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HUMAN POLYHOMEOTIC 2 (HPH2) ACTS AS AN 
ONCOGENE 

0001. This application claims the benefit of copending 
provisional application Serial No. 60/031,396, filed Nov. 19, 
1996, which is incorporated by reference herein. 

TECHNICAL AREA OF THE INVENTION 

0002 The invention relates to the area of oncogenesis. 
More particularly, the invention relates to oncogenes and 
proteins. 

BACKGROUND OF THE INVENTION 

0.003 Mutations which activate expression of oncogenes 
play an important role in the development of neoplasias. 
Detection of mutations in oncogenes can be used to detect 
neoplastic cells and genetic predispositions to neoplasias. 
Thus, there is a need in the art for the identification of 
mammalian oncogenes which can be used in methods of 
diagnosing, prognosing, and treating neoplastic cells in 
humans and other mammals. 

SUMMARY OF THE INVENTION 

0004. It is an object of the invention to provide an 
isolated and purified human polyhomeotic 2 protein. 
0005. It is another object of the invention to provide an 
isolated and purified human polyhomeotic 2 polypeptide. 
0006. It is yet another object of the invention to provide 
a human polyhomeotic 2 fusion protein. 
0007. It is still another object of the invention to provide 
a preparation of antibodies which specifically bind to a 
human polyhomeotic 2 protein. 
0008. It is yet another object of the invention to provide 
an isolated and purified Subgenomic polynucleotide. 
0009. It is still another object of the invention to provide 
an expression construct for expressing all or a portion of a 
human polyhomeotic 2 protein. 
0010. It is a further object of the invention to provide a 
homologously recombinant cell comprising a DNA con 
Struct. 

0011. It is even another object of the invention to provide 
a method of identifying neoplastic tissue of a human. 
0012. It is another object of the invention to provide a 
method to aid in the diagnosis or prognosis of neoplasia in 
a human. 

0013. It is yet another object of the invention to provide 
a method to aid in detecting a genetic predisposition to 
neoplasia in a human. 
0.014. It is still another object of the invention to provide 
a method of identifying a human chromosome 1. 
0.015. It is even another object of the invention to provide 
a therapeutic composition for treating neoplasia. 

0016. It is another object of the invention to provide a 
method of treating neoplasia. 
0.017. It is still another object of the invention to provide 
a method of inducing a cell to de-differentiate. 
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0018. These and other objects of the invention are pro 
vided by one or more of the embodiments described below. 
0019. One embodiment of the invention provides an 
isolated and purified human polyhomeotic 2 protein. The 
isolated and purified human polyhomeotic 2 protein has the 
amino acid sequence shown in SEQ ID NO:2. 
0020. Another embodiment of the invention provides an 
isolated and purified human polyhomeotic 2 protein. The 
isolated and purified human polyhomeotic 2 protein has an 
amino acid Sequence which is at least 85% identical to the 
amino acid sequence shown in SEQ ID NO:2. 

0021 Even another embodiment of the invention pro 
vides an isolated and purified human polyhomeotic 2 
polypeptide. The isolated and purified human polyhomeotic 
2 polypeptide consists of at least 14 contiguous amino acids 
selected from the amino acid sequence shown in SEQ ID 
NO:2. 

0022. Yet another embodiment of the invention provides 
a human polyhomeotic 2 fusion protein. The human poly 
homeotic 2 fusion protein comprises a first protein Segment 
and a Second protein Segment fused together by means of a 
peptide bond. The first protein Segment consists of at least 14 
contiguous amino acids of a human polyhomeotic 2 protein. 

0023 Still another embodiment of the invention provides 
a preparation of antibodies which specifically bind to a 
human polyhomeotic 2 protein. 

0024. Even another embodiment of the invention pro 
vides an isolated and purified Subgenomic polynucleotide. 
The isolated and purified Subgenomic polynucleotide con 
Sists of at least 11 contiguous nucleotides Selected from the 
nucleotide sequence shown in SEQ ID NO:1. 

0025 Yet another embodiment of the invention provides 
an expression construct for expressing all or a portion of a 
human polyhomeotic 2 protein. The expression construct 
comprises a promoter and a polynucleotide Segment. The 
polynucleotide Segment encodes at least 14 contiguous 
amino acids of a human polyhomeotic 2 protein. The poly 
nucleotide Segment is located downstream from the pro 
moter. Transcription of the polynucleotide Segment initiates 
at the promoter. 

0026. A further embodiment of the invention provides a 
homologously recombinant cell. The homologously recom 
binant cell comprises an incorporated new transcription unit 
wherein the new transcription unit comprises an exogenous 
regulatory Sequence, an exogenous exon, and a splice donor 
Site. The transcription unit is located upstream of a coding 
Sequence of an hph2 gene. The exogenous regulatory 
Sequence directs transcription of the coding Sequence of the 
hph2 gene. The new transcription unit is incorporated into 
the genome using Segments of homologous DNA from the 
hph2 gene. 

0027 Still another embodiment of the invention provides 
a method of identifying neoplastic tissue of a human. The 
method comprises comparing the expression of a polyho 
meotic 2 gene in a first tissue of a human Suspected of being 
neoplastic with the expression of a polyhomeotic 2 gene in 
a Second tissue of the human which is normal. Overexpres 
Sion of the human polyhomeotic 2 gene in the first tissue 
identifies the first tissue as being neoplastic. 
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0028. Even another embodiment of the invention pro 
vides a method to aid in the diagnosis or prognosis of 
neoplasia in a human. The method comprises comparing a 
polyhomeotic 2 gene, mRNA, or protein in a first tissue of 
a human Suspected of being neoplastic with a polyhomeotic 
2 gene, mRNA, or protein in a Second tissue of a human 
which is normal. A difference between the polyhomeotic 2 
genes, mRNAS, or proteins in the first and Second tissues 
indicates neoplasia in the first tissue. 
0029. Another embodiment of the invention provides a 
method to aid in detecting a genetic predisposition to 
neoplasia in a human. The method comprises comparing a 
polyhomeotic 2 gene, mRNA, or protein in a fetal tissue of 
a human with a wild-type human polyhomeotic 2 gene, 
mRNA, or protein. A difference between the polyhomeotic 
2 gene, mRNA, or protein in the fetal tissue of the human 
and the wild-type human polyhomeotic 2 gene, mRNA, or 
protein indicates a genetic predisposition to neoplasia in the 
human. 

0030 Yet another embodiment of the invention provides 
method of identifying a human chromosome 1. The method 
comprises the Steps of contacting a preparation of metaphase 
human chromosomes with a nucleotide probe comprising at 
least 12 contiguous nucleotides Selected from the nucleotide 
sequence shown in SEQ ID NO:1 and detecting a region of 
a chromosome which Specifically hybridizes to the nucle 
otide probe. A region of a chromosome which specifically 
hybridizes to the nucleotide probe is identified as a region of 
human chromosome 1. 

0031) Even another embodiment of the invention pro 
vides a therapeutic composition for treating neoplasia. The 
therapeutic composition comprises a therapeutically effec 
tive amount of an antisense hph2 polynucleotide and a 
pharmaceutically acceptable carrier. 
0032. Yet another embodiment of the invention provides 
a therapeutic composition for treating neoplasia. The thera 
peutic composition comprises a therapeutically effective 
amount of an antibody which Specifically binds to a human 
polyhomeotic 2 protein and a pharmaceutically acceptable 
CC. 

