Bl OMARI CERS USEFUL FOR DI AGNCSI NG PROSTATE CANCER, AND METHODS THEREOF

FI ELD OF | NVENTI ON [ 0001] The present invention relates to small nol ecul es
or netabolites that are found to have significantly different abundances or
intensities between clinically diagnosed prostate cancer-positive patients

and normal patients. The present inventign al e s for

di agnosi ng pBEBMARKEE LFGR %@NWW&Oﬁé&gI%ﬁ%mygﬁ%ncer.
BACKGROUND OF THE | NVENTI ON [ 0002] FHEREQk e cancer will affect one in every
six men during their lifetine, with over 200,000 di agnoses and 30, 000

deat hs per year in the U S. alone (1). It is the second | eadi ng cause of
deat h due j N Current screening nethods for prostate cancer
include the prostate-specific antigen (PSA) test, which detects the |evels
of prosta ifj ' i Qe 185 orafidalstilgéstthat arefoad to

exam nat i iﬁﬂ@%ﬁ%e_p&%eﬁﬁ%ﬁ%ﬁ@gbﬂ%%s{%% oftﬁgi?% i@Ssk men in the U S. hayve

under gone HReA sigsfidafdy Slifieent Slaunklandes warsintaisitiee detwaen stlinically diegnosekat h

rates have only slightly decreased. This is | el ue ta t r ons: 1)
the fact tphastatPsmcerposifive pasients aﬁ‘@?‘@%i’ﬂieﬁﬁ%a@g&%ﬁm d‘P@ﬁ@P‘é@g F%gt% ancers,
and 2) that onl out 30% of n with OSit | positive
bi opsy. D%W@%&% BRSSPI Fﬂcgf’é’gﬂgeyﬁstk:]def\ag ‘éc%%gf&g{f @gﬁcaﬁen
treated for prostate cancer, about 25% have di sease recurrence and require
additional treatnent, while in other cases sone tunors never progress at

all and negyAKEGROUND IGF THEINVENTION herefore, a key issue with prostate
cancer diagnosis today is the inability to predict the course of the

di sease. E@e@zr;e%stafeftaﬁ&r wWillatekt gie ihevay sBdgew dadigiheir Sifsthas)iwith ovet h
convent i onal thods a controversial issue. The ideal &r ostate cancer

bi onar ker (200,000uisgroses aido}00bdeathst pay|vear iprthe A1.5 yalons €d+ ibis thaseopad| as
have the gbil.ity to predjct disease,aggressiveness and ideal to abl e
o mont t oncaiug faise o aBth Sl & SRT oo ABYTORTHOCIE REFGGY P FOUE)
Currently, | zed, e bl adbl r dfR AR 1
prostate ch.ﬁ.geé}r il,nahlgggg%E%Og%gee%%cfibeglﬁ'@%a(gtg?izlt@é?’oglr%ﬁﬁor I rrp?%\e/%‘rrréelgt({f The

i npact of prbdateaptdifig antigen Mniarigobd stplepand Wigitdd Qectalcanantigatime(DRE).
decreases in the nunbers of nen di agnosed w th netastasis, concurrent with

overal | debitkangh@Oke79%iof ayrigomen VS havemndergope BSAdedingsincpthertastt t hat
PSA screeni ng j ncr.eas awar eness_of .prostat r = - ' ely
ot mul at e EdoR A ER R SARGE Tt L EOM AP MpFsanet 1B is skl IRb

char act er itgtw6 PeabGRN ) the Fct thafPSA 8BRE Fil6 td Mentil aklitelTAgEeSdivd danétird, f i cul t
because of ethnicity-related difference in incidence, and that in nost

studi es, tand Dethateonlygbousi30%h op messwisk afpositive BSA testhave a esitivinbiopsioul d
Iy he perf in clini tice ln the P t
e evont | orDBRONS R CompliCatrE by Bieatd B atiall ndtiirer &b ot plaelalt Fifeen

hi gh- gr ad ~ % 4 i - 05 ichi Wi fonddd% (i . €.
Oty 3054 APOUTEIS hiRified S8 enko thd ghite AP rBAMoht, While Bl Gihilcodkd Y
st udy, t hesoRietamorsarver priogressat &l ami/méybe béttee lefiamsrented.i Theréfore, akeyissusi ve

cancer over_ a four-year period was 87%. but dropped to 53%faor .
non- aggr eS¥ith Brostair eaneer als fieday ipthedngpalify to predict the roniss of therdigdseut to

assess PS PRV R e i pd] Al Ltivity
fo bo at Bumeiphyhie darisBd nitfmp @ BRbats RtbatiS: G TROMBLPAL oS »
cancers, kihtratertiabisaes (Thefiden prostltsempaidmuker(Swould fireeforstid snitablee
bi opsies. To conplicate matters thither, it appears that due to increased

pr eval encdobeanky detgetion as meall & havscthe ability tq pradictidiseasecagesessivgnens|and

popul ati o RARINS fi: P test w t - POI f 4 ng/m
Geor cases M8 2Bl HirttaiskatE peossbas Bt ol osRlsbher o cer

D agnosis is a conplex process, which involves integrating the results of a
physi cal qoe03]r@iraitly, RSRIA re@ihizell B8 thd Bast AaitibidgeriMmagkee foti grgstgteandul ar
architecture at biopsy) and possibly other lab tests. [0005] It is clear

t hat t her saneerghaveaver, there isspbstantiabroonvfor toprovemendr Theimpact ol PSAtesting, t hat
is able tq detect. risk fqr. . or the presence of, prostate cancer or that can
predict aggewuiEja ey deo0s £an b shn B aesteese infhe AumBesn of MFS Flagonstl d be
very benefygh ilet:3iths A itRAf o REAPIR s GARGRAIITPID fbhhcter, i nfaly B med

i nvention describes the discovery of nolecules present in serum sanpl es

whi ch showug toi theciaeinthiab PSpasdresning inaknsed anasmesscofvprstape oacat,ewhizhcer

pati ents and normal individuals. SUMVARY OF THE | NVENTI ON [ 0006] The
present invention relates to small nolecules or netabolites that are found
to have significantly different abundances or intensities between
clinically diagnosed prostate cancer-pqsitive patients and normal patients.
The present invention also relates to nmethods for diagnosing prostate

Y 1 e e F A/~ S "




a) i nt roduci ng one or nore than one sanple fromone or nore than one
patient with prostate cancer, said sanple containing a plurality of
netabolites into a high resolution nass spectroneter b) obtaining
quantifying data for the nmetabolites; <c) creating a database of said
quantifying data; d) conparing the identifying and_ quantifyi data from
the sanpl altinatelyc stimelstednibic rapalysisaof more hiopaiep| &#1918%%@160 than one
reference sanple; .and e). identifyi.ng .o re i uSEIR e marker
that di ffé‘h%faﬁ@ﬂﬁ%rﬁs%‘éﬁt’ﬂ@%ﬂ%ﬁ@x@ﬁ@y@gﬁ’&%ﬁg&%fs élﬁir%{ehtpﬂ%n onemr&ke rence
sanple. [QQ10}; J ; A BofSdbfitLdhd parabithge oBbivpoiks t es
listed i nq%‘a e£?§re§§é gg?/dcth:%e% I’nat ?‘%ﬁt t her eof . The.rrgt_ hodﬂ%ﬂy_ further
conprise sRiRehedH m%m fliafBi hat wob R noemaliy baperformed imelinieal praséige dlrthe

opti mal di'agnosis. The hi

hi gh | uti t t . b . [
Tr ansf or mRroﬂai@ﬁaln@@rrPéﬁW:Rg%ﬁ;&B %g&)gégé%%?@%%ﬁ?g@QJWM] Qﬁtral °

or! iy | . e .
Phe risk diredsgioss waarleay 157 i Athisgposfije FAEGERR, 1% BASH0 6EABRCE. o
of a) obt aj Bbvited Sald £ Poaavbdply)eMh anbthenstaldy zheBhysidian’s dgalth t o

obtain quantifying data for one or nbre than one netabolite marker; e)
conpar i ng Stody ¢4lathe depsitiyityl Streagrassivaicahasneverra favr-yeartpeniod veasnatditi t e

mar ker to correspandi ng data obtai ned fr.omqne or nore than ane reference
sanpl e; arffoppRd {02P HfoE YA RRTLICICaRGF S q‘q'faé{?g?ﬁni"é‘i‘qyfﬂ&‘?réﬁﬁb%ga%ﬁgst ate
cancer or GREt ; * ne

met abol i te&ﬂg? g?éipg%%ﬁg@?g%’% ?g{% the ﬁhﬁi@éﬁ%ﬁa@i&?ﬁgﬁ%ﬁ?g%{gﬁg eﬁt or
any conbi n%¢s). Toecaag the PISA thiraboidsiduld detedi atbrabancersyiny atthepost egmareal yzi ng
t he sanple by |iguid chromatography mass spectropmetry (LC.NMS) jn step b).

Al 't er nat i vialsg-posiitves ansksubsaquently moie biensiesn | o cempliretaraaticeriurtierelh apneatsay

"y oct on PRSIt Sed RETE b BT ihef b BRI e ST |
the nmetho dﬁ)&iﬁxlﬂﬁrﬁ?ihb Q&E&itﬁ}?@\bﬁ'metm R58vieH a ERIPRit gy ngﬁiﬂ_dlé_éifeﬁeg R agapl e
may be a pldrality of sanples obtained fromcontrol T ndividuals; one or
nore than one baseline sanple obtained fromthe patient at an earlier date;

or a conbi [PRO#DRASAradereodannof diggitise iprosiato cireer. e Piagiosie it 2 complex proesssnt

invention, there iis provided. a nmethod for, di agnosin ate cancer or the
oo o e vl es MR RG  sn o o R B R AO A DO et ErecGlafeng o
a) obt ai ni gg4a 8 rgp‘{ﬁﬁ &t Srchdd i LNy Sdlef1:H3 %_e to obtain
quantifiyi% dat'a osr ng e o? %D%Ceﬁ%dﬁglﬁtao%@b?%?gﬂﬁﬁst eyﬁar‘r3 er;gag obt ai ni ng
a ratio for each of the one or nore than one netabolite marker to an

i nt ernal c[®I0PDIt indleatthdtithere isd)necd fyyamproyineprbstatetcancendetection. dntestthatnor e

t han one net [ l%er to the internal control tabolite to

aoli,te ma )
cor r espond®# edafiate%lsgi e OF the BIRSENRS obProftate Caueshordha cRR predich sESTESSS e:  and
disease with high specificity and sensitivity would be very beneficial and would impact

prostate cancer morbidity. The claimed invention describes the discovery of molecules
present in serum samples which show a differential pattern of abundances between

prostate cancer patients and normal individuals.

SUMMARY OF THE INVENTION

[0006] The present invention relates to small molecules or metabolites that are found to
have significantly different abundances or intensities between clinically diagnosed
prostate cancer-positive patients and normal patients. The present invention also relates

to methods for diagnosing prostate cancer, or the risk of developing prostate cancer.

[0007] The present invention provides a method for identifying, validating, and
implementing a high-throughput screening (HTS) assay for the diagnosis of a health-state



e) using said conparison to diagnose prostate cancer or the risk of
prostate cancer. [0015] The di agnostic nmethod above nmay conpri se one or
nore than one netabolite marker selected fromnetabolites listed in Table
1, or any conbination thereof. The diagnostic nethod above nay conprise
anal yzing the sanple by liquid chromatography nmass spectronetry (LC-MS) in
step b). Ahliraivé bf plogtaterbimcert hin spbtiiodiar sxamplegthermehedh gueompasstsdhe st ep b)

may conprise analyzing the sanple by, either. direct inject.i ’ id
Chi onat 0graelmiseafioroitile sandesAIH i LARTEN MelgiGhsebPishatps Rofitdl | ¢ ne
met hod as ri hed. ab 1 . c'ﬂﬁﬂ‘nda 8460 &cphichbiffee may be
a plurali tf/jﬁgl%té%’f?ﬂ]Ogg?%@?%ﬁsﬁgg%&%%&gg%@oﬁ I ndi vi C}Ltglﬁgflﬁone or E‘Efore t%an
one basel i figwsaMbfndDird %ﬁtafté eandehpogitivé bivlogitalasungded, ifoHowed by e a

conbi nation thereof. [001 The present invention further provi deﬁ a net hod
for eval uasdlengiontud tied bptimalyfeatureasubetrusing stafistics and chagmistlgyppsrtiesahthsr i n a

patient, conprising:, .a) obtainin anple from sai ] . )

anal yzi ng Bwlegulesngndechasacienzafion &géﬁq ?@gﬁ'ﬁﬁetd‘ésﬂﬁg W&gﬁghgﬁ&%’r gat B one
nmet abol i t e,.;mar ker; [ nd FAER N ']ﬂtgggi MNS),caid aaslesdi ng
dat a obt ai H&Ete%ftgmcl&rﬁﬁagofg?%@ﬁ% s%%?dghe re]t%?(fétyhdce a%ige; ?amd d) using
sai d conpapiaghdtidresciahes (NMR),bethbpurgoses dfher apy is inproving the health
state of the patient, [0018] wherein the one or nore than one netabolite
marker is selected fromnetabolites listed in %r'g]gl e 1, or any conbination

thereof . The di dgteoatating ard isatifvingetepign ipepef the metaholilsshy t he sanpl e by
| i qui d chromat ography mass spectronetry (LC-MS) in step b). Alternatively,

when the net hod,i hi b i yzi ng
t he sanpl e by d|2'r igfduphn%;ggcgﬁﬂgfﬁ?%g? %@%@@8}%{)&% gﬁg H ?@ar@&?{on trap
tandem mass spegidtdbglite:y. [0019] In the nethod as described above, the one
or nore than one reference sanple may be a plurality of sanples obtained
fromcontrol individuals; one or nore than one pre-therapy baseline sanple
obt ai ned from t Bechizactesirationof moleewlor stauctuses; @aér eof . [ 0020] I n yet anot her
enbodi nent of the present invention, there is provided a nethod for

eval uating the efficacy of,. her for..treating.prostate 10 a
patient, conpri gi ‘ﬁued' Fﬁl’ﬁﬂg&}i‘@?ﬂFﬁB@ﬁ’Y‘E‘A\%F‘@“P’? 8 T%aﬁtét?f“é‘?@ﬁ@%'b&ﬁ?ﬂ yzing
said sanple to ghisabdtic@anti fying data for one or nore than one netabolite
marker; c) obtaining a ratio for each of the one or nore than one

metabolite marker to an internal control metabolite; d) conparing each
ratio of sHiP8pnThepraventdnvantion dunthergpramidisia methad iferr the diaghesis of prostake

control netabolite to, carrespondi ng data obtai ned from one o re than one
of erence SaAT & te sk o devlbRie PR casar indBAnS by FReAHERERHEYSIRPT t he

t hera I S g | i G 118 zin
the. aopl o EEfUnIEmbREIGE Blekdh it e e add SnfiAking fom 100 ABTI® RBidficd 2, 19
Al ternati vidvgls. Whemethods mebiurd thesintanditighufisperiihymall mpicoolds, alboepfehed tay

conprise anal yzi ng t he sanpl e by direct | nL ection or liquid chr oma%ﬁgr aphy

and | i near 8§ giFtahoaiess BhHensample fioge e patept gud cowpatp these iiensiicn b
descri bed ﬂﬁa&éﬁiestohge&%bﬁgg{ n%%fa‘?ioh%?ﬂe@{rh&iﬁtﬁ giace sanpl e may be a

plurality of sanples o rom con Individual s; one or nore than
one pre-therapy baseline sanple obtained fromthe patient; or a conbination
t her eof . [ [00®9] Thberevetthiadentdagnoiideda hetieidnohidyntifgingamie oratoreithin edier

met hods for njtoring prqostate cancer, for exanple the PSA test. [0024] In
the di agno@eiaboliermyler fon d1agpeTRgRrostteAara Ry ISnEthe stepe 88y of treat nent
as descri bed above, the one or nore than one netabolite marker may be
selected fromt he; .St son i pl i I 0g:

| ysophosphat i dy%ﬁg{oﬁwwflg@%‘hosp aP#%?%jggﬁgfélﬁ%@?m tﬂ&l&%ﬂﬂlem

| ysophosphat i dyhdihpesdeate eirear) edid gampie cohtuiniphoplntdity efthagidlit@snto a high

| ysosphi ngosyl phosg'gor yl chol i nes, |ysophosphati dyl gl ycerol s

| ysophosphat i dyFgsplysipn srass sprackesieter acti vating factors (PAFs), and

conbi nati ons thereof. For exanple, the one or nore than one netabolite

mar ker nmay conpb) sktaimatgapmitifyase data fordbemembelite®sses neasured in Dal t ons
of, or substantially equivalent to, a) 495.3328, b) 517.3148, c) 519. 3328,
d) 521.3480, e)cpetal atdibas®4flsadd ti?iné&@ta,\?%o’ h) 481.3171, i) 531.3
123, j) 541.3422, k) 555.3101, 1) 565.3394; nm 567.3546, and n) 569. 3687.
In met hods where the quantifying data for the one or nore than one
netabolite is conpared, these netabolites are observed to be decreased in
patients with prostate cancer. In nethods where a ratio for the one or nore
than one netabolite to the internal control netabolite is conpared, the
ratio of metabolite to internal control,netabolite is decreased in patients
wi th prostate cancer.




[ 0025] The netabolites a) to g) are |ysophosphatidyl choline-rel ated
conpounds and netabolites h) to n) are putatively N, N-di net hyl

| ysophosphat i dyl et hanol am ne-rel at ed conpounds. Metabolites a) to n) may be
further characterized by an M5/ M5 spectrum as shown in a) Figure 7, and/ or
as described in Table 3 b) Figure 8, and/or as described in Table 4;
Figure 9, and/ Qj’)__ %rﬁheqdemt[fyfﬁgbhmi ﬁuatd)fylﬁggiate foon the eaé‘“&hescrl bed
in Tabl e 6; igure 1 and/ or as described in dﬁble " 0 %I [Sel2

and/ or as descmon'espomdlngﬂatalféomﬁsg‘}lpiﬁl feup @na af mags fAGHOneS E?E%}:P BT n Tabl e
9; I1) Figure 14, and/or as described in Table 12; i) Figure 15, and/or as
described in TaﬁS‘fie 13;]) Figure 16, and/or as descrl bed in Table 14; k)

GeScr 1 bed 1 Tabhdsniynynemgape oo pgroli matE iy e 0GB Se
Al tonal 1y, (e s B AR afteie HORIEC. YT bt urt ner
1 S e A e ) ©
kA Bt St

one or norgetaBaitcMekerehaided fireptimyl diggmvbar T ligh reolution mossisporronEig. 0
h)IoOH 0j) OHO k) COONnNn OH yelsHal OHO DIOHO CH 9
may be a Fourier Transform Ion Cyclotron Resonance Mass Spectrometer (FTMS).

[0011] The present invention also provides a method for diagnosing prostate cancer or

the risk of prostate cancer in a patient, the method comprising the steps of:

a) obtaining a sample from said patient;

b) analyzing said sample to obtain quantifiying data for one or more than one

metabolite marker;

¢) comparing the quantifying data for said one or more than one metabolite
marker to corresponding data obtained from one or more than one reference

sample; and

d) using said comparison fo differentially diagnose prostate cancer or the risk of

prostate cancer.

{0012] The one or more than one metabolite marker is selected from the metabolites
listed in Table 1, or any combination thereof. The diagnostic method above may
comprise analyzing the sample by liquid chromatography mass spectrometry (LC-MS)in
step b). Alternatively, when the method is a highthroughput method, step b) may
comprise analyzing the sample by either liquid chromatography or direct injection

followed by linear ion trap tandem mass spectrometry.

[0013] In the method as described above, the one or more than one reference sample may
be a plurality of samples obtained from control individuals; one or more than one

baseline sample obtained from the patient at an earlier date; or a combination thereof.



oycnHn )l OHoand OH 9 )1 OH respectively. Oyal 7H35 [0027] The present

I nvention al so provides novel conpounds. These conpounds are selected from
the group consisting of the netabolites with accurate nasses neasured in
Dal tons of, or substantially equivalent to, a) 531.3123, b) 541. 3422, c)
555. 3101, d) 565.3394, e) 567.3546, and f) 569.3687. [0028] The conpounds

descri bed J@b%ﬂnmtﬁéﬁeﬁlﬂédihﬁﬁtmmmﬁmdﬁm tiaare Iprvsdedbamethod 195 shown
in a) Figure I5, and/or as described in Table 13; h) Fi uq%ﬁ 456, atﬂgéor as
descri bed diagribshigeprostatecyankergon ghelrisk gf @rosfate SaRRSE d i%B%‘ SEPENYS:  d)
Figure 18, and/or %s descyibed in Table 16; e) Figure 19, and/or as

descri bed GHMPEEMSEEFEPSOY f) Figure 20, and/or as described in Table 18,
respectively. [0029] Likew se the conpounds described above nmay be further

characterized b Mo MRagBRCESHBEDail@WN in tables 12 through 18,
respectively. [@0%1 Tﬁe cofnpounds m?:y al so be further characterized by

S7rBancop, o7 aigEHE il Eiteto el RRE e o saeEOROBap one,

the conpounds dgseibbhfdnaRerye may be characterized by the putative
structures @iOHCHDb) IOH

¢) obtaining a ratio for each of the one or more than one metabolite marker to an

internal control metabolite;

d) comparing each ratio of said one or more than one metabolite marker to the
internal control metabolite to corresponding data obtained from one or more than

one reference sample; and

¢) using said comparison to diagnose prostate cancer or the risk of prostate

cancer.

[0015] The diagnostic method above may comprise one or more than one metabolite
marker selecied from metabolites listed in Table 1, or any combination thereof. The
diagnostic method above may comprise analyzing the sample by liquid chromatography
mass spectrometry (LC-MS) in step b). Alternatively, when the method is a
highthroughput method, step b) may comprise analyzing the sample by either direct

injection or liquid chromatography and linear ion trap tandem mass spectrometry.

[0016] In the method as described above, the one or mote than one reference sample may
be a plurality of samples obtained from control individuals; one or more than one

baseline sample obtained from the patient at an earlier date; or a combination thereof.

[0017] The present invention further provides a method for evaluating the efficacy of a
therapy for treating prostate cancer in a patient, comprising:
a) obtaining a sample from said patient;

b) analyzing said sample to obtain quantifying data for one or more than one

metabolite marker;



COOH n0O 51,1 OHO OH 0 d) IOH0 LOH Oyent133 ) OH0 /C OH 0 O 1 CHO
respectively. [0031] The novel conpounds of the present invention nay be
used for the diagnosis of prostate cancer, or for evaluating the efficacy
of treatnent of prostate cancer in a patlent [ 0032] The present invention
may significantly inpact the ability to detect prostate cancer or the risk
of devel opi ng prostate cancer, and may save |lives. The statistical
performance of a test based on these sanples suggests that the test wll
outperformthe PSA test, the only other serun}baseg h_c test for
prostate cancer. N@amﬁmg&?éiqﬂmtéfwnééﬁ%lt%%qeéﬂ?newg pia o ﬁ‘%f“ﬁ‘g §fE&EF i bed

herein and the PSA t ng Quenichgqoveral | di agnostic performance of
each test. [0033]“*Hﬁ§&1$%¥6 %ﬁ ﬁgkpresent i nvention, including HTS

assays, can be use eIty ghg,mm%gﬂm state"
refers to, but is‘ﬂé?ggf&ﬁ%mﬁg%hgwﬁﬁgfate cﬁh%g%Qﬁ:%%% : |dent|fy|ng
smal | - nol ecul e nehammﬁﬂ&hﬂMammmkgrs whi ch can dlscr|n1nate bet ween
prostate cancer-positive and prostate cancer-negative i ndi vi dual s usi ng any
bi ol ogi cal such, as a ser n1sa | ;
[0035] 2. s ng&fﬁﬁé" APTETR s ons B ROTE A0 BE DS a‘e’:“%%?‘g‘g‘?‘f‘%%ﬁgﬁ{geﬁﬁré’ il
identified inisgdSarbr §Ushndom@indgtion ﬂie&ﬁfraThu\Adegmsbb mmodaawf@mamt her
ti ssue biopsy as described herein; [0036 Iectln t he % nunber
of netabol|t6mﬁ@aﬁum@§ﬁﬂéﬁﬁﬁ$%me?X#q %ﬁmQWQEFWﬁ%W 8@@5&i§ FPrance
statistics ushinuNhnedlivBl! khupicthanst ald ﬁ;ghmugm hesSdaRep bR eyant
chem cal i nfor ion a t he nol ecul es such as those nentioqned herein;
[0037] 4. i destpfiyé anglyzing thesamplé byodirzetagjeaion et ligeid chfomglogreahyasd LR 9801 i t es
sel ected from non-targeted net bol om ¢ anal ysis using LC- M5/ M5, M5 n and
NMVR; [ 0038] §“md@V@W6%Fﬁ§mﬁ MR t hr oughput " tri pl e- quadr upol e M5/ M5 net hod
for assaying selected netabolite levels in a sanple;

[0019] In the method as described above, the one or more than one reference sample may

be a plurality of samples obtained from control individuals; one or more than one pre-

therapy baseline sample obtained from the patient; or a combination thereof.

[0020] In yet another embodiment of the present invention, there is provided a method
for cvaluating the efficacy of a therapy for treating prostate cancer in a patient,

comprising:

a) obtaining a sample from said patient;

b) analyzing said sample to obtain quantifying data for one or more than one

metabolite marker;

¢) obtaining a ratio for each of the one or more than one metabolite marker to an

internal control metabolite;

d) comparing each ratio of said one or more than one metabolite marker to the
internal control metabolite to corresponding data obtained from one or more than

one reference sample; and

¢) using said comparison to determine whether the therapy is improving the

health state of the patient,

[0021] wherein the one or more than one metabolite marker is selected from metabolites

listed in Table 1, or any combination thereof. The diagnostic method above may



[ 0039] 6. diagnosing prostate cancer, or the risk of devel oping prostate
cancer, by determning the levels of any conbination of netabolite features
di scl osed fromthe FTMS anal ysis of patient sanple, using any nethod
including but not limted to nass spectronetry, NVR, UV detection, ELISA
(enzyme-1inked i nmmunosor bant assay), chem cal reaction, inmage anal ysis, or

ther; [ 0040y JihgtH ' ectibmpitp GCMS)dancer
o151 | e R i smitestymsem msbomr S i

i ncl udi ng

iation therapy, surgery, . dietar
lifestyl e géf eyt sAlesmaiively; whendthe méthal is| 2 @}M@ﬁeﬂ%g&%‘%’% ?Pt@rII‘Hb’ or
screening of the general popul ation far prostat. { B&Mridhngl e or
conbi nat i wprwnae@aalmgthﬁsgi%ﬂf@w iregf 1y OFI@?II@IIECI%?IS%@%#%QQI npact of the
present inyventiaqgn i sis of prostate cancer would be trenendous,
as literal ﬁrgp @9&‘98‘%@5 gﬁeﬁ%&%gﬁscr eened | ongitudinally throughout their
lifetime to assess risk. Gven that the performance characteristics of the

test of thmmnpHeike A desribed abiove) the et ariare tHapone referorag sargple may
popul ation, this test alone may be superior ,%dgg%/_ ot her currentl

avai | abl e be nehurakity afsamples ohtamed framy conftal in ANEiOL MATE IR AEPTY; sease
progression priqr to the r.gen of 1Dl PQ¢3] This
summary of Yﬁ?%ﬁleisawpwmif&ﬂ égfgééatIr%IlI:’?I SISI%I}I'%QE% | features of the
i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0044] These and ot her

features o hRVREfHoad dekdribel cerem eeapgabiaad witho wthenemeibblinibng
descripti OIIOIIzIrZIT\I\IhIII ch reference is rradeﬁta% t he appended draw ngs wherein:

[ 0045] FI GoRinitbrinp prestate eancem fyr exampledhe Pefdestnyol ved in the di scovery,
identification and characterization of metabolites, including those

brecence. of NPAIR ealtsonts mofbiS i et sPURRAE LR doiohciae
anal ysi s ( Iﬁg@ﬁb%%o&ﬁﬁ%[) e A nidr Habldfie ARTDBRESAELY by Be Yabuedfrbmaho t han

0. 05. Each poirnt on the represents a single patient sanple, while the
dotted |ingrawgpr esnsistingt hef bdysoghosphblipideeninaliduig nigsoplufsphatalylaholives; e
cancer subjects (in black) and the contrgl S ﬁ reé‘z can. be sep?rat ed.
[0047] FI Glympbosphatidylethrmolamings, dweehospbatidyidmetivlefpanolamipes; 4 Iysauhos:

2
N o
subj ect s ( @hBupIRSukitbs, fielleAdtiviahg fioprd (PAFSY aid combinerdonsereaboed | i ne

shows the boundary between the two cohorts, which when used as _a cutoff
val ue r esulexgmple, Senecrshotethan onesmetrbelite araskar maseecenrisgmeappliteiowsth

ificit trols bei I ified . I b | :
[0048] FI CORRNREHBE moreGR IORE of RESRBRERL Rty 5,1 AR a0 °C)
the 14 I i
Subj oot (B aGh ey a B O B e Lo 2 aer s et of

extract ed ripS31.3p2%; 4y S 1E3422nk) $5503 i el 565389hgnbEa a6, a8l ahdbNI&T dot es of

chromat ogr aphi c_separation on, HPLC, . as detected ,usin tiome-af-fligh TOF

MS. The goﬂg?tI’I@l‘ilsc‘ﬁ &8 3@'@@@?@%@#@{@58%?@%&]@@3&@5@? lﬁéﬂfvéag (TF)
i t i . - f

appr ox! Ml GhoemiBifeO0R 8@&%@{%}'_ B2 FRR5 uﬁgdadﬁg}s%g pRotiat8 AR, fhom

prostate cancer-positive seru ower I ndi cates the net

di f f er ence rhgthog@ewhéea wHotfootheand opnast dian onemaabalipett the inteOOb0PntEl GURE 6
shows a graph of the 14 said netabolites, as .detected using TOP- f ol.l owi ng
trplnREDelle i

HPLC. Err ormefabefiteiscompgred; thgsatio of| mapirkolite tojpigmat gpn tfass
t for. 495, 3328, (4 (V3 , at 11 si | t f 20
spectra Ormgﬁﬁmﬁg‘vV?l&Ipr@Sg?t?@%eI- H ), at collision energy voltages o

(A, 35 (B) , respectively. [0052] FIGURE 8 shows the Ms/ M5
extracted nmass spectra for 517.3148 (518.3219 [M+H]), at col lision energy

vol t ages off0885](THe mefaboies ahdo 2§ atysvsHosphatidglvheitic-tetdted cdfipmids FnGURE 9
shows the M5/ extracted mass spectra for 519.3328 (520. 3401 [ M I ,, at
col lision en@tawlteanln)ttag»égremutaﬂweBA)L,N-éw@)ylémpwmndmh@;olmsé@ edel y.
[ 0054] FIGURE 10 sh / ext ted SS, specira o 0
(522. 3554 [%ﬂﬁ"}‘?asa%%I&ﬁﬁ%ﬁ%%@%ﬁ%%@%@g%w %Mg@\gg %@ﬁéﬁﬁsso (0
volts, respgeivnVifayFigure 7, and/or as described in Table 3; b) Figure 8, and/or as described in

Table 4; ¢) Figure 9, and/or as described in Table 5; d) Figure 10, and/or as described in

Table 6; €) Figure 11, and/or as described in Table 7; f) Figure 12, and/or as described in



[ 0055] FIGURE 11 shows the MsS/ M5 extracted mass spectra for 523. 3640
(524.3713 [MtH] ), at collision energy voltages of 20 (A), 35 (B) and 50 (O
volts, respectively. [0056] FIGURE 12 shows the Ms/ M5 extracted mass
spectra for 541.3148 (542.3219 [MH]), at collision energy voltages of 20
(A), 35 (B) and 50 (C) volts, respectively. [0057] FISHJdIIQE 1?;1 sh%gg_qt he
M5/ MS extracted S ect f PR D APFigaA4] drjap descr1bgsly | si on
ener gy vol']iabkfegs'gg?fgﬁ’ﬁ?sl(%A')“}d’/&)aS?Eﬁﬁg% 50 %éc) Sf)l ts, r%ﬁ%i Vﬁl%‘ %058]
FI GURE 14 fagpem%;tim /1 W Barfixdriaa deseribedissTablreks DFigae 19gnaP] 74 0% 88*%001

at col I'i'si on

M 11]), i | t f. 20 (A 5 I ts,
£espe1:% i vahyTablé089k) Hegﬁﬁ?ﬁner : J%lggﬁa@ﬁlsége eﬁﬁg)eﬁép(l\’é\’&? g’éé'?%%ﬁ?rcaisgégg@;zg fzr
531. 3123 (530.3035 [ M , i sl | ; ahd 2 Fi 235 (B
and 50(C) (dﬂdclti@dlﬂ s“B@'c_“ltéi)’{TQﬂ{}g“%%g%P%EF% 1%(}&2?‘11'{0&35&@?7% I\/S}l)l\/lgm)eextracg eél

t f 41. i , at I11si | t f
mass spec rt%, roé{gr@gsqg@%?gTébg??é’%%%Cﬁwﬂ) at collision energy voltages o

20 (A, 35 respectively. [0061] FIGURE 17 shows the

M5/ M5 extracted mass spectra for 555.3101 (554. 3013 gagl 11%%, t %i si on
ener gy Vol g bRt the 35 B) rone 500 0oy ol e B8 fifhese0]
0 h

FI GURE 18 the MS/'VB extracted 5 . H306
[M11)), charambizeabymaiseigyoren aybaton s P g Ty O 20 () ol t s

respectively. F s t / ') Bt da for
567 3546, ( EHELENO0] Bl FpoaOrh: o B ) e e % (8
and 50 (C) cyqyﬁop sesst NGl k [QABAMORPAYREERGNORME) E1EsMPMs2rd B} act ed
mass spectr§° 8r §6’3. 3%8'7 (56§. 2'1598 [MI—% at colljision e ¥e %@ges of
20 (A), 35(BJHANGBTefpeytivady.t Bhe stwsueestal theiope of @6%]‘%‘?‘@5&@% Shows A) ,

the list of the parent-gdaughter ion transitions used for the positive ESI
tripl e- quadhwgeteazedras fREPWEd as wel | as the R-squared correl ation
coefficient resulting fromcal culation of linearity across five diluted
sanples. B), Standard rve for transition 496.3/184.2al. C). The average
rati o (bi omar k@ggajS@%ﬁ,@té'ﬁ)\iqt_ each transtion in the prostate (bl ack)
and control (grey)\ﬂ/su ject.g’?*o[ 00'&6] FI GURE 22 shows A), a scatter plot of

t he positi\?é ESI HPS patient scores for 147 male controls (grey squeares)
and 24 prostate cancer patients (black triangles). B), frequency histogram
showi ng the distri butcig\égfpt e gontrol population (grey) and prostate
cancer subj ect%’“(*’blrg Dﬁé&‘ﬂﬁ‘to bi nned patient scores. [0067] FI GURE
23 shows A)b) the lest of the parent-daughter ion transitions used for the
negative ESI triple-quadrupole HTS nethod as well as the R-squared
correlation coefficiemH resulting fromcalculation of linearity across five
di | uted sanpl e&Ha P\ga@éé)ra\_qﬁlve for transition 480.3/255.4al. C). The

aver age rat')o (bi rker:§SPpeak area) for each transtion in the prostate
(bl ack) and’control (grey) subjects. [0068] FIGURE 24 shows A), a scatter
pl ot of the negative HTS patient scores for 147 male controls (grey

squeares) and @4, 2st CRifcer _patients (black triangles). B), frequency
histogran1s&gmﬁng he dis&f?but%on of the control population (grey) and
prostate carrcer su%jects (bl ack) according to binned patient scores.

