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METHODS FOR DETECTION AND TREATMENT
OF NEURAL CANCERS

This application claims benefit of United States provisional application 60/185,321, filed
February 28, 2000, the entite contents of which are incorporated herein by reference.
Throughout this application various publications are referenced. The disclosures of
these publications in their entireties are hereby incorporated by reference into this
application in ordet to desctibe more fully the state of the art to which this invention
pettains. Some of these references are indicated by numbers in parentheses. Citations

corresponding to these reference numbers can be found at the end of the specification.
TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to detection and therapy of cancer of the nervous
system. The invention is more specifically related to granulin and granulin-related
molecules as therapeutic and diagnostic targets. Granulin antibodies and antisense
nucleotides can be used in vaccines and pharmaceutical compositions for the treatment
of cancers of the central nervous system, as well as in methods of detecting and assessing
the malignancy of such cancers. The invention further provides methods for identifying

molecules useful in the treatment and detection of neutal cancets.
BACKGROUND OF THE INVENTION

Cancer and infectious disease are significant health problems throughout the wotld.
Although advances have been made in detection and therapy of these diseases, no
vaccine ot other univetsally successful method for prevention ot treatment is currently
available. Current therapies, which are generally based on a combination of

chemotherapy ot surgery and radiation, continue to prove inadequate in many patients.

Cancer is the result of cumulative multiple genetic mutations, which result i the
activation of oncogenes and/or the inactivation of tumor suppressor genes. Itis the
differential expression of these critical genes and their downstream effectors that enables

cells to override growth controls and undergo catcinogenesis (1, 2). The pathological
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changes that atise in cancer, whether caused by a single gene mutation or multiple genetic
alterations, are essentially driven by changes in gene expreésion (1,2). In the malignant
progtession of astrocytic cancers, it has been shown that accumulation of multiple
genetic lesions undetlies the neoplastic process. These lesions include mutations of the
genes p53, pl16, RB, and PTEN, as well as amplification of CDK4 and EGFR (3, 4).
Although these known genetic abnormalities have been well-documented in the
formation of the most malignant brain tumor, glioblastoma, recent insight into the extent
of gene expression differences underlying malignancy reveals that hundreds of gene
transcripts may be expressed at significantly different levels between normal and
neoplastic cells (5). Therefore, there is considerable room for the identification of novel
genes that are differentially expressed in brain tumor cells to further our understanding
of the complex molecular basis of these neurological cancers. Furthermore, this
endeavor has direct clinical relevance if combined with the development of innovative

rational therapies that specifically target these differentially expressed gene products.

A variety of methods ate currently employed to isolate genes associated with particular
differential phenotypes. Subtractive hybridization (6), differential display (DD) (7-10),
tepresentational difference analysis (RDA) (11-14), serial analysis of gene expression
(SAGE) (5, 15), and suppression subttactive hybridization (SSH) (16, 17) all allow for the
cloning and identification of differentially expressed sequences. While all these
techniques identify tissue-entiched mRINAs, none select for tissue-specific proteins.
There remains a need for a differential screening technique that provides actual
confirmation of the presence of a protein product, not just the capacity to synthesize a
protein. In addition, there is a2 need for proteins with antigenic determinants that may be

recognized by the immune system.

SUMMARY OF THE INVENTION

The invention meets these needs by providing methods for the treatment and detection
of cancets of the netvous system. In one embodiment, the invention provides a method
for inhibiting proliferation of neural cells. The neural cells can be tumor cells, glial cells,

neuronal cells, and cells of the central or peripheral nervous systems. Examples of tumor
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~ cells include, but are not limited to, glioblastoma, astrocytoma, oligodendroglioma,

ependymoma, chotoid plexus papilloma, medulloblastoma, Schwannoma, neurofibroma,
neutilemmoma cells, as well as neuronal, meningial, pineal or pituitary tumor cells. The
method comptises contacting a neural cell with a molecule that disrupts the biological
activity of a granulin molecule. In one embodiment, the molecule is an antibody ditected
against a granulin peptide. In other embodiments, the molecule is an antisense
nucleotide ditected against a granulin nucleic acid molecule, or a vaccine comprising a
granulin peptide ot a polynucleotide encoding a granulin peptide. The invention further
provides a method for treating cancer of the nervous system in a subject comptising
administering to the subject a molecule that disrupts the biological activity of a granulin

molecule.

The invention additionally provides a method for detecting cancer in a neural tissue
comptising contacting the tissue with a molecule that recognizes and binds a granulin
molecule. The molecule can be, for example, an antibody ditected against a granulin

peptide, ot an antisense nucleotide directed against a granulin nucleic acid molecule.

The invention provides a method for identifying a molecule that inhibits proliferation of
neural cancer cells. The method comprises contacting a candidate molecule with a
granulin molecule and determining whether the candidate molecule disrupts the
biological activity of the granulin molecule. Disruption of the biological activity of the
granulin molecule is indicative of 2 molecule that inhibits proliferation of neural cancer

cells.

The invention provides a2 method for identifying differentially expressed gene products
that are translated from mRINA species, using antibody-based screening of a cDNA
expression library. This method, termed differential immuno-absorption (DIA), can be
coupled to cDNA microatray hybridization and used in the identification of genes that
play a role in the malignant progression of cancer. The method for identifying proteins
differentially expressed in a target tissue comprises linking a target tissue homogenate to
a first substrate, and passing an antiserum raised against the target tissue homogenate

over the first substrate to elute antibodies that bind the target tissue. The method further
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comptises linking a control tissue homogenate to a second substrate, and passing the
eluted antibodies over the second substtate to obtain target antibodies that bind proteins
present in the tatget tissue and not proteins present in the control tissue. The target
antibodies so obtained ate then used to screen a nucleic acid expression library
containing proteins expressed in the target tissue. Proteins bound by the target
antibodies are identified as differentially expressed in' the target tissue. The invention

theteby provides novel proteins, antibodies and nucleotides identified by this method.

In addition, the invention provides a method of identifying a protein that is differentially
exptressed in a neural cancet comprising screening a first library of cells associated with
neural cancet and a second library of non-tumor neural cells with a nucleic acid molecule
encoding a candidate protein. Increased hybridization of the nucleic acid molecule with
the first library relative to the second libraty is indicative of a protein that is differentially
expressed in neural cancer. In one embodiment, the screening comprises a cDNA

microatray assay.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 is a schematic diagram of strategy for differential immuno-absorption (DIA).
Glioblastoma (GBM) tumor and normal brain tissues were each homogenized in saline,
drawing off the soluble material. The insoluble material was then re-extracted with a
small amount of 1% SDS. Aliquots of tumor homogenate and normal brain homogenate
were each linked to sepharose using CNBx activation (A). The temainder of the saline
soluble GBM tumot homogenate was emulsified in complete Freund’s adjuvant (CFA)
and used to immunize rabbits; and the detergent fraction was used to boost the animals
in incomplete Freund’s adjuvant (IFA) to produce anti-GBM antiserum (B). This
antiserum was passed through the GBM-sepharose column and anti-GBM antibodies
were eluted off (C). To select for anti-GBM antibodies that do not bind to notmal
brain, the eluate was then cross-absorbed against a normal brain affinity column (D), and
anti-GBM antibodies that did not bind wete collected. This final antibody preparation

was neutralized, concentrated, dialyzed, and biotinylated. These biotinylated antibodies
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wete then used to screen a GBM cDNA expression library transferred to nitrocellulose
filter replicas (E).

Fig. 2 shows cDNA microatray analysis of clones identified using differential immuno-
absorption (DIA). A total of 26 DIA genes (rows) were analyzed in duplicate in this
experiment. The expression pattern of each gene is displayed here as a horizontal strip.
For each clone (L1 through 126), the ratio of mRNA levels in various brain tumors
versus its level in non-tumor brain tissue is represented by a colot, according to the color
scale at the bottom. Note that the L5 clone (granulin) showed consistently high levels of
expression in all the brain tumor tissues analyzed, (3X to 30X that of normal brain).
GBM = glioblastoma; AA = anaplastic astrocytoma; PXA = pleomotphic

xanthoastrocytoma; Oligo = oligodendroglioma.

Fig. 3A-B shows granulin expression in human tissues. (4) Notthern blot analysis of
granulin mRNA in normal and tumorigenic brain tissues. Lanes 1-3 were non-
tumorigenic brain tissues taken from a surgical resection for epilepsy (lane 1), surgical
decompression for trauma (lane 2), and autopsy normal brain (lane 3). Lanes 4 — 24 were
surgically resected brain tumor tissues that were pathologically confirmed to be
glioblastomas (WHO grade IV, lanes 4-15), anaplastic astrocytomas (WHO grade III,
lanes 16-21), low-grade oligodendrogliomas (WHO grade II, lane 22), or anaplastic
oligodendrogliomas (WHO grade III, lanes 23-24). All surgical specimens were
immediately snap frozen in the liquid nitrogen in the operating room. The blot was
exposed for 48 hours with intensifying scteen. (B) Northern blot analysis of granulin
mRNA in various human petipheral organs. Tissue specimens were taken at autopsy
from normal brain (lane 1), lung (lane 2),'heatt (lane 3), skeletal muscle (lane 4), pancreas
(lane 5), liver (lane 6), testes (lane 7), spleen (lane 8), kidney (lane 9), and adrenal gland
(lane 10). This blot was exposed for 2 weeks with intensifying screens. As a loading
control, the same blots were reprobed with 18S cDNA and exposed for 1 hour without a

screeril.
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Fig. 4A-D shows gtanulin mRNA 7# sitn hybridization in notmal and tumorigenic brain
tissues. (70p) Dark-field photomicrogtaphs of representative sections through normal
white matter (A) and glioblastoma tissues (B) processed for iz sifu hybridization using
[*S]-labeled granulin cRNA. Note the significantly greater hybridization densities (white '
silver grains) in the glioblastoma compared with the normal brain section. Original
magnification = 40X. (Bottom) High-poweted bright-field image of i situ
hybridization of [°S]-labeled granulin cRNA in sections of normal brain (C) and tumor
(D) counterstained with hematoxylin and eosin. Note that the density and disttibution of
the intensely hybridizing areas (artows) appear to be within tumor cells and not in the

sutrounding tissue. Also note the relative lack of labeling in the non-tumor glial cells.

Original magnification = 200X.

Fig. 5A-D shows growth regulatory effects of granulin D in rat and human glial cell lines.
(A) Photomictogtaphs of cell cultutes of ptimary rat astrocytes without (%, 0 ng/well)
and with (right, 500 ng/well) addition of synthetic granulin D peptide. Original
magnification = 100X. (B) Dose-tesponse graph of granulin D pepride on the
proliferation of rat astrocytes. Addition of putified synthetic granulin D to culture media
stimulated DNA synthesis of primary rat astrocyte cells up to 300% of controls as
measured by standard *H-thymidine incorporation assays, with ED, = 6 ng/well. (C)
Dose-response graph of granulin D peptide on the proliferation of human glioblastoma
cells. (D) Growth suppressive effect of granulin D ansibody in human glioblastoma cell
cultures. Results were normalized in terms of percentage of control proliferation, with
the control cells receiving equal volumes of heat-inactivated antibody or borate buffer
(without antibody). Fot the human cell cultute expetiments (C and D), three different
human glioblastoma cell lines were studied. For all studies, the controls wete set to
100% and all other counts in each experiment were normalized to this value. The results
shown are combined from six separate expetiments, using triplicate wells each. Bars

represent mean values + SD.
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Fig. 6 is a graph showing the size (mean tumor area in mm?) of subcutaneous (s.c. ot
“SQ”) U87 human glioblastoma tumors in CD1 ##/nx mice treated with anti-granulin
antibody as a function of days after subcutaneous tumor challenge. Circles represent
mice treated with anti-granulin antibody (n=10) and squares represent mice treated with
dPBS (n=8).

Fig. 7 is a graph plotting petcentage sutvival of CD1 ##/ nu mice with intracranial (i.c.)
U87 human glioblastotﬁa tumots as a function of sutvival time, in days after i.c. tumor
challenge. Squares represent mice treated with dPBS (n=10); circles represent control
mice treated with irrelevant antibody (n=10); and triangles represent mice treated with

anti-granulin antibody (n=10).
DETAIT ED DESCRIPTION OF THE INVENTION

The present invention is based on the discovery that granulin is mitogenic for glial cells,
and that this molecule is upregulated in various cancers of the netvous system.
Moteovet, the data desctribed herein show that antibodies directed against granulin are
effective in inhibiting proliferation of glial tumor cells and reducing tumor size. Tilis
invention thus provides granulin-related molecules as diagnostic and therapeutic agents

for the detection, monitoring and treatment of neural cancers.
Definitions

All scientific and technical terms used in this application have meanings commonly used
in the art unless otherwise specified. As used in this application, the following words or

phrases have the meanings specified.

As used hetein, "polypeptide" includes proteins, fragments of proteins, and peptides,
whether isolated from natural sources, produced by recombinant techniques or
chemically synthesized. Polypeptides of the invention typically comprise at least about 6

amino acids.

As used hetein, “granulin related molecule” includes granulin polypeptides,
polynucleotides encoding granulin polypeptides, polynucleotides complementary to those
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encoding granulin polypeptides, antibodies that specifically recognize and bind granulin
polypeptides. -

As used herein, “biological activity of granulin® refers to the specific binding of granulin
to a granulin binding partner, such as a granulin receptor or antibody, to the expression
of a granulin polynucleotide, and to the growth regulatory effects of granulin related

molecules.

As used herein, "vector" means a construct, which is capable of deliveting, and
preferably expressing, one or more gene(s) or sequence(s) of interest in a host cell.
Examples of vectors include, but are not limited to, viral vectots, nakeci DNA or RNA
expression vectors, plasmid, cosmid or phage vectors, DNA or RNA expression vectors
associated with cationic condensing agents, DNA or RNA expression vectors

encapsulated in liposomes, and certain eukaryotic cells, such as producer cells.

As used herein, "exptession control sequence” means a nucleic acid sequence that directs
transcription of a nucleic acid. An expression conttol sequence can be a promotet, such
as a constitutive or an inducible promoter, or an enhancer. The expression control

sequence is operably linked to the nucleic acid sequence to be transcribed.

