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CROSS-REFERENCES TO RELATED APPLICATIONS
This application claims priority to provisional application (J.S.5.N.
60/138,422, filed October 7, 1999, the disclosure of which is herein incorporated by

reference in its entirety.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEYELOPMENT

Not applicable.

BACKGROUND OF THE [NVENTION

Prostate cancer is the most common form of cancer in males. [t typically
alflicts aging males, but 1t can afllict males of all ages. A significani number of males dic
from prosiate cancer every year, and it is the second leading cause of cancer deaths in
men. Early diagnosis of prostate cancer in patients reduces tho likelihood of death,

Conventionally, prostate cancer is diagnosed using prostate specific
antipen (PSA) as a marker. PSA is a 33 kDa glycoprotein synthesized and secreted
mainly by the prostate gland. PSA is also a protease with serine prolease activity and
cleaves proteins ai Lhe leucine or tyrosine residue (see, e.g., Christensson ef al., Eur. J
Bigchem. 194:755-763 (1990}). Its natural substrales are semenogedin [, semenogelin 11
and fibrenectin in the seminal plasroa (see, e.g., Lilja, J Clin. Invess. 76:1899 (1985);
Lilja et af., J. Clin. lavest. 80:281 (1987); McGee and Herr, Siol. Reprod. 35499 {1988)).
These prateins arc mainly responsibie for the immediate gel formation of freshly
ejaculated semen. The PSA-mediated proteolysis of these gel-forming proteins results in
the liquelaction of semen and the release of progressively motile spermatozoa.

PSA leaks inlo the blood stream, and rocasurements of the concentration of
PSA in the blood serum have now found widcspread use in detecting prostate cancer in
peaple. In a typical procedure, an immunoassay is petformed to measure the level of
PSA in a patient’s serum. Blood scrum levels of PSA in normal males are typically very
low (., kess than 1 nigfml). In gensral, PSA levels above 4 ng/ml are suggestive of

prostale cancer while levels above 10 ng/m) are highly suggestive of prostale cancer.
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Alihough such procedures are effective in some instances, conventional
methods for deteeting prostrate cancer have limitations. For example, if the cancer is in
its early stuges. some prostate cancer patients exhibit normal PSA levels at the time of
diagmosis. Since conventional PSA tests detect abnormal levels of PSA, canventional
PSA tests may not be able to detect the presence of prostate cancer if it is in its early
stages. The inability of conventional PSA tests (o dizgnuse the presenee of prostate cancer
in some instances (¢.g., in the early stages of the disease) can be detrimental to the
paticnt. Morcover, many individuals with slevated levels of PSA in the blood serum may
not have prostale cancer, but may instead have benign prostate hyperplasia (BPH) (e.. a
bemign tumer). In arder to determine i1 a persen has prostate cancer, rather than BPH,
additional immunoassays wsing other antibodies and/or biopsics of the prostate tissuc are
performed. These addilional lesis are tme consuming for both patients and their care
providers.

Accordingly, it would be desirable to provide for quick and accurare

methods and kits for detennining if a person has prostate cancer.

SUMMARY OF THE INVENTION

The present invention provides, for the first time, sensitive and quick
methods and kits that can be used as an eid for diagnosis of prostate cancer by measoring
markers that are difforentially present in samples of a prostate cancer paticnt and a subject
who does not have prostite cancer {¢.g., BPH patients}. By momitoring the amount of one
or more el these markers, he methods and kits of the fuvention can determing the
subject’s patholupical status using minute quantities of crude samples. In particular,
semice) basic prolein s & positive matker differentiating prostate cencer and BPH.

In one aspect, he invention provides methods for aiding a prostate cancer
diagnosts, whicit comprises detemmining a test amaunt of a marker in a sample from a
subject and determining whether the test amount is A diazmostic amount consistent with a
diagnosis of prostate cancer. A test amount of a single marker or a plurality of markers
can be determined in this aspect of the invention.

The markers can have any suitable characterrstics, ineluding any apparent
moleculfar weight. In one cmbodiment. suitable marker has an apparent molecular weight
of less than 27,000 Lx, preferably less (han about 20,000 Da, morc preferably less than
sbout 13,800 Da, and mast preferably less than about 10,000 Da. [n anoiher embodintent.

suitable rarkers are present at an elevated level in samples of prostale cancor patients

2
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compared to samples of BPH patients. For example, these markers include polypeprides
having an apparcnt molecular weight of aboul 2776 Da, 4423 Da, 4480 Da, 5753 Da,
6093 Da, 6270 D3, 6998 Da, 7843 Da, 2030 §a, 8240 Da, or 8714 Da. In yer another
embodiment, suitable markers are present at an elevated level in samples of BPH patients
compared 1o samples of prostate cancer patients. For examyples, these markers include
polypeptides having an apparent molecular weight of about 2276 Da, 2530 Da, 2095 Da,
3030 Da, 3038 Da, 3224 Da, 3600 Da, 3835 Da, 3915 Da, 3933 De, or 4175 Da. In one
preforred cmbodiment, the marker beiny detected includes seminal basic protein which
has an apparent molecular weight of about 5753 Da.

In anolher embodiment, the marker is & cleaved preduct generated by
PSA-mediated proteolysis. For example, the cleaved product is generaled by PSA-
mediated proteolysis of semenogelin L. In a preferred embodiment, the cleaved product
being detected as a marker is seminal hasic protein,

In yet another embodiment, a sample being tested is taken from a subject’s
blood, serum, urine, semen, semina) fluid, seminal plasma, or tissue extracts. Preferably,
the sample is seminal plasma.

In yel another embodiment, the methods for dragnosis comprises
delermining a lest amount of a marker in a sample using immunoassay or gas phase ion
spectromelry, Freferably, laser desorplion mass speciromenry is used.

In another aspect, the invention provides a method for detecting a marker,
the methed comprising contacting a sample rom a subject with 2 subsirate compiising an
adsorbent thereon under conditions to allow binding between a marker and the adsorhent,
wherein the marker is a polypeptide which is differentially present in samples of a
prostate cancer and a subject who does not have prostale cancer (e.2., BP11 patienis). and
deteciing the marker bound to the adsorbent by gas phase won specirometry. Inone
embodiment, the marker has an apparent molecular weight of less than 27,000 Da.

T znother embodiment, the adsorbent campriscs 2 hydrophobte group and
an unionic group. Tn another embodiment, the substrate compriscs a pelystyrene fatex
head furcrionalized with u sulfonate group as an adsarbent. 1 yet another embodiment,
the adsorbent eamprises a hydrophobic group. In vet another embadiment, the adsarbemt
comprises 1 metl cheluting group complexed with & metal fon. Tn yer anather
embodiment, 1he adsorhent comprises an antibody that specifically binds to a marker. In
yet another embodiment. the adsorbent comprises an antibody that specifically binds to

sermnal basic protein,
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In vel another emboditment, prior fo defecting the marker unbourd
materials on the substrate is removed with a washing solujon. Preferably, the washing
salution is an uquecus solution, such as a HEPES buffer, a phosphate buffered saline, or
water.

In yet another embodiment, the marker being detected is @ cleaved product
generated by PSA-mediated proteclysis of a protein substrale, such as semenogelin I In
yet another embodiment, the eleaved product generated by PSA-mediated prolenlysis and
being detected as a marker is seminal basic protein.

In yet enother embodiment, the methed further comprises determining the
test amount of the marker bound on the probe substrate, and determining whether the test
amount is a diagnoslic amoun consistent with a diagnosis of prostae eancer.

In yet another aspeet, the invention provides a melbod for detecting a
marker in 2 sample, the method comprising: providing un antibedy that specifically binds
o [he marker, wherein the marker is a polypeptide which 1s differentially present in
samples of a prostate cancer patient and a subject wha does not have prastate cancer (e.g.,
a BPH patient), and contacling the sample with the antihady, and detecting the presence
of a complex of the antibedy hound to the marker. In ong ambediment, the marker has an
apparent molecular weight of less than 27,000 Da.

In another embodiment, the marker being detected is & cleaved product
generated by PSA-mediated proteolysia of a protein substrute, such as semenogelin L Tn
yet another embodiment, the marker being delected is seminat basic protein, In yet
auothet crbodiment, the methed ferther comprises determining the rest anmount of the
marker bound on the probe subsirate, and determining whether the test amount is &
diagnostic amount consisient with a diagnosis of prostate cancet.

In yer another aspect, the invention provides a kit for aiding a diugnosis of
prostate cancer. wherein the kit compriscs a substrate comprising an adserbent thereon,
wherein the adsorbent is suitable for binding a marker and a washing solution or
instructions for making a washing solution, whereio the combination of the adsorbent and
the washing solation allows detzction of the marker using gas phasc ion specirometry.
The kit is capable of aliowing determination of a test amount of 2 marker, whergin the
marker is a polypeptide which is diffcrentially present in samples of a prostate cancer
patient and a subject who does not have prostate cancer {e.g.. 2 BPH patient). ln one
embodiment, the kit cun detect a marker which has an apparent molceular weight of Jess

than 27.000 Da.
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Tn one embodiment, the substrate m the kit is i the form of a probe which
is removably insertable jnto a gas phase ion spectrometer. [n another embodiment, the kit
further comprises another subsirale which can be used together with the subsirate
comprising the adsorbent 1o fomm 4 probe whick is removably insertable inlo a gas phase
ion spectrometer.

In ancther empadirment. the kit further compriscs instructions for snitahle
operational paramerers.

In yet another embodiment, the substrule comprises a hydrophobic group
and an anfonic group as an adsorbent. In yot another embodiment, the substrale
compuises @ hydrophobic group as an adsorbent. [n yel ancther embodiment, the
substrate comprises a melal chelating group. In vet another cmbodiment, the substratc
comprises 4 metzl chelating group complexcd with a metal ion as an adsorbent. 1n yet
another embodiment, the substrate comprisas an antibody that specifically binds 10 a
marker, preferably seminal basic protein, as an adsorbent. In yet another embodiment,
the washing solution is an aqueous solution.

In yet anather embodiment, the kit comprises an antibody that specifically
binds to the marker, and & detection reagent. Cptionally, the antibody can be
immabilized on a salid support.

In yct another cmbodiment, the kits can further comprise a standard
indicating a diagnostic amount of the marker.

While the sbsolute identity of many markers is not yet kunowen, such
knowledpe is not necessary to measure them o a patient sample, bocause they are
sufficientiy characterized by, e.g., mass and by affinity characteristics. It is noted that
milecular weight and binding properties are characteristic propertics of these markers and
not limitations on means of detoctton or isclation. Furthermore, using the methods
deseribed hercin of ather methads known in the an. the absolute identity of the markers
can be determined.

These and other aspects of the present invention will become apparent

upon relerence to the bllowing detailed description and attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figuee | tllusirates the amino actd sequence of seminal basic protein
Figurc 2 illustrates & probe comprising spots of adsorbents on the probe

surface.
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Figurs 3 ilfustrates an example of how a test sample is compared 1o &
control as part of prostate cancer diagnosis.

Tigure 4 illustraies proteins in samples of a prosiate cancer patient and a
bemign prostate hypsrplasia patlent that are bound on Mi(Il) ProteinChip” urray. Figure 4
alsa illustrates a difference mup obtained by subtracting the data obtained from the
sample of the benign prostate hyperplasia puticnt from the data obtained from the sample
of the proslale cuncer patient.

Figure § illustrates proteins in samples of 2 prostate cancer patient and a
benign prostate hyperplasia patient that arc bound on H4 ProteinChip® array. Figure §
also illustrates o difference map obtained by subtracting the data obtained from the
sample of the benign proslate hyperplasia patient from the data obtained from the sample
of the prostals cancer patient.

