The antibody portion fused to a polypeptide of the present invention may comprise
the hinge region. CH1 domain. CH2 domain. and CH3 domain or any combination
of whole domains or portions thereof. The polypeptides of the present invention
may be fused or conjugated to the above antibody portions to increase the /17 vivo
half life of the polypeptides or for use in immunoassays using methods known in
the art. The polypeptides may also be fused or conjugated to the above antibody
portions to form multimers. For example. Fc portions fused to the polypeptides
of the present invention can form dimers through disulfide bonding between the
Fc portions. Higher multimeric forms can be made by fusing the polypeptides to
portions of IgA and 1gM. Methods for fusing or conjugating the polypeptides of
the present invention to antibody portions are known in the art. See e.g.. US
Patents 5.336.603. 5.622,929. 5.359.046. 5.349.053, 5.447.851. 5.112.946: EP
0307 434. EP 0 367 166: WO 96/04388. WO 91/06570; Ashkenazi. A. et al.
(1991) PNAS 88:10535-10539; Zheng, X.X. et al (1995) J Immunol
154:5590-5600: and Vil, H. er al. (1992) PNAS 89:11337-11341 (said references
incorporated by reference in their entireties).

The invention further relates to antibodies which act as agonists or
antagonists of the polypeptides of the present invention. For example. the present
invention includes antibodies which disrupt the receptor/ligand interactions with
the polypeptides of the invention either partially or fully. Included are both
receptor-specific antibodies and ligand-specific antibodies. Included are
receptor-specific antibodies which do not prevent ligand binding but prevent

receptor activation. Receptor activation (i.e., signaling) may be determined by
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. techniques described herein or otherwise known in the art. Also include are

receptor-specific antibodies which both prevent ligand binding and receptor
activation. Likewise. included are neutralizing antibodies which bind the ligand
and prevent binding of the ligand to the receptor. as well as antibodies which bind
the ligand. thereby preventing receptor activation. but do not prevent the ligand
from binding the receptor. Further included are antibodies which activate the
receptor. These antibodies may act as agonists for either all or less than all of the
biological activities affected by ligand-mediated receptor activation. The
antibodies may be specified as agonists or antagonists for biological activities
comprising specific activities disclosed herein. The above antibody agonists can
be made using methods known in the art. See ¢.g.. WO 96/40281: US Patent
5.811.097: Deng. B. et al. (1998) Blood 92(6):1981-1988: Chen. Z. er al. (1998)
Cancer Res. 58(16):3668-3678: Harrop, J.A. e¢r «l (1998) J. Immunol.
161(4):1786-1794; Zhu. Z. ¢t al. (1998) Cancer Res. 58(15):3209-3214; Yoon,
D.Y. et al. (1998) J. Immunol. 160(7):3170-3179: Prat. M. er al. (1998) J. Cell.
Sci. 111(Pt2):237-247. Pitard, V. e al (1997) J. Immunol. Methods
205(2):177-190: Liautard. J. er al. (1997) Cytokinde 9(4):233-241: Carlson.N.G.
et al. (1997) J. Biol. Chem. 272(17):11295-11301: Taryman. R.E. er al. (1995)
Neuron 14(4):755-762:. Muller., Y.A. et al. (1998) Structure 6(9):1153-1167:
Bartunek. P. e al. (1996) Cytokine 8(1):14-20 (said references incorporated by
reference in their entireties).

In additional embodiments, the polynucleotides of the invention encode
functional attributes of AIM I1. Preferred embodiments of the invention in this
regard include fragments that comprise alpha-helix and alpha-helix forming
regions ("alpha-regions"), beta-sheet and beta-sheet forming regions
("beta-regions"). turn and turn-forming regions ("turn-regions"). coil and
coil-forming regions ("coil-regions"). hydrophilic regions. hydrophobic regions.
alpha amphipathic regions. beta amphipathic regions. flexible regions.

surface-forming regions and high antigenic index regions of AIM II.
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The data representing the structural or functional attributes of AIM II set
forthin Figures 3A-F and/or Table 2 was generated using the various modules and
algorithms of the DNA*STAR set on default parameters. In a preferred
embodiment. the data presented in columns VIII. IX. XIII. and XIV of Table 2
can be used to determine regions of AIM I1 which exhibit a high degree of
potential for antigenicity. Regions of high antigenicity are determined from the
data presented in columns VIII, IX, XIIL. and/or IV by choosing values which
represent regions of the polypeptide which are likely to be exposed on the surface
of the polypeptide in an environment in which antigen recognition may occur in
the process of initiation of an immune response.

Certain preferred regions in these regards are set out in Figures 3A-F. but
may, as shown in Table 2. be represented or identified by using tabular
representations of the data presented in Figures 3A-F. The DNA*STAR
computer algorithm used to generate Figures 3A-F (set on the original default
parameters) was used to present the data in Figures 3A-F in a tabular format (See
Table 2). The tabular format of the data in Figure 3A-F may be used to easily
determine specific boundaries of a preferred region.

The above-mentioned preferred regions set out in Figures 3A-F and in
Table 2 include, but are not limited to, regions of the aforementioned types
identified by analysis of the amino acid sequence set out in Figures 1A and B. As
set out in Figures 3A-F and in Table 2. such preferred regions include
Garnier-Robson alpha-regions, beta-regions, turn-regions. and coil-regions,
Chou-Fasman alpha-regions. beta-regions. and coil-regions, Kyte-Doolittle
hydrophilic regions and hydrophobic regions. Eisenberg alpha- and
beta-amphipathic regions, Karplus-Schulz flexible regions. Emini surface-forming

regions and Jameson-Wolf regions of high antigenic index.
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Among highly preferred fragments in this regard are those that comprise
regions of AIM 11 that combine several structural features. such as several of the
features set out above in Table 2.

The AIM II polypeptide of the present invention may be employed to treat
lymphoproliferative disease which results in lymphadenopathy. the AIM I
mediatcs apoptosis by stimulating clonal deletion of T-cells and may therefore. be
employed to treat autoimmune disease. to stimulate peripheral tolerance and
cytotoxic T-cell mediated apoptosis. The AIM Il may also be emploved as a
research tool in elucidating the biology of autoimmune disorders including
systemic lupus erythematosus (SLE). Graves' disease. immunoproliferative disease
lymphadenopathy (IPL). angioimmunoproliferative lymphadenopathy (AIL).
immunoblastive lymphadenopathy (IBL). rheumatoid arthritis. diabetes. and
multiple sclerosis, allergies and to treat graft versus host disease.

The AIM 11 polypeptide of the present invention may also be employed to
inhibit neoplasia, such as tumor cell growth. The AIM II polypeptide may be
responsible for tumor destruction through apoptosis and cytotoxicity to certain
cells.  AIM Il may also be emploved to treat diseases which require growth
promotion activity. for example, restenosis. since AIM II has proliferation effects
oncells of endothelial origin. AIM I may. therefore. also be employed to regulate
hematopoiesis in endothelial cell development.

This invention also provides a method for identification of molecules. such
as receptor molecules. that bind AIM II. Genes encoding proteins that bind
AIM 1. such as receptor proteins. can be identified by numerous methods known
to those of skill in the art. for example. ligand panning and FACS sorting. Such
methods are described in many laboratory manuals such as. for instance. Coligan
et al., Current Protocols in Immunology. 1(2):Chapter 5 (1991)

For instance. expression cloning may be employed for this purpose. To
this end polvadenyiated RNA is prepared from a cell responsive to AIM 1. a
c¢DNA library is created from this RNA. the library is divided into pools and the

pools are transfected individually into cells that are not responsive to AIM I1. The
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transfected cells then are exposed to labeled AIM 11. (AIM I can be labeled by
avariety of well-known techniques including standard methods of radio-iodination
or inclusion of a recognition site for a site-specific protein kinase.) Following
exposure. the cells are fixed and binding of AIM II is determined. These
procedures conveniently are carried out on glass slides.

Pools are identified of ¢cDNA that produced AIM Il-binding cells.
Sub-pools are prepared from these positives. transfected into host cells and
screened as described above. Using an iterative sub-pooling and re-screening
process, one or more single clones that encode the putative binding molecule. such
as a receptor molecule. can be isolated.

Alternatively a labeled ligand can be photo affinity linked to a cell extract.
such as a membrane or a membrane extract, prepared from cells that express a
molecule that it binds. such as a receptor molecule. Cross-linked material is
resolved by polyacrylamide gel electrophoresis ("PAGE") and exposed to X-ray
film. The labeled complex containing the ligand-receptor can be excised. resolved
into peptide fragments, and subjected to protein microsequencing. The amino acid
sequence obtained from microsequencing can be used to design unique or
degenerate oligonucleotide probes to screen ¢cDNA libraries to identify genes
encoding the putative receptor molecule.

Polypeptides of the invention also can be used to assess AIM II binding
capacity of AIM II binding molecules, such as receptor molecules. in cells or in
cell-free preparations.

A list of exemplified amino acid sequences comprising immunogenic
epitopes are shown in Table 2 above. It is pointed out that Table 2 only lists
amino acid residues comprising epitopes predicted to have the highest degree of
antigenicity using the algorithm of Jameson and Wolf, Comp. Appl. Biosci.
4:181-186 (1988) (said references incorporated by reference in their entireties).
The Jameson-Wolf antigenic analysis was performed using the computer program
PROTEAN. using default parameters (Version 3.11 for the Power Maclntosh.
DNASTAR. Inc.. 1228 South Park Street Madison. WI). Table 2 and portions
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of polypeptides not listed in Table 2 are not considered non-immunogenic. The
immunogenic epitopes of Table 2 is an exemplified list. not an exhaustive list.
because other immunogenic epitopes are merely not recognized as such by the
particular algorithm used. Amino acid residues comprising other immunogenic
epitopes may be routinely determined using algorithms similar to the
Jameson-Wolf analysis or by in vivo testing for an antigenic response using
methods known in the art. See, e.g.. Geysen et al.. supra: U.S. Patents 4.708.781:
5.194.392: 4.433.092: and 5.480.971 (said references incorporated by reference
in their entireties).

It is particularly pointed out that the amino acid sequences of Table 2
comprisc immunogenic epitopes. Table 2 lists only the critical residues of
immunogenic epitopes determined by the Jameson-Wolfanalysis. Thus. additional
flanking residues on either the N-terminal. C-terminal, or both N- and C-terminal
ends may be added to the sequences of Table 2 to generate an epitope-bearing
polypeptide of the present invention. Therefore, the immunogenic epitopes of
Table 2 may include additional N-terminal or C-terminal amino acid residues. The
additional flanking amino acid residues may be contiguous flanking N-terminal
and/or C-terminal sequences from the polypeptides of the present invention.
heterologous polypeptide sequences, or may include both contiguous flanking
sequences from the polypeptides of the present invention and heterologous
polypeptide sequences.

Polypeptides of the present invention comprising immunogenic or
antigenic epitopes are at least 7 amino acids residues in length. "At least" means
that a polypeptide of the present invention comprising an immunogenic or
antigenic epitope may be 7 amino acid residues in length or any integer between
7 amino acids and the number of amino acid residues of the full length
polypeptides of the invention. Preferred polypeptides comprising immunogenic
or antigenic epitopes are at least 10. 15,20, 25.30. 35.40. 45, 50. 55. 60. 65. 70,

75. 80, 85.90. 95. or 100 amino acid residues in length. However. it is pointed
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out that each and every integer between 7 and the number of amino acid residues
of the full length polypeptide are included in the present invention.

The immunogenic and antigenic epitope-bearing fragments may be
specified by either the number of contiguous amino acid residues. as described
above. or further specified by N-terminal and C-terminal positions of these
fragments on the amino acid sequence of SEQ ID NO:2. Every combination of
a N-terminal and C-terminal position that a fragment of. for example. at least 7 or
at :east 15 contiguous amino acid residues in length could occupy on the amino
acid sequence of SEQ ID NO:2 is included in the invention. Again. "at least 7
contiguous amino acid residues in length" means 7 amino acid residues in length
or any integer between 7 amino acids and the number of amino acid residues of
the full length polypeptide of the present invention. Specifically. each and every
integer between 7 and the number of amino acid residues of the full length
polypeptide are included in the present invention.

Immunogenic and antigenic epitope-bearing polypeptides of the invention
are useful. for example, to make antibodies which specifically bind the
polypeptides of the invention. and in immunoassays to detect the polypeptides of
the present invention. The antibodies are useful. for example. in affinity
purification of the polypeptides of the present invention. The antibodies may also
routinely be used in a variety of qualitative or quantitative immunoassays.,
specifically for the polypeptides of the present invention using methods known in
the art. See, e.g.. Harlow er al., ANTIBODIES: A LABORATORY MANUAL, (Cold
Spring Harbor Laboratory Press: 2nd Ed. 1988).

The epitope-bearing polypeptides of the present invention may be
produced by any conventional means for making polypeptides including synthetic
and recombinant methods known in the art. For instance. epitope-bearing
peptides may be synthesized using known methods of chemical synthesis. For
instance. Houghten has descri-bed a simple method for the synthesis of large
numbers of peptides. such as 10-20 mgs 0f 248 individual and distinct 13 residue

peptides representing single amino acid variants of a segment of the HAI

PCT/US99/03703



10

15

20

25

WO 99/42584

-76-

polypeptide. all of which were prepared and characterized (by ELISA-type binding
studies) in less than four weeks (Houghten ¢r al.. Proc. Nail. Acad. Sci. USA
82:3131-5135(1985)). This "Simultaneous Multiple Peptide Synthesis (SMPS)"
process is further described in U.S. Patent No. 4.631.211 to Houghten and
coworkers (1986). In this procedure the individual resins for the solid-phase
synthesis of various peptides are contained in separate solvent-permeable packets.
enabling the optimal use of the many identical repetitive steps involved in
solid-phase methods. A completely manual procedure allows 500-1000 or more
syntheses to be conducted simultaneously (Houghten et /., Proc. Natl. Acad. Sci.
USA 82:5131-5135 (1985) at 5134).

Epitope-bearing polypeptides of the present invention are used to induce
antibodies according to methods well known in the art including. but not limited
to. in vivo immunization, in vitro immunization, and phage display methods. See,
e.g., Sutcliffe er al.. supra; Wilson et al., supra. and Bittle ef al. J. Gen. Virol.
66:2347-2354 (1985). If in vivo immunization is used. animals may be immunized
with free peptide; however, anti-peptide antibody titer may be boosted by coupling
of the peptide to a macromolecular carrier, such as keyhole limpet hemacyanin
(KLH) ortetanus toxoid. Forinstance. peptides containing cysteine residues may
be coupled to a carrier using a linker such as -maleimidobenzoyl-N-
hydroxysuccinimide ester (MBS). while other peptides may be coupled to carriers
using a more general linking agent such as glutaraldehyde. Animals such as
rabbits, rats and mice are immunized with either free or carrier-coupled peptides.
for instance. by intraperitoneal and/or intradermal injection of emulsions
containing about 100 pg of peptide or carrier protein and Freund's adjuvant.
Several booster injections may be needed. for instance. at intervals of about two
weeks. to provide a useful titer of anti-peptide antibody which can be detected. for
example. by ELISA assay using free peptide adsorbed to a solid surface. The titer
of anti-peptide antibodies in serum from an immunized animal may be increased

by selection of anti-peptide antibodies. for instance. by adsorption to the peptide
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on a solid support and elution of the selected antibodies according to methods
well known in the art.

As one of skill in the art will appreciate. and discussed above. the
polvpeptides of the present invention comprising an immunogenic or antigenic
epitope can be fused to heterologous polypeptide sequences. For example. the
polypeptides of the present invention may be fused with the constant domain of
immunoglobulins (IgA. IgE. [¢G. IgM). or portions thereof (CH1. CH2. CH3. any
combination thereof including both entire domains and portions thereof) resulting
in chimeric polypeptides. These fusion proteins facilitate purification. and show
an increased half-life in vivo. This has been shown, e.g., for chimeric proteins
consisting of the first two domains of the human CD4-polypeptide and various
domains of the constant regions of the heavy or light chains of mammalian
immunoglobulins. See, e.g.. EPA 0.394.827; Traunecker et al.. Nature 331:84-86
(1988). Fusion proteins that have a disulfide-linked dimeric structure due to the
IgG portion can also be more efficient in binding and neutralizing other molecules
than monomeric polypeptides or fragments thereof alone. See, e.g.. Fountoulakis
et al.. J. Biochem. 270:3958-3964 (1995). Nucleic acids encoding the above
epitopes can also be recombined with a gene of interest as an epitope tag to aid
in detection and purification of the expressed polypeptide.

The present inventors have discovered that AIM Il is expressed in spleen.
thymus and bone marrow tissue. For a number of disorders, such as septic shock.
inflammation, cerebral malaria. activation of the HIV virus, graft-host rejection.
bone resorption. rheumatoid arthritis and cachexia. it is believed that significantly
higher or lower levels of AIM 11 gene expression can be detected in certain tissues
(e.g.. spleen. thymus and bone marrow tissue) or bodily fluids (e.g.. serum.
plasma. urine, synovial fluid or spinal fluid) taken from an individual having such
a disorder. relative to a "standard" AIM Il gene expression level. i.e.. the AIM I
expression level in tissue or bodily fluids from an individual not having the
disorder. Thus. the invention provides a diagnostic method useful during

diagnosis of a disorder. which invoives: (a) assaying AIM II gene expression level
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in cells or body fluid of an individual: (b) comparing the AIM II gene expression
level with a standard AIM Il gene expression level. whereby an increase or
decrease in the assaved AIM II gene expression level compared to the standard

expression level is indicative of a disorder.

Cell Sorting

The present invention also relates to methods for separating cells into
subpopulations based on whether these cells bind either the AIM II polypeptides
of the invention or antibodies having specificity for these polypeptides. These
separation methods will generally be based on the principle that cells which either
express a surface receptor which binds AIM 1I polypeptides or have an AIM 1l
polypeptide on their surface can be identified using labeled AIM II polypeptides
or AIM 11 specific antibodies. Such cells can then be separated from other cells
in a population which do not bind these polypeptides or antibodies. Methods for
separating cells. commonly known as "cell sorting”. are known in the art and are
discussed in Crane. U.S. Patent No. 5.489.506.

Thus. in one aspect, the invention provides methods for separating cells
which bind either AIM 11 polypeptides or antibodies having specificity for AIMII
polypeptides comprising contacting a population of cells with either an AIM II
polypeptide or an antibody having specificity for the AIM I polypeptide. wherein
the AIM Il polypeptide or antibody is labelled with a detectable label and
separating cells which bind either the AIM II polypeptide or anti-AIM I
polypeptide antibody from cells which do not bind these molecules. Cells which
bind AIM 1I polypeptides are believed to include those which express the
lymphotoxin-B-receptor (LT--R). TR2. CD27. and TRANK.
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AIM II Agonists and Antagonists

The invention also provides a method of screening compounds to identify
those which enhance or block the action of AIM 1 on cells. such as its interaction
with AIM II-binding molecules such as receptor molecules. An agonist is a
compound which increases the natural biological functions of AIM II or which
functions in a manner similar to AIM 11. while antagonists decrease or eliminate
such functions.

For example, a cellular compartment. such as a membrane preparation.
may be prepared from a cell that expresses a molecule that binds AIM I1. such as
a molccule of a signaling or regulatory pathway modulated by AIM II. The
preparation is incubated with labeled AIM II in the absence or the presence of a
candidate molecule which may be an AIM 1l agonist or antagonist. The ability of
the candidate molecule to bind the binding molecule or AIM II itself is reflected
in decreased binding of the labeled ligand. Molecules which bind gratuitously, i.e..
without inducing the effects of AIM II when bound to the AIM II binding
molecule. are most likely to be good antagonists. Molecules that bind well and
elicit effects that are the same as or closely related to AIM I1. are good agonists.

AIM Il-like effects of potential agonists and antagonists may by measured.
for instance, by determining activity of a second messenger system following
interaction of the candidate molecule with a cell or appropriate cell preparation,
and comparing the effect with that of AIM II or molecules that elicit the same
effects as AIM II. Second messenger systems that may be useful in this regard
include but are not limited to AMP guanylate cyclase. ion channel or
phosphoinositide hydrolysis second messenger systems.

Another example of an assay for AIM I antagonists is a competitive assay
that combines AIM Il and a potential antagonist with membrane-bound AIM 11
receptor molecules or recombinant AIM Il receptor molecules under appropriate
conditions for a competitive inhibition assay. AIM II can be labeled. such as by

radioactivity. such that the number of AIM II molecules bound to a receptor

PCT/US99/03703



10

15

20

25

WO 99/42584

-80-

molecule can be determined accurately to assess the effectiveness of the potential
antagonist.

Potential antagonists include small organic molecules. peptides.
polypeptides and antibodies that bind to a polypeptide of the invention. and
thereby inhibit or extinguish its activity. Potential antagonists also may be small
organic molecules. a peptide. a polypeptide such as a closely related protein or
antibody that binds the same sites on a binding molecule. such as a receptor
molecule, without inducing AIM Il-induced activities. thercby preventing the
action of AIM II by excluding AIM II from binding. Antagonists of the invention
include fragments of the AIM II polypeptide having the amino acid sequence
shown in SEQ 1D NO:2.

Other potential antagonists include antisense molecules. Antisense
technology can be used to control gene expression through antisense DNA or
RNA or through triple-helix formation. Antisense techniques are discussed, for
example, in Okano., J. Neurochem. 56:560 (1991). Oligodeoxynucleotides as
Antisense Inhibitors of Gene Expression. CRC Press, Boca Raton. FL (1988).
Triple helix formation is discussed in. for instance, Lee et al., Nucleic Acids
Research 6:3073 (1979): Cooney et al., Science 241:456 (1988): and Dervan e/
al., Science 251:1360 (1991). The methods are based on binding of a
polynucleotide to a complementary DNA or RNA. For example. the 5' coding
portion of a polynucleotide that encodes the mature polypeptide of the present
invention may be used to design an antisense RNA oligonucleotide of from about
10 to 40 base pairs in length. A DNA oligonucleotide is designed to be
complementary to a region of the gene involved in transcription thereby
preventing transcription and the production of AIM II. The antisense RNA
oligonucleotide hybridizes to the mRNA in vivo and blocks translation of the
mRNA molecule into AIM I polypeptide. The oligonucleotides described above
can also be delivered to cells such that the antisense RNA or DNA may be

expressed in vivo to inhibit production of AIM I1.
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The antagonists may be emploved in a composition with a
pharmaceutically acceptable carrier. ¢.g.. as hereinafter described.

The antagonists may be emploved for instance to treat cachexia which is
a lipid clearing defect resulting from a systemic deficiency of lipoprotein lipase.
which is believed to be suppressed by AIM 11. The AIM II antagonists may also
be emploved to treat cerebral malaria in which AIM Il may play a pathogenic role.

The AIM II antagonists may also be emploved to prevent graft-host
rejection by preventing the stimulation of the immune system in the presence of
a graft.

The AIM I antagonists may also be employed to inhibit bone resorption
and. therefore. to treat and/or prevent osteoporosis.

The antagonists may also be employed as anti-inflammatory agents. and
to treat endotoxic shock. This critical condition results from an exaggerated
response to bacterial and other types of infection.

As noted above. antagonists and agonists of the invention include AIM 11
polypeptides. These polypeptides can modulate their effect by, for example.
binding to cellular proteins such as receptors. Methods for identifying peptides
which interact with a specific protein are know in the art. For example. Phizicky
and Fields. "Protein-protein interactions: methods for detection and analysis”
Microbiol. Rev. 59:94-123 (1995). describe methods for screening peptides to
identify those having binding affinity for a second polypeptide. Phizicky and
Fields discuss methods such as protein affinity chromatography, affinity blotting.
coimmunoprecipitation. and cross-linking. Additional molecular biological
methods suitable for use with the present invention include protein probing of
expression libraries, the two-hybrid system. cell panning. and phage display.

Another method for identifying AIM II polypeptides of the invention
which bind to a cell surface receptor involves transfecting eukaryotic cells with
DNA encoding the receptor. such that the cells expresses the receptor on their
surfaces. followed by contacting the cells with a labeled (e.g.. radioactive label.

biotin. etc.) AIM II polypeptide. The amount of labeled AIM II polypeptide
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bound to the cells is measured and compared to that bound to control cells. The
control cells will generally be cells which do not express the surface receptor. The
detection of an increased amount of label bound to the cells which express the
receptor as compared to the control cells indicates that the cells which expresses
the receptor bind the AIM II polypeptide.

Further. as one skilled in the art would recognize. cells which express and
retain AIM II polypeptides can be used to identify AIM I ligands. In one such an
embodiment. cells which express AIM II would be contacted with potential
ligands which have been detectably labeled. Further, such ligands may be
polypeptides which are expressed as part of a library of sequences on the surface
of a phage (e.g.. a phage display library).

© Once an AIM [1 polypeptide has been identified which binds to the cell
surface receptor of interest, assays can be performed to determine whether the
AIM 11 polypeptide induces or inhibits a receptor-mediated cellular response
normally elicited by the particular receptor. Whether an AIM II polypeptide
activates a receptor-mediated cellular response may be determined by measuring
a cellular response known to be elicited by the receptor in the presence of the
AIM 11 polypeptide or another ligand. Further, whether an AIM II polypeptide
inhibits a receptor-mediated cellular response may be determined by measuring a
cellular response known to be elicited by the receptor in the presence of both a
molecule which is known to induce the cellular response and the AIM II
polypeptide.

Soluble forms of the polypeptides of the present invention (e.g.. an AIM
polypeptide comprising amino acid 83-240 of SEQ ID NO:2). for example. may
be utilized in the ligand binding and receptor activation/inhibition assay described

above.
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Cancer Prognosis

It is believed that certain tissues in mammals with cancer express
significantly reduced levels of the AIM I protein and mRNA encoding the AIM 1
protein when compared to a corresponding "standard" mammal. i.¢.. a mammal
of the same species not having the cancer. Further. it is believed that reduced
levels of the AIM II protein can be detected in certain body fluids (e.g.. sera.
plasma. urine. and spinal fluid) from mammals with cancer when compared to sera
from mammals of the same species not having the cancer. Thus. the invention
provides a diagnostic method useful during tumor diagnosis. which involves
assaying the expression level of the gene encoding the AIM II protein in
mammalian cells or body fluid and comparing the gene expression level with a
standard AIM II gene expression level. whereby an decrease in the gene
expression level over the standard is indicative of certain tumors.

Where a tumor diagnosis has already been made according to conventional
methods. the present invention is useful as a prognostic indicator. whereby
patients exhibiting enhanced AIM Il gene expression may experience a better
clinical outcome relative to patients expressing the gene at a lower level.

By "assaying the expression level of the gene encoding the AIM II protein”
1s intended qualitatively or quantitatively measuring or estimating the level of the
AIM II protein or the level of the mRNA encoding the AIM Il protein in a first
biological sample either directly (e¢.g.. by determining or estimating absolute
protein level or mRNA level) or relatively (e.g.. by comparing to the AIM 11
protein level or mRNA level in a second biological sample).

Preferably. the AIM II protein level or mRNA level in the first biological
sample is measured or estimated and compared to a standard AIM 11 protein level
or mRNA level. the standard being taken from a second biological sample
obtained from an individual not having the cancer. As will be appreciated in the
art, once a standard AIM Il protein level or mRNA level is known. it can be used

repeatedly as a standard for comparison.
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By "biological sample" is intended any biological sample obtained from an
individual. cell line. tissue culture. or other source which contains AIN I protein
or mRNA. Biological samples include mammalian body fluids (such as sera.
plasma. urine, synovial fluid and spinal fluid) which contain secreted mature
AIM I protein. and ovarian. prostate. heart. placenta. pancreas liver. spleen. lung.
breast and umbilical tissue.

The present invention is useful for detecting cancer in mammals. In
particular the invention is useful during diagnosis of the of following types of
cancers in mammals: breast. ovarian. prostate. bone. liver. lung. pancreatic. and
spleenic. Preferred mammals include monkeys. apes, cats. dogs. cows, pigs.
horses. rabbits and humans. Particularly preferred are humans.

Total cellular RNA can be isolated from a biological sample using the
single-step guanidinium-thiocyanate-phenol-chloroform method described in
Chomczynski and Sacchi, Anal. Biochem. 162:156-159(1987). Levels of mRNA
encoding the AIM II protein are then assayed using any appropriate method.
These include Northern blot analysis (Harada et al., Cell 63:303-312 (1990)). S1
nuclease mapping (Fujita et al., Cell 49:357-367 (1987)) . the polymerase chain
reaction (PCR). reverse transcription in combination with the polymerase chain
reaction (RT-PCR) (Makino et al., Technigue 2:295-301 (1990)) . and reverse
transcription in combination with the ligase chain reaction (RT-LCR).

Assaying AIM II protein levels in a biological sample can occur using
antibody-based techniques. For example, AIMII protein expression in tissues
can be studied with classical immunohistological methods (Jalkanen. M..er al.. J.
Cell. Biol. 101:976-985 (1985): Jalkanen. M.. et al.. J. Cell. Biol. 105:3087-3096
(1987)).

Other antibody-based methods useful for detecting AIMII protein gene
expression include immunoassays. such as the enzyme linked immunosorbent
assay (ELISA) and the radioimmunoassay (RIA).

Suitable labels are known in the art and include enzyme labels. such as.