The term "nucleic acid" ot "polynucleotide" refers to a deoxyribonucleotide or
ribonucleotide polymer in either single- or double-stranded form, and unless otherwise
limited, encompasses known analogs of natural nucleotides that hybridize to nucleic acids

in a manner similar to naturally-occurring nucleotides.

As used herein, "antigen-presenting cell" or "APC" means a cell capable of handling and
presenting antigen to a lymphocyte. Examples of APCs include, but are not limited to,
macrophages, Langerhans-dendritic cells, follicular dendritic cells, B cells, monocytes,
fibroblasts and fibrocytes. Dendritic cells are a preferred type of antigen presenting cell.
Dendritic cells are found in many non-lymphoid tissues but can migrate via the afferent
lymph ot the blood stream to the T-dependent ateas of lymphoid otgans. In non-
lymphoid organs, dendritic cells include Langethans cells and interstitial dendritic cells.

In the lymph and blood, they include afferent lymph veiled cells and blood dendritic
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cells, respectively. In lymphoid organs, they include lymphoid dendritic cells and

interdigitating cells.

As used herein, "modified" to present an epitope refers to antigen-presenting cells
(APCs) that have been manipulated to present an epitope by natural or recombinant
methods. For example, the APCs can be modified by exposure to the isolated antigen,
alone ot as patt of a mixture, peptide loading, ot by genetically modifying the APC to

express a polypeptide that includes one or more epitopes.

As used hetein, "tumor protein” is a protein that is expressed by tumor cells. Proteins
that are tumot proteins also react detectably within an immunoassay (such as an ELISA)

with antisera from a patient with cancer.

An "immunogenic polypeptide," as used herein is a portion of a protein that is
recognized (i.e., specifically bound) by a B-cell and/ot T-cell sutface antigen receptot.
Such immunogenic polypeptides generally comprise at least 5 amino acid residues, more
preferably at least 10, and still more preferably at least 20 amino acid residues of a protein
associated with cancer or infectious disease. Certain preferred immunogenic
polypeptides include peptides in which an N-terminal leader sequence and/or

transmembrane domain have been deleted. Other preferred immunogenic polypeptides

Amay contain a small N- and/or C-tetminal deletion (e.g., 1-30 amino acids, preferably 5-

15 amino acids), relative to the matute protein.

As used hetein, "pharmaceutically acceptable catrier” includes any matetial which, when
combined with an active ingredient, allows the ingredient to retain biological activity and
is non-reactive with the subject's immune system. Examples include, but ate not limited
to, any of the standard pharmaceutical cartiers such as a phosphate buffered saline
solution, water, emulsions such as oil/watet emulsion, and various types of wetting
agents. Preferred diluents for aerosol ot patenteral administration are phosphate

buffered saline or normal (0.9%) saline.
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Compositions comptising such catriers are formulated by well known conventional
methods (see, for example, Remington's Pharmaceutical Sciences, Chapter 43, 14th Ed.,
Mack Publishing Co, Easton PA 18042, USA).

As used herein, "adjuvant” includes those adjuvants commonly used in the art to
facilitate an immune response. Examples of adjuvants include, but are not limited to,
helpet peptide; aluminum salts such as aluminum hydroxide gel (alum) or aluminum
phosphate; Freund's Incomplete Adjuvant and Complete Adjuvant (Difco Laboratories,
Detroit, MI); Metck Adjuvant 65 (Metck and Company, Inc., Rahway, NJ); AS-2 (Smith-
Kline Beecham); QS-21 (Aquila Biopharmaceuticals); MPL or 3d-MPL (Cotixa
Corporation, Hamilton, MT); LEIF; salts of calcium, iron or zinc; an insoluble
suspension of acylated tyrosine; acylated sugars; cationically or anionically detivatized
polysaccharides; polyphosphazenes; biodegradable microspheres; monophosphoryl lipid
A and quil A; muramyl tripeptide phosphatidyl ethanolamine or an immunostimulating
complex, including cytokines (e.g., GM-CSF or interleukin-2, -7 or -12) and |
immunostimulatory DNA sequences. In some embodiments, such as with the use of a
polynucleotide vaccine, an adjuvant such as a helper peptide or cytokine can be provided

via a polynucleotide encoding the adjuvant.
As used hetein, "2" ot "an" means at least one, unless cleatly indicated otherwise.

Polvnucleotides of the Invention

The invention provides polynucleotides that encode one or more granulin peptides, such
as granulin D (base paits 1254-2099), or a portion or other variant thereof. Other
granulin polypeptides include granulin/epithelin precursot, agrogtanin, and granulins A,
B and C. Prefetred polynucleotides comprise at least 15 consecutive nucleotides,
preferably at least 30 consecutive nucleotides and more preferably at least 45 consecutive
nucleotides, that encode a portion of a granulin polypeptide. Polynucleotides that are
fully complementary to any such sequences are also encompassed by the present
invention. Polynucleotides may be single-stranded (coding or antisense) or double-
stranded, and may be DNA (genomic, cDNA or synthetic) ot RNA molecules. RNA

molecules include HoRNA molecules, which contain introns and correspond to a DNA

10
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molecule in a one-to-one manner, and mMRINA molecules, which do not contain introns.
Additional coding ot non-coding sequences may, but need not, be present within a
polynucleotide of the present invention, and a polynucleotide may, but need not, be
linked to other molecules and/ot support materials. Pottions of such granulin
polynucleotides can be useful as primers and probes for the amplification and detection

of granulin related molecules in tissue specimens.

Polynucleotides may comprise a native sequence (i.e., an endogenous sequence that
encodes a granulin polypeptide or a portion thereof) or may comprise a variant of such a
sequence. Polynucleotide vatiants contain one or more substitutions, additions, deletions
and/or insertions such that the immunogeﬁicity of the encoded polypeptide is not
diminished, telative to a native granulin protein. Variants preferably exhibit at least about
70% identity, mote preferably at least about 80% identity and most preferably at least
about 90% identity to a polynucleotide sequence that encodes a native granulin protein

or a portion thereof.

Two polynucleotide ot polypeptide sequences are said to be "identical" if the sequence of
nucleotides or amino acids in the two sequences is the same when aligned for maximum
cotrespondence as desctibed below. Compatisons between two sequences are typically
petformed by comparing the sequences over a comparison window to identify and
compatre local regions of sequence similarity. A "comparison window" as used herein,
refets to a segment of at least about 20 contiguous positions, usually 30 to about 75, 40
to about 50, in which a sequence may be compated to a reference sequence of the same

number of contiguous positions after the two sequences are optimally aligned.

Optimal alignment of sequences for compatison may be conducted using the Megalign
program in the Lasetrgene suite of bioinformatics software (DNASTAR, Inc., Madison,
WI), using default parameters. This program embodies several alignment schemes
desctibed in the following tefetences: Dayhoff, M.O. (1978) A model of evolutionary
change in proteins - Matrices for detecting distant relationships. In Dayhoff, M.O. (ed.)
Atlas of Protein Sequence and Structure, National Biomedical Research Foundation,
Washington DC Vol. 5, Suppl. 3, pp. 345-358; Hein J. (1990) Unified Approach to

11
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Aﬁgnrﬁent and Phylogenes pp. 626-645 Methods in Enzymology vol. 183, Academic
Press, Inc., San Diego, CA; Higgins, D.G. and Sharp, P.M. (1989) CABIOS 5:151-153;
Myets, E.W. and Muller W. (1988) CABIOS 4:11-17; Robinson, E.D. (1971) Comb.
Theor. 11:105; Santou, N., Nes, M. (1987) Mol. Biol. Evol. 4:406-425; Sneath, P.H.A.
and Sokal, R.R. (1973) Numetical Taxonomy the Principles and Practice of Numerical
Taxonomy, Freeman Press, San Francisco, CA; Wilbut, W.]. and Lipman, D.]. (1983)
Proc. Natl. Acad. Sci. USA 80:726-730.

Preferably, the "petcentage of sequence identity" is determined by compating two
optimally aligned sequences over a window of comparison of at least 20 positions,
whetein the pottion of the polynucleotide ot polypeptide sequence in the compatison
window may compzise additions or deletions (i.e. gaps) of 20 petcent or less, usually 5 to
15 percent, ot 10 to 12 petcent, as compared to the reference sequences (which does not
comprise additions or deletions) for optimal alighment of the two sequences. The
percentage is calculated by determining the number of positions at which the identical
nucleic acid bases or amino acid residue occuts in both sequences to yield the number of
matched positions, dividing the number of matched positions by the total numbet of
positions in the teference sequence (L.e. the window size) and multiplying the results by

100 to yield the percentage of sequence identity.

Variants may also, ot alternatively, be substantially homologous to a native gene, or a
portion or complement thereof. Such polynucleotide vatiants are capable of hybridizing
under moderately stringent conditions to a naturally occurting DNA sequence encoding
a native stress protein (or a complementary sequence). Suitable moderate stringent
conditions include prewashing in a solution of 5 X SSC, 0.5% SDS, 1.0 mM EDTA (pH
8.0); hybridizing at 50°C-65°C, 5 X SSC, overnight; followed by washing twice at 65°C
for 20 minutes with each of 2X, 0.5X and 0.2X SSC containing 0. 1 % SDS.

It will be appreciated by those of ordinary skill in the art that, as a result of the
degeneracy of the genetic code, there are many nucleotide sequences that encode a
polypeptide as desctibed hetein. Some of these polynucleotides bear minimal homology

to the nucleotide sequence of any native gene. Nonetheless, polynucleotides that vary

12
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due to differences in codon usage ate specifically contemplated by the present invention.
Further, alleles of the genes comptising the polynucleotide sequences provided herein are
within the scope of the present invention. Alleles are endogenous genes that are altered
as a result of one or more mutations, such as deletions, additions and/ ot substitutions of
nucleotides. The resulting mRNA and protein may, but need not, have an altered
structure or function. Alleles may be identified using standard techniques (such as

hybridization, amplification and/ot database sequence compatison).

Polynucleotides may be prepated using any of a variety of techniques known in the art.
DNA encoding a granulin protein may be obtained from a cDNA library prepared from
tissue expressing a granulin protein mRNA. Accordingly, human granulin DNA can be
conveniently obtained from a cDNA library prepated from human tissue. The granulin
protein-encoding gene may also be obtained from a genomic library or by
oligonucleotide synthesis. Libraties can be screened with probes (such as antibodies to
granulin or oligonucleotides of at least about 20-80 bases) designed to identify the gene
of intetest or the protein encoded by it. Screening the cDNA ot genomic library with the
selected probe may be conducted using standard procedutes, such as those desctibed in
Sambrook et al., Molecular Cloning: A Laboratory Manual New York: Cold Spring Harbor
Laboratory Press, 1989). An alternative means to isolate the gene encoding granulin is to
use PCR methodology (Sambrook et al., s#pra; Dieffenbach et al., PCR Primer: A
Laboratory Manual (Cold Spring Harbor Laboratory Press, 1995)).

The oligonucleotide sequences selected as probes should be sufficiently long and
sufficiently unambiguous that false positives are minimized. The oligonucleotide is
preferably labeled such that it can be detected upon hybridization to DNA in the library
being screened. Methods of labeling are well known in the art, and include the use of
radiolabels, such as *P-labeled ATP, biotinylation ot )enzyme labeling. Hybridization
conditions, including moderate stringency and high stringency, are provided in Sambrook

et al., supra.

Polynucleotide vatiants may generally be prepared by any method known in the art,

including chemical synthesis by, for example, solid phase phosphoramidite chemical
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synthesis. Modifications in a polynucleotide sequence may also be introduced using
standard mutagenesis techniques, such as oligonucleotide-directed site-specific
mutagenesis (see Adelman et al., DNA 2:183, 1983). Alternatively, RNA molecules may
be generated by 7z vitro ot in vivo transcription of DNA sequences encoding a stress
protein, or pottion thereof, provided that the DNA is incorporated into a vector with 2
suitable RNA polymerase promoter (such as T7 ot SP6). Certain portions may be used
to prepare an encoded polypeptide, as described herein. In addition, or alternatively, a
pottion may be administered to a patient such that the encoded polypeptide is generated
in vivo (e.g., by transfecting antigen-presenting cells, such as dendritic cells, with a cDNA
construct encoding a stress polypeptide, and administering the transfected cells to the

patient).

Any polynucleotide may be further modified to increase stability 7z »ivo. Possible
modifications include, but ate not limited to, the addition of flanking sequences at the 5'
and/ot 3' ends; the use of phosphorothioate ot 2' O-methyl rather than
phosphodiestetase linkages in the backbone; and/or the inclusion of nontraditional bases
such as inosine, queosine and wybutosine, as well as écetyl— methyl-, thio- and other

modified forms of adenine, cytidine, guanine, thymine and uridine.

Nucleotide sequences can be joined to a vatiety of other nucleotide sequences using
established recombinant DNA techniques. Fot example, a polynucleotide may be cloned
into any of a variety of cloning vectors, including plasmids, phagemids, lambda phage
derivatives and cosmids. Vectots of particular interest include expression vectors,
replication vectors, probe generation vectors and sequencing vectors. In general, a
vector will contain an origin of replication functional in at least one otganism, convenient
restriction endonuclease sites and one ot mote selectable markers. Other elements will

depend upon the desired use, and will be apparent to those of ordinary skill in the art.

Within certain embodiments, polynucleotides may be formulated so as to permit entry
into a cell of a mammal, and to permit expression therein. Such formulations are
particulatly useful for therapeutic purposes, as desctibed below. Those of ordinary skill

in the art will appreciate that there are many ways to achieve expression of a
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polynucleotide in a target cell, and any suitable method may be employed. For example,
a polynucleotide may be incorporated into a viral vector such as, but not limited to,
adenovitus, adeno-associated vitus, retrovirus, or vaccinia or other pox vitus (e.g., avian
pox vitus). Techniques for incorporating DNA into such vectors are well known to
those of ordinary skill in the art. A retroviral vector may additionally transfer or
incorporate a gene for a selectable marker (to aid in the identification or selection of
transduced cells) and/ ot a targeting moiety, such as a gene that encodes a ligand for a
receptor on a specific target cell, to render the vector target specific. Tatrgeting may also
be accomplished using an antibody, by methods known to those of ordinary SEH in the

art.

