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DIAGNOSIS AND TREATMENT OF MALIGNANT NEOPLASMS

Statement as to Federally Sponsored Research

This invention was made with U.S. Government support under National Institutes of
Health grants CA-35711, AA-02666, AA-02169, and AA11431. The government has certain
rights in the invention.

Background of the Invention

Primary malignant central nervous system (CNS) neoplasms, particularly
glioblastomas, are highly fatal due to their aggressive and widespread infiltration of the brain and
resistance to anti-cancer treatments. Although progress has been made 1in unraveling the
pathological mechanisms underlying CNS cancers as well as other cancer fypes, tumor specific
therapeutic approaches and methods of diagnosis have been largely elusive.

Summary of the Invention

The invention features a method for diagnosing or inhibiting the growth of a malignant

neoplasm in a mammal by contacting a tissue or bodily fluid from the mammal with an antibody
which binds to an human aspartyl (asparaginyl) beta-hydroxylase (HAAH) polypeptide under
conditions sufficient to form an antigen-antibody complex and detecting the antigen-antibody
complex. Malignant neoplasms detected in this manner include those derived from endodermal
tissue, €.g., colon cancer, breast cancer, pancreatic cancer, liver cancer, and cancer of the bile
ducts. Neoplasms of the central nervous system (CNS) such as primary malignant CNS
neoplasms of both neuronal and glial cell origin and metastatic CNS neoplasms are also detected.
Brain cancers include metastatic brain tumors, as well as primary brain tumors such as glioma,
astrocytomas, and hemangiomas. Patient derived tissue samples, €.g., biopsies of solid tumors, as
well as bodily fluids such as a CNS-derived bodily fluid, blood, serum, urine, saliva, sputum, lung
effusion, and ascites fluid, are contacted with an HAAH-specific antibody.

The invention includes a method of eliciting an immune response or confering an immune
response to a tumor cell, e.g., a brain tumor, in a mammal by administering to a mammal an
antibody which binds to HAAH or a polynucleotide encoding such an antibody. Preferably, the

antibody binds to a site in an extracellular domain (e.g., a site within residues 1-700) of HAAH.
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The antibody binds to an ectodomain of HAAH (residues 19-75 of SEQ ID NO:2). More
preferably, the antibody binds to a catalytic domain of HAAH, e.g., amino acids 650-700 of SEQ
ID NO:2. For example, FB50 binds to a polypeptide with the amino acid sequence NPVEDS
(residues 286-291 of SEQ ID NO:2). Monoclonal antibody HBOH1 binds to a polypeptide with
the amino acid sequenc QPWWTPK (residues 573-579 of SEQ ID NO:2), and monoclonal
antibody HBOH-2 binds to a polypeptide containing the amino acid sequence LPEDENLR
(residues 613-620 of SEQ ID NO:2). The foregoing antigenic epitopes of HAAH are located on
the cell surface of malignant cells. Other HAAH-specific antibodies suitable for passive
immunization include 5C7, 5E9, 19B, 48A, 74A, 78A, 86A, HA238A, HA221, HA 239, HA241,
HA329, and HA355.

The antibody to be administered is a heterodimeric antibody, a single chain antibody, or a
high affinity single chain antibody. By high affinity is meant that the antigen-specific binding
affinity of the antibody has a Kj in the nanomolar range. Preferably, the binding affinity 1s in the
range of 100 pM or higher affinity. For example, the antibody, antibody fragment, or single chain
antibody has an antigen-specific binding affinity in the range of 10"% to 10"° molar.

The antibody, or fragment thereof, activates complement 1n a patient treated with the
antibody. Preferably, the antibody mediates antibody-dependent cytotoxicity of tumor cells 1n the
patient treated with the antibody. The antibody, or fragment thereof, is administered alone or
conjugated to a cytotoxic agent. In the latter case, binding of the antibody to a tumor cell results
in impairment or death of the cell, thereby reducing tumor load. The antibody 1s conjugated to a
radiochemical, or a chemical tag which sensitizes the cell to which it is bound to radiation or
laser-mediated killing.

Also within the invention, are methods of inducing an HAAH-specific immune response
to reduce tumor growth by active immunization. The method involves administering to a
mammal an HAAH polypeptide, e.g., a polypeptide containing the amino acid sequence of SEQ
[D NO:2. Immunogenic HAAH fragments are also administered to generate an immune response
to a particular portion of HAAH. For example, to generate an antibody response to HAAH on the
surface of cells, a polypeptide containing an extracellular domain of HAAH (but lacking an
intracellular domain of HAAH) 1s administered. To generate antibodies, which inhibit HAAH

activity, the individual is immunized with a polypeptide containing a catalytic domain of HAAH
2
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(e.g., amino acids 650-700 of SEQ ID NO:2). Optionally, the polypeptide compositions contain a
clinically-acceptable adjuvant compound. Such adjuvants are generally known 1n the art, and
include oil-emulsions, Freunds Complete and Incomplete adjuvant, Vitamin E, aluminum salts or

gels, such as aluminum hydroxide, -oxide or -phosphate, saponins, polymers based on polyacrylic
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acid, such as carbopols, non-ionic block polymers, fatty acid amines, such as avridin and DDA,
polymers based on dextran, such as dextran sulphate and DEAE dextran, muramyldipeptides,
ISCOMs (immune stimulating complexes, €.g., as described in European Patent EP 109942),
biodegradable microcapsules, liposomes, bacterial immune stimulators, such as MDP and LPS,
and glucans. Other adjuvant compounds are known in the art, e.g., described in Altman and
Dixon, 1989, Advances in Veterinary Science and Comparative Medicine 33: 301-343). Alum 1s
preferred for human use.