Glucose oxidase. and radioisotopes. such as iodine ('**I. "*'I). carbon (**C). sulfur
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(**S). tritium (*H). indium ('**In). and technetium (*™T¢). and fluorescent labels.

such as fluorescein and rhodamine. and biotin.

Therapeutics

The uses of the AIM Il polypeptides. particularly human AIM I
polypeptides, include but are not limited to the treatment viral hepatitis. Herpes
viral infections. allergic reactions. adult respiratory distress syndrome. neoplasia.
anaphylaxis. allergic asthma. allergen rhinitis. drug allergies (e.g.. to penicillin.
cephalosporins). primary central nervous system lvmphoma (PCNSL). chronic
lvmphocytic leukemia (CLL). lymphadenopathy. autoimmune disease. graft versus
host disease. rheumatoid arthritis, osteoarthritis. Graves' disease. acute
lymphoblastic leukemia (ALL). non-Hodgkin's lymphoma (NHL).
ophthalmopathy. uveoretinitis, the autoimmune phase of Type 1 diabetes.
myasthenia gravis. glomerulonephritis, autoimmune hepatological disorder.
autoimmune inflammatory bowel disease. and Crohn's disease. In addition, the
AIM Il polypeptide of the present invention may be employed to inhibit neoplasia.
such as tumor cell growth. The combination of AIM II protein with
immunotherapeutic agent such as IL-2 or IL-12 may result in synergistic or
additive effects that would be useful for the treatment of established cancers. The
AIM II polypeptide may also be useful for tumor therapy. AIM Il may further be
employed to treat diseases which require growth promotion activity, for example.
restenosis, since AIM II has proliferative effects on cells of endothelial origin.
AIM I may, therefore. also be employed to regulate hematopoiesis in endothelial
cell development.

The AIM I1 polypeptides of the invention may also be employed to inhibit
the differentiation and proliferation of T cells and B cells. AIM II induced
inhibition of T and B cell activation. differentiation and/or proliferation may be
employed to treat a number of immunological based diseases. several of which are

referred to above. Further. depending on the particular AIM 11 polypeptide

PCT/US99/03703



10

15

20

25

WO 99/42584

-86-

employed. the AIM II polypeptides of the invention may also be emploved to

stimulate activation. differentiation and/or proliferation of T cells and B cells.

AIM I may act as a cytokine adjuvant or costimulatory molecule. The
following experiments are performed to assess the in vivo AIM 1l protein on the
host immune system.

Tumor or non-tumor bearing mice are treated with AIM 1l protein at three
different doses (0.1 mg/kg. I mg/kg and 10 mg/kg. i.p., QD, 10-14 days. N=5 per
group) before or after immunization with tumor antigen or superantigen. the mice
are sacrificed weekly post treatment after blood collection. The spleens or the
lymph nodes are used for the following in vitro analyses well known to those
skilled in the art:

FACS analyses: Expression of surface markers for T cells. B cells, NK
cells, Monocytes. Dendritic cells, costimulatory and
adhesion molecules.

Cytokine production assays

T cell proliferation or cytotoxicity assay

AIM I protein and tumor antigen may result in the induction of protective
immunity. which could lead to protecting mice from subsequent tumor challenge.
In order to examine possibility the following experiment can be performed using
syngeneic C57BL/6 mice to test the effect of AIM I1 on induction of tumor or Ag-
specific protective immunity.

MC-38 tumor-free mice treated with AIM II protein will be challenged
with MC-38 or irrelevant murine sarcoma MCA-102 using techniques well known

to those skilled in the art. Three possible results could be observed:

Result #1 Result #2 Result #3
MC-38. WT: tumor (-) tumor (-) tumor (+)
MCA-102: tumor (+) tumor (-) tumor (+)
Indication from #1: Evidence of tumor-specific protective immunity
Indication from #2: Evidence of non-tumor specific immunity

Indication from #3: Lack of protective immunity
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If generation of tumor-specific protective immunity upon AIM II treatment
1s demonstrated. the following depletion experiment are performed to identify
which leukocyte sub-population is responsible for the tumor rejection. The mice
will be treated with various mAb which recognize either CD4+ or CD8+ T cells.
NK cells. granulocyte (Grl+). or specific cytokine such as IFNy using techniques
well known to those skilled in the art. Tumor growth in these antibody-treated
mice 1s measured.

AIM Il may also be used to treat rheumatoid arthritis (RA) by inhibiting
the increase in angiogenesis or the increase in endothelial cell proliferation
required to sustain an invading pannus in bone and cartilage as is often observed
in RA. Endothelial cell proliferation is increased in the synovia of RA patients as
compared to patients with osteoarthritis (OA) or unaffected individuals.
Neovascularization is needed to sustain the increased mass of the invading pannus
into bone and cartilage. Inhibition of angiogenesis is associated with a significant
decrease 1n the severity of both early and chronic arthritis in animal models.

The AIM II polypeptide is believed to possess binding activities for a
number of proteins, including several human cellular receptors. These receptors
include the lymphotoxin-f-receptor (LT-B-R), TR2 (also referred to as the Herpes
virus entry mediator (HVEM) and ATAR). CD27. and TRANK (also referred to
as receptor activator of nuclear factor-kappa B (RANK)).

Each of the receptors listed immediately above is involved in various
physiological processes which may be modulated by the AIM II polypeptides of
the invention. More specifically. the polypeptides of the invention can be used to
stimulate or block the action of ligands which bind cellular receptors having
AIM I binding activity (e.g.. LT-B-R, TR2, CD27, and TRANK).

LT-B. which binds to the LT-B-R. has been implicated in the development
of secondary lymphoid tissues and the maintenance of organized lymphoid tissues
in adults. LT-B-R may. in some instances. function in conjunction with TR2 to

mediate cellular responses and has been shown to be expressed in a number of
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tissues in the lung including a subpopulation of T-lymphocytes. LT-f3-R has also
been implicated in the formation of germinal centers and thus appears to be
involved in humoral immune responses. Rennert e al. Int. Immunol.
9:1627-1639 (1997).

The AIM 11 polypeptides of the invention may be employed to inhibit the
formation of germinal centers and L.T-B-R mediated humoral responses by
blocking access of cellular ligands to LT-B-R. Further. polypeptides of the
invention may stimulate the formation of germinal centers and LT-$3-R mediated
humoral responses by activating LT-3-R.

One skilled in the art would recognize that different portions of the AIM 11
polypeptide may have different effects on LT--R. One skilled in the art would
also recognize that the effect that the AIM II polypeptides of the invention would
have on LT-B-R would vary with the individual peptide and the effect it has when
bound to LT-B-R. Methods for screening molecules having agonistic and
antagonistic activities of cellular receptor are described above.

The core protein of hepatitis C virus (HCV) has also been shown to
associate with LT-B-R and enhance signaling mediated by this receptor. Chen er
al., J. Virol. 71:9417-9426 (1997). Further. the interaction of this protein with
LT-B-R may contribute to the chronically activated. persistent state of HCV-
infected cells. The AIM II polypeptides of the invention may be emploved to
block HVC stimulation of LT-B-R and the pathology associated with this virus.

TR2 is amember of the tumor necrosis factor (TNF) receptor family which
1s expressed in anumber of human tissues and cell lines. This protein is expressed
constitutively and in relatively high levels in peripheral blood T cells. B cells. and
monocytes. Kwon et al., J. Biol. Chem. 272:14272-14276 (1997). TR2 serves
a number of functions in vivo. including the mediation of Herpes viral entry into
cells during infection. Further. a TR2-Fc fusion protein has been demonstrated
to inhibit mixed lymphocyte reaction-mediated proliferation. These data suggest
that the TR2 and its ligand play a role in T cell stimulation. It has been shown

along these lines that overexpression of TR2 activates NF-xB and AP-1. This

PCT/US99/03703



10

15

20

25

30

WO 99/42584

-80-

activation appears to occur through a TNF receptor-associated factor (TRAF)-
mediated mechanism.

The AIM 1I polypeptides of the invention may be emploved to inhibit
T cell activation. and thus T cell mediated immune responses. by blocking access
to TR2 by cellular ligands which activate this receptor. Similarly. polypeptides of
the invention may stimulate T cell activation by activating TR2. As noted above
for LT-B-R. one skilled in the art would recognize that different portions of the
AIM 1I polypeptide may either inhibit or stimulate TR2 mediated cellular
responses.

The AIM I polypeptides of the invention may also be employed to prevent
or treat Herpes viral infections.

Expression of CD27.as well asits ligand CD70, is predominantly confined
to lymphocytes. Further, CD27 has been shown to interact with CD70 and to be
involved in the induction of IgE synthesis in B cells. Nagumo e al., J. Immunol.
161:6496-6502 (1998). In addition. activation of CD27 may enhance IgE
synthesis. Inhibition of the interaction between CD27 and CD70 thus may inhibit
I¢E production and allergic responses.

The AIM II polypeptides of the invention may be used for modulating
immune responses. Forexample, AIM II polypeptides may be used to regulate the
function of B cells by inhibiting the interaction between CD27 and CD70. AIM 11
polypeptides may thus bind to CD27 and inhibit B cell differentiation and
proliferation, as well as the secretion of proteins (e.g.. IgE) by these cells.
Therefore, AIM II polypeptides may be employed to suppress IgE antibody
formation in the treatment of IgE-induced immediate hypersensitivity reactions,
such as allergic rhinitis (also know as hay fever), bronchial asthma. allergic
asthma. anaphylaxis. atopic dermatitis and gastrointestinal food allergy.

CD27 is also believed to be the receptor for a pro-apoptotic protein
commonly known as Siva. Pandanilam er al.. Kidney Int. 54:1967-1975 (1998).
AIM 11 polypeptides of the invention may be employed to inhibit the interaction

between Siva and CD27 and thus prevent Siva/CD27 mediated induction of
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apoptosis.  Diseases associated with decreased cell survival. or increased
apoptosis. include AIDS: neurodegenerative disorders (such as Alzheimer's
disease. Parkinson's disease. Amyotrophic lateral sclerosis. Retinitis pigmentosa.
Cerebellar degeneration): myelodysplastic syndromes (such as aplastic anemia).
ischemic injury (such as that caused by myocardial infarction. stroke and
reperfusion injury ). toxin-induced liver disease (such as that caused by alcohol).
septic shock. cachexia and anorexia.

AIM II polypeptides of the invention may also be emploved to enhanced
activation of the Siva/CD27 apoptotic pathway and thus facilitate the induction
of apoptosis. Diseases associated with increased cell survival. or the inhibition of
apoptosis. include cancers (such as follicular lymphomas. carcinomas with p53
mutations. and hormone-dependent tumors), autoimmune disorders (such as
systemic lupus erythematosus, immune-related glomerulonephritis. and
rheumatoid arthritis) and viral infections (such as herpes viruses. pox viruses and
adenoviruses). information graft v. host disease, acute graft rejection. and chronic
graft rejection.

While CD27 may be membrane-bound. a soluble form of CD27 is
produced in the course of the immune response. Soluble CD27 (sCD27) is found
in a number of body fluids and may be measured to monitor local and systemic
immune activation. Further, CD27 is expressed on human malignant B cells and
high levels of sCD27 are present in the sera of patients with various B-cell
malignancies. Kersten er al., Blood 87:1985-1989 (1996). These elevated levels
of sCD27 have been shown to strongly correlate with tumor load.

sCD27 has also been shown to be elevated in patients with a variety
lymphoid malignancies and solid tumors of the central nervous system. These
afflictions include primary central nervous system lymphoma (PCNSL) and
lymphoid malignancies located in the meninges (¢.g.. acute lymphoblastic leukemia
(ALL) and non-Hodgkin's lymphoma (NHL)).

Soluble CD27 has also been found to be elevated in patients with anumber

of non-hyperproliferative diseases. For example. sCD27 has been shown to be
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elevated in patients with untreated Graves' hyvperthyroidism. Kallio et al.. J. Lab.
Clin Med. 132:478-482 (1998). Further. increases in sCD27 serum levels have
been found in patients with systemic lupus ervthematosus (SLE) and this increase
has been shown to be associated with the activity of the disease. Fonteral., Clin.
Immunol. Immunoparhol. 81:239-243 (1996): Swaak et al.. Clin. Rheumatol.
14:293-300 (1995). Also. B cells from most patients with chronic lymphocvtic
leukemia (CLL) have been shown to co-express both membrane-bound and
soluble CD27. as well as CD70. Ranheim er al.. Blood 85:3556-3565 (1995).

It has been postulated that sCD27 may prevent leukemic B cells from
stimulating T cells via CD70. and thus may impair the ability of B cells to function
as antigen-presenting cells. Ranheim er «l.. Blood 83:3556-3565 (1995).
Polypeptides of the invention may be employed to inhibit interactions between
sCD27 and CD70, and, thus, to enhance the ability of B cells to act as antigen-
presenting cells.

AIM 1I polypeptides of the invention may also be employed to treat
diseases and afflictions associated with increase levels of sCD27. While not
wishing to be bound to a mechanistic theory. AIM Il polypeptides may be useful
in treatment regimens for these conditions since it binding sCD27 and prevents it
from interacting with cellular ligands.

AIM II polypeptides are also believed to bind to RANK. (See Anderson
etal.. Nature 390:175-179 (1997).) RANK is a protein which has been implicated
in osteoclast differentiation and regulation of interactions between T cells and
dendritic cells. RANK apparently mediates its cellular effects via interaction with
RANKL (also referred to as osteoprotegerin ligand (OPGL). TRANCE and
ODF).

Mice having a disrupted RANKL gene show severe osteoporosis. exhibit
defective tooth eruption. and lack osteociasts. These mice also exhibit defects in
T and B lymphocyte differentiation. Additionally. RANKL-deficient mice lack

lymph nodes but exhibit normal splenic structure and Peyer's patches. These data
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indicate that RANKL mediated pathways regulate lymph node organogenesis,
lymphocyte development. and osteoclast differentiation and proliferation.

There are two main classes of bone cells: cells which make bone,
osteoblasts, and cells which resorb bone, osteoclasts. These cells each have very
precise functions and the balance between their activities is critical to the
maintenance of the skeletal system. For example. in human adults. between 10 to
15% of trabecular bone surfaces are covered with osteoid (new unmineralized
bone made by osteoblasts) while about 4% have active resorptive surfaces. The
dynamic nature of the continuing flux of bone cell activity isillustrated by the fact
that approximately 18% of total skeletal calcium is often removed and deposited
over a period of one year.

The AIM polypeptides of the invention may be employed to modulate
osteoclast differentiation and proliferation, as well as bone development and
degradation. Polypeptides of the invention may. for example, be employed to
inhibit osteoclast differentiation and proliferation and, thus, may be employed to
decease the rate of bone degradation. Inhibition of osteoclast differentiation and
proliferation and bone degradation may be useful in the treatment of conditions
such as osteoporosis, skeletal and dental abnormalities, bone cancers,
osteoarthritis, osteogenesis imperfecta, and Hurler and Marfan syndromes.
Polypeptides of the invention may also be employed in processes for reshaping
bone and teeth and in periodontal reconstructions where lost bone replacement or
bone augmentation is required. such as in a jaw bone and supplementing alveolar
bone loss resulting from periodontal disease to delay or prevent tooth loss (see,
e.g., Sigurdsson et al., J. Periodontol. 66:511-21 (1995)).

The AIM I polypeptides of the invention may further be used to regulate
T and B lymphocyte differentiation and proliferation. AIM II polypeptides may
thus bind to RANK and inhibit the differentiation and proliferation of T and B
lymphocyte, as well as the secretion of proteins (e.g.. immunoglobins) from these
cells. AIM II polypeptides may therefore be employed to suppress

lymphocyte-mediated immune responses, for example, to prevent graft rejection.
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AIM II polypeptides may also be used to inhibit osteoclast differentiation and
proliferation. AIM II polypeptides may thus be employed to treat diseases such
as bone cancers.

The present invention also provides AIM 1 polypeptides which mimic one
or more of the natural ligands of RANK and stimulate RANK-mediated cellular
responses. These cellular responses include the activation of T and B lymphocyte
differentiation and proliferation and induction of osteoclast differentiation. AIMI1
polypeptides may thus be employed to treat diseases such as infections (e.g..
bacterial, viral. and protozoal infections). AIM II polypeptides may also be
employed to enhance immune responses (¢. g.. in the treatment of AIDS and AIDS
related complexes) and to increase bone degradation rates.

The AIM Il polypeptide may be cleaved in vivo to form a soluble form of
the molecule. As noted in Example 10, a cleavage site appears to be located
between amino acid residues 82 and 83 of the sequence shown in SEQ ID NO:2.
Cleavage of the AIM II polypeptide at this location is believed to result in the
production of a soluble form of the molecule which comprises amino acids 83-240
in SEQ ID NO:2. Soluble forms of AIM I are especially useful for the treatment
of diseases where systemic administration of these peptides is preferred. Further,
soluble forms of AIM Il are also useful for topical administration. The complete
and mature AIM I polypeptides of the invention, as well as subfragments of these
polypeptides, may be employed to treat afflictions associated with receptors and

other ligands to which these molecules bind.

Modes of administration

It will be appreciated that conditions, such as those discussed above, can
be treated by administration of AIM II protein. Thus, the invention further
provides a method of treating an individual in need of an increased level of AIM 11

activity comprising administering to such an individual a pharmaceutical
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composition comprising an effective amount of an isolated AIM II polypeptide of
the invention. effective to increase the AIM Il activity level in such an individual.

As a general proposition. the total pharmaceutically effective amount of
AIM I polypeptide administered parenterally per dose will be in the range of
about 1 pg/kg/day to 10 mg/kg/day of patient body weight, although. as noted
above, this will be subject to therapeutic discretion. More preferably. this dose is
at least 0.01 mg/kg/day. and most preferably for humans between about 0.01 and
1 mg/kg/day for the hormone. If given continuously, the AIM Il polypeptide is
typically administered at a dose rate of about 1 pg/kg/hour to about 50
ng/kg/hour, either by 1-4 injections per day or by continuous subcutaneous
infusions, for example. using a mini-pump. An intravenous bag solution may also
be employed.

Pharmaceutical compositions containing the AIM Il of the invention may
be administered orally. rectally, parenterally, intracistemally. intravaginally,
intraperitoneally, topically (as by powders, ointments, drops or transdermal patch),
bucally, or as an oral or nasal spray. By "pharmaceutically acceptable carrier” is
meant a non-toxic solid. semisolid or liquid filler, diluent, encapsulating material
or formulation auxiliary of any type. The term "parenteral” as used herein refers
to modes of administration which include intravenous. intramuscular,
intraperitoneal, intrasternal, subcutaneous and intra-articular injection and
infusion.

In the treatment of rheumatoid arthritis, particularly preferred modes of
administration of AIM II polypeptides of the present invention include,
intradermal. subcutaneous and intra-articular injection and infusion. Preferably,
AIMII polypeptide administered intra-articularly or intra-dermally per dose will
be in the range of about 0.1 to about 1.0 mg/kg of patient body weight.
Particularly preferred excipients include

In addition to soluble AIM II polypeptides (i.c., AIM 1I polypeptides

missing all or part of the transmembrane domain), AIM I polypeptides containing
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the transmembrane region can also be used when appropriately solubilized by

including detergents. such as triton X-100, with buffer.

Chiromosome Assays

The nucleic acid molecules of the present invention are also valuable for
chromosome identification. The sequence is specifically targeted to and can
hybridize with a particular location on an individual human chromosome. The
mapping of DNAs to chromosomes according to the present invention is an
important first step in correlating those sequences with genes associated with
disease.

In certain preferred embodiments in this regard. the cDNA herein disclosed
1s used to clone genomic DNA of an AIM II protein gene. This can be
accomplished using a variety of well known techniques and libraries. which
generally are available commercially. The genomic DNA then is used for in situ
chromosome mapping using well known techniques for this purpose.

In addition. in some cases, sequences can be mapped to chromosomes by
preparing PCR primers (preferably 15-25 bp) from the cDNA. Computer analysis
of the 3’ untranslated region of the gene is used to rapidly select primers that do
not span more than one exon in the genomic DNA, thus complicating the
amplification process. These primers are then used for PCR screening of somatic
cell hybrids containing individual human chromosomes.

Fluorescence in situ hybridization ("FISH") of a ¢cDNA clone to a
metaphase chromosomal spread can be used to provide a precise chromosomal
location in one step. This technique can be used with probes from the cDNA as
short as 50 or 60 bp. For a review of this technique, see Verma et al., Human
Chromosomes: A Manual Of Basic Technigues. Pergamon Press, New York
(1988).

Once a sequence has been mapped to a precise chromosomal location, the

physical position of the sequence on the chromosome can be correlated with
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genetic map data. Such data are found. for example, in V. McKusick. Mendelian
Inheritance In Man, available on-line through Johns Hopkins University. Welch
Medical Library. The relationship between genes and diseases that have been
mapped to the same chromosomal region are then identified through linkage
analysis (coinheritance of physically adjacent genes).

Next, it is necessary to determine the differences in the cDNA or genomic
sequence between affected and unaffected individuals. If a mutation is observed
in some or all of the affected individuals but not in any normal individuals. then the
mutation is likely to be the causative agent of the disease.

Having generally described the invention, the same will be more readily
understood by reference to the following examples, which are provided by way of

illustration and are not intended as limiting.

Examples
Example 1: Expression and Purification of AIM 11 in E. coli

A Expression of AIM Il with an N-terminal 6-His tag

The DNA sequence encoding the AIM II protein in the deposited cDNA
clone is amplified using PCR oligonucleotide primers specific to the amino
terminal sequences of the AIM Il protein and to vector sequences 3’ to the gene.
Additional nucleotides containing restriction sites to facilitate cloning are added
to the 5 and 3’ sequences respectively.

A 22 kDa AIM II protein fragment (lacking the N-terminus and
transmembrane region) is expressed using the following primers:

The 5’ oligonucleotide primer has the sequence 5’
GCGGGATCCGGAGAGATGGTCACC 3’ (SEQ ID NO:7) containing the
underlined BamHI restriction site, which includes nucleotides 244-258 of the
AIM II protein coding sequence in Figure 1A (SEQ ID NO:1).

The 3’ primer has the sequence:

PCT/US99/03703
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5'"CGCAAGCTTCCTTCACACCATGAAAGC 3" (SEQIDNO:8) containing the
underlined Hind III restriction site followed by nucleotides complementary to
nucleotides 757-774 as shown in Figure 1B (SEQ ID NO:1).
The entire AIM 1I protein can be expressed using the following primers:
The 5’ oligonucleotide primer has the sequence:
5" GACC GGATCC ATG GAG GAG AGT GTC GTA CGG C 3" (SEQ ID
NO:9) containing the underlined BamHI restriction site. which includes
nucleotides 49-70 of the AIM 1I protein coding sequence in Figure 1A (SEQ ID
NO:1).
The 3’ primer has the sequence:
5" CGC AAGCTT CCT TCA CAC CAT GAA AGC 3' (SEQ ID NO:10)
containing the underlined HindIIl restriction site followed by nucleotides
complementary to nucleotides 756-783 as shown in Figure 1B (SEQ ID NO:1).
The restriction sites are convenient to restriction enzyme sites in the
bacterial expression vector pQE9, which are used for bacterial expression in these
examples. (Qiagen. Inc. 9259 Eton Avenue, Chatsworth, CA. 91311). pQE9

T

encodes ampicillin antibiotic resistance (" Amp™) and contains a bacterial origin of
replication ("ori"), an IPTG inducible promoter, aribosome binding site ("RBS"),
a 6-His tag and restriction enzyme sites.

The amplified AIM II DNA and the vector pQE9 both are digested with
BamHI and Hind III and the digested DNAs are then ligated together. Insertion
ofthe AIMII protein DNA into the restricted pQE9 vector places the AIM 11
protein coding region downstream of and operably linked to the vector's IPTG-

inducible promoter and in-frame with an initiating AUG appropriately positioned

for translation of AIM II protein.

B. Expression of AIM Il with a C-terminal 6-His tag
The bacterial expression vector pQE60 is used for bacterial expression in
this example. (QIAGEN. Inc., 9259 Eton Avenue, Chatsworth, CA, 91311).

pQE60 encodes ampicillin antibiotic resistance ("Amp™) and contains a bacterial
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origin of replication ("ori"), an IPTG inducible promoter, a ribosome binding site
("RBS"). six codons encoding histidine residues that allow affinity purification
using nickel-nitrilo-tri-acetic acid ("Ni-NTA") affinity resin sold by QIAGEN.
Inc.. supra. and suitable single restriction enzyme cleavage sites. These elements
are arranged such that an inserted DNA fragment encoding a polypeptide
expresses that polypeptide with the six His residues (i.e.. a "6 X His tag")
covalently linked to the carboxyl terminus of that polypeptide.

The DNA sequence encoding the desired portion of the AIM II protein
is amplified from the deposited cDNA clone using PCR oligonucleotide primers
which anneal to the amino terminal sequences of the desired portion of the AIM 11
protein and to sequences in the deposited construct 3' to the cDNA coding
sequence. Additional nucleotides containing restriction sites to facilitate cloning
in the pQEG60 vector are added to the 5' and 3' sequences, respectively.

For cloning the protein, the 5' primer has the sequence:
5'GACGC CCATGG AG GAG GAG AGT GTC GTA CGG C3'(SEQID NO:
17) containing the underlined Ncol restriction site followed by nucleotides
complementary to the amino terminal coding sequence of the AIM Il sequence in
Figure 1A. One of ordinary skill in the art would appreciate, of course, that the
point in the protein coding sequence where the 5' primer begins may be varied to
amplify a DNA segment encoding any desired portion of the complete protein
(shorter or longer). The 3' primer has the sequence:
5'GACC GGATCC CACCATGAAAGC CCCGAAGTAAG3' (SEQIDNO:
18) containing the underlined BamHI restriction site followed by nucleotides
complementary to the 3' end of the coding sequence immediately before the stop
codon in the AIM II DNA sequence in Figure 1B, with the coding sequence
aligned with the restriction site so as to maintain its reading frame with that of the
six His codons in the pQE60 vector.

The amplified AIM II DNA fragment and the vector pQE60 are digested
with BamHI and Ncol and the digested DNAs are then ligated together. Insertion
of the AIM II DNA into the restricted pQE60 vector places the AIM II protein
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coding region downstream from the IPTG-inducible promoter and in-frame with

an initiating AUG and the six histidine codons.

C. Expression of AIM 1l deletion mutant with an N-terminal 6-His
tag

The DNA sequence encoding the AIM II protein in the deposited cDNA
clone was amplified using PCR oligonucleotide primers specific to sequences of
the AIM Il protein and to vector sequences 3’ to the gene. Additional nucleotides
containing restriction sites to facilitate cloning were added to the 5’ and 3’
sequences respectively.

In particular, an N-terminal deletion AIM Il mutant (Met(68) to Val(240)
in SEQ ID NO:2) was constructed using the following primers:

The 5’ oligonucleotide primer has the sequence:
5'-GGG GGA TCC ATG GTC ACC CGC CTG CC-3' (SEQ ID NO:21)
containing the underlined BamHI restriction site, and includes 17 nucleotides of
the AIM II protein coding sequence in Figure 1A (SEQ ID NO:1).

The 3" primer has the sequence:
5'-GGG AAG CTT CAC CAT GAA AGC CCC G-3' (SEQID NO:22) containing
the underlined Hind I1I restriction site followed by nucleotides complementary to
nucleotides 753-768 as shown in Figure 1B (SEQ ID NO:1).

These restriction sites are convenient to restriction enzyme sites in the
bacterial expression vector pQE9. which are used for bacterial expression in this
example. (Qiagen, Inc. 9259 Eton Avenue, Chatsworth, CA. 91311). pQE9
encodes ampicillin antibiotic resistance ("Amp™) and contains a bacterial origin of
replication ("ori"), an IPTG inducible promoter, aribosome binding site ("RBS"),
a 6-His tag and restriction enzyme sites.

The amplified AIM II (aa 68-240) DNA and the vector pQE9 both were
digested with BamHI and Hind III and the digested DNAs were then ligated
together. Insertion of the AIM II (aa 68-240) protein DNA into the restricted

pQE9 vector places the AIM 1l protein coding region downstream of and
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operably linked to the vector's IPTG-inducible promoter and in-frame with an

initiating AUG appropriately positioned for translation of AIM [1 deletion protein.

Transformation of the Bacteria:

The ligation mixture from the 6-His tagged expression constructs made in
A, B or C. above. is transformed into competent £. coli cells using standard
procedures. Such procedures are described in Sambrook et al.. Molecular
Cloning: a Laboratory Manual, 2nd Ed.; Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y. (1989). E. coli strain M15/rep4, containing multiple
copies of the plasmid pREP4, which expresses lac repressor and confers

L)

kanamycin resistance ("Kan™), is used in carrying out the illustrative example
described herein. This strain, which is only one of many that are suitable for
expressing AIM II protein, is available commercially from Qiagen.

Transformants are identified by their ability to grow on LB plates in the
presence of ampicillin and kanamycin. Plasmid DNA is isolated from resistant
colonies and the identity of the cloned DNA confirmed by restriction analysis.

Clones containing the desired constructs are grown overnight ("O/N") in
liquid culture in LB media supplemented with both ampicillin (100 pg/ml) and
kanamycin (25 pg/ml).