0.033 Still another embodiment of the invention provides 
a method of treating neoplasia. The method comprises the 
Step of administering to a human a therapeutic hph2 com 
position. 
0034. A further embodiment of the invention provides a 
method of inducing a cell to change its pattern of differen 
tiation. The method comprises the Step of contacting a cell 
with an effective amount of a composition comprising all or 
a portion of a human polyhomeotic 2 gene or expression 
product. Said all or a portion of the human polyhomeotic 2 
gene or expression product is capable of inducing the cell to 
change its pattern of differentiation. 
0035. The present invention thus provides the art with a 
novel human tumor Suppressor gene called polyhomeotic 2 
(hph2). The hph2 gene and protein can be used, inter alia, as 
therapeutic, prognostic, and diagnostic tools for proliferative 
and developmental disorders and to identify a p34.3 region 
of a human chromosome 1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036 FIG.1. Northern blots probed with an hph2 nucle 
otide probe. The figure depicts hph2 mRNA expression in 
human tissues and cancer cell lines. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0037. It is a discovery of the present invention that 
human polyhomeotic 2 functions as an oncogene and thus is 
implicated in neoplastic and other proliferative disorders, 
Such as dysplasias and hyperplasias. The human polyho 
meotic 2 gene, protein, and mRNA can be used as a 
diagnostic, prognostic, and therapeutic tool for these disor 
derS. Coding Sequences of hph2 can also be used to identify 
a human chromosome 1. 

0038. The coding region of the hph2 gene has the nucle 
otide sequence shown in SEQ ID NO:1. Degenerate 
Sequences encoding the same amino acid Sequence of human 
polyhomeotic 2 protein or hph2 variants (see below), as well 
as homologous nucleotide Sequences which vary by up to 5, 
10, 15, 20, 25, or 30%, are included herein. Typically, 
homologous Sequences can be confirmed by hybridization 
under Stringent conditions (see below). 
0039 The hph2 gene maps to human chromosome 
1p34.3, a region known for loSS of heterozygosity in colon 
and gastric cancer. While not wanting to be bound by any 
particular theory, it is believed that there are lethal alleles of 
hph2 which are involved in neoplasias, Such as leukemias, 
colon carcinoma, lung carcinoma, and melanoma. In addi 
tion, it is believed that hph2 is involved in dyplastic disor 
ders, Such as cervical epithelial dysplasia, and hyperplastic 
disorders, Such as breast, prostate, or thyroid hyperplasias. 

0040 Human polyhomeotic 2 mRNA comprises a 3.1 kb 
transcript. Northern blots of human polyA RNA probed 
with an hph2 nucleotide probe demonstrate that the 3.1 kb 
transcript is expressed, inter alia, in adult Spleen, thymus, 
prostate, testis, ovary, Small intestine, mucosal lining of the 
colon, peripheral blood leukocytes, heart, brain, placenta, 
lung, liver, Skeletal muscle, kidney, pancreas, peripheral 
blood leukocytes, bone marrow, and appendix FIG. 1). The 
3.1kb transcript is also expressed at low levels in fetal liver 
and at relatively low levels in the human cancer cell lines 
HL60, HeLa S3, K562, MOLT4, Burkitt's lymphoma Raji, 
A549, and G361. The transcript is expressed at relatively 
higher levels in the SW480 cell line. 
0041 Human polyhomeotic 2 protein has the amino acid 
sequence shown in SEQ ID NO:2. Any naturally occurring 
variants of this Sequence which may occur in human tissues 
and which have, for example, oncogenic or proliferation 
inducing activity, are within the Scope of this invention. 
Nonnaturally occurring polyhomeotic 2 variants which dif 
fer by as much as, for example, four amino acids and retain 
Substantially the same biological activities as naturally 
occurring polyhomeotic 2 variants are also included here. 
The nonnaturally occurring polyhomeotic 2 variants have 
Substantially the same amino acid Sequences. That is, the 
molecules preferably are at least 85%, 90%, or 95% iden 
tical and have similar biological properties. More preferably, 
the molecules are 98% identical. A protein which is derived 
from a polyhomeotic 2 molecule has the same or Substan 
tially the same amino acid Sequence as a region of the 
polyhomeotic 2 molecule. It can be either glycosylated or 
unglycosylated. 

0042 Preferably the amino acid changes in polyhomeotic 
2 variants or derivatives are conservative amino acid 
changes, i.e., Substitutions of Similarly charged or uncharged 



US 2004/000621.0 A1 

amino acids. A conservative amino acid change involves 
Substitution of one of a family of amino acids which are 
related in their side chains. Naturally occurring amino acids 
are generally divided into four families: acidic (aspartate, 
glutamate), basic (lysine, arginine, histidine), non-polar (ala 
nine, Valine, leucine, isoleucine, proline, phenylalanine, 
methionine, tryptophan), and uncharged polar (glycine, 
asparagine, glutamine, cystine, Serine, threonine, tyrosine) 
amino acids. Phenylalanine, tryptophan, and tyrosine are 
Sometimes classified jointly as aromatic amino acids. It is 
reasonable to expect that an isolated replacement of a 
leucine with an isoleucine or valine, an aspartate with a 
glutamate, a threonine with a Serine, or a similar replace 
ment of an amino acid with a structurally related amino acid 
will not have a major effect on the binding properties of the 
resulting molecule, especially if the replacement does not 
involve an amino acid at a binding site involved in an 
interaction of polyhomeotic 2 protein. Whether an amino 
acid change results in a functional polyhomeotic 2 protein or 
polypeptide can readily be determined by assaying the 
oncogenic properties of the protein or polypeptide, as 
described below. 