DETAI LED DESCRI PTI ON [ Q069] The present invention relates to snal

nmol ecul es or t.abol, t &s 4 hety arve found to have significantly different
abundances ormﬁrﬁamg: ieééﬁ@iméﬁﬁ clinically diagnosed prostate
cancer-posi?]ve paPi ents and normal patients. The present invention al so
relates to nmethods for _diagnosing prostate cancer, or the risk of

devel opi ng prostate _ca el .o 0070] The present invention provides nove

nmet hods for di%ﬁBV¢P| 0" VRl dafirng, and inplementing a diagnosis nethod
for prostat® cance?. In ofe enbodinent of the present invention, there is
provi ded a nmethod for identifying specific biomarkers for diagnhosing
prostate cancer conpri sfthg tﬁehzfgps of : introduci ng one or nore than one
sanpl e fron1on§w6$?f9 .0 NPatient Wi th prostate cancer, said sanple
cont ai ni ng pluralgty of met@bol ftes into a hi gh resol uti on nmass
spectroneter” (for exanple, and without wishing to be limting, a Fourier
Transform lon Cycl otron Reg@nance Mass Spectroneter (FTMS)); obtaining,

i dentifying and\qqubﬁhb' ckoy the netabolites; creating a database
of said quantifying data; conpdring the quantifying data fromthe sanple
wi th corresggndi ng datY obtai néd fromone or nore than one sanple froma
control patient; identifying one or nore than one netabolites that differ.
The nmetabolite markers identified using the nethod of the present invention
may include the netabolites listed in Table 1. The nethod may further
conprise selecting the m ninmal nunber of netabolite markers needed for
optinmal diagnosis. [00711 In order to det®rm ne the biochenical markers of

1 a .. o, . L T



done using non-targeted netabolom c strategies or nethods. Miultiple
non-targeted netabolom cs strategies have been described in the scientific
literature including NWVR (6), GC-Ms (7), LC-Ms (8), and FTMS strategies
(9-11). The netabolic profiling strategy enployed for the discovery of
differentially expressed netabolites in the present invention was the
non-targeted FTMS strategy by Phenonenone Discoveries [21,24-27; see al so
US Publ i shed Application on2004- 0029120 Al, Canadi an Application No.
2,298,181, and WD Q1573481 Non-targeted anal ysis invol ves the neasurenent
of as many nplecyd-gsoOq QgrpF'® as possi bl e, wi thout any prior know edge
or sel ectijonjof cogponents ior to the analysis. Therefore, the potenti al
for non-thgeted anal ysis to di scover novel netabolite biomarkers is high
versus targeted nethods, ich detect a predefined Iist of nolecules. The
present invention uses ajggn-targeted method to identify nmetabolite
conponents in oM, s a es that differ between individuals with prostate
cancer and ca ﬂkglxg LA #t e., individuals that do not have prostate
cancer). | 078] Howgver, a pgrson skilled in the art would recogni ze that
other netavolite protiling strategies could be used to discover sone or al
of the differentially regul ated netabolites disclosed in the present
invention and that the ngtagglites described herein, however discovered or
measur ed, represent, unique chem cal entities that are independent of the
anal ytical t Déb? OEFﬁﬁ”ye used to detect and neasure them For
exanpl e, qu W thoyy wi shing to be limting in any manner, other nethods of
nmet abol i te”detecti on coul d be used, for exanple other Ms-based pl atforns,
ELI SAs, colorinetrie assays, etc. [0074] The present invention also

provi des a nethod for dj Sing prostate cancer or the risk of devel oping
prostate cancgy,LDO§, i enteqlne nmethod conprising the steps of: a)

obtai ning a,salfple ﬂLon1sai patj@nt; b) analyzing said sanple to obtain
quantifiyiﬁ@ data f8 one or nore than one netabolite narker; c) conparing
the quantifying data for said one or nore than one netabolite marker to
correspondi ng data obtai fedyfromone or nore than one reference sanple; and
d) using said conpagi sof to di agnose prostate cancer or the risk of

devel opi ng prastat®sarc O P®75] The step of analyzing the sanple (steb
b) may conﬁ}isb anabyzi ng the sample using a nmass spectroneter (MS). For
exanpl e, and without wishing to be limting, such nmass spectroneter could
be of the E%B@ﬂh@hpitrap, time-of -flight (TOE) or quadrupol e types.

Al ternatively, the nass spectroneter could be equi pped with an additi onal

r e- det ect filter. For _ le,. d wthout w I L gt

B lich T net r (00T Sherrsessaninyemtion airaprogies goyd opaiagi: Diobd chtplinds | 19
d le - TOF T t oLk tteddm, th

quadr upol & i Tk (O Ee ke i c@gg@@g{ﬂ@ﬁ@%hﬁt& WRnQEceOmaskes raed e

mass spect I'nelrther the parent ion detection node
(M) or i np\y,eRgeor éNBEthﬁid]BFs’cﬁui\PMxt ref Ares 113028 He) 41634221 onSHhatd, e
parent ion 1s fragnented by collision induced dissociation (CID) or other

f r agnent at i565.3304,00 367 3546,andfp30%3487agnent i ons, and then one or nore than
one of said fragnents are detected by the mass spectroneter. Such fragnents
can then be further fragnented & o,creat thher! PRRLS] bNahavisaisvel y,
t he sanpl e[ngé]dﬂﬁecqmﬂo%g‘é%égﬁrﬁi’ﬁégﬁ?‘%e’%ﬁ%gé speeétdr}l%%et er us?lng a liquid or
gas chronatsgg&ﬁggiagsmﬁm or by direct injection. [0076] In the nethods of
the present™invention, any type of biological sanple that originates from
anywhere within the body, for exanple but not limted to, blood
(serum pl asm), &Fguradbpand/atasdescrivedin RabledPi va, or biopsy of any solid
tissue including tynor,, adjacent, norngl h and skel etal nuscl e,

adi pose tissue, pykigyre lék?‘h,ﬁorfﬁidre,scrﬁ%’e i"ﬁ:rglglggﬁby, pancreas, |ung, colon,
stomach, or othe quy UsiRBor &fdeR@bell GhiiTablei15f erest are sanples that are
serum Wile thébte ﬁ?ﬁgérunf iseused herein, those skilled in the art wll
recogni ze that ppRigareds, mtideasaleseribedrin Tabkelddf r acti on of whol e bl ood may
al so be used. [0077] The biol ogical .s y obtained in both nornma
and prostate canéﬁ%gW@éﬁt@V@mﬁﬁ6§§§ﬁFﬁgﬁh§§@ﬁ?e?gg popul ation of

i ndi vidual s, rangi i \ et ARYE jjghig, occupation, and displaying
varyi ng non-prosﬁ&ﬁ%nggggggwyg%g@g%ﬁﬁgé.?ﬁ%staﬁes. Choosi ng subjects in
this way introdugsediely, variability into a dataset, however, reduces
potential confounding bias that ultimately results in a nore robust set of
bi omarkers (since it can still detect disease in the presence of many other
variables). [0078] In a non-limting exanple, when a bl ood sanple is drawn
froma patient there are several ways in which the sanple can be processed.
The range of processing can be as -9-



little as none (i.e. frozen whole blood) or as conplex as the isolation of
a particular cell type. The nbst common and routine procedures involve the
preparation of either serumor plasnma fromwhole blood. Al blood sanple
processi ng net hods, including spotting of blood sanples onto solid-phase
supports, such as filter paper or other immbile materials, agg al so

by2

cont enpl at q?pd;gg ?,i#%ﬁﬁ%&%sc?)ﬁ@ohﬂd’se@sbﬁﬁbd 4H0Z HayWiet fucther diasasiary.

limting i processed bl ood or serum or sanple described

above rrayl\};g'm? %ﬁc&ﬁﬁid&%hoﬁﬁmﬁblbedznhronﬁkb&ifﬁspéw ible with the
ana |

met hodi cal s technique to be enployed in the detection and

measur enent of the netabolites coptained withi AR RE FOriglaug) or
bl ood saanGBOTﬂﬁe¢qqmmﬂnd$ﬂdeﬂ%ég?%gagﬁﬁm%@qggz r npgs l'ittle as no

further processing to.a | a '(?f r '}g;N P ) ChitbaNEXR, a8dhi cal
derivati za@:iaHmNcl’Egt P}a@ﬁfi@:ﬂ@t ﬁ%%’éﬁé‘%!u %F’l(ﬂgzh 6 ?gni?_ati on, soxhl 5%
extractlon, BLACH EuRSiNel. CnChddiged,! o doltimpndss dpssribed aDEYE THAY,
extraction FE&éﬂ,gacc erated sol vent extraction (ASE), pressurized |iquid
extract i ongaPidirize bg S ppitatve shroctuvgst er extraction (PHWE) and/ or surfactant
assisted extraction (PHWAE) in common sol vents such as net hanol, ethanol,

m xtures of al cohols and water,.pr organic solvents such as ethyl acetate
or hexane. A method of particut%;f&pterest for extracting netabolites for
FTMS non-targeted anal ysis asownel "as for direct injection on triple
quadrupol e nmass specitome A~ wharforma liquid/liquid extraction
wher eby non- pol ar tabo)l jtes disgolve in an organic sol vent and pol ar
met abol i tes dis¥lve in a aqueous sol vent. [0080] The extracted sanpl es
may be anal yzed using any suiti@ie met hod known in the art. For exanpl e,
and wi thout wishing to be limting in any manner, extracts of biol ogical
sanpl es are anenabl e gogpHanal ygi's™on essentially any nmass spectronetry
platform either by dLLﬁﬁ?Aj pecto-Qrcitsr f ol | ow ng chr omat ogr aphi c
separation. Typical Nmass Epectromeflers are conprised of a source which

i oni zes nol ecul €3 wit hin PHe sanple, and a detector for detecting the

i oni zed nol ecul es or fragnents of nolecules. Non-limting exanpl es of
comon sources include electroﬂﬂ;‘ act, electrospraY ionization (ESI),

at nospheri c pressure chen&cal0|o I'zation (APCl), atnospheric pressure photo
ioni zation (APPI), ~ i rst-ed-¢aser desorption ionization (MALDI),
surface enhanceqilaser deg@rptiongonization (SELDI ), and derivations

t her eof . Comon ss separation and detection systens can incl ude

guadrupol e, quadrupole ion trgp, linear ion trap, tinmeof-flight (TOP),
magneti c sector, ion cyclotrg TM5), Orbitrap, and derivations and
conbi nations thereqf. Th& adyandageuof FTMS over other Ms-based platforms

is its high resgi0?mg cqpa i1ty that allows for the separation of
netabolites differing by Snly hundr edt hs of a Dalton, nmany which woul d be
m ssed by | ower resol ution instlunents. [0081] By the term"netabolite", it
is meant specific small nol ecule the levels or intensities of which are
measured in a sanple, ang th may be used as nmarkers to diagnose a di sease
state. These smal | “gohefu “ef48 be referred to herein as "netabolite
mar ker", "netabol)jté conpenent”, O biomarker”, "biochenical marker", or
"metabolite feature". [00821 The netabolites are generally characterized by
their accurate ngé%Fc&uﬂyqeasured by mass spectrometry techni que used in the
above nethod. The accurate nmass nmay al so be referred to as "accurate
neutral mass" or "neutral mass". The accurate.mass of a ' L §F Qi ven
herein in Dg03dhThePayel compauidsof the presenh invapiign @&ﬂﬁ%‘é‘f%}%’t @%gl&dg‘ gs.lé %t;/

"substanti al | %F ag%ui val enﬁqg%ﬁa‘j\é{?’fp%ihe éfhcé@Mﬁl}eh{@ﬂpr&tdtécmﬁeﬂﬂfﬂﬁaﬁMﬁ per

mllion) diPF eARCET, 0% e fass-woul d i ndicate the same
net abolite, as would be recogni zed by a person of skill in the art. The

MBSS accur agyo3og "[thgepréiehf afveRien WhycHignificatlyeimpadt thetabdléty tordetach SMsEe cal

mass and a asured ‘mass: delta mass accuracy

Arn)--- nreal d,
whi ch is of camceeopklestskiof deysloning peastaig £FInCeh a%‘ﬁ%%y Sa ﬂ"gg abe ig %?%ise
1, 000, 000 * Al / d (f TN tpaforn the00,
nmeasur ed nasi’ﬁ’&logg&éré%g%rtﬁ m%@%ﬁﬁﬁss?gf%{g@%ﬁ%@%%m ate ‘*r’gl?su is gi vﬂéﬁ as
the mass of udiebelicaly fRbABR-blsed faghbstlcded orprosngacancet. thitamaiselion of
art, e |

skill in th oni zation of the netabolites, which occurs during
anal ysis of the sanple, the netabolite will cause either a |oss or gain of
one or nore hydrogen atons and a |l oss or gain of an electron. This changes
the accurate nmass to the "ionized nmass", which differs fromthe accurate
mass by the mass of hydrogens and el ectrons | ost or gained during

ioni zation. Unless otherw se specified,'ﬂﬂ
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[0085] Data is collected during analysis and quantifying data for one or
nore than one netabolite is obtained. "Quantifying data" is obtained by
measuring the levels or intensities of specific netabolites present in a
sanpl e. The nmeasurenment itself could be a relative neasurenent (e.g.
conparison of intensity to another sanple or distribution), tﬁqr:?ger%
quantitative  neasur.enen OREEN hibihi P8 Astost imayS RTINS/ \ 086] The
guant i fin%’é‘f@q@eorH%tgﬁg%%sgﬁégrrespondi ng data fromone or nore than
one ref er gnce RaRBISmahbeot éRhessence sanpl e”, also referred to herein as a
"control safple”, is any suitable reference sanple for the particul ar

di sease state. For exanple, and w thaut .w,Shi | imib g fontieny
manner, i [00BBEThe astheds pHithe RTSSEH} BYRD 19@1@913@%@&’[‘8% s, daflb

_ sanp may be a sanple from

a control indiyvidual ’ig}thgggeciﬁé’%%ﬁﬂ-s Al s &;,iblagig‘malrﬁmiltezrbtoaprgsfa cer

(al so ref Elloxing.oVhe nofmal ©, "control™, or "reference"
i ndividual or patient); the reference sanple may al so be a sanpl e obtai ned
froma paff8ft- with prostate cancer. As woul d be understood by a person of

skill in the art, nmore than one reference sanpl e nmay.be used: ifEdrpari son
to the quapa34ii. ngertidying siratl-eolaclt ancieholifg ProsATkey g‘fhlﬁ’gcﬁbﬂbséﬂ Imting,
the one or nore than one reference.sanpl.e I Jel ihdtvidigicigng anganpl e
obt ai ned fhetween prostatectancedosiygAdd pﬁqga%n %err%%%%e‘;et gr:none re{‘ﬂ%rence

sanpl e may .al sp be a,sanmpl & obtal o Qrepfoatthenidivdduakn earlier date;
this woul ﬁ’l‘g]f’glﬁﬁaghﬁ?’ts%%a mn??{g?i hg of a patient's health state

t hroughout their lifetime. Such sanples could be collected.over successive
intervals [rgty_-,s]' TRpedificallydidpaosing proplats canere upiagmetahelites iepE aFt Bso be
obtained from'a patient with prostate cancer. pri,or leirf-

pr e- t her apyachias semue plaswaishole bboﬂh@d@rfq%%ﬁévg%bq?wg% ﬁgr&?%g&ég‘l%’ Ri st er ed.
A person of skill in the art would al so recogni ze that a conbi nati on of

such refer anpl es ul i tnF&a sir&f rdabed feseptimal

i nventi on.[%{%égh;] %@nﬁﬁg%&qpﬁi%}l@ﬁ&egﬁfa so@%%des ndgvgl corr?(,)tfm S,
identified gglil&gcgggﬁy Srathacodtatidiies wingenit on muléivatiase statisiicalpeipds@hounds
may be use(gi1 s netabolite markers in the diagnagsis,of prostat cer or
the risk ofelelanetimpiica) ipfornatimebeutibe moleglessyeh %@88%‘58@@“@?8‘6@9’ In one
enbodi ment, the conpounds maybe sel ected fromthe netabolites listed in
Table 1, or_any conbi.patiqn thereof. - QDL afREPH) : bakd from may be
sel ected f[%ﬁﬁe‘%ﬁ%ﬁﬁ‘%&”&é’f&éﬁ?ﬁ% i ée%s&fs own I n ‘l?'gglaléﬁﬁgﬁFor exanpl e,
and wi t hout W.Shi ‘b A ih ECte /M8t M langd 2MR; of netabolite

mar ker s m@g&ﬁ%:@%g@ﬁb@%@l&%ﬂyﬁggiug'ate mass;es (measured in Daltons) of
519. 3328, 541.3148, 545.3460, 555.3101, 541.3422, 565, 3394, 6521'3450

517. 3148, $60383}348eveliinBhHigh-thdughme siplaguadiepale M;@fgﬁ HSPOASRASSBEEE \\her o
a +/- 5 ppmdifference ul.d,indicate the sane netabolite. In particular,

it is presedestpd astaboliteigyels 2 NSt abol i tes just described, when neasured
in serumor tissue, show a | ower concentration in prostate cancer-ptc))si tive
subj ects refatdve 4 r i agase sk oflideielopihg protae Tandreby 4

nmet abol i teﬁzggr%e@s&%@%%t}ggﬁggo%g@ezhﬁ ggecat egori zgig igr?t,o one, of ttg/o
groups, bagietr@ihg did ledels eftanp combimation gf easiabolite featresndigclpird Fom Bfensi t y

to ionize either positively or negatively. The. j i : ate
masses (medSiv8 @IIEIHSiE)@f P'GF%I} SyRp g‘{‘f’l%%y mgt%gﬁ @3@&8@%&@9@1{@2@@@%0
523. 3640, 541.314 3 . renddRikedi fniratesotband akwdy),

i ndi cat e tﬁgegm&%@glﬁm,&@m%ngﬁggg%?e(gﬂ%@ positive ions using 3r[ret hods

present |y Q@skhdddedotioninbges afabsispbt bthagcur at e masses (measured in Dal tons)
of 481.3171, 531.3123, 541.3422, 555.3101, 565.3394, 567.3546, and

569. 3687, where a +/- 5 m di fference woul d i ndi cate S: lite,
were det ect[664&]s7-nlélgaiffpl‘il&pﬁ@héh%@%"t?f@“ﬁ@%h‘bﬁgmﬁéks 8%']{}%7 @Q@g{r}ﬁ)g@%
0090] The 14 netabolit ' ; fhefSn@fort he

| ysophos prdemahggyk HepafoR e Sufbely Bicky Atestyd el op btichamalor

| ysophosphati dyl et hanol am nes, | ysophosphati dyl di met hyl et hanol ani nes,

| ysophos phqtbbdq ¢ Sohfaflind] Y@ EAng ®9 Sytephiag mi dhe/ perteodlipopylation for prostate

| ysophosphati dYl gl ycerol s, |ysophosphatjdylin sifol " ﬁlat | et activating
factors (PAfsper wsirg anyrsingleer embinatianafieatyngs di5p 0‘-7??’21“& REEHOFat i on of
specific metabolites described above, including |ysophospholipid species,
is detected in order to diagnose prostate cancer or the risk of prostate
cancer. Any conbi nation of the above netabolites could be nmeasured

sinmul taneously, in a serial manner, or in different conbinations to arrive
at a diagnostic output. [0092] Structural characterization of the above

net abolites may be carried out using nethods well known to those skilled in
the area. The principal characteristicshat naybe used to characterize the

T -, e e v o . o




[ 0094] accurate mass 495. 3328 has an ionized mass of 496.3401 ([M+ Hr,
cal cd. 496.3398 for C24145 'NOR). The MS/Ms fragnments (MS/MS nfz) (relative
intensity) are: 496 ([M+ H, 90%, 478 (5%, 419 (1%, 313 (1%, 283 (1%,
258(1%, 239(1%, 184(90%, 166(1%, 104(100%, 86(70%; see Figure 7,
Tabl e 3. [0095] accurate mass 517.3148 has an ionized mass of 0?}#@? 219 ([ M

+ Hr, | cd. 8..3241 f . he dHMONSOREYOR oty ° (
(relrat ?36{894?[]213}‘@1 étgf@{ep%%ﬁ?ﬁ@%ﬁ%} e Otglo e k)

[M+ Hr, 90%, .459( 109 GHSG: thaBO( 199,
341 (19, %%33‘ 1925 1R8I BryoRe todldole, soresaed o ‘Slég‘é?l%’é%‘%}oﬁ, seethFi gure 8,
Tabl e 4. tf accurat e nass %.3328 LantaRicdep theabstssfohg401 ([ M
+ Hr, caligitimea0. 8888 riskr @yen! W&%% NS éﬁratgrrent];%%al\/g %/B m x)
(relative intensity) are: 520 , opufitiof L tHjs tesicaio Yy Y281 (19,
221 (199, presant (meoBen ALFEPIES f{ta(tﬁ‘%”i?ﬁt%,g"%%?%%g ; é’ge Fj gure 9 hl,e 5.( g
[0097] accurat e, §%@% ﬁ?abﬁﬁb%ﬁemﬁhgett%s@%ﬁ%h%@éwtﬁ[@ + Ht,
cal cd. 523P$ERR; é@isgmﬁ 13+). The MS/NE fra LB/ VB in/z)
(relative %t%&&ﬁ%a&é’%rogfees‘ioﬁ)ﬁﬂoﬂpNha-emﬁrg"%@f,lmgg}?%g, 478(1%, 357 (1%,
258( 1% , g (1%, 184 (60%, 124(5%, 104(80%, 86(30%; see Fi %; 10,
Table 6. [0098] accurate nmss. 523. 36 b ORI desehibeadisfeatures i 18713 ([ M
+ H 4, cal[MS]%MmWﬁt@%gm%H%%% fragments (MS/ MBS n12§[
(relative_ intensity) are: 524 ([M+ H, 100%, 506 (5%, 496 (1%, 478
(1%, 331ipvMesjions13” (104 285 (199, 258 (1%, 184 (70%, 166(2%, 124(5%,
104(70%, 86 (30%; see Figure 11, Table 7. [0099] accurate mass 541. 3148
has an ionized nmass of 542.3219 ([1'.4 + H ., calcd. 542.3241 for
Q8H49W7%[Eﬁhmm10ﬁmmmw z) (relative intensity) are:

, 80%

542 ([M + . 483 (25%, 284(1%, 225(1%, 184(1% ., 104 % 86
(30%(5 seey g Tﬁesé%ndlsﬁ;me%;reiaﬂ&e@?}mﬁmgﬂlé ﬁ%@%@@%&“&ﬁ%ﬁeu oni zed

mass of 546. 4 M + | cd.. 546. 3554 f ;

fragnents foVioiife fi&szﬁipté:lgimgﬁhi%qu?fﬁ’é‘f?éﬁ F%‘e g’rz @%%ﬁﬁ%@%ﬁﬁa}rnﬂ , %%/?‘5 528
(1%, 514 (1%, 487 (30%, 104(100%, 86 (30%; see Figure ég "Tagtliq]en 9.
00101] accur.at 81, Ol JIvan tHe dROv engific :

E:al cd. ] 480F%TFWW§%%M9%E%N?¥ r agmentes (I\/Bfgl\/slﬂr?ﬂ z% relative
i ntensity) %6 g@é;izg{igﬁ of thktabdi@8dnchidhitg thogaelatingtodyyophosphobimd s %&% , 168
(109, 1533%5 %r 9 (25%; see Figure 14, Table 12. [00102] accurate nass

531. 3123 hahidtnare assoztbdrnuiths thepresgoesf PLosiglp CACEf-cq. 531. 3114 for
C30F146N05P). The M5/ Ms fragnents (MS/Ms mz) (relative intensity) are:

530, 1009 480( 1009 255(10009 9 ol ak omibS
210%, 79/%[ ; ok sm“@(al%fn@ﬂ%%ﬁ%@‘(%’s‘%ﬁ%% g&r?gs?%ru. 422 has
an ionized r,z;gsq ]I{%?,ﬁﬂ.,ésa’iées[llggg{ﬁ@n 0c08. CHachSeint3@0 thef plot CRPESEMROFEC The
VS/ VB fragr?‘@ t“s“? ME'z) (relative intensity) ar 540 ;. Hr sl} . 480
(1009, 25%atiéRQ¥nple2#Rilé f2Xpfted line (epmpgnts hegopndsay betysen Y’E{?%“?" %&%;

ee Figure 16, Table 14. [0Q104] acc te . i oni zed
zf 55|493,0 1 PropiBig|capcer subje(gts m%lz]cﬁ) sndl the m&@oﬁé(ﬁaﬁ, Ghbk Rpsard. | ONi zed mass

[0047] FIGURE 3 showsa PCA plot generated from a subset of 14 masses selected from
the 492 with p-values < 0.05. A high degree of discrimination between the prostate
cancer subjects (black points) and the control subjects (grey points) is evident using only
the 14 masses. The dotted line shows the boundary between the two cohorts, which when

used as a cutoff value results in 84% sensitivity (84% of cancers detected) and 100%

specificity (no controls being classified as cancer, or false positives).

[0048] FIGURE 4 shows a bar graph of the average relative intensities of the 14 selected

masses in the control (grey) and the prostate cancer subjects (black). Error bars =1 s.d.

(0049] FIGURE 5 shows a series of extracted mass spectra for metabolites eluting

between 16 and 18 minutes of chromatogtaphic separation on HPLC, as detected using
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555. 3172 for C25HSO1\ 1010P). The MS/ MS fragnents (MS/Ms mfz) (relative
intensity) are: 554 ([M- Hr, 10%, 494 (100%, 269 (100%, 242 (10%, 224
(15%, 168(10%, 153 (109, 79(25%; see Figure 17, Table 15.
[ 00105] accurate mass 565. 3394 has an ioni zed mass of 564.3306- HI, cal cd.
564. 3293 for C271151 NO9P). The MS/ M5 fragnments (MS/ M5 m z) (r%LF%tc{eIée
intensity) are;_. 564 - % i (rbRRA00f nZetabalitd OmEpses 0%, 224
(15%, 16 Wl@g@lghﬁ@g#xl%%hﬁlﬁ%%%c?%gg igure 18,@6\@ e 6. oo
[ 00106] ac §&§%ﬁ a;sgﬁiﬁéﬁa- 35tPatp 60 daliansi in cxonirels seTen @aePWAEFRY KPP 1y

. r C24 %’

cal cd. 56 153N0910. The / VB fra . arefidec! ati ve
i Nt ensi tyhreae chflr-pditive sarymi(By Ths %W%fl%‘@f 852@@1%@1%%’@5 ) t?:lg r? 109, 224

(15%, 168 (10%, 153 g%}?o §§t29§é%%/ds‘) sGe Figure 19, Table 17.

[ 00107] ac betveaes thaeantng Bhized mass of 568.3598 ([N - Hr

cal cd. 568.3605 for C271-155N097). The MS/ MS fragnents (MS/I\/ISéfgkzMS0 ’
, 0%, 508

(relative j ' LEx f, Bk theqAsaidentisbdiies o5 etecied using

(100% , Zdbgé(ﬁmﬁ%%%%%%aggg (15%, 168 (10%, 153 (10%, 79(25%; see
Fi gure 20,¢Migwhe BBLCI B6bPBaBaseds.dn the structural characterization of the
14 netabolite markers selected for the diagnosis of prostate cancer, it was

determ ned that the netabolifes | ecul es.r 4ol i pi ds.
Speci fi cal j0p51 hEKEIRES shews tb%M% g?&“f‘%ﬂ‘%éﬁ%@%ﬁﬁ%%ﬁﬁﬁgi ijyl ehol i ne
(1'ysoPC), lysaophos tidyleth l.am | )and 50 (C) volts, respectively.

I ysophosph@ﬂﬁ%aéﬁ %éhﬁﬂ% éeﬁéﬁg@%%@n% l@\%%ﬁ@)an I yéo%ﬁosphati dyl serine
(l'ysoPS), |ysophosphatidylinositol (lysoPl), and |ysophgs i cer ol

I(o I yi EPG) . @Mzﬂ:ﬁgg@g gg;viysvmbiM@M%ekmmdmsﬁcwgﬁéilﬁ%Hﬁé (egfweﬁ‘ ?)I
ackbone i s attached to a fatty acid_at ei 0 fodyp! e,

16: 0, 18: O[M*8]}, at adllisipn eaergy voltages obZf) Qf,?)’ égﬁb m%%{@%#%? or” ot her,

and a phosphat e-cont ai ni ng chol i ne, ethanol am ne, di nethyl et hanol am ne,

serine, glycerol j hosi t o], i ’ INE 1833eR(820.8401chol i ne
(PO and- plodnFGURE A showt %@WS&?@%@I mEbbspee R RN it BN i pi d

conponent s [Mﬂ-m,% QgliisRh cHEEYVaNRss 0P gAY 3PEBYamb50 €3 wltsl gepecivelBackbone

ap

cont ai ni ng sphate group attached to ethanol am ne or choline at the SN3
position, and two fatty acids bound to the SN1 and. S Si 1d-0 ugh an
acyl, et IdIe%OOSJ’K] RIGRRE &0 klm;vs the RAT/MES extrastedinasy Sﬁiqt’@ggEgﬁ'%%goeﬁ%é?wm
saturated (nore commpn, at SN1), . or u PRy : en
phosphol i pil¥krElcH cq 1519@%ﬁ¥¥3’)|51@1t3$e§ o&‘?@&g?,?;gg) g‘?/&)\ggg%s bI?glgptha?pases, a
| ysophosphol i pid such as |ysoPC is generated along with a free fatty acid.