An HAAH-specific immune response is also induced by administering to a mammal a
polynucleotide composition encoding an HAAH polypeptide, or a degenerate variant of the
HAAH-encoding polynucleotide. For example, the polynucleotide contains the nucleotide
sequence of SEQ ID NO:3, or a degenerate variant thereof, or a fragment thereof encoding a
specific immunogenic domain of HAAH. Preferably, the HAAH polypeptide encoded by the
polynucleotide (or directly administered polypeptide) is enzymatically nonfunctional. More
preferably, the HAAH polynucleotide encodes an HAAH polypeptide that 1s secreted, e.g., the
construct contains a signal sequence for transport out of the cell and into an extracellular space.
The HAAH polypeptide lacks an essential histidine. The HAAH polypeptide 1s a truncated
HAAH, which contains the first 650 amino acids of SEQ ID NO:2.

Optionally, the polynucleotide composition contains a transfection-enhancing agent, such
as a precipitating agent or a lipid. Preferably, the encoded HAAH polyeptide contains the amino
acid sequence of SEQ ID NO:2 (full-length HAAH) or a fragment thereof, which contains an
extracellular domain of HAAH and lacks an intracellular domain of HAAH. Preferably, the
polynucleotide contains a catalytic domain of HAAH. The HAAH-encoding sequences are
operably-linked to a promoter and other regulatory sequences for expression of the polypeptides
in target cells. The polypeptide may be directed intracellularly or marked tor extracellular
expression, or secretion. The polynucleotide directs expression in a target cell, which expresses

appropriate accessory molecules for antigen presentation, e.g., major histocompatibility antigens.
3
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Methods for diagnosis include detecting a tumor cell in bodily fluids as well as detecting a
tumor cell in tissue (in vivo or ex vivo). For example, a biopsied tissue is contacted with an
HA AH-specific antibody and antibody binding measured. Whole body diagnostic imaging may
be carried out to detect microtumors undetectable using conventional diagnostic methods.
Accordingly, a method for diagnosing a neoplasm in a mammal is carried out by contacting a
tissue, e€.g., a lymph node, of a mammal with a detectably-labeled antibody which binds to
HAAH. An increase in the level of antibody binding at a tissue site compared to the level of
binding to a normal nonneoplastic tissue indicates the presence of a neoplasm at the tissue site.
For detection purposes, the antibody (or HAAH-binding fragment thereof) 1s labeled with a non-
radioactive tag, a radioactive compound, or a colorimetric agent. For example, the antibody or
antibody fragment 1s tagged with 'L, PTc, GA™, or Fe™". Green fluorescent protein is used as a
colorimetric tag.

The invention also includes a soluble fragment of HAAH. The soluble HAAH
polypeptide contains an extracellular domain and optionally lacks part or all of the cytoplasmic
domain or transmembrane domain of HAAH. In one example, the fragment lacks residues 660-
758 of SEQ ID NO:2. In another example, the fragment lacks residues 679-697 (His motif) of
SEQ ID NO:2. In yet another example, the fragment, lacks at least one residue of SEQ ID NO:2,
the residue being selected from the group consisting of residue 661, 662, 663, 670, 671, 672, and
673. An HAAH fragment is an HAAH polypeptide, the length of which 1s less than that of a full-
length HAAH protein. The full-length HAAH protein is shown 1n Table 1.

Diagnostic kits are also encompassed by the invention. For example, a kit for detecting a
tumor cell contains an antibody, or fragment thereof, which binds to HAAH. The kit optionally
contains a means for detecting binding of the antibody to the tumor cell. For example, the kit
contains a detectable marker, e.g., a nonradioactive marker such as Gd" or Fe" or a radioactive
compound. The kit may also contain instructions for use, a standard reagent for determining
positive antibody binding, or a negative control for determining lack of antibody binding. The
components are packaged together 1n a kat.

The assay format described herein 1s useful to generate temporal data used for
prognosis of malignant disease. A method for prognosis of a malignant neoplasm of a mammal 1s

carried out by (a) contacting a bodily fluid from the mammal with an antibody which binds to an
4
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HAAH polypeptide under conditions sufficient to form an antigen-antibody complex and
detecting the antigen-antibody complex; (b) quantitating the amount of complex to determine the
level of HAAH in the fluid; and (c) comparing the level of HAAH in the fluid with a normal
control level of HAAH. An increasing level of HAAH over time indicates a progressive
worsening of the disease, and therefore, an adverse prognosis.

The invention also includes an antibody which binds to HAAH. The antibody
preferably binds to a site in the carboxyterminal catalytic domain of HAAH. Alternatively, the
antibody binds to an epitope that is exposed on the surface of the cell. The antibody 1s a
polyclonal antisera or monoclonal antibody. The invention encompasses not only an intact
monoclonal antibody, but also an immunologically-active antibody fragment, e. g. , a Fab or
(Fab), fragment; an engineered single chain Fv molecule; or a chimeric molecule, e.g., an
antibody which contains the binding specificity of one antibody, e.g., of murine origin, and the
remaining portions of another antibody, e.g., of human origin. Preferably the antibody 1s a
monoclonal antibody such as FB50, 5C7, SE9, 19B, 48A, 74A, 78A, 86A, HA238A, HA221, HA
239, HA241, HA329, or HA355. Antibodies which bind to the same epitopes as those
monoclonal antibodies are also within the invention.