0.043 Variants of hph2 proteins have substantially the 
Same biological activities, that is, for example, oncogenic 
activities which are of the same type as an hph2 protein 
having the amino acid sequence shown in SEQ ID NO:2, 
although the activities may differ in degree. Human poly 
homeotic 2 polypeptide derivatives differ in length from 
natural hph2polypeptides and contain five or more amino 
acids from hph2 in the same primary order as, found in hph2 
as obtained from a natural Source. Polypeptide molecules 
having Substantially the same amino acid Sequence as hph2 
but possessing minor amino acid Substitutions which do not 
substantially affect the ability of the hph2 polypeptide 
derivatives to interact with hph2-Specific molecules, Such as 
antibodies, are within the definition of hph2. Derivatives 
include glycosylated forms, aggregative conjugates with 
other molecules, and covalent conjugates with unrelated 
chemical moieties. Derivatives also include allelic variants, 
Species variants, and muteins. Truncations or deletions of 
regions which do not affect biological function are also 
variants or derivatives of hph2. Covalent derivatives can be 
prepared by linkage of functionalities to groups which are 
found in the amino acid chain or at the N- or C-terminal 
residue, as is known in the art. 
0044) Human polyhomeotic 2-specific molecules include 
polypeptides, Such as antibodies, which are specific for an 
hph2 polypeptide containing a naturally occurring hph2 
amino acid Sequence. Human polyhomeotic 2-specific bind 
ing molecules bind to hph2 and its derivatives and have a 
measurably higher binding affinity for an hph2 polypeptide 
or polypeptide derivative than for non-hph2 polypeptides. 
Higher affinity by a factor of 10 is preferred, more preferably 
by a factor of 100. 
0.045 Human polyhomeotic 2 polypeptides preferably 
comprise at least 14, 15, 18, 20, 25, 30, or 35 contiguous 
amino acids of the amino acid Sequence shown in SEQ ID 
NO:2. Both full-length human polyhomeotic 2 protein and 
polypeptides are useful for generating antibodies against 
human polyhomeotic 2 amino acid Sequences. Human poly 
homeotic 2 proteins and polypeptides can be isolated and 
purified from human cells Such as adult Spleen, thymus, 
prostate, testis, ovary, Small intestine, mucosal lining of the 
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colon, peripheral blood leukocytes, heart, brain, placenta, 
lung, liver, Skeletal muscle, kidney, pancreas, peripheral 
blood leukocytes, bone marrow, and appendix. 
0046 Polyhomeotic 2 proteins or polypeptides can be 
purified by any method known in the art. These methods 
include, but are not limited to, Size exclusion chromatogra 
phy, ammonium Sulfate fractionation, ion exchange chro 
matography, affinity chromatography, crystallization, elec 
trofocusing, immunoprecipitation, immunoaffinity 
chromatography, and preparative gel electrophoresis. The 
skilled artisan can readily select methods which will result 
in a preparation of hph2 protein or polypeptide which is 
substantially free from other proteins and from carbohy 
drates, lipids, or Subcellular organelles. A preparation of 
isolated and purified hph2 protein is at least 80% pure; 
preferably, the preparations are 90%, 95%, or 99% pure. 
Purity of the preparations may be assessed by any means 
known in the art, Such as SDS-polyacrylamide gel electro 
phoresis. 
0047 Polyhomeotic 2 proteins and polypeptides can also 
be produced by recombinant DNA methods or by synthetic 
chemical methods. For production of recombinant hph2 
proteins or polypeptides, coding Sequences Selected from the 
nucleotide sequence shown in SEQ ID NO:1 can be 
expressed in known prokaryotic or eukaryotic expression 
Systems. Bacterial, yeast, insect, or mammalian expression 
Systems can be used, as is known in the art. Alternatively, 
Synthetic chemical methods, Such as Solid phase peptide 
Synthesis, can be used to Synthesize hph2 protein or 
polypeptides. 
0048 Fusion proteins containing at least fourteen con 
tiguous hph2 amino acids can also be constructed. Human 
polyhomeotic 2 fusion proteins are useful for generating 
antibodies against hph2 amino acid Sequences and for use in 
various assay Systems. For example, hph2 fusion proteins 
can be used to identify proteins which interact with hph2 
protein and influence its function. Physical methods, Such as 
protein affinity chromatography, or library-based assays for 
protein-protein interactions, Such as the yeast two-hybrid or 
phage display Systems, can be used for this purpose. Such 
methods are well known in the art and can be used, interalia, 
as drug Screens. 
0049. An hph2 fusion protein comprises two protein 
Segments fused together by means of a peptide bond. The 
first protein Segment comprises at least 8, 10, 12, 15, or 20 
contiguous amino acids of an hph2 protein. The amino acids 
can be Selected from the amino acid Sequence shown in SEQ 
ID NO:2 or from a naturally or nonnaturally occurring 
biologically active variant of that Sequence, Such as those 
described above. The first protein Segment can also be a 
full-length hph2 protein. The Second protein Segment can be 
a full-length protein or a protein fragment or polypeptide. 
The fusion protein can be labeled with a detectable marker, 
as is known in the art, Such as a radioactive, fluorescent, 
chemiluminescent, or biotinylated marker. The Second pro 
tein Segment can be an enzyme which will generate a 
detectable product, Such as B-galactosidase or other 
enzymes which are known in the art. The first protein 
Segment may be N-terminal or C-terminal, as is convenient. 
0050 Techniques for making fusion proteins, either 
recombinantly or by covalently linking two protein Seg 
ments, are also well known. Recombinant DNA methods can 
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be used to construct hph2 fusion proteins, for example, by 
making a DNA construct which comprises coding Sequences 
selected from SEQ ID NO:1 in proper reading frame with 
nucleotides encoding the Second protein Segment and 
expressing the DNA construct in a host cell, as described 
below. 

0051) Isolated and purified hph2 proteins, polypeptides, 
or fusion proteins can be used as immunogens, to obtain a 
preparation of antibodies which Specifically bind to an hph2 
protein. The antibodies can be used to detect wild-type hph2 
proteins in human tissue and fractions thereof The antibod 
ies can also be used to detect the presence of mutations in the 
hph2 gene which result in overexpression of the hph2 
protein or in expression of hph2 proteins with altered size or 
electrophoretic mobilities. 
0.052 Preparations of polyclonal and monoclonal hph2 
antibodies can be made using Standard methods known in 
the art. The antibodies Specifically bind to epitopes present 
in hph2 proteins having the amino acid Sequence shown in 
SEQ ID NO:2 or in naturally or non-naturally occurring 
variants of that Sequence. Preferably, the hph2 epitopes are 
not present in other human proteins. Typically, at least 6, 8, 
10, or 12 contiguous amino acids are required to form an 
epitope. However, epitopes which involve non-contiguous 
amino acids may require more, e.g., at least 15, 25, or 50 
amino acids. Antibodies which specifically bind to hph2 
proteins provide a detection signal at least 5-, 10-, or 20-fold 
higher than a detection Signal provided with other proteins 
when used in Western blots or other immunochemical 
assays. Preferably, antibodies which specifically bind hph2 
proteins do not detect other proteins in immunochemical 
assays and can immunoprecipitate hph2 proteins from Solu 
tion. 

0.053 Human polyhomeotic 2 antibodies can be purified 
by methods well known in the art. Preferably, the antibodies 
are affinity purified, by passing antiserum over a column to 
which an hph2 protein, polypeptide, or fusion protein is 
bound. The bound antibodies can then be eluted from the 
column, for example, using a buffer with a high Salt con 
centration. 

0.054 Purified and isolated hph2 subgenomic polynucle 
otides can be used, inter alia, as primers to obtain additional 
copies of the polynucleotides, to express human polyho 
meotic 2 mRNA, protein, polypeptides, or fusion proteins, 
and as probes for identifying wild-type and mutant hph2 
coding Sequences. The probes can also be used to identify 
the short arm of a human chromosome 1, as described below. 
0.055 Purified and isolated hph2 subgenomic polynucle 
otides of the. invention comprise at least 11, 13, 15, 18, 20, 
25, or 30 contiguous nucleotides selected from SEQ ID 
NO:1. Subgenomic hph2 polynucleotides according to the 
invention contain less than a whole chromosome. Preferably, 
the polynucleotides are intronfree. 
0056 Subgenomic hph2 polynucleotides can be isolated 
and purified free from other nucleotide Sequences using 
Standard nucleic acid purification techniques. For example, 
restriction enzymes and probes can be used to isolate 
polynucleotide fragments which comprise hph2 coding 
Sequences. Isolated polynucleotides are in preparations 
which are free or at least 90% free of other molecules. 

0057 Degenerate or homologous sequences which 
encode hph2 protein are also included herein. Two nucleic 
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acid fragments are homologous if they are capable of 
hybridizing to one another under hybridization conditions 
described in Sambrook et al., MOLECULAR CLONING: A 
LABORATORY MANUAL, 2d ed. (Cold Spring Harbor 
Press, Cold Spring Harbor, N.Y.). Using the following wash 
conditions-2xSCC, 0.1% SDS, room temperature twice, 
30 minutes each; then 2xSCC, 0.1% SDS, 50° C. once for 
30 minutes; then 2xSCC, room temperature twice, 10 min 
utes each-homologous Sequences can be identified that 
contain at most about 25-30% basepair mismatches. More 
preferably, homologous nucleic acid Strands contain 15-25% 
basepair mismatches, even more preferably 5-15% basepair 
mismatches. These degrees of homology can be selected by 
using more Stringent wash conditions for identification of 
clones from gene libraries (or other Sources of genetic 
material), as is well known in the art. 
0058 DNA fragments derived from an hph2-encoding 
DNA sequence are also included herein. A DNA fragment 
derived from an hph2 coding Sequence has the same or 
Substantially the same basepair Sequence as a region of the 
coding Sequence of the entire hph2 molecule. Preferably the 
DNA fragment has at least 95% or preferably at least 98% 
or at least 99% identity with hph2. 
0059 Complementary DNA encoding hph2 proteins can 
be made using reverse transcriptase, with hph2 mRNA as a 
template. The polymerase chain reaction (PCR) can be used 
to obtain hph2 polynucleotides, using either human genomic 
DNA or cDNA as a template. Alternatively, synthetic chem 
istry techniques can be used to Synthesize polynucleotide 
molecules of the invention. The degeneracy of the genetic 
code allows alternate nucleotide'Sequences to be Synthe 
sized which will encode a polyhomeotic 2 protein having the 
amino acid sequence shown in SEQ ID NO:2. All Such 
nucleotide Sequences are within the Scope of the present 
invention. 