Figure 4 illustratcs proteins in samples of a prostate caneer patiend and 2

benign prosiate byperplasia patient that are bound on SCX1 ProteinChip® array.

DEFINITIONS

Unless defincd otherwise, all technical and scientific letms used herein
have the meiming commesly understood by a person skilled in the ant to which this
invention belgngs. The following references provide ane of skill with a general definition
of many of the terms uscd in this invention: Singleton or al., Dictionary of Microbiology
and Molecudar Biology (2nd ed. 1994); The Cumbridge Dictionary of Science and
Technelogy (Walker ed., 1988); The Glossary of Genetes, Sth Tid., R Ricger er al (eds ),
Springer Verlag (1991); and Hale & Marhan, The Harper Colling Dictionary of Binfugy
{1991) As used herein, the following terms have the meanings ascribed 1o them unless
specified otherwise.

“Marker” in the context of the present invention refers te a patypeptide
which is differentially present in a sample taken (rom paticnts having prostate cancer as
compared to # comparahle sample taken from subjects whe do not have prostate carcer
{e.g., henign prostate hyperplasia patients or heakhy subjects). For examples, o marker
can be a polypeptide (having a particular apparent molecular weigin} which is present a
an elevated level in swnples of prostate cancer patients compared 1o samples of BPH
patients. In another examples, a marker can be a polypeptide (having a particular
apparent melecular weight) which is present at an elevated level in samples of BPL

patients compared to sampics of prostale cuncer paticots.
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A protein marker is resolved with confidence of about 0.5% variation by
gas phase jon speetrametry. Thus. the 1emm “about” in the context of'a molecutar weight
ol a marker as measured by mass spectrometry refers to €.5% variation of the marker
molecular weight. For example, the marker with an apparent moleculur weight of “about
2776 Da” as measured Iy mass spectrometry has the apparent molecular weight range of
2776 + 14 Da; the marker wilh an apparent melecular weight of “abouwt 4423 Da™ us
measured by mass spectrometry has the apparent molecular weight range of 4423 £ 22
Da; and so on.
The phrase "differentislly present” refers to differences in the quantity
and/or frequency of a polypeptide (of 2 particular apparent molecular weight} present in a
sample taken from patients having prostate cancer as compared to & comparable sumple
taken from patients whe do not have prostate cancer (e.g., have benign prostale
hyperplasia). For cxample. & marker can be a polypeptide which is present 2t an clevated
level or at a decveased level in saizples of prosiate cancer paticnts compared to samplcs of
subjects who do not have proslate cancer. Alternatively, a marker can be a polypeptide
which is detected at a higher [requency ot at 2 lower frequency in samples of prostate
sancer palients compared (o samples of subjects who do not have prostate cancer. A
marker can be differentially present in terms of quantity, frequency or both.
A polypeptide is differentially present between the twa sels of samples if
the frequency of detecting the polypeptide in the prosiate cancer paiicnts’ samplos {s
statistically significantly kigher ot lower than in the control samples. For example, twa
sets of data can be compared using student’s 1-test, and P<0.05 ean be considered
statistically significant, In another example, a polypeptide is differentizlly present
batween the bwa sets of samples 1§ 11 is detected at least about 120%, at jeast about 130%,
at least about [54%, at least about 180%, at least aboul 200%, at feast about 300%. al
Teast about 5¢0%, at teast gbout 700%4, 41 leass abaut B00%, or at lcast about 1000% more
frequently or less frequently observed in one set of sumples than the other st of sampics.
Abcrnatively or additionally, a polypeptide is differentially present
hetween the two samples if the amount of the polypeptide in one sample is stavstically
significantly different from tbe amount of the polypeptide in the other sample. For
example, 4 polypeptide is differentially present betsween the twe samaples if il 18 present in
one sarnple at least sbout 120%, at least ghout 130%, at least aboat 150%. at least ehout

1809, at least about 200%, at least about 300%, at least ubout 300%, at least about 700%,
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at least abott 900%, or at least about 1000% greater than it 15 present in the other sample,
or if 11 13 detoctable in one sample and not detectable in the other.

“Seminal basic protcin® refers to a peptide fragment generated by prostate-
specific antipen-mediated proteolysis of a major protein in seminal plasma, semenogelin
1. $eminal basic protein has an epparent molecular weight of aboul 5753 Da and sbout 52
amino acid residues (peplide fragment 85-136 of semenogelin 1). “Seminal basic protein”
can have an amino acid sequence of SEQ 1D Q-1 as shown in Figare 1 or a truncated
version thereof, and can also include other seminal basic proteins that are pelymorphic
variants, elleles, mutants, and interspecies homologs of seminal basic protein having an
amino acid sequence of SEQ ID NO: 1 or truncated versions thereol. See, alsa, Lilja und
Teppsson, Febs Lett. 182:181-184 (1985).

“Cleaved produet”™ it the context of the present invention refers Lo a
product that is generatcd by PSA-mediated proteolysis of a protein substrate. such as
semenogelin 1.

"“Proslale specific antigen-mediated proteotysis” or "PSA-mediated
proteolysis” refers 1o serine protease engyme activily of prostale specific antigen (PSA).

“Diagnoslic” means identifying the presence or nature af a patholegic
candition. Dingnostic metheds differ it theit sensitivily and specificity. The “sensitivity”
of A dingnostic assay is the porcentage of diseused individuals wio Lesi positive {percent
of “true positives™). Discased individuals not detected by the assay arc “false negatives.”
Subjeets who are not discased and who rest negative in the assay, are termed “true
negatives.” The “speeificity” of a diagnostic agsay is | minus (he false positive rate.
where the *fzlze positive” raie is defined as the proportion of those withoul the disease
who fest positive. While a particular diagnostic method may not provide a definitive
diagnosis of a conditinm, it suffices if the method provides a positive indication that aids
in diagmasis.

A 1ot amount” of w marker refers to an wmount of & marker present in a
sample being 1ested. A test amount can be gither in absolute amount (e.g., pgfmTor 2
relative amount {e.g., relative intensiry of signals).

A “diagnoatic amount” af a marker n the cenlext of the present invention
refers to an amount of @ marker in a subject’s sample that is consistent with a diagnoss of
prostate concer. A diggnostic amount can be either in absolute amount {e.g., ug/ml) or a

relative amount (e.g.. relative intensity of signals}.
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A “eontrol amount” of a marker can be any amaunt or 4 range of amount
which, is 10 be compared againsl a test ameunt of a marker. For example, a control
amount of 2 marker can he the amownt of a marker {e.g , seminat basic protein) in a
prostale cancer paticnt, a BPH patient or a person withont prostate cancer or BFH. A
control amount can be either in absolute amount {e.g., pg/ml) or & relative amount {2.g.,
relative intensity of signals).

“Prohe” refers 1o a2 device that is removably inscrtzble into a gas phase
speclirometer and comprises 4 substrate having a surface for presenling a marker for
detection. A probe can comprise & single substrale or a plurality of substrates. Tenns
such as ProteinChip'®, ProteinChip® array, or chip arc also nsed herein 1o refer to a probe.

"Substraic” or “probe substrate” refers 10 a solid phase onto which an
adsorbent can be provided (e.g., by allachment, deposttion, erc.)

" Adsorbent" refers to any materjal capable of adsorbing a matker. The
term “adsorbont” i3 used heTein to Teler baih 1o a single material {"monoplex adsorbent”)
(2.g., a compound or functional group) te which the marker is exposed, and to a plurality
of different materials ("multiplex adsorbent) 1o which the marker is axposed. The
adsorbent materials ip a multiplex adsorbent are referred 10 as “adsorbent speeics.® For
exaneple, an addressable iocation on  probe substrate can comprise a multiplex adsorhent
characterized by many different adsorbent species (e.g.. amon exchange materials, motal
chelators, or antibodies), having different binding characteristics. Substrate material itself
can also contribute to adsorbing a marker and may be considered part of an “adsorbent.”

“Adsorb” refers 1o the detectable binding hetween an absorbent and 4
marker cither befors or afler washing with an eluant {selectivity thresbold modifier) or a
washing sofution.

Eluant” or “wasiing solution™ refers to an agent that can be used to
mediale adsorption of & watker to an adsorbent. Eluants and washing solutions also are
referred 1o as “seleetivity threshold modifiers.”™ Eluants and washing solutions can be
sed 1o wash and remove unbound materials from the probe substrate surtace,

"Reselve,” "resolution.” or "resolution of marker" refers w the detection of
at lcast one marlcer in a samplc. Resolution includes the deteciion of a plurality of
markers in & sample by separstion and subsequent differential detection. Reselution daes
net requite the eomplate separation of a marker from «ll other markers in 2 mixture.

Rather, anv scparation lwl allows the distinction between at least twe markers suffices.
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“Gas phase ipn speetrometer” refers to an apparalus that measures a
parameter which can be translated into mass-to-charge ratios of ions formed wher a
sample is ionized into the mas phase. Generally ions of interest bear a single charge, and
raass-to-charge ratics arc often simnply referred to as mass.

“Mass spectrometer” refers to a gas phase ion spectrometer that includes
an intet system. an ionization souree, an fen optic assenibly, a mass analyzer, and &
defecter.

“Laser desorption mass spectrometer”” refers to a mass speetrometer which
uses laser as an ionization source 1o desorb a marker.

“Detect™ refers to identifying the prescnce, absence or amownt of the objcet
to be deteated.

"Retention” refers 1o an adsorption of a marker or by an adsorbent after
washing with n eluani or a washing sohution.

The terms “polypeptide.” “peptide” and “protein” arc used interchangeably
herein te Tefer Lo a palymer of amine acid residues. The terms apply to amino acid
polvmers in which ane or more amine actd residue is an analog or mimetic of a
corresponding naturally eccurring amino acid, as well as (o nanurally occurring amine
acid polymers. Polypeptides can be modified, £.2., by the addition of carhohydrate

E

residues o farm glycoproteing. The terms “palypeptide.” “peptide’” and “protcin” include
glycoprotcins, as well as non-glycoproteins.

‘The term “amino acid” refers (o naturally cccwrring and synthetic amina
acids. as well as amine acid analogs und amine acid mimetics that funerion in 2 manner
similar to the naturally oecuning wmino acids. Naturally occwring aming acids are (hose
encoded by the genctic code. as well as thosc amine acids that are fater madified, e.g.,
hydroxyproline, carboxyglnamate, and O-phosphoserine. Amino acid analogs refers to
compounds that have the sume basic chemical structure us a maturally oceurring amina
acid, i.c.. an carhon that is bound o 2 ydrogen, a carboxy! group, an amine group, and
an R group, e g, homoserine, norleucing, methioning sulfoxide. methionine methivl
snifonium. Such analogs have modified R groups (¢ , norleucine) or modificd peptide
backbones, but vetain the samc basic cherpical structure s a natrally eccurring amino
acid. Amino acid mimetics refers 10 chemical compounds that have a structure that is
diffarent from the general chemical structure of an amino acid, but that functions m a

manner similar to a naturally occursing ammino acid.
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Amino acids may be referred to herein by either their commonly known
three letter symbols or by the one-letier symbois recomrmended by the JUPAC-IUB
Biochemical Nomenclature Camimission.