An HAAH-specific intrabody is a recombinant single chain HA AH-specific antibody
that is expressed inside a target cell, e.g., tumor cell. Such an intrabody binds to endogenous
intracellular HAAH and inhibits HAAH enzymatic activity or prevents HAAH from binding to an
intracellular ligand. HA AH-specific intrabodies inhibit intracellular signal transduction, and as a
result, inhibit growth of tumors which overexpress HAAH.

A kit for diagnosis of a tumor in a mammal contains an HAAH-specific antibody. The
diagnostic assay kit is preferentially formulated in a standard two-antibody binding format in
which one HAAH-specific antibody captures HAAH 1n a patient sample and another HAAH-
specific antibody is used to detect captured HAAH. For example, the capture antibody 1s
immobilized on a solid phase, e.g., an assay plate, an assay well, a nitrocellulose membrane, a
bead, a dipstick, or a component of an elution column. The second antibody, 1.e., the detection
antibody, is typically tagged with a detectable label such as a colorimetric agent or radioisotope.

Also within the invention is a method of inhibiting tumor growth in a mammal, which

is carried out by administering to the mammal a compound which 1nhibits expression or
5
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enzymatic activity of HAAH. Preferably, the compound is substantially pure nucleic acid
molecule such as an HAAH antisense DNA, the sequence of which is complementary to a coding
sequence of HAAH. Expression of HAAH is inhibited by contacting mammalhan cells, e.g.,
tumor cells, with HAAH antisense DNA or RNA, e.g., a synthetic HAAH antisense
oligonucleotide. The sequence of the antisense is complementary to a coding or noncoding region
of a HAAH gene. For example, the sequence is complementary to a nucleotide sequence 1n the 5°
untranslated region of a HAAH gene. Examples of HAAH antisense oligonucleotides which
inhibit HAAH expression in mammalian cells include oligonucleotides containing SEQ ID
NO:10, 11, or 12. An HAAH antisense nucleic acid is introduced into glioblastoma cells or other
tumor cells which overexpress HAAH. Binding of the antisense nucleic acid to an HAAH
transcript in the target cell results in a reduction in HAAH production by the cell. By the term
"antisense nucleic acid" is meant a nucleic acid (RNA or DNA) which 1s complementary to a
portion of an mRNA, and which hybridizes to and prevents translation of the mRNA. Preterably,
the antisense DNA is complementary to the 5' regulatory sequence or the 5' portion of the coding
sequence of HAAH mRNA (e.g., a sequence encoding a signal peptide or a sequence within exon
1 of the HAAH gene). Standard techniques of introducing antisense DNA 1nto the cell may be
used, including those in which antisense DNA is a template from which an antisense RNA 1s
transcribed. The method is to treat tumors in which expression of HAAH 1s upregulated, e.g., as
a result of malignant transformation of the cells. The length of the oligonucleotide is at least 10
nucleotides and may be as long as the naturally-occurring HAAH transcript. Preferably, the
length is between 10 and 50 nucleotides, inclusive. More preferably, the length 1s between 10 and
20 nucleotides, inclusive.

By "substantially pure DNA or RNA" is meant that the nucleic acid 1s free of the genes
which, in the naturally-occurring genome of the organism from which the DNA of the invention 1s
derived, flank a HAAH gene. The term therefore includes, for example, a recombinant nucleic
acid which is incorporated into a vector, into an autonomously replicating plasmid or virus, or 1nto
the genomic DNA of a procaryote or eucaryote at a site other than its natural site; or which exists
as a separate molecule (e.g., a cDNA or a genomic or cDNA fragment produced by PCR or

restriction endonuclease digestion) independent of other sequences. It also includes a

30 recombinant nucleic acid which is part of a hybrid gene encoding additional polypeptide sequence

6
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such as a nucleic acid encoding an chimeric polypeptide, e.g., one encoding an antibody fragment
linked to a cytotoxic polypeptide. Alternatively, HAAH expression is inhibited by administering
a ribozyme or a compound which inhibits binding of Fos or Jun to an HAAH promoter sequence.

Compounds, which inhibit an enzymatic activity of HAAH, are useful to inhibit tumor
growth in a mammal. By enzymatic activity of HAAH 1s meant hydroxylation of an epidermal
growth factor (EGF)-like domain of a polypeptide. For example an EGF-like domain has the
consensus sequence CX;CX;CXoCXCXsC (SEQ ID NO:1). HAAH hydroxylase activity 1s
inhibited intracellularly. For example, a dominant negative mutant of HAAH (or a nucleic acid
encoding such a mutant) is administered. The dominant negative HAAH mutant contains a
mutation which changes a ferrous iron binding site from histidine of a naturally-occurring HAAH
sequence to a non-iron-binding amino acid, thereby abolishing the hydroxylase activity of HAAH.
The histidine to be mutated, e.g., deleted or substituted, 1s located in the carboxyterminal catalytic
domain of HAAH. For example, the mutation is located between amino acids 650-700 (such as
the His motif, underlined sequence of SEQ ID NO:2) the native HAAH sequence. For example,
the mutation is at residues 671, 675, 679, or 690 of SEQ ID NO:2. An HAAH-specific intrabody
is also useful to bind to HAAH and inhibit intracellular HAAH enzymatic activity, e.g., by
binding to an epitope in the catalytic domain of HAAH. Other compounds such as L-mimosine or
hydroxypyridone are administered directly into a tumor site or systemically to inhibit HAAH
hydroxylase activity.