0060 Anhph2 subgenomic polynucleotide of the present 
invention can be used in an expression construct, to express 
all or a portion of an hph2 protein in a host cell. The host cell 
comprising the expression construct can be prokaryotic or 
eukaryotic. A variety of host cells for use in bacterial, yeast, 
insect, and human expression Systems are available and can 
be used to express the expression construct. The expression 
constructs can be introduced into the host cells using any 
technique known in the art. These techniques include trans 
ferrin-polycation-mediated DNA transfer, transfection with 
naked or encapsulated nucleic acids, liposome-mediated 
cellular fusion, intracellular transportation of DNA-coated 
lateX beads, protoplast fusion, Viral infection, electropora 
tion, and calcium phosphate-mediated transfection. 
0061 The expression construct comprises a promoter 
which is functional in the particular host cell selected. The 
skilled artisan can readily Select an appropriate promoter 
from the large number of cell type-specific promoters known 
and used in the art. The expression construct can also contain 
a transcription terminator which is functional in the host cell. 
The expression construct comprises a polynucleotide Seg 
ment which encodes all or a portion of an hph2 protein. The 
polynucleotide Segment is located downstream from the 
promoter. Transcription of the polynucleotide Segment ini 
tiates at the promoter. The expression construct can be linear 
or circular and can contain Sequences, if desired, for autono 
mous replication. 
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0062) The hph2 gene maps to human chromosome region 
1p34.3. Thus, the subgenomic polynucleotides of the inven 
tion can be used to identify this chromosome region in 
metaphase spreads of human chromosomes. Preparations of 
human metaphase chromosomes can be prepared using 
Standard cytogenetic techniques from human primary tissues 
or cell lines. Nucleotide probes comprising at least 12 
contiguous nucleotides Selected from the nucleotide 
sequence shown in SEQ ID NO:1 are used to identify the 
human chromosome. The nucleotide probes can be labeled, 
for example, with a radioactive, fluorescent, biotinylated, or 
chemiluminescent label, and detected by well known meth 
ods appropriate for the particular label Selected. Protocols 
for hybridizing nucleotide probes to preparations of 
metaphase chromosomes are well known in the art. A 
nucleotide probe will hybridize specifically to nucleotide 
Sequences in the chromosome preparations which are 
complementary to the nucleotide Sequence of the probe. A 
probe which hybridizes Specifically to human chromosome 
region 1p34.3 hybridizes to nucleotide Sequences present in 
the hph2 gene and not to nucleotide Sequences present in 
other human genes. A probe which hybridizes Specifically to 
an hph2 gene provides a detection signal at least 5-, 10-, or 
20-fold higher than the background hybridization provided 
with non-hph2 coding Sequences. 
0.063 A human chromosome which specifically hybrid 
izes to an hph2 nucleotide probe is identified as a human 
chromosome 1. Preferably, the nucleotide probe identifies 
the short arm of human chromosome 1. More preferably, the 
nucleotide probe identifies a p34.3 region of human chro 
moSome 1. 

0064. The present invention also provides a method to 
identify neoplastic tissue in a human. The expression of an 
hph2 gene can be compared between a first tissue which is 
Suspected of being neoplastic and a Second tissue of the 
human which is normal. The normal tissue can be any tissue 
of the human, especially those which express the hph2 gene, 
including, but not limited to, adult Spleen, thymus, prostate, 
testis, ovary, Small intestine, mucosal lining of the colon, 
peripheral blood leukocytes, heart, brain, placenta, lung, 
liver, Skeletal muscle, kidney, pancreas, peripheral blood 
leukocytes, bone marrow, and appendix. The tissue SuS 
pected of being neoplastic can be derived from a different 
tissue type of the human, but preferably it is derived from the 
Same tissue type, for example an intestinal polyp or other 
abnormal growth. Without being limited to any particular 
theory, the inventor believes that a difference between the 
hph2 gene (or a gene which regulates, for example, its 
expression, half-life, or degradation), mRNA, or protein in 
the two tissueS which are compared indicates a Somatic 
mutation in the hph2 gene in the tissue of the human which 
was Suspected of being neoplastic. Such differences can be, 
for example, differences in molecular weight, amino acid or 
nucleotide Sequence, or relative abundance. 
0065. The hph2 genes in the two tissues can be compared 
by any means known in the art. For example, the two genes 
can be sequenced, and the Sequence of the hph2 gene in the 
tissue Suspected of being neoplastic can be compared with 
the wild-type hph2 Sequence in the normal tissue. The hph2 
genes or portions of the hph2 genes in the two tissues can be 
amplified, for example, using nucleotide primerS Selected 
from the nucleotide sequence shown in SEQID NO:1 in the 
polymerase chain reaction (PCR). The amplified genes or 
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portions of genes can be hybridized to nucleotide probes 
selected from the nucleotide sequence shown in SEQ ID 
NO:1. The nucleotide probes can be labeled by a variety of 
methods, Such as radiolabeling, biotinylation, or coupling to 
fluorescent or chemiluminescent tags, and detected by Stan 
dard methods known in the art. 