The O/N culture is used to inoculate a large culture, at a dilution of
approximately 1:100 to 1:250. The cells are grown to an optical density at 600nm
("OD600") of between 0.4 and 0.6. Isopropyl-B-D-thiogalactopyranoside
("IPTG") is then added to a final concentration of 1 mM to induce transcription
from /uc repressor sensitive promoters. by inactivating the /acl repressor. Cells
subsequently are incubated further for 3 to 4 hours. Cells then are harvested by
centrifugation and disrupted, by standard methods. Inclusion bodies are purified
from the disrupted cells using routine collection techniques, and protein is
solubilized from the inclusion bodies into 8M urea. The 8M urea solution

containing the solubilized protein is passed over a PD-10 column in 2X

phosphate-buftered saline ("PBS"). thereby removing the urea, exchanging the
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buffer and refolding the protein. The protein is purified by a further step of
chromatography to remove endotoxin. Then. it is sterile filtered. The sterile

filtered protein preparation is stored in 2X PBS at a concentration of 95 pg/ml.

D. Expression and Purification of full length AIM 1] without a 6-His tag
The bacterial expression vector pQE60 is used for bacterial expression in
this example. (QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311).

™

pQE60 encodes ampicillin antibiotic resistance ("Amp™) and contains a bacterial
origin of replication ("ori"). an IPTG inducible promoter, a ribosome binding site
("RBS"), six codons encoding histidine residues that allow affinity purification
using nickel-nitrilo-tri-acetic acid ("Ni-NTA") affinity resin sold by QIAGEN,
Inc.. supra, and suitable single restriction enzyme cleavage sites. These elements
are arranged such that a DNA fragment encoding a polypeptide may be inserted
in such as way as to produce that polypeptide with the six His residues (i.c..a"6
X His tag") covalently linked to the carboxyl terminus of that polypeptide.
However, in this example. the polypeptide coding sequence is inserted such that
translation of the six His codons is prevented and, therefore, the polypeptide is
produced with no 6 X His tag.

The DNA sequence encoding the desired portion of the AIM Il protein is
amplified from the deposited cDNA clone using PCR oligonucleotide primers
which anneal to the amino terminal sequences of the desired portion of the AIM I1
protein and to sequences in the deposited construct 3' to the cDNA coding
sequence. Additional nucleotides containing restriction sites to facilitate cloning
in the pQE60 vector are added to the 5' and 3' sequences, respectively.

For cloning the protein, the 5' primer has the sequence 5'GACGC
CCATGG AG GAG GAG AGT GTC GTA CGG C 3' (SEQ ID NO: 17)
containing the underlined Ncol restriction site including nucleotides of the amino
terminal coding region of the AIM Il sequence in Figure 1 A. One of ordinary skill
in the art would appreciate, of course, that the point in the protein coding

sequence where the 5' primer begins may be varied to amplify a desired portion of
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the complete protein (i.c.. shorter or longer). The 3' primer has the sequence 5'
CGC AAGCTT CCTT CAC ACC ATG AAA GC 3" (SEQ ID NO: 19)
containing the underlined Hind III restriction site followed by nucleotides
complementary to the 3' end of the non-coding sequence in the AIM II DNA
sequence in Figure 1B (SEQ ID NO:1).

The amplified AIM Il DNA fragments and the vector pQE60 are digested
with Ncol and Hind IIl and the digested DNAs are then ligated together.
Insertion of the AIM II DNA into the restricted pQE60 vector places the AIM 11
protein coding region including its associated stop codon downstream from the
IPTG-inducible promoter and in-frame with an initiating AUG. The associated
stop codon prevents translation of the six histidine codons downstream of the

insertion point.

E. Construction of an N-terminal AIM II Deletion Mutant

For cloning an AIM II deletion mutant (Met(68) to Val(240) in SEQ ID
NO:2), the 5' primer has the sequence 5'-GGG CCA TGG ATG GTC ACC CGC
CTG CC-3"(SEQ ID NO:23) containing the underlined Ncol restriction site, and
includes followed by 17 nucleotides of the AIM II protein coding sequence in
Figure 1A. The 3' primer has the seque':nce 5'-GGG AAG CTT CAC CAT GAA
AGC CCC G-3' (SEQ ID NO:22) containing the underlined Hind III restriction
site followed by nucleotides complementary to nucleotides 753 to 768 in Figure
1B (SEQ ID NO:1).

The amplified AIM I (aa 68-240) DNA fragments and the vector pQE60
were digested with Ncol and Hind III and the digested DNAs were then ligated
together. Insertion of the AIM II (aa 68-240) DNA into the restricted pQE60
vector places the AIM 11 (aa 68-240) protein coding region downstream from the
IPTG-inducible promoter and in-frame with an initiating AUG. The HindIII

digestion removes the six histidine codons downstream of the insertion point.
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F. Construction of an N-terminal AIM II Deletion Mutant

For cloning an AIM II deletion mutant (Ala(101) to Val(240) in SEQ ID
NO:2). the 5' primer has the sequence 5'-GGG CCA TGG GCC AAC TCC AGC
TTG ACC-3' (SEQ ID NO:24) containing the underlined Ncol restriction site
including nucleotides 349-366 in the AIM Il protein coding sequence in Figure
1A. One of ordinary skill in the art would appreciate. of course, that the point in
the protein coding sequence where the 5' primer begins may be varied to amplify
a desired portion of the complete protein (i.¢., shorter or longer). The 3' primer
has the sequence 5'-GGG AAG CTT CAC CAT GAA AGC CCC G-3'(SEQID
NO:22) containing the underlined Hind I1] restriction site followed by nucleotides
complementary nucleotides 755-768 of the AIM II DNA sequence in Figure 1B.

The amplified AIM I (aa 101-240) DNA fragments and the vector pQE60
were digested with Ncol and Hind III and the digested DNAs are then ligated
together. Insertion of the AIM II (aa 101-240) DNA into the restricted pQE60
vector places the AIMII (aa 101-240) protein coding region downstream from the
IPTG-inducible promoter and in-frame with an initiating AUG. The HindIIl

digestion removes the six histidine codons downstream of the insertion point.

G. Purification of AIM Il from E. coli

A polynucleotide sequence encoding a soluble fragment of AIM Il
(corresponding to amino acid residues .83-V240 of SEQ ID NO:2) was cloned
into the HGS E. coli expression vector pHE4. The resulted plasmid DNA
(pHE4: AIMII.L83-V240) was used to transform SG13009 E. coli host cells. The
bacterial transformants were grown in LB medium containing kanamycin. Upon
IPTG induction, recombinant AIM II was expressed in E. coli as an insoluble
protein deposited in inclusion bodies

The E. coli cell paste was resuspended in a buffer containing 0.1M
Tris-HCI pH7.4, 2 mM CaCl2 and was lysed by passing twice through a
microfluidizer (Microfluidics. Newton, MA) at 6000-8000 psi. The lysed sample

was mixed with NaCl to a final concentration of 0.5M and then centrifuged at
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7000x g for 20 minutes. The resulting pellet was washed again with the same
buffer plus 0.5M NaCl and then centrifuged at 7000x g again for 20 minutes.

The partially purified inclusion bodies were then resuspended for 2-4 hours
at 20-25 pC in 2.0 M guanidine hydrochloride containing 100 mM Tris pH 7.4,
2mM CaCl2, 5 mM Cysteine and centrifuged. The resulting pellet was then
resuspended for 48-72 hours at 4 pC in 3.0-3.5 M guanidine hydrochloride
containing 100 mM Tris pH 7.4, 2mM CaCl2, with or without 5 mM Cysteine.
Atthis time, a portion of AIM Il was solublized and remained in the soluble phase
after 7,000x g centrifugation.

The 3M guanidine hydrochloride extract was quickly diluted with 20-30
volumes of a buffer containing 50 mM Tris-HCI pH8. 150 mM sodium chioride.
Detergents such as Tween-20, CHAPS can be added to increase the refold
efficacy. Afterwards the mixture was placed at 4 uC without mixing for 2 to 7

days prior to the chromatographic purification steps described below.

Liquid Chromatographic Purification of AIM II

The diluted AIM I1 sample was clarified using a 0.45 pm sterile filter. The
AIM II protein was then adjusted to pH6-6.8 with 0.5M MES and
chromatographed over a strong cation exchange (POROS HS-50) column. The
HS column was washed first with 6-10 column volume of a buffer containing 50
mM MES-NaOH pH 6.6 and 150 mM sodium chloride. The bound protein was
eluted using 3 to 5 column volume of a stepwise gradient of 300 mM, 700 mM,
1500 mM sodium chloride in 50 mM MES at pH 6.6.

The HS fraction eluted with 0.7 M sodium chioride was diluted 3-fold with

water.

Transformation of the Bacteria:
The ligation mixture from expression constructs made in D. E or F. above
were transformed into competent E. coli cells using standard procedures such as

those described in Sambrook et al., Molecular Cloning: a Laboratory Manual,
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2nd Ed.; Cold Spring Harbor Laboratory Press. Cold Spring Harbor. NY (1989).
E. coli strain M15/rep4. containing multiple copies of the plasmid pREP4. which
expresses the lac repressor and confers kanamycin resistance ("Kan™). was used
in carrying out the illustrative example described herein. This strain. which was
only one of many that are suitable for expressing AIM II protein. was available
commercially from QIAGEN, Inc.. supra. Transformants were identified by their
ability to grow on LB plates in the presence of ampicillin and kanamycin. Plasmid
DNA was isolated from resistant colonies and the identity of the cloned DNA
confirmed by restriction analysis, PCR and DNA sequencing.

Clones containing the desired constructs are grown overnight ("O/N") in
liquid culture in LB media supplemented with both ampicillin (100 ug/ml) and
kanamycin (25 pg/ml). The O/N culture was used to inoculate a large culture, at
a dilution of approximately 1:25 to 1:250. The cells were grown to an optical
density at 600 nm ("OD600") of between 0.4 and 0.6. Isopropyl-b-D-
thiogalactopyranoside ("IPTG") was then added to a final concentration of 1 mM
to induce transcription from the lac repressor sensitive promoter, by inactivating
the lacl repressor. Cells subsequently were incubated further for 3 to 4 hours.
Cells then were harvested by centrifugation.

The cells were then stirred for 3-4 hours at 4°C in 6M guanidine-HCI.
pH8. The cell debris was removed by centrifugation, and the supernatant
containing the AIM Il was dialyzed against 50 mM Na-acetate buffer pHOo,
supplemented with 200 mM NaCl. Alternatively, the protein can be successfully
refolded by dialyzing it against 500 mM NaCl. 20% glycerol, 25 mM Tris/HCl
pH7.4, containing protease inhibitors. After renaturation the protein can be
purified by ion exchange, hydrophobic interaction and size exclusion
chromatography. Alternatively, an affinity chromatography step such as an
antibody column can be used to obtain pure AIM Il protein. The purified protein

1s stored at 4°C or frozen at -80°C.
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Example 2: Cloning and Expression of AIM II protein in a Baculovirus
Expression System

A. Construction of a full length AIM II protein:

The cDNA sequence encoding the full length AIM II protein in the
deposited clone is amplified using PCR oligonucleotide primers corresponding to
the 5’ and 3’ sequences of the gene:

The 5" primer has the sequence S'GCT CCA GGA TCC GCC ATC ATG
GAG GAG AGT GTC GTA CGG C 3’ (SEQ ID NO:11) containing the
underlined BamHI restriction enzyme site followed by 22 bases (i.¢.. nucleotides
49-70) of the coding region for the AIM 1l protein in Figure 1A. Inserted into an
expression vector. as described below, the 5’ end of the amplified fragment
encoding AIM II provides an efficient signal peptide. An efficient signal for
initiation of translation in eukaryotic cells, as described by Kozak. M., J. Mol.
Biol. 196:947-950 (1987) is appropriately located in the vector portion of the
construct.

The 3’ primer has the sequence 5'GA CGC GGT ACC GTC CAATGC
ACC ACG CTC CTT CCT TC 3’ (SEQ ID NO:12) containing the underlined
Asp718 restriction site followed by nucleotides complementary to 770-795
nucleotides of the AIM II set out in Figure 1A.

The amplified fragment is isolated from a 1% agarose gel using a
commercially available kit ("Geneclean,” BIO 101 Inc., La Jolla. Ca.). The
fragment then is digested with BamHI and Asp718 and again is purified ona 1%
agarose gel. This fragment is designated herein F2.

The vector pA2-GP is used to express the AIM II protein in the
baculovirus expression system, using standard methods. as described in Summers
et al., A Manual of Methods for Baculovirus Vectors and Insect Cell Culture
Procedures, Texas Agricultural Experimental Station Bulletin No. 1555 (1987).
This expression vector contains the strong polyhedrin promoter of the Autographa
californica nuclear polyhedrosis virus (AcMNPV) followed by convenient

restriction sites. The signal peptide of ACMNPV gp67. including the N-terminal
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methionine. is located just upstream of a BamHI site. The polyadenylation site of
the simian virus 40 ("SV40") is used for efficient polyadenylation. For an easy
selection of recombinant virus the beta-galactosidase gene from E. coli is inserted
in the same orientation as the polyhedrin promoter and is followed by the
polyadenylation signal of the polyhedrin gene. The polyhedrin sequences are
flanked at both sides by viral sequences for cell-mediated homologous
recombination with wild-type viral DNA to generate viable virus that express the
cloned polynucleotide.

Many other baculovirus vectors could be used in place of pA2-GP. such
as pAc373, pVL941 and pAcIMI1 provided. as those of skill readily will
appreciate, that construction provides appropriately located signals for
transcription. translation, trafficking and the like, such as an in-frame AUG and
a signal peptide. as required. Such vectors are described in Luckow et al.,
Virology 170: 31-39, among others.

The plasmid is digested with the restriction enzyme BamHI and Asp718
and then is dephosphorylated using calf intestinal phosphatase. using routine
procedures known in the art. The DNA is then isolated from a 1% agarose gel
using acommercially available kit ("Geneclean" BIO 101 Inc., LaJolla, Ca.). This
vector DNA is designated herein "V".

Fragment F2 and the dephosphorylated plasmid V2 are ligated together
with T4 DNA ligase. E. coli HB101 cells are transformed with ligation mix and
spread on culture plates. Bacteria are identified that contain the plasmid with the
human AIMII gene by digesting DNA from individual colonies using Xbal and
then analyzing the digestion product by gel electrophoresis. The sequence of the
cloned fragment is confirmed by DNA sequencing. This plasmid is designated

herein pBacAIM I1.

B. Construction of an N-terminal AIM II deletion mutants:
In this illustrative example, the plasmid shuttle vector pA2 GP was used

to insert the cloned DNA encoding the an N-terminal deletion of the AIM II
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protein into a baculovirus to express an AIM Il mutant (GIn(60) to Val(240)) and
AIM Il mutant (Ser(79) to Val(240)) in SEQ ID NO:2. using a baculovirus leader
and standard methods as described in Summers et al., A Manual of Methods for
Baculovirus Vectors and Insect Cell Culture Procedures, Texas Agricultural
Experimental Station Bulletin No. 1555 (1987). This expression vector contains
the strong polyhedrin promoter of the Autographa californica nuclear
polyhedrosis virus (AcMNPV) followed by the secretory signal peptide (leader)
of the baculovirus gp67 protein and convenient restriction sites such as BamHI,
Xbal and Asp718. The polyadenylation site of the simian virus 40 ("SV40") is
used for efficient polyadenylation. For easy selection of recombinant virus, the
plasmid contains the beta-galactosidase gene from E. coli under control of a weak
Drosophila promoter in the same orientation, followed by the polyadenylation
signal of the polyhedrin gene. The inserted genes are flanked on both sides by
viral sequences for cell-mediated homologous recombination with wild-type viral
DNA to generate viable virus that expresses the cloned polynucleotide.

Many other baculovirus vectors could be used in place of the vector above,
such as pAc373, pVL941 and pAcIMI1, as one skilled in the art would readily
appreciate, as long as the construct provides appropriately located signals for
transcription, translation, secretion and the like, including a signal peptide and an
in-frame AUG as required. Such vectors are described, for instance, in Luckow
et al., Virology 170:31-39.

The cDNA sequence encoding the AIM I1 (GIn(60)to Val(240), Figure 1A
(SEQIDNO:2), was amplified using PCR oligonucleotide primers corresponding
to the 5' and 3' sequences of the gene.

The 5' primer has the sequence:
5'-GGGGGA TCC CGCAGCTGCACTGGCGTCT AGG-3'(SEQIDNO:25)
containing the underlined BamHI restriction enzyme site followed by 20
nucleotides (i.e.. nucleotides 225-245) encoding the AIM II protein shown in
Figure 1A and B, beginning with amino acid 60 of the protein. The 3' primer has
the sequence 5'-GGG TCT AGA CAC CAT GAA AGC CCC G-3'(SEQID NO:
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26) containing the underlined \bal restriction site followed by nucleotides
complementary to nucleotides 753-768 in Figure 1B (SEQ ID NO:1).

The amplified fragment was isolated from a 1% agarose gel using a
commercially available kit ("Geneclean." BIO 101 Inc.. La Jolla. Ca.). The
fragment then was digested with BamHI and Yhal and again was puritied ona 1%
agarose gel. This fragment was designated herein "F1".

The plasmid was digested with the restriction enzymes BanmHI and Xbal
and optionally. can be dephosphorylated using calf intestinal phosphatase. using
routine procedures known in the art. The DNA was then isolated trom a 1%
agarose gel using a commercially available kit ("Geneclean" BIO 101 Inc., La
Jolla. Ca.). This vector DNA was designated herein "V1".

Fragment F1 and the dephosphorylated plasmid V1 were ligated together
with T4 DNA ligase. £. coli HB101 or other suitable E. coli hosts such as XL-1
Blue (Stratagene Cloning Systems. La Jolla, CA) cells were transformed with the
ligation mixture and spread on culture plates. Bacteria were identified that contain
the plasmid with the human AIM II gene using the PCR method. in which one of
the primers that was used to amplify the gene and the second primer was from
well within the vector so that only those bacterial colonies containing the AIM 11
gene fragment will show amplification of the DNA. The sequence of the cloned
fragment was confirmed by DNA sequencing. This plasmid was designated herein
pBacAIM II (aa 60-240).

The cDNA sequence encoding the AIM I (Ser(79)to Val(240). Figure 1A
(SEQIDNO:2). was amplified using PCR oligonucleotide primers corresponding
to the 5' and 3' sequences of the gene.

The 5" primer has the sequence:

5" cge GGATCC C TCCTGGGAGCAGCTGATAC 3' (SEQ ID NO:27)
containing the underlined BamHI restriction enzyme site followed by nucleotides
283-301 encoding the AIM II protein shown in Figure 1A and B. beginning with

amino acid 79 of the protein. The 3' primer has the sequence:
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S'-cge GGATCC TCA CACCATGAAAGC 3' (SEQ ID NO:29) containing the
underlined BamH]I restriction site followed by nucleotides complementary to
nucleotides 757-771 in Figure 1B (SEQ ID NO:1).

The amplified fragment was isolated from a 1% agarose gel using a
commercially available kit ("Geneclean." BIO 101 Inc.. La Jolla. Ca.). The
fragment then was digested with BumHI and again was purified on a 1% agarose
gel. This fragment was designated herein "F1".

The plasmid was digested with the restriction enzymes BamHI and
optionally. can be dephosphorylated using calf intestinal phosphatase. using
routine procedures known in the art. The DNA was then isolated from a 1%
agarose gel using a commercially available kit ("Geneclean" BIO 101 Inc.. La
Jolla. Ca.). This vector DNA was designated herein "V1".

Fragment F1 and the dephosphorylated plasmid V1 were ligated together
with T4 DNA ligase. E. coli HB101 or other suitable E. coli hosts such as XL-1
Blue (Stratagene Cloning Systems. La Jolla. CA) cells were transformed with the
ligation mixture and spread on culture plates. Bacteria were identified that contain
the plasmid with the mutant AIM II gene using the PCR method. in which one of
the primers that was used to amplify the gene and the second primer was from
well within the vector so that only those bacterial colonies containing the AIM 11
gene fragment will show amplification of the DNA. The sequence of the cloned
fragment was confirmed by DNA sequencing. This plasmid was designated herein

pBacAIM 11 (aa 79-240).

C. Transfection of the Baculovirus vectors containing AIM II sequences:
5 pg of the plasmid either pBac AIM 11 or pBacAIM II (aa 60-240) was
co-transfected with 1.0 pug of a commercially available linearized baculovirus DNA
("BaculoGold™ baculovirus DNA", Pharmingen. San Diego. CA.). using the
lipofection method described by Felgner ef ul.. Proc. Natl. Acad. Sci. USA 84:
7413-7417 (1987). 1pug of BaculoGold™ virus DNA and 5 pg of the plasmid
pBac AIM II or pBacAIM II (aa 60-240) was mixed in a sterile well of a
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microtiter plate containing 50 pl of serum-free Grace's medium (Life Technologies
Inc.. Gaithersburg. MD). Afterwards 10 pl Lipofectin plus 90 pl Grace's medium
were added, mixed and incubated for 15 minutes at room temperature. Then the
transfection mixture was added drop-wise to Sf9 insect cells (ATCC CRL 1711)
seeded in a 35 mm tissue culture plate with 1 ml Grace's medium without serum.
The plate was rocked back and forth to mix the newly added solution. The plate
was then incubated for 5 hours at 27°C. After 5 hours the transfection solution
was removed from the plate and 1 ml of Grace's insect medium supplemented with
10% fetal calf serum is added. The plate was put back into an incubator and
cultivation was continued at 27°C for four days.

After four days the supernatant was collected and a plaque assay was
performed, as described by Summers and Smith. cited above. Anagarose gel with
"Blue Gal" (Life Technologies Inc.. Gaithersburg) was used to allow easy
identification and isolation of gal-expressing clones, which produce blue-stained
plaques. (A detailed description of a "plaque assay" of this type can also be found
in the user's guide for insect cell culture and baculovirology distributed by Life
Technologies Inc.. Gaithersburg, page 9-10).

Four days after serial dilution. the virus was added to the cells. After
appropriate incubation. blue stained plaques are picked with the tip of an
Eppendorf pipette. The agar containing the recombinant viruses was then
resuspended in an Eppendorf tube containing 200 pl of Grace's medium. The agar
was removed by a brief centrifugation and the supernatant containing the
recombinant baculovirus is used to infect Sf9 cells seeded in 35 mm dishes. Four
days later the supernatants of these culture dishes were harvested and then they
were stored at 4°C. A clone containing properly inserted hESSB 1. 11 and I1I was
identified by DNA analysis including restriction mapping and sequencing. This
was designated herein as V-AIM 1l or V-AIM II (aa 60-240).

S19 cells were grown in Grace's medium supplemented with 10% heat-
mnactivated FBS. The cells were infected with the recombinant baculovirus V-

AIM I or V-AIM 11 (aa60-240) at a multiplicity of infection ("MOI") of about 2
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(about 1 to about 3). Six hours later the medium was removed and was replaced
with SF900 II medium minus methionine and cysteine (available from Life
Technologies Inc.. Gaithersburg). 42 hours later. 5 pCi of **S-methionine and 3
uCi**S-cysteine (available from Amersham) were added. The cells were further
incubated for 16 hours and then they were harvested by centrifugation. lysed and

the labeled proteins were visualized by SDS-PAGE and autoradiography.
Example 3: Cloning and Expression in Mammalian Cells

Most of the vectors used for the transient expression of the AIM Il protein
gene sequence in mammalian cells should carry the SV40 origin of replication.
This allows the replication of the vector to high copy numbers in cells (e.g., COS
cells) which express the T antigen required for the initiation of viral DNA
synthesis. Any other mammalian cell line can also be utilized for this purpose.

A typical mammalian expression vector contains the promoter element.
which mediates the initiation of transcription of mRNA. the protein coding
sequence. and signals required for the termination of transcription and
polyadenylation of the transcript. Additional elements include enhancers, Kozak
sequences and intervening sequences flanked by donor and acceptor sites for RN A
splicing. Highly efficient transcription can be achieved with the early and late
promoters from SV40. the long terminal repeats (LTRs) from Retroviruses, e.g..
RSV, HTLVI. HIVI and the early promoter of the cytomegalovirus (CMV).
However. cellular signals can also be used (¢.g., human actin promoter). Suitable
expression vectors for use in practicing the present invention include. for example.
vectors such as pSVL and pMSG (Pharmacia. Uppsala. Sweden). pRSVcat
(ATCC 37152). pSV2dhfr (ATCC 37146) and pBC12MI (ATCC 67109).
Mammalian host cells that could be used include. human HeLa, 283, H9 and
Jurkart cells. mouse NIH3T3 and C127 cells. Cos 1. Cos 7 and CV1, African
green monkey cells. quail QC1-3 cells. mouse L cells and Chinese hamster ovary

cells.
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Alternatively. the gene can be expressed in stable cell lines that contain the
gene integrated into a chromosome. The co-transfection with a selectable marker
such as dhir. gpt. neomycin. hygromycin allows the identification and isolation of
the transfected cells.

The transfected gene can also be amplified to express large amounts of the
encoded protein. The DHFR (dihydrofolate reductase) is a useful marker to
develop cell lines that carry several hundred or even several thousand copies of the
gene of interest. Another useful selection marker is the enzyme glutamine synthase
(GS) (Murphy et «l., Biochem J. 227:277-279 (1991); Bebbington er al.,
Bio/Technology 10:169-175 (1992)). Using these markers, the mammalian cells
are grown in selective medium and the cells with the highest resistance are
selected. These cell lines contain the amplified gene(s) integrated into a
chromosome. Chinese hamster ovary (CHO) cells are often used for the
production of proteins.

The expression vectors pC1 and pC4 contain the strong promoter (LTR)
of the Rous Sarcoma Virus (Cullen er al.. Molecular and Cellular Biology.
438-447 (March. 1985)) plus a fragment of the CMV-enhancer (Boshart er al.,
Cell 41:521-530 (1985)). Multiple cloning sites, ¢.g., with the restriction enzyme
cleavage sites BamHI, Xbal and Asp718. facilitate the cloning of the gene of
interest. The vectors contain in addition the 3’ intron. the polyadenvlation and

termination signal of the rat preproinsulin gene.

Example 3(a): Cloning and Expression in COS Cells

The expression plasmid, pAIM Il HA. is made by cloning a ¢cDNA
encoding AIM Il into the expression vector pcDNAI/Amp (which can be obtained
from Invitrogen. Inc.).

The expression vector pcDNAl/amp contains: (1) an E. coli origin of
replication effective for propagation in £. coli and other prokaryotic cells: (2) an

ampicillinresistance gene for selection of plasmid-containing prokarvotic cells: (3)
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an SV40 origin of replication for propagation in eukaryotic cells: (4) a CMV
promoter. a polylinker. an SV40 intron. and a polyadenylation signal arranged so
that a cDNA conveniently can be placed under expression control of the CMV
promoter and operably linked to the SV40 intron and the polyadenylation signal
by means of restriction sites in the polyline.

A DNA fragment encoding the AIM II protein and an HA tag fused in
frame to its 3" end is cloned into the polyline region of the vector so that
recombinant protein expression is directed by the CMV promoter. The HA tag
corresponds to an epitope derived from the influenza hemagglutinin protein
described by Wilson er al.. Cell 37: 767 (1984). The fusion of the HA tag to the
target protein allows easy detection of the recombinant protein with an antibody
that recognizes the HA epitope.

The plasmid construction strategy is as follows. The AIM I1 cDNA of the
deposited clone is amplified using primers that contain convenient restriction sites,
much as described above regarding the construction of expression vectors for
expression of AIM Il in E. coli. To facilitate detection. purification and
characterization of the expressed AIM II. one of the primers contains a
hemagglutinin tag ("HA tag") as described above.

Suitable primers include the following. which are used in this example.
The 5" primer. containing the underlined BamH] site. and an AUG start codon has
the following sequence:
5'GAG CTC GGA TCC GCC ATC ATG GAG GAG AGT GTC GTA
CGGC 3' (SEQ ID NO:13).

The 3' primer. containing the underlined Xbal site. a stop codon. 9 codons
thereafter forming the hemagglutinin HA tag. and 33 bp of 3' coding sequence (at
the 3' end) has the following sequence:

S'GATGTT CTA GAA AGC GTAGTC TGG GACGTC GTATGG GTACAC
CAT GAA AGC CCC GAA GTA AGA CCG GGT AC 3' (SEQ ID NO:14).
The PCR amplified DNA fragment and the vector. pcDNAI/Amp. are

digested with HindIll and Xhol and then ligated. The ligation mixture is
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transformed into £. coli strain SURE (available from Stratagene Cloning Systems.
11099 North Torrey Pines Road. La Jolla. CA 92037). and the transformed
culture is plated on ampicillin media plates which then are incubated to allow
growth of ampicillin resistant colonies. Plasmid DNA is isolated from resistant
colonies and examined by restriction analysis and gel sizing for the presence of the
AIM Il-encoding fragment.

For expression of recombinant AIM I1. COS cells are transfected with an
expression vector. as described above. using DEAE-DEXTRAN. as described, for
instance. in Sambrook er al., Molecular Cloning: a Laboratory Manual. Cold
Spring Laboratory Press. Cold Spring Harbor. New York (1989). Cells are
incubated under conditions for expression of AIM Il by the vector.