Othet formulations for therapeutic purposes include colloidal dispersion systems, such as
macromolecule complexes, nanocapsules, microspheres, beads, and lipid-based systems
including oil-in-water emulsions, micelles, mixed micelles, and liposomes. A preferted
colloidal system for use as a delivery vehicle 7z »itro and 7z vivo is a liposome (Le., an
artificial membrane vesicle). The preparation and use of such systems is well known in

the art.

Granulin Polypeptides

Granulin polypeptides~ include granulin/epithelin ptecutsot, agrogtanin, and granulins A,
B, Cand D. Granulin polypeptides as described herein may be of any length. Additional

sequences detived from the native protein and/or hetetologous sequences may be

- present, and such sequences may, but need not, possess further peptide binding,

immunogenic ot antigenic propetties.

Immunogenic polypeptides may generally be identified using well known techniques,
such as those summarized in Paul, Fundamental Immunology, 4th ed., 663-665
(Lippincott-Raven Publishers, 1999) and references cited therein. Such techniques
include screening polypeptides for the ability to react with antigen-specific antibodies,
antisera and/or T-cell lines or clones. As used herein, antisera and antibodies are
antigen-specific if they specifically bind to an antigen (i.e., they react with the protein in

an ELISA or other immunoassay, and do not react detectably with unrelated proteins).
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Such antisera and antibodies may be prepared using well known techniques. An
immunogenic polypeptide can be a portion of a native protein that reacts with such
antisera and/ot T-cells at a level that is not substantially less than the reactivity of the full
length polypeptide (e.g., in an ELISA and/or T-cell reactivity assay). Such immunogenic
portions may react within such assays at a level that is similar to or greater than the
reactivity of the full length polypeptide. Such screens may generally be performed using
methods well known to those of ordinary skill in the att, such as those desctibed in
Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratoty,
1988. For example, a polypeptide may be immobilized on a solid support and contacted
with patient sera to allow binding of antibodies within the sera to the immobilized
polypeptide. Unbound sera may then be removed and bound antibodies detected using,

for example, '*I-labeled Protein A.

A granulin polypeptide of the invention can comptise a variant of a native granulin
protein. A polypeptide "vatiant," as used herein, is a polypeptide that diffets from a
native granulin protein in one ot more substitutions, deletions, additions and/ ot
insertions, such that the immunogenicity of the polypeptide is not substantially
diminished. In other words, the ability of a vatiant to react with antigen-specific antisera
may be enhanced or unchanged, relative to the native protein, or may be diminished by
less than 50%, and preferably less than 20%, relative to the native protein. Such vatiants
may generally be identified by modifying one of the above polypeptide sequences and
evaluating the reactivity of the modified polypeptide with antigen-specific antibodies or
antisera as described herein. Preferred variants include those in which one ot mote
portions, such as an N-terminal leader sequence, have been removed. Other preferred
variants include variants in which a small portion (e.g., 1-30 amino acids, preferably 5-15
amino acids) has been removed from the N- and/ot C-tetminal of the matute protein.
Polypeptide variants preferably exhibit at least about 70%, mote preferably at least about
90% and most preferably at least about 95% identity (determined as desctibed above) to

the identified polypeptides.

Preferably, a variant contains consetvative substitutions. A "consetvative substitution" is

one in which an amino acid is substituted for another amino acid that has similar
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properties, such that one skilled in the art of peptide chemistty would expect the
secondary structure and hydropathic nature of the polypeptide to be substantially
unchanged. Amino acid substitutions may generally be tﬁade on the basis of similarity in
polatity, charge, solubility, hydtophobicity, hydtophilicity and/ ot the amphipathic nature
of the residues. For example, negatively charged amino acids include aspattic acid and
glutamic acid; positively charged amino acids include lysine and arginine; aﬂd amino acids
with uncharged polar head groups having similar hydrophilicity values include leucine,
isoleucine and valine; glycine and alanine; asparagine and glutamine; and serine,
threonine, phenylalanine and tyrosine. Other groups of amino acids that may represent
conservative changes include: (1) ala, pro, gly, glu, asp, gln, asn, set, tht; (2) cys, ser, tyr,
thr; (3) val, ile, leu, met, ala, phe; (4) lys, arg, his; and (5) phe, tyz, trp, his. A variant may
also, or alternatively, contain nonconservative changes. In a preferred embodiment,
variant polypeptides differ from a native sequence by substitution, deletion or addition of
five amino acids ot fewer. Vatiants may also (ot alternatively) be modified by, for
example, the deletion or addition of amino acids that have minimal influence on the

immunogenicity, secondaty structure and hydropathic nature of the polypeptide.

Polypeptides may compzise a signal (or leader) sequence at the N-terminal end of the
protein that co-translationally or post-translationally directs transfer of the protein. The
polypeptide may also be conjugated to a linker or other sequence for ease of synthesis,
putification or identification of the polypeptide (e.g., poly-FEs), ot to enhance binding of
the polypeptide to a solid support. For example, a polypeptide may be conjugated to an
immunoglobulin Fc region.

In some embodiments, the polypeptides are purified from the same subject to whom the
composition will be administered. In these embodiments, it may be desirable to increase
the number of tumor or infected cells. Such a scale up of cells could be petformed 77
vitro ot in wivo, using, for example, a SCID mouse system. Where the cells are scaled up in
the presence of non-human cells, such as by growing a human subject’s tumor in a SCID
mouse host, care should be taken to putify the human cells from any non-human (e.g.,
mouse) cells that may have infiltrated the tumor. In these embodiments in which the

composition will be administered to the same subject from whom the polypeptides are
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putified, it may also be desirable purify several granulin polypeptides to optimize the

efficacy of a limited quantity of starting material.

Recombinant polypeptides encoded by DNA sequences as described above may be
readily prepared from the DNA sequences using any of a variety of exptession vectors
known to those of ordinary skill in the art. Expression may be achieved in any
approptiate host cell that has been transformed or transfected with an expression vector
containing a DNA molecule that encodes a recombinant polypeptide. Suitable host cells
include prokatyotes, yeast and higher eukaryotic cells. Preferably, the host cells
employed are E. coli, yeast, insect cells or 2 mammalian cell line such as COS or CHO.
Supetnatants from suitable host/vector systems that secrete recombinant protein or
polypeptide into culture media may be first concentrated using a commercially available
filter. Following concentration, the concentrate may be applied to a suitable purification
matrix such as an affinity matrix or an ion exchange resin. Finally, one or more reverse

phase HPLC steps can be employed to further putify a recombinant polypeptide.

Portions and other variants having fewer than about 100 amino acids, and generally
fewer than about 50 amino acids, may also be generated by synthetic means, using
techniques well known to those of ordinary skill in the art. For example, such
polypeptides may be synthesized using any of the commercially available solid-phase
techniques, such as the Metrifield solid-phase synthesis method, where amino acids are
sequentially added to a growing amino acid chain. See Mertifield, . Am. Chem. Soc.
85:2149-2146, 1963. Equipment for automated synthesis of polypeptides is commercially
available from suppliets such as Petkin Elmer/Applied BioSystems Division (Foster City,

CA), and may be opetated according to the manufacturer's instructions.

Polypeptides can be synthesized on a Petkin Elmet/Applied Biosystems Division 430A
peptide synthesizer using FMOC chemistty with HPTU (O-BenzottiazoleN,N,N',N'-
tetramethyluronium hexafluorophosphate) activation. A Gly-Cys-Gly sequence may be
attached to the amino terminus of the peptide to provide a method of conjugation,
binding to an immobilized surface, or labeling of the peptide. Cleavage of the peptides

from the solid support may be carried out using the following cleavage mixture:
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trifluoroacetic acid:ethanedithiol:thioanisole:watet:phenol (40:1:2:2:3). After cleaving for
2 houts, the peptides may be precipitated in cold methyl-t-butyl-ether. The peptide
pellets may then be dissolved in water containing 0.1% trifluoroacetic acid (TFA) and
lyophilized ptior to putification by C18 reverse phase HPLC. A gradient of 0%-60%
acetonitrile (containing 0.1% TFA) in water may be used to elute the peptides. Following
lyophilization of the pure fractions, the peptides may be characterized using electrospray

ot other types of mass spectrometry and by amino acid analysis.
Fusion Proteins

In some embodiments, the polypeptide is a fusion protein that comprises multiple
polypeptides as described herein, or that comprises at least one polypeptide as described
hetein and an unrelated sequence. In some embodiments, the fusion protein comprises a
granulin polypeptide and an immunogenic polypeptide. The immunogenic polypeptide

can comprise, for example, all or a portion of an additional tumor protein.

Additional fusion pattners can be added. A fusion Partner ay, for example, serve as an
immunological fusion partner by assisting in the provision of T helper epitopes,
preferably T helper epitopes recognized by humans. As another example, a fusion
pattner may setve as an expression enhancer, assisting in expressing the protein at higher
yields than the native tecombinant protein. Certain preferred fusion partners ate both
immunological and expression enhancing fusion patrtners. Other fusion pattners may be
selected so as to inctease the solubility of the protein or to enable the profein to be
targeted to desired intracellular compartments. Still further fusion partners include

affinity tags, which facilitate purification of the protein.

Fusion proteins may generally be prepared using standard techniques, including chemical
conjugation. Preferably, a fusion protein is expressed as a tecombinant protein, allowing
the production of increased levels, relative to a non-fused protein, in an expression
system. Briefly, DNA sequences encoding the polypeptide components may be
assembled separately, and ligated into an approptiate exptession vectot. The 3' end of
the DNA sequence encoding one polypeptide component is ligated, with or without a
peptide linket, to the 5' end of a DNA sequence encoding the second polypeptide
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component so that the reading frames of the sequences are in phase. This permits
translation into a single fusion protein that retains the biological activity of both

component polypeptides.

A peptide linker sequence may be employed to separate the first and the second
polypeptide components by a distance sufficient to ensure that each polypeptide folds
into its secondary and tertiary structures. Such a peptide linker sequence is incorporated
into the fusion protein using standard techniques well known in the art. Suitable peptide
linket sequences may be chosen based on the following factots: (1) theit ability to adopt a
flexible extended conformation; (2) their inability to adopt a secondaty structure that
could interact with functional epitopes on the first and second polypeptides; and (3) the
lack of hydrophobic or chatged residues that might react with the polypeptide functional
epitopes. Preferred peptide linker sequences contain Gly, Asn and Set residues. Other
near neutral amino acids, such as Thr and Ala may also be used in the linker sequence.
Amino acid sequences which may be usefully employed as linkers include those disclosed
in Maratea et al., Gene 40:39-46, 1985; Mutphy et al., Proc. Natl. Acad. Sci. USA
83:8258-8262, 1986; U.S. Patent No. 4,935,233 and U.S. Patent No. 4,751,180. The
linker sequence may generally be from 1 to about 50 amino acids in length. Linker
sequences are not required when the first and second polypeptides have non-essential N-
terminal amino acid regions that can be used to separate the functional domains and

prevent steric interference.

The ligated DNA sequences are operably linked to suitable transctiptional or
translational regulatory elements. The regulatory elements responsible for expression of
DNA are located 5' to the DNA sequence encoding the first polypeptides. Similatly,
stop codons required to end translation and transcription termination signals are present

3' to the DNA sequence encoding the second polypeptide.

Fusion proteins are also provided that comptise a polypeptide of the preseni invention
together with an unrelated immunogenic protein. Preferably the immunogenic protein is

capable of eliciting 2 memory response. Examples of such proteins include tetanus,
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tuberculosis and hepatitis proteins (see, for example, Stoute et al., New Engl. J. Med.

336:86-91, 1997).

Within preferred embodiments, an immunological fusion pattner is detived from protein
D, a sutface protein of the gram-negative bacterium Haemophilus influenza B (WO
91/18926). Preferably, a protein D detivative comptises approximately the first third of
the protein (e.g., the first N-terminal 100-110 amino acids), and a protein D detivative
may be lipidated. Within certain prefetred embodiments, the first 109 residues of a
Lipoprotein D fusion partner is included on the N-terminus to provide the polypeptide
with additional exogenous T-cell epitopes and to increase the expression level in E. co/
(thus functioning as an expression enhancer). The lipid tail ensures optimal presentation
of the antigen to antigen presenting cells. Other fusion partnets include the non-
structural protein from influenzae virus, NS I (hemaglutinin). Typically, the N-terminal
81 amino acids ate used, although different fragments that include T-helper epitopes may

be used.

In another embodiment, the immunological fusion partnet is the protein known as
LYTA, ot a pottion thereof (preferably a C-tetminal portion). LYTA is detived from
Streptococcus pneumoniae, which synthesizes an N-acetyl-L-alanine amidase known as
amidase LYTA (encoded by the LytA gene; Gene 43:265-292, 1986). LYTA is an
autolysin that specifically degrades certain bonds in the peptidoglycan backbone. The C-
terminal domain of the LYTA protein is tesponsible for the affinity to the choline ot to
some choline analogues such as DEAR This property has been exploited for the
development of E. co/i C-LYTA expressing plasmids useful for expression of fusion
proteins. Purification of hybrid proteins containing the C-LYTA fragment at the amino
terminus has been desctibed (see Biotechnology 10:795-798, 1992). Within a preferred
embodiment, a repeat portion of LYTA may be incotporated into a fusion protein. A
repeat portion is found in the C-terminal region starting at residue 178. A particulatly

preferred repeat portion incorporates residues 188-305.

