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(57) ABSTRACT 

This invention provides methods of identifying horrnone 
regulated traits in a cell. The methods involve cultivating the 
cell as a graft in tWo different horrnonal environments and 
determining Whether expression of the trait differs in the tWo 
grafts. 
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METHOD FOR IDENTIFYING HORMONALLY 
MODULATED GENES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of the priority 
date of US. provisional patent application No. 60/041,246, 
?led Mar. 7, 1997, and provisional patent application No. 
60/047,811, ?led May 15, 1997, incorporated herein by 
reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to animal model 
systems for identifying hormonally regulated traits, such as 
gene expression and, especially, hormonally regulated, dis 
ease-associated traits. 

BACKGROUND OF THE INVENTION 

[0003] The structure and function of a cell, tissue or organ 
depends, in part, upon environmental signals it receives. For 
example, external signals induce the transformation of nor 
mal cells into cancer cells. There are three broadly de?ned 
events in tumor formation: initiation, promotion and pro 
gression. Yuspa, S. H. and Poirier, M. C. (1988)Adv. Cancer 
Res., 50:25-70. During initiation, carcinogenic signals cause 
mutations in oncogenes and/or tumor suppressor genes When 
carcinogens form adducts With DNA. These mutations then 
become ?xed upon mitosis. Promotion occurs When the 
initiated cells are stimulated to divide by mechanical, hor 
monal or genetic signals resulting in pre-neoplasias and 
benign tumors. This stage can occur long after the cells have 
been initiated and can sometimes be reversed if the promo 
tional factors are removed. The ?nal stage of tumorigenesis, 
progression to a malignant phenotype, occurs With the 
acquisition of metastatic capabilities. This stage is believed 
to be brought on by the increasing genetic instability of the 
tumor, leading to mutations at key genetic sites. Metastasis 
of human cancer is a complex process in itself, involving 
cell migration, invasion, seeding, adhesion, and all the 
processes involved in cell groWth. Hoffman, R. M. (1994) 
Journal of Cellular Biochemistry 56:1-3. 

[0004] Many mediators of tumorigenesis operate at the 
initiation stage and are also functional at the promotional 
stage of tumorigenesis. In hormonal carcinogenesis, the 
endocrine system plays a role as the intermediator betWeen 
the outer environment and the target tissue in the course of 
tumorigenesis. Kodama, M. and Kodama, T (1994) Anti 
cancer Research 14:2653-2666. In this case, the host endo 
crine system plays a cardinal role as the medium that 
“senses” the carcinogenic signal and converts it to a corre 
sponding hormonal signal, Which in urn is conveyed to the 
target tissue to trigger the progression of carcinogenesis 
Within the recipient tissue. 

[0005] For example, during carcinogenesis of the mam 
mary gland, the promotional stage of tumorigenesis relies on 
the hormonal state of the individual and the proliferative 
ability of the initiated cells. Sukumar, S, McKenzie, K., 
Chen, Y. (1995) Mutation Research 333:37-44. Initiated 
cells require the presence of estrogen for tumor formation. 
The generally accepted function of estrogen is to expand the 
population of activated cells. HoWever, there is also a 
hormone-mediated differentiation aspect. In this case, estro 
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gen-induced differentiation of mammary epithelial cells is 
necessary prior to neoplastic development. 

[0006] Endocrine-responsive cancers include cancers of 
the prostate (androgens), larynx (androgen), endometrium 
(estradiol, progesterone), breast (estrogen), ovary (estrogen) 
and lymphoid tissues (i.e., leukemias and lymphomas) (glu 
cocorticoids). 
[0007] Xenograft propagation of human tumors in athy 
mic nude mice is a Well established technique for groWing 
neoplasms. Giovanella, B. C. and Fogh, J. (1985) Advances 
in Cancer Research 44:70-120. Human tumor tissue or 
cultured cell suspensions are xeno-transplanted into this 
congenitally athymic and thus immunologically hypo-re 
sponsive mouse strain. Because the nude mouse is immu 
nologically incompetent, the human xenografts are readily 
accepted Without requiring additional immunosuppression. 
The tumor can groW and become vasculariZed from the 
periphery. Human connective tissue and other benign stro 
mal elements, transplanted together With the malignant 
tumor cells, Will not groW in the nude mouse; only the 
malignant portion of the human tumor Will groW. Welander, 
C. E. and LeWis, J. L. Jr. (1983) Gynecologic Oncology, 
Grif?ths, C. T. and Fuller, A. F. (eds), Martinus Nijhoff 
Publishers, Boston, pp. 314-342. Cell lines of human tumors 
in tissue culture also can be readily groWn in the nude 
mouse. 

[0008] In order to understand and prevent tumorigenesis 
and metastasis, models that re?ect the human processes are 
required. 

SUMMARY OF THE INVENTION 

[0009] This invention provides methods for identifying 
hormonally modulated traits, that is, traits Whose expression 
is in?uenced by the hormonal environment of a cell, tissue 
or organ. The methods of this invention involve exposing 
biological material to different hormonal environments, and 
detecting traits Whose expression differs in the tWo environ 
ments. Many cell types are knoWn to be hormonally respon 
sive. Many diseases and, in particular, certain cancers, are 
knoWn to be hormonally dependent: their occurrence, pro 
gression or severity is regulated by hormonal environment. 
The identi?cation of hormone-dependent traits, and in par 
ticular, hormone-dependent genes, in these cells Would be a 
contribution to ?eld. Such genes may, themselves, be regu 
lators of malignant transformation or may be signs of 
transformation. In one embodiment, the methods involve 
exposing hormone-dependent human neoplasms, either 
benign or malignant, as xenografts to hormonal environ 
ments in female and male host animals, and identifying 
genes Whose expression is up- or doWn-regulated in one 
environment compared With the other. 

[0010] The methods of this invention use diseased cells or 
tissue propagated under different hormonal backgrounds. 
Prior models have used only normal versus diseased cells or 
tissue propagated or compared under a single background. 
In contrast, the methods of this invention provide both 
pathologically relevant and pharmacologically relevant gene 
sequences: Genes Whose expression is modulated in disease 
states compared With healthy states are pathologically rel 
evant because they mark the disease and can provide a target 
for therapeutic intervention. Disease-speci?c genes that also 
are hormonally regulated are pharmacologically relevant: 



US 2003/0033614 A1 

Classes of drugs or molecules that modulate the activity of 
the hormone Will automatically be relevant candidates for 
modulating the expression of these hormonally modulated 
genes. This includes, for example, steroid chemistry prod 
ucts (synthetic, natural, analogs, metabolites). 

[0011] In summary, this model inherently provides gene 
sequences With pathologic and pharmacologic relevance. 
The genes are isolated from cells or tissues in a diseased 
state. The hormonal dependence of these genes is inherent in 
the model (differential expression under varied hormonal 
groWth conditions). Because the genes are hormonally 
dependent there is an inherent pharmacologic relevance. 

[0012] In one aspect this invention provides a method for 
identifying a hormone-regulated trait. The method com 
prises the steps of a) exposing grafts of a biological material 
to different hormonal environments in ?rst and second 
non-human animals of different reproductive states, and b) 
detecting a difference in expression of a trait in the biologi 
cal material betWeen the ?rst and second animals. Detecting 
a difference identi?es the trait as a hormone-regulated trait. 
In one embodiment the hormonal environments are natural 
hormonal environments and the non-human animals are 
same species, non-human mammals. In another embodiment 
the ?rst non-human mammal is a sexually mature female 
and second non-human mammal is a sexually mature male. 
In another embodiment the ?rst and second non-human 
mammals differ in a state of sexual maturity. In another 
embodiment the ?rst and second non-human mammals are 
females differing in a reproductive status selected from 
cycling, pregnant or pseudo-pregnant. In another embodi 
ment the biological material comprises human benign or 
malignant neoplastic cells from a laryngeal cancer, a breast 
cancer, an ovarian cancer, a uterine cancer, a cervical cancer, 
an endometrial cancer, a vaginal cancer, a testicular cancer, 
a prostate cancer, a leiomyoma or a benign prostate hyper 
plasia. In another embodiment the biological material com 
prises human endocrine cells or human exocrine cells from 
gall bladder, adrenal gland, pancreas, thyroid, salivary 
gland, pituitary gland, hypothalamus, ovary or testis. In 
another embodiment the biological material comprises hor 
monally responsive human cells selected from adipocytes, 
osteoblasts, osteoclasts, chondrocytes, hematopoietic cells, 
cells from lymphoid or myeloid cell lines, lymphoreticular 
cells, cells from neural tissue, cells from hair follicles, cells 
from sebaceous glands, cells from bladder tissue, cells from 
male or female reproductive tract tissue or cells from mam 
mary gland tissue. In another embodiment the biological 
material comprises hormonally responsive human cells 
selected from endometrial tissue, endometriotic tissue, pel 
vic ?oor tissue or vaginal tissue. In another embodiment the 
trait is expression of a gene. 

[0013] In another aspect this invention provides a model 
system for identifying hormone-regulated traits comprising 
at least tWo non-human, same species animals of different 
reproductive states, each animal hosting a craft of a biologi 
cal material, Whereby the grafts are exposed to different 
hormonal environments. 

[0014] In one embodiment the hormonal environments are 
natural hormonal environments and the non-human animals 
are non-human mammals. In another embodiment at least 
one non-human mammal is a sexually mature female and at 
least one non-human mammal is a sexually mature male. In 
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another embodiment at least tWo non-human mammals 
differ in a state of sexual maturity. In another embodiment at 
least tWo non-human mammals are females differing in a 
reproductive status selected from cycling, pregnant or 
pseudo-pregnant. 
[0015] In another aspect this invention provides a method 
for identifying a trait Whose expression is regulated by a 
hormone-regulated gene. The method involves the steps of: 
a) exposing a graft of biological material comprising the 
hormone-regulated gene to a natural hormonal environment 
in a ?rst non-human animal, the environment comprising a 
hormone that up-regulates or doWn-regulates expression of 
the gene; b) exposing a graft of the biological material to the 
hormonal environment in a second non-human animal, 
Wherein cells of the material are provided With means for 
doWn-regulating expression of the gene if the hormone 
up-regulates its expression, or means for up-regulating 
expression of the gene if the hormone doWn-regulates its 
expression; and c) detecting Whether a trait is differently 
expressed in the graft from the ?rst animal compared With 
the second animal. Detecting a difference identi?es the trait 
as regulated by the hormone-regulated gene. 