Expression of the AIM II HA fusion protein is detected by radiolabelling
and immunoprecipitation. using methods described in, for example Harlow et al..
Antibodies: A Laboratory Manual, 2nd Ed.; Cold Spring Harbor Laboratory
Press. Cold Spring Harbor. New York (1988). To this end. two days after
transfection. the cells are labeled by incubation in media containing **S-cysteine
for 8 hours. The cells and the media are collected. and the cells are washed and
the lysed with detergent-containing RIPA buffer: 150 mM NaCl. 1% NP-40.0.1%
SDS. 1% NP-40.0.5% DOC. 50 mM TRIS. pH 7.5. as described by Wilson er al.
cited above. Proteins are precipitated from the cell lysate and from the culture
media using an HA-specific monoclonal antibody. The precipitated proteins then
are analyzed by SDS-PAGE gels and autoradiography. Anexpression product of

the expected size is seen in the cell lysate. which is not seen in negative controls.

Example 3(b): Cloning and Expression in CHO Cells

The vector pC4 is used for the expression of AIM 1l protein. Plasmid pC]
1s a derivative of the plasmid pSV2-dhfr [ATCC Accession No. 37146]. Both
plasmids contain the mouse DHFR gene under control of the SV40 early
promoter. Chinese hamster ovary- or other cells lacking dihydrofolate activity

that are transfected with these plasmids can be selected by growing the cells in a
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selective medium (alpha minus MEM. Life Technologies) supplemented with the
chemotherapeutic agent methotrexate. The amplification of the DHFR genes in
cells resistant to methotrexate (MTX) has been well documented (see. e.g.. Alt.
F.W.. Kellems. R.M.. Bertino. J.R.. and Schimke. R.T.. 1978, I. Biol. Chem.
253:1357-1370. Hamlin. J.L. and Ma. C. 1990. Biochem. et Biophys. Acta.
1097:107-143. Page. M.J. and Sydenham. M.A. 1991. Biotechnology Vol. 9:64-
68). Cells grown in increasing concentrations of MTX develop resistance to the
drug by overproducing the target enzyme. DHFR. as a result of amplification of
the DHFR gene. If a second gene is linked to the DHFR gene it is usually co-
amplified and over-expressed. It is state of the art to develop cell lines carrying
more than 1.000 copies of the genes. Subsequently. when the methotrexate is
withdrawn. cell lines contain the amplified gene integrated into the
chromosome(s).

Plasmid pC4 contains for expressing the gene of interest the strong
promoter of the long terminal repeat (LTR) of the Rous Sarcoma Virus (Cullen.
et al., Molecular and Cellular Biology, March 1985:438-447) plus a fragment
isolated from the enhancer of the immediate early gene of human cytomegalovirus
(CMV) (Boshart er al., Cell 41:521-530 (1985)). Downstream of the promoter
are BamHI. Xbal. and Asp718 restriction enzyme cleavage sites that allow
integration of the genes. Behind these cloning sites the plasmid contains the 3’
intron and polyadenylation site of the rat preproinsulin gene. Other high efficiency
promoters can also be used for the expression, ¢.g., the human -actin promoter.
the SV40 early or late promoters or the long terminal repeats from other
retroviruses. ¢.g., HIV and HTLVI]. Clontech's Tet-Off and Tet-On gene
expression systems and similar systems can be used to express the AIM Il in a
regulated way in mammalian cells (Gossen, M., & Bujard. H. 1992. Proc. Nail.
Acad. Sci. USA 89: 5547-5551). For the polyadenylation of the mRNA other
signals, ¢.g.. from the human growth hormone or globin genes can be used as well.
Stable cell lines carrying a gene of interest integrated into the chromosomes can

also be selected upon co-transfection with a selectable marker such as gpt. G418
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or hygromycin. Itis advantageous to use more than one selectable marker in the
beginning. ¢.g.. G418 plus methotrexate.

The plasmid pC4 is digested with the restriction enzymes BamHI and
Asp718and then dephosphorylated using calf intestinal phosphatase by procedures
known in the art. The vector is then isolated from a 1% agarose gel.

The DNA sequence encoding the complete AIM 11 protein is amplified
using PCR oligonucleotide primers corresponding to the 3" and 3' sequences ofthe
gene. The 5' primer has the sequence:
5'GCT CCA GGA TCC GCC ATC ATG GAG GAG AGT GTC GTACGGC3'
(SEQ 1D NO:13) containing the underlined BamHI restriction enzyme site
followed by an efficient signal for initiation of translation in eukaryotes, as
described by Kozak. M.. J. Mol. Biol. 196:947-950 (1987). and 22 bases (i.c.,
nucleotides 49-70) of the coding region of the AIM I protein shown in Figure 1A
(SEQ ID NO:1). The 3' primer has the sequence:
5GA CGC GGT ACC GTC CAA TGC ACC ACG CTC CTT CCT TC 3'(SEQ
ID NO:16) containing the underlined Asp718 restriction site followed by
nucleotides complementary to nucleotides 770-795 of the AIM 11 gene shown in
Figure 1B (SEQ ID NO:1).

The amplified fragment is digested with the endonucleases BamHI and
Asp718 and then purified again on a 1% agarose gel. The isolated fragment and
the dephosphorylated vector are then ligated with T4 DNA ligase. E. coliHB101
or XL-1 Blue cells are then transformed and bacteria are identified that contain the

fragment inserted into plasmid pC4 using, for instance. restriction enzyme analysis.

Example 3(c): Cloning and Expression of an AIM II N-terminal deletion in
CHO Cells

The vector pC4 was used for the expression of AIM Il mutant (Met(68) -
Val(240) in SEQ 1D NO:2) protein. The plasmid pC4 was digested with the

restriction enzymes BamHI and then dephosphorylated using calf intestinal
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phosphatase by procedures known in the art. The vector was then isolated from
a 1% agarose gel.

The DNA sequence encoding the AIM II (aa 68-240) protein was
amplified using PCR oligonucleotide primers corresponding to the 5" and 3'
sequences of the gene. The following 5' primer was used:

5 GAC AGT GGA TCC GCC ACCATG GTC ACC CGC CTG CCTGAC GGA
C 3'(SEQ ID NO: 40) containing the underlined BamHI restriction enzyme site
followed by an efficient signal for initiation of translation in eukaryotes. as
described by Kozak. M...J. Mol. Biol. 196:947-950 (1987). and nucleotides 202-
226 in the coding region for the AIM 1l polypeptide shown in Figure 1A (SEQID
NO:1). The following 3' primer was used:

(BamHI + stop codon (italics)) 5'-GGG GGA TCC TG4 CAC CAT GAA AGC
CCC G-3' (SEQ ID NO:28) containing the underlined BamHI restriction site
followed by nucleotides complementary nt 753-768 shown in Figure 1B (SEQ ID
NO:1).

The amplified fragment was digested with the endonucleases BamHI and
then purified again on a 1% agarose gel. The isolated fragment and the
dephosphorylated vector were then ligated with T4 DNA ligase. . coli HB101
or XL-1 Blue cells were then transformed and bacteria were identified that contain
the tragment inserted into plasmid pC4 using, for instance, restriction enzyme
analysis.

The vector pC4/CkB8 (a pC4 construct wherein the Ckp8 signal peptide
was first cloned into the pC4 vector with a BamHI site at the 3" end of Ckp8
signal sequence) was used for the expression of AIM II mutant (Trp(80) -
Val(240)in SEQ ID NO:2) protein. The plasmid pC4/Ckp8 was digested with the
restriction enzymes BamHI and then dephosphorylated using calf intestinal
phosphatase by procedures known in the art. The vector was then isolated from

a 1% agarose gel.
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The DNA sequence encoding the AIM Il (aa 80-240) protein was
amplified using PCR oligonucleotide primers corresponding to the 5" and 3’
sequences of the gene. The following 5' primer was used:
5'cge GGATCC TGGGAGCAGCTGATAC 3' (SEQID NO:41) containing the
underlined BamHI restriction enzyme site followed by nucleotides 286-301 inthe
coding region for the AIM 11 polypeptide shown in Figure 1A (SEQ ID NO:1).
The following 3' primer was used:

5' cge GGATCC TCA CACCATGAAAGC 3 (SEQ 1D NO:29) containing the
underlined BamHI restriction site followed by nucleotides complementary nt 757-
771 shown in Figure 1B (SEQ ID NO:1).

The amplified fragment was digested with the endonucleases BamHI and
then purified again on a 1% agarose gel. The isolated fragment and the
dephosphorylated vector were then ligated with T4 DNA ligase. E. coli HB101
or XL-1 Blue cells were then transformed and bacteria were identified that contain
the fragment inserted into plasmid pC4/Ckf8 using. for instance. restriction

enzyme analysis.

CHO Cell Transfection:

Chinese hamster ovary cells lacking an active DHFR gene are used for
transfection. 5 pg of the expression pC4 vectors described above are
cotransfected with 0.5 pg of the plasmid pSV2-neo using lipofectin (Felgneretal.,
supra). The plasmid pSV2neo contains a dominant selectable marker, the neo
gene from Tn5 encoding an enzyme that confers resistance to a group of
antibiotics including G418. The cells are seeded in alpha minus MEM
supplemented with 1 mg/ml G418. After 2 days. the cells are trypsinized and
seeded in hybridoma cloning plates (Greiner. Germany) in alpha minus MEM
supplemented with 10.25. or 50 ng/ml of methotrexate plus 1 mg/ml G418. After
about 10-14 days single clones are trypsinized and then seeded in 6-well petri
dishes or 10 ml flasks using different concentrations of methotrexate (50 nM. 100

nM. 200 nM. 400 nM. 800 nM). Clones growing at the highest concentrations of
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methotrexate are then transferred to new 6-well plates containing even higher
concentrations of methotrexate (1 uM. 2 pM. 5 pM. 10 pM. 20 pM). The same
procedure is repeated until clones are obtained which grow at a concentration of
100 - 200 uM. Expression of the desired gene product is analyzed. for instance.

by SDS-PAGE and Western blot or by reverse phase HPLC analysis.

Example 3(d): Cloning and Expression of an AIM Il N-terminal deletion in
CHO Cells

The vector pC4 was used for the expression of AIM Il mutant (Met(68)-
Val(240)in SEQ ID NO:2) protein that includes a C-terminal Fc immunoglobulin
region. In this construct. the Ck(8 signal peptide was first cloned into pC4 with
a BamHI site at the 3' end of Ck8. The Fc fragment flanked by BamHI and Xbal
sites was cloned into the vector resulting in pC4/Ckp8/Fc. The AIM-II fragment
was then cloned between the CK-B8 leader and the Fc fragment in the BamHI site.

The plasmid pC4 was digested with the restriction enzymes BamHI and
then dephosphorylated using calf intestinal phosphatase by procedures known in
the art. The vector was then isolated from a 1% agarose gel.

The DNA sequence encoding the complete AIM 11 (aa 68-240) protein
was amplified using PCR oligonucleotide primers corresponding to the 5' and 3’
sequences of the gene. The following 5' primer was used: 5' GAC AGT GGA
TCC GCC ACC ATG GTC ACC CGC CTG CCT GAC GGA C3'(SEQIDNO:
40) containing the underlined BamHI restriction enzyme site followed by an
efficient signal for initiation of translation in eukaryotes, as described by Kozak.
M.. J Mol Biol. 196:947-950 (1987). and nucleotides 202-226 in the coding
region for the AIM II polypeptide shown in Figure 1A (SEQ ID NO:1). The
following 3' primer was used: (BamHI) 5'-GGG GGA TCC CAC CAT GAA
AGC CCC G-3'(SEQID NO:30) containing the underlined BumHl restriction site
followed by nucleotides complementary to nt 753-768 shown in Figures 1A and
B (SEQ ID NO:1) followed by the Fc immunoglobulin fragment having the

following sequence:
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5-GGGATCCGGAGCCCAAATCTTCTGACAAAACTCACACATGCCCAC
CGTGCCCAGCACCTGAATTCGAGGGTGCACCGTCAGTCTTCCTCTTC
CCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACTCCTGAGG
TCACATGCGTGGTGGTGGACGTAAGCCACGAAGACCCTGAGGTCAA
GTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACA
AAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGC
GTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACA
AGTGCAAGGTCTCCAACAAAGCCCTCCCAACCCCCATCGAGAAAAC
CATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACC
CTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGA
CCTGCCTGGTCAAAGGCTTCTATCCAAGCGACATCGCCGTGGAGTG
GGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCC
CGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCG
TGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGT
GATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCC
CTGTCTCCGGGTAAATGAGTGCGACGGCCGCGACTCTAGAGGAT - 3'
(SEQ ID NO:31).

The amplified fragment was digested with the endonucleases BanHI and
then purified again on a 1% agarose gel. The isolated fragment and the
dephosphorylated vector were then ligated with T4 DNA ligase. L. coli HB101
or XL-1 Blue cells were then transformed and bacteria are identified that contain
the fragment inserted into plasmid pC4 using. for instance, restriction enzyme

analysis.

CHO cell transfection:

Chinese hamster ovary (CHO/dhfr -DG44) cells were transfected with the
expression vector (pC4/spCK B8/Fc/AIM IT) using lipofectin. Recombinant clones
were isolated by growing the cells in MEM alpha selective medium with 5%
dialyzed fetal bovine serum (DiFBS). 1% penicillin/streptomycin (PS). Img/mL

geneticin (G418) and 10nM methotrexate (MTX). High expressing clones. which
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were confirmed by screening recombinant clones using a BIAcore method (see.
below for more details). were then individually amplified by increasing stepwise
the concentration of MTX to a final concentration of 100pM. The high
expressing clones were used for the production of AIM H-IgG1 fusion protein in
a microcarrier CHO perfusion bioreactor.

CHO.AIM 1I-1gG1 cells were grown on Cytodex | microcarriers
(Pharmacia Biotech. Upsala. Sweden) in HGS-CHO-3 medium containing 1%
ultra-low IgG FBS. The cells grown in multiple microcarrier spinners were scaled
up to a 10L microcarrier perfusion bioreactor. The perfusion bioreactor was
operated continuously for 27 days and during that period of time, 90 liters of
microcarrier-free supernatants containing AIM II-IgG1 fusion protein were
harvested. The supernatants were clarified through a filtration process using 0.2
um sterile filters and stabilized by adding SmM EDTA. The clarified supernatants

were loaded onto an affinity column to capture AIM II-IgG1 fusion protein.

Purification of AIM II-IgG1 fusion protein

The AIM 11-1gG1 fusion protein was purified from 15L of CHO
conditioned media. The conditioned media was loaded onto a Protein A HyperD
(54mL bed volume. BioSepra) affinity column at a flow rate of 30mL/minat 10°C
onaBioCad 60 (PerSeptives Biosystems). The column was preequilibrated with
25mM sodium acetate. pH8 and 0.1M NaCl. After loading, the column was
washed with 3 column volumes each of 0.1M sodium citrate, pH5 and 0.IM NaCl
and 0.1M sodium citrate, pH 2.8 and 0.1M NaCl. The peak fractions containing
AIM II-1gG fusion protein were determined by SDS-PAGE analysis and pooled.
The identity of the purified protein was confirmed by N-terminal sequence

analysis. The final protein yield was about 9 mg/L condition media.
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Example 4: AIM II Expression Constructs

Full-length constructs:

(a) pCMVsport: The eukaryotic expression vector pPCMVsport contains
nucleotides encoding the AIM-II ORF from Met(1) to Val(240). The plasmid
construction strategy is as follows. The AIM II ¢cDNA of the deposited clone is
amplified using primers that contain convenient restriction sites. Suitable primers
include the following which are used in this example. The 5" primer. containing
the underlined Sall site, an AUG start codon. nucleotides 51-69 in the coding
region of the AIM II polypeptide (SEQ ID NO:1) and has the following sequence:

5'-GGG GTC GACGCCATC ATG GAG GAGAGT GTC GTA CGG-3'
(SEQ ID NO:32).

The 3' primer, containing the underlined Noil site. nucleotides
complementary to nucleotides 753-767 in SEQ ID NO:1 and a stop codon and has
the following sequence:

5'-GGG GCG GCC GCG CCT TCA CAC CAT GAA AGC CCCG-3'
(SEQ ID NO:33).

The PCR amplified DNA fragment is digested with S«/l and Norl and then
gel purified. The isolated fragment was then ligated into the Sa/l and Noil
digested vector pCMVsport. The ligation mixture is transformed into E. coli and
the transformed culture is plated on antibiotic media plates which are then
incubated to allow growth of the antibiotic resistant colonies. Plasmid DNA is
isolated from resistant colonies and examined by restriction analysis and gel sizing
for the presence of the AIM 1l encoding fragment.

For expression of the recombinant AIM 1. eukaryotic cells such as COS
or CHO are transfected with the expression vector. as described above. using
DEAE-DEXTRAN as described above in Example 3. Expression of the AIM 11
recombinant protein is detected by the methods described above in Example 3.

(b) pG1SamEN: The retroviral expression vector pGl1SamEN encodes
the AIM-II ORF from Met(1) to Val(240). The pGl vector is described in
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Morgan. R. A eral.. Nucel. Acids Res. 20(6):1293-1299 (1992) and 1s similar to
the LN vector (Miller. A. D. and Rosman. G. l.. Biotechniques ~:980-990
(1989)). but has additional cloning sites. The plasmid construction strategy is as
follows. The AIM I cDNA of the deposited clone is amplified using primers that
contain convenient restriction sites. Suitable primers include the following which
are used in this example. The 5' primer. containing the underlined Aol site. and
an AUG start codon. nucleotides 51-69 in the coding region for the AIM II
polypeptide (SEQ ID NO:1) has the following sequence:

5-GGG GCG GCC GCG CCA TCATGG AGG AGA GTG TCG TAC

GG-3' (SEQ ID NO:34).

The 3' primer. containing the underlined Sa/l site. nucieotides
complementary to nucleotides 753-768 in SEQ ID NO:1 and a stop codon has the
following sequence:
5'-GGG GTC GAC GCC TTCA CAC CAT GAA AGC CCC G-3' (SEQ ID
NO:35).

The PCR amplified DNA fragment is digested with Sa/l and Norl and then
gel purified. The isolated fragment was then ligated into the Sa/l and Norl
digested vector. The ligation mixture is transformed into E. coli and the
transformed culture is plated on antibiotic media plates which are then incubated
to allow growth of the antibiotic resistant colonies. Plasmid DNA isisolated from
resistant colonies and examined by restriction analysis and gel sizing for the
presence of the AIM Il encoding fragment.

For expression of the recombinant AIM I1. eukaryotic cells such as COS
or CHO are transfected with the expression vector. as described above, using
DEAE-DEXTRAN as described above in Example 3. Expression of the AIM 11

recombinant protein is detected by the methods described above in Example 3.
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2. N-terminal deletion constructs:

(a) pG1/ckP8: The eukaryotic expression vector encodes the AIM-II mutant
(GIn(60) to Val(240) in SEQ ID NO:2)(AIM-2 (aa60-240)) and was secreted
under the direction of the human Ck-B8 signal peptide. The pGl vector is
described in Morgan. R. A.. er al.. Nucl. Acids Res. 20(6):1293-1299 (1992) and
is similar to the LN vector (Miller. A. D. and Rosman. G. J. Biotechniques
7:980-990 (1989)). but has additional cloning sites. The plasmid construction
strategy is as follows. The AIM Il cDNA of'the deposited clone is amplified using
primers that contain convenient restriction sites. Suitable primers include the
following which are used in this example. The 5' primer. containing the underlined
Noil site. nucleotides in the coding region for the AIM II polypeptide (SEQ ID
NO:1) and an AUG start codon has the following sequence:

5-GGG GCG GCCGCGCCATCATGAAGGTCTCCGTGG CTG CCCTCT
CCTGCC TCA TGC TTG TTA CTG CCC TTG GAT CGC AGG CAG CTG
CACTGG CGT-3" (Noil + Kozak + CK-f38 leader (double underline)) (SEQ ID
NO:36).

The 3' primer, containing the underlined Sa/l site. nucleotides
complementary to nucleotides 753-768 in SEQ ID NO:1 and a stop codon has the
following sequence:
5'-GGG GTC GAC TCA CAC CAT GAA AGC CCC G-3' (SEQ ID NO:37).

The PCR amplified DNA fragment is digested with Sa/l and Norl and then
gel purified. The isolated fragment was then ligated into the Sa/l and Norl
digested vector pGl. The ligation mixture is transformed into E. coli and the
transformed culture is plated on antibiotic media plates which are then incubated
to allow growth of the antibiotic resistant colonies. Plasmid DNA isisolated from
resistant colonies and examined by restriction analysis and gel sizing for the
presence of the AIM Il encoding fragment.

For expression of the recombinant AIM 11. eukaryotic cells such as COS

or CHO are transfected with the expression vector. as described above. using
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DEAE-DEXTRAN as described above in Example 3. Expression of the AIM 11

recombinant protein is detected by the methods described above in Example 3.

(b) pHE4: Plasmid pHE4 1s a bacterial expression vector containing a strong
synthetic promoter with two lac operators. Expression from this promoter is
regulated by the presence of a lac repressor. and is induced using IPTG or lactose.
The plasmid also contains an efficient ribosomal binding site and a synthetic
transcriptional terminator downstream of the AIM Il mutant gene. The vector
also contains the replication region of pUC plasmids and the kanamycin resistance
gene.

The AIM-II N-terminal deletion mutants were constructed according to
the following scheme. The AIM II ¢cDNA of the deposited clone is amplified
using primers that contain convenient restriction sites. Suitable primers include
the following which are used in this example.

For the AIM II (Thr(70) to Val(240)) polypeptide in SEQ ID NO:2. the
5" primer. containing the underlined Ndel site, and an AUG start codon.
nucleotides 256-271 in the coding region for the AIM II polypeptide (SEQ ID
NO:1) has the following sequence:
5'-cge CATATG A CCCGCCTGCCTGACG-3' (SEQ ID NO:42).

For the AIM 1I (Ser(79) to Val(240)) polypeptide in SEQ ID NO:2. the
5" primer. containing the underlined Ndel site, and an AUG start codon,
nucleotides 283-310 in the coding region for the AIM Il polypeptide (SEQ ID
NO:1) has the following sequence:
5'-cgc CATATG A GC TGGGAGCAGCTGATAC-3' (SEQ ID NO:43).

For the AIM II (Ser(103) to Val(240)) polypeptide in SEQ ID NO:2, the
5" primer, containing the underlined Ndel site, and an AUG start codon,
nucleotides 355-373 in the coding region for the AIM 1l polypeptide (SEQ ID
NO:1) has the following sequence:

S'-cgc CATATG A GC AGCTTGACCGGCAGCG-3' (SEQ ID NO:44).
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The following 3' primers can be used to construct the aforementioned N-
terminal deletions:

The 3' primer. containing the underlined Asp718 site. nucleotides
complementary to nucleotides 753-768 in SEQ ID NO:1 and a stop codon has the
following sequence:
5'-cgc GGTACC TTA CACCATGAAAGCCCCG-3' (SEQ ID NO:45).

The PCR amplified DNA fragment is digested with Ndel and Asp718 and
then gel purified. The isolated fragment was then ligated into the appropriately
digested pHE4 vector. The ligation mixture is transformed into £. coli and the
transformed culture is plated on antibiotic media plates which are then incubated
to allow growth of the antibiotic resistant colonics. Plasmid DNA isisolated from
resistant colonies and examined by restriction analysis and gel sizing for the
presence of the AIM Il encoding fragment.

For expression of the recombinant AIM II N-terminal deletion. bacterial
cells are transfected with the expression vector. as described above in Example 1.
Expression of the AIM II recombinant protein is detected by the methods

described above in Example 1.

Example 5: Biological Characterization of the AIM II Polypeptide

The following set of experiments provides the biological characterization
ofthe AIM II protein and demonstrates that AIM II has potent anti-tumor activity

in vivo and in vitro.

A. AIM Il is highly expressed in activated lymphocytes but not in
cancer cells

Northern blot analyses demonstrated that the AIM II mRNA is
approximately 1.9 kb in length and is expressed predominantly in spleen. brain
and peripheral blood cells. AIM II is also detectable to some extent in prostate.

testis. ovary. small intestine. placenta, liver. skeletal muscle and lung. AIM 11
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message was not detected in fetal tissues. many endocrine glands and tumor lines
of non-hematopoietic and myeloid origin.

RT-PCR assays were performed to investigate expression of AIM I in
activated vs. resting PBMC. Fresh PBMC including mixture of T cells. B
lymphocytes. NK cells. monocytes and granulocytes express the AIN Il mRNA
which is consistent with Northern blot analysis. No expression was found in
resting PBLs as mixture of T. B and NK cells. Jurkat cells (resting or activated)
or K562 cells. Increased expression of AIM Il was found in activated PBLs.
CD3+.CD4+ T-cells. CD8+ Tumor infiltrating lymphocytes (TIL). granulocytes.
and monocytes. Additional RT-PCR analyses demonstrated the presence of
AIM I mRNA in LPS-activated neutrophils and PMA-stimulated U937 cells.
Interestingly, expression of AIM Il was not detectable in various cancer cell lines
derived from breast. prostate or ovary, except in one human breast epithelial-
derived. non-tumorigenic cell line MCA-10A cells. Inaddition. no expression of

AIM II was found from three breast cancer samples examined.

B. Constitutive expression of AIM II resulted in growth inhibition
under serum starvation or treatment with IFNy

To investigate the biological function of AIM I1. the AIM Il gene was
stably transduced into human breast carcinoma cell line MDA-MB-231 using a
retroviral vector. Expression of the AIM Il gene in these cells was confirmed by
Northern blot analyses. In addition. MDA-MB-231 cells expressing the drug
resistance gene Neo were used as control in this study. No difference in the
growth rate in vitro was observed within AIM 1I transfectants (MDA-MB-
231/AIM II) compared with that of the parental cells or vector control transfected
cells(MDA-MB-231/Neo). when these cells were cultured in medium containing
10% FBS. However. when the serum concentration was reduced to 1%. there
was 80% growth inhibition (Fig. 4A) for the MDA-MB-231/AIM I cells. but not
for the parental or vector control MDA-MB-231 cells. A dose-dependent growth

inhibition with a different amount of serum has also been observed.
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Wild tvpe MDA-MB-231 cells grew to a very high density with typical
pile-up features in either 10% or 1% serum (Fig. 4A). Morphological changes
were noticed in the MDA-MB-231/AIM II cells. with most cells floating into the
medium and keeping a single layer growth pattern throughout the culture. No
changes of morphology were found in the vector control MDA-MB-231 cells.
Growth inhibition of AIM Il expressing MDA-MB-231 cells was further examined
with in soft agar colony assay. As shown in Fig. 4B. 80% reduction of colony
formation was found in the MDA-MB-231/AIM 1l cells as compared with that of
the parental or vector control cells. Treatment with 25 u/ml of IFNy can also
cause 80% growth inhibition of AIM Il expressing MDA-MB-231 cells. whereas
in the parental or vector control cells. there is only 20-30% inhibition. Thus.
AIM I expressing cells demonstrated enhanced sensitivity towards cytotoxicity

mediated by cytokine IFNYy.

C. Enhanced apoptosis in AIM II expressing cells.

Annexin-V FACS analyses were performed to investigate underlying
mechanisms of growth inhibition of AIM II expressing cells. In the presence of
10% serum, there are less than 2% apoptotic cells in all three cell lines. After 48
hours incubation in reduced serum (0.5% FBS). the apoptotic population of the
MDA-MB-231 cells showed a three-fold increase. up to 8%. There is little or no
increase of apoptosis in the parental or vector control MDA-MB-231 celis (Fig.
5A). Induction of apoptosis was further confirmed by DNA fragmentation shown
inFig. 5B. Fragmented DNA was only seen in the AIM Il expressing MDA-MB-
231 cells. especially in 1% serum. When AIM 11 expressing cells were treated
with Paclitaxel (taxol). there was much more fragmented DNA observed than seen
in parental or vector control cells. Thus. the data suggest that AIM 11 expression
can trigger apoptosis of MDA-MB-231 cells under serum starvation or with the

addition of IFNy or taxol.
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D. Potent in vivo anti-tumor activities of AIM I1.

We have evaluated the effects of AIM [ transduction on the tumor growth
invivo. When MDA-MB-231 cells were inoculated into the mammary fat pads.
AIM 11 expression significantly inhibited tumor formation of MDA-MB-231 in
nude mice. whereas the vector control MDA-MB-231/Neo cells showed no
change in tumor growth as compared with that of the parental MDA-MB-231
cells (Fig. 6A). Similar tumor suppression in the MDA-MB-231/AIM 1 cells was
also demonstrated in SCID mice. A histological examination of the tumors from
AIM 1T expressing MDA-MB-231 cells or those from parental or vector control
cells was performed. Parental or vector control MDA-MB-231 cells formed a
large solid tumor mass filled with predominantly tumor cells with little or no
cellular infiltrates. In contrast. there was extensive necrosis observed even in
small residual tumors formed by the MDA-MB-231/AIM II cells in nude mice.
Furthermore. in AIM II expressing tumors. there is an significant increase in
number of infiltrating neutrophil cells. The average number of neutrophils (mean
+ S.D.) per mm’* tumor size in wild type. Neo control, and AIM II transduced
MDA-MB-231 tumors were 101 + 26. 77 + 16 and 226 + 38. respectively. based
on the immunohistological staining using Gr-1 mAb (PharMingen, San Diego,
CA).