“Detectable moicty” or a “label”™ refers to 2 composition delectable by
spectroscapic, photochemical, biochemical, immunochemical, or ehernical means. For
cxample, useful labels include *'P, ¥*$, fluarcseent dyes, clectron-dense reagents,
cnzymes (e.g., a5 vommonly used in an ELISA), bictin-streptavadin, dioxigenin. haptens
and proleins for which antiscra or monoclenal antibadies are availabie, or nucleic acid
molecules with 2 sequence complementary to u tanget. The detectable moiety ollen
generates a measurable signal, such as a radioaclive, chromogenic, or fTuorescent signal,
that can be used to quantitaic the amount of bound detectable moicty in a sample. The
detectable moiety can be incorporated in or attached to a primer or probe cither
covalently, or through ionic, van der Waals or hydregen bonds, 2.g., mncorporation of
radinactive nucleotides, or biotinylated nucleotides that are recognized by streptavadin.
The detectable moiety may he directly or indirectly detectable. Indirect detection can
involve the binding of a second direetly or indivectly detectable meijely to the detectable
moiety. For example, the detectable moiely 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 partiser for a complementary sequence, to which it can specifically hybridize.
The binding pariner may itse!f be dircetly dotectable, for example, an antibody may be
itself Jabeled with a fluoresecnt molecule. The binding partner also may be indirectly
detectable, for example. a nucleic acid having & complententary nucleolide sequence can
be a part of a branched DNA molecute that is in lum detecteble through hybridization
with other [abeled nucleje acid molecules. (See, e.g., P. D Fahrlander and A. Klausner,
Bio/Technatogy G:1165 (1988)}. Quantitation of the signal is achicved by, e.g.,
seintillation counting, densitomstry, or tlow cytometry.

“Antibody ™ refers ta a polypeptide Hgand substantially encoded by an
immunaglobulin gene or immunoglobulin genes, or fragments thereof, which specifically
binds and recognizes an epiope {e.g., an antigen). The recogmized inwnunoglobulin
genes include the kappa and lambda tight chain constanl region genes, the alphs, gamma,
delta, epsilon and mu heavy chain constunt reglon genes, and the myriad immunoglobulin
variable Tegion genes. Amtibodies exisl, ¢, a8 intact immunoglebuling or as a number
of well characterized fragments produced by digestion with various peptidases. Thts

includes, e.g., Fab' and F(ah)'» fragmenta. The texm “antibody.” a5 used herein, also
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includes antihody fragmients either produced by the madilication of whole antibadics o
those synthesized de novo using recominnant PDNA methodelogies. It also includes
polyclonal antibodies, monoclenal antibodies, chimeric antibodics, humanized antibodies,
or single chaln antibodies. “Fe” portion of an antibody refers to (hat portion of an
immuncglobulin heavy chain that comprises one of more heavy chain constant region
domains, CH,;. CHy and CHa, but does not include the heavy chain variable region.

“Immunoassay™ is 2n assay that uses an antibody to specifically bind an
antigen. The immunoussay is characterized by the use of specific binding properties of'a
particular antibody (o isolate, targel, and/or quantify the antigen.

The phrase “specifically {or selectively) binds™ to an antibody or
“specilically (or selectively) immunoreactive with,” when refering to 2 prolein or
peplids, refers to a binding reaction tha is determinative of the presence of the protein in
a hetcrogeneous population of proteins and other biologics. Thus, under designated
immunoassay conditions, the specified antibodies bind o a particular protein al least two
times the background and do not substantially bind in 2 significant amount to other
proteins present i the sample. Specific binding to an anubody under such corditions
may require an antibody that is selected for its specificity for 2 particular protein. For
example, polyclonal antibodies raised 1w sernipal hasic protein trom specific species such
as rat, mouse, or human can be selected to obtain ouly those palyclonal antibodics that arc
specifically immunoreactive with seminal basic protein snd not with ather proteins,
exccpt for polymorphic variants and alleles of seminal basic protgin. This selection may
be achieved by subtracling o antibodies thai cross-react with seminal basic protein
molecules from other species, A variety ol inununoassay formats may be used to select
anlibodies specilically inumunoreactive with a particular protein. For example, solid-
phase ELISA immunoassays ate reutinely used to sclect antibodies specifically
immunareactive with a protein (vee, £.g., Harlow & Lane, Amtibadies, 4 Lahorarory
Munual {1988), for a description of ilmnuncassay formats and conditions that can be used
to detormine specific immunoreactivity). Typically & specific or seleetive reaction will be

at least twice background signal or naise and more typically more than 14 to 104 times

background.

NETAILED DESCRIPTION OF THE INVENTION
The present invention is based upon the discovery of markers that are

difierentially present in the samples of prostate cancer patients and subjects whe do pot
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have prostats cancer (¢.g.. have bemgn prostate hyperplasiu}. and the application af this
discovery in the metheds and kitg for aiding a proslate cancer dingnosis. By menitoring
the amount of enc or mors markers in 2 sample taken from a subject, the metheds and kits
of the invention can determing the subject’s pathological status. Vor example, one ar
more of these markers can be momtored to determine whelher i subject, whe is diagnosed
with a high blood serum level of PSA. has prostate cuncer or BPH. The methods and kits
of the invention can also be used in addition o conventional prostile cancsr wsling
melhods 1o confirm the presence or absence of prostate cancer. The methods of the
invention can be performed in 2 short amount of time nsing minute quantities of easily
ehtained binlogical saniples such as blood, serur, wine, semen, seminal fluid, seminal
plasma, or tissue extracls.

The markers of lhe present invention may have any suilable
characteristics, including any apparent molecular weighls. For example, suitable markers
muy have sn apparent molecular weight of less than 27,000 Da, preferably less than about
20,000 Da, more preferably less than abeut 15,000 D, still more preferably less than
about 10,000 Da. Tr another exaniple, some suitable markers are present at an elevated
Tevel in samples of prostate cancer patients compared 10 samples of BPH patients. These
inelude, but are not limited to, markers having an apparent moleeular weight of about
2776 Da, 4423 Da. 4480 Da, 5753 Da, 6098 Da, 6270 Da, 6898 Da, 7843 Dz, 5030 Da,
£240 Tra, or 8714 Du. ln yet another cxample, some suilable markers are present at an
elevated level in samples of BPH patients comparcd (o samples of prostate cancer
patients, These include, but are nol limited to, markers having an apparent molecular
weight of about 2276 Da, 2530 Da, 2095 Da, 3030 Da, 3038 Da, 3224 Da, 3600 D, 3835
Da, 3915 Da, 3933 Da, and 4175 Du. These markers may be found in a number of
hiclogical samples, and makers found in sconinal plasma are preferably monitored in the
methods and kdts of the invention.

Each of the markers can have particular binding characteristics which
allow these rmarkers to be eniched and measured in a sarmple taken from a subject under
selectivity conditions that favor binding of thesc mavkers. For example, murkers having
an apparent molecular weight of about 2776 Da, 4423 Da, 4480 Da, 3753 Da, 6098 D,
6270 120, 6998 Da, 8030 Da, and §714 Da bind to adsorhents comprising metal ions (e.g.,
nickel}, indicating that these markers can have amino acids residues, such as histidine,

capable of binding 1o metal ons, Similarly, markers having an apparent molecular
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L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

23

30

(45)

WO PL2ETE PCT/US00/27682

weight of ahout 2276 Da, 2905 Da, 3038 Da, 3600 Da, 3835 Da, 3933 Dy, and 4175 Da
can bind o the same (ype of adsorbent(s.

Markers having an apparent molecular weight of about 2776 Dia, 5753 Da,
6098 Da, 6270 Da, 6998 Da, 7843 Da, 8030 Da, and 8240 Da bind to adsorbents
comprising 4 hydrophobic group (e.g., an aliphatic C)¢ hydrocarbon group), indicating
thal these markess ¢an have amine acid residues comprising hydrophobic moieties.
Similarly, ntarkers having an apparent molecular weight of about 2276 Dy, 2530 Da,
2903 Da, 3030 Da, 3224 Da, 3600 Da, and 3915 Da can bind to the same type of
adsorbents.

A marker having & molecular weight of 5753 Da can further bind to
adsorhents comprising a hydrophobic group and an anionic group (e.g.. pelystyrene latex
peads functionalized with a sulfonaie group), indicatmy that s marker has basic amne
acid residues and hydrophobic moicties. Among these magkers, the marksr having an
apparent molecular weight of about 5753 Da js preferahly monitored with the methods
and kits of the invention, because it can be enriched almost exclusively under certain
selectivity conditions and can be detecred in high quantities in samples taken from
prostate cancer patients but not in samples from other subjects (e.g., who have benign
prostats hyperplasia).

The marker having a melecular weight of about 3753 Da 15 identified ag
seminal basic protein which is a peptide fragment generated by PSA-mediated proteoiysis
of semenogelin [ protein {amine acid position $3-136 of semenogelin 15 seq, SEQ D
NO:1 shown in Figure 13, The seminal basie protein has a C-terminal tyrosing, and a
peptide fragment of semenogelin [ immediately before the seminal basic protein (fe. a
fragment on the N-terminal side of seminal basic protein) has & C-terminal sequence of
leucins-teucing. Bath of these amino acids are known 1o be specitic hydrelytic sites of
PSA, indicating that seminal basic protein is a cleaved producl generated by serine
protease enzyme activity {e.g.. chymotrypsin-like activity) of PSA.

Serinal basic protein is abundant in the scminal plasma taken from
prostate cancer patients. Hlowever, its presence is almost negligible in the serminal plasma
taken from BPH patients. This indicetes that the PSA in the seminal plasma of a prostate
cancer patient is much more active than that in a patient with BPIL since the amount of
semninal basic protein present in a sample can reflect the proteolytic activity of FSA. This

conclusion is consistent with a previous fincing that most PSA in BPH nodulces s likely
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1o have muitiple internal cleavages resulting in much fower speciiic sering prolease
activily, See, Chen et al., J Urol. 167 2166-2170 (1997).

Thus, in some embodiments, ¢leaved products gencrated by PSA-mediated
proteolysis in a sample from a subject can be monitered as an aid to diagnose prostate
cancer, 4., by measaring the amount of seminal basic protein. Monitaring the biological
seiivity of PSA in 2 sample instead of measudng the amount ol PSA in a sample has
several advantages. First, a dotected signal is amplified when the activity of PSA {s
measured. For cxample, depending on the turnover rate of e enzyme, ene PSA
melecule can produce many detectable cleaved products if the protein substrates (e.g.,
sernenogelin T ar semenoyelin 113 are present in sufficient quantitics. Therefore, if there is
a difference in the PSA activity in the two samples, this difference can be measured using
the amount of cleaved products. The amplification eflec can be useful when, for
example, the difference in the amount of PSA between samples is very smail and is
difficult 1o defermine using conventional methaeds (e.g., at the carly stage of prostate
cancer). Second, the PSA in BPH patients has much less sering protease activity than
PS8A inprostate cancer patients. The decreased serine profease astivity can result in
lower amounts of markers that are cleaved products of PSA (e.g.. seminul hasic pratein).
Therefore, detectable cieaved products i prostaie cancer patients are likely ro be preater
than in BPH patents. By monitoring the markers that are cleaved products gencrated by
PSA-mediated proteolysis, rather than monitoring, the amount of PSA, the methods and
kits of the invention can provide & more sensitive way 1o determine whether a patient hag

BPH or proglate cancer.

L METITODS FOR DETECTING MARKERS USING GAS THASE ION
SPECTROMETRY

In one aspect, the invention provides methods for detecting murkers which
are differentially present in samples of a prostate cancer patient and a person who does
not have prostate cancer (r.g., [3PH patient). Any onc or combination of markers
described wre within the seope of this aspect of this invention aud can be detected. The
methods for detecting these markers have many applications. For cxample, onc marker or
eombination of markers can be measured to differentiate betwecn prastate cancce and
BPH. and thus are useful as an sid in the dlagnosis of prasiate cancer in a padent. [n

anoiher examiple, (he presemt methods for deteeting these markers can be applied o i
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vitro prostate cancer cells or i vive animal models for prostate cancer 10 assay lor and

identify compounds that modulate expression of these markers.