In general, polypeptides (including fusion proteins) and polynucleotides as described

herein are isolated. An "isolated" polypeptide ot polynucleotide is one that is removed
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from its original envitonment. For example, a naturally occutring protein is isolated if it
is separated from some or all of the coexisting materials in the natual system.
Preferably, such polypeptides are at least about 90% pure, more preferably at least about
95% pure and most preferably at least about 99% pure. A polynucleotide is considered
to be isolated if, for example, it is cloned into a vector that is not a part of the natural

environmernt.
Antibodies

The term "antibody" is used in the broadest sense and specifically covets single anti-granulin
monoclonal antibodies (including agonist, antagonist and neutralizing antibodies) and anti-
granulin antibody compositions with polyepitopic specificity. The term "monoclonal
antibody" (mAb) as used hetein refers to an antibody obtained from a population of
substantially homogeneous antibodies, i.e. the antibodies comprising the individual
population are identical except for possible naturally-occutting mutations that may be

present in minor amounts.

The invention provides antibodies that bind to granulin proteins and polypeptides. The
most preferred antibodies will specifically bind to a granulin protein and will not bind (ot
will bind weakly) to non-granulin proteins and polypeptides. Anti-granulin antibodies
that are particularly contemplated include monoclonal and polyclonal antibodies as well
as fragments containing the antigen binding domain and/ot one ot mote
complementarity determining regions of these antibodies. As used hetein, an antibody
fragment is defined as at least a portion of the variable region of the immunoglobulin

molecule that binds to its target, i.e., the antigen binding region.

Granulin antibodies of the invention may be particularly useful in neural cancer
diagnostic and prognostic assays, and imaging methodologies. Intracellularly expressed
antibodies (e.g., single chain antibodies) may be therapeutically useful in treating cancers
in which the expression of granulin is involved, such as for example advanced and
metastatic brain cancers. Also useful in therapeutic methods for treatment of neural
cancet are systemically administered granulin antibodies that interfere with granulin

function or that target cells expressing granulin for delivery of a toxin or therapeutic
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molecule. Such delivery of a toxin ot therapeutic molecule can be achieved using known
methods of conjugating 2 second molecule to the granulin antibody or fragment thereof.
Similarly, such antibodies may be useful in the treatment, diagnosis, and/or prognosis of
other cancets, to the extent granulin is also expressed or overexpressed in other types of

cancet.

The invention also provides vatious immunological assays useful for the detection and
quantification of granulin polypeptides. Such assays generally comprise one or motre
granulin antibodies capable of recognizing and binding a granulin, and may be performed
within various immunological assay formats well known in the art, including but not
limited to vatious types of radioimmunoassays, enzyme-linked immunosorbent assays
(ELISA), enzyme-linked immunofluotescent assays (ELIFA), and the like. In addition,
immunological imaging methods capable of detecting cancers expressing granulin are
also provided by the invention, including but not limited to radioscintigraphic imaging
methods using labeled granulin antibodies. Such assays may be clinically useful in the

detection, monitoring, and prognosis of granulin expressing cancers.

Vatious methods for the preparation of antibodies are well known in the art. For
example, antibodies may be prepared by immunizing a suitable mammalian host using a
granulin protein, peptide, or fragment, in isolated or immunoconjugated form
(Antibodies: A Laboratory Manual, CSH Press, Eds., Harlow, and Lane (1988); Harlow,
Antibodies, Cold Spring Harbor Press, NY (1989)). In addition, fusion proteins of
granulin may also be used, such as a granulin GST-fusion protein. In another

embodiment, a granulin peptide may be synthesized and used as an immunogen.

The antibodies or fragments may also be produced, using cutrent technology, by
recombinant means. Regions that bind specifically to the desired regions of the granulin
protein can also be produced in the context of chimeric or CDR grafted antibodies of
multiple species origin. Humanized ot human granulin antibodies may also be produced
and are preferred for use in therapeutic contexts. Methods for humanizing murine and
other non-human antibodies by substituting one or more of the non-human antibody

CDRs for corresponding human antibody sequences are well known (see for example,
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Jones et al., 1986, Nature 321: 522-525; Riechmann et al., 1988, Nature 332: 323-327;
Vethoeyen et al., 1988, Science 239: 1534-1536). See also, Carter et al., 1993, Proc. Natl.
Acad. Sci. USA 89: 4285 and Sims et al., 1993, J. Immunol. 151: 2296. Methods for
ptoducing fully human monoclonal antibodies include phage display and transgenic

methods (for review, see Vaughan et al., 1998, Nature Biotechnology 16: 535-539).

Fully human granulin monoclonal antibodies may be generated using cloning
technologies employing large human Ig gene combinatorial libraries (i.e., phage display)
(Griffiths and Hoogenboom, Building an in vitro immune system: human antibodies
from phage display libraries. In: Protein Engineeting of Antibody Molecules for
Prophylactic and Therapeutic Applications in Man. Clark, M. (Ed.), Nottingham
Academic, pp 45-64 (1993); Burton and Barbas, Human Antibodies from combinatorial
libraties. Id., pp 65-82). Fully human granulin monoclonal antibodies may also be
produced using transgenic mice engineered to contain human immunoglobulin gene loci
as desctibed in PCT Patent Application WO98/24893, Kucherlapati and Jakobovits et
al.,, published December 3, 1997 (see also, Jakobovits, 1998, Exp. Opin. Invest. Drugs
7(4): 607-614). This method avoids the 7# »ifro manipulation required with phage display
technology and efficiently produces high affinity authentic human antibodies.

Reéctivity of granulin antibodies with a granulin protein may be established by a number
of well known means, including westetn blot, immunoptecipitation, ELISA, and FACS
analyses using, as approptiate, granulin proteins, peptides, granulin-expressing cells or

extracts thereof.

A granulin antibody or fragment thereof of the invention may be labeled with a
detectable marker or conjugated to a second molecule. Suitable detectable markers
include, but are not limited to, a radioisotope, a fluorescent compound, a bioluminescent
compound, chemiluminescent compound, a metal chelator or an enzyme. A second
molecule for conjugation to the granulin antibody can be selected in accordance with the
intended use. For example, for therapeutic use, the second molecule can be a toxin or
therapeutic agent. Further, bi-specific antibodies specific for two or more granulin

epitopes may be generated using methods generally known in the art. Homodimeric
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antibodies may also be generated by cross-linking techniques known in the art (e.g.,
Wolff et al., Cancer Res. 53: 2560-2565).

T Cells

Immunotherapeutic compositions may also, ot alternatively, comprise T cells specific for
a granulin polypeptide. Such cells may generally be prepared 7z vitro or ex vivo, using
standard procedutes. For example, T cells may be isolated from bone marrow,
petipheral blood, or a fraction of bone matrow ot peripheral blood of a patient, using a
commercially available cell separation system, such as the ISOLEX™ magnetic cell
selection system, available from Nexell Therapeutics, Irvine, CA (see also U.S. Patent no.
5,536,475); ot MACS cell separation technology from Miltenyi Biotec, including Pan T
Cell Isolation Kit, CD4+ T Cell Isolation Kit, and CD8+ T Cell Isolation Kit (see also
U.S. Patent No. 5,240,856; U.S. Patent No. 5,215,926; WO 89/06280; WO 91/16116 and
WO 92/07243). Altetnatively, T cells may be detived from related ot untelated humans,

non-human mammals, cell lines or cultutes.

T cells may be stimulated with a granulin polypeptide, polynucleotide encoding a granulin
polypeptide and/or an antigen presenting cell (APC) that expresses such a granulin
polypeptide. The stimulation is performed under conditions and for a time sufficient to
permit the generation of T cells that ate specific for the polypeptide. Preferably, a
granulin polypeptide or polynucleotide is present within a delivery vehicle, such as a

microsphere, to facilitate the generation of specific T cells.

T cells are considered to be specific for a granulin polypeptide if the T cells kill target
cells coated with the polypeptide or expressing a gene encoding the polypeptide. T cell
specificity may be evaluated using any of a variety of standard techniques. For example,
within a chromium release assay or proliferation assay, a stimulation index of more than
two fold increase in lysis and/or proliferation, compared to negative controls, indicates T

cell specificity. Such assays may be petformed, for example, as described in Chen et al.,

Cancer Res. 54:1065-1070, 1994.
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Detection of the proliferation of T cells may be accomplished by a variety of known
techniques. For example, T cell proliferation can be detected by measuring an increased
rate of DNA synthesis (e.g., by pulse-labeling cultures of T cells with tritiated thymidine
and measuring the amount of tritiated thymidine incorporated into DNA). Contact with
a stress protein complex (100 ng/ml - 100 pg/ml, preferably 200 ng/ml - 25 ug/ml) for
3-7 days should result in at least a two fold increase in proliferation of the T' cells.
Contact as described above for 2-3 houts should result in activation of the T cells, as
measuted using standard cytokine assays in which a two fold inctease in the level of
cytokine release (e.g., TNF or IFN-y) is indicative of T' cell activation (see Coligan et al.,
Current Protocols in Immunology, vol. 1, Wiley Interscience (Greene 1998)). T cells
that have been activated in response to a stress polypeptide, polynucleotide or
polypeptide-exptressing APC may be CD4+ and/or CD8+. T cells can be expanded

using standard techniques.

Within preferred embodiments, the T cells are derived from either a patient or a related,
or unrelated, donor and are administered to the patient following stimulation and
expansion. For thetapeutic purposes, CD4+ or CD8+ T cells that proliferate in
response to a granulin polypeptide, polynucleotide or APC can be expanded in number
eithet iz vitro ot in vive. Proliferation of such T cells 7z »itro may be accomplished in a
variety of ways. For example, the T cells can be re-exposed to a granulin polypeptide,
with ot without the addition of T cell growth factors, such as intetleukin-2, and/ot
stimulator cells. Alternatively, one or more T cells that proliferate in the presence of a
granulin polypeptide can be expanded in number by cloning. Methods for cloning cells

are well known in the art, and include limiting dilution.

Pharmaceutical Compositions and Vaccines

The invention provides granulin polypeptide, polynucleotides, T cells and/or antigen
presenting cells that are incorporated into pharmaceutical compositions, including
immunogenic compositions (Le., vaccines). Pharmaceutical compositions comptise one
or more such compounds and, optionally, a physiologically acceptable catrier. Vaccines

may comprise one or more such compounds and an adjuvant that serves as a non-
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specific immune response enhancer. The adjuvant may be any substance that enhances
an immune response to an exogenous antigen. Examples of adjuvants include
conventional adjuvants, biodegradable microspheres (e.g., polylactic galactide),
immunostimulatory oligonucleotides and liposomes (into which the compound is
incorporated; see e.g., Fullerton, U.S. Patent No. 4,235,877). Vaccine preparation is
generally desctibed in, for example, M.F. Powell and M.]. Newman, eds., "Vaccine

Design (the subunit and adjuvant approach),” Plenum Press (NY, 1995). Phatrmaceutical

compositions and vaccines within the scope of the present invention may also contain

other compounds that may be biologically active or inactive. For example, one or more
immunogenic portions of other tumor antigens may be present, either incorporated into

a fusion polypeptide ot as a separate compound, within the composition ot vaccine.

A pharmaceutical composition or vaccine can contain DNA encoding one or mote of
the polypeptides as desctibed above, such that the polypeptide is generated 7 sitn. As
noted above, the DNA may be present within any of a variety of delivery systems known
to those of ordinary skill in the art, including nucleic acid expression systems, bactetia
and viral expression systems. Numerous gene delivery techniques are well known in the
art, such as those described by Rolland, Crit. Rev. Therap. Drug Cattier Systems 15:143-
198, 1998, and teferences cited therein. Approptiate nucleic acid expression systems
contain the necessary DINA sequences for expression in the patient (such as a suitable
promoter and terminating signal). Bacterial delivery systems involve the administration
of a bacterium (such as Bacillus-Calmette-Guerrin) that expresses an immunogenic portion

of the polypeptide on its cell surface ot secretes such an epitope.

In a preferred embodiment, the DNA may be introduced using a viral expression system
(e.g., vaccinia or other pox vitus, retrovitus, or adenovirus), which may involve the use of
a non-pathogenic (defective), replication competent virus. Suitable systems are disclosed,
for example, in Fisher-Hoch et al., Proc. Natl. Acad. Sci. USA 86:317-321, 1989; Flexner
etal, Ann. N.Y. Acad Sci. 569:86-103, 1989; Flexner et al., Vaccine 8:17-21, 1990; U.S.
Patent Nos. 4,603,112, 4,769,330, and 5,017,487; WO 89/01973; U.S. Patent No.
4,771,127; GB 2,200,651; EP 0,345,242; WO 91/02805; Betknet-Biotechniques 6:616-
627, 1988; Rosenfeld et al., Science 252:431-434, 1991; Kolls et al.,, Proc. Natl. Acad. Sci.
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USA 91:215-219, 1994; Kass-Eisler et al., Proc. Natl. Acad. Sci. USA 90:11498-11502,
1993; Guzman et al., Circulation 88:2838-2848, 1993; and Guzman et al., Cir. Res.
73:1202-1207, 1993. Techniques for incorporating DNA into such expression systems
are well known to those of ordinary skill in the art. The DNA may also be "naked," as
desctibed, for example, in Ulmer et al., Science 259:1745-1749, 1993 and reviewed by
Cohen, Science 259:1691-1692, 1993. The uptake of naked DNA may be increased by
coating the DNA onto biodegradable beads, which ate efficiently transported into the

cells.

While any suitable catrier known to those of ordinary skill in the art may be employed in
the pharmaceutical compositions of this invention, the type of cartier will vary depending
on the mode of administration. Compositions of the present invention may be
formulated for any approptiate manner of administration, including for example, topical,
oral, nasal, intravenous, intracranial, intraperitoneal, subcutaneous or mtramuscular
administration. For parenteral administration, such as subcutaneous injection, the cartier
preferably comprises water, saline, alcohol, a fat, a wax or a buffer. For oral
administration, any of the above catriets or a solid cattier, such as mannitol, lactose,
starch, magnesium stearate, sodium saccharine, talcum, cellulose, glucose, sucrose, and
magnesium carbonate, may be employed. Biodegradable microsphetes (e.g., polylactate
polyglycolate) may also be employed as carriers for the pharmaceutical coﬁposiﬁons of
this invention. Suitable biodegradable microspheres are disclosed, for example, in U.S.

Patent Nos. 4,897,268 and 5,075,109.

