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(57) ABSTRACT 

This invention provides methods for diagnosing prostate 
cancer, methods for measuring the aggressiveness of pros 
tate cancer, and methods for identifying prostate cancer 
likely to metastasiZe. The diagnostic and prognostic assays 
of this invention include methods involving the antibody 
based detection of Pin 1 and the ampli?cation of Pin 1 RNA. 
The diagnostic and prognostic assays of this invention may 
be used in combination With other methods of prostate 
cancer diagnosis including the PSA test, digital rectal exam, 
and Gleason prostate tumor grading system. 
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PIN1 AS A MARKER FOR PROSTATE CANCER 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application Serial No. 60/267,552, ?led Feb. 9, 2001 and 
US. Provisional Application Serial No. 60/XXX,XXX, ?led 
on Jan. 10, 2002, the entire contents of Which are incorpo 
rated herein by this reference. 

BACKGROUND OF THE INVENTION 

[0002] The increased number of cancer cases reported in 
the United States, and, indeed, around the World, is a major 
concern. Currently there are only a handful of treatments 
available for speci?c types of cancer, and these treatments 
require not only an early detection of the malignancy, but 
also a reliable assessment of the severity of the malignancy. 
Carcinoma of the prostate (PCA) is the most frequently 
diagnosed cancer in men in the United States, and is the 
second leading cause of male cancer deaths (Karp et al., 
1996, Cancer Res. 56:5547-5556). Over 40,000 Americans 
are estimated to have died of PCA in 1995, and about 
244,000 neW cases of prostate cancer Were detected (Cancer 
Facts and Figures-1995, American Cancer Society, Inc., 
1995) and these numbers have increased annually at an 
alarming rate. Further, the rate of appearance of prostate 
cancer in African-American men is 37% higher than for their 
White counterparts (Jaroff, L. (Apr. 1, 1996), Time). 
[0003] An unusual challenge presented by prostate cancer 
is that most prostate tumors do not represent life threatening 
conditions. Projections from autopsy surveys indicate that as 
many as 11 million American men have prostate cancer 

(Dhom, 1983, J. Cancer Res. Clin. Oncol., 106:210-218). 
Cancer cells are generally found in the prostates of men Who 
live into their seventies or eighties. HoWever not all of these 
men develop prostate cancer (PCA), and autopsies shoW 
microscopic clusters of prostate cancer cells in one-third of 
men Who die of other causes (Thayer, W., (Mar. 19, 1996), 
quoted in Nutr Act. Newsletter 23(2):12). Death rates from 
prostate cancer rise after age 55, and neW cases of prostate 
cancer, are increasing even faster than the death rate. These 
?gures are consistent With clinical observations of prostate 
carcinomas, Which normally exhibit a sloW and lingering 
course of progression. Such disease progression results in 
relatively feW prostate tumors developing into cases of 
clinical concern during the lifetime of the patient. If, upon 
detection With available methods, the cancer appears Well 
differentiated, organ-con?ned and focal, treatment normally 
cannot extend the life expectancy of older patients. 

[0004] Unfortunately, prostate carcinomas that are pro 
gressive in nature frequently have already metastasiZed by 
the time of clinical detection With available methods. Sur 
vival rates for individuals With metastatic prostate cancer are 
quite loW. BetWeen these tWo extremes are patients With 
prostate tumors that Will metastasiZe during their lifetimes, 
but have not yet done so. For these patients, surgical removal 
of the prostate is curative and extends life expectancy. 
Therefore, accurate determination of Which group a neWly 
diagnosed patient falls into is critical in determining optimal 
treatment and patient survival. 

[0005] The current primary diagnostic tool for disorders of 
the prostate is measurement of the level of prostate-speci?c 
antigen (PSA) in blood, Which in normal men ranges from 
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0 to 4 nanograms/milliliters. The presence of Prostate Spe 
ci?c Antigen (PSA) can be measured With relative ease from 
blood samples using standard antibody-based detection kits. 
Prostate enlargement, a condition knoWn as benign prostatic 
hyperplasia (BPH), is found in about half of men over age 
45. With BPH, PSA levels rise in proportion to prostate siZe, 
possibly obscuring diagnosis of PCA. In addition, a signi? 
cant proportion of men With PCA have normal PSA levels. 
The PSA test is someWhat non-speci?c for distinguishing 
PCA and DPH, and produces a degree of false negative 
results (Garnick, M., (1993), Am. Inst. Med., 118:804-818). 
In the majority of cases, PSA elevation is due to BPH or 
prostatitis rather than carcinoma. The PSA test, a major 
advance over previous procedures, thus leaves much to be 
desired. 

[0006] Although clinical and pathologic stage and histo 
logical grading systems (e.g., Gleason’s) have been used to 
indicate prognosis for groups of patients based on the degree 
of tumor differentiation or the type of glandular pattern 
(Carter and Coffey, In: J. P. Karr and H. Yamanak (eds.), 
Prostate Cancer: The Second Tokyo Symposium, pp. 19 -27, 
NeW York: Elsevier, 1989.; Diamond et al., J. Urol., 128: 
729-734, 1982), these systems do not adequately predict the 
progression rate of the cancer. While the use of computer 
system image analysis of histologic sections of primary 
lesions for “nuclear roundness” has been suggested as an 
aide in the management of individual patients (Diamond et 
al., 1982, J. Urol., 128:729-734), this method is of limited 
use in studying the progression of the disease. 

[0007] There currently is a need for neW methods in the 
?ght against prostate cancer and it Would therefore be 
bene?cial to provide speci?c methods and reagents for the 
diagnosis, staging, prognosis, and monitoring of prostate 
cancer. 

SUMMARY OF THE INVENTION 

[0008] This invention provides a method for facilitating 
the diagnosis of prostate cancer in a subject, comprising: 
assessing the level of Pin1 in a biological sample from the 
subject, Wherein an elevation in the level of Pin1 is indica 
tive of prostate cancer; and evaluating a TDPCA on the 
subject such that the diagnosis of prostate cancer is facili 
tated. 

[0009] This invention also provides a method for facili 
tating the diagnosis of prostate cancer in a subject, com 
prising: assessing the level of Pin1 in a biological sample 
from the subject, Wherein an elevation in the level of Pin1 
is indicative of prostate cancer, and Wherein the subject Was 
previously categoriZed by a TDPCA as being likely but not 
certain to have prostate cancer. 

[0010] In another aspect, this invention includes a method 
for measuring the aggressiveness of prostate cancer in a 
subject, comprising assessing the level of Pin1 in a biologi 
cal sample from the subject, Wherein an elevation in the 
level of Pin1 is indicative of the aggressiveness of the 
prostate cancer. 

[0011] Also provided by this invention is a method for 
identifying metastatic prostate cancer in a subject, compris 
ing assessing the level of Pin1 in a biological sample from 
the subject, Wherein an elevation in the level of Pin1 is 
indicative of metastatic prostate cancer. 
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[0012] The invention further provides a method for iden 
tifying a subject at risk for developing metastatic prostate 
cancer comprising assessing the level of Pin1 in a biological 
sample from the subject, Wherein an elevation in the level of 
Pin1 is indicative of that the subject is at risk for developing 
metastatic prostate cancer. 

[0013] Further, provided by this invention are the above 
methods, Where assessing the level of Pin1 in a biological 
sample from the subject includes contacting the biological 
sample With an antibody to Pinl or a fragment thereof, 
determining the amount of binding of the antibody to the 
biological sample; and comparing the amount of antibody 
bound to the biological sample to a predetermined base 
level. The amount of binding of the antibody to the biologi 
cal sample can be determined by the intensity of the signal 
emitted by the labeled antibody and/or by the number cells 
in the biological sample bound to the labeled antibody. 

[0014] Also encompassed by this invention are the above 
methods Wherein the level of Pin1 is assessed by detecting 
a level of Pin1 nucleic acid in a biological sample; and 
comparing the level of Pin1 in the biological sample With a 
level of Pin1 in a control sample. For example, in certain 
embodiments Pinl nucleic acid is detected using hybridiZa 
tion probes and/or nucleic acid ampli?cation methods. 
[0015] The diagnostic and prognostic assays of this inven 
tion can be used in combination With other methods of 
prostate cancer diagnosis. Examples of prostate diagnostic 
methods that can be used in combination With the assays of 
the invention include, but are not limited to, current diag 
nostic methods for PCA known to medical practitioners 
skilled in the art such as the PSA test, rectal examination, 
transrectal ultrasonography or magnetic resonance imaging 
(MRI), bone scanning, X-rays, skeletal survey, intravenous 
pyelography, CAT-scan, and biopsy. In an embodiment, the 
subject in the above diagnostic and prognostic assays of this 
invention Was identi?ed by a digital rectal exam as having 
a prostate abnormality. In another embodiment, the subject 
Was identi?ed as having elevated PSA levels. In other 
embodiments, markers for prostate cancer Which can be used 
in combination With the methods of the invention include 
prostatic acid phosphatase, prostate secreted protein, pros 
tate speci?c membrane antigen, human kallekrein 2, prostate 
speci?c transglutaminase, keratin-19, and interleukin 8. 
[0016] The diagnostic and prognostic assays of this inven 
tion are particularly useful When the PSA level falls Within 
a gray Zone Where it is not clear Whether a prostate biopsy 
should be performed. For example, the diagnostic and 
prognostic assays of this invention may be used When the 
subject has a blood serum concentration of the prostate 
speci?c antigen of betWeen about 4 and about 8 ng/ml. The 
prognostic assays of this invention are also particularly 
useful When the Gleason sum falls Within a gray Zone Where 
the prognosis is usually unclear, for example a Gleason score 
betWeen 4 and 8, or a Gleason score of 6 to 7. 

[0017] The diagnostic and prognostic assays of this inven 
tion can also be used in combination With other methods of 
prostate cancer staging. The assays of this invention are 
particularly useful When conventional staging methods leave 
unclear the prognosis of the prostate cancer. For example, 
the aggressiveness of a T2 or T3 stage prostate cancer can be 
better assessed using the assays of this invention. 