[0016] In one embodiment the means for up-regulating 
comprises an expression vector comprises an expression 
control sequence operative in the cells and operatively 
linked With a nucleotide sequence encoding the gene, and 
the means for doWn-regulating comprises an antisense poly 
nucleotide that speci?cally hybridiZes With a nucleotide 
sequence of the gene or its promoter. 

[0017] In another aspect this invention provides a method 
for determining Whether a ?rst gene regulates expression of 
a second, hormone-regulated gene. The method comprises 
the steps of: a) exposing a graft of biological material 
comprising the ?rst and second genes to a natural hormonal 
environment in a ?rst non-human animal, Wherein the hor 
monal environment comprises a hormone that regulates 
expression of the second hormone-regulated gene; b) expos 
ing a graft of the biological material to the same hormonal 
environment in a second non-human animal, Wherein the 
cells are provided With means for up-regulating or doWn 
regulating expression of the ?rst gene; and c) detecting 
Whether the second gene is differently expressed in the ?rst 
animal and the second animal. Detecting a difference pro 
vides a determination that the-?rst gene regulates expression 
of the second, hormone-regulated gene. 

[0018] On another aspect this invention provides a method 
for detecting a differential effect of a drug on animals of at 
least tWo different reproductive states. The method com 
prises the steps of: a) providing at least tWo immunocom 
promised, non-human, same species animals of different 
reproductive states serving as hosts for grafts of hormonally 
responsive biological material; b) administering to the ani 
mals equivalent dosage regimens of the drug and c) record 
ing a statistically signi?cant (p<0.05) difference in the effect 
of the dosage regimen on a trait of the biological material in 
the animals. 

[0019] In another aspect this invention provides a method 
for determining reproductive-state-speci?c dosages of a 
pharmaceutical. The method comprises the steps of: a) 
providing at least tWo immunocompromised, non-human, 
same species animals of different reproductive states serving 
as hosts for grafts of hormonally regulated, diseased, human 
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tissue; b) administering to the animals equivalent dosage 
regimens of the pharmaceutical; and c) determining the 
ef?cacy of the pharmaceutical in treating the diseased tissue 
in each of the animals of the set. 

[0020] In another aspect this invention provides a method 
for determining Whether an agent modulates expression of a 
disease-associated, hormone regulated trait, Wherein the trait 
is expression of a gene. The method comprises the steps of: 
(a) exposing diseased biological material comprising a dis 
ease-associated, hormone regulated gene to a hormonal 
environment in an animal that regulates expression of the 
gene; (b) contacting the biological material With the agent; 
(c) measuring the amount of expression of the gene; and (d) 
determining Whether the measured amount is different than 
an amount of expression of the gene in the cell under control 
conditions in Which the biological material is not exposed to 
the agent. A difference betWeen the measured amount and 
the amount under control conditions indicates that the agent 
modulates expression of the gene. 

[0021] In one embodiment the step of exposing comprises 
exposing the cell to the hormonal environment in an animal 
in vivo. In another embodiment the agent is an agent that 
modulates the action of a hormone that regulates expression 
of the gene. In another embodiment the agent modulates the 
action of estrogen or testosterone. In another embodiment 
the agent is an estrogen or testosterone analog. 

[0022] Another embodiment further comprises the steps 
of: identifying a second hormone regulated trait: measuring 
the amount of expression of the second trait in the animal; 
and determining Whether the measured amount of expres 
sion of the second trait is different than an amount of 
expression of the second trait in the animal under control 
conditions in Which the biological material is not exposed to 
the agent. A further embodiment comprises the steps of: 
determining the degree of difference betWeen the measured 
amounts of gene expression to provide a degree of gene 
expression modulation; determining the degree of difference 
betWeen the measured amounts of expression of the trait to 
provide a degree of trait expression modulation; and deter 
mining Whether the degree of gene expression modulation is 
different than the degree of trait expression modulation. A 
difference indicates Whether the agent preferentially modu 
lates expression of the gene. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIGS. 1A-1B is a photograph of LNCaP cells 
groWn in male (1A) and female (1B) mice. 

[0024] FIGS. 2A-2B is a photograph of a Northern analy 
sis. FIG. 2A shoWs RNA from LNCaP cells and hybridiZed 
With Repro-PC-1.0-speci?c probe. FIG. 2B shoWs rehybrid 
iZation of the same blot With probes for tubulin and actin. 
Male =male-groWn tumors. Female =female-groWn tumors. 
C=LNCaP cells. P=PC3 cells. 

[0025] FIG. 3 shoWs the alignment of overlapping clones 
Which, together, produce the Repro-PC-1.0 cDNA of SEQ 
ID NO:1. FIG. 4 presents a comparison of the organiZation 
of PKC, Repro-PC-1.0 and synaptotagmin polypeptides. 

[0026] FIG. 5 shoWs the alignment of the amino acid 
sequences of Repro-PC-1.0 (“PC-20”) and rat synaptotag 
min 4. 
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[0027] FIG. 6 shoWs the alignment of the internal repeats 
of PKC-C2, Repro-PC-1.0 (PC-20) “B” repeat, synaptotag 
min “B” repeat, synaptotagmin “A” repeat and Repro-PC 
1.0 (PC-20) “A” repeat. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] I. De?nitions 

[0029] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the meaning commonly under 
stood by a person skilled in the art to Which this invention 
belongs. The folloWing references provide one of skill With 
a general de?nition of many of the terms used in this 
invention: Singleton et al., Dictionary of Microbiology and 
Molecular Biology (2d ed. 1994); The Cambridge Dictio 
nary of Science and Technology (Walker ed., 1988); and 
Hale & Marham, The Harper Collins Dictionary of Biology 
(1991). As used herein, the folloWing terms have the mean 
ings ascribed to them unless speci?ed otherWise. 

[0030] “Polynucleotide” refers to a polymer composed of 
nucleotide units (ribonucleotides, deoxyribonucleotides, 
related naturally occurring structural variants, and synthetic 
non-naturally occurring analogs thereof) linked via phos 
phodiester bonds, related naturally occurring structural vari 
ants, and synthetic non-naturally occurring analogs thereof. 
Thus, the term includes nucleotide polymers in Which the 
nucleotides and the linkages betWeen them include non 
naturally occurring synthetic analogs, such as, for example 
and Without limitation, phosphorothioates, phosphorami 
dates, methyl phosphonates, chiral-methyl phosphonates, 
2-O-methyl ribonucleotides, peptide nucleic acids 
(“PN ”), and the like. Such polynucleotides can be syn 
thesiZed, for example, using an automated DNA synthesiZer. 
“Nucleic acid” typically refers to large polynucleotides. 
“Oligonucleotide” typically refers to short polynucleotides, 
generally no greater than about 50 nucleotides. It Will be 
understood that When a nucleotide sequence is represented 
by a DNA sequence (i.e., A, T, G, C), this also includes an 
RNA sequence (i.e., A, U, G, C) in Which “U” replaces “T.” 

[0031] Conventional notation is used herein to describe 
polynucleotide sequences: the left-hand end of a single 
stranded polynucleotide sequence is the 5‘-end; the left-hand 
direction of a double-stranded polynucleotide sequence is 
referred to as the 5‘-direction. The direction of 5‘ to 3‘ 
addition of nucleotides to nascent RNA transcripts is 
referred to as the transcription direction. The DNA strand 
having the same sequence as an mRNA is referred to as the 
“coding strand”; sequences on the DNA strand having the 
same sequence as an mRNA transcribed from that DNA and 
Which are located 5‘ to the 5‘-end of the RNA transcript are 
referred to as “upstream sequences”; sequences on the DNA 
strand having the same sequence as the RNA and Which are 
3‘ to the 3‘ end of the coding RNA transcript are referred to 
as “doWnstream sequences.” 

[0032] “Recombinant polvnucleotide” refers to a poly 
nucleotide having sequences that are not naturally joined 
together. An ampli?ed or assembled recombinant polynucle 
otide may be included in a suitable vector, and the vector can 
be used to transform a suitable host cell. A host cell that 
comprises the recombinant polynucleotide is referred to as a 
“recombinant host cell.” The gene is then expressed in the 
recombinant host cell to produce, e.g., a “recombinant 
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polypeptide.” A recombinant polynucleotide may serve a 
non-coding function (e.g., promoter, origin of replication, 
ribosome-binding site, etc.) as Well. Appropriate unicellular 
hosts include any of those routinely used in expressing 
eukaryotic or mammalian polynucleotides, including, for 
example, prokaryotes, such as E. coli; and eukaryotes, 
including for example, fungi, such as yeast; and mammalian 
cells, including insect cells (e.g., Sf9) and animal cells such 
as CHO, R1.1, B-W, L-M, African Green Monkey Kidney 
cells (e.g. COS 1, COS 7, BSC 1, BSC 40 and BMT 10) and 
cultured human cells. 

[0033] “Expression control sequence” refers to a nucle 
otide sequence in a polynucleotide that regulates the expres 
sion (transcription and/or translation) of a nucleotide 
sequence operatively linked to it. “Operatively linked” 
refers to a functional relationship betWeen tWo parts in 
Which the activity of one part (e.g., the ability to regulate 
transcription) results in an action on the other part (e.g., 
transcription of the sequence). Expression control sequences 
can include, for example and Without limitation, sequences 
of promoters (e.g., inducible, repressible or constitutive), 
enhancers, transcription terminators, a start codon (i.e., 
ATG), splicing signals for introns, and stop codons. 
[0034] “Expression vector” refers to a vector comprising a 
recombinant polynucleotide comprising expression control 
sequences operatively linked to a nucleotide sequence to be 
expressed. An expression vector comprises suf?cient cis 
acting elements for expression; other elements for expres 
sion can be supplied by the host cell or in vitro expression 
system. Expression vectors include all those knoWn in the 
art, such as cosmids, plasmids (e.g., naked or contained in 
liposomes) and viruses that incorporate the recombinant 
polynucleotide. 
[0035] “Encoding” refers to the inherent property of spe 
ci?c sequences of nucleotides in a polynucleotide, such as a 
gene, a cDNA, or an mRNA, to serve as templates for 
synthesis of other polymers and macromolecules in biologi 
cal processes having either a de?ned sequence of nucle 
otides (i.e., rRNA, tRNA and mRNA) or a de?ned sequence 
of amino acids and the biological properties resulting there 
from. Thus, a gene encodes a protein if transcription and 
translation of mRNA produced by that gene produces the 
protein in a cell or other biological system. Both the coding 
strand, the nucleotide sequence of Which is identical to the 
mRNA sequence and is usually provided in sequence list 
ings, and non-coding strand, used as the template for tran 
scription, of a gene or cDNA can be referred to as encoding 
the protein or other product of that gene or cDNA. Unless 
otherWise speci?ed, a “nucleotide sequence encoding an 
amino acid sequence” includes all nucleotide sequences that 
are degenerate versions of each other and that encode the 
same amino acid sequence. Nucleotide sequences that 
encode proteins and RNA may include introns. 