Such compositions may also comprise buffers (e.g., neutral buffered saline or phosphate
buffered saline), catbohydrates (e.g., glucose, mannose, sucrose or dextrans), mannitol,
proteins, polypeptides or amino acids such as glycine, antioxidants, chelating agents such
as EDTA or glutathione, adjuvants (e.g., aluminum hydroxide) and/or ptresetvatives.
Alternatively, compositions of the present invention may be formulated as a lyophilizate.

Compounds may also be encapsulated within liposomes using well known technology.

Any of a vatiety of adjuvants may be employed in the vaccines of this invention. Most

adjuvants contain a substance designed to protect the antigen from rapid catabolism,
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such as aluminum hydroxide or mineral oil, and a stimulator of immune responses, such
as lipid A, Bortadella pertussis or Mycobacterium tuberculosis derived proteins. Suitable
adjuvants are commercially available as, for example, Freund's Incomplete Adjuvant and
Complete Adjuvant (Difco Laboratoties, Detroit, MI); Merck Adjuvant 65 (Merck and
Company, Inc., Rahway, NJ); aluminum salts such as aluminum hydroxide gel (alum) or
aluminum phosphate; salts of calcium, iton or zinc; an insoluble suspension of acylated
tyrosine acylated sugars; cationically or anionically detivatized polysaccharides;
polyphosphazenes biodegradable mictospheres; monophosphotyl lipid A and quil A.
Cytokines, such as GM CSF or intetleukin-2, -7, or -12, may also be used as adjuvants.

Within the vaccines provided hetein, the adjuvant composition is preferably designed to
induce an immune response predominantly of the Th1 type. High levels of Thl-type
cytokines (e.g., IFN-a, IL-2 and IL-12) tend to favor ﬂqe induction of cell mediated
immune responses to an administered antigen. In contrast, high levels of Th2-type
cytokines (e.g., IL-4, IL-5, IL-6, IL-10 and TNF-B) tend to favor the induction of
humoral immune responses. Following application of a vaccine as provided herein, a
patient will suppott an immune response that includes Th1- and Th2-type responses.
Within a prefetred embodiment, in which a response is predominantly Th1 -type, the
level of Th1 -type cytokines will increase to a greater extent than the level of Th2-type
cytokines. The levels of these cytokines may be readily assessed using standard assays.
For a review of the families of cytokines, see Mosmann and Coffman, Ann. Rev.
Immunol. 7:145-173, 1989.

The compositions described hetein may be administered as part of a sustained release
formulation (i.e., 2 formulation such as a capsule or sponge that effects a slow release of
compound following administration). Such formulations may generally be prepared
using well known technology and administered by, for example, oral, rectal or
subcutaneous implantation, or by implantation at the desired target site, such as a site of
surgical excision of a tumor. Sustained-telease formulations may contain a polypeptide,
polynucleotide or antibody dispersed in a cattier matrix and /ot contained within a
reservoir surrounded by a rate controlling membrane. Cattiers for use within such

formulations are biocompatible, and may also be biodegtadable; preferably the
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formulation provides a relatively constant level of active component release. The
amount of active compound contained within a sustained release formulation depends
upon the site of implantation, the rate and expected duration of release and the nature of

the condition to be treated or prevented.

Antigen Presenting Cells

Any of a vatiety of delivery vehicles may be employed within pharmaceutical
compositions and vaccines to facilitate production of an antigen-specific immune
response that targets tumor cells. Delivery vehicles include antigen presenting cells
(APCs), such as dendritic cells, macrophages, B cells, monocytes and other cells that may
be engineered to be efficient APCs. Such cells may, but need not, be genetically
modified to increase the capacity for presenting the antigen, to improve activation
and/ot maintenance of the T cell response, to have anti-tumor or anti-infective effects
pet se and/ot to be immunologically compatible with the receiver (i.e., matched BLA
haplotype). APCs may generally be isolated from any of a variety of biological fluids and
organs, including tumor and peritumoral tissues, and may be autologous, allogeneic,

syngeneic or xenogeneic cells.

Certain preferred embodiments of the present invention use dendritic cells or
progenitors thereof as antigen-presenting cells. Dendritic cells are highly potent APCs
(Bancheteau and Steinman, Nature 392:245-251, 1998) and have been shown to be
effective as a physiological adjuvant for eliciting prophylactic or therapeutic antitumor
immunity (see Timmerman and Levy, Ann. Rev. Med. 50:507-529, 1999). In general,
dendritic cells may be identified based on their typical shape (stellate 77 situ, with marked
cytoplasmic processes (dendtites) visible zz vitro) and based on the lack of differentiation
matkers of B cells (CD19 and CD20), T' cells (CD3), monocytes (CD14) and natural
killer cells (CID56), as determined using standard assays. Denderitic cells may, of course,
be engineered to express specific cell surface receptors or ligands that are not commonly
found on dendtitic cells iz #wo ot ex vivo, and such modified dendtitic cells are

contemplated by the present invention. As an altetnative to dendritic cells, secreted
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vesicles antigen-loaded dendritic cells (called exosomes) may be used within a vaccine

(see Zitvogel et al., Nature Med. 4:594-600, 1998).

Denderitic cells and progenitors may be obtained from peripheral blood, bone matrow,
tumor-infiltrating cells, peritumoral tissues-infiltrating cells, lymph nodes, spleen, skin,
umbilical cord blood or any other suitable tissue or fluid. For example, dendritic cells
may be differentiated ex »izo by adding a combination of cytokines such as GM-CSF, IL-
4,11-13 and/ot TNFu to cultutes of monocytes hatvested from petipheral blood.
Alternatively, CD34 positive cells harvested from peripheral blood, umbilical cord blood
or bone matrow may be differentiated into dendritic cells by adding to the culture
medium combinations of GM-CSF, IL-3, TNFa, CD40 ligand, LPS, fIt3 ligand and/ot

other compound(s) that induce maturation and proliferation of dendritic cells.

Dendritic cells ate conveniently categotized as "immature" and "matute" cells, which
allows a simple way to aiscriminate between two well characterized phenotypes.
However, this nomenclature should not be construed to exclude all possible intermediate
stages of differentiation. Immature dendritic cells are characterized as APC with a high
capacity for antigen uptake and processing, which correlates with the high expression of
Fcy receptor, mannose receptor and DEC-205 marker. The mature phenotype is
typically characterized by a lower expression of these markers, but a high expression of
cell sutface molecules responsible for T' cell activation such as class I and class II NMC,
adhesion molecules (e.g., CD54 and CD11) and costimulatory molecules (e.g., CD40,
CD80 and CD86).

APCs may generally be transfected with a polynucleotide encoding a granulin polypeptide
(ot portion or other variant thereof) such that the granulin polypeptide, or an
immunogenic portion thereof, is expressed on the cell sutface. Such transfection may
take place ex v, and a composition or vaccine comprising such transfected cells may
then be used for therapeutic putposes, as described herein. Alternatively, a gene delivery
vehicle that targets a dendritic or other antigen presenting cell may be administered to a
patient, resulting in transfection that occurs 7z #wo. In vivo and ex vivo transfection of

dendritic cells, for example, may genetally be performed using any methods known in the
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art, such as those desctibed in WO 97/24447, ot the gene gun approach described by ‘
Mahvi et al., Immunology and Cell Biology 75:456-460, 1997. Antigen loading of
dendtitic cells may be achieved by incubating dendritic cells or progenitor cells with the
stress polypeptide, DNA (naked ot within a plasmid vector) or RNA; or with antigen-
expressing recombinant bactetium or vituses (e.g., vaccinia, fowlpox, adenovirus or
lentivitus vectors). Prior to loading, the polypeptide may be covalently conjugated to an
immunological partner that provides T cell help (é.g., a cartier molecule). Alternatively, a
dendtritic cell may be pulsed with a non-conjugated immunological pattner, separately ot

in the presence of the polypeptide.

Therapeutic and Prophylactic Methods

Treatment includes prophylaxis and therapy. Prophylaxis ot therapy can be
accomplished by a single direct injection at a single time point or multiple time points to
a single or multiple sites. Administration can also be neatly simultaneous to multiple
sites. Patients or subjects include mammals, such as human, bovine, equine, canine,

feline, porcine, and ovine animals. The subject is preferably a human.

A cancer may be diagnosed using criteria generally accepted in the art, including the
presence of a malignant tumor. Pharmaceutical compositions and vaccines may be

administered either ptiot to ot following sutgical removal of ptimaty tumots and/ot
treatment such as administration of radiotherapy or conventional chemotherapeutic

drugs.

Within certain embodiments, immunotherapy may be active immunotherapy, in which
treatment relies on the z# vivo stimulation of the endogenous host immune system to react
against tumors or infected cells with the administration of immune response-modifying

agents (such as polypeptides and polynucleotides disclosed herein).

Within other embodiments, immunotherapy may be passive immunotherapy, in which
treatment involves the delivery of agents with established tumot-immune teactivity (such
as effector cells or antibodies) that can directly or indirectly mediate antitumor effects

and does not necessarily depend on an intact host immune system. Examples of effector
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cells include T cells as discussed above, T lymphocytes (such as CD8+ cytotoxic T
lymphocytes and CD4+ T-helper tumor-infiltrating lymphocytes), killer cells (such as
Natural Killer cells and lymphokine-activated killer cells), B cells and antigen-presenting
cells (such as dendkritic cells and macrophages) expressing a polypeptide provided herein.
In a preferred embodiment, dendritic cells are modified 2 viro to present the
polypeptide, and these modified APCs are administered to the subject. T cell receptors
and antibody receptozs specific for the polypeptides recited herein may be cloned,
expressed and transferred into other vectors or effector cells for adoptive
immunotherapy. The polypeptides provided herein may also be used to generate
antibodies or anti-idiotypic antibodies (as described above and in U.S. Patent No.

4,918,164) for passive immunotherapy.

Administration and Dosage

The compositions ate administered in any suitable manner, often with pharmaceutically
acceptable carriers. Suitable methods of administering cells in the context of the present
invention to a subject ate available, and, although more than one route can be used to
administer a particular cell composition, a particular route can often provide a more

immediate and mote effective reaction than another route.

The dose administered to a patient, in the context of the present invention, should be
sufficient to effect a beneficial therapeutic response in the patient over time, ot to inhibit
disease progression. Thus, the composition is administered to a subject in an amount
sufficient to elicit an effective immune response to the specific antigens and/ot to
alleviate, reduce, cute or at least partially atrest symptoms and/ot complications from the
disease. An amount adequate to accomplish this is defined as a "therapeutically effective

dose."

Routes and frequency of administration of the therapeutic compositions disclosed herein,
as well as dosage, will vaty from individual to individual, and may be readily established
using standard techniques. In general, the pharmaceutical compositions and vaccines
may be administered, by injection (e.g., intracutaneous, intratumoral, intramuscular,

intravenous ot subcutaneous), intranasally (e.g., by aspiration) ot orally. Preferably,
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between 1 and 10 doses may be administered over a 52 week period. Preferably, 6 doses
are administered, at intetvals of 1 month, and booster vaccinations may be given
periodically thereafter. Alternate protocols may be appropriate for individual patients.
In one embodiment, 2 intradermal injections of the composition are administered 10

days apart.

A suitable dose is aﬁ amount of a compound that, when administered as described
above, is capable of promoting an anti-tumor immune response, and is at least 10-50%
above the basal (i.e., untreated) level. Such response can be monitored, for example, by
measuring the anti-tumor antibodies in a patient o£ by vaccine-dependent generation of
cytolytic effector cells capable of killing the patient's tumor cells 2z »itro. Such vaccines
should also be capable of causing an immune response that leads to an improved clinical
outcome (e.g., more frequent remissions, complete or partial or longer disease-free
survival) in vaccinated patients as compared to nonvaccinated patients. In general, for
pharmaceutical compositions and vaccines comprising one or mote polypeptides, the
amount of each polypeptide present in a dose ranges from about 100 pug to 5 mg per kg
of host. Suitable volumes will vary with the size of the patient, but will typically range
from about 0.1 mL to about 5 mL.

In general, an appropriate dosage and treatment regimen provides the active
compound(s) in an amount sufficient to provide therapeutic and/or prophylactic benefit.
Such a response can be monitored by establishing an improved clinical outcome (e.g.,
more frequent remissions, complete or partial, or longer disease-free survival) in treated
patients as compared to non-treated patients. Increases in preexisting immune responses
to a tumor protein generally correlate with an improved clinical outcome. Such immune
responses may generally be evaluated using standard proliferation, cytotoxicity ot
cytokine assays, which may be petformed using samples obtained from a patient before

and after treatment,

Additional Methods

The invention provides a method for detecting cancer in a neural tissue comptising

contacting the tissue with a molecule that recognizes and binds a granulin molecule. The
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molecule can be, for example, an antibody directed against a granulin peptide, or an
antisense nucleotide ditected against a granulin nucleic acid molecule. The tissue can be
from a mammal, such as human, bovine, equine, canine, feline, porcine, and ovine tissue.
The tissue is preferably a human. The tissue can comptise a tumor specimen,
cerebrospinal fluid, ot other suitable specimen. In one embodiment, the method
comprises use of an ELISA type assay that employs a granulin antibody to detect the
presence of granulin in a specimen. Those skilled in the art will appreciate additional
vatiations suitable for the method of detecting cancer in neural tissue through detection
of a granulin molecule in a specimen. This method can also be used to monitor granulin
levels in neural tissue of a patient undergoing treatment for a neural cancer. The
suitability of a granulin-targeted therapeutic regimen for initial or continued treatment

can be determined by monitoring granulin levels using this method.

The invention additionally provides a method for identifying a molecule that inhibits
proliferation of neural cancer cells. The method comprises contacting a candidate
molecule with a granulin molecule and determining whether the candidate molecule
disrupts the biological activity of the granulin molecule. Distruption of the biological
activity of the granulin molecule is indicative of a molecule that inhibits proliferation of
neural cancer cells. Representative granulin molecules include antibodies, proteins and

nucleotides.