[0018] The present invention also includes methods of 
determining Whether a subject is likely to respond to a 
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treatment regimen comprising agents, or modulators Which 
have a stimulatory or inhibitory effect on Pinl activity (e.g., 
Pinl gene expression or enZyme activity). For example, Pinl 
inhibitors can be administered to individuals, such as those 
identi?ed using the diagnostic and prognostic methods of the 
invention as having elevated levels of Pin1, to treat (pro 
phylactically or therapeutically) disorders (e.g, proliferative 
disorders such as cancer) associated With aberrant Pinl 
activity. In conjunction With such treatment, pharmacoge 
nomics (i.e., the study of the relationship betWeen an indi 
vidual’s genotype and that individual’s response to a foreign 
compound or drug) may be considered. Differences in 
metabolism of therapeutics can lead to severe toxicity or 
therapeutic failure by altering the relation betWeen dose and 
blood concentration of the pharmacologically active drug. 

[0019] Thus, a physician or clinician may consider apply 
ing knoWledge obtained in relevant pharmacogenomics 
studies in determining Whether use of a Pinl inhibitor Would 
be ef?catious. Information generated from pharmacogenom 
ics approaches can be used to determine appropriate dosage 
and treatment regimens for prophylactic or therapeutic treat 
ment an individual. This knoWledge, When applied to dosing 
or drug selection, can avoid adverse reactions or therapeutic 
failure and thus enhance therapeutic or prophylactic ef? 
ciency When treating a subject With a Pinl molecule or Pinl 
modulator, such as a modulator identi?ed by one of the 
exemplary screening assays described herein. Thus, the 
methods described herein can be used to determine Which 
Pinl modulator or inhibitor to administer and Whether to 
administer a Pinl molecule or Pinl modulator as Well as 
tailoring the dosage and/or therapeutic regimen of treatment 
With a Pinl molecule or Pinl modulator. 

[0020] The diagnostic and prognostic assays of this inven 
tion are also useful in assessing the recovery of a subject 
Who is receiving, or has received, therapy for a state asso 
ciated With prostate cancer. For example, the assays of this 
invention can be used alone or in combination With PSA 
failure to assess recovery after prostate treatment (i.e. pros 
tate removal surgery). 

[0021] The invention also encompasses kits for detecting 
the presence of a Pinl polypeptide or nucleic acid in a 
biological sample according to the methods described 
herein. Such kits can be used to determine if a subject is 
suffering from or is at increased risk of developing prostate 
cancer, and for identifying subjects Who have, or are at risk 
of developing metastatic prostate cancer. For example, the 
kit can comprise a labeled compound or agent capable of 
detecting Pinl or an mRNA encoding a Pinl in a biological 
sample and means for determining the amount of the Pinl or 
Pinl mRNA in the sample (e.g., an antibody Which binds the 
polypeptide or an oligonucleotide probe Which binds to 
DNA or mRNA encoding Pinl). Kits can also include 
immunomagnetic beads that can be used to facilitate serum 
assays. Kits can also include instructions for carrying out the 
methods of the invention and/or for interpreting the results 
obtained from using the kit. 

[0022] For antibody-based kits, the kit can comprise, for 
example: (1) a ?rst antibody (e.g., attached to a solid 
support) Which binds to a polypeptide corresponding to a 
marker of the invention; and, optionally, (2) a second, 
different antibody Which binds to either the polypeptide or 
the ?rst antibody and is conjugated to a detectable label. 
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[0023] For oligonucleotide-based kits, the kit can com 
prise, for example: (1) an oligonucleotide, e.g., a detectably 
labeled oligonucleotide, Which hybridiZes to a nucleic acid 
sequence encoding a polypeptide corresponding to a marker 
of the invention or (2) a pair of primers useful for amplifying 
a nucleic acid molecule corresponding to a marker of the 
invention. The kit can also comprise, e.g., a buffering agent, 
a preservative, or a protein stabilizing agent. The kit can 
further comprise components necessary for detecting the 
detectable label (e.g., an enZyme or a substrate). The kit can 
also contain a control sample or a series of control samples 
Which can be assayed and compared to the biological 
sample. Each component of the kit can be enclosed Within 
an individual container and all of the various containers can 
be Within a single package, along With instructions for 
interpreting the results of the assays performed using the kit. 

[0024] In certain embodiments kit for diagnosing prostate 
cancer includes: at least one reagent for assaying levels of 
Pin1 in a sample from a subject, and instructions for using 
the at least one reagent to diagnose prostate cancer based on 
assay levels of Pin1 in a sample from a subject. An eXample 
of a kit for assessing the aggressiveness of prostate cancer in 
a subject includes: at least one reagent for assaying levels of 
Pin1 in a sample from a subject, and instructions for using 
the at least one reagent to assess the aggressiveness prostate 
cancer based on assay levels of Pin1 in a sample from a 
subject. 

DESCRIPTION OF THE FIGURES 

[0025] FIG. 1 shoWs the correlation betWeen Pin 1 expres 
sion and Gleason sum based on 42 specimens of human 
prostate carcinomas With Gleason scores of 4-10. Each 
symbol represents a specimen from a different individual. 

[0026] FIG. 2 shoWs the recurrence free survival as a 
function of time using Pin 1 High (P1H) intensity value of 
100 as a cutoff betWeen the tWo groups. 

[0027] FIG. 3 shoWs the recurrence free survival as a 
function of time using Pin 1 Average (P1A) intensity value 
of 100 as a cutoff betWeen the tWo groups. 

[0028] FIG. 4 shoWs the recurrence free survival as a 
function of time using Pin % High (P%H) intensity of value 
of 70 as a cutoff betWeen the tWo groups. 

[0029] FIG. 5 shoWs the recurrence free survival as a 
function of time using Pin % Average (P%A) intensity of 
value of 60 as a cutoff betWeen the tWo groups. 

[0030] FIG. 6 depicts a multivariate analysis of Pin 1 as 
a marker of biochemical recurrence in Gleason 6 and 7 
patients using a P1H score of 100 as a cutoff betWeen the tWo 
groups. 

[0031] FIG. 7 depicts analysis of recurrence free survival 
as a function of time using visual Pin1 Intensity High 
(PMIH) values of 0 and >0 as a cutoff betWeen the tWo 
groups. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] This invention provides methods for diagnosing 
prostate cancer, methods for measuring the aggressiveness 
of prostate cancer, and methods for identifying prostate 
cancer likely to metastasiZe. The diagnostic and prognostic 
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assays of this invention include methods involving the 
antibody-based detection of Pin1 and the ampli?cation of 
Pin1 RNA. The diagnostic and prognostic assays of this 
invention may be used in combination With other methods of 
prostate cancer diagnosis including the PSA test, digital 
rectal eXam, and Gleason prostate tumor grading system. 
The methods are an improvement over currently available 
methods due to the precise nature of the measurement and 
the ability to use these methods Without invasive surgery. 

[0033] De?nitions 
[0034] “Pin1” is a highly conserved protein that catalyZes 
the isomeriZation of only phosphorylated Ser/Thr-Pro bonds 
(Accession Nos. AAC50492 and U49070; Lu et al., 1996 
Nature 380:544-547; Rananathan, R. et al. 1997 Cell 
89:875-86; Yaffe, et al. 1997, Science 278:1957-1960; Shen, 
et al. 1998,Genes Dev. 12:706-720; Lu, et al. 1999 Science 
283:1325-1328; CrenshaW, et al. 1998, Embo J. 17:1315 
1327; Lu, et al. 1999, Nature 399:784-788; Zhou, et al. 1999, 
Cell Mol. Life Sci. 56:788-806). In addition, Pin1 contains 
an N-terminal WW domain, Which functions as a phospho 
rylated Ser/Thre-Pro binding module (Sudol, M. (1996) 
Prog. Biophys. Mol. Biol. 65 :113-32). This phosphorylation 
dependent interaction targets Pin1 to a subset of phospho 
rylated substrates, including Cdc25, Wee 1, Myt1, Tau 
Rad4, and the C-terminal domain of RNA polymerase II 
large domain (CrenshaW, D. G., et al. (1998) Embo. J. 
17:1315-27; Shen, M. (1998) Genes Dev. 12:706-20; Wells, 
N. J. (1999) J. Cell. Sci. 112: 3861-71) 
[0035] “Cancer” includes a malignant neoplasm charac 
teriZed by deregulated or uncontrolled cell growth. The term 
“cancer” includes primary malignant tumors (e.g., those 
Whose cells have not migrated to sites in the subject’s body 
other than the site of the original tumor) and secondary 
malignant tumors (e.g., those arising from metastasis, the 
migration of tumor cells to secondary sites that are different 
from the site of the original tumor). 
[0036] “Anaplasia” refers to the histological features of 
cancer. These features include derangement of the normal 
tissue architecture, the croWding of cells, lack of cellular 
orientation termed dyspolarity, cellular heterogeneity in siZe 
and shape termed “pleomorphism.” The cytologic features 
of anaplasia include an increased nuclear-cytoplasmic ratio 
(the nuclear-cytoplasmic ratio can be over 50% for malig 
nant cells), nuclear pleomorphism, clumping of the nuclear 
chromatin along the nuclear membrane, increased staining 
of the nuclear chromatin, simpli?ed endoplasmic reticulum, 
increased free ribosomes, pleomorphism of mitochondria, 
decrease in siZe and number of organelles, enlarged and 
increased numbers of nucleoli, and sometimes the presence 
of intermediate ?laments. 

[0037] “Neoplasia” or “neoplastic transformation” is the 
pathologic process that results in the formation and groWth 
of a neoplasm, tissue mass, or tumor. Such process includes 
uncontrolled cell groWth, including either benign or malig 
nant tumors. Neoplasms include abnormal masses of tissue, 
the groWth of Which eXceeds and is uncoordinated With that 
of the normal tissues and persists in the same excessive 
manner after cessation of the stimuli Which evoked the 
change. Neoplasms may shoW a partial or complete lack of 
structural organiZation and functional coordination With the 
normal tissue, and usually form a distinct mass of tissue. 