Table 1: Amino acid sequence of HAAH

MAQRKNAKSS
IALLGVWTSV
PEEAEPHTEP
QEDDEFLMAT
PVVEDERLHH
FPVEEQQEVP
VNAFKELVRK
LSLKRRSDROQ
LSVTPNDGFA
KEAYKWYELG
GLAVMDKAKG
RRGQIKYSIM

DSFEHEVWQD

GNSSSSGSGS GSTSAGSSSP

AVVWFDLVDY
EEQVPVEAEP
DVDDRFETLE
DTDDVTYQVY
PETNRKTDDP
YPQSPRARYG
QFLGHMRGSL
KVHYGFILKA
HKRGHFASVW
LFLPEDENLR
HPGTHVWPHT

EEVLGKLGIY
QNIEDEAKEQ
PEVSHEETEH
EEQAVYEPLE
EQKAKVKKKK
KAQCEDDLAE
LTLQRLVQLF
QNKIAESIPY
QRSLYNVNGL
EKGDWSQFTL
GPTNCRLRMH

GARRETKHGG
DADGDGDFDV
IQSLLHEMVH
SYHVEETVSQ
NEGIEITEVT
PKLLNKFDKT
KRRSNEVLRG
PNDTSLKNDL
LKEGIESGDP
KAQPWWTPKE
WQOQGRRNENA
LGLVIPKEGC

ASSFRLIFIV

DVWHPELTPQ QRRSLPAT (SEQ ID NO:2; GENBANK Accession No. $83325;

HKNGRKGGLS
DDAKVLLGLK
AEHVEGEDLQ
DCNQDMEEMM
APPEDNPVED
IKAELDAAEK
AIETYQEVAS
GVGYLLIGDN
GTDDGRFYFH
TGYTELVKSL
CKGAPKTCTL
KIRCANETRT

GTSFFEFTWFMV
ERSTSEPAVP
QEDGPTGEPQ
SEQENPDSSE
SQVIVEEVSI
LRKRGKIEEA
LPDVPADLLK
DNAKKVYEEV
LGDAMQRVGN
ERNWKLIRDE
LEKFPETTGC
WEEGKVLIFD

61

121
181
241
301
361
421
481
541
601
661
721

His motif is underlined; conserved sequences within the catalytic domain are designated by bold type)

For example, a compound which inhibits HAAH hydroxylation 1s a polypeptide that

binds a HAAH ligand but does not transduce an intracellular signal or an polypeptide which
7
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contains a mutation in the catalytic site of HAAH. Such a polypeptide contains an amino acid
sequence that is at least 50% identical to a naturally-occurring HAAH amino acid sequence or a
fragment thereof and which has the ability to inhibit HAAH hydroxylation ot substrates
containing an EGF-like repeat sequence. More preferably, the polypeptide contains an amino acid
sequence that is at least 75%, more preferably at least 85%, more preferably at least 95% 1dentical
to SEQ ID NO:2.

A substantially pure HAAH polypeptide or HAAH-derived polypeptide such as a
mutated HAAH polypeptide is preferably obtained by expression of a recombinant nucleic acid
encoding the polypeptide or by chemically synthesizing the protein. A polypeptide or protein 1s
substantially pure when it is separated from those contaminants which accompany it in 1its natural
state (proteins and other naturally-occurring organic molecules). Typically, the polypeptide 1s
substantially pure when it constitutes at least 60%, by weight, of the protein in the preparation.
Preferably, the protein in the preparation is at least 75%, more preferably at least 90%, and most
preferably at least 99%, by weight, HAAH. Purity is measured by any appropriate method, €.g.,
column chromatography, polyacrylamide gel electrophoresis, or HPLC analysis. Accordingly,
substantially pure polypeptides include recombinant polypeptides derived from a eucaryote but
produced in E. coli or another procaryote, or in a eucaryote other than that from which the
polypeptide was originally derived.

Nucleic acid molecules which encode such HAAH or HAAH-derived polypeptides are

also within the invention.

Table 2: HAAH cDNA sequence
61

cggaccgtgc
gctccggcag
agcatggagg
ggtttatggt
ttgttgacta
attttgatgt
cagcagtccc
aggcagaacc
aaatggtaca
gagaaccaca
agaccctgga
cagtttcaca
attccagtga
accaagtcta
cagaagtaac
aagtaagcat

aatggcccag
cggtagcacg
acacaagaat
gattgcattg
tgaggaagtt
ggatgatgcc
gccagaagag
ccagaatatc
cgcagaacat
acaagaggat
acctgaagta
agactgtaat
accagtagta
tgaggaacaa
tgctcceect
ttttcetgtg

cgtaagaatg
agtgcgggca
gggaggaaayg
ctgggcgtct
ctaggaaaac
aaagttttat
gctgagccac
gaagatgaag
gttgagggag
gatgagtttc
tctcatgaag
caggatatgg
gaagatgaaa
gcagtatatg
gaggataatc
gaagaacagc

ccaagagcag
gcagcagccc
gcggactcecte
ggacatctgt
taggaatcta
taggacttaa
acactgagcc
caaaagaaca
aagacttgca
ttatggcgac
aaaccgagca
aagagatgat
gattgcacca
aacctctaga
ctgtagaaga
aggaagtacc

8

cggcaacagc
cggggcccgy
gggaacttca
agctgtcgtt
tgatgctgat
agagagatct
cgaggagcagd
aattcagtcc
acaagaagat
tgatgtagat
tagttaccac
gtctgagcag
tgatacagat
aaatgaaggg
ttcacaggta
accagaaaca

agcagcagcg
agagagacaa
ttcttcacgt
tggtttgatc
ggtgatggag
acttcagagc
gttcctgtgg
cttctccatg
ggacccacag
gatagatttg
gtggaagaga
gaaaatccag
gatgtaacat
atagaaatca
attgtagaag
aatagaaaaa