The invention provides a method for identifying differentially expressed gene products
that are translated from mRNA species, using antibody-based screening of a cDNA
expression library. This method, termed differential immuno-absorption (DIA), can be
coupled to cDNA microarray hybridization and used in the identification of genes that
play a role in the malignant progtession of cancer. The method for identifying proteins
differentially expressed in a target tissue comprises linking a target tissue homogenate to
a first substrate, and passing an antiserum raised against the target tissue homogenate
over the first substrate to elute antibodies that bind the target tissue. The method further
comprises linking a control tissue homogenate to a second substrate, and passing the
eluted antibodies over the second substrate to obtain target antibodies that bind proteins

present in the target tissue and not proteins present in the control tissue. The target
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antibodies so obtained are then used to scteen a nucleic acid expression library
containing proteins expressed in the target tissue. Proteins bound by the target
antibodies are identified as differentially expressed in the target tissue. The invention

theteby provides novel proteins, antibodies and nucleotides identified by this method.

In addition, the invention provides a method of identifying a protein that is differentially
expressed in a neural cancer comprising screening a first library of cells associated with
neural cancer and a second library of non-tumor neural cells with a nucleic acid molecule
encoding a candidate protein. Increased hybridization of the nucleic acid molecule with
the first library relative to the second library is indicative of a protein that is differentially
expressed in neural cancer. In one embodiment, the screening comprises a cDNA

microarray assay.

EXAMPLES

The following examples are presented to illustrate the present invention and to assist one
of ordinary skill in making and using the same. The examples are not intended in any

way to otherwise limit the scope of the invention.

Example 1: Identification of Proteins by Differential Immuno—Absogption

This example describes a method for identifying differentially expressed gene products
that are actually translated from mRINA species, using antibody-based screening of a
cDNA expression library. This method, termed differential immuno—absc;rption (DIA),
can be coupled to cDNA mictroatray hybridization and used in the identification of genes
that play a role in the malignant progression of cancer. The differential expression of

granulin in brain tumors was discovered by this method.
Materials & Methods

Differential Immuno-Absorption. Glioblastoma multiforme (GBM) tumor tissue from a
human patient was immediately snap frozen in liquid nitrogen at the time of surgery.

Non-tumor brain was obtained from a surgical resection for trauma and similarly frozen.
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Both tissue specimens were homogenized in phosphate-buffered saline (PBS, pH=7.0)
with a glass mortar and pestle. The soluble matetial was aspirated, and the insoluble
material was re-extracted into a second fraction using 0.1% sodium dodecyl sulfate
(SDS). Both fractions wete used for affinity purification and immunizations. Affinity
chromatography was catried out using an aliquot of extracted material immobilized on
cyanogen bromide (CNBz)-activated Sepharose 4B columns (Pharmacia) according to
manufacturer’s specifications. The immobilized GBM tumor tissue extract was loaded
into a fritted column (Varian), blocked with 1 M glycine, pre-cycled with 0.1 M HC], and
neutralized with 0.1 M borate-buffered saline (BBS, pH=8.4). The extract of non-tumor

brain tissue was also similarly immobilized.

Antisera were raised against the GBM tumor homogenate by subcutaneous and
intramuscular immunization of New Zealand White (NZW) rabbits using complete and
incomplete Freund’s adjuvants. Several bleeds were collected from two animals, pooled,
and diluted 1:2 with 0.1 M borate-buffered saline (pH=8.4). The diluted antiserum was
passed over the GBM affinity column, and unbound material was washed off with BBS.
Bound material was eluted off using glycine buffets adjusted to pH=3, pH=2, and then
pH=1. The effluent and eluate were monitored at 280 nm (LKB), and the antiserum was
passed repeatedly through the column until depleted. The eluate was then collected into
BBS, checked for neutral pH, and cross-absorbed repeatedly (until depleted of cross-
reactive antibodies) against the column of non-tumor brain to select out antibodies that
may bind normal brain antigens. The unbound material was further cross-absorbed
against normal human plasma to select out non-specific antibodies. The final product
was concentrated using YM30 columns (Amicon) and dialyzed into catbonate buffer
(PH=9.5). The antibodies were biotinylated at a molar ratio of 15:1 using NHS long-
chain biotin (Sigma) and repurified using a column of G-25 (Pharmacia). These
biotinylated antibodies were then used to screen a glioblastoma phagemid cDNA

expression library.

Construction and Screening of cDNA Expression Libraty. For construction of the
glioblastoma cDNA expression library, a human glioblastoma multiforme tumor was

snap frozen in liquid nitrogen at the time of sutgery and retained at -80°C. Total RNA
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was extracted from 500 mg of fresh frozen tumor tissue using Trizol reagent per
manufactuter's protocol (Gibco-BRL). Messenger RNA from 30 ug total RNA was
isolated using double chromatography on oligo-dT cellulose columns (Gibco-BRL).
Double-stranded cDNA was synthesized from this mRNA using a Supetscript IT cDNA
synthesis kit (Gibco-BRL), and the cDNAs were ligated into a A ZipLox phagemid vector
(Gibco-BRL). We obtained a library titer estimated at 5.0 x 10° plaque-forming units
(PFU). Approximately 2.0 x 10° PFUs were plated and grown in the presence of
isopropyl-1-thio-B3-D-galactoside (IPTG), lifted onto nitrocellulose membranes, and
incubated with biotinylated anti-GBM antibodies (1:1000 dilution). The membranes
were then incubated with streptavidin-HRP and diaminobenzidine tetrahydrochloride
(Pietce). Positive clones were isolated, re-screened, and subcloned into the pZL1
plasmid vector (Gibco-BRL) by 7z #ivo excision. Inserts were verified by agarose gel
electrophoresis and partially sequenced using a dsDNA cycle sequencing kit (Gibco-

BRL) per manufactutet's protocol.

Microarray of Cloned DIA Products. After cloning the subtractive products into the
pZL1 vector, plasmid inserts were PCR amplified using vectot-specific primers. PCR
was performed in 50 pul reactions containing 10 mM Tris (pH 9.0), 50 mM KCI, 0.1%
gelatin, 2.5 U Taq DNA polymerase and 150 pM dNTP. Thermal cycling conditions
consisted of an initial denaturation at 94°C for 2 min, followed by 35 cycles of 94°C for 1
min, 68°C for 1 min and 72°C for 1.5 min, with a final 72°C extension for 10 min, in a
PTC100 thermal cycler (M] Research). Five microlitets of each PCR amplification
product were examined by agarose gel electrophoresis with ethidium bromide staining.
A single band was detected in 26 of the 28 PCR reactions petformed. Each of the 26
successfully amplified PCR products (1-2 ug) was recovered from the remaining 45 ul of

each PCR reaction by ethanol precipitation.

The PCR products were arrayed onto glass slides, following a protocol similar to that
previously described (18). Briefly, the PCR products were tesuspended in 15 pl 1X
standard saline citrate (SSC). A custom-built atraying robot picked up approximately 600
nl DNA solution and deposited 1-4 n]l DNA solution in duplicate onto a silanized glass
slide surface (Sigma). After printing, the slide was hydrated for 10 s over a 37°C water

38



WO 01/64712 PCT/US01/06515

10

15

20

25

bath, snap dtied for 2 s on a 100°C heating block, then UV cross-linked with 4000 m]
shott wave itradiation (Stratagene Stratalinker). The slide was then washed for 2 min
sequentially in 0.2% SDS and distilled watet. The bound DNA was denatured in distilled

water at 100°C, desiccated in an ice-cold bath of 95% ethanol, and air-dried.

Probe labeling, microarray hybridization, and washes were performed as described
previously (19). mRINA from a large batch of pooled tumor and non-tumor brain
specitmens was used to make cDNA labeled with Cy5. The Cy5-labeled cDNA from this
collective batch setrved as the common reference probe in all hybridizations. mRNA
samples (2 pg) from 10 individual tumor and non-tumor brain specimens (e.g., 8 gliomas

and 2 normal brain tissues) were used to make cDNA labeled with Cy-3.

After hybridization with the arrayed subtractive clones, Cy-3 and Cy-5 intensities wete
scanned using a custom-built two-color laser scanning fluorimeter. The image files were
analyzed with custom-written software that performed quantification similar to that
previously published (20, 21). Relative abundance of each of our 26 subtractive clones
(L1 - 126) in tumor versus normal brain was calculated using the equation: [(Cy3 signal -
Cy3 background)tumot / (Cy5 signal - Cy5 background)] divided by [(Cy3 signal - Cy3
background)normal / (Cy5 signal - Cy5 backgtound)].

Notthern Blot Analysis of Granulin mRNA Expression. Tissue total RNA was extracted
using Ttizol teagent (Gibco-BRL) pet manufactutet's instructions, and 10 pg/lane wete
separated on 1.2% denatuting agarose gels, transferred overnight to Hybond membranes
(Amersham) using 10X SSC, and itreversibly fixed by UV cross-linking. Prehybridization
and hybridization wete performed at 65°C in ExpressHyb solution (Clontech). 32P-
labeled cDNA probes were generated from our plasmid DNA containing granulin
cDNA using random primers per manufacturet's protocol (NEB). After hybridization,
membranes were washed (2X SSC plus 0.1% SDS at 37°C for 20 min, followed by 0.2X
SSC plus 0.1% SDS at 61°C for 20 min), and exposed to X-ray film (Kodak) at 80°C.
Blots were then stripped with 0.1% SDS at 100°C for 15 minutes and re-probed with
32P-labeled ribosomal 185 cDNA in otder to control for gel loading and RNA integrity.
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In sity Hybridization of Granulin mRNA Expression. Iz sit# hybridization was
petformed using **S-labeled triboptobes following previously published protocols (22).
Briefly, surgically resected human brain tissues. (tumor and non-tumor) were rapidly
frozen in isopentane directly from the operating room. Frozen tissues were sectioned on
a cryostat at 20 pm thickness, post-fixed in 4% paraformaldehyde, washed, and stored at
-75°C. Sections were washed, acetylated, defatted, and incubated with #S-labeled sense
or antisense granulin cRNA probe (107 cpm/ml) at 60°C overnight (18 - 24 h).
Following RNAse A (20 ug/ml) treatment at 45°C, sections wete washed in descending
concentrations of SSC, air dried, and dipped for emulsion autoradiography in Kodak
NTB2 (1:1 dilution). Following exposure to emulsion for 5 weeks, the slides were

developed and counterstained with hematoxylin and eosin.

Hybridization densities were measured from the 7z sifx# slides by counting silver grainé
within representative cells using an image analysis computer (Olympus microscope and
MCID Imaging software; Imaging Research, Inc.) (23). Sections through several
different tumor and non-tumor human brain specimens that had been hybridized with
granulin cRNA were chosen for counts. Briefly, two independent obsetvers outlined
labeled regions within each slide, and the computer determined the optical density and
quantity of silver grains within each outlined area. Ten measurements wete performed
for each slide and averaged into single values per mm® per specimen. These values were
then divided by the estimated number of cells per mm? for each specimen to get the
average units of silver grains per cell. The average quantity of silver grains per cell for
each tumor was compared to that of non-tumot brain specimens using the Student's t-

test.

Results

Isolation of Glioblastoma-Associated Gene Products by DIA. Using differential
immuno-absorption (DIA), positive reactions wete found in 28 plaques. Positive clones
were isolated, subcloned into the pZL1 plasmid vector by ## #ive excision, and partially
sequenced. BLAST analysis of these sequences revealed 19 novel clones and 9 genes

contained in the GenBank database. Of the 9 known clones that were identified by our
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DIA technique, 2 ate known to regulate growth, 1 codes for a chemotherapy resistance
protein, and 2 regulate gene expression (Table 1). Of the 19 novel sequences that wete
identified, Northern blot analyses were performed on 9 of these cDNAs and differential
expression was confirmed in tumor tissues versus normal brain in all nine of the clones

5  tested.

Table 1. Brain tumor-associated gene products identified by differential immuno-
absorption (DIA). From the 28 cDNAs that were identified by this method, 9
represented genes with sequence homology to known genes in the GenBank database.

Shown below are the clone number and the known ot putative function of each gene

10 product.

Clone GenBankID Function

1216 Human GFAP Glial fibrillary acidic protein; expressed in
astrocytes; used as marker for gliomas

L5 Human granulin Peptide isolated from human granulocytes;
autocrine growth factor for teratoma-derived
PC cells; mitogen for 3T3 fibroblasts

L9 GAPDH Glyceraldehyde-3-phosphate dehydrogenase;
glycolytic enzyme; increased in lung cancer;
putative role in apoptosis and
neurodegenerative diseases

L10 Carbonyl reductase Enzyme involved in chemotherapy resistance

and free radical modulation

L19 DNA-dependent ATPase  Helicase involved in transcription initiation
(putative) & X-linked and brain differentiation (putative)

nuclear protein

.20 Homologous with Unknown
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tyrosine kinases

L24 Hsa2 mitochondtial Unknown
cytochrome
L25 Osteopontin Ligand for integrin; involved in adhesion,

migration, & osteoclastogenesis

cDNA Microatray Analysis of DIA products. To petform high-capacity screening of

DIA clones in multiple tumor and non-tumor brain tissues, cDNA mictoartay analysis
was used (18, 20, 21). Twenty-six of the 28 plasmid inserts isolated were successfully
PCR amplified using vector-specific primers which amplify the inserted fragment from
the pZL1 vector. Fach PCR product was then arrayed onto glass slides and hybtidized
with two-color fluorophore-labeled probes in a manner similar to that alteady published
(19). The cDNA made from each sample of tumor or normal brain mRNA was labeled
with the fluorescent dye Cy3 (green) and mixed with a common reference probe labeled
with a second fluorescent dye, Cy5 (ted). Using this high throughput arrayer, the relative
abundance of each of the 26 DIA clones in 8 different brain tumor samples compared to
non-tumor brain tissue was determined (Fig. 2). As seen in Fig. 2, for the majority of the
26 genes tested, the three glioblastoma samples analyzed appeared to have higher levels
of differential expression than the othet tumor types. Furthermore, analysis of the
expression of these candidate tumor-specific genes revealed that one of the isolated

clones, L5, had consistently much higher levels of expression in gliomas compared to

normal brain (three- to thirty-fold).