[0038] Neoplasms tend to morphologically and function 
ally resemble the tissue from Which they originated. For 
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example, neoplasms arising Within the islet tissue of the 
pancreas resemble the islet tissue, contain secretory gran 
ules, and secrete insulin. Clinical features of a neoplasm 
may result from the function of the tissue from Which it 
originated. 
[0039] By assessing the histologic and other features of a 
neoplasm, it can be determined Whether the neoplasm is 
benign or malignant. Invasion and metastasis (the spread of 
the neoplasm to distant sites) are de?nitive attributes of 
malignancy. Despite the fact that benign neoplasms may 
attain enormous siZe, they remain discrete and distinct from 
the adjacent non-neoplastic tissue. Benign tumors are gen 
erally Well circumscribed and round, have a capsule, and 
have a grey or White color, and a uniform texture. By 
contrast, malignant tumor generally have ?ngerlike projec 
tions, irregular margins, are not circumscribed, and have a 
variable color and texture. Benign tumors groW by pushing 
on adjacent tissue as they groW. As the benign tumor 
enlarges it compresses adjacent tissue, sometimes causing 
atrophy. The junction betWeen a benign tumor and surround 
ing tissue may be converted to a ?brous connective tissue 
capsule alloWing for easy surgical remove of benign tumors. 
By contrast, malignant tumors are locally invasive and groW 
into the adjacent tissues usually giving rise to irregular 
margins that are not encapsulated making it necessary to 
remove a Wide margin of normal tissue for the surgical 
removal of malignant tumors. Benign neoplasms tends to 
groW more sloWly than malignant tumors. Benign neo 
plasms also tend to be less autonomous than malignant 
tumors. Benign neoplasms tend to closely histologically 
resemble the tissue from Which they originated. More high 
differentiated cancers, cancers that resemble the tissue from 
Which they originated, tend to have a better prognosis than 
poorly differentiated cancers. Malignant tumors are more 
likely than benign tumors to have an aberrant function (i e. 
the secretion of abnormal or excessive quantities of hor 

mones). 
[0040] “Prostate cancer” is an adenocarcinoma of the 
prostate gland. The prostate gland is a Walnut siZed organ 
that helps the body form semen. The prostate gland is 
located Where the urethra joins the neck of the urinary 
bladder. The term “prostate cancer” (PCA) as used herein 
refers to both the appearance of a palpable tumor of the 
prostate, and also to microscopically detectable neoplastic or 
transformed cells in the prostate gland. In the latter case, the 
said cytologically-detectable prostate cancer may be asymp 
tomatic, in that neither the patient nor the medical practi 
tioner detects the presence of the cancer cells. Prostate 
cancer usually progresses gradually and usually expands to 
adjacent tissue and lymph glands before detection. In the 
event that prostate cancer metastasiZes to additional sites 
distal to the prostate, the condition is described as metastatic 
cancer (MC), or prostate cancer, metastasiZed, to distinguish 
this condition from organ-con?ned prostate cancer. PCA 
fatality results from metastatic dissemination of prostatic 
adenocarcinoma cells to distant sites, usually in the axial 
skeleton. As the disease progresses, other organs including 
the bones, lungs, and liver can become cancerous. 

[0041] “Benign prostatic hypertrophy,” comprises an age 
related non-cancerous enlargement of the prostate, and 
affects more than 50% of men over age 45. Benign prostatic 
hypertrophy (BPH) may be asymptomatic, that is, have no 
negative consequences for the individual, and is not 
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intended here to imply the necessary development of pros 
tate cancer. BPH is accompanied by an increase in produc 
tion of the protein prostate speci?c antigen, proportional to 
the extent of groWth of the prostate gland. For this reason, 
the diagnosis of PCA in a BPH patient may be dif?cult to 
distinguish from further asymptomatic groWth by sole use of 
the PSA test. 

[0042] BPH may appear as or may progress to “problem 
atic” prostatic hyperplasia, With symptoms that include 
urinary urgency, frequency, and hesitancy, and penile erec 
tile dif?culties. Since these same symptoms are associated 
With PCA (M. Garnick, (1993), Annals Int. Med, 
118(10):804-818), the clinician distinguishes PCA and prob 
lematic prostatic hyperplasia by the suddenness in onset of 
symptoms, and by additional diagnostic tests. BPH and 
problematic prostatic hypertrophy may also progress to 
PCA, hoWever these terms are meant neither to exclude nor 
to imply disease progression, as the full range of diagnostic 
possibilities is found for the BPH patient population as for 
the normal subject. 

[0043] “Invasive” or “aggressive” as used herein With 
respect to cancer refers to the proclivity of a tumor for 
expanding beyond its boundaries into adjacent tissue, or to 
the characteristic of the tumor With respect to metastasis 
(Darnell, J. (1990),M0lecular Cell Biology, Third Ed., W. H. 
Freeman, Invasive cancer can be contrasted With 
organ-con?ned cancer. For example, a basal cell carcinoma 
of the skin is a non-invasive or minimally invasive tumor, 
con?ned to the site of the primary tumor and expanding in 
siZe, but not metastasiZing. In contrast, the cancer melanoma 
is highly invasive of adjacent and distal tissues. The invasive 
property of a tumor is often accompanied by the elaboration 
of proteolytic enZymes, such as collagenases, that degrade 
matrix material and basement membrane material to enable 
the tumor to expand beyond the con?nes of the capsule, and 
beyond con?nes of the particular tissue in Which that tumor 
is located. 

[0044] “Organ-con?ned” as used herein With respect to 
prostate cancer refers to prostate cancer that has not metas 
tasiZed beyond the boundaries of the prostate gland, i.e., has 
not been found by techniques familiar to those skilled in the 
art to occur in any organs or tissues beyond the prostate 
gland. It can not be ruled out, hoWever, that some number of 
cells have metastasiZed, hoWever they are not detected by 
ordinary techniques used by those With skill in the art. 

[0045] The term “metastasis” as used herein refers to the 
condition of spread of cancer from the organ of origin to 
additional distal sites in the patient. The process of tumor 
metastasis is a multistage event involving local invasion and 
destruction of intercellular matrix, intravasation into blood 
vessels, lymphatics or other channels of transport, survival 
in the circulation, extravasation out of the vessels in the 
secondary site and groWth in the neW location (Fidler, et al., 
Adv. Cancer Res. 28, 149-250 (1978), Liotta, et al., Cancer 
Treatment Res. 40, 223-238 (1988), Nicolson, Biochim. 
Biophy. Acta 948, 175-224 (1988) and Zetter, N. Eng. J. 
Med. 322, 605-612 (1990)). Increased malignant cell motil 
ity has been associated With enhanced metastatic potential in 
animal as Well as human tumors (Hosaka, et al., Gann 69, 
273-276 (1978) and Haemmerlin, et al., Int. J. Cancer 27, 
603-610 (1981)). 
[0046] “Metastatic prostate cancer” includes prostate can 
cers Which have spread to regional lymph nodes or to distant 
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sites. The most common site for prostate cancer metastasis 
is bone. Prostate cancer bone metastases are, on balance, 
characteristically osteoblastic rather than osteolytic (i.e., 
resulting in net bone formation). Bone metastases are found 
most frequently in the spine, folloWed by the femur, pelvis, 
rib cage, skull and humerus. Other common sites for 
metastasis include lymph nodes, lung, liver and brain. Meta 
static prostate cancer is typically diagnosed by open or 
laparoscopic pelvic lymphadenectomy, Whole body radio 
nuclide scans, skeletal radiography, and/or bone lesion 
biopsy. 

[0047] “Subject” includes living organisms, e.g., prokary 
otes and eukaryotes. Examples of subjects include mam 
mals, e.g., humans, dogs, coWs, horses, kangaroos, pigs, 
sheep, goats, cats, mice, rabbits, rats, and transgenic non 
human animals. Most preferably the subject is a human. 

[0048] “TDPCA” is a test done to facilitate diagnosis of 
prostate cancer. For example, TDPCA includes a test for the 
detection of a prostate cancer marker is selected from the 
group consisting of: prostatic acid phosphatase, prostate 
secreted protein, prostate speci?c membrane antigen, human 
kallekrein 2, prostate speci?c transglutaminase, and inter 
leukin 8. Examples of TDPCA include the PSA test, rectal 
examination, transrectal ultrasonography or magnetic reso 
nance imaging (MRI), bone scanning, X-rays, skeletal sur 
vey, intravenous pyelography, CAT-scan, and biopsy. In an 
embodiment, TDPCA is a digital rectal exam. In a preferred 
embodiment, TDPCA is a test for the detection of prostate 
speci?c antigen in the blood serum of the subject. TDPCA 
does not include a test to detect Pinl. 

[0049] “Biological samples” include solid and body ?uid 
samples. The biological samples of the present invention 
may include cells, protein or membrane extracts of cells, 
blood or biological ?uids such as ascites ?uid or brain ?uid 
(e.g., cerebrospinal ?uid). Examples of solid biological 
samples include samples taken from feces, the rectum, 
central nervous system, bone, breast tissue, renal tissue, the 
uterine cervix, the endometrium, the head/neck, the gall 
bladder, parotid tissue, the prostate, the brain, the pituitary 
gland, kidney tissue, muscle, the esophagus, the stomach, 
the small intestine, the colon, the liver, the spleen, the 
pancreas, thyroid tissue, heart tissue, lung tissue, the blad 
der, adipose tissue, lymph node tissue, the uterus, ovarian 
tissue, adrenal tissue, testis tissue, the tonsils, and the 
thymus. Examples of “body ?uid samples” include samples 
taken from the blood, serum, semen, prostate ?uid, seminal 
?uid, urine, saliva, sputum, mucus, bone marroW, lymph, 
and tears. For amplifying Pinl RNA, the preferred samples 
include peripheral venous blood samples and prostate tissue 
samples. Samples for use in the assays of the invention can 
be obtained by standard methods including venous puncture 
and surgical biopsy. In one embodiment, the biological 
sample is a prostate tissue sample obtained by needle biopsy. 