0066 Alternatively, hph2 mRNA in the two tissues can 
be compared. Poly A RNA can be isolated from the two 
tissueS as is known in the art. For example, one of skill in the 
art can readily determine differences in the Size or amount of 
hph2 mRNA transcripts between the two tissues that are 
compared, using Northern blots and nucleotide probes 
selected from the nucleotide sequence shown in SEQ ID 
NO:1. Increased expression of hph2 mRNA in a tissue 
Sample Suspected of being neoplastic compared with the 
expression of hph2 mRNA in a normal tissue is indicative of 
neoplasia. 
0067. Any method for analyzing proteins can be used to 
compare two hph2 proteins from matched Samples. The 
sizes of the hph2 proteins in the two tissues can be com 
pared, for example, using antibodies of the present invention 
to detect hph2 proteins in Western blots of protein extracts 
from the two tissues. Other changes, Such as expression 
levels and Subcellular localization, can also be detected 
immunologically. A higher hph2 protein expression level in 
a tissue Suspected of being neoplastic compared with the 
hph2 protein expression level in a normal tissue is indicative 
of neoplasia. 
0068. Similarly, comparison of hph2 gene sequences or 
of hph2 gene expression products, e.g., mRNA and protein, 
between a tissue of a human which is Suspected of being 
neoplastic and a normal tissue of a human can be used to 
diagnose or prognose neoplasia in the human. Such com 
parisons of hph2 genes, mRNA, or protein can be made as 
described above. Increased expression of the hph2 gene in 
the tissue Suspected of being neoplastic indicates neoplasia 
in the tissue. The degree of increased expression of the hph2 
gene in the neoplastic tissue relative to wild-type expression 
of the gene in normal tissue, or differences in the amount of 
increased expression of the hph2 gene in the neoplastic 
tissue over time, can be used to prognose the progression of 
the neoplasia in that tissue or to monitor the response of the 
neoplastic tissue to various therapeutic regimens. 
0069. A genetic predisposition to neoplasia in a human 
can be detected by comparing a wild-type hph2 gene, 
mRNA, or protein with an hph2 gene, mRNA, or protein in 
a fetal tissue. Fetal tissues which can be used for this purpose 
include, but are not limited to, amniotic fluid, chorionic Villi, 
blood, and the blastomere of an in vitro-fertilized embryo. 
The wild-type hph2 gene can be obtained from any human 
tissue. The mRNA or protein can be obtained from a normal 
tissue of a human in which the hph2 gene is expressed. Such 
tissues are disclosed above. Differences, Such as alterations 
in the nucleotide Sequence or Size of the fetal hph2 gene or 
mRNA, or alterations in the molecular weight, amino acid 
Sequence, or relative abundance of fetal hph2 protein, indi 
cate a germline mutation in the hph2 gene of the fetus which 
indicates a genetic predisposition to neoplasia. 
0070 The hph2 polynucleotide and amino acid 
Sequences of the invention can also be used to induce a cell 
to change its pattern of differentiation. A differentiated cell 
can be induced to de-differentiate, for example, in order to 
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Study the process of oncogenesis and to test compounds 
which affect this process. Differentiated cells which can be 
induced to de-differentiate using hph2 Subgenomic poly 
nucleotides, proteins, polypeptides, or fusion proteins 
include all differentiated human cells which express the 
hph2 gene, including, but not limited to, adult Spleen, 
thymus, prostate, testis, ovary, Small intestine, mucosal 
lining of the colon, peripheral blood leukocytes, heart, brain, 
placenta, lung, liver, Skeletal muscle, kidney, pancreas, 
peripheral blood leukocytes, bone marrow, and appendix. 
Inducing differentiation of undifferentiated cells is also 
possible. 
0071 Cells transformed with wild-type hph2 subgenomic 
polynucleotides can be used as model Systems to Study 
oncogenesis and drug treatments which are effective in 
preventing transformation to an oncogenic phenotype. 
Oncogenesis is a process which involves alterations in gene 
expression in the transformed cells. These alterations in gene 
expression will be reflected in morphological and biochemi 
cal changes in the transformed cells. Morphological changes 
can be Studied, for example, by observing the transformed 
cells microscopically and comparing the appearance of the 
transformed cells with cells which have not received a 
wild-type hph2 Subgenomic polynucleotide. Biochemical 
alterations can be Studied, inter alia, by comparing the 
proteins which are expressed by the cells before and at 
various times after transformation with the wild-type hph2 
Subgenomic polynucleotide. Methods of comparing proteins 
between two cells, Such as one- or two-dimensional poly 
acrylamide gel electrophoresis, are well known in the art. 
Cells transformed with a wild-type hph2 Subgenomic poly 
nucleotide and in the process of becoming neoplastic can 
also be exposed to various drug treatments to determine 
which treatments inhibit the morphological or biochemical 
changes which accompany -acquisition of the neoplastic 
phenotype. 

0.072 Antisense polynucleotides of the hph2 gene can be 
used to interfere with expression of the hph2 gene. AntiSense 
polynucleotides are typically generated within the cell by 
expression from antisense constructs which contain the 
antisense hph2 Strand as the transcribed Strand from a 
promoter. A description of vectors which can be used to 
introduce antisense constructs to a cell is contained in U.S. 
Ser. No. 08/869,309, which is expressly incorporated herein. 
Antisense hph2 polynucleotides will bind and/or interfere 
with the translation of hph2 mRNA. Expression of an 
endogenous hph2 gene in a cell can be altered by introducing 
in frame with the endogenous hph2 gene a DNA construct 
comprising an hph2 targeting Sequence, a regulatory 
Sequence, an exon, and an unpaired splice donor Site by 
homologous recombination, Such that a homologously 
recombinant cell comprising the DNA construct is formed. 
The new transcription unit can be used to turn the hph2 gene 
on or off as desired. This method of affecting endogenous 
gene expression is taught in U.S. Pat. No. 5,641,670, which 
is incorporated herein by reference in its entirety. 
0073. The targeting sequence is a segment of at least 10, 
12, 15, 20, or 50 contiguous nucleotides selected from the 
nucleotide sequence shown in SEQ ID NO:1. The transcrip 
tion unit is located upstream of a coding Sequence of the 
endogenous hph2 gene. The exogenous regulatory Sequence 
directs transcription of the coding Sequence of the hph2 
gene. 
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0074 The invention provides a therapeutic composition 
for inhibiting an hph2 oncogene function in a cell. Inhibition 
of hph2 expression Suppresses neoplasia, dysplasia, or 
hyperplastic cell growth. The cell to be treated can be any 
cell of a human which expresses the hph2 oncogene, Such as 
a cell of the adult Spleen, thymus, prostate, testis, ovary, 
Small intestine, mucosal lining of the colon, peripheral blood 
leukocytes, heart, brain, placenta, lung, liver, Skeletal 
muscle, kidney, pancreas, peripheral blood leukocytes, bone 
marrow, and appendix. Such cells include those in neopla 
Sias of the tissues mentioned above as well as any other 
neoplastic cells which express the hph2 gene. The therapeu 
tic composition can comprise the antisense Strand of all or a 
portion of human hph2 gene in a pharmaceutically accept 
able carrier. The hph2 antisense product can be, e.g., mRNA 
or DNA. Alternatively, the therapeutic composition can 
comprise antibodies which specifically bind to hph2 proteins 
or polypeptides. 
0075 Pharmaceutically acceptable carriers are well 
known to those in the art. Such carriers include, but are not 
limited to, large, Slowly metabolized macromolecules, Such 
as proteins, polysaccharides, polylactic acids, polyglycolic 
acids, polymeric amino acids, amino acid copolymers, and 
inactive virus particles. Pharmaceutically acceptable Salts 
can also be used in the composition, for example, mineral 
Salts. Such as hydrochlorides, hydrobromides, phosphates, or 
Sulfates, as well as the Salts of organic acids Such as acetates, 
proprionates, malonates, or benzoates. The composition can 
also contain liquids, Such as water, Saline, glycerol, and 
ethanol, as well as Substances Such as wetting agents, 
emulsifying agents, or pH buffering agents. Liposomes, Such 
as those described in U.S. Pat. No. 5,422,120, WO 
95/13796, WO 91/14445, or EP 524,968 B1, can also be 
used as a carrier for the therapeutic polyhomeotic 2 com 
position. 
0076 Typically, the therapeutic hph2 composition is pre 
pared as an injectable, either as a liquid Solution or Suspen 
Sion; however, Solid forms Suitable for Solution in, or 
Suspension in, liquid vehicles prior to injection can also be 
prepared. The composition can also be formulated into an 
enteric coated tablet or gel capsule according to known 
methods in the art, Such as those described in U.S. Pat. No. 
4853,230, EP 225,189, AU 9,224,296, and AU 9,230,801. 

0077 Proliferative disorders, such as neoplasias, dyspla 
Sias, and hyperplasias, can be treated by administration of 
the therapeutic hph2 composition. Neoplasias which can be 
treated with the therapeutic composition include, but are not 
limited to, melanomas, Squamous cell carcinomas, adeno 
carcinomas, hepatocellular carcinomas, renal cell carcino 
mas, Sarcomas, myosarcomas, non-Small cell lung carcino 
mas, leukemias, lymphomas, osteosarcomas, central 
nervous System tumors Such as gliomas, astrocytomas, oli 
godendrogliomas, and neuroblastomas, tumors of mixed 
origin, Such as Wilms tumor and teratocarcinomas, and 
metastatic tumors. Proliferative disorders which can be 
treated with the therapeutic hph2 composition include dis 
orderS Such as anhydric hereditary ectodermal dysplasia, 
congenital alveolar dysplasia, epithelial dysplasia of the 
cervix, fibrous dysplasia of bone, and mammary dysplasia. 
Hyperplasias, for example, endometrial, adrenal, breast, 
prostate, or thyroid hyperplasias, or pseudoepitheliomatous 
hyperplasia of the skin can be treated with wild-type hph2 
therapeutic compositions. Even in disorders in which hph2 
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mutations are not implicated, down-regulation of hph2 
expression or Suppression of hph2 function can have thera 
peutic application. In these disorders, decreasing hph2 
expression or Suppressing hph2 function can help to Sup 
preSS tumors. Similarly, in tumors where hph2 expression is 
not aberrant, effecting hph2 down-regulation of hph2 
expression or Suppression of hph2 activity can SuppreSS 
metaStaSeS. 