Lysophos ph@h@ﬁg‘ﬁﬁd@g 1P SRS {mll\}{gﬂhgdxﬂﬁ&tedmmrspmrmﬁoo 6238640 (584B3fAWays and
C

di seases, as calciumsignaling, atherosclerosis and.inflamatjon (12).
[00110] U. S.[Nput)] steattisRal eetgyAmitegesatfi2OrANS 5280 4n6 58 S {OlSMESPLINELY,) | )

focuses on the €l evation of | ysoPCs as key events in or during the
rogression of cancer. |n parti I | | s, et ] I tion
gf Igy soPCs EOH5@yWEd?éB‘I?W‘é QI’?E@E@'IS f%@ct?%mia‘?‘?agg gﬁtfareg)g tsLt\i/)vTe"t1 %1@ Fﬁ'ﬁgs ent
[ tion, [ h . da i IseI(€) Yblt lit
ryertion, MR, Sl RREstr 2 s YISO Yo repotatol L o

with accura es o0 1.314 45. 3460, 555. 3101, 54t . 3422
565. 3394, 521.3480, 517.3148, 567.3546, 523.3640, 531.3123, 48#%{1
at e

495. 3328, SEASIPBIUREA 3Ghowe s SiMStertragted masospeghin faspd3-3p
cancer. [00111] The present invention spo .p i.de i 9h- t hods
for the di avioE])s absollivion enarsy ¥RiAge} ‘.’%@‘)nﬁ) Mr“r@ﬁé@ﬂ#’?a E@ﬁd ‘i on of

the parent nolecule; in a non-limting exanple, this maybe acconplished by

2@ TrapTicy it B RB! 664003 o MSHASTRAABGN b i 43CTIOE (01005 one

of various orns, inc g colorinetric chem cal assays, (UV, or

ot her wavel Eﬂm{p at RlisidinsherdantrlgesnafdOeAD; 3@ ands0(63 veltarespaxivalys
i p-

(ELI SAs), c ased and pol ynerase-chain reaction for nucleic acid

det ecti on assays, bead-based nuc] eic-acid detection i ¢
cheni cal as[s{)ﬂ,ig‘] GIGURKEeYS sheasithe MY M e3tEt i%@@%ﬁgﬁégfgilggéggés'sﬁgneti c

resonance i ing ( 0S| | SS9 t ra%0 (CYedis, sespoctively.
conput eri ze%ﬂo@?%fﬁf&‘@%ﬁ%ﬁ%@)’ magﬁeti C r(gz)onanc??( NVR), and
vari ous mass spectronetry-based systens. [00112]In a further enbodi nent of
t he present [@m MGORE 1460w the MM Sedrarted mass spectra for 541 3422 (540.3335

[M-H]), at collision energy voltages of 20 (A), 35 (B) and 50 (C) volts, respectively.
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met hod for diagnosing prostate cancer or the risk of prostate cancer in a
patient. The nethod conprising the steps of: a) obtaining a sanple from
said patient; b) analyzing said sanple to obtain quantifiying data for one
or nore than one netabolite marker; c) obtaining a ratio for each of the

one or nore than one netabolite marker to an internal olite;
d) conpari ng e@ﬁq%ﬁtﬁg 6\{:)5 immemom@aaswaept@ﬁgrﬁéﬁt@%ﬁ?ﬁgﬂer to
the int erl§8flk ma?a olite to corregggﬁﬂi r}gsa(?@j)q,oqgt@gljwﬁvély.om one or
nor e than@ﬁﬁ—? r ghenepaensayMoliageand20 (&), ia conparison to di agnose
prostate can g’r or the risk of prostate cancer. [00113] Thga;%ﬁe ?{@6
anal yzing the sanple (steb b Q i frd) Eort5166.3 . ng a
mass  specfusapFEEU .SWﬁ@M,er{gﬁég&gmt oﬁééwi shing to %& I*’ mting,
such mass spectroneter cokjgl?;iYcﬁﬁ %goftj@qAﬁj'j‘ﬁB)mn&ﬁﬂl(@\bYOI%F@P Ve ght (TOF)
[ME TR TVETY

or quadr up¥i-BDs girealisiol t he mass spectrometer coul d be equi pped

5170 o s s s s 1 P
: TV

guadr upol ), quadrupol e - T vblts, Réspeatirady.upol e (TQ
or QQ . In-anyiat b@iﬁsicnlaeergﬂg@lt%%&%%)iﬁ g@oa-tJﬁg(;r:)ob(g)oper ated in either the
parent ion detection node (MS) or in MsSn node, where n>=2. NBn ref gés to

t he situation wher ar ent. W ' aaTRad 00569368 (3683 d
di ssoci at i[@ﬁﬁ‘&kﬂ@l?%é Bﬁtsﬁ‘é‘?’s B}eabélsremn§ %ﬁr%n pr ocsggg??s to,create.,.f rlggrrent

i ons, and o N RaRa@B@fa0 (ARi3S (B) anheh(Q) valis: WREWES by ¢ he
mass spect 'f@t)’e#%‘)%%: rergrsr’ent sgégan then be further fragnented to create
further fragnments. Alternatively, the sanple .coyld. i &ffor tHeo t he
mass ;spect [(}[ygg{ﬂ(}llml*:{ﬂ% shon ﬁl)j tﬁe bﬂ@&?@%ﬂ%ﬁ?&fﬁ??@@@gﬁn or1 at?){rrgl rect
i njection. n the netho us e Resquiated coreclattomor e

t han one r pbsitien Is@ﬂﬂ'@aﬁﬁipogee%gréf in*ei © g%é‘?l ne refereqnce sanpl e _Qbt ai ned

froma contraol. i ndivi I 0 Hndiit ackoss five shlutasegrmapley e Bl he one
or nore th&MF° ﬁ@nﬁé‘?sgﬁ%%i ﬁr%l{“rrar éerﬂdri?ai)/ihbrel s?lhect ed framéﬁ.he nlgt %gi"eéﬁ es as
i sted in Eahlaerdlours fokmansiriomtos 31184 2aby Chd heiggerege RBPABBMA EL4ESCr i bed

above. The "internal control netabolite” .refers t nous netabolite
natural |y mpeead forteattntratrtiopan fherprostae Rlpgadn ﬁ%“s‘f%g%%g% sledthéél%g not associ at ed

wi th the disease and does not vary over disease states; alternatively, the

"internal con éé%pgﬁ{ﬁl?g %ﬁ{ﬁ\gs ég%lyscéﬂt&‘bl@%{f%e poRitaR RSIHT S pationt aentes 897'spi ked

into a serdfip al'ysis.” For exanple, and w thout wskng to
be limtin ,4—,-t‘F§ ra%‘as@uy ehl‘é@ianﬂ@ﬁﬂbmtﬂbmeapﬁiea@r{bgﬁk@@&ﬁsﬁsﬁtr t he
test subject. Sfl tTUse of the ratio of the Et ab lcid;fo' m%ﬁr(?é;, ting

i nternal  coféduehcyrhistigodrh tshowirigethe ytienof the Pore St %Ie and

reproduci bl e than neasur.ements . of > : ifenPécokdte netabolite marker.
As the int em'ﬁétﬂteé'éﬁ?erréﬁbjﬁ‘g‘?@ﬂﬁ?‘ﬁgfﬁéﬁg?&eggt&/ n gl Icosarrpl es and does not

vary over disease states, the sanple-to-sanple variability (due cf@
handl i ng, e@%@fﬁ(ﬁﬁ'{ﬂi%%o&§ﬂjtﬁé Titaf the pakdOdauhter iohtsanfitions ¥s¢ r 8 hods
of the present '{nvention, the measurement of ho Rusquared correlation
negative ESI triple-quadrupole HTS method as well as the R-sq
coefficient resulting from calculation of linearity across five diluted

Standard curve for transition 480.3/255 4al. C). The average ratio (biomarker:1S peak

area) for each transtion in the prostate (black) and control (grey) subjects.

P}

samplés. B),

[0068] FIGURE 24 shows A), a scatter plot of the negative EST HTS patient scores for

147 male controls (grey squeares) and 24 prostate cancer patients (black triangles). B),

frequency histogram showing the distribution of the control population (grey) and

prostate cancer subjects (black) according to binned patient scores.
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met abolite markers could be taken longitudinally over time in a test
subject to determ ne the change in netabolite concentrations and |ikelihood
of prostate cancer, or risk for the devel opnent of prostate cancer. The
test subject would provide a sanple at a start point, essentially

est abli shing a baseline value; the test subject could then provide sanples

over tinme which woul red to the start point sanple. For exanple,
and wthomEWM“é)f%égmti ng, an increase in the intensity of the 14
met abol i tes descri bed above woul d indicate a reducg%@i}%%lfhaqfar%ﬁﬁdﬁ;e

[

cancer, “@{)Q@é%@?{-&s Ryénfioh héatestosnmltmolaRslesPr an 1ncreased risk
t r. 10

for pros anc 0118] I n yet another e ' idalle dlagmentd
i nvent i on b eighificuntly alifferent abundeResy “Folp{e@@lggﬁgk &Eégght(%gl efficacy of a

therapy for treating prostate can ' . el iMhtoreseutipvantion gso 512t ai ni ng
a sanpl e fprostats@mpebﬁﬁlﬁmPat‘ﬁ?tsgﬁéﬁ{’}}llmnsgnsdg?% saﬁpl e to obtai gg&ggnt i fying
|

data for on%%{l%&r%F g%gﬁdelis%gﬁ&g{ﬁ%@bﬁﬂeﬂ@ tieviskeof: dewglopia g PEGSIAG,

quant i fyi ri§ data obtai ned fromone or nore than one

reference sanple; and d) using said conpariso o ,det er.i ehdt he
t herapy i sgdoﬁ'g]" PUé Peksédigndendbh prosides mowel mefBo Fgﬁf’qvef%’ﬁ%iﬁaﬁ;%?’onal ly,

after the step of analyzing (step.b rat| eAbddRhent bEthepeesent nor e
t han one nihplbmenting m@im@s%tr@eth?&oﬁ%’@rsﬁéﬁ ca%%ér%t fr'ﬂ(c)l{mrret agla)clkzs ';f e mm?gwgia%
obtained. In this case, eagh ' i saiidviap speetfiohioma 0 olite
marker to invention.disig)s pé%‘ﬂﬁ?do{&%rtebtg gg(g.lllé?{é%ogg%rrles pgqr;&i ng data ?g‘E’?LnEd
from one Ofn{gﬁa&&;ﬁn@{b&&m t8é eepeofs dntpdduicing one AHECESIIR ’é‘?/%ﬁnﬁ% e

ef ficacy of"The ther apy. [00120] The step of anal ﬁl@%ﬁtﬁ api,lu[@ﬁy@pnprise
anal yzi ng bheosﬁmspéﬁahpn¢paﬁﬁnﬂwdhlpmﬁhﬁt%gq’%rh§mﬁﬁﬁ Spectrometty (!{1%1-1“/8)’ or
alternatively may conpr.i.se anal.yzi SR aplecaid withet swishingr

l'i qui d Chr@%ﬁ%ﬁ@%&{%&&h&@%ﬁ“ﬁ’?‘gﬁp tand(gonﬂlé‘?(msg?rﬁct r onet r%SMen t he
method is g wﬁJ ﬁhﬁ{ﬁ;rétgg B TEbefm loB0C7dbEyn ResoapeenMash SYREGOMGHET
"treat ment ™, I'S ant any suitabl e course of %Ega%m%&ﬁg% L%grrpt to
| mprove thE(FM)?;hfb}ﬁaiﬁi@, Mcntifgﬁng)aﬁ grantifying gaiy, i o * éval tati ng
the efficacy of ‘the therapy, the effect of t . i with

i nprovi ng atatabage eflaibquan éh%‘i‘% @%n%{}'etqﬂgmﬁ#g%% ﬁ??ﬁﬁaﬁ?g%sur ed. In

doi ng so, a person,of tskidl. i H6reltBarbenecan@ld fomfa adatrel patientig
whet her t he®Q¥HEP 3@*&%?#%10@?#8 %I?J(%rr eating prostate cancs&&tFSuc

t reat ment Canﬁgnﬁ[l%{gu% oPdiorankamone kietabiolitbstthat difietin digePalp dpﬂgﬁlgrrpl e,

Baci | | us mette-"Guerin injection), radical prostat 3 apy,
radi ation tidentifisd uéhtgﬂt@mthoﬁ&fﬁmpf?sﬁﬂtdpwnﬁﬁ%ﬁ?@%%&%ggr%)b, ﬁllggmottaﬁ%lr s.

[00122] I n the nmethod as described. {h6..008.Qinsth Midifalmantseroéfietabolite
sanpl e may bablgdy 186 PRt ‘ncé)é"*'s’?i’%g%e. “Eor exanpl e, and wi t hout

wi shing to Bﬂ%rﬁér%ééd@@ 6rl’bpﬁﬂwﬂﬁ@ﬁt§ﬁs_ the reference sanple nay be a
plurality of sanples ogtai ned fromcontrol individuals or one or nore than

one pre-therapy baseline sanple obtajned fromthe tient: 3 :
conbi nat i on[@dTa1 &oforded tordetervina e bigshemigal %‘éﬁ‘ﬁfsegfﬁcﬁw ‘%dnléig%taasli?%tﬁtmias

particularly useful, as.the variatiqn.i e of Whed hedlitestatee(ispexi fic
to the pati atticulap@epaleiign. f ST ﬂgg&éésn%dg@g%?@gg%ibove, the one_or, nore

than one rretp gﬁloc{u.}]agﬁis etﬁfd!é’faaygr&@ Sfeheshidtof feontroll eourderpanss (Leeindigdpais o
in Table 1, nmetaboli tes” may ) Biological samples taken
that do not suffer from the particular health state) are required. Biologi Y

from the patients in the particular health state can then be compared to the same samples
in similar health-state category in

taken from the normal population as well as to patients
the hopes of identifying biochemical differences between the two groups, by analyzing

the biochemicals present in the samples using analytical methods including, but not

limited to, FTMS and/or LC-MS.

[0072] The method for the discovery of metabolite markers as described above may be

done using non-targeted metabolomic strategies or methods. Multiple non-targeted
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be the 14 netabolites described above. [00124] The efficacy of a therapy as
descri bed above is eval uated based on the nmeasurenent of the netabolites
and conparison to the reference sanple, whereby a restoration of the

nmet abolites towards a normal specified range woul d be indicative of a
positive treatnent effect. [00125]In an alternatjve t piating
the effi cac%holf J Barany hhes béendasdribgd pr the sei 1@&8@5{@5&}%}\%@?@4?& ting
the one JPCHBYENHan one netabolite rkger.to( an iqqﬁrlﬁatlab@mpmﬁﬂing

net abol i t gycer-s Ohi BCAES @h @ﬂe‘ﬁrﬁg‘;ﬂs@ 8ies Bk 2) of the one or nore than
one netab P’l te marker to_the int e(gﬂﬁffergﬁ?glwxpf&éeamd&ho&@mﬂ’épfﬁé‘ﬁ be
conpar ed steategyremppyddprie GSEA DO aried frém one or nore thai2 ongeo4.ef erence
sanpl e in, st e{) c%{ #108&%%5&%Ptm%&bteg?bﬁﬂhémmeap@é%%wr&?é I g% ’

t hr oughpuinveBHeR Has § Iagnosi s of pr ostatmagfﬁ. &Qﬁp@ﬁi@&%ﬂfﬁﬁ. i nvol ve
f ragment a%&@é}sgbgP@olﬁﬁéﬁﬂbpﬁtﬂﬁemﬂte;wﬂﬁoﬁz ARG exanpl e, % his may
be acconpl'iT'shed by a Q TrapTm system t i Hedsatznlant eSasmy be
per f or med uignB ioand WO\Mﬁ?ﬂﬁ- é%‘%’gﬂﬁﬁaﬁdﬁgﬁnﬂﬁﬁipﬁdi ng col orimetric
cheni cal assays &éuv or ot her a%%iﬁg%ﬁﬂouﬁﬁ?ipﬁmkﬁm@ errielason Phked

i Munosor pany RWeLEY S(‘Eﬁﬁ@@f, I p- based and” pol ymer ase- c&gin (ﬁﬁ‘i{»‘ on for
nucl eic acid det&g%ﬁgpt@ﬁg%ﬁ Sigeaﬁcrbm@dhmpmeﬁl&lf@'dl%‘ta@e FANRet hods,

di pstick EREEAssays or oyher chem cal re Cti%@’ ém e“ﬂmlmasuch as
magnet i ¢ 1 GsQRRAR6vel Mol bivjnarksosis gV ERSSATEEH (Bnogr aphy  ( PE scan.
conput eri zed tonography (CT), scan, .nucle E'g@ ! Riisemetilo’)to and
vari ous nmds&@tﬁ%r@%W?bﬁﬁﬁ%dq‘g?ﬁ%sﬁ%t. ﬁ'ﬁ' nﬁhgbﬂli—ﬁ% rrptdgqg“ar{gé‘i' nvol ve
t he measur egment of. j nt.ensi garfples thatdidfes betmsen 1nodd ted
daught er iﬁ@@ﬁ%@%@@?’w%% vveksll eﬁg\g daught er ions fﬁr one. qr J{R&ﬁ

| nt er nal Sg&ﬁﬂﬁééﬁxc@f%ﬂ&@oﬁmmﬁﬁdmnﬁleeindmdmlsﬁlah%gﬂqt %W%%S"ﬁgﬁera ed by
di vi di ng eac I omarker transition by an internal standard transition. The

internal standard provides an jndi Qat"lon of @ﬁgm' E{&ﬂi{ﬁ{‘&ﬁ}éﬁ&%tﬁﬁoﬁt& y, and
I

al | ows f or [00¥8] Huwexer, zapersen okillgd dpdhg ot ¥9 n signals across

mul tiple sanplings. The rati,0s ek N4l 6t the ditferdntiatly oegulased t hy
popul at i onpﬂéﬂﬁ}@weéé’ﬂ%%dlsg‘g&aﬁe err%dgl'rie%he “normal " dis {# ution. A
val i dat i on 3ety, dheRLTRbEE ifMEpidsditigvontonmdibititi metrbokies dpRosbEd HEET o
then analy and conpared to the normal di stLi buti op,. ;Fitgréiﬁﬁ%'eﬁ&eﬂtn
essent i al | yowaRettisdovered bi messuresh eepresentmdue S ‘i’l?ﬁﬁ"a]ﬁ&ﬁﬂ?s $16 'and one for
the prostate-positive pqpulation. A,cu f atd fhdni EFdnvexample,

di stribut i mféhemabﬁ@al%@wlﬂ%&hﬁtl}’aé{é’?é‘% tﬁge@h%&gﬁ#ﬁvi ty ia{md spe.g%fi city
of the biomarke : L Ens o hey rahhedahaiméthadspl awtabolitadetestipBn,  any
i ndi vi dual W%‘M?%nﬁgg%ﬁﬁ%@%lo?ﬁes deggr i bed hergin coul d ag,g ec?nbi ned
Wi th exi stifglERaees, Bekaie stherviBibasedplatorasaBhbts eQPHBEHRESETE St put .

Such existing markers may include, but are not limted to prostate specific
antigen (PS A), carcinoenbryonic, anti gen (CE@ : AR bidieie édadr 9- 9,
C15-3, or a0Z4] Tﬂﬁ@l@%ﬁﬂ%@ﬁ\?@%ﬁ?‘ag@sﬁrﬁﬁ 2)%fogvll&@Bﬁ\eﬁg?cal pr of es;i onal s
with a test to, petter determ EESE RaREdtadhe nidtlesl gopyrisimeghersteps of. a
subj ect bas®§ 558 dFYFé"@P%B{eHS%?eé |crﬁHt I’fg ce;c’ncer is detected. Since the

di agnosti c nethods are, rel wﬁg ng@-i nv&tgi ve, a large nunber of otherw se
undi agnosed case8) QUNMZRAS S icularly early cases, for which

specific interventions may be adm ni stered by nedi pr.af L QNR4Send NE
met hods of the pbeaealyzing saidspwpledapbipn Ut %E%koae({ngcot?ﬁ%%ur rence of

cancer, possibly prior. to clinical synptons of the recurrence. Such
know edge coul d E‘get%tlﬁ’il‘%%‘&ﬁ%ﬁ{’l y used to properly direct treatnent reginens

that may have i m:():g %X&%a%‘gat %ec?ua?lii ﬁf gtgtfopgaih tb?ler(ﬁ'%éfeetﬁﬁl? one metabolite

marker to corresponding data obtained from one or more than one reference

sample; and
d) using said comparison to diagnose prostate cancer or the risk of developing

prostate cancer.
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[ 00130] The i npact of the present invention on the diagnosis of prostate
cancer would be trenmendous, as literally everyone coul d be screened
| ongi tudinally throughout their lifetime to assess risk. Gven that the
performance characteristics of the test of the present invention are
representative for the general popul ati omn, this tersit@s%layrz]e %agtg)liﬂ?uperi or
to any ot r } 1e éteinly) meY PRIup H’&;}E et 1 he

!i ol (s B b e e T

pot enti al sea progression pri.or..to the. <l i ni cal

synpt ons. ugiggmalgg mc@ometen(MS)n\F@ﬂiﬂmlw and “B@"%‘P’gﬁ‘élgq‘?ﬂ ust rﬁl‘?g? %ldbian t he

fol l ow ng exanpl es. An outline of &6 Nimé-BLAdH OTOF ned quddnigoBach  of
; beo 3 1 p . ;

i oo st SR LY ST i)

[ 00132] Di ﬁmelﬁwmqhyelé{xg\@esse met aboilli tes ﬁé&oﬁ%ﬁ%&%ﬁ?ﬁhﬁﬁ%ﬁnﬁéﬂ@a' ly

di agnosed ce sinbley endraithanmas S.

[00133] ] i@?""c%%ﬁgﬁgﬁ.ﬁ%ﬁ tEeeypr(h(;‘gé@té &y, 364 '1ggT@Fs(%TQE);cri bed,

serum sanmrgaommlycrbfeaied&dasfmﬁmp@lﬁr gt@m bgpu(ﬁgﬁ ons of healthy

prostate cancer-free i ng_l,élgg le%d@ﬁoggﬂﬁfn?a%ﬁw@ﬁbﬂnﬂedémbsqw@i%st ate

t ITe

cancer-poséltti‘ip]@qr}a‘iﬂlﬁﬂ‘? Iences, Inc). The biochem cal

mar ker s of, ptost g ga@ﬁmﬁaeeeé&ms@amjmmma@,m@nwm el ysi s
of 24 serufth® fﬁ) & romprostate cancer-positive atia@& ﬁigso%ﬁit' grum
sanpl es fromnbeabitdvh whederthé garc&aiopllésffa?gm%@fl Yg‘?"@)‘?ﬁb%n ge{?r om a %I ver se
popul ati on of individuals; ranging,in age | CJ | tHE onedsyauipw@t | on,
and di spl agCiy orather ﬁ@glﬁ@ﬁab?lbg‘{oag@”?a %Eqﬁ-‘er e@%ﬁﬁlghﬁﬁtﬁﬁ% %;at es. All

sanpl es were singl.e .ti.e-npaj | A $nasdBistcirbmeter.oSt gragdeealisanpl es
wer e takenﬂﬁ‘t%%fﬁﬂhﬁg{%&%}%‘r@@%t&f@fmgr i mgi*r?c‘i:i ately foll own (gi cal
resection gfﬂlg, tfb![EEHr-fra En&dt@éﬁﬁeﬁﬂﬂﬂﬁmtmﬁlwaﬂﬁelﬁﬁbﬁﬁnﬁe&é‘mqgi on

t herapy. | Z?]T e netabolites contained, wifhin thg%#t%gésﬁlggyﬁaﬁg}w wer e
separ at ed iimtcluped iato the thaspIpepiapaeteEysI e IR ?ngﬁ)?hr en-and’ vi gor ous

m xing (vortex mxing). [00135] The anal ysis of serumextracts (24 prostate
cancer, 25difsetiBISF9MAs nade by direct injection into a FTMS and ioni zation
by either electrospray ionization (ESl) or at ! 1651 S hrm cal

i oni zati on [0@XENIn the meskodspefsthe; Rreseqh FVEREAL gqﬁﬁ%ggb&é%ﬁie exﬁae&)s wer e
diluted either three or si.x-fal.d:l ; Vi) natniimitedu to,hplded xi de
(50: 50, v/ \PEes Bgmy ?W}f%%i%zla ];lgtrll%rr% é?? ilc??arihir;\fkrret hanol:0. 1% V‘ii\éz

form c aci ctrsérﬁlggggsmao{ USE inep@sol; breeth] sativa,airbiopsyrofiay, sopg fsgedciv l e
extracts were directly injected wthout dil ut ﬁn% AL .asgalgl Ho&S SR air,

per f or med cmmr Ridjdcent Mertabranzcotinpadcslaletalsie AAROSH LPEe Y Sn EV el ot r on
resonance mass spectroneter, equi ppe 1, LD Ao lobd fpagtivubr ftekest

super conduc‘?‘?ﬂg%@h@fm‘(“?ﬁsuﬂ“&%w%’ %g%r%%a(&:’é’ o 'Btf'r‘l"é%il%?,s_ MA) . Sanmpl, eél wer e
directly in;rgg}nﬁ eggia{geEémnawhwaﬁbtmwsmm”asu;ndpmm,thawkdkd@@ SAEL per
hour. lon transter/detection paraneters were %ptlmz{echqt;s#n dﬁ'{airta?sgg)%rd m X
of serine, hlfedogritathiangasmeswholabloodespsvl-ipeianiyvadis lﬁ’g and t he
adrenocorticotroPhi c hornone fragnent 4-10. In addition, the instrunent
condi ti ons v#ede tuned to optinize ion intensity and broad-band accurul ati on
over the mass range of 100-1000 anu according to the instrunent

manuf act ur 6[@?{% 968 {BFB;B@S{A: s%?@tlesﬁn@ Kb bRl ihtotahommiand ipsestale serieiar ds

was used to e each sanpl e spectrum for .mass a@_ﬁ Etgcy
over the acgylifil4 igfiups aige a0divése popadtionmof individugp) ROgDEN 80y © %a o o
anal yses conpri sing conbinations of extracts i.0Ri.zAL] MRISE
obt ai ned f oweighthocsupgiios, and displaymg varying non-p%ﬂafe%@e?trélgﬁdrlﬁgﬁﬁ-s 5
Choosing subjects in this way introduces more variability into a dat
s in a mote robust set of biomarkers

aset, however, reduces

potential confounding bias that ultimately result

(since it can still detect disease in the presence of many other variables).

[0078] In a non-limiting example, when a blood sample is drawn from a patient there are

several ways in which the sample can be processed. The range of processing can be as

little as none (i.. frozen whole blood) or as complex as the isolation of a particular cell
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Aqueous Extract 1. Positive ESI (analysis node 1101) 2. Negative ESI

(anal ysis node 1102) Organic Extract 3. Positive ESI (analysis node 1201)

4. Negative ESI (analysis node 1202) 5. Positive APCI (analysis node 1203)

6. Negative APClI (analysis node 1204) [00137] Mass Spectrorneby Data

Processing. Using a |linear |east-squares regression li: BRsy séshs val ues

wer e cal i brat.ed edutina prceduresnEHYG pﬁe&)glédﬁ%ggﬁ had a nmass error

Llﬁng S Bh afi@ p .

of <1 p. rW?ﬁ r%are wth its the ret'&ca!) 0Rs e@gﬁgm@ﬂﬂ&@peﬁlﬁgﬂ/ﬁre from

Br uker Dedr?%hfa%dnmwholewod-fﬁﬂ@o PRI OF regawor d wer e Cgr:xji reﬂ and

zero-filled to 2 rregavvor%s.l A ﬁ}gghggﬁgchagﬁgmpﬁmoﬂlmﬂm% i d prior

to Fouri eblobdmlésr%t%’f’ﬂi n f e cal cul ations. The mass spectra from each

anal ysis were intear GleSatsefitdneentidak | i st that contained the accurate

mass and #§SHIOHE “ﬁﬁetﬁésjwye??éeach peak. Conpounds in the range of

100- 2000 nm z were anal yzed. In order to conpar HI'BRo0 o€ selatmeotacr oss

di f f er ent [Q@@itlmmwmmmdimmmm& ;e ggst%ed aS s peaks. wer o

converted to their corresponding.neu l{la.l r&}%ﬁs%ﬁ%om@'ﬁ mﬂaﬁblﬁ)‘géhﬂ&‘dduct

for rrationsaxﬁpbele'serdmd@bawé@alfm- FeduHas (mass vs. sanple int [ty)

array was then creat,ed %Jsi&&gu%?wmmﬁeTthnmd@e@W@%ﬁeoﬁm

Di scoveri é@ﬂth%?ﬁlagﬁgﬁﬁeﬁ n, , Canada). The data from,ouli bEes were
Bl Fo T Re o

i nt egr at egn ot gq_,&ﬁﬁm R@Afhid ithe praxsssed sApr OE AP Get erm’he aalll of

t he uni qu Sses. e average of eac ni_gu 1028 Rixeiks diffierehti

r epr esent i figcdsbiag yamenge fim a5 lijty %ﬁé‘or@ﬁﬁgﬁ?ﬁ%gaﬁg avel;ﬁgge of all .of the

detected accurate masses that. t @hbstticnahétodictanldrinsindetsgnigation,

equi val entext‘@@ﬁ@liG@?W‘Fﬂdfentw@{aﬁg@s@gccurac of the jnStfi!-gin:lt &@h the

cal i bration @Le%gg@%%ﬁniﬁi@&pgm'séﬁaﬁeelexudcﬁpp iK), swpgratical T §ERICHN0 one

skilled in at these average nmsses woul di j.nclsu ; BE§S that
o1 ety ot v oo R, oS e 1B
S.

aver age nma A col um was creat r ' bd wafaction GHWE) in
sel ect ed tpr&mﬁdhg@&ﬁ%?@éﬁﬁ%wﬁ@?%a%@*$ﬁe intensity for, each

mass found in each, of, the fi | &K@ srdsiofalcohols eud wigtes, qrEganic
repr esent aFQW%,SQIV88§PH$'h%tAé‘&ﬁ@%’rdi nagg\gﬁt ﬁast did not contal nt&@?n
intensity gl g Wdifad @yl abbtarior hexare. iAnmethed of parficulan teyst FONGHENE | her

processed, "visual 1 zed and i nterpreted,. and putati : bLfédtiohdsnirdplée es
wer e assi gngsabdfeshfooFTVIS mpém@@@’éf%ﬁéﬁ%@%i@‘gﬁ%g}’?o c())bt ain I{lhe mass

and intensity of all netaholites TiaesiAi axtbaction attieradly e nodes
were then rsedegolednass SREEY eéerg’alggaﬁ gﬁb%rlasanp e. Then, the .data_from

all 90 sarrplﬁ %@ﬁb&\i}ﬁ@&i@scﬁ@i@hﬂ enagictsolveneandepelat WstalphEn disseiyp 1t an

met abol i t e B ay 1n I ch each sanple is represented by a col um and each
uni que et appkblissolvent.epresented by a single row. In the cell corresponding
to a given netabolite sanple conbination, the intensity of the netabolite

in that sanple was displ gyed., Wen .t 9%&5 guiiemetddknowhistheor mat |
net abol i t es wﬁawh@e)ame@rs?ﬁ@l?é“t?&%g%‘ group% o? samples (i.e., norrmal and
cancer) were dglg. er g ﬂfi)"ile 043BdvicvshfigdtoDbe dimtiting nip a8y JE4HRT. ATt ' s
T-test was ted Toderect

tabol it t hat dif.f bet n{gﬁr:,rml
and the pr ogfoqa(;ﬁcaqa;lgﬁ@[espm*e?&&gaawﬂ%g.ﬁaﬂ%?mggp%@s met this

i i I ' . . i ical
criterion ( gfatfolnfl,t gi?helr gy-lt-l%gl:tein}e)ctiorllz or Polﬁ)fwlﬁgaﬁ'gmfaﬁ%ﬂﬂhﬁﬁsepmuOﬂ. Typica
within the sample,

mass spectromefers are comprised of a source which ionizes molecules
of molecules. Non-

and a detector for detecting the ionized molecules or fragments

limiting examples of common Soureces include electron impact, electrospray ionization