The inhibitory effect of AIM Il on tumor suppression was further validated
in the syngeneic murine tumor model. Local expression of AIM II in MC-38
murine colon cancer cells resulted in complete suppression of tumor formation in
8 out of 10 C57BL/6 mice (Fig. 6B). Local production of AIM II was also
dramatically prolonged the survival of mice bearing MC-38 tumors. All animal
experiments were repeated three times and similar results were obtained.

Injection of AIM Il-expressing tumor cells did not cause gross
abnormalities in the nude mice. SCID mice or C57BL/6 mice. such as weight loss
or hepatic injury. during the experimental period. This indicates that locally
produced AIM II exerts a potent anti-tumor effect without inducing systemic

toxicity.
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E. Expression and Cytotoxicity of a soluble AIM II protein

In order to study the activities of the AIM II protein. a recombinant
soluble form of AIM II protein (sAIM II) was produced by transient transfecting
293T cells with a construct pFlag-AIM II.  This construct encodes the
extracellular domain of AIM I1. but lacking the transmembrane portion of AIM 11.
(Fig. 7A) A single 20 kDa polypeptide (sAIM 1) can be purified from the
conditioned medium of pFlag-AIM 1I transduced 293T cells with anti-Flag
monoclonal antibody. (Fig. 7A) The proliferation of breast cancer MDA-MB-231
cells were inhibited in response 1o the treatment of this soluble AIM II protein, at
a dose dependent manner (Fig. 7B). Addition of IFNvy. at 10 u/ml or 50 u/ml.
dramatically enhanced cytotoxicity of the soluble AIM II protein. IFNy alone
showed little activity onthe MDA-MB-231 cells (Fig. 7B). This is consistent with
previous report that MDA-MB-231 cells is resistant to single cytokine such as
TNF or IFNYy treatment.

A series of normal and cancer cell lines were tested for their sensitivity to
the cytotoxic effects of soluble AIM II protein at sub-optimal concentration (50
ng/ml) in the presence of 10 u/ml of INFy. As shown in Fig. 8C. cells from
MDA-130. MCF-7, HT-29 are sensitive to the cytotoxic effects of AIM II.
whereas cells from U93T. MC3-1. SW480. MCF-10A are resistant to AIM 11-
mediated cell killing. Among all the cell lines tested. colon adenocarcinoma cell
line HT-29 is the most sensitive, with IC, less than Ing/ml. It has been shown
that HT-29 is very sensitive to TNF, Fas or lymphotoxin [ receptor mediated

killing in the presence of [FNy.

F. Both LTPR and TR2 are required for AIM Il induced growth
inhibition of cancer cells.

AIM Il was originally identified from an activated T-cell cDNA library but
does not induce apoptosis in lymphocyte cell lines. Using the RT-PCR analyses.
all lymphopoietic cells examined showed no expression of LTBR. but TR2

expression was found in all these cells. especially in activated Jurkat cells or PBLs.
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This is consistent with the previous reports that peripheral lymphocytes do not
express the LTBR. while TR2 expression is associated with T-cell activation.

Cell surface expression of the LTBR and TR2 in a series of human cancer
cells was examined using monoclonal antibodies against the LTPR or TR2 by
FACS analysis. AsshowninFig. 8A.high levels of both receptors were found on
the MDA-MB-231. and HT-29 cells. whereas MC3-1 cells do not express TR2
and Jurkat cells do not express LTPR. Fig. 8C summarizes surface expression of
bothreceptorsinall the cell lines examined. Cell lines that express only one of the
receptors. such as Jurkat or MC3-1 are resistant to the cytotoxicity of AIM 1I.
Taken together. these data suggest that AIM Il-mediated growth inhibition in
tumor cells may require both LTBR and TR2 receptors. while cells expressing only
one of the receptors is not sufficient to mediate cell killing.

To further demonstrate that the AIM Il is arelevant ligand for both LTBR
and TR2 receptors and the importance of both receptors in AIM II mediated
tumor cell growth inhibition. the Flag-tagged AIM 1I protein was incubated with
MDA-MB-231 or HT-29 cells. then FACS analyses were carried out using anti-
FlagmAb. Asshown inFig. 8B. there is a positive shift in binding of MDA-MB-
231 or HT-29 cells with Flag-tagged soluble AIM I protein. The specificity of
binding was further confirmed by pre-incubation of LTBR-Fc¢ or TR2-Fc¢ fusion
protein with a soluble AIM II-flag protein in the same cells. which effectively
blocked binding of both receptors (Fig. 8B).

The importance of the involvement of both LTBR and TR2 in the AIM II-
mediated cytotoxicity toward tumor cells was further supported by the data
obtained from the in vitro growth assays: sAIM Il-mediated cytotoxicity of HT-
29 was abolished by the addition of LTBR-Fc or TR2-Fc fusion protein in a dose-
depended manner whereas the LTPR-Fc or TR2-Fc¢ fusion protein itself showed
no effect on cell growth (Fig. 8D). In addition. in a similar assay, SAIM Il was
unable to bind to other members of TNFR, such as TNFRI, Fas, DR3 or DR14.

In addition. co-culture of MDA-MB-231/Wt or HT-29 cells with MDA-
MB-231/AIM II cells resulted in killing of the MDA-MB-231/Wt or wild type
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HT-29 cells. However. conditioned media collected from the co-cultured MDA-
MB-231/AIM I or MC-38/AIM 1I cells showed no inhibitory effect on the in
vitro proliferation of HT-29 cells. The results indicated that the natural AIM II
protein may not be cleaved and secreted into the medium. Thus. the membrane-
bound AIM II is functional in cells which express appropriate surface receptors
such as MDA-MB-231 or HT-29. Taken together. this data suggests that the
AIM II- mediated growth inhibition of tumor cells may require both LTBR and
TR2 receptors. while cells expressing only one of the receptors is not sufficient to

mediate cell killing.

G. Effects of AIM Il on the lymphocytes

AIMII was originally identified from an activated T-cell cDNA library but
does not induce apoptosis in lymphocyte cell lines. Using RT-PCR analyses, all
lymphopoietic cells examined showed no expression of LTPBR. but TR2 was
positive in all these cells, especially in activated Jurkat cells or PBLs. This is
consistent with previous reports that peripheral lymphocytes do not express the
LTPR. while TR2 expression was associated with T-cell activation.

To investigate whether the membrane-bound AIM II exerts different
activities on the lymphocytes. co-culture experiments of TIL1200 cells with
MDA-MB-231/AIM 1I cells was carried out. TIL1200 is a CD8" (995) tumor
infiltrating lymphocyte line expressing a high level of Fas. The membrane-bound
AIM I did not induce apoptosis of TIL1200, whereas the addition of Fas antibody
triggered 90% of TIL1200 undergone apoptosis. Similar results were obtained
with fresh TIL cells or Jurkat cells.

Furthermore. several lymphoid cell lines and PBLs were screened for their
responsiveness to the soluble AIM II protein. No cytotoxicity of AIM II was
shown in Jurkat cells (either resting or CD3 mAb activated), K562 cells, or
TIL1200 (tumor infiltrating lymphocytes), PBMC (fresh or IL-2/CD3 mAb
activated) (Fig. 8C). In contrast, treatment of PBLs with sAIM 11. resulted in

activation of TR2 expressing T cells as demonstrated by release of IFNy (Fig. 9).
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Discussion

In the foregoing experiments. the biological functions of AIM II and its
possible mechanisms of action as a novel ligands of LTPR and TR2 have been
characterized. The results demonstrate that the AIM II protein exhibits potent
cytotoxicity primarily in transformed tumor cells both in vitro and in vivo. while
at the same time. activating lymphocytes. The biological activities of AIM II in
vitro and in vivo clearly distinguish AIM 11 from other known members of the
TNF/FasL. family in several ways including binding to two distinct signaling
pathways: LTBR and TR2. Since the ability of AIM 11 expression to inhibit tumor
growth was demonstrated in both xenographic (immunodeficient) and syngeneic
(immunocompetent) models, the results suggest that the T-cell mediated tumor
specific response may not be an essential factor for the primary tumor rejection in
this study.

Activation of the TNF receptors family can directly induce cell
proliferation. or differentiation or death. The foregoing experiments show that
AIM Il expression resulted in growth inhibition and apoptosis in the human breast
carcinoma cell line MDA-MB-231 in conjunction with serum starvation, or
addition of IFNy. Induction of apoptosis appears to be the primary cause for the
growth inhibition in vitro as shown in Annexin-V FACS analysis and DNA
fragmentation. The morphology and growth pattern of MDA-MB-231/LT-y cells
suggest involvement of some loss of cells adhesion. Browning ef a/. have shown
that Fas activation led to rapid cell death (12-24 h). TNF effects requires 24 h and
LTcx102 heterotrimers were slowest (2-3 days) in induction of apoptosis for HT-
29 cells. Lysisof'the LTyR and TR2 expressing MDA-MB-231 and HT-29 cells
in response to the treatment with the soluble AIM II protein showed similar slow
effect. i.e. at least 3-5 days. Substantial cell lysis does not occur even after 3-4
days for some cell lines. The dynamics of action of AIM I are more similar to

LTa1B2 heterotrimers.
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AIM IT was originally identitied from a human activated T cell library by
screening of sequence homology with cysteine-rich motif of the TNF/Fas ligand
and receptor superfamily. Like other TNF-related ligands. AIM II is a type-II
transmembrane protein with C-terminus on the exterior cell surface. a single
transmembrane domain. and a short cvtoplasmic tail. As predicted. transduction
of a full-length cDNA of AIM II gene resulted in cell surface expression of a
protein which binds to two receptors as demonstrated in FACS analyses. A
soluble AIM II protein is sufficient to bind to both receptors and trigger cytotoxic
effects onthetarget cells. However in the transwell co-culture experiment, where
two type of cells shared the culture medium but are physically separated.
cytotoxicity from the AIM Il expressing MDA-MB-231 cells towards the wild
type MDA-MB-231 or HT-29 cells was not observed. In the direct co-culture
assay. membrane-bound AIM 11 effectively mediated killing from close contact.
Thus. it seems that natural AIM Il protein may not be a secreted protein.
Fluorescence in situ hybridization (FISH) localized AIM II gene to human
chromosome 16, band p11.2. The AIM I position is in close proximity with Core
binding protein. sulfotransferase. syntaxin 1B, retinoblastoma-binding protein 6.
zinc finger protein 44. cell adhesion regulator and Wilms tumor-3 gene. Genes
encoding other known TNF ligands such as TNF. LT, and LT are tightly linked
on human chromosome 6 within the major histocompatibility complex (MHC)
sandwiched between the class lil and HLA-B locus.

Both LTPR and TR2 lack the death domain. Thus. the demonstration of
AIM II binding to both LTPR and TR2 is intriguing. Although LTBR and TR2
could activate common signaling pathways via association with TNFR-associated
factors (TRAFs). AIM II-LTBR and AIM II-TR2 interactions may trigger the
distinct biological events. As shown in this Example, expression of AIM 11 leads
to the death of cells expressing both LT[R and TR2 while activate lvmphocytes
which expressing only the TR2 receptor. Signaling through the LTBR activates
a TRAF3-dependent pathway. In contrast. AIM II-TR2 interaction probably

elicits stimulatory responses of host immune system through TRAFs (TRAFI.
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TRAF2. TRAF3 and TRAFS). This AIM II dual signaling hypothesis is further
supported by the distinct tissue and cell expression patterns of LTBR and TR2.
LTPBR is prominent in tumor and other epithelial cells. but is absent on the T and
B cells. Incontrast. TR2 is abundantly expressed in comparable levels in resting
and activated T cells. B cells and monocytes and granulocyte. Hence, AIM 11
probably plays critical roles such as induction of apoptosis and immune activation
and, therefore. may have an therapeutic application for cancer.

The LTBR was originally described as a transcribed sequence encoded on
human chromosome 12p. a member of the TNFR superfamily. The LTPR is
implicated as a critical element in controlling lymph node development and cellular
immune reactions. It has been showed that LTBR is expressed in a variety of
tissues and cell lines including tumor lines. Unlike other members of the TNFR
family, LTPR is not expressed by T nor B lymphocytes. Activation of LTBR by
using recombinant LTo1B2 heterotrimers or by cross-linking with immobilized
antibodies, induces the death of adenocarcinoma cell lines and production of
chemokine IL-8 and RANTES. even though LTBR does not contain the death
domain in its cytoplasmic region.

TR2 is expressed in multiple human tissues and shows a constitutive and
relatively high expression in hemopoietic lineage cells including resting and
activated CD4+ and CD8+ T cells. B cells, monocytes and neutrophils. The TR2
cytoplasmic tail does not contain the death domain seen in the Fas and TNFR-I
intracellular domains, and appears to be more related to those of CD40 and 4-
1BB. Signals through 4-1BB and CD40 have been shown to be co-stimulatory
to T cells and B cells, respectively. A TR2-Fc fusion protein inhibited a mixed
lymphocyte reaction-mediated proliferation. in contrast to FasL and TNF. which
trigger apoptosis. All the hemopoietic derived cells tested expresses the TR2
receptor but are resistant to AIM 11 mediated killing observed in the tumor cells.
This indicates that TR2 alone does not mediate death signal. However. since all
cancer cells examined expressed both LTBR and TR2. it remains to be elucidated

whether both AIM [1-LTBR and AIM [1-TR2 signaling contributes equally for the
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AIM I mediated cyvtotoxicity in tumor cells. We also can not exclude the
possibility that AIM II interacts with other known or unknown death receptors
such as DR3. DR4 and DR3. although soluble AIM II does not bind to DR3. DR4
and DRS3 in an in virro binding assay.

The dose-limiting toxicity of TNF and cytotoxicity of FasL for T-cells
Iimits their clinical application. Treatment with AIM II could be alternatively
attractive approach since AIM 11 trigger the stimulatory signal rather than the
death signal to the host immune cells which expressing the TR2 but lacking the
LTBR. AIM II has the ability to selectively induce death of tumor cells probably
through LTPR and TR2 and at the same time can trigger secretion of IFNy from
lymphocytes apparently through the TR2 signaling pathway. This model thus
demonstrates that AIM II is not only an attractive candidate for the future
development an anti-cancer agent. but more importantly. it provides an novel
system, distinct from the previously defined TNF or Fas system, for the further
understanding of the signaling pathway of members of TNF ligand-receptor

interactions.

Methods
Molecular cloning of AIM 11 full length gene.

A database containing more than one million ESTs (expression sequence
tags) obtained from over 500 different cDNA libraries has been generated through
the combined efforts of Human Genome Science Inc. and The Institute for
Genomic Research using high throughput automated DNA sequence analysis of
randomly selected human cDNA clones. Sequence homology comparisons of
each EST were performed against the GenBank database using the blastn and
blastn algorithms, ESTs having homology to previously identified sequences
(probability equal or less than 0.01) were given a tentative name based on the
name of the sequence to which it was homologous. A specific homology and
motif search using the conserved amino acid sequence, GLYLIYSQVLF (SEQID
NO:46). of the TNF/Fas ligand family against this human EST database revealed
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several EST having >50% homology. One clone containing GYYYIYSKVQL
(SEQID NO:47) from human activated T cell library was selected. This EST was
sequenced on both strands to the 3"end. Its homology was confirmed. The initial
clone lacks the 5' portion of the gene in comparison to other members of TNF
family. To obtain the full length sequence. a nested PCR reaction was carried out
using two gene specific oligonucleotides and two vector-specific primers. An
additional 72 nucleotides at the 5" end was obtained. The full length sequence was
then cloned into the vector pPCMVsport 2.0 (Life Technologies Inc.. Rockville,

MD).

Northern blot analysis.

Human multiple tissue Northern blots (Clontech. MTN blots, #7759-1 and
#7760-1) were probed with a **P-labelled AIM I full length cDNA according to
the vendor's instructions. The blots were hybridized overnight in Hybrisol solution
(Oncor). preheated to 42 °C before use. followed by two subsequent washes in 2X
SSC/0.1% SDS and 0.2X SSC/0.1% SDS at 42°C and visualized using a

Phospholmager™ (Molecular Dynamics Co.).

In situ hybridization and FISH detection.

To determine the precise chromosomal location of the AIM II gene.
single-copy gene fluorescence in situ hybridization (FISH) to normal human
metaphase chromosome spreads was attempted (Lawrence er «l.. 1988). A 2 Kb
c¢DNA was nick-translated using Digoxigenin-11-dUTP (Boehringer Mannheim)
and FISH was carried out as detailed in Johnson er al.. 1991b. Individual
chromosomes were counterstained with DAPI and color digital images.
containing both DAPI and gene signal detected with Rhodamine. were recorded
using a triple-band pass filter set (Chroma Technology. Inc.. Brattleburo, VT) in
combination with a cooled charge coupled-device camera (Photometrics, Inc..

Tucson. AZ) and variable excitation wave length filters (Johnson er al.. 1991a).
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Images were analyzed using the ISEE software package (Inovision Corp..

Durham. NC).

Cells and Reagents

The human breast carcinoma MDA-MB-231. subclone 2LMP. obtained
from in vivo passage of MDA-MB-231 cells in athymic nude mice, was used in all
the experiments. MC-38 is a 1.2-dimethylhvdrazine induced murine colon
adenocarcinoma which is of H-2b origin. Human T lymphoma line Jurkat and
CHO lines were obtained from the American Type Culture Collection (ATCC.
Rockville. MD). A human melanoma antigen gp100 reactive CD8+ T-cell line
TIL1200 was kindly provided by Dr. Yutaka Kawakami (National Cancer
Institute. Bethesda, MD). All tumor cell lines were grown and maintained in
RPMI 1640 medium containing 10% FCS. except MDA-MB-231. which used
Dulbecco's modified Eagle's medium as basal medium. HLA-A2 restricted TIL
1200 was grown in Aim-V medium containing 10% human serum and 1000 U of
IL-2. The apoptosis inducing anti-Fas Mab CH-11 was obtained from Upstate

Biotechnology. Interfreon was obtained from Biosource International (CA).

Production of soluble AIM II.

The sequence encoding amino acids 74-240 of AIM 11, i.e.. the putative
extracellular domain, was subcloned into the vector pFLAG.CMV-1 in frame with
sequences encoding the preprotrypsin signal peptide and the FLAG peptide tag.
The resulting construct, pFLAG-sAIM I1. was transfected into 293T cells to
generate recombinant sAIM II.  Culture media from cells transfected
pFLAG.CMV-1 or pFLAG-sAIM 11 were passed through anti-FLAG mAb
(Eastman Kodak Co.) affinity columns. The column eluents were fractionated by
SDS-PAGE and sAIM II was detected by western blot analysis, using the anti-

FLAG mAb and ECL detection reagents (Amersham International).
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Generation of recombinant receptor-Fc fusion proteins

A c¢DNA encoding extracellular domain of human LTPR was amplified
from a HepG2 cells by RT-PCR technique. The sequences of oligonucleotide
primers are as following:
Forward 5' CGGGATCCATGCTCCTGCCTTGGGCCAC 3'(SEQ ID NO:48):
and Reverse: 5' GCGGATCCTGGGGGCAGTGGCTCTAATGG 3' (SEQ ID
NO:49) and contained BamHI restriction sites on each end to facilitate the cloning
of PCR product into the pSK+ vector (Stratagene). The amplified sequence was
subjected to BamHI digestion and ligated to BamHI cut pSK+ vector for
sequencing. The fidelity of amplified cDNA fragment was confirmed by dideoxy
DNA sequencing. To obtain human LTBR-Fc fusion protein. extracellular domain
of LTPBR was excised from pSK+ vector with BumHI restriction endonuclease and
ligated to Bglll cut pUC19-1gG1-Fc vector to allow in frame ligation. To
generate recombinant baculovirus. fusion gene was firstly excised with
Hpal/HindIII from pUC19-1gG-Fc vector, followed by ligation with Smal cut
pBacPAK9 vector (Clontech Co.) after fill-in, then co-transfected with linearized
BacPAK6 DNA (Clontech Co.) into Sf9 cells. To obtain recombinant soluble
LTBR fusion protein, five days culture supernatants from recombinant virus
infected insect Sf21 cells was filtered and trapped onto protein A Sepharose
beads. the bound sLTBR protein was then eluted with glycine buffer (pH 3.0) and
followed by dialysis in PBS. Production of TR2-F¢ fusion protein has been

described.

Generation of LTPR and TR2 antibodies

Balb/c) mice (The Jackson Laboratory, Bar Harbor, ME) were immunized
with LTPR-Fc fusion proteins in Freund's adjuvant. Mice were boosted three
times then the spleen cells were fused with the murine myeloma NS-1 cells in the
presence of 50% polyethylene glycol in HEPES (PEG 1500, Boehringer
Mannheim). followed by culture in RPM11640/HAT and RPMI11640/HT selective

media (Boehringer Co.). Supernatant from positive wells were tested for the
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ability to bind LTPR-Fc¢ fusion protein. but not human IgGl by ELISA.
Hybridomas producing antibodies against LTBR-Fc fusion protein were cloned by
limiting dilution three times. To produce large amount of mAbs. 107 hybridoma
cells were injected into pristane treated peritoneal cavity of Balb/c mice. and mAbs
was subsequently purified from ascites by affinity chromatography. Similarly.
using TR2-GST fusion protein. monoclonal antibodies against TR2 were

produced and screened by ELISA assay.

in vitro growth assays

Cells (5.000 cells per well) were plated in triplicate in 24-multiwell tissue
culture plates with IMEM in the presence of either 10% FBS or 1% FBS. The
number of live cells were determined by trypan blue exclusion method at day 3,
day 5 or day 7. Cells were refed with fresh medium every two days during this
time course.

A soluble tetrazolium/formazan (XTT) assay for cell growth in a 96-well
plate was performed. Cells (2.000-4.000 cells/well) were grown in IMEM
medium with 10% FBS or 1% FBS. After four to five days culture, XTT (1.0
mg/ml plus PMS at 1.53 mg/ml) was added to each well and incubated for four
hours at 37°C. Absorbance at 450 nm was measured with the Dynatech Model

MR700.

FACS analysis

Cells were collected by trypsinization or aspiration. and centrifuged at
1500-2000 rpm for 5 min. The cell pellets were resuspended and washed in 5 ml
ice-cold PBS twice. And then. the cells were incubated with Flag-tagged AIM 11
protein or Abs at 10pg/ml in the binding buffer (HBSS containing 10% BSA. 20
mM HEPES, pH 7.2, 0.02% NaN,. and 25 pg/mi normal rat Ig) for 30 min at
4°C. Cells were then washed and stained with phycoervthrin (PE) conjugated to
goat anti-mouse 1gG at 20 pg/ml as described. To compete for cell surface

binding. soluble LTBR-Fc fusion protein, TR2-Fc at 10pg/ml was preincubated
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with AIM II for 30 min before adding 1o cells. Fluorescence was analvzed by a
FACscan flow cytometer (Becton Dickinson. Mountain View. CA).
Forapoptosisassay. cell pellets were resuspended in 1 X binding buffer (10
mM HEPES pH 7.4, 0.15 M NaCl. 5 mM KCL 1 mM MgCl.. 1.8 mM CaCl,)
containing 1:100 dilution of Annexin V-FITC (Trevigen. Gaithersburg. MD) and
50 ng/ml of propidium iodide and incubated at 4°C for 15 min. The fluorescence
of Annexin V-FITC and propidium iodide of individual cells were analyzed by

flow cyvtometry (Coulter).

Retroviral transduction of tumor cells

A retroviral vector was used to stably transduce tumor cells with AIM 11
gene. To construct a plasmid encoding the AIM 11, a 1.9 kb Nol/Sall fragment
containing the AIM II cDNA was inserted into a parental plasmid pG1SamEN.
Thisretroviral backbone was derived from the Moloney murine leukemia virus and
the AIM 11 gene was under the transcription control of the long-terminal repeat
from the Moline murine leukemia virus. Generation of the retroviral packaging
line was described previously (Markowitz ef al.). Briefly, 30 pg of pG1SamEN-
AIM I1 DNA were used to transfect a mixture of 2x10° PA317 amphotropic
packaging line and 3x10° GP+E86 ecotropic packaging line. After 2 week of
selection. high-titer G418-resistant PA317 clones were then selected to recreate
the packaging line PA-AIM Il and used for gene transfer into tumor cells. A
control retrovirus producing line PA-neo was also used. These packaging lines
were grown for 20 h and the retroviral supernatants were harvested. added to a
75% confluent flask of wild type MDA-MB-231 or MC-38 respectively.
Following transduction with a recombinant retrovirus encoding the human AIM I1.
AIM 11 expressing MDA-MB-231 or MC-38 cells were selected with the
neomycin analogue G418 and designated MDA-MB-231/AIM 11 or MC-
38/AlM Il respectively. AIM Il expression in these tumor cells was confirmed by
Northernblotanalyses. All stable rransfectants including MDA-MB-231/AIM 1.

vector control line MDA-MB-231/neo. MC-38/AIM Il and the vector control line
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MC-38/neo were grown and maintained in the presence of G418 at 1.5 mg/ml and

0.375 mg/ml. respectively.

Coculture Assays of Jurkat Cells

The MDA-MB-231 cells were plated in 6-well tissue culture plates and
allowed to grow to confluence. Following removal of media and washing of the
monolayers with 1 X PBS. 1 x 10° Jurkat cells (nonadherant) were plated in 1 ml
of RPMImedium over a monolayer or an empty wells. Wells with MDA-MB-231
cellsalone (without overlaying Jurkat cells) were maintained as additional control.
After 24 or 48 hours of culture. the nonadherant phase of the mixed culture was
collected from the 6-well plated after gentle rocking of the plate and assayed for
viability using trypan blue exclusion. For detection of apoptosis. 20.000 cells

were measured per sample using Annexin V-FITC FACScan flow cyvtometer.

Lymphokine release assay

The lymphokine release assays were performed to detect human PBL
reactivity with AIM II as previously described. (Zhai er al.) Briefly. human PBL
cells were incubated for 5 days in the presence of anti -CD3 mAb (0.1 pg/ml) and
rlL-2 20 U/ml plus AIM 1I protein at various concentrations. the supernatants
were collected and the secretion of IFNy were determined using ELISA Kkits

purchased from R&D Systems (Minneapolis. MN).

Tumorigenicity studies

Female athymic Ner-nu nude mice. 6 week old, were obtained from the
Frederick Cancer Research and Development Center, National Institute of Health
(Frederick. MD) and Charles River Laboratories (Raleigh, NC). Female C57BL/6
mice. 6-7 wk old. were purchased from Harlan Sprague Dawley (Indianapolis.
IN). MDA-MB-231 cells (1 x 10 ) were injected on day 0 into the mammary fat
pad of the female athymic nude mice and similarly. MC-38 cells were injected s.c.
into the flank region of CS8BL/6 mice. Mice were then ear tagged and

randomized. Tumor size was assessed by measuring perpendicular diameters with
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acaltper twice weekly inablinded fashion. Each treatment group consisted of ten
animals and experiments were repeated threc times. Tumor histological

examination was carried out with H/E staining.

Example 6: Detection of AIM II expression by BlAcore Analysis

CHO cells were transfected with either an AIM I1-Flag tag expression
vector or an BAP-Flag (negative control). Three days after transfection. AIM II
expression was determined using the BlAcore instrument (BIAcore. Inc.) which
permits real-time measurements of protein binding events to immobilized AIM 11
receptor. lymphotoxin-f receptor (BlAcore sensorgram detects binding by
changes in refractive index at the surface of the flow cell). A lymphotoxin-f3
receptor-Fc fusion protein was covalently immobilized to the BIAcore flow cell
via amine groups using N-ethyl-N’'-(dimethylaminopropyl)carbodiimide/N-
hydroxysuccinimide chemistry. Various dilutions of AIM II-Flag and the negative
control (BAP-Flag) conditioned serum-free media were applied to the
lymphotoxin-f-receptor-derivatized flow cell at Sul/min for a total volume of
50pl. The amount of bound protein was determined after washing the flow cell
with HBS buffer (10mM HEPES. pH 7.4. 150 mM NaCl. 3.4 mM EDTA. 0.005%
Surfactant P20). The flow cell surface was regenerated by displacing bound
protein by washing with 20 pl of 10 mM HCI.

The specific binding to the lymphotoxin-f3-receptor was detected at up to
10-fold dilution of the conditioned media from AIM II-Flag cultures, whereas, no
significant binding was observed for the negative control (BAP-Flag) conditioned
media. This demonstrates that AIM II-Flag binding is specific to lymphotoxin-f3-
receptor and not to the Fc portion of the fusion protein. Moreover, specific
receptor binding by AIM II-Flag protein indicates that it exhibits a native structure
as secreted by the cells. Thus. this BIAcore-based assay can be used to detect

expression of AIM II from conditioned media and other biological fluids. Further.
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by using known amounts of pure AIM II protein this assay can be developed into

a quantitative assay for determining AIM II concentrations.