[0036] “Allelic variant” refers to any of tWo or more 
polymorphic forms of a gene occupying the same genetic 
locus. Allelic variations arise naturally through mutation, 
and may result in phenotypic polymorphism Within popu 
lations. Gene mutations can be silent (no change in the 
encoded polypeptide) or may encode polypeptides having 
altered amino acid sequences. “Allelic variant” also refers to 
polymorphisms in non-coding sequences at a genetic locus 
and cDNAs derived from mRNA transcripts of genetic 
allelic variants, as Well as the proteins encoded by them. 
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[0037] “HybridiZing speci?cally to” or “speci?c hybrid 
iZation” or “selectively hybridiZe to,” refers to the binding, 
duplexing, or hybridiZing of a polynucleotide preferentially 
to a particular nucleotide sequence under stringent condi 
tions When that sequence is present in a complex mixture 
(e.g., total cellular) DNA or RNA. 

[0038] “Stringent conditions” refers to conditions under 
Which a probe Will hybridiZe preferentially to its target 
subsequence, and to a lesser extent to, or not at all to, other 
sequences. “Stringent hybridization” and “stringent hybrid 
iZation Wash conditions” in the context of polynucleotide 
hybridiZation experiments such as Southern and northern 
hybridiZations are sequence dependent, and are different 
under different environmental parameters. An extensive 
guide to the hybridiZation of polynucleotides is found in 
Tijssen (1993) Laboratory Techniques in Biochemistry and 
Molecular Biology—Hybridization with Nucleic Acid 
Probes part I chapter 2 “OvervieW of principles of hybrid 
iZation and the strategy of nucleic acid probe assays”, 
Elsevier, NeW York. Generally, highly stringent hybridiZa 
tion and Wash conditions are selected to be about 5° C. loWer 
than the thermal melting point (Tm) for the speci?c 
sequence at a de?ned ionic strength and pH. The Tm is the 
temperature (under de?ned ionic strength and pH) at Which 
50% of the target sequence hybridiZes to a perfectly matched 
probe. Very stringent conditions are selected to be equal to 
the Tm for a particular probe. 

[0039] An example of stringent hybridiZation conditions 
for hybridiZation of complementary polynucleotides Which 
have more than 100 complementary residues on a ?lter in a 
Southern or northern blot is 50% formalin With 1 mg of 
heparin at 42° C., With the hybridiZation being carried out 
overnight. An example of highly stringent Wash conditions 
is 0.15 M NaCl at 72° C. for about 15 minutes. An example 
of stringent Wash conditions is a 0.2x SSC Wash at 65° C. for 
15 minutes (see Sambrook et al. for a description of SSC 
buffer). Often, a high stringency Wash is preceded by a loW 
stringency Wash to remove background probe signal. An 
example medium stringency Wash for a duplex of, e. g., more 
than 100 nucleotides, is lx SSC at 45° C. for 15 minutes. An 
example loW stringency Wash for a duplex of, e.g., more than 
100 nucleotides, is 4-6>< SSC at 40° C. for 15 minutes. In 
general, a signal-to-noise ratio of 2x (or higher) than that 
observed for an unrelated probe in the particular hybridiZa 
tion assay indicates detection of a speci?c hybridiZation. 

[0040] A ?rst sequence is an “antisense sequence” With 
respect to a second sequence if a polynucleotide Whose 
sequence is the ?rst sequence speci?cally hybridiZes With a 
polynucleotide Whose sequence is the second sequence. 

[0041] “Primer” refers to a polynucleotide that is capable 
of speci?cally hybridiZing to a designated polynucleotide 
template and providing a point of initiation for synthesis of 
a complementary polynucleotide. Such synthesis occurs 
When the polynucleotide primer is placed under conditions 
in Which synthesis is induced, i.e., in the presence of 
nucleotides, a complementary polynucleotide template, and 
an agent for polymeriZation such as DNA polymerase. A 
primer is typically single-stranded, but may be double 
stranded. Primers are typically deoxyribonucleic acids, but a 
Wide variety of synthetic and naturally occurring primers are 
useful for many applications. Aprimer is complementary to 
the template to Which it is designed to hybridiZe to serve as 
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a site for the initiation of synthesis, but need not re?ect the 
exact sequence of the template. In such a case, speci?c 
hybridization of the primer to the template depends on the 
stringency of the hybridization conditions. Primers can be 
labeled With, e.g., chromogenic, radioactive, or ?uorescent 
moieties and used as detectable moieties. 

[0042] “Probe” refers to a polynucleotide that is capable of 
speci?cally hybridizing to a designated sequence of another 
polynucleotide. A probe speci?cally hybridizes to a target 
complementary polynucleotide, but need not re?ect the 
eXact complementary sequence of the template. In such a 
case, speci?c hybridization of the probe to the target 
depends on the stringency of the hybridization conditions. 
Probes can be labeled With, e.g., chromogenic, radioactive, 
or ?uorescent moieties and used as detectable moieties. 

[0043] “Detectable moiety” or a “label” refers to a com 
position detectable by spectroscopic, photochemical, bio 
chemical, immunochemical, or chemical means. For 
eXample, useful labels include 32P, 35S, ?uorescent dyes, 
electron-dense reagents, enzymes (e.g., as commonly used 
in an ELISA), biotin-streptavadin, dioXigenin, haptens and 
proteins for Which antisera or monoclonal antibodies are 
available, or polynucleotides With a sequence complemen 
tary to a target. The detectable moiety often generates a 
measurable signal, such as a radioactive, chromogenic, or 
?uorescent signal, that can be used to quantitate the amount 
of bound detectable moiety in a sample. The detectable 
moiety can be incorporated in or attached to a primer or 
probe either covalently, or through ionic, van der Waals or 
hydrogen bonds, e.g., incorporation of radioactive nucle 
otides, or biotinylated nucleotides that are recognized by 
streptavadin. The detectable moiety may be directly or 
indirectly detectable. Indirect detection can involve the 
binding of a second directly or indirectly detectable moiety 
to the detectable moiety. For eXample, the detectable moiety 
can be the ligand of a binding partner, such as biotin, Which 
is a binding partner for streptavadin, or a nucleotide 
sequence, Which is the binding partner for a complementary 
sequence, to Which it can speci?cally hybridize. The binding 
partner may itself be directly detectable, for eXample, an 
antibody may be itself labeled With a ?uorescent molecule. 
The binding partner also may be indirectly detectable, for 
eXample, a polynucleotide having a complementary nucle 
otide sequence can be a part of a branched DNA molecule 
that is in turn detectable through hybridization With other 
labeled polynucleotides. Quantitation of the signal is 
achieved by, e.g., scintillation counting, densitometry, or 
?oW cytometry. 

[0044] “Linker” refers to a molecule that joins tWo other 
molecules, either covalently, or through ionic, van der Waals 
or hydrogen bonds, e.g., a polynucleotide that hybridizes to 
one complementary sequence at the 5‘ end and to another 
complementary sequence at the 3‘ end, thus joining tWo 
non-complementary sequences. 

[0045] “Ampli?cation” refers to any means by Which a 
polynucleotide sequence is copied and thus expanded into a 
larger number of polynucleotides, e.g., by reverse transcrip 
tion, polymerase chain reaction, and ligase chain reaction. 

[0046] “Polypeptide” refers to a polymer composed of 
amino acid residues, related naturally occurring structural 
variants, and synthetic non-naturally occurring analogs 
thereof linked via peptide bonds, related naturally occurring 
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structural variants, and synthetic non-naturally occurring 
analogs thereof. Synthetic polypeptides can be synthesized, 
for eXample, using an automated polypeptide synthesizer. 
The term “protein” typically refers to large polypeptides. 
The term “peptide” typically refers to short polypeptides. 

[0047] Conventional notation is used herein to portray 
polypeptide sequences: the left-hand end of a polypeptide 
sequence is the amino-terminus; the right-hand end of a 
polypeptide sequence is the carboXyl-terminus. 

[0048] “Complementary” refers to the topological com 
patibility or matching together of interacting surfaces of tWo 
polynucleotides. Thus, the tWo molecules can be described 
as complementary, and furthermore, the contact surface 
characteristics are complementary to each other. A ?rst 
polynucleotide is complementary to a second polynucleotide 
if the nucleotide sequence of the ?rst polynucleotide is 
identical to the nucleotide sequence of the polynucleotide 
binding partner of the second polynucleotide. Thus, the 
polynucleotide Whose sequence 5‘-TATAC-3‘ is complemen 
tary to a polynucleotide Whose sequence is 5‘-GTATA-3‘. 

[0049] “Conservative substitution” refers to the substitu 
tion in a polypeptide of an amino acid With a functionally 
similar amino acid. The folloWing siX groups each contain 
amino acids that are conservative substitutions for one 
another: 

[0050] 1) Alanine (A), Serine (S), Threonine (T); 

[0051] 2) Aspartic acid (D), Glutamic acid [0052] 3) Asparagine (N), Glutamine (Q); 

[0053] 4) Arginine (R), Lysine 
[0054] 5) Isoleucine (I), Leucine (L), Methionine 

(M), Valine (V); and 

[0055] 6) Phenylalanine (F), Tyrosine (Y), Tryp 
tophan 

[0056] “Antibody” refers to a polypeptide substantially 
encoded by an immunoglobulin gene or immunoglobulin 
genes, or fragments thereof, Which speci?cally bind and 
recognize an analyte (antigen). The recognized immunoglo 
bulin genes include the kappa and lambda light chain 
constant region genes and the alpha, gamma, delta, epsilon 
and mu heavy chain constant region genes, as Well as the 
myriad immunoglobulin variable region genes. Antibodies 
eXist, e. g., as intact immunoglobulins or as a number of Well 
characterized fragments produced by digestion With various 
peptidases. This includes, e.g., Fab‘ and F(ab)‘2 fragments. 
The term “antibody,” as used herein, also includes antibody 
fragments either produced by the modi?cation of Whole 
antibodies or those synthesized de novo using recombinant 
DNA methodologies, as Well as humanized antibodies. 