(ESY), atmospheric pressure chemical ionization (APCI), atmospheric pressure photo

jonization (APPI), matrix assisted laser desorption ionization (MALDI), surface enhanced

laser desorption ionization (SELDI), and derivations thereof. Common mass separation

and detection systems can include quadrupole, quadrupole ion trap, linear ion trap, time-

of-flight (TOF), magnetic sector, ion cyclotron (FTMS), Orbitrap? and derivations and

combinations thereof. The advantage of ETMS over other MS-based platforms is its high
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differs statistically between the two popul ati ons and therefore each has
potential diagnostic utility. The features are described by their accurate
mass and anal ysi s node, which together are sufficient to provide the
put ati ve nol ecul ar formul as and chem cal characteristics (such as polarity
and putative functional groups) of each nEhaol}qu"thl%ﬁté&éif&ﬁhgihyym@V the 492
met abol i teslvgtﬁ)%ggﬁgmtfdﬂmtaﬂobmfﬂéébﬁ 85Para0R ¥ o and prostate can gr serum
is shown™BY 't CA plot in %@R%oﬁldb%tﬁﬁéeﬂfﬂy\leWw resdutioHISTYRA 'on (as
shown byzlhﬁ&edmtsbéalﬂaltﬁ%)th the controls (in grey) and prostate
cancers (1 n black) can be drawn, which indicates.tha abolites
t oget her can di ag%se %gpm]ieg’eiﬁ§~mm sgmisﬁctﬁwaél g‘@hﬁﬁgg’aﬁgﬁ%‘@%l ative to
control 6P%hBY 188} HEWeVer, the i ncor por t%%%ﬁg%dﬁwwmms@@ 492
signal s i,n#%éﬁ.e%%%&{ el easarefiun amsamp)e, WAH8 BPhctical, therefore a
conbi nat i Ui vari at e anal yses ﬁn%}egcﬁfeg]rﬁ alseoe rreferied o MEESIB A d t o
STro

further s@ilagﬁéscaa gishmetstatd. TBespesBHLM the 492 fqr additiopal
ti

characterization. The sypset otisraskert] Siodemigdl DA ot ed in
two di ffermembalﬁﬂ@@afk@hggﬁwo?‘&eébénﬁgﬁg’ masses (neasured in Daltons) of
495. 3328, 517, 3%4 519. 3328, 521.3480, 523.3640, 541.3148, and 545. 3460,
where a +1me§‘b8 i erence woul d indicate the sane netabolite, \Afc{)e
detected as positive ions using nethods desgri L Ardidhiasd apieasredn and
net abol i tti@%#]tfhe%ﬁ&wcﬂhcsmagmﬂkyrﬁé\a@ﬁﬁe‘é‘m ‘gg‘f?%cﬁg) of 481. 317%],
531. 3123, 3422, 555. 3101, 565%@1%3%’[ 1264 mafihd. Thoaccifae BSMPERE
det ect ed qg,mmapéateﬂ&@ﬁﬁ H‘l‘ﬁ“f $ods descri bed vm'th%are %%%5581-%
application. Al met ab%lfghl};gt Zﬁﬁﬁﬁﬁnﬁﬁpmgﬂmﬁral ABSHp| Beg R § 40] The
di agnost i cb%@é%ﬁeo@cg? B 6% masses is shown ht{r q@ge {F5entth&ttol ByFi gur e
3, which i]] %ﬁ@iﬁ@vé&;%@mﬁmmﬂamt@@@Wé@56‘? sé and controls. In
fact, sepalating t controls from.t heﬂ_gérl@s{hglt? GARCHHH (pait neer thidliet t ed
line resul tgbisandalbeagiivalentt thersto g A4S paci fi ity of 100% A@éﬂfh of
the relative intensities of eth},%ﬁslémﬁﬁﬁma@@ﬂﬁeﬁm ataboliten &S PY9 % shown
in Figure diffarencsgingteAWRI%H et Ween 0 and 1 for each p ss) ‘Eﬁlgﬂ-sof t he
mar ker s AP DSy Siztsﬁ’bg?%\éfsénbpgamﬁmm 'Hgfrh@ﬁ@%lya%’f‘s% RS ey 509% ( on
aver age) i ORBIZSY S te cancer seraal}‘/ﬁersus g@r}h%sgjdeﬁ&rrﬁ'ﬁﬁ%%ﬂmﬁd upon
these resuljygervad Sér@atn tiie tebreticalanass and HOCHY Wween the serum of
prostate cancer-positi vetvﬁgtl.en S a%gegggﬁntgjaﬁsﬁ&&ﬁmoﬁﬁ(ppmmmk@aﬁ‘?ve)
i ndi vi dual snrefhemefeasused, S PR EHES>>ni ch ar&cg&aﬁ!ﬁ%gmhggﬁéa;s‘&ghng and
di-st i ngui shi ng.pr.ost.at.e gﬂ&?r- Sistited €foaechple gearedc i e serum
can formtt@laé@*@%f@&nggpro tlg?g gancg di agnostic test as presently
descri bed. ?E%gag@g eror:l10d@pm)dent Met hod Confirnmation of Discovered
Met abolites 00142] The netabolites and their associations with t\?l(ébﬁ
clinical variables described jn,Exa e Efidal frfetabolife. rAewowsingg an
i ndependent (0083} The ecurabermaps IS SNFIAN ??glé‘rg%\@retﬁ? gti ve aqueous ig‘gﬁl e
extracts from each variabl e f%{:ﬂjﬂf%%‘ggmbﬁ'ﬂhﬁomfdhmpiﬁbgmﬁ%é” REPES) were
r e- anal yzedT@?gﬂ@W%ﬁrﬁcﬁ‘%n 0 hi gh-perfor ce |I§|bjll in of one or
chr omat ogra@}kj{é{1 gﬁaflgégj'%f/@b@mpiem}&rmaghdﬂ@b}l_ﬂéﬁa‘ﬁBlré‘B'%@tl_g?, or equi val ent
mass spectr &F obtain mass and, i nﬁtenflir nlfﬁigagﬁgésqﬂegi@matdmaspm pose
of identi fymeﬁwragaidtbmsamdmlosﬁj‘i’%a@ro' CYeYisity befween the clinical
vari abl es under investi gat LOB.@E@O & 28GHE friass bysthagasepf hysEegfid gt ect i on
in both posithé \A@n@ﬂ‘élmésgaw R nodes, and the resul t'%g@@ﬁé é@&urﬂé‘ta
cali brated and ali g&?q’ tggiﬂgg m%qmnm. PUplass efestipe fRre! fdentified a
retention tiNETRMAISY ( me at i ch nol ecul ar species are eluting off of
t he HPLC colﬁéﬁ&mmﬁés‘ﬁimhmfmdéﬂ’ye@@to 34 mnutes under the specified
chromat ographic conditions. Figure 5 shows the extract edrfnaﬁaspsggq{}g?
within this retention fi range .f . BA b@kts mohgcnlap fasred er ’S
(B), and t he[008#] axmﬂ@weg(gsn B%@ﬁl{?%gg%&oﬁt ro?s and _pr oshaéf:e ﬁ@%@cﬁﬁéss( 0.
The boxed region %gﬁmémlg%?%uh&w@omm acuttab raeipkalite Jfilly es

e

previously d&&ciP tected. As preyviqusl ) hRS Sonized
nol ecul es \Aepﬁleﬁjvg@isbbﬁﬁéﬁj Watosatly, the esRLar 39”?%3 %ﬁes‘aél}é@g? glt.‘e cancer sera
€

conpared to controls. A bar_graph.of .t 6 shRturelb theinuimber of
(scal ed bet mwm%limimdifﬁebfrwdbﬁﬂ@ﬁfﬁlHEOITS}EInet aLoI i tsgl? as dgt ected using
HPLC- coupl ed TOF-MsS,. i s sho i [PoT . Exanple 3: MS/ M5

Char act er i zathydipgens lopidr £41 dg ngli(?%%agggset [ 00143] Vari ous characteristics
can be used for structure elucidation of netabolites include accurate nass
and nol ecul ar fornula determ nation, polarity, acid/ base properties, NWR
spectra, and MS/MS or Msn spectra. These data can be used as fingerprints
of a particular netabolite and are uniquejgdentifiers of a particular

nmet abolite regardl ess of whether the conplete structure has been
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process. [00146] Aqueous fractions from9 prostate cancer and 10 nor nal
sanpl e extracts were evaporated to dryness under nitrogen gas and
reconstituted in 100 1.1 of waternethanollormc acid (97.9:2:0.1). 5 1xL of
the reconstituted sanple was used for HPLC (Agilent 1100 systemwith

MetaSil AQ 3 um C18,100 x 2.0 mm columm, Variap,|lpc. a&n and
NS/ VB. Tﬁﬁegﬁb&% ig&ﬁ&%teﬁqﬁﬁhg tueadysi andeqt@m‘@mé% ﬁ’& Pﬁ? élo 1318.;%%(1‘“6? 9:2:0.1)
>+ an

as sol ve . 1% formc acid in geth sRlviefig e 18vela ofl ow rate
of 0.2 mﬁl@ﬁbmitetibe)bdsaihadent‘anféﬂYléat‘ﬂWaslsa@&%ﬁdla%: Sol vent_ A was hel d at

100% for the first minute, .then 12 OTRé AemnenRobEBligeWafes | i near
gr adi ent imvensities oh§ngct mﬁt%‘}?@ﬁesﬁg‘{ggﬂg‘?g%ooo A, 80%B for Q mn. hheq the
sol vent mi xture was % Pg(ic(; a%ﬁ@ﬁ/mﬁnﬁnsityﬁgamqwfﬁ@?le?bam s?r}b a

gr adi ent,“‘g?r'ﬂ’%%aswgﬁ‘ ﬂgtg' Org‘gB for 15 mi npte F'ﬁ%{ﬁl ly, the sol vent
m xture Waﬁm{{gbﬁv&hea%ﬁ&%eﬁt(ecg.equmdnﬁﬂﬁ‘mas‘lcﬁésg%f‘y ‘for duration of 20 min
(total elapsed tinme 65 mn). Eluate fromthe HPLC was anal yzed us{lng an ABI
QSTAR(r) XL mass spectroneter, fitted Wt gl eneSpraore)ib&burce in
posi tive qmmégwqmﬂmmaq@@ﬁ*??@éPF%E‘é@%%ﬁt full scap node, the
"TOF-MS" scan type was ys w‘ge%rﬂﬁe%gﬁww,l glko eefetredrto grein B2 cC Y O%hpss
scan rangengfreBuencs SIBP- ph™® dnd durati on tine of 60 mm The s&g@%
paraneters_at gog&% itg,?réfadﬁbmmla&rﬂmlpmiafﬁbﬁ%a%e&%‘%e as ?@1) 55;
lon sour c&gRC ( ? ; Curtain gas (CUR) 40: Neh 14’,&@511%1@%@06NC)
3.0; Te”peérﬁtddftﬁolﬂ%siﬁ‘ngﬁdmllh@tiegiwm{’i‘%ﬁ ezpﬁ’g? g.l) ocusi ng %Pot enti al
(FP) 265; Declustering Potential 2 . e, & Bfs66 nphsufifering Bomt
negati ve ESimphedesyiks @ saaple ?’B\ﬁs‘?onﬁrgﬁﬁ)sdggﬁ%%’ gfls ? (GS1 55,1 an, squr ce
gas 2 (GS2) 70. Curt inoﬂa?érefd reﬂ-PésaNﬁbmhail’ZécorﬂoP’r,eﬁﬁet)ﬂWGE‘ erature
400 C, DecPipstalssan erE%IFentl al- (DP) -55; Focusing Potentjal #]Ega t%gél; |
Decl ust er i ggggt@g,ﬁp%@{ef&eﬁda%%)nplelﬁlay[ammhrs? samphe/ oMy %BFoduct 1on"
scan type wasS accumul ation time of 1.Qsec,_ a_ SC : ®6reltharbbhe Da,
and a dur apiastaté bmeanﬁwoﬂmerPr%Qﬂ%ﬁ’é'ea%eﬁo e A e as above,

with collision ener CE) setid . BMtTGAY data, Fosexanvie alle and
- 20V, _35\/;3&55:@9?S@%&ﬁé@&#ﬁé&n@gg&nﬁ%@ggﬁﬁ?g on fglgg (CAD, nitro n% was
set at 5. L@%ﬁ?#ﬁﬁﬁﬁ%wﬁhﬂﬁ@%’q{e @nedir v thah enerteferancersampls ‘Ba%‘bee%ﬁ‘i’s c
fragnent ati patterIit under defined conditi Oa?, and is %?gi[tﬂlﬁﬁ Atk s

mol ecul e (Qg&}aﬁbmﬁplbobmimdﬁ@mﬂ@ﬂtﬁoh@é%ql‘i ts'fhe-ong\%ﬁl sTig ¢ c1agigles to
the nol ecul e's structure can result ,i i e@gﬁeﬂhﬁtﬂrﬁlﬂd wern.
I'n additiorsamplq)lmwﬁ]éﬁ’h@aéa‘??lﬁﬁgwp#bng?g%tLe@?%D%Ptgﬁ{e's_i dentity, the
fragnents gfe)ne.r al ?e?g R ni’%lrﬁ WEY £ pef&l’ st Bealtlli state nkiogghont hejndidetige-t [RC
structure n TR anol gs. ?80150] Upon constructi 0SSI. 1,%13@ Q.gul ar
formul ae f Qhidi& qRsd bé vsllerrdevbi araessoie ipignals Qfitmae. MANHIS FFEEE™w Th

accurate masses of 495.3328, 517.3148, . 319. 33 te SxhderS®ddh to
541. 3148, areferbus. @updy wlddlalsgélﬁe‘ﬁ’tﬂp Kef ¥ enrtggighoﬁ% to possess sinilar

formul ae of RHO*,. where R.is§:t i c@6i the thepey admitiistereing t hat
t hey coul d @grw&%%?-ﬁﬁf@ﬁ%‘%}?ﬁﬁgs%e gtpglgég%dr‘}pﬁﬂnd_s. A sgn}:’?r? of the
proposed stﬁ&g&y LESkiNAaHe UROROUE/2ME Tecogmize thet acpwhmatian ohsHP 1SIFUH o 2.
The fragnentation spectra for the 7 rrettgbolites d?ﬁi.ected in the positive

i oni zati on gmAgleasald bousediin i yatheds of the PRSERIBYF i on energies of 20 (A),
35 (B) and 50 (C) volts), and the nmasses of the fragnents andddrml‘ec%ér
formula assignnents listed in.Ta S m ls, tidbdtefidd BH18g ¢

daught er ioB‘gogr'/&egbletl?rﬁ"'&“fﬂ%vrﬁ“{lﬂ%%d’égfsdlag\/\eqﬂ%?aa%t e proposed structures of
the fragﬁenﬁnétﬂ&ﬁ egre%eﬁtriﬁ@émm. ITiRSevel (OONEHETMayNS Wed 38 15C ¥ ned
in the positive node ESI indicates that each o tf];i% %ﬁﬁgg tADLddckC fis
abstract ed m&k&tsdmthenmmsisn@pﬂoﬁtatﬂr@néﬁfrqrél?p%ﬁtlfoq VEBPREBI A T on (| Mr111+)
in their MS/M5 spectra. This suggests the protonation of the phosphate
group | eavi N‘QSQl'@dﬁB%Y%i vel y charged quaternary amoni umion as the parent
ion. Evidence for losing the quatemary am ne group, (CH3)3NH+, [ Mr11-601)
was observegog&g @lohe % wﬁleﬂﬁmmﬁoﬁﬁdmyﬁdsmﬁgdﬁmtmiﬁg@h@geﬁfﬂ

chol i ne hea (}up I'n Rese metabolites. Fra msnﬁ ion%ﬁgﬁ LAy be selected
phosphochol iTelé CaibnRdmbinativn thesepf. M@M?gﬁé‘lle- &EE’F %sg'rﬁyne
(C51114N0+, mz 104) were other .indicati.o g j ahickishmgt ype
structures. &méhw0m9f49r?dﬁ?t@$@1tﬁﬁhé’(‘y&|15?%?%23 %&géﬂag@s%aggggﬁh ;édt Wé;
confirmng th .esence_ of fr Mudie adarlens thap dei metabelItEh ent
in lysolipi dpﬁgfﬁéméqqgﬂ@?cuﬁ’gsqpﬁﬁ?gé%%ﬁr%mnt ions, though weak, were
observed for either a sn-1 fatty acid side chain or |oss thereof. For
exanpl e, for netabolite 495.3328, where pahnitic acid was thought to be the
sn-1 fatty acid, the fragnent ion repres_eiggi ng mz 458 was assi gned as

pl ausi bly due to the |oss of C16H320 unit. Another fragment ion at mz 239

NA SN NN A M. o " o o - o T
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[ 00153] The M5/ M5 spectral data of the remaining 6 netabolites were very
simlar to that of 495.3328, the only differences being differences in the
sn-1 fatty acid side chains. For netabolites 519.3328 (520 MH), 521.3481
(522 MH), and 523.3640 (524 MH), loss of H20 fromtheir parent ions
resulted in fragnment ions mz 518,520 and 522 re Ll glti ng that
their fatty acid Sgéggn&gﬁmsnmttbm ofi §19.3328, ﬁﬂ-sg‘gﬁc’ﬁégggg?,?gg?
unsaturalaPﬁ?y}H.ael'—'B? , the sn-1 si dg c?@ngtlgaizgjgmgglgsnjm.ﬂ?d,aci d due
to the fragrpny ses3ws, 5213280517188 24772 cémon frag”%g’h ion at

nm z 258, ‘Was thou%gt to be du %8 herbess Wouldhmlidatd e syRe BI}2

( C18H350)495.3828) 5ek3s, Mheha Her I)I&p;'arent I ons thus confs(ir %%@ gllfg and
stearic acid s%&aeI chai %% %%%tth%qhmmﬁetabdﬁﬁabﬁldﬁ’é@b bW Q‘J(s 2 MH),
the fragniamariigiar SFSBOEAS deduced as | oss of c?h&?' Reabjeetssi de
chai n. Us] ”gerEﬁe 2have. dioscuderer MBCRErARNAN RN PUET dres of these 7
prostate Faicer bi onmarkers pro psedqlﬁ shown in Table 2. [00154] The

f r agment apdjivetpeohiral (diseasedrese eI bol it es detected in the negative
ioni zation node (i.e., nmetabolites with accurate nasses ofrgég%g é}}%
531.3123, 541.3422, 555 3101 Ge 3mfiBe categhrizedi ( shown
in Fi gur e§008P}tkhedd Q‘%b‘ﬁ?gmﬁl?eg%%%gﬁé%d%? 20, 35 .and 50. v%l.t%%e%-@%g

mol ecul ar for as? égﬁﬁﬁ%%{%@tiéﬁ‘ﬁ\tanfaqwoué BxtiacarheippeEsEy 0 18977 Hu 4

569. 3687) BRHPSPAIFASIES SN bi omar kers were found é&@%ﬁﬁéﬁnﬂdﬁohﬁwf
fornul ae qfo<fANGRR nebetvelyR The metabolites WAl aeeqralemASIE G Y pe, | ndi cati ng t hat

t hey coul @ be phospholipid e i 08 hddeS.3%66) wharg a
sunmar i zes495h’£32805b’bﬁlldé£51%@%3&3@%&??@/?&ructures of the nplecul es

based upon the MS/NB data. : JRetibotite, wreee detenipfastPOSBIYC A s es |
put ative firmAPRY r‘“t“ﬁé@’?@é%ﬁ?%%n%ﬁ%‘era ment | 0sses as %@?ﬂﬁt ative
structures & %§? ﬁgﬂsfﬁ;@&ﬁﬁptdescr{b@ﬂ;lﬁﬁﬂhbnhteﬁewﬁbg?&fm@@ MApEs el'ect spray
ioni zati on.‘,1 ? , each of "the seven ngl;i u#g in(ﬂo Ié/% %OBQ’VIQ,S%,Uhﬁd ng in
t he correspaiend)gofroU8LA1E: $3iﬁf>1@PM514_1- 4 ; PIP-T NET r /3 s&e)cltér a. This
suggests the de-protonati of t iidi@uPthel @me mgtabbbten®ge i vel y
char ged ph&6paas Wbﬁeé’s“"g%ep@gr@gff&pg% ?‘%ﬁe&tﬁiﬁ&as were observed for
sn-1 fatty .acid,si i ShshiRinglthemetiolde preseifily. ds nd 541.3422 (palnityl,
G 0113102, dﬁﬁ%@@é@?ﬁ@%ﬁ.‘@%‘%{“fgﬂ o eyl PG 8HR. 02, iz 279) . 567.3546

(oleyl, G 31-13302, mz 281), and 569. 3687 (stearvl. i Mid@83) as
prom nent ;bﬂmﬂ"ﬁnd 13 rhétabolitdsRlenibed ebevedel BH‘GMS?%%%@%P I\/kaslpect ra

of 569.3687 to’its correspondi ng,lyso i pi &Hﬂigﬁﬂm otamuineser part
2- hydr oxy- classst derr yIeXampP) y Wgh%%g‘ﬁ@‘ggﬁg}gﬁh’ang g%& ng ( 5114%\&?@?’3& exact
mass: 481.317) , ( conuergi ala. Shangasdinesa Raotimsplofidyisetinesy | $YSO5P -
observed (?Xﬁﬁp@gi@ﬁ‘mﬁ}flﬁ‘éﬁtﬁ?ﬂ"%gaf ragmen!twl oss fromt h%ﬁar%i ﬁﬁiJlMHr of
569. 3687 ma%ogﬁmrﬁgﬁ@ﬁhﬁsmys@msmﬁdyiglywo& breophospandyiingsiols; (Rlale
associ at ed th the fornula C2I 140%W his.fr ?rrent | o0ss was consistent to
al | the narictivating factors KR, andcem ﬂn%%g% fon to 481.3171 which has a
formul a of C231148NO7P simlar to the general fornulation of the ing
sn2- hydr oxyph et hanol ami ne -énnfémmﬁfehn@escﬁbedrd@wntﬂﬁuﬁh 8 of
569. 3687 tof@ifﬂg%ﬁ?“%ﬁ%@ i(%fggﬁsé/%gphosphqet anol ani ne com*reéﬁi glkof
standar d (rWa ﬁg%oli@ hdofRr Rerowfl imntder Redimgnose RIOFHIE WOFEOTIIEERY Ba,
whi ch | ead P8 ?}F}e erivation of N N-di thyb phosqg%%ﬁwga&gl&rgenﬁwm of
structures passtdtdcahienmaAloyr cqaiiadtionTh the 2NN TITDSSES arter the | oss of
sn2 fatty acid, mz 242, 168, 153 and 7 &aibpiaoht 10 iiseabeaiiagnostial |
seven Dbi orrasmlﬁnﬁﬁéﬁsﬁhé‘?aﬁw ?{g&gnp‘ﬁ%ﬁgﬁm e di met hyl et hanol ami ne type
of backbone o&w he nol ecul e. [00156]While the reported MS/MS data is
consi stent W nol ecul es of | ysophosphol i pi d speci es, the present
invention also includes structures where functignal : oLkia
fragments ageogxirsactea éharacteyizatiom et Hiecabioye W@?@ﬁ?%&ﬁ%?@gf ggﬂ Exlairrpl e
4: Hi gh Throughput Comrerci al Met.hod. : {ﬂg])@;ﬁ;a]c&ﬁbﬁ@hhatmay hput
screeni ng ( Iﬁr@}wdﬁé«t’ﬂb@%mgw&s%@g@l Qg%’ﬁll&&agn{}glmﬁg piios_{eg'ltte C%?é:tgrﬁias;rhe
met hod describ el ' blile8 nvdytinclade, bab arel reb bmaieo g ace ?

g iR e Y

i nst rument at4s e-quadrupol e mass spectroneters t i orel ace
in many | abopafpiiae forfthubd) Polayity, BBid/tasy propertics, NMR spectra, and Rls /Aot Drshl

Techniques used to determine these characteristics include,

§ st ear yl

tT: but are not limited to
spectra.
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[ 00158] Hi gh t hroughput screening (FITS) was perfornmed with a linear ion
trap nass spectroneter (Qtrap 4000, Applied Biosysten) coupled with
Agilent 1100 LC system Serum sanples were extracted as described in
Exanpl e 1. The aqueous fraction was mxed 1:3 with acetonitrile to

precipitate proteins prior to use for the analysis of. a g 151.tL
of internal Staﬁds\%rlg%(r Slfsh? aecimcaﬂnmnaf@&ipwedﬁxymﬂgﬁs}ﬁegf%ﬁ’n@éﬁ ve ESL 1
e e e M S T
idnQis ra‘total volune o :
The aut ‘g’gtga er %nj ected 100L1.1 .lg(%0{{ﬁﬁﬁ@iﬂ@ﬁfﬁidﬂyoﬁdpnnkiti:lﬂ;lrén@tﬂbfﬂltanal ysis
(FI A intdhtaubtamledgm) . PS HabR rier “sol vent was O-i€0§60'bﬁdb- .
(et hanol ) : (1% or i ¢_agi %]d a}:‘gﬂg‘/g&iﬁé&l tAmyar il ofithe eaRofIic i,&t_ rayn into
the APCI BwsifF & CXPERTESFTHE HTS met hods (negat | vauand @ogfovidee ESI)
wer e devel;0 ﬁl%sé}ﬁ gggﬁwnumydod fingerprinted S"p_ ?%%&4 @%AP Mass
spectroneter*equl pped with a Turbo\flmsfourc %q%agudt@awrrﬁwwoﬁﬂ& The
wource griapaeatrmsier o e ol MEHTe WITACER O o
sett] ngs weolecwde fol | ows: entrance poienti al (EP): -10, and col i sion cel |
exit potential (OCP):-10.0); Positive ESI: (CUR 10.0, CA%s 6% Ia§6v§500,
TEM 500, . 30 B0 R ey draieeal pard of motabolteAAKSHIPSY §43 ngs were
as follo@%@%ﬁbﬁ%&@ﬁﬂ% (EP): 10, apd collisi | Jes@lfink SRRABEN i al
- - i MSUSCBamrenssieh BiteFy tesP0g 0
grggﬂorllﬁg NR.bdMggg?glfﬁma?fd:ﬁ??ﬁrg 0 %'fﬂ?t Riigrar kelrloI :ngegc}v:?ﬁ/ln
t ransi t i oncolfision indecedissosiost M’E‘a“%‘r@sﬁg‘?gl r?e,l t'hough’ ot her conpounds
may be used) for a total of 16 MRMs for each m&&dﬁa&&/gfﬂﬁhgﬂ%
transitions noni.t or idHizeOmBSCo . i d ative
ESI nodes, [Q&B@W%IW%Q%ES'@?%%)QF?ggém sition tinme E@[ /w Y&stive
appr oxi matel y 14%93%3%16@@5[»&}@?‘]).n‘é‘hhcbdﬂh@a@@g@ﬁmﬁ 5 G each
of 14 bi omar ker Mtransitions (fro ) I g3 )dar d
(1S) MRM transi tmtemsty) ﬁmﬁ?&([b’éﬁ&iﬁ,ﬂ%a gﬂ%ﬁ%ﬁ F‘\‘@Eﬁ)ﬁg 3%g;i:éﬂpat_ is(e?fg score
was then generated b 1 ni h 0% [ 9 H06)cIsdeduga® /.
transfornmed rat i2é8&¥&}°?’%35§£:%ﬁ8?rg%65% elhgpﬁgjr’rér kg!rn:ol transitions per
patient. This valLaué y\as then conpared to a distribution of scores generated
fromnormal i ndiVi gauail s, and a prostate cancer risk factor was assigned

accordingly. It was confirned that the, ABI 4000 e Ofled.
accur at el y (7898 Uckmgtet Iness\AIV.3 ¥48nkast anpionized inass Sisgﬁgéﬁg (@ﬂrella ?}Jt’h%{lj

descri bed above by plotjfi K okl t$ ASNISmakk érelative
transitions ver sﬂs‘;-fﬂé éﬁgfﬁgﬁmhﬁeﬁsﬂgﬁsﬁt ons tI?Ior each of .the seven

x san

bi omar kers for eaﬁegm@taglgcglggwqqqﬂ@wa),4591€10%)$4h53(11%h|359Q%]aﬁébk%}’at es a

series of diluti® extracted hunman reference serum nateri i ch
al l owed for the @I?jgwj,gam%),amu(%)sa%ﬁw%}:86(3&%%%%%3@???%' If the
calibration curve has a R2 value <0.98, then the sanple run is considered a

failure and the sanple needs to rerun.. 1 @mr'ppqlﬁ valcdt he
prostate cajofes] afesrate imsse SdBda24deh 8y U r%é%&%'mde%enden?pdata

acqui si tion corrp,gg(gﬁﬁ ﬁ%e%{ﬁﬁ‘@m’grﬁcmé nag /M ifagierts MSIME ewz)drdaténg ect ed

in negative node in positive node. Eggl(%ﬁf I (523 seven
| ysophosphadi t yl gholdi@pakbbEe(ives Hitt 6602 1%k 40b 620k i eﬁ(li v

met abolites with accufate nasses of %95%2%@, uye . 328, 521. 3480,
523. 3640, 541. 31484 (HINY65A66 E26R)124 (R)BPAALTliSBREISed For neasurenent are
shown in Fig. 21A, and conprise two daughter ion transitions per nolecule

f Do T e | ol D G85HIM46HE, dalednhi ch
aogi ﬁgfe 1(;) r &m%ﬂiabgp%ﬁéée@;%ﬁﬁp W bllizED SnRX SEBL. i i o

wo I nternal standard trar:;)'ti Oﬁﬁ per
sarrplj e <(:| 1 and _2% :529;3;5Egif3€@&E;Ngi,ylemagmermsgdsmgnmn' tso(MSAR #/ak BFIFHY |
standard transiti’on therefore resulted in [ e 4Jp0r ma
ref erence serum Sawpbity)iase: 423 (iMr*raI‘l];t;z]é@o@t g%c}l%)ngﬁj@l /‘L‘)f ?%ﬁg%)g %a%i:siyggs1
instrunment linearity, fo i - r f o€ S séedi 16aTshie 6t ed.
The aver age R-'squ%?rle(dtyﬂ)a{gfe\i\go%rE&Z@gﬂbg@a@ﬁz{} %%‘%%)f or e%l?iﬁ t?ansi tion

ratio is shown in Fig.21A. A sanple plot of the average intensities of the

di l utions fﬁ@o?ﬁgmﬁ;éaﬁég%@%ﬁﬁ3mm i idriged AR, of 5. YHBI (Mot weddo4-hen

normal i zed e control popul ation and | tr d.
The |l owest ratio gpi_mioforr[@gﬂghlﬂﬁﬁt M$MS @é%ﬁtém@% iﬁ%ﬂv&ut put
score. The distributions of these patient scores were then visualized to
determ ne the optinum di agnostic cut-off point. [00163] The sane 24 prostate
cancer serum sanpl es used for the discovery phase were re-anal yzed using
this nmethod, along with an expanded indeggndent set of 147 male control
sanpl es. The average ratio (not |og transforned) for each of the 26

D o e o o, M. o o, -



patient scores of the 24 prostate cancer patients (black triangles) were
significantly |lower than nost of the disease-free male subjects (light grey
squares). Plotting the distributions of the subjects based upon the patient
score, as shown in Fig. 22B, mrrored the previous findings and showed a
shift in the distribution of the prostate patients_ (bl.ac b3 t he

| eft, indicati Palo Qyeisah UMQV[,Q]F’, 10L4)esa6 é&’dr@gﬁ ﬂ%()hjéﬁréf@%f%u({g’ prostate

cancer patients rgil%gtlve to the control Set t b 46 score
of -1. 2?, i ndi $r3 @9:)p83 (186)1258 &de) il%q%r%)Ffé)é {22@73?2‘?@:/ Q?I‘E‘ép’?'ﬁ"’ﬁ

approxi mately 75% sensi,tivity. é,btlh t is, 75% of the cancer patients have

scores of | ess(30¥apseeligny NaliP9{os specificity (that is, 91% of the

control mal e popul ation has a score greater tsggfnﬁﬂéﬂilg)dégr’?j{ﬁ Me

generated fr at -t 110G 148 faP ah igizedsmas : e n the
i ST B Hesh3

controls gy cancer sanples. [00165] For th I WY
spec 3 ot e gy et oguanoR eSS nfhek AN HATNS.

: : : , : and, (1949, 84 jtions
for the 1-1TS rintehsiy) avee S&nGIAT H ’%8 r‘@%z@ﬁ/‘b’%éq%?’hgg (ilqs/u?si mlar to the

positive node, with four ratd 0s plaiger nal standard measurenents)
gener ated per p@ﬂéh@é"gbﬁ? (ﬁ’é’glsﬁ(’ﬁi&gfenf%\ga?lot al ratios per patient sanple.
The average r-squared values resulting fromthe anal S‘I‘é?]\% &w’:t_l_l 1€
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[00108] Based on the structural characterization of the 14 metabolite markers.
selected for the diagnosis of prostate cancer, it was determined that the metabolites are
molecules related to lysophospholipids. Specifically these include, but are not limited to,
lysophosphatidylcholine (lysoPC), 1ysophosphatidylethanolamine (lysoPE),
lysophosphatidyldirnethylethanolamine (lysoPdmE), lysophosphatidylserine (tysoPS),
lysophosphatidylinositol (lysoPl), and lysophosphatidyl glycerol (lysoPG), and platelet
activating factors (PAFs), wherein the glycerol backbone is attached to a faity acid at
cither SN1 or SN2, for example, 16:0, 18:0, 18:1, 18:2, 18:3, 20:3, 20:4, 20:5, 22:6,

ceramide, or other, and a phosphate-containing choline, ethanolamine,

dimethylethanolamine, setine, glycerol, or inositoi is present at SN3.

100109] Phosphatidylcholine (PC) and phosphatidyethanaolamine (PE) represent
the two major lipid components of biological membranes. PC and PE comprise a
glycerol backbone containing a phosphate group attached to ethanolamine or choline at
the SN3 position, and two fatty acids bound to the SN 1' and SN2 positions through an
acyl, ether, or vinyl-ether linkages. The fatty acids canbe either saturated (more common
at SN1), or unsaturated (more common at SN2). When phospholipids such as PC and PE
are hydrolyzed by various phospholipases, a lysophospholipid such as lysoPC 1is
generated along with a free fatty acid. Lysophospholipids have been implicated in
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particular, Mills et al. describe the elevation of lysoPCs in gynecological cancers. Thisis

in contrast with the present invention, which shows that the panel of 14 biomarkers (i.e.,

metabolites with accurate masses of 519.3328,541.3148, 545.3460, 555.3101, 541.3422,

565.3394, 521.3480, 517 3148, 567.3546, 593.3640, 531.3123, 481 3171, 495.3328,

569.3687) are decreased in the serum of patients with prostate cancer.

on

[00111] The present invention also provides high-throughput methods for the
diagnosis of prostate cancer. The method involves fragmentation of the parent moleculé;
in a non-limiting example, this may be accomplished by a Q-Trap™ system. Detection of
the metabolites may be performed using one of various assay platiorms, including
colorimetric chemical assays (UV, or other wavelength), antibody-based enzyme-linked
jmmunosorbant assays (ELISAs), chip-based and polymerase-chain reaction for nucleic
acid detection assays, bead-based nucleic-acid detection methods, dipstick chemical
assays or other chemical reaction, image analysis such as magnetic resonance imaging
(MR}, positron emission tomography (PET) scan, computerized tomo graphy (CT) scan,

nuclear magnetic resonance (NMR), and various mass spcctrometry-based systems.