0078. Administration of the therapeutic agents of the 
invention can include local or Systemic administration, 
including injection, oral administration, particle gun, or 
catheterized administration, and topical administration. 
Various methods can be used to administer the therapeutic 
hph2 composition directly to a specific Site in the body. For 
example, a Small metastatic lesion can be located and the 
therapeutic hph2 composition injected Several times in Sev 
eral different locations within the body of tumor. Alterna 
tively, arteries which Serve a tumor can be identified, and the 
therapeutic composition injected into Such an artery, in order 
to deliver the composition directly into the tumor. A tumor 
which has a necrotic center can be aspirated and the com 
position injected directly into the now empty center of the 
tumor. The therapeutic hph2 composition can be directly 
administered to the Surface of the tumor, for example, by 
topical application of the composition. X-ray imaging can be 
used to assist in certain of the above delivery methods. 
Combination therapeutic agents, including an hph2 antibody 
or an antisense hph2 polynucleotide and other therapeutic 
agents, can be administered simultaneously or Sequentially. 
0079 Receptor-mediated targeted delivery of therapeutic 
compositions containing antisense hph2 Subgenomic poly 
nucleotides to Specific tissues can also be used. Receptor 
mediated DNA delivery techniques are described in, for 
example, Findeis et al. (1993), Trends in Biotechnol. 11, 
202-05; Chiou et al. (1994), GENE THERAPEUTICS: 
METHODS AND APPLICATIONS OF DIRECT GENE 
TRANSFER (j. A. Wolff, ed.); Wu & Wu (1988), J. Biol. 
Chem. 263, 621-24; Wu et al. (1994), J. Biol. Chem. 269, 
54246; Zenke et al. (1990), Proc. Natl. Acad. Sci. U.S.A. 87, 
3655-59; Wu et al. (1991), J. Biol. Chem. 266,338-42. 
0080 Preferably, receptor-mediated targeted delivery of 
therapeutic compositions containing the antibodies of the 
invention is used to deliver the antibodies to specific tissues. 
Many tumors, including breast, lung, and ovarian carcino 
mas, overexpress antigens Specific to malignant cells, Such 
as glycoprotein p185". Antibodies which specifically 
bind to these antigens can be bound to liposomes which 
contain an antibody of the invention. When injected into the 
bloodstream of a patient, the anti-p185" antibody directs 
the liposomes to the target cancer cells, where the liposomes 
are endocytosed and thus deliver their contents to the 
neoplastic cell (see Kirpotin et al., Biochem. 36: 66, 1997). 
0081. In a preferred embodiment, a p185' antibody 
targeted delivery System is used to deliver an antibody which 
Specifically binds to an hph2 protein in a cancer cell. 
Liposomes can be loaded with the antibody as is known in 
the art (see Papahadjopoulos et al., Proc. Natl. Acad. Sci. 88: 
11640, 1991; Gabizon, Cancer Res. 52: 891, 1992; Lasic and 
Martin, Stealth Liposomes, 1995; Lasic and Papahadjopou 
los, Science 267: 1275, 1995; and Park et al., Proc. Natl. 
Acad. Sci. 92: 1327, 1995). 
0082 Alternatively, an hph2 therapeutic composition can 
be introduced into human cells ex vivo, and the cells then 
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replaced into the human. Cells can be removed from a 
variety of locations including, for example, from a Selected 
tumor or from an affected organ. In addition, the therapeutic 
composition can be inserted into non-tumorigenic cells, for 
example, dermal fibroblasts or peripheral blood leukocytes. 
If desired, particular fractions of cells Such as a T cell Subset 
or stem cells can also be specifically removed from the blood 
(see, for example, PCT WO 91/16116). The removed cells 
can then be contacted with an hph2 therapeutic composition 
utilizing any of the above-described techniques, followed by 
the return of the cells to the human, preferably to or within 
the vicinity of a tumor. The above-described methods can 
additionally comprise the Steps of depleting fibroblasts or 
other non-contaminating tumor cells Subsequent to remov 
ing tumor cells from a human, and/or the Step of inactivating 
the cells, for example, by irradiation. 
0083. Both the dose of the hph2 composition and the 
means of administration can be determined based on the 
Specific qualities of the therapeutic composition, the condi 
tion, age, and weight of the patient, the progression of the 
disease, and other relevant factors. If the composition con 
tains hph2 antibody, effective dosages of the composition are 
in the range of about 5 lug to about 50 lig/kg of patient body 
weight, about 50 lug to about 5 mg/kg, about 100 ug to about 
500 tug/kg of patient body weight, and about 200 to about 
250 ug/kg. 
0084. Therapeutic compositions containing hph2 anti 
Sense Subgenomic polynucleotides can be administered in a 
range of about 100 ng to about 200 mg of DNA for local 
administration in a gene therapy protocol. Concentration 
ranges of about 500 ng to about 50 mg, about 1 lug to about 
2 mg, about 5 ug to about 500 ug, and about 20 ug to about 
100 lug of DNA can also be used during a gene therapy 
protocol. FactorS Such as method of action and efficacy of 
transformation and expression are considerations that will 
effect the dosage required for ultimate efficacy of the anti 
Sense hph2 Subgenomic polynucleotides. Where greater 
expression is desired over a larger area of tissue, larger 
amounts of antisense hph2 Subgenomic polynucleotides or 
the same amounts readministered in a Successive protocol of 
administrations, or Several administrations to different adja 
cent or close tissue portions of, for example, a tumor Site, 
may be required to effect a positive therapeutic outcome. In 
all cases, routine experimentation in clinical trials will 
determine Specific ranges for optimal therapeutic effect. 
0085. The invention also provides a knock-out mammal 
whose endogenous hph2 gene is not expressed. Methods of 
making knock-out mammals are well known in the art. The 
mammal can be any experimental mammal, Such as a 
mouse, rat, or rabbit; however, a mouse is preferred. The 
endogenous wild-type hph2 gene of the mammal can be 
deleted entirely, resulting in an absence of hph2 protein in 
the mammal. Alternatively, mutations Such-as deletions, 
-insertions, missense Substitutions, or inversions, can be 
introduced into the hph2 gene. Such mutations result in 
expression of truncated or otherwise aberrant forms of hph2 
protein in the knock-out mammal. Preferably, the knock-out 
mammal does not express the endogenous wild-type hph2 
gene in one or more of the following tissues: Spleen, thymus, 
prostate, testis, ovary, Small intestine, mucosal lining of the 
colon, peripheral blood leukocytes, heart, brain, placenta, 
lung, liver, Skeletal muscle, kidney, pancreas, peripheral 
blood leukocytes, bone marrow, and appendix. 
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0.086 The knock-out mammals of the invention are use 
ful as model Systems for Studying the effects of drugs in the 
absence of wild-type hph2 protein or in the presence of 
altered forms of the hph2 protein in the mammal. The 
knock-out mammals can also be used to develop therapeutic 
treatments for diseases associated with alterations in hph2 
gene expression, Such as neoplasia. 

SYNOPSIS OF THE INVENTION 

0.087 1. An isolated and purified human polyhomeotic 2 
protein having the amino acid Sequence shown in SEQ ID 
NO:2. 