[0057] An antibody “speci?cally binds to” or “is speci? 
cally immunoreactive With” a protein When the antibody 
functions in a binding reaction Which is determinative of the 
presence of the protein in the presence of a heterogeneous 
population of proteins and other biologics. Thus, under 
designated immunoassay conditions, the speci?ed antibod 
ies bind preferentially to a particular protein and do not bind 
in a signi?cant amount to other proteins present in the 
sample. Speci?c binding to a protein under such conditions 
requires an antibody that is selected for its speci?city for a 
particular protein. Avariety of immunoassay formats may be 
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used to select antibodies speci?cally immunoreactive With a 
particular protein. For example, solid-phase ELISA immu 
noassays are routinely used to select monoclonal antibodies 
speci?cally immunoreactive With a protein. See HarloW and 
Lane (1988) Antibodies, A Laboratory Manual, Cold Spring 
Harbor Publications, NeW York, for a description of immu 
noassay formats and conditions that can be used to deter 
mine speci?c immunoreactivity. 

[0058] “Immunoassay” refers to an assay that utiliZes an 
antibody to speci?cally bind an analyte. The immunoassay 
is characteriZed by the use of speci?c binding properties of 
a particular antibody to isolate, target, and/or quantify the 
analyte. 

[0059] “Agent” refers to a chemical compound, a mixture 
of chemical compounds, a sample of undetermined compo 
sition, a combinatorial small molecule array, a biological 
macromolecule, a bacteriophage peptide display library, a 
bacteriophage antibody (e.g., scFv) display library, a poly 
some peptide display library, or an extract made from 
biological materials such as bacteria, plants, fungi, or animal 
cells or tissues. Suitable techniques involve selection of 
libraries of recombinant antibodies in phage or similar 
vectors. See, Huse et al. (1989) Science 246: 1275-1281; and 
Ward et al. (1989) Nature 341: 544-546. The protocol 
described by Huse is rendered more ef?cient in combination 
With phage display technology. See, e.g., DoWer et al., WO 
91/17271 and McCafferty et al., WO 92/01047. 

[0060] “Pharmaceutical composition” refers to a compo 
sition suitable for pharmaceutical use in a mammal. A 
pharmaceutical composition comprises a pharmacologically 
effective amount of an active agent and a pharmaceutically 
acceptable carrier. “Pharmacologically effective amount” 
refers to that amount of an agent effective to produce the 
intended pharmacological result. “Pharmaceutically accept 
able carrier” refers to any of the standard pharmaceutical 
carriers, buffers, and excipients, such as a phosphate buff 
ered saline solution, 5% aqueous solution of dextrose, and 
emulsions, such as an oil/Water or Water/oil emulsion, and 
various types of Wetting agents and/or adjuvants. Suitable 
pharmaceutical carriers and formulations are described in 
Remington ’s Pharmaceutical Sciences, 19th Ed. (Mack Pub 
lishing Co., Easton, 1995). Preferred pharmaceutical carriers 
depend upon the intended mode of administration of the 
active agent. Typical modes of administration include 
enteral (e.g., oral) or parenteral (e.g., subcutaneous, intra 
muscular, or intravenous intraperitoneal injection; or topical, 
transdermal, or transmucosal administration). 

[0061] 
organs. 

“Biological material” refers to cells, tissues or 

[0062] Biological material is “hormonally responsive” if a 
trait of the biological material differs When the biological 
material is exposed to tWo different hormonal environments. 

[0063] “Trait” refers to any distinguishable characteristic 
of a phenotype of a cell, tissue, organ or organism. Traits 
include, for example, the level of expression of one (or 
more) genes, as evidenced by, e.g., RNA transcripts or 
expression of a protein), presence of products resulting from 
protein interaction With an analyte (e.g., the product of 
enZymatic activity), biological activity resulting from 
expression of a gene (e.g., increased or decreased activity of 
an enZyme or binding protein regulated by the expressed 
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protein), cellular activity resulting from expression a gene 
(e.g., entry into the mitotic phases of the cell cycle), or 
changes in physical appearance (e.g., malignant appearing 
cells, tissues or organs). 

[0064] A “hormonal environment” is a set of hormonal 
signals, including the concentration of hormones and their 
?uctuation over time, to Which a biological material is 
exposed. Hormonal environments refers to both in vivo and 
in vitro hormonal environments. 

[0065] A “hormone-regulated” gene or trait of a hormon 
ally responsive biological material is a gene or trait Whose 
expression is differentially expressed (e.g., increased (“up 
regulated”) or decreased (“doWn-regulated”)) based on the 
hormonal environment to Which the biological material is 
exposed. 

[0066] A “disease-associated” gene or trait is a gene or 
trait of a biological material that is differently expressed 
(e.g., up-regulated or doWn-regulated) in diseased biological 
material compared With healthy biological material. 

[0067] A hormonal environment regulates expression of a 
disease-associated, hormone-regulated gene or trait if the 
hormonal environment modulates expression of the gene or 
trait in diseased biological material compared With normal 
biological material. 

[0068] In certain embodiments, “differential expression” 
or “modulation” of a gene or trait in a biological material 
exposed to a hormonal environment can be compared With 
reference to healthy biological material in a hormonal envi 
ronment of a healthy animal. 

[0069] “Graft” refers to any free (unattached) cells, tissue 
or organ for transplantation. 

[0070] “Reproductive state” refers to one of several stages 
of an animal’s life characteriZed by a distinct hormonal 
environment. Reproductive states depend on sex (male or 
female), sexual maturity (pre-pubescent, sexually mature, 
sexually senescent) and reproductive status (cycling, preg 
nant or pseudo-pregnant). 

[0071] “Allograft” refers to a transplanted cell, tissue or 
organ derived from a different animal of the same species. 

[0072] “Xenograft” refers to a transplanted cell, tissue or 
organ derived from an animal of a different species. 

[0073] “Detecting” refers to determining the presence, 
absence, or amount of a trait in a biological material, and can 
include quantifying the amount of a compound in a sample 
or per cell in a sample. 

[0074] “Expression of a trait” refers to the occurrence or 
non-occurrence of the trait, as Well as the degree to Which a 
trait occurs. Thus, the occurrence or non-occurrence of 
metastasis is a trait, as is the rate of metastasis. The 
expression of a trait differs betWeen grafted biological 
material in tWo animals if there is a difference in either the 
occurrence or non-occurrence or the degree of occurrence of 
the trait. 

[0075] Traits are “differentially expressed” in tWo envi 
ronments if there is a qualitative or statistically signi?cant 
(p<0.05) quantitative difference betWeen the traits in the tWo 
environments. 
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[0076] A “natural hormonal environment” is a hormonal 
milieu in an animal that exists as a result of endogenously 
produced hormones. This includes both healthy and 
unhealthy animals, as Well as animals at different reproduc 
tive states. Unnatural hormonal environments are created by 
altering the natural hormonal environment by exogenous 
administration of hormones source or antagonism of endog 
enous hormones. For example, the hormonal environment of 
an animal can be unnaturally reconstituted by, e.g., surgical 
manipulation of hormone producing tissues (e.g., removal or 
ovary or testicle) and administration of replacement hor 
mones. Another method of creating an unnatural hormonal 
environment is by transgenic manipulation of an organism 
so that it increases or decreases expression of one or more 
hormones. 

[0077] “Functional pathWay” refers to a chain of events in 
a biological system from expression of a gene to expression 
of a trait linked so that each event in the chain is caused by 
a preceding event in the chain and, turn, causes a subsequent 
event in the chain. 

[0078] II. Experimental System for Identifying Hormone 
Regulated Traits 

[0079] A. General 

[0080] This invention provides methods for identifying 
hormone-regulated traits. The methods involve exposing 
biological material to different hormonal environments and 
determining Whether a trait is differently expressed in the 
tWo environments. If so, the trait is hormonally regulated. 
For example, certain cancer cells, such as prostate cancer 
cells, express different mRNA and exhibit different tumor 
morphology depending upon Whether they are exposed to a 
male or a female hormonal environment. Accordingly, prac 
ticing the methods of this invention involves choosing 
different hormonal environments to Which to expose bio 
logical material. Traits that are preferentially expressed in 
male environments are referred to as “male-environment 
associated traits” and traits that are preferentially expressed 
in female environments are referred to as “female-environ 
ment-associated traits.” 

[0081] B. Hormonal Environment 

[0082] The hormonal environment that an animal presents 
to a graft re?ects several factors such as the animal’s 
species, reproductive state, and emotional state. 

[0083] To detect hormone-regulated traits, biological 
material is exposed to different non-human animals Whose 
hormonal environment differs at least in reproductive state. 
Accordingly, the animal hosts differ according to at least one 
of the folloWing states: sex, sexual maturity or reproductive 
status. Thus, in one embodiment, the animals are differently 
sexed, sexually mature animals. HoWever, this invention 
also contemplates comparing a trait in same sexed animals 
at different levels of sexual maturity, or of different repro 
ductive status. 

[0084] In a preferred embodiment, the biological material 
is exposed to a natural hormonal environment. HoWever, the 
hormonal environment of an animal can be primed before 
grafting. For example, gonadotrophins can be administered 
to female animals. 

[0085] The hormonal signals produced by an animal can 
change depending on the emotional state of the animal. For 
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example, animals that are chronically stressed produce 
larger amounts of steroids than animals that are not so 
stressed. 

[0086] An animal’s taxonomic classi?cation dictates What 
sorts of hormones the animal produces and Whether these 
hormones are likely to have an effect on a particular 
xenograft. Generally, the closer the taxonomic connection 
betWeen the host species and the source species of the graft, 
the more likely the hormones, particularly the peptide hor 
mones, Will regulate events in the cells of the xenograft. 
Accordingly, same-species transplants are useful When the 
transplant tissue is not human. Insofar as the biological 
material of interest derives from human sources, the animals 
useful as hosts for xenografts are mammals and, more 
particularly, rodents (e.g., mice or rats). 
[0087] When the graft is a xenograft or allograft, there is 
the risk that the host animal Will reject the grafted biological 
material. Therefore, immunocompromised hosts that do not 
reject allografts or xenografts are preferred. Animals can be 
immunocompromised genetically, surgically or by exposure 
to an agent that injures or destroys the immune system. 
Animals Whose immune systems are compromised geneti 
cally are knoWn in the art. For example, athymic, nude mice 
are immunocompromised. Nude rats also can be used. 
(Taconic, GermantoWn, N.Y.) Another genetic immunode 
?ciency is severe combined immune de?ciency (“SCID”). 
Animals can be rendered immunocompromised by surgical 
removal of the thymus or the bursa. Irradiation of an animal 
renders it immunode?cient by destroying hematopoietic 
cells in the bone marroW. Hyperacute rejection can be 
suppressed by inhibiting complement activation. Chemical 
means of immunocompromising an animal include immu 
nosuppressants such as cyclosporin and prednisone, among 
others. 