[0050] “Pharmacogenomics”, as used herein, refers to the 
application of genomics technologies such as gene sequenc 
ing, statistical genetics, and gene expression analysis to 
drugs in clinical development and on the market. More 
speci?cally, the term refers the study of hoW a patient’s 
genes determine his or her response to a drug (e.g., a 
patient’s “drug response phenotype”, or “drug response 
genotype”.) Thus, another aspect of the invention provides 
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methods for tailoring an individual’s prophylactic or thera 
peutic treatment according to that individual’s drug response 
genotype. 

[0051] Diagnostic and Prognostic Methods 

[0052] As described in more detail beloW, the detection 
methods of the invention can be used to detect mRNA, 
protein, cDNA, or genomic DNA, for example, in a bio 
logical sample in vitro as Well as in vivo. For example, in 
vitro techniques for detection of mRNA include Northern 
hybridiZations and in situ hybridiZations. In vitro techniques 
for detection of a polypeptide corresponding to a marker of 
the invention include enZyme linked immunosorbent assays 
(ELISAs), Western blots, immunoprecipitations, immuno 
histochemistry and immuno?uorescence. In vitro techniques 
for detection of genomic DNA include Southern hybridiZa 
tions. Furthermore, in vivo techniques for detection of a 
polypeptide corresponding to a marker of the invention 
include introducing into a subject a labeled antibody 
directed against the polypeptide. For example, the antibody 
can be labeled With a radioactive marker Whose presence 
and location in a subject can be detected by standard 
imaging techniques. Nucleic acid probes as Well as antibod 
ies to Pinl for use in these methods can readily be designed 
since the nucleic and amino acid sequence of Pinl is knoWn 
(Hunter et al., WO 97/17986 (1997); Hunter et al., US. Pat. 
Nos. 5,952,467 and 5,972,697). 

[0053] I. Antibody-Based Assays 

[0054] In embodiments of the above methods, assessing 
the level of Pinl in a biological sample from the subject 
includes contacting the biological sample With an antibody 
to Pinl or a fragment thereof; determining the amount of 
binding of the antibody to the biological sample; and com 
paring the amount of antibody bound to the biological 
sample to a predetermined base level. 

[0055] The level of Pin-1 in normal (i.e. non-cancerous) 
biological samples can be assessed in a variety of Ways. In 
one embodiment, this normal level of expression is deter 
mined by assessing the level of Pin-1 in a portion of prostate 
cells Which appears to be non-cancerous and by comparing 
this normal level With the level of Pin-1 in a portion of the 
prostate cells Which is suspected of being cancerous. Alter 
natively, the ‘normal’ level of expression of a marker may be 
determined by assessing the level of Pin-1 in a sample or 
samples obtained from a non-cancer-af?icted individuals. 

[0056] “Antibody” includes immunoglobulin molecules 
and immunologically active determinants of immunoglobu 
lin molecules, i e., molecules that contain an antigen binding 
site Which speci?cally binds (immunoreacts With) an anti 
gen. Structurally, the simplest naturally occurring antibody 
(e.g., IgG) comprises four polypeptide chains, tWo copies of 
a heavy chain and tWo of a light (L) chain, all covalently 
linked by disul?de bonds. Speci?city of binding in the large 
and diverse set of antibodies is found in the variable (V) 
determinant of the H and L chains; regions of the molecules 
that are primarily structural are constant (C) in this set. 
Antibody includes polyclonal antibodies, monoclonal anti 
bodies, Whole immunoglobulins, and antigen binding frag 
ments of the immunoglobulins. 

[0057] The binding sites of the proteins that comprise an 
antibody, i.e., the antigen-binding functions of the antibody, 
are localiZed by analysis of fragments of a naturally-occur 
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ing antibody. Thus, antigen-binding fragments are also 
intended to be designated by the term “antibody.” Examples 
of binding fragments encompassed Within the term antibody 
include: a Fab fragment consisting of the VL, VH, CL and 
CH1 domains; an Fd fragment consisting of the VH and CH1 
domains; an FV, fragment consisting of the VL and VH 
domains of a single arm of an antibody; a dAb fragment 
(Ward et al., 1989 Nature 341:544-546) consisting of a VH 
domain; an isolated complementarity determining region 
(CDR); and an F(ab‘)2 fragment, a bivalent fragment com 
prising tWo Fab‘fragments linked by a disul?de bridge at the 
hinge region. These antibody fragments are obtained using 
conventional techniques Well-knoWn to those With skill in 
the art, and the fragments are screened for utility in the same 
manner as are intact antibodies. The term “antibody” is 
further intended to include bispeci?c and chimeric mol 
ecules having at least one antigen binding determinant 
derived from an antibody molecule. 

[0058] In the diagnostic and prognostic assays of the 
invention, the antibody can be a polyclonal antibody or a 
monoclonal antibody and in a preferred embodiment is a 
labeled antibody. 

[0059] Polyclonal antibodies are produced by immuniZing 
animals, usually a mammal, by multiple subcutaneous or 
intraperitoneal injections of an immunogen (antigen) and an 
adjuvant as appropriate. As an illustrative embodiment, 
animals are typically immuniZed against a protein, peptide 
or derivative by combining about 1 ug to 1 mg of protein 
capable of eliciting an immune response, along With an 
enhancing carrier preparation, such as Freund’s complete 
adjuvant, or an aggregating agent such as alum, and inject 
ing the composition intradermally at multiple sites. Animals 
are later boosted With at least one subsequent administration 
of a loWer amount, as 1/5 to 1/10 the original amount of 
immunogen in Freund’s complete adjuvant (or other suitable 
adjuvant) by subcutaneous injection at multiple sites. Ani 
mals are subsequently bled, serum assayed to determine the 
speci?c antibody titer, and the animals are again boosted and 
assayed until the titer of antibody no longer increases (i.e., 
plateaus). 
[0060] Such populations of antibody molecules are 
referred to as “polyclonal” because the population comprises 
a large set of antibodies each of Which is speci?c for one of 
the many differing epitopes found in the immunogen, and 
each of Which is characteriZed by a speci?c af?nity for that 
epitope. An epitope is the smallest determinant of antige 
nicity, Which for a protein, comprises a peptide of siX to 
eight residues in length (BerZofsky, J. and I. BerkoWer, 
(1993) in Paul, W., Ed., Fundamental Immunology, Raven 
Press, N.Y., p.246). Af?nities range from loW, eg 10-6 M, 
to high, e.g., 10'11 M. The polyclonal antibody fraction 
collected from mammalian serum is isolated by Well knoWn 
techniques, eg by chromatography With an affinity matrix 
that selectively binds immunoglobulin molecules such as 
protein A, to obtain the IgG fraction. To enhance the purity 
and speci?city of the antibody, the speci?c antibodies may 
be further puri?ed by immunoaf?nity chromatography using 
solid phase-af?Xed immunogen. The antibody is contacted 
With the solid phase-af?Xed immunogen for a period of time 
sufficient for the immunogen to immunoreact With the 
antibody molecules to form a solid phase-af?Xed immuno 
compleX. Bound antibodies are eluted from the solid phase 
by standard techniques, such as by use of buffers of decreas 
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ing pH or increasing ionic strength, the eluted fractions are 
assayed, and those containing the speci?c antibodies are 
combined. 

[0061] “Monoclonal antibody” or “monoclonal antibody 
composition” as used herein refers to a preparation of 
antibody molecules of single molecular composition. A 
monoclonal antibody composition displays a single binding 
speci?city and af?nity for a particular epitope. Monoclonal 
antibodies can be prepared using a technique Which provides 
for the production of antibody molecules by continuous 
groWth of cells in culture. These include but are not limited 
to the hybridoma technique originally described by Kohler 
and Milstein (1975, Nature 256:495-497; see also BroWn et 
al. 1981 J. Immunol 127:539-46; BroWn et al., 1980, J. Biol 
Chem 255:4980-83; Yeh et al., 1976, PNAS 76:2927-31; and 
Yeh et al., 1982, Int. J. Cancer 29:269-75) and the more 
recent human B cell hybridoma technique (KoZbor et al., 
1983, Immunol Today 4:72), EBV-hybridoma technique 
(Cole et al., 1985, Monoclonal Antibodies and Cancer 
Therapy, Alan R. Liss, Inc., pp. 77-96), and trioma tech 
niques. The technology for producing hybridomas is Well 
knoWn (see generally Current Protocols in Immunology, 
Coligan et al. ed., John Wiley & Sons, NeW York, 1994). 
Hybridoma cells producing a monoclonal antibody of the 
invention are detected by screening the hybridoma culture 
supernatants for antibodies that bind the polypeptide of 
interest, e.g., using a standard ELISA assay. 

[0062] A monoclonal antibody can be produced by the 
folloWing steps. In all procedures, an animal is immuniZed 
With an antigen such as a protein (or peptide thereof) as 
described above for preparation of a polyclonal antibody. 
The immuniZation is typically accomplished by administer 
ing the immunogen to an immunologically competent mam 
mal in an immunologically effective amount, i.e., an amount 
suf?cient to produce an immune response. Preferably, the 
mammal is a rodent such as a rabbit, rat or mouse. The 
mammal is then maintained on a booster schedule for a time 
period suf?cient for the mammal to generate high affinity 
antibody molecules as described. A suspension of antibody 
producing cells is removed from each immuniZed mammal 
secreting the desired antibody. After a suf?cient time to 
generate high affinity antibodies, the animal (e.g., mouse) is 
sacri?ced and antibody-producing lymphocytes are obtained 
from one or more of the lymph nodes, spleens and peripheral 
blood. Spleen cells are preferred, and can be mechanically 
separated into individual cells in a physiological medium 
using methods Well knoWn to one of skill in the art. The 
antibody-producing cells are immortaliZed by fusion to cells 
of a mouse myeloma line. Mouse lymphocytes give a high 
percentage of stable fusions With mouse homologous myelo 
mas, hoWever rat, rabbit and frog somatic cells can also be 
used. Spleen cells of the desired antibody-producing animals 
are immortaliZed by fusing With myeloma cells, generally in 
the presence of a fusing agent such as polyethylene glycol. 
Any of a number of myeloma cell lines suitable as a fusion 
partner are used With to standard techniques, for eXample, 
the P3-NS1/1-Ag4-1, P3-X63-Ag8.653 or Sp2/O-Ag14 
myeloma lines, available from the American Type Culture 
Collection (ATCC), Rockville, Md. 