A Gas Phase lon Spectrometry Detection

In enc cmbodiment of the detection method, a gas phase ion spectromerce
can be used. This method comprises: (2) contacting a sample with a substrate comprising
an adsorbent thereon under conditions to allow binding behween a marker and the
adsorbent; and (b) detecting the marker beund to the adserbent by gas phase ion
spectrometry.

The detection of these markers can be enhanced using certain selectivity
conditfons (2.g., types of adsorhents used or washing solutions}). In u preferred
embadiment, the same or subslantially the same selectivity conditzons that were used to
discaver the markers can he uscd in the niethods for detecting a marker in a sample. For
example, 2 substrate comprising an adsorbent heving a hydrophobic greup and an anionic
graup (e.g., polystyrene latex beads functionalized with u sulfonate group) can be used.
In another example, a substrate comprising an adsorbent having a hydrophobic group
{e.g., an aliphatic C;, hydrocarbon group) can be used. In yst another example, a
substraic comprising an edsorbent having a metal ion bound to 2 metal chelating group
{e.g., nickel metal ions chelated by nitnilotnacetic acid groups) as adsorbents can be used.
In some ermbodiments, an adserbent can be antibodies that specifically bind to the
maarkers (z.g., semninal basic protein). Preferably, 4 sumple is seminal plasma taken from
& subjeet,

It one embodiment, a substrate comprisisg an adsorbent can be in the
form of a probe, which is removably insertable into a gas phase ion specirometer. For
examplc, a sabstrate can be in the form of 2 strip with adsorbents on its surface. In
another embodiment, a subsirale comprising an adsorhent can be positiened ente another
substrate 1o form a probe, which is cemovably insertable into 2 gas phase ion
spectrometer. For example, 4 substrate comprising an udsorbent can be a solid phase,
such as u polymeric or glass bead with a functional group for binding a marker, which can
be subsequently positioned on a second substrate to form a prabe. For example, the
second substrate can be in the form of a strp, or 8 plate having a series of wells ar a
predetermined addressable locations, One advamage of this embediment is that the
marker can be adsarhed Lo the first substrate in one physical context, and wransferred to

the second substrate, which can then be submitted for analysis by yas phase lan
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spectrometry. The probe can be in any shape as lony as it is removably insertable into &
gas phasc ion speetrometer.

The prebe can #lso be adanted for use with inlet systems and detectors of a
gas phuse ion spectrometer. For example, the probe can be adapted for mounting ina
horizontally andior vertically transiatable carriage that horizentally and/er vertically
moves the probe (0 a suceessive position withoul requiring repositionng of the probe by
hand.

The probe substrate is preferably made of a material that is capable of
supporting adsarbents. For example, the probe substrate material can include, but is not
limited 1o, insulating materials {e.g., glass, ceramic), semi-insulating materials {e.g..
silicon walers), ar cicelrically condueting materials (e g., metals, such as nickel, brass,
steel, aluminum, gold, or clectrically conductve polymers), organic polymers,
biopolymers, or any combinations thereof.

The probe substrate surface can b2 conditioned to bind markers. For
example, in one embodiment, the surface of the probe substrate can be condittoned (e.g.,
chemically or mechanically such as roughenmg) to place adsarbents on the surface. The
adsorbent comprises [unctional groups for binding with # marker. In some embodiments,
the substrzle materiat itself can also contribute to adsorbent propenties and may be
considered part of ap “zdsorbent.”

Any number of different adsorbents can be used as long as they have
binding characteristics suiteble for binding the markers of the present invention. The
adsorbents can comprise a hydrophobic group, a hydraplilie group, a cationie group, an
anionic group, a metal ion chelating group, or antibodies which specifically bind to
antigens, or 4 combination Lthercof (sometimes referred to 45 “a mixed mode™ adsorbent).
Exemplary adsorbems comprising a hydrophobic group include matrices having aliphatic
hydrecarbons, e.g., C)-Ciy aliphatic hydrocarbons and matrices having aromaric
hydrocarbon functional group such as phenyl groups. Excmplary adsorbents comprising
a hydrophilic group include silicon axide (i.e., glass), or hydrophilic palymers such as
palyethylene giycol, dexirun, agarose, or cellulose. Exemplary adsorbents compnising a
catienic group include mairices of secondery, tertiary or qualemary wmines. Uxemplary
adsorbents comprising an anionic group include matrices of sullute anions (SO;7} and
matrices of carboxylate unions (i.¢., COQ") ar phosphate arons (OFO;7). Exemplary
adsorbenls comprising metal chelating groups include organic malccules that have one or

mare slectron donar groups which form coordinate covalent bonds with metal fons. such
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as copper, nickel, cabalt, xing, iron, and other retal ions such as aluminum and calctum.
Exemplary adsorhents comprising an antibody include antibodies that are specific for any
one of the markers provided herein. In preferred embodiments, adsorbents are
substantially similav to or the same as the adserbents which were used to carich and
identify the markers.

Adsorbents can be placed on {he probe substrate in continuous or
discontinuous pattems. {f continuous, one or more adsorbenis can be placed on the
substrate surfuce. 1f multipic types of adsorbents aro used, the subsirate surface can be
coated such that ong or more binding characteristics vary in one or two-dimensional
pradient. If discontinuous, plural adsorbenis can be placed in predetermined addressable
locations on the substrate surface. The addressable locations can be arranged in any
paltern, but are preferably i regular pattern, such as lines, orthogonal arrays, or regolar
curves (z.g.. circles). Each addressable location may comprisc the same or different
adsorbent. In Figure 2, n probe comprising discontinucus spets of adsorbents is shown.

The prohes can be produced using any suilsble methods depending on the
selection of substraie malcrials and/or adsorbents. For example, the surface of 2 metal
substrate can be coated with a matcrial that allows denvilization of the metal surface.
More speeifically, 2 metal surface cun be coated with silicon oxide, titanium oxide of
gold. Then surfece can be derivatized with a hifunctional linker. one end of which can
covalently bind with a furictional graup on the surface and (he other end of which can be
further derivatized with groups that function as an adsorbent. in another example. 4
porous silicon surfuce gencrated from crystalline silicon can be chemically madified ta
include adsorbenls for binding markers. In yel another example, adsorbents with a
hydrogel backbone can be formed dircetly on the subsirate surfacc by in situ
polymgrizing a monomer solution which compriscs, ¢.g., substituted acrylamide
menomers, substituted acrvlate monomers, ot derivatives thereof comprising a functiornl
group of cholce s an adsorbent.

Probes suitable for ugc in the invention are also described in, e.g.,
WOOR/SS361, US.S.N. 607131,632, filed Apni 29, 1999, and Wel er al., Nanre 399:243-
246 (1999).

T'he probe substrate comprising an adsorbent contacts & sample. The
samplc is preferably a biological fluid sample. Examples of biological fluid samples
include blood, serum. urine. semen, seminal fluid, seminal plasma or tissue cxtracts. na

preferred embodiment, the hiological fluid comprises seminal plasma.
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The sample can be solubilived in or admixcd with an eluani. The probe
substrale comprising ai adsorbant then contacts the solution using any technigues
including bathing, seaking, dipping, spraying, washing over, or pipetting, ete. Generally,
a volume of sample containing from a few atomoles 1o 100 picomoles of marker in ahout
1 ui to 500 pl is sufficient for binding to the adsarbent.

The sample can contact the probe substrate comprising an adserbent for a
peried of Limne sufficicnt 1o allow the marker to bind to the adsorbent. Typically, the
sample and the substrate comprising the adsorhent are contacted for 4 period of between
about 30 seconds and about 12 hours, and preferably, between about 30 scconds and
about 15 minutes.

The termperaturs ar which the samplc contacts the probe subsirate
compriging an adsorbent can be a function of the particular sample and the selected probe
Typically, the sample is contacted to the prohe substrate under ambient temperature und
pressure conditions. Far some samples, however, modified temperature {typically 4°C
throwgh 37°C), and pressure conditions can be desirable, which conditions are
deierminable by those skilled wn the art.

Afler the prabe subsmrate comprising an adserbent contacts the sample or
samiple solution, it is preforred that unbound materials on the prebe substrale surlace are
washed out so that only the bound malenials remain on the substrate sucface. Washing a
probe substraie surface can bo accomplished by, ¢.g., bathing, seaking, dipping, rinsing.
spraying, or washing the substrate surfacc with an eluun or 2 washing sclution. A
micro ffuidics process is preferably vsed when a washing solution such as an cluant i
totroduced to small spois of adsorbents on the probe. Typically, the washing soluton can
b a1 a temperanire of between 0°C and 100°C, preferably hotweon 4°C and 37°C,

Any suitablc washing solutions or cluants can he used to wash (he probe
substrate surfuce. For example, organic solutions or aqueous salutions can be used,
Preferably, an agueous solution is used. Exemplary aqueous solutions include a HEPES
buffer, a Tris buffcr, a phosphate buffered saline, ere. The selection of a particular
washing solution er an eluant is dependent on other experiniental conditions (e.2., types
of adsorbents nsed or markess to be detected), and can be determined by those of skill in
the art. For example, if a prabe comprising a hydrophobic group and a sulfanale group as

adsorbents (e.g., 3CX1 ProteinChip” array} is used, then an aqueous solution, such as a
HEPES buffer, may be preferted. In another example, ifa probe comprising a metal

binding group as an adsorbent (g, Ni(TH Protcm{?hipﬁ array) 15 used. then an agqueons
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solution, such a5 a phosphate buffered saline, may be preferred. In yet another example,
if a probe comprising & hydrophobic group (e.g., B4 ProtcinChip®) is used, then watcr
may be prefered as a weshing solution.

Optionally, an energy absorbing molecule {¢.g.. in solution) can be applied
to markers or other substances boand on the probe substrate surface. Spraying, pipetting,
or dipping can be used. This ¢an be done afier unbound materrals are washed off of the
probe substrate surface. An encrgy absorbing molecule refers ta a molecule that absorba
encrgy from an energy source in a gas phase ion specirometer, thereby assisting
desarption of markers or other subsiances from a probe surface. Exemplary energy
absorbing moleeules include cinnamic acid derivatives, sinapinic acid and
dihydroxybenzoic acid.

Afier the marker is bound to the prabe, it 15 detected using gas phase ion
spectromerry. Markers or other substances bound to the adsorbents on the probss can be
analyzed using 2 gas phase ion spectrometer. This includes, e.z., mass specirometers, 101
mobility spectrometers, of total Jon curr<nt mcasuring devices. The guantity and
chatzeteristics of the marker can be determined using gas phase ion spectrometry. Other
substances in addition to the marker of interest can zlso be detecled by gas phasc ion
specirometry.

Tn one embodiment, a mass spectrgiteter can be used to detect markers on
the probe. In atypical mass spectrometer, & probe with 2 marker is introduced into an
inlet system of the mass spectrometer. The marker is then ionized by an fonizaiton source
such as u laser, fast ator bombardrzent, or plasma. The gencrated ions are callected by

an jon optic asscmbly, and then a mass anatyzer disperses and anulyyes the passing ions.
The ions exiting the mass anzlyzer arc detected by a detector. The detector then translates
informarion of the detected ions into mass-lo-charge ratios. Detcetion of the presence of
a marker or ofher substances will typically involve detection of signal intensity. This, in
turm, can reflect the guantity and character of & marker bound to the probe.