0088 2. An isolated and purified human polyhomeotic 2 
protein having an amino acid Sequence which is at least 85% 
identical to the amino acid sequence shown in SEQ ID 
NO:2. 

0089. 3. The isolated and purified human polyhomeotic 2 
protein of item 2 wherein the amino acid Sequence is at least 
90% identical to the amino acid sequence shown in SEQ ID 
NO:2. 

0090 4. The isolated and purified human polyhomeotic 2 
protein of item 2 wherein the amino acid Sequence is at least 
95% identical to the amino acid sequence shown in SEQ ID 
NO:2. 

0.091 5. An isolated and purified human polyhomeotic 2 
polypeptide consisting of at least 14 contiguous amino acids 
selected from the amino acid sequence shown in SEQ ID 
NO:2. 

0092 6. A human polyhomeotic 2 fusion protein com 
prising a first protein Segment and a Second protein Segment 
fused together by means of a peptide bond, wherein the first 
protein Segment consists of at least 14 contiguous amino 
acids of a human polyhomeotic 2 protein. 
0.093 7. A preparation of antibodies which specifically 
bind to a human polyhomeotic 2 protein. 
0094 8. The preparation of antibodies of item 7 wherein 
the antibodies are monoclonal. 

0.095 9. The preparation of antibodies of item 7 wherein 
the antibodies are polyclonal. 
0.096 10. An isolated and purified subgenomic poly 
nucleotide consisting of at least 11 contiguous nucleotides 
selected from the nucleotide sequence shown in SEQ ID 
NO:1. 

0097 11. An expression construct for expressing all or a 
portion of a human polyhomeotic 2 protein comprising: 

0098) 
0099 a polynucleotide segment encoding at least 14 
contiguous amino acids of a human polyhomeotic 2 
protein, wherein the polynucleotide Segment is 
located downstream from the promoter, wherein 
transcription of the polynucleotide Segment initiates 
at the promoter. 

a promoter, and 

0100 12. A host cell comprising the expression construct 
of item 11. 

0101 13. Ahomologously recombinant cell having incor 
porated therein a new transcription initiation unit, wherein 
the new transcription inititation unit comprises: 
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0102 (a) an exogenous regulatory Sequence; 
0103) (b) an exogenous exon; and 
0104 (c) a splice donor site, wherein the transcrip 
tion initiation unit is located upstream of a coding 
Sequence of an hph2 gene, wherein the exogenous 
regulatory Sequence directs transcription of the cod 
ing Sequence of the hph2 gene. 

0105 14. A method of identifying neoplastic tissue of a 
human, comprising: 

0106 comparing the expression of a polyhomeotic 2 
gene in a first tissue of a human Suspected of being 
neoplastic with the expression of a polyhomeotic 2 
gene in a Second tissue of the human which is 
normal, wherein overexpression of the human poly 
homeotic 2 gene in the first tissue identifies the first 
tissue as being neoplastic. 

0107 15. The method of item 14 wherein the difference 
in the polyhomeotic 2 genes between the first and Second 
tissues is detected by amplification of the polyhomeotic 2 
genes of the first and Second tissues and hybridization of the 
amplified genes to nucleotide probes. 
0.108 16. The method of item 14 wherein polyhomeotic 
2 mRNA is compared between the first and second tissues. 
0109) 17. The method of item 14 wherein a human 
polyhomeotic 2 protein is compared between the first and 
Second tissues. 

0110 18. A method to aid in the diagnosis or prognosis of 
neoplasia in a human, comprising: 

0111 comparing a polyhomeotic 2 gene, mRNA, or 
protein in a first tissue of a human Suspected of being 
neoplastic with a polyhomeotic 2 gene, mRNA, or 
protein in a Second tissue of a human which is 
normal, wherein a difference between the polyho 
meotic 2 genes, mRNAS, or proteins in the first and 
Second tissues indicates neoplasia in the first tissue. 

0112 19. The method of item 18 wherein the polyho 
meotic 2 genes in the first and Second tissues are compared 
by Sequencing the polyhomeotic 2 genes in the first and 
Second tissues. 

0113 20. The method of item 18 wherein the difference 
in the polyhomeotic 2 genes between the first and Second 
tissues is detected by amplification of the polyhomeotic 2 
genes of the first and Second tissues and hybridization of the 
amplified genes to nucleotide probes. 
0.114) 21. The method of item 18 wherein polyhomeotic 
2 mRNA is compared. 
0115 22. The method of item 18 wherein polyhomeotic 
2 protein is compared. 
0116. 23. A method to aid in detecting a genetic predis 
position to neoplasia in a human, comprising: 

0117 comparing a polyhomeotic 2 gene, mRNA, or 
protein:in a fetal tissue of a human with a wild-type 
human polyhomeotic 2 gene, mRNA, or protein, 
wherein a difference between the polyhomeotic 2 
gene, mRNA, or protein in the fetal tissue of the 
human and the wild-type human polyhomeotic 2 
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gene, mRNA, or protein indicates a genetic predis 
position to neoplasia in the human. 

0118 24. The method of item 23 wherein a polyhomeotic 
2 mRNA is compared. 
0119 25. The method of item 23 wherein a polyhomeotic 
2 gene is compared. 

0120) 26. The method of item 23 wherein the difference 
between the polyhomeotic 2 genes is detected by amplifi 
cation of the wild-type human polyhomeotic 2 gene and the 
human polyhomeotic 2 gene in the fetal tissue and hybrid 
izing the amplified genes to nucleotide probes. 
0121 27. The method of item 23 wherein a human 
polyhomeotic 2 protein is compared. 
0122) 28. A method of identifying a human chromosome 
1, comprising the Steps of: 

0123 contacting a preparation of metaphase human 
chromosomes with a nucleotide probe comprising at 
least 12 contiguous nucleotides Selected from the 
nucleotide sequence shown in SEQ ID NO:1; and 

0.124 detecting a region of a chromosome which 
Specifically hybridizes to the nucleotide probe, 
wherein a region of a chromosome which specifi 
cally hybridizes to the nucleotide probe is identified 
as a human chromosome 1. 

0125 29. The method of item 28 wherein the region of 
the chromosome which specifically hybridizes to the nucle 
otide probe is identified as the short arm of a human 
chromosome 1. 

0.126 30. The method of item 28 wherein the region of 
the chromosome which specifically hybridizes to the nucle 
otide probe is identified as a p34.3 region of a human 
chromosome 1. 

0127 31. A therapeutic composition for treating neopla 
sia, comprising: 

0128 a therapeutically effective amount of an anti 
Sense hph2 polynucleotide; and 

0.129 a pharmaceutically acceptable carrier. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 2 

<210> SEQ ID NO 1 
&2 11s LENGTH 1933 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 1 
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0.130 32. The method of item 31 wherein the sequence of 
the hph2 antisense polynucleotide is complementary to all or 
a portion of the nucleotide sequence shown in SEQ ID 
NO:1. 

0131 33. A therapeutic composition comprising: 
0132) a therapeutically effective amount of an anti 
body which specifically binds to a human polyho 
meotic 2 protein; and 

0133) 
0.134 34. A method of treating neoplasia, comprising the 
Step of administering to a patient with neoplasia a therapeu 
tically effective amount of a therapeutic hph2 composition, 
whereby the patient's neoplasia is reduced. 
0135) 35. The method of item 34 wherein the therapeutic 
hph2 composition comprises an antisense hph2 polynucle 
otide. 

0.136 36. The method of item 34 wherein the therapeutic 
hph2 composition comprises an antibody which specifically 
binds to an hph2 protein. 
0.137 37. A method of inducing a cell to change its 
pattern of differentiation, comprising the Step of 

0.138 contacting a cell with an effective amount of 
a composition comprising all or a portion of a human 
polyhomeotic 2 gene or expression product, wherein 
Said all or a portion of the human polyhomeotic 2 
gene or expression product is capable of inducing a 
change in the pattern of differentiation of the cell. 