[0063] The fusion-product cells, Which include the desired 
hybridomas, are cultured in selective medium such as HAT 
medium, designed to eliminate unfused parental myeloma or 
lymphocyte or spleen cells. Hybridoma cells are selected 



US 2003/0073096 A1 

and are grown under limiting dilution conditions to obtain 
isolated clones. The supernatants of each clonal hybridoma 
is screened for production of antibody of desired speci?city 
and af?nity, e.g., by immunoassay techniques to determine 
the desired antigen such as that used for immuniZation. 
Monoclonal antibody is isolated from cultures of producing 
cells by conventional methods, such as ammonium sulfate 
precipitation, ion exchange chromatography, and affinity 
chromatography (Zola et al, Monoclonal Hybridoma Anti 
bodies: Techniques And Applications, Hurell (ed.), pp. 
51-52, CRC Press, 1982). Hybridomas produced according 
to these methods can be propagated in culture in vitro or in 
vivo (in ascites ?uid) using techniques Well knoWn to those 
With skill in the art. 

[0064] Alternative to preparing monoclonal antibody-se 
creting hybridomas, a monoclonal antibody directed against 
a polypeptide of the invention can be identi?ed and isolated 
by screening a recombinant combinatorial immunoglobulin 
library (e.g., an antibody phage display library) With the 
polypeptide of interest. Kits for generating and screening 
phage display libraries are commercially available (e.g., the 
Pharmacia Recombinant Phage Antibody System, Catalog 
No. 27-9400-01; and the Stratagene SurfZAP Phage Display 
Kit, Catalog No. 240612). Additionally, examples of meth 
ods and reagents particularly amenable for use in generating 
and screening an antibody display library can be found in, 
for example, U.S. Pat. No. 5,223,409; PCT Publication No. 
WO 92/18619; PCT Publication No. WO 91/17271; PCT 
Publication No. WO 92/20791; PCT Publication No. WO 
92/15679; PCT Publication No. WO 93/01288; PCT Publi 
cation No. WO 92/01047; PCT Publication No. WO 
92/09690; PCT Publication No. WO 90/02809; Fuchs et al. 
(1991) Bio/Technology 9:1370-1372; Hay et al. (1992) Hum. 
Antiboa'. Hybridomas 3:81-85; Huse et al. (1989) Science 
246:1275-1281; Griffiths et al. (1993) EMBO J. 12:725-734. 

[0065] Additionally, recombinant antibodies, such as chi 
meric and humaniZed monoclonal antibodies, comprising 
both human and non-human portions, Which can be made 
using standard recombinant DNA techniques, are Within the 
scope of the invention. Such chimeric and humaniZed mono 
clonal antibodies can be produced by recombinant DNA 
techniques knoWn in the art, for example using methods 
described in PCT Publication No. WO 87/02671; European 
Patent Application 184,187; European Patent Application 
171,496; European Patent Application 173,494; PCT Pub 
lication No. WO 86/01533; US. Pat. No. 4,816,567; Euro 
pean Patent Application 125,023; Better et al. (1988) Sci 
ence 240:1041-1043; Liu et al. (1987) Proc. Natl. Acad. Sci. 
USA 84:3439-3443; Liu et al. (1987) J. Immunol. 139:3521 
3526; Sun et al. (1987) Proc. Natl. Acad. Sci. USA 84:214 
218; Nishimura et al. (1987) Cancer Res. 47:999-1005; 
Wood et al. (1985) Nature 314:446-449; and ShaW et al. 
(1988) J. Natl. Cancer Inst. 80:1553-1559); Morrison 
(1985) Science 229:1202-1207; Oi et al. (1986) Bio/Tech 
niques 4:214; US. Pat. No. 5,225,539; Jones et al. (1986) 
Nature 321:552-525; Verhoeyan et al. (1988) Science 
239:1534; and Beidler et al. (1988) J. Immunol. 141:4053 
4060. 

[0066] “Labeled antibody” as used herein includes anti 
bodies that are labeled by a detectable means and includes 
enZymatically, radioactively, ?uorescently, chemilumines 
cently, and/or bioluminescently labeled antibodies. 
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[0067] One of the Ways in Which an antibody can be 
detectably labeled is by linking the same to an enZyme. This 
enZyme, in turn, When later exposed to its substrate, Will 
react With the substrate in such a manner as to produce a 
chemical moiety Which can be detected, for example, by 
spectrophotometric, ?uorometric or by visual means. 
EnZymes Which can be used to detectably label the Pin1 
speci?c antibody include, but are not limited to, malate 
dehydrogenase, staphylococcal nuclease, delta-V-steroid 
isomerase, yeast alcohol dehydrogenase, alpha-glycero 
phosphate dehydrogenase, triose phosphate isomerase, 
horseradish peroxidase, alkaline phosphatase, asparaginase, 
glucose oxidase, beta-galactosidase, ribonuclease, urease, 
catalase, glucose-VI-phosphate dehydrogenase, glucoamy 
lase and acetylcholinesterase. 

[0068] Detection may be accomplished using any of a 
variety of immunoassays. For example, by radioactively 
labeling an antibody, it is possible to detect the antibody 
through the use of radioimmune assays. A description of a 
radioimmune assay (RIA) may be found in Laboratory 
Techniques and Biochemistry in Molecular Biology, by 
Work, T. S., et al., North Holland Publishing Company, NY 
(1978), With particular reference to the chapter entitled “An 
Introduction to Radioimmune Assay and Related Tech 
niques” by Chard, T. 

[0069] The radioactive isotope can be detected by such 
means as the use of a gamma counter or a scintillation 

counter or by audioradiography. Isotopes Which are particu 
larly useful for the purpose of the present invention are: 3H, 
1311, 35S, 14C, and preferably 12‘SI. 

[0070] It is also possible to label an antibody With a 
?uorescent compound. When the ?uorescently labeled anti 
body is exposed to light of the proper Wave length, its 
presence can then be detected due to ?uorescence. Among 
the most commonly used ?uorescent labeling compounds 
are ?uorescein isothiocyanate, rhodamine, phycoerytherin, 
phycocyanin, allophycocyanin, o-phthaldehyde and ?uores 
camine. 

[0071] An antibody can also be detectably labeled using 
?uorescence emitting metals such as 152Eu, or others of the 
lanthanide series. These metals can be attached to the 
antibody using such metal chelating groups as diethylen 
etriaminepentaacetic acid (DTPA) or ethylenediaminetet 
raacetic acid (EDTA). 

[0072] An antibody also can be detectably labeled by 
coupling it to a chemiluminescent compound. The presence 
of the chemiluminescent-tagged antibody is then determined 
by detecting the presence of luminescence that arises during 
the course of a chemical reaction. Examples of particularly 
useful chemiluminescent labeling compounds are luminol, 
luciferin, isoluminol, theromatic acridinium ester, imida 
Zole, acridinium salt and oxalate ester. 

[0073] LikeWise, a bioluminescent compound may be 
used to label an antibody of the present invention. Biolu 
minescence is a type of chemiluminescence found in bio 
logical systems in Which a catalytic protein increases the 
ef?ciency of the chemiluminescent reaction. The presence of 
a bioluminescent protein is determined by detecting the 
presence of luminescence. Important bioluminescent com 
pounds for purposes of labeling are luciferin, luciferase and 
aequorin. 
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[0074] In the diagnostic and prognostic assays of the 
invention, the amount of binding of the antibody to the 
biological sample can be determined by the intensity of the 
signal emitted by the labeled antibody and/or by the number 
cells in the biological sample bound to the labeled antibody. 

[0075] Serum Assays 

[0076] A serum assay for detecting a cancer marker is a 
non-evasive method, Which is more acceptable to patients 
and also provides a tool for screening large number of 
samples. Additional advantages include that the antibody 
recogniZes an antigen that is related to the early events rather 
than the later stages of progression to the metastatic pheno 
type. Serum assays can be used in conjunction With other 
assays presented herein to diagnose cancer. 

[0077] Antibodies directed toWard a protein of interest can 
be connected to magnetic beads and used to enrich a 
population. Immunomagnetic selection has been used pre 
viously for this purpose and examples of this method can be 
found, for example, at US. patent Ser. No.: 5,646,001; Ree 
et al. (2002) Int. J. Cancer 97:28-33; Molnar et al. (2001) 
Clin. Cancer Research 7:4080-4085; and Kasimir-Bauer et 
al. (2001) Breast CancerRes. Treat. 69:123-32. An antibody, 
either polyclonal or monoclonal, that is speci?c for a cell 
surface protein on a cell of interest is attacthed to a magnetic 
substrate thereby alloWing selection of only those cells that 
express the surface protein of interest. Once a population of 
cells is selected, the folloWing assays can be performed to 
test for the presence of Pin1. 

[0078] Immunoassays 
[0079] The amount of an antigen (i.e. Pin1) in a biological 
sample may be determined by a radioimmunoassay, an 
immunoradiometric assay, and/or an enZyme immunoassay. 

[0080] “Radioimmunoassay” is a technique for detecting 
and measuring the concentration of an antigen using a 
labeled (i.e. radioactively labeled) form of the antigen. 
Examples of radioactive labels for antigens include 3H, 14C, 
and 1251. The concentration of antigen (i.e. Pin1) in a sample 
(i.e. biological sample) is measured by having the antigen in 
the sample compete With a labeled (i.e. radioactively) anti 
gen for binding to an antibody to the antigen. To ensure 
competitive binding betWeen the labeled antigen and the 
unlabeled antigen, the labeled antigen is present in a con 
centration sufficient to saturate the binding sites of the 
antibody. The higher the concentration of antigen in the 
sample, the loWer the concentration of labeled antigen that 
Will bind to the antibody. 