121
181
241
301
361
421
481
541
601
661
721
781
841
901
261
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cagatgatcc
ttgataagac
ttgaggaagc
caagatatgg
tgctacgtgg
acctgctgaa
gaggttccct
aaaatgacct
atgaagaggt
tcctgaaggc
ccggagatcc
gggttgggaa
catctgtctg
ccccaaaaga
tccgagatga
aaaacctgag
atgaaaatgc
caacaggatg
ggccgcacac
aggaaggctg
tcatctttga
tattcatcgt
caatttagca

agaacaaaaa
tattaaagct
agtgaatgca
gaaggcgcag
agccatcgag
gctgagtttg
gcttaccctg
tggcgtggga
gctgagtgtg
acagaacaaa
tggcactgat
caaagaggca
gcaacgctca
aacgggctac
aggccttgca
ggaaaaadggdg
ctgcaaagga
cagaagagga
agggcccaca
caagattcga
tgactccttt
ggatgtgtgg
tgaattcatg
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gcaaaagtta
gaacttgatg
tttaaagaac
tgtgaggatg
acctaccaag
aagcgtcgct
cagagattag
tacctcttga
acacctaatg
attgctgaga
gatgggagat
tataagtggt
ctctacaatg
acagagttag
gtgatggata
gactggagcc
gctcctaaaa
cagatcaaat
aactgcaggc
tgtgccaacg
gagcacgagg
catccggaac
caagcttggg

agaaaaagaa
ctgcagaaaa
tagtacgcaa
atttggctga
aggtggccag
cagacaggca
ttcaactatt
taggagataa
atggctttgc
gcatcccata
tttatttcca
atgagcttgg
tgaatggact
taaagtcttt
aagccaaagg
agttcacgct
cctgtacctt
attccatcat
tccgaatgca
agaccaggac
tatggcagga
tgacaccaca
aaactctgga

gcctaaactt
actccgtaaa
ataccctcag
gaagaggagda
cctacctgat
acaatttcta
tcccaatgat
tgacaatgca
taaagtccat
tttaaaggaa
cctgggggat
gcacaagaga
gaaagcacag
agaaagaaac
tctcttcectg
gtggcagcaa
actagaaaag

gcaccccggyg
cctgggcttg

ctgggaggaa
tgcctcatcet

gcagagacgc
gaga

PCT/US02/15814

ttaaataaat
aggggaaaaa
agtccacgag
agtaatgagg
gtccctgcag
ggtcatatga
acttccttaa
aagaaagttt
tatggcttca
ggaatagaat
gccatgcaga
ggacactttg
ccttggtgga
tggaagttaa
cctgaggatg
ggaagaagaa
ttcccececgaga
actcacgtgt
gtgattccca
ggcaaggtgc
ttcecggetga
agccttccag

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281

(SEQ ID NO:3 ; GENBANK Accession No. S83325; codon encoding 1nmitiating methionine 1s

25 underlined).

Methods of inhibiting tumor growth also include administering a compound which
inhibits HAAH hydroxylation of a NOTCH polypeptide. For example, the compound inhibits
hydroxylation of an EGF-like cysteine-rich repeat sequence in a NOTCH polypeptide, e.g., one
containing the consensus sequence CDXXXCXXKXGNGXCDXXCNNAACXXDGXDC (SEQ

30 ID NO:4). Polypeptides containing an EGF-like cysteine-rich repeat sequence are administered to
block hydroxylation of endogenous NOTCH.

Growth of a tumor which overexpresses HAAH is also inhibited by administering a
compound which inhibits signal transduction through the insulin receptor substrate (IRS) signal
transduction pathway. Preferably the compound inhibits IRS phosphorylation. For example, the

35 compound is a peptide or non-peptide compound which binds to and inhibits phosphorylation at

residues 46, 465, 551, 612, 632, 662, 732, 941, 989, or 1012 of SEQ ID NO:5. Compounds
include polypeptides such those which block an IRS phosphorylation site such as a Glu/Tyr site.
Antibodies such as those which bind to a carboxyterminal domain of IRS containing a
phosphorylation site block IRS phosphorylation, and as a consequence, signal transduction along

40 the pathway. Inhibition of IRS phosphorylation in turn leads to inhibition of cell prohferation.
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Other compounds which inhibit IRS phosphorylation include vitamin D analogue EB1089 and

Wortmannin.

HAAH-overproducing tumor cells were shown to express HAAH both intracellularly

and on the surface of the tumor cell. Accordingly, a method of killing a tumor cell 1s carried out

5 by contacting such a tumor cell with a cytotoxic agent linked to an HAAH-specific antibody. The
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HAAH-specific antibody (antibody fragment, or ligand which binds to extracellular HAAH)
directs the chimeric polypeptide to the surface of the tumor cell allowing the cytotoxic agent to
damage or kill the tumor cell to which the antibody is bound. The monoclonal antibody binds to
an epitope of HAAH such as an epitope exposed on the surface of the cell or in the catalytic site
of HAAH. The cytotoxic composition preferentially kills tumor cells compared to non-tumor cell.