In a preferred embodiment, a laser desorption time-of-flight mass
spectrometer is used with the probe of the present invention, In laser deserption mass
spectromietry, a probe with a bound marker is introdoced o an inlel system. The
marker is desorbed and ionized into the gas phase by luser from the ionization source.
The ions penerated are cotlected by an ion optic assembly, and then in a time-of-flight
mass anabyzer, ions are aceelerated through a short high voltage fleld and let driftinto u

high vacuurz chamber. At thie far end of the high vacuum chamber, the accelerated ions
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strike a sensitive detcclor surlzee at a different time. Since the time-of-flight is a function
of e mass of e jons, the €lzpsed time berween ionization and impact can be used
identify the presence or absence of molecules of specific mass. As any person skilled in
the art understands, any of these components of the laser desorplion time-of-flight mass
spectrometer can be combined with other components described herein i the sssembly of
mass specirometer that employs varicos means of dezarption, acceleration, deteetion,
measurement of time, efc.

I another emboediment, an ion mobility spectrometer can be used to detect
andd characterize a marker. The principle of ion mobility speetrometry is based on
different mohility of ions. Specifically, tons of a sample produced by jomzation move at
different rates, dae o their differenee In, c.g., mass. charge, or shape, through 2 tube
undet the influence of an electric ficld. The 1onz (typically in (he form of a current) are
registered at the detector which can then be used to identily a murker or ather substances
in the sample. One advantage of ion mobility spectromelry is that it can operate at
atrnospheric pressuve.

T yet anolher embodiment, a total ion ¢urrent measuring device can be
used to detect and characterize markers. This device can ke used when the prabe has a
qurface chemistry that allows only a single tvpe of marker 1o be bound. When a single
type of marker is bound on the probe, the total current generated from the jonized marker
reflects the nature of the marker. The totat jon current produced by the marker can then
be compared (o stored total fon current of known compounds. Characteristics of the
marker cim then be determined.

Data generated by desorption and detection of markers can be analyved
with the use of a programmahle digital computer. The computer program generally
contains 4 readable mediwm thar stores codes. Certain cods cun be devoted to memory
that includes the location of sach feature on a probe, the identity ol the adserbent at that
fealure and the slution conditions uscd to wash Lbe adsorbent. Using this information, the
program can then jdentify the st of features on the probe defining cortain sclectiviiy
characteristics (.., types of adsorbent and eluants used). The computer also contains
code that recoives as input, data on the strength of the signal at various melecular masses
received from a particulur addressabie location on the probe. This data can indicale the
number of markers detected, optienally inclading the strength of the signal and the

determined moelecular mass for each marker detected.
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Diata analysis cun include the steps of determining signal sirenpth (a.g..
height of peaks) of a marker detected and removing “outerliers” (daw deviating from a
predetermined statistical distribution). For example, the observed peaks can he
normalized, a process whereby the height of each peak relative to some reference is
calculated. For gxample, a reference can be background neise generated by mstrument
and chenticals (e.g., energy absorbing moleenle) which is set as zera in the scale. Then
the signal sirength detected for each marker or olber substances can be displayed in the
form of relative intensitics in the scale desired (e.g., 100} Alicenatively, a standard may
be admitted with the sample so that a peak from the standard can be used as a reference (o
caloulate refacive intensities of the signals observed for ezch marker or other markers
detected.

The computer ¢an transform the resulting dala into vanous formals for
displaying. In one formal, refered ta as “spectrum view or retentate map,” a standard
spectral view can be displayed, wherein the view depicts the quantity of marker reaching
the detector at cach particular moteeular weight. In another format, referred to as “peak
map,” anly the peak heighl and mass information are retained from the spectrum view,
yielding a cleaner image and enahling markers with nearly identical molecuiar weights to
he more easily seen. [n yet another format, referred to as “gel view,” each mass from the
peak view can be converted inte a grayscale image based on the height of each peak,
resulting in an appearance smuilar to bands on electrophoretic gels. In yet another format,
refenred to as “3-I) overlays,” soveral spectra can be overlayed to study subtle changes in
relative peak heights. In yet anolber formal, referred to as “differenee map view,” twa or
more apectia can be compared, convenienily highlighting unigque markers and markers
which are up- or down-regulated between samples. Marker profiles (spectra) from any
two samples ntay be compared visually.

Using any of (he above display formals, it can he readily determined from
the signal display whether a marker kaving a particular molecuiar weight (e.g., about
2776 Da, 4423 Da, 4480 Da, 5753 Da, 6098 Da. 6270 Da, 6598 Da, 7843 Da, 8030 Da.
8240 Da. or 8714 Da) is detected (rom a sample, Moreover, from the strength of signals,

the amount of markers bovad on the probe surfuce can be determined.

B. Irnmunocassay Detectivn
n another embodiment of the detection method. an tnnunoassay can be

used ta qualitatively or quantitatively detect and unelyre markers i a sample. This
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method comprises: (a) providing an entibody that specifically binds 10 a marker, whersin
the marker is a polypeptide which is difTercatially present in samples of a prostate cancer
patient and & subject who docs not have prostute cancer (r.g., BPIL patients); (b}
contacting = sample with Lhe antibody; and (¢) detecting the presence of a complex of the
antibody bound to the marker in the sample.

Te prepars an antibody that specifically binds to a marker, purified
markers or their nucleic acid sequences can be used. For the marker having a motecular
weight of aboul 5753 Da, 2 seminal basic protein, nucicic acid and smino acid sequences
are avatlable. See, e.g.. Figure | and Lilja and Jeppsson, Febs, Leit. 182:181-184 (1985).
Nucleic aid and amino acid sequences for other markers can be obtained by further
characterization of these markers. For example, each marker can be peptide mapped with
a namber of enzymes (¢.g., trypsin, V8 protease, erc.}. The molecular weights of
digestion fragments o sach marker can be uscd to scarch the databases, such as
SwissProi databuse, for sequences that will match the molecular weights of digestion
fragments generated by various enzymes. Using this method, the nuceic acid and amino
acid sequences of other markers can be rdentified (f these markers are known proteins in
1he databases.

Alternaiively, the proteins can be sequenced using pretein ladder
sequencing. Protein ladders can be generated by, for example, ftagmenting the molecules
and subjecting fragments to enzymatic digestion or other metbads (hal sequentially
remove a single amino acid from the end of the fragment. Methods of prepating protein
Jadders are described, for example, in Intemational Publication WO 93/24834 (Chait ef
L) and United States Patent 5,792,664 (Chait es al). The ladder is then analyzed by
mass spectromerry. The difference in the masscs of the ladder fragments idemify the
amino acid removed from (he end of (he molccule.

1f the markers are not known proteins in the databases, nucletc acid and
amino acid sequences can he determined with knowledge of even a portion of the umive
acid sequence of the markor. For example, degenerate probes can be made based on the
N-terminal amine acid sequence of the marksr. These probes can then be used to screen a
genornic ar cDNA library created (rum a sarople from which a marker wus intlially
datected. The positive clones can he identified, zmplified, and their recombmant DNA
sequences can be subcloned using techniques which are well knawn, See, v.g., Current

Protaenls for Moleewdar Biology (Ausbel e ol , (ireen Publishing Assoc. and Wilev-
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Interscicnee 1989) and Melecuwlar Cloning: A Laboviror: Momau!, Ind Ed. {Sambrook er
al., Cold Spring Harbor Laboratory, MY 1989).

Using the purified markers ot their aucleic acid sequences, antibadies that
specifically bind to a marker can e preparcd using any suitable methods known in the
art. See, e.g., Coligan, Current Prowcols in immamofogy (1991); Harlow & Lane,
Antibodies: A Laboratory Manual (1988); Goding, Monoclonal Antibodics: Principies
and Prectice (2d cd. 1986); and Kohler & Milstein, Nature 256:493-497 (1975). Such
techniques include, but are not limited 1o, antibody preparation by selection of antibedies
from librarics of recombinant antibodies in phage or similar vectors, as well as
preparatian of polyclonal and monoclonal anubodics by immunizing rabbits or mice (see,
e.g., Huse et af | Science 246:1275-1281 (1989); Ward ¢f al., Nawmre 341:544-546
(1989)).

Afier the antibody is provided, a marlker can be detected and/or quantified
using any of a number of well recognized immunological binding assays (see, e.g., U.S.
Patents 4,366,241; 4,376.110; 4,517,288; and 4,837,108). Uselul asszys include, for
examiple, an cnryme fmune assay (E1A) such as enzyme-linked immunoserbent assay
(ELISA), a radioimmune assay {RTA), & Western blot assuy, or a slot blot assay. Fora
Teview of the general immunoassays, see also, Methods in Cell Binlagy: Antibadies i
Cell Binlogy, volume 37 {Asai, ed. 1993); Sasic and Clinical Jmmunclogy (Stites & Terr,
eds., 7th ¢d. 1991); Hartow & Lans, dutibodies, A Laboratary Manual (1988).

Generally, a sample oblained from a subject can be conlacted with the
antibody thar specifically binds the marker. Optionally, the antihody can be fixed to a
solid suppart to facilitate washing and subsequent isolation of the complex, prior to
contacting the antibody with a sample. Examples of solid supports include glass or
plastic in the form of, «.g., a microtiter plate, a stick, a bead, or a microhcad.  Antibadics
can also be attached to a probe substrate or ProteinChip™ amay described abave. The
sample is preferably 2 biological fuid sample taken from a subject. Examples of
biolegical fuid samples include blood, serurm, uring, scmen, seminzl fluid, seminal
plasma, or tissue extracts. In a preferred cmbodiment, the biological fluid comprises
scminal plasma. The sample can be diluted with a suitable eluant belore contacting the
sample to lhe antibody.

After incubating the sample with antibodies, the mixture is washed and the
antibody-marker comiplex farmed can be deteeted. This can be accomplished by

ncubating the washed mixtare with a detection reagent. This detection reagent may be,
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.8, 4 second antibody which is Jabeted with a detectable label. Exemplary detectable
labels include magnetic beads (e.g., DYNABEADS ™y fluoreseent dyes, radiolabels,
enzymes (e.g., horse radish peroxide, alkaiine phosphatuse and others commonly used in
an ELISA), and colorimetric labels such as colloidal gold or colored glass or plastic
beads. Altermatively. the marker in the sample can be delected using an indireet assay,
wherein, for cxample, 2 second, tabeled antibody is used (o detect bound marker-speci Nic
antibody. and/or in a competition or inhibition assay wherein, for example, & monoclonal
antibody which binds to a distinst cpitope of the marker are incubated simultanecusly
with the mixture.

Throughout the assays, incnbation and/or washing steps may be required
aliter cach combination of reagents. Incubation sleps can vary [rom about 3 seconds to
several hours, preferably from about 5 minules to about 24 hours. Mowever, the
incubation time wilt depend upon the assay format, marker, volume of solution,
concentrations and the like. Usually the assays will be carried out at ambient
temperature, aithough they can be conducted over a range of temperares, such as 10°C
to 40°C.

Immunoassays can be used to determine the presence or absence of 2
marker in 2 sample as well as (be quantity of a marker in a sample. First, a test amount of
a marker in a sample can be detected using the immunoassay methods descrtbed above.
Tf a marker is present in the sample, it will form an antibody-marker comples with an
antibody that specifically binds the marker under suitsble incubation conditions described
ahove, The amount of an antibody-marker complex can he determined by companng to a
standard. A standard can be, e.g., # known compound or another protein known to be
present in a sample. As noted above, the test ameunt of marker need net be measured m
ahsolute units, as long as the unit of measurgment cun be compared to a control.