Example 7: Activation-induced Apoptosis Assay

Activation-induced apoptosis is assayed using SupT-13 T leukemia cells
and 1s measured by cell cycle analysis. The assay is performed as follows. SupT-
13 cells are maintained in RPMI containing 10% FCS in logarithmic growth
(about 1 x 10%). Sup-T13 cells are seeded in wells of a 24 well plate at 0.5 x
10%ml, 1 ml/well. AIM 1I protein (0.01. 0.1, 1. 10. 100, 1000 ng/ml) or buffer
control is added to the wells and the cells are incubated at 37°C for 24 hours. The
wells of another 24 well plate were prepared with or without anti-CD3 antibody
by incubating purified BC3 mAb at a concentration of 10 pg/ml in sterile-filtered
0.05M bicarbonate buffer, pH 9.5 or buffer alone in wells at 0.5 ml/well. The
plate is incubated at 4°C overnight. The wells of antibody coated plates are
washed 3 times with sterile PBS. at 4°C. The AIM II treated Sup-T13 cells are
transferred to the antibody coated wells and incubated for 18 hr.. at 37°C.
Apoptosis is measured by cell cycle analysis using propidium iodide and flow
cytometry. Proliferation of treated cells is measured by taking a total of 300 ul of
each treatment well and delivering in to triplicate wells (100 pl/well) of 96 well
plates. To each well add 20 ul/well *H thymidine (0.5 pCi/20 pl. 2 Ci/mM) and
incubate 18 hr., at 37°C. Harvest and count *H-thymidine uptake by the cells.
This measurement is used to confirm an effect on apoptosis if observed by other
methods. The positive control for the assay is Anti-CD3 crosslinking alone. In
addition. profound and reproducible apoptosis in this line using anti-fas
monoclonal antibody (500 ng/ml in soluble form-IgM mAb) has been
demonstrated. The negative control for the assay is medium or bufter alone. Also.
crosslinking with another anti-CD3 mAB (OKT3) has been shown to have no

effect.
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Ifaneffectis observed by cell cvele analysis the cells will be further stained
for the TUNEL assay for flow cytometry or with Annexin V. techniques well

known to those skilled in the art.

Example 8: CD3-induced Proliferation Assay

A CD3-induced proliferation assay is performed on PBMCs and is
measured by the uptake of *H-thymidine. The assay is performed as follows.
Ninety-six well plates are coated with 100 ul/well of mAb to CD3 (HIT3a.
Pharmingen) or isotype-matched control mAb (B33.1) overnight at 4°C (1 pg/ml
in .05M bicarbonate buffer. pH 9.5). then washed three times with PBS. PBMC
are isolated by F/H gradient centrifugation from human peripheral blood and
added to quadruplicate wells (5 x 10%well) of mAb coated plates in RPMI
containing 10% FCS and P/S in the presence of varying concentrations of AIM 11
protein (total volume 200 pl). Relevant protein buffer and medium alone are
controls. After 48 hr. culture at 37°C, plates are spun for 2 min. at 1000 rpm and
100 pl of supernatant is removed and stored -20°C for measurement of IL-2 (or
other cytokines) if effect on proliferation is observed. Wells are supplemented with
100 pl of medium containing 0.5 pCi of *H-thymidine and cultured at 37°C for 18-
24 hr. Wells are harvested and incorporation of *H-thymidine used as a measure
of proliferation. Anti-CD3 alone is the positive control for proliferation. 1L-2
(100 U/ml) is also used as a control which enhances proliferation. Control
antibody which does not induce proliferation of T cells is used as the negative
control for CD3-induced proliferation and medium or buffer are used as negative

controls for the effects of AIM II proteins.

Example 9: Effect of AIM II on the Expression of MHC Class 11,
Costimulatory and Adhesion Molecules and Cell Differentiation of Monocyte-
Derived Human Dendritic Cells
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Dendritic cells are generated by the expansion of proliferating precursors
found in the peripheral blood: adherent PBMC or elutriated monocytic fractions
are cultured for 7- 10 days with GM-CSF (50 ng/ml) and 1L-4 (20 ng'ml). These
dendritic cells have the characteristic phenotype of immature cells (expression of
CDI.CD80.CD86.CD40 and MHC class Il antigens). Treatment with activating
factors. such as TNF-a. causes a rapid change in surface phenotype (increased
expression of MHC class 1 and 1. costimulatory and adhesion molecules,
downregulation of FcyRII. upregulation of CD83). These changes correlate with
increased antigen-presenting capacity and with functional maturation of the
dendritic cells.

FACS analysis of surface antigens is performed as follows. Cells are
treated 1-3 days with various concentrations of AIM-II (0.1, 1. 10. 100. 1000
ng/ml) or LPS as positive control. washed with PBS containing 1% BSA and 0.02
mM sodium azide, and then incubated with 1:20 dilution of appropriate FITC- or
PE-labeled monoclonal antibodies for 30 minutes at 4°C. After an additional wash,
the labeled cells are analyzed by flow cytometry on a FACScan (Becton

Dickinson).

Effect on the production of cvtokines

Cytokines generated by dendritic cells, in particular [L-12. are important
in the initiation of T-cell dependent immune responses. IL-12 strongly influences
the development of Thl helper T-cell immune response. and induces cyvtotoxic T
and NK cell function. An ELISA will be used to measure the IL- 12 release as
follows. Dendritic cells (10%ml) are treated with AIM-I1 (0.1, 1, 10. 100. 1000
ng/ml) for 24 hours. LPS (100 ng/ml) is added to the cell culture as positive
control. Supernatants from the cell cultures are then collected and analvzed for IL-
12 content using commercial ELISA kit. The standard protocols provided with the

kits are used.

Effect on the expression of MHC Class 11, costimulatory and adhesion molecules
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Three major families of cell surface antigens can be identified on
monocytes: adhesion molecules. molecules involved in antigen presentation. and
Fc receptor. Modulation of the expression of MHC class 11 antigens and other
costimulatory molecules, such as B7 and ICAM-1. may result in changes in the
antigen presenting capacity of monocytes and ability to induce T cell activation.
Increase expression of Fc receptors may correlate with improved monocyte
cytotoxic activity. cvtokine release and phagocytosis.

FACS analysis will be used to examine the surface antigens as follows.
Monocytes are treated 1-5 days with various concentrations of AIM-II(0.1. 1. 10.
100. 1000 ng/ml) or LPS (positive control). washed with PBS containing 1% BSA
and 0.02 mM sodium azide. and then incubated with 1:20 dilution of appropriate
FITC- or PE-labeled monoclonal antibodies for 30 minutes at 4°C. After an
additional wash. the labeled cells are analyzed by flow cvtometry on a FACScan

(Becton Dickinson).

Effect on monocvte survival

Human peripheral blood monocytes progressively lose viability when
cultured in absence of serum or other stimuli. Their death results from internally
regulated processes (apoptosis). Addition to the culture of activating factors, such
as TNF-a. dramatically improves cell survival and prevents DNA fragmentation.
Propidium iodide staining will be used to measure apoptosis as follows.
Monocytes (10”/ml) are cultured in suspension in polypropylene tubes in DMEM
for two days in presence or absence of TNF-« (100 ng/ml, positive control) or
AIM-II (0.1. 1, 10. 100. 1000 ng/ml). Cell viability is assessed by propidium
iodide (P1) staining. Cells are suspended at a concentration of 2 x 10®ml in PBS
containing Pl at a final concentration of 5 pg/ml. and then incubated at room
temperature for 5 minutes before FACScan analysis. Pl uptake has been

demonstrated to correlate with DNA fragmentation in this experimental paradigm.

Effect on cvtokine release
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An important function of monocytes/macrophages is their regulatory
activity on other cellular populations of the immune system through the release of
cyvtokines after stimulation. An ELISA to measure the IL- 10 release is performed
as follows. Human monocytes are added at 10°/ml in 48-well plates and various
concentrations of AIM-II are added (0.1. 1. 10. 100. 1000 ng/ml) in presence or
absence of 100 ng/ml LPS. After 24 hour incubation, the supernatants are
collected and assayed for the presence of cvtokines by ELISA kits. The standard

protocols provided with the kits are used.

Example 10: Affinity Purification of Soluble AIM 11 for N-terminal Sequence
Analysis

Previous data indicated that a BlAcore chip derivatized with the
lymphotoxin betareceptor (LTBR)-Fc fusion protein was able to specifically bind
AIM Il (a.a. 74-240)-Flag fusion protein (See Example 5. section E and Figure
7A). The LTPR BlAcore chip was then used to detect expression of soluble
AIM 1l protein from conditioned media of non-Flag tagged AIM II stable
transfectants in order to determine which cell line(s) should be used for further
purification for N-terminal sequence analysis.

CHO cells were transfected with an expression construct (pC4 vector)
consisting of the extracellular region of AIM I1 (amino acids 60-240) fused to the
ck-beta 8 signal peptide. Clones were selected for high expression by growth in
media containing methotrexate. The clones with the highest amount of binding
to LTBR BIAcore chip were further amplified. Conditioned media (20 mL) from
CHO 11. a high level AIM II producing clone. was obtained. A second AIM 11
construct encoding the complete full length cDNA was transfected into murine
MCA-38 carcinoma cells and subject to selection with G418. Conditioned media
was obtained from these transfected MCA-38 cells.

Conditioned media from the stable transfectants, CHO 11 or MCA-38
cells. were filtered. centrifuged at 10.000 x g and then passed over an MCIF-Fc¢

affinity column (control column) followed by the LTBR-Fc affinity column (0.2mL
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bed volume). The columns were washed with several bed column volumes
HEPES buffered saline containing 0.005% Surfactant P-20. Bound protein was
eluted with 10 mM HC1 (3 X 0.5 mL fractions) and immediately neutralized with
TRIS buffer. The fractions eluted from the LTBR column retained binding to
LTBR BlAcore chip. whereas. fractions eluted from the control MCIF-Fc¢ column
were negative for binding. The eluted fractions were dried in Spedvac then
resuspended in 20 pl. water. An aliquot of the eluted protein was analyzed by
reducing SDS-PAGE gels and detected by silver staining. A band of
approximately ~25 kDaand ~21 kDa was detected specifically bound to the LTBR
column from CHO-11 and MCA-38 cell lines. The remaining eluted material was
subject to SDS-PAGE and blotted onto PVDF membrane for N-terminal sequence
analysis.

The N-terminus of the AIM II molecule purified from MCA-38 cells
started at residue 83 within the predicted extracellular region of the molecule
(Table 3). The results of the AIM II from CHO-11 also confirmed that this
protein correspond to AIM II protein; the N-terminus contained two sequences
starting three residues apart which start within the ck-beta 8 signal peptide
followed by the extracellular region of AIM II starting at residue 60 (Table 3).
Thus, the natural processed form of AIM 11 should correspond to residues 83-240
and have a molecular mass of 17.284 daltons. The apparent electrophoretic
mobility of ~21 kDa is consistent with glycosylation as evident by presence of
several electrophoretic species. Similarly, the ~25kDa apparent molecular mass
of the CHO-11 expressed ck-beta8/AIM 11 fusion protein was larger than that
predicted from its sequence (20.361). Again this might also be due to
glycosylation of the protein (there is one N-glycosylation site at residue 104 of full

length AIM 11).
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Table 3. _N-terminus of AIM2 purified from MCA-38 or CHO-11 clone

conditioned media.

N-terminus MCA-38! LIQER. ...

N-terminus CHO11! (40%) SOAGS. . . . . e e e
N-terminus CHO-111 (20%) GSOLH . v v oot e

ck-beta-8-AIM2 sequence SQAGSQLHWRLGEMVTRLPDGPAGSWEQLIQERN

1= Affinity purified AIM II from MCA-38 or CHO-11 conditioned media.

2=Amino acid sequence at junction of ck-beta-8 and extracellular region of AIM II.
Double underlined sequence corresponds to ck beta 8 signal sequence (SQA). and in the
case of the GS residues sequence introduced during cloning. AIM Il sequence starts at
the 6th residue, Q.

Values in parenthesis represent percentage of each sequence found in AIM 1l sample.

The Sensorgram of specificity of binding of MCA-38 AIM I1 conditioned
media to LTBR-Fc versus MCIF-Fc immobilized on BIAcore chip is shown in
Figure 12. The conditioned media was analyzed on a BIAcore instrument flowcell
derivatized with lymphotoxin beta receptor Fc¢ fusion protein. The conditioned
media (100 pL) was flown over the chip at 5 ul./min and washed with HBS buffer
also at 5 pL/min. The shown data represents the net bound (off-rate) region of
the plot after binding of AIM II to immobilized receptor and is measured in
relative mass units (RU) versus time. The binding conditions were performed at
highreceptor chip densities under diffusion-limited conditions. Legend: LTBR-Fc
and MCIF-Fc refer to binding data from LTBR-Fc¢ or MCIF-Fc¢ immobilized
BlAcore chip surfaces. respectively.

Determination of the LTBR binding by AIM II eluted from LTBR-Fc
column is shown in Figure 13. LTBR and MCIF refer to binding data from
LTBR-Fcor MCIF-Fc immobilized BlAcore chip surfaces. respectively. Undiluted

Conditioned media from MCA38 cells was analyzed before (pre) and after
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passage through MCIF-Fc¢ (post-MCIF) and LTBR-Fc (post-LTaR) affinity
columns. Fractions (1 mL) eluted from the LTPR (E4-6) and MCIF-Fc (E1-3)

affinity columns were diluted 3-fold and tested for binding to LTBR BIAcore chip.

Example 11: Effect of AIM II in Treating Adjuvant-Induced Arthritis in
Rats

An analysis of the use of AIM II to treat rheumatoid arthritis (RA) is
performed through the use of an adjuvant-induced arthritis (AIA) model in rats.
AlA isawell-characterized and reproducible animal model of rheumatoid arthritis
which is well-known to one of ordinary skill in the art (Pearson, Ann. Rheum. Dis.
15: 379 (1956): Pearson et al.. Arthritis Rheum. 2: 440 (1959)). AIM 1I is
expected to inhibit the increase in angiogenesis or the increase in endothelial cell
proliferation required to sustain the invading pannus in bone and cartilage
observed in this animal model of RA. Lewis and BB rats (available from Charles
River Lab. Raleigh. N.C. and the University of Massachusetts Medical Center.
Worcester, MA) are used as the common and responsive strains for adjuvant-
induced arthritis in these experiments.

Initiation of the arthritic condition is induced by the intradermal injection
of 0.1 ml adjuvant (5 mg/ml) into the base of the tail. Groups of 5 to 6 rats
receive either 0.1 to 1.0 mg/kg AIM I1 or vehicle intra-articularly 20 days after the
injection of adjuvant. At this time point acute inflammation reaches a maximal
level and chronic pannus formation will have just begun. The effect of AIM I1 on
pannus formation is analyzed radiologically once each week after day 15 following
adjuvant challenge essentially as described by Taurog and colleagues (J. Exp.
Med. 162:962 (1985)). Briefly. rats are anesthetized with ether or chloral hydrate
and positioned so that both hind limbs are X-rayed together. The X-ray films are
examined blindly using a scoring system of 0-3 for periosteal reaction. bony
erosions, joint space narrowing and destruction. When there is a significant

amount of joint damage in vehicle-treated rats, the animals are sacrificed. At this
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point. the paws are evaluated histologically for the relative degree of tissue

damage and for the therapeutic effect AIM II has elicited on these joints.
Finally. AIM II- and vehicle-treated animals undergo a clinical evaluation

twice per week to assess hind paw volume using a plethysmometer system and

body weight.

Example 12: Effect of AIM 11 in Treating Collagen-Induced Arthritis in
Mice

An analysis of the use of AIM II to treat rheumatoid arthritis (RA) may be
performed through the use of a collagen-induced autoimmune arthritis (CIA)
model inmice. CIA isanother well-characterized and reproducible animal model
of rheumatoid arthritis which is well-known to one of ordinary skill in the art
(Courtenay et al., Nature 283: 666 (1980); Wooley et al.. J. Exp. Med. 154: 688
(1981): Holmdahl er al., Immunol. Reviews 118:193 (1990)). AIM 11 is expected
to induce apoptosis and inhibit the synovial cell proliferation required to form the
invading pannus in bone and cartilage observed in both rheumatoid arthritis and
this autoimmune animal model of RA.

DBA/1 Lac J mice. available from Jackson Lab (Bar Harbor, ME) are used
as the most universally susceptible strain for collagen-induced arthritis in these
experiments.

Initiation of the arthritic condition is induced by the intradermal injection
of 0.1 ml of 1 mg/ml of bovine type II collagen in Complete Freund’s Adjuvant
into the base of the tail. Three weeks later. the animal are injected with 40 pg of
LPS to accelerate the development of arthritis. Groups of 10 mice will receive
either 0.1 - I mg/kg AIMII or vehicle intradermally or intra-articularly 7-15 days
after the injection of LPS. At this time point. acute inflammation is expected to
reached a maximal level and chronic pannus formation will have just begun. The
effect of AIM II on arthritis is monitored and analyzed clinically using the
following score: 0 = normal, 0.5 = swollen digits. | = entire paw swollen, 2 =

deformity and 3 = ankylosis. When it is determined that a significant amount of
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ankylosis has occurred in the paws of vehicle-treated rats, the animals will be
sacrificed and the paws are evaluated histologically for the relative degree of
pannus formation. cartilage and bone destruction and for what effect AIM II has
elicited on these joints.

It will be clear that the invention may be practiced otherwise than as
particularly described in the foregoing description and examples.

Numerous modifications and variations of the present invention are
possible in light of the above teachings and. therefore. are within the scope of the
appended claims.

The entire disclosure of all publications (including patents. patent
applications. journal articles. laboratory manuals. books, or other documents)

cited herein are hereby incorporated by reference.

PCT/US99/03703
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What Is Claimed Is:
1. An isolated nucleic acid molecule consisting of a polynucleotide

having a nucleotide sequence at least 95% identical to a nucleotide sequence
selected from the group consisting of:

(a) a nucleotide sequence encoding a polypeptide having an
amino acid selected from the group consisting of E-115 to V-240: T-116 to
V-240; Q-117 to V-240: L-118 to V-240: G-119 to V-240; L-120 to V-240;
A-121 to V-240; F-122 to V-240; L-123 to V-240; R-124 to V-240: G-125 to
V-240: L-126 to V-240: S-127 to V-240: Y-128 to V-240; H-129 to V-240;
D-130 to V-240; G-131 to V-240; A-132 to V-240; L-133 to V-240: V-134 to
V-240; V-135 to V-240:; T-136 to V-240: K-137 to V-240; A-138 to V-240;
G-139 to V-240; Y-140 to V-240; Y-141 to V-240; Y-142 to V-240; 1-143 to
V-240; Y-144 to V-240: S-145 to V-240; K-146 to V-240; V-147 to V-240;
Q-148 to V-240; L-149 to V-240; G-150 to V-240; G-151 to V-240; V-152 to
V-240; G-153 to V-240; C-154 to V-240; P-155 to V-240; L-156 to V-240;
G-157 to V-240; L-158 to V-240; A-159 to V-240; S-160 to V-240; T-161 to
V-240; 1-162 to V-240: T-163 to V-240: H-164 to V-240: G-165 to V-240;
L-166 to V-240; Y-167 to V-240; K-168 to V-240; R-169 to V-240: T-170 to
V-240; P-171 to V-240: R-172 to V-240; Y-173 to V-240; P-174 to V-240;
E-175 to V-240; E-176 to V-240; L-177 to V-240; E-178 to V-240: L-179 to
V-240; L-180 to V-240; V-181 to V-240: S-182 to V-240; Q-183 to V-240;
Q-184 to V-240: S-185 to V-240; P-186 to V-240; C-187 to V-240; G-188 to
V-240; R-189 to V-240: A-190 to V-240; T-191 to V-240: S-192 to V-240;
S-193 to V-240: S-194 to V-240: R-195 to V-240; V-196 to V-240: W-197 to
V-240; W-198 to V-240: D-199 to V-240: S-200 to V-240: S-201 to V-240;
F-202 to V-240: L-203 to V-240: G-204 to V-240; G-205 to V-240: V-206 to
V-240: V-207 to V-240: H-208 to V-240; L-209 to V-240: E-210 to V-240;
A-211 to V-240; G-212 to V-240: E-213 to V-240; E-214 to V-240: V-215 to
V-240; V-216 to V-240: V-217 to V-240: R-218 to V-240: V-219 to V-240;
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L-220 to V-240: D-221 to V-240; E-222 to V-240: R-223 to V-240: L-224 to
V-240: V-225 to V-240: R-226 to V-240: L-227 to V-240; R-228 to V-240:
D-229 to V-240: G-230 to V-240; T-231 to V-240: R-232 to V-240: S-233 to
V-240: Y-234 to V-240: and F-235 to V-240 in SEQ ID NO:2,

(b) a nucleotide sequence encoding a polypeptide having an
amino acid selected from the group consisting of M-1 to M-239: M-1 to F-238:
M-1 to A-237: M-1 to G-236: M-1 to F-235: M-1 to Y-234: M-1 to S-233; M-1
to R-232: M-1 to T-231: M-1 to G-230; M-1 to D-229: M-1 to R-228: M-1 to
L-227. M-1 10 R-226; M-1 to V-225; M-1 to L-224; M-1 to R-223: M-1 to
E-222: M-1 to D-221: M-1 to L-220; M-1 to V-219: M-1 to R-218: M-1 to
V-217: M-1 10 V-216: M-1 to V-215; M-1 to E-214: M-1 to E-213: M-1 to
G-212: M-1 to A-211; M-1 to E-210: M-1 to L-209: M-1 to H-208; M-1 to
V-207; M-1 to V-206; M-1 to G-205; M-1 to G-204; M-1 to L-203; M-1 to
F-202: M-1 to S-201; M-1 to S-200; M-1 to D-199; M-1 to W-198: M-1 to
W-197: M-1 to V-196; M-1 to R-195; M-1 to S-194; M-1 to S-193; M-1 to
S-192; M-1 to T-191; M-1 to A-190; M-1 to R-189; M-1 to G-188; M-1 to
C-187: M-1 to P-186: M-1 to S-185; M-1 1o Q-184; M-1 to Q-183: M-1 to
S-182: M-1 to V-181; M-1 to L-180; M-1 to L-179; M-1 to E-178; M-1 to
L-177: M-1 to E-176: M-1 to E-175; M-1 to P-174: M-1 to Y-173: M-1 to
R-172: M-1 to P-171: M-1 to T-170; M-1 to R-169; M-1 to K-168: M-1 to
Y-167; M-1 to L-166; M-1 to G-165: M-1 to H-164; M-1 to T-163; M-1 to
[-162: M-1to T-161; M-1 to S-160; M-1 to A-159;: M-1to L-158; M-1 10 G-157;
M-1 to L-156; M-1 to P-155; M-1 to C-154: M-1 to G-153; M-1 to V-152; M-1
to G-151: M-1 to G-150; M-1 to L-149; M-1 to Q-148: M-1 to V-147; M-1 to
K-146; M-1 to S-145: M-1 to Y-144; M-1 to 1-143; M-1 to Y-142: M-1 to
Y-141: M-1 to Y-140: M-1 to G-139; M-1 to A-138: M-1 to K-137: M-I to
T-136: M-1 to V-135; M-1 to V-134: M-1 to L-133; M-1 to A-132: M-1 to
G-131: M-1 to D-130; M-1 to H-129: M-1 to Y-128: M-1 to S-127; M-1 to
L-126: M-1 to G-125: M-1 to R-124; M-1 1o L-123: M-1 to F-122; M-1 to
A-121; M-1 to L-120; M-1 to G-119; M-1 to L-118: M-1 to Q-117; M-1 to
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T-116: M-1 to E-115: M-1 to W-114: M-1 to L-113: M-1 to L-112: M-1 to
P-111: M-1 to G-110: M-1 to G-109: M-1 to S-108; M-1 to G-107: M-1 to
T-106: M-1 to L-105: M-1 to S-104; M-1 to S-103; M-1 to N-102: M-1 to
A-101: M-1 to G-100; M-1 to T-99: M-1 to L-98; M-1 to H-97; M-1 to A-96:
M-1 to A-95; M-1 to P-94; M-1 to N-93;: M-1 to V-92: M-1 to E-91: M-1 to
H-90; M-1 to S-89: M-1 to R-88: M-1 to R-87; M-1 to E-86; M-1 to Q-85: M-1
to [-84: M-1 to L-83: M-1 to Q-82: M-1 to E-81: M-1 to W-80: M-1 to S-79;
M-1 to G-78; M-1 to A-77. M-1 to P-76; M-1 to G-75: M-1 to D-74: M-1 to
P-73: M-1 to L-72; M-1 to R-71: M-1 to T-70; M-1 to V-69; M-1 to M-68: M-1
to E-67: M-1 to G-66; M-1 to L-65: M-1 to R-64; M-1 to W-63: M-1 to H-62:
M-1 to L-61: M-1 to Q-60: M-1 to L-59; M-1 to L-58: M-1 to F-57: M-1 to
W-56; M-1 to G-55; M-1to Q-54;: M-1to V-53; M-1 to A-52; M-1 to L-31; M-1
to G-50; M-1 to A-49; M-1 to G-48; M-1 to M-47; M-1 to L-46; M-1 to L-45;
M-1 to L-44; M-1 to L-43; M-1 to L-42; M-1 to G-41; M-1 to L-40: M-1 to
G-39; M-1 to V-38; M-1 to R-37: M-1 to A-36; M-1 to V-35; M-1 to S-34: M-1
to C-33; M-1 to S-32; M-1 to Q-31; M-1 to R-30;: M-1 to R-29; M-1 to H-28;
M-1 to S-27; M-1 to R-26; M-1 to G-25; M-1 to L-24; M-1 to R-23: M-1 to
T-22: M-1to F-21; M-1 to P-20; M-1 to I-19; M-1 to D-18; M-1 to T-17;: M-1
to Q-16: M-1 to G-15: M-1 to D-14: M-1 to V-13: M-1 to V-12: M-1 to F-11;
M-1 to V-10; M-1 to S-9; M-1 to P-8; M-1 to R-7; and M-1 to V-6 in SEQ ID
NO:2; and

(c) a nucleotide sequence complementary to any of the

nucleotide sequences in (a) or (b).

o

The isolated nucleic acid molecule of claim 1. which is (a).

('S

The isolated nucleic acid molecule of claim 1. which is (b).

4. The 1solated nucleic acid molecule of claim 1. which is DNA.
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5. The 1solated nucleic acid moiecule of claim 1. which is fused to a
heterologous polynucleotide.
6. The isolated nucleic acid molecule of claim 5. wherein said

heterologous polynucleotide encodes a heterologous polypeptide.

5 7. An 1solated nucleic acid molecule of claim 1 comprising a
polynucleotide which encodes the amino acid sequence of an epitope-bearing

portion of the AIM 11 polypeptide of SEQ ID NO:2.

8. A method for making a vector comprising inserting an isolated

nucleic acid molecule of claim 1 into a vector.

10 9. A vector produced by the method of claim §.

10. A method of making a host cell comprising introducing the vector

of claim 9 into a host cell.

11. A host cell produced by the method of claim 10.

12. A method for producing an AIM II polypeptide, comprising
15 culturing the host cell of claim 9 under conditions such that said polypeptide is

expressed and recovering said polypeptide.