[00112] In a further embodiment of the present invention, there is provided a
method for diagnosing prostate cancer of the risk of prostate cancer in a patient. The

method comprising the steps of:

a) obtaining a sample from said patient;

b) analyzing said sample to obtain quantifiying data for one or more than one

metabolite marker;

¢) obtaining a ratio for each of the one or more than one metabolite marker to an

internal control metabolite;

d) comparing each ratio of said one or more than one metabolite marker to the
internal control metabolite to corresponding data obtained from one or more than

one reference sample; and
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e) using said comparison to diagnose prostate cancer or the risk of prostate

cancer.

(00113} The step of analyzing the sample (steb b) may comprise analyzing the
sample using a mass spectrometer (MS). For example, and without wishing to be
limiting, such mass spectrometer could be of the FTMS, orbitrap, time of flight (TOF) or
guadrupole types. Alternatively, the mass spectrometer could be equipped with an
additional pre-detector mass Glter. For example, and without wishing to be limiting such
instruments are commonly teferred to as quadrupole—FTMS (Q-FTMS), quadrupole —
TOF (Q-TOF) or triple quadrupole (TQ or QQQ). In addition, the mass spectrometer
could be operated in either the parent ion detection mode (MS) or in MSn mode, where
p>=2. MSn refers to the sifuation where the parent ion is fragmented by collision
induced dissociation (CID) or other fragmentation procedures to create fragment ions,
and then one or more than one of said fragments are detected by the mass spectrometer.
Such framents can then be further fragmented to create further fragments. Alternatively,
“the sample could be introduced into the mass spectrometer using a liquid or gas

chromatographic system or by direct injection.

[00114] In the method as just described above, the one or more than one reference

~ sample may be a first baseline reference sample obtained from-a control individual.

[00115] In the method as described above, the one or more than one metabolite
marker may be selected from the metabolites as listed in Table 1, or the metabolites may
| be the 14 metabolites described above. The “internal control metabolite” refers to an
endogenous metabolite naturally present in the patient, provided the metabolite is not
associated with the disease and does not vary over disease states; alternatively, the
“nternal control metabolite” may also refer to an external standard spiked into a serum
sample prior to analysis. For example, and without wishing to be limiting, the ratio may

be used to determine a diagnostic score for the test subject.

[00116] Use of the ratio of the metabolite marker to the internal control metabolite
offers measurements that are more stable and reproducible than measurements of absolute
levels of the metabolite marker. As the internal control metabolite is present in ail
samples and does not vary over disease states, the sample-to-sample variability (due to

handling, extraction, etc} is minimized.
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[00117] In the diagnostic methods of the present invention, the measurement of
metabolite markers could be taken longitudinally over time in a test subject to determine
the change in metabolite concentrations and likelihood of prostate cancer, OT risk for the
development of prostate cancet. The test subject would provide a sample at a start point,
essentially establishing a baseline value; the test subject could then provide samples over
time which would be compared to the start point sample. For example, and without
wishing to be limiting, an increase in the intensity of the 14 metabolites described above
would indicate a reduced risk of prostate cancer, while a decrease in the intensity would

indicate an increased risk for prostate cancer.

100118} In yet another embodiment of the present invention, thete is provided a
method for evaluating the efficacy ofa therapy for treating prostate cancer in a patient,

comprising:
a) obtaining a sample from said patient;

b) analyzing said sample to obtain quantifying data for one or more than one

metabolite marker;

¢) comparing said quantifying data to corresponding data obtained from one or

more than one reference sample; and

d) using said comparison to determine whether the therapy is improving the

health state of the patient.

{00119] Optionally, after the step of analyzing (step b), aratio for each of the one
or more than one metabolite marker to an internal control metabolite may be obtained. In
this case, each ratio of said one or more than one metabolite marker to the internal control
metabolite to corresponding data obtained from one or more than one reference sample is

compared to evaluate the efficacy of the therapy.

{00120] The step of analyzing (step b) may comprise analyzing the sample by
liquid chromatography mass spectrometry (LC-MS), or alternatively may comprise
analyzing the sample by direct injection or liquid chromatography and linear ion trap
tandem mass spectrometry when the method is a high-throughput method.
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[00121} By the term “therapy” Of “reatment”, it is meant any suitable course of
therapy that may attempt to improve the health state of the patient being evaluated. When
evaluating the efficacy of the therapy, the effect of the particular therapy in improving or
degrading the health state of the patient wili be measured. In doing 0, a person of skill in
the art would be capable of determining whether the therapy is effective for treating
prostate cancer. Such treatment may include, but are pot limited to, immunotherapy (for
example, Bacillus Calmette-Guerin injection), radical prostatectomy, chemotherapy,

radiation therapy, hormone therapy (including antiandrogens), or others.

[00122] In the method as described, the one or more than one reference sample
may be any suitable reference sample, For example, and without wishing to be limiting
in any manner, the reference sample may be a plurality of samples obtained from control
individuals or one or more than one pre-therapy baseline sample obtained from the
patient; or any combination thereof. A pre-therapy baseline sample from the patient is

particularly useful, as the vatiation in metabolites will then be specific to the patient.

{00123] In the method as described above, the one or more than one metabolite
marker may be selected from the metabolites as listed in Table 1, or the metabolites may

be the 14 metabolites described above.

[00124] The efficacy of a therapy as described above is evaluated based on the
measurement of the metabolites and comparison to the reference sample, whereby a

restoration of the metabolites towards a normal specified range would be indicative of a

positive treatment effect.

[00125] In an alternative method of evaluating the efficacy of atherapy for treating
prostate cancer, a ratio for each of the one or more than one metabolite marker to an
internal control metabolite can be obtained in step b); each ratio of the one or more than
one metabolite marker to the internal control metabolite could then be compared to

corresponding data obtained from one or more than one reference sample in step c).

[00126] The present invention also provides high throughput methods for
diagnosis of prostate cancer. The method may involve fragmentation of the parent
molecule; in a non-limiting example, this may be accomplished by a Q-Trap™ system.

Detection of the metabolites may be performed using one of various assay platforms,
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including colorimetric chemical assays (UV, or other wavelength), antibody-based
enzyme-linked jmmunosorbant assays (ELISAs), chip-based and polymerase~cham
reaction for nucleic acid detection assays, bead-based nucleic-acid detection methods,
dipstick chemical assays or other chemical reaction, image analysis such as magnetic
resonance imaging (MRD), positron emission tomography (PET) scan, computerized
tomography (CT) scan, nuclear magnetic resonance (NMR), and various mass

spectrometry—based systems.

[00127] The HTS method may involve the measurement of intensity, peak area or
summed scans of each selected daunghter ion per biomarker, as well as daughter ions for
one or more internal standards added to each sample. A ratio may then be generated by
dividing each biomarker transition by an internal standard transmon The internal
standard provides an indication of the instrument sensitivify, and allows for the
normalization of biomarker transition signals across multiple samplings. The ratios
generated for the disease-free or healthy population become the defining parameter for
the “normal” distribution. A validation set of samples comprising normals and prostate-
positives are then analyzed and compared to the normal distribution. This results in
essentially two distributions, one for the normal population and one for the prostate-
positive population. A cutoff ratio between the two distributions is then selected to

determine the sensitivity and specificity of the biomarker assay.

[00128] In the methods of the present invention, any individual or combination of
metabolites described herein could be combined with existing cancer markers to arrive at
a diagnostic/prognostic output. Such existing markers may include, but are not limited to
prostate specific antigen (PSA), carcinoembryonic antigen (CEA), cancer antigen (CA)
19-9, C15-3, or CA125.

[00129] The above methods may provide medical professionals with a test to better
determine the appropriate treatment regimen for a subject based upon the stage at which
the cancer is detected. Since the diagnostic methods are relatively non-invasive, a large
number of otherwise undiagnosed cases could be identified, particularly early cases, for
which specific interventions may be administered by medical professionals. The methods
of the present invention may also be used to detect recurrence of cancer, possibly prior to

clinical symptoms of the recutrence. Such knowledge could be subsequently used to
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properly direct treatment regimens that may have improved chances of preventing the

recurrence.

[00130] The impact of the present invention on the diagnosis of prostate cancer
would be tremendous, as literally everyone could be screened longitudinally throughout
their lifetime to assess risk. Given that the performance characteristics of the test of the
present invention are representative for the general population, this test alone may be
superior to any other currently available screening method, as it may have the potential to

detect disease progression prior to the emergence of clinical symptoms.

[00131] The present invention will be further illustrated in the following examples.
An outline of the present invention including each of the examples listed below is shown

in Figure 1. -

Example 1: Discovery and Identification of Differentially Expressed Metabolites

[00132] Differentially expressed metabolites are identified in clinically diagnosed

prostate cancer-positive patients and normal patients.

[00133] Clinical Samples. For the prostate cancer screening assay described,
serum samples were obtained from representative populations of healthy prostate cancer-
free individuals and of professionally diagnosed prostate cancer-positive patients
(SeraCare LifeSciences, Inc). The biochemical markers of prostate cancer described
below were derived from the analysis of 24 serum samples from prostate cancer-positive
patients and 25 serum samples from healthy controls. Samples in both groups were from
a diverse population of individuals, ranging in age, ethnicity, weight, occupation, and
displaying varying non-prostate cancer-related health-states. Ali samples were single
time-point collections, and the prostate cancer samples were taken either immediately
| prior to, or immediately following surgical resection of a tumor. All samples were taken

prior to chemo or radiation therapy.

{00134} The metabolites contained within the 49 serum samples were separated

into polar and non-polar extracts by sonication and vigorous mixing (vortex mixing).

[00135] The analysis of serum extracts (24 prostate cancer, 25 normal) was made

by direct injection into a FTMS and ionization by either electrospray ionization (ESI) or
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atmospheric pressure chemical ionization (APCI) in both positive and negative modes.
Sample extracts were diluted either three or six-fold in methanol:0.1%(v/v) ammonium
hydroxide (50:50, viv) for negative jonization modes, or in methanol:0.1% (v/v) formic
acid (50:50, v/v) for positive jonization modes. For APCI, sample extracts were directly
injected without diluting. All analyses were performed ona Bruker Daltonics APEX I
Fourier transform ion cyclotron resonance mass spectrometer equipped with a 70T
actively shielded superconducting magnet (Bruker Daltonics, Billerica, MA). Samples
were directly injected using ESI and APCI sources at a flow rate of 600 pL per hour. fon
transfer/detection parameters were optimized using a standard mix of serine, tetra-
alanine, reserpine, Hewlett-Packard tuning mix and the adrenocorticotrophic hormone
fragment 4-10. In addition, the instrument conditions were tuned fo optimize ion intensity
and broad-band accumulation over the mass range of 1001000 amu according to the
instrament manufacturer’s recommendations. A mixture of the abovementioned standards
was used to internally calibrate each sample spectrum for mass accuracy over the

acquisition range of 100-1000 arnu.
{00136] In total six separate analyses comprising combinations of extracts and
ionization modes were obtained for each sample:
Agueous Extract
1. Positive ESI (anatysis mode 1101)
2. Negative ESI (analysis mode 1102)
Organic Extract
3. Positive ESI (analysis mode 1201)
4. Negative ESI (analysis mode 1202)
5. Positive APCI (analysis mode 1203)
6. Negative APCI (analysis mode 1204)
[60137] Mass Spectrometry Data Processing. Using a linear least-squares
regression line, mass axis values were calibrated such that each internal standard mass

| peak had a mass error of <1 p.p.m. compared with its theoretical mass. Using XMASS

software from Bruker Daitonics Inc., data file sizes of 1 megaword were acquired and
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zero-filled to 2 megawords. A sinm data transformation was performed prior to Fourier

transform and magnitude calculations. The mass spectra from each analysis were

integrated, creating a peak list that contained the accurate mass and absolute intensity of
each peak. Compounds in the range of 100-2000 m/z were analyzed. In order to compare
and summarize data across different ionization modes and polarities, all detected mass
peaks were converted to their corresponding neutral masses assuming hydrogen adduct
formation. A self-generated two-dimensional (mass vs. sample intensity) array was then
created using DISCO VAmetrics ™ software (Phenomenome Discoveries Inc., Saskatoon,
SK, Canada). The data from multiple files were integrated and this combined file was
then processed to determine all of the unique masses. The average of each unique mass
was determined, representing the y axis. This value represents the average of all of the
detected accurate masses that were statistically determined to be equivalent. Considering
that the mass accutacy of the instrument for the calibration standards is approximately 1
ppm, it would be evident to one skilled in the art that these average masses would include
all masses that fall within +/- 2 ppm of this average mass, or even +- 5 ppm of this
average mass. A column was created for each file that was originally selected to be
analyzed, representing the x axis. The intensity for each mass found in each of the files
selected was then filled into its representative X,y coordinate. Coordinates that did not
contain an intensity value were left blank. Once in the array, the data were further
processed, visualized and interpreted, and putative chemical identities were assigned.
Fach of the spectra were then peak picked to obtain the mass and intensity of all
metabolites detected. These data from all of the modes were then merged to create one
data file per sample. Then, the data from all 90 samples was merged and aligned to
create a two-dimensional metabolite array in which each sample is represented by a
column and each unique metabolite is represented by a single row. In the cell
corresponding to a given metabolite sample combination, the intensity of the metabolite
in that sample was displayed. When the data was represented in this format, metabolites

showing differences between groups of samples (i.e., normal and cancer) were

determined.

[00138] Advanced Data Interpretation. A student’s T-test was used to select for
metabolites that differ between the normal and the prostate cancer-positive samples

(p<0.05). 492 metabolites met this criterion (as listed in Table 1). Each of these features
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differs statistically between the two populations and therefore each has potential
diagnostic utility. The features are described by their accurate mass and analysis mode,
which together are sufficient to provide the putative molecular formulas and chemical
characteristics (such as polarity and putative functional groups) of each metabolite. The
ability of the 492 metabolites to discriminate between the control and prosiate cancer
serum is shown by the PCA plot in Figore 2. A relatively clear distinction (as shown by
the dotted line) between the controls (in grey) and prostate cancers (in black) can be
drawn, which indicates that the 4972 metabolites together can diagnose a prostate cancer-

positive serum sample relative to control serum.

[00139] However, the incorporation and development of 492 signals into a
commercially useful assay is not practical, thereforea combination of univariate anaiyses
and chemical information was used to further select a subset of 14 metabolites from the
497 for additional characterization, The subset of 14 metabolites selected were detected
in two different modes: those with accurate masses (measured in Daltons) of 495.3328,
517.3148, 519.3328, 521.3480, 523.3640, 541.3148, and 545.3460, where a +/- 5 ppm
difference would indicate the same metabolite, were detected as positive ions using
methods described in this application and metabolites with accurate masses (measured in
Daltons) of 481.3171,531.3123,541.3422, 555.3101, 565.3394, 567.3546, and 569.3687
were detecied as negative ions using the methods described within this application. All

metabolite masses represent '’C molecules.

{00140] The diagnostic accuracy of the 14 masses is shown through a PCA plotin
Figure 3, which illustrates a clear separation between disease and controls. In fact,
separating the controls from the prostate cancers using the dotted line results in a
sensitivity of 84% and specificity of 100%. A graph of the relative intensities of the 14
masses as detected on the FTICR is shown in Figure 4 (using data scaled between 0 and 1
for each mass). Each of the markers appears to show a reduction or deficiency of

approximately 50% (on average) in the prostate cancer sera Versus control sera.

[00141] Based upon these results, a clear distinction can be made between the
serum of prostate cancer-positive patients and healthy (prostate cancer negative)
individuals. Therefore, these markers, which are capable of identifying and
distinguishing prostate cancer-positive and prostate cancer-negative serum, can form the

basis for a prostate cancer diagnostic test as presently described.
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Example 2: Independent Method Confirmation of Discovered Metabolites

{00142] The metabolites and their associations with the clinical variables described

in Example 1 were further confirmed using an independent mass spectrometry system.

Representative aqueous sample extracts from each variable group (10 controls and 9

prostate cancers) were re-analyzed by LC-MS using an HP 1050 high-performance liquid
chromatography, or equivalent interfaced to an ABI Q-Star, or equivalent mass
spectrometer to obtain mass and intensity information for the purpose of identifying
metabolites that differ in intensity between the clinical variables under investigation.
Data were acquired using full-scan detection in both positive and negative ESI modes,
and the resulting spectral data calibrated and aligned using Phenomenome Profiler
software. We identified a retention time window (time at which molecular species are
eluting off of the HPLC column), of approximately 28 to 34 minutes under the specified
chromatographic conditions. Figure 5 shows the extracted mass spectra within this
retention time range for the controls (A), prostate cancers (B), and the net difference
between the controls and prostate cancers (C). The boxed region shows the mass range
where the subset of 14 masses previously described was redetected. As previously
observed, these molecules were significantly lower in intensity in the prostate cancer sera
compared to the controls. A bar graph of the average raw intensities (scaled between 0
and 1) for each of the 14 metabolites as detected using HPLC-coupied TOF-MS, is shown
in Figure 6.

Example 3: MS/MS Characterization of the 14 Metabolite Subset

[00143] Various characteristics can be used for structure elucidation of metabolites
include accurate mass and molecular formula determination, polarity, acid/base
properties, NMR spectra, and MS/MS or MSn spectra. These data can be used as
fingerprints of a particular metabolite and are unique identifiers of a particular metabolite

regardless of whether the complete structure has been determined. The data include:

[00144] 1. LC retention time. The extracts containing the metabolites of
interest are subjected to reverse phase LC-MS usinga C18 column and analysis by MS to
determine their retention time under standardized conditions. When the extracts were

subjected to LC/MS analysis, all 14 metabolites co-eluted within 26 — 34 min range.
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{00145] 2. MS/MS spectra. The 14 metabolites of interest were further
characterized by performing MS/MS fragmentation using collision induced dissociation
(CID). This MS/MS analysis was performed in real time (i.e. during the chromatographic
elution process) or off-line on fractions collected from the chromatographic separation

process.

[00146] Aqueous fractions from 9 prostate cancer and 10 normal sample exiracts
were evaporated to dryness under nitrogen gas and reconstituted in 100 pL of
water-methanol:formic acid (97.9:2:0.1). 5 uL of the reconstituted sample was used for
HPLC (Agilent 1100 system with MetaSil AQ 3 um, C18, 100 x 2.0 mm column, Varian
Inc.) for full scan and MS/MS. The mobile phase consisted of water:methanol:formic
acid (97.9:2:0.1) as solvent A, and 0.1% formic acid in methanol as solvent B. Ataflow
rate of 0.2 ml/min, the solvent gradient was as follows: Solvent A was held at 100% for
the first minute, then changed to 20 % A and 80% B using a linear gradient over 10 min,
and then held at 20% A, 80% B for 9 min; then the solvent mixture was changed to 100%
B during the next 16 min using a linear gradient, and was held at 100% B for 15 minutes.
Finally, the solvent mixture was held at 100% A to equilibrate the colurnn for duration of
20 min (total elapsed time 65 min). Eluate from the HPLC was analyzed using an ABI
QSTAR® XL mass spectrometer fitted with an ESI (TurbolonSpraym) source in positive

and negative mode.

[00147] For time-of-flight full scan mode, the «“TOF-MS” scan type was used with
an accumulation time of 1.0sec, a mass scan range of 50 to 1500 Da, and duration time of
60 min. The source parameters at positive EST mode were as follows: Jon source gas 1
(GS1) 55; lon source gas 2 (GS2) 90; Curtain gas (CUR) 40; Nebulizer Current (NC)3.0;
Temperature 400 °C; Declustering Potential (DP) 60; Focusing Potential (FP) 265;
Declustering Potential 2 (DP2) 15. The source parameters at negative ESImode were as
follows: Jon source gas 1 (GS1) 55; lon source gas 2 (G82) 70; Curtain gas (CUR) 40;
Nebulizer Current (NC) 0; Temperature 400 °C; Declustering Potential (DP) -55;
Focusing Potential (FP) -265; Declustering Potential 2 (DP2) -1 5.

[00148] In MS/MS mode, the “Product Jon” scan type was used with an
accumulation time of 1.0sec, a scanrange of 50 to 650 Da, and a duration time of 60 min.

All source parameters are the same as above, with collision energy (CE) settings of 20V,
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35V, 50V at positive mode and -20V, -35V, -50V at negative mode. The collision gas

(CAD, nitrogen) was set at 5.

[00149] The structure of a given molecule dictates a specific fragmentation pafttern
under defined conditions and is unique for that molecule (equivalent to a person’s
fingerprint) — even slight changes to the molecule’s structure can result in a different
fragmentation pattern. In addition to providing a fingerprint of the molecule’s identity,
the fragments generated by CID were used to gain insights regarding the structure of the

metabolites.

[00150] Upon constructing possible molecular formulae for the positive mode
biomarker panei (i.e., metabolites with accurate masses of 495.3328, 517.3148,
519.3328, 521.3480, 523.3640, 541.3148, and 545.3460), ail seven biomarkers were
found to possess similar formulae of RNOP, where R is the variable fatty acid type,
indicating that they could be phospholipid choline- related compounds. A summary of
the proposed structures based upon MS/MS interprestations is shown in Table 2. The
fragmentation spectra for the 7 metabolites detected in the positive ionization mode are
shown in Figures 7 to 13 (collision energies of 20 (A), 35 (B) and 50 (C) volts), and the
masses of the fragments and molecular formula assignments listed in Tables 3 through 9.
Fach table lists the daughter ions resulting from the CID, as well as the proposed
structures of the fragment ions and the fragment losses.

{00151] The MS/MS data obtained in the positive mode ESI indicates that each of
the seven metabolites abstracted a proton, resulting in the corresponding molecular ion
([M-+HT") in their MS/MS spectra. This suggests the protonation of the phosphate group
leaving the positively charged quaternary ammonium ion as the parent ion. Evidence for
losing the quaternary amine group, (CH3)sNH', [M+H-60]") was observed for all of the
metabolites confirming the presence of the choline head group in these metabolites.
Fragment ions due to phosphocholine (C5H;5NO4P+, m/z 184) and ethanol-quaternary
amine (CsH14NO", m/z 104) were other indications suggesting phosphocholine-type
structures. Loss of H;O from the molecular ions was also observed confirming the

presence of free hydroxy groups at sn-2 positions inherent in lysolipid-type structures.
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[00152] Fragment ions, though weak, were observed for either a sn-1 fatty acid
side chain or loss thereof, For example, for metabolite 495.3328, where palmitic acid was
thought to be the sn-1 fatty acid, the fragment ion representing m/z 458 was assigned as
plausibly due to the loss of C1gH3,0 unit. Another fragment ion at m/z 239 (C16H310+)
though low in intensity was also present signifying the sn-1 fatty acid itself. Based on
these deductions, the structure was proposed as 2-hydroxy—1-palmitoyl-sn—glycero—3-
phosphocholine. The structure of495.3328 was confirmed tobe 2-hydroxy-1 -palmitoyl-
sn-glycero-3-phosphocholine (commercial standard) by comparison of their LC/MS and

MS/MS spectral data (fragment jon comparisons shown in Table 10).

100153] The MS/MS spectral data of the remaining 6 metabolites were very similar
to that of 495.3328, the only differences being differences in the sn-1 fatty acid side
chains. For metabolites 519.3328 (520 M-H), 521.3481 (522 M-H), and 523.3640 (524
M-H), loss of H,O from their parent jons resulted in fragment ions m/z 51 8,520 and 522
respectively suggesting that their fatty acid side chains varied with an increasing degree
of unsaturation. For 520, the sn-1 side chain was deduced as linoleic acid due to the
fragment ion at m/z 281. In 522 and 524, a common fragment ion at m/z 258, was thought
to be due to the loss of oleyl (CisH330) and stearyl (CisHssO) substituents from their
parent ions thus confirming oleic and stearic acid side chains respectively. For metabolite
541.3148 (542 M-H), the fragment ion at m/z 225 was deduced as joss of gicosapentenoic
side chain. Using the above discussed MS/MS data, the structures of these 7 prostate

cancer biomarkers proposed as shown in Table 2.

[00154] The fragmentation spectra of the seven metabolites detected in the
negative ionization mode (i.e., metabolites with accurate masses of 481.31 71,531.3123,
541.3422, 555.3101, 565.3394, 567.3546, and 569.3687), are shown in Figures 14 to 20
(collision energies of 20, 35 and 50 volts). The molecular formulae suggested that four
(541.3422, 565.3394, 567.3546, 569.3687) out of the seven biomarkers were found to
possess similar formulae of RNOGP, where R is the variable fatty acid type, indicating
that they could be phospholipid ethanolamine related compounds. Table 11 summarizes
the molecular formulae and putative structures of the molecules based upon the MS/MS
data. Tables 12 to 18 list the fragment ion masses, putative formulas of the fragments

and fragment losses as well as putative structures for each fragment.
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[00155] In the negative mode with electro spray ionization, (ESD), each of the

seven molecules loose a proton resulting in the corresp onding molecular ion ([M-Hﬂ') in

their MS/MS spectra. This suggests the de-protonation of the phosphate group, leaving
the negatively charged phosphate ion as the parent ion. Fragment ions were observed for
sn-1 fatty acid side chain for the markers 481.3168 and 541.3422 (palmityl, Ci6H3102,
m/z 255), 565.3394 (linoleyl, CisH3102, m/z 279), 567.3546 (oleyl, C(sH3307, m/z281),
and 569.3687 (stearyl, C1gHssO2, m/z 283) as prominent signals in their MS/MS spectra.
Upon comparing the MS/MS spectra of 569.3687 to its corresponding lysophospholipid
ethanolamine counterpatt, 2-hydroxy-1-stearyl-sn—glycero-S-phosphoethanolamine
(C23HssNO7P, exact mass: 481.317) (commercial standard), a number of similarities were
observed (Table 19). The initial fragment loss from the parent ion [M+H] of 569.3687
was corresponding to a mass loss of 60 Dalton unit which is associated w_ith the formula
C,H40,. This fragment loss was consistent to all the markers of the above panel with
exception to 481.3171 which has a formula of Cy3HygNOP similar to the general
formulation of the sn2-hydroxyphosphoethanolamine types. In comparing the fragment
m/z 508 of 569.3687 to the parent ion of its lysophosphoetanolamine commercial
standard (m/z 480), a difference of only 28 Dalton units was observed, which lead to the
derivation of N,N-dimethyl phosphoethanolamine type of structures for the biomarker
panel. The fragment losses after the loss of sn2 fatty acid, m/z 242, 168, 153 and 79 are
constantly observed for all seven biomarkers further confirming a plausible dimethyl

ethanolamine type of backbone on the molecule.

[00156] While the reported MS/MS data is consistent with molecules of
lysophospholipid species, the present invention also includes structures where functional

groups or reported fragments are connected in ways that are not presently indicated.

Example 4: High Throughput Commercial Method Development

[00157] A high throughput screening (HTS) method was developed for diagr}osing
prostate cancer. The method described below is compatible with current laboratory

instrumentation and triple-quadrupole mass spectrometers that are in place in many
laboratories globally (13, 14).
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[00158] High throughput screening (HTS) was performed with a linear ion trap

mass spectrometer (Q-trap 4000, Applied Biosystem) coupled with Agilent 1100 LC

system. Serum samples were extracted as described in Example 1. Theaqueous fraction
was mixed 1:3 with acetonitrile to precipitate proteins prior to use for the analysis of each
sample. 15pL of internal standard (reserpine in methanol: 100pg/mL for negative ESL;
1pg/mL for positive EST) and 108uL of 3:1 (acetonitrile):(l%fonnic acid in ddH20) was
added to each 12pl sample aliquot for a total volume of 135pL. The autosampler
injected 100pL of the sample by flow-injection analysis (FIA)into an ABI 4000QTRAP.

The carrier solvent was 60:40 (methanot):(1 v, formic acid in ddH20), with a flow rate of
450pL/min into the APCI source.

[00159] The MS/MS HTS methods (negative and positive ESI) were developed on
a quadrupole linear ion trap ABI 4000QTRAP mass spectrometer equipped with a
TerboV™ source with an lonspray probe. The source gas parameters were as follows:
Negative ESL: (CUR: 10.0, CAD: 6, 1S: -4500, TEM: 500, GS1: 50, GS82: 60, interface
heater on. “Compound” settings were as follows: entrance potential (EP): -10, and
collision cell exit potential (CXP):-10.0); Positive ESE: (CUR: 10.0, CAD: 6, IS: 5500,
TEM: 500, GS1: 30, GS2: 60, interface heater on. “Compound” seftings were as follows:
entrance potential (EP): 10, and coilision cell exit potential (CXP): 15.0).

[00 160] The methods were based on the multiple reaction monitoring (MRM) of 2
MRM transitions for each biomarker, and 2 MRM transitions for the internal standard
(reserpine, though other compounds may be used) for a total of 16 MRM’s for each
method. Each of the transitions was monitored for 100msec or 70msec for positive and
negative ESI modes, respectively. The total acquisition time per sample was
approximately 1 min. Briefly, each method measured the intensities of each of 14
biomarker MRM transitions (from 7 parents) and 2 internal standard (IS) MRM
transitions (from 1 parent) as shown in Table 20. A patient score was then generated by
determining the lowest mean-normalized log(2) transformed ratio of the seven measured
biomarker:IS transitions per patient. This value was then compared to a distribution of
scores generated from normal individuals, and a prostate cancer risk factor was assigned
accordingly. It was confirmed that the ABI 4000QTRAP was capable of accurately
measuring the MRM transition peak areas using the method described above by plotting

the peak area ratios of the biomarker transitions versus the internal standard transitions
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for each of the seven biomarkers for each method. In addition, the HTS method also
incorporates a series of dilutions of extracted human reference serum material, which
allowed for the determination and assurance of instrument linearity. If the calibration
curve has a R? value <0.98, then the sample run is considered a faiture and the sample

needs to be rerun.

[oo161} As described above, the prostate cancer HTS triple-quad method
comprises two independent data acquisition components due to the fact that half the

molecules are detected in negative mode, and the other halfin positive mode.

[00162] For the seven lysophosphaditylcholine molecules detected in the positive
mode (i.e., metabolites with accurate masses of 495.3328,517.3148, 519.3328, 521.3480,
523.3640, 541.3148, and 545.3460), the transitions used for measurement are shown in
Fig. 21A, and comptise two daughter ion transitions per molecule for each of the
biomarkers (a and b, with the exception of 546.3, in which a single transition was used),
and two internal standard transitions per sample (1 and 2). Dividing each biomarker
transition by each internal standard transition therefore resulted in 26 ratios per
biomarker. A normal reference serum sample is also analyzed at varying dilutions to
assess instrument linearity, for which R-squared coefficients can be calculated. The
average R-squared values for data obtained below for each transition ratio is shown in
Fig.21A. A sample plot of the average intensities of the dilutions for 496.3/184.2al is
shown in Fig. 21B. The ratio data was then normalized to the mean of the control
population and log(2) transformed. The lowest ratio value of per patient was then
selected as the final output score. The distributions of these patient scores were then

visualized to determine the optimum diagnostic cut-off point.

[00163] The same 24 prostate cancer serum samples used for the discovery phase
were re-analyzed using this method, along with an expanded independent set of 147 male
control samples. The average ratio (not jog transformed) for each of the 26 transitions in
the control and prostate cancer cohorts is shown in Figure 21C. As expected, the

intensity of each ratio is lower in the prostate cancer cohort compared to the controls.

100164] The final patient scores (lowest detected log ratio per patient) for these
subjects are shown in the scatter plot in Fig. 22A. The results clearly show that the
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patient scores of the 24 prostate cancer patients (black triangles) were signifi

1204 538. 501

cantly lower

than most of the disease-free male subjects (light grey squares). Plotting the distributions

of the subjects based upon the patient score, s shown in Fig. 22B, mirrored the previous

findings and showed a shift in the distribution of the prostate patients (black bars) to the

left, indicating an overall lower patient score in the majority of prostate cancer patients

relative to the controls. Settinga cut-off patient score of -1.25, indicated by the dotted

line in Fig. 22A, resulted in approximately 75% sensitivity (that is, 75% of the cancer

patients have scores of less than -1.25), and 91% specificity (that s, 91% of the control

male population has a score greater than -1.25). The p-value generated from

at-testusing

the patient scores was 1.00E-14 between the controls and prostate cancer samples.

[00165] For the seven lysolipid species detected in the negative mode (481.3171,
531.3123, 541.3422, 555.3101, 565.3394, 567.3546, and 569.3687), the daughter ion
transitions for the HTS method are shown in Figure 23A. The method is similar to the

positive mode, with four ratios (from two internal standard measurements)

generated per

parent ion, resulting in 98 total ratios per patient sample. The average r-squared values

resulting from the analysis of multiple diluted serum samples for each of the ratios is also

shown in Fig. 23A. A plot of the standard curve for the first transition ratio

(480.3/255.4al) is shown inFig. 23 B as an example. As expected, the ratios for each of

the transitions was lower in the prostate cancer cohort relative to the controls, as shown in

the bar graph in Fig. 23C.