This differentially expressed clone, L5, was therefore chosen for further charactetization.
The 590 base pait cDNA of clone L5 was manually sequenced and found to be identical
to the human granulin/epithelin precutsor. Granulins (also known as epithelins) ate
cysteine-rich polypeptides that have growth factor-like activity. They represent a
relatively new class of growth regulators, first described in 1990, with possible roles in

inflammation and tumorigenesis (27, 28). The granulin gene exists as a single copy in the
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human genome on chtomosome 17 (29). It is widely expressed in epithelial and
tumorigenic cell lines 7z vitro, many of which respond to the gene product by enhanced
cell proliferation, suggesting an autocrine or paractine role for these factors (30-32).
Sevetal of the known structural and biological properties of the granulins resemble those
of the epidermal growth factor (EGF)-like proteins (33-35). It is unclear whether this is
physiologically significant, as the 7z #v0 expression and function of granulin have not yet
been well defined.

Granulin mRNA Expression in Human Gliomas. The differential expression of granulin
in human gliomas was confirmed by Notthern blot analysis, which showed a transcript of
2.1 kb exptessed in 86% (18/21) of human gliomas and 0% (0/3) of the non-tumor brain
tissues analyzed (Fig. 3A). Interestingly, of the three gliomas that had absence of any
granulin signal, one was from a patient that had received previous radiation therapy and
one was from a low-grade oligodendroglioma. These data suggest that granulin
expression may be mitigated by radiation and/ot telated to higher malignancy and tumot

progtession.

To better appreciate the potential role of this gene product, it would be essential to know
the extent to which it is expressed within other human tissues. To determine this,
radiolabeled granulin cDNA was used to probe Northern blots of a variety of peripheral
organs. The probe hybridized predominantly to a 2.1-kb transcript in human testes,
spleen, and kidney after 2 weeks of exposure, but not to all other human tissues tested,

including normal brain, lung, heart, skeletal muscle, pancteas, liver, and adrenal gland

(Fig. 3B).

Differential exptession of granulin mRNA was also seen in tumor versus non-tumor
tissues using 7 sitn hybridization. Granulin antisense tiboprobe hybridized
predominantly to hypetcellular ateas of tumor tissue (Fig. 4A and 4B). The identity of
these cells labeled by 7# situ hybridization was suppotted by counterstaining the tissue
sections with hemotoxylin and eosin, which revealed that the majority of the RNA was
within tumor cells and not in the tissue stroma (Fig. 4C and 4D). Sense strand riboprobe

cDNA was used as a control and showed no specific labeling, indicating that the cellular
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hybtidization obtained with the antisense probe was specific for the granulin mRNA.
Quantitation of granulin hybridization densities was measuted from the 7 sitx slides
using image analysis software. This analysis revealed significantly greater numbers of
silver grains within cells of the most malignant brain tumors (e.g., anaplastic

5  astrocytomas and glioblastoma multiforme) compared to non-tumor glial cells (p =
0.006), confirming that elevated levels of granulin mRNA are expressed in high-grade

ptimary brain tumors (Table 2).

Table 2. Relative quantitation of 7# sitn hybridization of granulin mRNA in normal brain

and prmary brain tumors.

Tissue Number of silver ~ Average number of silver
grains/mm’ grains/cell

Notmal brain (n=2) 50 1.6
160 5.3
Pilocytic Astrocytoma (n=3) 3800 9.6
3900 7.3
4500 , 7.7
Oligodendroglioma (n=2) 9,500 20.2
17,000 212
Anaplastic astrocytoma (n=2) 17,000 29.7
22,000 15.2
Glioblastoma multiforme (n=3) 20,000 25.9
27,000 323
30,000 53.6

10
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Discussion -

In summary, the detection and characterization of a putative growth factor differentially
exptessed in brain tumots vetsus non-tumor brain tissue demonstrates the usefulness of
the DIA technique for identification of subtractive tissue-specific gene products that may
have significant biological activity. The DIA method described here is an alternative to
curtently established methods for the purposes of identifying differences in gene
expression. It has the advantage of selecting for gene products that are actually
translated from mRINA species, which can readily be cloned and synthesized for use in
functional assays as desctibed herein. Furthermore, because this technique is based on
the generation of subtractive antibodies used to screen cDNA. expression libraries,
antibodies to clones of interest can be generated for antibody-based studies. These
results demonstrate the potential of this technique to identify candidate glioma-associated

peptides that readily allow study of expression patterns and biological function.

With cutrent microatray technology, it is feasible to screen relatively large numbers of
tumor samples for the expression of subtractive products. This allows easy
disctimination of redundant clones and rapid confirmation of truly differentially
expressed genes. Although only 26 clones were isolated and cloned from this example of
the DIA method, it is conceivable that thousands of differentially expressed gene
products could be identified among the approximately 15,000 individual mRINA species
in a pait of human cell populations (i.e., tumor zers#s normal). This is based on the
assumption that perhaps 15% of the estimated 100,000 genes in the human genome are
exptessed in any individual cell type at a particular time (41). Even if thousands of
differential clones are generated from the subtractive approach of the invention, current
trobotic microatray technology allows for the fabtication of atrays containing up to
20,000 distinct cDNA targets (18). The expression of these thousands of targets can be
monitored m multiple tissue samples, just as the trelative expfession of 26 clones were

measuted in various brain tumor tissues. Thus, microatrays in concert with subtractive
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gene hunting methods could serve as useful tools for the identification of biologically

intriguing and clinically relevant human gene sequences.

Using the combination of DIA and microatray hybridization, a putative oncogene,
granulin D, with a likely function in glial cell proliferation, was identified. This granulin
peptide belongs to a family of putative growth factors that have previously been
characterized by a unique structural motif and implicated in growth regulation (28, 30, 31,
33-35). Structurally, granulins consist of 12 cysteines with four cysteine pairs flanked by
two single cysteines at both the amino and the carboxyl termini (26, 42). The predicted
protein architecture consists of four stacked B-hairpins, each connected to the next with
two parallel disulfide bridges, and a peptide backbone atranged as two ladders in a left-
handed super-helix (34). Interestingly, this tertiary structure is partially homologous to
that of epidermal growth factor (EGF). Granulin proteins have been shown to have
tnitogenic activity in murine embtyonic 3T3 cells, in the tumotigenic teratoma-detived
PC cell line, in human epithelial and fibroblastic cells, and in murine keratinocytes (27,
30, 33, 35). The data disclosed hetein show growth regulatory effects of this peptide in

primary rat astrocytes and in eatly-passage human glioblastoma cell lines.

The surprising parallels between the granulin and EGF systems are of interest. Given
that amplification of the epidermal growth factor receptor (EGF-R) gene is one of the
most common findings in glioblastomas and malignant astrocytomas (1, 43), it is
intriguing that one of the glioblastéma—associated clones identified via the DIA technique
may be related to the EGF/EGF-R system. Nevertheless, thete ate many molecules that
have EGF-like domains, and other investigators have found that granulin does not bind
to wild-type EGF-R (also called etbB-1) (44). Furthermore, Western blot analysis of
EGF-R expression in the human glioblastomas used in the bioassay disclosed herein
revealed EGF-R overexpression in only one of the three tumors tested, with no direct
cotrelation between EGF-R overexpression and granulin-induced growth regulation.
Interestingly, however, all three of the tumors studied had overexpression of the closely
related EGFR-like transmembrane receptor tyrosine kinase erbB-2 (also called HER-2 or

neu).
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Also intriguing in this context is the fact that both granulzn and erbB-2 are genes located
on chromosome 17 (29, 45). Previous reports in the literature have found that high-
grade gliomas have ovet-representation of chromosome 7 and gain of chromosome 17q
at the cytogenetic level (46, 47), which presumably relates to amplification of EGF-R and
erbB-2 at the gene expression level (48-50). Although overexpression of erbB-2 has been
found in a subset of primary brain tumors, its putative ligand in brain cancets is not yet
known. It would be interesting to determine whether tumors with amplification of
chromosome 17q have coordinate overexpression of erbB-2 and granulin, which may
support the idea of granulin being a ligand for the erbB-2 proto-oncogene
autoctine/paractine loop. Given the tissue-specificity of granulin for tumor versus
normal brain, its EGF-like domains, its location on chromosome 17, and its implicated
role in glial cell growth regulation, it is conceivable that this gene product may be a useful

target for the development of new therapeutics for malignant brain tumors.

Example 2: Regulation of Astrocyte and Glioblastoma Cell Proliferation by Granulin
Peptide and Granulin Antibody '

This example describes the effects of granulin peptide and a granulin antibody on the
proliferation of astrocytes in primary culture and of cultured human glioblastoma cells.
The results show that granulin is mitogenic for astrocytes and glioblastoma cells, and that
the growth of these cells can be inhibited by treatment with a polyclonal antibody
directed against granulin.

Materials & Methods

Cell cultures. Primary cultures of rat astrocytes from the brains of adult Fischer 344 rats
were isolated following a protocol previously desctibed (24). Cultures wete maintained
in Dulbecco's modified Eagle’s medium (DMEM, Gibco-BRL) supplemented with 10%
fetal bovine serum (FBS), L-glutamine, and antibiotic dtugs (100 U/ml penicillin and 100
pg/ml streptomycin) at 37°C in 5% CO2.

Primary human glioblastoma cells cultures wete established using a protocol similar to

that previously published (25). Tumors wete taken ditectly from the operating room at
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the time of sutgery. Tissues were finely minced using sterile scissors, rinsed with PBS,
and dispersed with trypsin-EDTA. Monolayer cells wete platea in T'75 flasks (Costar)
and cultured in DMEM/Ham's F12 (Itvine Scientific) supplemented with 10% FBS
(Gibco-BRL), L—glutémine, and antibiotics (100 U/ml penicillin and 100 pg/ml

streptomycin).

Measurement of Cell Proliferation. The effect of granulin D peptide and granulin

antibody on the proliferation of primary rat astrocytes and three early-passage human
glioblastoma cell lines were examined. Synthetic peptide, consisting of the 55-amino acid
sequence of granulin D (26), was provided by Research Genetics. For the antibody
studies, a polyclonal antibody was raised against this 55-amino acid synthetic peptide
conjugated to KLH. The IgG fraction was isolated from seta using protein-A sepharose
(Zymed), concentrated using a Centri-cell concentrator (Amicon), and stored in borate
buffer consisting of 25 mM sodium borate, 100 mM boric acid, 75 mM NaCl, and 5 mM
EDTA.

The biological effects of increasing concentrations of granulin D peptide and antibody
on 7 vitro cell growth rates were assayed using 3H-thymidine incorporation. Cells were
grown to about 60% confluence in T75 flasks (Costat) and then plated in 12-well plates
(Corning) at a density of 104 cells per well in 1 ml of DMEM supplemented with 10%
FBS. One day after plating, the medium was removed and replaced with medium
containing increasing concentrations of either synthetic granulin D peptide (0 ng/ml to
1000 ng/ ml) ot grafiulin D antibody (1:1000 to 1:100) in triplicate. Three days later, the
medium was again replaced by fresh medium and supplemented with increasing amounts
of peptide or antibody. After three days, 0.5 uCi/well of 3H-thymidine was added for
overnight incubation at 37°C. Wells were then washed twice with 1 ml of ice-cold
phosphate-buffered saline (PBS) and collected by treatment with trypsin-EDTA. Cell
suspensions were transferred to scintillation vials and radioactivity counted with a
scintillation counter. Six separate experiments wete performed on each cell line, using
triplicate wells per experiment (n = 18). The Student's t-test was used to interpret the

significance of differences between groups.
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Results

In vitro Growth Regulation of Glial Cells by Granulin D. Four granulins, A, B, C, and D,

have previously been isolated from human inflammatory cell exudates (28, 33, 36, 37).
Each is a small protein of approximately 6 kDa that is derived from a larger precutsor of
593 amino acids, known as acrogranin (38-40). The acrogranin cDNA (clone L5)
isolated from human glioblastomas contained the entire sequence for granulin D (base

paits 1254 to 2099). (26).

The implication of granulin molecules in growth regulation with a tertiary structure
teminiscent of that of EGF suggested a potentially important role for the L5/granulin D
clone as a putative growth factor. In order to determine if granulin D may modulate glial
cell proliferation, a 55-amino acid peptide corresponding to the known sequence of
granulin D was synthesized (26). The effect of this synthetic peptide on proliferation
rates of rat astrocytes in culture was then studied using a standard *H-thymidine
incotporation assay. As shown in Fig. 5, addition of synthetic granulin D peptide
stimulated DNA synthesis of rat astrocytes 7z vitro up to 300% in a dose-dependent
manner (Fig. 5A and 5B). Statistically significant increases in cell proliferation (up to
150% of controls) were seen with the addition of as little as 1 ng/ml (169 pM) of
granulin D to cell culture (p = 0.025). Interestingly, this synthetic peptide had a much
more modest effect on the proliferation of primary human glioblastoma cells in culture,
showing only a 120 — 150% increase (p = 0.068) in growth with the addition of over
1000 ng/ml (169 nM) of granulin D (Fig. 5C). This may be explained by the fact that
these human cells wetre tumorous and already expressed high levels of granulin (as shown
by Notthern blot and 7z sif# hybridization). Thus, the putative receptors of this potential
autocrine growth factor may be saturated by endogenous granulin and theteby preclude

further growth stimulation by the addition of exogenous peptide.

To further evaluate the growth regulatory role of granulin D on human tumor cells 7
vitro, a polyclonal antibody was raised against the 55-amino acid granulin D peptide and
assayed for its ability to inhibit cell proliferation in three primary human glioblastoma

cultures. As shown in Fig. 5D, the addition of incteasing concentrations of purified
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granulin D antibody to eatly-passage human brain tumor cell cultures significantly
iﬁhibited cell growth 7 vitro. *H-thymidine incorpotation was suppressed down to only
18.6% of controls with the highest concentration of antibody tested (1:100 dilution, p =
0.035).