13. Anisolated AIM polypeptide N-terminal or C-terminal deletion
mutant consisting of a polypeptide selected from the group consisting of:
(a) apolypeptide having an amino acid sequence selected from
20 the group consisting of E-115 to V-240; T-116 to V-240; Q-117 to V-240: L-118
to V-240; G-119 to V-240: L-120 to V-240: A-121 to V-240: F-122 to V-240;
L-123 to V-240: R-124 to V-240; G-125 to V-240; L-126 to V-240; S-127 to
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V-240: Y-128 to V-240: H-129 to V-240: D-130 to V-240: G-131 to V-240:
A-152 1o V-240: L-133 to V-240: V-134 to V-240: V-135 to V-240: T-136 to
V-240: K-137 to V-240; A-138 to V-240: G-139 to V-240: Y-140 to V-240:
Y-141 to V-240: Y-142 to V-240: I-143 to V-240; Y-144 to V-240: S-145 to
V-240: K-146 to V-240: V-147 to V-240: Q-148 to V-240; L-149 to V-240;
G-150 to V-240: G-151 to V-240; V-152 to V-240; G-153 to V-240: C-154 to
V-240: P-155 to V-240; L-156 to V-240; G-157 to V-240: L-158 to V-240:
A-159 to V-240; S-160 to V-240; T-161 to V-240: 1-162 to V-240: T-163 to
V-240: H-164 10 V-240; G-165 to V-240: L-166 to V-240: Y-167 to V-240:
K-168 to V-240: R-169 to V-240; T-170 to V-240: P-171 to V-240: R-172 to
V-240: Y-173 to V-240:; P-174 to V-240. E-175 to V-240: E-176 to V-240:
L-177 to V-240; E-178 to V-240; L-179 to V-240; L-180 to V-240; V-181 to
V-240:. S-182 to V-240; Q-183 to V-240; Q-184 to V-240; S-185 to V-240;
P-186 to V-240; C-187 to V-240; G-188 to V-240; R-189 to V-240: A-190 to
V-240; T-191 to V-240; S-192 to V-240: S-193 to V-240; S-194 to V-240;
R-195 to V-240; V-196 to V-240: W-197 10 V-240; W-198 to V-240; D-199 to
V-240: 5-200 to V-240; S-201 to V-240. F-202 to V-240: L-203 to V-240:
G-204 10 V-240; G-205 to V-240: V-206 to V-240; V-207 to V-240: H-208 to
V-240: L-209 to V-240; E-210 to V-240; A-211 to V-240: G-212 to V-240:
E-213 to V-240; E-214 to V-240; V-215 to V-240; V-216 to V-240; V-217 to
V-240; R-218 to V-240; V-219 to V-240: L-220 to V-240: D-221 to V-240;
E-222 t0 V-240; R-223 to V-240; L-224 to V-240; V-225 to V-240: R-226 to
V-240: L-227 to V-240; R-228 to V-240: D-229 to V-240: G-230 to V-240:
T-231 to V-240: R-232 to V-240; S-233 to V-240; Y-234 to V-240: and F-233
to V-240 in SEQ ID NO:2;

(b) apolypeptide having an amino acid sequence selected from
the group consisting of M-1 to M-239: M-1 to F-238; M-1 to A-237; M-1 to
G-236: M-1 to F-235; M-1 to Y-234: M-1 to S-233: M-1 to R-232: M-1 to
T-231: M-1 to G-230: M-1 to D-229: M-1 to R-228; M-1 to L-227: M-1 to
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R-226:
D-221;
V-216:
A-211:
V-206:
S-201:
V-196:
T-191:
P-186:
V-181;
E-176;
P-171:
L-166;

-160-

M-1 to V-225: M-1 to L-224: M-1 to R-223: M-1 to E-222:
M-1 to L-220: M-1 to V-219; M-1 to R-218: M-1 to V-217:
M-1 to V-215: M-1 to E-214: M-1 to E-213: M-1 to G-212:
M-1 to E-210: M-1 to L-209;: M-1 to H-208: M-1 to V-207:
M-1 to G-205; M-1 to G-204: M-1 to L-203: M-1 to F-202:
M-1 to S-200: M-1 to D-199; M-1 to W-198: M-1 to W-197:
M-1 to R-195: M-1 to S-194: M-1 to S-193: M-1 to S-192:
M-1 to A-190: M-1 to R-189; M-1 to G-188; M-1 to C-187:
M-1 to S-185; M-1 to Q-184; M-1 to Q-183; M-1 to S-182:
M-1 to L-180: M-1 to L-179; M-1 to E-178; M-1 to L-177:
M-1 to E-175; M-1 to P-174; M-1 to Y-173: M-1 to R-172:
M-1 to T-170; M-1 to R-169; M-1 to K-168; M-1 to Y-167:

PCT/US99/03703

M-1 to
M-1 to
M-1 to
M-1 to
M-1 to
M-1 to
M-1 1o
M-1 to
M-1 to
M-1 to
M-1 to
M-1 to

M-110 G-165; M-1 to H-164; M-1to T-163; M-1 to I-162; M-1 to T-161;

M-1 to S-160; M-1 to A-159: M-1 to L-158; M-1 to G-157; M-1 to L-156: M-1

to P-155; M-1 to C-154; M-1 to G-153; M-1 to V-152; M-1 to G-151; M-1 to

G-150: M-1 to L-149: M-1 to Q-148: M-1 to V-147: M-1 to K-146: M-1 to

S-145; M-1 to Y-144; M-1 to [-143; M-1 to Y-142; M-1 to Y-141: M-1 to

Y-140; M-1 to G-139: M-1 to A-138; M-1 to K-137; M-1 to T-136: M-1 to

V-135: M-1 to V-134: M-1 to L-133: M-1 to A-132; M-1 to G-131;: M-1 to

D-130: M-1 to H-129: M-1 to Y-128; M-1 to S-127; M-1 to L-126; M-1 to

G-125: M-1 to R-124: M-1 to L-123; M-1 to F-122; M-1 to A-121; M-1 to

L-120: M-1 to G-119: M-1 to L-118; M-1 to Q-117; M-1 to T-116: M-1 to
E-115; M-1 to W-114; M-1 to L-113; M-1 to L-112;: M-1 to P-111; M-1 to
G-110: M-1 to G-109: M-1 to S-108: M-1 to G-107; M-1 to T-106: M-1 to

L-105; M-1 to S-104: M-1 to S-103: M-1 to N-102; M-1 to A-101: M-1 to

G-100;: M-1 to T-99: M-1 to L-98: M-1 to H-97;: M-1 to A-96; M-1 to A-95: M-1

to P-94; M-1 to N-93: M-1 to V-92; M-1 to E-91; M-1 to H-90: M-1 to S-89;

M-1 to R-88: M-1 to R-87: M-1 to E-86: M-1 to Q-85; M-1 to [-84: M-1 to
L-83: M-11t0 Q-82: M-1 to E-81: M-1 to W-80: M-1 to S-79: M-1 to G-78; M-1
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to A-77. M-1 to P-76: M-1 to G-75: M-1 to D-74: M-1 to P-73; M-1 to L-72:
M-1 to R-71: M-1 to T-70; M-1 to V-69: M-1 to M-68: M-1 to E-67: M-1 to
G-66: M-1 to L-65: M-1 to R-64: M-1 to W-63. M-1 to H-62: M-1 to L-61: M-1
to Q-60: M-1 to L-59: M-1 to L-58: M-1 to F-57: M-1 to W-56; M-1 to G-55:
M-1 to Q-54: M-1 to V-53; M-1 to A-52: M-1 to L-51: M-1 to G-50: M-1 to
A-49: M-1 to G-48: M-1 to M-47; M-1 to L-46: M-1 to L-45; M-1 to L-44: M-1
to L-43; M-1 to L-42; M-1 to G-41; M-1 to L-40: M-1 to G-39; M-1 to V-38:
M-1 to R-37; M-1 to A-36; M-1 to V-35; M-1 to S-34: M-1 to C-33: M-1 to
S-32: M-1to Q-31; M-1 to R-30: M-1 to R-29: M-1 to H-28; M-1 to S-27: M-1
to R-26: M-1 to G-25: M-1 to L-24; M-1 to R-23: M-1 to T-22; M-1 to F-21:
M-1 to P-20: M-1 to 1-19: M-1 to D-18: M-1 to T-17; M-1 to Q-16; M-1 to
G-15:M-1to D-14: M-1 to V-13; M-1 to V-12: M-1 to F-11; M-1 to V-10: M-1
to S-9; M-1 to P-8; M-1 to R-7; and M-1 to V-6 in SEQ ID NO:2;

(c) a polypeptide having an amino acid sequence of (a) plus a
methionine residue at the N-terminus;

(d) a polypeptide having an amino acid sequence of (b) plus a
methionine residue at the N-terminus;

(e) asubstitution variant having an amino acid sequence of (a)
except for one or more amino acid substitutions: wherein the amino acid sequence
of said variant is at least 95% identical to said amino acid sequence of (a); and

(H) asubstitution variant having an amino acid sequence of (b)
except for one or more amino acid substitutions: wherein the amino acid sequence

of said variant is at least 95% identical to said amino acid sequence of (b).

14, The deletion mutant of claim 13. which is (a).

15. The deletion mutant of claim 13. which is (b).

16. The deletion mutant of claim 13. which is (¢).
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17. The deletion mutant of claim 13. which is (d).
18. The deletion mutant of claim 13, which 1s (e).
19. The deletion mutant of claim 13, which is (f).

20. The isolated polypeptide of claim 13, wherein said AIM-II
5 polypeptide N-terminal or C-terminal deletion mutant is fused to an Fc

immunoglobulin polypeptide.

21. The isolated polypeptide of claim 20. wherein said Fc

immunoglobulin is fused at the C-terminal of said deletion mutant.

22.  The isolated polypeptide of claim 13, which is produced or

10 contained in a host cell.

23. The isolated polypeptide of claim 13, wherein said host cell is

insect, mammalian, or bacterial.

24.  The 1isolated polypeptide of claim 13, together with a

pharmaceutically acceptable carrier or excipient.

15 25.  The isolated polypeptide of claim 13, produced by a method
comprising:
(a) introducing a vector comprising a polynucleotide encoding
said polypeptide into a host cell;
(b) culturing said host cell; and

20 (c) recovering said polypeptide.



10

15

20

25

WO 99/42584 PCT/US99/03703
-163-

26. A method for producing a polypeptide comprising:
(a) culturing the host cell of claim 25 under conditions that said
vector is expressed: and

(b) recovering said polypeptide.

27.  An isolated antibody that binds specifically to an AIM I

polypeptide of claim 13.

28. A method for the treatment of a disease state in a patient selected
from the group consisting of:
(a) rheumatoid arthritis;
(b) osteoarthritis;
(c) allergic reaction;

(d) viral infection;

(e) Graves' disease;
(H autoimmune disease; and
(g) cancer;

wherein said method comprises administering to the patient a
therapeutically effective amount of the apoptosis inducing molecule I1 (AIM II)
polypeptide selected from the group consisting of:

(a) amino acids from about 1 to about 240 in SEQ ID NO:2;

(b) amino acids from about 2 to about 240 in SEQ ID NO:2;

(¢) the amino acid sequence encoded by the cDNA clone
contained in ATCC Deposit No. 97689;

(d) the amino acid sequence encoded by the cDNA clone
contained in ATCC Deposit No. 97483;

(e) the amino acid sequence of the extracellular domain of the

AIM II polypeptide:
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() the amino acid sequence of the transmembrane domain of
the AIM 11 polypeptide:

(2) the amino acid sequence of the intracellular domain of the
AIM 11 polypeptide;

(h) the amino acid sequence of a soluble AIM II polypeptide
having the all or part of the extracellular and intracellular domain but lacking the
transmembrane domain wherein the extracellular domain;

(1) a polypeptide comprises amino acid 83 to 240 in SEQ ID
NO:2: and

() the amino acid sequence of an epitope-bearing portion of

any one of the polypeptides of (a). (b). (¢). (d). (e). (f), (g), (h) or (1).

29.  Themethod of claim 28, wherein said polypeptide is administered

together with a pharmaceutically acceptable carrier or excipient.

30. A method for separating eukaryotic cells which bind an apoptosis
inducing molecule II (AIM II) polypeptide of claim 1 from eukaryotic cells which
do not bind said AIM II polypeptide comprising:

(a) contacting a mixed population of eukaryotic cells
comprising cells which bind said AIM 11 polypeptide and cells which do not bind
said AIM 1I polypeptide with said AIM II polypeptide;

(b) identifying cells which bind aid AIM 11 polypeptide; and

(c) separating cells which bind said AIM II polypeptide from
the cells which do not bind said AIM II polypeptide.

31. A method for diagnosis of adisorder in an individual. wherein said
disorder is related to the over expression or underexpression of an AIM I1 gene,

said method comprising:
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(a) measuring AIM II gene expression level in a biological
sample of said individual: and
(b) comparing the AIM II gene expression level of said
individual with a standard AIM II gene expression level;
wherein an increase or decrease in the AIM 11 gene expression level over

said standard is indicative of an AIM Il-related disorder.
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Figure 64
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Figure 6B
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Figure 7B
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Figure 8B
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FIGURE 8 ¢

Table 1. Expression of LTy, LTBR , TR2 and induction of cytotoxicity by LTy

Cell Lines LTy LTBR TR2 Growth Inhibition by
Expression’ Expression’ Expression’ LTY

MDA- - ++ ++ ++

MB-231

MCEF-7 | ++ ++ ! ++

HT-29 - +++ ++ ++

MC-3 , ++ o ;

U93T - - + -

MCF-10A | ++ + + )

PBMC? + : - + N

T-cells + - 4+ - B

TIL 1200 + - + -

Jurkat - - + -

I. Expression of LTY was determined by RT-PCR assay; expression of LTBR and TR2 was determined
by FACS analysis;

2. Cytotoxicity was carried out with 50ng/ml of LTY in the presence of 10 wml of IFNY. +: 30%
inhibition, ++:50% inhibition, +++:80% inhibition, -: less than 10% inhibition.
3. LTY was found only in activated PBMC not in resting PBMC.

21 /27



WO 99/42584 PCT/US99/03703

Figure 8D
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(1) APPLICANT: Human Genome Sciences, Inc.
9410 Key West Avenue
Rockville, MD 20850
United States of America

APPLICANTS/INVENTORS: Ebner, Reinhard
Yu, Guo-Liang
Ruben, Steven M.
Zhang, Jun
Ullrich, Stephen
Zhai, Yifan

(1i) TITLE OF INVENTION: Apoptosis Inducing Molecule II and Methods of Use
(iii) NUMBER OF SEQUENCES: 51

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Sterne, Kessler, Goldstein & Fox P.L.L.C.

(B) STREET: 1100 New York Ave., Suite 600
(C) CITY: Washington

(D) STATE: DC

(E) COUNTRY: USA

(F) ZIP: 20005-3934

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: To be assigned
(B) FILING DATE: Herewith
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 60/075,409
(B) FILING DATE: 20-FEB-1998

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 09/027,287
(B) FILING DATE: 20-FEB-1998

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Steffe, Eric K.
(B) REGISTRATION NUMBER: 36,688
(C) REFERENCE/DOCKET NUMBER: 1488.065PC06/EKS/SGW

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 202-371-2600
(B) TELEFAX: 202-371-2540
(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
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e

LENGTH: 1169 base pairs
TYPE: nucleic acid
STRANDEDNESS: both

A
B
C
D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (cDNA)

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 49..768

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
GAGGTTGAAG GACCCAGGCG TGTCAGCCCT GCTCCAGAGA CCTTGGGC ATG GAG GAG 57

Met Glu Glu
1

AGT GTC GTA CGG CCC TCA GTG TTT GTG GTG GAT GGA CAG ACC GAC ATC 105
Ser Val Val Arg Pro Ser Val Phe Vval Val Asp Gly Gln Thr Asp Ile
5 10 15

CCA TTC ACG AGG CTG GGA CGA AGC CAC CGG AGA CAG TCG TGC AGT GTG 153
Pro Phe Thr Arg Leu Gly Arg Ser His Arg Arg Gln Ser Cys Ser Val

20 25 30 35
GCC CGG GTG GGT CTG GGT CTC TTG CTG TTG CTG ATG GGG GCT GGG CTG 201
Ala Arg Val Gly Leu Gly Leu Leu Leu Leu Leu Met Gly Ala Gly Leu

40 45 50
GCC GTC CAA GGC TGG TTC CTC CTG CAG CTG CAC TGG CGT CTA GGA GAG 249
Ala Val Gln Gly Trp Phe Leu Leu Gln Leu His Trp Arg Leu Gly Glu
55 60 65
ATG GTC ACC CGC CTG CCT GAC GGA CCT GCA GGC TCC TGG GAG CAG CTG 297
Met Val Thr Arg Leu Pro Asp Gly Pro Ala Gly Ser Trp Glu Gln Leu
70 75 80
ATA CAA GAG CGA AGG TCT CAC GAG GTC AAC CCA GCA GCG CAT CTC ACA 345
Ile Gln Glu Arg Arg Ser His Glu Val Asn Pro Ala Ala His Leu Thr
85 90 95
GGG GCC AAC TCC AGC TTG ACC GGC AGC GGG GGG CCG CTG TTA TGG GAG 393
Gly Ala Asn Ser Ser Leu Thr Gly Ser Gly Gly Pro Leu Leu Trp Glu
100 105 110 115
ACT CAG CTG GGC CTG GCC TTC CTG AGG GGC CTC AGC TAC CAC GAT GGG 441
Thr Gln Leu Gly Leu Ala Phe Leu Arg Gly Leu Ser Tyr His Asp Gly
120 125 130
GCC CTT GTG GTC ACC AAA GCT GGC TAC TAC TAC ATC TAC TCC AAG GTG 489
Ala Leu Val Val Thr Lys Ala Gly Tyr Tyr Tyr Ile Tyr Ser Lys Val
135 140 145

CAG CTG GGC GGT GTG GGC TGC CCG CTG GGC CTG GCC AGC ACC ATC ACC 537

Gln Leu Gly Gly Vval Gly Cys Pro Leu Gly Leu Ala Ser Thr Ile Thr
150 155 160
CAC GGC CTC TAC AAG CGC ACA CCC CGC TAC CCC GAG GAG CTG GAG CTG 585

His Gly Leu Tyr Lys Arg Thr Pro Arg Tyr Pro Glu Glu Leu Glu Leu
165 170 175
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TTG
Leu
180

GTC
val

AGC
Ser

CAG
Gln

CAG
Gln

AGC
Ser

TCC
Ser

TCA
Sexr
185

ccc
Pro

TGC
Cys

GGA
Gly

CGG
Arg

GCC
Ala
190

ACC
Thr

AGC
Ser

CGG
Arg
195

633

GTC
Val

TGG
Trp

TGG
Trp

GAC
Asp

AGC
Ser
200

AGC
Serx

GTA
val

CAC
His

TTC
Phe

CTG
Leu

GGT
Gly

GGT
Gly
205

GTG
val

CTG
Leu

GAG
Glu
210

GCT
Ala

681

GGG
Gly

GAG
Glu

GAG
Glu

GTG
vVal
215

GTC
val

GTC
Val

CGA
Arg

CGT
Arg

GTG
val

CTG
Leu
220

GAT
Asp

GAA
Glu

CGC
Axrg

CTG
Leu

GTT
val
225

CTG
Leu

729

CGT
Arg

GAT
Asp

GGT
Gly
230

ACC
Thr

CGG
Arg

TCT
Ser

GTG
Val
240

TAC
Tyr

TTC
Phe
235

GGG
Gly

GCT
Ala

TTC
Phe

ATG
Met

TGAAGGAAGG 778

AGCGTGGTGC

AGAAAACTCA

GGAGGCCAAG

GCAAAACCCC

AATCCAGCTA

TGCAGTGAGC

TCAAAAAARN

ATTGGACATG

CGAAGCAGAG

GCAGGCGGAT

ATCTCTACTA

CTCAGGAGGC

CGAGATCACA

AAANAAAAAA

GGTCTGACAC

GCTGGGCGTG

CACCTGAGGT

AAAATACAAA

TGAGGCAGGA

CCACTGCACT

AAAAAAANRDD

GTGGAGAACT

GTGGCTCTCG

CAGGAGTTCG

AATTAGCCGG

TAATTTTGCT

CCAACCTGGG

A

CAGAGGGTGC

CCTGTAATCC

AGACCAGCCT

ACGTGGTGGT

TAAACCCGGG

AAMACGCAGTG

CTCAGGGGAA

CAGCACTTTG

GGCTAACATG

GCCTGCCTGT

AGGCGGAGGT

AGACTGTGCC

838

898

958

1018

1078

1138

1169

(2) INFORMATION FOR SEQ ID NO:2:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 240 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Met Glu Glu Ser Vval Val vVal Gln

1 5

Ser Val
10

Arg Pro Phe Val Asp Gly

15

Thr Ile Pro Phe Thr Leu Ser His Gln Ser

20

Asp Arg Gly

25

Arg Arg Arg

30
val Met
35

Ala Val Leu Leu

45

Leu Leu Leu Leu

40

Cys Ser Arg Gly Gly Gly

Ala Gln His

60

Gly Leu Ala Val Gln Phe Leu Leu Leu

50

Gly
55

Trp Trp Arg

Glu Val Thr Ala Ser

70

Leu Leu Pro Pro

65

Gly Met Arg Asp Gly

75

Gly Trp

80
Glu Ala
95

His Glu Val Asn Pro Ala

90

Gln Ile Gln

85

Leu Glu Arg Arg Ser

His Thr Ala Ser Leu Thr Ser Gly Pro Leu

105

Leu Gly Asn Ser

100

Gly Gly

110
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Leu Trp Glu Thr Gln Leu Gly Leu Ala Phe Leu Arg Gly Leu Ser Tyr
115 120 125

His Asp Gly Ala Leu Val Val Thr Lys Ala Gly Tyr Tyr Tyr Ile Tyr
130 135 140

Ser Lys Val Gln Leu Gly Gly Val Gly Cys Pro Leu Gly Leu Ala Ser
145 150 155 160

Thr Ile Thr His Gly Leu Tyr Lys Arg Thr Pro Arg Tyr Pro Glu Glu
165 170 175

Leu Glu Leu Leu Val Ser Gln Gln Ser Pro Cys Gly Arg Ala Thr Ser
180 185 190

Ser Ser Arg Val Trp Trp Asp Ser Ser Phe Leu Gly Gly Val Val His
195 200 205

Leu Glu Ala Gly Glu Glu Val Vval val Arg Val Leu Asp Glu Arg Leu
210 215 220

Val Arg Leu Arg Asp Gly Thr Arg Ser Tyr Phe Gly Ala Phe Met Val
225 230 235 240
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 455 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu Leu
1 5 10 15

Glu Leu Leu Val Gly Ile Tyr Pro Ser Gly Val Ile Gly Leu Val Pro
20 25 30

His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro Gln Gly Lys
35 40 45

Tyr Ile His Pro Gln Asn Asn Ser Ile Cys Cys Thr Lys Cys His Lys
50 55 60

Gly Thr Tyr Leu Tyr Asn Asp Cys Pro Gly Pro Gly Gln Asp Thr Asp
Cys Arg Glu Cys Glu Ser Gly Ser Phe Thr Ala Ser Glu Asn His Leu
85 90 95

Arg His Cys Leu Ser Cys Ser Lys Cys Arg Lys Glu Met Gly Gln Vval
100 105 110

Glu Ile Ser Ser Cys Thr Val Asp Arg Asp Thr Val Cys Gly Cys Arg
115 120 125
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Lys Asn Gln Tyr Arg His Tyr Trp Ser Glu Asn Leu Phe Gln Cys Phe
130 135 140

Asn Cys Ser Leu Cys Leu Asn Gly Thr Val His Leu Ser Cys Gln Glu
145 150 155 160

Lys Gln Asn Thr Val Cys Thr Cys His Ala Gly Phe Phe Leu Arg Glu
165 170 175

Asn Glu Cys Val Ser Cys Ser Asn Cys Lys Lys Ser Leu Glu Cys Thr
180 185 190

Lys Leu Cys Leu Pro Gln Ile Glu Asn Val Lys Gly Thr Glu Asp Ser
195 200 205

Gly Thr Thr Val Leu Leu Pro Leu Val Ile Phe Phe Gly Leu Cys Leu
210 215 220

Leu Ser Leu Leu Phe Ile Gly Leu Met Tyr Arg Tyr Gln Arg Trp Lys
225 230 235 240

Ser Lys Leu Tyr Ser Ile Val Cys Gly Lys Ser Thr Pro Glu Lys Glu
245 250 255

Gly Glu Leu Glu Gly Thr Thr Thr Lys Pro Leu Ala Pro Asn Pro Ser
260 265 270

Phe Ser Pro Thr Pro Gly Phe Thr Pro Thr Leu Gly Phe Ser Pro Val
275 280 285

Pro Ser Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr Pro Gly Asp Cys
290 295 300

Pro Asn Phe Ala Ala Pro Arg Arg Glu Val Ala Pro Pro Tyr Gln Gly
305 310 315 320

Ala Asp Pro Ile Leu Ala Thr Ala Leu Ala Ser Asp Pro Ile Pro Asn
325 330 335

Pro Leu Gln Lys Trp Glu Asp Ser Ala His Lys Pro Gln Ser Leu Asp
340 345 350

Thr Asp Asp Pro Ala Thr Leu Tyr Ala Val Val Glu Asn Val Pro Pro
355 360 365

Leu Arg Trp Lys Glu Phe Val Arg Arg Leu Gly Leu Ser Asp His Glu
370 375 380

Ile Asp Arg Leu Glu Leu Gln Asn Gly Arg Cys Leu Arg Glu Ala Gln
385 390 395 400

Tyr Ser Met Leu Ala Thr Trp Arg Arg Arg Thr Pro Arg Arg Glu Ala
405 410 415

Thr Leu Glu Leu Leu Gly Arg Val Leu Arg Asp Met Asp Leu Leu Gly
420 425 430

Cys Leu Glu Asp Ile Glu Glu Ala Leu Cys Gly Pro Ala Ala Leu Pro
435 440 445

Pro Ala Pro Ser Leu Leu Arg
450 455
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(2) INFORMATION FOR SEQ ID NO:4:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 205 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Met Thr Pro Pro Glu Arg Leu Phe Leu Pro Arg Val Cys Gly Thr Thr
1 5 10 15

Leu His Leu Leu Leu Leu Gly Leu Leu Leu Val Leu Leu Pro Gly Ala
20 25 30

Gln Gly Leu Pro Gly Val Gly Leu Thr Pro Ser Ala Ala Gln Thr Ala
35 40 45

Arg Gln His Pro Lys Met His Leu Ala His Ser Thr Leu Lys Pro Ala
50 55 60

Ala His Leu Ile Gly Asp Pro Ser Lys Gln Asn Ser Leu Leu Trp Arg
65 70 75 80

Ala Asn Thr Asp Arg Ala Phe Leu Gln Asp Gly Phe Ser Leu Ser Asn
Asn Ser Leu Leu Val Pro Thr Ser Gly Ile Tyr Phe Val Tyr Ser Gln
100 105 110

val Val Phe Ser Gly Lys Ala Tyr Ser Pro Lys Ala Thr Ser Ser Pro
115 120 125

Leu Tyr Leu Ala His Glu Val Gln Leu Phe Ser Ser Gln Tyr Pro Phe
130 135 140

His Val Pro Leu Leu Ser Ser Gln Lys Met Val Tyr Pro Gly Leu Gln
145 150 155 160

Glu Pro Trp Leu His Ser Met Tyr His Gly Ala Ala Phe Gln Leu Thr
165 170 175

Gln Gly Asp Gln Leu Ser Thr His Thr Asp Gly Ile Pro His Leu Val
180 185 190

Leu Ser Pro Ser Thr Val Phe Phe Gly Ala Phe Ala Leu
195 200 205

(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 205 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Met Thr Pro Pro Glu Arg Leu Phe Leu Pro Arg Val Cys Gly Thr Thr
1 5 10 15

Leu His Leu Leu Leu Leu Gly Leu Leu Leu Val Leu Leu Pro Gly Ala
20 25 30

Gln Gly Leu Pro Gly Val Gly Leu Thr Pro Ser Ala Ala Gln Thr Ala
35 40 45

Arg Gln His Pro Lys Met His Leu Ala His Ser Thr Leu Lys Pro Ala
50 55 60

Ala His Leu Ile Gly Asp Pro Ser Lys Gln Asn Ser Leu Leu Trp Arg
65 70 75 80

Ala Asn Thr Asp Arg Ala Phe Leu Gln Asp Gly Phe Ser Leu Ser Asn
85 90 95

Asn Ser Leu Leu Val Pro Thr Ser Gly Ile Tyr Phe Val Tyr Ser Gln
100 105 110

vVal Val Phe Ser Gly Lys Ala Tyr Ser Pro Lys Ala Thr Ser Ser Pro
115 120 125

Leu Tyr Leu Ala His Glu Val Gln Leu Phe Ser Ser Gln Tyr Pro Phe
130 135 140

His Val Pro Leu Leu Ser Ser Gln Lys Met Val Tyr Pro Gly Leu Gln
145 150 155 160

Glu Pro Trp Leu His Ser Met Tyr His Gly Ala Ala Phe Gln Leu Thr
165 170 175

Gln Gly Asp Gln Leu Ser Thr His Thr Asp Gly Ile Pro His Leu Val
180 185 190

Leu Ser Pro Ser Thr Val Phe Phe Gly Ala Phe Ala Leu
195 200 205

(2) INFORMATION FOR SEQ ID NO:6:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 281 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Met Gln Gln Pro Phe Asn Tyr Pro Tyr Pro Gln Ile Tyr Trp Val Asp
1 5 10 15

Ser Ser Ala Ser Ser Pro Trp Ala Pro Pro Gly Thr Vval Leu Pro Cys
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20 25 30

Pro Thr Ser Val Pro Arg Arg Pro Gly Gln Arg Arg Pro Pro Pro Pro
35 40 45

Pro Pro Pro Pro Pro Leu Pro Pro Pro Pro Pro Pro Pro Pro Leu Pro
50 55 60

Pro Leu Pro Leu Pro Pro Leu Lys Lys Arg Gly Asn His Ser Thr Gly
65 70 75 80

Leu Cys Leu Leu Val Met Phe Phe Met Val Leu Val Ala Leu Val Gly
85 90 95

Leu Gly Leu Gly Met Phe Gln Leu Phe His Leu Gln Lys Glu Leu Ala
100 105 110

Glu Leu Arg Glu Ser Thr Ser Gln Met His Thr Ala Ser Ser Leu Glu
115 120 125

Lys Gln Ile Gly His Pro Ser Pro Pro Pro Glu Lys Lys Glu Leu Arg
130 135 140

Lys Val Ala His Leu Thr Gly Lys Ser Asn Ser Arg Ser Met Pro Leu
145 150 155 160

Glu Trp Glu Asp Thr Tyr Gly Ile Val Leu Leu Ser Gly Val Lys Tyr
165 170 175

Lys Lys Gly Gly Leu Val Ile Asn Glu Thr Gly Leu Tyr Phe Val Tyr
180 185 190

Ser Lys Val Tyr Phe Arg Gly Gln Ser Cys Asn Asn Leu Pro Leu Ser
195 200 205

His Lys Vval Tyr Met Arg Asn Ser Lys Tyr Pro Gln Asp Leu Val Met
210 215 220

Met Glu Gly Lys Met Met Ser Tyr Cys Thr Thr Gly Gln Met Trp Ala
225 230 235 240

Arg Ser Ser Tyr Leu Gly Ala Val Phe Asn Leu Thr Ser Ala Asp His
245 250 255

Leu Tyr Val Asn Val Ser Glu Leu Ser Leu Val Asn Phe Glu Glu Ser
260 265 270

Gln Thr Phe Phe Gly Leu Tyr Lys Leu
275 280

(2) INFORMATION FOR SEQ ID NO:7:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
GCGGGATCCG GAGAGATGGT CACC 24
(2) INFORMATION FOR SEQ ID NO:8:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
CGCAAGCTTC CTTCACACCA TGAAAGC 27
(2) INFORMATION FOR SEQ ID NO:9:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
GACCGGATCC ATGGAGGAGA GTGTCGTACG GC 32
(2) INFORMATION FOR SEQ ID NO:10:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
CGCAAGCTTC CTTCACACCA TGAAAGC 27
(2) INFORMATION FOR SEQ ID NO:11:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 40 base pairs