[0088] Further factors in choosing animal hosts include 
the expense to keep the animals and the familiarity of 
science With the particular animals used. 

[0089] C. Biological Material 
[0090] The biological material that is to be exposed to 
different hormonal environments can be selected from any 
source, including cultured cell lines (e.g. transformed or 
immortaliZed), cells from primary cultures, animal tissue or 
animal organs. The biological material can be from any 
species. Biological material from human tissue or cells are 
particularly interesting from a medical perspective. Gener 
ally, tWo samples from the same biological material are each 
exposed to a different hormonal environment. 

[0091] The biological material generally Will include hor 
monally responsive cells. This can include healthy or dis 
eased tissue (e.g., from a hormone-regulated disease), senes 
cent or pre-senescent. Thus, the cells can be hormonally 
responsive human cells such as, e. g., adipocytes, osteoblasts, 
osteoclasts, chondrocytes, hematopoietic cells (e.g., stem 
cells), cells of myeloid or lymphoid cell lines (e.g., B-lym 
phocytes, T-lymphocytes, red blood cells, platelets, mono 
cytes, neutrophils, eosinophils, basophils, macrophages), 
lymphoreticular cells, cells from neural tissue, cells from 
hair follicles, cells from sebaceous glands, cells from blad 
der tissue (e.g., from a subject With hormonally regulated 
bladder disfunction), cells from male or female reproductive 
tract tissue (e.g., endometrial tissue, endometriotic tissue, 
pelvic ?oor tissue or vaginal tissue) or cells from mammary 
gland tissue. 
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[0092] The biological material also can comprise human 
neoplasms, either benign or malignant, e.g., cells from a 
laryngeal cancer, a breast cancer, an ovarian cancer, a uterine 
cancer, a cervical cancer, an endometrial cancer, a vaginal 
cancer, a testicular cancer, a prostate cancer, a leiomyoma or 
benign prostate hyperplastic tissue. LNCaP is a useful 
prostate cancer cell line. 

[0093] The cells also can be human endocrine cells or 
human exocrine cells from, e.g., gall bladder, adrenal gland, 
pancreas, thyroid, salivary gland, pituitary gland, hypothala 
mus, ovary or testis. 

[0094] D. Exposing the Biological Material 

[0095] After having selected the biological material and 
the hormonal environments, one then exposes the biological 
material to different hormonal environments. 

[0096] A?rst step in exposure is administering the graft to 
the animal. If the graft is a cell line or cell culture, the 
material can be injected into the host. Tissue can be prepared 
by mincing it and passing the minced material serially 
through a needle before injection. Injection can be, e.g., 
intraperitoneal, intramuscular, or subcutaneous. If the mate 
rial for transplant is a tissue or organ, it can be inserted 
surgically. HoWever, regardless of the method, one aim is to 
administer a suf?cient amount of material to an appropriate 
location so that material can be retrieved for analysis after 
cultivation. In order to perform parallel experiments, the 
transplants usually Will be made contemporaneously. 

[0097] The biological material should be cultured in the 
animal for a suf?cient amount of time for the hormone 
regulated trait to become detectable in the different hor 
monal environments. Also, the material should be cultured 
for suf?cient time to provide suf?cient material for subse 
quent analysis. Depending upon the nature of the hormone 
dependent trait to be examined, differences can be seen 
Within a feW hours after exposure. HoWever, genetic expres 
sion of other traits, such as morphological features, may take 
Weeks to develop. This includes, for example, sufficient time 
for a grafted tumor to become vasculariZed or to metastasiZe. 
A graft can be cultured through the point of death of the 
animal. 

[0098] If the graft is a cancer cell line, it is useful to expose 
it until the cells have coloniZed the host or When a tumor 
becomes palpable; this provides enough material for analy 
sis. For example, injection of about 1><106 to 1><107 LNCaP 
cells to nude mice required about tWo to three months to 
become palpable. 

[0099] After the graft has been exposed for a suf?cient 
period of time, it can be removed from the animals so that 
differentially expressed traits can be identi?ed and exam 
ined. 

[0100] III. Methods for Identifying Hormone-Regulated 
Traits 

[0101] A. Introduction 

[0102] In general, the methods of this invention for iden 
tifying hormone-regulated traits involve exposing biological 
material to tWo different hormonal environments and iden 
tifying traits that are expressed differently in the environ 
ments by comparing their expression in each of the envi 
ronments. In this method, the traits to be analyZed must be 
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selected and means for their identi?cation provided. Once a 
hormone-regulated trait has been identi?ed, one can make 
the trait the subject of further analysis. 

[0103] B. Selecting Traits for Identi?cation and Analysis 

[0104] Any detectable trait can be the subject of identi? 
cation and further analysis. This includes structural or func 
tional traits. This invention also contemplates identifying 
traits that are up- or doWn-regulated in response to the 
hormonal environment. “Up-regulation” and “doWn-regula 
tion” connote statistically signi?cant )p <0.05) increases or 
decreases in expression of a measurable trait, such as 
transcription of a particular mRNA. 

[0105] Functional traits include biochemical or physi 
ological traits of the cell, tissue or organ. The distinction 
betWeen biochemical and physiological traits is not particu 
larly distinct, and is used merely for purposes of demon 
stration. In general, biochemical traits are traits expressed at 
a cellular level, While physiological traits are expressed at a 
tissue or organ level. 

[0106] Biochemical traits include, most particularly, gene 
expression (i.e, transcription of DNA into RNA), and also, 
for example, post-transcriptional modi?cations, protein 
expression, post-translational protein modi?cation or pro 
tein secretion. Post-transcriptional modi?cations include, for 
example, splicing mRNAs or trimethylguanosine (“TMG”) 
capping. Post-translational modi?cations include, for 
example, glycosylation and ADP ribosylation. Differences in 
gene expression can be identi?ed as absolute induction or 
repression of a gene, or as up- or doWn-regulation of a gene 
expressed in both environments. 

[0107] Functional differences also can manifest at the 
physiological level, especially if the biological material is a 
tissue or organ transplant. Physiological traits include, for 
example, secretion of various chemicals (for example, insu 
lin by pancreatic tissue), urine production by a kidney, 
metabolism by liver tissue or anchorage dependence of 
cancer cells. 

[0108] Structural traits can include cell or tissue architec 
ture, morphology or histology, cell differentiation, tumor 
shape, tumor staging, angiogenesis, metastasis (e.g., appear 
ance at locations distant to the primary tumor site) and tissue 
degradation. 
[0109] After exposing the biological material to different 
hormonal environments for a suf?cient period of time, the 
material is retrieved and a trait is compared betWeen the tWo 
samples. Differences in mRNA expression can be identi?ed 
by comparative northern hybridiZation or any of the more 
poWerful subtractive or differential analytic techniques 
described beloW. Differences in protein expression can be 
determined by comparative quantitative and qualitative 
techniques such as 2D gel electrophoresis, Western hybrid 
iZation, HPLC, mass spectrometry or immunoassays, among 
other methods. 

[0110] C. Means for Identifying Hormone-Regulated 
Genes 

[0111] In one embodiment of the invention, the trait is 
expression of a gene. One useful method of identifying 
differentially expressed genes involves comparing the 
amount of mRNA expression betWeen the samples. Methods 
to compare mRNA expression betWeen tWo tissues or cell 
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types are Well known in the art. They include, for example, 
subtractive hybridization, differential display; representa 
tional differential analysis and suppression subtractive 
hybridiZation. These methods can yield probes enriched for 
genes preferentially expressed in one hormonal environment 
versus the other. 

[0112] 1. Subtractive Hybridization 

[0113] Subtractive hybridiZation is a useful method of 
identifying genes that are differentially expressed in differ 
ent hormonal environments. For example, one can subtract 
female-derived mRNA populations from male-derived 
mRNA population, and vice-versa. 

[0114] RNA prepared by conventional methods from a 
?rst cell population (e.g. cells from the graft exposed to the 
female hormonal environment) and RNA from a second cell 
population (e.g., cells from the graft exposed to the male 
hormonal environment) are separately reverse-transcribed 
and second-strand synthesiZed to form tWo pools of double 
stranded cDNA. a tester pool comprising sequences of the 
mRNA species for Which enrichment is desired, and a driver 
pool comprising the sequences to be subtracted from the 
tester pool. The tWo pools may be fragmented by endonu 
clease digestion (restriction endonuclease or non-speci?c 
endonuclease) if desired to degrade cDNA consisting of 
tandem repeated sequences and to enhance hybridiZation 
ef?ciency. 

[0115] The driver pool is labeled, such as by photobioti 
nylation or attachment of another suitable recoverable label. 
The driver pool and tester pool are denatured and mixed 
together in a reaction mixture under hybridiZation conditions 
and incubated for a suitable hybridiZation period. The reac 
tion mixture is contacted With a ligand Which binds the 
recoverable label on the driver cDNA and Which can be 
readily recovered from the reaction mixture (e.g., using 
avidin attached to magnetic beads), such that a substantial 
fraction of the driver cDNA and any tester cDNA hybridiZed 
thereto is selectively removed from the reaction mixture. 
The remaining reaction mixture is enriched for tester cDNA 
species that are preferentially expressed in the ?rst cell 
population as compared to the second cell population. 

[0116] The enriched (subtracted) tester cDNApool may be 
subjected to one or more additional rounds of subtraction 
hybridiZation With a pool of labeled driver cDNA. The 
driver cDNA can be substantially identical to the initial pool 
of driver cDNA or Which may represent a different cell 
population having mRNA species Which are desired to be 
subtracted from the subtracted tester cDNA pool. 