[0081] In a radioimmunoassay, to determine the concen 
tration of labeled antigen bound to antibody, the antigen 
antibody complex must be separated from the free antigen. 
One method for separating the antigen-antibody complex 
from the free antigen is by precipitating the antigen-antibody 
complex With an anti-isotype antiserum. Another method for 
separating the antigen-antibody complex from the free anti 
gen is by precipitating the antigen-antibody complex With 
formalin-killed S. aureus. Yet another method for separating 
the antigen-antibody complex from the free antigen is by 
performing a “solid-phase radioimmunoassay” Where the 
antibody is linked (i.e. covalently) to Sepharose beads, 
polystyrene Wells, polyvinylchloride Wells, or microtiter 
Wells. By comparing the concentration of labeled antigen 
bound to antibody to a standard curve based on samples 
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having a knoWn concentration of antigen, the concentration 
of antigen in the biological sample can be determined. 

[0082] A “Immunoradiometric assay” (IRMA) is an 
immunoassay in Which the antibody reagent is radioactively 
labeled. An IRMA requires the production of a multivalent 
antigen conjugate, by techniques such as conjugation to a 
protein e.g., rabbit serum albumin (RSA). The multivalent 
antigen conjugate must have at least 2 antigen residues per 
molecule and the antigen residues must be of suf?cient 
distance apart to alloW binding by at least tWo antibodies to 
the antigen. For example, in an IRMA the multivalent 
antigen conjugate can be attached to a solid surface such as 
a plastic sphere. Unlabeled “sample” antigen and antibody 
to antigen Which is radioactively labeled are added to a test 
tube containing the multivalent antigen conjugate coated 
sphere. The antigen in the sample competes With the mul 
tivalent antigen conjugate for antigen antibody binding sites. 
After an appropriate incubation period, the unbound reac 
tants are removed by Washing and the amount of radioac 
tivity on the solid phase is determined. The amount of bound 
radioactive antibody is inversely proportional to the con 
centration of antigen in the sample. 

[0083] The most common enZyme immunoassay is the 
“Enzyme-Linked Immunosorbent Assay (ELISA).” The 
“Enzyme-Linked Immunosorbent Assay (ELISA)” is a tech 
nique for detecting and measuring the concentration of an 
antigen using a labeled (i.e. enZyme linked) form of the 
antibody. 
[0084] In a “sandWich ELISA” , an antibody (i.e. to Pin1) 
is linked to a solid phase (i.e. a microtiter plate) and exposed 
to a biological sample containing antigen (i.e. Pin1). The 
solid phase is then Washed to remove unbound antigen. A 
labeled (i.e. enZyme linked) is then bound to the bound 
antigen (if present) forming an antibody-antigen-antibody 
sandWich. Examples of enZymes that can be linked to the 
antibody are alkaline phosphatase, horseradish peroxidase, 
luciferase, urease, and [3-galactosidase. The enZyme linked 
antibody reacts With a substrate to generate a colored 
reaction product that can be assayed for. 

[0085] In a “competitive ELISA” , antibody is incubated 
With a sample containing antigen (i.e. Pin1). The antigen 
antibody mixture is then contacted With an antigen-coated 
solid phase (i. e. a microtiter plate). The more antigen 
present in the sample, the less free antibody that Will be 
available to bind to the solid phase. A labeled (i.e. enZyme 
linked) secondary antibody is then added to the solid phase 
to determine the amount of primary antibody bound to the 
solid phase. 

[0086] In a “immunohistochemistry assay” a section of 
tissue for is tested for speci?c proteins by exposing the tissue 
to antibodies that are speci?c for the protein that is being 
assayed. The antibodies are then visualiZed by any of a 
number of methods to determine the presence and amount of 
the protein present. Examples of methods used to visualiZe 
antibodies are, for example, through enZymes linked to the 
antibodies (e.g, luciferase, alkaline phosphatase, horseradish 
peroxidase, or [3-galactosidase), or chemical methods (e.g., 
DAB/Substrate chromagen). 
[0087] II. Pin1 Nucleic Acid-Based Diagnostic and Prog 
nostic Methods 

[0088] Also encompassed by this invention is a method of 
diagnosing prostate cancer in a subject, comprising: detect 
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ing a level of Pin1 nucleic acid in a biological sample; and 
comparing the level of Pin1 in the biological sample With a 
level of Pin1 in a control sample, Wherein an elevation in the 
level of Pin1 in the biological sample compared to the 
control sample is indicative of prostate cancer. 

[0089] In addition, this invention pertains to a method of 
diagnosing prostate cancer metastasis in a subject, compris 
ing the steps of: detecting a level of Pin1 nucleic acid in a 
biological sample; and comparing the level of Pin1 in the 
biological sample With a level of Pin1 in a control sample, 
Wherein an elevation in the level of Pin1 in the biological 
sample compared to the control sample is indicative of 
prostate cancer metastasis. 

[0090] In an embodiment of the above methods, the 
detecting a level of Pin1 nucleic acid in a biological sample 
includes amplifying Pin1 RNA. In another embodiment of 
the above methods, the detecting a level of Pin1 nucleic acid 
in a biological sample includes hybridizing the Pin1 RNA 
With a probe. 

[0091] As an alternative to making determinations based 
on the absolute expression level of the Pin1 marker, deter 
minations may be based on the normalized expression level 
of the marker. Expression levels are normalized by correct 
ing the absolute expression level of a marker by comparing 
its expression to the expression of a gene that is not a marker, 
e.g., a housekeeping gene that is constitutively expressed. 
Suitable genes for normalization include housekeeping 
genes such as the actin gene, or epithelial cell-speci?c genes. 
This normalization alloWs the comparison of the expression 
level in one sample, e.g., a patient sample, to another 
sample, e.g., a non-prostate cancer sample, or betWeen 
samples from different sources. 

[0092] Alternatively, the expression level can be provided 
as a relative expression level. To determine a relative expres 
sion level of a marker, the level of expression of the marker 
is determined for 10 or more samples of normal versus 
cancer cell isolates, preferably 50 or more samples, prior to 
the determination of the expression level for the sample in 
question. The mean expression level of each of the genes 
assayed in the larger number of samples is determined and 
this is used as a baseline expression level for the marker. The 
expression level of the marker determined for the biological 
sample (absolute level of expression) is then divided by the 
mean expression value obtained for that marker. This pro 
vides a relative expression level. 

[0093] One preferred diagnostic method for the detection 
of mRNA levels involves contacting the isolated mRNA 
With a nucleic acid molecule (probe) that can hybridize to 
the mRNA encoded by the gene being detected. Probes 
based on the sequence of a nucleic acid molecule of the 
invention can be used to detect transcripts corresponding to 
Pin-1. The nucleic acid probe can be, for example, a full 
length cDNA, or a portion thereof, such as an oligonucle 
otide of at least 7, 15, 30, 50, 100, 250 or 500 nucleotides 
in length and suf?cient to speci?cally hybridize under strin 
gent conditions to a mRNA or genomic DNA encoding a 
marker of the present invention. Hybridization of an mRNA 
With the probe indicates that the marker in question is being 
expressed. In an embodiment, the probe includes a label 
group attached thereto, e.g., a radioisotope, a ?uorescent 
compound, an enzyme, or an enzyme co-factor. 

[0094] In one format, the mRNA is immobilized on a solid 
surface and contacted With a probe, for example by running 
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the isolated mRNA on an agarose gel and transferring the 
mRNA from the gel to a membrane, such as nitrocellulose. 
In an alternative format, the probe(s) are immobilized on a 
solid surface and the mRNA is contacted With the probe(s), 
for example, in an Affymetrix gene chip array. A skilled 
artisan can readily adapt knoWn mRNA detection methods 
for use in detecting the level of mRNA encoded by the 
markers of the present invention. 

[0095] “Amplifying” refers to template-dependent pro 
cesses and vector-mediated propagation Which result in an 
increase in the concentration of a speci?c nucleic acid 
molecule relative to its initial concentration, or in an 
increase in the concentration of a detectable signal. As used 
herein, the term template-dependent process is intended to 
refer to a process that involves the template-dependent 
extension of a primer molecule. The term template depen 
dent process refers to nucleic acid synthesis of an RNA or a 
DNA molecule Wherein the sequence of the neWly synthe 
sized strand of nucleic acid is dictated by the Well-knoWn 
rules of complementary base pairing (see, for example, 
Watson, J. D. et al., In: Molecular Biology of the Gene, 4th 
Ed., W. A. Benjamin, Inc., Menlo Park, Calif. (1987). 
Typically, vector mediated methodologies involve the intro 
duction of the nucleic acid fragment into a DNA or RNA 
vector, the clonal ampli?cation of the vector, and the recov 
ery of the ampli?ed nucleic acid fragment. Examples of such 
methodologies are provided by Cohen et al. (US. Pat. No. 
4,237,224), Maniatis, T. et al., Molecular Cloning (A Labo 
ratory Manual), Cold Spring Harbor Laboratory, 1982. 

[0096] A number of template dependent processes are 
available to amplify the target sequences of interest present 
in a sample. One of the best knoWn ampli?cation methods 
is the polymerase chain reaction (PCR) Which is described 
in detail in Mullis, et al., U.S. Pat. No. 4,683,195, Mullis, et 
al., US. Pat. No. 4,683,202, and Mullis, et al., US. Pat. No. 
4,800,159, and in Innis et al., PCR Protocols, Academic 
Press, Inc., San Diego Calif., 1990. Brie?y, in PCR, tWo 
primer sequences are prepared Which are complementary to 
regions on opposite complementary strands of the target 
sequence. An excess of deoxynucleoside triphosphates are 
added to a reaction mixture along With a DNA polymerase 
(e.g., Taq polymerase). If the target sequence is present in a 
sample, the primers Will bind to the target and the poly 
merase Will cause the primers to be extended along the target 
sequence by adding on nucleotides. By raising and loWering 
the temperature of the reaction mixture, the extended prim 
ers Will dissociate from the target to form reaction products, 
excess primers Will bind to the target and to the reaction 
products and the process is repeated. Preferably a reverse 
transcriptase PCR ampli?cation procedure may be per 
formed in order to quantify the amount of mRNA ampli?ed. 
Polymerase chain reaction methodologies are Well knoWn in 
the art. 