The methods for defecting these markers in a sample have many
applications. For example, one or more markers can be measured te ald prostate cancer
diagnosis or prognosis. Tn another example, (he methods for detection of the markers can
be used 1o moniter responses in a subject to cancer treatment. In another example, the
methods for detecting markers can he used to assay for and 1w identify compounds thal

modulate expression of these markers fa viw or i vitre.

[x)
Ln
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IL METHODS FOR DIAGROSING PROSEATE CANCER USING TEST
AMOUNT OF MARKERS

In another aspect, the invention provides methads for aiding a prostate
cancer dingnosis using a marker which is differemislly present in samples of a prostate
cancer patient and a subject who does not have prostate cancer (e.g., a BPH patient). Any
one or combination of markers described above can be used for aiding prostate cancer
diagnesis. Comparsd 1@ the current prostate cancer testz available, the present methods
provide a guick and simple way to differentiate if a subjoct has prostate eancer or BPH,
and thus aiding a prostate cancer diagnosis. The methods comprise: {a) determining & test
amount of & marker in a sumple from the subject; and (b) determining whetber the 1est
amount is a dizgnostic amount consistent with a diagnesis of prostals cancer.

Tnn step (2), a teat amount of @ magker jo a sampk: from a subicet is
determined. Any suitable samples can be ohtained from a subject. Preferably, 2 semple
is a biological fluid sample taken from & subjoet heing tested. Examples of biological
fluid samples include blood, serum, mrine, semen, seminal fluid, seminal plasma ar tissue
extracts. In a preterred embodiment, the Biological fluid comprises seminat plasma,
becsuse seminal plasma is a bodily fluid whicli 1s physically proximate to the prostate and
niher tissue first allceted by cancerous cells. Thus, seminal plasma will likely contain
prateins that are distinct 1o prostate cancat or profeins that are up-regulated ar down-
regulated. Moreover, testing a serninal plasma sample docs not require an invasive
procedure, such as inserling a needle into a paiient.

After & sample 15 ohtamed, any suitable method can be used 1o determine a
test amount of the marker in a sample from a subject being tested, For example, gas
phase ion spectromertry or an immunoassay can be used.

Tn one embaediment, pas phase lon spectrometry can be used to detenmine a
test amount of u marker in a sample from a subject. First, one or more markers can be
detected with 2as phass ion spectrometry using the methods described above. After the
marker is detected by a pas phase lon spectrometer, the test amount of marker can be
determined. For cxample, a signal is displayed at the molecular weight of the marker of
interest. Based on ihe strengih or magnitude of the displaved signal. the wnount off
marker in z sumple being lested can he determined. |1 is noted that the test amount of
marker iu 2 sample need not be measured in absolule units, bul can be m relative unitg as
Tong as i1 can be eompared qualitatively ot quantitatively to a control amount of a marker.

For cxample, as deseribed above, the amount of the marker detected can be displayed m
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termas of relative mtensity based on the background noise. Preferably, the test antount and
the contro] amount of markers are measured under the same conditions.

1f desired, the absolute amount of a marker ¢an be determined by
calibration. For example, a purificd marker such as semmal basic protein can be added in
increasing amounts to diffcrent spots of adsorbents on the probe surface. Then peaks
from each spot can be obtained and plotted it & graph against the concentration of
semninal basic protein at each spot. From the peak intensily vs. concentration piot, the
absclute amount of a marker in any sample being tested can be determined.

[n another embodiment, an immunoassay can he used 1o determine a test
amount of # marker in a sample from a subject. First, a test amount of a marker in 2
sample can be detected using the immunaassay methods described above. [T a marker is
present in the sumple, it will form an antibody-marker complex with un antiboedy that
spectfically binds the marker under suitable incubution conditions described above. The
amount of an antibody-marker complex can be determined by comparing to a stundard.
As noted above, the test amoumt of marker need not be measured in absolute units, as long
as the umit of meassurentent can be compared to a contral amount.

After a test amount of marker is determined using either method, then
tased on the est amaunt, it can be determined whether a subject has proslate cancer.
This determination can he made by any suitable methods. For example, the test amount
can be compared 1o 2 control amount which cun be a value or a tange of values
determined as follows.

In one cmbaodimear, the contral amount can be an amount of a marker
present in comparable samples from BPH patients. The cantrol amount 15 measured
under the same or substantialiy similar experimental conditions as in measuring the test
amount. For example, if 2 test sample is obtuined from a subject’s seminal plasma anid 2
marker is delected using a particular probe, then 4 contrel amount of the marker ts
preferably determined from a seminal plasma sumple of 4 BFH putient usiog the same
probe. Tt is preferred that the control amount «f rarker is dewermined based upon a
sigmilicant number of sumples from subjects who do not have progtate cancer {z g, BPH
patieals) su that it reflects variations of the marker amounts in that population. tfthe test
amount of marker is significantly increased compured o the conwol amount of marker
which is kpown 10 be elevaled in samples of prostate cancer patients {e.g., 5753 Da). then
it vam be & positive indication that a subject being tested lis progtate cancer. For

exarnple, i the test atmount is increased by 1.5 fold, preferably by 2 fold, mare preferahly
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by 5 fold, or most preferably by 10 fold compared 1o the conirel amount, then the Lest
amount is a diagnestic amount which is consistent with a diagnosis of prostate cancer.
The converse would apply for markers that are known to be ¢levated in the samples of
BFH paticats than prestale cancer patients (e.g., 3600 1),

In anathor embodiment, a control amount car be an amount of o marker
present in comparable samples from « prostate eancer patient. Again, it 15 preferred that
the conital amount of a marker is determined based upon « significant nwmber of samples
taken from prostate cancer patients so that it reflects variations of the marker amounts in
that population. [£ the test amount of the marker is about the same s the contrel amount
of the marker, then it can be a posiive indication that a subject being tosted has prostate
cancer.

In yet another embodiment, a control amount can be an amount of &
marker present in comperable samples from a normal person (ie., who is known to be
free of prostate cancer and BPH). It is preferred thal the contsol amount of marker is
determined based upon a significant number of samples taken frot notmal persons sa
that it reflects variations of the marker amounts in that pepulation. 1f the control amaunt
of & particular marker (e.g., 5753 Da) is sipmificanily lower than the amout of the same
marker present in comparahle samples of prastate cancer patients, thea this marker can be
used o diagnose prostate cancer and rule out BPH in 4 single lest. In such a case, if the
test amouni of marker is sigmificantly increased compared to the control amaunt of
marker, then it can be 2 positive indication that a subject being tested has prostate cancer,
For example, if the test amount is inereased by 1.5 fold, preferably by 2 fald, mare
preferably by 5 fold, most preferably by 10 fold compared to the control amount, then the
test amount is u diagnostic amount which is consisient with a diagnosis of prostate cancer.
The canverse would apply for markers that arc known to be elevated in the samples of
BPH patients than prostatc cancer patients (e.g., 3600 Da}.

An illustration of a step for determuning whether the Lest emount is o
diagnostic amount for prostate cancer can he described with reference w Figures 3(a) and
3(h). Figure 3(a) is an exemplary mass spectra of 2 control represcnting maker amounts
i BPH patients” samples measured ustng SCX1 Proted nChip® which is capuble of
detecting 4 murker having an apparent molecular weight of shout 5753 Da tseminal basic
protein). As shown in Figure 3{a), peak A" has 2 value of less than about 0.1 at moleeular
wetght of 5753 Da and comesponds to the amount of seminal basie protein in 2 patient

with BPH. Figure 3(b) is a mass spectra of a tesi sample taken from a subject. As shown
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in Figare 3(b), peak A" {5 at the summe molecutar weight as peak A’ in Figaee 3a) and
carrasponds to the test amount of seminal basic protein in the test sample. Compared to

peak A’ shown in Figure 3{a) which ropresents the control amount of the marker in EPH

patients, peak A™ shown in Figure 3(b) is significantty higher and has 2 value ol aboul 52,

Since peak A" representing ihe test amount of marker in the subjeet’s sample 1s
significantly greater than peak A representing the contrel value obtained from the BPH
paticnts’ sample, it can be delermined that the sample used to produce 4 mass spectra in
Figure 3(b} waus taken from a subject having prostate cancer.

Data generated by mass spectrometry can then be unalyzed by a computer
software. The software can comprise code thal convents signal from the mass
speetrameter into camputer readable form. The software also can include code that
applics an algerithm to the analysis of the signal to determine whether the signal
represents a "pexk” in the signal corresponding to a marker of this invention, or other
useful markers. The software also can include code that executes an algorntiun that
compares signal from a test sample to a typical signal charactenstic of “normal” and
prostate cancer and detormines the closensss of fit betwesn the twa signals. The soltware
alse can include code indicating which the test sample is closest to, therehy providing a

probable diagnosis.

.  KITS

In yet anether aspeet, the invention provides kits for aiding a disgnoesis of
prosiale cancer, wherein the kits can he us=d to detect the markers of the present
invention, For example, the kits can be used to detect any one or combination of markers
described above, which markers are differentiully present in sampies of 2 prostate cancer
patient and a BPH paticot. The kits of the invention have muny applications. For
example, the kits can be used 1o differentiate il a subject has prostate cancer or BFH, thus
aiding a prostatc cancer diagnosis. In another example, the kits can be used to identify
componnis that modulate cxpression of the matkers in in vitre prostate cells or 1 vivo
animal models for prostate cancer.

In one enthadiment, a kit comprises: (2) a substrate comprising an
adsorbent (herevn, wherein the adsorbent is suitable for binding a marker, and (b) a
washing solution or instructions for making a washing solution, wherein the combination

of Ihe adsorbent and the washing solution allows detection of te marker using gas phase
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ion spectrometry. Such kits cen be prepared from the materials described above, and the
previous discnssion of these marerials (e.z., probe subsirates, adsorbenis, washing
solutions, efe.) is fully applicable to this section and need not he repeated.

In sotng embodiments, the kit may comprise a first substrate comprising an
adsorhent thereon (e, a particle lunclionalized with an adsorbent) and a second
substratc onto which the first substrate can be positioned 1o form a probe which is
remavably insertable inle 2 gas phase fon spectrometer. Inather embodiments, the kit
may eomprise 4 singly substrate which is in the form of & removably insertable probe with
adsorbents on the substrate,

Optionally, the kit can further comprise instructions for svitable
aperatioftal parameters in the form of a Jabel or u separate insert. For examiple, the kit
may have standard instructions informing a consumer how to wash the probe after o
sample ol seminal plasma is contacted on the probe.

In another embodiment, a kit comprises (2) an antibody that apecifically
hinds to a marker; @nd (&) a detection reagent. Such kils can be prepared from the
matenals described above, and the previous discussion regarding the materials {e.g.,
antibodies, detection reagents, immabilized suppens, erc.) is fully applicable 1o this
section and need not be repeated.

In either embodiment, the kit may optionally further comprise a standard
or control information so that the tost sample can be compared with the control
information standard to determine if the test amount of 2 marker detected in a sample is a

diagnostic amount consistent with a diagnosis of prostate cancer.

EXAMPLES
The following exmnples are offered by way of illustration, ot by way of

limitation.