[00166] The final patient scores (lowest detected log ratio per patient) for the seven

metabolites detected in the negative mode are shown in the scatter plot in Fig. 24A. The

results clearly show that the patient scores of the 24 prostate cancer patients (black

triangles) were significantly lower than most of the disease-free male subjects (light grey

squares). Plotting the distributions of the subjects based upon the patient score, as shown

in Fig, 24B, mirrored the previous findings and showed a shift in the distribution of the

prosiate patients (black bars) to the left, indicating an overall lower patient score in the

majority of prostate cancer patients relative to the controls. Setting a cut-off patient score

of -1.00, indicated by the dotted linein Fig. 24A, results in approximately 79% sensitivity

(that is, 79% of the cancer patients have scores of less than -1.00), and 81% specificity

(that is, 81% of the control male population has a score greater than -1.25).
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generated from a t-test using the patient scores was 4 11E-14 between the controls and

prostate cancer samples.

[00167] As would be known to a person of skill in the art, the cut—off value could
be move either up or down 10 favor either sensitivity or specificity, respectively. This
performance is superior to that achievable with PSA testing. Since this method is
accurate and can be run rapidly on a serum sample, screening the male population would
be expected to identify otherwise undetected cases, and would therefore have a major

impact on prostate cancer mortality.

[00168] As would also be known {o a person of skill in the art, various subsets of
the measured transitions and ratios thereof could be used to optimize the diagnostic
accuracy. Likewise, performing serial analysis of each of the positive and negative
modes and then stacking or combining the results may also improve the sensitivity and
specificity. For example, patients incorrectly diagnosed using only one method (positive
mode) may be correctly classified with the negative mode, or vise-versa. Altematively,
data from both positive and negative modes could be acquired first, followed by the

generation of a single patient score based upon the total cumulative dataset.
[00169] All citations are hereby incorporated by reference.

{00170} The present invention has been described with regard to one or more
embodiments. However, it will be apparent to persons skilled in the art that 2 number of
variations and modifications can be made without departing from the scope of the

invention as defined in the claims.
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[00185] Table 1: List of metabolites discriminating prostate cancer-positive from

normal serum (p<0.05).

1741408 | 1203 0.0079 1.85 0.25 1.62 0.32 1.4
188.1566 | 1203 0.0227 1.46 0.36 1.12 0.63 1.31
1940804 | 1203 0.0004 0.72 0.8 0 0 0.72
202.0454 | 1101 0.0279 2.58 1.09 3.15 0.59 0.82
205.8867 | 1101 0.048 2.84 0.28 2.96 0.21 0.95
216.0401 1102 0.0216 3.02 0.84 3.5 0.51 0.86
218.0372{ 1102 0.0137 1.35 0.78 1.85 0.58 0.73
226.0687 | 1102 0.0163 1.94 0.86 249 0.67 0.78
228.1476 | 1101 0.0001 0.07 0.26 1.25 1.28 0.06
232.9133 | 1202 0.0049 246 0.22 2.04 0.68 1.21
242.2251 1204 0.0024 2.02 0.32 1.68 0.42 1.2
243.0719 ] 1101 0.0116 4.53 0.79 5.04 0.54 0.9
244.056 1101 0.0043 1.54 1.14 241 0.87 0.64
2479578 1102 0.0003 0 0 1.58 2 0
2522096 | 1204 0.0063 1.84 0.33 1.44 0.61 1.28
2582482 1204 0.0421 1.97 0.33 1.77 0.33 1.1
268.2412 7 1204 0.0209 242 0.42 2.15 0.36 1.12
2722357 | 1204 0.0307 275 0.52 2.45 0.44 1.13
273.874 1101 0.0349 2.76 0.29 2.93 0.23 0.94
276.2096 | 1204 0.0001 277 0.46 2.24 0.42 1.24
278.2256 | 1204 0.0013 4.95 0.42 4.54 0.42 1.09
279.2287 | 1204 0.0047 2.83 0.47 244 0.45 1.16
280.2414 | 1204 0.0401 8,14 0.45 7.89 0.36 1.03
281.2448 | 1204 0.0352 §.77 0.45 5.52 0.36 1.05
283.26062 | 1204 0.0475 6.56 0.42 6.33 0.38 1.04
233.9028{ 111 0.0061 3.14 0.33 3.36 0.2 0.93
202,204 1204 0.0096 1.9 0.54 1.48 0.57 1.29
296.2358 ¢ 1204 0.0229 4,48 0.55 4.16 0.38 1.08
298.2519 | 1204 0.004 4.74 0.5 435 0.38 1.09
209,2558 | 1204 0.0034 2,51 0.49 213 0.37 1.18
300.2098 1 1204 0.0026 1.83 0.33 1.37 0.64 1.34
300.2676 | 1204 0.0001 1.26 0.63 0.49 0.63 2.59
302.2256 | 1204 | 8.97E-06 3.69 0.4 3.05 0.5 1.29
304.2394 | 1202 0.0088 4.39 0.47 4.03 0.45 1.09
304.241 1204 | 1.34E-05 5.07 0.31 4.64 0.32 1.09
305.243 1202 0.0123 24 0.68 1.8 0.91 1.33
305.2439 1 1204 0.0001 277 0.32 234 0.36 1.19
306.257 1204 0.0003 3.14 0.39 2.65 0.5 1.19
308.2715 | 1204 0.0171 1.96 0.58 1.54 0.62 1.28
3102154 | 1204 0.0128 2.29 0.47 1.28 0.32 1.15
310.2884 | 1204 0.0322 2.39 0.52 2.03 0.62 1.18
3122313 1204 0.0018 2.69 0.33 24 0.26 1.12
312.304 1204 0.0013 1.22 0.82 0.51 0.62 2.4
3142464 | 1204 0.0049 1.88 0.37 1.45 0.63 1.3
3179626 | 1101 0.0053 0.86 1.23 1.81 1.02 0.48
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1204 0.0092 3.33 0.88 2.6 1.01 1.28 93
- .6 1. : 5.7299 1204 0.
0.79 1.24 936.7387 1204 0.0015 3.41 0.59_ 2.73 082 1.55 o0 0020

3202358 | 1204 |4.37E-05) 186 0.56 0.99 0.77 1.87
326.2262 | 1204 | 0.0052 1.79 1.03 0.96 0.95 1.87
326.2476 | 1204 | 0.0425 0.79 0.68 1.18 0.59 0.68
327.0326 | 1204 0.002 2.61 0.31 2:32 0.32 1.13
328.2628 | 1204 | 0.0356 1.75 6.25 1.93 0.31 0.91
3202426 | 1202 | 0.0399 1.25 1 0.67 0.91 1.86
320.2445 | 1204 | 0.0147 0.91 0.83 0.39 0.59 2.33
330.2568 | 1204 | 0.0428 2.25 0.4 1.93 0.66 147
331.8326 | 1101 0.0273 27 0.32 2.89 0.26 0.93
339.9964 | 1101 0.0003 1.94 0.95 2.77 0.43 0.7
340.2077 | 1203 | 0.0156 2.4 0.41 212 0.36 143
3418614 1101 0.017 3.34 0.39 3.58 0.27 0.93
3422198 | 1204 | 0.0159 0.7 0.82 0.22 0.52 3.27
351.8006 | 1101 0.0391 3.38 0.4 3.59 0.25 0.94
354,1668 | 1202 0.0008 0 ] 108 | 151 0
368.2427 | 1203 | 0.0146 10.86 0.29 10.67 0.24 1.02
369.3474 | 1203 | 0,0232 9.26 0.25 9.1 0.22 1.02
371.3538 | 1203 | 0.0087 3.05 0.27 2.84 0.26 1.07
3822003 | 1204 | 0.0045 0.04 0.18 0.61 0.94 0.06
302294 | 1204 | 0.0001 | 1.81 0.96 0.63 4 2.88
411.3186 | 1202 | 0.0044 2.99 0.29 2.74 0.3 1.00
430.3083| 1204 | 0.0003 2.09 0.28 1.82 0.2 1.15
430.3818 | 1204 | 0.0064 4.04 0.69 3.5 0.63 1.15
431.3861 | 1204 | 0.0169 2.53 0.65 2.11 0.52 1.2
4323686 | 1204 | 0.0107 1.6 0.9 0.87 1.01 1.84
452.2536 | 1204 | 0.0023 1.1 0.34 1.21 0.62 1.41
4723025 | 1203 | 0.0052 3.03 0.51 432 0.41 0.91
473.3957 | 1203 | 0.0122 2.46 0.52 2.83 0.47 0.87
4813171 | 1102 | 399E-09| 1.79 0.36 0.86 0.53 2.08
481.3172| 1202 0.006 4149 0.25 3.08 0.27 . 1.05
4823216 | 1202 | 0.0265 2.28 0.28 2,09 0.3 1.09
484.3792 | 1204 | 0.0432 1.8 0.7 1.32 0.89 1.36
492.4184 | 1203 | 0.0026 0.69 0.94 0.05 0.26 12.93
494.4344 1 1203 0.01 1.92 1.56 0.9 1.04 213
4053328 | 1101 | 445608 | 4.22 0.38 3.23 0.65 13
49543761 1203 0.023 0.81 1.1 0.22 0.51 3.63
496.336 | 1101 |257E-08] 2.68 0.34 1.74 0.6 1.53
501.2848 | 1201 0.0053 1.47 0.97 0.75 8.75 1.97
505.3227 | 1202 0.0005 417 0.3 3.85 0.3 1.08
5063213 | 1202 | 0.0007 2.66 0.29 2.35 0.32 1.13
507.3317 | 1202 0.0258 3.02 0.26 2.84 0.28 1.06
500.3493 | 1202 | 0.0021 2.69 0.26 2.39 0.38 1.13
517.3148 ] 1101 |2.98E-08} 4.38 0.36 3.3 0.72 1.33
518.3182 | 1101 |520E-08| 242 0.32 1.33 0.78 1.82
518.4345 | 1203 | 0.0043 1.33 1.08 0.52 0.79 2.57
§19.332 | 1201 0.0008 2.68 6.73 2.04 0.5 1.31
§19.3328 | 1101 | 2.80E-09 26 0.57 1142 0.82 2.31
520.4502 | 1203 | 0.0049 3.69 0.97 2.88 0.96 1.28
521348 | 1101 {3.30E-09| 235 0.38 1.34 0.57 1.75
521.45261 1203 | 0.0189 1.97 1.04 1.32 0.82 1.49
522.464 | 1203 | 0.0002 468 0.96 3.03 0.08 119
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937.7457 1204 0.0005 3.43 0 | |
- . 61 2.55 1 1.34
2.75 1.01 1.31 939.7616 1204 0.0016 3.39 0.3382?2230 é204 0.0011 3.6 0.69

g23.364 | 1101 |206E-08| 254 0.44 452 | oe2 | 168 B
523.4678 | 1203 | 0.0083 3,27 0.93 2.55 091 | 128
5244725 | 1203 | 00053 | 108 0.92 0.39 072 | 277 |
529.3167 | 1202 | 001 332 | 0.32 3.06 0.38 1.09
5313123 | 1102 [1.22€-09| 239 0.3 1.49 0.51 1.61
534.4645 | 1204 | 0.039 1.34 0.8 0.85 0.83 1.58
538501 | 1204 | 00479 | 0.93 0.86 0.48 0.71 1.97
413148 | 1101 |407E-09| 2.56 0.59 1.07 0.84 2,39 J
sa1.3422 | 1102 |5A7E-10| 445 0.36 3.47 0,54 128
541.3433 | 1202 | 0.0241 6.1 0.34 5.89 0.34 1.04
5423453 | 1102 | 1.47E-10| 268 0.35 1.8 0.38 1.47
5423461 1202 | 00215 | 421 0.27 4.03 0.26 1.04
45346 | 1101 |341E-08| 248 | 0.48 1.2 0.84 2.07
5a8.4817| 1203 | 00358 | 6.91 0.53 6.58 0.51 1.05
404848 | 1203 | 00347 | 547 | 054 5.14 0.53 1.06
5523825 1 1201 | 0.0061 0 0 0.43 0.75 0
s52.4048 | 1204 | 00167 | 075 | O 0.3 0.55 2.53
5553101 | 1102 |0.86E-09| 194 | 048 0.84 0.62 2.32
565.3393 | 1202 | 00128 | 7.07 | 0.37 6.83 0.28 1.04
565.3394 | 1102 |5.30E-00| 4417 | 049 3.43 0.54 1.33
566.3433 | 1102 |766E-09| 244 | 049 1.5 0.44 1.62
566.3434 | 1202 | 0.0017 5.4 0.31 5.11 0.3 1.06
567.3546 | 1202 | 0.0468 | 6.0% 0.3 5,84 0.28 1.03
567.3548 | 1102 |5.18E-10| 3.41 0.41 2.48 0.43 1.38
568.3573| 1102 |1.36E-06| 1.53 | 048 0.68 0.58 2.23
568.3574 | 1202 | 00404 | 4.01 0.3 3,84 0.29 1.04
569.3687 | 1102 |6.16E-081 3.13 0.41 214 0.64 1.46
569.3691 | 1202. | 0.0043 516 | 0.23 4.91 0.35 1.05
570.3726| 1202 | 0.0047 | 3.28 0.23 3,04 0.33 1.08
570.4653 | 1203 | 0.0021 2.21 0.39 1.71 0.65 1.29
570.4945| 1204 | 0.0089 0.67 0.8 0.15 0.5 4.56
5795322 | 1203 | 0.0008 | 445 0.6 3.84 0.59 1.18
580.5345 | 1203 | 00008 | 221 0.71 14 0.3 1.58
582.2469 | 1201 | 0.0261 2.44 0.97 3.02 0.3 0.81
583.2504 | 1201 | 0.042 1.1 0.3 1.58 0.75 0.7
587.3228 | 1202 | 0.0276 2.22 0.91 1.61 0.04 1.37
5803401 | 1102 |362E-07| 273 0.42 1.86 0.6 1.47
5803404 | 1202 | 0.0246 | 625 | 0.37 5.98 0.42 1.04
590343 | 1202 | 00253 | 4.37 0.37 442 0.38 1.06
500.4507 | 1204 | 00219 | 254 | 057 243 .| 085 1.2
596.4794 | 1203 | 0.0012 3.36 0.42 2.38 0.55 147
5094932 | 1204 | 0.0151 1.76 0.91 1.07 0.99 1.64
601.5077 | 1204 | 0.0428 165 | 0.83 1,14 0.92 1.46
604.5441 | 1203 | 0.0002 6.45 0.49 5.89 0.49 14
605.5469 | 1203 | 0.0002 | 4.94 0.51 4.37 0.5 113
509.3242| 1102 |9.76E08| 204 | 035 118 0.58 1.72
6125004 | 1204 | 0.0149 1.85 0.69 1.27 0.9 1.46
615.4707 | - 1204 | 0.0001 3.22 0.37 2.77 0.38 1.16
622.4973 | 1203 | 00126 | 3.29 0.59 2.89 0.51 1.14
6234918 | 1204 | 0.0366 1.79 0,94 1.21 0.93 1.48
6235003 | 1203 | 0.006 219 0.6 1.59 0.83 1.37
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1
29 940.7709 1204 0.0005 3.65 0.81 2.73 0.92 1.34 941.7779

3.31 0.96 2.37 0.99 1.39 942. 7876 1204 _ 0.0093 3.5 1.1

1204 0. 0016

245134 | 1203 | 00003 | 404 0.39 3.6 0.4 142
755078 | 1204 | 00259 | 376 064 | 336 0.54 112
625.5163 1203 0.0005 2.86 0.4 242 0.43 1.18
626.5109 1204 0.014 2.63 0.59 217 0.67 121
626.5285 | 1203 | 1.19E-05) 3.8 036 | 3.28 0.37 1.15
e27.5204| 1204 | 0015 | 4862 059 | 421 0.55 1.4
27.5306| 1203 | 00006 | 2.52 0.41 | 208 0.47 1,23
o08.5236 | 1204 | 00103 | 3.32 oot | 286 | 06 1.6
ao8.5426| 1203 | 00017 | 322 | 049 2.76 0.5 146
6205453 | 1203 | 00275 | 195 | oe6 | 146 | 0.83 1.33
[e30.5682 | 1203 | 00078 | 278 068 | 232 0.46 1.2
ea25750 | 1203 | 191E-08| 146 ) 085 0.3 0.61 4.83
635.5246 1204 0.0253 1.7 1 1.07 0.89 1.58
oaidots| 1204 | 00036 | 219 | 1.03 1.19 1.23 1.83
646.5709 1203 0.0008 3.54 0.6 292 0.59 1.21
ai7574 | 1203 | 00008 | 272 | 058 2.06 0.74 1.32
5a7.6063| 1204 | 00044 | 209 | 0.62 1.38 0.97 1.5
iGap 5865 | 1203 | 00007 | 573 | 044 52 0.56 1.4
5495056 | 1204 | 00255 | 261 | 091 2.02 0.91 1.3
ciosaes | 1205 | 00015 | 49 | 048 | 497 L 0.59 1412
e55.5500 | 1204 | 00008 | 279 | 0.7 1.87 1.4 1.49
eo0.5005 | 1204 | 00050 | 138 | 097 | 062 0.86 2.22
6606082 | 1203 | oo0t116 | 041 | 077 0 0 0.41
So34064 | 1204 | 00311 | 149 | 127 ) 079 1.03 1.97
670.5688 1204 | 9.11E-06 3.86 0.42 3.2 0.51 1.21
a705711| 120 | 0014z | 169 | 089 | 103 0.92 1.64
671.5723 1204 0.0003 292 04 217 0.85 1.34
672.5865 1203 0.0034 4.47 0.61 3.91 0.65 1.14
6735893 | 1203 | 0003 366 | 057 | 313 0.61 147
736185 | 1204 | 00174 | 307 | 040 | 263 0.74 1.47
T3o224| 1203 | 00032 | 274 | 045 | 287 0.4 1.16
6756350 | 1203 | 0.001 337 | 037 3 0.37 142
750375 | 1204 | 00047 | 389 | 048 | 339 0.82 147
676.6393 1203 0.0009 2.24 0.36 1.78 0.54 1.26
680.5625 1204 0.0293 3.86 0.65 3.48 0.52 1.1
684.5487 1204 0.0001 3.1 0.37 263 .44 118
685.5543 | 1204 | 0.0001 2.7 0.37 2.1 0.61 1.29
686.5126 1204 0.0469 249 0.86 1.92 1.09 13
689.5204 | 1204 0.0081 29 0.43 2.46 0.68 1.18
690.4849 1204 0.0399 2.37 06 1.98 0.69 1.2
o547 | 1204 | 00008 | 236 | 039 | 173 0.77 1.36
692.5571 1204 0.017 3.07 0.63 2.65 0.54 1.16
§93.611 1204 0.0326 3.79 0.5 3.39 0.8 142
©695.647 1204 0.0043 2.54 1.08 1.36 1.63 1.87
5955056 | 1205 | 00318 | 144 | 098 | 0.59 0.73 193
coo.651 | 1204 | ooa4s | 183 | 147 | 081 1.28 1.89
05205 | 1204 | 0000z | 261 | 075 | 1.63 0.93 1.6
=025675 | 1101 |bAE-08| 287 | 020 | 242 0.5 1.35
—05.6083| 1204 | 00303 | 282 | 049 | 244 0.69 1.16
07.6256| 1204 | 00361 | 427 | 043 | 389 0.93 142
7086308 | 1204 | 00242 | 326 | 044 | 286 0.74 114
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2.72 0.89 1.29 943.7931 1204 0. OC |
- .0099 2.93 1.31 1.
00124 2.95 1.35 1,96 1.3 1.5 945.8085 1204 0.0018 2,54 o001

710.4923 | 1204 0.0087 2.32 0.37 1.91 0.65 1.22
716.4982 | 1204 0.0004 2,38 0.33 1.59 0.98 1.5
721.6388 | 1204 0.0402 5.27 0.49 4.76 1.4 1.11
722.6423 | 1204 0.0473 4.18 0.51 3.75 0.89 1.1
723.5194 | 1204 7.34E-07 449 0.76 3.32 .67 1.35
7235188 | 1202 | 442E-07 3.47 0.64 1.96 0.81 1.62 J
724.5247 | 1204 |9 B9E-07 3.45 0.69 232 0.72 1.49
724.5406 | 1101 1.87E-07 2.45 0.29 1.77 0.47 1.38
725.5375 | 1204 0.0002 323 0.84 223 0.87 1.45
726.5456 | 1204 | 7.10E-06 2.81 0.37 1.89 0.82 1.48 J
727.5565 | 1204 | 1.62E-05 3.68 0.5 2.86 0.67 1.29
728.562 1204 | 6.41E-07 3.01 0.36 2.23 0.58% 1.35
7295724 | 1204 | 2.18E-05 2.39 0.38 1.56 0.79 1.53
731.4913 | 1204 0.0013 5.85 0.37 548 0.44 1.07
732.4038 | 1204 0.0013 4.6 0.36 4.21 0.44 1.09
733.5425 | 1204 0.0129 3.147 0.43 275 0.77 1.16
735.6555 | 1204 0.0055 4.08 0.42 3.52 0.86 1.16
736.2234 | 1204 0.0037 0.65 0.26 0.77 1.15 0.07
736.6584 | 1204 0.0078 2.95 0.45 2.47 0.71 1.19
737.5354 | 1204 0.0059 13 1.05 0.54 0.75 2.39
738.5449 | 1102 | 143E-07 2.76 0.36 244 0.35 1.29
741.5307 | 1204 0.0068 296 0.52 2.52 0.56 1.147
742.5354 | 1204 0.0443 2.04 0.84 1.51 0.24 1.35
743.5469 | 1202 0.0499 3.47 0.45 3.23 0.38 1.07
74449427 1204 0.0208 4.35 0.37 409 0.39 1.06
7454872 | 1204 0.0029 3.53 0.29 3.23 0.38 1.1
746.556 1102 | 2.28E-05 2.02 0.3 1.37 0.62 1.47
747.5201 | 1202 0.0001 2.64 0.55 1.95 0.6 1.36
7475234 | 1204 0.0007 3.91 0.52 3.36 0.652 1.16
748.5279 | 1204 0.0025 2.81 0.53 2.26 0.7 1.25
7485722 | 1102 | 2.22E-07 4.56 0.34 3.01 0.41 1147
749.5346 1 1203 0.0221 0.97 1.02 0.38 0.68 2.56
749.5354 | 1201 0.0001 2.15 0.62 .31 0.73 1.64
749.5364 | 1202 | 9.54E-08 3.96 0.45 2.94 0.67 1.35
7495402 | 1204 | 3.67E-06 5.01 .64 4.11 0.55 1.22
749.5763 | 1102 | 8.79E-07 3.39 0.35 2,76 0.42 1.23
750.5403 | 1202 | 3.30E-07 2.93 0.44 1.99 0.65 1.47
750.5434 | 1204 | 6.74E-07 3.86 0.58 2.94 0.54 1.31
751.551 1203 0,0218 1.32 1 0.78 0.77 1.78
751.5529 { 1202 | 3.60E-06 4.09 0.52 318 0.6% 1.29
751.5548 | 1204 | 2.96E-05 5.25 0.72 4.35 0.64 1.21
752.5565 | 1202 | 3.61E-06 3.01 0.51 247 0.6 1.39
752.5578 | 1204 | 2.B8E-05 4.12 0.67 3.29 0.59 1.26
753.5674 | 1204 0.0001 295 0.55 2.37 0.43 1.25
755.4866 1 1204 | 6.72E-07 3.54 0.37 2.85 0.47 1.24
756.4905 | 1204 0.0002 2.68 0.34 1.82 1.01 1.47
757.5017 | 1204 0.0003 3.97 0.42 345 0.53 1.15
757.5618 | 1101 1.53E-06 541 0.44 4.65 0.52 1.16
758.5089 | 1204 0.0007 4.94 0.36 4.53 0.43 1.09
758.5654 | 1101 1.28E-06 437 0.44 3.59 0.54 1.22
759.516 1204 | 2.72E-08 5.22 0.34 4.67 0.48 1.12
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1.35 1.26 1.38 2.01 946. 8187
1903 0. 0482 0.54 0.93 0. 1204 0.0246 1.89 1.53 0.98 1.21 1.94 950. 7385

12 0.4 4.58 952.7568 1203 0.0004

50578 | 1101 | oooot | 445 | 046 | 399 045 | 116 ‘\
~e0s223| 1204 [4BIEL5| 457 | 03 | 409 0.44 142
~eo5816 | 1101 |336E:05| 304 | 045 | 244 0.46 1.24
Tois2co| 1204 |246E:05| 346 | 031 | 209 0.39 147
~e55065 | 1201 | 00166 | 203 | 061 | 252 0.53 1.16
Teo5701| 1201 | 0osa1 | tes | 075 | 1.4 0.6 1.29
ze76821| 1201 | 00146 | 346 | 088 | 309 0.41 142
Teododd| 1204 | 00043 | 382 | 041 | 348 0.30 14
Teass07| 1202 | 00292 | 246 | 035 | 222 0.42 111
7694957 | 1204 | 00045 | 302 | 039 | 259 0.65 1.8
rosioo| i204 | 00046 | 321 | oat | 288 |, 042 112
—1se0o| 1204 | 00153 | 435 | 035 | 409 | 039 1.06
725269 | 1204 | 00016 | 871 | 035 | 334 | 043 1.41
725856 | 1204 | 00008 | 334 | 031 | 308 4 089 1.08
725337 | 1204 |1A1E06| 361 | 028 | 3N 0.35 1.16
ragand | 1204 | ooze9 | 284 | 061 | 207 | 089 1.23
775653 | 1204 | 00030 | 363 | 0.52 | 319 0.5 1.14
756533 | 1202 | 00031 | 258 | 044 | 211 0.6 1.22
776.5563 | 1204 | 00039 | 264 | 046 | 209 | 077 1.26
760057 | 1102 | 00020 | 246 | 048 | 162 | 0.3 1.33
766060 | 1202 | oosss | 181 | o6 | 213 | 034 0.85
775679 | 1204 | 00026 | 297 | 051 | 2867 | 033 145
795438 | 1101 |666E07 | 541 | 046 | 425 | 0.89 1.2
Sras831| 1204 | 00034 | 262 | 05 | 215 | 086 1.22
805474 | 1101 |660E07| 402 | 047 | 318 | 0.56 1.27
Te15612| 1101 | 367E-07| 491 | 041 | 411 0.53 1.19
Z825087 | 1204 | 00001 | 442 | 036 | 358 0.48 145
7325640 | 1101 | 241E-07| 383 | 042 | 304 | 049 1.26
78361411 1204 |243E05| 375 | 031 | 324 | 043 116
7e3578 | 1101 |i62606| 3895 | 048 | 347 | 054 1.25
7526349 | 1204 | 00015 | 013 | 045 | 086 | 099 0.15
7845235| 1204 | 00002 | 377 | 035 | 327 | 082 145
7845813 1101 | 154E-06] 286 | 045 | 218 | 045 1.33
7856295 | 1204 | 00003 | 304 | 036 | 254 | 054 1.2
7855936 | 1101 |067E06| 424 | 041 | 367 | 053 1.19
865404 | 1204 |283E05| 449 | 034 | 363 . 049 1.15
7865967 | 1101 |865E06| 3.5 | 0.38 | 254 | 047 1.24
2875247 | 1204 |3.9E05| 348 | 033 | 267 | 045 149
7935387 | 1102 |174E07 | 364 | 039 | 289 | 047 1.26
~oasi26| 1204 | 00111 | 251 | o032 | 198 | 095 1.27
Toacaza | 1102 |181E07| 267 | 033 | 188 | 048 1.38
7055555 | 1102 | 00001 | 27 | 044 | 202 | 062 1.34
Ze65202| 1204 | 00318 | 336 | 034 | 314 | 036 1.07
con6776| 1203 | 00254 | 105 | 109 | o044 | 071 2.39
8035436 | 1101 | 380E-07| 381 | 045 | 287 | 065 1.33
803.5685 | 1102 |3.50E-07| 6 046 | 519 0.5 116
304547 | 1101 |581E07| 282 | 043 | 193 | 063 1.46
2045717 | 1102 |6.08E-07 | 471 | 044 | 397 0.47 1.49
8047208 | 1204 | 00112 | 166 | 106 | 089 | 097 1.86
a0a7219| 1203 | 0009 | 247 | 105 | 16 1.19 1.55
805.5606 | 1101 | 280E07| 401 | 045 | 347 | 054 1.27
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0.91 1.05 0.06 0.3 14.68 952. 7759 iz 7
. . . 04 0.0034 2.34 1.
954. 7905 1204 0.0344 1.44 1.25 0.75 0.95 1.92 962.7%125 izgﬁ Lot

805.5834 | 1102 | 1.15E-05 4.65 0.5 3.98 0.45 147
805.7267 | 1203 0.042 1.47 1.19 0.83 0.97 1.78
806.5643 | 1101 121 7E-06 3.03 0.47 2,24 0.54 4.35
806.5863 | 1102 '6.89E-06 3.46 0.46 2.78 0.48 1.25
807.5761 1101 | 4.54E-06 4.24 0.41 3.56 0.51 1.19
808.5795 | 1101 | 3.90E-06 3.25 0.4 2.55 0.53 1.27
800.5937 | 1101 1.58E-05 3.5 0.38 2,92 0.46 1.2
810.5401 1204 0.001 3.52 0.34 3N 0.46 1.143
810.597 1101 0.0001 2.53 0.42 2,01 0.45 1.26
811.5733 | 1202 0.0028 3.25 0.52 28 0.47 1.16
g12.5767 | 1202 0.0028 2.34 0.47 1.77 0.77 1.33
813.5888 | 1202 0.0017 3.62 0.45 3.23 0.37 112
814.502 1202 0.0008 2.65 0.39 2.26 0.36 1.47
816.5591 1102 | 3.10E-06 2,26 0.35 1.6 0.51 1.41
816.7207 | 1204 0.0444 0.25 0.58 0 0 0.26
817.5376 | 1102 | 2.80E-07 242 0.39 1.6 0.55 1.51
819.5553 | 1102 0.0001 2.2 0.64 1.32 0.78 1.67
821.5718 | 1102 | 2.76E-08 3.02 0.44 213 0.5 142
822.5751 1102 | 3.08E-07 2.01 0.44 112 0.6 1.79
824.689 1203 0.0032 2.33 0.77 1.53 1.01 1.52
825.5545 | 1202 0.038 3.16 0.86 2.68 0.67 1.18
825.5548 | 1102 0.0017 1.06 0.77 0.41 0.55 2.55
826.5579 | 1202 0.0426 212 0.88 1.63 0.75 1.3
826.7053 | 1203 0.0039 443 0.61 3.88 0.66 1.14
827.5439 | 1101 0.0345 1.82 1.11 1.19 0.88 1.52
827.5698 | 1102 | 2.43E-07 4.75 0.39 3.83 0.65 1.24
827.5609 | 1202 0.0259 6.79 0.5 6.47 0.47 1.05
827.7084 | 1203 0.0029 3.7 0.6 3.16 0.6 1.17
828.5734] 1102 |7.16E-08 3.72 0.37 287 0.55 1.3
828.5741 | 1202 0.0258 5.69 0.45 54 0.43 1.08
828.7206 | 1203 0.0268 5.58 0.56 5.22 0.56 1.07
820.5597 | 1101 0.0052 1.89 0.84 1.19 0.83 1.59
820.5857 | 1102 | 2.38E-06 4.41 8.5 3.5% 0.61 1.24
829.7239 | 1204 0.0481 2.77 0.58 2.34 0.86 1.18
829.7244 | 1203 0.0355 4.83 0.55 4.49 0.55 1.08
830.5887 | 1102 | 3.45E-06 33 0.5 2.48 0.59 1.33
830.6537 1102 0.0004 2.49 6.35 2.06 0.44 1.21
830.7359 | 1203 0.0499 5.12 0.61 4.78 0.55 1.07
831.575 1101 0.0001 2.87 0.49 2.31 0.43 1.24
831.575 1101 0.0001 2.87 0.49 2.3 0.43 1.24
831.5999 | 1102 | 3.19E07 5.12 0.51 4.22 0.55 1.22
831.6002 | 1202 0.0111 6.36 0.46 6.03 0.41 1.06
831.7409 | 1203 0.0438 4.27 0.6 3.94 0.54 1.09
832.5765 ] 1101 0.0084 0.52 0.87 0.04 017 14.81
8326028 | 1102 | 3.72E-07 3.98 0.51 3.1 0.53 1.28
832.6039 | 1202 0.0119 5.26 0.45 4.95 0.4 1.06
835.6996 | 1204 0.0102 2.81 0.99 2.01 1.09 1.4
836.7063 | 1204 0.0067 1.87 113 0.98 1.06 1.9
837.5884 | 1202 0.022 2.81 0.38 2.56 0.37 1.1
837.7182 | 1204 0.0042 3.32 0.96 24 117 1.39
838.7227 | 1204 0.0035 2.64 1.02 1.66 1.19 1.59
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0.0031 2.2 1.09 1.19 1.17 1
. . . .85 964.7764 1204
1.45 965.7839 1204 0.0037 1.95 1.07 1.01 1.080198é79266¢9g379 1820.93

g30.7324| 1204 | 00325 | 164 120 | 087
47,5055 | 1202 | 00215 | 267 1049 | 233
850703 | 1203 | 00002 | 3.38 0.6 2.7
g51.5680 | 1102 oo00s | 282 | 063 | 228
a517111| 1203 | 00058 | 303 | 087 2.47
e52.5725 | 1102_| 00048 | 198 068 | 141
8527198 | 1203 | 0.0274 504 | 062 | 557 0.49 1.07
352.724% 1504 | ooo7a | 366 | 062 | 321 0.52 1.12:
a535854| 1102 |160e05| 301 | 048 2.33 051 | 129 |
a537252| 1203 | 003re | 525 | 062 4.91 0.49 1.07
as4ce87 | 1102 | 00004 | 203 | 048 1.43 0.62 1.42
2556013 | 1102 |920E-06| 414 | 041 3.36 0.66 1.23
as6.6046 | 1102 | 83806 314 | 041 242 0.59 13
9536607 | 1102 |8.72E-07( 299 | 034 2.28 0.49 1.31
857.617 | 1102 | 0.001 2.52 0.8 1.68 0.87 15
35706733 | 1102 | 100E-06| 244 | 033 1.34 0.64 1.6
9580847 | 1102 | 266E-05| 348 | 042 | 208 0.49 izt
859.6877 | 1102 | 3.67E05| 2.53 04 197 0.45 1.28
2615065 | 1102 |201E06| 238 | 043 | 163 0.54 1.46
ao17174| 1204 | 00161 | 438 | 084 | 381 0.76 115
2617808 | 1203 | 00128 | 302 | 048 | 266 0.51 1.14
so2.7228| 1204 | 00046 | 392 | 069 | 334 0.69 1.18
863.6874 | 1204 | 0.001 5.36 0.4 4.83 0.63 1.1
2537330 | 1204 | 00071 | 583 | 067 | 527 0.72 1.1
864738 | 1204 | 00063 | 543 | 0.63 | 458 0.74 142
son7482| 1204 | 00198 | 544 | 075 4.9 0.83 1.41
8667527 | 1204 | 00308 | 467 | 078 | 415 0.84 113
o677576| 1204 | 00183 | 323 | 075 | 258 1.09 1.25
871.5528 1102 9.31E-07 3.47 046 2.69 0.51 1.29
5725556 | 1102 | 1.76E-05 | 241 | 044 | 174 0.54 1.39
735684 | 1102 |BO02E-06| 242 | 0.51 1.66 0.54 1.45
2767223 | 1208 | 00008 | 438 | 0.59 | 3.7 072 118
a777271 | 1203 | 00020 | 356 | 064 | 293 0.76 1.22
878.7381| 1203 | 00075 | 6.24 0.6 5.78 0.57 1.08
a79.508 | 1102 | 00007 | 167 | 063 11 0.48 1.53
aTo742 | 1203 | 00083 | 551 | 058 | S04 0.59 1.09
e807528 | 1203 | 00122 | 7.31 | 066 | 688 0.46 1.06
880.7555 1204 0.0202 4.51 0.74 4.07 0.5 1.11
2817568 | 1203 | 00137 | ©55 | 065 | 615 0.43 1.07
3817600 | 1204 | 0.038 4.04 0.8 3.63 0.51 1.1
882.7673 1203 0.0252 7.43 0.74 7.0% 0.43 1.06
2827717 1204 | 00428 | 499 | 0.81 4.50 0.51 1.00
8377151 1203 | 00273 | 657 | 069 6.2 0.41 1.06
2847817 | 1203 | 0.0156 6.5 0.7 6.08 0.44 1.07
8847873 | 1204 | 00252 | 476 | 076 | 4.33 0.51 14
2857867 | 1203 | 00153 | 549 | 066 | 509 | 044 1.08
2857919 | 1204 | 00131 | 405 | 073 | 359 0.5 113
536.5582 | 1102 | 3.88E-07 | 351 | 032 | 275 0.55 1.28
2868027 | 1204 | 00165 | 349 | 074 3.05 0.51 144
287.5625 | 1102 |3.90E-05| 26 037 | 189 0.67 137
a878022| 1203 | 00251 | 328 | 086 | 281 0.48 147
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1204 0. 0047 2.48 0.95 1.63 1.07 1
: : - . .53 967. 7981
1.05 1.93 968.8072 1204 0.001 1.83 0.91 0.84 1}3g42913022 1.910.94°0.99