[0117] A variety of means for accomplishing the subtrac 
tion hybridiZation and suitable methodological guidance are 
available to the artisan. See, e.g., Lee et al., 1991, Proc. Natl. 
Acad. Sci. (U.S.A.) 8812825; Milner et al., 1995, Nucleic 
Acids Res. 231176; Luqmani et al., 1994, Anal. Biochem. 
2221 102; ZebroWski et al., 1994, Anal. Biochem. 2221285; 
Robertson et al., 1994, Genomics 23142; Rosenberg et al., 
1994, Proc. Natl.Acad. Sci. (U.SA.) 9116113; Li et al., 1994, 
Biotechniques 161722; Hakvoort et al., 1994, Nucleic Acids 
Res. 221878; Satoh et al., 1994, Mutat. Res. 316125; Austruy 
et al. (1993) Cancer Res. 5312888; Marechal et al., 1993, 
Anal. Biochem. 2081330; El-Deiry et al., 1993, Cell 751817; 
Hara et al., 1991, Nucleic Acids Res. 1917097; and Herfort 
and Garber, 1991, Biotechniques 111598. 
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[0118] 2. Differential Display of Ampli?ed Products 

[0119] In differential display, cDNA is subjected to selec 
tive ampli?cation. One can amplify the DNA by means 
knoWn in the art. The general strategy involves ampli?cation 
of cDNAs from species in the subtracted tester cDNA pool 
by PCR using one or a set of arbitrary sequence primers. 
Arbitrary primers are selected according to various criteria 
at the discretion of the practitioner so that each Will amplify 
only a fraction of the cDNAs in the subtracted cDNA pool 
so that the ampli?cation products can be resolved and 
individually recovered on a separation system, such as a 
polyacrylamide gel. The selection of arbitrary primers and 
their sequence is determined by the practitioner With refer 
ence to the literature. See, e.g., US. patent application Ser. 
No. 08/235,180, ?led Apr. 29, 1994; Linskens et al., 1995, 
Nucleic Acids Res. 23 (16): 3244-3251; Liang et al., 1993, 
Nucleic Acids Res. 2113269; Utans et al., 1994, Proc. Natl. 
Acad. Sci. (U.SA.) 9116463; Zimmermann et al., 1994, Proc. 
Natl. Acad. Sci. (U.SA.) 9115456; Fischer et al., 1995, Proc. 
Natl. Acad. Sci. (U.S.A.) 9215331; Lohmann et al., 1995, 
Biotechniques 181200; Reeves et al., 1995, Biotechniques 
18118; and Maser et al., 1995, Semin Nephrol 15129. 

[0120] Selection of the arbitrary primers is conducted 
using knoWn theoretical and empirical parameters. In brief, 
the shorter a 5‘ arbitrary primer With a selected sequence of 
nucleotides, the more frequently it Will anneal near the end 
of a cDNA strand. HoWever, if primers are too short, they 
Will not efficiently serve as a speci?c site for primer exten 
sion by a DNA polymerase such as taq. The theoretical 
calculations for determining the frequency With Which a 
given primer Will speci?cally prime a PCR or other poly 
merase-mediated primer extension are knoWn, and depend, 
inter alia, on the frequency With Which a primer binds the 
template, the upper limit of the desired products, the number 
of cDNA species in the template mixture, and the like. The 
frequency With Which a primer Will prime a reaction typi 
cally depends largely upon the 3‘ terminal nucleotides of the 
primer. For example, if the 3‘ primer is a poly-dT primer 
Which binds to the common poly-A tail of mRNA (or 
corresponding cDNA), an anchor 3‘ primer having about tWo 
(or more) additional bases at the 3‘ end of the 3‘ primer is 
preferably used. By standard probability, any tWo 3‘ bases 
(excluding dT at the penultimate base) Will bind one-tWelfth 
of the time to a perfectly complementary mRNA. Thus, any 
arbitrary 3‘ primer With the sequence (dT)ZMN, Wherein Z 
is about 18-24, M is dA dC or dG and N is dA. dT. dC or dG 
Will prime about one tWelfth of all mammalian mRNAs. 

[0121] Enhanced Differential Display (EDD), a method 
that improves on the reproducibility and ef?ciency of the 
differential display technique, is described in Linskens et al. 
(1995) NucleicAcids Res. 23(16)13244-51, and Villeponteau 
et al., U.S. Pat. No. 5,580,726. EDD is characteriZed by a 
tWo-stage ampli?cation process. Both stages involve long 
primers of at least 21 nucleotides. The ?rst stage is a loW 
stringency ampli?cation involving about 2-4 cycles of 
ampli?cation by, e.g., PCR, at loW temperature, e.g., 35° to 
45°, 39° to 41°, or about 41°. The second stage is a high 
stringency ampli?cation involving about 10 to 25 cycles, 
typically 18 cycles, at high temperature, e.g., 55° to 70° or 
about 60°. 

[0122] As a result of this ampli?cation process, the cDNA 
pool is normaliZed. That is, the amount of more abundant 
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cDNA species (e.g., present in the original cDNApopulation 
at greater than about 0.5%) is decreased relative to other 
species in the pool and the amount of rare species is 
increased relative to the other species. 

[0123] The ampli?ed products are optionally labeled and 
are typically resolved by electrophoresis on a polyacryla 
rnide gel; the locations Where label is present are excised and 
the labeled product species are recovered from the gel 
portion, typically by elution. The resultant recovered prod 
uct species (typically an expressed sequence tag or EST 
cDNA) can be subcloned into a replicable vector With or 
Without attachment of linkers, arnpli?ed further, and/or 
sequenced directly. Once an EST is recovered, it can be used 
to obtain a substantially full-length cDNA from a cDNA 
library. The EST(s) can be sequenced and the sequence 
information used to generate a primer for primer extension 
(5‘-RACE) or the EST can be labeled and used as a hybrid 
iZation probe to identify larger cDNA clones from a cDNA 
library. Genornic or full-length cDNA clones corresponding 
to ESTs can be isolated from clone libraries (e.g., available 
from Clontech, Palo Alto, Calif.) using the labeled EST (e. g., 
by nick-translation, randorn prirne labelling or end-labeling) 
or other hybridiZation probes With nucleotide sequences 
corresponding to those identi?ed in the EST in conventional 
hybridiZation screening methods. 

[0124] Once an EST is recovered, it may be used to obtain 
a substantially full-length cDNA from a cDNA library. The 
EST can be sequenced and the sequence information used to 
generate a primer for primer extension (5‘-RACE technique) 
or the EST can be labeled and used as a hybridiZation probe 
to identify larger cDNA clones from a cDNA library. 

[0125] Genornic or cDNA clones of the subtracted cDNA 
species are isolated from clone libraries (e.g., available from 
Clontech, Palo Alto, Calif.) using the labeled EST (e.g., by 
nick-translation or end-labeling) or using hybridiZation 
probes designed on the basis of the nucleotide sequences 
identi?ed and using conventional hybridiZation screening 
methods (e.g., Bentori W D and Davis R W (1977) Science 
196:180; Goodspeed et al. (1989) Gene 76:1). Where a loW 
abundance protein cDNA clone is desired, clone libraries 
containing cDNA derived from somatic cell rnRNA or other 
expressing cell rnRNA are preferred. Additionally, poly 
rnerase chain reaction (PCR) using primers based on pre 
determined sequence data are used to amplify DNA frag 
rnents from genomic DNA, rnRNA pools, or from cDNA 
clone libraries. US. Pat. Nos. 4,683,195 and 4,683,202 
describe the PCR method. Additionally, PCR rnethods 
ernploying one prirner that is based on predeterrnined or 
predicted sequence data and a second prirner that is not 
based on that sequence data is used. 

[0126] 3. Suppression Subtractive Hybridization (SSH) 

[0127] Suppression subtractive hybridiZation (SSH) tech 
niques can be used to generate subtracted probes and cDNA 
libraries for the identi?cation of differentially expressed 
transcripts. This technique includes a “normalization” step 
that optimizes the identi?cation of rare transcripts that are 
differentially expressed. The process involves “normalizing” 
the levels of high and loW abundance sequences by gener 
ating tWo differently prepared “tester” cDNA (contains 
differentially expressed sequences) fractions With different 
5‘-end primer annealing sites and hybridiZing each “tester” 
fraction to “driver” cDNA (contains non-target rnolecules), 
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Which is present in excess. Due to second-order kinetics, 
rare transcripts accurnulate as single-stranded cDNA (ss 
cDNA) molecules that are not capable of serving as template 
during PCR arnpli?cation using adaptor prirners. To resolve 
this issue and alloW for the preferential arnpli?cation of rare 
sequences, a second hybridiZation step is performed that 
includes rnixing each “tester”“driver” reaction, Which con 
tains ss-cDNA With different 5‘-end adaptor prirner sites. The 
second hybridiZation reaction results in an increase in the 
apparent concentration of ss-cDNA, Which facilitates the 
formation of double-stranded cDNA (ds-cDNA) With dif 
ferent 5‘-end prirner sites. The ds-cDNA populations With 
different 5‘-end prirner sites is competent template for the 
preferential arnpli?cation of differentially expressed 
sequences that represent rare sequences. 

[0128] Brie?y, the “tester” cDNAs are prepared by split 
ting the cDNA into tWo equal aliquots and ligating different 
oligonucleotide adapters, Which function as PCR primer 
annealing sites, to the cDNA ends in each fraction. FolloW 
ing adaptor ligation, each aliquot is hybridiZed to excess 
amounts of “driver” cDNA, which forms complexes with 
non-target cDNA that do not contain adaptor-prirner sites. 
FolloWing the ?rst hybridiZation step, the highly abundant 
target cDNAs forrn ds-cDNA that contain the same 5‘-end 
adaptor-prirner sites on each end, the rare transcripts remain 
as single-stranded cDNA (ss-cDNA) molecules and the 
non-targeted cDNAs anneal to the “driver” cDNA. The 
ss-cDNAs are capable of forming ds-cDNA using the ss 
cDNA targets that contain different 5‘-adaptor-prirner sites 
once the tWo “tester” aliquots are mixed during the second 
hybridiZation step. The second hybridiZation reaction is used 
as template for the arnpli?cation of cDNAs using the tWo 
different adaptor-prirners. Due to the preferential arnpli?ca 
tion of the ds-cDNAs With different 5‘-end adaptor-prirner 
sites, the loW abundance sequences are arnpli?ed during the 
PCR step, While the arnpli?cation of the highly abundant 
sequences (ds-cDNAs with same 5‘-end adaptor-prirner site) 
is suppressed. The suppressed arnpli?cation of highly abun 
dant sequences is due to pan-like forrnation caused by the 
annealing of complementary ends, Which results in reduced 
representation folloWing PCR arnpli?cation. In addition to 
“normalizing” the representation of highly abundant 
sequences, SSH also alloWs for the abated arnpli?cation of 
sequences present in the “driver” population. This is accom 
plished by hybridiZing “driver” cDNA, Which does not 
contain ligated adapters, to the “tester” cDNA. The resulting 
ds-cDNAs Will not contain adaptor-prirner sites on both 
5‘-ends, thus, rendering the molecules incornpetent for expo 
nential PCR arnpli?cation. See, e.g., L. Diatchenko et al. 
(1996), Proc. Natl. Acad. Sci. USA 93:6025-6030. 