B) TYPE: nucleic acid

C) STRANDEDNESS: single

(
(
(D) TOPOLOGY: linear
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(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
GCTCCAGGAT CCGCCATCAT GGAGGAGAGT GTCGTACGGC
(2) INFORMATION FOR SEQ ID NO:12:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

GACGCGGTAC CGTCCAATGC ACCACGCTCC TTCCTTC

(2) INFORMATION FOR SEQ ID NO:13:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 40 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

GAGCTCGGAT CCGCCATCAT GGAGGAGAGT GTCGTACGGC

(2) INFORMATION FOR SEQ ID NO:14:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 71 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:14:

GATGTTCTAG AAAGCGTAGT CTGGGACGTC GTATGGGTAC ACCATGAAAG

PCT/US99/03703

40

37

40

CCCCGAAGTA 60
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AGACCGGGTA C
(2) INFORMATION FOR SEQ ID NO:15:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 40 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

GCTCCAGGAT CCGCCATCAT GGAGGAGAGT GTCGTACGGC
(2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

GACGCGGTAC CGTCCAATGC ACCACGCTCC TTCCTTC
(2) INFORMATION FOR SEQ ID NO:17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

GACGCCCATG GAGGAGGAGA GTGTCGTACG GC
(2) INFORMATION FOR SEQ ID NO:18:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

PCT/US99/03703

71

40

37

32
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(xi)

SEQUENCE DESCRIPTION:

-12-

SEQ ID NO:18:

GACCGGATCC CACCATGAAA GCCCCGAAGT AAG

(2)

(i)

(11)

(x1i)

MOLECULE TYPE:

INFORMATION FOR SEQ ID NO:19:

cDNA

CGCAAGCTTC CTTCACACCA TGAAAGC

(2)
(1)

{
(
(

(ii)

(xi)

LENGTH:
B) TYPE:

MOLECULE TYPE:

INFORMATION FOR SEQ ID NO:20:

SEQUENCE CHARACTERISTICS:
LENGTH: 27 base pairs
) TYPE: nucleic acid
) STRANDEDNESS:

) TOPOLOGY: linear

single

SEQUENCE DESCRIPTION: SEQ ID NO:19:

SEQUENCE CHARACTERISTICS:
(A)

503 base pairs

nucleic acid
C) STRANDEDNESS:
D) TOPOLOGY: linear

cDNA

single

SEQUENCE DESCRIPTION: SEQ ID NO:20:

AATTCCCCGG GACCGGNTGG GTCTGGGTCT CTTGCTGTTG

CGTNCAAGGC
GCCTGAACGG
CAACCCAGCA
TTTATGGGAG
CCCTTNTGGT
TGTTGGGTTG
AAADCCGGTT
GGNCANAAAA

(2)

(1)

(B)

TGGTTCCTCC

ACCTGCAGGC

GCGCATCTCA

ACTCAGCTGG

NACCAAAGTT

CCCNCTGGGG

AACNCGAGGN

AATNCNGGTG

LENGTH:

TGCAGCTGCA

TCCTGGGAGC

CAGGGGCCAA

GNCTGGNCTT

GGGTACTACT

CTNGGGNAAA

AGNTGGAGTT

NTT

INFORMATION FOR SEQ ID NO:21:

CTGGNGTCTA

AGCTGATACA

CTCCAGCTTG

CCTGAGGGGT

NACAACTTAT

AANNANAAAN

TTTGGTTNAA

SEQUENCE CHARACTERISTICS:
(A)

26 base pairs

TYPE: nucleic acid

CTGATGGGGG

GGNGAGATGG

AGAGCGANGT

ACCGGCAGCG

NTCANCTACC

TNCAAGNGGC

NAAGGGCTTT

NCATGATTAA

PCT/US99/03703

CCGGGCTGGN

TCACCCGCCT

CTCACGAGGT

GGGGGCCGCT

ACGATGGGGN

AGTTGGGCGG

TAAAANGGGG

ACCTGGGNAG

33

27

60

120

180

240

300

360

420

480

503
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(c)
(D)

(ii)

(x1)

GGGGGATCCA TGGTCACCCG CCTGCC

(2)

(1)

(ii)

(x1i)

GGGAAGCTTC ACCATGAAAG CCCCG

(2)

(1)

(B)
(B)
(c)
(D)

(ii)

(x1)

GGGCCATGGA TGGTCACCCG CCTGCC

(2)

(1)
(A)
(B)
(C)
(D)

(ii) MOLECULE TYPE:

(x1)

GGGCCATGGG CCAACTCCAG CTTGACC

SEQUENCE DESCRIPTION:

MOLECULE TYPE:

SEQUENCE DESCRIPTION:

MOLECULE TYPE:

PCT/US99/03703

-13-
STRANDEDNESS: single
TOPOLOGY: linear

MOLECULE TYPE: cDNA

SEQ ID NO:21:

26

INFORMATION FOR SEQ ID NO:22:

SEQUENCE CHARACTERISTICS:

LENGTH: 25 base pairs
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

cDNA

SEQ ID NO:22:

25

INFORMATION FOR SEQ ID NO:23:

SEQUENCE CHARACTERISTICS:

LENGTH: 26 base pairs
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

cDNA

SEQUENCE DESCRIPTION: SEQ ID NO:23:

26

INFORMATION FOR SEQ ID NO:24:

SEQUENCE CHARACTERISTICS:

LENGTH: 27 base pairs
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

CcDNA

SEQUENCE DESCRIPTION: SEQ ID NO:24:

27
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(2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 231 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:
GGGGGATCCC GCAGCTGCAC TGGCGTCTAG G
(2) INFORMATION FOR SEQ ID NO:26:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:26:
GGGTCTAGAC ACCATGAAAG CCCCG
(2) INFORMATION FOR SEQ ID NO:27:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:

CGCGGATCCC TCCTGGGAGC AGCTGATAC

(2) INFORMATION FOR SEQ ID NO:28:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

PCT/US99/03703

31

25

29
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:
GGECGGGATCCT GACACCATGA AAGCCCCG 28
(2) INFORMATION FOR SEQ ID NO:29:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:
CGCGEGATCCT CACACCATGA AAGC 24
(2) INFORMATION FOR SEQ ID NO:30:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
GGGGCGATCCC ACCATGAAAG CCCCG 25
(2) INFORMATION FOR SEQ ID NO:31:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 733 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:

GGGATCCGGA GCCCAAATCT TCTGACAAAA CTCACACATG CCCACCGTGC CCAGCACCTG 60
AATTCGAGGG TGCACCGTCA GTCTTCCTCT TCCCCCCARA ACCCAAGGAC ACCCTCATGA 120
TCTCCCGGAC TCCTGAGGTC ACATGCGTGG TGGTGGACGT AAGCCACGAA GACCCTGAGG 180

TCAAGTTCAA CTGGTACGTG GACGGCGTGG AGGTGCATAA TGCCAAGACA ADGCCGCGGG 240
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AGGAGCAGTA
GGCTGAATGG
AGAAAACCAT
CATCCCGGGA
ATCCARAGCGA
CCACGCCTCC
ACAAGAGCAG
ACAACCACTA
GACTCTAGAG
(2)
(1)

(

(

(

(

(ii)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:

CAACAGCACG

CAAGGAGTAC

CTCCARAGCC

TGAGCTGACC

CATCGCCGTG

CGTGCTGGAC

GTGGCAGCAG

CACGCAGAAG

GAT

A)
B)

LENGTH:

D)

MOLECULE TYPE:

TACCGTGTGG

AAGTGCAAGG

ARAGGGCAGC

AAGAACCAGG

GAGTGGGAGA

TCCGACGGCT

GGGAACGTCT

AGCCTCTCCC

INFORMATION FOR SEQ ID NO:32:

-16-
TCAGCGTCCT
TCTCCAACAA
CCCGAGAACC
TCAGCCTGAC
GCAATGGGCA
CCTTCTTCCT
TCTCATGCTC

TGTCTCCGGG

SEQUENCE CHARACTERISTICS:

36 base pairs

TYPE: nucleic acid
C) STRANDEDNESS:
TOPOLOGY: linear

cDNA

single

GGGATCGACG CCATCATGGA GGAGAGTGTC GTACGG

(2)
(1)

(

(
{
(

(ii)

(x1)

A) LENGTH:

B)

C) STRANDEDNESS:
D)

MOLECULE TYPE:

SEQUENCE DESCRIPTION:

INFORMATION FOR SEQ ID NO:33:

SEQUENCE CHARACTERISTICS:

34 base pairs

TYPE: nucleic acid
single
TOPOLOGY: linear

CcDNA

SEQ ID NO:33:

GGGECGGECCGE CGCCTTCACA CCATGAAAGC CCCG

(2)
(1)

(B)
(c)

LENGTH:

INFORMATION FOR SEQ ID NO:34:

SEQUENCE CHARACTERISTICS:
()

38 base pairs

TYPE: nucleic acid
STRANDEDNESS :

(D) TOPOLOGY: linear

(ii)

MOLECULE TYPE:

cDNA

single

CACCGTCCTG
AGCCCTCCCA
ACAGGTGTAC
CTGCCTGGTC
GCCGGAGRAC
CTACAGCAAG
CGTGATGCAT

TAAATGAGTG

PCT/US99/03703

CACCAGGACT

ACCCCCATCG

ACCCTGCCCC

AAAGGCTTCT

AACTACAAGA

CTCACCGTGG

GAGGCTCTGC

CGACGGCCGC

300

360

420

480

540

600

660

720

733

36

34
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:
GGGBGCGGCCG CGCCATCATG GAGGAGAGTG TCGTACGG
(2) INFORMATION FOR SEQ ID NO:35:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:
GGGGTCGACG CCTTCACACC ATGAAAGCCC CG
(2) INFORMATION FOR SEQ ID NO:36:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 93 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:
GEGGCEGECCE CGCCATCATG AAGGTCTCCG TGGCTGECCCT CTCCTGCCTC ATGCTTGTTA
CTGCCCTTGG ATCGCAGGCA GCTGCACTGG CGT
(2) INFORMATION FOR SEQ ID NO:37:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:
GGGGTCGACT CACACCATGA AAGCCCCG
(2) INFORMATION FOR SEQ ID NO:38:

(i) SEQUENCE CHARACTERISTICS:

38

32

60

93

28
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LENGTH: 1017 base pairs
TYPE: nucleic acid
STRANDEDNESS: both
TOPOLOGY: linear

A
B
C
D

" e

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..625

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:

ATT CCC CGG GCC CGG GTG GGT CTG GGT CTC TTG CTG TTG CTG ATG GGG 48
Ile Pro Arg Ala Arg Val Gly Leu Gly Leu Leu Leu Leu Leu Met Gly
1 5 10 15
GCC GGG CTG GCC GTC CAA GGC TGG TTC CTC CTG CAG CTG CAC TGG CGT 96
Ala Gly Leu Ala Val Gln Gly Trp Phe Leu Leu Gln Leu His Trp Arg
20 25 30
CTA GGA GAG ATG GTC ACC CGC CTG CCT GAC GGA CCT GCA GGC TCC TGG 144
Leu Gly Glu Met Val Thr Arg Leu Pro Asp Gly Pro Ala Gly Ser Trp
35 40 45
GAG CAG CTG ATA CAA GAG CGA AGG TCT CAC GAG GTC AAC CCA GCA GCG 192
Glu Gln Leu Ile Gln Glu Arg Arg Ser His Glu Val Asn Pro Ala Ala
50 55 60
CAT CTC ACA GGG GCC AAC TCC AGC TTG ACC GGC AGC GGG GGG CCG CTG 240
His Leu Thr Gly Ala Asn Ser Ser Leu Thr Gly Ser Gly Gly Pro Leu
65 70 75 80
TTA TGG GAG ACT CAG CTG GGC CTG GCC TTC CTG AGG GGC CTC AGC TAC 288
Leu Trp Glu Thr Gln Leu Gly Leu Ala Phe Leu Arg Gly Leu Ser Tyr
85 90 95
CAC GAT GGG GCC CTT GTG GTC ACC AAA GCT GGC TAC TAC TAC ATC TAC 336
His Asp Gly Ala Leu Val Vval Thr Lys Ala Gly Tyr Tyr Tyr Ile Tyr
100 105 110
TCC AAG GTG CAG CTG GGC GGT GTG GGC TGC CCG CTG GGC CTG GCC AGC 384
Ser Lys Val Gln Leu Gly Gly Val Gly Cys Pro Leu Gly Leu Ala Ser
115 120 125
ACC ATC ACC CAC GGC CTC TAC AAG CGC ACA CCC CGC TAC CCC GAG GAG 432
Thr Ile Thr His Gly Leu Tyr Lys Arg Thr Pro Arg Tyr Pro Glu Glu
130 135 140
CTG GAG CTG TTG GTC AGC CAG CAG TCA CCC TGC GGA CGG GCC ACC AGC 480
Leu Glu Leu Leu Val Ser Gln Gln Ser Pro Cys Gly Arg Ala Thr Ser
145 150 155 160
AGC TCC CGG GTC TGG TGG GAC AGC AGC TTC CTG GGT GGT GTG GTA CAC 528
Ser Ser Arg Val Trp Trp Asp Ser Ser Phe Leu Gly Gly Val Val His
165 170 175
CTG GAG GCT GGG GAG GAG GTG GTC GTC CGT GTG CTG GAT GAA CGC CTG 576

Leu Glu Ala Gly Glu Glu Val val val Arg Val Leu Asp Glu Arg Leu
180 185 190
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GTT CGA CTG CGT GAT GGT ACC CGG TCT TAC TTC
Val Arg Leu Arg Asp Gly Thr Arg Ser Tyr Phe

195

GAAGGAAGGA

TCAGGGGAAA

AGCACTTTGG

GCTAACATGG

CCTGCCTGTA

GGCGGAGGTT

GACTGTGCCT

GCGTGGTGCA

GAAAACTCAC

GAGGCCAAGG

CAARACCCCA

ATCCAGCTAC

GCAGTGAGCC

CAAARAARAAC

200

TTGGACATGG

GAAGCAGAGG

CAGGCGGATC

TCTCTACTAA

TCAGGAGGCT

GAGATCACAC

AAADAADAAA

GTCTGACACG

CTGGGCGTGG

ACCTGAGGTC

ARATACAARAA

GAGGCAGGAT

CACTGCACTC

AR

PCT/US99/03703

GGG GCT TTC ATG GTG T
Gly Ala Phe Met Vval

205

TGGAGAACTC

TGGCTCTCGC

AGGAGTTCGA

ATTAGCCGGA

AATTTTGCTT

CAACCTGGGA

AGAGGGTGCC

CTGTAATCCC

GACCAGCCTG

CGTGGTGGTG

AAACCCGGGA

AACGCAGTGA

625

685

745

805

865

925

985

1017

(2) INFORMATION FOR SEQ ID NO:39:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 208 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
MOLECULE

(ii) TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:

Met
15

Ile Pro Arg Ala Arg Leu Leu Leu Leu

1 5

Val Gly Leu Gly Leu

10

Gly

His
30

Ala Ala

20

Gly Val Gln Phe Gln Leu

25

Leu Gly Trp Leu Leu Trp Arg

Val Thr Ala

45

Glu
35

Met Leu Pro Pro Gly Ser

40

Leu Gly Arg Asp Gly Trp

Glu Glu val Ala

60

Gln Ile Gln

50

Leu Arg Ser His Glu Asn Pro Ala

55

Arg

Thr Ala Thr Ser Pro Leu

80

Asn Ser Ser Leu

70

His Leu

65

Gly Gly

75

Gly Gly

Glu Thr Gln

85

Ser
95

Ala Phe Leu

90

Leu Trp Leu Gly Leu Leu Arg Gly Tyr

Ala
100

His Asp Gly Leu Val Val Thr Lys Ala Ile

105

Gly Tyr Tyr Tyr

110

Tyr

val
115

Gln Val

120

Ser Leu Gly Pro Leu Gly Leu Ala Ser

125

Lys Gly Gly Cys

Thr Ile His Leu Thr Pro Pro Glu Glu

130

Thr Gly Tyr

135

Lys Arg Arg

140

Tyr

Glu val Gln Gln Gly Ala Thr Ser

160

Ser Ser Pro

150

Leu Leu

145

Leu Cys

155

Axrg

Val Phe Val His

170

Gly Gly Val

175

Ser Ser Arg Trp Ser Ser Leu

165

Trp Asp
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Leu Glu Ala Gly Glu Glu Val Vval val Arg Val Leu Asp Glu Arg Leu

180 185

190

Val Arg Leu Arg Asp Gly Thr Arg Ser Tyr Phe Gly Ala Phe Met Val

195 200

(2) INFORMATION FOR SEQ ID NO:40:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 43 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:40:
GACAGTGGAT CCGCCACCAT GGTCACCCGC CTGCCTGACG GAC
(2) INFORMATION FOR SEQ ID NO:41:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:41:
CGCGGATCCT GGGAGCAGCT GATAC
{2) INFORMATION FOR SEQ ID NO:42:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:

CGCCATATGA CCCGCCTGCC TGACG
(2) INFORMATION FOR SEQ ID NO:43:

(1) SEQUENCE CHARACTERISTICS:

() LENGTH: 28 base pairs

205

43

25

25
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(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:
CGCCATATGA GCTGGGAGCA GCTGATAC 28
(2) INFORMATION FOR SEQ ID NO:44:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:44:
CGCCATATGA GCAGCTTGAC CGGCAGCG 28
(2) INFORMATION FOR SEQ ID NO:45:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:

CGCGGTACCT TACACCATGA AAGCCCCG 28

(2) INFORMATION FOR SEQ ID NO:46:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46:
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Gly Leu Tyr Leu Ile Tyr Ser Gln Val Leu Phe
1 5 10

(2) INFORMATION FOR SEQ ID NO:47:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:47:

Gly Tyr Tyr Tyr Ile Tyr Ser Lys Val Gln Leu
1 5 10

(2) INFORMATION FOR SEQ ID NO:48:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:48:
CGGGATCCAT GCTCCTGCCT TGGGCCAC 28
(2) INFORMATION FOR SEQ ID NO:49:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49:
GCGGATCCTG GGGGCAGTGG CTCTAATGG 29
(2) INFORMATION FOR SEQ ID NO:50:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 3974 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: both
(D) TOPOLOGY: both

(ii) MOLECULE TYPE: cDNA
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(x1)
GGTACCTAAG
GGTCATAGCT
CCGGAAGCAT
CGTTGCGCTC
TCGGCCAACG
CTGACTCGCT
TAATACGGTT
AGCAAAAGGC
CCCCTGACGA
TATAAAGATA
TGCCGCTTAC
GCTCACGCTG
ACGAACCCCC
ACCCGGTAAG
CGAGGTATGT
GAAGAACAGT
GTAGCTCTTG
AGCAGATTAC
CTGACGCTCA
CAATTCGCGC
ACCTTTCGCG
AAACCAGTAA
CGCGTGGTGA
ATGGCGGAGC
TTGCTGATTG
GCGATTAAAT
AGCGGCGTCG
CTGATCATTA

AATGTTCCGG

TGAGTAGGGC

GTTTCCTGTG

AAAGTGTAAA

ACTGCCCGCT

CGCGGGGAGA

GCGCTCGGTC

ATCCACAGAA

CAGGAACCGT

GCATCACAAA

CCAGGCGTTT

CGGATACCTG

TAGGTATCTC

CGTTCAGCCC

ACACGACTTA

AGGCGGTGCT

ATTTGGTATC

ATCCGGCARAA

GCGCAGAAAA

GTGGAACGAA

GCGAAGGCGA

GTATGGCATG

CGTTATACGA

ACCAGGCCAG

TGAATTACAT

GCGTTGCCAC

CTCGCGCCGA

AAGCCTGTAA

ACTATCCGCT

CGTTATTTCT

GTCCGATCGA

TGAAATTGTT

GCCTGGGGTG

TTCCAGTCGG

GGCGGTTTGC

GTTCGGCTGC

TCAGGGGATA

AARDMAGGCCG

AATCGACGCT

CCCCCTGGAA

TCCGCCTTTC

AGTTCGGTGT

GACCGCTGCG

TCGCCACTGG

ACAGAGTTCT

TGCGCTCTGC

CAAACCACCG

AAAGGATCTC

AACTCACGTT

AGCGGCATGC

ATAGCGCCCG

TGTCGCAGAG

CCACGTTTCT

TCCCAACCGC

CTCCAGTCTG

TCAACTGGGT

AGCGGCGGTG

GGATGACCAG

TGATGTCTCT

SEQUENCE DESCRIPTION: SEQ ID NO:50:

CGGACGCCTT

ATCCGCTCAC

CCTAATGAGT

GAAACCTGTC

GTATTGGGCG

GGCGAGCGGT

ACGCAGGAAA

CGTTGCTGGC

CAAGTCAGAG

GCTCCCTCGT

TCCCTTCGGG

AGGTCGTTCG

CCTTATCCGG

CAGCAGCCAC

TGAAGTGGTG

TGAAGCCAGT

CTGGTAGCGG

AAGAAGATCC

AAGGGATTTT

ATTTACGTTG

GAAGAGAGTC

TATGCCGGTG

GCGAAAACGC

GTGGCACAAC

GCCCTGCACG

GCCAGCGTGG

CACAATCTTC

GATGCCATTG

GACCAGACAC

TTTTTTGAAT

AATTCCACAC

GAGCTAACTC

GTGCCAGCTG

CTCTTCCGCT

ATCAGCTCAC

GAACATGTGA

GTTTTTCCAT

GTGGCGAARAC

GCGCTCTCCT

AAGCGTGGCG

CTCCAAGCTG

TAACTATCGT

TGGTAACAGG

GCCTAACTAC

TACCTTCGGA

TGGTTTTTTT

TTTGATCTTT

GGTCATGAGA

ACACCATCGA

AATTCAGGGT

TCTCTTATCA

GGGAAAAAGT

AACTGGCGGG

CGCCGTCGCA

TGGTGTCGAT

TCGCGCAACG

CTGTGGAAGC

CCATCAACAG

PCT/US99/03703

TCGTAATCAT

AACATACGAG

ACATTAATTG

CATTAATGAA

TCCTCGCTCA

TCAAAGGCGG

GCAAAAGGCC

AGGCTCCGCC

CCGACAGGAC

GTTCCGACCC

CTTTCTCATA

GGCTGTGTGC

CTTGAGTCCA

ATTAGCAGAG

GGCTACACTA

AAAAGAGTTG

GTTTGCAAGC

TCTACGGGGT

TTATCGTCGA

ATGGTGCAAA

GGTGAATGTG

GACCGTTTCC

GGAAGCGGCG

CAAACAGTCG

AATTGTCGCG

GGTAGAACGA

CGTCAGTGGG

TGCCTGCACT

TATTATTTTC
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TCCCATGAAG

ATCGCGCTGT

CATAAATATC

GCCATGTCCG

ATGCTGGTTG

CTGCGCGTTG

TATATCCCGC

GACCGCTTGC

TCACTGGTGA

TTGGCCGATT

GCGCAACGCA

CCACTCCTGC

GACGGATTTG

CCAACTCGCG

CTGGAGGATC

GGCGGCGGTG

GAACCCCAGA

GAATCGGGAG

TCTTCAGCAA

CGGCCACAGT

GCATCGCCAT

AACAGTTCGG

CCGGCTTCCA

CAGGTAGCCG

TCGGCAGGAG

CAGTCCCTTC

GCCAGCCACG

GTCTTGACAA

CAGCCGATTG

GAACCTGCGT

TCAGATCTTG

ACGGTACGCG

TAGCGGGCCC

TCACTCGCAA

GTTTTCAACA

CCAACGATCA

GTGCGGATAT

CGTTAACCAC

TGCAACTCTC

AAAGAAAAAC

CATTAATGCA

ATTAATGTAA

AGTTCGGGGG

CACTGCCGGT

AGGGGATCGA

ATCCAGCCGG

GAATCGAAAT

GTCCCGCTCA

CGGCGATACC

TATCACGGGT

CGATGAATCC

GGGTCACGAC

CTGGCGCGAG

TCCGAGTACG

GATCAAGCGT

CAAGGTGAGA

CCGCTTCAGT

ATAGCCGCGC

AAAGAACCGG

TCTGTTGTGC

GCAATCCATC

ATCCCCTGCG

ACTGGGCGTG

ATTAAGTTCT

TCAAATTCAG

AACCATGCAA

GATGGCGCTG

CTCGGTAGTG

CATCAAACAG

TCAGGGCCAG

CACCCTGGCG

GCTGGCACGA

GTTAGCGCGA

CATGGATGCG

AGAACTCCGC

GCCCGGGGTG

CGTCCCGGAA

CTCGTGATGG

GAAGAACTCG

GTAAAGCACG

AGCCAACGCT

AGAAAAGCGG

GAGATCCTCG

CCCCTGATGC

TGCTCGCTCG

ATGCAGCCGC

TGACAGGAGA

GACAACGTCG

TGCCTCGTCC

GCGCCCCTGC

CCAGTCATAG

TTGTTCAATC

CCATCAGATC

D4
GAGCATCTGG
GTCTCGGCGC
CCGATAGCGG
ATGCTGAATG
GGCGCAATGC
GGATACGACG
GATTTTCGCC
GCGGTGAAGG
CCCAATACGC
CAGGTTTCCC
ATTGTCGACC
CGGATAGCCG
GAGGTCGTCC
GGCGAAGAAC
AACGATTCCG
CAGGTTGGGC
TCAAGAAGGC
AGGAAGCGGT
ATGTCCTGAT
CCATTTTCCA
CCGTCGGGCA
TCTTCGTCCA
ATGCGATGTT
CGCATTGCAT
TCCTGCCCCG
AGCACAGCTG
TGCAGTTCAT
GCTGACAGCC
CCGAATAGCC
ATGCGAAACG

CTTGGCGGCA

TCGCATTGGG

GTCTGCGTCT

AACGGGAAGG

AGGGCATCGT

GCGCCATTAC

ATACCGAAGA

TGCTGGGGCA

GCAATCAGCT

AAACCGCCTC

GACTGGARAG

AAAGCGGCCA

CTGCTGGTTT

AGCCTCAGGC

TCCAGCATGA

AAGCCCAACC

GTCGCTTGGT

GATAGAAGGC

CAGCCCATTC

AGCGGTCCGC

CCATGATATT

TGCGCGCCTT

GATCATCCTG

TCGCTTGGTG

CAGCCATGAT

GCACTTCGCC

CGCAAGGAAC

TCAGGGCACC

GGAACACGGC

TCTCCACCCA

ATCCTCATCC

AGAAAGCCAT
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TCACCAGCAA

GGCTGGCTGG

CGACTGGAGT

TCCCACTGCG

CGAGTCCGGG

CAGCTCATGT

AACCAGCGTG

GTTGCCCGTC

TCCCCGCGCG

CGGGCAGTGA

TCGTGCCTCC

CCTGGATGCC

AGCAGCTGAA

GATCCCCGCG

TTTCATAGAA

CGGTCATTTC

GATGCGCTGC

GCCGCCAAGC

CACACCCAGC

CGGCAAGCAG

GAGCCTGGCG

ATCGACAAGA

GTCGAATGGG

GGATACTTTC

CAATAGCAGC

GCCCGTCGTG

GGACAGGTCG

GGCATCAGAG

AGCGGCCGGA

TGTCTCTTGA

CCAGTTTACT
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TTGCAGGGCT
GTCCATAARAA
CTCTTTGCGC
CAGCACCGTT
CCTGAGTGCT
CGGATAACAA
AGAAATTACA
(2)
(1)

(ii)

(xi)

TCCCAACCTT

CCGCCCAGTC

TTGCGTTTTC

TCTGCGGACT

TGCGGCAGCG

TTAAGATGTA

TATG

SEQUENCE DESCRIPTION:

ACCAGAGGGC

TAGCTATCGC

CCTTGTCCAG

GGCTTTCTAC

TGAAGCTTAA

CCCAATTGTG

INFORMATION FOR SEQ ID NO:51:

25-
GCCCCAGCTG
CATGTAAGCC
ATAGCCCAGT
GTGTTCCGCT

AAAACTGCAA

AGCGGATAAC

SEQUENCE CHARACTERISTICS:

(A) LENGTH: 112 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: both

(D) TOPOLOGY: linear
MOLECULE TYPE: cDNA

SEQ ID NO:51:

GCAATTCCGG

CACTGCAAGC

AGCTGACATT

TCCTTTAGCA

AAAATAGTTT

AATTTCACAC

PCT/US99/03703

TTCGCTTGCT

TACCTGCTTT

CATCCGGGGT

GCCCTTGCGC

GACTTGTGAG

ATTAAAGAGG

AAGCTTAAAA AACTGCAAAA AATAGTTTGA CTTGTGAGCG GATAACAATT AAGATGTACC

CAATTGTGAG CGGATAACAA TTTCACACAT TAAAGAGGAG AAATTACATA TG
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3780

3840

3900

3960

3974

60
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