4. Idemificarion of Markers Using Nitil} ProteinChip™ drray

Ni{ITy PreteinChip™ Array was fabricated as follows. The surfuce of a
metal substrate was conditioned by etchung via laser (e.g., Quantred Company, Galaxy
medel, ND-1AG Laser. using emission line of 1.064 nm, power of 30-35 watts with a
laser spot stze of 0.005 inches, the laser source to surface distance of 12-14 inches; with o
rate of scan of about 23 per mim per second}. Then the etched sorface of the metal

subsiraie was coated with a glass coating. 5-Methacylamido-2-(N. N-
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biscarboxymethaylaminepentanaic acid {7.3 wi¥%),
acrylovtrithydroxymethyDmethylamine (7.5 wt%) and NN -methylenchizacrylamide {0.4
wi%) were photo-palymenized using (-)-ribaflavin {0.02 wi%s) as 4 pholo-initiater. The
manomer sclation was deposited onto a rough etched, glass coated substrale (0.4 uL,
nwice) and was irradiaied for 5 minules with a ncar UV exposure system (Hg short are
lamp. 20 mW/em® at 365 nm). The surface was washed with 2 selution of sodium
chlonide (1 M), and then the surface was washed twice with deionized water. The surface
was treafed with 2 solution of NiSQy (50 mb, 10 mL/spot) and mixed on a kigh
frequency mixer for L0 minutes. Afler removing the NiSO4 solution, the trearment
process was repeated. Finally, the surface was washed with a stream of dewonized waler
{15 seaichip), thershy providing the Ni(I) ProteinChip® array.

Seminal plasma samples were obtained from a patient with prostule cancer
and a patient with BPH. From each sample, 2 pl seminal plasma is added to 3 ul of 9.5 M
urea, 2% CHAPS, 100 oM TrisHCL, pH 9.0. The mixture was voricxed in the cold for §
min. This mixture was further diluted 1710 into 50 mb HEPES, pH 7.4, The dilutcd
sample solution was added to a spot of adsorbent on the Ni¢ll) ProteinChip” array
(Ciphergen Biosystems, lnc., Fremont, CA). Ni(ll) ProteinChip™ arrav comprises, as an
adsorbent, a nickel metal 1on chelated by nitrolotriacctic acid groups covalently linked o
the hydrogel backbone, The sample solution was incubated for 15 min with shakimg in a
humidity chamber. The ProteinChip™ array was washed with phosphatc bulfered saline,
pH 7.2. 0.3 ul of CHCA (satarated selution in acetonitrile, trifluoroacetic ucid) was
added to the spot conmining the sample, and the Pmlc{nCI‘lip“ array was rcad in Protein
Biology System I mass spectrometer (Ciphergen Biosysiems. Inc.).

Figure 4 illustrates the results. The top panei shows the proteins fram the
sample of the BPH patient that ure desorbed from the Ni(1l) ProteinChip® urray in the gel
view [ormat, in which each protein detected is represented as a band that corresponds to a
particular moleculur weight. The middle panel shows the preteins from the sample of the
prostate ganect patient thar are desorbed from the Ni(TT) ProteinChip™ amay in the pel
view format. The bottom pancl shows a difference map between the two samples. The
vertical lines above zero represent proteins that are present at im elevated level in the
sampte from the prostate cancer patient compared 1o the semple from the BPH patiem.
Canversely, the vertical lines below zero represent proteins thal wre present al o clevated

level in the sample from the BPH patient compared 10 the sample from the prostate cancer
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patient. The higher the vertical line, greater the ditference in the quantity of the protein
found between the rwo sumiples

As shown in Figure 4, 2 number of proteins were found to be very
abundant in the sample from the prostate cancer patient than in the sample from the BPHE
patient. For example. proteins ol apparent molecular weight of about 2776 D, 4423 Da,

4480 Da, 5753 Da, 60498 Da, 6270 Da, 6998 Da, 5330 Da, and 8714 Da were found 1o be
very ghundant in & sample from e prostate cancer patient than a sample from a BPH
patienf. Moreover, 4 number of proteins were found to be very abundant in the samples
from the BPH patieni than in the sample from the prostate cancer patient. For examples,
proteins having an apparent molccular weight of about 2276 Da, 2905 Da, 3038 Da, 3600
Da, 3835 Da, 3933 Da, and 4173 Duwere found o be very abundant in a sample from the

BPH paticnt than a sample from 1he prostate cancer palient.

B. Identification of Murkers Using H4 Protefn(,'fzip? Array

H4 ProteinChip® array was (sbricated from $i0; coated aluminum
substrates. In the process, the aluminum substraies were exposed to a 2% {v/v) solution
of 3-aminopropyltricthoxyxtlane in ethyl alcoho! for ene hour. After rinsing the substrate
serface with ethanol, the substrates were dried (120 °C, 28 min). The aminosilanated
aluminum substrates were then reacted with a solutien of poly(ocladecene-all-maleic
anhydride) in ethyleneglycol-dmethylether and triethylamine for 4 hours. The activated
aluminum substrates were then rinsed witk ethylene glycol dimethyl ether and air dried,
thereby providing a H4 ProteinChin® array.

Seminal plasima sampics that were prepared using substantially the same
salutions und procedures deseribed above. The dilutad sumple solution was added to a
spot of adsorbent on H4 ProteinChip® array {Ciphergen Biosystems, Inc., Fremont, CA).
The H4 ProteinChip™ array comprises 2s an adsorbent an aliphatic {C)s} hydrocarbon
hydrophobic surface, The mixtlure was incubated for 15 min with shaking in a humidity
chamber. The sample solution was air dried on the spot. The ProteinChip® array was
washed with water. 0.3 pl of CHCA (saturated solution in acetonitrile. trifluoroacctic
acid) was added 1o the spot containing the somple, and the ProteinChip® array was read in
Protein Biolegy System 1™ mass spectrometer {Ciphergen Biosystems. Ine., Frement,
CA).

JP 2004-500553 A 2004.1.8
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Figure § illustrates the results. The top panel shows the proteins fron the
sample of the BPH paticnt that were desorbed from the H4 ProteinChip® artay in the gel
view format, in which each protein detceted was represented as a band that corresponds to
a particular molecutar weight. The middle panel shows the proteins from the sample of
the prostate cancer patient that were desorbed from the H4 ProteinChip® aray in the gel
view format. The botten: pancl shows a difference map between the two samples. The
vertical lines above zero represents proteins that are pregent 3t an levated level in the
sample from the prostute cancer patient compared to the sample from the BPH patient.

As shown in Figurc 5, a nurber of proteins were tound te be very
abundint in the sample from the prostate cancer patient than in the sample from the BPH.
patient. For example, proteins having an apparent molecular weight of about 2776 Da,
5753 Da, 609§ Da, 6270 Da, 6998 Da, 7843 Da, 8030 Da, and 8240 D4 were found o be
very abundant {n the sample from the prostate cancer patient than the sample from the
BPH patient. It is noted that prateins having an apparoni moleeslar weight of about 2776
Da, 6098 Da, 6270 Da, 6998 Da, and 8030 Da wete also bound and detected using the
Ni(If} ProteinChip™ array.

Meoreover, a number of profeins were tound te be very sbuadant in the
sample from the BPH patient than in the sample from the prostate cancer patient. For
example, proteins having an apparent molecular weight of about 2276 Da, 2530 Da, 2905
Da, 30360 Da, 3224 Da, 3600 Da, and 3915 Da were bound lo be very abundznt in the
sample from the prostate cancer patient than the sample from the BPH patient. 1t is noted
that proteins having an apparent molecuiar weight of about 2276 Da, 2905 Da. and 3600

Da wers also bound and detected using the Ni(IT) ProteinChin™ array.

C. Marker ldentified Using SUXT ProtenChip® Array

The SCX1 ProteinChip® Array were fabricated [rom $iQ; coated
aluminum substraics. In the process, a suspension of sulfnated polystyrenc
microspheres in distilled water was depostted onto the surface of the chip (2 mLispet, two
times). After air drying {room temparature, 5 minutes). the surface is washed once with
100mM ammonium citrale {pH 4,5}, ance with 100mM ammonium bicarbonate (pk §.0)
and ence with deinoized water, The chip was air dried.

Sentinal plasma samples were abtained from 4 patient wilh prostule cancer

and a patient with BPH. From each sample, Z ul seminal plasma is addedt 10 3 wl of 9.5 M

s
b
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urez, 2% CHAPS, 100 M TrisHC], pH 9.0. The mixture was vortexed in the cold for 5
min. This mixture was further diluted 1710 inic 5¢ mM HEPES, pH 7.4, 4 pl aliquot of
this diluted solution was added te 2 spot of SCX1 ProteinChip® amray (Cipbergen
Biosvstems, Tnc.), and incubated for 15 min with shaking in & humidity chamber. The
sample was remeved and the PmtcinChip@' array was washed with 4 ul of 50 mM HEPES
two dmes, .3 Wl of CHCA (saluraled solution in acetonitrile, tifluoroacetic acid) was
added and the ]'-'mlt-:irlChip'E arrzy was read m Protein Biology System ™ mass
spectromater (Ciphergen Biosysterms, Inc.).

The results are shown in Figure 6. The top panel shows the proteing from
the sample of the BPH paitent that are desorbed from the SCX1 ]’roleinClLipE in the
spectral view {ormat. As shown in Figure &, only aneghgible amount (relative intensity
of less than (.1) of desorbed protein was observed al an apparcnt molecular weight of
about 5753 Du. The boitom panel shows the proteins from the sample of the prostate
cancer paticnt that are desorbed {rom the SCX1 ProteinChip”™ i the spectral view format.
As shown in Figure 6. a protein having apparent molecular weight of about 5733 Da was
present at 2 high level (relative intensity of about 52) in the sampie of the prostale cancer
palient,

This protein having an apparent molecular weight of 5753 Da was
subsequently peptide mapped with two proteolytic envzymes, trypsin and V3 protease. By
malching with proteins in the Swiss Prot Database, the marker was identifted to be
serninal basic protein, which ts a proteolytic fragment generated by PSA-mediated
preteolysis of setenogelin |, See, Figure 1 for the amino acid sequence of semvival basic

prolein.

The present invention provides novel materfals and metheds for aiding
prostate cancer diagnosis using markers that are differentially present in samples of &
prostate cancer patient and a subject who does not have prostate cancer (£.g., 4 benign
prostate hyperplasia patient). While specific examples have been provided, the ubove
description is illustrative and nol restrictive. Any one or mere of the features of the
previously described embodiments can be combined in any manner with enc or more
features of any other embodiments it the present invemtion. Furthermore, many
variations ol the invention will become apparent to those skilled in the art upon review of

the specification. The scape of the invention should, therefare, be determined not with
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reference 1o the sbove description, but instead should be determined with reference to the
sppended clains along with their foll scope of equivalents.

All publications and patent documents cited in this application arc
incorparated by relerence in their eatirety for all purposes to the same extent as if cach
individual publication or patent document were so individually denoted. By their citation
of various referenices in this document, Applicants do not adnrit any paicular reference is

“prior arl”’ 1o their jnvention.
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WHAT 13 CLAIMED 18:

L. A meothod for aiding a prostete cancer diagnosts. the method
comprising:

determining a test amount of 2 marker in 4 sumple [rom a sabject, whercitn
the marker is a polypeptide which is differentially present in samples of & prostate cancer
patient and « henign prostate hyperplasia patient and wherein the marker bus an apparent
molecular weight of less than 27,600 Cr; and

determining whether the test amount ts a diagnostic amount consistent

wiih a diagnosis of prostate cancer.

2. The method of elatm 1, wherein the marker is a polypeptide having
an apparent molecular weight of about 2776 Da, 4423 D, 480 Da, 5753 Da, 6098 Da,
6270 Da, 6998 Da, 7843 Da, 8030 Da, 8240 D, or 8714 Da.

3 The method of chaim 1, wherein the marker js seminal basic

protein.