0139) 38. The method of item 37 wherein the cell is 
contacted with all or a portion of an hph2 gene. 
0140. 39. The method of item 37 wherein the cell is 
contacted with all or a portion of an hph2 protein. 
0141 40. The method of item 37 wherein the cell is 
contacted with all or a portion of an hph2 mRNA 
0142. 41. The method of item 37 wherein the cell is 
Selected from the group consisting of adult Spleen, thymus, 
prostate, testis, ovary, Small intestine, mucosal lining of the 
colon, peripheral blood leukocytes, heart, brain, placenta, 
lung, liver, Skeletal muscle, kidney, pancreas, peripheral 
blood leukocytes, bone marrow, and appendix. 

a pharmaceutically acceptable carrier. 

catctgcaag aatccaaaga ggagggtgct coccitcaaac to aagtgtga gCtctgtggc 60 

cgggtgg act ttgcctataa gttcaag.cgt to caag.cgct tctgttccat ggcttgttgca 120 

aagaggtaca acgtgggatg caccaaacgg gtgggactitt to cact caga cc.ggagcaag 18O 

citgcagaagg caggagctgc gacccacaac cqccgtoggg ccagoa aagc cagtctgcca 240 

ccacttacca aggataccala galagcago.ca acaggcact g tocc cc tittc ggittactgct 3OO 
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-continued 

Ala His Asn Ala Ser 
65 

Ala Thr Arg 
70 

Arg Arg Lys 
75 

Thr Thr 
85 

Glin Thr 
90 

Teu Lys Pro Gly Thr Val 

His Ser Glin Glu 
105 

Wall Thr Ala Ala 
100 

Leu Gln Leu Thr 

Glu 
120 

Glu Pro 
125 

Ser Asp Asn. Ser Ser Pro Leu Ser 
115 

Tyr 

Ser Ser Thr Ser Glin Glin 
130 

Ser Arg 
135 

Arg Gly Arg 
1 4 0 

Asp 

Met Wall Met His 
155 

Pro Met His Telu 
145 

Asp Arg 
15 O 

Asp Gly Gly 

Glu Thr 
1.65 

Wall Glu 
170 

Pro Ser Pro Lys Trp Asn Asp Val Tyr 

Glin Glu Ile 
185 

Pro Ala Glu Glu Phe 
18O 

Arg Ser Lieu Gly Cys 

Glu Ile Glin Ala Telu Telu Telu Glu 
200 

Asp Teu 
195 

Gly Lys Asp 

Ala 
210 

Met Ile Teu Pro Ala Leu Ile 
215 

Ser Asn Lys Gly Lys 
220 

Ile 
225 

Ser Met Lieu Asp Ser 
230 

1. An isolated and purified human polyhomeotic 2 protein 
having the amino acid sequence shown in SEQ ID NO:2. 

2. An isolated and purified human polyhomeotic 2 protein 
having an amino acid Sequence which is at least 85% 
identical to the amino acid sequence shown in SEQ ID 
NO:2. 

3. An isolated and purified human polyhomeotic 2 
polypeptide consisting of at least 14 contiguous amino acids 
selected from the amino acid sequence shown in SEQ ID 
NO:2. 

4. A human polyhomeotic 2 fusion protein comprising a 
first protein Segment and a Second protein Segment fused 
together by means of a peptide bond, wherein the first 
protein Segment consists of at least 14 contiguous amino 
acids of a human polyhomeotic 2 protein. 

5. A preparation of antibodies which specifically bind to 
a human polyhomeotic 2 protein. 

6. An isolated and purified Subgenomic polynucleotide 
consisting of at least 11 contiguous nucleotides Selected 
from the nucleotide sequence shown in SEQ ID NO:1. 

7. An expression construct for expressing all or a portion 
of a human polyhomeotic 2 protein comprising: 

a promoter; and 
a polynucleotide Segment encoding at least 14 contiguous 

amino acids of a human polyhomeotic 2 protein, 
wherein the polynucleotide Segment is located down 
Stream from the promoter, wherein transcription of the 
polynucleotide Segment initiates at the promoter. 

8. A homologously recombinant cell having incorporated 
therein a new transcription initiation unit, wherein the new 
transcription inititation unit comprises: 

Ala Ser Leu Pro 

Pro 

Ser 
110 

Ile 

Teu 

His 

Glu 

Arg 
190 

His 

Pro 
8O 

Teu Ser 
95 

Ser 

Ser Ala 

Glu Lieu 

Phe Leu 
160 

Phe 
175 

Ile 

Ala Glin 

Leu Met 

Ala Arg 

(a) an exogenous regulatory Sequence; 
(b) an exogenous exon; and 
(c) a splice donor site, wherein the transcription initiation 

unit is located upstream of a coding Sequence of an 
hph2 gene, wherein the exogenous regulatory Sequence 
directs transcription of the coding Sequence of the hph2 
gene. 

9. A method of identifying neoplastic tissue of a human, 
comprising: 

comparing the expression of a polyhomeotic 2 gene in a 
first tissue of a human Suspected of being neoplastic 
with the expression of a polyhomeotic 2 gene in a 
Second tissue of the human which is normal, wherein 
overexpression of the human polyhomeotic 2 gene in 
the first tissue identifies the first tissue as being neo 
plastic. 

10. A method to aid in the diagnosis or prognosis of 
neoplasia in a human, comprising: 

comparing a polyhomeotic 2 gene, mRNA, or protein in 
a first tissue of a human Suspected of being neoplastic 
with a polyhomeotic 2 gene, mRNA, or protein in a 
Second tissue of a human which is normal, wherein a 
difference between the polyhomeotic 2 genes, mRNAS, 
or proteins in the first and Second tissues indicates 
neoplasia in the first tissue. 

11. A method to aid in detecting a genetic predisposition 
to neoplasia in a human, comprising: 

comparing a polyhomeotic 2 gene, mRNA, or protein in 
a fetal. tissue of a human with a wild-type human 
polyhomeotic 2 gene, mRNA, or protein, wherein a 
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difference between the polyhomeotic 2 gene, mRNA, 
or protein in the fetal tissue of the human and the 
wild-type human polyhomeotic 2 gene, mRNA, or 
protein indicates a genetic predisposition to neoplasia 
in the human. 

12. A method of identifying a human chromosome 1, 
comprising the Steps of: 

contacting a preparation of metaphase human chromo 
Somes with a nucleotide probe comprising at least 12 
contiguous nucleotides Selected from the nucleotide 
sequence shown in SEQ ID NO:1; and 

detecting a chromosome which Specifically hybridizes to 
the nucleotide probe, wherein a chromosome which 
Specifically hybridizes to the nucleotide probe is iden 
tified as a human chromosome 1. 

13. A therapeutic composition for treating neoplasia, 
comprising: 

a therapeutically effective amount of an antisense hph2 
polynucleotide; and 

a pharmaceutically acceptable carrier. 
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14. A therapeutic composition comprising: 

a therapeutically effective amount of an antibody which 
Specifically binds to a human polyhomeotic 2 protein; 
and 

a pharmaceutically acceptable carrier. 
15. A method of treating neoplasia, comprising the Step of 

administering to a patient with neoplasia a therapeutically 
effective amount of a therapeutic hph2 composition, 
whereby the patient's neoplasia is reduced. 

16. A method of inducing a cell to change its pattern of 
differentiation, comprising the Step of contacting a cell with 
an effective amount of a composition comprising all or a 
portion of a human polyhomeotic 2 gene or expression 
product, wherein Said all or a portion of the human poly 
homeotic 2 gene or expression product is capable of induc 
ing the cell to change its pattern of differentiation. 