803.774 | 1204 | 0.0192 583 | 0.8 5.31 0.69 14
894.7273 | 1204 0.001 4.24 0.65 36 0.63 118
894.7813 | 1204 | 00049 4.39 0.74 3.78 0.7 1.16
8055578 | 1102 |2.28E-08) 261 0.38 1.77 0.5 1.48
ge5.650 | 1202 | 0.0235 2.34 0.41 1.99 0.61 1147
805.7335 | 1204 | 0.0024 3.82 0.67 3.22 0.62 1.18
8057873 | 1204 | 0.0115 2.68 1.32 1.65 14 1.62
806.745 | 1204 | 0.0031 426 0.69 3.69 0.59 145
897.573 | 1102 |B861E06| 2.28 0.49 1.45 0.66 1.57
80775 | 1204 | 0.0053 3.68 0.76 313 0.54 1.18
308.7605 | 1204 | 0.0026 3.79 0.69 3.22 0.54 147
899.5871 | 1102 |6.42E-07] 2.93 0.5 2.07 0.54 1.41
809.7663 | 1204 | 0.0179 3.04 0.83 2.55 0.53 1.19
200.5897 | 1102 |246E-07] 1.94 0.46 0.98 0.65 1.08
002.737 | 1203 | 0.0022 431 0.67 3.71 0.61 1.16
6037407 | 1203 0.001 3.66 0.65 2.99 0.68 1.22
004.7535 | 1203 { 0.0012 5.52 0.54 5.02 0.48 141
805.7573 | 1203 | 0.0013 4.79 0.52 4,31 0.45 1.1
906.769 | 1203 | 0.0016 5.87 0.48 5.46 0.39 1.08
907.7735 | 1203 | 0.0011 513 0.47 4,72 0.36 1.09
907.7735| 1203 | 0.0011 5.43 0.47 4.72 0.36 1.09
008.708 | 1204 | 0.0018 3.13 0.65 243 0.84 1.29
o08.7842 | 1204 | 0.0092 2.68 0.88 1.92 1.09 1.4
908.7843 | 1203 | 0.0011 5.24 0.5 478 0.4% 14
900.7153 | 1204 | 0.0151 3.2 0.89 2.64 0.65 1.24
909.7602 ;| 1203 | 0.0011 4.42 0.48 3.99 0.39 1141
910.7248 | 1204 0.0047 3.77 0.73 3.2 0.6 1.18
0107979 | 1203 | 0.0001 3.71 0.49 3.12 0.48 149
911.7326 | 1204 | 0.0069 4.17 0.82 3.57 0.68 1147
e12.7412 1 1204 | 0.0105 .25 022 3.69 0.63 1.15
913.7502 | 1204 | 0.0143 5.4 0.98 4.49 0.67 1.14
914.7577 | 1204 0.026 4.9 1.01 4.33 0.67 1143
915.7673 | 1204 | 0.0297 6.06 1.07 5.48 0.68 1.1
916.774 | 1204 | 0.0389 5.76 1.03 5.23 0.67 11
917.7836 | 1204 | 0.0157 6.41 1.05 5.76 0.72 111
9187001 | 1204 | 0.0164 5.96 1 5.34 0.7 1.2
919.7981 | 1204 | 0.0053 5.38 0.96 4.66 0.75 1.15
920747 | 1204 | 0.0002 4,08 0.58 343 0.58 1.19
920.8054 | 1204 | 0.0012 4.46 0.91 3.61 0.81 1.23
921.753 | 1204 | 0.0011 3.84 0.6 3.13 0.83 1.23
921.8145 | 1204 | 0.0021 3.27 1.23 2.07 137 1.58
922.7656 | 1204 | 0.0003 3.9 0.61 3.24 0.55 1.2
9228220 1204 | 0.0198 2.43 1.57 114 1.3 1.88
9235884 | 1102 |4.49E-06| 1.95 0.42 1.9 0.59 1.63
923.7675; 1204 | 0.0248 3.35 0.87 2.8 0.78 1.2
924.7826 1204 | 0.0003 3.34 0.59 2.69 0.58 1.24
9267374 1203 | 0.0003 2.14 0.97 1 1.06 2.14
928.7519 | 1203 | 0.0006 3.02 0.66 2.31 0.69 1.31
930.7673 | 1203 0.001 3.37 0.67 2.58 0.89 1.31
931.7601 | 1203 0.046 2.31 1.18 1.64 141 1414
931,793 | 1204 0.016 2.05 1.41 1.09 1.26 1.87
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997.3968 1102 0.0011 2.15 0.22 2.39 0.25 0.9 1016
: : : . . . 929
0.63 3.87 0.8 1.27 1017.934 1203 3.45E-05 4.56 0.65 3.

1203 6. 70E-06 4.91
43 1.04

932.7819 | 1203 0.026 3.25 0.79 2.81 0.49 1.15
934.7235 ] 1204 0.0092 3.33 0.88 26 1.01 1.28
9357209 | 1204 0.0026 3.23 0.59 2.6 0.79 1.24
936.7387 | 1204 0.0015 3.4 0.59 2.73 0.82 1.25
937.7457 | 1204 0.0005 3.43 0.61 2.55 1 1.34
938.7553 | 1204 0.0011 3.6 0.69 2.75 1.0 1.31
930.7616 | 1204 0.0016 3.392 0.73 2.63 0.84 1.28
940.7709 | 1204 0.0005 3.65 0.81 2,73 0.92 1.34
9417779 | 1204 0.06016 3.3 0.96 2,37 0.99 1.39
942.7876 | 1204 0.0093 3.5 11 2.72 0.89 1.29
043,7931 | 1204 0.0098 293 +.31 1.96 1.2 1.49
044.8033 | 1204 0.0124 2.95 1.35 1.96 1.3 1.5
945.8085 | 1204 0.0019 2.54 1.35 1.26 1.38 2.01
946.8187 | 1204 0.0246 1.89 1.53 0.98 1.21 1.94
§50.7385 { 1203 0.0482 0.54 0.93 0.12 0.4 4.58
852.7568 | 1203 0.0004 | - 091 1.05 0.06 0.3 14.68
8527759 | 1204 0.0034 2.34 1.056 1.37 1.16 1.7
9547905 | 1204 0.0344 1.44 1.25 0.75 0.95 1.92
9627616 | 1204 0.0031 2.2 1.09 1.19 147 1.85
964.7764 | 1204 0.0017 2.64 0.79 1.82 0.93 1.45
965.7830 | 1204 0.0037 1.95 1.07 1.01 1.08 1.93
966.7933 | 1204 0.0047 248 0.95 1.63 1.07 1.53
967.7981 | 1204 0.0022 1.91 0.84 0.99 1.05 1.93
968.8072 | 1204 0.001 1.83 0.91 0.84 1.05 217
987.3968 | 1102 0.0011 2.15 0.22 2.39 0.25 0.9
1016920 | 1203 | 6.70E-06 491 0.63 3.87 0.8 1.27
1017.934 1203 | 3.45E-05 4.56 0.65 3.43 1.04 1.33
1018.943 | 1203 | 3.17E05 4.22 0.7 3.11 0.96 1.35
1019.95 1203 | 9.64E-06 3.37 0.7 2.07 14 1.63
1040234 | 1203 0.0011 2.27 1.16 1.43 112 2
1176.777 | 1204 0.0452 4.32 1.09 4.92 0.96 0.88
1225.093 { 1203 0.0048 3.34 0.82 2.59 0.96 1.29
1226.098 | 1203 0.0077 3.11 0.94 2,49 0.55 1.25
1227407 | 1203 0.0202 3.47 0.95 2.81 0.98 1.23
1223.113 | 1203 0.0104 3.07 0.88 2.5 0.59 1.23
1229118 | 1203 0.0018 2.1 0.93 112 1.16 1.89
1251.115| 1203 0.0026 1.62 1.24 0.62 0.93 2.8
1253.129 | 1203 0.0043 1.9 1.21 0.96 0.99 2
1373.744 1 1201 0.0039 0.2 0.55 0.89 0.98 0.22
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1.33 1018.943 1203 3. 17E-05
_17E-05 4.22 0.7 3.11 0.
3.37 0.7 2.07 1.1 1.63 1040.934 1203 0.0011 g?z%'féléoigigS 1203 9. 64506

[00186] Table 2. Accurate masses, putative molecular formulae and proposed
structures for the seven prostrate cancer biomarkers detected in aqueous extracts (positive

chemical ionization) of human serum.

Metabolite Detected Exact Mass Formula Proposed Structure
D Mass
1 4953328 4953325 CoeH5gNO;P \/ﬁ/ o
015H31\[r0 O\P"’#—\— /_
0 ¢ °
2 5173147 5173168 CHygNO,P \ji/ o
_ CszsY ’ _\_ ]
0
3 519.3328 519.3325 CogHsNO,P \/?\/
017H31\“/0 P 4
‘0
4 ' 521.3481 521.3481 CpHsNOJP \/?\/
‘ CstaY ﬂ\_\_
5 523.3640 523.3638 CogH3NOP \i/
0171"35\“/0 o —.\_,\._
6 5413148 5413168 CagtsNO,P \j\/
CtsHm\n/ —\_
7 545.3460 545.3481 CpHNO,P \ji/
CigHu~ -0 O~ —\__ /
P.\‘-‘ +—
?f 0 ©
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1.12 2 1176.777 1204 0.0452 4.32 1.09 4.92 0.96 0.88 1225.093 1203 0.0048
3.34 0.82 2.59 0.96 1.29 1226.098 1203 0.0077 3.11 0.94

{00187} Table 3. MS/MS fragmentation of prostate cancer biomarker 495.3328,
C,4HsoNO7P (m/z represents the [M + H]" mass)

t loss
m/z Formula Molecular fragment Fragmen
496 | CyHsiNOP” 9 y
i-N NE
/\/\N\M/\J\O/\]/\o g P
+ 9 l
478 | CulNOE f\/\o-*?;Pf\/N\ 496 - H,0
o)
i 0N06P+ /\/\/\/\/\/\/\/& +HN/
14 - [
/\/\0 ,:Px\ 478 \
* 478 -166+H"
P CIQHMOS /WW\/\/\)O’L R
. 0/\/\ OHy*
13-C
283 C|7H3}03+ “~ 3 ZHG
* - O
258 C8H21N07P 9 lh.,,’ 456 015H30
,P\
H 0/\1/\ ;.P/\/
+ 496 —
239 C16H310 /\/\/\/\/\/\/\j)t CgHzoNOsP
1284 | CH;sNOP" 0o / on
sELS. 4.
HO\IP\\:O_\_N:_ 258 L
HO
H P’ 473-313
66 | CgH3NOSP ,O_\_N‘{_
=
o %
184 - HPO
H,NO X
104 | C;HuN HO_\—N{—-
\
86 CsH N \_ 4 104 - %0
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2.49 0.55 1.25 1227.107 1203 0.0202 3.47 0.95 2.81 0.98 1.23 1228. 113 1203
0.0104 3.07 0.88 2.5 0.59 1.23 1229.118 1203 0.0018 2.11

. 17,
{00188] Table 4. MS/MS fragmentation of prostate cancer biomarker 517.314
CsHigNO-P (m/z represents the [M + H]" mass)

Z

" ? |,

318 CadtghO ,\,\,\N\/\/\/\j\ . NS
S O/ﬁ/\o OHON

439 C23H40N07P+ /\/\/\/\/\/\/\/\j\ ’\l/\ o’P\ S | 518

/
-I-H N\.,__

415 CabOF /\/\/\/\/\/\/\/\j\ /Y\ 4 OH 459 - GO
359 | CrllaOF /ﬁw/\¢A\/\v/\/ﬂwJL 'P 415 - GiHs
R = S [ o OH
QH 5
341 | CpHlOsP" PPN z,ll%’ 359 -H,O
N (o) "o
281 | CioHsNOP” \\\/\/?]\ ('P?\. I~ 459 - Cy3Hn
- +
O/\OG\O (')
359 - CH
221 | CgH1aNOsP” \/\i ?’ ' .
S e :
104 | CsHiNO HO™\_ /7
104 — HO
86 CsHipN \\\‘__ /+__
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0.93 1.12 1.16 1.89 1251. 115 1203 0.0026 1.62 1.24 0.62 0.93 2.6 1253

1203 0.0043 1.91 1.21 0.96 0.99 2 1373.744 1201 0.0039

[00189]

C,eH5sNO;P (m/z represents the [M + H1" mass)

Table 5. MS/MS fragmentation of prostate cancer biomarker 519.3328,

m/z Formula Molecular fragment Fragment oss
520 C16H5.N01P+ l )
/\/\/v\/\/\/\/\j‘ /\l/\o '.’\ A
7502 | CagHagNOGP" 1 520 - H0
/M/\/\N\/\i /\/\o'o I-P/‘\/N\
* 520 - /
461 CBH42N07P N\/\/\/\/W\'j\ g\ I~ + [
S 0 070" H
AL AN P
445 Coll 8N07P+ \N\/\/\/\/\/\j\ ? )
22113 2, N v O/Y\o,g:P(\
on
281 | CiH0 N\/\/\/W\/\/ﬁih 520 - CgHpNOsP
2 =~ O
221 | CyHo 520 - 1
//A\w//\\;;\\//\\4¢h\4/~\v/ﬁ\w//+ /i"\f”w>“-’\fN<
184 C5H15N04P+ HO\ p—\-_N{—
P~ \
HO
166 CsH[3N03P+ IO_\— / 184 - H,0
ﬁhia N{—
QO
C,HOP" =
24| G HO~ 2 ™\ 184—  wol
}¥ﬂ3 HN{‘
HO
86 CsHoN \\\‘__ 4 166 - H:PO,
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0.2 0.55 0.89 0.98 0.22
chem cal

[ 00186] Tabl e 2.
_ionization) of MetaboliteDetected Accurate masses

structures for the seven prostrate
human serum

cancer biomarkers putative nol ecul ar fornmul ae and proposed detected in

aqueous extracts (positive Formul aProposed Structure
6

Exact Mass 1 2 3 4 5
{00190] Table 6. MS/MS fragmentation of prostate cancer biomarker 521.3481,
C,¢HssNO-P* (m/z represents the M+ H1" mass)
miz Formula Molecular fragment Fragment loss

5322 026H53N07P+

q b
- N’
/\N\/\/\/\/\/\io AN

504 | CagHsNOGP"

522 - H,0

478 | CpHysNOP'

522 -C3Hs

357 | CigHsNOsP"

\/\/\/\/\/\/\/ﬁ‘ /\/\o’P\ 0 0_\“'\"'

478 ~-

(ll) H20

258 | CgHaNOGP"

CigHs0"

HC o
: HO : G0 - CaHy
21 | CulhO v\/\/\/\/\/\)?l
W
T / 522 - Cz]HJ%OS
184 | CsHsNOJP HO. ,0—\_ /+
P TN
HO
o4 | CHOP Ho. 2\ 184 N
Px '\
Ho ©
5 HO 184 - HPO;
104 | CsHsN _—\__N/; _
\
104~ H,0
86 | CsHpN \\_ /

-
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7 in Mass 495.3328 517. 3147 519. 3328 521. 3481 523. 3640 541. 3148 545. 3460
495. 3325 517. 3168 519. 3325 521. 3481 523. 3638 541. 3168 545. 3481 C24HSONO/P
C261148NOR C261150N07P C261152NO7P C261154NOR C221148NOR C281- 152N07P cl one

C171-12910 o ctiunro o 0033y 0 0035y 0 Cl9H2gy0 G 9H33y0 o o

[00191]
CpeHssNOP" (m/z represents

PTh_

i 40,
Table 7. MS/MS fragmentation of prostate cancer biomarker 523.36
the [M + HI" mass)

[ Wregmentloss |

Molecular fragment
m/z Formul:: I ]
524 CZGHSSNOTP NW\/\/\/\/\j\ O/Y\O P\ N -
| L
506 | CosHsNOGP" /\,\/\/\/\/\/\/\j‘ ’\/‘o""g’\’ w | 524 -H,0
496 CZ4H51N0?P+ /\/\/\/\/\/\/\j /\(\O/P\ /\/N+\ _524—"02}14
' |
478 | CrblNOF" /\/\/\/\/\/\/\j\ AN »P\ AN 496 - H0
331 ’ 496166 +H'
331 CroHlssO4 /\/\/\/\‘/\A/\i 0./\(\0 Hy*
[#] 1
x| 496 p-\__ p
313 | CioHlsrOs' j)'\/,, - wo PN\
o o o N
258 | CiHaNOGFP" OH 524 — CygHa0
HO Pq \
HO T | 524 - ColNOSP
28 Cl8H3703 M
OH
184 | CHisNO®" HO- 8"’\_N/+_ 524 -313
Ho O 184 - 15,0
166 | CsHisNOsP BN /-
Px N
“ 0 \
* /
124 | CHOP HO- ,8*=\ 184 — N
ey
Ho 2 184 - HPO,
104 C5H14N0 HO'_\_N{“-
A 104 — H,O
TR WV
\
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-oN14\ p-Th.s__/ | [ P*0t 0. PM_ /
-oP*0l'c -or'o a- P -oc- [001871Table 3. MS/ M5 fragnentation of prostate
cancer bi omarker 495.3328, C241-150N071) (mz represents the [M+ 111+

mass) Formul a C241151 NO7P+ 0241149N06P+ Mol ecul ar fragnent 91,
R LT EEEEE [EEEEEEEE Meeooo--

100192] Table 8. MS/MS ﬁ'agmentatlon o% p(i:]ostate cdnce%wmarker 5413148,
C,:49sNOP* (n/z represents the (M + HJ mass)

co/ Pol'c- -0 PM_

- Fragmentloss
m'z F‘ormu!s}+ Molecular fragoent 9 i~
542 | CyHyeNOGF N~ oY o d
oM
_ 542 — /
,P-. 2 —
483 | CasHlyNO,P PP PPN o’\;\o N +HN\
284 CgH19N01P+ E 9 | & 542 — CyoHzo
/Y\ ,P-;P/\/N\
- 483 - CigH3z0
225 | CeHNOP ﬂ\ ?
/P\ .‘.”\
X
O/Y\O OHO
184 | CsHysNOP" HO- P"\_N/ 542 - CpyH30;3
184 - HPO
104 § CHNO HO_\__ /+ ’
104 - H,0
86 CsHsN \__ d_ ’
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oki

Fr agnment

(001931

| oss 496 - i
478 +HN- \ 313 1120 m z

496 478

CpsH53NO7P" (1/z represents the [M + H]" mass)

419 c21HA0NOG6P + 9 0 6HO /

Table 9. MS/MS fragmentation of prostate cancer biomarker 545.3460,

miz Formula Molccular fragment [ Fragment loss
546 | CysHssNOP' f 1.
T = Ry O/Y\ O,IE;P/\VN\
CH
528 | CblsNOP DU PEERS
S X 0’\/\0’ ) TPA-/ ~
M C27H49N06P+ \/\/\/\/\/\/\/\/\ﬁ\ = R y H
R " = O/V\O'E-PNN\ 538 — CH3
487 | CootLuNOP 3 ;
TN oY O’E;O "~ 1546~ pN—
oM NS
104 | CsHNO HO
' —\;_ﬁg_
86 CsH ;N \\ {r 104 - H,O
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Cl 9H3703+ O™, -,-.0Hzi. 478 -

166 + H+ 283 C0113103+ .,....... s. ",
00H2+ 313 - 0211.6 258 C8112I NO7P+ 91 , HOCO-clirN OH 496- C1611300 496 -
C8H20NCBP 239 C1611310 184 C511151 104F+

. i -
{00194] Table 10. Comparison of fragment 100 patterns for 2 Hydroxy
palmitoyl-sn-glycero-3-phosphocholine and 495.3328. |

Stendard | 495.3328
%
Fragment ion [M+H] b
> 496 100 90
478 1 ‘.:
419 1
313 10 1
239 1 1
258 1 1
184 80 910
166 1
104 30 100
86 1 _ 70
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HO P-\__ / P.-,N+- HO \ OH 258- HO 166 C51113NG3P+ f'oN +- 0 478-313 104
C51114N0 HO- \/ \-N+- \ 184- HPO3 86 C51112N 'i \ - 104-1120 [00188] Table
4. MS/ M5 fragnentation of prostate cancer bionmarker 517. 3147,

(negative electrospray jonization) of human serum.

osed Structure
Detected Mass Calculated Mass Formula Prop
H
481317 481.3168 CoLaNOP \N/\/O.%,O\j\/o\“/c'.sl*lm
| o 5
531.3123 531.3114 CoH4NOsF .
541.3422 541.3380 CopsHsNOoP ] LOH
\N/\/O\I?,:IO\/‘\/O 015H31
‘ OH 0
555.3101 555.3172 CysHsoNO1oP 3\
COQH 1e)
~ 059/0\)\/0 C15H31
N R b
H OH 0
H
565.3394 565.3380 CoHNOGP LOH
S /\/O\g/ \i/o 017H31
1
OH . o)
567.3546 567.3536 CyHgNOoP \j:%/m
g, O H
\T/\/O-.lf e \ﬂ/Cur 3]
OH (o}
H
569.3687 569.3693 Cy7H s NOoP o
f \j\/ CiM
\N/\\/O-IIDIO O {1135
| OH 0
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C261148NOR (m z represents the [M+ Hr
fragnmentati on of prostate cancer
represents the [M+ |il+ nmass)

mass)

mass)

[00189] Tabl e 5. Ms/ M5
bi omar ker 519. 3328, C26H52N0713 (m z
[ 00190] Tabl e 6. Ms/ M5 fragnentation of

prostate cancer biomarker 521.3481, C26Hs3NO713(m z represents the [M 111+

mar ker

[ 00192] Tabl e 8. MS/MS fragrrent ation of prostate c 33117
541. 3148, &8%35 NOO I}%g{ dnketiohl of piaistatesganger 101’41"3'
C28H49N07IL NO713+ 284 1]:19140713+

C,;H4sNO;P (m/z represents the [M - H mass)

m'z Formula Molecular fragment Fragment loss

480 | CysHyNOP q \/?3,0 o

00,0 15731
| O O
-H;O
462 | CysHasNOGP o 9,0 O._-Cigtlas
SN N
' O O
435 | CyHaO7P q \/oi/ ; 480 — NH(CH;),
01O O« ~CrsHa
P T
O 0
462- NN
391 | CioH3eNOGP HO\EIO\/\/OTCEHM !
1
o o
255 | CigH 0, OY\/\/\/\/\/\/\/ i \/?i
o \N/\/O\g—o
| .
242 | CaNOF O CisHss
,/\\v,()\ ,()
N
!
224 | CHNOGP ~ /\/okg,o.v//\,orr 242 -H,0
! L | |
224 - . -OH
168 C4HHNO4P N/\/O\Q,OH ,//‘\/
{ 0-
NN
53 | CiHOsP 0 224 N
1 3H0;5 HO\]L_:VO\,/\/OH |
o
79 | PO; o;.e/,o
o
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.225 C611101?10r 184 C51115NO4P+ 104 C51114N0 86 C511, 2N
M5/ M5 fragnmentation of prostate cancer

(mz represents the [M+ Hl+ nass) [00194] Tabl e 10. Conparison of fragnent

ion patterns for 2-Hydroxy4- pal mtoyl-sn-glycero-3-phosphocholine and
495. 3328. [ 00195] Tabl e 11. Accurate nasses,

put ati ve nolec or mul ae
and pr Op(@ﬁg -ﬁt ruct4n8s14 qusms ﬁ%gmeﬁtaﬁGmd’tprMecm’ébm‘B%%g%et ect ed
i n agueo % racts %negdtive el ectrospray ionization) of human serum
(00196] Tap| gy, o P\ /Mreresegivint A4 - &1 wesspr ost ate cancer biomarker 481.3171,

[ 00193] Tabl e 9.
bi omar ker 545. 3460, C281-1531407P+

m/z Formula

530 C30H45N05P

480

255

224

168

78
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C231- 148N0O7P (rn/z represents the [M -
Mol ecul ar fragnent

-1-1+ nth

[00198]

480

Hr mass)

C,sH5NOGP (/2 represents the [M - HI mass)

Formul a C231147NO7P
."0.9,0 POyd 51-131 16-0 Fragnent
462 C231145N06P N O -1120

| oss

Table 14. MS/MS fragmentation of prostate cancer biomarker 541.3380,

Fragment loss !

m/z | Formula Molecular fragment
H
540 | CysHsNOoP ] N o
ORIO O-_-CysHat
\N/\/ P \/l\/ \“/
1 o 0 v
OH -
480 | CyHygNO9P ? K/OH
: O~ /0\/l\/0 CisHa1
SNYR Y
- - © 480 - H
255 | CieHuO2 - "0~_-CisH3 o \i
Y \N»\/O\P’
- © | o
480 —
242 C7H NOGP |/015H31
\N/\/O\ /O\)\/ Ol
| O 242 - H,0
224 | C4HsNOsP \N/'\/Oxg,o\/\\\/OH
| (‘)
224- % OH
168 C,H i NOP - /\/O\Q,OH g
N R
Q = 24 SN
153 C.H,QsP
)
o
< .0
79 | PO 0“1?
o
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435 C211-14007P 043,0rei5H35 t 0-0 480 - NH(C113)2 391 Col - 136NOR

1-10. 2Fra .
C61-113NO7P --. NO-

[00199]

Table 15: MS/MS fragm

..... 7"."....-zOyG 5H35 0-0 462 - |
9, 00H F:

| Cr O-

255 C1 6113102

lit 242

................. ci 5H31 242 - H20

C,¢HssNOGP (m/z represents the [M - H] mass)

entation of prostate cancer biomarker 555.3172,

—
m/z Formula Molecular fragment Fragment loss
554 CygHssNOGP ﬁ i
COOH O -
N
! o ° HCOOH
508 | CysHsoNO,P iH .
\N/\\\\/O\Pllo T
H O-. O H
394 | CpH,sNOsP COOH 0 j\
N O« _-CisH31 (9]
\N/l\/o P O T
: o S 494 — CH;NH
- 2
463 CpoHOsP Q0OH 3
S 0\910\/\/0\[1/015‘-‘31
1
9 O
281 494 — '
269 | Ci#Hz02 /O\rrC15H31 COOH 9
) ~ /]\/0-- IJO\/
0] E’ FI,
&
242 { C;HNOGP
494 —
224 | CaHlNOGF gooH O« ",0151431
NP NP~
H L
8]
168
153
79
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[00200]

224 C6I11INO6P 0 9 0 i & 168 C4113 NO ? Nr
..... 4.7.."7?01- 224-

C,7H5NOGP (mv/z represents the [M - HJ mass)

..... ",0.2,011 P I
153 C311605P 00 H O, 11,."7-"."70H P t O-

. "
Table 16. MS/MS fragmentation of prostate cancer biomarker 565339

ment loss
Molecular fragment Fra
n/z Formula i e
564 C‘_J_‘]Hj 1N09P E\,OH
~ /\/0~.('?,0\j\/0 CyrHsz1
N R he
1 o 8] s
H
| oge .
O 1O O~ -CitHa1
SN )¢
! o @)
H
454 | CyoH3NOoP i “ct ___/
/\/\/\/
H
' 9'0\u/i\vfc\nf‘\N/’\N/’\V/‘\¢¢’
1 . 0 504 - 0 0\)’1
279 | CistlaOn 'OTC17H31 \N/\VO..F;,
° | &
504~  _CiHan
242 C7Hg7N06P ? \iH/OH g
] ”
\N/\\/O-.FI, o)
224 | CHsNOSP e ~__OH
168 C4H1|N04P o Q/OH |
\ N/\/‘ ~ P
4
| = 224- N7
' P
153 C;H0s Ho\g ,O\/\/OH i
I
0-
~ 0
79 PO; Os l? p
o
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| T O-

531. 3123, C301-146N05P (in/z represents the [M -

530G

mass)

[00197] Tabl e 13. MS/ M5 fragnentation of prostate cancer biomarker

oni SNOR 480 255 224 168 78

For mul a C25H51 NOSP

sH3

H mass) nif zFornul a

1
Table 17. MS/MS fragmentation of prostate sEB 103 ofdrket 5973538,

[00201]
C,y7H5NOGP (m/z represents the [M - H} mass)
Fragment loss
t
miz Formula Moleculacr) lf:agmen = g
566 | CosNOP
o OH
‘ o 0 _
506 CasHysNOgP 9 OH L/OH
Ny SN0 /0\/'\/0 CagHas
g0 She
< 504 -
281 C;3H3302 O C 17H 2 o\.j\
hig - /\/O
(@]
504— C Has
242 C’]H17N06P 9 H OH W 17Ha
ll
I 9 242 -H;0
= By
224 C;H ) $NOsP \N/\/o\g,o\/\/()“
{ &
' 224~ A\, OH
168 C4H1|N04P - /\/O\QIOH
O‘
224 - \N/\
153 | GHO5P HOS‘I?,O\/\/OH i
g
20
79 PO, Q [-"-'
o
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prostate cancer bi omarker 541. 3380, 025H52N09P (mz represents the [M -

C231137N0713
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0 GllaN0s13 07111 3NGBP C41-11 'NOR

[00202]

C,7HseNQoP (m/z represents the [M - H] mass)

N,

0 H C 311603P

0- PO3

Tabie 18. MS/MS fragmentation of prostate cancer biomarker 569.368,

Fragment loss —]