[0129] 4. Representational Difference Analysis (RDA) 

[0130] RDA provides a method that enriches for 
sequences present in one cornplex sample that are absent or 
substantially depleted from another. Restriction digested 
cDNA fragments from each cornplex sarnple (“tester” and 
“driver”) are ligated to adaptor oligonucleotides and arnpli 
?ed (“arnplicons”). Differential arnpli?cation, principally 
because of preferential arnpli?cation of smaller restriction 
fragments in the initial cornplex pool, results in a reduced 
cornplexity “representation” of the original sample. Ligation 
of a second adaptor oliZonucleotide to the 3‘ ends of the 
fragments in the “tester” arnplicon provides a means for 
amplifying “tester” sequences. After denaturation and 
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hybridization in the presence of an excess of “driver”, 
“tester” sequences are preferentially recovered in a form that 
can be ampli?ed by subsequent PCR. Additional rounds of 
selection alloW further subtractive hybridization by ampli 
fying the initial enrichment factor that results from the 
dependence of the annealing rate of each fragment on its 
relative abundance in the pool (kinetic enrichment). 

[0131] In brief, double-stranded cDNAs are synthesiZed 
from different poly A+RNApopulations, restriction digested 
and adapters are ligated. This material is used to generate 
representations by PCR ampli?cation. The oligonucleotide 
adapters are removed from each representation by restriction 
digestion. “Driver” is the adaptor-less preparation. “Tester” 
is prepared by ligating neW oligonucleotide adapters. Rep 
resentations are then used as both a “tester” and as a “driver” 

in reciprocal subtractive hybridiZations. First difference 
products are then generated by PCR ampli?cation. The 
adapters are changed by digestion, removal, and ligation of 
neW adapters. Second difference products are generated by 
PCR ampli?cation using the neW adapters. This process is 
repeated to generate third difference products Which are 
cloned into an appropriate vector (e.g., pBluescript). The 
difference products are con?rmed as differential by probing 
against blots of the original amplicons. 

[0132] See, e.g., N. Lisitsyn et al. (1993) Science 2591946 
951 and M. Hubank and D. SchatZ (1994) Nucleic Acids 
Research 22:5640-5648. 

[0133] D. Uses of Identi?ed Hormone-Regulated Traits 

[0134] Once a hormone-regulated trait has been identi?ed 
or a polynucleotide encoding the hormone-regulated gene 
isolated, one can make the trait the subject of further 
analysis. 

[0135] For example, a hormone-regulated gene can be 
used to produce various reagents useful in the model system. 
These include, for example, (1) polynucleotide probes and 
primers, useful for detecting and amplifying sequences of 
the hormone-regulated gene; (2) inhibitory polynucleotides, 
useful to inhibit expression of a hormone-regulated gene; (3) 
recombinant expression constructs for expressing polypep 
tides encoded by a hormone-regulated gene; (4) polypep 
tides encoded by a hormone-regulated gene, useful in, e.g., 
activity assays and in the preparation of antibodies; (5) 
antibodies, useful in detecting polypeptides in, e.g., immu 
noassays; and (6) ligands for polypeptide receptors, useful, 
e.g., as agonists or antagonists for up- or doWn-regulating 
protein activity. 

[0136] These reagents are useful in further methods of the 
invention including, for example, (1) detecting expression of 
hormone-regulated traits (e.g., gene or protein expression); 
(2) identifying up- or doWn-stream traits in a functional 
pathWay that includes the hormone-regulated trait, and 
determining expression of the trait in cells of various tissues; 
(3) screening compounds for their ability to modulate 
expression of hormone-regulated traits; (4) genotyping indi 
viduals for mutations in hormone-regulated genes (e.g., 
mutations, ampli?cations, deletions or translocations) and 
(5) karyotyping for chromosomal aberrations in the region 
of the hormone-regulated gene. 
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[0137] 
Genes 

IV. Polynucleotides Encoding Hormone-Regulated 

[0138] Upon identifying a hormone-regulated gene, one 
can clone the gene to produce polypeptides encoding the 
gene, polynucleotide probes for identifying the gene and 
inhibitory polynucleotides for inhibiting expression of the 
gene. 

[0139] Hormone-regulated genes can be cloned or ampli 
?ed by in vitro methods, such as the polymerase chain 
reaction (PCR), the ligase chain reaction (LCR), the tran 
scription-based ampli?cation system (TAS), the self-sus 
tained sequence replication system (3SR) and the QB rep 
licase ampli?cation system (QB). AWide variety of cloning 
and in vitro ampli?cation methodologies are Well-knoWn to 
persons of skill. PCR methods are described in, for example, 
US. Pat. No. 4,683,195; Mullis et al. (1987) Cold Spring 
Harbor Symp. Quant. Biol. 511263; and Erlich, ed., PCR 
Technology, (Stockton Press, NY, 1989). Polynucleotides 
also can be isolated by screening genomic or cDNA libraries 
With probes selected from the sequences of the gene under 
stringent hybridiZation conditions. 

[0140] Mutant versions of the proteins can be made by 
site-speci?c mutagenesis of other polynucleotides encoding 
the proteins, or by random mutagenesis caused by increasing 
the error rate of PCR of the original polynucleotide With 0.1 
mM MnCl2 and unbalanced nucleotide concentrations. 

[0141] This invention also provides expression vectors, 
e.g., recombinant polynucleotide molecules comprising 
expression control sequences operatively linked to a nucle 
otide sequence encoding the target polypeptide. Expression 
vectors can be adapted for function in prokaryotes or 
eukaryotes by inclusion of appropriate promoters, replica 
tion sequences, markers, etc. for transcription and transla 
tion of mRNA. The construction of expression vectors and 
the expression of genes in transfected cells involves the use 
of molecular cloning techniques also Well knoWn in the art. 
Sambrook et al., Molecular Cloning—A Laboratory 
Manual, Cold Spring Harbor Laboratory, Cold Spring Har 
bor, NY, (1989) and Current Protocols in Molecular Biol 
ogy, E M. Ausubel et al., eds., (Current Protocols, a joint 
venture between Greene Publishing Associates, Inc. and 
John Wiley & Sons, Inc.) Useful promoters for such pur 
poses include a metallothionein promoter; a constitutive 
adenovirus major late promoter; a dexamethasone-inducible 
MMTVpromoter; a SV40 promoter, a MRP polIII promoter, 
a constitutive MPSV promoter, a tetracycline-inducible 
CMV promoter (such as the human immediate-early CMV 
promoter), and a constitutive CMV promoter. A plasmid 
useful for gene therapy can comprise other functional ele 
ments, such as selectable markers, identi?cation regions, 
and other genes. 

[0142] Expression vectors useful in this invention depend 
on their intended use. Such expression vectors must, of 
course, contain expression and replication signals compat 
ible With the host cell. Expression vectors useful for express 
ing the protein of this invention include viral vectors such as 
retroviruses, adenoviruses and adeno-associated viruses, 
plasmid vectors, cosmids, and the like. Viral and plasmid 
vectors are preferred for transfecting mammalian cells. The 
expression vector pcDNA1 (Invitrogen, San Diego, Calif.), 
in Which the expression control sequence comprises the 
CMV promoter, provides good rates of transfection and 
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expression. Adeno-associated viral vectors are useful in the 
gene therapy methods of this invention. 

[0143] A variety of means are available for delivering 
polynucleotides to cells including, for example, direct 
uptake of the molecule by a cell from solution, facilitated 
uptake through lipofection (e.g., liposomes or immunolipo 
somes), particle-mediated transfection, and intracellular 
expression from an expression cassette having an expression 
control sequence operably linked to a nucleotide sequence 
that encodes the inhibitory polynucleotide. See also Inouye 
et al., US. Pat. No. 5,272,065; Methods in Enzymology, vol. 
185,Academic Press, Inc., San Diego, Calif. (D. V. Goeddel, 
ed.) (1990) or M. Krieger, Gene Transfer and Expression—A 
Laboratory Manual, Stockton Press, NeW York, NY, 
(1990). Recombinant DNA expression plasmids can also be 
used to prepare the polynucleotides of the invention for 
delivery by means other than by gene therapy, although it 
may be more economical to make short oligonucleotides by 
in vitro chemical synthesis. 

[0144] The construct can also contain a tag to simplify 
isolation of the protein. For example, a polyhistidine tag of, 
e.g., six histidine residues, can be incorporated at the amino 
terminal end of the protein. The polyhistidine tag alloWs 
convenient isolation of the protein in a single step by 
nickel-chelate chromatography. 
[0145] In another embodiment, endogenous genes are 
transcribed by operatively linking them to expression con 
trol sequences supplied endogenously that recombine With 
genomic DNA. In one method, one provides the cell With a 
recombinant polynucleotide containing a targeting 
sequence, Which permits homologous recombination into 
the genome upstream of the transcriptional start site of target 
gene; the expression control sequences; an exon of the target 
gene; and an unpaired splice-donor site Which pairs With a 
splice acceptor in the target gene. Such methods are dis 
cussed in Treco et al., WO 94/12650; Treco et al., WO 
95/31560 and Treco et al., WO 96/29411. 

[0146] The invention also provides recombinant cells 
comprising a recombinant polynucleotide having expression 
control sequences operatively linked With a nucleotide 
sequence encoding a polypeptide of this invention. Host 
cells can be selected for high levels of expression in order to 
purify the protein. Mammalian cells are preferred for this 
purpose, but prokaryotic cells, such as E. coli, also are 
useful. The cell can be, e.g., a recombinant cell in culture or 
a cell in vivo. 