Example 3: In Vi Reduction of Tumor Volume With Granulin Antibody Therapy

In this example, an affinity-putified polyclonal antibody was raised against the 55-aa
granulin D peptide conjugated to keyhole limpet hemocyanin (KLH). Nude (##/74) mice
were challenged with 10° U87 human glioblastoma tumor cells and treated i.p. with 500
wg of anti-granulin antibody (in a volume of 500 ul dPBS) or dPBS alone, starting one
day after tumor challenge and every other day thereafter for 21 days. Injection of dPBS
alone failed to protect mice against s.q. tumor growth. Treatment with anti-granulin
antibody, however, protected 100% of the mice from tumor growth for up to 40 days, as
shown in Figure 6. These results demonstrate that molecules that intetfere with the
biological acﬁvity of granulin can be an effective therapeutic in the treatment of neural

tumots.

Example 4: Prolonged Sutvival of Tumor-beating Mice With Granulin Antibody
Therapy

In this example, nude (##/##) mice were challenged with 5 x 104 U87 cells intracranially,
and treated 24 hours later with a single bolus of 10 pl of an anti-human rabbit affinity-
putified antibody (10 pg) that specifically recognizes the 55 amino acid sequence
corresponding to granulin D, an irrelevant affinity-purified antibody (10 pg), or dPBS
injected stereotactically directly into the intracranial tumor. Intratumoral injection of
anti-granulin antibody significantly increased median survival by greater than two-fold
relative to treatment with dPBS or control antibody. Twenty percent of mice treated
with anti-granulin antibody survived longer than 60 days, while all control mice were
dead by 21 days (Figute 7). These results further demonstrate that molecules that
interfere with the biological activity of granulin provide an effective therapeutic in the

treatment of neural cancer.

50



WO 01/64712 PCT/US01/06515

10

15

20

25

From the foregoing it will be appreciated that, although specific embodiments of the

invention have been described herein for putposes of illustration, various modifications

may be made without deviating from the spitit and scope of the invention. Accordingly,

the invention is not limited except as by the appended claims.

10.
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CLAIMS:

1. A method for inhibiting proliferation of neural cells comprising contacting a

neural cell with a molecule that disrupts the biological activity of a granulin

molecule.
2. The method of claim 1, wherein the neural cell comprises a tumor cell.
3. The method of claim 1, wherein the neural cell comprises a glial cell.
4. The method of claim 1, wherein the neural cell comprises a central nervous

system (CINS) cell.

5. The method of claim 1, wherein the molecule is an antibody directed against a
granulin peptide.
6. The rﬁethod of claim 1, wherein the molecule is an antisense nucleotide directed

against a granulin nucleic acid molecule.

7. The method of claim 1, wherein the molecule is a polynucleotide encoding a
granulin peptide.

8. The method of claim 1, wherein the cell is a glioblastoma, astrocytoma ot
oligodendroglioma cell.

9. The method of claim 1, wherein the cell is an ependymoma, choroid plexus

papilloma or medulloblastoma.

10. The method of claim 1, wherein the cell is a Schwannoma, neurofibroma, ot
neutilemmoma.

11, The method of claim 1, whetein the cell is a neuronal, meningial, pineal ot
pituitary tumor cell.

12. The method of claim 1, wherein the cell is a human cell.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

A method for treating cancer of the netvous system in a subject comprising
administering to the subject a molecule that disrupts the biological activity of a
granulin molecule.

The method of claim 13, whetein the molecule is an antibody directed against a

granulin peptide.

The method of claim 13, wherein the molecule is an antisense nucleotide ditected

against a granulin nucleic acid molecule.

The method of claim 13, whetein the molecule is a polynucleotide encoding a

granulin peptide.

The method of claim 13, whetein the cancer comprises glioblastoma,

astrocytoma ot oligodendroglioma.

The method of claim 13, whetein the cancer comptises ependymoma, choroid

plexus papilloma or medulloblastoma.

The method of claim 13, wherein the cancer comptises Schwannoma,

neurofibroma, or neutilemmoma.

The method of claim 1, whetein the cancer is associated with a neuronal,

meningial, pineal ot pituitary tumot.

A method for detecting cancet in a neural tissue comptising contacting the tissue

with a molecule that recognizes and binds a granulin molecule.

The method of claim 21, whetein the molecule is an antibody directed against a

granulin peptide.

The method of claim 21, wherein the molecule is an antisense nucleotide directed

against a granulin nucleic acid molecule.

The method of claim 21, wherein the tissue is human.
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The method of claim 21, whetein the tissue comprises a tumor specimen.
The method of claim 21, whetein the tissue comptises cerebrospinal fluid.

The method of claim 21, wherein the neural cancer is a glioblastoma,

astrocytoma, or oligodendroglioma.

A method for identifying a molecule that inhibits proliferation of neural cancer

cells comprising:
() contacting a candidate molecule with a granulin molecule; and

() determining whether the candidate molecule disrupts the biological
activity of the granulin molecule,

whetein distuption of the biological activity of the granulin molecule is indicative

of a molecule that inhibits proliferation of neural cancer cells.

The method of claim 28, whetrein the biological activity of the granulin molecule
comprises the specific recognition and binding of an antibody to a granulin
peptide.

The method of claim 28, whetein the biological activity of the granulin molecule
comprises the specific recognition and binding of an antisense oligonucleotide to

a granulin nucleic acid molecule.

A method for identifying proteins differentially expressed in a target tissue

comprising:
(a) linking a target tissue homogenate to a first substrate;

(b) passing an antiserum raised against the target tissue homogenate over the

first substrate to elute antibodies that bind the target tissue;

(© linking a control tissue homogenate to a second substrate;
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(d) passing the eluted antibodies over the second substrate to obtain target
antibodies that bind proteins present in the target tissue and not proteins

present in the control tissue; and

© screening a nucleic acid expression library containing proteins expressed
in the tatget tissue with the target antibodies obtained in step (d), wherein
a protein bound by the target antibodies is identified as differentially

expressed in the target tissue.

The method of claim 31, further comprising screening a first library of cell types
associated with the target tissue and a second library of cell types associated with
a non-target tissue with a nucleic acid molecule encoding the protein identified in
step (e) as differentially expressed in the target tissue and determining whether
the nucleic acid molecule hybridizes to a greater extent with the first library as
compated to the second libraty, thereby identifying a protein that is expressed in

greater abundance in the target tissue relative to the non-target tissue.

The method of claim 31, whetein the scteening comptises a cDNA microartay

assay.

A method of identifying a protein that is differentially expressed in a neural
cancet comptising screening a first library of cells associated with neural cancer
and a second library of non-tumor neural cells with a nucleic acid molecule
encoding a candidate protein, wherein increased hybridization of the nucleic acid
molecule with the first library relative to the second library is indicative of a

protein that is differentially expreséed in neural cancet.

The method of claim 34, whetein the scteening comptises a cDNA microartay

assay.
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because they relate to subject matter not required to be searched by this Authority, namely:

2. I:I Claim Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to
such an extent that no meaningful international search can be carried out, specifically:

3. D Claim Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule
6.4(a). )
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As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.
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As only some of the required additional search fees were timely paid by the applicant, this international search
report covers only those claims for which fees were paid, specifically claims Nos.:

4. & No required additional search fees were timely paid by the applicant. Consequently, this international search report
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING

This application contains the following inventions or groups of inventions which are not so linked as to form a single general
inventive concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must
be paid.

Group I, claim(s) 1-5 and 8-12, in part, drawn to a method for inhibiting proliferation of neural cells comprising contacting cells with
an antibody directed against a granulin molecule.

Group II, claim(s) 1-4, 6, and 8-12, in part, drawn to a method for inhibiting proliferation of neural cells comprising contactmg cells
with an antisense nucleotide directed against a granulin nucleic acid molecule,

Group III, claim(s) 1-4 and 7-12, in part, drawn to a method for inhibiting proliferation of neural cells comprlsmg contacting cells
with a polynucleotide encoding a granulin peptide,

Group 1V, claim(s) 13-14 and 17-20, in part, drawn to a method for treating cancer of the nervous system comprising administering to
a subject a an antibody directed against a granulin peptide.

Group V, claim(s) 13, 15 and 17-20, in past, drawn to a method for treating cancer of the nervous system comprising administering to
a subject an antisense nucleotide directed against a granulin nucleic acid molecule.

Group VI, claim(s) 13 and 16-20, drawn to a method for treating cancer of the nervous system comprising administering to a subject a
polynucleotide encoding a granulin peptide.

Group VII, claim(s) 21-22 and 24-27, drawn to a method of detecting cancer in a neural tissue comprising contacting the tissue with
an antibody directed against a granulin peptide.

Group VIII, claim(s) 21 and 23-27, drawn to a method of detecting cancer in a neural tissue comprising contacting the tissue with an
antisense nucleotide directed against a granulin nucleic acid molecule.

Group IX, claim(s) 28-29, drawn to a method of identifying a molecule that inhibits proliferation of neural cancer cells comprising
contacting a candidate molecule with a granulin molecule and determining whether the candidate molecule disrupts biological activity
of granulin wherein the biological activity of granulin comprises the recognition and binding of an antibody to a granulin peptide.

Group X, claim(s) 28 and 30, drawn to a method of identifying a molecule that inhibits proliferation of neural cancer cells comprising
contacting a candidate molecule with a granulin molecule and determining whether the candidate molecule disrupts biological activity
of granulin wherein the biological activity of granulin comprises the recognition and binding of an antisense oligonucleotide to a
granulin nucleic acid molecule.

Group XI, claim(s) 31-33, drawn to a method for identifying proteins differentially expressed in a target tissue comprising linking a
target tissue homogenate to a substrate, passing antiserum over the first substrate to elute antibodies, linking a control tissue
homogenate to a second substrate, passing the eluted antibodies over the second substrate, and screening a nucleic acid expression

library.

Group XII, claim(s) 34-35, drawn to a method of identifying a protein that is differentially expressed in a neural cancer comprising
screening a first library of cells associated with neural cancer and a second library of non-tumor neural celis with a nucleic acid
molecule encoding a candidate protein.

The inventions listed as Groups I-XII do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:
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Groups I-XII claim different methods. Group I recites the special technical feature of inhibition of proliferation of neural cells
comprising contacting a neural cell with an antibody, which is not required by the methods of Groups II-XII. Group II recites the
special technical feature of inhibition of proliferation of neural cells comprising contacting the cells with an antisense oligonucleotide,
which is not required by the methods of Groups I and III-XII. Group III recites the special technical feature of inhibition of
proliferation of neural cells comprising contacting a neural cell with a polynucleotide, which is not required by the methods of Groups
I-IT and IV-XII. Group IV recites the special technical feature of treatment of cancer of the nervous system comprising administration
of an antibody, which is not required by the other methods of Groups I-III and V-XI. Group V recites the special technical feature of
treatment of cancer of the nervous system comprising administration of an antisense oligonucleotide, which is not required by the
other methods of Groups I-IV and VI-XII. Group VI recites the special technical feature of treatment of cancer of the nervous system
comprising administration of a polynucleotide, which is not required by the other methods of Groups I-V and VII-XII. Group VII
requires search and consideration of detection of cancer in a neural tissue comprising contacting the tissue with an antibody, which is
not required by the other methods of Groups I-VI and VIII-XII. Group VIII recites the special technical feature of detection of cancer
in a neural tissue comprising contacting the tissue with an antisense nucleotide, which is not required by the other methods of Groups
I-VII and IX-XII. Group IX recites the special technical feature of identification of a molecule that inhibits proliferation of neural
cancer cells and specific recognition and binding of an antibody to a granulin peptide, which is not required by the other methods of
Groups I-VIII and X-XII. Group X recites the special technical feature of identification of a molecule that inhibits proliferation of
neural cancer cells and specific recognition and binding of an antisense oligonucleotide to a granulin nucleic acid molecule, which is
not required by the other methods of Groups I-IX and XI-XII. Group XI recites the special technical feature of linkake of target
tissues homogenates to substrates, elution of antibodies, and screening a nucleic acid expression library, which is not required by the
other methods of Groups I-X and XII. Group XII recites the special technical feature of screening a neural cancer cell library and a
non-tumor neural cell library, which is not required by the other methods of Groups I-XI. Also, the PCT rules do not provide for the
search and examination of more than one method of use and one method of making for the first claimed product.

This application contains claims directed to more than one species of the generic invention. These species are deemed to lack unity of
invention because they are not so linked as to form a single general inventive concept under PCT Rule 13.1.

In order for more than one species to be examined, the appropriate additional examination fees must be paid. The species of cell type
are as follows:

. tumor cell

. glial cell

. central nervous system cell

. glioblastoma cell

astrocytoma cell

oligodendroglioma cell

ependymoma cell

. choroid plexus papilloma cell

I. medulloblastoma cell

J. Schwannoma cell .

. neurofibroma cell
neurolemmoma cell

. neuronal tumor cell

. meningial tumor cell

. pineal tumor cell

pituitary tumor cell

TOTMEU AW

vOozZECR

The following claim(s) are generic: 13-35

The species listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule 13.2, the
species lack the same or corresponding special technical features for the following reasons:

The special technical feature of (A) is a tumor cell population. This special technical feature is not shared by any of the other
species.
This application contains claims directed to more than one species of the generic invention. These species are deemed to lack unity of

invention because they are not so linked as to form a single general inventive concept under PCT Rule 13.1.

In order for more than one species to be examined, the appropriate additional examination fees must be paid. The species of cancer
type are as follows:
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. glioblastoma

. astrocytoma
oligodendroglioma
ependymoma

. choroid plexus papilloma
. medulloblastoma
. Schwannoma

. neurofibroma

. neurilemmoma
Z. neuronal tumor
AA. meningial tumor
BB. pineal tumor
CC. pituitary tumor

HYRE<CTHORO

The following claim(s) are generic: 1-12 and 21-35
The species listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule 13.2, the
species lack the same or corresponding special technical features for the following reasons:

The special technical feature of (Q) is a glioblastoma cancer. This special technical feature is not shared by any of the other species.

Continuation of B. FIELDS SEARCHED Item 3:
EAST, MEDLINE, DIALOG
search terms: granulin, neural cells, glioblastoma, proliferation, antibody, Liau, Linda M.
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