1
m/z Formula Moleculaé :’agmen =
568 | CoHssNOGE o
0O
N R hi
t o Q v
508 C25H49N03P o OH - K/OH
~ /\/0\“/0\)\/0\“/017H35
N "
! o 0
L C 504 - H
S OT e ~ /\/O..Q,O\i
O N |:l|
‘ o
| | 504 — Ci7Has
242 | CH;7NOP 9 \ji/ ﬁ
| 3
224 | CHsNOSP (i'_) 242 - H,0
TEL S 5 AP ~ OH
0—-
224 - /'//’\/OH
168 C4H11N04P O 9 OH
~ N/\/ \e/
l 2 Sy
4.
153 | GHOF HO\E,OWOH \
i
O'l
79 | PO; O,
i
o
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[ 00199] Tabl e 15: MS/ M5 fragnentation of prostate cancer biomarker 555.3172,
C26H54N0913 (M z represents the [M- H nmass) [00200] Table 16. MS/ M5

fragnentation of prostate cancer bioinarker 565.3394, C27H52NOOP (m z
represents the [M- Hy mass) [00201] Table 17. MS/ MsS fragnentation of

prostate cancer bi omarker 56.7.35mwgoﬁﬁ@mm%§éﬁﬁ§@ he [M- Hy
mss)égbg@gOﬂTabé‘tﬁel‘B.meii? on of prostate _cancer bi omarker
569. 363,

7Hs 6NCOP : s 2hdioxy-1ry "Fabl e 19:
i eoeeiponn PRI B ot e ) o0 ©

corresponding |ys 0 ihPitdn@ikdanol am ne counterpart,
2- hydrwoérﬁl&%?ﬁg%@gg%%er 0- 3- PhOsphOet hanOl am ne st andard. M)J_eful ar
fragnment Mol ecul ar fragnent

[00204] Tabl-e—26—t@ugdt er 3 gaSgal | gal a'
LSI Standard
e Molecular fragment \
'z Molecular fragment
OR -
568
~ /\/Oj;,o\)\/o\“/cd'ias
]
l O where R=60|§)
480 q \)Oi,o 308 ~O o\ji,o\rrcwss
. CazHlas ~ -
. HZN’\/O‘F,' 0 Wg ! (568 - 60) 'i' & 0
&
O~ ~C17H3s5
283 "O~, ~CitHss 283 _ \lr
Y :
H
m 242 o \j\/
214 0O OH
2 oo SO
/\/O\ IO N
HoN E. | o
224 2o ALOH
196 9 ~, SN0
0\. /0\/\\'\/OH N P
HNT R | o
&
168 ? oH
OS8O
140 /\,o\g,ori N P
HoN i | o
0-
153 0 153 HOS,0_~_OH
HO\-"IO\/\/OH P| Z
¢ !
79 05,0
79 04-,?’10 g
&
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359.4 211. 3152. 2 ote: The parent in/z and the 2 daughter MRM
transitions used in each nethod are in bold. Additional daughter
transitions listed could also be used in other nmethods in the future. WHAT
1S CLAIMED I S: 1, A nethod for diagnosing prostate cancer or the risk of
prostate cancer in a patient, the nmethod conprising the steps of: a)

obt ai nin npl exfgienpsai d patient; b) analyzing said sanple to obtain
guant i fyﬁ)r(?gogg I8

ta for one or nore than one netabolite narker; c) conparing
correspppgging data obtai ned fromone or nore Lhan-?& e sanple; and
i Dayghterd o PRYREYY
cancer, | WA®PEi n tlhe bne ol pore—th
ot T E0T, 2. The

the quantifying data for said ore—OFforethan one netabolitel marker to

d) usi ng—sai-¢d COMALIRET q,aggha@uo\;aamh@sﬁaﬂ of prostate
pre—t-hagrpne TETgpd ite mB6ker isiselected from

the net dhoss3 es 1li42d in|tdbte 1, 67" any conbinati-end

met hod df_—etarmrityophierei 1 49.ep b) |Gdhpri ses 4%l yzi ng” the le by liquid

chronatcgstlg'?)ﬁ

y eSS Spectreogetry—{(HCIWE - 3.| ikhe net Hdd2of cldim 1, wherein
t he met hostess a hi ¥A2t hro gll%at netliod_and -step—by—edngehSeS anal yzing the
fanrd)l eb ng‘:sscbtt ig'4g$tl on ma._lz_l i qui oB38Hr omat o’gj?‘éphv fn&ﬁﬂa: - i on3t rap
andem ng g Spectraonmetry. re—efgd of gane o ims 1ito 3,
wher ei n ks@dd6one pi¥4dore t W20ne rné erence sapple—sigopiurar| ty of
sanpl es eptagmed cont f @834 ndi v| 87 s; on®’Sr nor b than b basel i ne
42331 h64D . . .
sanpl e obfdined fdom thepatient—at \Fﬁl‘ﬁaﬂ I En43bat e; OR47® conbi nati on
t her eof . | 546.3fhe metich of ¢laln 1 er ei nsai-d—onre—olTIOre Than one
Imet abﬁl it 3 Bbgr l1§5.25f9l g_ct a7 rom tthe group|consi stimg of
ysophosphol i pids i i neludi-fg
| ysophosgA¥SI dyl chol i ne, | ysophosphni dyl ethanetanines-trgspmasoiat i dyl -
Parent Daughter 1 | Daughter 2 Daughter 3 | Daug fer
3.0
480.32 255.4 224.2 2422 283.4 :; :
530.31 480.5 255.4 305.4 326.2 -0
540.34 480.5 255.4 224.2 242.2 153
35431 494.5 269.4 283.4 508.2 2242
564.34 504.5 2794 224.2 242.2 4153
566.35 506.5 2814 224.2 242.2 153.0
568.37 508.5 283.4 224.2 242.2 419.5
1S 607.20 2113 152.2

*Note: The parent m/z and the 2 daughter MRM tansiﬁ?ns used in fhac:sr.r:t;:ﬁ;i:l bold.
Additional daughter transitions listed could also be used in other metho .
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di et hyl et hanol am nes, |ysophosphati dyl seri nes,

| ysosphi ngosyl phosphoryl -chol i nes, |ysophosphati dyl gl ycerols,

| ysophosphatidylinositols, platelet activating factors (PAFs), and

conbi nati ons thereof, 6, The nethod of claim1, wherein said one or nore

t han one ' . conprises netabolites with accurate nasses
masured‘%f#mﬁgr&substantial |y equivalent to, a) 495ﬁ§§i8, b)
517.3148, c) 519.3328, d) 5213480, e . fostabAcanSd48 2 1§ 5. 3460,
I't) 481.:117A,méthoc5ﬂaidmga@ngyromtf.cé’a‘zﬁ,%;%&gg&fgloL 1) 565.3394, m)

567.3546, and .n). 5693687, Mgerein the metabolites are decreased in
pati ent s the Methd FOPRIS BT The nethod of claim6, wherein

netabolites a) tqQ g), are | : itiea¥:l choline- related conpounds and
met abolites | a?)‘l%ﬁr“é‘%ﬁ%%%ﬁ?ﬁyl - | ysophosphoet hanol ani ne-#%l ated
conpounds. 8. The nethod,of cl.al -v@m’ﬁh MMQBOMW%% one

netabolite is bhﬁﬂw&%ﬁ?a?}?é@:‘@é y'an I\/Blgtl\/B spectrum as shown in a)

Figure 7, and/ wenakeded in Table 3; b) Figure 8, and/or as described
in Table 4; c¢) @%’Pe 9, and/or as described in Table,5; d% n'f 10,

and/ or as descrf’b%gg%ﬁngg{glmm &t oresaid one ARG 188 AL FTHEA"T n Tabl e
and/ or

7; 1) Figure 1Z; as descri bed i bl e 8. | {Hah @nd Jeferemdé or as
descri bed in Taharkeoto mmcgﬂm@l@"%‘ﬂﬁ)%?’%" e{sng)rnlc ed in Table 12; 1)

Figure 15, and/or ?s, dgscri bed in Table 13; j) Figure 16, and/or as -
described in TPy Figure 17, and/or as described in Table 15: 1)

Figure 18, and/ descri HEQ I ol @RhRsd Srostate camwpr & therrisk 18 POHEEOr as
described in Ta ﬁéﬁsﬁ;sign{? Sdﬂn]soﬂéglg)re%oo, and/ or as described in Table
18, respectivel ygne&, The nmethod of claim8, wherein the one or nore than

one netabolite is further characterized by nol ecul ar fornul a a)bol't
C24HS014071), b) . C26114sNO7 E mkelGRGbledted MoT the metabolites
C261- 154 w@%%ﬁﬁ%@%@% %“0231141'?10713, C301146NC5P, D

%sHSZNmF*mQﬂTQQé@,&%yEme&ZﬁOﬁWWP; e27Fi 54N09, and n) Cz7H56NOOP,
respectively.

5. The method of claim 1, wherein step b) comprises analyzing the sample by liquid
chromatography mass spectrometry (LC-MS).

3. The method of claim 1, wherein the method is a high throughput method and step
b) comprises analyzing the sample by direct injection or liquid chromatography and
linear ion trap tandem mass specteometry.

4. The method of any one of claims 1 10 3, wherein said one or more than one
reference sample is a plurality of samples obtained from control individuals; one or
more than one baseline sample obtained from the patient at an eatlier date; or &
combination thereof.

5. The method of claim 1, wherein said one ‘or more than one metabolite marker is
selected from the group comsisting of lysophospholipids, including
lysophosphatidylcholine, lysophosphatidylethanolamines, Iysophosphatidyl-
dimethylethanolamines, iysophosphatidylserines, lysosphingosylphosphoryl-cholines,
lysophosphatidylglycerols, {ysophosphatidylinositols, platelet activating factors
(PAFs), and combinations thereof,
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10. The nethod of claim9, wherein the one or nore than one netabolite is

further characterized by the structure OQoH/ P*0 tc" a) Cu H29 yP -01140
‘et b) ctOH .1)I OH0 COOHO a OyCisHMHOH O cse'tH

..."Ner."agrita-Ae..Oyetilist 1) 1OH0 OH O ?N,"?...04+-vek"- | 71125
6. The method of claim 1, wherein said ope or more than one metabo%’w né}%?

compriées metabolites with accuraie masses measured in Dattons of, or substan:ally
equivalent to, a) 495.3328, b) 5173148, ¢©) 519.3328, d) 521.3480, €) 523.3640, fl)
541.3148, g) 545.3460, h) 4813171, i) 5313123, j) 541.3422, k) 555.3101, )
565.3394, m) 567.3546, and n) 569.3687; and wherein the metabolites are decyeased

in patients with prostate cancer,

7. The method of claim 6, wherein metabolites 2) to g) are lysophosphatidylcholine-
related compounds and metabolits h) o n) are  N,N-dimethyl-
lyéophosphoethanolanﬁne—related compounds.

8. The method of claim 6, wherein the one or more than one metabolite is further
characterized by an MS/MS spectrum as shown it

a) Figure 7, and/or as deseribed in Table 3,

b) Figute 8, and/or as destribed in Table 4;

c) Figure 9, and/or as described in Table 5;

d) Figure 10, and/or as described in Table 6;

e) Figore 11, and/or as described in Table 7

f) Figure 12, and/or as described in Table 8;

g) Figure 13, and/or as described in Table 9;

h) Figure 14, and/or as described in Table 12;

i) Figure 15, and/or as described in Table 13;

5) Figure 16, and/or as described in Table 14;

k) Figure 17, and/or as described in Table 15;

1) Figure 18, and/or as described in Table 16;

m) Figure 19, and/or as described in Table 17; and

n) Figure 20, and/or as described in Table 18,
respectively.

9. The method of claim 8, wherein the one or more than one metabolite is further
characterized iay molecular formula a) CoHsgNO7P, b) CagHigNOP, ¢) CagtisgNOP,
d) CoeHsNOP, ) CagHsiNOP, £) CastlgNO-P, g) CosHsNO7P, b) CulgNOP, i)
CaoHuNOSP, ) CasHszNOGP, K) CasHsoNOP, 1) CorHsNOGP, m) Cz7HsNOGP, and
n) Cp7HseNOyP, respectively. '
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13) OHO respectively. 11. A nethod for diagnosing prostate cancer or the
risk of prostate cancer in a patient, the nmethod conprising the steps of a)
obtaining a sanple fromsaid patient; b) analyzing said sanple to obtain

gquantifying data for one or nDre t han one netabolite marker; obtaining a
ratio for e h of tﬁ c&@n HﬁﬁﬁmQﬁﬁmﬁemmmﬁmﬂnuhﬁﬁN% interna
control &f nparlng each ratio of said one or nore than one

netabollt ﬁ*ﬁﬁdﬁ tHeRguétadeer nal control netabolite to correspondi ng data
obt ai ned fromone or nore than one reference sanple and e) using said
conparison to diagno prostate cancer or the risk of prostate cancer,

wherein the o O an e met abolite marker is selected from
netabolit% listdd in Tagl @ 1, any conbi nation thereof. 12. The nethod
of claim®¥1, wherein step b) conprlses anal yzing the sanple by liquid

chr omat ogr aphy nass ctronetry (LCGM5). 13. The nethod of claim 11,

anal yzing, { he e by 'rEct njection or liquid chromatography and

li near iof) trap tfandem nmass spectronetry. 14. The net hod of any one of
claims 11 to 13, whepgin said one or nore than one reference sanple is a
plurality ofcﬁgnpl £S o ﬂsg/fron1control i ndi vidual s; one or nore than
one basel i pe saﬁETe obt Wrom t he patient at an earlier date; or a
conbi nati & t her 15. The met hod of claim 11, wherein said one or nore
t han one netabollte rker |s sel ected fromthe group consisting of
Iysophospholbp sophosphatldylchollne

Iysophosp hano es 1 ysophosphat i dyl di net hyl et hanol ami nes,

| ysophosp tldyI rines, Iysosphlngosylphosphorylchollnes

| ysophosphati dyl gl yc ols | ysophosphati dylinositols, platelet activating
factors (PArsgdy,an i ons thereof 16. The method of claim 11,
wherei n said onejﬁr nmor f%han one met abolite marker conprises netabolites
with accurBte masles neasured in Dalions of, or substantially equival ent
TO, a) 4.95. 3328, 7§E%L 3148, c) 519.3328, d) 521.3480, e) 523.3640, 1)

wherein the ggph é?ﬁ? abdb Hroughput met hod and step b) conpri ses
I

541. 3148, g)c§ 481, 3171, 1) 531.3123, j) 5413422, k) 555. 3101,
1) 565. 33 \oanﬂ(n) 569. 3687; and wherein the ratio of
netabollte t o thé’lnternal control netabolite is decreased inpatients with
prostate cancer
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17. The method of claim 16, wherein netabolites a) to g) are

| ysophosphati dyl chol i ne-rel ated conpounds and netabolites 11.) to rt) are
N, N- di net hyl phosphoet hanol am ne-rel ated conpounds. 18. The mnet hod of
claim 16, wherein the one or nore than one netabolite is further

characterized by an 4/ M5 spectrum as shown in a) Figure 7, and/or as
described in Table 3 HFigure 8, and/or as described in Table 4; c)

Figure 9, and/op8 C“Fdwbﬁd in Table 5; d) Figure 10, and/or as descri bed
b

in Tabl e .6; Ye) FE ure 1 ananhdr as described in Table 7; f) Figure 12,

and/or B ' described in Tabl e 8; g) Figure 13, and/or as described in Table
9; h) Figure 14, and/@r as described in Table 12; i) Figure 15, and/or as
described in Table 137~}9 Fi gure 16, and/or as described in Table 14; k)
Figure 17, anggﬁxgs cieibed in Table 15; 1) Figure 18, and/or as
described T Tablke 16; i) Figure 19, and/or as described in Table 17; and
11) Fi gube io, af/ or as described. in Table 18, respectively. 19. The

net hod of claim 18, wherein the one or nore than one netabolite is further
char act e¥FPEHVEY- nol ecul ar forrmul a a) Czal SONOR, Cael i t SNOR, ¢) C261150N09,

d) C261152NOR, e) C26l154N07P, f) Czal asNOrls, . i n 2
Oral | asNDR A phefhbdtiTar diagivsing pmemesmeﬁebfh“ﬂ‘g@%%%glo, m

C271- 154 P, and n) C271-.156N09 respectively. 20. The method of claim
19, wher @hﬁenﬂfbcm?@%mmf@n%%n&%ﬁgﬁsnet abolite is further characterized by

the structure a(): icﬂs:vtiagntixltgygsrajﬁ{p e E%m s%%’a{ﬁent;
b) analyzing said sample to obtain quantifying data for one or more than one
metabolite marker;
c) obtaining a ratio for each of the one or more than one metabolite marker to

an internal control metabolite;

d) comparing each ratio of said one or more than on¢ metabolite mdrker to the
imtemal control metabolite to corresponding data obtained from one Or more

than one reference sample; and
¢) using said comparison 1o diagnose prostate cancer or the risk of prostate

cancer,

wherein the one or more than one metabolite marker is selected from metabolites

Jisted in Table 1, or any combination thereof.

12. The method of ¢laim 11, whérein step b) comprises analyzing the sample by
liquid chromatogtaphy mass spectrometry (LC-MS).

13. The method of ¢claim 11, wherein the method is a high-throughput method and
step b) comprises anafyzing the sample by direct injection or liquid chromatography

_ and lineat ion trap tandem mass spectrometry.

14. The method of any one of claims 11 to 13, wherein said one or mote than one
reference sample is a plurality of samples obtained from control individuals; one or
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b) 0-o b c) cymmy 0.3to 13- / to lc' CiHn

) V- : yo, P-\' I d) 0 OH
Cistissy0..,A 00, Ps' fkb 1/4\r.".-010 la)l OH yai '

| OHO O00OH k) HOH yOnH31 toH 1)OHO : vargnst t- HO O MORL D

more than one baseline sample obtained from the patient at an earfier date; or 2
combination thereof,

15. The method of claim 11, wherein said one or MO {han one metabolite marker is
selected from the group consisting  of lysophospholipids, including
lysophosphatidylcholine, 1ysophosphacﬁdy1ethanolaminf=s, lysophosghat'fdyl-
dimethylethanolamines, lysophosphatidyiserines, 1ysosphingosylphosphnrylchohnes,
lysophosphaﬁdylglycerols, lysophosphatidylinositols, platelet activating factors
(PAFs), and combinations thereof.

16. The method of claim 11, wherein said one or OIS than one metabolite marker
comptises metabolites with accurate masses measured in Daltons of, ot substantially
equivaient to, &) 495.3328, b) 517.3148, <) 519.3328, d) 521.3480, ¢) 523.3640, )
5413148, g) 545.3460, h) 4813171, i) 531.3123, j) 541 3422, ) 5553101, D)
565.3394, m) 567.3546, and n) 569.3687; and wherein the ratio of metabolite to the
internal control metabolite is decreased in patients with prostate cancer.

17. The method of claim 16, wherein metabolites 2) to g) arc
lysophosphatidylcholine-related compounds and metabolites ) to n) are N,N-
dimethyl phosphoethanolamine-related compounds.

38. Thé method of claim 16, wherein the one or more than one metabolite is further
characterized by an MS/MS spectrum as shown in

a) Figure 7, and/or as described in Table 3;

b) Figure 8, and/or as described in Table 4;

¢) Figure 9, and/or as described in Table 5;

d) Figure 10, and/or as described in Table 6;

¢) Figure 11, and/or as described in Table 7;

) Figure 12, and/ot as described in Table 8;

g) Figure 13, and/or as described in Table 9;

h) Figure 14, and/or as described in Table 12;

i) Figure 15, and/or as described in Table 13;

{) Figure 16, and/or as described in Table 14;

k) Figure 17, and/or as described in Table 15;

) Figure 18, and/or as described in Table 16;

m) Figure 19, and/or as described in Table 17; and
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2 in)OHoand ryto 14 n)6H respectively. 21. A nethod for evaluating the
efficacy of a therapy for treating prostate cancer in a patient,
conprising: a) obtaining a sanple front said patient b) analyzing said
sanple to obtain quantifying data for one or nore than one netabolite

mar ker; c) conpari Sal bd W Téblelt8,a to correspondi ng data obtai ned
front one oﬂ)ﬁ’tﬁ“@ﬂﬁ%ﬂgﬂ% reference sarrpﬂ e; and d) using said conparison
to detffggp\%ﬁﬁe hether the therapy is inproving the health state of the
pati ent’ eréin the one or nore than one netabolite rra,rkerglﬁe§el ected

frommetabolites |isted ip Tabls Pmyrechabomesmptobolitt 43 W™ 25 The
met hod 16% ﬂmmhgdpfﬁhﬁ?é?h@%’g‘%ﬁo ]

conprise ' ! NG| e by
liquid chro " W@mﬁph}ﬁiﬁhﬁ%ﬂ@ é@?ﬂﬂ%’% et hod of claim
R Atk - N,
s op el dm

ro [
linear ion tr S RORP ! i) C2AH: E,#E@H})ggl%ﬁ%g one of
cl ai s @@W@%W‘ﬁaﬁf QR%(#Z; or nore than one reference sanple is a
pl urali &hives ! es obtained from control individuals one or nore than one

pre-therapy baseline sanple obtained fromthe pati entt;abciir%a 0 81ihnati on

t hereof 25. The hod .of . &l al m: Ihesahbreshartone i eiapo one

nmet abol ﬂpe%rrﬁggg‘iﬁﬁ’g?ﬁ%g%e%%(?ﬁtes Wi th accurate nmasses neasured in
Dat ong %fm.g i @ekirddtlry equi val ent to, a) 4953328, b) 517.3148, c)

519. 3328, 5213480, e) 523.3640, f) 541.3148, g) 5453460, h) 481.3171, i)

531. 3123, j) 541.3422, kpu555,3101, 1) 565.3394, in) 567.3546, and n)
5693687; and V\hec,gianvi TEB(-)I-\' are decreased in patients with .
prostate cancgr. he netdo® of *clai m 25, wherein the one or nore than
one netabolit® is further characterized by an M5/ MS spectrum as shovvn in

a) Figure 7, and/or as dggcribed in Table 3; b) Figure 8, and/or as
described in Tahig LouPEN9. Zand/ or as described in Table 5; d)
Fi gure 10, an%/ or” asf{descri kgdoin Sabl e 6;
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e) Figure 11, and/or as described in Table 7; 1) Figure 12, and/or as
described in Table 8; g) Figure 13, and/or as described in Table 9; h)
Figure 14, and/or as described in Table 12; i) Figure 15, and/or as
described in Table 13; j) Figure 16, and/or as described in Table 14; k)
Figure 17, and/or as described in Table 15; 1) Figure 18, and/or as

descri bed in Table 16; oﬁﬁ gure 19, and/or as described in Table 17;
and n) Figure 20, andror"as described in Table 18, respectively. 27.
The met hod of QJﬁ“JD sh® one or nore than one netabolite is
further charact¥rizedh y nmol ecyl ar formula a) C24150N0713, b) C261148NOR,

i

c) C26HSOL?10711, 4{s2,N0/713, e) C261. 1s4NOR, C2sH4sNOR,
C281152/ ?TOrP, 2. 11- 14shKWP D Ca5Hd4C9P, k) C25115014010P, C271152N091),
e2i 1hi N0913, and n) Crli 56 respectively. 28. The nethod of claim 27,
wherein the one o onurﬁ t hgn one netabolite is further characterized byte
structureQ%el-s,E;r\y@ @ QWEIS'F"Flay/ b) It IC- %Ww c) O
1Y)
T o
~ A.._,Oﬁﬁj\/%rﬁ?ﬁm
D l OH o
oH
d*“m
Q H
~, o 0-50 arHas
o
H
-~ z~\,04;0\/2\/01(CﬁHw
respectively.

21. A method for evaluating the efficacy of a therapy for treating prostate cancer ina
patient, comprising:
a) obtaining a sample ftom said patient;
b) analyzing said sample to obtain quantifying data for one or more than one
metiabolite marker,
¢) comparing said quantifying data to corresponding data obtained from one or
move than one reference sample; and
d) using said comparison to determine whether the therapy is improving the
health state of the patient,

wherein the one or mote than one metabolite marker is selected from metabolites
listed in Table 1, or any combination thereof.

22. The method of claim 21, wherein step b) comprises analyzing the sample by
liquid chromatography mass spectrometry { LC-MS).
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‘auu, sy-Pt) cvnasy e) O outlay -o al 9H33y0, A ",..0< to Pk- oycisHal h) OHO
Tai sH31 0 O00OH n k)614 isH31 1) 1 OHO. 5. - CnHat

23. The method of claim 21, wherein the method is a high-throughput method and
step b) comprises analyzing the sample by direct injection or liquid chromatography
and linear ion trap tandem mass spectrometry. '

24. The method of any one of claims 21 to 23, wherein said one or more than one
reference sample is a plurality of samples obtained from control individuals; one or
more than one pre-therapy baseline sample obtained from the patient; or a
combination thereof,

25. The method of claim 21, wherein said one or more than one metabolite marker
comprises metabolites with accurate masses measured in Dattons of, or substantially
equivalent to, a) 495.3328, b) 517.3148, ¢) 519.3328, d) 521.3480, ) 523.3640, f)
5413148, g) 5453460, ) 481.3171, 1) 531.3123, j) 541.3422, k) 555.3101, 1)
565.3394, m) 567.3546, and n) 569.3687; and wherein the metabolites are decreased
in patients with prostate cancer,

26. The method of claim 25, wherein the one or mote than one metabolite is further
characferized by an MS/MS spectrum as shown in

a) Figure 7, and/or as described in Table 3;
b) Figure 8, and/or as described in Tabie 4;
¢) Figure 9, and/or as described in Table 5;
d) Figure 10, and/or as described in Table 6;
&) Figure 11, and/or as described in Table 7;
1) Figure 12, and/or as described in Table 8;
g) Figure 13, and/or as described in Table 9;
h) Figure 14, and/or as described in Table 12;
i) Figure 15, and/or as described in Table 13;
J) Figore 16, and/or as described in Table 14;
k) Figure 17, and/or as described in Table 15;
1) Figure 18, and/or as described in Table 16
m) Figure 19, and/or as described in Table 17; and
n) Figure 20, and/or as described in Table 18,
respectively.

27. The method of claim 26, wherein the one or more than one metabolite is further
characterized by molecular formula &) CaqHsoNOP, b) CastlggNO4P, ¢) CosHsoNO,P,
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tcti 1"..oriTH53 in) IOHOand --..N. ™. ..... 44.;,0..t01.417H35 n) 1 OHO
respectively. 29. A nethod for evaluating the efficacy of a therapy for
treating prostate cancer in a patient, conprising: a) obtaining a sanple
fromsaid patient; b) analyzing said sanple to obtain quantifying data for
one or nore than one netabolite marker; c) obtaining a ratéﬁafor each of

t he one rczgﬁ 07pa59 ORH ;OB d:jgmshm;l%eg) CalaNOR; b) GatlNQHE: d)

or kor . (GaoblnbQsl B} Gasdiog) CrulaiGim.38 CoPaRi Bl RS AR, TF Py

frontonﬁggéﬁﬁ?%g than one reference sanple; and e) using said conmparison to
determ r the therapy is inproving the health state of the patient,

wherein the one or nore than one netabolite ﬁ&#@ *Eﬁéggﬂ%%

met abol i 2% sThe stetwdiof cldinl 29, wher@mf&ﬁpﬂeeﬁm% ﬁ'nt Gid e met hod
of claim,29, wherein ste conpri ses analyzing the sanple by liquid
chronatdapgﬁﬂvuﬁﬁg ggﬁ%@%P%hetry (LGMs5). 31. The nmethod of claim 29,
wherein the met hod a. high-throughput nethod and step b) conprises

anal yzi ng t o s \/figb cty injection or liquid chromatography and

| i near |on t nde mﬁﬁﬁ {&ctrometry. 32. The nmethod of any one of
clains 28 to 31<’mhere| said one or nore than one reference sanple is a
plurality of sanples obtalned fromcontrol itviividuals; one or nore than
one pre- ther y q§s Hin npl,e obtained fromthe patient; or a conbination
t hereof . 33%7 tm 29, wherein said one or nore than one

met abol i b mar keér coonPses netabolites with accurate nmasses neasured in
Dal tons of, or substantlally equi valent to, a) 495.3328, b) 517.3148, c)
519. 3328, d 521 52§3640 f) 541.3148, g) 545.3460, h) 481.3171,
1) 531, 3123‘*# 2% 555 3101, 1) 565.3394, m 567.3546, and n)
569. 3687¢)and re|n ©h ratlo of netabolite to t he i nternal control
metabolite is decreased in patients with prostate cancer. 34. The met hod of
cl aim 33, mhereln t Re ong;or hnre than one nmetabolite is further

characterlzﬁ‘ttl"| etrumas shown in a) Figure 7, and/or as
descri bed)in Table 3; ©
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b) Figure 8, and/or as described in Table 4; c¢) Figure 9, and/or as
described in Table 5; d) Figure 10, and/or as described in Table 6; e)
Figure 11, and/or as described in Table 7; f) Figure 12, and/or as
described in Table 8; g) Figure 13, and/or as described in Table 9; h)
Figure 14, and/or as described in Table 12; i) Figure 15, and/or as
described in Table 13;9j)_Figure 16, and/or as described in Table 14; k)
Figure 17, and/or as i bed in Table 15; 1) Figure 18, and/or as

descri bed~ 0163 fisgure 19, and/or as described in Table 17; and
n) Figuy , angfjor as scribed in Table 18, respectively. as. The nethod
of claim 34, wherein the one or nore than one netabolite is further
characteri zed by nDIe | ar formula a) C24HSONO7P, C261-14als10711,

C261. 150N07P, gtE@NOR e) C261-1.54NOR, f) 02sl-14aNOR, 9)
028}152hD7lQ”ﬁg23tbwﬂl, Mmj) C251- 152N0913, k) C231150N0I OP, 1)

C2, 7115 918, i w O ab4091) gn@nd te C211- 156N09P, respectively. 36, The
met hod o cIa|n13 wherein the one or nore than one netabolite is further

eb, anoteri zed by the wct ure tummy a) jr,..rdot catizayoPM /
H .

\,i,/\/mg’«o\i,ojrcm

respectively.

29. A method for evaluating the efficacy of a therapy for treating prostate cancer
in a patient, comprising:
a) obtaining a sample from said patient;

b) analyzing said sample to obtain quantifying data for one or more than one
metabolite marker;

¢) obtaining a tatio for each of the one ot more than one metabolite marker to
. an internal control metabolite;

d) comparing each ratio of said one or more than one metabolite marker to the
internal control metabolite to corresponding data obtained from one or more
than one reference sample; and

¢) using said comparison to determine whether the therapy is improving the
health state of the patient,

wherein the one or more than one metabolite marker is selected from metabolites
listed in Table 1, or any combination thereof.

30.  The method of claim 29, wherein step b) comprises analyzing the sample by
liquid chromatography mass spectrometry (LC-MS).
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b) a y1/41.0.1 cults,P'\.. .0P%c- e) coHan,ro...Lo. P-1", d) 0 cou

35y0--.)..0-141:tbe. e) 0-0 eitnoy)..X 0-13V-Te clgunro, Pm / NyGC sHai
it)OHO "Leo etslist j) OHO k) tsliat etOH

* - d
31.  The method of claim 29, whetein the method is a high-throughput method az
step b) comprises analyzing the sample by direct injection or liquid chromatography
and linear ion trap tandem mass spectrometry.

32.  The method of any one of claims 29 to 31, wherein said one or tore than one
) ) - 3 - & . r

reference sample is a plurality of samples obtained from control mdmdufﬂs, one 0

more than one pre-therapy baseline sample obtgined from fhe patient; or &

combination thereof.

33. The method of claim 29, wherein said one or more than one metabolite mark_er
comprises metabolites .with accurate masses measuted in Daltons of, or substantially
equivalent to, a) 495.3328, b) 517.3148, ¢) 519.3328, d) 521.3480, ¢} 523.3640, f)
5413148, £) 545.3460, h) 4813171, i) 531.3123, i) 541.3422, k) $55.3101, B
565.3394, m) 567.3546, and 1) 569.3687; and wheren the ratio of metabolite to the
internal control metabolite is decreased in patients with prostate cancer.

34, The method of claim 33, whetein the one or more than one metabolite is further
characterized by an MS/MS spectrum as shows in

a) Figure 7, and/or as described in Table 3;

b) Figure 8, and/or as desctibed in Table 4;

¢) Figure 9, and/or as desczibed in Table 5;

d) Figure 10, and/or as described in Table 6;

&) Figure 11, and/or as described in Table 7;

f) Figure 12, and/or as described in Table §;

g) Figure 13, and/or ag described in Table 9;

1) Figure 14, and/or as deseribed in Table 12;

i) Figure 15, and/or as described in Table 13;

j) Figure 16, and/or as described in Table 14;

k) Figure 17, and/or as described in Table 15;

1) Figure 18, and/or as described in Table 16;

m) Figure 19, and/or as described in Table 17; and

n) Figure 20, and/or as described in Table 18,
respectively.

35. The method of claim 34, wherein the one or moze than one metsbolite is futther
chatacterized by molecutar formula a) CoqHsNO7P, b) CastleeNO;P, ©) CoHsgNO,P,
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| OHO respectively.

d) C2HoNOP, ¢) CosHsNO7P, f) CotigNOAP, 9) CagHeNOP, ) CosHasNOZP, J)
CasHNOGP, k) CasHsgNOyP, 1) CassNOP, m) Cz7H54N09P , and 1) CasHseNOoP,
respectively.

36. The metbod of claim 35, wherein the one or more than one metabolite is further
characterized by the sfructure
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