[0147] V. Polynucleotide Probes and Primers 
[0148] The nucleotide sequence of a hormone-regulated 
gene is useful for preparing polynucleotide probes and 
primers that speci?cally hybridiZe to a polynucleotide 
encoding a hormone-regulated gene or cDNA under strin 
gent hybridiZation conditions. The probes and primers of 
this invention are polynucleotides of at least 7 nucleotides, 
at least 10 nucleotides, at least 15 nucleotides, at least 20 
nucleotides or at least 25 nucleotides. Any suitable region of 
the hormone-regulated gene may be chosen as a target for 
polynucleotide hybridiZation. Nucleotide substitutions, 
deletions, and additions may be incorporated into the poly 
nucleotides as long as the characteristic ability to speci? 
cally hybridiZe to the target sequence or its complement is 
retained. Nucleotide sequence % variation may result from 
sequence polymorphisms of various alleles, minor sequenc 
ing errors, and the like. 
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[0149] The probes and primers of the invention are useful 
as probes in hybridiZation assays, such as Southern and 
Northern blots, for identifying polynucleotides having a 
nucleotide sequence encoding a hormone-regulated 
polypeptide, and as primers for ampli?cation procedures. 
The probes and primers of the invention are also useful in 
detecting the presence, absence or amount of a hormone 
regulated gene in tissue biopsies and histological sections 
Where the detection method is carried out in situ, typically 
after ampli?cation of a hormone-regulated gene sequences 
using a primer set. 

[0150] The probes and primers of this invention also are 
useful for identifying allelic forms of a hormone-regulated 
gene and animal cognate genes. Probes and primers can be 
used to screen human or animal genomic DNA or cDNA 
libraries under, e.g., stringent conditions. DNA molecules 
that speci?cally hybridiZe to the probe are then further 
examined to determine Whether they are allelic variants or 
animal cognates. 

[0151] The probes also are useful in oligonucleotide 
arrays. Such arrays are used in hybridiZation assays to check 
the identity of bases in a target polynucleotide. In essence, 
When a target hybridiZes perfectly to a probe on the array, the 
target contains the nucleotide sequence of the probe. When 
the target hybridiZes less Well, or does not hybridiZe at all, 
then the target and probe differ in sequence by one or more 
nucleotide. By proper selection of probes, one can check 
bases on a target molecule. See, e.g., Chee et al., W0 
95/ 11995 . The use the hormone-regulated gene sequence in 
genomics is described further beloW. 

[0152] In one embodiment, the polynucleotide further 
comprises a label. A detectable moiety bound to either an 
oligonucleotide primer or a probe is subsequently used to 
detect hybridiZation of an oligonucleotide primer to the 
RNA component. Detection of labeled material bound to a 
hormone-regulated polynucleotide in a sample provides a 
means of determining a diagnostic or prognostic value. 

[0153] Although primers and probes can differ in sequence 
and length, the primary differentiating factor is one of 
function: primers serve as an initiation point for DNA 
synthesis of a target polynucleotide, as in RT and PCR 
reactions, While probes are typically used for hybridiZation 
to and detection of a target polynucleotide. Typical lengths 
of primers or probes can range from 7-50 nucleotides, 
preferably from 10-40 nucleotides, and most preferably 
from 15-35 nucleotides. A primer or probe can also be 
labeled With a detectable moiety for detection of hybridiZa 
tion of the primer or probe to the target polynucleotide. 

[0154] In general, those of skill in the art recogniZe that 
the polynucleotides used in the invention include both DNA 
and RNA molecules and naturally occurring modi?cations 
thereof, as Well as synthetic, non-naturally occurring analogs 
of the same, and heteropolymers, of deoxyribonucleotides, 
ribonucleotides, and/or analogues of either. The particular 
composition of a polynucleotide or polynucleotide analog 
Will depend upon the purpose for Which the material Will be 
used and the environment in Which the material Will be 
placed. Modi?ed or synthetic, non-naturally occurring 
nucleotides have been designed to serve a variety of pur 
poses and to remain stable in a variety of environments, such 
as those in Which nucleases are present. 

[0155] Oligonucleotides preferably are synthesiZed, e.g., 
on an Applied Biosystems or other commercially available 
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oligonucleotide synthesizer according to speci?cations pro 
vided by the manufacturer. Oligonucleotides may be pre 
pared using any suitable method, such as the phosphotriester 
and phosphodiester methods, or automated embodiments 
thereof. In one such automated embodiment, diethylphos 
phoramidates are used as starting materials and may be 
synthesiZed as described by Beaucage et al., Tetrahedron 
Letters 22: 1859 (1981), and US. Pat. No. 4,458,066. 

[0156] Polynucleotides, e.g., probes, also can be recom 
binantly produced through the use of plasmids or other 
vectors. 

[0157] VI. Methods for Detecting Polynucleotides 
Encoded by Hormone-Regulated Genes 

[0158] The probes and primers of this invention are useful, 
among other things, in detecting in a sample polynucleotides 
having sequences of hormone-regulated gene. A method for 
detecting the presence, absence or amount of such poly 
nucleotide in a sample involves tWo steps: (1) speci?cally 
hybridiZing a polynucleotide probe or primer to a hormone 
regulated polynucleotide, and (2) detecting the speci?c 
hybridiZation. 

[0159] For the ?rst step of the method, the polynucleotide 
used for speci?c hybridiZation is chosen to hybridiZe to any 
suitable region of a hormone-regulated gene. The polynucle 
otide can be a DNA or RNA molecule, as Well as a synthetic, 

non-naturally occurring analog of the same. The polynucle 
otides in this step are polynucleotide primers and polynucle 
otide probes disclosed herein. 

[0160] For the second step of the reaction, any suitable 
method for detecting speci?c hybridiZation of a polynucle 
otide to a hormone-regulated gene may be used. Such 
methods include, e.g., ampli?cation by extension of a 
hybridiZed primer using reverse transcriptase (RT); exten 
sion of a hybridiZed primer using RT-PCR or other methods 
of ampli?cation; and in situ detection of a hybridiZed primer. 
In in situ hybridiZation, a sample of tissue or cells is ?xed 
onto a glass slide and permeabliZed sufficiently for use With 
in situ hybridiZation techniques. Detectable moieties used in 
these methods include, e.g., labeled polynucleotide probes; 
direct incorporation of label in ampli?cation or RT reactions, 
and labeled polynucleotide primers. 

[0161] Often, cell extracts or tissue samples used in meth 
ods for determining the amount of a polynucleotide in a 
sample Will contain variable amounts of cells or extraneous 
extracellular matrix materials. Thus, a method for determin 
ing the cell number in a sample is important for determining 
the relative amount per cell of a test polynucleotide. A 
control for cell number and ampli?cation ef?ciency is useful 
for determining diagnostic values for a sample of a potential 
cancer, and a control is particularly useful for comparing the 
amount of test polynucleotide in sample to a prognostic 
value for the disease. Apreferred embodiment of the control 
RNA is endogenously expressed 28S rRNA. (See, e.g., Khan 
et al., Neurosci. Lett. 147: 114-117 (1992) Which used 28S 
rRNA as a control, by diluting reverse transcribed 28S rRNA 
and adding it to the ampli?cation reaction.) 
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[0162] VII. Inhibitory Polynucleotides for Inhibiting Hor 
mone-Regulated Gene Expression 

[0163] A. General 

[0164] This invention also provides inhibitory polynucle 
otides directed against polynucleotides encoding hormone 
regulated genes that inhibit hormone-regulated gene expres 
sion and, therefore inhibit its activity in a cell. Inhibitory 
polynucleotides can inhibit gene activity in a number of 
Ways. According to one mechanism, the polynucleotide 
prevents transcription of the hormone-regulated gene (for 
instance, by triple helix formation). In another mechanism, 
the polynucleotide destabiliZes the hormone-regulated gene 
and reduces its half-life. 

[0165] An inhibitory polynucleotide is a polynucleotide 
that is capable of speci?cally hybridiZing With a target 
polynucleotide and that interferes With the transcription, 
processing, translation or other activity the target polynucle 
otide. Thus, the polynucleotide can be targeted at the pro 
moter, the site of ribosome binding to the mRNA, etc. 
Inhibitory polynucleotides generally are single-stranded and 
have a sequence of at least 7, 8, 9, 10, or 11 nucleotides 
capable of speci?cally hybridiZing to the target sequence. 
RNA sequences generally require a sequence of at least 10 
nucleotides for speci?c hybridiZation. Inhibitory polynucle 
otides include, Without limitation, antisense molecules, 
riboZymes, sense molecules and triplex-forming molecules. 
In one embodiment, the inhibitory polynucleotide is no more 
than about 50 nucleotides long. 

[0166] While not Wishing to be limited by theory, it is 
believed that inhibitory polynucleotides inhibit the function 
of a target, in part, by binding to the appropriate target 
sequence. An inhibitory polynucleotide can inhibit DNA 
transcription by, for example, interfering With the attach 
ment of RNA polymerase to the promoter by binding to a 
transcriptional initiation site or a template. It can interfere 
With processing of mRNA, poly(A) addition to mRNA or 
translation of mRNA by, for example, binding to regions of 
the RNA transcript such as the 5‘ capping site, the ribosome 
binding site, splice junctions or poly A tail. It can promote 
inhibitory mechanisms of the cells, such as promoting RNA 
degradation via RNase action. The inhibitory polynucleotide 
can bind to the major groove of the duplex DNA to form a 
triple helical or “triplex” structure. Methods of inhibition 
using inhibitory polynucleotides therefore encompass a 
number of different approaches to altering expression of 
speci?c genes that operate by different mechanisms. These 
different types of inhibitory polynucleotide technology are 
described in C. Helene and J. Toulme, (1990) Biochim. 
Biophys. Acta., 1049:99-125. Properties of the polynucle 
otide can be engineered to impart stability (e.g., nuclease 
resistance), tighter binding or the desired Tm. See, e.g., 
International patent publication No. 94/ 12633. 

[0167] The general approach to constructing various poly 
nucleotides useful in inhibitory polynucleotide therapy has 
been revieWed by A. R. Vander Krol et al. (1988), Biotech 
niques 61958-976, and by CA. Stein et al., (1988) Cancer 
Res. ( 1988) 48:2659-2668. See also Oligodeoxynucleotides: 
Antisense Inhibitors of Gene Expression, Cohen, J. S., 
editor, MacMillan Press, London, pages 79-196 (1989), and 
Antisense RNA and DNA, (1988), D. A. Melton, Ed. Cold 
Spring Harbor Laboratory, Cold Spring Harbor, NY. In 
certain embodiments inhibitory polynucleotides comprise a 
