Screening methods to identify anti-tumor agents which inhibit the growth of tumors
which overexpress HAAH are also within the invention. A screening method used to determine
whether a candidate compound inhibits HAAH enzymatic activity includes the following steps:
(a) providing a HAAH polypeptide, e.g., a polypeptide which contains the carboxyterminal
catalytic site of HAAH; (b) providing a polypeptide comprising an EGF-like domain; (c)
contacting the HAAH polypeptide or the EGF-like polypeptide with the candidate compound; and
(d) determining hydroxylation of the EGF-like polypeptide of step (b). A decrease in
hydroxylation in the presence of the candidate compound compared to that in the absence ot the
compound indicates that the compound inhibits HAAH hydroxylation of EGF-like domains 1n
proteins such as NOTCH.

Anti-tumor agents which inhibit HAAH activation of NOTCH are 1dentified by (a)
providing a cell expressing HAAH; (b) contacting the cell with a candidate compound; and (c)
measuring translocation of activated NOTCH to the nucleus of the cell. Translocation 1s
measured by using a reagent such as an antibody which binds to a 110 kDa activation fragment ot
NOTCH. A decrease in translocation in the presence of the candidate compound compared to that
in the absence of the compound indicates that the compound inhibits HAAH activation of
NOTCH, thereby inhibiting NOTCH-mediated signal transduction and proliferation of HAAH-
overexpressing tumor cells.

Nucleotide and amino acid comparisons described herein were carried out using the

Lasergene software package (DNASTAR, Inc., Madison, WI). The MegAlign module used was
10
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the Clustal V method (Higgins et al., 1989, CABIOS 5(2):151-153). The parameter used were
gap penalty 10, gap length penalty 10.

Hybridization is carried out using standard techniques, such as those described 1n
Ausubel et al. (Current Protocols in Molecular Biology, John Wiley & Sons, 1989). "High
stringency" refers to nucleic acid hybridization and wash conditions characterized by high
temperature and low salt concentration, e.g., wash conditions of 65°C at a salt concentration of
0.1 X SSC. "Low" to "moderate" stringency refers to DNA hybridization and wash conditions

characterized by low temperature and high salt concentration, e.g., wash conditions of less than
60°C at a salt concentration of 1.0 X SSC. For example, high stringency conditions include
hybridization at 42°C in the presence of 50% formamide; a first wash at 65°C in the presence of 2
X SSC and 1% SDS; followed by a second wash at 65°C in the presence of 0.1% x SSC. Lower
stringency conditions suitable for detecting DNA sequences having about 50% sequence 1dentity

to an HAAH gene sequence are detected by, for example, hybridization at about 42°C 1n the

absence of formamide; a first wash at 42°C, 6 X SSC, and 1% SDS; and a second wash at 50°C, 6
X SSC, and 1% SDS.

Other features and advantages of the invention will be apparent from the following
description of the preferred embodiments thereof, and from the claims.

Brief Description of the Drawings

Fig. 1 is a bar graph showing colony formation induced by transient transfection of

NIH-3T3 cells with various aspartyl (asparaginyl) beta-hydroxylase (AAH) cDNAs. Colony
formation was induced by transient transfection with 10 pg DNA. In contrast, the mutant murine
AAH construct without enzymatic activity has no transforming activity. The data 1s presented as
mean number of transformed foci1 + SEM.

Fig. 2 is a bar graph showing the results of a densitometric analysis of a Western blot
assay of proteins produced by various murine AAH stably transfected cell clones. In clones 7 and
18, there was a modest increase in HAAH gene expression, while the overexpression was to a
lesser degree 1n clone 16.

Figs. 3A-B are bar graphs showing colony formation in soft agar exhibited by HAAH

stably transfected clones compared to HAAH enzymatic activity. Fig. 3A shows a measurement

11
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of murine AAH enzymatic activity in clones 7, 16 and 18, and Fig. 3B shows colony formation
exhibited by clones 7, 16 and 18. Data is presented as mean number of colonies 10 days after
plating + SEM. All three clones with modest increases in HAAH enzymatic activity, that
correlated with protein expression, exhibited anchorage independent growth.

Fig. 4 is a bar graph showing tumor formation in nude mice injected with transfected
clones overexpressing murine AAH. Tumor growth was assessed after 30 days. Mean tumor
weight observed in mice injected with clones 7, 16 and 18 as compared to mock DNA transtected
clone. All animals, which were injected with clones overexpressing HAAH, developed tumors.

Figs. SA-D are bar graphs showing increased AAH expression in PNET?2 (Fig. 5A,
5C) and SH-Sy5y (Fig. 5B) cells treated with retinoic acid (Figs. 5A, 5B) or phorbol ester
myristate (PMA,; Fig. 5C) to induce neurite outgrowth as occurs during tumor cell invasion. The
cells were treated with 10 uM retinoic acid or 100 nM PMA for 0, 1, 2, 3, 4, or 7 days. Cell
lysates were analyzed by Western blot analysis using an HAAH-specific monoclonal antibody to
detect the 85 kDa AAH protein. The levels of immunoreactivity were measured by volume
densitometry (arbitrary units). The graphs indicate the mean + S.D. of results obtained from three
separate experiments. In Fig. 5D, PNET2 cells were treated for 24 hours with sub-lethal
concentrations of H,O; to induce neurite retraction. Viability of greater than 90% of the cells was
demonstrated by Trypan blue dye exclusion. Similar results were obtained for SH-SySy cells.

Fig. 6 is a bar graph showing the effects of AAH over-expression on the levels of
anti-apoptosis (Bcl-2), cell cycle-mitotic inhibitor (p16 and p21/Wafl), and proliferation
(proliferating cell nuclear antigen; PCNA) molecules. PNET2 neuronal cells were stably
transfected with the full-length human cDNA encoding AAH (pHAAH) or empty vector
(pcDNA). AAH gene expression was under control of a CMV promoter. Western blot analysis
was performed with cell lysates prepared from cultures that were 70 to 80 percent contluent.
Protein loading was equivalent in each lane. Replicate blots were probed with the different
antibodies. Bar graphs depict the mean S.D.'s of protein expression levels measured 1n three
experiments. All differences are statistically significant by Student T-test analysis
(P<0.01-P<0.001).