[0097] Another method for ampli?cation is the ligase 
chain reaction (LCR), disclosed in European Patent No. 
320,308B1. In LCR, tWo complementary probe pairs are 
prepared, and in the presence of the target sequence, each 
pair Will bind to opposite complementary strands of the 
target such that they abut. In the presence of a ligase, the tWo 
probe pairs Will link to form a single unit. By temperature 
cycling, as in PCR, bound ligated units dissociate from the 
target and then serve as “target sequences”for ligation of 
excess probe pairs. Whiteley, et al., US. Pat. No. 4,883,750 



US 2003/0073096 A1 

describes an alternative method of ampli?cation similar to 
LCR for binding probe pairs to a target sequence. 

[0098] Qbeta Replicase, described in PCT Application No. 
PCT/US87/00880 may also be used as still another ampli 
?cation method in the present invention. In this method, a 
replicative sequence of RNA Which has a region comple 
mentary to that of a target is added to a sample in the 
presence of an RNA polymerase. The polymerase Will copy 
the replicative sequence Which can then be detected. 

[0099] Strand Displacement Ampli?cation (SDA) is 
another method of carrying out isothermal ampli?cation of 
nucleic acids Which involves multiple rounds of strand 
displacement and synthesis, i.e. nick translation. A similar 
method, called Repair Chain Reaction (RCR) is another 
method of ampli?cation Which may be useful in the present 
invention and is involves annealing several probes through 
out a region targeted for ampli?cation, folloWed by a repair 
reaction in Which only tWo of the four bases are present. The 
other tWo bases can be added as biotinylated derivatives for 
easy detection. A similar approach is used in SDA. 

[0100] Prostate speci?c sequences can also be detected 
using a cyclic probe reaction (CPR). In CPR, a probe having 
a 3‘ and 5‘ sequences of non-prostate speci?c DNA and 
middle sequence of prostate speci?c RNA is hybridiZed to 
DNA Which is present in a sample. Upon hybridiZation, the 
reaction is treated With RNaseH, and the products of the 
probe identi?ed as distinctive products generating a signal 
Which are released after digestion. The original template is 
annealed to another cycling probe and the reaction is 
repeated. Thus, CPR involves amplifying a signal generated 
by hybridiZation of a probe to a prostate cancer speci?c 
expressed nucleic acid. 

[0101] Still other ampli?cation methods described in GB 
Application No. 2 202 328, and in PCT Application No. 
PCT/US89/01025 may be used in accordance With the 
present invention. In the former application, “modi?ed” 
primers are used in a PCR like, template and enZyme 
dependent synthesis. The primers may be modi?ed by 
labeling With a capture moiety (e.g., biotin) and/or a detector 
moiety (e.g., enZyme). In the latter application, an excess of 
labeled probes are added to a sample. In the presence of the 
target sequence, the probe binds and is cleaved catalytically. 
After cleavage, the target sequence is released intact to be 
bound by excess probe. Cleavage of the labeled probe 
signals the presence of the target sequence. 

[0102] Other nucleic acid ampli?cation procedures 
include transcription-based ampli?cation systems (TAS) 
(KWoh D., et al., Proc. Natl. Acad. Sci. (USA) 1989, 
86:1173, Gingeras T. R., et al., PCT Application WO 
88/1D315), including nucleic acid sequence based ampli? 
cation (NASBA) and 3SR. In NASBA, the nucleic acids can 
be prepared for ampli?cation by standard phenol/chloroform 
extraction, heat denaturation of a clinical sample, treatment 
With lysis buffer and minispin columns for isolation of DNA 
and RNA or guanidinium chloride extraction of RNA. These 
ampli?cation techniques involve annealing a primer Which 
has prostate speci?c sequences. FolloWing polymeriZation, 
DNA/RNA hybrids are digested With RNase H While double 
stranded DNA molecules are heat denatured again. In either 
case the single stranded DNA is made fully double stranded 
by addition of second prostate speci?c primer, folloWed by 
polymeriZation. The double stranded DNA molecules are 
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then multiply transcribed by a polymerase such as T7 or 
SP6. In an isothermal cyclic reaction, the RNAs are reverse 
transcribed into double stranded DNA, and transcribed once 
against With a polymerase such as T7 or SP6. The resulting 
products, Whether truncated or complete, indicate prostate 
cancer speci?c sequences. 

[0103] Davey, C., et al., European Patent No. 329,822B1 
disclose a nucleic acid ampli?cation process involving cycli 
cally synthesiZing single-stranded RNA (“ssRN ”), ssDNA, 
and double-stranded DNA (dsDNA), Which may be used in 
accordance With the present invention. The ssRNA is a ?rst 
template for a ?rst primer oligonucleotide, Which is elon 
gated by reverse transcriptase (RNA-dependent DNA poly 
merase). The RNA is then removed from resulting 
DNA:RNA duplex by the action of ribonuclease H (RNase 
H, an RNase speci?c for RNA in a duplex With either DNA 
or RNA). The resultant ssDNA is a second template for a 
second primer, Which also includes the sequences of an RNA 
polymerase promoter (exempli?ed by T7 RNA polymerase) 
5‘ to its homology to its template. This primer is then 
extended by DNA polymerase (exempli?ed by the large 
“KlenoW” fragment of E. coli DNA polymerase I), resulting 
as a double-stranded DNA (“dsDNA”) molecule, having a 
sequence identical to that of the original RNA betWeen the 
primers and having additionally, at one end, a promoter 
sequence. This promoter sequence can be used by the 
appropriate RNA polymerase to make many RNA copies of 
the DNA. These copies can then re-enter the cycle leading 
to very sWift ampli?cation. With proper choice of enZymes, 
this ampli?cation can be done isothermally Without addition 
of enZymes at each cycle. Because of the cyclical nature of 
this process, the starting sequence can be chosen to be in the 
form of either DNA or RNA. 

[0104] Miller, H. I., et al., PCT Application WO 89/06700 
discloses a nucleic acid sequence ampli?cation scheme 
based on the hybridiZation of a promoter/primer sequence to 
a target single-stranded DNA (“ssDN ”) folloWed by tran 
scription of many RNA copies of the sequence. This scheme 
is not cyclic; i.e. neW templates are not produced from the 
resultant RNA transcripts. Other ampli?cation methods 
include “race” disclosed by Frohman, M. A., In: PCR 
Protocols: A Guide to Methods and Applications 1990, 
Academic Press, NeW York) and “one-sided PCR” (Ohara, 
O., et al., Proc. Natl. Acad. Sci. (USA) 1989, 86:5673 
5677). 
[0105] Methods based on ligation of tWo (or more) oligo 
nucleotides in the presence of nucleic acid having the 
sequence of the resulting “di-oligonucleotide”, thereby 
amplifying the di-oligonucleotide (Wu, D. Y. et al., Genom 
ics 1989, 4:560), may also be used in the ampli?cation step 
of the present invention. 

[0106] FolloWing ampli?cation, the presence or absence 
of the ampli?cation product may be detected. The ampli?ed 
product may be sequenced by any method knoWn in the art, 
including and not limited to the Maxam and Gilbert method. 
The sequenced ampli?ed product is then compared to a 
sequence knoWn to be in a prostate cancer speci?c sequence. 
Alternatively, the nucleic acids may be fragmented into 
varying siZes of discrete fragments. For example, DNA 
fragments may be separated according to molecular Weight 
by methods such as and not limited to electrophoresis 
through an agarose gel matrix. The gels are then analyZed by 
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Southern hybridization. Brie?y, DNA in the gel is trans 
ferred to a hybridization substrate or matrix such as and not 
limited to a nitrocellulose sheet and a nylon membrane. A 
labeled probe is applied to the matrix under selected hybrid 
iZation conditions so as to hybridiZe With complementary 
DNA localiZed on the matrix. The probe may be of a length 
capable of forming a stable duplex. The probe may have a 
siZe range of about 200 to about 10,000 nucleotides in 
length, preferably about 200 nucleotides in length. Various 
labels for visualiZation or detection are knoWn to those of 
skill in the art, such as and not limited to ?uorescent 
staining, ethidium bromide staining for example, avidin/ 
biotin, radioactive labeling such as 32P labeling, and the like. 
Preferably, the product, such as the PCR product, may be run 
on an agarose gel and visualiZed using a stain such as 
ethidium bromide. The matrix may then be analyZed by 
autoradiography to locate particular fragments Which 
hybridiZe to the probe. 

[0107] III. Assays for Use in Combination With Pin1 
Detection 

[0108] A. PSA Assays 
[0109] The level of “prostate-speci?c antigen” (PSA) in 
the blood is currently the primary diagnostic tool for disor 
ders of the prostate. The presence of Prostate Speci?c 
Antigen (PSA) can be measured With relative ease from 
blood samples using standard antibody-based detection kits. 
Prostate enlargement, a condition knoWn as benign prostatic 
hyperplasia (BPH), is found in about half of men over age 
45. With BPH, PSA levels rise in proportion to prostate siZe, 
possibly obscuring diagnosis of PCA. In addition, a signi? 
cant proportion of men With PCA have normal PSA levels. 
The PSA test is someWhat non-speci?c for distinguishing 
PCA and BPH, and produces a degree of false negative 
results (Garnick, M., (1993), Am. Inst. Med, 118:804-818). 
In the majority of cases, PSA elevation is due to BPH or 
prostatitis rather than carcinoma. The normal level of pros 
tate-speci?c antigen (PSA) in blood increases With age and 
ranges from 0-2.5 ng/ml for men 40 to 49 years old to 0-6.5 
ng/ml for men 70-79 years old. (See Table 1, Which folloWs, 
for variation of normal PSA levels With age. Prostate cancer 
Will be detected in approximately one-third of men With PSA 
levels betWeen 4.1 and 10 ng/ml. Approximately tWo-thirds 
of men With PSA levels above 10 ng/ml have prostate 
cancer. Approximately 20% of men With prostate cancer 
have PSA levels beloW 4 ng/ml. 