4. The method of claim 1. wherein the marker is yencrated by PSA-

mediated protealysis of semenogelin I

5. The method of claim 1, wherein the marker is a polypeptids having
an apparcitt molecnlar weight of about 2276 Da, 2530 Dy, 2095 Da, 3030 Da, 3038 Dy,
3224 Da, 2600 Da, 3835 Da, 3915 Da, 3933 Da, ar 4173 Da.

6. Themethod of claim 1, comprising determining the test amount of

£single marker.

1. The method of claim 1. comprising determining the test amount of

a plorality of markers.

8. The method of ¢laim 1, wherein the sample is seleeted lrom the
group consisting of blood, serum, uring, semen, seminaf fluid, seminal plasma, and tissuc

extracts.

4. The method of clam 1, wheretn the sample is serminal plasma.

JP 2004-500553 A 2004.1.8
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10, The method of claim 1. comprising determining the west amount by

immunoassay ot gas phase ion spectrometry.

R The methad of cluim |, comprisiag determining the test amount by

laser desorplicn mass spectromelry.

12, Themethod of claim 11, ths method Ruther comprising:
(a) generating data on the surapte with the mass spectrometer
indicating intensity of signal for mass/charge ratios;
{b} transforming the data into computer-readable form; and
(c) operating a eomputer to execute an algerithm, wherein the
algorithm determines cinsencss-of-fit between the computerreadable data and data

indicating a diagmosis of prostate cancer or 4 negalive diagnosis.

13 A method for aiding a prostale cancer diagnosts, the method
comprising;

determining a test amount of 2 marker in a sample from a subject, wherein
the marker is a polypeptide which is differentially present in samples of a prostate cancer
patient arel a benign prostate hyperplasia patient and wherein the marker is a cleaved
product penerated by PSA-mediated proteolysis; and

determining whether test amount is a diagnostic amount copsistent with a

diagnosis of prostate cancer.

14.  The meibad of claim 13, wherein the marker has an apparent

malecular weight of less than 27,000 Da.

15.  The method of claim 14, wherein the protease is PSA and the

eleaved produst s generated by PSA-mediated proieolysis of semenogelin 1.

16. The method of claim 13, wherain the marker is seminal basic

protein.

17. The method of ¢laim 13, comprising determining a test amount of

single marker.

JP 2004-500553 A 2004.1.8
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18, The method of claim 13, comprising delermining lest amounts of a

plurality of markers.

1% The method of claim 13, wherein the sumpls is selected from the
group consisting of blood, scrum, urine, semen, seminal fuid, seminal plasma, and tissue

exIructs.
20.  The methad of claim 13, wherein the sumple is seminul plasma,

21. The methed of claim 13, camprising determining the test amount

by immunoassay or gas phasc ion spectrometry.

22, The method of claim 13, comprising determining the test amount

by laser desorption mass spoctrometry.

23, The meihod of claim 22, the method turther comprising;
(a) generating data on the sample with the mass specirometer
indicaling intensity ol signal for mass/charge ratios;
(b} wansforming the data tnto computer-readable form; and
() operating a computer o cxecute an algorithm, wherein the
algorithin determines closeness-of-fit between the computer-readable data and data

indicating a diagnosis of prostate cancer or 2 negative diagnosis.

24 Amethod for detecting a marker, the methad comprising:

coniacting a sample with a substrate comprising an adsorhent thereon
under conditions ta allow binding between the marker and the adsorbent, wherein (he
marker is a polypeptide which is difterentially present in sumples of a prostale cancer
patient and 4 benign prostate hyperplasia putient and wherein the marker has an apparcut
melecular weight of less than 27,000 Dy ind

detecting the marker bound (o the adsorhent by gas phase ion

spectramelry.

25 Tha method of clatm 24, wherein the adsorbent comprises a

hydrophobic group and an apionic group.

ki3
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26.  The method of clatin 24, whereim the substrale compnses a

polystyrene bead functionzlized with a sulfonate group as an adsorbent.

27.  Themethed of claim 24, wherein the adsorbent comprises a

hydrophebie sroup,

28. The method of claim 24, wherein the adsorbent comprises an

aliphatic Cyg hydrecarbon group.

29, The method of claim 24, wherein the adsorben! comprises a motat

cheiating group.

) The method of ¢claim 24, wherein the adsorbent comprises & metal

chelating group compiexed will: 4 metal fon.
31. The method of claim 24, wherein the metal won is nickel,

32. The method of claim 24, whercin the adsovbent comprises an

antibody that specifically binds to the marker

33, Themethod of claim 24, whersin the adsorbent comprises an

antibody that specifically binds to seminal basic protein,

34, The method of clatm 24, wherein prior to detecting the marker,

unbound materials on e subsirate s removed with a washing solution.

35, The method of claim 34, wherein the washing selution is sn

aqueous selution,

36, The method of claim 34, whersin the washing solution compriscs a

HIEPES bufier.

37 The method of claim 34, wherein the washing sclution comprises a

phosphate buflered saline.

a8 The method of claim 34, wherein the washing solution comprises

waler,

30

JP 2004-500553 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(=]

h B W R =

&

(71)

W0 /25791 PCT/LS00:27682

39.  The method of claim 24, wherein the marker is a polypeptide
haviug @n apparent molecular weight of about 2776 Da, 4423 Da, 4480 Da, 5753 Da,
6098 Da, 6270 Da, 6998 Da, 7843 Da, 8030 Da, 8240 D, or 8714 Dau.

43, The method of claim 24, wherein the marker is a scminal basic

protein.

41.  The method of claim 24, wherein the marker is a cleaved produet

generated by PSA-mediated proteclysis.

42, The method of claim 24, wherein the marker is gencrated by PSA-

mediated proteolysis of semenogelin J.

43, The method of claim 24, wherem the marker 15 & polypeptide
having an apparent molecular weight of about 2275 Da, 2530 Da, 2095 Da, 303§ Da,
3028 Da, 3224 Da, 3600 Da, 3835 Da, 3015 Da, 3933 Da, or 4173 Da.

44.  The methed of claim 24, wherein the sample is selected from the
grouy consisiing of bload, serum, urine, semen, sewinal uld, seminal plasma, and tissue

extracts,
43 The method of claim 24, wherein the sample is seminal plasma.

46.  Themethod of claim 24, wherein the gas phasc jon spectrometry is

laser desorption mass spectrometry.

A47.  The mothod of claim 24, the method further comprising:

determining a test amount of the madker bound en the probe substrate
surface; and

detenuining whether the test amount is & disgnostic amounl consistent

with a diagnosis of prostate cancer.

48.  The method of claum 47, determuning the test amount of a single
marker.
4% The method of claim 47, determining the test amount of o plurality
of markers.
44
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S0, A method for defecling a marker in a sample, the method
compristng:

providing an antibody that specifically binds to the marker, wherein the
marker is @ polypeplide which is differentially prescnt in samples of & prostatc cancer
patient arel a berign hyperplasia patient and wherein the marker has an apparent
malecular weight of icss than 27,000 Da;

contacting Lhe samyple with the antibody; and

detecting the presence of a complex ef the antibody bound to the marker.

31, Themethod of claim 50, whercin the marker is & polypeptide
having an apparent melecular weight of aboul 2776 Ta, 4423 Tra, 4480 Dz, 5733 Da,
6098 D, 65270 Du, 6998 Da, 7843 Da, 8030 D, 8240 Da, or 87[4 Da.

52, The method ol claim 50, wherein the marker is 4 seminal basic

protein.

533, The method of claim 50, wherein the marker is a cleaved product

generated by PSA-mediated proteolysis,

54.  The method of claim 50, wherein the marker is generated by PSA-

mediated proteolysis of semenogelin 1.

53, The method of claim 50, wherein the marker 1s & polypeptide
having an apparemt molecular weight of about 2276 Da, 2530 D, 2095 Da, 3030 Da,
3038 Da, 3224 Da, 3600 Dg, 3835 Da, 3915 De, 3933 Da, or 4173 Da.

56, The method of clafm 50, wherein the marker is seminal basic

protein.

57, The methed el cloim 50, wherein the antibody specifically binds ta

seminal basie protein.

58, The methed of claim 50, the ntethed farther comprising:
determining a test amouni of the marker bound to the antibody; and
determining whether the tost amount is a diagnostic amount consistent

with a diagnosis of proswate cancer.

41
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5%, Themethod of claim 58, comprising deterntining the test amount

of a single marker.

60, The method of claim 58, comprising determining the test amount

of a plurabity of markers.

[ A kit for aiding a diagnosis of prostate cancer, the ki capabls of
aliowing detcrmination of a test amount of & marker, the kil comprising:

a substrate comprising an adsorbent therson, wherein the adsorbent is
suitable for binding the marker, wherein the marker is a polypeptide which s
difTerentially present in samples of a prostale cancer paticnt and a benign hyperplasia
paticut and has an apparent molecular weight of less than 27,000 Da; and

2 washing solutien or instructions for making a washiog solution, wherein
1he combrination of the adsorbent and the washing solution allows deteetion of the marker

using gas phase fon spectrometry.

62.  Thekit of claim 61, wherein the substrate is in the form of a probe

which is removably insenable into a gas phase ion spectrometet.

63, The kit of claim 61, the kit further cemprising another substrate
which can be used with the substrate comprising the adsorbent to form 2 probe which is

removably inscrtable inlo s gas phase o specrometer.

64.  The kit of claim G, the kit further comprising tnstructions for

operational parameters.

§3.  The kit of claim 61, wherein the substrate comprises a polystyrenc

latex bead lunclionalized with a sulfonate group as an adsotbent.

66, The kit of claim 61, whercin the substrate comprises a hydrophobic

group and an anonic group as an adsorbent.

67.  The kit of claim 61, wherein 1he subsirate comprises a hydrophobic

Froup as un adsgrizent.

68, The kit of claim 61, wherein the substrate comprises an aliphatic

Cis hydrocarbon group us an adsorbent,

42
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69, The kit of claim 61, wherein the substrate comprises a metal

chelating group.

0. The kit of claim a1, whetein the substrate comprises & metal

chelating group complexed with a metal ton as un adsorbent
71, The kil of claim 70, wherein the melal ion is mekesl.

72, Theki of claim 61, wherein the substrate comprises zn antibody

that specifically binds to 2 marker &s an adsorbent.

73, Thekit of claim 51, wherein the substrate comprises an antibody

that specifically binds to seminal hasic protein as an adsorbent.

74, The kit of clzim GI. whergin the washing solution is an aqueous

solution.

75, The kit of chaim 61, wherein the washing sclution comprises a

HEPES buffer.

76 The kit of ¢laim 61, whercin the washing solution comprises a

phosphate huffercd saline.
77 ‘The kit ol claim &1, whereist the washing selution is waler,

78, The kit of claim 61, the kit further comprising a dagnostic anownt

ol the marker.

79. A Kkit for aiding a giagnosis of prostate cancer, the kit capable of
allpwing determination of 4 test amount of a marker, wherein the marker is ¢ polypeptide
which is differentially present in samples of a prostate cancer paticnt znd a henign

hyperplasia patient and has an apparent melecular weight of less than 27,000 Da, the kit

comprising:

an antibody that specifically binds to the marker; and

& deteclion reagent.

80, Thekitof claim 79, wherein the antibody is immobilized on a solid
support.

JP 2004-500553 A 2004.1.8
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81, The kit of claim 79, wherein the antibody specifically binds to

seminal basic protein.

82, The kit of claim 79, wherein the detection reagent detectably labels

the antibody bound te the marker.

83, Thekitofclaim 79, the kit futher comprising a standard indicating

2 diagnesiic amount of the marker.
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