Fig. 7 is a diagram of showing the components of the IRS-1 signal transduction

pathway.
12
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Fig. 8 1s a line graph showing growth curves generated 1n cells expressing the

antisense HAAH compared to controls expressing GFP.

5
10
15
20 Detailed Description

HAAH is a protein belonging to the alpha-ketoglutarate dependent dioxygenase family
of prolyl and lysyl hydroxylases which play a key role in collagen biosynthesis. This molecule

hydroxylates aspartic acid or asparagine residues mn EGF-like domains of several proteins in the

presence of ferrous iron. These EGF-hke domains contain conserved motifs, that form repetitive
25 sequences in proteins such as clotting factors, extracellular matrix proteins, LDL receptor,
NOTCH homologues, or NOTCH ligand homologues.
The alpha-ketoglutarate-dependent dioxygenase aspartyl (asparaginyl)
beta-hydroxylase (AAH) specifically hydroxylates one aspartic or asparagine residue in EGF-like
domains of vanous proteins. The 4.3-kb cDNA encoding the human AspH (hAspH) hybnidizes

30 with 2.6 kb and 4.3 kb transcripts in transformed cells, and the deduced amino acid sequence of
13
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the larger transcript encodes an protein of about 85 kDa. Both in vitro transcription and
translation and Western blot analysis also demonstrate a 56-kDa protein that may result from
posttranslational cleavage of the catalytic C-terminus.

A physiological function of AAH is the post-translational beta-hydroxylation of
aspartic acid in vitamin K-dependent coagulation proteins. However, the abundant expression of
AAH in several malignant neoplasms, and low levels of AAH in many normal cells indicate a role
for this enzyme in malignancy. The AAH gene 1s also highly expressed in cytotrophoblasts, but
not syncytiotrophoblasts of the placenta. Cytotrophoblasts are invasive cells that mediate
placental implantation. The increased levels of AAH expression in human cholangiocarcinomas,
hepatocellular carcinomas, colon cancers, and breast carcinomas were primarily associated with
invasive or metastatic lesions. Moreover, overexpression of AAH does not strictly reflect
increased DNA synthesis and cellular proliferation since high levels of AAH immunoreactivity
were observed in 100 percent of cholangiocarcinomas, but not in human or experimental disease
processes associated with regeneration or nonneoplastic proliferation of bile ducts. AAH
overexpression and attendant high levels of beta hydroxylase activity lead to invasive growth of
transformed neoplastic cells. Detection of an increase in HAAH expression 1s useful for early and
reliable diagnosis of the cancer types which have now been characterized as overexpressing this

gene product.

Diagnosis of malignant tumors

HAAH is overexpressed in many tumors of endodermal origin and 1n at least 95% of

CNS tumors compared to normal noncancerous cells. An increase in HAAH gene product 1n a
patient-derived tissue sample (e.g., solid tissue or bodily fluid) is carried out using standard
methods, e.g., by Western blot assays or a quantitative assay such as ELISA. For example, a
standard competitive ELISA format using an HAAH-specific antibody is used to quantify patient
HAAH levels. Alternatively, a sandwich ELISA using a first antibody as the capture antibody
and a second HAAH-specific antibody as a detection antibody 1s used.

Methods of detecting HAAH include contacting a component of a bodily fluid with an
HAAH-specific antibody bound to solid matrix, e.g., microtiter plate, bead, dipstick. For

example, the solid matrix is dipped into a patient-derived sample of a bodily flmid, washed, and

14
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the solid matrix is contacted with a reagent to detect the presence of immune complexes present

on the solid matnx.

Proteins in a test sample are immobilized on (e.g., bound to) a solid matrix. Methods
and means for covalently or noncovalently binding proteins to solid matrices are known 1n the art.
The nature of the solid surface may vary depending upon the assay format. For assays carried out
in microtiter wells, the solid surface is the wall of the microtiter well or cup. For assays using
beads, the solid surface is the surface of the bead. In assays using a dipstick (i.e., a solid body
made from a porous or fibrous material such as fabric or paper) the surface 1s the surface of the
material from which the dipstick is made. Examples of useful solid supports include
nitrocellulose (e.g., in membrane or microtiter well form), polyvinyl chloride (e.g., in sheets or
microtiter wells), polystyrene latex (e.g., in beads or microtiter plates, polyvinylidine fluoride
(known as IMMULON™), diazotized paper, nylon membranes, activated beads, and Protein A
beads. The solid support containing the antibody is typically washed after contacting 1t with the
test sample, and prior to detection of bound immune complexes. Incubation of the antibody with
the test sample 1s followed by detection of immune complexes by a detectable label. For
example, the label is enzymatic, fluorescent, chemiluminescent, radioactive, or a dye. Assays
which amplify the signals from the immune complex are also known in the art, e.g., assays which
utilize biotin and avidin.

An HAAH-detection reagent, e.g., an antibody, i1s packaged in the form of a kit, which
contains one or more HAAH-specific antibodies, control formulations (positive and/or negative),
and/or a detectable label. The assay may be in the form of a standard two-antibody sandwich

assay format known 1n the art.