TABLE 1 

Age-Speci?c Prostate-Speci?c Antigen (PSA) Values 
Normal PSA values (ng ml)* 

Mayo Clinic Walter Reed 

Age range (yr) White White Black 

40-49 0—2.5 0—2.5 0.2.0 
50-59 0—3.5 0—3.5 0-4.0 
60-69 0—4.5 0—3.5 0-4.5 
70-79 0—6.5 0—3.5 0—5.5 

[0110] In addition to the serum PSA concentration, the 
percent-free PSA and PSA velocity can also be used to help 
diagnose prostate cancer. 

[0111] PSA exists in 2 forms in the blood: protein bound 
and free. Examples of bound PSA are PSA bound With 
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ot1-antichymotrypsin (PSA-ACT) or ot2-macroglobulin. In 
BPH, there is generally a higher percentage free (as opposed 
to bound) PSA than in prostate cancer. For example, a 
percent-free PSA betWeen 0 and 14% With a PSA level 
betWeen about 4.1 and 10 ng/ml is associated With a 64% 
chance of a biopsy positive for prostate cancer. In another 
example, a percent-free PSA betWeen 15 and 24% With a 
PSA level betWeen about 4.1 and 10 ng/ml is associated With 
a 37% chance of a biopsy positive for prostate cancer. See 
Table 2, Which folloWs, shoWs the probability of a positive 
prostate biopsy based on the percent-free PSA. 

TABLE 2 

Probability of Positive Prostate Biopsy Based on Percent-Free 
Prostate- Speci?c Antigen (PSA) 

Percent-Free PSA Estimated probability of positive biopsy 

Patients With PSA in 4.1-10 ng/mL range: 

0%—14% 64% 
15—24% 37% 
>24% 10% 

Patients With PSA in 2.6-4 ng/mL range: 

0%—14% 25% 
15%—24% 23% 
>24% 18% 

[0112] “PSA velocity” is the rate of change in PSA con 
centration. Because prostate cancer may raise the PSA level 
more quickly than BPH, a higher PSA velocity correlates 
With an increased likelihood of prostate cancer. For example, 
a PSA velocity of greater than 0.75 ng/ml per year may 
indicate prostate cancer even With a PSA of less than 4 
ng/ml. 

[0113] The diagnostic and prognostic assays of this inven 
tion are particularly useful When the PSA level falls Within 
a gray Zone Where it is not clear Whether a prostate biopsy 
should be performed. For example, the diagnostic and 
prognostic assays of this invention may be used to detect 
prostate cancer and assess the subject’s prospects When: (a) 
the subject has a blood serum concentration of the prostate 
speci?c antigen of betWeen about 2 and about 10 ng/ml; (b) 
the subject has a blood serum concentration of the prostate 
speci?c antigen of betWeen about 4 and about 8 ng/ml; (c) 
the subject has a blood serum concentration of the prostate 
speci?c antigen of betWeen about 3 and about 7 ng/ml and 
is betWeen about 40 and about 60 years old; (d) the subject 
has a blood serum concentration of the prostate-speci?c 
antigen of betWeen about 5 and about 9 ng/ml and is betWeen 
about 60 and about 80 years old; (e) the subject has a blood 
serum concentration of the prostate-speci?c antigen of less 
than about 4 ng/ml and a PSA velocity of greater than about 
0.7 ng/ml per year; and the subject has a blood serum 
concentration of the prostate-speci?c antigen of betWeen 
about 4 and about 8 ng/ml and a percent-free prostate 
speci?c antigen of betWeen about 15 and about 25%. 

[0114] B. Methods of Staging Prostate Cancer 

[0115] Beyond detection of elevated PSA and other pros 
tate cancer marker levels such as those disclosed herein, 
other current methods for diagnosing and staging PCA are 
knoWn to medical practitioners skilled in the art and include 
rectal examination, transrectal ultrasonography (TRUS) or 
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magnetic resonance imaging (MRI), bone scanning, X-rays, 
skeletal survey, intravenous pyelography, CAT-scan, and 
biopsy (reviewed in Garnick, M. (1993), Annals of Internal 
Medicine, 118:803-818; and Garnick, M. (1994), Scienti?c 
American, 270:72-81). 

[0116] Digital Rectal Exam 

[0117] In a “digital rectal exam” (DRE), a clinician uses a 
gloved ?nger to assess the posterior aspect of the prostate 
through the rectal Wall. The clinician Will check the rear 
surface of the prostate for abnormalities such as hardness, a 
lump, or an enlarged prostate. In an embodiment, the subject 
in the above diagnostic and prognostic assays of this inven 
tion Was identi?ed by a digital rectal exam as having a 
prostate abnormality. 

[0118] ABCD Scale and TNM Staging System 

[0119] Prostate cancer (PCA) stages are commonly evalu 
ated according to a scale divided as A, B, C and D. Tumors 
in stage A are microscopic; stage A1 designates tumors 
con?ned to a relatively small area and composed of Well 
differentiated tissue; stage A2 tumors are more diffuse and 
less Well differentiated; stage B tumors are large enough to 
be felt during a rectal examination; and stage C prostate 
cancers have spread throughout the gland and typically have 
pushed past the borders of the prostate into surrounding 
structures. Stage D tumors have metastasiZed, e.g., to lymph 
nodes, bone, or other organs. Alternatively, tumors are also 
staged by the TNM staging system, in Which tumors are 
ranked on a scale of progressively Worsening disease from 
T1a to T4b (e.g., T1c tumors are non-palpable and non 
visible that Were detected by elevated blood levels of 
prostate speci?c antigen). The TNM system for staging 
prostate cancer is summariZed in Table 3, Which folloWs. Of 
tumors characteriZed as being in stages A2, B, or C, 25% to 
50% turn out, on further testing, to be metastatic. Methods 
involving procedures for removal or destruction of prostatic 
tumor tissue usually are employed With non-metastasiZed 
cancers. For example, radical prostatectomy preferably is 
used With stage A, B and some stage C tumors (i. e., Where 
the tumor groWth has not extended considerably beyond the 
borders of the prostate gland) as Well as stage T1c tumors. 
X-ray therapy (e.g., external or interstitial) preferably is used 
With stage A, B or C tumors as Well as T1c tumors. 
Additional diagnostic tools might aid in distinguishing cases 
suitable for various treatments. 

TABLE 3 

The TMN System of Prostate Tumor Classi?cation 

Classi?cation Description 

Incidental prostate cancer 

TX Primary tumour cannot be assessed 
T0 No evidence of primary tumour 
T1 Clinically unapparent tumour, not palpable 

nor visible by imaging 
T1a Tumour an incidental histological ?nding in 5% 

or less of tissue resected 
T1b Tumour an incidental histological ?nding in 

more than 5% of tissue resected 
T1c Tumour identi?ed by needle biopsy (eg because 

of elevated serum PSA level) 
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TABLE 3-continued 

The TMN System of Prostate Tumor Classi?cation 

Classi?cation Description 

Palpable or visible carcinoma con?ned to the prostrate 

T2* Tumour con?ned Within the prostate 
T2a Tumour involves half of a lobe or less 
T2b Tumour involves more than half a lobe but not both lobes 
T2c Tumour involves both lobes 

Locally extensive prostate cancer 

T3** Tumour extends through the prostate capsule 
T3a Unilateral extracapsular extension 
T3b Bilateral extracapsular extension 
T3c Tumour invades seminal vesicle(s) 

Locally extensive tumours With ?xation or invasion into 
neighbouring organs 

T4 Tumour is ?xed or invades adjacent structures 
other than seminal vesicles 

T4a Tumour invades bladder neck and/or external 
sphincter and/or rectum 

T4b Tumour invades levator muscles and/or 
is ?xed to pelvic Wall 

*Tumor found in one or both lobes by needle biopsy, not palpable or vis 
ible by imaging, is classi?ed as T1c. 
**Invasion into the prostatic apex or into (but not beyond) the prostatic 
capsule is not classi?ed as T3 but as T2. 

[0120] Gleason Scoring 

[0121] Another commonly used system for determining 
the prognosis of a patient With prostate cancer is the Gleason 
scoring system. The “Gleason score” or “Gleason grade” is 
a value from 1 (Well differentiated) to 5 (poorly differenti 
ated) based on the examination of slices of prostate cancer 
tissue under a microscope. The loWer the Gleason score the 
more the prostate cancer tissue resembles the structure of 
normal prostate tissue and the less aggressive the cancer is 
likely to be. 

[0122] The “combined Gleason score” or “Gleason sum” 
is a value from 2 (least anaplastic) to 10 (most anaplastic) 
based on the Gleason scores of the 2 most common 10 
histological patterns in the prostate cancer tissue. The loWer 
the Gleason sum, the better the prognosis for the patient. The 
most common Gleason sums are 6 and 7, Which often 
represent a gray Zone for cancer prognosis. Tables 4A-4D 
(the Partin Coef?cient Tables), Which folloW, shoW the 
probability of organ-con?ned prostate cancer based on the 
PSA levels, Gleason score, and stage of the prostate cancer. 

TABLE 4A 

Prediction of Probability of Organ-Con?ned Disease 
(for PSA = 0.0-4.0 n_g/ml) 

Gleason Stage Stage Stage Stage Stage Stage Stage 
score T1a T1b T1c T2a T2b T2c T3a 

2-4 90 80 89 81 72 77 . . . 

5 82 66 81 68 57 62 40 
6 78 61 78 64 52 57 35 
7 . . . 43 63 47 34 38 19 

8-10 . . . 31 52 36 24 27 

All numbers represent percent predictive probabilities (95% con?dence 
interval); ellipses indicate lack of suf?cient data to calculate probability 




