Production of HAAH-specific antibodies

Anti-HAAH antibodies were obtained by techniques well known 1n the art. Such
antibodies are polyclonal or monoclonal. Polyclonal antibodies were obtained using standard
methods, e.g., by the methods described 1n Ghose et al., Methods in Enzymology, Vol. 93, 326-
327, 1983. An HAAH polypeptide, or an antigenic fragment thereof, was used as the immunogen
to stimulate the production of polyclonal antibodies in the antisera of rabbits, goats, sheep, or

rodents. Antigenic polypeptides for production of both polyclonal and monoclonal antibodies

30 useful as immunogens include polypeptides which contain an HAAH catalytic domain. For
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example, the immunogenic polypeptide is the full-length mature HAAH protein or an HAAH
fragment containing the carboxyterminal catalytic domain e.g., an HAAH polypeptide containing
the His motif of SEQ ID NO:2.

Antibodies which bind to the same epitopes as those antibodies disclosed herein are
identified using standard methods, €.g., competitive binding assays, known 1n the art.

Monoclonal antibodies were obtained by standard techniques. Ten pg of purified
recombinant HAAH polypeptide was administered to mice intraperitoneally in complete Freund's
adjuvant, followed by a single boost intravenously (into the tail vein) 3-5 months after the 1nitial
inoculation. Antibody-producing hybridomas were made using standard methods. To 1dentify
those hybridomas producing antibodies that were highly specific for an HAAH polypeptide,
hybridomas were screened using the same polypeptide immunogen used to immumze. Those
antibodies which were identified as having HAAH-binding activity are also screened for the
ability to inhibit HAAH catalytic activity using the enzymatic assays described below.
Preferably, the antibody has a binding affinity of at least about 10° liters/mole and more
preferably, an affinity of at least about 107 liters/mole.

Monoclonal antibodies are humanized by methods known 1n the art, e.g, MAbs with a
desired binding specificity can be commercially humanized (Scotgene, Scotland; Oxford
Molecular, Palo Alto, CA).

HA AH-specific intrabodies are produced as follows. Following identification of a
hybridoma producing a suitable monoclonal antibody, DNA encoding the antibody 1s cloned.
DNA encoding a single chain HAAH-specific antibody in which heavy and light chain vanable
domains are separated by a flexible linker peptide is cloned into an expression vector using known
methods (e.g., Marasco et al., 1993, Proc. Natl. Acad. Sci. USA 90:7889-7893 and Marasco et
al., 1997, Gene Therapy 4:11-15). Such constructs are introduced into cells, e.g., using standard
gene delivery techniques for intracellular production of the antibodies. Intracellular antibodies,
i.e., intrabodies, are used to inhibit signal transduction by HAAH. Intrabodies which bind to a
carboxyterminal catalytic domain of HAAH inhibit the ability of HAAH to hydroxylate EGF-like

target sequences.
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Methods of linking HAAH-specific antibodies (or fragments thereof) which bind to
cell surface exposed epitopes of HAAH on the surface of a tumor cell are linked to known

cytotoxic agents, €.g, ricin or diptheria toxin, using known methods.

Deposit of Biological Materials
Under the terms of the Budapest Treaty on the International Recognition of the

Deposit of Microorganisms for the Purpose of Patent Procedure, hybridoma FB501 (which
produces monoclonal antibody FB50), hybridoma HA386A (which produces monoclonal
antibody 86A), hybridoma HA15C7A (which produces monoclonal antibody 5C7), and
hybridoma HA219B (which produces monoclonal antibody 19B) were deposited on May 17,
2001, with the American Type Culture Collection (ATCC) of 10801 University Boulevard,
Manassas, Va. 20110-2209 USA..

Applicants’ assignee represents that the ATCC is a depository affording permanence of the
deposit and ready accessibility thereto by the public i1f a patent 1s granted. All restrictions on the
availability to the public of the material so deposited will be irrevocably removed upon the
granting of a patent. The material will be available during the pendency of the patent application
to one determined by the Commissioner to be entitled thereto under 37 CFR 1.14 and 35 U.S.C.
122. The deposited material will be maintained with all the care necessary to keep it viable and
uncontaminated for a period of at least five years after the most recent request for the furnishing
of a sample of the deposited plasmid, and in any case, for a period of at least thirty (30) years after
the date of deposit or for the enforceable life of the patent, whichever period is longer.
Applicant's assignee acknowledges its duty to replace the deposit should the depository be unable
to furnish a sample when requested due to the condition of the deposit.

Methods of treating malignant tumors

Patients with tumors characterized as overexpressing HAAH as such tumors of
endodermal origin or CNS tumors are treated by administering HA AH antisense nucleic acids.

Antisense therapy is used to inhibit expression of HAAH in patients suffering from
hepatocellular carcinomas, cholangiocarcinomas, glioblastomas and neuroblastomas. For

example, an HAAH antisense strand (either RNA or DNA) 1s directly introduced into the cells 1n
17
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a form that is capable of binding to the mRNA transcripts. Alternatively, a vector containing a
sequence which, which once within the target cells, is transcribed into the appropriate antisense
mRNA, may be administered. Antisense nucleic acids which hybridize to target mRNA decrease
or inhibit production of the polypeptide product encoded by a gene by associating with the
normally single-stranded mRNA transcript, thereby interfering with translation and thus,
expression of the protein. For example, DNA containing a promoter, €.g., a tissue-specific or
tumor specific promoter, is operably linked to a DNA sequence (an antisense template), which 1s
transcribed into an antisense RNA. By "operably linked" 1s meant that a coding sequence and a
regulatory sequence(s) (i.e., a promot<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>